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BupobHuuteo & MexaTtpoHHi Cuctemun 2022: matepianu VI-oi MixkHapogHoT
KOHdepeHuil, XapkiB, 21-22 xoBTHA 2022 p.: Te3n gonosigen / [peakon.
I.LU. HesntogoB (BignosiganbHWn penaktop)].-XapkiB: [eneKTPOHHUN LPYK],
2022.-136 ¢

Y 36ipHUK BKIHOYEHI Te3n JonoBigen, SKi NPUCBSAYEHI Cy4aCHUM TeHAeHUisaM
PO3BUTKY TEXHOMOrin Ta 3acobiB BUMPOOHMUTBA Ta MeXaTPOHHUX CUCTEM,
nepenoBOMY A0OCBIQY Ta BMPOBALKEHHIO 1X B rany3sx CMCTEM MPOMUCIIOBOI
aBToMaTtmsauil Ta KepyBaHHA BUPOOHULUTBOM; CUCTEMHIN iHXeHepil;
CAD/CAM/CAE cuctemax; MexaTpoHiui (eriekTpo-MexaHiyHUX cuctemax,
€ITeKTPOHHMX IHCTPYMEHTaX CUCTeM KepyBaHHSA, MexaHiyHux CAD cucrtemax);
poboToTexHiui Ta 3acobaxm iHTenekTyanizauii; MEMS (cyyacHux matepianis
Ta TexHosnorigx BurotoBrneHHa MEMS) Ta KOMNOHeHTax i TexHonorisax
aBTOMaTm3auil BngobyTky, nepepobkn Ta TpaHCNopTyBaHHS HadTW Ta raasy.

PepakuinHa koneria: |.LU. Hesniogos, B.B. €BceeB.

Manufacturing & Mechatronic Systems 2022: Proceedings of Vst International
Conference, Kharkiv, October 21-22, 2022: Thesises of Reports / [Ed.
[.Sh. Nevlyudov (chief editor).] .- Kharkiv .: [electronic version], 2022. - 136 p.

The collection includes the thesises of reports on modern trends in the
development of technologies and means of production and mechatronic
systems, top experience and implementation of them in fields of: industrial
automation and production management systems; systems engineering;
CAD/CAM/CAE systems; mechatronics (electrical and mechanical systems,
electronic control tools, mechanical CAD systems); robotics and intellectual
toolls; MEMS (modern materials and manufacturing technologies MEMS)
and components and technologies for the automation of oil, gas and oil
extraction, processing and transportation.

Editorial board: Igor.Sh. Nevludov, Vladyslav.V. Yevsieiev

© Kadhegpa komn'toTepHO-IHTErPOBAHUX TEXHOMOTIN,
Q aBTOMaTK3aLii Ta mexaTpoHiku (KITAM),
-, R _ XHYPE,2022

M&MS 2022, 21-22 October, Kharkiv, UKRAINE



/p)
O
C
O
-
(@)
Q@
LLI
O
©
©
oY
Y
@
>
=
n
| S
)
=
C
>
@©
C
O
)
©
Z
=
'
| -
©
i
A’

MiHicTepcTBo ocBiTU | Haykun YkpaiHu (MOHY)

XapKiBCbKui HaUioHanbHWUM yHiBepcuTeT pagioenekTpoHikn (XHYPE)
Bapwascbkuin yHiBepcuTeT cinbcbkoro rocnogapctea (WULS - SGGW)
AsepbangxaHCbKUn oepXXaBHU yHIBEPCUTET HAPTH | NPOMUCOBOCTI

HauioHanbHui yHiBepcuteT «J1bBiBCbKa NONITEXHIKa»
Festo Didactic YkpaiHa
Jabil Circuit Ukraine Limited
TOB «HaykoBo-BupobHuye nignpnemctso «YKPIHTEX»»
dakynsTeT aBTOMaTUKKM | KOMM'toTepu3doBaHux TexHosorin (AKT)

Kadenpa komn'toTepHO-IHTErPOBaHNX TEXHOMOrIN, aBToMaTtunaadii Ta mexaTtpoHiku (KITAM),
HepxasHe nignpuemcTeo «HaykoBO-4OCAIAHUI TEXHOMOMYHUI IHCTUTYT NpunagobyayBaHHS»
HepxasHe nignpuemctao «[iBAeHHUN gepXXaBHUN NPOEKTHO-KOHCTPYKTOPCbKUIA Ta
HayKOBO-OOCNIAHUIA IHCTUTYT aBialiiHOT NPOMMUCITOBOCTI»

MATEPIAJIAN

Vl-ol MixxHapoaHol KoHdepeHuil
BUPOBHULTBO

&

MEXATPOHHI CUCTEMMU 2022
(21-22 xoBTHA 2022)
XapkiB, YkpalHa

M&MS 2022, 21-22 October, Kharkiv, UKRAINE
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[IpoGaemu 3acTOCYBaHHS Cy4YaCHHUX CHCTEM
aBTOMAaTHU3allll IPX BIPOBAIKEHHI MaTUX MOJIYJIbHUX
peakTopiB B YKpaiHi

Bonoxumup Tonormanos', Ceitiana Anpoxina'™
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Anomayia: B poboTi BUCBITIICHI OCHOBHI IOJIOKEHHS CTpaTerii
BIPOBA/DKEHHS MaJMX MOIYIbHUX pEAaKTOpiB B  YKpaiHi.
3a3Ha4eHo, fKi caMe iCHYIOTb THITH MallMX MOZYJIBHHUX PEaKTOpiB.
3po0iieHO0 aKLEHT Ha MEepCHEeKTHBAX BIPOBAIKEHHS MAaJIUX
MOJZLYJIBHUX PEaKkTopiB B YKpaiHi B KOHTEKCTI cTafii iX po3poOKu
Ta CTaHy €HEPreTHM4YHOro OOJaJHAaHHSA, IO EKCIUIyaTyKTbCS Ha
€JICKTPOCTaHIIsIX. 3 HaBeneHoi iHpopMalli BUOKpEMIICHI OCHOBHI
npobnemu, o craBaTUMyTh B cdepi aBromarmsamii Impu
BIIPOBAKEHHI MaJIUX MOIYJIbHHUX PEaKkTopiB B YKpaiHi.

Knrouogi cnoea: manmii MOJIENBHHH PEAKTOp, EHEPreTHKa,
aBTOMATH30BaHi CUCTEMH YIIPaBIIiHHSL

1. BcTtyn

[Iupoke BrpoBaKEHHS BiIHOBIIOBAHUX JDKEPEN €HEeprii
Ta, HAacamIlepe/, COHSIYHOI Ta BITPOBOI EHEPreTHKH, IO

BIIPI3HAETHCS HECTAOLIBLHICTIO Ta Xa0TUYHICTIO
BHUPOOHUIITBA, Cepio3HO YCKJIJTHIOE pobiemMy
pEryIIOBaHHS EHEProCHCTEMHM YKpaiHH Ta MoTpeOye

CTBOPEHHS KOMIICHCYIOUMX TEHEpYIOUHX IIOTY)KHOCTEH
Manoi Ta cepesnboi nmoryxHocti [1, 2]. CTBOpeHHS! Takux
MOTY)KHOCTEH Ha OCHOBI BYIJICBOJHEBHX TEXHOJOTIH
MIPU3BOJUTEH JI0 30UIBIIEHHS BHKUAIB BYTJIEKHUCIIOTO rasy,
110 MTOPYIIYIOTh YUCTOTY HABKOJIMITHBOTO CEPEIOBUIIIA.

[HBecTyBaHHS Yy PO3BHTOK YHCTHX JDKEpeNl eHeprii, a0
SIKMX TaKOX MOXXe OyTH BIJHECEHO 1 SJEpHY EHEpPreTHKY
JIO3BOJISIE:

— 3MEHILUTH 3JISKHICTh BiJl BUKOITHUX PECYPCIB;

— 320€31eYUTH EHEPTeTUIHY Oe3IeKy;

— 3a0e3meynTH IOCTayaHHS BHUKOIHOIO TajuBa 3
ypaXxyBaHHAM  HECTAOUIBHOCTI  30BHINIHBOI  TOPTIBII
eHepropecypcamu;

— 3HM3HUTH EKOJIOTIYHUH IUcOaaHC IUISXOM 3MEHIIEHHS
LIKIJUIUBUX BUKUIIB.

Ha croroaHinmHiit 1eHp Bce OibIIMiA iHTEpEeC BUPOOHUKH
eNEeKTPOeHepril  BUABJSIIOTH 10 MaluX  MOAYJIBHHX
peakropiB (MMP), posrnspatoum iX sK JpKEpesno YHCTOl
€Heprii, 0 BUKOPUCTOBYETHCS B PI3HUX YMOBAX TaKHX SIK
[31]:

— aBTOHOMHI JpKeperna eIeKTPUYHOI Ta TeIUIOBOI eHeprii y
paiioHax, e HeMa€ eJIeKTPOMEPEIK;

— aBTOHOMHE JDKEpENo Ha BHPOOHHIITBAX 3 BEIUKHM
CHOXKMBAHHSAM  TEIUIOBOI  €Heprii y TeXHOJOTIYHOMY
IpoIIeCi;

— MIPUCTPOI I TeHepallii eNeKTPOeHepril, IKi 3aMilaroTh
€HeproOJOKM TEIJIOBUX €JIEKTPOCTaHIIH, II0 BUPOOHIH
cBill piznuHMit pecypc;

— €HeproOJOKU KOMIICHCYIOUOI TOTY)KHOCTI B CHCTEMax,
IO BKJIIOYAIOTH BiJHOBJIOBaHI JDKepena eHeprii (riOpuaHi
CHCTEMN);

— JDKepena  eleKTpOeHeprii
HaBaHTa)KEHHSI €HEPTOMEPEKi;

— TEIUIOBI JpKepesa JUisl ONPICHEHHS BOJIH.

Mertoro 1i€i poOOTH € BUCBITIICHHS Ta aHaJi3 OCHOBHHX
npo6iiem 1pu BrpoBapkeHHi MMP B YkpaiHi.

II. TToHaTTS MMP

ManuMu MOAYJIbHUMH PEAKTOPAMU € sIJIEPHI YCTAHOBKH 3
BUXIJTHOIO €IEeKTPUYHOI0 MoTyxHicTio Bix 10 MBT mo 300
MBTt. PeakTuBHI YCTaHOBKM 3 BHXIJHOIO E€JIEKTPHUYHOIO
notyxHictTio 10 MBT 1 MeHme BifHOCATBCS IO Kiacy
MIKpOMOAYJIbHUX [4, 5].

KoHcTpyKIist TAKHX peakTopiB nependayvac:

— BHCOKHUI piBEHb MOJIYJIBHOI'O BUKOHAHHSI;

— BUCOKHH piBEHb CTaHIAPTU3AIIl B yMOBaX 3aBOACHKOI'O
BUTOTOBJICHHS;

— cepiiiHe BUPOOHUIITBO, IO 3a0e3MeUye MaKCHMi3alliio
eKOHOMIT pecypciB. Edekr cepiliHOCTI € KIIOYOBUM
(dakTopoM, SIKMH BH3HA4Ya€ EKOHOMIYHY KOHKYPEHTHICTh
MMP. [lepcnexTuBa 3aBOJICBKOTO BHUPOOHHIITBA
PEaKTOPHUX YCTaHOBOK € BKJIMBOIO TIEPEBATOI0.

Cepen iCHYIOUHMX THUIIB MaJMX MOAYJIBHHX PEaKTOpIB,
HaJ SKMMH WAy aKTHBHA po0OTa, MOXXHA BHAUIUTH
HacTymHi [5]:

— Ti, IO OXOJIO/DKYIOTHCSI BOJOID Ta PO3TAIlIOBaHI Ha
3eMIIl;

— Ti, IO OXOJIO/DKYIOTHCSI BOJIOKD Ta PO3TAIlOBaHI Ha
BOJI;

— BHCOKOTEMIIEPaTYypPHi 3 OXOJIOJPKEHHSIM Ta3oM;

— peaKkTopH Ha UIBHJIKHX HEMTPOHAX;

— peaxkTopu Ha po3IUIaBax CoJeH.

JJIs1 PEryIroOBaHHsA

III. TIEPCHEKTHMBH BIIPOBA/DKEHHSI MMP B
VKPATHI
Ilicng Toro, sk 3’IBAATLCA [ifoud  Mojem MMP,

MOJKJIMBO CTBOPUTH IIKABMHA MiAXiA [UIS 3aMiHH TEIUIOBOI
TeHepallii Ha BYrULIi Ha aTOMHY 3 BHKOPHCTaHHSIM MaJUX
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peakropiB mns crBopeHHsi KwuiBchkoi, Opnecpkoi ATEI]
(aTOMHOT eJIeKTpOIICHTpaITi ).

IpoBimui daxiBui MiHicTepcTBa eHepreTukn YKpaiHu
BBa)KAIOTh MEPCIIEKTUBHUM BapiaHT MozepHizanii TEL] a6o
TEC i3 BcTaHOBJICHHSIM MaJIUX MOIYJIBHHUX peakTopiB Ha 50
g 150 MBT 3a yMOB HOTpHMaHHS BCiX BUMOT SIAEPHOI Ta
pamiamiiiHol Oe3IeKu.

YkpaiHa po3riIsiae MOXKIJIHMBICTh OCHACTHUTU TaKHMU
peakTopaMu TEIUIOBI €JEeKTPOCTaHIii, SKi CHPUYUHSIOTH
3HAYHI BHKUAW Byriemoo. MiHicTp eHepreTuku YKpaiHu
I'epman Tanmymenko BigmiTuB, mo "inerscs mOpo
MIEPCIIEKTUBH PO3BUTKY AaTOMHOI EHEpreTHMKH B YKpaiHi
MPOTSTOM HAMOIMKYIOT0 MiBCTOMITTS" .

[puitHaTHii Takox B YKpaiHi Kypc Ha pPO3BHTOK
BiJTHOBJIIOBAaHMX JDKEpel eHeprii Ta Hacammepel Ha
OyIiBHHULITBO BeNUKUX coHstuHMX enekrpocranuiid (CEC) ta
BiTpoBuX enekrpocranuiii (BEC) no3Bomnsie npoanamizyBatu
MOXITUBHA PO3BHUTOK SIIEPHO-BiTHOBJIIOBAHUX
€HepreTHYHuX cucrem [1].

IaTeHcudikalliss BIJHOBIIOBAHUX JDKEpEN 3  SACPHOI
CKJIaZIOBOI MOXK€ BIUIMHYTH Ha TWiJBHUILIEHHS IOMUTY Ha
enexkTpoeHeprito. KpiM  TOoro, BIiJACYTHICTHP  BHKHIIB
MApHUKOBUX Ta3iB BiAirpac BEJIHMKY pOJb Yy BHpILIECHHI
€KOJIOTIYHHX TPOOJIEM.

KoMOiHyroun mOHOBIIIOBaHI JDKepena 3 aTOMHUMH, TOOTO
BuKopucToBytoun MMP, MOXHa 3a0BOJILHHTH TOTpeOy
€KOHOMIYHOTO PO3BHUTKY Ta HACEJICHHS, a TaKOX OCSTTH
€KOHOMIYHOI JOIUJIBHOCTI y BHUKOPHCTaHHI BUKOITHOTO
TaJIuBa.

[IpoexTyBaHHA riopuaHoi
€HEpreTUYHOI CHUCTEMH 3aJEeXKHTh BiJl KOHKPETHOTO
BUKODHCTaHHS, TEXHIYHMX BUMOI Ta EKOHOMIYHHX
(axTopiB, MOB'A3aHUX 13 0OCIYrOBYBaHHSIM CUCTeMH. BoHa
Mae OyTH aJanToBaHa i JUHAMIYHOI ONTHMIi3arlii
BUKOPHCTAaHHS €JIEKTPUYHOI Ta TEIUIOBOi EHeprii, Kolu
peakrop TpamoBaTHME B YyMOBax  ONHM3BKHX  J0
CTalLliOHAPHHUX PO3PaXyHKOBHX, IPH LLOMY BHUTpaTH Ha
TeXHIYHEe 00CIyroByBaHHs OyIyTh MiHIMAJILHUMU.

PosramryBanHs Ta  po3Mipu  riOpuAHOi  siIepHO-
BIIHOBJIFOBAHOI CUCTEMH € 0a30BUM PiBHEM IS MpoIiecy ii

SITEPHO-B1THOBJIFOBAHOT

YMOB ekcrutyatamii. B minomy, kongirypamis ta po3mipu
MOXYTb OyTH BUKOHaHI i3 3aJy4eHHSM pI3HHX METO[IB
BHU3HAYCHHS XapaKTepUCTHK: IMOBIpHICHOTO,
IHTEPaKTUBHOT'O, aHATITUYHOTO Ta MoJienbHoro. [Tpu npomy
HEOOXITHO BPaxyBaTH TCIUIOBHM, MEXaHIYHWH, XIMIYHHH,
BOJIHEBUH, eNEKTPUYHHN Ta iH(OpMaLiiHUN B3a€MO3B'SI30K
MPOLIECIB, IO IPOTIKAaIOTh, 3 IX OCHOBHUMH BHMOI'aMHU.
EdexrtuBHicTh TIOpUIHOI CHCTEMHM 3HA4YHOIO  MipOIO
3aJIeKUTh BiJl IHTENEKTYaJIbHOI CUCTEMH MOHITOPHHIY Ta
aBTOMAaTU30BaHOI ~ CHUCTEMU  YIPABIiHHS,  [UTAHHIM
PO3pOOKH SIKMX HEOOX1AHO NPUIUIATH 3HAUHY yBary.

IV. CTAH EHEPTETUYHOI'O OBJIAJITHAHHS

Jo ckmamy TemynoBOi eHEpPreTMKH YKpaiHH BXOISThH
TEIUIOBI €JIEeKTPOCTAHIII, SKi OpraHi3alliifHO pO3/iJieHi Ha
4OoTHpU TeHepyroun KoMnadii J{Hinpoenepro, LlenTpenepro,
JHoub6acenepro, 3aximeHepro ta TOB «CximeHepro», a
Takox Oyok-craHmii Ta komyHanbHi TELL

Ha TEC BcraHoBieHO 6 eHepro0JoKiB moryxHicTio 150
MBTt, 43 Onoku mnoryxnictio 200 MBt, 42 O6noka
notyxHictio 300 MBr (3 Hux 2 ra3oma3yTHUX), 6
ra3oMa3yTHux OsokiB moryxkHictio 800 MBt T1a 1
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MIOBYTUIEHUN 070K moTyxHicTio 800 MBT1. Ha xpymHux
TEILL exkcruryaTyroTbest 5 Ta30Ma3yTHUX OJIOKU MOTYXHICTIO
300 MBrT. IloTyxHiCTh yKpalHCBKHMX €HEpProOIoKiB Ta ix
CTPOKU BBEIEHHS B EKCIUTyaTallllo Ha eJeKTPOCTaHINiIX
HaBeIeHO B Tabi. 1 [6].

Tab6muns 1. Xapakrepuctuku 6ounnx TEC Ykpainu

HasBa cranmii [ToTyxHICTh Pik BBeneHus B
€Hepro0JIoKiB EKCIUTyaTaIlio
(mpoexTHa),
MBrt
JIyranceka 8x200, 1x100 Bigx 1961 o
1969
CrapobernieBcbka 10x200 Bix 1961 no
1967
CnaB’stHCbKa 1x720 Bin 1967 o
1971
Byrneropcoka 4x300, 3x800 Bin 1972 o
1977
KypaxiBcpka 1x200, 6x210 Bigx 1971 o
1975
3yiBCcbka 4x300 Bigx 1981 o
1988
[puaHinposchka 4x150, 4x300 Big 1958 o
1965
KpuBopizbka 10x300 Bimx 1965 o
1973
3anop3bka 4x300, 3x800 Bix 1972 no
1979
3MiiBCHKa 6x200, 4x300 Bimx 1960 1o
1969
Tpuninscbka 6x300 Bigx 1969 o
1972
JlammwkuHCHKA 6x300 Bix 1970 nmo
1971
JlobpoTBOpCHKa 2x150, 3x100 Bigx 1963 o
1964
BypmtuHchka 12x200 Bimx 1965 o
1969
XapkiBcbka TELL-5 1x250, 2x110 1986
Kwuisceka TELI-5 2x250, 2x100 Bix 1974 no
1976
Kwuisceka TELI-6 2x250 Bim 1982 g0
1984

Sk BUAHO 3 TaOdMI, yci eHeproOysioku crapimi 3a 30
POKiB, OT’)KE MalOTh CYyTTEBUI TepMiH eKkcruryaranii. Takuid
BiK OOYMOBJIIOE HE JIMIIE CTaH oOOJNaJHaHHs, a TOYHIIe
CTyleHb HOro 3HONICHHSA, a W THIO BCTAHOBJEHOTO
obnagHaHHsA. Tak, SKIIO BBaYKATH, «CepIieM» CHEProOIOKy
Horo eHeproreHepyroue oo0jgaaHaHHs (TypOOYCTaHOBKY), TO
«MO3KOM» € OJIOUHHMI LIUT KEPYBaHHS, SKUH, OYEBHIHO,
BCTaHOBJIFOBABCS y Ti K TEPMIHH, IO 1 BBOIUIOCH
eKCIUTyaTallifo eHepreTuyHe obnagHaHHA. Yac BBOIY
eKCIUTyaTaIlifo OIIOYHOr0 IIUTa KepyBaHHS OOYMOBIIIOE
TUN 00JalHAHHA, 10 Ha HHOMY BCTaHOBIeHe. Ha pwuc.
HABEICHO THUMOBMH OJOYHUM IIUT KEPyBaHHI,
BCTaHOBJICHI Ha 0araThoX €JICKTPOCTAHIIISAX.
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Puc. 1.
€JIeKTPOCTAHIIIT

OJI0YHUI

Tunosuit LIUT  KEpyBAaHHS

3 pI/IC.l BUJHO, IIO OGJ’IaI[HaHHﬂ, AK€ 3aCTOCOBYETHCHA,

MepeBaAKHO  aHAJIOTOBOI'O  THITY, BIJCYTHI  CHCTEMH
IU(pPOBOrO0  MOHITOPHHTY, OOpOOKM Ta 30epe)KeHHS
iHpopMmarii.

V. OCHOBHI BUKJIMKU ITPY BITIPOBAJIXKEHHI
MMP

Mauti MOITyNbHI peakToOpH — e CydacHa TEXHOJIOTisl, OTKE
TIpy 11 BIPOBAJPKEHH] 3aCTOCOBYIOTHCSI OCTaHHI JOCSITHEHHS
HAaYKH 1 TEXHIKH, 30KpeMa, BIIPOBAKYIOThCS JOCSTHEHHSI 31
chepu aBTOMaTH3AIII.

ABTOMaTH30BaHa CHCTEMa YIPABIIHHSI TEXHOJOTIYHUM
MPOLIECOM, II[0 peajli3oBaHa Ha peakTopax Iiel TEeXHOJOril
norpebye ocobnmBoi yBaru [7]. Hampukman, 3B’s3ku Mix
MiJCUCTeMaMH OC3IEeKU Ppi3HMX KJIAaciB TOBHHHI OyTH
JIOCUTh TIPOCTHMHU Ta 3pO3yMUIMMH Ta BHKOPHUCTOBYBATH
o0JTaTHaHHS HAMBHIIMX Ki1aciB Oe3mneku [8].

3a3HavyeHi NpoOJIeMH € TOCHTh YaCTHM 3ayBa)KEHHSM MPHU
minenzyBanni MMP [9]. Ane HaBiTh micnst 1X YCyHEHHS
3aJIMIIAETHCS MTUTAHHS 1HTErpamii HOBHX CHCTEM IO BXKE
icHyrounx ACY TII, siki ekcruryaTyroThCsl Ha eHepro0IoKax
(amxe came miaxin inrerpamii MMP 10 eHeproOiokiB, 1o
BXKE EKCIUTyaTYIOThCs, TIPOIIOHYETHCSI BUKOPHCTOBYBATH B
VYxpaini). Tak, crapi ACY TII MOXyTh BUKOPHCTOBYBATH
Jleno iHme oONaJHaHHSA, SKE MOXE He 3aJ0BOJIBHATH
BUMoOTraM Oe3neku, a00 MaTH HMPUHIMITOBO 1HITHI TPUHITUIT

poboru.
Takum 4ymHOM, TmpHM iHTerpamii J0  yKpaiHCBKOI
GHEepProcUCcTeMH  cydacHoi  TexHosorii  MMP,  sxi

BHKOPHCTOBYIOTh CYYacHi CHCTEMH aBTOMATH3allii, BHHHKAE
npobyieMa TOEAHAHHS PI3HUX PIBHIB TEXHOJOTIH, IO, B
CBOIO Yepry, BHMAarae CyTTEBHX ()iHAHCOBHX BHTpAT.
Hamnpukian, npu BnpoBamkenHi MMP Ha Bxe icHyrouii
TEIl, mo ekcruryatyetbes moHan 30 pokiB, CKOpINI 3a Bee,
Oyne HeOOXiHO 3aMiHUTH OJIOYHHMH IIUT KEpyBaHH:.
OueBHHO, IO [Ie BUMAraTHMe HIUPOKOr0 CIIEKTPY pOOIT Ta
3HAYHUX (hiHAHCOBUX BKJIaneHb. CIiJl 3ayBayKUTH, IO
mpo0jieMa IHTerpallii HOBOrO Ta CTaporo OOJagHAHHS Ta
OINITHMIi3alisi BHUKOPHCTaHHS pecypciB Ta (hiHAHCOBHX
BHUTPAT HOTPEOY€E OKPEMOT0 TIIHOOKOT0 JOCIIHKEHHS.

VI. BUCHOBKU

3 Merow MiATPUMKH CTaJIOTO PO3BHUTKY EHEpPreTHYHOI
ramy3i  YKpaiHH, €HEprOHE3aJeXHOCTI  KpaiHM Ta
BIIPOBAKEHHS €KOJIOTIYHO YUCTUX TEXHOJOTIH

MEPCICKTUBHAM € BIPOBA/DKCHHS TEXHOJOTII MaJux
MOIYJIBHUX peakTopiB. Takuil miaxix pO3BUTKY CHEPIETHKH
3aikcoBaHMI Ha JEpPKAaBHOMY pIiBHI Ta MiATPUMYETHCS
BIJIMIOBITHUMH JCP>KaBHUMHU OpraHaMU.

Ha ocHOBI aHai1i3y cy4acHOT0 CTaHy €HeproreHepyruoro
oOlajHaHHS, sKE  BCTAHOBJICHE HAa  BITYM3HSHHX
€JIEKTPOCTAHIIISAX, MMOKa3aHO, IO BOHO MPOWIILIO 3HAYHUIMA
TEPMIiH CKCIDTyaTallii, ajpke OyJ0 BCTAHOBJICHO OLTBII Hixk
30 pokiB ToMy. BimmoBimHO # CHCTEMHU aBTOMATH3allii, sSKi
3aIisHI Ha SJICKTPOCTAHIIIAX MOPAIBHO 3acTapiian. Lle Moxe
CTaTd OIHUM i3 TIEPEIOHIB BIPOBADKCHHSI MAaJHX
MOJYIIFHUX pEaKkTOpiB Ta MOTpeOyBaTh JTOJATKOBHX
(bIHAHCOBHX BKJIAJICHb.
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Abstract - The relevance of the topic of monitoring and its
impact on the production efficiency of the enterprise is given. Data
transmission standards of both hardware and software parts of the
system, as well as transmission over the Internet, were analyzed.
An analysis of the impact of the lack of monitoring, as well as the
situation of non-compliance with the operating conditions of the
sensors, was carried out. Modern automated monitoring systems
were considered and analyzed. The development prospects of the
development of an automated monitoring system in production are
described.
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I. INTRODUCTION

Monitoring of information technology systems is a
component of the management of the information
infrastructure of the enterprise, which consists in the
constant observation and periodic analysis of the
components of the work processes with the tracking of the
dynamics of the changes that occur with it. The key task of
monitoring systems is to receive, save and analyze
information about the state of controlled elements of the
company's structure. The development web application
allows you to quickly react to a problem in the operation of
services, as well as effectively prevent the occurrence of
problems [1]. That is why the idea was put forward to create
a similar system, which will be an automated system for
monitoring and managing work processes in production.
Today, in various companies with production, the need for
self-monitoring of components used in work processes
during the performance of important tasks is growing. The
need to find methods of detecting problems in production
during the execution of work processes is an important
component and indicator of the productivity of the business
structure. For the necessary effectiveness, it is necessary to
be able to notice and solve such problems in a timely
manner, so that they do not allow negative perspectives,
critical incidents and do not involve material losses in the
company. The relevance of the topic of monitoring in the
technological sphere is especially relevant, because poor-
quality use of production capacity or materials can entail a
tendency for negative production efficiency and its
unprofitability in the distant possible forecast. While having
even the simplest monitoring can prevent these bad
consequences.

The key task of monitoring systems is to receive, save and
analyze information about the state of controlled elements of
the company's structure, and the AWS cloud web service
copes well with this task. For more than 15 years, Amazon
Web Services has been the most complete and widely used
cloud service in the world[2]. AWS is constantly expanding

its technologies to support almost any cloud solution. Today,
it has more than 200 full-featured services for computing,
storage, databases, networking, analytics, machine learning
and artificial intelligence (AI), Internet of Things (IoT),
mobile devices, security, hybrid, virtual and augmented
reality (VR and AR), media, the entire application
development cycle. The listed services cover 81 availability
zones in 25 geographic regions. Millions of customers,
including the fastest-growing startups, corporations, and
leading government agencies, trust AWS to transform their
infrastructure to become more elastic and lower costs.

I1. DESIGN AND FORMATION OF AUTOMATED
MONITORING SYSTEM

The purpose of this work is to create an automated system
for monitoring important indicators during work processes in
production with the help of sensors and modern information
and technical technologies. Work processes mean the
creation of a material product necessary for the existence and
development of production as a business structure, and
monitoring is a necessary part of improving the efficiency of
the creation of this product.

For example, you can consider an enterprise that produces
a material product, and for which it is important to observe
the temperature regime for materials of various kinds - these
can be products of the chemical industry, with electrical
conductivity. Violation of the climatic regime during the
processing and production of such goods can lead to a
significant defect rate in the final version. To prevent this,
monitoring based on a humidity and temperature sensor can
be set up in the working areas, which will transmit the
indicators to the appropriate directory. There can be as many
such sensors as necessary, and this need is calculated using
the same indicators that can affect the quality of the
manufactured product.

An urgent task is to create an automated system for
monitoring lighting, temperature and humidity, noise and
vibration - important indicators during work processes in
production using sensors and modern IT technologies using
AWS. Work processes mean the creation of a material
product necessary for the existence and development of
production as a business structure, and monitoring is a
necessary part of improving the efficiency of the creation of
this product[3]. At that time, AWS is an important part of
this system because it is in the web cloud that the
deployment of the completed application will take place. In
addition to the fact that the AWS web service performs its
task well, it is also worth considering the best aspects of this
cloud provider:

The cloud gives an easy access to a wide range of
technologies so you can innovate faster and create almost
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anything you can imagine. From infrastructure services such
as compute, storage, and databases to IoT, machine learning,
data analytics, and more, you can quickly scale resources as
needed. Thanks to the capabilities of AWS, the
implementation is several orders of magnitude faster than
before and it gives the freedom to experiment, test new ideas
to differentiate the customer experience and transform your
business.

AWS is designed to be the most flexible and secure cloud
computing available today[2]. The AWS core infrastructure
is designed to meet the security requirements of the military,
global banks, and other highly sensitive organizations. This
is supported by a comprehensive set of cloud security tools
with 230 services and features for security, compliance and
management. AWS supports 90 security standards and
compliance certificates, and all 117 AWS services that store
customer data offer the ability to encrypt that data. This
suggests that using AWS will make the development
monitoring system more secure.

In order to comply with technological norms during the
production of a material product, optimal indicators that can
contribute to production efficiency must be maintained. The
work will consider sensors that can provide information to
the monitoring system, namely:

- light sensor;

- temperature and humidity sensor;

- NOISe Sensor;

- vibration sensor.

The question arises as to the use of the system, which will
be the process of interaction of a microcontroller based on a
microcontroller with sensors, from where information will
be displayed in software using a cloud web service and
wireless technologies. This work will describe the creation
of a similar automated monitoring system at the production
site, which can be seen in Fig. 1

‘ important indicators during work

processes in production yTel

Automated Monitoring System AHrY

a web application
displaying reports

on system status .
- reporting problems to the end user

Figurel. Automated Monitoring System Functions

7]

Of course, it would be possible to do without a complex
system and choose instruments for measuring indicators that
would immediately provide information. And after a person
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would have received information about the indicators, he
would write them down in a regular journal with a pen, and
that journal had to be kept manually every day. Of course, it
is simpler and maybe even cheaper, but here you still need to
take into account the presence of the human factor, which
will be reflected in the incomplete radius and inaccuracy of
the calculations, since a person cannot physically fit where
an electric sensor can. Manual logging, because of its
inconvenience, will have consequences in the transfer and
exchange of information, as well as in the ability to back it
up.

Thus, it becomes relevant to create an automated
monitoring system that will allow control without human
intervention, and all information will be collected digitally,
which will simplify transfer, processing, storage and
interaction with data.

AWS offers Internet of Things (IoT) services and
solutions to connect and manage billions of devices. These
cloud services connect your IoT devices to other devices and
AWS cloud services[2]. AWS IoT provides device software
that can help you integrate your IoT devices into AWS IoT-
based solutions. If your devices can connect to AWS IoT,
AWS IoT can connect them to cloud services provided by
AWS (Figure 2).

wrered

O

AWS services

Figure 2. Work Scheme AWS IoT

loT devices

Also as a practical example of the use of the AWS
infrastructure and, as a result, trust among public authorities,
you can consider how on July 15, in London, the Minister of
Digital Transformation Mykhailo Fedorov and the Director
of Digital Transformations in the Public Sector Amazon
Web Services (AWS) Liam Maxwell signed a Memorandum
on mutual understanding regarding acceleration of digital
transformation and implementation of innovations in
Ukraine[4]. "For many years, Amazon (AWS) has had a
strong, loyal and growing customer community in Ukraine.
We welcome the signing of this Memorandum of
Understanding with the Ukrainian Government and look
forward to working together in the direction of the digital
development of the state," — Liam Maxwell, Director of
Digital Transformation in the Public Sector, Amazon Web
Services in Europe.

II1. SEQUENCE AND PRINCIPLES OF SYSTEM
OPERATION

For the automated processing of data from indicators of
noise, lighting, temperature and humidity and vibration
sensors, it is proposed to create a system that will take into
account and solve the shortcomings of existing popular
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analogues, taking existing components as a basis, and
improving efficiency.

It is proposed to include the following elements [5] (Fig.
3) in the composition of the proposed system for the
automation of control and accounting of indicators:

Wi-Fi (ESP-01)

b — ) —

LM393 KY-037 !
\ L S

Bedaonarox Kopueryaau

K

Z
smaen.

DHTT1 Arduino

Figure 3. General Scheme of Automated Monitoring System
Operation

Wi-Fi module ESP-01 is the most popular module of the
ESP8266 series. The controller communicates with the
ESP8266 via UART (Serial port) using a set of AT
commands. Work on receiving and transmitting data looks
like interaction with a TCP socket or with a serial port of a
computer. You can program and download firmware through
the Arduino IDE [6], just like when working with Arduino.
The reaction to AT commands is simply a function of the
standard firmware installed at the factory. Since there are 2
input/output ports on the board, after the firmware you can
do without an additional controller by connecting the
peripherals directly to the module. To flash the module, you
will need an ordinary programmer, as well as for some
Arduino boards. The PCB antenna of the module provides a
communication range of up to 400m in open space. Using
the Wi-Fi module ESP-01 is possible thanks to the existing
and booming software. The ESP-01 module is successfully
used in stationary and mobile devices as part of smart home
systems, mobile and wearable devices. Thanks to the use of
ESP-01, modern household appliances become an ecosystem
of the Internet of Things. Wi-Fi wireless communication and
the function of reducing power consumption are especially
relevant in robotic complexes that move, with power from
chemical sources of current or from solar batteries. This
module is ideal for solving the problem of processing
information from a microcontroller to a web application
based on the AWS cloud web service.

The LM393[7] sensor is able to determine the distance to
objects and obstacles, as well as the level of illumination in
Lux. The sensor module includes: an IR LED with a
programmable driver, two photodiodes for determining total
illumination (ChO) and illumination in the IR range (Chl),
amplifiers with programmable gain, MC, ALU, ADC, RAM,
[12C bus controller ( contacts SDA and SCL). The
illumination and proximity sensor can be used in Arduino
projects to implement mechanisms for changing the
brightness of screens depending on the illumination or the
approach-removal of objects.

The DHT11 is a digital humidity and temperature sensor
consisting of a thermistor and a capacitive humidity sensor.

The sensor also contains an ADC for converting analog
values of humidity and temperature. The DHT11 sensor does
not have high speed and accuracy, but it is simple,
inexpensive and excellent for training and indoor humidity
control.

The KY-037 sensor is characterized by high energy
efficiency in operation mode (consumes from 3.1 to 6 mA)
and automatic noise control. The last advantage manifests
itself well when working with borderline sounds in the noise
range (quiet sounds are amplified, and loud sounds are
amplified). The built-in electric microphone is sensitive to
sounds in the frequency range from 22 Hz to 22 kHz. The
standard connection of the module to the controller (for
example, the Arduino board) is performed via three contacts:
vdd (“+”), GND (“-”), OUT (to the analog input). Using the
GAIN contact, you can control the value of the maximum
volume gain (by 40 dB, 50 dB, or by 60 dB). The AR
contact is used to set the trigger time.

The SW-420 vibration sensor is designed to capture
vibrations in Arduino-based systems. The module is widely
used from anti-theft systems to the creation of earthquake
detectors. The SW-420 vibration sensor responds to shocks
and vibrations. The sensitivity of the module can be adjusted
using a tuning resistor. The sensor has small dimensions, but
is equipped with two LEDs, one of which allows you to
monitor the presence of power, and the second turns on
when triggered. Unlike other analogues, this sensor is not
triggered by constant vibration - one push is enough.

On the basis of the sensors described above, the solution
of the task will be performed to automate the data processing
of the indicators selected for the task and create a system that
will work on the basis of the Arduino microcontroller and
informative graphs will be built in real time based on the
output data. The image will be displayed in the windows of
the software, which in turn will be deployed through the
AWS web service. Monitoring will be available through the
web version in the secure environment of the cloud provider,
so it will not be necessary to install new computers or other
digital devices, it will only be enough to have access to the
web version and conveniently use an effective system that
will help the company monitor its own important work
processes.

With cloud computing, you don't have to allocate extra
resources up front to handle future peak levels of business
activity. Instead, you provide the required amount of
resources. You can scale these resources up or down to
instantly increase and decrease capacity as your business
needs change. For example, AWS container and
orchestration services make it easy to manage the underlying
infrastructure, both on-premises and in the cloud. This
allows you to focus on innovation and the needs of your
business. Nearly 80 percent of all containers in the cloud
today run on AWS. Customers like Samsung, Expedia,
GoDaddy, and Snap choose to run their containers on AWS
for security, reliability, and scalability.

AWS IoT allows you to choose the most appropriate and
modern technologies for your solution. To help you manage
and support your IoT devices in the field, AWS IoT Core
supports the following protocols:
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- MQTT (message queue and telemetry transport)

- MQTT via WSS (Websockets Secure)

- HTTPS (hypertext transfer protocol - secure)

- LoRaWAN (global long-range network)

In Fig. 4, you can familiarize yourself with the operation
scheme of the Arduino microcontroller in the cloud
computing system using the services of the AWS platform
and the third-party monitoring service Grafana.

Grafana will help to visualize the metrics that the system
will provide during operation, and with the help of this
service, it will be possible to evaluate the system's
performance more comfortably and efficiently. It is also well
integrated with the AWS platform, which makes the use of
Grafana an effective way of implementing a monitoring
system.

i ) |
= _—'{l L

Amazon Amazpn ES

Kinesis
=
Grafana

|§;"E d
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538 AWS cloud

Figure4. Scheme of Automated Monitoring System
Operation

IV. CONCLUSION

The topic of motion or presence sensors was touched upon
in this work. Their analysis was carried out, their role in
human life, and a new device was proposed that performs the
same tasks, but without the sensor itself, namely an
automated information processing module. Thanks to the
listed sensors, it will be possible to monitor the necessary
lighting, temperature and humidity, noise and vibration.
Controlling these indicators will help keep production in an
efficient and fault-tolerant state. The automated monitoring
system covers important indicators during work processes in
production and deals with the processing of data from
indicators with the help of sensors and modern information
and technical technologies to stabilize and improve the
efficiency of creating a material product, which is necessary
for the existence and development of production as a
business structure.

Thanks to the use of the proposed automated monitoring
system using the AWS cloud web service, it will be possible
to monitor the necessary lighting, temperature and humidity,
noise and vibration. Controlling these indicators will help
keep production in an efficient and fault-tolerant state. The
automated monitoring system covers important indicators
during work processes in production and deals with the
processing of data from indicators with the help of sensors
and modern information and technical technologies to
stabilize and improve the efficiency of creating a material
product, which is necessary for the existence and
development of production as a business structure. Also,
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thanks to the use of cloud technologies of the AWS web
provider, the development system will be more protected by
the encryption and security methods of the cloud provider's
infrastructure and more flexible in completing functions and
introducing new capabilities.

Thus, the automation of the process of monitoring
indicators will increase the speed of response to problems
during production, will allow quality analysis of conditions
and will prevent critical situations at the enterprise.
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AHaJ3 TEXHIYHUX 3aCO01B JJI1 aBTOMATU30BAHOI CUCTEMHU
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Anomauyin: Y poOOTi PO3IISHYTO OCHOBHI TEHJICHIIIT PO3POOKU
IHTENIEKTYaJbHUX  CHCTEM  JUIi  TPAHCHOPTHHX  3aco0iB.
[IpoananizoBaHO HUISXM aBTOMAaTH3allii KepyBaHHS IapaMeTpaMu
MIKpOKJIiMaTy B aBTOMOOLIIAX.

Knwuoei cnosa: MikpokiiMart, TPaHCHOPTHI 3aco0H, cHUCTeMa
KEpyBaHH:, NaTYMK, TEMIIEPATypa.

I. BcTyn

Po3ymHI crcTemMu aBTOMOOLTIB CHOTOMHI PO3BHBAIOTHCS
CTPIMKAMH TEMIIAMH, i 3 KO)XKHHM POKOM aBTOBHPOOHHKH
Bce OinpIoie HaMaraTUMyThCd BIOCKOHAINTH  ICHYIOWI
TexHonorii. OdikyeThes, MmO OOPTOBI CHCTEMH OyIyTh
cTaBaTH (YHKITIOHATBHIIIIMH, 3MOXYTh 3a0€3IIeTyBaTH BCe
Oimpmmit koM¢popT Ta Bce Oinmpmory Oesmeky min dac
eKCIUTyaTallii TpaHCIIOPTHUX 3aC00iB.

BucokorexHomoriuHi aBTOMOOUTI  pO3pOOIIIOTECA IS
TOro, mo0 3BIILHATH aBTOMOOLITICTa BiJ HEOOXIZHOCTI
BHpIIIyBaTH YHCIICHHI 3aBHAHHSA B TIPOIECI PyXy, 3pOOHTH
OJIOPOXK KOMMOPTHINIOW Ta 3MEHIIUTH OYIb-sKi MOXJIHBI
PUBHKH.

Bararo ekcmepriB BBaXKarOTh, IO Ieperada xoda O
YaCTHHH OOOB’S3KIB 3 KepyBaHHSA TPAHCHOPTHUM 3aCO00M
IITYy9YHOMY  IHTENEKTY  JO3BOJHTH 3POOMTH  OPOTH
Oe3MeYHIIMMY, YHUKHYTH YHCICHHHUX aBapiliHUX CHUTYaIiit
Ta 3MEHIIUTH KiTbKICTh JIFOJICHKHX JKEPTB.

[NapameTrpy MiKpOKITIMAaTy MOXYTh CyTTE€BO BIUIMBAaTH Ha
CTaH BOJIS Ta MACaXHPiB, TOMY po3poOKa iHTEIEKTyaIbHIX
CHCTEeM  KepyBaHHA IapaMeTpaMM  MIKpOKIIMary y
TPAHCIIOPTHUX 3ac00axX TAKOX € aKTyaIIbHUM 3aBIaHHIM.

MeTor0 TaHOr0 JOCIIKCHHS € aHali3 TEXHIYHUX 3aC00iB,
SKi MOXYTh OyTH BHUKOPHCTaHI y CKJIaJl IHTEIeKTyaTbHOI
CHCTEeMH KepyBaHHS IapaMeTpaMH  MIKpOKIIMaTy B
TPaHCIIOPTHUX 3aco0ax.

I1. AHAJII3 ITIPEAMETHOI OBJIACTI

CygacHe 00namHAHHS POOHUTH PyX OE3IEYHHM, BHCTYIIA€
SK JOMAaTKOBI OpraHW 9YTTiB, JOIMOMAralo4d BOII€BI
KepyBaTH TpPaHCIOPTOM, 3HIWKye WMmoBipHicTs JITIT i
JTO3BOJISIE  ABTOMOOLTICTY MEHIIE KOHIICHTPYBAaTHCS Ha
nopo3i 6e3 HeraTUBHUX HACTI/IKIB.

ITygsmii iHTENEKT B aBTOMOOLTAX 3MaTHMII ITOBHICTIO
Opatm Ha cebe 3aBHAaHHA KepyBaHHA TPAHCIIOPTHUM
3acoboM: Tie OYyJI0 HEOJHOPa30BO JOBEACHO KOMITaHIsIMHU
Google, Tesla Ta iHmIMH po3poOHMKAMH OE3MUTOTHHX
aBTOMOOLTIB.

Kpim OesmocepenHpoi ydacTi B yIpaBIiHHI PyXxoM,
PO3YMHI aBTO 3/1aTHI BUOYIOBYBaTH ONTHMAIEHUN MapIIpyT
TIOI3IKY 1 B PEXKMMIi peabHOTO Yacy ITOBiIOMIIATH BOIS PO
OyIb-sKi MO>KJIMBI HEIPHEMHOCTI Ta IPOOKH.

Tak, Hanpukmag, mod 3poOWUTH MaIMHY Oe3NMEeYHINION,
6araro BHpOOHHKIB CHOTOIHI BHKOPHCTOBYIOTH CIICIliajbHE
aBapiiiie crioimenHs. Moro rojoBHe 3aBIaHHS — mepefaya
iHpopmanii y pas3i eKCTpeHHX CHTyaIliif, sSKi (IKCYIOThCS
MaTYMKaMH  TPaHCIOPTHOro  3aco0y. CurHam  Moxe
HAJICWIIATHUCA Y TAKUX BHUIQIKAX:

— HeOe31meKa 3ITKHEHHS,

— Qi3MYHMIA KOHTAKT 3 y30i9dsiM, PO3MITKOIO, OrOpOKaMu
YW {HIONMHA Y9aCHUKAMH JTOPOKHBOTO PYXY;

— BHHUKHEHHS HECIIPABHOCTEH, SKi MOXKYTh NPU3BECTH 10
aBapii.

VY Inedkux BHIAIKax CHCTEMa MOXE aBTOMATHIHO
TIOBiTOMJISITH €KCTPEHi CITyXOU PO HEOOX1AHICTH TOITOMOTH
a00 3’€THYBATH JIIOJIEH 3 TAKUMH CITy)KOaMH.

IMix MikpokIiMaTOM PO3YMiIOTh BHYTPIIITHI METPOJIOTIUHI
YMOBH, ITI0 JIIOTh Ha OpPraHi3M JIIOANHA. BoHM MOXyTs OyTH
ONTHMATEHIMHA a00 nomyctumuMmu. [leprmi He BUKIIMKArOTh
y JomuHA  Oynb-SKOro JAUCKOMQOpPTY, IPYri MOXYTh
MPHU3BOANUTH IO HEBEIHKHWX 3001B y TepMOpETYJIIii Ta
3HIDKEHHS TIPaIe3laTHOCTI, ajie MpU IBOMY BCE OTHO HE
LIKOSTH 3/I0POB’10.

ABTOMATH30BaHI CHCTEMH BHMIPIOBAaHHS IapaMeTpiB
MIKpOKJIIMAaTy JO3BOJSIOTH OTPUMYBATH TOUHY Ta IETAIHHY
iH(popManio Ipo MOTOYHMI CTaH MOBITPS Oe3rocepenHbo B
MicIi iX pO3TamlyBaHHS, OKpeMa, Yy BHPOOHHYUX
MPUMIMIEHHSX, TPAHCIOPTHHUX 3aC00aX, KHUTIOBHX 1 0(hiCHUX
OyniBnsx Tormo [1-3].

30kpeMa,  BUKOPHCTaHHA  IOMIOHUX  CHCTEM €
3arpeOyBaHIM Ha TPOMUCIOBHX IigNpHeMcTBax [4-9], B
JICHAYUX TOCIIOJAPCTBAX, HA PyXOMHX 00’ €KTax (Kopalisx,
HadTOBHX IIIaT(OpMax) TOWIO, A€ BKpail BaXKIMBOIO €
TOYHICTh BUMiPIOBaHHS 3a3HAUCHUX MapaMeTpiB.

Jlo ocHOBHHMX (YHKIIM TaKWX CHCTEM KepyBaHHSI
rmapamMeTpaMy MiKpOKITiMaTy HaJle)KaTh:

— BUMIpIOBaHHS TEMIIEPaTypH, aTMOCPEPHOTO THUCKY Ta
BOJIOTOCTI;

— BU3HAYCHHS KOHIICHTpAIll IIKI/JIMBUX PEYOBHH 1
HeOe3MmeyHnx ras3iB y moBiTpi, Takux sk: NH3, NOx, mapn
ankoroio, oensuny, mumy, CO,;

— TiepetOaYeHHs TOroMM Ha OCHOBI 3MiHM aTMOc(epHOTo
THCKY;

— BuBeneHHs Ha LCD-aucruieli yacy ta naty;
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—BuBeneHHs Ha LCD-gucmieli HOTOYHHX IOKA3HHKIB
JIaTYHKIB;
— no0ymoBa rpadikiB MOKa3HUKIB 3 JATYHKIB 32 TOJMHY Ta

100y;

— innukanis xormnentparii CO,.

OcCHOBHUMH napaMeTpaMu MiKpOKIJIiMaTYy, SKi
MOTPeOyIOTh KOHTPOJIO Ta PEryIIOBaHHS BCEPEIHHI
TPAaHCIIOPTHUX 3aco0iB — 1€ TeMmeparypa IOBITpS,

BOJIOTICTh Ta YHCTOTA IIOBITPS, HANPHKIAL, y JIETKOBOMY
aBTOMOOUTI 4K BaHTaxXiBIi. Takok BaXXIUBOIO (HYHKITIEIO Y
IFOMY BHIIQAKY TaKOXK € BH3HAYCHHS KOHIIEHTPAILil
IIK{/UIMBIX pEYOBHH 1 HEOE3MeYHWX Ta3iB y TMOBITPI,
HaIIpHUKJIaJ, KOHTPOJIb NMPOLYKTiB BUIIAPOBYBAHHS OCH3WHY
(y pa3i mopyImieHs IiTiCHOCTI MaJHBHOI CHCTEMH), IUMY abo
CO..

YMOBH, CTBOpEHI 3aBIIKH PO3pOONIOBaHil crucTeMi Mt
KepyBaHHSI MIKPOKIIMaTy y TpPaHCIOPTHUX 3acobax,
JIO3BOJISITH  BOZI0 KOM(OpPTHO cebe MmodyBaTHh IIij dac
BOMIHHSI Ta HE BiNBOJIKATHCS BiJ] TOMOPOXKi, a TaKOX
3armo0irTi HeOE3NMEeYHNM CHTYalisM 33 PaxyHOK BHUBEICHHS
Ha JucIUviel iHdopmarii Ui Boamis Ta MacakwpiB y pasi
IiIBAIICHHS KOHIICHTpAaMii MIKi/UTMBUX PEYOBHH y MOBITPI
CaIOHY/KaOiHH.

TpuBanuii yac  OCHOBHMM  3aBIAHHSAM  CHCTEMH
OTTaJICHHS, BEHTWIALIl Ta KOHAWIIIOHYBaHHS Oyna mopada
TOBITPS KOM(OPTHOI TeMmmepaTypd B CalloH aBTOMOOLIL
CporomHi  aBTOMAaTH4YHI  CHCTEMH, IO  CTBOPIOIOTH
KOM(MOPTHHI MIKPOKIIIMAT JUIS KOKHOTO Macakupa, CTaloTh
nenani CKIamHImUME. 3 ypaXyBaHHSAM MOTOYHUX TCHACHIIH
PO3BHUTKY €JIEKTPOMOOLNIB, BaXIUBICTh IIMX CHCTEM SIK
YaCTHHH CHJIOBOi YCTAHOBKH ITOCTIHHO ITiABUIIYETHCS.

Y  nmBuryHI  BHYTIPIMIHBOTO  3TOPSHHA  KOHTYPH
KOH/WITIIOBAHHS Ta OXOJOMKECHHS IBHUT'YHa pPO3HECEHI.
OCHOBHE TPHU3HAYCHHS CHCTEMH OXOJODKEHHS IBUI'YHA —
MiATPUMAHHS ~ TEIUIOBOTO  PEXHMY, HEOOXiTHOrO  UIs
HOPMAaJBHOI pOOOTH.

BriTky OXONOIKEHHS JBUTYHa 3axHINac HOro BiX
meperpiBy. CaJloH  OXONODKYETbCS 10  KOMGOPTHOL
TEeMIIepaTypH 3a JOIIOMOT0I0 KOHIHUITIOHEepa.

VY 3uMoBHi mepiox KiTbKICTh TeIUIa UI 0OIrpiBy caloHy
MIPAaKTHYHO HeoOMexkeHa. KOHTYyp KOHIWITIOHYBaHHS MOXe
BKIIIOUaTHCS [UIS BHIAJCHHS BOJOTH Ta 3MAIlyBaHHS
CHCTEMH.

YoTrpbOX30HHUH KIIIMaT-KOHTPOJb JTO3BOJISIE
pETYNIOBaTH TOTIK MOBITPS OKPEMO AJISI KOXKHOTO MicHs B
casoHi. TemriepaTypa B 00J1acTi TOJIOBH Ta HIT PETyIIO€THCS
He3aNeKHO ofgHa Bim oxHoi. [Ipomymana cucrema
MOBITPOBOMIB  3a0e3medye  akycTwdHHHA  KoMdopT Ta
BiJICYTHICTb IIPOTATIB.

Bapro Bif3HaunTH, 110 OLTBIT epeKTUBHE KOHANIIFOBAHHS
3a0e3rmedye MEHIIAa BHTpaTa MaJbHOTO. Y MHUHYIOMY
CHOKMBaHHSA  MAJBHOTO  CHCTEMOIO  KOHJIWI{IFOBaHHS
craHoBmwio Ommbpko 0,5 1 mHa 100 KM y cepemHbOMY
npotsroM poky. CydacHi cucTeMu BEMaraioth jumie 0,2
Ha 100 xM. [mKeHepHm HamijeHI Ha MOJANBIIE CKOPOYCHHS
IBOTO  MOKa3HWKAa MUIIXOM  IJABWINEHHS  ITaIWBHOL
e(DeKTUBHOCTI TPAHCIIOPTHUX 3aco0iB, HE3AIESKHO BIf
KiJIBKOCTI BUKOPUCTOBYBAHOT'O XOJIOZ0ATeHTY Ta
KoH(iryparii mpuBozxy.

3MeHmeHHs poOodoro 0o0’eMy IBHTYHA 3 OTHOYACHHM
BUKOPHCTaHHAM TypOOHamnyBy 3abesreuye e(heKTHBHE
CKOpOYEHHSI BUTpaTH nanmBa. [l omrumizamii poOoTH
TAaKOro [BUTYyHa TIIOTPIOCH OXOJOMKYBad4 HAIITyBHOTO
TOBITps — iHTEpKysep. OXONOMKEHHS JBUTYHA BIUIMBAE Ha
e(eKTUBHICTh POOOUOTr0 MPOIIECY, OCKITBKU iHTEPKYIep Mae
BIACHUN HM3BKOTEMIIEPATYPHUN KOHTYP OXOJIOJDKEHHS,
TEPMOpPETYIIOBaHHS HEOOXiMHE y IEeKUTBKOX KOHTypax 3
pizHOO Temmeparyporo [10].

ToX, MallMHA OCHAITYIOTH KITIMATHIHUMH HPHUCTPOSIMH.
JlorivHUM TPOIOBKEHHSAM CTAHZAPTHOTO KOHIWIIIOHEpa
CTala CHCTeMa KIIMAaT-KOHTPONIO, IIO MOETHYE CKIAgHI
TEXHOJNOTl Ui KEepyBaHHA TEMIIEPAaTypOI0 BCEpEIHHI
TPAHCIIOPTHOTO 3aC00y.

ABTOMOOUTEHHI ~ KJIIMaT-KOHTPOJIIE — 1€ iHXXCHEpHe
pilleHHS, COpsAMOBaHE Ha WIiATPUMAHHA KOM(OPTHOTO
MIKpOKJIIIMATy ~ BCEpeIWHI  MAaIlMHK, HE3aleKHO  Bif
mapaMeTpiB  HaBKONWIIHBOTO cepemopmmia. CraHmapTHa
CHCTeMa CKIIAIA€ThCA 3 TAKNX CJIEMEHTIB, SK:

— KOHIHITIOHEP TSI OXOJIOPKEHHS ITOBITPS;

— paxiaTop [UIs 00IrpiBY;

—moayias HVACG;

— BEHTHIALIHHI KaHAJIH,

— €JIEKTPOHHUH OJIOK KepyBaHHS;

— pi3HI THITN JaTYHKIB.

III. AHAJI3 TEXHIYHUX 3ACOBIB JIJId CUCTEMH
KEPYBAHHA [TAPAMETPAMU MIKPOKJIIMATY

Kinpkicte  MOXIHMBHAX  QYHKIIH  KIIMaT-KOHTPOIIO
3aJI©KUTh BiJl MOJET aBTOMOOINA, HOro THIIY Ta
BUKOPHCTOBYBAaHMX MJaTYMKiB. Jlo CIHCKy MOMIJIMBOCTEH
BxomuTh [11]:

— MATPUMAHHS MOTPiOHOI TEMIIepaTypy;

— o0NiK TemIepaTypu HaBKOIWIIHBOTO CEPEIOBHUINA 32
JOIIOMOTOI0 CHTHATIB B JaTYMKa aHaji3y COHIYHOL

pamiamii, 1O BU3HAYA€ BIUIMB  YAbTPagiojeTOBOTO
BUIIPOMIHIOBAaHHS, a  TaKoX  JaTdWka  3a0O0pTHOL
TEeMITepaTypH;

— PEIMpPKYJISAIiS Ta OYMINEHHS TOBITPS B  CaJlOHI
aBTOMOOIIS;

— pETYITIOBaHHS TEMITEPaTYpH B Pi3HUX 30HAX CAIOHY;

— npo(hiJaKTHKA 3aIOTiBaHHS CKJIa B CaJlOHI B 3UMOBHM
9ac 3aBIAKH SIKICHOMY Ta PiBHOMipHOMY OIaJICHHIO.

VY mesKux IOporux aBTOMOOIIAX mependadeHi JOTATKOBI
OIIIIi{, HATIPHKJIAJ, iOHI3aIis TOBITPSL.

Bymo mpoaHamizoBaHO OCHOBHI TEXHIUHI 3aco0W, sIKi
MOXYTh OyTH BUKOPHUCTAHI IS pO3poOKH crcteMu [12-14].

s BU3HAYCHHSA BHIIICHABEICHAX mapameTpiB
BUKOPHCTOBYIOTH PI3HOMAaHITHI JaTIYMKH. BOHM IpaIrforoTs B
ABTOMATUYHOMY pPEXHMi Ta BHBOIITH pE3yNbTaTH Ha
JICILIEH. Kommanis  «AxBaaHaNiTHK» 3aliMaeTbCs
peamizamiero  ABOX  BapiaHTiB  JaTYMKIiB  TOXIOHOTO
npusHadeHHs — EE210 (puc.1) Ta EE220. IMepmmit mixiiine
TS BAHTQKHUX aBTOMOOI1JIIB.

Jatamk Bomorocti Ta Temmeparypu toBiTps EE210
BIMOBia€  HAWBUINUM  BHMOTaM  IOAO  KOHTPOIIO
MOKa3HWUKIB MIKPOKIIMATy y Ppi3HHX HampsMkax. pyrmit
JATYNK TpU3HA4YeHHH 1 Qapmakosorii, 6ioTexHoIorii,
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«YHCTHX KIMHaT», IHKYyOATOpiB, Kamep OXONO[KEHHSI Ta
30epiraHHsL.

Ha pwuc.2 HaBemeHO MpuKIaa CyJacHHUX aBTOMOOUILHHX
OYNMCHUKIB IIOBITPA Ta BHAY IX MOHTaXy Yy CaJOHI
TPaHCIIOPTHOT'O 3aC00Yy.

Puc.1. Tarunk EE210

Puc.2. ABTOMOOUTEHII OYMCHUK MTOBITPS
Baseus Original Ecological

IV. BUCHOBKU

TaxuMm 9HOM, ¥ poOOTi IIpOaHaJi30BaHi CyJacHi HAIPSIMHU
CTBOPEHHS Ta BIIPOBAPKCHHS TEXHIYHUX 3aC00IB KepyBaHHS
TPaHCIIOPTHUM 3aco00M, SIKI HaJar0Th oMy
IHTEJIEKTyalbHUX ~ BJIACTHBOCTEH. 30KpeMa pPO3DISIHYTO
BapiaHTH  CKJIAQJOBHX  YaCTHH CHCTEMH  KepyBaHHS
IapamMeTpaMy MiKpOKITiMaTy.
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Abstract: In this article authors propose an overview of the
main approaches to solving computer vision problems, with an
emphasis on the development of an automated system for
terminal access to production equipment using computer vision
technologies.
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1. INTRODUCTION

Significant growth in the computing power of
computers and the emergence of new mathematical
models and algorithms in recent years has made it possible
to achieve significant progress in the field of computer
vision. New technologies based on machine learning make
it possible to create reliable solutions for complex tasks of
visual image recognition. Many of these solutions have
practical applications in the market, and therefore attract
more and more investments.

It is the facts given above that explain the relevance of
using computer vision in access control systems, because
it speaks not only about the high reliability of this
technology, but also about the high quality of work

II. ANALYSIS OF THE TASK FIELD

Computer Vision, also known as Machine Vision, is a
scientific field engaged in research in the field of
automatic fixation and various types of image processing
(detection, tracking, identification) using a computer [1].

The increase in the quality of computer vision
technology has made it possible to actively use it in
various branches of industry and business. For example,
many modern conveyors are equipped with automatic
mechanisms for checking the quality of parts, correct
marking, alignment of parts and other tasks. Also, an
example of the use of computer vision technology is the
use of company employee identification when entering the
work area, thus outsiders will not be able to enter the
premises.

The main goal of computer vision is to obtain useful
information from an image or a series of images. Tasks
can be such as [1]:

— calibration of optical systems,
synchronization of camera settings,

— determination of the movement of objects (Motion
Tracking),

— object recognition task,

— the scene reconstruction task (usually a 3D scene from
one or more 2D frames),

— the task of comparing images and identifying changes.

adjustment and

Planned researches will consider the industrial field of
application and will develop an automated control system
for terminal access to production equipment using image
recognition technology - identification of a QR code with
information and a face in a photo (Fig. 1-2).

Figure 2. - Access Control System on the Equipment

Physically, computer vision systems consist of an image
capture device (a camera or multiple cameras) and a
general-purpose computer used for image processing. At
the same time, special software tools are used. Many
software tools can work "in the cloud", remotely, which
allows scaling computer vision systems and centralizing
their management [2].

For the effective implementation of the computer vision
system, a convenient software platform — OpenCV was
selected. It is the most popular free and open source
package. It is a library of mathematical algorithms for
image analysis, implemented in C++, but has APIs for
many popular programming languages, such as Python,
Java, Matlab and others.

Following the tradition of the Arduino programming
language, you can configure a ready-made version of the
equipment access control system.
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Following the tradition of the Arduino programming
language, you can configure a ready-made version of the
equipment access control system.

Algorithms and methods of computer vision can be
conditionally divided into two groups:

"Classic" computer vision, applied when it is
necessary to obtain some quantitative information about
the image (related to color, shape, number of objects, etc.).
It works most reliably in tasks that can be formalized and
broken down into subtasks. Most of the methods in this
group first obtain useful features from the image and then
work with them to solve the problem. QR code recognition
refers to the "classical" method [2].

— Machine learning systems, in particular deep machine
learning (neural networks). These are complex systems
that are much more demanding on computing resources
and data volumes, but have been developing rapidly in
recent years. Systems of this kind partially imitate human
abilities to perceive an image, and therefore allow
extracting much more complex information from an
image. It makes sense to use such systems in cases where
the breakdown of the task and assembly is extremely time-
consuming or completely impossible. This method is
suitable for face recognition [3].

Computer vision is a growing field of research that is
already transforming many industries, as well as everyday
human life. The accuracy of pattern analysis and
recognition is steadily increasing, enabling the creation of
increasingly complex commercial applications. The main
trends in the development of computer vision can be
summarized as follows:

— Expanding the use of computer vision in industrial
systems. Computer vision is increasingly used in medicine
and pharmaceuticals, in the production of food products,
in the conveyors of technically complex industrial
processes and allows to organize a system of control of
access to equipment or entrance to an institution.

— Cloud systems. Increasing requirements for computer
performance in deep learning systems creates a demand
for renting cloud servers for computing, which allows you
to perform the necessary calculations faster.

- Robotics. The increase in the use of industrial robots
inevitably leads to an increase in the demand for computer
vision systems.

I1I. CONCLUSION

In the course of the work, an analysis was made of
modern access control systems.

Authors plan to consider the industrial field of
application and will develop an automated control system
for terminal access to production equipment using image
recognition technology - identification of a QR code with
information and a face in a photo.
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Abstract: In this paper, the analysis of simulation systems for
the work of a warehouse of a chaotic storage method with a high
density is carried out. The authors analyze warehouse operation
modeling strategies within the framework of Warehouse 4.0
concepts, and also consider existing modeling systems. During
the analysis, attention is paid to parameters, such as the energetic
calculation of the shuttle system, which directly affects the
throughput of the simulated warehouse.
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1. INTRODUCTION

The introduction of new technologies such as robotics,
cloud computing, artificial intelligence, and IloT gave
impetus to the creation of cyber-physical production
systems as an integral part of Industry 4.0 [1-3]. One of
the important elements of ensuring cyber-physical
production is the concept of Warchouse 4.0 [4,5].
Warehouse 4.0 is a complex ecosystem that implements
warehouse management functions using modern
computing systems, robotic platforms and IoT
technologies to achieve optimal production conditions and
customer satisfaction. The development of such systems is
a very complex and economically expensive project, as a
result of which, before its implementation, it is necessary
to conduct simulation modeling of its operation under
maximum load in order to identify "weak" points in order
to achieve economic efficiency and optimal performance
of the specified functions. Given that modern Warehouse
4.0 is equipped with shuttle systems that allow to
automatically manage the flow of loading and unloading
goods from warehouses

II. ANALYSIS OF MODELS AND STRATEGIES FOR
MODELING SHUTTLE SYSTEMS

To solve the problems of simulation modeling of the
operation of a warehouse with a shuttle Shatolov system,
developers use different software packages such as:
ARENA [6], AutoMod [7] and AnyLogic [8]. Let us
consider them from the point of view of achieving the set
tasks of simulating the work of a warehouse with a shuttle
Shatolov system.

ARENA Simulation Software is a discrete event
simulation and automation software developed by System
Modeling and acquired by Rockwell Automation in 2000.
It uses the SIMAN processor and a modeling language.

AutoMod simulation reality - is software for simulations
of production and logistics systems. The software is
designed for detailed analysis of operations and flows.
Although mainly used in manufacturing and material
handling systems analysis, AutoMod's flexible architecture
allows it to be used in a wide range of application areas,
from airports to semiconductor industry.

AnyLogic is a simulation software developed by The
AnyLogic Company. The tool has a modern graphical
interface and allows to use the Java language for model
development.

Discrete event modeling is used mostly; accordingly,
model variables change only when an event occurs. While
analytical modeling usually only considers random
warehousing, and other types of strategies are not included
in the calculation due to their complexity, several types of
strategies are explored in simulation modeling:

- formation of the order;

- formation of the game;

- zoning;

- lifting strategy;

- storage strategy;

- outsourcing strategy;

These models calculate throughput for single shelf
shuttle systems FEM-9.860 [9] and are known for their
double depth shelving systems and related strategies.
Throughput simulation allows many aspects of shuttle
systems to be taken into account, such as latency, delays,
prioritization, etc.

Using a simulation environment to develop and test
situational storage strategies is, in addition to
experimentation on real systems, the most efficient way to
determine throughput. Consider the factors that affect the
throughput of the warehouse:

- energy calculation of shuttle systems. According to
VDI-2692 [10], a distinction is made between
decentralized and centralized energy supply. In a
decentralized version, batteries or supercapacitors are used
to control vehicles. In the case of a central power supply,
vehicles are connected to the main network using cables.

- energy consumption of shuttle systems and flow
factors. All factors have a decisive influence on
throughput, initially affecting the power consumption of
the shuttle system. Therefore, the following factors should
be taken into account:

- the mass of transported cargo units and / or shuttles,

- construction and integration of vehicles,
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- if any, building a feedback system,

- building a control system,

- consumption in standby mode.

Depending on the type of shuttle system, containers,
shuttle vehicles, or both are transported. Accordingly, the
mass of the transported unit has a different effect on the
consumption of the shuttle system.

The design of vehicles (shuttles) affects energy
consumption through the coefficient of friction or
efficiency. The way vehicles are integrated into the shuttle
system also affects overall consumption. If an energy
recovery system is installed, energy is recovered when the
shuttle vehicles decelerate or when the elevator moves
down. The design of the regenerative module plays a role
in the amount of energy that must be recovered from the
regenerative efficiency, and if this amount of energy is
used in the shuttle system, it reduces the energy
consumption of the shuttle system.

The control system takes over the various tasks in the
shuttle system. It can perform everything from simple
coordination tasks between top-level systems and the
shuttle system to complex overall control of the shuttle
system. Correspondingly, the corresponding energy
consumption is also reduced.

The shuttle system does not work in standby mode, but
still consumes power in order to be able to start working
immediately after receiving the order. Depending on the
design of the shuttle system, various uses are available for
this purpose.

In the specialized literature, various publications on the
calculation of energy for shuttle systems are presented. All
approaches separate individual vehicle trips and determine
the energy consumption for each trip. Handling equipment
or reserve consumption are not counted as small
quantities. The energy consumption per trip is calculated
differently. FEM-9.865 [11] provides a model for
calculating the energy of a number of internal logistics
systems, including shuttle systems. Energy FE is referred
to as the ability to do mechanical work and as the integral

of power P, ,(t) over the period from #, to #,, during
which power is performed, as represented in next way:

|
E=[P,,(0dt
ly

Two methods of calculation are also shown to
determine performance.

1. A simple calculation method assumes that the overall
efficiency of shuttle vehicles is 70 percent. In other words,
only 70 percent of the energy produced by the shuttle
system is converted into propulsion. The remaining 30
percent are considered losses. FEis determined by
calculating the force of movement. This calculation
method is recommended with an accuracy of 30 percent
after validating the model against measurements, if the
advanced calculation method is not possible due to an
unknown degree of performance.

2. Using the advanced calculation method, friction
losses and individual transmission efficiency are taken into
account. This means that the calculation of the generated
power is somewhat more complicated, but more accurate.
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In the instructions, the accuracy of this calculation method
is indicated at the level of 20 percent.

The analytical model for calculating the energy
consumption of the shuttle system in motion is divided into
phases:

- acceleration;

- moving at a constant speed;

- braking.

In each case, the traction force on the rear drive wheel
and the required machine power are calculated. Energy
recovery through the use of energy generated during
braking is also taken into account. It is assumed that the
overall efficiency and friction coefficients are constant and
known. In addition, the expected value of energy
consumption per trip is formed as a quadratic function of
the consumption of each phase, while the length of the trip
is always equal to half the length of the passage. This
normalized consumption, among other things, is multiplied
by the number of trips per hour and the number of
vehicles, number of vehicles, distance and shift hours to
determine the desired consumption period.

To calculate energy consumption, a model is proposed
that is calculated as a weighted average of energy
consumption for each storage location.

EcH = Zn:pi 'EiH
i=1

will be

controlled, 72 - is the number of all storage bins in a single

p; - is the probability that the vault i

deep aisle and ElH - energy consumption. To store a
loading unit from a storage and retrieval point to a storage
location I, or to retrieve from a storage location i to a

storage and retrieval point. EI.H includes energy

consumption both vertically and horizontally during
shuttle When

consumption of handling equipment, recovery efficiency
and the coefficient of friction in the acceleration phase are
also not taken into account. In addition, acceleration and
transit delay values are equated. In this model, too, the
efficiency and friction coefficient in the constant velocity
phase are assumed to be constant and known.

movements. calculating £/ I.H the

I1I. CONCLUSION

In the course of the work, an analysis was made of
modern simulation systems, which make it possible to
study the throughput and performance of the storage
system using shuttle systems. As you can see, the
modeling of such systems is a complex scientific and
technical task using a discrete approach to the description
of the system. The authors conducted a study of existing
modeling strategies that allow calculating the throughput
and determined the parameters that make it possible to
optimize such systems. In the future, it is planned to carry
out improvements in the design of the shuttle, which will
optimize the control system by reducing the time for
unloading/loading products from the warehouse.
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existing devices and applications to ensure the control of road
signs, to assist the driver and control them.

Keywords: Tenserflow, Machine Learning, Web Application,
Usability, Computer Vision.

1. INTRODUCTION

Today, there are approximately 169.5 thousand km of
state roads in Ukraine. The network of main routes is
spread throughout the country and connects all major
cities of Ukraine, as well as provides cross-border routes
with neighboring countries.

Due to such an increase in cars on the roads of Ukraine,
the number of offenses is increasing, according to
statistics, one offense or traffic accident occurs every 15
minutes.

For assistance and control of traffic signs, navigation
systems are most often used, such systems use pre-loaded
maps. Usually, such navigation systems use a touch screen
to control the device, the quality of the screen in
navigation systems is much worse than in modern
smartphones, except for the most modern systems, but
usually their cost is very high. Another exception may be
untimely updating of traffic signs, or termination of
support by the manufacturer, as well as outdated maps in
such products.

Also, navigation systems integrated into the car are used
to help drivers, such systems can be supplemented with
external cameras that analyze the situation around the car
in real time, and can warn the driver if the speed limit is
exceeded, relying on traffic signs. However, such systems
do not have a mass character in the automotive world, and
are most often installed on cars of the highest class, of
which there are few on the roads.

So, our research theme is extremely topical.

II. SOFTWARE DEVELOPMENT

Various technologies are suitable for recognizing road
signs. One of the most popular OpenCV (Open Source
Computer Vision Library) is an open source computer
vision and machine learning library.

The library contains more than 2,500 optimized
algorithms, including a complete set of both classic and
state-of-the-art computer vision and machine learning
algorithms. These algorithms can be used to detect and
recognize faces, identify objects, classify human actions in
video, track camera movements, track moving objects,
extract 3D object models, create 3D point clouds from
stereo cameras, connect images to obtain high resolution.
image of an entire scene, find similar images in an image
database, remove red-eye from flash images, track eye

movements, recognize scenery and set markers to overlay
it with augmented reality, and more. OpenCV has a
community of over 47,000 users and an estimated number
of downloads exceeding 18 million. The library is widely
used by companies, research groups, and government
agencies.

OpenCV has C++, Python, Java, and MATLAB
interfaces and supports Windows, Linux, Android, and
Mac OS, and is also mostly targeted at real-time vision
applications and takes advantage of MMX and SSE
instructions when available.

With the help of OpenCV, it is possible to create
applications that will qualitatively recognize road
markings and work on many platforms. At the same time,
the problem arises that for each device you need to create
your own application and use different technologies, which
is a very time-consuming process that requires in-depth
knowledge of various programming languages. Also, with
the help of OpenCV, it is not possible to create an
application for devices based on I0OS.

The solution to this problem is the creation of a web
application. With the help of this approach, it is possible to
solve several problems at once. Today, most of the devices
that people use every day have access to the Internet using
browsers. Having created a web application, it becomes
possible to use the same application, regardless of which
operating system a person uses. That is, the developer must
possess only one set of skills, and close the need for users
of any devices. Another problem that the creation of a web
application solves is the problem of memory. The browser
is installed by default on most devices, the user does not
need to download any additional applications, only have
the address to the web application, which does not take up
additional space on the device, and always works with the
latest version available.

To solve this problem, you can use TensorFlow.js, an
open source library that can be used to define, train and run
machine learning models entirely in the browser using
Javascript and a high-level API.

The use of the TensorFlow.js model has grown
exponentially over the past few years, and many JavaScript
developers are now looking to take existing state-of-the-art
models and retrain them to work with user data unique to
their industry. The act of taking an existing model (often
called a base model) and using it in a similar but different
domain is known as transfer learning.

Transfer learning has many advantages over starting
learning from a completely blank model. You can reuse the
knowledge gained from the previously trained model and
you will need fewer examples of the new item you want to
classify. In addition, training is often much faster because

M&MS 2022, 21-22 October, Kharkiv, UKRAINE



only the last few layers of the model architecture need to
be retrained instead of the entire network. For this reason,
transfer learning is very well suited for a web browser
environment where resources may vary depending on the
execution device, but also has direct access to sensors for
easy data collection.

Client side in a web browser using vanilla JavaScript:

— Server side and even IoT devices like Raspberry Pi
that use Node.js;

— Desktop applications using Electron;

— Native mobile apps using React Native.

TensorFlow.js also supports multiple backends in each
of these environments (the actual hardware environments
in which it can run, such as CPU or WebGL. "Backend" in
this context does not mean a server-side environment - the
backend for execution can be on client-side, such as in
WebGL) to ensure compatibility as well as ensure fast
performance. TensorFlow.js currently supports:

— running WebGL on the device's graphics card (GPU)
is the fastest way to run larger models (larger than 3MB)
with GPU acceleration;

- web assembly execution (WASM) on the CPU - to
improve CPU performance on various devices, including,
for example, old-generation mobile phones. This is better
for smaller models (less than 3MB in size), which can
actually run faster on the CPU with WASM than with
WebGL due to the overhead of loading content to the
GPU;

— CPU execution is a backup option if none of the other
environments are available. This is the slowest of the
three, but always handy.

Running TensorFlow.js in a web browser on a client
machine can lead to several benefits.

- Privacy, it is possible to train and classify data on the
client machine without sending the data to a third-party
web server.

- Speed, because there is no need to send data to a
remote server, inference (the act of classifying data) can
be faster. Even better, there is direct access to device
sensors such as camera, microphone, GPS, accelerometer,
etc. if the user grants access.

- Anyone in the world can click on the link, open the
web page in their browser and use the app. There's no need
for complex server-side Linux setup with CUDA drivers
and more to just use a machine learning framework.

- No server costs mean the only thing you need to pay
for is a CDN to host your HTML, CSS, JS and model files.
The cost of a CDN is much cheaper than keeping a server
(perhaps with a connected video card) running 24/7.

Server  functions, using the  TensorFlow.js
implementation in Node.js, provide many features. Full
CUDA support, server-side, for GPU acceleration, you
must install NVIDIA CUDA drivers to enable TensorFlow
to work with the GPU (unlike a browser that uses WebGL
- no installation required). However, with full CUDA
support, you can fully utilize the capabilities of your
lower-level graphics card, resulting in faster learning and
inference times. Performance is on par with the Python
implementation of TensorFlow because they both use the
same C++ server.

For the latest research models, it is possible to work
with very large models, perhaps gigabytes in size. These
models cannot currently be run in a web browser due to
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memory usage limits for each browser tab. To run these
larger models, you need to run Node.js on your own server
with the hardware specifications required to run such a
model efficiently.

IOT, Node.js is supported on popular single-board
computers such as the Raspberry Pi, which in turn means
that it is possible to run TensorFlow.js models on such
devices.

Node.js is written in JavaScript, which means it benefits
from compile-time. This means that you can see
performance gains when using Node.js because it will be
optimized at runtime, especially for any pre-processing
that is done.

Running ML(machine learning) in the browser means
that there is no need to install libraries or drivers from the
user's point of view. Just open a web page and your app is
ready to run. In addition, it is ready to work with GPU
acceleration.  TensorFlow.js  automatically  supports
WebGL and will accelerate your code as soon as the GPU
is available. Users can also access a web page from a
mobile device, in which case your model can use data from
sensors, such as a gyroscope or accelerometer.
Importantly, all data remains with the client, making
TensorFlow.js useful for low-latency output as well as
privacy-preserving applications.

There are three workflows you can use when working
with TensorFlow.js:

— it is possible to import an existing, pre-trained model
for output. If an existing TensorFlow or Keras model that
was previously trained offline is available, it can be
converted to TensorFlow.js format and loaded into the
browser for output;

— the ability to use transfer learning to supplement an
existing model trained offline using a small amount of data
collected in the browser using the Image Retraining
method. This is one way to quickly train an accurate model
using only a small amount of data;

- in-browser model generation with TensorFlow.js to
fully define, train, and run models in the browser using
Javascript and high-level API layers.

TensorFlow.js also includes a low-level API (formerly
deeplearn.js) and Eager execution support Fig.1.1

Layers AP

Ops AP (Eager)

Web(L

Figure 1.1 — TensorFlow.js Structure

TensorFlow.js is based on WebGL and provides a high-
level API for defining models and a low-level API for
linear algebra and automatic differentiation. Tensor

M&MS 2022, 21-22 October, Kharkiv, UKRAINE



Flow.js supports importing TensorFlow SavedModels and
Keras models.

TensorFlow.js, a JavaScript ecosystem for machine
learning, is the successor to deeplearn.js, now called
TensorFlow.js Core. TensorFlow.js also includes the
Layers API, which is a high-level library for building
machine learning models using Core, as well as tools for
automatically migrating TensorFlow SavedModels and
Keras hdf5 models.

At work, transfer learning is used, it involves the use of
already acquired knowledge to help learn different, but
similar things. Humans do this all the time, there are a
bunch of neurons in the brain that know how to identify
tree-like objects, and other neurons that are good at
finding long straight lines. This can be reused to quickly
classify a willow tree, which is a tree-like object with
many long, straight, vertical branches. Similarly, if there is
a machine learning model already trained on a domain,
such as image recognition, it is possible to reuse it for a
different but related task.

This is exactly what can be done with an advanced
model like MobileNet, which is a very popular research
model that can perform image recognition on 1000's of
different object types. From dogs to cars, it was trained on
a huge dataset known as ImageNet, which contains
millions of labeled images.

During training, this model has learned to pick out the
common features important to all of these 1,000 objects,
and many of the lower-level features it uses to identify
such objects can be useful for detecting new objects that it
has never seen before. saw After all, in the end, everything
is just a combination of lines, textures, and shapes.

Looking at a traditional Convolutional Neural Network
(CNN) architecture (similar to MobileNet) shows how
transfer learning can use this trained network to learn
something new. The image below shows a typical
architecture of a CNN model, which in this case was
trained to recognize the handwritten digits 0 to 9 in Fig.
1.2.

Classifies digits 0- 8

Clssaifestion head
vt by cermsctrorl

Figure 1.2 - Traditional Convolutional Neural Network
Architecture

If it were possible to separate the pre-trained lower-
level layers of an existing trained model, as shown on the
left, from the end-of-model classification layers shown on
the right (sometimes called the model's classification
head), then using the lower-level layers to generate output
functions for any given image based on the raw data it was
trained on. The same network with removed classification
head is presented on Fig. 1.3.
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Figure 1.3 - Network with Removed Classification Head

Assuming that the new subject being recognized can
also use the same input features that the previous model
trained, then there is a good chance that they can be reused
for a new purpose.

In the diagram above, this hypothetical model was
trained on numbers, so what it already learned about
numbers can also be applied to letters like a, b, and c.

So now we can add a new classification head that will
try to predict a, b or ¢ instead, as shown in Fig. 1.4.

Class¥ies lefters &, b.c
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Figure 1.4 — New Clasiification Head

Here, the lower-level layers are frozen and untrained,
only the new classification head will be updated to learn
the features provided from the pre-trained sliced model on
the left. The act of doing this is known as transfer learning,
and that's what the Teachable Machine does behind the
scenes. It can also be seen that the multilayer perceptron at
the very end of the network trains much faster than if you
had to train the entire network from scratch.

I1I. CONCLUSION

In the course of the work, an analysis was made of
modern computer vision systems and software for their
development.

The developed web application allows you to use it on
any device, it reduces the time for its creation and
maintenance, it does not take up extra space and does not
require additional utilities. With its help, it is possible to
control traffic signs, which adds safety when driving road
transport.
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Anomauin: B poboTi npeCTaBIIeHO OCHOBHI €TaIu Mo0yA0BH
TPUBUMIPHOT KIHIICBO-CJIEMEHTHOI MOJICNIi aBTOMATH30BaHOTO
KOMIUIEKCY 1HIYKIIITHOr0 HarpiBy METaJIeBHX JIeTalei.

Kniouosi cnoea: xomiuiekc iHAYKLIIHHOrO HarpiBy, BHXPOBi
CTPYMH, TpUBHMIpHA MOJEb, METOJ KIHIIEBHX €JIEMCHTIB,
TerIonepeaaya.

1. BcTtyn

IIpu  pos3pobui ABTOMATU30BaHUX KOMILIIEKCIB
IHAYKIOIHHOTO HarpiBy MeTajeBuX JeTajell HeoOXiqHO Ha
erami IMpOeKTyBaHHS BHKOHATH KUIBKICHHH — aHai3
OCHOBHHUX XapaKTEPUCTUK EJIEKTPOTEILIOBOrO MPOLECY Ta
BHPOOWUTH PEKOMEHMIAIll M0N0 BHUOOPY palliOHAJIBHUX
mapaMeTpiB Ta pexumMiB HarpiBy. lle mo3Bonuth oOpatu
HAWOIIBII palliOHAJBHUI PEKUM HarpiBy, a OTpUMaHi
3HAUEHHS TOTY)XHOCTEH MOXYTh CIYr'yBaTH OPI€EHTHPaMHU
NIPY TIOAAJIBIIOMY HaJIaro[KEHHI TEXHOJIOTTYHOIO LUKITY
.

HaiiBuia TOUHICTE aHaJI3y €IEKTPOTEILIOBOTO MPOIECY
3a0e3MeuyeThes IPH PO3paxyHKy TpUBUMIpHOI 3axadi. Le
CTa€ MOXJIMBUM NpPU BpaxyBaHHI OuIbIIOCTI (i3MYHKX

eekTiB, sKi DMOmIE TPOSBIAIOTHCI B yMOBax
MTOBHOIIIHHOTO BiATBOPEHHsI T€OMETPii IPUCTPOIO.
CyyacHi  YCTAaHOBKM  IHAYKIIHHOrO  HarpiBy €

CKITQHUMH KOMIUTEKCHUMHU TPHCTPOSIMU. [X OCHOBHHMH
CKJIQJIOBUMHU €: 1HIYKTOp i3 JeTaumio abo 3aroTOBKOIO,
cHUCTeMa  YINpaBJiHHS, CHCTEMa  €JIEKTPOXKUBIICHHS,
cucreMa mojaayi geraynei Ta inmie [2, 3]. 3MiHHE MarHiTHE
none iHAyKTOpa 30ymKye B cepeauHi geranmi  abo
3arOTOBKM BHXPOBI CTpyMH Ti€l K YacTOTH, sIKi
CTBODIOIOTH Yy JleTaji BHYTpIlIHI JpKepena Teruia. Y
MPOMHUCITOBOCTI BHKOPHUCTOBYIOThCS HACTYITHI  OCHOBHi
THUITH KOHCTPYKTUBHOTO ~ BHKOHAHHSI YCTaHOBOK
IHAYKOIHHOTO ~ HarpiBy —  TEpIOAWYHUHA  Harpis,
METOIMYHHUN 1 Oe3lepepBHUI, a TAaKOX MepiOANYHUIM
HarpiB 31 3BOPOHBO-TIOCTYNAJIBHUM  TEPEMIIICHHIM
3arOTOBKH.

[IpocTopoBO-4acoBHi  PO3MOALT  TEMIIEPATypH IO
00'eMy 3aroToBKM B TIpoleci IHAYKI[IHHOTO HarpiBy
OITUCYETBCS  JIOCUTH CKJIAJHOI0 CHUCTEMOIO  DiBHSHb
MakcBemma 1 Dyp'e  aus  €IEKTPOMAarHiTHOro  Ta
TEMICPaTYpHOrO MOMiB. PIlICHHSA CHCTEMH IMX PIBHSIHb
MOJKe OYTH peasli3oBaHO JIMIIE YUCETbHUMU METoaMu [1].
Jis  TpoBeIeHHS YMCEIbHUX PpO3pPaxyHKIB — 00paHO
nporpamuunii komruieke Comsol Multiphysics.

Metoro poOOTH € TPEACTABICHHS OCHOBHHX CTalliB
noOyIOBH TPUBHMIpHOI  KiHIIEBO-€JIEMEHTHOI ~ MOJEIi

aBTOMATHU30BAHOTO KOMILICKCY
METaJIEBUX AETalIEi.

IHAYKIIHHOTO HAarpiBy

1. BUKJIAJIEHHSI MATEPIAJTY TA PE3YJIFTATU
YHMCEJILHOI'O PO3PAXYHKY

B mporueci miAroToBKM po3paxyHKy MOKHA BHIUIUTH
KiJIbKa eTarliB.

[Nepmmii eranm — cuaTe3 Mozeni B cepenoBumli Comsol
Multiphysics. Ilounnaerscs el eram 3  BHOOpY
po3MipHOCTI Mozeni Ta (i3WYHUX MOAYJIIB. Y Hamomy
BUNaAKy — I TpuBuMipHa wmozens (3D). Ha puc. 1
IMOKa3aHO BIKHO HaBiraTopa BHOOPY PO3MIpHOCTI MOJIEII.
Jaini B 3araiibHOMY BHUIaJIKy oOupaemMo (GizudHuil MOAYIh
«Heat Transfer Module» (Temnonepenaua), a B HbOMY
posnin «General Heat Transfer». Y mozmens momaerhbes
npyruii Mmoayiab «AC/DC» > Quasi-Statics, Magnetic >
Induction Currents, Vector Potential. (Momxyns «AC/DC»
> Kpazucratuka, MarHetusMm > IHIyKOBaHI CTpYMH,
BekropHuii noreHmian).

Home Definitions Geometry Materials Physics Mesh Study

Select Space Dimension

L !
T 9 | T |—

EL 1D
30 Axisymmetric 20 Axisymmetric o oo

Puc.1. BikHo HaBiratopa po3MipHOCTI MOJENI

IMpore, B HoBux Bepcisix Comsol Multiphysics €
MOXIIUBICT, 0OOpaTH MOAYJb, IO BXE MaKCHMaJIbHO
aJIalITOBaHUH ISl pO3PaxXyHKIB B IPUCTPOSIX 1HIYKIIHHOTO
HarpiBy — «Induction Heating». Lle MoxxHa 3poOutn depes
rinky «Electromagnetic Heatingy, sik noka3aHno Ha puc. 2.

Mynetudiznaanii  Monmynb  (intepdeiic) «Induction
Heating» BUKOPHCTOBYETHCS Ut PO3paxyHKiB
IHAYKIOIHHOTO Ta BHUXPOCTPYMOBOTO HArpiBy i BKIIIOYAE B
cebe inTepdeiic MarHITHUX TONIB Ta  iHTepdeiic
TeruIonepenadi y TBepaux Tiax. MynbTu(i3udHi 3B'S3KH
JIOAAI0Th PO3CIIOBAHHS €JIEKTPOMArHITHOI IMOTYKHOCTI SIK
JoKepena  TEIUla, a  CICKTPOMArHiTHI  BJIACTHBOCTI
MaTepialy MOXYTh 3ajekaTh Bi TemrepaTypu. Kpim
TOr0, MIATPUMYIOTBCS KOMOIHAII MOJICTIOBAHHI B
YacTOTHIN oOaacti s iHTepdeiicy «MarHiTHi moms» i
CTaIliOHAPHOT'O MOJIETTIOBaHHS TUTSt iHTepdeiicy
«Temonepenaya B TBEpAUX TiJlax», 110 3BETHCS YACTOTHO-
CTalLliOHAPHHUM 1 YACTOTHO-NIEPEXITHUM MOJICTFOBAHHSIM.
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Inrepgeiic «Temmonepenaua B TBEpAMX TiIax» Halae
GYHKIINT A1 MOJENIOBaHHS —TeIulonepeaadi  IUITXOM
TEIUIONPOBITHOCTI, KOHBEKII Ta  BHUIPOMIiHIOBAHHSI.
TBeppoTinbHa MOZENb aKTUBHA 32 3aMOBYAHHSIM y BCIX
JIOMeHaX. PiBHSIHHS TemIiepaTypH, BU3HAuU€HE y TBEPIHUX
obnactsix, BiamnoBizae nudepeHmiadbHId (OpMi 3aKOHY
Dyp'e, KUt MOXKE MICTUTH TOJATKOBI JpKepela Tervia.

Home
Select Physics

Definitions Geometry Materials Physics Mesh

Search
= i row
El Heat Transfer
[E Heat Transfer in Solids (ht)
Heat Transfer in Fluids (ht)
® Local Thermal Nen-Equilibrium
B Heat Transfer in Porous Media (ht)
[ Bicheat Transfer (ht)
& Heat and Moisture Transport
[7] Thin Structures
— Conjugate Heat Transfer
Radiation
.
% Joule Heating
" Induction Heating
Thermaelectric Effect
@ Structural Mechanics
LAu Mathematics

Add
Added physics interfaces:
™ Magnetic Fields (mf)
@ Heat Transfer in Selids (ht)
4 by Multiphysics
! Electromagnetic Heat Source (emhT)
% Boundary Electromagnetic Heat Source (bemh1)
i Temperature Coupling (tc7)

Remove

) space Dimension @) study

B € cance [one

Puc.2. BikHo HaBiraropa (hi3u4HHX MOIYIIB Ta BUOIP

CuHTE3 reoMeTpii MoJeli.

Mopenp siBisie cOOO0 TPW LMIIHAPUYHI THIYKTOPH Ta
neranb (3arotoBky). Ha pwuc.3 3emeHUM  KOJIBOPOM
TIOKa3aHl pO3paxyHKOBI JIISIHKU 1HIYKTOPIB.

=EBEEE°

Puc.3. TpuBuMipHa reoMeTpist MOJIENI Ta HaJIalITyBaHHS
mapaMeTpiB eIeKTPOMAarHiTHOI 3a1a4i

3amaBanuch Taki TEOMETPHYHI PO3MIpU IHAYKTOPIB 1
3aroTOBKH: JOBXHHA iHAYKTOpa /; = 0,13 M; 30BHIIIHIN
paniyc r, = 0,14 m; BHyTpiwHii panmiyc r; = 0,11 m;
JIOBXKHHA 3aroToBKH L = 1,4 m; po3mipu nepetuny — 0,1 m
x 0,1 m. IIIBuakicTs mepeMimieHHs 3aroToBku — 30 Mm/c.
Ha nmoBepxHi Ta BcepeiuHi 3aroTOBKH OOUpPaEMO
KOHTPOJIbHI TOYKH, SKI HEOOXINHI IS aHai3y MpoIlecy
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HarpiBy 3aroToBKH. Takux TOYOK MOXKe OyTH Oyab-sika
KiJIBKICTB.

leomerpiss Momenb Moke OyTH TmOOyaAOBaHa sIK
3acobamu Comsol Multiphysics, Tak i B cepeIOBHII
AutoCAD 3 momanpmuM  iMmoptoM B Comsol
Multiphysics. JloBxuHy, nepeTuH i marepian aerani abo
3arOTOBKH MOYKHA JIOCHTB JIETKO 3MIHUTH 32 HEOOXiJHOCTI.
[Micns moOymoBM TEOMETPUYHOI MOJENi  3alaloThCs
KOHCTaHTH. 3acrocyBaHHs KOHCTaHT crpourye
NepeHaNaIITyBaHHS MOJIEIT.

Y Hamomy BUMNAJKy pPEKOMEHAYEThCS BBECTH JIBi
KOHCTaHTH — 1ie J — I'yCTHHa CTpyMYy B iHIyKTOpi. BoHa
JIOpiBHIOE JTOOYTKY CTpyMy 1 4YMClia BUTKIB 1HIYKTOpA,
MOAIIEHI Ha TUIonry oOJyiacTi BiINOBIAHY IHAYKTOpa. A
TaKOX f— 9acToTa CTpyMy B iHAYKTOPI.

3aBmaHHs (I3MYHUX KOHCTaHT Ta
EnextpomarniTHa 3amada.

Jnst mporo B MeHIO BuOupaemo Multiphysics >
Azimuthal Induction ... /s moyaTKy BiIKpHBa€EMO MCHIO
Physics > Application Scolar Variables BiqkpueThcs BIKHO
BBEICHHA. Y BIiKHI nu_emga 3agaeMo KoHcraHty f. lle
JIO3BOJIUTH 3MIHIOBATH YacTOTYy MEPEXi B €KCIepHMEHTaX.
B namomy Bunazaky e 50 I'm.

BimkpuBaemo BikHO B MeHi0 Physics > Subdomain
Setings. BikHO MIiCTHTh KiJibka BKIamok. Ham HEoOXimHO
3allOBHUTH BKJIaaKy Magnetic Parameteres. AKkTHBiI3yeMO
0o05lacTh 3aBaHTaKEHHS Ta Yy BiKHI Ui WUr 33JaeMo
BiJTHOCHY MAarHiTHy IPOHHMKHICTb. SIKIIO 3aroroBka
(epomarHiTHa, aje TeMmIepaTrypa He IEPEBHIIYE TOYKY
Kropi, mo BennuMHy MOXXHa 3aqaTd IOCTIHHOI abo y
BUTJISIIII KPUBOI, SIKA BPAXOBYE HACHUYEHHS. 3 OIJISIY Ha Te,
IO BCSI TEIUIOBA €HEPTisi BUIUIAETHCS B TOHKOMY IIapi,
SIKMA JOPiBHIOE TJIUOWHI TMPOHUKHEHHS CTPYMY, TO JUIS
HaOMMKEHUX PO3PaxXyHKIB JOCHTh 33JaTH OIHE 3HAYCHHS
ur. AKTHBYeMO o0nacTh «iHAyKTOop» 1 y BKimaaui Electric
Parameters y BikHi 1715 J,;, BBOAUMO 3HAUEHHS J.

HanamryBanss TemioBoi 3aga4di Multiphysics > General
Heat Transfer.

AxtuByemMo maHedb Subdomain Settings. O6upaemo
o0OnacTi, sAKi He BIOHOCATBCS 1O 3aBaHTaKEHHS, 1
npudupaemo npanopelp y BikHi Active in this domain — e
BHUKIIIOYHMTh Il 00jacTi 3 po3paxyHky. [ms oOmacti
«3aBaHTaXECHHS» 3a/1a€EMO ¢iznuHi BJIACTHBOCTI
3arotoBk: Thermal conductivity (TemtonpoBigHicTs),
Density (I1lineHicTh) i Heat capacity at constant pressure
(Termoemuicth). Heat source (Ikepeno tema). llei
napamerp BU3HAYAETHCS B €JIEKTPOMArHITHOMY
po3paxyHky. Y BikHO BBOoguMO Qav_emgqa. ['panuuni
YMOBH 3aJaloThes uepe3 Physics > Boundary Settings a6o
F7. Bubupaemo HeoOximHi rpanuii B moni Boundary
selection 1 3amaemo Heart transfer coefficient (koedirienT
TeIUIoBiadi). Y CIOKIHHOMY MOBITpI Hel KoedilieHT
MOXHa mTpuitHaTH  piBEmM 25 Br/m>K.  Bikzo
HaJlalTyBaHb (i3WYHUX MapaMeTpiB TEIUIOBOI 3ajadi Ha
TIPUKIIaJl BJIACTHBOCTEH METalleBOI JIeTaji HaBEeJEHO Ha
puc. 4.

[To6GymoBa CITKH KIHIICBUX €JICMEHTIB.

Haii6inpiry TouHicTh 004HCIieHb (TIpH piBHIHN KiJIBKOCTI
KIHIIEBUX  €JIEMCHTIB)  3a0e3leuyloTh  mapalosivHi
€JIEMEHTH, OCKUIBKM BOHU MAalOTh OULTBII TOYHI (yHKIT
¢dopmu (ampokcumyroui QyHkuii). OgHaK po3paxyHOK i3
3actocyBanHsiM KkiHneBux einementiB (KE) Bucokux
TIOPSJIKIB BUMArae BEJIMKUX alapaTHUX PECYpCiB.

BJIACTUBOCTEM.
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Settings
Material
Selection:
on@]| 2 (]
6 g -
Active 8 EE‘ -%:'1-
12 ..
14
18
Override
Material Properties
¥ Material Contents
»
Property Name Value Unit
[ | Relative permeability mur 1 1
[ | Electrical conductivity sigma | 4.032e6[... 5/m
[ | Heat capacity at constant pres... Cp 47500 (ks W (kg
[# | Relative permittivity epsilonr 1 1
[¥ | Density rho 7850[kg... kg/m®
[¥ | Thermal conductivity k A4.5W/.. W/ (m....
Coefficient of thermal expansi... \alpha  12.3e-6[.. 1/K
Young's modulus E 205e9[Pa] Pa
Poisson's ratio nu 0.28 1

Puc.4. BikHo HanamrTyBaHp (hi3MYHUX TTapaMeTpiB
TEIIOBOI 3ajaui

Haii0Oinpmuii BIUIMB HA Yac pO3paxyHKy (YHCIO
iTepamiii) KpiM HasBHOCTI HENiHIMHOCTEH HAaJalOTh
posmipu KE 1 cTymiHb BIiANOBIAHUX amnpOKCHUMYIOUHX
¢yHKIIH, 1m0 Bu3HauatoThes uuciaom By3miB  KE.
MinimManeanid  po3mip KE (nmpu  3amaHomy mopsinky
MONiHOMa  ampokcumyrodoi — (yHKOil) 1 MiHIMyM
PO3PaXyHKOBOTO Yacy HEOOXiTHO MPUAMATH BUXOIIYH 3
YMOB  3I00YyTTS HEOOXiZTHOI TOYHOCTI PO3PaXyHKY
eJIeKTpOMarHiTHoro mnosst. 3i 3MeHmieHHsM po3mipy KE
PO3paxyHKOBHUI 4ac 30UIBIIYETHCS, @ PILLIEHHS MparHe 10
ToyHoro. Ha pwuc. 5 mnpencraBieHa KiHIIEBO-€lIEMEHTHA
ciTka Mozeni. Bubip mapamerpiB i onTuMizalist CTpyKTypH
CITKHM 3JIMCHIOIOTBCS B XOJli YHCEIBHUX EKCIIEPUMEHTIB
LUISIXOM  BCT@HOBJIEHHS ~KOMIIPOMICY MiX TOYHICTIO
MOJICTTFOBaHHS 1 TUMYaCOBHUMH BUTpAaTaMH Ha BHUKOHaHHS
PO3paxyHKiB.

Puc.5. KinneBo-enemMenTHa ciTka MOENl

HanamryBanus BupinryBadva.

B wmento Solve (Bupimmru) obupaemo Solver
Parameters. Y BikHi Analysis types oOupaemo Tun
BupinryBaya. Jlns 3aBaanHs Azimuthal > Time-harmonic,

st General > Transient. Ha Bkmammi General B
nepmoMy momi Times BBogmmo 0: 1,1. Haruckaemo
KHOTIKY Solve.

Micns 3aKiHYCHHS PO3paxyHKy BHU3HAYaEMO

TEMIIEpATYpy B KOHTPOJBHHMX TOYKaXx. B  MeHi0
Postprocessing > Point Evalution y Bikni Predefined
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quantities ooupaemo Temperature i 33Ja€EMO TOYKH, B SIKHX
OyneMo  KOHTpONIOBAaTH — Temmeparypy. Haruckaemo
kHOTKY Apply.

VY HWKHIA 4acTHHI poOOYOro BiKHA ITOBWUHHI 3'SIBUTHUCS
pesynbraTtu. I1OBTOPIOEMO pPO3paxyHOK, aje 3alyCKaeMo
po3paxyHOK KHoOmkoro Restart. OcoONuBICTE Takoro
3aIlyCKy TOJISITa€ B TOMY, IO PO3PaxyHOK HOBTOPIOETHCH,
aje TMOYaTKOBUMH YMOBaMU € KIHIEBI pe3yJbTaTH
MOTIepeTHHOr0 PO3paxyHKy. Bu3Hayaemo Temmneparypy B
TUX JK€ KOHTPOJBHUX TOYKax. 30epiraeMo NpoOBeneHY
cepito po3paxyHKiB B popmari m-daiiny.

Jlis MopenmoBaHHS HAarpiBy, OTPUMAaHHWH paHime m-
(aiin HeoOXiTHO BiApeaaryBartu.

3HaX0IUMO OTIepaTop

I4 = postint (fem, 'T', ...
'Unit', 'K', ...
'Recover', 'off', ...
‘D1, 7, ...
'"Edim', O, ...
'Solnum', 'end');

[{uM omepaTopoM BU3HAYAETHCS TEMIIEPaTypa B TOUIL 7.
Ile#t omeparop 3aBepliye MEPUIMA UK PO3PAXYHKY.
IMomanpiuii  pO3paxyHOK PEKOMEHIYEThCS PO3MICTHTH
BCEpeIMHI UKy, HAPUKIIaA orieparopa «for endy.

Bcepenuni mukiny J01a€EMO  YMOBH 3MIHH  CTPYMY
IHIyKTOpa — Il MOXe OyTH QyHKIis dacy abo
TemnepaTypu. [Ipunyctumo, iM'st ineHTU(IKaTopa CTpyMy
B cTpwkHi «Isty». 3Haxomumo omepatop equ.Jephi =
{0,0, 'I'}; 3amiHIOEMO TEKCTOBY KOHCTaHTy 'I' Ha
Ist. BigpenaroBanmii onepatop mMae Bua equ.Jephi =
{0,0, Ist};

Pe3ynpTaTii BU3HAYEHHS TPUBUMIPHOTO PO3MOIITY
€JIEKTPOMArHiTHOIO Ta TEIUIOBOTO TOJIB BCEpEAUHi
IHAYKTOpIB Ta JeTaji OyayTh NpEJCTaBIEHI B HACTYITHUX
poborax.

III. BUCHOBKU

IIpu  po3poOui  aBTOMATU30BaHMX  KOMILIEKCIB
IHAYKIOIHHOTO HarpiBy MeTaJleBHX JeTajell HeoOXiTHO Ha
eTarli MpOEKTyBaHHS BHKOHATH KUIBKICHMHM  aHaii3
OCHOBHUX XapaKTEPUCTHK EJIEKTPOTEILIOBOrO MPOILECY Ta
BHPOOUTH pPEKOMEHIAIT MO0 BHOOPY palliOHAJIBHUX
rapameTpiB Ta peXuMiB HarpiBy. B po0oTi npeacraBieHo
OCHOBHI

eranmd  IMOOYIOBM  TPUBHMMIPHOI  KIHIIEBO-
€IEMEHTHOI ~ MOJCJIi  aBTOMATH30BAHOTO  KOMILICKCY
IHAYKIIHHOTO HArpiBy METaJIeBUX JETalICH.
[IEPEJIIK TIOCUJIAHB
[1] TTogomblieB AL, Kyuepsiast H.H.

MynbTH(U3NYECKOe MOJETHUPOBAHNE B AIEKTPOTEXHHUKE //
Kues: Uncturyr snexrpoguHamukn HAH Vkpauner. —
2015.-305c.

[2] Bunanacenko C.I., Jpemmak H.C. Anani3z cnoco6iB
peryNIOBaHHS  IOTY)KHOCTI B €JEKTPOTEXHOJOTISIX
iHAyKOiiHOTO HarpiBy // 30ipHMK HayKOBHUX Hpallb
HanionansHoro ripauuoro yHiepcurety. — 2018. — Ne 53.
—C. 193-199.

[3] Kostyk K.O., Akimov O.V., Ostroverkhova K.V.
JlocmimKeHHs! eeKTPOMarHiTHUX NapaMeTpiB iHAYKIiHHOT
TUTENIFHOT T4l 3 KYCKOBUM 3aBaHTXKCHHSIM IIMXTH JUIS
BUIUTaBKH craii 351 // Bichuk HarioHampHOro TEXHIYHOTO
YHIBEpCHUTETY «XTII». Cepist: TexHomnorii B
MamuHoOyyBaHHi. — 2020. — Ne 2. — C. 85-92.

M&MS 2022, 21-22 October, Kharkiv, UKRAINE



34

Bu3HaueHHs BIUIMBY HarpiBy poTopa
Ha MEXaHIYHY XapaKTEPUCTUKY ACUHXPOHHOIO
JIBUT'YHA 3 IOPOKHUCTUM POTOPOM

Bononumup FpI/II_IIOKl, Onexcanapa I_IypKiHal, Makcum Manumies'

1.Kadenpa KITAM, XapkiBcbKuii HalliOHAIbHUHA YHIBEPCUTET PajioeIeKTPOHIKH,
Xapkis, nip. Hayku, 14, YVKPAIHA, e-mail: volodymyr.hrytsiuk@nure.ua

Anomaujis: B poborti IPEJICTABICHO pe3ynbTaTH
€KCIICPUMEHTAIFHOr0 BHM3HAUECHHS BIUIMBY HArpiBy poropa Ha
MEXaHiYHy  XapaKTepHCTHKY  ACHHXPOHHOTO  JBHUTYHA 3

MOPO’KHUCTUM POTOPOM. 3HMKGHHS €JIEKTPOMAarHiTHOIO MOMEHTY

BHACIIZIOK HAarpiBaHHs poOTOpa BAXIMBO BpPaxOByBaTH NpHU

[POEKTYBaHHI ACHHXPOHHOI'O JIBUT'YHA 3 TOPOKHUCTHM POTOPOM.
Kniouosi cnoea: acuHXpOHHMIH IBUTYH, HArpiB, NOPOXKHHUCTHH

POTOp, BUXPOBI CTPYMH.
1. BcTtyn

AcunxponHi nBuryHu (AJ]) 3 MOpPOXXHHCTUM POTOPOM
IIMPOKO  BUKOPUCTOBYIOTHCS B DI3HUX  HPUCTPOSIX
aBTOMATUKU Ta YIPaBIiHHSA (TPaEeKTOpHE YIpaBIiHHS,
CTeXYd4l CHCTEMH Ilepeadi KyTa, MOKaXYHKH IIBUAKOCTI
MOBOPOTY TOINO). Pa3oM 3 THM, CHOTOIHIIIHE 3POCTAHHS
iHTEpecy IO €JEKTPUYHUX MalmuH 3 (epOMarHiTHOIO
BTOPUHHOIO YaCTHHOIO OOYMOBJIEHE MOXKJIMBICTIO iX HOBOTO
3acrocyBanHs [1]. Cepen HeaBHIX 3apyOiKHUX ITyOJIiKaIlii
3yCTPIYalOThCA POOOTH, MPHUCBIYCHI PO3pOOI 00epTaIbHO-
JMHIHHUX eJeKTPOMEXaHIYHUX MEepPETBOPIOBAYiB, 3JaTHHX
OJTHOUACHO 3JiMCHIOBATH OOEpPTaHHS Ta PyX Y3IIOBXK CBOET
oci. [Ipu pomy, SIK paBUIIO, MOPOXKHUCTHH (pepoMarHiTHHN
€JIEMEHT UWIIHAPUYHOI (GopMu (QYHKIIOHYE SK POTOp 3
JIeKiIbKOMa ~ CTyNeHsMH cBoOomu. Taki meperBoproBadi
CTaHOBJIATh HEBEIMKY TpPYIy €JIEKTPONPHBOMIB, IO
JIO3BOJISIIOTH  320€3MeYUTH LIMPIIT MOXIIMBOCTI PyXy, HIXK
TpaJuLiiHI IPUBOJIH, & IiABUIIECHHS BUMOT JJO MEXaTPOHHUX
MIPUCTPOIB TUIBKHU CIIPUSiE TXHBOMY HEYXHJIHHOMY PO3BHUTKY.
BoHM BHKOpPHCTOBYIOTHCS B TIPHUCTPOSIX, NPH3HAYEHUX IS
nepeMinryBaHHs Ta cBepliHHA [2]. ®DakTtuuHO, iXHE
TIOTEHII{HE 3aCTOCYBaHHSI BapilOETHCS BiJ BEPCTATIB JIO
POOOTOTEXHIKU Ta Pi3HUX NPUCTPOIB, 0 BUKOPUCTOBYIOTHCS

IUT  CKJTaJlaHHs, 3aXOIUICHHs, MCPEMIIICHHs, VIIAKOBKH,
CTpyIlIyBaHHs Tomlo [3, 4, 5].
EnexktpomaruitHi  mpomecu B AJ[ 3 rimaakum

HeepoMarHiTHUM Ta (EepOMarHiTHUM pOTOPOM MarOTh
Oarato crminbHoro [6]. Ilimxim mo po3B's3aHHA 3aaad OIS
moxo 000X THIB POTOPIB psii  aBTOPIB  BBAXKAIOTh
aHAJIOT1YHHM. Bonnouac, HEOOXiHO  BPaxoBYBaTH
XapakTepHi sIKICHI OCOOJIMBOCTI €JIEKTPOMArHiTHUX IPOIIECiB
y (GepoMarHiTHOMy pOTOpi, IO TIOB's3aHi 3 IPOSBOM

MOBEPXHEBOr0 e(eKTy, HACHYEHHSIM Ta TICTEPE3NCOM
MacuBy. HasBHICTH (epOMarHiTHOro MacHMBy BH3HAYae
OCHOBHI 0COOJTUBOCTI pO3TOALTY HaTPY)KECHOCTEH

€JIEKTPUYHOTO Ta MarHiTHOTO IOJIB Y BTOPHHHOMY JIAHITIO31.
Jlany 03HaKy TIIOKJIQIEHO B  OCHOBY  Kiacudikamii
KOHCTpyKLi AJ[ 3 MacuBHMM QepoMarHiTHUM pPOTOPOM
(puc. 1).

Oco0yuBICTIO 3acTOCYBaHHA NesKuX AJl 3 MOPOKHHUCTUM
pPOTOpPOM € XapakTepHi 4YacTi ITyCKH, pPEBEpCH, 3YIHHKH,
TOOTO, HECTAIIOHAPHI PESKUMHU POOOTH. XapaKTep PO3MOIITY
BUXPOBUX CTPYMIB BHM3HA4a€ TOBIIMHY CTPYMOHECYYOTO
mapy, a 3HauyduTh 1 BEJIMYMHY AaKTUBHOTO  OIOPY
MOPOXKHHUCTOrO0 poTopa. OIHOYACHO, TEIUIOBI BTPATH Bif
BUXPOBUX CTPYMIB MiJBHIIYIOTb TEMIIEpaTypy HarpiBy
poropa, 30umbIIyouM #oro omip. Bce 1e Bimirpae
MepIIOPSIIHY poib y (OpMYBaHHI BHXIJHHX ITOKa3HHKIB 1
BractuBocTtell AJl[, B mepury depry, Takux K
€JIEKTPOMArHITHUH MOMEHT.

Mertoto poOOTH € eKCIIepUMEHTAIbHE BU3HAYCHHSI BIUIUBY
HarpiBy = poTopa Ha  MEXaHIYHy  XapaKTePHCTHKY
ACHHXPOHHOTO JIBUTYHA 3 TIOPOXKHUCTUM POTOPOM.

ACHHXPOHHI JBUTYHH 3 MACUBHUM (hepOMATHITHIM POTOPOM

/\

3 ragKuM poTOpOM

3 3y04acTUM pPOTOPOM

31 CTPYMOMIPOBITHUM
MOKPUTTAM (hepo-
MAarHiTHOTO MACHBY

3 mBOMIapOBUM
poTtopoM

3 MacUBHUM
(hepomMarHiTHUM
poTOopoM

31 CTPIKHEBOIO
KOPOTKO3aMKHEHOIO
0OMOTKOIO

Puc.1. Kimacudixkaris AJl 3 MmacuBHIM pepoMarHiTHUM poTopom [6]
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11. BUKJIAJTEHHS MATEPIAJTY TA PE3YJIGTATU
YUCEJILHOT'O PO3PAXYHKY

Edexrn, nos's3ani 3 HarpiBaHHSIM MAacCHBHOI'O POTOpa
CIPUYMHSAIOTH ~ ICTOTHHH  BIUIMB ~ Ha  MEXaHIuHY
xapakrepuctuky A/l [7]. [diticHo, 32 YMOBH PiBHOMIpHOCTI
HarpiBy BCbOTO pOTOpA, KOB3aHHS MAalIMHH, MIO
BIJIMIOBIIa€ 3a/laHMM 3HAYEHHSM HAIpYTH, 4YacTOTH Ta
€JIEKTPOMArHITHOTO MOMEHTY, TPOIOpILiHE ITHTOMOMY
OIIopy MaTepiasly poTopa, sike, sIK BiOMO, 3MIHIOEThCS 3
TEMIIEPaTYpPOIO Y BiJIIIOBITHOCTI 3 BUPA30M:

p=py(l+a(T-T,)), (1

Iie Po — 3HAYCHHS MUTOMOT'O OIOPY IpHU TeMrepatypi 7y;
o = 0,005 — remnepatypHuii koediuieHT onopy crami; 7 —
TeMIIepaTypa poTopa.

3rigfHO 3 [WUM BHUPA30M, IIJBUIICHHSI TeMICpaTypH
poropa Ha koxHi 10 °C mpusBOAUTL 10 30iNLIICHHS
KoB3aHHS Ha 5 %.

B poboti Oyno BUKOPHCTaHO JBHUI'YH 3 TOPOXKHHUCTHM
pOTOpPOM, IO MaB HACTYIHI KOHCTPYKTHBHI IapaMeTpH:
30BHINIHIN JiaMeTp — 85 MM; TOBIIWHA CTIHKH — 3,5 MM;
JIOBXKUHA — 75 MM. J[OBXXKMHA MarHiTONPOBOIY CTaTOpa
JIOpiBHIOBAIA JOBKHHI POTOpA.

ExcniepuMeHT, MPOBEICHUN 3 MOPOKHUCTUM POTOPOM,
MOKa3aB, IO IIABHINEHHS Horo Temmeparypu Ha 25 °C
MIPU3BOJNTE 10 3HIKCHHS BEJIUYMHHU €JICKTPOMATHITHOT'O
MoMeHTy Ha 8...10 % mpakTHYHO MpPU BCIX 3HAYCHHIX
KoB3aHHA (puc. 2). ToMy, 3HIKCHHS €JICKTPOMATrHITHOT'O
MOMEHTY BHACIIIJJOK HarpiBaHHi pOTOpa HEOOXiTHO
BpaxoOBYBaTH IpH NpPOcKTyBaHHI AJl 3 TOPOKHUCTHM
POTOpOM.

—+—47C

—=—22C
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Puc.2. Brutu HarpiBy poropa Ha MEXaHi4HY
XapakTepucTuky AJl 3 HIOPOXKHUCTUM POTOPOM

Ilpu mpoBeneHHI eKCHEPUMEHTANBHUX JOCIHIKEHb
BIUIMB HarpiBaHHS POTOpa Ha MEXaHIYHY XapaKTePUCTHUKY
AJl 3 TIOpPOXXHHUCTHM pPOTOPOM MOXIIUBO BPaxOBYBaTH
LUISIXOM  [epepaxyHKy BHUMIpSHHX 3Ha4Y€Hb KOB3aHb
BIJIMIOBITHO JI0 BUMIPSIHUX 3HAYCHb TEMIICPATypH POTOpA.
Opnak 1e  crmocid  HemoCcTaTHhO TOYHUH — yepes
HEepiBHOMIpHICT, HarpiBaHHs poropa. Jlo Toro ik,
MPaKTHYHO MOXKJIMBUM € BH3HAYEHHsI TUIBKU TeMIIEpaTypH
MOBEpXHi poropa. €IMHO HAIIMHOIO € Taka MeETOIUKa
eKCIIEPUMEHTY, IpH SKii HarpiB poTopa NPaKTUYHO
BIJICYTHi#, TOOTO TeMIepaTrypa poTopa MpH 3HITTI KOXKHOL
EKCIIEPUMEHTAJIbHOI TOYKM Majo BiJIpI3HSETHCS BiA
TEMIIEpaTypy HaBKOJIHIITHBOTO CEPEOBHILA.
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I[lpy  BHU3HAYEHHI  MEXaHIYHOI  XapaKTEPUCTHKU
HEeOoOXi/THI YMOBH €KCIIEpPHUMEHTY MaloTh 3a0e31edyBaTucs
LUIIXOM  IHTEHCHBHOTO IIPEMYCOBOTO  OXOJIOJKEHHS
aKkTHUBHOI 4acTMHM AJ] 3 TMOPOXHHUCTUM pOTOpOM i
MiHIMi3alii Yacy, HEOOXiJHOrO i1 BCTAHOBJICHHS
HEOOXIHOrO pEeXUMY Ta 3HATTSA IIOKa3aHb  BCIX
BUMIpPIOBAIGHUX NpHianiB. Yac 3HATTS OIHIET TOUKH Mae
cTaHOBUTH 5-6 cekyHn. Ilpu mpoMmy, micist 3HSATTS BCi€l
XapaKTepPUCTUKH TeMIleparypa MOBEpXHI pOTOpa MOXKe
migBumryBatucs Ha 5-7  °C  (upoMy  BiamoBimae
MaKCHMaJlbHa MTOMUJIKA Y BU3HAUeHHI KoB3aHHSA 3,5 %)).

III. BUCHOBKU

B poborTi NPECTaBIICHO pe3yibTaTu
€KCIIEpUMEHTAJIbHOT0 BU3HAYCHHSI BIUIMBY HAarpiBy poropa
Ha MEXaHIYHy XapaKTePUCTUKy aCHHXPOHHOI'O JBHTYHA 3
MOPOXKHUCTHUM ~ pOTOpOM. [IpoBeneHuil  eKcliepuMeHT
MOKa3aB, L0 MiJBUINEHHS TEMIEpPaTypH HOPOXKHHUCTOTO
poropa Ha 25°C mnpu3BOAWTL OO 3HIKEHHS BETHYMHH
€JIEKTPOMArHiTHOro MoMeHTy Ha 8...10 % mpakTuuHO npH
BCIX 3HAUEHHSX KOB3aHHSL.

3HW)KEHHSI EJEKTPOMArHiTHOrO MOMEHTY BHACIHIiJOK
HarpiBaHHSd  pOTOpa  BAaXJIMBO  BpPaxOBYBaTH  IIPH
MPOEKTYBaHHI ACHHXPOHHOTO JIBUTYHA 3 IOPOXXHUCTUM
pOTOpOM.
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[. INTRODUCTION

The modern development of advanced technologies
makes it possible to develop and implement mobile robots
in the fields of human activity. One of the basic aspects
that are embedded in the concept of the fifth industrial
revolution (Industry 4.0) is the development of
"collaborative robots". A collaborative robot (cobot) is an
automatic (intelligent) device that can work together with a
person to achieve a goal. Based on this, many world
leaders such as Festo [1], ABB [2], KUKA [3], RobotiQ
[4], Yaskawa [5] and many others are engaged in research
in this direction. However, it is worth noting that most of
the research is focused on the development of
manipulative mobile platforms that are designed for
production systems, while not paying attention to the
development of mobile robots for natural exploration and
study of the environment. Conducting an analysis, it can
be noted that not so many companies pay attention to the
development of zoomorphic mobile robots, a striking
example is the development of Festo as part of the Bionic
program. BionicAnts - research in the field of group
decision-making by a group of robots to achieve a given
task or SmartBird - an ultralight ornithopter that flies by
flapping its wings. [6,7] PowerVision is a division of
Xiaomi that develops automated drones with computer
vision systems. [8] One of the directions of their
development is the PoweRey underwater drone, which
allows underwater shooting, but unfortunately it has
control through a wired system with a cable length of 50 to
70 meters, therefore it has limited mobility.

Based on this, we can conclude that the development of
zoomorphic mobile robots is an urgent task that will allow
not only the natural study of the eco-environment, but can
also be used in man-made disasters, to assess damage to
ships, as well as to assess the damage caused to the
environment.

II. ANALYSIS OF ZOOMORPHIC ROBOTS-
FISH
BIKI is the first bionic wireless underwater drone, or

simply fish robot, created by the Robosea team. [9,10] The
general view of BIKI is shown in Figure 1.

Figure 1. — Bionic fish robot BIKI

The BIKI fish robot features a nine-axis sensor, which
makes it possible to self-stabilize in water and provide
dynamically soft descent and ascent. The features of this
model include that the control of this mobile robot is
carried out based on the closed Robosea algorithm. The
main technical characteristics are presented in table 1.

Table 1. Main technical characteristics robot fish BIKI

Parameter Values
The weight 1 kg
[Dimensions 27*10*15cm
Speed 1.9 km/h
[Maximum immersion depth 60 m
\Video 4K (3840x2160)
INoise level 55db
Autonomous robot time (up to 60 m) 150 min
Price ~1350%

Also, the BIKI fish robot is equipped with a lighting
system and a GPS system for returning to the starting
point.

Research group The Center for Automation and
Robotics (CAR) is a joint center of CSIC and the
Technical University of Madrid (UPM) (CAR CSIC-UPM)
researchers, together with the University of Florence, have
developed a zoomorphic mobile water quality monitoring
robot. [11,12] The laboratory layout of the developed
zoomorphic fish robot is shown in Figure 2.

A feature of this zoomorphic robot fish, developed by
CAR CSIC-UPM, is an attempt to partially imitate both
external and interleaving methods of a real biological
object. According to the authors of this development, this
will minimize inconvenience and stress in live fish, this is
achieved by an adaptive control system for swimming
modes depending on the state of the water. The following
characteristics are available from open sources of
information: the length of the robot fish is 30 c¢m, drives
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made of shape memory alloys, 1 mm thick, are used.
According to the developer Claudio Rossi, the developed
robot will provide early information about environmental
changes in water quality and the operation of fish farms.

i
L

- -
—

Figure 4. — Layout of the bionic robotic fish Qunhong Tian
[13]

The feature of this robotic fish, developed by the
Qunhong Tian team, was that it was designed to build a
path in difficult ocean conditions. The main technical
characteristics are presented in table 3.

CSIC-UPM. [11]

Table 3. Main technical characteristics robot fish Qunhong Tian

As part of the Naro project from ETH Zurich (Swiss
Federal Institute of Technology), a Nanin Naro fish robot

was developed, a general view of which is shown in Figure
3.

Figure 3. — Robot fish Nanin Naro. [12]

The design of Nanin Naro fish robot is based on
anodized aluminum surrounding polycarbonate tubes,
inside of which there is plexiglass. The control system is
designed based on Raspberry Pi with OS Robot Operating
System (ROS) installed on it. Main technical
characteristics are presented in table 2.

Table 2. Main technical characteristics robot fish Nanin Naro

Parameter Values
The weight 2 kg
[Dimensions 67x23x15 cm
Speed 0,4 km/h
[Maximum immersion depth ~10m
Autonomous robot time (up to 60 m) ~30 min
Price -

Renxiang Wu from the School

of information

Engineering, China University of Geosciences, [14]

Parameter Values
The weight 7kg
[Dimensions (length) 50 cm
Speed 1,9 km/h
[Maximum immersion depth ~20 m
Autonomous robot time (up to 60 m) 160 min
Price ~2550%

In the article, Qunhong Tian from the Harbin University
of Engineering Qingdao Ship Science and Technology Co
and his team [13] conducted a series of mathematical
studies of building a path for moving a bionic robotic fish,
the layout of which is shown in Figure 4.

developed a research model of a zoomorphic mobile fish
robot based on the Arduino control system, a general view
of which is shown in Figure 5.

L/

IFiure 5. — Zoomorphic mobile
robot fish Renxiang Wu [14]

The features of this development include the fact that
the control is carried out using the Bluetooth module, that
is, at short distances, the OpenMV module is also used to
transmit the video signal and the streaming video signal is
transmitted via Wi-Fi.

In the works of Jiayong Chen from the South China
University of Technology [15], a model of a zoomorphic
mobile robot is proposed, which is shown in Figure 6.
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Figure 6. — Zoomorphic mobile
robot fish Jiayong Chen[15]

A feature of this robot is that it is implemented based on
the STM32F103 microprocessor and is controlled via radio
frequency (module E62-433T20D). The main technical
characteristics are presented in table 4.

Table 4. Main technical characteristics robot fish Jiayong Chen

Parameter Values
The weight 1o 1 kg
[Dimensions 47x23x11 cm
Speed 0,2 km/h
[Maximum immersion depth ~10 m
Autonomous robot time (up to 60 m) ~10 min
Price -

In addition, the GP2Y0A21 module is used to detect
obstacles, which makes it possible to analyze obstacles at a
distance of 10 cm to 80 cm. Unfortunately, this robot is
designed to study the movement of the tail, to build a more
natural movement of the robot in the aquatic environment,
as a result of which there is no video camera.

ITII. CONCLUSIONS

Based on the analysis of modern zoomorphic mobile
robots, we can draw the following conclusions:

- research in this area is an urgent task that allows you to
solve a number of problems related to the study of the
aquatic environment and biological species;

- when managing mobile robots, there are problems with
the transmission of information through the separation of
air and water;

- at the moment, many researchers in this field are
studying methods of moving biological species in water
and, based on the knowledge gained, are developing
mobile robotic fish;

- there are no methods for constructing routes and
trajectories of movement of mobile fish robots in the
aquatic environment, in which undercurrents, pits, etc. are
taken into account;

Despite all of the above, we can conclude that research
in this area is only in the initial phase and there are many
interesting tasks, the solution of which will allow using the
developed zoomorphic mobile fish robots to control,
monitor and study the water expanses of our planet, and

also provide an opportunity use them in rescue operations
in man-made disasters.
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[. INTRODUCTION

Every year, production becomes more and more
complex, efficient and precise tools are needed to meet the
needs. Because of this, the demand for the implementation
of the concept of Industry 4.0, which is one thing, is
increasing every year. of the main modern requirements in
any production. This concept is one of the most important
and popular because it requires the implementation of full
automation of production processes, while their
management will be carried out in real-time with minimal
outside intervention.

Cyber-physical production systems are a logical
continuation of the implementation of the Industry 4.0
concept, the essence of which is the creation of a virtual
double of real production, which allows you to control
various physical processes and make decentralized
decisions on various tasks, that is, the creation of
distributed systems [1]. The development of cyber-
physical production systems requires the solution of many
problems related to the processing of data obtained in
production, such as storage, access, security, and others.
One of the main problems that need to be solved during
the implementation of cyber-physical production systems
is the monitoring of production processes with the
possibility of visualization of these processes. Monitoring
the performance and condition of equipment has always
been an integral part of information systems used in the
industry to improve efficiency and minimize unplanned
downtime. In general, monitoring system applications play
an important role in predicting production improvements,
reducing costs [2], and providing an early warning system
[ 3,4]. Also, due to the increase in the volume of data
collected in the production process, monitoring systems
become even more important factors in making
management decisions, as well as the effective operation
of enterprises. Modern technologies, such as sensors based
on the Industrial Internet of Things (IIoT), can be used as a
solution to ensure effective monitoring of the production

Internet of things,

process[5]. Similar technologies can be used and
integrated with monitoring systems. Research conducted in
the manufacturing industry has shown significant benefits
of using loT-based sensors for monitoring, such as
improving working conditions [6], preventing design
errors [7], diagnosing faults [8], predicting quality [9], and
assisting managers in making more effective decisions

[10].

Real-time monitoring and control allow teams to
respond appropriately to production-related issues.
Machine operators can identify bottlenecks in real-time for
continuous improvement. A proactive team can effectively
and efficiently manage and resolve issues. From the above,
we can conclude that a production monitoring system
(PMS) is needed by companies in all manufacturing
industries[11].

Some immediate benefits of PMS:

a. Process monitoring: visualization of the technological
process at the production facility in real-time. More
advanced systems can visualize processes in various
modules of the production management system in the
form of interactive diagrams that accurately reflect the
topography of the enterprise.

b. Monitoring of integrated IIoT devices is usually valid
for users of next-generation systems equipped with a
reliable API.

¢. Accurate tracking of supply chain data.

d. Monitoring of machine indicators, such as their
physical condition, alerts, and warnings about possible
violations and downtime;

e. Track overall equipment effectiveness (OEE), i.e.
equipment availability, productivity, and product
quality.

f. Production line metrics such as productivity, order lead
time, cycle time, overhead, and waste.

g. Staff monitoring capabilities include tracking work
hours, productivity, delays, and disruptions. This
allows managers to better plan staffing needs,
production, product shipments, and process lead times.

II. ANALYSIS OF THE PRODUCTION
MONITORING SYSTEM

The data obtained during production monitoring are
divided into two main groups: the state of resources and
the state of tasks [12]. Task status represents data on each
completed operation, estimated production time,
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sequences, and others. This group provides information
about order flow to improve production sequences. It
should also be noted that real-time monitoring of
production processes supports a paperless approach to
reporting. That is, it allows you to compare the planned
and actual volumes of production, which makes it possible
to more realistically plan the production plan, and also
helps to meet the delivery deadlines.

The second group, the so-called state of resources, is
used to control machinery and equipment, personnel, and
the working environment (Fig. 1). This group shows
machine  workload, downtime, availability, and
performance as a result of monitoring. Thanks to this, in
case of equipment failure, operators know exactly why and
can change planned operations in time, which saves time
and money. Such data provides real-time and historical
details of what is/has been happening in the equipment
shop. In turn, personnel monitoring includes optimal
movement tracking; planned and actual workforce data,
etc. Various indoor positioning systems can be used to
track the location of people and equipment [13], which is
part of the Global Manufacturing Efficiency (GPE)
concept[14].

;' Production monitoring system

[ Status of resources ] [ Status of jobs
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Fig. 1. Classification of production control systems

Such systems include HMI/SCADA software, which
helps in the management of industrial enterprises in many
industries. HMI/SCADA is a category of control system
software architecture that uses network data to provide a
graphical user interface through which an operator can
monitor the performance of multiple pieces of equipment
and issue process commands and settings. This result is
achieved using a dedicated screen, a mobile device, or any
PC connected to the control network via a web browser.

HMI/SCADA enables operators to improve situational
awareness, anytime, anywhere visualization mobility, and
control of critical equipment providing a centralized view
of operations[15].

HMI/SCADA collects data from remote terminals,
programmable logic controllers and other control devices.
This data is provided to the operator using a Human
Machine Interface (HMI). HMI allows the operator to see
what is happening in the plant in real-time, including
configurable mnemonics, alarms, trends, etc., to make
decisions on adjusting any controls or machine settings.

HMI/SCADA is used in conjunction with other
technologies to improve productivity, such as a data
logger, to provide trending and other analysis over a long
period of time.

40

State-of-the-art HMI/SCADA, including data archive
and centralized visualization technologies, enable a high-
performance development and visualization environment
that optimizes plant operations, supported by faster
development, democratization of tools and capabilities
throughout the plant, increased productivity, reduced costs,
and employee mindset change . and the culture of
continuous work[16].

Data from the groups discussed above allow you to
support the functions of production process planning
systems, and logistics for the supply of materials and
resources, and also allow you to provide feedback at all
stages of production. Such a system makes it possible to
implement an effective system of informing all
departments about what is happening in the shop and helps
to respond in a timely manner to unplanned situations.

In most cases, data from different groups are treated as a
single data set to identify, for example, the causes of
quality problems, unplanned downtime, poor performance,
etc. productivity, quality level, and overall equipment
effectiveness (OEE). Different strategies can be used to
diagnose equipment malfunctions:

* Preventive maintenance is the periodic shutdown of
services for manual inspection. The main disadvantage of
such a strategy is the need to temporarily turn off the
equipment during the inspection to identify equipment
problems.

» Condition-based monitoring — fault diagnosis through
appropriate observations based on an acoustic signal,
temperature, electrical current, vibration monitoring, etc.

PMS systems should be considered as a subset of the
manufacturing management system (MES), which includes
the same functions as data acquisition and collection,
maintenance management, resource status, product
tracking, and production performance analysis [17, 18.]

There are many special software products for managing
production processes. They may be presented as MES, but
functionality depends on customer expectations or tools
(e.g. spreadsheets, complex management applications).
The main functions of MES solutions developed by
leading suppliers of industrial software and automation
systems are inventory management and production status
data collection with limited equipment status data with
supporting functions such as performance analysis and
maintenance management. The main focus of these
solutions is on medium and large-sized companies, mainly
in the processing (chemical, oil, gas, food) and automotive
industries.

The main disadvantage of these solutions is investment
costs. In some cases, such systems may have weak
reconfigurability or require expert knowledge of the
system, which may affect the flexibility of the company,
when each change in the configuration must be prepared
by the software provider and imported into the system
[19,20,21]. Many companies offer solutions with limited
functionality and work in a specific industry (e.g. Evocon
Line Efficiency, Wintriss ShopFloorConnect). Such
solutions are usually designed to capture the most
important inputs from the production line (machine): unit
count and flow rate, job list, downtime, quality reports, etc.

ITII. CONCLUSION
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The functionality of the main PMS elements is
described. One of the main advantages is that the proposed
production monitoring system is based on open-source
software and hardware, which makes it more accessible to
users and supports collaborative knowledge creation.

But despite all the advantages, such systems have many
shortcomings, which have a rather large impact, both at the
stage of implementation of such solutions and operation.
Among them, you can single out the following:

a. Determining the areas to be monitored in a monitoring
system is an extremely complex matter that depends on
a huge variety of needs, technological constraints,
contractual obligations, and business considerations.

b. Building a team and set of technologies that are truly
needed and will deliver the right set of tools is a
daunting task that requires a wide range of technical
expertise and time to properly configure and maintain.

c. In such systems, it is quite difficult to integrate a new
tool or update an existing one, as it depends on the
developers of the given system. Due to this quite
simple problems can arise during the update stage. This
makes changes to the system inflexible.

d. Many tools rely on logical checks and thresholds: these
are static configurations that are extremely inflexible.
Systems scale and evolve, so this mode of operation
must be replaced by pattern recognition technologies.

e. Many tools have missing or poor integrations (APIs)
and cannot be easily extended. These tools have been
designed with a lot of assumptions about the system
they will monitor, resulting in one of two solutions:

1) Or improvement and adjustment of the
existing system, to the criteria of new tools that must
be implemented;

2) Choosing tools that are not ideal for your
needs but work well with your current system.

f. Many tools are not fast enough with reporting and
analysis. Latency issues are incredibly expensive and
painful for any organization.

g. Many tools do a very poor job of collecting metrics,
and throwing away data after providing warnings. This
problem exists due to legacy configurations that do not
take into account the rapid growth of cloud storage and
big data analysis that has occurred in recent years.

h. In case of errors in the system, it is extremely difficult
to determine the location of the failure.

i. Many tools provide - due to poor system design or
problematic configurations - information that is
ultimately invalid. This creates a psychological burden
on users and costs them valuable time.

j. Many tools are expensive in themselves and in addition
have a slow payback due to huge configuration needs,
multiple teams involved, tools to integrate, workflows
to change, etc.

k. Many tools promise to deliver certain things but end up
requiring additional costs for support, professional
services, and important additional features.

Based on the analysis, it is planned to develop a sensor
management system based on IoT technology, a part of
which will be a production monitoring system using data
received through the API. The planned system should
solve the problems of system expansion due to the ease of
adding new devices, detection of breakdowns in the
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system, cost-effective installation and exploitation of the
product, and relevance and accuracy of data.
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Po3po06ieHHs 3aco01B popmyBaHHS 0a3 JaHUX PO

BUOYXOHEOE3MEeUH1 MPEIMETH, METOM 1X MOITYKY Ta

1meHTU(IKAI]
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AHnTOH boHnapenko , Jimutpo AnymkeBuy
1. Kadenpa KITAM, XapkiBchkuil HalioHaIbHUI yHiBepcuTeT patioesnexTponiku, YKPATHA,
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Anomayia: B nanomy marepiani HaBeJJeHO iH(pOpMALIilo 100
3aco0iB (popMyBaHHs 6a3 JaHMX BUOYXOHEOE3IIEUHHX ITPEIMETIB,
MEeTOZiB iX MomyKy Ta ineHTudikarii.

Knirouogi cnosa: BHIL, PKBII, inenrudikaris, po3mMiHyBaHH:,
BUOYXOBHI IIPUCTPIH.

1. BcTtyn

Bci BOeHHI KOH(QIIIKTH CYNpPOBOMIKYIOTHCS IIUPOKUM
3aCTOCYBaHHSIM pOTHOOPYUMHU CTOpOHAMH
MPOTUMIXOTHUX MIH Ta BHOYXOHEOE3NEUHHX MpPEAMETIB
(BHIT). Ogpniero 3 mpoGiem, 3 SKOW KpaiHH Y BCiX
perioHax, ne Beiauch OO0WHOBI JIii abo iCHYIOTH BOEHHI
KOHQUIIKTH, $IKi OYyIM TOpOpKeHI MDKHApOJHUMH Ta
MDXKHAI[IOHATBHUMH BHU3BOJIGHUMU pyXaMu (HarpuKiIaz;
Ipak, Cupisi, Adranicran, konumHs IOrocnagis, Ykpaina
TOIIO), CTHKAIOThCI 3 Mpo0ieMaMH IOUIYKY Ta
inenTrugikamii BHOyxoHeOe31IeYHNX MPEIMETIB.

3rigHo 31 3BiTOM MDKHApOIHOTO PYyXy 3a 3a00poHY
nporunixotaux MiH (International Campaign to Ban
Landmines, ICBL) 3a 2020 pik, 2019-#i pik cTtaB oJHuM 3
HAWTpariyHimMxX 3a piBHEM CMEPTHOCTI BijJl BUOYXiB MiH B
cBiTi. Haiibinpie ncio cMepreil Bil po3pHBIiB MiH OYyi10
3aixkcoBano B Adranicrani, Komym6ii, Ipaxy, Maui,
Hirepii, Ykpaini ta €meni. Tperuna (33%) cmepreii Bin
BHOYXiB MpOTHMiXOoTHUX MiH B 2019 p. Oyna 3adikcoBana
B 55 kpainHax, mjo mnpuenHamuca A0 OTTaBCBKOIO
noroBopy. Bubyxu nporunixoraux Mil B 2019 p. 3abpanu
He MeHine 2 170 XuTTIB MO BChbOMY CBITY, 1ie 3 357 ocid
orpumMaiu nopaneHHs. [Tonan 80 % 3aru0iaux Bijg BUOYXiB
MiH — IUB1IBHI 0co0H, 43 % 3 SIKUX TiTH.

Hampukian, 3a poku BoeHHoro koHQuiikty Ha JloHOaci
(Ykpaina), sxuit nouascst y 2014 p., BiH nepeTBOpUBCS Ha
OJHYy 3 HalOLIpI HacuueHux MiHamu i BHII Tepuropiii B
cBiTi. 3a oninkoro Opranizaunii O0’equannx Hamiii (OOH),
3a POKH BIMHHU TYT 3aMiHOBaHO 1,6 MJIH ra 3emili, 3 HHX
700 Tuc. Ha TEpUTOPIi, MiIKOHTPOIBHIHN ypsioBi YKpaiHu.
[Toma 3a0pyaHEHUX PETioHiB, MO MicTATh MiHK Ta BHII,
CTaHOBUTHh Maibke 7 THUC. KM 2 Ha IIiJKOHTPOJBHIH
TEpUTOPii Ta OPIEHTOBHO 14 THC. KM 2 Ha OKYITOBaHHX
tepuropisix  Jlonenpkoi, Jlyrancekoi oOnacrei Ta
AstoHomHoi Pecry0Omiku Kpum. Ha nux Tepuropisx Mmoxe
3HAXOIUTHCS OJIM3BK03,3 MJIH NPOTHITIXOTHUX MiH

II. ITEHTU®IKALILS BUBYXOHEBE3IIEUHIX

ITPEJMETIB
I'ymaniTapHe po3MiHyBaHHs CIIpSIMOBaHE Ha
3MEHILEHHSI IIKITTMBOro (pakTopy Aii BHOYXOBUX PEYOBUH
Ha KUTTEMISUIBHICTD JIIOJCH. MeTa po3MiHYBaHHS IMOJISATAE

B TOMY, 100 3HM3MTH MiHHY HeOe3neky IO piBHS, IpHU
SKOMY JIIOAM MOXYTh JKUTH O€3IEeYHO; IIPH SKOMY
€KOHOMIUHUM, couiaNbHui 1 (i3ioNOriuHUl  PO3BHUTOK
MOXe€ 3JCHIOBATHCS OE3MEepElIKOAHO, HE Hapa)KalouHch
BIUIUBY OOMEXEHb, 1110 BUKIIMKAIOTHCS BILIMBOM HAa3eMHHX
MiH.

BuOyxonebe3neuni npenMerd — BUOYXOBI MaTepiaiy,
Ooenpunacy, IO MICTATh BHOYXOBI PEYOBHHHU, a TaKOX
OioJyoriyHi Ta XiMiYHI pPEeYOBHHHU: OOMOM i OOErONIOBKH;
KEpOoBaHi 1 OaNiCTHYHI pakeTH; apTUIIEPiHChKi, MIHOMETHI,
pakeTHi Ooempunacy i OOempUIack 10 CTPLICIBLKOI 30poi;
yci MiHM, TOpIeAd 1 DIMOMHHI OOMOM; MipOTEXHIYHI
BUpOOM; KaceTHi OOMOM 1 KaceTH; eJIeKTpHYHI BHOYXOBI
MIPUCTPOI; caMOopoOHi BUOYXOBI MPUCTPOI TOLIO.

[Ticnst 3akiHYeHHs ApYroi CBITOBOI BiHU Yy BCIiX
perioHax CBiTy NpPOJOBXKYBaJM BHHHKATH YHCJICHHI
BIICHKOBI ~ KOH(QJIIKTH,  TMOPOMKEHI  HaIllOHAJIBHO-
BU3BOJILHUMHU i IpOMa/ITHCHKUMHU BiliHaMH,
MDKHapOJHUMH 1 MDKHAIliOHAIBHUMHU TPOTHOOPCTBAMH.
Bei 11 KOHQUIIKTA  HEOAMIHHO  CYNPOBOIKYBAJHCS
IIMPOKUM 3aCTOCYBAHHSM IPOTUOOPYMMH CTOPOHAMH
Ha3eMHUX MiH, NPUYOMY 3 POKYy B pIK aKTHBHICTH 1
MacmTadu iX 3aCTOCYBaHHS HEYXMIBHO 3POCTAIIH.

B pesynbrari, sk cBimuath odimiini qani OOH, y Beix
perioHax cBiTy Ha TepuTOpisix 64 KpaiH BCTAHOBIIEHO
6mm3bko 110 minbHoHIB MiH 1 npubmusHo 100 MinbiHOHIB
iX 3HaXOAWTHCS HA CKJIAJaX B TOTOBHOCTI JI0 HETalHOTo
3aCTOCYBaHHSI.

3acTocyBaHHA  Ha3eMHHUX
HACTYITHUMU NTPUYHHAMH:

— BHCOKOIO ¢()eKTHUBHICTIO il - 3AaTHICTIO BUBOJUTH 3
Jmamy Bakki OOHMOBI MamIMHU 1 TPaHCHOPTHI 3aco0w,
BpaKaTH JKUBY CHJIY 1 HAHOCUTH 0COOOBOMY CKJIaJly BaKKi
MOpPaHEeHHs, 10 BHUMAaralTh TPUBAJIOTO 1 JOpOrOro
JiKyBaHHSA (JTIKyBaHHS OJHOrO IIOPAHCHOI'O Ha MiHI B
cepennbomy komrye 5000 gomapis CIIA);

—  TpPOCTOTOK  KOHCTPYKIii, 110  JIO3BOJISIE
BHKOPHUCTOBYBaTH MaJIOKBaTi(pikOBaHy TIepCcoHal, Ha
MiJITOTOBKY SKOT'O IMOTPIOHO MaJIo Yacy;

— HHM3BKOIO BapTICTIO BUPOOHMITBA OoempwuIiacis (psi
3pa3KiB MPOTUIMIXOTHUX MiH Mae BapTicTh 3 nomapu CIIIA
3a | WT., a NPOTUTAHKOBHUX - 75 JonapiB, B TOH Yac K

MiH OOyMOBJIeHA B

CyMapHi BHTpaTH 10 HEWUTpawi3amii oOfHiei MiHH
cranoBmwin 300 - 1000 gonapis);
— HAasABHICTIO BEJIMKOIO0 MDKHApPOIHOTO PHUHKY

Ha3zeMHUX MiH (Bcboro 3adikcoBaHo monan 700 mopeneit
MiH, OUTBIIICTB SIKMX MatoTh BapTicTh 0,5-30 monapis);
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— 3JaTHICTIO KpaiH-po3pOOHMKIB 1  EKCHOpTepiB
MOCTABJISITH TOKYIIIEBI BEJUKI MapTii MPOCTUX 1 JIEMEeBUX
MiH (CymMapHa IPOAYKTHBHICTb MPOMHCIOBOCTI CTAaHOBHJIA
10 MiNBHOHIB MiH Ha piK, SKa IIOPIYHO OTPUMYBala Bif 1X
nponaxy goxia y 100-200 MinbHOHIB q0MapiB).

[Ipobnemu  TakoK  MOB’sA3aHI 3 IOCTIHHUM
YCKJIQHEHHSIM CHTYyaIlil i3 3aCTOCYBaHHSAM MiH Ta
TIOTJIHOIIOIOThCSL  HEOE3IIEeKOI0 MMiAPUBY HACENEeHHs Ha
Ooenpunacax (BHOYXOHEOE3NMEUHHUX MpEAMETax), SKi He
igipBaIkch (He 3/IeTOHYBaiN). Takux MiH Ta OO€NpHIIaciB
Ha mnom ©Oor 1 B palloHaX HAHECEHHs paKeTHO-
apTUIepiChKNUX yHapiB 3anumaeTbess Bce Oipmie. Lle
0COOJIMBO XapaKTepHO LISl TEPUTOPIN Ha CXOfl YKpaiHH.

Taxki Goermpunacu CTaHOBIATH Iie OiIbLIY HeOe3neKy,
HIXK MiHH Ta CHPUSIIOTH 3POCTaHHIO BTPAT CEPE]] MiCI[EBOTO
HaceneHHA. OcoONiMBe 3aHENOKOEHHS BUKIMKAE (akr
HEBIJIOBIIHOCTI TEMITIB  MPOBEJCHOTO PO3MIiHYyBaHHS
pO3Maxy TPUBAIOUOi YCTAHOBKU MiH.

CoBO «MiHa» BXXMBAETHCS Y IBOX 3HAUCHHSIX:

— SIK apTUIIEPIHChKUI CHAPsII 10 MiHOMETa;

— cremianpHuil  Ooenpumac, TNpU3HAYEHHH IS
BCTaHOBJICHHSI Ha 3eMJli / IiJ 3emiiero / y BOIi, 1 SIKWi
ypakae  I[Ib  BHACHIMOK 1  mpucyTHOCTI  abo
0e3rocepeIHHOro BILIMBY HA MiHY.

3a nmpu3HaYeHHSIM PO3PI3HSAIOTH MiHH:

— nporutankosi ([ITM);

— npotunixorHi (I[TTIM);

— IIPOTUTPAHCIIOPTHI;

— 00'exTHI;

— CIeliajbHi.

Haii0inpim BakKKO BUSIBIISIFOTHCSI TPOTHITIXOTHI MiHH.
[IpotunixoTHi MIHM BUKOPHUCTOBYIOTHCS TaKOX IS
MIPUCTPOIO «MIH-CIOPIIPU3IBY Ta «MIH-IIACTOK).

[IporutpaHcnopTHi ~ MiHM  [PU3HAYAIOTBCS  JUIS
MiHyBaHHS  aBTOMOOUIBHHX  JOpir 1  3alli3HUIIb,
aepoIPOMIB.

OO'exTHI MIHM TIPU3HAYAIOTBCS U PYHHYBaHHS

MOCTiB,  TyHENiB  Ta  IHIOUX  CIHOpYI. Bonu
BCTaHOBJIIOIOTBCS BCEpelMHI 00'€ékTa B CIHEIiaBHUX
MIHHHX KOJIOAS3SIX (Kamepax) abo B IPYHTI.

INounnatoun 3 2014-ro, Ha TepUTOPIi MPOBEIACHHSI
ATO/OOC BusiBneno Ta 3HumieHo monax 480 000
BHOYXOHEOE3NIETHNX MpeMETIB, 311e01IBIIOr0
OoenpumnaciB  CTBOJILHOI Ta PEaKTHBHOI  apTuiepii
(xamiopiB 122 mwm, 125 MM, 152 mm), MiHOMeTHHX MiH (82
ta 120 Mm), rpanatomernux noctpini (I1I-7, BOI'-17,
BOI'-25), mnporurankoBux wmin (TM-62, IITM-3),
nporunixotHux MiH (O3M-72, MOH-50, TIMH-2, TI®M-
1, IIOM-2), caMmopoOHHUX BUOYXOBHX MPHUCTPOIB [4].

3rigHO JaHWX ~Oprafizamii 3 TyMaHITapHOTO
po3minyBanHs HALO Trust, Ha cxomi YkpaiHu BHSIBIEHO
297 MIHHMX TONIB  3arajbHOI0  IUIOIICI  ITOHAA
26 MinbHOHIB M%, [¢ 3HAXOMUTHCS OIM3BKO 3,3 MiibiioHA
MiH Ta BHOyxoHeOe3neunux mnpeameris (BHII). Ha
PO3MiHYBaHHSI IIUX TEPUTOpill YKpaiHH 3HAJOOUTHCS HE
MmeHie 25-30 pokiB.

PoGoT 1o cTBOpeHHIO POOOTH30BAHUX CHUCTEM Ta
KOMIUIEKCIB (PTC) BilICEKOBOTO (mozBiltHOT0)
NPU3HAYCHHsI, BKJIIOYAIOYM pPOOOTH30BAaHI CHCTEMHU JUIS
IPOBE/ICHHST TYMaHITApHOTO PO3MIHYBaHHS BEIYThCS B
VYkpaini i 3a kopaoHoM [1...4].

Posrmsinemo cywacHi Meromu imeHTHU]ikamii sKi
LIMPOKO BUKOPHCTOBYIOTHCS Y HAll 4ac. YCi METOIH, II0
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JOCHI/DKYIOTh ~ HasBHICTH  (TOOTO ~ BHSIBJIGHHS  Ta
po3ITi3HaBaHHs) BUOYXOBHX PEYOBUH Ta MPHCTPOIB SIK ITiJ
yac BUKOHAHHS EKCIIEPTHHX 3aBJaHb, TaKk 1 B
103a1ab0paTOpHUX YMOBax (OmepaTuBHE 3aCTOCYBaHH:),
Ha Mill TOIVISL, MOXKHA O0’€HATH B YOTHPH OCHOBHI
rpynu:
1 rpyna — ¢iznuHi MeToau;
2 rpyna — (i3uKo-XiMi4HI METOIH;
3 rpyma — XiMiuHi METOMH;
4 rpyna — opraHOJIEIITUYHI METO/IH.
Jo nepmioi rpymu (pizuyHi METOIM) MOXKHA BiIHECTH
TaKi METO/IU:
—  Jpedd-CHeKTpOMETPUYHUI METOA TPYHTYETHCS
Ha CHIEKTPOMETPIi PyXJIMBOCTI i0HIB B €JIEKTPUIHOMY TIOJIi;
—  Mac-CIIEKTPOMETPUYHUI METOJ| IPYHTYEThCS Ha
MOJICKYJSIPHOMY ~PiBHI, TOOTO 3a pPaxyHOK BEIHMKOI
LIBHIKOCTI MOJIEKYJIM TPYIYIOTHCS 3aJIeKHO BiJ CBOET
MacH;

—  Merox CHEKTPOCKOMIT IPYHTYETBCS Ha
CHEKTpaJbHOMY  aHalli3i BHOYXOBOi  pEYOBHHH Y
¢iznuHOMYy cepenoBHIl (PO3UMHHHUKH), 30Kkpema [Y-
CIICKTPOCKOITIS;

— MEeTOJ IHTPOCKOIIi TIPYHTYEThCS Ha B3aEMOIIT

Bciei (ab0 dacTWHM) Macu BHOYXOBHX pEYOBHH 3
MIPOHUKAIOYUM BUIIPOMIHIOBaHHSIM, B SIKOMY
BUKOPDHCTOBYETBCS IOTIK TEIUIOBUX HEHUTPOHIB  abo

MIPOMEHIB IIEBHOTO CIIEKTPa €JEKTPOMATHITHIX KOJIMBAHb;

—  Merox SIIEPHO-MarHiTHOTO pe3oHaHCy
IPYHTYETbCS Ha [UCTAHLIHHOMY aHali3i eJIeMEHTHOTO
CKIagy BHOYXOBOI PEYOBHHH 33 paxyHOK SIIEPHOTO
BUIIPOMIHIOBaHHSI;

— MeToA HEHTPOHHOI aKTHBallii TIPYHTYETbCS Ha
BHSBJICHHI BUOYXOBOI PEUOBHHH SIK 00 €KT 3 IiABUICHUM
BMICTOM BOJHIO Ta iH. METOJIH.

o npyroi rpynu (pi3uKo-xiMiuHI METOH) BiIHOCSTS!

— razo-xpomarorpadiuHuil MeToA IPYHTYETbCS Ha
BUSIBJICHHI 4YacTOK BHOYXOBOI pEYOBHHH 32 DPaxyHOK
po3noniay ii KOMIIOHGHTIB Ha MeXi (a3 BHCOKOYMCTHX
ra3iB-HOCIIB (aproH, a30T) Ta YyTJIMBOMY COPOEHTI;

—  piguHHO-XpoMaTorpaiqyHuil MeToH IPYHTYETHCS
Ha BHSIBJIICHHI YacTOK BHOYXOBOi PEYOBHMHH 32 pPaxyHOK
HOro BIACTHMBOCTEH PO3YMHATHCS B DiJUHAX-HOCISIX Ta
YIPUMYBATHCS TICBHUIN Yac Ha COPOCHTI;

—  TIOTEHIIOMETPUYHUH METOJ IPYHTYETHCS Ha 3MiH1
ENIEKTPUYHOTO OIOPY PEYOBHUHU (BUOYXOBOI PEUOBHHH)
i1 J1€10 eIEKTPUIHOTO CTPYMY;

—  TOJMSPUMETPUYHHUA METOJI — Mif HIi€l0 CBITOBOTO
MIOTOKY KOXKHA pedoBHHa (BUOYXOBOi pEUOBHHU) Ma€ CBil
CHEKTp Ta iH. METOJIH.

s rpyma MeToniB BHKOPHCTOBYETHCS [UIsl BUSIBIICHHS
BUOYXOBOi PEYOBMHM B  NPUXOBAaHUX  IpeIMETaXx,
Hanpukian, Oaraxy, pydHOMY BaHTaXy, CyMKax, MaKeTax
tomo [1].

Jlo TpeThoi Tpynu (XiMiuHI METO/M) HAJIEKATh:

— MeTOA KpamenbHOi peakiii (KpamenbHi TECTH)
IPYHTYETbCS Ha 3MiHI KOIIBOPY CIHiJiB BHOYXOBOi
PEUYOBUHH TiJI Ti€I0 IEBHOTO XIMIYHOI'O pEareHTy;

—  MeTox TOHKOIIAPOBOI xpomatorpadii
IPYHTYETBCSI Ha BIACTHBOCTSAX BHOYXOBOI pPEUOBHHH B
MEeBHUX yMOBaxX (HacH4eHa MAapOIOBITPSHA  CyMIIl

PO3UMHHHUKIB) PO3KJIAIATUCS HAa YUCTI PCUYOBHHU Ta iH.
METO/IH.
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s rpyma MeTomiB 3acCTOCOBYETBCS JJIsl BHSBICHHS
YaCTOK BUOYXOBOI pEUOBHHH, 110 3AIUINAIOTHCS HA PI3HUX
npeMeTax, Ha IIKipi, oAs31 THX 0ci0, sKi nepeHocunu abo
MaJy CTUKaHHSA 3 BHOYXOBOIO PEYOBHHOIO Ta HAasIBHOCTI
€aMOl pEYOBHHHU.

Jlo uerBeproi rpymu (OpraHoJeNTHYHI
BiJTHOCSITH Bi3yaJbHUH Ta 0i0()i3MIHUI METOIH.
BiodiznuHuii MeTON y CBOIO Uepry MOJUISETHCS HA TaKi:

- 010CEHCOpHHI METOJ/I IPYHTYEThCS Ha BHSBJIICHHI
a30TOBMICTOBHMX PEYOBHH 3a JIOMIOMOI'OI0 cOo0aK, CBUHEH
TOLIO;

- Oi10JIOMIHECIIEHTHUI METOJ TIPYHTYEThCS Ha
BUSIBJIEHHI 3a ormoMororo Y ®D-moMiHeceHii 3aauioK
BUOYXOBOi PEYOBHHH Ha PyKax, OZs31 TOIIO;

- (epMEHTaTUBHUI  METOJ  IPYHTYETbCI  Ha
BUSIBJIEHHI MIKpOYacTOK BUOYXOBOI

- PEUOBMHHM Ha pyKax, Oaraxy TOIIO NMPU HAaHECEHHI
il Ha crieriaTbHUI 00POOICHHI TaMIIOH.

s rpyma MeTomiB 3acCTOCOBYETHCS JJIsi BHSIBICHHS
CIiNIB TakuX BHUAIB BHOYXOBOi  PEUOBHMHH, IO
3aJIMIIAI0THCS Y IPUXOBAHHUX PI3HUX MPEAMETax, Ha MIKIpi,
oIIf131 THX OCIO, SKi MEePeHOCHIH a00 Maju CTHKAaHHS 3
BHOYXOBOIO PEYOBHHOIO.

TexniuHa peamizamiss IMX METONIB 3a0e3MedyeThCs
CHeLiaIbHUMHU TIpUIaJaMy, 3aco0aMH, KOMIUIEKCaMH, 3a
JIOTIOMOT'OI0 ~ SIKMX ~ BHUSIBJISIIOTH HAsIBHICTH  BHOYXOBOI
pedoBUHH (BUOYXOBOrO MPUCTPOIO) abo X 3aiumiKiB 3a
MIEBHUMU O3HaKamu [2].

KokeH 3 1UX METOMIB 3aCTOCOBYETHCS 3aJEXKHO Bij
cuTyaIlii, crmoco0y (HasBHOCTI BHOYXOBOI PEYOBHMHH YU
MOXXJIMBOTO 1i 3HaXOMKECHHs), OOCTaBHH, Cy0’ €KTa
(mpaliBHUK OpraHy Ji3HaHHS, OIIEPATHBHUK, MHTHHUK
TOIIO), cremiaiicra (KpuMiHajicra, eKcrepra) Ta
TPYAHOILIB JOCIIPKEHHS BUHOYXOBOI pCUOBHHU.

Takum  uymHOM  Ans  37idicHeHHS  imeHTH(IKAMIT
XapaKTepHUM € 3POCTaHHS yBaru A0 MPOOJIEM CTBOPEHHS
pPOOOTOTEXHIYHMX KOMIUIEKCIB Ta CHCTEM BiICHKOBOTO,
cremiagpHoro Ta moasidiHoro mpusHauenHs (PKBIT). Ile
00YMOBJIIOEThCSI HAMAraHHsIM YCiX MepeoBUX KpaiH CBITY
0 30epeKeHHs] JIIOICHKOrO JKUTTS, B KOHTEKCTI SKOTO
Bukopuctanus PKBII no3Bonse AoCArTH MO3UTUBHUX
pe3yabTariB. KpiM TOro, I TEHACHIS MOSICHIOETHCS
CTPIMKMM  PO3BUTKOM  HOBITHIX  TEXHOJNOrid B
iHpopMaiiHii coepi, TOOTO «poboTH3aIisn
PI3HOMaHITHHX HAINpsIMIB AisUIBHOCTI JIIOJJMHH, 30KpeMa,
BIICHKOBOI c(epH, L0 BIJNOBINAE 3MICTYy CY4acHOTO
MOCTIHAYCTPIaAJIbHOIO CYCIICTBA Ha 0a3l  KOHIICTIIT
Industry 4.0.

PoGorn no crBopennto PKBII mpoBoasTecst B pi3HHX
kpaiHax cBity. Tak, CIIIA Bu3HamO, IO 3aCTOCYBaHHS
PKBII — oauH 3 HallIepCNEKTUBHILIUX HAMPSIMIB PO3BUTKY
BilicbkoBOi crpaBu. CIIIA MoxxHa BBa)KaTu JiJIEpOM HE
TIIBKH  PO3pO0OK, a ¥ MPaKTHYHOTO BUKOPHCTAHHS
po0OoTiB, X0u 0Oarato 3yCWJIb HHHI 3IIHCHIOIOTH TaKOX
Kuraii, BemukoOpuraHis, I3paine, Typeyunna Ta Ipan [3,
4].

[Tnann Mino6oporn CIIA DARPA mnomsrawots y
TomMy, o0 y 2025 pomi 3miHCHUTH Tepexig [0
TIOBHOI[IHHOT pOOOTOTEXHIYHOT apmii. Hazemmni
poOOTH30BaHI KOMILIEKCH CYXONYTHHX BiICBK, HA AYMKY
(haxiBLiB, 37aTHI BUPINIyBaTH IMUPOKHH CIIEKTP 3aBJlaHb,
OCHOBHUMH 3 SIKUX € [5]:

METO/IN)
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— BUSBJICHHs, OOCTE@XKEHHS Ta 3HEUIKOMKEHHS MiH,
¢yraciB Ta caMOpoOHHX BUOYXOBUX MPUCTPOIB;

— BEJICHHsI PO3BIJIKH Ta CIIOCTEPEKEHHS;

BUSIBJICHHS TIO3UIII{ CHAHIIEpiB, BOTHEBUX 3aC001B, 3aCII0K
Ta CUCTEM CHOCTEPEKEHHS BOPOra;

— oOcTexxeHHs Oy/1iBeNb, CIIOPY/ Ta OKPEMUX 00'€KTIB;

— JIOCTaBKa MaTepiaJbHO-TEXHIYHUX 3acCO0iB 3a MicCIleM
MIPU3HAYCHHSI.

Po3poOKy AMCTaHIIMHUX POOOTEXHIYHUX CHCTEM
Beayts He yume y CHIA. YV npoMy HampsiMi HpaioroTh
IHIII TEXHOJIOTIYHO po3BHHEHI KpaiHu. Cepel THX KpaiH,
SKi BeIyTh pPO3POOKHM, HaHAKTUBHINIE CIIiJ Ha3BaTH —
I3paine, IliBmenny Kopero, Immiro, Kwuraii, fAnoniro Ta
Pocito. B I3paimi aBromarm3saiiisi OOMOBHX il crana
OCHOBHOIO TEHJICHIIEI0. Y310BXK 60-KiJIOMETPOBOi CMYTH
laza  3apa3  BCTaHOBIIOIOTHCS  POOOTH-CHAMIIEpH.
Po3po0iieHi i3paiTbChkiM BiHCHKOBUM KOHIIEpHOM Rafael
CTallioHapHi CUCTEMU See-Shoot OCHAIIIeHI
aBTOMAaTUYHUMHU KyJieMeTaMu i3 Kamepamu. JlampHicTh
ixuporo 0oro mocsrae 1500 m [3].

3rizHo MixHapomHoro cra"gapry ISO 8373:2012
«Robots and robotic devices. Terms and definitionsy,
poboroTrexHiYHMIi KoMIulekc (robot system) — me
KOMIUIEKC, MIO CKJIQJA€EThCS 3 OAHOr0 abo JEeKUIBKOX
poboTiB, iX pobounx opraHiB Ta Oyab-SKUX MEXaHi3MiB,
obnajHaHHs, MpWIagiB abo JATYUKIB, MO 3a0e3MeYyIoTh
BUKOHAHHS pPOOOTOM (PYHKIIOHAIFHOTO IPU3HAYECHHS
(3aBmanns) [8].

CTBOpEHHIM POOOTOTEXHIYHUX KOMILIEKCIB
BiliICHKOBOT'O MPU3HAYCHHS aKTHBHO 3aiiMalOThCs ITPOBIIHI
KpaiHH CBITY, OepydH 3a OCHOBY CBOi HAYKOBI, TEXHIYHI Ta
MIPOMHCIIOBI HAKOMUYICHHS [4].

Cropennst PKBII notpedye cyTTeBOro onparroBaHHs
sIpa HAWBAXIIMBIIIMX TEXHOJOTIH, SKI HEOOXimHI JuIs
CTBOpEHHs1 BCi€i HOMeHKiatypu nepcrnexktuBHux PKBII.
I[Ipu 1upomy tunoBuii 3pazok PKBII moxe Oyru
MIPE/ICTaBICHUH Yy BHUIISAAI CYKYHOCTI (YHKI[IOHAJIBHO
OB’ I3aHUX €IeMEHTIB. 30kpema [9]:

1. bazoBuit Hociii — ue Moxe Oyrn MoOiIbHA
wiathopma, maci uum kopmyc Oynab-sikoi KoHpiryparii,
MIPU3HAYEHI J0 3aCTOCYBAaHHS Y PI3HUX CEpeIOBUINAX.

2. CneuianizoBaHe HaBiCHE (BOynoByBaHe)
oOnajHaHHA y BUDSAAI Ha0Opy 3HIMHHUX MOIYIIB
KOPHCHOT'O (L[IITbOBOT0) HABAHTAKEHHSI.

3. 3aco0u 3abe3medeHHss Ta OOCIYyrOBYBaHHS, IO
BHUKOPHCTOBYIOTHCS IIPU MiJrOTOBII JIO0 3aCTOCYBaHHS Ta
TEXHIYHOI eKCILTyaTallii podora.

Ckiag CrenianizoBaHoro
BCTaHOBJIOEThCS,  BHXOISYM 3
npusHauenHs PKBII i moxxe BKitouaTH:

— 3ac00U PO3BIIKY;

— 3ac00H 030pOEHHS;

— HaBirauiiHi IPUCTPOI;

— CcreliaibHe TEXHOIOTIYHe 00JIaJHAHHS,

— 3ac00M TeJIeKOMYHiKallii;

— crieniani3oBaHi OOYHCIIOBaYl Ta KOHTPOJIEPH i3
MIPOrPaMHO-ITOPUTMIYHUM 3a0€3IEUEHHSIM;

— 3acobu pamioenekTponHoi 6opotsou (PEB);

— 3aXHUCHI 3aCO0H.

Kpim mporo, PKBII norpeOyroTh 3abe3rieueHHsT Ta
00CITyroByBaHHs, TOOTO 10 CKJIaAy KOMIUIEKCY JOAaTKOBO
BKJTIOHAIOTHCS [3]:

o0J1aIHaHHS
(YHKIIIOHAJIBHOTO
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— IlyHKT  YIPaBJIiHH,
iHpopMarii;

— 3aC00M JOCTaBKH, TPAHCIIOPTYBAHHS Ta 3aITyCKY;

— 3aCc00M CITOPSKCHHSI, 3aIIPaBKHU Ta 3apsi/IKH;

— 3ac00M MATOTOBKY (paxiBIIiB;

— KOMIUJIEKT KEPiBHUX TOKYMEHTIB;

— KOMIIJIEKT 3alIaCHOTO NPUIIA/IISL.

Take ysBnenns tunosoro PKBII mo3Bossie BUminuTH
TEXHONOTIT Uil PpO3pOOKH IIEpETiueHuX eJIeMEHTIB.
Kpuruuni TEXHOJOTI1 pOOOTOTEXHIKH MOJKHa
JIEKOMIIO3yBaTH Ha:

— OCHOBHI, TOOTO PO3pOOJIIOBaHI OE3MOCEPEIHBO IS
POOOTOTEXHIYHUX KOMIUICKCIB;

KOHTPOJIIO Ta  0OpoOKHU

— IOTIOMDKHI ~ —  po3poONIOBaHi A IIUPOKOI
HOMEHKJIATYPH 3pa3kiB 030pO€HHS Ta MEpPCHEKTUBH
3actocyBanHs PKBII.

J10 OCHOBHMX MOXXYTb OYTH BiJIHECEHI TaKi TEXHOJIOTII:

— CHUCTEM  CHPUHHATTS Ta OOpOOKM  CEHCOpHOI
iH(poOpMaIlii, OLIHKK CHTYaIlii Ta IIaHyBaHHS JiH;

— aBTOMATHYHOTO HaBE/ICHHS Ta YIPaBIIiHHS;

— MUCTAHLIHHOTO Ta aBTOHOMHOT'O YIPABIIiHHS PYXOM;

— aBTOMATHYHOTO PO3Mi3HAaBaHHA 00pa3iB  (Iriiei),
aHaI3y CUTYAIlill Ta JMHAMIYHUX CIICH;

— IITYYHOTO IHTEJNEKTY Ta HABYaHHS;

— JIFOTUHO-MAIIMHHOTO iHTEepdeiicy;

— IHTENeKTyaJIbHUX CUCTEM I'PYIIOBOIO KEPYBaHHSI.

J1o TOMOMIKHUX MOKHA BiJHECTH TEXHOJIOTII:

— aBTOMaTHU30BaHOTO KEPYBaHHS;

— EHEepreTUKY;
— CTBOpEHHSI Ta 3aCTOCYBaHHs HOBUX MarepiajiB Ta
PEUYOBUH;
—reoindopmaniiiHi  Ta  TOYHOrO  TJI00AJIBHOTO
TIO3UIIiOHYBaHHS;

— CTBOpEHHSI TIEPCIEKTHBHUX CHUCTEM JaT4MKIB Ta iX
€JIEMEHTIB;

— CTBOPEHHS
3aco0iB.

BosogiHHS TAKUMY TEXHOJIOTISIMU — 3aIlopyKa YCIIiXy
y 3a0e3neueHHi HEOOXiJHOrO CTYIEHS aBTOHOMHOCTI Ta
IHTEJIEeKTYaNbHOCTI  O€3MUIOTHHX JIITAIBHUX — anapaTiB
(BITJIA), mazemuux PKBII Ta aBTOHOMHHX MOpPCHKHX
amaparis.

CydacHOMY cTaHy Ta nepcrnektuBaM po3BuTKy PKBII
MPUCBSIYEHO psi  AOCHIIKEHb OJHI 3 SKHX OyiH
TEOPETHYHOTO Ta EKCHEPUMEHTAIBHOIO XapakTepy, IO
CTOCYIOTBCSA PO3POOKH MAHIMYJIATOPIB U1 MOOLITBHUX
pOOOTIB CIeIiabHOrO NPH3HAYEHHS, aJalTOBAHUX JUIs
poborn 3 HeOesneynumu o060’ekramu PKBIT [5], Ta
JIOCITIJDKEHHS OA0 MeToAiB rmouryky MiH ta BHII [6, 7].
Sk mokaszaB aHami3 IUMX JOCIIKEHb, BOHH CTOCYIOTHCS
JIUIIIE TUTaHb po3poOku Ta 3acrocyBanHs PKBII mis
Be/IeHHS OOMOBUX Ail, OOPOTHOM 3 TEPOPU3MOM, HOIIYKY
BHII. IIpore nuTaHHAM KOMIUIEKCHOTO 3aCTOCYBAaHHSA
PKBII pgnst 3milicHEHHS TyMaHITapHOTO pPO3MiHyBaHHS
(momyk, inenTudikamis, 3HemkomxkenHs BHII) ysaru
NPUAIJIEHO HENOCTaTHhO. TakuM YHHOM, PpOOOTH 110
CTBOpEHHIO  3aco0iB  ¢opMyBaHHS  0a3  JaHHHX
BUOYXOHEOE3MeYHNX TPEIMETIB, METOMIB IX MOMIYKY Ta
ineHTH(IiKalil € aKTyaTbHUM 3aBIaHHSM.

Iomyk Tta imenrudikauis BHII mist po3minyBanHS €
kommuiekcHUM  3aaaHHsM. PKBII  ans  mpoBenenss
T'YMaHITApHOTO pPO3MiHYBaHHS TOBHUHHI OYTH OCHaIleHi
BIMIOBIIHUMH  MaHINyJsATOpaMH  Ta  JIETEKTOpaMHu

ONITUYHUX Ta  OHNTHUKO-CJICKTPOHHUX
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(ceHCcOopaMu, TaTYMKAMU), 3acO0AMH NPUHHATTS PillIeHb Ta
3aCTOCOBYBATHCh Ha €Talax pO3BIJIKH, IOIIYKY, JIOKAIIil,
MapKyBaHHsI, 11eHTU(IKALT, 3HSITKOPKECHHS Ta 3HUIIICHHS
BHIL
Busenenns BHII o3Hauae ix mouryk, 3yMOBIIEHHH
(axTopamu, /10 SIKUX BiAHOCATHCS [6]:
— HasBHICTh BHUOYXOBOi pEYOBMHHM Ta JIOKAJIHHO
pO3TalIOBaHOI MACH METAILY;
— cneumdivyna Gpopma MiH, dyracis Ta BHII;
—  HCOJHOPITHOCTI CEPEAOBHINE, I¢ PO3MIIICHUN
BHIL.
Jlo o3Hak BUOyxoHEe0Oe30eUHUX MPEIMETIB BiTHOCATHCS:

HasBHICTH ~METaJeBHX Ta IUIACTMAacOBHX JIETaJleH,
HAITIBIIPOBITHUKOBUX TpPWIAB (HiONiB, TPaH3HUCTOPIB,
IHTETpAJIbHUX ~ MIKPOCXEM)  MiAPUBHUX  IIPUCTPOIB,

MIPOBITHUX JIiHIH, aHTeH, eBHa (hopma Kopiycy (IHTiHAp,
napaJiesnenines) Toulo.

OpHiero 3 HaMBaKJIMBILIHX XapaKTEePUCTUK
PO3pOOJICHHS, 0 POOUTH MOXKIMBUM HOT'O BUKOPHCTAHHS
B KOHKPETHOMY PETIOHI CBITY JJIs MOLIYKY KOHKPETHHX
BHOYXOHEOE3NEYHUX MTPEMETIB, € IPAaHUYHA UYTJIUBICTH —
rpaHMYHA KOHIEHTpallisl mapiB  BHOYXOHeOe3NeyHHX
MIPE/IMETIB y TIOBITPI, sIKa MOXKe OyTH BUSIBIICHA. v
CBITI yke po3pobiieHo 6arato mozeineit PKBII. Ha rieii uac
Ul BUKOHAaHHS OCOOJIMBO HEOE3NeyHHX pOOIT 3 IMOUIYKY
ta igeHtudikamii BHII mmpoko BHKOPHUCTOBYIOTHCS
POOOTOTEXHIYHI JUCTAHIIIHO-KEPOBaHi 3aCO0H 1 CUCTEMH.
Haiibinpmr  Bimomi  Taki  Mogem, sk «XaHTep»
(BenukoOpuranist), «apanr-1» (IlBefinapist), «KAPPA»
(Himeuyunna), «Mapka» (Ipmanzist) Tomio.

3HAaYHUI JOCBII BUKOPHUCTaHHS POOOTOTEXHIYHUX
JUCTaHIITHO-KEPOBAHNX amnapaTiB HAKOMWYEHO B THX
Jiep)KaBax, y SKHX BYMHEHHS TEPOPUCTUYHHX aKTIiB i3
3aCTOCYBaHHSIM BHOYXOBHUX MPUCTPOIB 3HAYHO
MovacTilmany, Harmpuknaj, y Bemukoopuranii (ITiBHiuHIN
Ipnangii), I3paini, CIIIA, Pocii Tomo.

PoGoToTexHiyHI AMCTAaHLIHHO-KEpOBaHI amaparu, SK
MPaBWJIO, BHUKOHYIOTBCS y BHII IMaci i3 CHCTEMOIO
TeJleKepyBaHHs 1 MaHIMyJSITOPOM, Ha SIKOMY 3aJIeKHO Bil

BU3HAUYEHHWX 3aBIAaHb MOXE Y PI3HHX KOMOIHAIisIX
YCTaHOBIIIOBATUCS TaKe 00JIaIHAHHS:

—  3acobu 1(0)118%:9% BHIT; TeJeKaMepH
CIOCTEPEKEHHS;

—  3axBar (3 KPIOKOM i OYKCHPHHAM TPOCOM), KiIlIKa 3
danom;

—  3acobu pyiinyBanns BHII Gnmxaboro pagiyey aii
(Bix 0,1 mo 2 m).

[Ilaci poOOTOTEXHIYHOTO  AMCTAHIIHHO-KEPOBAHOTO
amapata BHKOHYETbCS T'YCEHHYHMM (3  T'yMOBUMH
T'yCeHHIIMU) a00 KOJICHUM (3 TYMOBUM ITOKPHTTSIM Ta
BCiMa BEIyYHMH KOJIECAMHU).

IMpuBox komic — MexaHiyHumidi  (Big  JBUTYHA
BHYTPIIIHBOTO  3rOpaHHs) a00  eneKTpuyHud  (Bif
30BHIIIHBOIO JDKEpesla 4epe3 IIPOBOLOBY  CUCTEMY

KepyBaHHs abo Bim OOpTOBOI OaTapei aKyMyJsATOPIB).
KepyBanust ~ JgaHuM  amapatoM  37iHCHIOETBCA 3@
JIOTIOMOT'OI0  PaJiOCUTHATY (SIKIIO BHOYXOBHH INPHUCTPii
Mae CHCTEMY pajio KepyBaHHsS) abo 4epe3 MPOBOIOBY
CHCTEMY.

[IpoximHicTh OLTBIIOCTI MOMIOHUX amapaTiB Taka, IO
3a0e3nedye TepecyBaHHS MO TBEPAUX MOBEPXHAX
(acganbty, O€TOHY), 1 Ma€ 0OMEXEHY MOXKIIMBICTh PYXY IO
M’SKOMY IpPYHTy, JYyI'y ToUlo. AmapaT MOXe JI0JaTu
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HEBEJIMKI IIePelIKO/IM, HAaIlpuKiIaj, Oopaiopu, OpykiBKa,
Tporyapu  tomo.  Okpemi  Monmeni  CreLialbHO
CKOHCTPYHOBaHI TaKUM YHHOM, [0 MOXXYTbH IiIHIMATHCS
cXoJamMu OYyJMHKY, a TAKOX I10 TpaIy JiTaka.

PoGororexnivni JIMCTaHIi HHO-KEepOBaHi amapaTtu
MOXYTb BHKOPUCTOBYBAaTHCS ISl BUDILIEHHS TaKHX
3aBJIaHb!

- JMUCTAHI[IHUN Bi3yaJbHHH OIVIAL MPEIMETIB 1
MIPUMIIICHb 11010 HASBHOCTI B HUX BHOYXOHEOC3ICUHUX
MIPEMETIB;

— Bi3yasibHa iJeHTH(DIKaIis (TI0 MOXIMBOCTI) TUITY
BUOYXOHEeOE3NeYHNX IPEIMETIB, HOro miJpuBada, Macu
3apsay BUOYXOBOI PEYOBHMHH, HasBHICTH a00 BiJCYTHICTH
yJIaMKiB KOpIIyCY;

— MomykK ¥ igeHTHdikalis BHOYXOHEOE3IMeUHUX
MPE/IMETIB 32 JIOIIOMOI'OI0 TEXHIYHHMX 3aCO0iB IOIIYKY:
razoaHaizaropa TUITY «API'YC»y, CTETOCKOTMA,
MIHOIIIyKa4a; MpuIaay AJsl B3STTS Mpo0 MOBITPs;

- NPUBENICHHS 10 CHpalbOBYBaHHS ONTHYHUX
MipUBavYiB 1  IiApWBAa4YiB 3  HATSDKHUMH (IO
PO3KHMAAIOThCS)  JaTYMKaMu [l (PO3TSHKKaMHU) B
MPUMIIIEHHSX 1 Ha BIIKPUTIH MiCLIEBOCTI;

- nocraka no BHIT pisHoro poay 3aco0iB
pyiHYBaHHS OJIMDKHBOTO pajiycy il 1 JiokamizatopiB nii
BUOYXY, 3aKpiIUIEHHS Ha BHOYXOHEOE3IEeUHUX MpeaMeTax
i iHIMX mpeaMerax (asa.

B VYxpaini po3pobneno ta BnpoBamkeno PKBIT mis
po3Biaku Ta 3HemkompkenHss BHIT (puc. 1). Ha mpaxrumi
JaHWi ~ BUOYXOTEXHIYHMH amapar TIOKa3aB  BHCOKI
MOKA3HUKH Ta e()eKTUBHICTh HOTO 3aCTOCYBAaHHSL.

Puc. 1. Jlucranuiiino-kepoBaHuii anapar Jjist pO3BiAKA
Ta 3HEIIKOKCHHS BUOYXOHEOC3MCUHUX PEIMETIB

Lleit mnpuiag BUKOPHCTOBYETbCS Ui TIOMIYKY 1
0e3MeYHOr0 3HEIIKOPKEHHS BHOYXOHEOE3MEUHUX
Mpe/IMETIB B yMOBax MicTra i TPOMHCIOBOI 3a0yI0BH.
PKBII Brirouae camopyxomMy 0a3y Ha KOJICHOMY IIaci
(Bci komeca — Bemydi), CHCTEMY JHCTaHIIHHOrO
KEpYBaHHsI, OIJISIOBY TelleKaMepy 3 CHUCTEMOIO Iepeaadi
inpopManii Ha MoHiTOp, mKepeno [Y-miacBiTiieHHs,
Ja3epHUN JaTYMK, OMHOCTYIIHYATUH MaHImynsaTop i3
3aKpIIUICHOI0 Ha HBOMY IUIAT(GOPMOIO Uil TOJaTKOBOTO
obmamHanusa. IlpuBom Komic —  ENEKTPUYHHMA, BiX
BOY/I0BaHOi OaTapei akyMyJsaTOpiB.

IIpote, B pealbHOMY 3aCTOCYBaHHI, HaWOLIBII
MIEPCIIEKTUBHUM € 3aCTOCYBaHHS Pi3HHX KOMOiHaliii abo
MOETHAHB €JIEKTPOMAarHITHOT O, OIITHYHOT O Ta
MEXaHIYHOTO METO/IIB.
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OOMeXeHHSIM JTOCITiKEHb € Te, 0 CYYacHi METOIH Ta
nerekropu BusBieHHs BHII He gocTaTHRO MOBHO
NPOWIIIM  eKCIIEpUMEHTaJbHY TIEPEBIPKY B  yMOBax
pea’sbHUX OOCTaBUH, sIKIi MOXYTh OyTH Ha TEpHTOpIsX,
3a0pynmHennx BHII. MoXJIMBUM  pPO3BUTKOM  I[HOT'O
JocIipkeHHsT Moxke Oyt po3podka PKBIL, ski MOXyTh
3IIHCHIOBATH TONTYK (HE TUTBKH Ha IMOBEPXHI IPYHTY, alie i
Ha TeBHIA TMOMHI), iAeHTHU}IKaliI0 Ta NPUHHATTS
PpIlIEHHS MOAO TX 3HEUIKOIKEHHSL.

III. BUCHOBKU

B manomy Matepiaii IpPOBEICHO aHai3 aKTyaJlbHOCTI
PO3pOOKHU 3aco0iB (dhopMyBaHHS 0a3 JAHUX
BUOYXOHEOE3NeYHNX TPEIMETIB, METOMIB IX TOMIYKY Ta
inenTudikanii. bBymo HaBenmeHO CBITOBY CTaTHCTHKY,
OCHOBHI BW/IM TOIIYKY BUOYXOHEOE3NMEeUHUX MPEIMETIB Y
Hall dYac Ta pPO3pOOJICHO TPOMO3HMINI IOA0  IX
TIOKPAIIEHHSL.
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Anomauis: Y poOOTI BHKOHAHO OIVISII OCHOBHHX IOHSTB,
XapaKkTepUCTHK Ta THIIB KOHTAKTODHOI TpPYNH, a TaKoK
IIPOBEICHO aHaJIi3 IepeBar Ta HeJloMiKiB.

Knwouosi cnoséa: KOHTAKTOp, €NEKTPOIBUTYH, T'POMAJICHKHUIA
TpaHCIOpT, Tpoenoyc.

[. BcTyn

OmHuM i3 HaWBaXKJIMBINIMX  TOKa3HHWKIB  PiBHA
TEXHIYHOTO PO3BUTKY Oynb-KOi KpaiHW € HHHI piBEHb
PO3BUTKY 11 CHEPTE€TUKHU.

CyudacHa eHepreTuka - e TIepEeBaYKHO
€JIEKTPOEHEPTETHKA, TOOTO. BUPOOHHUIITBO Ta CIOKUBAHHS
€JIEKTPUYHOI eHeprii.

EnexrpuuHa eHeprisi BAKOPHCTOBYETBCS y BCIX Tajy3six
MIPOMUCIIOBOCTI, OyIiBHHIITBA, TPAHCIOPTY Ta CIILCHKOTO
rocroJapcTBa BHACIHIZOK HU3KM BJIACTHBUX JIMIIE T
BJIaCTHBOCTEH. EJEKTpHYHY €Hepriro MO)KHa IepelaBaTH
BENUKI BifICTaHi, a SK i NEPETBOPIOBATH HA IHINI BUIU
eHeprii — MeXaHiuHyY, TEIUIOBY 1 XiMI4HY.

Benuke 3HayeHHS Ma€ MOXIIUBICTh IEPETBOPEHHS
CJICKTPUYHOI CHEprii Ha MeXaHiuHy, sKa 3IIHCHIOE 32
JIOTIOMOT'0I0  KOHCTPYKTHBHO MPOCTHX Ta 3PY4YHHX JJIS
eKCILTyaTallii eJeKTPOIBUTYHIB.

3acTocyBaHHS €IIEKTPOABUTYHIB 3aMiCTh T'POMI3JIKUX 1
CKJIaJIHUX TAapOBHX MAIIWH 1 JBHUTYHIB BHYTPIIIHBOTO
3TOpSIHHSL JIO3BOJISIE  PalliOHANIBHINE BHKOPHCTOBYBATH
BUPOOHMYI IUIONII MiANPUEMCTB, 3HU3UTH EKCILTyaTalliliHi
BUTpAaTH, 3[IHCHIOBATH aBTOMATH3Alll0 BHUPOOHHYMX
MPOLIECIB.

I[Ipo macmTabu  3acTocyBaHHS  €JIEKTPOIBHTYHIB
CBIIYMTH T€ 10, L0 HAa pyX Yy IPOMHUCIOBOCTI
BUTPAYAETHCS TIOHaT
50% Bci€l enekTpoeHeprii.

[llupoke 3acTOCyBaHHS 3HAXOOUTh EIEKTPUKY Y
MPOMUCIIOBOCTI, a ¥ y Cy4acHOMY 3alli3HUYHOMY 1
BHYTPIIIHEOMICEKOMY TPaHCIOPTI.

3a J0MoOMOror eJeKTpUYHOi eHeprii BapsTh CTajb,
3BapIOIOTh Ta PIKYTh METaj, CTBOPIOIOTH TI'aJIbBAHIYHUM
CcrocoOOM Ha MOBEpXHI MeTajiB CTiHKI aHTHKOPO3iiHi
TIOKPHTTSL.

HesanexxHa  ponmp  enekTpukd B aBTOMAaTH3allii
BUPOOHMYMX IPOIECIB Ta  TEJNEYNPaBIiHHI  LUMH
MPOLIECaMH.

B aBromarm3zanii Ta TeneynpasiiHHI JKOJIEH BHI €HEPTii,
BIJOMHH Cy4acHiil Haylli, HE MO)XXE IOBHICTIO 3aMiHHTH
€JIEKTPUYHY CHEPTiI0.

KoHTakTop — JBOMO3UIIMHUN anapar, MpU3HAYSHUH IS
NPUBATHUX KOMYTAllili CTPyMiB, sIKi HE IEpEeBHIIYIOTH
CTpyMIB  HaBaHTa)XXEHHS  BIiJIOBIIHUX  EJIEKTPHUYHUX

CHJIOBUX  JIAQHIIOTiB. 3aMHMKaHHA a00  PO3MHUKAHHS
KOHTaKTiB KOHTaKTOpa MOXe 3/iHCHIOBATUCS PYXOBUM
(eJIeKTpOMarHiTHUM, MHEBMAaTHYHUM a00 TiApaBIivyHUM)
TIPUBOJIOM. Haiibinpmioro TIOIIUPEHHS HaOyIH
€JIEKTPOMArHiTHI KOHTAKTOPH.

KoHTakTopu pi3HATBCS 32 POOOM CTPYMY: IOCTIHHOTO,
3MinHoro ( wacrororo 50 i 60 I'm ), i HaBiTH 3MIHHOTO
cTpymy migBumieHoi yactoru ( o 10 I'm).

KoHTakTopn MOCTIHHOTO CTPYyMy KOMYTYIOTH JIAHIIIOT
MOCTIHOIO CTPYMY i MaroTh, SIK MPaBUIIO, €EKTPOMArHiT
MOCTIHHOTO CTPYMY.

KoHTakTropyn 3MIHHOTO CTPyMY KOMYTYIOTH JIQHIIIOT
3MIHHOTO CTPYMY.

EnexrpomarHit 1iux KOHTaKTOpiB MOke OyTH BUKOHAHHI
abo i poOOTH Ha 3MIHHOMY CTpyMi abo it poOOTH Ha
MOCTIHHOMY CTPYyMI.

II. TUIIM TA IPUHIIAIIN JIIT EJIEMEHTIB
KOHTAKTOPHOI I'PYIIN

IcHyIOTH TpM THUIM KOHTAaKTOPIB: EJIEKTPOMArHiTHI,
ITHEBMATUYHI Ta TiApaBIiyuHi.

PozmistHeMo nesiki TUny.

EnexrpomarniTHuii koHTakrop (puc. 1.) mpexacraBisie
co0OI0 eNIEKTPUYHMI amapar, 10 NPHU3HAYCHUH s
KOMYTalii ~ CHJOBUX  EIIEKTPUYHHX  JIAHIIOTIB B
enekrpoBo3ax. [1]. 3ammukaHHd abo0  PO3MUKAHHSA
KOHTAKTOpa BUKOHYEThCS HaiyacTilie 3a JOIIOMOTO0
€JIEKTPOMAarHiTHOTO ITPUBO/IA.

Puc. 1. — 30BHIIIHIA BUTIIAL
€JIEKTPOMArHITHOI'O KOHTAaKTOpa

EnexrpomarHiTHI KOHTaKTOPH HOIIISIOTHCS 3!

M&MS 2022, 21-22 October, Kharkiv, UKRAINE



a) poIoOM CTpPyMy TOJIOBHOTO KOJa Ta Koja KepyBaHHs
(BKJIIOUAIOYOT KOTYIIIKH):

- TOCTIHHOTO CTPYyMY;

- 3MIHHOTO CTPyMY;

- TOCTIHHOTO i 3MIHHOTO CTPYMY.

0) YMCIIOM TOJIOBHHX IMOJIIOCIB: Bif 1 110 5;

B) HOMIHQJIBHMM CTPYMOM TOJIOBHUX Kil: Bim 1,5 10

4800A;

I') HOMIHaJBHOIO HANpyroli TOJIOBHUX Kil: Big 27 mo
2000B mocritinoro ctpymy Ta Bix 110 g0 1600B 3minHOrO
ctpymy uyactororo 50, 60, 500, 1000, 2400, 8000,
10000Im.

1) HOMIHaJIbHOIO HAMPYTO0 KOTYIIKH, IO BKIIIOYA€THCS:
Bix 12B no 440B mocriitHoro crpymy, Bin 12B 10 660B
3MiHHOrO cTpyMy wacrororo 50T'm, Bim 24B nmo 660B
3MIHHOTO CTpyMY 4acToToro 6011,

€) HasBHICTIO JTIOTTOMDKHUX KOHTAKTiB: 3 KOHTaKTaMH Ta
0e3 Hux.

KoHTakTOpy TakoX MOAUISIOTHCS 32 PONOM IPHEIHAHB
MPOBIJHUKIB TOJOBHOIO KOJia Ta KoOjJa KEpyBaHHS, 3a
CrocoOOM MOHT@XYy, 32 BHIOM IPHEIHAHHS 30BHIIIHIX
MIPOBOJIIB.

HopmanbeHa poboTa KOHTaKTOpa AOMYCKAETHCS:

1) Ilpm nHampy3i romgoBHoro koma mo 1,1 1 xoma
kepyBanHs Bix 0,85 10 1,1 HOMIHaJBHHX Hampyr
BIAIOBITHUX KiJI;

2) Ilpwu 3HWKEHHI HApPYTru 3MiHHOTO cTpyMy Bix 0,7 1o
HOMiHaJBbHOTO CTpyMy. KoTymika, 110 BKJIIOYa€eTHCS,
MOBUHHA YTPUMYBATH SIKIp €JIEKTPOMArHiTy KOHTaKToOpa B
MOBHICTIO TNPHUTATHYTOMY IIONOXKEHHI, a TpU 3HATIH
Harpy3i He YTpUMYBaTH HOTro.

EnexrpomarHiTHi ~ KOHTakTOpM  pO3paxoBaHi  Ha
3aCTOCYBaHHS B Pi3HUX KJIIMAaTHYHHX I0sICaX, Ha poOOTY B
pPI3HMX yMOBaxX HaBKOJIUIIHBOTO CEpElOBHIIA 1, SIK
MpaBWJIO, HE MalTh CIELIaJBHOTO  3aXHCTY  Bif
JIOTOPKYBaHb 1 30BHILITHBOI Jii.

Po3rnsiHemo KOHCTPYKIIIO
KOHTAaKTOPIB.

KoHcTpyKIlist KOHTaKTOpIB BCIX THITIB aHAJIOTYHA.

KoHTakTopn cKjiamaroThCs 3 HACTYITHMX OCHOBHHX
CKJIaJIalIbHUX BY3JIB: 130JIFOFOYOTO CTPIDKHS, Ha SIKOMY
3aKpIIUICHNH KPOHIITEHH HEPYXOMOTO KOHTAKTY, TOJIOBHUX
KOHTaKTiB, JyrOracHOi  CHCTEMH, €JIEKTPOMAarHiTHOI
CHCTEMH, JOTIOMDKHUX KOHTAKTiB (KPOHIUTEWHY PyXOMOIo
KOHTAaKTY, ITHEBMATHYHOTO TIPUBOJLY 3 130JALIIHOIO TATOIO)
Ta JYroracHoi KaMepH.

lTonoBHI  KOHTAaKTH  BHKOHYIOTH  3aMHUKaHHS  Ta
PO3MUKaHHS CHJIOBOIO KOla. BOHM TOBHUHHI BUTpUMYBaTH
JIOBIOTPHBAJIE TIPOXOKEHHSI CTPYMY Ta 4YacTi BKJIIOUEHHS
Ta BIIKJIIOYEHHsS NpH BEJIHKIW 11 Kinbpkocti. HopmansHuM
BBa)KAETHCS TTOJIOPKEHHSI KOHTAKTIB, KOJIM 4Yepe3 BTATYIOUY
KOTYIIIKa KOHTaKTOpa HE IMPOXOAWTh CTPYM Ta 3BUIbHEHI
BCl MEXaHIYHi 3alIUIKH.

TonoBHI KOHTaKTH MOXYTh OyTH pHYAXKHOrO Ta
MOCTHKOBOTO THITY.

PuuakHi KOHTakTH MaloTh IOBOPOTHY CHCTEMY,
MOCTHKOBI KOHTAKTH — IIPSMOXIJJHY CUCTEMY.

JlyroracHi KamMepH KOHTAKTOPIiB MOCTIHHOTO CTpyMy
noOynoBaHi Ha MNPHHIMII TalmleHHS Iyrd IONEepPeYHUM
MAarHiTHUM IIOJIEM B KaMepax i3 MOB3JOBKXHIMH IIIJTHHAMH.
MarHiTHe TmOJNEe OUIBIIOCTI KOHCTPYKIH 30YyIKyeThCs
TIOCITIIOBHO 3 KOHTAKTaMH BKJIFOUEHOIO KOTYILIKOIO.

JlyroracHa cucrema 3a0e3reuye raiieHHs eJeKTPUYHOI

€JIEKTPOMArHi THUX

JIyTH, sIKa BUHUKA€E MPHU PO3MUKAHHI TOJOBHMX KOHTAKTiB.
CrocoOu TalleHHs Iyrd Ta KOHCTPYKINI TyroracHUX
CHCTEM BH3HAYa€ThCS POIOM CTPYMY T'OJIOBHOI'O Koja Ta
PEKUMOM pOOOTH KOHTAKTOPA.

[THeBMaTHuHi i TiApaBIiyHI THIM KOHTAaKTOpPiB MalOTh
OJHAKOBHI TPUHIIUI Mil, 3aCHOBAaHUI Ha IMEPEeMIIICHHI
BHXI1JIHOT'O OpraHy IiJ Ai€l0 TUCKY ra3zy ado piauHu.

[THeBMaTHUHI KOHTaKTOpH (PHC. 2) 3aCTOCOBYIOTBCS LISt
MEPEMUKAHHS CHWJIOBHX JIAHIIOTIB B 3aJICKHOCTI Bix
BUKOHYBaHOi poOOTH; BOHM OyBarOTh JIHIHHUMH,
rajbMIBHUMHU, JIHIHHO - TaJIbMIBHUMH 1 IS OCIaOIECHHS
30yIKEHHSL.

Puc.2. — EnexrponneBmaruunuii kourakrop [1K-356

B MicbkoMy €JeKTpHYHOMY TpaHCIOpPTi (Tpoieidycax i
TpaMBasix) 3aCTOCOBYIOTHCS €JIEKTPOMArHITHI KOHTaKTOPH
nepBuHHOTO TieperBoproBaua Ty KIIII113 (1 - cepiitamii
HOMep; | - KiNBKICTh TOJIOBHUX HOPMAJBHO BiJKPUTHX
KOHTAKTIB; 3 - rabaputHuii po3mip) [2].

KoHTakTOpH €JeKTpOMAarHiTHI MOCTIHHOTO CTPyMY IIi€l
cepii BIJIKpUTOrO BHKOHAHHS 3 TNPHUMYCOBHUM TacCiHHSIM
Iyrd, 3 TPHUPOIHIM  TOBITPSHUM  OXOJOKEHHSIM
NpU3HAYeH] JUIs KOMYyTalil eJeKTPUYHUX KT MOCTIHHOTrO
cTpymy Hanpyrowo 10 220 B 3 KUBJIEHHSIM BKJIIOYAIOUUX
KOTYILIOK TIOCTIHHUM CTPYMOM Ta Hampyroo ao 680 B.
HominanpHa Hampyra BKJIFOYAIOYUX KOTYIIOK MOCTIHHOO
Hanpyroro: 24B, 100B, 220B, 440 B, 680 B. Maca 5,5 kr.

EnexrpomarHiTHUH KOHTaKkTop Uil KOMyTamii —Kin
MOCTIHHOTO CTPyMy 3 Hampyroro a0 750 B, BuroropineHuit
y BIIKPUTOMY BHKOHAHHI, 3 BOYIOBAaHOI CHCTEMOIO
raciHHsg JYTH, 3 OXOJNO/DKEHHSM BiJl TNPHPOTHUX
TOBITPSIHUX ITOTOKIB, MHU3HAYECHWH IS MiIKIIOYEHHS J10
Jokepena xwuBineHHs BIICH i mpuiimMa4iB cTpyMy BaroHis.
Korymrka mig’eqHyeThCs 0 JIaHIOra TPUALSATH IIOCTOTO
NPOBOY, a B JIAHHIOI TNEPBUHHOIO IIEpEeTBOpIOBaYa -
KOHTaKT CHJIOBOT'O THITY.

Ha enexrponoizni EP2T (enexrpomoizn Pusbkuii, 2-ii
TUN, BHUKOHAHHA «T»; TPUMICBKHHA  €JIEKTPOIIOi3]
MOCTIHHOTO ~ CTpyMy 3  pEeKylepaTUBHO-PEOCTaTHUM
rajJbMyBaHHSM BHPOOHHMITBA PH3bKOro BaroHoOymiBHOTO
sapomy (PB3), mo € momambmmM — PO3BUTKOM
enekrpomnoizna EP2P.)) 3acTOCOBYIOTH  OIHOIONIOCHI
koHTaktopu IIKY - 1 (B stkocTi JIiHIIHO - TaBMIBHUX 1 JUIs
ocnabieHHs 30ymkeHHs) 1 aBomomtocHi I[IKY - 2 (sx
JHIHHKUX 1 TaJIbMiBHUX ).

Konrtaktop IIK - 356 ckmamaerbcs 3 MeTajeBOro
MPSIMOKYTHOTO ~ CTPHXKHS 3 130JIbOBAHOIO  PYYKOIO,
BEPXHBOIO 1 HIDKHBOTO KpOHIUTEHHIB, MMHEBMAaTHYHOTO
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NPUBOAY, AYTOTacWJIbHOI KamMepu 1 OJIOKYyBaJIbHOTO
npuctporo. BepxHili KpOHIITEHH SIBISIE COOOIO CKIIAIHY
JIATyHHY JIeTalb, BIAJIUTY CIUIBHO 3 AYTOraCHUM POTOM, Ha
SIKOMY YKpIIUIEHI HEpPYXOMHH KOHTAaKT 1 JyroracHa
KoTymika. KpoHIITeHH HaAdralOTh Ha  1301bOBaHHN
CTPWXKEHb 1 KpIIUIATH HWOro JBOMa TBUHTAMH. Mix
KPOHIITEHHOM 1 CTPW)XKHEM IPOKJIaJieHa IPOKIIaJKa, sKa
3axHIIA€ 1300 CTPYKHS BiJl IIOIIKO/PKEHHSI TBUHTAMH.
Jlns 3amobiraHHsl BiJBEpHEHHs TBUHTIB Ha iX TOJIOBKH
HAJITaIOTh 3allipHi aliou, SKi KPIiIUIsTh OONTHKAMHU.

JlyroracHa KOTyIIKa SIBISIE COOOIO  €IEKTPOMATHIT,
NMpU3HAYeHUd A7 CTBOPEHHS ~ MAarHiTHOro IO,
HEOOXiZHOTO JJIsl TaciHHS Jyrd TIIpH  PO3MHUKAHHI
KOHTaKTOpa mija ctpyMoM. HrkHIH KpOHIITEHH BIAIUTHI 3
JaTyHi, Mae aBi koHcomi. [IpaBa (moBra KOHCOJB) Mae
BAIMK JUISi YCTaHOBKHM JyroracuibHI KamMepH, a JiBa
(KOpOTKa) MIApHIPHO 3’€IHAHA 3 KOHTAKTHUM Ba)KEJIEM.

KoHtakHuii Baxisnb - 1e (hacOHHA JIaTyHHAa BUJIMBKA 3
TpboMa KiHIsIMH. OIOUH KiHEIb SIBISE COOOI0 BHJIKY, sIKa
BUIBHO OXOIUTIOE CTPW)KEHb KOHTAKTOpa 1 IIapHIPHO
3’¢lHAHA 3 KPOHIUTEWHOM. 3 MPOTHIIEKHOTO OOKYy
poO3TalIoBaHa MpYXXHHA 1 yTPUMYyBad PYXOMOTO KOHTAKTY,
SKUH 3aKpiieHud mapHipHo. HipkHi KiHenpb (Tperii)
CIIY)KUTh Ul IIAPHIPHOTO 3’€JHAHHS BaXKes 3 TATOO
ITHEBMATUYHOTO IPUBOLY.

[THeBMaTMuHMii TIPHUBIN KOHTAKTOpa BUKOHAHHH 3
JIUTOTO YaBYHHOTO IWIIHIApa 3 HAIUTUBOM, CIIYXKHTH IJIS
KpIIUJIEHHSI 10 CTIMKU. Y IMIHAPI pO3MIIIYIOTh MOPIICHB,
Ha SIKUH i€ 3BepXy CHJIbHA MPYKUHA, sIKa HOro BiAKITIOYAE.
[IToK NOpIIHSI BUXOAUTH BrOPY, Jie 3 €THYETHCS 3 HIDKHIM
KIHIIEM 130JIIHHOI TSIrW. YIIUIBHEHHS MOPIIHA Ma€e
HIKIpSHY MaHXKETY, IIIJIbHICTh NMPUISITAaHHS SKOi 0 CTIHOK
3a0e3MeuyeThcsl TOCTAHOBKOIO NPYKHHHHX METaJIEBUX
3ipkornofiOHMX maibd. Jlo wwIiHIpy —NpHKPIIUICHUH
BEHTWIIb, 4Yepe3 SIKHH IOIA€THCS MOBITPS B LMNIHAP Ta
BHUITYCKA€THCS 3 HHOIO NP BUKIIIOUEHHI KOHTAKTOpa.

JlyroracuibHy KaMepy 3aCTOCOBYIOTH TPBOXIIUILHOTO
Tuny. BoHa sBise coboro  KOpoOKky, 3i0paHy 3
acOouemeTHHX JUCTIB. BceepenuHi kamepa posfiiieHa Ha
TpHU napanenbHi IMIJAHA ~ JBOMa  II03J0BXHIMU
MIePErOpOIKAMHU.

Jlns  BKIIIOUEHHS KOHTAKTOpa 30Yy/DKYIOTh KOTYIIKY
BEHTWUJIS, B PE3YJIBTATI YOTO CTHCHEHE MOBITPS MMOAAETHCS B
HIDKHIO YaCTUHY IWITIHAPA 1 BUKIIUKAE PyX HOPLIHS Bropy,
NpU LOMY BUMHKaIO4a NpYKWHa CTUCKaeThbes. IlITox
MOPIIHSL 4epe3 I30JSILiHHY TATY BHKIHMKAE PyX BaXKews
PYXOMOTro KOHTakTy [0 3aMHUKaHHS 3 HEPYXOMHM
KOHTAKTOM.  3aMHKaHHsS  KOHTaKTiB  3/iHCHIOETHCS
HACTY[IHUM YHHOM: CIIOYaTKy 3 €IHYIOTBCS JOHNOMIKHI
MOBEPXHi, TMOTIM 3aBISKH JOJAaTKOBOMY CTHCHEHHIO
TIPUTHPAIOTHCS TIPYXXHHH, pYXJIHBUH KOHTaKT
MIEPEKOYYETHCS 110 HEPYXOMOMY 3 HEBEIIMKHM KOB3aHHSIM,
mo 3a0e3neyye 3auydCTKy KOHTAaKTHUX IIOBEPXOHb, 1
HapeITi, BiMOYBA€ETbCS IIOBHE 3ITKHCHHSA OCHOBHHX
TIOBEPXOHb KOHTAKTIB.

[Ipu BuKIIOUEHHI KOHTAaKTOpa IOBITPSI Yepe3 BEHTUIIb
BUIYCKA€ThCs 3 IMTiHApa. Ilil BIUIMBOM BUMHKAIOYOI

NPY)KMHU TIOpIIEHb #e BHU3, 33 PaxXyHOK 130JAIHHOL
TATH BUKIMKAE PO3MHUKAHHSI KOHTAkKTiB. KOHTakTH
PO3MUKaIOThCs He Bigpasy. Ha modarky, mig BIUIMBOM
NPUTHPAIOUOi  TPYKHHU  BiOYBAa€ThCS  3BOPOTHE
MEPEeKOYYBAHHS PYXOMOI'O KOHTaKTy IO HEPYXOMOMY 1
KOHTAaKTH CTHUKAIOTbCS TUTBKM B 30HI  JOMOMIKHHX
MOBEpPXOHb. IIOTIM pPYXJIMBHHA KOHTAKT BIIXOIUTH Bix
Hepyxomoro. [Ipn 1pOMYy MK KOHTaKTaMH BHHHKAE
enexkrpuyHa nyra. CTpyM, sSIKUi TPOXOAUTH 10 AYTOracHii
KOTYIIIli, CTBOPIOE MATHITHUHA TOTIK, IO TPOHU3YE
MPOCTIp AyroracuibHi Kamepu. B3aemomis cTpymy, IO
MPOXOMUTH IO Jy3i 3 MAarHiTHUM IIOTOKOM, BHKIIHKA€E
BUKHJAHHSA OyT'¥ B Kamepy. IIpu 1boMy ayra mepexouTh
Ha JYroraCWibHI pOTH, B KaMmepi PO3IUIAETHCS
MIEPEroOpOIKAMH, OXOJIOMKYEThCS 1 racHe [3].

Binpuricte  TponeiOyciB, MmO 3HAXOAATHCSA B JIETIO
MICBKEJIEKTPOTPAHCIIOPTY, BUKOPUCTOBYIOTh
€JIEKTPOMAarHiTHI KOHTaKTOPH, OCHOBHUM HEJIOJIIKOM SIKHX
€ HU3bKa HAIIWHICTh pOOOTH CHIIOBUX KOHTAKTIB, TOMY IO
3a poOOYy 3MiHY KIJBKICTh BKJIIOUCHb KOHTAKTOPIB TyXKe
BENMKA, W0 NPUBOIUTH [0 3HWKEHHS Mpare3laTHOCTI
po6oUOi OBEpXHi KOHTAKTOpHOTO 3aco0y. Takox Bimomo,
IO KOMYTallisi  BEJMKUX  CTPYMiB  TIOB'i3aHa 3
BUHUKHEHHSM JyI'M MDK KOHTaKTaMH, sIKa HarpiBae,
TUIABUTB 1 SIK HACIIIIOK BOHU BUXOATH 3 JIaJTy.

Tomy, Iu1s1 TiABUIIEHHS HAIHHOCTI POOOTH KOHTAKTOPIB
TponeioyciB He0OXiaHO OyIe pO3POOUTH MPOIO3HIIIT MO0
YIIOCKOHAJIEHHS X POOOTH.

III. BUCHOBKU

TakuMm 4MHOM, Y CTaTTi IPOBEIEHO aHaji3 KOHTAKTOPIB,
X TUMIB Ta MPUHIHUIIB POOOTH.

Ha ocHOBi orpuMaHuX naHHMX aHaiizy OyB 3poOneHuid
BHCHOBOK IIPO ICHYIOYI HENONIKA POOOTH KOHTAaKTOPIB;
BU3HAYEHO HANPSMOK YAOCKOHAJCHHS TEXHIYHHUX 3ac00iB
CKJIaJIOBMX KOHTaKTOpPiB Ta MarepiajiB, 3 SIKHX
BUTOTOBIISIIOTHCS 11i 32CO0M; TIPOMOHYETHCS B TOAAIBIIOMY
pO3pOOMTH  METOJ  YJAOCKOHAJIeHHS, SIKMH  3MOXe
301IBIINTH X 3HOCOCTIMKICTh Ta TEPMiH CITY>KOH.
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AKyMyJTOpH1 OaTapei. BIuiMB Ha )KUTTEBUIN LIUKIT
aKyMyJISTOpHOI OaTapei

I'alinamaxa BaIII/IMl, JleoHin IBanoB’
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Anomauia: Y poOOTi BHKOHAHO OIJIA[ OCHOBHHX IIOHSTB,
XapaKTepUCTHK Ta THINB aKyMYJISTOPHHX OaTapeidl, a Takox
PO3IJISHYTO BILTUB Ha JKHTTEBHUI IIMKIT aKyMYJISITOPHOI Oarapei.

Knrouosi cnosa: akymynaropHa 6arapest, JKUTTEBUIT IIUKIL.

1. BcTtvn

BuHaxin eJeKTpHYHOrO0 CTPYMYy CTaB DPEBONIOLIEI0 B
Haylli, eNeKTpU4YHi NpubOpM HaA  MIACTaBI  HOro
3aCTOCYBaHHSI CIIPOCTHJIM KHUTTA Jrofeld y moOyTi Ta Ha
BUpOOHUIITBI. [IpoTe, icHyBana mpobdieMa y 3acTOCyBaHHI
TakuxX TPWIALIB: 0e3 Jpkepenaa CTPyMy IMOpPYY BOHHU HE
Maji KOpHCTi, Oyau HeMoOiTbHI. ToMy BCTamo MUTAaHHS:
sSK 30epiraTh 1 TiepelaBaTH CICKTPHUYHHI  CcTpym?
Bupimenasam 11iei mpobieMH 1 craja aKyMylIsATOpHA
Oarapes.

EnexrpuuHuii akymynaTop € BTOPMHHHM XiMiYHUM
JOKEPENIOM CTpyMy OaraTopa3oBoi Jii, OCHOBHa crierugika
SIKOTO TMOJSira€ B 3BOPOTHOCTI BHYTPINIHIX XIMIYHHX
MpoIleciB, MmO 3abe3meyye Horo OaratopasoBe IMKIIIYHE
apsikanas  [1].  Tlpu3HadueHuit it  aBTOHOMHOT'O
CJIEKTPOXKMBIICHHS ~ PI3HOMAHITHUX  €JIEKTPOTEXHIYHUX
MIPUCTPOIB, Ul HAKOMMYEHHS EJIEeKTPUYHOI eHeprii, a
TakoX sl 3a0e3MeueHHsT Pe3epBHUX JDKepeN eHepril y
MEIUIMHI, MOOYTOBUX 1 TNPOMHCIOBUX JDKepeax
Oe3repeOiitHOrO KUBJIEHHS, TPAHCIIOPTi, aJBTEPHATHUBHIN
EHEPIeTHIIl TOIIIO.

Kinpka akymynaTopiB, 00’ €ITHAHUX B OIUH EJIEKTPUYHHNA
JIAHIIIOT, CKJIaal0Th aKyMYIISITOpHY Oarapeto.

AXYMYJSTOPH IMIIBHO YBIMIUTM B IOBCSKICHHE KUTTS
moneit lle mkepena J>KUBICHHS HAIIUX CTLUTBHUKOBUX
tenedoHiB, 1mppoBux  (QoroamapariB,  BiJgeoKamep,
TUIAHILETIB i HOyTOYKIB.

HaiiGinpimoro mommpeHHsT HaOylIM CBHUHIIEBI Ta JIY)XHi
(3ayi3HO-HIKeNEBl Ta KaJMil-HIKeJNeBi) aKyMyIsiTOpH,
TaKO)K BHKOPUCTOBYIOTHCS IIHMHK-CPiOHI, IWHK-TIOBITPSHI
Ta MapraHIesi

[MpuHoun gii akymyssiTopa 3aCHOBaHUI Ha 3BOPOTHOCTI
ximiyHoi peakuii. HalimommpeHinni enexTpuyHi KHUCIOTHI
Ta JIY)KHI aKyMYISITOPH HAaKONUYYIOTh XIMIYHY €HEprito
BHACJI/IOK 3BOPOTHHUX XIMIYHUX PEaKLiil MiXX pPEeuYOBHUHOIO
eJNIeKTpOMiB Ta ejekTporitoM. IlomiOHa KOHCTPYKIis
3a0e3meuye aKymynsaTtopy BuHcokuii (mo 95%) KKII.
[Ipane3natHicTs akymyjiIsTopa MOXKe OYTH BiJHOBJIEHa
LUISIXOM  3apsy, TOOTO IIPONYCKaHHSIM EJIEKTPUYHOTrOo
CTPYMY B HampsIMKy, 3BOPOTHOMY HAaIpSIMKY CTPyMY TIpH
pO3psAdi: Ha BiI €MHOMY eNeKTpomi (KaTomi) peakilis
OKHMCHEHHSI 3aMIHIOETHCSI PEaKIi€lo BiJHOBIEHHS, a Ha
MMO3UTUBHOMY €JIEKTPOMi (aHOMmi) peakilisl BiTHOBICHHS
3MIHIOETHCS HA PEAKIiI0 OKUCHEHHSI.

II. TUIIU TA XAPAKTEPUCTUKU

OCHOBHUMH XapaKTepUCTUKAMHU aKyMYJISITOPHOT
Oarapei € eHepreTuvHa EMHICTh Ta EMHICTh aKyMYJISITOpA.

€MHICTh aKyMyJsATOpa — 1€ MaKCUMaJbHO MOXIIUBHI
KOPHCHUH 3apsill, IO BiAJA€ThCs MOBHICTIO 3apsKEHUM
aKyMYJISITOPOM TIpH PO3psii 10 HaWMEHIIOl JOITyCTHMOL
Hanpyrd. B MixHapomHiii cucreMi omguHuUIlb SI €MHICTH
aKyMyJsITOpiB BuMipiooTh B KynoHax (Ki). Ha mpaxrumi
BUKOPDHCTOBYETBCSl  I103aCHCTEMHA  OJWHHLS  Amriep-
roguHa: 1 A*rox = 3600 Ki.

EneprernuHa €MHICTH — €Hepris, IO BiAJA€THCS
TIOBHICTIO 3aps/DKEHUM aKyMYJISATOPOM IIPH PO3psial 10
HaliMeHIol  JomycTHMOi Hampyrd. B MixHapoaHii
cucTeMi OMUHMIB S| eHepreTnyHa eMHICTh BUMIPIOETHCS Y
Joxoynsax (k). Ha mnpakTtuii — BUKOPUCTOBYETHCS
no3zacucreMHa onuHuis Bat-rogmna: 1 Br*rom = 3600
Jxk.

Tunum akymynsiTopHUX Oatapei.

Jlo HaWOnbIl TOMMPEHWX TUMIB aKyMYJISATOPHUX
Oarapeii BiqHOCATD (IUB. puc.1):

— mnikeneBo-kaamieri (Ni-Cd);

— mHikeneBo-meranorigpuai (Ni-MH);

— mitieBo-noximepHi (Li-polymer);

— mirtieBo-ionHi (Li-lon);

— caunneBo-kucinotHi (LEAD ACID).

Puc. 1 — Turmu akymysstopHux Oarapeit
1.1 - Ni-Cd; 1.2 - Ni-MH; 1.3 - Li-polymer; 1.4 - Li-Ion;
1.5 - LEAD ACID

OCHOBHI TIepeBard HiKeIeBO-KaIMIEBOTO aKyMYIISTOpA:
- HU3bKa BapTICTh;
- BHCOKA CTIMKICTh JI0 TIepenaiB TeMIepaTyp;
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- XOpola CTIHKICTh 10 BEJIMKHX CTPYMIB 3apsny i
PO3pAAY;

- BEJIMKA KUTBKICTh IUKJIIB «3apsiay-po3psay».

Henomiku HikeIeBO-KaMI€BOTO aKyMyJIsATOpa:

- HasIBHICTh TaK 3BAHOTO «e(EKTy Imam’sTi»;

- JTaHUH THI aKyMyIsITopa EKOJIOTIYHO
3a0pyIHEHHH;

- MOPiBHSHO HU3bKA MIUTOMA EMHICTB.

IlepeBarm  Cy4acHOTO  HiKEJIEBO-METAJIOTIIPUIHOTO
akymyisitopa B opiBasHHI 3 Ni-Cd:

- BEJIMKA MUTOMa €EMHICTh Ha MEHIITY Bary;

- MEHII CXWIIBHUH J10 «e(eKTy mam’siTi»;

- 0 CKIIQAy aKyMmMylsiTopa BXOIUTH  MEHIIa
KiBKICTh TOKCHYHUX METAIB,

- Ha JaHWH Yac BIH BBAXKAETHCSH EKOJIOTIYHO
YHCTHM.

Henomniku cydacHoro Ni-MH akymysstopa:

- Mae Habarato MEHIIy KiJbKICTh LHUKIIB 3apsay
PO3pAAY;

- TeMIIepaTypHHUI peXUM podoTH MeHIle, Hix y Ni-
Cd akymymsaTopa,

- B nopiBHsHHI 3 Ni-Cd i Li-lon akymynsropamu, y
Ni-MH  akymynaropa HaliHWK4a  HaBaHTa)XyBaJlbHa
3[aTHICTh - BiH HE MOXXE BiJJaBaTW BEJHKI CTPYMH, LeH
TUI aKyMYJSITOPIB «OOIThCS» TIHMOOKHX PO3PSIIiB, TOMY
IO JIOBrOBIYHICTH Oarapei Oe3rmocepenHbo IOB’si3aHa 3
DIMOWHOIO PO3PANY,

- camopo3psia Ounbln HiX B 1,5 pa3u Buile, HIX Y
Ni-Cd akymynsitopa, 10 € BaKJIMBUM IapamMeTpoM IpH
30epiraHHi.

Jlitidi-ionnuii akymyssitop (Li-ion) - THI eneKTpHUYHOrO
aKyMyJsiTopa, SIKMH IIMPOKO TOIIUPEHHH B Cy4acHii
MOOYTOBIN EIEKTPOHHIM TEXHilli 1 3aCTOCOBYETHCS SIK
JOKEpENIo eHepril B EeJNEeKTPOMOOLISIX 1 HaKoMUYyBadax
eHeprii B eHepreTHYHuX cucreMax. Lle HaiimomynspHimmii
TUI aKyMYJIATOPIB B TaKHX IPHCTPOSX SK CTUILHUKOBI
TenedoHH, HOYTOYKH, udposi ¢oroamnapary,
BiJIEOKaMepH 1 eIEeKTPOMOOLTI.

lTonoBHa mepeBara  JITi€BO-IOHHUX  aKyMYJISITOPIB
MOJIsira€ 'y BHUCOKiM muromiit emHocti Li-lon, ska
npuHaiiMHI, B JABa pasu Oinbma, HiK y Ni-Cd
akymyssttopa. JIiTii myxe Jerkuil MeTall, Mae HaiOTbITHIA
ENIEKTPOXIMIYHMI TIOTEHIan 1 3abe3neuye HaWOUIBIINIA
BMICT eHeprii y Manux koprycax. Kpim toro, Li-lon mae
BiTHOCHO HHM3BbKHH CaMopo3psJ i B HBOMY IIOBHICTIO
BIJICYTHIHM «e(ekT mam’siTi», 3aBASKA YOMY Yac Bil yacy
MOKHa  J03aps/DKaTd  HE  30BCIM  PO3PSKCHUI
akyMmynsTop. [THOOKWIT po3psi TOBHICTIO BUBOIUTH 3
Jaty JNiTiH-iOHHAN aKyMYJISaTOop.

Jlitidi-ionni (Li-ion) Oarapei 3a3Buuaii MaroTh TEpMiH
cryxbu 300 - 500 upwmkmiB. Ilpu  3BH4aliHOMY
BHUKOPHCTAaHHI MO)XHa oOdikyBatd, 1o micist 300 mukiiB
3apsny-po3psiny (mpuOnIHM3HO PpiK poOoTH) 1 €MHICTh
3HU3UTHCS 110 80% BiJl MOYATKOBOI.

OcHoBHuil Henomik JitieBo-ionHux (Li-Ion) Oatapeii -
e BHCOKa BapTiCTh 1 Majuuid [iama3oH pobounx
TeMIieparyp.

BignosimHo 1m0  mpuHImmiB  mno3HadeHb =~ MEK
(Mixnaponuoi €NIEKTPOTEXHIYHOT KOMiciT) y
HaliMeHyBaHHI JIITI-IOHHUX aKyMYJsTOpIB mepia Oyksa |
O3Hauae eNeKTPOXIMIUHy CHCTeMY, Ipyra — Marepiain
karoga (C, N abo M s kobanbTy, Hikemo abo

Maprauio), tpers OykBa R abo P — koHCTpyKkTHBHE
BUKOHaHHS (UmiiHApu4yHe abo mpusMatnune). ndpu y
WWIHIPUYHUX aKyMyIsITopax Tmicias OyKB MO3HAa4aloTh
nmiamerp (MM, ABI mUdpH) i BHCOTY (IECATUX MM, TPH

uudpu), NPU3MAaTUYHUX — JOBXKHUHY, HIUPUHY W BUCOTY
(MM) mocmioBHO [1].
Haii6inpim TIOIINpPEH] LT HIPAYHI Li-Ion,

akymynaropu. TumoBe  mapkyBaHHs  Takux  AKDB
ICR18650. Y mudposomy komi “186507, 3ammdpoBaHuii
nmiamerp “18” y wmimiMmerpax, Bucora “650” y mecaTux
YyacTKax MiJiMeTpa.

JliTifi-moniMepHa Oarapes 3aCHOBaHA Ha BHUKOPUCTAHHI
TBEPIOTO CJICKTPONITY Ha MmoiiMepHili ocHOBI. IIlinbHICTD
€Heprii poro TUIy Oarapei e OuibIIe, TOOTO MPUOITU3HO
B TpH pa3d BHIIE, HDK Yy HIKeIEBO-KaJIMi€BOrO
aKyMynsiTopa, a  CcaMopo3ps] ~ 3HauHO  HHKYe.
BukopucranHs TBEpAOro €IeKTPOIITY J03BONISE JTOBECTH
pO3MIpH eNIeMEHTIB aKymynsiTopa A0 1 MM 3aBTOBIIKH.
3aBISIKM TOMY, 11O JlaHa KOHCTPYKIis HE MICTUTH PiAKOro
CIIEKTPOJIITY 1 peali3yeTbcss HAOOpOM Pi3HHMX IUTIBOK, TO
MO)KHA OTPHUMYBATH JyXe THY4YKi KOHCTPYKTHBHI (DOpPMHU.

Haii6inpin mommpeni npuamMaruyHi JiTid-nomiMepHi (Li-
Pol) akymynsatopu. Turose mapkyBanus Takux AKB li-Pol
751535. Y mudposomy komi “75 15 35” szammdpopana
TOBIIMHA “75” y necstux yactkax mimimerpax (7,5 mm),
mmpuHa “15” y Minimerpax, AoBKHHA “35” y MiniMeTpax.

[epearu mitiii-nonimepuux (Li-Pol) akymynsTopis:

- MaJia TOBILIMHA BiJl 1-ro MM;

- BHCOKa €MHICTB,

- BEJIMKUI 3amac eHeprii y MaJluxX KopIycax;

- BEJIMKUN pecypc;

- MOXKJIMBICTh OTPUMYBATH THYUYKi (hOpMHU;

- HU3BKUN CaMOpOo3psaL;

- HeMa «edeKTy mam’sTix».

Henonik miTiH-moiMepHOr0 akyMymsiTopa IONArae B
TOMY, IO BiH HE MOXXE€ BiJIIaBaTh BEJIHKI CTPYMHU PO3PSIIY
i, sk 1 JitieBo-ionHuit (Li-lon), He mOOWTH HHU3BKUX
TeMIieparyp.

[epeBaru CBHHIIEBO-KUCIIOTHHUX Oarapei:

- TIOBHA BiJICYTHICTB «e(eKTy IaM’siTi»,

- HU3BKUN caMopo3psiL,

- BHCOKA KUTBKICTh IUKIIIB «3apsay-po3psiay».

Henmomiku CBHHIIEBO-KUCIIOTHUX OaTapeii:

- MAalOTh HaWHIKYY MIMTOMHY EMHICTB,

- JTaHUM OarapesiM «CTpaliHi» DIHOOKI PO3PSIH.

BaxnuBoro mepeBaror0 HOBUX BUJIIB aKyMYJISITOPIB € iX
YIBTPAIIBUIKUA  3apsa. Takok  0coOJIMBO — Bpaxae
JIOBrOBIUHICT, HOBHX Oarapeil. Pecypc cynepHOBHX
AJIOMIiHIH-10HHUX Oarapei cTaHOBUTH Oijbine 7500 1UKITIB
3apsLy-po3psiLy, IpUIOMY Oe3 BTPATH MOTYKHOCTI.

[porpec B nmaniii obnacti He CTOITh Ha MicIli, Ha 4Yep3i
HACTYIIHE HOBOBBEJCHHS - THYYKud akymymsitop. Lle
aKyMyYJISITOp Ha OCHOBI €JIaCTUYHOrO MOIIMEpY.

I11. BIUIMB HA XUTTEBUI LINKJI AKYMVJISITOPHOI
BATAPEI

IcHye 1Ba YMHHUWKM, SIKI HETaTHBHO BIUIMBAIOTH Ha
piBEeHb 3apsay: HENpaBWIbHE JOTPUMAHHS  IHKIIB
3apsIDKAHHSA-PO3PSIDKAHHS 1 HEBIAMOBITHUN — pEXUM
30epiraHHs.

lomo uuMKIiB 3aps/KaHHI-PO3PSIKAHHS ITOTPIOHO
JOTPUMYBATHCS TEXHIYHMX BUMOr BHpoOHUWKa. OjHak
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ICHYIOTh 3araibHi nonoxeHHs st Li-lon-akymymnsTopis.
Tak, Ha KUTTEBUI MK OaTapeid BIUIMBA€E PIBEHb PO3PSLY
riepe/] HAaCTYITHUM 3apsyKaHHIM, a TAKOXK Harpyra CTpyMy
CaMOro 3apsaHOr0 MPUCTPOr0. [THOOKEe pPO3psKAHHS
BUBOAUTH Oartapero 3 jaay. A Ipu MiIBUILEHIA HApYy3i Mij
Yac 3apsPKaHHS BOHA BTpayaTUMe €EMHICTh Maike BIBIYi.
Jlo Toro >k, Ha BTpaTy €MHOCTI BIUIMBAE OMIp CTPYMY
aKyMyJISITOpHOI OaTtapei Ta 3apsiHOrO MPUCTPOIO, TOMY
PEKOMEHYETHCSI  BUKOPUCTOBYBAaTH  TIJIBKH  «PiJHI»
3apsHi MPUCTPOI, a He aHAJIOTH.

Tako)k OCHOBHMM BIUIMBOM Ha JKUTTEBHHA  ITHKI
aKyMYJISITOPHOI Oarapei Mo)KHa BBOKATH TEMIIEPATYPY.

AxyMmynsTOpHa Oarapest OyIb-SIKOTO TUITY
T ATIOPSIKOBYETHCS. 3aKOHY EJIEKTPOXIMIYHOI aKTHBHOCTI,
i 3HOC 3HAXOIWUTHCA B E€KCIIOHEHIAIBHIA 3aJI€KHOCTI Bij
Temreparypu. YuM TemmepaTypa BUIA, THM OLIBII
aKTHBHI ~ €JIEKTPOXIMIYHI  INpOIleCH  TNPOXOAsTh B
aKyMyJLITOpi 1 IIBHMIIIE HAe BTpaTa HOro poOOYux
xapakTepuctuk. Tomy poboda Temmeparypa €, MaOyTb,
CaMHUM KPUTHYHUM ITapaMeTPOM ISl CBUHIIEBO-KUCIOTHHX
Oatapeil (JTy)kHI HIKEJIb-KagMi€BI aKyMYJIsTOPH B MEHIIIH
MIpi CXHJIBbHI 10 BIUTUBY TEMIIEPaTypHOrO YNHHUKA, TOMY B
CYBOpHX KIIIMAaTUYHHX YMOBAaX - apKTHYHHX, 1, HABIIaKH,
HAJITO YKapKHUX - 3aCTOCOBYIOTH CaMe Iiei THIT OaTapei).

JliTiii-ioHHi aKyMyIATOpH YyTJIMBi O TEMIepaTypH. Ix
TaK 3BaHOI0 «TOYKOIO KHINHHS» BBakaetbca +60 °C,
T00TO, KONMU Oyhe AocsArHyTa L Temmeparypa, Oarapes
MOXE CHANaxHyTH. TakokX J0 3aliMaHHI MOXYTh
MIPU3BECTU: TEPEBHUIIEHHS HAIPYTH i Yac 3apsiKaHHS,
MOTPAIUISIHHS COJIOHOI BOIM, BIUIMB Ha OaTapero MpsMoro
COHSIYHOT'O BUIIPOMIHIOBAHHS TOIIO.

OntuManbHUN TeMIlepaTypHUI Jiana3oH, NpU SKOMY
30epiracTbCsi HOMIHAJIbHA €MHICTH 1 3a0e3nevyyeThes
MaKCHMaJIbHUH TepMiH ciyxOu Oatapei Big +20° 1o
+25°C. BBaxaerbcs, o pecypc Oarapell 3MEHIIYEThCS B
JIBa pasu MpH 301UIBLICHHI TEMIIEpaTypu Ha KOXHI JECATh
rpagyciB. lle mOCHTH peaNicTHUHHMI 1 TOIIMPEHHUH Ha
MpaKTHI TOKa3HHUK. [paHn4Hi poOodi Temmeparypu s
KHCJIOTHO-CBUHIIEBUX  aKyMyISITODIB -  HE  BHIIE
+50°...+60°C. 3 nmopajpUIMM MiJBUILIEHHSIM TEMIIEPaTypH
MO)KE BUHUKHYTH TaK 3BaHUH «TEIUIOBUH pO3TiH», 1
Oarapest Buiiae 3 Jaiy.

[lpu 3HWKEHHI TeMIlepaTypu eNeKTPOXiMidHI peakxii
WAyTh MOBLJBHINIE, [0 Mae 301IBLIYBATH TEPMIH CITYKOH
aKyMyJsTopHOI Oarapei. HacrpaBai 1ie He Tak, TOMy IO
NpU  HU3BKMX  TeMIeparypax 31  3MEHIIEHHSIM
€JIEKTPOXIMIYHOI aKTHBHOCTI 3HWKYIOTHCS 1 MOXITUBOCTI
Oarapei 3 Bijmaui y HaBaHTaXEHHsS CHEprii, il €MHICTh
3MeHryetsest. [Ipu npoMy akymynstopHa Oarapes Moxe
MpaIfoBaTH Ha MEXI CBOIX MOXIIMBOCTEH, IO TaKOX
3HWKYE TepMiH 11 cimyx6u. Tomy € Takuil CBOEpiIHMIA
«oCTpiB» CTa0UIBHOI pOOOTH aKyMYNSATOPIB B Jliana3oHi
Temneparyp Big +5 mo +25°C.

Jlis 3amobiraHHs BUTOKY €JIEKTPOIITY, HarpiBaHHS i
BUOyXy TmOTpPiOHO MJOTPUMYBAaTHCh TaKHX 3aXOHdiB Ta
TIpaBuUII OE3MEKH:

- 30epiratn HOro B CyxoMy IMpPOXOJIOAHOMY MiCIIi,
SIKIIIO BIH HE BUKOPUCTOBYETHCS;

- HE BMKOPHMCTOBYBATH 1 HE 3ajIMIIATH aKyMYJISATOP
OOJTU3Y JKEPEIT BiIKPUTOIO BOTHIO 200 TeIla;

- JUIS  3apSUDKEHHS  BUKOPMCTOBYBAaTH  TUIBKH
MpU3HAYEH] UTS 1[HOTO aKyMYIIATOPa 3apsaHi IPUCTPOT;

- HE TiIKITI0YaTH aKyMyJISATOp IO IPHUCTPOiB, HE
MPU3HAYEHHUX JUIS )KUBJIEHHS BiJ HHOTO;

- HE KUJIATH aKyMY/IsSTOp Y BOTOHb 1 He HArpiBaTH
Horo;

- HE 3aMHMKaTM MK CcO0OI0 IIO3UTHBHHH 1
HEraTUBHUMN BUBOIU aKyMyJsiTopa METAJIEBUMU
npeaMeraMu abo IpoTamu;

- He 30epiraTé akKyMyJsITOp pa3oM 3 METaJICBHMU
MpeIMeTaMHu;

- HE IMiAJaBaTH aKyMyJIITOP MEXaHIYHUM BILIMBaM;

- HE MasTH aKyMYJISATOp Ta HE MPOKOIIOBATH HOro
TOCTPUMHU MPEAMETAMHU.

IV. BUCHOBKH

Y mnpencraBneHid craTTi  HajaHo — KiacH(ikallio,
NMPOBENCHUI  aHaNi3 CyYyaCHMX THIIB Ta  BHUJIB
aKyMyJSITOpHUX Oarapel, OKpecieHi iX TmepeBard Ta
HEOJIIKHU, BUSBIIEHO BIIUB Ha >kuTTeBUM 1K1 AKB.

[Momanbmioro mociiJkeHHsT MOTPEOYIOTh JITiIH-10HHI Ta
JITIH-TIOTIMEPHI  aKyMYJISITOPH SIK HAMOLIbII cydacHi i
nporpecuBHi. BoHM MaloTh BHCOKY IIUIBHICTH €Heprii 3
HU3BKMM CaMOpO3pSIIOM Ta TOBHY BiJCYTHICTh «e(eKTy
mam’siTi», aje BOHHM JyXe Bpa3MBi Iiepe]] BIUIMBOM
Temneparyp. ToMy Ipu po3poOili HOBHX, Y TOMY YHCIHI
MOPTAaTUBHUX MPUCTPOIB TOTPIOHO BpaxoBYBaTH  ix
TEMIIepaTypHi YMOBU POOOTH.

TIEPEJIIK ITOCUJIAHb

[1] Axymynsaropni Oarapei, BHOH aKyMYJISATOPHHX
Oarapeit [EjexkTtpoHHMIA pecypc]; peXHM JOCTYyIy
http://www.ecosvit.net/ua/akumulyatorni-batarei-
akumulyatori-lipo); nara Bukopucranss [23.09.2022].

[2] Enextpuunuii akymynsatop [EnextpoHHuil pecypcl;
PEeKIM JIOCTYITY
(https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%
B5%D0%BA%D1%82%D1%80%D0%B&8%D1%87%D0
%BD%D0%B8%D0%B9_%D0%B0%D0%BA%D1%83
%D0%BC%D1%83%D0%BB%D1%8F%D1%82%D0%B
E%D1%80); nata Bukopuctanus [23.09.2022].

[3] ki  mnapamerpu  akymynsTopa — HOTpiOHO
KoHTpomoBaTH [EnexkTponHuMii pecypc]; pexxuM AocTymy
https://pulsar.kiev.ua/ua/yak parametri akumulyatornih b
atarey potrbno kontrolyuvati); = nara ~ BHKOpPHCTaHHS
[23.09.2022].
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Pi3HOBHIM Ta 0COOIMBOCTI BUOOPY TATOBOIO
CJICKTPOJIBUTYHA

€merp Cepriit', Jleonin IBaHoB'
1. Kadenpa KITAM, Xapkiscbkuii HalionaasHui yHiBepeuTet pafioenextponiku, YKPATHA,
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Xapkis, np. Hayku 14, e-mail: Leonid.ivanov@nure.ua

Anomauyia: Y poOOTi BUKOHAHO OIJIsAM Pi3HOBUIIB TATOBUX
€JICKTPOJIBUT'YHIB Ta iX XapaKTepPUCTUKH.

Kniouogi cnoea: Ttponeiibyc, TsAroBa cucrema, TSITOBHA
CJIEKTPOIBUIYH.

1. BcTtyn

Bubip TOro 4u iHIIOro TATOBOI'O €IEKTPOIABUTYHA JIJIS
MOOYIOBH CHUCTEMH TATOBUX EJIEKTPOIPHUBOJIIB 3ajekaTh
Bil 00JIACTiI 3aCTOCYBaHHS PYXOMOTIO €ICKTPOTEXHIYHOIO
KOMIUIEKCY 1 BHMMOT, IIOCTaBJIEHHX JO0 HBOIO 3 OOKYy
OCHOBHOT'O TEXHOJIOTiYHOTO Iporecy. He3Baxatouu Ha Te,
IO KOXXHUU TSATOBHH ENEKTPOIIPHBOJ Ma€ CBOI BJAcHI
BUMOTM [0 CHUCTEMH YIPABIiHHA 1 Mae ONTHMAaJbHI
XapaKTepPUCTUKH JIMIIE B TEBHOMY Jialla3oHi 4YacToOT
0o0epTaHHsI, 10 HBOTO MPE SIBISIOTHCS HACTYITHI OCHOBHI
BHMOTH:

- IPOCTOTA BUTOTOBJICHHS;

- HaAiHHICTD;

- 3pY4HICTh OOCIYTOBYBaHHS;

- JIETKICTh PEryJIIOBaHHs MOKa3HUKIB pOOO-TH Ta
CHCTEMHUX TapaMeTpiB;

- IPOCTOTa CUCTEMH KEpyBaHHS;

- BHCOKHMH 00EpPTOBHH MOMEHT y BCHOMY [liala3oHi
4acToT 00epTaHHS;

- MOXIHMBICTb  3[IHCHEHHS  PEKYIEPaTHBHOI'O
rajJbMYyBaHHS;

- BuCcOKMi kKoedimient kopucHoi aii (KK/I).

JlocmipkeHHsl TUTaHHS IOOYIOBH CHUCTEM TATOBHX
MIPUBOMIB 3 PI3HUMH THIIAMH JIBUTYHIB € aKTyaJIbHUMH 3
TOYKM  30py  JOCSATHEHHS  MAaKCHMAJbHOIO  PiBHS
€HEproolIaJJHOCTI 32  paXyHOK BHKOHaHHA  BCIX
nepeniueHux Bumor [1].

3aco0u MiABUILEHHS EHEePreTH4HOi e(pEeKTUBHOCTI Ta
MIPOJYKTUBHOCTI PYXOMHX €JIEKTPOTEXHIYHUX KOMIUIEKCIB
B yMOBax CKJIaJHOI CUTyallii Ha PHHKY EHEpreTHYHHX
pecypcis JIO3BOJISIFOTH 3a0e3MeYnTi 3pOCTaHHS
HE3aJISKHOCTI BITYU3HSIHOI TPAHCIIOPTHOI raiy3i Bij 1101
HU3KH €KOHOMIYHHUX Ta IOJITHYHUX YUHHHKIB, IO MAIOTh
3HAYHUI BIIMB Ha OCHOBHI IOKa3HHKUA POOOTH 0arathox
MiAPUEMCTB  Ta  OIO/KET  NPUBAaTHHX  BJIACHHKIB
TPAHCIOPTHUX 3acO0iB 1 3a0€3MeYyI0Th ONTHMAJILHE
NIPOEKTYBaHHA Ta OUIbII e(eKTUBHY poOOoTy pi3HHX
raiy3ei rocroapcTBa.

Eneproz0epexeHHsl Ta pamioHallbHE BUKOPUCTAHHS
€Heprii miJi yac BUKOHAHHS TEXHOJOTIYHUX INPOILECIB Y
BCiX CIy’k0ax Ta rocrojapcTBax TPAHCIOPTY € OCHOBHUM
pe3epBOM  PO3BHTKY Ta 3a0e3ledeHHS CTaOiIbHOCTI
0araTbOX CyMIKHHX rairy3eil B HalOMK4ild TIepCIeKTHBI.

II. KIIACU®IKAILISA TATOBUX
EJIEKTPO/IBUI VHIB

Tsarosuit enexrponsuryn (TEJ]) - me enekrpuuHumii
JBUTYH, TpU3HAUYEHUH U1 TPUBEINEHHA JIO0 pYyXy

TPAaHCIIOPTHUX  3aco0iB, 30KpeMa €JIEKTPOBO3IB,
€JIEKTPOIOI3iB, TEIUIOBO3IB, TpaMBaiB, TPOJIEHOYCIB,
€IIEKTPOMOO1IIB, CIICKTPOXOIiB, BEJIMKOBaHTAKHUX

aBTOMOOLTIB 3 €JIEKTPOIPUBOJOM, TaHKIB 1 MallMH Ha
T'YCEHUYHOMY XOIy 3 eJIeKTpollepe/iaueto, ITiAiOMHO-
TPAHCIIOPTHUX MAIlMH, CaMOXiJJHUX KPaHiB TOLIO).

OcHoBHOro  BiaMinzicTFo TEJl Bim  3BHYalHHX
€JIEKTPOABUTYHIB BEJIMKOI TOTY)KHOCTI € Te, IO MOHTaX
TaKUX JBUTYHIB TPYIOMICTKH, TOMY IIi ABUT'YHU MOXYTh
PO3TaIlIOBYBATHCh TUIBKU Y CIELIAJBHAX KOHCTPYKIISIX
(BiAMOBiAHI JiaMeTpH 1 OBXKHHA, CHELialbHI 3aCO0U ISt
KpIIJIEHHS! TOLIO).

TsroBi IBUTyHH MiCBKOTO i 3aJII3HUYHOTO TPAHCIIOPTY,
a  TakoX  JBHUTYHH  MOTOP-KOJIC  aBTOMOOLTIB
eKCIUTYaTyloThCSl B CKJIaJHHX IIOTOJAHUX yMOBax, y
BOJIOTOMY 1 3amieHoMy moBiTpi. Takox, Ha BigMiHY Bif
CIICKTPOJBUIYHIB  3arajbHOro  mpusHaudeHHs, TE]]
MPAIfOIOTh B PI3HOMA@HITHUX peXHMax (KOpOTKOYAaCHUX,
MIOBTOPHO-KOPOTKOYACHUX 3 YacTHMHU 3allyCKaMH), II0
CYNPOBOIKYETHCS ITUPOKOIO 3MIHOIO YacTOTH OOEpTaHHS
poTopa 1 HaBaHTaXeHHS MO CTpyMy (TIpH 3pYIIEHHI 3
MICII PEKUMH MOXYTh B 2 pa3sd NEPEBUILYBATH
HOMiHaJbHi) [4].

Ilpu ekcrutyatamii TSIrOBI  OBUTYHH  ITiJNAIOTHCS
MeXaHIYHHUM, TEIIOBUM i CJIEKTPUYHIM
NepeHaBaHTaXeHHsM.  ToMy — mig  4Yac  IXHBOrO
MIPOEKTYBAaHHS BPaxXOBYIOTh IIiJBHIIEHY €JIEKTPUYHY 1
MeXaHIuYHy MILHICTh JAeTajied 1 BY3JiB, TEIUIOCTIHKY 1
BOJIOTOCTIHKY 130JISILIiF0 CTPYMOINpPOBIAHUX YacTHH 1
00MOTOK, CTaOlIbHY KOMYTAIlil0 ABHUT'YHIB.

Po3BUTOK  HAMIBIPOBIAHUKOBOI  TEXHIKM  HaJIaB
TIOIITOBX bi(s) nepexony BiJ JIBUTYHIB 3
EJIEKTPOMEXAHIYHOI0 KOMYTALIIEI0 IO BEHTHJIbHUX MAIIUH
3 KOMYTalli€o, 3a JIONOMOIOK HaIliBIPOBIJHUKOBUX
TIepETBOPIOBAYIB.

Uepes Te 1m0 YMOBH POOOTH TATOBUX JBUTYHIB MOXKHA
BBAKaTH BaXKMMH, Ta 3BaKarouyd Ha iXHI rabapurtHi
PO3MIpH TATOBI IBUTYH BiJHOCSATH JI0 MalllMH I'PAaHUYHOTO
BUKOPHUCTAHHSL.

TsroBi eneKTpOABUTYHH KITaCU(]IKYIOTh 3a:

CTpyMOM:

—  TocTtiiHOro (B TOMY YHCIi BHIPSIMIIEHOTO
OaraToghaszHOro MyJIBCYIOUOT0, 3 MyJbcalieio 10 10%);

—  IOyabcyrouoro (B TOMY YHCII BHIPSMIIEHOTO
0omHO(A3HOTO MYJILCYIOUOro, 3 IYJILCAIIE JO0 OLUIbIINe
10%);

—  3MIHHOIO;

TUIIOM:
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—  TIOCTiHHOTO CTPYMY,

—  CHUHXpOHHI,

—  aCHHXPOHHI;

TUTIOM TiABIIIyBaHHS:
—  OIIOPHO-OCHOBE,
—  ONOpHO-PaMHE;
KOHCTPYKIII€IO:

3a HAsABHICTIO KOJIGKTOPY:

—  KOJIGKTOpHI

—  0e3KoJIeKTOPHI (0E3KOHTAKTHI, BEHTHJIBHI),

3a TUIIOM PYyXY:
—  oOeprainpHi (IMITIHAPUYHI)
—  JiHi¥HI (IIIHIPAYHO-CETMEHTHI 1 MTOB30BXHI);
PEKUMOM POOOTH:

—  MPAIIOIOTh B TPUBAJIOMY PEIKUMI,

—  MpamolTh B KOPOTKOTPHBAJIOMY  PEKUMI
(poGouwmii epion 15-90 xBuinH),

—  MpAIIOITh B TOBTOPHO-KOPOTKOYACHOMY PEIKUMI
(TpuBaiicTh yBiMKHEHHS 15-60%);

CTYIICHEM 3aXHUCTy
CIIoco0OM OXOJIO/PKEHHS:

— 3 MIPUPOJHUM OXOJIOKCHHSM,

— 3  TMOBITpAHMUM  00ayBOM (3  HE3aJIEKHOIO
BEHTWIALIEIO 1 3 CAMOBEHTHIISILIIEIO,

— 3 pLAMHHUM OXOJIO/DKCHHSIM (BOISHUM).

II1. PE3YJIBTATU JOCIIPKEHHS BUMOT!
1010 BUBOPY TAT'OBUX EJIEKTPOBUI VHIB

[opiBHsHHA  poOOYMX  XapaKTEPUCTUK JIBUTYHIB
MOKa3ye, MIO ABUT'YH IOCTIHHOTO CTPYMY ITOKa3ye OiIbIl
BUTIJHI JJISI PYXOMHX €JEKTPOTEXHIYHUX KOMIUIEKCIB
XapaKTepu-CTHKH, HI)K aCHHXPOHHHH, JINIIE TIPU TPUBAITIH
pobOTI Ha HU3BKUX IMIBUIKOCTSIX 1 /IS HIMPOKOTO
Jliana3oHy MIBUAKOCTEH MpPH MOCTIHHIN MOTYKHOCTI, IO €
OibII  XapaKTEpHUM JUIS ~ BaHTAKOIIEPEBE3CHHS  Ta
BHKOHAHHS BaXXKOI MEXaHIYHOI poOOTH.

[lepeBaHTa)KyBaNbHA 3HATHICTH Y KOPOTKOYACHOMY
PEeKHMMI 3aJI€KHUTh HE TIIBKU Bijl MapaMeTpiB JIBUTYHA, ajle,
y 3Ha4Hid Mipi, BiJl XapaKTEPUCTUK NEPETBOPIOBaYa
4acToTH. YUM IIMPIIUM € [iara3oH MIBHAKOCTEH, Y IKOMY
JIBUTYH MOXKE BHUIATH MaKCHMAJbHY MOTYXHICTb, THM
OIITUMAaJIbHIIIE TAKUH JBUT'YH MOXKE OyTH aJanTOBaHHUH J10
MPOIIECiB, IO BUMArarTh 3a0e3MeUeHHS MOCTIHHOTO
MOMEHTY y BCbOMY Jlialia3oHi MBUAKOCTeH [2-3].

JIBUryHH TIOCTIIHOTO CTpyMy MalOTh 3HAYHO MEHIIY
BHCOTY OCi OOepTaHHs i Macy poTopa, HiXK acCHHXpPOHHI
JIBUTYHH, OT)KE MAIOTh OLIbII HHU3BKMA MOMEHT iHEpIIii
poTopa, IO € ICTOTHOIO IIePEeBarold y JAWHAMIYHHX
chUCTeMax, TOMY IO Il BIUIMBAE HA 4Yac PpO3TOHY 1
JUHAMIYHUH BiT'yK JBUTYHA Y BCIX YOTHPHOX KBaJpaHTaX
pobOTH miJ Yac PpO3TiHHUX Ta TajJbMIBHHX IPOLECIB.
binpm Hu3bKi Maca W rabapuTH JABUTYHIB TOCTIHHOTO
cTtpymy (cranpmaptHuil cryminp 3axucry I[P 23), y
MOPIBHSHHI 3 aCHHXPOHHMMH JIBUTYHaMH (CTaHIapTHUH
cryminb  3axucty IP  54), o0coOmuBO BaXIMBI IS
EJIEKTPOTEXHIYHUX KOMIUIEKCIB, Y SIKUX JIBUTYH IOBHHEH
mepeMilliaTucs pa3oM 3 BaHTaXEM B CHCTeMax, Jie
Ba)XJIUBO KOMITAKTHE PO3MIIIICHHSL.

OCHOBHUM 3 HEJIOJIKIB aHAJIOTOBHX €JIEKTPONPHUBO/IIB
MOCTIHHOTO CTPYMY € HHM3bKa 3aBaJIOCTIHKICTh, CKJIATHICTh
y HacTpPOIOBaHHI W HECTaOlIBHICTh MmapamerTpiB. Y SKOCTI

JaT4hKa  3BOPOTHOTO  3B’A3KYy MO  IIBUJIKOCTI
3aCTOCOBYETHCSI TaXOr€HEpPaTop, IO Ma€ Ti )X HEIONIKH,
IO i 3BUYANHUI KOJEKTOpHUI IBUTYH. [1JIs1 peBepCUBHUX
TATJIOBUX  €IEKTPONPHBOMIB  IICJAS ~ TaxoreHepaTopa
JIOBOJTUTHCSI BCTAHOBJIIOBATH CIENialbHy TIOAHY CUCTEMY
Ha OCHOBI MiCTKa, II0 0OMEXYe Jliaria30H PEeryIoBaHHs Ha
MaluX MIBUAKOCTSAX  4epe3  OCOONMBOCTI  CHTHAILY
3BOPOTHOTO 3B’s3Ky[3].

CyuacHi  MIKpPOKOHTpOJIEpH,  1I0  YIPaBISIOTH
YaCTOTHUM MepeTBOpIOBaYEM Ta TATIIOBUM
€JICKTPOBUT'YHOM, JI03BOJISIOTH OOPOOJISITH AaHi 3a Mepioxn
y KilIbKa JIECATKIB MIKPOCEKYHJ, IO JIO3BOJIMIIO
PO3LIMPHUTH  Jianma30H pPEryjioBaHHS 31 3BOPOTHHUM
3B’s13k0M 110 1:1000 3 TouHicTIO TiATpUMKH mBUAKOCTI 0,2
obepry y BchboMy miama3zoni. Ile HaOmmwkae YacToOTHI
TIPUBOJM 32 SIKICTIO XapaKTEPUCTHK J0 CEPBONPHUBO/IIB.

OcHOBY  iHpOpMAIIIfHUX  MIJACHCTEM  CY4acHHX
TATJIOBUX EJIEKTPOIIPUBOIIB, SIK TPABHJIO, CKJIAJAIOTh
MIKPOKOHTPOJICPHI MPHUCTPOI, IO MAIOTh PsJl ICTOTHUX
mepeBar y TIIOpPIBHSHHI 3 aHaJOrOBUMH IPUCTPOSIMH
YIpaBJIiHHS, SIKi peaTi30BYIOTh THUIOBI apuMeTuuHi i
JoriyHi  QyHkuii, o0oOpoOKy MacHuBiB, peryJroBaHHS
EJEKTPOMATrHITHUX 1 MEXaHIYHUX 3MIHHUX,
cTalimi3aIlifo, KOPEKIilo i KOMIICHCAII0 HEMiHIHHOCTEH,
CIOCTEpEeKEHHS, IMiTaliio 00’eKkTa YrpaBiiHHs 1 00poOKY
3akoHIB  pobotn.  CydyacHi  MIKPOKOHTpOIIEpH €
OJTHOKPUCTaITbHUMHU €JIEKTPOHHO-00YHCITIO-BAIbHUMHU
MallluHaMH, [U(PPOBUMH CHIHAJBHUMH IIPOLECOPAMH,
aZIalITOBAaHUMH JIO 3aBJIaHb YIIPABIIHHS B PEANbHOMY 4aci
3 LIJIAM PSIIOM 1HTETPOBAHUX IIPHCTPOIB!

- aHaJOro-mUQpOBI IEPETBOPIOBAYI I BBEACHHS
CHTHAJIIB aHAJIOTOBHX JIaBaYiB;

- (hopMyBaui BUXITHUX ITHPOTHO-IMITYIBCHUX CUTHAITIB
JUIE  TPSAMOTrO  HU(QPOBOTO  KEPYBaHHS  CHUIOBHMH
MIepeTBOPIOBAYaAMH;

- TOPTH ISl CHOJYYEHHS 3 CHUCTEMaMH KepyBaHHs
OLJIBIII BUCOKOT'O PiBHSI.

Cepen niepeBar MiKpOKOHTPOJICPIB CJIi1 HA3BaTH:

- THYYKICTh (MOXIIMBICTH  ONEPAaTHBHOI  3MiHH
CTPYKTYpPH, 3aKOHIB 1 MapaMeTpiB CUCTEMH KepyBaHH:I);

- MOXIIMBICTH peaiizamii pa3oM 3 TpaguLliiHUMU
3aKOHaMHU KEepyBaHHs, NPUHHATAMH B  aHAJOTrOBUX
cHCTeMax, CKJIQIHIIIUX METONIB JUIi BHKOPUCTAHHS B
aZlalITUBHUX, CAMOHAJIaro/KyBaJIbHUX, B3a€MO3B’SI3aHUX 1
0araTOKOHTYPHHUX CHCTeMaXx yNpaBIiHHS;

- OlepaTHBHE TECTYBaHHsS 1 J1arHOCTHKA ITOTOYHOTO
CTaHy CHCTEMH aBTOMAaTHYHOTO YIpaBiIiHHA Ta i
€IEMEHTIB, IO  CHpPHSE€  PaHHbOMY  BHSBJICHHIO
HECITPaBHOCTEH Ta MONEPEKEHHIO aBapiii;

- BHCOKa TOYHICTH 00poOKM iH(popMarii (B 1uppoBUX
chUCcTeMax TMOXWMOKHM, XapakTepHi JUIs  aHaJOrOBHX
KEpYIOUHUX IPUCTPOIB, BIACYTHI);

- MOXJIMBICTh (ikcanii, 30epiraHHs 1 Bi3yasizalii
MacHBIB IapaMeTpiB MpOLECIB KEepPyBaHHS, OIEPATUBHOL
B3a€MOIii 3 00CITYTOBYIOUMM MEPCOHATIOM;

- BUCOKa HaJiHHICTh, 3MEHIIEHa Maca Ta Ta0apHuTH
MIKPOKOHTPOJIEPHUX 1 KOMII IOTEPHUX CHUCTEM YIIPaBIiHHS
B MOPIBHSTHHI 3 aHAJIOTOBUMH CHCTEMaMH.

HasBHicTh B CKJIaZi MIiKpPOKOHTPOJIEPIB BEIHKOIO
00’eMy mam’ATi  J03BOJNISIE  peayi3yBaTH  CKJIaIHi
MOCITIZIOBHOCTI  OOpOOKM JaHUX 1 POOHMTH EHEpreTUYHi
00’€KTH  JIOCTYITHHMH 32 UIMPOKUM  KOMILIEKCOM
iHpopManii 3 MiKPOKOHTPOJIEPIB, 10 MOXKe
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XapakTepu3zyBaTH JaHi 00’extd. IIpum mpomy, HaBiTh 3a
BUKOPHCTAHHS BiJJOMHX METOJIB IPSIMOTO BUMIpPIOBaHHS,
HEOOXIMHMX Ui  YOpaBIiHHA  BEJIWYMHAMH, CTae
MOXITUBHM, MalOYH HEBEJINKE YUCIIO 3/aBayiB (IIEPEBaXKHO
SNIEKTPUYHUX BEJMYWH) 1, BIANOBIAHO, KaHANIB 300py
MIEpBUHHOI iH(pOpMaIlii, BU3HAYATH HEOOXIJHY NOAATKOBY
iH(OpMaIliio 32 JOIOMOTOI0 O0YHCIIEHb B PEaIbHOMY Yaci.
Taka TeHICHISA MiOKPIIUIIOETECA HASBHICTIO HEIOJIKIB
MiAXOAYy TPSMOro BUKOPHCTaHHS 3HAYHOI KUIBKOCTI
JaBayiB Ui BUpILNICHHS 3aBJaHb pEryJIIOBaHHS B
cUCTEeMax 3MiHHOT'O CTPYMY:

- BHCOKi BUMOTH JI0 PO3JLJIbHOI 3/IaTHOCTI MEPBUHHUX
BHMIpIOBaYiB;

- HEOOXIJHICTh MOOYIOBH JOAATKOBHX TaJIbBaHIYHHX
PO3B’SI30K IS iAKIIOYCHHS 1aBayviB;

- CKJIQJIHICTH CIIOJNy4EeHHS PI3HUX CHCTEM JaBadyiB B
OJTHOMY KOHTYpIi peryIrOBaHHsL.

Iepexix m0 UUPPOBOro ymIpaBiiHHA BiAKpUBAE
MOXITUBOCTI peaizalii CKJIaJHUX 3aKOHIB YIIPABIIiHHS, sIKi
paHiire O0yJ0 IPaKTUYHO HEMOXKIIUBO 3aCTOCOBYBATH.

[HOII TUOM  €NeKTPONBUTYHIB 3MIHHOTO CTPYMY
(CcMHXpOHHI,  IHIYKTOpHI), y 0aratbOoX acHekTax
MOCTYNAIOThCS ACHHXPOHHOMY JIBUTYHY 3a  SIKICTIO
XapaKTepPUCTUK,  MPOT€  TPOJOBXKYIOTh  BHUBYATHUCH
CTOCOBHO O BHKODHCTaHHS B TATOBHUX CHCTEMax
BukoHnaeMo MOpIBHSJIBHUI aHalli3 Pi3HUX THUITB JBHUTYHIB
omHi€el moTyXHOCTI (TabI. 1).

Maca, Cepenniit BinHocHa
Tun nBurysa KT KK BapTiCTh
Konekropuuii, 99 0.84 1

HOCTIHHOrO CTpyMy

ACHHXpPOHHHH, 3
KOpPOTKO 3aMKHe- 45 0,935 0,26
HHUM POTOPOM

CuHXpOHHMUIA 3
€JIEKTPOMAarHITHIM 55 0,93 0,32
MIOPYIICHHSIM

CuHXpOHHMUIA 3
MOCTIHHUMU 45 0,935 0,26
MarHiTaMu

CuHXpOHHUI
JINCKOBHIA 3 TIOCTIH- 34 0,96 0,20
HHUMU MarHitaMmu

3 HaBezneHOi Tabi. 1 BUAHO, 110 3a OAHIET BCTAaHOBJIEHOL
MOTY>KHOCTI TSAT'OBOTO JBUT'YHA JIBUT'YHU 3MIHHOTO CTPYMY
MaloTh 3HaYHO MEHIIY Macy Ta BapTICTh NPH OLIbII
Bucokomy KK/I, HixX ABUTYH MOCTII{HOTO CTpyMYy

IV. BUCHOBKU

B pesynpraTi npoBeneHOro  aHamizy — OTpUMana
MOAAJBIINHA PO3BUTOK METOJUKA BH3HAYEHHS THUIY Ta
rapamerpiB TSATOBHX JIBUTYHIB PYXOMOT0
EJIEKTPOTEXHIYHOTO KOMIUIEKCY NUISIXOM —BpaxyBaHHS
3aJJaHuX BUMOT 3 OOKY BUKOHaBYOrO MeXaHi3My. 30KpeMa,
MIPOBEACHO aHaJi3 MPaKTUYHOTO OCBIAY BUOOPY TATOBHX
JIBUTYHIB Ta y3araJbHEHHs METOJMKH BU3HAUYEHHS BUY Ta
rapameTpiB TATOBUX [BUTYHIB IPH 33JaHUX BHMOTax 3
OOKy PpYXOMOrO €JEKTPOTEXHIYHOTO KOMIUIEKCY, IO
JIO3BOJISIE TIPOBOJIUTH TOYHHMH BHOIp THUITy Ta NapameTpiB
JIBUTYHA B  3aJI©KHOCTI BiA YMOB  €KCIUTyaTailii
ENIEKTPOTEXHIYHOTO KOMILIEKCY.
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AHaJji3 METO/IiB 103yBaHHS PIAUH IS alleTOHOBOI JIa3H1
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Anomauia: B nanoMmy marepiaii HaBeleHO aHANi3 METOIIB
JIO3yBAHHS PLAWH JUIS Pi3HUX BHIIB MaTepialiB.
Knrouogi cnosa: no3yBanus, aieTOHOBA JIa3HsI.

1. BcTtyn

VY cBiTi icHye Oarato crocoOiB 103yBaHHS DPiIUH: 3a
Baror, TMOPIisIMU, MPOIOPLIHHE JJO03yBaHHS Ta IHIII.
KokeH croci0 BHKOPUCTOBYEThCS y pi3HHX cdepax
TsUTPHOCTI, BUPOOHHUYMX YU TEXHOJOTIUHHUX MpOIecax,
JI03YBaHHSI PIIMH B anTeKax TOIIO.

Jlo3aTopu pimuHM, BXKHBaHI B Pi3HHX TEXHOJIOTIYHHUX
YCTaHOBKAX, 3HAXOIATHCS IMiJ] BIUIMBOM Pi3HOMaHITHHX
(akTopiB, IO 3aIeXkKaTh AK BiJ JO30BAHOI PIAUHM, TaK i BiJ
30BHIIIHBOI'O0 CEPEOBUINA B MICIIi YCTAHOBKHU J03aTOpA.
3HayHWi BIUIMB HAa BHOIp THIy KOHCTPYKTHBHE
oopMIIeHHS J03aTopa HAOal0Th BIACTHBOCTI 1 CTaH
n030BaHOl pinuHu. HaiiBaxknmuBimmmu 3 mux (axTopiB €
TeMIepaTypa, arpeCHBHICTh, a0pa3UBHICTh, KOHCHCTEHITIS,
BOTHCHEOE3IEUHICTh 1 TOKCUYHICTh. Benmukuil BILUIMB Ha
KOHCTPYKIIiFO HAaJa€ TaKOX HEOOXITHUM Irepernaja THUCKIB i
a0CoJIOTHE 3HAYEHHS THCKY B amapari, B SKOMY
MIPOBO/IUTHCS I03YBaHHSI.

I1. JIO3YBAHHA PIIVUHU ALTETOHOBOI JIA3HI

3 mosBoro 3D npyky BuHHKae moTpeda B 00poOIIi
neranei. Ayne pyuHa oOpoOka He e(eKTUBHA, TOMY IO
HETaTHBHO BIUIMBAE Ha AKIiCTh MIOCTOOPOOKH.

SIkmio 0OpoOIATH AeTanb 3a JOMOMOTOK TIEH3IHKA, €
HWMOBIPHICTb TOIIKO/PKEHHS TIOBEPXHI JIETai.

O0poOka 3a JOMOMOrOI 3aHYPEHHS JETali B alleTOH
Mae OUIBIINI PU3HK, IO NIAPU IUIACTHKY MOIIKOIATHCS Ta
3a paXyHOK I[bOT'0 IETallb MOXE BTPATHTH CBOIO (HOpMY.

IcHye 00poOka 3a JOMOMOrOK JIPiOHOJUCIICPCHOTO
pO3IMIITIOBaYa, aje NpU LBOMY CIOC00I MOXYTh OyTH
Kparuti aleToHy, 0 MO)Ke MPUBECTH IO 3MiHH (HOpMH
JeTaji abo YaCTKOBOMY ii ITOIITKOKEHHIO.

3a paxyHOK aBTOMAaTu3aiil MpOIECY MO03yBaHHS B
alleTOHOBIH Jla3HI JO3BOJISE T030aBUTHCS OLIBIIOCTI
HEJIOJIKIB.

B Toif xe wuac mocrac mnpoOiemMa SKAM YHHOM
MPOBOJIUTH JO03YBAaHHs, TOMY IO HEOOXiTHO NOTPUMAHHSI
TOYHOCTI  JO3YBaHHS Ta TEPMETHYHOCTI  MpOIECY
TOCTOOPOOKH.

CaMe TOMY HEOOXiHO TPOBECTH aHaji3 METO/iB
JIO3YBaHHSI PiIUH.

II1. ITOCTIMHE TA KBA3IIIOCTIMHE JIO3YBAHHS

BupoOHuui  mpomecu, sKi  MalwTh  CIpaBy 3
Oe3mepepBHUM BUTOTOBJICHHSIM a00 OOpOOKOIO YOroch B
OCHOBHOMY BHUMAraloTh IOCTIHHOTO IOJaBaHHSA PI3HUX
XIMIYHUX PEUYOBUH, TAKHUX SIK KUCIIOTH, JIYTH, OapBHHKH,
apoMaTHYHI PEYOBHHU, (DIIOKYIISTHTH .

PimkicHi Ta aykxe Jopori Mojemi J03YBaJIBHUX HACOCIB
MOXXYTh TIOJABaTH pIiIUHY JificHo OesmepepBHo [1].

Binpuricte CTaHAAPTHUX HACOCIB JIO3YBaHHS MOXYTh
MoJaBaTH PCUYOBMHHU HE OC3MEepepBHO, a MOPIHsAMH. Y
MeXaxX CeKyHJM Tofaya piIuHH TIIO0Ka3ye 3HauHi
konuBaHHs. O/IHAK i KOJMBAHHS OJHOPIIHI 1 PIBHOMIpHI 1
TOMY TPOTSTOM TPHBAJIOTO MEPIOAY Yacy cepeiHs Iojaava
piAMHM NO3yBaJBHMM HAacOCOM IMparHe KoHcTaHTu. [lis
TUX TPOIECIB, JIe¢ Yac BUPOOHHITBA (00pOOKM) 00'€KkTa
TPUBA€E BiJ KUIBKOX XBWIMH JO KUIBKOX TOIWH, 3MiHa
MojIavi peareHTy HaCOCOM JIO3YBAaHHS B MEXaX CEKYHIH He
Ma€ HisIKOro 3HAYEHHSI.

Ha puc.l mnpuBeneHwii mpuknaj TMOCTIHHOTO Ta
KBa3iMOCTIMHOTO J03yBaHHsA. TyT moka3aHo 3 BapiaHTH
nojavi peareHry. 3iBa II0Ka3aHO TOCTIHHE JT03YBaHHS 3
OesnepepBHOIO mmBHAKicTIO. [lo meHTpy Ta mpaBopyd
MoKazaHa Iofaya pPIAMHKM TOpUisiMH  (OCHMIIbOBaHA
nopaya). IMImynecH y BapiaHTi "o 1eHTpy" MaoTh GopMy
NPSIMOKYTHHKA. IMIynbcu y BapiaHTi "mpaBopyd" MaroTh
cHUHycOimanbHy  GopMy. Skmo mepion  J03yBaHHS
BIIHOCHO BeJIUKHH (OJHA XBHWJIMHA 1 OUIBIIE), BCI 3 METOAU
mojadi € piBHOIIHHMMU. OJHAK IS HEBEIHMKHX TEPiOJiB
J03yBaHHs (KibKa CEKyHI 1 MEHIe) JOIyCTUMa JIHIIe
rojaya peareHTy B Oe3lepepBHOMY peXHMi (BapiaHT

"nmiBopy4").

I/h

1 second _4 1 second _‘ }.., 1 second 4

Puc.1 IlocriiiHe Ta KBa3iNOCTilHE T03yBaHHS

IV. I03YBAHHA TIOPLIIIMUA

[Tpu nopuiliHOMY 103yBaHHI 3aBAAaHHS IOJISITAE B TOMY,
o0 BiAMIpATH 3a7aHuil 00CAT peareHTy Ta J0JaTH Horo
0 BUXITHOI pe4oBUHHU. JIJIA IBOTrO JO3YIOUHMH HAacoc
3a3BHYail MpAIOE TPOTSITOM 3aJaHOr0 Iepiofy dYacy
(Hampuknaa, 3a TaliMepoM) a00 BHKOHYE 3a3Jajeriab
3alaHy KIJBKICTh pOOOYMX TakTiB. IHIIA MOKITUBICTB
MoJsira€ B TOMY, 100 3alOBHUTH OaKk BHXIiJIHOIO
PEYOBHHOIO JI0 HEOOXIAHOTO PiBHSA, a OTIM JJOIATH MEBHY
KUIBKICTh peareHty. SIKIo peareHT Mae OyTH MOJAHO B
CHUCTEMY ]l TUCKOM, BIJKPUTHHA Oak HE MiIXOIHWTH IS
UpOro 3aBraaHHs. Haromicte ciig BUOpaTH J03YrOUMid
MIPUCTPIii, 3JaTHUN TIOAATH PEareHT y CUCTEMY HE3aJIeHKHO
BiJl IPOTUTHCKY.

[Mpuknan no3yBaHHs NOPLISMH MOKa3aHUN HA pUC.2.

[Tpu aBTOMaTHYHOMY pexHuMi poOOTH Tapa 4 MoJaeThCs
Ha BaroBy IuiatdopMy TpaHcmopTepoM 5. Ilicns Toro, sk
Tapa BCTaHOBJICHA HA BaroBy ILIaT(OPMY, BKIIOYAETHCS
NpuBiA 2 KUBWIbHUKA 00'eMHOro npuHnumy aii 1. Ipu
JIOCSITHEHHI  HEoOXiJHOi Baru wMarepialy 3 BaroBoi
IaTGopMu 3 TOAAETHCS KEPYIOUUI CUTHAJ BiIKITFOYECHHS
npuBony 2.

M&MS 2022, 21-22 October, Kharkiv, UKRAINE



Puc.2. Jlo3yBaHHs mopuisiMu

3MEHILIeHHSI JUHAMIYHUX HaBaHTa)KEHb Ha BaroBy
waThopMy BiJl MAJAI0YOr0 MaTepialy BUKOPHUCTOBYIOTH
JIBOIIBUAKICHUH PEXUM pOOOTH >KUBHIbHUKA. Ha mepimiit
cTafii JKUBWIBHUK TIPALIOE 3  JOCHTb  BEJIHKOIO
npoaykTuBHicTIO. [licist Toro, sk Bara marepiaiy J10CsTrae
90-95% Bix 3agaHOr0 3HAYEHHS, CYTTEBO (TIpUOIU3HO B 10
pas3iB) 3MEHIIYIOTH IPOAYKTUBHICTh >KUBHIbHHKA. Llei
TEXHOJIOTIYHUI MPHUHOM JO3BOJISIE MiJBHIIMTH TOYHICTH
JIO3YBaHHs, aje 3HA4YHO 3MEHIIYE MPOXYKTUBHICTh
J103aTOpA.

V. IIPOTTIOPLIVHE JIO3YBAHHSI

[IponopmiliHe M03YBaHHSI MOXE 3aCTOCOBYBATHCh Y
JIBOX THIAX CHCTEM:

1. SIKuIo moTik OCHOBHOI PEYOBHHU MOXKE 3MiHIOBATUCS
NPOTSATOM 4Yacy, TO TMoAaya peareHTy TeX ITOBHHHA
MpoIopLiiHO 3MiHIOBaTHCS. Lle poOUThCS 3a AOMOMOroro
CHTHaJy, IO ympasise. XiMi4HAa peuOBHHA TMOAAETHCS B
iHIIE CEepelOBHIIE TAKUM YHHOM, LIO0 CITiBBiJHOLICHHS
00csITiB 000X PEYOBUH MOCTIHHO OYJI0 MOCTIHHHM.

2. Takox mporopuiliHe JJ03yBaHHS IPAaBHIBHO
3aCTOCOBYBaTH y CHUCTEMax i3 BHUCOKOIO iHepuier. SIKIio
MIX YHNOPCKYBaHHSIM pEareHTy Ta PEakIli€lo MPOXOAUTH
JIOCUTh TpPUBAIWA 4Yac (HampuKiIaj, 4Yepe3 BEJHKY
JNOBXKMHY TpyOOK TOa4i peareHry), TO CHCTEMH,
3aCHOBaHi Ha 3BOPOTHOMY 3B'si3Ky (Hampukman, 3 pH-
JaTYMKaMH 1 aBTOMAaTHYHUMH KOHTpoOJiepaMu) OyIyTh
MOMUWJISTUCS B TMOJadi peareHty. Sk pe3yipraT momada
peareHTy Oyzae Bech 4ac abo TPOXH HAIMIpPHOIO a00 TPOXH
HEJIOCTaTHHOIO.

Ha pwuc.3 mnpuBeneHuit mnpukiany MpoOmoOpIiiHOro
no3yBaHHs. Hacoc fo3yBaHHS OTpUMYE CHUTHal BiX
BHUTpAaTOMipa 1 3aBXAM BHIA€ B JIHIIO IOJadi BOAU
KUJIBKICTh peareHTy MpoHopLiiiHO MOTOKY BOMIH.
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Puc.3. Cxema npucTporo cUcTeMH IPONOPLIiHHOTO
JI03yBaHHS.

VI. IO3YBAHHSA B CUCTEMAX 31 3BOPOTHUM
3B A3KOM
1106 orpumaru Bomy abo iHIIY piAMHY i3 3aJaHUMU

XapaKTePUCTUKAMH, MOXKE 3HAJOOUTHCS JOJATH Pi3HY
KUIBKICTh peareHTy JJsi OMHOIO 1 TOro X 00'eMy Bomu. Y

TaKOMY BHUIMAJKy MPOIOPIIHE M03yBaHHS HE IiIXOIUThH
JUTSI TIPABWJILHOTO PE3YIIbTaTYy.

SIKII0 BJIACTMBOCTI BOAM Ha BXOII B CHCTEMY IOCTIHHO
3MIHIOIOTBCS, CHCTEMa JIO3YBaHHs IMOBHHHA OE3MepepBHO
aHaNI3yBaTH SKICTh BOJAM, MO0 BHU3HAYUTU KUIBKICTH
peareHTy /Ui J0AaBaHHS.

Ha puc.4 npuBeneHuil npukiaja 103yBaHHS B CHCTEMax
31 3BOpOTHIM 3B s13k0M. JlaTunk mepenae iHpopMalito mpo
MMOTOYHUM CKJIaJ BOAM Ha KOHTposep. KonTpomep, cBoero
Yeprorm, 3MIiHIOE TaKTOBY YAaCTOTy pOOOTH Hacoca 4YH
JIOBXKUHY X0y IICTOHA, 100 MOAaTH HEOOXIAHY KiJIBKICT
peareHTy BoO#y.

— > [loTik BOAM 3 3MIHIOIOUMM CKNaaoM E—

y — s (%
JozyBaHHA a Harnk
peareHTy |

]

[LozyeanbHuid

Hacoc

KonTtponep

)

fEMHiCTb 3 peareHToMm
Puc.4. Jlo3yBaHHS B cUCTEMaXx 31 3BOPOTHIM 3B I3KOM.
VII. BATOBE JJO3YBAHHSA

Barose no3yBaHHs moJjsirae y BiqMipIOBaHHI J03aTOpPOM
3aJaHoi [O3W TPOAYKTY 3a Barol0 3a JOMOMOrO0
BaXUIBHUX,  MPYXHHHHX,  €JIEKTPOTEH30METPUYHUX,
IHAYKIIAHUX, TiApaBTiyHUX a00 IHIIMX  BaroBUX
MexaHi3MiB Ta (hacyBaHHS ii B Tapy.

Jlnss  GaraTboX TEXHOJIOTIYHHMX TIPOLECIB  BAXKIMBO
JIOZaBaTH peareHT /sl He ONUHHI0 o00CcATy, aje B
omuuMIo Macu. OgHak Oija B TOMY, IO BUMIPSATH OOCST
(BuTpaTa) pedyoBHMHM HabaraTo mpocriie, HiX Mmacy. Jlis
CepeloBUIL, € CIIBBIIHOIIEHHS MacH Ta o00csTy
MOCTIHHO, BHUKOPHCTOBYIOTH came OO'€éMHE J03yBaHHS
(HanpuKIaa, MPOMOPLIWHUNA METOA [O3YBaHHS), ajKe
Horo Halnpocrinie peaizyBaTH.

Take mocTiliHE CIIBBIIHOIICHHS MacH Ta O0CATY
XapaxkTepHe JUIsl PiJuH.

[Tpu 00poO1i cunKKUX MaTepiaiiB iXHs MIUIEHICT MOXeE
3MIHIOBAaTHUCS. BiAMOBIIHO 3MIHIOETHCS 1 Maca pO3paxyHKY
omuuMIo o0csary. O0'eMHe T03yBaHHSA Y TaKOMY pasi HE
MiIXOMUTh. Y I[bOMY BHIIAAKy HEOOXiMTHO 3BaKyBaTH
KO)KHY OKpeMy TMapTil0 PEYOBHHM Ta [OAaBaTH N0 Hel
NIEBHY KIJIbKICTh pEareHTy.

[Ipuxnaa BaroBoro 103yBaHHS NpUBEAEHUI Ha puc.S.

Y  eMHICTh, BCTaHOBJIEHY Ha BaroBUMIpIOBaJbHIH
wiathopmi 2, 32 JOMOMOrOK >KUBWIBHUKA 3 ITONAETHCS
cunkuii Marepian [2]. CurHan 3 JaTyvka Baru MOAAETHCS
Ha KOHTpoJiep 4 i TOPIBHIOETHCS 13 33/1aHOI0 BEITMYHHOIO.
Komm Bara cumydoro wmarepiany, IO 3HaXOOUTHCS B
€MHOCTI 1, TOCATHE HEOOXiMHOr0 3HAYCHHsS, KOHTponep 4
MO/Ia€ KEPYIOUNil CUTHAJI IPUBOLY )KUBWIILHHKA 3 1 Tofaua
MaTtepiaiy MIPUITUHSETHCSL. [opuis MaTtepiainy
BUBAHTAXXYETHCS 3 €MHOCTI | 1 TIOBTOPIOETBCS omeparis
3BaYKYBaHHSI.
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Puc. 5. Baroe no3yBaHHs

VIII. I03YBAHHS 3A YACOM

Jlo3yBaHHS 3a uYacoM TIONSTaE y  BiAMiproBaHHI
HEOOXiTHOI KiJBKOCTI TPOJYKTY 3a TPUBAIICTIO HOTo
OesrepepBHOI TO/a4i 13 33JaHOI0 IMPOAYKTHUBHICTIO Yy
BEJIMKOrabapuTHY Tapy abo 6e3mocepeIHbO TPaHCITOPTHHI
3aci6. Ilpm 1pomy piBHOMIpHHH Oe3mepepBHUI IOTIK
MPOAYKIIi, IO 3aBaHTaXYEThCS B TakKuX J03aTopax,
CTBOPIOIOTH BIJIOBiJHI BaroBi abo 00'€MHI YKHUBHJIbLHUKH
(cTpiukoBi, OapabaHHI, HACOCHI, TapiTyacTi, NIHEKOBI,
BiOpalliiiHi, aepamiiiti Ta iHmi).

IX. JIO3YBAHHA 3A OBCSTOM

Ilpu nosyBaHHi 3a 0OcsAroM J03aTop BiAMIpIOE 3a
JIOTTOMOTOK0  MIpHOi €MHOCTI, Hacoca, IO JO03Ye, 1
BHUTPATHOT'O JIYHIBHUKA, ITHEKOBOTO a00 1HIIIOTO0 MipHOT'O
MEXaHI3My 103y TPOAYKTY MEBHOro o0'emy i dacye ii B
Tapy [3].

X. JI03YBAHHA 3A PIBHEM

Jlo3yBaHHS 3a piBHEM IIOJATAaE B TOMY, IO Tapa OyIb-
SIKOT MICTKOCTI 3allOBHIOETHCS JI03aTOPOM IO 3aIaHOTO
PiBHSI, IO KOHTPOJIOETHCS BIAMOBIJHUM IIPHCTPOEM
(matunkom). Ilpm  1mBOMY  TOUHICTE  JO3yBaHHS
BU3HAYAETHCS 1JEHTHYHICTIO OOCSTiB CTaHIApTHOI Tapw,
[0 HANOBHIOETHCH, 1 JOCKOHAJICTIO [JaTYMKIB, IO
KOHTPOJIIOIOTh 331aHHii piBeHb HAIIOBHEHHS [4].

[Mpukmnan no3yBaHHs 3a piBHEM NPUBEICHUH Ha pHC.O.

B sxocTi maT4uKy piBHS BUKOPHCTOBYETHCS TaK 3BaHA
0apooraxxna Tpyoka(bT). bapbortaxkHa TpyOKka yTBOPIOE
pasoM 3 (peryibOBaHHUM) JpOCENeM MiTbHHUK THCKY.
[MTHeBmaTnunmii onip BT MmizepHuii, a TOMy IOTH, IOKH
piavHa B Tapi He JocATHE HIKHBOI KpoMku BT, Trck Ha 11
Bxoji (cepeaHiit Touli ainbHUKA) aopiBHIOE 0. Sk TiTbKH
piBeHb piamHM qocsirHe HWKHBOI Kpomku BT, Thck Ha ii
BXO/AI TOYHe 3pocraTd. [licMimioBaY 3  BHCOKUM
Koe(illieHTOM ITOCHJICHHS TIEPETBOPIOE IIEi THCK Ha THCK,
JIOCTAaTHIA JIsl CHpalbOBYBaHHS €JIEMEHTIB KEpyH4oro
npuctporo. bapOoraxnHa TpyOka € Iy)Ke HaIidHUM
JIATYMKOM DIBHS, OCKIIBKM BOHA BECh 4ac IPOAYBAETHCS
TIOBITPSIM, 1 piJiHA, IO J03YEThCs, He noTtparuisie B bT.

Apocens  Migounoeay

.
e CuvrHan npo
AODCATHEHHA PIBHA

=— PigwWHa

Puc.6. Jlo3yBanHs 3a piBHEM

SIK TITbKM 1030BaHA PiIUHA IMiTHIMETHCS BHIIEC HIKHBOT
kpomku BT ©Ha 2-3 MM B.CT., CHOpaioe NpHUCTPii
YIIPaBJIiHHS CUCTEMOIO NO3YBaHHSI, 1 HAIWB piauHH Oyne
npunuHenui. Ll mpocra cxema BUMIpDIOBaHHS piBHS
HaJIUBY J03BOJISIE CHCTEMI JT03YBAaTH PiJMHU 32 PIBHEM i3
TouHicTro Buie 0,5%.

XI. KOMBIHOBAHE JIO3YBAHHS

Kom0OiHOBaHe m03yBaHHA TONSITa€ B TOMY, IO
(opMyBaHHs HEOOXIHOI MOPIIi MPOXYKTY 3MIHCHIOETHCS B
JI03aTOpi  JIEKUIBKOMa 3 IIepepaxoBaHUX  CIOCOOIB.
Hampukian, ocHOBHa 4YacTMHA TOPIHI  BiIMIpSETHCS
00'eMHHUM JI03yBaHHSM, a MOTIM IIPOBOAUTHCS 11 JOCHITAHHS
3a Baroro 3a1aHOI BETMYHHH.

Binpmricte BHUPOOHHKIB JI03yBaJIbHUX HacociB
OpIEHTYIOTbCS Ha TIOCTIHHE JO3yBaHHs, IPOIOpLiiiHe
JIO3YBaHHsI Ta J03YBaHHS i3 3BOPOTHUM 3B'S3KOM. 3aJIEKHO
BiJl OCOOJIMBOCTEH IMpollecy 3py4Hillle 3aCTOCOBYBATH OJIMH
13 IUX TPHOX METOMIB:

— HaWmpocTimMM Yy peamizamii BHIVISIA€  METO[
MOCTIHHOTO J03yBaHHA. BiH Xopommi, SIKIIO BJIACTUBOCTI
00po0ITI0BaHOI piavHM Ta ii MOTIK MOCTIiHHI;

— SIKIIO BJIACTUBOCTI PIAMHM 3aJIMIIAIOTHCS HE3MIHHUMH,
aJjie TOTiK 3MIHIOEThCS, CJTiJi BAKOPUCTOBYBATH MPOIOpLiiiHe
JI03YBaHHS;

— SKIIO MOXE 3MIHIOBATUCS SK TOTIK PITWHHU, Tak 1 ii
BJIACTHBOCTI, TO Ha JOIOMOrY TIPHUXOAATh CHCTEMH
JIO3YBaHHSI 13 3BOPOTHHUM 3B'SI3KOM.

[opuitine  Ta  BaroBe  J103YBaHHS
aBTOMAaTU3yBaTH:

— TOpILiiiHE 103yBaHHS BHUKOPUCTOBYIOTH Y BHIIQJIKaX,
KOJIM BHXiJHA PEUOBMHA HE MOJAETHCS Oe3lepepBHO, a
00pobusieTbest piBHMMHU "mopuisimu”. [Ipu mosiBi HOBOT
Nopuii BUXIAHOI PEYOBHMHM HACOC JIO3YBAHHS ITOBHHEH
BUJIATH 3a3/aJIETib MEBHY /103y PEareHTy 3a JOMOMOTrO0
TaiiMepa a00 JIYMIbHUKA TAKTiB;

— BaroBe JI03YBAaHHS BUKOPUCTOBYETHCS Uil TOTOKY
CEpPEIOBHUIIL 31 3MIHHOO I'yCTUHOIO.

XII. BUCHOBKHA

CKJIaHIIIE

KinbkicTe 00poOIIOBaHHX JleTajel JyKe BaKJIHBa, Tak
SK 1l BIUIMBAE Ha SAKICTh 1OCTOOpoOKku. Ilapwu
LIUPKYITIOIOTH B 3aKPUTiH €EMHOCTI, IO Ja€ 3MOT'Y MTOCTIHHO
BIUIMBATH Ha 3arOTOBKY. 3HAIOYM KiJBKICTh JETajiel, I0
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moTpiOHO 00poOUTH Ta iX PO3MIPH, TO3BOJSIE IOJATH
BipHY 103y 00poOroBaHoi pedoBUHH. Tomy edeKkTHBHUM
Cmoco0OM JO3YBaHHS PIiMMHH € BaroBe J03yBaHHA. 3a
JIOMIOMOTOI0 ~ I[bOTO  CMOCcO0y  MOKHa — 3a0e3MmeuuTH
TePMETHYHICTh TPOIIECY.

TIEPEJIIK TTIOCUJIAHB

[1] Metonu no3yBanHs pinuH [Exexrponnuii pecypc] —
Pexum JIOCTYIIY:
https://wiki.tntu.edu.ua/%D0%9C%D0%B5%D1%82%D0
%BE%D0%B4%D0%B8_%D0%B4%D0%BE%D0%B7
%D1%83%D0%B2%D0%B0%D0%BD%D0%BD%D1%
8F %D1%80%D1%96%D0%B4%D0%B8%D0%BD

[2]  OcHoBHi  cmocoOm  BaroBoro  J03yBaHHS
[EnexTponHuit pecypc] - Pexum JIOCTYIIY:
https://studme.org/143344/tehnika/osnovnye_sposoby ves
ovogo_dozirovaniya

[3] XapakTepucThka METOIIB MO3yBaHHSA Ta CIOCOOIB
¢acyBanHs pinkoi mponykuii. [EmextpoHHuii pecypc] —
Pexum JIOCTYIIY:
https://studfile.net/preview/8807010/page:3/

[4] Mpuaoun no3yBaHHs 3a piBHeM [EneKTpoHHMI
pecypc] — Pexum pocrymy: https://flexmash.com/chto-
takoe-dozator/
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Po3po6ieHHs 00pTOBO1 OaraTo30HOBOI CUCTEMMU
KOMII FOT€PHOT0 30y 13 QYHKIISIMHU PO3I13HaABaHHA Ta
1meHTU(IKAI]

Onexkcanap KaHJIiHl, Onexkcanap I_II/IM6aJ12

1. Kadenpa KITAM, Xapkiscoknii Harionansauii Yaisepcurer Pamioenexrponikn, YKPATHA,
Xapkis, npocrekt Hayku 14., e-mail: oleksandr.kaplin@nure.ua

2. Kaenpa KITAM, Xapkisceknii Harionansauii Yaisepcurer Pamioenexrponikn, YKPATHA,
XapkiB, npocriekt Hayku 14., e-mail: oleksandr.tsymbal@nure.ua

Anomauia: y na"ii poOOTI PO3MIITHYTO iCHYIOUI CHCTEMH
KOMIT'FOTepHOro 30py. OOIPYHTOBaHO HEOOXIJIHICTH PO3POOKU
60pTOBOI  6araTO30HOBOI CHCTEMM KOMII IOTEPHOrO 30py i3
(GYHKUISIMHA pO3Mi3HAaBaHHA Ta ifeHTH(IKALi I 3a0e3neyeHHs
Oe3reky B Mpolieci Momryky BuOyxoHeOe3meuHux o0’ekTiB. Ll
cucTeMa Oyne po3mi3HaBaTH Ta inenTudikyBaTH
BUOYXOHEOe3IeuHi 00’ €KTH.

Kniouosi  cnosa: xomm’rorepHuii  3ip,  po3mi3HaBaHH,
inenTudikaris, 6araTo30HOBa, CUCTEMA.

Bsenenns

B Hami nHI JmrOAMHA HaMaraeTbesi aBTOMATHU3YBaTH SIK
3Mora OUTbIllE TMPOLECIB MPU BHKOHAHHI PI3HOIO POAY
poGit. Ile 3yMoBIIeHO TUM, IO € poOoTa sKa MOTpeOye
JIy’Ke BEJTMKOI TOYHOCTI abo B3aralli € HeOe3meuHor. J{is
KOKHOI CHCTEMM aBTOMAaTH3allii HeOOXiAHI KOMITOHEHTH,
sKi OynyTh HajgaBaTH 1H(OPMAILIIO 100 HABKOJIMIIHBOTO
cepeoBuIIa. IX icHye myske Bennka KinbkicTh. Hanmpukian
kamepu. Kamepu 10BOJI 4YacTo BHKOPHCTOBYIOTHCS B
cUcTeMax aBTOMaTH3amili Uil OTpUMaHHs iHpopMmaiii 3
HaBKOJMIIHBOTO cepenoBumia. Jlo mpukmagiB MoxHa
BIIHECTH BIHCHKOBI JPOHH, SKi OOJaJHAHI KaMepaMu 3a
JIOTTOMOT OO SIKUX POOJIATHCS 3HIMKH BOpOXKUX mo3miid. 11i
JIPOHM HANAIOTh MOXJIMBICTH JIOJWHI JAMCTaHIIHHO
pOOMTH 3HIMKH 1 KpiM IBOI'O JIFOJUHA 3HAXOJUTHCS B
Oesmeri. Hapasi B Vkpaini TpuBae BiliHa 1 micis i
3aBepIIeHHs Oyae BeaHKa KiTbKICTh CHApSOiB, pakeT Ta
iHIIMX BUOYXOHEOe3NeYyHuX 00’ €KTIB, sIKi He po3ipBayiucs i
ix HeoOXimHO Oynme posminyBatu. IIpomec ix momyky Tta
pO3MiHyBaHHsA Iy)Ke HeOe3lMeyHui 1 caMe TOMY IIeH
npolec HeoOXiTHO aBTOMAaTU3yBaTH T4 BUKOPHCTOBYBATH
MOOIJTbHY IEepeCyBHY ILIATGOPMY 3a JOMOMOIOI SKOI
MOXXHa BUKOHYBATH IOIIYK BHOYXOHEOE3IEYHUX 00’ EKTIB
mucraniiino. Ils miardopma mMoxe Oynme oOsamHaHa
CHCTEMOIO KOMIT'IOTEPHOT0 30pYy, SIka B CBOIO Uepry i Oyne
BUSIBIATH  BHOyXoHeOesmeuHi o00’ekru. lle 3moxe
3MEHILUTH PH3HKH B nporeci MOIIYKY
BUOYXOHeOe3NeYHNX 00’ €KTIB 1 30eperTu He OHE JKUTTSI.

II. Komm’toTepuuii 3ip

Komm’toTepHuii 3ip - Iie Taly3b IITYYHOTO IHTEINICKTY,
IIOB’53aHa 3 aHATi30M, KiIacu(iKallie i po3Ii3HABAHHSIM
300pakeHsb 1 Bigeo [1].

Jlo 3aBoaHb KOMIT'FOTEPHOTO 30py MOXKHa BimHecTu [2]:
- posmizHaBaHHSI — OfHEe 3 0a30BUX Ta MEPIIOPSTHUX
3aBJaHb y 00poOImi 300pakeHb, KOMITIOTEPHOMY Ta
MallIMHHOMY 30py. BoOHO momomarae KiacH(ikyBaTH i
ineHTH(ikyBaTH 00'€KTH, IO XapaKTEPU3YIOThCS HEBHUM
Ha0OpOM BIIACTHBOCTEH Ta O3HAK.

- BIJHOBJICHHS 300pa)Ke€Hb — I BHIAJCHHS WIYMY 3
BUKOPHCTaHHIM PI3HUX METO[IB, HANPUKIIA, PO3MUTTS 32
JIOTTIOMOT 00 (IIBTPIB HA OCHOBI MAIIMHHOTO HAaBYAHHS
(UIym aTymka, pO3MUTICTh PyXOMOTO 00'€KTa 1 T. 1.).

- aHali3 pyxy - 3aBJiaHHS BHUKOPHCTOBYE KOMII'TOTEPHUI
3ip /JIs1 OLIHKM IIBUAKOCTI pyXy 00'ekTiB y Bimeo. Takox
3aCTOCOBYETHCS [UIsl OLIHKH PYXiB, y SIKUX TOCIIIOBHICT
BiJICOaHUX OOPOOJIAETHCS U 3HAXOMKECHHS IIBHIKOCTI
KOXKHOT TOYKH 300paxkeHHs uu 3D cueHn.

- BIZIHOBJICHHS YU PEKOHCTPYKI[Sl CLIEHH — JIONOMArae
BiITBOPUTH TPUBHMIpPHY MOJEJb 300pakeHHs1 a00 CLIEHH,
IO BBOAWTHCA 3a JIONOMOTOK 300pakeHb YU BiZ€O.
Hajtuactime  Moiemio  CIyXHTh  Ha0ip  TOYOK
TPUBUMIPHOTO TIPOCTOPY.

- 00po0Oka Ta aHai3 300pa)KeHHs — 3aBIaHHs 30CEPEIKEHO
Ha TIepeTBOpeHHs onxHoro 2D-300paxkeHHs B iHIIE.
PeaizyeTbest 32 1OMTOMOTOIO TIKCENBHUX ONEpalliid, TAKHX
SIK M1 IBUIIICHHS KOHTPACTHOCTI a00 MOBOPOT 300paKCHHS.
- BHCOKOpiBHeBa 00poOKa — HEBENWKHHA Hallp JaHUX.
BoHa BuKOpPHCTOBYE Ppi3HI METOOM JJIsl BHIYYEHHS
iHpopMaIlii 3 CUTHaNIB B LIJIOMY, HAalpHKiaJ, Ha0ip TOUOK
a0o JisIHKa 300payKeHHs], B IKOMY IMOBIPHO 3HaXOUThCS
TIeBHUI 00'€KT, 110 I[IKaBUTh YaCTHHA JIAHUX.

Jis Toro, mo0 cucTeMa KOMIT FOTEpPHOTO 30py Maja
3MOI'y pO3IMi3HAaBaTH BHOYXOHEOE3NMeYHi 00 €KTH BOHA
BUKODHCTOBYE QJITOPUTMH HAa OCHOBI  MAIIMHHOTO
HaBYaHHA. B cBolo uepry, mo0 HAaBYUTH aJTOPUTMH
po3Mi3HABaTH OO0’€KTH HEOOXIAHO BHKOPHCTOBYBATH
HaOOpH PO3MIYEHMX [JaHUX — JaTaceTd. BOHM MICTATh
BIIMIHHOCTI oxHOro o0’exry Bij iHmmoro. Ciij 3ayBaskHTH,
II0 TOYHICTh PO3IMi3HABaHHA Ta incHTH(DIKAIi 00’ €KTIB
3aJIOKUTh Bif po3Mipy mdatacety. Yum Oinmbie 00’em
JlaTacery, TUM TOYHIIIE MPAIOE CUCTEMa KOMIT FOTCPHOTO
30py.

I[Iporiec moryky 00’€KTIB Ha 300paXKeHHI CKIAIacThCs 3
TPhOX €TamiB, a caMe, pPO3ITi3HaBaHHA, iNCHTHDIKAIIS,
(hopMyBaHHSI IECKPUNITOPIB VTSI 00’ €KTIB CIICHH.

PosmizHaBaHHA — Tmpomec PO3MITKH CIEHH, IO
MIPEJCTABIAE COOOI MPOCKINI TPUBHMIPHOIO POOOYOrO
npocropy IIP Ha mmiommHy 00'€KTHBA, PEECTPYIHOUYOTO
npuctporo — 1HUdpoBy Kamepy abo yIbTPa3BYKOBOL
Moayinb [3].

Inentudikanii 00'ekTiB — Tpolec TiCHO MOB'sI3aHUN 3
pO3Mi3HABaHHAM, IO TOJIrae B 00'€qHAHHI BCi€l
orpumanoi iHQopmarii BiZ Tpolecy po3Mi3HABaHHS B
€IMHE I1iJIe 3 MeToro KiacudikyBaTu 00'exT [3].

@iHanbHUM eTaroM pO3Mi3HaBaHHsS 00 €KTIB € IMpPOIEC
(GhopMyBaHHS  JECKPUNTOPIB IS OO0 €KTIB  CIICHH.
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JIeCKpUNTOPH B CBOIO YEpry SIBIISIOTH COOOK CTPYKTYPY,
sIKa OITMCY€ BIIACTUBOCTI 00’ €KTa.

II. CucteMu KOMIT' FOTEPHOTO 30py

MeToauku KOMIT FOTEPHOTO 30py aKTUBHO
BUKOPHUCTOBYIOTHCS [UIS PO3POOKH CUCTEM KOMIT FOTEPHOTO
30py. J10 TAKMX CHCTEM MO)KHA BiJTHECTH:

- CUCTEMHU TPU3HAYCHI IS KepYBaHHS MPOIECAMU;

- CUCTEMU TPU3HAYCHI IS BiI€OCIIOCTEPEIKCHHS,

- CHCTEMHU TPU3HAYCHI I 0OPOOKH Ta CHCTeMaTh3aIii
iHpopMarii;

- CHCTEMHU JIJIs1 MOJIEIOBAHHS 00’ €KTIB;

- CHCTEMU MOJICITIOBAaHHS aHTPOIIOMAIIIMHHOI B3a€MOII.

Cucremu KOMIT FOTEPHOTO 30py ChOTOJTHI
BUKOPHUCTOBYETBCSI Yy PI3HUX cdepax HaIIoro JKUTTH,
30Kkpema [4]:

- aBTOHOMHI TPaHCIOPTHI 3aCO0H;

- TIepeBipKa SIKOCTI TIPOILYKIIT;

- po3piOHa TOPTIBIIS;

- Me/IMYHa Bi3yasi3allis;

- IpoMaJichKa Oe3IeKa;

- BifiCbKOBa CIipaga.

ABTOHOMHI TPaHCIIOPTHI 3acoou. Meronu
KOMIT FOTEPHOT'O 30py aKTHBHO BHKOPUCTOBYIOTHCS Y
0e3MmioTHUX ~ aBTOMOOUISIX.  besminotHi  aBTOMOOLT
OCHAIleHI OJIHOI0 4YM JIEKiIbKOMa KaMmepaMHu 3 KOMXHOL
cTopoHU aBTiBKH. KoxkHa kamepa repenae 300paskeHHs 10
LEHTPAIFHOTO TIpollecopa aBTIBKH, SIKMH 00poOiIsie
300paKeHHs 3 KaMep BHUKOPHUCTOBYIOUM  METOIH
KOMIT FOTEpPHOT'O 30py Ta Ha OCHOBI PE3YJIbTATIiB 0OPOOKH
300pakeHb Kepye aBTiBKOIO. [IpuKiamoM Takoi aBTiBKH
Moxke Oytu Tesla. Kpim 6e3miIoTHUX aBTOMOOLTIB, METOU
KOMIT FOTEPHOTO 30pY BHKOPUCTOBYIOTbCS y CHCTEMax
aBTONAPKYBaHHS Ta KpYi3-KOHTpomto. [IpuHimn poGoru
TaKUi camMui, sIK 1 y Oe3miIoTHHX aBTOMOOLTIB. Tinbku
KaMep MEHILe i caMi CHCTeMH MpOCTimi i 0e3 BOist Bce
OJHO He OOIlWTHCh, HAa BiAMIHY BiJ OE3MIJIOTHOTO
aBTOMOOLIISL.

IlepeBipka sxocti mpoxmykuii. Ha  Oymb-sikomy
BUPOOHMITBI iCHYE TPOLEC MEPEBIPKU SKOCTI MPOTYKIIi.
Jns  Toro, o0 aBTOMaTM3yBaTH ILed  Mpolec
BUKOPHCTOBYIOTBCSI CHUCTEMI BIi3yaJIbHOrO OIJISIy Ha
OCHOBI IITYYHOro iHTENEKTy. Bi3yanbpHa mepeBipka Ha
OCHOBI IITYYHOTO IHTENEKTY Iepeadadyac BUKOPUCTAHHS
MAIIMHHOTO HaBYaHHS JUI aBTOMATHYHOI TEPEBIPKH
SKOCTI ~MPOAYKHii [UIIXOM aHamizy 300paxkeHp 1
BimeomaHux. TexHoOmoOrii MmMTY4YHOrO IHTEIEKTY Ta
KOMIT'FOTEPHOTO ~ 30py  MO3BOJISIOTH  BHPOOHUKAM
aBTOMAaTU3yBaTH  BHSBJICHHS  Je(EKTiB  MPOIYKIIii,
3a0MaJDKYIOYM Yac 1 Tpoll, MOKPalIyloYd KOHTPOJIb
sikoCTi [5].

Po3npibna Toprieis. CHCTEMH KOMIT FOTEPHOTO 30py B
uiit cepi BUKOPUCTOBYIOTHCS JUIS MEPEBIPKA aKTHBHOCTI
KiieHTiB. KpiM IIbOr0 CHCTEMH KOMIT IOTEPHOIO 30py Ha
OCHOBI IITYYHOTO IHTENEKTY MOXYTh 1AeHTH(IKyBaTH
HE3aJ0BOJICHUX MOKYIII[IB a00 BITATH MOCTIHHUX KIIEHTIB.
Ie TakoX MOXE CIIPHUATH MPOrpaMi YTPUMAaHHs KIIIEHTIB.
3aBlaHHsl CHCTEM KOMIT FOTEPHOTO 30pY B pO3/piOHii
TOPTiBII ~ TakOX  BKIIOYAIOTH  OMIHKY  CTparerid
PO3MIIIIEHHS TOBApIiB 1 BiACTEXKEHHS 3amaciB. Taki riraHTu
€JIEKTPOHHOI KOMepIlii, Sk Amazon, TakoX MacoBO

BIPOBA/DKYIOTh TEXHOJIOTIKO Bi3yaJdbHOTO MOIIYKY JUIS
MOKa3y A00pe ONTUMI30BaHOT'O BMICTY.

Menuyna Bi3yamizamis. Kiacudikamiss 300paxeHs i
BUSBJICHHSA INAOJIOHIB JIGKaTh B OCHOBI MEIUYHHX
MPOrPaMHUX CHCTEM. BOHH JONMOMAararTh JIKapsaM Y
JIarHOCTUIIl HEOE3MEeYHUX CTaHiB. 3HAYHHH MPOPHB Y
KOMIT'IOTEPHOMY  30pi TaKOXK JTO3BOJISIE Ham
BHUKOPHCTOBYBATHU JIaHI MEIUYHHUX 300pakeHb. 3a OCTAaHHI
KUJIbKa POKIB CIIOCTEPIraeThCs 3POCTAHHS 3aCTOCYBaHHS
METOIB KOMI'IOTEPHOr'0 30py IO CTATHYHHX MEIUYHHX
300paxkeHb. PeHTreHomnoris, marouoris ta o(TaabMOJIOTis
CTaJldi OCHOBHMMH HAIPSAMKaMH B SKHX 3aCTOCOBYIOTHCS
METOAM KOMIT FOTepHOro 30py. [IpukiamoM Takoi cucteMu
moxe Oytu InnerEye Bim Microsoft. InnerEye — mue
JocimHuIbkui mpoekt Big Microsoft Health Futures,
SIKUA BUKOPUCTOBYE CYYacHY TEXHOJIOTIK0 MAIIMHHOTO
HaBYaHHS JJIsl CTBOPEHHS iIHHOBALIHHUX 1HCTPYMEHTIB JUIS
aBTOMATUYHOTO  KUIBKICHOTO  aHali3y  TPHUBUMIPHHX
MenuuHuX 300paxkeHp [6]. InnerEye BuxopucroBye
TPUBHUMIPHI PaiofoOriuHi 300payKeHHs, TOCTYIHI I BCiX
MEIMYHHUX YCTaHOB.

I'pomanceka Oesneka. BusiBieHHs Ta po3mi3HaBaHHS
oMUYt € OJHMMH 3 HaWICKPaBIIMX IPHKIAJIIB
BUKOPHUCTAHHSA METOJIIB KOMIT IOTEPHOT O 30py.
PosmizHaBaHHs 0OJMUYb 3 BUKOPHCTAHHSIM  METOIIB
KOMIT'FOTEPHOIO 30py MOXKE BHABIATH Ta 3amodiratu
3JI04MHAM. AJTOPUTM KOMIT IOTEPHOTO 30py JOIOMarae
3adikcyBaTH OOJMYYS Ta HAIICIATH HOTO B CHUCTEMY IS
MOJANBIIOro aHamizy. [loeqHaHHSA alrOPUTMIB aHATI3y Ta
pO3Mi3HABaHHSA — 1€ T€, 10 ()aKTHYHO CTAHOBUTH CUCTEMY
po3ITiZHaBaHHS 00JINYb.

BiiicbkoBa  cmpaBa.  BIliCbKOBI  Oy)Ke  aKTUBHO
BUKOPHUCTOBYIOTh CHCTEMH KOMIT FOTCPHOTO 30Dy  JUIS
BUKOHAHHS PI3HOMAHITHUX 3amad. Hampukiaa BUSBICHHS
TPAHCIIOPTHUX 3ac00iB, BOPOXKHX conaTiB. KpiMm 1p0ro
METOM  KOMIT FOTEPHOTO 30pY BHKOPHUCTOBYIOTHCSI B
CHCTeMaX HaBeACHHS pakeT. Taka cucreMa HaBEACHHS MOXKE
MpAIfOBaTH HACTYITHUM YHWHOM. Pakera jocsrae TEBHOI
obnacti 0e3 BUKOPHCTAHHS CUCTEMH KOMIT FOTEPHOTO 30DY.
[Ticnsa mepeTrHy MOMeEpeaHbO 3aJaHOI 00JAcTi AaKTHBYETHCS
CHCTEMa HABEICHHS PAKETH, KA BUKOPHCTOBYIOUH METOIM
KOMIT TOTEPHOT0 30pY BUKOHY€E HABEICHHS Ha IIiIb.

lle omHWM TNPHKIANOM 3aCTOCYBaHHSIM CHUCTEM
KOMIT'IOTEPHOTO 30py MO)Ke OyTH OE3MMITOTHUH ITiTaabHHUH
amapar. be3minoTHI JiTajdbHI  amapaTH, SKi - OCHAIIEHI
CHCTEMOIO KOMIT FOTEPHOr0 30pY MOXKYTh BUKOHYBATH Pi3Hi
3ajadi. JliTanbHUIA anapaT MO)KE€ BUKOPHUCTOBYBATH KaMEpH
UL pO3BimKW.  [HOIMM ~ BapiaHTOM  BHUKOPHCTAHHSI
OC3MUJIOTHOrO JITAIBHOIO amapaty MoKe OYTH TOMIyK Ta
3HUINCHHS Bopora. Taki JIiTajbHI amapaTd MPaIOTh 3a
MIPUHIIATIOM PAKeT, SKUH HABEIICHO BHIIIC.

KpiMm 1p0ro cuCTeMH KOMIT FOTEPHOTO  30pY
MOXYTh BHCTYIAaTH y POl JOINOMDKHOI  CHCTEMHU.
[MpukiagoM Takoi CHCTEMH MOXKE OYTH IIIOJIOM TIJIOTa
BilicbKOBOro Jitaka. Taki MIOJIOMH JJOIOMararTh JIETiie Ta
TOYHIIIC TPHIIITIOBATHCS a00 CIIOBIIIYIOTh IIJIOTA TPO
HeOe3IeKy.

[II. ITporpamua peamnizaiiss 60pTOBOi
0araTo30HOBOT CUCTEMHU KOMIT FOTEPHOTO 30Py

Jnst peanmizanii mporpaMHoi 4acTHHU OOpTOBOI Oararo
30HOBOI CHCTEMH KOMIT FOTEPHOTO 30pYy i3 (QYHKLIIMHU
posmizHaBaHHS Ta  ifgeHTudikamii Oyno  BHUpIIEHO
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BHUKOpucTOBYBatH 0i0i0TeKy OpenCV 4. OpenCV — 1€
6i0iioTeka 3 BIIKPUTHM KOJOM, SKHH BKIIIOYae B ceOe
JIeKiTbKa COTEHb aJITOPUTMIB KOMIT I0TepHOTro 30py [7]. s
0i0yioTeKa Halae Ay)Ke BEIUKY KiJIbKICTh MOMIIUBOCTEH.
Jlo OCHOBHHMX MOXKIHUBOCTEH IIi€i OIOMOTEKH MOXKHA
BITHECTH TaKi, SK KaJpyBaHHSI, 3MiHA PO3MIpY
300pa)KeHHs, TOBOPOT  300pa)KCHHs,  IepeBEICHHs
KOJIbOPOBOT'O 300pakeHHS B 4YOpHO-Oie abo rpamamii
ciporo, PO3MUTTS, 3rIIaHKyBaHHS, MaJFOBaHHS
MPSIMOKYTHHKIB 1 JIiHiH, HAIIMCAHHS TEKCTY Ha 300pa)KeHHI
1 po3mi3HaBaHHS 00’ E€KTIB.

Jlns  HamumcaHHS — TIpOrpaMHOrO  Komy — Oyne
BHUKOPHCTOBYBaTHCs MOBa mporpamyBanus Python 3. Ilio
MOBY IPOrpaMyBaHHs O0yJ10 00paHO 3 HACTYITHHUX IPUYNH:

- 1 MOBa JOBOJII TPOCTAa JJI PO3YMIHHA 1 3HAYHO
CHPOMILYE TPOLIEC PO3POOKH;

- [l MOBa MPOTrPaMyBaHHS AKTHBHO BHKOPHUCTOBYETHCS
Ui MalmMHHOrO  HapyaHHa.  Jna  wmiei  MoBH
MIpOrpaMyBaHHs yYCHYE NY)KE BEJIHKa KUIbKICTh 0i0IioTeK
JUTSE pOOOTH 13 MAIIMHHUM HABYaHHSM.

- python moBoJdi momyNsApHA MOBa MPOrpaMyBaHHSI i
TOMY iCHY€ JY)K€ BEJIUKA KIJTbKICTh KHHI Ta ITyONIliKaIlii
13 BUPILIIEHHS Pi3HOTO POy 3a/1ay.

[Iporpamue 3abe3neueHHs Oye MparoBaTH HACTYITHUM
yuHoM. OrepaTop Kepye MOOiIIbHOI MardopMoro i Ha
eKpaHi 0aunTh 300pa)KeHHs 13 KaMepw, sIka po3TalloBaHa
criepeny rnepecyBHoI mwiardopmu. Yci kKaMepH NepeaatoTh
300pa)keHHs Ha aHalli3 o0uucoBaIbHOMY Osoky. 11{o0 He
NepeHaBaHTa)XyBaTH OllepaTropa KilbKoMa 300paKeHHIMH,
Ha JUCIUICH MOHITOPY Oyne BHUBOIUTUCA 300paKCHHS
JUIIE 3 KaMepH, SKa 3HaXOOUThCS CIepeay MOOLIBHOT
wiathopmMu. Yci iHmI kKamepu poOoTarTh y (OHi.
OrnepaTop 3MOXKE MEPEKIIIOYaTHC MK KamepaMu. SIKIo
Oynp-sika Kamepa po3mi3Haia Ta  ifeHTHdikyBaia
migo3pinuii 00’€KT, TO Ha JucIUiei omeparopa Oyxae
MOBIZIOMJIEHHS. ~ TIPO 1€, IIOTIM  3aIpONOHOBaHO
MePEeKITIOUNTHCS Ha Kamepy, ska 3Haluuia o00’ekT abo
3QIMIINTHCA Ha TOTO4HIW. Ha 300pakeHHi 3 Kamepu
migo3pinuii  00’ekr  Oydae OOBemeHO JUIA  aHami3y
OIlepaToOpoOM 1 TICIS YOro ONepaTop 3MOXKE 3pPOOHTH
BHCHOBOK, II[0 POOHTH.

IV. Anaparna peanizairisi 60pToBOT
0araTo30HOBO1 CUCTEMHU KOMIT FOTEPHOTO 30Py

Jnst  amapaTHOi  peanmizamii  CHCTEMH  IUTaHYETHCS
BUKOPHCTOBYBATH JI€KiIbKa HEBEJIMYKUX KaMep, KOXKHa C
SKUX OyJe MOKPHBATH IIEBHY 30HY HAaBKOJIO O0’€KTy Ha
SKOMY  pO3TallOByeThcsi — cucreMa. lle  pimeHHs
00yMOBJIEHO THM, IO KaMmepH, SKi MaroTh KyT OIJISAY
TPUCTa IICTAECAT IPaayCiB JOPOXKYI HIXK ACKUIbKA OUIBII
npoctux kamep. KpiM nporo Ttpeba B3ATH A0 YBaru
MOIYJIBHICTB. SIKIIO BUiize 3 JIaay oJHa Kamepa, HO 00’ €KT
He Oyme MaTH MOXJIMBOCTI pO3Mi3HaBaTH OO0 €KTH 1
BUKOHYBaTH po0OTy. Y BUMAJKY i3 AEKiJIbKOMa KaMepaMHy,
cucTeMa TpoAOBXKUTH (yHKIionyBatu. Ciij Iie aonaTw,
IO 3 TOYKH 30py BHUTPAT HA MIATPUMKY CHUCTEMH OyIe
JIeleBIIe 3aMIHUTH OAWH YU JEKiJIbKa MOIYIIB KaMep HiX
3aMiHa ofiHOro jJoporo moxayis. Llei daxrop Tex moBodi
Ba)XJTUBHH 1 HOro HEOOXiTHO BPaXxOBYBAaTH.

CrpykTypHa cxeMa OOpTOBOi 0arato 30HOBOi CHCTEMHU
KOMIT FOTEpPHOTO 30py i3 (YHKISIMA pO3IMi3HABaHHS Ta
imentudikarii (Puc.1) ckmagaeTscst 3 KOPIyCy Ha SKOMY

postamioBani 5 kamep. Koxna kamepa, a came K1, K2, K3,
K4, K5, nokpuBae neBHy 30Hy HaBKOJIO IPUCTPOIO.

Hopayc. -~
K1

-3 B

Puc.1. CtpykTypHa cxema 60pTOBOi 6araTo 30HOBOI
CHCTEMHU KOMII IOTEPHOTO 30pYy i3 QYHKIIIMU
pO3Mi3HABAHHSA Ta iMCHTU(IKAIT

Bucaosku

OTKe, BUXOISIYU 3 YCHOTO BHIE ONHCAHOTO MOXKHA
CTBEpIDKYBATH, IO pPO3poOKa OOpPTOBOI 0araTO30HOBOI
CHCTEMH  KOMIT'IOTEPHOIO  30py i3  (QYHKUIAMH
posmizHaBaHHS Ta igeHTH(IKamii s 3abe3neueHHs
0e3meKy B IPOIIECi MOIIYKY BUOYXOHEOE3MEUHUX 00’ €KTIB
€ JyXe aKTyalbHOI. BrpoBaKeHHS Ili€l cucTeMu
JIO3BOJIUTH ~ AMCTAHI[IHHO Ha  Oe3meyHid  JicTaHmii
BUKOHYBaTH TOIIYK BHOYXOHEOE3NeUYHNX 00’€KTiB, IO B
CBOIO 4epry 3abe3neuuTh Oe3neky camepy i 30epexe He
OJTHE KUTTI.
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BukopucTaHHs CUCTEM TEXHIYHOT'O 30PYy
B Cy4acCHI1M IPOMMCIIOBOCTI
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Anomauia: B nanomy Matepiani HaBeJEHO aHali3 Cy4acHHX
pillieHb ~ BHKOPHUCTaHHS  CHCTEM  TEXHIYHOrO  30py Y
MPOMHUCIIOBOCTI.

Knirouogi cnosa: Texniunmii 3ip, ceHcop.

I BCTVII

VY cy4acHOMY CBiTi IIUPOKO MOUIMPEHE BUKOPUCTAHHS
00poOKM 300pakeHb Il BHPIIIEHHS PI3HUX 3aBIaHb
aBTOMAaTUYHOT'O KOHTPOJTIO, YIIPABIIiHHS Ta BUMIPIOBAHHSL.

[Ilo6 mnpomwmciioBi pobGOTH Ta iHOI  CHCTEMH
aBToMaTu3alii BUPOOHHITBA LJIECTIPSIMOBAHO
B3a€EMOMISIIM 3 O0'€KTaMM Ta CIOKIHHO pyXauucs Yy
MPOCTOpi, IO OTOYYE BUPOOHMYI JIiHIi, BOHM ITOBHHHI
MaTH MOXJIMBICTh OayWTH Ta aHANI3yBaTH HABKOJMUIIHE
CEepEeNOBHILE.

Le came Te, 13 YMM KOMI'IOTEPHI CHCTEMH 30pY MOXKYTh
JIOTIOMOT'TH.

TexHiuHMH 3ip BKIIOYAE aHANI3 Bi3yasbHOI iH(OpMarii
JUTSI TTOJAJTBIIIOTO YXBAJICHHS PillicHb. [1].

I[I ABOMIPHI TA TPBOXMIPHI TATYUKU
TEXHIYHOI'O 30PY

JIBOMipHI JaTYMKH BUKOPUCTOBYIOTHCS JJIsl BU3SHAUECHHSI
HasIBHOCTI, @ TaKOX PO3MipiB, (JOPMH, pO3TalLIyBaHHS a00
CXEMU PO3MIIIICHHS MIJTLOBUX 00’ €KTIB.

Y cydacHHX KaMepaX BHKOPHCTOBYETbCS METOJ
KaJpoBOoro (hoT03aTBOPY, IO 3a0e3reuye BUCOKY TOUHICTh
300pakeHb, a IHTETPOBaHI JATYUKU 3a0e3MEUyIOTh
OCHOBHUMH (YHKIISIMH KOHTPOJIIO ISl Pi3HOMaHITHHX

3aCTOCYBaHb.

TpeoxmipHi JTATYUKU TaKOX MOXYTb
BUKOPHCTOBYBAaTHCh JUIsi TPOMHCIIOBOI aBTOMaTH3allii,
BHMIpIOBaHb Ta aHAJII THYHOTO MOHITOPHUHTY.

3acTocyBaHHSl JATYUKIB BapilO€ThCs BiJl MOHITOPHHTY
MIPOLIECIB MPOMUCIIOBOI'O OOJIaHAHHS, 3aXUCHUX 30H Ta
po3rtizHaBaHHS 300pa)keHb 10 BUMipIoBaHHs moroau. s
BHPOOHUYOI, KOMEpIIHHOI, JIOTICTHYHOI HAJIWHOCTI Ta
aHayizy npomec MoXe OyTH  yNOpSOKOBaHMH i3
3aCTOCYBaHHSM ifeHTU]iKalii 00'€KTIB, TAKHX SIK CKAHEPH
LITPUX-KOAY.

TpboXMipHI MalOTh INepeBard HaJ JBOMIpHHMH TakK SIK
MOXYTb TOYHO PO3IMi3HABATH HECTPYKTYPOBaHE OTOYEHHS
B PEKUMI PEaIbHOrO Yacy i TOYHO MO3HUIIOHYBATH 00'€KTH
3 Pi3HOI0 KIHEMATHKOIO Y ITPOCTOPI.

I CYYACHI [TPOMUCIJIOBI JATUYUKU
30PY

Y 1mpoMy po3aiiai MPOHOHYEMO PO3IIISTHYTH Cy4acHi
JIBOXMIpHI ~Ta  TPHOXMIpPHI  IPOMHUCIOBI  JAaTYUKU
PI3HOMaHITHOTO 3aCTOCYBaHHSL.

Jatunk koHTYpYy — Po3ni3zHaBanHs 00'ekTiB O2D.

KoHTpomtoe npaBuiibHE MONOKEHHST HEBEIUKUX YaCTHH
B aBTOMaTHYHMX MeXaHi3Max, IO MOAAITh, HAaIp.
BiOpaIliifHi KOHTEIHEPH, NOTaH1 IeTali BiIXUISIOTHC.

MOXJIMBOCTI 3aCTOCYBaHHsS JaTdyhKa KOHTYpy efector
dualis: MOHITOPHHT HasIBHOCTI, TIOJIOKCHHS Ta Opi€HTAIlii
3a JOIOMOrOI0 COPTYBaHHS Ta OOYMCIICHHS 3aBAaHb
KOHTPOJIIO SIKOCTI.

3a I0NOMOro0 1HTYITUBHOTO, TIOKPOKOBOT'O iHTEpdEiCy
Ta 3pa3KiB «XOPOIIUX» / «HOTaHUX» JETallei, KOPUCTyBay
CTBOPIOE MOJIEIb 00'€KTA, 1[0 PO3II3HAETHCSL.

[Iporpama po3mi3HaBaHHS TIOPIBHIOE O0'€KTH 3
MOJIEIIIMHU, HE3aJI)KHO Bil  OpieHTaIlii, 1 mepenae
pe3ynbratd  (BHaJIMH TECT, HEBJAJUH, CTAaHOBHIIE,
opieHTais).

300paXkeHHst JaTYMKa IIPUBEACHO Ha puc. 1.

Puc. 1. — 300paxenns natauxky O2D.

JliunnpHuK mikceniB — JlaTuuk MamuHHOTO 30py O2V.

CraHgapTHi JaTYMKA MAIIUHHOTO 30pY KOHTPOIIOIOTH
YaCTHHU Ha OCHOBI NEBHUX KOHTYPIB (SIK TATYHK KOHTYPY
02D), HoBwii miumiabHUK TikceniB O2V mopiBHIOE iX Ha
OCHOBI PI3HUX XapaKTEPHUCTHK.

KopucryBau He BH3Hauae KOHTYp 00'ekTa, a Horo
BITHOCHI =~ XapaKTEePUCTUKH, SIKI BUKOPHCTOBYIOTHCS
JATYUKOM JUIsl OIIHKK 00'ekTa abo (oHy. 3a JOIOMOTO0
MOKPOKOBOTO HACTPOIOBAHHS BIJAXWJIEHHS BiJ €TaJloHa
JIATYHMK BUSBIISIE TAKi XapaKTEPUCTUKH, SIK TUIOLIA, PO3MIp,
OKpYTJIiCTh 200 KOMIIAKTHICTH 00'€KTa.

3HavyeHHs SCKPAaBOCTI 3a CIPOI0 INKAIOK MOXYTh
BHUKOPHCTOBYBATHCS JJIsI OLIIHKHU. JIaTYMK TEXHIYHOTO 30pYy
O2V  HajiiHO BHUKOPUCTOBYETHCS  UII  KOHTPOJIO
MOBHUX/TIOPOXKHIX ~ TPAHCIIOPTHUX Ta  BHUPOOHHYHX
pe3epByapiB, KOHTPOJIOE HASBHICTh €THKETKU YU JIPYKY,
HANpHKIad, JaTH BUPOOHHUIITBA YM TepMiH 30epiraHHs.
JlaTauk TakoK HAMIWHO pO3MI3HAE KOJHOPOBI MITKH,
HANpHKIad, MOHTaXHI a0o JedeKTHI MITKM — HaHeceHi
MAIIIMHOO 200 BPY4HY.
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BusBnenHs moaBIHHOrO JHMCTa TPU  3aXOIUICHHI
JUCTOBOI'O Marepialy MaHIMyJsITopamMH, IO 4YacTo
3aCTOCOBYETHCSI B aBTOMOOLIBbHIN ITPOMHUCIOBOCTI, TaKOX
MOXIIUBE BHUKOPHCTaHHS [UIs MiIPaxyHKYy JIUCTIB abo
MEXaHi3MiB  3axOIUIeHHS. SIKIIO  TOBEpXHs  JIMCTa
BiJICBiUy€, TO BUKOPHCTaHHS CHCTEM TEXHIYHOTO 30pYy
3aCHOBaHUX Ha BU3HAYECHHI KOHTYpPY HE JIO3BOJISIE TOCSITTH
OaxcaHoro pe3ynprary. CHCTEMHM TEXHIUYHHX. 30Dy
3aCHOBaHi  Ha  MiAPaxyHKY  KIJIbKOCTI  TIKCENiB
CHPABIISIOTHCS 13 1M 3aBJIAHHIM Kpallle.

300pakeHHsI JaTYUKY PUBEIEHO Ha pUC.2.

Puc.2. — 300paxenns gatauky O2D.

JaTauku TexHigHOrO 30py — cepist VG.

3HIMKH, 3HATI 3a JONMOMOrOK BOYIOBaHOI KaMepH
JlaTYMKa TEXHIYHOro 30py cepii VG, BHKOPUCTOBYIOTHCS
JUIl BU3HA4YE€HHS HAsBHOCTI, a TaKOX pPO3MIpiB, (opmu,
posTamryBaHHs a00 CXEMH PO3MIIICHHA IiJIHOBUX
00’€KTIB. 3aBISIKMW BUKOPUCTAHHIO METOIY KaJpOBOTO
(T7100a7IBPHOT0) 3aTBOPY MPHM 3aXOIUICHHI 300pakeHb Ta
JIeB’ITH OCHOBHUM (DYHKIIISIM KOHTPOITIO I BIOCKOHAJIEHa
cucrteMa 3a0esnevye IiABHIIEHY NPOAYKTHBHICTH Ta
e(eKTUBHICTb.

300paxxenHs 3 natuukiB cepii VG MOxyTh 30epiratucs
ta mnepenaBatucs Ha FTP-cepBepu. B 3amexnocti Bin
HaJIAIITYBaHHS OOJIQJIHAHHS KOPUCTYBad MOke 30epiratu
BCl 300pakeHHs, JMIIe BAadi abo JMIIe HeBJai
300paxxenHs. Lli GpyHKIIIT 103BONSIOTH CIIPOCTHTH POOOTY 3
300pa)KCHHSMU:  Teperjisi, KepyBaHHS, aHaji3 Ta
30epiraHHs JaHHX.

Jatunkn  ocHamieHi 9  OCHOBHUMH  (DYHKLISIMH
KOHTpOJIIO: BHPIBHIOBAaHHS, SCKPaBiCTh, KOHTPACTHICTB,
Ionia, KpaW, JOBXHHA, KyT, JdiaMerp, MiIpaxyHOK
00'eKTiB.

Jarunku naHoi cepii y XapuoBil, KOCMETHYHIMH,
(dbapMarieBTHYHIH, HaITiBIPOBITHUKOBIH, aBTOMOOLIBHIN Ta
MaKyBaJIBHIH TPOMHUCIOBOCTI, Y JIOTICTHUII Ta BUPOOHUIITBI
MEIMYHOTO 00JIaJHAHHSI.

300pakenns matuuky VG npUBeaeHO Ha puc.3.

Puc.3. — 300paxenns gatauky VG.

JBoBuMIpHi naTauku 300paxenHs VOS.

JlaTunku 300paykeHHsI MO>KHA 30MpaTH Ha OCHOBI TaKHX
BUMOI' 3aCTOCYBaHHs, SIK TI0jJ€ OIsiAy abo 3aBaaHHS
BUMIpIOBaHHS, 1 iX MOXXHA 1HJMBITyaJbHO HAJIAIITYBaTH,
BUKOpHCTOBYIOUM Oe3minensiiine [13, mo BXomute 10
00CATY IMOCTaYaHHS.

Bci maTumky MaroTh CTaHAApPTU30BaHI 3'€MHAHHS JUIs
MOXIIUBOTO  pPO3IIMPEHHST 3 TaKUMH  30BHIIIHIMHA
KOMITOHEHTAaMH SIK OKpeMe€ OCBITJICHHS, JIH3U 3
kpimnenHsiM C-mount 3 pi3HOIO (OKYCHOIO BiJICTaHHIO,
a00 HaBiTh BOJOHENPOHUKHMM KOPIYCOM /IS JIH3 i3
3axuctom 1P67. Kommnanis Pepperl+Fuchs npononye tpu
pi3HI KOHCTpYKIii Kopmycy mist cepii VOS 3 pizHuMH
yMoBaMH 3actocyBaHHsi: VOS1000, VOS2000 Ta
VOS5000.

Pi3HI iHCTpYMEHTH IBOBUMIpHUX JNAaTUYHKIB 300pasKeHHS
MOXYTh 00'€lHyBaTHCh ab0 TapaMeTpU3yBaTUCS IS
omHoro pobovoro 3aBaanHs. Cepis VOS mnpononye
KOpHCTyBa4aM  MOJJIMBICTh  HAJANITOBYBAaTH  Oe3iiy
pobourx 3aBHaHb y KaMepi — sKi MOXHA JIETKO
3aMiHIOBATH, JAyOJIIOBATH YW NIEPEHOCUTH 3 OIHIE] KaMepu
Ha iHmy. Ha mignpueMcTBI OAMH JAaTYUK  MOXKE
BUKOPHCTOBYBATHCH JUIS Pi3HUX 3aBJaHb.

3aBAsKU ronepenHii 00poOmi BHMIpIOBaHb
OesmocepenHb0 Ha naTuyuky abo kamepi, cepis VOS
3a0e3neuye MaKCUMaJIbHY TIPOCTOTY BUKOPHCTAaHHSI HABITh
NPU KOMIUIEKCHHUX 3aBJaHHIX. Y KaMmepax € BOyJIOoBaHUiA
IHCTPYMEHT TEXHIYHOTrO 30pY /IS OLIHKH (BOYHOBaHWIA
KOMIT'IOTEp), TOMY Ha BiJMiHY BiJl 3BHYallHUX CHCTEM
TexHiuHOrO 30py Ha 0a3i I[IK Tyr mis oOpoOku naHux He
MoTpiOHO TOJaNbIle PpO3Mi3HABAHHI 300pakeHh Ha
soBHimmHIX cuctemax [IK. TI'padiunmii  iHTepdeiic
KOopHCTyBaua 3a0e3reuye JierKe Ta IMPOCTE€ BBEACHHS B
EKCIUTyaTallio Ta MapaMeTPU3allio JaTUHKIB.

[Tix yac aBTOMaTHYHOTO ETUKETYBAaHHS, 3aIIOBHEHHS Ta
3aKyIIOPIOBAHHS  IUIAIIOK, ETUKETKH MOXYTh OyTH
HEMpaBWIGHO TIPUKJIEEHI a00 KpPUIIKA MOXYTh OyTH
HenpaBWIbHO 3akpydeHi. Tyt natunmku 300paxkeHHs VOS
BUKOPHCTOBYIOTBCS ISl TIEPEBIPKH €TUKETOK Ta KPHIIIOK
JUTS TUTSIIOK. BUKOPHCTOBYIOYHM 1HCTPYMEHTH TEXHIYHOTO
30py JaTYUK 3a OJHY OIEpAIlif0 MEepeBipse 1 MOJOKCHHS
etuketrkH, 1 (ikcamito kpumku. Cepist VOS mpomonye
JaTYUK  300pakeHb  KaapoBoro  (oro3aTBopa i3
BOY/IOBAaHOIO ONTHKOI, OCBITJCHHSIM Ta €JIEKTPOHHOIO
OLIHKOI — TIOEAHYIOYM B OIHOMY KOpIyci BCi
KOMITOHEHTH, HEOOXiHI /Il pOOOTH CHCTEMH TEXHIYHOTO
30py. Lle poOHTh AaTYNKK HA OCHOBI KaMepH NMPUAATHUMH
JUTS 3aBJIaHb 3 MTO3UI[IOHYBAaHHS Ta HaBiraii, BUSBICHHS Ta
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BUPIBHIOBAHHS, OITHYHOIO BHUMIDIOBAHHSA, a TaKOX
imeHTudikarii Ta posmizHaBaHHsa TekcTy (OCR).
3o00pakenns matuuky VOS npuBeneHo Ha puc.4

Puc. 4. — 300paxenns natunky VOS.

JHatauk Texuiunoro 30py - KUKA 3D Perception.

CeHcop i3 BOymoBaHOW cucremoro 3D-crepeokamep
JO3BOJISIE  3AiHCHIOBATH 3D-CHpUHHATTS Yy  pexuMi
peanbHOrOo 4Yacy Ta 3abe3meuye 3DBuMiproBaHHS Ta
TIO3UIIIOHYBaHHS Y mpocTopi. TakuM YMHOM, Opi€HTalis B
MIPOCTOPI Ta TEXHIYHUH 3ip CTAIOTh PEaNbHICTIO. [2].

Crepeo cerncop KUKA 3D Perception po3Iti3Hae TOYHO
HECTPYKTYpOBaHEe OTOYEHHS B PEXHMi peaslbHOro 4acy i
TOYHO TIO3UIIIOHYE OO0'€KTH 3 PI3HOI0 KIHEMATHKOIO Y
npocropi. Ile nmepumii 3D-ceHcop y CBITI, KUl HaIIsIE
pOOOTIB TAKUMH 31IOHOCTAMHU.

Pe3yipraT HOro NPOrpecuBHOrO PillIeHHS: POOOT MOXKe
(ikCcyBaTH CBOE CTAaHOBHUINE MPOCTOPI 3 TOYHICTIO [0
MiJgiMeTpa 1 BHpILIYBaTH 3aBIaHHS INe IIBHIIIE 1
epexTuBHimE.  3aBASKM  IHTErpoOBaHid  TEXHOJOTrIT
KUKA 3D Perception 00po0Onise maHi 300paKeHHS
OesrocepelHbO0 B CeHCOpl Ta (QIKCye IOTOYHHMN CTaH
00'exTa 3 TOUHICTIO 10 MiTiIMETpa.

MacuBu TOYOK CTBOPIOIOTHCS Ayke mpocTo. 3D-ceHcop
MOXE€ pO3ITi3HABAaTH CBOE OTOYEHHS SK Y YMOBax
MIPUPOJHOTO CBITNA, 1 MPU HEAOCTATHHOMY OCBITIICHHI.
HaBith mnpu mMBUAKKHX TEpeMIillleHHSAX 3a0e3MedyeThes
HaiiHa TOUHICTh. KpiM TOro, y HeBEITMKOMY IIPOCTOPi Oe3
TPYAHOIIIB Ta 300IB MOXYTh IPAIIOBATH JCKIIbKA
CEHCOPIB.

InterpoBana rpadiyHa KapTKa IO3BOJISIE OOpPOOIATH
300paKeHHsT TJIMOMHU  OE3MOCEepPEeAHhO Y  CEHCOpi.
30BHIIIHI PO3PaXyHKU HE MOTPIOHO - i7€aTbHO MiAXOIUTh
TS MOOUIBHUX POOOTOTEXHIYHHUX CHUCTEM.
BucokomnpoaykTuBHe anapaTHe 3a0e31eueHHs] po3po0IeHO
JUIi  BUKOPHCTaHHS Yy pOOOTH30BaHOMY CepeIOBHIII,
po3paxoBaHe Ha TemmepaTypy no 50 °C Ta Bimnosimae
knacy 3axucty IP 54 — rapHa ymoBa sl mapajieinbHHX
KiHEMaTiK.

3o06paxenns natunky KUKA 3D npuBeneHo Ha puc. 4.

i
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Puc.5. - 3006pakeHHs I[aT‘II/IK‘y KUKA73D

FANUC Cucrema iRVision.

iRVision — me po3pobmena xommnanietro FANUC
cHUCTeMa Bi3yaJbHOTO BHSIBICHHS 32  TEXHOJOTIEO
plug&play. Bona moBHicTIO iHTErpOBaHa 3 KOHTPOJEPOM
R-30iB, mBHOKO  BCTaHOBIIOETHCS,  BiIPI3HAETHCS
MIPOCTOTOIO0 BUKOPUCTAHHS Ta BUCOKOIO THYYKICTIO.

3aBIsKM  CcHCTeMi  pO3Mi3HaBaHHS  JABOX  abo
TPUBUMIpHHUX JeTaleii BOHa MOXKE BH3HAYATH MicIe
pO3TallyBaHHs JOBIJIBHO PO3TAIIOBAaHMX BUPOOIB Oy/b-
skoi ¢opmu Ta po3mipy. BoHa Takok MOXKe 34HTYBAaTH
LITPUX-KOJ, BUKOHYBAaTH COPTYBaHHS 3a KOJbOPOM,
THY4Ky TOfa4y JeTalieil, BHCOKOIIBHJIKICHE Bi3yalbHe
miniine  BiactexenHs  (iRPickTool) ta  B3sTTH
kopoOiB/maneneii. Cucrema iRVision Bifirpae KIOYOBY
poib y 30LIbIICHHI TPOAYKTHUBHOCTI Ta 3abe3meuye
JIOJJATKOBY ~ CKOHOMIIO  3aco0iB, OCKIJbKH  3HIMAe
HEOOXI1THICTh Y TEXHOJOTIYHOMY OCHAIIIEHHI.

HaspHicte y Bamoro po0ora «ouei» mae 0Oe3iy
mepeBar, sSKi JOMOMAralTh 3HH3UTH BHUTpPATH, y TOMY
YUCIII ~ MEHIIy  KUIBKICTh — KpiIUIeHb,  IiJBUILEHY
e(eKTUBHICTh 3aMiHA JieTae, MiHIMaJTbHI
JIOOITPAIFOBAHHS CUCTEMHM, HEOOXiTHI JJIsI BIPOBAKEHHS
HOBHX MPOJYKTIB, Ta MOXJIHBICTh YCYHEHHS MOMHIIOK Y
mporieci BUpoOHHUIITBA. [3]

300paxenns cucremu iRVision mpuBeneno Ha puc.6.

— -

Puc. 5. - 300paxenns cucremu iR Vision.

Ha cporomnimHii  [€Hb BENWKY MOMYJSPHICTH
HaOyBatoTh CT3 sK NpUCTPOIB BH3HAUEHHS ITOJIOKEHHS
KOOpJIMHAT KOPHCHOTO BaHTaXy MiJ dYac poboTH 3
MaHimysauiiaumMu - poboramu.  [IpocTi  mpeacTaBHUKH
TaKUX CHCTEM JIO3BOJSIIOTH  BHU3HAa4yatu JlexapToBi
KOOpIMHATH X i ), a TAKOXK KyT opieHTanii R KopucHux

BaHTaXIB, IO 3HAXOIATHCA B OJHIHM IUIONIMHI POOOYOro
MIPOCTOPY MAaHIMYJSIIHHOrO POOOTa, IPUIOMY MapaMeTpH
Ii€T TUTOIIMHN MarOTh OyTH HamepeI BioMi.

Binbin ckimagHi pilllCHHSA J03BOJISAIOTH BU3HAYUTH TPH
KOOpAMHATH X, VY Ta Z Yy pododoMy IpoCTOpi.
KoMmrutekcHi pillleHHs JT03BOJISAIOTh BU3HAYMUTH BCi IIICTH
KoopmuHar X, V, z, @, O, W, ane Taki pimeHss
BHMAararmTh 0COOJNMBUX (YHKIIOHYBaHHsI, TOMY ix cdepa
3aCTOCYBaHHS CHJIBHO OOMEXeHa; KpiM TOro, y 0aratbox
TEXHOJIOTIYHMUX  MpoIecaX  BIACYTHI  HEOOXiMHICTH
BH3HAYCHHSA TIIOBHOIO HAa0Opy KOOpPAMHAT KOPHUCHHX
BaHTaXiB, TOMY BapTICTh Ta BHUKOPHUCTOBYBaHHU
(G YHKITIOHAT ISl TAKAX CUCTEM OYIyTh HEBHUIIPABIAHUMHU.

CT3 JIO3BOJISIIOTh 0e3 3HAYHUX BUTpAT
nepekoH}irypyBatu pobode Micie, OCKUIBKH CHCTeMa
BHU3HAYCHHS MOJIOKCHHS Y 3HAYHIN YaCTUHI HACTPOIOETHCS
Ha IpOrpamMHOMY piBHi. Sk mpaBuiio, ofHiel KamepH, L0
Bxoguth 10 ckiaxy CT3, mocTaTHbO AN OTPUMAHHA
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JAHUX PO POOOUHIA IPOCTIP BEIUKOI IUIONII. Y pa3i 3MiHH
TEXHOJIOTIYHOI'O TIpPOIecy II0 JK Kamepy MOXHa
BUKOPHCTOBYBATH ISl BU3HAYEHHS TIOJIOXKEHHSI KOPUCHUX
BaHTa)XiB B HOBHX yMOBax 0e3 HEOOXiTHOCTI BTPYJYaTUCS B
1 KOHCTPYKIIiIO 200 CIICKTPUUHY CXEMY.

OynkrionanbHi  3aBganHs  CT3, xapakTepHi uis
POOOTEXHIYHMX KOMIUIEKCIB, IO YMOBHO MOJUISIOTHCS 3a
piBHEM iX BiHOCHOI ckiaaHocTi. Jlo mpocTux 3aBoaHb
MOXKHa BIJHECTH: BUSBJICHHS HAasBHOCTI OyIb-SIKOTO
00'exTa, BUMIpPIOBAHHS BIJCTaHI 0 HHOI'O, OOYHMCIICHHS
Horo JHIHHMX Ta KYyTOBUX IEPEMIllleHb, IIBUIKOCTI;
BUMIpPIOBaHHSI TEOMETPUYHHX apaMeTpiB 00'ekta (JIiHIHHI
Ta KYyTOBI pO3MIipH, IUIOIA), BH3HAYCHHSA (I3UUHUX
XapaKTEepPUCTUK BUIIPOMIHIOBAaHHS BiJl 00'€KTa, MiIPaXyHKY
yucna 00'ekTiB y kaapi. CkiaaHiln 3aBJaHHS BUKOHYE
chucTeMa, SKa HAQJAE MaHimynaropy iHdopmaiito,
HEOOXiHY Ul 3aXOIUIEHHS HEBIOPSIKOBAaHUX OO'€KTIB.
Jlo mux 3aBIaHp HaJNEXaTh: OV POOITHHKA MPOCTOPY
JUI TIOIIYKY 00'€KTa, MO ILIKaBUTh, SIKMH MOXe OyTh
OOUHOYHMM abo OgHMM 3 JEKUIbKOX abo Horo
MiCIIE3HAXOJKCHHS MOXKe oyTu 130JTbOBaHO,
nepekpuBaTuch  iHmWMMU  oO'ekramu. [lpm  mpomy
CIOCTEPIraroThCs 00'€KTH MOXKYTh BiIPI3HATHCS HE TUIBKH
(dopMor0 Ta pO3MipoM, aje i KOJIbOPOM, TEKCTYPOIO Ta
iH1i, epeOyBae B pyci a00 JEKHUTH HA MICIIi.

IV. BUCHOBKU

[IpaBuibHa IOCTAaHOBKA 3aJadyi 3MOXKE OJIHO3HAYHO
BIAIOBICTH HAa MHUTAaHHS $AKI caMe IaTYUMKU HEOOXiIHO
BHKOPHUCTOBYBATU Yy CHUCTeMi. TpbOXMIpHI MarOTh HU3BKY
mepeBar Ha JBOMIPDHUMH, aji¢ 1 MalOTh OUTBII BHCOKY
co0IBapTICTh 1 CKIIAJHICTh HAJAIITyBaHHSI.

ITEPEJIIK ITOCHUJIAHb
[1] WHAT 1S MACHINE VISION?. Retrieved September 1,
2022, from website:

HTTPS://MACHINEVISION.CO.UK/MACHINE-VISION-
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[2] The Role of Machine Vision in the Automotive
Industry. Retrieved September 1, 2022, from website:
https://www.photonics.com/a58196/The Role of Machin
e Vision_in_the Automotive

[3] Top benefits of integrated robotic machine vision.
Retrieved  September 1, 2022, from website:
https://www.fanucamerica.com/docs/default-
source/articles/fabshop-benefits-of-vision-by-josh-
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Anomauia: Y poOOTi BHKOHAHO OIJIA[ OCHOBHHX IIOHSTB,
XapaKTEePUCTUK Ta TUIIIB COHSMHUX OaTapel, a TAKOX IPOBEICHO
aHaJIi3 repeBar Ta HeJOMIKIB.

Knrouosi cnoga: consiuna Oarapes, rpoMaJCbKuil TPaHCIIOPT,
TpoJeiiyc, albTepHaTHBHA €HEPreTHKA.

[. BcTyn

B Oarathox KkpaiHaX CBITY aKTHBHO pPO3BUBA€ETHCS
3eJeHa  CHepreThka.  Beayrbcs — JOCHiKEHHS i
BIIPOBA/DKYIOTBCS ~ PO3POOKM 10  BUKOPUCTAHHIO
aJbTEpHATUBHUX JDKEpeNl eHeprii, B TOMYy YHCIIi, eHeprii
COHLIS.

OaHuM i3 aKTyaJbHHX [HTaHb  BHKOPHCTaHHS
aJbTCPHATUBHUX JDKEPENT EHEeprii € HaKONMYeHHS Ta
MIEPETBOPCHHST €HEPril COHIII 332 PaXYHOK BHUKOPHCTaHHS
COHSYHHMX TIaHENEW JUIA MOJEpHI3alii TPOMaIChKOro

TpaHcnopty [1].

ConsiuHa Oarapess — 3’€nHaHHS (DOTOEIEKTPUIHUX
MIepeTBOPIOBAYIB (poroenemeHTIB) —
HAITiBIIPOB1THUKOBHX MIPUCTPOIB, o TPSIMO

MEPETBOPIOIOTh  COHSYHY  €HEeprilo B IOCTIHHUIA
€NEeKTPUYHUH CTPYM.

Cdepu 3acTocyBaHHS COHAYHHMX OaTapeil pi3HOMaHITHI:
MOPTATUBHA  CJIEKTPOHIKA,  CJIEKTPOMOOLTi,  aBialrs,
eHeproza0esrnedeHHss BUPOOHHMLTB Ta  CIOXKUBAiB,
JIOPOXKHI TIOKPHUTTS, MEIUIMHA, KOCMOC TOLIO.

Mertoro maHOi poOOTH € IOCTIKCHHS MOXKIHBOCTCH
3aCTOCYBaHHS COHSYHOI eHepril y poOoTi TponenOyciB.

Tpancriopr y wMaiiOyrHboMy Oe33amepeyHo cTaHe
€KOJIOTIYHO YHCTHM 3aBIISIKH BHUKOPHCTaHHIO
albTEepHATUBHUX JDKEpeNl eHeprii uis  3a0e3nedeHHs
nepeBe3eHb.  [locTymoBe  3MEHIIEHHS  BapTOCTI  Ta
MOIIMPEHHS. PO3MOBCIO/DKEHHSI COHSYHUX TaHened y
pPI3HMX  ramy3sXx  HIpPOMHUCIOBOIO  BHPOOHHITBA €
BIJINIPaBHOIO TOYKOIO JJIsl IIEPEBENEHHS IPOMaJICBKOTro
TPAHCIIOPTY B €KOJIOTIYHO YUCTHH BH/I IEPECYBaHHSI.

Cepen mepeBar 3acTOCYBaHHS COHSYHHUX NaHelell Ha
Jlaxax Tposei0yciB MO)KHA Ha3BaTH HACTYIIHI:

1. SIk pe3epBHe JKepeso KHUBJICHHS - 3a0€3IeUeHHs
aBTOHOMHOCTI XOJly TPOJIEHOYCIB y BUIIAJKY BiJKIIOYECHHS
nocrayaHHs enektpoeneprii. IIpu npomy consuni O6atapei
MOXYTb 3a0€3MEYUTH EHEPri€l0 He TIJIbKH MiATPUMKY
KJIIMaT-KOHTPONIO B cayioHi, Wi-Fi 38’5130k, ane i poOoTy
JIBUT'YHA JISSIKUHN Yac;

2. PosmimyBati  COHsIUHI  MaHeNni Ha  Jaxax
TPONEHOYCIB 3pydYHillle, HiXK HAa aBTO, OCKUIbKM IUIOIIA
naxy Habarato Oinpmia. TakuM YHHOM BUPIIIYETHCS
TOJIOBHA MpoOJieMa — HAsSBHICTh JOCTATHHOI ILIONII JUIS
PO3MIIIIEHHS HEOOXiTHOT KIIBKOCTI COHSYHMX TTaHEIeH;

3. TpuBanmuii TepMiH eKcIuTyatalii 0e3 3aMiHH
KOMIIOHCHTIB Ta HE3HAaYyHa MMOBIPHICTH  IOJIOMKHU
CHCTEMH.

4, I, O6e3ymoBHO, 11¢ ekosoriunHa Oesreka. CoOHsSIYHI
Oatapei He NIKOIATH HAaBKOJIHUIIHHOMY CEpPEIOBHILY, iX
pobota maibke 6e3uryMHa.

IIpoTe, cy4yacHi COHsSYHI TaHENi HE 3JaTHI MOBHICTIO
3a0e3meunTy  TOTPIOHY  TPUBANICTH  PyXy  depes
HecTaOlIbHY COHSYHY AaKTUBHICTh y PIi3HI TOPU POKY.
Orxke, O0OOB’SI3KOBUM €  JIONATKOBE  3apsKaHHS
aKyMYJIATOpIB Ha CTAIllOHAPHHUX EJICKTPOIIACTAHINIX. Sk
HACJII/IOK, TOJIOBHUM Yy PO3BHUTKY 3€JIE€HOI €HEPreTHKH ISt
MICBKOTO TPAHCIIOPTY € CTBOPEHHs OaTtapedl 3 TpUBAIUM
TEPMIHOM EKCILTyaTalii.

II. TUIIN TA XAPAKTEPUCTUKU

[cHYIOTB TpH THIIH COHSIYHMX OaTapeii:

- TOHKOILTIBKOBI;

- MOHOKPHCTAJII4Hi;

- TIONIKPUCTAITI YHI.

DoToeneMeHTH Ha OCHOBI
HANTOIAPEHI MU,

TOHKOITIBKOBI ¢doroeneMeHTH (puc.1)
BUKOPHCTOBYIOTH TOHKI TUTIBKH, IO € HAHOUIBII JIEIIEBOO
TeXHoJNori€r. JIjis 1X BUTOTOBJICHHS BHKOPHCTOBYETHCS
aMophHMA (PO3IUIABICHUM) KpEeMHIH, IO HAHOCHTHCS
IUIAXOM HAMWICHHA Ha Pi3HI TOBEPXHi: MOIIMEPHY
IUTIBKY, CKJIO, IUIACTHK. 3aBJSKH I[bOMY € MOXXJIHMBICTH
BHUI'OTOBJICHHS (DOTOCNIEMEHTIB 3 DI3HHM  CTYIICHEM
MPO30pOCTi Ta 3a0apBJIeHHS, a Iie, B CBOIO YEPTy, CTBOPIOE
OLTBII ITMPOKUH CITEKTp iX 3acTocyBaHHA [2-3].

KpEMHito €

Puc.1. 30BHIMIHIN BUIIISAA TOHKOIUTIBKOBOI'O
(doToeneMeHTy
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TOHKOIUTIBKOBI ITaHeni He BUMAararoTh MNOMaJaHHS Ha
HUX MpPSIMOI'0 COHSYHOTO TIPOMIHHS, IIPALIOIOTh MPHU
PO3CISTHOMY BHIPOMIHIOBaHHI, 3aBISIKM 4YOMY CyMapHa
MOTY)XKHICTh, L0 BUPOOISAETHCS 3a pik, Oinbmia Ha 10 —
15%, HiX BUPOOJISIOTH TPaAMIiiHI KPUCTATIYHI COHSIYHI
naHeni (MOHOKpUCTaNi4YHI Ta mojikpucramiyHi). Takox
moTpiOHO  CKa3aTH, IO BCTAHOBJICHHS  ILTIBKOBHX
COHSYHMX OaTapell MOXKJIMBE HE TUIBKM Ha J1axax, ajie il Ha
OiyHMX TOBepxHAX OyniBens [2]. 3aBosgku cydacHiit
TEXHOJIOT1T BUPOOHMIITBA 1 BiICYyTHOCTI METAJIEBUX YaCTHH
Taki HaHeNli BakaThb B 2 pa3W MEHIE, HiX CTaHAApTHI
¢dboromomyiti.

Henonikom € Te, mo Taki (OTOEIEMEHTH HaWMEHII
epexruHi (Hanpuknan, KKJ[ meperBopeHHs cBiTia y
CIeKTPUYHY €Hepriro nocsrae 13% B HOBHUX MOIYJISIX
Solar ~ Frontier =~ S-cepii).  ['apanTiiiHuii  TepMiH
BUKOPDHCTaHHS JI0 5 pOKiB, BOHHM MAyXKe 3aJIeKHI BiX
MIOTOJTHUX YMOB.

MoHoKpuCTaiyHi (POTOCTIEeMEHTH HAHOLIBII CKIIATHI 1
nopori. st iX BUTOTOBJIEHHSI BUKOPUCTOBYETHCS IIUTBHUMN
KpHcTan KpeMHito. Ha kpemHi€eBi (oToeIeMeHTH HaHeceHa
ciTka 3 MeTaJeBUX enekTpomniB. Ile HalOLIbII edeKTUBHI
nmaHeni, B skux Bucokumit KKJ[ meperBopeHHs cBiTia y
eNeKTPUYHY eHeprito gocsrae 25% [2].

MOHOKpHUCTaTiuHI TaHeJai MaroTh AOMIHIEBY DPaMKY,
BOHM 3aKpHUTI TNPOTHYIAPHUM aHTUOJIKOBUM CKIIOM.
MonokpucraniuHi ¢oroenemenTd (puc.2) MarTh TEMHO-
cuHiN abo "opHui komip. COHAYHI MaHeli MOHTYIOTHCS Y
HaAidHUH Kopmyc, o 3abe3nedyye eKCILTyaTalliifHui
TepMiH TpuBalicTio 25-40 pokiB.

HemonikoM MOHOKpUCTANIYHUX MaHENCH € X IiHa, 110
00yMOBJIEHO CKJIaHICTIO X BUpoOHuITBa. Kpim TOro, s
JIOCSITHEHHSI MaKCHMaJIbHOI —IIPOAYKTHBHOCTI — NaHesen
HEOOXiTHO KOHTPOJIIOBATH TXHIO OPIEHTALIII0 MO0 COHIIS,
110 Iiepe10ayae BCTaHOBJICHHS 10JJaTKOBOT'O 00JIa JHAHHSI.

Puc.2. MoHokpucTaniyHa coHsiuHa OaTapest

[MpuknagoM MOXJIMBOI MOHOKPHCTAJIIYHOI MaHENl €
moxayns LR6-72HPH. Mae notyxHicts 550 Br, mo € gyxe
BHCOKHM ITOKa3HUKOM Ha mmo4yatok 2021 poky. KoedirtieHt
KopucHOi Jii Qoromomynst ckinamae 21,3% B mapi 3
IHBEPTOPOM, J03BOJISIE 11 €(heKTUBHO BUKOPUCTOBYBATH 3a
nporpamMaMu  «3eJieHHX TapudiB» a00 aBTOHOMHOIO
eHepro3zade3nedeHHs. Mae HU3BKUI piBEHb HarpiBaHHS,
TIOBEpXHSl TaHeNli HaJiifiHO 3axuiieHa 3,2-MUTIMETpOBUM
3arapTOBaHUM CKJIOM.

KoncTpyxkuis 3/1aTHA BUTPUMYBATH CHIroBe
HaBaHTaxeHHA 10 5200 Ila Ta BiTpOBe HaBaHTa)KEHHS IO
2400 Ila. Crilika 10 BIUIMBY COJIOHOi BOJIOTH, aMiaky Ta
TIHJITY, IO I TBEPKEHO HE3aIEKHUM TECTYBAHHSIM.

Knac 3axucty npuiany IP68 o3nadae, 1110 BiH HOBHICTIO
3aXHMIIEHUHA BiJl TNPOHMKHEHHS TNHWIYy Ta BHTPUMYE

KOPOTKOYAacHE 3aHypeHHs Yy BOAY Ha TIHOMHY 10 1-TO
MeTpa. BumnankoBuil KOHTAaKT €IEKTPUYHUX EJIEMEHTIB 3
JIIO/IMHOIO BUKJTFOUAETHCSL.

[Momikpucraniuni MojeNi BiAPI3HAIOTbCS Pi3HOOIYHOIO
opieHTali€r0 KpeMHieBUX KpucrtamiB. Ilomikpucranmiuni
(doToeTIeMEeHTH JEIICBINI y BUrOTOBICHHI. g ix
BUTOTOBJICHHS! BUKOPUCTOBYIOTHCSI TPECOBaHI KpPUCTAIIU
pizHoi  Qopmu, TOMy IX iHOmI IIe HAa3WUBAIOThH
MYJIBTHKpUCTATIYHUMHU  (poroenemenTamu. [lanenmi Ha
OCHOBI aMOp(HOr0 KPEMHII0 BHIOTOBJSIOTBCA 3 HOTrO
rinpuny. Taka TexHONOTIsI JO3BOJSIE PO3TAIIOBYBATH
(OTOENIEMEHTH Ha THYYKHUX TTOBEPXHSIX.

[Momixpucraniuni ¢oTonaneni cremiaibHO PO3poOIeHi
JUIi  OTPUMAaHHS MaKCHUMaJIBHOI  e(QEeKTUBHOCTI MpHU
BUKOPDHCTaHHI B yMoBax iHcomsuii He Oimpme 1200
kBr*u/M?> Ha pik, sKa TNpUTAMaHHAa [EHTPaJIbHO-
€BPOIEHCHKOMY PETiOHY.

CydacHi MOMIKPUCTAJIIYHI TaHEN T0CTaTHHO e()eKTHBHI,
KK]I nepeTBOpeHHs CBITNa Y €IEKTPUYHY E€HEPTi0 B IMX
MOJETISIX 1oBeeHO 10 17-20%.

OcoONUBICTIO  MOJIKPUCTATIYHUX — MOIENed €  iX
¢yHKIIOHYBaHHST 0e3mocepe]HbO B yMOBax JEHHOTO
PO3CISIHOTO OCBITJICHHS Ta CTaOUIbHA BUCOKA HAIIMHICTh B
EKCTpeMalbHUX YMOBaxX HAaBKOJIMIIHBOTO CEpeJOBHINA
(cuibHHMH CONIOHMI TyMmaH, amiak, TWilllaHi BITPH, Tpaj
Tomio). Maibxke Bci Buan Oatapei e(peKTHBHO MPAIiOOTh B
TemIiepaTypHomy aiana3oHi Binx -40°C mo +85°C.

3aBasku Majiil Ba3i Take 00 HAHHS HE MEPEBAHTAXKYE
TIOKpPiBEJIbHY KOHCTPYKIIiIO, 1Or0 MOXKHa BCTaHOBJIIOBATH
Tam, Jie TPaAWLiHHI TaHeal He MIIXOIATh 3a Barow, a
TaKoX Ha OlYHHMX TNOBepXHsX. [loyikpucTaniyHa COHsSYHA
Oarapes Mae BUTIIAA (puc.3).

Puc.3. [Nonikpucraniuna coHsiyHa OGaTapest:
a — Ha THY4YKii ToBepxHi; O — Ha piBHil MOBEpXHI

Bci  Bumm  maHenedl  mOTpeOyIOTH  MPO30POTO
30BHILIHBOIO LIAPY 31 CKJIA YU IMONIMEPIB IS 3aXUCTY BiJ
BOJIOTH 1 MEXaHIYHHX ITOUIKO/KEHb.

[NonikpucraniyHi COHSYHI nageni JOLIIBHO
BCTaHOBJIIOBATH B TIPOMHCITOBHX COHSTYHUX
EJIEKTPOCTAHIISIX. B  KOCMOCI TakoX KOPHUCTYIOThCS
MOMIKPUCTAIIYHUMH ~ COHSYHUMH TIaHENSIMH, ajie TIpH
IIbOMY YHCTOTA KPEMHII0 B HUX JOXOIHTH 10 99,999%. Ix
BUPOOJISIIOTH 32 CKIIAJHOI0 TEXHOJIOTi€I 0araToapoBoro
HAHECEHHsI, IO Ja€ MOXJIMBICTh IIEPETBOPIOBATH Ha
EJIEKTPUKY COHSYHE BUIPOMIHIOBaHHS pi3HOI yactoru. Lle
noBoauth KKJ[ mo HetimoBipHux 40%, sKi TOKH IO
HEMOJJIUBO OTPUMATH B 36MHHX YMOBaX.

OcraHHIM  4YacoM 3’SBUBCS  Jy)Ke  LiKaBUH 1
MIepCIIEKTUBHUI TiOpH COHsIYHUX OaTapeid — Smartflower.
Bin cxoxuii Ha Benu4e3Hy KBITKy coHsxa. Po3mip
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nemocTok 1o 10 MerpiB, cepBOMOTOp MOBepTae ix 3a
COHIIEM 1 pEeTyJIroe KyT HaxmiIy. A MiJ 4ac CHIBHOTO BITpY,
BHOUI a0 B JoII arperaT aBTOMaTH4HO CKJIajae pododi
TIOBEPXHIi 1 OImycKae iX y Oe3ledHe MOJIoXKeHHs. 3asBieHa
MOTYXHICTh 3,2 kKBT1/roquny, 3a pik MO)KHa OTPUMATH Bif
3200 mo 6400 xBr 3anexxHo Bix kimimary. «CoHS4HA
KBITKa» BXK€ KOPUCTYETHCS MAacOBUM ITOITUTOM B €Bpori i
CILIA [4].

III. TI)rOCHU TA MIHYCH COHSIYHOT O
EJIEKTPOXXVBJIEHHS TPAHCIIOPTY

KOHCTpYKTUBHO COHSIYHI MaHeli TPaHCIIOPTHUX 3ac00iB
HE BIJPI3HAIOTHCS BiM CBOIX CTaIlliOHAPHHUX BapiaHTIB.
BupoGiieHa eHeprisi BUKOPUCTOBYETHCS SIK 3a0e3MeYeHHs
poOOTH IBUTYHA, TaK 1 CICKTPOXKUBJICHHS OOPTOBUX
CHCTEM TPAHCIIOPTY, 1 KOHIUIIIOBaHHS B CaJIOHI.

VY mporeci BUpOOJIEHHSI €HEprist MOXKE€ HAKOITUYyBaTHCS
B aKyMYJSTOpHHX OaTapesx 3 METOI MOAAJIbIIOro
BUKODHCTAaHHS. 3acTOCYBaHHsS COHSYHUX  €JIEMEHTIB
JIO3BOJISIE HAPOCTHUTH 3aIlac XOAy TPaHCIIOPTHUX 3aco0iB i
mpu oMy OOilTHCS 0e3  MiA3apsakd  TATOBHX
aKyMYJISITOPIB BiJ TpaauLiiHOI enekTpoMepexi [3-4].

lonoBHE mHTaHHS TONATaE B TOMY, Yd NEPEBAXKYIOTh
TiepeBary COHsYHOI CTaHIT 11 HeTOTiKH.

3 omgHOro OOKYy, B JIOBrOCTPOKOBOMY IUIaHI COHSIYHA
SHEprisl CTaHe JCIICBINE, HK ICHYIOYa eIeKTpoeHepris. 3
iHIIOro OOKy, BOHAa BHUMAara€ 3HAYHUX (HIHAHCOBHX
BKIIQJeHb 1 MiAXOAUTb HE Ui KOXHOTO  THILY
3aCTOCYBaHHSI.

HesBakatoun Ha Te, IO BIPOBAJHKEHHS COHSYHUX
MaHeneil € JOCUTh TIEpCIEeKTUBHUM HAmpsSMKOM B
€HepreTulli, TJ00aNbHOMY Ta HIBHAKOMY IE€pPEBEACHHIO
TPAaHCIIOPTY  HAa  BHUKOPUCTAHHS  TaKUX  CHUCTEM
nepeniko/pkae Iiya Hu3ka QakropiB. Tak, edexTuBHa
pobora Oarapeii 3a0e3medyeThCsl JHIIE Y COHSYHY SICHY
noroxy. SIKiio >k HeOO MOXMypo, ad0 MalIMHa TPaIloe B
HIYHUHA Ta BEYipHIH Yac, TO 3aCTOCYBaHHS COHSYHHX
TaHeNneil HeMOXKIIHBE.

Takum uuHOM, Yy OUIBLIIA YAacTHHI CY4acHOTrO
TPAHCIIOPTY COHSYHI OaTapei MOXKYTh BUKOPUCTOBYBATHCS
JUIIE SK JIONOMDKHHH EHEPreTUYHUH KOMIIOHEHT SIK
JIOTIOBHEHHS JI0 CTAaHIAPTHHUX aKyMYJISITOPIB.

KpiMm Toro, cmig BpaxoByBaTH i (hiHAHCOBY CTOPOHY
3aCTOCYBaHHS COHSIYHMX OaTapeil. He3Baxkarouu Ha Te, IO
TCHEpYBaHHS CHEpTii 3MIMCHIOETHCS OC3KOIITOBHO, CaMi
COHSYHI MaHeNi JOCUTH J0pori. BibIIicTh IX KOMIOHEHTIB
BUPOOJISIETHCS. 3 BUKOPUCTAHHSIM KPEMHIIO Ha €KOJOTIYHO
HeOEe3MMEeYHUX MiAMPUEMCTBAX, 1 II€ € OJHUM i3 TOJOBHHX
(baxTOpiB raJbMyBaHHS MPOLIECY IIEPEXOAY TPAHCIIOPTY Ha
COHSTYHI MTAHEJT.

ConstuHi OaTapei MaroTh psiji HEHONIKIB B CHIIy CYTO
KOHCTPYKTUBHHX ocobOnuBocteil. [lanemi He 37arHi
MIPOTUCTOATH  CUJIBHUM BiOpamisiM Ta  IHIIUM
HABaHTAKEHHSIM, XapaKTepHHUM JUIi  TPAHCIOPTHOTO
3aco0y, 110 pyxaerscs [3].

IV. BUCHOBKU

TakuM 4uMHOM, y pOOOTI MPOBEAEHO PETENbHHUI aHAII3
TUITIB COHSYHUX OaTapel, OKpecleHO IX IepeBard Ta
HEJIOJIIKH.

Ha ocHoBi orpumanux naHux OyB 3poOJieHHH BUCHOBOK
Ipo Te, 1[0 OCHOBHA IlepeBara COHSYHUX Oarapeil — me

MOXXJIMBICTh ~ BHUKOPHCTOBYBATH  CHEPIiI0  3aBISKH
3aCTOCYBAHHIO COHSYHUX CJIEMCHTIB SIK JUIS 3a0€3TCUCHHS
pOOOTH MBUTYHA, TaK 1 JUIA €ICKTPOXKUBIICHHS OOPTOBUX
CHUCTEM TPAHCIOPTY, IO JACTh MOXIIUBICTH HApPOCTUTHU
3arac X0y TPaHCIOPTHUX 3ac00iB 1, IPHU IIbOMY, 00IHTHCS
0e3 miA3aps/Kd TSATOBUX aKyMYJISTOPIB Bifl TpaauilidHOL
ENIEKTPOMEPEKI.

[Ipote, IiCHYIOTP HEHONIKHM U1 1X IIHPOKOTO
3aCTOCYBaHHS, a CaMe: BHCOKa BapTiCTh COHSAYHOI OaTapei
Ta HEMOXJIMBICTh IMPOTHCTOATH CHJIBHUM BiOpaIlisM Ta
THITTM HABaHTAKCHHSM, XapaKTEePHUM VTS
TPAHCIOPTHOTO  3aco0y, M0 pPYXAETbCI  MICHKUMH
IUIAXaMH.
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Anomauis: Ocranne JIeCSITUpIuYs Bi/I3HAYAETHCS
[PUCKOPEHHMH  TEMIIAMH  ITIPOHMKHEHHs  iH(opmauiiHnx
TEXHOJIOTiH B yci cdepn XUTTS MroauHu. B nanumit yac ogHum 3
TOJIOBHUX HANpPsIMKIB IHiJBUILCHHA €(QEKTUBHOCTI HAa OCHOBI
po3mmmpeHHsT cepru 3acTOCyBaHHS OOYHCIIOBAJILHOI TEXHIKH €
KOMIUICKCHa ~ aBTomaru3amisi  oOpoOku  iHdopmamii, 110
MPU3BOJUTD JI0 YTBOPCHHS IHTENEKTYaJIbHUX CHCTEM IiIATPHUMKH
Ta NPUHHATTS PIILCHB.

Kniouosi cnoea: aBroMaTH30BaHA CHUCTEMa YIPABIIiHHSA,
ITOPUTMH OOpOOKM NTaHWX, MOZENI CTAHIB TEXHIYHHX CHCTEM,
POOOTOTEXHIYHI CUCTEMH, MAHIITYIISITOPH.

1. BcTtyn

Ilepen xoMmmaHisIMH MamIMHOOYIIBHOI Taxy3i CTOITh
3aBJlaHHs MiJBHUIIEHHS SKOCTI MPOAYKIII 3 MiHIMI3alli€lo
BUTpaT. AKTyalbHICTh pOOOTH OOyMOBIJIEHAa MOTPEOOO Y
pEeKOMEHAAIsX  IIOJO0  3MIMCHEHHS  ONEpaTHBHOIO
MOHITOPUHTY TIPOLECIB  BHPOOHHUIITBA  ITPOMHUCIIOBUX
MiANPUEMCTB 32  KOMIUIEKCHUMH  TOKa3HUKaMH  iX
IISUTBHOCTI, 8 TAKOXK:

— BIZICTOXXEHHS Ta KOPUTYBAHHS B PEXHMI PEalbHOTIO
Yyacy BUKOHAHHS IPOrpaM PeCTPYKTYpU3alil ImiJIPHEMCTB,
BIJIIOBIAHO o 3MiHU KJIIIOYOBHX BHPOOHUYO-
TOCIIOJIAPCHKHX MapaMeTpiB;

— NIPOBEJICHHS] TIOPIiBHSUIBHOTO ~ aHali3y BUPOOHUYO-
rOCIIOJIAPCHKOT0 CTaHy MPOMHUCIIOBOTO MiAMPUEMCTBA.

BupoOHu4o-rocriofgapcbki ~ mpolecu  MHiJIpUEMCTBA
HAKOMUYYIOTh 3HAuYHI 00CATM JaHUX, SKi MaroTh
30epiraticb. MOHITOPUHT  JIO3BOJISIE  ITiIPUEMCTBY
3a3Jalerifib TOKPAIIUTH IPOIECH PO3POOKH MPOIYKII,
BHOCHUTH 3MiHH JI0 i1 BUTOTOBIICHHS, 3 METOIO TIOKPaIICHHS
SIKOCTI TPOJYKIIi Ta 3HIDKECHHS BHUTpAT, IO MOTpeOye
e(peKTHMBHOrO aHami3y JgaHux abo DM-anropurmis.
TpamumiitHo, aHaTi3 TAHUX TPOBOJUTHCS aHAJITHKAMH, SIKi
BUKOPHCTOBYIOTh CTaTUCTHYHI METOOU Ta IHCTPYMEHTH.
[Iupoke NOMMPEHHS KOMI'IOTEPHHX Ta MEPENKEBUX
TEXHOJIOTIH, BIPOBAJHKEHHS HOBUX CHUCTEM 300py JaHHX
JIO3BOJISIE 3aCTOCOBYBATH Ii CHUCTEMH JUIi MOHITOPHHIY
NpoLIeCciB  Ta omepaiid, (opMyBaTH eJIeKTpOHHI 0a3u
nmaHux. Taki BIZOMOCTI TOCTYIHI JUIsL aHANi3y 3 METOIO
OTpUMaHHS 3HaHb: TEHJAEHHIi, MOoJeNi, NPUYHNHHO-
HACIIITKOBI 3B'SA3KM MK SIKICTIO KIiHIIEBOI MPOAYKINi Ta
opraHizaii€ro BHPOOHHMITBA, C(HOPMYIIOBATH IUIaH il
II0JI0 BUPILIEHHSI TPOOJIEMH Ta MOKPAIIEHHS SIKOCTI.

11. CYYACHUN CTAH CUCTEM KEPYBAHHS
[H)XXEHEPHUMU MEPEXXAMU

CydacHi 1nentpu 00poOku nmanux (ILIOJ) - 1e
€KOHOMIYHO BUIIpaB/aHi pillleHHs, 110 KOHCOMiaytoTh IT-
pecypcH opraHisaliii Ta 3aTHI 3HAYHO CKOPOTHTH 3arajibHi
Butpati Ha IT 33  paxyHOK  BIPOBADKEHHSI
LIEHTpaJi30BaHOI Mozeli oOuucieHb. OIHAK IOCTiiHE
YCKJIQHEHHS IT-indpacrpykrypu, 301IbIIEHHS

CHEepProClOXXUBaHHI Ta  TemwioBuauvieHHs B 11O]]
HAaKJIaJaloTh Ha pPOOOTY OOCIIyrOBYIOUMX 1H)KEHEPHHX
MiJICHCTEM HU3KY JOJATKOBHX BHUMOT: JYy)K€ BHCOKA
HaiHICTh, KEPOBAHICTh, O€3IeKa, adalTHBHICTh J0 3MiH
noBkiuis. [lpukian cydacHOro HeHTpYy OOpOOKM JaHHX
TIpe/ICTaBIIeHO Ha puc. 1.

Puc.1. 3pazok nienrpy 06pooxu nanux(110/1)

CucreMy MOHITOPUHTY Ta YNpaBIiHHS 3a0e3Me4yloTh
aBTOMaTHUYHE KepyBaHHS Ta JUCTIETYEPHU3ALII IO
IHXKCHEPHOr0 OOJIaHaHHA OyIiBii, poOOTy arperaris,
MiATPUMAaHHS 33JaHUX TapaMeTpiB poOOTH oOsaHaHHS Ta
X ornepaTHBHOI 3MiHH.

ABTOMaru3anii Ta JAucrieTyepu3allii Mmiuisrac HacTyIHE
IHKeHepHe 00J1aTHaHHSL:

— cHUCcTeMa BEHTWIIALIT Ta KOHUIIIIOBaHHS MOBITPSI;

— CHCTeMa TeIlIONOCTaYaHHS;

— cUcTeMa XOJIOJI0NIOCTaYaHHs;

— CHUCTEMH eJIEKTPOIIOCTaYaHHS;

— MPOTUTIOKEXKHE o0J1aIHaHHS Ta
TO’KEXKOTaCiHHS,

— cUCTeMH Oe3IeKH.

HaniitHocti  momiOHmMX — cucteM Ta  3amoOiraHHs
MaiOyTHIM TpoOJIEMaM ChOTO/IHI TNPHIUIETHCS 3HAYHA
yBara. L{iomoOoBuii MOHITOPUHI, KOMIUIEKCHUH aHaii3
napamerpiB 00JagHaHHs, TIIOTEPe/PKEHHsT BiIMOB Ta
MiHIMaJIBHUH Yac peakiii — 1e HaHBa)JIUBINI BUMOTH 10
JIUCNIETYEPCHKUX CIYKO, 10 KOHTPOIIOIOTH 1HXEHEpHI
migcuctemu I[[OJI, a pobora mepcoHany B MHOMIOHHX
ciryx0ax crae Bce OB BiANOBIJATBHOIO.

ABTOMaTM30BaHa  CcHCTeMa  JuclieTdepu3amii  Ta
ymnpasimiaaat (ACIAY) e mimicHoro mmiatdopMoro s
YIpaBIiHHSA BCiMa IH)KEHEPHUMHM  MiJCUCTEMaMu 1
CTBOPIOETHCS SIK OaraTopiBHEBa aBTOMAaTHYHA CHCTEMa, 110
3a0e3meuye  KOHTpOJb  CTaHy  Ta  yIpPaBJIiHHS
TexHoNoriyHuM obnagHanHsaM 1O/ 3 BUBeneHHIM JaHUX
Ha €KpaHU aBTOMATH30BaHMX POOOYMX MICIb OIEpaTOpiB.
ACHY Benme Oe3nepepBHHMN MOHITOPHHI iH)KEHEPHUX
CHCTEM 13 pEecTpali€lo OCHOBHHMX IapaMmeTpiB Ta
3a0e3reuye KOHTPOJb Ta YHPABIIHHA IH)KEHEPHUM
KOMIUIEKCOM 3 €JMHOTO TUCIIETYEPCHKOT0 LIEHTPY.

HIPUCTPOIL
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Oprasizamist JAUCIETYEPCHKOr0 ILEHTPY Ha  OCHOBI
pitmennss ACJIY 103Boiisie 3ampoBaJuTH HOBI CTaHIApPTH
SKOCTI B YIpPaBJiHHI eKCILTyaTalliiiHO-3a0e3eYyunM
o0NlaJiHaHHAM, MiJBUIIMTH eKCIUTyaTalliifiHy TOTOBHICTb
HOJI, 3HM3UTH TOTOYHI BHTpaTH Ha KepyBaHHS
IH)KEHEPHUMH CHCTEMaMH, 3a0€31EeUUTH JOKYMEHTYBaHHS
Ta MPOTOKONIOBaHHSA 300iB, CTBOpUTH 0a3y s
OIIEPaTHBHOTO YCYHEHHsI aBapiiHUX CUTYaIlil.

CydacHa ACJ]Y Mae TpupiBHEBY apXiTEKTypYy:

— HwkHiii piBeHb YTBOPIOIOTH NepudepiiiHi npucTpoi Ta
IHXKCHEpHEe 00JIaHaHHS, 110 ()OPMYIOTh IEPBUHHI JaHi.

— Jlpyruii piBeHb — KOHTpOJIEpH, SKi NPHUMAIOTh Ta
00po0IIII0TH 1H(OpPMAITiTo, Ta MEPEXY Mepeaadi JaHuX.

— Bepxuiii pisenp — 1e I3, mo Hamae 3acobu
Bi3yaJizaii, apxiBaii, myOuikarii 1aHux, 10 HaXOSTh.

Ha poGoui wmicust nucneruepiB (APM) HagxoauTh
CTPYKTypOBaHa KOHCOJiIoBaHa iH(opMallist y NOTpiOHOMY
¢dopmaTi. AHANITHYHUN MOAYJIb IOCTIHHO BIICTEXKYE
poboui mapaMeTpu CHUCTEM Ha TpEeIMeT BiJIXWICHHS BiX
HOPMHU ¥ 37aTHHH aBTOMAaTHUYHO 3aIlyCKaTH MPOLENypH
3TiHO 3 3aKJIAJICHUMU IHCTPYKIISIMHU, HANPHUKJIAJ, MOAATH
TPUBOXHUIM CHrHaj1 a0o 3amyCTUTH aBapiiHUN JHU3€ib-
reHeparop. BaxiuBe 3aBIaHHS aHAJITUYHOIO MOAYJIS —
3aBYaCHI MoIepeHKEHHS PO MaiiOyTHI BiIMOBH.

3i0paHi 1aHi MOXKHa:

— Iepe/IaTH OIepaTopaM Ta MOJATH iX y JIErKO YNTAHOMY
BUIJISAI

— 30epertH B 0a3i TaHUX;

— IIpOaHaNi3yBaTH Ta MOJATU Yy BUIIAAI CTATHCTHYHUX
3BITIB;

— BUKOPUCTOBYBAaTH $IK CHTHAaJ, IO YIpaBIsE, NpU
peakiii Ha TeBHI mOMmii IS 3amycKy CHCTEM B
aBTOMATUYHOMY PEXHUMI.

Jo ckiamy pilleHHS MOXE BXOJUTH  CHUCTEMa
BiJIEOCIIOCTEPEKEHHS], III0 OAHOYACHO 3 CUTHAJIOM TPUBOTH
BUBOJMTh KapTUHKY 3 aBapiifHOIO MiJCHCTEMOI0 Ha
MOHITOp orepaTopa. SIKk IpaBHiIO, Y CHCTEMI IepeadayeHo
Web-inrepdeiic, kpiMm Toro, ii MOXKHa iHTErpyBatu 3
cucremamu MoHiTopuHry I T-indpactpykrypu LIO.

Imxenepni cucremu I11OJ] ckmamaroThcs 3  BEIHUKOL
KUJIBKOCTI  B3a€MOIIOB'SI3aHOTO  OOJIAZIHAHHS, TOMY TIpH
HACTaHHI OyIb-sIKOI TPUBOXKHOI TOIl BAXKKO BU3HAYMTH,
Jle KOHKpPETHO BHHHKIA mpoOimema. J[lng mnpuxnany
Bi3bMEMO Ipo0JieMy B  KOHTYplI JKHBJIGHHS  MIX
pPO3IOAIIPYUM ~ MIUTOM 1 aKTHBHHUM  MEPEKEBUM
obnagHanHsaM. Cucrema JoKajizye mpoOieMy, BH3Ha4ae
piBeHb MOXKJIMBHX HACIIAKIB Ta BijoOpakae iH(popMaIliro
PO KOHKPETHY CHCTEMY Y BikHI TpuBor. Expanna ¢gopma
31 CXEMOI  CHCTEeMU IIOKa3ye  BIJHOCHHH  MiX
B3a€MO3AICKHUM  OOJagHAaHHIM  Ta  MOXJIUBUMHU
HACJIIIKaMU HETOJIaJI0K B OKPEMHUX KOMITOHEHTAX.

ACIY uenrpanizoBano (ikcye mofiro y 0as3i JaHUX Ta
CHOBIIIA€ AWCIIeTYEpa TPO BHHUKHEHHS NpoOJeMU Ta
HEOoOXimHicTh 11 BupimieHHd. Jlami cucrema BH3HaYae
piBeHb CepHO3HOCTI TMOAIl Ta Hama€ TOMii TECBHUMA
npioputeT. I[IpiopuTeT HEOOXimHMA, MO0 IIiABHIIUTH
e(peKTHBHICTh peaKilii mepcoHany Ha momiro. Hampukan,
SKIIO CUTHANI3allisl, [0 CHpalfoBaja, TOBOPHUTH IPO
HEOOXiHICTh 3aMiHM (IIbTPa CHUCTEMH KOHAWIIFOBAHHS
TIOBITPSI, OIIEPaTOp MOBUHEH PO3YMITH, Y SKi TEpMiHH i 3
SIKMM TIPIOPUTETOM BHUPIIIUTU CUTYALIO, IO CKIIAIACS.

Opna 3 HalBaxmmBimmx ¢yHkoii AC/Y — cBoedacHe
CHOBIIIEHHS MNP0  CUTyalii, M0 BUHHUKIH, YCIX

BIMOBIAJILHUX 0Ci0, sKi OOCIYrOBYIOTH IiJACHCTEMHU
HO/I. Cucrema mae (GyHKIIT ONEPATHBHOIO OIOBIIICHHS
JCIIETYepiB, aaMIiHICTPaTOpiB Ta KepiBHUX 0ci0 00'ekra
CICKTPOHHOIO IOMITOK abo 3a jgomomorow SMS-
MOBIZIOMJIEHb, @ TaKOX IHTErpyeTbCs 3  IHIIMMHU
JMOCTYITHUMH CIIOCOOAMM CUTHATI3aIll BIAMOBIAHO [0
BCTaHOBJICHOT'O PErJIAMEHTY.

CucremMa  BUBOAWTH  TOBIIOMJICHHS  TIPO  BHXIiJ
rapaMmeTpiB, 110 BiJICTEXYIOThCS 3a BCTAaHOBJICHI paHille
MEXi, a TaKoX MOBIZOMJICHHS TIPO KPUTHYHHUH Yac
HaIpanoBaHHs €KCITYyaTOBaHOT'O IH)KEHEPHOT O
obnaxnanHs. Hampukian, 1ie MOXXyTh OyTH JIaHi IIpO CTaH
aKyMyJSITOpHHX OaTapei, Temmeparypy Ta BOJIOTICTh Y
crifikax. [H(popMalis HajaeTbCs B OCTYIIHOMY BUIIISII
JUId  aIMIHICTPaToOpiB 1 JAWCIETYepiB, a TaKOX JETKO
YHUTAETHCS.

BimmoBa oOmamHaHHA MOXKe OYTH HACIIIKOM HE JIWIIC
HAJATO BHCOKOI TeMIepaTypu, a ¥ IIBUAKOI 3MIiHH.
Cucrema BIiJICTEXXYE TEMIIEpaTypy Ta BOJIOTICTh Ha piBHI
CTIHOK 3 OONaJHaHHAM Ta CIOBIIIAE AWCIIETYEpa PO TE,
mo 3adikCOBaHO TMOTCHIIIHHO HeOe3MeYHi 3HAYCHHS
TeMIepaTypd Ta BOJOrOCTi. XPOHOIOIiYHI JaHi Ta
rapamMeTpyd  HaBKOJIMIIHBOT'O  CEpPEeOBUINA  MOXYTh
BUBOJIMTHCS y BUIIISAAL TpadiKiB, MI0 JETKO YUTAIOTHCS.

Y wmipy nosieu B 11O/] HOBOro oOiamHaHHSA, MOTPEOU B
€JIEKTPOKUBJICHHI Ta OXOJIOKEHHI MOXYTh ITePEBEPIIUTH
HasiBHI PECypCH, pe3yJbTaTOM 4YOro CTaHYyTh Iiepedoi y
pobori. 3okpema, imkenepHi cuctemu 1[OJ] BUMararoTh
JI0AaTKOBOI yBaru B Mipy crapinns Oarapeit JIBXK. Piens
cTapiHHsS OaTapeil 3aleXWUTh BiJl IHTCHCHUBHOCTI IX
BUKOpHCTaHHS Ta Temmeparypu. ACY Bigcrexye
CIOKMBAHHS CTPYMY JUIA KOXHOI TiNKM JaHIfora abo
CTIWKM 1 MOBIIOMIISIE BiJOBiANBHUX OCIO MPO cUTyalii,
IO 3arpoXYIOTh BHUHHKHEHHSM HaBaHTaXXEHHA. BoHa
takoxk iHpopmye ix mpo Beix JBXK, y sxux wuac
ABTOHOMHOI POOOTH BHSIBIIIETHCS MCHIIHM 33 MIiHIMyM
a00 y SKUX TEpPEeBHIIYEThCS IOPOrOBE  3HAYCHHS
HaBaHTa)KEHHSI.

HecnpaBHicte  oOnmagHanHs ~ abo  JiHIA — momadi
€JIEKTP O’KUBIICHHS, a TaKOXK HEKOPEKTHI it
00CITyrOBYIOYOTO IEPCOHAYy MOXYTh TPU3BECTH JI0
3HeCTpyMJIcHHA  obOnamHanHa. ACJY  omepaTtuBHO
MIOBIZIOMJISIE JIMCIIETYepa MPO HAsIBHICTH a00 BiJICYTHICTh
HAIPYTH JKUBJICHHS HA CIIOXKMBaYaXx.

HesikicHe eneKTpOXMBIIEHHS TPHU3BOAWTH 10 BHXOAY 3
nany abo meperyacHOro 3HOIIYBaHHs OOJIaJHAHHS. 3MiHa
HaBaHTaKEHHS Ha cucTeMy €JIEKTPOXKHUBIICHHS
(BKJIFOUCHHS/BUMKHEHHS ~ KJIIMaTHYHOTO  OOJIaTHAHH,
noxaBanHs oOnagHaHHs L[OJ] Tomo) Moxke CpUYMHUTH
CHUTYaIliIo, KOJIH cucrema Oe3nepediitHOrO
€JIEKTPOKMBJICHHS HE B 3M031 3a0€3MEUUTH pe3epBYBaHHS.
ACHY HaJae 00CITyTOBYIOUOMY nepcoHany
LIEHTPaJIi30BaHy iH(opMaIrio po SIKICTB
CIICKTPOXKUBJICHHS Ta PO3MOii HaBaHTakeHHs 10 11O/] y
PeKHMi pealbHOr0 4acy, a Takox 30epirae 1o
iHdopMaIliro B 0a3i JaHUX IS MOJANBIIOTO 3'sICYBaHHS
MIPUYUH BiIMOBH 00JIaIHAHHSI.

OnepaTtuBHE BIJCTEeXEHHsS CTaHy OOJaJHAHHSI, IO
3a0e3meuye rapaHTOBaHE Ta Oe3mnepeOiline
enektpoxkusienns  (JBX, JJY), HemoximBe 06e3
LIEHTPaIi30BaHOro 300py Ta BimoOpakeHHs iH(popmamii 3
UX IIPUCTPOIB. ACY Hajae JIUCIIETYEPY
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LIEHTpaJi30BaHy iH(GOPMAIII0 MPO CTaH OOJAIHAHHSI, IO
3a0e3meuye.

Knimatraauii pexum [{OJ] Moxxe mopyuryBaTHCS depes
HEMpaBUIbHI PEXUMHU POOOTH KIIIMATHYHOTO O0JIaHAHHSI.
Uepes HepiBHOMIpHHI po3moain odaannanus B 11O/ iHomi
BUHHMKAIOTh 30HH JIOKAJIILHOIO NEPerpiBy, MO MOXe
BAMaratu 3MiH Yy peKHUMax poOOTH KIIMaTUYHOTO
obmamHanHsA. OOCITYroByHOUYHI TIEpCOHAT HE 3aBXKIH
MOMiYa€e TUMYACOBHH BHXiJl TeMIIEpaTypu ab0 BOJOrOCTi
3a MeX1 HOpMH, 11O MPU3BEAE 0 NpoOJieM MION0 MPUYUH
300iB y poOoTi akTMBHOro oOmamHaHHsA. KpiMm Toro,
kiniMaTnaHud pexum 11Ol Moxe mopyinyBaTHCS depes
HeMpaBWIbHI  peXXxuMu  poborm abo  aBapii Ha
KIIIMaTHYHOMY o0J1aiHaHHI. ACY BiZICTEXKYE
TEMIepaTypy 1 BOJOTICTh Y TEICKOMYHIKAIHHAX CTiHKaX i
MOBIZIOMJISIE  UCIIeTYepa MNpPO Te, M0 BOHH JIOCSTIIH
MOTCHINHO HEOEe3MEUHNX 3HAYCHb, a TAaKOXK 30epirae Io
inpopmariro B BJ] i Bunae ii y 3pydHOMy ISt OAAIBIIOTO
aHamizy Burisiai. Cucrema Hajae qucrnerdepy iHrepderic
JUTSL 3MiHU PEXUMIB pOOOTH KIIMaTHYHOrO 00JaHAHHS Ta
OIIEpaTHBHO ITOBIIOMJISIE BiJIIOBINAILHUX PO 300i B HOro
pobori.

Ha ACAY Ttakox moxiameHo (GYHKINI MiHiMi3aIi
HacniakiB moxexi y IO, V pa3i BUHHKHEHHS MOXEXI
HECBOEYACHE OIOBIIIEHHS IEPCOHANly, a TakoX pobora
KOHJMIIIOHEPIB Ta HEY3TO/DKEHICTh POOOTH  1HIIMX
migcucrem y LOJ] Moxe yckimagHUTH pOOOTY CHUCTEMH
MOXKEeKOraciHHs Ta 3HM3UTH 1i edexTuBHiCTE. ACHY
TIOBIZIOMJISIE IUCTIETYepa MpPO CIPALIOBAHHS IOXKEMKHOT
curHamizamii Ta CTaHIli ITOKEKOraciHHsA, a TaKoX Mae
MOXIIUBICTh aBTOMAaTHUYHO BiJKIIOYUTH KOHIUIIIOHEPU Ta
BEHTUIIALLIIO. [Micns CIpalbOoBYBaHHS CHCTEMH
MOKEeKOTaCiHHS HEOoOXiTHO BU3HAYATH SIKICTh IOBITPS Y
MPUMIIICHHAX Ta BUBOMUTH If0 iH(popMmaliito Ha APM
JcneTyepa.

III. BUCHOBKH

EdexruBHicth (yHKIIOHYBaHHS IIPOMUCIIOBOTO
HiAIpueMcTBa 0€3MOCepeHbO 3aIEKUTh BiJl TEXHIYHOTO
OCHAILIEHHSI BHPOOHUWIITBA Ta BiJ| CTYNEHS BHPOOHUYOL
aBromarm3aiii. HeoOXimgHO perymspHO 3HiHCHIOBATH
MOHITOPUHT ~ BHPOOHMYMX  00'€KkTiB.  BrpoamkeHHs
€JIEKTPOHHHUX CHCTEM MOHITOPUHTY Ta YIPaBIJIiHHS 3HAYHO
crnpourye poOOTy TepcoHaly, I03BONsiE  €(EeKTHBHO
BUKOPDHCTOBYBAaTH pPECypCH, IIBHIKO BHUSBISATH Ta
BUPILITYBaTH MTPOOIEMH.

[TiampueMcTBO € CKIaJHOI CHUCTEMOIO, 1 TOMY HOro
MOXKHa TPEJCTABUTHU K €IUHY CUCTEMY cep MisUTbHOCTI.
Omxe, ynpaBiiHHA Mae BigOyBaTHCS WIJIKOM Yy BCIX
HanpsIMKax (BUPOOHUIITBO, KaJpH, peaiizamis MPOAYKIIii,
¢inancu). Ha piBHI okpemMoro mignpuemMcTBa edeKTHBHUIA
PO3BHUTOK riepeadayac BIOPOBAKEHHS IMPUOYTKOBHX
HOBOBBEJICHb,  SIKI  JIOIIOMAaraloThb  HiJANPUEMCTBY
3aJIMIIATUCS KOHKYPEHTOCTIPOMOKHUM Ha PHHKY.

OnHum i3 ¢axTopis, 10 CHPUSIOTH
KOHKYPEHTOCIPOMO)KHOCTI ~ BEJIMKUX  HiJIPUEMCTB, €
BUKOPHCTAaHHSI aBTOMaTU30BAHUX CHCTEM MOHITOPHHTY Ta
ymnpaBiinHsa. Taki cucTeMH IiependavyaioTh TIIIHOOKe
OIPaIfOBaHHS [AHWX, CIIEliajJbHO TEPETBOPCHUX IS
3pYYHOr0 BHKOPUCTaHHS Yy IPOLECI NMPUUHSATTS PillleHb.
MOHITOPHHT  MPOIECIB  MPOMHUCIOBUX  MIANPUEMCTB
nependavyae TMOKPAIIEHHs TEXHOJOTiH HAKONMWYEHHS Ta
30epiraHHs JaHUX 4Yepe3 IHTErpamil0 CXOBHIN JAHUX Ta
IHTEIEKTYalbHOTO aHaNi3y [JaHuX. 3aBASKA IbOMY

YCYBalOThCSA MPOOJIEMH HETOCTOBIPHOCTI MaHUX, HHU3BKOL
MPOIYKTUBHOCTI pu aHATI THIHUX 3amurax,
HEMOJKJIUBICTb TIEPETBOPEHHS PIi3HOPIAHMX JaHUX Ha
equHy iH(pOpMAILiIo.
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CucrteMa HaBIraiii Ha OCHOB1 TE€XHOJIOT1i KOMII FOTEPHOTO
30py a1 BITJIA

ol . 1 s 1 w1
Onexkcanap Manuii , Haranis ®ypmanosa , Onekciii @apadonos , [TaBno Koctanoii
1. Kadenpa indopmamiitHux TexHonorii enekrponnux 3aco6is, HarionansHuii yHiBepcutet «3anopizbka nonmitexnika», YKPATHA,
3amopixoks, By, XKykoBcbkoro, 64, email: docsasha2@gmail.com, nfurmanova@gmail.com

Anomauia: B pobOTI  TpeACTaBICHO  aNTOPUTMHU
(YHKLIOHYBaHHS PO3pOOJICHOI aBTOPaMH CHCTEMH HaBirariii Ha
OCHOBI TEXHOJOril KOMII'FOTEPHOr0 30py Ui Oe3MioTHHUX
niTanbHUX amapaTiB. HaBeneHO OOIpYHTYBaHHS 3aCTOCYBaHHS
MAXOMIB JUIS BU3HAYEHHS 3arajbHUX TOYOK, Ha OCHOBI SIKHX
BUKOHYETBCS CTBOPEHHSI KapTH MICLEBOCTi. 3anporoHOBaHa
CHCTEeMa BiJIPI3HAETHCS MEHIIO KUIBKICTIO HOXHOOK Ha BiAMIHY
BiJ] iCHYIOUHX.

Knrouogi cnoea: nasirauis, texniunuid 3ip, BIUJIA, cucrema
KepyBaHHS

1. BcTtyn

B nmaHmii wac cdepa 3acTocyBaHHS OC3IIIOTHHX
mitanpaux amapaTiB (BITJIA) mocuth mmpoka i BKITIOYae
sK BIHCBKOBI, Tak 1 IMBUIBbHI o0OsacTi. CTBOpEHHS
HaAidHUX cucTeM HaBiramii ta ynpasininas BIUIA €
aKTyaJlb-HUM Ta BXJIMBUM  HAmpsSMKOM  pPO3pOOOK.
Iupoko 3acrocoByBaHi pajioHaBiramiiiai cucremu GPS
MaloTh CBili HaOlp HENOMiKiB (BiICYTHICTh aBTOHOMHOCTI,
BTpaTa Ta 3racaHHsl CUTHAIly, NHPUPOAHI Ta IITY4HI
MEepenIKoAH, CHPUYMHEHI Iorogo abo  penbedom
MICIICBOCTI TOIO). IHepIilHI HaBiramiiHi MiIKpOMEXaHIdHi
CHCTEeMM  3[aTHI  TpalfoBaTH  aBTOHOMHO,  IXHE
BUKODHCTAaHHS TIOB'S3aHI 3 IPOOJIEMOI0 HAKOIMYEHHS
MOMWJIKM Yy OOYHCIEHHSIX CTaHOBWINA Ta Opi€HTAI.
OnaHuM 3 albTEpPHATHBHHUX CIOCOOIB  HaBiramii €
BUKODHCTaHHS  3aco0iB, METOJIB Ta  ajrOpUTMiB
TeXHIYHOTrOo 30pYy [1, 2].

II. BUKOPUCTAHHS TEXHOJIOTII
KOMIT’IOTEPHOI'O 30PY JiJ1s1 BITJIA

3aBlaHHs aBTOMATUYHOIO BW3HAUECHHS IOJOXKEHHS Ta
opientanii BIIJIA mnonsrae B HactynHomy. JliTanbHuii
amapar ocHaileHud (oro- abo BiJEeOKaMepor, >KOPCTKO
3aKpiUICHOI0  abo  pyxomoro.  Bimomi  TexHiuHI
xapaxrepuctuku kamepu Ha BIUJIA, a y pasi ii pyxsimBocTi
— Opi€HTAIlisl KaMepH IO/I0 arapary.

[Mix wac mompory kamepa BIIJIA mopomxkye nesikuii
HaOip kaapiB. [yl KOKHOTO KaJIpy HEOOXiHO BU3HAYHUTH
MOJIOXKCHHA Ta opieHTamito BITJIA, mo BiAmoOBigarOTh
EOMY KaJpy, 0¢3 BUKOPUCTAHHS TOJATKOBUX AATYHKIB (Y
ToMy uucm 0Oe3 Bukopucranus GPS Tta iHepuiiiHOT
HaBiramiiHoi  cucremu). OOpoOka  JaHMX  MOXKe
BuKoHYBaTHCs Ha 60pTy BI1JIA un HazeMHoI cTaHIii.

Jlns BupimeHHs 3a1a4i OyB BUKOPUCTaHMH HACTYITHHIMA
MiAXIA:  OCKUIBKM Ha KOXHOMY 3HIMKY 3 BITJIA
BiIOOpa)KeHO JesKy MAUIIHKY 3E€MHOI IIOBEpXHi, sKa
CroCcTepiraeTbcsi 1 Ha 3HIMKY 31 IITYYHHX CYITyTHHKIB
3emmi (HIC3), moxna crnpoOyBaTH 3HAWTH NapaMmeTpu
MPOEKTUBHOTO  MEPETBOPEHHS, 10  3B'si3ye  JBa
300paKeHHs, 1 THM CcaMUM OOYHUCIHTH B3a€EMHY
opienTanito kamep Ha IIIC3 (Ha TOIf MOMEHT, Koiu OyI0
BUKOHAHO CYNYTHUKOBUH 3HIMOK) Ta BITJIA. A ockinmbku
CYNyTHUKOBHI 3HIMOK Ma€ reorpadivHy IpUB'S3KY, TO

IpU  BIJOMHX [apaMmeTpax IIYKaHOTO IIePETBOPEHHS
obuucneHHs1 monokeHHs Ta opientanii BIIJIA crae
TpUBiabHUM  3aBAaHHSAM. OOUHUCIEHHS  HEBiIOMHUX
rnapaMmeTpiB Iepeaye IOUIYK JAeskoro Habopy map
3araJbHUX (BIAMOBIAHUX) TOYOK, SIKi CIOCTEpIraloThCsS Ha
000X 300paxkeHHAX. SIK OCHOBHHMH I1HCTPYMEHT IS
BUpILIIEHHS 3aBJaHHS HAHOLIbLIE MiAXOIUTH MpOrpamMHa
610mioTeka komm'toTepHoro 3opy OpenCV.

IcHye anropuT™ BHpILIEHHsS 3a/Jadi TO3HMIIOHYBaHHS
BIIJIA mno Bigeopsiay /Uit TOJNBOTIB HAJ IUIOCKOO
MICIIEBICTIO, 3aCHOBAaHMH Ha 3iCTaBIIEHHI TaK 3BaHUX
CHeLiaIbHUX TOYOK, 3HalJieHMX Ha KaJapi Ta Ha
CYIyTHUKOBOMY 3HIMKY Ti€l JUISHKHA MICIICBOCTI, Haj
sikoro BITJIA 3miticHioe cBoi monboTH. Ilics 3icTaBiaeHHS,
OOYHUCITIOIOTECSl TTApAMETPH TTPOEKTHBHOIO TIEPETBOPEHHS
MDK JBOMa 300paKCHHSIMH, IO O3BOJSE OOYHMCIUTU
MOJIOKEHHsT Ta oOpieHTariro kamepu Ha BIUJIA 'y
rJ100aJIbHINA CUCTEMI KOOPIMHAT.

OpHuM 13 HaWOPOCTINIMX aJNrOPUTMIB  BHUIICHHS
OCOOJIMBMX TOYOK € QITOPUTMU BUJIUIEHHS KYTIB Ha
300pa)keHHsI, 30KpeMa, JeTeKTop KyTiB Xappica. Aue
JIETEKTOpY KYTIB HE iHBapiaHTHI 10 MacuITaOyBaHHS: NPU
pi3HUX MacmTabax OJHOTrO W TOro K 300pa)KeHHS MOXKHA
3HAWTHU pi3HI KyTOBI TOUKHU. BNkl CTIHKUMH € anropuT™y,
B SKUX BHUKOPHUCTOBYEThCS Tak 3BaHe scale-space
MIPE/ICTaBJICHHS. 300pa)KEHHs: PO3MHTTSI 300pakKeHHS 3a
JIOTTIOMOTOr0  3ropTkH 3 (QyHKIieo [ayca 3 pisHUMH
3HAYEHHSIMHU CepeqHbOKBaApaTuuHOro BiaxwiueHHs: SIFT,
SURF, GLOH Tomo.

III. CTPYKTYPA CUCTEMHU KEPYBAHHS BITJTA

Knacuyna cxema aBTOHOMHOro kepyBanHs bIIJIA
(puc.1) ckmamaeTbcs 3 MIKPOIIPOIIECOPHOTO  MOIYJIS
KepyBaHHs (aBTOITLIOTA) Ha SIKUH HAaIXOMATh CUTHAN PO
r1o0abHY MO3HI0 3 npuiiMada GPS Ta maHi 3 maT4ukis
IHEpIiHHOI CHCTEMH HaBirarfii.

Puc.1. Knacuuna cxema kepyBanusa BITJIA

HenonikaMu KJIaCHYHOI CXEMH € BellMKa 3aJIeXKHICTh
aBTONUJIOTY BiJl HAsBHOCTI CHUTHAIIB BiJ] CYyNyTHHKIB Ta
noxuOoK 1iHepuiiiHoi cucremu Hagiramii. CymyTHHUKOBI
HaBiramidai cucreMmu GPS  cxwmpHi 10 mpoOieMu
3HUKHEHHsSI CHTHaly, a JUIsi IHepUiHHMX HaBiraminHuX
CHCTEM  XapakTepHE  HAKONWYEHHS  TOMWIKH B
oOuucneHHsX mig 4ac podoru. Tomy IPOMOHYEThCS
3arajgpHa cxema kepyBanHs BIIJIA, mo HaBeneHa Ha puc.2.
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Puc.2. 3anponoHoBaHa CTpyKTypa CUCTEMH KepyBaHHSA
BITJIA

3amporioHoBaHa ~ cxema  3a0e3ledyye  MOMJIUBICTh
BUKODHCTaHHS TIepeBar KJIACMYHOI CXEeMH, OJIHaK 3a
paxyHOK HasBHOCTI OpIEHTYBaHHS 3 BHKOPHUCTaHHSIM
300paXeHb OTPHUMaHMX 3 KaMep 3 BHKOPHCTAHHS
TEXHOJIOTi1 KOMII'IOTEPHOTO 30py Ta CTIBOPIOE (HaKTop
HAUTMIIKOBOCTI B KEPYBaHHS, IO Ja€ 3MOTY ITiJABHIIUTH
TOYHICTH ~ poboTM  cucremu  KepyBanHs  BIIJIA.
3anponoHOBaHa ~ CUCTEMa  BUKOPHCTOBYE aHaJi3
iHpopMarii, ik HaBeIeHO Ha puc.3.

FHiwy 3
KOOPOUHAMaNY

SR : ompua T
ampuraiy Uwppﬂdw oL HOABHOCTY IHEDLILHG!
@M CUCTTEMIY
2 i GPS
FOBOHTAY e Habizati
[lpozpamye 3a083ne4erHa e | Pummp
Kamsrana

BidHobaerHa mpaexmama
0TBOTY

Oeprrirea
MOHHGCITY

Puc.3. lani quist anropurmy Hasiramii BITJIA

Jnst 3aBmanHa TpaekTopii monboTy BITJIA 3amarorhes
KOOPJIMHATH KOHTPOJIBHUX TOYOK Ta KOOPJWHATH BEKTOpa
IIBUIKOCTI KOXHOI Takol TO4YkW. IIporpama Ha miacTaBi
OTPUMAHUX JaHUX TPO TIOJNOKEHHS Ta OPIEHTAIII0
JIITAJILHOTO arapaTy MOBUHHA TCHEPYBATH TPAEKTOPIIO, IO
MIPOXOJUTH Yepe3 TOUKY MOTOUHOro po3TamryBanHs BITJIA
Ta HACTYIHY KOHTPOJIBbHY TOUKY (pHC. 4).

flomm npu Hasbrocmy GPS

\x 7 I . ,_\lﬂ

e ] Fiemadnewus Peaaaiywon | / [ J\Gadmr \
e = iy L e 'm”_m? | KON
(L fabud wode K OO Koty 3 Koo m*\:? s
fomm noy Sidcymyocmi GPS

L

Daucas Furod, | Fo3 Hady

/;E; wagsetuy || Anodiivaso radmy monowenne s & o
bty HIT KOO I—, BT MOGERTIGNG

Puc.4. Ilpouiec aBTOHOMHOI HaBiraiii y BUNaakax
HasIBHOTO Ta BificyTHbOro curuainy GPS

B ocHOBY npuHIMITY MTOKIaieHo 3 6a30Bi CIIOCOOH.

1) OGuncneHHs1 TPOHAEHOrO MUIIXY Ha OCHOBI aHaJi3y
MOTOKY  BiIEOAAHMX, IO HAAXOIUTHb 13  ONTHKO-
CJIEKTPOHHHUX TMPWIAJiB CHOCTEPEKEHHS. Y MepIIoMy
KaJIpi BiJICONIOTOKY 3HAXOIATHCS XapaKTepHI TOYKH 1 Aaji
BiIOYBAETHCS BIICTEKEHHS IXHHOTO MEPEMIIIIEHHS B KaJpi.
3a XapakTepoM IEpeMIICHHS IporpamMa BH3HAYa€, SK
3MIHIOETBCS TIOJIOKEHHST Ta OpiEHTalis camol KaMepH.
OCHOBHUM OOMEXKEHHSM METONY € MOXKJIHMBICTb JIUIIE
BiTHOCHOTO BHM3HAY€HHS KOOpPAMHAT Ta Opi€HTallii, 0
MOXE TPHU3BECTH [0 3POCTaHHS IOMMJIKH HaBiramii 3
yacoM. Takox MOXYTh OyTH IIPUYMHH, IO MPU3BOAATH 10
HEMOJKJIMBOCTI 3HaWTH BIATIOBIHI TApU TOYOK HA 3HIMKaX:
HEJIOCTaTHE OCBITJIEHHS, HEMOXXIIMBICTh BHKOPUCTAHHS Y
pa3i  XMapHOCTi, HEMOXIJIMBICTh BUKOPHUCTAHHS HaJ
IJIa/IKOO TIOBEpXHEI0 0e3 XapaKTePHUX OCOOJIMBHUX TOYOK.

2) Meron ToOuHOI TPUB'SA3KHM 1O penbedy 3a
crepeoeekToM, 110 BUHHKAE IIiJ Yac pyxy kKamepu. Llei
cnoci0 /I03BOJIIE YACTKOBO KOMIIGHCYBAaTH HEIOJIKH
MepIIOro METOAY. BHKOPHCTOBYIOUH TEPEKPHUTTS MOTOKY
(oTo-BiIEOAAHNX, BiJTHOBITIOETHCSI penbed, BiH
TIOPIBHIOETHCS 13 3aKJIaJCHUMHU B IIaM'ATh JaHUMH, Y pasi
WIMI3HAHHSY»  BHU3HAYAIOTHCS TOYHI  KOOPIWHATH  Ta
opientanis. OcHOBHa TepeBara mepel IOIepenHiM
METOJOM — MOXJIMBICTL 3HAWTH HE TUIBKM BIJHOCHE, a ¥
a0COJIOTHE IOJIOKEHHSI KaMepH, OCKUIBKU 3HaHHS KapTH
MPUB'sI3y€ KaMepy J0 KOHKPETHUX TOYOK Ha MICIIEBOCTI 3
BIIOMUMH aOCONIOTHUMH KoopauHatamu. lle Beme 10
TOro, IO TIOMWJIKA HAaBiramii HE 3pOCTa€ 3 YacOM.
OCHOBHHMI1 HENONIK METOAY — YYDIHMBICTH 1O 3aHAITO
BEIMKUX IIOMWIOK BHXIJIHUX KOOpJMHAT KaMepH,
OTPUMAaHUX BiJl IHEPUIHHHMX HaBiramiiHUX NPHIAJIB, SKi
METOJI IOBUHEH ITOTIM YTOYHIOBaTH. Takoxk 30epiraerbes i
TAaKUA HENOJIK TEpIIoro METOHy, SK HEMOXIIUBICTh
poboTn Haj BOXHOI abo TINIAHOIO IIOBEPXHEI0 Ta
BUHHMKHEHHS CYTTEBOI TOMMJIKH Y BIJICYTHOCTI SIBHO
BHPaXXEHOT'0 penbedy.

3) Merogq TOYHOI TPHB'SI3KA 33  CTAJOHHUMU
¢dororpadisMu — KaApH BileO TOPIBHIOIOTHCA 13
3aKIAZICHUMH Y TaM'siTh  300pa)KCHHAMH  JUISTHOK

MapuipyTy, y pasi «BIi3HAaBaHHS» BH3HAYAIOTHCS TOUHI
KoopAuHaTH Ta opieHramis. e merox 3abesneuye
BHCOKY TOYHICTh BH3HAYEHHS a0COJIOTHUX KOOPIMHAT
HaBITh 3a BiJICyTHOCTI penbedy. Bin Takox no3Boisie
3HANUTH a0COJIOTHE IMOJOKEHHS KaMepH, HaBiTh KOJH ii
3pa3KoBi KOOpIWHATH B3araii Herizomi. Ile mocsraerbes
IUIAXOM CKaHyBaHHS Bciel 0a3u HaHUX 31 3HIMKAMH
MICIIEBOCTI Ta MOPIBHIHH iX 13 MOTOYHUM 3HIMKOM. Kpim
TOr0, MalO4YH «IPUB'SI3aHHUI» 3HIMOK, MOXKHA 3 BHCOKOIO
TOYHICTIO BHM3HAYaTH KOOPIWHATH HA3eMHUX OO0'€KTIB,
BUSIBJIICHHX ONTHKO-EJIEKTPOHHOIO anaparyporo.

HaiinepcriekTuBHIIIMM 111 Hac 3  BpaxyBaHHs
BIJICYTHOCTI MOXIJIUBOCTI moOymoBu 3/ kapt 3 penbedoMm
Ta HAsABHOCTI TOTOBMX IIOTOKIB BIJCONAaHUX € TPETIH
croci0.

IV. AJITOPUTM BU3HAYEHHS KJIFOYOBUX TOYOK
TA KEPYBAHHS BITJIA 3 BUKOPUCTAHHSIM
KOOPJIUHAT OTPUMAHUX HA IX OCHOBI

IIporpamue 3a0e3IeYeHHs Mae aHaTi3yBaTH

306pa)KeHHH Ta 3HAXOJUTHU KJIIOYOB1 TOYKH Ta MCETOJAOM
CITIBCTABJIEHHS 3 306pa)KeHHHMI/I oo MarThb KOOpZ[I/IHaTHi

M&MS 2022, 21-22 October, Kharkiv, UKRAINE



MIOMITKH OTPUMYBATH ITOTOYHI KOOPAMHATH O€3 HasIBHOCTI
curnany GPS.

VY sSKOCTI KIIOYOBHX TOYOK HE MOXKHa Opatu OyIb-siKi
00’€KTH, 110 MOXYTh LIBHJKO 3MiHIOBaTHCh. Hampukian,
JlepeBa 1 HaBiTh OYIMHKA MOXXYTh 3a3HATH 3MiH HaBITh 3a
yac nonsoty BITJIA, oco6nuBo mix vac OoioBux aiid. Kpim
TOro, kKaprtH, 3aBaHTaxeHi y BIUJIA, Moxyrs Oytu
3actapinumu (Moxke OyTH iHIINI CE30H, KOJIHM KpOHA JIepeB
Oyze MOpPOXKHBOIO, YW HABIMAKHU, 3 JMCTAM Ha BIAMIHY BiX
MOTOYHOI'O CEe30HY). Birep MoXke 3MiHIOBATH KOHTYpH
JIlepeB HaBiTh IIPU CIHIBIAAIHHI ce30oHy. OIHAaK HE BapTo
HEXTYBAaTH HaBITh TAKUMH KIIFOYOBUMH TOYKAMH — IPOCTO
3amaBatd iM MeHmmi npiopurer. KitodoBi Toukm 3
HU3BKUM TpiopuTeToM BaxxnuBi, komu BIIJIA neruts Hazg
TEPUTOpI€T0, Ha SIKiH BiAICYTHI ypOaHi30BaHI CTPYKTYpH YU
XapakTepHi Iepenaay BUCOT.

OTKe, HaBelIeMO OpIEHTHPH Yy  TOPSOKYy  IX
MIPIOPUTETHOCTI (BiJ] MEHII MiUISATal0uUX 3MiHaM 0 OLTbII
T JJTATAF0YUNX )

— IpaHUIli BOAOWM Ta TipCbKUX MacHUBIB;

— Tepenajay BUCOT MiCIIEBOCTI;

— JIOpPOT¥ aBTOMOOLIBHI Ta MIMIOXi/IHI ac(aibToBaHi;

— OymiBii;

— MIIOXiAHI TPOIH;

— OrOpOXi;

— TUIH BiKPUTOTO TPYHTY;

— JiepeBa Ta KyIII.

BimnosimHo, s poOOTH CHUCTEMHU HaBiraiii Ha 0asi
KOMIT FOTEPHOT0 30py HaM HEOOXiIHO:

— 3po0utH 00pOOKY 300pa)keHb OTPUMAaHHUX IIPH
noiboti BITJIA 3 Bukopuctanusam GPS a6o 3aBaHTaxeHUX
CYNyTHUKOBHUX (oTorpadiii 3 METOH BHSBICHHI B HHUX
KJIFOUOBUX TOYOK 3 MPHB’SI3KOIO 10 KOOP/IMHAT;

— OTpUMATH KapTy MICHEBOCTI Yy BUIVISAII MAacuBy
KJIIOUOBUX TOYOK 3 PI3HUM CTYNEHEM MpPiOPUTETHOCTI
(3TiHO 3 paH)KyBaHHSM HaBEICHUM BUIIE).

[Momyk  KIIOYOBMX  TOYOK  IMOTpeOye  0OpoOKH
300paXeHHS ~ OTPUMAHOTO 3HIMKY 3a  JIOIOMOTOO
aJTOPUTMIB, 1110 Bxke BOy0BaHi B 610mioreky OpenCV.

Jnst  momepemHboi  00OpOOKHM  300pa)keHb Ta IS
OTPUMAHHS 300pa)KCHHSA 3 JEKIJIBKOX CYCITHIX 3HIMKIB
HAKOUIBII IEPCIIEKTUBHIMU € HACTYIHI aJITOPUTMU:

- agroputMu  0a3oBoi  ¢imbTpamii  300pakeHs:
HU3BKOYACTOTHUH Ta BUCOKOYACTOTHHH, MEIiaHHHH Ta
(LTBTPY YIIpaBIIiHHS KOHTPACTOM;

- aJITOPUTM CyIlep JO03BiJ, IO JO3BOJSIE MOOYAyBaTH
300pa’keHHs] BUCOKOI PO3IIBHOI 3ATHOCTI 3a JACKUIbKOMa
caOKUMHU 300pakKeHHSIMH 00'€KTa MEHIIOTrO JI03BONY 3
BUKOPHCTaHHIM CYOIlKCENbHUX 3pYyIIeHb 00'€KkTa, M0
3HIMA€EThCS,

- aJITOPUTM BHOOPY KpPAaIIOro 3HiMKa i3 cepii Ha OCHOBI
OOUYMCIIEHHsT MOAYJSIIIHHOI — mepenaBanbHOi  (QyHKIIT
(Modulation Transfer Function, MTF) [3];

- aJJTOPUTMH BiJIHOBJICHHSI TOIIKO/PKEHUX 300paKEeHB:
anroput™ AALR [4], aganToBaHuii BapiaHT aliropuTMmy
Jlaki-Piuapncona [5, 6];

- aJrOPUTM  3ICTaBIEHHS  KIIBKOX  3HIMKIB (3
ypaxyBaHHSM JIECKpUNTOPIiB crHemianbHux To4oK SIFT
(Scale-Invariant Feature Transform) i SURF (Speeded Up
Robust Features) [7, 8], 3 nonomororo 6i0mioteku FLANN

(9D

- aJJTOPUTMH CETMEHTallii 300pa)keHb: XBUIILOBUI Ta
cnekrporpadiunuii migxomu [10, 11], anropurmMm Ha
ocHOBI MeTony JlaBca Ta koedimienTiB Xapaiika [12, 13].

3aranom anroputM mnonsoty BIIJIA 3 BuxopucTaHHA
METOly Opi€HTalii Ha OCHOBI TEXHOJIOTI] KOMI IOTEPHOTO
30py OyJie BUIAOATH, SIK HABEICHO HA PHC.O.

J1y1s1 IOpiBHSHHS IECKPUIITOPIB KIIFOYOBUX TOYOK 3 JIBOX
300pakeHb 3aCTOCOBYIOTHCS TaKi CIIOCOOU:

— TMOBHUWH Tepebip: AIsl KOXHOTO JECKpumnropa 3
mepiioro HaOopy OOYHMCIIOETBCSA BIACTAaHI J0  BCIX
JNECKPUIITOPIB 3 JPYroro 300pakeHHsA Ta OepeThes
HalKkparia;

— TPUCKOpEHI HaONMKeHI MEeToAu 3 BUKOPUCTAHHIM
i€papXiuyHUX CTPYKTYp JaHUX. Y LHUX METOAaX OymyeThCs
TaK 3BaHUI MOIMIYKOBHUH 1HAEKC VIS MOUIYKY HAHOIMKINX
cyciniB y 6araroBumipHomy mpocropi. [Ipuxiagom Takoi
cTpyKTypH Aanux € kd-nepeBo.

V. [IPOTPAMA BUSBJEHHS PI3HUX TUIIIB
[MOBEPXOHbB TA KJIFOUOBUX TOUOK HA 3HIMKAX
TA 3ICTABJIEHHS 3HIMKIB

JIist po3yMiHHS METOAMKH BHUSIBICHHS KITIOYOBHX TOYOK
— BUSIBJICHHS OCOOJIMBOCTEH PI3HUX THITIB MICIICBOCTEH Ta
00’€eKTIB Ha 3HIMKax — OyJIO HAalMCaHO MPOrpamMy aHalizy
KapT 32 OCOOJIMBOCTSIMH MiCIICBOCTI.

Y sKocTi MicCIEeBOCTI I TECTyBaHHS OyJ0 B3STO
CYNMyTHUKOBHH 3HIMOK JlapHuibkoro Mocty y M. Kwib.
HacrynHum eranom Oyiio CTBOpPEHHS MPOTrpaMu IMOMIYKY
KJIFOUOBHUX TOYOK Ta 3amoBHEHHs MacuBy. OCHOBOIO ISt
MOIIYKY KITIOYOBUX TOYOK Oyio oOpano QyHkmito Non
Maximum Suppression 6i6miotekun OpenCV. Ilicns
00poOKHM TporpamMa CTBOpIO€ 2 (aiiiu 3 MO3HAYCHUMHU
KJIFOUOBUMH TOYKAMHU — 3 HEMAaKCUMaJIbHUM MOTaIIEeHHSIM
Ta 0e3 HeMaKCHMMalbHOro mnoramieHHs. s Toro, o0
3HIMOK, OTpuMaHHii kameporo BIIJIA, Mir HagaTu
iH(OpMaIlif0 aBTOMIOTY IIOAO Opi€HTAIii, HEOOXiTHO
OyJI0 CTBOPHUTH MPOrpaMy CITiBCTaBJICHHS 3HIMKiB.

IMporpama BukopuctoBye ¢ynkuito SIFT 6ibmioTexkn
OpenCV. Pe3ynbraT poOOTH MpOrpaM HaBEACHO Ha PHC.

0 200 400 600 800 1000
Puc.5. Pesynbrar poboTH IpOrpamMu CIiBCTaBICHHS
3HIMKIB Ha npukiaai JJapuaunekoro mocry, M. Kuis

VI. BUKOPUCTAHHS PO3POBJIEHOI'O
I[TPOTPAMHOTO 3ABE3IIEYEHHS JJIST OPIEHTAITIT

Jis orpuMmaHHs opieHTauii 3HIMKA MAalOTh MiCTHTH
KoOpJWHATH. JlJIs1 HAIIOro TECTOBOrO 300pakeHHS 3a
nmoromororo Google Maps Oynu OoTpuMaHi KOOpPIMHATH.
OCKIJIBKM KaMepa OTPUMYE 3HIMOK, B SIKOMY pPO3Mipu
€JIEMEHTIB TPOIOPIIiHI BiICTaHI, TO HAasBHICTH Xo04a O
JIBOX TOYOK 3 KOOpPIHMHATAMH, Y SIKHX HE CITIBIaJaroTh
3HAYEHHs IIHPOTH Ta JOBTOTH 3a IPOMOPIIEI0, T03BOJISTH
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BHU3HAYUTH KOOPAMHATH BCIX IHIIUX TOYOK 300paKeHHSI.
Lle mae 3mory He nwmmie opieHtyBatucs BILUIA, a i
BU3HAYaTH KOOPJAWHATH OO0 €KTIB CIOCTEPEKEHHS —
HAIPHKJIa/l, BIHCHKOBOI TEXHIKU CYIIPOTHBHUKA.

3arajoM BpaxOBYIOUH PO3POOJICHI aJTOPUTMH Ta
MporpaMHe 3a0E3MEUYCHHSA OIUIIEMO pillleHHS 3axadi
HaBIraii sk OIHOi 3 OCHOBHUX 3a/1a4 kepyBaHHs BITJIA 3a
JIOTIOMOT'OF0 TEXHOJIOTi{ KOMIT FOTEPHOT'0 30py.

BriacHe, eranm BupimieHHs 3ajqaui Hapiraiii momsrae y
BUKOHAHHI HACTYIHUX AiH JJIs1 KOKHOTO KaJpy BiA€OpsIy.

1) 3a pomomoror amroputmy SURF Ha kampi
BUIIISIOTHCSA  CIEMialbHI  TOYKHM, OOYMCIIOIOTBCS  iX
JIECKPHUIITOPH.

2) 3 nonoxenns BIIJIA B momepenniii MOMEHT Hacy
(oTpuMaHOro 3 iHEpUiIHHOI CHCTEMH YU ITIPH YCIIIIHOMY
OTpPUMaHHI KOOPJIUHAT METOJAMH KOMII FOTEpPHOTO 30pY),
3a JOMOMOTOI0 aJTOPUTMY 3BY)KEHHS 00JacTi IOMIYKY
BUOMPAIOTHCS BiJMOBIAHUNA MIap MipaMiin CYMyTHUKOBHX
3HIMKIB, @ TaKOXX Halip TaijIiB 3 IBOrO IIApy, OCOOJHBI
TOYKH 3 SKUX OYIyTh BUKOPUCTOBYBATHUCS IS IIOPiBHSIHHS
3 0COOJIMBUMH TOYKaMu Ha Kazpi 3 BITJIA.

3) BUKOHyeTbCS 3iCTaBICHHS CIICLiaJbHAX TOYOK 31
3niMka 3 BIIJIA Ta TaifniB cynmyTHHKOBOro 3HiMKka. Ha
BUXOJIl MaeEMO 0e31i4 Map KOOpAHMHAT CIelialbHUX TOYOK,
IpU [OMY YacTHHA Map MOXYTh OyTH HOMHJIKOBUMH
(uepe3 criemianbHi ToukH Ha 3HIMKax 3 BITJIA a6o HIC3,
MOXKYTh MaTH CXOXI JECKPHUIITOPH).

Ile mo3BoOJsie 3BecTH 3aBIaHHS IO3WIIOHYBaHHS [0
3aBJIaHHs 30BHILIHBOIO KayiOpyBaHHs kamepu Ha BILJIA
(oOuncrenHs ii MONOKEHHS Ta OpieHTALil y rIIoOANbHIH
cucreMi koopauHat). OCKUIBKM Ha eTami TeHeparii
BiJIeopsily MU 3HAJIU TOJIOXKEHHS 1 OpPIEHTALII0 KaMepH Ha
BIUIA ngnd  KOKXHOrO  Kaapy, Il JaHi  MOXHA
BUKOPHCTOBYBAaTH /ISl TIEPEBIPKM TOYHOCTI HaBiramii
LOUIIXOM ~ OOYMCIEHHS ~ BiACTaHb  MDK  ICTUHHUM
nonoxxeHussM BITJIA i pesynbraToM poOOTH airopuTMy
TIO3UI[IOHYBaHHSI.

VI. BUCHOBKU

B pobGori 3anpomoHOBaHI  AJTOPUTMHU  TOIIYKY
KJIFOUOBHX TOYOK, BU3HAYEHHS THIIIB TIOBEPXOHb Ha (HOTO
JUIl PaH)XyBaHHS KITIOYOBUX TOUOK, CIIBCTaBJICHHS JBOX
($oTO 3a KIIOYOBMMHU TOuKamu. Po3poOieHe mporpaMmHe
3a0e3rneueHHs] Il MOOYMOBH IHTENEKTYyaJbHOI CHCTEMH
kepyBanHs BIIJIA w1 3a0e3medeHHS  aBTOHOMHOI
Bi3yaJlbHOI HaBiramii 3 BHUKOPHCTaHHSM TEXHOJOTIH
KOMIT FOTEPHOT'O 30pY, LI0 NPH3HAYEHE ISl Opi€HTYBaHHS
OE3ITIOTHOTO JITANBHOrO amapaTy Ha MICHEBOCTI 3
BUKOPHUCTAaHHSIM 3a3/aneriip 3aBaHTaKEHUX gy
OTPUMAaHUX MiJ Yac HAasBHOCTI CHTHANIB CYNYTHUKOBHX
3HIMKIB.

[Micns  Brpatn curHany GPS 3pilicHI0€TbCS  JHIIE
nokamizanis BIIJIA momo moOynoBaHoi kaptu. B
pe3yapTaTi HE BUKOHYIOTBCA CKJIamHI  OOYMCIICHHS,
MOB'si3aHI 13 B3a€EMHHMM Y3TOJDKEHHSM TMOJIOXKEHb YCiX
O3HaK 13 TMOJOXEHHAMHU Kamep. [lonoeHHS KOMXHOL
O3HAKH OOYHCIIIOETHCS HE3aleKHO, Ha IMIJACTaBl BiJOMMX
TIOJIO’KEHb KaMep, JIe BOHA CIIOCTepiraaacs.

Ockinbkd TJI00aNbHA KapTa MOOyJ0BaHA BiJHOCHO
BiJIOMUX TTOJIOKE€Hb KaMep, Mo/laIbIlIa BidyaibHa HaBiramis
010 Hel 3MIMCHIOETHCST 0€3 HAKOMMYEHHS TIOMHJIOK Ta Y
BiJOMOMY MaciiTaOi.

3arnpornoHoBaHa cucTeMa JI03BOJISIE TOBEPHYTH BTpayeHi
30BHIiMIHI HaBirauwiiHi curHamu BIIJIA B Touky crapty Ha
OCHOBI 30€peXEeHUX ITiJ] Yac MOJIbOTY Bi3yalbHUX O3HAK YH
3 BUKOPHCTAHHIM 3aBaHTaXKEHUX 3a3Janeriap
CYNyTHUKOBUX 3HIMKIB. Ilefi Merom BiApI3HAETHCS
MPOCTOTOI0 Ta HaAiHHICTIO. BenwuuHa MOXHMOKH OIIHKA
TpaekTopii, MOOyIOBaHOI PO3POOJICHUM aJrOPUTMOM, HE
301IBIIYETHCS, HA BiIMiHY Bijl IOXHUOKH OLIIHKU TPAEKTOPIT
aITOpUTMaMU iHEPIHOI HaBirari.
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Abstract: this article is devoted to the problem of monitoring
water consumption. This topic was analyzed and proved its
relevance for all industries and economy. Currently, the problem
of implementing automated information technology in the
process of monitoring water consumption is relevant and very
important.

Key words: water supply, pipeline, monitoring, flow meter.

[. INTRODUCTION

Despite the rapid development of technology, most of the
countries still use manual methods for transferring data
from a water flow meter to a water service provider. This
approach takes a long time, and the data obtained may not
be accurate enough. Therefore, to improve the quality of
control and accounting for the use of water, including in
industrial enterprises, it is necessary to develop a system
that will have a low cost price and allow you to remotely,
in real time, monitor the necessary parameters.

The main special devices for controlling water flow are
flow meters. Flow meter (counter) - a device that measures
the volume flow rate or mass flow rate of a substance, i.e.
the amount of substance (volume, mass) that passes
through a given flow cross-section, for example, the
pipeline cross-section per unit time [1]. The current
industrial water flow meters differ in installation method
and operating principle. They have different working
characteristics: maximum and minimum flow rate,
temperature range, geometric dimensions of pipelines or
channels, maximum excess pressure in the system, etc.

To control the water flow, different types of flow meters
are used [5,6], based on different principles of action and
having different designs.

Basically, all modern water flow control systems [2] are
a complex of functionally integrated technical means and
software and consist of a flow meter (counter) with pulse
outputs that is installed directly to the water supply system,
a control and data transmission unit that reads, processes
and transmits the results of the measurements of the flow
meter to the data collection server for further provision to
external applications, including automated workstations of
dispatch control.

II. THE MAIN ELEMENTS

OF THE SYSTEM AND ITS PRINCIPLE OF
OPERATION

The system of remote accounting and control of water
consumption is designed to solve a variety of operational
tasks aimed at monitoring the volume of water consumed
and its parameters, calculations for the services provided
for supplying water to consumers, monitoring of

unauthorized consumption of water supply services and
drainage and detecting hidden leaks.

The paper proposes a system of remote accounting and
control of water consumption in industrial enterprises, the
structural scheme of which is shown in Fig.1, has a wide
functionality and performs a wide range of tasks:
automated data collection and transmission from water-
measuring units; analysis and processing of data for the
selected period and in the context of any indicators, that is,
data can be obtained at any required frequency. This is
especially important in situations where it is necessary to
track the dynamics of water consumption, identify the
peak intervals of consumption; information visualization;
providing access to system services for personnel;
integration with other existing data collection and
processing systems [3].

Transducer |—»|

T Data
. Web
WiFi-module transmission
Temperature | __IMicrocontroller = - ) " server
sensor

Pressure
sensor

A
—

AC Adapter

Fig.1. Structure chart of the system of remote
accounting and control of water consumption

The system is a complex of functionally combined
technical means and software that allows you to obtain
information on the measurement, transmission and
processing of data for further provision to external
software applications, including customer automated
workstations of the dispatcher and operator warehouse of
the supplier and the consumer of water supply.

The main element of the system is the microcontroller
ATmega328P [4], which performs the functions of data
collection, processing and transmission and converts the
number of pulses into water flow meter readings directly
in the water meter unit, calculates the volume of current
consumption and collects data from analog temperature
sensors DS18B20 and pressure USP-G41, connected to the
water supply system.

The main measuring function is performed by a flow
meter YF-DN32 equipped with pulse counting output. It
directly measures water flow velocity and flow volume.
This data is fed to a pulse counting output and is read by
the microcontroller for further processing and
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transmission. The water flow sensor consists of a plastic
housing, a water rotor and a Hall sensor.

Wi-Fi-module ESP8266 provides wireless high-speed
data transmission from the microcontroller to the web
server for their further visualization and monitoring.
Access to the web server is made from a personal
computer, tablet or smartphone with Internet access in the
window interface of any of the popular web browsers [5].

To power the Arduino Uno Wi-Fi platform and other
components of the remote accounting system and water
consumption control, the power supply Robiton TN1000S
was chosen, which ensures the smooth operation of the
module.

The choice of necessary measuring devices that are part
of the system directly depends on the following technical
parameters: maximum allowable water temperature;
maximum allowable pressure in the pipeline; maximum
permissible water flow rate; pipeline length; cost per unit
of time; total pressure loss in the pipeline; pressure loss per
1 m of pipeline length.

An algorithm of remote accounting and control of water
consumption at industrial enterprises (Fig. 2), which
consists of five main successive stages: measurement, data
collection, data processing, data transmission to ESP8266
and data sending to a web server.

After completing these steps, data is updated at a
specified time interval [6].

GettingStarted

Water supply

[ Sensors carry out measurerments ]

3
1

Acquisition of signals from sensors
microcontroller Atmega 328

1
[ Atmega 328 processing data ]

t

Transferring data from Atmega 328
to ESP 8266 via serial port

server

'

Data is updated every n seconds

e

yes
¥
\ Shut off the water supply /

Fig.2. The algorithm of remote accounting and control
of water consumption at industrial enterprises

/ ESP 8266 uploads data to web/

A software tool of the system of remote accounting and
control of water consumption at industrial enterprises,
which consists of two parts, was developed:

— code for the Atmega328P microcontroller;

— source code for Wi-Fi module ESP8266.

Structural diagram of the software tool is shown in Fig.

3.
II‘IEh
Server
1
Daa transfer
] . e UART —
Pressure sensor [t  MmegadlfP ———»|  ESPAZE i—

')
Temperalure s2nsor —

Water consumption
maniorng module

Software for

A306P Software for ESPAZES |

Program Program
code for cade for Program
o— code for
NErEle | | presslie | | g et

Sensal sensor

Fig.3. Structural scheme of software of the system of
remote accounting and control of water consumption at
production enterprises

The source code for the Atmega328P microcontroller
consists of three parts:

— code for flow meter;

— software code for temperature sensor;

— code for pressure sensor.

All three code parts are combined into one program and
have a similar structure and purpose.

It should be noted that the software is being downloaded
to the microcontrollers separately. With switches on the
board, a mode is selected for programming a specific
device, and in the development environment of Arduino
IDE, you also need to choose which microcontroller to
program.

After the software is downloaded to the
microcontrollers, the switches will activate the ESP8266
and Atmega328P connection mode via serial port. After
performing all necessary operations, the water flow control
module is ready to work.

The results of the program (the data transfer process on
the web service) are presented in Figures 4 (a) and 4 (b).

A natural layout of the system of remote accounting and
control of water consumption at manufacturing plants (Fig.
5).
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liter/hour=0.00 V'hour
Total=0.00 liter
Temp=22.13°C
Pressure=0.03 bar

liter/hour=0.00 I'hour
Total=0.00 liter
Temp=22.19°C
Pressure=0.00 bar

liter/hour=-4338.13 I'hour
Total=1.22 liter
Temp=22.31°C
Pressure=0.16 bar
liter/hour=2477.87 l'hour
Total=4.34 liter
Temp=22.94°C
Pressure=0.00 bar

liter/hour=2205.87 I'hour
Total=7_38 liter
Temp=23.56°C
Pressure=0.00 bar
liter/hour=3109.87 ['hour
Total=10.67 liter
Temp=24.06°C
Pressure=0.00 bar

liter/hour=4288.00 ['hour
Total=11.86 liter
Temp=24.19°C
Pressure=0.00 bar

Fig.4(a). The result of the
program

liter/hour=3328.00 [/hour
Total=16.10 liter
Temp=24.56"C
Pressure=0.00 bar

liter/hour=-3722.13 Vhour
Total=17.50 liter
Temp=24.44°C
Pressure=0.14 bar

liter/hour=-2868.27 I/hour
Total=21.56 liter
Temp=24.94°C
Pressure=0.00 bar

liter/hour=2917.87 l'hour
Total=24.79 liter
Temp=25.38°C
Pressure=0.00 bar
liter/hour=0.00 Vhour
Total=24.79 liter
Temp=25.06"C
Pressure=0.00 bar

/hour

Total=24.79 liter
Temp=24.56"C
Pressure=0.00 bar

liter/hour=0.00 V'hour
Total=24.79 liter
Temp=24.25°C
Pressure=().00 har

Fig.4(b). The result of the

program

Fig.5. Full-scale model of the system of remote
accounting and control of water consumption at production
enterprises

III. CONCLUSION

The proposed system allows to improve the quality of
accounting and control of water consumption at the
production enterprise, the use of which allows to control
their volume, to monitor and analyze the flow data, which
in turn will help to rationalize the water consumption of

the enterprise, which means that the final production cost
will decrease, and its quality will improve.

In the future, the system can be upgraded by expanding
its functionality by adding sensors (acidity level, water
purity, leakage switch, etc.), expanding and optimizing the
software, adding backup power supplies.
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[. INTRODUCTION

At the moment we live in the world of natural, man-
made, social and many others. All these situations are a
threat to human life and health. Almost every hour from
different parts of the world we receive news about various
catastrophes, accidents or natural disasters that harm a
person.

In case of emergencies, people carry out emergency
rescue and other urgent work aimed at saving lives and
preserving people's health, as well as reducing
environmental damage. Along with the nature of
emergencies, the method of their elimination and rescue
operations has also changed. So the idea arose to use
robots for search and rescue operations, since human
capabilities are limited. Now such robots are in great
demand, and development in this area seems to be very
promising. [1]

Technological advances in the field of rescue operations
are robotic technologies that can independently or with the
help of an operator conduct search and rescue operations
in case of accidents of a man-made, natural, ecological,
biological and social nature. They are unique robots
because they can be in conditions dangerous to the health
and life of people. Such robots must perform a complex of
different tasks depending on the nature of the incident. [2]

II. ANALYSIS OF GROUND SEARCH AND
RESCUE ROBOTS

Consideration of various models of ground search and
rescue robots requires action and analyze the tasks
performed.

Snakebot is an infinitely expandable robotic platform
that uses a moving wave locomotion method similar to the
serpentine walk of biological snakes.

The assembled Snakebot contains 10 two-segment
blocks, a total of 20 powered segments, as well as a head
that has its own servo, allowing you to wag it
independently if desired. The Arduino Micros used for
control can intelligently control four servos each (the other
ports are used for various signaling and communication
functions). Thus, the blocks alternately carry the
microcontroller and the battery. With this in mind, the
basic repeating unit consists of four servo elements, one
controller and one battery.

The serpentine mode of locomotion ensures that
wherever the head goes, the rest of the snake follows it,
moving in the same direction. Thus, as long as the head
successfully navigates the environment, an indefinitely

long body can follow it without modifying the navigation
or locomotion algorithms.[3] An example of a snake robot
design is shown in Figure 1.
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Flgure 1.— Snakebot [3]

This design of the robot is very costly and difficult to
program. But Snakebots that are being developed will be
able to independently dig in loose extraterrestrial soil, are
smart enough to slither into cracks in a planet's surface,
and are capable of planning routes over or around
obstacles. This model is good for analyzing the scene of a
disaster, but it cannot carry out rescue operations or help

the victim. An example of such a robot can be seen in
Figure 2.

Figure 2. — The Snakebot as it maneuvers through the
rocks. [4]

Rescue services of Japan received at their disposal a
new universal mobile robot Quince, developed jointly by
experts from Tohoku University, Chiba Institute Of
Technology and Japan International Rescue System
Institute. This eight-wheeled robot is designed to be used
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in the most challenging chemical, biological, radiation and
nuclear emergency environments. The model has a fairly
small size, but quite heavy. The design of the Quince robot
allows it to withstand falls from a height of 1.5-2 meters
without damage. To analyze the environment and measure
environmental parameters, the robot is equipped with
various sensors, a laser scanner that acts as a range finder,
and an infrared thermal imaging system. To communicate
with the control center, Wi-Fi wireless equipment is used,
in case of detection of victims, this will help inform them
about yourself. To penetrate the premises, the robot can be
equipped with a primitive manipulator that allows it to
open doors and move small objects. Thanks to the
propulsion system, the robot can move up stairs and on
inclined surfaces. [5]

Also, after one of the emergencies (building collapse),
various caterpillar-type mobile robots began to gain
popularity. They are one of the first rescue robots known
to the general public. Figure 2 shows the initial group of
robots. Only three models were actually used on the rubble
pile from 11-21 September. These models were the micro-
Tracs, the Inuktun micro-VGTV, and the Solem, and are
circled in the photograph. [6]

Figure 4. — Robots on static display at the Javits
Convention Center where rescue teams were housed from
11-21 September 2001. Robots that were used on the
rubble pile are circled. [6]

Subsequently, these rotobo models were improved and
are commonly used in rescue operations at the present

time. An example of a newer model of such a robot
equipped with more sensors and a camera can be seen in
Figure 5.

Such a robot has a less fragile wheel design and can also
roll over on its own. However, due to the massiveness of
the caterpillar tracks, such a model is more overall and
massive.

The use of ground-based search and rescue robots is not
so in demand, but such robots, in turn, are more effective
than drones, since they can analyze the surface of the
accident site not only from a height, but also allow you to
look inside and explore the surface, thanks to sensors. For
example, to study the level of seismic activity or the level
of radiation. [8]

ITII. CONCLUSIONS

After analyzing and considering various models of ground-
based search and rescue robots released in different years,
one can summarize their shortcomings and advantages.
Search and rescue robots are designed not only to analyze
the area and simplify the work of rescuers, but also to help
the victims in an emergency (deliver water, provisions or
contact the rescue service).

Ground robots are typically used to go into places that
searchers can't fit into and go farther than search cameras
can. Search cams typically max out at 18 feet, whereas
ground robots have been able to go over 60 feet into
rubble. They are also used to go into unsafe voids that a
rescuer could fit in but that would be unsafe and thus
would require teams to work for hours to shore up before
anyone could enter it safely.

The main problem of any rescue robots is the permeability
of the environment, since, for example, in the debris of a
building, in addition to concrete, there may be fragments
of furniture, ceramics, fabrics, carpets, etc. Therefore, the
maximum grip of the wheels on any type of surface is
important, caterpillar tracks made of single plates, as
presented above, are not the best solution for this. Also,
the robot must have minimal dimensions for maximum
cross-country efficiency and simple movement mechanics.
Based on the analysis above, the robot snake has more
advantages in terms of size, movement mechanics, and
tortuosity. However, such a robot does not have good
enough balance and also does not have wheels or limbs to
push off from an obstacle. Track rescue robots have a
sufficiently strong body, which is important in hazardous
areas of collapse. The disadvantages of such robots are
their rather massive caterpillar wheels, and their movement
mechanics. Such robots are balanced enough to roll over
on their own.
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Human error is also an important factor. Not every rescuer
is able to control the robot and analyze the data coming
from the sensors of this robot. Such robots should have an
intuitive  control  interface. = Also, despite the
professionalism, rescuers are not without anxiety,
excitement and their own emotions during rescue
operations.
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Anomayia: B pobori posrnspaerbcs aHamiz Ta po3poOka
IporpamMHO-anaparHoi peajizamnii CHCTeMH 00MEXEHOro JJOCTYITy
Ha 0a3i op;HomaTHoro Kkomm'rorepa Raspberry Pi Ta
a/JIMiHICTpYBaHHS JOCTYIy uepe3 4aT-6ota Telegram.

Knrouosi cnosa: Cucrema KOHTPOIIO 1 YIIpaBIIiHHS JOCTYIIOM,
yar-60T, 6a3a qanux, RFID, BizeocnoBimeHHs, kKamepa.

1. BcTtyn

OOMexeHHs IOCTYIy 10 OYAb-SKOro MpUMilleHHs OyI10
3aBKIU aKTyaJbHO Y pi3HHX cdepax, Je MOTpiOHO
KOHTPOJIFOBATH JOCTYII JItoJei. B Hamr dac Taki cucTeMu
MOBMHHI  OyTH, sK HamidHi, TaK 1 3py4Hi s
KOpPHCTYBaHHS. YMOBa 3py4HOCTI MOKE€ BUKOHYBATHCS 32
peaizaii€eo y BUIJISIAI TOrO, IO JIIOJAWHA BUKOPHUCTOBYE
KOXKEH JIeHb — I1€ MECEH/IXKEPH.

Bucoka mOmyJSIpHICT MECEHKEpPIB 1 TakuX 3aco0iB
aBTomarmu3aiii, sk 4ar-00T cepell KOPHCTYBadiB MepeKi
[HTEpHET [O3BONSIOTH CHPOCTHTH MIOAEHHI PYTHHHI
3aBllaHHs], Taki sSK OTpUMaHHA iH(opMmauii mpo moroxy,
npoOKax, OCTaHHI HOBMHM Ta IHIMX. [ OJOBHOO
MepeBarolo, MIOAO0 KIACHYHUX JONATKIB € MOXIIHMBICTh
CYMIIIICHHSI BCIX MOMKJIMBOCTEH Ha IUIATGOPMi OTHOTO
MeCeHDKepa.

[IpoGneMn BUKOPUCTAaHHS MECEHIKEpY, 30KpeMa 4aT-
00Ty, € He creniali3oBaHui MPOrpaMHUi iHTepQenc wis
BUKOHAHHS (DYHKIIOHAITY OOMEXKEHHS IOCTymy. Takox 1o
HEIOJIKy MO)XKHa BIJHECTH BHCOKY 3acIlaMJICHICTh
KOHTEHTOM BiJ pi3HUX Jokepen iH(popMalli, sKui
MOCTIHHO HAAXOAUTH Yy BHUIVIAI  TOBIOMIICHB. B
pe3yabTaTi 4Oro MO)KHA IPOTaBUTH ITOBIJOMJICHHS Bij
OXOPOHHOI cUcTeMHU. TOMY METOI JOCITIKCHHS € 3HAUTH
KOMIIpOMIiC ~ MDK  [epeBaraMM  Ta  HEJOJiKaMu
BUKODHCTaHHS MECEH/KEPIB Ul CHUCTEM OOMEXKEHOro
JOCTYy Ha TIPUKJIaai 3alpONOHOBAHOTO HPHUCTPOIO
oOMeXeHHs ToCTymy Ta iHTepdeiicy B3aeMomil 3 HUM Yy
skocti 4ar-0ory Telegram. AprymMeHTOM IOCSTHEHHS
KOMITpOMicy € po3poOka (pyHKIiOHANTY 4aT-00Ty, KUl Ou
HalKpallle BITUCYBaBCS Y c(hepy TAKHX CUCTEM.

II. AHAJII3 OB’€EKTA JOCJIKEHHAI

Cucrema 0OMEKEHOT0 JOCTYIy 200 CUCTEMH KOHTPOIIIO
JIOCTYIY — I1€ CYKYITHICTh NMPOrpaMHO-TEXHIYHUX 3aC00IB i
YiTKO C()OPMOBAHOI CHCTEMU KOHTPOJIIO 38 PYXOM JIIOJMHH
y npuminieHi. OCHOBHUMH MICIISIMH [UTSl YCTAHOBKH TaKHX
CHUCTEM € TPOXigHi, OQicH, NPHUMIIICHHI OCOOIUBOIO
TPU3HAYCHHS 1 TMYHKTH B'{3My Ta BHI3y aBTOTPAHCIOPTY
Ta iHIIe.

Cucrema  oOMEXEHOrO0  JOCTYIy  MOXe  Oyru
aBTOHOMHOIO a00 K OJHI€IO 31 CKJIAJOBHX IHTErpOBaHOL
cucteMn Oesmexku OyniBii. Bona 1o3Bonsie  3Ha4HO

MiABAIINTA €()EeKTHBHICTh KOHTPONIO JJIsi 3amoOiraHHs
HECaHKI[IOHOBAHOT'O JIOCTYIy CTOPOHHIX Ha TEpHUTOpIlO,
10 OXOPOHSIETHCS.

Jnst  mBuakoro 1 OE3MEpPEmKOJHOrO  MPOXOLY
TIepCOHATY B MPOXiHIH BCTaHOBJIIOIOTHCS
eJIEKTpOMeXaHiyHi TypHikeTH. CHiBpOOITHUKH MPOXOSTH
4yepe3 TYPHIKET, MPe/sIBIISI0UN 3YUTYBaqy KapTy JOCTYIY,
110 JI03BOJISIE BUKITIOYUTH BIUTUB JIIOJICBKOTO (haKTopa MpH
MePEBIpIN MPOIMYCKIB 1 peecTpalii 3ami3HeHb Ha pPoOOTY,
MPAaKTHYHO 3BOJISYU JIO HYJS MOXJIMBICTH ITOMHJIOK 1
3JI0BXKHBaHb.

3axycT Big mepegadi  MpOIycKy iHIIIA  0coOi
peai3yeThes B TAKHI CIOCIO: CHCTeMa He TO3BOJIUTH JBiUi
VBINTH Ha MiANPUEMCTBO IO OJHOMY MPOIYyCKy 0e3
3nificHeHHsT BuxoAy. CucreMa KOHTPONIO — JOCTYILY
MOCTIHHO 3a0e31euye KOHTPOJIb 3a TIOPSIKOM Ha 00'€KTI.

CucremMu OOMEXKEHOTO [OCTYILy MOXYTh MaTH TaKy
CKIaJIOBY SIK CHUCTEMH  BIJICOCTIOCTEPEXEHHs, IIO
JIO3BOJISIIOTH 3/IMCHIOBATH BiJIECOKOHTPOJIb 3a CUTYAIi€l0
Ha o0'ekti. CucTeMH BiJIEOCTIOCTEPEXEHHS  JIAIOThH
YHIKaJIbHY MOJJIMBICTB BiJleopeecTpaltii Mo, KOHTPOIIIO
i 3anmcy Ha udpoBi abo MarHiTHI HoOciT iHpopMarii.

[cHYIOTH aBTOHOMHI CHCTEMH BiJ€OCHOCTEPEKEHHS Ta
KOMITIOTEpPHI CHCTeMHU BijeocrnocrepexeHHs. OcTaHHI
BBXKAIOThCS HAWOIIBII aKTyalbHUMH 1 BiJpi3HSIOTHCS
BEJIMKOK (PYHKIIIOHAJBHICTIO B CYKYITHOCTI 3 MPOCTOTOIO
BUKOPHCTAHHS. 3aJIEKHO BiJl THITy 00'€KTa KOMILIEKTAList
CHCTEMH  BiJIGOCIIOCTEPEKEHHS] MOXE  BapiroBaTHCH.
Hamnpukian, mpy ycTaHOBII CUCTEMH BiZI€OCHIOCTEPEKEHHS
MOXYTh  BUKOPHUCTOBYBATHCS  PI3HOMAaHITHI  BUJIU
BiJlcOKamMep.

Sk BH3HAUYe€HO paHille, B AKOCTI B3aemomii 3
aMIHICTPAaTOPOM 00MeKeHOT CUCTEMH
BUKOPDHCTOBYIOTBCS ~ 3acO0M  4arT-00Ty  MeceHmKepa
Telegram.  Tomy  morpibHO  posiOpatucs  4yuMm
0OTpyHTOBaHHMH 1ieit BUOIp.

Ha cporomuimmuiii JeHb 4aT-00TH, SK  Cy4acHi
IHCTpYMEHTH KOMYHiKaliH, CTau LIMPOKO
BUKOPHCTOBYBATHCS B 0arathox cepax KUTTEISUTBHOCTI
JIOMHA 3  METOI0  BCTaHOBJICHHS  KOHTaKTy 3
KOpUCTYBa4aMu Mepexi IaTepuer. Haii6inbury
MONYJISIPHICTh 4YaT-00TH OTpHUMAallM, KOJU MOYanocs ix
BUKOPHCTaHHS B MECEH/DKEpax 1 COLIaJbHUX Mepexax
(mampuknan, B Telegram, Viber, Facebook). 3apmsxu
HOBOMY IHCTPYMEHTY BipTyaJIbHOI KOMYHIKallii 3'sBHIACs
MOXIIUBICTh JII3HABATUCS TPO CIEIialbHI HPOMO3HUIIT
OHJIaHH, OTPUMYBATH IIOBIJIOMJIEHHS IIPO HOBHHHU Ta
CHeLiaIbHUX IIPONO3MLiid B cdepi TOBapiB 1 MOCHYyT,
3IiHCHIOBATH OLIBII CKIIAJIHI ONeparlii.
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B nanuii wac HaiiOinple 3Ha4eHHs 4aT-00TH MAalOTh Y
¢bopMyBaHHI Takoi MofeNli TOBEHIHKH, sKa Oyne
MaKCHMaJIbHO HaOJIMKeHa J10 Jrroackkoi. [1ig yar-6ortamu B
3araJbHOMY CEHCI 3a3BMYail pPO3YMIIOTh CIHelialbHi
nporpamu,  sIKi  3[IIHCHIOIOTH  IHTEPHET-CIIIKYBaHHS
Haiyacrime 3 oaHMM abo JeKilbkoMa KOpHCTyBadam,
BUKOPHCTOBYIOYH HITYYHUH 1HTEJIEKT.

CyuacHi BUAM IHTEPHET-KOMYHIKaIlill 37[aTHI BUCTYIIATH
B SIKOCTI BipTyaJIbHOTO CIiBPO3MOBHHKA 1 IIOBTOPIOBATH 1
BINITBOPIOBATH THUCHMOBUI HaOIp 3HAKIB  JIFOJWHH,
HAJAr0Yu 3allporpaMoBaHy BIAMOBIAb HA 3aJaHi MUTAHHSI.
B cuny Toro, mo KOHTakT 3 4ar-00TaMH € HE TUIBKU
LIKaBUM 3aHSITTSIM, ajie i KOPUCHUM JUISL JTFOJIMHU 3 TOYKH
30py OTpUMaHHS HOBOI iH(pOpMaIii 1 pillIeHHs] COKUBYUX
3aBllaHb, BapTO BIA3HAYUTH, IO I1HTEPHET-ayAUTOPIs
NpUHSUIA X TOSBY 10O O3UHITUBO.

Bararo oprani3zaiiiii B CBOIO 4epry 1mooaymin B iHTepeci
aymuTopii 10 9aT-O00TiB MOXIHBOCTI JJIS  BJIACHOTO
MPOCYBaHHs 1 CTaJd pPO3POOJATH BIACHI 4YaT-00TH,
BUKOPHCTOBYIOUH TX JIJIsI 3aJTy4EHHsI YBark CIIOXKHBaYiB JI0
KOMITaHii 3a PaxyHOK BHUKOPUCTAHHS Cy4acHOTO
IHCTpyMEHTY KoMyHikamii. YaT-00T crae KaHaJIoM
MpOCyBaHHs a00 YaCTHMHOK pPEKJIaMHOI KaMIaHil AK IS
BENUKUX OpeHnaiB, Tak 1 g HoBaykiB. [loTpiGHO
MO3HAYUTHU TaKy TEHICHIIIO, IO CIIOYATKY JesKi KOMIaHil
MoYajJd BUKOPHCTOBYBATH iX TINBKA SIK BU3HAYCHHS
TpeHniB, TOOTO cranma ¢opMyBaTHCs IIeBHA MoJa Ha
BUKOpHCTaHHS 4aT-00TiB. [loTiM 1i KommaHii 3po3yminu
IO BHKOPUCTaHHS 4aT-0O0TIB CKOPOYYIOTH 4Yac pOOOTH
KOHCY/IBTAHTIB 1 JIOIIOMara€e YHUKHYTH JIIOJICBKOTO
¢dakTopy. MoxmBOCTI iHTepdeiica mporpamMu Oyau
JIOCUTHh 3po3ymisi i mpocti. Ha ocHOBI 3a3manerias
3aBaHTQ)XCHUX  MIa0JIOHIB,  3alaM'sTOBYBaHHI  CIIiB,
BBCIICHUX CaMUM KOPHCTYyBaueM, 1 BIIIOBIOI Ha
BINMOBITHUNA 3amUT OYB 3aCHOBAaHUI AJITOPUTM POOOTHU
yar-0oTa.

Yar-60TH MOXYTb BHUKOPHCTOBYBATHUCS JUTst
CIUIKYBaHHS MK  KOPUCTyBauaMH, a TakoX B
pO3BaXaJbHUX, 1HPOpMALIHHUX HUIAX (4aT-00TH MOXKYTh
TIOBIZIOMHTH TIOTOMy, KypC BaJIOT, 3alMCaTd KIi€HTa Ha
npuiioM, 3IIHCHUTH PEECTpaLlilo J3BIHKIB) 1 B CIYX0ax
i ATPUMKH.

[oHATTS «4aT-00T» MOXOIWTH BiA JBOX AHIIIHCHKHX
ciiB: tochat — HeBUMYyIIEeHa po3MoOBa B Mepexi [HTepHer,
bot (robot) — ckopoYeHO pOOOT, 3 YOTO BUXOIHTH, IO IIC
poboru. Ili poboTu mpu3HAYCHI [UIS 3HIHCHEHHS
KOMYHIKaIlill 3 KOpHCTyBauaMH B Mepexi [HTepHer, ski
BUKOHYIOTh Jii BIANOBIAHO 10 3aKJIaJeHOro CIeHapis.
Taka mporpama iHTepHET-KOMYyHiKamii, $K 4aT-00T
3aCHOBaHA Ha Cy4aCHHX TEXHOJIOTisAX. B T OCHOBI Jiexath
Taki  1HpOPMANIHHO-KOMYHIKAIIIiHI ~ TEXHOJOrIl,  sK
LITYYHUH 1HTENEeKT Ta HeHpoHHI Mepexi. HelipoHHI Mepex
JIO3BOJISIFOTh ~ HAOJMDKATH KOMYHIKAIli 4ar-00TiB  J0
JIFOJICBKOTO BIPTYaJIbHOTO CITUJIKYBAaHHS 1 BUPILITYBaTH 3 1X
JIOTIOMOT'O0  KOMEpIIiiiHi Ta MapKeTHHToBi 3amadyi. Yart-
60TH, 0OCOOIHMBO ISl MECEHKEPIB — Ty)KE HMePCIIEKTHBHUIM
HampsiM, SIKA B JaHWH 4Yac TIEPEeXUBAE CTPIMKE
3pocranHs. [lomynsipHicTh 3anuTiB “yat-601T” y Google
nourykyBauy [2] npuBeaeHo Ha puc. 1.
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Puc.1 — INomynsapuicth yat-60TiB (Google Trends)

CucremaM O0OMEXEHOI'O JIOCTYIy, SIKi IEperjIssHyTi
paHilie, He BHUCTAYa€ 3PYYHOCTI, IO MOXXHA JOCSATTH
IIUITXOM BHKOPUCTAaHHSA 3aco0iB dar-00ty Telegram. A
came: aJMiHICTpYBaHHS JOCTYITY POOITHHKIB, CIIOBIIIICHHS
Ta KepyBaHHS depe3 uyaT-00T Telegram. MoHiTOpUHT
JIOCTYIy pOOITHUKIB JO BUPOOHUYOrO IMPUMIIICHHS
BUKOHYETBCS 32 JOIIOMOrOI0 3pPY4YHOr0, MOMYJISPHOrO,
Oararo¢yHKIiOHaIBHOTO MeceHkepa Telegram.

III. METOM PEAJII3AITIT

[Mpu peanizawii qaHoi cucreMu HEOOXiJHO BPaXxOBYBaTH
uimit psan (GaxkTopiB Ta OpPraHi3oByBaTH MiXK COOOO
B3a€MOIiI0 IPUCTPOIB BBOAY-BUBOAY iH(opmamii. Y Moil
PpOoOOTi MPOMOHYETHCS BUKOPHCTOBYBATH TaKi €JIEMEHTH SIK
Kamepa, JIaTYHKI, KHOIIKH, LCD JIACTLIET,
enekTpoMexaHiyHui 3amok, RFID 3uuryBay, mpuctpiii
BUBONYy aymio. IlepembadaeTbcs, IO OXHOIUIATHHA
komir'orep Raspberry Pi, Oynme kepyBatm  iXHBOO
poboTOI0 Ta OAHOYACHO Oyne cepBepoM Julf Telerpam-
6oty Ta Oyne mpamoBaTu 3 6a3oro naHux. Tomy y poboti
Oyna po3pobiieHa CTPYKTYpHA cXeMa, sKa MpU3HaueHa s
BiJJOOpaKeHHsI 3arajbHOI CTPYKTYPH CUCTEMH, TOOTO HOro
OCHOBHHX OJIOKIB, YaCTHH, BY3JIiB Ta TOJOBHHX 3aB’SI3KiB
MK HUMH. [3 CTPYKTypHOI CXE€MH MOXKHa HAarJIsJHO
nobaYuTH HaBimO MOTpiOHA cucTeMa, SK BOHA IpALoe i
SIK B3a€MOJIIIOTh 1i YaCTHHH.

3anpornoHoBaHa CTPYKTypHa CXeMa HaBeJeHa Ha puc.2.
MoxHa mO0OauuTH, MO0 CHCTEMa OOMEXEHOro JOCTYITY
CKJIaZIaeThes 3 OaraThox MomyiiB. [leprr 3a Bce TOIOBHOO
JIAHKOIO CHUCTEMH € TPHUCTPIN YIpaBIiHHS, SIKUH MOEIHYE
pONi BHKOHABYOI'O KOMIT'IOTEpa Ta CepBepy 4aT-00Ty
Telegram. [ami #xyte patumkw, kHomku Ta RFID
3YUTYBaY, SIKi CUTHAJII3YIOTh 10 MyabTy yrpasiinas (1Y)
0 (iznmyHnx 3miHax i3 30BHI. HactymHuii Tunm mMomymnen —
e kamepa Ta Mikpo(oH, SKi npu 3anaHux 3MmiHax y [1Y
MOYMHAIOTh BUKOHYBaTH CBOI (yHKIii, a came (QyHKIl
3amucy 3BYKY Ta 300paxkeHHs. J[o HacTymHOro Tuimy
(YHKIIIOHATPHUX MOIYJIIB BIJHOCATHCS BHKOHaB4i. Ilix
BHUKOHABYUMHU MAa€EThCS Ha yBas3i pere
€JIEKTPOMEXaHIYHOT0 3aMKy Ta ayaio BHBiJ. BukoHyBaui,
npy 3a7aHux 3MiHax y [1Y, MOYMHAIOTh BUKOHYBATH CBOL
¢yukmii. Jlo skuxX BigHOCATHCS (i3W4HI 3MiHHM 30BHI, a
came: 3ayMHEHHS 3aMKy Ta O3By4eHHi [ii abo
TIOBiZIOMJICHHSI, SIKE BIJNIPaBUB aaMiHICTpaTop. Y BUMNAAKY
3 3aMKoM, BiH me ¥ Hamae iHdopmauito mo ITY mpo
YCHIIIHICT  BIAKPUTTS/3aKpuTT  3aMKy. Jlami Ha
CTPYKTYPHIA CXeMi MO)KHa TOOAYUTH THIT MOAYJIB, SKi
BUKOHYIOTh  (YHKIII  JAMCTAHUIIHHOTO  YIPaBIiHHS
CHCTEMOI0 3a JIONOMOror 3aco0iB uat-0ory Telegram.
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OcranHili Momyns — 1€ 0a3a JaHUX pOOITHHUKIB, sKa
B3a€MOJIi€ 3 4aT-00TOM.

HTTP

Yar-601 m WIFI ( Yar-601
(KnienT) w (cepsep)

CSI MIPI

USsB 2.0
| 35jackm{ Aypio BuBia
ny Raspberry Pi
3unysay .
RFID mitok  [——CF'0—> —ac. LCD avcnneit

GPIO GPIo GPIO

Kamepa

Pene
Darunk enexTpo-
fBepeit MexaHiuHoro
3amky

Knonka ’

Puc.2. CtpykTypHa cxemMa CUCTEMH OOMEXECHOTO TOCTYITY

Ha  ocHOBi  cTpykTypHOi  cxeMu  po3poOiieHa
(YHKIIIOHAbHA CXEMa CHUCTEMH OOMEKEHOIro JOCTYIY,
ska TpuBefeHa Ha puc.3. [IporpamHi 4acTWHHM TPOEKTY
MOJiJIeHI Ha OJIOKH, B sKi BXOJATH (DYHKIII 3aqaHOTO
KOHTEKCTY.

— BN10K 30BHILLHNX
yaio curHanizatopis
o6po6ka 06pobka
3BYKY 3 . atumka sepi
MikpodhoHa O6po6ka Bignpaska | —| a ARep
3anuTis 3anuTis
06pobka
CwHTes ronocy KHOMKY
Busip seyky Bnok ineHTudikauii
3unTyBaHHA
B0k 6a3u AaHux RFID miTkn
Brnok yar-6oty I
3aHeceHHs 3aHeceHHs
AaHnX RFID miTkn ao
[l03BONEHNX
Otpumann | [+ Po3niHats
AaHuX RFID miTok
PeparyBaHHs efjaryBaHHs
ary! Pepaly! Bnok susogy
AaHmx [naHux
KHOMOK [A03BO/IEHUX " ;A
Avenneit

POGITHUKIB

Bnok pene
3amKy

i

Biok sigeo

3uuTyBaHHA
BigeonoToky

Puc.3. ®yHKIiOHATBHA CXEMa CHCTEMH 0OMEKEHOT0
JIOCTYITY
3a (hyHKIIIOHAJTBFHOI CXEMOIO Ha PUC.3. MOXKHA YMOBHO
MOAUIUTH TIporpamy Ha Ojoku. Cepen sAkuX: OJIOK Yat-
0ory, OJoKk Bimeo, OJOK aymio, OJOK 3OBHIIIHHUX
CUTHAJII3aTOpiB, OJIOK imeHTH(iKaMii, OJIOK 0a3u MaHMX,
670K 00pOOKH AaT4nKa JBepi.

bnok 3B’s13Ky 3 4ar-00T KIIIEHTOM BHKOHYE HACTYITHI
G yHKIIIT:

— OTpUMaHHS, BH3HAa4Y€HHS THUIy Ta 0OpoOKa
MOBIIOMJICHHA BiJ 4aT-00T Kiienty Telegram
aZIMiHICTpaTopy;

— mepeBipka Ha jo3BojicHuH chat id anMmiHa;

—  BiIIpaBJIeHHS TOBIJOMJIEHb 0 4YaT-00T KIi€HTY
PO 3MiHH Y CHCTEMI;

—  peecTpyBaHHs/peAaryBaHHS JaHUX O pOOITHHKAX, a
came: IIIb, mocama, UID wmitku Ta ¢oto. Hani
3aHOCATHCS 70 0a3u JaHUX,
3alUTH  HA:  ONUTYBaHHS  JaT4dKa  JBepi,
(¢hopMyBaHHS  BIJCONMOBIMOMJICHHSA 3  3aJlaHUM
4yacoM, cTBOpeHHs (pororpadii, BIAKPUTTS/3aKpUTTS
3aMKy, ay/lio BHBIJ IOBIJIOMJICHHS, SIKE€ O3BYyY€HE
CHHTE3aTOPOM MOBIICHHSI.

— ¢QopmyBaHHs, pO3MITKa BipTyaJllbHHUX KHOIIOK

ReplyKeyboardMarkup y yat-60Ti;

—  o0poOka BipTyaJIbHUX KHOITOK
ReplyKeyboardMarkup y uaT-60Ti.

Brnok Bizeo BUKOHYE HACTYITHI QYHKIIT:

— ¢QopmyBanHsS UUIXy, Ha3BH (aiimiB  3amucy
BiJIe0/3BYKY Ta pororpadiii;

—  ¢dopmyBanHs HUIAXY, Ha3BH (Qailily pe3yNbTyIO40ro
Bi/I€OMOBI IOMJIEHHS;

— TOYaTOK/KiHelb 3amucy Bimeo Ta (dortorpadiii 3a
3aJJaHUMH TIapaMeTpaMu;

— KOHBEPTYBaHHA Bij€O Ta 3BYKY Y €IUHUM
pe3ynbTyrounii dai;

— BHJAJCHHS THMYAacOBUX KOMIIOHEHTIB 3BYKY Ta
B1JICO TI0 OKPEMOCTI.

Bnok 30BHINIHIX CHrHANI3aTOPIB BUKOHYE HACTYIIHI

G yHKIIIT:

—  OIIUT JaT4MKa JBepeil Ha 3MiHW;

—  o00poOka [aHWX ONUTYBaHHS Ta (DOpMYBaHHS,
IPYHTYIOUHCh Ha IUX (paKTax, pe3yyibTaTy O 3MiHi
CTaHy JIaTYUKa;

—  OYiKyBaHHs HATUCHEHHS KHOIKH;

—  OYiKyBaHHS Ha BiJITUCHEHHS KHOIKH.

Brnok perne 3aMKy BUKOHY€E HACTYITHI (DYHKIIIi:

—  OuiKyBaHHS Ha 3aIlUT O BIJKPUTTS/3aKPUTTS 3aMKY;

— mozgava Ha iopt GPIO, no sixoro miakiIroueHe perne
3aMKy, CHTHally, Npu 30epeKeHi CUTHAITy 3aMOK
BITYMHEHMH, TIPU BiJICYTHOCTI BiH 3aUWHCHUM;

— 3amuT A0 4ar-00Ty Ha O03BY4eHHs (akTy 3MiHH
CTaHy 3aMKa.

Brnok aynio BUKOHY€e HACTYIHI (YHKIIIi:

— O3BYYEHHS CHHTE3aTOPOM  MOBJICHHS  (aKTy
BiJIKPUTTS/3aKPHUTTS 3aMKY;

—  O3BYYEHHS TEKCTOBUX IOBiJOMJICHB, SIKI HaJiHIILIH
BiJl 4aT-00TY KIII€HTY;

— Tojaya 3BYKOBOI'O CHTHAIY BiJMiHHM, SKIIO MiTKa
He 3aIicaHa J0 I03BOJICHUX;

—  3amuc Ta 00poOKa 3BYKY 3 Mikpo(hoHa;

Bnok 6a3u 1aHUX BUKOHYE HACTYIHI (YHKIIIi:

— 3aHeceHHs, OTpUMaHHA, penaryBaHHsa naHux bBJl o
pOOITHUKAX .

bnok inentudikanii BUKOHYe HaCTyIHI QYHKIIT:

— 34MTyBaHH:A, po3mizHaHHA RFID miTok;
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IV. BUCHOBKU

B pe3yabTaTi JTOCTTIJDKSHHS Ta  peamizarii
aBTOMaTHU30BaHOTO MOHITOPHHTY JIOCTYITY bi (o)
BUPOOHMYOr0 IPUMIIIEHHST HAa OCHOBI OJHOMAaJaTHOTO
koM 'torepa Raspberry Pi:

—  TpOaHaJi30BaHO rasry3b OOMEXKEHHS JO0CTYIIY;

—  3amporoHOBaHO  po3poOka  HOBOI  CHCTEMH
00MEXEHOr0 JIOCTYNy 3 iHTepdericoM B3aeMoIil Ta
azMiHicTpyBaHHs yepe3 yat-0ot Telegram;

—  pO3pOOJIEHO 3aIlpPONOHOBAHI CTPYKTYPHI CXEMH
CHCTEMHU OOMEKEHOT0 JIOCTYITY;

—  pO3po0JIeHO  3alporNoHOBaHy  ()YHKIIOHAIBHY
CXeMY;

— pealli3oBaHO  NpPOrpamMHO-alapatHy  YacTUHY
CHCTEMHU OOMEXEHOT'0 JIOCTYITY.

Po3pobnena  cucrema  BUKOPUCTOBYE  II€peBaru

BUKODHCTaHHS MeCeH/DKepiB Ta 4Yar-OoTiB y cdepi
00MEXEHHSI Ta MOHITOPUHTY JIOCTYITY.
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KapTorpadyBaHHs TEpUTOPIid, 3a0pyTHEHUX
BHOYXOHEOC3ICUHUMH MIPEIMETaMU

. ol 1
Yukora Birami', imutpo Axymikesny
1. Kadenpa KITAM, XapkiBchkuii HallioHanbHui yHiBepcuTeT pamioenekTponiku, YKPATHA,
Xapkis, np.Jlronsira CBo6oxu 516., email: vitalii.chykota@nure.ua

Anomauia: Posrisany npobuem aBTOMaTH3aLli]
ourdpoByBaHHS TOPH3OHTAJICH Ha TomorpadidHUX Kaprax 3a
JIOTIOMOTOK0 ~ 00'€KTHO-OPIEHTOBAaHMX MOB  IIPOrpaMyBaHHSI.
3aBgaHHs B 3ajadi TyMaHITapHOrO PO3MIHYBaHHS € IIOLIYK Ta
igzeHTH(QiKaniss  BUOYXOHEOE3NMEYHMX  HPEIMETIB,  JIOKAIIis
(TomorpadiyHa TpUB’sA3Ka) IUITHOK MiCHEBOCTI, 3a0pymaHEHMX
BHII, sika Britouae MapKyBaHHS Ta KapTorpadyBaHHS MiJISTHOK
MicueBocti, 3abpynunennx BHII Ha 0a3i aepodoroposBinkwy,
30BHIIIHBOI PO3BIAKK TOLIO.

Kniouogi cnosa: rymanitapHe po3MiHyBaHHsI, BUOyX OHeOe31Ie
YHI IpeMETH, KapTorpadyBaHHs, aBTOMaTH4He OI(PyBaHHS
ropU30HTaNEH

1. BcTtyn

Bci BoeHHI KOH(JIIKTH CYNPOBODKYIOTHCS HIMPOKHM
3aCTOCYBaHHSIM pOTHOOPYUMHU CTOpOHAMHU
MPOTUMIXOTHUX MIH Ta BHOYXOHEOE3NEUHHX MpPEaAMETIB
(BHIT). Ogpniero 3 mpoGiem, 3 SKOW KpaiHH Y BCiX
perioHax, ne Beiauch OOHOBI J1ii abo iCHYIOTH BOEHHI
KOHQUIIKTH, $IKi OyJIM TOpOPKEHI MIKHAPOJHUMH Ta
MDXKHAI[IOHATBHUMH BHU3BOJIGHUMU pyXaMu (HarpuKiIaz;
Ipak, Cupisi, Adranicran, konumHs IOrocnagis, Ykpaina
TOIIO), CTHKAIOTBCS 3 TpoOJeMaMH TyMaHITapHOIO
PO3MiHYBaHHS.

3a ominkamu Opranizanii O0'eqnanux Harmiii, Oymo
BCTaHOBJICHO, IO 32 POKH BiCHKOBOrO KOH(IIKTY Ha
JonOaci, sikuii mowyascst y 2014 poui ta 7 MicsiiB BiiHH 3
Pociero, 6nmuspko 20 % Tepuropii Ykpainu (mpuOIu3HO
270 000 kM%) BHOYXOHEOE3NECUHHMH MPEAMETAMH
3a0pynHeHo (MiHM, CHapsau, aBiaOOMOHW TOINO), IO HE
pozipBainucsi. Ha posmiHyBaHHS TepHUTOpiH, 3a0pyqHEHHX
BHOYXOHeOe3NIeYHNMH TpeaMeTamH, mige 25-30 pokis. o
UUX TEepUTOpid  BimHOcAThCst  Tepuropil  KuiBehkoi,
Cymcekoi,  XapkiBcekoi, Jlonenpkoi, JlyraHcbkoi,
3amnopi3pkoi, XepcoHchbkoi MukonaiBchkoi obmacteld Ta
AP Kpum. Big mouarky BifHM MipOTEXHIYHI MiAPO3IIITH
JHepxaBHOi CaykOM 3 HaJA3BUYAHHHX CHUTYaIliii BXKe
BUSIBIJIM, BWJIYYWIM 1 3HemKkoawntd mnoHan 180 Tucsu
BUOYXOHEOE3MEUHNX  INPEIMETiB, Oylo  00CTEeXEeHO
TEPUTOPIIO TJIOIIEIO TOHA 68 THUCSY TeKTapiB.

I'ymaniTapHe poO3MiHYBaHHS — 1€ 3aXOaW, SKi
MIPOBOIATHCS 3 METOIO JIIKBIAaIi HeOe3IeK, OB’ I3aHuX i3
BHII, BkjIr0oYaroun HETEXHIYHE Ta TEXHIYHE OOCTEXEHHS
Tepuropiii, 3abpymnennx BHII, ix kaprorpadysaHHs,
MapKyBaHHs, TOUIYK, iAeHTH(IKAIis Ta 3HEUIKOIKEHHS
BHII, 3miificHeHHS OIiHIOBaHHSA SKOCTI PO3MiHYBaHHS
TOWIO.

Jus  3piCHEHHST  TyMaHITapHOTO  PO3MIiHYBaHHS
XapaKTepHUM € 3POCTaHHS yBaru A0 MPOOJIEM CTBOPEHHS
pPOOOTOTEXHIYHMX KOMIUIEKCIB Ta CHCTEM BiICHKOBOIO,
crenmiagpHoro Ta moasidiHoro mpusHauenHs (PKBIT). Ile
00YMOBJIIOEThCSI HAMAraHHsIM YCiX MEpeoBUX KpaiH CBITY
0 30epeKeHHs] JIIOICHKOrO JKUTTS, B KOHTEKCTI SKOTO
Bukopuctanus PKBII no3Bonse AocArTH MO3UTUBHUX

pe3yabTariB. KpiM TOro, I TEHACHISA MOSCHIOETHCS
CTPIMKMM  PO3BUTKOM  HOBITHIX  TEXHOJNOrid B
iH(opMaIrifHI chepi, TOOTO «po0O0THU3AITISD)
PI3HOMaHITHHX HAINpsIMIB AisUIBHOCTI JIIOJMHH, 30KpeMa,
BIICBKOBOI chepH, IO BIJINOBiJAE 3MICTYy Cy4acHHX
KOHILIENIIHA TOCTIHAYCTpPiaJbHOrO CYCHiJIbcTBA Ha 0asi
konuenii Industry 4.0.

HesBaxatoun Ha 3Ha4Hy KUIBKICTh HAYKOBHUX pOOIT i3
JaHOi TEMaTWKW, Ha CBhOTOIHI CKJalacs TEHIESHIIS
PO3MEXyBaHHS 3a3HAYEHUX IUTaHb [2].

Buxnaneni Buiie mnpobiemu, Ha IyMKy (axiBLiB,
MalOTh OYTH BHpIIIEHI TIJIbKK B KOMIUIEKC] OpraHi3ariiHo-
TEXHIYHUX 3aXOfiB, fAKI B MEXaX CyJacCHOro IPOIECy
Tpanchopmariii B 30poiinnx Cuiax po3AUISIOTHCS Ha JIBi
OKpeMi CKJIafIoBi:

— BUKOPUCTaHHS MEPEeKHO-IEHTPUYHOI  KOHIIEMIIii
BEIECHHS OOHOBUX [ilf;

— PO3BUTOK POOOTOTEXHIYHUX KOMIUIEKCIB Ta CHCTEM
BIlICHKOBOT'0, CHELIILHOTO Ta IMOJBIHOTO NMpPU3HAYECHHS
(PKBI).

II. 'YMAHITAPHE PO3SMIHYBAHHS

Cropennst PKBII notpedye cyTTeBOro onparroBaHHs
sIpa HAWBAXIIMBIINIMX TEXHOJOTIH, SKI HEOOXimHI UIs
CTBOpEHHs1 BCi€i HOMeHKiatypu nepcrnexktuBHux PKBII.
I[Ipu 1upomy tHnoBuii 3pazok PKBII moxe Oyru
MPE/ICTaBICHUH Yy BHUIIAAI CYKYHOCTI (YHKI[IOHAJIBHO
OB’ sI3aHUX €IeMEHTIB. 3okpema [1]:

1. bazoBuit Hociii — ue Moxe Oyrn MoOiIbHA
wiathopma, maci uum kopmyc Oynab-sikoi KoHpiryparii,
MIPU3HAYEHI J0 3aCTOCYBAaHHS Y PI3HUX CEpeIOBUINAX.

2. CrieriatizoBaHe HaBICHE (BOymoByBaHe)
oOnajHaHHA y BUDSAAI Ha0Opy 3HIMHHUX MOIYIIB
KOPUCHOTO (IIJTHOBOT0) HABAHTAYKCHHS.

3. 3acobu 3abes3meueHHs Ta OOCIYrOBYBaHHS, IO
BHUKOPHCTOBYIOTBCS IIPU MiJrOTOBII JIO0 3aCTOCYBaHHS Ta
TEXHIYHOI eKCILTyaTallii podora.

Ckiag CreniasizoBaHoro
BCTaHOBJIOETbCS,  BHXOISIYM 3
npusHauenHs PKBII i moxxe BritouaTH:

— 3ac00U PO3BIIKY;

— 3ac00H 030pOEHHS;

— HaBiraIiiHi MPUCTPOI;

— CreliaibHe TEXHOIOTIYHe 00JIaJHAHHS,

— 3ac00M TeJIeKOMYHiKallii;

— crieniani3oBaHi OOYHCIIOBaYl Ta KOHTPOJIEPH i3
MIPOrPaMHO-ITOPUTMIYHUM 3a0€3EUEHHSIM;

— 3acobu pagioenekTpoHHoi 6opoTeou (PEB);

— 3aXHUCHI 3aCO0H.

Kpim mporo, PKBII norpebyroTh 3abe3rieueHHsT Ta
00CITyroByBaHHs, TOOTO 10 CKJIaAy KOMIUIEKCY JOAaTKOBO
BKITIOUAIOTHCS:

o0J1aIHaHHS
(YHKIIIOHAJIBHOTO
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—IIyHKT  YIOpPaBJiHHSA, KOHTPOJIO Ta  OOpOOKHM
iHpopMarii;

— 3aC00M JOCTaBKH, TPAHCIIOPTYBAHHS Ta 3aITyCKY;

— 3aCc00M CITOPSKCHHSI, 3aIIPaBKHU Ta 3apsi/IKH;

— 3ac00M MATOTOBKY (paxiBIIiB;

— KOMIIJIEKT KEPiBHUX JOKYMEHTIB;

— KOMIIJIEKT 3alIaCHOTO NPUIIA/IISL.

Take ysBnenns tunooro PKBII mos3Bossie BuminuTé
TEXHONOTIT Uil PpO3pOOKH IIEpETiueHuX eJIeMEHTIB.
Kpuruuni TEXHOJOTI1 pOOOTOTEXHIKH MOJKHa
JIEKOMIIO3yBaTH Ha:

— OCHOBHI, TOOTO pPO3pOOJIFOBaHI OE3MOCEPEIHBO IS
POOOTOTEXHIYHUX KOMIUICKCIB;

— IOTIOMDKHI ~ —  po3poONIOBaHi A IIUPOKOI
HOMEHKJIATYPH 3pa3kiB 030pO€HHS Ta MEpPCHEKTUBH
3actocyBaHHs mij yac crBopenHs PKBIT [5].

J10 OCHOBHUX MOXXYTh OYTH BiJHECEHI Taki TEXHOJOri]
[3]:

— CHUCTEM  CHPUHHATTI Ta OOpOOKM  CEHCOpHOI
iH(pOpMaIlii, OLIHKK CUTYaIlii Ta IMIaHyBaHHS ITOBEIIHKH;

— aBTOMATHYHOTO HAaBE/ICHHS Ta yIPaBIIiHHS;

— MUCTAHILIHHOTO Ta aBTOHOMHOT'O YIPABIIiHHS PYXOM;

— aBTOMATHYHOTO pO3Mi3HaBaHHS o00pa3iB  (uiieh),
aHaJIi3y CUTYyallild Ta AMHAMIYHHX CIICH;

— IITYYHOTO IHTENEKTY Ta HAaBYaHHS;

— JIFOTUHO-MAIIMHHOTO iHTEepdeiicy;

— IHTENEeKTyaJIbHUX CUCTEM IPYIIOBOI'O KEPYBaHHSI.

J1o TOMOMIDKHUX MOKHA BiJHECTH TEXHOJIOTII:

— aBTOMaTH30BaHOTO KEPYBaHHS;

— CTBOpPEHHS Ta (yHKIIOHYBaHHS HOBHUX
MIEPCIIEKTUBHUX KOHCTPYKIIii;
— EHEPreTUKY;

— CTBOpEHHSI Ta 3aCTOCYBaHHs HOBUX MarepiajliB Ta
PEUYOBHH;

—reoiHdopmaniiHi  Ta ~ TOYHOrO  TJI00AIBHOTO
TIO3UIIiOHYBaHHS;

— CTBOPEHHSI TIEPCHEKTHBHUX CHUCTEM JaT4MKIB Ta iX
€JIEMEHTIB;

— CTBOPEHHSI ONTHYHHX Ta ONTUKO-EIEKTPOHHHUX
3aco0iB.

Sk moKazamM OCIIKEHHS, CHCTEMa T'yMaHITapHOI'o
PO3MiHYBaHHSI Ma€ MiCTHTH TaKi MiJICHCTEMH:

— HETEXHIYHE Ta TEXHIYHE OOCTE)KEHHS TEPHUTOPIM,
3abpynnenux BHIT;

— TIOIYK, ixeHTH(iKaMio Ta 3HenKopKeHHs BHIT;

—KkaprorpadyBaHHs Ta  MapKyBaHHS  TEPHUTODIH,
3abpynnenux BHIT;

— 3iHCHEHHS OL[IHIOBAHHS SIKOCTI PO3MiHYBaHHS TOLIO.

CkJ1aoBi CHCTEMH TYMaHITapHOIO PO3MiHYBaHHS i3
3aCTOCYBaHHSAM POOOTOTEXHIYHMX CHCTEM, HaBEICHI Ha
puc. 1, BKIIOYAIOTh:

— TEXHIYHI 3ac00H;

— TEXHOJIOTIi TyMaHITapHOTO PO3MiHYBaHHS;

— CUCTEMH NPUHHSATTS PillleHb;

— CHCTeMU MIPOBEACHHS PO3BiIKH (mani
aepoOTOPO3BiAKM, JaHI ONMTYBaHHA Ta 30BHIIIHBOI
PO3BiJIKH);

— CHUCTEMHM  TIOUIyKYy,  JoKamii  (TomorpadiuHoi
TIPUB’SI3KH) AUTSIHOK MicleBocTi, 3a0pynHennx BHIT;

— MapKyBaHHS Ta KaprorpadyBaHHS  MiCIEBOCTI,
3abpynnenux BHIT;

— imenrudikanito BHIT;

— pO3pOOKy cTpaTerii NPUUHSTTS pillleHb, SKa BKIIOYAE
OLIHKY pIiBHS 3arpo3d Ta NPUHHATTSA pilleHb MIONO0
SHHUIICHHS, yTHIi3anii ado 3HemkomkeHas BHIT;

— KOHTPOJIb ~ SIKOCTI TYMaHITapHOTO PO3MiHYBaHHS
TJISTHOK MicIeBOCTI, 3a0pynHenux BHIT.

| Texuomorii | | Texuiwmi neobn | | CHeTesn npRiRATTA pliness |
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| 3fip aaHx | | [Mowryx BHIT | ul:i::;;::;:;rm
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5 _ i,
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Puc.1. CxJiaoBi CUCTEMH T'yMaHITapHOT'0

po3MinyBaHHs [1]

Bussnenns BHII o3Hauae ix momryk Ta ifeHTU(IKAIIIO Y
BIZIIOBIAHOCTI 3 iX EMaCKyIOUUMHU O3HaKaMH.
Jemackytoui o3Haku BHII 3ymoBIIeHI HH3KOIO YHHHUKIB.
J1o HEX MOXKHA BiTHECTH:

— HasIBHICTh BUOYXOBOI PEUYOBUHH;

— HasBHICTH JIOK&JBHO PO3TAIIOBAHOI Macu MeTally
(HaBiTh B TaK 3BAaHHUX KHEMETAIIYHUX» FOTOCIABCHKUX
MiHax € 10 0,1 T agroMiHIIO Ta MeTajleBa MPYKUHA IS
CHpalloBaHHs AETOHATOPA);

— xapakTepHa popma MiH Ta BHIT;

— HEOMHOPIAHOCTI cepefoBuIia, e po3Mimienuit BHII
(opyIIeHHST TTOBEPXHi IPYHTY, JOPOXHBOTO ITOKPHUTTS,
CTiHM OyHiBJIi, TMOPYIIEHHS KOJIBOPY POCIHMHHOCTI a00
CHITOBOI'0 TIOKPHUBY TOIIIO).

BHII MoxyTh OyTH BHSBICHI 3a paxXyHOK TpPbOX
(akToOpiB: HASBHOCTI 30CEPEKEHOI Macu BHOYXOBOI
PEUOBMHHM; XapakTepHa KOHCTpyKUis (dopma, MaTepian
KopIycy TOLIO); MIOpYIIEHHS OJTHOPIAHOCTI
HaBKOJIMIIHBOTO (hOHY (KOJNBOPY POCIMHHOCTI, HIIJIBHOCTI
IPYHTY TOIIO).

Bussnenns BHII 3aificHIOETBCS 32 IBOMA HANIPSIMKAMU:

— MOUIYK OKPEMHUX MiH (XapakTepHi BiJCTaHI TYT BiA
JIEKITBKOX CAHTUMETPIB 10 JEKIJIbKOX METPIB);

— pO3BiAKa MIHHMX TMONIB (XapaKTepHi NAJIBLHOCTI Bif
JIECSITKIB METPIB J0 JEKIJIbKOX KiJIOMETPIiB).

CyvacHuit cTaH METOJIIB BUSIBJICHHS BHII
XapaKTepU3yeThCA Pi3HOMAHITTAM. IX aHami3 mokasye, 110
KOKEH 3 HHX Mae€ IeBHI OOMeXeHHs. 3BHYaliHO, NpHu
LIOMY HEOOXiJHO BPaxOBYBaTH SIK aIlpiopHy iH(pOpMaIiio
po 00'eKT MmoUyKy (po3Mipu, Marepiaii TOIIO), TaK i
BJIACTHBOCTI OTOUYIOYOT'O CEpeIOBHIIIA.

IMomyk Ta imentudikanis BHIT mis rymaniTapHoro
pO3MiHyBaHHA € KOMIUIeKCHMM 3apnanHsM. PKBIT mis
MIPOBEACHHS TyMaHITAPHOI'O PO3MiHYBaHHS ITOBHHHI OYyTH
OCHaIleHi BiJITIOB1 THUMU MaHiIyJIaTOpamMu Ta
JeTekTopaMu  (ceHcopamHM, — JaT4MKamH),  3aco0amu
NPUAHATTA PpIlIEHh Ta 3aCTOCOBYBATHCh Ha eramax
PO3BIJIKH, TOIIYKY, JIOKAIlil, MapKyBaHH, iAeHTU]IKaii,
3HENIKOPKEHHS Ta 3HuIeHHs BHIL.
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OpuuMu 13 OCcHOBHHMX mpoOiem mnomyky y BHIT y
CHCTEMI TyMaHITapHOrO pO3MIHYBaHHA €  JIOKAllis
(TomorpadiuHa  TPUB’s3KA)  MISTHOK  MIiCIIEBOCTI,
3a0pynnennx BHII, ska Bxioyae MapkyBaHHS Ta
KapTorpadgyBaHHs IIJSTHOK MICIIEBOCTI, 3a0pymaHEHHX
BHII Ha 0a3i aepodoTOpO3BiAKH, 30BHIIIHBOI PO3BIIKU
TOLLO.

[Ipu 1pOMY IIMPOKO 3aCTOCOBYIOTHCS IM(PPOBI MoOeNi
penbedy (IIMP) mpum  akryamizamii  kaprorpadigyHux
MatepiaiiB penbedy, 3adpyanenux BHIL, pextudikamnii
CYITyTHHKIB 3HIMKIB, reoMopQoorivHOMYy i
KJIIMaTHYHOMY aHaJli3i TOIIO.

Tpaaguuiiina TexHoyorist KaprorpadyBaHHS —iISTHOK
MmicreBocti, 3abpynHennx BHII e Tpynomictkum
TEXHOJIOTIYHUM IPOIIECOM 1 XapaKTEePU3YETHCS BETUKHMHU
TPYAOBUTpATAMH, IO 3HAYHO 30UIBIIYE TEPMIHH 1
BapTICTh BUKOHAHHS POOIT 31 CTBOPEHHS KapT TEPUTOPIH,
3abpyanenux BHII.

CyuacHa  kaprorpadiss ~ OIMPOKO  BUKOPHCTOBYE
pe3ynbTaTd  PO3BUTKY  iHQOpMATHKH, KiOEpPHETHKH,
00YHMCITIOBAIFHUX MPUCTPOIB 1 BIOCKOHATIOETHCS Pa3oM 3
wumu. Came Ha CTHUKY TpaauuidHoOi KapTorpadii,
iHpOpPMAIIfHUX  TEXHOJOTriH, KOMIT'IOTEpHOI rpadiku
BUHHMKJIa aBTOMATHU30BaHa KapTorpadis.

3'IBUBIIACh TiJ 3arajbHOI  HAa3BOIO  «IHdpoBa
Kaprorpadisi», aBTOMaTH30BaHa Kaprorpadis mouana
pO3BHMBATHCS B HANpsIMKYy I€PETBOPEHHS 0Opa3HO-
3HaKoBOi (aHajoroBoi) iHpopMamii KapT B UUPPOBY
bopmy.

ABTOMaTu3oBaHa Kaptorpadisi poO3IIISIAETHCS B JIBOX
acIIeKTax:

1. TexniuHa kapTorpadis akIEHTYe yBary Ha METOIHMII
CTBOPEHHS KapTorpagiqHOro 300payKeHHs 3
BHKOPHUCTAHHAM TEXHIYHUX 3acO0iB Ta IPOrPaMHOIO
3a0e3mneueHHs. [Ipy bOMyY HEOOXIHO 3HATH NIPU3HAYCHHS
KapTu, cnenudiky kaprorpadyBaHHIO TEpUTOpIii, CIOCOOH
MOAAJBIIOr0 BUKOPUCTAHHS KapTH, NPUAOMH POOOTH 3
HElo.

2. Jna reorpadiunHoi kaprorpadii OuIbII 3HAUYII
MpOLIECH OTPUMaHHs iH(pOpMaIil 3 KapTu, JOCIiIKEHb I10
KapraXx, TOOlI K TEXHIYHI TPUHOMU  CTBOPEHHS
KaprorpagiuHoro 300pakeHHs 1 oOpraHizamii MOIIyKY
iHpopMallii He € PIOPUTETHUMHU. Y CBOIO Yepry, MPOLIECH
aBromaru3anii B reorpadivyniii kapTorpagii Jexarb B
obnacti iHTepeciB reoindopMariitHoro xaprorpadyBaHHs
- Tany3i kaprorpadii, o 3aiMaeThCsl aBTOMAaTH30BaHUM
CKJaJaHHSIM 1 BUKOPHUCTAHHSIM KapT sK MOJelei
reorpagiunnx inpopmauiiianx cucrem (I'IC) Ha ocHOBi
I'C-texnomnori#i 1 6a3 reorpadiuyHux Ta KapTorpadidHHUX
JIaHUX 1 3HaHb C

I'eorpadiuni iHpopMaliiiHi cucremu — 1e:

— iHdopmMariiiiHa cucTeMa, MO0 MOXE 3a0e3MCUUTH
BBEICHHS, MaHIMyJIIOBaHHI W aHaimi3 reorpadivyHo
BU3HAYEHUX JAHUX JUIS MATPUMKH IPUHHSTTS PillleHb;

— peai3oBaHe 3a JIONOMOI'OI0 aBTOMAaTHU30BaHHUX 3aC00iB
CXOBHIIIE CHCTEMH 3HaHb, a TaKOX IPOTrPaMHOrO
3a0e3neueHHs], o MoJietoe (PyHKIIT MOIIyKy, BBEICHHS,
MO/ICITFOBaHHSI;

— Habip 3acobiB mis 300py, 30CepeIKEHHs, MOIIYKY,
TpaHchopMallii i BiToOpaKeHHs TaHUX;

— iHdopmaniiiHa cucTema, NMpH3HAYeHa il pOOOTH 3
MIPOCTOPOBUMH, UM TeorpadiuHIMHU, KOOpAUHATAMH;

— anapaTHO-TIPOrPaMHUH JIIOJJMHO-MaITMHHANA KOMILUIEKC,
mo 3abe3neuye 30ip, O0OpOOKy, BimoOpa)keHHST 1
IO EHHS MIPOCTOPOBO-KOOPAMHOBAHUX JIaHUX,
IHTETpamlil0 JaHUX 1 3HaHb MPO TEPUTOPIIO  UIS
€(pEeKTUBHOTO BHMKOPHCTaHHS NpPHU pIllIeHHI HAYKOBUX 1
NPUKIAIHUX  3aBAaHb, IOBSI3aHUX 3  aHATI30M,
MOJICTTFOBaHHSIM, [IPOTHO3YBaHHSM 1 KEpyBaHHSIM HPOILIECIB
KapTorpagyBaHHs BIANOBIIHO 10 IMOCTABIICHUX 3aBaHb;

— CYKYNHICTh amapaTHUX, MpOorpaMHHUX 3acoliB i
MpoLeyp, NpPU3HAYEHUX JUIsd 3a0e3NedYeHHs BBEICHHS,
KepyBaHHs, OOpoOKM, aHaji3y, MOICIIOBaHHA 1
BiJIOOpa)KeHHSI TPOCTOPOBO-KOOPIUHOBAHUX JAHHUX IS
BUPILIEHHS CKJIAJHUX MPOOJIeM IUIaHYBaHH 1 KEpYBaHHS;

— HayKOBO-TEXHIYHI KOMIUIEKCH aBTOMAaTH30BAaHOI'O
300py, cHUcTeMaTh3alii, MepepoOKH 1 MpPEACTaBICHHS
(Bumaui) reoiHpopMalii 3 yMOBOIO OJIEpXKaHHs 3HaHb PO
JIOCITIJPKYBaH1 IPOCTOPOBI CUCTEMU;

—  CYKYIIHICTh  amapaTHO-TIPOrpaMHHUX  3aco0iB 1
ITOPUTMIYHHUX TIPOLENyp, TNpH3HAYeHHX sl 300py,
BBCICHHS, 30epiraHHs, MaTeMaTHUKO-KapTOrpaQiqHOro
MOJICITFOBaHHS i o0pazHoro MIpEe/ICTaBIICHHS
reonpocTopoBoi iH(pOpMaIii;

— CYKYITHICTh TE€XHIYHHX, IPOrpPaMHUX 1 iHPOpMaIiHHIX
3aco0iB, IO 3a0E3MEYylOTh BBEICHHS, 30CpPCIKCHHS,
00poOKy, MaTeMaTHKO-KapTorpadiuHe MOACTIOBaHHA U
o0Opa3He IHTErpoBaHE IPEACTABICHHSA TreorpadidyHux 1
CHIBBiIHECEHHX 3 HHMHU aTpUOYTHBHUX JaHUX JJIS
BUpILIEHHS MpPOOJIEM TEPHUTOPiaJbHOIO IUIAHYBaHHS 1
KepyBaHHSI;

— iHdopmariiiHa cucrema, mio 3abesneuye  30ip,
30epiraHHs, O0OpOOKy, JOCTyN,  BimoOpa)keHHA 1
MIOIIMPEHHST TIPOCTOPOBO-KOOPIUHOBAHUX (TIPOCTOPOBUX)
JTaHHX.

Iporpamui 3acobu I'IC npusnHaueHi s pobOTH 3
MIPOCTOPOBUMH JaHUMH, MPEICTABISIIOTh B PI3HOMaHITHHH
CerMEHT KOMIT'FOTEPHOT O pHHKa MIPOrPaMHOTO
3a0e3MeueHHs, Y SIKOMY MOYKHA BUJILJTHTH:

— BEKTOPHU3aTOPH PacTPOBUX 300pakeHb;

— IaKkeTH 0OPOOKH JaHUX PO3BIJIOK;

— IporpaMmHi 3aco0u OOpOOKH JaHWUX TUCTAHIIIHHOIO
30HyBaHHS;

— IaKeTH IMPOCTOPOBOTO aHANI3y i MOJICITIOBAHHS;

— JIOBiJIKOBO-KapTorpadiuHi cucreMu;

— T'IC-B'toepu (makeTd 3 OOMEKEHOI MOMKIIMBICTIO
penaryBaHHS JaHWX, INPU3HAYEHI UL Bisyamisamil i
BUKOHAHHS 3amWTIB A0 0a3 JaHuWX, y TOMY 4YHCHi 1
rpagiuHux, T ATOTOBJICHUX y cepeIoBHIIL
incrpymenTanbaux ['1C);

— "erpymenTanbii ['IC (I'1C-nakern).

Iporpamui 3acobu I'IC € cykymHicTIO iHTErpoBaHHX
MIPOrPaMHUX MOIYJIB, SKi 3a0€3MeUyIOTh peasi3allito BCiX
ocHoBHUX ¢Qynkuii I[IC. VY 3aragpbHOMYy BHIAIKy
BHUIUISAIOTH IIICTh 0a30BUX MOJIYJIB, IO peali3oBYIOTh
G yHKIIIT:

— BBEJICHHSI 1 Bepudikaii 1aHuX;

— 30epiraHHs i MaHIIyJIOBaHHS JTaHUMU;

— TEpeTBOpPEHHsI CHCTEM KOOpAMHAT i TpaHchopmarii
KapTorpagiuHuX MPOeKIIiii;

— aHaJi3y 1 MOJICTIOBAHHS,

— BHUBEZICHHS 1 TIOJIaHHS TaHHX;

— B3a€eMOJIT 3 KOpUCTYBaueM.

SIkmro BpaxyBaTH Ty 0OCTaBUHY, II0 OCHOBHHM BHUJIOM
JAHUX Yy TeoiH(pOpMAIlfHUX CHCTEMax € IPOCTOPOBO-
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posnoniicHa iHdopMariis, 3 aHanizy 6azoBux Momayais ['1C
CTae 3po3yMiIMM, IO mporpamHe 3abesmedenHs ['IC €
nyxe crnenudiyHIM 1 He AyOdroeThes (32 BUHSATKOM
OCTAHHBOTO  MOJYNS)  TPAmMIHHUM  OPOrpaMHUM
3a0e3MeueHHsIM KOMITIOTEpiB.

Peamizamist 3a3HadeHux Bumle (YHKUIH BUMarae
PO3POOKH CIIeIiai30BaHOr0 MPOTrPAMHOr0 3a0e3eUCHHS.

I11. AJITOPUTM PO3II3HABAHHS T'OPU30OHTAJIEA

OpHUM 13 KITIOYOBUX METOJIB Kaprorpadii € anroputm
posmi3HaBaHHsA Tropu3oHTaneh. KomipHa Momens B
pO3Mi3HABaHHI TOPU3OHTAJe — aOCTpakTHA MOJENb
OITUCY IIPEJICTaBICHHS KOJBOPIB Yy BUINISAII KOPTEXIB
(HabopiB) uucen, 3a3BUYali 3 TPhOX ab0 YOTHUPHOX
3HAYEHb.

RGB (uepBonwmii, 3eneHuii, CuHiit) — KoJTipHa MOJIENb, 10
oImUcye CcrHocid CHHTE3y KOJIbOpY, 3a SIKOI YEpBOHE,
3eJIeHe Ta CUHE CBITJIO HAKJIAIAIOTHCS pa30oM, 3MIIIYIOUUCh
y pi3HOMaHiTHI Koibopu. [y  OijbmIOCTi  JONATKIB
3HAYCHHS KOOPJWHAT MOYKHA BBAKATH TMPUHATICKHUMH
Bigpisky. HSV —0 komipHa Mozenb, moOyaoBaHa Ha
TPbOX XapaKTEPUCTHKAX  KOJbOPY: KONIPHOMY  TOHI
(Hue), Hacuuenocti (Saturation) i sickpaBocti (Value).
3HavyeHHs I[MX TPHhOX ITapaMeTpiB BapiloeThcs B Mexkax (-
100 a6o 0-1. Komnonentu xonpopy B HSV BinoOpaxaroTth
iHpopMalito Mpo Komip y OUIbII 3BHYHIH  JIFOJUHI
¢opmi. OTxe, st TOro, MO0 Kpaiie 3HAWTH Ta
Bi00Opa3uTH iH(popMaIiio po 300paxeHi Ha
TororpadiuHii KapTi TOPU30HTATI, MU Oynemo
BUKOPDHCTOBYBaTH KomipHy Mozenb HSV.  Ockinbku
300paxkeHHs 30epiraroTbest y KoiipHii Mozeni RGB, to
noTpioHo nepeiity 10 moxeni HSV [3]

v JIaHin pobori BHUKOPHCTOBYBABCS
¢parment TornorpadivHoi kapti Macmrady 1: 50 000

Puc. 2. ®parment TonorpagiuHoi kKapTi MacuTady 1:
50 00

Ha mnepmomy erami mnorpiOHO mpoyuTaTH (parMeHT
KapTd Ta CTBOPHUTH 3 MacHMBU 3a JONOMOIOI0 (YHKIT
ReadAsArray.

Koxken wmacuB mpuiimae, BiJNOBITHO, 3HAYEHHS
ACKpaBOCTI y
Kananax R, G, B, Tomy 3a moromororo (yHkIii colors.rgb
_to hsv 3 0i0mioTexu scipy  mepedtm IO
noTpioHoi komipHoi Momeni HSV. Ane mnpu  upomy
MOTPIOHO BpaxyBaT, 0 AaHa (YHKIIS TpHAMae K
BXI/IHM apryMEHT OJIUH TPUBUMIiPHHUI MacHB, IO MiCTHTh
SICKPaBOCTI BCiX TpbOX KaHaimiB. Ha HacrymHomy eTarri
IrOpUTMY  TOTPIOHO  CTBOPWUTH HOBMH  MacuB  Ta
3allOBHUTH HOro po3paxoBaHuMH 3HaueHHsMu HSV.[lami
BUKOHYETbHCs Kiacuikaris 3a 3HaueHHsMu HSV.

Jnst mporo BpydYHY MiAOUPAIOTHCA Jiala30HU LIS
KOXKHOTO 3

TppoX  mapamerpiB ~ HSV,  ski  BiANOBiZalOTh
KOIIbOpY FOPU30HTANIE, 32  JIOIOMOIOI0  aHali3y

KOHKPETHOTO CKaHy TororpagiuHoi kaptu. CTBOPIOETHCS
KapTa TOPU30HTAJICH, y AKIA 3HAYEHHS | MaroTh IIKCE,
IO TMOTPAIUIAIOTh Y Aialma30HM 3a BCiMa NapaMeTrpaMu
HSV, a pemri mikceniB npucBotoeTbest 3HadeHHs 0.Y
pe3ynbTaTi  BUKOHAHHS  ONHMCAHMX  BHIIE  €TamiB
MU OTPUMAJIM PO3TAIYBaHHS TOPH30HTANIEH, 1110 [TOKa3aHe
Ha puc. 3.

100 200 WO 400 W0 SO0 o0 8D

Puc.3. OTprMaHi aBTOMaTHYHO TOPU30HTAIT

IV. BUCHOBKU

Y naniii poOoTi OyB MpPOBEACHUM aHATI3 CKJIaJIOBHX
CHCTEMH TYMaHITapHOTO pO3MiHYBaHHS Ta HpoOIeM
KapTorpadgyBaHHs IiIJISTHOK MICIIEBOCTI, 3a0pymaHEHHX
BHII. Byno BcraHOBi€HO, IO MpPH IHOMY HIMPOKO
3aCTOCOBYIOTbCS ~ HUQPOBI  Mozeni  penbedy s
akTyanizamii xkapTorpadiyHuxX AaHHX, PO TEPUTOPIi, sIKi
3a0pymueni BHIT

Tpaaguuiiina TexHoyorist KaprorpadyBaHHS —iISTHOK
MmicreBocti, 3abpynHennx BHII e Tpynomictkum
TEXHOJIOTIYHUM IPOIIECOM 1 XapaKTEePU3YETHCS BETUKHMHU
TPYAOBUTpATAMM, IO 3HAYHO 30UIBIIYE TEPMIHH 1
BapTICTh BUKOHAHHS pOOIT 31 cTBOpeHHs KapT. [Iporecu
aBTOMaTu3alli y ramysi kaprorpadii jiexath B 00jacTi
iHTepeciB  TreoiH(opMalliifHoro KaprorpadyBaHHs, IO
3aiiMaeThCs ABTOMaTU30BaHUM CKIIaJIaHHSM i
BUKOPHUCTaHHSIM KapT Ha ocHoBi ['1C-TexHomoriii 06a3
JAHWX  TpolecH  aBToMartu3amii B reorpadiuHii

kapTorpadii JexaTh B obmacri IHTepeciB
reoinopMaliifnoro  KaprorpaQyBaHHsS - ramysi
kapTorpadii, 1m0  3alMAETbCA  aBTOMATH30BAaHUM

CKJaJIaHHSIM 1 BUKOPHCTaHHsM KapT Ha ocHoBi ['IC-
TEXHOJIOTI#, mporpamMuux 3acobiB I'IC Ta 6a3 maHux i
3HaHb.

B  nmamiii  poGori Oyno  3ampomOHOBAaHO  METO[
JUIS aBTOMAaTHYHOTO  OU(POBYBaHHS TOPU3OHTAJECH 1
nojajblie iX BUKOPHUCTaHHS JUIsi TOOYJOBH HU(PPOBUX
Mojielneit penbedy.
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PoOOTOTEXHIUHI CUCTEMHU Ta iX 3aCTOCYBaHHS JJIs1
NOIIYKY BUOYXOHEOE3NEYHUX MTPEAMETIB
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Anomauia: 3acTocyBaHHS POOOTOTEXHIYHMX KOMIUIEKCIB B
CHCTeMi I'yMaHITapHOTO PO3MiHYBaHHS O0YMOBIEHO 3yCHIUIIMU
BCIX KpaiH 1010 30€peKEeHHs JIFOJIChKHUX XKUTTIB, SIK y O0HOBUX
IsIX, TaK 1 B MPOLIECi I'yMaHITAPHOrO PO3MiHYBAaHHS TEPUTOPIH,
3a0pynHeHnx BHOyXoHeOe3neyHnMHu 00’ektamu. OCHOBHHMH
3aB/IaHHSMHU B 3a/[a4i 'yMaHITAPHOTO PO3MiHYBAaHHS € HOLIYK Ta
ineHTrdikanis B3 3a ix qemackyounmMu 03HaKaMu.

Knrouogi cnoea: ryMaHiTapHe PO3MiHYBaHHS,
BHOYXOHeOe3NeyHnii  mmpeaMeT, POOOTOTEXHIUHI  CHCTEMH,
MaHIIyJIATOPH.

1. BcTtyn

PoOoToTexHiuHI pIlICHHSA 3 BIiAMOBIIHOK MOIYJIBHOIO
CTPYKTYPOIO Ta MPAaBWIBHOI AamamlTalli€l0 0 MiCIEBUX
YMOB Ta HEOE3NEYHHX HECTPYKTYPOBAHHX 30H, MOXYTh
3HAYHO IABHIIMTH O€3leKy IepCoHaly, a TaKoXK
eQeKTUBHICTH POOOTH, MPOAYKTHUBHICTH 1 THYYKIiCTb. Y
bOMY ceHci MOOLTBHI CHUCTEMH, OCHAIIIeHI
MaHIIyIaTopaMyd Ui BUSBIIGHHS Ta  BU3HAYCHHS
MICIIE3HaXO/DKEHHSI TIPOTHIIXOTHUX MiH, BBa)KalOTHCS
HAMBaXTUBIIIMMHU Ui aBTOHOMHOTI'O/HAITiBABTOHOMHOT'O
BU3HAYEHHS MiH y npodeciitHuil, HaiiHui, Oe3rneuHimmii
Ta epeKTUBHUIA CIIOCi0.

II. TEXHOJIOT'Ti BUSIBJIEHHS TA KJIACUDIKALIIT
BUBYXOHEBE3IIEYHIX ITPEMETIB

3rigfHO  JaHMX ~ OpraHizamii 3  T'yMaHITapHOrO
posminyBanass HALO Trust, Ha cxomi YKpaiHU BHSBJICHO
297 MIHHMX TONIB  3arajbHOI0  IUIOIICI  TIOHAA
26 MinbHOHIB M, [¢ 3HAXOMUTHCS OIM3BKO 3,3 MinbiioHA
MiH Ta BuOyxoHneOe3neunux npenmeris (BHIT). Po6oru mo
CTBOpPEHHIO po0OTH30BaHHUX cucTeM Ta KomiuiekciB (PTC)
BIICBKOBOTO (TIOABIMHOr0) MpPU3HAYCHHS, BKIIOYAIOYH
poOOTH30BaHI CHCTEMH ISl MPOBEJCHHS T'yMaHiTapHOI'O
PO3MiHYBaHHS BeqyThcs B YKpaiHi i 3a kopmoHom [1].

I'ymaniTapHe po3MiHYBaHHS — KOMIUIEKC 3aXOJiB, SKi
MIPOBOJIATHCS 3 METOIO JIIKBiAaIi HeOe3IeK, OB’ I3aHuX i3
BuOyxoHeOe3neunnmu npeameramu (BHII), Bkirouaroun
HETEXHIYHE Ta TEXHIYHE OOCTeXEHHsS TEPUTOPIH,
BUABJICHHS, 3HEIIKO/XKeHHA Ta 3HumeHHs BHII, ix
MapKyBaHHs oo [1].

3acrocyBanHss PTC 0OyMOBIIOETbCS HaMaraHHSAM YCiX
KpaiH CBITY 10 30€peKCHHS XKHUTTSA JIFOJICH, K B OOHOBUX
yMoOBax (B KOHTEKCTi sikoro Bukopucranusi PTC mo3Bonsie
JOCSITTH TIO3UTHBHI pE3yNbTaTH), a TaKOX B IIPOIEC
TYMaHITADHOTO PO3MIHYBaHHS TEPUTOpid, Ha SKUX
3HaxoxaThess BHIL

Cucrema T'YMaHiTapHOTO
BHUKOHYBAaTH 3ajaui :

— TouIyK, imentudikamnito Ta 3nenikomxenHss BHI;

—xaprorpadyBaHHs Ta  MapKyBaHHS  TEpPHUTOpiH,
3abpynnenux BHIT;

— 3AiHCHEHHSI OLHIOBAHHS SIKOCTI  T'YMaHITapHOro
PO3MiHYBaHHSI.

pOSMiHyBaHHSI Mae

lonoBHUMHK 3aBIaHHAMH Y MpOOJIEMi T'yMaHITapHOI'O
po3MiHyBaHHS € TmomyKk Ta igeHTHdikamis BHIL
Buseiaenns wMin Ta BHII o3Hayae ix momyk Ta
iTCHTU(}IKAIIIO y BIAMOBIAHOCTI 3 1X JEMAaCKyIOYHMU
o3HaKami [2]:

— HasIBHICTh BUOYXOBOI PEUYOBUHH;

— HasBHICTB JIOKAJIBHO PO3TAIIOBAHOI MaCH METaly;

— XapakTepHa reomerpuyHa ¢opma min ta BHIT;

— HEOJHOPITHICTh cepeoBHINa, ne po3mimienuii BHIT
(mopyIlIeHHsS TIOBEPXHi IPYHTY, NOPOKHBOTO ITOKPHTTS,
CTiHM OyIiBJIi, MOPYIIEHHS KOJbOPY POCIMHHOCTI abo
CHITOBOI'0 TIOKPHUBY TOIIIO).

TpamumiiiHa cucTeMa BUSABJICHHS Ta ineHTUGIKAIT MiH
ta BHII nHaBeneni y tabn. 1. CucteMy MOXKHa PO3IUTUTH
Ha 2 tumu [3]:

— cucreMa THITy A, TpU3HA4YeHAa Ui BHSBJICHHS Ta
inenTugikanii  BUOyxOHEOE3MEUHMX  MPEOMETIB Y
cepeoBUINAaX, IO ITOKPHBAIOTh, IO BHKOPHUCTOBYIOTH
€HEepTril0 CHCTEM MOIIYKY;

— cucremu tuny I, IO BHKOPHCTOBYIOTH EHEPTiIO
00'€KTa MOMIYKY.

Tabuus 1. Meronu BussBnenus BHIT

«A» «II»

I'azoananiTuunumii
SAnepHo-¢biznuHui
Bio¢iznunnii
AxycTuuHHI

MexaHiuHnHA
OnTryHui
TerutonokariiHui
EnexrpomarHiTHUMI

SR
bl

IapameTpuunnit

B nmanumit yac HaiOinbIe 3aCTOCYBaHHsS 3HAWILIM Taki

METOAU: €JIEKTPOMArHiTHI (IHIYKIIHHWUH,
PaaioXBHIBOBUH, MarHiTOMETPUYIHUH, HEJTiHIHHAH),
simepHO-(hi3uYHi, TerTo(i3UUHUMA i MEXaHIYHUN

(MexaHiuHoro 3oHayBaHHs). Came BOHH JIO3BOJISIIOTH
CTBOpUTH TexHiuHI 3acobu momyky BHIIL, sxi MoxyTh
OyTH PUIATHUMU JUTS TYMaHITapHOT'O PO3MiHYBaHHSI.

[IpoGnemu, siki BHHHMKAIOTH TPH 3aCTOCYBAaHHS IUX
METOJIB — I MUTAaHHS Oe3MeKH i 3HIKEHHS YacOBHX Ta
MaTepiaJbHUX BUTpPAT Ha PO3MIHYBaHHS. [HIN BHMOTH:
KJIiMaTH4Hi, e(eKTHBHICT, POOOTH B TEMHHH 4Yac 100w,
CTIMKICTh 70 MEXaHIYHMX BIUIMBIB, €JIEKTPOMArHiTHA
CYMICHICTb TOIIO.

Knacudixkarris POOOTOTEX HIYHUX KOMILIEKCIB
BIICHKOBOT'O TpPU3HAUYEHHS Nependavae ix Momin Ha Tpu
kareropii [3]:

1. «JIroquHa B cHCTEMI YIIPaBIiHHS) — JIO L€l KaTeropii
BigHeceni  Oe3miJOTHI ~ MaIIMHM, AKI  CaMOCTIHHO
BHSBIIAIOTH 1Tl Ta 3IHCHIOIOTH iX MO, MPOTE PIIICHHS
PO iX 3HUILEHHS IPUHMAE TUIBKH JFOHHA-0IIEPaTOP.

2. «JlroguHAa HAg CHUCTEMOIO VIIPABIIHHSI» — JO II€l
KaTeropii HajeXaTb CHCTEMH, SIKI 3HAXOISThCS IIij
KEPYBaHHSIM JIFOJMHU-OIIEPATOPa, 3JATHUM BTPYTHTHUCS
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JUIi  KOPDWUT'YBaHHS 4M  OJOKYBAaTHM pIIICHHS [pHU
caMmocTiiHOMY BHOOpi 200 3HUIIEHHI LiJTi CHCTEMOIO.

3. «JltoguHa 1032 CHUCTEMOIO YIpaBIIHHS» — 1O Mi€l
KaTeropii BiTHECEHI CHCTEMH 3JIaTHi BUSIBIISITH, BUOMPATH
Ta 3HUIOIYBAaTH M[iTi CaMOCTIHHO 0e3  JIIOJCHKOro
BTPYYaHHSI.

Haii6inpm nomupeni PKBII mepmioro mokosinHs Ta
LIBHIKO YAOCKOHAIIOIOTHCS CUCTEMHU JIPYTOro TIOKOJIHHSI.

3pa3ku Cy4acHHUX IHAYKIIHHIX MIHOIIYKayiB,
OCHAIIIEHUX CHUCTEMaMu OOpOOKM CHIHAIy Ha OCHOBI
BUKOPHCTAaHHS MiKpOIIPOILIECOPIB, JO3BOJSIIOTH TPOBOAHUTH
CEJIEKTUBHHH NOIIYK MPEAMETIB 13 KOJIbOPOBUX METaJIiB Ha
TJTi TIPEAMETIB-NIEPENIKO/ 13 YOPHUX METAJIB YK HaBIAKH.

ODYHKIIIOHYBaHHS METaJIOIIyKayiB 3acHOBaHe abo Ha
TrapMOHIMHOMY METOJi, IO J03BOJSIE BHSBUTH METaJeBi
00'€KTH 32 paxyHOK BUMipIOBaHHSI [TapaMeTpPiB HABEAECHOTO
B HHMX curHaiy (¢asza i aMmIunitTyna), mo 30yMIKYeThCs
TapMOHIYHMM CTPYMOM, a00 Ha METOIl MepeXiIHuX
MPOLIECIB, IO JO3BOJISIE BUSIBUTH METAJIEBE TUIO II0
BTOPUHHOMY CTPYMY, IIIO 3aTyXa€ B HHOMY.

Cepenniii TeMm  mourykKy OLIBIIOCTI  Cy4acHHX
MIHOIIYKaYiB JIekuTh y Mexkax 120...400 mron i
BU3HAYAETHCSI B OCHOBHOMY HAsBHICTIO CTOPOHHIX
MeTaJeBuX NpenMeTiB (TIeperrko), IKUX 0CO0IUBO Oarato
y MICIFIX OJKUTJIOBOI 3a0ymOBH Ta TOCIHOAAPCHKOI
JUSUTBHOCTI JIFOZIMHY, @ TaKOX y MICISX BeJIeHHS OOHOBHX
.

Jns Bussnenuss BOIl Ta OaraThoxX iHIIMX 00'€KTIB,
MIPUXOBAaHUX y OTHOPIJHUX CepeloBHIIAX (IPYHTI, CTIHAX
TOIIO), MOXYTh BHUKOPHUCTOBYBATHCS  PalliOXBHJIbOBI
JereKkTopu (pajioXBHIBOBI MiHOIIyKadi abo JIOKaTopH).
DYHKIIOHYBaHHS TIpUIIAIiB 3aCHOBaHe Ha
BUIIPOMIHIOBaHHI €JIEKTPOMArHiTHOT'O
Ha/BUCOKOYacToTHOro curHany (2,0 I'Tm i Oimbrre) i
MOAAJIBIIOMY aHali3i BIIOUTOrO CUrHaily Bil 00'€KTiB, SIKi
MalOTh KOHTPAacTOM JII€JEKTPUYHOI MPOHUKHOCTI IO
BiJTHOIIICHHIO JI0 CEPE/IOBHINA, B SIKOMY BOHH 3HAXOISTHCS.
BHaciok 1pOro € MOXKJIMBICTH BHSIBJICHHS HPaKTHYHO
Oy/b-SKUX 00'€KTIB — HE TUTbKA METAJICBUX IPEAMETIB, a i
1HIITHX HEOJTHOPITHOCTEH, HaIpUKIaI, MyCTOT,
TUIACTMACOBHX Ta JIEPEB'THUX MPEIMETIB.

HeniniiiHi pajionokaTopu Npu3HAuYeHi Ui BUSBIICHHS

paioeIeKTpOHHUX MIPUCTPOIB, o MICTATh
HAITiBIIPOB1THUKOBI puiIaau 3 HEJHIHHUMHA
BOJIbTAaMIIEPHUMHU XapaKTEePUCTUKAMH. Takumu

NPUCTPOSIMA €  EJIEKTPOHHI Ta  €JeKTPOMEXaHiuHi,
panmio3akiagKkyd Ta iHII  pajioOeNeKTPOHHI IMPHUCTPOI.
ODYHKIIIOHYBaHHS HENHIMHUX PaJioIOKaTOPiB 3aCHOBAHO
Ha OINPOMIHCHHI MICIICBOCTI, 0 JOCHIKYETHCH,
MIPUMIIIEHHS TOIIO 30HIYIOUHM CHUTHAJIOM
HAJBHCOKOYACTOTHOTO Jiana3oHy i MpUHOMOM BiJOUTOIO
CHTHaJy, IO MICTHTh  BHWIIl TapMOHIKH 30HIYIOYOrO
cUrHajiy. Sk mpaBuiio, MPUHAOMHMN MTPUCTPiil HENiHIHHOTO
panmionokaropa moOyqoBaHO Ha JpYrid  TapMOHIL
30H/yIOUOr0 curHainy [4].

Crnip Bi3HAYWTH Takuil HENOMIK yciX 0e3 BHHATKY
METaJOIIyKadiB, SK MOXJIHMBICTH HPUBEIEHHS IO
CHpalboOBYBAaHHS AESKUX THUIIB IiJPUBHUKIB 1H)KEHEPHUX
MiH 3 MAarHiTHUMH JaTYMKaMH METH Ta CaMOpPOOHHX
€JIEKTPOHHUX Ta €JIEKTPOMEXaHIYHUX ITiJPUBHHKIB.

IT1. IU3AVIH TA TTIPOTOTHII

MoOibHUIM MaHITYIATOpP, CKIATAETHCS 3 JICTKOIO IIaci,
MaHMITYJIATOPa 3 JIBOMA CTYINEHSAMH CBOOOIM 3
METaJONETEKTOPOM 1 KaMepOIO, MPUKPITUIEHUMH JI0 APYTOi
JIAHKHM,  KOMYHIKamiiHOrO  MOAyns A OOMiHY
MOBIZIOMJICHHSIMH Ta 300paKeHHSAMH MiX poboToM i
crocTepiraueM i 00poOkH 300paskeHb. MOIYJIb.

[Ilaci: BOHO BUTOTOBJICHO 3 aJIIOMiHiIO, 100 OyTH
MIIIHUM Yy MeXaHiuHiii 00poOli Ta ManuM 3a Barow s
MEHIIIOI IIBUIKOCTI JBUTYHA. BiH MICTUTh JBa IIapu 3
JIOCTAaTHIM TPOCTOPOM MiXX HHMH, 1100 3aKpinuTh Oarapei
Ta EIEKTPOHHI IUIATH, a TaKOXK 3axXUCTHTH IX Bij
30BHIIIHBOIO  CEPENOBUINA, SKE B OCHOBHOMY €
mycroramu. /JIBI IUIaCTUHM TakoX BaKyyMOBaHi, I00
3MEHILUTH Bary Ta MOJETHINTH KPIIUIEHHS PI3HUX YaCTHH.
Yotupu mMpoKi Kojieca MPHKPIIUICHI 0 mIaci 3 OJHHUM
JBUTYHOM, IO TIPALIOE 3 KOXKHOI'O OOKY, 1 JIaHIFOrOBHH
pPEMiHb BUKOPHCTOBYETHCS JUIS Tepeadl pyxy MK JBoMa
konecamu. Okpema IUlaTa INpU3HAYeHA MAJIsl KepyBaHHS
pyxoM miaci, Bkimovatoun H-Bridge ans pyxy Bmepen i
Ha3aja OBOX JIBUryHIB. OCHOBHHMM ITiAXOZOM Yy PO3poOiri
MPOEKTIB € YHUKHEHHS CKJIQJHOCTi, J€ 1€ MOJXJIUBO,
MparHeHHsl [0 MEHIIOl, a He BHCOKOi INiJIBHOCTI
KOMITOHEHTIB 1 BUKOPUCTaHHs 0arato()yHKIiOHAJIBHUX
KOMITOHEHTIB, SIKi 3MEHIIYIOTh 3arajbHy Bary Oyab-siKoi
KOHKPETHOI 30ipKH.

Pyka: nBa cryneHi cBOOOIM 3aKpilUieHi Yy BepxHil
YacTUHI IIaci, ¢ OCHOBa POoOOTa 00EPTAETHCA HABKOJIO
BEPTUKAJIbHOI OCi Ul CKaHyBaHHS HaBKOJIUIIHHOTO
cepenoBuinia Ha HasBHicth BHII, weramomykau, Ta
MOJMSIPU30BaHa Kamepa sl BUSBISBICHHS HAJABOIHHX 1
3ariu0iIeHl MiHU, KPIUTHCS O BHCYBHOI APYrol JIAHKH,
sKa TpH HEOOXIMHOCTI pyXaeTbcsi Bropy 1 BHU3.
Merajorrykay 3aMiHIO€ KiHIIEBUH e(heKT MaHIMynsaTopa, a
KaMepa 3akpilUIeHa Ha HEBENWKIA  BifcTaHi  Bix
MeTaJollyKaya, SIK MpeCTaBlIeHo Ha puc. 1.

Puc.1. 3pa3ok pobora-maninmynstTopa ajst BusiBineHast BHIT

KomyHikanifiHuii MOmynab: CKIQJAETCS 3 JBOX
OCHOBHHX 00’€KTiB! MIOPTaTUBHOT'O HOYTOYKa,
3aKpIIUIEHOr0 Ha MOOLTBHOMY MaHIMyJSITOpI MiJl Ha3BOO
«Pobot», 1 iHmoro HoyTOyKa mix Ha3Bow «Crocrepiraw
mepea 0co0o0r0, sKa Kepye IMPOIECOM BUSBJICHHS MiH, i
0e3poTOBOI CHCTEMH 3B’SI3KY JUIS TIepeaadi IToBiIOMIICHb
1 300paxkeHHs Mik HUMHU. KoMI’roTep MiCTUTh 0a3u JaHUX
MOIIYKY 1 MapKyBaHHA MiH, 0a3d JaHUX MUTTEBO
OHOBIIIOIOTHCS, KOJU MAHIMYJIATOP BUKOHYE OOOB’SI3KH
JUISL CTBOPEHHSI aJITOPUTMY MalIMHHOTO HABYaHHSI.

Monayne 00poOku 300pakeHb: TexHika 00pOOKH
300pa)KC€Hb BUKOPUCTOBYETHCS JJIsl TIEPEBIPKH, YH €
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BUSBJIIEHUH 00’€kT MiHOIO uM Hi. Koau 00’€KT BHUABIIEHO,
MIKPOKOHTPOJIEp HAJCHJIA€ MOBIAOMIICHHS IPO 3YHHHKY
MaHIMyJIATopa, a KaMepa POOUTh 3HIMOK 3aIpOIIOHOBAHOI
LTI Ta HAJICWIA€ HOr0 TAKOXX Ha KOMII IOTEp. AJITOPUTM
aHaIi3ye OTpUMaHe 300pa)KCHHS Ta MOPIBHIOE HOTO 3 THUM,
IO 3HAXOJWUTHCS BCEpeNUHI 30epekeHHX 0a3 JaHuX,
BUKOPHCTOBYIOUHM I1HCTpyMEHTapii 0OpoOKH 300pakeHb.
3anpornoHOBaHUil aIropuT™M Mae Bl 0a3W JaHUX I
MPaBUIILHOTO 300pakeHHs 1 sl (aybIIUBUX 00’ €KTIB,
Takux sK OaHkKW, a0o0 iHmie. BusBICHHS OyIb-SIKOTO
300pakeHHs 0a3yeTbcsl Ha TPbOX OCHOBHHMX (DYHKIISX
Colorhist, Edgehist i Edgedirection. Colorhist anamizye
300pa)KeHHsT  BIAMOBIZHO 10 WMOBIPHOCTI  KOJIBOPY,
3HaWJeHOro Ha 300paxkeHHi, 1 miei Qynkiii. Edgehist
aHaJTi3ye 300paykeHHsI Ha OCHOBI Horo kpaiB. Edgedirection
OITUCYE KYTH MK pedpaMH B pi3HUX HampsMKax, 1 BCi JaHi
30epiratotbesi.  Ilicinst Toro, sk ajiropuT™M BH3HAYae
OCOOJIMBOCTI 3aXOIUIEHOTO 300pa)deHHsI, BiH TIOYUHAE
MIepeBIpATH, YU € BIAMOBIIHICTD MK XapaKTepHUCTHKAMHU
300pakeHHs Ta 300pakeHHAMH, 30E€peKCHUMHU B 0aszax
JaHuX. SIKIIO BIJICOTOK TOXMOKM MIXK 3aXOIUIEHUM
300paKeHHSIM 1 30epeKeHNM 300paKEHHSIM He MEPEBHIILYE
30%, aJropuT™M pO3I[HIOE II€ SAK MIiHY Ta HaJICHIAE
criocrepirayy moBijoMieHHs «BusiBieHa MiHa» pa3oMm i3
KOOpAMHATaMH MOXJIMBOI MiHM. Ile Takox 30epexe
300pakeHHs B 0a3i  JaHUX I TOAAJBIIOrO
BUKOPHCTaHHS. SIKIIO BiJICOTKOBa IMOMUIIKA IEPEBHIIYE
30%, KOMIT FOTep HaJICHIIa€e TIOBIIOMJIEHHSI 1 30epirae foro
B 0a3i JaHUX JUIS TONAIBIIOTO BHKOPUCTaHHA. 3a
JIOTIOMOT'OF0 11i€1 TEXHIKM OHOBJIEHHs 0a3 JaHWX IPOCTHH
aJrOPUTM MAIIMHHOTO HABYAHHSA PO3POOJICHUH, 1100
HAaBYMTH MAalIMHY  pO3II3HABATH  300pa)KEHHs  Ta
HAJCWJIATH HAJISKHE IOBIIOMIICHHS KOHTpPOJIEPY po0oTa,
HE YCeKAIo4d CIocTepiraya, 1mod HaaiCIaTH MOBiIOMIICHHS
JUTSL IPOZOB)KEHHS TTOIITYKY ITi3HIIIe.

OpHi€0 3 TOJNOBHHUX NPOOJEM IMPOEKTY € CTBOPEHHs
CHUCTEMHU 0e3IpoTOBOTO  3B’SI3KY A 0o0OMiHY
300paKCHHSMH Ta TOBIJOMJICHHSAMH MK MOOUIEHUM
MaHIIyJIATOPOM 1 crocrepiradem, o0 omeparop Mir
MIepeBipsATH CKaHOBAHE TI0JIE, CHASYH B 0€3MEYHOMY MiCLIi.
IcHye ©Oarato MeTOHIB BCTaHOBIEHHS 3B’SI3KY MiX
MPUCTPOSIMH, ~ CIIIBHUE  JpiT, TexHousorist Bluetooth,
CHUTPHUN O0€3pOTOBHUH 3B’S30K 32 JIONOMOIOI0 TOYOK
JIOCTYITy a0 CIEeiaabHOro 3’ € IHAHHS.

BesmporoBa  Mepexa  igeambHO — MIIXOAWUTH  JUIS
MJKIIOYEHHS] TPUCTPOIB 1 Tepelayl MOBiIOMIIEHb 1
300pakeHb y MicIiX, ne Oyimo O Baxkko abo Ioporo
npokinact kabeni Ethernet [5].

CrienianbHa Mepeka — II€ THMYacoBa Mepexa, siKa
BUKOPHCTOBYETHCS JJIsl OOMiHY (haiiamu, ITiAKIIOUEHHSIM
no IarepHeTy MiX KiJbKOMa KOMIT'IOTEpaMH  Ta
npuctposimu. Pobota B pexuMi ad-hoc mo3Bonse BciMm
0e3JpOTOBUM TPUCTPOSIM y paniyci Iii OIUH OIHOTrO
BUSIBJISITH Ta CIIJIKYBATUCS B OJAHOPAHIOBOMY peXuMi 0e3
3aJydyeHHs IEHTPAIBHUX TOYOK JOCTyIy. €IUHUM
HEJIOJTIKOM € Te, IO Mepexa OXoruoe ymme 10 Merpis,
IO 3MYIIY€ HAC BiJNIOBITHO MPOEKTYBATH IOCHiTHUIbKE
none. [licnst BcTaHOBNIEHHS 3’€IHAHHS MK poOOTOM i
criocrepirayeM 3a JIOIOMOTOIO CIIEIiaIbHOTO METOAY IS
0OMiHY ITOBIIOMJICHHSIMUA MK HUMH 3aCTOCOBYETHCSI HOBA
texHika mig HazBoro (WCF). Windows Communication
Foundation — 1ie CTpyKTypa ajisi CTBOPEHHS CepBic-
opieHTOBaHUX TmporpaMm. 3a momomororo WCF wmokHa

HAJCWJIATH JaHi K aCHHXPOHHI MOBIIOMJICHHS Bifl OHI€ET
KIiHIIEBOT TOYKHU CiIykOm 110 iHmoi. Ile Takox cepenoBuiie
BuKoHaHHs1 Ta HaOip APl s crBopeHHs cucrem, sKi
HA/ICHJIAIOTh TOBIZIOMJICHHS! MiXK CIIY’)KOaMH Ta KJTi€HTaMH.
KinneBa Touka Moxke OYTH KIIIEHTOM CIYXOH, SIKWid
3aIUTye JaHi BiJl KiHIEBOI TOUKH ciyx0u. [ToBinoMieHHs
MOXYTb OyTH MIPOCTHMHU, SIK OAWH HA/ICIaHUH CUMBOJI YU
CJI0BO, 200 CKJIaJHUMH, K IOTIK ABIHKOBHX JAaHHUX.

IV. BUCHOBKU

Iomyk Ta inentudikanis BHIT mms rymaniTapaoro
PO3MiHYBaHHS €  KOMIUIEKCHUM  3aBfaHHsAM. J{is
NPOBEACHHS  ryMmMaHiTapHoro po3minyBanHs  PKBII
MMOBMHHI MATH BIAMOBITHI MaHIMYSITOPU Ta MPHUCTPOIO:
MeTajollykay, 3acoOu /sl  BiJIEO3B’SI3Ky, 3aco0aMu
NPUAHATTA pilleHb Ui 3aCTOCOBYBaHb Ha eramax
PO3BIJIKM,  TOUIYKY,  MapKyBaHHs,  iAeHTU]iKaii,
3HEIIKO/PKEHHS Ta 3HuIeHHs BHIT.

BeprukanpHuii pyx Opyroi JaHKH J03BOJsIE Kamepi
orpumaru uitke 300paxxenHs BHII. HaiiBaxnusimoro
YaCTHHOIO TPOEKTY € TMOpPIBHSHHSA HUHI BiJICKAHOBAHOTO
300pakeHHs 3 BOYJOBaHUMH 300paKCHHSAMH B 0a3zax
JMaHUX  POOOTEXHIYHOIO CHUCTEMOID  Ta 00MiH
MOBIZIOMJICHHSIMH Ta 300paKEHHSMH 31 CHocTepirayem.
IIpu ymoBI 1O MoOAyds OOPOOKM 300pakeHb MPALOE
HAJIOKHUM YMHOM 1 MOXE JIETKO IIOpiBHIOBATH
300pa)KeHHs Ta BHJAaBaTH TpaBWiIbHe pimenHs. Ile
JIOTIOMOXKE MOOYAYyBaTH aJTOPUTM MAIIMHHOTO HaBYaHHS,
SIKMH JTO3BOJINTH POOOTY HIBHIAKO M TOYHO PO3Ii3HABATH
MiHH. 3 iHIIOrO OOKY, MiCJsi BCTAHOBJIICHHS 3B’S3KY MiX
poboTroMm 1 crocrepiraueM BiJIOyBa€eThcsl Oe3nepepBHUI
OOMIH ITOBIJIOMJIEHHSIMH Ta 300pa)keHHSMHU. KoHCTpyKIIist
maci y BHIVIAI TNPSIMOKYTHHKA, IPHKPIILIEHOrO 10
MBKOJA, NTO3BOJISIE YHHKHYTH TEPENIKOA ISl CHIHAILY
MeTaJIofIeTeKTopa Iaci [6].
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Abstract: This work is devoted to review exiting robotics
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1. INTRODUCTION

The use of robots in production systems, warehouses,
offices, hospitals, and transport systems is constantly
growing. The use of robots has many advantages, from
convenience to use in areas dangerous for humans. Also,
an important advantage of the transition to robotic systems
is the reduction of the cost of a certain process and the
increase of reliability.

Usually, robots are used in interaction with a person,
that is, a person controls the robot and the main control
falls on the operator. But models of robot-robot interaction
systems are increasingly appearing, which can greatly
change the principles of using robots.

Systems with robot-robot interaction mean that several
robots are used to perform certain tasks, which interact
with each other to perform the task together. Such systems,
where several robots interact, are suitable for complex
tasks, where one robot, even more complex and powerful,
may not be able to cope. Also, the use of this approach
makes the system flexible, i.e. easier to adapt to other
tasks. Currently, similar systems are already being
integrated into aerospace, medical, and other industries.

The basis of interaction between robots is the
combination of navigation, movement, and communication
complexes using artificial intelligence.

II. FEATURES OF ROBOT INTERACTION

Robots to interact with each other usually have a
number of systems for navigation, positioning and wireless
communication, which are combined with artificial
intelligence for analysis and decision-making. It is also
possible to use.

A large number of researchers and developers, in
particular [1] believe that one of the main problems in the
development of robot-robot systems is location and
navigation. Location and navigation affect not only the
possibility of correct interaction of robots, but also speed
and accuracy.

For navigation in robot-robot systems, it is necessary to
take into account different positions of robots and different
locations, so the navigation method must be accurate for
several robots at the same time.

The work [2] presents the development of a semantic
grid of objects. This grid is built on the basis of data
received from autonomous robot systems, which includes
data from sonar, odometer, laser distance sensor, computer
vision, and others. Figure 1 shows the scheme of
constructing a grid of objects.

Sonar 3 Obiject grid
A -
Sonar P mapping —p»  Grid map P map
A
Y
Minimum
Map .
Odometry — [, - bounding
rectangle
A
Y
Obiject Filtering ) -
Sge_reo —— detection and P> and — Object point
vision - ; : clouds
triangulation Clustering

Fig.1. The principle of building an object grid

Figure 1 shows how a grid of objects is created based on
input data and software processing. This approach is quite
accurate, but under the condition that the objects are static.
This is the main disadvantage of using this method for
navigation. That is, when developing a system where
objects can be moved, or even disappear and be added, this
must be taken into account and the grid must be constantly
rebuilt, which is not fast and convenient, and will affect
accuracy.

Considering the used means for obtaining information, a
similar method can be used for humanoid robots, but the
method of navigation on the created grid will work only
under the condition of constant updating and complex
formation of a new grid from the data of all robots.

Also, this author envisages processing the image from
the video camera to obtain data about the object and its
recognition. Object recognition is an advantage of work
[2], and can be a very useful application for systems of
cooperative operation of humanoid robots.

In H. Zhang and C. Zhang work [1], it is proposed to use
navigation for a limited space with the help of QR-tags and
a complex of a laser range finder and a camera for reading
tags. Dijkstra's algorithm and the dynamic window
approach are used in this work. The experimental work of
the authors showed good efficiency. The main
disadvantage of using this approach is the complexity of
creating a workspace with labels and calibration.

The work [3] was considered. This paper considers an
unusual way of navigation based on the assumption that in
a room or a certain area, the floor is of the same color.
This method consists in processing a video image to
determine the boundaries of the floor on which the robot
can move. You can also find objects on the floor in this
way.
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Fig.2 An example of video image processing using the
navigation method based on the analysis of floor
boundaries

The disadvantage of this approach is the impossibility of
using several robots for simultaneous operation without
the use of additional systems. To improve this method, you
need to use a rangefinder and an algorithm for calculating
the distance to the object relative to static objects, walls. A
potential disadvantage of this approach for use in multi-
robot systems is the difficulty of accurately coordinating
the robots.

The authors [4] considered the possibility of robot-robot
and robot-human interaction, and also depicted exactly the
robot-robot interaction for the difficult work of lifting a
load in Fig. 3.

In the considered work [4], a very useful property of
robots when interacting with each other was also noticed.
This property involves the use of the functions of both
robots with partner interaction for minimal energy
consumption.

Fig. 3. Joint work of two robots for lifting cargo [4]

One of the most famous robot developers is the Festo
company. Among a large number of developments, they
presented a system of bionic ants that interact with each
other for compatible tasks, as if in nature.

Fig. 4. The collaborative work of robot ants from the Festo
company [5].

Robot ants use radio communication to communicate
with each other and stereo cameras to navigate in space.
The structure of the robot in Figure 5.

Fig.5 The structure of the robot-ant [5,6]
[II. CONCLUSION

These theses consider robot-robot interaction and
several solutions to the issue of robot navigation in space.
The creation and use of robot-robot systems is a direction
that is in constant development. These systems can be used
in different areas for very different tasks. For example,
robots can be used to lift and move loads. The considered
works present various methods of navigation with various
disadvantages. Navigation based on a constructed grid of
objects is accurate, but difficult to use in systems where
objects can move. The use of QR-tags is quite a good tool
for indoor navigation, but has the disadvantage of complex
preparation of the work area and potentially low accuracy.
Using a video camera for navigation is a good way, but
difficulties arise when using multiple robots. To improve
this method, it is better to use a camera on the ceiling, in
addition to the cameras on the robots.[6-12]
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Anomauisn: Tlpencraineno orisin xonuenuii Warehouse 4.0
ta Cyber-Physical System. BuzinieHo 4oTHpH OCHOBHI HampsiMu
pOGOTH TIpH CTBOPEHHI PO3YMHOIO CKJIAACHKOIO MPHUMIICHHS.
[IpoBeneHo aHai3 ICHYIOUHX MIAXOISIMX 3ac00iB ineHTH(IKaLil
00’ €KTIB.

Knrouogi cnoea: cxnan, warehouse, 3acobum ineHTH]ikarii
00’ €KTIB.

1. BcTtyn

B cydacHOMy CBITI BaXKO TIIPEACTaBHTH HAaBITh
MajicHbKe BHUPOOHHIITBO 0€3 CIeIiaJbHO 00JaJHAHUX
NpuMillleHs Uit 30epiraHHs KOMIIOHEHTIB, Marepialis,
TOTOBOI MPOAYKILIi, TOmO. Y CKIaJACHKUX MPHUMIIIEHHSIX
OJJHOYAaCHO MOXYTh 30epiratucs THCSAYi, COTHI THCSY
piHux 3a (opMoOrO, pPO3MIpOM Ta TPHU3HAYECHHSIM
npeameriB. CKajchbka MisUIBHICTH 3a3BUYAl  BKIIIOYAE
oTpuMaHHs, 30epiraHHs, KOMIUICKTYBaHHS 3aMOBJIEHb 1
BimnpaBieHHs CKIaJyBaHHS BiAirpae BaXJIHBY pOJIb Y
JAHIIOTY TIOCTAQ4YaHHS Ta Ma€ 3HAYHUH BIUIMB Ha
00CITyroByBaHHsI KIIi€HTIB.

Konremiis warehouse 4.0 moeaHye B co0i TEXHOJIOTIIO
inteprer peueir (IoT), HasBHICTH MPUCTPOIB, IO MArOTh
KOMIT'FOTepHUi  3ip,  wtydnuit  intenmekt (L),
pI3HOMAHITHI ~ JaT4YMKH, KOHBEEpH Ta  JIHi, 3
BHUKOPHCTaHHIM POOOTO TEXHIYHUX TEXHOJIOTIH, TOIIO.

3a mOmOMOror BCIX [UX pedeldl MOXHA CTBOPUTH
HaJiiHy CHUCTEMY aBTOMAaTH3allii CKJIaliB Ta MPHUMIIICHb.
3aBnsku koHLenuii warehouse 4.0 mianpueMcTBa 3MOXKYTh
3pobutn 1UGpPOBY TpaHCHOPMAILIO CBOIX CKIAJICHKUX
MPUMIILEHb Ta TEPEeTBOPUTH iX Ha PO3yMHI CKJIaaH, sIKi
Oynyts  HabOarato  eQeKTUBHIIIUMH B  pPOOOTI,
peHTa0enbHUMH Y  BUKOPHCTaHHI Ta  OIHOYAacHO
0e3MeYyHUMU, JOCSTaloud IPU IIbOMY HAWBHIIOTrO pPiBHS
SIKOCTI B 00CITyrOBYBaHHi.

[eperBopeHHs1 3BHYAWHOTrO CKIJIAACHKOTO IPUMILIEHHS
Ha PO3YMHE BHCOKOTEXHOJIOTIYHE CKIIaJIChKE MPUMIIICHHS
3MEHIIUTh BHUTPAaTH Ha CKJIaJyBaHHs, IIiJABHIIUTH
MIPOAYKTUBHICTH POOOTH 32 JIOMOMOT0I0 aBTOMAaTH30BaHHX
TEXHOJIOT1i: 30epiraHHs, pO3Mi3HABaHHS,
TPaHCIIOPTYBaHHS, 3MEHIINTh Yac pearyBaHHs Ha 3MiHH B
MepeMillieHHi  NPOAYKIii, YCyHE  IOMWIKA  TIpH
KOMIUIEKTYBaHHI Ta MapKyBaHHI ITPOIYKIIii, Ta BUPIIIECHHS
MUTaHb B OpPraHi3alii IHIIMX CKJIAJACHKUX OMepaii.

PosymHuii ckimaj — 1e aBTOMaTH30BaHE HPUMILCHHS
BCI IIPOLIECH B SIKOMY BUKOHYIOTBCS 0€3 ydyacTi JIFOIUHH, a
Oyxrantepcbkuil OOJIIK BENETHCS HE B IIallepOBOMY, a B
CIIEKTPOHHOMY (hOopMaTi.

Innyctpis 4.0 mpomoHye iHTErpaiito poOOTOTEXHIKH,
KiOep(i3UUHUX CHUCTEM, NPOrPaMHUX CIyXO0 1 Jrojei-
YYaCHHKIB 13 TAKUMH (YHKIISIMU:

[HTepornepabenpHiCTh — MalIMHU, TPUCTPOi [HTEpHETY
peueii (IoT) i moan noBUHHI OyTH 3B’s13aHi MiXk cO0OIO Ta
KOOpPJIMHYBATH OJIMH OJHOTO.

IIpo3opicTh iHpopMarii — (pi3uuHI CUCTEMH, YIOCKOHAJIEH]
JIAHUMH JaTYUKIB JUIS CTBOPEHHS iH(OPMaIiHUX CUCTEM
13 JIOIATKOBOIO I[IHHICTIO.

TexniuHa jgormoMora — mepenadadyae  BUKOPHUCTAHHS
IHTEJIEeKTYaIbHIX TPHUCTPOIB JJIsl CHPUSHHS IMPUHHATTIO
00IpyHTOBaHMX pimieHb. PoOOTH30BaHAa aBTOMATH3AIliS
MOX€E BHKOHYBaTH ITOBTOpIOBaHi, HeOe3ne4yHi abo ToOuHi
3aBJIaHHSI.

JlernienTpanizoBaHi pillleHHA — 3IaTHICTh TaKHUX CHCTEM
NpuiiMaTH aBTOHOMHI DIIIEHHS; JHMIIE B KPUTHYHUX
BUIIAJKaX BTPpy4YaHHS JTIOAUHMU. [1]

II. CYBER-PHYSICAL SYSTEM

st mepeTBOpeHHs 3BUYAMHMX CKIIQAIB Ha PO3yMHI
CKJIaJICbKi TpHUMIileHHs1 BUKOpUCTOBYIOTH Cyber-Physical
System (CPS). CPS Hamae MOXJIHBICTH CTBOPIOBATH
BipTyanbHi Komii TpoueciB, sKi BigOyBaroTbCs Ha
BUPOOHMITBI 3 MOXIIUBICTIO KOHTPOJIOBATH, NPHHAMATH
pIlIEHHS B PEXKUMI peasbHOTO Yacy Ha OCHOBI OTPUMAaHHUX
JIAHUX TIPO CTaTyC BUKOHAHHS TOTO Y IHIIOTO IPOIECY.
CPS Moxe 00’eqHaTH BipTyasbHUN 1 Qi3UYHKN CBIiTH, IS
CTBOpPEHHSI MEPEKEBOI CUCTEMH CBITY, JIe pO3YMHI 00’ €KTH
3MOXKYTb CIIUJTKYBaTHCS Ta B3aEMOJIISITU OJIUH 3 OJTHHUM.
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[Ipu cTBOpEeHHI pPO3YMHOro NPHUMILIEHHS HA OCHOBI
CPS B KOMIUIEKCI TaKOX BUKOPUCTOBYIOTHCS PI3HOMAaHITHI
MIPUCTPOI [UIS TIOKPAIICHHS POOOTH, KOHTPOJIIO IPOIIECIB
Ta Tepenadi JaHUX. TaKUMH IIPUCTPOSIMH  MOXYTh
Bucrynatu: NFC; pizHomaniTHi npuctpoi CPS, Taxi sk
Wi-Fi AP (touku pmocrymy), Bluetooth, nmatumkm Ta
KaMepH, Tomo. TakuM YWHOM BILUIMB JIIOMUHH Ha TPOLEC
MiHIMQIGHUM,  aDKe€  BCIO  poOOTY  BHUKOHYIOTh
3amporpaMoBaHi poOOTH Ta MammHH. JIroauHi K JUIIe
MOTPiOHO HaJCHIIATH HEOOXiMHI IHCTPYKINT Ta 3a OTpedu
KOHTPOJIIOBATH Mpoiiec. [2]
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B mpomeci CTBOpeHHST pPO3YMHOrO HPUMILCHHS
PO3TIISAAI0Th YOTHPU OCHOBHI TEMH:

EdexruBne muanyBanHs komyHikamid  (Efficient
Communication Scheduling) mnonsirac B  yTBOpeHHI
mribHOi  JokanbHOT Mepexi (LAN), 3a J0mMOMOroro
BUKOPHCTAaHHS Ta MOETHAHHS MK COOOI pi3HOMaHITHHX
3a (yHKIi€O Ta mnpu3HadeHHsMu mpuctpoiB CPS. V¥V
CTBOpEHIH JIOKaJIbHI MEpeXi BUKOHYETHCS 30ip JaHUX,
HEOOXIMHMX JUIA TPABWIBHOI  OpraHi3ami IEBHOTO
npouecy. Ilpu 1pomMy oOMexkeHa cMyra IpOIYyCKaHHS
0e37JpOTOBOTO 3B’3Ky MOXKE HE IATPUMYBATH 30ip TaHUX
y peaJbHOMY Yaci 3 BeJMKOI KibKocTi mpuctpois CPS.

Touna Ta HamiiiHa nokamizamis (Accurate and Robust
Localization) mpoBOmUTBCSA IS OCHOBHHX OIEpalii Ha
CKJIaJli, 30KpeMa TaKuX sSK iHBEHTapu3allisl Ui OTPUMAaHHS
Ta BIJICTeKEHHS PO3MILIEHHS MNPOAYKLIT YU OYyab-SKHX
iHmmx o0’ extiB. [Tigxin go nokanizauii Mae OyTH TOUHHM,
Ha/liHHAM, IBHUIKHUM, 1 ITUPOKOTO OX OTUICHHSI.

CriBnparns KUTBKOX po0boTiB (Multi-Robot
Collaboration) poboTH CKJIamarOThCs 3 PI3HUX IATYHKIB,
TOYHUX TPUBOIIB 1
MOTY)KHUX IpouecopiB. Ili KOMIIOHEHTH MAalOTh 3MOTY
poboOTy mpuitMaTh po3yMHI PillIEHHS, @ TAKOX ITOBOJUTHCS
00epe)KHO Ta TOYHO. POOOTIB BHKOPHCTOBYIOTH IS
MOKpAIllleHHs] ~ BUKOHAHHS  CKJIQJAHUX  3aBJaHb, SIKi
moTpeOyroTh 0arato vacy Jyisl BUKOHAHHS iX JIFOJAMHOIO,
TUX 3aBJIaHb 10 MOXXYTh HAIIKOAWTH JIFOJIMHI Ta THX, SIKi €
TEXHIYHO BaXKUMHU Vy BHUKOHaHHI. Po3ymHI poboTu
3a0e3MeuyloTh BEIUKUH TOTEHI[an Uil  PO3yMHOTO
CKJIaJy, a/Ke MOXKYTh BUKOHYBAaTH 0€3J4 Pi3HOMaHITHHX
3aBJlaHb, HANPHUKIAA: CKIAJCHKUX OIepalii, nepeHeceHHs
Ta TEpeMIlleHHs], CKJIaJIaHHs, MapKyBaHHs, COpPTYBaHHS,
TOWIO.

PosnizHaBanHs mrozchkol misibHOCTI (Human Activity
Recognition.). Jlromuna B cucteMi po3yMHHX CKJIaJCHKHX
MIPUMIILEHb Bijlirpae Ba)KJIIMBY POJIb B YIIPABIIHHI Pi3HOTO
poay Ta BUAY [IiSUIBHOCTI 00’€KTaMH, TOBapamH,
MPUCTPOSIMHU, Tomo. J{Jist opraHizanii CriibHOI 0JJHOYaCHOT
pobOTH JIIOAMHU 3 KOMIT'I0TepoM (poOoTaMu) HEoOXiTHO
TaKOX PO3MI3HABATH JisUTbHICTD JIFOIUHH.

[II.OBJECT DETECTION

Jnst  posmizHaHHA ~ O0’€KTIB  HAa  CKJIAJICHKUX
MIPUMIIIEHHSX 3a JIOOMOIOI0 BiJieo Ta 30epiraHHs JaHUX
Ipo TeBHI 00’exTH B [HTEpHETI BIpoBaKYIOTh [HTEpHETY
peueii (IoT).

Jo icHyroumx 3aco0iB  ifgeHTH(ikanii  00’eKkTiB
BiJTHOCSITBCS:

— KOMIT'IOTEpHUH 3ip — MallMHU Ta TEXHOrOorii, SKi
MOXYTb IPOBOJUTH, BUSBIIATH Ta BU3HAYATH 00 €KTH;

— QR Tta mTpux Koau;

— Mmitku NFC Ta RFID;

— MarHiTHi KapTKH.

Taka peanizaumis [oT Oa3yerbcst Ha  anropurmi
po3mizHaBaHHS 00’€KTIB, IO BUKOPHCTOBYE Oi0IiOTEKY
OpenCV mast Python i Raspberry PI 3 mis 30epiranus
JaHUX y BeO-mporpami. [3]

Ha Oarathox ckiamax BUHHMKaEe NOTpeda B COPTYBaHHI
BEJMKOI KIJIBKOCTI ToBapiB. Jlns peamizaiii copTyBaHHS
Haiyacrille BHKOPUCTOBYIOTh KOHBEEpHI JIiHIi OCHaIIEHi
JI0AaTKOBO naTyvkaMu. COpTyBaHHS y HPOMHUCIOBOCTI —
Ile TIOBTOPIOBAHUM BUPOOHUYMHI MpOIEC, SKHH 3a3BHYAM
BUKOHYETHCSl TIpalliBHUKaMHU Bpy4dHy. Yepe3 copTyBaHHS

BpYYHY BHHUKAIOTh HETOYHOCTI HAa OCHOBI JIIOJICBKOTO
¢dakropy. Jlnsg Toro, moO OTpUMATH SKOMOTa TOYHHUH
pe3ylbTaT  BUKOPUCTOBYIOTh  CHELiaNbHI  JATYHMKH,
HaNpHKIax 3a JOIOMOrOI0 BHKOPUCTAHHS JaT4UKa
kombopy TCS3200, skuit Moxe pO3pI3HATH pi3HI
KOJILOPOB1 00’€KTH TPU IHOMY €(pEKTHBHO Ta IIBUIKO
KIacuQikyBaTH iX.

Pucynok 2 — [Ipuknaa gat4uka Koibopy

TpancriopryBaHHs ~ 00’€KTiB ~ OpraHi3oBYeTbCsS — 3a
JIOTIOMOT'OF0 BUKOPUCTaHHSI KOHBEEPHOI cTpiuku. O0’ekTH
MOJKHA COPTYBATH 3a JOIOMOIOI0 PI3HOMaHITHHX METOIIB,
BKIIIOYAIOYM COPTYBaHHA 3a Macmrabom (BHCOTa,
JIOB)KHMHA TOIIO), KOJIbOPOM, Barolo, KOMIT IOTEPHUM 30pOM
(0OpobOKa 300pakeHb), BMiCTOM 00’€kTa ToIo. [4,5]

JliHii KOHBEEPHOTO THITy € YK€ PO3IOBCIOPKEHUM
MIPUCTPOEM aBTOMATH3alii JUIS TepecyBaHHs 00 €KTIB Ha
mianpueMcTBax. KoHBeeprn BHKOPUCTOBYIOTHCS Maibke Ha
KO)KHOMY ITiJIIPHEMCTBI Ta PO3NOAUISAIOTHCS Ha:

— pOJMKOBI — TIOBEPXHS IIOTO THITy KOHBEEPHOI
CTPIYKHU CKJIAJIAETHCS 3 POJIMKIB, sIKi OOpaHi BiAMOBIIHO J0
BUPOOHMYHMX BHMOI, TaKUMH SIK Bara abo HeoOXiaHa
LIBHIKICTh PYXY HPOIYKTIB, SIKi OyqyTh INepeMilllaTucs
Y3IIOBXK CTPIUKH;

— TUIACKi — BUKOPUCTOBYE CEPit0 MPUBIIHUX IIKIBIB IS
nepeMilleHHss Oe3MepepBHOrO IUIOCKOTO PEMEHS, SIKUi
MOXE CKJIQJIaTHCS 3 HaATypaJbHOTO Marepiaily abo
CHHTETUYHOI TKAHUHU (HANPHKIIA, MOJiecTep, HEHIOH);

— IIEBPOHHI — CTPIYKOBI KOHBEEPH 3 KIIMHOM MAaroTh B
CBOEMY BUKOHAHHI BEpTUKaJbHI KIWHH abo Oap'epu. Lli
IIMOM ~ MOXYTh  3a0e3meuyBaTd  Oe3leKy  CHIY4HX
MaTepiajiB MmiJ Yac YXWIIB 1 yXWiiB, 3a0e3rnedyrouu
PIBHOMIpHE BiICTaHb MiX IIPEJMETaMH 1 6araTo iHIIOro.

KonBeepn BupIilIyIOTH 3aBAaHHS aBTOMaTH3alil W
ONTHMi3amii Tpolecy BHPOOHHUITBA 1 € HEBiI EMHOIO
YaCTHHOIO Pi3HUX TEXHOJOTIYHUX JiHIiH. [6-15]

HasiBHICTH ~ aBTOMaTH4YHOI ~ CHUCTEMH  KepyBaHHS
peKUMaMu POOOTH CTPIYKOBOTO KOHBEEPA PO3LIMPIOE
MOJKJIMBOCTI MIiJBUIICHHS ITOKa3HUKIB HAMIHHOCTI, TOMY
[0 3aCTOCYBaHHS PEryJIbOBAHOI'O MPHBOAY 31 3MIHHOIO
LIBHKICTIO TPaHCIIOPTYBAHHS, MOXIIMBICTh PETYITIOBATH
3allyCK KOHBEEpA, HATAT CTPIYKH, PO3MOIUIATH TATOBE
3yCWUIA Mix OapabaHaMu, TO3BOJISE BIUTMBATH HA TEPMiH
CIIy)KOU OKpEMHX EeJIEMEHTIB 1 BChOr0 KOHBEEpA B LIJIOMY.
CTBOPIOIOYHM MOJYJIbHY CHUCTEMY 3 CTPIYKOBHX KOHBEEDIB
MOXXHa CTBOPHTH JIiHIIO 3 (DYHKIII€I0 COPTYBaHHsI 00’ €KTIB.
KepyBaHHSI ~ KOHBEEpHMMH  CTpiukKaMH  BXe €
aBTOMAaTU30BaHNUM Ta BiJIOyBaeTbcs 3a JOMOMOTOO
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MaHeneil KepyBaHHS YU IIEPCOHANBHOIO KOMIT'IOTEPIB B
OLJIBII Cy4acHUX CUCTEMaX.

Jnist po3mi3HaBaHHS Ta COPTYBaHHS Ha CKJIAI MOXHA
TAKOXX BHKOPUCTOBYBATH KOAM HIBUAKOTO pearyBaHHS
(QR).

Jlns opranizaiii poOOTH Ha CKJIali BCe HaldacTie
MoYajd BHKOPUCTOBYBaTH po0OoTiB. CydacHHX pOOOTIB,
SIKHX BHKOPHCTOBYIOTH ISl aBTOMAaTH3amil CKIAJCHKHX
MPOLIECiB, MOJUISIOTh HA [BI TPYNU: HPOMHUCIOBI Ta
konaboparuBHi. [IpoMucioBi poboTu — 1e mporpamMoBaHi
MallluHY, O0JIa/JIHaHI JaTYMKaMHU OOJIKY JaHUX Y PEXUMI
peajbHOro d4acy, [0 3aMiHIOIOTh PY4YHY TIpamo MHpu
CKJIaJIHUX TOBTOPIOBaHMX Jisix. Ha ckimamax ned tun
MpEJACTaBICHUH  MiAIHMATbHAMHU  MEXaHI3MaMH  Ta
aBTOMATUYHUMU  TPaHCIIOPTEPaMHU. KonaboparusHi
pobotu (KOOOTH) TPEACTABISIIOTE CO0OK  00'€THAHHS
npari JIOJUHU 1 MaliHU. Taki poOOTH 3a3BHYai MOXKYTh
MPAIfoBaTH aBTOHOMHO YH ITiJ] KEPIBHUI[TBOM JIIOJUHHU. Y
CKJaJIChKiH chepi KOOOTH MpeACTaBIIeHI MaHITYIATOPaMHU
JUTS IepEeMiTlieHHsT BAHTAXKIB 1 MaKyBaJIbHUMH MAITMHAMH.

BUCHOBKHI

B nmanux te3zax Oysio pO3IJISIHYTO OCHOBHI MOMEHTH B
MEpETBOPEHHI 3BHYAMHOIO CKIJIAJCHKOTO IPUMILIEHHS B
po3ymHumii ckiman 3 BukopucraHusMm Cyber-Physical
System. IlpenacraBieHO aHami3 YOTHPHOX 0a30BUX
TEXHONOTii  MOOyooBM  PO3YMHOrO  CKJIIQJICBKOTO
NPUMIIIEHHS, TOOTO e(eKTHBHE IUIaHYBaHHS 3B’SI3KY,
TOYHA Ta HaJiifHa JIOKali3amlis, KOOpAMHALIS KUTBKOX
pOOOTIB 1 pO3Mi3HABAHHS [ISUIBHOCTI JIIOJUHH. Takox
OyJI0 PO3MIIAHYTO iCHYIOUI 3aco0m imeHTH(DiKaMii 00’ €KTIB,
SIKI MOXKHA 3aCTOCOBYBATH JUIsl IIEPETBOPEHHS 3BUYAHHOTO
CKJIJICKOTO  TPUMIIIEHHs  HAa  aBTOMAaTH30BaHHMH
posymHMiA ckiaa. IIpoaHanizoBaHO JIiHIT KOHBEEPHOI'O
TUITY.
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Abstract: The object of research is robotic military
complexes used in the system of humanitarian demining. This
work aims to study the requirements for robotic military
complexes (including manipulators that are sucked into them)
and to develop proposals for their use in humanitarian demining.
The research is based on the application of a functional approach
to the construction of models for the formation of requirements
for robotic military complexes (RMC), which are sucked into the
system of humanitarian demining.
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1. Introduction

All military conflicts are accompanied by the
widespread use of anti-personnel mines and explosives
object (EO) by the warring parties. One of the problems
that countries in all regions where hostilities have taken
place or there are military conflicts caused by international
and international liberation movements (for example: Iraq,
Syria, Afghanistan, the former Yugoslavia, Ukraine, etc.),
face the problems of humanitarian demining.

According to a report by the International Campaign to
Ban Landmines (ICBL) for 2020, 2019 was one of the
most tragic years in terms of mortality from mine
explosions in the world. Afghanistan, Colombia, Iraq,
Mali, Nigeria, Ukraine and Yemen had the highest deaths
from mine explosions. One third (33 %) of deaths from
anti-personnel mine explosions in 2019 were recorded in
55 countries that joined the Ottawa Treaty. Anti-personnel
mine explosions in 2019 claimed at least 2,170 lives
worldwide, another 3,357 people were injured. More than
80 % of mine deaths are civilians, 43% of whom are
children [1].

According to United Nations estimates, it was
established that during the years of the military conflict in
Donbas, which began in 2014 and the 7-month war with
Russia, about 20 % of the territory of Ukraine
(approximately 270,000 km”) was contaminated with
explosive objects (mines, shells, aerial bombs, etc.), which
did not explode. It will take 25-30 years for the demining
of territories contaminated with explosive objects. These
territories include the territories of Kyiv, Sumy, Kharkiv,
Donetsk, Luhansk, Zaporizhzhia, Kherson, Mykolaiv
regions and the Autonomous Republic of Crimea.Since the
beginning of the war, the pyrotechnic units of the State
Emergency Service have already discovered, removed and
neutralized more than 180,000 explosive objects, and an
area of more than 68,000  hectares  was
surveyed.\Humanitarian demining is a measure taken to
eliminate EO hazards, including non-technical and
technical surveys of EO-contaminated areas, mapping,
marking, search, identification and disposal of EO,
assessment of demining quality, etc.

The implementation of humanitarian demining is
characterized by increasing attention to the problems of
creating robotic systems and systems for military, special
and dual-use (RKMP). This is due to the efforts of all
advanced countries to save lives, in the context of which
the use of RKMP can achieve positive results. In addition,
this trend is explained by the rapid development of new
technologies in the information sphere, ie "robotization" of
various human activities, in particular, the military sphere,
which corresponds to the content of modern concepts of
post-industrial society based on Industry 4.0.

Despite the significant number of scientific papers on
this topic, today there is a tendency to distinguish between
these issues [2].

The above problems, according to experts, should be
solved only in a set of organizational and technical
measures, which within the modern process of
transformation in the Armed Forces are divided into two
separate components:

— use of network-centric concept of combat operations;

— development of robotic complexes and systems of
military, special and dual purpose.

Thus, work on the creation of robotic military
complexes for humanitarian demining is an urgent task.
The object of the study is military robotic complexes used
in the system of humanitarian demining. The aim of the
work is to study the requirements for military robotic
systems (including manipulators that are sucked into them)
and to develop proposals for their use in humanitarian
demining.

II. Results of research

The research was performed according to the method
presented in [2, 3].

According to the international standard ISO 8373: 2012
“Robots and robotic devices. Terms and definitions», a
robotic system (robot system) is a complex consisting of
one or more robots, their working bodies and any
mechanisms, equipment, devices or sensors that ensure the
robot's functional purpose (task).

The leading countries of the world are actively
involved in the creation of military robotic complexes,
based on their scientific, technical and industrial
accumulations [3]. The creation of the RKMP requires a
significant study of the core of the most important
technologies that are needed to create the entire range of
promising RKMP. In this case, a typical sample RKMP
can be represented as a set of functionally related
elements. In particular [2]:

1. Base media - this can be a mobile platform, chassis
or housing of any configuration, designed for use in
different environments.
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2. Specialized attachment (built-in) equipment in the
form of a set of removable modules of payload (target).

3. Means of provision and maintenance used in
preparation for use and technical operation of the robot.

The composition of specialized equipment is set based
on the functional purpose of RKMP and may include [2]:

— means of intelligence;

— weapons;

— navigation devices;

— special technological equipment;

— means of telecommunications;

— specialized computers and controllers with software
and algorithmic software;

— means of electronic warfare (EW);

- protective equipment.

In addition, RKMP need provision and maintenance, ie
the complex additionally includes [3]:

— point of management, control and information
processing;

— means of delivery, transportation and launch;

— equipment, refueling and charging;

— means of training specialists;

— a set of guiding documents;

— a set of spare accessories.

This idea of a typical RKMP allows you to identify
technologies for the development of these elements.
Critical robotics technologies can be decomposed into:

— basic, ie developed directly for robotic systems;

— auxiliary — developed for a wide range of weapons
models and prospects for use during the creation of the
RKMP [2].

The main technologies include the following
technologies [3]:

— systems of perception and processing of sensory
information, situation assessment and behavior planning;

— automatic guidance and control;

—remote and autonomous traffic control;

— automatic recognition of images (goals), analysis of
situations and dynamic scenes;

— artificial intelligence and training;

— human-machine interface;

— intelligent group control systems.

Auxiliary technologies include [2-4]:

— automated control;

— creation and operation of new promising structures;

— energy;

— creation and application of new materials and
substances;

— geoinformation and accurate global positioning;

— creation of perspective systems of sensors and their
elements;

— creation of optical and optoelectronic means.

Possession of such technologies is the key to success in
ensuring the necessary degree of autonomy and
intelligence of unmanned aerial vehicles (UAVs), ground-
based RKMP and autonomous naval aircraft.

Using the visual classification proposed by the staff of
Oxford University, it is possible to systematize robotic
systems by four generations [10]:

1. "Lizard level" - corresponds to the performance of
processors of universal robots of the first generation,
which is from 3000 to 1 million commands per second

(MIPS). The main purpose of such robots is to receive and
perform only one task, which is programmed in advance.

2. "Mouse level" - the second generation of work that
can implement adaptive behavior, ie learning in the
process of performing tasks.

3. "Monkey level" - third-generation robots, which are
based on processors from 10 million MIPS. The
peculiarity of such robots is that to get the task and
training you only need a demonstration or explanation.

4. "Human level" — the fourth generation of robots,
which should be able to think and make independent
decisions.

The classification of RKMP according to the degree of
their dependence on the operator is as follows:

1. Ist generation robots are devices with software and
remote control that can only function in an organized
environment.

2. Works of the 2nd generation - adaptive, having
synthetic "senses" and able to function in previously
unknown conditions, and to adapt to changing situations.

3. The works of the 3rd generation are intelligent, have
a control system with elements of artificial intelligence
(created so far only in the form of laboratory models).

Another classification of RKMP provides for their
division into three categories [3]:

1. “Human-in-the-loop” - this category includes
unmanned vehicles capable of self-detection of targets and
their selection, but the decision to destroy them is made
only by the human operator.

2. “Man-on-the-loop” - this category includes systems
that can independently identify and select targets, as well
as make decisions to destroy them, but the human
operator, acting as an observer, in may intervene at any
time and correct or block this decision.

3. “Human-out-of-the-loop" - this category includes
works capable of identifying, selecting and destroying
targets independently without human intervention.

Today, the most common RKMP first generation
(controlled devices) and rapidly improving systems of the
second generation (semi-autonomous devices). To move to
the use of third-generation RKMP (autonomous devices),
experts are developing a system of self-learning with
artificial intelligence, which will combine the capabilities
of the most advanced technologies in navigation, visual
object recognition, artificial intelligence, weapons,
independent power supplies, camouflage and more.

The US military has used the smallest reconnaissance
robot Recon Scout in Afghanistan. It weighs 1.3 kg and is
200 mm long, equipped with conventional and infrared
cameras. This robot can be blamed for obstacles [5].

The most popular American military robot (released
more than 3 thousand units) is a remote-controlled
machine (DCM) "TALON", developed by Foster-Miller
[5]. U.S. researchers estimate that the robot neutralized
50,000 explosive devices. "TALON" is able to operate in
any weather and insufficient lighting, to overcome
blockages and wire barriers, to move in areas with difficult
terrain, to operate underwater at depth.

The robot can act as a chassis to accommodate various
specialized equipment, thanks to which it can perform
various tasks on the battlefield and in the rear. The
standard robot "TALON" is a modular system that
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includes a removable arm manipulator with a double
hinge, 1.6 m long (Fig. 1).

Fig. 1 American military robot "TALON"

The robot is controlled by duplex radio or fiber-optic
line. The remote control of the TALON machine is
controlled by the operator from the remote control of a
fiber-optic cable (but at a distance of up to 300 m) or by
radio (up to 800 m), and when using a directional antenna
the range increases to 1200 m. TALON "in the normal
mode is 8.5 hours. Combat weight "TALON" 52-71 kg
(depending on configuration). TALON speeds range from
a maximum of 8.3 km / h to creeping with the ability to
run continuously for more than four hours. On-board
equipment consists of day and infrared cameras, GPS-
navigator, sensors, which are used to detect explosives and
toxic substances, as well as assessment of radiation,
chemical and biological conditions.

An important element of the design is that "TALON"
can carry on board weapons (machine gun M240 caliber
7.62 mm, sniper rifle M82A1, four-barrel 66 mm missile
system M202, 40-mm grenade launchers, multi-barrel
Metal Storm).

The control panel is a diplomat, which also houses the
power supply. Thanks to the seven cameras located on
board, the screen of the control unit continuously displays
information for accurate positioning of the car. The chassis
robot can carry a load of more than 90 kg to provide
maximum flexibility in any situation.

In addition to these robotic systems, the most common
are the following RKMP [2, 5]:

1. Tracked robotic mini-machine FirstLook 110 made
in the USA (weight - 2.2 kg; dimensions - 250 x 230 x 100
mm; equipped with 4 backlit video cameras).

2. Military reconnaissance robot Spybot made in
Switzerland. The SpyRobot robot is available in two
versions - with a 4 x 4 and 6 x 6 chassis (weight - 5 kg,
reconnaissance equipment includes thermal and optical
sensors, as well as a radar station with a synthesized
aperture). As a result of the modernization of the
SpyRobot machine, a remote-controlled platform (RCP)
Dragon Runner [15] was created for reconnaissance within
the effective range of small arms (weight - 9 kg,
dimensions - 230,200 75 mm, equipped with IR sensors
and a video camera).

3. Multifunctional robot platform Warrior 710 made in
the USA. Its main tasks are demining, road clearing,

firefighting,  reconnaissance, remote  surveillance,
emergency response, cargo handling and welding, and the
evacuation of wounded soldiers from enemy fire.

4. Track robot PackBot-510 made in the USA is
designed to neutralize explosive munitions. PackBot can
work with the full range of EO and solve the problems of
disposal of conventional ammunition. Its lightweight and
reliable OmniReach manipulator system can be deployed
up to two meters in any direction to safely penetrate hard-
to-reach places where improvised explosive devices,
ammunition, mines and other explosive devices are
located.

RKMP is also developed in Ukraine [5]. The main
developers of military robotic systems in Ukraine include:

1. Lviv private company Roboneers (Global Dynamics)
is developing a robotic, remotely controlled platform with
a hybrid drive in two main versions - Hound and Ironclad.

2. Kyiv private joint-stock company "Kuznya na
Rybalskomu" has developed a robotic complex "Piranha"
on a caterpillar platform.

3. Zaporizhzhya company "Infocom Ltd" has
developed a robotic structure "Laska 2.0", designed for
patrolling, reconnaissance, demining, delivery of
ammunition and evacuation of the wounded. In addition,
the company has developed an automatic robotic turret
"Guard", the main purpose of which is to protect the
protected perimeter (state border, important facilities,
military units, etc.) from unauthorized access.

4. Lviv Polytechnic National University has created
mobile robotic platforms MRP-05 "Borsuk" caterpillar
platform with electromechanical drive and MRP-07
"Kubyk" on a wheeled platform (6 4), These platforms are
designed for inspections, environmental monitoring or to
perform special tasks.

5. National Technical University of Ukraine "Kyiv
Polytechnic Institute. I. Sikorsky "is the developer of a
multifunctional off-road robot for emergencies.

6. Kyiv private company Robotics Design Bureau has
developed and tested a robotic observation and fire
complex "Hunter", which is based on a remotely controlled
platform. All of the above robot developments are at
different stages of the product life cycle: design,
manufacture or testing.

Studies have shown that the system of humanitarian
demining should contain the following subsystems [4]:

— non-technical and technical inspection of the
territories polluted by EO;

— search, identification and disposal of EO;

— mapping and marking of the territories polluted by
EO;

— assessment of demining quality, etc.

Components of humanitarian demining systems with
the use of robotic systems are shown in Fig. 2, include:

— technical means;

— technologies of humanitarian demining;

— decision-making systems;

— reconnaissance systems (aerial reconnaissance data,
survey data and foreign intelligence);

— search systems, locations (topographic reference) of
areas contaminated by EO;

— marking and mapping of areas contaminated with
EO;

— identification of EO;
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— development of a decision-making strategy, which
includes assessment of the level of threat and decision-
making on the destruction, disposal or disposal of EO;

— quality control of humanitarian demining of areas
contaminated with EO.

Demining Technical means

technologies

Humanitarian
demining

Decision making
systems

af demining

l Inteligence data | Organization of | Development of
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s | Threat assesament and
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Fig. 2. Components of humanitarian demining systems
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Searching for and identifying EOs for humanitarian
demining is a complex task. RKMP for humanitarian
demining must be equipped with appropriate manipulators
and detectors (sensors, sensors), decision-making tools and
used at the stages of reconnaissance, search, location,
marking, identification, disposal and destruction of EO.

Detection of EO means their search, due to factors that
include [2]:

— the presence of explosives and locally located mass
of metal;

— specific form of mines, landmines and EO;

— heterogeneity of the environment where the EO is
located (violation of the soil surface, road surface,
violation of the color of vegetation or snow cover, etc.).

Additional unmasking factors:

— availability of control lines and antennas for EO radio
receiving devices;

— the presence of a clockwork or electronic timer
placed on the EO;

— the presence of a seismic, magnetic or optical sensor.

Thus, a mine or EO can be detected by the following
factors:

— the presence of a concentrated mass of explosives;

— construction of a mine or EO (specific shape,
material from which the case is made);

— heterogeneity of the environment (color of
vegetation, soil density, etc.).

Search for mines and EO should be carried out in two
directions:

— search for individual mines and EO (search distances
range from a few centimeters to several meters);

— reconnaissance of areas contaminated with EO and
minefields (search distances range from tens of meters to
several kilometers).

Currently, the most widely used methods of mine
search and EO: electromagnetic (induction, radio,
magnetometric, nonlinear), nuclear-physical,
thermophysical and mechanical (mechanical sounding).

II1. Conclusions

In the course of work it is shown that the system of
humanitarian demining should perform the following
tasks:

- survey of areas contaminated with EO;

- search, identification and disposal of EO; - mapping
and marking of the territories polluted by EO;

- assessment of the quality of humanitarian demining.
Searching for and identifying EOs for humanitarian
demining is a complex task.

In this regard, for humanitarian demining RKMP must
be equipped with appropriate manipulators and detectors
(sensors, sensors), decision-making tools and used at the
stages of reconnaissance, search, location, marking,
identification, disposal and destruction of EO, and meet
the established requirements. The research results can be
used in the creation of robotic systems and systems for
military, special and dual-use, which are used in the field
of humanitarian demining.
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Anomauis: CrpykrypHi  TpaHchopmaiii, 10 BiZOyBaIOThCS
Yy TIO0@IbHIN EKOHOMIIll, CTaM PYIIHHOIO CIJIOI0 EKOHOMIYHOro
PO3BUTKY, L0 OOYMOBIIOIOTHCS TMEPEXOIOM 10 el CKIAIHIIIIX
TEXHOJIOTTYHUX TIPOIeciB. Y poOOTi MpoaHasTi3oBaHi CydacHi TeHEHIIi
peamizamii koHuermii Smart-City y craioMy po3BUTKYy MicCT
3 OCOONMBOIO yBarol0 [0 MEraTtpeHIiB CIPYKTYPHHX 3MiH
Y CBITOBIf €KOHOMILI KPi3b MPH3MY IOLIMPEHHS IU(POBUX TEXHOIOTIH,
Po3BUTKY IM(pOBIzaLii Ta CTpIMKHX TpoueciB ypOanizamii. [leransHo
PO3MVISHYTI  TOJOBHI  XapakTepUCTHKM  Ta  (QYHKIii  smart-
H(pacTpyKTypH, NMEPeIIKoAr Ha IULIXY 10 1i po30y0BH, HOTCHLIHHI
TiepeBard Ta BUKIMKH BIIPOBA/PKEHHS SMArt-TEXHONIOTH y (i3nuHy

iH(pacTpyKTypy MicTa. ' '
Kniouogi cnosa: smart-city, TexHosnorii, nudposizaris.

1. BcTtyn

BripoBakeHHs! TEXHOJIOT1H Ta TEXHOJIOTTYHUHN Tporpec,
SIKI CIIOCTEpIraloThCs y Aedaii OUIbIIiHA KUTBKOCTI KpaiH,
JIO3BOJISIIOTH 3aCTOCOBYBAaTH HOBI METOJM BUPOOHHMIITBA Ta
MiIBUIIYBaTH PIiBEHb KOHKYPEHTOCHPOMOXXHOCTI, IO
CHpHSIE TIOKPAIIECHHIO SIKOCTI KHUTTS HACEICHHSI.

3 KO)KHUM pPOKOM LHU(pOBi3alis 3MiHIOE OUIBIIICTH
ramysell CyCIiJbCTBA, & B3a€EMO3B’SI30K MK HHUMH
MiAJaeThcsl MEpeolliHili, M0 CBIQYUTH IIPO TOJOBHI
Tpancdopmanii po3BUTKY. DOpPMYEThCS NPHUHIMIIOBO
HOBE — LU(POBE — CEPENOBUINE, YTBOPIOIOTHCS HOBI
€KOCHCTEMH Ta MOl €eKOHOMIYHOro po3BUTKY. L{ndpona
TpaHcopMallisi craja OTHMM 13 TOJOBHUX JpaiBepiB
robanbHUX 3MiH. [lomanemmii mepexin a0 nU(pPOBHX
MOCIIYT € HEMHHYYHM 1 JIMIIE HPUCKOPIOBATHMETHCS Ta
nomuproBaTumeTses [1-2].

[udporizaris Ta yI0CKOHAJCHHS TEXHOJIOTIH BUXOIATh
Ha piBeHb NOKpalIeHHs iH(QPACTPYKTYpHU KpaiH 1 Micr,
Hanpukian texHonoriss loT. Iarepuer peueit (IoT) —
TEXHOJIOTIS, SIKOK MIATPUMYETHCS 3B’SI30K  MEpExKi
KOMIT FOTEpU30BaHUX IPUCTPOiB 3 [HTepHeTOM, mIO
BHUKOPHCTOBYIOTH MiKPOIIPOLIECOPH, PI3HOMAaHITHI JaTYUKU
Ta amapatHi 3acoOu Oe3IpOTOBOro 3B’SI3KY s 300pYy,
nepenadi Ta BUKOHaHHS il 1moAo iHdopmaii, oTpuMaHoi
3 IX cepenoBuIa. B 0CHOBI KOXHOTO MPUCTPOIO B CUCTEMI
[oT 3HaxomaThCcs OaT4MKy, sIKi 30MPalOTh Ta NEPEAlOTh
JIaHl 0 XMapH 3 METOIO MTOJANBIIOro iX aHaji3y, 00poOKH
Ta  TPUHAHATTS  pilleHb.  3aBISIKK  IOCTYIIOBOMY
BIIPOBA/DKEHHIO IIBUIKICHOTO [HTEpHeTy 3a0e3nedyeThest
MIIHHH 3B’S130K M) MiJIbHOHAMH MPUCTPOIB 1 IaTYUKAMH,
mo po3Boisie loT edekruBHO mparroBatn. Hamememo
JIeKiJIbKa TPHUKIaaiB 3actocyBaHHs [oT:

1. “Po3ymue” BynuuHe ocBiTieHHs. “Po3ymHi” Bynn4Hi
Jmixtapi  (QYHKIIOHYIOTH sK Touku Wi-Fi, ocHameHi
KaMepol  CIIOCTEPEXKEHHS,  3aps/DKAlOTh  PO3ETKH
JUISL €IEeKTPOMOOLITIB Ta Tele(OHIB i BUMIPIOIOThH SIKICTH
nioBiTps [3].

2. [loBomkennss 3 Biaxomamu. Y  OymiBIsIX
BIPOBADKYEThCA  “pO3yMHA” CTaHIisg 300py CMITTS,
Jie MEIIKaHIl YTHIi3YIOTh MIIIKK Ui CMITTS (pO3ZijieHe
Ha opraHiuHe Ta HeopraHiuHe). OcHalleHa TaTYMKaMHU

CTaHIlisi 300py CMITTS BH3HAYa€, KOIM BOHA CTaE
3aIIOBHEHOI0.

I cMmiTTs aBTOMaTHYHO CHPSMOBYETbCS O TPyOax
BHCOKOT'O TUCKY 0€3110CepeHbO 10 LIEHTPY MepepoOKH.

3. 'poMazacekuii TpaHCmopT. JlaTYMKH, pPO3TAIIOBaHI
Ha TPOMAJCHKOMY TPAHCIOPTi, HAJCWIAIOTH JaHi Ipo
Tpadik y mporpamMHe 3a0€3MeUYCHHs YIPABIIHHSI MiCHKHUM
TPAHCTIOPTOM. Y PEXHMi PeaslbHOrO 4acy BHPaXOBYETHCS
Yyac, MOTPIOHMH Al OYiKyBaHHS Ha TPAHCIOPT; TaKOX
MOKJIMBHM CTa€ OTPHMaHHs iH(OpMaIli mpo 3aTopu abo
PO 3aTPUMKH PYXY.

Taka TexHONOrisi MOXE XapaKTepusyBaTucs i
MO3UTHBHUMHM, 1 HEraTHMBHHMHU HacCTiKaMH. 30Kpema
JI0 TIO3UTHBHUX MOXKHA BiIHECTH: 3MEHIIEHHS BapTOCTi
HaJaHHS IOCTYr, OliblIa TPO30piCTh Ta ePEeKTUBHICTH
BUKODHCTaHHS PpECypCiB, 3pOCTaHHS NPOAYKTHBHOCTI
y TPOMHUCIOBOMY CEKTOpi, BHHHUKHEHHS JOAATKOBUX
3HaHb, a TaKOX I[IHHOCTEH, W0 TIPYHTYIOThCS Ha
i’ eqHaHUX “pO3YMHHMX” pedax, 3MEHIIEHHS BapTOCTi
HaJIaHHS TOCIYT Ta iH. [4]. 3-MOMiXX HeraTUBHUX HACIIiKIB
HaKiOIIbII HMOBIpHMMH € BTpara poOOOYUX MiClb
HU3BKOKBANI(DIKOBAHUMH  TPAI[iBHUKAMH, HOPYLICHHS
KOHQIACHIIIHHOCTI,  BTpaTa  KOHTPOJIO,  3JIOBMHCHE
MIPOHUKEHHS J0 CUCTEM (XaKepCTBO) Ta 3arpo3a Oesrmerri.

II. TEXHOJIOI'Ti PO3BUTKY IHOPACTPYKTYPU
SMART-CITY

He wmeHm BaxknmmBoro TexHonoriero mopsan 3 loT €
“Benmuki gani” (Big Data) — nHabip meroziB i 3aco0iB
OIPaIfOBaHHS CTPYKTYPOBAaHMX 1 HECTPYKTYpPOBAHUX
PI3HOTHITHHX JTAHUX Y PEKUMI peasbHOTO 4acy 3 METO0 iX
aHaTI3y
Ta BUKOPHUCTAHHS JUIsl TMPUAHATTSA BiANOBITHUX pillleHb
y pi3HHX cerMeHTax [5]:

1. “PozymHa” eHepris. BnpoBamkeHHS ‘po3yMHHX”
Mepexx (smart grids) 1o3BoJsIE MICBKHM  CiTyxOam
aHaJli3yBaTH CIHOXKUBAHHS EIEKTPOCHEprii B pexumi
peajgbHOro 4acy. BHKOpHUCTOBYIOYM aHAJITUKY JaHUX,
BOHM MOXYTh IIPOTHO3YBAaTW IIIKM CIOXXHUBaHHS Ta
BIJIMIOBITHO TUIAHYBATH PO3IOLT eHepril [6].

2. I'pomaacekuit TPaHCIIOPT. TpancnoptHa
iHppacTpyKTypa BHUKOpHCTOBYe “Benuki nani” 3 MeToro
3a0e3MneueHHs] MIBUAKOI Ta OE3Me4HOoi MOAOPOXKi MiCTOM.
Braga wmicra orpumye maHi mpo pyX TpPaHCIOPTY, IO
no3Boysie 1 e()eKTUBHO KepyBaTH TPAaHCIOPTHOIO
CHUCTEMOI0. 3a3BHYall cucteMa “pO3yMHOr0” TPaHCHOPTY
MICTa CKJIQIa€ThCSl 3 IHTENEKTYaJbHOI TPaHCIIOPTHOL
Mmepexi (Intelectual Transport Network).

3. YupasniaHs iHQpacTpyKTyporo Micta. “Benuki nani”
JIOTIOMAraloTb KOHTPOJIOBATH Ta KEPYBaTH NUTAHHIMH,
HAIPHKJIaJ, U100 BUBE3CHHS BiXO/IB, TPAHCIIOPTYBaHHS
Ta ekoHoMmii pecypciB. Jus  1poro y  ¢i3uuHy
iHpPACTPYKTYpy MicTa BOYIOBYIOTHCS JATYUKH. 3 METOO
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IIEPETBOPEHHS iH(ppacCTpyKTYypH Ha “po3ymMHY”
dbopMyeThcs TexHIYHA 0a3a, IO CKIAJAEThCS 3 MEPEKi
JMATYUKIB 1 MiTKITFOUECHUX MPUCTPOIB, Ki 30HUpalOTh JaHi;
BCTaHOBJTIOIOTBCS “PO3YMHI” OJATKH, SKi OOpOOJISIOTH
JIaHi, IEPEBOJITYH iX Yy CIIOBIIICHHS Ta Iii.

4. besneka wicra. Ilporpamm 3 KaprorpadyBaHHS
3JIOYHHIB Yy peaJbHOMY 4daci depe3 aHaji3 JaHuX
BUSIBJISIIOTH 3aKOHOMIPHOCTI 3JIOYMHIB 1 IPOOJIEMHUX 30H,
MIPOTHO3YIOYH KIJIBKICTh 37104MHIB. Ile qo03BONste momirii
MOCHJIMTH O€31eKy B HEOOXiTHUX palioHax.

Sk 1y Bunanky loT, “Benuki gaHi” XapakTepusyoThes i
nepeBaramMu, i Henoiikamu. EdQekTHBHE BUKOPHUCTAaHHS
BEJIMKOTO MAacUBY JAHUX MOXE HPUCKOPUTH YXBaJCHHS
pimens y Oarathox cdepax, IO Mae HACITIIKOM
TIOKPALIEHHS XKHUTTS TPOMaJSIH Ta Aa€ 3MOT'Y KOMIIaHIsIM Ta
ypsmaMm 3a0e3lednuTd HEOOXiJHI MOCIYTM B PEXUMI
peasbHOrO Yacy. 3-NIOMDK TMO3UTUBHHX  HACIIJKIB:
CIpOUIEHHS Ta Kpama eQeKTUBHICTh  OTPUMAaHHS
PI3HOMaHITHHX TOCIYr JUIS TPOMaJsiH, MOXIJIUBICTh
oTpUMaTH JaHi Uil TEpPeAOBHX pPO3pO0OK, YXBaJCHHS
OIBIIOT KUIBKOCTI HEOOXIHMX pillleHb IS Pi3HUX
Cy0’€KTIB TOCHOAAPIOBAHHS B PEXUMI peaJbHOrO 4acy,
3a0Ma/UKEHHsT KOIITIB Ta II0SIBA HOBUX BUJIB POOIT.
HeratuBHi HacliKM CTOCYIOTbCS HEIOBIPH OO0 CaMHX
JIaHuX (HEMOXKIIMBICTH IIEPEBIPUTH iX TOYHICTH) Ta IX
MiJ3BITHOCTI, a TAaKOXX 3aHEMOKOEHHS MO0 30EpeKCHHS
KOH(1IEHIIIHOCTI MPUBATHUX JaHuX [7-8].

XmapHi 0oOYMCIIEHHS — LU(pPOBAa TEXHOJOTIS, KOO
HaKOiIbIIe KOpUCTYIOThCS KommaHii. OcraHHi aepaii
YacTille iHBECTYIOTh Y IOCIYT'H XMapHUX OOYHCIIEHb, SK-
TO  mporpamMHe  3abesmedeHHs  (iHaHCOBOro  Ta
OyXrajaTepchbkoro OOJiKy, MporpamMHe 3a0e3MCUeHHS IS
YIIPaBJIiHHS BiJIHOCHHAMH 3 KJIIEHTaMU. 3-NIOMIK €KOHOMIK
CBITY 32 BHKODHCTaHHSM IIi€l TEXHOJOTIi JiIupye
Oinnsuais, ne monan 55% ycix KoMIaHii 3BepTaloThCs 10
xMmapHux. OfHaK, iCHye 3HAYHHH PO3PHB MK BEIMKHMHU
KOMITaHISIMH Ta MaJIUMH 1 CEPEAHIMH IiIIPUEMCTBAMHU
y BUKOPHUCTAHHI Li€1 TEXHOJIOTI1.

[HIIIOr0 BaYKITMBOIO TEXHOJIOTIE€I0, HA SIKY TOKJIAAAI0ThCS 1
MicTa, 1 HaBiTb KpalHM, € TJo0aJbHa CHCTEMa
nosunionyBanas (GPS). Boma pgomomarae cTBOpUTH
MICbKY 1IM(POBY MoEb 3 reopedepeHIiiHIMU TaHUMU:
iHKeHepH-OyIiBeTbHUKY, HAPUKIIAA, MOXKYTh BU3HAYHTH
HalKpamuii Mapupyr Juisi BEJIOCHUNETHHX CMYr abo
pO3MilleHHss 0araToMoJaJbHUX TPAHCIIOPTHUX CTAHINIMH.
Ha TIPAKTHII T'€0NpOCTOPOBI TEXHOJOTI1
BUKOPHCTOBYIOTBCS TaKOX ISl TPOEKTYBAHHS JKUTIOBHUX
Ta MICBKHX PaiOHIB 3 METOI IOKpAIeHHS IMiIIOX1IHUX
Mapuipytis [9-10].

HIryanwuit inrenext (L) — komOiHaIIist TEXHOMOTIH, sIKa BKe
CbOTONHI  KapIWMHaIbHO  3MmiHrOoe  cBitr  [11-12]. I
BUKOPHCTOBYEThCSI B pIBHMX cdepax 1 Ja€ MOXIMBICTh
OIHIOBATH SIKICTh POOOTH TPAIBHUKIB, IIYKATH MPUIUHH
JeeKxTiB BUPOOTICHOI TPOITYKIIii, 3aMiHIOBATH PY4YHY TPAIIO HA
aBTOMATU30BaHy, TCHEPYBaTH HOBI 3HAHHS, SIKi JOIIOMararoTh
LIBWIKO TpUAMAaTd pimeHHs. Jleski KpaiHW MaroTh OKpemi
BITOMCTBA (MiHICTEpCTBa, KOMITETH, JIEAPTAMEHTH TOLIO), SIKi
onikytotbest tmranaamu 111 (OAE, Inmis). A nesixi micra
CTalOTh IIEHTPaMHU PO3BUTKY Ta BrpoBamxeHns 111 (Harpukiaz,
Ipara).

[Ilo  crocyetbcst ~ pOOOTOTEXHIKM, TO  BOHA €
GararonpodinbHO0. BoHa BrumiBae Ha Oarato mpodeciit: Bin
CUICHKOTO TOCTIOZAPCTBA, TPOMUCIOBOrO BHPOOHMIITBA IO

chepu mociyr 1 po3apiOHoi Toprismi [13-14]. 3rinHo 3 MaHuMK
MixnapomHoi ¢eneparii poOOTOTEXHIKH, CTAaHOM Ha KiHEllb
2019 p., y cBiti (yHKIIOHYBaNTO 2,7 MiTH. poboTiB. Hanpukian,
Hy6aii, Cinramyp i Tokio — Jmigepw i3 3ampoBaPKCHHSA
TYMAHOIIIB YISl TAKKX TIOCIYT, SIK OOCTYrOBYBaHHSI HOMEpIB y
TOTEIIIX, CIIOCTEPEKCHHS Ta BiIBIIYBaHHs I1H(GOPMAIIHHOIO
0r0po B iepkaBHIX oicax. Y J[y0ai s TeCTYFOThCs TYMaHOII
MOMIEHCHKI (MOXKYT 3aMiHUTH 25% po0O0U0l CHITH TIOMIILI 110
2030 p.). PasoM 3 M, poOOTH HE 3aMiHATH JIFOJCHKY IPAITO B
HaHOMKIOMY MalOyTHBOMY, ajle BOHH MOXYTh “TiepeOpari’
Ha cebe 3pOCTarouy YAaCTHHY BHPOOHMYOL IUIONI. 3pocTaroua
YacTKa JISUTHHOCTI, SIKY BUKOHYFOTH POOOTH, INBHIIIEC 33 BCE,
CKOPOTHTH KUIBKICTh HM3bKOKBATI(DIKOBAHMX POOOYMX MICIh 3
HU3BKMM PIBHEM 3apOOITHOI IUIaTH, CTBOPIOIOYM IIOPIBHSHO
HEBEJIMKY KLUIBKICTh CIEIaTi30BaHNX POOOYNX MICIb 3 BHILIOIO
3apoOITHOIO IUIATOI0 B TEXHIYHOMY OOCIyrOBYBaHHI Ta
MPOrpaMyBaHH.

[HII0rO pO3MOBCIOMKEHOI0 TexHOoMoTie € 3D-npyk, ado
aJIMTHBHE BUPOOHUIITBO — TPOLEC CTBOPEHHS (hi3UUHOTO
00’€KTa UDIIXOM HOro TMOIIAPOBOTO JAPYKYBaHHS 3a
uudpoBum pucynkoMm y 3D-Bumipi. Lle Texnomoris, sika
MOKE€ 3HHM3WUTH BHUTpaTd Ha  OyAiBHHUIITBO  HOBOI
iHPPACTPYKTYpH ((KUTIOBHX OyQUHKIB Ta 0(iCiB) Ta MOXE
TIOUIMPUTHCS HAa MaclITabHi iHPPACTPYKTYpPHI MPOEKTU. Y
3D-npunTepi BUKOPUCTOBYIOTHCS pi3HOMaHITHI
MaTepiaid, SK-TO IUIACTUK, aJIOMIHIH, CTallb, Kepamika Ta
CKJIaJIHI CIUIaBH, 1 BIH MOX€E 3aMiHHTH MaibKe I[iJI1i 3aBO/I.
3a  pomomoroto  3D-mpuHTEpa = MOXJIMBUM  CTajo
BHUT'OTOBJICHHS  HAHpI3HOMAHITHINIOI  MPOAYKIIi:  Bix
irpamok g0 BiTpoBux TypOiH Ta OymuHkiB. 3D-nmpyk
BUKODHCTOBYETbCS ~ HE  JIMIIE HAa  MPOMHUCIOBOMY
BUPOOHMLTBI, ane ¥ y chepi OXOpOHH 3I0pOB’S Ta y
BUTOTOBJICHHI CIIO)KUBYMX TOBapiB. 30KpeMa, 3aBJAsKU Lii
TEXHOJNOTIT MOXHA MOJONATH JNe(ilUT JJTOHOPCHKHX
OpraHiB, 371HCHIOBATH APYK 3yOHUX IMILUIAHTIB, MPOTE3iB
Ta KapAiOCTHUMYJIATOPIB, a TaKoK C(OKycyBaTHCI Ha
MEPCOHATBHUX TOTpeOax Malli€HTIB, CTBOPIOBATH HIIIEBI
TOBapH Ta OTPUMYBATH JOJATKOBHHI JOXiJ BiJ IX Mpomaxy.
HeratuBHi HaciiIkd BHUKOPHCTaHHS i€l TEXHOJOrIT
nomsraots y: (1) 30iUIbIIEHHI KUTBKOCTI BiIXOMIB 3a
TaKMMH MaTepianamMa sIK MIACTHK, CHHTETHYHI CMOJH Ta 1X
yTuitizanis, (2) Brpati podouynx Micp y HU3LI ramyseif, (3)
BiJICYTHOCTI KOHTpPOJIIO 32 BHPOOHMYMM HPOLECOM Ta
HOPMAaTHBHOIIPABOBOTO ~ PETYJIIOBAHHS  CIIOXKHBaHHS
MPOAYKIii, BATOTOBJIEHOI 3 JIOIIOMOTY BHKOpUCTaHHs 3D-
npunTepa [1-4].

[MonynspHOI OCTaHHIMH pOKaMH CTaja TEXHOJOTis
OyokueiiH  (PO3MOIIUICHOTO PEECTPY), sAKa  J03BOJISE
CTBOPIOBATH Ta OOMIHIOBaTH YHIKaJNbHI IM(POBI 3ammcH
0e3 moTpeOM B LEHTpai30BaHiil JOBipeHi CTOPOHI.
BukopucroBytoun “po3ymHe” moeqHaHHs Kpunrorpadii ta
OTHOPAHTOBUX MEpeX, OJOKYEeHH rapaHTye Ipo3ope i
ToYHE 30epiraHHs Ta MOUIMpeHHs iHdopMallii cepel rpynu
Jofiel, 3abe3meuye O€3MeKy Ta BIACTEKEHHS KOXKHOI
TpaH3akIlii, 3axuinae Bia ¢anscudikariii. Cepen nepesar
TEXHOJIOTIH:

1. MOXIHMBICTH TOYHO KOIIIOBaTH Ta TepeAaBaTH
BIAMOBIMHY iH(OpPMAITiI0 OaraThoM JIOASIM 0€3 TPaHUIHUX
BHUTpaT. bIOKYeHH 103BONISIE TepeaaBaTH TOCTOBIPHO
yHiKanbHI 1(ppoBi 00’ €xTn 06€3 pU3UKY (anbcudikalii uu
TO/IBIHHOTO HAICUJIAHHS;

2. 3abe3neueHHs MPO30POCTi, MOXKIMBOCTI MEPEBIPKH Ta
“He3MIHHICTE” JaHUX;
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3. MOXKIUBICTh TPOBEICHHS TpPaH3aKIii, SKi MOXYTh
BUKOHYBaTHCs 0e3 BTpydaHHs JrOIuHU. “Po3ymui”
KOHTpakTH Ha 0a3i TexHosorii OJIOKYeH MO)KHa
CIpOEKTYBaTH Juisd  repepadi  Oyab-Koi  YacTUHH
inpopManii um axTMBy 3a Oyapskux ymoB. Kox mo
BUKOHAHHSI TAKOTO KOHTPAKTY 30epiraerbcsi y OJIOKYElHi,
€ IOCTYITHUMH JJIs IHCIIEKIT Ta Npaiioe 0e3 3aTPUMOK;

4. [HKTO3MBHICTE  (PO3IIMPEHA  JOCTYIHICTB). I
KOpHCTYBa4a JIOCTAaTHRO BHKOHYBAaTH TpAH3aKIl 3aBIISIKH
0a30BOMy TIpOrpaMHOMY 3a0e3MeYeHHIO, CXOBMILY Ta
3’€/IHAHHIO.

Sk 1 y BUnaaKky iHIMX u@pOBUX TEXHOJIOTIH, ONOKUYEHH
XapaKTepU3yeThCsl IEBHUMHU HEBU3HAYEHOCTSAMHU. 30KpeMa
iCHye IIpaBOBa HEBH3HAYEHICTh CTOCOBHO TPaH3aKI[ii Ha
OCHOBI miel  TeXHOJori; PO3rOpTaHHA HOBOT
iHppacTpyKTypu Ha 0a3i TeXHONOrii OJOKYeilH BUMarae
e(pEeKTUBHUX CHCTEM YIIPaBIiHHS; HEMae YHi(piKOBaHUX
CTaHAapTiB iHQOpMANiWHOI Ta TEXHIYHOI CYMICHOCTI
PI3HOMaHITHHX TEXHOJOTIH YU CIOco0iB 3aCTOCYBaHHS
OnokueitHy. TakoX MiJ MUTaHHSIM MOXJIMBICTH Tepeaadi
CaMHMX JIaHUX, OCKUIBKM CBOTOJHI JOBOJI pI3HUM €
HOPMaTHBHO-TIPaBOBe 3a0e31e4eHHsI KpaiH CBITY CTOCOBHO
JI03BOJTy Ha Tepelady JaHuxX 3a Mexi kpainu. J{poHn
noenHyoTh Tpu TexHonorii: loT wuepe3 BOymoBaHi
JATYMKM, SKi 30MparoTh iH(OpMalilo Ta IMepeaaroTh ii
yepe3 [HTepHET A aHami3y; BIOCKOHAJICHA TEXHOJOTIS
aKyMYJSITOpHHUX OaTtapeil (03BOJISIE JAPOHAM TPAIIOBATH)
Ta KOTHITUBHI OOYHMCIEHHS (JO3BOJISE JPOHAM JisITH
aBTOHOMHO). OTHMM 3 BiIOMUX INPUKIAJIB 3aCTOCYBaHHS
i€l TeXHOJNOrIl € 30KpeMa Takuii: Amazon OrojoCHB HpO
BUIIPOOYBaHHS TOCTAaBKH JPOHAMH HEBEJIMKUX ITOCHIIOK Y
naptHepcTBi 3 Posti (HamioHanmpHa mOIITOBAa CITyX0a
OinnAHmiT), 3 METOO MiABUIICHHSA e()EeKTHBHOCTI JOCTABKU
0 CUTbCbKHMX moceneHb [4-5]. OpjHak, EKOHOMIYHi,
JIOTICTUYHI Ta OE3MEeKOBI MPOOJIEMHU  CBIAUaTh, IO
MOCTaBKH JIPOHAMH HaBpsl 3MOXYTh TPHU3BECTH JI0
3HAYHOTO 3MEHILIEHHS TOMUTY Ha aBTOMOOITbHI BaHTaXKHI
TIepeBE3CHHSL.

CporofiHi IPOHN BUKOPUCTOBYIOTH 3 METOIO ITPOBEICHHS
¢oro3fioMKH 3eMJIi, IHCHEKINI OymiBeNb Ta BpPOXKAIO.
JpoHr 0COONMBO TpPUAATHI JUIi KOHTPOJIO MITICHOCTI
BENIUKOi  BiamajeHoi  iH(PAacTpyKTypH,  HampHKIam,
Ha(TOra30BUX  YCTAHOBOK,  BITPOENEKTPOCTAHIINA 1
COHSIYHHX €JIeKTpoCTaHMLiH [4].

Y miacyMKy BHOKPEMHMO TOJIOBHI  OCOOJIMBOCTI
IU(pPOBUX TEXHOJIOTIH Ta npolecy udposizarii.

1. IludpoBi TexHONOTIi BIUTUBAIOTH HA Yac CTBOPCHHS
Ta )KUTTEBUN LUK BUpOOyY. Temmu, 3 SKUMH CTBOPIOIOTHCS
Ta TOMMPIOIOTBECS  HOBI  TOBapH,  30UIBLIYIOTHCS,
a )KUTTEBHUH IIMKJ TOBAPY — 3MEHITYETHCSL.

2. Y TpaaMuiiiHii €KOHOMilli BOJIOHIHHS TPOIYKTOM
Oyno HeoOXiHUM sl 3a0e3TeueHHs] HOro BUKOPHCTAaHHSI.
[udposa exoHomika 3miHIOe 1m0 TeHneHIito. [To-mepre,
UUpPOBUMH  NPOAYKTaMH HE TOTPIOHO  TOBHICTIO
BojomiTH, 100 HUMH  ckopucratucs. CroxuBadi
MePEeXOAATh BiJ MpaBa BJIACHOCTI O MpaBa AOCTYIy (Ha
ocHoBi mepemmiaty). [lo-mpyre, 1mpoBi TexHOMOrIT
3HWKYIOTh Oap’epu sl CHUIBHOTO  BHUKOPUCTaHHSI.
3aBnsaku 1M(GPOBUM IUIATGOpPMaM MOXHA BiJICIIAKYBaTH
BINMOBIMHICTh IONUTY Ta MPOIO3MINI, a TaKOoXK
opraHi3yBaTu OOMiH MPOAYKIII€IO.

3.V TpamuiiiHiii eKOHOMIlll BHPOOHMIITBO TPOIYKIIi €
MacoBuM Ta oaHotmnHMM. LludpoBi k  TexHOMOrIl

cdokycoBani Ha mepcoHanizauil. LludpoBuii mpomykT Moxe
(YHKIIOHYBaTH BIIOBIMHO /IO OCOOMCTUX — YIO00aHBb
CIIOKMBaYA.

4. Y mudpoBii eKOHOMIIII Ba)KIMBO INBUIKO aIalTyBaTh
NPOAYKTH Ta TMOCIYTH, 000 OYyTH KOHKYPEHTHHM.
Ycenimmumu OyayTh opraHizatiii, 34aTHI OIBHIKO BUUTHUCS
Ta BIPOBADKYBaTH TEXHOJOIl Yy HOBI TNPOAYKTH 3
KOPOTKHUMH IIMKJIAMHU.

5.V 1mm¢poBiii EKOHOMIII i NPUEMHHIBKA TisUTHHICTH
aBTOMAaTU3YEThCSI Ta XapaKTEPHU3YEThCS 3HIDKEHHSM PpIBHS
JIFONCHKUX TOMHUJIOK, CKCIUTyaTariero 24/7 Ta MEHIIMMH
Butpatam. Lle cripydmHs€e 3MiHM Ha PHHKY TIpalli: YacTHHA
ICHYIOUMX POOOYMX MiCIb MOKE 3HMKHYTH, @& HOBiI poOoui
MiCIIs 3 HOBUMU HABHYKaMH Ta KOMIICTEHIIISIMH — 3’ SIBIISITHCSL.

6. BuxopucraHHs UHM(POBUX TEXHOJOTIH 3MEHIIYE
BUTpaTH Ha BeleHHs Oi3Hecy (Hampukian, (HopMyBaHHS
3aMOBJICHb,  BHCTABICHHS  paxyHKiB Ha  OIUIary).
[MudpoBizyroun Ta aBTOMAaTU3yOYH KOXEH  KpPOK
TpaH3aKIlii, KOMIAaHis OTPUMYE CKOHOMIYHI BHUTOAU I
Yyac 3MEHIIEHHs] 00pOOKH BEJIMKOI KiJIbKOCTI TPaH3aKIiH.

7. Y mudpoBiii ekoHOMIli AaHI — OCHOBHHUH (akTop
BUPOOHMLTBA  TOPSAA 3  KalliTajJoM, HPUPOJHUMH
pecypcamu Ta pobOUOI0 CHIION. X KOHKYpeHTHA MepeBara
ronsrae
y TOMY, IO Ha TX OCHOBI MOXJIMBO HPUHMATH DPIllICHHS
(e 6a3oro0 M0Ka3iB).

III. POJIb SMART-IHOPACTPYKTYPU Y CTAJIOMY
PO3BUTKY MICT

[udpori TexHOMOTIT TPONOHYIOTH €KOHOMIYHO BUTiIHI
Ta IHHOBAWiWHI pilIeHHs 0100 0arathbox mpodJseM, 3
SIKUMH CTHUKAIOTHCSl MicTa Ta iX jxureni. BoHU crpusioTh
reHepyBaHHIO iH(opmamii s CTBOpeHHs Jid, mI0
MOPO/DKYIOTh  TO3WUTHBHI  3MIiHH, e(eKTHBHIIIIC
BUKOPHCTAHHS PECypciB, 3MEHILICHHs PiBHs 3a0pyIHEHHS
MOBITPs, MIiJABHIICHHS piBHA TPOMAJCHKOi Oe3leku —
3YMOBJICHI Oa)kKaHHSIM JKUTEIIB.

[Noenqnanas 1UGPOBUX TEXHONOTiH Ta  (Hi3HUHOI
iH(pPACTPYKTYpH MicTa Jajio PO3BUTOK PO30YAOBI smart-
indpactpykrypu. Ii mepeBarm € 3HauHMMM, ONHAK
3aJe)arth BiJ] 3AATHOCTI CYCIIJILCTBA aaNTyBaTHCS 10 Hel
y cTUCIi TepMiHH. Smart-iHppacTpykTypa Mae 3aBIaHHIM
eeKTUBHE BUKOPUCTAHHS PECYPCIB MiCHKOTO CepeIOBHIIA
BciMa HOro ydacHHKaMH 3aJUld 3a0€3IMCUCHHS OUIBII
KoM(popTHOTO, 6E3MEYHOro Ta EKOJIOTIYHO YHUCTOTO JKUTTSI.
Smart-iHppacTpykTypa HE MPOCTO BHPIIIye MHTAHHS
CTBOPEHHS MEHII 3a0pyJHEHUX 4YH OuIbll epEeKTUBHUX
TEpUTOpid, a TeHepye 3HAYHHWU TONITHYHMH KamiTaln Ta
BEJIMKI MOXKIIUBOCTI JUIst Oi3Hecy. I'0IOBHMI apryMeHT Ha
KOpPHCTh 00’€KTiB smart-iHppacTpyKTypu — BiAMOBIJHICT
morpebaM CYCHiJIbCTBA 332 OJHOYACHOTO BIPOBAKCHHS
KOHLIENIIi  CTajmoro  po3BUTKY. 3a  epEeKTUBHOrO
BUKOPDHUCTaHHS  Smart-iHppacTpykTypu JKHATEIl  MiCT
OoTpUMaroTh KOM(OpTHE Ta Oe3ledHe CepeOBHIIE IS
npoxuBaHHs. Hacammepen 1e CTOCYEThCS TPOLIECIB
uudpoBizamii  CEeKTOPIB  JKUTIOBUX  KOMYHAJIBHHX
rOCIOJIAPCTB, EHEPTeTHKH, OyIIBHHUITBA Ta TPOMAJICEKOTO
TPaHCIOPTY, MaclITaOHOIO BHKOPHUCTAHHS IHTETPOBaHHUX
uudpoBux MmiIatpopM B YIPaBIiHHI MICTOM, OCBITHIM
MPOLIECOM, MEIAWYHUM CEKTOPOM, a TaKOX KOHTPOJIIO 3a
3aXHMCTOM JIOBKULIA. Pa3zom 3 THM, smart-iHppacTpyKkTypa
He € “TlaHareero” Bi yCiX mpoOiieM MicTa, a B OKpEMHX
BUIIaJIKaX MOXKE TE€HEPYBATH PsiJi BUKIMKIB: TOPYIICHHS
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KOH(QIACHIIIHHOCTI TPUBATHOI'O JKUTTS, PU3MK TEXHIYHOL
HECIIPaBHOCTI, 3HIKEHHS KYJIBTYPHOI'O PO3BHTKY Ta iH.
3arasioM jke HacIiIKK po30yIOBH smart-iHppacTpyKTypH
3aJeXaTUMYTh BiJl TpPUHHATTA OaraTtonpoinbHUX Ta
BOJTHOYAC €(PEeKTUBHUX PIllICHb.

Be3noMmIKoBUM € pO3YMIHHSI TOrO, HACKUIBKH IJIHOOKO
3UIOKHUMHA Ta Bpa3IMBUMH JI0 1H(PACTPYKTYpU CTaJo
HacesieHHs. J[opory, MOCTH, IIKOJIH, JIIKApHI, MOPTH, CUCTEMa
TPOMaJICHKOr0 TPAHCIIOPTY Tomo — (hizuuHa iHdpacTpyKTypa,
sKa 3aRkau Oynma Ta Oyme BaxIMBOR. ‘3007 B il poOOTI
MOXYTh HIBUIKO TIOPYIIMTH CTaOUTbHEe (YHKIIOHYBaHHS
MiCTa, 3HM3UTH SIKICTh JKHTTSI Ta NPOMYKTUBHICTH TpOMaJ, a
MOJIEpHI3allisl HABITAKH — CIIPHSIE EKOHOMIYHOMY 3POCTaHHIO Ta
T IBHIITYE JOOpOOYT HAceNeHHs [S].

CporofHi  po3BUTOK  0a3oBoi  iH(pacTpyKTypH
HEMOJJIMBUI 0€3 BIPOBAPKEHHS HU(PPOBUX TEXHOJOTIH:
TIOLLIYK “po3ymMHHX” croco0iB IIPUCKOPEHHS
€KOHOMIYHOTO  3pPOCTaHHs, PO3UIMPEHHS  COLiaJIbHOI
BKJIIOUEHOCTI Ta MiJBHUIIEHHS SKOCTI JOBKIJUIS Hagae iM
MPIOPUTETHOIO  3HAYEHHS. 3aBISIKM  BIPOBAKCHUM
IU(POBUM TEXHOJIOTISIM MOXHA OTpUMATH 1H(OpPMAIiI0
mpo  epeKTUBHICTH  poGOTH  iH(PACTPYKTYypH. X
BUKOPHCTAHHS JUIS MOHITOPUHTY a00 CKIaJaHHS KapTH
cTaHy iH(QPACTPYKTYpH [O3BOJSIE BU3HAYUTH CTYIIiHb
CTapiHHS Ta 3QJIMIIKOBUN TPOEKTHHH eKCILTyaTalliifHui
TepMiH [5].

[o3uTuBHUI edeKT Bill BUKOPUCTAHHA IU(YPOBUX
TEXHOJIOTIM € TIOCTYIIOBHM, TOMY IPOTHO3YBAaTH BILTUB
“BTpy4aHb”’ TaKMX TEXHOJIOTIH Al OYy/Ab-sIKOI CUCTEMH He
HaATO Jerko. OmiHUTH HMOBIPHUN MacmITad 1X HACIIIKIB
y MaiOyTHROMY CKJIaJHIIIe, OCKIIBKH BIPOBAKCHHS
IUPPOBUX  TEXHOJOTIM  3aJeKHTh HE JIAIIE BiX
TEXHOJIOTIYHOTO TMOTEHIiay, aje © BiJg TIONITHKH,

HOPMaTHBHO-TIPABOBOT'O Ta IHCTHUTYIIIHHOTO
3a0e3MeueHHs], IOBEIHKH Ta CIIPUUHATTS 1X CIIOKHMBaYaMu
[HacenenHaM].

Tepmin smart-iHppacTpyKTypa BHUKOPHCTOBYETHCS B
PI3HUX KOHTEKCTaX MJIsl OIHUCY pI3HUX COLiaJbHO-
C€KOHOMIYHUX 1 TexHIYHMX yMoB. ChOrofHi Hemae Hi
€IMHOTO,  3araJIbHONPUHHATHOIO BHM3HAYEHHS  smart-
iHQPACTPYKTYpH, Hi BHU3HAYEHHMX HOPM 1 CTaHIAPTIB ii
MPOEKTYBaHHS Ta M00ynoBH. Lle cTBOpIOE AyalliCTUUHICTS,
CMaOKiCTh ~ IHTepHpeTaliii Ta  CIOBUIBHIOE  IPOIIEC
po30oynoBu Takoi iHdpactpykrypu [7]. BiacyrHicth
€JIMHUX CTaHIAPTIB HECOMHO3HAYHO BIUTMBAE HA pealizallito
IHPPACTPYKTYPHHUX SMArt-poeKTiB, OCKIJIbKH O4iKyBaHHS
BJIACHHMKIB aKTHUBIB ab0 omeparopiB  TEXHOJOTIYHOL
peamizamii  T.3B. “po3ymMHHX”  pilleHP MOXE HeE
BunpaBaatucs. OkpeMi aBTOpM BH3HAYalOTh smart-
iHQPaCcTPYKTYpy SK TpoOIeC TMepexoay 31 CTaHy
“HepO3yMHOCTI” 10 CTaHy “IHTENeKTy .

“Hepo3zymHa” iH(}pacTpykTypa HEe B3MO31 alaTyBaTHCS
0 MIHIMBHX T1OTped, Tomali SK “po3yMHA” MOXeE
MIBUIINTYA TPOJAYKTHUBHICT, IJIECIPIMOBAHO Pearyruu
Ha 3MIHM B OTOYEHHI Ta Ha 3alHUTH KOPHUCTYBadiB
[>xutemnir]. Smart-iHppacTpykTypa nepeadadae nepexiy a0
MO3UTHBHUX 3MiH Yy HaQJaHHI pPI3HOMaHITHUX IOCIYT
3aBJISIKH BITPOBAPKEHHIO TEXHOJIOTIYHUX HOBOBBEICHD.

3arasiom smart-iHQpacTPyKTypa OXOILIIOE:

1. Mepexy naTuukiB, BOyIOBaHHX B 00’€KTH — JIOpPOTH,
aBTOMOOLTI, JHYMJIBHUKH  €IEKTpOeHeprii, mnoOyToBi
MpWiaad, MEIWYHI IMIUIAHTAaTH JIIOAWHH TOIIO, SKi
miakIrouaroTh ix g0 muppoux Mepex (IoT). Mepexi loT

TCHEPYIOTh JaHi B HAABEIMKHX 00CATrax, BiIOMHX SK
“Benuki nani” (Big Data);

2. Mepexi nuppoBUX KOMYHIKAIlH, 10 3a0e3MeUyIOTh
MOTOKM JaHUX Y PEXHMI peajbHOro 4Yacy, sKi MO)KHa
MIOETHYBATH MK COOOI0;

3. IndpacTpykTypy BUCOKOI eMHOCTI (“XMapa”), ska MOKe
MITpUMYyBaTH  Ta  3a0e3ledyBaTH  CXOBHILE Ui
B3a€MO3B’SI3KY JIaHWX, TIpOrpaM, pedueit Ta Jrofei. 3araiom,
smart-iHppacTpyKTypa NpaIfoe HACTYITHUM YHHOM: JTATYHKU
30HUparOTh JaHi npo KUTTEMISUTHHICT MmicTa
B pi3HHX cdepax, Mepexi 3B’S3Ky NEpeHOCITh NaHl 10
criemiajlbHUX ~ IMQPOBUX  MPUCTPOIB  (KOMIT FOTEPIB),
KOMIT'IOTEpU  OOpOOJSIIOTH  JaHi, ONTHMI3YIOUHM  iX
y pealbHOMY 4Yaci Ta OTPUMYIOYHM SMmart-aHaJliTHKy, Ha
TijcTaBi 00pOOKH BigOYBa€THCS MPUUHATTS pitens [10-11].

LinnicTh smart-iHQPacTPYKTYpH MOJISATAE Y:

1. CaMOKOHTpO/TI Ta  TOYHOCTI ~ NPHIHATTS  PillIeHb:
MOXUIMBICTh ~ CAMOCTIHHOTO ~ MOHITOPHHTY — BHYTPILIIHHOTO
CTPYKTYPHOTO CTaHy, a TaKO)K YMOB CEpEIOBHINA Ta
BHKOPHCTAHHSI 3 METOFO TIOKPAITIEHHS TOYHOCTI Ta CBOEYACHOCTI
TIPUIHHSATTS PillieHb (HAIPHKIa, CAMOIHIIIOBAHHSI TEXHIYHOTO
O0CITyrOBYBaHHSI Ha OCHOBI aBTOMATUYHOTO  BUSIBIICHHS
KOHKPETHUX HECTIPaBHUX JeTallel).

2. EdextuBHOCTI Ta €KOHOMIl BHUTpar: CKOpPOYEHHS
eKCIUTyaTalliiHUX BUTpAT.

3. HagitiHoCTi: MiHIMi3aIlist IPOCTOIB, 300iB 0OCITyrOBYBaHHSL.

4. Besreni, 3aXKUCTy Ta CTIHKOCTI: MATPUMKA aJalTHBHHX
TIPOIIECIB 1 KOHCTPYKIIIH, sIKi 3a0e3MeuyIoTh O€3IeKy, 3aXHCT i
CTIMKICT 1H(PACTPYKTYpH Ta 1i KOpUCTYyBadiB 10 HeOe3IeK,
CIPUYIHUHEHHX JIFOJUHOIO Ta MPUPOIHAMH SBUIIIAMH.

5. B3aemopii Ta po3nmpeHHi MOKIIMBOCTEH KOPHCTYBaUiB:
HaJaHHS TOCIYr, AaIalNTUBHUX [0 MIHIMBHX HOTpeO
CIIO)KHBAYIB.

6. Crayiocti:  onmTHMIzalisl  TPUHHATTS — pIilIeHb YIS
3a0e3MeUeHHsI CTaIOr0 BUKOPHCTAHHS PECYPCIB.

7. MiHimi3ari HaMIpHOCTEH: MiHIMI3aIlsA HATUAIIKOBUX
KOMITIOHEHTIB ~y  CHCTeMi, III0  JIO3BOJIE  3MCHIIIATH
€HEpPrOBUTPATH Ta 30€PErTH PECypCH.

8. Yaci pearyBaHHsS: paHHE BUSIBICHHS KPWUTHYHEX IO
(300iB, 30BHIIIHIX 3arpo3 TOIIO), NPOQUIAKTUYHE TEXHIYHE
00CITyroBYBaHHI Ta IIBHUIKE iX MOJONaHHSL.

9. 3HWKeHHI BYIJICIEBOTO CJIy: MiHIMi3allis BHUKWIIB Ta
CITOKUBAHHS CHEPTIL.

10. Skocti mOCTyr: TIIBUINEHHS pIBHS SIKOCTI  Ta
PO3ILIMPEHHS CTIeKTpa TIOCIIYT, 10 Ha/Ial0ThCs
iHQPACTPYKTypOIO Uil TIOKPAIlICHHS ~ yYMOB  JKHTTA
(comaTPHOCKOHOMIYHA MPOIYKTHBHICTB).

IV. BUCHOBKU

OmKe, KOHIIEMIIisi PO3yMHOTO MicTa Tiepeidayae eKoIOriyHy
CTIMKICT 1 O€3MeKy EeHEeprornoCTauaHHd, IO Ma€ Ha MeTi
3MEHILICHHS] BUKUIBMTA TIEPEXiJT 0 BiJHOBIIFOBAHOI EHEPTETHKA
(BE) nwmsixom BOpoBapKeHHs 1U(POBHX TeXHOOrii. Smart-
TEXHOJIOTIi  TIPOIMOHYIOTh IMPOKHH CHEKTP pIICHb I
niepehopMaTyBaHHs IHPPACTPYKTYPH MICT 3 HOBUMH ITiXOJIAMHU
JI0 CHEPro3ade3IeyeHH s, PO3BUTKY MOOUILHOCTI Ta 3arajioM
€KOHOMIKM MiCTa i1 TOro, I00 3MEHIIUTH BHKUIM,
3a0€3MeUrBIIY HAISKHHUI PIBEHb eHeproe(eKTrBHOCTI Ta
JekapOoHizamii  eHepronoctayaHHs. CraOllbHEe 3HIDKCHHS
BUPOOHMYMX BHTpAT O3Hayae, 10 BE craiorh KOHKYpeHTHUM
JDKEpEZIOM EHeprii y 0arathoX MicTax, i, HMOBIPHO, CTaHYTh
TaKUAM JIs PELITH MIiCT BKe HaHOIVDKIMM YacOM.
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[udporizalis eHEPreTHIHOI'O CEKTOPY Ma€ BUPIIIAIbHE
3HaveHHs1 g €C, 3a0e3neYyroud HOBI MOXIIMBOCTI IS
MMOCTaYaJbHUKIB  IIIJISIXOM  ONTHMI3allii 11X aKTHBIB,
interpauii BE 1 3MeHIIeHHs eKCIUTyaTalliiHUX BHTpAT;
BomHOYac, nUGpOBi3alis  J0oMoOMarae  CIOXKHBayaM
(rpoMazsiHaM KOMMaHisM) 3MEHILUTH PaXyHKH 33 €HEPTilo
4yepe3 eHeproeeKTUBHICTh Ta Yd4acTh y MeXaHi3Max
CTBOPEHHS THYYKOTr0 MomnuTy [9].

BakmMBEM € pPO3BHTOK PO3IOIIIEHHX €HEPreTUIHUX
pecypciB, Takux SK MOOYTOBI COHsYHI (DOTOENEKTPUYHI
Oartapei Ta HakomM4yBadi, IO CTBOPIOIOTH BHPOOHUKAM
MOXIIMBOCTI ~ 30epiraHHs 1 TOpoOAaxy  HaJIMIIKIB
eNeKTpoeHeprii B enekrpomepexy. HoBi iHCTpymeHTH,
Taki SK OJOKYEWH, MOXYTh TIOJETIINTA YIPABIiHHS
JAaHAMH 3 EHEpronocTayaHHs  Ta  NPOCYBaHHS
€JIEKTPOMOOTLHOCTI.

KirouoBoro  ckiazioBor0  “po3yMHOI”  €HEPreTHYHOI
iHQPaCTPYKTYpH € “po3yMHA” Mepeka, ska Moke OyTu
BHU3HAYEHa SK CHUCTEMa JIOCTaBKH EJIEKTPOEHeprii Bix
TOYKM BHUPOOHMIITBA JIO TOYKH CIIOKMBAHHS, sKa
interpoBana 3 IKT jui1  po3mmpeHHXx MepemeBUX
orepailiif, 0OCITYyrOByBaHHS CIIOKHBAYiB Ta CKOJOTTUHHX
repeBar.

[HTepakTHBHA, THYYKa eHEpreTMYHa CHUCTeMa, sKa
CIHUPAEThCS HA 3pOCTal0de BHUKOPUCTAHHS HU(PPOBUX
MIPUCTPOIB, BJJOCKOHAJICHUX KOMYHiKaIlii Ta
B3a€EMOIIOB’SI3aHUX CHCTEM, JAedaii Oibllle ITiJIaeThCs
30BHIIIHIM 3arpo3aM, TaKuM SIK BIipyCH Ta IOpYLICHHS
KoH(QiaeHmiiHOoCTI naHux. KibepaTak NOBHICTIO YHUKHYTH
HaBpsA Y4 MOXKIIMBO, TMPOTE 3HAYHO OOMEKHUTH X BIUIUB
Ha JISUTBHICTH KOMIIAHIH MOXKHA, SKIO YCBIIOMHUTH
PHU3HKH, IOCHJIMTH KOHTPOJb 3a JSUIBHICTIO CHCTEM,
BJIOCKOHAJTIOBATH porpamMmHe 3a0e3rne4eHHs Ta
ITiIBUIIIYBAaTH PiBeHb HU(PPOBOI IPaMOTHOCTI HACETICHHS.
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Abstract: The generalized approaches to representation of
functional dependencies used in mathematical maintenance of the
technological processes automation systems are proposed in this
research. The principal idea of these approaches is in using the
functional dependencies discrete form including the nodal values
of a function corresponded to the primarily chosen nodes of the
argument variable, and the linear interpolation is proposed to
compute the required values of the represented function. These
principal ideas allow us to have the generalized uniform
approaches to representation of different functional dependencies
used in mathematical maintenance of automated systems. The
main difficulties in using of the functional dependencies discrete
form are in not existing required data required to have this
discrete form, and it is proposed to use the cubic spline
interpolation for correct transformation of the primarily existing
not full data to the data set providing the reliability of the linear
interpolation. The shown example of using of the proposed
approaches deals with estimating the temperature fields in the
pellets of the ceramic nuclear fuel used taking into account the
temperature dependences of its heat conductivity.

Keywords: automated system, mathematical support, data,
functional dependence, linear interpolation, cubic splines,
temperature, heat conductivity, nuclear fuel.

1. INTRODUCTION

Developing of industrial automation systems is
principally required to improve the quality of controlled
technological processes, and it is widely discussed in
different modern researches in general point of view like
in the research [1] or for different separate applications
like in research [2] for example. The traditional approaches
to automation are based on using the automation loops
with the suitable controllers (governors) reach the limits of
perfectness and it is actually difficult to have significant
improvements of the controlled processes quality by using
such traditional approaches at present. Due to this
circumstance, modern automation systems are built using
the computer simulations [3], artificial intelligent [4],
machine learning [5, 6] and other computerised
technologies. Mathematical support is the principally
required component of the of the computerised automation
systems implementing of which is the main general trend
of modern industrial automation at present. Thus, the
theme of this research dealing with one particular task
required to improve the industrial automation systems
mathematical support is in current interests due to the
existed agreement with the modern general trends of
implementing of the computerised technologies to the
industrial automation systems.

The different data are one of the principal components
of the mathematical support of the industrial automation
systems. These data can be different regarding with the
nature of processes in the automated systems. The simplest
of these data can be the number defining some parameters

values like in the researches [7, 8], but the functional
dependencies like in the researchers [9, 10], the graphs-
schemes and the flow-charts representing for example the
different kinds of spatial configurations [11], as well as the
knowledges bases and others are the more complicated
data for representing using the computer technologies. It is
naturally that developing the more suitable approaches for
complicated data representation is required to improve the
mathematical support of the computerised automation
systems. The purpose of this research is in develop of the
approaches to functional dependencies generalised
uniform representation, which will be suitable for using in
industrial automation systems mathematical support. To
realize the purpose of this research, the following tasks
will be accomplished:

e the general uniform methodology for functional
dependencies representing suitable to use in
mathematical support of different purposed industrial
computerised automated systems will be proposed;

o the universal approaches for building the data required
to realize the proposed general uniform methodology for
functional  dependencies  representing in  the
mathematical software will be proposed;

e ecstimation of the temperature fields in the ceramic
nuclear fuel pellets taking into account the temperature
dependence of the heat conductivity will be considered
as example of using the proposed methodology and
approaches for functional dependencies representation.

Realization of the formulated tasks will allow us to have

the clear imaginations about the proposed methodology

and approaches.

II. GENERAL METHODOLOGY

Let we have the functional dependence between two
values, so that the y value is dependent on the x

independent value, and we will represent it as follows:
y=f(x),a£x£b, (1)

where y and x are the dependent and independent values,
f s the kind of the functional dependence; a and b are

the boundaries of the interval of the possible x values.
Functional dependence (1) can represent the different
situations which must be took into account in the
mathematical support of the industrial computerised
automation systems. The view of the functional
dependencies (1) can be different regarding the sense of
each particular functional dependence (1), but it is required
to represent each of the functional dependence (1) in the
form suitable for developing the correspondent software. It
is naturally for us the wish to have generalized uniform
methodology of representing the functional dependences
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(1) independently to the view of the function f . We can

realize programmatically the different ways to define the
functional dependencies including analytical, but the
discrete representations (fig. 1) are the more universal. The
discrete representation of some functional dependence (1)
can be obtained by introducing the grid of the enumerated

x independent values covering the interval [a,b] of the

possible values (fig. 1):
X =a,% =X +Ax,....x,,, =x, +Ax,,....,x, =b, )

where x, and Ax, are the grid node and the grid step with

the k£ =1,2,...,n number; n is the count of the grid nodes
covering the possible values interval.

y=fn?t

|
I I
I I
1 1
a=x Xe X
Ax,
Fig.1. The discrete representation (markers) of the functional
dependencies (curves)
Due to the introduced grid (2) of the independent x
value, we can define the following nodal values of the
dependent y value:

yk=f(xk), k=12,...,n. 3)

It is obviously (fig. 1) that the line segments connecting
the close nodal values (3) can represent the dependent
values with the enough small errors, so that these small
errors will have no principal influence on the further
results. These line segments connecting the close nodal
values (3) are represent the linear interpolation:

S(x) = oy

Xerr — Xk X1 — Xk

, X, <x<x.,.(4

It is clearly understood (fig. 1) that such linear
interpolation (4) can be used for the different functional
dependences (1). The errors of the linear interpolation (4)
are defined by choosing the count of nodes and the grid
steps.

We can see that the discrete form including the grid (2)
and the nodal values (3) with the linear interpolation (4)
allows us to represent the different kind of the functional
dependencies (1) by means the correspondent choosing of
the grid steps. Thus, the general uniform methodology for
functional dependencies (1) representing suitable to use in
mathematical support of different purposed industrial
computerised automated systems is reduced to defining of
two data sets:

Xn={xl’x2""’xk""’x'7}' (5)

Yn={yl’y2a"'ayka-'-ay,7}a (6)

where X, and Y, are the data sets about the grid nodes
and the corresponded nodal values.

Representing the functional dependencies (1) by means
the data sets (5), (6) with the linear interpolation (4) is

suitable for programming on different languages, because
of these data sets can be easily realized by using the arrays
or the lists, which are the typical programable data.

III. APPROACHES TO REALISE THE METHODOLOGY

To represent any kinds of the functional dependencies
(1) by using the proposed generalized methodology we
must develop the linear interpolation (4) programme code
and we must build the data sets (5) and (6). Development
of the program code realizing the linear interpolation (4)
has no any principal difficulties, and can be easily made on
different program languages; one the same code will be
applicable for any kinds of the functional dependencies
(1). Building the data sets (5) and (6) which will represent
the functional dependence (1) is the more complicated
problem, because of such building is significantly
dependent on the existed knowledge about the dependence
(1), so we will consider further exactly building of the data
sets (5), (6).

Building of the data set (5) representing the x variable
grid is actually relatively independent on building of the
data set (6) representing the y nodal values of the
dependent variable. It is suitable and typical to use the
uniform grids with the constant step:

x, = a+(k—1)Ax, Ax:I;__‘ll, k=12...,n, (7)

where Ax is the step of the uniform grid.

Due to the relations (7) we have the set of different grids
of the x independent value, and each element of this data
set is defined by the count n of the grid nodes. Thus, the
relations (7) define the data set (5) required for
representing the functional dependencies (1). It is
necessary to note, that building the data set (5) is not fully
independent because of the built grid must provide the
wished small errors of representing the functional
dependency (1), so the count of the grid (7) nodes must be
substantiated for each particular functional dependency
(1), but such substantiations will not be discussed in this
research. It is necessary to note also that it is possible to
use not only the uniform grids (7) to build the data set (5),
and it is possible to use the different not uniform grids, but
we will consider in this research only the uniform grids (7)
because it will allow without the not necessary
complications to represent the proposed universal
approaches for building the data required to realize the
proposed general uniform methodology for the functional
dependencies (1) representing in the mathematical
software.

It is naturally that building the data set (6) representing
the nodal values of the y dependent value will be

significantly depended of the view of the given function
f defining the functional dependence (1). The function

defining the functional dependence (1) can be defined by
different ways including by means the analytical relation,
by means the tabled form, by means the differential
equation as well as by means others ways. The analytical
relations and the tabled data are widely used for giving the
functions f defining the functional dependencies (1), but

the differential equations and other ways for giving such
functions are the specific and are not widely used. So, we
will consider further building the data set (6) required to
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represent the functional dependencies (1) only for the
functions f given by means the analytical relation or by
means the tabled data.

The case of the exactly defined and given in the
analytical view function f representing the dependence
(1) is the simplest for building the data sets (5), (6).
Really, having the analytical exactly given function we can
build the data set (6) by directly using of the relations (3)
for the data set (5) representing any previously defined
grid (2) and the uniform grid (7) in particular. Thus, we
can build the dada sets (5), (6) corresponded to any
arbitrary count n nodes of the uniform grid (7).

The case of the function f defined by means the tabled
data is more complicated for building the data set (5)
required for representing the functional dependence (1).
The tabled data representing the function f have the

following view:

(&m)5(800m )5 (Eomty )seos (Eyomy ) (8)

where N is the count of the existed data about the
function f representing the functional dependence (1);
&, and 7, are the numbered by the value £ =1,2,...,N
given values of the x and y values corresponded to the

function f .

The tabled data (8) are ordinary represent the results of
experimental measuring, and exactly such tabled data (8)
are most widely used to represent the different kinds of
functional dependencies (1) required for mathematical
support of the industrial automation systems. Let introduce
the follows values:

Smin = G1> Smax = S > ©)

and £ are the minimum and maximum

max

where & .

values between the independent variable x given values

&, k=1,2,...,N used in the function f tabled data (8)
We will consider further the case of the given data (8)

covering the interval [a,b] of the functional dependence

()
Sin S5 G 205 (10)

The sense of the conditions (10) is that are the necessary
requirements to have the full information about the
functional dependence (1) by the given tabled data (8)
representing the f function. The existing tabled data (8),

(9) and the relations (10) allow us to define the data sets
(5), (6) required to represent the functional dependence (1)
in the corresponded to the n = N following view (fig. 2):

XN={§1’§2""’§ka"'a§}v}, (11)

Yy ={M:1e st sll, - (12)

At the same time, the typical is the case of the tabled data
®)

corresponded to the small counts N of the existed data,
because of limited possibilities of the experimental
measuring or other reasons. The linear interpolation (4)
can have the noticed errors of representing the functional
dependence (1) in the cases of small counts N of the
existed data (8) as schematically shown on fig. 2, so using

the data sets (11), (12) based on the existed data (8) can
lead to the noticeable errors, and it is necessary have the
approaches of extracting the more accurate data from the
small existing tabled data (8) by using the hidden
regularities of these data to improve the functional
dependence (8) representation.

y
2 v o
| 1
I 1
1 | 1
| I 1
1 1 1
| 1 1
I I 1 1 | |
i 1 1 1 L 1 1 i -r..
& 4@ b & X
Fig.2. Known data (triangles), its linear (lines 1) and cubic (curve
2)

interpolations as well as the built improved data (circles)

It is proposed to use the continuity of first and second
derivatives of the functional dependence (1) as the hidden
regularities for extracting the more accurate data from the
small existing tabled data (8). Taking into account such
regularities will lead us to the well-known [13] cubic
spline interpolation of the existed tabled data (8), and we
can represent the function f defining the functional

dependence (1) in the following view [13]:

(fk —x)3 (x—fk_l )3
=M, +M, +
() =M, 6h, T 6h,
M, W& —x M.B \x-&
e, - il 16 + 0, - kY ékl’
6 ) h 6 ) &
S <x<g,, (13)

where h, =&, -&, 3 M, ,k=1,2,...,N are the nodal
values
of the functional dependence (1) second derivatives.

It is well-known [13] that the nodal values of the second
derivative M,,k=1,2,..., N defining the cubic spline (13)
can be find form the linear algebraic equations system:

M, =0,
h b +h. hy.
ZkMk_l-'_ : kle+ %le_l:
e e M T k=2)3,...,N-1
hk+l hk
M, =0, (14)

It seems naturally (fig. 2) that the cubic spline (13), (14)
will R, lead to more accurate results then the linear

interpolation (4), because the cubic spline is in agreement
with continuity of the values and two derivatives, but the
linear interpolation is in agreement with continuity only of
the nodal values for the functional dependence (1). Thus,
using the cubic spline (13), (14) based on the small existed
tabled data (8) we can compute the additional nodal values
for having the reliable linear interpolation (4), as it shown
on fig. 2. So, to build the data set (6) based on the any
wished suitable grid (5) we can use the relations (3) with
the function f represented by means the cubic spline

(13), (14), even in the case of the small existed tabled data
(8). We have the substantiated hope that such data sets (5),
(6) defined by means the cubic spline (13), (14) will be
best with the linear interpolation (4) even
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for the small existed data (8) about the function f (fig. 2).

IV. USING THE PROPOSED METHODOLOGY

We will consider here the example of using the

proposed methodology as well as the approaches of its
realisation in the particular task about estimation of the
temperature of the nuclear fuel inside the cladding of the
fuel rods, which can be the component of the mathematical
software of the nuclear power plants computerised
automation systems as well as the different simulators used
for teaching and training of the nuclear power plants
operational staff.
The fuel rod (fig. 3a) is the principal structural element of
the nuclear fuel for the most modern nuclear power
reactors [7, 9, 10]. The nuclear reactions providing the heat
power are in the volumes of the nuclear fuel pellets (fig.
3b) inside the sealed cladding of the fuel rods (fig. 3a), and
these reactions lead to the temperature field in the fuel
pellets (fig. 3b) which can be approximately estimated by
the follows relations [7]:

Q0 , OR . r
T(r)=T, ———r + In—+Q-C,R <r<R,
(r)=Tc bty MR tO GRSk
R® R R w
=t 4+ _—1 0= —
42, 2k 2kR, nr(R; - R} )L
-1
R R, R R
k= —fln—g+—fln—°+i , (15)
A, R A R, aR

where T is the temperature in a point of the fuel pellet;
is the radial coordinate; T;,. is the temperature of the heat
carrier; Q is the intensity of volume heat sources due to
the nuclear fission reactions; A, is the average heat
conductivity of the ceramic nuclear fuel; R, and R, are
the internal and external radii of the pellet; &k is the heat
transfer coefficient from the fuel pellet to the heat carrier;
R, and R, are the internal and external radii of the

cladding; A, and A, are the average heat conductivities in

the gases inside the cladding and the structural material of
the cladding; o is the heat transfer coefficient between the
cladding and the heat carrier; W is the heap power of the
reactor; n is the number of the fuel elements in the core of
the nuclear reactor.

The relations (15) show us that the temperature of the
nuclear pellet is significantly depended on the heat
conductivity average value

S S— j 2 (T)drT, (16)

where 7. and 7 are the averaging boundaries; A, (T )

is the temperature dependence of the nuclear fuel pellet
heat conductivity.
It is well-known [14] that the ceramic nuclear fuel has

the significant temperature dependence A, (T ) , and we can
see (fig. 4) that the linear and the spline interpolations of
the existed data about the temperature dependency A, (T )

has the noticeable differences between some data points.
We can see also (fig. 4) that correction of the existed data

by using the cubic spline interpolation (13), (14) will allow
us to have the data providing the more substantiated linear
interpolation (4) which can be used for the further

computations.
y
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(Zr+1%Nb) <T("’

Cladding
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Fig.3. The typical design of the fuel rod (a) as well as the nuclear
fuel pellet with their temperature field (b)
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Fig.4. Temperature dependence of the ceramic nuclear fuel
It is naturally that the average value (16) must be
defined by the following averaging boundaries agreed with
the temperature field (14):

T, = min T(r), T,

min max
R, <r<R;

—R:rglierT(r). (17)
At the same time, the temperature field (14) can be defined
only for the given value (16), so we have actually the
nonlinear problem and to resolve this problem it is
possible to use the iteration process started from some
arbitrary given values T, T . and necessary times

continuing with help of the temperature field (14) and the
relations. (17). To show such approach we will use the
following data [7] to define the temperature field (14):

0 =3000MW,n =50856,L =3530mm,7;,. = 583K,

R, =3,765mm, Rg =3,86mm, R, = 4,55mm,
o =35k¥ lg=0,3%,10=20,5%. (18)

m? K’

The obtained results (fig. 5) show us that the temperature
field (14) in the nuclear fuel pellet is significantly
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depended on the A, average value, and the most correct
results are corresponded to the following value
A 25,1359 2, (19)

The value (19) is the result of ten iterations with help of
the temperature field (14) and the relations (16) and (17).

1200
| — Ar=6.9000 W/(m-K)
56 | —— Af=3.0000 W/(mK)
—— Af=5.0168 W/(mK)
» = — Ar=5.1359 Wjim -K)
< 1000 A i - ]
E Sy
900 1
800 . i . .

L0 15 20 25 30 35 40
r, mm
Fig.5. Temperature fields in the ceramic nuclear fuel

The result (19) and fig. 5 are obtained by using the
manually built tabled data to represent the nuclear fuel
heat conductivity temperature dependence, but it will be
more suitable to have automated building of these data
further.

V. CONCLUSIONS

Results were obtained in this research allow formulating
the follows conclusions.

The general uniform methodology for functional
dependencies representing suitable to use in mathematical
support of different purposed industrial computerised
automated systems is proposed. This methodology is
reduced to linear interpolation of the especially previously
prepared tabled data.

The universal approaches for building the data required to
realize the proposed general uniform methodology for
functional dependencies representing in the mathematical
software are proposed. These approaches are reduced to
using the cubic splines interpolation of the existed data to
have the required for linear interpolation of the tabled data.

Estimation of the temperature fields in the ceramic
nuclear fuel pellets taking into account the temperature
dependence of the heat conductivity is considered as
example of using the proposed methodology and
approaches for functional dependencies representation. It
is shown that using the cubic interpolation will help us to
have the more reliable representations of the functional
dependencies even in the case of small volumes of the
primarily existed data.

The further researches are planned in the field of
intelligent automation of building of the required for linear
interpolation tabled data, including by using the different
kinds of extrapolations and the artificial intelligence
technologies.
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ApXiTeKTypa IIPpOIrpaMHoOIo 3a0e3neYeHHs JJIA
CYIIPOBO/’KCHHA aBTOMATHU30BAHHUX CHCTCM
OMNOBIIICHHS Ha BUPOOHUIITBI
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Onuc: Y B po0OTi 10CHIIPKEHO HAaHIOMMpPEHilli apXiTeKTypHi
natepHn  ¢peiimBopky Flutter, HaBemeHo iX cxemaTH4Hy
nobynoBy. Byno 3’scoBaHO TONOBHI mepeBard Ta HEIOJIKH
pI3HUX apXiTeKkTyp Ta 0OpaHO HaiOULIbII (YHKUIOHANBHY s
PO3pOOKK TPOrpaMHOro 3abe3ledeHHsT Ui CYIPOBOIKECHHS
ABTOMATH30BaHUX CHCTEM OINOBILIEHHS HAa BUPOOHMIITBI, ILIO
PO3pOOIIITHCS.

Knrouoei cnoea: flutter, Dart, ¢dpeliMBOpK, apxiTekTypa,
BLoC, Redux, Provider, Vanilla, Native state, Scoped model.

1. AKTYAJIBHICTb

[lix yac mnpoekTyBaHHS MPOTrPaMHOro 3abe3NeueHHs
MepIl 3a BCe BUHUKAE ITUTAHHS OpraHizauii apXiTeKTypH
nporpamu. OCKiNBKM — apXiTekTypa — L€ HpUHLUI
oprasi3aiii KOMIOHEHTIB YCEpeIHMHi CHCTEMH: KIUJIBKICTB,
SKicTh, iHTepdelicu i mporokonu B3aemomii. Binm Hei
3aJIOKUTh IiHA MIATPUMKKA 1  PO3pOOKH  HOBOTO
(yHKIIOHATY, TPYOBUTPATU HA MOOYAOBY IIIJIOI CUCTEMH
3 BUKOPUCTaHHSAM JaHOi apXiTekrypu. Tobro dopmanbHO
BiJl apXiTEKTYpH 3aJSKUTh HaHBIIMBIMINK mHapaMerp
PO3pOOKU — COOIBapTICTh. A TMOOIYHO € I MOKIUBICTH
MOBTOPHOI'O BUKOPHCTaHHS KOMy, a pPa3oM 3 HHUM 1
3MEHILIEHHSI TPYOBUTPAT Ha KOJKHY MOJAIIBIITY PO3POOKY.

Tax sk 3a A7l IBOTO MPOrPaMHOro 3a0e3redeHHs 0yio
obpano ¢perimBopk Flutter Ta Moy Dart, To obupatu
apXITEKTYpy TOTPIOHO cepelx JOCTYIMHUX JUIA  ITUX
TEXHOJIOTIH MaTTePHIB.

II. AHAJI3 IOCTYITHUX APXITYKTYPHUX
[TATEPHIB JIJ151 ®PEMMBOPKY FLUTTER

VY Flutter BU3Ha4aeThcs HE apXiTEKTYpHHH NHaTepH, SIK
TaKkuif, 3 TOJANBIIOI0 IOOYIOBOIO TporpamMu  3a
npaBwiaMu oOpaHoro pimreHHs, a State Management
System — Tak 3BaHy apXiTEeKTypy YHIpPaBIIiHHS CTaHOM.
[pwuitnuto ne 3 ramysi web-po3poOku. I ock TyT BUHHKaE
HACTYITHHUH BHOIp:

— Vanilla/Native state;

—Provider/Scoped Model;

— BLoC;

— Redux;

—GetX

Vanilla/Native state (puc. 1), iHOmI KaxyTh, IO
HalKpamia apxiTeKTypa — II€ BIJICYTHICTb apXiTEKTYpH.
[lpaBuio HamucaHHS KOJY 3TiMHO IBOTO MATEPHY
BHKJIQJICHO y JOKYMEHTaIlii 1o dpperimBopky Flutter.

Oco0aMBOCTI Takoro MmiJXOQy — BHCOKa UIBHIKICTh
pO3pO0KH, a TakoX BIJICYTHICTh TOALTY MK Oi3Hec-
norikoro Ta Ul. Asne Ha mpaxtuii He Tpeba 3acTocyBaTu
TaKU{ MiAXIL IpU po3poOll BENUKOI MPOrpaMu, iHaKIIe
MOXJIMBI TIPOOJIEeMH 3 HAJTATODKCHHSIM Ta TOJabIINM
MEPEBUKOPUCTAHHIM KOJY.

Stateful Widget

Native State

Puc. 1 — Native State

Y Provider/Scoped Model (puc. 2), Oi3Hec-orika
BuHeceHa 3 Ul. 3aramoM Bce Iyxe NpPOCTO, IUIIOC €
MOXIIUBICTh NEpeBUKOpUCTaHHs Koay. bibmioreka Flutter
Provider € cymimmmo In'exmii 3anexxHocreii (Dependency
Injection) 1 ympaBiiHHS craHOM, TNOOygOBaHa 3a
JIOTIOMOT'OF0 BiJDKETIB 1 JJIS BIJKETIB.

Bin BuxopucroBye ®Dnarrep-BiKETH s YIPaBIiHHS
cTaHoM 3amicTh Dart xiaciB, Takux sk Steam. [TpuunnHa B
TOMY, IO BIDKETH JyX€ TMpOCTi, aje HaaidHi Ta
MacITaboBaHi.

BukopucToByIOUM BIDKETH Ui KEpPYBaHHS CTaHOM,
MpoBaiiiep MOXKe TapaHTyBaTH:

— 3pyYHe KEpyBaHHs KOJIOM, 3aBISIKH IPUMYCOBOMY
OJTHOCTIPSIMOBAHOMY TIOTOKY JaHHX;

— TECTOBAHICTh 1 CKOMIIOHOBAHICTh, TOMY IO 3aBXIU
MOXKHa TIepeBU3HAYATH 3HAYCHHSI;

— HaJIHHICTh, TOMY, O B&XKO 3a0yTH 00pOoOUTH CcLieHapii
OHOBJIEHHS MOJIelTi a0o BiKeTy.

Opnak, pobJieMH Bce JK TAKH MOXJIHBI, 1 TOUNHAIOTHCS
BOHH IIpH POOOTI 3 BEJTMKUMH 1, HABITh,13 CEPEAHIMU
MIPOEKTAMH.

Provider
(Scoped Model)

Puc. 2 — Provider/Scoped Model

BLoC (puc. 2) — ne axponim Bin "Business Logic
Component" (KOMIIOHEHT Oi3Hec-JOTiKH). SIk BHIUIMBAE 3
Ha3BH, L€ KJIac, 1110 BiJOKPEMITIOE O13HEC-JIOTIKY ITPOrpaMu
BiJ iHTepdelicy KopucryBaya. Takuii KOMIOHEHT MiCTUTh
KO, SIKWil MOKHA MTOBTOPHO BUKOPHUCTOBYBATH OyIb-7Ie: B
IHIIOMY MOAYJIi, Ha 1HIIIH TaTdopMmi, B iHIIOMY JOIATKY.

Bigninenns Ul Bix 06i3uec-noriku mist Flutter >kuTTeBo
notpioHe. OCKiNBKY CKIIJHO IIYKaTH 110 IEPEBY BiJDKETIB
(UI-xoMmioHeHTIiB) mOTpiOHY J0riKy. OCOOIMBO SKIIO
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BEPCTKA 1 TaK MiCTUTh TyXe 0arato Koay i po3TalioBaHa y
piznux ¢aitnax. Kpim Toro, 3rigao Clean Architecture, y
Ul He moBuHHO OyTH Hidoro 3aiiBoro. Tak camo SK i
0i3Hec-JIoriKa HiYoro He moBuHHA 3HATH npo Ul, skuii 10
Hel 3BepTaeThCsl. 3aBISIKM TaKOMY DPETENBHOMY ITOMLTY
BIJIMIOBITAJILHOCTI OTPUMYETHCSI TTOBHICTIO 130JIbOBaHHI
KOMITOHEHT, SIKHi MOXKHa JIETKO TECTYBATH HE3aJIEKHO BiJ
Ul Ta BUKOpPHCTOBYBAaTH B IHIIOMY oOTodeHHi. Ilei
KOMIIOHEHT i € Bloc.

BLoC

BLoC

Puc. 3 —BLoC

VY natepni BLoC Mo)xHa BUIUINTH YOTUPU OCHOBHI PiBHI
JIOJATKIB:

UI — KopucryBansHuipkuid iHTepdeiic. Bin MicTuTh Bei
KOMITOHEHTH TPOTrpaMu, sIKi BUIHO KOPHUCTYBayeBi Ta 3
SKUMH MOkKHa B3aemomistd. Ockineku y Flutter Bci
YaCTHHU 1HTep(eiicy KOpUCTyBaya € BiJPKETaMH, MOXKHa
CKa3aTu, [0 BCi BOHU HAJICKATh IbOMY PiBHIO (KJIacy).

BLo0C — ne knacw, siKi BUCTYIAIOTh B SIKOCTi CITOJIYYHOTI'O
cepeoBHUINa MiX JaHHUMHU Ta KOMIOHEHTaMu iHTepdeiicy
kopucryBaua. BLoC npuiimae nepenaHi Bif HbOro noii, a
TTicIIst OTPUMAaHHS BiATIOBI/I BUJA€ Bi/IIOBIIHUIN CTaH.

* Repository.(CxoBuilie) BiANMOBITAE 3a OTPUMAHHS
yacTiHU 1HQopMalii 3 oxHOro ado AEKIIBKOX JDKepen
JAaHKUX Ta ii 00poOKY /I KiaciB iHTepdeiicy KoprucTyBaya.

Data sources (/I>xeperna naHux) — e KJIacH, AKi HaJar0Th
JaHl JONATKy 3 YCIX JpKeped NaHUX, BKIIOYAoud 0asy
nanux(database), wmepexy(network),shared preferences
TOLIO.

BLoC criupaeTtbcst Ha 1Ba OCHOBHI KOMITOHEHTH:

Events (ITomii), mo mepemaroThcs 3 iHTEpdelicy
KOpHCTyBaya, SIKi MICTATH iH(OpPMAII0 PO KOHKPETHY
JIlito, siKa TIOBMHHA OyTH 00pobiena BLoC.

States (Cranm), ski 1OKa3yloTh, sK iHTepdeiic
KOpHCTyBaya IMOBUHEH pearyBaTd Ha 3MiHy naHux. Koxen
BLoC Mmae cBiii TOYaTKOBMI CTaH, 1[0 BU3HAYAETLCS ITiJ
Yac CTBOPEHHSL.

Redux. OpHi€ro 3 BiIMIHHHX PHUC LLOTO MATEPHY € Te,
IO BiH MOBHICTIO 0a3yeThCsl HA PeakTUBHOCTI. PeakTruBHE
MporpaMyBaHHSl — II€ TMPOTPaMyBaHHs 3 ACHHXPOHHUMH
MOTOKaMH JaHHUX. Y TPaguLidiHOMY IMIEPaTUBHOMY CTHII
3a3BHYail MUIIYTh KOJ HACTYITHOT'O 3MICTY: TEKCTOBE TI0JIE,
MPU3HAYAETHCS oMY OOpOOHHK, IO pearye Ha BBEICHHS
HOBOTO  CHUMBOIIY, JOAA€TbCs  O0'€KT, y  SKOTO
BUKJIMKAETHCSI METOJ] OHOBJICHHS TEKCTOBOTO TIONISI B
Mojieri. YiTKo OIMUCYeThCS KOXKEH KPOK. Y PEaKTHBHOMY
MiAX0/AlI Bce BHUIIAAAE TPOXW iHakmie. TekcToBe Iose
3B'I3YETHCS 3 KOHKPETHOIO 3MIHHOIO MOJeNi. | sk TiTbKH
KOpHCTYBa4 [TOYMHAE MIOCHh IPYKYBaTH, ISl 3MiHHA Biapaszy
HaOyBa€e TOro 3HA4YeHHs, SKE 3apa3 MICTUTbCI B
TEKCTOBOMY TIOJI.

Redux — me apxitekrypa, croyaTtky CTBOpeHa JUIsi
JavaScript i BUKOPHCTOBYETBCSI B 1OJIaTKaX, sIKi CTBOPEHI 3
BUKOpHCTaHHIM reactive frameworks (takmx sik React
Native a6o Flutter). Redux — 1e cnpomena Bepcis
apxitektypu Flux, crBopena Facebook. Ilo cyri 1ei
MaTepH Ma€e TPU TOOBHI MYHKTH:

Redux

Puc. 4 — Redux

— emuHe kepeno npaeau / single source of truth - Bech
state momaTKy 30epiraeTbCs TIJIBKM B OTHOMY MIiCITi
(Ha3uBaeThCA store);

— CTaH JOCTYIHUH TiNBKY I YhTaHHs/state is read-only
- 1A 3MiHM state mporpaMu HEOOXiTHO BiAMPAaBHTH
actions(aist), miCJIs YOro CTBOPUTHCS HOBHUH state;

— 3MIHM BHKOHYIOTBCS 33 JIOIIOMOTOI0  YHCTHX
¢yHKii/pure functions — uncra GyHKIisS (1S MPOCTOTH,
ne ¢yukiis 0e3 side effects) mpuiimMae moTouHmii state
JIOJIATOK Ta action Ta MOBEPTAE HOBHIA state JOIaTOK.

Oco0auBOCTI — OINIBII KOPCTKI OOMEXEHHSI Ta MEHIIe
cB0OOM BHOOpY. AJle HaBiTh 32 PaxXyHOK LbOI'O BIAETHCS
JOCSATTH BIAcTUBOi it Redux THYYKOCTI 1 NpOCTOTH
Hanaro/pkeHHs. [IpoTte y nboro miaxomy BHIUISIOTH TaKUid
CYTTEBHI MIHYC SIK 0araTomapoBiCTh.

GetX Mae HaJ3BUYAHHO JICTKUH 1 TNPOCTUH CKIIaxd
MeHemkepa, skuid He BukopucroBye ChangeNotifier,
3aJI0BOJIbHSIE BUMOTH.

GetBuilder HamineHuii came Ha KOHTPOIb KIIBKOX
CTaHiB.

TakuM YMHOM, SIKIIO MOTPIOGH OKpPEeMH KOHTpOJIEp,
MOXJIMBO TPHU3HAYUTH i1 HBOTO imeHTU(IKaTOpu abo
BuKkopucToByBaTH GetX. AJjie BaXKIMBO MMaM’ATaTH, IO
YUM OLIBIIE «IHIUBIAyaJbHHX» BHIDKETIB, TUM OLIbIIC
pecypciB  Oyme 3aBanTaxkeHo GetX, y ToH dYac sK
nponykruBHicTh GetBuilder moBuHHa OyTH BUILOIO TIpH
0aratopa3oBUX 3MiHaX CTaHy.

GetX milicHO 3py4HHH, JaKoOHiYeH, (YHKIIIOHAJIbHUM,
BUpa3HUH. AJe iHOAI Horo (yHKITiOHATTy HE JOCTaTHBO.

MobX 11e mpocre, BUIpoOyBaHE B KOMEpIIiiiHii poOOTI
pilleHHs! JJIsl KepyBaHHS CTaHOM mporpamMu. MobX me
aBTOHOMHA 0i0J1ioTeKa, 10 03BOJISIE 3pOOUTH YITPABIiHHS
CTaHOM TPOCTHM, HOBEPHYBIIUCH 10 KOpPEHs MpoOIeMu:
BiH YHEMOJJIUBIIIOE 1HKOHCUCTEHTHICTh cTany. CrpaTteris
JIOCSITHEHHSI 1IbOTO JTOCUTH MPOCTA: IEPEKOHAETHCS, IO
BCE, II0 MO)kKe OyTH BHUHHATO 31 craHy, Oyae BUIHSATO.
AstomarnuHo.KoHuenryaiasHO MobX 00pobItsie
nporpamy sIK eJIeKTPOHHA TaOJHIIS.

[lo-nepuie, € cran State nporpamu. ['padu 00'exTiB,
MAacHBiB, NPUMITHUBIB, MOCHJIAaHb, SIKi (POPMYIOTH MOJIEIb
nporpamu.Ilo-npyre, € moxigui Derivations. 3a3Buuaii 1e
Oynb-sike 3HA4YeHHs, SKe MOXe OyTH OO0YHCIeHO
aBTOMATHUYHO 3 JIaHUX CTaHy IPOrPaMu.
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Peaxuii Reactions myxxe cxoxi Ha moxigai Derivations.
OCHOBHA BiJIMiHHICTh: BOHH HE IOBEPTAIOTh 3HAYCHHS,
ajie 3amyCKaloThCS aBTOMATUYHO, 100 BHKOHATH SKYCh
pobory. 3a3Buuaii ue 3 1/0. Bonu nepesipsitots, mo DOM
OHOBHBCS 200 3aIUTH MEPEKi BUKOHAIHCS BYACHO.

3pemroto, € nmii Actions. Jlii 1me Bci Ti ImMTyKH, SsKi
3MiHIOIOTE cTaH. MobX mnpocTexurs, mod yci 3MiHH Y
CTaHl TpOrpaMy, BUKIMKAaHI [JisIMH, aBTOMAaTHYHO
00poOHIIHCs BCiMa MOXIAHMMU Ta peakuisMu. CHHXpOHHO
Ta 0€3 MepeIIKo.

€nuHuii peanpHuil MiHyc MobX - BiH Jae BaM 3aHaATO
Oarato cBOOOIHU Y TOMY, SIK CTPYKTYPYBaTH KoJ, 30epiratu
Ta 00poOysaTu maHi. OCKUIBKHA II€ CYTTEBO YCKIIATHIOE
TIPOLIECC TPOEKTYBAHHSI 3aCTOCYHKY.

MobX

Service

Puc. 5 — MobX
III. BUCHOBKU

TakuM UYHHOM, MOXKHA 3pOOWTH BHCHOBOK, IO JIS
NpOrpaMHOro  3a0e3MeueHHs] U1 CYIMPOBOKCHHS
ABTOMATH30BaHUX CHCTEM OIOBIIIEHHS Ha BHUPOOHHIITBI
Haitminma apxitektypa BLoC. Ockinbku neil maTepH He
Ma€  JKOPCTKMX  OOMeXeHb Ta  mpobieM 3
0araToniapoBicTio. A TaKOX ISl apXIiTEKTypa aKTyallbHa sIK
JUTS BEMKHUX Tak i JJIs MalICHbKUX TMPOEKTiB, Ta HE TaK
CKIIaJIHA Ha eTalli MPOEeKTyBaHHS K Redux.
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ABTOMaTH30BaHa 1H(OpMaliiiHa CHCTEMA ONTHUMI3alI]]

IISUTBHOCT1 MEIMYHOIO 3aKjIay

: 1 1
Copis XpycranboBa , 3axap TumdyeHko
1.Kapenpa KITAM, XapkiBchkuil HalliOHABHUI yHiBepcUTeT pajmioesekrponiku, YKPATHA
Xapkis, np. Hayku 14., email: zakhar.tymchenko@nure.ua

Anomauyia: B po0OTI 3ampornoHOBaHO aBTOMAaTH30BaHY
iHpopmaniiiHy cuctemy ontuMizanii AiSUIBHOCTI MEIMYHOrO
3aKiajy, fKa Halidye B  CBOEMY CKJIaJi  €JIEMEHTH
IHTeNeKTyamizamii, oo JO3BOJWIO ONTHMI3yBaTW IHpOIEC
CKJIQJIaHHS PO3KIANy JIKapiB, CHPOIICHHS BEACHHS OONIKy
MAli€HTIB, 3MEHIIEHHS 4Yacy HEeOOXiJHOro ISl IPOBEICHHS
Bi3UTIiB, aBTOMATHYHO] IiITOTOBKH 3BITiB.

Knrouogi cnosa: cucrema, iHTeNEKTyani3awis, aBToMaTu3ais,
MEIUYHUH 3aKIIa.

[. BCTVYII

Ha cphoromHimHii 1eHb BOpOBapKeHHs iH(pOpMaIiitHuX
chcTeM B Pi3HHX c(epax JIOACHKOI isIbHOCTI HaOyBae
BEIMKUX  MacmTabiB, Taly3b MEAMIMHH HE €
BUKJTFOYEHHSIM.

Y Ham yac 3aKkiHYyeTbCs IepioJ] aBTOHOMHHX
MEIMYHUX KOMI'IOTEPHUX CHCTEM, WIO CTBOPIOIOTHCS
aBTOHOMHO OKPEMHMH MEIUYHUMH IAPO3IiIIaMHu  JUIs
BUpILIEHHS  CBOIX  3ama4, 1  HacTae  mepiox
ABTOMATU30BaHUX iH(pOpMaIiHIX CHCTEM, 1o
B3aEMOJIIOTh MiK coboro. Ll B3aemomiss Mae Oarato
aCIIeKTIB:

[o-mepuie, e BUKOPUCTaHHS 3arajbHO MPUHHATHX 1
JOCTYIHUX BIJKPUTHX CTaHOApTIB SK IS JaHHUX, IO
30epiraroThcs i 0OPOOIIAIOTHCA B IIUX CHCTEMAaX, Tak 1 JUIs
3a0e3reueHHs croco0iB 1 MeXaHi3MiB TXHBOI B3aeMOJil.

[To-apyre, 11e TexHiIUHA (TEXHOIOTYHA) CTAaHAAPTH3AIIIS
MEIMYHUX KOMI'IOTEPHHX CHCTEM. 3pOo3yMiio, IO
IHCTpYMEHTaJIbHI 3aCcO0U, IO BHUKOPHCTOBYIOTHCS IIUMH
CHCTEMaMH, MOXYTh 1 TOBHHHI OyTH PI3HHUMH (3aJIeKHO
BiJl TIEBHUX YMOB IX CTBOpEHHS Ta BHKOPUCTaHHs), aje W
TYT HEOOXiHO TNependayuTH MaKCHUMAJIBHO MOMIIUBY
CTaHAapTu3aliio (e MOXKE CTOCYBaTHUCS CTaHIAPTIB 10
inTepdeiicy, mnporokomiB oOMiHy naHumu, (opMaTiB
JIAaHUX, 1110 BUKOPUCTOBYIOTHCS ).

B Vkpaini MenuuHi 3akiaju 3MOXYTh 0OUpaTH Oyab-
Ky MeOU4Hy iH(pOpMaliiiHy cUCTeMy 3-IOMIX THX, SIKi
MPOUIIIA TEPEBIPKY 1 MiAKIIOUWINCSA 10 IEHTPAILHOTO
komrmoHeHTa cuctemu eHealth [1,2].

eHealth a0Go enexkTpoHHa OXOpoHa 3J0pOB'T —
BUKOPUCTAHHSA iH(popMariiHo- KOMYHiKaIliHHAX
TEXHOJIOTIH SIK B JaHOMY KOHKPETHOMY MICIli, Tak 1 Ha
BiJICTaHi JJIsl ONITHMAJIHOTO BUPIIICHHS 3aBJaHb CHCTEMH
CYCHUJIBHOT OXOPOHU 310pOB's. 3rifiHo 3 aupekTuBoo BO3
A58/21 «EnextponHa oxopoHa 3mopoB's (chealth)»:
«BigkpuBae yHIKaJIbHY MOXJIMBICTH IS PO3BHTKY
CYCHUJIBHOI OXOpOHU 3J0pOB'S. 3MIIHEHHS OXOPOHH
3JI0pPOB'sl 32 JIOIIOMOTOI0 CHCTEMH €JIEKTPOHHOI OXOpOHH
3JI0pPOB'Sl MOXE CIPHATH 3IMCHEHHIO OCHOBHHX IIpaB
JIIO/INHU B
pe3ynbTaTi  MiIBUINEHHS  PiBHA  CIPaBEIJIMBOCTI,
CONIJAPHOCTI, SIKOCTi MKHTTS 1 SKOCTI MEIUKO-CaHITapHOL
normomorm» [3].

3rilH0O YMHHOTO 3aKOHOJABCTBA JIIOJMHA (TIAI[E€HT)
Oinbllle HE TMpHB'A3aHA JO KOHKPETHOTO MEIMYHOrO
3aKiagy, TOMY TAlepoBHi OOJIK Ta JOKYMEHTAIlis
BIIXOJATh  HAa  APYrMH  IUIaH, 1X  3aMiHIOIOTh
aBromarn3oBani iHpopmaiitai cucremu (AIC).

AIC — 1le CyKyImHICTh CHCTEM KOMII IOTEPHOI'O
o0lajiHaHHS, TPOrPaMHOro 3a0e3leyeHHs, [aHuX, sKa
BUKOHYE Taki (yHKLIi, sk oOpoOka, 30epexeHHs, 30ip,
BimoOpakeHHs Ta mnepenadya iHpopmauii [4]. Bouwu
3MIHIOIOTh  MiAXix 70  30epexeHHs  iHdopmaiii,
MIPOITOHYIOTh HOBI MOXIIMBOCTI JJIsl 3MEHILIEHHS BHUTpAT
yacy Ha ii 00poOky. Bcs misutbHiCTH miJnpHEMCTBA
crocoBHO AIC 3BOAMTBCS O TaKUX Oa30BUX OIEpalliid:
JIOXOJI, BUIATKH, 3aJIUIIOK, OaaHC, aHai3 1 IUIaHyBaHHS.
Lli onepawii crocyroThcst OyIb-sSKMX 00'€KTIB OOJIKY, a
caMme: TOBapH, MaTepiajy, OCHOBHI 3acO0M, OC3TrOTIBKOBI i
TOTIiBKOBI TpomIoBi KomTH Tomo. [IpaktiuyHO Bei Oi3Hec-
MPOIICCH MIANMPUEMCTBA YU OYIb-IKUH BUI JiSUTBHOCTI
MOXKHa TPEACTaBUTH IIMMHU oOllepamisMu. Takok Taki
CHCTEMU MOXYTh HaJIIYyBaTH B CBOEMY CKJIaJli €IEMEHTH
IHTeNeKTyai3amnii. ABTOMaTH30BaHy CHCTEMY, HalpHUKIA,
MOXXHa BHUKOPUCTOBYBaTH JUIS CTBOPEHHS PO3KIALY
poOiTHHKIB, (hOpMyBaHHS 3BITHOCTI Ta iH.

Tomy, Meroro mocmikeHHs € po3podneHHs AIC s
MEIMYHOTO 3aKiajgy 3 BIPOBADKEHHSM EIIEMEHTIB
IHTeJNeKTyami3anii Uil ONTHMi3alil MpoLecy CKJIaAaHHs
PO3KIJIany JiKapiB, COPOIICHHS BEICHHS OONIKY MAIli€HTIB,
3MEHILEHHSI Yacy HEeOoOXiJHOro IJIsi TPOBE/ICHHS Bi3WTIB,
aBTOMATUYHOI MiJI'OTOBKH 3BiTiB.

II. IOCTAHOBKA 3ABJIAHHA

[IpoGnema, BedeHHS AISUIBHOCTI  MONIKIIHIKH Y
marnepoBui  crmoci6. BinCyTHICTH NPOCYHYTHX METOJIB
00CITyroByBaHHsI, 3alliKaBIEHHsS KOpUCTyBadiB. Burparu
yacy Ha Ii0ip JIiKyBaHHS KOPUCTYBady.

BupimenHs  npoOiieMd  JacTh  HAAIMHICTH  Ta
aBTOMATH3allif0  BEIEeHHs  OOJiKy,  3alliKaBJIEHICTh
KOpHCTYBa4iB y BUKOPHCTAaHHI CepBicy.

lapuum  pimenHsM  Oyzne po3poOKa  BiIOBiIHOTO
nporpaMHOro  3a0e3ledeHHs, 10  JacTh  3MOTy
MpaliBHAKAM 3aKjajy BECTH 3BITHICTb Ta 3pYy4HUM
iHTepdeiic LI 6e3nmocepeIHL0l POOOTH 3 TaHHUM CEPBICOM.

JlomaTok 11t mpaliBHUKIB TMOJIKIIIHIKK Ta MAIli€HTIB B
SIKOMY:

. KOJKEH JIiKap Mae CBiil po3Kkiam;

° Mpo TaIllieHTiB 30epirarothes nmawmi: [1Ib, nara
HapOJKEHHS, a[jpeca MPOKUBAHHS;

MAIEHTH Ji3HAIOThCS PO3KIIAJ JIiKapsi, BUKOPHUCTOBYIOUH
€JIEKTPOHHMH 3amuc J0 JIKaps 1 MPUXOIATh Ha TPHUIOM;
BEZIETHCsl OOJIIK MPUHOMIB;

y KOXXHOI'O TMAaIlieHTa € KapTka, ska 30epiracrtecs B

peectpatypi;
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. y KapTKy 3aHOCATBCA JaHi MPO MPUHOM: JaTa,
gac, [IIb mikaps,cuMOTOMH, IiarHO3, JIKH, NPUMITKA
(criocobu abo pexoMeH Al Mo MPUHOMY JIKiB;

° JIiKap MOXKE BUIMCATH TMAI[IEHTY PELEnT Ha JIKH,
HANpaBJICHHS HA AaHaJi3W, HampaBieHHsS 10 ¢axiBid i
BHIATH JOBIAKY NPO 3BUILHEHHS BiJl pOOOTH (BUITUCKY IS
oopMITeHHS JTIKapHSHOTO JINCTA).

Jlnst peanizamii IpOEKTy 3a OCHOBY B3ATO KOHIICIIIIIFO
KIi€eHT-cepBep. ToMy s BUKOHAHHS ()YHKI[IOHAJIBHUX
BUMOI' CHCTEMa IIOBHHHA CKJIQJaTHUCh 3 KIIEHTCHKOI T
CEPBEPHOI YaCTUHMU.

[II. PO3POBKA BUMOI" 10
ABTOMATHU30BAHOI CUCTEMHU

AIC  po3polOssieTbCst  Ajisl  CHPOIIEHHS — podoTH
MenuuHoro 3aknaay. Cucrema TIIOBUHHA —CIIPOCTHTH
BeJICHHS 00JIIKY 1 BUKOpUCTaHHs iH(popMmariii.

Buxonsuu i3 MeTH CTBOPEHHS CHUCTEMH, PO3TJISTHEMO
CHCTEMHI BUMOTH JIO HEl.

Cucremsi Bumoru 10 AlIC:

. peaitizailis CepBepHOi YAaCTHHU CEPBICY IMOBUHHA
OyTu y BHII cepBicy sKuil Oyme oOpoOJATH HaIXomsAdi
3aIUTH;

. KJIIEHTChKA YaCTHHA CHCTEMH IOBHHHA Mae OyTH
peanizoBaHa B BHWJI IPOCTOrO CalTy 3 NPOCTHM Ta
IHTYITUBHHUM iHTEp(deiicom;

. KJIIIEHTChKAa YacTWHA IIOBUHHA CKJIAJAaTUCh 13
TPHOX YACTHH, I afMIiHICTpaIlii 3aKIaay, Ui JiKapiB ,Ta
JUISl KOPUCTYBAYiB.

Cucrema Moke OyTHM BHUKOpPHCTaHA SIK 3BUYaWHUM
KOpPHCTYBa4aMH TaK i MpaI[iBHUKAMH 3aKIaIy.

[paniBHukK TOxMiNEHI Ha JiKapiB Ta aJAMiHICTPATOPIB.
AnMiHicTpaTopu Bi/INIOB11AI0TH 3a yIpaBITiHHS
po3KiIagamMu, oOpoOKy MepCOHAIBHOI iH(pOpMAallil JTiKapiB,
Ta TamieHTiB. AjaMiHicTpaTopu € mnpauiBHuKamu 1T
T APO3 LY.

Jlikapi mepeOyBaroTh B KabiHETaX 1 MOMUISIOTBCA IO
rocasax.

IV. BUMOTI'M 1O ATIAPATHOI YACTHUHMU

AIC po3pobmroeThest SIK ISl 3BUYAHHUX KOPHCTYBAUiB,
JIiKapiB, TaK 1 U afMiHICTpaIlii 3aKIamry.

Jst po3pobku Oyno oOpaHe Take obOnamHaHHA sk IBM
cymicuuii [IK ans Ge3nocepesHb0i pO3POOKH.

Jns  pospodbku Ha IBM cymichomy IIK Oyze
BCTaHOBJICHA orepaiiiina cuctema Windows Server 2002 i
Bumie. L{s cucrema Oyna BuOpaHa IS MaKCHMAJbHOTO
HaOJIKEHHS 10 YMOB CEpBepY 1 11 CHCTEMA € BiJIBHOIO.

Jlns 3abe3niedeHHst pOOOTH YCIX YacTUH 3aCTOCYHKY
MOTPiOHO HAAITYBATH Ta 3aIyCTUTH ceprep. 1o cepBepy
MOTPIOHO TpWB’SI3aTH  JOMEHHE 1M’ Uil 3pY4HOrO
JIocTymy 10 BeO intepdeiicy. Takoxk, HOTPIOHO OOMEKUTH
JIOCTYII IO CEpBEPY TIIBKU 3 IHTEPHET MEPEkKi KOMIIaHil,
mo oOcinyroBye MenuuHuid 3aknan. lle 3a0e3neuynth
HEJIOCTYIHICTh 3aCTOCYHKIB JUIsl JOCTYITY 30BHIi.

Jus  Toro mio0 TpamiBHUKM Mald — MOXJIHBICTH
npaioBaty, notpioui IBM cymichi T1IK 3 Oyap sikoro OC
Ta Opaysep 3 marpumkoro JavaScript.

s crBopenns 6a3u qanux y CYB/l MySQL
HEeoOX1THO BUKOPUCTOBYBAaTH KOMaHIu MOBU SQL st
CTBOpEHHS TabNuIb, PYHKIIH, Tpurepis, npouenyp. s

ctBopeHHs b/] 11 1boro nmpoekTy, 3anporoHOBaHO
phpMyAdmin.

phpMyAdmin — BeO-101aTOK 3 BIAKPUTUM KOJIOM,
Hanrcanuit Ha MoBi PHP 1 mpencraise coboro iHTepdeiic
st anmidictpyBanuas CYBJ] MySQL.

Krientcpka yactiuHa Oyme po3po0iicHa 3
BHUKOpHcTaHHAM MoBH JavaScript, HTML, CSS.

3aBasku HTML ta CSS ctBOpruMO cydacHuit
inTepdelic, sikuii Oyne 3py4HUM IUIsE KOPUCTYBAYiB.

JavaScript - e MoBa mnporpaMyBaHHs, siKa [Ia€
MOMJIMBICTb peasii3oByBaTU CKJAJHY IOBEJiHKY Be6-
cTOopiHKM. [Jlnis  CTBOpeHHS  GiJbIl  3PYyYHOTO
inTepdeiicy 3actocyemo AJAX.

V. BUMOT'U J10 IHTEP®ENCY
KJI€HTCHKOI YACTUHU

KiieHTCchka yacTUHaA peai3yeThCsl y BUII BeO caiiTy 3
PO3LIMPEHHMH MOXKIIMBOCTSIMH, 1110 IEPETBOPIOIOTH HOTO Yy
PWA.

PWA — Beb momaTok 3 JOAaTKOBUMH () YHKINISIMH, IIIO MA€
Taxi IJIbOBI IIOKa3HUKH:

e  HAJINHICTD,

®  3PYUHICTH;

®  IIBUKICTB,

®  MpuBaOJIMBICTS.

Taki BeO JomaTKM TicCHs BCTaHOBJICHHS Maibke He
BIJIPI3HSIOTHCA BiJ 3BUYAMHUX TOMATKIB, 1 PO3POOHUK Ma€e
JIOCTYI 10 BHYTpIlIHIX cucreMHuXx ¢(ynkuii. [lepeBara
TaKOro OJAaTKy B TOMY, 11O BiH HE CKJIaJJHUH B peai3alii,
TOMYy HE MOTPiOHO HalMaTH JOAATKOBUX PO3POOHHUKIB.
Po3poOHUKH mMporpaMHOro 3a0e3MleueHHS 3  JICTKIiCTIO
MOXYTb cTBopuTH PWA 3 Hidoro ta Hagatu Taki QyHKIil
y BIK€ Tpalloodnii BeO cailr.

Iuarepdetic IC moBuHeH 3a0e3CUyBaTH:

JIOCTYT JI0 YCiX (DYHKIIHM aqMiHiCTpaTopaM 3aKiaiy;
OOMEXEHUI JOoCTyNn s TMpaliBHUKIB Ta 3BHYAHHHX
KOPHCTYBaYiB CUCTEMH TiJIBKH J0 CBOIX (DYHKIIIH;
OJIOKyBaTH JOCTYN TMpAaIliBHUKIB Ta KOPUCTYBadiB J0
aZIMIHICTPAaTOPCHKUX (PYHKIIIH;

VL. CTPYKTYPHA CXEMA
ABTOMATH30BAHOI IH®OPMAIIIHOT
CUCTEMMU ONTUMBBALIT AISUIbHOCTI
MEJINYHOI'O 3AKJIATY

Jlyis peaizariii MOCTaBJICHOI METH BU3HAYCHO 3a7adi Ta
¢ynkmii, sxi  Oyme BukonyBatm cucrema. AlC
PO3pPOOITIOETRCSL I ONTHMI3allii pPoOOOTH METUYHOIO
3aKJIay He3aJSKHO BiJ MPUHAJICKHOCTI Ta CIIeIiaii3aiii.

[Ipy nbOMy BOHa TOBHMHHA OyTH pO3poOJicHA 3
ypaxyBaHHSIM MOJKJIMBOCTI il BHKOPHUCTaHHS B MOJIKIIHIII,
OaraTonpodiIbHOMY CTalliOHAPl 3 PI3HUMH KIIHIYHUMH |
JiarHOCTHYHUMHY BimaiteHHsMu. Memuuna AIC moBuHHA
3aJI0BOJIBHATH BCIM IOTpedaM MEIUYHOrO MEepCOHANly Ta
MAIi€HTIB, 3apajii IKUX BOHA CTBOPIOETHCS. TaKy CHCTEMY
MOYKHA PO3IJISIATH K HAOIp HACTYIHUX MOYKJIMBOCTEH:

. Teperyisil PO3KIaIiB JIiKapiB;

. MOXIJTUBICTB MAI[IEHTOM IIEPETJITHYTH CBOIO
EJIEKTPOHHY MEINYHY KapTKY;

. 3aIuc Ha MpUioM;

. IHTEJIEeKTyaIbHE YIIPABIIHHS PO3KIIAJIOM JIiKapsL;

. BiJIMiHa pHHOMY;
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3aIOBHECHHS KapTKH MAaIli€HTa;
BHITHUCKA PEIICTITIB;
JIO/IaBAHHs1/BU/IAJICHHS JIiKapiB/TAIli€HTIB;
BEJICHHS 3BITHOCTI,
peecTpallis JTiKapis.

CTpykTypHa CcXeMa aBTOMAaTH30BaHOI iH(pOpMAIliHHOT
CHUCTEMH ONTHUMI3amii JisSUTbHOCTI MEIMYHOTO 3aKIay
Tpe/IcTaBiieHa Ha puc. 1.
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o6'exT ynpasnivHa
Puc. 1. CtpykTypHa cxema aBTOMaTH30BaHOL
iH(OpMaIliFHOT CHCTEMHU ONTHMI3allil JiTBHOCTI
MEIMYHOTO 3aKIIa Ty

VY nopsiaky (yHKIIOHYBaHHS arapaT yrnpaiiHHS (070K
1) BiAmoBiZHO 10 3aBHaHb Ta (YHKIIH MiANPUEMCTBA
(6mox 2) BupoOnsie ympaBIiHCHKI pimeHHS. Amapat
YIIPaBJIiHHS BKIIOYAE OrepaTopiB ympasiiHHA. Omneparop
YIpaBJIiHHS - IIe [0cazoBa 0co0a amapary YIpaBJIiHHS,
sKa TpUAMae pilleHHs Ta 3a0e3rnedye BUKOHAHHS
KOMILIEKCY OpTaHi3aliiHO-TeXHIYHUX 3aXOiB IIOI0 HOro
peanizauii. ¥ koHTYpi QyHkiii AIC omneparop yrnpaBiiHHS
- e ocoba, mo npuiiMae pimenns (OIP), mo Bigmosinae
3a  pealizamiio MPUHHATOrO pilIeHHS. 3aJeKHO Bix
KOHKPETHUX YMOB «OOJINYYs» MOXKE OYTH FOPUIAUYHUM YU
¢iznunumM. OITP — me cy0'exT ympaBiiHHS. YTIpaBIiHHS
3MIHCHIOETBCS ~ HUIAXOM  peanizamii  pillleHb,  SIKi
BHPOOJIIOTECS  Cy0'ekTOM. PillleHHS - Iie  [ijaboBa
yCTaHOBKAa ONeparopa YIpaBIiHHs], CHOpPSMOBaHAa Ha
3MIACHEHHS OpraHi3aIlifHO-TEXHIYHUX 3aXOiB  IIOJO
YIIPaBJIiHHS 00'€KTOM.

[lepenaua pimeHHs 3 TPSIMOTO 3B'S3KY IPOBOIUTHCS
KaHaJlaMH TiepeZiadi 3a JIONnoMoror Onoky 3 Ha 00'exT
yhnpaBiiHHA (00K 4) — MiAIPUEMCTBO, OpraHi3allo,
¢bipmy Tomo. Yepes Omok 4 peamizyeThes  TaKOXK
3BOPOTHHH 3B'130K, TOOTO Iepeaaya JaHux Bia ONOKy 4 B

ook 3. 3 Osoky 4 uepe3 ONOK 3 JaHi mepenarOThCs Ha
TIEpILUA eTaIl TEXHOJIOT1i 00pOOKH JaHUX, A€ IPOBOJUTHCS
30ip 1 peecTparlist JaHUX, 10 HAAXOISATH BiJ| ITiIPUEMCTB
nanux (6mok 5). Ha HacTynmHOMy erami HpOBOIUTHCS
miAroToBKa MacuBiB iH(opmarii 1o 06podoku EOM (6sox
6). Ilicns npOro MOYMHAETHCA 00pOOKa JAHUX BiAOBIIHO
JI0 aJTOPUTMIB BHpilIeHHS (YHKIIOHAIGHUX 3aBlaHb
amapary ynpasiinas (010K 7).

Peamizamist po3B'si3aHHs  (QYHKLIOHAJIFHUX 3aBJaHb
MIPOBOJIUTHCSL 3 YpaxyBaHHSM BIJNOBITHUX TPHUKIATHAX
nporpam kopuctyBauiB. Ilicms 3akiHueHHS OOpOOKH
rakera JaHUX (JOKYMEHTIB) MEBHOro ()yHKIIOHAILHOTO
3aBI@aHHS ~ IPOBOAUTHCS  O(DOPMIICHHS  pe3yJbTaTiB
00poOKH, TOOTO MPHUETHAHHA M0 BHUXITHUX JIOKYMCHTIB
HEOOXITHUX CTPYKTYpHHX ejeMeHTiB (Omok 8). Ilicms
MIPOBEACHHS KOHTPOJIO BUXIJHUX JOKYMEHTIB OCTaHHI
MepeAAOTHCA uepes OJIoK 3 y OJIOK 2, [0 BUPIIIYE TICBHE
3aBJIaHHSI.

Buxigni (pe3ynbTaTHi) JOKYMEHTH, SIK 1 BXIijHi,
30epiratotbest y BJI. Ilpu HeoOXimHoCTI (yHKIIOHEpH
amapary YHUpaBJIiHHs ITiJ{ 4ac BHpILIEHHS CBOiX 3aBIaHb
3BepTaroThess 70 bBJl 3a HeoOximHow iH(opMariero. Y
TakoMy pa3i OOMiIH JaHMMH MOXXE BiIOyBaTHCS
OesrocepenHb0 Mix KopuctyBaueM (010k 2) Ta BJ] B
IHTEpaKTUBHOMY pexuMi (010K 9).

Peanizamiro ¢dyHkmioHampHux 3aBaanb AIC 3a Bcima
IUISHKAaMH Ta TpolenypaMu 3a0e3nedyloTh Yy CBOIH
YacTHHI  BIANOBIAHI  IiJCUCTEMHU: iHpopMarriiine
3a0e3mneueHHs (Onox 10), TexniuHe 3abe3neucHHs (OJIOK
11), mporpamHo-mMaTemMaTH4He 3a0e3nedeHHs (610K 12) Ta
oprasizaimiiHo-ipaBoBe 3a0Oe3nedyenHs (Omok 13). VY
KoHTYpi ¢yHkumionyBanus AIC cmig BpaxoByBaTH
BHYTpIlIHI Ta 30BHIIIHI MOTOKM iH(popManii. BryTpimHi
TIOTOKH 1epedyBatoTh ycepeanHi kKoHTypy AIC, To6To Mixk
amaparoM ympaBmiHHA (Omoku 1 Ta 2) Ta 00'ekTOM
yrpasiiaHs (610K 4). KpiM Toro, 10 BHYTpIlIHIX MTOTOKIB
BiJTHOCSATHCSI TAKOXK OTOKH 1H(opMarii Ha piBHI B3aeMOJIiT
kopuctyBauiB (00k 2) 3 B/I (0;10k 9), a TakoXk MOTOKU Ha
PIiBHI IIJISHOK 1 €TaIliB TEXHOJIOTIi 00poOKH maHux (OJ0OKH
5-8).

Jami Oynu Bu3HAaueHI BUMOTH JI0 PO3POOIIOBAHOI
cucremu. [l peanizamii MpPOEKTy 3a OCHOBY B3SITO
KOHLIENIII0  KIi€HT-cepBep. ToMy s  BUKOHAHHS
(YHKI[IOHAJHHUX BHMOI CHUCTEMa MOBHHHA CKJIAJIATUCH 3
KJIIEHTCHKOI Ta CepBEPHOI YaCTHHH.

AIC  po3poOmsieThCst IS CHPOIICHHS  POOOTH
MenuuHoro 3aknaay. Cucrema TIIOBUHHA —CIIPOCTHTH
Be/IeHHs 00Ky, BUKOPUCTaHHs iH(poOpMallii, MaTi B cobi
€JIEMEHTH 1HTENeKTyalli3amii s CIPOIIEHHS CKJIaIaHHs
pO3KJIany JiKapiB, BEICHHs 3BITHOCTI. Buxomsuu i3 MeTH
CTBOPEHHSI CHUCTEMH, PO3IIITHEMO CHUCTEMHI BUMOTH JO
HEl.

Cucremsi Bumoru 10 AIC:

° peaitizaiiis CepBepHOi YaCTHHU CEPBICY IMOBUHHA
OyTH y BUII CEepBICY SKUI Oye 0OpOOIATH BXIIHI 3aIUTH;

o KJIIEHTChKA YacTHHA CHCTEMH IOBHHHA Mae OyTH
peanizoBaHa B BHWJI IPOCTOrO CaWTy 3 NPOCTHM Ta
IHTYITUBHHUM iHTEp(deiicoMm;

. KJIIIEHTChKAa YacTWHA IIOBUHHA CKJIAJAaTUCh 13
TPHOX YACTHUH, I afMIiHICTpallii 3aKiaay, Ui JiKapis, Ta
UL KOPUCTYBayiB MaTh 3py4YHHA Ta iHTYITUBHUII
inTepdeiic.
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VII. BUCHOBKU

Po3pobka aBTOomMaTn3oBaHOi iH(opMamiiHOI cHCTEMHU
ontuMi3amii JiSUTBHOCTI MEAWYHOrO 3aKjiaay J03BOJISE
BIIPOBAIMTH CIIEMCHTH 1HTEICKTYai3amii UIs i ABHIICHHS
IIBUIKOCTI Ta SKOCTI OOCIYroBYBaHHs KJIIEHTIB 3aKJIaiy.
CrpocTUTH TpONECH CKIAAaHHS PO3KIaAy IepCOHaTy,
(¢opMyBaHHS 3BITHOCTI B aBTOMATUYHOMY PEKHMI IS
YHUKHEHHSI JTIIOJICBKOr0 (hakTopy, BEJCHHS BI3HTIB JIiKapiB
X ONTHMIi3allisl Ta iHIIIe.
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Amnoramisi: CucremMa aBTOMaTUYHOro 30epiraHHs Ta IOIIYKY
nmannx Jracking (AS/RS) moBHICTIO ekciuryaTyeTbes — Oe3
JIFOZICBKOI Tpary Juisi aBTOMAaTHYHOrO 30epiraHHs Ta 3asiBKU Ha
ToBapy. Lle HOBMIA I THATHIA THIT CKIIaJICBKOT0 I'OCIIOapCTBa IS
ajanTanii EKOHOMIKHM, M0 pO3BUBA€ IMONHUT Yy CYY4aCHOMY
ITOKOJIIHHI.

1. BcTtyn

PimmenHss mnpo iHBecTyBaHHS B aBTOMAaTH30BAHOMY
CKJIaJli € CepHO3HOI MPOOIEMOI0, OCOOJIMBO IS MANHX i
cepeqHIX KOMIIaHid. Maroum CKIajchki Ta TOIIYKOBI
MAIIMHU 1 TPAHCIIOPTHI 3aCO0H, JTOCTYIIHI JBI TEXHOJOTIT,
SKi  3apeKOMeHIyBalM cebe Ha MpakTuii 1  sKi
BUPI3HAIOTHCS 1HIUBITyaIbHOIO 1IeHTU]IKALIIETO.

[epeBaru Ta HENOMIKU IIUX TEXHOJOTIH.

V toit yac sk cucremu AKL BBaxkaroTbCAd MIIHUMU 1
HaJIHHAMH 1 MOXYTh EKCIUTyaTyBaTHUCS E€KOHOMIYHO,
cucremu matiaa (AS/RS) XapakTepusyrOTbCs CBOEIO
BHCOKOIO THYYKICTIO, JMHAMIYHUMHU XapaKTEPUCTUKAMU 1
BHCOKOIO TOTOBHICTIO CHCTEMH B pasi  BiIMOBHU
TPaHCIOPTHOrO  3aco0y. 3  iHmoro OOKy, ICHYe
HETHYYKICTH 1  OCHOBHI  HACJIiJKM  HECIIPAaBHOCTI
aBTOMATHU30BaHOI CHCTEMHU CKIIAy, & TAaKOX CKJIaTHICTh i
MOB'si3aHI 3 UMM BHCOKI BHTpaTH Ha NpHUIOaHHA Ta
00CITyrOByBaHHSI CHCTEMH IIATIIA.

SIKI10 BY MOJMBHUTECH HA HIOPIYHY KiJIbKICTh BBEJCHUX B
eKCIUTyaTallilo CKJIaiB JeTaneil i CHCTeM MiaTia, CTae
3pO3YMUIMM, IO OOMIBI CHCTEMH iCHYIOTH ILTIU-O-TLTIIY 3
2015 poky i mo B OOW/ABI CHUCTEMH HIOPOKY BKJIAIAIOTh
yucieHHi iHBecTuuii (auB. Puc.1). lle Takox o3Hauae, mo
B IPU3HAYECHUX Ul KOPHUCTYBaua rajy3sx, sSIK OCb ONTOBa
Ta po3apiOHAa  TOPTIBIA, IOCTAYaJbHHUKH  IOCIYT
aepormopTy, a TaKoX XapyoBa Ta aBTOMOOIJIbHA
MIPOMUCIIOBICTh. [HBECTHILINHI pIillIEHHS MIOJ0 LHUX BOX
CHCTEM MAIOTh YXBAJIIOBATHUCS HA PEryJISIpHIA OCHOBI.

BakuBi mapamerpu pilleHHs Ha SIKi CIIiJI 3BaXKaTH — IIe,
HacaMmepel, BHMOTU JO TPOAYKTUBHOCTI (IPOITyCKHA
CIIPOMOXHICTh 1  BaHT&KOHIAHOMHICTB), CTPYKTYpHI
nmapaMmeTpy, e(eKTHUBHICTH Ta CKOHOMis, a TaKOoX
THYYKICTh JIOTicTH4HUX mpoueciB. [lix 4ac yxBajeHHs
pileHHs! HeOOXiHO BPaxOBYBaTH l€papXidyHi 3aJIeKHOCTI.

[lopiyHe BBeNEHHS B eKCIUIyaTalil0 YOBHHKOBHX 1
aBTOMAaTU30BaHUX  CKJIQJCBKMX  CHCTEM  IIUPOKOTO
MPU3HAYEHHS HA OCHOBI KOPHUCTYBAIbKOI CTATUCTHUKU JIJIS
aBTOMATUYHHUX CUCTEM 30epiraHHs i KOMILUIEKTaIlii.

Hapeniri, 3aranpHa KOHIENIIIS 3aBX/IM Ma€ BHUpilIaIbHE
3HAYEHHs, HE iICHYE MPOCTOTO MPAKTUYHOI'O IMPaBUIIA IS
NpUiHATTA ~ pimleHb. ToMmMy Mg yac  yXBaJeHHS
IHBECTHIIIHHOTO pIIlIECHHS BaXKJIIMBO BPaxOBYBATU LTy
HU3KY PI3HHUX [apaMerpiB, SAKi CKIAIHO 3PO3YMITH
B3arajioM 1 sKi He JIHIHHO 3ajJeXarh OAWH BiJl OIHOTO.

OTmxKe, U1l IPUAHSTTS YCBiZIOMJIEHOrO BHOOpY MOTpiOHE
KiJIbKICHE MIATPYHTSI.
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Puc.1.CraTuctuka BBeleHHS cUcTeM 30epiraHHs i
KOMIUIEKTAIi

VY YHCIIEHHUX HAaYKOBO-TEXHIYHHMX CTATTSX JIBI CUCTEMU
ab0 pO3MIAMAIOTHCS 130JIbOBAHO OJOHA B OXHOI, abo
MOPIBHIOIOTHCS TUTBKH SIKICHO. Y OUIBIIOCTI BUMAIKIB HE
JMAETBCA HIAKUX pPEKOMCHIAIii abo JaloThCs JIMIIE
PO3IUTMBYACTI  PEKOMEHJAIii IM0 MO0  TEXHOJOTIi
aBTOMATHU3allil, sKa MOBUHHA OyTH OOpaHa I 3aBJaHHS
repeayi TOBapiB JI0 JIIOAWHM B 00JacTi APIOHUX JeTalei.
[ro nporanuHy B AOCTIKEHHIX Nepen0adaeTbesi 3aKpUTH
LIIMH TE€3aMU.

VY mux Te3ax MpeicTaBlIeHO KiJIbKICHY MOJIENb PillIeHHS
JUTS.  CTPYKTYPOBAHOTO BHOOpPY HAMOLIBII ITiIXOMSIION
TEXHOJIOTIT aBTOMAaTHU3aIll i1 KOHKPETHOTO JONaTKy. Y
MOJICJi, 3aCHOBaHIM Ha TNEBHHX BXIJHUX IMapamerpax i
CHUCTEMHHUX BHMOTaX TCHEPYIOThCS, TIIOPIBHIOIOThCSA U
OIIIHIOIOTHCSA  BIAMOBIAHI ~ albTepHATHBA JUISI 000X
BapiaHTIB 30epiranns. B3aramom ckiagHe pilieHHS MOKHA
CTPYKTYpyBatu i epEeKTUBHO pO3pOOHUTH 32 IOMOMOTrO0
obOpanoi mporeaypu. Ha OCHOBI oOTpuMaHOi Mojeni
NPUAHATTS PillIeHb CTBOPIOETHCS HUTICHUH MAXIi.

I1. AHAJII3 OB'€KTA JOCJIKEHHS

Cucrema aBTOMaTHYHOIO 30€piraHHs Ta MOUTYKY JaHHX
Jracking (AS/RS) moBHicTIO eKkcruTyaTyeTbecst  0e3
JIFO/ICHKOI TIpalli /Il aBTOMaTUYHOTO 30epiraHHs Ta 3asiBKU
Ha ToBapu. lle HOBHMH MiAHATHIA THI CKJIAJCHKOrO
rocIioJlapcTBa Uil ajanraiii eKOHOMIKH, IO pPO3BHBAE
NOMUT Yy Cy4YaCHOMY  TIOKONiHHI.  BepTukaibHuUii
BUCOKOIIBUAKICHMI CTelaX - OCHOBHA JIONIOMIXKHA
CTPpYKTYpa, 3a JOIOMOIOK sKOI MOHa Oyino O
peanizyBaTH BEpTHKaJIbHE CXOBHINE 3araioMm mo AS/RS.
VIoro mpoyKTHBHICTh BILTHBA€ Ha POOOTY BChOTO CKIATy
Ta BIJMOBIAHOr0 00J1aiHAHHS (pHUC.2).
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Pucynok.2. Cucrema AS\RS

OcobmuBocri cucremu AS\RS:

e MakcumizyBaTu JOCTYIIHI MiCIsl ajisi 30epiraHHs B
ICHYIOUUX CTPYKTYpax, HE JOIycKarouu 30epiraHHs 1
POBILIMPEHHS 32 MEKaMU CauTy.

e Minimizamiss 3arajgpHOl Iwiomn Oymiem 1o 50%
TIOPiBHSTHO 31 3BUYAHHUMHU CKJIAIaMHU.

e 3HWKEHHS BHUTpaT Ha eHeprito Ha 40% y Oinbm
MIPOXOJIOJTHUX CEPETOBHIIAX.

e 3HWKEHHS BUTPAT Ha KOy pOoOOTi Ta BUpoOam.

o [ligBuieHHs TOYHOCTI IHBEHTapHU3aIlii Ta
00CITyroByBaHHsI KJII€HTIB.

e Po3po0ieHHs 32 BUMOraMy 3aMOBHHKA.

e MoxHa PO3MICTHTH Oy/b-sIKE ICHYIOYE HPUMIIICHHS
o0'ekra.

e MaxkcumaiibHO 301TbIITY€E CKIIAJIChKI MOJKIIMBOCTI.

o HapniitHuii, 6e31pOTOBUH, HU3BKUI PIBCHb TEXHIYHOTO
00CITyrOByBaHHSI.

o 3MeEHIIeHHs pOO0OUOl CHITH.

e 3a0e3meuye OuITbII HajAidHE PpIMIEHHS, HDK 1HIII
PpIlIEHHS TS TIIMOOKOTr0 30epiraHHsi.

Cuctema  AS\RS  ckmagaethCss 3 HACTYIHHUX
KOMIUIEKTYIOUuX:  3amyactuu (1), aBTOMATHYHI
TPUCTOPOHHI mITadenepu (2), 3amizHuyHi peik (3).
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Pucynok.3. Ctpykrypa AS\RS

Cucrema AS\RS ckiamaerbcsi B OCHOBHOMY 3 TPbOX
YaCTHH:

Pucynok. 4.CxnanoBa AS\RS

Hwxust HanpsiMHa 0a3a MiATPUMYE BCIO KOHCTPYKINIO 1
pyxae i mo goxuHi (puc.4).

Kosonka. Ilel emeMeHT MO3BOJISE JIETKO JOCSATTH BCiX
pizHux BuUcOT. EnmemeHTt excrpakropa. lle TpucTopoHHS
BMJIKA, SIKa TIEPEMIIIYETHCS 3a JIOIIOMOIOI0 TOJIOBH, SKa
MOXKE pyXaTHCs BJIBO, BIIPABO 1 BIEpes, MO0 OTPUMATH
JIOCTYTI JI0 HABAHTAYKEHHSI.

III. METOM PEAJII3AITIT

Hupextua VDI 2692 [15] BH3HAYa€ aBTOMATHYHI
ckiaam mupokoro npuzHadeHHst (AKL) sik cucremu, ““ski
TPAaHCIIOPTYIOTh 1 30epiratoTb BHPOOHM 3a3BHYAN Y
CTAaHJApPTHUX HABaHTa)KyBAJIbHUX 3ac00ax (KOHTeHHepax,
JIOTKaX, SIUKaxX TOLIO) - B aBTOMAaTH30BaHOMY IIpomueci”.
KpiMm TOro, cxiaj IIMPOKOro MNpU3HAYEHHS TUIIOBUH,
3aBIAKA BHMKOPUCTAHHIO CKJIQJCBKUX MAllIWH, 3a3BHYail
KEpOBaHUX 33 TPHOMA OCAMH AJIA YIPABIiHHS HOIULIMU"
[15]. 3 inmIoro 60Ky, BayKJIMBOK OCOOJIUBICTIO YOBHUKOBOL
cucteMd € "3HaYHME OO  TOPU3OHTAIBHOTO 1
BEpPTUKAJBHOrO  TpaHcmopTyBaHHA" [15].  3a3Buyai
YOBHHMKOBI TpPaHCIIOPTHI 3aco0HM IepeOuparoTh Ha cebe
TOPHU30HTAJIbHE TPAHCIOPTYBAHHA, a TAKOX NIPUHMaHHA Ta
PO3BaHTAXEHHA  BaHTaXy, TOAI fAK  BEPTUKAJbHE
TPAHCIIOPTYBAaHHS 3IIHCHIOETBCS 3a JOMOMOroro JidTiB
[15]. ToBapu, mepenaHi Ha ayTCOPCUHT, TPAHCIIOPTYIOTHCS
4yepe3 KOHBEEpHE 3'€HAHHS 1O OAHIET ab0 KUIBKOX
CTaHIIl KOMIUICKTYBaHHS, Ji€ BiIOyBaeThbcs (haKTUUHUI
MpolleC KOMILIEKTYBaHHs (TIPUHIMIT TIepeayl Bij ToBapiB
1o mronunam) [13].

PosrmsineMo MeTon Mik(YHKIIOHAIFHOTO TUIAHYBaHHS
PO3IIOAITBUUX IIEHTPIB 3 BUKOPHUCTaHHAM Teopii rpadis
[7]. Ansa xoxHoi yHKIIOHATBHOI 001aCTi PO3MOIIIBYOrO
LEHTPY, TOOTO HAIXOMKEHHS TOBapiB, KOMIUIEKTAI]
3aMOBJICHb, IIaKyBaHHA TOLIO BPaXOBYIOTbCH  Pi3Hi
TEXHIUHI pilleHHs, Tak 3BaHI 0a3oBi Momymi. Pi3Hi
BapiaHTH  IPOEKTYBaHHA  PO3MOJUIBUOrO  LEHTPY
IpeaCTaBleH] 3'€JHAHHAM OKpeMHX Oa30BHUX MOJAYIIB y
rpad, s AKOI ONTUMAJbHE 3 MOTJIAAY BUTPAT PIllIEHHS Y
BUIJIAAI ONTHUMAJIBHOTO MapIIpyTy Moxe OyTH BU3HAUECHO
3a JOIOMOT' 010 anroputMmy Jleikcrpu.

Iporienypa OOHOYACHOTO BH3HAYEHHA IUIaHYBAHHS
CKJIaJy Ta TOJITHKUH KOHTpoito [11] BHKOPHUCTOBYEThCS
JUI1 BHU3HAYEHHA KOMIIOHYBAaHHA B 00JIacTI PY4HOro
BinOopy. Ha ocHOBI 3a1aHMX YMHHHKIB BBEJCHHS 1 BUMOT,
TaKUX SIK OYiKyBaHMH TOMHUT HAa TNPOAYKIO, CKIAJICHKi
MOTY)XKHOCTI a00 BUPOOHWYI MOTY>KHOCTI IOJISITAa€ B TOMY,
mo0 BUOpaTM Maker i3  HAWKOPOTIIMM  YacoM
KOMIUTeKTyBaHHs. KoHKkpeTrHOi KOH(Irypaiii He BKasaHo,
aje B pIIIEHHS BKIIIOYEHO pi3HI TEXHIYHI peajizaii.
Mertoj nociipKye MOXKITUBI peattizallii, ki € pe3yiIbTaToM
koMOinanii. CTpina YOBHHMKAa OIIUCYE  3pOCTaroye
BUKOPHCTaHHA YOBHUKOBHUX CHUCTEM Y  KOHTEKCTI
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BHYTPIIIHBOI JIOTICTUKK Ta BUIIPABIOBYE I PO3BHTOK
MOCTIHHO 3POCTalOuUM AaCOPTUMEHTOM TOBapiB 1 Jenaii
IpiOHImMMU 1ocTaBkamu [1]. 3aBasku CBOEI THYYKOCTI,
YOBHHMKOBI CUCTEMH OCOOJIHMBO IMiAXOJSTH VIS IIUX BUMOT.
OOuzBiI CHCTEMHI KOHIICIIiI MaroTh CBOE 3HA4YEHHS 1
HEMOXJIMBO ~ JaTW  3arajbHy OIIHKY IIMM  JIBOM
koHuenuisM. CTpijla YOBHHKAa BUKOPUCTOBYE JIOTICTHYHY
UIUIBHICTh  MTOTY)XHOCTI  (CIIBBIJHOIIEHHS IPOITYCKHOL
3ATHOCTI Ta €MHOCTI CXOBMINA) SIK KpHTepiil BHOOpY
cucremu [1]. OnHOpiBHEBI YOBHHKM MiX IPOXOAaMHU
PEKOMEHAYIOTh JJIS CKJIAJIB 13 BHCOKOI MIUIBHICTIO
JIOTiICTHYHOI TOTY)KHOCTI, a 0araTopiBHEBI YOBHHKH 200
CHCTEMH 31 3MIHOIO NIPOXOMIB PEKOMEHTYIOTh JJISl CKIIAIIB
i3 HH3BKOIO TMOTYXHICTIO. 3TiJHO 3 CTPUIOI0 YOBHHKA
cucTeMH 30epiraHHsl i MOIIYKY 3HAXOIAThCS IIOCEPEArHI 1
0COOJIMBO MIAXOMASATH Uil BHUMOT ITOCTIHHOI MPOITYCKHOL
3JIaTHOCTI.

Jlobpe oOrpynToBaHe 1 JOKIamHE IUIAHYBAaHHS
CTaBUTHhCS HAa IEPEAHIN IUIaH Mpu BHOOpI MK JIBOMa
cucremamu [5]. 3okpema, ciin OpaTH A0 yBarm KpuTepii
o0csriB  30epiraHHs, HeOOXiJHY TNPOAYKTHUBHICTH 1
MalOyTHIH  PO3BUTOK 3 IMOIVISAY  KOMIIOHYBaHHS,
IHBECTHIIIA Ta eKCIUTyaTalifHuX BUTpar. [lnaHyBaHHS
CKJIagy, 30KpeMa, MOXE BHSBHUTHCS BHPIIIAIBLHAM
(akTopoM, SKIIO II€ Ma€ BUpIlIaJbHE 3HAYEHHS IS
MICTKOCTI CXOBHIIA, eKCIUTyaTanii CuCTeMH matia. Takui
MiXIJ MOXKE IMPHU3BECTH IO 30UIBIICHHS 1HBECTHINN Ta
ekcrutyartariiinux Butpat mo 30% [5]. VY ictounuky [5]
JAE€ThC TPUONM3HA PEKOMEHJAlis JUIS  yXBaJICHHS
pIlIEHHS, IO TPYHTYEThCS HA TUHAMIIi IBOX KpHUTEpiiB
(KITBKICTh 3aMOBJICHb 1 KOMIUIEKTIB 33 TOAUHY - TCHICHIIIS
JI0 CUCTEMHU 4YOBHHMKA) Ta 00'eMy (KUIBKICTH TOBapiB i
€MHICTh 30epiraHHs - TEHIEHIIs 0 KIACHYHOI CHCTEMH
CKJIalyBaHHS JAPIOHUX JeTajei).

Y mxepeni [15]  pexkoMeHAyeThCsA KpaHH-IITAOEICpU
JUIL CKIIAJICHKUX IPHUMIIIEHb i3 HHU3bKOIO IPOIMYCKHOIO
CIPOMOXHICTIO Ta BEJIUKOIO MICTKICTIO, @ TAKOXK y 30HaX
i3 BaXKUMH BaHTakaMH. OCKUIBKM IIi BHUMOTH TaKOX
OyIyTh BXJIMBI Y MallOyTHHOMY aBTOp OauuTh Oe3redHy
HIITY I IMX CHUCTeM. 3 iHIIOro OOKy y mkepeni [5]
PEKOMEHIYEThCS YOBHHKOBI CHCTEMH JUIst
BHCOKOJMHAMIYHHMX 3aCTOCYHKIB, J€ IIBHJKICTb, Malle
CHOKMBAHHS MiCIl 1 THYYKICTh B OOIr'y € KIIIOYOBUMH.
OpHak, 3arajoM BWIOa JUIs KITi€HTa Ta 3arajbHa
MPOAYKTUBHICTh JIOTICTUYHOI CHCTEMH NepeOyBaloTh Ha
NepeTHbOMY IUIAHI, TOMY JOy)K€ BaXKIMBHM € I[iTiCHHUH
MOTJISIT HAa BCi BHMOIH, aJanTOBaHi JO BiAMOBITHOTO
3aCTOCYHKY. Xo0dYa CHCTEMH IIATJIiB B3arajioM MaroTh
OLIBIIMIA TOTEHIIa IS MOAAIBIIOT0 PO3BUTKY, CUCTEMH
SRM 3anumaroTbcss OUNBII  BaXIJIUBHMH 4Yepe3 iXHIO
TEXHIYHY CKJIa/IHICTb.

YacTrHa TUIAHOBHMX Ta IHBECTHIIMHUX pillleHb Ha3MBa€E
TPU OCHOBHI TapaMeTpd MJIsl yXBaJCHHS pIillICHb:
THYYKICTh JIOTICTHYHUX IIPOIIECIB, CEpedHs OdiKyBaHa
MPOITyCKHA 3JaTHICTh 1 MOXIIMBA pO3IIMPIOBAHICTh
JIOTICTUYHOI CcHCTeMH. ABTOp Jpkeperna [6] pekoMeHmye
BUKOPHCTOBYBAaTH CHUCTEMY ILIATJIB, SKIIO € pEasiCTUYHI
LTl 3pOCTaHHS 1 MiJBHINEHI BHUMOTU JO IPOIYCKHOI
CIIPOMOXHOCTI, ~ sieKi ~ 33JI0BOJIEHI 32  JJOMIOMOTOO
JMOJATKOBUX TPAHCIOPTHUX 3aco0iB  matia. SKiio
JIOTICTHYHI MPOIECH YiTKO BU3HAYEHI, JEHHY MPOIYCKHY
3JIATHICTh MOXKHA JIETKO PO3paxyBaTH, BHUKOPHCTOBYBATH
cucremy AKL.

B mxepeni [4] aBTOp po3po0iisi€ KOMIUICKCHHA METOJ
TUTAaHYBaHHS JUIst MOJIIIIEHOT O TUTAaHYBaHHS
aBTOMATUYHHUX CHCTEM 30epiraHHs, IO € aIbTEPHATHBOO
TPamUIifHIA MPOIEIypH ITOCTIOBHOIO IUIAHYBaHHS, B
SKi CIOYaTKy BH3HA4YaeThcs TIpyOe IUIaHYyBaHHA 3
€MHICTIO CKJIQJCPKUX TMPHMIIEHh, a Ha HOro OCHOBI
pO3paxoByeThbesi BaHTaxomiaioMHicTe. 11106 ocrarouHo
OLIHUTH  IHBECTULIWHI  BHUTpaTH, [4] mHpoOMOHYyE
BUKOPDHCTOBYBAaTH LUTICHY MOJENb IUIAaHYBaHHS, sKa
poouTH cKiIaaChbKe IUaHyBaHHs, [lnaHyBaHHS CKIIaay cTae
OibII KEpOBAaHMM 3 BEJIUKOI KUIBKICTIO BapiaHTIB
IUIaHyBaHHS. TakUM YMHOM, HEOOXIJHO CKOPOTHTH 00CST
poOOIT 3 TUTaHYBaHHS, SIKi 3aJI€)KaTh BiJl 3HAHB 1 JOCBiNY, 1 B
TOH ke dYac MoxHa Oyne 3HAWTH ONTHMAJbHY
MIPOJYKTUBHICTH 1 BapTiCTh. 3arajbHa po3po0diieHa MOJIETb
CKJIaZIa€ThCsl 3 TPHOX MiAMOJENEH, SIKI PO3pPaxOoBYIOThH
TEOMETPi0 CKIaAy (BKIIOYHO 3 KIIBKICTIO CKJIaJICHKUX
IUIONI), TPOAYKTHBHICTh BaHTa)KHO-PO3BAHTAXKYBAIBHHX
pOOIT Ta iHBECTHILIIIHI BUTPATH JUIsl PI3HUX THIIB CKJIAIIB.
TakuM YHHOM, TE€HEPYIOTHCS YHCIICHHI ajJbTEepHATUBH 1
PO3PaXOBYIOTHCS iXHI KJIFOUOBI IMOKAa3HUKH (T€OMETpis,
KUIBKICTh ~ TAapKyBaJIBHHX  MiCllb,  NPOXYKTHUBHICTb
BaHTa)XHO-PO3BaHTaXXyBAIBHUX POOiT, iHBecTHLii). [ToTim
3a  JIONOMOrOK  (yHKINi  onTHMi3alii  JaeThCs
pEeKOMEHAallsl MO0 ANbTEPHATUBHOTO CXOBHINA, SKa
MPU3BOUTh 10 HaWMEHIINX IHBECTUIIMHUX BUTpAT.
[lpeamMeroM  1BOrO  JOCHIAHHUIBKOIO  TPOEKTY €
aBTOMAaTW4HI  CKJIAQAChKI ~ CHUCTEeMH 3  KpaHaMH-
mrabenepaMu, 30kpeMa OaratospycHi ckimamu (AS\RS).
YOBHUKOBI CUCTEMH HE BPaXOBYIOTHCSI.

Ha 3akiH4eHHS MOXXHa KOHCTaTyBaTH, IO CKJIAIHICTh
BHOODY MIXK JIBOMa TEXHIYHUMU BEpCisIMH
I IKPECTIOEThCSL BciMa aBTopamu. HesBaxkarouu Ha Te, 10
OKpeMi TMepeBarn Ta HEOOJIKH CKJIAJICBKUX CHCTEM 1
IIATIIB U APIOHUX JeTajell TOBHICTIO BiOMI ¥ omucaHi
B JiTepaTypi, Bce IIe IMOTPiOHI BETMYE3HI 3yCHIUII 3
TUIaHYBaHHS, 100 3HAWTH CHCTEMHE PIllIeHHs, alallTOBaHEe
JIO0 1HIMBIMYaJdbHOI CHUTYaIlli TA BUMOI 3aMOBHHKa. XoOua
PO3POOHUKHM MOXXYTh 3aCHOBYBATH CBili BHOIp CHCTEMH Ha
3araJlbHUX PEKOMEHMIAIlsIX JO [ii, BHOIp OmHIET 3 IBOX
aJbTEpPHATUBHUX CHUCTEM 3aIIUIIAETHCS 1HIMBIIyabHUM 1
4acTKOBO  cyO'ektuBHUM  pimeHHsM.  CTpykTypa,
(YHKIIOHAJBHICTG 1 Kiacu(ikaliss MojeNi PUHHATTS
pillieHb Yy 3arabHOMY IIPOIIECi TIaHyBaHHs 300pakeHa Ha
PHUCYHKY 5.
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Pucynok.5.CtpykTypa, GyHKIIOHAIBHICTS i
Kacudikaiis Mosielli IPUHHSATTS pillieHb y 3arajJbHOMY
TpoLIeCi TUIAaHYBaHHS

[1100 monermmTy i COPOCTUTH MPOLEC IUTaHyBaHHS, [4]
MIPOITOHYEThCS  IUTICHUH ~ METOJ| IUIaHYBaHHS, SIKUH
3aMiHIOE MOCTIOBHY mnpouenypy. OnHak, neil meron
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IUTaHYBaHHSA HE OYB pO3pOOJICHUIN I BHOOPY CHUCTEMHU
Mibk AKL i cucremor mmaria, TOMy HOro HE MOXKHA
BHUKOPHCTOBYBATHU JJIs PO3B'si3aHHA i€l mpodiemu. OHaK,
HOro YacTKOBO PO3IJBINAIOTH 1 PO3BUBAIOTH IIiJ] dYac
PO3pOOJICHHS MOJETI.

IV. BUCHOBKU

Meroto 1ux Te3 € po3poOka CTaTUYHOI MOJENI
VIPaBIiHHS  BaHTAXXHO-TPAHCHOPTHUMHU  NPHUCTPOSIMH
BUPOOIB MIMPOKOr0 MPHU3HAYEHHS. Y TPOIEc MIaHyBaHHS
MU CTUKA€EMOCS 3 MHUTaHHSIM, YU CIIiJi KEPYBaTH CKJIAJOM
IIUPOKOr0 MPU3HAYEHHS 3a KiacuyHoro cucremoro AKL
abo cucremoro mataa (AS\RS). OO6uaBi TexHomorii
BUKOPHCTOBYIOThCA B cucteMax AKL i xapakTepusytoThest
BEJIMKOIO KIJBbKICTIO (DakTOpiB, IO BIUIMBAIOTH HAa IX
B3a€MO3AJISKHICTB, a Il 03HAYa€, IO MPOLEC YXBaJCHHS
pillleHb 3aJeXHUTh BiA JOCBIAYy Ta OCOOMCTOI OIIHKK
IUIaHyBaJIbHUKA. Mozenb pillleHHs, po3poOiieHa B IIiX
Te3aX, MICTHTh y C00i BUOIp BIJIOBITHOI TEXHOMIOTIT
aBToMaru3alii Ta HaJae KOPUCTYBAauyeBi pPEKOMEHAAIl
IIOJI0 Jilf CTOCOBHO TOrO, YM CJiJ KEpPyBaTH CKJIAJOM
LIMPOKOT0 TMpH3HAYEHHS 32 IOMOMOTOI IPUCTPOIB IS
30epiraHHs Ta BWIy4YeHHs ab0 TpPaHCIOPTHHX 3acoO0iB-
LIATIIB.

KopucryBaueBi HalaeTbCsi MOXIIMBICTD BIUIMBAaTH Ha
MOJIeb, 11 (YHKIiIOHANBbHI MOXIIHMBOCTI Ta KpUTepil
BUOOpYy, IO JekaTb B ocHOBi. KomOiHyrounm ¢opmu
KoHQirypamii cxoBuma, crparerii 30epiraHHs Ta
BU3HAYEHHS PO3MIPIB CXOBUINA, MOJAENb PILICHHS MOXE
obupatu 3 9225 CHCTEMHHX ANbTEPHATHB JJIsI CTBOPEHHS
SRM abo cucrem matia.

[Ilo6 ™MaTH MOMJIUBICTH ITOPIBHIOBATH 3rE€HEPOBaHI
BapiaHTH OJMH 3 OJHHMM, BU3HAUYAIOTHCS KPUTEPii OLIHKH
reoMerpii ckiamy Ta KUIBKOCTI IapKyBaJbHUX MIiCIIb,
MIPOMYCKHOI CIIPOMOXKHOCTI Ta CYMH 1HBECTHINH, IS
KOXKHOTO 3 SIKMX MOJIeJIb PO3PaxOBYye IiIbOBE 3HAYEHHSI.
Pe3ynbraTu paHKyIOTHCS.

Onwucana Monenb SBISE COOOK MEPIIUA MiAXid, M0
JoromMarae ocobam, sKi YXBJIIOIOTh pIllIeHHs, BUOpaTH
NpaBUWIIbHY TEXHOJIOTil0 aBToMmaru3anii. Brepmie cramo
MOXIIUBHM IIpsIME TIOPIBHSHHS KJIACHYHOI CKJIaIChKOL
CHCTEMHU ISl LIMPOKOrO0 TPHU3HAYEHHS 3 TPHCTPOSMH
KEepYBaHHS MOJHINIMH 1 CHCTEMOIO maria. Mojenb
BPaxXxOBYE BEIUKY KUIBKICTh SKICHMX 1 KUIBKICHHX
YHHHHKIB, 5IKi, 3 OTHOTO OOKY, BPaxOBYIOThCS SIK CTYIIEHI
CcBOOO/IM TiJI Yac reHepalii arbTepHaTHB, a 3 IHIIOro OOKY,
BKITIOUAIOTHCSl B PO3PAXYHOK KPUTEPIiB OLIHKH.

HesBakatoun Ha BeNUWKY KUIBKICTh PO3IIIIHYTHX
CHCTEMHHUX alIbTEPHATHB, MOJENb YXBAJICHHS pillleHb
oxoIuToe snie Heeduky vactuny gopm AKL i AS/RS,
IO BHUKOPUCTOBYIOTbCS Ha NpakTHIi. 30Kpema, IJis
CHCTEM IIaTJIa MOXKJIMBI YHCIICHHI 1HIII BapiaHTH CHCTEMH,
SIKI MOXKYTh MaTH CTOCYHOK JI0 YXBAJICHHSI PillIeHb.

[oreHmian I MOAANBIIOrO  PO3BHTKY  MOJEINI
YXBJICHHS pillleHb 3yMOBJICHHH, 30KpeMa, pO3IIISIOM
CTOXaCTHYHHMX 1 JAWHaMivyHMX BIUMBIB. lle oxormtoe
BiJTHOCHO MPOCTI MipKyBaHHsI (HANPUKJIAM, i3 BKIFOUSHHSIM
y MOJIeNb pO3PaxyHKIB IUHAMIYHUX I1HBECTHIIH) abo
CKJIJIHIII METOJH, SIKi BPaXOBYIOTh CTOXAaCTHYHI BIUIUBH
il Yac po3paxyHKy HPOITYCKHOI CIPOMOXKHOCTI Ta 4acy.
OOuziBa OO0IIAIOTH TOAANBIIE TMiJBUINEHHS TOYHOCTI
MIPOTHO3Y MOJIENi NPUHHATTS PIllIeHb 1 TUM CaMHUM BHOIp
PEKOMEHIOBaHOI albTEpHATUBH CHCTEMHU.
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[. INTRODUCTION

Zoomorphic robots are common in many parts of the
world, they are used in laboratory research, academic
work, and zoomorphic robots act as an excellent
companion, which is more common in Japan [1], where
many zoomorphic social robots are produced for therapy
and entertainment.

Zoomorphic sociorobots (animalobots) have a positive
impact on humans in various fields of its application.
Social robots are used as a means of socializing people, to
maintain their morale, in a situation where a person feels
lonely and needs a companion [2]. Social robots entertain
people and patients, help, and communicate with the
disabled and the elderly, take care of the health of people
with dementia and children with autism [3].

Based on this, companies such as Sony, Philips, AIST,
Ugobe, Fujitsu, Omron and VUB are actively engaged in
the creation of various types of social robots, for example,
walking anthropomorphic humanoids, such as QRIO and
NAO [4-5], wheeled anthropomorphic humanoids, such as
BANDIT [6], stationary robots such as KASPAR [7], and
zoomorphic sociorobots.

Zoomorphic social robots not only help people take care
of their health, but are also suitable for people who, for
whatever reason, cannot get a pet, but really want to.
Allergy to wool, frequent travel, employment - all this
does not make it possible to acquire a living companion,
and zoomorphic sociorobots help in this.

II. ANALYSIS OF ZOOMORPHIC
SOCIOROBOTS

NeCoRo is a very realistic robot cat, an unusual pet that

is suitable for many people. Residents of megacities,
tenants, people with allergies or very busy people do not
have the opportunity to get a real cat, so the NeCoRo robot
cat is the best way out [8]. The general view of NeCoRo is
shown in Figure 1.
The NeCoRo cat robot has 15 motors, which allows it to
behave almost like a real cat, but it cannot walk, since it is
intended to be in the hands of the elderly, but NeCoRo can
stand, sit, stretch, and lie down. This robot has seven
sensors and microphones for understanding and interacting
with a person [9]. The main technical characteristics of
NeCoRo are presented in table 1.

Figure 1. — Robot cat NeCoRo

Table 1. Main technical characteristics robot-cat NeCoRo

Parameter Values

Battery Replaceable
nickel-hydrogen

[Working hours 1,5 hours
Full charge time 2 hours
[Dimensions 320*260*220mm
The weight 1,6 kg
Price ~15008

NeCoRo is endowed with her own emotions and desires
and can also change her character and personality
depending on her upbringing.

In the article Masahiro Fujita, the author presented the
first AIBO robot model, which is used for use as a pet. The
author proposed a solution to the problem of significant
realism in the appearance of a zoomorphic robot by
complicating the movements and transmission of this
robot.

As a solution to the problem, the authors used multiple
constraint motivation, high freedom constraint, and
unusual behavior [10].

Sony has developed the latest AIBO robotic puppy. The
company has combined artificial intelligence and advanced
technology to create the perfect companion and family
member. Thanks to deep learning, AIBO can grow and
develop, form a wunique personality through daily
interaction with people [11].

Sony has used a wide range of different sensors,
cameras, and actuators to make AIBO look like a real dog.
The robot dog has ultra-compact drives that allow the body
to move along 22 axes.

AIBO is equipped with built-in sensors to detect and
analyze environmental sounds, has 2 OLED displays that
are used for eyes and create different facial expressions.
The general view of AIBO is shown in Figure 2.
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Figure 2. — Robot dog AIBO

AIBO is equipped with a quad-core processor, Wi-Fi
and LTE modules, gyroscopes, a camera and four
microphones [12]. The main technical characteristics
AIBO are presented in table 2.

Table 2. Main technical characteristics robot-dog AIBO

Parameter Values
Microprocessor Qualcomm
Snapdragon 820
(Working hours 2 hours
Full charge time 3 hours
[Dimensions 180*293*305mm
The weight 2,2kg
Price ~29008

AIBO is an ideal dog for pet owners who travel a lot and
do not have the opportunity to feed or walk their pet [13].

AIST, a leading industrial automation company, has
developed PARO, an interactive therapeutic zoomorphic
social robot for hospitals and advanced care facilities
where live animals would present logistical or treatment
challenges.

Through a series of studies, the company has found that
PARO reduces patient and staff stress and enhances and
stimulates interaction between patients and facility
workers. PARO has a positive psychological impact,
improves relaxation and motivation, and improves
socialization [14].

The prototype of this robot is the harp seal breed, as the
most charming animal on the planet. The general view of
PARO is shown in Figure 3.

Figure 3. — Robot seal PARO

PARO has five types of sensors, thanks to which it
perceives the environment and people, recognizes the time
of day, sound direction, name, greeting and praise. Imitates

the sounds of a real seal, expresses feelings through body
movements and facial expressions.

The PARO robot comes in a variety of sizes and colors
to suit different ages of people. The cost of this therapeutic
socio-robot reaches several thousand dollars.

California-based UGOBE has developed the Pleo, an
autonomous dinosaur robot. The prototype of this robot
was the North American herbivorous dinosaur
Camarasaurus, who lived in the late Jurassic period about
150 million years ago. Pleo acts independently and
expresses its emotions through movements and sounds
[15]. The general view of Pleo is shown in Figure 4.

Figure 4. — Robot dinosaur Pleo

Pleo is equipped with 14 motorized nodes, 2
microphones, 8 sensors and four paw detectors for surface
recognition, 14 thrust sensors, two speakers and an
infrared mouth sensor for detecting the presence of an
object in the mouth. Pleo also has a USB port and a
memory card slot. The main technical characteristics of
Pleo are presented in table 3.

Table 3. Main technical characteristics robot-dinosaur Pleo

Parameter Values
[Microprocessor 2 32-bits
Subprocessor 4 8-bits
Battery capacity 2800mah
Full charge time 4 hours
[Dimensions 20*33*13mm
The weight 1,3kg
Price ~5008

Pleo provides the ability to update the software, thereby
upgrading the functions.

III. CONCLUSIONS

After analyzing various models of zoomorphic
sociorobots, we can conclude that in case of problems of
socialization, it is important and correct to introduce robots
that can relieve the emotional burden on a person, relax
and reduce stress.

Zoomorphic social robots have been used in numerous
environments to test and evaluate their possible social
interaction. According to the results of numerous
experiments, social robots have a positive effect on the
health of patients, improving the emotional background, as
well as the level of socialization in the team. Social robots
have found application in hospitals and care centers for the
elderly, they help with human developmental deviations,
such as autism or dementia.

Robotic animals in their appearance and behavioral
habits are like their biological species and can replace pets
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in the absence of the opportunity to have a live pet.
Zoomorphic sociorobots are suitable as a constant
companion for people who live in an active rhythm, travel
often, or are allergic to the fur of real animals. Also, the
Zoomorphic socio-robot can be used to teach a child the
behavior and care of a future pet.

In the future, the development of zoomorphic socio-
robots will make it possible to use them both in a state of
war, for moral support and mood of the military, and can
also help them in intelligence, and to help and support
people who have experienced loss or other life difficulties.
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Anomayia: Y poOOTi onucaHi OCHOBHI IHCTPyMEHTH OOMiHY
iHpopmanieto y BebG-3acTocyHkax. [IopiBHSHO pi3HI migxomu i
NPHHIMIN. BunineHo HeonikoM 4u IepeBard TOro 4Y¥ iHIIOTO
Meroay nepenadi inpopmargi.

Knrwouosi  cnosa: ¢peiimBopk, Be0O-3aCTOCYHOK, —cepsep,
Meppexa

1. BcTtyn

Buxopucranns ¢peiimBopky Node.js y kombOiHarii 3
MOBOIO TporpamyBaHHsi JavaScript mis po3poOku BeO-
3aCTOCYHKIB CTa€ BCe OLIbII 3BUYHUM TPOIECOM. Y JaHii
po0OoTi mpeacTaBIeHO Tporec oOMiHy (aiaMu s BeO-
3aCTOCYHKIB Yy PEaJbHOMY Yaci 3a JOMOMOror (DyHKIIiN
Node.Js. Node.js 3abe3medye mporpaMu 3amycKy Homid Ha
cepBepax IS WIBHANIO PO3POOKH BeOG-CepBEPiB MOBOO
JavaScript.

Bximni a0o BuXigHI 3amuTH Ha CcepBep 3aiMaloTh
JeSKUH Yac, HAMPUKIIAA, 3UMTYBaHHSA (ailily 3 IKOPCTKOrO
IUCKY, HaJaHHA JOCTyNmy J0 Oyab-sKoi ciayxOu ado
3aBeplUICHHs 3aBaHTaxeHHs Qainy. Tak sk momiOHI
omepamii y Node.Js € acHHXpOHHMMH, CepBEp MOXeE
MIPOIOBXKYBAaTH OOpOONATH BXIMHI 3alUTH TOKWA 1HIII
oreparlii BXe BUKOHYIOTHCSL.

I1. OrJs g JITEPATYPU

OOMiH aiimamMu - 1e o0OMiH myOqiuHMUMH — a0o
MIPUBATHUMU JaHUMHU y Mepexi uepe3 pi3Hi piBHI JOCTYILY.
VY 3ajexHocTi Big mpaB JnocTymy (aiiiooOMiH J03BOISE
neBHy (00paHy) KiJIbKICTb JFOICH 3 TOCTYIIOM JI0 YNTaHHS,
nepeniany abo penmaryBaHHA (aitty 0a3yrouMch Ha
Ha/laHOMY DiBHI MOBHOBakeHb. CepBicu 00OMiHY (aiimamu
3a3BUYAll 3a0€3IEUYIOTHCS MEBHY KiJIBKICTh CXOBHII JIS
KOPHCTyBaua/aKkayHTa. Daitnu MOXYTh oytu
0OMIHIOBAaHMMH Ha 3MiHHHX HOCISIX.

Komrr'totrepu Moriim MaTu AOCTYII 10 BijyianeHux Qaiiis
BUKOPUCTOBYIOYM  CHUCTEMH  KpIIUIGHHS,  CHUCTEMH
crnoBimenb, Mmepexy Usenet, Ta FTP-cepeepu.

[I1. BUKJIMK1

[Ipobnemu 3aTpuMKW. 3aTpuMKa II€ 4Yac, 3a SKUMA
¢daiin "pyxaerbcsa" 3 OTHOrO MicCIld B iHINE. 3aTpUMKa
BUMIPIOETBCS MK HPUCTPOEM KOPHCTYBada Ta IIEHTPOM
naHuxX. JlaHwl TIOKa3HUK JIOTIOMara€  po3poOHHKaM
3pO3YMITH, SIK IIBUIKO BEO-CTOpiHKa a00 3aCTOCYHOK
3aBaHTAXYIOThCS ISl KOpUCTyBaua. 3aTPUMKy 1HOMI
Ha3UBAIOTh May30i0 ab0 piBHEM MiHTY. SIKIIO HpoITycKHa
30aTHICTh - I KUIBKICTh HaxiciaHol iHdopMmarii 3a
CEeKYHIy, TO 3aTpPUMKa IIy KiJIbCTh Yacy, sKa MMOTpiOHa JIst
nepenadvi airy 3 mKepena q0 KOpUCTyBada. 3 TOrO 4acy,
SIK 3aCTOCYHOK ITpaIfo€ Ha OJIHOMY CEpBEpPi, MOXYTh OyTH

JIesiKi TTOMWJIKH, TaK SIK BEJIMKAa KiJIbCKICTh JIIONEH MOXKe
HaJICUIIATH 3aIUT OJHOYACHO.

MacmiarOoBanicte.  [Iporpama  Moxe — TpUHHATH
onHoyacHo 10000 xopucryBauiB Oe3 mpobiem, "may3" Ta
00po6isiTy moHa 1000 3anuTiB 3a CEKYHIY 32 JIOITOMOTO0
Node.Js. Ajne SKIIO KUTBKICT KOPUCTYBadiB 30UIBIIMTHCS,
TO MOXYTh BUHHUKTH MPOOJIEMH 3 MPOMYKTUBHICTIO yepes
00MeXeHY ITOTYXXHICTh CepBepiB 1 MEpexi.

VI MOXJIMBOCTI

[IBuakuii motik aanux.Node.js CTBOpEHO 3 HyIA 3
METOI0 KepyBaHHS HEBiAMOBIMHUM BBOIOM-BHBOIOM, SIK
BiH moOymoBaHui 3a momomororo JavaScript, a JavaScript
noOynoBaHuii Ha OCHOBI IWKI moaid event loop.
Hampukian, moxmis HaTHCKaHHS KHOIKM Ha CTOPOHI
kiieHTa s JavaScript — 1e Bke UK Mmomiil. Xoua Jesiki
caiiTd  MaloTh IO OCOONMBICTb, BOHM BCE K
BHKOPHCTOBYIOTh 1HIIII HEBOYIOBaHI 010J1i0TEKH TS Ti€l ik
Mmeru sk Node.Js i caMe ToMy BOHHM 3a3BHYail MOBIJIBHI.
BignoBimHo 10 IbOro BeO-cepBep MOKe 3abe3ledyBaTd
IIBUAKUI OOMIH TaHUMH.

Bigcyrnicte  miMiTy cxoBuma JaHux. MongoDB
po3po0iicHa TAKMM YHHOM, 1100 30epiraTy BEIUYHI OOCATH
inpopmarii. Ile NoSQL BeO-cTropiHka i3 0Oa30BaHUM Ha
TEKCTOBI  CXOBHII, TIOBHOIO MITPUMKOIO  1HJEKCIB,
YaCTOTHUM [JYyONIOBaHHSAM 1 jgoctynHicTio. MongoDB
MOXY 3 JIETKICTIO OOpOOJSTH MIJBHOHU TEKCTIB 1 MOXKe
30epiratn ix B omuid mnaprii. Taka mnporpama, sk
WhatsApp, Mmae oOMexeHHs Ha 0OMiH — He Oumbire 100
MO s omgHOTO (hatiny.

CxoBuie 30epekeHHsA. Komu My HaJCHIIaeEMO OIUH 1
ToW cammid aitn g0 KopcuTyBadiB, WhatsApp cTBOproe
JyOJTiKaTH MOMIOHOT0 (haimy, 1o 30UIBIIYe HABAHTAKCHHS
Ha TaM’sITh CHCTeMH 1 ymHoBiIbHIOE Ti. IIporpama
THMYacOBO 30epirae JaHi KOPHUCTyBada Ha CepBepi, IO
JI03BOJIsIE 30€PErTH CXOBUILIE 1 MiABUIINTH POAYKTUBHICTh
CHCTEMH.

Ipocruii y BukopucranHi. IHTepdelic kopucyrBada 1e
came Te, 3 YUM KOHTAKyTe KOPHUCTYyBad — KOMII IOTep, BeO-
cTopiHka, nporpama. EdexruBHuii inTepdeiic kopuctyBaua
Ma€ Ha MeTi 3pOOUTH KOPHUCTYBAaHHS JIFOJMHHU HPOCTIIIUM i
JOCTYIHIIIMM, JO TOr0 K JUIi [bOI0 MPUKIAIAI0un
MiHIMaJbHY KUIBKICTH 3ycwib. [Iporpama wmae moBodi
MIPOCTHIA i JOCTYITHUH iHTEpdeiic.

IV. JETAJI

OcHoBHa ifes mporpaM Juisi oOMiHy daiimamu —
3alpoIOHYBaTH Be0-3aCTOCYHOK, /1€ TIOKYMEHTH, KAPTUHKH
a0o IHIII TUMH JaHUX MOXYTh 30epiraTucst 6e3 Oynb-sIKuX
oOMeXeHeHb Ha 1am’aTh. J{ogaTok gonomMarae eKOHOMHTH
mam’siTh 1 TAaKOXK 3a0IIa/Kye KOUITH KOPUCYTBaya, Tak SIK
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BiH He Mae 1iatuTu 3a DrobBox, Google i momiOHi cepBicu
JUIs 30epiraHHsi.

OCHOBHOIO  (DYHKIIOHAJBHICTIO TarpopMu € BeO-
JIONATOK JyIsi oOMiHy (aiinamu, y SIKOMy KIIEHT MOXe
3aBaHTAQXUTU JOKYMEHT Oe3 oOMexeHHs posMipy. Ilicms
3aBaHTaXXEHHsI JIOKyMEHT, Oyle 3reHepOBaHO MOCHIIAHHS,
SIKE KIIIEHT 3MOXKE MOMUTUTHCS 3 1HIIMMU JIFOJbMU.

Takok € MOXIHMBICTH MOAUIMTHCSA JOKYMEHTOM 3a
JIONIOMOT0I0 ~ eJIeKTpoHHoi momrtu. Node.js — 1€
atrgopMa IMporpaMHOro 3a0e3leueHHs, sKa J[03BOJISE
CTBOPUTH CBili BeO-cepBep 1 CTBOpIOBaTH Ha HbOMY BeO-
nonatku. Node.js MocTaBIsSETHCS Pa3oM 3 npm (MEHeKep
MPOrpaMHUX ITAKETiB), SIKUH JTO3BOJISIE JIETKO ITOIIHPIOBATH
Ta BCTAQHOBJIATH CTOPOHHI 010NIIOTEKH 1 VIS PO3IIMPEHHS
ICHYIOYOT 3a0yTOBH MIPOEKTY.

BpaxoByroun Bci mepeBaru Node.js, He IUBHO, IO
Oarato BiJIoMHX KOMIaHIN 3 pi3HuX ramy3eir, sk Uber,
PayPal a6o Netflix 3acTOCOBYIOTh iX IO CBOIX IPOEKTIB.
[cHyIOTH pi3HI CIIOCOOM CTPYKTYpYBaHHSI KOAY, ajie TOW,
SIKUHA € JOCUTHh MOIYNSIpHUM Temep - e cTpykrypa MVC
(Models, Views, and Controller), ska 300paxkeHa puc.l
[pu Bimnpasii 3anuty € HaOip QyHKLIH, siKi 0OpPOOISIOTH
ycl 3aNnTH, SKi HAAXOJSTh Bl KOPUCTYBava.

3apa3 KOKEH 13 3alHTiB MPOEKTYETHCS Ha (YHKIIIIO, SKa
HaricaHa y ¢aitni abo Habopi ¢aimiB — KOHTpOeEpi.
Bararo ¢peiiMBOpkiB BUKOPUCTOBYIOTH MVC-CTpYyKTYpY,
Hanpukian, Express.js, Python i Tomy moniOni. Express.js
BUKOPUCTOBYETBCS TaKMM YHHOM, IO BIH HE BKa3ye
KOpUCTYBaueBi, SIK caMe IIPOEKTYBaTH CeEpelOBHUIIE.
Express Ta inmi ¢peiimdpopku 0a3yroTbcsi Ha IbHOMY
npuHoumi. ba3a nmaHmx — 1e mocTiiiHE CXOBHIE, TOMY
nepe3aryck 4u cOilf cepBepa HE BIUTMBAIOTh Ha KOPEKTHY
00po0OKy maHux. IcHye nBa criocoOu 30epeeHHs TaHUX —
tabmmynnii, sk MySQL a6o Oinapuumit JSON, Redis,
Mongo Db. Mongo Db BuxopucToByeThcs sik 0a3a JaHuX,
s;ka POOUTH Be03-3aCTOCYHKH IPOCTHMH HACTIJIBKH 1€
MOXKJIMBO 1 He TOTpeOye BU3HAYEHHS TaOINYHOI CTPYKTYpH
— aHi psankiB, ani croBmiiB. Mongo Db € kirodoBoro
CKJIaJIOBOIO JIBOX OCHOBHHX CTeKiB (HaOOpiB) CHOTOAEHHS -
— MEAN (MongoDB, Express, Angular, Node) ta MERN
(MongoDB, Express, React, Node) [1-5].

i

UPDATES MANIPULATES
VIEW CONTROLLER
N /
&,
<, hed
% &
AN /
USER

Puc. 1 — MVC apxitekTypa

MongoDB - me rHyuyka i MaciiraboBaHa 0a3a JaHHX
¢aiiniB. basa maHuX ckiamaeTbcst 3 HAOOpPY JAOKYMEHTIB.
Bin ckunmae TtpamuniiHui Merox 30epiraHHs JaHUX Y
pensimiiHux 0a3ax JaHUX 1 30epirae AaHi THYYKHM
crocoboM 6e3 Oynb-sIKHX 00MexeHb (popMary 1 CTPYKTYpH.
JHamni 36epiratotbes y ¢opmari BSON, sikuii € ABIHKOBUM

JSON. [IokyMEHT MOX€ MICTHTH MOCJIJOBHOCTI, 4HCIIa,
IO IUIaBalOTh i HaBiTh MacuBU Ta 00 'extu. lle poOuTh
poboty ©0a3u JaHUX OUTBII IIBHAKOKD 1 MPOCTORO.
MongoDB BOyJIOBye iHIN IIiJJIOKYMEHTH B JOKYMEHT,
HA/alOYM TOCWJIAHHS Ha 1€l JOKyMEHT 3aMiCTh
NpueaHaHHs 1o Konekmid. basza manmx MongoDB
miATpUMYE pi3HI omeparii 3 0a3010 JaHUX, Taki SIK 3alHT
JIOKYMEHTIB, BCTaBJICHHS HOBUX JIOKyMEHTIB, a TaKOX
penaryBaHHs Ta BUIAJICHHS ICHYIOUMX JOKYMEHTIB.

OcHOBHOIO ocoOnuBicTI0O 0a3u ganux MongoDB e ii
3MATHICTH 30epiraTu AWHAMI4HI qaHi. JOKyMeHTH B OAHIN
KONIEKIIT MOXYTh MaTW pi3HI BJIACTHBOCTI Ta Mapu
KJIIOYOBHX 3HaueHb. lle ycyBae BUMOry 30epeeHHs
aHaJIOTIYHO CTPYKTYpPOBAHUX IaHUX, sIKE € 000B 'S3KOBUM
B IHIIUX pesIiiHUX 0a3ax JaHUX.

s ¢yHkmis 3abe3nedye BeNMKY THYYKICTH JUIs
30epiraHHs HEMPOTHBOPCUYMBBIX JaHUX B OIHIA KOJEKIIIi.
Kpim Toro, 30epexxeHHs BCIX JaHHUX Ul 00 '€KTa B OJHOMY
Gdaini  MiABUILYE IIBUAKICTH poOOTH 0asw  JaHHUX
MOPIBHSHO 3 pensuiliHo 6a3oro nmanux. lle mo3Bomsie
YHUKHYTH HEOOXimHOCTI 00 'emHaHHS OararhoX TaOJIHIb
JUIL OTPUMAaHHS JaHUX 3 PI3HUX PSJAKIB 1 CTOBITYMKIB. 25
Xoua MongoDB € 6a3o0t0 qaHux 6e3 cxeMu i CIHUpaeThes
TITPKA HAa JUCHUIUIIHY pPO3POOHUKA JUIS IiATPUMKH
CTPYKTYpU JIOKYMEHTa, ajie Uil TPaBHIBHOI pPOOOTH
OibIIiCTE TporpaM NOTpeOye CTPYKTypOBaHi JIaHi.
Mongoose po3po0iIsBCs came Il TOro, 100 BUPIIIUTH 1€
nutaHHd. BiH 3a0e3neyye 3acTOCyBaHHS CTaHAAPTHOL
CTPYKTYpU IO BCixX (paiyiB y KoOJNeKIii 3a J0IOoMOror
cxemu. KpiM Toro, MoXHa TepeBIpUTH [aHi, IO
30epiraroThes B (haiiyiax, a TaKOX JO3BOIUTH 30CpEIKCHHS
B 0a3i TaHUX TUIBKU JOMYCTUMHUX AaHuX [5-8, 13].

Ha pmomatox mo 1wporo, Mongoose Hajmae Bci
MOXJIMBOCTI, IO icHYIOTh B MongoDB, 3 nomaBanHsM
¢yHKLIN OOynoBH 3amuTiB 1 Oi3Hec-yoriku naHux. Kpim
TOrO, BiH MOXKe 3 '€HyBaTH 0a3zy AaHUX 3 CEPBEPOM i
BUKOHYBATH aHAJOTIYHI omeparii s YUTaHHS, 3alluCH,
OHOBJICHHSI 1 BU/IQJICHHS aHUX.

Express - ue ¢peiimBopk Node.js, sikuii TpUCKOpIOE Ta
nonerurye Be0-po3poOKy, TPOMOHYIOUM pi3HI (YHKIIT Ha
JIONATOK 10 OCHOBHHMX MOIYJIbHHUX BY3JTiB. Express €
HEBEJIMKUM Ta THYYkuM ¢peiimBopkoM Node.js, BiH
MIPOITOHYE KUTbKAa CTOPOHHIX HPOMDKHHUX IIpOrpam, SKi
PO3LIMPIOIOTh  (DYHKIIIOHAJBHICT EKCIpec-MporpaMu  Ta
nmonarTh (yHKIT 3a morpedu. Express - 1ie koMOiHais
MIPOMIKHOTO IIPOrpaMHOro 3a0e3mneueHHsl, sIKe
BUKOHYETHCSI 3BEpXy BHHU3 B LUK 3alMTY-BiIIOBii.
KoxxHe mpomikHe mporpamue 3a0e3nedeHHs Mae JOCTYII
0 3amuTy Ta o0'€kTa BIJIIOBIAI, a TaKOX HACTYITHY
(GyHKIIO, SKi TepemalTbcs 3 OXHOrO IMPOMIKHOTO
MIPOrpaMHOro 3a0e31eYeHHs B THIIIE.

[MpomixkHe mporpaMHe 3a0e3redeHHs NpUIIMae 3aruT,
BUKOHYE KOJ BCEpEeIWHi, 3MiHIOE OO0'€KTH 3amuTy Ta
BIJIMOBi/li 1 BUKJIMKAE€ HACTYNHY (YHKIIiIO, sIKA aKTUBI3ye
HACTYIIHE MPOMiKHE TporpaMHe 3a0e3IedyeHHs B 4ep3i.
Excripec-nomatok Moke Martd JOCTYH A0 TPOMIXKHOTO
MPOrpaMHOro 3a0e3NeyeHHs piBHS JI0AaTKa, MPOMiXKHOTO
mporpaMHoro 3a0e3le4eHHsT pIiBHSI  MaplIpyTH3aropa,
MPOMIKHOTO  MpOrpaMHoOro  3a0e3nedyeHHs  OOpOOKH
MOMHWJIOK, BOYZOBaHOTO  IPOMDKHOTO  IPOrPaMHOro
3a0e3MeueHHs] Ta MPOMIXKHOI'O CTOPOHHBOTI'O TPOrPaMHOT0
3abe3neuenHs. [IpomikHe mporpamHe 3a0e3nedyeHHs! st
00pOoOKM MOMHJIOK TpH 'si3aHe A0 00' exTa mporpamu i
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3a3BUYall MpUIMae YOTHPH apryMEHTH: 3allUT, BiJIIOBi/b,
MOMWJIKY, 1 HacTymHi o0'ekti. BOygoBani npomixHi
MIPOrpaMH, Taki sK express.static i express.json, CTaTUYHO
00CIyroByIOTh (haiiai 1 aHaNI3YyIOTh BXIJHHUH 3allUT B
JSON-aiin BiAmoBigHO.

KpiM Toro, iHmi mnpoMiXKHI TIPOrpaMu CTOPOHHIX
BUPOOHMKIB PO3MIUPIOIOTH (YHKIIOHAJIbHI MOMKIJIUBOCTI
EKCIIPEC-J0MaTKOM IIIIIXOM aHaiizy Qaitiis cookie abo
nUIsIXoM aHamizy ¢aitmiB  cookie. 24 Kpim Toro,
MapUIPyTU3aTOPH B EKCIIPEC-PEKUMI AUIATH OAATOK Ha
KiJIbKa MiHieKCIpec-I0aTKiB, SKi 00'€ITHYIOTbCS ISt
(opMyBaHHS EKCIPEC-TIOATKY.

Excnipecmapiipyruzarop ckiaaaerses 3 komanau HTTP
(GET, POST, PUT, DELETE) rta ummixy, abo
pO3TalIyBaHHS pPECypCy.

Kpim Ttoro, ¢yHKmii 3BOPOTHOrO BHKIHMKY TaKOX
3aal0ThCI B METOIl MapuipyTu3amii, Ae B SKOCTi
apryMeHTIB MOXXE BHKOPHCTOBYBATHCS psii  (QyHKIiH
3BOPOTHBOTO BHUKIUKY. Taki (yHKHii BHKOPHUCTOBYIOTH
¢yakmito next (), mnepexoAsyd A0 IHIION  (YHKINT
3BOPOTHHOTO BUKIIMKY, BUKJIIMKAIOYH HACTYITHUI METO]I.

VI. BUCHOBKU

3nebinpimoro Node.js BUKOPHUCTOBYETHCS I OCKeHIA.
Ane ¢poHTeHI Takok 3acTocoBye Javascript. 3aBasku
OMY PO3POOHHMKM MOXYTh IHCATH K OEKeHJ, Tak i
(dbpoHTEeHa oHIE0 MOBOIO. 3a moromMoror Node.js MokHA
PO3pOOJIATH HACTLIBHI Ta 3MilllaHi MOOITBHI JOMATKH, a
TaKOX pillleHHs y XMapHiil cdepi abo y chepi IHTepHETY
peueit.

Moro ymiBepcampHicTh —  BiaMiHHHH  croci6
MIHIMI3yBaTl BUTpAaTH Ha IIPOEKT, OCKUIBKH BCE 1€ MOXKE
3pOOUTH OJIHA KOMaH/1a PO3POOHUKIB.
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MaremaTruHa MOJIeJIb OaraTOKpUTEpiaabHOI 3a7aul
CTPYKTYpPHO-TIapaMETPUYHOI ONTUMI3allll BUPOOHUYHX
TE€XHOJIOTIYHHUX IPOILIECCIB

G 2
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Anomayia: 3 BUKOPUCTAaHHAM JAEKOMIIO3MLII IpoOiemMu
onrTuMizanii BUPOOHHUYUX TEXHOJIOTYHHUX IIPOLIECiB
3aIpOIIOHOBAaHA IOCTAHOBKA 1 MaTeMaTH4HAa MOJENb 3ajadi ixX
CTPYKTYpHO-TIapaMeTPH4HOI ~ onTUMi3auii 3a I[OKa3HUKaMU
HABE/ICHUX BUTpAT, NPOAYKTHBHOCTI Ta SAKOCTI Hpoxykuii. s
CKJIAPHOIO OLIHIOBaHHA BapiaHTIB pIlIeHb 3alpPONOHOBAHO
BUKOPHUCTaHHs YHIBEpCAIbHMX (YHKLIH 3aragbHOI KOPHUCHOCTI
Ha ocHOBi mnoniHomMa Konmoroposa-I'abopa Ta KOpHCHOCTI
YaCTKOBMX KpUTepiiB, 110 JO03BOJIE€ MIiABUIIMTH TOYHICTbH
BU3HAUCHHSI IIepeBar 0coOH, 110 NPUHMae pillleHHs.

Kniouosi cnoea: BUpOOHMUMI TEXHONOTIYHHMH IIPOLEC,
MOJIelIb, CTPYKTYPHO-IIApaMeTPHYHA ONTHMI3alLlisL.

1. BcTtyn

B ymoBax KoHKypeHuii cy4acHi BHpPOOHWYI KOMIaHIii
OpIEHTYIOTBCS Ha CKOPOYEHHS TEPMiHIB OCBOEHHS HOBHX
BHIIB MPOJYKIii Ta MiABUINEHHS 1i sKOCTi. MeTomonoris
CHCTEMHOI'O  TiJXOLy B  TPOLECI  IPOEKTYyBaHHS
BUpOOHMYMX TexHojoriunux mporeciB (TII) mepemdauae
MOAaHHs iX y BUIJISIII NPOCTOPOBO YHM TEPUTOPIaJIbHO
PO3TONITICHUX TEXHOJIIOTIYHUX 00 €KTIB a00 KOMILIEKCIB
takux 00’extiB. EdexkruBnicte TII  Bu3HauaeThes
pilleHHsIMH, sIKI TPUMMAIOTBCS Ha eTarax iXHbOro
npoektyBaHHs [1]. CuHre3 BapiaHTiB  1moOymOBH
BupoOHnunx TII mnepexbauae po3B’s3aHHA MHOXHHH
B3a€MOIIOB'I3aHUX 3a1a4 IXHBOI CTPYKTYPHOI,
TOIOJOTTYHOT Ta apaMeTpUIHOl onruMizarii.
Onrumizanist TIT nonsirae y BuOopi Halikpaiioro Bapianty
3  MHOXHHHM  JONYCTUMHX, SKi  3aJOBOJBHSIOTH
(YHKI[IOHAJBPHUM 1  BapTICHUM  OOMEXKEHHsSM  3a
MHO)KUHOIO ~ ITOKa3HUKIB  (AKiCTh,  NPOAYKTHUBHICTS,
co0iBapTiCTh NPOAYKIII, 3aBAHTaKEHHS YCTATKyBaHHS
tomo). lIBuaki 3MiHM TONWUTY Ha TNPOAYKINIO, IOSBA
HOBUX TEXHOJIOTiH 1 oOJiafiHAaHHSI BUKIMKAE HEOOXiqHICTH
MepioANYHNX 3MiH BUPOOHUYMX TEXHOJIOTIYHUX IMPOIIECIB,
SIKI PeaTi3yIOThCsl IUISIXOM IXHBOTO PEiHKUHIPHHTY.

Ile 0OyMOBIIOE aKTyaNbHICTh HAaYKOBO-NPUKIAIHUX
3aa4  yJAOCKOHAJIEHHS  TEXHOJOTiH, MaTeMaTUYHHX
MoJelielt 1 MeToiB iX cucTeMHOI ontuMisaiii [2]. OnHieto
3 MepIIOYeproBUX TPU ILBOMY BBaXKA€ThCs 3ajadva
CTPYKTYPHO-TIAPAaMETPUIHOTO MIPOEKTYBaHHS
(peimxunipunry) TII.

Merolo TOCHIDKEHHST € MiJABHIIEHHS e()eKTUBHOCTI
TeXHONOTii aBToMaru3auii npoekryBaHHs TII unIIxXOoM
pO3pOOKHM MaTeMaTW4HOi MoZeNi OaraTOKpUTepialbHOI
3aaul  CTPYKTYpHO-TIAPAMETPUYHOTO  PEIHKUHIPHHTY
BUPOOHUYHX TEXHOJOTIYHHX MPOIIECIB.

I1. JIEKOMITO3UITIS TTIPOBJIEMU OTITUMI3ALIIT

TEXHOJIOT'TYHMX ITPOLIECIB
CydacHi BupoOHuUi TII MOXYTh CKIamaTHCS 3 BEIUKOL

KIUJIBKOCTI €JIEMEHTIB 31 CKJIQJIHOIO CXEMOIO B3a€EMO3B'SI3KIB
Mix HuMH. CTBOpEeHHS iX €IUHOI MOJENI € CKJIaIHO0
c1abOCTPYKTYPOBaHOIO IPOOJIEMOI0, sIKa CKIAJaeThes 3
CYKYITHOCTI HEJOCTaTHhO (HOpMai30BaHUX 3ajad, Juis
SKHX HE CKOHCTPYHOBaHI KOPEKTHI MOJeNi Ta MEeTOAu
iXHBOrO pO3B’sA3aHHA. BymeMo posrisimaTé mpodiiemMy
ontumizamii  TII sx wMerasamauy MetaTask, sxa
CKJIa/Ia€ThCs 3 MHOKMHU 331a4 { Task! }, [ = m i= ﬁ
IO BIJHOCATBCSA IO PI3HHUX 1€papXi4YHUX PIBHIB, 3 IX
B3a€MO3B'I3KaMH 332 BXIJHAMH NaHUMH Ta pe3ylbTaTaMu
po3B’sizaHHs [3]:
MetaTask = { Task' ), Task' = {Taski] 2
I=1In, i=1ln, (1)

Jie 7; — KUIBKICTh PIBHIB ONHUCY; #; — KIJBKICTh 3aJa4 Ha
piBHi /.

KokHy 3 BUIieHHX 3aaa4 OyaeMo MOoAaBaTH y BUTIISI
MepETBOPIOBAYA ii BXiTHUX JaHUX Y BUXITHI:

Task! : In! — Out!, 1= m i= ﬁ 2
ae In!, Out] — BXimHi Ta BUXiIHi JaHi i-0i 3a1a4i /-ro piBHA
JIEKOMITO3HIII.

3anadi MakpopiBHA [/ =] 3a CBOEI CYTITIO € 3amavyaMu
cucremHoi  omnrtumizamii  TII  Ta  Bimpi3HSMIOTBCS
00MEXEHHIMH, SIKI BiZoOpaxatoTh crienudiKy eramiB Horo
KHUTTEBOTO IUKITY:

Task' = {Task] }, i =15, 3)
ae Task! — (OpPMyBaHHS BUMOT i pO3pOOKa TEXHIYHOTrO
3aBJaHHA ONTHUMI3alil; Task! — CUCTEMHE NPOEKTyBaHHS
TIL;, Task! — mnanyBauus possutky TII, Task! —
ananrauis TII; Task!— peimxunipuar TIL

3amauyi MerapiBHsI [ =/ OXOIUTIOIOTH KOJO IHUTAaHb
cucreMHoi ontumizamii TO, [0 BHHHKAIOTHL Ha CTaIisfgx
HOro MEpeanpOCKTHUX  JOCIHI/PKEHb, IMPOCKTYBaHHS,
CTBOpEHHS i eKCILTyaTari:

2 2 C

Task® = {Task; }, i=1,6, 4
ne Task; — BUOiIp 0a3oBOi TexHOMNOTi{; Task; — BUOIp
npuniunis - nodynosu TII;  Task; — onrumizanis
crpykrypu TII; Task] — onTuMizanis TONOJIOri eJ1eMEHTIB
TI1 i 3B'A3KiB MiXk HUMY; Task; — BU3HAYEHHS NApaMETpiB
enementiB TII i 3B'I3kiB MK HUMH; Task; — OLIHKa
edexkTuBHOCTI 1 BHOip Halikpamioro Bapianty TII.

Jlnst oTpuMaHHS pilIeHHS 3araibHOl 3agadi (4) Ha
TIPAKTHII BUKOPUCTOBYETHCS iTepauiiiHa cxema
CHCTEMHOI'O IIPOEKTYBAaHHS, sKa J03BOJIsE€ (HOPMYyBaTH
BINICYTHI BXIiTHI JaHI 3amad 3a pe3yJbTaTaMH PillICHb,
OTpUMYBaHMX Ha momepenHid itepauii [3]. UYepes
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HEBUPIIICHICTh HA MEpIIill iTeparii 3amay Taskiz, i= 2_5
3a BXIJHUMHU JaHHMMH 33 TaKOK CXeMOW (HOpMyBaHHS
BXIHUX JAHUX InDatl.Z 1 OOMEXEeHD Resiz , i=ﬁ TS
HUX OyJe 371MCHIOBATHUCS Ha OCHOBI €KCIIEPTHUX OIIHOK.

Ha mnomampmmx iTepamisx sK BXiAHI gaHi InDatl.Z i

2 .5 =
obmexeHHs Res;, i=2,5 OyayTb BUKOPDUCTOBYBaTHCS
pe3yabTaTH pO3B’sI3aHHS HACTYIHUX 3a/1ad.

II1. IIOCTAHOBKA TA MATEMATHUYHA MOJIEJIb
BATATOKPUTEPIAJIBHOI 3ATAUI

OO0’€KTOM JOCHI/KEHHS € JNHIAHUNA TEeXHOJIOIYHHI
mporiec, 1o BKIOYae n (a3 (omepaiiid), Ha KOXHIA 3

SIKHX ~ BHUKOPHCTOBYETHCA m i=1n OIMHHUIE

i
oOnajgHaHHA j-ro TUmy, j=1,j;. OOnagHaHHsA KOXHOI 3

(a3 xapakTepu3yeTbCsl NPONYKTHBHICTIO py, i=1n,
J=1J;, sKicTIO BHKOHaHHsi omepauii g¢;, i=1ILn,

j=1,j; Ta HaBeJeHMMHM BUTpaTaMH Ha Horo mpuaOaHHS,

BCTAHOBJICHHS i eKCILTyaTalito ¢, i=1Ln, j=1,j; .
HeoOxinHo 3HaiiTn Halikpamuii Bapiant noOynosu TII 3
MHOXXUHH ~ JOMYCTUMHX x€ X, M0 BHU3HAYAETHCA

KiNBKiCTIO OOnajHaHHS Ha KOXHIH 3 ¢az M =[m; ],

i=In ii#oro anoM x=/x;]/, i=Ln, j=1J (ne

J=max{j;}), Akuil 3 OOMEKEHHUMH HaBEICHUMH
I<i<n

BUTpaTaMu 3a0e3redyye HEOOXimHI O0OCATH  BHITYCKY

npoxykuii i i sKicTh:

nJi

kl(x,M)=ZZcijmixij — min , k,(x,M)Sk;‘, (5)
i=1 j=1 xM

ky(x,M ) =min {m;p;x; } - max, ko (x,M )2k, (6)
J c x,M

ky(x,M ) =min{q;x; } —>max, ky(x,M)2k;, (7)
J A x,M

J

ixij:] VJ=1,_J,inj=I Vi=1n, (8)
i=1 Jj=1

e kj(x,M), ky(x,M), k;(x,M) — byHKuii 4acTKOBUX

KPHTEDIiB BUTPAT, IPOYKTUBHOCTI Ta AKOCTi; x = /x; ] —

OyineBa Matpuus (e1eMeHT x; =/, sSKWO Ha i-iii asi

BUKOPUCTOBYETHCA O6J'IaZ[HaHH$I j-l"O TUILY, xl-j =0 — B

IHIIKMX BUMAOKaX, | = I,_n, j= ],_J).

YacTKOBMMHU BHIIQJKaMH PO3TJIIHYTOI 3amadi (5)-(8) €
3amaui  onrumizamii  TII 3a mokasHuUKamu: BUTpAT
k;(x,M) B ymoBax OOMEXEHb Ha IOKa3HUKH
MPOAYKTUBHOCTI W $IKOCTi; BHUTpaT 1 NPOAYKTHBHOCTI
ki(x,M), k,(x,M) B ymMoBax OOMEXEHb Ha IIOKA3HUK
AKOCTi; BHUTpAT i sikocTi k;(x,M ), k;(x,M ) B ymoBax
00MeXeHb Ha TTOKa3HHUK MPOJYKTUBHOCTI; TPOAYKTHBHOCTI
i sxocti ky(x,M ), k;(x,M ) B ymoBax oOMexeHp Ha

BUTpatH k;(x,M )< k; .

IV. ®OPMYBAHHS CKAJIIPHOI OLITHKY BAPIAHTIB
oY I0BU T11

IIpu ¢opmyBanHi ckansapHoi oiiHkd skocti TIT s
OIiHIOBAaHHsS 3HA4eHb 4YaCTKOBHX KputepiiB k;(x,M ),

i=1,3, BHKOPHCTOBYIOTh amapar Teopil HEYITKHX
(po3MuTHX) MHOXHH [5]. Y 1IOMY BHIIQJIKY SIK (YHKIIiS
3arajgpbHOi  KOpucHOcTi  P(x,M )  BHKOPUCTOBYETHCS
(GYHKINS HAJIEKHOCTI HEUITKIH MHOXHHI «HaWKpaIiui
BapianT nooynosu TIIy».

JIy1s1 OLIHIOBaHHS BapiaHTIB MPOIOHYETHCS BUKOPUCTATH
VHiBepCcalIbHy (DYHKIIiI0, TOOY0BaHY Ha OCHOBI IOJIIHOMA
Komnmoroposa-I"abopa [5]:

3 3 3
P(x,M )= Z/’Liéi(x’M)'*_Zzlijgi(x’M)éi(x’M)'F
i=1

i=1 j=i
3 33 ®)
2D (6 M )& (x M ) (x. M),
i=1 j=il=j
ne A;, Ay, Ay - BaroBi KoeilieHTH YaCTKOBHX KPHTEPIiB

Ta ix noOyrkis; &(x,M ) &:(x,M ) &(x,M ) - bynkuii
KOPUCHOCTI 4YacTKOBHX KpuTepiiB k;(x,M ), k,(x,M ),
ky(x,M ).

@OyHKIiT KOPUCHOCTI YaCTKOBHX KPHUTEPIiB y IbOMY
BUNAJKy pPO3MNISAAIOThCA K  (QYHKIIT  HaJeXKHOCTI

PO3MUTIH MHOXHHI «Kpaumii Bapiant mooymosu TID» 3a
YaCTKOBUMH KPHUTEPisIMH. Bonu peaizyoTh
BinoOpaxenHusa & -k, (x,M )—E ', i=13. Bonn maiots
OyTu YHIBEpCAIbHHMH Ta J00pe NPUCTOCOBAHUMHU JIO
BpaxyBaHHS ~ OCOONMBOCTEH  KOHKPETHHX  CHTYaIlii
OaraTokpuTepiallbHOro BUOOpy: OYyTH MOHOTOHHUMHU; OyTH
0e3p0o3MipHUMH; MaTH €AWHHUN iHTepBai 3MiHK (Bix 0 10
1); Oyru iHBapiaHTHUMH [0 EKCTPEMYMY 4YacCTKOBHX
KpuTepiiB (min abo max), IO3BONIATH peali3yBaTH SK
JIHIAHI, 1 HEMHIAHI 3a7€KHOCTI BiJ 3HAYEHh YACTKOBUX
KpHTEPIiB.

Haii6inpimoro mommpeHHst Ha MpakTull Ha0ymu QyHKIii
KOPHCHOCTI YaCTKOBUX KPHUTEPIIB BUILY:

o —_
— + — i .

fi(x,M)z{[ki(x,M)—kl- 7/ [k —k; ]} ,i=13, (6)
ne k;(x,M ) — 3HaueHHs i-T0 4AaCTKOBOT'O KPUTEPiro s
Bapiauta (x,M); k', k; — wHalikpame Ta Haiiripme
3Ha4YeHHs i-ro KpuTepito, i=1,3; @, — mapameTp, L0
BU3HAua€ KOHKPETHHI BUA 3aleXHOCTI (o; =/ — niHiiiHa,
0 <a; <1—yBirayra, o; > I — OIyKia).

Jlis OinbIl TOYHOTO OIIHIOBaHHS 3HAY€Hb YaCTKOBHX
KpHTEpiiB MOXxe OyTH BUKOpUCTaHa (pyHKIisA-CKIIEHKa, sKa

JIO3BOJISIE PeajTi3yBaTH TaKOX S- 1 Z-MOmiOHI 3a7IeKHOCTI
BiJl 3HAYEHb YACTKOBUX KPHUTEPIIB [6]:
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z(x,M)
ka

a-(by+1)-| 1-|b, /| b, +

0<k(x,M)<ka;

E(x,M)=4a+(1-a)-(b,+1)x (7)

k(x,M )—ka
1—ka

x{1-|b,/| b, +

ka <k(x,M)<1,

ne rae ks, a — HOPMOBaHI 3HAYEHHS KOOPAHMHAT TOYKH
cxneroBaHHa Qynkuii, 0<k, <1, 0<a<l; b,, b, —
rnapamMerpy, [0 BHU3HAYalOTh BUJI 3QJEKHOCTI Ha
ITOYaTKOBOMY Ta KiHIIEBOMY BiJpi3kax (pyHKIIIi.

ExcriepuMeHTaIbHUM [UIIXOM BCTAHOBJICHO, IO Cepen
(YHKIIIH, 10 BUKOPUCTOBYIOTBCS B CUCTEMax MiJATPUMKH
MPUUAHATTS pilIeHs 1 JO3BOJIAIOTH peaiizyBatu S-(Z)-
MoAiOHI 3aJIe)KHOCTI BiJl 3HAUEHb YaCTKOBUX KPUTEPIiB,
¢byHKIis-cKIeiika cTeneHHUX ¢QyHKUIH (7) € Oinpin
€(pEeKTUBHOIO 3a ITOKa3HUKOM «TOYHICTh-CKIJIQJHICTB)
nopiBHssHO 3 ¢QyHkuisimu [aycca, XappiHrtona Ta
JIOTICTUYHOIO (yHKIII€O [6].

BBezemMo Taki o3HaueHHS:

Ei(x,M)-&(x,M)=E,(x,M ), A/,/ =44,
Ei(x, M )& (x,M)=85(x,M ), 11,2 =As55ee- - ®)

3 ypaxyBaHHSM BBe/IEHHX IO3Ha4YeHb (8) mozenb (5)
MOXe OyTH MoJlaHa y KITaCH4Hil aIuTUBHIHA (opMi:

N
P(x,M )= A &E(xM). )

i=1
3amaua mapaMeTprUYHOro cuHTe3y (YHKIII y3araJbHEeHOl
KOpUCHOCTI (9) 3BOOMTHCA JO BH3HAUCHHA BEKTOpa

BaroBux koediuientis [ A, ], i =1, N, akuil 3a0BONbHAE

copMoBaHiii cucTeMi HepiBHOCTEH Ha OCHOBI IiepeBar
0co0H, M0 NMpUIMae pillleHHs, Ta HOPMYIOYUM yMOBaM:

N
le- =1, 4,20, i=1N. Taka 3amaua Moxe OyTu
i=1

PO3B’A3aHHA METOJAaMH EKCIEPTHOIO OLIHIOBAHHA YH

KOMITapaTopHOi ineHTH(ikamnii, sSKi HaOyId IITUPOKOTo

PO3IOBCIOMKEHHSA B MpaKTHUIl aBToMaru3anii

MIPOEKTYBaHHA [7].

V. BUCHOBKHU

3ampornoHoBaHa ~ cXeMa  JIEKOMIO3UIi  T1pobiaemMu
ontuMizamii BUpoOHMuYMx TII j03BONMIA  BHUIUTUTH
MHOXXHHY B3a€MOIOB’SI3aHUX 3aJa4 33 BXITHUMHU 1
BHUXIIHUMH JaHMMH. Ha 1iii OCHOBI 3ampOIOHOBAHO
ITOCTAHOBKY 1 MaTeMaTHYHY MOJENb 3aJadi CTPYKTYPHO-
nmapameTpuuHoi onTumizamii  TII 3a  moka3HHKaMH
HABEACHUX BUTPAT, MPOIXYKTHUBHOCTI Ta SKOCTI MPOIYKIIii.
YacTkoBMMH BHIAIKaMH CPOPMYILOBAHOI 3a11adi € 3aaadi

orntumizanii TIl 3a mokasHMKamH: BUTpaT B YMOBAax
00OMEXEeHb Ha IIOKa3HUKH MPOMYKTUBHOCTI ¥ SIKOCTI;
BUTpaT 1 NPOAYKTHBHOCTI B YMOBaxXx OOMEXeHb Ha
MOKA3HUK SKOCTI; BUTPAT 1 SIKOCTI B YMOBax OOMEXeHb Ha
MOKa3HUK MPOIYKTUBHOCTI; MPOAYKTHBHOCTI M SKOCTI B
yMOBax OOMEXEHb Ha BUTpaTH. BUKOpUCTaHHS B Mopedii
yHiBepcabHUX (DYHKIIH 3arajbHOI KOPUCHOCTI HAa OCHOBI
nominoMa KoimMoroposa-I'abopa Ta KOpUCHOCTI YaCTKOBHX
KpPHUTEPIiB J03BOJSE IiJBUIIUTH TOYHICTh BU3HAYCHHS
mepeBar ocoOH, IO MpHiiMae pilIeHHsS 1 HaIiii OCHOBI
MiABUIIYBAaTH €(QEeKTUBHICTh DillleHb 3 IPOEKTYBAHHS Ta
peimxuHipuHry BupooHuunx TII.
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