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YK 621.396
AHAJII3 BE3IPOTOBUX CEHCOPHUX MEPEXK

Kapnos M.C.

XapKIBCbKHUM HalllOHAIbHUM YHIBEPCUTET PaloeIeKTPOHIKH

VYkpaina, 61166, Xapkis, np. Hayku 14

E-mail: maksym.karpov@nure.ua

AHoTauis: be3n1poToBi ceHCOPHI MepeK1 BUKOPUCTOBYIOTHCS B Oararb0X MPOMHUCIOBUX 1
KOPHUCTYBAIbKUX JI0AAaTKaX, TAKUX K MOHITOPUHT 1 KOHTPOJIb MPOIECIB, TIOKA3HUKHU CTaHy 370pOB's,
MOHITOPHHT SIKOCT1 BOJIM, 3alI00IraHHs CTUXIMHOMY JIUXY, KOHTPOJIb J1i MOPYLIHUKIB 00'€KTa, 110
0XOpOHSETHCS. be3poToB1 CEHCOPHI MepeXk1 MOKHA BUKOPUCTOBYBATH Y BaJKKOJIOCTYITHUX paiioHax,
Jie BOHU MOKYTb 3aJIMIIATUCS MPOTIroM 0araTbox pokiB 6€3 HEOOX1THOCT1 3aMIHU JDKepe
KUBJICHHSL.

VY cTaTTi OMUCYETHCS KOHIIETIISI CEHCOPHUX MEPEX, pealTizallisl SKOi cTana MOKJIMBOIO BHACTIIOK
MO€THAHHS MIKPOEIEKTPOMEXaHIUHUX CUCTEM, O€3/IpOTOBOTO 3B'A3KYy Ta HU(PPOBOI IIEKTPOHIKH.
BuBueHo 3a7a4i Ta MOTEHI[1aJl CCHCOPHUX MEPEXK, IPOBEICHO OTJIsi] (PaKTOpIB, 1110 BIUIMBAIOTH HA 1X
PO3BUTOK. Takok pO3IIIAIAETHCS apXITEKTypa MO0y I0BU CEHCOPHUX MEPEX Ta 00JIacTl 3aCTOCYBaHHS
CEHCOPHUX MEPEX.

KuiouoBi ciioBa: 6e3/1poToBa CEHCOpHA Mepeka, apXITEeKTypa MEpeXi, TOTIOJIOT1sI MEPEexI,
CEHCOPHMI B30I

ANALYSIS OF WIRELESS SENSOR NETWORKS

Karpov M.S.

Kharkiv National University of radio electronics

Ukraine, 61166, Kharkiv, 14 Nauki Ave

E-mail: maksym.karpov@nure.ua

Annotation: Wireless sensor networks are used in many industrial and user applications, such as
process monitoring and control, health indicators, water quality monitoring, disaster prevention,
control of the actions of violators of a protected facility. Wireless sensor networks can be used in
hard-to-reach areas where they can remain for years without having to replace power supplies.

The article describes the concept of sensor networks, the implementation of which became
possible due to the combination of microelectromechanical systems, wireless communication and
digital electronics. The problems and potential of sensor networks were studied, the factors
influencing their development were reviewed. The architecture of the construction of sensor networks
and the application of sensor networks are also considered.

Key words: wireless sensor network, network architecture, network topology, sensor node.

BCTVII. OcranHi JOCSTHEHHS B Trajiy3l MIKPOEIEKTPOHIKH OE3apOTOBOTO 3B'S3KY JA03BOJIIN
CTBOPUTH HEJIOpori, OararoyHKIIOHAJbHI MOTU (BY37H), L0 "3B'I3ylOThCA" OAUH 3 OJHUM.
CeHcopHI Mepexi, 3aCHOBaHI Ha CHUIbHIA poOOTI BENMKOi KUIBKOCTI TaKUX BY3JIB, 3a3BUYail
CKJIQZaI0ThCs 3 MOAYIIB 300py Ta 0OpOOKHM JaHUX Ta MepeaaBaya.

besnpoTtoBa cencopna mepexa (WSN) BIIHOCUTBCS 0 TPYHH IPOCTOPOBO-PO3MOIUIEHUX Ta
CHeIiaJli30BaHMX MEPEXK Ha OCHOBI [JAaTYMKIB JJIi MOHITOPUHTY Ta 3amucy (Ii3MYHMX YyMOB
HaBKOJIMIIIHBOTO CEPEJOBHINA Ta OpraHizamii 3i0paHUX JaHUX B OJHOMY BY3Ji. 3 JIOMOMOTOIO
CEHCOpIB (JaTYMKIB) BUMIPIOIOTH Taki YMOBHU JOBKUUIS, SIK: TeMIEparypa, 3BYK, 3a0pyIHEHHS,
BOJIOTICTb, BITEP 1 T.II.

butbmr cydacHi Mepexi € TBOCIPSIMOBAHUMHU, IO JA03BOJISIE KOHTPOIIOBATH aKTUBHICTH JaTYUKIB
[1]. Po3BuTOK 6€3ApOTOBUX CEHCOPHUX MeEpexk OyilI0 MPOAUKTOBAHO BINCHKOBUMHM IUIIMU, TAKUMHU
SIK CIIOCTEPEKEHHS 3a IoJieM 00}O.



CporojHi Taki Mepei BUKOPUCTOBYIOThCS B 0araTbOX MPOMUCIOBUX Ta KOPUCTYBaJIbHUIIBKUX
J0JIaTKaX, TaKUX SIK MOHITOPUHI Ta KOHTPOJIb MPOIIECIB, MOKA3HUKIB 3/J0POB'sl, MOHITOPUHI SIKOCTI
BOJIM Ta HaBITh 3al100IraHHs CTUXIHUM JILXaM.

CeHCOpHI MepeXi MOXKYTh CKJIQJAaTUCS 3 PI3HUX THUIIB JATYMKIB, TAKUX K CEUCMIUHI, AATUYUKH
MarHiTHOIO MOJIsl, TEIUIOBl, 1H(QpPaYepBOHI, aKyCTHUYHI, K1 374aTHI MPOBOJUTU PI3HI BUMIPU YMOB
HABKOJIMIIIHBOTO CEPEOBUILA, JUHAMIYHUX XapaKTEPUCTHUK [2].

JlaTuuku MOKYTb BHUKOPUCTOBYBATHCS [uis O€3MEPEpBHOTO MOHITOPUHTY, BHSIBJICHHS Ta
imenTudikanii nonaii. Bonu kinacudikyroTbes 3a OCHOBHUMH HAlpsiMaMU: 3aCTOCYBaHHS y BIiCHKOBIM
IIPOMHUCIIOBOCTI, €KOJIOTIUH1 JOCIIKEHHS, 0XOPOHa 370pOB's, KoMeplliliHe 3acTocyBaHHsA. CeHCOpHI
BY3JIM MOXKYTh BIAPIZHATHCA 32 pO3MipoM, BapTicTio. [[iHa ceHCOpPHUX BY3JI1B TaKOXK BapIOETHCS Bij
KUIBKOX COTEHBb JOJapiB, 3aJIEKHO BiJl CKJIQJAHOCTI MOOYTOBU KOXKHOTO By3ma. OOMExeHHS 3a
PO3MIpOM Ta BapTICTIO HA BY3JIaX JAaTYUKIB MPU3BOIATH 10 BIAMOBITHUX 0OMEXEHb PECYpCiB, TAKUX
SK €Heprisd, nam'sTh, HIBUIKICTh OOUKCICHb Ta MPOIYCKHA CIIPOMOXKHICTh Mepexi. Tonomorist WSN
MOXK€ 3MIHIOBATHUCH B MPOCTOI 3IpKOBOI Mepexl /10 BJIOCKOHAJIEHOI 0€3/pOTOBOi KOMIPYaCTOl
MEpexKI.

3AJIEXKHICTh ®YHKIIOHYBAHHS MEPEXI BIJ] I TOIOJIOI'I. Opuum 3 Baromux
YUHHUKIB, SIKI BIUIMBAIOTh Ha BJIACTMBOCTI MEPEXKi, € 11 TOMOJOrisA, TOOTO. Crocid Ta apXIiTeKTypa
po3TanryBaHHS BY3JIIB IIOJO OJWH OJHOTO B 30HI o00OcimyroByBaHHs [3]. BusnaueHHs 1uiei
BUKOPHUCTAHHSI MEPEX1 € OJIHIEI0 13 BHUPIMIATbHUX 0COOMMBOCTEN ii moOynoBU. AHani3 3aj1ad, JUist
BUPIIIEHHS SIKMX CTBOPIOETHCA MEpeka, € JIPYI'MM BaKJIMBUM KPHUTEPIEM, OCKUIBKU 00JacTh
3aCTOCYBaHHS CEHCOPHUX MEPEX MY)KE BEJIMKA, BIJl MEIMUYHUX MPUIAIB JO MOHITOPHHTY JIOBKULIS.
Buxopnsun 3 iboro, He Moxke Oytu 3po0aeHo BUOIp OAHIET yHIBEpCaTbHOT TOTIOJIOT .

[lepen moyaTkoM NMPOEKTYBaHHS Ta OYyAIBHUITBA MEpeki HEOOXIHO BpaxyBaTH TaKi MOKAa3HUKHU
€(EeKTUBHOCTI:

1) mpOyKTUBHICTH Ta MPOIYCKHA 34aTHICTB;

2) HaJlHICTh MepexXi epeaayl JaHuXx;

3) 3maTHICTh 10 peKoH}Irypauii 3a HEOOXITHOCTI pecTpPYKTypu3allil Ta ONTUMI3alili ICHYIOUOi
MEpexKi.

[IponyckHy 34aTHICT, MOXHA MPEACTAaBUTH y IBOX BapiaHTaX: MaKCUMAaJIbHIM KUIBKOCT1 OIT, sKI
MPOMYCKa€E MEpEeXy B TEBHY OJWHHUIIO Yacy, YW KUIBKOCTI IMAaKeTIB, mepenaHux mepexero. Lli
napaMeTpd He TMOB'A3aHl MDK €000 1, SK NPaBWIO, MOXYTh JAaTH KOMIUIEKCHY KapTUHY
MPOJAYKTUBHOCTI Mepexi. Y Tabmuio 1 BHHECEHO XapaKTEPUCTHKA OCHOBHUX TOKa3HHUKIB
e(EeKTUBHOCTI.

Tabmuis 1 — XapakTepuCTUKU OCHOBHUX MOKA3HUKIB €(PEKTUBHOCTI

[IpoIyKTUBHICTb Haniiinictp Pexondiryparris
OcCHOBHOIO XapakTepu3sye il BIacTUBICTh Pexondirypariis mepexi
XapaKTCPUCTUKOIO BHUKOHYBAaTHU ‘bYHKHUa 36epira}0q1/1 3a3BUYail IIOB'g3aHa 3

MIPOJYKTUBHOCTI MEpPEXKi
€ dac peakiii. Lle neBHumit
IHTEpBAJ Yacy MK
3alMTOM KOPUCTyBava Ta
OTPUMAaHHSIM BIIOBII1
Ha IIeH 3amuT

3HAYEHHS BCTAHOBJIEHUX
MTOKa3HUKIB SIKOCTI Y 3aJjaHUX
yMOBaxX TE€XHIYHOI eKCIUTyaTalii.
Ileit mapameTp BiZOMBA€E BILJIUB HA
Mpale3aaTHICTh MepexKi
MEePEeBaKHO BHYTPILIHIX YHHHUKIB
— pI3BHUX BIIMOB
TEJIEKOMYHIKallIHHOTO
YCTaTKYBaHHS

HEOOX1IHICTIO
30UTBIIUTHU JOBXKUHY
Mepexi, 31 3pOCTaHHIM
Tpadiky B MEpex1 uu
nmoTpeboro B 30UTbIIICHH]
HAJIMHOCTI MEpexKi

Ha xanansaomy piBHi y cranaapti IEEE 802.15.4 [4, 5] HaBeneHo 3arajibHi peKOMeHallli 11010
noOynoBU TomoJorii Mepexi. Mepexi MoxyTrb OyTu onHopanrosi P2P (peer — to-peer, P2P-peer




toequal) abo matm Tomosioriro «3ipka» (puc. 1). OmHOpPaHTOBI MeEpeki MarOTh JIEHEHTPATI30BAHE
KepyBaHHs. B 0OCHOBHOMY 111 Mepeski MpalooTh 6€3 BUAUIEHUX CEpPBEPIB, 1 KOXKHA TOUKa (peer) € K
KIIIEHTOM, Tak 1 cepBepoM. OCHOBHa mepeBara MoOJISIra€ B TOMY, L0 Taka OPraHizailis J03BOJISE
30epiraTu mpare3aTHICTh MEPEki 3a OyAb-sIKOi KUIBKOCTI Ta OyIb-KOTO TMO€AHAHHS TOCTYIMHUX
BY3JIB.

Ha ocnoBsi Tonosnorii P2P [6] dopmytoTscsi 10BUIBHI JIiHIT 3B'A3KiB, OOMEXEHI1 JIUIIE BIICTAaHHIO
MDK Mapamu BY3JiB. Marouu 1€ Ha yBa3i, ICHYIOTh pI3H1 BapiaHTH TOMOJOrIUHOI cTpykTypu BSS,
30KpeMa «JIEpEeBO» KIIACTEPIB — CTPYKTypa, B SKIA BY3JIH, Oyaydd «JIUCTAaMU JI€pEBay», IMOB'sI3aH1
JIUIIE 3 OJTHUM NOBHO(YHKIIOHAILHUM MPUCTPOEM (TOOTO MPUCTPOEM, SIKUH MOKE BUKOHYBATH SIK
GyHKIIIT KOOpAWHATOPA, TaK 1 By3/ia), a OUIBIIICT BY3JIB Y MEPEXi € HEMOBHO(YHKI[IOHATLHUMU
MIPUCTPOSIMHU.

MosxnuBa TakoK TOIOJIOTSI KOMIPKOBOI MepeXi Ha OCHOBI KJIIACTEPHHUX «JIEPEB» 3 JIOKAJIbHUM
KOOPJAMHATOPOM JUIsl KOXKHOTO KiIacTepa 1 KoopauHaropa TobanbHOI mepexi [7]. Buxomsum 3
CKa3aHOI'0 BUIIE, OCHOBHI MOMEHTH BUHECEH1 B TaOJIUIIO 2, 100 NOJETIUTH BI3yajdbHE CIPUHHSATTS.

Tabaunsg 2 — TonoJorii CCHCOPHUX MEPEK 3B'SI3KY

Touka-Touka 3ipka JepeBo (ki1acTepHa TOTOJIOTs)
VY Tomnouorii «rouka-tTouka» | IIpu BUKOpUCTaHHI lepapxiuna mepexxa Moxe OyTu
KOYKE€H MPUCTPI MOXKeE TOMOJIOTII «31pKa» peaiii3oBaHa y BUIJISAL
OOMIHIOBAaTHCS JAaHUMHU 3 3B'SI30K BCTAHOBIIIOEThCS | KJIacTepHOTO JepeBa. KiHiesi
OyIb-SIKUM IHILUM Y MDK KIHHEBUMH BY3JIaMH | IPUCTPOT MIAKIIOYAIOTHCS JI0
MEXKax, 0OMEKEHUX Ta KOOPAHMHATOPOM. BY3J1a, 110 3A1MCHIOE POJIb
paniokananom. Koxen Koxen npuctpiit MapuIpyTH3aTopa, iKHii Mae
MPUCTPIi MOB'sI3aHUH 3 6e3nocepeHbO MIAKIIOYEHHS 10 KOOPAUHATOPA.
KUTbKOMA CYCITHIMH, 1 JaH1 | 3B'A3y€THCA 31 IUIIO30M [TepenbauaeThcst HAIBHICTD
MepelaloThCsl HanOUIbIIT (KOOpAMHATOPOM) KOPEHEBOTro, 0aTbKIBCHKUX Ta
3pYYHUM MapuipyroMm JOYIpHIX BY3IIB

CeHcopHa Mepexa CKJIaJaeTbcs 3 TPbOX OCHOBHUX KOMIIOHEHTIB (pHC. 1): ceHCOpHOTo By3ia,
MapHIpyTH3aTopa Ta nuTo3y (KOOpAuHATOPA):

a) BY30JI JaT4MKa MpaIoe Bia Oatapei Ta BiANpaBisie JaH1 BUMIpIOBaHb Ha 1UI03. CeHCOpHUit
BY30J1 MOJUICHUN HA JIBA OCHOBHI KOMIIOHEHTH: ILJIaTa 3B'SI3Ky Ta CeHCopHa IaTa. OyHKUII miaTu
3B'SI3KYy: 0€3/IpOTOBUI 3B'I30K, KEpPYBaHHS >KUBJIECHHSM, IJIJaHYBaHHS BUMIPIOBaHb Ta iHTepdeiic
ceHcopHoi nuaTu. IlnaTa paTumka pisHa KOXKHOMY 3a THMIY JaTd4dKa. 1i (QYHKLIS — 34MTyBaTH
MOKa3aHHA JaTYMKa Ta MepefaBaTy JaHl BUMIPIOBaHb B yHi(ikoBaHOMY (opMaTi Ha IJIATy 3B'SA3KY.
[Topin patumkiB Bixg pemrtd WSN 103BOJIsSiE J0JaBaTH HOB1 JaTYMKUM B MeEpexy 0e3 3MIH B
oOnasHaHHI Ta B MpOrpaMHOMY 3a0e3nedyeHHi pemtd Mepexi. KpiM Toro, mozin BpaxoBye
HEe3aJIeKHUM PO3BUTOK 0€3/IpOTOBOI MEPEXkK1 Ta IaTUHKIB;

0) By30J1 MapIIpyTH3aTOpa MOKEe TIepeaBaTH AaH1 Bif BY3/IiB JaTYHUKIB JI0 IILTIO3Y;

B) IIJII03 OTPUMYE JIaH1 BiJl CCHCOPHUX BY3JIIB 1 Hajcuiae e uepe3 MmoouibHy mepexy (GPRS) no
BeO-cepBepa.

Tomnonorist Mepexi € OCHOBHUM YUHHUKOM 1]l 4ac BUOOPIB TEXHOJIOTIT (PI3UYHOr0 1 KaHAIbHOTO
PIBHIB, 1 HaBITh MPOTOKOJIB OpraHizaiii Mepexi. Bapro HaroysocutH, Mo po3TallyBaHHS BY3JIB Y
npoctopi ab0 Ha 00'eKTI 3aJ€KUTh B MEpUIy Yepry Bia Mpu3HadeHHs Mmepexi. Hampukinan, skino
JTATYUKU IPUKPITUICHD» 10 JCIKUX OO0'€KTIB CTPYKTYPH, IO OOCIYTOBYETHCS, HANPHUKIAI, 0
KOHTPOJbOBAHUX a00 KepoBaHUX OO'€KTIB, TO iX pO3TalllyBaHHS BHU3HAYAETHCS, IO-IEpIIE,
PO3MIILIEHHAM LHUX OO'€KTIB, a TAaKOXK CIOCOOOM pO3MILIEHHS ACSKUX BY3JIB, II0 BHUKOHYIOTh
nonoMbkH1 ¢yHkil. [lpu «npukpiniaeHH» 10 00'€KTIB CTPYKTYPH iX PO3MIIIEHHS MOYKHA BBa)KaTU
JE€TepMIHOBAHUM, IIPU SKOMY B1IOMI KOOPJIMHATH BY3JIiB 1 BiicTaHl MK HUMU. [Ipu po3risai Mmepexi
3 ¢ikcoBaHUMH (HEPYXOMHUMH) BY3JaMH, 3aJIEKHO BiJ NPHU3HAYEHHS, PO3MOJUI BY3JIIB y 30HI



00cIyroByBaHHs MOXe€ OyTHM BHUKOHAHO pi3HUMHU criocoOamu. [Ipu 1boMy MOXKyTh BHUPIIIYBATHUCS
Takl 3a7ayl K TMOKPUTTS NEeBHOI obyiacti abo obnacTel y 30H1I OOCIYrOBYBaHHS 30HaMHU [ii
CEHCOPHUX MPHUCTPOiB, 110 BXOAATH /10 CKJIaay BY3JIIB Mepexi, 3a0e3meueHHs 3B'SI3HOCTI Mepexi Ta ii
HAJIMHOCTI. 3arajioM, po3MIIIeHHsI BY3JIIB MOKHA SIK BUIIa/IKOBE.

Tomomorig "Toyka-Touka"  [OIoNOrid "3ipka" Knactepra Tononorisa

&  Cencop
® Koopmmarop
TonoEHINT EY300

Pucynoxk 1 — Tomosorii CeHCOPHUX MEPEK

VY peanpHili Mepexi IpH JeTepMIHOBAaHOMY (IIEBHOMY) PO3MIIIEHH]I BY3JIIB HEMOXJIUBO
3a0e3neynTy aOCOIIOTHY TOYHICTh iX BCTaHOBJEHHS [8], ToMy el BUIMAAOK HE CYINEpEUYUTbH
NPUIYIIEHHIO TPO BHUIAJKOBUM XapakTep iXHbOro posMimieHHs. [Ilpu mnpus'a3mi By3miB 10
KOPHUCTYBauiB, HaIllpUKIad, PO3NOAUIl I1HAWBIAYaJIbHUX TMPUCTPOIB, AHAIOTTYHUI PO3MIIICHHIO
TEPMIHAJIIB MEPEX PYXOMOTO 3B'SI3KY, BU3HAYA€ThCA PO3MOJUIOM KopHcTyBauiB (aboHeHTiB). Ilpu
MPUB'S3LI 10 pedeld, 10 OTOUYYIOTh JIIOJIMHY, PO3MOIUT BY3JIIB Y IPOCTOPI BUZHAYAETHCSA PO3IOIUIOM
nux pedeit. Tomosorist 6e3IpOoTOBOT MEpexi, 10 CaMOOPraHI3yeThCs, 3HAYHOIO MIPOIO BIUIMBAE Ha
OCHOBHI TOKa3HUKU 1i (QYHKUIOHYBAHHS, SIKUMU € JOCTYIHICTh 1 Yac JOCTaBKH IOBIIOMIJICHHS
(manmx) [9, 10]. SIx mpaBWiIO, TOHATTS JOCTYIHOCTI CHPUHAMAETHCA SIK MOJKJIMBICTD HaJaHHS
MIOCJIYTH.

THUITN WSN. Takox MOKHA BUJUIUTH KUIbKa TUIIB O€3pOTOBUX CEHCOPHUX MEPEK.

3ae)HO BiJ CEpeJOBUINA TUIM MEpeX BHOUPAIOTHCS TaKUM YHMHOM I00 X MOXKHa OyIo
pO3ropTatu i BOAOK0, 3eMJeto, 3eml 1 T.4. Pi3Hi Tunin WSN BKITIOYaIOTh:

1) Hazemni WSN;

2) migzemH1 WSN;

3) migBoaHi WSN;

4) mynerumeniitni WSN;
5) mo6u1bH1 WSN.

1. Hazemni WSN. Hazemni WSN 3xatHi edexTuBHO 3B'sa3yBartucs 3 0a30BUMH CTAHLIAMHU 1
CKJIaJIal0Thes 13 COTEHb ab0 THUCSY BY3/1iB 0€3ApOTOBUX JAaTUMKIB, PO3TOPHYTUX HECTPYKTYPOBAHUM
(cnmeuwiambHUM)  a00  CTPYKTypoBaHMM  (IIOTIEpEJHBO  3AIUIAHOBAHUM)  crocobom. Y
HECTPYKTYPOBAHOMY PEKHUMI BY3JIH JaTUYUKa BUIAIKOBO PO3MOIUIAIOTECSA B MEXaX IUJILOBOT 00J1acTi,
sgka Bumajgae 3 ¢ikcoBaHoi IomuHU. [lonmepenHbo 3alIaHOBAHMNM YK CTPYKTYPOBAHUU PEXUM
BpPaxoOBY€ ONMTHUMaJIbHE PO3MIIICHHS, pO3MilIeHHs ciTku Ta 2D, 3D moaeni po3mimmeHHs.

VY miit WSN eMHICTh akyMyJssiTopa 0OMekeHa; mpoTe OaTapes Moke OyTH OCHAIllEHa COHSYHUMU
€JIEMEHTaMU SIK BTOPUHHE JKepesio XuBjieHHs. EneproszOepexxenHs uux WSN nocsraerbcs 3a
paxyHOK BUKOPHUCTAHHS OIepalliil 3 HU3bKUM poOOYHM IIUKIJIOM, MiHIMI3aIlii 3aTPUMOK, ONTUMATIBLHOT
Mapipyru3zauii tomo [11, 12].



2. Ilimzemui WSN. IlimzemHi 0e31pOTOBI CEHCOPHI MEpPEkKi JOPOXKYil 3a HA3EMHI 3 TOYKH 30Dy
po3ropTaHHs, 0OCIyroByBaHHs, BapTOCTi OOJaJHaHHSA Ta PETeIbHOro miuaHyBaHHa. Mepexi WSN
CKJIa/Ial0ThCsl 3 KUIBKOX CEHCOPHUX BY3JIIB, SIKI NPUXOBaHI B 3€MJI1 JJIi MOHITOPUHTY HIA3EMHUX
ymoB. Jlns mepenaui Bl BY3JIB JaTYMKIB A0 0a30BO1 CTaHLIi J0JAaTKOBI BY3JIM IpuiiMaua
pOo3TaIoBaHi HaJ 3€MJICIO.

[TigzemHi 0€3IpOTOBI CEHCOpPHI MEpeXi, PO3TOPHYTI y 3€Mil, BaXKO [epe3apsiuTH.
AKyMyISTOpHI BY3JIM JaTyMKa OCHAIleHI OOMEXEHUM 3apsAIoM aKyMyjsiTopa CKIaJHO
nepesapsaauTd. Ha momatok 10 1BOro TMiA3EMHE CEpeAOBHINE pPOOUTH OE3apOTOBUN 3B'SI30K
HEHAJ1MHUM Yepe3 BUCOKHM pIBEHb 3aracaHHsl Ta BTPAaTU CUTHATY.

3. IlinBomu WSN. Ilonan 70 % 3emmi 3aiiHaTto Bojoro. Lli Mepexi ckiIanarTbcs 3 HU3KH
CEHCOPHUX BY3JIIB Ta TPAHCIOPTHHUX 3aC001B, PO3TOPHYTHX M1 BOJI0I0. ABTOHOMHI I1JIBOJIHI arapaTu
BUKOPHUCTOBYIOThCS JJis1 300pY JaHUX 13 HUX CEHCOPHUX BY3iiB. [Ipobiaemoro miIBOAHOIO 3B'SI3KY €
TpHUBaja 3aTPUMKa PO3MOBCIOJKEHHS, a TAKOK MPOITYCKHA 3aTHICTh Ta BIAMOBA JIaTUYUKIB.

[TlinBonHi WSN ocHalieHi OOMEXKEHHM aKyMylaTOpoM, SKMA HE MOXHa 3apsypKaTd abo
3aminioBaTH [13]. [IpoGnema enepro3oepexeHHs mis migBogHux Mepexk WSN Bkirodae po3poOky
METO/IIB MIJBOJHOTO 3B'SI3KY Ta MEPEXK.

4. Mynsrumeniiini WSN. be3npoToBi ceHcopni mepexi Muttimedia Oynau 3anmponoHOBaHi AJis
BIJICTEKEHHS Ta MOHITOPUHTY MO/ y BUIJIAII MYJIbTUME/I1a, TAKUX K 300pakeHHs, BII€O Ta ayio.
[1i Mepexi CKIagaroThesl 3 HEAOPOTHX CEHCOPHHUX BY3IIiB, 00JIaqHAHUX MIKpOoGOHAMHU Ta KaMEpPaMH.
i By3:11 moB's3aH1 OAUH 3 OJHUM 10 O€3APOTOBOMY 3'€JHAHHIO JUISI CTUCHEHHS JAHUX, MOLIYKY Ta
KOpeJsIii JaHuX.

[Ipo6nemu 3 mynpTuMeniiaumM WSN BKITIOUaIOTh BUCOKE €HEPTrOCIOKUBAHHS, BUCOKI BUMOTH 0
MPOIYCKHOT 3JaTHOCTi, MeTOoAu O0OpoOkM mJaHuX 1 CcTUCHeHHsS. Ha pomatoxk no wmporo,
MYJbTUMEIIMHUI KOHTEHT BHMAara€ BUCOKOI MPOMYCKHOI 3/aTHOCTI, 1100 KOHTEHT JOCTaBJISABCS
MPaBUJIBHO Ta HIBUIKO.

5. MoOubai WSN. Ili mMepexi ckiagaroTbCsi 3 HabOpy CEHCOPHUX BY3MIIB, SIKI MOXKYTb
MepeMIlaTUCS CaMOCTIHHO Ta MOXYTbh B3a€MOJISATH 3 (PIBUUYHUM cepeoBuiieM. MoOUIbHI BY31U
MarOTh MOKJIUBICTh OOYHMCITFOBATH 3MICT Ta CITUTKYBATHUCSI.

MoOu1pH1 0€31pOTOBI CEHCOpPHI Mepexki Habarato OuIbI yHIBEpCalbHI, HK CTaTHYHI CEHCOPHI
Mepexi. [lepearu WSN y mopiBHSHHI 31 CTaTHYHUMH O€3POTOBUMH CEHCOPHUMH MEpPEKaMHU
BKJIIOYAIOTh MOKpAaIlleHE MOKPUTTS, Kpally eHeproeeKTUBHICTh, UYAOBY IPOMYCKHY 3JaTHICTbH
KaHaTy 1 T.]I.

OBJIACTb 3ACTOCYBAHHSI CEHCOPHOI MEPEXI. Be3apoToBi ceHCOpHi Mepeki MOXKYTh
3aCTOCOBYBATHUCS JJI1 MOHITOPUHTY Ta KOHTPOJIIO PI3HUX CEPEIOBUIL — Bijl BIMICHKOBUX 10 LIUBUIBHUX
Ta y 6araTb0X HayKOBHX Ta TEXHIYHHMX Tally3sx. TaKoX I TEXHOJIOTIS OXOILTIOE 6e31114 chep KUTTA
JIOJMHM, TaKUX SK MEAMILIMHA, TEXHOJOrIl mpuiaanoOyAayBaHHS Ta MalIMHOOYIyBaHHS, BUSBIICHHS
JIICOBUX MOKEXK, 3CYyBIB, MOHITOPUHT 3a0pyJHEHHS MOBITPS 1 3a100IraHHsI CTUXIMHUM JinxaMm [14].

MouitopuHr TepuTopii. 30HaILHUI MOHITOPUHT € HAWMOUIMPEHIIIUM 3aCTOCYBaHHSIM CEHCOPHOI
Mepexi. B obmacti monitopuary WSN po3ropHyTh y perioHi, e HEOOXIJHO BIJCTEKYBaTH SIKECH
sBuIle. BiiCbKOBUM MPHUKIAJOM € BUKOPUCTAHHS NATYMKIB BHSIBICHHS BTOPTHEHHS NPOTHBHUKA;
IrPOMaSIHCHbKUH IPUKJIIAJ — T€030HH ra30BUX YU HAPTOIPOBO/IIB.

MOHITOPUHI OXOpOHH 370poB's. I[CHye KiTbKa THUIIIB CEHCOPHUX MEpeX I MEAUYHUX
3aCTOCYBaHb: IMILJIAHTOBaHI, HOCHI Ta BOYJOBaH1 y HaBKOJIMLIHE cepenoBuile. IMruiaHToBaH1
MEJMYH1 IPUCTPOI e Ti, K1 BBOASATHCS B OpraHizMm JroAuHU. Hocumi npucTpoi BUKOPUCTOBYIOTHCA
Ha TOBEpXHI TUIa JIIOAMHU abo B Oe3mocepenHid OMM3BKOCTI Bl KOpucTyBaua. BOypoBani y
CEpe/IOBUINE CUCTEMHU BHUKOPHCTOBYIOTH JATUYMKH, AKI y HABKOJUIIHbOMY CepeloBHUIll. MOoxIuBi
3aCTOCYBAaHHS BKJIIOYAlOTh BUMIPIOBaHHS IMOJIOKEHHS TUIa, MICIE3HAXO/DKEHHS JIIOJEH, 3arajabHuil
MOHITOPHHI XBOPUX MalIEHTIB y JIKapHsIX Ta BaoMa. [lpuctpoi, BOyJOBaH1 B cepeay, BIACTEXKYIOTh
(G13UYHUN CTaH JIOUHU AJ1s Oe31epepBHOI A1arHOCTUKHU CTaHY 3[I0POB'sl, BUKOPUCTOBYIOUH SIK BX1JIH1
JaHl Bl MepexXli KaMmep, BUMIPIOBAJIBHOIO TAaTYMKIB a00 IHIIMX MOAIOHMX MNPHUCTPOiB. Mepexi
o0racTi Ti1a MOXYTh 30MpaTu 1HGOPMAIIIO PO 310POB'A JIIOJUHY, 1i QI3UYHY OpMy Ta BUTpATH



eHeprii. Y gomatkax OXOpOHHU 3I0POB'S IEPIIOPSAHE 3HAYEHHSI Ma€ KOH(DIIEHIIIHHICTD 1 CIIPAaBXHICTh
naHux kopuctyBaya [15]. OcobnuBo uepe3 iHTerpauio ceHcopHux Mmepex 3 loT (Iurepuer Peueit)
aBTeHTHU(IKalli1 KOPUCTYBaya cTae OUIbII CKJIaTHOIO.

HaBkonumne cepenosuie. IcHye 6e3niu mporpam Jisi MOHITOPUHIY HapaMerpiB JIOBKULIA,
MPUKIAIN SKUX HaBeJeHI HkK4ye. BoHM MOAULSIIOT J0JATKOBI TpOOJEeMHU CYBOPHUX YMOB Ta
3HMKEHHS €HEProCIOKUBaHHS.

MouitopuHr 3a0pyaHeHHs noBiTps. be3gpoToBi ceHCOpHI Mepeki Oy PO3TOpHYT1 y MicTax s
MOHITOPUHIY KOHILIEHTpalii HeOe3neyHuXx Tras3iB g rpomMaasH. BoHW MOXyTh BHKOPHUCTOBYBATH
IepeBaru creliaJbHuX 0e3ApOoTOBUX JIHIN 3B'3KY, @ HE IPOTOBUX YCTAaHOBOK, 110 TaKOXX POOUTH X
MOOUIBHIIIIMMHU JIJIs1 TECTYBaHHS MMOKa3aHb y PI3HUX 00IacTsIX.

BusiBnenns nicoBux mokexx. Mepexa CEeHCOPHHX BY3JIIB MOXKE€ OyTH BCTaHOBJICHA Y JIici, 00
BHU3HAYATH, KOJIM Noyanacs moxexa. By3inu MoxyTb OyTH OCHallleH1 JaTYMKaMU JUIsl BUMIPIOBaHHS
TEMIIepaTypy, BOJIOTOCTI Ta ra3iB, sIKI yTBOPIOIOTBCA BHACIIAOK MOXKEXKI Ha JjgepeBax abo
pociuHHOCTI. PaHHE BUSBJIEHHS Ma€ BUPIIIAIbHE 3HAUEHHS JUIsl YCIIIIHOT A1l MOKEKHUKIB; 3aBISIKU
0€31pOTOBUM CEHCOPHUM MEpeKaM IM0KEeKHAa KOMaHJIa 3MOKe J13HATUCS, KOJIM Moyajacs Moxexa 1
SIK BOHA MOIIHUPIOETHCSI.

Businenns 3cyBy. CucreMa BUSIBIEHHS 3CYBIB BUKOPUCTOBYE O€3pPOTOBY CEHCOPHY MEPEXKY s
BUSIBJICHHS HE3HAYHUX PYXIB IPYHTY Ta 3MIH y Pi3HUX IapaMeTpax, siIKi MOXKYTh cTaTucs 10 ado mif
4ac 3CyBY IPYHTY. 3aBIsIKM 310paHUM JaHUM MOXHA JI3HATUCS MPO HAOIMKCHHS BUHUKHEHHS 3CYBiB
3aJI0BTO JIO TOTO, SIK 11€ BIOYIETHCA.

MoHITOpUHT SIKOCTI BOJU. MOHITOPUHI SIKOCTI BOJAM BKJIIOYA€ aHaji3 BJIACTUBOCTEH BOIU Yy
rpe0msx, piukax, 03epax Ta OKeaHax, a TaKOXK 3araciB MiA3eMHUX BoJI. BukopucTtanHs po3noauieHnX
0€3/1pOTOBUX JIaTYMKIB JO3BOJIIE€ CTBOPIOBATH OUIbII TOYHY KapTy CTaHy BOAM 13a0e3meuye nocTiiHe
pPO3ropTaHHsl CTaHLIM MOHITOPUHTY B BaXXKOAOCTYIHHUX MiCIsIX ©0e3 HEeoOX1IHOCTI PY4HOIO
BUJTyYEHHS TaHUX.

3anoliraHHs CTHXIHHUM JinxaM. be3apoToBi ceHCOpHI Mepexi MOXYTb OyTH €(EeKTHUBHHUMH Yy
3ano0iraHH1 HECIPUATIMBUM HACHIIKaM CTUXIMHUX JIUX, TAKUX SIK MMOBEH1. be3apoToBi By3nu Oymnu
YCIIIIHO PO3TOPHYTI y plUKax, A€ 3MIHU PIBHA BOJU MalOTh KOHTPOJIIOBATUCH Y PEXHUMI PEAIbHOTO
qacy.

MoHiTopuHr cTaHy MamuH. be3apoToBi ceHcopHi Mepexi Oynu po3poOieHi Uisl TEXHIYHOTO
o0ciyroByBaHHs 00Ja/lHaHHS, OCKUIbKM BOHH 3a0€3Me4Yyl0Th 3HaYHy €KOHOMIIO KOIITIB Ta Ha/Jal0Th
HOB1 (YHKIIIOHAJbHI MOJIMBOCTL. be3apoToBi naT4MKM MOXKYTh OyTH pPO3MIIMIEHI B MICLSX,
BAYKKOJIOCTYITHUX a00 HEJOCTYNHHUX 3a JOMNOMOIOK JIPOTOBOi CHCTEMH, TAKHX SIK SK 0OepTOBI
MEXaHI13MH Ta TPAHCIIOPTHI 3aCO0M.

Mouiropusr IO/l (LlenTp 06poOku nanux). Yepes BUCOKY IUIBHICTh CEPBEPHUX CTIMOK Y LIEHTPI1
00pOOKHM JJaHMX YaCcTO BUHUKAIOTh IPO0OJieMH 3 TemnepaTypHuM pexxumom. 1106 BupimmTy 110
npo0iemMy, Bce Oulbliie 1 OUIbIIe CTIHOK OCHAIYIOTHCS O€3APOTOBUMHU JaTYUKAMU TEMIEPaTypu AJs
KOHTpoJto TemnepaTypu cTiiok. Ockuibku ASHRAE pexomenaye BUKOpUCTOBYBATH 110 LIIECTH
JaTYUKIB TEMIIEpATypH Ha CTINKY, 0€3/IpOTOBA TEXHOJIOT1S A€ MepeBary B NOPIBHSAHHI 3
TPAAUIIHHUMH KaOCIbHUMU JTaTYNKaAMHU.

Peecrparis manux. be3npoToBi ceHCOPHI Mepeki TaKOK BUKOPUCTOBYIOTHCS JIJIsl 30MPaHHS JTaHUX
JUIsT. MOHITOPUHTY ekoJsioriyHoi iHdopmarii. Ile moke Oyru Tak camo MpPOCTO, SK MOHITOPHHT
TEMIIEpaTypy y XOJIOJUIbHUKY a00 pIBHSA BOAM y NEPEIUBHUX Oakax HAa aTOMHUX €JIEKTPOCTAHIIIAX.
[ToTim cratucTuuHa iHGoOpMaLis MoXe OyTH BUKOpPHUCTaHA il JAEMOHCTpalii poOOTH cHUCTEM.
Ilepeara WSN y nopiBHsSIHHI 31 3BUYallHUMHU peecTpaTopaMu IMOJSAra€e B TOMY, L0 MOXKJIMBHIM
«OKUBUW» MOTIK JAHUX.

BUCHOBKU

Ha croromguimHii eHh TEXHOJIOTISI O€3POTOBUX CEHCOPHHX MEPEXK € €IMHOI0 Oe3apPOTOBOIO
TEXHOJIOTIEI0, 32 JI0IIOMOTOI0 SIKOT MOKHA BUPIIIUTU POOJIEMY KOHTPOJIIO Ta YIIPaBIIHHS, KPUTHUHY



0 BUMOI JO TepMiHy ciayx0u Oarapeil npucTtpoiB, IiX HaIll{HOCTI, aBTOMAaTH4HOi abo
HaIiBaBTOMAaTUYHOT KOH(Irypalii KO’KHOTO 3 HUX, MOKJIMBOCTI IPOCTOTO JOJaBaHHS a00 BUJIATICHHS
IIPUCTPOIO 3 MEPEXK1, PO3MOBCIO/IKEHHSI CUTHAJIIB Yepe3 CTIHU Ta CTeJll 32 HU3bKOi BApTOCTI CUCTEMHU.
A TEXHOJIOTISI PeTPaHCIAIIi KOPOTKOXBHJIBOBOTO PaJIiO3B'sI3KYy, BiloMa SIK «CEHCOPHI MEpEexX1», €
OJIHUM 13 Cy4aCHHUX HAaNpsMIB PO3BUTKY CAMOOPraHI30BaHUX CTIMKHX /0 BIIMOBU PO3IMOJAUIEHHX
CUCTEM IPOMMCIIOBOTO MOHITOPUHIY Ta YIIPaBIIHHS pecypcamMu 1 MpoLecami.
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