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AHOTANIA

CucremMa INTYYHOrO IHTEJIEKTY Ha OCHOBI HEHPOHHUX MEpEX I
OIL[IHIOBAHHS CTaHy pOCIUH y “po3ymHuX’ Teruusax// Ksamidikauiitna pobdora
OCBITHBOTO piBHA «Marictpy» // Jlanumisiie Onbra bornaniBHa // TepHONIILCHKUN
HaIllOHAIBHUI TeXHIYHUW yHIBepcuTeT 1imeHl [Bana Ilymios, daxynbrer
KOMIT I0OTEpHO-IHPOpMALIIMHUX CUCTEM 1 NpOrpamMHoOi IHXKEHepli, Kadenpa
KOMIT I0TepHUX Hayk, rpyna CHam-61 // Tepromins, 2022 // C. 93, puc. — 33, tabu.
— 1, kpecn. — 0, monmar. — 4, 6i6miorp. — 67.

KitouoBi crmoBa: TemmiuIpl, INTYYHUH I1HTEIEKT, HEHPOHHA Mepexka,

iHopMalriiina cucrtema, CTaH, poCiauHa, OararomapoBa, TPEHYyBaHHSI.

Kgsamidikamiitna po6ota mpucBsiueHa po3po0ili CUCTEMH ITYYHOT'O 1HTEIEKTY
Ha OCHOBI HEMPOHHUX MEPEX MJisi OLIHIOBAHHSA CTaHy POCIHMH Yy “pO3YMHHUX’
TETTULSX.

B nepumiomy po3auti poOOTH MPOBEACHO OIS JIITEPAaTypHUX JIKEpeN 3a
TEMAaTUKOI “pO3yMHI” TEIUIMII Ta KEPYBaHHS HUMH, BUKOPHCTAHHS IITYYHOI'O
IHTEJNEKTY JUIsl JOCIIPKEHHSI Ta poOOTH 3 TEIUIMISAMHU. TaKOX PO3KPUTO MOHATTS
smart-texHosorii y riodaibHOMy po3yMiHHI. [IpoaHanizoBaHo Bxe ICHYIOU1 B CBITI
pIIIEHHSI, CX0XI1 JI0 OIUCYBaHOT PO3POOKH.

Hpyruil po3nia AUIIOMHOT pOOOTH BIABEJEHO, 1100 PO3KPUTH MOMIMBOCTI
IITY4YHOI'O IHTEJIEKTY B paMKax CYyYaCHMX TEXHOJIOTIM Ta MEpPCHEKTUBH PO3BUTKY.
Tyr TakoX oOmMCaHO MNPOTOTHN JOCHIIKEHHs, HOro CKJIAaJOBl 1 METOJIUKY
JIOCIIIKEHHS.

B Ttperbomy po3aull  po3risiHYTO 1H(OpMAaIiHY CKJIaJ0BY CHCTEMH,
MaTEeMaTUYHUN amnapar “po3yMHOI” TEIUIMII Ta MeToAu (UIbTpamli 300pa’keHb.
Hapenena apxitektypa po3poOieHoi iHpopmalliiHoi cucteMu. Po3kputo 3mict

noOy0Bu HelipoHHOT Mepexki Deep Learning 1151 OmiHIOBaHHS CTaHy POCITHH.



ANNOTATION

Acrtificial intelligence system based on neural networks to assess the condition
of plants in "smart" greenhouses // Thesis of educational level "Master" // Danyltsiv
Olha Bogdanivna // Ternopil National Technical University named after Ivan
Pulyuy, Faculty of Computer Information Systems and Software Engineering,
Department of Computer Science, SNnm-61 group // Ternopil, 2022 // P. 93, fig. —

33, tables — 1, draw. — 0, annexes — 4, references. — 67.

Key words: greenhouse, artificial intelligence, neural network, information

system, state, plant, multilayer, training.

The qualification work is devoted to the development of an artificial
intelligence system based on neural networks for assessing the condition of plants in
"smart" greenhouses.

The first section of the paper reviews the literature on "smart™ greenhouses
and their management, the use of artificial intelligence for research and work with
greenhouses. The concept of smart technologies in a global sense is also revealed.
The existing solutions in the world, similar to the described development, are
analyzed.

The second section of the thesis is devoted to the possibilities of artificial
intelligence in the framework of modern technologies and prospects for
development. It also describes the prototype of the study, its components and
research methodology.

The third section considers the information component of the system, the
mathematical apparatus of the "smart" greenhouse and methods of image filtering.
The architecture of the developed information system is given. The content of
building a Deep Learning neural network for assessing the condition of plants is

revealed.



MNEPEJIK CKOPOYEHbDb I TEPMIHIB

NARX (aurim. Nonlinear Autoregressive Exogenous Model) — wueniniitna
aBTOpErpeciiina MoJieNib, TOTOYHI 3HAUYEHHS pOOUTH B SIKIH 3aJI€KaTh BIJ MUHYJIHUX
3Ha4Y€Hb TOTO K CaMOTO PAly Ta 30BHIIIHBO BU3HAYEHOTO PANY, KU BIUIMBAE HA
LIJILOBUH.

GPS (amrn. Global Positioning System) - cucrema T17100aIBHOIO
NO3ULI0HYBaHHS, 110 BU3HAYAE PO3MILIEHHS 1 IIBUAKICTD MEPEMILLEHHS 00’ €KTIB.

PHC — po3ymH1 HaBUYaIbH1 CEPEIOBULIA.

[oT (amrn. Internet of Things) — iHTepHET pedvel, KOHICIIis
B32€MOIIOB I3aHUX 00 €KTIB, 10 0a3yIOThCSI Ha TEXHOJOTIAX 3B 3Ky MK COOOIO 1
HABKOJIMIITHIM CEPEIOBUILIEM.

JHK — Jle3oxcupuOoHyKII€iHOBA KUCTIOTA, OJIHA 3 IBOX HYKJIETHOBUX KUCIIOT,
110 BiMIOBIJIA€ 32 MEPEHOIICHHS T€HIB MIXK ITOKOJIIHHSIMU.

IBM (anr:. International Business Machines Corporation) — amepukaHchka
KOMIIaHisl KOMIT FOTEPIB Ta MPOrPaMHOT0 3a0€3MeUEHHS.

SMM (anrn. Social Media Marketing) — iHCTpyMeHT aJisi IPOCYBaHHS B
IHTEPHETI Ta COLIAJIbHUX MEPEkKaX.

HM — HeliponHa Mepexa.

[IIHM — mTydyHa HelpoHHa Mepe)ka, KOMIT IOTEpPHE BiTOOpaKeHHS MO3KY
JIOJTUHHU.

T — mTy4yHuii 1HTENEKT, OAWH 3 PO3AUIIB 1IHPOPMATHUKH, 3aBJIAHHSAM SIKOTO €
CTBOPEHHSI TEXHOJIOT1H I 1HTEJICKTyaIbHUX MAIliH, J0JIaTKIB, CEPBICIB, TOIIO.

RNN (aurn. Recurrent Neural Networks) — pekypeHnTHa HelipoHHA MepeKa,
OJIUH 3 BHJIIB HEHPOHHUX MEpEeX, B AKUX 3 €AHAHHS MIDX BY3JIaMH YTBOPIOIOTH
opieHTOBaHUM rpad.

FFNN (anrn. Feed-Forward Neural Network) - Konmermiiis HeWpoHHOT
MEPEX1 3 IPSIMUM 3B’ SI3KOM.

IDE (amrn. Integrated Drive Electronics) — iHTerpoBaHe cepeIoOBHIIE

PO3pOOKH, 110 BUKOPUCTOBYETHCS JUIsl PO3POOKH MPOrpaMHOTO 3a0€3MeUeHHS.
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API (anrn. Application Programming Interface) — iarepdetic mpukiagHOro
nporpaMyBaHHs, MakeT (PYHKIH, Skuil 3abe3meuye AOCTYIT JOJATKIB JIO JIaHHMX,
30BHINTHIX TPOTPAMHHUX KOMIIOHEHTIB CHCTEMH Ta CEPBICIB.

MQTT (auri. Message Queue Telemetry Transport) — mepexeBHii IPOTOKO
I OOMIiHY TOBiTOMIIeHHsIMU 1 Tipaittoe Ha TCP/IP.

GIS (amrn. Geoinformation System) — reoindopmMaliiiina cucTeMa,
TEXHOJIOTsI, IO JTO3BOJISIE TIPAIFOBATH 3 MOJCITHPHIUMH 300paKEHHSIMU TEOPUTOPII.

Al (aur. Artificial intelligence) — mryuynuit iHTENEKT, 31aTHICTD THXXEHEPHOT
CHUCTEMHM MPAIIOBATH 13 paHillle OTPUMAHUMU 3HAHHSIMU T4 BMIHHSIMU.

ANN (arrm. Artificial Neural Networks) — mrydna HeiipoHHa Mepexa,
YacTHUHA CUCTEMH MpU3HAYCHA JIJISi pOOOTH aHAJIOTIYHO JIFOJICBKOMY MO3KY.

LED (aurn. Light-Emitting Diode) — HamiBIpOBiIHUKOBHI CIEKTPOHHHIMA
OPUCTPIA, MO 3a JOMOMOTOI 3JaTHOCTI TPOBEACHHS EIEKTPUYHOIO CTPYyMY
3IaTHUN BUIPOMIHIOBATH CBITJIO.

UNO (itx1. Uno) — oxu.

SQL (anrn. Structured Query Language) — MoBa CTpYKTYpPOBAaHHUX 3aIlUTIB,
po3pobiieHa asisg podbotu 3 6azaMu TaHUX.

b/l — 06a3a naHux, HaOlp BHOPSAKOBAHUX 1 CTPYKTYpPOBaHUX JaHUX, SKi

OB’ s13aH1 MK cO00I0 1 30€piraloThCsl B OTHOMY MICIII.
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BCTYII

AKTyaJIbHICTh TeMH. Y MiIpy TOTO, III0 OCTaHHI JECATUIITTS 1HTEpEC IO
HEHPOHHUX MEpEeX 3HAUYHO MIJABUIIEHUHN X MOYald JTOCHIKYBaTU Ta BBOJUTHU Y
HOBCSIKIEHHE XXUTTA Y pI3HUX cepax. BaxuinBoro mepeBarorw € Te, M0 MITy4YHA
HEIpOHHA Mepexka sBJIsiE CO00I0 MOJIEIb IPUPOJHOI HEPBOBOI CUCTEMH >KMBOTO
opraHi3my. 3BIJICM MOKHA CTBEPJI)KYBaTH, 110 CTBOPEHHS 1 BUBUCHHSI TAKUX MEPEK
JO3BOJISIE IIMpLIE AI3HATUCHh NMPO (YHKLUIOHYBAHHSA MPUPOIHUX CUCTEM. Tomy,
BUXOJISIYM 3 BUIIE CKAa3aHOT0, CTBEPIIKYEMO, L0 MOOYI0BA MPOTOTHUITY “pO3YMHOI”
TEIIMIl Ta 1H(OPMALIIIHOI TEXHOJOrll MOHITOPUHIY Ta KEpyBaHHS HEK €
BaXJIMBUM acClEeKTOM B MOJAJIBbIIOMY PO3BHUTKY rajiy3i HE JIMILE TOCIOAapCcTBa, a i
0aratbox 1HIIKX.

Mera i 3agaui nocaipkennsi. Metoro 1aHoi poOOTH € BUBUCHHS aJITOPUTMIB
TPEHYBaHHS IITYYHOT HEHPOHHOI Mepexi, 3 BukopuctaHHsIM GPU Ta 3 MOXKITUBICTIO
OIIIHKM CTaHy POCJIMH Ha OCHOBI iX (POTO 111 BUKOpPHUCTAaHHS B iH(oOpMamiiHin
TEXHOJIOT1i KEPYBaHHS “pO3YMHUMM’ TEIUIULISIMH.

KirouoBuMH MOMEHTaMH B pOOOTI € HACTYIIHI 3aB/IaHHS:

— [Ipunuun BuOOpYy TUIy HEHPOHHOI Mepexi s Kiacuikamii Ta
OLIIHKU CTaHy POCJIHH.

— KepyBanHs  smart-Terummero  3a  JI00OMOrow  iHpopmamiitHoi
TEXHOJIOT1;

— HocnimxeHHs eTamniB GopMyBaHHS, yIOPSIKYBaHH, GUITPYBaHHS Ta
CUCTEMaTHU3aIlis JaTaceTy JJik HEMPOHHOI MEepexi.

— BuBYeHHsS NpPUHIUIIB MapKyBaHHS CTaHy pOCIMHM Ha OCHOBI
rOTOBOTO JIaTaceTy.

— AHaJti3 HaB4YaHHS HEUPOHHOT Mepexi 3 Bukopuctanusm GPU.

[TpoBeieHHS OLIHKK OTPUMAaHUX PE3yJIbTATIB.

O0’€eKT H0C/IIKEHHs: MPOLECH POOOTH IITYYHUX HEHPOHHUX MEPEX.

IIpeamer gocaigxKeHHsI: METOAU POOOTH IITYYHOTO THTENEKTY Ta

HEHPOHHOI MepeX1 Ha MPUKIIA1 “pO3YMHOI” TEIUIMIII.
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HaykoBa HOBH3HA OJlep:KaHMX Ppe3yJbTaTiB MOJATa€ y BUKOPUCTAHHI
HEHPOHHUX MEpeX IS 3aJa4l MOHITOPUHTY Ta KEPYBaHHS PO3POOIIIOBAHOTO
IPOTOTHITY.

IIpakTHYHe 3HAYEHHS OJeP:KAHUX pe3yabTaTiB. BukoHano moOymoBy
IPOTOTUMY “‘pO3YMHOI” TEIUIMI Ta 1HGOPMAIIMHOI TEXHOJIOT1i MOHITOPUHTY Ta
KepYBaHHSI HEIO.

Amnpobaunisi pe3yabTatiB Maricrepcbkoi podotu. KitouoBi pe3ynbratu
poOOTH Ta BAKOHAHUX JIOCIII/I)KEHb OOTOBOPIOBAIIUCH Ha:

IV MixHapoaHiii  CTyIEHTChKIH  HAYKOBO-TEXHIYHIM  KOH(pepeHIii
«IIpupogHudi Ta rymaHiTapHi HayKH. AKTyajdbHI NHUTaHHS» TepHOMUIBCHKOTO
HAI[IOHAIBHOTO TEXHIYHOTO YHiBepcuctery imeHi IBana Ilymios (M. Tepuominib,
2021 p.).

IX naykoBo-TexHI4YHIN KoHGepeHIil «IHopmaliiini Mozaeni, CUCTEMH Ta
texHosorii» (M. TepHominb, 2022 p.).

HaykoBo-TexHiuHOi cTarTti B nepunii yactuHi 30ipHUKa «MoMLeT&DS
2021. Modern Machine Learning Technologies and Data Science Workshop» (M.
JIsBiB — M. [amek, 2021 p.) (Scopus)

ITy0aikanii. OCHOBHI pe3yJIbTaTH TUIJIOMHOI pOOOTH OMYOI1IKOBAaHO Y TPHOX
HAyKOBO-TEXHIYHHX Ipalsax (IUB. J0JATKH A).

Ctpykrypa ii o0car kBagdidikauniiinoi podoru. Kpamidikariiina podoTa
CKJIQZIAETHCS 31 BCTYITY, YOTHPHOX PO3ILUTIB, BUCHOBKIB, CIIUCKY JiTepaTtypu 3 67
HaliMeHyBaHHs Ta 4 10AaTKiB. 3araibHU oOcsT KBadidikaliifHoi podOTH CKItajnae

120 cTopiHOK, 3 HUX 81 CTOPIHOK OCHOBHOT'O TEKCTY, IKUH MICTUTh 33 PUCYHKIB.
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1 AHAJII3 IPEJIMETHOI OBJIACTI

1.1 OrJasj JiTepaTypHHUX JKepes1 32 TEeMATHKOK J0CJIIIKeHHSA

Y TenepilmmHbOMY CBITI BCE€ 4YacTillle 1 4YacTille JIIOAU 3aliMarThCs
aBTOMATHU3AIlI€I0 Ta KOMIT IOTEpU3AIlI€I0 3BUYAHMX MOOyTOBUX IporeciB. Lle
BIJIHOCUTKCS HE JIUIIIE O BAPOOHHUIITBA TOT UM 1HIIIOT TPOIYKIIii, ajie ¥ 0 TaKoro sk
NOCIB, BUPOILYBaHHS, OIS/ Ta MIATPUMKA POCIMH, aBTOMAaTU3al1lisl BUPOOHHULITBA,
OyJI€HHOT O XUTTS1, 0)ICHOI pOOOTU Ta HABITh MUCTEIITBA.

SlckpaBUM MpUKIIAIOM B arpapHii cdepl € “po3yMHUX’’ TEIUIMIIS HAa OCHOBI
[oT. Cawme ii onucanu Pagi Kimop Konani, Biman [Ixaiin 1 Cymit Kaparsan y cBoiit
crarti [1]. [Tompu Bci mepeBaru, OCHOBHUH ILTIOC TaKOi TEXHOJIOTII € Te, 10 Yepes
CBOIO MOOY/IOBY IIKITHUKHU Ta KOMaxXyu HE MOXKYTb 3alTKOJUTH POCIMHAM BCEPEINHI,
a 11e, B CBOIO Yepry, ycyBae norpedy B J0JIaTKOBUX XIMIYHHUX 00pOOKax.

Cama Temmis [ MIATPUMKH TOJUBY BUKOPHCTOBYE KparelibHe
3porryBaHHs. PiBeHb BOJIM BUMIPIOETHCS YJIbTPa3BYKOBUM ceHCopoM. Komum BiH
OITYCKA€ThCS HIKUYE TIOPOTOBOI MO3HAYKH, TO CHCTEMa aBTOMATUYHO CIOBIIIAE TIPO
11e KopucTyBaya. J[Jis BOJIOTOCTI Ta TeMIepaTypHy TaKOK BUKOPUCTOBYIOCS CEHCOPH.
VY Tennuil HasBHI JIaMIM, SIKI BUIPOMIHIOIOTH CBITJIO B JyX€ CHEHH(PIYHUX
cnektpax. Came 1€ JOmoMara€e JOCSIITH TPAaHUYHO KOHKPETHUX Pe3yJbTaTiB Y
3poctanHi pocauH. Cami MpUCTPOi KepYBaHHS CEHCOpPAaMU IMOJaHO Ha PUCYHKY 1.1
[1].

BukopucTanHs ceHCOPIB PI3HUX THUIIIB € OCHOBOIO JJI TOOYIOBH “PO3YMHUX
Ternib. Lle moBoasaTh mociimkeHHs 6aratbox HaykoBIliB B ramysi I Ta [oT. e
OJIHMM TIPUKJIAIOM € po3poOka cTyneHTiB Y HiBepcutety Lllaxin bexemri. B nanomy
BUIMAJIKY I1HTEJNCKTYaJIbHUM KOHTPOJb MMapaMeTpiB TEIUIMI 3J1HCHIOEThCS 3a

CXEMOI0 HaBEeJICHOIO Ha pucyHKyY 1.2 [2].
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Microcontroller

Drip
irrigation

Pucynoxk 1.1 — IIpucTtpoi kepyBaHHs CEHCOpaMHu.

B mnpororumi BukopuctoByeThcsi ceHcop LM35 ans  BumiproBaHHS
TeMIiepaTypu. Buxoasiuu 3 HOTo moka3iB BKIIOYAETHCS 00IrpiBay YK OXOJIOKYBaY.
BuxopuctoByBaHu HEUITKUI KOHTPOJIEP SIBJISIE COOOI0 CUCTEMY 3 JIBOMA BXOJaMHU
1 n1Boma Buxoaamu. [lepmmii BXix — 1ie PI3HMI MK TeMIEpaTypor TEIUIWIl Ta
0aXaHOI0 TeMIEpaTyporo, a APYruil BXIAHMI mapameTp BHU3HAYAE TUI MPUBOLY
(HarpiBay a00 OXOJIOJKyBau), SIKMM BU3HAYAETHCS KOHTPOJIEPOM CYMEpPBI30Opa.
KinbKicTh BOJIOTH TPYHTY OTpPUMY€EThCS ceHcopoM YI-69 i3  TemmuvHOrO
CepeIOBHINA 1 MPAITIOE BiH 33 TAKUM X MPUHIMUIOM. /{11 BUMIpIOBaHHS BOJIOTOCTI
CepelIoBHINA TEIUTUII BUKOPUCTOBYIOTH ceHcop Dhtl2. Ilpu mpoekTyBaHH1 Ta

BIIPOBA/XKEHH] CBITIIOBOTO PETYJISATOPAa BHUKOPHUCTOBYIOTH CEHCOp (oToemeMeHTa

[1].

Data - e
Sensor Supervisor system < INTELLIGENCE

Fuzzy controller

!

Actuator

Greenhouse —

Pucynok 1.2 — IIponec KOHTPOJIO apamMeTpiB TETUIUIIL.
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BaxnMBUM acnekToM TeMH MITYYHOTO 1HTEIEKTY Ta HEHPOHHUX MEPEXK € Te,
10 BOHU 3JIaTHI HE TIILKU MPOBOJUTH MOHITOPHHT, ajie¢ i poOUTH TiepenOayeHHs
CTOCOBHO TOTO uM iHIIoro napametrpy. Jua mpukiany, Anexanapo Kacranbena-
Mipana ta Bikrop M. Kactanbo gociiaunm y cBoiii crarti [3] po3yMHuit KOHTPOIIb
3aMOpO3KIB B TEIUIMISIX 3a JIOMOMOIOI0 MOJeNe HeHpoHHUX Mepex. Humu
po3pobiieHa GaraTolrapoBa ITy4YHa HEMpOHHA Mepexka, Mij Ha3Bow Perceptron. B
Hill 3aCTOCOBaHO alNTOPUTM 3BOPOTHOTO TomupeHHs JleBenOepra-MapkBapaTa.
3rogom Perceptron Oyno BHOPOBa/PKEHO il IHTEJIEKTYaJlbHOIO KOHTPOJIIO
3aMOpPO3KIB Y TEIUIMLSIX Y HEHTPAIbHOMY perioHi MeKcuku. Sk BX1JH1 3MiHHI B35ITO
TEeMITepaTypy 30BHINIHBOTO TOBITPS, BIAIHOCHY BOJIOTICTh 30BHINIHHOTO TIOBITPS,
MIBUKICTIO BITPY, TJIOOQJIBHHMIA MOTIK COHSIYHOI pajiaiii Ta BIJHOCHY BOJIOTICTh
IpyHTy. Pe3ynbraru nokaszamu 95% A0CTOBIpHICTh MPOrHO3yBaHHS [2].

B wacoBoMy aHamizi Mojened TIMOMHHUX HEHPOHHUX MEpPEeX IS
POTrHO3YBaHHS KJIIMAaTUYHUX YMOB BCEPEANHI TETLIUIb 3a3BUYall BUKOPUCTOBYIOTh
mojsienb NARX [4]. Ile nunamiuna HeiipoHHa Meperka. 3aCTOCOBYIOThH iX depes
OUIBIIY MOTYKHICTh MOPIBHSIHO 3 1HIIMMHU, IPOTE MPOLIEC HABYAHHS TAKOT MEPEXK1
€ CKJIamHImMM 1 goBmuM. L{sg HelipoHHA Mepeka 3 MEBHUMH XapaKTepUCTUKAMU
OyJla BUKOHAHa JUIsl OL[IHKH €()EKTHUBHOCTI O€3MepepBHUX MPOTHO31B TEIIIMYHOIO
KiMaty B “po3ymHii’teruni JochmigHuubkuMm 1eHtpoMm Smart  Farm,
Kopeticekoro inctutyTy Hayku 1 TexHonorii (KIST). Mepexa Oynia HaBueHa 3a yxe
paHile 3ragyBaHUM pO3MIMpPEeHHM anroputMoMm JleBeHOepra-Mapksapara (3
0aileCIBCHKOIO PETYISPHU3AIIEI0), KU OOYMCIIIOE OHOBJICHI Ha KOXHIN iTeparrii
HaBYaHHS Barv yepes BijHoIIeHHs. BxinHa iHpopmariis moaeni NARX, siky BueHi
BUKOPHUCTOBYBaJIHU, OyJIa TAaKOIO XK, sK 1 iH(opMallist, BUKopucTana jjis mojieni ANN.
To6To BXiJIHI 1aH1 HE BIJIPI3HSIIMCE.

[{ikaBuM TpPHUKIAZOM € BHKOPUCTAaHHS HEHPOHHUX MEPEeX B 3aaadax
KJacudikanli TEIUIMYHOTO CepeIOBUIIA ISl BPOXKAIO TPOSHJ Ha OCHOBI IITYYHOTO
iHTenekty. Jlns BupimieHHS AaHOTO 3aBlIaHHS Bcbhoro Oyno mpencrtasieno 300
€KCIIEPUMEHTAIbHUX TOYOK JaHUX Bl PI3HUX CEHCOPIB IIOJO0 BOJIOIOCTI IPYHTY,

IHTEHCHUBHOCTI CBITJIa, TEMIIEPATYPH, BOJIOTOCTI MOBITPs Ta KoHIeHTparlii CO; mis
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YOTUPHOX PI3HUX KIIACIB CEPEIOBHUIIA BPOKAWHOCTI TEINTMYHUX TPOsH] . [Ticis Toro
310paHo JaHi 71 JOCIHKEHHS Ta BI3yali30BaHO iX 3a JIOMOMOTOI0 TEIUIOBUX KapT,
KOpEeJSIIAHUX JiarpaM, map Ta aiarpam ckpunku [5]. ITicis Toro BukoHana pobora
10 HABYAHHIO Ta PO3BUTKY INIMOOKOT HEHpOHHOI Mepexi. ToOTo Bci 3i0paHi AaH1
Oynu posnoauieHi Ha HaByaibHl (80%) 1 TectoBi (20%) HabGopu. Bci BTpatn
MiHIMI30BaH1 a0 36-i iTepaiii, mpu TOMy, LIO 3arajbHa KUIBKICTh I1Tepauii

cTaHoBuUTH 80.

1.2  IloHaTTA SMart-rexHoJorii y riodajJbHOMY po3yMiHHI

3 KOXKHUM JTHEM [TUBLITI3AIIS CTA€ BCE OUIBINE PO3BHHEHOIO, BIIMOBITHO HAYKa
TaKOX HE CTOITh Ha MICIIi, 3’ IBJISIOTHCS] HOB1 BIAKPUTTSL, JIFOJU IOCATAIOTH TOTO, 110
paHiliie 31aBajiochk paHTacTUaHUM [6].

CMapT-TexHOJOrii — 1€ KOHIeMI[is, sKa TMepeadayae BUKOPUCTAHHS
MIKpPOIIPOIIECOPIB Ta KOMIT FOTEPHUX CHCTEM JIJII BUKOHAHHS YITKO ITOCTaBJICHUX
3aBJIaHb Ta 0OMiHy iH(opMarlieto [7]. 3 ogHOrO OOKY, 3/1aBajloch O 1€ MOHSTTS
BITHOCHO «MOJIO/IE» 1 TOSIBIJIOCH HEUIOJaBHO, MTPOTE CMAPT-TEXHOJIOTIi OTOUYIOTh
Hac yxe nmoBoii nmaBHo. Hampuxmam GPS-maBiraropu, cmaprdonu, “po3ymui”
TOJIMHHUKH, KOMIT FOTEPH Ta X CUCTEMH, MPOTPaMU, KaMEePH CIIOCTEPEKEHHS TOIIIO.

Crepiry XOTUIOCH O BIJJ3HAYUTH JOCTITHUIIBKY OCHOBY “pO3yMHOI” OCBITH.
[{iet0 OCHOBOIO € PO3YMHI HaBYaIbHI CepeoBUINA. Taki CepPelOBUINA SIBISIOTHCS
e(eKTUBHIUMH 1 TPUBAOJIMBUMHU JIJIs CBOiX yuyacHuUKiB [8]. KimtouoBoro diryporo TyT
€ yueHb. OCHOBHA M€Ta PO3YMHOI'0 HaBYAJILHOTO CEpEIOBUIIA — 1€ 3a0e3MeUeHHs
caMOHaBYaHHS, BMIHHS YYacHUKIB CaMOMOTHUBYBAaTHCh, BIJANOBIAATH 32
NpaBUJIBHUN PO3MOJLI CBOrO 4acy. TakoX Ba)JIMBO € HaJaBaTH IOCIYTHd 3a
JIOTIOMOT'OI0 SIKMX Y4YHI MOXYTbh BIJBIyBaTH KypCH B 1HAMBIAYaJbHOMY TEMIIl Ta
OTPUMYBATU JIOCTYI O HABYAJIBHUX MaTepiajiB BiJIMOBIAHO A0 CBOiX OCOOMCTHX
notped. PHC inenTudikyrorhcs gk 3BUYaiiHI (i3UYHI cepeAoBUIa, 3a0e3MeyeH1
JOCTaTHBOIO  KITBKICTIO IM(POBUX, KOHTEKCTHO-3JICKHUX Ta aJalTHBHUX

npuctpoiB. Lle cpusie kpamomy Ta edekTuBHIIOMY HaBYaHHIO. /{715 mpukianxy, B


https://docs.google.com/document/d/1z4zjQqKoLXTaHVflNBIx1KDV2CUgcc9z/edit#heading=h.30j0zll
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2011 pomi Buennit Kim Ta #ioro Kojeru po3poouiii po3yMHe HaBUaIbHE CEPETOBHIIE
Ha OCHOBI xMapHuXx oOumcieHb [8]. 3aragom PHC ckimagaerbes 3 MOBCIOZHHMX
CIIUJIbHUX HaBYAJIBHUX MPOCTOPIB, SAKI TEPETBOPIOIOTH TPaAMIIiHI HaBYaIbHI
IPOCTOPH B IHTEJIEKTYaJIbHI HABKOJIMIIIHI HABYAJIbHI CEPEIOBHUILIA.

Takox BaXXJIMBO BIA3HAYMTH, 11O CaME 1HTEJIEKTYallbHI TEXHOJIOTi HECYTh B
co01 BaXXJIMBY POJIb y MOOYI0BI “pO3yMHOI” OCBITH.

[aBecTHIlli B MEULIUHY SIBISIIOTH COOOIO JOCUThH BEJIIMKUN BIJCOTOK BUTPAT
KOXKHOI gepxaBu. OcoOmmuBo B fanHuii mepiox yacy. Texnomorii SMART
TOPKHYJIUCh 1 i€l ramysi. Posrnsmemo “posymui” nikapui. IXHi Texmomoriumi
0COOMBOCTI HACTUIBKK PO3BUHEHI, 1[0 BOHM 3a0€3MEYYIOTh OKPEMHUH MiAXiT Ta
JOTJIA 32 KOXXHUM marieHToM [9]. B Takux 3akiamax XBOpUH PO3MIIAIAE€THCS SK
IHEeHTp TnpoOjieM ymopaBiaiHHA. K TmpaBwio, OUIBIIICT, TMPOIECIB, SKI TYT
BiIOYBaIOTbCS aBTOMAaTH30BaHl. TOOTO €QEKTUBHICTh JIKYBAJbHUX 3aXOJIB B
KJIIHIKaX Ta JIKapHIX BU3HAYAETHCS TEXHIYHUM ocHameHHsaM [10].

Bimznaunmo morsaTTs Smart B raiysi typusmy. Cam cMapT-Typu3M OYTy€EThCS
Ha ocHOBI IHTepHety peueit (IoT) Ta xMapHUX OOYHCIIEHb, 3aCTOCOBYIOUM JIJISI
00poOKM came TypuCTHUHY 1H(popmarlito. ToOTO 11e MyTIBHUKHU, KApTH, 3HUKKHA THX
Yy 1HIIMX KOMOaHid. TakoX cMapT-Typu3M KOPUCHUN U1 peani3auli MOCIyr B
pekuMi peasibHOTO Yacy [11].

Ha pucynky 1.3 momano Tabmuito 3 TypUCTUYHUMH JOJaTKaMH B CMapT-
JIECTHHAIISX.

Jlist mpukiagy B3aeMoJlisi B JECTHHAI] MOXE SIBISITH COOOI MOJIEINb
BIJIHOCUH Ha JIOKaJbHOMY pIBHI MDK YHIBEPCUTETOM, MY3€€EM, BiJIBiyBadaMu,
MaJIuM Ta cepeaHim 0i3Hecom [11].

3aBAsSKM HAYKOBHUM JIOCIIIKEHHSIM IHCTPYMEHTapii cMapT-TypU3My HIMPOKO
BUKOPUCTOBYEThCS B Takux KpaiHax sk IliBmenniit Kopei, Irtanmii, Icnanii,

Hinepnannax, Himeuuuni, Cinramypi To1io.



Tabmuns 1.1 — Typuctuyni nogatku B Smart-aecTiuHaIisax

TypucTtuuHi 1oJaTKH Kopuchi Kommnonentu Komnonentu
byHKII JeCTUHAII1 «PO3YMHHX
TYPUCTHYHUX
JIECTUHALIIN
X-peanbHicTh (XR): momoBHeHa [Tepexian ATpakmii Smart-nroau,
(AR), BipryansHa (VR) Ta crinbHa CriByuicTh Smart-
(MR) MOOIIBHICTh
ABTOMOO1TBHI Ta KapTorpadiuHi [TnanyBaHHs JlocTynHICTb Smart-xurrs,
cucreMu crexenns (y T. 4. GPS) Smart-
MOOLITBHICTh
l'oTenpHa Ta aTpakiiiiHa eHepro- Crainicth 3pyuHicTh Smart-
e()EeKTUBHICTH Ta KJIIMAT KOHTPOJIb HaBKOJIMIIHE
cepeoBUIIIe
bararoMoBHUI TypUCTUYHUN YnpapiiHHS HasBHi maketn Smart-
JIOATOK, SIKUWA TaKOXK MIPOIIOHYE iHopmarrii MOOUTBHICTH
JOCTYI JI0 PI3HHUX MAKETIiB
NFC-teru Ta QR koau noctymy no | IlapanensHuii JisnbHICTR Smart-
iH(opMalliif Mpo MpuIerIii maM’ aTKU MapKETHHT MOO1TBHICTB
TypuctryHa cucteMa yrnpaBIIiHHSI 3BOpOTHIH Jlomomi>kHi Smart-xurts
CKapram Ta sIKiCTIO 3B 530K
Cucrema JIOSTBHOCTI 3anmy4yeHHs B3aemonis Smart-mroam,
Smart-
MOOUTBHICTB

Sk BWAHO, CydacHI TEXHOJOTIi € KIIOYOBHM BaXKeleM JUIs CTaOlIbHOTO
pPO3BUTKY TypucTuuHux I1uieid. Came moOyqoBa B3a€EMOBITHOCHH MDK OCBITOIO,
KYJBTYPOIO Ta 013HECOM BHUCTYMAE “pO3yMHOI0” 1HBECTHIIIEI0 B MalOyTHIH cMapT-
Typu3M. BiH, B CBOIO 4epry, CTBOPEHUH it TOro 100 3a0e3neunT iHhopMalliiitHy
B3a€EMO3B 3Ky  Ta

CTPYKTYDY, CYMICHOCTI

IHTErPOBAHUX TEXHOJIOTIN. B 11ii ramy3i npamoTs Ha/l PEIHKUHIPUHIOM MPOLECIB

BUKOPUCTOBYIOYHM  II€peBaru
1 JTaHUX 3 METOI0 CTBOPEHHS IHHOBAIIMHWX IMOCIYT, MPOAYKTIB 1 MPOIEAYp, IO

3a0e3Meuy0Th MAKCUMAIIbHY IIIHHICTH 3aIliKaBJIeHUX cTopiH [12].

1.3  Orasig HeHPOHHUX MepexX fAIKi BUKOPUCTOBYIOTh B “po3yMHHMX”

TEeIJINIOAX

Ha cpboroanimHiii eHb ICHy€ ACKUIbKa METOMAIB 1 CTpaTerii KOHTPOJIIO 3a
pOCIMHAMHU B “pO3yMHMX’ TEIUIMIIX. Hampuknan Takux sik NpOrHO3HUM KOHTPOJIb

YM aIalITUBHE KEPYBAHHS, KEPYBAHHS HEJIIHIMHUM 3BOPOTHIM 3B’ SI3KOM, KEPYBaHHS
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HEYITKOIO JIOTIKOI0, HaJIIHHE KEPYBaHHSI.

JUJIss KOHTPOJIO TEIUIWIll HaWKpaluM € 3alporoHOBAaHUN ONTUMATbHUMN
KOHTPOJIb cepenoBuiia. OaHak JUisi €KOJOTIYHOTO KOHTPOJIO TEIUIMIb ICHYIOTh
3BUYAiHI MPOMOPIIAHI METOJIU, 1HTErpajibHl METOJUKHU Ta MOXIJAHI KOHTPOJEPH
(PID). Bonu B 0OCHOBHOMY 3aCTOCOBYIOThCS 3aBSKH CBOIM THYYKOCTI, apXiTeKTypi
1 xopomiii mpoaykTuBHOCTI [13].

Iamra Tema, sKka IIKaBUTh BHPOOHWITBO TEIUIMYHUX KYJIBTYp — II€
EHEPreTHKa CIIOKUBAHHS, B IKOMY COHSYHA CHEPTis MPECTaBICHA K KUTTENATHAN
3aMIHHHK TPaJHIIHHUX JpKepen (manuBa Ta eliekTpoeHeprii). CoHsYHA CHEpris
Kpama 3a TpaauIliiHI JDKepena, OCKUTbKM TaJluBO HE € BiJHOBIIOBAHUM 1
IIPE/ICTABIISIE BUCOKY BapTICTh, @ COHSUHA €Hepris Hi. TpaauiiitHi ;kepena eHeprii
MOKHA 3aMIHMTH 1HIIUMH CTINKUMH JKEpeJlaMHi €HEeprii, Taki K COHSYHA, CHEPTis
BITpY, OioMaca, reorepmanbHa eHeprisi. OJHaK BUKOPUCTAHHSA caMe€ COHSYHHUX
dboToeIeMEHTIB a00 COHSYHOI TEIJIOBOI €HEPrii B TEIUIHUIIl 3aCTOCOBYEThCS IIUPIIIEC
1 3a3BUYall MOJXKE MTOETHYBATHUCS 3 THIIMMH JKEPEIIaMH CHEPTl.

CoHstuH1 TeruIll 3a0€3MeuyloTh KOHTPOJIbOBAHY CHUCTEMY BUPOIIYBaHHS.
OcHOBHa yBara MPUIUISETHCS CKOPOYEHHIO MOTpeOd B €HEprii omajeHHs, TOOTO
noTpeda B OMaJICHHI 3HAYHOIO MIPOIO 3aJICKUTH BiJl COHSIYHOI €HEPrTIi.

[lepeiizemo 10  WTYYHUX  HEWPOHHUX  MEpexX, AKl  3a3BUYAM
BUKOPHUCTOBYIOTBHCS ITiJT Yac pO3pOOKH Ta poOOTH 3 “pO3yMHUMU TEIUIUIISIMHU.

IIHM knacudikyroTbes 3a pizHUMU KputTepisimu. [IpoTe OCHOBHI MOXXHa
MOJUTUTH Ha JBI KaTeropii:

o Heiiponni mepexi npsimoro 3B's13ky (FFNN);

o PexypentHi HeWipoHHI Mepexi (y JUCKpeTHOMY dyaci) abo
mudepeniianbHi (y 6e3rnepepBHOMY Yaci);

PosrnsHemo criepiry HEMpOHHI Mepexi mpsaMoro 3B'si3Ky. Helipon — 1ie
OCHOBHHUI KOMITOHEHT Hewpomepexi [13]. Heiponu 3'eqHani oguH 3 OJHUM 3a
JOTIOMOT'OI0 CMHANTUYHOI MacH. SIKIIO po30MpaTh HEUPOHHY MEpPEexy 3 Tphoma
mapamu, K Ha pucyHky 1.3 mogaHomMy HUX4YE, TO MOYKHA CIIOCTEpIraTH BXITHUM

miap, MNPUXOBAaHMU AP 1 BUXIAHUKA IIap, NPOMDKHHUA IIAp BBAXAEThCS
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CaMOOPTraHi30BaHHUM.
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Pucynok 1.3 — HeiiponHa Mepesxa 3 TpboMa IapaMu

Hacrynne — ne xapra KoxoHeHa, sika CKJIalaeTbCs 3 JBOX IIapiB — OJIOKIB
00poOKM (BBEJCHHS Ta BUBEICHHS), 3aJIEKHO BiJl CKJIQJHOCTI MEpexi (B KOXKHIM
Mepexi MOXe OyTH KUIbKa TPUXOBAHUX IIAPIB).

Y FFNN (ToOTO HEHpOoHHIM Mepexl NpAMOro MOIIMPEHHHA) iH(dopMalis
Oporpecye BiJ BXIJIHHUX BY3JiB JO HNPUXOBAHMUX 1 BiJ MPUXOBAHUX BY3JIB [0

BUXIJTHUX BY3JIB.

Meton HaBYaHHS B TaKii HEHPOHHIM MEpekKi MOYKHA PO3IIMTH Ha J{Ba €TaIIN .

. [lepmmii eTan monsirac y BU3HAYEHHI HEHPOHA MPUXOBAHOTO IIAPY,
BEKTOp Baru sIKOTO € MEePIIUM BX1THUM BEKTOPOM;

° Hpyruit  crocyeTrbcsi TpeHyBasibHOTO mporecy. Cmouatky Oyze
00YHMCIIEHO €BKJIIJOBY BIICTAHb MK BX1JIHUMH HEHPOHAMU 1 BEKTOP Baru mepIioro
HelpoHa. SIKIo BiJicTaHb OUTBINE 3a MOMEPEAHHO BU3HAYEHE MOPOTOBE 3HAYCHHH,
HOBUUM HEHPOH MPUXOBAHOTO MIAPY CTBOPIOETHCS MUISTXOM MPU3HAYCHHS BBEIICHHS
SK BEKTOp Bard. B iHIIOMY BUIaaKy BX1AHUHN 111a0J0OH HAJEKUTh I[bOMY HEUPOHY.

[lin yac HaBuYaHHs, KOXXEH I1a0JIOH, MPEJCTABICHUN Mepexi, BUOUpAE
HAaMOMMKYMP HEMpPOH 3a €BKJIJOBOIO MIPOIO BIJCTaHI, 3MIHIOIOYM BEKTOP Baru

NePEMOKLA, TOJII TOMOJIOTTYHI CYCII MAJIIOIOTh iX Y HAIPSIMKY BBEJICHHS, Baru, 110
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3AIIAINAI0TH «HEHPOHY-TIEPEMOKITIO» Ta HOTO CyCiaM.

Bax/nBo 3a3HAYMTH TAaKE MOHATTS, SIK 3BOPOTHE IMOLIMPEHHS — 1€ THUII
HaBuaHHs [IIHM, skuii BHUKOPHCTOBYETBhCSA [JIs peadizaiii KOHTPOJIhOBAHOIO
HaBYaHHSI.

[Ipsmi HM Takox moAUISIOTHCS Ha JBI KaTeropii, 3ajeHO BiJl KiIbKOCTI
mapiB: OJHOIIAPOBi a00 GaraTomaposi.

[Mepetinemo 1o pexypentHux HelipoHHHX Mepex (RNN). ¥V vux indopmarris

NepeMIIIAEThCS BIIEPE 1 Ha3al, K 1€ BUAHO HAa PUCYHKY 1.4.

Neuron

il
Input —-1.‘__-}—» Output

Feedback

Pucynok 1.4 — Ilepeminienns HelipoHa B pekypeHTHii HM

Came 3 1€l NPUYMHY IX 1€ HA3UBAIOTh MEPEKaMU 3BOPOTHOTO 3B’SA3KYy. Y
OUX MepeXax 3'€HaHHS MDK BY3JIaMH YTBOPIOIOTH CIPSIMOBAaHUN IUKI, [I€
OpUHANMHI OJJMH HUISIX BEZE Ha3a/l 10 MOYaTKOBOI0 HEMpOHA. Y IbOMY THUIII MEPEKI
ICHYIOTb pI3HI BUJIU CTPYKTYpH:

o Mepexxa Xomndinga: KOXKEH HEHUPOH TMOBHICTIO CHMETPUYHO

10B’sI3aHUiA 3 yciMa iHIMMHK HeifpoHamu B Mepesxi. [ mokasano Ha pucyHky 1.5.
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Pucynox 1.5 — Mepexa Xomndinna

o Mepexa Enmana: 1ie ropu3oHTaIbHA MEPEIKA, J10 SIKOT T0/Ia€ThCs HAO1p
«KOHTEKCTHUX» HeWpoHiB. Ha pucynky 1.6 mokazaHo, sIK KOHTEKCTHI OJIOKU
HAKIFOYEH] 10 MPUXOBAHOTO0 MEPEKEBOI0 PIBHS 3aKpiIlJIcHOro Baroro [14].

. Ta mepesxa Mopnanii: BoHa ye cxoxka 10 mepexi Enmana.

Input Hidden Output
Layer Layer Layer
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Pucynok 1.6 — Mepexa Enmana
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1.4  AHaJi3 icHylOYHX pillleHb Ta BUPilICeHHS NPO0JIeMAaTHKH

Po3risnemo crapramny, siki epepociiy 3 yacoMm y 0Oi3Hec abo K 3HaXOAAThCA
Ha eTarni BJOCKOHAJIEHHS B cdepl “pO3yMHUX TEIUIUIIb.

B mepmiy uepry xoderbcs Bim3HauuTd Kommadiro Herbert. Ile “po3ymua”
cajZioBa CUCTEMa, siIKa J03BOJISIE CBOEMY KOPUCTYBauy BUPOIILYBATH TPaBH, 3€JI€Hb Ta
HIIT POCIIMHU B OYJIb-SIKY TIOPY POKY B JOMaIlHiX yMoBax. Dimika i€l po3pooku
MoJjsirae B TOMY, 1[0 BOHA KPIMUTHCS Ha CTIHY, a OTXKE HE 3aiiMae Oarato MicIis B
OynunHky uu kBaptupi [15]. Cama ocHOBa po3poOKHU MpeACTaBiisie cO00I0 OYKOBUI
kapkac. Herbert — 1we TrigponoHiuHMK “pO3yMHUE” caa, TOOTO POCIHHH
6e3mocepeIHbO POCTYTh y BOI, 0€3 BUKOPHCTAHHS IPYTHY, a II€ B CBOIO YEpry
3a0e3mneuye picT KyabTyp Ha 40% mBuale, HK MPU TPAAULIIHHOMY BUPOIIYyBaHHI.

Burmnsig moneni mokazaHo Ha pucyHKy 1.7.

Pucynok 1.7 — “Po3ymna” camoBa cucrema Herbert

HactynHwuii crapran Ha sikuii xotinocs 6 3sepuytu yBary e Click & Grow

Smart Soil. CepenoBuiie CTBOpIOE ileaNibHI YMOBH JUII POCTY Ta 03pPiBaHHS
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POCTHH.
Smart Soil 3a0e3neduye piBHOMIpHUN pO3MOALT BOAM  BCEPEAMHI
HAHOCTPYKTYPH, TOMY KOPEH1 POCIUH MAlOTh MOCTIHHE 3pOIIyBaHHSI.

[TpunIun poObOTH CUCTEMH MOJIAaHO HA PUCYHKY 1.8.

1@&&[1\0& 2.®uMumtm 3@}\0_»;!{&\/:'\,

wnuuru nnnur 5}

Pucynok 1.8 — ITpunnun podotu Click & Grow Smart Soil

Takox Smart Soil rapanTye, MmO pPOCIMHU OTPUMYIOTh ONTHUMAJIbHY
KOH(Iryparito BOAH, KUCHIO Ta MOXUBHUX PEUYOBUH 1 MAIOTh 1/1eaIbHUM piBeHb pH.

CepenoBuiiie A pOCTYy BHUTOTOBIEHO 3 HATypalbHUX ITOHOBIIOBAHUX
MaTepiajiB 1 He MICTUTh NMECTULIU/IIB, TOPMOHIB, (DYHTIM/IIB Ta IHIIUX IIKITUBUX
PCUOBHH, 1[0 B HAIIl YaC € Ty’KEe aKTyaJbHUM B 00poOIIi Bia mIKigHUKIB [16].

Bin xommanii Click & Grow takox € mie ogun xopomuit mpoaykt. e Click
& Grow 25. Po3poOka mpeacTaBisie MPOCTOPY Ta €HEProePeKTUBHY CUCTEMY
BHYTPIITHROTO caay. BoHa 37aTHa BUPOCTUTH Il CBOTO BJIACHHKA BEIIUKY

KiTbKicTh 3eneHi Ta TpaB [17]. Burisan Click & Grow 25 noka3ano Ha pucyHKy 1.9.

Pucynok 1.9 — Burssin cucremu Click & Grow 25
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Cucrema peryiaio€ TIOJMMB Ta  OCBITJICHHS. PO3pOOHWKH  TaKoXK
noTYypOyBaJIUCh TIPO JIOJIATOK, MPH MIJKIIOYEHH] SIKOTO HAJAIOThCS MOCTINHI
OHOBJICHHS 1H(OpMaIlli CTaHy POCIMH B PEKUMI PEaIbHOTO Yacy Ta peKOMeHaallii
IIOZI0 PO3BUTKY KYJIBTYPH, KA 3HAXOJUTHCS B CEPEIOBHIII CUCTEMHU.

Ax BigzHauae kommnanisg, Click & Grow 25 yHIKQIBHUM pOOUTH
3allaTeHTOBaHa CHCTeMa JIOTKiB. BOHa CTBOpIO€ ifeambHUN LHUKJI POCTy, a IIe
30UIBIITY€ yposKail 1 mokpariye cam pict pociauau [17].

Taxox mpoxykt AeroGarden. Micis koMIiaHii 3a0€3MeUNUTH CaIBHUIITBO B
OyIUHKY LUTUH pIK, 00 KOXKEH KOPUCTyBad B Oy/Ab Ky MOPY MIT OTPUMATH AJIs
cebe Ta cBO€T CiM’1 CBIXKI 0BOUI Ta 3esieHb. CBOIMU MepeBaraMu KOMIaHis, B MepILy
4yepry, BiJi3Havae au3aiH Ta QyHKIl cucremu. ToOTO iiie MOBa MPO PEryIhLOBaHE
ocBiTieHHs. KopuctyBad cam Moke BUCTaBUTH PIBEHb SICKPABOCTI JIaMIl B CUCTEMI
BIJ] Hailsickpasiuoro go HateMHimoro. Ille oqHa nepeBara — 11e cCEHCOpHa NaHelb
KEepPYBaHHSI, SIKa MOCTIHO BJOCKOHAIIOETHCS KOMIIaHi€10. 3a TOITOMOT00 Hel JIeTKO
OpIEHTYBATHCh SIK TMPOXOJIUTH TPOIEC POCTy. BUTIsAL mpoToTHUNy MOAAaHO Ha

pucyHky 1.10.

Pucynok 1.10 — Burnsag cucremu AeroGarden
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JI0 HaCTYMHUX OCOOIMBOCTEH BiAHECEMO IIi:

° 40 BT cBiTI01101HE OCBITICHHS JIsl BUPOIIYBaHHSI,
. KOJIbOPOBUM CEHCOPHUM €KPAH;

o cBiTomgionuuii numep Grow Light;

o Wi-Fi migkimroueHHs;

o PEXUM BIIMYCTKH;

° JOCTYT 0 MOpaJ 13 CaJiBHUIITBA;

o noctyn a0 Quick Plant;

° BJIOCKOHAJICHE HajamTyBaHHs «CreriaaibHuil HaO1p HACIHHS.

1.5 BuCHOBOK 10 NEePLIOT0 PO3aiay

B nmanomy poszaim kBamidikaniiiHoi poOoTH OyJ0 IeTalbHO MPOaHaTI30BaHO
OpeIMETHY 00JIacTh B SIKIM MPOBOAUTHUMETHCS JOCIIIKEHHS. TakoX MpPOBEAEHO
orJIsi7i po3po0O0K B Taimy3i “po3yMHUX’ TEIUTUIh MOMEPETHIX POKIB B PI3HUX KpaiH
CBITY BKJIOYHO 3 OIKUCOM BHUKOPUCTOBYBAaHUX TEXHOJIOTIM 1 METOMOJIOTIN
JIOCJIIJUKEHb.

B mepmy uepry po3riasHyTO “pO3yMHI” TEIUIMII Ta CUCTEMU KEpyBaHHS
HUMU, BUKOPUCTAHHS HEUPOHHUX MEPEX 1 MITYYHOTO THTENEKTY AJs “pO3yMHHX
teruib. Onucano noHaTTss SMART y rimoGanbHOMY po3yMiHHI Ta y pi3HUX cdepax
cydyacHoro >utTa. Crooad BXOJUTh BHKOPHUCTAHHS ‘“‘pO3YMHHMX~ TEXHOJIOTIH B
OCBITHBOMY TIPOLI€CI, MEIUIIMHI, Typu3Mi, TOIIO. 3a3HAYAIOThCA IIE€peBaru
BripoBapkeHHs 1111 1 aBTomaTH3arltii B MOBCAKACHHI MPOIECH.

JleTaibHO TpOAHAII30BAaHO METOMM 1 CTpaTerii KOHTPOJIO KEepyBaHHS IPH
po0OOTI 3 PpI3HUMU POCIMHAMH 1 “pO3yMHHMX’ TEIUTUIAX, BKA3aHO IE€peBaru
BUKOPUCTAHHS TaKUX CUCTEM 1 OCOOIIMBOCTI 1X eKCIUTyaTaIlli.

Onucano BUIM MITYYHUX HEUPOHHUX Mepex. lIpoananizoBaHo HEHpOHHI
MEpeXi MPsIMOTO 3B’SI3Ky Ta PEKYpeHTHI HEMPOHHI MeEpexi, iX CTPYKTypy,
po3MilieHHs mapiB. BkazaHo mMpUHIMIK poOOTH Ta OCOOIMBOCTI 3aCTOCYBaHHS TOT

YM 1HIIOI TexXHoJOoT1i. Po3risinyTo Meroau 1 eranu HaB4anHss HM.
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2 MOXJHUBOCTI BIIPOBAI’KEHHSI IHHOBAIIMHUX
TEXHOJIOT'TA AJA “PO3YMHHUX” TEILIAIb

2.1  MoXIMBOCTI IITY4YHOr0 IHTEJEeKTY B PpPaMKax CY4YacHHMX

TEXHOJIOTIH

Sk BIIOMO, JIOACTBO 3apa3 *UBE Y «IIBUAKOIUIMHHOMY» CBITI. 3 KOXXHUM
JTHEM BCE€ MIHSETHCS Ta BIOCKOHAMOETHCS. B110yBarOThCS BIPOBAJKEHHS HOBHUX
MEXaHI3MIB 1 TEXHOJIOT1H, aBTOMAaTU30BYIOThCA PYTHHHI MPOLECH, 3’ SIBISIOTHCS
1HHOBAIIIT, SIKi 3HAYHO CIPOIIYIOTh HaM JKUTTS Ta poOOTYy.

HaykoBiii HamoyieruBo mpaiioTh B chepl pO3BUTKY IITYYHOTO 1HTEJICKTY,
aQHAJIITUKK JIaHUX, OOPOOKHM BEIIMKHWX MACHBIB JaHUX, «IHTEpPHETY peuei» Ta
JOCITIDKeHHs oneparliid. Bei mi anroputMu OyIyrOThCS 3 HULIIO MOKPAIIUTH T 91
IHIIN TIPOIECH B XKHTTI cycniibcTBa [18]. B maHomy po3aiiai My 3ynmMHHMOCS Ha
MOHSTTI «IUTYYHUU 1HTETIEKT.

Jlns kpamioro po3yMiHHs 3ragaemMo ¢utbM «I'pa B imitamito»[18]. Tyt
PO3MOBIIAETHCS, SIK KOMaHAa MiJ KepiBHUUTBOM AnaHa TropiHra po3mudpyBaiia
KOJ, AKui OyB CTBOpPEHMH IIiJi Yac HIMEUbKOoi BiiiHM 30epir Outpmie 10 muH
JIOJCBKUX KUTTIB 3a aonomororo 1. B cBorwo uepry, Hanpuknan, y ¢puisMi «5
po0OOT» MITHIMAETHCA TEMa MOPAIbHOI, €TUYHOI Ta IOPUAMYHOI MPOOIEMHU.
Kinoctpiuka geMOHCTpy€E CUTYaIlit0, KOJIU TIPY aBapii AB1 MAIlIMHK MAJAI0Th y BOJY,
1 came poOOT BHU3HAYAE KUTTS SKOTO BOJMIS PATYBATU. 3aBASKU aJITOPUTMY
HMITYYHOTO 1HTEJIEKTY BCEPEAMHI IIbOro podoTa OyJio MpOopaxoBaHO Yy KOO IIAHCH
BIDKUTH BUIII. 3BUYANHIA JIOAMHI 1HOAI CKJIQJHO 3PO3yMITH JIOTIKY, SIKOIO
KEePYEThCS MalllMHA TIPU MPUUHATTI TOTO UM 1HIIOTO PillieHHs (OCKLJIBKH 1151 JIOTIKA €
HEJ0JIChKO10). Haiikparie ii mosicHI0€ TPUHIIUIT pOOOTH HEUPOHHUX MEPEK.

3apa3 BY€H1 [aHOi Taily3l B OCHOBHOMY IpallOOTh HAaJ MOEIHAHHAM
IHHOBAIIMHUX TEXHOJOT1A 3 MOpPaJbHUMH acreKkTaMu poOoTiB. YoMy 1ie cTpumye
BIIPOBA/DKCHHS IITYYHOTO IHTENEKTY? BiamoBigaro Ha mnUTaHHS MOXe OyTH

IPUKITa] aBTOMOOLTRHOI KommaHii 3 KpemHuieBoi momuuu (Amepuka) Tesla Inc.
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[TpariBHUKKM KOMITaHIi 1€ JEKUTbKa POKIB TOMY pPO3POOMIHM alTOPUTM, SKHMA
JI03BOJISIE 3pOOMTH aBTOMOOLIb ITOBHICTIO aBTOMAaTHYHO KEPOBAHHUM, HEOOXiTHO
JUIIE TMEePeluTH TporpamMHe 3abesneueHHs. [IpoTe HIXTO IBOrO JIOBrUM 4ac He
BUKOPHUCTOBYBAB, CaMe 4Yepe3 acIleKTH, skl OyJu paHilie nepepaxoBaHi.

Sku1o roBoputu KOpoTKo, ainroput™ LI mpairoe 3a TaKuM NPUHIUIIOM:

° HaxonuuytoTbcs neBHi gaHi (B 3aJIe)KHOCTI BiJT 3a/1a4, SIK1 CTaBJISATHC);

° [IpoBoauTHCS 1X aHA3;

o B pesynbrari aHamizy BiiOyBa€eThcs TMEBHE PO3yMIHHS 00poOJIEHOT
1H(popMmarii;

o Ha ocHOBI 11bOT0 PO3yMiHHS MPUIMaIOThCs pitieHHs [18].

Sk mpuKiag HaBeIeMO CaMHil eJIEMEHTApHUM BHIMAJ0K BUKOPUCTAHHS
IITYYHOTO 1HTEJICKTY B MTOBCSAKICHHOMY XHTTi. HaneBHO KOXXEH 3HA€, BUHAWICHUH
nie B 1956, anropuT™ moiryky HaMKOPOTILIOIo HUISAXY (came 3a Moro mpUHIUIIOM
npamoioTe GPS-mpuctpoi). [lodynoBa mapmpyTy 3 Toukd A B Touky b Tyt
OpIEHTYETHCS HA JBA IApaMETPH — LI€ BIJICTaHb 1 4ac. AJie He TaK JaBHO PO3POOJIEHO
MEXaHI3M, 3a SKAM MalliHa TPOKIAgae JUis KOPUCTyBaya TakK 3BaHUU
«HAUKPACUBIIINNY NMUIAX, «KHAUTUXIMIMN) IIIIX Ta «HaWmacaupimmiy muisx. 1o
e o3Hauvae? B mepiiomy BUIAIKy ajlrOpUTM aHaIi3ye BYJHMII, SAKI MalOTh OUIBII
BUIITYKaHY apXITEKTYypy, KpacuBl OyJMHKHU, Ta i1 3araioM iHPpacTpyKTypy MicTta. B
JPYroMy BiJIIOBIIHO TPOBOJUTHCS MOHITOPUHT TUXHUX MICIlb, MAPKiB, BIICYTHOCTI
CKyOYEHHS HATOBIY TOIIO. A TPETi alropuT™ MOKa)xe AOPOTH, Ha SIKUX TPUCYTHI
nabu, kaderepii, peCTOpaHH Ta pO3BaXKaIbHI 3aKJIA]IH.

ToOTo Bce, UMM ciil KEPYBATHCh MAIlMHI — 1€ 00paXxOBYBAaTU KOEPIIIEHTH
«IIACTHUBIIIOCTI», «THXIMIOCTI» Ta «KpacuBimocTi» [18].

Bixe Oyno 3ragano 3a iHHoBauii LI B ramy3i meaununu. Tenep xouerbcs
TaKOX TOSCHHUTH, SK 1€ BUTIIAA€ HA TMPAKTUIl B pealbHOMY CBiTi. SIckpaBuUM
IPUKIAAOM IIHOTO € MEIUIIMHCHKUN aHali3 JIe30KCUPUOOHYKIICTHOBOT KHCIOTH
(IHK) Ta memuiuuceka anamituka. Kommanis «23andMey, 1o 3HaXOAMTHCS B
MaynTtin-B'to Bcworo numie no pesyasratax JIHK mogunu moske BU3HAUMTH 70

SKUX XBOpIO BOHA CXWJIbHA, CTaH il 370pOB’S B JaHWW MOMEHT, IependadyeHHs
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3aXBOPIOBaHb y HaWOmmkuuii wac tomo. lleit mexaHi3M mpairoe Ha MPUHIIAII
HellpoHHUX Mepex. Crif BIA3HAUMTH, 110 B JAaHOMY BHUIAJAKY 3aCTOCOBYETHCS
OararomiapoBa HeWpoMepeka, 1 SKIIO MOoXHOKa OJHOr0 HEMpOHA IMpH aHami3l i
po6oti 30%, To moxubka CyKymHOCTI HEMpOHIB Osn3bKk0 3%.

BaxxnmuBUM TOCATHEHHSIM B rajty3l JIKapChKOi CIIPaBU € I1arHOCTHKA 30py Ta
BUSBIICHHS XBOpi0. Came 3aBISKM MIMOMHHOMY HaBYaHHIO IITYYHOTO 1HTENIEKTY
MOKHA BUSIBJISITU OHKOJIOTIYHI 3aXBOPIOBAHHS, MPOOJIEMHU 3 CEPIEBO-CYJIUHHOIO
cucteMoro. OZHUM 3 HAWTOJIOBHINIMX JOCSTHEHb MPUWHATO BBAXKATU MOKIIMBICTb
CHUHTE3y MOBHU 3a JOTIOMOTOI0 CKaHyBaHHS KOpPU TOJOBHOTO MO3KY JIIOJUHH (1€
BiZIOYBa€ThCs Yepe3 akTUBHICTD HelpoHiB) [18].

Kowmmanis IBM B cBoto uepry mmpoko BukopuctoBye NN 1 Bu3HadeHHS
3B’SI3KIB MIDK KOMITaHISIMH 1 JIFOAMH, 5Kl BIUTMBAIOTh HAa 1HBECTUIIIMHUN mopTdeIb
cBoix kiieHTiB [19]. ToOro mo anamizy cykymHoOcTi iH(oOpMmalii B raserax,
KypHajaxX, COIIaJbHUX MEpekax Ta IHIIMX ENEeKTPOHHUX JKEpelax MOKHA
BU3HAYUTH YM TOB’s13aHa JIIOJMHA 3 KOPYMIIOBAaHUMH OpraHi3aIisiMy Ta ii MUHYITY
npodeciitHy icTopito.

[IIupoKkO BHUKOPUCTOBYIOTH IITYYHHI IHTENEKT 1 B OXOPOHI JEp>KaBHOIO
CEKTOPY, BYJMIb, MPOBYJKIB, YCTaHOB OCOOJMBOi BaxiuBocTi. ToOTO 3a
JIOTIOMOTOI0 aHAaJI3y JaHUX 3 KaMmep CIIOCTEPEKEHHS MOXKHA JIeTKO BH3HA4YaTH B
SIKOMY paiioHi a00 YaCTHHI MICTa YacTiIlle 3a BCE CTAIOTHCS 3JIOYMHH, KPATIKKH,
HEeMnpaBoBi A1l 3 00Ky rpomaisH. BiAmoBiaHO TaM 30cepeKyBaTH OUTbITY KUTBKICTh
MOJIIIIIT UM MPAaBOOXOPOHIIIB. TyT Tak caMo BapToO 3rajiaTu JCPKAaBHUX MPAIIBHUKIB
Ta TOJITUYHY 4yacTuHy. 3a monomoroto I mpamiBHMKM 3/1aTHI B pa3u LIBUIIIE
0o0poOJIATH 1 CUCTEeMAaTH30BYBaTH AOKYMeHTH. B bputanii cTBepIKyrOTh, 10
po0oTH Ta “pO3yMHI” pOrpaMu B 3M031 3aMIHUTH 0113bK0 90% YMHOBHUKIB.

HaneBHo, HaiO1IbIIIOT TOMYJIAPHOCTI 3apa3 HaOyB Smart-House (“po3ymuunii”
OynuHok). I{ina cucrema, mo 0a3yeTbcs Ha IITYYHOMY IHTEJEKTI Ta «IHTEPHETI
pedeil» MoXe He TUIbKHM rapaHTyBaTH HaAliiHy cHcTeMy Oe3NleKu Uil JII0IEH, sIK1
TaM 3HaxXOoJATbCA, alle W KepyBaTH CTAHOM Mepexi B OyAMHKY, CaMOCTIMHO

npuOUpaTH, CTSIKUTHU 33 BUTPATAMU €IIEKTPOCHEPTii, BoaH, cBitia Tomio [20].
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Ha ocHOBI mITy4HOTO IHTENEKTY TaKOXX CTBOPEHI POOOTH-aCHCTEHTH, SIKi
KEPYIOThCSI BCHOTO JIUIIIE JIFOJACHKHM T0JIOCOM. SIK 1 Oy 1b-sIKi 1HIIII BUHAXO1, BOHH
po3po0IieH1 Uil TOro, 100 TMOJErmMTH JIOJWHI IIOJeHHE ICHYBaHHSA. To0TO
KOPHUCTYBa4 BCHOTO JIMIIIE KaXKe, 10 POOOT MOBUHEH 3pOOUTH, a BiH YK€ BUKOHYE
KoMaHay. Jjig mpukiaay BKIIIOYA€ CBITIIO, KOHJUIIIOHED, CUCTEMY 3BOJIOKEHHS
MOBITPS, BIIKPUBAE BOJIY Y BaHHI UM B IHIIOMY MPUMIILIEHHI OyAMHKY, MOB1IOMJISIE
PO HASIBHICTH IMOBIJIOMJIEHb Ha aBTOBIJINOBiAa4l abo mporpae ix, iHGOpMye TPo
HOBHWHHU B KpaiHi Ta CBITI.

Sx ¢antactuyHo 1e 6 He 3Byuano, ane I 3actocoByoTh Takoxk B cdepi
mucTenTBa. HaifuacTime ne kHUrM 1 My3uka. Ha ocHOBI Toro, mio moauHi
0100a€THCS, MAIITMHA MOYKE TEHEPYBATH MY3WYHUH psij] a00 mucaTu KHUTY. bibie
TOTO, HENIOJJAaBHO CTBOpPEHA KOJIMCKOBA, s5Ka, 3a CJIOBAaMU JIOCHIJHUKIB Mae
JIKyBaJbHUNA Ta 3acnokororounii edekrt. B mopiBHAHHI Menoii HamMcaHoi 3a
JOTIOMOTOI0 IITYYHOTO 1HTEJIEKTY Ta MeNoJli BUKOHYBaHOI MpodeciiHuMu
My3UKaHTaMH OyJI0 BUPIIIEHO, IO 3 CBOEIO 33/1aUei0 Kpallle i MIBHUIIEC CIIPaBUBCS
poboT.

MammHHe HaBYaHHS 3aCTOCOBYIOTh Y «JIOMOBHEHIN peanbHOCTI». buibmocTi
e MOHATTSA ACOLIIETHCS 3 BIJEOIrpaMu Ta poO3BaraMu, MONPH TE€ BIPTyaJbHY
peaNbHICTh BUKOPUCTOBYIOTh 1€ i y cdepl TPEeHYyBaHHAX, JIIKYBaHHI IEBHUX
3aXBOpIOBaHb 1 3arajiom y memuiuHi [21]. Takok Bce OUTBII MOMYJISPHUM €
BUOWpATH TOBApHW y BIPTyaJbHUX Mara3WHax, Yd HAMPUKIA] MPUMIPATA Ha cede
OJAT Iepell MOKYNKO 3a gonomororo 1.

B 2022 poui B VYkpaiHi Bce dYacTimie BHUKOPUCTOBYETHCS IIpOrpamMHe
3abe3neueHds Clearview Al, BiacHMKOM SKOro € aMepuMKaHChbKa KOMITaHisg. 3a
JIOTIOMOT'O10 IITYYHOTO 1HTEIEKTY MporpaMa 3aTHa MOPIBHIOBATH OOJIMYYS JIFOIUHU
3 023010 JaHUX, KA MICTUTh MOHA[] I€CATh MUIbSP/IIB 300pakeHb (1Ba 3 HUX B3TI 3
COLIIAJIBHUX MEpEX, a 1HII BICIM 3 3arajJbHOJOCTYITHUX BEO-IKEpPEsl, BKIIOUAOUU
3MI, BeO-caiitil 3 poTorpadisMu Ta iHII BiIKPHUTI pKepena.) [22].

Po3poOunku Hamarote Clearview Al B KOpHCTyBaHHS YHIBEpCHUTETaM,

IIPaBOOXOPOHHUM OpraHaM, BiHChKOBUM Ta IpuBaTHUM ocobam [23]. Lle ¢hakTrunO
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OJTHA 3 HAMCYYaCHIMMX TEXHOJIOT1H 7151 iAeHTU(IKAIIT Ta BUSBICHHS 3JIOYMHIB, 10
B CBOIO Yepry 3MEHINY€E BIJICOTOK KPUMiHAIBHOCTI B MicTi/ obsacTi/ kpaini Ta
nifBuinye Oe3meky mnpokuBanHs rpomaznsH. Clearview Al mpumatHa 1 s
OTPUMAaHHS BUCOKOSKICHUX CJIITYUX Matepiaiis [24].

JIocSITHEHHsT B Taiy3l IITYYHOTO IHTEJNEKTY HE OOMEXYIOThCS JIUIIe
BUIIICONTUCAaHUMU TIpuKIIagaMu. Ha chorogHiHINA yac #0oro 3acTOCOBYIOTh MaiKe y
BCIX cdepax JI0JChKOro KUTTA. Bee yacTiiie crae monyJsspHUM po3poOKa poOoTiB,
sIK1 HA0yBarOTh JIJIs1 JTIOJIEH cTaryca Jpyra Ta MOMIYHHKaA.

Komnanis Neurotrack, nokansHo po3ramoBana B Kuesi, crerianizyeTbcsi Ha
3aCTOCYBAaHHI MAIIMHHOTO HABYAHHS T4 BUKOPUCTAHHI HEMPOHHUX MEPEXK B 1HIIUX
JaHKax IPOMHUCIIOBOCTI 1 O13HecCY, siKi 1ie He Oynu 3ragaHi. Kommn'torepHi mporpamu
¢bipMu 31aTHI BUKOHYBATH (PYHKIIIT, 31aBajocs O JaBHIIIE MOXIJIMBI JIUIIE JTFOIHAHI.

OnuH 3 MOMyJApHUX TMPOEKTIB HAIUICHWA HA aHali3 MOMHUTY B 3aKiajax
xapuyBaHHsA. ToOTO 1€ pecTopaHH, Kade, mabu Ta I1HIIN KyJIbTYpHI MICIIS.
Cratuctuka J0BOAWTH, 10 Oiu3bko 30% BiABIAyBayiB MOKWJIAIOTh 3aKJaJl HE
BCTUTIIM TOJIKOM TNeperjasHyTH MeHio. Lle BigOyBaeTbcs uyepe3 Opak wyacy 1
BIZICYTHICTh MOXJIMBOCTI YeKaTH Ha CBO€ 3amoBiieHHs. Tomy Neurotrack po3poounmu
CHeIiaJIbHI TporpamMu Jis, TaK 3BaHOI, 3aTpUMKH KiIi€HTiB [25]. Bonu aHamizyorh
0COOJIMBOCTI MEHIO, (DaKTOpU KIIBKOCTI BIJBiAYyBaudiB, $IKI Ha JIaHHUH MOMEHT
MPUCYTHI B 3aKJaji, CE30HHICTh, TCHCHIIIIO 3aMOBJICHb BIAMOBIIHO JO TEpioay
n00u Tormro. BianmoBigHO 10 WX JaHUX PECTOPATOPH Ta KyXapi 3HAIOTh, KOJIH 1 SIKi
CTpaBU HEOOX1HO FOTYBATH B MPIOPUTETI, 200 K HA SKUX KIIIEHTIB OPIEHTYBATUCS.

Neurotrack Takox B mpolieci MOKpalleHHs 1 AOCTIHKEHHS “pO3yMHOro”
xonoauibHuKa. Taka 1HHOBalisS 3a0€3MeYUTh CBOEMY BIIACHUKY MOXJIUBICTh
KyIyBaTW Ta OIUIauyBaTW TOBAPU HE BUXOASYM 3 JIOMY 1 HE CTOSYM B 4ep3i, TUM
CaMUM €KOHOMJISTYM CBiif yac.

JUIss 1pOro mpocTo HEOOXITHO 3aBaHTAXUTH Ha CMapTPOH IpOorpaMmHe
3a0e3neueHHs, po3polseHe KoMmaHiero, BiackanyBaTu QR kop, 1mo HasBHUN Ha
KOXKHIM MOZeNli XONOMMIbHUKA Ta 3abpaTu ToBap sSkui HeoOximumid. Cucrema

CaMOCTIMTHO 00paxoBYy€ CKUIBKH Ta SIKOTO TOBAapy B3SB IMOKYIEIb 1 BIAMOBIIHO
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CIHUCY€ KOLITH TH 3 MOro paxyHKy, a HEHpOHHI MEpeXi Ha OCHOBI SIKUX IPALIOE
npwiIaz 30MparoTh JaHl I MpoAaBis. SIKMM 4MHOM 1€ BinOyBaeThesi? Bee myxke
MIPOCTO, XOJIOAUIBHUK IMMOPIBHIOE KUIBKICTh IIEBHOT'O MPOJAYKTY B HOPMI 3 KIJTBKICTIO
HAsBHOIO B JIaHWM MOMEHT. BiAmoBigHO mNpuiimMae pilleHHs, 110 TOW YK 1HIIUN
bpyKT, 0BOY, un Oyb IO 1HIIE 3aKIHIYETHCS 1 HOTO Tpeda TOKYMHUTH.

3a J10MOMOror poOOTH HEHMPOHHUX MEpEeX AaHAII3YIOTh TAKOX PEaKIio
IJIs/1a4a Ha BII€O-KOHTEHT. 3a IOIOMOI'OI0 CEHCOPIB, SIKI 3YUTYIOTh TIOKa3HUKU 3MIH
OpraHi3My JIOJUMHHU, MOKHA CKa3aTH YM CIIOA00ABCS JIIOJMHI B1IEOPOJIUK a00 XK
¢oro-konteHt. LlikaBuM € TO#l (akT, M0 30BCIM HEJABHO TaKi MaHEBPU MOTJa
poOUTH JUTIIE JIFOIMHA, BUTPAYAIOYH HA 1€ JOCUTH BEJIMKUH TTPOMIXKOK Jacy.

3apa3 HayKOBIIl MPAIIOIOTh HAJ THUM MO0 MITyYHUH THTEIEKT MOXKHa OYJo
BUKOPHCTOBYBATH HE JIMIIE B TEXHIYHUX Npodecisx, ane il y TBopuux. Hanpuxmnan
e pobora komipaiitepa, SMM-Menemxkepa, imocrtpatopa Ta iHm. HogHs M
JIOBOJIUTHCSI TEHEPYBATH JIOBI1 TEKCTHU Ha PI3HI TEMATUKU Ta IPUAYMYBATH JTU3aiiH
70 HamucaHoro. Jyis aBToMaTu3allii Iboro MpoIiecy CTBOPEHO CIielialbHOro 00Ta,
[0 Ha OCHOBI OTPHMMAHOTO TEKCTy abo MpoaHali30BaHOi iH(OpMaIlli 31aTeH
CaMOCTIHHO TeHepyBaTH TekcT. s npukinany SMM-MeHemkep mounHae BBOJAUTH
TEKCT Ha IeBHY TeMY, a 00T MPOAOBXKYE NUcaTH oro. MaimHa poOUTs 11€ B 5 pa3iB
IIBU/JIIIE HIK JIIOJICBKUNA MO30K. BOHa 37aTHA HE JUIe reHepyBaTH TEKCT, alie i
JOTIOMOTTH 3 Bi3yamizamiero. Ciil MpOCTO BBECTU 3alUT y BIEBHEHUN PSIIOK
IPOrpaMHOTO KOAY 1 3a 3IIYEHHY KUIBKICTh ITepalliii KOPUCTYBad OTPHUMYE
KapTUHKY TOT0, 1110 Homy noTpiObHo. Came 1151 GYyHKINIA € HaJA3BUYAHHO KOPUCHA IS
JU3aliHEPIB Ta LIFOCTPATOPIB TEKCTIB [25].

ImrocTpyBaHHS MO’K€ 3aCTOCOBYBAaTHCS B Ti camid meauiuHi. HaykoBo
JIOBEJICHO, 110 OUIBIIICTD JIFOACH MPH MOKYMI[l HOBHUX JIKIB YUTAIOTh Juie 7% 3
JUCTa THCTPYKIII O HUX. 3a JOMOMOrow po3poOku kommaHii Neurotrack Bech
HaIMCaHUN TEKCT MOKHA Bi3yali3yBaTH HE JMIIEe 300paXeHHSAMH, a U rpadikamu.
Sk Bimomo, 1H(opMauig 3 BiAEO YM 1HPOPMaLIMHUX KapTUHOK HabaraTo Kpamie

CHpHﬁMaeTBCﬂ HaMM Ta Kpalic 3aCBOIOETHCA.
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2.2 BHKOpHCTAHHS IITYYHOIO iHTEJICKTY B “pO3yMHHUX” TeIJIMISX

Tenep onumeMo cdepy 3acTOoCyBaHHS IITYYHOTO THTEIEKTY B “pO3yMHUX’
TETUTUIISX .

Sk 3ragyBaioch  paHille TMpUd  aBTOMAaTH3allli TEIIMIb 3a3BUYAil
BUKOPHUCTOBYIOTHCS PI3HI CUCTEMHU MIATPUMKHA TEMIIEPATypPH, MEXaHI3MHU IIJIITPIBY
IPYHTY, KpamelbHOro 3pOIIyBaHHS, AaBTOMATHMYHE NPOBITPIOBAHHSA Ta 1HIII
TEXHOJIOTTII.

Jlns mpuknany y cem Benuka HoBocinka (YkpaiHa) mikosispaM CTapiidx
KJIaciB BJAJIOCh CTBOPHUTU BIAacHy ‘“po3ymHy”’ temmmio [26]. Tyr mpucyTHi Bci
Bumenepepaxosani cucremu. Llle y 1960-1i poku Ha 6a31 Teputopii mkomu Oyso
30y7I0BaHO 3BHYAWHY TEIUIUITIO, /1€ BUPOIILYBAJIUCH Pi3HI KyJIbTypH B OCHOBHOMY
JUISL ToCHipkeHb 3 6iosorii. I OykBansHO y 5k0BTHI 2021 poky OyJ0o mpeacTaBIeHO
MOJIEpHI30BaHy CTPYKTYpY po3poOKH. 3arajbHa BeludyuHa (DiHAHCYBAHHS I[bOTO
npoekty ckiaiga 300 000 rpa. Cama X TEIUIMIS CKJIAJAEThCSl 3 CEHCOPIB, SKi
KOHTPOJIIOIOTh TeMITepaTypy IPYHTY, BOJIOTICTh MOBITPS, BMICT BYTJIGKHCIIOTO Ta3y
1, 3BBUYANHO, PIBEHb OCBITJICHHS.

[Ipn mopylieHHI HaleXHUX MapaMeTpiB CUCTEMa aBTOMATHYHO KOPETYyeE
YBIMKHEHHSI Ta BUMKHEHHSI TUX YM IHIIUX MPUJIAAiB, sIKI BIAMNOBIIAIOTH 3a IIi
MOKa3HUKHU. TeruIls mo/ijieHa Ha TPY 30HW, OCHOBHA 3 SIKUX — II€ 30Ha HAYKOBHUX
noCHiKeHb. TyT mpalfoe TiJIpONOHIKa Ta 1HIII aBTOHOMHI TEXHOJIOTI, sKi
3a0€3MevyI0Th BUPOIyBAaHHS HABITH JTy>K€ PIIKICHUX COPTIB POCIIHH.

JlaHa Teruis € OHO0 3 YHIKaJIBHUX He nuie /it JloHenbKkoi 00nacTi, aje
i s Beiei Ykpainu. Taki BUHaX0Au 3HAYHO CIIPOLLYIOTh JAOTJISIT Ta PICT POCTUH 32
JIOTIOMOTOI0 3aCTOCYBAaHHSI IHHOBAIIIMHUX TEXHOJOTiH. KpiM TOro € MOXIHBICTH
MOCTIHHOTO TIPOBEJAEHHS JOCHIIHMUIIBKUX PoOiT. Cami X YYaCHUKH NPOEKTY B
MalOyTHHOMY IUIaHYIOTh MOHETU3YBaTHU CBOIO PO3POOKY Ta MEPETBOPUTH il HE
JIMIIIE HAa MIHI-LIEHTp UIS POBEAECHHS €KCIIEPUMEHTIB, ajie il Ha BEIMKUH O13Hec.

Tak caMo sickpaBuUM npukiIagom 3actocyBaHHs LI B “po3ymMHuX’ Terummsax

mMoxke Oyt po3podka mkonmu ROBOCODE B micti @actiB (KuiBcbka 061acTh).
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OcHOBHa i7iesl TIPOEKTY — 1€ aBTOMATH3aIlisl MPOIECY BHUPOIIYBAHHS POCIHH B
TEIUTMIIX MaJiX PO3MIPIB 3 MOJANIBIIO MOXIIMBICTIO MaciiTabyBaHHs [26].
HayxoBI1i BBaXKarOTh, III0 TOJOBHA MpobJieMa MPU POCTi KyJIbTYPH — II€ TaK 3BaHa
NepeTpUMKa TEMIIEpAaTypH Ta MOHITOPHHT CTaHYy BHPOIIYyBaHOI pociuHU. Jlis
KOHTPOJIIO IILOTO y Po0OTI 3 “pO3yMHOI0” TeruMIelo (PacTiBChbKI JTOCHITHUKA

BUKOPUCTOBYIOTh HACTYIHI ()yHKIIOHAIH:

o JaMIIU JJI PETYJIIOBaHHS TEMIIEpaTypH;
o ABTOMATU30BaHY CUCTEMY TOJUBY POCIIHH B TCTUIUIISIX;
o a TaKoX BIJIOOpaKeHHS TEIUIMIII B peaJbHOMY 4Yaci (IMMOKa3HUKH

BOJIOTOCTI, TE€IlJIa, CTaHy I'PYHTY IIEBHUX KYJIBTYD).

B crpykrypi po3podku mpucytHi LED-namnu, tpanchopmarop (12 Br),
omHokaHanbHI mepemukadi, ArduinoUNO, makeTHa 1uiara, 3ymep, MOyJIb CEHCOPIB
BOJIOTOCTI IPYHTY, TEMIIEPATyPH, BOJIOTOCTI MOBITPS Ta MOAYJb 3 (OTO-PE3UCTOPOM
(KU pEryIIoe OMip Yy CUCTEMI B 3aJIEKHOCTI Bi 30yIKEHHS MOKAa3HUKIB CBITIIOM
[27]).

MacmTabHl JOCATHEHHS B TEXHOJOTII aHaIITMKH BEJIUKUX JaHUX,
JTUCTAHIIHHOTO 30HAYBAaHHS, CUCTEMHU MIATPUMKH NPUNUHATTS PIllIEHb, IHTEPHETY
pedelt Ta ITYYHOrO 1HTEJIEKTY 3HAYHO MOKPAIIUIN CUIbCBKOIOCIONAPChKy chepy
OaraThboX KpaiH.

Bukopucranns 0e3nmocepelHbO0 IITYYHOTO IHTEIEKTY B  “pPO3YMHHUX’
TEIUTMIIIX Mae psij cBoix mepeBar. Came 3a JOMOMOTOI0 MAaIlIMHHOTO HaBYaHHS,
BUKOPUCTAaHHS HEUPOHHUX MEPEX 3HAYHO MIJABUUIYIOTHCSA MPUOYTKH Ta KUIBKICTh
OTPUMYBAHOTO BpOXKaio (epMepaMu JIOAbMH, K1 3aiMArOThCS BUPOIILYBaHHIM
pociuH, a00 XK THX, XTO CIIELIai3yeThCs Ha PIIKICHUX KyJIbTypax.

binpmie Toro, B HamionaneHomy IliHITYyHCHKOMY YHIBEpCHUTETI HAyKH 1
TEeXHIKH Ha Kadeapi iHkeHepii Ta 010MeXaTpOHIKH, BUSHI pO3POOUITH METOI0JIOTII0
JUIs TPOTHO3YBaHHS NEBHUX (I3MYHUX MapaMeTpiB IMOB'SI3aHUX 3 POCTOM,
(OTOCHMHTE30M, a TAaKOK HMPOTHO3YBAaHHAM 300pYy BpPOXKAIO Takol KyJIbTYpH SIK
JTUCTKOBHI cajar [28].

TexHosoris MicTUTh B €001 IHTETPOBAHI MOXMJIMBOCTI Ta IHCTPYMEHTH



34
IITYYHOTO 1HTENEKTY, HeHPOHHUX Mepexk 1 HeuiTKoi Joriku. [oT i cuctema 06poOku
300pakeHb TYT BUKOPUCTOBYETHCS ISl pOOOTH 3 TaHUMH, a TOYHIIIIE 1100 30uparu
€KOJIOT1YH1 TOKA3HUKH.

B TOU caMui yac, HAYKOBIII IenTpanpHOrO THCTUTYTY
CLIILCHKOTOCIIONIAPChKOT 1HXKeHepii B I[HIli CTBEpKyIOTh, IO 4Yepe3 IOCTIHHE
30UTbIIEHHSI KUIBKOCTI HACEJICHHs Ta BIAYYTHUM BIUIMB 3MIHM KJIIMAaTUYHUX YMOB
CUIbCbKE TOCIOJApCTBO HECe BEIUKY BIAMNOBIAANBHICTh 3a 30UIBIICHHS
BUPOOHUIITBA Ta TEMIMIB poOOTH. Y 3B'A3Ky 3 THM, IIO Oarato KpaiH HE MOXe
J03BOJIUTH COO1 PO3IIMPEHHS CUILCHKOTOCHIOJAPCHKUX YTi/lb, €IMHUM PEATbHUM
BUXOJOM 3 IIi€l CHUTyalii € aBTOMaTH3allis JaHKW BUPOOHMITBA. PO3BHUTOK
nudpoBUX 1HHOBAIM, HaJalO4Yu “po3yMHI” cUCTeMH, 3a0e3medye MOHITOPHUHT,
KOHTPOJIb Ta Bi3yalmi3alliio pi3HHX oIlepaliii Ha ¢epMi B peKUMI pealbHOTO Yacy.
TyT 3HOBY X Taku B OCHOBHOMY BHUKOpPUCTOBYIOThCA TexHomorii Al ta IoT.
OO0'enqHaBIIM Bl JJaHKM, Ha BMXOJI MOXHa OTPUMATH pE3yJIbTaTH, SIKI 3HAYHO
MIEPEBUIIYIOTh JIFOJCHKI MOXIIMBOCTI poOoTH [28].

Binacne cama cucrema, pospobisiena B IHali, MICTUTh JEKUIbKa
B3a€MOIIOB'I3aHMUX TEXHOJIOT1H HAa OCHOBI IHTEPHETY peyell 1 IITYYHOrO 1HTEJIEKTY.

Cami komnoneHtn — ue Beagle, Raspberry Pi ta Arduino. Bonu 3pmathi
e(eKTUBHO B3aEMOISTH 32 JOIIOMOTOI0 KOMYHIKAIITHOTO MOy isA. €TMHUN MIHYC
TaKMX KOMIIOHEHTIB — II¢ OOMexeHa mam'siTh OOpoOKM, TpOoTe BOHHU 3JaTHI

edeKTUBHO TiepeaaBaTH 30BHimIHI AaHi [29]. Lle mokazano Ha pucynky 1.12.
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Pucynox 2.1 — PoGounii npoiiec mrTy4HOro iHTeIEKTY/MaTuHHOTO

HaBYaHH OJIA CiHLCLKOFOCHOI[apCBKI/IX piIHGHL

Po3bepemo neranbHilie i 40ro BUKOPUCTOBYIOTHCS TaH1 CKJIAOBI.

BeagleBone — 11e Heopora 1iara, sika Mpe3eHToBaHa i po3poOHUKiB. BoHa
MIIXOAUTH JIJIS JIFOJEH, sIKi € TpodecioHanaMu Ta A npoctux mroodurtenis. [liara
NIATPUMY€E onepainiiiny cucteMy Linux Ta J0BOJII CKOPO BHKOHY€E OIEpalii.
OcnoBHa 3aj1a4a po3poOHukiB BeagleBone — naru xopucryBavyam, mparodnm 3
BIIKpUTUM KOJIOM, Oa3zoBuii HaOip (YHKIIN, IO J03BOJSIOTH MPOJTYKTHBHO
mparoBaT Ha 0a3i nmporecopa BMOHTOBAHOTO B IIJIATy.

Came 3aBsKu CBOIM CTpyKTypi HOBIiTHI Bepcii BeagleBone mintpumyroTsh
nekuibpka iHTepdeiici. Lle ocHOBa /yIst TPOBEICHHS €KCIIEPUMEHTIB 1, TaK 3BaHOTO,
HaBYaHHS MpOrpaMyBaHHIO mpouecopa. Takox BeagleBone nmiarpumye goctym mo
nepudepiiiaux npuctpoiB [30]. Lle BinOyBaeThcs 3aBISKHM CTBOPCHHIO BJIACHOTO

NpOrpaMHOTO Ta amapaTtHoro 3abesnedeHHs. Pa3oM 3 IIi€f0 IUIaTOI0 MOXKHA
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BUKOPWCTOBYBAaTH ¥ 1HIIN TUTATH PO3IIMPEHHS B 3aJIe)KHOCTI BiA 3a7ad AKi BH
cTaBHUTE Tiepe] co0oro.

Raspberry Pi — ne ¢aktuyHo KOMI'IOTep, SKHH MICTHTh OAHY ILIATy Ta
po3pobsienuit B bputanii [31]. OcHOBHE HOro mpu3Ha4yeHHs — 1€ 3a0e3MeYuTH
MOKJIMBICTh BUBYEHHS Ta poOOTY 3 0a30BUMH KOMITIOTEPHUMH HaBUYKaAMHU IS
npodecionais i odutenis [32].

Bin mae 10BoII IMPOKE KOJIO BUKOPUCTAHHS:

o HacrinpHuii koMn'toTep 3 NIAKIIOYEHHAM NepudepiiiHuX MpUCTpOiB
(ioro MOKJIMBOCTEH BHCTAuUTh JUIA 3BHYANHOI pOOOTH, TPOTE oOIepaiii, sKi
OTPeOYIOTh MOTYKHOTO MPOIecopa OYAyTh TaBATHCS i3 3aTPUMKAMH);

o “PozymHe” TenebaueHHs (3 BAKOPUCTAHHSIM aHAJIOTOBOTO Kalers);

o My3uuHuii mporpaBay npy HassBHOCTI KOJIOHOK;

o Cepgep aiig 6e31pOTOBOTO JIPYKY;

° BroxeTHHI BapiaHT MEPEXKEBOTO CXOBHUIIIA;

° Biiacne xmapHe cepesoBuile 3 JOMOMOrow aucTpuOyTuBiB Raspbian
ta Debian 1 cniemiansHoro gqoaatky Nextcloud;

° Mapupyrtusarop;

o Be6-cepBep a1 po3MillieHHs CalTiB;

Mopnens cknanaerbest 3 LEHTPAIBHOTO MPOlecopa, ONMEpPAaTUBHOI MaM'sTi,
BOymoBaHoro Bluetooth, 3 BiTHOCHO HEBHCOKMMH EJICKTPOCIOXKHUBAHHSAM Ta
0e3/1pOTOBOT JIOKAJIbHOT Mepexi. HasiBHI Takok KOHTAaKTH [IJIi BBEJACHHS Ta
BUBEJICHHSI 3aTaJIbHOTO Mpr3HavYeHHs. OCOOIUBICTh MOJIEN, IKA BUKOPUCTOBYETHCS
B JIaHIi po3p0o0IIi — I1e MOXKIUBICTh O€3IPOTOBOrO MiAKIIOYECHHS 10 TOYKH JOCTYITY
Ta 3[JaTHICTH po3poouTH 6e3ApoTOBY cuctemy [33].

Arduino — e matdopma, sika BAKOPUCTOBYE MIKPOKOHTPOJIEP, AJIs TOTO 1100
3pOOUTH TH KEePYyBaHHS TEIUIMIICIO OUTHIN THYYKUM. Arduino mpairoe 3 BIIKPUTUM
BUXIJTHUM KOJOM Ta CEpEJOBHUIIEM pO3pPOOKH JJIi HAIMKCAHHS MPOTPAMHOTO
3a0e3ne4eHHs.

3aranoM y4acHUKHU CTapTamiB y cdepi “po3yMHHX’ TEIUIMIb B OCHOBHOMY

30CEPEIKYETHCA Ha PO3poOLl Ta peamizalii KIIMaTHYHUX YMOB, SIKI BJIacHE
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KOHTPOJTIOIOTHCS Ta KEPYIOThCS PI3HUMH MIPUCTPOSMHU Ha BuXO0 1. CeHCOpHU Ha BXOi
Ta JABUTYHH Ha BUXOJ[I BCTAHOBJIOIOTHCS 1 MIAKIIOYAIOTHCS JI0 TEPCOHATBHOTO
KOMIT'FOTepa KOpUCTyBaya uepes cxemy koHTposiepa Arduino UNO, o Ha3uBaeThCs
300pOM JaHUX.

Jlist kopucTyBada po3poOisieThCsl CelialbHUN 1HTep(deic 3a J0moMOror
MOB TiporpamyBaHHs (Haivacrtime e MS Visual Basic) [34] 3 MeToro Jsermoro
KOPHUCTYBaHHS.

HaHi, sKi 30epiraroTbCs Ha CEpBEpl, BUTATYIOThCS 3 0asu y Burinial CSV,
Excel, a60 x 300pakeHb Oyab-sKOTO (hopMary, BIAMOBITHO JI0 MPOTPaMu, sika Oyae
ix o0pobnsatu nanpiie. OuuiieHHsd, ¢uUIbTpalis Ta HopMamizamis 0asu
3a0e3MmeuyeThess MonepeaHbor0 00poOKor iH(opmarii. /s KOHTPOJIHOBAaHOTO
AITOPUTMY JaH1 MOAULIOTHCS Ha MPOXIIHI, ITepeBipeHi Ta TecToBui Habip. Ilicis
YOro JI0 HUX 3aCTOCOBYETHCS aJITOPUTM POOOTH IITYYHOTO 1HTEIICKTY.

Mopenb, Ha OCHOBI SIKOT Oy Iy€ThCS TIOCHII)KEHHSI, HABYAETHCS 32 IONTIOMOTOI0
CHEI[iaJIbHO MiATOTOBICHOTO0 HA0OPY HaHUWX, JJIA MEPEeBIpKH MPOMAYKTUBHOCTI UM
TOYHOCTI BUKOPHCTOBYIOThCSl JIaHl MEPEBIPKM Ta TE€CTyBaHHA. J[aHOMYy BUMAJKy
JOCIIITHUKH 3aCTOCYBAJIM METO/1 MEPEXPECHOI epeBipKU. BiH moka3ye cTaOUIbHICTD
moneni [35]. [ms mepeBipKM MPaBWIIBHOCTI pOOOTH Ta CTIMKOCTI TaKOX
3aCTOCOBYIOThH TaK 3BaHl MaTpULl IUTyTaHUHHU.

OnucyBaHui TPUKIAA Mae BeIWYE3HHM moTeHIian. OCHOBHA HOro MeTa —
3poOuTH hepMEPChKY MPAKTHKY OLIBIIT KOHTPOJIbOBAHOKO Ta TOYHOIO 32 JOIIOMOT OO
“po3yMHHX” TEXHOJIOT1H. TakoX MTOCSITHEHHS B I1ii1 cpepi Ta 3acTOCYyBaHHS HOBITHIX
IHCTPYMEHTIB MOXYTb 3HAQ4YHO CIIPOCTHTH CKJIaJHI 3aBJaHHSA 3 MIHIMAJIbHUM
PYUYHUM BTPYYaHHSIM.

Ile BimHOCHUTBCA HE JUIIE [0 “pO3yMHHMX~  TeIJIUIb, a W 10O
CUIBCHKOTOCTIOAPCHKOT 1HXKEHEPii B 3araibHoMY. L{e mokazano Ha pucyHky 1.13.

3acTocOoBYBaTH INTYYHHUH IHTENEKT MOXHA HE JHUINE s aBTOMAaTH3allii
[IJIOTO TPOIECY BUPOIINYBaHHS POCIWHM, a JJsi OKpeMoi (yHKIIi mig yac ii
3poctanHs. Hampuknaag cucremu 3pomryBaHHs. (CeHCOpPH BOJIOTOCTI IPYHTY,

TEMIIepaTypyd Ta BOJOTOCTI TMOBITPS [IOTh SIK OCHOBHE JDKEpPENo JaHUX, SKi
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HaaXxomsITh y cucreMy [35]. ITiciis Toro popmyeTthest 0aza taHuX 3 iHPOPMAITIErO IS

po0OTH Ta HAaBYAHHS MOJICII.

Smart Farm Machinery

Integrating Al and loT
solutions with Agricultural
machinery and operation

Automatic Livestock
Management

e Navigation and
Performance Evaluation

* UAVs

e |rrigation Systems

e Fertilizer Application

® Pest and Weed Control

e Environment Monitoring
e Feeding Systems
o Livestock Welfare

Farm Produce Storage | E%‘i”"
Systems

* Monitoring and Control
e Quality Management

e Environment Monitoring
e Automation of Operations

Pucynoxk 2.2 — IIporpamu st aBTOMaTH3Aa111i CUIBCHKOTO TOCTIOAAPCTBA Ha

0as3i Al-loT.

[licns HaBUaHHS MOJIeJ b MOXXHA BHUKOPHCTOBYBATH SIK Kiacu(iKaTop
HEeBIJIOMUX JNaHux 6a3u. [IpoBoauTu pobOTYy y peKuMi peasbHOro 4acy MOKIHUBO
3aBJISIKY Iepeiadl JaHuX 13 ceHcopiB uepes nmpotokosn MQTT. Bonu noBosi npocti
B pOo0OOTi, TOMY IIIMPOKO 3aCTOCOBYIOTHCS B TAKUX JOCIHKCHHSX.

MoskHa TaKOX aBTOMAaTH3YBaTH BHECEHHsI JOOPHB, OCKUIBKH II€H IPOIIeC
9aCTO BHITYCKAIOTh 3 yBard, a BiH € HAJA3BUYAHHO BOXKJIMBUM JIJIS1 KPAIOro POCTY Ta
BPOXKaIHOCTI POCIHHHU.

B “po3yMHUX” TEmIUIAX BUKOPHUCTOBYIOTH TaKOXK O€3IpOTOBI CEHCOpHI
MEpeXi 3 BEIMKOI KUIBKICTIO BY3IJiB. BOHHM [al0Th MOMXJIHBICTH BUSBISTH,
aKTUBI3yBaTH Ta TmepenaBatu iHopmarllito 3aiikaBieHuM cTopoHam. Cama
CTPYKTypa B OLIBIIOCTI BHMIAIKIB CKJIAJIA€ThCSA 3 MIJCHCTEM KEPYBaHHS JaHUMH
0e3/IpOTOBOT CEHCOPHOI Mepeski Ta 0a30BO1 CTaHIII1, 110 BIJMOBIIA€ 32 MOHITOPHHT
nanux. J{yis 36epiranns iHdopMaliii BUKOPUCTOBYIOTh XMapHUH cepBep. CTpyKTypa
TaKOi CUCTEMH CXO0Ka Ha CHCTeMH MOHITOpUHry Ha ocHoBi loT. [laui, ski

30UparoThCs, TYT JAOCTYNHI Ha 1HQOpMalLIWHIM TaHedl A0 SIKOI OTPUMYETHCA
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BIJIaNICHUI TOCTYI 3 OY/Ib-SIKOTO MICIIS TJIAaHETH.

B Texuiunomy yHiBepcutTeTi TaliBaHIO BUKOPUCTAHO INITYYHHMA 1HTEJIEKT Ta
TEXHOJIOTII IHTEPHETY pedueH JJIsl 3aXUCTy TEIUIUIIl BiJl 3aMOPO3KiB. B gaHiit poboTi
3aCTOCOBYETHCS TAKOXK IMPUHIIUI (PYHKITIOHYBaHHSI HEHPOHHUX MEPEK.

Cami KOMITOHEHTH, SIKI 3HaXOJAThCS B TEIUIMII, 3'€IHYIOTHCSI MK COOOI0 32
JIOTIOMOTOI0  1HTEepHETY pede. Sk 1 B I1HIIKUX TPHUKIAAAX, JOCIITHUKA
BUKOPHUCTOBYBaJIM Kalesi, CEHCOpU Ta JIOMOMDKHI 3aco0u. “Po3ymHuUX” cuctema,
1o Bkitouae [oT po3pobreHa 1 BOpoBaIkeHa 3a JIOMOMOT 00 HEUITKO1 aCOI[IaTUBHOL
nam'siti Ta ANN 1511 KOHTPOJTIO 1 KEpYBaHHS HAC/1IKaMU CHPUYMHEHUMH MOPO30M.
Temneparypa TEIIHUIl MOCTIHHO MOHITOPUTHCS Ta TMOPIBHIOETHCS 13 30BHINTHHOIO
TEMIIEPATypOI0, a MPOTHO3YBaHHS 11 BIIOYBA€ThCS 3a JIOMOMOTOK HEHPOHHHX
MepeX 1 HEUITKOr0 KOHTPOJIIO.

PoGora B paHiii cdepi € HAA3BUYAWMHO BaXKIUBOI, OCKUIBKH CcaMe
3aMOPO3KHU — II€ OJIMH 13 HAHEOE3MEeUHIINX areHTIB 3/IaTHUX MOMIKOIUTH KIITUHH
pociuHHOI TKaHuHU [36]. B ocranni poku Il Bce vacrimie 3acTOCOBY€TbCS IS
NOKpalleHHs] Ta  30UIbIIEHHS  TEMMIB  BHUPOOHMIITBA 33  JIONOMOTOKO
CaMOONTHMI30BaHUX 1 “pO3yMHUX’ TPOMUCIOBUX 00'eKTiB [37]. 3aCTOCOBYIOTH
TaKOXX OOJagHaHHS, IUTh SKOTO € 3aJ0BOJILHATH 3POCTAaHHS IMOIMUTY HA MPOTYKTH
xapuyBaHHs [38].

Komu temmeparypa moBitps nocsirae mo3Hauku 0°C  Oynb-sKi piIUHU
MOYMHAIOTh 3amep3aTu. [lpum 1mpoMy 1 TOro 100 BH3HAYUTH CTYIIIHb
MOIIKOJIPKEHHSI TKAHWH MOCIBIB 0€pPYThCsI 3pa3Ku KYJIbTYP 32 CXOKHUX TEMIIEPATYP Ta
MOPIBHIOIOTH iX 3 HassBHUMU. HaiiOiibIe Ha TKAHUHY B KYJbTYpaxX BIUIMBA€E CYyXUM
X0J10]1 Ta BoJioricTh. Came 111 1Ba aCTEeKTH MPU3BOJSATH 10 PYWHYBAHHS BHYTPIIIHbOT
CTPYKTYPH POCIHUHH, 1110 Mi/I1a€ThCS BILIUBY.

B poGoti [39] cTBepmKyeThCs, IO OCTaHHI JIOCTIIKEHHS B OCHOBHOMY
OPIEHTYIOTHCS Ha pO3POOKY COHSIYHOI TEIJIUIII HA OCHOBI TEIJIOBOTO HAKOMUYYyBaya.
Ile e ogHa TeXHOJIOTIS 30€peKeHHs Bl MepeMep3aHHs. TerIoBui HAaKOMUYyBay
N1JBUIIYE TEMIEPATYPY BCEPEANHI pO3POOKH 3a JOIMOMOIOI BOASIHOTO COHSIYHOIO

HarpiBanHs [40].
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[Tpuatun poOOTH CXOXKHI Ha ToOMepeaHbO po3risaHyTi. [lepmuii Kpok
BKJIIOYae B cebe 30ip MaHUX 3 METEOPOJIOTIYHOI CTaHIlli 4epe3 Oe3apoTOBHUIt
npotokod. el mporec cynpoBomKyeThest Oe3nedHor0 nepeaayeto ganux. Cama x
CTaHIlisg MOOYy/0BaHa HAa aBTOHOMHOMY pPE3EPBHOMY JKHBJICHHI, 3a0e3MeYeHOMY
reHepatopoM. CTBOPIOETHCS TaKOXX 30BHINIHS BiJjajieHa METEOCTaHIisl, SKa
BUKOPHUCTOBYETHCS 7151 300py 1H(MOpMAaIIil Mpo nmapaMeTpu TeMIiepaTypy COHSIYHO1
pajiariii BITHOCHOI BOJIOTOCTI Ta 1HIIIUX.

[[To6 3abe3meynTH TMOCTIHHWNA KOHTAKT TEIUTHIISIM, PO3TAIIOBAaHUM B
CUIBCBKIA MicleBOCTI abo y Jnanekux paiioHax, cucremu [oT € Haiikpamum
BapianToM. be3mocepenHb0 B JaHOMY NpPUKIAIlI BUKOPHCTOBYETHCA ‘‘po3ymHA’
CTiTpHUKOBA cuctemMa M2M. Came 11 TEXHOJIOTIS 3 TOYKH 30PY BPa3IMBOCTI Ma€
CTIMKICTB JIO aTaK Ta IMOBHICTIO MATPUMYE YMOBH KOH(DIICHITIHOCTI.

3acTocyBaHHS IHTEpHETY peuel BKIItouae B ce0e ABa KPOKHU:

° [ndopmartist mpo moroay, oTpuMaHa 3 METEOCTaHIlii, 00'€THY€EThCS Ta
nepenaeTbest 0e3ApOTOBUMHU MPUCTPOSIMHU;

o 3MICHIOETBCS  3aXUCT POCIMHM Y TEIUIMIl 3a JOMOMOIOIO
IHTEJEKTyaIbHOIO TMPOTHO3YBaHHS. ToOTO BIAMOBIAHO MPOTHO3YETHCS Ta
PO3paxoBYEThCS TEMIIEpaTypa 3aMOPO3KY, a 10 HEl MPOIMOHYEThCS IHTEICKTyalbHA
METO/I0JIOTisI aHTUMOPO3HOTO TOJUBY 3 BUKOPHUCTAHHSIM MAaTEeMAaTHYHUX MOJICTICH.

[I{oa0 3aragbHUX METOJOJIOTIH, TYT IX BUKOPHUCTOBYIOTh TPH:

° Ile anani3 maHux.

Jlani  aHami3yrOTbCS 3a  JIONIOMOIOK  BOYJOBAaHOTO  MPOTPaMHOIO
3a0e3neuyenHs. s 30epexxkeHHss 0a3u BUKOPUCTOBYIOTH mpoctuil Excel Bia
xommnanii Microsoft. Heiponporiecn mpaifioroth 3a mporpaMamMu, HallMCaHUMH Ha
MOBI TiporpamyBaHHs C++.

o 36ip iHbopmamii. [ns medparmenTarlii 1aHUX BUKOPHUCTOBYETHCS
aHaJIi3aTOp CMHTAKCUYHOI JIEKCUKH. MacuBH JTaHUX, B CBOIO Uepry, 30€piraroThCs
Ha SD-kapri.

o [TepeBipka naHux;

TakuM 4MHOM MpecTaBlIeHa METOAOJIOTIS “pO3YMHOro” 3emiepo0CcTBa 3a
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JIOTIOMOT'OF0 HEUITKOI CHCTEMH TTOJIUBY JJI 30€pEKCHHSI TeIIa BCEPEANHI TETUTUIT
[41].

HemronaBHo Oyiio 3amporioHOBAHO HOBY QIaNTUBHY TEXHIKY JUISI KOHTPOIIIO
Temneparypu Termii. [lepeBaru mpboro MOCIIHPKEHHS B TOMY, III0 TEMIEpaTypHi
napamMeTpu 3MIHIOETBCS Jy>K€ TOYHO B 3aJEXKHOCTI BiJ TOTO $K TEIUIHIIIO
eKCIUTYaTyI0Th. 1yT BUKOPHCTOBYIOTHCS aJalNTHBHI KOHTPOJEPH, SIKi BUPIMIYIOTH
npoOseMy pPO3MIIIEHHS TMOJIOCIB Ta JIHIMHO KBaJpaTUYHOIO PEryJIOBaHHS 1
BUKOPHUCTOBYIOTh LIBUJKICHI peryysitopu [42].

[Ipu anamizi Ta MAOCHIIKEHHI TEMIIEpaTypHI TOKAa3HUKH BiAOUPAIOTHCS
0araTopa3oBO MPOTATOM MEBHOro nepioay BubOipku. ToOTO, PakTHuHO, 3aBAaHHA
3BOJIUTHCSI JO BUPIMICHHS 3a/a4yi JUCKPETHOTO dyacy. llopiBHIOOUM 3 IHIIUMU
METOJIMKAMU HENpPsIMOTO KEpPYBaHHS CIIJI 3a3HAYUTH, IO JaHUN METOoJ — IIe
00YHMCIIEHHS! KOHTPOJIEPOM MOCTIHHOTO MOCUJICHHS, @ HE OTPUMAHHS CIIOCTEpirayiB
CTaHy BUX1JHOT0 3BOPOTHHOIO 3B's13KYy. 1lle oaun mitoc — 11e Te, 1o podoTa 3 TakKuMu
KOHTpOJIEpaMU TIPOBOJUTHCSA 3 JIIOOMM CTyleHEeM CTaOUIbHOCTI, a  MaTpHili
Nepexo/iiB  BUOUMPAIOThCA JOBUIbHO. 3alpolOHOBaHA CXeMa OI[IHIOE HEBIIOMI
napamMeTpu TaOIMLl 32 MOCHIJOBHUMHU JAaHUMU TEMIEpaTypu Ta MOTY>KHOCTI
onaneHHsa. Cama CTiIMKICTh 30y/KEHHSI KEpOBAHOI CUCTEMH 3abe3neuyeTbest 0e3

IIPUITYLIEHD LOA0 HEl.

2.3 Po3BHTOK IITYYHOro iHTeJEKTY B rajay3i po3poOku smart-

TeIINIb

Sk 3a3HavaNIoCs y mOnepeJHbOMY PO3ALi, Y 3B'A3KY 3 MOCTIMHUM MTPUPOCTOM
HaceJleHHs 3pocTae 1 morpeba y mpoaykrax XapuyBaHHs. lle waiiOubie
BIJIHOCUTKCS JIO CLIILCHKOTOCIOAAPCHKOI 1 TBAPUHHOI rany3i. BianosinHo, s TOro
100 30UTBIIUTH BUPOOHHUIITBO Ha (hepMax 3 KOXKHUM JTHEM BCE YACTIIIE 1 YacTillie
3aCTOCOBYIOTHCSI HOBITHI TEXHOJIOT1i Ta aBTOMAaTH3AIlIs MPalli.

Sk1o Ha CHOTOAHINIHIA JE€Hb AaBTOMAaTH3allisi BUPOOHUIITBA MOTpPEOye

YaCTKOBOI MPUCYTHOCTI JIIOJWHHU, TO Y MallOyTHbOMY IIJIAaHY€ThCS 3POOUTH i
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a0CONIOTHO MaIMHO-KepoBaHOK. (OcoOnuBHiA TPOPUB JAHOTO HAYKOBOTO
JOCIIIKEHHSI MAIOTh “pO3yMHI” TEIUIMYHI CUCTEMHU, K1 BIIIrPAIOTh BAXKIIUBY POJIb
y BUpIIIICHH] BUIIIEHABEACHUX MPOOIEM.

SIKmo padimie BOHM OyJM JIMIIE YacTKOBO KEPOBaHi, TO 3apa3 HAayKOBII
3a0€3MeunII TaKl TEIJIMIIl HE TITbKKM aBTOHOMHHMM KEPYBaHHSM, ajie i yIpaBIiHHSIM
Ha JUCTaHINI 3a JOMOMOTOI MOOUIBHUX MPUCTPOIB, MOAATKIB Ta TEXHOJIOTIEIO
bluetooth-3B’s3ky y pa3i motpedu. MoxHa KepyBaTH 0X0JI0PKEHHSIM, BEHTUJISIIIEIO,
TEMITIEpaTypOIO MOBITPS, OCBITJIEHHSAM 3HAXO0IA4MCh HA BIJCTaH1 Bil caMoro o0'eKra.
OkpiM TOro BCl JOCHIKEHHS, SKI 3apa3 MPOBOASATHCS, PO3PaxXOBaHl Ha
MmaciitadyBaHHs. ToOTO BHMHAXOOW Ta MPUHLIMINA POOOTH MPHUIATIB MOXKYThb
3aCTOCOBYBATHUCS J0 BEJIMKHUX 32 TEPUTOPIEIO TEIUIUIIb.

Benuka mepeBara Takux TEIUIMIb B TOMY, 110 B HUX MOXHa BUPOIIYBaTH
oBoul Ta (PYKTU OYyIb-KOI MPUPOJIM HE3AICKHO BiJ KIIMATUYHUX YMOB 32
JIOTIOMOT'O0 1HTEJIEKTYaJIbHOTO KepyBaHHs 1 0e3ApoToBoi cucteMu. OCHOBHA MeTa
— 1 TiABUIICHHS BPOXXAWHOCTI pOCHHMH. SIK TpaBWio, B Takux TaOIUIIX
BUKOPUCTOBYIOTh aBTOMATHYHY CHUCTEMY Ha OCHOBI Arduino Ta omnepauiiHoi
cuctemu Android [41].

B Hami yac, 3 pO3BUTKOM TEXHOJIOT1, HEMUHYYE, 10 KOXKEH MPUCTPIA KU
MU BUKOPHCTOBYEMO, MOXKE IMIJKIIOUUTUCS 10 IHTEPHETY a00 BU3HAYATH POOOUMIA
MOPSAAOK NMPUKUMAOYN caMOCTIHI pimieHHs. JIOCITHEHHS TEXHOJOTI aganTyeThCs
710 “po3yMHHX’ 1THHOBAI[IH, 2 OHOBJICHHS 3/IICHIOETHCS BIATIOBIIHO 10 pE3YJIbTaTIB.
To6To e HeoOXiaHa ckianoBa B OaraTthox chepax [41].

B mpoekTax “po3yMHHX” TEIUIMIIb, TIEPII 32 BCE BU3HAYAIOTh METOJUKY SIKa
cpsiMOBYe poboTy cuctemu. Toji, 32 IOMOMOTOI0 MPOTOTUILY, POOJISATH BCE IS
TOTO II00 KOHTPOJIIOBAaTH PO3BUTOK, PICT Ta IJIOAOHOIIEHHS pociuH. [licis voro
B1JI0YBa€THCS MPOILIEC MacIITaOyBaHHS JOCTIKeHHs. 3a gornoMoror CeHCcopiB, sKi
BUKOPUCTOBYIOTBCSI TpPU  po3poOLi TadIMIl MOXKHA KEpyBaTH 3MIHHUMU
cepefoBuiia “po3yMHMX’ mpuUCTpoiB. [li ereMeHTH MalwTh MOXKIUBICTh
3'emHyBatucs 4depe3 bluetooth 3 MOOUTEHUME TOAATKAMH, IO 3HAYHO MOJICTIITYE

po0OOTy Ha TUCTAHIIIT 3 METOIO MIATPUMKH BiJICYTHOCTI JJOKAIHHO OyTH MpaIliBHUKY



43
Ha MiCIIi.

Martepiasm 111 mOOyIOBM TEIUIMIIT MOXYTh OyTH pI3HOMaHITHUMH. B
OCHOBHOMY, 3yCTpPI4arOThCsSl OJWHAPHI, MOJABIMHI Marepiald Ta CKIOMAKEeTH s
OCHOBM. 3alie’kaTh BiJ KOHCTPYKTUBHHUX 1 (YHKIIOHAJIbHUX acCIeKTiB, SKI
BUMAararoThCsl.

MojenroBaHHSI TETUIUII Ta TEIJIOBE OCHAIIEHHS BIUIMBAIOTH Ha MOTpeOy B
OXOJIOJUKEHHI a00 onajeHHl, BJACHE /i1 OTPUMaHHA ONTHUMAJIbHUX YMOB
eKcIUTyaTalli B pI3HUX BUIAKAX.

3apa3 HAyKOBIL MPAIIOIOTh HAJl BUTPUMYBAHHSIM POCIMHAMU B TEIUIUII
eKCTpeMallbHUX YMOB cepeaoBHIna. ToOTO BOHM MOBHICTIO MOXYTh MOKPHUTU
noTpeOu B OMaJIEHHI B XOJIOJHOMY KIIIMaTi, BUKOPHUCTOBYIOYHM JIUIIIE€ COHSIYHE
BUIIPOMIHIOBaHHS. SIKIIO HOro HEAOCTaTHbO, TO I MpoOjemMa BHUPILIYETHCS
IUIAXOM JOJaBaHHS JEAKUX JIKEpeJd OMNaJCHHsS Ta JKUBJICHHS B TEIUIMLI IpU
KPUTHUYHUX cuTyauisx. s Toro mo0 BU3HAUMTH NMOKA3HUKU TAaKUX YMOB Oylio
NPOBEJICHO JCKiTbKa JIOCHIIKCHb CHPSIMOBAHMX HAa BHBUYEHHS TEIUIUIb Y
XOJIOJTHOMY KJIIMaTI Ta 30LIbIIEHHS] KOPUCTI COHAYHOI €HEeprii.

Jlist  3a0e3neyeHHd HEOOXIHOI eHeprii Ta MIATPUMKH BIANOBIIHOTO
MIKPOKJIIMATy JJIsi POCIMH Ha KOXHOMY €Talll BUKOPUCTOBYETHCS OMNAJICHHS Ta
BEHTWJIALISA, KA MOCTIMHO BJOCKOHAIIOIOTHCS Ta BUKOPHUCTOBYE HOBI arapaTHI
CKJIaJIOBI.

3apa3 TakoX MpaLO0Th Ha/l 3aCTOCYBAHHSIM CUCTEMHU ONPICHEHHS MOPCHKOi
BOJIY ISl PETIOHIB B IKMX HEMAa€e MOXKJIMBOCTI, a00 K BOHAa 0OMEKeHa B OTpUMaHHI

npicHoi Boau [42, 43].

2.4 @iznyHUi onuc MPOTOTUNY SMart-rermiuii

Cama cTpykTypa TEIUIMIIl CKJIanaeTbcsa 3 Oaratbox piBHIB. lle, BiacHe,
IporpamMHUil piBeHb, (PI3UUHUI Ta MEpeKeBU. Sk 3ragyBanocs paHille, MONpH Te,
o “pO3yMHI” TEIUIMI Jal0Th MOKJIMBICTh BUPIIIUTHA MacHITa0HE KOJIO 3aBJaHb

PI3HOTO XapaKkTepy, BAXKIUBUM € JOCTIHKEHHS pOOOTH TETIUII Ta aHaIi3 TPOIIeCiB
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Ha BCiX piBHAX [44].
B niepmry uepry BapTo onucaTté pi3UYHUN BUTIISIT PEATi30BAHOTO MPOTOTHUITY.

Horo nokazano Ha pUCyHKY 2.3.

a) 6)
Pucynok 2.3 — @i3uunwmii BUTIISA “pO3YMHOI” TEIUIHII (2 — BUTIISIT
MPOTOTHUITY 3 TIEPEeAHBOTO 00Ky (3 yBiMKHeHOI0 LED-namnoro; 6 — Burmisin

IPOTOTHUITY 300KY)

1. Connect & 4. Watch & relax
2. Choose
your plant

5. Share your
3. Monitoring & success
control

Pucynox 2.4 — IlinTpuMyBaHi MOKJIMBOCTI MPOTOTHUITY PO3POOKHU
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B cBor0 "epry MOKIMBOCTI CHCTEMHU 300pakeHO Ha PUCYHKY 2.4.

[TepernsHemo 1ie pa3 OCHOBHI (PYHKIIII pO3pOOKH:

o [lepmy yepry — 11e miaTpuMKa KOM(POPTHOT TEMIEPATYPH BCEPEIUHI.
TyT aBTOMaTUYHO BMHUKAETHCS PEKUM MPOBITPIOBAHHS, 110 3a0€3Meuye 3HUKEHHS
TEeMIIepaTypu B rapsdl AH1. B X000y mopy mpoBITPIOBaHHS K MPABUIIO BiJCYTHE;

o Jlpyre — 11e MOJMB POCIHMH B YITKO 3a3HayeHUU 4ac. B mepeBakHiit
O1IBIIOCTI 1IeH TTpoIieC BII0OYBAETHCS aBTOMATU30BAHO 1 JOCTATHLO MPOCTO.

"Po3ymHa" Teruus — 11e KoHuenis ¢Gi3M9YHOro NMPUCTPOIO, sKa rnependadae
BUPOIIYBAaHHS TOCISTHOTO JIFOJAMHOIO HACIHHS T4 aBTOMATHYHO MiITPUMY€E HAHOUIbII
CTIPUATIMBUAM JIJISl KOHKPETHOT pOCIMHHM cepeaoBuie [45].

Bceepennni KOHCTpyKIll 3HAXOAUTHCA JlaMIla, BEHTUJISATOP, OOITpiB 3
ABTOMATUYHOIO MIATPUMKOIO MIKPOKIIMATy, CEHCOpH, BeO-kamepu s 300py
iH(dOpMarlii, KIIMaTUIHI KOHTPOJIEPU, CUCTEMA OTIOBIIIECHHS PO CTaH POCIUHU a00
HaJ3BUYaAliHI cHUTyalii Ta, Oe3mocepeaHbo, JUISTHKA JJIs IOCIBY KylbTyp. Bei
CIPUSTIMBI YMOBH 3a0€3M€UYIOTHCS 3T1THO 3 PEKOMEHIAIIIMUA, CPOPMOBAHUMHU Ha
XMapHOMY CEpBICI Ha OCHOBI JJaHMX IPO MICIE€ PO3MIIICHHS MPOTOTUITY, BHIH
POCIIHH, 1110 BUPOIIYIOTHCS B HBOMY Ta JaHUX, sIKi MpoaHajizoBaHo. L1i nani 310pani

3 QHAJIOTTYHUX PILIEHb TA CXOXKUX MPOEKTIB "PO3yMHUX" TEIUIUIIb.

2.5 CeHcopH Ta TeXHIYHi XapaKTePUCTUKHU TeIIHILI

B mepmy depry ciig ckazaTu, 10 TEXHIYHA CTOPOHA — II€ HaJAITYBaHHS
npomuBku easyESP s pobotu 3 moTpiOHMMHU JaBavyaMu Ta Tepeaada JaHuX 10
MQTT Hna cepBep. Takox monepeiHe HaMAITYBaHHS BXKE JIOT1IKA pOOOTH TeJIerpam-
O0ota, uepe3 sKWW BCl JlaHI MOXKHa OyJO TEperjsHyTH 1 KepyBaTu
MTOJIMBOM/OCBITJICHHSIM Ta 1HIIIUM TapaMeTpamHu.

Ha cporomuimHiii AeHb mnporpamHe 3a0esneueHHs i easyESP
MpeCTaBIICHO JEKIIbKOMa BapiaHTaMU:

e B mepmy depry 1ie nporpamHe 3a0€3MEUeHHS 3 BUXITHUM KOJoM. Sk

paBUWIIO 1iel KoJ1 KOHTpotoeThes B cepenoBuiiii ARDUINO IDE
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e Jlpyruii BapiaHT 1I€ TOTOBI MPOIIMBKU JJIsl allapaTHOTo 3a0e3nedYeHHs 3
y’K€ TOTOBUMH CBOIM (PyHKIIIOHATIOM.

B miniomy B mpoTOTHII MPUCYTHI HACTYIHI KOMOIHAIlIT CEHCOPIB!

® CeHcop TeMIieparypu/Bojiorocti/armochepHoro Tucky BME280;

e ceHcop Temmeparypu/Bojorocti DHT21/22;

® EMHICHUI ceHcop BoJorocTi rpyHTy /st Arduino (17514);

e ceHcop yibrpadionery ML8511 / VEMLG6070

Takox Hacoc /Il MOJTMBY, BEHTUISITOP Ta JIaMIIA.

L1i Bci ceHcopu Ta akTyaropu (aKTyaTop MOJHUBY 30KpeMa) MiIKIIOYEHI 10
kimbkox ESP  (momemi NodeMCU ESP-12E ta WeMos D1 mini). ESP
mig'eqayrotsess 10 Wi-Fi mepexi i mo MQTT npotokony CKuIalOTh Ha cCepBep
Raspberry Pi Bci gaHi.

[Tpotoxon MQTT crBopeHuit 1151 0OMIHY TaHUMU Ha BiJJAJICHUX JOKAIlISIX,
Jie TIOTPIOHO HEBEIMKUM PO3MIP KOAY, ajie TYT € 0OMEXEHHsI MPOMYCKHOI 3/1aTHOCTI
[46].

OOMiH gaHuMH BiOyBaeThcsi 3a jonomorow mporokony MQTT, mio
3aCHOBaHMI Ha MPOTOKOJ1 TpaHcnopTHOro piBHA TCP 1 peanizye moznens publish-
subscribe. Moro nepeBaroro € Maa HaAMIpHICTb, 10 € KPUTHIHUM IS BOYIOBAHHX
MPUCTPOIB Majoi MOTYXHOCTI Ta OOMEXEHOI MPOIYCKHOI 3JaTHOCTI Mepexi. Y
naHii iHGOpMAaIIiiTHIN cUCTeM] XMapa — 1€ CYKYIHICTh CEpPBICIB, 1110 JOCTYITHI Yepe3
Mepexy [HTepHer, ski 3a0e3leuyroTh HpuiioM, 30epiraHHs Ta OOpOOKY JaHMX,
oTpuMaHux 3a mpotokosioM MQTT. 36epiranHs 1aHUX y XMapi BIIOYBAETHCS Y IBOX
TUnax 0a3 JaHuX:

*  SQL nns 36epiranHst CTaTHYHUX JaHUX PO KOPUCTyBava, HANAMITyBaHb
SGB.

» Elasticsearchserver [47] mns 30epiraHHs Ta TOJIAJIBIIOIO MAIIWHHOTO
HAaBYaHHS HA OCHOBI aHAJIITUYHUX JaHUX OTPUMAHUX 13 laBadiB. Takox xmapa Oy/e
maTu BiaacHui Application Program Interface (API) ayis B3aemoii 3 BeO-101aTKOM,
AKUI AyOnroe (yHKIIOHAJ TellerpaM-00Ty Ta JOAATKOBO Bi3yalli3ye aHANITUYHI

JlaH1 y BUTJISA1 TpadikiB y peabHOMY 4Yacl 3 KPOKOM 110 1 XBUIJIMHH.
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Raspberry pi — e cBoro pomy KOMIT'IOTEp, SIKUI BUTIISAAE K MaJICHbKA TUIATA.
CtBOpeHull 3 METOI0 MPOrpaMyBaHHs SKOMOTA IIWPIIMM YUCJIOM CTYJCHTIB Ta
crerriamcris [48].

B nanomy Bunazaxy Ha Raspberry Pi cepepi Oyi0 BCTaHOBIIEHO:

o MQTT-0Opokep;

e Node-RED — me iHCTpyMeHT/(ppedMBOpPK i1  Bi3yaJIbHOTO
porpamMyBaHHs, B SIKOMy BCTAHOBJICHO NAKETHU JJisi CTBOPEHHs Teyerpam 0ora,
pobotn 3 MQTT mnporokosioMm 1 yepe3 HHOTO MMOOYyJOBaHA BCs JIOTIKAa pOOOTH
TETLINII;

e Grafana - as 300py 1 aHali3y JaHUX BiJl YCIX CEHCOPIB, aKTyaTOPIB 1 BCIX
IHIMX JaHux, ki npuxondarb no MQTT. I'padiku poOOTH cUCTEMH MOKA3aHO Ha

pPUCYHKY 2.5.

Pucynok 2.5 — I'padiku Temneparypu, BOJOrOCTI, IPOBITPIOBAHHS Ta

OCBITJIEHOCT1 CUCTEMH

Cain suginuta Node-RED. Ockinbku B AaHiii poOOTi 1€ 0CHOBA BCHOTO.

2.6 Onuc MeTOAMKH TOCTIIKEeHHS

HaBuaHHst HEHPOHHOT Mepexi MOYMHAETHCS 3 MIATOTOBKK MartepiaiiB. L{umu

MarepiajaMu, SIK MPaBUJIO, € PO3MIUCHI 300pakeHHsI 00'€KTiB, TOOTO B JaHOMY



48
BUTANIKY — (poTorpadii, siki HeoOXiaHO Oy e posmizHaBaTtu. Came 3a JOMOMOTOI0 HIX
BiIOYBAETHCSl TPEHYBAaHHS HEUPOHHOI Mepexi. DaKTUYHO, B TaKUH CIIOCIO BYMMO
HM ananizyBaru, 1110 came 300paxeHo Ha oTo Ta B IKOMY CTaH1 iepedyBa€e ToH 4u
i 00'ekT. IIpote st TOro, 1100 MaTH 11 «HABYAJIBHI aH1» B TAKOMY BHTJIAIL,
SKUW BUMaraeTbCs, HEOOX1THO c(hOpMyBaTH TaK CBOEPIJIHY 0a3y JaHUX.

Tak 3BaHl «cupi» JaHl — I1le Beiauka BHOIpka ¢ortorpadiii, 3poOraeHux
IHTEpBAJIBHO 32 I0MIOMOTr0I0 BeO-KaMepu B KOHKPETHOMY OOKcl. Sk 1ie BUTIsiAae Ha
caMOMy MOYaTKy IMOKa3aHO Ha PUCYHKY 3.

VY poni BXiTHUX AaHUX € HaOip Ha3B QoTorpadiii 3 kamepH, cami (HOTO pocIuH
(BiIHOCHO BHUTJISAY Ha (DOTO MOXKHA BHOCUTH JIaH1 PO CTaH POCIUHH, a3y pocTy,
B sIKiii BOHA repe0yBae, HOpMY BOJIM Ta BiMIOBITHICTh TEMIIEPATYPH ), HA3BH OOKCIB,
B SKUX PO3MIIIYIOTECA POCIWHH, TEMIIEpaTypy B KiMHaTi, jae¢ IepedyBae
eKCIIepeMeHTallbHa PO3po0Ka, TemmepaTypy Ha Byhuii (TOOTO 3a  Mexamu
NPUMIILICHHS, KIMHATH, Oy/IMHKY), TEMIIEPATYpPy 3eMJI1 IJI1 POCIIHH 1 TeMIepaTypy
B caMiil eKCriepeMeHTalIbHIN KOpoOIll 3 POCIMHAMM.

Disk Usage: RAM Usage

N '
VSTRIKHA Al foiery] Logou

Cam: camO Photos: 28159 Cam: cam2 Photos: 22358 Cam: camé4 Photos: 1958

Cam: cam6 Photos: 2337 Cam: cam8 Photos: 810

Pucynok 2.6 — O0’ ekt HaBuaHHs JU1s1 GOpMyBaHHS 0a3u TaHUX

KopoTki XxapakTepuCTUKH POCIVWHU — 11€ 3a3HA4Y€H1 JaHi BiJHOCHO TOTrO, Y

BOHA J100pe OCBITJICHA, UM JIOCTATHHO MOJIUTA, YW JUCTOYKU TATHYTHCS BrOpy 4Ud
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HaBIMAKU B’SHYTH 1 T. 1. JleAKi 3 HUX OJJaHO HUXKYE:

« Temp_outside.

« Temp_room.

« Temp_box.

e Temp_ground.

« Is_fito_lamp_on.

Jliist peanizaiiii mporecy TpeHyBaHHS BUKOPHUCTOBYETHCS TaKi IHCTPYMEHTH:

* Anaconda - me po3noBciomkeHa margopma Ha Python mis o6poOku
nauux. [Imardopma BrItOUae B cede Konekiito 0au3pko 3 200 makeTiB 3 BIIKPUTUM
Ko7oM 1 ontuMizartiero Intel MKL.

[lnaTtdopma croemiami3yeTbCsi Ha «HAYKOBUX OOuMcieHHsAX» (scientific
computing): Hayka Mpo JaHl, 3aCTOCYBaHHsS METOJ/IB MAIIMHHOTO HaBYaHHS,
mupokoMaciTabHa o0poOka JaHuX, MPOrHO3HA aHaJITHKA TOlo. BUKOpucTaHHs
maTdopMu nepeadavae CpouieHe YIpaBaiHHA [TaKeTaMu Ta IXHBOI'O pO3rOpTaHHS
[49];

* Anaconda Navigator — me rpadiuauii iHTepdeiic KopHCTyBaya
HACTUIbHUX KOMIT FOTEPiB, 110 BXOJIUTh y IUCTPpUOYyTHMB Anaconda i J03BOJIsi€
KOpPHCTYyBa4aM 3allyCKaTH IIOB’S3aHI TPOrpaMH Ta KEPyBaTH ITaKETaMH,
cepenoBuiaMu yu kananamu Conda 6e3 BUKOPUCTaHHS KOMaHJHOTO PsifIKa.

« Conda — BUTBHO Ta BIJKPUTO PO3MOBCIOKYBAaHUH KpOC-TUIATHOPMHUH
Ta 0e3BIHOCHMIA 10 MOBH IporpaMmyBaHHs (language-agnostic) MeHeKep maKeTiB
Ta CMCTEeMa yIpaBiiHHS cepenoBuieM Anaconda, sika BCTaHOBIIIOE, 3allyCKa€e Ta
OHOBIIIOE IMAKETH Ta iXHI 3aJIeKHOCTI. Bijg mouyaTky CTBOpeHMi Il mMporpaMm Ha
Python, crorogHi MOXKe maKyBaTH Ta PO3MOBCIOKYBATH IPOrpaMHe 3a0€3MeUEHHS
JUTSL Ty7Ke IIUPOKOTO MEPEIIKY MOB.

 Python — me omHa 3 HaHNOTYXHIMKMX Ta HANUMONIMPEHIIIUX MOB
IporpamMmyBaHHS, SIKOIO I0BOJII JIETKO OBOJIOAITH 0€3 0COOIMBUX HaBUYOK. BoHa Mae
e(eKTUBHI CTPYKTYPHU JJAaHUX BUCOKOI'O PIBHA Ta MPOCTHH, aje ePeKTUBHUMN MiAX1]T
3 TOYKH 30py 00’ €KTHO-OPIEHTOBAHOTO MporpaMmyBanHs [50].

BaxxnuBo Takox Te, 1m0 mepenik icHyrouux 610morek Python mae mmpokwmii
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CIEKTp IHCTPYMEHTIB JIJIsl BUPIMICHHS 3a]1a4 MTOB’I3aHUX 13 CTBOPEHHSM IITYYHOTO
IHTEJIEKTY Ta aHaJi3y JaHWX. 3 iX JIOMOMOTOI0 1H)XEHEPU Ta BUEHI MOXKYTh 3HAYHO
MPOCTIIIE CIPABJIATUCH 13 33Jjla4aMU aHalli3y 300pakeHb, TEKCTY Ta Bi3yalli3yBaTH
poaHaIi30BaHi JaHi.

Takoxx Python ycniniHo BUKOPUCTOBYEThCS Ui peanmizanii I'eorpadiunux
[npopmaninux Cuctem (GIS): kaprorpadis, reonokariisi, Ta GIS nporpamyBaHHS.

3a3Buyali, mnepeBaroro MoBu Python Haj crhemiani3oBaHMMU MOBaMHU,
CTBOPCHUMH HAYKOBIIIMHU JJIsl HAYKOBIIIB, € T€, IO MPOTPaMiCTH MOXYTh 3HAYHO
Jermie 3aiMaTUCh OUIbII HAYKOBMMH 33/JadaMH HE BHBYAIOUM IOPA3y OKPEMOi
MOBH. TakoX, KOPUCTYIOUUCH MOBOIO Python KiTi€eHT 3MOXke mpocTilie iIHTerpyBaTu
pIIICHHST HAYKOBOI 3aja4i 13 MPAaKTUYHUMH LUIAMH JJIS CaMOTo MpoeKTy. Tomy,
SKITO BUHUKA€E TOTpeda B HAyKOBUX OOYHMCIICHHSX YM aHali31 JaHUX — CIIiJ
NEePIIOYEProBO 3BEPHYTHU yBary caMe Ha I[f0 MOBY IIPOrpaMyBaHHSI.

I[Tix yac po3poOKu MporpaMu OCHOBHI MAKETH, sIK1 3aCTOCOBYIOThCS I1€:

« Pandas — ojana 3 Python 6i0i0TeK, 1110 MpaIfoe 3 TAOTMUHUMHU JaHUMH
Ta BOJIOAIE TEXHOJOTISIMU [JIsl iXHBOI ONTHUMaJbHOI 00poOku. Y O6i6mioreri
BBOJISITHCA JIBA OCHOBHI OHSTTS, SIKI ONUCYIOTh CTPYKTYPH JTaHUX y HIid:

- DataFrame — o00’ekr pmaHMX, SKUU HaWKpame YyABIATH Yy (¢opMi
3BHUYAWHOI Ta0MIIl, TOMY IO BiH € TAOJIWYHOIO CTPYKTYPOIO JaHHX.

- Series — 00’ekT, MOAIOHUN HA OJHOMIpHUN MacHB (TIPUKIAIOM MOXKE
BUCTyNaTu cmucok B Python), ane BiIMIHHICTIO MOTO € HasIBHICTH acOIIMOBAHHUX
MITOK, a00 Tak 3BaHMX IHJICKCIB, y3/IOBXX KOXKHOT'O €JIeMEHTa 31 CIHCKYy. Taka
0COOJIMBICTB TIEPETBOPIOE MOTO B acOIliiOBaHMI MacuB abo cioBHUK Python.

» bibmioreka Fast.Al — 11e nporpamaa Haja0yja0Ba BEpXHbOT'O PIBHS Ha
naketoMm Pytorch myst moBu Python. Bci i koHCTpyKIIii 3a1yMaH1 1 OJIETIIICHHS
CTBOPEHHS MPOTPaMHUX MOJienel ruOoKuX HepoHHUX Mepex. bibmioreka Fast.
Al BuKOpHCTOBY€E Hailkpamil MeToau 1 miaxoau. Ha naHuii MOMEHT BOHA BOJIOAIE
BEJIMKUM KOJIOM MOJIHBOCTEH [51].

*  NumPy — 6i6mioreka moBu Python mmst pobotm 3 GaraTroBUMIpHHUMH

MacHMBaMH JaHuWX. SK MpaBWiio, IIi MAacWBH I1HICKCYIOTHCS JOJATHUMHU IUITUMU
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guciaamu. JlaHi, 3 skuMmu npamroe 6i6mioreka, € romoreHauMu. Illo me o3nadae?
['OoMOTeHHICTh JTaHWX Ja€ 3MOTY 3HAYHO ONTHUMI3ZYyBaTH POOOTY B TMOPIBHSHHI 3
CTaHJaPTHUMHM CIIMCKaMu MOBH [52].

« Scikit_Learn — mie oxHa 0i101i0TeKa MAITMHHOTO HABYAHHS IPOTPAMHOTO
3a0e3nedyeHHss st MoBM mporpamyBaHHsi Python. Bona TticHO mnoB’si3ana 3
nonepeHboro 010110TeK00, OCKUTbKH came Scikit Learn B OCHOBHOMY, SIK BXI1JHI
naH1 npuitmae macuBu NumPy.

Tyr HasBHAa uymMana KUIBKICTH PI3HUX KOMaHA Jisi poOOTH, SKi OyIo
BUKOPHUCTAHO Y A0CHiKeHH]. Harpukman, nms untanHs ¢ailny 3 po3MITKOIO JaHUX
BUKOPHUCTOBYeThcs komanzaa pd.read excel. Ilicns miporo mepeTrBoproeMo Ha3BU
daiiniB y muisx 10 HUX Ha JHUCKY.

3rogoM BiAGUIBTPpOBYEMO (haiiu, OCKUIbKU JIsi poOOTH MOTPIOHI JHIle Ti,
SIK1 € Ha JTUCKY.

[lepexogumo 10 MeTody, sSkuil s i€l mMinboBoi 3MiHHOI (label name)
TpeHye Mozesib Ha ocHOBI apxiTekTypu ResNet34 (ResNet — e ckopoueHa Ha3Ba
st Residual Network (nuB. pucyHok 2.6).

Heranbuime npo ResNet, abo 3anuimkoBy HeilpoHHY Mepexy. Lle mryuyna
HeliponHa mepexa (ANN), Taka, 1m0 OyayeTbcsi HAa KOHCTPYKIISX, BIAOMHX 3
nipamiaJIbHUX KIITHH KOPU TOJIOBHOTO MO3KY.

3aMIIKOBI HEHWPOHHI MEPEXi poOJIATh II€ 3a JOMOMOTOI0 TMPOMYCKHUX
3’€HaHb a00 SPIUKIB JJIs TIepexody uepes neski mapu. Twumoi momerni ResNet
peanizoBaHi 3 JABOIIAPOBUMHU a00 TPUIIAPOBUMH MPONycKaMu. BoOHU MICTSThH
HEJIIHIMHOCT1 Ta MaKeTHY HOpMaJi3allito Mi>k HUMHU.

3a pomomororo komauau train model for label («label name») moxxHa

no0auynuTH poOOTY ANTOPUTMY TPEHYBAHHS JJII KOHKPETHUX MITOK.
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[65]: tfms = get_transforms()

[66]: def train model for label{label name):
print (f"Selecting features for {label_name} classifier...")
df[label_name] = df.labels.apply(partial{get_label_wvalue,
.label name=label_name))
data = df [['image_path', label_name]]
print (data.head())
print (data[label name] .value_counts{})

print (f"Creating databunch...")

bunch ImageDataBunch.from_df(Path("./images/"), data, bs=BATCH_SIZE,
valid_pct , ds_tfms=tfms)

bunch .show_batch(ds_type=DatasetType.Valid)

print (f"Starting training...")

model cnn_learner(bunch, base_arch-models.resnet34, metrics=accuracy)
model .fit_one_cycle(4)

model file f'clf _{la

model .save(model _file

print (f'Saved weights in {model_file}")

interpretation = model.interpret()
interpretation.plot_confusion_matrix(4)

PucyHnok 2.6 — CuHTakcuc MeToy TpEHYBaHHS MOJEII

B moganbimoMy CHHTaKCHUC CTBOPIOETHCS JJIsI KOSKHOT MITKH OKPEMO.

2.7 BucHOBOK /10 ApYyroro po3aiiy

B npyromy po3aiiai Marictepchbkoi poOOTH OYyJIO PO3TISIHYTO MOKJIHUBOCTI
IITYYHOTO 1HTEICKTY B PaMKax CY4YaCHUX TEXHOJIOTIH, MOCIIHDKCHHS HAyKOBIIIB,
aBTOMATHU3allil0 MOOYTOBUX MPOLECIB, MOEJHAHHS IHHOBALIMHUX TEXHOJOTIH 3
CYyYaCHHUM KUTTSIM JIIOJUHU. TakoXX PO3MIISTHYTO OCHOBHI aCIEKTH BUKOPHCTAHHS
MITYYHOTO IHTEJEKTY B “pO3yMHHX” TTLTUIAX. OCKUIBKH TyKe BAXIIHUBUM € (PaKTop
PO3BHUTKY IITYYHOTO IHTENEKTYy came B cdepi Smart-rermmuib. OnucaHo pileHHs
PO3pO0IeH] A BUPIIIEHHS PI3HOMAHITHOTO KOJIa 3a/1a4.

Jlanpiie mepedmmym 10 OmUCy NPOTOTHUNY aociijkeHHs. Crodatky Iie
GI3BUYHUN  OMUC, BKJIIOYHO 3 300pakeHHSAM MHoro. Po3risHyTo QyHKIIOHAT
“p0O3yMHOI” TETUIHIIL.

[licns Toro HasBHMM OINHUC CEHCOPIB, SKI 3a0€3MeuyloTh MOHITOPUHT
MOKA3HUKIB BCEPEIMHI PO3pPOOKH, pa3oM 3 JeTaJbHUM BKa3aHHSAM iX MapokK 1
MOJIelie, a TaKOX IHIIUX CKIaJA0BUX. BkazaHo MpUHIMI POOOTH CHUCTEMH 3

TEXHIYHOI CTOPOHH. J[eTalbHO PO3TISHYTO O€3MOCEePeIHbO 00’ €EKTU TOCHTIIKEHHS
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JUTSI TIOAQITBINOT POOOTH 3 HEHPOHHOIO MEPEKEIO 1 MPOTPAMHHUM CEPEIOBUIIEM IS

HABYaHHS 1 TPEHYBaHHS CUCTEMHU.
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3 MPUHIMUII ®YHKIIOHYBAHHS [TIPOTOTHUITY TA OCHOBHI
PE3YJBTATHU POBOTHU

3.1 Indopmaniitna ckiagosa

B ocHOBHI eramu poOOTH BXOAWTH B TEPIIy YEpry TMpOIEC TPEHYBAHHS
HEUPOHHOT MEPEXki M0 OKPEMHUX, OTMIMCAHUX BHUILE MITKaX.

Crnepury HaBeIEeMO JICTUHI TPEHYBAaHHS MEpEXkKl1 IO MITI OCBITIEHOCTI,
Buxoasun 3 0a3um manmx ¢otorpadiii 3 mMapkyBaHHsM. lle momaHO HUX4YEe Ha
pucynky 3.1. Merton, skuit ana ngaHoi uimpoBoi 3miHHOI (label name) Tpenye
MOJIeNIb Ha OCHOBI IpeTpeHoBaHoi apxiTektypu ResNet34, a takox iHTepIpeTye
pe3yJbTaTH MO/IEJI1 1 BABOJUTH METPUKH Ha TECTOBOMY Ha0opi JaHuX (BiH OepeThCs
IUISIXOM BiAKJIaaeHHs 5% 1CHYIOUNX JaHUX).

Sk BIIOMO YUM TIMOIIIO € HEMPOHHA MEPEekKa, TUM CKJIAIHIIIUM € Tpoliec il
HaBYaHHs. J[Js TOro mo0 MOJErmuTH e mporec 13 30UIbIIEHHSIM TJIUOUHU
BUKOPHCTOBYIOTH CTPYKTYPY 3QJIUITKOBOTO HaBUYaHHS. CyThb ITbOTO METOY IOJISTAE
B nepeopMyBaHHI IApiB JJIsl HABYAHHS SIK 3aJIMIIKOBUX (DYHKIIIM 3 MOCUIaHHSAM
Ha BXIJHI JaH1, 3aMICTh TOr0 1100 BUBUAaTH a0COI0THO HOBI (yHKIi. [lepeBaroro
METOJY € T€, 110 TaK1 3aJTUIIKOBI MEPEKI JIETKO ONTUMI3YBAaTH 1 BOHU HE BTPAayaroTh
TOYHICTD 13 30UIBIICHHSIM TJIMOUHH.

TyT BUKOPUCTOBYETHCS TOMEPEIHBO IMIATOTOBICHA MOJENTb. Taka MOJEINb
CHEepIlly HaBYAE€ThCS HA TEBHOMY HA0Opi JaHUX, $AKI MICTATh CBOi Barosi
koedirieHT Ta 3MimeHHs. [ po6oTH onucaHoi B AUIIIOMHOMY ITPOEKTI MOJIEIb
HaByajacs Ha MONepeAHbO PO3MIYEHOMY HaOOpI1 JaHUX 300pakeHb pociiuH. BoHa
MICTUTh BUBYEHI YyHKIII1, HAIPUKIIAJ, TaKl SIK IMOJIO0KEHHS MIKCEIB a00 MEeBH1 JHI{
300paKeHb.

[lonepenHbO HaBUEHI MOJENI € KOPUCHI TUM, IO MPH POOOTI BKE 3 CAMOIO
CUCTEMOI0 MOXHAa 3€KOHOMHUTH 4Yac Ta PECypCHM Ha OOYMCIIIOBaJIbHI MpOLECH 1

BUBEJICHHS HOBHUX (YyHKIIiH [53].
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[67]: train_model_for_label("light")

Selecting features for light classifier..

image_path light
box2_photos/old-data/20190816114000-snapshot.jpg light_norm
box2_photos/old-data/20190816120000-snapshot. jpg light_norm
box2_photos/old-data/20190816122000-snapshot. jpg light_norm
box2_photos/old-data/20190816124000-snapshot. jpg light_norm
box2_photos/old-data/20190816130000-snapshot.jpg light_norm
light_norm 1162
light_low 482
Name: light, dtype: int64
Creating databunch..
Starting training.

W= WK O

<IPython.core.display.HTML object>

Saved weights in clf_light_0

<IFython.core.display.HTML object>

Pucynok 3.1 — TpeHnyBaHHS MITKH OCBITJIEHOCTI

Sk pesynbTar oTpuMyeMo Ha ¢oTtorpadisx BKe MITKH camMoOi HeHpoMmepexi,
siKa BU3Ha4ae, BiAGLILTPOBYIOUN 300paK€HHsI, JIe CBITJA JOCTaTHLO, a JIe 3aMalio.
[le moka3zaHo Ha puCyHKy 3.2.

3BiJicU BUHO, 10 300pakeHHS 4, T, €, K, U, 1 — BOHA 1IECHTUPIKYE, SIK Ti, JIe
HEJOCTATHBO OCBITJIEHHS, ONEPEIHbO aHaI3ylouu ioro. A ¢gororpadii O, B, T, 1,
€, 3, 1, 1 — MMO3HAYAIOTHCS K 300paKCHHS, HA SIKUX JOCTATHHO ISl POCIMHH CBITJIA.
[Ipu HemocTaTKy CBiT/Ia HEHpOHHA Mepexka TMo3Hadyae ¢oTorpadito MITKOIO
light_low, a mpu HasBHOCTI HEOOXiAHOT KITBKOCTI HOTO oTorpadiss OTPAMYE MITKY

light_norm.
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Pucynok 3.2 — MiTku HeHpoHHOT Mepexi i rpadiuHuX 00’ €KTIB

(a, 1, e, K, H,1— IO03HAYAOTHLCS SIK Ti, Ie¢ HEAOCTATHHO OCBITJICHHS; O, B, T, I,

€, 3, 1, 1 — IO3HAYAIOTHCA K 300paKEHHS, Ha SIKUX JOCTaTHLO CBITJIa)

Takox pe3yJabTaToOM € TaKk 3BaHa MaTPUIlS TUTyTaHUHHU.

Marpuris mryranuau (ad6o Confusion matrix) mokasye HaCKiIbKH JTOCTOBIPHO
MPOBOJAUTLCA TIpoIieC TpeHyBaHHA. JliaroHanbHI €JEMEHTH IMPeJCTaBIISIOThH
KUIBKICTh TOYOK, JUIS SKUX IepeadadyBaHa MITKa JOPIBHIOE CIPaBXHIN MITI, a
mo3a JlarOHaJIbHUMHU €JeMEHTaMH — Ti, fKI HEMPaBUJIBLHO ITO3HAYAIOTHCS
KJ1acu(piKaTOPOM.

AHani3yroud MaTpul0 Ha PUCYHKY 3.3, BHJHO: OCKUIbKH JiaroHajibHI
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eIeMEeHTH OJIM3BbKi 10 OJIMHUIIb, a OOKOBI O HYJIB, TO SKICTh pOOOTH HEWPOHHOI

MEPEXKI € 3aJI0BUTLHOIO, & TPEHYBAaHHS MPOBEJIEHO KOPEKTHO.

Confusion matrix

light_low

Actual

light_norm

light_low
light norm

Predicted

Pucynok 3.3 — MaTpulis 1iayTaHUHU JJ1s1 KOJJOHKA OCBITJIEHOCTI1

Heliponna Mepexa NpoBOAWUTH TPEHYBAHHS IO KOXKHIM MITLI 13 paHilie
3a3HaueHnX. HacTymHa MmiTKa — IIe CTaH JIMCTOYKIB BUPOIIYBaHOI POCIUHHU Ha
rpadiuanx 300pakeHHsX. MiTKa Moka3ye Ha SKid cTafil pociarHa 3HAXOIUTHCA.
ToO6TO 4K 1€ JIMCTKU BXKE TOPOCIIOT POCIUHH, KA MOXKE IJIOJJOHOCUTH, UM 1€ JIUIIIE
narinii (abo KyneTypa Ha ctafii pocty). Kox nms TpeHyBaHHSI HaBEIEHO HIDKUYE Ha

pUCYHKY 3.4.
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[68]: train_model_for_label("stage")

Selecting features for stage classifier..

image_path stage
box2_photos/old-data/20190816114000-snapshot. jpg stage_growing
box2_photos/old-data/20190816120000-snapshot. jpg stage_growing
box2_photos/old-data/20180816122000-snapshot. jpg stage_growing
box2_photos/old-data/20190816124000-snapshot. jpg stage_growing
box2_photos/old-data/20190816130000-snapshot.jpg stage_growing
stage_adult 1206
stage_growing 438

=W r e O

Name: stage, dtype: int64
Creating databunch..
Starting training.

<IPython.core.display.HTML object>

Saved weights in clf_stage 0

<IPython.core.display.HTML object>

Pucynox 3.4 — Kox TpeHyBaHHS MITKH CTaHy POCIMHU

I sx pe3yapTaT OTPUMYEMO BXKE IPOMAPKOBaHI HEHUPOHHOI MEPEKEIO
dotorpadii. Ile mokazaHo Ha puCyHKY 3.5. A TakOX MaTpPULIO TJIyTaHUHU IS
MITKHU CTaHy Ha PUCYHKY 3.6.

3 pucyHKy 3.5 BUHO, 10 a — 11 €auHa (hoTorpadis, Mo3HauYeHa HEHPOHHOIO
MEPEKEI0, SIK T4, HAa SAKIA POCIMHA 3HAXOMUTHCS Ha CTaidil pocTy. BoHna orpumana
MiTKy stage_growing. B cBoro uepry 0, B, T, T, 1, €, €, X, 3, H, i, 1, i TO3HAYAIOTHCS
miTkoro Stage_adult i moka3yroTh, 110 300paKEHHST MICTATh BUIJIS yXKE JTOPOCIOT
POCIIVHHU.

B nanomy Bumanky, TakoX BUIHO 3 €JIEMEHTIB MATpHIIl, 10 TPEHYBaHHS
Mepexi € SKICHUM 1 JHOCTOBIpHUM. OCKUIBKM J1aroHajbHI €JIEMEHTH BIiJMOBIIHO

PiBHI OJUHUISM, @ OOKOB1 HYJISIM, TO 1€ TPEHYBaHHS MO>KHA HAa3BaTH 17€aIbHUM.
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Lage_adult

fage adult

dage adult
=

3

dage_adult

Pucynox 3.5 — MiTku HEHpOHHOT Mepexi sl TpadiuHuX 00’ €KTIB CTaHY
pociauHH (a — MO3HAYa€ThCS HEHPOHHOIO MEPEXKEI0, SIK 300paskeHHs, ¢ POCIHHA
3HaXOJIUThCS Ha CTajli pocTy; O, B, T, T, 1, €, €, )X, 3, U, 1, 1, U — TO3HAYAETHCH, K

300pa)kK€HHsI 3 YK€ IOPOCIIOI0 POCIUHOIO)
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Confusion matrix

stage_adult

Actual

stage growing

stage adult

stage growing

Predicted

Pucynox 3.6 — Marpulis rniayTaHuHH JIJ1s1 MITKA CTaHy POCITHH

Hacrtymna MiTka — 11€ BOJI0TiCTh. Jl0CTaTOK BOJIU B CEPEIOBHIII BUPOIIYBaHHS

3aJICKUTD BiI[ MTOJIOKEHHS JIUCTOYKIB POCIIMHU. }IKHIO BOHH OHYHIeHi BHHU3, TO IIC

O3Ha4da€, IO HCEAOCTAaTHBLO BOJIOFOCTi, KOO JK HABIIAKKM B HOPMAJIBHOMY

PO3MIIIEHH], 3HAYUTh BOJIM JOCTaTHbO. Ha pucynky 3.7 momaHo KOJ TpEeHYyBaHHS

HEHPOHHOI MEpEXI1 IS LI€T MITKH.
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[62] : |train_model_for_label("humidity")

Selecting features for humidity classifier..

image_path humidity
box2_photos/old-data/20190816114000-snapshot.jpg humidity_norm
box2_photos/old-data/20190816120000-snapshot. jpg humidity_norm
box2_photos/old-data/20190816122000-snapshot.jpg humidity_norm
box2_photos/old-data/20190816124000-snapshot. jpg humidity_norm
box2_photos/old-data/20190816130000-snapshot.jpg humidity_norm
humidity_norm 1381
humidity_low 263
Name: humidity, dtype: inté4

= W R e O

Creating databunch..
Starting training.

<IPython.core.display.HTML object>

Saved weights in clf_humidity_0

<IPython.core.display.HTML object>

Pucynok 3.7 — Kox TpeHyBaHHSI HEHPOHHOT MEPEX1 JIJIsl TOKa3HUKA

BOJIOT'OCTI.

Sk pe3ysbTat 3HOBY K TAKH MAEMO BXKE MMPOMAPKOBaHI HEHPOHHOIO MEPEKEIO
rpadiuni 300pakenHs. L{e mokazano Ha pucynky 3.8. A Confusion matrix s MiTku
BOJIOTOCTI B CEPEJIOBHII Ha PUCYHKY 3.9.

B upomy BUMagky oTpuMyeMo JiaroHaibHi enemeHTH piBHI 0.94 ta 0.98, a
6iuni 0.02 Ta 0.06 BIiAMOBIOHO, IO TAKOX 3aJ0BOJILHSIE YMOBH TpPEHYBaHHS,
ockutpkd 0.94 O0mu3pke oaunuil ta 0.98 Takox.

Ha pucynky 3.8 BuaHo, 1o a, 0, B, T, €, X, 1, i, ¥ — M03HaA4ar0Th 300paKEHHSI,
JIe BOJIOTICTh B TEIUIMI € HOpMaibHOWO. Taki Qororpadii OoTpUMYIOTH MITKY
humidity_norm. A ¢otorpadiir, 1, €, 3, 1 — MOKa3yoTh Ti rpadiuHi 300pakeHHs, JIe
POCIIMHA OTPUMYE 3aHAJATO Majo BOAW Ta BOJOTH. Taki 300pakeHHS OTPUMYIOThH

miTky humidity _low HelipoHHOIO Mepeketo.
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humdity norm

I I e €

humidety low

Pucynok 3.8 — MiTku HelipoMepeki i1 3HaueHb Bojiorocri (a, 0, B, T, €, X,
1, 1, ¥ — MoO3HAYaI0Th 300paXKECHHS, e BOJIOTICTh € HOPMAJILHOIO; T, [, €, 3, U —

03HAYAI0Th Ti (hoTorpadii, e pocIuHa OTPUMYE HETOCTATHHO 3POIICHHS )
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Confusion matrix

humidity low

Actual

humidity_norm 1

humidity low
humidity norm

Predicted

Pucynok 3.9 — Confusion matrix jist MiTK¥ BOJIOTOCTI B CEpEIOBHIILII

BUPOLTYBaHH KyJIbTYpHU

[ ocranns yeTBepTa MiTKa IS SIKOi KOJ TPEHYBaHHS MOaHO Ha PUCYHKY 3.10

— 1€ IIOJIOKCHHA JINCTOYKIB POCIIMHU.

[70]: train_model_ for_label("leaflets")

SulucLing lwalures for lealluls classilior.

image_path leaflets
box2_photos/old-data/20190816114000-snapshot. jpg  leaflets_up
box2_photos/old-data/20190816120000-snapshot.jpg leaflets_up
box2_photos/old-data/20190816122000-snapshot.jpg leaflets_up
box2_photos/old-data/20190816124000-snapshot.jpg leaflets_up
box2_photos/old-data/20190816130000-snapshot.jpg leaflets_up
leaflets_up 955
leaflets_down 689
Name: leaflets, dtype: int64
Creating databunch..

O TSI R

Starting training.

<IPython.core.display.HTML object>

Saved weights in clf_leaflets_0

<IPython.core.display.HTML object>

Pucynok 3.10 — TpenyBaHHS HEMPOHHOT MEPEXK1 JJIsT MITKH TTOJIOKEHHS

JIMCTOYKIB
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Pe3ynprat poOOTH anropuTMy NOKa3aHo Ha pucyHKy 3.11 ta pucynky 3.12
BIZIMOBITHO. MatpuIls Mo jJiaroHajii Mae BiIMIHHI BiJi OJIMHHUII 3HAYCHHS, MPOTE
noBoJii 6ym3bKi (11e yucio 0.97 ta 0.90), e aHaIOriyHO € MOKa3HUKOM BHUCOKOI
SKOCT1 BUKOHAHHS aJITOPUTMY.
[Ilo10 MITOK OTpUMaHUX HEHMPOHHOI MEpexkero, To a, 0, T, T, 1, €, XK, 3, 1 —
300pak€HHsI, SKl TMOKAa3yITh POCIMHY 3 MiJAHATUMU Bropy JMcTKaMu. BoHu
oTpuMyIOTh To3HauKy leaflet_up. A dotorpadii B, e, u, i — mokasyrThs Ti pororpadii

JIe B KyJITYpH OITYIICHI JJUCTKU BHH3 1 BiAMOBiIHO MaroTh MiTKy leaflet_down.

Pucynok 3.11 — MiTku HEMpOHHOT Mepex1 AJi 3HAYEHb MOJ0KEHHS

JUCTOYKIB pOoCiauHH (a, O, T, T, 1, €, K, 3, T — 300paKEHHS MICTHTh POCIHHY 3
MIJHATAMU Bropy JUCTKaMU; B, €, U, 1 — TOKa3ye, Mo Ha (oTorpadii B pOCIUHU

JMCTKH OITYIICHI BHU3)
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Confusion matrix

leaflets_down

Actual

leaflets up 1

leaflets down -
leaflets up

Predicted

Pucynok 3.12 — Confusion matrix ajist MiTKH TTOJIOKEHHS JIMCTOYKIB

Cnin 3a3Ha4UTH, IO CaM alITOPUTM TMTOKa3ye crocid kinacudikarii 300pakeHb.

ToOTo SKIO OPIEHTYBATHCH, HANIPUKIIAJ, HA XapAKTEPUCTUKY OCBITICHHS, TO BIH

BU/ILJISI€ HAMOLIBII KOHTPACTHI B 1bOMY IIJIaH1 3HIMKH 1 po30MBa€ Ha MEBHI IPYIIH.

Ile 3a0e3neuye kpairy poOOTy Mepexi B MaliOyTHbOMY.
3.2 AJITOPUTM PoOOTH “pPO3YMHOI” TeIJIUILi

Jli1st Toro, o0 moka3atu npolec KOHTPOJII0 TeMIIepaTypy B TEIUIUII MO/laHa

0J10K-cXeMa Ha pUcyHKy 3.13.
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Crapt

[
r o

h 4
Td 3HAYEHHS CeHCOopa, SKWUA 34UTYE

TEMNEPATYPHWUIA NOKA3HWUK

h J

e=Tgq-Tj

OBirpis MpoBiTpoBaHHS

Pucynok 3.13 — [Iporiec KOHTpOIIIO TEMIEPATYPH B “pO3YMHIN’ TEIIIUIIL

3 pucyHky 3.13 BUIHO, 110 BUXOISYU 3 TEMIIEPATYPHOTO TMoka3zHuKa T4
(3HaUEHHS CEHCOopa, IO 3YUTY€ TEMIIEpaTypHUM NOKa3HUK B MOMEHT 4acy)
OOYHUCITIOETBCA 3HAUEHHS €, SKEe HamnpsMy BIUIMBA€ HA MOAANbLIl il MpUIadiB

teruill. BukopucroByroun ¢popmyiy (3.1) 3HaX0UMO 3HaYEHHS TOXUOKH e.

e = Td - Ti (31)

ne T; — ue OaxkaHe 3HAYCHHS TEMIIEpaTypH sl KOM(POPTHOTO POCTY 1 PO3BUTKY
pociuHu. ko e < —1 , To BIANOBIAHO BMUKAEThCA 001rpiB. Tak sk cepenoBulle
€ 3aHaJTO XOJOJHHM, SKIIO € > 1, BMUKAEThCA BEHTHIISITOP, OCKUIBKU TIPH
TEeMIIEpaTypl BUIIE IOMYCTUMOI POCIIMHA 3aruHE.

OnuiieMo TakoXX NPUHIUIT pOOOTH KpamneabHOTO MOJIUBY B 3aJ€KHOCTI Bijl

BUMIPIOBaHHSI BOJIOTOCTI IPYHTY 3a JONOMOrow rpadiuHoro mnojaHHsa. Lle
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JEMOHCTPY€E PUCYHOK 3.14.

Y
Sd 3Ha4eHHA CeHcopa, AKUA 34UTYE

NOKa3HWK BONOTOCTi

h 4

e =Sy S5j

AKTuBauUid
nonuey

Pucynoxk 3.14 — [Ipoiiec KOHTPOIIIO BOJIOTOCTI IPYHTY B TEIUIMIL

Buxonsuu 3 pucynky 3.14 Oiok-cxeMu BUIHO, 110 3a ¢opmyioro (3.2)
OOYHCITIOETHCS 3HAYEHHS PI3HUIIl BUMIpPSHOI BOJOTOCTI Ta OakaHoi, Ae Sg4- 1€
3HAYEHHS BOJIOTOCTI 3HATE 3 TIOKA31B CEHCOPa, a §; BIJIMOBIAHO HEOOX1/THA BOJIOTICTh

CepeIOBHIIA.

e = Sd - Si (32)

Sk11o 11e 3Ha4YCeHHS € BIJ'€EMHUM, TO aBTOMAaTUYHO aKTHUBYETHCS TOJIUB, TaK
SIK TPYHT B TEIUIMIIl HEJJOCTATHBO 3POIICHUM.

BukopucroBytoun ceHcop (oToereMeHTa, BUMIPIOEMO CBITJIO BCEpEIUHI
TEIUIMIN 1 TOCATHEMO Oa’kaHOi KIJIBKOCTI CBITJIA 3a JOIIOMOI'OK0 HEYITKOI CHCTEMH.

[Ipouiec kepyBaHHS CBITJIOM NOKa3aHUi Ha pUCYHKY 3.15. PisHuIs Mk HasBHUM i
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ONTUMAJBHUM OCBITJICHHSM TIOJISATAE B TOMY, IO BXIJHUW 1 MIUPHUHA IMITYJIBCY

3MIHIOETHCS SIK BUX1J HEYITKOI CUCTEMHU.

Crapt

»
>

4
Ld 3Ha4eHHA CEeHcopa, AKUA 34UTYE

NOKasHWUK BONOrocTi

h

e=Lyg-Lj

YBIMKHEHHSA Namnu

Pucynok 3.15 — KoHTpoJib OCBITJICHOCTI B TEILIUIII

TyT 3HOBY X Taku Bce 3aJ€KUTh BiJl TOKa3HUKA €, KU MMOKa3ye PI3HUIIO
MK Oa)kKaHUM IMOKA3HUKOM OCBITJIEHOCTI Ta MPUCYTHIM B MEBHUH MOMEHT 4acy

piBHeM. Bin oOuuncmoeThes 3a opmyioro 3.3.

e = Ld - Li (33)

Tyt L, 3H5THI 13 CEHCOpa MOKa3HUK, a L;0axanuid. SIKiio cBiTIa BiIMOBIAHO
HEJIOCTaTHbO, TO BMHMKAETHCS Jiamma, SKIIO X e > 1, Too Jiammna 3aJulIaeThes

BUMKHCHOIO.
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3.3 ®dinbTpanis 300pakeHb

dinpTpariis 300pakeHb Ta ii METOU € OJTHUM 3 KITFOUOBHX MOMEHTIB POOOTH.
[Tin yac mepemaui rpadiuHUX €JIEMEHTIB MO KaHauax 3B'S3Ky, abo X Ha erami
dbopmyBaHHs X OLIBIIICTD 300pa)KeHb MIAIAETHCS BIUIMBY PI3HUX MIyMiB. [[j1s1 TOTO
mo0 yHUKHYTHM CHOTBOpPEHb Ha eTami CerMeHTalli Ta po3Mi3HaBaHHS
BUKOPUCTOBYIOTbCS pi3HI Meroau. Chepuly BUAUIMMO OCHOBHI BUAM, SIKI
CIPHYHUHSIOTH HETOYHOCTI 300paxkeHHs [54].

3arajaoMm € 1Ba OCHOBHUX:

e ApautuBHui Oumuil rayciB myM. OJIMH 13 BHIIB OUIOrO MIyMy, SIKH
XapaKTEPU3yEThCSI HOPMAIBHUM  PO3IMOAUIOM Ta 3HAYCHHSIM aMIUNTYId 1
aIUTUBHUM BIUIMBOM Ha curHain [56]. Takuil myMm 3a3BUuYail MOIIMPEHHUI B
npucTposix ¢GopMyBaHHS NUGPPOBUX 300paKEHb Ta CHUCTEMHU ISl PO3PAXYHKY 1
MOJIETIIOBaHHS Paiio3B'sI3KY;

o [mmynscHuM 1mym. Jlo XapakTEpUCTHK I[LOTO IIyMy MO>KHA BiJIHECTH
BTpaTU TpHU Tepeaadi 300pakeHb 4Yepe3 3aMiHy YacTHHHU MIKCENB 3HAYCHHSIMH
BUIIAKOBOI a00 (hikcoBaHOi Benuuuu [56].

Po6umMo BUCHOBOK, IO Yy cydacHid wu@poBiii 00poOii 300pakeHb
OPUTIYIIEHHS JTaHUX € BIAOMOIO MPOOJIEMOIO, siKa MOIIMpEeHa He Juiue B cdepi
“po3yMHMX” TEIUIMIb, aj€ ¥ B MEIUUMHI, BEKTOpPHIA Ta pacTpoBii oOpoOIi
300pakeHb, apXITEKTypl YK OYIIBHULITBI.

[Toripmenns 300paxkeHb BiTOYBa€ThCS BHACIIAOK PO3ZMUTTS, a TAKOXK IIyMY
yepe3 eNeKTpoHHI Ta (GoTo MeTpuyHi JpKepena. Uepe3 HeTOCKOHAIMM Tpoliec
dbopmyBaHHs 300pakeHb B1I0YBAETHCS HOro po3MUTTA. TOOTO, IO CyTi, 3MEHIIICHHS
MPOIYCKHOI 3MaTHOCTI 300pakeHHs. [IpuumHOIO 1bOMY MOXE OyTH HECTiiKe
MOJIOKEHHSI kKamepu abo MpoOJeMHU 3 ONTUYHOIO CHCTEMOI0 YM BTpara (oKycy.
Bynb-sKuii eJIeMEHT, IKU 3aIisTHUHN y TIPOIIeCi CTBOPSHHS 300paykeHHs (HAITPHUKIIA]
JH3M, TUTIBKA, TOIO), AKUMOCh YHHOM CIPHUSE MOTIPIICHHIO caMOoro rpadigHoro
CJIIEMEHTY.

IcHye noBouil mMpoKe KoJIo MeTo1B QuibTparii. Cepen HUX OCHOBHUMM €:



70

e MenianHi GuUILTPH;

e OuibTpu 3acCHOBaHI Ha BHOOpPI MaKCHUMaJbHOIO Ta MIHIMAJIBHOIO
3HAYCHHS,

e ['aycciBCbKi (QUIBTPH.

B naniii po6oTi Oy710 BUKOpUCTAHO MeAiaHHY (PUIBTPAIIITO.

[Tpuntun ¢iapTparnii 300paxeHs TYT MOOYAOBaHHWI Ha TMOHSATTI MejiaHa.
BoHO naBHO BUKOPHCTOBYBAIOCS 1 BUBUAJIOCS SIK CEpEIHE apu(METUYHE 3HAUCHHS
BIJIJTIKIB TIPH OIIiHIII BUOIPKOBUX CEpEeHIX 3Ha4eHb. ToOTO ceHc 1€l (impTparii
MOJIATAE B TOMY 11100 3aMIHUTH 3HAUYEHHS B TOYI[l 300pa)kKeHHSI HA CepeIMHY 3HaUY€Hb
SICKPABOCTI1, sIKa BUKOHYETHCS IS ITI€] TOUKH, THITUMH CJIOBaMHU — 3HAUTHU MeAlaHy
SICKpaBOCTI 300pakeHHs ToUkH [S56]. Cam o coOi ¢inbTp sBiIse KoB3HE BikHO. Lle
BIKHO OXOIUTIOE HEMAPHE YHUCIIO €JIEMEHTIB 300paKeHHS, MICISA YOO LEHTPATbHUN
CJIEMEHT 3aMIHIOEThCS MEIIaHOI0 BCiX Y BikHi [57].

OcHoBHa opMyIa Ky BUKOPUCTOBYIOTh MeliaHi GiabTpH 11e popmyina (3.4),

1MoJIaHa HIDKYE.

f(x,y) = medspesy{g(s t)} (3.4)

OnHUM 3 OCHOBHUX TOJIFOCIB MeJIIaHHUX (DUIBTPIB € T€, 1110 BOHU MPEKPACHO
OPUAYLIYIOTh BUTIAJKOBI IIyMH. B cBOIO yepry Taki piuibTpHU MIHIMI3YIOTh PO3MUTTS
300paKeHb.

OpHi€ro 3 OCHOBHHX MepeBar MeIIaHHOTO (UIbTpa, MOPIBHIHO 3 JTIHIMHUMU
binpTpamMu € mporec 00poOku 300paxkeHb. JIiHINHI QITBTPH BUKOPUCTOBYIOTHCS
npu piBHOMIpHOMY a00 TayCCIBCBKOMY pPO3MOMAUII MEPEeNIKOJ, 0 B PeabHUX
curHaiax OyBae J0BOI piako. Memianuuit GuibTp 3a0e3nedye MEHIne 3HauYeHHS
CEPEeIHbOKBAPATUYHOI TOMWIKM TMOPIBHSHO 3 ONTUMAJIbHUMHU JIHIHHUMHU
biIpTpaMu y TUX BUTIAJIKaX, KOJIW Mepenaay 3HaueHb CUTHAIIB BEJIUKI B TIOPIBHIHHI
3 TUCHEPCIEI0 aAUTUBHOTO OUIOro mymy. TakoX €()eKTUBHUM € BHKOPUCTAHHS
MeJllaHHOTO (iIbTpa MPU OYMIINCHHI CHUTHAIIB Ta 300pa)X€Hb BiJl IMITYJbCHHX

IIYMIB.
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3.4 Pe3yjibTaTH TPEHYBAHHS IUTYYHOI'O IHTEJEKTY

OaHMM 3 OCHOBHUX pe€3yJbTaTIB IMpPOLECY TPEHYBAHHs IO 3aBEpILIEHHI €
OTpUMaHHS TaOJMUII-pe3ysbTaTy, sKa NMokKa3aHa Ha pucyHky 3.16. Tyt HasiBHa
iH(opMallis Mpo enoxyu HaBYaHHS HEHPOHHOT MEpEeXi, BTpaTH MpH TPEHYBaHHI,
BJIACHE, K1 pO3paxoByBaTUCA 1 JIMCHI BTPATHU, TOYHICTh HABYAHHS 1 4aC TPEHYBaHHS
BUTPAaYCHUH Ha KOXHY emnoxy okpemo [58]. 3aBnmsku sKicCHOMYy Ta MIBHUAKOMY

anapaTHOMY 3a0€3II€YEHHIO BUIHO, 1[0 KOKHA €I10Xa 3aiiMae O XBUIMHU 4acy.

epoch train_loss valid_loss accuracy time

0 0577004 0.086567 0.963415 00:56
1 0281548  0.100566 0.975610 00:54
2 0178278 0.013852 1.000000 00:54
3 0.121060 0.010825 1.000000 00:55

Saved weights in clf_light ©

Pucynox 3.16 — Tabnuiisi-pe3yabTaT TpeHyBaHHS HEUPOHHOI MEepexi

Bigznaunmo, 1mo B pe3yabTaTi BUKOHAHOI poOOTH Ta MOOYI0BAHOIO
NPOTOTUMY “‘pO3yMHOI”  TEIUIMIN, a TakoX ii 1H(OpMaliiHOT TEeXHOJIOTIi, SKa
3a0e3reuye MOHITOPUHI 1 KE€pyBaHHS CHCTEMOIO, chopMOBaHO 0a3y MaHMX IJIs
CIIOCTEPEIKEHHS 32 POCTOM Ta PO3BUTKOM KYJIBTYD.

Takoxx po3po0JieHO creliaibHe MpOoTrpaMHe 3a0e3MeUeHHs JIi HaBYaHHS
HEHPOHHOI MepeX1 AOCIIIPKYBaHOI 0a3u JaHUX, TPOBEJACHO MAIIMHHE HABYAHHS 32
noromororo Mepexi Deep Learning.

[IpoBeneHO TpeHyBaHHS HEHPOHHOI MEpEXi BITHOCHO KOXKHOI MITKH 0a3u
nanux (ororpadiii. Ilomepennbo MiArOTOBIEHO HAaBUYajbHI MaTepialiu, TOOTO
300pakeHHsl, sIKi MOTPIOHO OyJie B MOAANbIIOMY po3mizHaBaTu. OCKUIBKU TPOILIEC
YCKJIQJAHIOBABCS THUM, LIO0 SKICTh 300pa)X€Hb HE 3aBXkAM Oyna XOpOUIOH, TO
3aCTOCOBYBAJIUCA MeToAu s (inbTparii rpadiuaux o6'ektiB. Jljiss TecTOBOro

Habopy BiadiabTpoBaHo ¢dororpadii, mo pobdwincs Ha BeO-Kamepy B TEILIHUIII.
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Koxne 300paxeHHs] MOBUHHO OyTH PO3MIUYEHUM JJIsl TOTO 100 HEHpOHHA Mepexa
po3yMijia e 300pakeHHs 3 00'eKTaMU K1 HEOOX1THO PO3II3HABATH Ta aHAJII3yBaTH.
[licns ycmimHOro HaBYaHHS HeWpoMepeka cama Ja€ MITKH 300pakKeHHSM,
IpU3HAYEHUM JJi1 poOOTH, aHAII3YIOUM iX Ta BU3HAYAIOUM HEOOXIJTHI MapaMeTpu.
JlaHuii mporiec OMMcaHo B [IbOMY PO3JUT MANYHKT 3.1

BinnoBiniHO OTpUMaHO JIOCTOBIpHI pe3yJbTaTH HaBYaHHS, MAaTPHIl
IJTyTaHUHU JJIs1 KOJKHOI MITKH, sika OyJia BU3HAUY€HA JJI JOCIIKEHHSI POCIIMH Ta
€JIEMEHTH JIJIs1 aHAI3y SIKOCTI TPEHYBAHHS.

B mporieci poOoTH yaockoHaIEHO YK€ iCHYI0UY iH(pOpMaIliiHy TEeXHOJIOTII0
MOHITOPMHTY Ta KEpyBaHHS “pO3yMHOI0” TeIuMIe. Takox po3pobieHo
iH(dopMaIliiiHy cuCTeMy, fKa JO3BOJISE 3a JIOMOMOrow TpadiuHux 300pakeHb
(doTorpadiii 3 BeO-KaMep) aHaTI3yBaTH CTaH POCUH, 1 BIAIITOBXYIOYHCH BiJ] ITLOTO
IpUiMaTH PIIEHHS MOJI0 iX MOAAIBIIOr0 yTpuMaHHs. (DakTHYHO cHUCTEeMa Jae€
pEeKOMeHJalli A1 JOTJISAY 3a IMPOLECOM POCTY 1 PO3BUTKY MOCAIKEHUX KYJBTYD,
110 CIpHUsE KPAllOMy BUPOIIYBAaHHIO Ta TUIOAOHOIICHHIO.

[I{o/10 moAanbIIOro PO3BUTKY IBOTO MPOEKTY, CI1J] 3ayBaKUTH HEOOX1THICTh
O1IBIII CTPOroi popMasizailii CIUCKy MapKepiB y BIAMOBIIHOCTI 10 BUMOT (pi31010T11
pociuH. TyT ciiag BpaxoByBaTu O10J0T1YHY CTOpPOHY mpodsieMu. Ilicis BHeceHHs
TaKMX 3MIH 100 CIIUCKY MapKepiB (pOPMYBaHHS HOBOT'O JIaTAaCETy 1 epeHaBYaHHS
HEHPOHHOI Mepexi “po3ymMHa” TEIUTUIIA SKICHIIIE Ta IHTEHCUBHIIIE TPAIFOBATHME

JUIL CBOTO KOPUCTyBaya.

3.5 BucHOBKM 10 TPETHOT0 PO3iay

B xoni BukoHaHHs Ta (OpPMYJIIOBaHHS TPETHOTO PO3JUTY KBamidikaiiiHoi
poboTu OyjI0 pO3MISTHYTO, B MEPIILY Yepry, iHPopMalliiiHy CKIag0By po3po0IeHOT
cuctemu. llogaHo 3arambHUl KOJ TPEHYBAaHHA MO MITKaxX, a TaKOX JICTUHTU
TPEHyBaHHSI KOXKHOI MITKH OKpemo. IIpoanamizoBaHO pe3ynbTaTH, SKi BH3HAYAE
HEHpPOHHA MepeXa MJId OCBITJIEHOCTI, BKJIIOYHO 3 NPEICTABICHHSIM MAaTpUIIl

TUTYTaHUHU TSI OLIIHKU SIKOCTI pOOOTH HEWMpOHHOT Mepexki. Taki cami pe3yiabTaTh
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MOIaHO 11 TpadigHUX 00'€KTIB CTaHy POCIMHH, BOJIOTOCTI Ta MOJIOKEHHS JTUCTKIB.
BianoBigHO 10 HUX HAsIBHI MATPHIIl OIMIHKK SKOCTI MPOIIECY TPESHYBAHHS.

Omnucano anroput™ pobotu “po3ymuoi” Terwuil. [loGynoBano 610K-cxemu
JUISL IEMOHCTpAIIIl MPOIIECY KOHTPOJIIO TeMIepaTypHy, BOJOTOCTI Ta OCBITJIICHOCTI B
TerIUIl. BiMoBIIHO 10 MPUHIMIY POOOTH KOXKHOI CHUCTEMH MOJIaHO YMOBH Ta
dbopMyIH IJis Kpaloro po3yMiHHS ii PyHKI[IOHYBaHHSI.

Onucano 0OCHOBHI MeTOAM (UIbTpALlli Ta JJIsl Y4OIO0 BOHU BUKOPUCTOBYIOTHCS.
B cywyacHOMy CBITI NPUINIYHIEHHS JaHUX € MIMPOKO MOUIMPEHOI MPOoOJIEMOI0, 3
AKOIO 3ITKHYJHUCA B mpouect podotH. Po3rnsHyTo aauTuBHU OuMH IIyM Ta
IMIYJIBCHUH IIYM Ha 300pa)KEHHSX, PI3HUII0O MK HUMH Ta 1X OCOOJIHMBOCTI.

Takox po3rIIHYTO MPUHIIMIN MEialbHO1 PUIbTpallii 300pakeHb, OCKUTBKH
came BOHA BUKOPUCTOBYBajacs B poOOTI.

[TogaHo OCHOBHI pe3yJNbTaTH MPOIECY Ta METOAU TPEHYBaHHS 1 POOOTH
“po3ymHoi” Terumii. Croau BXOAUTh 1H(POpMAITis PO €MOXH HaBYaHHS HEHPOHHOL
MEpexi, BTpaTW NpH TPEHYBaHHI, SIKI pO3paxoBYyBaTHUCS 1 Ti BTpaTH SKI € B
peanbHOMY IPOLEC], TOYHICTh HABYAHHS 1 YaC TPEHYBAHHS BUTPAYEHUN HA KOXKHY

enoxy okpemo. Lle miaKpirIeHo pUCYHKOM 13 300pasKeHHSM LIUX BCIX JTaHUX.
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4 OXOPOHA IIPAIII TA BE3IIEKA B HAI[BBH‘IAﬁHHX
CUTYAHIAX

4.1 TIlpaBuna oxoponn mpami B  "po3yMHHX"  TeNJIMYHHMX

NPUMillleHHAX

Onupatounce Ha TeMy KpamidikamiitHoi podotu: «Cucrtema MITYYHOTO
IHTEJEKTYy Ha OCHOBI HEHPOHHHX MEpPEXK MJis OLIHIOBaHHS CTaHy pOCIUH Yy
“pOo3yMHHUX” TEIUIMIISX» CHIJ CTBEPJKYBAaTH, IO JOCTIKEHHS 1 B3a€MOJIIA
KOpHUCTyBaya  BIiZOYBaTUMEThCS  HampsAMy 3  TEIUIMYHUMH  arpapHUMHU
IPUMIIIICHHSIMHU.

[Ipu mpoBeIeHH] EKCIIEPEMEHTIB 1 TOAaNbIIIN eKCIUTyaTallii CUCTEMU BapTO
JOTPUMYBATHUCh TIPaBWJI OXOPOHHM Ipalll, sKi 3aTBepikeHO HakazoM Ne 1240 Bix
29.08.2018p. «IIpo  3arBepmxenHs  IlpaBun  oxopoHu  mpami y
CLIBCHKOTOCIIOAAapPCHKOMY  BUPOOHHUIITBI»  [59]. Bin pernamentye mpaBuiia
0e31eyHO01 NOBEAIHKU Y CUTbCHbKOMY IOCIIOIAPCTBI, BAKOPUCTAHHS HAaiMaHO1 Iparll
Ta YCTaTKyBaHHS [UJIsl CLICHKOIOCIOJAPCHKUX pPOOIT, BUMOTH LIOJ0 O€3MeKH
poOOYMX MiCIlb Ta PABUJIA TOBEAIHKHM 3 POCIMHHUM 1 TBAPUHHUM TOCIIOJAPCTBOM.

BinnosinHo 10 yactuHM Jpyroi Hakazy Ne 1240 ycrarkyBaHHS NpU3HaYEHE
JUISI BUKOPUCTAHHS TPAIIBHUKAMHU CUIBCHKOTOCIIOAAPCHKUX YTifAb IiJa d4ac
eKCIUTyaTallli TOBUHHO OyTH CIIPAaBHUM 1 BiJIOBIJJaTH BCIM BUMOTaM, 3a3HaYEHUM Y
HOPMATHBHO-TIPABOBUX aKTaX II0JI0 Tiri€HH Ta 0XOpoHH mpaii [59].

Skimo mpaniBHUKKM BUKOPUCTOBYIOTH IOTEHIIIHHO HeOe3nmeyHe B IUIaH1
BUKU/TY IIKIJJIMBUX PEYOBUH YCTAaTKyBaHHS, TO CJI1JT 3a0€3MEUUTH MICIISI BUIJICHHSI
OTPYHHHX PEYOBHMH BEHTUJIALIMHIUME crcTeMu [59].

VY Bumnajky npucyTHOCTI IiJ1 4ac poOOTH BUCOKHUX PIBHIB IIYMIB, IPAL[IBHUKA
MOBUHHI 3a0€3MeuyBaTUCs CHEIlaJTbHUMU MPUIAIaMU 1JISI 3aXUCTY CUCTEM CITyXY.

BaxxnuBHUM € CIIpaBHICTh Ta TEPMETUYHICTD YCIX CKJIaJ0BUX TEIUIMII M1 Yac
11 BUKOPUCTaHHS.

3a00pOoHSIEThCS EKCIUTyaTalliss MallvuH, 0 MICTATh HecmpaBHOCTI. Ilepen
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BUKOPUCTAHHSAM CUTbCHKOTOCIIOAPCHKOI TEXHIKM CIIiJ] TMEePEKOHATHCS, IO BOHA
3HAXOJIUTHhCS Yy POOOYOMY CTaHi, BIJCYTHI ITOJIOMKH 1 TOIIKOJKCHHS 130JISIii
Ka0eiB.

OxkpeMo BUIAUISAIOTHCS POOOTH 3 BUCOKUM PIBHEM HEOE3MEKH Y CLIbCHbKOMY
rOCIOJIapCTBI.

J1o HUX BITHOCSITHCSI HACTYTIHI:

° PoGotu 3 ximikaramu, arpoxiMikaTaMu, MECTULUJIAMH Ta 1HIIAMHU
100pUBaMU 1 XIMIYHUMHU PEYOBUHAMU;

o YrpaBiiHHS TpaKTOpaMH, MAalllMHAMHA TTPU3HAYCHUMU JIJIT BUKOHAHHSI
criemiayibHUX (PyHKIIH 0OpOOKU BpOKAKO, CAMOXIIHUMHU TEXHOJOTISIMU Ta IHIIHUM
AQHAJIOTIYHUM yCTaTKyBaHHSIM;

o PoGotu 3 peMOHTY Ta AIarHOCTUKH MAILWH I 300py 1 MnepepoOKu
IPOIyKII;

JIJisi BUKOHAHHS BHWINE 3a3HAYEHUX POOIT MpAIiBHUKH TOBUHHI OTPUMATH
JI03BUT Ta MaTH BIAMOBIAHUI KBaTi(DiKaIlIHHUA PIBEHb.

[lin yac 30upaHHS BpOXKAIO CIiJI BPaxXOBYBaTH MPHUCYTHICTh HA TEPUTOPIi
PI3HOTO BUJTy TPAKTOPIB, MAIIIKH Ta IHITUX 00CTYTrOBYIOYUX MPUCTPOIB. BinmoBigHO
30epiraTv QUCTAHIIIIO BiJl HUX 1 3a0€3MeUNTH KOPEKTHY pOOOTY IIiJl Yac IMPOIIECIB
BUKOpHUCTaHHS. CTaTUCTUYHO JOBEJCHO, IO OLIBIIICTh TPaBM pOOITHHUKIB MTOB'SA3aH1
3 HE JOTPUMAHHSM TIPABWJI OXOPOHHU TIpalli Ta OE3MEYHOro EKCIUTyaTyBaHHS
TpaHCIOPTHUX 3aco0iB [59].

[Ile oqHUM BaXJIMBUM (PAaKTOPOM € JOTPUMAHHS MMOXKEKHOI O€3MEKH Mij Yac
30upanpHuX poOiT. Hailuacrimie npuunHaMy MOXKEXK, K1 BAHUKAIOTh € HEOOEpEKHE
MTOBOJIPKEHHS 3 BOTHEM, CITATIOBAHHS TPABH Ta 1HIINX 3aJUIIIKOBUX MPOTYKTIB MICIIS
KHUB, BHUKOHAHHS pOOIT 3 MIIBHINCHOI HEOE3NEKOW HEIIArOTOBICHUX 1
HEHABUCHUX MPaIliBHUKIB, BAKOPUCTAHHS BIJKPUTOTO BOTHIO.

Jljist Toro o0 YHUKHYTH HaJI3BUYAHUX CUTYaIlli MOB'SI3aHUX 3 MOXKEKHOIO
0€3IeKOI0 CJIiJT JOTPUMYBATUCS HACTYTHUX MMPABUIL:

o He nomyckatu 10 poOOTH MpalliBHHUKIB, 1[0 HE MPOWUIIIN HABUYAHHS,

HETOBHOJIITHIX Ta JIt0Jiel 0€3 HaJIeKHOT0 KBami(iKalliifHOTO PiBHS;
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o OO00B'13K0BO MEPEBIPUTH CIIPABHICTh POOOTH BCiX BUKOPUCTOBYBAHHUX
CUCTEM 1 TPAHCTIOPTHHUX 3aCO0IB;

o Bci TpancnoptHi 3aco0u moBUHHI OyTH 0071aHaH1 BOTHETACHUKAMH Ta
THIITUM TTOKEXKHUM 1HBEeHTapeM. Lle cTocyeThest TaKoX TeTUIMYHUX TPUMIIIEHD JJIs
TOTO, 11100 Y pa3i BUHUKHEHHS MOXKeX1 il MOkKHa OyJI0 OnepaTUBHO JIIKBITyBaTH;

o 3a MO>KJTUBOCTI CTBOPHUTHU MYHKTH 00CITyroByBaHHS
CUTbCBKOTOCIIONIAPCHKOT  TEXHIKW, ISl  MEPIOJMYHOI  OYMCTKH  CKJIQJOBHUX
TPAHCIIOPTHUX 1 JOMOMIKHHUX 3ac001B, 110 BUKOPHUCTOBYIOThCS ITi/1 4ac poOOTH IS
YHUKHEHHSI CAMOBUILHOT'O BTPYYaHHSI B CKJIaJIOB1 CHCTEM TPAHCIOPTHUX 3aCO0IB Ta
TEIJIUYHUX TPUMIIIECHB;

o bynp-axi 3BaproBajgbHI POOOTH 3 YCTAaTKyBaHHSIM 1 TEIUIMISIMHU
IPOBOJIUTH JIMILIE 3T1THO HaKa3y 1 J03BOJY, IKUM BUIAHUM KEPIBHULITBOM;

o Ctporo 3a00pOHSETbCS PO3BOJIUTH OararTs B TEIUIUIAX UM HA MOJIAX 1
CTHIATIOBATH 3QJIUIIKN POCIIHH.

Ockutbkr po0OOTa HaJ MPOEKTOM IMependayvae B3aEMOIII0 3 «PO3yMHOIO»
TEIUIULEI0, TO BaPTO TAKOXK 3BEPHYTH yBary Ha TEXHIKY O€3ME€KM Ta MOBEAIHKY B
HAJ3BHYAaHUX CHUTyallsX BIJHOCHO NPWUJIAJIB, SKI 3HAXOAATHCS MiA AIEIO
EIEKTPUYHOTO CTPyMy Ta enekrpornpuiaanai. Croau BiTHECEeMO CEHCOpH, Kaberl,
MEPCOHANIbHI KOMIIT FOTEPH, MOHITOPH, €JIEKTPOJABUTYHU, BEHTHIATOPH, TOIIO0. Bci
MPUCTPOI i1 €HAHO IO EIEKTPOMEPEXKi 1 BOHU 3HAXOATHCS M1/l HAIIPYT OO0, TOMY
BXXJIMBO JOTPUMYBATUCh TEBHOTO MEPEiKy MPaBUI BUKOPHUCTAHHS 1 poOOTH 3
HUMHU. 370pOB’S Ta )KUTTS KOPUCTYBaya Mpu poOOTI 3 TETUIUIICIO HAMIPSMY 3aJI€KUTh
BiJl MPaBUJILHOTO KOHTAKTY 3 PI3HUMH BUAAMH €NEKTPUYHUX MpuiaaiB. OCHOBHHIA
JIOKYMEHT, M0 PErjaMeHTYe€ KOpPeKTHy 1 Oe3neuHy poOoTy 3 elieMeHTaMu
«po3ymuoi» temuui € HITAOIT 40.1-1.21-98 «IIpaBuiia Oe3nedHoi ekcrutyaTanii
€JIEKTPOYCTaHOBOK cnokuBauiB» [60] Tta Hakazom Ne 7 Big 11.01.2017 p. «Ilpo
3aTBep/pkeHHs [IpaBuil TEXHIYHOI eKCIUTyaTallil eJIeKTPOYyCTAHOBOK CIIOKHBAiB)
[61]. Takox BakIMBUM € BpaxyBaHHs BUMOT Hakazy Ne244 Bix 21.07.2016 p. «I1po
3aTBepKEeHHS [HCTPyKIIii 3 JOTpUMAHHS BUMOT OXOPOHU Tpalli B MPUMIMIEHHSIX

MinicTepcTBa arpapHoi MONITHKA Ta MPOAOBOJIBCTBA YKpainu» [62]. Ockiabku
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BaroMa 4acTHHa POOOTH MPOBOJIUTHCS 3a KOMIT IOTEPOM, MPH €KCIUTyaTallii Horo
cimina kepyBatuch Hakazom Ne207 Bim 14.02.2018 p. «IIpo 3aTBepmxenns Bumor
10J10 OE3MEeKH Ta 3aXKMCTY 3J0pPOB’S MpaIlIBHUKIB IiJl 4ac poOOTH 3 €KpaHHUMU
npuctposimu» [63].

3rigHo 3 Haka3zoMm Ne7 «Ilpo 3arBepmkeHHs [IpaBui TexHIUYHOT eKCITyaTaIli
€JIEKTPOYCTAaHOBOK CIIOKMBadiB» M. 2.2 HaJamTyBaHHSA Ta OOCIYroBYBaHHS
YCTaHOBKH M1 CTPYMOM MOBUHHI IPOBOAUTH JIUILE T1 MPALIBHUKH, K1 CIEL1aTbHO
HIArOTOBJIEH] Ta HaBuyeHIl. lle BIAHOCHUTBCS TakoX 1 JO MPOBEIEHHS PEMOHTHHX
poOit. He MoXxHa aomyckatu 10 NpUiiaiB CIOXUBAaYIB YU NPALIBHUKIB, K1 HE
MalOTh CIeUiaJbHOI MIATOTOBKH. 3rigHo 1.2.4. Haka3yNe7 mpalliBHUKH, SKi
0e3rmocepeIHbO KOHTAKTYIOTh 3 €JIEKTPOYCTAaHOBKOIO Ta OOCIYrOBYIOThH ii TOBUHHI
nocsrtu 18 pokis. [lepes mouatkom poOOTH 3 CHCTEMOIO KOKEH MpalliBHUK TOBUHEH
IIPOWTH CIIeliajbHe HABYAHHS, SIKE CII1J] peryJIapHO nmoBToptoBatu. [licns HaBuaHHA
BiIOYBa€ThCS €Tal IEepeBIpKM 3HaHb 3 NMUTaHb OXOpoHHW mpari. [lo ycmimHOMY
3aBEpIIICHHI MEPEBIPKU 3HaHb, MPAI[IBHUK Ma€ MPOWTU CTaXyBaHHsS Bix 2 a0 15
poOounx nHiB. KibKiCTh HIB CTaXKyBaHHS BU3HAYAETHCS HAKa30M KEpIBHUKA YU
BinacHuka. I[loTiM Haka3oMm pOOITHHKA IOMYCKAETHCA IO CaMOCTIMHOI poOOOTH.
OOOB’S3KOBUM € MPOXOJKEHHS MEIWYHOrO OTJISAY, J€ BKA3aHO, IO MpAalliBHUK
HEMae MPOTUIIOKA3aHb I BUKOHAHHS HE00X1THOT poOOTH.

BaxxnuBo mpoBecTr aHami3 TEXHIYHOT CTOPOHHU POOOTH YCTAaHOBKH JJISI TOTO
mo0 OIIHUTH CTaH BCIX KOMIIOHCHTIB CHCTEMH, CTaH eJEeKTPOIIOCTaYaHHsI,
GyHKIIOHYBaHHA TPWIAJiB, TMEPEeMUKAYiB 1 CKIAJOBUX YaCTUH TEIUIHIIL.
[TpuminieHHs, B SIKMX PO3MINIYIOTHCS TEIUIMII TOBUHHI BiJNOBIJIaTH BHUMOTaM
OyniBeIbHUX HOPM, HEOOX1JHOMY PIBHIO OCBITJICHOCTI, BIJMIOBIIHIN TeMIiepatypi i
BEHTUJIALLII.

3a00pOHEHO KOPUCTYBATUCS YCTAaHOBKOIO IMPHU BUSIBJICHHI OOpUBIB KaOesiB
IUTaBJICHH] TUIaT 1 3'€JHYBaJbHUX €JIEMEHTIB, Mepe0osiX poOOTH EIEKTPOMEPEKI,
nedopmaliii Ta IUIaBJICHH] JeTaneil TeIUIui, MOIIKOJKEHHI KOHCTPYKIi, KOpo3ii
CKJIQJIOBUX, HENPABUJIBbHOMY IIJ'€AHAHHI NPOBOJIB YW ICKPIHHI. Y BHIAJKY

BHSIBJICHHSI HECIIPABHOCTEH CIIiJT TTOBIIOMUTH PO 1€ KePIBHUKA.
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3riIHO 3 THCTPYKIIIETO, 3aTBEPIKeHOI0 HakazoM Ne244 «IIpo 3arBepxeHHS
[HCTpYKIIIT 3 AOTpUMaHHS BUMOT OXOPOHM Mpaill B MpUMIIIEHHAX MiHicTepcTBa
arpapHoi IMOJITUKU Ta TPOJOBOJILCTBA YKpaiHU», OAHUM 3 HalHEOe3MeyHIInX
(dbakTOpiB MpU poOOTI € ypakeHHsI €JICKTPUUYHUM CTPyMOM. J[J1s1 TOro 11100 YHUKHYTH
HeOEe3IMeKH CIIiJl JOTPUMYBATUCS HACTYTHUX MPABUIL:

o [Ipyu mOMIKOKEHHI MIHYPIB, 130JIAIii, BUJIOK 3a00pPOHEHO BMHUKATH
IIPWIAJINA B €IICKTPOMEPEIKY;

o 3a00poHEHO KOPHUCTYBATHCS HECIIpaBHUMU pO3ETKaMH,
3'€THYBaILHUMH KOpOOKaMH, IIepeMUKaYaMH, TOIIO;

o 3abopoHeHO  0OirpiBaTd  MPUMIIICHHS  CaMOPOOHUMH  abo
HECaHKI[IOHOBAHHUIA MPUCTPOSIMH,

° 3a00pOHEHO CaMOCTIHHO MIHSTH PO3MIIIEHHS CKJIAJIOBUX CUCTEMH;

o 3a00pOHEHO CaMOCTIMHO 3aMIHIOBATH HECHPaBHI €JIEKTPOINPHUIIAIHN,

3amO0DKHUKM Ta 1HIN TpWiIaad, 110 MaloTh Oe3nocepefHid KOHTAaKT 3

eJIEKTPOMEPEXKEIO;
o 3a00pOHEHO 3aMuIIaTH YBIMKHEHI1 €eKTpONpuiiaau 0e3 Harisay;
. Crin YHUKATH 6e3mocepeIHLOrOo KOHTaKTY Oyab-sSIKUX

€JEKTPONPUIAAIB 3 BOJIOKO.

[lin 4yac mepepBu, ab0 * MO 3aBEPUIEHHIO POOOTH CJiJ BHUMKHYTH BCl
CJIEKTPOTIPUCTPOi 3  EJIEKTpOMEpeki (BpaxoBYHOUM MPHUCTPOI  OCOOUCTOrO
KOPUCTYBaHHS, Taki K KaOemll 3apsAHOro MpUCTporo TenedoHa, 010K KUBJICHHS
HOYTOYKa 4H 1HIIIOT TEXHIKK). BaXXTMBUM € TaK0X 4UCTOTa pOOOYOTO MiCIIS.

Slkuro B mpaliBHMKa BUHHKJIA T1/103pa, [0 CHCTeMa YH ii eIEMEHT BUMILIOB 3
namy, abo mpaioe HEKOPEKTHO TO MOMY CIiJ] MOBIJIOMUTH MPO 1€ KEPIBHUIITBO.
3a00pOHSETHCSI CAMOCTIMHO yCYBAaTH aBapiiHy CUTYAIIIIo.

Kepyrounces Hakazom Ne207 «IIpo 3arBepmkeHHss Bumor mono 6e3neku ta
3aXMUCTy 3[0pOB’S TpAL[iBHUKIB IMIJ Yac pOOOTH 3 EKPAHHUMH MPUCTPOSIMUY,
3aTBEpKEHOT0 MiHICTEPCTBOM COILIIAJIbHOT MOITUKUA Y KpaiHU, BAPTO BII3HAUMTH,
110 i1 Yac BUOOPY JUIsl MPaliBHUKIB €eKPAaHHUX MPUCTPOIB CII1J] BpPaXOBYBATH PIBEHb

IIYMY, MUTOTIHHSI Ta HaJUIMIIKOBICTh TEIUIA SIKY CTBOPIOE TEXHIKA.
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OckibKu TIpH pOOOTI 3 €KpaHHUMHU TMPUCTPOSIMU TPAIIBHUK TIATA€THCS
BIUIMBY OIPOMIHEHHS BapTO 3BECTH MOT0 10 TPAHUYHO JIOIYCTUMOTO PiBHS.

Ilin yac poboTH 3a KOMI'HOTEPOM OOOB’SI3KOBO POOUTHU TEPEPBH IS
BIZIMOYMHKY, OCKUTBKH CHJs49a poOOTa 4acTO € MPUYMHOI0 BUHUKHEHHS Pi3HOTO
BUJly 3aXBOPIOBaHb OIOPHO-PYXOBOi, HEPBOBOI Ta ceHcopHOi cucrem. [1[00
3amo0IrTH MOMIMPEHHIO IIMX 3aXBOPIOBAHb CJI1JT MPOXOIUTH NEPIOAUIHUN METUUHUM
OTJIsI .

Buninnmo aexiabka OCHOBHUX MPaBMII IIPH poOOTI 3 EKPAaHHUM MPUCTPOEM:

o OcBiTiieHHsT poOOYOro  Miclsi MOBUHHO OyTH JOCTAaTHIM 1
BPaxOBYBATHCS KOHTPACT MK OCBITJICHHSIM IIPUMIIIIEHHS T €KPaHOM KOPUCTYBaya;

o Bynp-sKkuil TEKCT Y 1HIIKWKA CUMBOJI Ha €KpaHl MOBUHEH OyTH YITKUM
Ta KOM(POPTHO CIPUIMATHUCS 30POM KOPUCTYBaya;

o BaxxnuBum € cTabuIbHICTh 300paXKeHHs!, TOOTO B1ICYTHICTh MUTOTIHHS
1 BUCOKOTO PiBHS IITyMiB,;

o MomHiTop abo ekpaH Mae 3a0e3nedyBaTH SKICHE 300pakeHHsA 0e3
BiIOJIMCKYBaHb UM BIJJOMBAHHS CBITJIA;

o ExpaH NOBUHEH BUIBHO IMEPEMIIIATUCA MOBEPTATHCS 1 HAXWIATUCA
BIJIMIOB1AHO JI0 TOTPEO JIFOAMHHU, SKa TPAITIOE 32 HUM;

o HacuueHicTb, KOHTPACTHICTh Ta SCKPaBICTh HA €KPaHl PEryIIO€ThCS
0COOMCTO KOPHUCTYBAYeM, B 3aJICKHOCTI Bl HOrO BUMOT.

[Ipu BUOOpPI mporpamMHOro 3abe3medeHHs CIii BpaxOBYBaTH 3aBlaHHS, SKi
BOHA MOBMHHA BUPINIYyBaTH, KBadidikaiii CremiaiicTiB, IXHIO JyMKY Ta IepeBaru

nmporpam.

4.2 Oxopona npami i npaBuja podoTH 3 NPUIAJTAMHU, SIKIi FreHEPYIOTh

BHUIIPOMIHIOBAHHS

3a paxyHOK aBTOMAaTH3aIil TOBCAKACHHUX TIPOIECIB BCEe OiIbIIe
KOPHUCTYBa4iB Ta MPALIBHUKIB IEPEXOAUTH HA pOOOTY 3 MpUIIaJaMHU, SIKI TEHEPYIOTh

pizHOTrO BUAY ITpoMeHi. Lle cTocyeThes SIK JIF0IEH, 10 MPaIoITh 3 KOMITIOTEpamH,
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TaK 1 TUX, XTO Ma€ OE3MOCEPe/IHIi KOHTAKT 3 1HIIMMH JDKEpETaMH 10HI3YIUOTo
BUINIPOMiHIOBaHHS. He nuie kopuctyBayi, 0 HAMpsMy MPAIIOIOTh 3 KOMITIOTEPOM
HIAAI0THCA BIUIMBY IIKIUIMBOTO BUIIPOMIHIOBAHHS. Y YHCIO YPaXXEHUX BXOISATH
TaKOX Ti, IKi MAIOTh CIIPABY 3 JIOMOMDKHHUMH KOMIT'FOTEPHUMH TTPUJIaIaMHU.
CyuacHa TeXHiKa € JOBOJI PI3HOMAHITHOIO Ta MICTUTh IITUPOKE KOJIO JKEpe
€JIEKTPO- 1 PadloCIEKTPOHHUX TpuiadiB. [0 Takux mpuiajaiB BITHECEMO CKaHEPH
HITPUX-KOAIB, CKAHEPHU 3alUCy Ta 3YUTYBaHHS 1H(OpMaIli, MPUHTEPH, IHTErPOBaHI
MIKpOCXEMH, TIaTH, TOmo. KoXXeH 3 HUX XapaKTepU3yeTbCs CBOIM MPUHITUIIOM JIii
Ha OpraHi3M JItouHu [64].

OCHOBHHMMH TOJISIMU SIK1 CTBOPIOIOTHCSI HABKOJIO TaKO1 TEXHIKU € HACTYIIHI:

o EnexTpomaruitHe mouie;

o EnexTpoMarHiTHe BUTIPOMIHIOBaHHS PaIi04acTOTHOTO Jiana3oHy,
o 3MiHHE HU3BKOYACTOTHE CIICKTPUYIHE TIOJIC;

° 3MIHHE HU3bKOYAaCTOTHE MAarHITHE MOJIE;

° EnexkrpocraTtuune moue.

JkepenoM eNeKTpOMAarHiTHOro BUIPOMIHIOBAHHS B KOMI'IOTEplI € B
OCHOBHOMY MOHITOp, MOOYJAOBaHUN HA OCHOBI PIAKMX KPUCTATIB Ta IMJIa3MEHHUU
MoHiTOop. Crij BiI3HAYWTH, MO TUCIIET, B OCHOBI SKHMX PIAKI KPUCTAIH MalOTh
MalKe HE3HAuHE eJIEKTPOMArHiTHE BUIIPOMIHIOBAHHS, MPOTE ayMka, mo EMB
BIICYTHE B3arajl XuOHA. BOHM HE NEPEeBUIIYIOTH JIOMYCTUMHX HOPM SIKIIO
npaIroBaTy Ha BifcTaHi Oiabie 50 cM Bij €KpaHy.

Bysnu nepconanbHOro KoMm'rorepa, 1o MpamoTh 1]l BUCOKOK 3MIHHOIO
HAIMpyrow 1 BUCOKUM CTPYMOM € OCHOBOIO 3MIHHUX EJEKTPUYHUX 1 MarHiTHHX
nouiB. [JJonycTumuii piBeHb HaNPY>KEHOCT] €JIEKTPOMArHiTHUX TOJIB 1 Aianma3oHu iX
pernaMmenTytoTbesi HopmaTuBHUM aktoM JICaulliH 3.3.2.007-98 Tta 3aranbHO
eBponeiicbkuMm crangaprom MPR |l (abo mie ioro Ha3uBarOTh ,,IIBEJICHKUM
crangapr”). Moro 3ateepmkeno 11IBeICHKMM HALiOHANEHUM KOMITETOM 3 IIHTAHb
BUMIPIOBaHb Ta JOCTIKEeHb. bUTBIIICTh BUPOOHHKIB, SKi 3aMAIOTHCSI PO3POOKOIO 1
BUITYCKOM €KpaHHUX MPHUCTPOIB MMOBUHHI BPaXOBYBATH I1i HOPMH IIiJl 4aC BUITYCKY

IPOIYyKIlii, a TakoX mpaBuia, 3arBep/ukeHi B Hopmax TCO 9295 IlIBencwkoi
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KoHpepeHiii mpodcerrinok [65]. Ile moka3aHo Ha pucyHKY 4.1.

’ ~ Buwnm noas .
3MIHHEC CICKTPHYHE

“ico [ MpRi |
' \
[ nosne :

| Srn-2«xlu 10 B/n , 2.5 B/n '

2 k'~ 400 xI'n 1 B/M na siacrani 0,3 m | 2.5 B/m

| B eHTpa ekpana i 0.5 M| na siacrani 0.5 M

) R HABKOJIO MOHITOPA | HAaBKOJIO MOHITODA |
3MIHHE MArHiTHE nosne |

S5Tu-2xkln 250 uTn 200 MA/M (250 uTn 200 MA/M

2kl'u—-400 kI 25 uTn 20 MA/M | 25 0T 20 MA/M
Ha piacTan 0,3 M Bix Ha siacram 0.5 m |
HCHTPY ekpana 1 0.5 M | HABKONO MOHITOPA |

| | HABKOJIO MOHIT opa

Pucynok 4.1 — Jlonyctumi 3Ha4€HHS! BUIIPOMIHIOBaHHS €KpaHHUX MPUCTPOIB

OmHUM 3 OCHOBHUX HPHUCTPOIB (IMiCisI MEPCOHATBLHOTO KOMITHOTEpA), SIKUiA
CTBOPIOE HABKOJO ce0e CuibHE enekTpomarHitHe mnone € Wi-Fi npuctpiit. ¥V
oimeimocti yHiBepcuterax LlBeitmapii oomexxeno kopuctyBanus Wi-Fi-3B’s13koM y
3aKJa/1ax TOMIKITFHOTO, KUTBHOTO BiJIBITyBaHHS Ta BUINUX HABYAJIILHUX 3aKJIaaxX.
A B neskux B3araji 3a00pOHEHO /Jii YHUKHEHHS BIUIMBY Ha YYHIB 1 CTYJCHTIB
HEraTUBHOTO BUIIPOMIHIOBAHHSI.

Koo mronelt, siki miggaroThes Jii OMPOMIHEHHS JIUIMTHCS 3arajoM Ha TpHU
kareropii [66]:

o Kareropis A. 3a3Buuail 1e J0au, SIKI TUMYAacOBO MPAaLIOOTh 3
JUKepelaMu  BUIIPOMiHIOBaHHS (TOOTO mepcoHan abo mpauiBHUKUA — (ipMmu,
BUPOOHHMIITBA, KOMIIaHIi, TOIIO0). BOHM MatoTh NpsMHUIl KOHTAKT 3 MPUCTPOSMHU, SIK1
CTBOPIOIOTH BUIPOMIHIOBAHHS;

o Kareropist b. Ile Ta kareropis mpaiiBHUKIB, IKi O€3[10CEPENIHbO HE
KOHTaKTYIOTh 3 MPUCTPOSMHU BUIIPOMIHIOBAHHS, MTPOTE MiA1al0ThCS HOTO BILIUBY;

o Kareropist B. Bce Hacenenus.

HaykoBo n0BeneHO, 1110 HaBITh MPU HETPUBAIHMIA POOOTI 3 €I€MEHTaMH, SK1
BUIIPOMIHIOIOTh ~ €JICKTPOMArHiTHI Ta HHU3BKOYACTOTHI TOJA, BiAOYBAETHCA

MOpPYIICHHS B POOOTI IEHTPaIbHOI HEPBOBOI CHCTEMH, 30LTBIITYIOTHCS BUMAIKU
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TOJIOBHUX OOJIIB YK 3alaMOpouYeHHs. TpuBajga poOOTa 3a KOMI'IOTEPOM MOXKE
MPU3BECTH O BAHUKHEHHS CTPECOBOTO CTaHY JIFOJAWHH, HYI0TH, Pi3KOi BIZICYyTHOCTI
ameTUTy Ta 3arajbHOTO MOTIPIIEHHS CTaHy 3J0pOB's 1 pOOOTH T'OJOBHOTO MO3KY.
Takok  €IEeKTpOMAar”HiTHE  BUIPOMIHIOBAHHS  HEraTMBHO  BIUIMBAaE  Ha
MPOJYKTHUBHICTh, 3alam'siTOByBaHHS i1H(opMailii, poOOTy 1 HaBUAJbHHUM MPOILIEC
[67].

[licns mpoBeneHHS TPUBAIUX AOCHIIKEHb, HAYKOBII CTBEPKYIOTH PO
HETaTHWBHUYN BIUIUB BUIPOMIHIOBAHHS HA MIKIPSHI TOKPHUBHU JIOAMHHU, CEPIIEBO-
CYyIMHHY CHCTEMY Ta NMUTYHKOBO-KHINKOBHM TPakT. TpuBaja Jisi HI3bKOYaCTOTHHUX
IIPOMEHIB 37]aTHA BUKJIMKATH JIMIIAl, €K3eMy IIKIpH, aKHE YU BYTPOBI BUCHTIAHHSI.
Hepingko came depes 10 HU3bKOYACTOTHUX MPOMEHIB Y KOPUCTYBa4ya BUHUKAIOTh
PaKOBI 3JIOSKICHI ITyXJIMHHU.

Jljist Toro o0 YHUKHYTH MOKJIMBHUX 3arpo3 CJiJ JOTPUMYBATHUCS MEBHOTO
nepeiky TmnpaBwil Oe3leku TMpu podoTi 3 TpuiagaMd, BUIPOMIHIOHYUMU
€JIEKTPOMArHiTHi, MarHiTH1, HU3bKOYaCTOTHI MOJIS.

J1o ocHOBHUX 3aX0/I1B peryitoBaHHs BIUIMBY EMII BigHOCSTHCS HACTYIIHI:

° Opranizaifiiii 3axoiu, $Ki 3J1MCHIOIOTHCS, 3a3BUYai, CHEIIaJbHO
OpU3HAYEHUMU JJI 1boro ocobamMu. Ha KOXHOMY MIAIPUEMCTBI € MPaLlIBHUKU, B
O00OB'SI3KM SIKUX BXOJUTb CAHITAPHUM aHalli3 Ta Harjs] 3a Opuilajamu, 10
BUIIPOMIHIOIOTh €JIEKTPOMArHiTH1 XBUJI;

o [HKxeHepHO-TEXHIUHI METOTN TSI 3MEHIIICHHS BILJTUBY
BunpomiHioBaHHs. Ciood  BXOAUTh  MPABWIBHE  PO3MIMICHHS  MPUJIAAIB
BUIMIPOMIHIOBaHHS, 30KpeMa Take, 100 TMpaliBHUKA $SKI HE MalTh MPSIMOTO
KOHTAKTY 3 HUMU HE IT1/I/IJaBAJIUCS BIUTUBY €JIEKTPOMATrHITHOTO MOJIsl. 3a0e3neueHHs
KOPEKTHUX YMOB BHKOPHCTaHHS, €KCIUTyaTamii Ta METOMIB JHCTaHIIHHOTO
KepyBaHHS MpWIaJaMH 3 CUJIBHUM BHUIPOMIHIOBAaHHSM. BukopucranHs 3aco0iB
1HIUBITyaIbHOT'O 3aXKUCTY, 30KpeMa JJis 30pY;

o Jlikapchko-tipodimakTiuaHl  3axoau. IS KOXKHOTO — IpalliBHUKA
00OB'SI3KOBUM € MEIUYHUHN OIJISII y YITKO BIJIBEACHI mepioau vacy. s Tux, xTo

niAa€ThCsl TPUBAJIOMY, a00 5K HaBITh HE TPUBAJIOMY BIUIMBY BUIIPOMIHIOBaHHS TaKi
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MEJOTIIS AN € YUCTIIITUMHU.

Jlo mpaBun 3 TexHiKM O€3MeKkH Ta OXOPOHM Ipalll MpaliBHUKIB MOXHA
BIJTHECTU HACTYTIHE:

° Po3minienHss mpuiagiB siki CTBOPIOIOTh BHIIPOMIHIOBAHHS 3TITHO 3
CaHITapHUX HOPM Ta MOKEKHOI O€3MeKu;

o Byap-siki pobOTH MO HAIaroKEHHIO, MOHTaXy 1 PEMOHTY IMOBWHHI
BUKOHYBATH JIUIIIE CICIIATICTH 32 JAaHUM BUJIOM JISIIbHOCTI;

° Heo0xiaH0 3a0€31meunTy BEHTUIIAIII0 MPUMIIIIEHHS, a B pa3i MoTpeou
CHUCTEMY BUTS)KHOT BEHTHJISIIII;

o Bapro yHukatm po0GOTH 3 BUIPOMIHIOIOUUMH TMPWIAJIAMUA Y
HEJ0CTATHHO OCBITJICHHS B IPUMIIICHHSIX;

o VY pasi norpebu 3a0€31eUnT eKpaHyBaHHS,

o 3MEHIIUTH KOJO 0ci0, SKI HEe MalTh OE3MOCEPEIHHOT0 KOHTAKTY 3
BUIIPOMIHIOIOUYUMH MPUIIAJIaMHU;

o Jnst  3axWCTy  WIKIPSHUX  TOKPHUBIB  JIIOJUHU  3a0€3MEUUTH
TeXIpalliBHUKa HEOOXITHUM OJIATOM;

o 3a060poHUTH POOOTY 3 BUIPOMIHIOIYUMHU TpHUJIaJaMU IpalliBHUKAM,
AK1 MAlOTh MPOOJIEMH 31 IIKIPOIO, MOraHUH 31p YU MalOTh XBOPOOU OYEil;

° B mpumimienHi 00OB'SI3KOBO NMOBMHHA OyTH amnTedka IS HaJaHHS
MEPIIOT MEAUYHOI TOTIOMOTH.

Takox cii 3ragaTd BUIPOMIHIOBaHHS ONTUYHOro jiamasoHy. Croau
BiJTHOCSITHCS 1BA BUJI XBUJIb:

o [HdpavepBoH1 XBUII;

o VYabTpadioneroBe BUTPOMIHIOBAHHS.

[HppauepBOHE BHUIPOMIHIOBAHHS XapaKTEPHU3YEThCS MIE0 Ha JIOJUHY B
OCHOBHOMY y TEIJIOBOMY CErMEHTI. B mepiry depry Taki XBWJIl MarOTh BIUIMB Ha
MIKIPY JIFOAMHU, OCKUTLKH BOHA BOJIOJII€ CIETIM(IYHUMHU BIACTHBOCTSIMHU BOUPATH Ta
BiOMBaTH BUmpoMiHioBaHHs. [YB BruMBae Ha cekpeTOpHY MIsUTbHICTh OpraHi3My,
IIEHTPaAJIbHY HEPBOBY CHUCTEMY Ta CIIM30B1 3aj03u. KopoTki iH(ppauepBOHi XBHII

IMpoXoaATh YCpPE3 IOJOBY Ta BINIMBAIOTHL HaA FOJIOBHUM MO30K BHUKJIMKAHOUU



84
YIIKO/KEHHS KOpH ab0 TEITOBUI yaap.

JUIss YHUKHEHHS YpPaK€HHS TakuM BHJIOM OINPOMIHEHHS BUKOPHCTOBYIOTH
€KpaHyBaHHS pOOOYMX MICIb Ta TEIUIOI30JAII0. 32 MOMKIUBOCTI BaXJIUBOIO €
TaKOX 3MiHA TEXHOJIOT1] BUPOOHUIITBA JIJIs1 3MEHILIEHHS HEraTUBHOT'O BILJIUBY.

[Iono ynabTpadioneToBOro BUMPOMIHIOBAHHS BIJ3HAYMMO, 110 MPUPOAHUM
JUKEpeJIOM TaKUX NPOMEHIB € coHlle. B moTpiOHIM KiabKOCTI Y@ NPUHOCHUTH
KOPUCTh oprasizMmy moauHu. [Ipore 3a HaamMmKky yiabTpadloieTOBUX MPOMEHIB
BUHUKAE B TEPUIy YEPry MOJApPa3HEHHS CITKIBKM OKa, rocTpi mpodeciiini
3aXBOPIOBAHHS, KOH'FOHKTHUBIT, @ HA LIKIPSHUX ITIOKPUBAX €K3eMa, HAOPSKH Ta HaBITh
Iy XUPLI.

[Ipu poboti 3 mnpuiagamu, SKIi MalOTh HaaMIpHE BUIIPOMIHIOBAHHS
yJIbTpa(iogeTOBUX XBUJIb BapTO 3aCTOCOBYBATU 3aXMCHUM OJAT, OKYJSIPH, MACKH

JUIs 00JIMYYs, @ B IPUMIIICHHSIX 3aXUCHI €KpaHHU.
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BUCHOBKH

B nepmomy posznini kBanmiikaiiiHoi poO0TH OCBITHBOTO PiBHS «Marictpy:

— [IpoBeneHo orsia aiTepaTypu 3a TEMOIO “pO3yMHI” TETLIHIIL.

— Onucano NOHATTS SMArt-rexHoJIorii B 3aralbHOMY PO3YMIiHHI.

— OmnucaHo HEWPOHHI MEPEXi B Ki BUKOPUCTOBYIOTHCS B “pO3ZYMHHUX’
TETUTHIISIX.

— [IpoanamizoBaHo  BX€  ICHYIOYl  pIIIEHHS JJI1  BUPILICHHS
npoOJIEeMAaTUKU TEMH.

B npyromy po3aim kBamigikaiiiiHoi poOoTH:

— Po3risiHyTO MOMJIMBOCTI IITYYHOTO 1HTEJEKTY B Cy4aCHUX CBITOBHX
TEXHOJIOT15IX.

- [IpoananizoBaHO BUKOPUCTAHHS IITYYHOTO IHTEIEKTY B “pO3yMHUX’
TETUTUIISX .

— BuzHaueHo acnekTd MoJaibIIoOro PO3BUTKY IITYYHOTO IHTENEKTY B
rajxy3i po3poOku smart-TerInllb.

— [IpoBeaeHo (piznyHuUil onuc NPOTOTUITY SMart-Teruii.

— OnucaHo ceHcopd Ta TEXHIYHI XapaKTepUCTUKU MPOTOTHIY 1
METOJIMKY 3a SIKOIO B1A0OYBaIuCs AOCTIIKEHHS.

B tperbomy po3aini kBami¢ikamiifHoi poooTH:

= JleTanbHO PO3TIISHYTO 1HGOPMAIIHY CKIIaJOBY PO3POOKH.

— Onrcano anroput™ podOTH “pO3YMHOI” TETLIHIII.

— [IpoBenaeno awnamniz mporecy QuibTparii 300pakeHb, a TaK0X TOM
METO/]I, AKUH BUKOPUCTOBYBABCA OE3MIOCEPENHBO 1] 4ac MPOBEACHHS JOCITIIKEHbD.

VY poznini «OxopoHa mpaiii Ta 0e3neka B HaJ3BUYalHUX CUTYAIISX» OMHUCAHO
IpaBUJia Ta OCHOBHI aCIIEKTH OE3MEKH Ipalll B TeIUUIAX. B ToMy ducii 1 po3yMHHX
TEIJIMYHUX MPUMILIEHHAX. TakoX BKa3aHO OCHOBHI IIpaBWja OXOPOHU Mpalll Mpu

poOOTI 3 MpuIaaamu, siKi FeHEPYOTh PI3HOTO POAY BUIPOMIHIOBAHHS.
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JlonaTok A
from functools import partial
import timeit
from fastai import *
from fastai.vision import *
import pandas as pd
import numpy as np
import sklearn
df¥ = pd.read_excel("Strika AXI Labeling ver.
1.1(2).x1sx™, skiprows=[1])
df = df[df.filename. apply(lambda x: x.split(™.")[-1]
1= "\n")]
def get_label value(labels, label name, default=None) :
try:
return next (1 for 1 in labels.split( ", " ) if
1 .startswith(label _name))
except StopIteration:
return default
df[ " image path * ] = df. apply(lambda row:
Path(f" {row[ 'repo']}/{row[ 'folder']}/
<>{row[ 'filename']}" ) , axis=1)
BATCH_SIZE = 14
existing = df.image_path.apply(lambda p:
(Path("images")/p).exists()) df = df[existing]
tfms = get_transforms()
def train_model for_label(label name):
print(f"Selecting features for {label_name}
classifier...") df[label _name] =
df.labels.apply(partial(get_label value, _,
¢<>label name=1label name))
data = df[[ " image_path " ,
label name]] print(data.head())
print(data[label name].value_counts

()) print(f"Creating databunch...")



bunch = ImageDataBunch. from_df(Path("™./images/"™ ) , data,
bs=BATCH_SIZE, .

<>valid_pct=0.05, ds_tfms=tfms)
bunch . show_batch(ds_type=DatasetType .V
alid) print(f"Starting
training...")
model = cnn_learner(bunch, base_arch=models. resnet34,
metrics=accuracy) model.fit_one_cycle(4)
model _file =
f"clf_{label_name} 0"
model.save(model file)
print(f"Saved weights in
{model_file}") interpretation =
model.interpret()
interpretation.plot_confusion_matr
ix(4)

train_model_for_label("light")

Selecting features for light
classifier..

image_path light

© box2 photos/old-data/20190816114000 -
snapshot.jpg light _norm

1 box2_photos/old-data/20190816120000 -
snapshot.jpg light_norm

2 box2_photos/old-data/20190816122000 -
snapshot.jpg light_norm

3 box2_ photos/old-data/20190816124000-
snapshot.jpg light _norm

4 box2_photos/old-data/20190816130000-
snapshot.jpg light_norm

light_norm 1162

light _low 482

Name: light, dtype: int64

Creating databunch..
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Starting training..
<IPython.core.display.HTML object>

Saved weights in clf_light ©
<IPython.core.display.HTML object>

light_norm

light_norm

light_low
F—

light_norm

light_norm

Confusion matrix

light_low

Actual

light_norm

light_low -

Predicted

light_norm
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train_model_for_label("stage")

Selecting features for stage
classifier..

image_path stage

© box2 photos/old-data/20190816114000 -
snapshot.jpg stage_growing

1 box2_photos/o0ld-data/20190816120000 -
snapshot.jpg stage_growing

2 box2_photos/old-data/20190816122000 -
snapshot.jpg stage_growing

3 box2_photos/o0ld-data/20190816124000 -
snapshot.jpg stage_growing

4 box2_photos/old-data/20190816130000-
snapshot.jpg stage_growing

stage_adult 1206

stage_growing 438

Name: stage, dtype: int64

Creating databunch..

Starting training..

<IPython.core.display.HTML object>

Saved weights in clf _stage ©

<IPython.core.display.HTML object>



stage_growing stage_adult stage_adult stage_adult

!

stage_adult

stage_adult

stage_adult

Confusion matnx

stage_adult

Actual

stage_growing 7

stage adult -

stage growing

Predicted
train_model for_label("humidity")

Selecting features for humidity
classifier..

image_path humidity
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()

box2_photos/old-data/20190816114000 -
snapshot.jpg humidity_norm
box2_photos/old-data/20190816120000 -

=

snapshot.jpg humidity_norm

N

box2_photos/old-data/20190816122000 -
snapshot.jpg humidity_norm

box2_photos/old-data/20190816124000 -

w

snapshot.jpg humidity norm
4 box2_photos/old-data/20190816130000 -
snapshot.jpg humidity_norm
humidity norm 1381
humidity_low 263
Name: humidity, dtype: int64
Creating databunch..
Starting training..
<IPython.core.display.HTML object>
Saved weights in clf _humidity ©

<IPython.core.display.HTML object>




Confusion matrix

hurmidity_low

Actual

hurmidity_monm

humidity low
humidity norm

Predicted
train_model for label("leaflets")
Selecting features for leaflets
classifier..

image path leaflets

© box2_photos/old-data/20190816114000 -
snapshot.jpg leaflets_up

1 box2_photos/old-data/20190816120000-
snapshot.jpg leaflets_up

2 box2_photos/old-data/20190816122000 -
snapshot.jpg leaflets_up

3 box2_photos/old-data/20190816124000-
snapshot.jpg leaflets_up

4 box2_photos/old-data/20190816130000 -
snapshot.jpg leaflets up

leaflets up 955

leaflets_down 689

Name: leaflets, dtype: int64

Creating databunch..

Starting training..

<IPython.core.display.HTML object>

Saved weights in clf_leaflets_©

<IPython.core.display.HTML object>
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leaflets_up leaflets_up leaflets_down leaflets_up
" - e

leaflets_up

leaflets_up

leaflets_up

Confusion matnx

leaflets_down

Actual

leaflets_up 7

leaflets_down -
leaflets up

Predicted
df.labels.head()



Name:

stage_growing,humidity_norm,light _norm,leaflet..
stage_growing,humidity_norm,light norm,leaflet..
stage_growing,humidity norm,light norm,leaflet..
stage_growing,humidity norm,light norm,leaflet..

stage_growing,humidity_norm,light_norm,leaflet..

labels, dtype: object
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Jlonaroxk b

IV Mixrapodra cmydeHsmceka HayKO80 - MeXHIYHa KoHgepeHyin

“NPUPOAHUYI TA N'YMAHITAPHI HAYKH. AKTYANBHI TUTAHHSA"™
VJIK 621.326
Jauunsuis O.—cr. rp. CHam-51
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PosymHa TennHus, 1O BHKOPHCTOBYE 3aCa/M IUTYMHOrO IHTENEKTY HK KJIKHYOBOIO
npuHUHNDY (QYHKUIOHYBAHHA sABASE CODOI0 KOHCTPYKLIK,  OCHOBHI MpouecH B sKiii
aBTOMATH30BaHI 3a JONOMOIOH MOJAEA HEHPOHHUX 3B'43KiB, KOMI KOTEPHOro OayeHHA Ta
BILANOBIIHUX JaTHHKIB POCTY POC/IHH.

B ocHosi StrikhaAl nexuts koHuUenuis MNPUCTPOIO AN BHPOLLYBAHHS PI3HONO BUAY
POCIHH 3a JONOMOrOK MIATPHMKH aBTOMATHYHOIO NOJHBY, PEryIIOBAHHA OCBITIEHOCTI,
TEMIEPATYPHHX MOKA3HUKIB Ta IHUIMX YHHHHKIB, AKI CTBOPIOIOTH CIPHATIHBHIT MIKpOKIIMAT
JUIs HACIHHA 3 MOAAILIIMM HOro peryIoBaHHAM Ha MOOLIBHOMY npHcTpoi abo x uepes
IaTepuer.

Cam npoToTHI MICTHTE TEMIEPATYPHI AaTYHKH, BEHTHIATOP, OOIrPiB, MOIHB POCAHH
AKWIT HANALITOBAHO HA ABTOMATH4YHY podOTY, 0a3yr4uuch Ha 310pPaAHHX MONEPEAHLO AAHMX.
3i0pani nokazHHKN GOPMYIOTE HOTUPH OCHOBHI rpadiki, 9Ki MOJAAHO HHXKUE Ha puc. 1.



IV Mix1apodra cmydeHmceKa HayKO80 - MeXHIYHa KoHgepeHyis
"NPUPOAHHYI TA I'YMAHITAPHI HAYKH. AKTYANIbHI MTUTAHHA™

Puc. 1 I'padixn remneparypu, BOJOrocTi, NPOBITPIOBAHHS Ta OCBITICHOCTI CHCTEMH

Tenauus odnannana kamepami, skl IHTEPBANLHO POOJIATE 3HIMKH POCIHH A TOrO,
wod B MNoJanbIIOMY MOXHA Oylo npoaHanisyBaru iX craH Ta chopmysarH 4HiTKi
pexkomenjauli crocosHo gorasay. Lli il BiadysawoThes 3a J0NOMOTOK 3acTOCYBAHHS
WITYYHOrO IHTENEKTY HEMPOHHMX MEpex, 10 Ha OCHOBI Beaukol 0asu (ororpadiii pociaHHK
Ta MO HEPOHHMUX 3B A3KIB HABYHIMCH BH3HAYATH CTAH BUPOLLYBAHOIO NPOAYKTY.

B naniii pobori sukopucrosyerses Deep Neural Networks (DNN)  sxaouHO 3
MPOLECOM TPEHYBAaHHS HEHPOHHOI MEpeki, J€ Ha BHXOAI OTPUMAHO TadAMLIO-pe3ynbTar
Tpenysanns Ta Confusion matrix, 1o nokasaso Ha puc. 2.
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Puc. 2 Pesynsraru TpedysaHHs mozeni ta Confusion matrix AN KOJIOHKH 3
NOKA3HUKAMH OCBITIEHOCTI

OCHOBHOK METOK) BHKOPHCTAHHA MATPHLI € OL[IHKA SKOCTI BUBOAY Kracudikaropa Ha
Ha0OP1 JIaHMUX.

Cnucox BHKOPHCTAHMX JLKepet:

1. Marepianun  HaykoBoi koH(epeHuii TepHONUILCHKOr0 HALIOHANLHOIO
TEXHIYHOro yHisepcurery imeni Isana [lymos, Tepronuis,. — 2019.
2. BAI'ATOPIBHEBA [HOOPMALIIMHA CHCTEMA

EKOMOHITOPUHI'Y TA KEPYBAHHA KJIIMAT KOHTPOJIEM SMART GROWING
BOX / O. b. Hazapesuy, A. O. Bonoxa, O. I'. 3umuuuskuii. / MATEPIAJIM XVI naykoso-
TEXHIYHOT KOH(EPEHUIT CTYACHTIB, aCNIPAHTIB, JOKTOPAHTIB Ta MONOAHX ydenux. — 2019. —
C. 227-229.
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OcTraHHi JecSTHAITTS HIKABICTS /01l 0 IITYYHHX HelPOHHHX Mepek 3Ha4Ho 30ubnmace. e
BiAOYBaeThCA Yy 3B 93Ky 13 BnpoBakennsM konuenuil SMART y pisni cdepu cyuacnoro xurra. Oanoio
3 YHIKQTLHHX MOAK/IHBOCTEH TaKHX MepeX SBISEThCA 3AATHICTL Y3aranhbHIOBaTH indopmaiiio Ta
aBTOMAaTHYHO NPEJCTABIATH BHCHOBKH PobOTH.

KniouoBiM 3aBaHHAM JaHOrO JOCHUKEHHS € ajanTallis airopHTMY TPeHYBaHHS IITYYHOT
HeifpoHHol Mepexi, 3 BukopucTanisM GPU Ta 3 MOXKIHBICTIO OLIHKH CTaHy POC/IHH Ha OCHOBI iX doTo
ANS 3aCTOCYBAHHA B iHdopMaLiiiniii TEXHOIOTT KepYBaHHS PO3YMHHMH MIHI-TeTUIHIIIMH.

[Mpororun jans poGoTH BKIIOYAE JATUHKH TEMIEPATYpH, CHCTEMY MNPOBITPIOBaHHSA, OGIrpis,
KpanensH#it noaus pocann. O6'ekT ocHaieno Beb-kamMepamu 118 nonepeansoro 36opy indopmanii Ta
rpadiunnx 300pakeHk, Ha OCHOBI AKHX NPOBOHTECA HABUYAHHS HEHPOHHOI MEpeki, @ B MOJANLIIOMY
(hopMyroTECS YITKI peKOMEH/IALIT CTOCOBHO JIOIIIALY TOI YH IHIIOT KYILTYPH.

[Ticna nposeenus npoilecy TPeHYBaHHA MoJenl oTpuMyemo Tabnumio 3 pesyrstatamu. Bona
npejCTaBNeHa Ha PHCYHKY 1.

epoch train_loss valid_loss accuracy time
0 0577004 0066567 0963415 0056
1 0281548 0.100566 0975610 00:54
2 0.178278 0.013852 1.000000 00:54
3 0131060 0010825 1.000000 00:55

Saved weights in clf _light ©

Pucynok 1. Buxinna raGnuns pe3yabTartis TpeHyBaHHS MOJe
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Ax pesynerar BukopucTanng Deep Neural Networks (DNN) orpamyesmo takos Confusion matrix.
Came 18 MaTPHIA J3€ IPOIYMITH HACKLUIEKH SKICHO NpoBeJeHo eTan HaBdanns. JlaronankHi eneMeHTH
NpecTARNAIOTL KUILKICTE TOUOK, A SKHX nepeadavyBaHa MITEa J0PIBHIOE CTIPABAHIN MITII MOIeI,
a Mo3a JIaroHATEHHMH eleMeHTAMH — Ti, 3K HENPARHIEHO MO3HAYAITREC KnacH(ikaTopoM.

Confusion matrx

light_low

Actual

light_reorm

light_low 4
light_norm

Predicted

Pucynok 2. Confusion matrix 718 KOJOHKH 3 NOKATHHKAMH OCBITIEHOCTI

TakuM 4YHHOM MOXKHA He NHINE AJaNTYBATH AITOPHTM N8 NEBHOre Habopy NaHHX, ane i
VAOCKOHATHTH IHOPMALIiNY TEXHOMOTI MOHITOPHHTY Ta KepYBaHHA «PO3YMHHMH» TETUTHLAMH 3
NOJANLIIHM OTPHMAHHAM NOPaj CTOCOBHO MIIBHIIEHHA eheKTHBHOCTI POCTY POCITHH Y HIH.
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Abstract

The paper proposes an approach to solving the problem of recognizing the state of plants using
a neural network for use in information systems for monitoring and managing the microclimate
for smart growing boxes and smart greenhouses. The developed smart greenhouse prototype is
presented, which ineludes information technology for monitoring temperature, humidity, soil
and recording photos of plants and further analysis of plant condition using a neural network
(deeplearning). In addition, a telegram-bot interface is built for easier control light, temperature
and other factors that create a favourable microclimate for a particular type of plants and
manage through smartphone.

The main purpose of the work is to adapt the algorithm for training an artificial neural network
using a GPU and the ability to assess the condition of plants based on photos for use in
information technology control of smart greenhouse prototype.

Keywords 1

Artificial intelligence, smart greenhouse, deeplearning, plant physiology

1. Introduction

In recent decades, there has been an increased interest in neural networks in connection with the
implementation of the SMART concept in various spheres of human life. Meural networks started to be
explored and introduced into everyday life not only by specialists in technology. physiology and
psychology but also by ordinary users. This 1s logical, because the artificial neural network, in fact, 1s
a model of the natural nervous system of a living organism, so the creation and study of such networks
allows us to learn more about the functioning of natural systems [1].

An important factor and a unique feature of the process 1s that the neural network draws certain
generalized conclusions automatically. Due to its structure, it is able to analyze, compare, process
information without requiring any specific programs. Another property of neural networks is reliability.
Even when some elements of the network work incorrectly or simply fail, the network 1s still able to
give the correct results, albeit with less accuracy.

There are special types of neural networks, they are able to generate an abstract image, which 1s
based on input signals. As an example, a network 15 a sequence of distorted images of a symbol, letter,
or punctuation mark. After training, the network will be able to generate this input without distortions.

This indicates that the network is able to generate unique conclusions based on the input information
abtained during training using the finished dataset.

Thus, today the study of neural network training methods 15 a really relevant topic that can be applied
to the concept of SMART greenhouse management.
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The main purpose of the work 1s to adapt the algonithm for training an artificial neural network using
a GPU and the ability to assess the condibion of plants based on photos for use in information technology
control of smart greenhouse prototype.

In our research we distinguish the following tasks:

1. Choose the type of neural network for the classification and assessment of plants.

2. Form, orgamize, filter and systematize a dataset for network research (training) with the help of

smart greenhouse management information technology.

3. Carry out the marking of the condition of a plant on the basis of the formed dataset.

4. Implement neural network traming using GPU.

5. Evaluate the results obtamed.

2. The concept of artificial neural network

Since the 1980s, the interest 1n artificial neural networks grew rapidly. Specialists in vanous fields
of techmical design, philosophy, physiology and psychology were interested in the opportunities
provided by this technology. They actively sought to apply 1t in their fields within development projects
and research.

In 2007, Jeffrey Hinton at the University of Toronto developed algonthms for deep learning of
multilayer neural networks. This event marked the beginning of the active use of artificial neural
networks in various spheres of human hife. In turn, this gave an impetus to the development of artificial
intelligence technology [1].

Artificial neural networks {ARNs) are among the most common classificabion methods 1n data
mining. They are also a powerful method of forecasting. Such systems, as a rule, learn to solve
problems, considering examples in general, 1.¢. the research 1s perceived integrally, without any specific
programming or any prior knowledge about it.

Two strengths of artificial neural networks are the parallehization of information processing and the
ability to self-learn, 1.e. to create abstractions.

What 15 an abstraction? Abstractions are the ability to output an acceptable result based on the data
used 1n the learmming process. Such features allow neural networks to solve large-scale problems that are
still considered difficult to solve. Despite this, artificial neural networks cannot provide ready-made
solutions directly; they need to be integrated into more complex systems instead. For example, complex
problems can be divided into simpler ones, which will be solved by neural networks [2].

The main features of artificial neural networks are:
1. The obviousness of the answer. For example, if we consider the classification problem, the neural
network can be designed to provide information not only about the class of input data but also about
the rehability of the result. Such information will provide an opportunity not to take into account
questionable decisions of the neural network [1].
2. Nonlineanty. Because the activation function of each neuron 1s often chosen to be nonlinear, the
network as a whole can mimic much more complex nonhnear functions. This allows the ANN to
approximate functions of almost any complexity. The only limitation is the number of neurons and
the structure of the network connections.
3. Clear correspondence of the input information to the output.
4. Adaptability. Neural networks leam to flexibly solve problems. In particular, they can be retrained
quite easily if the fluctuations in environmental parameters are insignificant. Also, high adaptability
allows the rehable use of neural networks in non-stationary environments. However, 1t should be
noted that high adaptability can lead to unstable behaviour of ANN. If 1t quickly adapts to certain
stimuli when changing the coefficients, it can significantly affect further performance. That 15, high
adaptability can lead to loss of stability and vice versa. This 1s usually called the problem of stability-
plasticity.

5. Fault tolerance. A well-trained neural network can function properly, even if several of its neurons

fail. This would allow tor the implementation of neural networks on a physical level and confidence

mn the rehability of the chosen architecture. Because the information needed for the network to
function 15 distributed in each neuron, the entire network can fail only 1f 1ts structure 15 severely
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damaged, while minor damage will never senously affect performance. This 1s an obvious advantage
of ANN.

f. Ability to scale. The architecture of neural networks makes 1t very easy to perform a large
percentage of calculations simultancously. This allows a mumimal amount of effort to transfer or
scale systems based on artificial neural networks.

3. Types of neural networks

Meural networks are divided into single-layer and multilayer ones [3].

The set of neurons combined in one layer is called a single-layer neural network. A multilayer neural
network i1s formed when the combination of single-layer neural networks into a single entity takes
place [4].

Multilayer networks between input and output data have several layers of hidden neurons. These
layers add more nonlinear connections to the model. They provide greater accuracy in the process. For
example, a multilayer perceptron with sigmoid activation functions is able to approximate an arbitrary
functional dependence.

It should be noted that an important advantage of neural networks over classical means of
classification and prediction is their ability to leam [4].

The very phrase "teach the neural network” means to show it what exactly 1s expected of it in action.
This process can be compared to teaching numbers to a child. After showing a picture with the image
of the number "5" to a child, we later ask: "What 15 this number?"”. In that case, 1t the answer 15 ncorrect,
we tell the child the correct answer, 1.e.: "This 15 the number five”. The child remembers this example
together with the correct answer, 1.e. in their memory, there are certain changes in the nght direction.
Then we will repeat the process of presenting the numbers again and again until everything 1s studied.

When teaching a neural network, similar actions are performed. That 15, we have a database that
contamns matenals for traiming (in the case of this research the matenals are graphical).

Presenting the image to the input system of the neural network, we get a certain answer from it.

It is important to note that after repeated presentation of the examples, the weights of the neural
network are stabilized and 1t gives the correct answers to all {or almost all) examples from the database.
In this case, it is said that "the neural network has studied all the examples", "the neural network has
been taught”, or "the neural network has been trained”. In software implementations, we can see that
during the leaming process the magnitude of the error (the sum of the squares of errors for all outputs)
gradually decreases. When the margin of error reaches zero or an acceptable low level, the traiming is
stopped. and the resulting neural network 1s considered trained and ready for use on new data.

All the information that the neural network has about the task i1s contained in a set of examples.
Theretore, the quality of neural network learning directly depends, first of all, on the number of samples
in the training database, as well as on how tully and hohstically these samples describe this task. That
15, for example, it makes absolutely no sense to use a neural network to predict the financial cnisis if the
traiming sample for crisis prediction 1s not presented. It 1s believed that for a full-fledged tramning of the
neural network one would need at least a few dozen (preferably hundreds of) examples.

It 15 worth mentioning that teaching a neural network is a rather complex and knowledge-intensive
process. Learming algorithms for such systems have different parameters and settings, and to manage
them one has to have an understanding of their impact.

4, Types of training

As mentioned in the previous paragraph, in order for a network to solve the tasks set before it, it
must first be trained. This ability is considered the main property of the brain. Next, the relationship
between the type of traiming and its effectiveness has to be considered. The learning process for such
systems mnvolves adjusting the structure of conmections between mdividual neurons and synoptic
connections that affect the signals of the coefficients. Such complexes allow the neural networks to
solve the tasks effechively. Basically, neural network learming 1s based on a sample set (data set).
Scientists and rescarchers in this field have developed special algorithms for teaching neural networks.
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Such algorithms allow to increase the efficiency of response to input signals and expand the scope of
their application.

Examples of these are the so-called Hebb training (Donald Gebb, who hypothesized training based
on the neuroplasticity), Rosenblatt (he 15 considered the founder of the perceptron), Alexei Ivakhnenko
and Valentin Lapa (researchers of the first working multilayer neural networks). Such algorithms allow
to increase the efficiency of response to input signals and expand the scope of their appheation.

A large number of different technologies are used for machine learning. In particular, discriminant
analysis, Bayesian classifiers and numerous other mathematical methods can be used. But at the end of
the 20th century, artificial neural networks ( ANN) started receiving more and more attention. Now they
are not only used in various spheres of economic and social activities, but are increasingly used by
ordinary people. One of the largest bursts of interest in them began in 1986, after the sigmificant
development of the so-called "method of backpropagation”, which was successfully used in the training
of the neural network.

ANN 1s a system of connected and interacting artificial neurons, built on the basis of relatively
simple processors. Each ANN processor peniodically receives signals from one processor (or from
sensors or from other signal sources) and periodically sends signals to other processors. These simple
processors, which are arranged into a network, are able to solve quite complex problems.

Most often, neurons are arranged 1n the network by levels (which are more often called layers). Let
us have a look at a multilevel neural network. First-level neurons are usually mmput neurons. They
receive data from the outside (for example, from the sensors of a particular recognition system) and
after processing transmit pulses through the synapses of neurons at the next level. Neurons at the second
level (this level 1s called hidden because it 15 not directly connected to either the input or output of the
ANN) process the received pulses and transmit them to the neurons at the output level. The simulation
of neurons 1s involved in the process, hence each input-level processor 15 associated with several hidden-
level processors, each of which, in turn, 1s associated with several output-level processors. This 1s the
architecture of the simplest ANN, which 1s capable of learming and can find simple connections in the
data.

Deep learning 15 applied only to more complex artificial neural networks contaming several hidden
levels. At the same time levels of neurons can alternate with layers that carry out difhicult logical
transformations or calculations. Each subsequent layer of the network looks for connections in the
previous one. An ANN arranged 1n this way 1s able to find not only simple connections but also links
between connections. Google 1s a fine example of employing a similar system. After the transition to a
neural network with the in-depth leaming, the company has managed to dramatically improve the
quality of its popular product Google Translate.

To summanze, there are three types of artificial neural network traiming: with a teacher, without a
teacher, and mixed.

ANN traiming with a teacher 1s one of the most popular ways. It basically contains a change in weight
coefficients using training examples. For each input example, there 1s a corresponding output vector. In
the process of training, an example 15 selected randomly, and the neural network forms the original
vector based on the example. This vector i1s compared with the desired one and according to a special
algonthm, the process of modification of weighting factors takes place in such a way as to approach the
desired vector [4].

When learning without a teacher, the model has a data set without explicit instructions on what to
do with it. The neural network tries to find connections in the data on 1ts own, extracting useful features
and analyzing them.

Depending on the task, the model orgamzes the data differently:

e Clusterning. Even without special knowledge, you can look at images of amimals and divide

them mto groups by species, simply based on the shape, size or presence of fur, and so on.

¢  This is called clustering — the most common task for learning without a teacher. The algorithm

selects similar data, finds common features, and arranges them into groups.

*  Detection of anomalies. Banks can detect fraudulent transactions by detecting unusual actions

mn the purchasing behaviour of customers. For example, it 1s suspicious 1if one credit card 1s used in

two different countries or on different continents on the same day.
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s  Associations. Considening several key features of the object, the model can predict other cases
where a connection 1s present [1].

5. Description of the research prototype

Passing in the optimizer and loss function 1s optional, and in many situations fastal can automatically
sclect appropnate defaults.

Learner 1s also responsible (along with Optimizer) for handling fastai’s transfer leaming
functionality. When creating a Learner the user can pass a sphtter. This 1s a function that descnibes how
to split the layers of a model into PyTorch parameter groups, which can then be frozen, trained with
different learning rates, or more generally handled differently by an optimizer.

Une area that we have found particularly sensitive in transter leamming 1s the handling of batch-
normalization layers [3]. We tried a wide vanety of approaches to traiming and updating the moving
average statistics of those layers, and different configurations could often change the error rate by as
much as 300%. There was only one approach that consistently worked well across all datasets that we
tned, which 1s to never freeze batch-normalization layers, and never turn oftf the updating of their
moving average statistics. Therefore, by default, Learner will bypass batch-normalization layers when
a user asks to freeze some parameter groups. Users often report that this one minor tweak dramatically
improves their model accuracy and 1s not something that 1s found in any other libraries that we are
aware of.

Datal.oaders and Learner also work together to ensure that model weights and input data are all on
the same device. This makes working with GPUs sigmficantly more straightforward and makes 1t easy
to switch from CPU to GPU as needed.

Here the developed information part 1s described. It consists of many levels (such as physical,
network and software levels) and provides the collection, retrieval, processing and transmission of
information. Such systems allow solving a wide range of tasks of different nature, including
organizational tasks [5].

The advantages of "smart" greenhouses, in general, are quite obvious. This 1s not just a place where
plants are completely protected from external negative factors, but can also bear fruit all year round
with proper care.

Due to the automation of routine processes, many tnvial tasks can be performed without human
mput.

Of course, not just any "smart" greenhouses are able to grow plants without human intervention, but
their capabilities are quite wide.

Such greenhouses are able to maintain a comfortable temperature mnside. The room 15 usually
ventilated automatically, so on hot days vegetables, fruits, bernes, etc. do not wither in nature-dictated
condihions.

» Water the plants at the specified ime. The imgation system is usually automated and extremely
casy to operate. This 1s so that any user, including a novice gardener or a person untanuhar with the
principles of the system, can easily figure the setup out.

The system 1s also capable of providing automated control of processes, which 1s of interest to
modern science and humanity as a whole. This process 1s the cultivation of plants that can have different
purposes (decorative or for cooking, main course or seasoning). Different species and different
environments require different approaches to this process [5].

Smart Growing Box (SGB) 15 a concept of a physical device for seed germination/plant cultivation,
which automatically maintains an ideal environment for a particular plant (lighting provided for the
specific part of the day, temperature and humidity or microchmate) [7].

Inside the SGB there 1s a lamp, a fan and a heater that switches on automatically to mamntain a
microclimate set according to cloud service recommendations based on SGB location data, the type of
plant grown in it and analytical data collected from similar SGBs. Data 1s exchanged using the MOQTT
protocol, which 1s based on the TCP transport layer protocol and implements the publish-subscribe
model. Its advantage 1s low redundancy, which 1s entical for embedded devices with low power and
limited network bandwidth. In this information system, the cloud is a set of services available via the
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Internet that provide reception, storage and processing of data received under the MQTT protocol.
Cloud data 1s stored in two types of databases:

s  SOL for storing static user data, SGB settings.

=  Elasticsearchserver [6] for storage and further machine learming based on analytical data

obtained from sensors. The cloud will also have its own ApplicationProgramInterface (API) to

interact with the web application, which will duplicate the functionality of the telegram bot and
additionally have the visualization of analytical data in the form of real-time graphs within | minute.

An mtelligent greenhouse that uses the principles of artthcial intelligence as a key pnnciple of
operation 1s a design in which the main processes are automated using a model of neural connections,
computer vision and appropriate plant growth sensors.

Such constructions are aimed at facihitating the cultivation of plants, reducing and optimizing the
time of their care, providing and maimntaining a favourable microchimate with mandatory analysis of
humidity, temperature, ventilation and more.

So, lets describe standard example of how to fine-tune an ImageNet [17] model on the Oxford 1IT
Pets dataset [18] and achieve close to state-of-the-art accuracy within a couple of minutes of tramming
on a single GPU.

At first we should imports all the necessary pieces from the library. fastai 1s designed to be usable
in a read-eval-print loop (REPL) environment as well as in a complex software system. Then we
connect with standard dataset.

This 1s an abstraction that represents a combination of traming and validation data and wall be
described more mn a later section. The next step 1s fitting the model. In this case, 1t 1s using the lcycle
policy [19], which is a recent best practice for traiming and 1s not widely available in most deep learning
libraries by default. It is annealing both the leaming rates, and the momentums, printing metrics on the
validation set, displaying results for example im an HTML table (1f run i a Jupyter Notebook, or a
console table otherwise), recording losses and metrics after every batch to allow plotting later, and so
torth. A GPU will be used if one 1s available.

In modern natural language processing (NLP), perhaps the most important approach to building
models is through fine-tuning pre-trained language models.

Projects hke this typically use chmate controllers, artificial imgation systems, ventilation, air
urigation and plant or emergency waming systems. Most smart greenhouse solutions focus on the
proper operation of automatic control systems, which allow you to program care actions according to
time or depending on the performance of the system sensors.

Modern technology makes 1t possible to develop smart greenhouses on the basis of a popular
platform for loT (Internet of things) - ESP, which 15 usually controlled from a mobile device or via the
Internet.

Let us look at the principle of the Internet of things in more detail. The very 1dea that devices can
exchange information with each other without human mtervention, appeared a long time ago.

The modern "Internet of things" involves network communication of objects that interact with each
other and the environment. You can control a vanety of devices with your phone from anywhere.
However, having a stable uninterrupted intermnet connection 1s a requirement. In addition, interconnected
devices can perform certain actions without user intervention.

Among the important functions of the Intermet of things are the facihtaton of everyday hfe,
improving efficiency and quality of work and energy preservation. In general, we can state that there 1s
no clear list of devices for which this approach can be applied. That 1s, this idea can be implemented in
houschold apphances: a remote control washing machine, or a refngerator capable of compiling
shopping lists and ordenng home dehvery.

Another option 15 well-known gadgets that can be worn. There 1s probably no person who has not
heard of fitness trackers and smart watches. loT also includes cars or other vehicles with an autopilot
system {meaning those that can dnive without a dnver behind the wheel).

However, it 15 important to note that the Internet of Things 15 not limited to "smart” appliances. It
can be used 1n any industry where certain processes can be automated. This means it can be useful in
almost all spheres of human activity and life. loT 1s especially active in the agricultural sector, logistics,
and the concept of Smart City. Thas 1s useful for cases where there 1s a need to monitor the condition of
objects or to collect large amounts of data for further analysis.

Based on the above, it 1s logical that the idea of 1oT 15 used in this paper.
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A prototype of a smart greenhouse prototype was developed to implement this information
technology of monitoring and control. 7.8 As a result of such realization, we have an opportunity to
receive data on air and soil temperature and relative humidity. Record the modes of operation of
actuators for air ventilation, drip irrigation and heating.

To enable the accumulation of current images of plants in this information technology, webcams
and a server for storing photos (Raspberry P13) were installed. [8]

The concept of monitoring and control of such a smart greenhouse prototype is shown in the figure
below.

o #Strikha_Voice ,
G [fmtent % JStrikha_Al

/]
®
&) #strikha_Bot

» . ‘ b
Figure 1: The concept of monitoring and management of a smart greenhouse prototype

The general concept of the prototype of such a smart greenhouse prototype can be seen in the video
[9].

It is based on the concept of a device for growing different types of plants by supporting automatic
watering, light control, temperature and other factors that create a favourable microclimate for a
particular type of seced [8].

The prototype itself contains temperature sensors, automated ventilation and heating, based on pre-
collected data on a particular plant. An important element of a smart greenhouse is also watering, set
for certain hours or days. The collected indicators form four main graphs, which are presented below
in Figure 2.

Figure 2: Graphs of temperature, humidity, ventilation and lighting of the system
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To display graphs of monitoring indicators of smart greenhouse prototype the Grafana system, which
is hosted on the management server of smart greenhouse prototype, was used [ 10].

The greenhouse is equipped with cameras that take pictures of plants at set time intervals in order to
further analyze their condition and make clear recommendations for care. These actions occur through
the use of artificial intelligence neural networks.

6. Description of the software algorithm

In any process of work, development or research stages are usually outlined. When the project is
divided into clearly defined tasks, the implementation is more convenient and issue-free.

6.1. Description of the dataset structure

Neural network leaming begins with the preparation of materials. These materials are usually
marked images of objects, in our case ~ photos that will need to be recognized. It is with their help that
the neural network is trained. In fact, in this way we teach the NN to analyze what exactly is depicted
in the photo and the condition of the object depicted. However, in order to have this "training data" in
the form required. it is necessary to form such a database.

The so-called "raw" data is a large sample of photos taken at intervals using a webcam in the
developed box. What it looks like at the beginning is shown in Figure 3.

Input data encompasses the names of the photos, the photos themselves that contain some info about
the plant, the stage of its growth, as well as water and temperature levels. The data also includes
temperature conditions in the room where the experiment is performed, the temperature outdoors, the
temperature of the ground for plants and the temperature in the experimental box with plants.

Woms o™ - i

Figure 3: Learning objects for database formation

Brief charactenistics of the plant are the data given as to whether it 1s well lit, watered sufficiently,
whether the leaves stretch upwards or wither, etc. Some of them are given below:

e =+ Temp outside.

e = Temp room.

e +Temp box.
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e +Temp ground.

¢ +Is fito lamp on.

In our case, the authors do not follow strict terms to descnibe the condition of plants in terms of plant
physiology. The authors have formed a simphfied hst of markers of plant condition, as the goal 1s to
focus on the adaptation of techniques and training of the neural network.

6.2. Neural network training

The tollowing tools are used to implement the tramming process:

*  Anacondais a common Python platform for data processing. The platform includes a collechion

of about 200 open-source packages and Intel MKL optmization. The platform specializes m

"scientific computing”: the science that deals with data, application of machine learning methods,

large-scale info processing, forecasting etc. The use of the platform provides for simplified

management of packages and their deployment [11];

*  Anaconda Navigator i1s a desktop user interface that 1s part of the Anaconda distribution and

allows users to run related programs and manage packages, among others.

# Conda 1s a freely and openly distnbuted cross-platform and language-agnostic package

manager and Anaconda environment management system that installs and updates the packages and

their dependencies. Onginally designed for Python programs, today 1t can package and distnbute
software for a very wide range of languages.

*  Python 1s one of the most powerful and widely used programming languages, which 1s quite

easy to master without special skills. It has efficient high-level data structures and a simple but

effective approach in terms of object-onented programming [12].

It 15 also important to note that the list of existing Python libraries provides a wide range of tools for
solving problems related to the creation of artificial mntelligence and data analysis. With their help,
engineers and scientists can cope with the tasks of image analysis, text and visualize the analyzed data
much easier.

Python 1s also successfully used to implement Geographic Information Systems (GIS): cartography,
geolocation, and GIS programming.

Typically, the advantage of Python over specialized languages created by scientists for scientists 1s
that 1t 1s much easier for programmers to do more scientific tasks without learning a separate language
each time. Also, using the Python language, the user will be able to more easily integrate the solution
of a scientific problem with the practical goals of the project itself. Therefore, if there i1s a need for
scientific calculations or data analysis one should consider this programming language.

During program development, the main packages used are:
*  Pandas 1s one of the Python hibranes that works with tabular data and has the technology to
optimally process it. The hbrary introduces two basic concepts that descnbe the data structures in
it:DataFrame is a data object that is best represented in the form of a regular table because it 1s a
tabular data structure. Series 1s an object similar to a one-dimensional array (an example 1s a list in
Python), but the difference 1s the presence of associated labels, or so-called indexes, along with each
element 1n a list. This feature turns it into an associated Python array or dictionary.
¢ The Fast. Al hibrary i1s a top-level software add-on to the Pytorch package for the Python
programming language. All these constructs are designed to facilitate the creation of software
models of deep neural networks. Fast library. Al uses the best practices and approaches. At the
moment, 1t has a wide range of opportunities [13]. FastA1 1s orgamzed around two main design
goals: to be approachable and rapidly productive, [15]. We wanted to get the clanty and development
speed of Keras [16] and the customizability of PyTorch. This goal of getting the best of both make
us to design of a layered architecture.

e  NumPy is a Python language library for working with multidimensional data arrays. Typically,

these arrays are indexed by positive integers. The data that the hibrary works with 1s homogeneous.

So what does that mean? Homogeneity of data allows optimizing work in companson with standard

hists of language [14].



117

¢ Scikit Learn - Another hbrary of machine leaming software for the Python programming

language. It 15 closely related to the previous hbrary, as it 15 Scikit Learn that mamly takes NumPy

arrays as input.

There 15 a number of different work teams that were used i our study. For example, the
pd.read excel command is used to read a markup file. Then file names are converted to the file path on
a disk.

Later, we filter the files, because only those that are on the disk are needed for work.

Let's move on to the method that trains the model for this target vanable (label_name) based on the
pre-trained ResNet34 architecture (ResNet is an abbreviated name for Residual Network (see Figure
4).

Let us move on to ResNet, also known as a residual newral network. In short, it 1s an artificial neural
network (AMNN), based on structures known from pyramidal cells of the cerebral cortex.

Residual neural networks do this through bandwidth connections or shortcuts to go through some
layers. Typical ResNet models are implemented with two-layer or three-layer passes. They contain
nonlinearities and batch normalization between them.

tfms = gat_transforms()

daf train model for label{label nama):
print{f"Selecting features for {label name} classifier...)
df [label_name] = df. labels.apply(partial(get label_value,
label _name=label_nama)}
data = df [['image path', label name]]
print{data.head())
print (data[label name] .value_counts())
print (f"Creating databunch...")
bunch = ImageDataBunch.from_df(Path(®./images/"), data, bs=BATCH_SIZE,
walid_pct=0.05, ds_tfss=tfms)
bunch .show_batch(ds_type=DatasetType.Valid)
print(f*Starting training...")
model = cnn_learner(bunch, base_arch-models.resnet34, metrics=accuracy)
model .fit_one_cycla(4)
model file = f"clf {label nams} 0"
model . save(model _file)
print{f*Saved weights in {model_filae)}")
interpretation = model.interpret()
interpretation.plot_confusion _matrix(4)

Figure 4: Syntax of the model training method

With the command tramn_model for label {"label name") you can see the work of the traimng
algorithm to mark the state of the leaves of the plant. Such training is conducted for all available labels.

6.3. Results

After completing the process of training the model, we obtain the so-called table result, which 1s
shown in Figure 5.

Here you can find information about the stages of neural network learming, traiming losses, actual
losses, the accuracy of training and time spent on each stage.



epoch train_loss valid_loss accuracy time
0 0577004 0066567 0963415 0056
1 0281548 0.100566 00975610 00:54
2 0178278 0.013852 1.000000 0054
3 0131060 0010825 1.000000 00:55

Saved weights in clf_light @

Figure 5: Initial table of model training results

Confusion matrix is also presented as a source element. Its construction is provided by the Sklearn

library commands.

The main purpose of using the confusion matrix is to assess the quality of the classifier output on
the data set. That does, in fact, show how accurate our model is. Diagonal elements represent the number
of points for which the expected label is equal to the real label, and outside the diagonal elements
those that are marked by the classifier incorrectly. The higher the value of the diagonal numbers of the
confusion matrix, the better (the values themselves range from 0 to 1), as this indicates a large number

of correct predictions.

Figure 6 shows the confusion matrix for training the lighting threshold.

light_low

Actual

light_norm

Figure 6: Training quality matrix for the illumination column model

Analyzing the matrix in relation to the above, we sce that since the diagonal elements are equal to
ones and the lateral elements to zeros. the quality of the neural network is satisfactory, and the training

has been conducted correctly.

We shall present the same matrices for some other characteristics. For example, the matrix for the
label "leaf position” is shown in Figure 7, and for the values of "humidity"

Confusion matrix

hight_low

light_norm

Predicted

in Figure 8.
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Confusion matrix
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Figure 7: Training gquality matrix model for the position of plant leaves
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Figure B: Training gquality matrix model for humidity values

If the matrices on the diagonals are different from the unit value but quite close, this 1s similarly an
indicator of the high quality of the algorithm.

It should be noted that the algonthm itself shows the method of image classification. That 1s, 1f you
focus, for example, on the charactenistics of lighting, it highlights the most contrasting images in this
regard and divides them into certain groups. This ensures better network performance in the future.

6. Conclusions

A result of the constructed prototype of the smart greenhouse prototype and using information
technology to monitor and manage the prototype, a set of observation data tor the peniod of plant growth
(within 20 days) was formed.

The neural network was adapted for the studied dataset, machine learming was performed using the
deeplearning network and the commesponding reliable learming results were obtained, as evidenced by
the traning qualty matrices.

As a result of the traiming, the available information technology of monitoring and management of
a smart greenhouse prototype and an opportunity to receive a condition of plants on the basis of a photo
from webcams placed n 1t was improved.

Regarding the further development of this project, the need for more ngorous formalization of the
list of markers in accordance with the requirements of plant physiology should be noted. After making
such changes to the list of markers for the formation of a new dataset and retraiming of the neural
network.



120

In this study, we have discussed the advancements of CNN in image classification tasks in general
too. We have experienced that combining inception module and residual blocks with conventional CHNN
model, and ResMNet gained better accuracy than stacking the same building blocks again and again.

In fact, the proposed prototype has two directions of further development: for smart growing box,
which can be placed in a house or apartment (for growing grecnery or seedlings) and for smart
greenhouse which are usually placed on land. In both cases, it will be important to implement this
system for assessing the condition of the plant on the base of the proposed approach to the construction
of a neural network.
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