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XJIOPOPLII-CEHCOPHU ITOJbOBUX ITPUJIAJ/IIB
J. M. Apmemenxo, 1O.C. Koaecuur, B.0O. Pomanos, B.C. Pedax

AHoTaunis. B cTaTTi npeacTaBieHO OMVIsII Cy4aCHUX MOJbOBUX MPUIAAiB ST JOCTIIKEHHS Ta aHali3y
CTaHy POCJMH Ha OCHOBi ONTMYHUX BJIACTUBOCTEN XjIopodiny ocHOBHUX (pipM-BupoOHUKiB. [IpoBeneHo
MOPIBHANBHUI aHaTi3 3a PYHKIIOHAJILHUMHA Ta KOHCTPYKTUBHMMM O3HAKaMM, Ha OCHOBI IKOTO BU3HA4YeHi
TEeXHiIYHi BUMOTHU A0 MPOEKTYBaHHSI BUCOKOTEXHOJIOTIYHOTO XJIopo(ina-ceHcopa. Po3misiHyTi ocobauBocTi
MPOEKTYBaHHS TAKOTO CEHCOopa.

Kirouosi cioBa: BinOUTTS CBiT/Ia, ITOTIMHAHHS XJ10poiny, iHIyKis ¢hayopeceHil Xaopodiry, xaopodin-
CeHcop

CHLOROPHYLL-SENSOR OF FIELD DEVICES
D.M. Artemenko, J.S. Kolesnik, V. O. Romanov, V. S. Fedak

Abstract: In article the review of modern field devices for research and the analysis of a condition of plants
on the basis of optical properties of a chlorophyll of the basic firms-manufacturers is presented. The compara-
tive analysis behind functional and constructive signs on which basis technical requirements to designing of a
highly technological chlorophyll-sensor are defined is carried out. The surveyed features of designing of such
sensor control.

Keywords: reflection of light, chlorophyll absorption, an induction of fluorescence of a chlorophyll, a
chlorophyll-sensor

XJIOPOOPUNII-CEHCOPBI TOJIEBBIX ITPUBOPOB

J.M. Apmémenxo, I0.C. Koaecnuk, B.0O. Pomanos, B.C. Dedax

AHHoTamms. B ctaTbe mpencTaBieH 0030p COBPEeMEHHBIX MOJIEBBIX TPUOOPOB /151 UCCIIEI0OBAHUS U aHAIU -
3a COCTOSIHUMSI pacCTeHW Ha OCHOBE ONTUYECKUX CBOMCTB XJ10pOo(ULJIa OCHOBHBIX (DUPM-TIPOU3ZBOIUTENEIH.
ITpoBeneH cpaBHUTENIbHBIN aHAIU3 32 (PYHKIIMOHAJIBHBIMU U KOHCTPYKTUBHBIMU MPU3HAKAMM, Ha OCHOBE
KOTOPOTO OMPEEICHbl TEXHUYECKUE TPEOOBAHUS K MPOEKTUPOBAHUIO BBICOKOTEXHOIOTMYECKOTO X10pOdUII-
ceHcopa. PaccMoTpeHHbIe 0COOEHHOCTH MPOEKTUPOBAHMSI TAKOTO CEHCopa.

KioueBbie c10Ba: oTpaxkeHUE CBETa, MOTJIOLIEHUS X10opoduiiia, UHAYKLIMS (hayopecleHIIMU XIopoduiia,
XJI0pOUILI-CEHCOP
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IToxa3HuKM BigOUTTS, MOTJIMHAHHS Ta iHAYKIIii
bayopecueHuii xaopodiny (IPX) BUKIUKAOTH iH-
Tepec y OOCHiTHUKIB (pOTOCHMHTE3Y Ta arpapiiB , sIK
JiarHOCTUYHI O3HAKM CTaHy POCJIMH Ta BIUIMBY Ha
1Ie#l cTaH eHI0- Ta €eK30reHHUX YMHHUKIB.

BusHayeHHs CTpyKTYpHUX Ta QYHKIIOHATbHUX
MOKa3HUKIB CTaHY HATUBHOTO XJ10pOdiay iHTAKTHOTO
JINCTKA POCJIMHU € HEOOXiTHOIO CKJIaI0BOIO BUBYEHHSI
Mpo1IeCiB (POTOCMHTE3Y Ta OITPALIOBAHHS Ha IX OCHOBI
CMoco0iB IiarHOCTUKY CTaHY pOCauH. iarHOCTUYHI
MOKAa3HUKU MOXYTb OyTH CTPYKTYPHUMMU Ta (PYHKIIIO-
HajnbHUMU. Cepell CTPYKTYPHUX ITOKA3HUKIB, 1110 BU-
3HAYaloTh iIHCTPYMEHTAIbHUMU METOAAMM, KiJIbKIiCHI
3HaYeHHSI KOHLIEHTpAllil pi3HUX NIrMEHTIB, 30KpeMa
xsopodiny, siki BUBHAYAIOTh Y BUIVISIAI XJ10pOodiabHUX
IHAEKCIB, a TAKOX CITiBBIIHOIIECHHS BMICTY Pi3HUX
xjiopodini (Xi.a i X1.60). Cepen (pyHKLIOHATBHUX
JliarHOCTUYHMX O3HAK BUKOPHUCTOBYIOTh, HATTPUKJIAJ,
Ppi3Hi aHOMaJTi1 ITOKAa3HMKIB KPMBOI iHAYKIIi1 (piryopec-
LIEHLIiT XJIopodimny.

BuszHaueHHS CTpYKTYpHUX Ta (PYHKIIOHAIbHUX
MOKa3HUKIB CTaHY POCJUH IHCTPYMEHTaJIbHUMMU
€KCIMPECHUMM METOIaMH Y MOJbOBUX YMOBaX OCO-
OJIMBO LIHYETHCS arpapisiMu, sIKi IpaIio0Th B raly3i
POCJIMHHULITBA.

CyuacHi npuiiaam 3 BOyI0BAHUMH

XJ1I0podiJi-ceHcopaMu.

ITig xnopodin-ceHcopom OyaeMo po3ymiTu
OITOEJIEKTPOHHMIA MPUCTPill TepeTBOPEHHSI_Bac-
TUBOCTEH BiZOUTTS, MOTJIMHAHHS Ta (PJIyopecLeHIIil
HaTMBHOTO XJIOpOo(iNy iHTAaKTHOTrO JIUCTKA POC-
JINHU B €JICKTPUIHMUI CUTHAJ 3 IMOJAIBIIOI0 MOTO
00pobkoto. Taki mpucTpoi 3a BU3HaYeHHSIM [1]
MOXHa BBaXXaTW CEHCOPHUMMU eJieMeHTaMU, a 3a
Kjacudikaiieo [2] - 6ioceHcopaMu, 00 iX YyTIU-
BUM €JI€MEHTOM € HaTUBHUI XJ10podi.

Hamu posrnsiHyTi xjtopodii-ceHcopu MoJabo-
BUX MpUJIaniB BU3HAYEHHS CTaHy xJopodiny Ta
(boTocuHTETUUHOTO amaparty, 30KpemMa XJa0podis-
CIIEKTPOMETPIB, XJIOpOodina-pIIyopoMeTpiB Ta XJIO-
podinomMerpiB. HaiiOimbmnii acCOpTUMEHT TaKUX
MpuIafiB npencrasieHuit pipmamu: Qubit Systems
Inc, Kananga; PSI — Photon Systems Instruments,
Yexisa; Hansatech instruments, Benuka bpuraHis;
ADC BioScientific, Benuka bpuranist; OPTI-
sciences, CIIIA; WALZ, HiMmeyynHa Ta iH.

MajiorabapuTHi N0JILOBI (iyopoMeTpu dipMu
PSI [3] npeacTtaBieHi psaoM moaeneii cepii Flo-
roPen FP-100, gKki Bigpi3HSIOTHCSI KOMIUIEKTOM
MOCTaBKM 30BHIlIHIX ()YyHKIiIOHATbHUX BY3JIiB Ta
BiITTOBIIHUM TNIpOrpaMHUM 3abe3nedyeHHsIM. Lle
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npuiaau MOAYJSILIHHOTO TUMNY, MalOTh NOMiIOHI
CEHCOPHi MOy, 10 SIKMX HajlexXaThb By3/J1d ITporpa-
MOBAHOT'O OMPOMiHIOBaHHS, MIPUIOMY, BUAIIEHHS
Ta BUMipIOBaHHs CUTHaJiB piiyopecueHii. [HTeH-
CUBHICTbh aKTUHIYHOTO OTIPOMiHEHHS peryjboBaHa
B Mexkax Big 0 mo 3000 MxE Ha xBumisix 450 ta 650
HM. IIpuiiom curHamiB ¢ayopecueHii BigdoyBa-
€ThCS B Aiana3oHi xBujb Bim 697 go 750 um. CeH-
COPHUI MOIYJIb PO3MIIIEHO B CEpearHi IIpUIaLy,
a ONpOMiHEHHS JIMCTKA i mpuitom dayopecueHil
3IiACHIOIOTh Yepes CrellialbHe BiKHO.

ManorabaputHi xjaopodin-diyopoMeTpu Ta
xaopodin-crnekrpomerpu pipmu GUBIT [4] Bu-
MyCKalThCsl y 3pydHOMY Kopityci rabaputamu 120
x 57 x 30 mm. @yopometpu cepii Z990 FloraPen
3a HOMeHKJaTypoto ajoriuHi 1o cepii FP100 dipmu
PSI i nonoBHeHi moaesuito FAR-PEN FP-MAX-
LM, gxa 1ogaTKoBO BUMIipIO€E Iagaldy COHSIYHY
panianito (FAR). Kpim Ttoro ¢pipma GUBIT no-
JIaTKOBO BUITYCKAE CEPil0 XJIOPOPia-CIeKTpoMe-
tpiB Z950 PlantPen, nBox Bepciit MPP ans Bu-
MipIoBaHHS iHIEeKCiB (POTOXiMIYHOTO BiZOMUTTS Ta
Bepcii NDVI a1 HopMyBaHHS pi3HUX POCIUHHUX
iHgekciB (BigouTTs). TexHiuHi Ta eKcrulyarauiiiHi
XapakTEepUCTUKMU CEHCOPIB LMX MpUJIaliB MOMIi-
OHi 10 aHaJOTIYHUX XapaKTePUCTUK XJIOpodii-
¢iyopometpiB ¢pipmu PSI. Cain Big3zHauuTHU, 110
xa0podii—dayopomMerpu NoTpeOYIOTh BUAIICHHS
curHaliB dayopecueHlii Ha ¢GOHI OCBITJIEHHS 3
JIOTIOMOTO10 CBITJIO(DiNBTPIB, a XJ10podia-cneKTpo-
METpM MpU 3aJaHiil TOBXWHI XBUJIi ONPOMiHEHHS
MOXYTh MPUMaTH BiIOUTE CBITJIO O€3MOCEPEaHbBO,
0e3 BUKopucTaHHs cBiTiiodinbTpiB. Lle, sik npaBu-
JIO, pOOJISITH TTOC/TIAOBHO HAa IBOX-TPHOX JOBXKMHAX
XBWJIb. Xyopodin-crnekrpomeTp Z 950 no3BoJisie
BU3HauyaTu 10 15 xsopodinbHux iHaeKciB. Bunpo-
MiHEHHS BiJl IxKepeJa CBiTja yuepe3 BiKHO KopIryca
IIOCTYNAa€ Ha JUCTOK, a BiAOUTE CBIiTJIO yepe3 lie
K BIKHO mocTynae Ha oTomnpuiimMau, SKUid po3-
TalllOBaHO B CEPeAMHI MpUIamdy.

Jlo mpunaaiB 1ab0paTOpHO-MOJHOBOTO TUITY Ha-
nexuthb piyopomerp PAM-2500 pipmu WALZ [5].
CencopHuii Moaynb ¢piryopomerpa PAM-2500 KoH-
CTPYKTUBHO PO3AiJIeHUII Ha BUHOCHUU 3aTUCKay
JIMCTKA Ta ONTOEJEeKTPOHHUI BY30JI, SKi 3’€mHaHIi
ONTOBOJOKOHHMUM KabesjaeM. 3aTucKay JMCTKa Ma€
Cimio Ais MiAKII0OYEeHHST ONTOBOJOKOHHOIO Kabe-
JI10, Ta CBITJIOI3011010Uy METaJIeBY IITOPKY Ha OMHIlA
3 IBOX IJIACTHUH, MiX SKMMU PO3MIILYIOTh JUCTOK
pociauHU. ONTOENEKTPOHHUN BYy30J CEHCOPHOTO
MOy 3a0e3Ieuye pi3Hi peXruMU ONPOMiHEHHSI:
ML, AL, SP Ta pexxum Moaysiiii. IMIyabcu BUMi-
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PIOBaJIbHOTO CBITJIa TPUBAJICTIO 1-3 MKC Ha 4acTOTi
10-5000 Ity maroTh 20 rpagaliii iHTEHCUBHOCTI B
mexax 0,01 — 100 mxE. IIpu cuHbOMYy BapiaHTi
aKTUHIUHEe CBiTJIO Ha XBWJIi 455 HM Mae 20 rpaga-
il iHTeHcuBHOCTI B AianasoHi 10-800 MxE. Ipu
yepBOHOMY BapiaHTi aKTMHIYHE cBiTJI0O AL Ha xButi
630 M Mae 20 rpagaliiii iHTEHCMBHOCTI B Iiana3oHi
0-4000 mxE. YepBoHi Hacuuywoui imnysibecu SP Ha
xBUIi 635 HM MaroTh 20 Tpagaliiii iHTEeHCUBHOCTI B
nianaszoHi 100-25000 MmxE npu tpusanocti 0,1-0,8
c. B pexxumi GaraTopa3oBux crnajlaxiB 4epBOHOTO
CBiTJ1a iHTeHCUBHICTh Ma€ 20 rpajaliii B Aiana3oHi
0-25000 MxE mipu tpuBanocti B miamazoni 0-800
MKC. B pexumi pazoBuX cranaxiB 4epBOHOTO aK-
TUHIYHOTO CBiTJIa MpU iHTeHCUBHOCTI g0 125000
MKE TpuBaicTh 3HaX0IUThCS B miana3oHi 5-50 MKc.
KpiMm Toro, BUKOpUCTOBYIOTHCS iMITYJILCU 1AJIEKOTO
YEepPBOHOTO CBiTJIa HA XBUJIi 735 HM.

CencopHuit moayib PAM dayopomerpy OSSP
dbipmu Opti-Sciences, CLIA [6], KOHCTPYKTUBHO
po3diJieHWI Ha 3aTUCKa4 JMCTKa Ta OMTOEJEeK-
TPOHHUI OJIOK, IKUK po3MillleHUI B Ipuani i
3’€IHaHMI 3 3aTUCKauyeM ONMTOBOJOKOHHUM Kabe-
JeM. 3aTuckay Mae Cifo ajs Kabesio Ta CBiTJIO-
i3oJi0104y ITOPKY. CEHCOPHUIA MOAYJIb CTBOPIOE
PEXUMMU TBOXKOJbOPOBOI'O OCBITJICHHSI Ha XBUJISIX
450 ta 660 HM B miama3oHi iHTeHcuBHOCTEM 0-3000
MKE , yactora Mmonynsuii 25T — 1 MIii, a Takox
BUKOPMCTOBYETHCS lajieKe UuepBOHE CBIiTJIO (735 HM)
1151 Bu3HadeHHsI Fo kpuBoi I®X .@oTromnpuiimayem
ciyrye Pin-¢oTomion B cnekTpalibHiil oonacti 700-
759 HM.

CeHcopHMIT MOIYIb 0a30B01 Moeli (hayopome-
tpa FM-1 ¢pipmu Hansatech, Benuka bpuranis [7],
KOHCTPYKTUBHO PO3/iJ€HUIA HA 3aTHCKAY JIMCTKA Ta
OITOEJEKTPOHHU I BY30J1, SIKUI1 po3MillleHO y OJI011i
KepyBaHHs i 3’€IHaHUI 3 3aTUCKauyeM OMNTOBOJIO-
KOHHUM KabeneM. CeHCOpHUIT MOIYJb BKJIIOYAE
JiKepesia OMpPOMiHEHHS 3 TapaMeTpaMM: TOBXUHA
xBuIi onpomineHHs 470, 594, 735 HM, iHTEeHCUB-
Hictb AL -0-3000 MxE, 50 xpokis, SP 0-20000 MmxE
100 xpokiB. JIxkepesio cBiT/ia — rajiloreHHa jamiia. B
moaeni FM-2 o 3aTuckaya BKIIOUEHO pi3Hi CEHCO-
pu: remneparypu, CO, , O,, a TakoX 00J1afiHaHH:
KioBeTy, yamky IleTpi Ta iH. Mox/iuBa 10BXHWHa
ONTOBOJIOKOHHOTIO0 Kabemio 1,5-10 m. ITnsgma ompo-
MiHEHHS Ma€ JiaMeTp 7 MM.

Monenb Pocket PEA, «<KKUIIEHBKOBA TO-
POIIMNHA», dpipma SADEF - HANSATECH
BUKOPUCTOBYE sIK iyopomeTp y Habopi FLUO
JJIST pO3MO0JieHOl cucTeMu 300py iHdopMaliii y
noaboBuX ymoBax. Moaenb «3PYUHA TOPO-

IIMHA» mae ceHCOpHUIA MOAYJb, MOAIOHUI 10
nomnepeaHbol MOJIEJIi: OIIPOMiHEHHS 31iCHIOETHCS
TpbOMa HaASICKPAaBUMMU CBITJOAiONAMU HA XBUJII
650 uM 3 inTeHcuBHicTIO 0-3000 MKE, ocBiTiieHa
isgMa Mae miameTp 4 MM. MopayinbHa KOHCTPYKIList
ceHcopa A03BOJIsSIE BUKOPUCTOBYBATU MOTO B Pi3HUX
MozeJsiX (hJIyOpOMETPiB.

CeHcopu nmopTaTUBHUX GIAYOpOMETPiB Ci-
MmeiictBa «@aopartect» [8] Ta [TAM-diyopomeTp
[9,10] po3pobaeHi B IHCTUTYTi KiOepHETUKH iM.
B.M.IlmymikoBa HAH Ykpainu, KOHCTpYKTUBHO
aBTOHOMHIi, YUIISIIOTBbCS Ha JUCTOK POCIUHU 3
JIOTIOMOT010 3aThckavya. B ceHcopi po3TamioBaHi
CBITJIOAiOAM, KIIOYi KepyBaHHS, CBITJIOMIiABTp Ta
doTonpuiiMay 3 miacuaoBadeM. Y ceHcopi [TAM-
¢nayopoMeTpa Ha APYriil miaacTUHi 3aTUcKava
pO3TalloBaHO TePMOMETpP-HarpiBau, siIKUii Moxe
HarpiBaTu (parMeHT JMUCTKaA JiaMETpoM 8§ MM J10
temrmepatypu 80°C 3 peryibOBaHOIO IBUIKICTIO Ha-
rpiBy. BigmaneHicTb ceHcopa Bif BUMiplOBajJbHOIO
npuiany ( JoBXMHa Kabesw) ckiiagae a0 1,5 m.

Ilpunagyu BUMiprOBaHHS CHEKTPaJbHOTO MO-
[JIMHAHHS XJIOpOodiny iHTAaKTHOTO JIMCTKA BUKOPUC-
TOBYIOTb JJ151 BU3HAUEHHS XJI0podiIbHOTO iHaeKC Ca
— MOKa3HWKa, HAOJMKEHOTOo 10 KOHILEeHTpallii
xjopodiny. BpaxoByioun Kopensiiito Mizk BMiCTOM
XJ0podisly B IUCTKY Ta 3a0€3MEUEHICTIO POCIMHU
IPYHTOBUM a30TOM, XJIOPO(DiJbHUMN iHAEKC BUKO-
PUCTOBYIOTbH SIK ITOKa3HUK BMICTY a30Ty B ITPYHTI, a
MpUJIaau [ MOTO BUMipIOBaHHS - sIK N-TecTepu.
Cencopu npunanis CCM-200 ¢pipmu ADC Bio-
scientific, Benuka bpuranis [11], Ta SPAD-502
Plus ¢pipmu Spectrum Technologies Inq, CIHA
[12], momiOHi mo ceHcopiB XJIOpOdia-CIIeKTpOMe-
TpiB Ta xJopodina-dpayopomeTpiB, TOMY 1110 MalOTh
JIXKepesIo OIPOMiHIOBAaHHS, 3[e0ibIIOT0 Ha XBUJIi
MOrJMHaHHS xjopodiny, Ta ¢poTonpuiiMay y BU-
rasai poromiona, iHTErpoOBaHOTO 3 MiACUIIOBAYEM,
sIKi OpiEHTOBAHiI Ha OCBITJEHY IUISIMY JiaMeTpOM
4—8 MM 3 IIPOTUJIEXKHOI 10 OIPOMiHEHHS CTOPOHU
JINCTKA.

ITopiBHAHHS MapaMeTpiB CEHCOPiB MOJbOBUX
MpuiagiB (IMB. TAONMIII0), BUKOHAHO 3a (DYHKIIiO-
HaJbHUMM Ta KOHCTPYKTUBHUMMU 03HaKaMu. Cepen
(GyHKIIOHAJbHUX O3HAK CJIiJl BiI3HAYUTH MOKA3HM -
KM OMPOMiHEHHsI, MOTJMHAHHS, BiTOUTTS, dayo-
peclieH11il, BUMiJeHHs Ta IePETBOPEHHS ONTUUHUX
curHaiiB B eJlekTpuuHi. Cepen MOKa3HUKIB OIIPO-
MiHEHHS BUIIISIOTH: TOBXUHY XBUJIi, IHTEHCUB-
HICTb, YaCTOTY MOIYJIsSILIi1l, TPUBAIICTh Ta aMILTITY 1y
IMIYJIbCIB TOIIO, a TAKOX MOXJIMBICTH BUOODPY Ta
peryaloBaHHS LIMX MOKAa3HUKIB, iX BUMiplOBaHHS
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Ta 0011iK. Cepell MOKa3HUKIB MPUMOMY i BULIJTEHHS
ONTUYHUX CUTHAIIB PO3PIi3HSIIOTH TOBXWUHU XBUJIb
MpONycKaHHs, BiTOUTTS Ta (IyOpeCLICHIIIT, Uy TIM -
BiCTb Ta Koe(illieHT migcuaeHHs ¢poToInpuiimMaya,
a TaKOX HOro CMyry npomycKaHHsI.

OcobAUBICTIO PO3TJISIHYTUX MPUIAIiB 3 XJIOPO-
din-ceHcopaMu € TIpencTaBIeHHS pe3yabTaTiB y
BiTHOCHUX OJIMHUILISIX, TPUBEIEHUX 1O MAaKCUMaJb-
HOTo 3HAYeHHS iX MIKajau. B OinpIIocTi BUMIAAKIB
pO3paxoBaHi ITOKA3HUKM SIBJISIIOTH COOOI0 BiTHOIIIEH-
Hs1 BUMIpSIHUX BeJIMUYMH. MeTpOJIoTiuHi MOKa3HUKU
TaKMUX MPWIALiB B TEXHIYHUX OIMKCAX, K MPaBUIO,
He HaBOISATHCS, TOMY CITiBCTaBJISTH pe3y/IbTaTy BU-
MiploBaHb 0araTbOX BEJIMUYMH, OTPUMAHUX Pi3HUMM
(yopomeTpaMu, BaxXKoO.

®dipma Hansantech BOynyBaia B ceHcop «Ilapu-
TeT» JaTYMK iHTEHCHMBHOCTI aKTMHIYHOI'O Ta Ha-
cuuyrouoro onpomiHeHHs Lle 103Bosisie TecTyBaTU
BECbh BUMIpIOBaJIbHUI TPAKT, BKJIIOUAIOUU CEHCOP.

Cepel KOHCTPYKTUBHHUX O3HAK BUAIISIOTh
MacorabapuTHI IIOKa3HUKU, ITapaMeTpU eHEProc-
MOXWBAHHS Ta TUTI AXKepesia XUBJICHHS, KiTbKiCThb
Ta HOMEHKJIATYpPY CEHCOPpiB i iX BiagaaeHiCTh Bil
BUMipIOBaJbHOTO OJOKY MpHJIaay, MOAYJIbHICTh
KOHCTPYKIIii Ta METPOJOTiYHI TOKa3HUKMU.

SAK BUAHO 3 OIJIsIAY, HEBil’€MHOIO YaCTUHOIO
NpuaagiB AJisg BUMipIOBaHHS MOKAa3HUKIB Bil-
ouTTsa, mornmuHaHH Ta [PX € oNTOCTeKTPOHHMI
xjaopodif-ceHcop, Bil MapaMeTpiB sKOTo 3ajie-
KaTh MOXJMBOCTI MpUaay, TUI BUMipIOBaHUX
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MOKa3HMKIiB Ta IX METPOJIOTiYHiI XapaKTEpUCTUKU.
Baxnause Micue cepen GIyopoMETpiB, CIIEKTPO-
METPiB Ta XJIOpo(iIOMETPiB 3aiiIMarOTh MOPTATUBHI
MOJILOBI MpUJIaau, sIK IpaBUJI0, OPiEHTOBaHI Ha
00OMEXKEeHMI MepeIiK JiarTHOCTUYHUX 3a1a4, TOMY
CEHCOpM TaKMX MPUJAAiB TeX cleliaai3oBaHi.
IlepeopieHTalis puiany Ha iHIIY JiarHOCTUYHY
3ajavy IoJsra€e y 3MiHi pexxumy po0OTH ceHcopa
[8,12,13] Ta anropuTmMy 00pPOOKHU, OPiEHTOBAHOTO
Ha OJHY 3a1auyy.

CreuianizoBaHi CEHCOPY MalOTh CITUILHI pUCH:

1. besnocepenHiit HepyXOMUit KOHTAKT 3 JIMCTKOM
POCJIMHY Ha Yac BUMIpIOBaHHSI 3AiiCHIOETLCS Y
nmiama3oHi Bix 1 mo 10 xB.

2. OnpoMiHeHHs (pparMeHTa JIMCTKA Ma€ JliaMeTp
Big 1 mo 10 mm.

3. BigmaneHicTh ceHcopa BiJ BUMipIOBaJIbHOTO
npuiany ckiagae Big 0 go 15 m.

4. IlepenbayeHO BUAICHHS HEOOXiTHUX JOBXUH
XBUJIb ONIPOMiHEHHSI Ta BUMipIOBaHHSI.

5. [lepenbayeHo mporpaMoBaHUM pexXUM OMpPO-
MiHEHHSI.

6. BuxoprcroByeThest (hoTOmIOTHII (HOTOTIPUIA-
May 3 iHTerpOBaHUM BUMipIOBaJILHUM ITiICH-
JIIOBaueM.

7. JIxepeso yrnpaBaiHHS Ta XKUBJIEHHST - 30BHillI-
He.

8. YMoBU ekcrutyarallii — MoJjiboBi.

3a3HaueHi XJ10podisi-cCeHCOPU MarOTh TAKOX Bill-

MiHHOCTI:

R1 ‘:\HU

ouT ——+
By
1
| .
[

VDD 5.5.9V
DGND @}__|
AGND &

AVCC 3.3V &

START(L)/STOP(H)

Puc.1. IlpuHumMnoBa eJleKTpUYHaA CXeMa CEHCopa.
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VDD - CuHul

DGND - KopuyHesnbiii
AGND - Yephbili

OUT - OpaHxesbil
AVCC - benbii
START/STOP - 3eneHbii
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1. Pi3Hmit yac BUMiploBaHHS.

2. Pi3Hi JOBXWHU XBUJIb ONIPOMiHEHHS Ta BU-
MipIOBaHHSI.

3. OnpoMiHEeHHS MOXE BigOyBaTHUCS 3 Pi3HUX

CTOpiH JMCTKa.

3a3HadeHi 0COOIMBOCTI XJI0pOdiI-ceHCopiB H0-
LiJIbHO BUKOPUCTATU MPU MPOEKTYBAHHI TUIIOBOTO
BHUCOKOTEXHOJIOTIYHOro ceHcopa IlepeopieHTalliio
TaKOTO CEHCOpa Ha cITelliajli3oBaHi 3a1avi 30iliCHIO-
I0Th LILJISIXOM A0AaBaHHs HOBUX (PYHKIIOHAJIbHUX
OPUCTPOIB Ta PO3MIilllEeHHS iX 0e3M0CcepeIHbO Y
Kopiyci ceHcopa [12,13]. Tomy po3poOKa BUCOKO-
TEXHOJIOTIYHUX CEHCOPIB IJIs1 MOJbOBUX MPUIaiB
BUMIipIOBaHHS MokKa3HUKiB IPX, BimOUTTS Ta mo-
IJIMHAHHS € aKTyaJlbHOIO 33Ja4elo.

CdopMyI0eMO BUMOTH 10 XJIOpOdiJI-CEHCOPIB.

1. KOHCTpYKTUBHI: MiHiaTIOpHi rabaputu, Mai
Bara Ta €HeprocroXuBaHHs. 3axXUIIEHICTb
Bi/l MUy, BOJOTY, COHSIYHOTO OMPOMiHEHHSI.
MoayJibHICTb CTPYKTYPU Ta MOXJIUBICTH MO-
JlepHizallii.

2 MeTpoJIoriuHi: IUPOKUI Aiarla30H BUMIipIO-
BaHHS$, MaJli MOXUOKM, HasIBHICTh 3aCO0iB Ka-
JIIOPOBKH.

3. ExcrnunyaTaliiiHi: CTiKiCTb 10 3MiH KJliMaTHY-
HUX YMOB, POCTOTA BUMipIOBaHHSI, TECTYBaH-
HSI Mpale31aTHOCTI, MOXJIMBICTh KaJiOpOBKU.

4. EproHoMiuHi: IpocToTa eKcIulyaTallii, Bu-
OOpy pexXuMiB, TECTYBaHHS IIpale3qaTHOCTI,
KpIiMJIeHHs1 Ha, abo Oist 00’€KTY, yTpUMaHHS
IIPY BUMipIOBaHHSX, IMPOCTOTA TIEPEHOCKU Ta
TpPaHCIIOPTYBaHHS, SICKpaBi, KOHTPACTHI Ta
3py4YHi OpraHu KepyBaHH!I,

5. Bucoka TeXHOJIOTIYHICTh: CydacHi MaTepiaau Ta
TEXHOJIOTii BUTOTOBJIEHHS KOPITYCY, YHi(hikoBaHi

SMD-KOMIOHEHTHU, IOCTYBaHHSI ONTUYHUX
BY3J1iB, 3aXUCT (hOoTOMpHUiiMaya Bi/l Iapa3UTHOTO
OIPOMiHEHHSI, aBTOMaTUYHE CKJIadaHHsI, IPo-
CTOTa HACTPOUKHU, KaJliOpOBKU, TECTYBAHHSI.

6. EXoHOMi4Hi: HeBeJIMKa BapTiCTh, CEPiAHOMPHU-
JIaTHICTb .

BpaxoBylouu 11i BUMOTM Ta OCOOJMBOCTI IIpO-
ekTyBaHHM [1], B IHCTUTYTi KiOEpHETUKHU iM.
B.M.InmymkoBa HAH Ykpainu po3po0ieHo i me-
pelaHo Y BUPOOHUIITBO TUITOBUIA TEXHOJOTiIYHUMI
XJIopodis-ceHcop.

[TpuHIIMIIOBa €JIeKTpUYHA CXeMa TUTIOBOT'O ONTOe-
JISKTPOHHOTIO XJIOpO(is-ceHcopa HaBeaeHa Ha pucC. 2.

Cencop Bxunovae csimmomionm HL1 — HL6,
pesuctopu R1 — R6 |, kiatou VT2, y3romxyouuii
iHBepTOp, cTabinizaTop Hampyru Ta ¢poToIpuiimMay,
iHTerpoBaHuil 3 migcuaoBadeM. CeHCOp Mpalloe

HACTYIMTHUM YMHOM: TTPY TT01a4i KOMaHIU «CTapT» Ha
Y3roJIXYIOUWi eJIeMEHT, OCTaHHil yepe3 Kiou V12
BKJIIOYAE JKepesIo XKUBJIeHHs cBiTaoaioniB HL Bix
crabinizaTopa ADP. OnpoMiHeHHS TUCTKA POCTUHU
30ymKye (aayopecueHLito xjopodiny. Curnan diyo-
peclLieHii BUIIISIEThCS CBITIIOMINIBTPOM i MOCTYITA€E Ha
doTornpuitmMay, iHTerpoOBaHM 3 BUMipIOBAJIbHUM ITiJI-
cumoBaueM. CurHai 3 ¢hoTornpuiiMaya MogaeThCs Ha
BUMipIOBaJIbHUM MTpUJIal AJ1s1 MOJasIblIoi 0OpOOKM Ta
3arnam’siToByBaHHsI. EjleMeHTH ceHcopa po3MillleHi Ha
rutati raGaputamu 42x22x6 mMm. Po3BonKy npykoBa-
HOI IJIaTU Ta PO3MilllEeHHS €JIEMEHTIB MepeBipeHo Ha
mozeisix B cepenoBulli SPRINT Layout ra S-PLAN.
TexHoJ10TisSI BUTOTOBJICHHSI KOPITYCY CeHcopa:
1.3a cneuianizoBanuMu 3acobamu CAIIP
cTBopeHuii-3D ecki3 HamiBKopIyca ceHcopa.
2. 3a gonnomorolo 3D - mpuHTEpa Ha MiATPUMYIO-

Puc.2 Koncrpykiis xjiiopodin-ceHcopa.

Puc.3 Xnopodin-cencop.
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YU 11ap MOILIapOBO HAHECEHO CUHTETUYHUIA
Matepian 3 guckpeTHicTio 0,02 MM i OTpUMaHO
MalcTep-MOJIEb.

3. ITicasg ouMCcTKM Ta MOJAiPpOBKU MaiicTep-mMoaeni
3 Hel BiUTUTO CUJIIKOHOBY (popmy.

4.V cuikoHOBii ¢opMi cmocodbomM BaKyyMHOTO
JINTTS 3 TIOJIiMepY BiIJIUTO HAIiBKOPITYC CEH-
copa.

[IpoexTyBaHHS TU1aTH, CKIaOaHHS CEHCopa Ta oro

HacTporka

KoHcTpykuiist ceHcopa, pyc.3, MiCTUTh CBITJIOTIOIN
HaBKPYTU OTBOPY, B SIKOMY PO3MIilllyEThCSI CBITJI0-
(inbrp. Hap Hum poamitieHo oTtonpuitmad. ONTUYHI
Bici (poTorpuiiMaua i CBITJIONiO/iB TOBUHHI ITepeTUHA-
THUCb Ha JIMCTKY POCAWHU i yTBOPIOBAaTH PiBHOMIPHO
ocBiT/ieHy msimy aiameTpom 1,3+5mm. Lle mocsra-
I0Th IIJISIXOM BUKOPUCTaHHS 1IeCTU cUHiXx SMD-
CBITJIOAIO/IB, PO3MILLIEHUX T10 KOJIy 1iaMETPOM 7MM
TaKUM YMHOM, 11100 iX BUTIPOMiHIOBaHHS YTBOPIOBAJIO
IUISIMY 3 PIBHOMiPHUMU OCBITJIEHHSIM. 3aIIpOIIOHOBAaHY
KOHCTPYKIIil0 CEHCOpa MOJAEIIOBAIN Y CepPeaOBUIL
CAIIP 3 ypaxyBaHHSIM BUMOT BUCOKOTEXHOJIOTTYHOTO
o0JlaAHaHHS IS CKJIaJaHHsl APYKOBaHUX ILIaT.

CxulagaHHs1 ceHcopa (puc. 3) MoJsira€ B po3MillieHi
JPYKOBAaHUX TILIAT B HaIMiBKOPIYycax, X 3aKPiruIeHHi i
3’€JIHaHHI HaMiBKOPMYCiB.

Hactpoiika ceHcopa BKJIOYa€ MepeBipKy Ipa-
11€3JaTHOCTI MiJKJIIOUYEHOro 10 Mpuiialy ceHcopa B
pexxumi TectyBaHHs. J1J1s1 iepeBipKy Mpaie3aaTHOCTI,
KaJ1iOpOBKM Ta MOBIPKY BUKOPUCTOBYIOTh €TaIOH (hI1y-
OpECLIEHIIi1 XJI0podiTy, SIKUI SIBJISIE COOOIO TNIACTUHY
3 KOJIbOpoBOro ckia [14]. PiBeHb KaniopyBaHHS 10-
piBHoe 0,65 Um, ne Um - MakcHMaJTbHe 3HAYeHHS
LIKaJIK (PIyopOMETDY.

BucHoBku

Po3pobOka Ta npoeKTyBaHHS TUTTIOBUX BUCOKOTEX-
HOJIOTIYHUX OINTOEJEKTPOHHUX XJI0PO(il-CEeHCOPiB
JUISI 1iaTHOCTUKU CTaHY POCIIMH € aKTyaJlbHOIO 3a-
Javelo CydacHOTO BUCOKOIIPOAYKTUBHOIO 3eMJe-
pobcTBa.

Buicoka TeXHOJOTiYHICTh BUTOTOBJIEHHS XJ0-
podin-ceHcopiB € HEOOXiTHOIO YMOBOIO CEpPiliHOTO
BHUPOOHMIITBA i IIUPOKOTO 3aCTOCYBAHHSI AiarHOC-
TUYHUX TIPUJIAAiB, 3aCHOBAaHUX HAa BUKOPUCTAHHI
siBUILA (PIIyopeclieH1Iii XJiopodiy i BUMipIOBaHHI I1a-
paMeTpiB BiZOMTTsI Ta TOIIMHAHHS CBiT/Ia HATUBHUM
XJIOpO(diJIOM iIHTAaKTHOTO JTMCTKA POCIUHU

Po3poOaeHuit B IHCTUTYTiI KiOEpHETUKHU iM.
B.M.IlmymikoBa HAH VYkpainu ceHcop BiamnoBigae
KOHCTPYKTMBHUM, METPOJIOTIYHMUM, €KCILTyaTaliii-
HUM Ta €prOHOMIYHUM BUMOIaM JI0 MOJbOBUX XJIO-

podin-diryopomeTpiB, XJIOpodis-CIIeKTPOMETPIB Ta
xJIopoiioMeTpiB.
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