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Anorauisi. [IpuiiHATTS NpaBWIBHUX KEPIBHUX PIlLIEHb y CUCTEMI KOHTPOIIIO arpOBUPOOHUIITBA BEIMKOIO MIPOIO 3aJICKHUTh
Bijl cTymeHs JocToBipHOCTI iH(popMmaii npo cran o0’ exTiB NOBKULIL. OcoOIMBOro 3Hau€HHs i NUTaHHSA HAaOyBarOTh MiJ| 4ac
MOHITOPHHTY BUPDOOHHMIITBA, SKe Hependayae BUPOLIyBaHHS NPOAYKLii Ha €KOJIOriYHO YUCTHUX IPyHTaX. MOHITOPHHI apameTpis
IPYHTIB TOBHHEH CKJIAJATUCA 13 CUCTEMAaTHYHHX CIIOCTEPEXEHb 3a iX CTaHOM, (IKCYBaHHS 3MiH, iX OLIHIOBAHHS Ta KEPYBaHH:.
OnHuM i3 HaWBaXIMBILIMX 3aBAaHb, IO MOCTANO Iepes YKpalHOI ChOrOAHI, € 3a0€3MEUCHHs CTAIOr0 PO3BUTKY PETIOHIB Ta
CTablIbHOr0 €KOHOMIYHOI'O 3POCTaHHS Ha OCHOBI 3aCTOCYBaHHs IHHOBAaLIHMX METOAIB MiJBUINEHHSA e(EeKTHMBHOCTI B Pi3HHX
rajgy3sx eKOHOMIKH, 30KpeMa B CUCTEMI arpolpOMHUCIIOBOro KoMIuiekey. MoziepHi3yBaHHs IOAIOHMX CHCTEM YIIPaBIIiHHS OBUHHO
HOJIATaTH y BIIPOBAJUKEHH] iHHOBALIHHUX TEXHOIOTi Ha OCHOBI oOyn0BH Kibepdizuynux cucteM (KDC). 3 miero MeToro y craTTi
po3pobIeHO0 KOHCTPYKLito mizcucremu 30upaHHs iHpopmawii mwis KPC MoOHITOpHHIY mpolecy arpoBHpOOHMIITBA 3€PHOBHX
KYyJIbTYp, BIANOBiJJHE POrpaMHe 3a0e3NeueHHs Ta Iporpamy Bepudikarii 3arpornoHoBaHo] MiICUCTEMH.

Kurouosi ciioBa: kibepdisznuHa cuctema, arpoBUpOOHULITBO, aIrOpUTM 30MpaHHs iHpopManii, Bepudikariis.

Annotation. Acceptance of the correct decision in the agro-production control system to great extent depends on the
degree of reliability of environmenta information. These issues become quite important while monitoring production which
involves the products cultivation on environmentaly friendly soils. Monitoring of soil parameters includes the primary state,
recording of changes, their evaluation and management. Important challenge for nowadays Ukraine seems to be ensuring the
sustainable development of regions and stable economic growth through the application of innovative methods of improving
economic efficiency mainly in agro-industrial complex. Modernization of measuring systems could be carried out by introducing
innovative technol ogies based on cyber-physical systems.

So, the design of gathering information subsystem for the CPS process monitoring, the corresponding software and the
verification program of the proposed subsystem are developed. On the basis of the analysis of the existing state of such
subsystems in the agricultural production, in particular soil control, it was established that generally accepted recommendations
regarding the formation of soil structure parameters and their research methods for the operationa provision of the requirements
for the functioning of monitoring systems do not exist. Classica physical and chemical methods are generaly implemented in
laboratories and are unsuitable for field conditions.

Therefore, the aim of current study is to develop the information subsystem for the CPS control of agricultura production
as aso the draft verification program for such system. In order to adapt the general structure of the CPS to the task of controlling
the production of grain crops, it was subdivided into sub-tasks that are: preparation of agricultural lands for sowing; process of
production (cultivation); the process of certification of products and so on. For each of the CPS levels, the structural elements
undergo some modifications, and the unification of the requirements is ensured both at the level of the research object (soil, water,
air, etc.) and in relation to the finished product (grain). In general, the main stages of this process are structured in order to
construct the CPS for grain crops production. In order to solve this problem the subsystem is proposed that alows the rapid testing
of open soil and responds instantly to changesin its parameters.

Using the Wi-Fi module ESP8266 this subsystem remotely monitors the humidity and temperature of the ground in real
time. Subsystem of collecting and transmitting information to CPS is characterized by the choice of a plurdity of object
parameters from the corresponding measuring arrays and databases. To implement proposed technology the particular cyber-
physical system softwareis studied fit for production of grain crops.

In the first stage of growing technol ogy, namely, the location of grains in the crop, the user has to indicate the precursor for the
crop that is planned for sowing. Next step isto obtain measurement information on humidity and soil temperature. Having worked out this
information, the program gives the result on whether you can sow this culture. The following stages invol ve the adoption of decisions on
the amount of fertilizer, the readiness of the grain crop to sow, and the cal culation of the massve rate of seeding of grain crops. At the find
stage, the CPS gives indication on how to properly harvest the grain crop, depending on its degree of readiness, by processing the data on
the maisture content of the grain and the height of the sem height. Software has severd view modes; each of them provides the separate
stage of the program It can be implemented in smartphone with Android operating system. In order to minimize the risks of receiving
inaccurate information in the monitoring system of agriculturd production, the program for its verification is developed. The cdibration
interval for the proposed subsystemiscalculated in 1.5 years.

Key words: cyber-physical systems, agriculturd production, algorithm of information gathering, verification.
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Beryn

Kitr04oBOI0 KOMIIOHEHTO KiOepdi3udHoi cuc-
TEMH € TIJCUCTeMH 30MpaHHs iH(popMallii, sIKi aKTUBHO
MOYMHAIOTH BIIPOBA/PKYBATHCh y Pi3HI cepy JIOACHKOL
IUSUTBHOCTI, 30KpeMa B arpoBHpoOHunTBO. Criocrepe-
JKEHHSI 32 CTAaHOM IPYHTIB HEoOXiJHE 3 METOI0 3aro0i-
TaHHs HETaTHBHHUM TpoliecaM abo ycyHeHHs ix aii. Tomy
MOTEHIIHHUMH MOXKJIMBOCTSMH MPOIOHOBAHOI B po0OTI
CTPYKTYpH € (PYHKIIT KOHTPOIIO, MiarHOCTUKH, PO3Ii3-
HaBaHHS 0O0pa3iB, aBTOMAaTHYHOTO KEPYBAaHHS TEXHO-
JIOTIYHUMH TponiecamMu  arpoBupoOHHITBAa. OCHOBHE
3aBaanHs mponoHoBaHoi K®C — 3abe3neuuTH ONTH-
MaJIbHHIA TIepedir TexHonorignoro mnpoiecy [1-3], mo €
3alOPYKOI0  MiJBUINEHHS  €(EeKTHBHOCTI  arporpo-
MHCJIOBOI'O KOMIUIEKCY Ta Oe3locepesiHbO BIUIMBAE Ha
SIKICTh JKUTTSI HACEJIEHHS PETiOHY.

HenoJgiku

3arajgpbHONPUHHATHX pPEKOMEHAAIH 1moa0 ¢op-
MYBaHHSI CTPYKTYpH IapaMeTpiB IPYHTIB Ta METONIB ix
JOCTIDKSHHS ISl OTNIEPaTUBHOrO 3a0e3IeueHHs MmoTped
¢dyHKIIOHYBaHHS 1H(OPMAIITHUX CUCTEM MOHITOPHHTY
He icHye. Kiacwyni (Qi3HKO-XiMIYHI MeETOOM, SIK
MIPABHJIO, PEATI3yIOThCS Y 1ab0paToOpisax i MalIONpUIATHI
JUTS TIONbOBHX YMOB [4]. BapTo 3a3Ha4uTH, 1110 CHOTOMHI
CTPIMKO pPO3BHBAIOTHCS METOIM i3 3aCTOCYBaHHIM 0io-
inaukatopis [5, 6]. [IpoTe BOHU BBaXKAIOTHCS TPYAOMICT-
KAMH 1 HE TpWAATHI Ui ONEpPaTUBHOIO KOHTPOJIIO.
KoHTponbs Takoro mapamerpa, SK BOJOTICTh IPYHTIB,
HACTUIBKM BAXJIMBUH, M0 CTBOpEHAa MiKHApOIHA
Mepeska Bosorocti rpyHTiB [10] mis 3abe3meueHHs
KOpHCTyBauiB HeoOXiqHowo iH(opmaiieo. OcobnuBo
BXTUBUM € TaKOXX KOHTPOJIb BIUIMBY JUHAMIKU 3MiHH
BOJIOT'OCTi IPYHTIB Ha MOJIEJIFOBAHHS T'iIPOJIOTIYHHX IIPO-
LIeCiB, OB’ SI3aHUX 3 HEOTHOPIAHICTIO (PaKTOpPIiB HABKO-
JHIIHBOTO CepesioBUIlia (HAMPUKIAM, TomorpadidHux
O3HaK, BJIaCTUBOCTEH IPYHTY, THUIIIB 3eMJICKOPHCTYBAHHS
Ta morepenHix omaais) [7]. s kopuryBaHHS e(eKTiB
MepexXpecHol YyTIMBOCTI BUKOPHCTOBYIOTH IMITEIAaHCHY
CHEKTPOCKOIMIFO ITiJ] YaC BUMIPIOBAHHs BOJIOTOCTI IPYHTY
3 IJBHUIICHOI0 TOYHICTIO Ha MiJCTaBi OaraToBapiaHT-
HOTO aHaJli3y pe3yJbTaTiB EKCIIePUMEHTAIBHUX JOCHi-
JUKeHb Pi3HUX MPUPOAHUX IpyHTIB [8]. OnHak 3amporio-
HOBaHa TMpoOlEAypa KOPHUI'YBaHHS TPYAOMICTKa Ta
MaJIoNpuaaTHa Uil peastizaiii B MOPTaTHBHOMY 3aco0i
KoHTpoto. OTxke, OCOOJMBOI BaXJIMBOCTI CHOT'OIHI
HaOyBa€ CTBOPEHHS! HEOPOTHX Ta €(PEKTUBHHUX CHCTEM
MoHiTOpUHTY Ha ocHOBI KOC.

Meta poboTu

Mertoro poOOTH € po3pOOJICHHS MMiICUCTEMHU 30U-
pannst indopmanii mnst K®OC konTpomo arpoBu-
pOOHUITBA Ta INPOEKTYy HporpamMu Bepudikamii Taxoi

CHCTEMH KOHTPOJIIO, IO BBOAUTHCS B EKCILTyaTaIlil0 Ha
MIEBHOMY BUPOOHHYIOMY 00’ €KTi.

Marepianu Ta MmeToaAu

1. B3aemo3B 130k K®C 3 BHpPOOHHIITBOM 3ep-
HOBHX KYJbTYP

3 MeToI0 aJanTyBaHHs 3arajibHoi cTpykTypu KOC
JI0 TIOCTABJICHOTO 3aBJIaHHs YIPaBIliHHS BUPOOHHUITBOM
3epHOBUX KYJBTYp ii PO3IIICHO HA MiJ3aBAAaHHS, SKUMU
CTaJH: TJArOTOBKA CIJIbCHKOI'OCIOAAPCHKUX YTifb IO
MOCiBY; MpOIleC BUPOOHHUIITBA (BHPOIIYBAHHS); MPOIEC
cepTUdiKaIii MPOAYKIii TaKOro BUPOOHHIITBA TOIIO.
Jns koxHoro 3 piBHiB KO®C cTpyKTypHI e€neMeHTH
3a3HABaTUMYTh II€BHOI MoamQikalii, ane yHigikaris
BHMOT JI0 HUX 3a0€311e4yBaTUMETHCS SIK Ha PiBHI 00’ €KTa
nociikennst (IPyHT, BOJa, TMOBITPs TOIIO), TakK i CTO-
COBHO TOTOBOTO TPOAYKTY (3epHa). 3arasom sl IO-
oynoBu K®C BUpOOHUIITBA 3€PHOBUX KYIBTYP CTPYK-
TYpOBaHO OCHOBHI eTamu Ihoro mporecy (puc. 1), Ha
kokHOMY 3 siknx KOC npuiiMatume pimeHHs, HeoOXiHi
JUIi BUKOHAHHSI TEBHUX YIPABIIHCHKHX i 3 ONTH-
Mi3yBaHHS [ILOT'O IMPOIECY. 3 METOI BUPILIEHHS IHOTO
3aBJIaHHS CTBOPEHO MiJICKHCTEMY, sIKa JaBaTHME MOXKIIH-
BiCTh ONEPaTHBHO IPOBOJUTH TECTH Y BIJIKPHUTOMY
IPYHTI Ta MHTTEBO pearyBaTH Ha 3MiHY HOTO Ba)JTUBHX
rapameTpiB.

Omxke, mia pospoOmoBanoi cTpykrypu KOC
(puc. 1) BuU3HAYCHO CYO' EKTIB-KOPUCTYBAUiB TaKOI
CHCTEMH, SKHMH MAlOTh CTaTH arporocrojgapcrsa adbo
KOHTpOJIIOIoui opraHu. Ha 1poMy 3 piBHI BapTo
YTOYHUTH MHOXHHY KiaciB 3a1a4 Z = {23, 2o, ..., Zi, ...,
Z,}, Ha sIKi OpiEHTOBaHA MPOEKTOBaHA CHCTeMa (JOCTij-
HUIbKi, TEXHOJOTIYHi, YPaBIiHCHKI TOIIO), Ta (i3ud-
HUX OO0 €KTIB, IO ONHUCYIOTHCS PEANTBHHMHU Iapamer-
pamH i XapaKTepUCTUKaMHU, JIO SIKUX HaJIeKaTh IIi 3a/adi
(B mpoMy BuMaaky ocHOBHUMHU 00’ ektamu KOC cramm
mapaMeTpu IPYHTIB, TOBITPs, MOCIBiB, BPOXKAL0).

Po3pobneno mnporpamMHuii TPOAYKT, SIKMH Jae
3MOTY IpaIIoBaT 3 OE3POTOBUMU MEpEXaMH, THYYKO
MiICTpOIOBaTH  mNapaMeTpu 30upaHHs  iH(opmarii,
oTpuMyBaTH iH(pOpMAI0 MPO Tpouec y 0e3IpoToBii
Mepexi B PEXKHMI pPEATBHOrO dYacy, 3a0e3meynTd
MOXXJIMBICT 30€peXEHHS TOTOBUX (aimiB musd  ix
MOAAJBIIOr0 BHKOPUCTaHHS, HOpMasli3alii BXiJZHHX
napameTpiB. 3anpONOHOBAHO BUKOPHCTATH TEXHOJIOTIIO
Wi-Fi, sixa 3abe3nedye MBHIKICT MEpPEAaBaHHSI TaHHX
morax 100 M6it/c, a KOpHCTYBadi MOXYTh TepeMily-
BaTHCS MK TOYKaMH JIOCTYIy Ha TEpUTOpii MOKPUTTS
Mmepexi Wi-F, BHKOPHCTOBYIOUM MHPHCTPOI, OCHAIICHI
KIIIEHTCHKUMH TTPUHMaJIbHO-TIEpEaBaJIbHUMK TIPUCTPO-
svu Wi-Fi, Ta oTpuMyBaTi 10CTYI B iHTEpHET.

Jns migcucremu 30upaHHS Ta IepeiaBaHHS
inpopmanii KOC xapakrepHuii BUOip MHOXHMHH Iapa-
MeTpiB 00’ €KTIB 3 BiJIIOBITHUX BHMIipIOBAIbHUX MACHUBIB
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Ta 6a3 maHux. [y peanizalii 3ampoOIOHOBAHOI TEXHO-
JIoTii CTBOPEHO NpOrpaMHe 3a0e3NeueHHs, aJalToBaHe
JUIs 3aBAaHHS arpoOBUPOOHUIITBA 3E€PHOBUX KYJIBTYp 3
MO3UIH cTBOpeHHs1 Kibepdizmynoi cucremu. Ha mep-
LIOMY erami TEXHOJNOrii BHPOILYBaHHS, a came
BH3HAYEHHS! MICI 3€pHOBHX y CIBO3MiHi, KOPHCTYBad
MOBUHEH BKa3aTH MOMNEPEIHUKA IS KYJIbTYpH, SIKY
IUIAaHYE ISl BUCIBaHHS. KPOKOM €
OTpUMaHHS BUMIpIOBaJIbHOI iH(OpMaILii Mpo BOJIOTICTH
Ta Temneparypy IpyHTy. OnpalfoBaBiii BUMipIOBAJIbLHY
iHpopMalito, mporpamMa BHIACTh PE3YJBTAT IIOJO TOTO,
Y1 MOYKHA BHCIBaTH 11O KYJIBTYpY.

Hacrynaum

Puc. 1. Bzacmosé' sizok enemenmie KOC
3 emanamu GUPOOHUYMEA 3EPHOBUX KbLYD

Fig. 1. Interconnection of CPS e ements with stages
of grain crops production

HacrynHi eranu nepen®avaroTh HPUAHSITTS pi-
LIeHb IIPO KUIBKICTh BHECEHHX J00pUB, TOTOBHICTh
3€pHOBOI KYJIBTYPH 0 BUCIBaHHS, PO3PaXyHOK MacoBOi
HOPMHU BHCIBaHHs 3€pHOBUX KynbTyp. Ha 3aBepruains-
HOMY eTarli KibepdizuuHa cucreMa AacTh BKa3iBKYy HpO
Te, SIK MPaBWIBHO 3i0paTy 3epHOBY KYJIBTYPY 3aJIEKHO
BiJl CTymeHs ii TOTOBHOCTI, OIpAIfOBAaBIIM JaHI IIpO
BMICT BOJIOTH Y 3€pHi Ta BHCOTY CTE0JIOCTOIO.

[IporpamMHuii TMPOXYKT Mae KiJbKa EKpaHHUX
¢dopM, KOXHa 3 sIKUX 3a0e31edye OKpeMuid etan podoTh
nporpamu (puc. 2).

Po3poOiieHe mporpamHe 3a0e3IeUcHHS peatizo-
BaHe Ha cMapTQOHi 3 omneparliiiHoro cucremoro Android,
CKpIHIIOT iHTep(eiicy SKOro MoAaHo Ha puc. 3.

ABtopu crBOopwiM mifcuctemy (puc. 4), ska
JlaBaTUME 3MOTY B PEKUMI PEaIbHOTO Yacy BUMIipPIOBATH
OCHOBHI HapameTpu IpyHTY Ta (OpMYBaTH BiAIOBiIHI
PIIIEHHS PO MOAAJIBIII il

Puc. 2. Cxkpinwom inmepgpeiicy npocpamu, axuii 0eMoHcmpye
emanu 8UpoOHUYMEA NPOOYKYIL

Fig. 2. Screenshot of the programinterface, which
demonstrates the stages of production

Puc. 3. Cxkpinwom inmepgeiicy npocpamu
Ha npucmpoi 3 onepayiinoio cucmemoio Android

Fig. 3. Screenshot of the programinterface
on the device with Android operating system

Puc. 4. ITiocucmema nepedasanms oanux
npO 8ONOZICHb MA MEMNEPAmypy IpyHmy

Fig. 4. Subsystem of data transmission
about soil humidity and temperature
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2. Bepudikanist mizcucremu

3 MeTOl0 CTBOpPEHHs mporpamu Bepuikamii
(MeTposoriuHoi aTecTariii) 3arpornoHOBaHOI i ACHCTEMHU
ITOCTaBJICHO OCHOBHI 3aBJaHHS:

— BHU3HAUCHHA HOMEHKJIATYpH 1 3HA4YeHb MeET-
POJIOTIYHMX XapaKTEPUCTHK BUMIPIOBAJBHUX KaHAIIIB
I ICHCTEMHY,

— BHU3HAUCHHA HOMEHKJIATypH 1  3HAYCHb
HOPMOBaHUX XapaKTEPUCTUK TOYHOCTI BUIPOOYBaJIb-
HOro o0J1aJHAHHS;

— BCTaHOBJICHHS BIJMOBIHOCTI METPOJIOTTUHUX
XapaKTEPUCTHUK 1 HOPMOBAHHUX METPOJIOTIYHHUX XapakTe-
PHUCTHK O BUMOT TEXHIYHOTO 3aBJaHHS Ha PO3POOICHHS
abo CTaHAapTiB;

METpOJIOTi4-
30UpaHHs  IH-

— BCTAaHOBJICHHS NEPIOANYHOCTI
HOTO MiATBEP/KYBAHHS ITiJICUCTEMHU
¢dopmarii;

— TepeBipka MPaBWILHOCTI BHOOPY METOIIB Ta
3ac00iB KaOpyBaHHS Ta BepuQikallii;

— IepeBipka METOJMK KaliOpyBaHHS Ta BepH-
¢ikarmii;

— BCTAaHOBJICHHS TPHUIATHOCTI CHCTEMHU IS
3aCTOCYBaHHSI.

BuokpemiieHo Taki pPO3AiM TPOrpaMu  BepHU-
¢ikarii, a came:

1. 3aranpHi MOJIOKEHHS.

2. 3araibHi BUMOT'Y JI0 BUMIPIOBAJIbHUX KaHAJIIB.

3. EtajoHHi Ta JOMOMIXHI 3acO0M BHMIpIO-
BaJIbHOI TEXHIKH.

4. ExcriepuMeHTaJIbHI JOCIIIKEHHs] BUMIPIOBaJIb-
HUX KaHaiB.

5. Meronuka npoBeeHHs Bepugikarii.

7. AHaini3 pe3yabTaTiB Bepudikaii.

8. BucHOBKH.

BaxknuBe Micre y nporpami Bepudikarii 3aiiMae
IUIAaHYBaHHSI Ta TPOBEINCHHS EKCIIEPUMEHTAIBHUX J0-
CIiJpKeHb TijgcucTeMu. ToMy Ha 1pOMYy erTami Iie-
pendaueHo:

1. BcraHoBieHHs 00CSATYy penpe3eHTaTUBHOI
BUOIPKH BUMIPIOBATLHUX KaHAJIIB.

2. BusHaueHHS KUTBKOCTI MOCTIIKYBAaHUX TOYOK
3 Jiana3oHy BHMIpIOBaHb Ta cHoci0 ampokcumarii pe-
3yJbTaTIB BUMIPIOBaHb.

3. BusHaueHHs KiJIbKOCTI CIIOCTEPEKEHb Y AOCIi-
JOKYBaHUX TOUKaX 3 Jiana3oHy BUMipIOBaHb.

4. BcTaHOBJICHHS BHMOT JIO PEXHMIB BHMIpIO-
BaHb 1 IX MOCIIIOBHOCTI B Yaci.

5. AHani3 BUOpaHUX €TATOHHHUX 3ac00iB i JOMO-
MIDXKHUX TPUCTPOIB.

6. BcraHOBIIEHHSI TTOYATKOBUX JIAHUX 1 YMOB JUIst
BH3HAYEHHS IOXMOOK BUMIPIOBAIEHHIX KaHAIIIB.

7. AnaniThuHe 300pakKeHHs MOXMOKH BUMIpIO-
BaJIbHUX KaHAIIB y HOPMAJIBHUX YMOBaX.

8. AmnaniThuHe 300pakeHHs MOXHOKH BUMIpIO-
BaJIbHUX KaHAIIB y pOOOYNX yMOBaX.

9. BusHaueHHs NMOXUOKM BUMIpIOBAJILHUX KaHa-
JIB Yy HOPMaJIbHUX YMOBaX.

10. BuzHaueHHs1 MOXMOKM BUMIpPIOBAIGHHX Ka-
HaJIiB y pOOOYHX YMOBax.

11. OTpumMaHHS i ONpanOBaHHs PE3YJbTATIB CIIO-
CTEPEIKEHB.

12. TlepeBipka METOIUKH KasliOpyBaHHS BUMIpIO-
BaJIbHUX KaHaJiB.

13. BcraHoBieHHS TEPiOANYHOCTI METPOJIOTriv-
HOT'O MiJTBEP/PKYBaHHS BUMIPIOBAILHUX KaHAIIIB.

14. 3ayBaxkeHHsI 1 TPOIO3UILIT 32 pe3yabTaTaMU
EKCTIEPUMEHTAIBHUX JOCIIKEHb.

OriHIoBaHHs TiJcUCTeMHU 30upaHHs iH(hopMarii
Ut KiOep(i3UM4HOI CHCTEMH MOHITOPHHTY arpoBUpPOO-
HUILTBA 3/IHCHIOBATIOCH HAa OCHOBI TaKHX IOYAaTKOBHX
JIaHUX:

— iama3oH BUMiproBanHs Temmneparypu [12-30] °C;

— HOpMOBaHE 3HAuYeHHS TOYHOCTI 3TiIHO 3
KOHCTPYKTOPCBKOIO IokyMeHTaieto: D, = +0,045 °C;

— J0IYyCTUMC 3HA4YCHHIA ITOXUOKH BI/IMipIOBaHI)
D,,, =£0,033 °C;

— KUIBKICTh JOCIHI/DKYBAaHUX BHUMIPIOBAIBHHUX
kanaiis (BK) N=100;

— cepeniit Tepmin excrutyartanii BK t =10 000 ron;

— JIONYCTUME 3HAYEHHS IMOXMOKM BU3HAUECHHS
Yyacy BUHHKHEHHs! MeTposoriynoi Bimmosu Dt =360 rox;

— nosipua iimoBipHicTs P(t)=0,95.

BuznaueHo oOcsr penpe3eHTaTuBHOI BUOIPKH IS
aHaJi3y migcucreMu 30upanHs iHdopmanii mis kidep-
(i3UYHOI CHCTEMHU MOHITOPUHTY arpOBHpPOOHHUITBA, IS
PO3paxyHKy SIKOT'O BCTAHOBJIEHO

— kinpkicth BK, sKki mpusHaueHi s BHUMipro-
BaHHs Temiiepatypu — 100;

— oxHOKy penpe3eHTaTuBHOCTI € = 10 %;

— noBipuy ¥iMoBipHicTs P=0,95;

—t=1,96.

HeoOximna xinekicte BK  penpesentaruBaoi
BuGipku craHoButh 40. [[ns BcTaHOBIEHHS MiXKaiiO-
pyBanbHoro inteppany (MKI) Bukopucrano kpurepiit
IMIBUAKOCTI 3MiHM moxuOku. Ilin wac ¥oro peamizarrii
pO3paxoBaHO HMOBIpHICTH 0€3BiAMOBHOI POOOTH MoOCe-
penuHi iHTEpBay, sika gopiHoBanga 0,975,

3nifiCHEHO OIIHIOBAHHSI MiJICHCTEMH Ha TPEIMET
BHMIpPIOBaHHS BOJIOTOCTI 33 TAKUX [TOYATKOBUX JaHUX:

— niana3on BuMiproBanHs [35-93] %;
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— HOPMOBaHE 3HAYEHHS TOYHOCTI 3TiHO 3 KOHCT-
PYKTOPCBKOIO JOKyMeHTawier D, =+ 2,0 %;

— J0IYCTUMC 3HA4YCHHIA ITOXUOKH BI/IMipIOBaHI)
D,, = 15%;

— KinbkicTh gociimkyBanux BK N=100;

— cepeniit Tepmin excrutyartanii BK t =10 000 rox;

— JIONYCTUME 3HAYEHHS! MOXMOKM BU3HAUYECHHS
Yyacy BUHHKHEHHS! MeTpoJoriynoi BigMou Dt=400 rog;

— noBipua moBipHicTh P3(t)=0,95.

OO0csr BUOIpKHU N IS BUMIPIOBAaHHS BOJIOTOCTI Ta
HWMOBIpHICTh 0€3BiIMOBHOI POOOTH TiICHCTEMH Ha cepe-
JIMHI 1HTEpBaJy I Yac BUMipIOBAaHHS BOJIOTOCTI JOPIiB-
HIOIOTH BIJNIOBIIHMM 3HAYEHHSM, DPO3PaxOBaHUM IS
BUMIpPIOBaHHS TEMIIEPATYPH,

[lpaBuia BH3HAUeHHS  MIXKIIEPEBiPIOBATEHUX
IHTEpBAJIiB 3aKOHO/IABYO PETYIbOBAHUX 3aCO0IB BHMi-
PIOBAJIbHOT TEXHIKM 1 MDKKaJdiOpyBalbHUX 1HTEpPBAIIiB
BCIX IHIIUX 3aCO0IB BHUMIPIOBaHHS pPErJIaMCHTYE 3aKOH
VYxpainun «[Ipo MeTponorito Ta MeTpOJOTiYHy JisUTh-
HicTe» [9], 3rimHO 3 SKUMH MiXKIIEPEBiPIOBATLHUIT
IHTEpBaJl JUIS 3ampOINOHOBAHOI B POOOTI ITiACHCTEMH
cTaHoBUTH 1,5 poky.

PesynbTaTu if 00roBOopeHHs

3anporoHOBaHO KOHCTPYKIIO ITACHCTEMH IS
BUMIPIOBAaHHS HaHBAXIMBIIINX TTAPAMETPIB IPYHTY, a came
BOJIOTOCTI Ta TeMneparypu. BOynoBaHa naness 3a0e3mneuye
30epiraHHs pe3yIbTaTiB BUMIptoBaHb. ChOrO/THI TIepEHOCHA
mjacucTeMa TNpu3HAuYeHa [UIsl LIBUIKOTO BHMIpPIOBAaHHS
BOJIOTOCTI IPYHTY B Oymb-sKifi Toumi monst (IUIomiero
KUIbKa JECATKIB KBaJpaTHMX METPIB) Ta IC/IS OMpALO-
BaHHSA OTPUMAHUX JaHWX (DOpPMYBaHHS KepYrOUMX il Ha
erarax BUPOIyBaHHs 3epHOBHX. [lincucrema qucTaHIiiHO
(3a momomororo Wi-F  wmomyns ESP8266) Bincrexye
BOJIOTICTh Ta TEMIIEPATYpy IPYHTY B PEKHMI pealbHOro
yacy. Jlani mepemaroThcs dYepe3 0a30BY CTAHINID Y
nporpamy, sika MoXke OyTH JOCTYITHOIO sIK isi (hepMepiB,
TaK 1 JUI IHIIMX 3aI[iKaBJICHUX o0cCi0 3 Oyab-IKoro
TIEPCOHAIILHOTO KOMIT FOTepa Ui cMapT¢oHa, MiJIMKHEHOTO
JIO0 IHTEpHETy. 3 METOI0 peaisallii IMOCTaBICHUX 3aBJIaHb
JIOCITIDKEHO OE37POTOBI TEXHOJMOTIT Ta 3aCTOCOBAHO iX TIi[T
yac TOOYyIOBM TifcHcTeMu 30HMpaHHS — iH(pOpMAILi.
Po3paxoBaHO MiKIepeBipIOBaIbHUI iHTEpBaT VIS 3aIpo-
TIOHOBAHOI B po0OoTi migcucremu — 1,5 poky.

Bucnoeku

Y po0oTi TOBEEHO aKTyalbHIiCTh cTBOpeHHsT KDC
JUISL MOHITOPHHTY CTaHy TEXHOJIOTIYHHMX IIPOLECIB Y
CCKTOpI  arpoBUPOOHUIITBA. [IpoaHaTi30BaHO HEIONIKU

BIZIOMHX METONIB, sKi BHKOPUCTOBYIOTHCS IIJ] dYac

KOHTPOJIIO BHPOILYBaHHS arpokyiabTyp. Ha mnpuknam
BUPOII[YBaHHS 3€PHOBUX BCTAHOBJIEHO B3a€MO3B’ SI3KU
enementiB K®C 3 eramamu BHpOOHHIITBA 3E€PHOBHX
KYJIBTYp. ABTOpPH CTBOPHIIM TTCUCTEMY 30MpaHHs iH(pOp-
Martii s KOC, ska MICTHTh KaHAIH IS BUMIPIOBAHHS
TaKWX Ba)XJIMBUX IIOKa3HUKIB IPYHTY, SK BOJOTICTH Ta
Temrieparypa. Jlis peasizariii 3amporoHOBaHOI ITiICHCTEMU
30upaHHs iH(pOpMAIIl CTBOPEHO MPOrpaMHe 3a0e3MeUCHHS,
peanizoBaHe Ha cMapT(OHI 3 OIMEPAIfHOI CHCTEMOIO
Android. YnpoBamkeHHsI Ta BHKOPHCTAHHS PO3pOOICHOL
nporpaMu BepuGikallil macucreMu 30MpaHHs iHpopMarii
JUIsl Kibep(i3nyHOi CHUCTEMH MOHITOPHHTY arpoBHUpPOO-
HHMIITBA JACTh 3MOT'Y MiHIMI3yBaTH pH3UK OTPHUMaHHS HEJlO-
CTOBIpHOI 1H(pOpMAIIii.
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