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[Ipenucnosue

OcHoBoOl maHHOW KHUTH siBisieTcs: nepeBon padboter (T.A. Scharfeld «An
Analysis of the Fundamental Constrains on Low Cost Passive Radio Frequency
Identification System Design»), npeacraBaeHHoit B 2001 r. acnupanToMm
Maccauy3zerckoro Texnonmormueckoro Mucturyra T. Llapdensmom B pamkax
BBINIOJIHEHUSA TpeOoBaHM Ha couckaHue crenenn Master of Science ¢
nonoiaHuTenbHbIMU MaTepuanamu (Ilpunoxenusamu) U. desuns, XK. Jamypa, H.
Yapxkanu, C. Kopneesa u A. I'ynapun.

PanuouactoTHas uaeHTU(UKALUS SBISETCS HOBOM, MOJIOAOM TEXHOJOTHEH.
XapakTepHbIM MOMEHTOM pa3BUTUS ATOW TEXHOJIOTMM B HACTOSIIEE BPEMs
SBJISIETCSl MPAKTUYECKU IIOJIHOE OTCYTCTBUE HAay4YHO-TEXHUYECKOW JIMTEPATYPBI,
HOCBSIIIEHHOM KaKk TEOPEeTHMYECKUM, TaK M IPAKTUUECKUM  BOIIPOCAM.
MHOrO4YHUCIIEHHbIE CTaTbU B OTEYECTBEHHBIX IMEPUOINYECKHX H3JAHMUSIX HOCAT
MOBEPXHOCTHBIN, OO30pHBIA XapakTep M, 3a4acTylo, COJEp)KaT CYyIEeCTBEHHBIE
HOTPEIIHOCTH U HeTo4yHOCTH. Jlaxke 3a pyOexoM uMeeTcss eAMHCTBEHHas
cepresnas moHorpadus (Klaus Finkenzeller, RFID Handbook, John Wiley and
Sons, Inc., New York, 1999), B koTopoii cienuaiucTsl MOI'yT HallTH HEKOTOPbIE
OTBEThl HAa BOIPOCHl MPOEKTHPOBAHUSA M MPAKTHYECKOIO HCIIOJIb30BaHUS
anmnaparypbl pauo4acTOTHON UACHTU(PUKALIMH.

B oatoii cBs3um pabora T. Iapdenbaa uype3BblYaiHO akTyanbHa U
cBoeBpeMeHHa. B TO ke BpeMs OHa Jajeko He CBOOOJHA OT HEIOCTATKOB
TEXHUYECKOTO M CTWJIMCTUYECKOTO XapakTepa, KOTOpbIE, B psji€ Clydaes,
NoTpeOOBaIM CYLIECTBEHHOW IepepabOTKM OpHUrMHaja B IpolLiecce MEPEeBOJA.
PabGora oTinyaercs WWIMPOKMM M BCECTOPOHHUM pPAacCMOTPEHHEM IpoOJeM
pasno4acTOTHON UAeHTU(UKALUU u, OJIHOBPEMEHHO, 00b1IOM
HEpPaBHOMEPHOCTbIO  INIyOMHBI ~ PAacCMOTPEHHUS  BONPOCOB.  Marepualsl,
npuBeZcHHbIe B IIpriloKeHUsAX, B HEKOTOPOM CTENEHM I03BOJISIOT JONOJIHUTH
paboty T.A. lllapdensna. Kaura HecOMHEHHO OyAeT YHHKaJIbHBIM U IICHHBIM
nocodueM g CTYACHTOB, AacCIUPaHTOB M CIELUAJUCTOB — CHUCTEMHBIX
UHTErpaTopoB U pa3padOTUMKOB, >KEJIAIOIIUX COBEPUICHCTBOBATH CBOM ONBIT B
00J1aCTH NEPCIEKTUBHON TEXHOJIOTUU PAMOYaCTOTHON UACHTU(PUKALIMH.

XoueTcs BhIpa3uTh r1yOoKyr OnarogapHocTh agmuuuctpanuun MIT u N.
JleBuito, r00€3HO NPENOCTAaBUBIIMX IIpaBa Ha NEPEBOJ U OMYyOJIMKOBaHUE
aBTOPCKMX MaTEpUalioB, a TakKXke COoTpyaHukam LleHTpanbHOro Hay4dHO-
MCCIIEIOBATEIIbCKOIO0 PAJUOTEXHUYECKOTO MHCTUTYTa M HaydHO-TeXHHUYECKOro
neHtpa «Ainbda-1», OBIBIIMX TEPBBIMU YHUTATEISIMHU W KOHCTPYKTHUBHBIMU
KpUTHUKaMH pycckoro mepeBoja: M.A. Jlakuny, b.M. UybGakoBy u MHOrUM
JApPYyTUM, JABIIUM LIEHHBIC 3aMEUYaHUs U OKA3aBIIMM TEXHUYECKYI0 MOMOLIb B
IpoLECCe PEAAKTUPOBAHKS U MMOJATOTOBKM MATEPUAIIOB KHUTH K U3JAHUIO.
[TepeBoauuk, Hayunbiii pegakrop C.B. KopHees



Tnaea 1

BBenenune

1.1. BpBoanble 3aMe4YaHus

Hcnonp3oBanue cetu IHTEpHET MO3BOJISET OCYIIECTBUTH MOCTOSHHBIN JOCTYII
K uH(pOpMaIMu OT caMbIX Pa3HOOOpPa3HBIX HCTOYHWUKOB. WHTEpHET SBISETCS
CPEICTBOM, IPH IOMOINM KOTOPOTO TOJBKO JocTaBisieTcss uHbopmarusa. Bo
MHOTHX CIy4asX WH(GOpPMAIMS OIMUCHIBAET COCTOSHUE PEaNbHBIX (PU3NUYECKHUX
00beKTOB H coObITH. B apyrux cioydasx wuHQOpManus CyHIECTBYEeT B
BUpPTyaJibHOM ¢opme. BuptyanbHas uH(OpMaius AOCTaTOYHO JIETKO MOKET
UCIOJIb30BaThC U OBITh JOCTYNMHON JIoAsM Wi MexaHuzmam. Cepbe3Hou
npo0emMoii sBisieTcs: mpeodpazoBanre HHGOPMAIMK U3 OJHOW (HOPMBI B IPYTYIO,
u3 (Qu3nyeckod B BUPTyabHYIO. TUNMHMYHBIN CHOCOO pelieHus 3TOM MpoOJieMbl
npeanoiaraeT MPUMEHEHHWE PYYHOTO TpyJa — YeJOBEK JIOJDKeH HaOIoaaTh U
3amuchiBaTh WHPopManuio. Takoil cmocod mpeoOpasoBaHust WHOpMAIUU HE
TOJIBKO HEI(PPEKTUBEH, HO W TMPHUBOJUT K ONIMOKaM, HETOYHOCTSIM. V3BeCTHBIC
COBPEMEHHBIC  CITOCOOBI,  HCIOJB3YIONUE  CJIOXHBIE  HWHTEIUICKTyaJIbHBIC
ycTpoiicTBa W oO0Jjajaromue "3peHHeM M 4YyBCTBamMu', TaKkKe MO3BOJSIOT U
HAOJIFO1aTh, W 3alUCBIBaTh, TO €CTh MPe0oOpa3OBBIBATH MHPOPMALIUIO M3 OJHOU
dbopmel B npyryro. OgHako miisg cobopa Oonbimx oO0beMOB HMH(OpMAIIMU TaKue
PEIIeHUS CIIOKHBI U AOPOTU WM TPEOYIOT BBINOJIHEHUS ONPEACIICHHBIX YCIOBHM
Y OTPaHUYECHUM.

OaHUM W3 NMOTEHIMAIBHO BO3MOKHBIX PEIICHUN MpoOiieMbl MpeoOpa3oBaHMUs
uHpopMaIMK  SBISETCS  UCIIOJIb30BAaHUE  TEXHOJOTMU  PaJMOYacTOTHOMN
uaeHtuukamuu  (RFID, B AHIJIOA3BIYHOM JIUTEPATYPE MCIOIB3YETCS
ab0opesuarypa RFID — Radio Frequency IDentification). [Ipu aTom undopmarus
B Qusnueckoi Gpopme MmoayyaeTcs 3a C4eT OECKOHTAKTHOTO CUMTHIBAHUS JTAHHBIX,
KOTOpBIE 3aIMCaHbl, B TPAHCIIOHJIECPAX WM METKAaX, NMPUKPEIUICHHBIX K JKUBBIM
WIN HeXUBBIM o0bekTaM. OnHa u3 pasHoBugHocted cucteM RFID - maccuBHbIe
CUCTEMBI - obecreunBaeT (PYHKIIMOHMPOBAHUE METOK 0€3 BCTPOEHHBIX
UCTOYHHUKOB nutaHus. lloreHuuanbHo mnaccuBHble cucTeMbl RFID cmocoOHBI
MMETh YPE3BBIUAMHO HHU3KYIO CTOMMOCTh MU TE€M CaMbIM YAaCTUYHO OOECIEYUTH
pelieHre MpoOJieMbl  aBTOMATUYECKOTO  CHATHS  (DU3UYECKH  BCTPOCHHOM
unopmanmu. Tem He MeHee, maccuBHbIe cucTeMbl RFID uMmeroT onpeneneHHbIe
dbyHnameHtanbuple orpannyeHus. OIHOM W3 3a1ad JaHHOW paOOThI SIBISETCS
PacCMOTPEHUE ITUX OTPAHUYECHUN.

©OT.A. Scharfeld, 2001.

©C.B. KopHees, nepeBoji Ha pyCCKHH A3bIK M Hay4Has peaakius, 2004,



JUig nydniero MOHMMAaHHS 3TOTO BOIpoOca IEJIeCO00pa3sHO pPacCMOTPETh
Lenb JOCTaBKU ToBapoB. M3BecTHO, 4TO oOnanaHue MHQOpMAaIMed MO3BOJISIET
MOBBICUTH YPPEKTUBHOCTD U OCYIIECTBUTH OTPOMHOE COKPAIICHUE PACXO0I0B
IPOU3BOJUTENSAM, AUCTPUOBIOTOpPAM, MPOJAABLIAM U JIOOBIM JPYTHMM 3BEHBSM
Henu JA0ocTaBKM ToBapoB mnotpedburtento [1]. Ilpu momomm ceru WHTrepHer
pemaercs npoodsiemMa TOJIBKO JOCTaBKU MHGOpPMAIlUKU, HO HE periaeTcs rnpoodiiema
COOCTBEHHO €€ Hu3BJeYeHHs] Wiau mnojdydyeHus. CoBpeMEHHbIE TEXHUYECKUe
pelieHusl MpeanojaraloT pydyHol BBOJ HMHGMOpPMAUU WM €€ PYYHOE
CKaHMpPOBAaHME IMPHU TOMOIIM IITPUX-KOJIOB. boiiee COBEpIIEHHbIE CHUCTEMbI
o0ecneunBalOT aBTOMATHYECKOE CKaHMPOBAHUE IITPUX-KOJIOB WM COJAEpKaT
VHTEJUICKTYaJbHbIE BHU3yaJIbHbIE CUMTBHIBAKOIIME YycTpoiicTBa. Pemenus c¢
UCIOJIb30BAaHUEM PYUYHOrO TpyJa JOCTATOYHO JOpPOTH, 00Jalai0T HEBBICOKUM
OBICTPO/ICHCTBUEM U MOJBEPKEHBI OlMOKaM. Mcronp3yemble B HACTOSIIIEE BpeMs
pellIeHUs], OCHOBAHHbBIC HA IPUMEHEHUU CPEICTB aBTOMATHKH, TAKXKE MOTYT OBITh
JOPOTOCTOSIIIIMMM, CIOXKHBIMHU U YaCTO UMEIOT JKCIUTyaTal[MOHHbIE OrPAHUYEHHUS,
0OyCIJIOBJIEHHBIE BIIMSAHHEM OKpYy’Kawolel cpenpl. [Ipy 3ToM ucnosnb3zoBaHue
texnonorun  RFID  sBnsieTcss  MOTEHIMANbHBIM  pEUICHHEM  MPOOJIEMBI
npeobpazoBanus nHGoOpMauu U3 GU3NYECKON B BUPTYaTbHYIO GOpMY.

Cucrembl RFID no3BosisitoT cuuThiBaTh MHGOPMALIMIO, HAXOAALIYIOCS BHE
npeaesioB BUANMOCTH. neHTU(hUKAIIMOHHBINA KOJ XpaHUTCA B METKE, COCTOSIIEH
U3 MHKPOYHWIIA, TPHUKPEIUICHHOTO K aHTEeHHe. lIpuemoriepenaTduk, dYacTo
HA3bIBAEMbI MHTEPPOTaTOPOM MJIM CUUTHIBATEIEM, MMEET CBSI3b C METKOHM C
nomolIeto TeaekommyHukanuu. Camu no cede cucrembl RFID He npuroans! ass
UCIOJIb30BaHUsS. XOTsI OHU U MOTYT aBTOMAaTHYECKU CUUTHIBATh KOJAbI, ITH KOJbI
JOJKHBI OBITh 3aJI0’)KEHHBIMU B 0a3y JTaHHBIX M COOTBETCTBOBATh KaKUM-JTHOO
oObektaMm. [lomkHa OBITH co3maHa HeoOxonuMmasi ceteBasi MHGPACTPYKTypa WU
WHas CUCTEeMa, CIIOCOOHAst XpaHUTh U 00pabaThIBaTh MACHTU(OUKAIIMOHHBIC KOIBI,
NoJJIep>)KUBaTh cOOp M JOCTaBKy WH(MOpMAIMHM, KOTOpas TMOJydYeHa CHUCTeMaMu
RFID [2]. Takas cereBas undpacTpyKkTypa nopKHA 3(Q(exTuBHO 0o0ecneunBaTh
XpaHEHHE U JOCTABKY OTPOMHOTO KOJIMYECTBA WH(OpPMAITUH.

[enpro qaHHON pabOTHI SABISIETCA PACCMOTPEHUE U aHAINU3 BCEX DJIEMEHTOB
WHGOPMAITMOHHON CHCTEMBI, BKJIIOYas METKH, CUYHMTHIBATENIM, CHUCTEMBI cOopa
uHpopmaimu (host systems), 6a3bl JAHHBIX U CETEBOE OKPYKEHHE.

NHTepHeT W cCBs3aHHas ¢ HUM HHQPACTPYyKTypa B HACTOSIIEE BpeMs
ABIIAETCS  (PYHKIMOHHUpYIOMIEH W OBICTPO pa3BUBAIOIIEWUCS TEXHOJIOTHEH.
Texnonoruss RFID, xorsg ucropudecku u crapuie HTEpHETa, OTHOCUTEIBHO
MOJIOZIa U BCE €lle HEJOCTAaTOYHO ONpoOOBaHA JJiA HAJAEKHOIO, OOJIBIIOTO IO
00BEMy M HHU3KOTO M0 CTOMMOCTH HMCHOJb30BaHMs. TeM He MeHee, B HACTOsAIIee
BpeMs TexHHMuYecKkas peanusauus anmaparypsl RFID yxe ynosimerBopurenbHa u
IIOCTOSIHHO COBEPIICHCTBYETCS. Bce Ke CTOMMOCTB €€ elle OTHOCUTEIBHO BBICOKA
(MuaMManbHO 0,5 monmapa 3a MeTky u 6omee 100 moniapoB 3a CYUTHIBATENb), HO
B OnrpkaiiieM OyayIeM C yJydiieHHeM TeXHOJIOTHH OyAeT OBICTPO CHUKATHCS.



TexHonornyeckue WHHOBAIMM M POCT OOBEMOB HCIIOJIB30BAHUS YIYYIIAIOT
TEXHUYECKYI0 PEAIM3aLMIO alllapaTypel U CHUXKAKOT €€ CTOMMOCTb. ['pamoTHas
CTaHIApPTHU3AIMs MPHUBEAECT K POCTY OOBEMOB HCIIOJIB30BAHMUS U TAKXKE CHU3HT
ctouMocth ammapatypsl RFID. JIns ©Oomee mnoapoOHOTO paccMOTpeHus u
HaIIpaBJICHUN Pa3BUTHSL texHosorun RFID oOpatumcs k ucropum ee
BO3HUKHOBEHMUS.

1.2. KpaTkuii ucropudeckuid 003op

RFID sBuseTcs mpocTbIM COKpAILEHHBIM HAa3BAHUEM, TAHHBIM CEMENCTBY
TEXHOJIOTUYECKUX AATYMKOB, KOTOpbIe NosiBUIMCh B nociennue 50 net. IlepBoe
IHAPOKOE Hcroib3oBanne TexHosoruu RFID mpousonuio B Teuenue Bropon
MUpPOBOM BOUHBI [3]. BpuTaHckue BOOpYKEHHBIE CHUJIbI HAa CBOEH aBUALIMU U
aBUAIlMM  COIO3HUKOB  KCMOJB30BAJIM  TPAHCIOHMAEPHI, CIIOCOOHBIC  MPHU
MOCTYIUICHUM  3alpallMBAIOLIEr0  CUTHAJIA  OTBEYaTbh  COOTBETCTBYIOLIUM
UACHTU(UKANMOHHBIM CUTHAJIOM. DTa TEXHOJIOTHS HE TMO3BOJSIA PEaTH30BaTh
TOYHYI0 HUACHTHU(PUKANHNIO O0BEKTa, HO ObUIa JOCTATOYHOW HJIsi OIpPEACIICHUS
CBOMX CaMOJIETOB. JTa TEXHOJIOTHsI, HA3BaHHAs UICHTU(PUKaUUEH "CBOM - qyxkoil"
(IFF), namua panpHeiIee pa3BUTHE, M €€ MOCICAYIOIIUE TMOKOJEHUs ceilyac
MCIIOJIb3YIOTCSI KAK B BOGHHOM, TaK U B IPaKJaHCKOW aBUALIUU.

Ilocie HayambHOrO UCIOJAB30BaHUSA BO BTopol MHUpOBON  BOMHE
texHosoruss RFID mnonyuuna cymectBeHHoe pasButhe. B 60-x u 70-x romax
7abopaToOpuu  pa3lIMYHBIX TOCYJApCTB  pa3paboTaiu  HJICHTU(PHUKAMOHHBIE
TEXHOJIOTUU, HEOOXOAUMbIEe i O€30MaCHOrO0 M CEKPETHOTO COIMPOBOXKICHUS
BOGHHOTO TMepcoHana u oOopynoBaHusi. B konme 70-X TOJ0B M3 HAyYHBIX
nabopatopuii B Jloc Anamoce BBIACIUIUCH JBE KOMIIAHHH, KOTOPBIC
KOMMepIanu3upoBaiu 3Ty TexHosoruio. [lepBeie mpumenenuss RFID Owuin
npeIHa3HA4YCHBl IS UACHTU(UKAIMK W OMPEICICHHUS TEeMIEpaTyphl pOTraToro
ckora [4]. B mHauane 80-X TOIOB >KENE3HOJOPOXKHBIE KOMIIAHUU CTalld
WCIIOJIB30BATh ATY TEXHOJOTHIO JIJIsl UACHTU(UKAIINK M COMTPOBOXKICHUS BarOHOB.

B »tux mpumenenusx o0brano ucnonb3oBancs UHF muanazon (900/1800
MI'11). B teuenue 80-x romoB Hekotopelie kommanuu CIIA u EBpomnsl Hauamu
pa3pabaTbiBaTh TEXHOJIOTMM MJisi pabOThl HAa JPYrUX 4YacToTaX, C JAPYTHUMH
UCTOYHHUKAMHU MOIIHOCTH, OObEMaMHM MHaMsATH U pAaoM Apyrux QyHkuui. Bo
BTOPOi1 nojoBuHE 80-X, KOrja NOAKIOYUINCh KPYITHbIE KOMITAHUU 3JIEKTPOHHON
IIPOMBILLJIEHHOCTH, HAYaJICsl CYIIECTBEHHBIA TEXHUYECKUN MTPOTPECC U CHUKEHUE
pa3MepPOB U CTOMMOCTH amapaTypsbl.

B konue 80-x u B Teuenue 90-Xx rojoB MO MEpPE COBEPILICHCTBOBAHUS
amnmaparypbl, CHI)KEHUS €€ pa3sMepoB U CTOMMOCTH, IOSIBUWJINCH HOBBIE
HanpasjeHus: ucnosb3oBaHus RFID. Hekoropele u3 HHUX: aBTOMaTUYECKHE
IJIATEKHBIE CHCTEMBbl HAa aBTOCTPAJaX, CHCTEMbI KOHTPOJS OC30MacCHOCTH U



JOCTyTa, ABTOMOOWJIBHBIE WMMOOWIIA3ephl. CUCTEMBI KOHTpPOJS Oaraxka B
aBUAINEepeBO3KaxX, MHBEHTApU3alus TOBAPOB U UMYIIIECTBA U CMAPT-KapThl [S5—8].

Jlna nanbHelmero pacmupenus crekrpa npuMmenenunit RFID neobxonnmo
o0ecneunTh BBICOKMN TEXHUYECKHH YPOBEHb HCIOJIHEHHs, Mayble TabapUThl U
HU3KYI0 CTOMMOCTb, COBEPIICHCTBOBAHHE YPOBHS Pa3pabOTKU M MPOU3BOJCTBA
anmnaparypbl. B HacTosiiee BpeMsi MpoBOAUTCS Oojblias paboTa U BO3HHUKAET
00JBIIOE YHMCIO KOMIIAHWW, 3aHUMAIOUIUMXCS HWHHOBALMSAMH, CHH)KEHHEM
pa3MepoB, LIEHbl M TOBBIIIEHWEM TEXHUYECKOTO YpPOBHS B JTOH OO0NaCTH.
Bo3uukHoBenne WMHTepHeTa M pa3BUTHE HH(POPMALMOHHBIX TEXHOJIOTUH
II03BOJISICT HAUTU HOBBIE BO3MOXHOCTU pUMeEHeHUs1 TexHosoruu RFID.

OnHako [UIsi MHMPOKOMACIITAOHOTO IJI00AJBbHOTO BHEAPEHUS TEXHOJIOIMU
RFID HeoOXoauMbIM SIBISI€TCSI HE TOJIBKO TEXHHUYECKOE COBEPIIEHCTBOBAHME
anmapaTypbl, CHUKEHHE €€ radapuToB M LEHBl — CUCTEMBbl Pa3HbIX IMPOJIABLIOB
JOJKHBI OBITh COBMECTHMMBIMU JIPYT C JAPYTOM M CHOCOOHBIMH palbOTaTh B
YCIOBHUAX DPA3JIWYHBIX aJIMMHUCTPATUBHBIX DPETJIAMEHTOB, KaK MECTHBIX, TaK MU
MEXAYyHapoIHbIX. B HacTodmiee BpeMms MNpojoipKaercs padoTa IO CO3AAHHIO
CTaHIApPTOB Uil pas3anuyHblX npuMmeHeHni TtexHosoruu RFID. Cranpaprsl,
OJIHAaKO, C OJTHON CTOPOHBI, MOT'YT CIIOCOOCTBOBaTh TEXHUYECKOMY IPOrpeccy, a ¢
ApPYrol — TOJABIATh KOHKYPEHLMIO, HWHHOBAlUM U  CTPEMIICHHE K
COBEpUIEHCTBOBAHUIO allllaparypsl. B nanpHeWeM Mbl pacCMOTPUM OCHOBHBIE
OTpaHUYEHHUs], KOTOpbIE HajlaraeT craHaaprusanus Ha pazsutue RFID.

1.3. Kinaccupukanus cucrem RFID

B npouecce pazsurusa texHonoruu RFID BO3HMKIIO HECKOJIBKO THUIIOB CUCTEM.
Onu moryT kiaccupuIMpoBaThCcsi HECKONbKUMHU criocobamu. Tepmua RFID
BKJTFOYAET JOBOJIBHO MIUPOKHH KIACC MASHTU(PUKAITMOHHBIX YCTPOMCTB.

Bce cucrembr RFID coxpepxar cuuthiBaTen U METKU. CUMThIBATEIN
U3BIIEKAIOT MH(OpPMAIMIO, KOTOpas XpaHUTCS WM CcoOUpaeTcs METKOM.
CuntheiBaTeNIn pa3sMENIAOTCS B HEKOTOPOW TOYKE MPOCTPAHCTBA, a METKHU
NPUKPEIUIIOTC K 00bekTaM. M3-3a TOro, 4To METKM YCTaHABJIMBAIOTCS Ha
paznuyHble OOBEKThbl, HAa MX XapPAKTEPUCTUKH HAJAraroTCsi CYUIECTBEHHBIE
OTPaHUYEHHS IO UCIOJHEHUIO, pasMepaMm W croumMoctd. C  3TUMH
XapaKTEepUCTUKAMU CBS3aHbl pa3iinyHble kinaccupukanuu cucreM RFID.

OnHa mMPOKO pacnpocTpaHEeHHas Kiaccudukanus pas3iensser METKA Ha
"gyurioBple" W "OecuunoBbie". UunoBble METKM COJEpkKAT HHTErPAIbHYIO
MHUKpPOCXEMY — 4HIl, a OecuurioBbie ee He coxaepxart. Jpyras kiaccuduxanus,
KOTOpas MOApAa3/AeisieT YUIOBbIE METKH, BBIJCISIET MACCUBHBIC, MOJyaKTUBHBIE U
aKTHUBHbIE MeTKU. [laccMBHbIE METKM HE COJAEpKAaT HU JJIEMEHTA MUTAHUS, HU
aKTHUBHOTO IEpe/laTurKa; MOJTYyaKTUBHbBIE METKH COJIEPAKAT AJEMEHT MMHUTAHUs, HO
HE UMEIOT aKTUBHOI'O MEePE/IaTurKa; aKTUBHbIE METKU COAEPKAT U TO U JPYTOe€.
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Eme onna kmaccudukaius mojpasaenseT METKHM Ha TOJIbKO CUHUTHIBACMBIC
(read only) u cuntpiBacmbIe/3anuckiBatomue (read/write). Toapko cUMTHIBaEMBIS
METKH HWMCIOT WM TOJBKO CYHTHIBAEMYIO TMaMsITh, WU TaMsITh, KOTOpas
OJTHOKPATHO IPOTrPAMMHUPYETCS u MHOTOKPATHO CUUTBIBACTCS.
CuuThIBacMBbIC/3aMMCHIBAIONIAE METKH TO3BOJISIIOT OJIHOKPATHO 3alUCHIBaTh M
MHOTOKPATHO Tepe3anuchiBaTh HHGOPMAIIHIO.

B panbHeiilieM OCHOBHOE€ BHHMaHHE OYyJET YJEJIEHO MacCUBHBIM YHUIIOBBIM
TOJIBKO CUMTHIBAEMbIM MeTKaM. KpaTko paccMOTpuM KiacCU(UKAIUMIO METOK U
00BsCHUM, [TIOYEMY Ha Hee oOpaliaeTcsi BHUMaHUE.

1.3.1. Yurmosele 1 OECUUTIOBBIE METKHA

Tak xak Hallle BHUMaHUE 00paImaeTcss Ha METKH CaMOW HU3KOW CTOMMOCTH,
KOTOpBIE 00ECIIeUYNBAIOT MUHUMYM (DYHKITHOHAIBHBIX BO3MOXKHOCTEH — IIPOCTHIC
TOJIBKO CUHMTHIBaCMEbIC yCTpOMCTBA c MMOCTOSIHHBIM YHUKAJIbHBIM
UACHTU(UKAIIMOHHBIM KOJJOM — MOXET TOKa3aThbCs, YTO OCCUUIIOBBIE METKHU
MOTJIHA ObI OBITh ONTHMAaJIbLHBIMUA. T€M HE MEHee, B JalbHEHIIIEM MBI B OCHOBHOM
OyJleM paccMaTpUBaTh YUIIOBbIE METKH IO ABYM MPUYUHAM:

1) meTka nomkHa 00J1aaTh JOCTAaTOYHOM MaMSIThIO, YTOOBI XPaHUTh
YHUKQJIbHBIN UACHTU(UKALIMOHHBIN HOMEP 00JBIIOTO yucna
UACHTUPULIUPYEMbBIX OOBEKTOB;

2) cuuThIBaTelb JIOJDKEH 00Ja7aTh BO3MOXKHOCTBIO  CUUTHIBAHUSI
MHO>KECTBa METOK, HaXOAIIUXCS B €ro 30HE ACHUCTBHS.

Just  Toro  4toObl  OJHO3HAYHO  WACHTHU(PUIUPOBATH  MHOXECTBO
MPOU3BOJAUMBIX OOBEKTOB, CXEMa MaMSITH JOJKHA UMETh BO3MOKHOCTb XpaHEHUS
JIOCTaTOYHOTO YHCJIa YHUKAJIBHBIX KOJOB. B Onmmkaiiiem OymyriemM J0CTaTOYHO
64 O6uta mHbOpPMAINH, OJTHAKO B MEPCIEKTUBE ONTHUMAIBHBIM cUUTaeTcs 96 OuT
[9]. BombmMHCTBO GECUYHMIOBBHIX METOK B HACTOSIIEE BPEeMs TTO3BOJISIIOT XPAHUTH
24 OuTa WM MEHBIIE, XOTS HEKOTOPBIC MO3BOJIAIOT XpaHuth 64 Ourta [10]. D10,
OJTHAKO, TPUBOANT K TIOBBIIIEHUIO UX CTOMMOCTH.

N3-3a Bo3pacTaHusl yucia U CHWXKEHHS pa3Mepa OOBEKTOB, HAa KOTOpPBIE
yCTaHaBJIMBAIOTCSI METKH, HEOOXOAMMO, 4YTOOBI CUYHUTHIBATENb OBLI CIIOCOOEH
OJIHOBPEMEHHO CYHUTHIBATh MHOXECTBO METOK, HAXOJSIIMXCA B 30HE €ro
NEUCTBUSA; MPUYEM METKM MOTYT pa3Mellarbcs OJIu3Ko Jpyr oT Jpyra. B
HACTOsLIEE BPEMsI HAWJIYyULIMM CIOCOOOM pELIEHUs TaKOM 3ajauyd — KOJUIM3UU
CUTHAJOB — SBIISIETCA HAJEIEHME CAMMX METOK HEKOTOPbIM HHTEJIIEKTOM.
MeToapl TPOCTPAHCTBEHHOI'O BBIIEIECHUSI OAHOM METKM CPEIU MHOTMX APYTHX,
YTO IPUBOJUT K Pa3pEUICHUIO KOJIJIM3UHU, XOTS M MOTEHIUAIbHO BO3MOXKHBI, BCE
ele TpPyAHO peanu3yemMbl. B riase 7 Mbl paccMOTpUM ciOCOObI UJIEHTU(PUKALUN
MHO>KECTBA METOK.

XoTs1 0eCYMTIOBBIE METKA M aHOHCUPYIOT JOCTHXKEHHUE OOJBIINX 00HEMOB
NaMsATA ¥ YIy4IIeHHUEe aHTUKOJUTM3MOHHBIX (DYHKIIUN, a UX CXEMBI, B OyIyIieM,

10
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CMOT'YT U3IOTaBIMBATLCA METOAOM HEIOCPEACTBEHHON I1€YaTH HAa HEKPEMHUEBbBIE
HOJUIOXKKH, B OJMpKaiieM OyayleM IpakTUUeCKU TOIbKO YHUIIOBbIE METKH MOTYT
yIOBJIETBOPUTH OOJBIUIMHCTBO MPUMEHEHUN, TPEOYIOIUX HACHTH(PHUKAUN H
UH(GOPMAITMOHHOTO COMIPOBOXKICHUS TOBAPOB.

1.3.2. ITaccuBHbIE, IOTYyaKTUBHBIE U AKTUBHBIE METKH

Paznuuue MCXKY IaCCUBHBIMH, IIOJTYAKTHBHBIMHU W AKTUBHBIMH MCTKaMH
COCTOUT B HAJIMYMK MCTOYHHUKA IIUTAHUA W IICPCAATUHKA. IlaccuBHBIE METKH HE
CoACpKAaT HHU HNCTOYHHKA IIUTAHUA, HHU IICPCHATUHKA. HOHyaKTI/IBHBIe MCTKH
COACPIKAT MCTOYHUK IMUTAHUA, HO HC COACPIKAT ICPCHATUNKA. AXKTHBHBIC METKH
COACPIKAT KaK UCTOYHHUK ITUTAHUA, TAK U IICPCAATIUK.

AKTHBHBIE METKH UMEIOT HAWUJIYUIIIUE XapPAKTEPUCTUKHU. [[aTbHOCTH MOXKET
JIOCTUTATh KUJIOMETPOB, a CBSI3b CO CUMTHIBATENIEM HajeKHast U ObicTpas. OiHaKo
HaJIMYUE UCTOYHUKA NMUTAHUS U NIEPEIaTUNKaA IPUBOAUT K BBICOKOM CTOMMOCTH.

HOHyaKTI/IBHBIe MCTKH 110 CpPaBHCHHUIO C ITAaCCMBHBIMU HMCIOT Ooiee
BBICOKYIO JaJIbHOCTb (I[O HCCKOJIbKHX JCCATKOB MeTpOB) U H3-3a OTOTO0 MOryT
HUMCTBb JOCTAaTOYHO BBICOKHUC CI)YHKHI/IOHEUIBHBIG BO3MOXHOCTH. OI[HaKO 9TO TAKIKC
IMPHUBOAUT K IMOBBIICHWIO UX CTOUMOCTH.

[TaccuBHbIE METKM 00JajaloT JaibHOCThIO MeHee 10 meTpoB u Oosee
3aBUCHMBI OT PETJIAMEHTHBIX OrPaHUYCHUN U BIUSHUSL OKpYXKaroliei cpeanl. Tem
HE MEHEEe OHU UMEIOT MAaKCHUMAaJIbHbIA PHIHOYHBIN MOTEHIIUAN U3-32 HAUMEHbIIEH
CTOMMOCTH.

1.3.3. ROM u WORM wmeTkn

JIroOble 4YUMOBBIE METKH MOTYT OBITh TOJIBKO CUHUTHIBAEMBIMU HWJIH
CUMThIBaEMbIMHU/3aNKChIBalOIUMHU. [laccuBHbIE METKH, KaK IMpaBUiIO, OBIBAIOT
TOJIBKO CUHATHIBAEMBIMU. TOJNBKO CUHTHIBAEMBIE METKH IPOIPAMMUPYIOTCA
UACHTU(DUKAIIMOHHBIM KOJIOM B IPOLIECCe MPOU3BOJCTBA WM MPHU yCTAHOBKE HA
onpeaeneHHbId 00beKT. [IaMATh TaKUX METOK MOXKET OBITh UM TOJIBKO YATAEMOM
namsATbio (ROM) min oTHOKpaTHO IPOrpaMMHUPYEMON U MHOTOKPATHO YMTAEMOM
(WORM). B panpHeiimeM B r1aBe 5 Mbl PaCCMOTPUM TaKH€ Pa3HOBHIHOCTH
IIaMSTH.

CuuThiBacMble/3aMMCHIBAIOLINE METKHU MOTYT MHOT'OKPaTHO
nepenporpaMMHUpOBaTLECA B Ipoliecce MX IKcIuryaTtauud. OOBIYHO OHU HMMEIOT
UACHTU(UKALIMOHHBIA KOJA WM CEpUMHBIA HOMEp, KOTOpBIM 3amuCBhIBACTCS B
npolecce Mpou3BOJICTBA. Takke B HUX MOKET 3alUCBHIBATHCS pPa3HOOOpa3Has
nonojaHuTeNnbHas uHpopMmanua. Takue MeTKH MHOTO(YHKIIMOHAIBHBI, OJIHAKO
ATO MPUBOJUT K BO3PACTAHUIO UX CTOUMOCTH.

11
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bnaromapss HU3KOW CTOMMOCTH HauOOJIBIIUM PHIHOYHBIM TOTEHIMAIOM
00alal0T TOJIBKO CUYHMTHIBAEMBbIE METKHM, TaK KaK B COBOKYIIHOCTH C XOpPOILIO
CIOPOEKTUPOBAHHOM pacmpeneneHHoW ©0a30i JaHHBIX OHU O0ECIEYUBAIOT
OPaKTHUYECKH  Takhe Ke  (PyHKIMOHAJIbHBIE  BO3MOXHOCTH, Kak U
CUHUTHIBAEMbIE/3aMICHIBAIOLINE METKH.

1.4. lIpeamoJio:xkeHust

Ilepen paccMOTpEeHHEM TEXHMYECKMX XapakTepucTuk ammaparypsl RFID
ele pa3 o0paTuMcsl K MPUHATHIM IPEINON0KEHUAM. byieM cuuTarh, 4TO0 METKU
ABJIAFOTCSL IIACCHUBHBIMM M TOJIBKO CYMTBIBAEMBIMH. lIpenmosnoxum, 49TO
JNAIBHOCTh CYMTBIBAHMS METOK HE IIpeBbIIIaeT 6 METpOB, a B CHCTEME
IIPUCYTCTBYET OAWH WM HECKOJIBKO CUMTBIBATENCH. TakKe MpEenrosokuM, 4To
CYILIECTBYET ceTeBasi MH(PACTPyKTypa, IOCPEICTBOM KOTOPOM YHUKAJIbHBIC
UACHTU(UKAIIMOHHBIE KOJIbl, COOTBETCTBYIOILIME ONPEACIEHHBIM 00BEKTaM, MOTYT
OBITh MPUBSA3aHBI K 3TUM OOBeKkTaMm [2]. Ilpu 3ToM maeHTH(UKAIIMOHHBIE KOIbI
pa3zeNeHbl Ha JIOTMYECKHUE MOJIA, B KOTOPBIE 3aHECEHBI KOJ TOBapa, KOJ €ro
BJIA/IEJIbLIA, KOJ IPOU3BOIUTENS U CEPUMHBIA HOMEP METKH [9].

1.5. XapakTepuCTHKH anapaTypsbl

HUctopusa pas3Butus nokasbiBact, 4to npuMeHeHuss RFID wusmensuuch B
COOTBETCTBUM C pa3BUTUEM COOCTBEHHO TEXHOJOTMYECKHX BO3MOKHOCTEH.
Kaxnoe wu3 mnpumMeHeHUWH Hajaraer cBOoM chenuduueckue TpeOOBaHUS K
anmaparype. Jas Toro 4YroObl JOCTaTOYHO MOAPOOHO paccMaTpUBaTh
ocobennoctu TexHojorun RFID, kak juis  Jsydmiero TIOHMMaHUSL €€
(YHKIIMOHATBHBIX BO3MOXKHOCTEH, TaK M JUIA JIYYILIETro MpOBEIEHUs pa3paboTKu
anmapaTypbl, HEOOXOJUMO OLEHUBaTh €€ (YHKIMM Ha OCHOBE TEXHHUYECKHX
xapakTepucTuk. [IpuHrMas Bo BHUMaHue 0OJbLIOE pa3HOOOpas3ve NMPUMEHEHHM
texHosorun RFID, 3to cinoxnas 3amaua. Tem He MeHee, CylIECTBYIOT OCHOBHBIE
XapaKTepUCTHKH, OOIIMe g BCEX NpPUMEHEHWH. TakuMu XapakTepUCTUKAMU
SBIIIETCSI CTOMMOCTb, Ta0apUThl U TEXHUYECKUE NMapaMeTphl annaparypsl. B cBoio
o4epeab OCHOBHBIMU TEXHUYECKUMHU napaMmerpamu annaparypsl RFID sBisrorces
NANbHOCTb CUMUTHIBAHUSA, OBICTPOACHCTBUE, HAJCKHOCTh CBSI3U U COBMECTHUMOCTD
CHCTEM pA3JMYHBIX IIOCTAaBIIMKOB C YYETOM aJIMUHUCTPATUBHBIX HOPM B
PAa3IMYHbIX PETUOHAX MUPA.

Hauboee sxecTKMMU 1 BBICOKO TPEOOBATENbHBIMU SBJISIFOTCSI IPUMEHEHUS,
OTHOCAIIMECS K OOBEKTaM HHU3KOM CTOMMOCTH W K OOBEKTaM, HaXOISIIMMCS
HEMOCPEJICTBEHHO B  pacHoOpsDKEHUW moTpeduteneil. JI[BymMss TUNHYHBIMU
npUMepaMH SIBIISIETCA MACHTH(UKAIMS MOYTOBBIX oTmpaBieHuid [11] u ToBapos,
HAXOJAIIUXCSI B PO3HUYHONW mpogake. CUMTHIBATENW JOJKHBI OOECIICYMBATH
OBICTpOE CUMTHIBAaHHWE OOJIBIIOTO YKCJIAa METOK Ha PACCTOSHUU HECKOJBKUX
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METPOB B OTHOCHUTEIILHO CJIIOKHBIX YCIOBUAX (PYHKIIMOHUPOBAHMS ammapaTrypbl B
OKPYXaroUIEM €€ IPOCTPAHCTBE.

UpesBblyaliHO Ba)KHOW XapakrtepucTukon anmaparypel RFID sBisercs ee
CTOMMOCTh. Tak Kak MapKUpOBAHHBIE NPEAMETbI HAXOAATCA B PO3HUYHOU
OpoJaxe, a KOJMWYECTBO JITHX MPEAMETOB OIPOMHO, COBCEM HEOOJIBIIOE
YBEIMYEHHE CTOMMOCTH OJHOM METKM MNPUBOJUT K OUYEHb OOJIBLIOMY
BO3pPACTaHUIO COBOKYMHOW II€HbI amnmaparypbl. B 3aBucMMOCTH OT rabapuToB
00BEKTa TaKXe 4Ype3BbIYAMHO BaXXHbl pa3Mepbl MeTkH. KpaTko paccmoTrpum
TEXHUYECKUE apaMeTpsl, lieHy U radaputsl annaparypsl RFID.

1.5.1. Texuu4yeckue napaMeTpsbl

OCHOBHBIMH TE€XHUYECKMMU MapameTpamu annapaTypbl RFID sBusroTcs:
TANbHOCTb,  OBICTPOJICWCTBHE, HAJEKHOCTh CBSI3U U COBMECTHUMOCTb.
OnpeneneHne KOHKPETHBIX 3HAYCHUH TEXHHUYECKUX IMapaMeTpoB TpeOyeT
JIOCTaTOYHO TOYHOW OLIEHKH YCIIOBUM MPUMEHECHUS allapaTyphl.

Mlupokass oOmactb mpuMeHeHUS —  uACHTU(UKAKUs  OOBEKTOB,
HaXOSIIMXCSI B PO3HMYHOM OOpalleHuu, MOXKET OBITh MOApa3JeleHa Ha
HECKOJIbKO MPAKTHYECKH CAMOCTOSITENIbHBIX MPUMEHEHUN, KaXJA0€ M3 KOTOPBIX
UMeeT pa3iauuHble KoHQurypamuu. Tak, HampuUMep, Mbl MOXKEM CaMOCTOSITEILHO
paccMaTrpuBaTh KaXJ0€ 3BEHO LENU ITOCTABOK: IMPENIPHUATHE - HU3TOTOBUTEID,
JUCTPUOBIOTOPCKUIN LIEHTP, Mara3uHbl MPOJaky, JOMa MOTPeOUTENed U LEHTPBI
YTWIA3ALUU OTXOJI0B, a TAKXKE TPAHCIIOPTUPOBKY MEKIY HUMH.

Ha npennpusitum — uW3roTroBUTENIC NPUMEHEHUSIMH SBISIOTCS COOpKa,
COpPTHpOBKa W  OTrpy3ka ToBapoB. Ha  auCTpuOBIOTOPCKMX  ILIEHTpax
IMPUMEHECHUSMH MOTYT OBITh: IIPUEM, COPTHUPOBKA, 1Mo00p (picking) u oTrpy3ka.
B Marasumnax mpojaxxu MpUMEHEHHUSMH MOTYT OBITh: IOJIydeHHE, COPTUPOBKA M
JIpyrue omepanuu, TpeOyroIue WHBEHTapu3aluuk ToBapoB. JlomamiHue
MPUMEHEHUSI MOTYT 3aKJII0YaThCsl B MHBEHTAPHU3allUU, a TPUMEHEHHS B IIEHTPAX
YTHIA3AIUU OTXOJI0OB — B COPTHPOBKE. JIOTUCTHYECKHE omnepauu TpeOyIOT UHBIX
IIPUMEHECHUM.

BriosiHe BEpOSATHO, YTO €CIM TOBAPBI PO3HUYHOM MPOJAXKU MApPKUPOBAHBI,
TO JOJIKHBI TaKXke ObITh MAaPKUPOBAHbI KOPOOKH I HUX, MOJJOHBI JIJIsi KOPOOOK
U KOHTEWHEPHI, B KOTOPBIX HAXOJATCA MOANOHBL. METKM 1 NOAJOHOB U
KOHTEWHEPOB BEPOATHO JOJDKHBI JOIIYCKATh IIOBTOPHOE UCII0JIB30BAHUE, IIOITOMY
LICHOBbIE OTpaHMYEHUs 3]leCh He ciMIIKOM cTporu. KopoOok mo koindecTBy
MEHBIIIE, YEM IIPEAMETOB B HUX, [I09TOMY LICHOBBIE OI'PAHUYECHUSA U1 HUX MEHEe
CTPOTH, YEM B CIIyyae MpeAMETOB, HO 00JIee CTPOTH, YeM JIJIsl TIOJIOHOB.

[Ipeamnonoxxum, 4TO COAEPKUMOE KOHTEHHEPOB, MOJJOHOB M KOPOOOK,
KOTOpbIE HWHAMBUIYaTbHO MPOMAPKUPOBAHbI, JOHKHO OBITh W3BECTHBIM.
Unentudukanus nmpeaMeToB PO3HUYHON MPOJaXH HEOOXOoauMa B MecTax, TIe
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OHM He ymnakoBaHbl. Takas cuTyauus BO3MOXKHA Ha NPEANPHUITUAX U
TUCTPUOBIOTOPCKHUX IIEHTPaxX, OJTHAKO OHAa Hauboyiee BEPOATHA B Mara3uHax, B
JoOMax ®W B IEHTpax yTwiuzamuu oTxoa0B. OcoO0eHHO TpeOoBaTEIbHBI
NPUMEHEHUSI TIPU ONepalusx MpoBEepkH B MarasuHax. CUUThIBaTEeNId U METKHU
JOJDKHBl ~ COPABJSATHCA C  BO3MOXXHBIMH ~ BO3JCHCTBHUSIMU  PACIOJIOKEHHBIX
HEMOJAJeKy JPYTruX CUUTHIBATENICH, C OTPAKCHUSIMU U BIUSAHUSAMU OT
METAJUTMYECKUX MPEIMETOB U JIIOACH, HaxXOASIIMXCs B 30HE JEUCTBUS
anmnapatypbl. MoxeT mnoTpeboBaThCs TOYHAsE W ObICTpas uUACHTU(UKALIUS
OOJIBIIOTO YHCTA CIyYaHO paclojOoKEHHBIX MpeaMeToB. YacTo xenarenbHa
MaKCHUMaJlbHasi JaJIbHOCTh CYUTBHIBAHUS B HECKOJIIBKO METpOB. ToOuYHbBIE
TEXHUYECKUE TapaMeTpbl B JIIOOOM cllydyae ONpPENeNsioTCs KOHKPETHBIMU
peabHBIMU YCIOBUSAMU MpUMEHEHHs. CUNThIBATEIN MOTYT yCTaHaBIMBATHCA Ha
BOpOTax M TOpTanax, Ha MOABMKHBIX TENEKKaX WM KOHTEHHEpax, Winh ObITh
MO3UIIMOHUPOBAHHBIMUA B HYKHOW 30HE WU 00jacTu. 30Ha JEHCTBUS MOKET
OBITh YAaCTUYHO OTPAHUYCHHOW, JUOO COBCEM HEOTPAaHUYCHHOW — MOXKET
noTpedoBaThCA OTACICHUE OJHOrO0 MpeIMeTa OT JPYTUX NPEeAMETOB U €ro
WHJMBUIYaJIbHOE CUUTHIBAHUE WJIM CUMUTHIBAHUE B TPYyINIE APYrUX MPEIMETOB,
JBIDKYIIUXCSL HA JOCTATOYHO OOJIBIION MEIIeX0HON CKOPOCTH.

1.5.2. CroumocTs u pasMepsbl

C TOYykM 3peHHs KOHEUHOIO II0Jb30BaTels, BHE BCAKOTO COMHEHUS,
CTOMMOCTb JJOJDKHA OBbITh MUHMMaJIbHOU. I105105%kKM, UTO METKaMu MapKHUpPOBaHbI
TOBapbl PO3HUYHOHN npojaxu. Hebompiioe CHUKEHHUE CTOMMOCTH OJHOM METKU
IPUBEJET K OFPOMHBIM COEpEKEHUsIM KOHEYHOIo Iosb3oBarens. B Hacrosmiee
BpeMsI CTOMMOCTb METKHU COCTaBJSIET 5 IIEHTOB M MEHEE MpPHU OuYeHb OOJIBLIMX
o0bemMax Mpou3BOACTBA. MUHUMU3ALMA CTOMMOCTH IPU TakKuX Macluradax
CTaBUT cepbe3Helme npodiemsl Mpu paspadborke. Kaxmoe 3BeHO cucTeMbl
JOJDKHO OBITh ONTUMHU3HPOBAHO, BO-TIEPBBIX, JJIsl CHUKEHUS CTOMMOCTH H, BO-
BTOPBIX, JJIs1 TOCTHXKEHHSI HEOOXOAMMBIX XapaKTEPUCTUK — HE TOJIBKO METKHU C MX
AIIEKTPOHHBIMU CXEMaMH U aHTEHHAaMH, HO TAK)K€ BCSl TEXHOJIOTHS IPOU3BOJICTBA,
COOpPKH M MCHOJB30BaHMS KOHEUHON MpoAyKIuH. [Ipu npoekTupoBaHUMU ITOTKHbI
TBOPUYECKH YUUTHIBATHCS OTPAHUUYECHUS], HAJIOKEHHBIE Ha CUCTEMY .

Pa3mepsl Taxke, KOHEYHO, UCKITFOUUTEIILHO BaKHBI. METKH, KaKk MUHUMYM,
JOJKHBI OBITh MEHbILIE MapKUpyemMoro oObekTa. Tak Kak yKe MpOU3BOJSATCA
MUKpPOYMIIBI JJII METOK pasmepoM MmeHee 0,5 KB. MM, aHTEHHBI Bcerja OyayT
orpaHu4uBarouM ¢GakTopoM. [1ocKoJIbKYy TEXHHUYECKHE MapameTpbl, 0COOCHHO
NANbHOCTb, 3aBUCAT OT pa3MepoB U (GOpMbI AHTEHH, a pa3Mepbl aHTEHHBI
CYIIECTBEHHO 3aBUCAT OT paboueld YacTOThl, METKM Ha OYECHb MAaJCHBKHX
o0bekTax He OyayT o0nanaTh TaKUMH TEXHUYECKUMHU XapaKTEPUCTHUKAMH, Kak
METKM C OONBIIMMH aHTEHHaMH, OOJee COOTBETCTBYIONIUMHU padodeMy
nuarazony vacror. Ha 5,8 I'Tn, Hanpumep, onTUMaiIbHBIA pa3Mep aHTEHHBI
paBeH 2,5 c¢M, B TO BpeMsa Kak Ha yactore 915 MInm — 16 cm. AHTEHHBI C
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pasMepaMyd MEHBIIMMH OINTHUMAJIbHOTO MOTYT HUMETh YIOBJIIETBOPUTEIIbHBIC
rapaMeTpbl, HO BCE-TaKM XyXX€, YeM Yy ONTUMAJIbHBIX aHTeHH. IIpocroe
NOBBIIIEHHE pabdoyell 4YacTOThl HE BCerga SBISETCA BBIXOJIOM, TaK Kak
NOSABIAIOTCA JIPYTME€ OTPAHMYEHMS, TAaKME KaK pPaclpOCTPAaHEHHE PAJMOBOJIH,
3aTyXaHUe W aJIMUHHUCTPATUBHbIE HOpMbI. Pa3Meprl B O4eHb OOJBIIONW CTENEHU
3aBUCAT OT KOHKPETHOTO MPUMEHEHUSI U KOH(UTypaluu cucTeMbl. B HEKOTOpBIX
ClIyyasix MOTYT HOTpeOOBaThCsi BEChbMa HEOOJBIIME PACCTOSIHUS CUMTHIBAHUS.
Toraa u pazmepbl MOTyT ObITh OYE€Hb MAJIBIMH.

Bce BpllieckazaHHOE MO MOBOAY pPa3MEPOB U CTOMMOCTH OKAa3bIBACTCS
TECHO CBSI3aHHBIM C TEXHUYECKMMHU XapaKTEPUCTUKAMM, TAKUMH KaK JaJbHOCTD,
OBICTPOACHCTBHE U HAJEKHOCTh CBS3U. Bce 3T mapameTpsl B KOMOWHAIIUU C
OCHOBHBIMU OTPaHUYCHUSIMU SIBJISIFOTCSI OCHOBHBIMU MCXOJIHBIMU JA@HHBIMHU IPHU
npoektupoBanuu cucreM RFID.

1.6. ®yHKUUM, OTPAHUYEHHS U CTPYKTYpa padoThl

Ilocne TOro Kak Mbl OIOBOPWJIM IPEAIIOJNIOKEHHUS U ONPENCIIHIN
BakHelmme mapamerpsl cucteMbl RFID, HeoOXoaumo paccMOTpeTh OCHOBHBIE
orpanuveHus. Tak Kak Ha ATUX OTrpaHUYECHUSIX Oa3UpyeTcs CTPYKTypa JAHHOU
paboThl, MBI PacCMOTPUM CTPYKTYpY M OrpaHU4YeHus onHOBpeMeHHo. [Ipexne
BCEr0, OJIHAKO, OyIeT MOJIE3HO €LIE pa3 pacCMOTPETh KOMIIOHEHThI CUCTEMBI U €€

byHKIUH.

1.6.1. KommoHeHTHI U (hYyHKITUN CUCTEMBI

B oOmewm ciyuae, kak mokazano Ha puc.l.l, cucrema RFID cocrout u3
YETBIPEX OCHOBHBIX COCTABJISIIONIMX: CHUCTeMa cOopa wuHpopManuu (XOCT),
CUMTHIBATEb, MHOXECTBO METOK M KaHaJI pPacHpOCTPAHEHHUs, MOCPEACTBOM
KOTOPOI'0 B3aUMOJICVCTBYIOT CUUTHIBATED U METKH.

CHAMNMEL

"

A7 _p { TAG

TAG

K3—— READER

oL =,

TAG

Puc 1.1. Yetbipe ocHOBHBIX KOMITIOHEHTa cucTeMbl RFID: XocT, cunThiBarens,

KaHaJI pacpOCTPaHECHUS U METKH.
(host — xocrt, - cunThiBaTenb, channel - kanan pacnpocTpaHeHus, tag - MeTKa)
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MBI paccMOTPUM TOJIBKO T€ KOMIIOHEHTBI CHCTEMbI, KOTOPBIE HEIOCPEACTBEHHO
CBA3aHbl C METKOW, a WMMEHHO: BBICOKOYACTOTHBIM HMHTEp(dEiic CUUTHIBATENS
(pagnounTepdeiic), cOOCTBEHHO METKM M KaHall PAcHpOCTPaHEHHUS CHUTHAA.
@DyHKIMY, BBIIOJHIEMBbIE S3TUMU DJJIEMEHTAMH C HUX XapaKTEpUCTHUKaMHU, U
OTPAaHUYECHHUS, KOTOPBIE ONPEACISIIOT NPOCKTUPOBAHUE DIIEMEHTOB, MOKa3aHbl Ha
puc. 1.2.

_\_\_\_‘_\_‘_|_
Regulations Implementation
Electromagnetics Communications
_—‘_—'_—\—_
" FROMTO READER INTERNAL Y
TOFROM INTERMAL TOFROM TAG
HOST Receive Power Handle Anti-collision
Handle Anti-collizion Transmil Power — L Recelve Clock Process Commands
Determine Commands Transmit Clock Loss Receive Information
Transmit Information Inteference
Transmil Information
Receive Information o7
Aj !
M
Cost Size Range Speed Integrity Compatibility

Puc. 1.2. ®yHKUHMM CUMTHIBATENS, KAHATIA U METKH U BIIUSIIOIINE HA HUX
XapaKTEPUCTUKU U OTPaHUYCHHUS.

(Electromagnetics - anektpoaunamuka, Communications - ¢Bsi3b, Regulations - perimameHTsI,
Implementation - Texauueckoe ucnonsenue, To/From Host - K/Ot xocTa, Internal -
Bnaytpennue ¢pynkiuu, Handle Anti-collision - AHTHKOJUTH3HMOHHBIE anropuTMBbI, Determine
Commands - Komanansie nporokosnbl, To/From Tag - K/OT metkn, Transmit Power -
Nznyuaemas momHocTh, Transmit Clock - [lepenaBaemasi cuaxponuzanus, Transmit
Information - IlepenaBaemas unpopmanus, Receive Information - [Ipuanmaemas nadopmarus,
Loss - [Totepn, Interference - Uarepdepennns, To/From Reader - K/Ot cunuteiBatens, Receive
Power - [Ipuanmaemast momHocTh, Receive Clock - [Ipuaumaemas cuaxponuzanus, Process
Commands - O6paboTka koMmaHAHBIX IPOTOKONIOB, Cost - [lena, Size - Ctoumoctb, Range -
HaneHocTh, Speed - beictponeiicTBue, Integrity - Hagexxnocts, Compatibility -
COBMECTHUMOCTb. )

W3 puc.1.2 BUAHO, YTO (YHKIUU CUYUTHIBATENII M METKA B3aWMHO
JOTIONHSIOT OpyT npyra. BHyTpeHHre (yHKITNH, KaK METKH, TaK U CUYUTHIBATEII,
BKJIIOYAIOT ~ aJITOPUTMbl  BEPXHETO YPOBHA W  KOMAHAHBIE MPOTOKOJbI,
HEO0OX0MMBbIe IS UACHTU(GUKAIIMN OJTHON WM MHOKECTBA METOK, HaXOJISIIIIAXCS
B 30HE JelicTBus cuuThiBarens. Komanael B oO0mieM ciaydae OCHOBaHBI Ha
aIrOpUTMax, KOTOPbIE Ha3bIBAIOTCS aHTHUKOJUIM3MOHHBIMU aJITOPUTMAMHM, TaK Kak
OHU PEaU3YIOT CHI)KEHUE BEPOSITHOCTH OIIMOOK OT COBIAJIEHUM OTBETOB METOK,
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NOCTYMNAIOIMIMX IO 3alpocy cuuThiBaTend. MHTepdeiicHble onepanuu coaepkar
KOMaH/bl HIKHErO YpOBHS, HEOOXOAMMBbIE [UIsl peanu3aluu 3aJad KOMaHJ
BepXHEro ypoBHA. CUMTBHIBaTeNb OJDKEH 00eCneunBaTh U3IyYeHHE MOILTHOCTH U
nepenavy UH(POPMAIIMOHHBIX U CUHXPOHU3HUPYIOLIUX CUTHAJIOB.
HNudopmanimonnpie cUTHAIBI HEOOXOIUMBI AJIi OOECHeueHus HACHTU(UKALNUN
MHOXXECTBA METOK M  peaJM3alud  AHTUKOJUIM3MOHHBIX  aJTOPUTMOB.
CunxpoHu3anusi HeoOxoauma Mg obecniedeHus: paboOThl HUPPOBOW YACTU
JJIEKTPOHHOM CXEMBl METKM. B 3aBUCMMOCTH OT HECYIIEHd 4YacTOTHI
CUHXPOCUTHAJIBI TEHEPUPYIOTCSI HEMOCPEICTBEHHO U3 BHICOKOYACTOTHOTO CUTHAJIA
WM TIPY ITOMOIIY MOAYJISILIUN €r0 HECYLIEH.

Metka  obecneurBaeT TOpHEM  DHEPrUU, a Takke  o0paboTKy
UHOOPMAIIMOHHBIX U CHHXPOHHU3HPYIOIIUX  CHUTHAJOB,  IEpEeIaBacMbIX
cuntbiBateneM. [locne BHYTpeHHEH BBICOKOYPOBHEBOW 0OpaOOTKM MPUHATON
uHOpMAIIM METKa MOXET TMepeaTh CUYUTHIBATEN0 HWHGOPMAIMI0 B BHUIE
MOJIHOTO HMACHTU(PUKAIMOHHOTO KOJa WJIM €ro 4acTu. B maccuBHBIX cucTemax
RFID mpomecc mepemaun wHGOPMAIMHA OCYIISCTBISETCS 3a CUET MOIYJISIHH
curHaja cuutheiBaTensi. CuuThIBaTENb, B CBOIO OYEpEellb, JOJDKEH MPUHSTH
uHbOpMaAIMI0O M Tepedarb ee OOpaTHO Ha BHYTPEHHUH BEPXHUH YPOBEHb
(GYHKIITMOHUPOBAHUS CUCTEMBI.

1.6.2. Opranuzanus u CTpyKTypa padoThbl

[IpoekTrpoBanue U NpaKTUYECKas pealu3alus BbIIICIIEPEUYUCICHHBIX
GyHKUMNA Ompeaensercs Kak XapaKTepUCTUKAMH CUCTEMbI, TaK U OCHOBHBIMU
orpaHndeHusiMU. OrpaHUYEHUs CBSA3aHbl C OCOOCHHOCTSIMU 3JEKTPOJMHAMUKHU U
CBSI3HU, KOTOPHIE, ONPEACIAIOT CIIOCOOBI B3aUMOJICHCTBUS CUNTHIBATENS U METKH, a
TaK)ke OCOOCHHOCTH aIllapaTHBIX W aJIMUHUCTPATUBHBIX OTPAaHUYCHHM, KOTOPBIE,
B CBOIO 0Yepe/lb, TOKE HAJIararoT OrPAHUYCHUS HA 3TU CIIOCOOBI.

B rimaBe 2 MBI paccMOTpHUM 3JIEKTPOMArHUTHBIE MOJISI U BOJHBI, KOTOPBIE
CBSI3BIBAIOT METKY M CUMTHIBATENL. MBI IOKAXKEM, KaK 3JIEKTPOMArHUTHBIC TTOJIS U
BOJIHBI CO3JJaI0TCA AHTEHHAMM U KAaK MapaMeTpbl U MOBEACHUE STUX BOJIH 3aBUCAT
OT HECYIIEH YaCTOThI U PACCTOSIHUS OT aHTEHHBI. Mbl PaCCMOTPHUM, KaK CUCTEMBbI
RFID wucnonb3yloT napameTpbl W XapaKTEPUCTHKU BOJH g OOecredeHus
nepegayr MoOIMHOCTH W uHbopmanuu. B 3akirouuTeIbHOM YacTH TJIaBbl MbI
OLICHUM BJIMSIHUE PA3JIMYHBIX YCIOBUU OKPYKAIOUIEH Cpebl HA MOBEICHUE I10JIEU
Y BOJIH U Ha B3aUMOCBS3b MEX/y CUUTHIBATEIIEM U METKOM.

B rmaBe 3 MBI paccMOTpUM IIPOLIECC CBSI3M MEXKIY CUUTHIBATEIIEM U
METKOH, B TOM YHCJIE U TEOPHUIO, KOTOpas €ro OMMChIBACT. MBI pacCMOTpUM HU
MIPOAHAIIU3UPYEM XAPAKTEPUCTUKU PA3JIMYHBIX KOJUPYIOLUIMX U MOIYIUPYIOLINX
CXeM, OOBIYHO HCIOIb3yeMbIX B TexHOJOoTHH RFID. Takke Mbl 00CyauM METOIBI
OOHapy>KeHHsI CUTHAJIOB W BOIPOCHI, CBSI3aHHBIE C HAJCKHOCTHIO CBS3U U
00OHapyKEHHUEM OILIUOOK.
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B rmaBe 4 Mbl paccMOTpUM pErjiaMeHThl (aJIMUHUCTPATUBHBIE HOPMBbI),
KOTOPBIE ONPEIEIISIFOTCSA KaK JIEKTPOMAarHUTHBIMH, TaK U KOMMYHUKALIMOHHBIMU
(cBsi3HBIMHU) acniekTaMu. Mbl OyZieM paccMaTpyBaTh PErJIAMEHTHI B TPEX PErHOHAX
mupa: B EBponie, B CILIA u B fnonuun. Taxke Mbl 00CYIUM pa3iudHbIE METObI
BBEICHUS PEIVIAMEHTOB, M KAKOE BIMSAHUE 3TO OKa3bIBaeT Ha TexHoJoruto REID.

B rnmaBe 5 MblI paccMOTpUM OrpaHUYEHUs, CBsSI3aHHbIE C (HU3UUECKUM
UCIIOJIHEHUEM armapaTypbl. Takke oOCyAuM XapaKTEpUCTHUKUA aHTEHH, KOTOPbIE
BJIUSIIOT HAa MX TEXHUYECKHE IMapamMeTpbl, pasMepbl U CTOMMOCTb. Kpome Toro
3J1eCh MBI PACCMOTPUM MHUKPOCXEMbI U KaK MPOECKTUPOBAHHE MHKPOCXEM BIIHUSET
Ha UX [apaMeTpbl U CTOUMOCTb.

B rmaBe 6 MBI pacCMOTpUM M IIPOAHAIU3UPYEM AHTUKOJUIM3UOHHBIC
QITOPUTMBl UM KOMaHAHBIE IPOTOKOJBI, HEOOXOJUMBIE U HJIECHTU(PUKALUU
MHO>KECTBA METOK B I10JIE ACHCTBUS CUUTHIBATEIIS.

B rnaBe 7 MbI cooTHeceM (pyHIaMEHTAIIbHBIE OTPAHUYCHUS C BAXKHEUIITUMU
TEXHUYECKUMU XapaKTEPUCTUKAMHU U PACCMOTPUM UX B3aHMHOE BIIUSHUE.

W, HakoHel, B TIIaBe &8 Mbl CJe€laeM 3aKIIOUYEHHE M IOIbITaeMCs
IPEICTaBUTh HaMpaBlieHus Oyaynmx padot B odsactu TexHosoruu RFID.
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TI'naea 2

DIEKTPOAMHAMHUKA U AHTEHHBI

2.1. BBeaenune

B cucremax RFID cunthiBaTeny B3aMMOJECHCTBYIOT ¢ METKAMH MPU ITOMOIIHA
PacpOCTPAHSIONIMXCA B MPOCTPAHCTBE AJICKTPOMArHUTHBIX MOJIeH U BOJH. Jljis
TOTO YTOOBI OOBSICHUTH PabOTy M TPAMOTHO MPOEKTUPOBATH OTU CHUCTEMBI,
HEO0OXOIMMO MOHSTH, KaK CO3aI0TCS ATH TOJIS M BOJIHBI, KAK OHU MOJIYJIUPYIOTCS
U IpUHUMaOTCsA. B 3TOM pasznene mbl mpoBeaeM 0030p MPUHIIUMIIOB U MOBEACHUS
AJIEKTPOMArHUTHBIX MOJiel U BoJIH. He00X0IMMO MOHSATH:

— KaK CO3JAl0TCA MOJIsI, KAKOBA MX MPOTSHKEHHOCTh, JOCTYIHAs MOIIHOCTb, UX
M3MEHEHUE C PACCTOSIHUEM, YIilaMH, OPUECHTALMEN U MOJSApU3ALMEH, a TAKKE KaK
OHU U3JIy4arOTCs U IPUHUMAIOTCS;

— KakuM o0pa3oM TUIBI aHTEHH, UX pa3Mmepsl U ¢opma BIUSIOT Ha CBOWCTBA
T10JI4I;

— KAaKOBbl BO3MOKHOCTM MAaKCHMM3allMM MPUHUMAEMON MOIIHOCTH U
uH(popMaIu, IPUMEHSISI HACTPOUKHU U COTJIACOBAHUE;

— KaK U3MEHSIOTCS PEaKTUBHBIE U U3JIy4YalOLIUE CBOMCTBA JIMHUU CBI3U MEXKIY
CUMTBHIBATEIIEM U METKOM B 3aBUCUMOCTH OT CBOMCTB KaHaja PaclpOCTPaHEHUS
CUTHAJIA U €r0 OKPYKAIOILIEN Cpebl.

Bce sto momoker Ham mOHATH (usmyeckue orpanmyeHusi cucreM RFID u
OCHOBBI yrpaBiieHus: ux (QyHkiusmMu. Kpome TOro, 3To moMoxeT Ham MOHSTh
npyrue  (QyHIaMeHTaJdbHBIE OTPAHWYCHUS, BKIIOYas TEOPUIO CBSI3U W
aMUHUCTPATUBHBIE perjaMeHThl. B uTore Mbl 0OCyAMM, KaK ATHU pa3IUYHbIC
(bakTOphI BIUSAIOT HA UCIIOJHEHUE U CTOUMOCTh cucteM RFID.

2.2. YpaBHeHuss MakcBeJLJIa M OCHOBBI 3JIEKTPOAUHAMHUKHU

Korga cratudeckass onexkTpudeckas JIMHHAA —1OJA,  CO3JaBaeMOro
IEKTPUUYECKUM  3apsiIOM, PACHPOCTPAHSIETCS B HEKOTOPOM HAIPAaBIICHUH,
u3llydyaercsa dJeKTpuueckoe mnone. Korga 3TOT  AiIeKTpUUYECKMl  3apsn
OCLIWJIJIMPYET, OH M3JIy4aeT OCLHMUIMPYIOLIEE 3JIEKTpUYecKoe rnose. Bapuarus
JIEKTPUYECKOTO I0JS B IPOCTPAHCTBE M BPEMEHHU BBI3BIBAET CBSA3aHHOE C HUM
MarHuTHOe  mosie.  YpaBHeHHs  MakcBeuia  ONUCBHIBAIOT  IOBEJCHUE
AJIIEKTPOMArHUTHBIX BOJH B JKOOOM TOYKE MPOCTPAHCTBA M B JIFOOOW MOMEHT
BPEMEHU OTHOCUTEIBHO PACHOJIOKEHUS M JBHKEHUS 3apsyKEHHbIX yacTul [12].
MBI MOKeM MpEeACTABUTh 3TH YpPaBHEHUS B FapMOHHMYECKOW (CHHYCOUIAIBHOM)
dbopme ¢ 4acTOTON @ B BUJE COOTHOIIEHUS 0/0t = -jw t:
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VxE=joB, 2.1)
VxH=J-joD, (2.2)
V-D=p, (2.3)
V-B=0, (2.4)

rae E — nanpsoxkeHHOCTH 2nekTpudeckoro nosst (B/m),
H — nanpsykeHHOCTh MarHUTHOTO ToJis (A/M),

B — marnutHas uaaykuus (T),

D — snekTpuyeckas HHAYKIUS (IUMZ),

J — [UTOTHOCTB HIEKTPHIECKOro Toka (A/M°),

 — TIOTHOCTb JIeKTpHueckoro 3apsiaa (K/a).

YpaBHEHHE HEPA3PHIBHOCTU AJIEKTPUUECKOTO 3apsijia U TOKA 3aIlChIBACTCS
CIEAYIOIUM 00pa3oMm:

jwp+V-J=0. (2.5)

CoBokynHoCTh ypaBHeHHil MakcBemna (2.1) — (2.4) ¢ ypaBHeHnuem (2.5)
npeAcTaBisieT co00il GyHIaMEeHTaIbHbIC YPABHEHUS JICKTPOAMHAMUKH.

YcpenHeHHass MO BPEMEHM MOIIHOCTb, NEPEHOCUMAs 3JIEKTPUYECKUM U
MAarHUTHBIM TIOJISIMU 4Y€pe3 E€IMHUIYY NOBEPXHOCTH, ONPEAEISIETCS BEKTOPOM
[ToviHTHHTA:

S =1 Re {E x H*}, (2.6)

rae H* — BekTop, KOMIUIEKCHO compsbkeHHbI Bektopy H, a S — minoTHoCTh
2
MOTOKA MOITHOCTH, UMEIOIIasi pa3MEepHOCTh BT/M".

B o6Gmactu mpoctpaHcTBa, HE UMEIOIIEH 3apsAI0B M HMCTOYHUKOB TOKa,
CBSI3aHHOE C MArHUTHBIM IMOJIEM M OPTOTOHAIBHOE €My JJIEKTPUYECKOE IOJIE,
pacnpocTpaHsieTcsl B OKPYXKAlOIIEel cpelie B HaMpaBJICHUM, NMEPIEHIUKYISIPHOM
obouM TONAM. DTO W €CTh DJSKTPOMAarHWTHAas BOJIHA. AHTEHHA SIBIISICTCS
YCTPONCTBOM, MpEAHA3HAYEHHBIM JIJI1 W3JIYUYECHHUS AJICKTPOMArHUTHBIX TOJIEH U
BOJIH.

B nanpHelimiem, ajisi onucaHus MOJEH W BOJH Mbl OyJieM HCIOJIb30BaTh
HECKOJIBKO TapaMeTpoB. DTH MapameTpbl MOTYT OBITh 3ajaHbl B o0mIer (Gopme
JUTsl ONHMCAHWSI B3aWMOJICHCTBHSI C JIFOOBIMH MaTepuaiamMu. MBI paccCMOTpUM
napaMeTpel cpeabl  0e3 MOTeph W Cpelpl ¢ moTepsiMd. BoliHOBOe uucio B
CBOOOJHOM MPOCTPAHCTRE:

ko= (&) "= wlc=2x/l=p, (2.7)

20



21

rIe ¢ — CKOpocTh cBeta ~ 3x10° (M/c), & — AMAIEKTpHUECKAs MPOHUIAEMOCTh
cBOGOZHOTO mpocTpaHcTBa = 8,8542x107"°  (d/M), o — MarHUTHas
NPOHMIIAEMOCTh CBOGOHOTO IIPOCTPAaHCTBA, paBHas 47 x107 (Tu/M).

JuanexTpuueckas MPOHULIAEMOCTD CBSI3BIBACT HaIpsSHKEHHOCTh
anekTpudeckoro noysi E u snekrpuyeckyro nuaykuuio D coorHomenuem D = &,
E. MarautHas mpOHUIIA€MOCTh CBSI3BIBACT HAIPSXKEHHOCTh MarHuTHOro nosst H
Y MarHuTHYIO UHAYKLIHIO B cootHomenuem B = 14, H.

Jlpyroii none3Hplil mapaMeTp — CONPOTUBIIEHHE CBOOOIHOTO MTPOCTPAHCTBA:

o= (to/&) " . (2.8)

Hcnone3yst (GyHIaMeHTalIbHbIE YpPAaBHEHHUS JJIEKTPOMAarHETU3Ma W BBEJICHHBIC
IIapaMeTpbl, Mbl CMOKEM IOHATH, KAK CO3JAIOTCA DJEKTPOMATHUTHBIEC IIOJNSA WU
BOJIHBI.

2.3. AHTeHHBI ¥ OKpY:Kamoliee NPOCTPAHCTBO

J.IJ'IH Jydmicro ITOHUMaHUA COOTHOIICHUM MCKAY OJICKTPOMAIrHUTHBIMUA
MOJLIMHM M BOJIHAMHU II0JIC3HO PACCMOTPCTHb, KaK OHU (I)OpMI/Ip}II-OTCH AHTCHHOM.
HpH IIOMOIIIH ypaBHCHI/Iﬁ MakcBejia Mbl MOXKEM BbIYMCINTH QJICKTPHUICCKOC U
MAaravuTHOC I10JIA, CO3aBACMBbBIC U N3JIy4aCMbIC QHTCHHOM.

C uenpr0 WUIFOCTPALMM PACCMOTPUM JIBE AHTEHHBI, IpeaIonaras, 4ro ux
MAaKCUMAJIBHBIE pPa3Mepbl 3HAYUTEJIBHO MEHBIIE JUIMHBI BOJHBI CUTrHayua. Mbl
PacCCMOTPUM HMCAIBHBIM AUINOJIb, U3BECTHBIN KaK IWIOJb ['epua, n Manyro paMKy
(puc. 2.1). UneanbHblil qumoyb sIBIsETCS OECKOHEYHO MayibiM 3JIEMEHTOM, IO
KOTOPOMY IIPOTEKAaeT TOK C PAaBHOMEPHBIM II0 €r0 JUIMHE pPacCIpeieTIecHueM
aMIUIUTYIbl W ¢a3pl. Manas pamka sBJISETCS 3aMKHYTOM TOKOBOW NETJIEH ¢
NIEpUMETPOM, MEHBUIMM YETBEPTH [JIMHBI BOJHBI CcHUrHajna. Manas pamka u
WJICAJIBHBIN JUITIOJb AyabHbI 10 CBOUM CBOMCTBAM.

Sy A
b mfpcccccccccae=

Puc.2.1. a) — upeanbHBIN JUIONB, b) — Majias paMkKa
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OO0muii 1OAX0A K ONPEACNCHUI0 H3JIYyYEHHOTO DJIEKTPUYECKOTO U
MarHATHOTO TOJIEd COCTOUT, MPEXKAE BCEro, B BBIUYKUCICHUH BEKTOPHOIO
MOTEHIMAJA, BRIPAXKEHHOTO Yepe3 IUIOTHOCTh TOKa. M3 BEKTOpHOro MmoTeHIHasa
omnpeneNnsieTcss  3JIEKTPUYECKOe IoJie, a  3aTéM, COOTBETCTBEHHO, W3
AIIEKTPUUYECKOTO TOJIS ONPEAEISETCS MAarHUTHOE MOJIe.

[Tong, co3naBaemble WIEATBHBIM JHIOJEM JJIMHOW d[, MOryT OBITh
3anucansl B BUje [14]:

E=—(dll 4x)no B> 2cos O[(iBr) 2+ (iBr)>1e P ¥ —

—(Idll Am)no B sin O[GBY) " + (BN +(GBHN > 1e P 0, (2.9

H=—({dll4rz) B> sin O[(GBr) " +(iBr) e’ @. (2.10)

W3 paccmoTpenus 3TUX ypPaBHEHHUI BHJIHA 3aBHCHUMOCTD DJICKTPHUECKOTO U
MarHuTHOTO TOJIeH OT paccrosinus » a0 aunoisa. Korga fr << 1 (unu r << A/27),
B ypaBHeHusx (2.9) u (2.10) mpeoGnamaeT TpeThbs creneHb ». Ha Takmx
PACCTOSIHUSIX HAIMPSHKEHHOCTH YJIEKTPUYECKOTO T0JIs yObIBAE€T MPOMOPIIMOHATIBEHO
1/ r*, a HAIPSKEHHOCTh MATHUTHOTO TIOJIS — MPOIOPLUOHAIEHO 1/ 7. MbI Oy 1em
HA3bIBATh ATy 00J1aCTh OJIMKHEH 30HOM aHTEHHBI.

Kornma paccrosiaue r 3HauuTenbHO Oousblie A/27 , mpeoOiamaeT mepas
CTETICHh W HANPSHKEHHOCTh OOOMX TOJEeH — SJIEKTPUYECKOTO M MAarHUTHOTO —
yObIBaeT mpomnopiuoHaisHo 1/ 7. Bynem Ha3biBaTh 3Ty 00JIaCTh AajbHEH 30HOM
AHTEHHBI.

JIOIOJIHUTENBHO paccMaTpuBasl ypaBHEHUS, 3aMETUM, UTO B OJIM>KHEN 30HE,
rae [ r << 1, BennuyuHa e - ib npubamxaercs k 1. Ilpu 3Tom ypaBHEHMS
AIEKTPUYECKOTO U MArHUTHOI'O ITOJIEN yIIPOIIAFOTCS:

E" = dll 47 Br’)no(2cosO T +5sind 0), (2.11)

H" =(Idl/ 47r*)sinf @. (2.12)

N3 ypaBuenuii (2.11) u (2.12) BUAHO, UYTO DJEKTPUUECKOE TOJIE SIBISETCS
MHUMBIM, TO €CTh CABUHYTHIM OTHOCUTEIILHO MarHUTHOTO 1o Ha A/4 (uinu Ha 90
IpagycoB). OTO ABIISETCS NMPU3HAKOM PEAKTUBHOCTH IOJISI — 3HEPrUsl OCTaeTcs
NpUOIM3UTENFHO TOCTOSHHOW WM TepepaclpeAeisieTcs MEXAY JBYMS MOJISMHU.
Onenka Bekrtopa [lolHTHMHIra mOKa3pIBa€T, 4TO B 3TOM CIIy4ae OTCYTCTBYET
peanbHbId MOTOK 3HEPTrUU. DIIEKTPUUYECKOE U MAarHUTHOE MOJsl B OJIM)KHEH 30HE
NPAKTUYECKH HE CBSI3aHbl JAPYr C JIPYrOM M SIBJISIIOTCS KBAa3UCTATUYECKUMU.
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JlanpHenee yrnpoumeHne NOKaXeT, YTO B 3TOM CJIy4ae MaJiblil JUIIOJb SIBJISETCS
MIPAKTUYECKU CTATUYECKUM DIIEKTPUUECKUM JTUIIOJIEM.

B manwHei 30He, Tae fr >> 1, TOMUHUPYET NepBas CTCTICHD 7 U YPaBHEHUS
(2.9) 1 (2.10) most MOXKHO YNPOCTHUTD:

. P

E"=j(dll 4nr)n,Be P sin6 0, (2.13)

ff_ . -jBr - ~

H'=j(dll 4rr) fe '’ sinf . (2.14)
OTcro1a BHIHO, YTO AJIEKTPUICCKOE U MAarHUTHOE MOJIs CHH(A3HbBI, a OTHOIICHUE
ux BenuuuH Ey /Hy = 1 ( — nmnenanc cBoOogHoro mpocrpancTsa. O6a mois
yOBIBAIOT MpONOpLUOHAIbHO 1/r. AHanu3 Bektopa [loMHTHHTa MOKa3bIBAaET, YTO
OH SBISIETCS PEAJIbHOM, JCUCTBUTEIIBHOW BEJIMYMHOM, YTO COOTBETCTBYET
nepenadye dHeprum B ImpocTpaHcTBe. (COBOKYIHOCTh  3JEKTPUYECKOTO U
MarHMTHOTO TOJiI B JallbHEW 30HE MPEACTaBIsACT COO0OM 3JIEKTPOMArHUTHYIO

BOJIHY.
Tenepb paccMOTpHUM MOJIs, CO3/1aBAEMbIE MAJION PaMKOIA:

E=(dll 47)no B sin@[1/(iBr) + /(ifr) e’ @, (2.15)
H=—(Idll A7) f* 2cosO[1/(iBr)* + 1/(jBr)’] e P'F

—(Idll 47) B* sin O[1/(iBr)+ LGB+ 1/GBr)° e’ 0. (2.16)

KoMmnoHeHTHI 110J1€li B OJIM)KHEN 30HE:
E"=—(Idll 47r*)nysind @, (2.17)
H" =j(Idll 47 B°) 2cosO T +sin6 0) (2.18)
U B JJaJIbHEH 30HE:
H = (Idl/4nr) Be P sind 0, (2.19)
Y= dll 4xrynofe P sind @. (2.20)

3amMeuasi CXOXKECThb B YPAaBHEHMSX IMOJEHW HUACATBHOTO JUIONA U MAJIOU
paMKH, Mbl BUJIUM, YTO Majas paMKa JyajbHa UACATIbHOMY JUIIOJIO.

23



24

Yacto ompenenstor emie OAHYy 00JIacThb MPOCTPAHCTBA, OOBIYHO
Ha3pIBaeMylo PoaneeBckodt oOmacteio. B atoit  oOmactu  menecooOpazHO
aNMmpOKCUMHUPOBATh CPEPUUYECKYI0 BOJHY IUIOCKOM BoiHOW. Ilmockas BomHa
ABIICTCS  DJIEKTPOMAarHUTHOM  BOJHOW C  TOCTOSHHBIM  HalpaBlICHUEM,
MHTCHCUBHOCTHIO U (ha30i Ha OECKOHEYHBIX IJIOCKOCTSX, MEPHEHIUKYISIPHBIX
HaTpaBlIEeHUIO pacmnpocTpaHeHus. [IMocKkue BOMHBI peaNbHO HE CYIIECTBYIOT,
OTHAKO Ha JOCTaTOYHO OOJBIIOM pACCTOSHUU OT UCTOYHHKA, TaKas
amMmpOKCUMAIIs BO3MOXKHA U 1IeJIeco00pa3Ha. JTa 001acTh 3aJaeTCsl YCIOBUEM:

r>2D%/A, (2.21)

II€ ¥ — PACCTOSIHUE OT aHTEHHBI, a D — NPOTKEHHOCTh M3JIy4arollel anepTypsl
aHTeHHbI. B nmanbHelimem, Korja Mbl OyZeM paccMaTpHUBaTh 3JIEKTPOMATrHUTHBIC
BOJIHBI, MBI IIPEIIOJAracM, 4TO pacCMAaTPUBAEM HE TOJIBKO JAIBHIOK 30HY, HO
OIHOBPEMEHHO U PaieeBCKy10 30HY.

B nononHenue, yToObI MOHATH COOTHOIICHUS MEXKY 3JIEKTPOMArHUTHBIMU
NOJIAMA M BOJIHAMHU, MbI JOJDKHBI TaKK€ YUYHMTBIBATHb, YTO 3JEKTPOMArHUTHbIE
HoJisi BEAYT ce0sl COBEpIIEHHO IO-pa3HOMY B OJMKHEH M jJainpHEedl 30Hax. B
OJV>KHEW 30HE MOJIs SABJSIOTCS PEAaKTUBHBIMUM M KBa3UCTAaTUUECKUMU, TOTJA KaK B
JaJbHEH 30HE OHM MPEJCTABISIIOT COOOM pacHpOCTPaHSIOLIMECS BOJHBL. ITO
oco0eHHO BaxxHO TpuMeHUTENbHO K cucreMam RFID. Te cucremsl, koTopbie
(YHKIIMOHUPYIOT Ha HHU3KMX 4YacTOTaX M IJ/Ie OKpY’Kalollee MPOCTPaHCTBO
SBIISIETCS OJM)KHUM TI0JIEM, B3aWMOJEWCTBHUE OCYILECTBISETCS MPH MOMOIIH
kBaszucratnyeckux BoJIH. Cucrembl RFID, ¢yHkumonupyromuye Ha BBICOKHX
4acTOTax, OOBIYHO padOTalOT B JajbHEW 30HE; NPU 3TOM B3aUMOJECHCTBUE
OCYLIECTBJISIETCS TPH MOMOIIM 3JIEKTPOMArHUTHBIX BOJIH.

HeobxoaumMo OTMETUTh, 4YTO B JEHCTBUTEIBHOCTH TpaHULA MEXIY
ONMMKHEH W JanbHEHd 30HAMU 3aBUCUT OT T'€OMETPUU aHTEeHHbl. Mbl Oyaem
UCIIOJIb30BaTh TOUKY ¥ = A /27 B KayeCTBE CTaHAAPTHOIO OIpPENEIEHHs TPAHULIbI
MEX]ly OMKHEH U 1ajbHel 30HaMU 3JIEKTPOMArHUTHOTO IMOJIS.

2.4. IMnieqaHchl NPOCTPAHCTBA, AHTEHH M Lienei

[lepen mpoBeneHneM aanpHemero axnanusa noseaeHus cucrem RFID B
OMmKHEW W JalbHEH 30HaX MOJI HaM OyJIeT MOJIE3HO PacCMOTPETh MMITEIAHCHI
NPOCTPAaHCTBA, aHTEHH W Ieneil. B obmem ¢Qusnueckoe moHATHE WMIEHAAHC
ONKCHIBAET COOTHOILIEHUS MEXJy BozleicTBueM M mnotokoM (an effort and a
flow).

B TCOPUU IBJICKTPOMATIHUTHBIX MMoJiei W BOJH UMIICJaHC OIIKMChIBACT
COOTHOHIICHUC MCIKAY IJICKTPUICCKUM U MAI'HUTHBIM I1OJIAAMMU
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Z=E/H. (2.22)

B aHTeHHE WM DJJIEKTPUYECKOM LENH 3TO COOTHOLICHUE MEXKIY
HaIpsHKEHUEM U TOKOM:

Z=U/I (2.23)

HezaBucuMo ot o0nacTy UCIONIB30BaHUS UMIIEIAHC Z UCKIIOUYUTEILHO MOJIE3HBIN
napamMeTp, CoCOOHBIN XapaKTepU30BaTh MOBEJCHUE TOJIEH U BOJIH, U3JIyYEHUE U
pPEeaKIMI0 aHTEHHBI, a TaKXKe Iepeadyy MOIIHOCTH MEXITY aHTCHHOU, PUIEepOM H
Harpy3KoMu.

Ha puc. 2.2a mnokazaHbl MMIIEJAHChl CBOOOAHOIO IPOCTPAHCTBA,
UJCAIBHOIO 3JIEKTPUYECKOIO JMIOIS U MaJIOM paMKu. Mbl BUIUM, YTO IOCIE
rpaHnyHON TOukd (A/2m) Mexay ONwKHEW W JalbHEH 30HOW, MMIIEIAHCHI
COJIKAIOTCSI M CTAHOBSITCS NMOCTOSAHHBIMU. Takke BHJIHO, YTO B JIajbHEH 30HE
MOJYJIM HMMIIEJAHCOB JIBYX Pa3JMYHbIX aHTEHH COBNAJAIOT U PAaBHbI UMIEAAHCY
cBOOO/IHOTO NpocTpaHCcTBa 77. OAHAKO B OIMYKHEN 30HE OHU Pa3IUYHBI.

Ha puc. 2.2b noka3ana a3a umrenancoB I1ByX aHTeHH. MbI 3amedaem, 9To
¢da3bl B OJMIKHEHW 30HE TPOTUBOMOJIOKHBI U paBHBI £77 /2, a B AaJIbHEN 30HE OHU
npubamxarores K 0.

izl daza [pan]

10 000+

11 neanbHbIi JATIOH

1000 =

100 =

WneanbHblid AU0IH

0.05 0.1 05 1 Am] 0.05 0.1 0.5 1 Am]

a) b)

Puc. 2.2. a) — rpadux Moynst UMIIEIaHCOB UACAIBHOTO AJIEKTPUUECKOTO TUTIOJS
U Majoil paMku; b) — rpaduk (a3pl UMNETAHCOB HACATBHOTO SJIEKTPUUECKOTO
JIATIOJNST U MAJIOM PAMKH.

AHTEHHBI Ha CBOMX BXOJHBIX 3aXHUMaxX HWMEIOT COOCTBEHHBI WMIIEHAAHC.
PeanpHas dwacth ATOr0 WMIIEJAaHCA TMPEACTABISET COO0OM KOMOWHAIUIO
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COINPOTUBJICHUS U3ITyYCHUS R, © OMUYECKUX MOTEPb Rhmic , @ PEAKTUBHAS YaCTh
X — onpeiensieT 3HEPruro, 3alaCCHHYIO B M0JIE AaHTEHHBbI:

Zin = Rrad + Rohmic +j X. (224)

AHTEHHBI HEOOJBIIUX 1O CPAaBHEHUIO C JJIMHOW BOJHBI pa3MEpPOB UMEIOT
Majgyl PE3UCTUBHYIO KOMIIOHEHTY W3JIy4eHUSI U OOJBIIYI0O PEaKTUBHYIO
KOMITIOHEHTY. Takoe COOTHOIIIEHUE KOMIIOHEHTOB NPUBOAUT K Hed(PPEKTUBHOCTU
u3nydeHus. Eciu Mbl BHOBb 00patuMcs K puc. 2.2, TO YBUJIUM, 4TO Majasi paMmKa
obsagaeT OOJIBIION TOJOKUTEIIPHOM PEaKTUBHOW KOMIIOHEHTOM, a WJICaJIbHBIN
JIUTIONb — OOJIBIIION OTPUIIATEIFHON peakTUBHOM KoMmoHeHTOU. [lomoxxuTenpHas
KOMIIOHEHTa COOTBETCTBYET MHIYKTUBHOCTH, & OTpPHUIATENIbHASA — €MKOCTU. DTO
ocobenHo BaxkHo it cucteM RFID, koTopeie paboTaroT B OiikHElH 30HE.

Ecnu pa3meppl aHTEHHBI YBEJIMYMBAKOTCS 110 CPABHEHUIO C JUJIMHOU BOJIHBI,
pPE3UCTUBHAs KOMIIOHEHTA BO3PACTaeT, a peakTUBHasA — yMeHbaercs. [Ipu mne
WIN TIEPUMETPE AHTCHHBI, PAaBHOM IIOJOBMHE JUIMHBI BOJIHBI, pPEAKTHBHAs
KOMIIOHEHTa CTPEMHTCS K HYJIIO, a PE3UCTUBHAS - NOCTUraeT Makcumyma. Ilpum
TaKWX pa3Mepax aHTEHHA SIBISIETCS PE30HATOPOM U M3iIydaeT 3 (HEeKTUBHO.

Pe3oHaHCHbBIE aHTEHHBI OOBIYHO KCIIONB3YIOTCSA B CUCTEMAX, KOTOPbIE pabOTaloOT B
JanbHen 30He. [lanmbHenlee yBeIWYEHUE pasMEpPOB IIPUBOAUT K YBEIMYECHUIO
PEaKTUBHOW KOMIIOHEHTHI M YMEHBIIEHUIO PE3UCTUBHOM; IIPU pa3Mepax, PaBHBIX
JUIMHE BOJHBI, HMMIIEJAaHC OJM30K K HMIIEJAHCY AHTEHHbl C OECKOHEYHBIMU
pazMmepaMu. Takoi HUKII IOBTOPSETCA C IEPUOJIOM B JUIMHY BOJIHBI.

dunepHble NMHUM WU LENU TOXKE XapaKTepU3yKTCs umneaancamu. M3
TEOpUU LIeTIeN U3BECTHO, YTO JJIsl TIOCTHIKEHUSI MaKCUMyMa Iepelayl MOIIHOCTH
UMIIE/IaHChl TeHEepaTopa U Harpy3KU JIOJKHBI ObITh KOMIUIEKCHO CONPS)KEHHBIMU.
[Tpu 3TOM peasibHble KOMIIOHEHTBI 3TUX UMIIEAAHCOB JOJDKHBI ObITh PaBHBIMH, a
pEaKkTUBHBIE — PaBHBIMH M IPOTHBOIOJOXKHBIMU. B ciexyromux pasjaenax Msl
YBUAMM, KaK 3TO BIUsAET Ha paboty cuctem RFID.

2.5. CBa3b B JaJIbLHEH U OJIMKHEH 30HAX IOJIS

Termepp MBI pacCMOTPUM AaHTEHHbI M OCHOBHBIE IPUHLMIHAIBHBIE
COOTHOIIECHMS, HEOOXOAUMBbIE i HWH(DOPMAUMOHHOM M  SHEPreTUYECKOU
B3aMMOCBSI3M CUUTHIBATENsl W METKM B JajbHEHd U OJNMXKHEM 30HAX IMOJIS.
biaromapss oTnuuusaM NOBEACHUS DJIEKTPOMArHUTHOIO IIOJIA B KaKIOM 30HE,
HOJIXO/Ibl CYIIECTBEHHO Pa3JIMYHbl U Mbl PACCMOTPUM HUX OTAENIbHO. B OmmxHen
30He cBA3b B cucteMe RFID ocymecTBiseTcss My HCTOKOM U CTOKOM DHEPIUH,
TOI'ZIA KaK B JAJILHEN 30HE - MEXKy IEPEAATYMKOM U IIPUEMHUKOM.
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2.5.1. CBs13b B OJIMKHEN 30HE MOJIA

Kak Obuto mokazaHo paHee, 3JEKTPOMAarHUTHBIE TOJSI B OJMKHEH 30HE
SIBJISIFOTCS. 110 CBOEM CYTH PEAKTUBHBIMM U KBa3HCTATUYECKUMM. DIIEKTPUUYECKHE
IIOJISI HE CBA3aHBl C MArHUTHBIMA IIOJSIMM M, B 3aBUCHMOCTH OT THIIA
UCIOJIb3yeMOW aHTEHHBI, OJHM MOTYT mIpeoOnanarte Haja Apyrumu. B ciyuae
UJCaJIbHOIO JIUIIOJIS MPe00IIajatoT AIEKTPUUECKUE TOJIs, B TO BpEMS Kak B cliydae
Majoll paMKu JOMHUHHMpPYET MarHuTHoe 1moje. CBA3b MEXAYy METKOW U
CUMTHIBATENIEM MOKET OBbITh €MKOCTHOM, NMPU HMCIHOJb30BAHUHU 3JIEKTPUUYECKOTO
I10JIs1, WJIM UHIYKTUBHOM — IIPYU MCIOJIB30BAHUM MarHuTHOro nojis. Cpeau cucrem
RFID 6nurkHero nosist MHAYKTUBHO CBA3aHHbIE CUCTEMbI HAXOAST 0oJiee IMIMPOKOE
pacnpocTpaHeHue, uyeM eMKocTHble. Iloaromy Mbl Oonee mnoapoOHO Oyaem
paccMaTpuBaTh NHIYKTUBHO CBSI3aHHBIE CUCTEMBI.

B sTom pasacic Mbl paCCMOTPUM IIPHUHOMUIIBI 1 OCHOBHBIC COOTHOIICHMA,
KaCaromuceca KaKk MHAYKTUBHBIX, TAK 1 CMKOCTHBIX CHUCTCM.

2.5.1.1. UanykTuBHAs CBA3b

B aHTeHHax WHAYKTHBHBIX CHUCTEM MpEANojaraercsi B3auMOJCHCTBUE
IIOCPEACTBOM KBa3UCTATUYECKOIO MATHUTHOTO MOJIA. DT CUCTEMBI MO CYLIECTBY
NPEACTaBIAIOT cOO00W TpaHcpopMaTop, B KOTOPOM TOK, MPOTEKAIOUMNA MO €ro
NEPBUYHON OOMOTKE, MHAYLUPYET MAarHUTHOE I10JI€, KOTOPOE, B CBOIKO OYEPE/b,
UHAYLUPYET TOK M HamlpshKeHUE BO BTOpUYHOM oOMoTke (puc. 2.3). B ciyuae
RFID nepBuyHast oOMOTKa pa3MellleHa B CUMTHIBATENE, a BTOPUYHAS — B METKE.
He6onbmas pamouHasi aHTEHHA NPEANOYTUTEIbHEE AUNOJIBHON aHTEHHBI, TaK KaK
B OJIKHEH 30He MarHUTHOE T0JI€ PaMOYHOM aHTEHHBI 3HAUUTENIBHO MPEBBIIIAET
MarHUTHOE II0JIE JUIIOJIBHOM AaHTEHHBI. Tenepb BaXHO NOSICHUTH pa3IMyune
MEXIy Masioil u Ooibiioi pamkamu. Kak ykassiBasioch paHee, MEpUMETP MaJIOh
paMK{ MEHbIIE YETBEPTH UIMHBI BOJIHBI. BikHEe mosie U u3iaydeHue B JalIbHEH
30HE OOJIBILION M MaJIOM paMOK CYLIECTBEHHO pa3iuyHbl. Pacnpenenenue Toka mno
NEePUMETPY B OOJBIION paMKe BeCbMa HEPABHOMEPHO, TOT/1a KaK B MaJIOM paMKe
OHO MNpPUONAU3UTEIBLHO paBHOMEpPHO. Kpome TOro, B ypaBHEHMSIX MOJs MaJlod
paMKHM M0JIaraeTcsi, YTO PACCTOSIHUE OT METKHU JI0 PAMKH CYIIECTBEHHO OOJbIIIE €€
pasmepa, 4TO MOXKET HE BCET1a BBIITOJIHATHCS.
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Puc. 2.3. DkBUBaJICHTHAsl CX€Ma CUMUTHIBATEIIS U PAMKHU.

[Tpexxae Bcero, A TOro 4TOOBI OMPENENIUTh MOIIHOCTb, MHAYLUPYEMYIO
BO BTOPUYHOI 0OMOTKE, HEOOXOAMMO PACCMOTPETh YPABHEHUS MarHUTHOT'O MOJIS
B OMmkHEH 30HE paMOUYHOM aHTeHHB. B ciiydae manoil pamMOYHON aHTEHHBI
IPEANOIOKUM, YTO PACCTOSHHE OT METKH 1O PAMKH 3HAYUTEIBHO OOJbIIE €€
paauyca.

C yyeTom TOro, 4To NpsIMOE€ BBIYMCICHUE YPaBHEHUHN Jis1 OOJBIION paMKU
SBIIAETCS IOCTATOYHO CJIOKHBIM, IS MOAXOSAIICH annpoOKCUMAaIlMi MarHUTHOTO
noyisi ucnojib3yeM 3akoH buo-CaBapa. 3akoH buo-CaBapa HeEmocpeacTBEHHO
CBA3BIBACT MarHuTHoe Tmosie H ¢ pacrpeneneHueM TOKa 0e3 BBIUMCICHUS
BEKTOpHOro mnoteHuuana. l[Ipenmnonaras pacmpeneneHue Toka B paMke u3 N
BUTKOB PaBHOMEPHBIM, COIIACHO 3aKOHY buo-CaBapa nomyunm:

H = (NI/An) | ‘”—X3R. (2.25)

R

Korga paccrosHue n0 pamMku MOpsSAKa €€ paauyca, MpU MOMOIIHM IMOCIEAHETO
YPaBHEHHSI MOYKHO BBIYMCIUTh MAarHUTHOE MOJI€ HAa OCH, MEPIEHIUKYJISIPHOU
IUIOCKOCTU PaMKH, TJe 00ecreunBaeTcss MakKCUMallbHasi MHTEHCUBHOCTD TIOJIS, H,
CJIeIOBaTeIbHO, MAaKCHMAallbHOE PACCTOSHHE CUMUThIBaHUA. B OmmkHel 30HE B
Cydae MaJIOW PaMKH MOJIYYUM:

H=0,5N,Ib° (Z+b*) g, (2.26)

Tac b — paanyc paMKH. BprunciuB MarHuTHOE ITOJIC, Mbl MOKEM OIIPCACIUTDL €T0
BJIMSIHUC HAa BTOPHUYHYIO AHTCHHY. I{J’IH JOCTYDKEHMST MAaKCHUMaJIbHOM MOIIIHOCTHU
CBSI3U MOJIEH BTOpHUYHAasA AaHTCHHA [JOJDKHA I[IEPEXBATbIBATb MAKCHMAJIbHO
BO3MOKHOE MarHuTHoe mnoje. B clIy4dac, Korja MAarfuMTHOC II0JIC ITOCTOSHHO,
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B3aUMHBI TMOTOK MEXIYy JBYMsI aHTEHHAMH 4Yepe3 HEKOTOPYI IOBEPXHOCThb
IJIOIAJIbIO A paBeH:

(I)lz = v[S2 Bl‘ dSz = IUHlAz CoS v, (227)

rac ¥ — yrojl MCXKAay JIMHUAMH IIOJsI WU HOPMAJIbIO K IINIOCKOCTH. Bzaumnas
HHAYKTHUBHOCTD le MOJKET OBITh BBIpA’KCHA UCPEC3 B3aUMHBIN ITOTOK:

L12 = N2 (D12 /11 (228)

CornacHo 3akoHy JIeHIIa yMEHBIIEHHWE 3TOr0 B3aMMHOIO IOTOKAa BO BPEMEHU
WHIYIIUPYET HAMPSHKEHUE BO BTOPUYHON 0OMOTKE:

V 12 — — N2 (dq)lz / df) =jC()N2 (1)12. (229)
Tak kak BTOpHYHas OOMOTKA W TIOJICOCAMHEHHAs K HEW JJIEKTpHUYecKas IIeb
MMEIOT PaBHBbIE WMIICJAHCHI, HanpspkeHue V |_,, reHepupyer TOK [,. DTOT TOK
BBI3BIBAECT JIOMOJHUTEIbHBII MarHUTHBIA ITOTOK, KOTOPBIA MPOTHUBOIIOJIOXKEH

HAa4yaJlbHOMY TIOTOKY, OOYCJIOBJIECHHOMY COOCTBEHHOW WHAYKTUBHOCTBIO L,
BTOPUYHON O0OMOTKHU. J[OMOTHUTENBHBIA MOTOK BBI3BIBACT MaJCHUE HAMPSHKCHUS

Voo

Vogp==LdL/d)=jol, 1, . (2.30)
NHAyKTUBHOCTH MaJIoil Kpyrjioi pamku paBHa [13]:

L, = ub N*[In (8 bla) - 1,75], (2.31)
rae b — paanyc paMKu, a — paauyc NpoBoJia paMKu u b >> a.

Bropuunas oOmoTka (pamMkKa) HMEET CONpOTUBIEHHE R;);, KOTOpoe
BBI3BIBAECT JOMOJIHUTEIBHOE NAJICHUE HATIPSKCHMUS:

Vra = LRy, (2.32)
r1€ OMUYECKOE COIPOTUBJIEHUE MAJION Kpyriion paMku [13]:
R, =N (bla) (o 1/ 20) ™. (2.33)

KoMOuHupyst HanpspkeHHe B3aMMHOM MHAYKIMHU, HAPsDKEHUE CAMOMHAYKIUU U
HaIIpsHKEHUE PE3UCTUBHOM KOMITIOHEHTBHI, ITOJIyYHM:
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Vo=Vise=-Vaoso- Ve (2-34)
[Toacrasnss (2.27), (2.29), (2.30) u (2.32) B (2.34), nonyuum:
V2 :jCONz Ho H] A2 COos Y — ]2 (]0)L2 + RLZ) (235)

AHaJOrnyHOE COOTHOLIEHUE CITPABEUIMBO JIJIsl MHAYKIUU U3 BTOPUYHONM OOMOTKH
B nnepBuuHYyt0 (17151 RFID — u3 MeTKu B CUMTHIBATEND):

Vl :jCONl Ho Hz Al COS W—]l (]O()Ll + RLI) (236)
2.5.1.1.1. Pe3onanc u 1o6pOTHOCTH

YT0oOBI MAKCUMU3UPOBATH MOIITHOCTh BO BTOPUYHON 0OMOTKE, HEOOXOAMMO
KaK B METKE, TAK W B CUMTHIBATENE CO3AaTh pe3oHaHCHbIe nenu LC. Pe3oHancHas
yactora LC — uenu:

we=(LC) ™" (2.37)

B cuureiBatene I ITOJIYYCHUA MaKCUMaJIbHOM HAIIPSKCHHOCTH  IT10JIA
HGO6XO,ZII/IMO MAaKCHUMH3HUPOBATb BLIXOI[HOﬁ TOK. CJIGI[OBE[TGJ'II)HO, YTOOBI
HUMIICJaHC Ha pGSOHaHCHOﬁ JaCTOTC CTPpEMUIICA K HYJIHO, ITOCJICHOBATCIBHO C
KaTYIHKOﬁ HHAYKTUBHOCTH CJICAYCT BKIIIOUUTH CMKOCTD.

B metke s oGecrieueHus MUTaHUEM YIPABISAIOLIEH CXeMbl HEOOXOIUMO
MaKCUMU3HUPOBAaTh HANpsHKEHUE, MO3TOMY, YTOOBI MMIIEIaHC Ha PE30HAHCHOU
4acTOTE CTPEMHJICS K OECKOHEYHOCTH, EMKOCTh CIEAYET BKIIOUYHUTH MapajuieIbHO
KaTyIlIKe MHIyKTUBHOCTU. Tak Kak OOMOTKAa, COCJUHHUTENbHBIC LIETIH U JPYTrHe
KOMIIOHEHTHl MMEIOT PE3UCTHBHBIC COCTABIAIONINE, TO CUUTHIBATEIh W METKa
UMEIOT KOHEe4YHYyro JoO0potHocth Q. JloOpotHocTts (Q ompenensiercss Kak
OTHOIIICHHE 3allaCeHHON SHEPTruu K DHEPrUH AMCCUIIATUBHBIX TOTEPh WIH Kak
OTHOIIICHHE [IEHTPATBLHOM YaCTOTHI K MOJIOCEe pomyckaHus mo ypoBHio 3 nb. Ona
MOYET OBITh BBIpa)KEHA CIETYIOIIUM 00pa3oM:

Q=wL/R wuwm Q=f/Afig. (2.38)

Hnsg Toro 4TtoObl MakKCUMH3MpPOBaTh (Q, MOXHO WIM YMEHBIIUThH
CONPOTHUBJICHUE, WU YBEIUYUTh MHIAYKTUBHOCTH, JUOO CIEIaTh U TO U JPYroe.
Jlnst yBenMYeHUs] MOILUHOCTH CBsi3u, (Q JKenaTenbHO JenaTb MaKCUMaIbHOM.
Opnako yBenuueHue (Q COOTBETCTBYET Y3KOM IMOJIOCE MPOMYCKaHUs, KOTopas
JOJDKHA  OBITh  JIOCTaTOYHO LIMPOKOM A obOecriedeHus: HEoOXOAMMBIX
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XapaKTEPUCTHK CBsA3U cUCcTEMBI. [Io10ca nmpormyckanus Kak XapakTepUCTUKA CBSI3U
Oynet paccMoTpeHa B riase 3. K aToMy Bonmpocy Mbl Tak:Ke BEpHEMCS B TJ1aBe 5.

2.5.1.1.2. Mopaynauus Harpy3Ku

Mp1 yBUAEIHM, YTO B3aUMOCBSI3b MEX]Y HAIPSHXKEHHOCTbIO MAarHUTHOTO
NoJIsl U HANpsKEHWEM WHIYKIIMU MCHOJb3yeTCsl Kak IMpU Mepeaade dHEPruu u
CBSI3U MEXJYy CUMUTBHIBATEJIEM M METKOW, TaK W MPHU CBSI3U MEXIYy METKOW u
cuuThiBaTesaeM. CBs3b MEXIY METKOM M CUMTHIBATENIeM OOECIIEUMBAETCS 3a CUET
BapualMu UMIeAaHca METKU. VMI3MeHssi 3TOT MMIIeaHC, MeTKa U3MEHSET TOK B
NEePBUYHOW OOMOTKE (AHTEHHE CYMTBIBATENS), UTO MPUBOJUT K BapUallUu
MarHUTHOTO MOJIs. JTa Bapualus 00OHapy>KMBACTCS TPUEMHUKOM CUUTHIBATEIIS.

MeTka BappupyeT CBOM MMIIEAAHC 3a CYET U3MEHEHUS! COMPOTHUBIICHUS WU
€MKOCTH; COOTBETCTBEHHO pEAIM3YeTCd WIM OMHYECKass WM EMKOCTHas
MoayJianus Harpy3ku [6]. IIpu omuyeckoid MOAYJIALIMU PE3UCTOP, apalieIbHbIN
Harpy3ke, BKJIIOYAETCS WJIM BBIKJIIIOYAETCS JUOO OJHOBPEMEHHO C TaKTOBOW
4aCTOTOM JaHHBIX, JMO0 Ha JIpyroi, 00see BBICOKOM YacToTe (Ha MOJHECYUIEH).
[TapannenpHOE BKIIOYCHHE PE3HCTOPOB YMEHBIIAET 00IIee COMPOTUBICHHUE, YTO
YBEJIMYMBAET TOK METKH. OJTO, B CBOI O4Y€pelb, NPUBOAUT K MAJEHUIO
HanpsDKEHUs B cudThiBaTesne. Takum o0pa3oM oOecnedyMBaeTCsl aMIUIMTYIHAs
MOJYJSIUSL CUTHAJIA.

B ciydac €MKOCTHOM MOOYJIALIMH, AHAJIOTHUYHO OMHYECKOM MOOYJISAIHNH,
BKIIFOYACTCA HWJIM BBIKJIHOYACTCA KOHICHCATOP, HapaHHCHBHbIﬁ Harpys3ke. Ot
MaHUITYJIAIUA O6Hapy}KI/IBaI-OTCSI CUHUTBIBATCJICM B BHUJIC aMHHHTYﬂHOﬁ )41 q)aSOBOﬁ
MOAYJIHUH CUTHAJIA.

2.5.1.1.3. HanpspkeHue B Harpy3Ke

B cnyyae pe30HAHCHOrO KOHJIEHCATOpPa, BKIIOYEHHOI'O NapajljIebHO
HKBUBAJICHTHOMY HMIIEJJAHCY MOJCOCAUHEHHOM CXEMBbl, BBIPDAKEHHE IS
HAIpPsDKEHUS. B METKE MOXKHO ynpocTuTh. OOpaTuBIIKCH K pUC. 2.3, MBI, IPEKIE
BCEro, OmpefeauM ToK [, B OOMOTKE (aHTEHHE) METKH B 3aBUCUMOCTH OT
UMIIEJJaHCA TapajyieibHO  BKJIIOYEHHBIX W HACTPOCHHBIX B  PE30HAHC
KOHJIEHCATOpa ¥ YKBUBAJIEHTHOI'O UMII€/IaHCA MTOACOECIMHEHHON CXEMBbI:

_ -1 SN S
L=V Zey tZg ) =Vo(Zeq Tjoly). (2.39)

[ToxcraBiisist 370 BeIpaxkeHue B (2.35) nmoxyyum:

Vy==joN, py Hy Ay cos w [1 + (joLy + Rp) (Zeg +jCy)]". (2.40)
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DTO HanpsHKEHUE BBIACIAETCS B HArpy3ke, KOTOpas MOAKIIOYEHA MapajliesIbHO
00MOTKE aHTeHHBI. TOK B Harpy3Ke MOKHO HaWTH MPOCTHIM MPUMEHEHHEM 3aKOHA
Oma k umnenancy Harpysku. W3 Beipaxenus (2.40) BUIHO, UTO HANpPSKEHUE B
METKE BO3pacTaeT C YHCIOM BUTKOB OOMOTKH, HANPSIKEHHOCTHIO MAarHUTHOTO
MoJIsA, TUIOIIAABI0 METIM M 3aBUCUT OT B3aMMHOM OpHEHTAallMM aHTEeHH. Bce atn
napaMeTpbl ONPENENSAIOT PE3OHAHCHYI YACTOTY M IOJOCY MPOIYCKAHHUS METKH.
DKBUBAJICHTHBIA MMIIC/IAHC HAarpy3Kd TaKX € BIIMSET HA PE30HAHCHBIE CBOMCTBA
cucTteMbl. BimsiHre napaMeTpoB MOACOEAMHEHHOM LIENMU HE CTOJIb OUYE€BUIHO.

2.5.1.2. EMKOCTHAas CBA3b

B cucremax ¢ eMKOCTHO# CBSI3bI0 aHTEHHBI CUUTBHIBATEIISI U METKH CO3/AI0T
Y B3aUMOJECUCTBYIOT MOCPEACTBOM KBA3UCTATUUECKOTO JIEKTPUUECKOro mosisi. B
TaKUX CHCTEMax HAalpsHKEHHOCTh TIOJISL  ONPEAENseTcss He TOKaMH, a
pacnpeeieHueM 3apsioB, YTO U ONPEAECTACT MHTEHCUBHOCTh B3aMMOJICHCTBUA.
Tak Kkak HWHTEHCUBHOCTb B3aMMOJICMCTBHUS 3aBHCUT HE OT TOKa, a oOT
HAKOIUUICHHOTO 3apsiJa, MPOBOJMMOCTh B 3TOM CIIyda€ WUIPACT MEHEE BaXKHYIO
pOJIb, YeM B MHAYKTUBHBIX cucTteMax [15]. EMKocTHBIE cucTeMBbl, OHAKO, Oosee
MOABEPKEHBI BIMSHUIO OKpYXaromux (HakTopoB, YTO U OyJeT pacCMOTPEHO B
MOCTEYIONINX pa3/iesax.

JIist cucTeM ¢ €MKOCTHOM CBSI3bIO M3-3a MPe0OJialaHusl 3JIEKTPUYECKOIrO
noJjis HamboJjiee TOAXOMASIIEeH aHTEHHOW SBISETCA MPOBOJHUK WM IJIOCKUMN
aumonb. B Tom ciyuae, Korjia B KauecTBE U MEPBUYHOM, U BTOPUYHON aHTECHHBI
UCIIOJIB3YETCSl  JUMOJIb, MOXET ObIThb HaWJeHO TIpyboe MNpUOIUKEHUE
AIEKTPUYECKOTO TOJISI C KUCIOJIb30BAaHUEM MOJEIH HAcaNbHOTO aumnodis. [Ipuuem
3TO MOXET OBbITh C/AETaHO TOJIBKO B IMPENIOJIOKEHUU, YTO PACCTOSHUE MEXIY
NEPBUYHON M BTOPUYHOW aHTEHHAMH MHOTO OOJbIle uX pazMmepoB. Ha mpakTtuke,
OJHAKO, TaKOU ciydai He peayeH. [I03ToMy MbI onpeaenum MEKTPUIECKOE T10JIE
IIPOBOJIOYHOM AUNOJIBHOW AHTEHHBI JUIMHOW L C PaBHOMEPHO paCIpEEICHHBIM
3apsIOM O CIIEYIOIINM BBIPAKECHUEM:

E=(p/Areé) jidL. (2.41)
LR3

Hcnonw3yst 3akoH AmIiepa, MOKHO ONPEETUTh 3apsi Ha MOBEPXHOCTH S

0=[ E-ds. (2.42)

N3MeHeHune 3apsaaa BO BpEMCHHM HWHAYHOUPYCT TOK BO BTOpHQHOﬁ AHTCHHC.
BTOpI/I‘IHaH aHTECHHA MMEET COOCTBEHHBIN HUMIICIaHC, 06p330BaHHBIﬁ CMKOCTBIO
QJICKTPOAOB, AKTUBHBIM COIIPOTHUBJICHUCM AHTCHHBI U APYTUX 3JICMCHTOB ILCIIN.
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[Ipy 3TOM HMHAYLUMPOBAHHBIMN TOK, COOTBETCTBYIOIIMUA JKBUBAJICHTHOMY
VMMIIEJAHCY AHTEHHBI U MOJACOCANHEHHON LIENU, BBI30BET PA3HOCThH IMOTEHIUAIIOB
Ha Ka)XJIOM 3JIEMEHTE HATPY3KH.

2.5.1.2.1. Pe3oHaHC U MOAYJISILKS HArpy3KU

B cucremax ¢ €MKOCTHOM CBSI3blO, KaK M B CHUCTEMAax C WHIYKTHUBHOM
CBA3BIO, ISl OOECTEUEHUs MaKCUMalbHOM CBSI3M HEOOXOAMMBI PE30HAHCHBIE
nenu. Tak Kak aHTEHHAa HMEET COOCTBEHHYIO €MKOCTh, HWHIYKTUBHOCTh
BKJIIOYAETCS IApAUIE]IbHO B METKE U IIOCIEIOBATEIIBHO B CUUTHIBATEIIE.
AHaJOTMYHO cHUCTEMaM C MHAYKTMBHOM CBS3bI0 METKAa B3aHUMOJEHCTBYET CO
CUMTBHIBATEIIEM IIPU IIOMOLIY BapHallMi CBOETO UMIIEAAHCA.

C menpro obecrieueHUss B3aMMOJICUCTBHS U TEpeJaydl dHEPTUU METKE OT
CUMTHIBATENSl B €EMKOCTHBIX CHCTEMAX, TaKXKe€ KaK U MHAYKTHUBHBIX, JKEJIaTEIbHO
MaKCUMU3UPOBATh CBA3b. [Ipy HCIIOJIB30BaHUM AIEKTPOMArHUTHBIX BOJIH, LEIb Ta
e, HO MEXAHU3Mbl OOECIIEUEHHUs] B3aMMOJCHCTBUSI COBEPIICHHO pa3ivyHbl. B
CIEAYIOLIEM Pa3Jee Mbl PACCMOTPUM 3TH MEXAHU3MBI.

2.5.2. CB43b B JaJILHEN 30HE T1OJIA

B 6ecnipoBOAHBIX KOMMYHHUKAIIMOHHBIX CUCTeMaX, pabOoTalIINX B HaJIbHEH
30HE MOJI, B3aUMOJICUCTBUE MEXAY IJIEMEHTAaMU ITHUX CHUCTEM JOCTUTACTCS 3a
CYEeT Mepeflaud, pPaclpoOCTPAHEHUS U TIpUeMa 3JIEKTPOMArHUTHBIX BOJH. [locie
pacCMOTpPEHUS] HEKOTOPBIX TIOJIE3HBIX CBOMCTB AJEKTPOMArHUTHBIX  BOJH
OCTAaHOBUMCSI Ha TapaMeTpax, KOTOPbIE BaKHBI [JIs ONHUCAHUS H3Iy4arolINX
CBOMCTB aHTEHHBI. 3aT€M PACCMOTPUM IMepeaady W IMPHUEM DJICKTPOMArHUTHBIX
BOJIH, oOpallias OCHOBHOE BHHMMaHHE Ha MOIIHOCTh, KOTOpas BBIJICISACTCS B
AHTCHHE U TOJIKJIIOYEHHON K HEW Harpyske.

2.5.2.1. ITapameTpbl aHTEHH

Mp1 paccMaTpuBanM 3JIEMEHTAPHBINA JJIEKTPUUYECKAN JUITONb U PAMOYHYIO
AHTEHHY. OTWM  aHTEHHbl  XapaKTEPU3YIOTCA  BBICOKHM  PEAKTUBHBIM
conpoTuBiIeHUEM (MO0 WMHIYKTUBHBIM, JUOO €MKOCTHBIM), HEA((HEKTUBHBIMU
U3IYYaloUIMMU CBOMCTBAMM M CIIOKHOCTBIO cOrJlacoBaHMs. bynyun ynoOHbIMU
Uig paboThl B OJIMKHEM 30HE, OHM MPAKTUYECKH HE ToAiTca s paOoThl B
JaJbHEH 30HE, A€ Ieperadya M OCOOEHHO IIPUEM SHEPruu JAOJDKHBI OBITh
3¢ ¢extuBHbIMU. [l0o 3TON NMpuYKHE B AajNbHEH 30HE Yallle BCErO HCIOJIb3YIOTCA
PE30HAHCHBIE aHTEHHBI, XaPAKTEPHBIE pa3Mepbl KOTOPBIX COM3MEPUMBI C JIIMHON
BOJIHBI M3JIy4aeMOIo CurHaja. Pe3oHaHCHble aHTEHHBl o00sajgaroT Oonee
3G (OEKTUBHBIMU ~ W3JIYYAlONIUMU  CBOWCTBAMH W HU3KOM  pEaKkTUBHOU
cocraBistonieil nmnenanca. Hanbonee wacto B cucremax RFID ucnonesyrorcs
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MOJIYBOJTHOBBIE JIUIIOJM U TATYEBBIE (MUKPOMOJIOCKOBBIE) aHTEHHBI. HekoTopbie
bu3nUecKre XapakKTepUCTUKH TAKUX aHTEHH OyIyT PACCMOTPEHBI B IJ1aBe 5.

DNEeKTPOMArHUTHBIE BOJHBI, M3Jy4aeMble aHTCHHAMHU, MPEICTABISIOT
c000i1 CyNeprno3ulri0 B3aUMOCBSI3aHHBIX AJEKTPUUYECKOTO U MAarHUTHOTO TOJICH.
NHTEHCUBHOCTD 3JIEKTPOMATHUTHBIX BOJIH 3aBUCUT OT THIA AHTEHHBI U BBIXOIHOU
MOIITHOCTH T'e€HepaTopa U YObIBAE€T C yBEJIWYEHHUEM DPACCTOSHUS OT HMCTOYHHUKA.
YrnoBoe pacnpeneneHrue BOJIH ONPEAENSeTCs TOJIbKO aHTEHHOM.

I[J'IH OIMMCaHusA YIJIOBOTO paCIpCACICHUA MHTCHCUBHOCTH ITOJISA MBI 6y2[€M
HCIIOJB30BaTh AuarpaMmmy HaIpaBJICHHOCTH AHTCHHBI. I[I/Ial“paMMa
HAIIPaBJICHHOCTH AHTCHHBI OIIPCACIIACTCA HOpMHpOBaHHOﬁ BJIeKTpI/I‘leCKOﬁ
COCT&BHHIOIH@ﬁ nonsi. B OJHOMCPHOM IMPCACTABJICHUN OUarpamMma H3JIIYUYCHUA
OITKUCBIBACTCS CICAYIOINM 06pa30M:

F(0) = Ey/ Ey(max). (2.43)

B ciyuae, korja He00OX0IUMO YUUTHIBaTh (Pa30BbIE COOTHOLIEHUS, 32 HOJb (ha3bl
OOBIYHO MPUHUMAETCS TOUKA MAaKCUMyMa AJIEKTPUYECKOTO MOJIS.

AHTEHHBI CITIOCOOHBI KOHOCHTPHUPOBATL IIOJIA B Y3KHC IIYUYKU H3JIYUYCHMHA.
HpH 9TOM YBCINYUBACTCA INIOTHOCTDL IMOTOKA MOIMHOCTHU U AAJIBHOCTD IICPCAAYHN.
I[JIH OIIMCaHUsA TOI0 KaK daHTCHHA KOHLOCHTPUPYCT OHCPIrUrO B OIJHOM
HaIIPpaBJICHUHU 110 CPAaBHCHHIO C JIFOOBIMH APYIruUMH HaIIpaBJICHUAMMA HCIIOJIb3YCTCA
TCPMHH HanpaejileHHoCnb.

HanpasieHHble CBOMCTBA M3JIYYEHHS ONPEAEISAETCS TOJBKO AUarpaMMOu
HAMpPAaBJICHHOCTH AaHTEHHBbI. YacTo IMOJE3HO, OJHAKO, OMUCHIBATh HE TOJBKO
HaIpaBJICHHBIC CBOWCTBA AHTCHHBI, HO M 3(PPEKTHBHOCTh MPEOOpa3OBaHUS €€
BXOJHOM MOIIHOCTM B M3JIy4aeMyl BBIXOJHYK MOIIHOCTh. st 3TOro
UCIIONB3YETCSl TEPMHUH ycuieHue. VIHOTOAa yCWIEHHE ONpPENeNsaeTcss Kak
OTHOIICHHE MHTEHCUBHOCTH M3JIyYEHHS B JAHHOM HAMNPABICHUM K MOIIHOCTH,
KOTOpasi MOJIBOJIUTCS K aHTeHHE. TouHee Ko PUIIMEHTOM yCUJICHUSI Ha3bIBACTCS
OTHOILLIEHUE MOIIHOCTH, NOJBOJAMMON K O3TAJIOHHOM AaHTEHHE, K MOILIHOCTH,
NOABOAMMOMN K HANpaBJICHHOW AHTEHHE IMPU YCIOBHM IOJYYEHUS OJMHAKOBOMU
HaIPSKEHHOCTH MOJIS B TOYKE MpHEMa!

G(0,¢) = [EL(0.9)/PAJIE"/P), (2.44)

rae £y n £ — HanpsKeHHOCTH TOJIEH, CO3/1aBacMble HANPABIECHHOM AHTEHHOM H
JTAJIOHHOW aHTEHHOW, a Py U P — MOIIHOCTH, MOJBOAMMBIE K HAaIpPaBICHHOU
aHTEHHE M 3TajoHHOM aHTeHHe. Korna ycunenue o06o3HavyaroT npocto G, UMEIoT
B BUJly €r0 MaKCUMaJIbHOE 3HAYCHUE.
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Wtak, ycuiieHne OonpeeistoT CPaBHEHUEM MAaKCUMaJIbHONW MHTEHCUBHOCTH
U3JIyYECHHs] AaHTEHHBI C MAaKCUMAJIbHONW WHTEHCUBHOCTBIO M3JIYyUYEHUS HEKOTOPOMH
ATAIOHHOM (CTaHIAapTHOM) aHTEHHbI. OOBIYHO U3MEPSAIOT YCUJICHHE aHTEHHBI IO
OTHOLIEHUIO K H30TPOMHOMY H3JIy4yaTell0, KOTOPBIA pacceUuBaeT 3SHEPIHI0
pPaBHOMEPHO BO BCEX HalpaBieHUSAX. B OTOenbHBIX ciaydasx Mbl Oyjaem
OLICHMBAaTh YCWJIEHUE [0 OTHOIICHHUIO K IIOJYBOJIHOBOMY JUMONI0. OOBIYHO
yCUJIEHHWE aHTeHH wu3Mepsercs B pAernuoOenax (dB). M3orpomHbiit u3imydaresnb
umeer ycuienne 0 dB, a mnomyBomHOBOU BuOparop — 2,15 dB. Korna
paccMaTpUBaAIOT YCWIEHHE OTHOCHUTEIBHO HM30TPOMHOrO H3JIy4aTelssl, €IUHUILY
u3MepeHust  3anucbiBaroT  kak  dBi.  Korma paccMarpuBaroT  ycuieHue
OTHOCHUTEJIBHO IOJyBOJHOBOIO JAMIIOJNS, €IWHHUIY M3MEPEHUS 3alMChIBAIOT Kak
dBd. Korma MbI paccmarpuBaeM aHTEHHY ¢ ycuwieHueM 6 dB, To 3TO MOXHO
noHuMath kak 6 dBi wim xak 3,85 dBd [13].

Takum obpazom:

G[dB] = G[dBi] = G,[dBd] + 2,15 dB. (2.45)

B nmanpHeimem, korga Mbl OyZeM HCIOIL30BaTh TEPMHUH VCUleHUe, U €CIU HE
CEJIaHO OTOBOPOK, OYZIET UMETHCS B BUAY YCUIIEHUE OTHOCUTEIBLHO U30TPOITHOTO
U3IIyYaTensl.

Y4uThiBas ~ OTHOCUTEIBHOCTH  OMPEICICHUS  YCHUJCHUS  aHTCHHBI,
aHAJIOTUYHBIM 00pa30M OMHUCHIBAIOT BBIXOTHYIO MOITHOCTh. YacTO MCHOIB3YIOT
TePMUH  3hekmusnas (unu  SKGUBANEHMHAS) U3OMPONHAS — U3yuaemas
mownocmo (effective (or equivalent) isotropically radiated power — EIRP),
OTpeesieMblii KaK MOIIHOCTh, TIOJIBOJAMMYIO K aHTCHHE, YMHOKEHHYIO Ha €€
YCWJICHHE OTHOCUTEIILHO U30TPOITHON aHTEHHBI:

EIRP = G,P,. (2.46)

Taxxe MCHONB3yeTCSI TEPMUH d¢hdhekmuenas uznyyaemas MouHocms (effective
radiated power — ERP), kotopas siBiasieTcsi MOIIHOCTBIO Ha BXOJI€ AHTCHHBI,
YMHOXXEHHOW Ha €€ YCHJIEHUE OTHOCUTEIHHO MOJYBOJIHOBOTO TUTIONS:

ERP = thPt' (2.47)
Momaoctu EIRP n ERP cBsi3aHBEI COOTHOILICHUEM:
EIRP = ERP x 1,64. (2.48)

Hcnone3yss 93TM  mapamMeTpbl, MBI pacCMOTPUM Iepefadyy U IOPUEM
3JIEKTPOMArHUTHBIX BOJIH.
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2.5.2.2. llepenaya v npuemM cCUrHasa

[Ipu paccmotrpennn pabotsl mMeToK RFID, MBI HOMKHBI ONPEACIIUTH
MOIIHOCTh, IPUHUMAEMYK) AaHTEHHOM MeETKH. YacTp 3TOM MOIIHOCTH,
HEOOXOIUMYIO JIJIsl 00ECTIEUeHHsS] COOCTBEHHBIX AHEPreTUYECKUX MOTPEOHOCTEH U
oOHapy>xeHus: WHpopManu, MeTKa Morjiomaer. Jpyryr dYacTh MOIIHOCTH,
HEOOXOMMYIO JUIsl Tiepeadyu UHGOpMaIld CUUTHIBATENI0, OHA OTpaxaer. J[ms
TOTO YTOOBI TMOHATH 3TH MPOLECCHl, HEOOXOAMMO MPEXJE BCEro OINPEICIHUTh
MOIIIHOCTh B METKE, KOTOpasi 00eCreunBaeTCsl CUUTHIBATEIEM 3a CUET U3ITyUYCHUS
UM DHEpruv. Mbl JNOJKHBI TAaKKE€ ONPEACIIUTh MOIIHOCTh, MOCTYIAIONIYH0 B
Harpy3ky METKU. B uTOore Mml paccMOTpUM MPOLECC OTPAXKEHHWE MOIIHOCTH
00paTHO K CUMTHIBATENIO, HEOOXOJIMMBIN MJI OCYIIECTBICHUS CBSI3U METKU U
CUUTHIBATES.

2.5.2.3. Ilepenaya curnana OT CYUTHIBATENS K METKE

[Tamaromast 3yeKTpOMarHuTHas BOJHA MHAYLUUPYET HA HArpy3Ke aHTEHHBI
HaIpsDKEHHE

Vi=E'"-h", (2.49)
riae E - HANPSOKEHHOCTh  TMAAIOMIEN  AJIEKTPOMATrHUTHOM BOJIHEI, h -
KOMIUIEKCHO COMPsDKEHHBIN BEeKTOp Ad(PGEeKTUBHON IIMHBI aHTEHHBI (puc. 2.4).
OOBIYHO METKH HAKaIJIMBAIOT SHEPTHIO U B TAJIbHEHUIIIEM UCIIOIB3YIOT €€ 110 Mepe
HeoOXOIMMOCTH. BEBIXOJHAasT MOIIHOCT, AaHTEHHBI METKM JIOJDKHA OBITh
JOCTAaTOYHOU MJisi (PYHKIIMOHUPOBAHUS DIIEKTPOHHON cxembl. Ecium MoOmIHOCTH
HEJIOCTATOYHA, PACCTOSHHUE JOJIKHO OBITh YMEHBIIICHO.

4€ (]

— |

D,

Puc. 2.4. DxBuBajeHTHAad cXeMa METKHU B JIaJIbHEN 30HE.
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Jlns mepenatyvika ¢ MOIIHOCTBIO P, W yCWJIeHHWEeM aHTeHHbl (, Majaaroiias
IJIOTHOCTh MOTOKA MOIIHOCTH S Ha METKE Ha PacCTOAHUU R paBHa:

S=P,G,/4n R’ (2.50)

DTa IJIOTHOCTh MOTOKA MOIIHOCTH ompenenseTcs u3 Bekropa [loitHTunra,
3aIaHHOTO ypaBHEHUEM (2.6), U BBIUUCIACTCS U3 AJICKTPUUECKOTO U MAarHUTHOTO
nosied. M3 3TOW IJIOTHOCTH TOTOKAa MOITHOCTH orpeaensercs 3>QpdeKTuBHasA
II0Ia b (amepTypa) aHTEHHBI 4, , KOTOpas CBs3aHa ¢ COOCTBEHHBIM yCHJICHHUEM
aHTEHHbI. Ba)KHO OTMETUTH, YTO 3Ta IJIOLWIAJb OMPEAEISIET MOUTHOCTh, KOTOPYIO
AHTEHHA U3BJICKAET U3 JIEKTPOMArHUTHOTO TOJIS:

A. (0.9) = G(0,¢) V/Ax. (2.51)

[Ipu mnpoctrom o6o3HaueHuu (0e3 yrJIOBOW 3aBUCUMOCTH) A, 0003HayYaeT
MaKCUMAaJIbHYIO 3P GEKTUBHYIO TUIOIIAb.

[Tepemuosxenue 3¢ GHeKTUBHOM anepTyphl HA MIIOTHOCTh TOTOKA MOIIIHOCTH
AT MOIIHOCTh, TMPUHHUMAEMyl0 TpHUEMHON aHTeHHoW. HeoOxomumo Takxke
y4e€CTh BO3MOKHYIO NOJIIPU3ALMOHHYIO paccTpoiiky. Ecinum aHTeHHa wHMeer
MOJSPU3ALHMI0 HE COBIAJAIOIIYI0 C TOJSPU3AUMEH MMAJAOMIEN BOJIHBL, TO
MPUHUMAETCS JIWIb 9acTh MOUTHOCTH Tosl. [loaToMy myis TOTO, 94TOOBI y4ecTh
BO3MOXHO€  TOJIAPU3AILMOHHOE  paccorjacoBaHUE, BBOJAT  KO3(PPUUUEHT
MOJISIPU3ALMOHHOTO paccornacoBanus p [13]. OH onpenensercs Kak:

p=E-h[-|E[ |0, (2.52)

rne E' u h onpenenenst B (2.49). Ilpu OTCYTCTBHH MOJSPH3ALIHOHHOIO
paccoryiacoBanus ko3 duiueHt p = 1.

Ternepb Mbl MOXXEM HAaWTH MOIIHOCTb, IPUHUMAEMYIO aHTCHHON METKU:
2
P.=pSA4.,(0¢)=pGP A, (0,4 /(4rR)" . (2.53)
Bripaxas 4., uepe3 G, ¢ ucnoyib30BaHueM ypaBHeHui (2.51) u (2.53) nonydum:
P,=pP,G,G. 2’/ (47 R)". (2.54)
[Tocnennee ypaBHEHHE TOKA3bIBAET MOIHOCTH, TPUHUMAEMYIO aHTCHHOM.
Tak kak MBI HWMEEM TMOJKIIOUEHHYI0 K aHTCHHE Harpy3Ky, MbI JIOJDKHBI
OTIPEJICTNTh MOIITHOCTD, BBIICISAEMYI0 Ha Harpyske. [ Toro 4roObl JOCTHYH

MaKCMMyMa II€pcaadru MOIIHOCTH OT aHTCHHBbI K HArpy3KCc, HCO6XOI[I/IMO
COorjIacoBaTtb UMIICAAHC AaHTCHHBI C S9KBUBAJICHTHBIM HMMIICIAHCOM HAI'PY3KH. HpI/I
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KOMIUIEKCHOM COMNpPSKEHUH MMIIEJAHCOB AHTEHHbl M HArpy3Kd MOIIHOCTb,
BbIJEIIIEMAass B HArpy3Ke, paBHa MOILIHOCTH, IIPUHUMaeMon aHTeHHOM. [lpu
paccoriacoBaHMM HArpy3Kd W aHTEHHB HEOOXOIWMO BBECTH KOI(P(DUIIUCHT
paccoriiacoBaHusi umneaaHcoB ¢q [13]:

q=Pp/Pouax=4 Ry Ry / [(Ry + R)” + (X4 + X)°]. (2.55)

IIpr KOMIUIEKCHO COINPSDKEHHBIX UMIIENAHCAX AHTEHHBI Z, U HAarpys3ku Zj
ko3ppuurent g paBeH 1. C ucnonb3zoBaHueM Kod(pPuIMeHTa ¢ OmpeneaIum
MOIIHOCTb, BBIACIISIEMYIO B HATPYy3Ke R

Pr=qP,= qpP,G G, 2/ (47 R). (2.56)

Yacts momHocTH, paBHas (1 — g) P, He BbIIENseTCS B Harpyske, a
OTpaXKaeTCsl OT HEE U MepPen3TyuaeTcss aHTEHHOM.

2.5.2.4. Monynsiiusi OTpaXXE€HHOTO CUTHaja

bonpmmacTBO NaccuBHbIX MeTOK RFID, nenonp3yromux sHEpruro nosis u B
OJI>KHEW, U B JTallbHEW 30HE, JOCTUTAIOT B3aUMOJCHCTBUSI CO CUMTHIBATEJIEM 3a
CYET BapualMHd HMIlefaHca Harpy3ku. lIpum 3TOM B nanpHeld 30HE Bapualus
UMIIEIaHCAa HAarpy3Kd JOCTUTaeTCsl YIPABISIEMOM PACCTPOMKOM HMMIEIAHCOB
Harpy3kd M aHTE€HHBI. DTO NPUBOAUT K TOMY, YTO 4acCTh MOIIHOCTH OTPa)XacTcs
00paTHO Yepe3 aHTEHHY W pacceuBaeTcs NPUOIU3HUTENBHO TaK e, KaK aHTEHHa
U3NlydaeT CBOM COOCTBEHHBIM curHain. OTpakeHHbIH O0OpaTHO CHUTHAI
oOHapy>KMBaeTCs U JEKOAUpPYETCs cuuThiBaTesneM. Takas popma B3auMoaecTBus
Ha3bIBaeTCAd MOIyJsiUe oTpaxkeHHoro curHana (backscattering modulation).
[Tocie KpaTkoro paccMOTpeHHUs OOIIMX 3aKOHOMEPHOCTEH OTpPaKEHUS Mbl
JIOCTaTOYHO MOAPOOHO PACCMOTPUM OTpPaKE€HUE 3SJIEKTPOMArHUTHBIX BOJIH OT
aHTEHH. 3aTeéM CpaBHUM MOIIHOCTb, KOTOpas MNPHUHHMAETCS AaHTEHHOW U
BBIJIEISIETCSI B HArpy3ke, ¢ MOIIHOCTBIO, OTpa)kaeMod OOpaTHO K HCTOYHUKY
W3IIyYEHUS.

2.5.2.4.1. Orpaxenue

Korga sanexkrpomarauTHas BOJIHA pACIPOCTPAHSAETCS B CPElE U MOMAaeT Ha
HEOJHOPOJHOCTh, OHA PACCEUBAETCA. DTO SIBICHUE HA3bIBAECTCS OTPaKCHHEM. B
PaauOdIEKTPOHHBIX CUCTEMAaX, KOTOPBIE COAEpKAT NPUEMHUK, TAKUX, HAIIPUMED,
kak PJIC wmm RFID, nepenatuMk wu3JIydaeT »>JIEKTPOMATHUTHYIO BOJIHY
paauouana3oHa, a NMPUEMHUK OOHapyKHUBaeT oTpaxeHue oT oObekra. Korma
IMPUEMHHUK  COBMEIILICH C  IepeaaTurKoM, OTPAKEHUE  Ha3bIBAETCS
MOHOCTATUYECKUM WK oOpaTHbiM oTpaxkeHueMm. Cucrtembl RFID pocturator
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B3aMMOJICUCTBHSI C OOBEKTOM 3a CYET YIPaBISEMOTO H3MEHEHUsI 0OpaTHOTO
OTPa)XCHHUSI METKHU.

[Tone3HOM XapaKTEPUCTUKOW MOHOCTATUYECKOTO OTPAXKEHUS OOBEKTOB
ABIICTCS TOMEPEYHUK OOpaTHOTO paccesHus Wik 3(PQPEeKTUBHAS MOBEPXHOCTH
paccesHuss (OIIP). ChHauanma paccMOTPUM OCHOBHBIE HMPUHUMIIBI MOIYJIALIMH
00paTHOrO0 OTpakeHUs NMpUMEHUTENbHO K cuctemam RFID, a 3arem — Oonee
NETaNbHO, (PAKTOPBI, BIUSIOIIME HA MPOEKTHPOBAHWE METOK U CUUThIBaTeNen
ITUX CUCTEM.

2.5.2.4.2. Orpaxenue u JIIP

Opranmzamust  [EEE OIpeleNsiecT  IPOoLece OTPaXKECHUSA pu
pacrpoCcTpaHEHUHU  PpaJMOBOJIH Kak 'Mpolecc, Mpu  KOTOPOM  DHEPTHs
pacOpoOCTPAHSAIOLIEHCS BOJHBI PACCEUBACTCS B PE3YJIbTATE B3aUMOJECUCTBUS C
HEOJHOpPOAHOCTAMHU B cpeae’ [16]. DTo mpoucxoaut B pe3ysibTaTe TOro, 4TO
AJIEKTPOMArHUTHBIE BOJIHBI MaJIal0T Ha O0OBEKT U MHIYUUPYIOT OCHULIAPYIOIINE
3apsAapl U TOKM BHYTPH M Ha MOBEPXHOCTH OOBEKTa, a 3TO, B CBOK OYEpPE.b,
IPUBOIUT K IOSBJICHUIO BTOPUYHOM DJIEKTPOMATHUTHOW BOJIHBI. MBI MOXEM
ONPENEIUTh AT OTPAXKEHHbIE MOJIA JHOO C HCMIOJIb30BAHUEM YHMCIIEHHOTO WIIU
AHAIMTUYECKOTO BBIYMCIICHUS HWHAYIIMPOBAHHBIX MOBEPXHOCTHBIX 3apSIOB H
TOKOB, JHOO C  UCHOJIb30BAaHUEM  ANIMPOKCUMALMKM  TaHIE€HIUAIbHOU
COCTABJISAIOIICH TOJIsSI, KaKk IMOCTynarT B ¢uzudeckord ontuke [17]. B oOmem,
IIPOCTPAHCTBEHHOE PACMPEIEICHUE OTPAKEHHOW YHEPTHM 3aBUCUT OT Pa3MEpOB,
KOH(pUTypaluu M cocTaBa OOBEKTa, OT JUIMHBI BOJIHBI M OT HaIpaBJICHUS €€
IPUXO0/1a.

OddexruHas noBepxHocTh paccesHus (D[P, anrn. RSC - radar cross
section) ompezensercs Kak Mepa MOIIHOCTH, OTPaXXCHHOW B OIpeleIeHHOM
HanpaeieHud. OHa BbIpakaeTcss dYepe3 IUIOIaJ b, AHAJOTUYHO 3(P(EeKTUBHON
aneprype anteHHsl. IEEE onpenenser DIIP kak:

«...yMHOXE€HHOE Ha 47 OTHOIIEHHE MOIIHOCTH B €IUHUIIE MPOCTPAHCTBEHHOTO
yTJia B ONPEEICHHOM HaMpaBJIEHUH K MOUTHOCTH Ha €AMHUIIE TIOMIAIN TIIIOCKOM
BOJIHBI, TAJAIONIEH Ha OTpaxkaTellb ¢ ONMpeAeNIeHHOTo HampasieHus. TouHee, 3TO
npenen 3TOTr0 OTHOIIEHHUSA, KOTJa pacCTOSIHUE OT oOTpaxarens A0 TOYKU
U3MEPEHUS OTPAKEHHON BOJHBI CTPEMHUTCS K OECKOHEYHOCTH ...» [16].

PaccmarpuBaroTcst Tpu ciydas: MoHocratmyeckas win OIIP obpatHoro
OTpPaKEHUs, KOT/1a HAaIlPaBJICHUS MAaJalOIIEed U OTPAXEHHOM BOJIH COBMAJAIOT, HO
IIPOTHBOIIOJIOXKHBI IO HamnpasiieHuto, DIIP mpsmoro paccesiHus, Korga 3TH BOJIHBI
UMEIOT OJMHAKOBOE HampaBjieHHe, a Takxke Ouctaruueckas OIIP, xorma oba
HaIpaBJICHUs] PACHPOCTPAHEHMS] BOJIH pa3iMyHbl. B panbHeiliem, eciau He
OroBOpeHO 0c000, ucnoib3yercst MoHocrtatnyeckas JIIP. Taxxe nonaraercs, 4To
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OIIP sBnsiercss (QyHKIMEW YacTOTHI, MOJAPU3AIMOHHBIX  XapaKTEPUCTHUK
NpUEMHUKA U TIepeIaTurKa, a TAK)Ke yIila BU3SUPOBAHUS O0OBEKTA:

o =lim | g_.dn R? ([E*P/ [E™P), (2.57)

rae E**u  E™ — oTpaxkeHHOE U Majaroliee 3IeKTPHIECKOe TI0JIe COOTBETCTBEHHO,
a R — paccrosHMe OT aHTEHHLI MPHMEMHHMKA W IE€peJaTdydKka 0 O0Iyd4aeMoro
00BEKTA.

Bo3moxno JIIP onpenenuts Kak:

o= 4n R’ P,/ P, (2.58)

rac PS )41 Pi — OTPAXCHHAA U ITaaaromias MOIMHOCTHU COOTBCTCTBCHHO.

[Tpu ananu3e oTpakeHUH B 3aBUCUMOCTH OT COOTHOIICHHMSI IJTMHBI BOJHBI A
K pazMepaM OTpakaloulero teia L OOBIYHO paccMaTpuBalOT TPH 00JacTU. DTO
cienyromue 006JacTi oTpakeHuit: PaneeBckas o01acTh (He CielyeT OTHOCUTD 3TO
K TUIOCKOM 3JIEKTPOMAarHUTHOM BOJIHE B JaJIbHEM 30HE, KOTOpAasl OMpeaensieTcs
BbIpakeHueM (2.21)), pe3oHaHcHas oOjacTb M onTuyeckas obigacte. B
PaneeBckoii obmactu A >> L, Tak 4To (a3a BOJHBI, MaJarolIe Ha TeJo,
MpaKkTUYecKu Hen3MmeHHa. [Ipu ATOM, MOCKONBKY TENO BOCHPUHUMAET KakK Obl
KBa3UCTAaTUYECKYI0 BOJIHY, pE3YJbTUPYIOIIEE OTPAXKEHHOE II0JIE MOYKHO
IPEICTaBUTh B BUAE MHAYLHPOBAHHOIO JMIIOILHOTO MOMEHTa. B pe3oHaHCHOU
o0J1acT pazMepsl Teaa COU3MEPUMBI C JUTMHON BOIHBI (00bryHO L =1...10 A). B
ATOM 00JaCTH 3JIEKTPOMArHUTHAsI BOJHA MPOSIBIISIET TEHACHIUIO «IIPUIMITAHUS) K
MOBEPXHOCTH TeJa, CO3/1aBasi MOBEPXHOCTHBIE BOJIHBI: OETYIINE U KPAEBbIE BOJIHBI
(traveling, creeping and edge traveling waves). B onrtudeckoit oOmactu
OTpaXeHHUA JIMHA BOJHBI 3HAYUTEIILHO MEHbIIE pa3MepoB Tena (A << L). 3xech
npeodaialoIuME MEXaHU3MaMHi OTPAKEHHSI ABIISIFOTCS: 3€PKaJIbHOE U KpPaeBOe
OTpaXkeHus1, AMPPaKUUs U MHOTOKpATHbIE OTpaxkeHus [17].

[TockonbKy MBI paccMaTpuBaeM OOpaTHOE OTPAXKEHUE OT AHTEHH, pa3Mepbl
KOTOPBIX COU3MEPHUMBI C JJIMHON BOJHBI, Oy/leM MOJjararb, 4YTO HalIUM CIy4aeM
SBIIIETCSI PE30HAHCHAasg 00JIacTh, T/I€ JOMUHUPYET MEXaHU3M OTpPaKEHUs,
CBSI3aHHBIN C TOBEPXHOCTHBIMU BOJIHAMU. MBI HE MOXKEM HCIIOJIb30BATh MJIOCKYIO
TaHTCHI[MATBHYIO allllPOKCUMAIIMIO, TAK KaK OHA IMOJIe3Ha B CIIy4asX 3epKaIbHOTO
oTpaxkeHus. B Hamem ciydae i HaXOXICHHsI OTPa)KEHHON BOJHBI HEOOXOIUMO
HCKaTh PEIICHUE, OCHOBAHHOE HA MCIIOJIb30BAaHWU HABEACHHBIX 3apsiIOB U TOKOB.
AHQIUTHYECKUE PELICHUs Yallle BCErO0 HEBO3MOXHBI, MCIOJIb3YIOT UYHCIICHHbBIC
METO/Ibl, BKJItO4asi METO 1 MOMEHTOB [17].
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2.5.2.4.3. OTpaxxeHue OT aHTCHH

[Ipn ananu3e MOAYJIMPOBAHHBIX CUTHAJIOB OT METOK B OCHOBHOM
HE00X0AMMO 00pamaThCs K OTPa)KarolUM XapaKTepUCTUKaM aHTEHH METOK. Tak
KaK aHTCHHBl MpeJHAa3HAYEHbI ISl MpHEMa U Mepelayd H3JIy4eHHs, OOBIYHO
paccMaTpUBAIOT JBE PA3HOBUIHOCTH OTPaKEHHI.

[lepBblli BUII OTpaXE€HUW, CTPYKTYPHBINA, ONPENEIAECTCS TEM, YTO AHTCHHA
UMEET OMpEACNICHHYI0 KOH(Urypaluio, pa3Mepbl U MaTepuali, U3 KOTOPOro OHa
U3roTOBJEHA. BTOpoil BUII — COOCTBEHHO AHTEHHBIM, OMPENENSCTCS TEM, 4YTO
aHTEHHA TMpeJHa3HaYeHa Uil NepeAadyd paJro4acTOTHOM DJHEPIUM W HMEET
cnenudUUecKyto AuarpaMMmy —HampaBlieHHOCTH. Cleayer OTMETHTb, YTO
OTCYTCTBYET TOYHOE (opMalbHOE ONpeNeiIeHUE 3TUX BHUIOB OTPAKECHUH, U
MMEIOTCS UX pa3finuHble onpenenenus [13,17].

CymiecTByeT HECKOJIbKO MOJIEJEH, ONUCHIBAIOIIMX PACCESIHHOE II0JIE
anTeHHsl [18,19]. Mb1 OyaemM HCMONIB30BaTh MOJIEIb, MPECTaBIeHHYO [ puHOM
[19]. U3 paccmotpenust puc. 2.4. BUJIHO, YTO OTPAKEHHOE IOJE 3aBUCUT OT
MMIIEJAaHCA HATPY3KU Z;:

E(Z)=EZ )+TIZ ) E", (2.59)
rae I' — MoguduumpoBaHHblid KO3()PUIUEHT OTPAXKEHUs, PABHBIH
T=(Z4=2Z)) ] (Zi+ Z), (2.60)

a E' - ajiektprueckoe mosie B JajibHER 30HE, I/Ie aHTEHHY MOKHO MPEJCTABUTEL B
BHJIE DJIEMEHTAPHOI0 UCTOYHHMKA TOKA:

E"=—j (nB/ 4nr)e " h. (2.61)

OTpuniaTenbHBI 3HAK yKa3blBaeT Ha Hailuuue oTrpaxeHus. CpaBHUBas
(2.61) ¢ BeIpaxkeHUEM JJIs1 DIEKTPUUECKOTO MOJISI MACATbHOTO AUIOJS B JaJIbHEN
3oHe (2.13), Buamm, uto B 3TOM ciydae h = dlsin® O (mns peanbHBIX aHTEHH
JTAHHOE TOXKJIECTBO HECITPABEIJINBO).

Unenst E(Z',) u I(Z')) B ypaBHenunm (2.59) MpPEeACTABISIIOT COOOI
OTpa)XCHHOE T0JIe ¥ TOK aHTEHHBI COOTBETCTBEHHO. BTOpO# 4iieH B ypaBHEHHH
(2.59) npencraBnsier coboil COOCTBEHHO OTpakeHHOE Tosie aHTeHHBI. Korma
UMIIEJITAHC HArPY3KH COTJIACOBAH C AHTEHHBIM MMIIEIAHCOM, 3TOT YJIEH CTPEMUTCS
K HYJIO U OCTAaeTCS TOJBKO TEPBBIM UJICH, KOTOPBIA OMpPENesieT CTPYKTYPHYIO
COCTABJISIFOIIYIO OTPaKCHUSI aHTCHHBI.

AHanUTUYECKOE BBIYKMCIEHHE CTPYKTYPHOW COCTaBISOIIEH (MOJIOM)
CJIOKHO U, OOBIYHO, IPOU3BOAMUTCS C MCIOJIB30BAaHUEM MeToJa MOMEHTOB. Eciu
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npeHeOpedb CTPYKTYPHOUM MOJI0# (3TO BO3MOKHO M3-3a TOTO, YTO HAC UHTEPECYET
He a0COJIOTHAs BEJMYMHA OTPAKEHHOTO MOJIsI, a €ro Bapuarus), 3QpdekTuBHas
MOBEPXHOCTh PACCESIHUS aHTECHHBI MOXET OBITh BBIpa)KEHAa dYepe3 HM3BECTHHIC
AHTCHHBIC TTAPaMETPHI:

Oune=pI°G*(0,4) \*/4m, (2.62)

rjae p — MNOJAPU3AUUOHHBIN KOdPGUIIMEHT W3 ypaBHeHUs (2.52), KOTOPBIH
YUYUTHIBAET MOJISIPU3ALMOHHOE PACCOINIACOBAHME MEXKY NAJaloIINM TOJIEM H
oTpaxaromien anreHHou. Kpome Ttoro, I'puH paccmarpuBaer ciydail, Korjaa
Harpy3ka aHTCHHBl NPHHUMACT [[Ba 3HAYCHUS C MOAUDHUIIMPOBAHHBIMU
koddpunmerTamu otpakenust [} 1 [';. DTO O3BOMSIET UCKITIOYATH CTPYKTYPHYIO
MOJY OTpa)X€HHUM, KOTOpask HE 3aBUCUT OT Harpy3ku. Torma MoOIyJsius
OTPAXKEHHOTO TOJIsI CTAHOBUTCS PaBHOM

AE = — j(1,/4\R ) h(h-E™) (T, — T,) e 7/r. (2.63)
CootBerctBeHHO Bapuanus JIIP paBHa
.2 2 2 2
or=p |1 =1L G(6,4)\/4m. (2.64)

OTH ypaBHEHHUsI TOKA3bIBAIOT OCHOBHBIE 3aKOHOMEPHOCTH MOMIYJISLIHU
oOpaTtHoro paccesnus. [Ipy u3MeHEeHUM MMIIEJaHCA HArpy3Kd, METKa CIocoOHa
MOJIYJIMPOBATh aMIUTUTY Ay WIH Pa3y OTPaKEeHHOTO €10 TOJIs.

2.5.2.4.4. OTpaxeHHas U MPUHUMAEMasi MOIIIHOCTb

[Tockonpky Bapuarus 3(PQGEeKTUBHOTO HMIEAAHCA HATPY3KH MPUBOIUT
JUIIb K YNOPABICHUID AHTCHHOM MOJOW OTPAXKEHUW, CTPYKTYPHOW MOIOU
OTPAKEHUN MOXHO mpeHeOpeub. OAHAKO JJISI CHMXKEHHUS IIYMOB B MPUEMHOM
KaHaJ€ CUMTHIBATENS] CTPYKTYPHYIO MOJY JKEJATEJIbHO  OrPaHUYUBATH.
PeanuzoBaTh Takoe OrpaHu4eHUE TPYAHO, TaK KakK ATO HPUBOIUT JUOO K
YCIIOXKHEHUIO0 KOHCTPYKIIMU METKH, TUO0 K CHIKEHUIO 3P(HEKTUBHOCTH MPUEMA.

W3 ypaBHeHus (2.56) BUIHO, UTO YaCTh MOIIHOCTH MOCTYIAET B HATPYy3KY,
a ocTambHas 4YacTh MOIIHOCTH OTpakaeTcs. MOIIHOCTh, MOCTYHAIOIIYI0 B
Harpy3Ky, 0003Ha4NM ¢, a OTPaXEHHYI0 MOIIHOCTh uepe3 (1 - ¢). 3nauenue I u3
ypaBHeHUs (2.60) cBS3aHO € g CleyonuM 00pazoM:

1-g=|T[. (2.65)

Takum 00pa3oM, CTAHOBUTCSI OUEBUAHON B3aMMOCBS3b ypaBHeHUM (2.62) u
(2.56). 3nas Bapuanmio OIIP, cBsA3aHHYyIO ¢ AHTEHHOM MOJOH, MBI MOXKEM
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ONPENECIUTh OTPAKEHHYI) MOIIHOCTD, MOCTYHAIIY0 HA aHTEHHY CUUTBHIBATEIIS.
Ucxons wu3 onpeaenenuss OIIP wu3nyyaemMass MOUIHOCTh IE€PEXBAThIBAETCS
b (HEKTUBHON TUIOMABI0O AHTCHHBI METKH, a 3aTeM H30TPOIHO H3TydaeTcs.
Hcmonb3yst ocHOBHYIO (pOpMY ypaBHEHUS PaAHOIOKAIIAN

P.=p, (PG o/ (4n)’ RY, (2.66)

riae p; — KO3GOUIMEHT TOJMSIPU3ANMMOHHON PACCTPOMKH MEXAY OTpakKeHHOU
BOJIHOW W QHTEHHOM CYMUTHIBATENS, IOJIYYUM OTPAKEHHYIO MOIIHOCTH HA BXOJE
IIPUEMHO — U3JIyYarOIlel aHTCHHBI:

Py=p pI* (PGEGAAY | (4nR). (2.67)

Takum 06p330M, Mbl BHUJHUM, KaK B3dMMOCBA3dHbBI MOIIHOCTL, IMOCTYIIAIOIIAsA B
Harpy3kKy MCTKH, U MOIIHOCTb, OTpPAXKCHHasA METKON U IMOCTYyIIaroiasd Ha BXOJ
CUMTBIBATCIIA.

2.6. Biansinne OKpysKaouero npocTpaHcTBa

Jlo cux mop Mbl paccMaTpUBaiyd MOBEICHUE AIEKTPOMATHUTHBIX TMOJEH U
BOJH B CBOOOJHOM MPOCTPAHCTBE M IMPHU 3TOM MpeAnojaraiv, 4to atmocdepa
ABIIIETCS OJHOPOJHOM M HE TOTJIOIIAIONIeH, a OOBEKThl, OKpYXalollue Hu
BIIMAIONIME Ha MPOIECCHl Mepeayud W IpueMa, OTCYTCTBYIOT. Ha mpaktuke,
OJIHAKO, OKpy)Karoujasi cpeaa HE COOTBETCTBYET MOJIEIM  CBOOOJHOTO
npoctpaHcTBa. CBOMCTBA KaHalda PacHpOCTPAHEHUS] CUTHAJIOB 3aBUCST OT TaKHUX
napaMeTpoB, Kak BJIAKHOCTh U TEeMIIepaTypa Cpelibl, a TaKKe OIpEeAeNIIIOTCS
B3aMMOJICUCTBHEM C PA3IMYHBIMU OKPY>KAIOMIMMH MpeaMeraMu. B aTom pasnene
MBI KPaTKO PaCCMOTPUM 3THU ACMEKThl. 3/1eCh U B JalibHEWIIeM B TiiaBe 7 OyayT
KpPaTKO PacCMOTPEHBbI MHTEPHEpPEHIUS M IIyMbl, KOTOPbIE TAKXKE OTHOCSTCS K
BIIUSIHUAKO OKPYKAKOIIEN CPEJIbI.

2.6.1. IloTepwu.

BcenmencTtBue Toro, 4ro B OMMKHEW W JajdbHEH 30HAX IIOBEIACHHE
3JIEKTPOMArHUTHOTO TOJISI CYIIECTBEHHO Pa3IMYHO, Mbl PACCMOTPHUM 3TH 30HBI
pa3aenbHoO.

2.6.1.1. [Torepu B OnMKHEH 30HE
[Tockonmbky B cucremax RFID, ¢yHkimonupyronmx B OJMKHEH 30HE,
2 3
HaAMPsHKEHHOCTD MOJIs YObIBAET MPONOPLUMOHANIBHO 1/ 7 unu 1/ 7, B oTiinuue ot

yObIBaHus 1/ r B ganbHEH 30HE, DJIEMEHTHI BIUSHUS OJMKHEH 30HBI HA CUTHAI
OTHOCHUTENBHO Xopomno u3BecTHB [20]. MMeeTcs B BuAy, 4TO Ha HEOOJBIIHUX
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PACCTOSIHUSIX MOKHO MPEHEOpeyb MOTEPSIMU MHTEHCUBHOCTH TOJIS1, UCKAKEHUSAMHU
quarpaMM W BJIMSIHUEM TPOCTPAHCTBA HaA Jpyrue oOlume XapaKTepUCTHKU
cuCTeMbl. THAYKTUBHBIEC 1 €eMKOCTHBIC CHCTEMBI OJMKHEH 30HBI, OJTHAKO, CHIIBHO
MOABEPKEHBI BIUSHUIO OKPY>KAIOIIUX MAaTepUaIOB U MPEIMETOB — B OCOOEHHOCTH
MIPOBOIAIINX MAaTEPUAIIOB.

NHIyKTUBHBIE CHUCTEMBbI OMNEPUPYIOT MATHUTHBIMH TIOJISIMH, KOTOpPBIE
YyBCTBUTENIbHBI K TOKaM. Korjma mocTtaTodHo OoJbIIMe MPOBOJSIIME MPEIMETHI
MOJABEPratOTCsS BO3ACHCTBUIO M3MEHSIOMIMXCSI BO BPEMEHU MAarHUTHBIX TOJIEH, B
HUX WHIYIUPYIOTCS TOKH. OTH TOKHU, Ha3bIBAEMbIC BHXPEBBIMH TOKaMHU,
MPOTUBOJEHCTBYIOT MAarHUTHOMY IIOJI0, KOTOpPO€ HWHAYLIMPOBAJIO MX, a TaK¥kKe
IPUBOJAST K OMUUYECKUM MOTepsiM. BuxpeBble TOKH 0caabissi0T MarHUTHbBIE TIOJIS U
B ciydae cucteM RFID MoryTt paccrtpanBaTh aHTEHHBl U YMEHbBINATH JAJIbHOCTh
neiictBua. OcCOOCHHO UYBCTBUTEIBHBIMHU SIBJISIOTCS CHUCTEMBI C BBICOKOM
T0OpOTHOCTHI0. YUTOOBI MPEAOTBPAaTUTh BUXPEBbIE TOKU JJIsi SKPAHUPOBKH
OOJBIINX TPOBOJHUKOB HCIOJB3YIOTCS MEIHO-TIOPOIIKOBBIE MaTEpHANIbl UITU
deppurtsl [6]. B TparchopmaTopax Myisi CHUKEHUS BUXPEBBIX TOKOB U OMUYECKUX
NOTEPh OOBIYHO MPUMEHSIOT (PEPPUTHI, UMEIOIINE HU3KYIO AEKTPOIPOBOIHOCTD.

CucremMbl C €MKOCTHOM CBSI3bI0O TaKKe€ OUYEHb UYBCTBUTEIBHBI K
OKpYXXalolUM TMpeaMeraM. Tak Kak €eMKOCTHBIE CHCTEMBbI OCYIIECTBISIOT
B3aMMOCBSI3b MPU TOMOIIU DJICKTPUYECKOTr0 MOJisA, UX MPOOJIeMbl O00YCIOBIICHBI
UCKOXEHUSMM  Pa3HOCTH TOTEHIMANoOB. JIoOble 3a3eMJIEHHbIE OOBEKTHI
OPUTITUBAIOT JUHUU AJIEKTPUUECKOrO MOJSi aHTEHHBI M CYIECTBEHHO M3MEHSIOT
KOH(UTYpaIIO 30HbI B3aUMOJACHCTBUS CUUTHIBATENS U METKH.

2.6.1.2. IloTepu B gajnbHEW 30HE U MHOT'OJIy4€BOE PACIIPOCTPAHEHUE

B nmanpHell 30HE AaHTEHH W3JyYEHHBIE JJIEKTPOMATHUTHBIE BOJIHBI
pacnpoCTpaHsIOTCA B OKpyXawled cpene. HampspkeHHOCTh mosst yObIBaet
IPONOPIUOHATBHO 1/ 7, UTO, COOCTBEHHO, 00yCIaBIMBAET OONBIIYIO AaTbHOCTD
B3auMojieicTBusi. CrleAcTBUEM CBOOOJAHOTO paclpoOCTpaHEHUs U CJIadoro
CHaJaHusi MHTEHCUBHOCTH SBJISETCS IOBBINIEHHAS YYBCTBUTEIBHOCTh CHUCTEM
RFID B nanbHe# 30HE K OTPaKEHUSIM, PACCEIHUIO WIH AUPPAKIUNA COOCTBEHHOTO
U3ITYYEHHS WM U3ITYYEHHS] IPYTUX UCTOYHUKOB.

[loTepu B nanbHEW 30HE MOXHO XapaKTEPU30BaTh KPYIMHOMACIITAOHBIMU
158105 MEJIKOMAaCIITA0HBIMU HEOJHOPOJAHOCTSIMH. KpynnomacmiraOuele
HEOJHOPOJAHOCTU IMPOSBISAIOTCA B BUJE HU3MECHEHHUs HAIPSIKEHHOCTH 101 HA
OOJBIIMX  pacCTOSHUAX.  MenkoMacmTabHble  HEOJHOPOAHOCTH  OOBIYHO
IPOSBJSIFOTCA B BHUJIE MHOTOJYYEBOIO PACHPOCTPAHEHHMS, KOIZa BOJIHBI,
pacupoCTpaHsAOIIMECs] OT UCTOYHUKA K NPUEMHUKY Pa3JIMYHBIMU IIYTSIMUA, MOTYT
UHTEPPEPUPOBATh M BBI3BIBATH OOJIBIIIME M3MEHEHUS WHTEHCHUBHOCTU TIONS B
TOYKe TpuemMa. MenkoMaciuTaOHble HEOJHOPOAHOCTH  XapaKTEPHU3YIOTCA
OpicTppIMH  (QIyKTyarussMd  Ha  HeOonpImmMX  paccrosHusx.  llorepw,
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0OyCJIOBIIGHHbIE KaK MEJIKOMACIITAa0OHBIMH, TaK M KpPYIMHOMAacCIITaAOHBIMU
HEOJTHOPOJHOCTSAMHU, ONKUCHIBAIOTCS COOTBETCTBYIOIIUMHU MoJienamu [21].

Mopenu KpymHOMACIITAOHBIX MOTEPh OMUCHIBAIOT 3aTyXaHWE MOIIHOCTH
CUTHAJIa C pacCTOSTHHEM OT mepeaardanka. OHU MOIUPUITMPYIOT OOBIYHBIN 3aKOH
oOpaTHOTO KBajapaTa B YpPaBHCHHMH IJisi CBOOOJHOTO mpocTpanctBa (2.35) u
OMHCHIBAIOT 3aTyXaHHWe, OOYCJIOBIEHHOE aTMochepoldl M B3aWMOJCUCTBHUEM C
Mmatepuaiamu. [lonaras 3aTyxaHue paBHbIM

PL(R)=(A/AzR)", (2.69)

IJIe 7 paBHO 2 /I CBOOOJHOTO MPOCTPAHCTBA, ypaBHeHHE (2.41) mpeobpaszyercs
K BHITY:

P,=pP,G,G,PL(R). (2.70)

OOBIYHO HCHOJB3yeMasi MOJENb JUIsl OLIEHKM IMOTEPh PACIPOCTPAHEHUS B
IPOCTPAHCTBE BHYTPH MOMELIEHUH 3a/1aeTcsl JorapupmMuyeckoi moaensto [21]:

PL(R) [nB] = PL(R,) + 10 n log (R/R,) + X, (2.71)

€ 7 3aBUCUT OT CBOMCTB IIOMEILIECHUN, a X; — HOPMaJIbHO pacCIlpeneiICHHas
NepeMEHHas CO CTaHAAPTHBIM OTKJIIOHEHUEM G, ONPEIEICHHBIM B JAeln0enax.
Benuunna R, aBnsiercss GUKCUPOBAHHBIM PACCTOSIHUEM, HA KOTOPOM MPOBOASITCS
U3MEpeHHs, U OOBIYHO BBIOMpaeTCs paBHBIM 1 MeTpy B  YCIOBHSX
pacrpocTpaHeHus MoJjs BHyTpH noMeiiennil. Tabiauna 2.1 nokaspiBaeT 3HaYCHUS
N A G B PA3JIMYHBIX YCIOBUAX PACIPOCTPAHEHUS MOJIA M HA Pa3IMYHBIX 4aCTOTAX
[23]. MenbIHe 3HaYEHUSI G COOTBETCTBYIOT 00JIee TOUHON MOJICTIH.

Tabnuua 2.1. [TapameTpsl # U G orapu@MUUECKON MOJEIH MOTEPh
pacrnpocTpaHeHUs B IPOCTPAHCTBE BHYTPHU MOMEIIEHUM [23].

3manus Yactora (MI'1r) n o
Po3HuusbIil Marazux 914 2,2 8,7
baxaneinnii Mmara3sud 914 1,8 5.2
[TnoTtHsI 0duc 1500 3.0 7,0
Hemnnotaslit oduc 900 2,4 9,6
Hennotuslii oduc 1900 2,6 14,1
E;g;iﬁiiii:’ XUMHYICCKHC | 1500 2.0 3.0
E;g;f;ﬁ';‘f;: XUMHUACCRHC | 1000 2,1 7,0-9,7
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KamkHbIi Mara3ut, OyodHas 1300 1,8 6,0
MertamioobpabaTeiBaroniye 1300 1.6-33 5.8 6.8
PEIPUSITHS

CTeHBI )XWIBIX IIOMEICHUN 900 3,0 7,0

SIBEeHHS MHOTOJIy4€BOTO pacCpOCTPAaHEHUS ONKCHIBAIOT MaJloMacIITaOHbIe
¢enuHroBsle Mojaenu. MHOrolIy4eBoe pacHpoCTpaHEHHME Ha HEOOJBIINX
pPacCTOSIHUSAX MOXET BbI3bIBATh CHJIbHBIE (DIYKTyallud M aMIUTUTYIbl U (asbl,
CIly4aifHble YaCTOTHbIE MOIYJSALUU U BPEMEHHYIO JMCIIEPCHIO, 00YCIOBICHHYIO
3ajepKkaMd. B mpocTpaHCTBe, cojepiKalleM METATMYEeCKHE MpeiIMEeThl U
OTpaXkaroIrue 00BEKThI, MOKET UMETh MECTO MHOTOJIY4YeBOE PAacIpOCTpaHCHHE U
UHTEep(EpEeHIIHS] CUTHAJIOB.

Jlnst  onmucaHuWs ~ MHOTOJYYEBOIO  PAcCHpOCTPAHEHHUs  UCIOJIb3YHOTCS
pazIM4yHbIE  CTATHCTHMYECKHE  MOJENW, a  oOmel  Mepod  sBIAETCA
cpenHekBaaparnueckoe otkioHeHue (CKO) 3anepxku pacpocTpaHeHus. 3JaHus
C HEOOJIBIIMM YMCIOM METAJUIMYECKUX (PParMEHTOB U IJIOTHOM MJIAHUPOBKON
00b1yHO MMeroT Hebobioe CKO 3aaepkku pacnpocTpaHeHus B npenenax ot 30
1o 60 Hc. Bonpimye 31aHus ¢ OONBIIMM YHUCIOM METAIIMYECKUX (PParMeHTOB U
OTKPBITBIMU ~ OOKOBBIMM ~ MNPHUCTPOMKAMM  MOTYT  HUMETh  3aJIepXKKHU
pacnpoctpanenus, pocturaronme 400 Hc. [22]. TexHoIOTHSMH, KOTOpBIE
MO3BOJIAIOT  MHUHMMM3UPOBaTh 3(G(EKT MHOTIOJIYYEeBOTrO PACIPOCTPaHEHUS,
SBJISIFOTCSL SKBAJIA3UPOBaHNE, MHOTOKAHAJIBHOCTh M KaHaJbHOE KOAMpOBaHue. B
conydae RFID B cunThIBaTeNsIX HMCIHONB3YETCsS SKBaJaW3UPOBAHUE W AHTECHHAs
MHOTOKAHAJIBHOCTh. B MeTkax H3-3a JKECTKMX OIpaHWYEHUH pa3MepoB,
CJIOKHOCTH M CTOMMOCTH TaKUe CIIOCOObI HE MCMOJIB3YIOTCS.

2.6.2. BiausiHue coceIHNX aHTEHH

Korz:a MHOXCCTBO MCTOK HAaXOIUTCI Ha OJIM3KOM pacCTOAHUU APy’ OT
Apyra, CBA3b MCKAY HMX AHTCHHAMH MOKCT OKa3bIBATb BPCIAHOC BJIMAHUC HA
IMpUEM U IICpCaavdy CUTIHAJIOB.

B Ommwxkuelr 30He OJM3KO PACMOJOKEHHBIE METKH MOTYT BBI3BIBATH
paccTpoiiky coceqHux aHTeHH. OCOOEHHO YYBCTBUTEIIbHBIMU SBIISIFOTCS METKH C
BBICOKOW TOOpOTHOCTBHIO. OJuH U3 CMOCOOO0B peIieHus ATOM MpoOJIeMbl B
cucTteMax OJMKHETO TOJsS COCTOMT B TOM, YTO AHTEHHBI METOK, KOTOpPBIC
MPEANoIaraeTCs dKCIUTyaTUPOBAaTh ONHM3KO APYT K JPYTy, CIEAyeT HACTPanBaTh
Ha 00Jiee BHICOKYIO YacTOTY.

B cucremax RFID panbHEd 30HBI JuarpamMMbl HanpaBJIC€HHOCTH AHTEHH
METOK TaKX€ MOTYT CYIIECTBEHHO MCKa)XaTbCsi MPU MX OJIM3KOM B3aWMHOM
pPacnoJIOKEHUH M, COOTBETCTBEHHO, 3(P(MEKTHBHOCTHh MEpEeAaud MOIIHOCTH H
CUTHAJIOB OYyJIET CHUKAThCS.
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2.6.3. TemnepaTypa 1 BIaXKHOCTb

N3MeHeHnsT TemIeparypbl OKPYKArolIeH Cpeabl BbI3BIBAIOT W3MEHEHUS
MapaMeTPOB COMIACYIOIIMX LENEHd U, CIEAOBATEIbHO, MOTYT IPUBOAUTH K
HeP(DEKTUBHON Tmepenaun  MOIIHOCTH. [Ipu 3TOM CHCTEMBI C BBICOKOU
JOOPOTHOCTBIO M3-3a CABUrAa PE30HAHCHOM YacTOThl MOTYT IMOJBEpPraThCs
cepbe3HOor paccTtporike. [loaToMy MakcCHManbHO TIO BO3MOXKHOCTH JOJIKHBI
MPUMEHSITHCS KOMIIOHEHTBI C HU3KUM TeMIEPaTypPHbIM KO3(PhUIIEHTOM.

BnaxHOCTh TakKe MOXKET IIPpUBOAUTL K JA€Trpaddallii XapaKTCPHCTHUK. B
O6H_I€M ClIy4dac 5TH 3(1)(1)€KTBI HauoOoee BpCaHBI HaA BBICOKHX YaCTOTax.

2.7. Pe3rome

B sTo# Ti1aBe MBI paccMOTpEIIM, KaK IMPU MOMOINY 3JICKTPOMArHUTHBIX
nosie 1 BoyiH cucteMbl RFID pocturaror sHeprerrnyeckol 1 mHGOPMAIMOHHON
cBsi3M. Mpbl  paccMOTpenud, Kak Opd  IIOMOIIA  AHTEHH  CO3JAK0TCA
DJICKTPOMArHUTHBIC TIOJISI W BOJIHBI, & TAaKXe M3yYWIIU CBOWCTBA ONMKHEH U
JalbHEW 30HBI TOJIS, W3JYYEHHOIO AaHTEHHOM. MBI TMOHSIM 3HAYEHHE
HSHEPreTUYECKON CBSI3U W WH(POPMAIIMOHHOW CBSI3M B KaXKIOW M3 ATUX 30H. B
3aKJIFOYEHUE MBI PACCMOTPEIM HEKOTOPBIE ACHEKThl BIMSHHS OKPYKAOILIEH
Cpelbl Ha MOBEAECHUE MOJIEN U BOJIH.

B cnepyromieit rmaBe Mbl  YBUAMM, KaK IOCPEJICTBOM H3MEHEHUM
napaMeTpoB DJICKTPOMArHUTHBIX BOJIH MOXET TNepeaaBaTbcs HHGOpMAIUS U
KakuM o00pa3oM 53TO OrpaHUYMBaeT MNPOCKTUPOBaHHWE M (YHKIIMOHUPOBAHUE
cucteM RFID.
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I'nasa 3
CBA3b

3.1. BBenenue

CBsi3b MEXAY CUMTHIBATEIIEM M METKOMW SIBIISIETCS HEOTHEMIIEMOM YacCThIO
texHonorun RFID. Panee wamm B r1iaBe 2  OBLIM PacCMOTPEHBI OCHOBBI
AIEKTPOJAUHAMUKHU, MPU IOMOIIM KOTOPBIX pEaU3yeTCs CBsI3b. Tenepbp Mbl
PacCMOTPUM COOCTBEHHO MPUHIIUIIBI CBS3H.

[Tocne kpaTkoro pacCMOTPEHHS METOJOB aHajiu3a CHUCTEM CBSI3H MBI
PacCMOTPUM CHOCOOBI KOJIUPOBAHUS M MOAYJISAIIMH, MCIOJB3yEeMbIE B Mpoliecce
ceu B cuctemMe RFID. 3aBepmmum 3Ty T1JIaBy pacCMOTPEHHUEM MpodiieM
HAJIC)KHOCTH TIepeadyy JaHHBIX, BKJIIOUYas BEPOATHOCTh OUTOBBIX ommbok (BER)
¥ METOJIbI OOHAPY>KEHUSI OIITHOOK.

[Tpu nepenaue uHpOpMalMK Hac, Kak MpaBuUiio, OyAyT MHTEPECOBaTh TPU
OCHOBHBIX IapaMeTpa: MO0JIOCAa MPOIYCKAaHMs, BEPOSTHOCTHh OIIMOKH, a TaKkKe
CJIOKHOCTb M W3JIEPKKHA OOHapykeHHus ommOok [23]. Ha npoTskeHuun Bcel 3Ton
IJIaBbl MBI OyJIEM aKLIEHTUPOBAaTh BHUMAHHE HA 3TUX TPEX MapaMeTpax.

3.2. IIpouecc cBsA3U

[Ipouecc cBsI3u COCTOMT W3 mepenaur W npueMa uHpopmanuu. s
nepefayu 1o KaHaly CBS3U C noMmexamu HH(popmalus npeoOpa3oBbIBaeTCA,
HAKJIQJbIBACTCSI HAa HECyIIMM curHan u nepenaercs. [locie mpuema curhana c
IOMEXaMH, CMECh JIEMOAYJIMpYeTcd M o0pabaTbiBaeTCsi [UId  BBIJCIEHUSA
NepBOHAYAILHON HH(OPMALIUHL.

B texnonmorun RFID wuHdopmamus BkiIrO4aeT KOMaHIbl YNpaBJICHUS U
MaHHbIe B JBOUYHOM Buje. OOBIYHO KOMAaHJbl BBIIEISIOTCS OTACIbHBIMU
CTPOKaMH JBOMYHBIX JAHHBIX, HO B HEKOTOPBIX CIy4yasX OHHU MPEICTABIAIOT
co00l  HEKOTOPYI0 YHHUKAIbHYIO CUTHATYPYy MOIYJSIHUH. B Takux ciydasx
HeoOXxoMMa omnpezaeneHHas 00padoTka curHana. YTo kacaercsl TaHHbBIX, JJI1 HUX
OKa3bIBAaETCS YO0OHBIM UCIIOJIB30BaTh KOAUPYIOIINE YCTPOUCTBA.

[locne Toro kak AaHHBIE 3aKOJAMPOBAHBI, OHM HAJAraloTCs Ha HECYIIHil
curnai. Takol mporecc Ha3bIBaeTCa Moayisiiue. Moaynsaiusa HeoOxXxoauma Kak
JUISL TIepefay JaHHBIX MPU MOMOIIM KaHajda paclHpOCTPAHEHUsS CUTHaja, Tak U
JUISL COTJIAaCOBAHUS CIIEKTpa YacTOT C aJMUHUCTPATUBHBIMU pErIaMEHTHBIMU
OTPaHUYCHUSIMU.

3.3. Curaajasl 4 CHEKTPHI

B stom pa3aciic Mbl paCCMOTPUM OCHOBBI aHAJIN3da CUT'HAJIOB. Mkl 06CY,Z[I/IM
TaKUC IIOHATHUA, KaK YCPpCAHCHHUC CHI'Halla II0 BPCMCHH, €TI0 MOIIHOCTH H
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CpPEAHEKBAJAPATUYECKOE 3HAUYECHHE. 3aTeéM Mbl pPacCMOTPUM  CIEKTPhl U
CHEKTPaJIbHYIO IJIOTHOCTh MOITHOCTH PAa3IMYHBIX BUIOB CUTHAJIOB. DTO OyjeT
MOJIE3HO [JJIi TOHUMAaHMs TMpolecca KOJUPOBAHUS U METOAOB MOJYJISIHUU,
paccMaTpHUBAEMBIX B MOCIEAYIOIUX pa3ieax.

3.3.1. YcpenHeHue no BpeMeHH, MOIIHOCTDh M CPeIHEKBAIPATHYECKOe
3navenue (CKO)

[lepen paccMOTpEHHEM CHEKTPAIBHBIX XapaKTEPUCTHK CUTHAJIOB, HYXKHO
MOHATH PA3JIMYHbIE METOJBI UX OMUCAHUsA BO BPEMEHH. MBI KPaTKO pacCMOTPUM
NOHSTHUS YCPEIHEHUS IO BPEMEHU, TPUBEAECHHON (HOpMaJIU30BaHHON) MOIIIHOCTH
U CPEAHEKBAAPATUYECKOIO 3HAYCHUS CUTHAJIA.

YcpenneHHOe 1O  BpEeMEHHM WIM CpenHee 3HadeHue (MOCTOsSHHAs
COCTABJISIFOIIAs) CUTHAJA @(1):

T/2

(o(t)) = hin% [o()dt. (3.1)

-T/2

Jlnst nepuoandeckoro curuana ¢popmya (3.1) ynporaercs:

Ty /2

<a)(t)>=Tl [y, (3.2)

0o -T,/2

rae Ty — nepuoj curHana.

He3aBucumo OT TOro, B KaKuxX €IMHULIAX U3MEPEHUS OMUCAH CUTHAT W(?) -
BOJIBT, aMmImep, BOJBT/M WIM amMIep/M, €ro BO3BEICHHUE B KBaapaT JdaeT
IPUBEICHHYIO MOIIIHOCTh B BATTax (COOTBETCTBYIOIIAS PE3UCTUBHAS KOMIIOHEHTA
OpUHUMaeTcsl paBHOW enuHuue). llpuBeneHHas cpenHsAs MOIIHOCTb CHUTHala
paBHa

T/2

P=<w2(t)>:1Tig.;% [ (n)dt. (3.3)

=T/2

KBagpaTHpli KOpEeHb W3 IIPUBEICHHOW CpPEIHEM MOIIHOCTH JAeT
cpeanekBaapatuuHoe 3Hauenue (CKB) curnana:

o=/(e’®). (3.4)

[ToHsiTUST BpEMEHHOIO YycpeaHeHus, npuBeaeHHoW MmouiHocth u CKB
OyIyT BaKHbI IPY PACCMOTPEHHUH CIIEKTPOB CUTHAJIOB.
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3.3.2. IIpeoOpazoBanne Pypbe U CIEKTPHI

Kaxnplii curHan mMokeT ObITh MPEACTaBIEH B BHJE CIEKTpPa 4acTOT. DTH
YaCTOThI TMO3BOJISIET OMNpeneauTh npeoOpazoBanue dypne. Takoe omnpeneneHue
MOJIE3HO HE TOJIbKO JHJisi COTJIACOBAHMS C pErjlaMeHTaMu, HO Takke U s
COTJIACOBAHUSI YACTOTHBIX XapaKTEPUCTUK KOMIIOHEHTOB CHUCTEMbI. AHTEHHBI,
HalpuMep, UMEIOT ONPE/ICSICHHbIC YaCTOTHBIC (CHEKTPaIbHbIE) XapaKTePUCTUKH,
B COOTBETCTBUU C KOTOPHIMU OHU MOTYT 3(P(HEKTUBHO U3IydaTh WJIM NPUHUMATH
curHaisl. [lepenaya win npueM KOMIOHEHTOB YacTOThl CHUTHAJA, HAXOJSIIUXCS
BHE OTOM CHEKTpalbHOM XapaKTepUCTUKHU, OyAyT HEBO3MOXKHBI. 3a4acTyrO
aHTEHHBI UCTIOJIB3YIOTCS B KAUECTBE 2JIEMEHTOB (huUibTpaluu. B aTom paszzaene mMbl
KpaTKO pacCMOTPUM TMPHUHIUIIBI U TEPMHUHBI, KOTOPHIE HCIOJB3YIOTCS ISt
ONUCAHUS CUTHAJIOB M CIIEKTPOB YaCTOT, CBA3aHHBIX C HUMHU.

3.3.2.1 [IpAMOYTOJIbHBII UMITYJIbC
Ecoim MBI paccMarpuBaeM NpPsIMOYTOJBHBIM HMIIYJIBC BO BpPEMEHHOM

obsactu a(t) ¢ AIUTEIBHOCTHIO UMITyJibca 1" v aMIuTyaou A (puc. 3.1.a), To amus

€ro MpeJCTaBJICHUS B YACTOTHOW OOJACTH HCMONB3YIOT IpeodpazoBanue dypne
[24]:

w(f=] Ae‘fz”ﬁdt:%(e’”’ﬂ—1)=ATe""ﬂ —SI%T . (3.5)

Ota (QYHKIHUS HMEET pa3sMEpPHOCTh BEIWYWHBI, OIPEACICHHON Ha
BPEMEHHOMU OCH, JICJICHHOW HA €IMHUILY YacCTOThI, TO €CTh Ha Tepll. B cirydae ecim
u(t) — namnpsbxenue, To W(f) umeer paamMepHOCTh BOJLT/Tepil. Bennunna (Moyib)
CIIEKTpa MPSIMOYTOJILHOTO UMITYJIbCA B YaCTOTHOM 00JIACTH UMEET BU]L

A 1
()= Tm[z —2cos2#T) . (3.6)

Monynp  cnekTpa  NOpSMOYTOJbHOTO — HMITyJIbCa  HIPEJICTaBICH  Ha
pucyske 3.1b.
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w(t)
(WD)

T

(a)

| -
| o

(b)

Puc. 3.1. (a) — amropa npsIMOyrobHOTO UMITYJIbCa BO BpeMeHH, (b) — criekTp
IPSIMOYTOJIBHOTO UMITYJIBCA.

Ha wyacTtoTHOWM oOCHM mpW KaXXIOM KpaTHOM 4YHCIE, KOTOpoe oOpaTHO
JUIMTEIbHOCTH HUMITYJIbCa, MUMEIOTCA HYJIU, a TakKe IHUKH, HaXOJsAIIUecs Ha
PaBHOM paccTOSIHUM MexAy HysMu. [luk B Hyne umeer Benuuuny A7,, Apyrue
MUKA UMEIOT BEJTMYHHBI:

24T/nz, |n|=3,57,.... (3.7)

OO1mras TIomnaak Mo KPUBOK OrMOAaroIIel ClieKTpa JaeT CpeiHee 3HauYCHHe
CUTHaJa B €IMHUIIAX €r0 U3MEPEHHUSI.

3Has CIEKTp CHUTHaJa, Ml MOYKEM HAaWTH €ro CIEKTPAJIbHYIO IIOTHOCTH
morrHocTH S (CIIM, anrn. Power Spectral Density — PSD) 3a nepuon 7

S =1lim —‘WT (f)‘ .

lim| - (3.8)

CrnektpanbHas 1ioTHOCTh MomtHocTH (CIIM) mpsMOyroiapHOTO MMITYJIhCa
MoKa3aHa Ha puc. 3.2.
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CIIM(f)

—

——"f;

2 1 1 2

T T T T
Puc. 3.2. CnekTpanpHasi IJIOTHOCTh MOIITHOCTH MPSAMOYTOJIBHOTO UMITYJIbCA.

OO6mias mIomIaab TOJ KPUBOW CIEKTPAIbHON TIJIOTHOCTH MOIIHOCTH
COOTBETCTBYET YCPEAHEHHOM 110 BPEMEHH MOIIHOCTU CUTHAJIA.

3.3.2.2. I[locnenoBaTeabHOCTD MPSAMOYTOJIBHBIX UMITYJIbCOB

Ecnm MBI paccMaTpuBaeM B TEUEHHE BCErO BPEMEHHM MOCIEAO0BATEIBHOCTh
IPSIMOYTOJIBHBIX UMITYJIbCOB JUIMTENBHOCTHIO T, 1 iepuosoM Ty (puc. 3.3), To ero
CIEKTP MOKHO ONPEIEIUTh NpH MoMoIHu psga Oypee.

w(t)

Tr To To+Tr2To

Puc. 3.3. IlocnenoBarenbHOCTh NIPSIMOYTOIBHBIX UMITYJIBCOB JUIMTEIIBHOCTBIO
T, =T,

CrexTp nepuoAM4eCKOro CUrHajia paBeH:

n=00

W(f)=2c,0(f =nf,), 3.9)

n=-—00
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rae fo= 1/Ty. Csxem T ¢ T, Ipy MIOMOITH ITOCTOSSHHOM 7, KOTOpask ONpeeaseTcs
u3 T, = r -Ty. Torna xkodgduiiuents Pypbe ¢, B KOMIUIEKCHOM BUJE OMPEIEIATCS
CIeAYIOIUM 00pa3oMm:

c = Ti jo”" Ae ™" dt = j% (e*™ —1). (3.10)
®opmyny (3.10) MOKHO 3anucaTh B HHOM BUJIE:

Ar, n=0,
o j%(e"z”"’—l), n#0. G-11)
Monyns ko3 dunmnentoB Oypobe:

Ar, n=0,
| = %}1‘[2 — 2cos(27znr)]%, n#0. (3-12)

Moaynu cnekrpoB npu » = 0,25, r = 0,5 u r = 0,75 npencrapiieHsl Ha
puc. 3.4. CnexTpajbHble JUHUU TMOSBISIOTCS HA YacTOTaX, KPaTHBIX fy, a HUX

BCIIMUMHA N3MCHSICTCA 110 KpI/IBOfI, COOTBCTCTBYIOH_ICIZ OFPI6&IOI[I€I>'I
HerepBIBHOFO CHeKTpa OJNMHOYHOI'O HpﬁMOYI‘OJ’IbHOFO I/IMHYJ'IBCEl
JUIATEILHOCTBIO 7.
WD) IW() [W(F)|
éATo _3ATO EATO
4 4 4 /7 r\
ATo ATo ATo \\
2 ¥ N 2 iy
ATo To . ATo |
e L F1
-~ - J 4
— Ahn Y
b 1 L L A 2
2Tr 2Tr Tr Tr Tr Tr Tr Tr

(@) (b) (©)
Puc. 3.4. Moaynu cnektpa st Tpex otHouenuit 7, k To: (a) Y4, (b) 2 u (c) Ya.

[[luprHa 1ONOCHI YacTOT, KOTOPYK0 3aHUMAET CIEKTP, HW3MEHAETCS
COOTBETCTBEHHO OruOarolieil KpuBOM HENPEPBIBHOIO CIEKTpa. BuiHo, 4To €
YMEHBIICHUEM JUIMTEIBHOCTA MMITYJIbCA, BEJIMYMHA CHEKTPAJIBHBIX JIMHHAU
[1a/1a€T, HO BCE OHM PaCIIpelIeIeHbl B 00iee IUPOKOH MOJI0CE YaCTOT. DTO MOXKET
INPUBECTH K CJOXKHOCTSIM C IIPUEMOM TaKMX CHUTHAJIOB Y3KOIOJIOCHBIMHU
AHTEHHaMH, [P 3TOM MOXET YMEHBIIUTHCS COOTHOLIEHUE CUTHAN/IIyM. Takke
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BO3MO>KHBI IIPOOJIEMBI, CBSI3aHHBIE C MPEBBIIICHUEM JOMYCTUMON perjaMeHTaMu
LIMPUHBI CIEKTPA U3JIYyUYECHUS.

CrnexTpanpHas INIOTHOCTh MOIIHOCTH IEPUOANYECKUX HMITYJBCOB MOKET
ObITh HalijleHa TpPU TOMOIIM BO3BEACHHUS B KBaApaT MOAYJIS KO3(PPHUIMEHTOB
Dypse:

n=9w0

S(f)=2

n=—00

“5(f —nf,). (3.13)

c
n

CyMMa CHEKTPaJIbHBIX JJUHUW OT 77 = — 00 JI0 M = + 00 COOTBETCTBYET CpPEOHEN
MOIITHOCTH CUTHAJA.

3.3.2.3 @unprpanus

JpyruM o4YeHb BaXXKHBIM TPUHIIUIIOM OLIEHKH CHUCTEM CBSI3U SIBIISETCS
NPUHLAIN JIMHEMHON WHBapHaHTHOCTH [24]. JIMHEWHO-WHBapUAHTHBIE CHUCTEMBI
(JIUC) — DO3TO CHCTEMBI, KOTOpbIE SABJISAIOTCA JIMHEWHBIMH, TO €CTh
NOIUYUHSIOIIMMHUCS MPUHLNITY CYNEPIIO3ULINHA, 1 UHBAPUAHTHBIMU BO BPEMEHHU, B
KOTOPBIX BpEMEHHAas 3aJep>KKa BXOJHOIO CHIHajga COOTBETCTBYET TaKOW ke
BPEMEHHOW 3aJICPKKE BBIXOAHOTO cHrHana. [Ipm moMomu 3THX CBOWMCTB MBI
MO>KEM OLIEHHMBATh O0JIee CIOXKHBbIE CUTHAJBI, BKIO4as 3pexTr ¢puiabTpanuu, a
TAaK)K€ COBPEMEHHBIE METOAbl MOAYJIsAUMU. KOpPOTKO OmnuIleM NpUMEHEHHE
npunuunos JIMC qis punsrpanuu.

Korga Ha BXOJ 3TOM JUHEWHOW CHUCTEMbI, HampuMmep, GUiIbTpa, MoJaeTCs
uMIysbc (Aenbra (yHKUHS), HA €€ BbIXOAE OyleT CUTHall, COOTBETCTBYIOLIUMN
VMIIYJIbCHOM XapaKTEpPUCTUKE DTOM CHUCTEMBI. VIMIyJsibCHas XapaKTEepUCTHUKA
CUCTEMBI yA00HA, TMOCKOJbKY OHa TO3BOJISIET HEMOCPEACTBEHHO OMNPENEsITh
BBIXOJIHOW CUTHAJ JTaHHOW CHUCTEMBI MO BXOJHOMY. CBEpTKa BXOJHOTO CHTHAJIA
x(f) ¢ peakiyei Ha UMITYJILCHOE BO3MYILIEHHE /1(f) JaeT BHIXOHOU curHam y(?).

B yacToTHOI1 0651acTH onepaliys CBEPTKU COOTBETCTBYET YMHOKEHUIO, TO3TOMY:

Y(f) = X(f) H(p), (3.14)

rae H(f) Ha3piBaeTCcsl YaCTOTHOM XapaKTEPUCTUKON WUIIM MEpeNaTOuYHOM (yHKITHEH
CUCTEMBI, TOCKOJIBKY OHa IpeodpasyeT BXOIHOM cekTp X(f) B BBIXOIHOM CHEKTP
Y().

Temepp, e€cnv MBI PACCMOTPHUM IOCIEAOBATEIBHOCTD IPSAMOYTOJBHBIX
uMIyJa6coB (3.9) W mpomycTUM ee 4epe3 HEKOTOPYI0 CHCTEMY C YacTOTHOMU
xapakrepuctukoit H(f), Mbl Haiiaem:

Y(f) = S e, Hnf,)5(f —nf,). (3.15)

n=—00

54



55

B ciayuyae RC ¢unpTpa HU3KHX YacTOT Mbl C HEKOTOPBIM YINPOILEHUEM
MO>XEM OIPEACIINTh €r0 YACTOTHYK XapaKTEPUCTHKY MpPHU IOMOIIM 3aKOHOB
Kupxroda u nmpeodpazopanus Oypre. YHactoTHas xapakrepuctuka RC punbTpa:

1
H(f)= : 3.16
/) 1+ j(22RC) f (3.16)
[ToncranoBka B hopmyiny (3.14) mo3BOJISIE€T MOTYIUTh:
=3 1
Y(f)=2c o(f =nfy), 3.17)

S+ jJQARCOf,

rae  koddduimentel ¢, onpenensioTcs Gopmynoit (3.10). PaccmarpuBas
MOCJIEIOBATENBLHOCTh MPSIMOYTOJBHBIX UMIYJILCOB € # = 0,5 m nmoctosinHOi RC,
paBHOi 7,/6, MBI MOXXEM MPEICTAaBUTh CUTHAN u(f) U MOAYJIb CIIEKTpa Ha BBIXOJE
dbunetpa |Y(f)] kak mokazaHo Ha pwuc.3.5. Mbl BUIUM, YTO BBICOKOUYACTOTHBIE
KOMITOHEHTBHI CIHEKTpa OMYCTWJINCh HUXKE AaHAJOTMYHBIX KOMIIOHEHT CIEKTpa
IPSIMOYTOJIbHBIX UMITYJILCOB 10 (DUIIBTpAINH, PUBEICHHBIX HA pUC. 3.4.

wit) [W(E)
EATO
—
ATo
i
| | A4 AT A
| | | a \
- —
| : | L N f
t l 1
Tr To To+Tr 2To “Tr Tr
(a) (b)

Puc. 3.5. [locnenoBarenbHOCTh MPSAMOYTOJIBHBIX UMITYJIECOB HA BBIXOJE (PHIBTPA
HU3KHUX 4acToT: () — curHai, (b) — MOAysb CIEKTpa.

3.3.2.4. Monynsus

Curnanbl, KOTOpPbIE MBI PACCMOTPENM K HACTOSILIEMY BPEMEHH, ObLIU
BUJICOCUTHAJIAMH, CIEKTPBI KOTOPBIX COCPEIOTOYEHBI OKOJIO HYJIEBOM YacCTOTHI.
[Ipn nepemaue uHboOpManMK MO OECHPOBOJHBIM KaHallaM HEOOXOIMMO MpHU
MIOMOIIIM MOJYJSIUMNA MEPEHECTH BHUJIEOCUTHAN HA 4YacTOTy HECYIIErO CUTHAJIA.
Tem campIM  co3maeTcs  MOIYJIMPOBAHHBIM  CUTHal  CO  CIEKTPOM,
COCPEOTOYEHHBIM OKOJIO HECYIIIEH YACTOTHI.
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Ilepen paccMOTpeHHEM MOIYJISIMM B MOCIEAYIOUIMX pa3zenax MOJE3HO
UCCIIEZIOBATh O0IKE CIIEKTPAJIbHbIE XapaKTEPUCTUKUA MOAYIMPOBAHHOTO CUTHAJIA.
[lonocoBoM CUrHas ¢ HECYLIEN YacTOTOM ., MOIYJIUPOBAHHBIN BUAECOCUTHAIOM
g(f) MOXHO TIpeICTaBUTh B BUJE [24]:

v(£) = Re{g(H)e”"} = g(f)cos(w.). (3.18)
CrexTp Takoro cUrHaja:

V) = 2lG(f = 1) + G = 1o)); (3.19)

a CT'0 CIICKTpaJIbHAA INIOTHOCTH MOIITHOCTH:

Suf) = ValSolf = fo) + Se(-f = fo)]- (3.20)

Kaxk noka3eiBaet Beipaxkenue (3.19), nmporecc MOIYyIISIIIMU COCPENOTAUYNBAECT
CIIEKTP IOJIOCOBOI'O CUT'HAJIA BOKPYT ITOJIOKUTEIBHOW M OTPULIATENBHON HECYLIEN
YaCTOTBI, IIPX 3TOM BEJIIMYHMHA CIIEKTPAIbHOM JIMHUM KaXJOW COCTaBIISIOLIEH
JENUTCST TOTNojiaM. AHAJIOTMYHBIN pe3ynbTaT BUIEH M3 BblpaxkeHus (3.20) s
CIIEKTPAJIBHOM MNIOTHOCTYA MOUTHOCTH CUTHAIA.

3.3.2.5. llupuna criexTpa

[IpencraBienne O MIUPUHE CIEKTPa SIBISETCS OCOOCHHO BAXKHBIM C TOYKHU
3pEeHUs. CKOPOCTU Tepeadd JaHHBIX, COOTHOIIEHWS MOIIHOCTH CHUTHala K
MOIIIHOCTH IITyMa W YJOBJIETBOPEHHUS HOpMaM periiaMeHToB. BooOrie, mmupuHa
CHEKTpa — 3TO 00JIACTh TOJOXKUTEIBHBIX YACTOT, KOTOPbIC 3aHUMAET CHUTHAII,
OJIHAKO OJTHO3HAYHOTO OIpPEAEJICHUsI HE CyIIeCTBYeT. Mbl JaguM T€ HEKOTOpbIE
ONpEeICNICHUS], C KOTOPBIMH CTOJIKHEMCS B JalibHEHIIEM [24]:

e AOconroTHas IIMpPUHA CHEKTpa — JIMaINa30H 4acTOT, BHE KOTOPOrO YPOBEHb
CHEKTPaJIbHBIX COCTABJISIIOUIMX PABEH HYJIIO.

o Illupuna criekTpa o ypoBHIO n Ab, rje n — HEKOTOPOE 3HAYEHUE, OOBIYHO
paBHoe 3, 20, mnu 60 nb — 3TO aMama3zoH 4acToT, A€ YPOBEHb CHEKTPAJIBHBIX
COCTABJISIIOIIMX HE OMYCKAETCsl HUKE MAaKCUMAJIbHOTO 3HAUYEHHUS, paBHOTO h 11b.

o Ilupuna crnekTpa 1Mo MEPBBIM HYJSIM JJIsl CUCTEM OIPaHUYEHHOM IOJIOCOMN
IPONyCKaHUsl — JUana3oH YacTOT MEXAy IEPBBIMU HYJISMHU BBIIIE U HIXKE
LEHTPaIbHON YaCTOTBHI.

[Ipu paccMOTpeHMM TapaMETPOB CHUTHaja B OTHOCUTEIBHBIX €IMHUIAX
MOXHO HE YyKa3blBaTh ONpPEACIICHHE MUPUHBI crnektpa. OaHako mpu
PACCMOTPEHMHM CHTHAJOB B aOCOJIOTHBIX EAMHHUIAX JIOJDKHO OBITH JIaHO
KOHKPETHOE OINPEIECIICHUE IUPUHBI CIIEKTPA.
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3.4. KonupoBaHue B JIMHUM NepeIavYd CUTHAJIA

B mmudpoBeIx cucteMax CBS3M CHMBOJIBI IBOWYHBIX JAaHHBIX JOJKHBI OBITH
npeoOpa3oBanbl B popmy, KoTopas Obuta Obl ynoOHOM npu ux nepeaade. OObBIIHO
ATO JeNaeTcsl MpU MOMOIIM Mepejayu MOoCIeI0BaTeIbHOCTU UMITYJILCOB, KOTOpPbHIE
dbopmaTUpoBaHbl Ji1 TPEACTABICHUS CHUMBOJOB JaHHBIX. Takoe HMITYJIbCHOE
dbopmaTUpoBaHUE YACTO Ha3bIBa€TCS JIMHEHHBIM KoaupoBaHueMm. KpaTko
paccMOTpUM JIMHEWHOE KOJIMPOBAHME C TOYKU 3pEHHs] O€CHpOBOJHON mepeaadu
naHHbIX B TexHoaoruu RFID.

JluneiitHoe KOAMpPOBAHHWE BO3HUKIO B TeledOHUM, TIe Iepeaaya
OCYHIIECTBJISUIACh MO JIMHUSIM M3 MEIHBIX NOpoBOAOB [25]. OpHako Takoe
KOJUPOBAHME HAXOIUT UIMPOKOE IMPUMEHEHHEe M B OECHpOBOJHON mepenaye
naHHbeIX. Ha puc.3.6. moka3zanbl 0OBIYHO MCIIONIb3yEeMble METOIbI KOAUpOBaHus. B
3aBUCUMOCTH OT HUCIIOJIHEHHUSI OHHM MOTYT OBITh JBYX WJIM TPEX YPOBHEBBHIC —
ITOJIOKUTEIIbHBIM U HYJIEBOM YPOBEHb, WJIM IOJOKUTEIbHBIN, OTPULIATEIbHBIA U
HyJIEBOM YpOBHHM. Te CHUIrHaibl, KOTOPBIE MCIOJIB3YIOT IIOJOXKUTEIBHBIN U
OTpUIIATENbHBIN YPOBHU, HA3bIBAIOT OUIOISPHBIMU WM MOJSPHBIMU, & CUTHAJIBI,
KOTOPBIE€ HCHOJIB3YIOT TOJBKO MOJIOKUTEIBHBIA U HYJIEBOW YPOBHH, OTHOCATCS K
YHUNOJISIPHBIM. [IOCKOJIBKY JIMHEWMHOE KOAUPOBAHUE UCIIOIB3YETCA B MPOBOJAHOM,
Y3KOTIOJIOCHOM TMepefaye JaHHBIX, BBIOOp YpOBHEH HMEET CYIIECTBEHHOE
3HAYEHUE.

Tak kak B cucremax RFID mnepenaroTcsa y3KOIMOJOCHBIE CHUTHAJIBI,
3aKOJIMPOBaHHAS  TOCJIEIOBATEILHOCTh HMIYJIBCOB MOAYJHPYET HECYIIYIO
4acTOTy. B 3aBUCHMOCTH OT HCIOJIB3YeMOW CXEMbl MOAYJAIMH MOXET OBITh
HEOOXOIMMBIM TIpeoOpa3oBaHre OUIOJISIPHOTO K YHHUIIOJISPHOMY CHUTHAJy, Kak,
HalpuMep, B cllydae aMIUTMTYJIHOM MaHMMIyJsanuu. Mbel He OyaeMm MoJapoOHO
AHAUIM3UPOBATH KOJUPOBAHWE JI0 TEX IIOp, IIOKA HE PACCMOTPUM IIPOIECC
MOJYJISIIAM, TTIOCKOJBbKY M KOJAWUPOBAHUE W MOIYJISLMS COBMECTHO OIPEACISIOT
MOJIOCY TPOITYCKaHUs, BEPOATHOCTh OIIMOKU U CIOKHOCTh NMpPUEMHHUKA. TeM He
MEHEE, Mbl PACCMOTPUM CIIEKTPAIbHBIE IIOTHOCTH MOIIHOCTHA HHTEPECYIOIINX
HAac coco0OB KOAUPOBAHHS.
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Puc. 3.6. CiocoObl koaupoBaHusl, ucnoiabzyemble B cuctemax RFID.

CymiecTByeT J1Ba OCHOBHBIX KJIAaccCa JMHEWHBIX KOJOB: YPOBHEBBIE KOJABI U
nepexo/iHple Kol [25]. YpoBHEBBIE KOJABI COAEpPKAT UHPOPMAIIUIO B YPOBHE
CUTHAJIa W JaHHble OOBIYHO JIEKOJUPYIOTCS MTHOBEHHO, HE3aBHUCHUMO OT
IpeaIecTBYIOMUX JaHHBIX. [IpruMepamMu moJoOHBIX YPOBHEBBIX KOJOB SBIISIOTCS
ko2l 6e3 Bo3Bpata k HyNI0 (Non Return to Zero — NRZ) u ¢ Bo3BparoM K HyJIIO
(Return to Zero — RZ). Ilepexomnble KOABI C JPYrod CTOPOHBI, COJEPH AT
uHpopManmio B mepexogax curHaiza. Camu 1mepexoAbl MOTyT  OBITb
MIHOBEHHBIMHM, HO OHHM OIIPEAEISIOTCS HAa OCHOBE JAHHBIX NaMATH, KOTOpas
¢ukcupyer 3akomupoBaHHble gaHHble. OObuHO B TexHoioruu RFID
UCTIOJIB3YIOTCSl TaKHE KOJbI, Kak MaHuecTepckuil Ko (Ko ¢ mepexoaoM (a3bl) —
Manchester, kon Mumnepa (kox ¢ moxyssiueit 3aaepxku) — Miller, u koq FMO
(1Byx(a30BO-IIPOCTPAHCTBEHHBI KOJA) — O3TO BCe JUHEHHbIE Konabl. Kombl
Munnepa u FMO ucHonp3yrOT maMsaTe O NPEABIAYIIEM COCTOSSHHM KOJa, a
ManuecTtepckuil Koa — He ucnonb3yeT. Bpems-umnynbcHas moxyisuusa (BUM,
auri. PTM — Pulse Time Modulation) s nepegaun mHpopMamuu BapbUpyeT
JUIMTENBHOCTh HMITYJIbCA M TOAPA3ACISIETCS HAa  MHUPOTHO-UMITYJIBCHYIO
voaymsamuto (IIUM, anrn. PWM — Pulse Width Modulation) u ¢a3o-
uMIyabcHy0 Moy (OUM, anrn. PPM — Pulse Position Modulation). 910
HE JIMHEIHbIE KOJbI U Takue CcrocoObl KOJUPOBAHUS TAKXKE MCHOJB3YIOTCSA IpU
KOJVMPOBAHUM Y3KOIIOJIOCHBIX CUTHAJIOB.

Croco6 MaHuecTepckoro KOAMPOBAHMS, M3BECTHBIM Takke  Kak
pacierieHHO-(pa30Boe KOAUPOBaHHUE MM UPPOBOM ABYX(ha3HbIN KO, SBISETCS
MTHOBEHHBIM TE€peXOHBIM KoJoM. Ha3Banwe nByx(a3Hblii MPOMCXOIUT HU3-3a
TOT0, YTO IO CYIIECTBY MPSMOYTOJbHas BOJHA co cABuroM ¢asel 0 rpamycos
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COOTBETCTBYeT 1, a mpsMOyrojibHas BojHa co casBurom (asel 180 rpamycoB
cootBercTByeT (. Takasg cuTyalus MOKET BBI3BIBATH CIIOKHOCTH NPHU IPUEME H,
KpOME TOTO0, 3TOT KOJ[ 110 CPAaBHEHUIO C APYTMMH KOJAAMU UMEET 0ojiee MIUPOKUN
CIIEKTp U HE crocoOeH oOHapykuBaTh omMOKU. TeM He MeHee MaHuecTepcKuit
KOJ| IIMPOKO HCIOJIb3yeTcsl B JOKanbHBIX ceTsax Ethernet. OH ynoOen motomy,
YTO, HECMOTPSI Ha OUTOJISIPHYIO (DOPMY, HE UMEET MOCTOSIHHOW COCTABJISIIOLIEH.

KonnpoBanne Musiepa — Ipyroi nepexoiHblil KOJ, KOTOPBI, B OTIMYHE
or MaHuecTepckoro kojaa, TpeOyeT Haluyusi NaMsATd O [peablaylen
uHpopMarmu. OH 00ecreunBaeT XOpolLIee BPEMEHHOE PaCHpEEICeHUE, IPUUEM,
10 CpaBHEHHUIO ¢ MaHuecTepckuM KoaoM, 0e3 paciipenus crekrpa. Kpome toro
kox Mumiepa Oosee ynoOeH A MOIYJALMH, TaK Kak B AITOM Clydae
OTCYTCTBYIOT CJIOHOCTH C IEpEX0A0M (ha3bl.

Komupoanne  FMO, Taxke  um3BecTHOe  Kak  JByx(da3zoBo -
IIPOCTPAHCTBEHHBIN KOJ, SIBJISETCS €1Ie OAHUM MEPEXOJHBIM KOJIOM, KOTOPBIU
TpeOyeT Hamuuusi mamsatTd wuHopmanuu. KommpoBanme FMO moxoxe Ha
KOIHMpoBaHHEe Mwuiepa, OJHAKO B 3TOM CIIydae MEPexo] MPOUCXOAUT TOYHO B
HaJyajie KaXJOoro OWTOBOTO TEpHoJa. IJTO MPHUBOAWT K OoJee JEeTKOMY
00€CTIEeYeHUI0 CUHXPOHM3ALUM TpU TpUEME, OJHAKO, 3a CYET pacIIupeHus
CIIEKTpa.

Bpemsa-umnynscHas moxyisiuusa (BMIM) — sto Takoil kimacc cmnocoOoB
KOJIMPOBAHUSI, KOTOPBIM OOBIYHO HMCIOJIB3YETCSA MJI KOAUPOBAHHUS aHAJIOTOBOTO
curHajga B 1udpoBoli Ha BpemeHHOMW mikaie [24]. BUM Bkitouaer mUApPOTHO-
uMiyascHyto monayisiuio (IIINUM) u dazo-ummnynscayio Moayssiiuio (OUM).
Takas momynsanus yacto ucnoib3dyercss B cucrtemax RFID g komupoBaHus
M (PPOBBIX CUTHAJIOB MPH BPEMEHHOM Tepeaade AaHHbIX. B koaupoBanun ®VIM
HAJIMYUe MOMAYJISIMKA HAa HEKOTOPOM HHTepBaie ((ppeiimMe) cooTBeTcTBYeT 1, a
OTCYTCTBUE MoayJsiuuu cooTBerctByer (. B mmumporHo-umnynbcHoit — WM
MOJYJISIUU, JBOWYHBIC €IWHHUIIBI M HYJIHX MOTYT OBITh MPEJACTABICHbI
Pa3IMYHBIMU JIUTEIBHOCTSIMU UMITYJIbCA 32 ONpPEIEICHHBIA UHTEPBal BPEMEHH.
Takue crmocoObl KOAMPOBAHUS JAHHBIX MOTYT OBITh BBITOJHBIMH C TOYKH 3PEHUS
obecrieueHus1 3aJaHHOM IMOJOCHl MPOMYCKaHMs, YJIYUIICHUS CUHXPOHU3AIUU U
CHIDKEHHS BEPOSITHOCTH OIIMOOK.

Paccmotpennbie KoJbl, 0OBIYHO HCTOJB3yeMbie B cucteMax RFID — ato
TOJIBKO HEKOTOpasi 4acTh KOJOB, OOJIBIIMHCTBO M3 KOTOPBIX ObUIM pa3padOTaHbI
JUISL TIPOBOJHBIX CHUCTeM. Tak Kak B MPOBOJHBIX U OECIPOBOJHBIX CHCTEMax
MpoLECChl MepeAayu W IpUeMa JaHHBIX, a TaKXKEe KaHaJbl PaclpOCTPaHEHUS
CUTHAJIOB CYIIIECTBEHHO PA3JUYHBI, TO JJII KOHKPETHOW 00JacTh MPUMEHEHUS
HEO0OXOJIMMO OTPEIeTUTh KOHKPETHBIM croco0 koaupoBaHus. [Ipu 3ToM KOMIBI
BHM o6ecnieunBaroT HEOOXOIUMYIO THOKOCTB BBIOODA.

B cnenyromem paszmene Mbl MPOAHATU3HPYEM PA3HUYHBIE CIOCOOBI
KOJIMPOBAHUSI CUTHAJIOB B COYETAHUU C MOIYJISILIUEH.
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3.4.1. CnekTpasibHas IIOTHOCTh MOIIIHOCTH CUTHAJIOB

XoTsi mepeHocunKoM WH(OpManuu B OECHPOBOIHON CBS3U SBISIETCS
MOJYJIUPOBAHHBIA HECYIIMH CUTHAN, MJi1 MCCIEIOBAHUS €ro CHEKTPaIbHBIX
XapaKTEPUCTHK 3HAYUTEIILHO Ooyiee ymao00€H COOCTBEHHO MOIYJIUPYIOIIHMA
KOJIOBbIM CcUTHal1. B 3aBUCHMMOCTM OT HCHOJB3yeMOTO THIIA MOJYJISIUU,
CIIEKTPAJIbHBIC XapPaKTEPUCTUKU, BEPOSTHO, OCTAHYTCS TEMHU K€ CaMbIMH, a
CIIEKTp OYyJIeT COCPENOTOUYECH OKOJIO HECYIIEH YacTOThl U YMEHBIIEH 0 BEJIUYNHE
cornmacHo dopmyie (3.19). Kak Obul0 yNOMSIHYTO BBIIIIE, MHOTHME M3 BHUJIOB
KOJMPOBAHMS MEPBOHAYAILHO OBUIM pa3pabOTaHbl B OUIIOISPHOM BapuaHTe. TeM
HE MeHee, OoJplasi 4acTh HUCCIENOBAHUNM MX CIEKTPAJbHBIX XapaKTEPUCTHK
OCHOBaHa Ha UCIOJIb30BAaHUU YHUTIOJISIPHOH (hopmbl. 1o npuymHam, OTMEYEHHBIM
B pazzene 3.4, Mbl Takke OyJIeM BBIYUCIIATH CIIEKTPATbHYIO IMIIOTHOCTh MOIIIHOCTH
KOJIMPOBAHHBIX CUTHAJIOB B YHHUIIOJSIPHOU popme.

Ectb naBa moaxoma k BbryucieHuto CIIM KOaWpOBAHHBIX CHUTHAJIOB —
JETEPMUHUPOBAHHBIE METOJIbI U BEPOATHOCTHBIE METOAbL. JleTepMUHUPOBAHHbBIC
METOJIBI BOOOIIIE W, B YaCTHOCTH, T€, KOTOPHIE MPEACTaBICHBI B paznene 3.2.2,
TpeOyIOT 00s3aTeNbHOrO0 3HAHUS TOYHOW (OpMBI curHama. B BepoATHOCTHBIX
MEeTOZaX Ha3HAYAIOTCSd BEPOSITHOCTH DJIEMEHTAPHBIX CUTHAJIOB, W3 KOTOPBIX
cocroutr cur”ai. Ilockonbky B cucremax RFID ocymectBisierca npuem
CIyYaHBIX MACHTU(UKAIMOHHBIX CHUTHAJIOB, MBI OyJIE€M HCIOJb30BaTh
BEPOSTHOCTHBIE MeTObI aHanu3a CITM.

YacTo ciydailHbIl Mpouecc, a B HAIIEM CIydae 3TO CUTHAJI Ha BBIXOJE
IpUEMHUKA, MMEET HEKOTOPYIO CIEeHU(PUUYECKYI0 CTPYKTYpPY, KOTOpas MOKET
XapaKTepU30BaThCs OTHOCHUTENIBHO HEOOJBIIMM KOJIMYECTBOM OrPaHUYEHUH.
[Tponiecc MapkoBa — oJiH U3 Takux MpoieccoB. [Iporeccs MapkoBa ONMChIBarOT
CIIy4aliHbI€ MPOIIECCHI, I Oyayllee COCTOSHHE 3aBUCUT TOJIBKO OT HACTOSIIETO
COCTOSIHUSI, a HE OT MPOILION UCTOpuH. B 00111eM, Takasi cUTyaius mpucyiia BceM
KOJMPOBAHHBIM CUTHAJIaM, KOTOPBhIE MbI OyneM paccMmarpuBath. Korma mmeercs
KOMOMHAIUSI JUCKPETHBIX COCTOSIHUM, mMpouecc MapkoBa Ha3bIBaETCS LEMbIO
Mapkosa [26].

Crnenys npubnmxenuto [27], KOTOpoe OCHOBaHO Ha [28], MBI paccCMOTpUM
MapkOBCKHIi CUTHAJI, KOTOPBIM COCTOMT W3 N DJIEMEHTApPHBIX CUTHAJIOB
(amemenToB) ¢ Habopom {s;?); i = 1, 2, ..., N} u obmum nepuogom Tj.
[TocnenoBaTeNbHOCTh CHUTHAJIOB XapaKTEpU3yeTcss HaO0OpOM  CTAallMOHAPHBIX
BeposiTHOCTeH {p ;; i = 1, 2, ..., N} u HaOOpPOM BEPOATHOCTEH mepexona {pi; i =
1, 2, ..., N}. CtanmoHapHble BEPOSITHOCTU MOKA3bIBAIOT BEPOATHOCThH MOSIBICHUS
ONPENEIICHHOTO 3JIEMEHTA, B TO BpPEMSI KaK BEPOSTHOCTU MEPEXOJa MOKA3bIBAKOT
BEPOSITHOCTh TOSBJIEHUS dJEMEHTAa S;, IMOcie »dyieMeHTa s§;. opMallbHO
BEPOSITHOCTHU TMEPEX0JIa ONPECIISFOTCS CISAYIOIUM 00pa3oM:

pix=P{s,=kls, =1}, i,k>1. (3.21)
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OTU BEpOSITHOCTH MOTYT OBITh BBIPAXKEHBI B BHJIE MATPHUIILI BEPOATHOCTEH

P:
_pll P, plN_
Pi ])'21 p'zz p‘zzv , (3.22)
| Pvi Pya o+ P

rac 3JICMCHTBI MaTpUIbI JOJIZKHBI YAOBJICTBOPATH YCIOBUAM!
.20, Sp =1 i=12..,N. (3.23)
k=0

Ha ocHOBe Takoro CTaTUCTHYECKOTO OMHUCAHUSI, CIIEKTpajibHasl MIOTHOCTh
MOIITHOCTH CUTHAaJIa OnpeesieTcs cieayommum oopasom [28]:

2

n=00

S =75 S eS| 1| o —2)e Splsf

=—0 1
v n i=

(3.24)
+ —Re|:z Z piSi* (f)Sk (f)pik (e—jw‘Ta ):|’

i=l k=1
s

rae S; sBisercs mpeoOpasoBanueM Dypbe W curHama s;, KOTOpPoe 3adaHHO
dbopmyioii (3.5), S;* — KOMIUIEKCHOE COMPSDKEHUE S;, a BEPOSITHOCTH MEpexoia

P (2)= Zp"” : (3.25)

n=l

Benuuuna p;(n) onpeneneHa Kak BEPOSTHOCTb TOTO, YTO DJIEMEHT S MepeaH
yepes n I/IHTepBaJIOB nocie s; . 91o ik-Teiii snement martpuipl PU. Taxoke, 1Mo

OIIPEICIICHHIO, pfk” =p,.

JIJist cUTHANOB, KOAUPOBAHHBIX JTUHEHHBIMHU KOJIaMH, KOTOPbIE HE TPEOYIOT
naMsTH, TOCIEIOBATEIbHOCTh  JJEMEHTOB  COBEpIIEHHO  Cly4ailHa, U
MOCIICAYIONINI 3JIEMEHT HE WMEEeT HHUKAaKOW 3aBHCHMOCTH OT HACTOSIIETO
snemenTa. B atom ciiydae, P' = P st Bcex n > 1 u hopmyia (3/24) ynpormaeres:
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2
1 n=o0

S =—

T .= )+
2N

=33 pp, RelS.(NSI()

ﬁ:pl(l—plxsl(f)‘z -

-1

S(f -

~N |=

i1 T

N

N
>.pS, ﬁj

Mﬂ|’_k

“

(3.26)

e

Hanee, xorma N =2,ap,= pu p,=1 - p, CIIM npuHuMaeT BUJI:

S() =2 anpS(T}(l PS, (T]

[Ipy oMo TOIMYYEHHBIX COOTHOILICHUH Mbl BBIYMCIUM CIIEKTpaJbHbIC
IUIOTHOCTA MOIIHOCTH YHHUNOJSAPHBIX KOAOB NRZ, RZ, Manuecrepa, Mumepa,
FMO u BHUM. Cnauana wmbl paccMoTpuM Konbl 0Oe3 mamstu NRZ, RZ,
Manuectepa, BUM u ®UNM, 3arem ¢ namsatbio — Muuiepa u FMO.

2

5(f—”)+T1p( PIS(N-S.(N. (3.27)

34.1.1. Konr NRZ

Kox NRZ cocTout u3 AByX 371€eMEHTapHBIX CUTHAJIOB:

si(t)y=4, 0=L¢t<T,

(3.28)
sz(t)=0, OSfSTS.
Hp606p8,30BaHI/I$I CDpre CUTHAJIOB KOJ4a:
W (f) — ATe—jfy‘TS Sinz(ﬂ)
! “ ol (3.29)

w,(f)=0.

Hcnonw3ys ¢opmyiy (3.27) 1 HOpMHPYS TI0 dSHEPTHH E; = AT, MOJIYYUM
CIIEKTPAJIbHYIO INIOTHOCTh MOIIHOCTH KOJ1a NRZ:

S sin® (T

SU)_ pa— py ST, (3.30)

E, (#T,)

Korma nBowuHble CHTHambBl PaBHOBEPOATHBI (p = 2), dopmyna (3.30)

npruoOpeTaeT BUI:
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S(f) _sin*(4T,)
E. (#L)

(3.31)

34.1.2. Kon RZ

Yuunomnsipueiii ko RZ mogoben komy NRZ 3a uckitoueHueM TOro, 4To
DJIEMEHT JBOMYHOW €JUHUIBI BO3BPAIACTCA B HOJIb Y€pe3 MOJOBUHY OUTOBOTO
nepuoja. /IBa anemMeHnTa Koja ciieayroumue:

si()=A4, 0<t<T)/2,

(3.32)
sz(t)=0, OSfSTs.
[IpeobpazoBanust dypbe STUX CUTHAJIOB:
VVI (f) = ﬂe*/ﬂﬂ;/z Sln(# Ts /2) ,
2 7' T,)2 (3.33)
w,(f)=0.

[IpousBenss 3ameny mnepeMeHHBIX B (opmyne (3.27) U HOpMHpYS 10
sHepruu E; = AT, v, noryuum CIIM kona RZ:

S(H_p P e(2Y{, n) pd-psin’(7T/2)
E _47”35(f)+4T Z(lm) 5(f T]Jr 1 (7#2/2)2 . (3.34)

) s

n=-—0
n#0

Korma pnBowdHBIE CHTHAIBI PaBHOBEPOATHBI (p = 2), dopmyna (3.34)
MPUHUMAET BUJI:

L L2 on), 1sin’(HT/2)
E _16TS 5(f)+16TS n:zw(nﬂj §[f TJ+16 (7 T /2) : (3.35)

N s

n#0
3.4.1.3. Kox Manuecrepa

B ynunonspuo#t popme 1Ba anemeHTa kojaa Manuectepa ciieayromnme:

si()=4, 0<t<T)/2,
(3.36)
ss(H)=A, TJ2<t<T.

[TpeoOpazoBanusa Oypbe curHagoB koja Manuecrepa:

63



64

AT, | yrys sin(ef T, /2)

Wy = AL e ST T, /2) -
z(f) - e Ts/z .

Vicnons3yst hopmyiy (3.27) 1 HOpMupys 110 dHeprun E, = A°T,, nonydum
CHEKTPAJIbHYIO INIOTHOCTh MOLTHOCTH Kojia MaHuecTepa:

S(f)_ = 1-4p(l-p) < n
E 64T o)+ 16T OZ( )5£f T}

n=HeuemHoe

N s

(' T./2) (39
n sin (7 T, /2
162 Z ( jg[’p_f}p(l_p) HT )2y

n=uemHoe

[Ipu paBHOBEpOSATHBIX curHanax (p = '2), dopmyna (3.38) mpuobperaet
CIIEIYIOLIUMN BUL:

SU)_ # 1 o), 1sin'(#T/2)
E o(f)+ 6T, Z( ] (f TJ A T (3.39)

N

N

n=uemHoe

HopmupoBaHHbIE ClIEKTpaIbHBIE TNIOTHOCTH MOITHOCTH KOOB NRZ, RZ n
KoJa MaHuecTepa npecTaBiieHbl Ha puc.3.7.

0255 0.25 0.25
01 ) 0.2 0.2
0.1 \ 0.15 015
1 0.1 r 61 ;’/\
i ST~ / 05 / 1y
?05 \\ | 2 N N /,f 003 ] L

-3 -2 - 1 23 -3 -2 -1 1

(a) (b) (c)

Puc.3.7. HopmupoBaHHast crieKTpaibHAs IJIOTHOCTh MOIITHOCTH B 3aBUCUMOCTH OT
1/T nns yaunonspHbeix koq0B (a) - NRZ, (b) - RZ, (¢) - Manuyectepa.

]
e
|
(98]
I
(5]
I
[S*]
(%]

3.4.1.4. Kogst HIUM u BUM

Jlo cux mop m000W H3 BUIOB JMHEHHOTO KOIMPOBAHUS OIPEICIISIT
pPaBHBIMH OOJIBIITYIO U MAITYIO TTUTEIHPHOCTA UMITYJIHCOB. OTHAKO B 3aBUCUMOCTH
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oT Buga cBs3u B cucteMe RFID (oT cuuThiBaTenss K METKE WM OT METKH K
CUMTBIBATEIIIO) XKEJIATEIBHO ONTUMHU3UPOBATH SHEPTHIO0 KOAUPOBAHHOI'O CUTHAJIA.
Cursan OT CYUTHIBATEINS TOJKEH MAaKCUMHU3UPOBATh SHEPTHUIO, & CUTHAI OT METKH
JOJDKEH €€ MUHUMU3UPOBaTh. [I0CKOJIBKY JTMHENHBIE KOJABI UCIOJIb3YIOT PAaBHBIE
JUIMTEIBHOCTH HMMITYJIbCOB, MOIIHOCTh CUTHAJIA HE ONTHMAalbHA I NHUTAHUS
meTku. Meroasl koaupoBanus MM u ®OUM pacnonarator Oosbluei
ruokocThi0. byem paccmaTpuBaTh Ciiyyail, KOTrJia SHEpPIrHsl CUTHala JOCTAaTOYHO
BEJIMKA.

bnarogaps rubkoctu, peanuzyemoit npu koaupoBanuu UIUM u ®UM, B
3aBUCUMOCTH OT MPUMEHEHHUS UX ONpeNeJICHUE MOXKET OBbITh pa3IudyHbIM. MbI
paccMOTpUM HUMITYJIbC, 3aKOAUPOBAHHBIN TaK, KaK MOKa3aHO Ha puc.3.6. Takas
dbopma oTIIMYAETCSs OT TPAJAMIIMOHHOTO HMCIOJB30BaHUS €€ B JPYTuX CIydasx,
OJIHAKO 3TH (POpMBI YacTo HCHONb3yroTcs B cucteMax RFID. Mbl Belunciaum
CIIEKTPAIbHYIO TUIOTHOCTh MOITHOCTH TOJIbKO [Ist Koga [IINMM, nockonpky CIIM
kogoB @M u IIIMM coBmazaroT.

Haiinem crnekrpanbsHyto miotHocTs momHocth MM MoxynupoBanHOrO
II0 JUINTEJIBHOCTH CUTHala C JUIMTENBHOCTBIO wumnynsca 1, = nly
IIPEACTABISIOMIETO JOTHYECKYO 1, n 7, = 7,1 , MPEeaCTaBISIIOEro Jorndeckuit 0.
CurHanm COCTOMT W3 JBYX OTHEIBHBIX CUTHAJIOB §; U S, C BEPOATHOCTIMU
NOSIBJICHUS p| = p U p, = | — p COOTBETCTBEHHO:

A, 0<t<T,
5,(t) =
0, T <t<T,
(3.40)
" A4, 0<t<T,
S =
’ 0, T,<t<T.

Hcnons3yss mpeoOpazoBanue Dypbe MOPSIMOYTOJbHBIX  HMITYJBCOB,
MIOJIYYUM:

b

W (f) = ArT eﬁ/’ﬂﬁaT Sll’l(dl’lT)
1 17 s 7#]"1T

W,(f) = ArT e ST
2 27 s 7#}/'27-'

(3.41)

Moacrapnsis B opmyay (3.27) u Hopmupyst 1o sHeprum E,=AT, ,
HOJIY4YHM:
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S(f) _Alp-r)+n]
=T s

0

1 &1-p(1-p)— peosRmir) + p(1— p)cod2m(r, —1,)]-(1
ok

_ 42
2 p)cos(27znr2)5[f_nJ+ (3.42)
i 2Anz) 2
sin’ [T, (1, 1]
+p(1=p) T
(#T)
Korma nBowuHbIe CHTHaIbBl PaBHOBEPOATHBI (p = 2), dopmyna (3.42)
PUHUMAET BUJI:

sy a0 ]

o(f)+
v T f)
+Li 3—2c0s(27mr1)+c0s[27m(72’1—rz)]—2cos(27mr2)5 o) G4a3)
T'S n=600 8(7’17[) TS
, Lsin®[#T,(n = 1,)]
4 (#T)
C yueroM mpeamnoyioxkeHus, uro r; = 1/2 u r, = 7/8, popmyna (3.43)
npuoOpeTaeT cleayomui BUI;
S(f) 121z
= +
E 256T )
+L i 3+cos(37rn/4)—2cos(72m)—2cos(77zn/4)5 f—i N (3.44)
T n=o &(nr) T

+lsin2[3;gfz/8]
4 (4T)"

Ha puc.3.8 nokazan Bujg CIIM, cooTBeTCTBYIOIIUI pacueTy 1o ¢opmyle (3.44).

66



67

0.01 | / \

0.0001 ¢

1/T [Hz]

Puc. 3.8. Hopmuposannas CIIM IIMM curnana, MoOgyJIupOBaHHOTO
JUIATENBHOCTSIMU UMITYyJIbCa, paBHBIMU 7/8 1 1/2 6utoBoro nepuona T.

N3 puc. 3.8 BuaHo, uto A LIMM curnana mumpuHa ciekTpa Ha YPOBHE
—20 1b cooTBEeTCTBYET 3-€il CIeKTPAIIbHON JTUHUH U MPUOIH3UTENHHO paBHa 6/T.

3.1.4.5. Konbt Munnepa u FMO

Brruncnenne cnekTparbHON INIOTHOCTH MOIHOCTH K010B Muuiepa u FMO
0oJsiee CII0XKHO, TaK KaK OHU SIBJIAIOTCS KOJAaMu € NamsAThIO. [I0CKONIBKY KaKIblid
MOCTIEAYIOUINI 3JIEMEHT 3TUX KOJIOB (POPMUPYETCS] HA OCHOBE 3JIEMEHTa, KOTOPBIN
aHAJIM3UPYETCS B HACTOSIIEE BpEMS, CIEAyEeT UCIONb30BaTh popmyiy (3.24). Mbl
MpPEICTaBUM BbIUKCICHUE Koja Mwuiepa, npuBeaeHHoe B [27] u [29].
CrnexTpanbHbIE ITIOTHOCTH MOITHOCTH ISl YHUIIOJISIPHBIX K01oB Mumiepa u FMO
OJIMHAKOBBI.

Ha puc. 3.9 noka3aHsl 4eTbIpe 3JIEMEHTAPHBIX CUMBOJIA U YETHIPE MEPEX0a
koaa Muiepa.

1to1

Tt

ar

Oto1

Oto 0 o

Puc.3.9. Ilepexoasl koga Musuiepa u ero 3jeMeHThl, 0003HaueHHbIe [, 2, 3 U 4.
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OTH 3IEMEHTHI MOKHO 3aJaTb MaTCMAaTHYCCKU:

s, =-s,=A, 0<t<T,
{A, 0<t<T/2, (3.45)
s2:—3:

—A, T /2<t<T.

st Toro 4roObl HaiiTh perneHue (3.24), HEOOXOAUMO HAWTU MATPHILY
BEpOSITHOCTEH Tepexoaa, momaodoHo dopmyne (3.22). U3 puc. 3.9 BuaHO, 4TO
KKIBIA U3 DJIEMEHTOB KOJIa UMEET BEPOSITHOCTh MOSBJIICHUS, PABHYIO Y4, IpHUeM
BO3MOXHBI TOJIBKO OmpeneNieHHble mepexonbl. CliemoBaTeNnbHO, MATPHILY
BEPOSATHOCTEH MEPEX0/ia MOKHO MPEACTABUTH CIECAYIONIIM 00pa3oM:

_pu P Pi p14_ 0 % 0 %
_ Py Pn Py P _ 0 0 % %

p= - . (3.46)

Py Pun Pun Py % % 0 0

| Py Pun Pi Pu _% 0 % 0 |

UToOBl yNpOCTUTh OECKOHEUHBIH psf, AaHHBIA B ¢opmyse (3.25), Mbl
HailleM pPEeKypCUBHBIE OTHOLIEHMs, OCHOBAaHHbIE Ha ()YHKIMH aBTOKOPPEISLIHH.
OyHKINA aBTOKOPPENALMU Ul TUCKPETHOIO Habopa CUrHajioB Kojga Mwuiuiepa
CIIeyIoIas:

TR A AR AN A
P: p21 p22 p23 p24 — 0 0 1 % .
Py Po Pu Pu| | MV 0 0

_p41 Py Pu p44_ % 0 % 0

KoppensinmonHast MaTpuila CUTHAJA:

(3.47)

A

I ¢, .
s, FL s (t)s,(Hdt, i,k=1,2,3,4. (3.48)

OHpGI[GJII/IM PCKYPCHUBHBIC COOTHOIICHUA:

PYS = —iP’S, 1>0. (3.49)
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YHpocTuB mpu MOMOIIM 3THX COOTHOIICHHH (opmyny (3.24), moaydum
HOPMHUPOBAHHYIO CIIEKTPAIbHYIO INIOTHOCTh MOUTHOCTH:

S(f) 1 23-2c0sf—22c0s20—12cos360+5cos40+
E  20°(17+8c0s80\ +12¢0s50+2 cos60—8cos70 + 2 cos8d

s

. (3.50)

Hopwmuposannas CIIM kona Mwumiepa n3zobpaxena Ha puc.3.10.

HZJ- n

1.5}

-2 -1.5 -1 -0.5 0.5 1 1.5 2

Puc. 3.10. HopmupoBaHnHas criekTpajibHasi IJIOTHOCTh MOIIIHOCTH OUTIOJIIPHOTO
Kojia Musiepa B 3aBUCUMOCTH OT 1/7.

3.5. Moayasiuust

[lepenaua uapopManuu Ha HECYIIEH YACTOTE f. TIPU MOMOIIU W3MEHEHUMN
aAMIUTUTYJbI, YacTOThl WU (a3bl, WM BCEX IMapaMETPOB OJHOBPEMEHHO,
HaspBaeTca MoxyJsimuen [24]. B cuctemax RFID undopmarus nepemaercs mo
oecipoBogHOMY KaHamy. CyIIecTByeT MHOXECTBO AaHAJIOTOBBIX U ITU(POBBIX
METOJIOB MOAYJISIIIMN, HO BCE OHU PA3HBIMH CIIOCOOAMH H3MEHSIOT aMILUIUTYY,
yacToTy Wi ¢azy Hecymiero kojebanus. Jlamee mbl OyaeM paccMmaTpuBaTh
TOJIBKO JIBOMYHYIO ITU(POBYIO MOIYIISINIO, HA3BIBAEMYIO MAHUITYJISIIACH.

Cy1miecTByeT Tpy OCHOBHBIX METO]1a MAHHUITYJISIITUH:

— aMruTyaHas Manunyssiius (ASK),

— nBonyHas (azosas manumyssinus (BPSK),

—gactotHas ManunyJsnus (FSK).

Bo Bcex Tpex meronax amrumMtyga, (asza WIM 4acTOTa HU3MEHSETCS B
COOTBETCTBUM C HWH(MOpMAIMEH, KOTOPYIO HECET YHUIIOJSIPHBIA JBOWYHBIN
CUTHAJI, TPEACTABIAIONINI HU(PPOBBIC JaHHBIE B COOTBETCTBUMU C BBHIOPAHHBIM
crocoOom konupoBaHus. [lpu aMIIMTYTHON MaHHMYJSIMKA HECYIIUNA CHUTHAI
MOAyIUpyeTcss AByMsl ammuidtyaamu. [Ipu nBowuyHO# (Pa3oBOMl MaHHMYISIIAN
(BPSK) necymuii curnan mosxet umeth ¢azy 0 u 180 rpagycos. [Ipu yactoTHOU
ManunyJisanuu (FSK) curaan Moxer uMeTh IB€ HECYIIUX YaCTOTHI.
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B cucreme RFID undopmanus nepegaercss OT CUUTHIBATENS K METKE U OT
METKH K CUMTHIBATENI0. Tak KaKk PU3NYECKre OrpaHUYCHHS B CUCTEME Pa3IINYHBI,
MIOATOMY B 3THX JBYX CJIY4YasiX UCIOJIb3YIOTCS PA3JIMYHBIE METOIBI MOYJISLINH.

CuutbiBaTenb JOJDKEH TEHEpPUPOBATh  TAaKOM  CUTHAN,  KOTOPBIA
JOMUHHUPOBAJ OBl HAaJl ITYMOM M OBUT CIIOCOOEH 00ecTieunTh (PYHKITMOHUPOBAHUE
MeTku. [locKkoabKy MeTKa pe3Ko OorpaHMyYeHa CTOMMOCTBIO U pa3Mepamu (OHa
COJICPKUT TPOCTEUIINI NPUEMHHUK), CHUTHAJI, MOJIYJIUPYEMBIM CUUTHIBATEIEM,
JOJDKEH OBbITh MpoCThIM. [loaTOMy mpu mepenaue curHajga OT CUUTHIBATENS K
METKE UCIob3yeTcs Moaysanus ASK, Tak kak OHA MPEANoaaraeT OTHOCUTEIbHO
npocroe oOHapyxeHue. OOHapy>KeHHE MOXKET ObITh KOT€pEeHTHBIM, KOrI/a
y4MThIBaeTCA (paza HECYLIEro CUTHaA, UM HEKOTePEHTHBIM, Korja (a3a curHaia
He yuuThiBaeTcs. HekorepenTtHoe 0OHapy:KeHHE peann3yeTcs Mpollle U JeIIeBIie.
JleTexTrpoBaHue OTHOAOINICH — Pa3HOBUIHOCTh HEKOTEPEHTHOT'O OOHAPYKEHUS,
KOT/Ia JETEKTUPYETCs ormodaromias aMIUIUTyJIbl MOJYJIMPOBAHHOTO CHUTHAJIA.
AMIUTUTYTHYIO MOAYJSILIMIO U JCTEKTUPOBAHHE OTHOAOIIE MBI PACCMOTPUM
nanee B paszene 3.5.1.

TexHuyeckre XapaKTEPUCTUKU METKH CYIIECTBEHHO OTJIHWYAIOTCS OT
XapakTepucTUK cuuthbiBaTess. [lOCKOJIbBKY TaccuBHas METKa HE UMEET
nepeaTyMka, OHa IMepelaeT CBOK HHQOpMAIMI0O MpU TMOMOIIM BapHaluu
Harpy3ki M MOJYJISIIUM OOpaTHOTO paccesiHusi, KOTOPhIE OCHOBAaHbI Ha
MPUHIIUANAX, PACCMOTPEHHBIX B TjaBe 2. DTH METOJbl MOIYJISAIUU TO3BOJISIIOT
U3MEHATh aMIUTUTYAY U a3y B 3aBUCMMOCTH OT UX peaiusaiuu. Beumay Toro, 4to
10 CPaBHEHHMIO C CHUTHAJIOM CYHUTBHIBATEIS MOIIHOCTH MOIYJIMPYEMOTO0 METKOU
CHMTHaja Majia, 4acTO JJisi BBIJEJCHUS OTOTO CHUTHaJa MPUMEHSIOT TEPEHOC
CIIEKTpa B CTOPOHY OT IICHTPAJIbHOM YacCTOThI TPH IOMOIIM TOJHECYIIEH
4acTOThl. MOJYyJISITUS Harpy3kd M OOpaTHOTO PACCESHHUS C HCIOJIb30BaHUEM
MOAHECYIIEH MO3BOJIIOT OCYIIeCTBUTh criocoObl Moy siuu FSK u BPSK. U3-3a
O0COOCHHOCTEH M CYIICCTBEHHBIX Pa3lIMUMi B JIMHUSAX CBSI3M OT CUMTHIBATENS K
METKE U OT METKH K CUYUTHIBATEIIO0 PACCMOTPUM 3TH JIMHUU PA3ACIbHO.

3.5.1. KonupoBaHue ¥ MOAYJISIMS B PSIMOM JINHUM

B nuHuM CBSI3W OT cuWTHIBaTeNsd K METKE (€€ 4acTO Ha3bIBAIOT MPSIMOit
JIMHUEH CBSI3M) NOJKHBI OBITh BBIMOIHEHBI CICAYIOIIUE YCIOBUS:

— METKA JI0JDKHA [10JIy4YaTh JOCTATOYHYIO JUIS YUIIA SHEPIUIO,

— METKa JJ0JIKHA OOHApYKUBaTh CUTHAI,

— CUTHAJI METKH JOJDKEH YAOBJIETBOPATH OTPAHUYEHUAM 110

HAIIPSLKEHHOCTH TI0JIS U IT0JI0CE ITPOITYCKaHUS.

ITepBoe ycinoBue oueBuaHo. B maccuBHoM cucteme RFID mMeTka momxHa
MOJIy4yaTh OT CUHMTBIBATEIS HEOOXOJMMYIO SHEPrui0, TaK KakK eCJId CXEMBbl
KOJIMPOBAHUSI U MOIYJISIITUK HE OyayT MMETh JOCTaTOYHOTO DHEPTONHUTAHUS, TO
METKa HE CMOXKET (DYHKIIMOHMPOBATh. boybiioe 3HaYCHUE MMEET OOHAPYKEHUE
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curHaia. [I[pueMHHK METKH JTOJKEH OBITh MAaKCUMAJIBLHO ITPOCTBIM H, TTIO3TOMY, OH
UMEET HEBBICOKYIO  YYBCTBUTEIBbHOCTh. CIIOKHBIE TPUEMHHUKH  OoJjiee
YyBCTBUTEIBHBI, HO HMMEIOT 00Jiee BBICOKYIO CTOMMOCTH. Kpome TOro, meTka
JOJDKHA —OoOecreurBaTh CHHXPOHHM3AIMI0 CcurHama. CXembl KOJAMPOBAHUS
peIyCMaTpPUBAIOT CHUHXPOHHU3ANUI0, JO0 3amHuM ¢pontom — mua [TIUM
curHaina, JubO TepexoJoM — JUIsi CUTHala, KOAUPOBAHHOTO MaHuUecTepCKUM
kojgoM.  Hakonern, BepoOSTHOCT,  TMepeaaud  OMMOKKA  JOJKHA  OBITh
MUHAMH3UPOBaHA. ECIM JOCTOBEPHOCTh JaHHBIX HE BBICOKA, CBS3h B CHCTEME HE
Oyner oOecriedeHa BHE 3aBUCHUMOCTH OT ONTHMM3ALUM CKOPOCTH IMeperayu
JTaHHBIX. JIIs yIOBIETBOPEHUS PETJIaMEHTHBIM OTPAHMUYCHHUSM KPOME CXEM
KOJIMPOBAHUSI M MOJYJISIIIUN JOJKHBI MPUCYTCTBOBATH CXeMbl (DOPMHUPOBAHUS U
buIbTpalui CUTHAJIa, KOTOPBIE TAKXKE MPEJICTOUT PACCMOTPETh.

B cucremax RFID Huskoii crommoct Hambojee YacTo MIPUMEHSIOT
AMIUTUTYJIHYI0O MAHUITYJSIIAK0, @ B METKax IPUMEHSIOT CaMbl€ MPOCThIE U
JICIIEBbIC TPUEMHHUKH.

3.5.1.1. AMIuIMTy1HasE MaHUITYJISALAS

[Ipu  nBomuHONW  aMmumTygHOM  Moxayisiunmu  ASK  yHunDossipHas
uHpopmalsl  mepegaeTcs IByMs aMIUIMTyJaMu Hecyllero curHana. Ecnu
MEHbIIAsh W3 JBYX aMIUIMTyJ paBHa HYJI0, TO 3TOT CiIy4yall Ha3bIBaeTcCs
nepekmovatenpbHot Moayisiiuen OOK  (On-Off shift Keying). B ciyuae
PacCMOTPEHHUSI IBYX aMIUTUTY — A, U A iy , ONPEACIUM UHJIEKC MOJTYJISIIINU:

u=1- A/ A.. (3.51)

Korma A4min = A, , MHAEKC MOIYJSIIUU U PABEH HYIK W MOAYISALUSA
oTCcyTCcTBYET. B ciyuae, korjna Ay, = 0, ungekc u = 1, uro coorserctByer 100 %
MOAYJISUUU aMIUIMTYAbl, TO ecTh Moayisiquu OOK. Mbl moxem onmucats ASK
MOJIYJIMPOBAHHBIN CUTHAJI CIEAYIOIIUM 00pa3oM:

v(t) =A[1 + u(s(¢) — 1)]cos(a 1), (3.52)

rae s(f) — yHunossipHbid qeonuHblil curnan (1 wim 0), a @, — Hecylas 4acTora B
panuaHax B cexkyHnay. Mcnonb3ys popmynsr (3.18) — (3.20), Mbl MOXeM HalTH
CHEKTP U CHEKTPAIbHYI0 IUIOTHOCTh MOIIHOCTH MOJIYJHMPOBAaHHOTO CHUTHAJIA.
Monynupyromuii curHan g(f), OCHOBaHHBIM Ha KOJAOBOM CHTHaje s§(¢), UMeeT
CIICIYIOINMN BUL:

g(t) = AJ1 + u(s(2) — 1)] + A(1— w). (3.53)
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CnekTp 3TOro curHaja:

G() = u AS() + A1 — ) XP), (3.54)

a CIICKTpaJIbHAA INIOTHOCTH MOITHOCTHU !

Glf) = (u A)S,(f) + [A1 = w) &) (3.55)

[ToacraBuB nocnenHow Gopmyny B (3.20), nomyuum CIIM moaynnpoBaHHOTO
CUTHaJIa B 00JIACTH MOJIOKUTENBHBIX YaCTOT:

Suf) = Yal(u AY'S(f = £o) + [A(1 =) &F~f), f>>0. (3.56)

OOpaTuM BHUMaHHE Ha TO, YTO (hOpMa CIEKTpa MOIYJIUPOBAHHOTO CUTHAIIA
g(¢) ompenensieTcss CHEKTPOM MOAYJIUPYIOIIET0 CUTHaja s(f), a ero BeIU4YHHA
3aBUCHUT OT aMIUIUTY/Ibl HECYLIErO CUTHANIA A, U MHAEKCAa MOAYJISLUH U.

IIpu wuHgexkce wonymsuu, paBHom | (B caywae OOK), CIIM
MOJIyJIUPOBAHHOTO CHUTHAaja MOBTOPSAET CHEKTPAIBbHYK IUIOTHOCTh MOIIHOCTH
MOJIyJIUPYIOIIETO CUTHAIa, YMHOKEHHYIO Ha Y4 KBajpaTa aMIUIATYIbl HECYIIETO
curHana. IIpu »TOM OTCYTCTBYyeT CHEKTpaJibHasi JIMHUS HECYIIEW YacTOTHI f,.
YMeHbllIeHne UHIECKCAa MOIYJISIAN NMPUBOAUT K YMEHBIICHUIO BEJIUYMHBI TOJIOC
OOKOBBIX YAaCTOT, HO YBEJIMUMUBAET BEC JIeTbTa (PYHKIIUKM HA HECYIIIEH YacToTe.

B cucremax RFID, o0cobeHHO B 4YacTOTHBIX JOHAIla30HaX C HauoOoJjiee
CTPOTHUMH OTPAaHUYCHHUSMH Ha IIOJIOCY IIPOITYCKaHHUs, OOBIYHO HMCIOJIb3yETCs
MHJIEKC MOJYJIALIMKA MEHbIIEe eIUHUIIbl. OTpUIIaTeTbHBIMU TTOCIEICTBUSAMHU 3TOTO
ABJIAETCS YMEHBIICHUE Pa3JIUydsl MEXIY BBICOKUMHM W HU3KUMHU YPOBHSAMU
CUTHAJa U YBEINYECHUE BEPOSTHOCTU OIIUOKH.

3.5.1.2. JlerektupoBanue orudaromen

JleTekTUpoBaHuE OruOAaroIe paMoCUTHalla — 3TO BUJ JACTEKTUPOBAHUS,
4acTO UCHOJb3yeMmasi [JJisi  OOHapyXeHUs  aMIUTUTYAHO-MOJYyJIUPOBAHHBIX
curHajioB. Ilo cymiecTBy, BeiIensIeTcs U oOpabaThIBae€TCs MOJOKUTEIbHAS YacTh
orubaromel peaqbHOW COCTaBJAOIIE BXogHoro curHaia. Ha pwc.3.11
n300paXkeHa yIpoIlleHHas: cXeMa JeTeKTopa Orudaromen.

. A
| I

vaD(

"
Q

Puc.3.11. JlerekTop orubarome.
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Pesuctop u xonmeHcarop o0pa3yroT (QUIBTP HU3KUX YacTOT, MOCTOSHHAS
BpeMeHu KoToporo RC BbIOpaHa TakuM O0O0pa30oM, 4YTO BBIXOJAHOW CHUTHAI
OTCIICKUBAET OTrHOAIONIYI0 BXOJHOTO CHUTHAJI. BepXHssli TpaHWIA TOJOCHI
MPOITYCKaHWsI HHU3KOYACTOTHOTO (GUIbTpa JOJKHA OBITh TOPa3fg0 MEHBIIE
YaCTOTHI HECYIIETO CUTHAJIa, HO TOpa3/io OOJIbIIE MUPHHBI MOJIOCH B BXOJIHOTO
MOJTyJINPOBAHHOTO CUTHAA:

B << 12nRC<< f.. (3.57)

BeixogHo#t curHanm JeTekTopa OruOarpoIiell  SBISETCS IO  CYIISCTBY
ormbarolmield  BXOAHOTO  CHUTHaja,  YMHOXEHHOM  Ha  Ko3(duimeHt
nponopunoHanbHoct K. [lns orubaromeit curnana ASK w3z dopmyner (3.53)
BBIXOJTHOE HAMPSHKEHUE OTPEETUTCS CICTYIONTUM 00pa3oM:

Venix — K|g(t)| = KuAC(l - l/l) (358)

CJ'ICI[YCT OTMCTHTH, YTO IIPH HHIACKCAX MOIAYJAIUH U < I B BBIXOJJHOM
CUTHAJIC BCCT A IIPUCYTCTBYCT ITIOCTOAHHAA COCTABJIAIOIIAA.

3.5.2. KonupoBaHue ¥ MOAYJSAMS B 00PATHOM JIMHUMN

VYcaoBus u TpeOOBaHUS K TMHUU CBA3U OT METKM K CUUTBHIBATENIO (€€ 4acTo
HA3bIBAIOT OOpaTHOW JIMHUEH CBSI3M) OTJIMYAIOTCS OT YCIOBUM M TpeOOBaHUU K
npsAMOM JIMHUU CBSA3U. CBSI3b OT METKH K CYMTBHIBATEIIO OCYIIECTBISAETCA IPU
IOMOIIIM BapvallMM Harpy3sku M 0OpaTHOro paccesHus. B 3aBucumoctu ot
BapHaHTa peaiu3allud CBS3U MOJIYJIHPYETCSs W aMIUIMTyAa, W (a3a cursaia
METKH, WM TOJBKO aMIIuTyaa. IIpu 3TOM cXxembl KOIUPOBaHUSA U MOLYJISILUU B
METKE JOJDKHBI MMETh MHHHMMAJIBHOE SHEPronoTpeOleHHe U IIHUPHUHY CIEKTpa
curHana. Tak Kak YpOBHM OTBETHOTO CHTHaja METKHM HEBEIMKH, OHU
pErIaMEeHTHPYIOTCSl HE TaK CTPOro, KaK CHUTHaJIbl OOJIBIIOrO YPOBHS MOIIHOCTH
cunTbiBaresnsa. OJTHAKO CIEACTBUEM MAJIOIO YPOBHS CUTHAJIA SIBISIETCS CIOKHOCTh
€ro IpueMa CcuuThiBaTeleM. Yaimie BCEro W3JIy4aeMbld CHUTHaAJ, KOTOPBIM
IIOCTYNAET HA BXOJ IPUEMHHKA CUYUTHIBATENSA, 3HAYUTEIBHO IPEBOCXOAUT CUTHAIL,
OPUXOASAIIMI C METKH, IMOATOMY €ro OOHAapyKEHHE CBSI3aHO CO 3HAUYMTEIbHBIMU
TpyaHocTsiMu. Kak mnpaBwio 3Ty mnpoOjieMy pemalrT CIBUIOM CUTHaJla Ha
nojgHecymyw yactoty. B cimyudae npumenenuss BPSK wnm FSK mopynsuun
NOAHECYIIAast JIETKO peanusyerca nocpeactBom AM u  ®OM, kortopsle
UCIOJIb3YIOTCS TIPYU MOYJISALIMY HArpy3KHU U OOPaTHOTO paccesHusl.

Tenepb KpaTKO pacCMOTPHUM ACIICKTBI HCIIOJIB30BAHUA IIOAHCCYIIUX, a
3aTCM O6CY,Z[I/IM BOIIPOCHI KOAHUPOBAHUSA JIMHUU CBA3U OT MCTKU K CHUTBIBATCIIHO.

3.5.2.1. Meron noAHeCyIIEeN 4acTOThI
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Merton mnopHecylied 4acTOThl peanu3yeTrcss IIPpU IIOMOIIM MOZAYJIALIMHU
Harpy3Ku WIH MOZAYJSILIUA OOpaTHOIO paccesiHusl Ha 0oJiee BBICOKMX 4YacToTax,
YeM CKOpOCTh Iepefaud JaHHbIX. l3MeHeHwe ¢a3pl WIM 4YacTOThl IpH
MOAYJISIUMU TOJAHEcyllel ocymectBisiercss cootBercTBeHHO BPSK wmmm FSK.
Hekoropsie cucrtembl RFID, xoTtopsie, Hanpumep, paboTtatoT Ha yactore 13,56
MI'u, ucnone3yroT dyactory noaHecymed 212 xl'm. Ilpu stom Onaronmaps
MOJYJIAIIMM B METKE, OOKOBBIE TMOJIOCHI CUTHaja pacmnoiiaratorcss Ha 212 kI
BBIIIIC U HMKE Hecyler yactoTel 13,56 MI'w. IlepeHoc curnana Ha mogHecyIue
YaCcTOThl NPUBOJUT K PA3HECEHHIO OOKOBBIX IOJIOC CUTHAla METKM WU CHUTHala
CUMTBIBATENSA, YTO OOECIIEUMBAET CHUKEHUE YPOBHS LIYMOB M, COOTBETCTBEHHO
IOBBIIIAET YYBCTBUTEIBHOCTh IIPUEMHHKA CYHUTHIBAaTeNd. Takoe pelleHue,
OJIHAKO, MIPUBOJUT K MOBBILICHUIO pab04yeil 4acTOThl CX€Mbl CUHXPOHU3ALNU WIIN
reHepaTopa B METKE U, CJI€JI0OBATENIbHO, K YBEJIMUEHHUIO €€ SHEPronoTpeOIeHus!.

3.5.2.2. KogupoBanue

KomupoBanne B oOpaTHOW JMHMHM CBS3U (OT METKH K CUHMTHIBATEIIO)
OTJIMYAETCS OT KOJUPOBAHUS MPSIMON JUHUU CBSI3M (OT CUMTHIBATENSI K METKE)
T€M, UYTO DHEPrus CHUTHAJIa JOKHA OBbITh MHUHUMHU3UPOBAHA. Y MEHBIIICHUE
SHEPIrUM OTPAXKEHHOTO CUTHAJIA TO3BOJISIET OOEcneunuTh OO0Jblliee KOJIMYECTBO
DHEPTUHU, AOCTYIMHOW HJisi MUTAaHUSA DJICKTPOHHOW CXEMbl METKU. AMILIUTYAA
CUTHAJIa, OJIHAKO, JOJKHA OBITh JOCTATOYHOM JJIi TOTO, YTOOBI CUMTHIBATEIH
CMOT OOHapyKUTh curHasl. OOBIYHO UCTIOJIB3YIOTCS Ko/ibl Manuectepa, FMO unu
npyrue. CIO0XKHOCTh HMCHOJB30BaHUS KoAa MaHuecTtepa COCTOMT B TOM, 4YTO
Bapuanusi (a3pl CUTHaJIAa MOXKET MPUBOJIUTH K OIMMOKEe B mpueme HH(opMmauu
CUHMTHIBATENIEM U3-32 HEOJHO3HAYHOCTU ompeneieHust casura (aser Ha 180
rpagycoB. C Jpyroid CTOpPOHBI, HEJOCTATKU JPYTHUX METOJIOB — METOJIOB
KOJMUPOBAHMS C TIEPeXoAaMu BHYTPH HMH(GOPMAIMOHHOTO OWTAa, COCTOSAT B TOM,
9TO OHHM TpeOyrT Oojiee BBHICOKOYACTOTHON CHUHXPOHHW3AIUHA WM MEHBIICH
CKOPOCTH Tiepeauu JaHHBIX.

3.5.3. Moayasiuusi ¢ pacnpeaeJJeHHbIM CIIEeKTPOM

[Ipu pemenun npodsieM CBA3M, TaKUX, HApPUMEpP, KaK MHO>KECTBEHHBIN
JOCTYII, 3alllUTa OT MOMEX U MOJaBlieHue UHTep(hEepeHIIUMN, YUUTHIBAECTCS IMPUHA
CIIEKTpa, DHHEPrus CUTHaIa U Jpyrue mnapamerpsl [24]. Moayndmusa ¢
pacnpeneneHHbIM criekTpoM (Spread Spectrum — SS), koTopasi OCyIIECTBIISETCS
3a CYET pacHpeleIeHHUs SHEPTruu CUTHaja MO MOJIOCE YaCTOT HaMHOro OoJibIIei,
yeM TpeOyeTcss COOCTBEHHO CHUTHAIy, MO3BOJISIET OCYLIECTBUTh MHOKECTBEHHBIN
JOCTYII, 3alluTy OT ToMmeX W monasieHue unrepdpepeniuii. Cucrembr RFID
OOBIYHO KCIIONB3YIOT METOABI MOAYJISILUU ¢ pacnpeneneHHbiM ciektpoMm B UHF u
MUKPOBOJIHOBOM JMamna3oHe d4actoT. Ha »3Tux wdwacrorax, Kak IIpaBuWIo,
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perJaMeHTsl JOMYCKAIOT Ui CUCTEM C paclpeiesieHHbIM CIEKTpOM OOJIbLINe
BBIXOJIHBIE MOIIHOCTH CUTHAJIOB, I10 CPABHEHHUIO C Y3KOIIOJOCHBIMU CUCTEMAaMH.
OHeprusi pacnpenensieTcss B IUPOKOW MOJIOCE YacTOT, YMEHbIIAs BEPOATHOCTh
BPEHOTO BIIMSIHUS OJHUX YCTPOMCTB Ha JIPyTHeE.

W3BectHpl aBa HauOoliee pacIpOCTPAHEHHBIX THIA MOAYJSIUH C
pacnpeeNieHHbIM CIIEKTpOM: TpsiMasi mocienoBaresbHOCTh (Direct Sequence —
DS) u ckaukoobpa3nas nepectporika yactorsl (Frequency Hopping — FH).

B DS wmoaynsuum mnceBOOLIYMOBOW KOJOBBIM CHUTHAl C IEPUOIAOM
MEHBIIUM, 4YeM OWTOBBIM NEpHOJ HH(OpPMAIUMU, CMEMIMBAETCS C CUTHAIOM
COOOIleHus, cO3/1aBasi  BBIXOJAHOM IIUPOKOTIOJNIOCHBIA ~ CUTHaJ.  YTOoObI
BOCCTAaHOBUThH COOOIIEHHME, NMPUEMHUK JOJDKEH JIEMOJIYJIMPOBAaTh KOJA TOW K€
IICEBJIOLIYMOBOM IOCIEN0BATEIBbHOCTBIO, KOTOPas UCIOJIb30BaIach IIPHU Iepenayde
CUTHAJIA.

B cucremax FH co ckaukooOpa3Hoil mepecTpoiKon 4acTOTHI JIJIs Tiepeaadn
uH(OpPMAIIMU HCTIONB3YIOT MHOXECTBO Y3KOIMOJIOCHBIX KaHAJOB Ha YacToTax,
BBEIOpPAHHBIX W3 TICEBIOCIYYalHOTO CIHCKA, W TEPEeCTPauBaIOTCSI Ha HUX. JTO
npUBOANT K 3P HEKTy YCPEIHECHUS SHEPTHH B TOJIOCE YacTOT mepecTpoiiku. [Ipu
ATOM JUIsl TOTO, YTOOBI MPHUHSITH MOIYJHUPYEMBIA CHUTHAl MPUEMHUKH TaKUX
CHCTEM JOJKHBI UCIIOB30BAThH TOT K€ MCEBAOCTYYalHbIA CIUCOK YacTOT.

B maccuBHbix cucremax RFID HM3KOM CTOMMOCTH CUTHQIBL C
pacnpeAeeHHbIM CHEKTPOM YacTO HCHOJIB3YIOTCS MHA4Ye, YEM B TEXHOJIOTUU
cBsi3u. [ns moctmxkenust monHo DS unu FH Momynsiiun MeTke motpeboBajach
Obl 4Ype3MepHO CJOXKHas M JHEproemkas obpaboTka curHaiza. Bmecto srtoro,
aHTEHHY METKHM MPOEKTUPYIOT TaKuM oOpa3oM, 4TOOBI €€ Mojioca MPOMyCKaHUs
OXBaThlBaja BCHKO ILIMPUHY CIIEKTpa CHUTHAJIOB, WU3JIy4aeMbIX CUUTHIBATENIEM. B
ATOM CJIy4ae METKA MOJIy4aeT BCKO MOLIHOCTbH, 3aKJIIOUCHHYIO B Y3KOIOJIOCHBIX
IIEPECTPAUBAEMBIX KaHAJIAX WJIM PACIPENCIICHHYIO IO ITOJIHOM WIHPUHE IOJIOCHI
yactoT npu DS wmonynsuuu. HeszaBucumo OT TOro, Kakas MOIYJISLUS
ucnosnb3yercs — DS wm FH, curHanel cuuThIBaTeNsT MOIYJHPYIOTCA 10
aMIUIMTYAE U 3aTeM OTpaxkaroTcsa MeTkou. B texnonormm RFID Takoe pemenue
OCTaTOYHO A(P(PEKTHBHO, TOCKOJBKY TIO3BOJIIET JOOUTHCS O0Jiee BBICOKOM
MOIIHOCTH OTPAXCHHOTO CUTHaJa, KaK i y3KOMOJOCHBIX CHUCTEM, TaK W A
CHCTEM C PaclpeiCICHHBIM CIIEKTPOM.

3.6. BeposiTHOCTH OLIUOKH

Boobiiie, ecth 1Ba BaxHBIX (pakTopa ISk OIIEHKA CUCTEMBI CBA3M — M0JI0Ca
MPOMYCKAaHUS U XapaKTEPUCTUKU IIPUEMA CUTHAJIA B PUCYTCTBUM IIyma [24]. Mbl
YK€ PACCMOTPENIM BOIIPOCHI, CBA3aHHBIE C MOJIOCOW MPOIYCKAaHUS, TEIEPh
pacCMOTpUM KauyecTBO (PYHKIIMOHUPOBAHUSI CHUCTEMBI B MPHUCYTCTBUHM MIyMa.
UwnciioBo# OlleHKOM KauyecTBa (DYHKIIMOHUPOBAHUSI aHAJIIOTOBBIX CUCTEM SIBIIACTCS
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OTHOIIIEHHE MOIIHOCTH CHTHajla K MOIIHOCTH myma. B mudpoBbeix cucremax
KpUTEpUEM KayecTBa SIBJISIETCS BEPOSITHOCTh OLIMOKU B OJTHOM JIBOUYHOM pa3psijie
WA BEPOSTHOCTH MOSBICHUS oIMO04HbIX 6uTOB (bit error rate — BER).

BER — 3T0 BepOsSTHOCTh BO3HUKHOBEHHSI OIIMOKH, KOTJ]a CUCTEMA JIOJKHA
IPUHATH PEUICHUE O NMPUEME OJHOTO M3 JABYX BO3MOXKHBIX CHUTHAJIOB. B ciyuae
Moayisuuu ASK 3TO cUTHasIbl BBICOKOTO WJIM HU3KOTO YPOBHS (B CHCTEMax C
OOK Hwu3KHMII ypOoBEHb paBeH HyI0). lIpueMHUK HMeeT Hopor NPUHATHUS
pEeLIEHNs], BBIIIE KOTOPOIO0 CUTHAJIBI CYUTAIOTCS CUTHAJIaMU BBICOKOTO YPOBHS, U
HUKE KOTOpOro — Hu3Koro ypoBHS. Ilomnas BepostHOCTh omubOku (BER)
SBIISIETCS] CYMMOM BEpOSITHOCTEHN OLIMOKH, CBSI3aHHOW ¢ 000MMM CUTHAJIaMHU.

Korpaa nerexktupoBaHue KOrepeHTHOE, UCIOIb3YeTCsl 0OJIbIIee KOJIMYECTBO
uHpopmanmu — uHpopmanus o6 ammuuryae u ¢asze. Korga nerekTupoBaHue
HEKOTEPEHTHOE, UCIONIb3yeTcsl nHpopmaiusi Toibko 00 ammuuryzae. [lpu stom
omuOKku (YyHKIMOHUPOBAHUS CHUCTEMBbl YBEIMYHMBAIOTCA. TeM He MeHee H3-3a
MPOCTOTHI M HEBBICOKOM cTouMocTu B ammaparype RFID oObr4HO HCMONIB3yIOT
HEKOTE€PEHTHOE JIETEKTUPOBAHHUE OTHOAIOICH.

B curnanax, mogynmupoBanHbix ASK u OOK, mpucyTcTBYIOT TOJNBKO JBa
ypoBHs curHayoB. Kakum o0pa3oM 3TH ypOBHHM HPEICTABISIIOT OTICIbHBINA OUT,
3aBUCUT OT HCIOJb3YEMOTO BHJa KojaupoBaHuUs. OJHAKO, HE3aBHCUMO OT BHJA
KOJAMPOBAaHMsI, €CJIN OIIMOKU CIIENAHbI B IIPOLIECCE ONPEAEICHNs YPOBHS CUTHAIA,
BO3HHUKHET OMTOBas omnOka. HexkoTopeie BUAbI KOAUPOBAHUS MOTYT OOHAPYKUTh
TaKylo OIIMOKY, a Ipyrue He MOTryT. B Takom citydae MOTryT ObITh MCIOJIb30BaHBI
Jpyrue MeTo ibl OOHAPYKEHUS U UCTIPABICHUS OLIHOKH.

B OecnipoBoaHBIX KaHajgaxX IMIyMbl MOTYT UMETh Pa3HOOOPA3HYIO MPUPOIY.
OOBIYHO paccMaTpHUBAIOT JiBa BHUAA IIyMa - O3TO HMITYJIbCHBIE TOMEXH U
rayccoBCKui myM. ['ayCCOBCKUI ITyM OOBIYHO SIBISIETCS pe3yJIbTaTOM (POHOBOTO
U3Ty4YeHUs, TEIUIOBBIX IMOMEeX MU JpoboBoro myma. B ycTpoiicTBax cBsi3u
OMMKHEro JelcTBUsA, 0COO€HHO B mnaccuBHBIX cucteMax RFID HeBbIcOKOH
CTOMMOCTH, OOBIYHO HamOoJee Ba)KHBI UMIYJIbCHBIE TIOMEXH, KOTOPBIE SBISIOTCS
pe3ynbTaTOM HWHTEPPEPEHIIMH MHOTHX JPYTUX MEMIAIoMUX W3IydeHuil. s
Beruncienus BER cucrem RFID paccmMoTpum Kak MMITyJIbCHBIE IIOMEXH, TaK U
rayCCOBCKHMH IIyM.

3.6.1. Umny/ibCHBbIE IIOMEXH

HcTouHrKaMu UMITYJICHBIX TOMEX MOKET ObITh MHTEP(EPEHIINsI CUTHATIOB
MOCTOPOHHUX MCTOYHUKOB MM d(PPEKT MHOTOIy4EBOTO pacClpOCTpaHEHHUs. DTU
nomexu Haubosee Bpennbl 11 cucteM RFID, B KOTOPBIX MCIIONB3YIOTCS CUTHAMBI
Majol MOIIHOCTH W TPOCThIe NeTeKTophl. [ mianbeproBa [30] momens ommuboK,
CO3/1aBa€MbIX UMITYJIbCHBIMU MTOMEXaMH, MPEJCTaBISIETCS B BUAE Lenud MapkoBa
C IByMsI COCTOSIHUSIMH, TIPH ATOM OJIHO COCTOSTHUE MOXET OBbITh OJIaronmpHsiTHBIM,
KOrJla BEPOSTHOCTh OIIMOKM HEBEJIMKA, a JPYroe HeOJarompHUsiTHBIM, KOTIa
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OIUOKKA CIIYyYalOTCS C BBICOKOW BEPOATHOCTHIO. Takyr0 MOJENb MPEnToKUil
Ommuott [31], a ngpyrue aBTopbl [32, 33] ucCHONAb30BaduM M Pa3BUIM  €e€.
HMITynbCHBIC TIOMEXHW MOTYT WCKa)KaTh KaK OTAEIbHBIC OWTHI, TAK W OUTOBBIC
OJIOKM CUTHAJIA.

3.6.2. I'ayccoBckuil mym

[Ipn paccMoTpeHUH aAJUTUBHOIO TayCCOBCKOrO IyMa OyAeM HMETh B
BUJY JiBa ypOBHs CHUTHaja: C aMIUIMTYAOH, OTIMYHOM OT HYJIs, U C HYJIEBOU
aMIUIUTYA0U. B 3aBUCUMOCTH OT 3TUX JABYX YPOBHEW IUIOTHOCTH BEPOSATHOCTHU
CUTHaja B IMPUCYTCTBUM IIyMa pa3iuuyHbl. B o0meMm cioydae IJIOTHOCTH
BEPOSATHOCTH CUTHaJA C LIyMOM 3aBUCHUT OT YpoBHs curHana. Hambonee npocroi
CIy4all — KOI'Zla YPOBEHb CUI'Haja PaBEH HYJIIO U LIYyM SIBJISIETCSA €IMHCTBEHHBIM
KOMIIOHEHTOM npueMHuKa. Takas cutyanus xapakrepaa OOK.

Opnako B ASK ¢ mHIekcoM Monaynsiivyd MeHblie |1 Bcerga MmpucyTCTBYET
CMECh CHUTHaJa C IIyMOM. MBI pacCMOTpHM pa3inuuvs B (QYHKIUSX [IOTHOCTH
BEPOSITHOCTH MPU U3MEHEHUH COOTHONIIEHUS YPOBHEW CUTHAJIA U IITyMa.

CHauanma Mbl pacCMOTPUM MPOCTOM Ciyyaild, KOTJla amIUIMTyJa CUTHajia
paBHa Hymo. B 3ToM ciywyae curHan Ha BXOAE ¢ JETEKTOpa Orudaromieu
npeAcTaBisier coboil myM n. B mpeamosiokeHuH, 4TO IIyM TayCCOBCKUM, MBbI
MOKEM Pa3JIOKUTh €ro Ha CHH(A3HYIO U KBAJAPATYPHYIO COCTABIISAIOIINE:

c(?) = n(t) = x(¢)cos(w.t) — y(t)sin( w.t), (3.59)

I7Ie X ¥ y — HE3aBUCHMBbIE TayCCOBCKUE clyudaiiHble mepeMeHHbIe. [IpeoOpasyem
NEpEeMEHHbIE X M ) W3 JACKapTOBOM (QOpMBI B MOJSPHYIO C KOMIIOHEHTAMU
ammutynel # U (assl 0. Ilocne mpeoOpazoBaHUS COCTABIAIOMIMX IIyMa B
HOJISIPHYIO0 (POPMY OIPENETUTCS COBMECTHAS TIIOTHOCTD BEPOSITHOCTH KOMIIOHEHT
r u 0. Ilpn ncnonb30BaHMU JETEKTOpa orudaromieil Hac WHTEpEecyeT TOJIBKO
ammuintyna. [loaToMy, Tmociie HWHTETPUPOBAHUS COBMECTHOM  IUIOTHOCTHU
BEPOSATHOCTH MO (pase €, MBI HaileM IIOTHOCTh BEPOSTHOCTH W (PYHKIHUIO
pacripeneneHus ciry4aiHoi aMmruutynel ». HalineHHas QyHKIus pacrpeneseHus
Ha3bIBACTCS PAJIEEBCKUM paCIpeIeICHHEM.

Tenepb MBI MOXEM pPAaCCMOTPETh CIydaid, KOrJa aMIUIMTyJla CHUTHaja
OTJIMYHA OT HYJIS, 9TO MOXKET ObITh MaKCUMAaJIbHAS aMIUTUTY/1a WIH aMIUTUTY1a C
MEHBIIIMM YpPOBHEM, KOTrJa MHAEKC MOIYJISUMUU MEHbLIE eauHullbl. [lone3Hbli
MOJYJIMPOBAHHBIA CUTHA MOXET ObITh 3aman B Buje (3.52). Torma cmech
CUTHAJIa C IIyMOM C Ha BXOJIE€ J€TEKTOpa:

c(?) = v(t) + n(t) = A 1+u(s(f) — 1)]cos(@.t) + x(f)cos(art) — y(£)sin( k). (3.60)

AHanOrMYHO TpeAblAylIeMy Ciy4yalo ImpeoOpasyeM cuH(pa3Hylo U
KBa/IpAaTypHYIO COCTABJISIIOIIME KOMIIOHEHT B mouisipHyio ¢opmy. Ilocne yero, ¢
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y4e€TOM 3aBUCHUMOCTHM KOMIIOHEHT, OIpPEIEIUM COBMECTHYIO IUIOTHOCTb
BEPOSITHOCTU ¥ U 6. 3ateM, UCIoiib3ysi MoauduimpoBaHHyo QyHkiuio beccens
NIEPBOro MOPSIKA, HAWJEM UHTErpaibHyI0 (YHKIHIO pacnpeaeneHus [34].

PesynpTupyromas GyHKIUS pachpelesieHuss CMECH CHTHajda C IIyMOM
HasblBaeTcd pacnpeneneHuem Paiica. Cienyer oOpaTuTh BHHUMAaHHE, 4YTO IpU
aMIUITUTYJl€ CWUTHajJa PaBHOM HYJIO IUJIOTHOCTh BEPOSTHOCTH OIUCHIBACTCS
PDJIEEBCKMM paclpeiesieHueM, a MpU aMIUIMTYJe HaMHOIo Ooubluel, d4eMm
MHTEHCUBHOCTD IITyMa — TayCCOBCKHUM PAaCIPECICHUEM.

YuursiBasg BEPOATHOCTU CIIyYalHBIX YPOBHEW CHUTHaja, Mbl MOXEM HaWTH
COBOKYITHYI0 BEpOSITHOCTh OIIMOKH, KOTOpasi, Kak ObUIO OTMEYEHO BBIIIIE,
COOTBETCTBYET CyMME€ O0JIacTell IUIOTHOCTU BEPOSTHOCTH, KakJash U3 KOTOPBIX
npeacTaBiseT co00i omMOKy OTHOTO U3 IBYX YpOBHeH curHazia. CiieJoBaTeabHo,

P.=P[ f@p)dr+B[" f(rp,)dr, (3.61)

rae Py u P, — BEpOATHOCTH MOSIBIEHUS 1-r0 M 2-ro cUrHajiga, COOTBETCTBEHHO, a
napameTp b — moporoBbiii ypoBeHb. [Ipu momymsuuu OOK mepBasi MI0THOCTh
BEPOSAITHOCTA  COOTBETCTBYET  PIJIEEBCKOMY  pPACHPENCIICHUIO, BTOpas —
pactipenenenuto Paiica. B cnyyae ASK ¢ uHaekcom Moaynsiuu MeHbie 1 o6e
IJIOTHOCTH pacCIpelie]IeHNsl ONUCBIBAIOTCA pactpenenenus Paiica. K coxanenuto,
JU1sl pacnipenenenuid Paiica nnrerpupoBanue ¢GyHKIMU beccelns B aHaTUTHYECKOM
dbopme He mpenacTaBigeTcs BO3MOXHBIM. OAHAKO 3a7aya MOXKET ObITh peleHa
YUCJIEHHO. B pe3ynpTare MOXKHO CcIenaTh BBIBOJ: YE€M MEHBUIE pPA3jIu4yue B
YPOBHSIX CUTHaa, TeM O0JIbIlle BEPOATHOCTh omuOku. Kpome Toro, 6osiee HU3KHE
YPOBHU CUTHajJa OTHOCHUTENIBHO CPEIHEKBAIPATUYHOIO JEUCTBYIOLIErO 3HAYEHUS
myma garT Oonbimryto BER. UToObl MmOgy4YuTh MHHUMAJIBHYIO BEpPOSTHOCTH
OmuOKH, HEOOXOAMMO ONTHUMH3UPOBATh TMOPOTOBBIM ypoBeHb b. Takas
ONTHUMU3AIINS, OJHAKO, TpeOyeT 3HAHUS COOTHOIICHHS CHUTHAJ/IIyM, 4YTO Ha
IIPAKTUKE PEATMU30BaATh KPAWHE CI0XKHO.

[Ipn mnepemade CUTrHAIOB OT CUMUTHIBATENSI K METKE M OT METKM K
CUMTBIBATEIIO, U3-32 HEOOXOAMMOCTH NPHUMEHEHHUS YIPOILIECHHBIX IETEKTOPOB,
MaJbIX YpPOBHEM CUTHAJIA W, B PE3yJIbTaTe, OTHOCUTENBbHO BbICOKMX BER, mus
MOBBIIICHHSI JOCTOBEPHOCTH MpreMa WH()OPMALIUU 1IeIeCO00pa3HO HUCIIONIb30BATh
JITOPUTMbI OOHAPY’KEHUS U UCTIPaBIEHUs OMMOOK. PaccMOTpUM Takue METO/bI.

3.7. O0Hapy:KeHHe M KOPpPEeKUHS OIIHO0K
XOTsl M3Iy4yaeMbld CUMTBHIBATENIEM CUTHAJ HMMEET JIOCTATOYHO BBICOKUU
YpOBEHb, METKa COIECPKUT YIPOLIEHHBIE CXEMbI JETEKTUPOBAHUS U 00pabOTKH

CUTHAJIa, YTO TPUBOJUT K BBHICOKOW BEPOSITHOCTHU TOSBICHUS OIIMOOK B MPSIMOU
JUHUU CBsi3U. B 0OpaTHOW NWMHUU CBSI3M CUTHAJ, MEpPEJaHHBI METKOW, MMEeT
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OTHOCUTEIBHO HU3KUH ypoBeHb. [Ipu 3TOM, HECMOTpS Ha TO, YTO CUUTHIBATEIb
RFID umeeT 10cTaTOYHO YyBCTBUTEIBHBIN MPUEMHUK U TOPa3ao 0osee CIOKHYIO
00pabOTKy CHUTrHalla, W3-3a MajJoOro ypPOBHSI CHTHAJla TAKXKE€ BO3MOXHA BBICOKAas
BEPOSITHOCTh TMOsABJICHUsI omuoOoK. CienoBarenbHO, B 00€MX JIMHHUSX CBA3U
1eaecoo0pa3Ho  MCMHOJIb30BaTh MPOUEAYPbl OOHAPYXEHUSI WA HCIPABICHUS
OIIHOOK.

Onepanuy KOAUPOBAaHMS, JOMOJHCHHBIC BO3MOYKHOCTBIO OOHApYKCHHS U
UCIIPaBIICHUS OIIMUOOK, TPEOYIOT M00aBJICHUSI JIONMOJHUTEIBHBIX OUTOB K
NEPBOHAYATLHOMY COOOIICHHIO. B 3aBUCHMOCTH OT KOJHMYecTBa OWTOB U
croco0a, KOTOPbIM OHM J00aBJIEHBI, 3TU KOJIbI MOTYT UCHPABIISATH WJIH TOJBKO
oOHapyuBaTh omuOku. B o6miem ciyuyae 3¢ pexTuBHBIE KOABI C OOHAPYKECHUEM
U HCIPABICHUEM OIIMOOK TPeOYIOT OOJIBIIOrO KOJIMYECTBA JIOMOJHUTEIBHBIX
OWTOB, MIUPOKOM TMOJIOCHI TPOITYCKaHUS U CJIOKHOM 00paboTku. B cucremax
RFID Bpems mnepemaun wuHGOpPMAIMM OTPAHUYEHO U JOCTATOYHO CTPOTO
pernamentupyetcs. ClieoBaTeNbHO, IIEJI€CO00pa3HO TPUMEHEHHUE METOJIOB,
KOTOPBIE TIO3BOJISIFOT TOJILKO OOHAPYKUBAThH OIMIHUOKH.

Tunu4yabie METOBI OOHAPYKEHUS ONMTMOOK BKIFOUAIOT MPOBEPKY YETHOCTH,
IpOAOIBHBIA KOHTPOJb Mo u306siTounocTH (Longitudinal Redundancy Checking —
LRC) u nuknumyeckuit koHTposib 1o wu30biTouHoctu (Cycling Redundancy
Checking — CRC) [6]. IIpu mpoBepke YETHOCTH K CTpPOKE OWUTOB J00aBISETCS
JIOTIOJIHUTENIbHBIM OUT, KOTOPBIM MOKa3bIBACT: YETHOE WJIM HEUETHOE KOJUYECTBO
OUT coAepX UTCS B CTpoke. Takas MpoBEepKa OYEHb MPOCTa, HO BCE XKe
Oecrosie3Ha, ecii B CTPOKE UMEETCSl YETHOE KOJMYeCTBO OMOOK. [IpogonbHbIit
KOHTPOJIb MO M30BITOYHOCTH TPeOYeT NEHUCTBUSI PEKYPCHBHOIO HMCKIIOYAIOUIETO
NJIN (XOR) mns xaxmoro Oaiita B mpeaenax OJioka JaHHBIX. Pe3ynbrarsl
omepanuu JTOOABISIIOTCS B KOHEI[ CTpOKM © mepenatorca. [lpu mpueme
BBITIOJIHAETCA Ta K€ camasi mporeaypa. Eciu pe3yiabTaT MpOBEpKH HE paBeH
HYJII0, TO Tpou3oIia omuoka. [Ipu mpoBepke Y4eTHOCTH MHOTOKPATHBIE OITHOKH
MOTYT OTMEHSATH APYyT Apyra. [luKandeckuii KOHTPOJIb 10 U30BITOYHOCTH OoJiee
HaJIe’KeH, HO TpebyeT 6oree crnoxkHoil 00padoTku. Onepanus CRC obecrnieunBaer
MOYTH YHUKaIbHYIO HaeHTU(UKanio OutoBor ctpoku. Yem mnunHee CRC, tem
OoJIbIIEe KOJMYECTBO JAHHBIX MOXKET OBITh HAJEKHO MpoBepeHo. [lockonbKy
UKl Tiepefaun JaHHbIX B cucTteMax RFID oTHocuTenbHO KOPOTKH, OOBIYHO
UCTIONB3YIOTCS 8-OuTHBIN min 16-6uTtHBIN CRC.

3.8. Pesrome
B aT10i1 r11aBe MBI paccMOTpeNu OCHOBHBIE MPUHIUITBI 00ECTIEUEHUS CBSI3U B
naccuBHbIX cuctemax RFID Huskoit croumoctu. Cnemyer oOpaTUTh BHUMAaHHUE,

YTO MPHU BHIOOPE CMOCOOOB KOAMPOBAHUS M MOAYJISAIMHU, KaK B MPSIMOMN, TaK U B
00paTHOM JTMHUU CBSI3U, BO3MOKHBI Pa3TUYHBIC PEIICHMUS.
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B nocnenyromeM Mbl yBUIUM, YTO KOJAUPOBAHUE U MOLYJIALUS BIUAIOT HE
TOJIBKO Ha IIMPUHY CIIEKTpa CUIHaJa M €ro CHEKTPAIbHYIO IUIOTHOCTh. B
CIEAYIOUIEH IJIaB€é MBI pPAaCCMOTPUM, KakK aJMUHUCTPATUBHBIE PETIAMEHTBI
OTPAaHWYMBAIOT IIWPUHY CIIEKTPAa, a B JaJbHEWIIEM — KaK J3TO BIMAET Ha
IapaMeTpbl U XapaKTEPUCTUKU METKHU.
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T'naea 4

4. JJIEKTPOMArHUTHASI COBMECTUMOCTD U PErJiaMeHThI

4.1. BBenenune

B mpenpiaymux OByX TiIaBaX MBI PacCMOTPENH HEOOXOIMMBbIE OCHOBBI
ANEKTPOJUHAMUKA W CBSA3U, KOTOPBIE BAXHbl JUIA ITOHHMMAaHHS TOrO, Kak
¢yukuonupyotr cucreMbl RFID. B uactHOocTH MBI yBHaenu, uto pabouas
9acTOTa, MOIIHOCTh W WIMPHUHA CHEKTpa SBISIOTCS HanOosiee BaKHBIMU
rapaMeTpaMH, KOTOPBIE OMNPEACISIOT OCHOBHBIE TEXHUYECKUE XaPAKTEPUCTUKU
cucteM RFID — manbHOCTH, OBICTPOJEHCTBUE U HAJEKHOCTh MEPEeaauu JaHHBIX.
Tenepp MBI pPacCMOTPUM BOIPOCHI AJIEKTPOMArHUTHOM COBMECTUMOCTH H
aIMUHUCTPATUBHBIC PETJaMEHThI, KOTOpbIE 3aJal0T JUamna3oHbl YacToT,
MOIIHOCTh U IIMPHUHY CIEKTPA CUTHAJIA, & TAK)KE KAK 3TU PErJIaMEHThI BIMUAIOT HA
armnapaTHyr coBMeCTUMOCTh cructeM RFID Bo Bcem mupe.

4.2. Heo0Xx0aumMoCTh pacrnpeaeieHust 4acToT

[Ipu BcemM MmHOrooOpasum mnpumeHenus cucrem RFID compoBoxaenue
00BEKTOB B TJO0AJIBHOW IIEMM JOCTaBKA TOBAapPOB OT TIPOM3ZBOJUTENS K
MOTPEOUTENIO SBISETCS OAHUM M3 CaMbIX OOJIBIIUX TOTCHIIMAIBHBIX PHIHKOB.
[Tpu 3TOM CyIIeCTBEHHBIM SIBIISIETCS TO, YTO METKH JOKHBI (YHKITMOHUPOBATH B
pasTUYHBIX cTpaHax. YTOOBI 3TO OBLIO BO3MOXHBIM, METKH JOJIKHBI OBITH
COBMECTUMBIMH CO CUUTBHIBATSIISIMH PA3IUYHBIX CTPaH, & METKH M CUUTHIBATEIIH
OJTHOBPEMEHHO JIOJDKHBI YJIOBJIETBOPSITH TPEOOBAHUSAM IO 3JIEKTPOMArHUTHOU
COBMECTUMOCTH.  JTU  TpeOoBaHUS  (QOPMYJIHPYIOTCA  HAIlMOHAJIbHBIMU
aIMUHUCTPALUSIMU Y HA3bIBAIOTCS pErjlaMeHTaMHu. AIMmapaTHas COBMECTHMOCTh
cucteM RFID moxer ObITh oOecrmedeHa JBYMsI CriocoOaMu: WU JiI0Oask METKa
JOJDKHA (PYHKIIMOHMPOBATH BO BCEX BO3MOXKHBIX JMAla3oHax 4YacTOT, WU BO
BCEM MHUPE JOJKHBI UCITOJIH30BAThCS OOIIKE YaCTOTHBIC JHUAMTa30HbI.

Peanuzanus MeToK, KOTOpble pabOTalOT B OYEHb IMIMPOKOM IMOJIOCE YaCTOT
(manmpumep, ot 125 k' mo 13,56 MI'1) TpeOyeT 3HAUUTETBHBIX TEXHUYECKUX U
CTOMMOCTHBIX 3arpaT. HekoTopble aHTEHHBI MOTYT UMETh yAOBJIETBOPHUTEIIbHbBIE
XapaKTEPUCTHUKU B TMpEAeNax OrPaHMYEHHBbIX JUana3oHOB (Hampumep, B
muanazone 902 — 928 MI'u B CIIIA) munu B OJIM3KO pacloNOKEHHBIX AHana3zoHax
(868 MI'u B EBponie u 915 MI'y B CIIIA). Tak kak HEIOpOrue€ METKH MOTYT OBITh
CO3JaHbl  TOJBKO B CPAaBHUTEIBHO Y3KOM YAaCTOTHOM Juamna3zoHe, TO s
o0OecrieyeHuss COBMECTUMOCTH  almapaTypbl Pa3IMYHBIX MPOU3BOIAUTEINECH,
HEOOXO/MMO COTIJIACOBBIBATH BOIPOCHI BBIJEIECHHUS YACTOTHBIX JMAMA30HOB IS
cucteMm RFID BO Bcem mupe.
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4.3. BcemupHasi CTPYKTypa peryJupyoiuxX opranu3anui

B mHacrosmiee BpeMs B MHUPE CYIIECTBYET XOPOWIO OPraHW30BAaHHAS
CTPYKTypa, COCTOAIIAs] MX MEKIYHAPOAHBIX, PETMOHAIBHBIX M HAIMOHAIBHBIX
pEryJIMpyIOMHNX Opranu3annii. Kpatko paccMOTpUM 3TH OpraHU3alni.

4.3.1. Opraauzanus [TU.

Mexnaynapoansiii coro3 ITU (International Telecommunication Union), B
KOTOpBIA  BXOJSAT BCE HE3aBUCUMBbIE rocynapctBa [35], 3aHuMmaeTcs
pacrpeneseHieM 4acToT W MyOaMKanuei tabmui ux pacrnpeneneHus (S5) [36].
Kpome 3naunTenpHoro umcna uHbiX ¢yHkiuid u nened, [TU mns ymeHbiieHus
BIUSIHUS PA3UYHBIX CIIY»KO, KOTOPBIE HCIMONB3YIOT PaJAHMOYaCTOTHBIA CHEKTP
YCTAaHABIIMBAET B3aUMOJCICTBHE W KOOPAMHUPYET YCWIHS €€ YJIEHOB MO
BbIJIeTIeHUI0 4YacTOTHbIX aAuana3oHoB [ITU]. Otnenenue pamuocsszu (ITU-R)
oTBe4aeT 3a (YHKIMOHUPOBAHHE BCEX CIYXO CBSI3W, UCIHOJB3YIONINX
paguoBonHbl. XoTa ITU crpemMurcs K eIMHOMY pPa3MEIIEHUIO 4acTOT, B TEX
ClydasiX, KOTJla CTpaHbl TpeOylOT HCIOJIb30BaTh JAHANa30Hbl, OTJIUYHBIC OT
UCIIOIb3YEMBIX BO BCEM MUPE, JIETAIOTCS UCKIIOUCHUS, KOTOpble (PMKCUPYIOTCS B
4acTOTHbIX Tabmuuax. g obGo3HadeHus objsacTeil ¢ OCOOCHHBIM YaCTOTHBIM
pacnpenenenuem [TU nenut Bech Mup Ha peruonsl (S5.2) [36].
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4.3.2. PernoHaiabHbIE U HAllMOHAJIbHBIE OPTraHbl

Torna kak ITU pa3BuBaeT MEXIyHApPOHYIO KOOIIEPAIUIO U BhIpabaThIBAET
pEKOMEHJAIMU JJIsi  B3aUMOJICUCTBUS  PA3JIMYHBIX OpraHU3aluil, HMEHHO
pEeruoHabHbIE U HAIIMOHAIbHBIE OPraHbl YCTAaHABIMBAIOT YaCTOTHBIC JUAINAa30HbI
U NpeJieibHbIE YPOBHU U3nyueHus. Kak O0JbIIMHCTBO MUPOBBIX SKOHOMUK, TaK U
NOTEHIMAIbHO HanbOobie peiHKU TexHonoruu RFID, pacnonoxensl B EBporne,
CIIA u ‘Anonun. [1o3TOMY MBI aKIIEHTHPYEM CBOE BHUMAHHME Ha CTaHAApTax U
COOTBETCTBYIOIINX TEIEKOMMYHUKAIMOHHBIX OPraHU3aIUsAX ITUX PETHOHOB.

EBponelickass opraHuzanys TOYTOBBIX U  TEJIEKOMMYHHUKAIIMOHHBIX
opranm3anuii  (European Conference of Postal and Telecommunications
Administrations — CEPT) umeer aeno ¢ He3aBUCUMBIMU aIMUHHUCTPALIUSAMHU T10
BOIpocaM mouThl U TelekoMMmyHukanuid. Unenamu CEPT sBisitorcst 43 cTpassl
neHTpaibHoM u BocTouHoW EBpomnbl. CEPT Bkitouaer Tpu KOMHTETA, NEPBBIA —
CERP (Comite europeen des regulateurs postaux) — 1Mo MOYTOBBIM BOIIpOCAaM, U
aBa Apyrux 1o Bompocam  TenekommyHukauuid — ERC  (European
Radiocommunication Committee) u ECTRA (European Committee for
Regulatory = Telecommunication  Affairs). 3OTu  KOMUTETBI  0AOOPAIOT
TapMOHU3HPYIOIINE JOKYMEHTBI, PEKOMEHAAIMU U PEIICHUS, KOTOPbIe OOBIYHO
rotoBsTca ux pabounmu rpynnamu. Komuter ERC nmeer B cBoeM cocTaBe
noapazaenenue ERO (European Radiocommunications Office), xotopoe
IIPOBOAUT UCCIEN0BAHUSA U MOANEPKUBAECT AaKTUBHOCTh KOMUTETOB [37].

Opranuzamuss ETSI (European Telecommunications Standards Institute),
yupexaenHas CEPT B 1988 r. (ognoBpemenno ¢ CEN u CENELEC), sBnsercs
onHo u3 Tpex Empomneiickux Opranuzanuit CrangaptoB (European Standard
Organization — ESO). Ona otBedaeT 3a pa3pabOTKy TEIEKOMMYHHKAIIMOHHBIX
crangaptoB B EBporme. 37 HalmOHAIbHBIX OpraHM3aluil Mo cTaHaaprtam u3 34
CTpaH, a TakKXKe COOTBETCTByIOIIME opranuzaumu Poccun u  Typuun
00€eCIeunBaT JACTAIBHYIO MPOPAOOTKY, YTBEPKIACHUE U BHEIPEHUE CTaHIAPTOB
[38].

OpranuzanusimMu, OTBETCTBEHHBIMU 32 TEIEKOMMYHUKAI[MOHHBIC
craunaptel u perigamentsl B CIIA wu SAnonun, seusiorcs FCC (Federal
Communications  Commission) [39] u  MunuctepctBo  Ilour wu
Tenexkommynukanuii (Ministry of Posts and Telecommunications — MPT) [40]
COOTBETCTBEHHO. B SIMOHMM yNOJIHOMOYEHHBIM WEHTPOM MO 3PHEKTUBHOMY
UCIOJIb30BAaHUIO paauodyacToTHoro crnekrpa spisercss ARIB (Association of
Radio Industries and Businesses). Kpome mHorux coOctBeHHbIX 3amad ARIB
pa3zpabaTbiBaeT JETalbHblE HAI[MOHAJIbHBIE CTAHJIAPThl HAa OCHOBE MEHEe
noapoOHbIX TpeboBanniit MPT pernamenTos [41].
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4.4. Imana3onnl yactor RFID

Jlist onucaHusl paguoNepesaloliiX YCTPOUWCTB, KOTOpPbBIE 00ECIEUYHBAIOT
OJTHOCTOPOHHIOID WJIM JIBYXCTOPOHHIOIO CBSI3b M KOTOpBIC 00JamaroT ciaaboi
BO3MOXHOCTBIO CO3/1aBaTh NOMEXH JAPYTMM PAAUOTEXHUYECKUM YCTPOMCTBAM
CEPT wucnons3yer tepmun Short Range Devices — SRD. B yctpoiictBax SRD
AHTEHHBI MOTYT OBITh BCTPOCHHBIMU WJIM BHEITHUMHM M MOTYT HMCIOJIb30BaThCS
moObie Bunbl MoayJisanuu [42]. ITU B pekomenmanusx 213/1 moanepKuBaeT 3To
OTpEeICNICHUE IMHUPOKOTro Kilacca paguodJICKTPOHHBIX NMPUOOPOB M, 0oyiee TOro,
PEKOMEHyeT HallMOHAIbHBIM AJMUHUCTPAIUSAM, YTOOBI B OINpPEACNAEMbIX HMH
napaMeTpax IIpyd HCIOJIb30BaHUU YCTpoMcTB SRD OTCyTCTBOBaNM M3JIUILIHE
KECTKUE OrpaHMyeHus. Bo BceM MHUpe MpuiararoTcs yCUius IO TapMOHHU3ALUN
VICIIOJIB30BAHUS PAIMOCIIEKTPA B 3TOM KJIACCE YCTPOUCTB.

Amnnaparypa RFID otHocuTcss k kiaccy ycrpoiictB SRD u Moxer
(GYHKIIMOHUPOBATH TOJBKO B HA3HAUYCHHBIX YACTOTHBIX JHMAMA30HAX, BBIJCICHHBIX
B OOJIBIIMHCTBE CTpaH. PaccMOTpuM 3TH AMana3oHBbI.

4.4.1. nanazons ISM

B tabnumax pacnpenenenus yactot [TU BoiaensieT onpeaeieHHbIE YaCTOThI
JUISL ICTIOJIb30BaHUs B MPOMBINIIIEHHOCTH, Hayke U meaunuHe (Industrial, Science
and Medicine — ISM). Dtu nuama3oHsl NpeaHa3HAYEHBI JJII TMPUMEHECHHUS B
YCTPOMCTBAX MPOMBINIJICHHOTO, HAy4YHOTO M MEIMIIMHCKOTO Ha3HAYCHMs, HE
NpeAHAa3HAYCHHBIX IS JAUCTAHIIMOHHOTO WCIOJb30BaHusA. M3mydeHue sTux
YCTPOMCTB BCE K€ MOXXET OKa3blBaTh MOMEXOBOE BJIMSHHE Ha PabOTy APYrux
paguo M TEICKOMMYHHMKAIIMOHHBIX Cayk0. [loaroMy miIsi MX HCIOJIB30BaHMS
BBIJICTIAIOT OIpe/ie/ICHHbIE auana3oHbl 4acToT [43]. OCHOBHBIMM JHMana3oHaMU
ISM sBastores (RR S5.150) [36]:

13,553 - 13,567 MI'i;

26,957 - 27,283 MI'ni;

40,66 — 40,70 MI'i;

902 - 928 MTI'1 (B Peruone 2);

24-2,51Tn;

5,725 - 5,785 I'T'w;

24 -24251T.
[To ycMOTpeHHIO HallMOHAIBHBIX aIMUHHCTpAIMi B KadyecTBe auariazoHoB ISM
MOTYT BBIJICTISATHCS AOMOJHUTENbHBIC quana3oHsl (RR S5.138) [36]:

6,675 - 6,795 MI'11;

61,0-61,51Tu;

122 - 123 I'T'g;

244 - 246 I'Tw.
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B necsatu crtpanax EBponbl nuamazon 433,05 - 434,79 MI'n Ttakxe
aprsgercss ISM nuamazonom (S5.280) [36]. B apyrux crpanax Perunona 1 o
JOCTYIIEH JUISl WCIIOJIb30BaHUS MpPU YCIOBHUSX, oroBopeHHbix RR S5.138.
Juanazonbel ISM Takke MOryT MCHOJIB30BaThCS APYTMMH PATUOCITYXKOaMU IpH
YCIIOBHH, YTO OHU OYyIyT cOBMeCTHMBIMU ¢ ycTporictBamu ISM. Ilpu stom ITU,
HE Hajaras OrpaHMYeHUI Ha M3JIy4aeMyl MOUIHOCTb, PEKOMEHIYET, YTOObI BCE
cTpaHbl (aAMUHUCTpALIMKM) JAOOMBAINCH MHHUMHU3AIMKU u3nydeHuss B [SM
nuarnazoHax (S15.13) [36]. OgnoBpeMeHHo B pamkax pesomtonuu RR Ne 63
mexay ITU u IEC obOcyxnaroTcsi BO3MOKHOCTH OTPAHUYEHUS BIUSHUS TTOMEX B
nuanaszoHax ISM npyrum paauocioysx0am.

4.4.2. llpyrue nuanazonsl (LF, HF u UHF)

B GompmmncTBe pernonoB ITU paspernaer 6e3 NHUIIEH3UN UCIIONIB30BATH B
JOTIOJIHEHUE K JauarnazoHaMm 4acToT ISM Hm3kouactoTHbeidi amanazon LF (Low
Frequency) 9 xI'm — 135 xI'y u HF (High Frequency) 13,56 MI1.

Cormacio  pexomenpaumsim  CEPT  70-03 co  cceuikamMmu  Ha
coorBeTcTBytomue cranaaptel ETSI nns wcnonb3oBanus B crpanax CEPT B
pazaene Hecnenuduueckux ycrpoiictB NS-SRD (Non Specific SRD) pazpernieHs
nononHutenbHbie UHF (Ultra High Frequency) numanazonsl [44]. B wactHOCTH
ato auamnas3oH 868 MI'1 — 870 MI'1. B Hacrosiiee BpeMsi IpUHUMAETCS] PELIEHNE
110 PaCUIMPEHUIO 3TOTO Auarna3oHa ;10 865 MI'— 870 MI .

Ta6mumna 4.1. Jlnanazons! LF, HF, UHF u ISM, pa3pemiennsie B Mupe.

Yacrtora [uama3oH  [THKHSS/JAdbHSS A2 Tun Pervon | [Ipumeuanus
HACTOT BOHA

9-135 kI'x 382 M 1200 m {a o/I-
mogauaria3doHax

6,78 M'u 115 k' 7,04 M 22,1 M ISM Bee'

13,56 MI'y 7 k't 3,52 M 11,1 M ISM Bcee

27,12MI'm #163 k[w | 1,76 M 5,53 ™ ISM Bce

40,68 My 120 kI’ 1,17 m 3,69 M ISM Bce

43392 MI'y 4870 kI'my | 11,0 em 346cm | ISM 1

869,525 +125 5,5cMm 17,3 cm NS- CEPT [Ipennaraercs

MI'n KFH*** SRD 865-870 MI'g

915MI'm  HI3 Ml | 52cm 16,4cm | ISM 2 FH
250 /500 xI'g

2,45TTu  H50 MIn | 1,9 em 6,12cm | ISM Bce FH B Espore u
CLIA

5,8 T H75 M | 8,2 MM 2,59cm | ISM Bce

24125 TTH | £125MTI' | 2,0 mm 6,2 MM ISM Bce

*Ha ycmotpenne anmunuctpanuid (RR S5.138) [36].
** Tonpko B 10 EBponelickux crpanax (RR S5.280) [36]. Bo3amoxHO ncnonabp30BaHue B ApyTuX

CTpaHax peruosa 1, B coorBeTcTBHH ¢ ycioBusiMu RR S5.138 [36].

*E*Moxer CKauyKkooOpa3Has

HCIIOJIB30BaThCA

IIHUPOKOIIOJIOCHBIC CUT'HAJIBI.

repecTponka

YaCTOTHI

(FH) wmm
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4.5. Hanpsi:keHHOCTH 10JIS1, HIUPUHA CIIEKTPA U METO/IbI U3MepPeHu s

JIo TOro Kak OPUCTYNUTh K PAaCCMOTPEHHMI0 OIPAHWUYEHUM YpPOBHS
W3JIyYEHUS U TIOJIOCHI ITPOIYCKAaHMsI, Mbl OCTAHOBHMCS Ha €IMHMIIAX U3MEPEHUH U
METOAaX U3MEPEHHUM ITUX ITAPAMETPOB.

PernameHTsl PauoCBs3HY, yCTaHaBJIMBAEMbIE HallMOHAJIbHBIMU
aIMUHUCTPALIUSIMU, OMEPUPYIOT TPEMs MPEACIbHBIMU 3HAYEHUSMHU MapaMeTPOB:
MOIITHOCTH, HAMNPsHDKEHHOCTH TOJIS W IIUPUHBI CIEKTpa CHUTHAJIA, a Takke
METOJaMi HM3MEPEHHSI ATUX MapaMeTpoB. MOIIHOCTh W HAMNPSHKEHHOCTH MOJIS
MOTYT OBITh ONpENETCHbl B €IMHUIIAX H3Ty4YaeMON MOIIHOCTH WJIM B €IMHMIIAX
HAMPSHKEHHOCTHU SJIEKTPUYECKOTO MIIM MAarHUTHOIO MOJIS B OVDKHEW WK lajabHen
30He. [llupuHa criekTpa curHanza MOKeET onpeaesaThess Ha ypoBHe 6 b, 20 nb, 30
nb unu Gosbiie. MeToabl U3MEPEHHUI TapaMeTPOB MOTYT OBITh PEATM30BAHBI TIPH
MOMOIIIM KBA3UIMKOBOI'O JIETEKTOPa WM JIETEKTOpAa CPEIHEro YpoBHs moiis. s
TOTO 4YTOOBI TOHSTH, KaK COOTHOCHTH TPEOOBAHUS PA3THYHBIX PETrIAMEHTOB,
HEO0OXOJIMMO MPUBECTH MX K OOLIMM METOJMKAM U €AUHULIAaM u3MepeHuil. [[is
3TOT'0 PACCMOTPUM COOTBETCTBYIOIIKE (HOPMYIIBI PeoOpa3oBaHUsI.

4.5.1. IIpeoOpazoBaHus HAPSIHKEHHOCTH TOJISI K1 MOIITHOCTH

Jlns Toro 4TtoOBl CpaBHUBATH MpEJEibl HAMPSIKEHHOCTH TMOJS U YPOBHS
MOIITHOCTH, YCTaHABJIMBAEMbIC PA3IMYHBIMU ATIMUHHCTPAUSAMHA, HEOOXOIUMO
npeobpa3oBaTh UX K OOIIMM eIWHUIIAM U3MepeHus. [ OGOoJIbIIMHCTBA YacTOT
FCC ycranaBnuBaeTr mpeieibHbIe YPOBHU M3IYyYEHUS B €AMHUIIAX H3JIy4aeMoil
MOIITHOCTH WJIM HAMNPSKEHHOCTH 3JIEKTPUYECKOTO MOJiA B JajbHEH 30HE. B CBOIO
ouepenb, CEPT/ESTI ycranaBnuBaer mpenensl B EAWMHHUIIAX H3MEPEHUS
M31y4a€MOM MOIIHOCTH WJIM B €IUHUIAX HW3MEPECHUS HaNpPS)KEHHOCTH
MarHuTHOTO ToJisI B OvkHEeH u janbHel 30He. MPT ycraHaBnuBaeT mpeneinbl B
E€OUHUILIAX  HU3MEPEHUA  HM3JIy4aeMOM  MOIIHOCTA WM  HANpsHKEHHOCTH
AIEKTPUYECKOTO TOJIS B TAIIBHEN 30HE.

4.5.1.1. JlanpHsAS 30Ha

Kak MbI BUJIenH B riaBe 2, 3JIEKTPUYECKOE U MAarHUTHOE TOJS B JajbHEH
30HE CBSI3aHbBI APYT C JPYrOM COMPOTHUBIIEHHEM CBOOOIHOIO MPOCTPAHCTBA M.
Ecnu npuHATH, 4TO MakCHMallbHas HANPSKEHHOCTh AJIEKTPUYECKOrO MOJIS Ha
paccTosiHuy Ry paBHa E,,,., MBI MOKEM OIpPEICINTS HAMPSHKEHHOCTD MATHHTHOTO
nons H’,,. mHa JIpyroM paccTossHuu Ry. Jlnsi cBOOOJHOrO MPOCTPAHCTBA TakKue
peoOpazoBaHusl BEITJSAAT CIACAYIONIIM 00pa3oM:

" 1dl
E! =——nk, 4.1
max 47Z'RE 770 ( )
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=—k. 4.2
max 47Z'RH ( )
g7 —pr Ko (4.3)
n,R,

[Tocne HaxoXAECHUS HANIPSIKEHHOCTEHW 3JIEKTPUYECKOTO U MArHUTHOTO TOJIS
B KaKoW-IMOO TOUYKE IPOCTPAHCTBA JalbHEH 30HBI, MBI MOXXEM BBIYHCIUTH
U3JIy4yaeMyro MOITHOCTh. CHayana HaiieM CpeHIO TUIOTHOCTh MOITHOCTH IMOJIS
Ha PacCTOSIHUH Ry

_E, _Him _ PG,

S =T
2, 2 AR,

(4.4)

[To ompenenenuto EIRP sgBisiercss MOIHOCTBIO Ha BXOJE aHTEHHBI P ,
YMHOKEHHOM HA €€ YCUJIEHUE OTHOCUTEIBHO U30TPONTHOM aHTEHHBI G :

EZ
EIRP=—"47R’, . (4.5)
21,

Hcnonw3ys Beipakenue (2.48), Tenepb Mbl MOXKEM MEPEUTH K MOIIHOCTH
ERP. Cnenyer 3ameTutsb, 4TO, €CIIN E'uH's dbopmynax (4.4) u (4.5) BeIpaskeHbI
B CPEIHEKBAAPAaTUYECKUX 3HAYEHUSX, KOdhPuimeHT 2 B 3tux (opmynax Oyner
paBeH 1.

4.5.1.2. banxusas 30Ha

B OnvxHelt 30He B3aMMOOTHOIIICHUS MEXKIY JIEKTPUUECKUM U MAarHUTHBIM
nosieM Oosiee CIOXHBL. JJis MpoOBeNEHUsT HYKHBIX TpeoOpa3oBaHUN CIleayeT
YUYUTHIBATh THUI aHTEHHBI. Tak Kak CHUCTEMBI OJIMKHETO TIOJNS SIBISIOTCS
WHIYKTUBHBIMHU WM €MKOCTHBIMH, HEOOXOJIMMO PacCMOTPETh 00a TUIAa aHTEHH.
JIns MHAYKTUBHBIX CHUCTEM IMPUMEM AaNMpOKCUMAIIMI0O AaHTEHHBI B BUJE Majou
paMKH, a pacCTOSIHMUE OT aHTEHHbI MHOTO OOJIBIIIMM pajnyca pamMKu (ypaBHEHUS
(2.15) — (2.20)).

Ecimu cornmacHo ypaBHeHuto (4.1) 3agaThb Ha HEKOTOPOM pACCTOSHUU Rp
HANPSKEHHOCTD JJIEKTPUYECKOTO T0JISI B JAJbHEW 30HE Eﬂmax, MBI MOYKEM HaWUTHU
MarHuTHOE T0JIE Ha paccTosHuu Ry B OnkHed 30He. [l aToro cHayana,
UCTIONBL3Ys ypaBHeHUE (2.18), momydum:

o 1l

=—=_2 4.6
max 47sz[3.1 ( )
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Tenepp, komOuHUpPYs ypaBHeHus (4.1) u (4.6), MOIy4nM OIICHOYHYIO
3aBUCUMOCTh MEXJIY MaKCHUMaJIbHbIM (TTMKOBBIM) 3HAYEHUEM HANPsHKEHHOCTU
MarHUTHOTO TOJI B OJIM>KHEN 30HE C aHAJIOTUYHBIM 3HAYEHUEM SJIEKTPUUYECKOTO
MOJIS1 B TAJIbHEN 30HE:

,, Y
v =El 77]{—25123 (4.7)
0 H

4.5.2. lllupuna cnekrpa

Ecnu He oroBapuBaercs MHaue, MOJA IIMPUHON crekTpa OyJaeM MOHUMATh
JVAIa30H 4YacTOT, B KOTOPOM CIHEKTPAJIbHBIE KOMIIOHEHTBHI ITPEBBIIIAIOT
HEKOTOpPBIM 3aJaHHBIi  ypOBEHb. AJIMUHHUCTpAlMd OOBIYHO OrOBapHUBAIOT
ONPENCIICHHBIM YPOBEHb M3JIy4YE€HUs, B KOTOPOM MOIYT IPHUCYTCTBOBATH
CIIEKTPAJIbHBIE KOMIIOHEHTHI CHUTHaJMA. [Ipy 3TOM B HEKOTOPBIX AHANa30HaxX
YaCTOT MOKET JOIYCKaThCA TOJIBKO MMAPA3UTHOE U3IIyUYEHHE.

Wuorna mwupuHa cHoekTpa o003HadaeTcd Kak LIUpUHA CIEKTpa 10
Ompe/ieIeHHOMY YpoBHIO n b, onHako, B OOJIBIIMHCTBE CIIy4yaeB OHa
OIIpPEAENACTCs IIyTEM CPABHEHHUS IIPEAEIbHOIO YPOBHS OCHOBHOM HAIIPS>KEHHOCTH
NoJis WM MOIIHOCTA C TpPEJCNbHBIMU YPOBHSIMHU OOKOBBIX TIOJOC WIIU
IIPUWIECKAILIETO IAPAa3sUTHOIO M3JIydYeHHsA. B 3TOM ciydae IIMpHUHA CHEKTpa IO
YPOBHIO N-1b SBIAETCS OTHOLICHWEM IIPEACIBHOIO YPOBHS MW3JIy4YECHHMS Ha
OCHOBHOM WJIM LEHTPAJIBHOW YacTOTE K IIPEACIbHOMY YPOBHIO IIapa3sUTHOIO
U3Ty4YEHUs WM OOKOBBIX IMOJIOC, BEIPAKEHHOM B JeInbenax.

[TapazutHOE wW3MydyeHWEe OOBIYHO ONpENeNseTCs KaKk W3IydYeHHue, He
BKJTFOYAFOIIIEE HECYIIYIO YaCTOTY ¥ OOKOBBIC MOJOCH. OHO 4acTO MCTOIB3YeTCS B
KaueCcTBE MPEJECIbHOr0 YPOBHS BHEMOJIOCHOTO W3JIYyYEHUS MOJYJIUPOBAHHOTO
curHana [45].

4.5.3. JletekTupOBaHUE

Jlyist Toro yToObl TOHUMATh, KaK PErJIAMEHTHI BIUSAIOT HA XapaKTePUCTUKU
cucreM RFID, «kpaitHe BaxxHO pa3zo0OpaTbCcsi B METOAMKAX H3MEPEHUS.
BOJIBIIMHCTBO  aJIMUHUCTpALMA B 3aBUCUMOCTH OT HECYIIEH YacTOThl U
KOHKPETHOTO YCTPONCTBA MPOBOJAT UCTIHITAHUS 000PYI0BaHUS WIIK Ha OTKPHITOM
MPOCTPAHCTBE, WM B 0€33XOBBIX Kamepax. Y CTpOMCTBA UCHBITHIBAIOTCS BO BCEX
BO3MOKHBIX YTJIOBBIX OPUEHTALUSIX U C U3MEHEHUEM BBICOTHI JJISI TOrO, YTOOBI
ONPENECTNUTh MAKCUMAJIBHYIO HAINPSX)KEHHOCTD IMOJI WA MOIIHOCTh U3JIy4YEHUs HA
¢ukcupoBanHom paccrossuun (FCC 15.31) [46]. Kak mpaBuio, ycTpoiicTBa
UCIBITHIBAIOTCS B HOPMaJIbHOM pabodyem mnosokeHuH. OcoOblii  HHTEpec
MPEJCTABISAET TUI JETEKTOPA, UCIOIb3yEMOr0 IPU U3MEPECHUSIX.
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OOBIYHO  HCCIEAYIOT HENpPEpbIBHbIE WM  HUMIIYJIbCHBIE  CHUTHAJIBI.
HenpeppiBHBIE CUTHAIIBI UMEIOT Y3KYIO IIMPUHY CIIeKTpa. VIMIyJIbCHBIE CUTHAIIBI,
KOTOpBIE TOSBIIAFOTCS B HEKOTOPBIE MOMEHTBI BpPEMEHM C OIPEIEICHHOU
4acTOTOW MOBTOPEHUS, UMEIOT OoJiee MUPOKHi criekTp. [Ipu paBHBIX aMITUTy1aX
CUTHAJIOB OOBIYHO CUUTAETCS, UTO HEMPEPhIBHBIC CUTHAJIBI OOJIEE BPETHBI.

Vcrnonp3oBaHWe MTHOBEHHOTO TTMKOBOTO JIETEKTOpa IS HM3MEpPEHUS
YPOBHSI M3Ty4EHUSI HE TIO3BOJISIET OIMPEACIUTh BO3MOKHOE BPEIHOE BO3/ICHCTBHE
UMIYJTBCHBIX CUTHAJIOB Ha OKpY’Karomryro cpeny. [loatomy B 3TOM ciywae s
OIICHKY BJIMSIHUS M3ITYYCHHS MPUMEHSIOT YCPEIHEHUE CUTHANIA BO BPEMEHU IMPHU
nomotu RC-dunbtpa (puc.4.3.) [47].

o—1{ | 1 .
R —

Puc.4.2. RC-punbTp.

JleTeKTophbl CpeAHEero 3HayeHUs MpeIHa3HA4YeHbI Ui pabOoThl KaK B YaCTOTHOM
nuanazone oT 9 kl'm mo 1 I'T'm [45], Tak u Beime 1 I'Tr [46]. Hemocrarok
JIETEKTOPOB CPEAHEr0 3HAYEHUSI COCTOUT B TOM, YTO HUMIYJBChl C Majou
CKBAXHOCTBIO MMEIOT YPE3BBIYAHHO MaJIOE€ CpPEHEE 3HAUCHUE, YTO MPHUBOJUT K
OOJIBIIIM TIOTPEIIHOCTSAM M3MEPEHHUSI M, BCIEICTBHE D3TOr0, K BO3MOXHOM
HEJIOOLICHKE CTENICHU BIIMSHUS BO3JICUCTBUS W3TyUYCHUS Ha OKPYKAIOIIYIO Cpey.

z
=
]
I
1
aQ

Puc.4.3. KBa3unukoBbIi JETEKTOP.

[lo sTolf mpuuMHE OOBIYHO MCHOJB3YIOT KBA3UIMKOBBIE JIETEKTOPHI, KOTOPHIC
COCTOSIT W3 3apsaHod u paspsaHod mened (puc. 4.3). Takoil nerekTop
pacCUMTHIBACTCS HA ONPENEIICHHYIO aMIUIUTYAY, SHEPIHUI0 UMIYJbCA M 4YaCTOTYy
MOBTOPEHUSI CUTHaIA. Yamie BCEro KBA3WIIMKOBBIE JIETEKTOPHI MCIOJIB3YIOTCS B
nuarna3zoHe yactoT Hwke 1 I'Tr.

HcxonHble JaHHBIE 1711 TPOSKTUPOBAHUS U UCIIOIb30BAHUS KBA3UITMKOBBIX
JETEKTOPOB MpuBOAATCS B myOnukaiuu 16 IEC cnienuaibHOT0 MeXIyHapOIHOTO
komuTeTa 10 crneuuanbHbiM BozgeicTBusAM (CISPR) [48]. Texuuueckue
XapaKTePUCTUKU JETEKTOPOB (MOCTOSIHHAsI BPEMEHHU M TM0J0Ca MPOITYCKaHUSA)
pa3MYHbl B 3aBUCHUMOCTH OT JMamna3oHa 4acToT. Bcero omnpeneneHo 4YeThbIpe
nuariazoHa pabounx yvactor: 9 — 150 kl'm (mmanazon A), 150 k['m — 30 MI'n
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(mmanazon B), 30 — 300 MI'u (quanazon C) u 300 MI'u — 1 I'Tq (nmanazon D).
Boeime 1 I'T 0OBIYHO KCIONB3YIOT CHEKTPAIbHBIE aHAIM3ATOPHI ¢ MUKOBBIMU
JNETEKTOPAMH.

JIns KBa3WIMKOBOIO JETEKTOpAa IIOJIOCA MPOMYCKAaHWsS MO ypoBHIO 6 nb B
nuarazone A omnpenenesHa pasHod 220 I'm, B nguamasone B — 9 klI'm, a B
nuarazoHax C u D — 120 kI'u. Ecin yacToTa MOBTOPEHHSI UMITYJIbCOB IPEBBIIIAET
yKa3aHHbBIE YaCTOTHI, IETEKTOP JACUCTBYET KaK JAETEKTOP CPEIHETO 3HAYCHUS U HE
TpeOyeTcsi BBeACHUS KOppeKTupyromux kodhduiuentos. PaaumorexHuueckue
CUCTeMbl C OOJIBIIOW IIUPUHOW CIHEKTpa MMEIOT YacTOThl IOBTOPEHUS,
MPEBBIIIAIONINE TPUBEICHHbIE 3HaueHUs. OQHAKO Y3KOIOJIOCHBIE CUCTEMBI C
HECYIIUMHU 4YacToTaMu, Hamnpumep, meHee 135 kl'u, 6,78 u 13,56 MI'u, moryt
MMETh IIMPUHY CIEKTpa M3JydaeMbIX cUrHajioB MeHee 9 kI wim 220 T'u. B
TaKMX CJIy4asX BBOJUTCA KOPPEKTUPYIOMUNA KOA(D(UIIMEHT, CBSI3aHHBIN C
4YacTOTOM TOBTOPEHHUS HUMIyJbcoB [48]. BenuuumHa KOPPEKTUPYIOIIETO
Kod(huIreHTa MOXKET OBITh CYIIeCTBEHHOM U TpeBbImath 10 nb.

4.6. YacToThI U OTPAHUYCHUSA

[Tockonbky cuctembl RFID B OnmxkHEN 30HE UCTIONB3YIOT AJIEKTPUUECKUE U
MAarHuTHbIE TIOJIs, 4 B JAJIBHEHW — DJIEKTPOMATHUTHBIE BOJHBI, PACCMOTPUM HX
pasaebHo.

B Ttabmune 4.1 nnsg xaxaoro AuanasoHa MPUBEICHBI T'PAHMIIBI OJIMDKHEH
30HBI M pa3Mepbl TOJIOBUHBI JUIMHBI BOJIHBI (JUIsI PE30HAHCHBIX AHTCHH).
Od4eBUIIHO pa3lielieHHe Ha CHUCTEMBbI OJIMKHEW W naiibHel 30H 1mosisi. CUCTEMBI OT
125 xI'un 1o 40,6 MI'1y oTHOCSTCS K cMcTeMaM OJIMDKHEH 30HBI, TaK KaK TpaHUIa
ux ONWKHEW 30HBI M TMOJYJJWHA BOJHBI JOCTaTOYHO BeTUKH. CHCTEMBI ¢
gactoramu oT 433 MIn mo 24 ITu paboraroT B nanbHEd 30HE, TaK Kak
MOJYyAJINHA BOJIHBI YMEHBIIIACTCS JI0 MPUEMJIEMBIX pa3sMepoB, a TPaHHUIIA HX
OMMKHEN 30HBI CTAHOBUTCSI HEOOJIBIIION.

Kak mpaBwiio, HallMOHAJBHBIE PETVIAMEHTUPYIOLIME OPraHbl B HEKOTOPBIX
YaCTOTHBIX JMAana3oHaX CTPEMSTCS yCTaHaBIMBaTh OoOIIME s BCEX,
COTJIACOBAHHBIE TMPEIEIbHBIE YPOBHHM IIApa3UTHOTO M3IY4YEHUS U JIPYTHUX
napaMeTpoB. Mbl paCCMOTPUM M KOHKPETHBIE OTPAHUYEHNS B UHTEPECYIOIINX HAC
JMana3oHax, U 00IIMe OTPAaHUYEHUSI B OKPECTHOCTSIX ATUX JIMAIa30HOB.

Heo0xoauMo OTMETUTH, YTO B OTACNBHBIX CIIy4asiX, B MPOMBIIIJICHHBIX
BBICOKOYACTOTHBIX YCTPOMCTBAaxX, HAIpPUMEp, IOJNS MOTYT SKPaHUPOBAThCA,
MIO3TOMY YPOBHU H3JIyUYEHUS, NMPEBBIIIAIOIINE JOIMYCTUMbIE HOPMBI, CYIIECTBYIOT
TOJIBKO BHYTPU TaKUX YCTpOMCTB. UTo Kacaercs texHonoruu RFID, Mbl umeem B
BUJ1Y HEDKPAHUPOBAHHBIE CUCTEMBI.

PernamenTsl, Ha KOTOpble MBI OyJ€M YacTO CChUIATHCSA, BKIIOYAIOT
Espomneiickue ctangaptel ETSI EN 300330 (MunyktuBHable pamku oT 9 k11 10 25
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MI) [45], EN 300220 (Ycrpoiictea SRD ot 25 MI't no 1000 MI'my) [49], EN
300440 (Ycrpoiicta SRD or 1000 MI't no 40 I'T') [50], pexkomennanuu CEPT
70-03 (YcrpoiictBa SRD BO Bcex 4YacTOTHBIX Juamna3zoHax) [44], a Takxke
pernmamentbl CHIA FCC wacte 15 [46] u 3akon o pammo (Radio Law) MPT
Snonun.

4.6.1. Yacrorsel RFID B OmmxHEN 30HE

Kaxnas anMuHHCTpanys YCTaHAaBJIMBAECT CBOU IMPENCIbHBIE YPOBHU H
OTpaHUYCHHMS Ha pa3nuyHbIX yactorax. FCC onpenenser aneKTpuyecKoe moje Ha
HekoTopoM pacctosiHuud B nanbHeil 30He. ETSI/CEPT ompenenser MarHutHOe
noJsie Ha pacctosHuM 10 M, KOTOpOE B 3aBUCMMOCTH OT YaCTOThI HAXOJUTCS WM B
OnmxHeH, Wik B ganbHer 30He nosiss. MPT ompenenser snexTpudeckoe moje Ha
paccrosHuM 3 M Ha 4dactore okosio 16 MI'h, mpu 3TOM UIsi APYTrUX YacTOT
AIIEKTPUUECKOE TI0JI€ OMNpEAeNIeTCs MO TOYKE Mepexoaa OT OJMMKHEW 30HBI K
nanbHel 30He. Bee 3To OyieT mpeaMeToM pacCMOTPEHHUS B CIEAYIOIMINX pa3jenax.

4.6.1.1. Inanazon 9 xkI'm — 135 kl'11

XOTs 3TH YacTOThbl M HE SBISIOTCA auana3zoHoM ISM, oHuM dYacto
UCIIOJIB3YIOTCSL Il PaJUOCBS3HBIX YCTPOWCTB HeOonblION pambHOcTH M ISM
ycTpoictB. Kpome TOro, 3TOT Juamna3oH HCMOJIb3YIOT HEKOTOPBIE CITyXKOBbI
OOJIBIION NTaJTbHOCTH ACHCTBUS, BKJIIOYAs paJMOHABHUIAlLIUIO, CIYXKOY BPEMEHH U
BoeHHbIe paaunociayxkO0bl [ITU-R SM 1056/RR]. Hopmbl HanpsskeHHOCTH OIS
3/1eCh OOBIYHO BBIIIE, YEM B JIPYTUX JAHANa3zoHax.

CEPT nonpaszaensier BeCh IMana3oH Ha 5 MojAauana3oHoB, B OCHOBHOM JIJis
obecrieueHUsT 3allUThl CPEJACTB PATUOCBA3M OT HEKEIATEIBHOTO0 B3aUMHOIO
BiusHusg. Yactotel or 9 klI'm mo 135 kl'm Takke mnpenHa3Ha4yeHBI s
UHIAYKTUBHBIX  npuMeHeHuil  (pexomenpamuu  70-03, npunoxenue 9).

HOI[I[H&HEBOHBI nu pa3pemeHHLIe ypOBHI/I MOIOIHOCTH B HHX HpI/IBeI[eHBI B T36J'I.
4.2.[44,45].

Ta6muma 4.2. Yactotsel oT 9 10 135 k', cornacuo CEPT/ETSI pa3pemiennsie s
MHIYKTUBHBIX ycTpoicTB SRD.

ITonoca gyacTor Hanpsokennocts MarHuTHOTO | JleTexTop
I1OJISt

959,75 xI'g 72 nbMkA/m HalOm* KBasunukosslii
59,75 — 60,25 k't 42 nbMkA/M Ha 10M** KBasunukossiit
60,25 - 70,0 xI'g 72 nbMkA/M Ha 10M*** KBasunukosslii
70 -119 xI'g 42 nbmMxA/M Ha 10M KBa3zunukoBbIit
119 - 135 k[ 72 nbMKA/M Ha 10M*** KBa3unukoBbIit
135 k-1 MI' 37,7 nbMkA/M Ha 10M*** KBa3unukoBslit
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* Ha 30 k' cnax 3,5 nb/okTaBy (3kBuBasieHTHO 72 - 3,5 logo(f{kI'11]/30) nbMkA/M Ha 10 ™).
** Jns paMOYHBIX aHTEHH muiomaapio menee 0,05 M npenen Ha 10 nb Huxe.
Hns pamounbix aHTteHH mmiomanasio ot 0,05 mo 0,16 M Mpeaes paBeH IPUBEICHHOMY
sHayerno + 10 log (wromans/0,16 ).
*#% Ha 135 xI'y cman 3 nb/okraBy (9kBuBanieHTHO 37,7 - 3 logy(f[kl'11]/135) nbMkA/m Ha 10 ™).

Pernament FCC B paznene 15.209 3amaer oOiiue mpeaesibl U3Ty4eHUS.
Hns wacror mexay 9 kI m 490 k[ HaNpsXKEHHOCTh JJIEKTPUUECKOTO TOJIS
MoxeT ObIThb paBHOM 10 2400/f [x['] MxB/M wa 300 M, rne f — wacrora. B
nuana3zone 90 kI'y — 110 xI'i orpaHnumMBaeTcst TOJBKO Mapa3uTHOE U3lyueHue. B
nuarazone 160 k' — 190 k' uMmeroTest pa3inuuHbie HazHaueHus. Takum oOpazom
st cucteM RFID noctynusl quana3zonsl yactoT 9 — 90 kI'mu 110 — 160 xI'u. B
nuanazoHax 4dactor 9 — 90 k[ u 110 — 490 kI’ u3MepeHuss NPOBOASTCS C
HCII0JIb30BaHUEM JICTEKTOpA CPEAHETO 3HAUCHUS.

Tabnuma 4.3. Yactotsl ot 9 —160 xI'11, tocTynHbIE A7 OOIIETO HCTIONb30BAHUS
cornacHo pernamenty FCC.

[Tonoca wactor | Hanps>keHHOCTh ~ HampspkeHHocTh MarautHoro | Jerekrop
AIEKTPUUECKOTO TOJIS IOJIS

9-90xI'u 2400/f [x['a] MmxB/™m 198,8 — 60 log(f[xkI'r]) abmkA/m | Cpennero
Ha 300 M HalO0 M 3HAYCHUSA

110 — 160 xI'y | 2400/f [xk['i] MxB/m 198,8 — 60 log(f[kI']) xtbmMxA/M | CpemHero
Ha 300 M Ha 10 M 3HAYCHUA

B Snonnm pernamentsl omnpenemsarorcs 3akoHoM MPT.  CormacHo
naparpadam 1 u 3 ctaTtbu 4 paauoCcpeCTBA C OYCHb HU3KUM YPOBHEM U3ITyUCHUS
MOTYT HCIOJb30BaThbCs 0Oe€3 JsuIieH3uil. B cratbe 6 perjiaMeHTUPYIOTCS
COOTBETCTBYIOIIME ypoBHM wu3nydeHus [42]. s yactror Hmxe 322 Ml
HAMPSHKEHHOCTh 3JIEKTPUYECKOTO TMOJISI Ha PAacCTOSHUM 3 M JOJDKHA OBITh HE
oonee 500 mxB/M. Ha wacrore mpuGnusutenbHo 16 MI'1p paccrosHue 3 M
SBIIIETCS TOYKOM Tepexoia OT ONMKHEeW 30HbI K JanbHell 3oHe. Ha wacrorax
MeHee 16 MI'1 Touka 3 M jexuT B OnvkHeH 30He. [ToaTomy miis yactot MeHee 16
MTI't mpenen 500 MmxkB/Mm 3aman B ToUke Iepexojaa OT OJIMKHEH K JaJbHEH 30HE.
Jlyist Toro 94TOOBI paccuuTaTh MarHUTHOE MOJIE B HEKOTOPOH TOYKE MPOCTPAHCTBA,
B HamieM ciaydae 10 M, He00X0IuMO UCTIONIb30BaTh ypaBHeHUE (4.3) unu (4.7) B
3aBUCUMOCTH OT TOTO, HAXOJUTCSI PACCTOSIHUE B OJNFDKHEW WK ManbHel 30He. Tak
Kak Jisi yactoT MeHee 4,8 MI'm paccrosiuue 10 M Jexut B OJNMKHEH 30HE,
HEOOXOIMMO HCIONIb30BaTh ypaBHeHue (4.7). ua ywactor ot 4,8 MI'n no 15,9
MI'nu paccrosaue 10 M JEXUT B JadbHEH 30HE, IMOATOMY HEOOXOIUMO
UCIoib30BaTh ypaBHeHue (4.3). CnemyeT 3aMeTUTh, UYTO ATH PaCCyKIACHUS
OCHOBAHBI Ha CPaBHEHHMH, IPUBEJICHHOM B periamMeHte [11] nu He nmpuMeHuMBI B
cinydae npumeHennss MPT u ARIB crtanmaprtos.
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Tabnuna 4.4. YacToThl, JOCTYITHBIE JIJIs1 UCTIOJIB30BAHUS PAJUOCPEICTBAMU
HU3KOI'0 YPOBHs u3JlyueHus, corniacHo MPT pernmamenry.

ITonoca wacror HanpsixenHocTs ~ HanpsixeHHoCTh
AJIEKTPHYECKOTO TIOJIS MAarHUTHOTO I0JIS
9 k' — 4,8 MI'y 500mkB/M Ha (c/2ntf) M 229,2 — 60 log(f[xI'u]) MKA/M
Ha 10m
4,8 MI'm — 15,9 MI'ng 500mkB/M Ha (¢/27f) M 76 — 20 log(f[x[']) MxkA/M Ha
10Mm
15,9 MI'p — 322 MI'1g 500mMkB/M Ha 3 M —8 nbMkA/M Ha 10M

4.6.1.2. Jlnanazon 6,78 MI'il

Juanazon 6,695 — 6,795 MI'u sBnsgetcs nuanazoHom ISM, pa3peliieHHbIM B
cTpaHax, npucoeauHuBiuxcss kK RR S5.138 [36]. Takke OH HCIOIB3yEeTCA IS
paZMoOBEIIaHNs U a3POKOCMHUYECKON CBSI3H, KpoMe ycTporcTB ISM. PeriiameHTsl B
EBporne 3TOT Auana3zoH OTHOCAT K MpeAnodYTUTeNbHbIM i cucteM RFID. Oto,
0JIHaKo, He pacnpocTpansiercs Ha CIIA.

CEPT 70-03 B npwioxeHnn 9 naer orpaHuyeHHsl Uil UHIYKTHBHBIX
npuMeHeHuil [44]. [lpenenpHas HanpsHPKEHHOCTh MArHUTHOIO MOJS paBHa 42
nbmkA/mM Ha 10 M. B npenenax +/— 150 kI’ ot nienTpansHO#t yacToThl 6,78 MI'1
npeaenbHas HaNpsSHKEHHOCTh MarHUTHOTO 1oJs paBHa 9 nbmMkA/M Ha 10 M. Bue
3TUX YacTOT INpEACNIbHAs HANPSKEHHOCTh MAarHUTHOTO IOJS CHMXKAeTcs 10 -1
nbMkA/M Ha 10 M. W3mepeHuss mpousBOAATCS NpU IHOMOIIM KBa3HUIHMKOBOTO
NETEKTOpA.

Tabnuna 4.5. lupuHa cekTpa U HANPSHKEHHOCTH oIS B tuarnas3one 6,78 Ml
cornacHo persiamednty CEPT/ETSI.

ITonoca wacror HamnpsxkenHocts  MarHutHOrO | Jlerektop

OISt
6,78 MI'tt +/— 30 xI'g 42 nbmMxA/Mm Ha 10 M KBa3unukoBblii
6,78 MI't +/— 30 ...150 xI'y | 9 tbmMkA/M Ha 10 M KBa3unukoBsln
6,78 MI'y +/— 150 x['t — —1 ntbMxA/M Ha 10 M KBa3sunukoBsIil

Cornacno FCC 15.233 B auanaszone 1,705 — 10 MI'u onipeneneno, 4To eciu
HIMPUHA CIIEKTpa CUrHaja nmo ypoBHI 6 b mpeBeimaer win paBHa 10% ot
LHEHTPAJbHOM  4YacTOTBl, TPEACIbHBIA  YPOBEHb  DJIIEKTPUYECKOTO  MOJIA
ycta"aBiuBaeTcss paBHbiM 100 mxB/m Ha 30 M. Ecnu mmpuna cnektpa cursaia
no ypoBHio 6 n1b menwiie 10% OT UeHTpaIbHON YacTOThI, MPEEIbHbIA YPOBEHD
AJIEKTPUUECKOTO TOJsl yCTaHaBiIMBaeTcss paBHbIM 15 MkB/M Ha 30 M wim
BeIMYMHE B MKB/M, COOTBETCTBYyIOIIECH IIUPUHE CIIEKTpa YCTPOWCTBA B
KWJIOrepIlax, IMOJEICHHON Ha IEHTPaJIbHYI0 4YacToTy B Merarepuax. Jlus
ycTtporictB ISM mmpuna cnekrpa momkaa ObiTh MeHbie 30 k['1. [IpenenpHbIit
YPOBEHb HAMPsLKEHHOCTH 3JIEKTpHUYecKoro moist paseH 15 MxB/M Ha 30 M [46].
JT0, OJJHAKO, HE SABJSETCS 00s13aTEIBHBIM YCIOBUEM.
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Tabnuua 4.6. lllupuna criekTpa 1 HaNPSHXKEHHOCTH TOJIS B Auana3zoHe 6,78 MI'n
cornacHo persiamenty FCC.

[Tonoca wactoT HanpspokenHocTh ~ Hanpspkennocts | Jerekrop
AIIEKTPUYECKOTO TIOJIS MarHUTHOTO TTOJISI

6,78 MI'1 +/— 30 'y | 15 mxB/mM Ha 30 M —18,5 nbMkA/M Ha 10M Cpennero

WIN 3HAUCHHS

6,78 MI'n +/— 678 xI't | 100 MxB/m Ha 30 M —1,98 nbMkA/m HalOM Cpennero

3HAUCHHS

B Anonuu nmpuHATE HOPMBI, KOTOPBIC MTPUOIU3UTEIIEHO YKBUBAJICHTHBI JAHHBIM,
MpUBEJICHHBIM B Ta0I1. 4.4. [46].

4.6.1.3. JInanazon 13,56 MI'1

Hwuanazon 13,553 — 13,567 MI'u Bo BceM Mupe siBiisieTcs quana3zoHom [ISM
(RR S5 150). Kpome Gosbmioro uucia SRD u ISM ycrpoiicTB, 3TOT auamnazoH
UCIIOIB3YIOT TPAaHCKOHTUHEHTaIbHBIE CITy>KObI. J{ia cuctem RFID pernameHTsl BO
BceM MUpe oTHOCAT auana3oH HF - 13,56 MI'1| k npeAnouTUTEIbHBIM.

OrpanuueHusi il UHAYKTUBHBIX mnpumeHeHuid aanel B CEPT 70-03
npuioxenue 9 [44]. [lpenenbHas HaNpPsKEHHOCTh MAarHUTHOTO MOJs paBHA 42
nbmkA/M Ha 10 M. B npenenax +/— 150 k' ot neHTpanbHoi yactotsl 13,56 MI'n
npeenbHas HaNpsSHKeHHOCTh MarHUTHOTO ToJs paBHa 9 1bmMkA/M Ha 10 M. Bue
ATUX YaCTOT MpeJeibHas HANPSIKEHHOCTh MArHUTHOTO TOJISI CHUXKAETCS 110 —3,5
nbMkA/M Ha 10 M. U3mepenusi mpous3BOAATCA NpPU TOMOIIKM KBa3HUITHKOBOTO
JETEKTOpa.

Ta6numa 4.7. [llupunHa ciekTpa U HaANPSHKEHHOCTH ToJIst B Auamnaszone 13,56 MI'
cornacHo pernamentaM CEPT/ETSI.

ITomoca yactoT HanpsixkeHHOCTB MarHuTHOro | JletekTop

IOJIA
13,56 MI't +/— 7 xI'g 42 nbMmkA/M Ha 10M KBasunukosslii
13,56 MI'tt +/— 30-150 xI'; | 9 xbMkA/M Ha 10M KBasunukossiit
13,56 MI'tty +/— 150 x['n— | —3,5 nbMkA/M Ha 10M KBasunukoBsIit

Cornmacho FCC 15.233 B pgumamazone ISM ompeaenen npenen
HaIpPsHKEHHOCTH AJIeKTpudeckoro mossi, paBHbid 10 000 mxB/M Ha 30 merpax.
Bue nuamazona mpenenbHas HANPsSHXKEHHOCTh AJIEKTPUUECKOTO TOJIS CHHUXKAETCA
1o 30 mxB/m Ha 30 m. U3-3a TpeboBanuii paauoactponomun Huxe 13,41 Ml
JOTMyCKaeTCsl TOJbKO Mapa3uTHOE HW3iIyuyeHue. BHyTpu nuamazoHa u3MepeHus
MPOBOJSTCS IIPU MOMOILM KBAa3UIIMKOBOTO AETEKTOPA, a 3a €ro MmpeAeiaMu — Mpu
MOMOIIIM IETEKTOpa CpeAHEro 3HaueHus [46].
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Tabnuna 4.8. [llupuHa ciekTpa U HANPsHKEHHOCTH oISt B uana3one 13,56 MI'
cornacHo pernamenty FCC.

[Tonoca wactoT HanpsioxkenHocTh ~ Hanpsokennocts | Jderexrop
AIIEKTPHYECKOTO TIOJIS MAarHUTHOTO TOJIs
13,56 MI'ty +/— 7 xI'y | 10 000mxB/m Ha 30 M 38,0 ntbmkA/M Ha 10 M | KBa3unuKoBBIi
13,56 MI'ny +/— 7 kI'ui— | 30 MxB/m Ha 30 M -12,4 nbmMkA/Mm Ha 10 M | Cp. 3HaueHUs

B Snonum cucrempr RFID, paGotaromme B 3TOM JAMana3oHe, MOTYT
3aHUMAaTh II0JIOCY, PAaBHYK 7-KpaTHOW MOJIYJSALMOHHONM CKOPOCTH, NIPH
MOIITHOCTH Ha BBIXOJIE aHTECHHBI, paBHOW 10 MBT u ee ycuieHUM paBHOM WIIU
menbiieM 30 nabu. Takoe TtpeboBanue »skBuBasieHTHO 10 Bt EIRP wu
HanpsDKEHHOCTH MarHuTHoro mois 73,2 nbmkA/M Ha 10 m. Ilpm ycunenun
aHTeHHBI 2,15 nbu 3TO TakKe COOTBETCTBYET HANPSKEHHOCTH MAarHUTHOIO IOJIS
45,4 nbvmkA/Mm Ha 10 M [42]. Takue HOPMBI JOKHBI OBITH TOATBEPKICHBI
COOTBETCTBYIOIIMMU JTOKYMEHTAMH, KOTOPBIE, OJTHAKO, O HACTOAIIETO BPEMEHU
HEe OIyOJIMKOBAHEI.

4.6.1.4. Jlnanazon 27 MI'il

Bo BceM mupe nuanazon 26,957 — 27,283 MI'u npunst B kadectse ISM
nuanazoHa. OH HCHONB3yeTcs OONBIIUM YHCIOM YCTPOMCTB HEOONBIION
JTadbHOCTU U ycTpoiicTBamu I[SM, BKItO4ass HarpeBaTelbHbICE U MEIUIIUHCKUE
YCTAHOBKH, MENHKEPBI U YCTPOKCTBA yIIpaBiieHUs paauomoaensiMu. B CeBepHoit
Awmepuke u EBpone on nexur BHyTpu obmienoctynHoro CB (Citizens Band)
panuoauanaszona. Juamazon 27 MI', XOTsi U HMMEET AOCTATOYHO OOJIBIIYIO
HIUPHUHY, peako ucnoubzyercs st RFID.

B npenenax ISM nuanazona CEPT B pexomenpanusx 70-03 pgomyckaet
HaIpPsHKEHHOCTh MAarHUTHOTO Mojs 10 42 nbMkA/M Ha pacctossHuu 10 M npu
WCIIOJIb30BaHUU KBa3unmukoBoro jerekropa wim 10 mBt ERP  BwixonHo#M
mMoutHocTH (IIpunoxenue 9) [44].

Ta6numna 4.9. [llupuna cuekTpa U HaANPSHKEHHOCTH ToJisl B Auanaszone 27,12 MI'n
cornacHo pernamentam CEPT/ETSI.

[Tonoca yactot HanpsykeHHOCTh MarHMTHOTO MOJIS Jlerekrop
27,12 MI't +/— 163 k't 42 nbmMxA/M Ha 10M KBa3unukoBbIit
27,12 MI'y +/— 163 xk['1— — 3,5 nbmMkA/M HaA 10M KBa3unukoBsii

B npenenax ISM auanazona FCC (15.225) ycranaBnuBaeT MakCUMAJIbHYO
HaNpsHKEHHOCTh 3nekTpudeckoro nois no 10 000 mxB/m na 30 m. Bue ISM
Jana3oHa IpeleibHas HapsSHKEHHOCTh 3JEKTPUYECKOro Mojisi ycTaHoiieHa 30
MkB/Mm Ha 30 M (15.209). U3mepeHusi NOMKHBI MPOBOJUTHCS MPU MOMOIIU
JIETEKTOpa CpeaHero 3HaueHus [46].
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Tabnuna 4.10. HlupunHa ciekTpa 1 HaNPsHKEHHOCTH ToJis B quamnaszone 27,12 MI'g
corsacHo pernamenty FCC.

ITonoca wacrot HanpsioxkenHocTh ~ Hanpspkennocts | Jetekrop
AIIEKTPUYECKOTO OIS MAarHUTHOTO ITOJIS

27,12 MI'm +/—~ 163 | 10 000mxB/M Ha 30M 18,0 nbMkA/M Ha 10M Cpennero

kI'11, mm 3HAYCHUA

27,12 MI'n +/— 163 | 30 mxB/M Ha 30M —12,4 nbMkA/M Ha 10M Cpennero

k[ '1— 3HAYCHUA

B SAnonun ycranosnen o6muii npegen 500 mxB/m Ha 30 M (— 8 1bMKA Ha 10 M)
[42].

4.6.1.5. Jlnanazon 40,68 MI 1

Bo Bcem mupe mmanazon 40,66 — 40,70 MI'n Takke ONpUHAT B Ka4E€CTBE
ISM nmunanaszona. On peako ucnonszyercs s RFID, Tak kak XxapakTepUCTHKH
pacupoCTpaHEHUS U PETIIaMEHTHBIE OTPAaHUYEHHS B 3TOM JUAINAa30HE 3HAYUTEIBHO
MeHee OJaronpusaTHBI, 4eM B auanazonax 13,56 MI'iu 27,12 MI'L.

CEPT/ETSI ycraHaBnuBaeT MaKCHUMaJbHYIO BBIXOJHYIO MOIIHOCTb,
paBayto 10 MBt ERP B mpegemax ISM nwmanazona. Bue ISM amanaszona
npenenbHbii ypoeHb nmagaet 10 250 HBt ERP [44,49].

Tabnuua 4.11. Hlupuna ciekTpa 1 HaNpsHKEHHOCTH 1o B quamnaszone 40,68 MI'y
coriacHo pernamentam CEPT/ETSI.

[Tonoca yacToT MoinocTh ~ Hanpsoxennocts | JeTekrop
(ERP) MarHUTHOTO TIOJIS

40,7 MI'y +/— 20 xI'g 10 MBT 45,4 nbmxkA/M HalOM KBazunukoBeIi

40,7 MI'y +/— 20 xI'u— | 250 uBT — 0,62 n1bMkA/M HalOM KBa3unukoBsli

[Ipenenst FCC u3mMeHAOTCA B 3aBUCMMOCTH OT THUIA YCTPOMCTB. I yCcTpoOilCcTB
MPAKTUYECKA  HEMPEPBIBHOIO  M3IYYEHUs  MpElIesibHAsg  HANPSKEHHOCTH
aneKkTpuueckoro moins ycranoBiena 1000 mMxB/M Ha 3 M mpu u3MepeHUU
KBa3WUIIUKOBBIM JIETEKTOpOM. BHe nuamasona ycranosiieH mpeaen 100 MxB/m Ha
3 M (15.229) npu u3MepeHun 1eTEKTOPOM CpeIHEeTo 3HaueHus [46].
[lepuoanyecku U3IydaroIIue yCTPOUCTBa MOTYT u3iydaTh A0 2250 MxB/m
Ha 3 ™. IlapasutHoe wu3nydYeHHUE HE JOKHO TpeBblmarh 225 wMkB/M.
[IpoaomKUTENbHOCTh U3TYYEHHUSI HE OJKHA NpeBbIaTh 5 ¢. M3MepeHuss MoryT
MIPOBOJAUTHCS WM KBA3UIMKOBBIM WM IETEKTOPOM CPEIHETO 3HAUCHHS.

Tabnuna 4.12. HlupunHa ciekTpa 1 HaNpsHKEHHOCTH 1o B quanaszone 40,68 MI'y
cornacHo pernamenTty FCC.

ITonoca yacToT HanpsikeHHOCTD ~ Hanpspkennocts | JeTekrop
AIIEKTPUIECCKOTO TTOJIS MAarHUTHOTO II0JISI
40,7 MI'n +/— 20 k' 1000 mxB/M HA 3 M — 1,98 1bMkA/M Hal0 M Cpennero
3HAYCHUS
40,7 MI'm +/— 20 kI'u— | 100 mxB/m Ha 3 M —22,0 ntbMkA/M Hal0 M Cp. 3H.
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B Snonun ycranosnen o0t npenen uznydenus 500 mxB/m Ha 30 M (— 8
n1BbMKA Ha 10 m).

4.6.2. Yactorel RFID B nanpHEl 30HE

Ha UHF 1 MUKpPOBOJIHOBBIX 4aCTOTax MPEACIbHbIE HOPMbI MHTEHCUBHOCTH
U3ITy4YeHHs] OOBIYHO BBIPAXKAIOTCS B €IMHULAX H3iydaemMoil momHocT ERP unun
EIRP.

B mumanazonax 900 MImu, 2,45 ITu u 5,8 I'Tu momyckaercs pabota
YCTPOMCTB B pexkumax mnepectporiku dactoTel FH w/mmm DS. Kak mnpasuio
aJIMUHUCTPALIMKA pa3peniaroT GyHKIMOHUPOBAHUE CHUCTEM U C paCIpe/iesIeHHbIM
CIIEKTPOM, U B Y3KOIIOJIOCHOM PEXUME.

HeoOxoqumMo OTMETHTb, YTO B HAcTosllee BpeMsl BO BCEM MHUDPE B
muarazoHax 900 m 2450 MI'm mpemmaraercss K BHECEHHUIO OOJBIIOE YHCIIO
U3MEHEHUW B perilaMeHThl. MBI pacCMOTPUM KAk CYILECTBYIOLIEE IIOJIOKEHHUE,
TaK Y NpejlaracMble N3MEHEHHS.

Kpome TOro, ¢ yuerom ompeaeneHHOW crneuu(uku, B SMOHUH HOPMBI
3a1aI0TCSA B BUJE NIPEACIIOB U3IIyYEHUS I PaIuOCPEACTB MAJIOW MOIIHOCTH. Tak
st yactoT oT 322 MI'n o 10 I'T'n npenenpHas HANPSKEHHOCTD YJIEKTPUIECKOTO
noJist paBHa 35 mxkB/M Ha 3 M [42].

Ta6muma 4.13. Hopmbl u3inydeHus A1 pagdocpeCTB MaJIoi MOIITHOCTH B

nuana3zone ot 322 MI'u go 10 I'T'y cornacuo pernmamenty MPT.
[Tonoca yacrot Hanpsokennocts  anektpudeckoro | Moraocts (ERP)

1OJIS
322 MI'n— 10 I'Tx 35 mxB/M Ha 3m 0,37 BT

4.6.2.1. Jlnanazon 433 MI'1g

Junamazon 433,050 — 434,790 Ml He sBiuserca auanazoHom ISM. B
coorBerctBUM RR S5.280 oH paspemien B 10 eBponelckux cTpaHax U B
coorBercTBUM RR S5.138 — B Peruone 1 [36]. Juamazon 433 MI'nm Jexur B
npeenax pajauotoOUTENILCKOTO Juana3oHa W IIMPOKO HCIONB3yeTCsS B
paznuunbix SRD u ISM ycTtpoiicTBax.

B Espone CEPT/ETSI paspemaer 3TOT quamna3oH i Hecnenuduueckux
SRD ycrpoiictB [44]. Momuocte ERP He pomkna npeBbimate 10 mMBT, a
CKBaXHOCTb - 10%.
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Tabnuna 4.14. llupuna criekTpa v npeaesibl U3Ty4aeMON MOIIHOCTH B JUaNa3oHe
433 MTI'n cornacuo pernamenty CEPT/ETSI.

ITonoca wacror MomnocTts | MoniHoCTb CKBa)XHOCTh [erexrop
(ERP) (EIRP)

433,92 MI'ty +/— 870 kI 10 MmBT 16,4 MBT <10% KBa3unukoBEIi

433,92 MI't +/— 870 xI'i—| 250 uBT 410 uBt <10% KBasunukoBsIi

B kauectBe ISM atoTr aunanaszon He paspeweH HU B CIIA, Hu B fIlnonun, Xots B
SInoHMK OH pEerIaMEeHTHUPYETCS M MCHOJIB3YETCS B KA4eCTBE JWaIa3oHa Ui
paaroCpEICTB MaJIOM MOIIIHOCTH.

4.6.2.2. Jlnanazon 862 — 870 MI 11

Junanazon 868 — 870 MI'n He sBisercs auamazoHom ISM, XoTs OH u
paspemed CEPT nns Hecnernuduyeckux ycrpoiticte SRD. Ilpunexarniue k sTomy
JMANa30Hy YacTOThl MCIOJB3YIOTCS B OECHpPOBOIHON M COTOBOW TenedoHuu,
KOTOpbIE UYBCTBUTENbHBI K nmoMexaMm. CHUTyalusi B 3TOM JUalla3oHe CJIO0XKHA U
popadaThHIBAIOTCS PA3TUYHBIC MPEUIOKEHUS 110 JOTIOTHUTEITHHOMY BBIJIEICHHUIO
st yerpoiictB SRD wactor B obnactu 862 — 868 MI'. Mbl paccMoTpuM H
TEKYyIIIee, U MEePCIEKTUBHOE MOJIOKEHUE B 3TOM JIMaIa30He.

B mnacrosimee Bpemss muanazon 868 — 870 MI'nm pa3dur Ha msTh
nmogauana3oHoB: 868 — 868,6 MI', 868,7 — 869,2 MI', 869,3 — 869,4 MIL,
869,4 — 869,65 MI'mu 869,7 — 870 MI'i. I3 Bcex moaauamna3oHoB oauH — 869,4 —
869,65 MI'u, nonyckaer HauOosblnid ypoBeHb MomHOCTH B 500 MBT ERP n,
nodTomy, Hanbosiee mpuemiieM st RFID. Tlonoca paBna 250 kI'11, a CKBaKHOCTB
He nomkHa npesbimiath 10%. Bre storo amanazona ypoBeHb ERP uznmyueHus
JOJbKEH ObITh He Oosee 250 HBT [44].

Tabnuua 4.15. HlupunHa ciekTpa u npeenbl U3TydaeMoid MOIITHOCTH HA 4acTOTe
869,525 MI'1; cornacuo pernamenty CEPT/ETSI B Hacrosiiiee Bpewmsi.

YactoTta Momsocts | ~ Momocts | CkBaxXHOCTB | JleTeKTop
(ERP) (EIRP)
869,525 MI'y +/— 125 k', | 500 MBT 820 MmBT < 10% KBa3unukoBbIit
869,525 MI'n +/— 125 xI'u—| 250 sBT 410 aBt <10% KBa3ummkoBEIi

Tak kak eBpomeiickue HOpPMBI 3HayuTeNbHO Hmke, dem B CIIA,
paccMaTpHUBaEeTCsl NPeJIOKEHNE sl HecelMpuyeckux ycTpoicts SRD cHU3UTH
TpeboBaHus B Auana3zoHe 865 — 868 MIu. Ilpennaraercs, yToObl ycTpoHcTBa
RFID B 3TOM Anana3zoHe (pyHKIIMOHMPOBAIN JUOO0 HAa (PUKCHPOBAHHBIX YaCTOTaX,
100 C TUCKPETHOM nepecTpoiikoi yacToThl Ha 15 kananax mo 200 kI'u. s Toro
4yTOOBl MPEJOTBPATUTh IIOMEXM B COCEAHMX JMalla3oHaxX,  Mpeasaraercs
CHIDKEHHE TMpefiesla MOIIHOCTH Ha Kpasx Juana3oHa. OTU MPEeASIOKEHUs
npejcTaBieHbl B Ta0. 4.16.
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Tabmuna 4.16. Ilpennmaraemas mupWHA CHEKTpa MU TPENEIbl  H3TydyaeMou
MOIITHOCTH B quana3one 865 — 868 MI 11 cornacuo perinamenty CEPT/ETSIL

Yacrora Momnocts (ERP) | ~ Mommocts (EIRP) | Jlerekrop

865 — 865,6 MI'y 100MBT 164 MBT KBa3unukoBbIit
865,6 — 867,6 MI'y 2Bt 3,28 Bt KBasunukoBsIit
867,6 — 868 MI'y 500 MBT 820 MBT KBa3unukoBbIit
865 — 868 MI'1— 250 uBT 410 uBT KBasunukoBssiit

4.6.2.3. Jluanazon 915 MI'nl

B Peruone 2 yvactorsl 902 - 928 MI'11 Ha3Ha4YeHbl B Ka4yeCTBE JHaIa3oHa
ISM. Droro Het Hu B EBpone, Hu B AAnonuun. Ognako Kanana, Asctpanus, HoBas
3emanaus 1 OONBITMHCTBO CTpaH JIaTMHCKON AMEPHKH pa3penraroT padoTaTh Win
B OTOM, WM B OnMM3KuX auarna3oHax. Juamazon 915 MI'1 mupoko HCIOIb3yeTcs
OOJIBIIMM YHKCIIOM YCTPOWMCTB, BKIJIIOYAasi CEHCOPBI JBUXKEHUS U OECHpOBOJIHBIC
TeIe(POHBI.

B CIIIA cymecTByeT Tpy HampaBJIEHHUs HCHOJIb30BAHUS 3TOTO JHAMA30HA.
[lepBoe HampaBieHUE OrPAHMYMBAETCA NPUMEHEHHEM B CEHCOpPAaX OXPAHHBIX
YCTPOMCTB, BTOPOE — JJIsI pabOThI paInOyCTPOICTB C paACTIPEECICHHBIM CIIEKTPOM
SS B pexumax mnpsMod mnociaenoBaTenbHOcTH DS M ckaukooOpazHO#
nepecTporMkn 4actotel FH, m Tperbe — Myl y3KOINOJIOCHBIX NPUMEHEHUU. MBI
paccMoTpuM TOJIBKO pexkuM FH ©  y3KOMOnIOCHOE NpPUMEHEHHE, XOTs, Kak
OTMEYAJIOCh B TJIABE 3, UCMOIB3YETCS U pekuM DS.

B nuamazone 915 MI'1 obmme Tpebopanus misa cucteM ¢ FH 3amansr FCC
15.24. 3t HOpMBI IPUMEHSAIOTCS Takke B AuanazoHax 2,45 u 5,8 I'T'. YactoTsl
KaHAJIOB JIOJKHBI OBITH pa3HeceHbI Oosee yeMm Ha 25 KI'I1 WiIx Ha MUPHHY MTOJI0CH
20 nb. Ilepeckok 4YacTOTBHl JOJKEH OBITh TAOJWYHBIM, TICEBIOCIYyYalHBIM, a
UCIIOIb30BaHUE KAXKJIOW 4YacCTOThl JOJKHO OBITh B CPEAHEM OJMHAKOBBIM.
BxonHas monoca mpueMHHMKa JOJKHA OBITh COrJIacOBaHa C IIMPUHOW CIIEKTpa
U3JIyYEHUS U JI0JKHA NIEPECTPauBaATHCSl B COOTBETCTBUU C YaCTOTOM MepeaaTunKa.
[Tpu otctpoiike Ha 100 k' MomHOCTH AOMKHA ObITh Ha 20 1B HIXKE MOIIHOCTH
Ha OCHOBHOHM uactoTe. CHeKTpaldbHble KOMIIOHEHTHI BHE JHANa30Ha JOJDKHBI
cootBerctBoBath FCC 15.209. B cucremax FH orcyTrcTByer HE0OXOIHMMOCTH
MEPECKOKAa YaCTOTHl BO BCEM JIMAIa30HE B TEUCHHUE KaXKJIOr0 CE€aHca U3Ty4ECHUs,
OJIHAKO, €CJIU CEaHC MPOJAOIKUTEIICH, MMEPECKOKU TOKHBI OBbITh. J[JIs1 TOTO 4TOOBI
OTPEICNIUTh U U30eXKaTh TMOSBJICHUS JIPYTUX MOJb30BaTEICH HAa YacTOTE KaHala,
BO3MOXKEH TIPEJBAPUTEIbHBIA aHaJW3 3aHATOCTHM 4YaCTOThI, OJHAKO JPYTHX
CIICIMAJIBHBIX Mep ISl N30eKaHWsI BOSHUKHOBEHUS KOJUTU3HMM He Tpebyercs [46].

B mmanazone 902 — 928 MI'n kaHanbl MOTyT 3aHuMatrh Wik a0 250 kI'1g
nosnockl 20 n1b, uin ot 250 no 500 kI'i. CucTeMbl, KOTOPBIE UCIIOIB3YIOT TOJIOCY
no 250 kI, mOMKHBI MMEThb, IO KpaWHen Mepe, 50 IepecKOKOB 4YacTOTHI H
cpeaHee Bpemsi pabotel Ha kaHaine 0,4 c¢ B Teuenne 20 c. Cucremsi,
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ucnoJp3yromue nojgocy ot 250 kI'm go 500 xI'u, J0MTKHBI UMETh, IO KpaitHeu
Mepe, 25 MepecKOKOB 4YacTOThl U cpenHee Bpemsi paboTel Ha kaHane 0,4 ¢ B
teuenue 10 c.

Tabnuna 4.17. lluprHa noaockl U npeensl MolHocT A cuctem FH B
nuana3zone 4actoT 902-928 MI'1j cornacHo perinamenty FCC.

Yactora Jlnamnazon Kanasbr MomnocTs (EIRP)
902 —928 MI' | <250 xI'g > 50 4 Bt
902 —928 MI'm | > 250 xI[',<=500 k['1y | > 25 1 Br

CucreMsl, UMeronMe, Mo KpaitHeir mepe, 50 MEpPECKOKOB YaCTOThI, MOTYT
paboTaTh C MUKOBOM MOIIIHOCTHIO Ha BXOJIe aHTeHHBI 10 1 BT. CucTtemsl ¢ unciom
nepeckokoB oT 25 1o 50 moryT paboTarh ¢ NMHUKOBOW MOUIHOCTBIO Ha BXOJE
anTeHHsl 10 0,25 Br. Eciiu ucnonbs3yloTcst aHTEHHBI ¢ ycusieHueMm Oomee 6 abu,
COOTBETCTBEHHO JIOJIKHA OBITh CHM)KEHA MHKOBAasi MOIHOCTh Ha BXOJI€ AHTECHHBI.
ITpu aToM momHoCTh EIRP nomxHa coxpaHsaTecs.

Cormacno FCC 15.249 B nuamnazone 902 — 928 MI'1; Takxe MoryT paboTarth
yCTpoMcTBa 0e3 nmepeckoka 4acToThl. HanpskeHHOCTh 1MoJIsi HA OCHOBHOM YacToTe
He noipkHa mpesbimath S0 B/M, a Ha rapmonukax — 500 MxB/mM Ha 3 M. Bhe
JUana3oHa u3NydeHue He JoJDKHO npeBbimaTh S00 MxB/m Ha 3 M.

Tabnuna 4.18. Tpenenasl MOITHOCTH JUTsl Y3KOTIOJIOCHOTO MCTIOIB30BAHUS B
quanasone 902 — 928 MI'n cornacHo pernamenty FCC.

Yacrora HanpsoxeHHOCTH ~ Momrsocts | HeTekrop
DJIEKTPUUYECKOTO IO (EIRP)

902 — 928 MIT1 50 MB/m Ha 3Mm 750 mxBT KBazunukosbrit

(OCHOBHAsI 4aCTOTA)

902 — 928 MIn | 500 mxB/m Ha 3Mm 75 uBT KBazunukosbrit

(TapMOHUKH)

902 — 928 MI't — | 500 mxB/Mm Ha 3m 75 HBT Cpennero 3HaYCHHS

4.6.2.4. lnanazon 2,45 I'T'

Bo Bcem mupe 3TOT aMamna3oH NPUHAT B KadecTBe Auana3zoHa ISM u
MO3TOMY  IIMPOKO HCIOIB3YETCS OOJIBIIMM YHUCIOM YCTpOUCTB. OCHOBHBIMU
UCTOYHMKaMU noMmex 3xaech saBisitorcss CBY yctpolictBa, apyrue tunsl [SM
YCTPOMCTB, a Takxke OecrpoBoAHast CBA3b [S51].

B EBponie miis cuctem RFID, paGoTatonux B 3TOM Auana3zoHe, napaMeTpbl
oroBapuBatorcsi crnenuanbHo [50]. B coorBerctBun ¢ CEPT 70-03 MomHOCTH
Hecnienuduueckux ycrpoiicte SRD B nmuanazone 2,4 — 2,4835 I'Tu He Moxer
npesbimiath 10 MBt EIRP [44], onnako B momosHenun 11 ykaszaHo, 4To miid
npuMmeHennit RFID stor nmanazon moxer wucnosb3oBaTbes ¢ 2001 roma. B
Hactosiiee Bpemsi mpoekT ETSI EN 300440-1 maer cnenuaibHylO MacKy s
cuctem RFID, pabGoraromux B 3ToM auana3zoHe. Tak B nuamazone 2,446 — 2,454
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[Tu momuocts EIRP He nmomxna mpesbimats 27 abm (= 500 mBt). C Takum
YPOBHEM MOIIHOCTH ammaparypa B pexumax FH u CW MoxeT ucnosib30BaThCs
Kak BHYTpH, TaKk M BHE IOMeEUIeHHW. B 3TOM ’Xe auamaszoHe s CUCTEM C
IIEPECKOKOM YacTOTHl BHYTPH NoMelieHud npenen mMomHoctd EIRP pasen 36
nbum (= 4 Br). Takxe omnpezeneHo, 4to mpu 0ojiee BBICOKOM YPOBHE MOIITHOCTH,
mpuHa JIHA He noipkHa mpeBblmatb 90 ° B rOpU3OHTANBHOM IUIOCKOCTH U
UMETh YPOBEHb OOKOBBIX JieriecTkoB He Oosnee — 15 nb. Ilepeckok wacToTh
JOJHKEH UMeTh He MeHee 2(0) KaHaIoB CO CPEAHUM BpeMEeHEM paboThl Ha KaHaJe HE
oomnee 0,4 ¢ [50].

Ta6numa 4.19. JluanazoHsl U peAesibl MOITHOCTH ISl CUCTEM C MEPECKOKOM
yacToThl B iana3one 2,45 I'T'y cornacuo pernamenty CEPT/ETSI.

Yacrora Momuxocts (EIRP) | CkBaxkHOCTB Jerekrop

2,45 I'T +/-4 MI'n 4 Br* <15 % 32200 mc Cpennero 3Ha4CHHS
2,45 T +/—4 MI'y 500 MBT** <100 % Cpennero 3HayeHus
245 ITa +/-4 MI1 | 1,64 MxBT Cpenunero 3Ha4CHHS
BN

* Tonbko ms cuctem FH BHYTpH nomerieHuit.
** Jlnsa cucrem FH min CW BHYTpH M CHapy»XU TTOMEIIICHHM.

B CHIA cucremsr RFID B »sTOM jaumama3one MOryT paboTaTth Kak ¢
MEPECKOKOM YacTOThl, Tak U 0Oe3 Hero. OOmmue TpeOoBaHUS K CHCTEMaM C
NEPEeCKOKOM YacTOThl B O3TOM JUala3oHE COBIMAJAlOT C TpPeOOBaHUSMU B
muanazone 902 — 928 MI'n. OpgHako mupuHa Avana3oHa, YHUCIO KAaHAJIOB H
Apyrue JeTand OTIMYaroTcs. B 3Tom amamasoHe cucTteMbl MOTYT paboTaTh IO
KpaiiHeil Mepe Ha 75 KaHajax WJM, B OCOOBIX Cllydasx Mo KpaiiHel mepe Ha 15
kaHanax. Ilpu pabore Ha 75 kanamax mosoca Ha ypoBHe 20 nb He nOJKHA
npesbpimiaTh 1 MI', a cpenHee Bpemsi paOOThl Ha OJHOM YAaCTOTE HE JIOJKHO
npesbimath 0,4 ¢ 3a nepuon 30 c. Ecnu cucteMa UCNONb3yeT O KpalHEH Mepe
15 He mepeKphIBAIIIMXCS KaHAIOB ¢ 00ImMM TepekpbiTieM 75 MI'm, monoca Ha
ypoBHe 20 n1b moxet npeBbimath 1 MI'i. B atom pexxume cpeHee Bpemsi pabOThI
Ha OJHOM YacTOTe NOJDKHO OBbITh paBHbIM 0,4 C 3a Bpems, KOTOPOE 3aHHMAET
nepecTpoiika 4acToThl BO BceM nuanaszone. [Ipu padote Ha 75 kaHamax MOIIHOCTh
Ha BBIXOJI€ aHTEHHBI HE JoJDKHA mpeBbimaTth 1 Bt. [Ipu pabore ¢ 60abimmM, yem
75, 4WCIIOM KaHaJIOB, OHa He JoikHa mnpesbimath 0,125 Br. Ecnu ycunenue
aHTEHHbl TMpeBbIIaeT 6 abu, MOIIHOCT, HA BBIXOJIE€ AHTEHHBI JIOJKHA
YMEHBIIIAThCSI HA COOTBETCTBYIONIYIO BeMUUHY. TpeboBanus K (PUKCUPOBAHHOM
CBSI3M «TOYKA — TOYKA» HEMHOT'O OTJIMYHBI [46].
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Ta6muma 4.20. JInana3oHbl ¥ IPEACSITbl MOITHOCTH JUISI CUCTEM C ITEPECKOKOM
yacToThl B tnana3one 2,45 I'T'y cornacHo pernamenty FCC.

Yacrora Yucno | llupuna nonocel (20 1b) MomHocts | JleTekTop
KaHAJIOB (EIRP)

24-248351Tn <75 1 MI'g 4 Bt Cpennero
3HA4YeHHUs

2,4-2,48351Tu <15 > 1 MI'y (mepekpsiTue 500 MBT | Cpennero
75 MI'n) 3HAYECHUS

24-248351Ty — 75 uBT Cpennero
3HAa4YeHHUs

CornacHo FCC 15.249 cuctembl B 3TOM JAMana3oHe MOTyT paboTath u 0e3
nepecTpoiiku  4actoThl. OCHOBHBIM OTPAaHMUYCHHUEM SIBJISICTCS HETIPEBBINICHUE
HANPsHKCHHOCTH OCHOBHOTO u3nydeHus 50 mMB/M Ha 3 M W HENpeBBIICHUE
HaNpsOKEHHOCTH ToJisl Ha TapmoHukax 500 mMxB/m Ha 3 M. M3MepeHus TOIKHBI
MIPOBOJIUTHCS C HCIIOJIB30BAHMEM JIETEKTOpa CPEIHEr0 3HAYCHUsS IMPH YCIOBHH,
4TO TIMKOBas HAMPsHKEHHOCTh TOJs HE JOJDKHA MPEBBINIATh YCTAaHOBIICHHBIC
npeaensl 6osee uem Ha 20 ab.

Ta6mmma 4.21. JlmanazoHbl ¥ IPeACIIbl MOIITHOCTH TSI Y3KOITOJIOCHOTO
ucrnoiab3oBanus B nuana3one 2,45 I'T'y cornacHo pernamenty FCC.

Yacrota HanpspkeHHOCTD ~ Morsocts | JeTekrop
JJIEKTPHUYECKOTO IO (EIRP)*

2,4-2,48351T1 50 MB/Mm HA 3 M 750 mxB Cpennero
(OCHOBHOE M3IIyUYCHHE) 3HAYCHUS
2,4-2,48351T1 500 mxB/Mm Ha 3 M 75 uB Cpennero
(TapMOHUKH) 3HAYCHUS
2,4 -2,4835Tn— 500 mxB/Mm Ha 3 M 75 uB Cpennero

3HAYCHUS

Cranmaptel 11 paguosniekTpoHHbIX ycrpoictB (RCR STD), BBenenHsie
Acconuarueit paauonpomeinuieHHocTH u OusHeca ARIB, B mokymentax RCR
STD-1 u STD-29 ycranaBnuBaroT npenensl mist cucteM RFID nuamnasona 2,45
[Tu. STD-1 ycranaBnuBaeT npeaensbl sl aBTOMOOUIIbHBIX UICHTU(PUKAIMOHHBIX
cucreM, a STD-29 — nmua paguoctanuuii Mainod MomHoct. STD-29
YCTaHABIIMBAET MPEAEIbI I Y3KOIIOJIOCHBIX YCTPOMCTB € BBIXOAHON MOIIIHOCTBIO
anteHHbl 10 MBT u ycunenuem 20 abu. [Ipennonaraercs, uro STD-29 yctaHoBUT
HOPMBI JIIi CHCTEM C TepecTpolkod uactoThl. Ilpemenst MOryT OBITh
DKBUBAJICHTHBIMUA CYIIECTBYIOIIMM TpeAesiaM JUuisi OeCHpOBOJHBIX CHUCTEM
JIOKaJIbHOM CBsi3U — MOITHOCTE 10 MBT 1 ycunenue antennst 2,14 nbu [42].
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Ta6mmma 4.22. JlmanazoHsl 1 IpeAeibl MOITHOCTH B auama3one 2,45 '
coryiacHo persiamenty MPT.

Yacrora MouHoCTh/ yCHIICHHE MomHocts (EIRP)
2,4-2,4835TT1 10 MB1/20 nbu 1 Bt EIRP
(Y3KOIMOJOCHBIN PEKUM)

2,4-2,48351Tn 270 mB/2,14 nbu 0,44 Bt

(c mepecTpoiKoil 4aCTOTHI)

4.6.2.5. Jlnanazon 5,78 I'T'.

DTOT [Mamna3oH BO BCEM MHpE NPUHAT B KadecTBe Auana3oHa ISM. B
HOCJIEIHEE BPEMS OH 3arpyeH JIOKaIbHBIMU OECIIPOBOJHBIMU CETSIMU, OJTHAKO HE
TaK IJIOTHO, Kak auara3oH 2,45 I'T'o.

B Epone wmomuocts EIRP wnecnenmuduuecknx SRD He nmomkna
npeBpliaTte 25 MBT. CnenuanbHbIX ykazaHuii no npuioxeHusM RFID B stom
nuana3zoHe Het. [lapasutHble u3nyuyenus coimie 1 MI'1 gomxHbI ObITE MeHee |
MKBT [50].

Ta6numa 4.23. JlnanazoHsl U peAesibl MOITHOCTH Jyis Hecnienuduyeckux SRD B
nuanaszone 5,78 I'T'iy cormacHo pernamenty CEPT/ETSI.

Yactora MomnocTth (EIRP) JletekTop
5,725 -5.875 1T 25 MBT CpenHero 3HaUCHUS
5,725 -5,875 1Ty — 1 mxBTt (1 ERP) CpenHero 3HaUEHUS

B CIIA, kak m B amamazoHax 915 m 2450 MIn, ycrpoiictBa MOryT
paboTath C pacupee’IeHHbIM CIEKTPOM MM B OOBIYHOM Y3KOIOJOCHOM PEXKHUME.
B nmumamnaszone 2450 MI'11 Kk ycTpoMCTBaM ¢ NEPECTPOUKON YaCTOTHI PUMEHSIOTCS
Takue *e TpeOoBaHHUs, Kak U B nuama3zoHe 915 MI'u. CucreMsl ¢ nmepecTponKoit
4acTOThl B 3TOM JIMalla30HE MOTYT paboTarh MO KpailHell Mepe Ha 75 KaHalax;
npu 3ToM mosnoca Ha ypoBHe 20 nb He moimkHa mpeBbiiath 1| MI'm, a cpennee
BpeMsi pabOThI HAa OJIHOM YacTOTe HE JOJKHO mpeBbimath 0,4 ¢ 3a nmepuop 30 c.
MoIHOCTh Ha BBIXOJIE aHTEHHBI HE JOJDKHA npeBblliaTh 1 BT, a eciin ycunenue
aHTEHHbI TpeBbllIaeT 6 abu, MOIIHOCTH NOJKHA YMEHBIIATHCS HA BEIUYUHY
npeBbllieHus. TpeGoBaHMs K (PUKCHPOBAHHOM CBSI3M «TOYKA — TOYKA» B
nuarnazonax 915 u 2450 MI'u paznuunsl [46].

Tabnuua 4.24. Jlnana3oHsl U Ipeieabl MOITHOCTH ISl peXKUMa ¢ IEPECTPOKON
yacToThl B auana3one 5,78 ['T'n cornacHo pernamenty CEPT/ETSI.

YacroTa Yucno ITonoca wyactoT | MOIIHOCTE HerekTop
KaHAJIOB (20 ob) (EIRP)

5,725 -5,8751Tn >75 IMTI'n 4BT Cpennero

3HAYCHUSA

5,725 - 5,875 ITu— 75 uBT Cpennero

3HAYCHUS
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B oObraHOM y3ko0monocHOM pexume coriiacHo TpeboBanusim FCC 15.249,
HAIPsHDKEHHOCTh OCHOBHOTO AJIEKTPUYECKOrO IOJS HE JOJDKHA npeBblmars S0
MB/M, a HampsibkeHHOCTh Ha rapMoHukax — 500 mMxB/M Ha 3 M. DT HOpMBI
IIPOBEPSIOTCS IIPU NOMOIIM IETEKTOPA CPEAHETO 3HAYECHUS, a IIPU UCIIOIb30BaHUN
IUKOBOI'O JIETEKTOpPA YKa3aHHbIE HOPMbI HE JOJKHBI IIPEBBIIATECSA O0JI€e YeM Ha
20 nb.

Tabnuua 4.25. Jlnana3oHsl U Ipeieabl MOUTHOCTH ISl Y3KOMOJIOCHOTO PEKUMA B
nuana3one 5,78 I'T' cormacHo pernamenty FCC.

Yacrora HanpsoxenHocTtsb ~  Momwmmnocts | Jerektop
AIICKTPHYCCKOTO OIS (EIRP)*

5,725 — 5,875 I'Tu (ocHoBHOe | 50 MB/M Ha 3 M 750 mxB Cpennero
U3JIyYCHUE) 3HAYECHUSI
5,725 - 5,875 I'Tu (rapmonukn) | 500 mxB/mM Ha 3 M 75 uB Cpennero

3HAUYCHMS
5,725 - 5,875 ITu— 500 MmxB/MHa 3 M 75 uB Cpennero

3HAYCHHUS

B Slnonun HanpspKeHHOCTHh M3JIY4deHHUs B auanaszoHe 5,78 I'Tn He posmkHa
npeBbiaTh 35 MKB/M Ha paccTosHuu 3 M.

4.7. Pe3rome

N3 paccMoTpeHusi BO3MOXKHBIX YaCTOTHBIX JHANa30HOB, MPEIEIbHBIX
HanpspDKEHHOCTEW mouisi U1 MolHocte m3nydenuss B EBpone, CIIIA u fAnonun
MOJKHO CJENaTh BBIBO, 4TO st cucteM RFID Hanbonee moaxoasaT quana3oHbl
< 135 kl'u, 13,56 xI'm u 2,45 ITu. B EBpone u CHIA Takxe HpuEeMIIEMBI
nuarna3onsl 125 kI'm m 900 MI'u. [Ipyrue auamna3oHbl MOTYT HCIIOJIb30BaThCA
TOJIBKO OTJICIBHBIMH aJMUHUCTPAIMSIMH, HATIPUMED, Auana3on 6,78 MI' ynoben
U1 ucronb3oBanus B EBpomne, Ho He B CIIIA, 1 Hao60poT - nuana3on 5,78 [T
ynoben aiia ucnosb3oBanus B CIIA, Ho He B EBpore.

[Ipn BBIOOpEe nAWama3z3oHa 4YaCTOT JOJKHBI YYHUTHIBATECS HE TOJIBKO
JOCTYITHOCTb, IIPEJeIbHAs HAPSKEHHOCTh MOJISI U MOIIHOCTh WU3JIy4YE€HUs, HO U
MHOTHE aApyrue ¢dakTopel. [Ipm 3TOM HEOOXOIWMO YYUTHIBATH HE TOJIBKO
pacnpoCTpaHEHHUE U MOBEJACHHUE JICKTPOMATrHUTHBIX BOJIH B OKPY>KalOIIEH Cpee,
KaK 3TO PaHee pacCMATPUBAIOCH B TJIABE€ 2, HO W BOINPOCHI MPOCKTUPOBAHUSA U
MPOU3BOJICTBA, a TaKXKe€ KOHKPETHbIE TIOJIb30BATEIIbCKUE TpeOOBaHUS K
armmaparype RFID. B rimaBe 5 Mbl paCCMOTPUM NEPEUUCIIEHHBIE BOIIPOCHI.
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TI'nasa 5

AnnapatrypHoe UCIIOJTHEHHUE

5.1. BBenenue

B riaBe 2 MBI paccMOTpeN CBOMCTBA JIEKTPOMATHUTHBIX TIOJIEH U BOJIH, a
B IJIaBE€ 3 — TEOPETUYECKUE BONIPOCHI, OTHOCAIIMECS K TOMY, KaK IPU IOMOIIA
MOZYJIALIMM  DJICKTPOMAarHUTHBIX  IIOJE€H  METKHM  B3aUMOJACHCTBYIOT  CO
cuuTbiBareneM. B rimaBe 4 Mbl yBHIENM, KaK JJIEKTPOMAarHUTHBIE MOJA U HX
MOZYJIALMSA OrPAHUYMBAIOTCSA AJAMUHUCTPATUBHBIMU HOPMAaMH - PErVIAMEHTAMH.
Temepp MBI paccMOTpUM, KaK TEXHHYECKH PEANM3YIOTCSA OCHOBHBIC (DYHKIHUU
METKH IIPU HAJTMYMH B3aUMHO HAKJIAIBIBAIOLIUXCS OTPAHUYECHUM.

AnrmapaTHas peann3anyus METOK HCKIIOYUTENIBHO BaKHA C TOUKU 3PEHUS HX
XapaKTEPUCTHK U CTOMMOCTH. XOTA 00a 3TH (hakTopa Ba)KHBI IS peau3aliu
npeumyiiects TexHoimoruu RFID, B mnepByro ouepenb BakHAa CTOUMOCTb.
[TaccuBHBIE METKH, TaK *e€, KaK U OOBIYHBIE TOBAaphl MOBCEIHEBHOIO CIIPOCA,
KOTOpbIE MbI TIOKyHaeM, HWMEIOT KOHEUHBIH CpoK CiykO0bl. OnHH OyayT
IIPOU3BOAUTHCSA U yTUIIM3UPOBATHCS TAKXKE YACTO, KaK U INOKYIIa€MbI€ TOBApHI.
[Ipu ruranTckoM oO0beMe MPOU3BOJCTBA U MCIOJIb30BaHUS METOK, MUHUMAIbHOE
HOBBILIEHHE CTOUMOCTU OJHOM METKHU MPUBEAET JUIsl HOTpeOUTeNe K OrpOMHOMY
YBEJIMYEHUIO MX OOIIeW CTOMMOCTH. XapaKTEpUCTHUKU METKH ONpPENEISIIOTCS HE
TOJBKO COOCTBEHHO €K, HO M CUMTHIBATeIeM M CBSI3aHHOW C HUM
uHdpactpyktrypoil. C 1pyroit CTOpOHBI, CTOUMOCTb OMPEIEISAETCS TOIBKO CaMOi
METKOM — ee MPOEKTUPOBAHUEM, M3TOTOBICHHEM U 00BEMOM Ipou3BojcCTBa. Ilo
3TOM MpUYMHE HaM HEOOXOJUMO MOHSTh, KaK (PU3NYECKUE KOMIIOHEHTHI METKU
obecrnieunBaOT ee (HYHKIIMOHUPOBAHHE, U KaK 3TO BIUSAET HA €€ CTOUMOCTb.

MeTka COCTOUT W3 AaHTEHHbI, COCIMHECHHOW JIMHUEW IIepedayd C
AJEKTPOHHOMN CXEMOM. AHTEHHa ABJIAETCS npeoOpa3oBaTeiaemM
AJIEKTPOMArHUTHOTO TOJIE B JJICKTPUYECKYIO JHEPrUI0 W Hao0opotT. JluHus
nepeayd TepesaeT ATy DSHEPrul0 B OJEKTPOHHYK CXeMy U HaoOOpoT.
DJIeKTpOHHAs cxeMa Mmpeodpa3yerT, 3anacaeT M MCIOJIb3YEeT SHEPTHUio, U, HAKOHEII,
HaIpaBJIIeT €e 00paTHO B JIMHHUIO TIepeJlaul U aHTCHHY, BBI3bIBAs yIpaBJIsieMbIl
OTKJIHK.

ITpexxzie Bcero Mbl KpaTKO pacCMOTPUM AHTEHHBI I METOK. 3aTE€M MBI
pPacCMOTPUM DJIEKTPOHHBIE CXEMBI, BXOIAIIME B COCTaB METKH, BKIIIOYAs HUX
KOMIIOHEHTHI U 3HepromnoTpednenne. OCHOBHOE BHUMaHHE B 3TOH riaBe Oyjaer
CKOHILICHTPUPOBAHO  HA  CTOMMOCTH M  XapakTEPUCTHKAX,  KOTOpbIE
HEIMOCPEACTBEHHO CBS3aHHBI C IIPOCKTHUPOBAHMEM M IapaMeTpaMu METOK.
[Tporecc nmpou3BoACTBAa, HECOMHEHHO, OYEHb Ba)KEH M 3aCITy’KUBAET MOJIPOOHOTO
aHanu3a. OTHAKO ATOT BOIPOC MBI 3aTPOHEM OYEHb KOPOTKO.
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5.2. AHTeHHBI

CymectByet a1Ba 0cHOBHBIX Tha MeToK RFID. Onuu npenHa3HauyeHbl 1Jis
paGoTel B OmmkHEW 30He, Jpyrue ke paboTaroT B JalbHEW 30HE
AJIEKTPOMArHUTHOro moJid. Tak Kak B3aMMOAECHCTBHE C DJIEKTPOMArHUTHBIMU
IOJISIMM M BOJIHAMM Y OTHX JIBYX THIIOB METOK CYHIECTBEHHO OTJIMYAETCSH, TO U
aHTeHHbI pa3nuuHbl. CHayaga Mbl paCCMOTPUM aHTEHHBI ONM>KHEH 30HBI, a 3aTeEM
— JTAJIbHEW 30HBI MOJIA.

5.2.1. banxuss 30Ha

Cucremsr RFID B OmmkHel 30HE CBsi3aHBI JIUOO HWHIAYKTHBHBIM, JIHOO
E€MKOCTHBIM CITIOCOO0M. MIHAYKTHBHO CBSI3aHHBIE CHCTEMBbI B3aUMOJICHCTBYIOT MPH
MTOMOIIIM MarHUTHOTO, & eMKOCTHBIC — 3JIeKTpHUecKoro mois. Kak Mbel Buuenu,
MPEAMOYTUTEIIEHBIM BBEIOOPOM IS MHIYKTUBHO CBSI3aHHBIX CHUCTEM SIBIISICTCS
pamMoOYHas aHTCHHA, TaK KaK U3Jy4YeHUe MarHUTHOTO TOJISI Y Hee mpeobiagacT Hal
U3ITy9CHUEM DJIEKTPUYECKOTO Tojisa. JlIs cucteM ¢ eMKOCTHOW  CBSI3BIO
NPEAMOYTUTCIIEHBIMA ~ SBJSIOTCS  APYTME aHTEHHBI —  JUIOJBHBIC WA
aNeKTpoaHbIe. boiee MOAPOOHO MBI OCTAHOBUMCS HA WHIYKTHBHO CBSI3aHHBIX
CHUCTEMaX C PaMOYHBIMU aHTEHHAMU.

Ha xapakTepuCTUKH M CTOMMOCTh PAaMOYHBIX AHTEHH BIIMSAET HECKOJBKO
¢daktopoB. C MarHUTHBIM TOJIEM AHTEHHBI HEMOCPEACTBEHHO CBSI3aHBI JUAMETP U
KOJINYECTBO BUTKOB PAaMKHU — OHHU ONPEAEIAIOT UHAYLIMPOBAHHOE HANIPSIKEHUE U
TOK U, B pe3yJbTare, AAJIbHOCTH JCHUCTBUsA CHUCTEMBI. bosbmas momans U
OoJIbIIEe KOJMYECTBO BUTKOB MPHUBOIAT K OOJNBIIEMY pacxojly MaTepualioB U
MIOBBILICHUIO CTOMMOCTHA aHTEHHBI. KpoMe TOro CBOMCTBAa MaTepHaOB M3-3a UX
BIIUSIHUS HA UMIIEIAHC U IOOPOTHOCTD, BIMSIIOT HA XapaKTEPUCTUKU CUCTEMBI U, B
YaCTHOCTH, HA JAJNbHOCTh NEUCTBHUs. Pa3nuuus B CTOMMOCTH MATEPUATIOB TAKKE
BIIMSIIOT HA CTOMMOCTh METKH B 1IeJIoM. KpaTko paccMoTpuM BiMsiHUE pa3Mepa U
MAaTepUaiaoB, M3 KOTOPBIX H3rFOTOBJICHA pPaMKa, HA OCHOBHBIC TEXHUYECKHE
XapaKTEPUCTUKHA METKHU U €€ CTOUMOCTb.

AHanuzupys ypaBHeHue (2.29), MOXKHO YBUAETb MPSAMYIO 3aBHCHUMOCTb
VHIyLIUPYEMOT0 HANPSLKEHUS OT IUIOIIAIN, KOTOPYIO OXBAThIBAET pPAaMKa, YHCIIA
BUTKOB M YaCTOTBI:

Vis=joN, u Hy A, cos v .

Bce mpoune mnapamerphl, BKIIOYas MPOCTPAHCTBEHHYIO OpPHEHTALMIO, Oynem
CUMTATh MAaKCUMHU3UPOBAaHHBIMH, a MPOHUIAEMOCTh — COOTBETCTBYIOLIEH
CBOOOJHOMY  MpocTpaHcTBY.  IIpoHuIaeMocTp ¢  MOXHO  TOBBICUTH
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UCIIOJIb30BAaHUEM  (PEPPUTOBOTO  CEpPACUYHMKA, TMPU OSTOM  OJHOBPEMEHHO
YBEIMYHUBACTCS HAIIPABICHHOCTh AHTCHHBI.

Oco0EeHHO BaXXHBIM SIBJIIETCS COOTHOLICHUE MEXKIY YacTOTOU v, YUCIIOM
BUTKOB N W IUIOAIbI0 A, KOTOPYIO OXBaThIBaeT nerid. s Makcumuszauuu
WHIYyIUPYEMOTO HalpsDKeHHsT paMKa METKH JIOJbKHA OBITh COrJlacoBaHa C
IJIONIAJbI0 paMKH cuuThiBaTeNsA. OJTHAKO U3-3a CYIIECTBYIOUIUX OrPAHUYCHUH 1O
pa3MepaM U CTOMMOCTH MaTepualia, pa3Mepbl paMKU METKU CTPEMSTCA CHENIaTh
MUHUMaIbHBIMU. CleayeT OTMETHTh, YTO METKH, paboTalle Ha HUBIIHUX
yacToTax, Ha 125 k['1i Hanpumep, TpeOyIOT MPU TEX K€ XapaKTEPUCTUKAX MOYTH B
110 pa3 Gosbiiie BUTKOB, ueM Ha 13,56 MI 1.

Uucno BUTKOB PaMOYHON AHTEHHBI TAKXKE BIUAET HA WHAYKTUBHOCTH U
NOTEPU paMKU. B KadecTBe ImpuMepa Mbl MOKEM pacCMOTPETh KPYIIYH) PaMKy
(mpsiMOYTOJIbHAS paMKa J1a€T aHAJIOTUYHBIN pe3ynbTar). MHAYKTUBHOCTD KPYTIJIOW
paMKH OTUCHIBAETCS BhIpakenuem (2.31):

L, = ub N*[In (8 bla) — 1,75].

3amMeTuM TAKIKC, YTO MHAYKTHBHOCTL BO3PACTACT C PAINYCOM pPAMKHU WU

€€ IUIOIIAABbIO. COHpOTI/IBJ'IGHI/IC prrnoﬁ PaMKH OIIMCBIBACTCSA BBIPAKCHUCM
(2.33):

R, =N (bla) (o 1/ 20) ",

I7ie 0 — IPOBOJIMMOCTh MaTepHaIa.

Takum 06pa3oM, BIMSIHHE TUIOMIAN PAMKH U YHCIIA BUTKOB Ha CTOUMOCTD
B OCHOBHOM ONpPEJIENSIeTCA BUIOM MaTepHana.

PaMouHble aHTEHHBI, KaK MPaBWIJIO, U3TOTABIUBAIOTCS B BUIEC CBEPHYTOTO
IIPOBOJIa WM II€YaTHOW IPOBOIAIIECH NAacThl. BHUA paMKuU HENOCPEICTBEHHO
OTIpEe/ICTISICT U €€ XapaKTePUCTHKU U CTOMMOCTh. OT BHJa MaTepuaja 3aBHCHUT
WHIYKTUBHOCTh W CONPOTUBJICHUE PaMOYHOW aHTEHHBI. [l MakcuMu3anuu
noOpotHOoCcTH (Q  PE3UCTUBHBIE TMOTEPU JAOHKHBI OBITh MHUHMMAIIbHBIMHU, a
UHIYKTUBHOCTh — MakKCUMallbHOM. JTo oOecreyuBaeT MaKCHUMAaJIbHOE
HampsbkeHue V, xots Oousblias JOOpOTHOCTh HE BCErJa JKelaTelbHa H3-3a
nposiBICHUS 3(PPeKTa pacCTpOHKU KOHTYpa OKPYKaIOIIUMU IIPEIMETaMH.

Korma HeoOXoauMo OOJBIIOE YHCIO BHUTKOB, OOBIYHO HCIIOIB3YETCS
MEAHBIN MPOBOA. Y AEIbHOE CONPOTUBICHUE MEIHOIO MPOBOJA MPUOINZUTEIHHO
paBHo 0,017 Om-MM°/M. C yMEHBIIGHHEM JUaMeTpa MPOBOJA PE3HCTHUBHBIC
MOTEPHU BO3PACTAIOT, @ NOOPOTHOCTh (Q — Majaer.

MoryT UCHOIB30BaTHCS MEYaTHBIE MPOBOISIINE KPACKH U IMACThI, OJJHAKO
UX MPUMEHEHHE OTPAaHWYCHO PaMKaMH C MallbIM YHCIOM BHUTKOB. B0O3MOXHO
UCIIOJIb30BAaHUE PA3JIMYHBIX TOKOMPOBOASAIIMX KpacoK, HO Hambojiee YacTo
UCIIONB3YIOTCS  cepedpocojepikaiiue  Kpacku  Ojarojaps MX — BBICOKOHU
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IIPOBOAMMOCTH INPU NMPUEMIIEMON CTOMMOCTH. Takke Kak B MEIHOM IIPOBOJE,
IIOTEPU II€YATHBIX AHTEHH pacTyT C YMEHBIICHUEM IIUPUHBI JIMHUM.
[ToBepxHOCTHOE COMPOTUBIICHUE CEPEOPSHBIX MPOBOIALINX MACT MPH TONIIHMHE |
MukpoH Bapbupyercs or 0,01 mo 0,05 Om nHa kBagpar. ComnpoTuBIEHHE
yriecoJep Kalux nacT konuebnercs B npeaenax mexay 10 u 50 Om Ha kBajgpar
IpU TOM K€ TONIIHHE [52]. DTO CONPOTUBIEHUE 3aBUCUT OT TEMIIEPATypbl
NOJIMMEPHU3ALIMY MACThl U APYTHUX (HaKTOPOB.

BaxxHpIMM  SABIAIOTCA  pa3sMephl MOJACTPOEYHOrO KOHJEHcATopa  JUIs
HACTPOMKHM aHTEHHOTO0 KOHTypa B pe3oHaHc. Ha HM3kHMX yacToTax HeoOxoamma
Oonbliass eMKOCTb. IIpm 3TOM, COOTBETCTBEHHO, IUIOIAJb KOHJEHCATopa B
VUHTETPUPOBAHHOM JJIEKTPOHHOM CX€ME€ TaKK€ OKa3blBacTCs JOCTaTOYHO
OO0JBILION, YTO IPUBOJUT K CYLIECTBEHHOMY IOBBIILIEHUIO CTOUMOCTH METKH.

HeoOxoaumMo yuuThIBaTh M HMIIEAHCHBIA 3JIEMEHT, UCIOJIb3YEMBbIM ISt
MOJYJIALIMKA HArpy3Kd. OTO MOXKET ObITh KOHIEHCATOp WJIM PE3UCTOpP, WIH HX
KOMOMHanuA. [[1s1 CHU)KEHHS MOILTHOCTU MOTPEOICHUs U Pa3MEPOB KOMIIOHEHTOB
3TOT MMIIEJAHC JOJKEH OBITh MHHHMH3UPOBAH TMPU YCIOBHHM OOECICUEHHUS
JOCTAaTOYHOTO YPOBHS MOJYJIMPOBAHHOIO CHUTHAIA, YTO HEOOXOAMMO JUISl €ro
0OHapy>KEHHsI CUUTHIBATEIIEM.

5.2.2. JlanbHss 30Ha

B nmambHet 30He cucrembl RFID B3auMoAeHCTBYIOT NpU  MOMOIIH
ANIEKTPOMArHuTHHIX BOJH. Kak Mbl Buenu, BbicOKas 3((HEKTUBHOCTh aHTCHHBI
JIOCTUTAETCSI B TOM Clydae, KOrja IO KpailHed Mepe OJWMH W3 €€ pa3MEpoB
MOpsi/Ika TOJIOBMHBI JJIMHBI BOJHBI. IIpyM Takux pa3mepax aHTECHHA SIBIISIETCS
PE30HATOPOM W HWMEET peajbHBId BXOJHON HMIIEJaHC. ODTO oOOecIreurnBacT
noBbITIICHNE Y()PEKTUBHOCTH U3IIYUCHUS U IIpUeMa, 00JIeTYeHHUE COTJIACOBaHUS U
nepeayd MOIIMHOCTH OT/K JJICKTPOHHOM cXeMe, KOoTopas IOJCOSAMHEHA K
aHTCHHE.

Cnemyer 3aMeTUTh, 4YTO HCIOJIb30BaHUE IIOJTYBOJIHOBOM AaHTEHHBI B
cUCTeMaX, KOTOpble (PYHKIMOHHUPYIOT B JajdbHEW 30HE, HE SABISIETCSA
00s13aTeNIbHBIM. MOT'YT HCIOJB30BaThCSd AHTEHHBI MEHBIIMX Pa3MEPOB, OIHAKO
IIPY 3TOM PEAKTUBHAS YaCTh UMIIEJAHCA YBEJIIMUNUTCS, & AKTUBHAS — YMEHBIIUTCS.
DTO MOXET BbI3BATH CJIO0XHOCTH B COTJIACOBAHMM AHTEHHBI C Harpy3koil. B
pe3yibTaTe YMEHbIIUTCS 3(P(GEKTUBHOCTH MepeJayll MOIIHOCTU CUTHAJa, 4To, B
CBOKO OY€pe/ib, YMEHBIINUT JOCTYIIHYK) MOIIHOCTb METKH U CHU3UT AAJIbHOCTH
JIEUCTBUS CUCTEMBI B LIEJIOM.

CymiecTByeT HECKOJIbKO THIOB  PE30HAHCHBIX  aHTeHH. OOBIYHO
UCIIOJIb3YIOTCSl (DOJIbTUPOBAHHBIC TIOJIYBOJHOBBIC JHMIOIU W MUKPOIOJIOCKOBBIE
(maTueBble) AHTEHHBI PA3NIMYHBIX KOH(GUTypanuid. J{UumnoapHbie aHTEHHBI OBIBAIOT
MPOBOJIOYHOTO TUIA WJIM MEYATHOIO TUIA — Ha IMOJJIOKKE. 3a4acTylO IMaTyeBbIe
AHTCHHBI MEYATAOTCA HA TUAJICKTPUKE, B BUAE MEYATHOW CXEMbl HA MaTepUalIe C
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NpPOBOMSIICH  MOBEPXHOCThIO CHM3Y. KpaTko paccMOTpUM  HEKOTOpbIE
XapaKTEPUCTUKU U CTOMMOCTh YIIOMSHYTHIX aHTCHH.

5.2.2.1. IunojabpHbIe aHTCHHBI

OOBIYHO BBHUIY MPOU3BOJICTBEHHBIX OCOOCHHOCTEH MPOBOJIOYHBIC AUIIONU
CTOSIT JOPO’KE, YeM TeYaTHBIC aHTCHHBI, IOATOMY B NMPUMEHEHHUSX, TPEOYIOIINX
OOJBIIMX KOJWYECTB, MEYaTHBIC aHTCHHBI MPEANOoUTUTENbHEe. Ecin B aHTeHHE
HanOoJiee BaKHBI OMUYECKHUE TTOTEPH, MUPUHA JUMOJS TOJDKHA OBITh JOCTATOYHO
oomnpmioit. IIpu 3TOM ciemyeT MCMoib30BaTh MaTepUaIbl BHICOKOTO KadecTBa C
MaJIBIM COTTPOTUBIICHHEM.

N3-3a HEoOXomuMocTH obecrieueHus: BBHICOKOW A((PEKTUBHOCTH 3a CYET
pEe30HaHCa TMOJIYBOJHOBBIE JMIIOIM MOTYT HUMETh OTHOCHUTEIHHO HEOOJBIIYIO
noJiocy mponyckanus. [lonoca mporyckanusi TUIOIs MOKET ObITh YBEJIWYeHa 32
CYeT yBEeNMYCHUS MIUPUHBI WK dPPeKkTuBHOrO MrameTpa Bubparopos [13].

5.2.2.2. MUKpONOIOCKOBBIE (ITaTUYEBbIC) AHTCHHBI

MUKpPOIOIOCKOBBIE WM TaTuyeBble AHTEHHBI SIBISIOTCS TUIAHAPHBIMU
aHTEHHAMH, KOTOpblE, KaK TPaBUJIO, HAHOCSITCS TMeYaTHBIM o00pa3oM Ha
OUDJIEKTPUYECKOe OCHOBaHME. OHHM COCTOAT U3 TpEX CIIOEB: CBEPXY —
POBOJAIIAs TUIACTHHA (T1aT4), CHU3Y — MPOBOJAIIEE METAUIMUYECKOE OCHOBAHUE
U JTUAJIEKTPUYECKU cioil Mmexay HumH. [lmactuna, oObIYHO, MO pa3Mepam
NOpsiAKa HECKOJBKHMX JIOJE€H JUIMHBI BOJIHBI, & OCHOBAHME HMEET HECKOJIBKO
Oonbivie pa3Mepbl. B KkauecTBe AMAIEKTpUKA HCIHONB3YIOTCA  IIMPOKO
pacrnpoCcTpaHEHHbIE MaTEPHAIIbl, IPUMEHSIEMBIE JIJI1 BBICOKOYACTOTHBIX MEYaTHBIX
mat, Hanpumep, PTFE wim gpyrue. JluarpamMma u3nydeHusi MUKPOITOJIOCKOBBIX
aHTEHH B OCHOBHOM (hopMHUpyeTCsi 00J1aCThI0 IIOBEPXHOCTH HAJl OCHOBaHHEM [53].

[Inactuna MoxkeT uMeTh paziauuHble ¢GopMbl. OOBIUHO HUCHOIB3YETCS
Kpyrias, JJUIMOTHYECKas WM mpsMoyroipHas ¢opma. Pazmuunbie Qopmbl
IUTACTUH HWCIOJB3YIOTCA ISl TOTO, YTOOBI OOECHEeUUTh BAapHAIUIO Pa3IHMYHBIX
napamMeTpoB, BKJIOYas BXOJHOM HMIENaHC, 3(PQPEKTUBHOCTb U3IYyYECHHUS U
nosspusanuto. IlogBoa sHeprum Kk NiIacTHHE OCYLIECTBIIAETCA TPEMS CLIOCOOaMHU:
IIPU ITIOMOIIM KOPOTKHUX JIMHUM MEPENAYH, HEMOCPEICTBEHHO AJIEKTPOMAarHUTHOM
CBA3bIO WJIM amnepTypHbIM crnocoOoMm. Kaxplii crnoco0 3aluTKu HUMEET CBOU
O0COOEHHOCTH, HO, KaK U B ciiydae (JOpMbI IJIACTUHBI, OCHOBHBIMU IIapaMeTPaMH,
Ha KOTOpBIE BIIMAET 3alMTKa, OCTAIOTCA BXOAHOM HMIeAaHc, 3()(PeKTUBHOCTH
U3JIy4YEeHUs U NOJApU3anusl.

OOBIYHO B TMATYEBHIX AHTEHHAX IMUPUHA TOJIOCKI B paBHA eAUHHUIIAM
npoueHToB. i mpsAMOYyroibHOW KOH(MUTYpallud W3IIyYarolled IIAaCTUHBI HaJl
JTUAJIEKTPUKOM OTHOCHUTENbHAS M0J0ca NpoIycKaHus paBHa [13]:
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B=3.77[(&- 1)/ &1 (WIL) (4 1), (5.1)

II€ & — OTHOCUTENbHAs JUAJIEKTpUYECKas NPOHUIAEMOCTh, ! — TOJIIMHA
nuaNiekTpuka, a W u L — rabGaputsl miacTuHbl. OYEBUIHO, UYTO YBEIHYCHUE
TOJUIMHBI  JUAJIEKTPUKA pACIIUPSET IMOJOCY MPOMYCKAHUS AaHTEHHBI, a
YBEIIMYEHNE TUAJIEKTPUUECKON IPOHUIIAEMOCTH YMEHBIIIAET €€.

Bre16op amsnexTpuka BaK€H HE TOJIBKO C TOYKU 3PEHHUS IIUPHUHBI MOJIOCHI
IIPOIYCKAaHUsI, HO TAK)Ke BAXEH IS IPYTMX XapaKTEpUCTHK AaHTEHHBI. Tak s
oOecrieyeHus: €€ XOPOLIMX SKCIUIyaTallMOHHBIX XapaKTEPUCTUK TUAIEKTPHUKU
JOJIKHBI UMETh MUHUMAJIbHBIE MTOTEPH, BHICOKYIO TEMIIEPATYPHYIO CTAOMIBHOCTD
U CTaOMJIBHOCTh T€OMETPUUYECKUX Pa3MEPOB, a TAKIKE MaJible HEOJHOPOAHOCTH.

MI/IKpOHOJ'IOCKOBBIC AHTCHHBI MOI'yT HMCTb 6OJ'IBH_IYIO CTOUMOCTBb, 4YEM
CTOMMOCTD IICHATHBIX AHUITOJBHBIX aHTCHH, TaK KaK HCO6XOI[I/IMBI MCTAJINIMYCCKOC
OCHOBAHHC W OUIJICKTPHK. IleuaTHbIC AUIIOJIX  TAKXKC PACIIOJOKCHBI Ha
OCHOBaHHUH, HO CBOMCTBA MX IIOJJIOKKHN 3HAYUTCIbHO MCHBIIC BJIHUAIOT Ha
XApPaKTCPHUCTHUKHU aHTCHHEIL, YCM B CJIYy4aC OCHOBAHUA MaT4YeBOM aHTCHHBI.

B O6IHCM ClIy4dac ImapaMCTphbl IIaTYCBBIX W IICYATHBIX IUIIOJIBHBIX dHTCHH
CPaBHUMBI, a UX HCIIOJb30BAHUC BO MHOI'MX CIy4asaX OIIPCACIIACTCA KOHKPCTHBIM
IMPUMCHCHUCM, JAuaria3soOHOM qacCToT, CTOUMOCTBIO MaTCcpUuaJIOB u
IMPONU3BOACTBCHHBIMH BO3MOKHOCTSAMM.

5.3. UHTerpajbHbie CXeMbl

ITo IMpUYHUHAaM, U3JI0KCHHBIM BO BBCACHHU, MbI IIpCAIIOoJIaracmM, 4To0 B MCTKC
HUCIIOJIB3YCTCA HHTCTPUPOBAHHAA JSJICKTPOHHAA (I/IHTeraJIBHaH) CXCMa — YHII,
npuieM CAVMHCTBCHHAA HMHTCI'PpAJIbHAA CXCMA. YacTo MOXKET OBIThH H€O6XO,Z[I/IMLIM
MOAKIIFOYCHUC K YHITY JOIIOJIHUTCIBbHBIX BHCIIHUX JHCKPCTHBLIX 3JICMCHTOB. B
MPUMCHCHUAX, ITPCATIOIAratonuX O4YCHb MaJIbIC Fa6apI/ITLI 151 06'I>€M, 10 IpUYUHaM
CHMKCHHUA CTOHMMOCTH H IIPOU3BOACTBCHHBIX 3aTpaT, MCTKAa AOJDKHA COACPKATb
TOJIBKO OJJHY HHTCI'PAJIbHYIO CXCMY.

Ilenpro 3TOrO paziena sBIAETCS HE NPOEKTHPOBAHWE HWHTETPATIbHOU
CXEMbI, a ONHCAHHE PA3TUYHBIX KOMIIOHEHTOB, HEOOXOAUMBIX I €€
(YHKIIMOHUPOBAHUSA, U OICHKA WX BIMSHHUS Ha XapaKTEPUCTUKU U CTOUMOCTb.
HaubGonee BaXHBIMH XapaKTEpUCTUKAMHU 4YHUIA SBISIIOTCS — MOTpedsiemast
MOIIIHOCTh, pa3Mepbl U CTOUMOCTb. M3-3a TOro, 4To AOCTyHHAasi METKE MOILHOCTh
U3BJIEKAETCS M3 DJIEKTPOMArHUTHOTO MOJIS, SHEPTeTUYECKU PECYpPC OrpAHHYEH.
[ToTpebnsieMmyt0 MOIIHOCTh HEOOXOAMMO YMEHBIIATh, HO TAKUM 00pa3oM, 4TOObI
3TO HE MPUBOAWIO K 3HAYUTEIBHOMY YXYIIUICHHIO [ApaMETPOB CHUCTEMBI,
OCOOEHHO JAJIBHOCTH. Pa3Mepbl KOMIIOHEHTOB HENOCPEICTBEHHO BIIUSIOT Ha
CTOMMOCTb. B o0miem ciyuae, yem OOJIbLIE UCIOJIB3YETCS KPEMHHUSI, TEM JIOPOXKE
MmeTKa. Jljig Toro 4To0p MMHMMHM3UPOBATh CTOMMOCTb, HEOOXOAMMO YMEHBIIATh
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YUCJIIO KOMIIOHEHTOB M HX pa3mepbl. Crenyer 3amMeTuTh, OAHAKO, 4YTO
MAaKCUMAJIbHOE UCIIOJIb30BAHUE DJIEMEHTOB YUIIa MOKET IIPUBECTH K IOBBILICHUIO
4yuCia MEPEeKIIOYEHNN ITUX JIEMEHTOB, YTO HAIIPSAMYIO IIPUBOJUT K MOBBILICHUIO
noTpeOIsIEeMO MOITHOCTH. DTH KOMIIPOMHCCHBIE BOIPOCHI MBI PACCMOTPUM B
CIIEYIOLLEM pa3fene.

5.3.1. O6mias cxema MoCcTpOeHUs

Jlo omnucaHusg pa3nuYHBIX KOMIIOHEHTOB, BXOJAIIMX B HHTErPAIBHYIO
CXEMY, MBI KOPOTKO PacCMOTPUM OOIIYIO0 CXeMY IMOCTPOCHUS MAaCCUBHOM METKHU
RFID. He 3aBucumo oT Toro, paboTarOT JU METKH B OJM)KHEH WM B JajdbHEH
30HE TOJISI, CXEMbI UX MOCTPOCHUS TOXOXKHU.

Mertka, sBISIOIIAsCS MPOCTHIM HOCHUTENEM HH(POpPMAIH, BBIIOIHAET
HECKOJIbKO OCHOBHBIX (PyHKuMHA. OHa NPUHUMAET W BBIIPAMISET BXOJHOU
BBICOKOYACTOTHBIA CUTHAJ, BbIAENAS dHEprut0 U uHpopmanuto. OHa XpaHUT U
oOecnieunBaeT »HHepromutanue. J[ias 3amycka HUQPPOBBIX CXEM MeETKa U3
NOJTy4YeHHOW MH(OPMAIINH BBIJIEISIET CHHXPOHU3UPYIOMUN curHai. [Ipu momormu
muppoBBIX CcXeM MeTka o0OpabarbiBaeT uWHGOpMaLKI0O U  O0ecreurnBaeT
MOJYJISIIUIO BXOJIHOTO CUTHAJIA, KaK 3TO OMMCAHO B TIaBax 2 u 3.

Bxomnas paanoyYacToTHas 1(S¥13 SIBIISICTCS JIBYHAIIPaBJICHHBIM
UHTEPPEHUCHBIM 3JIEMEHTOM, KOTOPBIM BKJIIOYEH MEXAY aHTEHHOW M OCTaJIbHOU
AJIEKTPOHHOM YacThiO METKH. BO BXOZHOW LIENM OCYUIIECTBISECTCA BBIICICHUE
DHEPIUM W JIAHHBIX, a TAKXKE MX Iepedaya K UEnsAM HCTOYHUKA ITHTaHUSA,
CMEILICHMSI, BBIJICJICHUS CHHXpPOCHUTHaJIa W o0paboTku AaHHBIX [54, 55]. Bo
BXOJHOM ILEMH, KPOME TOTO, PEAIU3YETCS 3alUTa OT BO3MOXKHOW IEPETPY3KH,
BbI3BAHHOM TMIOBBIIICHUEM YPOBHS CHTHaja MpPU HU3MEHEHUU PACCTOSIHUS 10
cuuThiBarensA. llpr TOMOIIM AHTEHHBI C HCHOJB30BAHUEM MOIYJSALUUA 10
KOMaH1aM Iiporieccopa uHpopmMaIus rnepeaaetcst o0paTHO K CUUTHIBATEIIO.

[lenn WCTOYHMKA MHUTAHUS, CMEILCHHMS, BBIJACICHUS CHUHXpPOCUTHaNIA M
00pabOTKM MaHHBIX, a TaKXE IMaMsITh METKH PEaTu3yITCs MpU TMOMOIIU
aHAJIOTOBBIX U MU(PPOBBIX KOMIIOHEHTOB. B Ccilydae TOJIBKO YATaeMbIX METOK 3TO,
00bIYHO, TOJIbKO uMTaemas mamsATh (ROM) wunu 3amuceiBaemass OAWH pa3 U
yuTaeMasi MHOTO pa3 nmamsite (WORM).

5.3.2. KoMnoHEHTBI

KoMmmionenTel, HeoOXoaumble Juisi oOecniedeHHs (PYHKUUNA  METKH,
BKJIIOYAIOT AHAJIOTOBbIE M UU(PPOBBIE 1ENMM W3 TMAaCCUBHBIX M AKTHUBHBIX
DJIEMEHTOB, a TaKXe MaMsATh. OJTH KOMIIOHEHThI MOTYT OBITh BKIIIOUECHBI B
CAMHYI0 MHTETpalbHYI0 cXeMmy. Tak Kak B MPOIECCe M3TOTOBICHUS IU(PPOBBIX
DJIIEMEHTOB  HCIIOJIB3yeTCsl  crenuduyueckas TEXHOJOTHUS, JOMOJTHUTEIbHOE
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BKJIFOUEHHE aHAJOTOBBIX JIEMEHTOB MOXET OBbITh 3aTpyAHHUTENbHBIM. [Ipu 3TOM
CJIO)KHOCTBIO SIBJIAETCS U TO, YTO aHAJIOTOBBIE LENU IOABEPKEHBI MU3MEHEHUIO
napaMeTpoB OT TeMIlepaTypbl U BpemeHu [56]. Kpome TOro, Kkak Mbl yBUIUM,
Ba)XHBIC TTACCHBHBIE 3JIEMEHTHI MOTYT 3aHMMATh JOCTATOYHO OOJBIIYIO IIIOUIAIb
U UIMETh pa30opoc mapamMeTpoB.

[Tocne kpaTkoro omucaHvs (U3HKU MOITYNPOBOJHHUKOB, Mbl PacCMOTPUM
[IACCUBHBIE KOMIIOHEHTHl. HayHem ¢ TpaH3UCTOPOB, 3areM IEepeuaeM K
[IACCUBHBIM KOMIIOHEHTaM, AUOJAaM M JAPYIMM BaXHBIM JJIEMEHTaM, BKJIKOYas
reHeparopsl, cxeMbl DAITY, udpoBsie cxembl U NamMsATh. B KOHEUHOM HUTOTE MBI
paccMoTpuM ob1ee 3Hepronorpediaenue yuna. Kak 1 ormeuanock panee, Mbl He
OyzaeM KacaTbcs MPOU3BOJICTBEHHBIX BOIIPOCOB.

5.3.2.1. [lonynpOBOJTHUKHU U TPAH3UCTOPHI

[TonynpoBoJHUKAMU HA3bIBAIOTCS MaTEpHalibl, KOTOPbIE HE SIBIISIIOTCS HU
XOpOUIMMHU MPOBOJHUKAMHU, HU XOPOIIUMH H30JsiTopamMu. OHU U3rOTaBIUBAIOTCS
BBEJICHHUEM KOHTPOJUPYEMOIr0 KOJIUYECTBA ATOMOB MPHUMECH B TEXHOJOTMYECKOM
mpolecce, Ha3blBaeMOM JierMpoBaHHeM. JlermpoBanumem oOjacTu Mmatepuana
JPYTUM MaTepuajoM, UMEIOIKUM OOJbIIe BAJEHTHBIX 3JIEKTPOHOB, IMOIYYaroT
obnacte "n - tuma". HaoOopoT, jermpoBaHveM o0JacTU Marepuana JIpyruMm
MaTepuagoM, UMEIOIINM MEHBIIE BaJICHTHBIX JICKTPOHOB, MOJIYYarOT 00JacTh "p
- tuna". [lpunokeHHOE HANpsHKEHUS BbBI3BIBACT JABUKEHUE HM30BITOYHBIX
NeKTpoHOB. [lo MHOrMM  pa3nuyHbIM  NpUYMHAM IS M3TOTOBJICHUS
MOJIYITPOBOJHUKOB HauOoJiee MIUPOKO HCIHONb3yeTcss KpeMHUud. OH HIHpPOKO
pacupocTpaHeH M €ro JIEeKTPUUYECKHUE CBOMCTBA OTHOCUTEIBHO CJIa00 3aBUCAT OT
TEeMIIEpaTyphbl M3-3a OOJIBIION IIMPHHBI 3alpelieHHON 30HBL. [l obecnedeHuUs
OBICTPOJICHCTBUS TMPUOOPOB HMHOTAA MPUMEHSETCS apCeHW] Tauiusg — OH
MO3BOJIIET BJBOE MOBBICUTH OBICTPOJCHCTBUE, HO, OJHAKO, JOPOKE OOBIYHOTO
KPEMHHUS U MEHEE paciupocTpaHeH B npupoae [57, 58].

[TomynpoBOIHUKOBBIE YCTPONUCTBA — TPAH3UCTOPHI, OBLIU CO3JaHBI B KOHIIE
40-x romoB. CHawana ObUTH pa3paOOTaHbl OWMOJSpPHBIE, a 3aTeM —
metamiookcugaeie (MOS)  ycrpoiictBa. Texnomoruss MOS  mo3Bonmiia
YMEHBIIIUTh pa3Mepbl M CHU3UTH SHepromorpedieHue. [lepBHIMU MOSBUINCH
npubopsl p-tuna (PMOS), a 3arem — n-tunma (NMOS). [Ins nanpHeiimero
CHUKEHHUSI TOTPeOIsieMOl MOIIHOCTH ObUIM pa3paboTaHbl KOMIUTMMEHTapHbIE
(CMOS) npubopsl, 0HAKO 3a cUeT yBeluueHus pazmepoB. [IpuGopsr biCMOS
00OBEIMHUIN BBICOKOE OBICTPOACHCTBUE OUIMOISIPHOW TEXHOJIOTUU C HUZKUM
sHepronoTpediienneM TtexHonoruu CMOS. B Hacrosimiee BpemMsi Ha pPBIHKE
MOJYIIPOBOJHUKOBBIX ~ TeXHOJorui mpeodiagaer CMOS TexHOIOTHS U B
0003puMOM OyIymieM Mpenrnoyiaraercs, 4YTO OHA COXPAaHUT CYIIECTBEHHOE
LIEHOBOE MPEUMYLIECTBO.
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VYnpomenno MOS  ycTpoiiCTBO  MOXKHO MPEJICTaBUTh B  BHJE
napajjieIbHOTO TUTACTUHYATOTO KOHJAeHcaTopa. [IpocThiM mpumMepoM sBISETCS
NMOS mpubGop. 3atBOp, OOBIYHO SBISIOMIUICS CHUJIBHO JICTUPOBAHHBIM
MOJINCUITUKOHOM, SIBJIIETCS OJHOM TUTACTHHOW KOHJEHCATOPa, KOTOpas OTACJICHA
TUDJICKTPUKOM OT TIOJIYIIPOBOJIHUKA — JPYTOM TUTACTHHBI. 3aTBOP PACIOJIOKEH
MEXIYy ABYMSI CHJIBHO JISTHPOBAaHHBIMH OOJIACTSMH N-THIA, OJHA M3 KOTOPBIX
SBIIIETCSI MCTOKOM, a Jpyras — CTOKOM. Bce ocrambHble 00JacTH B TaKOM
MOJTYITPOBOTHUKOBOM TIPHOOPE ABJISIOTCS 00JIACTSIMH P-THUTIA.

Kornma k 3aTBOpy HE NMPUIIOKEHO HAINPSHKEHUE, YCTPOMCTBO HE MPOBOJUT
Tok. Koraa x 3aTBOpy NMPUII0KEHO HANpPSXKEHUE, CO3AAETCA JICKTPUUECKOE TOJIE,
KOTOpO€ HHAYLUPYET B  MOJYNPOBOJHHUKE  3apsA/ibl  MPOTHUBOIMOJIOKHOU
noJsipHOCTH. ECiii NPUIIOKUTH TOCTATOYHOE HANPSKEHUE, 3apsiibl OTPHIBAIOTCS
OT TOBEPXHOCTHU TMOJYIIPOBOJIHMKA, & JJEKTPOHHI MCTOKA M CTOKa CO3/al0T
WHBEPCHBIN CI0M. 11011 BO3AEHCTBUEM BIEKTPUUECKOTO TIOJIS 3apsibl ABHXKYTCA, a
JIBMDKEHHUE DJICKTPOHOB CO3/1a€T TOK. Bapuaius reoMeTpuyecKux pa3MepoB M
HaIpsDKEHU TO3BOJISIET CO3AarTh OONbIIOE 4YHCIO pa3HoBUAHOCTE MOS
npuOOpOB.

MOS ycrpoiicTBa 00/1a1al0T KaK CTaTUYECKUMHU, TaK U JTUHAMUYECKUMU
adpdexramu. Jlunamuueckue >DPEKThl ONMPEACISIIOTCS €MKOCTSIMHU Pa3IuyHBIX
AJIEMEHTOB yCTpoicTBa. MCTOK W CTOK 00pa3yloT eMKOCTh W3 OOpaTHO
CMEIIEHHOTO TIEPex0aa U MOIOKKHA. KpomMe Toro, MexIy 3aTBOPOM M HCTOKOM,
MEXIYy 3aTBOPOM M CTOKOM, a TaKXe MEXKIy 3aTBOPOM M KaHAJIOM U MEXKIY
KaHaJIOM U 00beMOM MaTepuajia Toke 00pa3yroTcs napaielibHble MIaCTUHYAThIe
emkoctu. Kommnmentapusie wmetaimookcuanbie (CMOS) npubopsl SBISIOTCS
koMmOunarmuer PMOS u NMOS npubopos. Ilpu »3TomM obecneunBaeTcs
YMEHBIIIEHUE TMOTPEOIIeMON MOIIHOCTH. TpPaH3UCTOPHI SBJISIOTCS OCHOBHBIM
KOMITOHEHTOM HMHTETPaJIbHBIX MUKPOCXEM, TaK KaK OHM MOTYT BBICTYIaTh KakK B
POJIM TTACCUBHBIX KOMIIOHEHTOB, TAKUX KaK KOHJEHCATOPHI M PE3UCTOPHI, TaK U B
KauyeCTBE aKTHBHBIX KOMIIOHEHTOB.

5.3.2.2. IlaccuBHBIE KOMIIOHEHTHI

[TaccuBHBIE KOMIIOHEHTBHI OCOOCHHO Ba)KHBI B PaJMOYaCTOTHBIX BXOIHBIX
uernsx u uensx nuranud metok RFID. Koporko paccmMoTpuM HCIONb30BaHHE
ATUX KOMIIOHEHTOB B UHTETPAJIbHBIX CXEMAX.
5.3.2.2.1. Pe3uctopsl

CymiecTByeT HECKOJIBKO CIOCOOOB CO3/aHMsI PE3UCTOPOB IMPU TTOMOIIU
CMOS TtexHonoruu. B coeAMHUTENBHBIX LEMAX YacTO HCIOIb3YIOTCS TaKue

Marepuanbl, KaKk  IOJUKPEMHHUH, METaJUIbl WA Jpyrue  Ooiee
CIIeMaIM3UPOBaHHbIE Marepuaibl. 110 cpaBHEHHIO ¢ MeTamIaMHu MOJUKPEMHUN
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oOnmagaer  MEHbIIEH  TPOBOJUMOCTBIO — OH HMMEET  CONPOTUBIICHUE
npubnuszurensio 5 — 10 Om Ha kBajapar ¢ paszdpocom okosno 35%. OH Takxke
UMEET HHU3KYIO0 yIETbHYIO TO TUIOMIAJN Tapa3uTHYI0 €MKOCTh, HU3KUW CPEIHUN
TEMIIEpaTypHbI  KO3PGUIIUEHT U KOIDOUIIMEHT HampsHKeHUs. MeTausl
XapakTepu3yrTcs conpoTuiienreM nopsiaka 10 MmOM Ha kBagpat [60].

Korma Tpebyercst BbIcOKasi pe3MCTUBHOCTh, MOTYT HCHOJIb30BaThest wells -
anemeHThl. OHM uMeroT nopsanka 1 — 10 kOm Ha kBajgpaT, oAHAKO 00JafaroT
BBICOKOH Mapa3UTHON €MKOCTHIO TI0 OTHOIICHHIO K ToII0kKe. Kpome Toro, y HuX
BBICOKMH HayajdbHBIM pa3dpoc, pocruraommii 50 — 80 %, Oonbmion
TeMIepaTypHbIi KO3PGUIIUEHT U 60bII0N KOADPUIIMEHT HANPSHKCHUS.

B kadecTtBe MamorabapuUTHBIX PE3UCTOPOB TaKKE MOTYT HCIOIH30BATHCS
MOS Ttpansuctopsl. OHH, OJIHAKO, HUMEIOT OOJBIION pa3dpoc W OONBIION
TEMIIepaTypHbIi  KOdQPUIIMEHT u3-3a TeMIEepaTypHOW 3aBUCUMOCTH  OT
MOJIBDKHOCTHU AJIEKTPOHOB. J[pyruM crnoco6oM, KOTOphIM obecrieunBaeT OJIU3KHE
K MOJIMKPEMHHUIO MapaMeTpbl — MPOBOJAUMOCTb U TEMIIEpaTypHbIN KO3 GUIIUEHT,
SIBISICTCSI MCTIOJb30BaHue AUGGy3un 00JaCTH CTOK-HCTOK P-THIA WM N-THIA.
[Ipu 5TOM, OHAKO, CYIIECTBEHHBIM HETAaTHBHBIM (PAKTOPOM SIBIISCTCS OOJIbIIAs
mapasuTHass  €MKOCTb W TIOBBIMICHHBIH  KOX(GOUIIMEHT  HaNpsOKEHUS
(menuHeitHOCTD) [60].

5.3.2.2.2. KoHaeHcaTopsl

Konnencatopel Moryt ObITh 00pa3oBaHbl pPa3iMYHBIMU  CIOCOOAMHU.
OOILIENPUHATEIM  CIIOCOOOM ~ SIBIIIETCS MCIIOJIB30BAaHUE JABYX MapaJljIebHBIX
IUTACTHH C MPOMEKYTOUHBIM MaTepuajioM. Tak Kak TOJIIMHA MTPOMEKYTOYHOTO
JUDJICKTPUKA JIOCTATOYHO BEJIMKA, YACNbHAS IO IUIONIAIA €MKOCTh OOBIYHO Malia
(5x10” nd/mxm’). TIpr 9TOM BpeIHOE BIMSHHE OKA3BIBAIOT NAPA3HTHBIC eMKOCTH
CJIO€B, PACIOJIOAKEHHBIX HEMOCPEACTBEHHO HAJl U MOJ IJIACTUHAMH; OHU MOTYT
cocTaBisATh 10 — 30% OT OCHOBHOM €MKOCTH.

Jlist Toro 4TOOBI  CO3MaTh €MKOCTH 3a CYeT OOKOBBIX JIMHHHA BIOJb
napajuieNIbHbIX MJIOCKOCTEH, MOXKHO MCIOJIb30BATh MPOMEXKYTOUHBIE MAaTEPUAIIBI.
Takoii mpuem MoxkeT obecreunts 10-kpaTHOE yBenuueHue eMkoctu [60].

Tak KaK €eMKOCTb 3aTBOpA SIBJISICTCS] OOIIEH NIl TPaH3UCTOPA, MOTYT TaKXKe
ucnoJib3oBatbess MOS ycTpolicTBa. B 3aBUCHMOCTH OT TOJIIUHBI AUAIEKTPUKA
2
MOTYT OBITh JOCTUTHYTHI yA€JbHbIE eMKOCTH 1-5 GD/MKM”.

C wucnonb3oBaHUEM EMKOCTH p-n Mepexofa MOTyT ObITh peaTu30BaHbI
npyrue mMetojsl. [Ipu 3TOM H3-3a TOro, YTO €MKOCTh IMEpexo]a 3aBUCUT OT €ro
CMEIIICHUS, pEAUTN3YEeTCs TOACTpanuBaeMblil KoHieHcaTop [60].

114



115

5.3.2.2.3. UHQyKTUBHOCTH

[Ipu momomm CMOS yCTpONCTB HHAYKTHBHOCTH C HHU3KHM YPOBHEM
IIyMa, UCKKEHUSIMU U TOTPEOIIIEMON MOIITHOCTBIO, PEaTU3yI0TCS TPYIHO.

Haubonee mupoko MCHONB3YIOTCS IMJIOCKHE CIHUPANIM, OJHAKO JaXKe s
MajblX WHAYKTUBHOCTEH OHM TpeOyroT OOJBIION IUIOMIAaW, a MOTEepH,
0OyCJIOBJIEHHBIE PE3UCTUBHOCTHIO M HEPABHOMEPHBIM paclpe/ieICeHUEM TOKa,
MOTYT OBITb JOCTATOYHO OosiblIMMU. Kpome TOro, 3a cyeT OKpY>KarOIIMX
Napa3uTHbIX E€MKOCTel MOTYT BO3HHMKAaTh HeXeJaTelabHble pe3oHaHchl. [lo
CPaBHEHHUIO C JIPYTUMU JUCKPETHBIMU KOMIIOHEHTaMH JTOOPOTHOCTH CIHMpPaJIbHBIX
WHIYKTUBHOCTEW OKa3bIBACTCS CIUILIKOM MaJIon [56].

5.3.2.3. YMHOXUTENN HANPSIKEHUS

B cutyanusax, xorma MOsBISIETCS HEOOXOIWMO IIOBBICUTH HampsDKCHUE,
MPUMEHSIOTCS  YMHOXKHUTEIW  HAINPSDHKCHUSA.  YMHOXUTEIM  HAIPSKCHUS
HEOOXOJMMBI TOr/Aa, Korjaa wucnosibdyercs mamsate EEPROM: nns 3amucu
uH(OPMAITHU B TOM CiTy4dae TpeOyeTCs MOBBIIICHHOS HAMPSHKEHUE. Y MHOKHUTEIN
CO3MIAIOTCS KACKAJIHBIM COCJAMHEHHEM YMHOXAIOUIMX CEKIUMWA W3 [HOJIOB H
KOHJICHCATOPOB. [Ipy  5TOM  MOBBIIIECHUE BBIXOJIHOT'O HaIpsHKEHUS
OCYILIECTBIISIETCA 32 CUET CYMMUPOBAHUS HAIIPSUKEHUN 3apsyKEHHBIX CEKLUMN.

5.3.2.4. Inonml

B wMerkax RFID ngumonbr HeoOXomumbl Kak Il MpeoOpa3oBaHUS
BBICOKOYACTOTHOM SHEPTUU B SHEPTUIO MMOCTOSHHOT'O TOKA — KaK BBITPSIMIIAIOIINE
AJIEMEHTBI, TaK W IS JETEKTUPOBAHUS CUTHaja. B kadecTBe IUOIOB MOTYT
UCIIOJIb30BAThCA TPAH3UCTOPHI, OJHAKO OHU TPeOYIOT OOJBIIEr0 CMEIICHHS WU
UMEIOT XYJIINEe YacTOTHBIE CBOMcCTBA. Yarne Bcero, 0COOEHHO Ha BBICOKHX
4acTOTAaX, MPEANOYTUTEIBHO UCIOJIb30BAHNUE.

Hwoner ¢ Oapeepom IlloTKM BBIMOTHSIOTCS B BUAEC TMEPEXo/a MeETasll-
MOJIYTIPOBOJHUK (p-TUIA WM nN-TUMA). B 3aBUCUMOCTH OT KOHPUTYpalluu TaKue
JUOABI MOTYT MMETh IOYTH HYJIEBOE CMEIIEHUE, BBICOKYID YacTOTY
NEPEKIIIOYCHUSI, OTHOCHUTEIIbHO HHU3KYI0 €MKOCTh TMepexoja U  Malylo
notpedisieMyr0  MOIIHOCTh. OHHM YacTO MCHOJB3YIOTCSI B BBICOKOYACTOTHBIX
JETEKTOPaX, CMECUTENSX, MEePEKII0YaTeNIbHbIX CXEeMaX W BBIIPAMUTENSAX. B
KOMOMHAIMU C KoHJeHcaropamu auojabl I1I0OTKM MCHONB3YIOTCS B YIABOUTENSX
HanpspkeHus [54, 61].

5.3.2.5. I'enepaTopsbl

['eHepatopsl, MO ONpeAeNeHUI0, NpeaHa3HAYeHbl s  (HOPMUPOBAHUS
CUTHAJIOB 4Yallle BCEr0 C IIOCTOSHHOW 4YacTOTOM. B MeTkax HCHoJb3yroT
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JIOCTaTOYHO TMPOCTHIE TEHEPATOPhI, KOTOpPHIE, OJIHAKO, O0OJAJaI0T IJIOXUMHU
XapaKTEePUCTUKAMU — HECTAOMIBbHOW aMIUTUTYAONW U 4acTOToi. B 3aBucumMocTH ot
HEOOXOJMMBIX XapakTepucTuk B MeTkax RFID woryr wucnons3oBaThes
TEHEPATOPbl C JIOCTATOYHO XOPOIIMMH TEXHHUYECKHMMHU IapaMeTpaMH, 4TO,
OJHAKO, JOCTHUTaeTCsi 3a CYET MX TMOBBIIIEHHOW CIOXHOCTH, YBEIHYECHHBIX
pa3MepoB U, COOTBETCTBEHHO, OOJIBIION CTOMMOCTH.

5.3.2.6. Cxembl DAITY

Cxembl, peanm3ytomue (a3oByr0 aBTOmoJACTpoiiky dYacToTel (DAITY),
00ecreynBalOT BO3MOXKHOCTh CHHXPOHM3AIMU padOThI ammapatypbl ¢ ¢a3zoi
BXOJHOTO CHUTHajla. DTU CXEMbl YacTO HCIOJB3YIOTCA B CHCTEMAax CBSI3U IS
BBITIOJIHEHUS  pa3NuyHbIX  (QyHKIuiA. OHU MOTYT HCIONB30BATHCA IS
MpPOrpaMMHUPOBAHHON YCTAaHOBKH 4acTOThl B reHeparopax. Cxembl ®AIIY Takxke
MIPUMEHSAIOTCS JUIsI YaCTOTHOM MOAYJSLUUM W JEMOAYJSINMUA CUTHAIOB. B
mUPpPOBBIX CXeMaxX OHM MOTYT HCIOJNb30BAThbCSl IS  BOCCTAHOBIJICHUS
CUHXPOHU3ALMH U FTEHEPALIMN CHHXPOHU3UPYIOIIMX CUTHAIOB [60].

B GonpmmmacTBe cimyudaeB cxema DAIIY comepx uT (a3oBblii JETEKTOpP U
TeHEepaTop, YHPAaBISEMbId HANpPSOKEHHWEM, KOTOpPbIE OXBAau€HBl OTPHUIATEIHHOMN
oOpatHOil cBs3pro. Cxembl DAIIY Moryr wucnonbszoBatbess B MeTkax RFID,
OJTHAKO M3-32 OOJBIIOrO YHCIa KOMIOHEHTOB 3TO MPHUBOJUT K H30BITOUHOMY
YCIIO’)KHEHUIO, YBEJIIMYEHHUIO Pa3MEPOB U CTOUMOCTU METKHU.

5.3.2.7. HudpoBsie cxembl

OCHOBHBIM 3JIEMEHTOM IOCTpOCHUSI BeHTU en siBisercss CMOS unBepTop,
KOTOpbIN cocTouT u3 komOunammu p-MOS u n-MOS TpanzuctopoB. M3 3toi
napbl TPAH3UCTOPOB KOHCTPYHUPYETCS IIUPOKOE MHOTOOOpa3ne JIOTHUECKUX CXEM,
BKJIFOYAsl TaKWe, KaK TPHUITEPHI, PETUCTPHI, MYJIbTUBHOPATOPHI, CIABUTOBHIC
PETUCTPBL.

5.3.2.7.1. Tpurrepsl u perucTpsl

Tpurrepbl SIBISIOTCS JIOTHYECKUMHU DJIEMEHTAMH, KOTOPHIC 3allOMHHAIOT
OJIMH OUT ABOMYHOW MHPOpMaIH. [Ipy moMomy Takux CXeM MOTYT CO3/1aBaThCs
CUETUYMKHU U JApyrue Oosee cioxHbIe ycTpoiicTBa. COBMECTHO C PETUCTPaMU OHH
4aCcTO HMCTOJB3YIOTCS JUISI KOHTPOJIS BBIYMCICHUH B CHHXPOHHBIX CHUCTeMax. B
3TOM CJy4ae TPUTTEP MOXKET YCTAaHOBHUTH 3HAUYCHHE CBOETO BBIXOJHOTO CHTHANA
pPaBHBIM 3HAQUEHMIO BXOJHOTO CHUTHaja CHUHXpOHU3MpyIOUled 1enu. B
MPOCTEUIIIEM CIIy4ae TPUITEpP COJEPKHUT JIBAa BEHTHIIA, KAXKIBIM M3 KOTOPBIX
OOBIYHO COCTOUT W3 YETHIPEX TPAH3UCTOPOB (JBE KOMIUTMMEHTApHBIC TMaphl p-
MOS u n-MOS TpaH3UCTOpPOB).
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Peructpom 0GBIMHO HA3BIBAIOT YCTPOMCTBA AJISI XPaHEHUS OMPEEIIEHHOTO
KonudecTBa OMT. Korma peructp HaXOauTCs B aKTUBHOM COCTOSIHUM, BBIXOJHOU
CUTHAJ MOBTOPSIET BXOJHOMH, a KOTJIa B IMAaCCUBHOM — OH (PUKCHUPYET MOCIEAHEE
3HAYEHUE CUTHAJIA. PerucTp MoXeT ObITh aKTUBHBIM BO BpEMs OJHOIO TaKTa U
IIACCHUBHBIM — BO BpPEMs JIPYyroro TAakKTa, KOrJa OH HCIOJb3YETCs I KOHTPOJS
(GYHKIITMOHUPOBAHUS CUHXPOHHBIX CUCTEM.

5.3.2.7.2. C1BUTOBBIE PETUCTPHI

CnBuUroBelii  peructp oOpasyercss TMOCHIeJOBaTENbHBIM  COEAMHEHUEM
TPUITEPOB TAKHUM 0OpPa30M, YTO BBIXOJ OAHOIO COEJAMHEH C BXOJOM JIpYroro, a
BCE HX YCTAaHOBOYHBIE BXOAbl 00benuHEHbI. [lpu mojadye CHUHXPOUMIYJIHCOB
JTAHHBIE CIIBUTAIOTCS B OJIHY CTOPOHY, B TO BPEMS KaK JIaHHBIE IIOCTYNAKOT HA €ro
BXOJl C Apyrou ctoponbl. CIBUTOBBIE PETHCTPHI yAOOHBI A MpeoOpa3oBaHUs
napajiiebHBIX JIAHHBIX B TOCIEAOBATENbHBIE JIaHHbIE, U HA000poT. OHU TaKkKe
MOTYT UCIIOJb30BATHCA 111 BDEMEHHOTO XPAaHEHUS TAHHBIX.

5.3.2.8. MynbTuBUOpaTOpPHI

MynbTUBHOpPATOPHI SBISIOTCS Pa3HOBUAHOCTBIO TPUITEPOB, y KOTOPBIX
BBIXOJl OJHOTO M3 BEHTWIEH COEQUHEH C BXOJOM JPYroro BEHTHJISI Yepe3
KOH/IEHCAaTOp. JTU yCTPOMCTBA OCTAOTCSl B OJTHOM COCTOSIHMM JI0 T€X IOp, MOKa
0]l BO3JIEHCTBUEM HMIIyJIbCa OHU HE MEpeXoAsT B Jpyroe coctosHue. [locie
HEKOTOPOW 3aJe€p’KKH, BpeMs KOTOPOW ONpelessercs NapaMeTpamMHu CXEMB,
MYJBTUBUOPATOpPbl BO3BpAllalOTCA B IpexHee cocTostHue. OHM MEHSIOT CBOE
cocTosiHMe (POHTOM WIM CHAJO0OM HMIIyJIbca M 4YacTO HCIOJIB3YIOTCS IS
TFEHEPAlMM  MMITYJIbCOB  NEPEMEHHOW JUIMTENbHOCTH. M3-3a  TOro, 4rO
MYJBTUBUOPATOPBI CTPOSITCS Ha OCHOBE AHAJIOTOBBIX M IU(POBBIX 3JIEMEHTOB,
OHU HECTaOUJILHBI U B OOJBIINHCTBE CIIy4aeB TpeOyIOT AyOnnpoBanus [62].

5.3.2.9. CxeMbl maMATH

CxeMbl TaMATH B HWHTETPAJIbHOM BHJE MOTYT pEalu30BBIBATHCS
paznuuyHbiMH  criocoOamu. [l mpumenenuit B cucreMax RFID  Huskoi
CTOMMOCTH, KOTJa METKa MPOCTO XPAHUT YHUKAIbHBIN HACHTU(DUKAIMOHHBINA
Homep (Unique IDentification number — UID), TpeGoBanuss K cxeMaMm MamsiTu
HEBBICOKHU. [IpakTUdyeckn eIUHCTBEHHBIM TpeOOBAaHUEM SBIISIETCS MUHUMAaIbHas
3aHUMaemas miomanas. KpaTko paccMOTpUM HEKOTOpPHIE M3 OCHOBHBIX THIIOB
CXEeM MaMATH, npeaHa3HadyeHHbIX Mg xpanenus UID: ROM, WORM, EEPROM
u FRAM.

Jlanapie B TosbKO uuTaemyr mamsaTh (Read Only Memory — ROM)
O0OBIYHO BBOJST B MPOIECCE MPOU3BOJICTBA MPHU IMMOMOIIHN JIa3epa WIH HAPIMYIO -
mMackoil. OHaXIpl 3aMKchbIBaeMasi 1 MHOTOKpaTHO yuTaemas namsath (Write Only
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Read Many — WORM) no3BossieT Moap30BaTEI0 OJMH pa3 3alliChIBaTh JaHHBIC B
CXeMy TmaMmsTU. OJeKkTpuuecku mnepenporpammupyemas nomsath (Electrically
Erasable Read Only Memory — EEPROM) mno3Bossier MHOTOKpaTHO Kak
3alMChIBaTh, TaK W CUMTHIBATh WH(OpMAIMIO, OJHAKO TMPU 3TOM OHA Tpedyer
BBICOKOTO HAIPSOKEHUSI W HMMEET OTHOCUTEIHHO OOJBIIYI0 MOTPEOIsIeMyro
MOIIHOCTh. [lo cpaBHEHHIO C NPYyrMMU TUNAMU Takas MaMsITh OOBIYHO HMEET
OOJIBIITYIO TUIOMIAAL U BpeMs 3anucu. JlanbHeimmm pazsutueM EEPROM namsitu
ABIIAETCS (PeppOdIEKTpUUECKasi MaMsATh cO ciy4yailHbiM aoctynoMm — FRAM. Tak
ke, kak EEPROM, Takasg mnamsaTh MOXKET XpaHUTh JAaHHbBIE B TEUCHHE
JUIMTEIILHOTO BPEMEHH, HO IMPOIIECC 3aMUCH HE TPEOYeT BHICOKOTO HAIPSKEHUS U
MMEET 3HAYUTEIHHO MEHBIIIYI0 MOIITHOCTD MOTpebaeHus [6].

5.3.3. DHepronorped/ieHe HHTETPAJIbHBIX CXEM

[TonnMaHue BaXKHOCTH XapaKTEPUCTHK YHEPTOMOTPEOICHUS HHTETPATbHBIX
CXEM B METKE CYILECTBEHHO HE TOJILKO C TOUKH 3PEHUsS NPOECKTUPOBAHUSA CAMUX
CXeM, HO M C TOYKH 3pEHHS pa3pabOTKH MTPOTOKOJOB CBsi3u. KomwmpoBaHwue,
MOAYJSAIMS W KOMaHABl MOTYT H JIOJDKHBI pa3padaThiBaThCsl € yYETOM
XapaKTEPUCTHK MOTPeOIsIeMOl MOIIHOCTH. MwuHUMU3aLMS TOTpedsieMoit
MOIIIHOCTH MaccuBHOU MeTKM RFID HemocpeacTBeHHO CBs3aHa C MOBBILIEHUEM
JaJIbHOCTU CUUTHLIBAHMS.

B MeTke HuCHonb3ylOTCS Kak aHaJOroBble, TaK W HHUGPOBBIC AJIEMEHTHI.
Hecmotpss Ha TO, uTO 1IM(POBBIX IIeTel 3a4acTyio OOJIbIlIe, YeM aHAJIOTOBBIX,
AHEPTONOTPEOJICHUE aHAJIOTOBBIX IIENel HeMpONnoOpIHOHAIBHO BelauKko. 1o aToi
NpPUYMHE aHAJIOTOBBIC MU JOJDKHBI MPOCKTUPOBATHCS HaubOoJee TPaMOTHO C
TOYKH 3peHus morpednsemori MomHoctd [63]. Cornacyrommue Ny aHTCHH,
BXOJIHbIE II€MM WM HWCTOYHHK TMHUTAHUS JOJDKHBI pa3pabaThiBaThCs C y4EeTOM
MaKCHUMAaJIbHOTO K03 duIlMeHTa nepeaadn mo MOIHOCTH.

CMOS uudpoBble cXxeMbl UMEIOT HAWIy4IlHEe XapaKTEPUCTUKHU
SHEPronoTpeOseHUs, OJHAKO M BKJIAJ JTUX Lened B oliiee notrpedieHue
MOIIIHOCTH YHWIIa OYEHb CYIIECTBEHEH. DHepromnoTpebnaenue mudpoerx CMOS
CXeM TOJpa3jenseTcss Ha cTaThdeckoe U JauHamuueckoe. (CTaTudeckoi
MOIITHOCTHIO TTOTPEOICHNS HA3bIBAETCSI MOIIHOCTD, KOTOPYIO MOTPEOIIsIeT cxema B
COCTOSIHMU NOKOs. B maeane oHa paBHa HyJ10. CylIeCTBYIOT NTapa3UTHBIE YTEUKU
B JMONaX W JPYTHX DJJIEMEHTaX, HO B OOJBIIMHCTBE CIy4aeB HMH MOYHO
npeHeOpeub. B ocHOoBHOM »3HepromoTpebienne mudpoBeix CMOS cxem
ompejienseTcss  JAMHAMUYECKUM  moTpebnmeHuemM.  Kpatko — paccMoTpum
JTMHAMHYECKOE SHEPTonoTpedIeHue.

JluHaMu4ecKkoe HHEPronoTpedIeHHe COCTOMT M3 JIBYX COCTaBIISIOIINX:
noTpeOsieHHe KOPOTKOTO 3aMbIKaHUSI M €MKOCTHOE moTpebiienne. MOIHOCTh
noTpeOsieHus  KOPOTKOTO  3aMbIKaHUS ~ OOYyCIIOBJIEHAa  KPAaTKOBPEMEHHBIM
MPOTEKAaHUEM TOKA OT MCTOYHUKA MUTAHUS HA 3€MJII0 B MOMEHT NEPEKIIOUCHUS
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BeHTWIEH. MOXHO MOKa3aTh, YTO B THOUYHBIX CIy4dasgX 3Ta KOMIIOHEHTa
coctaBisieT okoyio 10% OT eMKOCTHOM COCTaBIISIIOILIEH, O3TOMY Yallle BCETO €e
HE YUYUTHIBAIOT [64].

EMKocTHast cocTaBisifoliasi MOIIHOCTA  TNOTpeOsieHus  00ycCloBlIeHa
repes3apsaioM Mapa3sUuTHBIX €MKOCTEW WHTErpajbHOM cxeMmbl. M3 mpenbrayniero
Marepuana BUIHO, YTO SJICKTPOHHBIE CXEMbl W IEMHU WX COCIUHEHUM HUMEIOT
MHOKECTBO TMAPA3UTHBIX €MKOCTEM. ODJHEprus 3apsia €MKOCTH 3aBHUCUT OT
MPUJIOKEHHOTO HAMPSDKEHUS, TIOATOMY 00111asi MOIITHOCTh MOTPEOJICHUS CBsI3aHa C
aKTUBHOCTBIO M 4YacTOoTOM mepekitoueHus. [lpeneOperas cocTaBisroniei
NOTPeOJICHUsT KOPOTKOTO 3aMBIKAHUSI, PACCMOTPUM (POpMYTy ITUHAMHYECKOTO
MOTPeOJICHUS MOIITHOCTH:

Pyn=afCV, (5.2)

rae o — k03(pQUIUEHT aKTUBHOCTH, f — CKOPOCTh Mepe/lauul JaHHbIX,

C — cymmapHas mnapasuTHas €MKOCTb, a V' — HanpssKeHUEe MHUTaHUS.
KoaddunueHT akTHBHOCTH @ IPECTABISIET COOON 0KHIaeMO€ YHUCIIO MEPEX00B
or 0 k 1 3a Bpems nepeaaun AaHHbIX. CpelHsAsl CKOPOCTb NepeAadyd JaHHBIX f
SBJIAETCS. YaCTOTOM CHUHXPOHU3ALMH CUCTEMBI. TakuMm 00pa3oM, THHAMHYECKOE
noTpeOJieHre MOLIHOCTH B OCHOBHOM OMNpEIENsieTCs TpeMsl OCHOBHBIMHU
napaMeTpaMM: aKTHMBHOCTBIO  IEPEKIIOUYEHUH, €MKOCThIO U KBaJApaToM
HaNpPsKEHUS! TUTAHUS.

bnarogapss KkBaapaTU4YHOW 3aBUCUMOCTH coryacHo (5.2) yMeHbleHue
HaIPsKEHUS MATAHUS PUBOJIUT K HauOOJBIIIEMY CHUKEHUIO
DHEPromoTpedsiecHnss METKW. B mNpuHIUIE CHIKEHHE SHEPronoTpeOIeHus
SBIIIETCSI OYCHb BaXKHBIM CUCTEMHBIM (akTopoM. OcHOBHas mpoliemMa mpu dTOM
NpOSIBISICTCSI B TOM, UYTO YMEHBIICHUE HANPSHKEHUS MHUTAHUS TMPUBOAUT K
BO3PACTAHUIO BPEMEHU 3aJEPKKU METKHU, YTO CHUKAET OBICTPOJICHCTBUE CUCTEMBI
RFID B unemoM. Bo3mM0oxHO, OJTHAKO, UMEET CMBICII YMEHBIIATh HAIPSIKEHUE 3a
CYET YBEJIIMYEHUS EMKOCTH U aKTUBHOCTH MEPEKIIFOYEHUM [65].

[lapa3uTHble €MKOCTH TMPUCYTCTBYIOT M B DJJIEMEHTaX CXEMbl U B
COCAMHEHUSIX MEXIYy HUMH. OTH €MKOCTH MOTYT OBIThb YMEHBIIEHBI 32 CUeT
COKpAIlIEHHs IIHUPUHBI COCTUHUTENBHBIX JIMHHUM, pa3MepoB AJIEMEHTOB CXEM U
paccTostHui Mexay HUMU. [Ipu aToM He cienyeT 3a0bIBaTh 0 KpaeBbix ddPexTax,
KOTOpbIE TPHUBOIAT K YMEHBIIEHHIO TOKOB 3apsija €MKOCTEH, 4YTO MOXKET
IPUBOJIUTH K CHUKEHUIO OBICTPOJACUCTBUS U, CJIEIOBATEIbHO, K HEOOXOIUMOCTH
MOBBIIICHUS HAMIPSKEHUS TUTAHUA.

TperbuM mapaMeTpoMm, BIMSIONIUM Ha TOTPEOIISIEMYIO MOIIHOCTh, SIBJISICTCS
kodhunrieHT akTUBHOCTH. CKOPOCTh M3MEHEHUS WH()DOPMAIMOHHBIX JTaHHBIX f B
CYIIHOCTH SIBJIIETCA YAaCTOTOM NEPEKIIOUYCHUN. B CHHXpOHHBIX CHCTEMAax
BETMYMHA f COOTBETCTBYET YAaCTOTE CHHXPOHHM3AIMHU. be3 ydera HUMITYIhCHBIX
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nomex (glitching) ko3 UIIMEHT aKTMBHOCTU « SIBISIETCS BEPOSITHOCTHIO, C
KOTOPOH TPOUCXOMAT TEPEXOJbl YpOBHEH B TEUEHHWE OJHOTO0 OWTa JaHHBIX.
BricokouacTOTHBIE HMMITYJILCHBIE TIOMEXH MOTYT MPUBECTH K TOMY, UYTO «
npeBbicuT 1. 'paMOTHOE NPOEKTHpPOBAHWEC MHHUMHU3UPYET TaKHWE CHUTYaIlUH.
MoXHO mMOKaszaTh, YTO I CIAyYalHBIX CHUTHAJIOB MaKCHMajbHas BEJIMYUHA
kodddunreHTa akTUBHOCTH « paBHa (,5; I MPOCTHIX JOTHYSCKUX BEHTUIICH
oHa coctaBisieT oT 0.4 mo 0,5, a mi1d KOHEUHBIX aBTOMATOB — HAXOJHUTCA B
npenenax ot 0,08 o 0,18 [66].

Taxum o0pa3oM, MOKHO AOCTHUYb CHUKEHHS MOTPEOIsIEMON MOIHOCTH 3a
CUET YMEHBIIECHHs BEIMUYMHBI IEPEUYUCIEHHBIX MapaMmeTpoB. Jlpyroit crocod
CHW)KEHHUS MOIIHOCTH COCTOWUT B IapAJUIEIBbHOM BBIIIOJIHEHUM OIPEIEIECHHBIX
(GYHKIMI cXeMbl. DTO MOXKET MPUBECTH K YBEIMUEHUIO €€ IUIOIAAN, HO B UTOTE
NO3BOJIUTh YJIYYIIUTh XAapAaKTEPUCTUKH IPU CHUKEHHOM HamnpspKeHuH. Jpyrou
PAKTUYECKUNA CIIOCOO COCTOMT B OTKa3e OT OECIOJIE3HBIX IHEPro3arpar, TaKHX
Kak pa0oTa CHHXPOHU3UPYIOIIET0 IeHepaTopa BO BpeMs MACCUBHOTO COCTOSHUS
anmaparypsl WJIM OTKa3 OT €€ M30BITOYHBIX XapakTepUCcTHK [65]. Bo3moxHO,
TaK)Xe HCIoJb30BaHue 3Heprocoeperaronmx CMOS 371eMEHTOB, CIOCOOHBIX
COXPaHsTh YHEPTUI0, KOTOPasi OOBIUHO paccenBaeTcs B BUe Teruia [67].

5.4. CoequHuTe/IbHBbIC LENN U KOPIYCHPOBAHHME

HeoOxonumo Takke y4HUThIBaTh BOINPOCHI IMPUCOEAWHEHUS HMHTETPaIbHOMN
CXeMbl (Yuma) K AaHTEHHE METKM M KOpPIYCHPOBAHMSI METKH B LIEJIOM.
CoenvHUTENbHBIE LIEIH U KOPIIyCUPOBAaHUE BIIMSIIOT HE TOJIBKO Ha rabapuThl U
CTOMMOCTb, HO M Ha OOIIME XapaKTepUCTUKU amnmapaTypbl. COeIUHHUTENbHBIC
HEeNU BIUAIOT Ha 3(PQPEKTUBHOCTH IEPEAaYd MOILIHOCTU MEX]y AaHTEHHOM Hu
MHTETpaIbHOM cxeMou. KopmycupoBaHue BIMSET HE TOJBKO HA HAJIEKHOCTH U
YCTOMYMBOCTb, HO M Ha YYBCTBUTEJIBHOCTb METKM K OKPYKAIOLIEH Cpele U K
CBOMCTBaM MapKHUPYEMbIX OOBEKTOB.

Takum oOpa3oM, BapuUaHTBl HCIOITHEHUS COEAUMHUTENbHbIE Ieneil u
KOPIIyCUPOBaHUSI METKM BBIOMPAIOTCA B pPE3yJbTaTe KOMIIPOMHCCA MEXKIY
CTOMMOCTBIO, KOTOpas, B CBOIO Ouepelb, CBA3aHa C BBIOOPOM MaTepUajoB U
TEXHOJIOTHMEHN IPOU3BOJICTBA, U TEXHUYECKUMHU XAPAKTEPUCTUKAMU.

5.5. Pe3iome

B sToM paszgene Mbl BHOBb BEPHYJIUCh K HEKOTOPBIM OCHOBHBIM BOIIPOCaM,
KOTOpBIE€ CBS3aHbI C (PU3MUYECKUM alapaTHbIM HCIOJHEHHMEM METKU. AHTEHHA,
UHTETpaJlbHasl CX€Ma M KOPIIyCHPOBAaHME - BCE 3TO MOXET CYIIECTBEHHO
OTPAXKATBCA HA pa3Mepax, CTOMMOCTH M OCTAJIBHBIX XapaKTEPUCTHUKAX METKH.
[Tpu npoekTHpoBaHMM METKH OCOOEHHO Ba)K€H BBHIOOP MAaTEpHANIOB U T€OMETPUs
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aHTeHH. [IpudyeM 1 TO U Ipyroe CylecTBEHHO BIUSET HA €€ CTOUMOCTh. C TOYKH
3peHUs] MHTErpajbHOW CXEMBbl I TOrO, YTOObl CHU3UTH CTOMMOCTb, Pa3MeEphl
yuna JO0JKHBI ObITh MUHUMANbHBIMHU. Jlys wcmonb3oBanus B MeTtkax RFID
HamtydymuMm obpazoM  moaxoaut CMOS TexHonorusi, Kotopas B HACTOSIIEE
BpEMSI UCHOJIb3yeTCsl HanOoJiee MIMPOKO MPHU MPOEKTUPOBAHUMU M MPOU3BOICTBE
MUKpocxeM. JloMuHupyromiee BiausiHUEe Ha 3Hepromnorpedbienne CMOS
AJIEMEHTOB OKa3bIBAIOT TAKUE MapaMeTpbl, KaK AaKTUBHOCTb IEPEKIIOUYECHUN,
napa3uTHbIE EMKOCTH M HaNpsyKeHUWE NMUTaHud. s TOCTHKEHUs] MaKCUMaJIbHOM
JTANbHOCTU CUYUTBHIBAHUS 3TH MapaMeTpbl HEOOXOAMMO MUHUMHU3UPOBATh.

[Tocite KpaTKOro pacCMOTPEHHUS aIapaTypHBIX BOIIPOCOB, OTHOCSIIUXCS K
METKE, B CJCAYIOMECH TJIaBe MBI pPACCMOTPUM BOMPOCHI MPOTPAMMHOTO
obecrieyeHus.
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TI'naea 6

IIpoToKo/abI KOMaH/

6.1. BBenenne

[ocie paccMOTpeHus JIEKTPOAMHAMUYECKHUX, CBSI3HBIX,
aIMHUHUCTPATUBHBIX M amNIlapaTypHbIX orpaHudyeHuid B TexHosiorun RFID,
HEOOXOIMMO OOpaTUTHCS K ajIrOpuTMamM U KOMaHIHBIM IPOTOKOJAM BEPXHETO
YPOBHSI, KOTOPbIE COOCTBEHHO OCYIIECTBIIAIOT UACHTU(PUKALIUIO METOK.

[TockonbKy MeTKa SBISIETCSI MPOCTBIM HOCHUTENEM HACHTH(PUKALMOHHOTO
HOMepa, MOSBISETCS 3a7a4ya TOYHOTO YTEHHs 3Toro HoMepa. Ecnu B paboueil 30He
CUMUTHIBATENsl HaXOAWUTCS €IMHCTBEHHAs METKa, HE TPEOyeTCs] HUKAKMX KOMaHJI.
IIpn mOCTaTOYHOM SHEPreTHKE METKA IPOCTO INEpelacT CBOM COJEpXKallhecs B
Hell ganable. OgHAKO, eciu B paboyeil 30He CUUTHIBATENSI HAXOAUTCS MHOXKECTBO
METOK, OTBEYAIOLIMX OJHOBPEMEHHO, HMX CHrHajibl HHTepdepupyror. Takoe
HAJIO)KCHUE CUTHAJIOB B HAIlEM CJIy4yae Ha3bIBACTCS KOJUIM3WEH, a pe3yJIbTaThl
CUMTBHIBAHMSI Yallle BCETO OKA3bIBAIOTCS MOTEPSHHBIMU. 71 n30eKaHus KOJLTU3UN
B cucreMax RFID Ttpebyercs QopmupoBanue KOMaHJ, OCHOBAaHHBIX Ha
cnenu(UYecKuX  MNpPOTOKOJIaX. Takue  MPOTOKOJAbl  OOBIYHO  HA3BIBAIOT
AHTUKOJUIM3MOHHBIMU IPOTOKOJIAMH WA aJITOPUTMAMMU.

Jl1st Toro 4ToObl BBIOpaTh HEOOXOIMMBIN aHTUKOJUTM3UOHHBINA MPOTOKOJ U
KOMaH/Ipl, CJEAyeT PAacCMOTPETh CHCTeMHbIe orpaHumdyeHus. Ocoboe BHUMaHUE
cienyeT oOpaTUTh Ha HAIEKHOCTh KOMMYHHMKAIMU (CBSI3M) M IUMPUHY CHEKTpa, a
TAaK)K€ Ha TEXHUYECKHE NapaMeTpbl YMIla METKH, KOTOpbIE HEMOCPEICTBEHHO
BIMSIOT Ha MNOTPeOIseEMYy0 MOIIHOCTh M CTOMMOCTh. B mepByro ouepenb
HEOOXOJUMO CyXaTb UIMPUHY CIEKTpa, MOBBINIATh HAAEKHOCTh CBSI3U U
MUHUMHU3UPOBATH TPEOOBAHUS K YUITY METKH.

Jlist Toro 4to0bl YCHENIHO B3aMMOJIEWCTBOBATH C OJHOW METKOW Cpelu
MHO>KE€CTBA METOK, HAXO/ISIIIIUXCS B MOJIE CYUTHIBAHUS, HEOOXOIMMO PEaTN30BaTh
AKCKJIFO3UBHBIN KaHAJ CBSI3M C 3TOW METKOM. [[J151 3TOro CymecTByeT 10CTaTOYHOE
KOJIMYECTBO pelIeHuil — anroputmoB. llocie 0030pa 3TUX anroOpUuTMOB MbI
MPOAHAIU3UPYEM peanu3annio u OTPAHUYEHUS JIBYX HauOoee
pacrpocTpaHeHHbIX W3 HUX. [locime 3Toro mMbl 00CYJIMM OCHOBHBIE KOMAaHIHBIC
TpeOOBaHUsI, CB3aHHBIE C ATUMU aJITOPUTMAMH.

6.2. O030p aHTHUKOJ/VIM3HOHHBIX AJTOPUTMOB

[Io Mepe yBenuyeHHs 4YHUCIa MapKUPYEMBIX OOBEKTOB BEPOATHOCTH
OJTHOBPEMEHHO  CYHUTHIBAEMBIX METOK  yBenuuuBaercsi. COOTBETCTBEHHO
BO3pPACTAET BEPOSATHOCTh KOJUIM3UN cUrHaioB. [[o3ToMy W B Hacrosiuee Bpems
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CyliecTByeT H, TeMm Oosiee, B OyaylieM BoO3pacTaeT HEOOXOJAUMOCTh B
3 PEKTUBHBIX AHTUKOJUTM3UOHHBIX aITOPUTMAaX.

AHTUKOJUIM3UOHHBIE alNTOPUTMBI, HUcnoib3dyemble B cucreMax RFID,
CXOJHBI CO CTIOCcOOaMH pa3pemieHrss KOH(PIUKTHBIX CUTYalMid MHOXECTBEHHOTO
KOMMYHHUKAIIMIOHHOTO JIOCTYIIa M C Pa3JIMYHBIMU CETEBBIMU MPOTOKOJIAMHU,
BKJItOYast mpoTokosbl Aloha u cemeiictBo mpotokosnoB CSMA (Carrier Sense
Multiple Access) [68]. Peanmuzanusi aHTUKOUIM3UOHHBIX QJITOPUTMOB B
texHosoruu RFID, ognako, orpanudeHa HU3KON MOTPEOJISIEMON MOIIHOCTBHIO U
MaJibIM 00BEMOM, a MHOT/Ia U MOJIHBIM OTCYTCTBUEM NamsaTu MeTku. Kpome Toro,
QITOPUTMBI  JIOJDKHBI ~ OBITh ~ ONTUMHU3UPOBAHBI C  Y4e€TOM  Majoro
HHEPTONOTPEOJICHUSI METOK, YTOOBI HE CHUXKATh JAIBHOCTh B CIyyae MaCCUBHBIX,
WM YBEIIMYMBAThH CPOK CIIYKOBI JIEMEHTA NMUTAHUS B CIydae aKTUBHBIX METOK. K
TOMY € H3-3a TOr0, 4YTO METKH CIOCOOHBI B3aWMOJICHCTBOBATh TOJBKO CO
CUMTBHIBaTelIeM, HcCIHoab30oBaHue MeTojgoB CSMA HeBo3MOKHO. boiee Toro,
BapHallMM TIapaMeTPOB KaHala paclpOCTpaHEHHUs CHUTHajIa B OCCIPOBOIHBIX
KaHaJlaX CBSI3M 3HAYMTEILHO OOJBINE aHATOTUYHBIX Bapualliii B TPOBOJIHBIX
KaHaJlaX — MMIIYJIbCHbIE IIyMbl KpailHE HeOJaromnpusTHO BIUSIOT Ha
OTHOCUTEIHHO KPATKOBPEMEHHBIEC CEAHCHI CBSA3U MEXK]Iy CUUTHIBATEIIEM U METKOM.
CnoXHOCTh QJITOPUTMOB TakXe JIOKHA OBITh MUHUMU3UPOBAHA, TaK KaK 3TO
MPUBOJUT K YBEIIMUCHUIO CTOUMOCTH aIapaTyphl.

CymectByer 0oJbllioe  pa3HOOOpa3ve aHTUKOJUIM3UOHHBIX  METOJOB,
KOTOpBIE MOTYT KJIacCH(PHUIIMPOBATHCS pa3IMUHbIME criocobamu [69]. Hambonee
o0ImMMH KIIacCU(PUKAIMOHHBIMU TIPU3HAKAMH SIBJISFOTCS: POCTPAHCTBO, YaCcTOTa
u Bpems (puc.6.1).

AHTI/IKOJUH/BI/H/I |
\ HpOCTpaHCTBo qaCTOTa Bpewms
FDMA JlerepmunucTHueckne| BeposTHOCTHBIE
(CDMA) (bunapHoe nepeBo) (CnydaiiHbie)

Puc.6.1. Knaccuukanus aHTUKOJUIM3UOHHBIX aJITOPUTMOB.

B ciywae mpocTpaHCTBEHHBIX aNTOPUTMOB METKH OOBIYHO JIOKAIM3YIOTCS B
MPOCTPAHCTBE TaKUM 00pa3oM, 4YTOOBI 00ECIEeYUTh WX TMOCIEAOBATEILHOE
CUMTBIBAHUE. DTO JOCTUTaAETCS U3MEHCHUEM 30HbI CUMUTHIBAHUA WJIM, B CIIydae
IACCUBHBIX METOK, BapyalMe MOIIHOCTH, U3JIy4aeMOU cunThiBaTeneM. M3BecTen
Croco0, MCHOJB3YIOMMK 00€ 3TH BO3MOXKHOCTM HA OCHOBE ONPEIEICHUS
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MaKCHUMaJbHOTO OTKJIMKAa METOK Ha pa3iInuHbiX pacctosiHusax [70]. dpyroi
CIoco0 HCIONB3YeT Pl CUYMTHIBATEICH C MaJOW JaIbHOCTBIO JEUCTBUS, TaKOM,
KOTOpasi OOECIEYMBACT CUYUTHIBAHHE TOJIBKO OJHOM METKHM B TIOJIE KaxKJIOTO
CUMTHIBATENS B JaHHOE BpeMs [6]. Emie B oqHOM criocoOe pa3aeineHus METOK U UX
MOCJIEIOBATEILHOTO CUUTHIBAHUSA npejiaraeTcs TPUAHTYJISIITUOHHOE
UCIIOJIb30BaHUE CBEPXIIMPOKOMOIOCHOM CBSI3U c ompeeICHUEM
mectonoyoxenust [71]. OcHOBHOI mpoOieMoil TPOCTPAaHCTBEHHBIX METOIOB
SBJISIETCSL CJIOKHOCTDH JOCTHXKEHHSI BBICOKOM TOYHOCTH OMpPEACICHUS TaIbHOCTH.
TpeboBaHus K TOYHOCTH OIpeJeieHUs JalbHOCTH elie Oojiee BO3pacTaloT ¢
YBEJIIMYCHUEM YHMCJIa METOK B 30HE JICHCTBUS CUMTHIBATEINSI U, COOTBETCTBEHHO,
YMEHBIICHUEM PACCTOSIHUS MEXIy HUMHU. B HacTosiee BpeMsi CUMTAeTCs, 4YTO
HaWIYYIIUM SIBJISIETCSI UCIOJb30BAHUE MTPOCTPAHCTBEHHBIX METOIOB B COUETAHUU
C YaCTOTHBIMHM U BPEMEHHBIMH METOJIaMHU.

Jlist oGecriedeHust yBEpeHHOU OECIPOBOIHOM CBS3M OOBIYHO HCIIOJIB3YIOTCS
yactoTtHble MeTonbl. Cuctrembl FDMA (Frequency Domain Multiple Access)
UCTIOJIB3YIOT pa3fiejieHue OOIeld TMOJOChl YacTOT Ha (PUKCHPOBAHHOE YHCIIO
kaHanoB. B cucremax RFID HU3KOHM CTOMMOCTH TaKO€ PEUICHHE HE MPUEMIIEMO,
TaK Kak MPH 3TOM MOTPEOYIOTCSI BBICOKOCTAOMIbHBIC T€HEPATOPHI U CETICKTUBHBIC
nosiocoBele puIbTphl. TexHonorus Magellan ucnons3yer komOunanuo FDMA u
TDMA (Time Domain Multiple Access) metonoB. IlockoJIbKy JOCTOMHCTBA
TaKOW CHUCTEMbl HEJOCTATOYHO OOOCHOBAHBI, HE OYEBUJIHO KaK ITO TMOBIMUSET HA
TEXHUYECKUE XapaKTEPUCTUKUA U CTOUMOCTh cuctembl RFID.

Cucrempi CDMA (Code Domain Multiple Access) HMEOT MHOIO
npeumyiects nepen FDMA cucremamu, Tak Kak OHHU JIydllle aJanTUPOBAHBI K
U3MEHEHUIO Tpaduka, HMEIOT OOJBIIYyI0 €MKOCTh M TPOCTOE YIpaBICHUE
nporeccoM [68]. Cuctembl, ocHoBaHHbIe Ha npumenennn CDMA u SS (Spread
Spectrum) MeTOIOB [IOCTaTOYHO CIOXHBI W jJoporu. K ToMmy ke wux
MCII0JIb30BaHUE MOXKET OrpaHUYMBaTHCS YaCTOTHBIMU pecypcamu,
NpeAyCMOTPEHHbIMH B periiameHTax. lloatomy SS wmeronsi, Bkmtouas FH
(Frequency Hopping) u DS (Direct Sequence), MOTyT ObITh peaii30BaHbI TOJBKO
B UHF wmnm MuKpoBOIHOBOM nmMamna3oHax, IA€ HMMEKTCS COOTBETCTBYIOILINE
YaCTOTHBIE PECYPCHI.

[Tomasisromiee 4MCIO AHTUKOJUIM3UOHHBIX aJTOPUTMOB B TEXHOJIOTUHU
RFID ocHOBaHO Ha HMCHOJB30BAHWU BPEMEHHBIX METOAOB, B KOTOPBIX MOMEHT
nepe/layd CUTHaIa U3MEHSAETCSE BO BPEMEHU. JTH aJITOPUTMBI TTOAPA3ACIISIIOTCS Ha
JNIETEPMUHUCTUYECKHUE U BEPOATHOCTHBIE.

JIeTepMUHUCTHUECKAN  QITOPUTM  pealln3yeTcs, KOTJa CUUTHIBATEIh
TeHEePUPYET 3aIpoC WK KOMaHIy, KOTOpas BO30Y>KIaeT OMPEICICHHYIO METKY C
yHUKaIbHBIM  uaeHTuPuKanuoHHeiM  HOoMepoMm UID (Unique IDentification
number). Ha ocHOBaHuMM 3TOro HOMepa CUMTBHIBATENb WU IepedupaeT CIHCOK
U3BECTHBIX HOMEPOB, WJIM BBINOJHSIET OINpeAe/eHHbIe ACUCTBUA IO MOMCKY
OuHapHbeIM criocobom. IlepebGopHble METOABl 0COOCHHO 3(PPEKTUBHBI, KOrna B
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30HC I[GﬁCTBHH CUHNTBIBATCIIsI HAXOAUTCIA HEOOJIBIIIOE KOJUYECTBO METOK. HpI/I
9TOM TaAKXKC Tpe6yeTc;1 MMpcaABapUTCIIBHOC 3HAHHUC BCCX HOMCPOB MCTOK.

B nacrosmee BpeMs Hanbonee MHUPOKOE TPUMEHEHUE HAXOIAT OMHApHbIE
anroput™bl. Kommanus TI (Texas Instrument) ncronb3yer OMHApHBINA aarOpUTM
[72]. CyliecTBYIOT pa3iM4Hble BapUaHThl Takoro anropurma. Komnanus Jacomet
u 1p. [74] npennoxkuiaa OTHOCHTENbHBIA alrOpUTM OWMHApPHOTO TOHMCKA, a
koMmnanusa SCS npenoxuia Apyroid BapuaHT 3Toro anroputMa [75]. Hekoropsie
JIITOPUTMbI OMHAPHOTO MOUCKA MOTYT OBITh JOCTATOYHO OBICTPOACHCTBYIOUIMMH,
OJIHaKO BCE K€ OHU pabdOTaIOT JOCTATOYHO KOPPEKTHO, €CJIM B TEUEHHE MOMCKA B
II0JIE CUYUTBIBAHMS HE IOSBISIOTCS JIONOJHHUTEIBHBIE METKH. MBI paccMOTpuM
QJITOPUTM, OCHOBaHHBIM Ha OCHOBE MpoTOKOoyIa Law.

BeposiTHOCTHBIE alrOpUTMBI - 3TO TaKW€ METOJIbI pa3perieHus] KOJUTU3UM,
KOTI'JIa METKH B I10JI€ CUMUTHIBATENSI T€HEPUPYIOT CUTHAJIBI B CIy4YailHble MOMEHTHI
BpeMeHH. CylecTByeT OOJBIIOE YHCIO PEIICHUM, KOorja CUUTBHIBATEb
pa3auuHbIM  00pa3oM yHpaBisieT MeTKaMU. 3HAUUTEIbHOE YHCIIO CIOCOOOB
OCHOBBIBaeTcs Ha mpoTokosie Aloha, mpegHasHaueHHOM [JIs1 MHOXECTBEHHOTO
cereBoro gocryna [68]. Ilo 3Toli cxeme y3en mepenaer MakeT IOcCie MpuemMa
nakera. B cilyduae BO3HMKHOBEHMS KOJUIM3MM Y3€JI BXOAUT B HACBIIIEHUE U
nepefaeT MakeT CHOBa IIOCie Ciy4yailHOM 3ajepkku. B cTpobupoBaHHOM
BapuanTe nporokona Aloha (slotted Aloha) mepenaya makera mpou3BOAHUTCS B
TedyeHue (PUKCUPOBAHHOTO TEPHUOJA, OOJBIIET0 HEKOTOPOro HM3BECTHOIO
NOCTOSIHHOTO BpeMeHu. B marentre Furuta [76] omuceiBaeTcsi BapuaHT TakKoro
MPOTOKOJA /i1l OECKOHTAKTHBIX MEPCOHATBHBIX KapT. MexXayHapoIHbIN CTaHAApT
ISO 15693 mnopnepxuBaeT METOJ, aHAJOTHYHBIA CTPOOMPOBAHHOMY BapUAHTY
npotokosia Aloha.

Anroputm SuperTag kommnanuu BTG [77] yHKIIMOHHpPYET 1O TPUHITUITY
JOTIOTHEHHOTO CTPOOMpOBaHHOTO BapuaHTa aiaroputma Aloha: mocne mpuema
JAHHBIX METKM MOTYT TpEeKpaTUTh paboTy WU T[epefaBaTh JaHHBIE C
NOHM>KEHHOW 4YacTOTOW NMOBTOpeHHsA. B To Bpemsi, Korja METKH He padoTaror,
anroput™ SuperTag mepecunuThIBACT WACHTUYHO KOJAMPOBAHHBIE OOBEKTHI. J[ms
TOTO YTOOBI OBITh YBEPEHHBIM, UTO TIPH MEepeave TaHHBIX HE CIYYUTCS KOJUTU3HA,
JIPYyTOil BapHaHT MpOTOKoya SuperTag mpeAanuchBacT BHIKIIIOYEHHE BCEX METOK,
KpoMme onHoM. [lociie onpeneneHHoro nepuoaa BpeEMEHU METKU aKTUBU3UPYIOTCS
U 1ukia noBtopsiercs. [lo apyrum mOpeasioKeHHBIM CIoco0aM CUYUTHIBATENb
paboTaer ¢ mepepbiBaMy — B UMITYJIbCHOM PEXHMeE, NMPEANUChiBas paboTy METOK
nocjue ciydaiHou 3aaepxkku [78, 79]. Ilocne Toro kak MeTka nepeaacT JaHHbIC,
OHa MepecTaeT paboTarh, YTOOBl YMEHBIIUTH BEPOSTHOCTh OYAYIIUX KOJUTHU3UU.
Hekoropble anroputMbl NPEANUCHIBAIOT, YTOObI 1O CTapTOBOM KOMaH/E
CUMTBHIBATENSI METKHM IIOCJIE CIYyYauHOM 3aJ€p>KKH OTBEYaJdd HE IIOJIHBIM, a
YKOPOYEHHBIM curHajiaom. [locie 3Toro cuumrhiBaTesb MPEANHUCHIBAET METKAM C
OoJbIIe 3aMepKKOM 3amoidaTh, a OJHOM METKE IepelaBaTh IOJIHBINA IaKeT
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naHHeiX [80]. B kauecTBEe THUIHWYHOTO MPEACTABUTENS TAKUX IPOTOKOJIOB MBI
MPOAHAIU3UPYEM CEMENCTBO anropuTMoB SuperTag.

MHorue aHTHUKOJIM3UOHHBIE aNTOpPUTMbI TpeOyrT oOHapykeHus Qaxra
BO3HMKHOBEHUS KOJUIM3UM curHanoB. HaubOomee oOmENpUHATBHIA METOX
OOHapy>XeHHsI KOJUIU3MI OCHOBAaH Ha HCIOJIb30BAaHUU CBOMCTB KOJHPYIOIIUX
curHasioB. Kox NRZ u apyrue konsl [6], cBsA3aHHBIE JUIIb C YPOBHEM CHUTHAJIA,
NPUHIMINAIBHO HE MPUTOHBI JUIsl OOHApPY>KEeHUs KoJutn3uid (puc. 6.2a). B o xe
BpeMsi KoJ Manuectepa M JIpyrue KOJIbl, B KOTOPbIX MH(pOpMalus CBs3aHa C
MepPexoJIOM CUTHAJIa OT OJIHOTO YPOBHS K Apyromy (puc. 6.2b), obmanaroT Takon
BO3MOKHOCTBIO.

{a) NRZ
N I S T S B N
A . i
B 1 1 : Q 1
A and B 1 1 ! 4] ! 1 :‘
{b) Manchester
: 1 0 0 1 :
A :
S U N I N+ N N B
B | : : :
P ? o i 1 i
A and B | : i

Puc. 6.2. O6Hapyx’eHue KOJUIM3HUI C UCTIOIb30BAHUEM PA3JIMYHBIX CITIOCOOOB
KOJIMPOBAHHUS CUTHAJIOB.

W3BecTHBI U ApyTrue METOAbl OOHAPYKEHUS KOJUIM3UH, KOTOPhIE OCHOBAHBI
HA WCIOJh30BAHUHA MOMYJISAIMOHHBIX cXeM. CUHTBIBATENh MO «IPOKAHUION
(wobbling) curnana cmoco6eH 0OHApY UTh OJHOBPEMEHHBIA MPUEM HECKOIBKUX
METOK, KOTOpbIe UCionb3yloT FSK moaymnsituio cBoux curHasios [78].
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6.2.1. AHAJIN3 AHTHKOJJIM3HOHHBIX AJITOPUTMOB

B sTroMm pasznene Mbl poaHAIM3HPYEM JBa MPOTOKOJA C TOYKH 3PEHUS UX
WCIIOJIHEHUA W XapaKTepuCcTHK. HecMoTps Ha TO, 4TO BCE AHTUKOJUIM3WOHHBIC
aJITOPUTMBl YHUKAJIbHBI U1 UMEIOT CBOU JIOCTOMHCTBA U HEJOCTATKH, IOCTATOYHO
paccMoOTpeTh JABa ceMmeiicTBa anroputMoB — SuperTag u QT, kotopsle, B
ONPEICIICHHOM CMBbICTIE, SIBISIOTCS HMX TUMWYHBIMU TpeactaButensmu. (O0a
QITOPUTMA PEANM3YIOTCS BO BpeMeHHOH oOnactu. OmHako anroputm SuperTag
ABJISICTCS BEPOATHOCTHBIM, a QT — 1eTEpMUHUCTUYUECKUM.

6.2.1.1. Anroputm SuperTag

Anroput™m SuperTag Obl1 paszpaboraH 10KHOAGPUKAHCKOW KOMITAHUEH
SCIR u B Hactosiniee BpeMs juieH3upoBad kommnanueir BTG. OH npencrapisiet
co00i ceMEeNCTBO aJITOPUTMOB, OCHOBAHHBIX Ha ceTeBOM Ipotokoiie Aloha. [[ns
TOTO YTOOBI 00ECIEYUTh WACHTU(UKAIIUI0O MHOXKECTBA METOK, KaK YIIOMHUHAJIOCh
paHee, ceMeicTBO aliropuTMOB SuperTag HMCHONB3yeT BEPOSATHOCTHBIA MOAXOJ.
M3BecTHbl 4eThipe BapuaHTa anroputma (puc. 6.3). Kaxnaplii BapuaHt
MOJPa3yMEBACT UCIOJIb30BAHUE CTAPTOBOM KOMAaH/Ibl CUUTHIBATENS [77].

Tag1 [ ] ]
ST.std.free

Tag2 _ [ e i EEE

Teg! [N =1 i I
ST.std off

Tag2 _ [ | I |

T e B .
ST fast.free

IR | B [

Tag 1 -
ST fast off N

Tag 2 -

Puc. 6.3. Uetbipe BapuanTa anroput™ma SuperTag. UepHblil IIBET COOTBETCTBYET

YCIIEIIIHOMY, & CEPbIM — HEYCIIEIIIHOMY Pa3peLICHUIO KOJUITU3UH.
Tag - Metka
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B mpocreimiem BapuaHTe mocCiae mpueMa CTAPTOBOM KOMaHIbl METKH CO
CIIy4yalHOUM 3a/JIep’KKOW OTBEYAIOT IMOJHBIM WIACHTU(UKAIMOHHBIM HOMEpoM. B
COOTBETCTBHMHM C ITOW CIyYaWHOW 3aJ€PKKOU METKM IPOJOJDKAKOT OTBEYATh JIAXKE
nociie uaeHTuukanuu. 910 coorBercTByeT Bapuanty ST.std.free (standard free-
running) anroputMa SuperTag.

B Heckonbko Oonee cinoxxkHoM Bapuante anroputMa ST.std.off (standard
shut-off) cuuThIBaTens mnocne mnpueMa MOJTHOTO HOMEpPAa METKU TE€HEPHUpPYET
KOMaH/y Ha MpeKpalieHnue ee OTBEeTa.

B Bapuante anroputma ST.std.free MeTkn MOTyT HauyaTb OTBET BO BpeMs
OTBETa JAPYIUX METOK, a 3TO BbI3bIBAECT KOUIM3UU. OT 3TOro HeAOCTaTKa CBOOOAEH
Jpyroi BapuaHT, KOTOPBIN MPHU TOMOLIY F€HEPUPYEMON CUUTHIBATEIEM KOMaH/IbI
3alpemiaeT OTBEThl BCEX METOK, KpOME IEpBOM OTBETHMBILEH. OJTOT BapHaHT
cootBercTByeT anroputmy ST.fast.free.

[locnenuuii Bapuant anroputma SuperTag Hambonee cioxeH. Kak u B
npensinymeM Bapuante — ST.fast.free, cuuThiBaTenb 3ampeliaeT OTBETHI BCEX
METOK, Kpome mnepBoil orBeruBlIeld. OJHAKO, B JOMNOJHEHUE, CUHUTHIBATEIb
BBIKIIOYA€T METKy Ccpa3y Toclie ee UAeHTU(UKanuu. ITOT BapHaHT
cootBercTByeT anropurmy ST.fast.off.

6.2.1.2. buHapHbIE AITOPUTMBI C 3aIIPOCOM

Jpyrou mMPOKUN KIACC AHTUKOJUIM3MOHHBIX AJITOPUTMOB BO BPEMEHHOM
00JaCTH TMpeACTaBISIET COOON NETEPMUHUCTUYECKUE TPOTOKOJIBI, KOTOPHIE ISt
onpeneneHus yHukaiabHoro Homepa UID wucnonbs3yroT OWHapHBIM MOUCK. DTH
IPOTOKOJIBl KJIACCU(PUIUPYIOT B 3aBUCUMOCTH OT TOTO, Kakas WH(popMalus
TpeOyeTcss Tpu Tepefade CUrHaiga MeTKd. HekoTopble aaroputmbl TpeOyroT,
YTOOBI METKH B TEYCHHE TTOMCKA OTBEYAIM MOJHBIM WM MOYTH MOJHBIM HOMEPOM
UID. [lpyrue anropuT™mbl 3acCTaBISIIOT CUUTHIBaTeNb AoctpauBarth UID Out 3a
OUTOM, NPU 3TOM METKM NPOCTO OTBEYAIOT IPH COBMHAJCHHM 3ampoca. Mbl
OCTaHOBUMCS Ha 3TOM MO3KE, TAK KaK CUTyallds MOXKET YNPOIIAThCS UCXOs U3
TpeboBaHMiI K MeTKe. MHOTHE OCOOCHHOCTH TMPEUIOKEHHBIX METOAO0B [73, 75]
MBI PaCCMOTPHUM Ha OCHOBE aHann3a anroputMoB QT (puc.6.4).
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Tag 1 Tag 2

Reader Tag1 Tag 2 Reader Tag 1 Tag 2
i Y CMD Resp. Resp. CMD Resp. Resp.
"D" DN ACK ACK DM - ACK
0 0 DN ACK (FLAG) TG - ACK
- D - 1 - TG ACK - TG - ACK
1 D TG ACK - DN - ACK
l} DN ACK - DM - ACK
0 D DN ACK - DN - ACK
' D ' l} DN ACK - TG - ACK
1 TG DONE - TG - DOME
1 D UP - ACK DONE - -

~—

Puc.6.4. Ilocnennue aeBsath 6uT BeIOOpKK QT.ds 1KIa B IPUCYTCTBUH JIBYX

OTBCUYAKOIINX MCTOK.
Tag - Metka, Reader - CuutsiBarens, Resp.- OTBer.

ITo 3TOl cxeme CUMTHIBATEIh MOXKET T€HEPUPOBATH JIBE€ KOMAaH/bl MOUCKA!
onHa — DN, HHCTpYKTHpYET METKY JBUraThcs IO AepeBy, apyras — TG (toggle),
UHCTPYKTHUPYET METKY MEpEelTH Ha JIPYryl0 BETBb JepeBa M JBUTaThCsA MO HEW.
Eciu nocnennuit unentuduuupyemeiii 6ut Op1 paBen 0, xomanga DN
UHCTPYKTHUPYET METKY JBUraThcsi panblue rno BerBu 0. Ecnu mocnegnuit out
paBeH 1, cuMThIBaTellb MHCTPYKTHUPYET METKY Jajiee IBUTraTbCsl MO BETBU 1.
Komanna nepexoma TG HMHCTpYKTHpYEeT METKYy IEpEeWTH Ha BETBb, KOTOpas
IPOTUBOINOJIOXKHA 3HAYEHHUIO TocienHero Outa. Eciam B cnenyromei OuToBOH
NO3ULIMN METKa UMEIOT coBrnajeHue ¢ 0 win 1, oHa oTBeyaeT noaATBepxkaecHUEM. B
Clly4ae HECOBIAJeHUsI OMTOBBIX 3HAUEHUN METKa MEepecTaeT OTBe4aTh U OUTOBBIN
yKazaTeldb OCTAHABIMBAETCS Ha TOCIEIHEM OuTe, KOTOpPbIM ObLI yAayHO
UACHTU(DUIIUPOBAH.

[Tocne reHepamuu CTApTOBOM KOMAaHIbI B OWTOBOM YyKa3arele METKH
yctaHaBiauBaeTcs 0 U cuuteiBaTenb MoxkeT reHepupoBatb DN unun TG koMaHy.
CuutbiBaTelib B 3aBUCUMOCTH OT KOHKPETHOT'O aJIrOPUTMa MOKET T€HEPUPOBATh
nocnenoBarenbHOCTh DN unu TG komana. Ilocne renepanum Kaxaod KOMaHIbI
CUUTHIBATEb AHAIM3UPYET MOATBEPKACHUS METOK O OMTOBOM COBMAJACHUU. DTO
MPOJIOKACTCS 10 TeX MOp, MOKa B pe3yibTaTe aHaln3a OyJIeT MOJy4YeH MOJIHBIN
64-6utubii UID u onna metka Oyaer uaeHtuduimponana. [locnme coBmaaeHus
HOMEpa METKa TeHEPUPYET MOJATBEPKACHUE M BBIKIIOYACTCA. B mpeapaymmx
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paccy X IeHUAX Mbl Opeanojarai, yto koManael DN renepupyrorcsa nocine TG
KOMAaH/I, €CJIA HE MIOCTYNAaEeT MOATBEPKACHHS COBIAICHUS.

Kak ormeuasnocs panee, ecnu B MeTke HeT coBmajeHus ¢ 0 wiam 1 B
TeKyIlel OMTOBOW IMO3WIMHU, OHA IMPEKpallaeT OTBeYaTh W OMTOBBIN yKa3aTelsb
OCTaHABJIMBACTCS HA TMOCIEAHEM UACHTH(HUIMpoBaHHOM Oute. Kpome ToroO,
METKa ycTaHaBiauBaeT ¢uiar, oOo3Hauvas omuOKy. Ilocie Toro, kak myTh IO
JIEpEeBY 3aBEpIICH W OJHA METKa MJICHTU(DHUIIMPOBAHA, CUYUTHIBATEIb MOXKET
uHunmupoBaTh UP koMany. OTa KOMaH/1a NPEANUCHIBAET METKAM CHSITh (PIIAKKU
Y YCTAaHOBHUTh WX yKa3aTedu Ha Oiwkailiime 8 OUT, MpUBA3aHHBIC K MOJTHBIM 64
outam UID. Ecnu Ha naHHOM BETBU JepeBa METKH OTCYTCTBYIOT, MOXKET OBITh
WHULIMUpoBaHa enie oaHa komanaa UP. Takoit anroputM Ha3eiBaercs QT.ds.

B paccMoTpeHHBIX anropuTMax, OCHOBaHHBIX Ha OWHApHOM IIOHUCKE,
pacupeaenenne HomepoB UID BiuuseT Ha XapakTEpUCTUKHU — aIlapaTyphl.
Hawmnyumme  XapakTepuUCTHKM — OOECHEYMBAIOTCS MPU  MOCIEAO0BATEIHLHOM
pacnpezeneHun HoMmepoB. Hauxynmme XapakTepUCTUKU 0OO0€CIeYMBAIOTCS MpPU
CIIy4yallHOM paclpeaesieHud HOMepPOB. MBI paccMOTpUM 00a ciydas.

6.2.1.3. MonenupoBanue

Pe3ynbpTaThl MOJENIMPOBAaHUS MMOKAa3aHbl B Ta01. 6.1.

Hucno wme-{ Bpems pa3penienust Kounusui, (c)

ok B mosie [QT.ds.(moci.) | QT.ds.(cimyu.) | ST.std.free | ST.std.off [ST.fast.free | ST.fast.off]
10 0.0218 0.117 0.18 0.09 0.038 0.021
50 0.07 0.656 2.8 0.807 0.447 0.183
100 0.13 1.21 5.22 2.316 1.035 0.326
500 0.922 7.32 >200 17.314 6.844 1.683
1000 4.01 15 >200 18.734 3.945

Tabnuma 6.1. Pe3ynbTaThl MOJIETUPOBAHUSI BPEMEHU, HEOOXOIUMOTO JJIsI
CUUTBIBAHUS PA3JIMYHOTO KOJIUYECTBA METOK B IOJIE€ CUUTHIBAHUS.

JanHble mo anroputMmy Supertag mnosiydeHbl MonenupoBanueMm CSIR
SuperSim. Pe3ynbrarhl monydeHsl B pe3yibTaTe ycpeaHenus 10 moOmbITOK st
pPa3IMYHOTO YKCJIa METOK, MPU STOM B KadyeCTBE ONTHUMAJIBHOIO BBIOpAHO
MaKCUMaJIbHOE BpeMsd. Takke B pe3ysibTaTe MOJEIUPOBAHUS MOJIYUYEHBI JaHHbIC
no anroputmy QT.ds. B xaxxqom ciyuae ckopocTh 0OMEHa MPUHUMAJIACh paBHOU
64 x6/c, a nuHa WASHTU(PUKAITMOHHOTO Koja — 64 6ut. HecMoTpst Ha TO, 4TO
JAHHBIC TIOMYYEHBI TOCPEICTBOM HEOOJBIION BHIOOPKH H JIOBEPUTECIHHBIN
WHTEpPBAJl BEJIUK, NpPUBEJICHHbIE B Taba. 6.1 pe3ynbTaThl MOACIUPOBAHUS
MO3BOJIAIOT OILEHUTh OCHOBHBIE TEHJICHIIMM TPU HCMOJIb30BAHUU THUIHUYHBIX
AHTUKOJUJTU3UOHHBIX aJITOPUTMOB.
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6.2.1.4. CpaBHeHHUE pe3yJIbTATOB MOJICIUPOBAHUS

JlBa Tuma anropuTMOB, PACCMOTPEHHBIX HAMH, MOTYT CPaBHUBATHCS TIO
JIBYM KPHUTEPHUSIM: TEXHHUECKHE XAPAKTEPUCTHKU W TPAKTUYECKAS peaTnu3aiius.
Yro kacaercs TEXHHMYECKHX XapaKTEPUCTHK, HEOOXOAMMO OOpaTHTh OCOOCHHOE
BHUMaHHE Ha JaBa (akTopa — CKOPOCTh HWISCHTU(HUKAIMU U TOBEICHUE
anmapatypsl TP HM3MEHEHUW YHCIAa METOK B TPOIECCE CUMUTHIBAHUA. Takxke
CIemyeT YYHMTHIBaTh XapaKTCPUCTUKH B TPUCYTCTBUU IIymMa W JPYyTHe
crenuuIecKkrue TOCTOMHCTBA WM HEIOCTaTKW. YUTO KacaeTcs MPaKTUYECKON
peanm3anui, TO OCOOCHHO BaXKHOW SBIISETCS amnmaparypHas pealu3anus |
BOTIPOCHI TIpOorpaMMHOr0 obecriedeHus: (koMaHabl). Ha oOCHOBe JaHHBIX,
NpUBEIECHHBIX B Taba. 6.1, Mo 3TMM mapameTrpaM Mbl M CPaBHUM aJITOPUTMBI
SuperTag u QT.

[Ipu paccmoTpeHuu anroputMoB SuperTag MOMKHO 3aMETUTh, YTO MpPHU
nepexozae ot Bapuanta ST.std.free k Bapuanty ST.std.off, Habmromaercs Gnm3koe
K JUHEHHOMY BO3pacTaHHWE BPEMEHU Pa3pElICHHs KOJUTU3WA B 3aBUCHMOCTH OT
YUCIa METOK. OJTO OOYCIOBJICHO JOMOJHUTEIHHBIMU (DYHKIIMSMU BapHUaHTa
ST.std.free, KOTOpBIC BBIKIIOYAIOT METKM TIOCIIC WX WICHTU(DHUKAIUN W/WAIN
BBIKJTIOUAIOT METKH, KOTJIa OfHa W3 HUX oTBedaeT. O0e 3TH (GyHKIMH IPUBOIAT K
YMEHBIIICHUIO YHCJIa OTBEYAIONIMX B IIOJIE METOK M, CIIEOBATEIHHO, UMEIOT
JUHEWHYIO TeHAeHIMI0. BuaHo Takxke, 4YTO OBICTPOACHCTBUE alIropuTMa
ST.fast.off B 3aBUCHMOCTH OT YKMClIa METOK B IMOJI€ OJIM3KO K JIMHEHHOMY.

Obpamasice k anroputmy QT.ds Mbl BUIMM CyIIECTBEHHbIE pPa3IUyus B
XapaKTEpUCTUKAX TMPU TOCIEAOBATEIBHOM M  CIyYailHOM paclpeeieHun
HOMEpPOB METOK. B ompeneneHHbIX NPUMEHEHUSX — Ha IMPOU3BOACTBE WIIH B
TUCTPUOBIOTOPCKUX  IeHTpax, Hampumep, Homepa UID wmoryt ObITH
pacmpeneneHbl  MOCIEAOBAaTeNIbHO. B Ipyrux INpUMEHEHHsAX, TaKhX Kak
PO3HUYHBIE Mara3uHbl, HOMEpa pacipeIeNsitoTcs CiIy4aiitHo. Mbl paccMOTpuM 00a
ciyyas. B anroputmax SuperTag cBs3p ¢ pacnpeneneHUEM HOMEPOB METOK
OTCyTCTBYeT. MBI Takke BUANM, 4TO ObicTpozeiicTBue anroputma QT.ds mo
OTHOLICHUIO K YHUCIYy METOK B IOJE IIPU CIy4alHOM pPacIpeicieHUM HOMEpPOB
OJIM3KO K JMHEHHOMY, a NP IMOCJIEI0BAaTEIbHOM pAacCHpeleiCeHUd — HMEETCs
PE3KO0 BBIPAKEHHASI HEIMHEWUHOCTh. KpoMe TOro, Kak TOJBKO YUCJIO METOK B IOJIE
npUOIMKACTCS K «TPYIIOBOI» eMKocTh B 256 Merok (Onmaromapst 8-OMTHOM
koMange UP), ckopocThb CUMTBIBaHMSI METOK BO3pacraer. ITO, BEpOSITHO,
OOBSCHSET HETUHEHHOCTH, BHUJIMMbIE MPU MOCIEIOBATEIHLHOM paclpeneIeHun
HomepoB UID.

CpaBHI/IBaﬂ XAPAKTCPUCTHUKHU ABYX aJITOPUTMOB, 3aMCTHUM, YTO OHH ONU3KH
npun MaJIOM 4YHCIIC MCTOK B IIOJIC. HpI/I YBCIMYCHUHN YHCJIa MCTOK B IIOJIC
IIPOABIIAIOTCA HEJIUHEHHOCTH.

Tenepp OIEHUM KOJUYECTBO KOMaHJ, KOTOpoe TpeOyeTcs MepeaaBaTh
CUMTHIBATENIO JJI pa3pelieHus Koum3uid. 13 Bcex pacCMOTPEHHBIX alrOpUTMOB,
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BeposiTHO, anroputm ST.fast.free TpeOyeT HaMMEHbBIIETO 4YHCIA KOMaHJA OT
CUMUTHIBATENsA. DTO MOXKET OBITh OUEHBb MOJIE3HBIM B TE€X YACTOTHBIX JMaIa30Hax,
IZI€ IEUCTBYIOT )KECTKHE pErilaMeHTHbIEe orpanndeHus. [Ipsmoi nmouck anropurma
QT.ds, xkak u B cmyuae ST.fast.off, TpeOyer mepemaum 3HAUUTETHLHOTO YHUCIA
komaHa. B obmiem ciydae, yem Oouibliie 00beM MepeaBaeMblX KOMaH/I, TEM LIUPE
TpeOyeMas 1ojioca YacTOT U TEM BBIIIIE€ BEPOSTHOCTh BOZHUKHOBEHHS OLIMOOK.

Kpome TexHHMYEeCKHX XapaKTepUCTUK M KOMaHJ, Ba)KHa MpaKTHYecKas
anmapartHas peanuzanus. AnroputMsl SuperTag TpeOyroT reHepanuu ciiy4aiHbIX
3aJIep)KeK Mepel OTBeTaMH. A 3TO TpeOyeT COOTBETCTBYIOIIUMX CXEMHBIX
pemieHnii. CI0KHOCTh pealiv3allii BapHaHTOB pa3nuyHa. Hekoropble perieHus
JUISI TEHEpALMK CIy4YalHbIX YKCeNl MPEJIOoaraloT UCIOJIb30BaHUE COOCTBEHHBIX
CBOMCTB AJIEKTpOHHBIX cxeM [80]. B JApyrux peumeHusx UCHoIb3yIT
CIELMaIbHbIE TEHEPATOPHBIE CXEMBI CIIyYallHBIX 4YMCEN. Y COBEPIIEHCTBOBAHHBIE
anroputMbl SuperTag A0KHBI Takke 00JanaTh CIOCOOHOCTBIO PacliO3HABaHUS
KOMaH/l BBIKIIOYEHMs] U mpekpaimieHus orBera. Anroputmbl QT.ds. Tpebyror
HAJINYUS HECKOJBKUX KOMIApaTOpOB JJIsi CPaBHEHUSA IME€pelaBaeMbIX OHUT C
outamu, XpaHsuMmucs B mamsatu. OHM TaKkKe JOJDKHBI yCTaHABIMBAaTh (iaru
OuUTaM U HEKOTOPHIM COCTOSHUAM HH(popmanmu. B 1r060M ciydae n30bITOYHOCTH
B CXEMHBIX PEIICHUAX TpeOyeT JOMOJHUTENbHON IUIONIAJAN U, COOTBETCTBEHHO,
IPUBOJAMT K OOJIbILIEH CTOUMOCTH YHIIA.

Kaxnapiii u3 anroputmoB — SuperTag u QT.ds, umMeeT cBOM YHUKaJIbHbIE
nocToMHCcTBa M HejocraTku. Tak anmroputm QT.ds mmeer mnpucymyio emy
CIIOCOOHOCTB CEJIEKTUPOBAaThb METKH C OIPENEICHHBIMU HOMEpaMHU. JTO MOXKET
OBITh YJOOHBIM B MIPUMEHEHMSIX, KOTJa JOJKHBI paclo3HaBaThCsl UM HA000pOT,
HE pacro3HaBaThCsl, ONPEIEICHHbIE, CIIEHU(UIECKUE METKH WIIU TPYIIIIBI METOK.

B cBoto ouepenp amroputmsl SuperTag, mo kpaitnHeit mepe, ST.std.off,
TpeOYIOT MEHBIIIETO YKCIIa KOMaH]l CUUTHIBATENS, O0Jiee Y3KOU MOJIOCHI YacTOT H,
CJIeI0BATEIbHO, MOXKHO MPEIOJIOKUTh HAMMEHBIITYIO BEPOATHOCTh OIHUOOK.

VYHukanbHbIM HegocTaTkoM anroputMa QT.ds ¥ Apyrux IpOTOKOJIOB C
OMHApHBIM TIOMCKOM SIBJSIETCS HMX HECIOCOOHOCTh BO BpeMs IIOHMCKa
UACHTU(DUIUPOBATH METKH, KOTOPHIE BHOBb MOCTYNAIOT B TOJIE CYUTHIBAHUS. JTa
OCOOEHHOCTh MOXET OBbITh Ba)XXHOW WM HE BAXXHOW B 3aBUCUMOCTH OT
KOHKPETHOI'0 IpuMeHeHus anmnaparypsl RFID.

[Ipobnema anroputmoB SuperTag U Apyrux, CBA3aHHBIX CO CIy4ailHBIM
BpEMEHEM OTBETa, COCTOUT B HEOOXOJAMMOCTH Ha3HAYaTh MaKCHUMallbHOE BpeMs
3a/IepKKA OTBETa METKHU. JTO BpeMsi MOXKET IMepenaBaTbCcsi METKE WM ObITh
3aJ10’KEHHBIM B IIPOU3BOJCTBE.
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6.2.2. Jloxkaansanus

B 3aBucuMoCTH OT anmapaTHoON pealu3aluy U padodero Auana3oHa 4acToT
AHTUKOJUIU3UOHHBIE CXEMbI MOTYT OBITh JIOKQJIM30BaHbl B YACTOTHOM, BPEMEHHOMN
WIA TPOCTPAHCTBEHHOM O0NAcTAX WJIM B KOMOMHANMU 3THX obmacteil. Takas
KOMOMHAIMs MOXXET MOBBICUTh CKOPOCTh MAEHTU(UKAMU. B TO ke Bpems 3T0
MOXET YCHOKHUTh cucreMy RFID wim yBeauuuTh BEPOSTHOCTH IOSBICHUS
OIIHUOOK, TO €CTh MOHU3UTH JOCTOBEPHOCTh UACHTU(PUKALINH.

6.2.3. CucreMHbIe BOIIPOCHI

XapaKTEePUCTUKN HUHIAUBUIYAITbHBIX HACHTU(DUKAIIMOHHBIX aJITOPUTMOB
HECOMHECHHO BaXXHBI, OJIHAKO HaWOoJIee Ba)XHBIM JTallOM IPOSKTHPOBAHUS
SBIIIETCSI OOIIECUCTEMHBIN ypoBeHb. [ paMOTHBIN BBIOOp cr1Ooc00a KOAUPOBAHUS U
aNrOpUTMa pa3pelieHus] KOJUIM3WUM, KOTOpBhI 00eCHeunT pacrno3HaBaHUE
OTHIENBHBIX KOJOB WJIM TPYII KOJOB, MOXET TO3BOJUTh TEPEHECTH
3HAYUTEIBHYI0 YacTh CJOKHOTO AaHTHKOJUIM3MOHHOTO TMpoIlecca W3 METKH B
CUHMTHIBATEIh WM XOCT. Hampumep, B ompenenneHHbIX CUTyaIusax OObIIasi 4acTh
UJEHTU(PUKAIIMOHHOTO KOJIa MOXKET OBbITh M3BECTHA WJIM MOXET MOTpeOOoBaThCS
UACHTU(HUKAIMSI METOK TOJIBKO C ONPEACIICHHBIMU KOJIaMH. B TakmX KOHKpPETHBIX
CUTYalMsIX CUNTHIBATEIh MOXKET HAMPSAMYIO aJ[pecoBaTh HHGOPMAIIHIO O METKAX C
TaKUMHU KOJaMH B XOCT. JleTepMUHUCTHYECKHUE AJITOPUTMBI  TTO3BOJISIFOT
peann30oBaTh TaKyH BO3MOXKHOCTbh, @ BEPOSITHOCTHBIC — HET.

6.3. KomaHabl

C TOYKH 3peHus NPOTOKOJIOB M KOMaH/l CYLIECTBYET J1Ba OCHOBHBIX KJlacca
cuctemM RFID: merka roBoput (mepenaer nanuwie) nepBoit (TTF — Tag Talk
First)) u cauteiBatens roBoput (nepenaet komanbl) mepBbiM (RTF — Reader Talk
First)). B TTF cuctemax MeTKM OTBEUAalOT Cpa3y, Kak TOJBKO OOCCTICUMBAIOTCS
sHepruer. B RTF cucreme naxe npu AOCTATOYHOM SHEPIMU METKH HAaXOIATCS B
pexnme MondyaHuss. OHHM OTBEYAIOT TOJIBKO IO KOMaHJIE CUMUTHIBATENS. MeTobl
RTF npeanoutuTenbHbl B OONBIIMHCTBE CIIy4YaeB, TAK KaK MPU 3TOM HUCKIIOYAETCS
UHTEP(PEPEHIIMSI CUTHAJIOB OT HECOBMECTUMBIX METOK. Hampumep, eciu B moie
CUMTBIBAHMS HAXOJATCA METKU PA3IMYHBIX MOCTABIIMKOB, Oiarogaps pa3indyHbIM
CTapTOBBIM KOMaHJaM OTBETAT METKH, COBMECTHMBIE TOJBKO CO CBOUM
cuuteiBareneM. B TTF cucreme, Bce METKM OTBETAT OAHOBPEMEHHO, a HX
CUTHAJIBI OyyT UHTEePGEPUPOBATH U, BOBMOXKHO, CO3/1aBaTh JIPYT APYTY MOMEXH.

Komanapl, Kak ¥ aHTUKOJUIM3UOHHBIE aJITOPUTMBI, XapaKTepU3YIOTCS
TEXHUYECKUMHU TIapaMeTpaMy U HCTIOJHEHUEM. bolbiioil 00beM KOMaH/I MOXKET
o0ecrieuynBaTh JTy4IIne XapaKTEPUCTHKHU, OJJHAKO, MOXKET MOTPeOOBATh OOJIBIIETO
o0peMa ammapaTHoro obecnedeHus. Habop komaHA [OJDKEH BKIKOYATh, I10
KpaiiHeil Mepe, CTapTOBYI0 KOMaHAYy M KOMAaHJbl, HEOOXOTUMBIEC Ui 3aIlycKa
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AHTUKOJUIM3MOHHOTO aJIrOpPUTMa U JIOCTHXKEHHUS HEOOXOAUMBIX XapaKTEPUCTHK.
OCOOeHHO BaKHBIMU XapaKTEPUCTHUKAMU SIBISIOTCS CKOPOCTh UACHTU(DUKALMU U
HaJEKHOCTb CBS3U.

Jna pacumpenus (yHKIMOHAJIBHOCTH M c(epbl HCHOIb30BAaHUS MOTYT
noTpeboOBaThCS JOMONHUTEIbHBIE KOMaHAbl. B mo0oM cimydae s TOJNBKO
YUTAEMBIX METOK MpPEAEIbHO HU3KOM CTOMMOCTH TpeOyeTcsl mepenaya JHILIb
UACHTU(PUKALMOHHOTO KOJIa.

6.3.1. KomaHabl M IIMpHHA CIEKTPa

Ilpu paccMOTpeHHH TPOLECCOB KOTUPOBAHHUS U MOIYJISIMHM CUTHAJIA MBI
BUJIETIH, YTO BEPOSATHOCTH Iepelayd KOMIIOHEHTa CHUTHajla, CKa)KeM, HYJIEBOM
aMIUIATYIbl 32 TAKTOBBIA NEPUOJ] BPEMEHM MO CPABHEHMIO C CUTHAJIOM MOJHOU
aMIUIATY/Ibl B T€YCHUE OJHOM MOJIOBUHBI TAKTA U HYJIEBOW aMIUTUTY/bl B TEUEHUE
JIpyro TOJOBUHBI TakTa, BJIMSET Ha IIUPUHY CHeKTpa curHaia. Ecnu
BEPOSATHOCTH IEpeiadll MOJOBUHBI MEPUOJIa CUTHANA 0€3 MOIYJALUN BbIIIE, YeM
BEPOATHOCTh TEpEeAayd MOJIOBUHBI MEPHOJA C MOIYJNALMEH, MIMpPUHA CIEKTpa
curHaja Oyaer MmeHsblne. JTOT 3pdekT Haubojee MOJE3eH ISl CUMTHIBATEINS C
TOUYKH 3pEHHsI OOECTieueHHUs] HEOOXOIWMBIX CAaHWTAPHBIX M aJMUHUACTPATUBHBIX
HopM. Takum oOpa3oM KOAWPOBAaHHME, MOAYJSIIHS M Tepedada KOMaHi TMpu
MaKCHMaJIbHO BO3MOXXHOM YPOBHE W3ITyU€HUs, OTPAHMYUBAIOTCS MPEACTbHBIMU
HOPMaM{ HANpsHKEHHOCTU TOJS M IIUPUHBI CHEKTpa. ITO O0COOEHHO IOJKHO
YUUTBIBATHCSI B TEX CIyyasX, KOIJa MIMPUHA CIEKTpa M CBsi3aHHAs C HeE
MOITHOCTH U3ITyYEHHsI PE3KO TUMHUTHPOBAHA perjiaMeHTaMHU.

6.4. Pe3rome

B 571001 ri1aBe Mbl paccMoTpenu NpoOJaeMbl, OTHOCAIIUECS K MPOTOKOJIaM
KOMAaHJ ¥ AHTUKOJUIM3HMOHHBIM aJIrOpUTMaM. Tak Kak LEJIbI0 MTAaCCUBHBIX CUCTEM
RFID sBnsieTrcss mpocToe CUYUTHIBAHWE HACHTU(UKAIMOHHBIX KOJIOB, KOTOPHIE
XpaHATCA B METKE, a B IIOJIE CUUTBIBAHMS IPUCYTCTBYET MHOXKECTBO METOK,
IIPOTOKOJIBI  KOMAaHJ  JOJDKHBI ~ ONTHMM3HUPOBATBCS MO  OTHOWICHHID K
AHTUKOJUIM3UOHHBIMM anroputMam. [Ipu paccMOTpeHMM aHTHMKOJIM3MOHHBIX
QITOPUTMOB  BAaKHOM  XapaKTEPUCTUKOW SBISAETCS HE TOJBKO CKOpPOCTh
UACHTU(UKAIMKM, HO TaKkKe TpeOyeMblii HaOoOp KoMaHI, (PyHKIHOHUPOBAaHUE B
IPUCYTCTBMM IIyMa W anmaparHas peanusanus. Kpome Toro, ¢ TO4YKM 3peHUs
KOMaH/l ¥ aHTUKOJUIN3UOHHBIX AJITOPUTMOB OYE€Hb Ba)KHBIM OKa3bIBACTCS BIUSHUE
LIMPHUHBI CIIEKTPA.
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T'nasa 7

BinsiHue orpaHUYeHUl HA TEXHUYECKHEe MapaMeTpbl

7.1. BBenenune

Mpbl aHanu3MpoOBANIM pa3d4yHble oOrpaHnueHuss Ha cucteMbl RFID nu
OMpENEeNNIA OCHOBHbIE (DAKTOPBI, KOTOpBHIE BIMSIOT Ha ammaparypy H ee
XapaKTepUCTUKU. B 3TOM riaBe Mbl MOMNBITAEMCS PAacCMOTPETh COBOKYITHOCTH
ATUX OTPAaHUYEHHUI TaKUM 00pa3oM, 4TOOBI MOKa3aTh, KAK OHU B3aHMMOJIEHCTBYIOT
M BIMAIOT Jpyr Ha Jpyra, a TakKKe KAaK OHHM OIpEIEIstOT TEXHHYECKHUE
XapaKTEPUCTUKH, FrabapUThl U CTOUMOCTb.

OCHOBHBIMM TEXHHYECKMMM Xapakrepuctukamu cucteM RFID, kotopsie
MBI BBIJICIMIN B TJIaBe 1, ABISAIOTCA NaJbHOCTb, OBICTPOJEHCTBUE, HAJIEKHOCTD
CBSA3U U 3JIEKTPOMAarHUTHAsi COBMECTUMOCTh. Kaxk/1ast oTaenbpHas XapakTepUCTHKA
anmapaTrypsl HEINOCPEICTBEHHO WM KOCBEHHO OIPENEIsAeTCs] COBOKYITHOCTBIO
BCEX OTPAaHUYCHUMU.

CrouMoCTh M radapuThl SBIIAIOTCS HAaWBAKHEUIIMMH XapaKTEPUCTUKAMH,
KOTOpBIE, B CYIIHOCTH, OYEBHAHBI, KOTJa pacCMaTpUBACTCd COBOKYITHOCTH
TEXHUYECKUX XapaKTepUCTHK MPH HAJW4YUM BCEX OrpaHudyeHud. Muorue
npoOiieMbl, OTHOCSIIMECS K CTOMMOCTH W rabapuraM anmaparypbl, ObLIN
paccCMOTpeHbl B TJlaBe 6, OJJHAKO MbI €lle 0OpaTUMCi K 3TOMY BOIPOCY B
JAJIbHENIIEM.

7. 2. lanbHOCTD

HanmbHocTh geiictBug cucteMbl RFID B OCHOBHOM oOrpaHmyuBaercs
HANPS)KEHHOCTHIO W3J1y4aeMOr0 BJIEKTPOMAarHUTHOTO OJIs u
AJIEKTPOJUHAMUYECKHMHU CBOMCTBAMM PACITPOCTPAHCHUS CUTHAJIA B OKPYXKAIOIIECH
cpene. HanpsskeHHOCTh M3IIyd4aeMOro TMOJisi HEMOCPEACTBEHHO OTpaHUYCHA
aIMUHUCTPATUBHBIMU HOpPMaMu (perjiaMeHTaMH), a TaKXe€ KOCBEHHO, 4Yepe3
aIMHUHUCTPATUBHBIE HOPMBI W OTPAHUYEHHUS 10 MIMPUHE CHEKTpAa CHUTHAJIA,
ONpPENENACTCS 3aKOHOMEPHOCTSIMM MpoILecca CBs3UW. B mampHEdIIeM Mbl,
WCIOJIb3Ysl  HANPSsDKEHHOCTh  MOJISI, MPOCTPAHCTBEHHYIO  OPUEHTAIMIO U
pacmoJIO)KEHUE METKH OTHOCUTEIBbHO CUMTHIBATEINS, A TaKXKe BIUSIHUE
OKPYXKAaIOIIEro NPOCTPAHCTBA, OMPEACINM, KAK METKA MPUHUMAET, paCIpeAcscT
U NoTpeOsieT MOITHOCTh. B 3TOM pasnene Mbl pacCMOTPUM OTPAHMYCHHUS M UX
BIMSIHHE HA JATLHOCTD.
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Regulations

Electromagnetics Command Protocols

Field Strangth

Communications
Fowsr

Crizntat on Feflactad

Anterna
Caomatry

Pronwer
Deliverad

Environment

Puc.7.1. OcHoBHBIE (haKTOPBI, BIUSIONINE HA JAITBHOCTb.
Electromagnetics - Dnexrponunamuka, Regulations - Pernmamentsi, Orientation -
Opuentanus, Field Strengths - HanpspbxkennocTs o, Environment - Okpyskaroriee
npocTpancTBo, Antenna Geometry - 'eomerpust antennsl, Power Received - [Ipunsras
morHocTh, Power Delivered - JlocraBnennast momuocTh, Power Reflected - Otpaxennas
MotHocTh, Power Consumed - [ToTpebnsiemast MomHocTh , Hardware - Anmapatypa,
Communications - Cs3p, Command Protocols - [IpoTokoibl komaHI.

7.2.1. HanpsiK€HHOCTB T0JIsI, OPUEHTAIUS U OKpY>Karolllas cpejia

JansHocTh peuctBus anmaparypbl RFID wacrto omnpenenserca kak
MAaKCUMAJIbHO BO3MOKHOE€ 3HAYEHME JAJIbHOCTH, OJHAKO TaKas CUTYyalus UMeEeT
MECTO TOJIBKO B OrPaHMYEHHOM 4YHUCJE ciy4yaeB. Yaimie Bcero, Ha IIPaKTHUKE,
MECTOIIOJIO)KEHUE W OpHEHTAlus METKM  OTHOCHUTEIIBHO  CUUTBIBATEIS
IpOU3BOJIbHA. B rimaBe 2 MBI BHJENIH, YTO HANPSIKEHHOCTH IOJS HAXOAMUTCS B
OOJBIION 3aBUCMMOCTH OT B3aMMHOM OpPHUEHTALIMM M PACIOJIOXKEHUS METKH U
cuuThIBaTeNsA. HanpsykeHHOCTh IMOJS OYEHb CYIIECTBEHHO MOYKET W3MEHSTBHCS B
3aBUCUMOCTH OT BHJIa aHTE€HHBI. Tak, Hanpumep, KaKk B OJMKHEH, Tak U B JaJIbHEH
30HAax MOJsl MOTYT HUCIOIb30BaThCA BHICOKOHAIIPABJICHHBIC aHTEHHBI. B OmkHei
30HE JIJISl IOBBIIICHUS HAIIPaBICHHOCTH PUMEHSIOTCA Gepputhl. B nanbHel 30He
BBICOKAsl HAINpaBJICHHOCTh AHTEHH O0O0ECIEeYMBAEeTCsl 3a CYET HCIOJIb30BAHUS
PELIETOK WM JPYIMX KOHCTPYKTMBHBIX peleHui. XOTA Npu 3aJaHHON
MOIIHOCTH IIPUMEHEHHME HAIPaBICHHBIX AHTEHH M II03BOJISIET ITOBBICUTH
JAIBbHOCTB, BCE K€ JOCTMIKMMAs NAIBHOCTh CUMTBIBAaHUA OorpanudeHa. lIpu stom
B HEKOTOPBIX CIIy4asx HCIOJB30BAHHE BBICOKOHAIIPABICHHBIX aHTEHH
HEOOXOMMO, B APYTUX — TPEOYIOTCS BCEHAIIPABICHHbBIE AaHTEHHHBI.

Ecnu pernameHThl 1OMYCKaKOT JIUIIb MPEACIIbHYIO0 U3y4aeMyI0 MOILIHOCTD,
TO C  UeNbl0  TMOBBIIEHHWS  JAJIBHOCTH  MOTYT  HCIOJb30BaTHCA
BBICOKOHANPABICHHbIE  aHTEHHbl. B TUOMYHBIX  choydasx,  OJIHaKo,
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YCTAHABJIMBACTCS IpEAeiibHAsg MAKCHUMAaJbHAs HAIPSHKEHHOCTh IIOJSA  Ha
ONPEAECICHHOM PACCTOSHUM WM MOIIHOCTh Ha BXOJ€ AHTCHHBI U €€ yCUJICHHUE.
Tax oOcrout neno B OONBIIMHCTBE agMUHHUCTpanuii. OIHAKO B HEKOTOPBIX
aIMUHUCTPALMAX HA ONPEACICHHBIX YaCTOTAX BBICOKOHANPABJICHHBIE AHTCHHBI
MOryT ucnoiib3oBatbes. Hanpumep, B CIIIA nHa wactorax 902 MI'n, 2,45 I'Tu u
5,8 I'Tn mnpu HCHOJB30BAHUM NEPECTPOMKM YaCTOTBHI MpPENET HU3JIy4yaeMou
MOIIHOCTH YCTaHOBJIEH 4Y€pe3 BXOJAHYIO MOIIHOCTh AHTEHHBI M €€ YCHJICHHE.
Takke mpeanucano, 4To YCHJICHUE MOYKET IIPEBBIIATh YCTAHOBJIEHHBIN YPOBEHb,
HO TIPU 3TOM BXOJHAs MOIIHOCTh AHTEHHBI JIOJHKHA OBITH MPOMOPLMOHAIBHO
YMEHBIIIEHa, TO €CTh YCTAHABIMBACTCS MpPEAESl HAINPSIKEHHOCTH OIS WIH
IJIOTHOCTH TOTOKA MOIIHOCTM Ha OMNPENEIEHHOM paccTossHuh. Cutyanus B
EBpone Ha yHmOMSIHYTBIX 4YacTOTaX IOXO0Ka — TYT HPEAENbl YCTAHOBJIEHHI B
equauiiax  EIRP wm ERP. B fnonum, opgHako, mipeaensl OOBIYHO
YCTaHABIIUBAIOTCA HEMOCPEACTBEHHO [UJI BXOJHOM MOIIHOCTH W YCHUJICHHUS
aHTeHHbI. XOTs 3TH mnapameTpbl U cBs3anbl ¢ EIRP, ycranoBienHbie npeneinsl
BXOJTHOM MOIIIHOCTM WM YCHWJICHHS AHTEHHBl HE JOJDKHBI NPEBBIIATHCA. B Tex
ciaydasx, Korga ycrtaHoBieH mpenen EIRP, mosllieHne HanmpaBiIE€HHOCTH HeE
MO3BOJISIET YBEJIWYUTh NAIBHOCTh JEUCTBHSA. B 3TOM ciydae ycTaHaBIMBaeTCs
pa3mep 30HbI CUMTHIBAHUS, CHUXAs MPU 3TOM BEPOSITHOCTh UHTEPPEPEHIUU U
yMEHbBIIAasi YUCIIO METOK B 30HE U, TEM CaMbIM, BEPOSTHO, OOJeryas pa3peiieHue
KOJUIM3UK  chrHanoB.  DopMHpOBaHME  IHWAarpaMM  HAIlpPaBJIEHHOCTH €
KOHTPOJUPYEMbIM HU3MEHEHHEM HANpsOKeHHOCTH TOJiE W MOIMHOCTU (B
YCTAaHOBJICHHBIX TIpeliesax) JaeT JOMOJHUTEIbHYI0 CTElNeHb CBOOOABI B
YOPaBJIECHUHU TPOCTPAHCTBEHHBIM  pPACHPEACIICHHEM TIOJNSI C  BO3MOYKHBIM
o0JieryeHueM paspetieHust KOUTU3u.

Takum o00pa3om, MBI BUIUM, UYTO aJIMHUHUCTPATUBHOE PETYJIUPOBAHHE
OTPAHUYMBAET HANPSIKEHHOCTH I10JIS U IUIOTHOCTh MOIIHOCTU B OIPEIEIICHHBIX
00JacTsAX MPOCTPAHCTBA, JAXE €CIU OTH TapaMeTpbl MOTYT OO0ECIeUUBATHCS
TEXHUYECKUMU CPEJICTBAaMU B IIMPOKUX mnpenenax. [Ipodbiema cocTout, onHaKko, B
TOM, YTO aJMHHUCTPATUBHBIE HOPMBI YCTAaHABIMBAIOT HA OMNPEACICHHOM
PacCTOSIHUM MAaKCUMAIIbHBIM YPOBEHb HAINPSHKEHHOCTH TMOJISI W IUIOTHOCTH
MOIITHOCTH. B TO ke BpeMs CcuMThIBaTEeNIb pa3MeliaeTcs B JIFOOOM TOYKe
MPOCTPAHCTBA B OKPYKEHHM NPOBOJAIIMX TMPEAMETOB M €ro amarpamma
HAaIPABJICHHOCTHU MPU 3TOM MOKET MU3MEHSATHCS B OUYEHb IIUPOKUX MpeAenax. ITo
BIUSIHUE JIOJDKHO YUYWTBHIBAThCSA, KOTJAa pPAacCMaTpUBAIOTCS crenu@uueckue
npuMeHeHus U KoHurypauuu cucteM RFID.

7.2.2. Ilpuem, pacripesiesieHue U MOTpeOIeHNE MOIIHOCTH CUTHAla

[lociie TOro kak omnpeneneHa HANPSKEHHOCTb II0JsS WM IUIOTHOCTh
MOIIIHOCTH B HEKOTOPOI TOYKE MPOCTPAHCTBA, CIEAYIOMICH MpoOIeMoil sBiIseTCs
npreM MOIIMHOCTH. JIJIT TOro 4TOOBl JOCTHYh MAKCUMAJILHOTO WHIYIHPYEMOTO
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HanpsOKEHUST  WIM  JIOCTYIIHOM ~ MOIIHOCTH,  HEOOXOJUMO  ONTUMAJIbHO
OpHUEHTHPOBATh AHTEHHY METKHM IO OTHOLICHHIO K H3IydaemMomy mnoiro. Ha
IPAaKTHKE 3TO MOXET ObITh OUEHb CJIOXKHOW 3amaueil. BeposaTHo MakcuMaibHO
JOCTHKUMAasi MOIITHOCTh MOYKET OBbITh IMOJIy4€Ha, €CIM MapKUPOBAHHBIM OOBEKT
NepeIBUraeTcsd Ha KOHBEHEpEe M M3MEHEHUE €ro OpPHEHTALMU OrpaHuydeHo. s
MHOTHUX MPUMEHEHHH, OJIHAKO, TaKWE YCJIOBHUSl HE BBIIOJHUMBI. B 3aBHCcHMOCTH
OT TEOMETPUU U XapPAaKTEPUCTUK aHTEHHA METKH MOXXET ObITh Oojiee WM MEHee
YyBCTBUTEIbHA K OpueHTanuu. KpoMme TOro, aHTeHHa CUMTHIBAaTelNs, KaK H
aHTEeHHa METKH, 00janaeT COOCTBEHHOW HaIpaBIECHHOCTHIO. [l yMeHbIIEHHS
IIPOBAJIOB IIPMEMA MOTYT MCIOJIb30BATHCS CIELUAIBHBIC AHTEHHBI, TaKUE, Kak
OpPTOTOHAJIbHBIE PAaMKH; OJHAKO B JIIOOOM cllydae NpU BBIOOpPE KOH(PUIYypaLuu
CUCTEMBI M BapUaHTOB €€ IPUMEHEHHUS BOIPOCHl OPUEHTALMM AHTCHH JOJDKHBI
paccMaTpuBaTHCSl 0OCOOCHHO BHUMATEIBHO.

HanpsskeHHOCTB MOJI ¥ INIOTHOCTH IIOTOKA MOIIHOCTHA B HEKOTOPOU TOYKE
IIPOCTPAHCTBA OIIPEACISAIOTCS PErJIaMEHTaMU M YCIOBHUSMH PaACIPOCTPAHEHUS
curHana. HampspkeHHOCTh MOJIE WM INIOTHOCTH MOIIHOCTH BOCIPHUHHUMAETCS
AHTEHHON METKM C y4eTOM €€ reoMeTpuu u opueHrtauuu. [Ipu duxcupoBaHHON
T€OMETPUM M OpPUEHTAUWU AHTEHHBl (PYHKIMOHUPOBAHHE METKU 3aBHCHT OT
napaMeTpoB €€ BJEKTPOHHOU cxembl. OCOOEHHO BaKHBI WMMIICAAHCHI AHTCHHBI,
COTJIaCyIOIIEW Ienu M Harpy3kd. B 3aBUCMMOCTH OT HMHAYLHPYEMOIO
HaIpsSDKEHUST OHM ONPEACISIIOT TOK, HPOTEKAIOMMKM IO LEMsAM JSJEKTPOHHOU
cxeMbl MeTKU. B 3aBucHMOCTH OT pabodeil 4acToThl B OMMO>KHEN M TajbHEN 30HaX
nojst  JJigs  TOro, 4ToObl MAaKCUMHM3UPOBAaTh WHAYLHUPYEMOE HAIMpsKEHUE,
VICIIOJIB3YIOTCS Pa3JIM4HbIE CPEICTBA.

B GnukHelt 30He U peakTUBHOMW JIMHUM CBSI3M METKa BBICTYIAET B KAUE€CTBE
croka sHepruu. Ilpu moMommy pe3oHaHCa B aHTEHHAX METKH W CUMTBIBATEIIS
METKa, B HEKOTOPOM CMBICIIC, YBEJIMYMBAET MPOIMYCKHYI CIOCOOHOCTH CTOKA.
OObecrieueHre pe3oHAHCAa BKIIOYEHWEM €MKOCTH TapajUleNIbHO  KaTyIIKe
WHIYKTUBHOCTA METKH WM BKJIIOUYEHUE E€MKOCTH ITOCIEIOBATEIBHO KaTyIIKE
WHyKTUBHOCTH CUUTHIBATEIISI MO3BOJIIET JOCTHUYb BBICOKOW AOOPOTHOCTH. DTy
JOOPOTHOCTh OMpENENsieT UMIIEIAHC PE30HAHCHOM 1€ U HKBUBAJICHTHBIN
MMIIEIAHC OCTAJIbHOM YacTH 3JIEKTPOHHOU cxeMbl. JIOOpOTHOCThH OmpeaesieTcs
OTHOILIIEHUEM 3allaCCHHOM K pACCEeMBAEMOW DHEPIMM WJIA  OTHOLIEHUEM
LHEHTPAIBHOM YaCTOTHI K MOJIOCE MPpOoIycKaHus Ha ypoBHe 3 nb. CienoBarenbHO,
onmaroyapsi AOOPOTHOCTH Mbl (DAKTUYECKM HMMEEM JIeJ0 CO CXEMOW YacTOTHOM
¢bunbTpanuu. [lonocy mpomyckanusi 3Toro GuibTpa HEOOXOJIUMO COOTHOCHUTH C
MOJIOCOM TPOIyCKaHUsI aHTeHHbl MeTKU. [Ipu BBICOKOW AOOPOTHOCTH TMOJ0Ca
MPOITYCKAHUS MOKET OBITh 3ayKEHHOW M AOJKHBI ObITh TPUHSTHI MEPHI JJIS TOTO,
yTOOBI HE MOTEPATh MHPOpMaIKI0. MBI BHIIETH, YTO MOAYJISIUS WU TIEPEHOC
CIIEKTpa Ha HECYIIYI0 YaCTOTY MPUBOJIUT K MOSIBICHUIO OOKOBBIX MoJioc. Ecnu ux
oTQWIbTPOBaTh, TO HUH(pOpMarus Oyner mnorepsHa. Kpome Toro wusnuiiHe
BBICOKAsI IOOPOTHOCTh MPHUBOJUT K CHJIBHOMY BIUSHHUIO OKPY>KalOIEW CpEIbl.
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Oxpy’Karomue aHTEHHY NPOBOSAIIME MPEAMETHI, B TOM YHUCIIE APYIHE METKH,
U3MEHSIOT PE30HAHCHYIO YacTOTy M, COOTBETCTBEHHO, JOOPOTHOCTh CUCTEMBbI. B
CUTyallMH, Korjga BOJM3M OJHOM METKM HaXOASATCS JAPYyTHE€ METKH, BBIXOJIOM M3
MIOJIO’KEHUST MOKET ObITh HACTPOWKA 3TOM METKH Ha YaCTOTY BbIIIE HOMUHAJIHHOM.

B nanbHen 30He curyanms uHasg. MOIIHOCTB, JOCTaBiIsAE€Mas B Harpysky,
ONPENEIAECTCS CTENEHBIO COIJIaCOBAHMS HMIEJAHCA AHTEHHBl METKH C
SKBUBAJICHTHBIM HMMIICJTAHCOM DJIEKTPOHHOW CXeMbl. ECaum 3TH MMIIEIaHCBhI
KOMIUIEKCHO CONPSDKEHBI, a 3TO O3HA4YaeT, YTO HUX pPEalbHbIE YAaCTH PaBHBI, a
pEaKTUBHBIE YacCTH PaBHbI M IMPOTHUBOIOJOXKHBI MO 3HAKy, TO 00OecreyuBaeTcs
MaKCUMaJIbHAasi MOILIHOCTb, JIOCTaBJIsIeEMas JJIEKTPOHHON cxeme. lIpu Hamuuun
pPacCTpOMKHM YacTh MONIIHOCTU OyJET OTpakaTbCAd OT DJIEKTPOHHON CXEMBbI U
nepen3ayyaTbCs aHTEHHOW B MpocTpaHcTBO. COOCTBEHHO UMEHHO 3TO SBJICHUE U
JIKUT B OCHOBE MOJIYJISLMU OOpPaTHOrO paccestHus. YTNpaBieHHE HMIIEIaHCOM
MPUBOJAT K MOIYJISAIMM 3JICKTPOMAarHUTHOW BOJIHBI, MAJAIOMIEH HA METKy. Uem
OoJbllIasi 4acTh CUTHAIAa OTPa)kaeTcs, TEM MEHbIIas €ro 4acTh IMOIJIOIAeTCs, U
HaoOopoT. [Ipm paccMOTpeHHMHM 4YacTH MOINHOCTH, MOCTYHArOLIEd B HArpysKy,
BaKHAa KOH(Urypauus caMod Harpy3ku. MOIIHOCTb, [IOCTaBJIEHHAs METKE,
pacxomyeTcsi HE TOJBKO Ha €€ DJHEprolnuTaHue, HO U i oOecredeHus
UH(OPMAIIMOHHOTO OOMEHa W CUHXpOHU3alMH. UYTOo KacaeTcss KOH(UTypauuu
Harpy3kd, TO BBIIPSAMUTEIbHbIE JHOAbI HEOOXOIMMBI i OOecrneyeHus
SHEProNUTaHUs U BbIACICHUS HHPOPMaLUU. DHEPTUs 3a1acaeTcsi KOHACHCATOPOM
U J0CTaBIAETCS LU(PPOBBIM CXEMaM, KOTOpPbIE PEAU3YIOT MPOLECC MPUHATHUS
pemieHus. PemieHue mpUHUMAETCs Ha OCHOBE aHaiu3a uH@opMmanuud. Mertka
CpaBHUBAET NPUHATYIO HHPOpMaLIKIO ¢ HH(DOPMAIIUEH, XpaHIIEeHCs B MaMsITH, U
OPUHUMAET pElICHHE: MepeAaTh XpaHALlylocs MHGOpMAIMIO, HE OTBEYaTh WIIU
BBHITIOJIHATh MHOE JAeiicTBue. Bce 3TH JeicTBUSA, €cTeCTBEHHO, TPeOyrOT 3aTpar
MouHocTU. IloTpebnsseMass MOIIHOCTh 3aBUCUT OT AKTHUBHOCTH BXOJSALIMX B
METKY BEHTWIEH, Iapa3sUTHBIX E€MKOCTEH OSJIEKTPOHHOW CXEMBl U HaIpsKEHUs
NUTaHUs. AKTUBHOCTb BEHTHWJIEH OIpEAeNIeTcsl 4acTOTOM CHHXPOHH3ALUU U
HEOOXOJMMOCTBIO BBIIIOJIHEHHSI AHTUKOJUIM3MOHHBIX orepauuii. BeHTuibHbIE
CXEMBbI UMEIOT OIPEIEIIEHHBIN MIOPOTOBbI YPOBEHb HAIIPSIKEHUSI, HUKE KOTOPOIO
OHM HE (PYHKIIMOHHMPYIOT. MOIIHOCTb, NOCTaBJ€HHAas K AJIEKTPOHHOH CXeMme,
JOJKHA O0ecneynBaTh 3TOT HEOOXOJIMMBIM YPOBEHb HANpsLKEHHsT U OBITh
JOCTAaTOYHOM It TOro, 4TtoObl MeTKa (GyHKuMoHUpoBana. Eciaum MmeTka He
CrocoOHa BBIMOJHAT CBOM (YHKIMH, €€ CIeAyeT NEepEeMEeCTUTh OJKe K
UCTOYHUKY HW3JIYyYEHUS — CUUTHIBATENIO, YTOOBl HAIpPSKEHHOCTh TMOJS U
JOCTaBJIEHHAS] MOIIIHOCTh BO3POCIIH.

BaxxHo He TONBKO, YyTOOBI MOIIHOCTh CHTHaja OblIa JIOCTATOYHOM IS
o0ecrniedyeHuss SHEPronoTpedIeHUsT METKH; OHA TaKXKe JOJKHA ObITh JOCTaTOYHOU
JUIsi OOHapy»XeHusi curHaiia MeTkoud. Eciu He OyaeT JOoCTaTOuHON pa3HOCTH
YPOBHEUW CUTHAja, YBEPEHHO BOCIIPMHUMAEMBIX IIOPOrOBOM CXEMOW METKH, WIU
He OyJeT [O0CTaTOYHOTO OTHOIIEHHUS CHUTHAN/IIyM, oOHapyxeHue Oyjaer
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HEYJIOBJIETBOPUTEIbHBIM. ClleZI0BaTEIbHO HEOOXOAUMO TaKOE PACCTOSIHUE MEKITY
METKOM M aHTEHHON CUUTHIBATENsl, HA KOTOPOM OOECHEeuMBAETCS JOCTATOYHOE
COOTHOILIEHWE YPOBHEW CHUIHajla M IIymMa, M KOTOPOE IIO3BOJISIET JIOCTHYb
YBEPEHHOI pabOThl MOPOTOBOM CXEMbl METKH H, CIEJIO0BaTEIbHO, 00ECIeUHThH
3aJJaHHYIO BEpOSITHOCTh OUTOBBIX omnook BER.

J1o cux mop Mbl paccMaTpUBaIM IPSAMYIO JIMHUIO CBA3U OT CUMUTHIBATEISA K
MeTke. Tenepp paccCMOTpUM OOpPATHYIO JUHUIO CBSI3U OT METKU K CUHUTHIBATEIIO.
B 3TOl nmMHMM TPOU3BOAMTCS MOAYJISLMSA CUTHAJIA MHPOPMALIMEH, XpaHsalencs B
naMsATH METKU. DTO 00€CTIeUnBAETCS 3a CUET Bapualliy UMII€IaHCa Harpy3Ku WIin
MOJlyJIILIMKA OOpPaTHOrO paccesHus. YPOBEHb MOIYJUPOBAHHOTO TaKUM O0pa3oM
CUTHaJa 3HAYUTEJIbHO HW)KE YPOBHsI CUTHajia cuuthiBaTens. OgHako, Omarogaps
CIIO)KHOM 00pabOTKE CUTHAjla B CUUTHIBATENE, 3TO OOBIYHO HE OTrPaHUYMBAET
JAIbHOCTD JEHUCTBUS CUCTEMBI.

Takum oOpa3oM, Mbl yBUJENIH, YTO Ha JAJbHOCTb BIIMAET HE OJUH, a
MHOECTBO (akTOpoB. OTHU (PAKTOpPhl MOXKHO HCIONb30BaTh. HeraTuBHBIE
(dakTopbl MOTYT OBITh MUHUMH3UPOBAHBI, a MO3UTUBHBIE — MOJYEPKHYTHL. [lpu
UMCIOIINXCA ~ OrPAaHUYCHUAX  DJICKTPOAMHAMHKH,  PETJIaMEHTOB,  CBS3H,
MPOEKTUPOBAHUS U PEATH3AIMH aNMapaTypbl U aHTUKOJUTU3UOHHBIX aJIfOPUTMOB
BCE K€ OCTaeTCs JAOCTATOYHOE YHCIO CTeneHeil cBoOonbl. [lanbHOCTh SBISETCS
napamMeTpoM, KOTOpPBIM 3aBUCUT OT MHoOxecTBa ¢akropoB. Ilocime 0030pa
BOMPOCOB, KACAIOIIUXCS JATbHOCTH, HEOOXOTUMO TEPEHTH K PACCMOTPEHUIO
IPAaKTUYECKOTO HCHOJIb30BaHUsS, KOH(DUIypalluu CHCTEMbl U JPYTHX BOIPOCOB
texHosioruu RFID.

7.3. bbicTpoaeiicTBHE U HAEKHOCTD CBSI3H

CrnenyromumM 0OCHOBHBIM napameTpom cucteMbl RFID siBnsercs

Electromagnetics

Hardware

Regulations

Communications Command Protocols

Data Rate

Puc. 7.2. ®akTopsl, BIUAOIUE HA OBICTPOJECHCTBHE U OTPAHUYECHUS,
BIIMSIOLIME HA HUX.
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Communications - CBsi3b, Regulations - Pernamentsi, Data Rate - CkopocTs nepenaun
nanubix, Electromagnetics - Dnektpoaunamuka, Speed - beictpoaeiicteue, Hardware -
Amnmnapatypa, Identification Rate - brictponeiictBue unentuduxannuu, Command Protocols -
KomaHiHbIE TPOTOKOJIBI.

OBICTPOJICHCTBUE WU CKOPOCTh wuAeHTHUUKamuu (puc. 7.2). BHumanue «
OBICTPOJICUCTBUIO 3aBUCUT OT TPUMEHEHHS M KOH(PUIYpPALUU CHUCTEMBI.
JlocTaTOYHO BBICOKAsi CKOPOCTh MAECHTU(UKALUKU HE0OXoJIuMa B NMPUMEHEHUSX,
CBA3aHHBIX C AaBTOMAaTU3alMEd pPO3HUYHOM MPOAAKH C  HECKOJbKUMH
CUMTBIBATEISIMU, B TO BPEMsI KAaK B NPHUMEHEHHSX, CBSI3AHHBIX C MPOBEACHUEM
WHBEHTapU3aluu, OBICTPOACHCTBHE HE CTOJb Ba)XXHO. BhICTpomelcTBHE 3aBHCUT
OT JBYX (DaKTOpOB: CKOPOCTH MEepenaydl JAHHBIX U CKOPOCTH HACHTU(UKAIINU.
CKopocTh nepeayu JaHHBIX SIBISIETCS COOCTBEHHO CKOPOCTHIO Nepenayn OUTOB
JTAHHBIX, TOrAAa KaK CKOPOCTh MAEHTU(UKAIIMU ONpPEACNIAeTCS XapaKTePUCTUKAMU
AHTUKOJUJIM3MOHHOTO aJrOpUTMA NIPU ONPEACIICHUH WHIWBUAYAJIBHOTO HOMEpa
METKH.

7.3.1. CxopocTh nepeaadyu JaHHBIX

CkopocTh nepeiauu JaHHbIX B OCHOBHOM 3aBUCHUT OT IE€PHOJa TOBTOPEHMUS
outoB uHpopManuu. Yem MeHbIE MEpHOJ, TeM OOJIbIlle CKOPOCTh Mepenayu
naHHbIX. CrelcTBUEM YMEHBIICHUS IEepuojia TMOBTOPEHHUS CUTHANa, KaK MBI
BUJICNIM B TJIaBe 3, SIBISETCS pacuiupeHue crekrpa curHana. lllupuna cnextpa
OrpaHMYUBaeTCs ABYyMs (hakTopamu: TpPeOOBaHHSIMH YaCTOTHOTO pErJIaMEHTa U
anmapaTHBIMA OTPAaHUYCHUAMU. ATMIMapaTHbIE OTPaHUYEHHUS, B CBOIO OYEpPE.b,
OTpeAeNAoTC (DUIBTPYIONIMMH CBOWCTBAMU AHTCHHBI M JJEKTPOHHOM CXEMBI
METKH. OTH OrpaHHuYEHUs] OCOOCHHO 3aMETHBI B CHCTeMaX, KOTOpHIC
(GYHKUMOHUPYIOT B OJMOKHEW 30HE MOJISI U MUMEIOT PE30HAHCHYIO HACTPOUKY U
BBICOKYIO JOOPOTHOCTh. BhIicOKast 1OOPOTHOCTh MPUBOAUT K OOYKEHUIO MOJOCHI
IOPOIMYCKAHUSI U CHUXKEHHUIO CKOPOCTH IMepefadyd JTaHHBIX. AHTEHHBI METOK,
KOTOpble paboTaloT B JaldbHEH 30HE MOJs, TAaKKE€ MMEIOT KOHEUHYIO IOJIOCY
nponyckanus. Kak mpaBuio, olHaKo, 3TH amnmnapaTHble OIPaHUYEHHUs HE CTOJIb
CTpPOTH, KaK TpeOOBaHUS PETIIAMEHTOB.

CkopocTh mepefauM JaHHBIX HEMOCPEICTBEHHO HE CBs3aHA C Hecyullei
YaCTOTOM, OJHAKO PErJIaMEHTHI BBIJICTSIOT Ha KaXKJIO0M 4YacTOTE OINpPEJEICHHYIO
MOJIOCY U, CJIEIOBATENIbHO, 3THUM ONpPEACNSIeTCS IIUPUHA CHEKTpa CUTHAaJA.
CormacHo TpeOOBaHHSAM PErIAMEHTOB 00Jiee BHICOKMM YacTOTaM COOTBETCTBYET
OoJblllas MUPHUHA TOJIOCHl MpoIyckaHus. Pabouast yactoTa 0OBIYHO OIpeeseT
YaCcTOTYy CUHXpPOHM3AIUU METKU. B cuctemax ONMMKHEW 30HBI MOJISI METKH, Kak
OPaBWJIO, PEATM3YIOT CHOCOO0 CHHXPOHM3ALMU, YacTOTa KOTOPOH OOBIYHO
oOpasyercsi JeeHueM Hecylled 4yacToThl. B cucreMax nanbHeil 30HBI 4acToTa
CHHXPOHM3ALIMM BBIIEISAETCS U3 MOAYJIUpPYIOLEro curiana. Hekoropsie cucremsl
COJIepKaT B CBOEM COCTaBe cxeMbl (pa3oBoii aBTomoaAcTpoiiku 4acToThl (DAIIY) u
reHEepaTopbl, B TO BPeMs Kak APYrHe CUCTEMBI UIsl TOTO, YTOObI MOAJIEPKUBAThH
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CHHXPOHH3AIINIO, UCIIOJIB3YIOT (PPOHTHI M3IydaeMbIX CUTHAIOB. B mo6oM ciydae
HE3aBHCHUMO OT TOTO, KakuM o0Opa3zoM (popMuUpyeTCS CUHXPOHH3UPYIOUIIHUN
CUTHAJI, OOJBINIEH YacTOTE CHUHXPOHU3AIMH COOTBETCTBYET OOJbBIIAsl CKOPOCTH
0o0paboTKu curHana u Oojbiuas moTpediseMas MOIIHOCTh. Takum oOpazom, B
cucremMax RFID mmpuHa criekTpa CUrHajga CUMTBIBATEINSI ONMPENEISET CKOPOCTH
nepeaavyu JaHHBIX OT CUMTHIBATEINSI K METKE U (B 3aBUCUMOCTH OT KOH(DUTypanuu
CHUCTEMbI) YaCTOTy CHUHXPOHM3ALUM METKH, U CKOPOCTh Tepefayd JaHHBIX OT
METKH K CUUTBLIBATEIIIO.

[upuHa cnekrpa, 0ObIYHO, 33JA€TCSl YACTOTHBIM UHTEPBAJIOM Ha OCHOBHOM
HECyIlel YacToTe. ITOT MHTEPBAI MOKET OBbITh 3a/laH €IMHCTBEHHBIM 3HAYCHUEM
VI HECKOJIBKMMM 3HAYCHUSMHU Ha pPa3JIMYHBIX YPOBHAX. B 3aBuUcMMOCTH OT
KOHKPETHON aJIMUHHMCTpAlMK WIM paboyeill 4yacTOThl PErjaMeHThl OMpPEeNEesoT
3TOT TMapaMeTp pa3IuYHbIM 00pa3oM. Eciam MBI paccMOTpUM  €BpOMEHCKUi
pernameHT Ha yactote ISM 13,56 MI'1, OCHOBHOM CHEKTP U3IIyYEHUS OJIKEH
OBITH COCPENOTOYEH B 4acTOTHOM uHTepBaie t 7 kl'u. IlobouHoe u3myyeHue
onpenensieTcss AByMsl ypoBHsIMU. [lepBbiil — O0NbIINI YPOBEHb — COOTBETCTBYET
MPENECIbHOMY YPOBHKO OCHOBHOTO CHEKTpa, a BTOPOM — MEHBIIUUA —
COOTBETCTBYET paccTpoiike Ha + 150 kI'1. 3a mpenenamu 3TUX 4YaCTOT 3aAacTCs
eme Oonee  HU3BKUU  MNpEACNbHBIA  yPOBEHb  HANpPSHDKEHHOCTH  MOJIH,
COOTBETCTBYIOIINHN NTAPA3UTHOMY HM3IyYEHHUIO.

B CIIA npunsaro npoctoe coorBerctBue ISM ompenenenutro + 7 kl'n, a
HU3KUI ypOBEHb HANpsHKEHHOCTU INOJs 3a7aercd B BHUJE 00mero (poHoBOro
U3ITy4EHHUS.

B Slnonuu mnpuHATBH Jpyrue mnOpaBuia. 3AECh I[0J0CA MPOIYCKaHUS
COOTBETCTBYET 7-KpaTHOW CKOPOCTH TIepefayd JaHHBIX. Takoil crmocod
HEMOCPEJICTBEHHO CBS3BIBACT CKOPOCTh IMepefadyd JaHHBIX C TPeOOBAHUSIMU
AIEKTPOMArHuTHOM COBMECTUMOCTH.

PaccMoTpum Takke MUPUHY CIEKTpa CUTHAIOB, MOIYJIHPYEMBIX METKOMH.
Tak kak ypOBHM CHTHaJIa METKH 3HAYWTEIbHO HIDKE YPOBHS CHUTHAJIA
CUMTHIBATENISI, OHU HAXOMATCS HIDKE 3aJaBacMbIX pErjJaMEHTaMHU IPECIIOB.
[IIupuHa TOIOCHI MPOMYCKaHUS OOpPaTHOTO KaHajda OT METKH K CUHUTHIBATEIIO
OTPAaHUYHMBACTCS AMMAPATHBIMU BO3MOKHOCTSMU. Tak KaK CYUTHIBATEIb SBJISETCS
CTaIlMOHAPHBIM YCTPOMCTBOM, OH pEaM3yeT MaKCUMalbHbIE aJIMHUHHCTPATUBHO
ornpe/ieleHHbIe BO3MOXKHOCTU U MCIOJIb3YET Pa3IuvHble CIOCOObI KOJUPOBAHUS U
MOAYJSIUU JUISL JTOCTHOKEHHSI TMPUOJIU3UTENBHO OJMHAKOBBIX JalbHOCTEH B
Pa3IMYHBIX PErHMOHAX. JTU CIMOCOOBI BHIOUPAIOT MPOU3BOIUTENH anmnaparypsl. B
cly4yae, e€ciIM MeTKa He crmocoOHa oO0pabarbiBaTh CHUTHAJIBI  MHOTHX
MPOU3BOUTENEH, MOTYJIUPOBAHHBIE PA3IMYHBIM 00pa3oM, BO3HHKAET MpodieMa
arrmapaTHON COBMECTUMOCTH.

B rimase 3 mbl BUJCIIN, KaK KOAUPOBAHUC U MOAYJIAIWA BJIUAIOT HA IIUPUHY
CIICKTpa CHIHaJIa WM CKOpPOCTb IIEpcaadyn AaHHBIX. I[anee, MBI BHUACIH, 4YTO
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orpezieNieHHbIe COocO0bl KOAUPOBAHUS MO3BOJISIOT MOJIYYUTh OOJBIIYIO SHEPTUIO
CUTHaja II0 CpPaBHEHUIO C JpyruMH crocobamu. B mpsmoli nuHuMM OT
CUMTBHIBATENSl K METKE JKENaTelbHbl CHTHAJbI, HMEIOIIME MaKCHUMAaJbHYIO
MOIIIHOCTh, TaK KaK OHM TEPEHOCAT HE TOJbKO WMH(GOPMAIMIO, HO U JHEPTHIO,
HEOOXOIMMYIO METKE. B 3TOM cMbICIIE CKOPOCTh Mepefadyn JaHHBIX U JATBHOCTh
CBA3aHbl MeXay co0oi. C TOYKH 3pEHUs allapaTHOTO 00ECTeueHus Mbl MOXKEM
OTMETUTH, YTO JUJIS JAHHOM KOAWPYIOLIEH U MOAYJIUPYIOIIEH CXEMBI YBEIUYEHUE
CKOpPOCTH IM€pelayd MAaHHBIX NPUBOAUT K paclIupeHuro crekrpa. C yderom
OTPaHUYEHHN MO MIMPHUHE CIEKTPA anmnaparypbl 3T0, COOTBETCTBEHHO, IPHUBEIET
K CHM)KEHHMIO MOLTHOCTH, TOCTYITHOM MeTke. TakuM o0pa3om, 3TO JOMOIHUTEIbHO
II0OKa3bIBAET B3aUMOCBA3b CKOPOCTH II€peAauy JAHHBIX U JaJbHOCTU JEUCTBUA.

7.3.2. BeicTpoaelicTBue uaeHTU(PUKAITNH.

3a1aB CKOpPOCTh NEpENayd JAaHHBIX, Mbl BUAUM, YTO IS OIpPENEIICHUS
OBICTPOJEHCTBHS  CTAHOBATCS BaXXHBIMH  AHTUKOJUIM3MOHHBIE  AJITOPUTMBI.
WuTerpaibHON  XapaKTEpUCTUKON anrOpuTMOB SBISETCS HUX 3(PPEKTUBHOCTD,
KOTOpasi OMpeAeNsieTcsl KaK CKOPOCTh HIEHTHU(UKALKUKW METOK MOJIeJICHHas Ha
CKOpPOCTh Tepenayd JaHHbIX. OnpenenuB CKOPOCTh NEpenayd JaHHbIX R U
CKOPOCTb UJECHTU(UKAUU METOK T, TOJy4rM 3(PPEKTUBHOCTD alrOpUTMA:

& = T [mMeToK B cek.] / R [OUT B cex.]. (7.1)

Jlydimue aHTHKOJTM3MOHHBIE CXEMBl OyAayT UMETh 0o0jiee BBICOKYIO
3¢ (HEKTUBHOCTh. AHTHKOJITU3HOHHBIE allTOPUTMBI, KOHEYHO, BIUSIOT Ha 3aTPaThl
IIPpU TMPOCKTUPOBAHUM alMapaTypbl, KOTOpPbIE, B CBOK OYEpElb, 3aMETHO
onmpenensier €€ CToMMOCTh. CyIIECTBYET Ba)KHasi B3aMMOCBS3b: CKOPOCTH
uaeHTU(PUKAIMU — CTOUMOCTh. KpoMme TOro, mpoTOKOJIbI BJIMSIOT Ha MOIIHOCTb
noTpebyieHuss — 4YeM OOoJblle HWHTEHCUBHOCTh OOpabOTKH, TeM OoJiblie
notpebssemass MomiHOoCcTh. Kak ObUIO TOKa3aHO B TJlaBe 6, CYIIECTBYET TpHU
OCHOBHBIX THIIA AHTUKOJUIU3MOHHBIX  QJITOPUTMOB M  HMX  HECKOJIBKO
paszHoBuaHocTeu. g maccuBHbBIX cucteM RFID HM3KOW CTOMMOCTH BO3MOYKHO
HauOoyiee TIpUEMJIEMBl aJTOPUTMBI BO BPEMEHHOM 0O0JacTH, KOrja METKHU
UICHTUPUITUPYIOTCS JTETCPMUHUCTHICCKUM WIIM BEPOSTHOCTHBIM METOJIOM Ha
OCHOBE CJIy4alHbIX 3aepxkeK. Kak oTMedanock, KaxIblii U3 METOJIOB UMEET CBOU
JIOCTOMHCTBa W HejaocTaTku. CyIIeCTBEHHBIM M BaXHBIM IPEHUMYIIECTBOM
JETEPMUHHUCTUYECKUX CXEM SBIIETCA BO3MOXKHOCTH PAa3pPEUICHHS KOJUIM3UN M
00pabOTKM CHrHajga 3a CYET HCIOJIb30BAaHUS HWHTEUIEKTYaJIbHBIX PECYpPCOB
CUHMTHIBATENISI M XOCTa. B 3aBUCHUMOCTH OT MPUMEHEHUS W KOH(PUTYpAIlUd MOTYT
UJIECHTU(PUIIUPOBATHCS METKH C OMNPEACIICHHBIMH CHEIU(PUISCKUMU HOMEpPaAMH.
JleTepMUHUCTUYECKUE  CXEMbl ~ CIOCOOHBI ~ OOECreYuBaTh  CEJIEKTUBHYIO
uneHTuukamnuo. BepoATHOCTHBIE CXEMbI, KaK IPaBWUIO, HE HUMEIT TaKOro
npeuMyIecTBa. BepHee oHUM CIOCOOHBI peaiu30BaTh TaKyH) BO3MOXHOCThH, HO
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TOJIBKO 3a CUYCT JOIIOJIHUTCIBHOI'O YCJIOKHCHUS YHIlda MCTKHU U, CJICAOBATCIIbLHO, 3a
CUCT YBCIIMUCHUA €T0 PasMCPOB U COOTBCTCTBYIOIICTO ITOBBIIICHUA CTOMMOCTH.

HeoOxoaumo Takke 3aMETHTh, YTO AHTUKOJUIM3UOHHBIE aJITOPUTMBI
BJIUSIOT Ha CKOpPOCTh IEpeAadyd JaHHBIX. AJTOPUTMBI, TpeOyrolmme peaKkon
nepeayv JAaHHBIX OT CUMTHIBATENSA, UMEIOT MEHBIIYIO MOJIOCY IIPOIYCKAaHUS H,
no3TOMy, 0OoJjiee HHU3KYI0 CKOpOCTh IepeJjaud JaHHBIX. B 3ToM cwmbicie
BEPOSITHOCTHBIE CXEMbl HMMEIOT MPEUMYLIECTBO, TaK KaKk O0bEM JIaHHBIX,
IIEpENAaBAEMBIX METKE OT CUMTHIBATENS, HEBEIIUK.

Hanexnocte cBsa3u B cucremMe RFID Taxkke CcHIBHO CBsI3aHA C
AHTUKOJUIM3MOHHBIMM ajroputMamu. HaneXHOCTh NpsSMOro KaHajla CBSI3M BBIILE,
TaK Kak B HEM Jierye oOeclneduTbh OO0JbIIOE OTHOIIEHHE CHUTHAJ/IIyM.
HanexxHocTh 0OpaTHOrO KaHala CBS3M 3HAYUTENBHO HUXKE, MO3TOMY Oolee
HA/IeKHBIMU  SIBJISIIOTCSL TIPOTOKOJIBI, KOTOpbIE TPeOYIOT Nepenaud MEHbBIIEro
o0beMa JNaHHBIX OT METKM K cuuThiBaTento. Kak Obulo mokaszaHo B TiaBe 4,
HEKOTOpBbIE MPOTOKOJIBI TPEOYIOT MPOCTOrO pacro3HaBaHusl MeTkU. OHaKo U y
TaKUX TMPOTOKOJIOB €CTh HEIOCTATKH — OLIMOKa B OTBETE METKH NPUBOAMUT K
HEMPaBUILHOW UICHTH(PHUKAIIUN 00BEKTA.

HanexHocTh KaHAJIOB CBSA3M CHJIBHO CBSI3aHA KAK C JAJIbHOCTBIO JIEWCTBUS,
Tak U ¢ OblcTpojelcTBUEM cucTeMbl. [IpumeHeHue mpoueayp oOHapyX eHUs u
KOPPEKIMU OIMOOK MNPUBOJUT K CHHKEHHIO CKOPOCTH TNepelayd JaHHBIX,
YCIIOXKHSIET annaparypy, TpedyeT OOJbIIMX 3aTpaT MOILIHOCTH U, CJIEOBATENbHO,
yMEHbIIaeT nanbHOCTh. Kak oTMmedanoch paHee, Mo Mepe NPUOIMKEHUS K
CUMTBIBATEII0 HAINPSHKEHHOCTh TIOJII BO3pPACTaeT, CUTHAJl CTAHOBUTCS OoJliee
Pa3IMYUMBIM U, CJIEIOBATEIIBHO, BO3PACTAET HAJAEHKHOCTD CBSI3H.

Takum 06p330M, Mbl BHIUM, YTO U CKOPOCTH IICpCaadr OdaHHBIX, H
AHTUKOJUIM3MOHHBIC  AJITOPUTMBI  BJIMAIOT Ha 6BICTpOI[€I>1CTBH€ CHCTCMBEI.
AHTUKOJIIU3NOHHBIC IMIPOTOKOJIBI TAKKE BJIMAIOT HAa CKOPOCTH IICPCAauu JaHHBIX.
HpI/I 9TOM H AHTHKOJUIM3HMOHHBIC aJI'OPUTMBI, U CKOPOCTH IICPCAadn JAHHBIX B
COBOKYIIHOCTH C CXEMaMU KOAUPOBAHUA U MOAYJIALIUN CYHICCTBCHHO OIIPCACIIAIOT
MOIIHOCTD HOTpe6J'ICHI/IH MCTKH, KOTOpasd, B CBOXO O4YCPC/b, BJIMACT HA AAJIbHOCTDb
HeﬁCTBHH cuctemel. U CKOPOCTh IIepcaavyn MAdaHHBIX, W AHTHUKOJIJIM3WMOHHLIC
AJITOPHUTMBI 0COOEHHO Ba)KHBI C TOYKH 3pCHUSA oOecrieucHus HAaOCKHOCTH CBA3U U
COBMCCTHMOCTH C PCTIIaMCHTAMU.

7.4. AnlnapaTHasi COBMECTHUMOCTD U CTAHAAPTU3ALMSA

Kak oTMmeuanoch BO BBeIECHUHU, IS NMpOABWKEHUA TexHoioruu RFID Ha
PBIHOK Ba)KHA DJICKTPOMArHUTHAsE COBMECTUMOCTh PETJIAMEHTOB Pa3IMYHbIX
aIMUHUCTpALlM M anmapatHas CcoBMeCTUMOCTh cucreM RFID pasmnunbix
Mpou3BoAUTENICH. BONpockl, KacarmIHMEcs PErjIaMEHTOB, Mbl PacCMaTPUBAIU
panee. Tenepp Mbl paCCMOTPUM HEKOTOPBIC BAXKHBIEC ACIEKThI, OTHOCSIIUECA K
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anraparHom  coBMeCTUMOCTH  Mmexnay  cucremamu  RFID  pasnuunbix
ITPOU3BOAUTEIIEH.

B o0meM, ¢ TOYkM 3peHUs CTaHAAPTU3ALMU BO3MOXKHBI JIBa MOJXOJA.
CucreMbl MOTYT OBITH JTMOO TOJHOCTHIO HECOBMECTUMBIMU B KOJIUPOBAHUH,
MOMYJIALINY, KOMaHJIaX U alrOpUTMaXx, JUOO MOJTHOCTHIO COBMECTUMBIMH.

B mo0om cimywae B Hacrosiiee BpeMsi MpeoOiagacT TEHICHIUS WU
PEKOMEHIYIOTCS CHCTEMBI, B KOTOPBIX CUMTHIBATEIh 3alpaliiBacT  METKY
nepBeiM (cuctembl RTF). Ilpu 3TOM B ciiyyae mpUHSATUS METKOM OIIMOOYHOTO
peIIeHMs, OHA TIEPEXOIUT B MACCHUBHOE (MOTYAIEe) COCTOSTHUE U aKTUBUPYETCSI
TOJIBKO TOTJA, KOI/Ia CYUTHIBATENIb TEHEPUPYET CIEIUAIbHYI0 CTapTOBYIO
KoMaHay. Ecimu cTapToBhle KOMaHIBl COBEPIICHHO pa3IM4Hbl M HHU3Ka
BEPOSITHOCTD CIIy4aliHOU (HEyMBIIICHHOW ) TreéHepaliKi 3TOM KOMaH bl WU cOO0s B
amnmapaTrype, MOXKHO HE OCCIOKOHTHCS I10 MOBOJAY HHTEPGEpPEHIIMH CHUTHAJIOB
MeToK. Ecim jxemarenbHO, 9TOOBI CUMTHIBATENb (DYHKIIMOHUPOBAJ C Pa3IMYHBIMU
TUMIAMH METOK, OH JOJDKEH OBITh IPHUCIIOCOOJICHHBIM JUIi pabOThI CO BCEMHU
BUJIAMU KOJUPOBAHUS, MOIYJISIIIUU U TPOTOKOIaMH. [I0JTHOCTHIO COBMECTHMBIE
CUCTEMBI JIOJDKHBI UMETh HJICHTHYHOE KOAUPOBAHHE, MOIYJIAINIO, AITOPUTMBI U
MIPOTOKOJIBI.

JlocTrKeHrne COBMECTUMOCTH WJIH, 110 CYIIECTBY, 00ECIeUEeHHE OTCYTCTBUS
UHTEeP(EPEHIINN CUTHAIIOB BO3MOXHO C MCMOJb30BAHUEM KaK COBMECTHUMBIX, TaK
U HECOBMECTUMBIX METOJIOB. HecoBMeCTUMBIE METOJIbI OCTAaBJSIOT IOJHYIO
CBOOOMY MPOEKTUPOBIIMKY, TOTJa KaK CO3MAIOTCS TPYAHOCTH JJISI KOHEYHOIO
noap3oBarteiisa. Eciim KOHEUHBIM I10Jb30BaTelb KejdaeT cuuThiBaTh MeTKH RFID
pa3IUYHBIX TPOU3BOAUTENICH, OH JOJDKEH YCTAHABIWMBATh CUMTBHIBATENIM C
Pa3IMYHBIMU CXE€MaMH M TPOTOKOJIAMHU. DTO 0Oojiee JOPOrod MyTh, KOTOPBIH
UMEeT MpEeuMyIlecTBa B 0Opa0OTKE CHUTHAJIOB M TMO3BOJISET M30€KaTh MHOTHUX
npobJjieM COBMECTHMMOCTH. bojiee TOro, HEKOTOpble KOHEYHBIC ITI0JIb30BATEIIN
MPENOYNTAIOT HCIOJb30BaTh METKH OMNPEACICHHBIX Mpou3BoAuTENIehH. B sTOM
CMBICIIC HECOBMECTUMOCTh TO3BOJIIET W30ekaTh MHOTHX TpoOiem. B To ke
BpeMsl amnmapaTHas COBMECTHUMOCTH JUIsi KOHEUHOr'O TMOJIb30BaTels 00€CIeUnBaeT
HEJIOPOro€ U IMPOCTOE PEIICHHE, OJIHAKO JJIsI MPOCKTUPOBIIUKA amnmnapaTypbl
OKa3bIBaeTcs Hanbosee cloKHOU nmpobdsaeMoit. [Ipu 3Tom mpoctop 11 MHHOBaUUA
OTPaHUYCH, U KOHKYPEHIIUs, KoTopasi oOecrneunBaeT TEXHUYECKUM Mporpecc u
CHIKEHHME CTOMMOCTH amlmapaTypbl, CYIIIECTBEHHO 3aTPy/IHEHA.

JlpyruM Ba)KHBIM MAPaMETPOM, CBSI3aHHBIM C COBMECTHUMOCTBIO, SIBISETCA
pabouas Hecymas dyactota anmapatypsl RFID. OueBuaHo, YTO MeETKH,
paboTarolire Ha pa3IMyHbIX YACTOTAX, MOJHOCTHIO OPTOTOHAIBHBI U BEPOSITHOCTD
UHTEPPEPEHIIMM UX CHUTHAJIOB MPAKTHYECKH OTCYTCTBYeT. JlJIi KOHEUYHBIX
IIOJIb30BATEIIE, OJHAKO, JKEIIAHWE CUMUTBHIBATH METKM HA PA3JIMYHBIX YacTOTaX
MPUBOJUT K HEOOXOAMMOCTH UMETh COOTBETCTBYIOIIHME PA3IUYHbIC CUUTHIBATEIIN
U aHTeHHbl. CyllecTBYeT TEHIEHLHUs MPEANUChIBATh B CTaHAApTaX pa3iNYHbIC
HECYIIME YacTOThl, OJIHAKO JTO KpallHe HexemnarenbHo. [loBeneHue
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JIEKTPOMArHUTHBIX IIOJIEH M BOJIH Ha PA3JIMYHBIX 4acTOTaX M B PA3IUYHBIX
IPUMEHEHUSAX OYeHb HEOJAMHAaKOBO. KOHKpeTHas 4acToTa MOXKET ObITh UAEaJIbHO
NOAXOJALIEN B OTHOM NPUMEHEHUH U HENTPUEMIIEMON B APYTOM, XOTS M IIOXO0XKEM
IpUMEHEHUU. B TO ke Bpems Apyras 4acTora B TaKOM CIIy4ae OKaXeTCs
noaxoxsamen. [IpopeneHre OnbITHOM IPOBEPKU OCTAECTCS BAXKHOW ONEpalUE MIpU
OnpeeeHN OBEACHUS CUCTEM Ha Pa3JIMYHBIX YacTOTaX. BrIOOp eMHCTBEHHON
YaCTOThl AK€ NI €IMHCTBEHHOTO IPUMEHEHHMS MOXKET OKa3aThbCs HEYAa4YHbIM
pemieHreM. KOHKpETHBI BBIOOp YacTOTHI ammapaTypbl OCYIIECTBISETCA Ha
OCHOBE IIPAaKTUYECKON IpPOBEpKU mpuMeHeHus cucreMbl RFID B peanpHOU
CUTYalUU.

B mo6oM cMbicie  cTaHaapTu3alMs B BONpocax — OOecredeHHs
COBMECTUMOCTH SIBJISICTCSI UyBCTBUTEJIBHBIM (DAaKTOPOM M MOXET MPUBOJIUTH K
CEpbE3HOMY BIIMSHUKO Ha TEeXHMYeCKUM mnporpecc TexHonoruu RFID.
JlocT)keHMe COBMECTMMOCTH 32 CUET MCIIOJNBb30BAHUA METOJA IOJHOMN
HecoBMeCcTUMOCTH B cucreMax RTF 1 mmoaHOCTBhIO OpTOrOHaJbHBIMU CTAPTOBBIMHU
KOMaHJIaMH OCTAaE€TCs PEATbHBIM MOAXOJO0M. BO3MOXHO TakKe HCHOJIb30BaHUE
MEeTOJa MOJHOM COBMeCTUMOCTH. OJHOBPEMEHHO MOTYT HCIOJIb30BaThCsl 00a
METOJ]a, OCTaBJIsIsl MPABO BBIOOPA MPOU3BOAUTENIO allapaTypbl WIHM KOHEUHOMY
noyib3oBaTento. Tak Kak Jro0asi paboyas 4YacToTa B KaKIOM KOHKPETHOM
NPUMEHEHUH UWMEET CBOM COOCTBEHHBIE TMPEUMYIIECTBA M HEJAOCTATKH,
YHUBEPCAJIBHOTO PEIICHUSI B BHUJE Ha3HAUCHUS KaKOW-TMOO OJHOM Hecylieu
yacToThl 11 annaparypsl RFID He cyiecTByer.

7.5. Pe3lome

B aToli rnmaBe MBI pacCMOTpEnd, KaK Ba)KHEWIIHME IMAPAMETPBl CHUCTEMBI
OTpaHUYEHbl OCOOEHHOCTSMHU  3JEKTPOJAUHAMUKH, CBS3bIO, pErjaMeHTaMH,
anmapaTHbBIM IIPOCKTUPOBAHMEM M IIPOTOKOJAMM KOMaHA. MBI yBUIEIH, 4YTO
TEXHUYECKUE XapaKTEPUCTUKU anmnaparypsl NPsAMO HIM KOCBEHHO 3aBUCAT OT
byHIaMEHTANbHBIX OrpaHuYeHuil. MbI Takke pacCMOTpENIH 3aBHUCHUMOCTH
TEXHUYECKUX XapaKTEPUCTUK U OTPAHUYCHHUI B 3aBUCUMOCTU KOH(PUTYpALMH U OT
ycinoBuid mpumeHeHus: cucteM RFID. Ilpu npoekTupoBaHuM METOK U pa3paboTKe
CTaHJApPTOB OYEBUIHA BBICOKASl CTENEHb B3aWMOCBS3M MEXAY TEXHUYECKUMU
XapaKTEpPUCTUKAMU allapaTypbl, OrpaHUYEHUSIMH, KOHPUTYypaIeil CUCTEMBI U €€
KOHKPETHBIM IIPUMEHEHUEM.
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T'naea 8

3aKJII0YeHne

8.1. 3akiouenue

[TocneaHue roapl XapakTepU3yOTCsI OTPOMHBIM MOTEHIIMAIIOM PACIIUPEHHS
paznuuHbIX cep npumenenust cucteM RFID, a peanmzanmst sToro moteHrmama
TpeOyeT CHIKEHUs UX cTouMocTi. OTHOBPEMEHHO MPOBOJUTCS OOJbIas padoTa
no pa3paboTKe MEXIYHAPOJIHBIX M HAIMOHAIBHBIX CTAHIAPTOB TEXHOJIOTUU
RFID. Vxe cymectByromue CTaHAapTbl OXBATBIBAIOT PsJ NPUMEHEHHU OT
UJEeHTU(PUKAIINY KUBOTHBIX J0 UJICHTHU(UKAIIMKY aBTOMOOMIIeH Ha aBTOTpaccax. B
HACTOSIIEE BpeMs TIpUiIararoTcs OOJbIIue YCUIUS 10 pa3padoTKe CTaHAAPTOB s
npuMmeHeHuss cucreM RFID B ynpaBiieHMM NOTOKaMHu IITYYHBIX TOBAapOB U B
TPaHCHOPTHOM Joructuke. [JoOanbHasi TEHIEHIUS MapKUPOBAHMS IITYYHBIX
TOBAapOB HU3KOM CTOMMOCTH HAJIAraeT XKECTKUE orpaHuyeHus Ha cucteMbl RFID.
31ech, KpoOME TEXHUYECKHUX XapaKTEPUCTHK, Ba)XHbI pa3Mephl U, OCOOEHHO,
CTOMMOCTb. AOGCOJIFOTHO HEOOX0AMMa HU3Kasi CTOUMOCTh METOK.

Jnis Toro 4yToOBbl pealn30BaTh HU3KYID CTOMMOCTH METOK, HEO0OXO0IUM
CIIELIMAJIBHBIM MOAXOJA MNPHU MNPOEKTUpPOBaHUU. [l npoBeneHUs TIPaMOTHOIO
IIPOCKTUPOBAHMS KpallHE BaXHO ITOHMMAHME OCHOBHBIX OIPAHUYEHUM CHUCTEM
RFID. OcHOBHBIE OrpaHHY€HUs TaCCUBHBIX MeTOK cucteM RFID 3akimrouarorcs B
00JaCTH 3JIEKTPOMArHeTu3Ma, B CBSI3M U B periiaMeHTax. B pgaHHOW paboTe Mbl
pPacCMOTpENH 3TU OrpaHuyeHrs. Mbl yBUIEIU, KaK 3TH OTPAHUYECHHUs BIMSAIOT HA
pa3mepbl, CTOMMOCTh M Ha TEXHUYECKHE XaPAKTEPUCTUKUA — JAJIbHOCTb JCHCTBHS,
OBICTPOJEHCTBUE, HAZIC)KHOCTD CBSI3U U COBMECTUMOCT.

Ha npumepe MeETOK HHU3KOM CTOMMOCTH BHUJIHO, YTO paclIUMpEeHUE
BO3MOKHOCTEM M yBEIMYEHUE O0bEMA HX BBIIYCKAa HPUBOJUT K CHIXKEHUIO
CTOMMOCTM U NPOJOJDKUTEIBHOCTM  BPEMEHHM  UX  HCIIOJIb30BaHUIA.
VY CoBepLIEHCTBOBAHNS W MHHOBALIMM MPHUBOJAT K MOBBIIIEHUIO 3(PPEKTUBHOCTH
IIPOU3BOJICTBA U CHWXEHUIO CTOMMOCTHU. bosee Toro, TEXHHYECKHM Iporpecc
BEpOSATHEE BCETO MPUBEAET K PaCIIMPEHHUI0 (YHKIMOHAJIbHBIX BO3MOXKHOCTEH:
BKJIIIOYEHHUIO METOK B COCTaB pa3IMYHBIX JAaTYMKOB W pEAIU3ALUUA JIPYyTUX
JOTIOIHUTENbHBIX (pyHKIMN. Kpome Toro, pacmupeHne BO3MOKXHOCTEH MpUBEACT
K pa3pabOTKe JOMOJHUTENbHBIX NpuMeHeHuil TtexHonmorun RFID, Bkimrouas
ONepaTUBHBIA  MH(MOPMAIIMOHHBI ~ MOHUTOPUHT  OO0BEKTOB.  lloBbIIeHME
aBTOMAaTHU3alUHA IPOLECCOB, B CBOI OYEpElb, NPUBEIET K IOBBIIIEHUIO HX
3¢ (PEKTUBHOCTU U POJYKTUBHOCTH.
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8.2. HanmpagByenusi Oyaymux pador v UccJael0BAaHUM

[Ipu aHanun3e OCHOBHBIX OTPAHUYEHUU M HACTOAIIETO YPOBHS pa3pabOTOK
annaparypsl RFID BeIsIBHIIOCH 0OJIBIIOE YHCIO HANpPABICHH OyAylux padoT u
uccinenoBannii. Kpatko paccMOTpUM HEKOTOPBIE U3 HUX.

Ms1 Bunenu, uto B maccuBHBIX cuctemax RFID, ocHOBHBIM dakTopom,
OTPaHUYHMBAIONIUM JATBHOCTD, SBJIICTCS MOIITHOCTH, KOTOPOM pacrojiaracT MeTKa.
XOTs JAIBHOCTh HE BO BCEX CIydasx SBISETCS aOCOJFOTHO TJIABHBIM (haKTOPOM,
TEM HE MEHEe, OHa BaKHA B OOJIBIIIOM 4YHCIIC MPUMEHEHUH. B HacTosmee BpeMs
UCTOYHUKOM HHEPrUd METKU SIBIISIETCA DIIEKTPOMArHUTHOE I0JIe, M3TydaeMoe
CUMTBIBATENIEM. XOTs YK€ U3BECTHBI TEXHOJIOTHH, KOTOPBIE U3BJICKAIOT SHEPIHIO
U3 OKpyXarllel cpenbpl — «dHeprocobuparomue (energy harvesting)»
TEXHOJIOTUU. ITU TEXHOJIOTHU MOTYT YCTPAHUTh YHEPreTUUECKOE OTPAaHUYCHUE U
YBEJIUYUTh JAIbHOCTh, TOTJIda OTPAHUYHMBAIOIUM (DAKTOPOM MATBHOCTH CTAHET
YYBCTBUTEIBHOCTh CUUTHIBATENII — TMPUEMHHKA HWHGOPMAIIMOHHOTO CHUTHAJa
MeTkH. B HacTosmee BpeMs oOCHOBHAsI paboTa IPOBOIUTCS B 00JIACTH peah3aIiuu
HSHEPrOCOOUPAIOIINX TEXHOJIOTHUH.

VYxe pazpaboransi MEMS mnpeoOpaszoBarenu, KOTOpbIe MpeoOpasyioT
BUOpAIMIO B D3JIEKTPUYECKYIO SHEPIulo, MOKa3aHbl 00pa3ibl 00yBH, KOTOpas
U3BJICKACT SHEPrHI0 MNpU XOJAb0E TMEIIKOM U CO3/aHbl HHTETPUPOBAHHbBIC
YCTPOMCTBA, KOTOpbIE MPEoOpa3yloT PACCESIHHYIO TEIUIOBYIO B 3JIEKTPUUYECKYIO
sHepruto [67, 82, 83]. Metku RFID MoryT ncnosib30BaTh aHAJIOTUYHBIE PEIICHUS
U YIYYIIUTh CBOU MapaMEeTpPhl 3a CUET HUCIIOIb30BAHUS OKPYKAIOIIEH pacCcesHHON
AIIEKTPOMArHUTHOM SHEPTHH.

3acityKuBaroT BHUMAaHUs BOITPOCHI ANEKTPOANHAMHUYECKOTO
npoektupoBanus cucteM RFID nmns cnenmduyeckux ycinoBuii sKcrutyaranuu. B
JIOTUCTUYECKUX U APYTHX KOHKPETHBIX NPUMEHEHUAX, KaK IPABUIIO, UMEETCS
OOJBIIIOE  YHWCIO OKpYXaromux mpeaMeToB. OKpyKawoliue TPOBOISIINE
MPEIMEThl MOTYT BBI3bIBATH BapUALMIO TOJISI W JIMATPAMM HANPaBICHHOCTU H
MIOTOMY CYIIECTBEHHO BJIMUATh HA TEXHUYECKUE XAPAKTCPUCTUKHU aANNapaTyphl.
[TpoexTrpoBaHNE aHTEHH JOMYyCKaeT OOJbIIOE pa3HOOOpa3ne peleHui, Mo3TOMY
3J1eCh KOHEYHO HEOOX0IMMO MPOBEJICHUE UCCIIET0BAHMM.

HecmoTpst HA TO, UTO K HACTOAIIEMY BPEMEHHM JOCTUTHYT CYUIECTBEHHBIN
nporpecc B 00JlacTH pa3pabOTKU M ONTUMHU3AIMU KaHalla Tepeaadyd JaHHBIX,
OJIHAKO B YaCTU KOJAMPOBAHUS M MOAYJSIMU CHUTHAjla OCTaeTcs eile OoJblioe
MoJIe JAEATEIbHOCTU. B pa3inuyHbIX CTpaHaX UMEKOTCS OTIWYUSA B OTPAHUYEHUAX
HIMPUHBI CIEKTPAa U HANPSHKEHHOCTH MOJS B PA3IMYHBIX AUANA30HAX HECYIIHX
gactoT. s ontummsanuu cuctem RFID HeoOxomuMo mpoBeneHue paboT Mo
MEKyHApPOJIHOW TApMOHM3ALUK CIIEKTPa, & TAKXKE MO UCCIEAOBAHUIO BOIPOCOB
KOJUPOBAHMS, MOAYJSAIMU U (unbTpanuu curHaioB. Kpome Toro, HEoOXoaum
nporpecc B obmactu mpoektupoBanus Hepoporux FSK u PSK nerexkropos; Takke
OyIyT TOJIC3HBI YIYYIICHHUS W B TeHEpaTopHOW cxemoTexHuke. llemecooOpazno
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NMpOBEJICHHE  Pa3pabOTOK  HOBBIX  AHTUKOJIM3MOHHBIX  aJITOPUTMOB B
MIPOCTPAHCTBEHHOM M YaCTOTHOM 00J1acTsIX.

HeoOxogmmo mpoBeneHHe WCCIENOBaHUN B OO0JACTH HWCIIOJIB30BAHUS
HOBEHUIINX JOCTH)KCHUI B aHTCHHOW TEXHUKE. MHOTOO0OCIIAOIINM MOXKET OBITh
UCIIOJIb30BaHUE (paKTATBbHBIX aHTEHH, TaK Kak »3TO MOXKET O00eCleuuTh
YMEHbIIIEHUE Ta0apuTOB METOK B COYETAHWU C BBICOKUMU TEXHUUYECKUMU
xapaktepuctukamu [84]. JlomkHbl ObITh MPOBEAECHBI UCCIIEIOBAHUSA, KACAIOIINUEC
UCIIOIb30BaHUsI OOBEKTOB CO BCTPOEHHBIMH METKaMH. YTAaKOBKA HEKOTOPBIX
00BEKTOB MOKET MCIOJIb30BAThCS B KaU€CTBE MHTETPUPOBAHHOM aHTEHHBI METKHU
WIM B KQYECTBE HAKOMUTEI YHEPTUU. Takke JOHKHBI ObITh pa3padoTaHbl HOBBIE
IIPOU3BOICTBEHHBIE TEXHOJIOTMH, KOTOPBIE MO3BOJIAT 00ECIEYUTh U3TOTOBIICHUE U
cOOpPKY MHTETrPUPOBAHHBIX METOK, KOTOPBIE COCTOST U3 AHTEHHBI U JIIEKTPOHHOTO
YuIa.

I[OJ'DKHBI OBITH HCCJICAOBAHbI BO3MOXHOCTH pPCalIn3alluu OCCUHMIIOBBIX
MCTOK, CO3JaHHUIO KOTOPBIX B HACTOAIICC BPCMA YIACIACTCA 00JIBIIIOE BHUMAaHUE.
OcoOnIi HHTCPCC BBI3BIBAKOT HMCCIICIOBAHUS, KAaCAOMIMUCCS JAJIbHOCTH, IMAMATH U
AHTHUKOJINIM3MOHHBIM BO3MOXKHOCTAM TaKHNX MCTOK.

XOTd OCHOBHOE€ BHUMAaHHME JaHHOM pPabOTHI COCPEAOTOYEHO HA METKE,
TaKke 0O0JIBIION 00BEM UCCIEAOBAaHUNA HEOOXOAUMO MPOBECTH MO CUUTHIBATEIISIM.
Oco0eHHO 93TO KacaeTcs pacCMOTPEHHUS KOJUTM3MOHHBIX CUTYyallUd MEXIy
CUMTBIBATENSAMU. M3-3a yBEIIMUEHUS KOJIMYECTBA IJIOTHOCTDh cunuThiBarened RFID
BO3pAaCTaeT U, COOTBETCTBEHHO, BO3PACTAET BEPOSITHOCTh UX B3aUMOBIIMSHUA APYT
Ha Jpyra. Takoe IOMEXOBOE€ B3aMMHOE BIMAHUE MEXKIY CUUTHIBATEISIMU
O0COOCHHO BpEIHO MPH HEOOXOJUMOCTH OOECIEUeHUs] BBICOKOW HaJIC)KHOCTU
CBSI3U MEX/ly METKAMH Y CUUTHIBATEIISIMU.

Takum o0pa3oM HOBbIE NPHUMEHEHUS W JOINOJIHUTEIbHbIE BO3MOXKHOCTH
texHosorun RFID cnocoGHBI cTUMYIMpPOBATH OOJIBIIOE YHMCIO HMHTEPECHBIX H
IPaKTHYECKU HEOOXOIMMBIX HccienoBaHuil. B GombIIoM 4uciie COBPEMEHHBIX U
OyAyuMx TOpUMEHEHUH OuYeHb TOJIE3HOM MOXeT ObITh  HMHTErpauus
UHPOPMAIIMOHHBIX JTaTYMKOB, K KOTOpPBIM OTHOcuTcs ammaparypa RFID, c
YCTPOMCTBAMH HCHOJIb30BAHUS PA3IUYHBIX BHJIOB JHEPIMHU, WIM IPU MOMOIIH
MEMS ycTpoiicTB, WM Npyu MOMOIIM APYruX, 0ojiee MPOCTHIX MAaTepUaIbHBIX
CTPYKTYp. MoOryT wucCCIeqoBaTbCsl HOBBIE NPUMEHEHMs, CBS3aHHBIE C
poboToTexHUKO W aBroMaruszamued. Ilpu  3ToM  aBTOMaTHyeckas
UACHTU(UKAIMS PAJIUOYACTOTHBIX METOK B COYETAaHWU C CETEBBIMU 0azamu
JaHHBIX OOECHEYNUT ONEPATUBHOE PACIIO3HABAHHWE OOBEKTOB HMH(OpPMALUM M,
COOTBETCTBEHHO,  YIIPABJICHUE  IIPOU3BOJICTBCHHBIMU  TE€XHOJIOTMYECKUMU
IIPOLIECCAMU.
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Ilpunoscenue 1
C.B. Kopnees

K Bonpocy o najgpbHocTu aeuicreusa cucrem RFID

OaauM u3 OCHOBHBIX mapaMmeTpoB cucteM RFID sBisercs mambHOCTBH
NEeNCcTBUA. B MHAYKTUBHBIX WJIM €MKOCTHBIX CHUCTEMax, (DYyHKIMOHHUPYIOUIUX B
OJMKHEN 30HE MOJIsA, JAIBHOCTh JEHCTBUS HEBBICOKA — OHA JOCTUTaeT €AMHUI] —
NECATKOB  CaHTUMETPOB. [IpuumHONM TOMY SBIETCA pPE3KOE  CHAJaHUE
HaIpPsDKEHHOCTH  DJIGKTPUYECKOro (oOpaTHas KyOudeckas 3aBUCUMOCTb) U
MarHuTHOro (oOpaTHasi KBaJpaTH4yHasi 3aBHCHUMOCTb) IOJEM C pacCTOSHHUEM B
COBOKYITHOCTH C HEOOXOJUMOCTBIO COONIOAICHHUS CTPOTUX TpeOoBaHUM 1O
3JIEKTPOMArHUTHOW COBMECTUMOCTH (PEIJIaMEHTOB) M CaHMTapHbIX HOpM. llpu
OTOM BO3MOXKHOCTH YBEJIWYEHHUs HAJIBHOCTH TAaKUX CHUCTEM IIPAKTUYECKU YiKE
VCYEPIIaHBI.

HanbHocth nevictBus cucteM RFID, dyHkmuonupyronmx B qanbHEl 30He
AJEKTPOMArHUTHOTO TIOJS B 3aBUCMMOCTH OT THUIIA METKM — YHWIIOBas WIIH
OecumnoBasi, MaCCUBHAS WM MOJYaKTUBHASI — MOXET COCTABIATh OT €AUHUIL JI0
necsiTkoB MeTpoB. [lo cpaBHeHHMIO ¢ cucTeMaMu OJMKHEH 30HBI JAITBHOCTH
yBEIIMYUBACTCS 3a CUET MeHee pe3koro  (JIMHEHHOro)  YMEHBIIEHUS
HaMpsHKEHHOCTH 3JIEKTPOMArHUTHOTO TIOJIS.

Kpome mnonoxurenbHoro 3d@dexra, yBeaudeHUWe ITalbHOCTH JACHCTBUS
MOXET TMPUBOJUTH K HEXKEIATEIbHbIM MOCIEACTBUSAM. Tak, B YacTHOCTH,
YBEIIMUEHUE JATbHOCTU ACHCTBUS MPUBOAUT K PACIIMPEHHUIO 30HBI CUUTHIBAHUSA
anmapatypbl M MOXET CHHUXaTh €€ OBICTPOJEHCTBUE H3-3a HEOOXOJIMMOCTH
paspenieHus: KOJUTM3Uid CUTHANIOB OT 0oJibloro yucia Metok. Kpome toro, moryt
MOSIBUTHCA ~ MPOOJIEMBI  DJIEKTPOMAarHUTHOM  COBMECTHMOCTH C  JIPYTUM
PaIMOdTIEKTPOHHBIM 000PYIOBAaHUEM, HAMpUMEp, C OJM3KO PaCHOJIOKECHHBIMU
cuntbiBatensiMu  apyrux cucrem RFID. CrnemoBarensHO T'paMOTHBIN BBIOOP
napaMeTpoB, BIHUSIONMX HA  JadbHOCTh  JEHUCTBUSI, MOXKET IOBBICUTH
s dexTuBHOCTH hyHKIIMOHUpOoBaHus cucteM RFID B memom.

1. DHepreruyeckoe U MOIYJISANOHHOE YPABHEHHS IATbHOCTH

PaccmoTpuM  3aBUCMMOCTH  JaJbHOCTH JICUCTBUSI Haubojiee MIMPOKO
pACIIPOCTPAHEHHOTO B MUPE THIIA almapaTypbl — ¢ COBMEIICHHON MPUEMHON U
NepeaaronIed aHTEHHOM CUMTBHIBATENA UM MACCUBHBIMU YHUIIOBBIMM METKAMHU OT

XapaKTEepPUCTUK M MapaMeTpoB 3TOW ammapaTypbl. [lanbHOCTh NEHCTBUSI TaKUX
CHCTEM OIUCHIBACTCS ABYMS ypaBHEHUsAMH [1].

©C.B. Kopmnees, 2005.
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[lepBoe W3 HUX, TaK Ha3bIBAEMOE <«DHEPreTHYECKOE» YpPaBHEHHE,
xapakTepusyet mnpsmyto JuHuio (forward line) — xaHanm MOCTaBKM SHEPTUU OT
CUMTHIBATENII K METKE, HEOOXOauMOH nisi oOecreueHuss HHEPrOmUTaHUs
aKTUBHBIX 3JIEMEHTOB YHIIA.

HNmeHHO 3TO ypaBHEHHE, KaK MPAaBUIIO, OTPAHUYMBAET JAIBHOCTD JEUCTBHUS
cucteMm RFID ¢ ynmmoBsIMu MeTKaMU:

Re=(kgP-Gg A, /47 8)", (1)

rae Rg — sHepreTuyeckas JadibHOCTh CUUTHIBAHUS METKH,
P — MomHOCTh reHepaTopa CUYUTHIBATEN A,
G — K02 (hpUIMEHT yCUIeHNs aHTEHHBI CAUTHIBATEII,
A, u § — >ddexTrBHAs MIOMAAL AHTEHHBI U YyBCTBUTEIBHOCTH METKH
COOTBETCTBEHHO,
kg — >HepreTuyeckuit KO3HPUIIUEHT.

B otnuuue ot u3BECTHOrO ypaBHEHHs paauocBszu B ¢opmyiny (1) BBeaeH
sHepreTnyeckuii KodpOUIUUEHT kg, DTOT KO3PPUIUEHT YUUTHIBAET COOTHOILICHHUE
MEXIy MOUIIHOCTBbIO CHUTHAJIa, IMOCTYMAIOIIe B HArpy3Ky aHTeHHbl (4uM), U
MOIIIHOCTBIO, KOTOpas MO NpUHIMITY neuctBus texHojorun RFID orpaxkaercs
METKOM W  HeceT uHpopmaiuo 00  uAeHTUPUIIUPYEeMOM  OOBEKTE.
UyBCTBUTENBHOCTH S SIBISETCS MOIIHOCTBIO HA BBIXOJE AHTEHHBI METKH, KOTOpast
rapaHTUPyeT MUHUMAJIBLHO HEOOXOJMMOE DHEPrONMUTAHHUE TOJICOSAMHEHHOTO K
AHTEHHE YWIIA.

Btopoe — «MomynsmmoHHOE» ypaBHEHHE, OMHCHIBAET OOPATHYIO JUHUIO
(reverse line), T.e. mpueM CUUTHIBATEIEM OTPAXKEHHOTO OT METKHA CHUTHANa,
MOIYJIHUPOBAHHOTO KOJIaMU UACHTU(HUKAIIMOHHOTO HOMEPA WA JaHHBIX METKH:

Ryu=[P -Gg- 2 -Ac/ (4n) Sk]", )

rae Ry — MOTyJISAIIMOHHAS TaIbHOCTh CUUTHIBAHUS METKH,
A — IIMHA 3JIEKTPOMAarHUTHOW BOJTHBI CUTHAJIA,
Ao = (Cpax — Omin) - Bapuanusi DI1P aHTeHHBI METKH,
Sz — pabouast YyBCTBUTEILHOCTh MIPUEMHHKA CUUTHIBATEIIS.

[TapaMeTphl Gyuy U Oy ABISIOTCS MAKCUMAIBHBIM M MUHUMAJIbHBIM 3HAUYCHUSIMU
OIIP, xoTopbie oOecneynBarOTCs BapHalleil Harpy3ku (Y4WioM) U MOAYJIsIuen
oOpaTHOro paccessHus aHTeHHbl MeTkH. Crnenuduka ypaBHEeHHS (2) COCTOUT B
ToM, 4TOo B TexHojioruu RFID omnepupyior ¢ Bapuanueir OIIP. HckiroueHue
npouecca moayisiuu JIIP (t1.e. Ao =0 u 6, = 0) IPUBOJUT ITO YPaBHEHUE K
TPaAUIIMOHHOMY BHJY YpaBHEHHS pajuosiokanuu. Pabouyas 4yBCTBUTEIHLHOCTH
CUMTHIBAaTENsI Sp YUYWUTHIBAET COOTHOIICHWUE CHUTHAI/IIYM, HEOOXOAMMOE s
JOCTWKEHUA  3aJJaHHOM  JIOCTOBEPHOCTH CUNUTBIBAHUSA (6e3o1n00YHOM
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uaeHTUUKAIMK) HOMepa MeTKH. Pacdersl mokassiBatoT, 4to st 100-OutHOTO
HOMEpA U JIOCTOBEPHOCTU cUuThIBaHUs MeTKHU 0,9999 cooTHoIeHne curHan/uym
OJKHO OBITH He MeHee 20 nb.

OHepreTuueckoe ypaBHeHHe (1) xapakTepu3yeT MaKCUMAJIbHYIO JAJIbHOCTh
nevcreus anmaparypsl RFID ¢ macCMBHBIMM YHIIOBBIMM METKAMM, KOTOpas
JNOCTUTaeTCs IIpU  yIVIOBOM M TOJSPU3ALMOHHOM COIVIACOBAHUM aHTECHH
CUMTBIBATENS U METKH, & TAKXKE IPU COIVIACOBAaHWY UMIEJAHCOB AHTEHHBI U YUIa
MEeTKH. MoaynsauuoHHOe YypaBHEHHE (2) XapaKTepu3yeT MAaKCUMAaJbHYIO
JNanbHOCTH AercTBus anmnaparypsl RFID ¢ monyakTuBHBIMU METKaMH, Y KOTOPBIX
HHEPronoTpedsieHne ynna o0ecneunBaeTcs EMEHTOM MUTAHNUS.

2. 3aBUCHMMOCTDb JATbHOCTH IeHCTBHA OT HECyIell YacTOThI

B mnacrosmee Bpemst TexHosnormu RFID B UHF w muxpoBosiHOBOM
Jana3oHax BbIICJICHBI paauodactorsl 433 MI'n, 860 — 960 MI'n, 2,45. ITu u
5,78 I'Tu. AHaiM3 TEXHUYECKHUX XapaKTEPUCTUK anmnapaTypbl pa3IddyHbIX
MIPOU3BOAUTENICH TMOKA3bIBAET, 4YTO MJAJbHOCTh €€ JIEUCTBUS CYIIECTBEHHO
pa3iuyaeTcs B 3aBUCHUMOCTH OT JiMana3oHa Hecymux 4acToT. C Lenplo Tydiien
OPUEHTAIIMM CUCTEMHBIX MHTETPATOPOB M KOHEYHBIX IMOJb30BATEIICH B MPOLECCE
BBIOOpA KOHKPETHOM ammaparypbl 1ejecoo0pa3HO pPacCMOTPETh 3aBUCUMOCTH
nanbHOCTH AenctBusA cucrteM RFID oT Hecymierd 4acToTbl WM JJIMHBI BOJIHBI
curHaia. /[yig 3Toro npuMeM JiBa Ipeanoa0KeHuUs :

— Ilapametrpsl P u Gy cuuthiBaTens OyneM cuuTaTh (PUKCUPOBAHHBIMU.
JlaHHOE€ TPEANoJIOKEHUE TMO3BOJISIET CPAaBHUBATH CUCTEMBI C  PABHBIMHU
DHEPreTUYECKUMU MMOTEHIMAIAMU U MPOCTPAHCTBEHHBIMU 30HAMU CUUTHIBAHUA.

— DddextuBnas mnomans A, u Bapuanus OIIP Ao  aHTEeHHBI METKHU
MPOIOPIHOHANBHBI KBAAPATy JUIMHBI BOJMHBI curHama A, T.e. A, ~ ki'A* u Ao ~
k2, tne kk u k, — KO3 PUIMEHTBI  TPOMOPIMOHATEHOCTH.  [laHHOE
IPEANOI0KEHNE CITPaBENIUBO B OOJIBIIMHCTBE MPAKTUYECKUX clTydaes [2, 3].

C yuetom 3Toro ypaBHeHus (1) u (2) MOKHO 3anucaTh B CIASAYIONIEM BUJC:
v
REz/I(kEPGR k1/47Z'S) ZN/’L,
R~ A 2 3 v
CrnenoBaTenbHO, MPU MPOYUX PABHBIX YCIOBUSX JATHHOCTH JACHCTBUS CUCTEM

PaaoYacTOTHOW MICHTU(DHUKAIIMN C MACCUBHBIMHU M TIOJYaKTUBHBIMU YUTIOBBIMU
METKaMH TMPUOIU3UTEIBHO MPONOPIMOHANbHA JIJTMHE BOJIHBI CUTHasa. Takoi
BBIBOJI COOTBETCTBYET JAaHHBIM W3 TEXHUYECKUX XaAPAKTEPUCTHUK amnmaparypsbl

pasnu4HbIX mpousBoauTenei: B auanazoHe 900 MI'm pganpHOCTH JEWCTBHUS
cocrapisier S...6 M, a B quamnaszone 2,45 [T — 1,5...2 M, pu 3TOM COOTHOLIEHHE
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JUIMH BOJIH JTHX JAuana3oHoB Omum3ko K 3. C TOUKM 3peHUs AOCTUKECHUS
MaKCUMaJIbHOW JAJIIbHOCTH MpeAanouTuTesieH auamna3od 433 MI'u. Ognako 31ech
i obecrieyeHUs] 3PGEKTUBHOCTH HIITYUCHHUS TPEOYIOTCS CIHUIIKOM OOJBIIHE
rabaputbl aHTeHH. KpoMe TOro, B CBSI3M C Majod IIUPUHON BBIAEICHHOTO
IUamna3oHa  9acTOT  MOTYT  BO3HHUKaTh  MHPOOJEMBI  3IEKTPOMArHUTHOM
coBMectuMOCcTH. [lo 3TMM mnpuuMHaM B HacTosIIee BpeMs HauOoJiblIee
pacnpoctpanenue HaxonaT cucremsl RFID UHF nuanmazona 860 — 960 MI 1.

3. 3aBHCHMOCTD JAJBbHOCTH IleﬁCTBHH oT I‘.]IyﬁI/IHbI MOAYJ/JIAAIUNA

['my6una moaymnsuun curHajia B cucteMax RFID He BbicTynmaer B kauecTBe
OCHOBHOWM TEXHUYECKOM XapaKTepUCTUKHU ammaparypbl. OTOT MapaMmeTp
burypupyer IuIlb B ONUCAHUSAX DPAAUOUHTEPPEHCOB — MPOTOKOJIIOB OOMEHA
KOMaHJaM{d W JIaHHBIMH MEXJy CUYHUThIBaTelieM U MeTkou. OpHako riayOuHa
MOJYJISIIIUU CUTHAJIA OTPEENSIeT BEIMUYMHY DHEPreTHUIEeCKOro Kodgduirenrta kg,
KOTOpBbIM, COrJacHo  ypaBHeHUIO (1), HEMOCpPEeICTBEHHO  BIMSET  Ha
HSHEPTeTUYECKYI0 NAIBHOCTh ACUCTBUS Ry cucteMbl. OT TIyOMHBI MOJIYJSIIUU
3aBUCUT U Ao — Bapuanusi OIIP aHTEHHBI METKH, YTO B COOTBETCTBUU C
dbopmyIoii (2) BIUSET Ha MOIYJISILIMOHHYIO TallbHOCTh JEHCTBUA R), anmaparypshl.
Kpome Toro, riyomHa MOAYJSIMU OMNpeAeseT IIMPUHY CHEKTpa CHUTHala,
KOTOPBIN SIBIISIETCS BAXKHBIM MapamMeTpoOM IMpU 00eCIeYeHUN aIMUHUCTPATHBHBIX
HOpPM 3JieKTpoMarHUTHOM coBmectumoct (OMC). IlpoBeneM paznenbHbIN
aHaJIU3 BIIMSHUS TIIYOMHBI aMIUTUTYTHOM MOAYJSIIMU CUTHAJa B MPSAMOMN JTMHUU
M; u B obpaTHOH nuHUM M, Ha nanbHOCTH JeiicTBus annaparypel RFID. Jlns
MPOBEJCHUS KOJMWYECTBEHHBIX OIIEHOK OYyJIeM HCIOJIb30BaTh MEXIyHApOIHbIN
crangapt ISO 18000-6, B KOTOpOM MOPEANKUCHIBAIOTCS HOMHHAJIbHBIE 3HAYCHUS
MIyOUHBI MOAYJISIIUM CUTHANAa B MpsMOM JIMHUM Jj1sl BapuaHta A — 30% u it
Bapuanta B — 15% wu 99%.

B npsmoii nunum M, sBIISE€TCA IMapaMeTpOM CHUIHAlla CYUThIBaTens. Ero
BEJIMUMHA MOXXET U3MEHAThCS B mnpenenax or 0 go 100%. Moxno noka3zats [1],
9710 KO3(UITMEHT kg CBS3aH C TIIyOMHON MOAYJIAIIMU 3aBUCUMOCTBIO:

ke =[(1—Mpy* + Q- M;’], €)

Tac Q — CKBaAXHOCTH KOAOBOI'O CMI'HAJIA.

Ha pwuc.l. nokazana 3aBucumocth Kod(duimenta kg OT TIyOUHBI
MOIYJISLUMHA My 1l pa3nu4HbIX 3HaYeHUN (.
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Puc.1. 3aBucumoctb k03¢ dunmeHTa kg OT ryOuHBI MOAYJIAUUH M.

Cormacio ISO18000 BBIOOp KOHKPETHOTO 3HAYEHHsSI CKBa)KHOCTU
MOJIyJIUPYIOIIEr0 CHUTHajda OCTAaeTCA 3a HAIMOHAJIbHBIMU aJMHUHUCTPALUIMH,
OJIHAKO MPAKTHYECKH YJIOOHO HCMOib30BaTh koaupoBanue ¢ Q = 0,5. Ilpu
MPOU3BOJILHON TiTyOuHe Moayisiiuu U Q = 0,5 sHepreTudeckuit KodhPuimenT kg
paBeH:

ke=1-2M; +1,5M". (4)

W3 paccmoTpenus puc.l BUIHO, YTO B 3TOM Clly4dae kr MUHHMAJICH pu My
= 0,65 u cornacHo ypaBHeHHIO (1) mpUMeHeHUEe MOIYJSALUU TaKOW TIIyOUHBI C
TOYKH 3PEHUS DHEProoOeceyeHus: METKH HauMeHee BbIrogHo. Ilpu Benuuune M,
= 1, cootBerctBytomeit moayssauuun OOK, kotopas peanuzyercs B OOJbLUINHCTBE
cucrteM RFID, kz=0,5.

Tenepb 0OpaTuMcs K ypaBHEHUIO MOAYJISIMOHHON AaIbHOCTH (2). M0OXHO
nokaszars [ 1], uro Bapuanus 1P Ao = 6, - M, 2, rae M, — riiyOuHa MOyJISIIUN
CUTHAJIa Ha BXOJE AHTEHHBbl METKU. Torjga JalnbHOCTh CUMTHIBAHUS IMACCHUBHBIX
METOK B B 00paTtHOM uHUM cucteMbl RFID npumMer cneayrommii BUa:

Ry=1[P- Gp* A Cpar M> I(47) - Sk1". (5)

Taxke MOXHO TIOKa3aTh [5], 4YTO MNpU MAHUMYJAIUH AKTUBHBIMU
UMIIEIaHCaMU B Harpy3ke moJIyBoJHOBOro BuOpatopa Ao < 0,756, T.C.
MaKCUMAaJIbHO JOCTIKUMAs TyOrHa aMIUTUTYTHOM MOAYJISAUUUA M, 0 = (0,75)0’5
~ (0,866.

Pacuer mo ¢opmymam (1) u (2) nansg TUNWYHBIX 3HAYEHUN TapaMeTpOB
cTarmoHapHoro cuuthiBarens B auamna3zoHe 900 Ml (P =1 BT, Gy =4, 41 =30
cM, Sg = — 100 abBT, kz = 0,5) u METOK ¢ aHTEHHBIMU B BHJI€ MOJIYBOJHOBBIX
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. 2 2
munonet (4, = 0,01 m°, 40 = 0,06 m", S = 30 MkBT) no3BOJSET MOIYYUTH
CIEIYIOIINE OLEHKH JaJTbHOCTHU: SHEPreTUUecKasl NalbHOCTh Ry = 7 METpOB, a
MOJYJISIUMOHHAS TAIBHOCTh Ry, = 25 METPOB.

Takum o0pa3zom s TpaMOTHOrO NpoeKTHpoBaHusg anmaparypsl RFID
HEOOXOJMMO ONEepUpoBaTh JABYMs MapaMeTpaMud — DHEPreTHYeCKOd U
MOIYJISALMOHHON JNAJIBHOCTBIO. IIpM 3TOM HanbHOCTH JEUCTBUSL CUCTEM C
NOJIyaKTUBHBIMU METKaMU CYILIECTBEHHO OOJIbLIE AAJIbHOCTU ACHCTBUS CUCTEM C
[IaCCUBHBIMU MeTKamu. [loBblllIeHHE NATBbHOCTH, OJHAKO, JAOCTUIaeTCs 3a CYeT
YCIIO)KHEHUS, YIOPOKaHHUS M COKpAllleHUs CpoKa CIaykO0bl MeTku. VMeHHO
[I09TOMY MAaCCUBHbIE METKHM B HACTOsIIEE BpPEMsS HAaXOJAT 3HAUYMUTEIBHO Oolee
IUPOKOE IIPUMEHEHUE.

4. OmnpejaesieHne TEXHUYECKUX MAPAMETPOB aNNapaTrypsbl

Ucnons3oBanue ypaBHeHuit (1) — (5) mo3BoJisieT B mpoliecce MPOeKTUPOBAHUS
ONpPENENATh  TEXHMYECKHE  mapaMmerpbl  anmaparypsl  RFID,  koropsle
obecrneunBaOT HEOOXOUMYIO TalIbHOCTD JICUCTBUSI.

IlepBbiM HEOOXOAMMBIM YCIOBHEM JOCTHKEHUS 3aJaHHOM JadbHOCTH R
nericteus anmaparypbl RFID ¢ maccMBHBIMM UYMIOBBIMM METKaMU  SIBJISIETCS
BBIOOpD MapaMeTpoB, COOTBETCTBYIOUIMX AHEpPreTnyeckoMy ypaBHeHuto (1).
[IpoekTtupoBanue cuUMTBIBATENs, B peE3yJIbTaT€ KOTOPOrO  OIPEACISIOTCS
napametpsl A, P,Ggr 1 Sp, Majuo OoTauU4aercs OT MPOEKTHUPOBAHUS OOBIYHBIX
IPUEMHBIX W MEPENAIONIMX YCTPOUCTB. M3-3a TEXHUYECKHX M CTOMMOCTHBIX
OTpaHUYCHUI HAanOOJee CI0KHOM 3a/1aueil ABISCTCS MPOSKTUPOBAHUE METKH (T.¢€.
onpejeneHue napameTpoB A,, S u Ao). Ilockonbky S — MUHMMalIbHAsT paboyas
YyBCTBUTEJIBHOCTh UMM, OIpEAeJIEHA €ro MPOU3BOAUTEISAMH, a YHUCIO
npousBogurenie B mupe unnoB UHF nuamaszona kpaliHe HEBEIMKO, B MEPBYIO
odepelb IPOCKTUPOBAHUE METKH CBOJIUTCS K IPOECKTUPOBAHUIO €€ aHTEHHBI C
HeoOxoaumon 3 pexTuBHON TIomAaRI0 A, 1 Bapuarueit JIIP A o.

Ha ocHoBanuu ypaBHenus (1) mepBoe ycioBue obecriedeHus R > Ry MOXHO
3amnucarh CIEIYIONIIM 00pa3oM:

A, >4 R*S / kp PGy. (6)

Boob6mie Oe3pasmepnas BenmuumHa (S/P - Ggi) MOXET  SBIATHCS
WHTETPAIbHBIM ~ TTapaMeTpOM,  KOTOpBIM  Xapakrepu3yeT  d()QPeKTUBHOCTH
ammapaTypsl B IIEJIOM M 1O KOTOPOMY MOXXHO cpaBHHBaTh cucteMbl RFID ¢
MACCUBHBIMU METKAMH PA3JIMYHBIX TPOU3BOAUTEIICH.

JansHocTh gevictBusi cucteM RFID ¢ maccuBHBIMEM METKaMH, OJHAKO,
3aBHCUT HE TOJIbKO OT oOecreueHusi sHepronutanus uuna. llpu cHuxeHUH
YyBCTBUTENBHOCTH NpHUEMHUKA Sp niau Bapuauuu OIIP Merkm Ao BO3HHMKaer
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cutyauus, xkorma Ry < Rp. B 3TOM cilyyae ManbHOCTb NEWCTBUS CUCTEMBI C
MaCCUBHOM METKOM OyJeT onpenensaThCsi MOAYJISIIMOHHBIM YpaBHEHUEM (2).

Torga, npupaBHSB npaBble yacTu ypaBHeHudl (1) m (2), ana cucrem, y
KOTOPBIX aHTEHHA METKa SIBJSETCS IMOJIYBOJHOBBIM JAMIIOIEM, MOJYYUM BTOPOE
yCJI0BHE 0OecTieUeHUS 3aJaHHON TAIBHOCTH R > Ry = Rj :

Ao > ki P-Sgd, Gp /S?, (7)
rac GD — YCHUJICHUC ITOJTYBOJIHOBOT'O JHIIOJIA.

B pesynbrare, ucxons w3 3aJaHHOM JAIbHOCTH ACWUCTBHS R W W3BECTHBIX
napametpoB anmnapatypsl (4, P, Gg , Sgu S), MOXKHO ONPEACTUTH JBA OCHOBHBIX
napamerpa MeTku: 4, U Ao — >ddexTuBHy0 TUIomMAank W Bapuanuo OIIP ee
AHTEHHBI COOTBETCTBEHHO.

Takum oOpa3oM, WHCMOIB30BAaHUE JBYX YPaBHEHHUH PaIUOYacCTOTHOMN
uACHTUUKAIIMK TI03BOJIIET o0ecnedynTh mpoekthupoBanue cucreM RFID ¢
MMACCUBHBIMU U MOJYaKTUBHBIMU METKAMU JIJI PA3JIUYHBIX YCIOBUN MPUMEHEHUS.
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Ilpunoscenue 2

Cucrembl RFID ¢ ucnosib30BaHueM HeiipOHHBIX ceTel

Jlo HacTosIero BpEeMEHW MpoOJieMa pa3pelIeHrs KOJUIM3UI CHUTHAJIOB
METOK, KOTOpPbIE OJIHOBPEMEHHO HAXOJATCSI B MOJIE CUATHIBAHUS (KOJUTM3UOHHBIN
apOUTpax), OocTaeTcsli 4Ype3BbIYaHO akTyaidbHOH. [IpakThuecku Bce W3BECTHBIC
AHTUKOJUTU3UOHHBIC ~ QJITOPUTMBI  pPEaJM30BaHbl BO BPEMEHHOM  OOJACTH.
HezaBucumo o1 wucnonab3dyembix MetooB U mpoTokosnioB (RTF wumu TTF,
OWMHaApHBIE WM BEPOATHOCTHBIC, OINpeJeJeHHbIE HanbojJee COBPEMEHHBIM
MpOTOKOJIOM B MexayHapoaHoMm crtangapte ISO 18000-6) Takue anropuTMmbl
MPUBOJAT K YCIIOKHEHHUIO W, CIEAOBATEIbHO, YAOPOXKAHUIO METKH, a TAKKE K
CHIDKEHHIO OBICTPOJICHCTBUS U NalbHOCTU JeicTBUA cucteM RFID ¢ maccuBHbIMU
MeTkamu. bonee Toro, B 3TOM ciiydae aOCOJNIOTHO HEpa3pelIuMoil SBISETCS
3a/ladya KOJUIM3MOHHOTO apOuTpaka CHTHAJOB B CHUCTEMax C OECUHMIIOBBIMU
METKaMH{, HW3TOTOBJIEHHBIMU, B YAaCTHOCTH, C UCIIOJIb30BAHUEM TEXHOJIOTUU
MOBEPXHOCTHBIX aKycTuueckux BoiH (ITAB). B To ke BpeMs GecuurioBbie METKU
NEPCIEKTUBHBl H3-32 TOTCHIMAIbHO HHU3KOM CTOMMOCTH W BO3MOXHOCTHU
oOecrieyeHusl MOBBILIEHHOW AAIBHOCTH JedcTBUA cucTembl. Kpome toro, ITAB
METKM 00JIaJalo0T HECOMHEHHBIM TMPEUMYIIECTBOM B  4YacTH  BBICOKOHU
YCTOMYMBOCTH K JKCIUTyaTallMOHHBIM BO3JEUCTBUSIM (TeMmImepaTypa, paauaius,
3JIEKTPOMArHUTHbIC MO U T.J1.).

B 5Tol CBs3M Upe3BbIYANiHO aKTyalbHO MOSIBJICHUE MEPCIEKTUBBI PEIICHUS
npoOieMbl KOJUIM3MOHHOTO apOUTpa)ka C HCIHOJIb30BAHUEM HEWPOCETEBBIX
anroput™MoB. s WUIIOCTpalMy IJIOJAOTBOPHOCTHM TAaKOro TMOAXOJA HUXKE
NPUBOIUTCA TepeBoa crtaThu aBTOpoB Y. Deville, J. Damour, N. Charkani.
"Multi-tag radio-frequency identification systems based on new blind source
separation neural networks". Neurocomputing, #49 (2002), 369— 388. Hayunoe
peaaKTUpOBaHUE TIEPEBOJIA BBITIOJIHEHO A.T.H. ipod. A.W. ["anmymkuHbIM.

Y. Deville, J. Damour, N. Charkani.

CucreMbl pagMo4acTOTHOM HMACHTH(MKAIMH MHOKECTBA METOK HAa OCHOBeE
HOBOI'0 CJICNIOT0 MeTOJAa pa3JejeHUus] HCTOYHMKOB € MCIOJb30BaHUEM
HEeHPOHHBIX ceTeH

AHHOTALUA

B noBcegHEBHBIX NPUMEHEHMSIX NpHU HACHTUPUKAUUU OOBEKTOB HIIU
JIOJEH  DJIEKTPOHHBIE CHCTEMbl HWHTEHCHUBHO BBITECHSIOT MEXaHUYECKUE
YCTPONCTBA WJIU PYYHBIEC OTIEPALIIH.

© Y. Deville, J. Damour, N. Charkani, 2002
©C.B. Kopnees, nepeBoj Ha pycckuii s3bIK, 2005
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B Hacrosiiee Bpemsi HanOolsiee MPEANOUYTUTENBHBIMU SIBISIFOTCSI CHCTEMBI
OECKOHTAaKTHOM paAMovYacTOTHOM UACHTU(DUKALMKU, OJHAKO B 3TOM Cllyyae
UMEIOTCS TPYAHOCTH TPU OJHOBPEMEHHON 00pabOTKe CHUTHAJIOB HECKOJBKHX
o0bekTOB. B maHHON paboTe OMHMCHIBAETCS pEIIEHUE JTOH MPOOJIEMBI,
OCHOBAaHHO€ Ha TEXHOJIOTUU CIIETOT0 pa3/eieHHs] UCTOYHUKOB. D(PPEeKTUBHOCTD
TAKOTO TOJXOJa MPOJEMOHCTPUPOBAHA IKCIEPUMEHTAIBHO C HCIIOIh30BAaHHEM
anmnapaTypbl, peaJu3yoIieil MpeIoKeHHYI0 CUCTEMY C IPUMEHEHUEM 1ITu(poBOr
00paboOTKM cUTHaNIa B peajbHOM MacwTtabe BpeMeHu. [IpoBeneHo cpaBHEHUE
pa3IMYHBIX CIIOCOOOB pa3fefieHus] MPU TMOMOIIM HEHPOHHBIX CETe, a TaKxKe
MOKa3aHO, YTO HamOoJiee MPUBJICKATEIbHBI HEAABHO MPEIIOKCHHBIC PEIICHHUS,
Onmaromapsi UX MPOCTOTE, XOPOIIUM XapaKTePUCTHKAM U CaMOHOPMHPYIOIIEMYCS
(T.€. aBTOMaTH4YECKOMY) (DYHKITMOHUPOBAHUIO.

1. BBenenue

Bo MHOTUX peanbHbIX CUTyalUsIX HEOOXOUMO UACHTHU(PHUIINPOBATH JIIOIEH,
KUBOTHBIX WJIM HHbIE OOBEKTHl. TUNMYHBIMU MHPUMEPAMH  SIBISIOTCA
uAeHTU(UKAIMS Biaaeiblla aBTOMOOWJIS Tepel 3alyCKOM €ro JBHraTels,
OrpaHUYeHHE JOCTyIa B ONPEICICHHbIE TEPPUTOPUU, UACHTU(UKAIIUS POraToro
CKOTa WJM KOHTPOJIb MOTOKA MPOU3BOJAMMON MPOAYKIMU Ha MpeanpusaTusx. B
IPOLIOM ISl peajii3alii TaKuX 3a]1a4 UCIOJIb30BAIMCH MOIXO0/Ibl, B OCHOBHOM C
IPUMEHEHUEM MEXAaHMYECKMX YCTPOWCTB (TaKMX Kak KIIOYM JUIs 3alyckKa
aBTOMOOMJIBHBIX [JBUTATeC) WM ONepaluil ¢ HCIOJIb30BAHMEM JroJel (T.e.
BU3YaJIbHBIN KOHTPOJIb JIFOAEH, POraToro CKOTa Wid NPOAYKLHU B IPUBEAECHHBIX
BbIlLIE NpuMepax). Takue MOAXOAbl HWHTEHCUBHO BBITECHSAIOTCS Pa3IMYHBIMU
Pa3HOBUAHOCTSIMU ~ DJIGKTPOHHBIX ~ YCTPOMCTB, M  OCOOEHHO CHCTEMaMH,
OCHOBAaHHBIMU Ha MCHOJIb30BaHUU TEXHOJIOTMH PaJdOYaCTOTHON MAEHTU(UKALIUN
(RFID).

[Tpumep takoit cucrtemsl RFID [10, 19, 20, 22] noka3zan Ha puc.l. Ona
COCTOHT U3 0a30BOW CTAHIIMH (CUUTHIBATENS) U HEOOIBIINX UACHTHUPUIIUPYIOITIX
YCTPOUCTB (METOK), KOTOpBIE cojiepKaT pe3oHaHCHBIM LC - KOHTYp, KOHTpOJUIEp
u nporpammupyemyto namsate (EEPROM). Cogpepxkumoe mamsTu crienu@uuHo
JUISL K&KJI0M METKU M MO3BOJIAET UACHTU(UIMPOBATh HOCUTENS METKHU (YeTOBEKa
W 00BEKT).

tag base station

EEPROM

control

content of tag memory

Puc.1. Cucrema pagnoyacTOTHOM UISHTHU(PUKALIUU C OJHONU METKOIA.
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tag — merka, base station — cuuThIBaTenb, oscillator — reneparop, control — ympasneHwue,
demodulator — nemomynstop, decoder — nexomep, content of tag memory — comepxumoe
MaMsTH METKH.

OCHOBHOM NPUHIMN PaOOThl TAKOW CUCTEMBI CBOJUTCS K CIEIYIOLIEMY.
CuuThiBaTellb U3Jy4aeT PAJAUOBOJIHY, KOTOpas NPUHUMAETCS E€IUHCTBEHHOMN
MeTKoH. MeTka, TakuM 00pa3oM, MOJy4aeT DHEPrUI0 M OTPAXKAET PaJMOBOIHY
TOM Ke yacToThl (Onaromaps HHAYKTHUBHOM CBSI3M), MOJYJIHPOBAHHYIO
KOJUPOBAHHBIM COJAEPKUMBIM MamsATH. CUUTHIBATEIh MPUHUMAET 3TOT CUTHAI,
JIEeMOJYJUpYyeT M JEKOAUPYET €ro, 4ToObl OMPEIENIUTh COJEPKUMOE MaMSTH
(6bonee mompoOHO Tpolieaypa KoaupoBaHuUsi paccMoTpeHa B Ilpunoxenuu B).
3areM UACHTHU(UKAIIMOHHAS CHCTEMa BEPXHETO YPOBHS MPOBEPSET ATH JaHHBIC U,
COOTBETCTBEHHO, YIPABIIAET MPOLIECCOM.

[IpuBneKaTebHOCTh TAaKOM CHCTEMBI COCTOMT B TOM, YTO OHa
oOecrieunBaeT OECKOHTAKTHOE B3aUMOJCIHCTBUE MEXIy CUUTBHIBATEIEM U
MeTkamMu (u30eras, TakuM oOpa3oM, OIpaHMYEHUH Ha MO3UIMOHHPOBAHUE
00BEKTa ¢ METKOI), IpUYEeM METKH He TpeOYyHT MCTOYHMKA nmutanus. OJHAaKo,
KOIr/Ia B TMOJIE CUMTHIBATENS HAXOASATCS JBE METKH, OHM 00€ OTBEYAarOT Ha
U3ITyYCHHBIH CUUTBHIBaTENEeM CUTHal. [lpu 3TOM JeMOAYJTMpPOBaHHBIA CHUTHAI
CUMTBIBATENS SIBISICTCS CMECHIO JIBYX KOMIIOHEHT OT JBYX METOK M HE MOXKET
ObITh  JekogupoBaH.  Takas  cucremMa  HecnmocoOHa  OJHOBPEMEHHO
UIEeHTUPUITPOBATh JBa 00beKTa. I3BECTHBI HECKOIBKO CIIOCOO0OB PEIICHUS dTON
npo6ieMbl. HekoTopele U3 HUX COCTOST B TOM, YTO CUMTHIBATENb M METKU
B3aMMOJICHCTBYIOT B COOTBETCTBHM C 3apaHEe ONPEIEICHHBIM MPOTOKOJIOM, TaK
YTO CUTHAJIBI KOKJIOW METKH ycrnenHo pazaeisatorca [4]. Takoi moaxoa CHUXKAET
OBICTPOJEHCTBHE U YCJIOXKHSAET CHUCTEMY, TaK KakK I pean3alid MPOTOKOJA
HEOOXOJMMBI CYIIECTBEHHBIE JOIOJHHUTENbHbBIE alapaTHble W MNpPOrpaMMHbIE
CpeicTBa M B CUMTBIBarene, M B MeTkax. lloaTtoMy Takoe pemeHue He
npuBJieKaTenbHO. J[pyroil moOIX0X COCTOMT B UCHOJIB30BAaHUM METOK Ha
pa3nmnuHbIX yacTtoTax [12]. DTo BHOBB NPUBOJIUT K YCIO0KHEHUIO aIIapaTypsl U
PaCHIMPEHHUIO YAaCTOTHOTO JWala3oHa, 3aHHMMAaeMOro CHCTEMOM, YTO HE BcCeraa
BO3MOXHO. [lonxonm, paccMOTpeHHbI B HacTosIield paboTe, JHUIIEH BCeX
YHOOMSIHYTBIX HEIOCTATKOB. DTO JOCTUTAETCs MCIOJb30BAaHUEM CIIETIOr0 METOojIa
pazzieJIeHUs] MICTOYHUKOB, B paMKaxX KOTOPOT'O B MOJI€ MCKYCCTBEHHBIX HEHPOHHBIX
cerer popmupyercs 0061acTh BO30YKISHUS ¢ 00pabOTKOM CHUTHAA.

PaGora mocTtpoena  cuemyrommMm  oOpasom. OOmas  cTpykTypa
IPENJIOKEHHONW CHCTEMBI NpEACTaBieHa B paszgene 2. B pasngene 3 onmcassl
QIbTEPHATUBHBIE BAapUAHTBl YCTPOMCTBAa pa3/ielIeHUus CHUTHAJIOB, BKJIOYAs
KJIACCUYECKNE HEMPOHHBIE CETH, & TAK)KE HOBBIE, MPEIJIOKEHHBIE HAMU PEILIEHUS.
B pazgene 4 mpencraBieHbl HKCIIEPUMEHTAIbHBIE PE3YyJIbTAThl BCEX BapHUAHTOB
CUCTEMBI. 3aKJIIOYEHHE JaHO B pazlene S5, B MPUIOKEHUAX PACCMOTPEHBI
HEKOTOpbIE cIeU(UYECKUE BOIPOCHI.
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IIpensaraemas cucrema

Cucrema, mpemyiaraemasi B JaHHOM pabote (puc.2), NpelHa3HadyeHa IS
OJTHOBPEMEHHOII 00pabOTKM CHUTHAJIOB JBYX METOK M IOCTpPOEHa HAa OCHOBE
OMUCAHHOM BbIIIIE OOBIYHON CUCTEMBI.

tag 1 base station

€l oo |
contents of ta
g demodulator -)' memory 1 $

J

tag 2

=)
A

{ source separation
|
|

| contents of tag
| controf demodulator decoder —»> memory 2
Y J

Puc.2. Cucrema paﬂHOqaCTOTHOﬁ I/IILGHTI/I(I)I/IKaHI/II/I C HECKOJIbKMMHU METKaAMHU.
tag — merTka, base station — cuuThIBaTenb, oscillator — reneparop, control — ympasieHwue,
demodulator — nemomymnsTop, source separation - paszneneHue cUrHayioB, decoder — mekonep,
content of tag memory — colep>KUMO€e MaMsITH METKH.

OHa COCTOUT W3 CUUTHIBATENS C JABYMSI MPUEMHBIMU aHTEHHAMHU U JIBYMS
NEMOYISATOPAaMHU, KOTOphle 00pabaThIBAIOT [Ba CMEIIAHHBIX CHUTHajia. OTH
CUTHAJIbI 00pa0aThIBAIOTCSI YCTPOWCTBOM CJENOro pa3/eleHus HCTOYHUKOB,
KOTOPO€ BBIJIEISAET JBAa KOMIIOHEHTAa, COOTBETCTBYyIOIIME ABYM MeTkam. [locie
JNEKOAUPOBAHUS  PA3ClbHBIX CUTHAJIOB, OOpa3yeTcss IMapa He3aBUCHUMBIX
UACHTU(UKAIIMOHHBIX JaHHBIX, KOTOPbIE XPAHATCS B MaMSITH KaXKIOM U3 ABYX
METOK.

B IIpunoxxenuu A onucaHa T€OpETUUYECKAsT MOJIENb, [TOJ0KEHHAs! B OCHOBY
00pabOTKM CMECHU CHUTHAJIOB, a PE3yJIbTaThl KCIEPUMEHTa, MOATBEPKAAIOILINE
TaKyl0 MOJENb NpuBeneHbl B pazaene 4.2. [loka3aHo, 4TO HCIOJIB30BAaHHBIE B
CUCTEME  YCTpOMCTBAa  MOAYJSALMM M JEMOAYJSLMM  TakKOBBI,  4YTO
JNEMOIYJIMPOBAHHAs. CMECh CHUTHAJIOB MOXET OBbITh MIpe/CTaBliecHa B Hauboiee
MPOCTOM BHJIC, T.€. SIBJISETCS MTHOBEHHOM JTMHEWHON CMEChIO (KaK OMpPEACIICHO B
paznene 3) KOMIIOHEHTOB, COOTBETCTBYIOIIUX ABYM METKaM. 3a mocieanue 15 aet
OBLIO MPEJI0KEHO MHOXKECTBO METOAOB IS Pa3esIeHUs] TAKOM CMECH CUTHAJIOB.
O0630p TUX pe3yJIbTaTOB MOKHO HaiiTu B [1]. B nanHo#i paGoTe MbI HCMONB3YyEM
MOAXOJ, CBA3aHHBI C NMPUMEHEHUEM HMCKYCCTBEHHBIX HEMPOHHBIX CETEW, U MBbI
UCCIIENYEM UX XAPAaKTEPUCTUKHU NPUMEHUTEIBHO K MPEIJIOKEHHON cucteme. Mol
TaK)K€ PACCMOTPUM MOAUGDUIIMPOBAHHYIO BEPCHUI0 TAaKOTO IOJX0Ja, KOTOpas
ObLIa TIPENJIO’KeHAa HAMH B TOCJIEAHEE BPEMS, U Mbl COIIOCTABUM IOJyYEHHBIC B
JAHHOM CJy4dae pe3yJbTaThl C pe3ysbTaTaMU KIIACCUYECKOro nojaxonaa. Bece atu
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METOAbl U TMOJIXOIbl PacCMOTPEHBI B pasnenie 3. B Haliem wucclieoBaHUM OHU
OBUTM BBIOPAHBI MO CIEIYIONIUM MpuYuHaM. Bo-mepBbIX, CBONCTBA 3TUX METOIOB
XOpOIIIO OMpPEACIICHBl B paMKaxX KOH(MUTypallud ABYX HCTOYHUKOB W OHH
NPUMEHHUMBI K THUIy PAacCMAaTPUBAEMbIX HMCTOUYHHMKOB, 4YTO OyJET IMOKa3aHO B
NOCJEeAYIONINX pa3aenax AaHHo# padoTel. KpoMe Toro, 3Tu METOIbl OCHOBAHBI Ha
aJanTUBHBIX  aJTOPUTMAaX, KOTOpbIE JIETKO IO3BOJISIIOT  PacCIpOCTPaHUTh
MOJIy4YEHHbIE PE3yJbTaThl Ha Ciydald JBIKYIIUXCS MeTOK. M, HakoHel, OHU
UCIIOIB3YIOT OYE€Hb MPOCTHIC BBIUMCICHUS, YTO OCOOCHHO MPUBJIEKATEIBHO IS
MOJIyYEHHUsI HEJOPOTOro KOHEYHOTO pe3yjbTaTra B peaibHOM MacliTabe BpeMEHH,
ABJISIFOIIETOCS 1IE€JIbI0 HACTOSILETO UCCIICIOBAHUS.

Heob6xonmumMo OTMETHTB, dYTO paccMaTpuBaemasi CHCTeMa JIOJDKHA
YAOBJIETBOPATH CICAYIOIIUM TPEOOBAHUSM, ONIPE/ISICHHBIM B pasjeie 1:
1) oma gomkHa 00Ja7aTh BBICOKMM  OBICTpOACHCTBHEM, oObOecreunBas
OJIHOBPEMEHHYIO CBA3b JIBYyX METOK CO CUHUTHIBATEIEM; 2) BCE METKH HUMEIOT
OJIMHAKOBOE IIPOCTOE TMOCTPOCHHE, KaK B OOBIYHON CHCTEME C OJHOM METKOH, U
JIOTIOJTHUTEIIBHOE YCIIOKHEHUE JIOMYCKAETCS TOJIBKO B CUUTHIBATENE, T.€. C LEIBIO
CHIKEHHUS TOCTUKEHUSI CTOUMOCTH B €IMHCTBEHHOM MECTE CUCTEMBI; 3) cucTeMa
WCIIOJIb3YET €IMHCTBEHHYIO HECYILYIO YacTOTY.

3. Hpoﬁ.ﬂeMa CJICmOoro pasaecjJeHusa HCTOYHUKOB U €€ PCIICHUE

B mpocreitiieit moctaHoBKe MPOOJIEMBI CIIEMIOTO Pa3esieHUs] HICTOYHUKOB
paccMaTpHUBaIOTCS JIBa HEM3BECTHBIX CUTHaNa Ej(t) u E,(t), KOTOpbIE SBISIOTCS

JIMHENHOM CMeChI0 JIByX HEM3BECTHBIX CTATUCTUYECKHM HE3aBUCHUMBIX CHIHAJIOB
Xi(1) u Xo(1):

Ei(?) = annlXi(f) + ain Xa(0), (D
Ex(1) = a Xi(f) + an Xs(1), (2)

TlIe a jj — HEU3BECTHbIE AeUCTBUTENbHbIE K0d(dunueHTsl. Cienoe pasjencHue
UCTOYHUKOB 3aKJII0YAeTCA B HAXOXKICHWHM OLEHKH CUTHAIOB Xj(?) Ha OCHOBE
aHajM3a CMeCH CHUrHajgoB FEj(?) Tpu TPOU3BOJBHOM IEPECTAaHOBKE U
POU3BOJIBHBIX MacIITA0OHBIX K03 duuuenTax. Kak orMeuanock Bbille, OCHOBHOU
npoOJieMoOM, CTOAIIECH TMepea pacCMaTPUBAEMOM CHUCTEMOM, SIBJSIETCS CUTYyalus,
KOIZIa HAa OCHOBE aHAM3a CMECH CUTHAJIOB HA BBIXOAE JEMOAYJIATOPOB,
HEOOXOJUMO IpH MOMOIIM JEKOJAUPOBAHMSI BOCCTAHOBUTH HMCXOJHBIE JIaHHBIE,
coJepXKaliyecss B IIaMATH METOK. B 3TOM paszene OomuchIBarOTCS BCE PELICHUS
3TOM OCHOBHOM INpOOJEMBbI, paccCMaTpUBAEMbIE B paMKaxX AaHHOM paboTbl. OHHU
BKJIFOYAIOT TPU OJHOTUIIHBIX M3BECTHBIX HEWPOHHBIX pELIEHUS M [Ba
OpWUTMHAJIBHBIX PEIICHHUS, ITOJIyYEHHBIX HAMU HEJABHO.

[lepBoIii  KJIaCCMUECKHMM  MOAXOM, TmpemioxeHHsli B [14,15] wu
0a3upyIOLIUICS Ha PEKypPPEHTHOW HEHUPOHHOM CeTH, IMOKa3aH Ha puc.3 s
Clly4asi ONMCAaHHOMW BBIIIE «IpocTeiimei konpurypamum». KosdouuenTst ¢, u
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N . 1
C1 SABIISIIOTCS AIAITUBHBIMU BECaMU 3TOW HeWpoHHOU ceTu . OHU omnpenensaoTcs
COTJIaCHO CIEAYIOIIEMY HEeJTMHEHHOMY MPaBUITy CaMOOOYUYEHUS:

ci(ntl) = cy(n) — af [si(n)]gls;(n)], 3)

rae a — Kod(Q(UIMEHT NMO3UTHBHOTO aJaNTAlMOHHOTO yCWIIeHHs, S(f) n s{(f) —
3HaYEHHs HEWPOHHBIX BBIXONOB S;(7) M S{(f) HEHPOHHOM ceTH, a f U g — QyHKIMN
aKTUBAIUH.

E1 )® S1 >

E2 ; @_ Sz>
Puc.3. PexyppenTHas HelipoHHas ens [14,15].

@OyHKIUY f 1 ¢ B OCHOBHOM 3aBHUCST OT BHJIa CHTHAJIOB, KOTOPBIC pa3eisieT
HelipoHHass ceThb. X BBIOOP HCKIIOYUTEIBHO BaXEH IS MPaAKTHYECKOTO
NPUMEHEHUSI U MOXET OBITh OmNpeaesieH cieayrmum obpazoM. Korna
UCIIOIB3YIOTCSL MPOU3BOJIbHBIC HEUeTHble (yHKIMU f U g, HEHpOHHasT CeTh
CIocOOHa pa3leNiaTh HEKOTOphIE THUIBI CUMMETPUYHBIX curHajgoB [6]. Kak
MOKAa3aHO B [6], 3TO OrpaHUYEHUE MOKET OBITh MCKIIIOUEHO UCIOJIb30BAaHUEM [ =
() wmm g = (1) (HO He 00e OJHOBPEeMEHHO, TaK KaK JTO MPUBEACT K
MCIIOJIb30BAaHUIO CTATUCTHK CUTHAJIA TOJIBKO BTOPOIO MOPSAKA U HE TAPAHTUPYET,
YTO ATOT aNropuTM oOecrieuuT pazzaenenue [15]). bmaromaps mpocrote u Bumy
CUTHAJIOB, K KOTOPHIM OHM NPUMEHUMBI, OCOOCHHO MPHUBIIEKATEIIbHBI J[BA THIIA

byHKIINIA:

f=(yug=(), 4
f=Ong=)" 5)

Be16op Mexay 3TUMU ABYMs TUTIaMH (DYHKITMH 3aBHCHT OT KOHKPETHOTO BHJIA
CUTHAJIOB (711 YBEPEHHOCTH, YTO BECOBbIE KOA(P(UIMEHTHl HEUPOHHOUN ceTu
coOMmyTCsi K 3HAYEHHUSM, KOTOpble OOECNEYMBAIOT pa3/ieJIeHue CUTHAJIOB Ha
BBIX0JI€ HEUPOHHOU 1enu): GyHKIUH (4) UCTONIB3YIOTCSA Uil 0000IIEHHBIX Sub-
I"ayccoBbix mporeccos [5,11,17,18,21], T.e. a1t curHansoB, y KOTOpbIX R < 9, 1€
R — oTHOLIEHHE, OMPEIEIEHHOE CIEAYIOLUIIM 00pa3oM:

R=Ex M EXYEX) (E(x}), (6)

"' Tlo cpaBrenuio ¢ opurnHanbHBIME pabotamu Herault and Jutten, s yno6cTBa OCTEAYIOMETO H3TOKEHHS
3HAKH BECOB () U ¢ Ha puc.3 n3MeHeHbl. COOTBETCTBEHHO MOIU(PHUIIPOBAHEI Beca B hopmyde (3).
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rie xj(f) — LeHTpUPOBAaHHOE 3HaYeHME cUrHana Xj(f), a £{} — MaTemMaTHueckoe
oxunanne. MoXHO mMoKasath', uto (GyHKIMH (5) IPUMEHHMBI K OOOOIICHHBIM
super-I'ayccoBbIM mpolieccam, T.€. K rporeccam ¢ R > 9.

B Ilpunoxennn B Teoperudecku IOKa3aHO, 4TO Ui paccMaTpUBAEMOU
CUCTEMBI TPOLIECCHI ABISIIOTCS 0000eHHbIMU sub-I"ayccoBbiMu. [loaTomy BHI
Leny, KOoTopas TMpeJHa3HauyeHa Jisi pa3/iesieHus TaKUX CHUTHAJIOB, JOJIKEH
COOTBETCTBOBAaTh (YHKIMAM (4). DKCIEpUMEHTAIbHO 3TO MOATBEPKIACHO B
pazaene 4.

B pabotax [16-18] mpemioxeH mnpsiMmoil (HE pEeKyppeHTHBINM) BapUaHT
HEHPOHHOU ceTH (cM. puc.4), GYHKIMOHUPYIOMIUI 10 TOMY ke TpaBuiy (3), Kak
U JUIsl CEeTH, NpelIcTaBleHHOM Ha puc.3. ABtopbl pabGor [16-18] Takxke
pPaccMOTPENN BOIPOC CXOAUMOCTH CBOMCTB 3TOM CETH W IMOKA3alu, YTO B 3TOM
ciIy4ae ucrosib3oBanue QyHKIui (4) obecreunBaer pasneneHue sub-I'ayccoBbix
IPOLIECCOB.

B pabote [2] Takxke mpeasio)keHa HEHPOHHAsl CETh, KOTOPYIO MOXKHO
paccMaTpuBaTh KaK pa3BUTHE CETEW, pACCMOTPEHHBIX paHee. ITa CETh COAEPKUT
JOTIOJTHUTENbHBIE CAMOHACTPauBAIOIIMECS Beca, KOTOPbIE HACTPAaUBAIOTCS Tak,
4TOOBI HOpMHUPOBATH "MacmTa®" BHIXOJIOB ceTU. B 3T0il paboTe onucansl npsimast
U PEKyppEHTHAsi BEPCUU TAKOT'O TUIA HEMPOHHBIX CETEH, a TaKkKe I YIyUdllIeHUs
XapaKTEPUCTUK TMPEUIOKEHO KACKaTUPOBATh UX B MHOTOCIOWHYIO HEHPOHHYIO
ceTh. B HacTosmiel paboTre Mbl pacCCMOTPUM TOJIBKO NMPSMYIO BEPCHIO, TaK Kak
oHa 00JlajaeT TaKUMHU K€ CBOMCTBAMHM, KaK CETh, paccMOTpeHHas B [16—18], mo
CPaBHEHHUIO C COOTBETCTBYIOLIEU PEKYPPEHTHOU CTPYKTYypoul. boiee Toro, msl
OCTAaHOBHMCSI Ha OJHOCJIOMHOM BapuaHTe Takoil cetu. B Hameit padore [7]
MOKA3aHO, YTO ISl TaKUX ceTeil GpyHKiuu (4) Takke 00eCreynBaloT pasieicHue
sub-I"ayccoBBIX CHTHAJIOB.

Ez . \8_

Puc.4. HeﬁpOHHaﬂ CCTh C ITOCIACAOBATCIIbHBIMUA CBA3SIMM.

Mbl  Takke pacCMOTpUM JPYroM BapUaHT CaMOHOPMUPYIOLIUXCS
HEMPOHHBIX CETEH PAa3JCIICHUs CUTHAJIOB, HEIABHO MPEIJIOKEHHBIM HaMHU.
[TpuHIMn nelCcTBUS U OCOOCHHOCTH ATHUX Ienel MoApoOHO paccMOTpeHHl B [9] u
NpeACTaBICHbl Jajnee. OJTU CeTH Oa3upyrTCd HAa OCHOBE TE€X K€ CaMbIX
KJIACCUUECKUX CTPYKTYP, KOTOPbIE ObUIA PACCMOTPEHBI BBIIIE: OHU MOTYT UMETh
OJIMH WJIA HECKOJIBKO CJIOEB M KKl CIOW MOYKET OBITh B PEKYPPEHTHOW HIIN

' C ucnone3osannem dyHkuwmii (5) npu agantamun Metona [21].
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npsmoit gpopme. OAHOCTONHBIE BEPCHUU TaKUX CETEH C JBYMS HCTOYHHKAMU
CUTHAJIa IIPEACTABIIEHBI HA PHUC.3 U pUC.4 COOTBETCTBEHHO, @ UX PACLIMPEHHUE HA
OoJbIllEe YMCIO HCTOYHHKOB CHUTHAJIA OCYLIECTBIISIETCS AHAJOTUYHO CETSM,
npeaioxKeHHbIM B pabotax [14—18]. [IpeanoskeHHbIe CETH OTIMYAIOTCSA OT paHee
PACCMOTPEHHBIX AITOPUTMOM BBIYUCIIEHUS BECOB:

cii(nt+1) = ¢ii(n) — a (i) VE(s)]) ) glsimV(ELE (s)]) ). (7)

Hopmuposanusie Beamauns! (E[f(s;)])” u (E[gz(sj)])l/z, BBEJICHHBIE HaMH,
0 CpPaBHEHUIO C KJIACCHMYECKUM IMpaBujoM (3) TmoiydaroTcs IyTeM
HU3KOYACTOTHOW ¢uibTpauuu mnepBoro mnopsanka. Korma ¢yHkmuum f u g
YAOBJIETBOPSIOT (4), mpaBuiio agantamnuu (7) IpuoopeTaeT Cleayomui BU/I;

cif(m+1) = e5(n) — a(s* () ELs 1(si(n) | ELs, D). )

Korga B kaxnaplii M3 CHTHAIOB cMecu si(f) ¥ Si(f) BBOIAMTCA MAacCIITAOHBIN
kodhdunment A, mpasast gacth (8) Omaromapsi BBEACHHOW HAMU HOPMHPOBKE HE
U3MeHseTCs. BecoBble TpaeKTOpWHU, JOCTUTAEMBIC COTJIACHO ATOMY IpaBHITY, H,
CIIeIOBAaTEIbHO, CKOPOCTh W TOYHOCTh CXOJUMOCTH TMPEIJIOKCHHBIX CeTeH
MOJIHOCTBIO HEUYBCTBHUTEIBHBI K OOIIEMYy YpPOBHIO CHTHAJIOB, YTO BEChMa
MPUBJICKATEIBHO M3-32 HEOMPEAEIEHHOCTH YpOBHA Ha mpakTuke. CKOpOCTh U
TOYHOCTh CXOAMMOCTH MOTYT HU3MEHATHCA BHIOOPOM aJanTallMOHHOTO YCHIICHUS
a: HU3KOE YCUJIEHHE OOECIEeYMBAET XOPOIIYI0 TOYHOCTh CXOAMMOCTHU 3a CUET
HU3KOM CKOPOCTH CXOJHUMOCTH, a BBICOKOE YCHUJICHHE MPUBOJUT K OOpaTHOMY
addexTy, Tak YTO BHIOOPOM BEIWYWMHBI AJANTAIlMOHHOTO YCHJICHHS MOXKHO
o0ecreynuTh  JKeJaeMo€  COOTHOIIEHHE  CKOPOCTH/TOYHOCTh  CXOJMMOCTH.
HamporuB, «kmaccuueckue cetu [14—18] He cmocoOHBI obecrnedunBaTh
KOHTPOJUPYEMOE COOTHOIICHHE CKOPOCTH/TOYHOCTh CXOAMMOCTH. DTO OCHOBHOMU
MOTHB JUIsl PAacCMOTPEHHUS TMPEMIOKEHHOTO HaMU CaMOHOPMHUPYIOIIETOCS
npaBuia. Takoe MPaBUIO UMEET HECKOIBKO IPYTUX MPHUBJICKATEIHHBIX CBOWCTB,
OOJBIMMHCTBO M3 KOTOPBIX COXpAHSACTCA MPU IPYTrUX BuUAax QYHKIUNA f U g.
[TonHOe omucaHWe 3THX CBOMCTB BBIXOJUT 3a PaMKH HAcToOALIEH padoOThl, HO
HEKOTOpPBIE U3 HUX MOTYT OBITh HaiiieHwl B [9]. KpoMe TOro, ocTaroTcsi BEpHBIMU
T€ € PacCy>KIEHUs IO MOBOAY BbIOOpa QPYHKIUHN f U g, KOTOpbIE MPUBOAUINCH
BBIIIIE, T.€. BO3MOXEH BBIOOpP Mexnay (4) u (5) B 3aBUCHUMOCTH OT BHJA
obpabarteiBaeMoro mpoiiecca (6osee moapoOHo cM. B [9]).

4. JKCcepUMEHTAJIbHbIE Pe3yJbTATHI
4.1. IxcnepumenmanvHas yCmaHo8Ka

OKCIepUMEHTAJIbHAsE ~ YCTAHOBKA,  MCHOJIb3yeMas Uil  MPOBEPKHU
3¢ GEeKTUBHOCTH MPEUIOKEHHOTO MOAX0/1a, IPEACTaBIeHa Ha PUC.5. AHTEHHBI U
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METKU TMPECTABIAIOT COOON TOpU3OHTAIbHBIE TUCKU (IMaMeTpoM 52 MM uid
AHTEHH CUWTHIBaTeNs] W 28 MM [ METOK). MeTKu pa3MmemarTcs Ha
TOPU30HTAIBHOM IUIACTMACCOBOM IUIACTUHE; AHTEHHBI TAKXE Pa3MEIIAIOTCA B
TOPU30HTAJIBHON INIOCKOCTH Ha PacCTOSHUSAX /1 U 7y HUKE INTIOCKOCTH METOK.

Kak ykaspiBaoch  BbIle, TIpU IPOBEACHWH JAHHOTO  MCCIIEIOBAHMSA
VCIIOJIb30BAJINCH 3JIEMEHTHI CTaHJapTHOMN KOMMEPUYECKON CUCTEMBI
pPaaoOyacTOTHOW  MACHTH(PUKALMUU: AHTEHHBI, JEMOIYJIATOPbl M  METKH.
JlanbHOCTD NEHUCTBUSL TAaKOM CHUCTEMBI OTPAHUYEHA, T.€. METKU Il YBEPEHHOIO
(YyHKUMOHUPOBAHUS JOKHBI PAcojaratbesl Ha paccTositHuu He Oonee 60 MM OT
aHTeHH cuuThIBaTeld. B paccMarpuBaeMod yCTaHOBKE JTO TpeOoBaHUE
obecrieueHueM pacctossHuM h; = 35 MM u h, = 25 mMm. Paccrosaue D mexnay
METKaMH  BapbUPOBAJIOCH B Mmpouecce dkcnepuMeHtra. Korma  MeTku
pacnozararorcs OJM3KO OJlHa OT JApyrou (T.e. D OJIM3KO K JIuUaMeTpy METKH),
CTaHJIapTHas CcHUCTeMa HE MOXEeT WACHTU(ULUUPOBATh METKHU, MO3TOMY
HEOOXOJMMO  YCTPOMCTBO  pa3felieHHs CHUTHaloB. Takas curyanus U
paccMaTpHuBaeTcs B JaHHOM paboTe.

D

' [
— ey

tags

T 5 T
hl wantenna2 || 4
_» antenna | l_] T

Puc.5. BeprukanbHOE c€UE€HHE SKCIIEPUMEHTAIBHON YCTAHOBKH.
tags — METKH, antenna — aHTEHHa.

Crnenyer 3aMeTUTh, YTO pa3MEPbI, UCIIOJIb30BAHHBIE B YCTAHOBKE, THITMYHBI
JUISL Pa3IMYHbIX NPUMEHEHHH CHCTEMBI, KaK, HampuMmep, s aBTOMOOMIIbHBIX
uMMOOMIIai3epoB. B 3TOM ciaydae MeTKa BCTPOE€HAa B OOBIYHBIA MEXaHUYECKUUI
KIIIOY U €€ COJIEP)KMMOE TMPOBEPSITCs, KOIa BIAJeNel] aBTOMOOWIIS 3aIlyCcKaeT
nsuraresb. CUTyanusi ¢ HECKOJIBKUMH METKaMU BO3HHMKAET B Clly4ae, KOTla OJIHH
WM HECKOJBKO DJIEKTPOHHBIX KIIIOYEHM, MPEIHA3HAYEHHBIX IS JIPYTUX
npUMEHEHUH (1St APYroro aBTOMOOWUJIS, HAPUMEP), HAXOAATCS OJIM3KO K KITIOUY
paccMaTprUBaEMOT0 aBTOMOOWJIS, TaK, YTO CHUTHAJbI JIPYTUX KIHOYEH HCKa)KaroT
CUTHAJI HYXKHOTO Kio4a. B 3ToM cnydae OOBIUHBIA CUUTHIBATENlb C OJHOMU
AHTEHHON HE CIoCOOeH WIACHTHU(PHUIMPOBATH CUTHAJ KIIOYa, MPUHAAICKAIIETO
JAaHHOMY aBTOMOOWIIIO, W Tpedyercsa cuctema, TMojgo0Has TOM, KOoTopas
oOcyxmaercss B Hacrosimied padote. HexoTopble mpuMeHEHUSs, YIMOMSHYTHIE B
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paznmene 1, TpeOyrOT pacCTOSIHUM, 3HAYUTEIBHO OOJBIINX, YeM TE, KOTOpHIC
paccMaTpHUBalOTCS B HacTosIeil pabore. B aToMm cinyuyae Hama ycTaHOBKAa MOXKET
paccMaTpHUBATHCS KaK MajoMaciiTabHash MOJelh HeOOXOauMou cucteMbl. Takas
CHUCTeMa MOXET ObITh MpeoOpa3oBaHa M3 Halled YCTAHOBKH 3aMEHOM MHpueMo-
nepearoiero yCTpoucTBa, KOTopoe 00eceunT O0IbIIYIO JaTbHOCTb.

4.2. DxcnepumenmanvHovle C8OUCMBA UCMOYHUKOB U CMeCell CUSHAN08

[lepBble PKCTIEPUMEHTHI, MPOBEICHHbIC HA OMHCAHHOW BBINIE YCTAHOBKE,
o0ecrieynian TMPOBEPKY TOrO, YTO CHUTHaJIbl W CMECH COOTBETCTBYIOT
TEOPETUYECKON MOJICIIN, U3NI0KEHHOU B MPEABIIYIIEM pasjiesie padoThl.

[lepBblil psifi SKCIEPUMEHTAJIBHBIX U3MEPEHUN IOKAa3aJl, YTO KaXIbIA W3
CUTHAJIOB X;(¢) ¥ OTHOLIEHUE E {xj4}/(E {)cjz})2 omusku Kk 1,3. [losromy nmapametp R,
ompeneneHHbld B (6), I KaXJOoM mMmapbl CUTHANOB Oim3ok k 1,7. DT1O
MOATBEPKAACT, UYTO peaJlbHbIC CHUTHAJBl SBISIOTCS OOOOIICHHBIMH  Sub-
['ayccoBbiMu. IloaTOMYy BCE JKCIEPUMEHTHI MO Pa3ACICHUI0 CHUTHAJIOB,
MPUBEJICHHBIE B CIEAYIOUIEM MOAPA3/eie, BBINOIHSIUCh C HCIOJIb30BAaHUEM
HEHPOHHBIX ceTel U (PYHKIIHA, OTpeeIEHHBIX COrNIacHo (4).

3aTeM KCIEPUMEHTAJILHO MPOBEPSIIUCH CBOMCTBA cMecer cUrHanoB. Kak u
B Haualie, o0ecreurnBaiach MPoOBEPKa TOTO, YTO CMECH OJHOBPEMEHHBI. [[J1s1 3TOTO
MBI HUCIIOJB30BAIM JIBAa MeToJa. Bo-mepBbix, Oblla MpOBEICHA KayeCTBEHHAas
Bepu(UKaIUs pa3MeIIeHUEM €UHCTBEHHON METKH B I0JIE CUMTHIBATENS C ABYMS
aHTEHHAMU U BU3YaJIbHBIM  AQHAJIM30M  BBIXOJHBIX  CHTHAJOB  00OUX
NEMOAYJISATOPOB HA HJKpaHe ocuwuiorpada. OTH JBa CUTHaIa ObUIA
MPOMOPIMOHATILHBIMU C HYJIEBOM BPEMEHHOM 3aJIepKKOH, YTO COOTBETCTBYET
oaHoBpeMeHHOM cMmecH (cM. (1) — (2): nBa curHama, COOTBETCTBYIOIIUE OJIHOU
METKE, JOJDKHBI ObITh paBHBIMU a1 X((f) U ay Xi(f)). 3areM 3TOT pe3yabTaT ObLI
MOJATBEPXKICH KOJUYECTBEHHBIM METOAOM: ¢ yacToToi 32 k['1 ObLIM chemaHbl
BBIOOPKH ~ JBYX BBIXOAHBIX CHTHANOB  JEMOAYIATOPOB'. 3areM  Obin
MIPOAHATTU3UPOBAH KPOCCKOPPEIAITUOHHBINA KOI(DPHUITUEHT ITHX JBYX CUTHAJIOB:

p (2= {51052t + D (JE(s2(0)} YE20)})- (9)

! 31a yactoTa Gbla BEIGPAHA TOIBKO MOTOMY, Y4TO B PACCMATPHBACMOil YCTAHOBKE OHA Obla ¢IMHCTBEHHO
BO3MOXKHOH. BeposTHO, 171 00paboTKH CHTHAIOB MOKET OBITh UCIIONB30BaHa 0oJiee HU3Kasl 9acToTa.
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Puc.6. KoappunneHT kpocckoppesiiuu: (a) - mojiHasi Mocie10BaTeIbHOCTh
(b) - B okpecTHOCTH HYJISI.
cross-correlation coefficient — k03 huIEeHT KPOCCKOPPETAIHH.

Ha puc.6a npeacraBieH KpoCcCKOPPEISIIIMOHHBINA KO DHUITMEHT, MOTydYEeHHBIN 110
nojfHOMY 00BeMy BbIOOpKH, KOTOphid paBeH 8000. Ilepmonnyeckue cBoiicTBa
kodhdumrerTa 00yCIOBICHB MEPUOJNIHOCTHIO CUTHAJIOB, TaK KaK OHU COCTOST
U3 OJIMHAKOBBIX (PparMeHToB, coaepxkamux okono 2000 orcyeToB (cM.
[Tpunoxenune B). VY BeIMYEHHBIN Maciitad KPOCCKOPPEISLHUOHHOTO
kod(punuenta BOAM3M TOouku ( TOKa3aH Ha puc.6b. 3mech BUIHO, YTO
KOA(PPUIUEHT KPOCCKOPpEeSIMM o (7) AOCTUIAeT MAaKCHUMAJIbHOTO 3HAYEHHUS
ToyHO npu 7 = 0, a ero MakcuMmaiabHoe 3HaueHue Omms3ko K 1. [losTomy nBa
paccMaTpUBAaEMbIX CUTHaJA MPOMOPIUOHANBHBI JIPYyr JApPYyry C HYJIEBOM
3aJIEP>KKOM, UTO MOATBEPKIaeT OJHOBPEMEHHBIE CBOMCTBA CMECU CUTHAJIOB.

Bropoil mar Hamero HCCIEAOBAHMS COCTOSI B JKCIEPUMEHTAIBHON
IIPOBEPKE  JIMHEHHOCTM  CMeCH  CHrHajgoB. (OCHOBHBIMH  MCTOYHHKaMU
HEJIMHEMHOCTH pacCMaTPUBAEMOM CUCTEMBI, BEPOATHO, SBIISIOTCS AEMOLYJIATOPHL,
TOTJa KaK COBOKYIHOCTb CHUTHAJIOB, IPHUHATBIX AHTEHHAMM, IPEAIOIaraercs
nuHeHou. [loaTomMy aHanM3UpoOBanack JIMHEWHOCTh TOJIBKO AEMOAYIATOPOB. Jlist
3TOr0 Ha BXOJ JEMOAYJIATOpA IOJABAJCS CHUTHAJI Ha HECyLIed 4YacTorTe,
MOZYJINPOBAHHBIA CUHYCOMAOW. MBI BapbUpOBaJIM BEJIWYHMHY MOLYJIUPYIOLIEH
CUHYCOUJIbl U AHAIM3UPOBAIM BBIXOJHOW CHUTHAJ JeMOAyJsATOpa. Pe3ynbrarsl
IIPEACTABIEHbl Ha puUC.7. BHUIHO, 4TO NEMOIYIATOP OCTAETCS JIMHEHMHBIM IIpU
aMIUTMTYJi€ MOAYJUPYIOIIEr0 CUrHasia, He mpeBblmatome 1,5 B. Orciona Obuio
OMpEJEICeHO MHUHUMAJIbHOE pACCTOSHUE MEXKJIy METKaMH U aHTEHHaMH,
rapaHTUpylouiee JMHEeHHOe PYHKIMOHUPOBAHUE CUCTEMBI, KOTOPOE MO BEIUYHHE
omu3Ko K 1 cM.
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Puc.7. 3aBucuMOCTb CUTHaNa Ha BBIXOJIE€ JEMOAYJISATOPA OT AMILIATY AbI

MOJIYJIUPYIOIIEr0 CUTHAIA.
Output (Magnitude in mV) — Beixognoit curaan, MB, Input (Magnitude in V) —
Bxomnoit curaan, B.

Bor mouemy, Kak OnmuMcaHO paHee, METKH B paccMaTpUBaeMOW CUCTEME ObLIU
pacnoioKeHbl Ha IUIOCKOCTH, OTCTOSIIIEN Ha HECKOJIbKO CAHTUMETPOB BBIIIE
aHTEHH.

Bce wuccnenoBanusi, pe3ysbTaTbl KOTOPBIX MPUBEAEHBI B HACTOALIEM
nojpasyieie, IMOKa3bIBalOT, UYTO HUCTOYHUKM U CMECH CUTHAJIOB B
paccMaTpuBaeMOll  yCTaHOBKE 0O0JIaJlaloT  CBOMCTBaMHU, TpeOyeMbIMU IS
NpUMEHEHUs HeMPOHHBIX ceTeil. C yuyeToM 3TOro Mbl MPOJOKUIN MPOBEICHUE
IKCIEPUMEHTOB, C(OKYCHpPOBaB BHHMMAaHHE Ha XapaKTEPUCTHUKAX CHCTEMBI,
KOTOPBIE KAaCatOTCsl pa3/ieJeHUsI BXOJHBIX CUTHAJIOB.

4.3. Pazoenenue uckyccmeeHHvlx cmeceli CUCHAN08

[lepBblii 3Tanm B SKCHEPUMEHTE IO Pa3ACICHUI0 CUTHAIOB ObUI BBINOJIHEH C
MCKYCCTBEHHOW CMECHIO PEAIbHBIX CUTHAJIOB, MOCTYIAIONIEH HA BXOJ KaXI0H U3
IIITH TUIIOB HEMPOHHBIX LIETIEN, pACCMOTPEHHBIX B pasnene 3:

- HeWpoHHas cethb [14, 15];

HelpoHHas ceTh [16, 17, 18];

OJIHOCIIOMHAs HEMPOHHAS CETh C MOCIEA0BATENbHBIMU CBI3SIMU[2];

JIB€ OJHOCJIOWHBIX HEUPOHHBIX CETH, OCHOBAaHHBIE HA PEKYPPEHTHOM U
MocjeI0BaTeIbHOM  CTpyKType, Hmke o6o3HadeHHbie NWUr uw NWUd
coorBeTcTBeHHO (rae "NWU" o3HauaeT HOPMHUPOBAHHBIA BECOBOM aJrOpUTM
caM000yUYeHHUS, NCTIOIH30BAHHBIN B ATHX IEIIAX ).
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[lenap sTux 3KCrIepuMEHTOB Obuta NMBOsIKOW. C OMHOW CTOPOHBI, OHH TOMOTJIU
MIPOBEPUTH, YTO BCE ITU IIENMU JCUCTBUTEIHHO CIOCOOHBI PA3eNsaTh CUTHAIBI B
pealbHOM CUCTEME B MPEANOJIOKEHUU, YTO CMECh SBISIETCS JIMHEWHOW U
oaHoBpemMeHHOU. C Ipyroil CTOPOHBI, OHU MO3BOJIMIIA CPABHUTh XapaKTEPUCTUKU
BCEX paccMaTpUBAEMbIX IIETIEH B Pa3IMYHBIX YCIOBHUSAX W BBIOpATh JIYUIIYIO U3
HUX.
bonee TOYHO, OHKCHEPUMEHTHI OBLIM BBIMOJHEHB TMPU  CIAEAYIOUIUX
ycioBusix. [ Toro utoObl oOpa3oBaTh JHUHEWMHYIO OJIHOBPEMEHHYIO CMECh
peanbHBIX CHUTHAJOB, CHauaja oOJlHa TMepBas MeTKa Oblla pa3MmelieHa B
PaaoYacTOTHOM ToJie YcTaHOBKH. C 1EbI0 TOJy4YeHHs MepBOoro curnana Xi(f)
ObLTa clenaHa BbIOOpPKA BBIXOAHOTO CUTHAJIa OJHOTO M3 JEMOAYJISTOPOB. 3aTeM
3Ta MeTKa Oblja yJalieHa W B I0JIE CYMTHIBaHUS ObljIa pa3MellleHa BTopas METKa.
Jns nomydenus BToporo curHana X,(f) omepainusi, aHAJIOTUYHAsI NPEabIayIIeH,
ObL1a BBHITIOJIHEHA CO BTOPOM MeTKOMW. 3aTeM, B cooTBeTcTBHH C (1) — (2), OblIH
BBIYHCIICHBI JIBE MCKYCCTBEHHble cMmecu FEj(f) u E,(f). Otu cMecu Obuin
MOJIBEPTHYTHI 00pabOTKE HA BHIYUCIUTENHLHON MallIMHE C TUIABAOIIEH 3arsToN 1o
COOTBETCTBYIOIIMM HEHpOCceTeBbIM airoputMaM. lcciaegoBanuce aBa cliiydas
K03((PULHMEHTOB cMecH ajj. B 000uX cityuasx a,; U a;; IPUHUMAIIUCh PaBHBIMHU 1.
CnoXHOCTh COCTOsIIa TIpU  BBIOOpPE 3HAYEHUN a;; U dp;, KOTOphIE ObLIU
ONpeJIENICHBI CIEAYIOIIUM 00pa3oM:
- TIEpBbIC SKCIEPUMEHTHI OBLIM BBIMOJHEHBI TIpU aj; = 0,4 u ay; = 0,3. OTu
BEJIMYMHBI COOTBETCTBYIOT CPEAHEMY 3HAYECHHUIO OTHOIIEHUS CMECH U
COOTBETCTBYIOT JCHCTBHUTEIBHBIM 3HAUYECHUSM, XapaKTEpPHBIM I CMECH
CUTHAJIOB B 3KCIEPUMEHTAIHONW YCTaHOBKE (MX MOXHO OBUIO BBIYUCIHUTH U3
pE3yNbTATOB, U3JIOKEHHBIX B pazfene 4.4).
- JIpyrde SKCIEPUMEHTHI ObUIM BBIMOJHEHBI MPU a; = dx; = 0,98. DOt
BEJIMYMHBI COOTBETCTBYIOT OUYEHb BBICOKOMY 3HAUYEHHIO OTHOIIEHUSI CMECH,
KOTOpPOE XapaKTEPHO JJIsl CUCTEM PaJAMOYACTOTHOW HUJIEHTU(DUKAIUU OOJBIIONMN
JTATHHOCTH, TIPU ATOM JBE METKU OUY€HBb OJIM3KH OJHA K IPYTOH 1O CPAaBHEHUIO
C PacCTOSIHMEM J10 aHTE€HH. MO>XHO MPEANOJIOKUTh, YTO TAKHUE CUTHAJIBI OYEHb
TPYAHO pa3feluMBbl, TaK KaK, ICXOZs U3 ITOJACTAHOBKH 3THX 3Ha4eHUi a;j B (1) —
(2), cmecu E (t) u E5(t) 04eHb MTOXOXKH.

XapakTepUCTUKHU, JTOCTUTHYTHIE B KAXKJAOM SKCIIEPUMEHTE, CPABHUBAINCH IO
JIBYM IapamMeTpaM, pacCCMOTPEHHBIM B pazneiie 3, T.e. IO CKOPOCTH M TOYHOCTH
CXOAUMOCTH  HcclaeayeMod  HehHpoHHOW  ceth. CKOpPOCTh  CXOAUMOCTH
OIICHHWBAJIACh MO YHUCIYy BBIOOPOK, KOTOpPOE€ TpeOyeTcss BCEM BECOBBIM
kod(punmeHTaM HEUPOHHOM IeNUu IS CXOJAUMOCTH K HUX YCTOHYUBBIM
3HAYCHUSIM, M HA3bIBACTCA BPEMEHEM CXOI[I/IMOCTI/II, 0003HAaYECHHLEIM B
nanpHenmeM 7. TOYHOCTh CXOAMMOCTH OLCHUBANIACh YJIYUYIICHUEM OTHOIICHUS
curHas/mryM (SNRI), KOTOpO€ JOCTUTAETCS pacCMaTPUBAEMON HEUPOHHOM CETHIO.
OTOT  mapameTp, MNPUHUMAIOUIMKA  OOJbIIME  3HAYEHWS, KOTJa  CETh

! BpeMeHa CXOOIUMOCTH OLICHUBAJINCH U3 I‘pa(‘bI/IKOB, TIOKa3bIBAIOIIHUX DBOJJIIOINIO BECOB LIETIM BO BPDEMCHU.
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BOCCTaHABJIMBAET XOPOLIO PA3ACIICHHBIE CHUTHAJBI, OINPEAENSETCS CIETyIOIUM
obpazom: SNRI = (SNRI, + SNRI,)/2. Kaxnasiii u3 mapamerpoB SNRI; B 3TOM
BBIpQXCHUH 0003HAYAET YIyYIICHHWE OTHOLICHHS CUTHAJ/IIyM, 00ecredynBacMoe
Ha [-OM BBIXOJI€ CETH I10 OTHOIIEHHUIO K [-My CUTHAIY.

JIns HelipoHHBIX ceTel, paccMoTpeHHbIX B [14, 15], u NWUr cerei, korga
pazlieJieHue CUTHAJIOB O€3 MEepPEeCTAaHOBKU JIOCTUTAETCS TOYHO, Si(f) CTAaHOBHUTCS
paBHbIM a;;Xi(?) [8,15]. IloaTomy 1151 TUX HEHPOHHBIX ceTeid SNRI; paBHO:

SNRI; = 10log;o[(E {(Ei(?) — aiXi())"HIEL(S(D) — azlXi(®))]- (10)

AHQJIOTUYHO JIJI1 HEUPOHHBIX CeTel, paccMOTpeHHbIX B [16, 17. 18], m NWUd
cereu:

SNRI; = 10log;o[(a11a2 — aan/ayan) (E{(E(f) \ aiXi(t))" Y (E{(Si(f) -
— (@11 — anaxn) XH)/a;)’}), (11)

TOTJIa KaK JJI1 HEHPOHHOU CETH, paCCMOTPEHHOU B padore [2]:

SNRI; = 10logo[(1/a;"E {xi* ()} ") (E{(Ei(?) — aiXi(£))’} VE{(Si(£) —
— (XO/E{ O} )). (12)

Kak ykazano B paznene 3, 0000IIEHHONW XapaKTepUCTUKOW JAaHHBIX HEHUPOHHBIX
ceTeul sBJSIeTCS COOTHOIIEHUe mMexay 7. u SNRI, nocturaeMoe 3TUMHU CETSIMH.
DTO COOTHOIIEHHWE ObLIO OMNPEJETICHO BBINOJHEHUEM JKCIIEPUMEHTa s
pa3IMUHBIX 3HaYeHUU Koddduimenta aganrtanuu a, perucrpauuet 7, u SNRI,
KOTOpbIE TOJYYEHbl MPU OTUX YCIOBHIX, U TpadUUeCKUM OTOOpaKEHUEM
pe3yabTupyromux udmeHeHnit SNRI Bo BpeMenu 7.. IlomyueHHbIE pe3ynbTaThl
MOKa3aHbl HAa pUC.8. ¥ PUC.9. M1 ABYX YNOMSHYTHIX BBIIIEC 3HAUCHUIN OTHOIICHUS
CMECH COOTBETCTBEHHO.
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Puc.8. 3aBucumocts SNRI ot BpemeHu cxoaumoctu T, npu a;; = 0,4 u ax; = 0,3.
Heiiponnsie cetu: [14, 15] -----; [16, 17, 18] -----; [2] ***; NWUr — u NWUd ----.

number of samples — 4rcI0 OTCUETOB.

Haubonee wuHTepecHas dYacTb TIpaduKOB, COOTBETCTBYIOIIAsl —JHANa30HY
u3MeHeHus: 7., KOTOPBIN BCTpEYaeTCs Ha MPaAKTUKE, MOXKET ObITh OmpeeseHa
cnenyromumM obpazom. Kak ormeuanocs paHee, JaHHbIE, KOTOPbIE MOCTYIAIOT OT
METKM Ha CUMTBHIBAaTElIb B  CTAaHJAPTHOM  CHCTEME  PaAHMOYaCTOTHOMU
UACHTU(UKAIIMYA C OJHOW METKOH, COCTOSIT U3 CEPUH MACHTUYHBIX (PparMeHTOB,
comepxamux okosno 2000 orcueroB. KpoMe TOro, koraga MeTka OKa3bIBae€TCs B
PaaMoYacTOTHOM MOJIE€ U HauyMHAeT (DYHKIIMOHUPOBATh, CUUTHIBATENIb HAXOAUTCS
B pEeXHMME  OXHUAAHUS O  MOMEHTa TIpUEMa  CHUHXPOHU3HUPYIOLIEH
MOCJIEIOBATENBbHOCTA (YTO COOTBETCTBYET Haudainy (parmMeHra), IMocje 4Yero
HAaYMHAeT JEKOJMUPOBaTh MPHUHATHIA CUTHaN. J[pyruMu cioBamu, CUMTHIBATEIh
UMEET BHYTPECHHIOIO 3a/IepKKy JUJIMTEIBHOCTbIO NPUOIUZUTENBHO B OJIUH
¢parment. [loaToMy B cucTeMe ¢ HECKOJIBKMMH METKAMH KeJIaTeIbHO, YTOObI AJIs
HEOOXOIMMOCTH OO0ECTICUeHUs] DPAa3/CICHUs] CUTHAJIOB B TIEPBOM TMPUHSITOM
IOJTHOM HMH(OPMAIIMOHHOM (parMeHTe BpeMs CXOJWMOCTH alrOpUTMa HE
NPEBBIIIAJIO BPEMEHU BHYTPEHHEro OXuAaHus. Torjga BBEIAEHUE YCTPOMCTBA
pazzfeneHus B OOBIYHYIO HJICHTU(UKALUOHHYIO CHCTEMY C OJHOM METKOW He
CHM3UT ee  ObicTpoxelicTBusa.  CnefoBareiabHO, TUIOUYHOE  3HAUYCHHE
OpUOIU3UTENBHO PABHO JUIMTENBHOCTH OAHOrO (parMeHta, T.e. okojo 2000
orcueToB. boisee TOro, pasnvuHble MPUMEHEHHUS MOTYT JIONYCKaTh W OoJiblee
BpeMsi 3aJepKKH (OOBIYHO HECKOJIBKO (pParMeHTOB), TaK KaK JUIMTEIbHOCTh
oaHoro (parmMeHta okosio 70 Mc, a 3TO SBISAETCS JOCTATOYHO HEOOIBIITUM
BPEMEHEM 110 CPABHEHUIO C TPEeOYyEeMbIM BPEMEHEM PEaKIMU CUCTEMbl BO MHOTHX
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UACHTU(DUKAIIMOHHBIX — NpuioxkeHusx. I[loaTromy olleHKa  XapaKTepUCTHK
paccMaTpuUBaEMBbIX LENel NMPOU3BOAWIACH HE TONBKO Npu 3HayeHuun 1, =~ 2000
OTCUETOB, HO Takxke B guamnazone 1, = 2000 — 10000 BeiGOpok (T.e. 10 5
(dbparMeHToB).
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T T
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)
(4]
T

o]
o
T

15

102 10° 10* 108 108
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Puc.9. 3aBucumocts SNRI OT BpeMeHU CXOIUMOCTH T, TIpH aj; = ax; = 0,98.
Heiiponnsie ceru: [14, 15] -----; [16, 17, 18] -+ ; [2] ***; NWUr n NWUd -
--- (mst cetert [16, 17, 18] u [2] 3HaueHust T, MEHbIIINE, YEM IIPUBECHHbBIC HA
ATOM PUCYHKE, HE MOTYT ObITh MOJYYEHBI, TaK Kak 7. u SNRI CTAHOBSITCA OYEHb
YyBCTBUTEJIbHBIMH K YBEJIMUCHUIO KOA(PPUIIMEHTA afanTallii a U 3TU CETU
BO3MOKHO PacXOJIsITCs).

Puc.8 u 9 nmnokaspiBator, 4YTtO HeHpoHHas cerb [16, 17, 18] B
paccMaTpuBaEMOM CIIy4ae CKOpEe BCEro HE MOJKET HCIOJb30BaThCA, M3-3a TOTO,
YTO OHA MO3BOJISET MOJYYUTh HYXKHOTO 7, IJisi OOJBIINX 3HAYEHUM OTHOIICHUS
CMECH.

Certb [2] HEe pHBIEKaTENbHA TTO ABYM IpuunHaM: (1) oHa He mocturaer 1, = 2000
otcuetoB (miau ee SNRI cnuiikom mai) u (i1) ams Jiro0bix T, MHTEPECYIOMIEro HacC
nuariazoHa ee SNRI HMKe, 4eM JUIsl OCTAIBHBIX TPEX TUIIOB HEUPOHHBIX CETEM,
T.e. s cereit [14, 15], NWUr u NWUd cereii. Cpeau nociaeaHux TpeX TUIIOB
HEUPOHHBIX CETEW MPEANOYTCHUE 3aBUCUT OT OCHOBHOTO IapaMmeTpa, KOTOPbIH
BAXKEH JIJII KOHKPETHOTO IPUMEHEHUSI CUCTEMBI. BCe TpU THIIa HEUPOHHBIX CETEH
nocturator 1, = 2000 oTcueToB, HO 3TO 3HaYEHUE MouTU npeaensHo At NWUd
cetu. [loaTomy, ecinu HanboIee BaXKHBIM SIBIIIETCSI MUHUMM3ALUS 1, HEUPOHHbIE
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cetu [14, 15] u NWUr cetn mnpeanoututenbHbl. M Ha0O60poT, eciu akieHT
JieaeTcsl Ha UCIOJIb30BaHUE C OOJBIIMM 3HAYEHHWEM OTHOIICHUS CMECH, a
napamerp 7/, He CTOJb KPUTHUYEH (B Mpelesiax paccMaTpUBAEMOI0 JMANa3oOHA),
npennouytutenbHoi sBiusercs NWUd HelipoHHas ceTb.

J10 3TOro MOMEHTa MbI pacCMaTPUBAIIA TOIBKO XapakTepucTuku 1, u SNRI
HEUPOHHBIX ceTel. OJIHAKO, KaK MOSICHAJIOCHh B pa3zieine 3, CleyeT YUYUThIBaTh U
JIpyrue CBOMCTBa, T.€. UX CIIOCOOHOCTh paboTaTh B CaMOHOPMHUPYIOIIEMCS
(«aBTOMaTUYECKOM») PEXKHUME, WM, YTO TO K€ CaMmoe, ObITh HE3aBUCUMBIMU OT
ypoBHSI BXxoaHOro curHaina. Ilo »stoi npuumne, kpome [16, 17, 18] u [2]
HEUPOHHBIX CETEH, MPUXOIUTCS OTKa3aTbCid U OT [14, 15] HEHpPOHHBIX ceTeil.
HApyrumMu cinoBamMuM B paccMaTpUBAaE€MbIX  CIy4dasX MPEANOYTUTEIbHBIMU
okaszpiBaroTcss NWUr u NWUd cetu. OxkoHUaTeNnbHBIM BHIOOP, KaK OTMEYAJIOCh
BBIIIIE, MOHO JI€JaTh B 3aBUCHMOCTH OT aKIEHTa Ha 7, WIM Ha 3HAYCHUE
oTHOIIEHUsI cMecu. [[o3TOMy B JajbHEWIIEM paccCMaTpUBarOTCS TOJBKO 3TH JBa
TUTIa HEUPOHHBIX ceTed. Kpome Toro, ux kosdPuimeHT ycuieHus agantaiuu a
yCTaHABJIMBAETCA TakuM, 4YToObl obOecneuuts 7, = 2000 oTcueToB B
SKCIIEPHMEHTaX ¢ K0d(D(HIHEHTAMH CMeCH, YIOMSIHYTHIMHE paHee, T.e. a = 107
J1s1 000UX TUTIOB HEMPOHHBIX CETEH.

4.4. PazOenenue peanvhblx cmecell

Bropas rpynma SKCIEpMMEHTOB TIO PAa3JeICHHI0 CHTHAJOB Oblia
BBITIOJIHEHA HA peajbHOM cucTeme. J[Be METKU OJHOBPEMEHHO ObLIHA MOMEIIEHBI B
pPaauovYacTOTHOE ToJie U ObUIM U3MepeHbl JBe cMecu Ei(f) u E,(f) Ha BbIXOHE
000UX JEMOAYJATOPOB. DTHU JIBE pEalibHbIE CMECHU HCIOJIb30BAIUCH B KAaUECTBE
BXOJMHBIX CUTHAIOB BhuucIUTENbHBIX NWUr u NWUd neliponnsix cereii. Ha
puc.10 mokazana sBomtonusi BecoB NWUr ceTu mpu BeaudyuHe 0oO0ydYaroiero
yemnenns a = 107, Do ycmnenue obecrmeunBaer 7, = 2000 OTCYETOB, YTO
MOJIHOCTBIO COBIAJAET C pe3yJibTaTaMu, MOJYYEHHBIMU MJISI HUCKYCCTBEHHBIX
cMeceit B pazzaene 4.3. DkcriepuMeHTsl, BeinosiHeHHBIe ¢ NWUd ceThlo, mpuBenu
K TAKUM K€ pe3yJIbTaTaMm.

Puc.10 Taxxe mokas3pIBaeT, 4YTO BECOBBIE KOI(PPHUIIMEHTH HEMPOHHBIX CeTel
CXOJATCS K PA3TUYHBIM 3HAYEHUSM. DTO OOBSICHICTCS TEM, YTO BEIIMUMNHEBI BECOB,
JUISL KOTOPBIX MPOU3BOJUIIOCH PA3[ACICHUE CUTHAJIOB, 3aBUCAT OT BEJIWYUH
kod(ppunmeHToB cmecu [8], KOTOpbIE pa3IMYHbl BCIEACTBUE (DU3UUECKON
aCUMMETPHUH YCTaHOBKH (CM. pHC.5).
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Puc.10. OBosmronus BecoB HelipoHHoU cetu NWUTr 1151 peanbHOR cMecH.
sample index — HOMep oTcyeTa.

[Tockonbky KO3(pPUIIMEHTH CMECH HEU3BECTHBI, TEOPETUYECKHUE BETUUHHBI
BECOB, COOTBETCTBYIOIIMUE PA3/ICJICHUIO CUTHAJIOB, M AKCIEpUMEHTalbHble SNRI
(10) — (11) me moryT ObITH BhIUMCIEHBI. [103TOMY JUIs1 TPOBEPKU BO3MOKHOCTH
BOCCTAaHOBJICHHMSI HCXOJHBIX CHUTHAJIOB OBLI HKCIOJIB30BAH JPYrol TMOIXO/I.
Hcnonb30BaHHBIN 3[1€Ch AIBTEPHATUBHBIM METOJ 3AKIIOYAETCA B MOIAKIFOYECHHU
BBIXOJIOB HEMPOHHBIX CETEM K BXOJaM JIEKOJEPOB CUCTEMBbI. Kak OMMCHIBAIOCH
BBIIIE, OTU JCKOJAEPhl HAXOMATCS B  PEXKUME  OXHUAAHUSA  TEPBOTO
CUHXPOHM3UPYIOIIETO TMaKeTa Ha BBIXOJAE CETH M 3aTeM OO0ECIEYUBAIOT
BOCCTAHOBJICHHE JaHHBIX, KOTOpPbIE 3aMrcanbl B MeTkaX. CpaBHEHUE MOJTYyUYEHHBIX
JAHHBIX C OPUIMHAIBHBIMHE NAHHBIMH METOK [OKA3aJH, YTO OHU IOJHOCTHIO
COBMNAJAOT.

Takum o6pazom,

1) meitponnsie cett NWUr m NWUd He cHmWKawT ObICTpoAcHCTBHE
CUCTEMBI, TaK KaK BpPEMs HX CXOAUMOCTH NPUMEPHO PABHO UIUTEIBHOCTH
oJIHOTO (hparMeHTa JaHHBIX, B TEYCHHUE KOTOPOTrO JACKOAEPHI B JIOOOM Ciydae
JOJKHBI 0KUAATh TOCTYTUIEHUS! CHHXPOHU3HUPYIOIIETO NaKeTa, ’

2) mociae CXOAUMOCTH OHHM OOECHEYHMBAIOT IOJHOE BOCCTAHOBJIICHUE
CUTHAJIOB B TOM CMBICJI€, YTO OHH BOCCTAHABIIMBAIOT UIACHTU(UKAIIMOHHBIE
HOMEpA, XpaHSIIHUECS B METKaX, 0€3 KaKuX-1r00 OmHnOoK.

4.5. [lpakmuueckas peanusayus
Kpome ycnemHo mNpOBEAEHHBIX OSKCIEPUMEHTOB, Mbl, Ha OCHOBE

ONMCAHHBIX BBIIIE MOAXOJIOB U C HcHoJib3oBaHWEM DSP ycTpoiicTBa, KOTOpOE
paboTano ToiabKO ¢ GUKCUPOBAHHOM 3aIsITON, pa3paboTanu peajbHyl0 YCTAHOBKY.

! KoHeuHo, B HalleM cilyuae TaHHbIE, XPAHAINECS B METKAX, ObUIH H3BECTHBIMH, OJTHAKO HA MPAKTHKE TIPH
(YHKIIMOHMPOBaHNHU HACHTH()UKAIMOHHBIX CHCTEM, OHH HEU3BECTHBI.
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B pesynbrare 0onbmIOr0 YHClia SKCHEPUMEHTOB MbI IMMOKa3aldH, YTO CKOPOCTH
CXOAUMOCTH TaKOW YCTAaHOBKHM IIOUTH TakKas e, KaK Yy CUCTEMbI C IUIABAIOLIECH
3amsTON, W YTO JaHHbIE METOK JEKOJAUPYIOTCS cpa3y mocie obecredeHus
CXOIUMOCTH. OTH ONBITHl TAaKXE TIOKa3ajd JOJITOBPEMEHHYIO CTaOMIBHOCTH
paccMaTpMBacMbIX HEUPOHHBIX ceTed. bonee TOro, OHM TO3BOJWIM HaM
MPOBEPUTH BO3MOXHOCTH TaKMX CETEH IO OTCICKUBAHUIO H3MECHSIIOIIUXCA
CcMece.

5. O0cy:kaeHue 1 3aKJII0YEHH e

WccnenoBanusi, mpecTaBieHHbIE B HAcTosALIEH paboTe, JeMOHCTPUPYIOT,
YTO HEHUPOHHBIE CETH, NPEAHA3HAYCHHBIC NJI CJIETIOr0 PA3JECIECHUS CHUTHAJIOB,
NO3BOJIAIOT ~ oOecrneuuTh  (YHKIUOHUPOBAHME CHUCTEMBl  palo4yacTOTHOU
UACHTUDUKAIIIH npu ee He3HauuTelnbHOW nopadoTke. Cpemu Bcex
PACCMOTPEHHBIX METOJIOB M YCTPOWUCTB HanOoJiee MPUBJICKATEIHHBIMA OKA3aJIHUCh
T€, KOTOPbIE MCHOJIB30BAIN MPEMIOKEHHBIA HAMU MOAXO0J, OJarogapsi IpocToTe,
XOpOILIHUM XapaKTEPUCTUKAM U CAMOHOPMHUPYIOLIIUMCS CBOMCTBAM.

3aciy>)KMBalOT KOMMEHTAPUEB BO3MOKHBIEC HAIIPABJIECHUS Pa3BUTHS JAHHOTO
uccienoBanus. llpennoxkeHHble MOAXOABI Haubonee NPUBIEKATEIbHBI B
PAacCCMOTPEHHOM KOH(UIypalluM CHUCTEMbI, TaK KakK [ JaHHOrO cliydas
IPUMEHEHUSI CUCTEMBI TPEOYIOTCS Mallble BBIYMCIUTEIbHBIE PECYPCHI, TOI/Ia Kak
OOJIBIIMHCTBO JAPYTHX MNPUMEHEHUU MOTpedyeT OoJiee CIOXKHOW ammapaTypbl
00paboTku curHaioB. HekoTtopsie U3 MpUMEHEHUM, U3BECTHBIX U3 JIUTEPATYPHI,
OTMEYEHBI HIXKE:

- B OyIymMX TMNpPpUMEHEHMUSIX HACHTUPUKALIUOHHBIX CHCTEM, KOTOPBIM
HEOOXOJMMO BBICOKOE OBICTPOJICHCTBUE U, CIIEJOBATEIbHO, pa3ielieHue
CUTHAJIOB C MaJbIM BPEMEHEM CXOJUMOCTH;

- ¥ B MPUMEHEHHUSX, cCoAepkalmx Oojiee AByX MeToK. Jlyisg cimydaeB, Korja
HEOOXO0UMO pa3AesaTh Oojee YeM JIBa CUTHaJIa, pa3BUTHE PACCMATPUBAEMBIX B
HaCTOsIIeH paboTe MOAX0I0B MOKET OBITh JIETKO HaieHo. [Ipu aToM, ogHaKo,
Ha JaHHOW cTaguu pabOThl CBOWCTBA CXOAMMOCTH HEIOCTATOYHO H3YYECHBI.
ANbTEpHAaTUBON MOXET OBbITh HCIOJIb30BAHUE HEKOTOPBHIX MOJIXOJ0B C
rapaHTUPOBAaHHO HW3BECTHBIM BPEMEHEM CXOAMMOCTH. JTO, B YaCTHOCTH,
BKJIFOYAET MOJIXOM, MPEIJIOKEHHBIN B [3] ¥ pa3BUTHIA B HECKOJIBKUX BapHUAHTAX
B paodore [13].

B  moboM cioydae  HEOOXOOUMO  TOMHHUTb, 4YTO  pa3jU4HbIC
UACHTU(UKAIIMOHHBIE CUCTEMBI UMEIOT OTPAHUYEHHYIO 30HY CUMThIBaHUA. B 3THX
CUCTEMax JIMIIb METKH, PACIONIOKEHHbIE BOJIU3HM CUUTHIBATElNs, 00€CIIeYnBAOTCS
JOCTATOYHBIM CUTHAJIOM. JTO B MPUHIUIIE OTPAHUYMBAET KOJIMYECTBO METOK A0
HEOOJIBIIOTO KOJIMYECTBA U Jlaxe, BO3MOXKHO, J0 JBYyX IUTyK. Iloatomy
OpUMEHEHUsT ¢ OOJIBIION  JANbHOCTBIO HUACHTU(UKAIIMM  TaKXKe MOTYT
UCTIOJb30BaTh KOH(PUTypaIllMI0 CUCTEMBI M PELICHUSl, pACCMOTPEHHbIE B JaHHOU
pabore.
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Jlpyroe BO3MOXXHO€ pa3BUTHE HACTOSILEr0 MCCIEAOBAHUSA KacaeTcs
WCIIOJIb30BAHUSL pa3/ICNICHUs] CUTHAJIOB [JIi YMEHBIIEHUS TMEePEeOTPAKCHUM OT
OKPYKAIOIINUX MPEIMETOB, YTO TIO3BOJISET:

(1)  yBENIMYUTH PACCTOSTHHE MEXKy CUATHIBATEICM M METKAMU WJTU
(i)  yMEHBIIUTH YHEPTONOTPEOIICHHUE.

Bo3MokHO, Takke, 9TO B PAaCCMOTPEHHOM METOZAE OBLIM JHUIIb YaCTUYHO
UCTIONB30BAaHbl aNPUOPHBIC CBEIEHUS O CHUTHajdaxXx. OTO TO3BOJIMJIO HaM
pa3paboTratb  METOJA, KOTOPHIM  MOXXET OBITh  pa3BUT HA  JAPYTHE
UJIEeHTU(PUKAIIMOHHBIE CUCTeMBbI. Takye MOXKeT ObITh pa3pabOoTaH METOJ TOUHOMU
HACTPOMKH C HCIIOJIb30BAHUEM YCTPONCTBA pA3ICJICHUS] CHUTHAJIOB, KOTOPBIU
OpUMEHEH B Clenu(UUecKoll cucreMe, pacCMOTPEHHOW B JaHHOW pabdoTe, U
KOTOPBIN criocoOeH obecreuuTh 0osiee 3¢ HEeKTHBHYIO 00pabOTKYy CUTHAJIOB.

B 3akmouenune aBTopbl Omaromapar A. Laurence 3a ToaIepKKy Ha
HaYaJIbHOW CTaJNH pabOThl, @ TAKKE AaHOHUMHBIX PEIIEH3EHTOB 32 UX OT3bIBHI.

Ipuiaoxenue A. Teoperuueckune CBoOCTBa cMecei

B »TOM mnpunokeHuuM MNOKa3aHO, YTO B HJICAIBHOM MOJEIH CUCTEMBI,
paccMOTpPEHHOW B paszfene 2, CMECH CUTHAJIOB, MOJBEpraromiuecs o0padoTke
YCTPOMCTBOM PA3JCICHUSI CUTHAJIOB, SBIISIIOTCS JIMHEWHOW OJHOBPEMEHHOU
CMEChI0 KOMITOHEHTOB, COOTBETCTBYIOIIMX IBYM MeTKaMm. Kak moka3aHO HUXKeE,
9TM CBOMCTBA CMeced BBITEKAIOT M3 CXEMbl MOIYJISLUN/IEMOIYJIISALNH,
UCIOJIb30BAaHHOM B JaHHOM paboTe, T.e. HU3KOYACTOTHOM aMIUIUTYAHOU
MOZYJIALINY.

Jns nmokazarenbcTBa 3TOrO0 PAacCMOTPUM MPOLECC PACHPOCTPAHEHUS M
o0paboTku curHanoB. CHavana  HeCcymuid curHan V sin ot wu3iIydaeTrcs
cunutbiBareneM. OH INPUHUMAETCS KaXIOW METKOH j ¢ KOI(D(DUIHEHTOM 0
(CBA3aHHBIM C 3aTyXaHMEM CHMIHAJla B KaHaJIe pACIPOCTPAHEHUS) U 3a[I€PKKOU Tj.
Torga curnan, NpuUHATBIE METKOW j B MOMEHT ¢, OyIeT paBeH «; V sin [w(t — 17)].
[Ipennonoxum, 4TO METKa OCYIIECTBIISIET UIACATBHYIO aMIUTUTYAHYI0 MOIYJISIIIUIO
HECyIIEH KOJOBBIM CHTHAJIOM Xj(f), TOTJAa CUTHAJ, HM3JIy4CHHBI METKOM j B
MOMEHT £, OyzeT paBeH xi(f) a; V sin [w(t — 17)].

Temepp paccMOTpUM OJHY U3 TPUEMHBIX aHTEHH CUUTHIBATEIIS
(paccykneHust BepHbI s JiroOoM u3 aHTeHH). OHa TPUHUMACT KaXKIbId
U3JIy4YEHHBIM METKOH CUrHal ¢ KO3(QQHUUMEHTOM a'j WU 3aaepxkkoi t’j. Curaai,
IPUHATHIA 3TOW aHTEHHOW B MOMEHT f, OyZIeT paBeH a; xi(t — ) V sin [ow(t — 7; —
t’j)], rie a; = o; a’j. AHTEHHA UealbHO CyMMHUPYET CUTHAJIBI, IPHHATHIE OT JIBYX
MeTOK. COOTBETCTBYIOUINI BBIXOAHOW CUTHAT AHTEHHBI B MOMEHT £, OyIeT paBeH:

a Xl(t - T’l) V sin [U)(t— T - T’l)] +a, Xz(t - ‘L',z) V sin [U)(t— 71 - T’z)]. (AI)
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DTOT CUTHAJI MOXKHO 3aIKCaTh B CICAYIOIICM BHUJIC:
sin wt[a; V x1(t — 7’1)cos@; + a V xy(t — 775)cos@,] +
+ cos wt[a, V xi(t—1'1) singy + ay V x,(t — 1) sing, ], (A.2)

rae ¢ = -o(t; + tj) = 2nfLi/c, [f— Hecymasa dacrtoTa, L; — obmee (yABOECHHOE)
pacCTOSTHUE MEKIY aHTEHHOM M METKOH, 7’j = [j/c — pacCTOsIHHE MEXTy aHTCHHOU
Y METKOU.

B paccmarpuBaemoil cucreme nmapaMeTrpbl UMEIOT CIEAYIOLIUE YHCIOBBIE
3Hauenus: f = 125 kI'mu L; < 10 cM, Tak 4TO @5 < 2,6x107 <1, ;<5 cM, Tak 4TO
T < 1,7x10" ¢ << T = 107 ¢, rae T — HepHOA MOIYJIMPYIOIIEro CHUrHAJIA.
Hcnone3yst 3TH 3HA4YEHUs NApaMETpPOB, CYMMapHbId CUTHaJN, MPUHATHIA
aHTEHHOM, MOKHO aIlMPOKCUMHUPOBATh ClIEAyIOIIUM o0Opa3oM: sin wt[a; V x(f) +
a, V xy(f)]. Pesynprupyromuii uaeaqbHbId aMIUTUTYIHO JEeMOAYJHUPOBAHHBIN
curHan oyner paBeH a; V xi(t) + ax V x(f). DTOT curHan, KOTOPBIi MoJAaeTcs Ha
BXOJI YCTPOMCTBA PA3JICJICHUS] CHUTHAJIOB, SIBJISCTCS JIMHEWHOW OJIHOBPEMEHHOM
CMECHIO JIBYX MOAYJIUPYIOIIUX CUTHANOB Xi(f) U X,(f) (Kak MOKa3aHO B pasjelie
3). CnenyeT 3aMeTUTh, YTO ATOT pE3yJIbTAaT MPUMEHUM B CiIyyae, KOIJa CHUTHAJ
KQKIOM METKM PACIpPOCTPAHSIETCS JO CUHMTHIBATENSI HECKOJBKHUMU ITYTSIMU:
KKl MyTh BHOCUT CBOM WHIMBUAYaIbHBIM Bkiaa. OAHAKO, KOT/Ia MOXHO
npeHeopeub 3aJepKKaMHu paclpOCTpPaHEHUs, BCE 3TH BKJIAJbl CYMMHUPYIOTCS B
00IIMI CUTHAJI, COOTBETCTBYIOIIUN OMUCAHHOW MOJIEIH.

Ipuiaoxkenue B. Teopernyeckue cBOMCTBAa CHTHAJIOB

B srom IIpunoxkeHnn Mbl IPEACTABUM HCHOJIb3YEMYIO MOJENb CUTHAJIOB,
KOTOpas JOJKHA ObITh BOCCTAHOBJIEHA YCTPOMCTBOM pa3JlejIeHUS CUTHAJIOB B
cucteme. Kaxxnplii U3 CUTHAIOB COCTOWT M3 OJWHAKOBBIX (hparMeHToB. Kax bl
dbparMeHT COAEPKUT TOCIEAOBATEIIBHOCTh, CUHXPOHU3HUPYIONIYIO JaHHbIE (T.€.
CoJIepKUMOEe TTaMsITh MEeTKH ). Kpome Toro, 3Tu JaHHbIe KOJUPYIOTCS C MIOMOIIBIO
CTaHAApTHON OuMda3sHOW KOTUPYIOIICH MPOIEAYPhI, KOTOPYIO MBI PacCMOTPUM
HIKE.

CHauana paccMOTpUM HJeadbHOE (PYHKIIMOHMPOBAHUE CHUCTEMBI C TOYKH
3peHHs] KOJAMPOBAHHBIX JaHHBIX (T.e. 0€3 yuera BIUSHHUS CUHXPOHU3UPYIOIIEH
MOCJIeI0BATEILHOCTH). B neasie kaxxaplii OUT JaHHBIX, paBHBIN (), COOTBETCTBYET
HanpspKEHU0 +J B T€UEHHE TEPBOM MOJIOBMHBI LUKJIA U MPOTHUBOMOJIOKHOMY
HanpspDKEHUI0 —V B TEUEHWE Jpyroll TMOJOBHMHBI IUKJIA. buT, paBHbIA |,
KOJMPYETCS U3MEHSIOMIMMUCS 3HAYEHUSMU: HaAIpsDKEHUE +) B TEUEHHE MOJHOTO
IMKJIA W HalpshkeHHe —J B TEUEHHE CIEAYIOLIEro IOJHOTO IuKia. Takou
UJeadbHbI CUTHAN MPEJICTABISIET COOOW CIyYalHBIM CTallMOHAPHBIM CHUTHA,
NPUHUMAOIIMK 3HaUeHus1 —1 ¥ +1 ¢ BEpOSATHOCTHIO Y2 HE3aBUCHUMO OT 3HAYEHUU
KOJUpPyeMbIX OUTOB. B pe3ynbrare MOXKHO MOKa3aTh, YTO IS Maphl pa3aeisieMbIX
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curHaioB R = 1, roae R ompenensierca (6). Takoe 3HaueHue R 3HAYUTEIHHO
MEHbIIIE MOPOroBoro ypoBHs R = 9, T.e. curHan sBisercs 0OOOIIEHHBIM Sub-
["ayccoBbiM (cM. pazzen 3).

B peanbHOM WAECHTU(QUKAIIMOHHOW CHUCTEME CHTHAJbl CYyIIECTBEHHO
UCKaXAlOTCsI W HE HUMEIT OuHapHoro Bujpa. K ToMmy ke OHHM coxepikar
CUHXPOHM3HPYIOIIYIO  IOCJIENOBATENBHOCTh, KOTOpas HE  CUMMETPHYHA.
CooTBETCTByIOIIIEE OTHOLIEHUE R MOKET OTIMYATBCA OT TEOPETUYECKOTO
3Ha4YeHUA R = 1, HO OCTaeTCs 3HAYUTEIIHHO MEHBIIIUM ITOPOTOBOTO YPOBHS
R = 9. Takum 00pa3oM, MOXXHO MPEANOJOXKUTb, YTO PEATbHBIE CUTHAJIBI
ABIAIOTCA ~ O0OOHIEHHBIMU  sub-I'ayccoBbIMH.  OTO  SKCIEPUMEHTAIBHO
IIOATBEPKICHO B pasnene 4.
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Ilpunoscenue 3

Crangapruzanus texnosoruu RFID

OmuuM U3 Haubojee OCTPhIX BOMPOCOB, MPEMATCTBYIOUIUX CaMOMY
IIMPOKOMY BHEAPECHUIO TEXHOJIOTUU PaJuO4YacCTOTHOM HJCHTHU(UKAIUKU B
MHUPOBYIO JKOHOMHKY, SBJSIETCS CTaHIapTH3alus paguouHtepdeiica, T.e.
npolecca oOMeHa JaHHBIMU MEXKIY CUMTHIBATEIEM U METKOW MpU MOMOIIU
anekTpoMarHutHoro nons.  CranpapTtuzauus —paauouHTepdeiica crocoOHa
obecnieunTh coBMecTUMOCTh anmapaTypbl RFID, mnocraBisiemoii Ha pBIHOK
Pa3TUYHBIMKA TTPOU3BOAUTEIAMH. ITO HEOOXOIUMO ISl TOTO, YTOOBI OOBEKTHI C
METKaMH, MPOU3BEICHHBIMUA B OJIHOM CTpaHe, MOV Obl UACHTHU(PHUIIUPOBATHCS
CUUTHIBATEISIMH, KOTOPBIE TPOU3BEACHBI U YCTAHOBIICHBI B IPYTUX CTPaHAX.

Bonpocam  MexayHapogHOW — CTaHAApTU3allMM  TOCBSIIECHA  CTaThs,
NOATOTOBJIEHHAass HAa OCHOBE MaTepuaja, JII00€3HO  MPEeAOCTaBIECHHOIO
corpyaankom kommaann EAH/FOHUCKAH, npencenarenem nmogkomuteta [1K 4
«Pagnouacrotnas uaeHtuduxanus» A.C. ['ynapusi.

A.C. I'ynapus, C.B. KopHees.

COBpeMeHHoe COCTOSIHUE U MEPCIICKTHBLI CTaHAApTH3allUU CHCTEM
paIII/IO‘IaCTOTHOﬁ I/II[eHTI/I(l)I/IKaIII/II/I AJIA YIIpaBJICHUA TOBAPHBIMHU NMOTOKAMH
B IICIIA ITOCTABOK

Kak u Bcsikasg Jpyras BBICOKOTEXHOJIOTMYHAs OTpacib YEJIOBEUYECKOM
NeSITeNIbHOCTH, PaAM0YacTOTHAsI UACHTU(UKALMS pa3BUBaIach C MOMEHTA Havyaa
CBOETO CYIIECTBOBAHMS KaK TEXHOJOTHWsS, MPUMEHEHHE KOTOPOH OrpaHUyYeHO
pamkamu (UpPMBI, KOTOpasi pa3zpadaThiBacT 00OpyAOBaHUE I €€ MPUMEHEHHUS,
WIN paMKaMu (PUPMBI, 110 3aKa3y KOTOPO# 3TO 000pya0BaHKE OBbLIO pa3padboTaHOo.
Hauano uctopun pa3BUTHs TEXHOJOTHH PaIoYacTOTHOW MACHTU(UKALNN, KaK U
y MHOTHX BBICOKOTEXHOJIOTMYHBIX HOBallMi Hamied JACHCTBUTEIBLHOCTH — B
HE/pax BOEHHO-TTPOMBIIIJIEHHOTO KOMIIEKCA.

1. AKTyaJIbHOCTH BHEJAPEHHSI TEXHOJIOTHH
Kak m nmrobas npyras xoporas ujaes, paauodacToTHas WASHTU(PUKAIUS, B

KOHIC KOHIIOB, OKa3aJlaCb Ha PBIHKC TOBApPOB M YCIYI, I'IC, KaK OYCHbL CKOpPO
BBIXICHUJIOCH, €€ IaBHO U C HCTCPIICHUCM KA.

©A.C. I'ynapus, C.B. Kopnees, 2006.
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PBIHOK, KaKk BCEM M3BECTHO, — CUCTEMA CaMOOPTraHu3yromascsa. B Hegasuem
IIPOLIJIOM CaMOOPTaHM3aldsl Ha PBIHKE IUIOXO KOppEeaupoBala C JBH)KECHUS
TOBapHbIX Macc. J[BH)KEHHE TOBapHOW MaccChl, Kak M JIO00W Apyrod Mmacchl,
o0nagaio U30BITOYHOW MHEPLHOHHOCTHIO. TOBAapbl MEIIEHHO NPOJABUTANHCH U
MOATOMY OMa3[bIBald K HEPBHUYAIOIIEMY TMOTPEOUTENI0 WM HA000pOT
HABaJMBAJUCh HEOTBPAaTUMOW  JIaBUHOW, YTO 3acCTaBsIO0  MOTpeOUTens
HepBHUYATh emé Oonpuie. [lo 3Toi mpUyYMHE PBIHOK MOCTOSHHO JIMXOPAIWJIO,
CIy4YaJlUCh KPW3HUCHI, CBS3aHHBIE KaK C OTCYTCTBHEM TOBapa, TaK M C €ro
U30BITOYHBIM IPUCYTCTBHEM B OIPEJEICHHOM MECTE Ha PbIHKE. Y OrpPOMHOIO
KOJINYECTBA JIIOJEH, T.€. MOTpeOUTENeH, MOCTOSSHHO BO3HMKAJIN IMPOOJIEMBI OT
HEBO3MOKHOCTH B HY>KHBII MOMEHT IIOJIy4YHUTh HY>KHBIA TOBAP.

OnHako U30BITOYHAs HMHEPUUOHHOCTh JBM)KEHMSI TOBApHBIX Macc
OpOKJalach HE CTOJBKO HECIIOCOOHOCTHIO  IPOM3BOJUTENEH  TOBapOB
o0ecneuynTh HMX MAaCCOBBIM BBIMYCK, CKOJbKO OTPOMHBIM YHCIOM MpoOiieM
CBSI3aHHBIX C MPOJABIKEHHUEM TOBapa OT MPOU3BOIUTEINS K MOTPEOUTENIO MO LIENH
MOCTaBOK. DTH MPOOJIEMBI SIBISETCSA CIEICTBUEM OTOPBAHHOCTH OT TOBAapHOTO
OTOKAa TOTO TOTOKa HWHGOpPMAaIlMU, KOTOPBHIA COOCTBEHHO M OOECHeYrBaET
nepeMenieHrne ToBapa MO IENU TMOCTaBKH OT KOHKPETHOTO TMPOU3BOIUTENS K
KOHKpETHOMY ToTpeOuTeno. be3 nBmxeHus mHbOpMaIluu TOBAp IBUTATHCS HE
mMoxkeT. [loaTromMy ToBapHOE ABMKEHHE CONPOBOXKIACTCS ABM)KCHHEM OyMasKHBIX
IOTOKOB, MEPEHOCANIMX HH(POPMALMI0O O TOM, TJIe TOBap IPOU3BEICH, KyaAa
HarpaBJIeH, KaKOBBl €ro MOTPEeOHTEIbCKHE CBOICTBA, KTO TOBap OTIPY3WJI, KTO
OIJjaTWi, KakUM BHJOM TpAHCIOpPTa OH TMEPEeBO3UTCS, TAe OH Oyner
neperpy’arbcs, KTO €ro IMojydarenb, IJ€ OH IepecekaeT TpaHuIly, KaK OH
oOpa0aTpiBaeTC Ha TaMOXKHE, CKOJBKO OH HaxOJUTCS B JOpOre, Ha KaKoM
TEPMHMHAJIE OH CKJIAJUPYETCs, CKOJbKO BpPEMEHH XPaHUTCS, W, HAKOHEL, He
UCTIIOPTHJICS JIM OH. A OyMmara, Kak BCEM U3BECTHO, HE OUY€Hb HAJICKHBII HOCUTEIb
uHbOpMaIuu.

B namie BpeMs nH(popMalys TpaHCTIOPTUPYETCSA MO KOMITBIOTEPHBIM CETSIM,
U 3TO CYIIECTBEHHO CHIKAET M3JEP)KKH, CBA3aHHbIE ¢ €€ nepemenieHueM. Ho
yTOOBI MepeBeCTH HH(POpMalHI0 ¢ OyMard B KOMIIBIOTEp TpeOyercs BpeMs U
py4YHOM TpyA. A BOT BPEMEHHM-TO y HAac Kak pa3 U He xBaraer! U B 3TOT
HaANPsHDKEHHBINA JJ1 IOTPEOUTENIE MOMEHT Ha PhIHKE TOBAPOB M YCIIYT MOSIBISETCS
TEXHOJIOTHsI PaJiMo4acTOTHOM uaeHTU¢ukauuu. YTo Xe OHa HaMm mpezaraer?
[Touemy ’xe cnenuanucTbl OKUIAIOT OT HEE cToNb MHOroro? PammodacroTHas
uACHTU(UKAIMS HaJeNsdeT TOBap HMHTEJUIEKTOM, OHa IPEIOCTaBIsET TOBAPY
BO3MO>KHOCTb HaIpsIMyI0 OOLIaThCsl ¢ KOMIBIOTEPOM, & UY€pe3 KOMIIBIOTEp C
JTr00BIM YYaCTHUKOM TIpoliecca ABMXKEHUS TOBapa I0 LIEMHU MOCTaBOK, JHIAas TEM
caMbIM TOBApHBIM MOTOK H30BITOYHONM HMHEPLUMOHHOCTH U Jejias YIpaBJICHUE
IPOLIECCOM  JBHKEHHS TOBAPHBIX IOTOKOB IIOJHOCTBIO IIPO3PAYHBIM U
ONTUMU3HPOBaHHBIM. PamnouactoTHas uneHTUUKaLMs 00beIUHACT TOBAPHBIN U
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UH(OPMAITMOHHBIA TTOTOKH B IIE€MH MOCTABOK, COKpaIasi TeM CaMbIM OTPOMHBIC
U3JIEPKKH, CBSA3aHHBIE C PYYHBIM TPyJOM MO 00paboTke HHGPOPMAIMOHHOTO
MOTOKA, COMPOBOXKIAIOLIETO TOBapHOe nBMkeHHe. K uemy 3TO0 mnpuBener?
Pe3ynbraTtel BHEOpEHHWS TEXHOJOTUW PAAMOYACTOTHOW HWJCHTU(UKAIUU B
MPOIIeCC YIPaBJICHUS JABUKECHHUEM TOBAPHBIX IIOTOKOB MO IIEMHA IMOCTABOK
TPaHINO3HBI, KaK MO0 YKOHOMHYECKOMY 3(PQeKTy, Tak ¥ MO CBOEMY BJIMSHHUIO Ha
pa3BUTHE PHIHKA.

2. Oddexr ot BHeapenus cucrem RFID

OxoHoMuYeckuid 3GGEKT OT BHEIPEHUsT CHCTEM PaJAMO4YacTOTHOMN
UACHTU(PUKALIMKY JOCTUTACTCS 32 CUET KOMIUIEKCHOTO JEMCTBUS OJHOBPEMEHHO
HECKOJIBKUX (HhaKTOPOB, BIMSIONIMX HA MPOIECC ABUKEHHUS TOBapoB. Bo-mepBhix,
UCKITIOYAETCS PYYHOW TPYyJ MO BBOAY WH(MOpPMAIMU O KOHKPETHOM TOBape B
KOMIIBIOTEPHYIO CE€Th, BO-BTOPBIX, HCKIIIOYAETCS YEJIIOBEUYECKOE YYacTHhe B
MpollecCe OpraHu3allid JBHXKEHUS OT CKJIaja JO0 BUTPUHBI, B-TPETHUX,
JUKBUIUPYIOTCS CUTYallUM, CBSI3aHHBIE C OTCYTCTBUEM HYXHOTO TOBapa Ha
BUTPUHAX, B-UYETBEPTHIX, HCKIIOYAIOTCS CUTyallUHM, CBS3aHHBIE C HEXBATKOU
TOBapa Ha CKJaJe, B-MATHIX, MHOTOKPaTHO BO3pacTaeT HH()OPMUPOBAHHOCTH
noTpeduTeNsl O HAJIWYUMU TOBapa W €ro CBOMCTBAaX, B-IIECThIX, MHOTOKPATHO
YCKOpsIETCs Mpoliecc 00CIy>KMBaHUS MOKYIATeNsl Ha PacCU€THO-KacCOBOM Y3IIe, U,
HAKOHEIl, CTaHOBUTCA BO3MOXHBIM JUCTAHIIMOHHOE (POPMUPOBAHUE KOP3UHBI
MOKYIATeNsA, YTO MPUBOJUT K COKPAIIEHWIO TOPrOBBIX IUIOIMIAAEH. DTO JIM HE
peBoTtonus B padbote ¢ morpeduTenem?

Cronp k€ MacIITaOHO BBITJISASAT W3MEHEHHUS, BBI3bIBAEMBIE BHEIPEHHUEM
CUCTEM pPaJMOYaCTOTHOM MJIEHTU(UKALMU, B OpraHU3alluu IMpoliecca JABHKEHUS
TOBapa IO II€NM IOCTAaBOK OT IPOMU3BOAMTENSA 10 IMpoJaBla. ABTOMaTH3aLUA
npolecca BBoJa TeKylled HHPOopMaIU O MapTUH TOBapa B KOMIBIOTEPHYIO CETh
IIO3BOJIAET OCYLIECTBIIATH YIIPABICHUE ABMIKEHHEM TOBapa B aBTOMATHUYECKOM
pexuMe, ¢ OTHOBPEMEHHOM ONTHUMU3ALMEN BCEX BPEMEHHBIX U TPYAOBBIX 3aTpaT
Ha KaxJ0W cTaaud oOpaOOTKM TOBAapHOW MapTUM, HAUMHAsA OT €€ aJpecHOro
dbopMHpOBaHUsA, TMPOBEACHUS BCEX MOTPYy30YHO-PA3TPY304YHBIX pabOT U
MEPONPUATHN 10 €€ CONMPOBOKICHUIO U 00pabOTKE Ha TEpPMHUHANAX, JO CTaJUU
IONOJIHEHUS CKJIaJa WM BUTPHMHBI NpojaBla. Bce craguu mponecca ITOCTaBKU
apTUM TOBapa CTAHOBATCA IPO3padHbIMU. VICKIOYaroTCs 3aJep’KKU TOBapa B
IIyTH, CBSI3aHHBIE C IIOTEPEM BPEMEHM IIpU IIEPErpy3Ke TOBAPHBIX MapTHH,
ONTHUMM3UPYETCsS 3arpy3ka M MaplIpyT JBHKEHUS TPAHCIOPTHBIX CPEICTB,
MHOTOKPAaTHO YCKOps€TCs O00OpOT BO3BPAaTHOW Tapbl, BO3pacTaeT IUIABHOCTb U
IIPEACKA3yEMOCTh IPOLECCa IOCTYIUIEHUS TOBApOB, YTO IIO3BOJIIET COKPATUTH
CKJajacKue  Iom@aau. PaavodactoTHas — WASHTHU(UKALUs  IpeBpaliaert
pa3pO3HEHHBIE 3BEHbs LENM IIOCTaBOK B EIMHBIM MEXaHU3M XOPOILIO
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OTJIAJKEHHOTO KOHBEWepa MJi HEMPEPHIBHOTO M OCMBICIEHHOTO MPOJBHXKECHUS
TOBapa OT MPOU3BOJAUTENS K OTPEOUTEITIO.

TexHonorus paano4acTOTHOM HACHTU(DUKAIIMHM CYIIECTBEHHBIM 00pa3oM
U3MEHSAET HE TOJIBKO MEXAHU3M PACHPENENICHHs, HO M IPOLECC NMPOU3BOACTBA
TOBapoB. lcmonp30BaHME TEXHOJOTUU PAJMOYACTOTHON HACHTU(UKALUUA IS
MapKUpPOBKH J€Talled U NPOAYKTOB IPOU3BOJACTBA, IO3BOJIIET OTCIIEKUBATh B
peXKUME pPEATbHOIO0 BpPEMEHHM BCE TEXHOJOTMYECKUE CTaguu (HOPMHUPOBAHUS
TOBapa B IMPOLECCE €ro H3rOoTOBIECHUA. bonee TOoro, OJHOBPEMEHHO C
n30UpaTeNbHbIM, OCYIIECTBIIEMbIM B  COOTBETCTBUM C  TpeOOBaHUSIMU
KOHKPETHOTO 3aKa3uuka, GOpMHUpPOBAHWEM KOHEYHOTO MPOAYKTA MPOU3BOACTBA —
KOHKPETHOTO TOBapa, (POpMUPYETCS €ro TEXHOJOTMYECKHMH MacrnopT, KOTOPbIH
JAaeT TMOJHOE TMpeACTaBiIeHHE 000 BCEX TEXHOJOTMYECKHX JIEeTallsIX Ipoliecca
U3rOTOBJIEHUS ATOr0 KOHKpPETHOro oOpasma ToBapa. He cekper, yTto mnpu
MacCOBOM ITPOM3BOJICTBE TOBAPOB, MaJeIlee OTKIOHEHUE OT 3aJaHHOI0 PEXUMA
Ha J00OM CTaguu TEXHOJIOTMYECKOTO IMKJIa M3TOTOBJIEHUS TOBapa MOXET
IPUBECTH K HEMPEACKA3yEMOMY HM3MEHEHUIO MOTPEOUTEIBCKUX CBOMCTB TOBApa.
VYerpaHsass Takue  TEXHOJIOTMYECKHME IMOTPEIHOCTH,  (PUPMBI-U3TOTOBUTENN
BBIHY’KJICHBI OT3bIBaTh C PbIHKA JJI YCTPAHEHUS AE(PEKTOB OIPOMHBIE MACChl YKe
MOCTYIUBILIEr0 B HJKCIUIyaTallMI0 TOBAapa IMPOCTO MOTOMY, YTO OHHU HE HMEIOT
JOCTOBEPHON MH(GOPMALIMK O TOM, MPU U3TOTOBJICHUHM KAKOW KOHKPETHO MapTHH
KOMIUIEKTYIOIIUX ObLIO TOMYIIEHO OTKJIOHEHHWE OT YCTAHOBJIEHHOM TE€XHOJOTHH.
OTO HE3HaHUE XapAKTEPUCTUK TEXHOJOTMYECKOM KapThl KaXJO0M JeTaiu
KOHEUYHOI'0 MPOIYKTa BEAET K OTPOMHBIM MOTEPSIM BPEMEHU, TPYAA U JCHET IS
YCTPaHEHHUsI, BOBMOXHO, KPOILIEYHOTO Je(eKTa, BHI3BAHHOTO OTCTYIUIEHUEM OT
3aJIaHHOTO TEXHOJIOTMYECKOro pexuma. PagmouacTtoTHas MACHTH(PUKALMS, Kak
TEXHOJIOTHSI (POPMHUPOBAHUS TEXHOJOTUYECKOTO IMAaclopTa KOHKPETHOIO TOBAapa,
SIBJISIETCSl TapaHTHEN KauyecTBa €ro MpPOM3BOJACTBA, OCOOCHHO NMPU COBPEMEHHBIX
OTPOMHBIX O0BEMax MPOU3BOACTBA TOBAPOB Ha MPEANPUSITHH B YCIOBUSIX
VCIIOJIb30BaHUsI KOMIUIEKTYIOIINX JE€TaJed OT Pa3HbIX MPOU3BOAUTENEH.

Htak, popMupoBaHuEe KOHKPETHOTO M3JENHS TT0 TPEOOBAHUIO KOHKPETHOTO
IITYYHOTO 3aKa34KMKa C FapaHTHUEHd KayeCTBa B YCIIOBUSX MAaCCOBOIO TOBAapPHOIO
MPOU3BOJACTBA IIPU CHWIKEHUM H3JEPKEK — BOT JOIOJHUTEIbHBIA BAaXHEHUIINN
pe3yJbTaT BHEAPEHUS TEXHOJIOTMU PAaJAMOYaCTOTHOM UACHTU(DUKAIUK Ha
COBPEMEHHBIX MNPEANPUATUIX. JpyruM, HE MEHEe BaXHbIM PE3YJIbTATOM
BHEJIPEHUs PAJMOYAaCTOTHON MJICHTHU(UKAIIMN SIBISETCS TUIAHUPOBAHUE 3arpy3Ku
MIPOM3BOJICTBEHHBIX MOITHOCTEN MPH pabOTe Ha KOHKPETHOTO 3aKa3uMKa, a He Ha
CKJIaJl, KaK 3TO Bcerja ObLJIO B AIOXY MPOU3BOJCTBA MPOIYKIIMH JI0 BHEIPEHUS
TEXHOJIOTUY PAIUOYACTOTHONU UJICHTU(UKAITUH.

190



191

3. IIpo0OJieMbl BHeAPEHHUS TEXHOJIOTHHA

[louemy »e mpH CTOJIb MPHUBIEKATEIBHBIX PE3YyJbTaTax MCHOJb30BAHUS
HOBOM TEXHOJOTMM M Ha TMPOU3BOJICTBE, M IMPU paCIpEACICHUU TOBAPOB
TEXHOJIOTUS PAaINOYaCTOTHON UACHTU(UKAIIMK HE TPUMEHSIETCS IIOBCEMECTHO, Ha
KaXJIOM 3aBOJI€, Ha KaXJIOM CKJIaje, B KaxaoM marazune? He Oyaem roBoputh o
MICUXOJIOTUYECKUX TPYIHOCTSAX, HEM30€KHO BO3HUKAIONIINX, B TIEPBYIO OUepe/lb, Y
MEHEIPKEpOB  BBICHIEIO 3BEHA YMOPABJICHUS TPU  CTOJb  3HAUYMUTEIIBHBIX
MepecTpoiKax JII0OOTr0 YCTOSABIIETOCS, OTPaOOTAaHHOTO TroJaMu YIOPHOTO TPy/a
TEXHOJIOTUYECKOro  mponecca. IloroBopum o0 peannsx, CBA3aHHBIX C
MPOJBUKEHUEM Ha PHIHOK HOBOM, TNI00AJIBHOM 10 CBOMM IOCJEACTBUSM BBICOKOM
TEXHOJIOTUU. JIB€ OCHOBHBIE TIPUYUHBI, CIEPKUBAKOLIME IOBCEMECTHOE
MPUMEHEHUE TEXHOJIOTMHM PAJUOYACTOTHON HIAECHTU(UKAIIMU — 3TO JOCTATOYHO
BBICOKAsi CTOMMOCTh OJTHOM pPagnO4acTOTHOM METKH M OTCYTCTBHE TJI00abHBIX
CTaHJapTOB.

PannouacroTHass MeETKa CTOMT OT HECKOJIBKHX JECATKOB IEHTOB 10
HECKOJIbKHX JIECSATKOB JOJUIAPOB B 3aBUCHUMOCTH OT CBOMX (DYHKIHMOHAJIBHBIX
BO3MOXKHOCTeW. KoHeyHO, mnpm MaccoBOM MNpPOW3BOACTBE CTOMMOCTH €€
3HAUYUTEIBHO CHU3UTCS, HO CYILIECTBYIOT CUJIbHBIE COMHEHMS, YTO OHA CPABHSETCS
CO CTOMMOCTBIO OYMa)KHOM ATHMKETKH CO IITPUXOBBIM KOJIOM, KOTOpas CErojHs
IIPUCYTCTBYET HA KaXJ0M ToBape. [103ToMy ceroaHs paano4acTOTHBIMU METKaMU
MapKUPYIOTCS OOBEKTbI, CTOMMOCTb KOTOPBIX 3HAYUTEJIBHO IPEBOCXOAUT
CTOUMOCTh ~ camMoi  MeTku. CeromHs  paguoyacTOTHas  MAECHTU(UKALUA
IPUMEHAETCS JUII MApKUPOBKM TPAHCIIOPTHBIX CPEICTB, BO3BPATHOM Tapbl
(TpaHCHOPTHBIX KOHTEHHEPOB, MAJUIET, K€ M IPYIMX €MKOCTEW Ul MEepPEeBO3KU
XKHUJIKOCTEHN), KOHTEHHEepoB A cOopa Mycopa U OTXOJI0B, MAapKUPOBKH PEAKUX
BUH, NPEJAMETOB MpOKaTa, HAPUMEpP, BEJIOCUIIEOB, KHUT U APYTUX OyMasKHBIX
HOcUTENeW BakHOM uHPopManuu (B MEAMIMHE 3TO — HUCTOPUU OOJE3HM),
UHCTPYMEHTOB M XUBOTHBIX. [10SBISAIOTCS mepBble COOOLIEHUS O MPUMEHEHUU
CUCTEM paJHOYacTOTHOW MACHTHU(PHUKAIUU i1 MapKUPOBKHU OTIECIBHBIX TOBAPOB
B PO3HMYHOW TOPIOBJIE€ M JUIA CKJIAACKOrO ydyera. Tak 4YTO €O BpPEMEHEM
CTOMMOCTb PaJUOYaCTOTHOM METKM TMOHMU3UTCS HACTOJBKO, 4YTO OHa Oyner
IIPUCYTCTBOBATh HA Ka)XKJOW YIIAKOBKE TOBapa M Ha camoM ToBape. Ho mns toro
yTOOBl ~ 3TO  NPOU3OLLIO,  MPOU3BOAUTENM  CHCTEM  pPagUO4YaCTOTHOU
UACHTU(UKALMY JOJKHBI IPUIEPKUBATHCS €AMHOTO CTaH1apTa.

4. Crangpapruzauus cucrem RFID
[TockonbKy TIPOU3BOACTBO CHCTEM pPAJAMOYACTOTHOM HJIEHTU(DUKAIIUN
OCYIIECTBJISIETCS. B pa3HbBIX CTpaHax, TO CTAaHIApPT JOJDKEH  OBITh

MCXKAYHApOAHBIM, a CaMH CHCTCMBI JOJIKHBI OBITH YHI/I(bI/II_II/IpOBaHHI)IMI/I n
COBMCCTUMBIMH Tak, YTOOBI paanov4aCTOTHBIC MCTKH U YCTpOﬁCTBa CUMTBIBaAHMHA,
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MPOU3BEJCHHBIC Pa3HBIMH KOMIIAHUSMH, MOTJIM 0€30 BCSIKUX MpoOieM paboTaTh
JPYT C IPyTOM.

Jlis mpeosoneHus TeXHUYECKUX NpoOsieM, CBSI3aHHBIX C pa3pabOTKOMN
MEXIyHApOJHOTO CTaHJapTa, KpynHeHimme (UPMBI-IPOU3BOIUTENN CHCTEM
pazrovacTOTHOM HAEHTU(UKALUK B paMkax MexXIyHapoJHON OpraHu3alud 1o
cragaaptuzauu (ISO) m MexnayHapoJIHOTO 3IEKTPOTEXHUYECKOTO KOMHTETA
(IEC) oOpaszoBanu pabouyro Tpymmy, KOTOpas 3aHUMaeTcs pa3padOTKOM
MEXAYHAPOJHBIX CTaHAAPTOB CHUCTEM pAJUOYACTOTHOW  HMACHTU(PHUKALUH,
NpEAHA3HAYEHHBIX JUIsl yrhpasiieHHs TtoBapamu. llomxomurer 31, B cocraB
KOTOPOTO BXOJUT 3Ta paboyas rpymnmna, BeAeT padoThl CBA3aHHbBIE C MAPKUPOBKON
TOBapOB WITPUXOBBIMU Koaamu. Cama pabouas rpynma o paguoyacTOTHOU
uACHTU(UKAIMKM JENUTCS Ha 4YeTblpe noAarpynmsl: Ilpopmnn TpeboBanuii K
IIPUIIOKEHUSM, CuHrakcuc JAHHBIX, YHuKanpHas uACHTU(PUKAIISA
paanovyacToTHBIX MeTOK M PammounTtepdeiic. DT moAarpynnsl paboTaroT Haj
CO3JaHHEM MEXAYHAPOIAHBIX CTAHIAPTOB, IIOCBAILIECHHBIX, COOTBETCTBEHHO,
o0ImMM BOMpOcaM TMPUMEHEHHUS CHCTEM pPaguoyacTOTHOM WACHTU(UKAIINH,
UHOPMAITMOHHOMY  HANOJHEHHIO  PaJdOYacTOTHOM METKM M CHCTEME
yOpaBieHUs ee paboToi, eIWHOM cHucTeMe YHHUKAIbHONW UACHTU(DUKAINH
PaaMoYacTOTHOW METKM W, HAaKOHEll, MpaBWJaM paguoo0MeHa, MPOUCXOSIIEro
MEXAY paguovyacTOTHOM METKOM W YCTPOMCTBOM CUMTBHIBAaHUS HH(POpPMALUU.
Pesynbrarom paboThl 3TUX MOArpYyNI SBISETCA CEpPUS  MEXKITYHAPOIHBIX
CTaHJApTOB, TOJHOCTBIO paspelaroniass BcEe MNPoOJIEMbl, CBA3aHHBIE C
COBMECTHUMOCTBIO KOMIIOHEHTOB CHCTEM pPaJMOYaCTOTHOM HAECHTU(UKALUU
Pa3HBIX POU3BOIUTENCH.

Jlist yopoleHus mpoiiecca ooecrneueHruss He0OX0UMBIX (YHKIIMOHATBHBIX
BO3MOXXHOCTEM  CHUCTEM  PaJMOYacTOTHOM  UJAEHTU(MUKAIMU  CTaHIAPThI
ONPEJIESAIOT HECKOJIbKO Juana3oHoB 4acToT: Huwke 135 xI'm, 13,56 MI'n, 433
MTI1, 860 — 960 MI'n u 2,45 I'Tn. Ilpeanomaraercs, 4To CHCTEMBI, padOTarOIINE
Ha OSTHUX YacTOTax, YJOBJIETBOPAT BCE MOTPEOHOCTH TMOJb30BATENICd CHCTEM
panuodacToTHOM uaeHTHQUKauu. I[Ipomecc pa3paboOTKu MeXAYHAPOIHOTO
cTaHAapra TpeOyeT €ro CorjacoBaHUS CO BCEMHU HAIMOHAIBHBIMU OpraHaMu
CTaHAapTU3allMy, MPUHUMAIOIIMMU YydacThe B ero paspabotrke. Bcero
MEXAYHApPOJHBIA CTaHAAPT MPOXOIUT IIECTh CTAJWNA COTJIACOBAHMS HAa PAa3HBIX
ypOBHAX MeXayHapoIHOW OpraHu3aluu o cranaaprusanuu. B konue 2005 rona
npolecc pa3paboTKU MEXAYHAPOJIHBIX CTAHAAPTOB JJIs YKa3aHHBIX TUANA30HOB
4acTOT ObUI, HAKOHELl, YCIENIHO 3aBepllieH. B HacTOsAmMI MOMEHT y>Ke BeIyTCs
paboThI 10 pa3zpabOTKe HAIIMOHAIBHBIX CTAHAAPTOB TEXHOJOTHH Pal04aCcCTOTHOM
UACHTUPUKALIMY, TPUMEHSIEMON MJid YOpPaBICHUS TOBAPHBIMH TOTOKAMU U
npeaMeTaMH TOPrOBIIH.

B Poccum pabGora 1o CO34aHWIO  CTAaHAAPTOB  PaJMOYaCTOTHOM
UACHTU(UKAIIIH KOOPJAUHUPYETCA TexHuuecknum KOMHUTETOM 355
«ABTOMatHmueckas uaeHTUGuKamusay deneparbHOr0 areHTCTBa M0 TEXHUYECKOMY
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pPEryJIMPOBAHUI0 U METPOJIOrMU. Bce 3amHTepecoBaHHbIE OpPraHU3alUd MOTYT
OPUHATH y4YacTHE B IMpoIecce pa3padOTKHM POCCHUICKUX CTaHAApPTOB IO
MPUMEHEHUIO TEXHOJIOTHUU PAAMOYACTOTHOW WACHTHU(PUKAIUUA IS YIPABICHUS
TOBApPHBIMU MMOTOKAMH U IIPEAMETAMU TOPTOBIIH.

Cnucok JuTepaTypsbl
1. www.aimglobal.org.

2. www.epcglobal.com.
3. www.gslru.org.
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IMocaecioBue pegakropa

Yurarenb, HECOMHEHHO, MOXET OTMETHUTh, YTO OCHOBOM OSTOM KHHUTH
spisietcss padora T.A. Ilapdenbna, onyonukoBanHas B opuruHaie B 2001 romy.
K coxanenuto, B cuity psjia IpUYMH, pyccKas peJakius 3TOU paboThl MOSBISETCS
yepe3 5 JieT. DTO OTPOMHBIA CPOK ISl JHOOBIX HOBBIX OYpPHO pa3BUBAIOIIUXCS
BBICOKOTEXHOJIOTUYHBIX HAIPABICHUM HAyKM U TEeXHUKH U TexHosorus RFID
TOMY HE HCKIIOUYeHHE. TeM 0Oojiee MHTEPECHO OTMETHTh, UTO OOJbINas 4acTb
HaIpaBJIeHU OyIyIMX HCCIeOBAaHUMN, MPUBEIECHHBIX B riaBe 8 pabotsl T.A.
[Mapdenpaa, HEe MOTEPSIIM aKTYadbHOCTH U K HACTOSIIEMY BpeMeHH. Tak u
ceiuac BeIyTCS MHTECHCHUBHBIC HCCIEJIOBaHUS U pa3pabOTKH, HANpaBJICHHBIC Ha
CHIKEHHME DJHEPronoTpeOJICHUs] U CTOUMOCTH METOK M CUHUThIBaTElEeH, Ha
pPELICHNE MHOTOYHUCIIECHHBIX 3JIEKTPOJAUHAMHYECKUX BOIIPOCOB CO3JAHUSI CUCTEM
RFID s cnenuguyeckux yclioBUM SKCILTyaTalluu v T.1.

Kak 1 HECKOIBbKO JIeT Ha3aJ MPaKTUYECKH OTCYTCTBYET CEphE3HAsl HAy4YHO-
TEXHUYECKasl JUTEpaTypa, MOCBSIICHHAs paccMaTpUBaeMOW TEXHOJOruu. Tak
BTOphIM n3nanueM B 2004 roxy omy6mukoBana moHorpadus Klaus Finkenzeller,
RFID Handbook, a B Poccun — nocratouno untepecHas padota: B.JI. JxxyHsH,
B.®D. [ITanpruH. DIIeKTpOHHAs UAeHTU(UKAIHS. beckoHTaKkTHBIE
uAeHTUPUKATOPBl U cMapT KapThl. - M.: «M3narensctBo ACT»: U3marenscTBO
«HT TIpeccy, 2004,

XOoTd KHMIra M HE CTaBWiIa mepea coOOoW Iebl0 TPOBECTH 0030p
COBPEMEHHOTO PBhIHKA, YUTATEII0, HABEPHOE, OYIIyT HEOE3BIHTEPECHBI HEKOTOPHIC
aCIIEKThl COBPEMEHHOI0 cOCTOsiHMS TexHonoruu RFID.

Haubonee  Bmewartngmomwuii  mporpecc  JAOCTUTHYT B o0Oiactu
craHjaptusanuu paauountepderica. B Teyenue 2000 — 2003 rr. Onaromaps
Ype3BBIYAMHO aKTUBHOW paboTe creruanuctoB MexayHapoanoro Auto IDCenter,
co3maHHoro Ha 0asze mabopatopuit Maccauy3ercTckoro TeXHOIOTHYECKOTO
Huctutyra (CIIA) u KemOpumkckoro ynusepcurera (BenukoOpuranus) ObLTH
pa3paboTtanbl ocHOBHI paauountepderica EPC. B pesynerare B 2006 1. mosBrIICS
cragaapt ISO 18000-6C, xoTopelii HOMOJHUI CyllecTByrOIMA cranaapt [SO
18000 u, Takum oOpa3om, B Hactosee BpeMs B UHF nuanasone cymiectByer
€IUHBIA MeXAyHapoaubii cragaapt RFID.

Pa3BuBaetrcs peiHOK. KpymHble MUPOBBIE MPOU3BOJACTBEHHBIC U TOPTOBBIE
komnanuu Johnson&Johnson, Procter&Gamble, Coca-Cola, Wall Mart u apyrue
(bUHAHCUPYIOT pean3anuio KpynHbXx npoekToB Product Driven Supply Chain, B
OCHOBE KOTOpPBIX noJioxkeHsbl ctangaptel EPC u texnonorus RFID.

' Haubosee cBeskast U mosie3Hasi MOHOrpagust Ha pyCCKOM SI3BIKE, MOCBSIIEHHAsT HCITOIB30BaHIO
cucteM RFID: Cannun Jlaxupu RFID. PykoBoacTBo no BHeapenuro. [lep. ¢ anrn. — M.:
KYIUL-ITPECC. —2007.

194



195

Texnonoruyeckuii mporpecc ocobeHHo 3ametreH B UHF nuanazone. B
IIEPBYIO0 OYEPEab ITO KACAETCS IACCUBHBIX METOK. lI0sBI€HME HOBBIX KPYNIHBIX
npousBoauteneid metok (Rafsec, Hanpumep) cBUIETENBLCTBYET O pOCTE CIpoca ¢
COOTBETCTBYIOIIMM  CHWKEHHMEM  CTOMMOCTM  METOK. Tak  KOMIAHHUH-
MPOU3BOJIUTENIN METOK OOBABISIOT O ctoumoctd 10 — 12 1eHTOB mpu oObeMe
3akaza ot 1 MuH. mTyk. Takke HaOmomaeTcss pe3koe BO3pacTaHHWE YHCIIA
MPOU3BOJIUTENICH CUUTHIBAIOIIETO OOOPYAOBaHUS U  CHEHUATU3UPOBAHHOTO
POrpaMMHOTO 00€CTICUEHUS.

Jisi  MpOABMKCHHUS TEXHOJOTMHM HA PBIHOK CO37aHAa BCEMHpHAas
opranm3anusi EPC Global, koTopas k HacTosiieMy BpeMEeHH OO0BbeAUHSET OoJiee
400 unenoB. Hecmorps Ha TO, uyTOo OoJee 80% yYaCTHHKOB OpraHU3alUU
Haxogsarcs B CIHIA, HanOonblnas AUHAMUKA pPOCTa YJICHOB MPUXOIAUTCS Ha
EBpony u FOro-Bocrounyro A3zuto.

Hayunsiit penaktop C.B. Kopnees
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Coxkparie-
HHe
ASK
BER

BPSK

CDMA

CEPT

CMOS

CRC

DS
DSP

EEPROM
EIRP

ERP

ETSI

FCC
FDMA
FH
FRAM

FSK

ISM

MPT

NwWU

NRZ
OOK

PPM

AHTTIANCKAN TEPMUH

Amplitude Shift Key
Bit Error Rate

Binary Phase Shift Key
Code Domain Multiple
Access

European Conference of
Postal and
Telecommunications
Administrations

Complimentary Metal Oxide
Semiconductors

Cycling Redundancy
Checking

Direct Sequence

Digital Signal Processing
Electrically Erasable Read
Only Memory

Effective (or Equivalent)
Isotropic Radiated Power

Effective Radiated Power

European
Telecommunications
Standards Institute

Federal Communications
Commission

Frequency Domain Multiple
Access

Frequency Hopping

Ferro-electric Random Access

Memory
Amplitude Shift Key

Industrial, Science and
Medicine (band)

Ministry of Post and
Telecommunications
Normalized Weight
Updating

Non Return to Zero
On Off shift Key

Phase Pulse Modulation
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IIpeameTHblil yKa3aTeb

Pycckwuii Tepmun Crp.

AMIUIMTYJHAs MAHUITYJISIUS
BeposiTHOCTE OUTOBOM OIIMOKH
JIBonuHas dazoBasi MaHUITY SIS
MHOK€ECTBEHHBIN TOCTYII C KOJIOBBIM
pazzeneHuemM

EBponeiickas opranusanus
MOYTOBBIX U
TEJIEKOMMYHHUKAIIHOHHBIX
OpraHu3alum

Kommimmenrapubie

MCTAJUIOOKCUHBIC ITOJTYIIPOBOAHUKHA
(KMOTI)

Huknuueckast U30bITOUHAS IPOBEPKA

[psimast moce10BaTeIbHOCTD
[udpoast 06paboTKa cUrHaIA
OneKTpuYeCcKn
nepenporpaMMupyemast moMsITh
OddexTuBHAS (MK SKBUBAJICHTHAS )
M30TPOITHAS H3ITydaeMasi MOITHOCTh
D¢ dexTuBHas H3ITydaemast
MOIITHOCTb

EBpomneicknii ”HCTUTYT CTaHAAPTOB
IO CBSI3U

®denepanbHas KOMUCCHS IO CBSI3U
CLIA

MHOK€eCTBEHHBIN TOCTYII C
YaCTOTHBIM pa3JelIeHUEM
CkaukooOpazHas repecTpoiika
YacCTOTHI

®depponiekTpruecKas aMsTh CO
CIIy4allHbIM JOCTYTIOM

YacToTHass MAaHUMYJISALIUAS
Jwnama3oH paguo4acTor,
BBIJICJICHHBIN JJIs1 UICTIOJIb30BaHUS B
MIPOMBIIIJIEHHOCTH, HAyKE U
MEIUIIMHE

MunuctepctBo [louTsl n
TenexkommyHukaui Anonuu
HopmupoBaHnHbIl BECOBOW aITOPUTM
camMo00yUYeHHS

(Kox) 6e3 Bo3BpaTa K HYJIIO
[IepexirouarenpHas MAHUITYJISILAS
®dazouMItyibCHasE MOAYISUS

(OUM)
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PSD

PTM

PWM

RFID
ROM
RSC
RTF

SNRI

SRD

TDMA
TTF
UID

WORM

Pulse Spectral Density
Pulse Time Modulation

Pulse Width Modulation

Radio Frequency
Identification
Read Only Memory

Radar Cross Section

Reader Talk First
Return to Zero
Signal to Noise Ratio
Improvement

Short Range Devices

Time Domain Multiple
Access
Tag Talk First

Unique Identification Number

Write Once Read Many
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CnexTpaibHas INIOTHOCTh MOILITHOCTH
(CIIM)

BpemsiumityibcHast MOy JISILIUS
(BUM)

[upoTHOMMITYIbCHAS MOAYJISALIUS
(IINM)

PannouactotHas uaeHTudUKams

Tonbko unTaemas namsTh
DddexTrBHAS TOBEPXHOCTH
paccesiaus (D11P)

CuuTtsiBaTeNb U3IIy4YaeT NEPBBHIM
(Kom) ¢ BO3BpaToM K HYJIO

VYiydiieHrne OTHOIICHUS! CUTHAI/TITYM

VYcrpolicTBa Manoi JaabHOCTH
JelCTBUSA

MHOK€eCTBEHHBIN TOCTYTI C
BPEMEHHBIM pa3JIeJICHUEM

Mertka n3iydaet nepBoi
YHUuKaIbHBINA UACHTU(DUKAITMOHHBIH
HOMEp

OnHoKpaTHO MporpaMMupyemasi u
MHOTOKpPATHO YHWTaeMas MamsTh
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