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OT3bIB BEAYIIEA OPTAHU3AIINHA
Ha JuiccepTaluoHHy0 paboty @aycrosa MiBana CepreeBuya
«OOHapyXeHHe CUTHAIOB ¥ UACHTU(QHUKAINS UCTOYHUKOB paJlOU3ITyIeHUH
MHOT'OKaHAJIbHBIMH CHCTEMaMH PaJHOKOHTPOJIS)», IPEICTABICHHYIO HA COMCKaHUEe
yUYEHOH CTENeHH KaHAHuaTa TEXHHYECKUX HayK IO CIIEIHaTbHOCTH

2.2.13 — PagyoTexHHKa, B TOM YUCJIE CUCTEMBI U YCTPOMCTBA TEIEBUACHUS

AKTyalbHOCTb padoThI

Jns cucreM pamuokontposiss (PK) 3amaya mOBBIIEHHS BEpOSITHOCTU
OoOHApy)XEHUs CHUTHAJIOB C HX TOCIENyIoledl HUIAeHTUOUKAIMed U ompeeleHueM
MECTOIIOJIOKEHUS WX HMCTOYHUKOB pammousnydeHus (MPU) ocraercs HeWsMeHHO
aKTyaJbHOU M3-3a MOSBJIEHUS HOBBIX CT@HIAPTOB CBSI3U U OECIPOBOIHBIX CHUCTEM
cBs3u (BCC).

ArmapaTtypa COBpeMEeHHBIX 3KCILTyaTUpyroixcs koMmiiekcoB PK cocTout u3
MHOT03JIEMEHTHOM aHTEHHOH PEIIeTKH MIIA NTPOCTPaHCTBEHHO-PAa3HECEHHBIX aHTEHH
1 MHOTOKaHaJIEHOTO paJIdOlIpHEMHNKa C CHHXPOHHBIMU M KOT€pEeHTHBIMH KaHaJlaMH
npuema. [IpHHATEIE MHOTOKaHaJbHBIE TaHHBIE IIO3BOJIIOT OOHApY)KUTh CUTHAJIEI

WPU, oueHHTh WX HamNpaBlIeHHWs IPUXOAd, PEeaIU30BaTh IIPOCTPAHCTBEHHYIO


Rectangle


GUIBTPaLMIO MPU MEPEKPBITHH CIIEKTPOB WM CHH(A3HOE CJIOXEHHE CHUTHAIOB OT
pa3HBIX D3JEMEHTOB AHTEHHOM pemeTkd Ui TOBBIIEHUS 3()PEeKTUBHOCTH
JEMOTYJISILIUH.

s peanuzauudyd CHUH(A3HOro CcloXeHus TpebyeTcs moadop BECOBBIX
koadburmentoB mis kaxmoro MPHM. B cucremax CcBsS3M OLEHKH BECOBBIX
Ko3(hOULIMEHTOB (QOPMHUPYIOTCS Ha OCHOBE W3BECTHBIX OIOPHBIX YYacTKOB
npuHuMaeMoro curHana. OnHako npu PK omopHbie y4acTKU CUTHAJIOB allpuOPHO
HEU3BECTHBI U TpeOyeTcs WX TMpelBapUTEeIbHBIA MOUCK U obecleyeHne JacTOTHO-
BPEMEHHOW CHHXPOHHU3AlMM. PelleHrWe 3TOH axkTyalbHON Hay4HO-IPHUKIAZHON
3alayd TMPUMEHUTENBHO K OOHapyxeHH0 W wuaeHTHukauuu curHaioB BbCC

crangaptoB Bluetooth, ZigBee, Wi-Fi u ap. mocBsiieHa auccepTaliioHHas padorTa.

OcHoBHBIE Hay4YHbI€ Pe3YJ/IbTAThbI H HX 3HAYHUMOCTD IJIl HAYKH H IPAKTHKH

1. Meronuka oOHapyXeHHsS W YACTOTHO-BPEMEHHOM CHHXPOHM3ALMH I
curHamoB Bluetooth mpu npueme mHUpOKOBEIIATEIbHBIX I1AKETOB U I1aKEeTOB,
onpenenseMbix ctanaaptom 802.15.1 (Bluetooth), mo3Bosnstomas yBeIUIUTh YUCIIO
oOHapyXeHHBIX YCTPONCTB IpU paTuOKOHTPOIIE

2. Anroput™m pasHecéHHOro npuéma curHaioB Bluetooth Ha ocHOBe
KOPPEJISIMOHHON 00pabOTKM, TOBBIIIAIOMINY IOMEXOyCTOWYMBOCTE CHCTEM
PaTUOKOHTPOJS, U oOecnednBaromiuid BeIMTpbI 3,0-18,2 nb B 3aBUCUMOCTH OT
YHCJIa @aHTEHHBIX 3JIeMeHTOB (AD) ¥ B3aUMHOM KOppEJLIUYA IPUHUMAEMBIX CUTHAJIOB
(TIpu BEpOSITHOCTH TaKeTHOH omMOKHU 1%) 10 CpaBHEHUIO C U3BECTHBIMAU.

3. ANTopuTM pa3sHeCeHHOTO MpreMa CUrHajoB ZigBee, BKitodast oOHapyKeHHe,
YaCTOTHO-BPEMEHHYIO CHHXPOHH3AIMI0 U JeMOIYJALUI0, O0ecCIedMBarOIIUNA B
pelleeBCKOM KaHajle BBIMTPBIINI B IOMexoycTod4yuBoctd Ha 2,8—-18,7 nb B
3aBUCUMOCTH OT YHCJIa aHTEHHBIX DJIEMEHTOB MU KOPPEJSLUHU IPUHUMAEMBIX
CUTHAJIOB (MTPH BEPOSTHOCTH NMakeTHOW OMHKOKU 1%0) 10 CpaBHEHHUIO C U3BECTHEIMH.

4, ANTOPHUTM MHOTOKAaHAJIBHOTO OOHAapyX€HHsS M YaCTOTHO-BPEMEHHOM
CUHXDOHW3ALWKM I[P peajM3aldil pa3HEeCeHHOro IpueMa cHUrHainoB Wi-Fi,

o0ecreunBaroIIni B peJieeBCKOM KaHayle BBIMTPHIII B IOMEX0YCTOHYMBOCTH Ha 3,0—



19,3 n1b B 3aBUCHMOCTH OT YHCJIa aHTEHHBIX 3JIEMEHTOB U B3aUMHOU KOPPESIIUU
IIPUHUMAEMBIX CUTHAJIOB (IIpYU BEPOSTHOCTH MaKeTHOU omHOKH 1%) o cpaBHEHHIO
C U3BECTHBIMH.

5. AnroputM oOHapyXXeHHUs, OLIEHKH TIapaMeTpOB M HIECHTHDHUKALNUN
NIEPUOIUYECKOr0 UMITYJIbCHOTO CUTHaJjla B YCJIOBUSX allpHOPHON HEOoIpeaeIeHHOCTH
CTPYKTYpbl CHTHala X HH3KOM OTHOIIEHHM CHTHAI/IIyM 10 CPaBHEHHUIO C
U3BECTHBIMHU.

Hayuynasi HOBHM3HAa mNOJy4YeHHBIX aBTOPOM pe3yJIbTATOB, BBIBOAOB H
peKoMeHAauui

HuccepranonHas paboTa COOEPXXUT OMNKMCaHWEe U HaydHOe OOOCHOBaHUE
COBOKYITHOCTH pa3paboTaHHBIX COMCKaTeleM METOJIHUK U aJlTOPUTMOB OOHApYyXEeHUS U
unaentudukarmu VMPU, npenHa3zHaueHHBIX U1l WCIONB30BaHMS B YCJIOBHSIX
MHOTOJIy4€BOCTH ¥ HU3KOT'O OTHOILLIEHUS] CUTHAJI-IIIYM.

Hayunas HOBU3HA MCClieJOBaHU, BEIIIOJHEHHBIX B paMKax JUCCEPTalMOHHON
paboThl, COCTOUT B CIIEIYIOIIEM:

1. Pa3paboTtke METOIUKHU oOHapy>KeHUs 51 YaCTOTHO-BPEMEHHOMN
CHHXPOHM3ALUH U1 curHaIoB Bluetooth ¢ Hen3BecTHRIM KOJOM AOCTYTIA.

2. IlpuMeHEeHHH KOppeNILUOHHOM 00paboTKM TpU pacueTe BECOBBIX
KO3 (GHUIIMEHTOB B aJITOPUTME pa3HEeCEHHOro mpreMa curaainos Bluetooth.

3. Hcrmonp30BaHUM BO3MOXXHOCTEM MHOTOKAaHAIBHOIO MpHEMa B allTOPUTMAxX
OOHapyKeHHUsI ¥ YaCTOTHO-BpeMEHHOW CHHXpoHM3aluu curHanoB Wi-Fi u ZigBee.

4, ITepaTUBHOM UYacTOTHON MOJACTPOMKE B alIrOpPUTME IIpUEMa CUTHAJIOB
O-QPSK ¢ DSSS.

5. Wcrons30BaHWK CBOWCTB aBTOKOPPETSALMOHHOM (YHKIMM B alrOPUTME
WIEHTU(DUKAIMA U OLEHKH MapaMeTpoB HMITyibca (hopMa, AnuHA) mpu o6paboTke

MNEPUOIUYCCKOI0 UMITYJIbCHOI'O CUIHajla.

JIoCTOBEPHOCTH H 000CHOBAHHOCTH HAYYHBIX M0JIOKEHH M, BLIBOAOB
U pekoMeHAauui, cGOpMYJHPOBAHHBIX B JHCCEPTALHH

O60CHOBaHHOCTH IIPUBEACHHBIX B JUCCEpTallMd HAYYHBIX MTOJIOKEHUN |

BBIBOJIOB O6yCJIOBJIeHa NPUMEHEHUEM HU3BECTHOIO MaTE€MaTH4ECKOro arrapara



TEOPUH BEPOSATHOCTEW, MATEMATHYECKOM CTATUCTUKA U TEOPUU CTATUCTUYECKUX
PELLIEHUN.

JIoCTOBEPHOCTH BBIBOJOB M PEKOMEHIALMM MOATBEpPXKAAeTCs] pe3yJbTaTaMU
IIPaKTUYECKOr0 KCIIONB30BaHUs pa3pabOTaHHOW METOAMKUM U alfOPUTMOB B

CHUCTEMAaxX U KOMIIJIIEKCax PK, a TaKXX€ NaHHBIMHU CTATUCTUYCCKOI'O MOIEJIMPOBAHUS.

3HAYNMOCTDh NOJIYYECHHBIX B JHCCEPTALIMH pe3yJbTaTOB AJIS HAYKH
M NMPAaKTHKH

HayuHas 3Ha4MMOCTh pe3ysIbTaToOB 3aKII04aeTcs B pa3paboTke COBOKYITHOCTH
AJITOPUTMOB, 00ECIEYHBAIOIINX IMeJIEHrOBaHWe HCTOYHUKOB curHajsoB bCC mpu
pa3HecCeHHOM IpHeMe, U HCClIeIOBaHUN 0COOeHHOCTeH pa3paboTaHHBIX aITOPUTMOB
B PEJIEEBCKOM KaHajle IpH 3HAYMMOM Koppessiuuu curHaioB AD. Ilpaktudeckas
3HAYMMOCTh 3aKJII04aeTcs B pa3paboTke METOAUK OOHApYXEHUS U UACHTH(PUKALINH
yctpoiictB BCC, npeHa3HauyeHHbIX AJI UCII0JIB30BaHHUS B CUCTEMAaX PaIMOKOHTPOIIS
C MHOTOKaHaJIbHBIM MTPUEMOM, U apPECHOTO IeJIeHrOBaHus KOHKpeTHBIX y310B bCC.

Peanuzanus pa3paboTaHHBIX aldropuTMoB B cuctemax PK moBbeicHT
IIOMEXOYCTOMYMBOCTh 32 CUET YBEJIWYEHHS BEPOATHOCTH OOHapyXeHUs U
unentudukanuu y3noB bCC, pacmuput 30HB JeiicTBus amnmapaTypel PK.
[Toy4yeHHBIE B TUCCEPTAIMOHHON paboTe pe3ysbTaThl peain30BaHbl B alllapaType
Hay4HO-Tipou3BojcTBeHHoro mnpenmnpustus AO «MPKOC» (r. Mocksa), a Takxe
BHeapeHbl B y4deOHbii mporecc ®PI'BOY BO «Boponexckuil rocynapcTBEHHBIN

TEXHUYECKUN YHUBEPCUTETY.

CooTBeTcTBHE aBTope(bepaTa OCHOBHBIM MOJIOKECHUSAM JHCCEPTALNH

ABropedepar nucceprauuy uznoxeH Ha 20 cTpaHMIIAX, CONEPXKUT CIIMCOK
OCHOBHBIX ITyOJIHKaIKi coucKkaresst u3 13 HauMeHoBaHuUH. ABTOopedepar MOJTHOCTBIO
OTpakaeT COJEep)KaHHe TUCCepTALUH, CONEPXXUT HHGOpPMaluio 00 OCHOBHBIX
pe3ynbTaTax, MOJYYeHHBIX B XOJ€ €€ BBIIOJHEHHUS U IO3BOJIAET CHENarh BBIBOI O

BBICOKOM Hay4YHOM ypOBHE pabOThHI.



ITostHOTa ONY0/IMKOBaHHMS HAYYHbIX pPe3yJbTATOB H anpodanus

AKTyaTbHOCT M BOCTPeOOBaHHOCTh pe3yJbTaTOB, OTOOpPaXEHHBIX B
paccMaTpUBaeMON IHCCEPTALMOHHOW paboTe, MOATBEpPXKOAeTcs ITyOIuKaIsIMu
aBTOpa. OCHOBHBIE Pe3yIbTaThl OIyOIMKOBaHbI U OTPaXXeHBI B 13 Hay4IHBIX paboTax,
B TOM 4YHClIe 8 CTaThIX B BEAyIIMX pPELEH3UPYEeMbIX HAY4YHBIX JXypHajax,
pekomeHnoBaHHeix BAK P®, 1 pabGore B wW3maHWM, WHIEKCUPYEMOM B
MEXIyHapOJHBIX LUTaTHO-aHAIUTHUeCckuX O0a3ax naHHbeix Web of Science u Scopus,

u4 JOoKIagax Ha HAYYHO-TEXHUYCCKHX KOH(l)CpeHHI/ISIX.

PexoMeHaaunm no ucnoib30BaHUIO PE€3yJbTATOB H BLIBOAOB JHCCEPTALIHH

Pesynpratel guccepranuonHoil paboter M.C. dayctroBa MoOryr OBITh
PEKOMEHIOBAaHbl K HCIOJIB30BAaHUIO B ciemyromux opranumzanusax: AO «HWUU
«Bektop» (r. Cankr-Iletepbypr), OOO «CTL» (r. Cankr-Iletepbypr),
®OI'VII «Hay4no-uccnenoBaTeabCKHit WHCTHUTYT pamguoy» (r. Mocksa),
OI'VII «PaguouactotHeiii  ueHtp  LleHTpansHOro  demepanbHOro  OKpyra»
(r. MockBa), THUMUN TIIT3NU OCTIK PO (r. Boponex), a Takke B HHBIX
OpraHHu3alusiX, 3aHUMAIOIINXCSl BOIpocaMu pa3paboTku komiiekcoB PK.

Matepuansl quccepTallid PeKOMEHIYIOTCS K HCIIONB30BaHUIO B y4eOHOM

Imponuecce CTyACHTOB PaAUOTEXHUIECKUX cnelnuanabHOCTEH.

3ameuaHnus no pabore

1.B pasmene 2.4 orcyTcTByeT moApoOHOe omucaHue BBIOOpa IOPOroB
oOHapyXeHHs MmpeaMOyJIbl ¥ BTOPOM YacTU CHHXPOIIOC/IE0BATEIbHOCTH CUTHANIA, a
TAaK)Ke€ WX BIMAHHSA Ha 3()QPEeKTUBHOCTH pabOTHl alroputMa oOpabOTKH CHUrHaia
ZigBee.

2. B pasmene 2.6 He 00OCHOBaH BBIOOp 3HAYEHHUs BEPOSITHOCTH JIOXKHOM
TpeBor#t 0,5 %, XoTopoe s OGOJBIIMHCTBA 3a1a4 OOHAPYKEHHUS SIBISETCS
JOCTaTOYHO BBICOKUM 3HAUEHUEM.

3. B msToii ri1aBe mpH onpeeseHHH OTHOLICHHSI CUTHAJI/IITyM He yYUTBIBaIUCh

Pa3JIM4YHbBIC 3HAUCHHUA TIIUTECIIBHOCTU CUTHAJIA, IIPUBOAAIINE K U3MECHCHHIO IIMPHUHBI



CreKTpa. JTO mo3Bonmio Obl obecneduTh Oojiee HATMSAHOE TPENCTABIEHHE H
y100CTBO CONIOCTABIIECHHS PE3YIbTATOB.

4.B MHOroKaHalbHBIX IIPUEMHBIX CHCTeMaxX BCerja IPHUCYTCTBYET
KOppeNslus CUrHajioB AD, M03TOMY TEPMHHOJIOTHS BHAA «IPH HAIHYHH
KOppeJIsiLUU curHana AD» TpeOyeT yTOUYHEHHS.

5. O0beM mpeACTaBICHHBIX IPAKTHUYECKHX pPe3yJbTAaTOB CPaBHUTEIBHO
HEBEJIMK, YTO OCTaBIAET MPOCTOP AJIS NaJIbHEHIINX UCCIICNOBAHUHA M PACIIHPEHHS
3KCIIEpUMEHTAIBHOM 0a3bl.

6. Hayynass HOBM3HA paboThl CBsi3aHa C Pa3pabOTKONW HOBBIX aIr'OPUTMOB,

OJHAaKO BOIIPOC HUX IMaTEHTHOH 3alIUThI B AUCCepTalli HE 3aTPOHYT.

YKa3zaHHbIE HENOCTaTKH HE BJIUSIIOT Ha O6H_Iy}0 ITOJIOKUTEIIbHYIO OLICHKY
INOJIy4CHHBIX B NHUCCEPTALlMU PE3YyJIbTATOB, BEBIHOCHUMBIX HaA 3alHMTY, UX HAYYHYIO U

IPaKTUIECKYIO IEHHOCTb.

3ak/roueHune

Hucceprauus M.C. ®ayctoBa cooTBercTByeT mm. 1, 5, 6 macmopra
cnenuanbHocTd 2.2.13 — PannoTexHuka, B TOM YHCIE CHCTEMBI M YCTPOWCTBa
TeneBuneHns. Ilo comepxanuro, MyOIUKalUsIM U HOBU3HE OCHOBHBIX Pe3yJIbTATOB,
UX Hay9HOU U IPAKTUYECKOM 3HAUMMOCTH OHa COOTBETCTBYET TPEOOBaHUSIM ITYHKTOB
9-14 «llomoxxeHus» 0 MOpsAAKE MPUCYXKAECHUS YyUEHBIX CTENeHEH, YTBEPKISCHHOTO
nocra"oBieHueM [IpaButensctBa Poccuiickoit @enepanuu ot 24 ceHtsOps 2013
rona Ne 842, siBnsieTcsi 3aKOHUEHHOM CaMOCTOSITeNTbHON Hay4YHO-KBATU(PUKAITMOHHOM
paboToi, TMOCBSIICHHON pEeIIeHUIO aKTyaJlbHOW HAayYHO-TIPAKTHYECKON 3amauu
Pa3BUTHUSL METOJIOB U aITOPUTMOB MHOTOKaHalIbHOH 00paboTku curaoB bCC mis
oOHapyxeHus u unaeHtuduxkanuu MPU B ClOXHBIX YCIOBUSX MIpHeMa IPH HaJTHUUN
3HAYMMOM KOppeNsLuy CUrHayoB AD.

VunuThIBass BBIIEU3NIONKEHHOE, cuuTaeM, uto PaycroB Mean Cepreesuu
3aCTy)KMBAeT IPUCYXKIEHUS YUYEHOW CTEleHH KaHAuJaTa TEXHUYEeCKHUX HayK IIO
criequaiibHOCTH 2.2.13 — PaguoTexHuka, B TOM YHUCJIE CUCTEMBl U YCTpPOMCTBA

TCJIICBUACHHUA



OT3pIB 1O pe3ysibTaTaM BCECTOPOHHETO PAacCMOTPEHHS IHUCCEPTALlMK |
oOcyXkaeHus JOOKJaJa eIUHOIVIACHO OoJoOpeH Ha 3acefaHud  Kabeapsl
panuoanekTpoHHBIX cpencts  (POC) @OI'AOY BO «Cankt-TleTepOyprekuit
rOCyIapCTBEHHBIN 3JIeKTpoTeXHUYeCKUd yHUBepcuTeT «JIOTU» uM. B.W. YibsaHoBa

(JIenuna)», mpotokon Ne 2 ot «29» okTsa6ps 2025 r.
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