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Beryn. Croromni OypXJIMBO PO3BUBAIOTHCS Ta BIPOBa-
JDKYIOTBCSL Y TIPOMHUCIIOBICTh Ta MOBCSIKACHHS 0€3IpOTOBi
TEXHOJIOTIi, 0 SKUX BITHOCATH 1 OE3IPOTOBI CEHCOPHI
Mmepexi (BCM). BCM — GaraTtopiBHEBi, po3mnofiiieHi me-
pexi, moOyaoBaHi 3a MPUHIUIIAMH camoopraHisarii, 3 Be-
JIUKOIO KIJIBKICTIO CEHCOPIB Ta BHKOHABYMX MEXaHI3MIiB,
sIKi 00’ eqHaHO pamiokaHaoM. OcoOmMMBOCTI 6e3apOTOBUX
CEHCOPHHX Mepex — IIe PO3IOAUIEHICTh Y MPOCTOpi, Ma-
ciiTaboBaHICTh, HU3bKE CHEPrOCIOXKHBAHHS, HAiHHICTh
Ta BHCOKa SIKiCTh nepeaadi ingopmarii. Busnauatoui dax-
TOPH PO3TOPTAaHHSI CECHCOPHUX MEPEXK — 1€ HEBUCOKA Bap-
TICTh yCiX CKIIAJIOBHX €JICMEHTIB MEpexi, a TaKoX iX He-
BETIMKI PO3MipH, MOXIJIMBICTh BHKOPHCTAHHS y Ba)KKOJ[O-
cTtynHux Micisx. TunoBa BCM ckmanaeTbes i3 BEJTUKOT
KUTBKOCTI MPOCTUX MPUCTPOIB — BY3IIiB I 300py iHOP-
Martlii Ta IeKITbKOX OLTBII CKIAHIIINX TIPUCTPOIB, SIKi II1e
Ha3WBaIOTh KOOPAMHATOpPAMH, I 00poOKH iH(opmarltii
Ta KepyBaHHS MEPEXKEIO.

CeHCcopHI MepeKi MOXKYTh pO3TrOPTATUCS K Ha BiAKpH-
THUX TEPUTOPISAX, TaK 1 Y 3aKPUTUX MPHUMIIIEHHSX, HAIPH-
knaja, nabopatopisx abo Termunsx. CEHCOpHI Mepexi
KJIaCU(IKYIOTh 32 MPU3HAYCHHSM: BIJUIAJICHUA MOHITO-
PHUHT, MEJULKHA, CUCTEMU KOHTPOJIIO Ta OE3MEKH, CLIbCh-
K€ rOCIoJiapCTBO, YIpaBliHHs. B Oinbimocti BUNiaaxis pe-
aizalfis 3aJeKUTh BiJl BAMOT KOHKPETHOT IIPUKJIAIHOT 3a-
nadi. BCM Bifpi3HSIOTBCS 32 CKIIAJIOM, TEXHIYHHUMH Xa-
PaKTepUCTUKAMH: CTAaHIAPTOM IepeAayi JaHuX, JajbHic-
TIO Jii, MIBHJIKICTIO Ta TOYHICTIO mepenadi iHdopmarrii,
TOIIOJIOTI€I0, MPOTOKOJIAMH Tepenadi JaHuX. Baxmusuit
eTall Tmepej 3amycKoM CepiifHOro BUPOOHHIITBA — MPOBE-
neHHs TecTyBaHHs BCM.

MeTta — BUKOHATH OIJISI/T Ta KOPOTKUH aHaIi3 BUJIIB TE-
CTyBaHHs O€3IPOTOBHX CEHCOPHHMX Mepex. Po3pobutn
IJIaH HaTypHOTO eKCIIepUMEeHTy I TecTyBaHHS bCM. 3a
pe3ybTaTaMH HaTYpHOTO €KCIIEPUMEHTY MpOaHati3yBaTH
poboTy 0e31poTOBOI CEHCOPHOI MEpexi JUIsl eKCIpec-
JIArHOCTHKH CTaHy POCIIHH.

1. Buau TecTyBaHHs 6€3pOTOBUX CEHCOPHUX MepPe:K
— iMiTamiiHe MOJICIIOBaHHS; MAKETHE TECTYBaHHS, HATY-
pHuil excriepuMeHT. Po3polii 0e31poToBOi CeHCOpHOT
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TECTYBAHHS BE3/IPOTOBOT CEHCOPHOI MEPEXI JIJISI EKCTIPEC-JIATHOCTUKU ...

Mepexxi Tepeaye MOAETIOBaHH MepeXi Ta ii By3IiB, 0 HAJAa€ MOXIIMBOCTI OIIHUTH TEOPETHYHI po3pa-
XYHKH, CIPOTHO3YBATH MOBEAIHKY PeabHOI MepeKi, MPOTECTYBATH IMPOTOKOIH, IPOBECTH MiADOIp TOMOIIO-
rii. EpexTuBHMIA 3aci0 1t OIiHKY MMOKa3HUKIB sikocTi BCM 11e imiTatiiiHe MOICIIOBaHHS, SIKE TPOBOSATh
3a TOTIOMOTOXO CTIEIiaTi30BaHNX MPOTPAMHNX CEPEIOBUII — MEPEKEBUX CUMYIIATOPIB. [CHYe Benmnka Kilb-
KicTh MepexeBux cumyssropiB. HaiiGimem Bimomi — Anylogic, TOSSIM, OPNET Modeler, Network
Simulator (NS, NS-2, NS-3), GloMoSim, Worldsens, NetSim, OMNeT++, Castalia.

Kopotko orimsaemo OMNeT++ i Castalia. OMNeT++ — cucremMa MOJCIIOBaHHS Ha OCHOBI THCKPET-
HUX TOJIH, SKa MOKe OyTH BUKOPHUCTaHa [yl TAKUX 3aBAaHb SK: MOAETIOBAHHS JPOTOBHX 1 O€3APOTOBHX
KOMYHIKAI[IITHIX CHCTEM; IMPOTOKOJIIB MOJETIOBAHHS; MOJICITIOBAaHHS MEpEeX MacOBOTO OOCITyrOBYBaHHSI.
Castalia mobynoBana Ha mtatdopmi OMNeT++ i MoXke BUKOPHUCTOBYBATHUCS /IS TUTAHYBAHHS TOCITIKEH-
HS BIIACHUX QJITOPUTMIB 1 MPOTOKOJIIB y PeasliCTUYHOMY CEePEIOBHUIII 0e3APOTOBOTO KaHATY Ta MPUOIIMKe-
HOIO IO pealbHOCTI MoBeiHKoI0 By3na. Castalia 11e ciucremMa MozentoBaHHS 0€3pOTOBUX CEHCOPHHUX Me-
PeX Ta MEpexX 3 MaJONOTY)KHHUMH By3JaMu. BoHa MOke BUKOPHCTOBYBATHCS ISl OL[IHKH PI3HOMaHITHUX
XapaKTePUCTUK MEPEeX JJIsl KOHKPETHHUX 3acTocyBaHb. Ciif BigMiTuTH, 1m0 cuctema Castalia He opieHTO-
BaHa Ha KOHKPETHY alaparHy IJaTgopMy, ajie pH bOMY BOHA TFapaHTYy€e 3arajlbHUi CIOCIO MEepeBipKU
AJITOPUTMY Iepell HOro peastisalliero Ha KOHKPETHii amapaTHoO-TporpamMHiii mratdopmi. Y poboti [1]
aBTOp 0OTpyHTOBYE BHOip cepenoBuina mozemoBanass OMNeT++, Castalia. Kpurepiem Bubopy 1ux mpo-
rpam OyJio Te, IO B CYKYITHOCTi BOHHU 3AaTHI IOCUThH pealbHO MOJICTIIOBATH MEPEXi 3 MaIOTOTYKHUX 0e3-
JIPOTOBHX BY3IB Ta IMITyBaTH MEBHI IPOOJIEMH B €HEPTOCIIOKMBAHHI TAKUX BY3JIiB, IEPEIIKOIN Ta 3aBa-
1 paniocurHaniB. KpiM Toro, BoHE 0€3KOMITOBHI I HEKOMEPIIHHOTO BUKOPUCTAaHHS, 3a3Hadae [.b. ['a-
JIeNOKa, IKHI € OJHUM 13 PO3POOHUKIB 0€3IPOTOBOI CEHCOPHOT MEpEeXi I eKCIpec-AiarHOCTUKU CTaHy
pocnuH. Hanani aBTOp HaBOAWTH OLIHKY OCHOBHHMX IapaMeTpiB oTpuMaHux y cucremMax OMNeT++ i
Castalia, a came: 3ae:KHOCTI SIKOCTI 3B'I3Ky MEPEXKi BiJl pO3MIpiB OXOIICHOI TEPUTOPIi, BiZICTaHI MiXk BY3-
JIaMH, TIOTY>KHOCTI Tiepe/iaBaya, yacy aBTOHOMHOI pOOOTH By3I1iB, KOOpJHHATOPA Ta iH.

Astopamu [2] po3risiHyTO BHOIp iHIIOI MTaThopMu MonenoBaHHs s ctBopeHHs Ad-hoc mepexi
IUIsL TOTpeO CLILCHKOTO rocrogapcTBa. OCOOIUBOCTI AaHOI Mepexi — MOXKITUBICTD Mepeaadi JaHuX Ha Be-
JUKi BicTaHi 6e3 30UIbIIEHHS TOTYKHOCTI TlepeiaBayda; CTIHKICTh A0 3MiH B TOTOJIOTIT MEpexi; MOXKIIH-
BICTh IIBHJIKOI 3MIiHH TOIIOJIOTII 32 YMOB HECIPHATIMBOTO IIYMOBOT'O OTOYEHHsS a00 BUBEICHHS 3 JIay
OJTHOTO 3 BY3JIiB; BHCOKA IIBUJIKICTh pO3rOpTaHHs. BpaxoByroun 3a3HaueHi 0COOIUBOCTI Mepexi, Ha oc-
HOBI JIETaJBHOTO Ta BCEOIYHOTO aHai3y CHCTEM MOJICIIOBAHHs aBTOPH 3BEPHYJIM YBary Ha CepellOBHIIC
MOJIeTIOBaHHs Mepek — cumyJisitop auckpetaux nogii NETWORK SIMULATOR 3 (NS-3). NS-3 mae
po3po0bieHi Mojieni 0e3IpOTOBUX MEPEK PI3HUX THITIB, IO JTO3BOJISAIOTH IMMPOBOIUTH MOJICIIOBAHHS 3 PY-
XOMHUMH 00'€KTaMH y TPUBUMIPHOMY IPOCTOPIi. 3aCTOCOBYIOUH JIAaHWH CHMYJISTOP MOXKHA HE TiIBKH MO-
JeTFOBATH PO3POOIIOBANEHY MEPEXKy, ajle i TEeCTyBaTH B3a€EMOJIII0 PI3HUX HPOTOKOIIB Y paMKax OJHi€l
MOJICNIbOBaHOI Mepexi, Hanmpukiaan, WiMAX, Wi-Fi, ZigBee, Bluetooth ta in. Ile mae moxauBicTs 0e3
CTBOPEHHSI POTOTHUIIIB BY3JIiB MEPEKi TECTYBATH iX MOBEIHKY Ha CTUKY KIJIbKOX TPOTOKOJIB Ta OTPUMY-
BaTH pe3yJbTaTH, SKi JTOMOMOXXYTh ONTUMAaJbHIIIE MIiHTH 10 BUOOPY BiAMOBIIHUX arapaTHUX Ta Mpo-
rpaMHUX 3aC00iB pO3pOOIIOBAHOT MEPEKI.

PO3ryIsiHEMO MaKeTHe TecTyBaHHs. Moro IpoBosTh 32 BUKOPHCTAHHAM HAJIAroUKyBalbHHX HaGOpIB
a00 MOy iB Ul BIANPAIFOBaHHS Ta TECTYBaHHS IPOrPAMHHUX Ta alapaTHUX 3aco0iB, IO JO3BOIHTH y
KOPOTKI TepMiHM 3a0e3MeYnTH poOOTy ceHCOpiB y Mepexax ZigBee. HanmaromkyBabHi MOy SIBISIIOTH
c000r0 (hYHKITIOHATHHO 3aKiHYEHI TIPUCTPOI, 110 BKIFOYAIOTH aHTEeHY, NpuiiMad-riepenaBad 8§02.15.4, mik-
POKOHTpOJIEep, SKHI peaitizye cTek Zigbee, 30BHIMIHIN iHTepdeiic, cXeMH XKHUBICHHS 1 KepyBaHHs. SIKIIO
nepes po3poOHUKOM IOCTAE 3a/1a4a B KOPOTKHIA TEpMiH 3abe3neunTu podoTy ceHcopiB y mepexi ZigBee,
TO HaWKpalle pilleHHS — BUKOPHCTaHHA TOTOBHUX MoayJiB. Taki Momyni BUpOOJSAOTH Oarato KOMHaHii
(Jennic/NXP, Microchip, Panasonic, ST Microelectronics ta in.). J[yisi CpoIeHHS MPOIECY PO3pOOKH
npuctpoiB ZigBee B acopTuMeHTi ¢ipM BHPOOHMKIB € HAJIAroKyBalbHi HaOOpH, 3a JOMOMOIOI0 SKHX
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IHKEeHep MOXe OCBOIOBaTH poOoTy 3 ZigBee i TecTyBaTti mporpamue 3a0e3redeHHs. Y TaKi KOMIUIEKTH,
OKpiM caMux MonyniB ZigBee, MOXyTb BXOAUTH iHTep(eiCHI TUIaTH 3 MepeMUKauyaMH i 1HAUKaTOPaMH,
TIporpamMaToOpH, aHTCHH, MPOTpaMHe 3a0e3leueHHsT Tomo. SIK MpaBuUilo, B KOMIUIEKTI € aBa abo OijibIe
MonymiB ZigBee, 1o m03BoJsiE OpraHizyBaTH TECTOBY MEpEXy Ha poOo4YoMy Micui 06e3 BUKOPUCTAHHS
JOJATKOBOI'O O0JIaAHAHHSL.

Sk mpukiaa HamarouKyBaJdbHOro HaOopa HaBexeHo HaOip [3] "JN516X-EKO001" Big xommawii
NXP®, puc. 1. Lleit Habip cnermianpbHO po3po0IeHO IS BUKOPUCTAHHS 3 cepiero KOHTpojepiB JNS16x.
Ormsig caMe 1IbOT0 HAOOPY OOTIPYHTOBAHO THM, IO BY3JM OE3IPOTOBOI CEHCOPHOI MEpexki A eKCIpec-
JIarHOCTHKY CTaHy POCJIMH BUTOTOBJICHI Ha 0a3i MmikpokoHTposiepa JN5168.

JIN516x-EK001
Evaluation Kit

PUC. 1. HanaropkyBanbHuii Habip kommnanii NXP

HanaromxyBanpHuii Habip BKJIIOYAaE Kibka OE€3APOTOBMX IUIAT, IUIaTH po3mupenHs, USB-kmioui,
MyJBT AUCTAHIIIITHOTO KepyBaHHS, CTIeHialbHO 3alporpaMoBannii Mapmpyruzarop Cisco Ta moBHUN Habip
MporpaMHOro 3a0e3neueHHs, Ma€ Bce HEOOXiAHE I PO3POOKH CHCTEMH. MapiipyTH3aTop MPAIIOE i
kepyBaHHsM npomBky OpenWRT. Hagani nane nporpamue 3a0e3neyeHHs] MOKHA BHKOPHUCTOBYBATH IS
KiHLIEBUX IPOTOTHUIIIB, 32aCTOCOBYIOUM MiKpocxeMu abo Moy JN516X.

VY po6oTi [4] po3risiHYTO MiIXOMU 0 TECTyBaHHS CEHCOPHUX MEpPEeX, sk By3iiB l0T, omucano pi3Hi
BHJIY 1 METOJIM TECTYBaHHS. SIK METO JOCIIDKECHHS HaBOAATh aHAJli3 ICHYIOUHMX BHIIB 1 MiIXOIB 10 TeC-
TyBaHHS, SIKi BUKOPUCTOBYIOTh Y MepeKax 3B's3Ky B JaHWi 4ac. [IpoaHamizoBaHO BUIM TECTyBaHHS, 10
MPOBOIATH JUIs 3a0e3neueHHs crabinpHOi podotn 10T TectyBaHHs 3pydHocTi kopuctyBanHs (Usability
Testing); TecTyBaHHS MepexeBux miakiaroueHb (Connectivity Testing); TecTyBaHHS HaBaHTAKCHHS
(Benchmark Testing); rectyBanus 6e3meku (Security Testing). B xoi Takoro TecTyBaHHS MOYKHA OIIHUTH
WMOBIPHICHO-4acOBI TapaMeTpd, TMOB'3aHi 3 OOMIHOM JaHWMH, a TaKOXX 3 BHKOPHCTaHHSIM
MEpPEKEBHUX PECYPCIB, TPOTOKOIIB i T. II.

[Ticnst mpoxomKeHHs CTajil iMITAI[IHHOTO Ta HATYPHOT'O MOJETIOBAaHHS, Mepe]] 3allyCKOM Y cepiliHe
BUPOOHHUIITBO, CTBOPIOETHCS TipoToTul BCM, sikmii HEOOXiIHO MPOTECTYBAaTH Y HATYPHUX yMOBax. TecTy-
BaHH JI0TIOMOXe€E BUSBUTH ITPpo0OIeMu, 00yMOBIICHI JOBKIISAM, B IKOMY Oyze 3HaXOOUTHUCh MEepexa: BiJl-
MOBOCTIHKICTh BY3JIiB, €Heproe(peKTUBHICTh Ha BEIMKUX BijcTaHsX (MPH mepeaadi JaHuX Ha BEJIHKI Bijic-
TaHi By30J BUTpauae Oinbiie eHeprii). Takuil Bua TecTyBaHHS NPOTOTHUILY CEHCOPHOI Mepexi 1 Oye Hatry-
PHHM €KCHIEPUMEHTOM.

2. OcHOBHi 03HAYeHHSl Teopii NVIAHYBaHHS eKkcnepuMeHTy. Excnepumenm — cucrema onepaii,
BIUTHBIB 1 (a00) CIIOCTEpEk EeHb, IO CIPSAMOBaHI HAa OTpUMaHHS iH(opMaIii Ipo 00'€KT MPH JOCIITHHUIIb-
KHX BUNPOOYBaHHSIX. Y TPOIIECi HAMYPHOZ0 eKChepumenmy OCTIDKYEThCS peaNbHe SBUIIE YU TPOIIEC.
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ExcriepuMenTH, sIK paBUIIO, MAIOTh HA METi YTOYHUTH XapaKTePUCTHKN 00 JHAHHS, SIBUIIA, IPOIIECY YU
peanbHOro 00’€KTa, BU3HAYUTH HAAIHHICTH HOro poOOTH B HemependauyBaHuX abo aBapiHUX peXuMax,
MEPEeBIPUTH MPAaBUIBHICTh TEOPETHYHHUX PO3PaxyHKiB Tomo. [Ipy IboMy BpaxoByIOTh BeCh 00csT (akTo-
piB, IO IIOTH HAa JOCHIKyBaHUH 00’€KkT. /Jocnio — BIATBOPEHHS JOCHIPKYBAaHOTO SBUIIA B MEBHUX
yMOBax MNpPOBEICHHS EKCIEPUMEHTY NPU MOXIHUBOCTI peecTpauii ioro pesynbratiB. Jocminx — oxpema
eJIeMeHTapHa YaCTHHA eKCIIepuMenTy. Ilnan ekcnepumenmy — HaOip IHCTPYKIIiH MIOA0 MPOBEIEHHS €KC-
MIEPUMEHTY, B SKOMY IIOJIa€ThCS TOCHTIIOBHICTh POOOTH 1 BKa3YEThCS XapakTep Ta 3HAUYEHHS 3MIHHUX,
HABOJATHCS PEKOMEHAALlli 10 BUKOHAHHS MOBTOPHUX €KCIepUMeHTIB. [InanyBaHHs ekcliepUMEHTY — BU-
0ip TIaHy eKCHEepPUMEHTY, IO 3aJI0BOJIbHSE 3ajaHUM BuMoram. [lia rmiaHyBaHHSIM €KCIIEPUMEHTY pO3y-
MIIOTh 3arajbHy CYKYIHICTb JIiff, IKi HalpaBJIeHO Ha PO3pOOKY cTparerii eKCIIepuMeHTYBaHHS Bij TOYaT-
KOBHIX JI0 3aKJIIOYHUX €TalliB BUBYCHHS 00'€KTa JOCHIMHKEHHS (BiJ OTpUMaHHS ampiopHoi iHpopMarltii 1o
CTBOPEHHSI Iparie3/JaTHoi MaTeMaTUYHOI MOJeNi a00 BHU3HAYCHHS ONTUMAIBLHUX YMOB). OQ6'ekm docii-
Ooicen A — HOCIH JeIKNX HEBIJOMMX TaKHX, IO HiJUIAraloTh BUBUEHHIO BIACTHBOCTEH 1 sikocreit. Iloci-
006HICINb NPOBEOEHHA eKCHepUMEHmYy (anzopumm) — TIOPSIOK, y SKOMY BHOCSATH 3MIHH B POOOTY
o0'ekta nociimkeHHs. Konmponvosanuii ekcnepumenm — TakWid, P SIKOMY BIUTUB 30BHIIIHIX 3MiHHUX
BUKJIFOYAETHCS, @ HE3AJIEKHI 3MiHHI MOXKHA BCTAHOBJIIOBAaTH TOYHO 3a Oa)KaHHSAM EKCIEPHUMEHTAaTopa.
Jlani excnepumenmy — Oynp-sika iHQOpMAIlsi B CHMBOJIYHOMY BWIJISNI, OTPUMaHa B MOMEHT eKCIle-
puMmeHTy (dOTO3HIMKH, UUQPpPH, TPOCTI BIAMOBIAI «TaK — Hi», CIEKTPU, CHTHAIH TOLIO).
Heobpooaeni oani — naui, oTpuMaHi 0e31ocepeHbO0 3 puiaaiB. Qopoodaeni dani — Ta cama iHpopmarris,
3MiHEHa B Pe3yJIbTaTi BUKOHAHHS HAJl HEIO MIEBHUX MaTeMaTHYHHX i [5].

3. TecryBaHHs1 6€31POTOBOI CEHCOPHOI Mepe:Ki MEeTOI0M MPOBEIEHHSI HATYPHOT0 €KCIIEPUMEHTY.
O0’exT nocaiaKeHHs — B3ipelb 0e3POTOBOI CEHCOPHOI Mepexi, po3po0IeHO Ta BUTOTOBIECHO KOJEKTH-
BoMm aBTopiB IK HAHY imeni B.M. I'nmymkosa [6, 7]. Mepexa mpairoe Ha 6a3i cTeky npoTokony ZigBee
crangapty IEEE 802.15.4 y wactorHoMy amianazoni 2,4 I'Ti. Mepeka MiCTUTB Y CBOEMY CKJIaJli MaloIo-
TY>KHI 0€37JpOTOBI BY3IH 31 3MiHHOIO TIOTYKHICTIO mepenadi Bifg 0 mo — 5 nbM Ta 94yTiuBiCTIO TpUAMaHHS
—95 nbwm. [lIBuaKicTh epeaaBaHHs TaHUX 32 pPe3ylbTaTaMU MOJENIOBaHHs ckianaia 250 k6it/c. Enepro-
CTHOKMBaHHS By371a He niepeBuiye 60 MBT. Yci By3nmu Mepexi BUTOTOBIIEHO Ha 0a3i 6€3p0oTOBOr0 MiKpo-
koutpoiepa JN5168 [8], pospobmenoro  kommamiero  NXP, skuit  mictuts  32-6iToBuHit
RISC-npouiecop. besnpoToBa ceHcopHa Mepexa NpU3HAYEHA JUIS EKCIIPEC-AiarHOCTHUKH CTaHy >KUBOI
pPOCIIMHM Ha OCHOBiI MeToay iHAYKIii (iyopecteHIii xmopodiny. be3apoToBi ceHCOpH 3a JAOMOMOrOIO
KOOpAWHATOpa Mepexki 00'eIHYIOThCSL Y O€3IPOTOBY CEHCOPHY MEPEXY JUIS MOKPUTTS BEIMKUX TEPUTOPIH,
€ MOXIJIMBICTh MIATPUMKHU 0OJHOPa30Bo 10 100 cencopiB y Mepexi. Jlo ckiagy Mepexi, 1110 MoKa3aHa Ha
pHC. 2, BXOAUTH OJJMH KOOPIUHATOP Ta YoTHpH ceHcopu. Koxken cencop mae ceoro MAC azpecy. Y crarti
3amictb MAC azpec BUKOPUCTOBYIOTHCS nopsiikoBi Homepu: Ne 1, Ne 2, Ne 3, Ne 4. CeHcopHi By31H BU-
KOHYIOTh BUMipIoBaHHs [DX, 3'€AHYIOTbCS 3 KOOPJUHATOPOM, TIEPEAI0Th BUMIPsIHI JIaH1 IO paJlioKaHaITy
1o koopauHaropa. Ilepenaya maHux y Mepexi 3/iHCHIOEThCS 3 BUKopucTanHsMm texHousorii CCA (clear
channel assessment — oriHKa JOCTYITHOCTI KaHAJY), IO JIO3BOJISIE YHUKATH KOH(IIKTY KaHAIIB IPH Mepe-
nadi gaHux. 3aBasku (GyHKIIT BHOOpPY i 00'eMHAHHS KaHAJIB MPOAYKTHUBHICTH O€3pOTOBOTO 3'€THAHHS
ICTOTHO 3pOCTaE.

[ poBeIcHHST HATYPHOTO EKCIIEPUMEHTY PO3POOJIEHO HOTO IJIaH 3 TECTYBAHHS MEPEXKI.

[Inan excriepuMeHTy CKIIaiaeThCcs 3 MyHKTIB. 1. BusHaueHHs BHUMOT 10 mpukiaaHoi 3amgadi bCM.
2. BusHaueHHS METH €KCHEepUMEHTY. 3. BusHaueHHS mapaMmeTpiB Mepexi, mo OyayTb NpPOTECTOBaHI.
4. Bubip micus mpoBeieHHS Ta YMOBH NPOBEJEHHS eKCIepuMeHTy. 5. Po3poOka airoputMy BUKOHAHHS
TecTyBaHHs Mepexki. 6.Po3poOka cramiii 3 peecTpaiii pe3ysbTaTiB BHMIPIOBaHb CEHCOpPAMHM.
7. BusHaueHHs eramiB TecTyBaHHs Mepexi. 8. [IpoBeJieHHsI JOCIHiIIB TECTYBaHHS MeEpeXi 3a eTarmamHu.
9. ®opmyBaHHS 3BITY.
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PUC. 2. Bzipelns 6e31p0TOBOT CEHCOPHOT MEpexi

HarypHuii ekcriepuMeHT BUKOHAHO 3T1HO MYHKTIB BUIE3a3HAYEHOT0 TUIAHY TECTYBAaHHS MEPEeXKi.

1. Mepexy npu3HadeHo AJs MoTped TOYHOTO 3eMIIepOOCTBa, /ISl BUKOPUCTAHHS Ha BEIUKHUX BiJIKpH-
THUX TepuTOpiax. B ocHOBy pearizalii JaHOT Mepeki MOKJIAAeHO BUMOTH KOHKPETHOI MPHUKIAIHOI 3a7adi:
3aXUIICHICT BiJl BIUTUBY KIIIMAaTHYHUX YMOB Ui poOOTH B TOJHOBHX yMOBaX; TPHUBAIICTh aBTOHOMHOI
pobotu 6e3 3aMiHM eIIEMEHTIB JKUBJICHHS Ta MPOBEICHHS TEXHIYHOT'O OOCIYTOBYBaHHS; HEBHCOKa Bap-
TiCTh; Majia Bara Ta ra0apuTHI PO3MipH; BHCOKa HaIIHHICTh pOOOTH; HEBEIHMKA CIOXXHUBHA MOTYKHICT;
JAJIBHICTh O€3IPOTOBOI IMepeaadi JaHHX; TOIOJIOTIS CEHCOPHOI MEpexi; amapaTHi OOMEXEHHsI; MOCIh
nepeaayi TaHux.

2. MeTta HaTypHOT'O EKCIIEpUMEHTY — IepeBipKa B HATYPHUX YMOBaX KOPEKTHOI pOOOTH BCiX elneMeH-
TiB Mepexi, epeBipka poOOTH OKPEeMHUX KIACTEPiB MEPEKi Ta epeBipka poOOTH MEpEXi B LIJIOMY.

3. BuznaueHo mapameTpu Mepexi, o OyayTh MPOTECTOBAHI: Yac caMoOpraHizamii Mepexi — yac 3a
SIKUH BiIOYBAEThCS MMiJI'€IHAHHS JTO MEPEXI YCIiX 11 By3IIiB; JaJBHICTh 3B'I3Ky — BiJICTaHb, Ha SIKiii BCTAHO-
BIIOETHCS CTAOUILHUM 3B'SI30K MK CEHCOpaMH Ta KOOPAWHATOPOM; SIKICTh 3B’SI3Ky — Ma€ThCs Ha yBas3i Bi-
JTHOIIEHHSI YCIIIIHO MPUHHATHX MOBIJOMIICHD BiJl KOHKPETHOTO BY3Jia 0 3arajibHOi KIIBKOCTI TOBiIOM-
JIeHb, BIMICTAHUX UM BY3JIOM; TPUBAJICTh aBTOHOMHOI POOOTH €IEeMEHTIB MepeXi — poOOTH BY3IiB
Mepexi 0e3 ImiI3apsaKu.

4. MiciieM TNpOBEICHHS HATYpHOTO EKCIIEPUMEHTY OOpaHO TEpUTOpII0 IJI0A0BOro cany (mopoja

JIepeB — YEpEIIHs), IO € HAOJIMKEHUM JIO YMOB BUKOPUCTAHHS KOPUCTYBAYEM.
Po3pobinieno anroputm tectyBanHs Mepexi. 1. ITiocomosuuii eman. IlepeBipka oOnaHaHHS y MiCIi PO3-
TallyBaHHS MEPEXKi: BKIIOYCHHS KOOPJIMHATOPAa MEPEkKi Ta CEHCOPIB, IIEPEBIpKa PIBHS 3apsiIy CEHCOPIB Ta
KoopauHaropa. 2. [lposedenns sumiproéanv. Po3raiiyBaHHs CEHCOPIB Ha JIMCTIX JIEPEB 3riHO Po3poliie-
HOi MeToauku [9]; 3aMip BHCOTH PO3MIIIICHHS] CEHCOPIB; 3aMip BiJICTaHI CEHCOPIB BiJl KOOpAMHATOPA; Tie-
peBipKa MpUETHAHHS BCIX CEHCOPIB JI0 MEPEXKi, HANAIITYBAHHS TapaMeTpiB BUMIPIOBaHb Y MEHIO KOOPIH-
HaTOpa; 3allyCK BUMIipIOBaHb; IepeBipKa HAsSBHOCTI JaHWX y CEHCOpI; MepeBipKa mepeaadi MoBiIOMIIEHb
BiJ cCeHCOpa A0 KoopauHaTtopa. 3. Peecmpayis danux. @ikcanis y xypHaii peectpauii. 4. Oopobdxa danux.
dopmyBaHHS EIEKTPOHHOTO JKypHaja ekcrepuMeHrta. [lepemaua maHux Big koopauHartopa no [1K.
OO6pobOka naHux. 3BIT 3a pe3yIbTaTaMU TECTYBaHHS MEPEXi.

5. Po3pobneHo crafii 3 peectparlii pe3ynbTaTiB BUMipIOBaHb CEHCOPAMHU, IO BKIIOYAIOTh. PO3poOKy
MarnepoBOro KypHAIYy peectparlii (ne (iKCyeTbes: BiICTAHb CEHCOPIB BiJ KOOPIAWHATOPA; BiACTaHb MiXK
CEHCOPaMHM; BUCOTA PO3MIIIICHHS CEHCOpa HaJI PIBHEM 3€MIIi, 1aTa, 4ac BUMIPIOBaHHS, HOMEP BUMIpIOBaH-
HS y CEHCOpi, HOMEp BUMIPIOBaHHS y KOOPAWHATOPI; TPUBAIICT, BUMIPIOBaHH:; HOMEpP CEHCOpa, PiBEHb
3apsily ceHcopa JIo Ta Miclisl BUMIPIOBaHHS, HassBHICTh CEHCOPA Y MEPEeXi, YCIINIHICTh Iepeadi JaHuX Bij
CEHCOPHOTO By3lla JI0O KOOpJAWHATOpA), IepeBipKy poOOoYoro craHy oOOJIafHAHHS, TEpPeBipKy
3apsily aKyMyJISITODHHX Oartapedl KOOpJHMHATOpa Ta CEHCOpPIB JIO TOYaTKy BHMIPIOBAaHb; MPOBEICHHS
BUTIPOOOBYBaHb 3TJIHO 3 TUIAHOM EKCIIEPUMEHTY; (iKcallilo JTaHUX y TarnepoBOMY JKypHalli peecTparlii,
(hopMyBaHHS €JIEKTPOHHOTO XKYpPHAITY, IPUKIIAJl HABEJCHO Y Tao. 1.
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TABJIMLIA 1. Ilpuxinan eIeKTPOHHOIO KypHAIly peecTpanii BUMIpiB

Ilepena-
Howmep . . L . . .
. Piens 3apsany | PiBens 3apsny | Kimpkicts | Csitnomion | HasBaictb 4a
Ne Homep  |BumiproBaHH: . . .
bin|  cencopa CEHCOpa JI0 | CEHCopa MICJIs |BUMIpPIOBAaHb| IIPU BUMIpIO- | CEHCOpAay | JIaHUX JI0
M .| BUMipIOBaHHS | BUMIPIOBaHHS | y CEHCOpI BaHHI Mepexi KOOp/HU-
KOOpPJMHATOP1
HaTopa
1 Ne 2 1 75 % 73 % 5 + + +

6. BusnauenHs eramiB. TecTyBaHHS Mepexi 3IMCHIOETbCS Y T'ATh eramiB. J[1s KOKHOro eramy BH-
3HAa4YeHO 3MiHHI TTapaMeTpH: BiICTaHb BY3JIiB MepeXxi (CEHCOPIB) 10 KOOPAWHATOPA; HIUTEHICTH PO3MITICH-
HS BY3JIiB Y IPOCTOPI, BUCOTA PO3MIIIEHHS BY3MiB HaJ PiBHEM 3eMIIi (BU3HAYAETHCS y METpax); BU3HAUA-
€TBCSI KIJIACTEP MEPEKi, IO TECTYETHCS (OOMPAIOTHCS OKPEMi CEHCOPH, 3 SIKHX Oyzie chOpMOBAHO MEPEKY).

7. IlpoBeieHHS TECTYBaHHS MEpeXi 3a eTarmamH.

Harypuuii excrniepument 3 TtectyBanHs BCM mpoBomuBes 3a anroputmom (m. 6). 3rigHo mia-
TOTOBYOTO €TaIly MepeBipeHo 0OMalHaHHS y MICIli PO3TOPTaHHS MEPEXi: BKIOYEHO KOOPAMHATOP MEpEexki
Ta CEHCOPH, IEPEBIPEHO pIBEHb 3apsjy CEHCOPIB Ta KOOPAMHATOpa Ta 3aiKCOBAHO IOKA3HUKH
y J)KypHai. BusHadeHo kimactepu Ui MpoBEACHHS KOXKHOTO erary. Hamani 11 mpoBeieHHsT BUMipPIOBaHb
CEHCOpH PO3TAIIOBAHO HA JIUCTAX JEPEB MOKa3aHO Ha pUcC. 3, 32 CXEMOI0, — Ha puc. 4.

'Cencop
No4
2 z 5
=}
% @ 7 S
%
KoopauHatop
PUC. 3. HatypHi BumipioBanHs I®X 6e31poToBUME PUC. 4. Cxema posropranns bCM myis HaTypHOoro
CEHCOpaMHU BUMIpPIOBaHHS

PesyabTatu TectyBanusas BCM. [[ns nepeBipku JanbHOCTI Ta SKOCTI 3B'I3KY MEpEKi TECTyBaHHS
MPOBE/ICHO KJIaCTepaMH Ha Pi3HHUX BIJICTAHSX y I1°SITh €TaIliB.

ETtan 1. BukoHaHO TecTyBaHHS poOOTH Mepexi KJIacTepoM y CKJIai KOOPAMHATOPA i BOX CEHCOPIB:
Ne 2; Ne 3. Bincransb Bijg ceHCOpiB 10 KoopanHaTtopa — 20 M; BUCOTa PO3MIllIEHHS CEHCOpa HaJl TIOBEPXHEIO
3emJti — 1,5 M; BiZIcTaHb CEHCOPIB OJMH BiJl OTHOTO — 2 M; TPUBAJIICTh OJHOT0 BUMIiptoBaHHsS — 4 XB. [Toua-
TKOBHUH 3apsa koopauHaTtopa — 49 %, 3apsiam akymynsTopHux Oatapeil ceHcopa Ne 2 — 71 %; ceHcopa
Ne 3—61 %. Kinbkicts BuMiptoBanb — 20 (Tadir. 2).

TABJIMILIA 2. Pe3ynpTaTé NEPIIOTO €Taly TECTYBaHHS

PiBeHb maiHHS 3apsay KinekicTs L. . .
.. .. . Veminigi ceancu Hespani ceancu nepenaui
CeHcopu aKyMyJsITOpHOI 6aTapei BHUMIpPIOBaHb .
o nepeaadi JaHux JAHUX
3a etar, % 3a eTar
No 2 22 10 10 0
No 3 13 10 9 1

ISSN 2707-4501. Cybernetics and Computer Technologies. 2020, No.3 95



I''B. AHTOHOBA, A.B. KEJJUY

Etan 2. BukoHaHO TecTyBaHHA pOOOTH MEPEXi KIacTepoM y CKIIa/i KOOPAMHATOPA 1 TPHOX CEHCOPIB:
Ne 1, Ne 2; Ne 3. Bingcranp Bij ceHCOpPIiB 10 KoopauHaTopa — 30 M; BHCOTa PO3MIIICHHS CEHCOPIB Haj
MOBEPXHEI0 3eMJIi — 2 M; BiICTaHb CEHCOPIB OAMH BiJl OHOTO — 3 M; TPUBAJICTh OJHOT'O BUMIpPIOBaHHS —
4 xB. [louaTkoBuii 3apsa KoopArHaTOpa ckiagas 83 %, 3apsau akyMyIATOpHHX Oatapeii ceHcopiB Ne 2 —
48 %; Ne 3 — 47 %; Ne 1 — 81 %. Kinbkicts BuMiptoBanb — 21 (Tadm. 3).

TABJIMLIA 3. Pe3ynbTaTi APYroro eTamy TecTyBaHHS

PiBenp maginHs 3apsamy KinbkicTb L . .
. . . VYeniHi ceancu Hespamni ceancu nepenaui
CeHncopu aKyMYJIATOpPHOI OaTapei BHUMIPIOBaHb 32 .
N nepenayi qJaHux JTAaHUX
3a eTam, % erarn
Ne 1 17 7 7 0
Ne 2 8 7 7 0
Ne 3 6 7 7 0

Eran 3. Bukonano tectyBaHHsI poOOTH Mepexi KIacTepoM Y CKJali KOOpAWHATOPA i YOTUPHOX CEeH-
copiB: Ne 1, Ne 2; Ne 3; Ne 4. Biacrans Bif ceHCOpiB 10 koopamHatopa — 30 M; BHCOTa PO3MIIIEHHS
CEHCOPIB HaJ MOBEPXHEI0 3eMJIi — 2 M; BiICTaHh CEHCOPIiB OJWH BiJ OJHOTO — 3 M; TPUBANICTH OJHOTO
BuMiproBaHHs — 4 xB. [louaTkoBuii 3apsa KoopauHaTopa ckianas 81 %, 3apsau akyMyJIsaTOPHUX OaTapeit
ceHcopiB Ne 2 — 89 %; Ne 3 — 91 %; No 1 — 100 %; Ne 4 — 100 %. Kinmbkicte BumiproBadb — 40 (Tadm. 4).

TABJINLIA 4. PesynbTatil TPETHOTO €Ty TECTYBAHHS

PiBenn magiHHS
Cercopn 3apsiy aKyMyIis- KinbkicTs BUMI- chimHi.cechn Hesnani ceancu nepenadi
TOpHOI Oatapei 3a | prOBaHB 3a eTam nepeznadi JaHUX JTaHUX
etart, %
Ne 1 20 10 10 0
Ne 2 15 10 8 2
Ne 3 18 10 9 1
Ne 4 0 10 9 1

Etan 4. BukonaHo TecTyBaHHsI pOOOTH Mepexi KJIaCTepOM Y CKJIai KOOpPIWHATOPA 1 ABOX CEHCOPIB:
Ne 2; Ne 3. BincTtanb po3MillieHHsI CEHCOPIB Big koopauHaTopy — 40 M; BUCOTa PO3MIIIEHHS CEHCOpa HaJl
moBepxHero 3eMii — 1,5 M; BiZICTaHb CEHCOpIB OAWH Bij ogHOro — 2 M. Ha manomy erami ¢dopmyBaHHS
Mepexi y IOBHOMY CKJazi He BinOynock, cencop Ne 2 He npueanascs 1o mepexi. Cencop Ne 3 mpuenHas-
csl 10 KOOpJIMHATOpa, BUKOHAB BUMIPIOBAHHSI, aJie Tiepe/jada JaHuX JI0 KOOpIUHATOpa He BiOYyach.

Eran 5. BukoHnaHo nepeBipky poOOTH Mepexi KIacTepoM y CKIIaji KOOpAWHATOpA 1 JJBOX CEHCOPIB:
Ne 2; Ne 3. Biacrans Big ceHCOpiB 10 KoopanHaTopa — 60 M; BUCOTa PO3MIIIIEHHS CEHCOpa HaJl TOBEPXHEIO
3emiti — 1,5 M; BijicTaHb CEHCOPIB OJMH BiJl onHOTO — 2 M. Ha manomy erami ¢popMyBaHHSI Mepexi HE Bij-
Oysioch. BukoHaHHs BUMipIOBaHb He OYJIO 3JIIHCHEHO.

B xoni HaTypHOTO ekcniepuMenTy 3 TectyBanHs BCM nepeBipeHoO poOOTy OKpeMuX KIIacTepiB MepeKi
Ta po0OTy Mepexi B LijioMy. 3a Iepio]] TECTYBaHHS HE BUSBJICHO HEIUITATHOI pOOOTH CEHCOPiB Ta KOOPAU-
HaTopa. 3arajbHa KiUIbKICTh BUMIpIOBaHb 3a M'ATh eTamniB — 82. CepexnHiil yac GpopMyBaHHS Mepexi CKila-
nae 6,75 c. IepesipeHo sikicTh 3B'13ky BCM. [Ipu TectyBaHHI Mepexi repeiada MaKkeTiB IaHUX BiJl CEH-
COpIB 10 KOOPJMHATOPA 3/I€O1IBIIOr0 Biq0yBaiach YCHIIIHO. 3arajibHa KiIbKICTh YCIIIIHO MEePEeIaHuX ma-
KeTiB JaHux — /6. IHTerpanbHa OIiHKa HEBOAJIMX CEaHCIB mepeaadi JaHUX y Mepexi ckmamae 7,32 %,
M0 KO)KHOMY CEHCOPY pe3yJbTaTh HaBeleHo Yy Tabu. 5. OTpuMaHi pe3ynbTaTd 3yMOBJICHI BHIIQJAKOBUMHU
MEPenIKOAaMH Ta 3aBalaMH Ha [UIAXY PafioCUTHATY 1 KOH(IIKTaMH [IpH Tiepeiadi MOBiJOMIICHb.
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TABJINLIA 5. HeBnani ceancu nepeiavi JaHUX MO KOKHOMY CEHCOPY

3arajgpHa KiJIbKICTh Venimui ceancu Bizncorok HeBmammux
CeHncopu . . o
BUMIpIOBaHb nepenayi TaHux nepenay nanux, %
Ne 1 17 17 0
Ne 2 27 25 7,41
Ne 3 28 25 10,71
Ne 4 10 9 10

[lepeBipeno naneHICTh 3B'13Ky Mepexi. [lpu TectyBanHi Mepexi Ha Bigctani 20 Ta 30 M Mix By3Iamu
Ta KOOpIWHATOpPOM 3adikcoBaHO CTaOLTBHUH 3B'SI30K. Mepexa (opMmyBanack y MOBHOMY CKJIai, dac
(dhopmyBarHS Mepexi ckiamgaB 6 c. Ilpu 30inpmenHi Biacrani mo 40 — 60 M popmyBaHHS Mepexi He
BiZIOYIIOCK.

[lo xoXHOMY CcEHCOpYy OTPUMaHO CTAaTHUCTUKY 31 3MEHIIEHHS 3apsay akyMyJsTopHoi Oatapei.
[IponenT 3apsiny Oatapei y BCix ceHcopax 3MEHIIYBABCS MIO-PI3HOMY, SIK IIOKa3aHO Ha ricTorpami puc. 5.
3apsn cencopa Ne 4 He 3MeHIIUBCS, piBeHb 3apsny 3anumuscs 100 %.

25

20

15

10

Pieenb naginudg sapany, %o
hn

Cencop Nel

Cencop No2

Cemncop N3

BETanl METan2? SETan3

PUC. 5. PiBeHb naJiHHA 3apsily CEHCOPIB Ha Pi3HUX €Talax TeCTyBaHHS

Curnanu [®X, BuMipsHi ceHcopamu, ycmimHo nepeaano no 1K y dopmari 3 posmmpennsm CSV
Ta Hajgami omparpoBaHo y cepemoBunti MS Excel. Ob6uncieno cepeiHi 3HaYEHHS IO KOKHOMY CEHCOPY
32 KOXKHUM eTaroM, noOyzoBaHo rpadiku cepeanix 3HadeHb IPX. Cepenni 3nauenHs 1PX 3a tperim
€TaroM I0Ka3aHo Ha puc. b.

3a mormomororo BCM ycnimHo BuMipsiHo I®X nepeB depemiHi, 3a SKMMH y KOPUCTyBada MEpexi —
npaliBHUKA arpocepu € MOXJIUBICTh OLIHUTH CTaH LIUX POCIIHH.

3a pe3ynpTaTaMd HaTYPHOI'O €KCIIEPHUMEHTY poOoTa 0e3IpOoTOBOi CEHCOPHOI MEpexki Ui eKcIpec-
JIarHOCTHKY CTaHy POCIIMH BBAYKAETHCS YCIIIITHOKO.
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PUC. 6. I®X 3a naHMMH CEHCOPIB

BucHoBku. ABTOpamMH PO3IVISHYTO BUAM TEeCTyBaHb OE3IPOTOBHX CEHCOPHHMX Mepex. HaBemeHo

OCHOBHI O3HA4Y€HHsS 3 TeOpii IUIaHYBaHHA EKCHEPUMEHTY, pO3pOOJIEHO TUIAH HATYPHOTO EKCIIEPUMEHTY
3 TectyBaHHs BCM. JlokianHo onmucaHo MPOBEACHHS €KCIIEPUMEHTY B MPUPOAHUX yMoBax. HaBexeHno ta
MIPOAHAII30BaHO PE3YJIbTATH EKCIIEPUMEHTY 3 TECTYBaHHs B3ipLs 0e3IpoTOBOi CEHCOpHOI Mepexi Ay
eKCIpeC-A1arHOCTHKH CTaHy POCIIUH.
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ABTOpaMH BBITOJHEH 0030p BHIOB TeCTUpOBaHMs ceTell. Camble pacrpocTpaHeHHbIE — 3TO UMUTAIOH-
HOE MOJIENTMPOBAHNE, MAKETHOE MOJIEINPOBAaHIe, HATYPHBII SKCIIEPUMEHT. PacCMOTPEHO CYIIECTBYIOIINE MTPO-
TpaMMHBIE CPeJIbl A1 UMUTALMOHHOTO MOAEIUPOBAHUS U OTIa04HbIe HAOOPHI U1 MAKETHOT'O TECTUPOBAHUSL.
IIpuBeneHbl OCHOBHBIE ONPEAETIECHHUS U TEPMUHBI 10 TEOPUH IIAHUPOBAHMS dKcrepuMeHTa. COrlIacHO TeOpUU
TUTAaHUPOBAHHS YKCIIEPUMEHTa aBTOpaMu pa3paboTaH IUIaH Ul IPOBEICHUS HATYPHOTO SKCIIEPUMEHTA U OTpe-
JIeTIeH aJlTOPUTM TECTUPOBaHHs OECIIPOBOIHON CEHCOPHOW CETH VISl IKCIPECC-IHATHOCTUKU COCTOSIHUSI PacTe-
Hui. IlapameTpbl TECTHpOBaHMS CETHM — 93TO KayeCTBO CBSI3M CETH; BpeMs (HOpMHUPOBAHUS
CEeTH; JaJIbHOCTb CBSI3M CETH; BpeMsi pabOoThl OECIPOBOIHBIX JATYMKOB B aBTOHOMHOM pexume. IToapoOHo
oIMcaHa MOATOTOBKA M MPOLIECC MPOBEACHHSI HATYPHOT'O SKCIIEPHMEHTA 110 TeCTHpoBaHuio oOpasna bCM. s
MPOBEPKU AIBHOCTH U KayeCTBa CBSI3HM CETH, TECTUPOBAHHE CETH MPOBEACHO Pa3MYHbIMU KJIaCTepaMy M Ha
Pa3HBIX PacCTOSHMAX B IISTh STAnoB. B Xoje skcnepuMeHTa MO MCIBITAaHUIO TecToBOoro obpasua bCM npose-
peHa paboTa OTIENBHBIX Y3710B CETH, U paboTa CETH B LIEJIOM, 32 IIEPUO] TECTUPOBAHUS HE BBISBICHO HEIUTAT-
HOHM pabOTHI CEHCOPOB M KOOpAMHAaTOpa. Bcero 3a msaTh 3TanoB BeIMONHEHO 82 m3Mepenus. [IpoBepeHo kade-
ctBo cBs3u BCM. Ilpu TecTHpoBaHWH CETH Tiepelada IMAKeTOB JaHHBIX OT CEHCOPOB K KOOPIMHATOPY
B OCHOBHOM IIPOMCXOMJIA YCIIEIIHO, 10 JAHHBIM Ka)XKJI0T0 3Tama cOpMUPOBAHBI TAOIHIIbL, IOICUNTAHA UHTE-
rpajbHas OLEHKAa HEyNauyHBIX CEaHCOB Mepeqayd AaHHBIX B ceTH. IIpoBepeHa AanbHOCTH CBA3M CETH Ha
paccrosiaum 20, 30, 40 u 60 M. [TocTpoeH rpaduk 3aBHCUMOCTH MOIIHOCTH CUTHAJa CEHCOPa OT PaCCTOSHHSI.
ITo xaxqOMy CEHCOpY MOJIy4eHO CTaTUCTHKY MO YMEHBUICHUIO 3apsijia akKyMyssTopHoi Garapeu. I1o pe3ysb-
TaTaM HaTypHOTO JKCIEPUMEHTa pabdoTa OECIIpOBOAHON CEHCOPHON CETH Ul SKCIPECC-AUarHOCTUKH COCTOS-
HUS PAaCTeHUH CUNTAETCs YCIEIIHOM.

Krouessble cioBa: ZigBee, 6ecripoBoiHasi CEHCOpHasi CETh, CEHCOP, HATYPHBIH SKCIIEPUMEHT.
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The authors reviewed the types of network testing. The most common are simulation modeling, mock-up
modeling, and full-scale experiments. It was examined existing software environments for simulation and
debugging kits for mock testing. The main definitions and terms on the theory of experiment planning are giv-
en. According to the theory of experiment planning, the authors developed a plan for conducting a full-scale
experiment and defined an algorithm for testing a wireless sensor network for express diagnostics of plants'
state. Network testing parameters are the quality of network communication; network formation time; network
communication distance; and battery life of sensors. The preparation and process of conducting a full-scale ex-
periment for testing a WSN sample is described in detail. Wireless sensor network testing was carried out by
different clusters, at different distances in five stages. During the experiment on testing the WSN, the operation
of individual network nodes was checked, and the operation of the network as a whole. During the testing peri-
od, no abnormal operation of the sensors and the coordinator was revealed. 82 measurements were made in just
five stages. The communication quality of the wireless sensor network has been checked. When testing the
network, the transmission of data packets from the sensors to the coordinator was mostly successful. The inte-
gral estimate of unsuccessful data transmission sessions in the network was calculated. The communication
range of the network at a distance of 20, 30, 40 and 60 m was checked. A graph of the dependence of the sensor
signal power on the distance was built. Statistics were obtained on the decrease in the battery charge for each
sensor. Based on the results of a full-scale experiment, the operation of a wireless sensor network for express
diagnostics of the state of plants is considered successful.

Keywords: Zigbee, wireless sensor network, sensor, full-scale experiment.
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