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[image: image2.jpg]AKTyanbHicTb poboTu

OfHUM 3 HanpAMKIB PO3BUTKY Cy4acHUX cuctem b6esgpoTtoBol
nepegadi iHcpopMauii e cmeopeHHsT iHmeriekmyanbHUX
6e30pomosux cepedosuuy (Mepesx) ceHcopise (WSN - Wireless
Sensor Networks), ge 6eanid npuctpois abo gartunkis
(ceHcopiB), B3aemogiloun Mix coboto, 3ailicHIOTb Nepegavy
BEMNWKOro MacuBy pisHoi iHbopmaLlii.

Ctpimkumin po3sutok WSN cnpuse ycniluHOMYy npakTu4HoMy
BMNPOBaKEHHIO aKTyanbHWX i 3aTpebyBaHMX KOMyHiKaLinHUX
TEXHOMOTIA ANA NiATPMMKN HOBOT AKOCTI 0BMiHY iHdopmaLieto,
nocnyr, cepeiciB i gogarkis.




[image: image3.jpg]AKTyanbHicTb poboTu

Baxnueum npu peanizauiil WSN 3 HU3bKUM piBHEM
©HeprocnoXvBaHHA € IX eHeproedeKTUBHI aBTOHOMHI
HeAopOori pilleHHA XUBNEeHHSA.

BuaobyeaHHs eHepril 3 HaBKONWLLHBLOTO cepefoBULla 3a
paxyHok 6e34poTOBOro eHeprornocTadYaHHsA MarornoTyXHUX
pagio NpUCTPOIB LWINAXOM BUAoOyBaHHA eHepril EM nons 3
[ OMOMOrOl0 PEKTEHH 3 MoAanbLUMM NepeTBOPEHHAM i B
NocTiiHWIA CTPyM € HanbinbLL NEepcrekTUBHOIO i BXke Mae
6araTo npuknagis NpakTUYHOrO 3aCTOCYBaHHS.




[image: image4.jpg]Lini i 3apauvi

MeTa po6oTu — po3pobka 3acobamu KOMM'IoTepHOro
MOAEMIOBaHHA aHTEH AN PEeKTEH Y ckragi cuctem
anbTepHaTUBHOIO XVBIEHHA pagioeneKTpoHHUX 3acobis
pi3HOro NPU3HAYeHHS.

MonoxeHHs, siki BAHOCATLCA A0 3aXUCTY:

1. OrnsAg ansTepHaTUBHUX AXEPEn XUBMEHHA
pagioeneKTpoHHUX 3acobiB.

2. OmsAg cy4dacHUX PeKTEHHWX CUCTEM Ta aHTeH Y X ckragi.
3. Pesynbrat mogenioBaHHs 3acobamu CAD aHTeH y cknagi
peKkTeH

4. OocnigeHHA XxapakTepucTUK po3pobrieHnX MaKkeTiB aHTeH
AnNA poboTu y cknagi pekTeH.




[image: image5.jpg]Be3sapotoBuii ceHCopHMi Byson WSN
i AOro MoXnmBi cnocobu XXUBNEHHA
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[image: image6.jpg]MopiBHANLHI XapaKkTepUCTUKN
TeXHOnNorin 6e34poToBMX Mepex

Wi-Fi
MNporokon ZigBee Thread Bluetooth LE (IEEE
802.11n)
flianason wacror 5M 2.4 Ty 5M 2.4 Ty I5M 2.4 Ty 5M 2.4 Ty
Tponyaesa samHicrs 250x6i1/c 250x6i1/c Ao2M6it/c | o600 M6iT/c
Hanuricns sensiy <100m <100m <300m <1000m
Cnoxmeana
NOTYMHICTS:
- pextm ouikyBaHIZA: A mxBr 8 MKBr 300 mKBr
- pextm nepepaui: 84 mBr 60 MBr 350 mBr
- pextam npuiomy: 72 MBr 53 mBr 270 mBr

Jina no6ynoBM aBTOHOMHMX KOMYHIKaL|ilHMX 3acobis WSN akTyanbHUMK € Taki
6Gesaporosi TexHonoril: Wi-Fi (IEEE 802.11xx), Bluetooth (IEEE 802.15.1),
Bluetooth Low Energy (Bluetooth LE, BLE), ZigBee, Thread (IEEE 802.15.4) i iH.
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[image: image8.jpg]Be3apoToBe XUBMNEHHS 3a paxyHOK
RF eHeprii (RF Energy Consumption)

MoxxrnneocTi BuaobysaHHs RF eHeprii 3 HaBKONULHLOrO
cepefoBuLLA 3aBASAKWU NMOKPUTTIO CMYT YacTOT Takux NOMynsApHUX
RF texHonorin i cTaHaapTie fAK:

- umudppoBe TenebaueHHa (DTV) (470 - 950 M),

- CUCTEM CTirNlbHUKOBOro MobinbHoro pagiose'ssky gpyroro (2G)
(GSM 900, GSM1800), Tpetboro (3G) (2,1 'Tu), YeTBepTOro
(4G) (2,4 'Tu) nokoniHb (850 MI'y — 2600 MI'L);

- cucTem aboHEeHTCLKOro pagiogocTyny nepcoHarnbHoro,
nokansHoro (nepw 3a Bce Wi-Fi) i Micbkoro piBHA oxonneHHs
kopucTyBadiB (ISM 2,4 i UNII 5 Tw).




[image: image9.jpg]Be3apoToBe XMBMNEHHS 3a paxyHOK
RF eHeprii (RF Energy Consumption) sss

nsa 6eagpoToBOro xmereHHA npuctpois WSN pisHoro
npusHadeHHs 3a paxyHok RF eHeprii MoxxHa BUAINUTK Taki
nigxoau:

- BugobyeaHHA RF eHeprii 3 HABKONMMWLIHLOrO cepefoBuLLa
(RF EH - RF Energy Harvesting);

- pagioyactoTHa (BesgpoToBa) LinecnpsmMoBaHa nepegaqa
eHeprii (WPT - Wireless Power Transmission).



[image: image10.jpg]Cxema cuctemmu 6e3apoTOBOT Nnepegavi
pagio4yacToTHOI eHepril
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OCHOBHi KOMMNOHEHTU TUMOBOI PEKTEHHM :

- BMacHe aHTeHa;

- hinbTp nonepegHboro BunpAmnAHHA, (LPF - low-pass
prerectification filter);

- cxemu BUNpsmMneHHs (rectifying circuit);

- npoxigHoro dinkTpa nocTilHOro cTpymy abo dinbTpa
nocnigytodoro  BunpamneHHa (DC  pass filter abo
postrectification filter).
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[image: image12.jpg]MogentoBaHHA Ta eKCNepUMEHTanNbHi
JLOCHiA)KEHHA XapaKTepMCTMK aHTEH

B poagini 3 HaBeieHO pesynLTaTh MOAENIOBaHHSA Ta eKcnepuMeHTanbHi AOCAIKeHHA
XapaKTepuCTUK HanpaBneHoCT, YacTOTHUX 3anexHocTei Moayns koedilieHTa
BiAOUTTA CNPOEKTOBaHMX aHTeH, SIKi MOXHA BUKOPHCTOBYBATH Y CKNafli cucTeM
BuaobysaHHa RF exepril glanasoHy ISM 2400 My, a came:

- pekoH(irypoBaHOT AUNONbLHOT aHTEHW Y BUMAAI MIKDOCTPMKOBOI aHTEHH;

- HECUMETPHYHOT BEPTHKANbHOT JMMOMNbLHOT aHTEHW (MOoHOMoNSt);

- Bi-kBaApPAaTHOT aHTEHN.

MNMobyaosaHo [1H ekcnepuMeHTanbHUX 3pasKis:

- pekoHcirypoBaHOT AUNONbLHOT aHTEHW Y BUMSAI MIKDOCTPMKOBOI aHTEHH

- Bi-kBaApPaTHOT aHTeHN.

3 BUKOPHCTaHHAM BEKTOPHOIO aHanisaropa Rohde&Schwarz ZVR 9 kHz-6 GHz
[OCAPKEHO YacTOTHI 3anexHocTi moayns koediljieHTa BiaOUTTA excnepuMeHTanbHUX
3pasKiB aHTeH:

- HECUMETPHYHOT BEPTHKANbHOT AMMONBLHOT aHTEHN (MoHoMoNst),

- Bi-kBafpPaTHOT aHTEHN.
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[image: image13.jpg]HDocnipxeHHs aunonbHOT pekoHdirypoBaHoi
aHTEeHW y BUTNSAAi MiKpOCMYXKOBUX NiHil 3
OOBXWUHaMm nney /I=A2, I=A ta I=1.5A

[
repoiens

Maket pekoHdirypoBaHoi
MiKPOCMYXKOBOT AMMOINBHOT
aHTEHHU

CTpyKTypHa CxeMa UnornbHol
pekoHirypoBaHoi aHTEeHU
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[image: image14.jpg]MogenioBaHHATa excrepMMeHTanbHe JOoCHiPKeHHs
AMnonbHOI pexoH(IirypoBaHoi aHTeHH y BHINsaal
MIKPOCMYXKOBMX MiHil 3 IOBXHHAMM nney =42, I=A Ta I=1.5A





[image: image15.jpg]EkcnepumeHTanbHe ocnigXeHHs geee
HEeCUMETPUYHOT AUNOMbHOI aHTEeHU e

YacrorHa 3anexHicTb KoediujieHta Binoutra |S, |
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[image: image16.jpg]EkcnepumeHTansHe AOCRiMKEeHHSA
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[image: image17.jpg]BucHoBku no pobori:

1. AnbTepHaTHBHI ZpKepena e Hepril MOXYTb CTaTH edie KTHBHUM PilLie HHSM B yMOBaX, KOMIW 3aMiHa
KMENEHH:A GeaapoToBux ceHcopHUX Byanie (WSN) e HeapyuHoio aGo HaBiTb Hemoxnueoio. lnes @
6e3/1POTOBOIO EHEPIONOCTAYAHHS MATIOTIOTY;KHUX PAZAIo NPUCTPOIE LWINSIXOM BUA0GYBaHHS eHe)
3 /IONIOMOTOI0 PEKTEH 3 NoAANbILWM NEPETBOPEHHAM T B NOCTIRHMIA CTPYM € NepCNeKTHBHOW il
BaraTo NpUNaAB NPaKTUIHONO 3aCTOCYBaHHS.

mae

2. Haiinowmpe HUM BUAOM aHTEH AN peKTeH y cknagi cuctem 3bopy RF eHepril € npocTilliaHTeHn TURY:
AMNonbHI, aHTeHn Ya-Am, cnipanbii. Takox y cimagi cuctem 3bopy PU eHepril 3apa3 BAROPHCTOBYIOTECH
HHU3bKONpohinbH MKPOCMyRKOB] aHTeHH, KonnanapHi (aHTeHa posTaloBata B OjHii o MHi)
NnacTHHK (Haxnaaxa, naTy, patch) abo mkpocTpixosinard (patch) anTenn (xsaapamorl,
NpPAMOKYTHOT, KPYITIOL, INNONbHa (popmM) Yepe3 NPOCTOTY X BATOTORMEHHS, 8 TAKOX 3aBASAKA
MPUITHATHNM XapaKTepUCTUKAM BUMPOMIHIOBAHHS | 0COGNNBO HU3LKOMY PIBHIO KPOC-TIONSIPH3aLifHON
BANPOMIHIOBAHHS.

3. B peaynbTatiBUkOHaHHA poGoTH BN cnpoekToBaHi pe koHgrypoBaHa ANNONbHA MIKPOCMY)KKOBa aHTeHa Ta
GiHBaapaTHa aHTeHa Ans poboTny cMy3iuacTtoT 2400-2500 MMy y cknagi cuctem anstepiatieHoro RF
KMENEHHSA pafioeneKTpoHHIUX 3ac00iB PisHOIO NPHaHaueHHs. PeaynbTarn KoM IOTEPHONO MOAEMIOBAHHA
3acoBamun CAD peroHGirypoBaHOi AUNOAbHOT MIKPOCMYXKOBOT aHTE HW Ta GiHBaApaTHOT aHTeHW AN poBoTH
y cMy3i yacToT 2400-2500 My AeMOHCTPYIOTb A06pe Y3ro/pkeHH:A 3 peaynibTaramu BuMipiosatb []H Ta
roediljicHTa BigBUTTA|S},| eKCRepUMeHTanbHUX 3pa3kiB aHTeH, 30Kpema:

s ;AnsA peroHGHrypoBaHOT AUNONbHOT MIKPOCMYXXKOBOT aHTEHH ILIMPUHA CMYTH poGounx yacToT cTaHoBuTL 170
Mryno pisHio |Sy4] < -10 AB {KCXH <1.2) B aianasoxivactoT Bin 2.358[Ty A0 2.528 [T, W0 3340BONBHSAE
ymoBam T3.

s AnA GHEBaApaTHOT aHTEHH ILMPUHA CMYTH poBounx yacToT cTaHoBuTs 188 MMy no piBH | Sy, <-10 AB, wo

Bignosigac avaueHHio KCXH <1.2 B gianasonivacTtoT BigBig 2.382 Ao 2.57 [T, 10 3340BONBHSAE yu1 8
T3.




