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AHAJIITUIHA MOJEJIb BUMIPIOBAHHSA BIZICTAHI
3A TOITOMOI'OI0 CEHCOPHUX MEPEK TA OIIIHKA TIOXUBKU BUMIPIOBAHHS

B oaniti cmammi docnioscyemvcs 3a0aua 8usHaweHHs 8I0CMAHI Midc nputiomonepeoasadamu
XAOMUYHUX pAdiOiIMAYIbCIE. PO3PAXYHOK BIOCMAHMI BUPOOIAEMbCA 3d YACOM HOUWIUPEHHS CUSHANLY 8
eqhipi. OyiHIOEMbCA MOYHICMb BUSHAUEHHSA MidC NPULIOMONEPedasaiamy Ha OCHOBI 4acy NpoxX00i#CeH-

H5l CUSHATTY, 3 YPAXYBAHHAM NEPeuKoo.

Knrouoei cnosa: nputiomonepedasau, cencop, padioiMnyivc, uac, 8i0Cmanb, NOXUOKA GUMIpIO-

GAHHAL.

AKTyajibHiCTh. 3apa3 iCHYIOTh pi3Hi TeX-
HOJIOTIYHI PIilIeHHS AJI1 BU3HAYECHHS TMOJIOKEHHS
00’exTiB B mipocTopi abo Ha moBepxHi 3emii. Lle
NOB’S13aHO 3 THM, [0 HEMOXJIMBO peaii3yBaTH
OJIMH YHIBEpPCAJIbHUH CMOCIO, 110 MiAXOIUTh JIs
BCIX MOXUIMBHX BHMAIKiB. TOYHIIIE KaXyd4H,
HEMOYKJIMBO 3pOOWTH TPUCTPIild, TEXHIYHI Xapakx-
TEPUCTUKH SIKOTO BiAMOBiganmu O BHMOTaM BCiX
(abo HaBiTH OLITBIIOCTI) 3a/1a4.

AHani3 ocTtaHHIX Jxepes. ICHYIOTH Tex-
HoJorii mo3uiionyBaHHs, Taki gk GPS, npo ski
inerbes y pobori Sichitiu M. [1], Galileo , skomy
npucBsyeHa pobora dexeparii amMepHKaHCHKUX
HaykoBIIiB [2], [ToHace, mpo Ky WAEThCS Y CITi-
TBbHIA po0OTI ICIAHCHKMX BYEHHUX MPO MOHITO-
PHMHT HaBKOJIMIIIHBOTO cepenoBuiia [3], 3acToco-
BytoTh Wi-Fi [4] abo yabTpakopoTKi iMITyJIbCH,
npo 110 HAeThCS y BIAMOBIZHOMY cTaHmapti [H-
CTUTYT iHXXCHEpPIB EJICKTPOTEXHIKU Ta EJIEeKTPO-
HikM, a00 TEXHOJOrii NO3UI[IOHYBaHHS CTiIbHU-
koBux TenedoHiB GSM, sKoMy MpPHUCBSYEHA PO-
6ora He T. [5] i T.o. ¥V BCiX mMX TEXHOJOTiH ic-
HYIOTh cBOi Turrocu 1 minycu. Galileo, I'JIO-
HACC, GPS nampuknaza, D03BOJSIOTh OPIEHTY-
BaTHCS Ha TOBEpPXHI 3eMJIi, Malo4d MpH CcoOi
KOMITAaKTHUH TPUCTPii 3 HAOOPOM KapT MICIEBO-
cri. lle myke KOpHWICHI TEXHOJOTIi A TIepeMi-
IEHHS Ha BIAKPHUTIH MicmeBocTi. TOYHICTH TI0-
JOKEHHS TaKWX IPHCTPOIB 3apa3 JOCATAE OMH-
HULb MeTpiB. OJHAK BOHA MOXKE IMOTiPLIMTHUCS B
BEJIMKUX MICTax, B yMOBax CKIAJHOTO pelbedy
MICIIEBOCTI a00 MPOCTO B 3aKPUTOMY MPUMIIIICH-
Hi. B ocTaHHROMY BHIIA/IKy 3aCTOCYBaHHS CYITy-
THHKOBOT'O ITO3UIIIOHYBaHHS HEIPUHHSTHE.
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MeTor0 JaHOi cTATTi € onuc MOZeNi BU-
3HAUCHHS Yacy TNPHUHATTS CHUTHAITY 3 METOIO
BU3HAYEHHS BiJICTaHI MiIX CEHCOPHUMH NpHUIO-
MoTIepeiaBauaMu XaOTHYHUX PaAioiMITyJIbCIiB, a
TaKOX OITIHKA IMTOXHOKH BUMIipIOBaHb.

Po3paxyHOok BifacTaHi 3IIHCHIOETBCA Bif-
HOCHO 4acy TMOLIUPEHHs CHTHally B edipi, a Ta-
KOXX OOOB’SI3KOBO OIL[IHIOETHCSI TOYHICTh BH3HA-
4eHH BiaCTaHl.

IMocranoBka 3amaui. 3agaya MO3UIIOHY-
BaHHsI BUKJIMKA€E BEJIMKHI iHTEpeC y pO3pOOHHKIB
1 BUPOOHUKIB OOJIATHAHHS, IO MOXE CBIAYUTH
npo ii nomut. [IpuaomMy OLIBIIICTE PillIeHh BHKO-
PHUCTOBYIOTH B SIKOCTI HOCis iH(opMaii pagiocu-
raan. Omxe, yHiBepcajibHi MPUCTPOT, IO J03BO-
JSIIOTh OJTHOYACHO TIepe/IaBaTH 1 MPUIMATH JIaHi,
a TaKOX BH3HAYATH CBOE TIOJIOKEHHS B TIPOCTOPI,
MaTUMYTh CIOXKUBYY IiHHICTh. ONWH 31 cTaHAa-
PTiB, IO permamMeHTye podoTy Oe3MpoBiIHUX
panionepeaBalbHUX MPHUCTPOIB 3  (QYHKIIEIO
no3utiionyBanns — IEEE 802.15.4.

JaraJpHUN OiOXiT OO0 BU3HAUYEHHSA MICII
po3TamryBaHHA 00’€KTa 3aCHOBAaHUI Ha BUMIpIO-
BaHHI XapaKTEPHCTHK paJioCUTHaNy, SKUH BH-
MPOMIHIOETBCS TIepeaBadeM, PO3TallOBaHUM Ha
00’€KTi, 1 MPUIMAETHCSI CTAllIOHAPHUMH TIpUHMa-
YaM# 3 BIIOMUMH KoopauHaTamu [6]. 3a numu
XapaKTePUCTUKAMU OIIHIOEThCSA BIJICTaHb MIiXK
nepenaBadeM 1 KoKHUM 3 mpuiiMadiB. [lotim 3
ypaxyBaHHSIM T'€OMETPHUYHHUX MPUHIHITIB BU3HA-
YarThCsl KOOPAMHATH 00’ €KTA.

B siKOCTi XapaKTEpPUCTHK CUTHATY MOXKYTh
OyTH BHKOPHUCTaHI HACTYITHI BEJIMINHH:
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e Yac MOWIMPEHHs CHUTHaly BiA mepena-
Baua Jio mpuitMaua;

e DI3HUIA MOKA3HUKIB Yacy IOIIHPEHHS
CUTHAJIIB BiJ NepeiaBaya A0 pi3HUX NpUIMadiB;

® IHTEHCHBHICTh CUT'HAIY;

¢ HanpsIMOK NPUXOIy CHUTHAIY.

Onuc mooeni éu3HaueHHa 6i0cmani

Jns BH3HAYEeHHS BIACTaHI MK JIBOMa
00’exTamMu MOke OyTH BHKOPHCTAaHO TaKOX dac
TIOIIUPEHHSI CUTHAJY BiJ Tepioro 06’exTa 10
JpYyroro IUTIOC Yac MOLIMPEHHS CUTHAILY B 3BOPO-
THOMY HAalpsIMKY.

PosrasiHeMo 3amady BH3HA4YeHHS BiJCTaHi
MK TMepefaBadeM i MpUiAMayeM 3a JOIIOMOTO0
XaO0THYHHX PaiOiMITyIIbCIB.

Bynemo BBakaTH, 110 € 2 IPUCTPOi: 30H-
nmyrounii (A) 1 3oamoBanuii (b). O6unBa mpuctpoi
BKIIIOYAIOTh B cebe mpuiimMau, mepenasad i nud-
poBy 4actuny. [lepenaBay B A BUIIPOMIHIOE iM-
nyJabc abo cepilo iMIynbCiB, a TpuiiMad B b,
BiJIMIOBI/THO, IpUHAMAE IMITYyIBC abo cepito iMITy-
neciB. Uepes (hikcoBaHy THMYACOBY 3aTPHMKY
nepeaasad B b BUNPOMiHIOE OAMHOYHHUN IMITYJIbC
abo mauky iMIyINbCiB, a npuiiMad B A ix npuii-
Mae. [HTepBan yacy At Mik MOMEHTOM BHIIPOMi-
HIOBaHHS IMITyJIbCY TepelaBadeM B A 1 MOMEH-
TOM HOTO MPUXOAY B IpuiiMad B A, 3a BUpPaxy-
BaHHSM 3aTPUMKH T B NpUCTpoi b, moxinenuit
HaBIIJI 1 IIOMHOXXEHMII Ha MIBUIKICTH CBITJA C,
BU3HAYa€ BiACTaHb | MK mepemaBauem i MpHid-
MayueMm:

] At—1
=—C (D
MoOMEHT IPUXOAy XaOTHIHOTO PaaioiMITy-

abcy OyZeMO OIIHIOBATH, BHKOPHUCTOBYIOUH
npuiiMay, KU BUALISE OTHHAIOYY XaOTUYHOTO
panioimmynscy. lpuiimay sBisie coboro mocimo-
BHO 3’€HaHI KBaJAPAaTUIHUHA IETEKTOP 1 QLIBTP
HIDKHIX 9acToT. Ilicns ¢hinempa HWKHIX 9acTOT
PO3TAIIOBYEThCSI TPAHUYHUAN TPUCTPIN, 1m0 (iK-
Cy€e MOMEHT 4Yacy, KOJU CHUTHAJ, BiJIOBiIHUI
IMIyJIbCy, TIOUYMHAE MEPEBUIIYBATH JESIKE TOPO-
roBe 3HaueHHsA (puc. 1). Ilei MomeHT wyacy
OpUHAMAaEMO 3a MOMEHT IPHUXOLY XAOTHYHOTO
PamioiMITyIIBCYy.
Ouyinka noxubKu uMipro6anns uacy
3 Memolo 6U3HAYEHHA 8I0CMAHI MidC
00’ ekmamu, 3 ypaxysaHHAM nepeutKoo
OnianMo MOXHUOKy y BU3HAYEHHI MOMEHTY
4acy NPUXOAYy NepeaHboro (GpoHTY iMIYIbCY,
BUKJIMKAHY TEIUIOBUM IIyMOM, a TaKOX €(EeKTOM
HEOJTHOPIAHOCTI  PO3MOAiNTy eHeprii B  d4aci
MPOTATOM  yChoro immyibcy. CkopucTaEMOCS
npuxiagoM 3 [7/] (auB. puc. 1). B maHomy
BUTAJIKY, OCKLIbKA BUKOPUCTOBYETHCSI OTHHAIOYA

panioiMIynsCy Ha BHXOJl TpHUiiMada, TO HeMae
3HAYEHHs, SAKUM  HECyuMd  CHUTHaJI  MaB
panioiMITyNbC, a BaXJIMBA TiJIBKH PIBHOMIPHICTH
PO3MOIiTy eHeprii B 4aci, BIATIOBITHO TPUBAJIOCTI
BChoro immysbcy [8]. Ha mamtoHKY CyHinbHORO
JiHi€l0 300pakeHa OTMHAKOYA HE3allyMIICHOTO
IMITyJIbCY, IYHKTHPHOIO — IMIYJbCY 3 IIYMOM.
'opu30HTANBEHO TYHKTHPHOIO JIIHIEI BKa3aHO
Mopir KoMImapaTopa.
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Puc. 1. BusHaueHHs yacy npuxony iMmyabcy
10 NepefHbOMY (PPOHTY

Hexait n(t) — 3mimenss iMIOynscy depes
ITyM 3a aMILTITYI010, A — aMIDIITy1a TPHUIHHATOTO
He3alTyMJIEHOTO IMITyNbCy, AT — MOXnOKa BUMi-
pIOBaHHS 4acy MpUXONLy IMIYIbCy, {r — TpHBa-
JICTh MepeAHboro QPOHTY IMITYNbCY, T — TPUBa-
JicTh iMIynbey npu nepepadi. Toni mBUAKICTE
pocty mepenHboro ¢GppouTy immyisciB [9] B He-
3alIyMIICHOMY S; 1 3allyMJICHOMY S; BHIAJIKax
Oyne Biamosimmo [10]:

A
$1 = a (2)
_n(t)
2= a7 3

[Ipu BenmukuX aMIUIITYAax IMITyJBbCIB i
MIBUJKOCTI POCTY MOBUHHI Oyt piBHI. ToOTO
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N=NoB, ne E — enepris immynscy, mo npuiima-
eThcs, Ny — CHeKkTpasbHa TYCTHHA MOTY)KHOCTI

mrymy. Toxi
T
’ E
2B Ny

Takum YUHOM, AKIIO0, HAIIpUKJIIAd, I10JIOCa
B=5x10 I'y, t = 107 ¢, — = 20aB = 100, [11]
0

To 6T = 3 Hc. BruuB edexty HeomHOpimHOCTI
po3moainy eHeprii B XaOTHYHOMY IMITyJbCi 3a
YacoM CXOXKHH 3 BIUIMBOM O1JIOTO TayCOBOTO
mrymy. ToMy, OL[iHMBIIM CHiBBiZHOIIEHHSI «CHT-
HaJ/ITyM», BUKIWKaHEe IMM e(eKToM, MOKHa
MOPIBHATH HMOrO 31 CIHIBBIJHOIICHHSM CHI-
HaJI/IIyM, 10 BUKJIMKaHE OUTMM LIymMoM, i mizc-
TaBJIATH B PO3PAXyHKM MEHILE 3 LUX ABOX BiA-
HOLICHb.

BucnoBku. I[lo0ynoBano aHamiTHYHY MO-
JeNlb BHU3HAYaHHS BiJCTaHI MK CEHCOPHHMH
npuiioMornepeaaBadyaMy Ha OCHOBI 4acy MpHOyT-
TSl CUTHAJY.

[TpoBeneHO OLiIHKY MOXMOKKM 4Yacy Mpu-
OyTTS CHTHaly, a TaKOXX BH3HAYEHO OCHOBHI
napameTpH, 110 Ha Hel BIUIMBAIOTb.

B mopanbmux AOCTiIKEHHSX, I MOXKIIH-
BOCTI OTPHMaHHSI aNbTEPHATUBHUX PE3yNbTATIB,
a TakoX OLJbII JETaIbHOTO aHaJi3y MOXUOKHU
BHMIPIOBaHb, IO CKJIaly CEHCOPHOI Mepexi Oyne
BKITFOUEHO JIa3epHi BiJajaeMipu.
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ANALYTICAL MODEL OF MEASUREMENT AGAINST SENSOR NETWORKS
AND EVALUATION OF MEASUREMENT ERROR

Now there are various technological solutions for determining the position of objects in space
or on the surface of the earth. This is due to the fact that it is impossible to implement one universal
method that is suitable for all possible cases. More precisely, it is impossible to make a device whose
specifications would meet the requirements of all (or even most) tasks. The task of positioning is of
great interest to developers and manufacturers of equipment, which can testify to its demand. Moreo-
ver, most solutions use the radio signal as a carrier of information. Consequently, universal devices
that allow simultaneously to transmit and receive data, as well as determine their position in space
will have a consumer value. One of the standards governing the operation of wireless transmitting
devices with positioning function - IEEE 802.15.4. The general approach to determining the location
of an object is based on measuring the characteristics of the radio signal emitted by the transmitter
located on the object, and is taken by stationary receivers with known coordinates. According to these
characteristics, the distance between the transmitter and each of the receivers is estimated. Then, tak-
ing into account the geometric principles, the coordinates of the object are determined. In this paper,
the problem of determining the distance between transceivers of chaotic radio pulses is investigated.
the distance calculation is based on the propagation of the signal on the air. It is estimated the accu-
racy of the definition between the transceivers, based on the time of the signal passing, taking into
account the obstacles. In further studies, for the possibility of obtaining alternative results, as well as
a more detailed analysis of the measurement error, the laser distance measurement will be included in
the sensor network.

Keywords: transceiver, sensor, radio pulse, time, distance, error

measurement.
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