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Llenv Hacmoswen nybaukayuu —
packpvimue 0cobeHHoCmell Npoek-
muposanust 6ecnpo8ooOH020 UHMe-
JIeKMyanvHo20 cenHcopa, npeoHasna-
YEHHO20 0Nl OYEHKU COCMOSHUSL
pacmeHuli 8 cocmage CeHCOPHOU
cemi.

Kouegvie cnosa: 6ecnposoonuviil
UHMENIEeKMYATbHBIU CEHCOP.

Mema oOanoi nybnikayii nonsieae y
pos3kpummi  ocobausocmel npoex-
myeaHHsi 6€30Pomoeo2o iHmeieKmy-
anbHO20 cencopa Ona OYIHKU CMAHy
POCIUH, NPUSHAYEHO020 0I5t pobomu y
CKAAOI CEeHCOPHOI MepedxcC.

Knrouosi cnosa: bezopomosuil inme-
JIeKMYanbHUull ceHcop.
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BE3POTOBWUW IHTENEKTYAJIbHUN
CEHCOP U151 OLITHKWU CTAHY POCJIUH

Beryn. KoM totepHi pritamy ta MPUCTPOT IS
eKCIpec AIarHOCTUKU CTaHy POCIHMH Ha OCHOBI
edexry iHAyKUii GruyopecueHuii xmopodiny no-
CUTh INMPOKO BHKOPHUCTOBYIOTHCS Y MPAKTHUII
npenm3iiHoro 3emiiepodctBa. IlpukmagoM Tako-
ro npucTporo € npuian «droparecty, po3podiie-
Hu# B [HCTUTYTI KibepHeTHKH iMeHI B.M. ['mym-
koBa HAH Vkpainu [1]. Hemomikom aBTOHOM-
HUX TPUIAAIB Ui CKCIPEC-MiarHOCTUKU CTaHy
POCIMH € BHKOPUCTAHHS JOCUTh CKJIQJHOTO 1
MTOTY)KHOTO CHCTEMHOTO OJIOKY 3 BOYIOBaHHUM
MOHITOPOM ISl MiATPUMKH POOOTH OJHOTO Mi-
HIaTIOPHOTO ceHcopa. Bukopucranus 6e3apoTo-
BOTO CEHCOpa 3 BOYIOBAaHHM MiKPOKOHTpPOJIC-
pOM Ta panionpuiiMadeM JacTh 3MOTY 3aCTOCO-
BYBaTH BEJHUKY KIUIBKICTh CEHCOpiB, POOOTY
SKUX MiITPUMY€E OIMH CHCTEMHHIA By301 abo
koopauHatop Mepexi. Lle, y cBoto uepry, no-
3BOJIMTH OJIHOYACHO 3HIMATH JIaHI MPO CTaH pPo-
CJIMH 3 BEIIMKUX TEPUTOPIH CIIThCHKOTOCIIOAAP-
CBbKHX yTimb. Mera maHoi myOumikarii monsrae y
PO3KPHUTTI OCOONMBOCTEH MPOEKTyBaHHS Oe3[i-
POTOBOTO IHTEJIEKTYaIbHOTO CEHCOpa IS OIliH-
KH CTaHy POCIHH, MIPU3HAYEHOTO I POOOTH y
CKJIaJli CEHCOPHOT MEPEKI.

3aranbHa yactuHa. [lepen po3poOkor 0e3-
JIPOTOBOTO IHTEJIEKTYAIBHOTO CEHCOPa, MEepII 3a
Bce, Cnizl OyiI0 chopMyITIOBAaTH OCHOBHI TEXHiU-
Hi BUMOIrH 10 Hboro. OCKUIBKH HA OCHOBI IIEB-
HOI KUIBKOCTI CTBOPEHUX CEHCOpIiB OyJe po3po-
OJIecHO Ta peai30BaHO OE3IPOTOBY CEHCOPHY
Mepexy ISl poOOTH Ha BIIKPUTHX TEPUTOPISX,
OCHOBHUMH TEXHIYHMMU BHUMOTaMH JI0 Oe37po-
TOBOTO CEHCOpPY B paMKax IIi€i MPUKIaIHOI 3a-
Jladi € HaCTyIIHi:

- 3aXHILEHICTh Bijl BIUIMBY KIIMaTU4HUX (ak-
TOPIB JUIg POOOTH Yy peajJbHUX YMOBAX;
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- TPUBAIICTH aBTOHOMHO1T po0O0TH 0€3 3aMiHU €JIEMEHTIB KHUBJICHHS Ta MPOBEICH-
HS TEXHITHOTO 00CITyTOBYBaHHS;

- HEBHCOKA BapTICTBh;

- MaJia Bara Ta rabapuTHi po3MipH;

- MOKJIUBICTh CAMOTECTYBaHHS Ta CAaMOKaJIiOpyBaHHS BY3JIiB CEHCOPA;

- BUCOKa HaIIHHICTh pOOOTH;

- ONTHMAJIbHE CITIBBIIHOIIECHHS JajJbHOCTI 0E3IPOTOBOI Mepeaadi JaHuX JO CIO-
KHUBaHOI EHeprii;

- yHi(iKaIlis Ta B3a€EMO3aMiHHICTh MiKPOEIEKTPOHHIX KOMITOHEHTIB;

- MOXKJIMBICTh 3aMiHH €JIEMEHTIB JKHMBIIEHHA a00 iX 3apAKaHHS B IOJBOBUX
YMOBax.

Buxopasun 3 b0oro, MokHa BU3HAYUTH BUMOTH JI0 apXiTEKTypH 0€3apOTOBOTO iH-
TEJIEKTYaJbHOTO CEHCOPa, KA BKIIIOYAE alapaTHy Ta MporpaMHy 4acTUHH. [ 0JOBHHM
CJIEMEHTOM, SKHW BHM3HA4Ya€ (PYHKIIIOHAIBHICTh CEHCOPa, € MOIYJib 0Ee3ApOTOBOTO
3B'SI3Ky Ta MOJAYJIb MOTEPEeaHbOI 00poOku manux. Ciix BiAMITUTH, IO HAa NaHUI 4Yac
Ha PUHKY MIKpOCIEKTPOHHUX KOMITOHEHTIB ICHYIOTH MIKPOKOHTPOJIEPH 3 ITiATPHUM-
KO0 0e3IpOTOBHMX TEXHOJIOTIH mepenadi AaHuX abo 0e3apOTOBI MiIKPOKOHTPOJEPH.
BuxopucranHs TakuX MIKPOKOHTPOIIEPIB Y 0€3JpOTOBOMY CEHCOPi JO3BOJIUTH 3HAYHO
3MEHIINTH €HEPrOCIIOKUBAHHS 32 PaXyHOK TOTO, IO OJMH MiKPOKOHTPOJIEp 3iHCHIO-
BaTHME OJJHOYACHO SIK KepyBaHHS 0O€3/POTOBOIO Mepejaucio JaHUX, TaK i BUKOHYBa-
THUMeE ToTepeIHI0 00pOOKY BUMIPSHUX AaHUX Ta YIPABIiHHS MOPTaMU BBOLY/BHBOY.
Kpim Toro, 3 TakuM miIxo0M HEOOXiTHO pO3pPOOHTH MPHUKIIATHE TpOrpaMHe 3a0e3rie-
YEHHS TUTBKHU JUIS OJTHOTO MIKPOKOHTpOJIepa, 0 3HAYHO 3MEHIIHUTh, & B JICIKHX BU-
najikax ycyHe, KOHQUIIKTHI CHTyalii Ha IporpaMHOMY piBHi. BignosigHo 1o 3amporio-
HOBAHOI apXiTEKTypU iHIIUMU BXKIIMBHMHU allapaTHUMU MOJIYJISIMHU € MOJYJIb POOOTH
3 010JTOTIYHUM 00'€EKTOM, TOOTO POCIHHOIO, Ta MOIYJIb €HEprocoKuBaHHg. Ciia Bijl-
MITHTH, IO MOAYJHh POOOTH 3 OiONOTIYHMUM 00'€KTOM 3AIMCHIOBATHME SIK BIUIWB Ha
OiostoriuHMil 00'€KT BiIOBIHO A0 MeTONy 1HIYKMIi (ayopecueHii Xopodiny, skui
TTOJIITae B OTIPOMIHEHHI JTUCTKA POCIUHU CBITJIOM Y CHHBOMY Jlialla3oHi CIIEKTPY, TaK i
BHMIpIOBaTUME BIJKJIMK 010J0TI4HOTO 00'€KTa — BUITPOMIHIOBAHHS JIUCTKA POCIHHU B
YepBOHIN cMy3i CIIeKTpy CBiTIa. MOAy/b €HEProCIIOKUBaHHS 3a0e3edyBaTHME eHep-
TOCIIO’KMBAHHS yCiX €IEMEHTIB CEHCOpa Ta Ha/Ia€ MOXKIUBICTh 3apsKaHHs abo 3aMi-
HU €JIEMEHTIB JKUBJICHHSI.

[IporpaMHa yacTHHa cCEHCOpa CKIAA€THCS 3 €AMHOTO MPUKJIIATHOTO POTPaMHOTO
3a0e3IeueHHs il 0e3APOTOBOTO0 MiKPOKOHTPOJEpa, sIKe BUKOHYE (YHKIII 3 0e31po-
TOBOTO OOMiHY JaHUMH, KEpyBaHHS IPOIECOM BHUMIPIOBAHHS Ta OTPUMAHHS JaHHUX
BHMIPIOBaHHS BijJ 010J10TiYHOTO 00'€KTa, MMOTMEpPEAHBbOT OOPOOKM BUMIPSIHUX JaHHX,
30epiranHs Ta apXiByBaHHS JaHHX.

Buxonsum 3 apxiTekTypu ceHcopa po3po0iIeHO HOro CTpYKTYpHY cxemy (puc. 1).
be3apoToBuii MiKpOKOHTPOJIEP, SIK 3a3HAYCHO BHUIIE, MPU3HAYCHUH I TiATPUMKH
poboTH ceHCopy, NIepe/laBaHHs JaHUX Ta B3a€MOJIIT 3 CEHCOPHOI Mepexketo. OCKUTbKU
CCHCOp € MOPTAaTUBHUM NPHUCTPOEM, BiH Ma€e BHYTPILIHIA aKyMyJSITOP, €EMHICTD SIKOTO
rapaHTye aBTOHOMHY poOOTy CEHCOpa Ha Iepiofl, BU3HAYeHUH TEXHIYHUMH BUMOTaMH.
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PUC. 1. CtpykTypHa cxema 0e3ApOTOBOTO iHTEIEKTYaIbHOTO CEHCOpa

HasBHicTh akyMynsSTOpa BHMarae Moro KOpeKTHUH 3apsija Ta 3axucT. s mporo
MIpU3HAYEeHI TakKi €JIEeMEHTH, K "cXeMa 3aXucTy" I 3aXHCTY Bil HEKOPEKTHOTO ITiIK-
JIOYEHHS KUBJIEHHS Ta "MiKpocxema 3apany” Uil 3apsay JiTiH-TOJIIMEPHOTO aKyMy-
JSITOpa BIINOBIHO O MOTO TeXHOIOTIYHUX ocobnuBocteil. Enement "microUSB po-
3'eM" Hajae CTaHAAPTHUH iHTEepdelc I MiAKIIOYSHHS XUBJICHHS IS 3apsIKeHHS
BHYTPIIIHBOTO aKyMyJsTopa. OCKIIBKM JITIH-MOMIMEPHUN aKyMyJsITOp HE MOKHA
0e3MocepeIHbO IMiKIIYATH 0 OLIBIIOCTI €JICKTPOHHUX KOMIIOHEHTIB, TO CJIif] BKJIIO-
YUTH Ha HOro BUXOAI mepeTBoproBay eHeprii. [lepeTBopeHHst eHeprii akymynsiTopa
BHKOHYIOTBCS eiaemMeHTamu "LDO 3,3B", sxuii € miHIHHAM CTaOuI1i3aTOPOM HaAIpyTH
JUTSA KUBIIEHHS 0€37pOTOBOTO MiKpoKOHTpoJepa, Ta "DC/DC 3,3B", akwuii € iMITynbc-
HUM TIEPETBOPIOBAUEM €HEPTil JUIsl )KUBJICHHS HIINX €JIEKTPOHHUX KOMIOHEHTIB. [Ipu
IIbOMY OCTAHHIM MO)XHa BUMHKATH TPH HEOOXITHOCTI I 30epeKCHH eHEeprii aKy-
mysaTopa. Enement "}inpTp HU3BbKHX "acTOT" BH3HAYa€e HEOOXITHUH PiBEHH CTPYMY
JUIsl eleMeHTa "paiiBep CBITIIoNiona", SKuii y CBOO 4epry 3a0e3mneuye 3aaHuid CTpyM
JUIs eneMeHTa "cuHil cBiTiomion". EnemMeHT "cuHil CBITIONION" BUIIPOMIHIOE CBITIIO
Y CHHBOMY Miara30Hi CIEKTPY CBITJIA 1 3a0e3leuye HeOOXiMHUN PIBEHb BHUIIPOMIHIO-
BaHHs JUIsl 30yJ/IKCHHsI 010JIOTTYHOTO 00'€KTa, B HAILIOMY BHIIAJIKy YKMBOI'O JIUCTKA PO-
ciuan. Enement "®otoperekTop" BUMIpIOE MapaMeTpy BiAKIWKY BiA JUCTKa OCHi-
JDKYBaHOI POCIIMHY Ta Tepelae OTpUMaHi J1aHi 10 6€3IpoTOBOT0 MiKpOKOHTpOJIEpa.

Ha 6as3i cTpykTypHOi cxemu, puc. 1, po3po0aeHO MPHUHITUIIOB] €JICKTPUIHI CXEMHU
BY3JIiB 0€3POTOBOTO IHTEJIEKTYaIbHOTO CEHCOPY, 30KpeMa, By3Jia )KUBJICHHS (pHc. 2),
By37a JpaiiBepa cBiTiozgiona (puc. 3) ta By3na ¢oroaerekropa (puc. 4). YV 3B's3Ky 3
MM TIpHA BHOOPI MiKpOENeKTPOHHUX KOMITOHEHTIB ITepeBara HaJ aBajiacsi TaKUM BUPO-
onukam: Analog Devices, Texas Instuments, Atmel, NXP, STMicroelectronics, Mi-
crochip Technology Inc, ams AG.
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X1 U1
Micro-AB USB Li-Po CHARGER
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HIROSE MICROCHIP

PUC. 2. TTpunnmIoBa eneKkTpruyHa cXeMa By3Jia KHBICHHS 0€3/[pOTOBOTO IHTEIEKTYaJIbHOTO CEHCOpa

U1
LED DRIVER
LED. ON 6 [oN 112 2 2 ADC_3
Abcd _3 INC 13/14]_5 g ;1 3v0
el B 1 |cmR GND| 5 ADC_4
B | AS1101-T l
T SC70-6
ol AMS
PUC. 3. TIpuHuuMnoBa enexTpuyHa cXeMa By3Iia JpaiBepa cBiTiiofioa
3v0 R1 u1
a1 LIGHT SENSOR
1 1 |[vpD spAl 6 12C_DATA
GND R 2 |6ND sckl 5 12C_CLK
l ; 3 |NR INT_N| 4 _12C_INT
i o - TSL25911FN i B i R RG
ODFN-6 + PAD
o AMS 3Vv3

PUC. 4. TIpunuMmnoBa enexkTpruyHa cxema By3ina (oroaerexTopa

[Ipu BHOOpi OAHOTO 3 OCHOBHMX MIKPOENEKTPOHHMX KOMIIOHEHTIB CEHcopa —
0e3/IpOTOBOr0 MIKPOKOHTpOJIepa, meperara Oyja HajgaHa MiKpokoHTposepy JN5168
BupoOHUNTBa KoMmaHii NXP [2]. Bin mictuts 32-6itHuit RISC-niporiecop 3 TakToBOMO
gacToToro 32 MI'1, Moxyns OE3MpOBIAHOTO 3B'A3Ky, CyMiCHHUK i3 cTaHmapTtoMm IE-
EER02.15.4, BOynoBanuii 4-kaHansuuii 10-6iTauii ALII1, ananorosi Ta 1udpoBi BXo-
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u/Buxoau Tomo. Lleit MiKpoKOHTpoJiep 3a CBOIMH XapaKTEepUCTHKaMHU MOBHICTIO Bif-
MTOBiZTa€ BUMOTaM IIIOJ0 peajizalii CEHCOpHOI Mepexi 1 3a0e3meuye 30ip, 30epiranus i
nepeaady JaHuX BiJl CEHCOPIB O KOOPAMHATOPA MEPEXKI.

[t mepeBipKH Mpane3aaTHOCTI BY3JiB O€3IpOTOBOTO iHTENEKTYAIBHOTO CEHCOpa
CTBOPEHO €KCIIEPUMEHTANbHI MAaKeTH BY3JIiB BiANOBIAHO A0 PO3POOICHUX NPUHLIHIIO-
BUX €NeKTpUYHUX cxeM. Ha puc. 5 mokazaHO eKCIepMMEHTAIbHUI MaKeT By3Ja >KUB-
JICHHS1 CEHCOpa, Ha pHUC. 6 — eKCIIEPUMEHTAIIbHUN MakeT By3Ja JpaliBepa CBITIONI0Na,
Ha pHc. 7 — eKCIEPUMEHTAJIbHUN MaKeT By3Ja (hOTOIETEKTOpa.

PUC. 5. ExcriepnMeHTaNbHUN MakeT By3i1a )KUBJICHHS CEHCOpa

PUC. 6. ExciepuMeHTaNIbHUI MakeT By3J1a JipaiBepa cBiTiIoniona
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PUC. 7. ExciepuMeHTalIbHI#T MakeT By31a (GoToeTeKTopa

Jlns meTansHOTO TeCTYBaHHS By3Ja (JOTONETEKTOpa BUKOPUCTAHO AOAATKOBI MPO-
TrpaMHO-amapaTHi 3aco0u, 30kpeMa: HamarokyBainsHy miaty LPC11U14 LPCXpresso
Board Big xommanii Embedded Artists AB [3] (puc. 8) Ta mporpamue cepeaoBuIie
LPCXpresso Platform Bim xommnanii NXP. [l KOpekTHOI poOOTH Po3po0IeHO MpOo-
rpaMHuit 3acib s pobotu uepes intepderic 12C. /g nepeBipku mapameTpiB eNneKT-
PUYHUX CXE€M BHKOPHCTAHO aHaioro-mudposuii anamizarop LabTool 3 mporpamanm
3a0e3MeUeHHM ISl HbOTO [4].

Pe3ynbpTaTi TECTyBaHHS €KCIEPUMEHTAJIBLHUX B3ipLiB O€3APOTOBOTO CEHCOPA, AKi
oTpuMaHi udposuM aHamizatopoM LabTool y BuUTIsaai vacoBHX miarpam ITUKIIIB 00-
MiHy MJaHAMH MIDK BY3J10M (DOTOJETEKTOpa Ta HAaJaroMKyBaJbHOIO IUIATOIO
LPC11U14, noka3ano Ha puc. 9 (HoBHUI LMK 0OMiHY HaHuMH) Ta puc. 10 (oguHuy-
HUH UK OOMiHY JaHWMH).

PUC. 8. Hanaromxysansaa tiata LPCXprecco LPC11U14
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PUC. 9. IToBHUH LUK OOMIHY JaHUMH MiX By3JIOM ()OTOJIETEKTOpA CEHCOpa Ta HaJIaroJpKyBaJlbHOIO
mmaroro LPC11U14

PUC. 10. OauHuyHui UK OOMiHY JaHHUMH MiX (DOTOJETEKTOPOM CEHCOpa Ta HAJIAro[KyBaJbHOIO
mwiaroro LPC11U14
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[Ticnst TecTyBaHHS €KCIIEPUMEHTAILHIX MaKeTiB BY3JiB Ta CEHCOpa B LIJIOMY PO-
3po0JIEHO Ta PO3BEACHO MPYKOBaHI IUTATH IJIS CTBOPEHHS JOCITITHHUX B3ipIiB CEHCO-
piB, puc. 11. Pe3ynpratu TecTyBaHHS CyMICHOi poOOTH MOCTIAHMX B3IpIIiB CEHCOpPIB
MoKa3aHo Ha puc. 12.

PUC. 11. IpykoBaHi IIaT JOCIiHUX B3ipLiB CEHCOPIB

PUC. 12. Pe3ynbTatit TECTYBaHHS CyMiCHOT poOOTH BY3JIiB O€3pOTOBOrO cCeHcopa
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Ha puc. 13 moka3zani gociigHi B3ipili 0€3pOTOBUX CEHCOPIB.

PUC. 13. Jocniani B3ipiii 6€31p0OTOBUX CEHCOPIB

Ha puc. 14, a, 6 moka3ano 06e3IpOTOBHIA IHTEIIEKTyaIbHUI CEHCOP Y TTPOMUCIIO-
BOMY BHKOHaHHI.

a
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0

PUC. 14. a — eneMeHTH KOHCTPYKIiI 0€3ApOTOBOro ceHcopa; O — 0e31poTOBUI IHTENEKTyalbHUI CEH-
COp y IPOMHCIIOBOMY BUKOHAHHI

BucHosxn.

1. Chopmyib0BaHO BUMOTH JI0 O€3/IPOTOBHX CEHCOPIB IS OI[IHKU CTaHy POCIIHH
METOAOM IHAYKUIT (ryopecueHuii xaopodiny.

2. Po3kpuTo 0COOIMBOCTI KOKHOTO €TaIly MPOEKTYBaHHS Ta TECTYBaHHS pOOOTH
0€31pOTOBOr0 CEHCOpPa I OLIHKH CTaHy POCIIHH.
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