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ABTOMATHU3ALISA KOHTPOJIIO BUKOHAHHSA MOHTAZKHHUX
OIIEPAIIIA
npodecop, k.1.H., HoBocenos C.I1., cryaent Ilamenxo €.B.
XapKiBChKUM HAIlIOHATBHUM YHIBEPCUTET Pai0CICKTPOHIKH,
kadenpa KITAM, m. XapkiB, Ykpaina
e-mail: sergiy.novoselov@nure.ua, yevhenii.pashchenko@nure.ua

Abstract. This paper presents the developed scheme of the automated
system for monitoring the execution of assembly operations. The basis of the
proposed scheme is a technical vision system for detecting defects after
assembly operations. The technical vision system is integrated into the
technological sequence of operations on the conveyor of the assembly shop. The
proposed scheme of the automated system for monitoring the execution of
assembly operations allows you to perform current control at the stage of the
operation to quickly eliminate defects. In this scheme, the automated system
monitors the actions of a worker who performs manual assembly operations for
installing components on the chassis of the device.

Beryn. BropoBamkeHHST aBTOMAaTH30BaHHUX CHCTEM KOHTPOJIO SKOCTI
NPOAYKI[i, 10 BUPOOJSIETECA BUPOOHUYUM MIAIPUEMCTBOM, € JIOCUTH
aKTyaJlbHOIO 3ajavero. J[Jig bOoro 3aCTOCOBYIOTHCS Pi3HI JOJATKOBI MPOTPaMHI
i anapatHi 3acoOu. Hampukinazn, nyxe MOMyJSIPHOIO Hapasl € BUKOPUCTAHHSA
CHUCTEMH KOMIT IOTEPHOTO 30py JUJIsl BUKOHAHHS 3a7a4 KOHTPOJII MOHTaKHUX
onepariil.

[lim sKicTIO  BUPOOHHUIITBA  PO3YMIIOTh  CTYIIHL  BiJMOBIIHOCTI
BUTOTOBJIEHOTO BUPOOY 3alaHuM po3mipaM, popmi, MexaHIYHUM, (I3UUHUM Ta
IHITUM  XapaKTEepUCTUKaM, SKI 3 TMPU3HAYEHHA 1[hOro BUPOOU. TOUHICTH
BUKOHAHHS  Omepailii BIJPI3HIETbCS  BiJl TOYHOCTI BCHOTO  MPOIIECY.
3acTocyBaHHS Omepalliii KOHTPOJI0 Ha KOXKHIM CTajii BUPOOHUIITBA TiJBHUIILYE
SKICTh BHUPOOHMIITBA Ta 3HUXKYE PO3XiJ MaTepialiB 1 TUM CaMUM JO3BOJISIE
3HU3UTHU BapPTICTh KIHIIEBOI MPOIYKIIII.

SkicTh KIHIIEBOTO BHpPOOYy 0araTo B 4OMY 3aJIeKUTh B MPABUIBHOTO
BUKOHAHHSI OIllepallii BCTAHOBJICHHsS KOMIIOHEHTIB Ha JAPYKOBaHI IuiaTH abo
maci [1]. Opranizanis KOHTPOJIK TpH BHPOOHHUIITBI EIEKTPOHHHX 3acO0iIB
nepeciilye ABI METH: BHIIy4YeHHS Opaky 1 momnepemkeHHs Horo. OcoOnauBo
aKTyaJIbHUM 1 BINOBIIAJIbHUM € KOHTPOJIb B aBTOMaTU30BAHOMY BUPOOHUIITBI,
B SKOMY BCA CYKYIHICTh TEXHOJOTIH 1 TEXHIYHUX 3aco0iB, OB’ S3aHUX
iH(OpMaIIHHUMHA TIOTOKAMH, CKJIAQJa€ CUCTEMY aBTOMAaTH30BAaHOTO KOHTPOJIIO
(CAK).

B aBromaTtmzoBanomy BupoOHmITBI CAK Mae 3a0e3neuyBaTé HE TUIBKU
OTPUMAaHHS 33/1aHO1 SIKOCT1 MPOIYKIi, ane 1 Oe3BIAMOBHHI XiJ BHPOOHUYOTO
nporecy. Y KOMIUIEKC 3a/1a4 KOHTPOJII0 aBTOMAaTHU30BAaHUX BUPOOHUIITB BXOASTh
TaKO)X KOHTPOJb 3a 3a0e3neueHHs M Oe3nepediiiHMX MOTOKIB  BUPOOIB,



ABTOMaTg;gE;’;’TZ?;ﬁE OHIka Ta n E RT_go 22 24 - 25 nucromana 2022 poky

IHCTPYMEHTIB, MPUCTOCYBaHb 1 BUMIPIOBAIILHUX TMPUCTPOIB, MEPEBIpKa CTaHY
iHQopMaIitHUX 3B’SI3KIB  YCEpPEMHI KOMILIEKCY 1 MIK TEXHOJOTTYHUMU
KOMIUIEKCaMH, TPAHCIIOPTHUX CHUCTEM, CHCTEM KEpyBaHHS BHPOOHUYHM
TIPOIIECOM.

OcHoBHa yacTtuHa. O0'eKTOM JOCIDKEHHS B AaHIA poOOTI € cucTema
KOHTPOJIIO SIKOCTI BUKOHAHHS MOHTQXHUX omepaiii. [Ipeamer mociimkeHHs —
METOJIM BU3HAYCHHS MPABHJIBHOCTI PO3TAIlyBaHHS KOMIIOHEHTIB Ha MOHTaXHii
OCHOBI 3 BUKOPUCTAHHSIM CUCTEMHU KOMIT FOTEPHOTO 30DY.

BpaxoByroun nmpoBeeHU aHai3 MPEAMETHOI 00J1acTi po3po0ICHO CXeMy
poOOTH aBTOMATU30BAaHOI CHCTEMH KOHTPOJIF0 BUKOHAHHS MOHTOKHHUX OTIEPAITiid

(puc. 1).

30Ha BUKOHaHHA 30Ha BUKOHaHHA 3oHa BMOaYl rotoBoro
MOHT&)KHWX POBIT KOHTPOMIO Gnoky

CT3
BcraHoBneHHA
KOMMOHEHTIB

0O oo O Sooo O ooy
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Pucynoxk 1 — Cxema poOOTH aBTOMaTU30BaHO1 CUCTEMHU KOHTPOJIIO
BUKOHAHHS MOHTa)XHHX OIleparliif

OCHOBOIO 3alpOTNOHOBAHOI CXEMH € CHCTEMa TEXHIYHOTO 30py IS
BUSIBJICHHS JE€(EKTIB MICJIsI MOHTaXHUX omepariid. CucrtemMa TEeXHIYHOTO 30py
IHTETpOBaHa B TEXHOJOTIYHY TIOCIIJOBHICTH Omepaliii Ha KOHBEEPI
30upanbpHOrO 11eXy [2]. B maniit cxemi aBTOMaTn30BaHa CUCTEMa KOHTPOJIIOE JTii
poOITHMKA, 1[0 BHUKOHYE pY4YHI MOHTaXHI oOlepamii 3 BCTaHOBJICHHS
KOMITOHEHTIB Ha I1aci MpUsiay.

Po6iTHUK BUKOHYE HEOOXiAHI omepalii Ta micis X 3aBepUICHHS 3aIyCKae
KOHBEEP 13 CHEIIAIbHUM JIOTKOM JIJIsl MEePEMIIIeHHs IIaci J0 30H KOHTPOJIIO.
JInst uporo BIH KJaje 1IAcl B HAMpPSIMHI T4 Ma€ 3MOTY HATUCHYTH HAa KHOIKY
«3aBepIIeHHs onepariin.

VY BUXiHOMY MOJIOKEHHI MEXaH13MYy KiHIIeBUM naTdyuk SQ1 3HAXOAUTHCS B
cTaHi BKItoueHo. Lle Toil Bumagok, KoM JOTOK 13 IIaci Mpujiaay 3HaXOIUTHCS B
30H1 BUKOHAHHS MOHTKHUX omeparttiid (puc 1, 3emeHa 30Ha).
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[Hukn poboTH MOYMHAETHCSA Micas HaaxomkeHHs kKoManau "Ilyck" Bin
mpaliBHUKA MICTIs 3aBEPIISHHS MOHTAXHO1 omnepaliii. MexaHi3M mepeMily€eThes
B TOJIOXKEHHS, 10 (PIKCYEThCS KIHIIEBUM BUMHKadyeM SQ2 — 11e 30Ha BUKOHAHHS
KOHTpOII0. B aHOMy cTaHi1 cucTeMa 3HAaXOAUThCS MPOTAroM yacy Aty (puc 1,
JKOBTa 30HA).

Y Bumagky, KOJM TIOMIJIOK B MOHT&XY HE 3HAWACHO, JIOTOK
NEPEMIIY€EThCSA B TMOJIOKEHHS, 10 (DIKCYeThCS KiHIIEBUM BuMHKadeM SQ3. B
JTAHOMY TTOJIOXKEHHI II1aci CTOiTh MpoTsaroM Yacy At, (puc 1, uepBoHa 30Ha).

[Ticns BUpaneHHs maci 3 JIOTKA 3a JOTIOMOTOI MaHIMyJsATOpa, MEXaHI3M
MOBEPTAETHCS B BUXITHE TOJOKEHHS. J[J11 TOBTOPEHHSI MUKy HEOOX1THO 3HOB
nogatu komanay "Ilyck".

Skio cucTeMa TEXHIYHOTO 30pYy 3HAXOAWTh IMOMMIIKY B MOHTaXYy, IIaci
MEePEMIIIYETHCA B MEPIIOYEPTroBe MOJOKEHHs. SIKIO0 KOMaHaa BiJ HpalliBHUKA
OyJe HaaXoauTh Oe3NnepepBHO, TO MICHS BIANPAIbOBYBAHHS OJHOTO IHMKITY
aBTOMATHYHO MTOYMHAETHCS HACTYITHUH.

[TpuiiMmemMo HACTYIHI MO3HAYEHHS BXI1JHUX 1 BUXIJHUX CHUTHAJIB, a TaKOXK
CUTHAJIIB TalMepiB, K1 HEOOXITHO PO3TIIAIATH K BXIJHI CUTHAIW 1 rpada
nepexoiB.

Bxian1 curnanu:

—a — komanza "[lyck";

—b, ¢, d — curnanm kinnesux BumukaviB SQ1, SQ2, SQ3 BiAMOBIIHO;

— 11, t, — curnanu TaliMepiB, 110 JAIOTh 3aTPUMKHU Aty 1 Aty.

Buxiani curnanu:

— f; — KoMaHa Ha MTepeMilleHHsT MEXaHi3My 3 BHX1THOTO MOJIOKCHHS,

— f, — KOMaHa Ha TOBEPHEHHS MEXaHI3My B BHXITHE ITOJIOKCHHS.

Cunre3 peneitHOi cxeMu Jid KepyBaHHS aBTOMATH30BAHOK CHCTEMOIO
MOYMHAEMO 3 BH3HAUCHHs KUJIBKOCTI CTaHIB, B SKMX MOXE IepedyBaTH cxeMma
aBTOMATUYHOTO KEpyBaHHs. TaKMX CTaHIB IIICTh:

— 1 — BUX1JHE MOJIOKEHHS,;

— 2 — epeMiIIeHHS 3 BUX1THOTO MOJIO0KCHHS;

— 3 — CTOSIHKa TIPOTATOM Yacy Aty;

— 4 — nmojankIIe NepeMIIICHHS;

— 5 — CTOSIHKM IIPOTATOM 4acy Aty;

— 6 — MOBEpHEHHS B BUX1HE MOJIOKEHHS.

3acTocyBaBIIM TPOIEAYPY, MO0 omnucana B [3], BH3HAYCHHS YyMOB
BMUKAHHS 1 CKUIaHHS TPUTEPIB:

Sp, = ap,ps; (1)
Rp, = ap,ps + P2 P3; (2)
Sp, = CP1D3; (3)
Rp, = bpips; (4)
Sp, = apy Pz + t;p1D3; (5)
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Rp, = t;p,ps + ap1p,- (6)

®opmynu s Buxigaux curHamiB f; 1 f, 3ammcyroTees sk xKomOiHaIiKHI
GYHKIIT BUXIOHUX CHUTHaNIB TpurepiB Py, P, , Pz. Jlilicno, ¢yukmis f; =1 B
craHax 2 1 4, ToOTO B cTaHaX, SKUM BIJMNOBIJAIOTH Takl KOMOIHAIll 3HAYEHBb
BUXIJIHMX CUTHaJIIB TpurepiB: p1=0, p,=0,p3=1 1 p1=0, p,=1, p3=0. Tomy

fl = 5152293 + 51p253' (7)
Amnanoriuno, ynkmist f,= 1 B crani 6 ( py po p3=111), ToOTO

f2 = P1P2Ds3- (8)

Taiimep 77 BMUKaeThes B ctani 3 ( py p2 p3= 011 ), a talimep 7, — B cTaHi 5
(p1p2 p3=110), Tomy

T, = 51292293- (9)

T, = P1P253- (10)

BucHoBkn. Takum ymHOM, B AaHid poOOTI po3poOJIeHO cxeMy pPoOOTH
aBTOMATHU30BaHOI CHCTEMH KOHTPOJIIO BHUKOHAaHHS MOHTaXHHMX OIeparliil.
OCHOBOIO 3aIPONIOHOBAHOI CXEMHU € CHCTEMa TEXHIYHOTO 30py Ji BUSBJICHHS
ne(deKTIB Micas MOHTaKHUX oneparliid. Cuctema TEXHIYHOTO 30pY 1HTErpOBaHA B
TE€XHOJIOT1YHY MOCIIJOBHICTh ONepalliii Ha KOHBEEP! 30UPaIbHOTO LIEXY.

Bukonano CUHTE3 MaTeMaTU4YHO1 MOJIeI 3aIIPOIIOHOBAHOL
aBTOMATHU30BaHOI CHUCTEMH, 3a SIKOI0 MOKHA MOOYAyBaTH pPENEHO-KOHTAaKTHY
CXeMy IIJIsl IPOMHCIIOBOTO KOHTPOJIEPY.

3ampomnoHoBaHa cXxeéMa aBTOMAaTHU30BAHOI CHCTEMH KOHTPOJIO BHKOHAHHS
MOHTa)XHHX OIepalliii 103BOJIsi€ BXKE Ha eTarll BUKOHAHHS orepallii BUKOHYBaTU
NOTOYHUN KOHTPOJb I IIBUJAKOIO YyCyHEHHs JedekTiB. Takum 4YHHOM,
3HIDKYETBCSL YaC HAa BUIPABIEHHS TMOMMJIOK 1 3MEHIIYEThCS KIJIBKICTh
OpakoBaHUX BHUPOOIB HA BUPOOHUIITBI.

Cnmcoxk BUKOPHCTAHMX JKepeJt.
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OCOBJIMBOCTI PEAJII3AIIIN WEB CEPBEPIB HA MOJIYJISIX
ESP8266 TA ESP32 Y ARDUINO IDE
JOIIeHT, K.T.H. 3yokoB O.B., crynent 3yokoB A.O.
XapKiBChKUM HAIlIOHATBHUM YHIBEPCUTET Pai0CICKTPOHIKH,
kapeapa MTC, m. XapkiB, YkpaiHna
e-mail: oleh.zubkov@nure.ua, artem.zubkov@nure.ua

Abstract. The shortcomings of the Web servers implementation based on
ESP8266 and ESP32 modules are considered. The choice of file system for
storing Web site content is substantiated. The advantages and disadvantages of
using the AsyncWebServer and WebServer libraries to implement Web servers
in the Arduino IDE in the ESP8266 and ESP32 modules are determined.
Measurements of the loading web pages with content speed for different
modifications of modules and using different libraries of Web servers were
performed. Practical recommendations are given to the principles of updating
information on a Web page to achieve maximum performance. The
disadvantages of using the ArduinoJSON library on dual-core processors are
revealed.

Beryn. OctaHHI pOKHM XapaKTepU3YIOTbCS 3HaYHUM pocToM puHKY [oT
pedelt Ta cuctem aBroMarusailii. CydacHa MPOMUCIIOBICTb MOKE JI0O3BOJIUTU
BKJIAJIaTU BEJIMKI KOIITH y CTBOPEHHSI CHCTEM aBTOMAaTH3alli Ha OpEeHI0OBOMY
oOnagHaHHI TakuX BHpPOOHMKIB, K Siemens, ABB, GE Fanuc i t.1. OmgHak
OJTHIEI0 3 TOJIOBHMX BHMOI JI0 CHCTEM aBTOMAaTH3allii MPUBATHOTO >KHTIIA,
Majoro Oi3HECy € HeBelWKa IiHa TakuxX cucteM. Came ToMy Bce OLIbIIe
NPOCKTIB peanidyeThcs Ha cydacHux WiFi moayssix ESP8266 ta ESP32 [1, 2].
OO6uaBa MOIyNi MarOTh YiMM 3 MIATPUMKOIO cydacHUX cTaHaaptTiB WiFi i
MOXXYTh KOH(DIrypyBatucs, sk Touka goctyny ado kmieHt WiFi Mepexi Ha 0asi
poyTepa, BOHM MaioTh IUGPOBI JiHII JUIsl MiJKJIIOYEHHS PI3HUX JATYUKIB Ta
CyXUX KOHTAaKTiB, 6arato cydacHux iHTep(enciB g B3aeMOAil 3 Oyab-sSKOIO
nepudepietro. OmHAK MEPITiii MOIYJb Ma€ OJHOSIACPHUN TPOIECOP 13 TAKTOBOIO
gactoToro 80MI'1, a aApyruii nBoxsjaepHuid 13 yactororo 160-240MI'1, Oubiry
PO3PSAHICT,  aHAJIOro-UU(POBOrO  MEpPEeTBOpIOBava,  LUQPPO-aHATOTOBUI
nepeTBoproBad. (s mo4aTkoBoro KoH(irypyBaHHS MOIYJS, IO € CKJIaJOBOIO
YaCTUHOIO aBTOMAaTHU30BaHO1 CUCTEMH, a00 KepyBaHHSI 3@ OT0 JJOTTOMOTOIO IIi€F0
CHUCTEMOI0 HeoOxigHO peanizoByBaTd Web cepBep Ha 0a3li Takoro MoOIyJid.
barato po3poOHUKIB €JIEKTPOHHOI amapaTypd BBaXKalOTh, 110 3 peajizalli€lo
cepBepy Oarato CKJIQJHOIICH, BiH MOBUIBHO TPAIIOE 1 BIAMOBISIIOTHCS BiJl
Bukopuctanus ESP8266 1 ESP32 Ta BUKOPUCTOBYIOTH OUIBIIT TOPOTI PIIlICHHS.
ToMy, MeTOI0 [BOro JOCHIIXKEHHS OyJ0 3HAXOKEHHsS pIIIeHb, IO
BIJIMOBIJIAIOTh CYYaCHUM BUMOTaM 3 po3poOku Web cepBepiB Ta 3a0e3MeqyoTh
BUCOKY IIBUJKICTb POOOTH CepBEpy Ha IMpOLEcopax 3 MaJiol0 TaKTOBOIO
4acTOTOIO.
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OcHoBHa yacTuHa. Po3pobka mporpamHoro 3abe3neueHns Web cepBepiB
CKJIaJaeThCs 3 JBOX dYacTuH: backend (mporpamue 3a0e3ledeHHs, IO
3allyCKaeThCs Ha cepBepl — y Hamomy Bumaaky y ESP8266 uyu ESP32) Ta
frontend (web cropinka, 110 mepenaeThbCsi KOPHCTYBady 3a HOTO 3allMTOM Ta
BimoOpaxkyeTbcst  Opayzepom) [3,4]. 110 po3poOKy BHKOHYIOTH pi3Hi
CHELIaNiCTU-PO3POOHUKHY, SIKI, HaBiTh, MOXYTh TpAIIOBATH OKPEMO Ta
HE3aJIe)KHO, OOTOBOPIOIOYH JIUIIE CTPYKTYpY caiTy. ToOTO KOHTEHT caiTy (web
cTopiHku, rpadivni Qaitmm, €SS ¢aiti) TOBHHEH pO3pOOIATUCH 1 30epiraTuch
OKpEMO BiJl TOJIOBHOI KEPYIOUOi IIporpamu cepsepy. Lle ckopodye po3poOky Ta
JI03BOJISIE OHOBIIOBATU OyNb-SKYy CKIJIQJOBY CaWTy HE3QJIEKHO B 1HIINX
CKIaoBuX. Ane y OinbiocTi mpukiaaiB mpoektiB mias ESP8266 ta ESP32 y
koq backend ckmagoBoi BOYIOBYEThCS KOJ web CTOPIHKH I 301IbIICHHS
HIBUKOCTI POOOTH CAaMTy 1 11€ € TOMIJIKOBUM DillIeHHSIM. [ BUpIIIEHHS 1I1€7
po0IeMu HeOOX1THO PO3AUIATH 3arajibHy mam'ste MoaysiB ESP8266 ta ESP32
Ha JIBI 4yacTUHU: 1) N1 30epiraHHs KEpyrouoi mporpamu; 2) Juisl CKIAJOBUX
frontend wactunum 13 peanizaiiero ¢aiaoBoi cucremu. HallGiabIn nonyaspHUMA
daitnosumu cucremamu € SPIFFS, litleFS, FatFS. Xoua ¢aiinoBy cucremy
SPIFFS mno3uiionytoTh, $K CHEiabHO PO3pOOJIEHY MJii BUKOPUCTAHHSA B
ESP8266 ta ESP32, ane 1i cympoBig 3 00Ky po3pOOHHKIB MPUITMHEHUN IIE Y
2019 pomi. ExcnepuMenTanpHa mepeBipka mokaszana, mo y moxayisix ESP8266
Taka cucTeMa peai3yeThcsi 6e3 mpoliieM, a y OCTaHHIX Bepciax moayniB ESP32
BUHUKAIOTh TpoOsieMu 13 3amucoMm (aitmiB y crBopenuit posain SPIFFS. Ha
Biaminy Bij SPIFFS ¢aitnosa cuctema FatFS ognakoBo qo0Ope peanizyeThes Ta
dyHkiionye y Bcix cywdacHux wmomudikamisx ESP8266 Ta ESP32, mio
MIATBEPKYE EKCTIEPUMEHTANIbHA TIEpeBipKa. 3aBaHTaKeHHS (aiiIiB y CTBOPEHY
dainoBy cucreMy MOXE BIIOYBaTHUCh 3 BHUKOPHUCTAHHSIM CIIEIIalli30BaHUX
J01aTKOBUX 1HCTpyMeHTIB (Hanmpukiaa, ESP32 Sketch Data Uploader y Arduino
IDE) a6o 3a gomomoror BOyA0OBaHOIO y cepBepHy mporpamy Ftp cepsepy.

Haituyacrime st po3poOku nporpamHoro 3adesneueHus ais ESP8266 ta
ESP32 BukopucroByeTbcs cepenosuiie Arduino IDE y cykymHocTi 13
6i6mioTekamu peanizamii cepBepiB AsyncWebServer ta WebServer. ObunBa
CEepBEPH JTO3BOJISIOTH 3a 3alMTOM KJIIEHTY BIAKPUTH HeoOxiaHuil .html, .css i
T.J0. dainum caidTy, 1o 30epiraroTbcst y po3auil 13 (GalJloBUMH CHUCTEMaMHU
SPIFFS, litleFS, FatFS. IlepeBaramu AsyncWebServer €: oOpoOka 3amuTiB
KJIIEHTIB 3a TOJIE€I0 Ta MOXJIMBICTh 3alMOBHIOBATH IadsoHu html cropiHok
MOTOYHUMHU J@HUMH TIepej] BIANPaBKOI KiieHTy. [le 1mae MOXJIMBICTH
CTBOPIOBATH MPOTPaMH BEIIMKOTO 00’ €MY Yy TOJJOBHOMY HECKIHUCHOMY IUKITY HE
3aTpUMYIOud OOpOOKY 3alWTIB KIIEHTIB. AJie TOJIOBHUM HEAOJIKOM €
HEOOXITHICTh MPOMUCY PEAKIlli Ha 3alHUT 3aBaHTAXKECHHs OYyIb-IKOTO (haiiia Ha
piBHI Kepyrouoi cepBepHOi mporpamu. ToOTO mpu 3MiHI KOHTEHTY web caiTy
HEOOX1IHO BHOCHTHU 3MiHU 1 B CEpBEPHY YaCTHHY I T0JAaBaHHS 3aBaHTAKCHHS
HOBHUX CTOpIHOK, Tpadiunux ¢aimis 1 T.4. [Ipum Bukopucranui 6101a10TEKH
WebServer € MOXIUBICTh TOTOKOBOTO 3aBaHTAXKEHHS Oynb-iKoro ¢aiiny 3
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daitoBoi  cuctemu. ToOTO MOXKHAa CTBOPUTH YHIBEpPCAIbHY  (PYHKIIIIO
MIOTOKOBOT'O 3YUTYBaHHS Oylb-sSKoro ¢aiiy KOHTEHTY web calTy 1 mnpu
J0JaBaHHI HOBHX (DailliB 4M BUJIYYEHHI ICHYIOUHX HEMa€e MOTpeOU BHOCHUTH
3MIHM Yy ICHYIOUMH KOJ CEpBEPHOI YacCTUHU MPOrpaMHOro 3abe3neyeHHs .
['omoBHUM HenmosikoM O10mioTekn WebServer € HEOOXITHICTH CTBOPIOBATH
HECKIHYCHHUM IUKJI 1 Yy HbOMY MEpPEeBIpATH — YU HE HAAIMIIUIM HOBI 3aIUTH BiJ
KOPHCTYBaYiB Ha 3aBaHTA)XCHHS YU OHOBJICHHS Web CTOPIHOK a0o0 iX KOHTEHTY.
[le nmpu3BOAUTH K OOMEXEHHIO 00’€My, a BIATOBIIHO 1 4Yacy BUKOHAHHS,
IporpaMu, MI0 PO3TAIIOBYETHCS y HECKIHYEHOMY LHUKIY Pa3oM 13 YaCTHHOIO
KOJy TIepEeBIpKM HOBHIX 3alHTIB BiJl KII€HTIB. TOOTO BUKOpPUCTAHHS 010I0TEKH
WebServer BiamnoBimae cydacHUM BuUMoram Jio po3poOku backend Ta frontend
YacTHH cailTy, ane ais MoayiiB ESP8266 itoro BukopuctaHHsi epeKTUBHE JUIIIE
y BUINAJKY HEBEJIUKOIo 4acy (JeKiIbka MUTICEKYH/) BUKOHAHHSI TIPOrpaMH, IO
po3ranioBaHa y HeckiHueHoMy nukii. [ momyniB ESP32 takux oOmexxkeHp He
ICHY€, 00 TYT BUKOPUCTOBYETHCS ABOXSAAEPHUIN MIPOLIECOP, Y IKOMY OJHE 3 sIIEp
MOXHa 3aJisITH JJI1 OOpOOKM 3amuTiB KIIEHTIB, a I1HIIE I peai3arnii
TOJOBHOTO KEpYI4Ooro aiaroputMy. Jlis eKCIepUMEHTaJbHOI MEepeBIPKU
edexkTuBHOCTI poboTu 0Oi0miotek AsyncWebServer ta WebServer Oyio
CTBOPEHO CEPBEPHY Ta KJIIEHTCHKY YaCTHUHU CANTY 13 3aBAHTAXKCHHSIM HE TUIbKU
html cropinok, aie i 3 momaTkoBuUMH (aiijlamMu €SS, jS 1 3aBAaHTAKCHHSM JIBOX
rpadiuHux 300paxkeHb y ¢popmarti jpg. Ilpu Bukopucranni AsyncWebServer ta
ESP32 vac mepBuHHOTO 3aBaHTa)XeHHs cTopiHku OyB 0,9¢, a mpu BUKOpHUCTaHH]
WebServer 0,4c. Ilpu Bukopuctanni moxynie ESP8266 wac 30inpmuBcs y
1,8 pazm.

[Tpu po3pobmi frontend yacTuHU caiiTy TaKOXK CIiJ] MPUAUIATA 3HAYHY
yBary BUMoraM 10 po3poOku web cropiHok. Ilicims meprmoro 3aBaHTa)KEHHS
CTOPIHKM OHOBJIEHHS 300pakeHb Ha CTOpIHIN, @ TAaKOX IOKa3aHb JaTYMKIB,
CTaHy CUCTEMH MOJKHA peajli3yBaTH 13 OHOBJICHHSIM BCIET CTOPIHKH ITUIKOM, 200
Juiie okpeMux ii eneMmeHTiB. OHOBJICHHS YCI€i CTOPIHKH CHPOIIYE PO3POOKY,
ajyie KO)KHE Tepe3aBaHTaXXEHHsI CTOPIHKU MOTpedye uacy, 10 BIAMOBIAAE dacy
MIOYAaTKOBOTO 3aBAHTAXXEHHS CTOpIHKU. Peanizaiis OHOBIICHHS CTaHy JIMIIE
JESIKUX €JIEMEHTIB Web CTOPIHKM MOTpeOy€e HaMCAaHHA JOIaTKOBUX CKPUIITIB HA
CTOpIHLI 1 BIANOBIAHUX (YHKUIA MepeJaBaHHS CEPBEPHOI0 YAaCTUHOIO
KOPOTKOT'O TakeTy iH(opMmarliii, ajie 3Ha4HO 3MEHIIIY€ YaCc OHOBJICHHS, 3HAYEHHS
KoTporo He nepesuinye 0,1c y mpakTuuHuX mpuKiIanax. Takoxk Ipu HAMUCaHHI
koay html cTopiHKM MOXHa 3HAYHO CKOPOTUTH Yac 3aBaHTAXKEHHS 300pakeHb,
KOJIM, HaINpHUKIaJ, JACKUIbKa 300pakeHb BIJNOBIAAIOTh OJHOMY €JIEMEHTY
CTOPIHKH Ta B1I0Opa)KalOTh PI3HI CTAHH LBOTO €JIEMEHTY. SIKIO MPHU Mepuiomy
3aBaHTaXCHHI CTOPIHKMA 3aBaHTaXyBaTu TpadiduHi 300pakeHHS, MO0 MICTSITh
OJTHOYACHO Trpa(piUHUN BUTJIS YCIX CTaHIB JACSIKOTO €JIEMEHTY CUCTEMH, a MOTIM
MOKa3yBaTH HA CTOPIHII JIMIIE YAaCTHUHY IBOTO 300pa)KE€HHS, IO BIAMOBIIAE
MOTOYHOMY CTaHy €JIEMEHTY CTOPIHKH, TO HEMa€e HeOOX1THOCTI 3HOB 3UMTYBaTU
1€ 300pa)KeHHS 3 CEPBEPY, @ JOCTATHBO KOPUCTYBATUCH 300PAKEHHSM, IO BXKE
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€. Ins peamizaiii Takoro miaxoay JOCTaTHHO MPOMHCATH Kiac ISl €JIeMEHTY
CTOPIHKHM Ta Yy java CKpHIITI 3a0e3meuuTy 3MiHy 300paxeHHs. [Ipu nepenapanHi
JAHUX JIJI1 OHOBJICHHS €JIEMEHTIB Web CTOPIHKH BiJl cepBepa JI0 KJIIE€HTa JTyKe
nonyisipHoro € 0616mioreka ArduinoJSON. Ane, gK moka3zalud MpPaKTHYHI
JIOCITIIA, y BUIMAJKY BUKOPUCTAHHS JBOXSJAECPHUX IMPOIECOPIB 1 OJHOYACHOTO
JOCTYMy 13 MiAmporpaM pi3HUX sAep A0 3aranbHoi cTpykTypu JSON,
BUHUKAIOTH TIOMUJIKU 3aMHCY 1 1110 010110TeKy HE CJIiJi BHKOPUCTOBYBATH.

OcTaHHIM B@XJIMBUM €JIIEMEHTOM peali3aimii cailTy € BuOIp MK
peanizaili€l0 CHHXPOHHMX UM AaCHHXPOHHUX 3alUTIB JO0 cepBepy. Y
CTaHJAPTHUX CcalTax, IO HE KEPYITh aBTOMAaTH30BAHUMH CHCTEMaMH,
BUKOPHCTOBYIOTh ACHHXPOHHI 3alHUTH, TOOTO KOPHUCTYBad, HAIMPHUKIIA],
HATUCHYBIIM KHOIKY, HE OYIKY€ pe3yJbTaTy a MOXKeE Jajl IIOCh POOUTH Ha
cTopiami. Takuil miaxiag € HeBIpHUM JiJIsi OaraThOX CHCTEM aBTOMaTH3aIlii, 060
JIMIIE TIC/Isl BUKOHAHHS OJIHIET KOMaHAM y aBTOMAaTHU30BaHIM CHUCTEM1 MO>KHA
BUKOHYBATH HACTyIHY 1 KOpPUCTyBad T[IOBHHEH OYIKYBAaTH 3aBEPIICHHS
BUKOHAHHS HOTO TmomnepenHboi komaHau. CHHXPOHHI 3alUTH JI03BOJISIOTH
BUPIIINUTH 111 3aIUTH.

BucnoBku. Peanmizanis cygyacuux web cepepiB Ha moayisix ESP8266 Tta
ESP32 B cepenosumii Arduino IDE moBuHHa peani3oByBaTUCh 3 PO3MIIIEHHSIM
KOHTEHTY calTy y posaun 3 ¢daimoBoro cuctemoro FatFS, mo po3Bosse
peanizyBaTu pO3AUIBHUN miaxig 10 po3poOku backend Tta frontend uactun
nporpaMHoro 3a0e3medyeHHs. Buxomsum 3 1€ yMOB  TaKOX  CIij
BUKOpUCTOBYBaTH 010yi0Tek WebServer st 3aBaHTaK€HHS KOHTEHTY CaWTy
kiieHTy. Jlume npu 3HaYHOMY Yaci BUKOHAHHS rojioBHOI mporpamu y ESP8266
cimja  BukopuctoByBatu  0i0mioteky AsyncWebServer. Ilpu  oHoBieHH1
iHdopmarlllii Ha CTOPIHII Yy KII€EHTa CI1J] aKTUBHO BHUKOPHCTOBYBatH JS,
OHOBITIOIOYH JIUIIIE CTaH €JIEMEHTIB CTOPIHKH.

Cnucoxk BUKOPUCTAHMX JXKepeJt.
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BUKOPUCTAHHS BIPTYAJIBHUX TIABOPATOPHUX MAKETIB
JJIA HAJTATOKEHHSA TEXHOJIOT'TYHUX IMPOT'PAM IJIK
npodecop, k.T.H., HoBocenos C.I1., norenT, k.1.H., Cudoa O.B.
XapKiBChKUM HAIlIOHATBHUM YHIBEPCUTET Pai0CICKTPOHIKH,
kadenpa KITAM, m. XapkiB, Ykpaina
e-mail: sergiy.novoselov@nure.ua, oksana.sychova@nure.ua

Abstract. This work considers the possibility of using digital duplicates of
automation devices in a laboratory workshop. Also shown is one of the possible
implementations of a universal software platform for creating virtual devices
using the example of a dosing device. The possibility of applying the method of
synthesis of a relay-contact circuit based on RS-triggers is demonstrated.

Beryn. Ha erami niaroroBku (axiBIiiB, B IpoIieci HABYAHHS, KOJIA JIOCBITY
poboTu 3 mporpamoBaHuMu JoriyHuMEU KoHTposiepamu (I1JIK) e HegoctatHbo,
71a060paTOpHI MAKETH BiJIITPAIOTh HAWBAKIIUBIIILY POJIb — PO3BUBAIOTH HABUYKHU B
1HXKEHEepiB nependadyyBaTH MOKJIMBI HACIIAKWA BiJl OMUJIKUA B mporpami. Jls
[[OTO CTBOPIOIOTHCS MAKETH PeabHUX MPUCTPOIB, BEPCTATIB a00 HABITH IIITUX
aBTOMATH30BAHUX BUPOOHUYUX AUISTHOK.

[lepeBara n1abOpaTOpHUX MAKETIB — II€ MOKJIMBICTh HAOYHO MOOAYUTH
pesyabTatu poOotu mnporpamu s [IJIK B nii Ha mnpukiag peasbHOro
oOnaaHaHHsA. B ocTaHHI pOKM HaBYaHHS MEPEBAaXHO BiIOYBA€ThCS OHJIAWH 3
BUKOPUCTAHHSAM JAUCTAHIIIHHUX TEXHOJOTIHA. B Taknmx yMOBax BUKOPHCTOBYBATH
peanbHl JIa0OpaTOpHI MAaKETH BUSIBISETHCA MNPAKTUYHO HEMOXJIUBO. Tomy
CTBOPEHHsI BIPTyaJlbHUX NU(PPOBUX MABIMHUKIB MPUCTPOIB aBTOMATH3AIll €
aKTYyaJbHOIO 33J1a4Cl0, BUPIIMICHHS SKO1 3HAYHO IJBUIIUTH PIBEHb IiJATOTOBKHU
daxiBiiB y BIAMNOBIMHINA ramy3i. KoHreniis BipTyallbHUX MakeTiB mependadae
MO>KJIMBICTh SIK HAWIIOBHIIIE IMITYBAaTU TMOBEIIHKY pealbHUX MpHUCTpoiB. Lle
CTOCYETBhCSl 1 aHIMaIlil TEepeMIlIeHHSI PYXOMHX YacTHUH MpHIaLy, 1 CIOCO0iB
HIAKIIOYEHH 70 camMoro Makery. B nmawiit poOoTi mogaHO OJHY 3 MOXKIIUBUX
peamizailiii  yHiBepcajabHOI TporpamMHoi TiaTGopMy Ha MPUKIAIlL TO3YIOYOTO
PHUCTPOIO.

OcHOBHA YacTHHA.

B ocHoBy mmardgopmMu Oyiia 3akiajieHa MOMKJIMBICT B3aeMOAll 3
BIPTyaJIbHUM MPUCTPOEM Yepe3 JEKUIbKa KOMYHIKalIMHUX MPOTOKOMIB: Serial
Protocol, Modbus TCP/IP, Inter-Process Communication. B mporieci HaBuaHHsI
ocHoBam mnporpamyBanHs IIJIK, a Takok OCHOBaM  3aCTOCYBaHHS
CJICKTPOITHEBMOABTOMATUYHUX TPHUBOIIB JJII aBTOMAaTH3aIlll TEXHOJIOTIYHUX
NPOIIECiB BUKOPUCTOBYEThCs Mporpamuuii 3acid LDmicro [1]. Ile#r mpoekt
JUHAMIYHO PO3BHUBAETHCA, MAa€ BIOAKPUTHM BHUXITHUN KOJA Ta MEPETBOPIOE
3BHUYAWHUN MIKPOKOHTPOJIEP B «IIPOMHUCIOBUN» KOHTPOJIEP, IO MPOTPAMYETHCS
3a JIOMOMOTOI0 TexHoJoriyHOoi MoBM LD. HasBHICTH BIIKpPUTOTO KOy daJO
MOJKJIMBICTh 3pOOMTH HEOOX1AHI 3MIHM B poOOTI MPOrpaMH Ta AOAATH TaKy
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byHKIIII0, SK OOMIH JaHMMH MK 30BCIM HE3aJIe)KHUMH IIporpaMaMu uepes
imenoBaH1 kaHainu (Named Pipes) 3a nonomoroto texnosorii [PC (Inter-Process
Communication) [2].

CrBopeHa yHiBepcaibHa IUIaTGopMa CKIAIA€ThCA 3 TPbOX PIBHIB:
KOMYHIKaIliitHOTO, 0OpOoOKM JaHuX, Bizyasizalii. 3arajJbHUN KOMYHIKaI[iHHUN
piBEHb BUKOPHCTOBYETHCA JUIsI B3a€EMOJIi 31 CTOPOHHIMH MPOrpPaMHUMHU
CepeZIOBHILIAMHU PO3POOKH TEXHOJOTIYHUX MporpaM, ado HaBITh 3 alnapaTHUMHU
3acobamu. PiBeHb HAKONMUYEHHA Ta OOPOOKM JaHMX BUKOPUCTOBYETHCS IS
OoOMiHYy iH(OpMAIiEl0 MDK HIDKHIM 1 BepxHIM piBHsAMU. Ha maHomy piBHI
BUKOHY€ETHCS 1HTEPIIPETALlisl 3MIHHUX, 1110 BUKOPUCTOBYIOTHCS Y TEXHOJOTIUHIM
nporpami Ta MacMBamMHM JaHUX, 3 SKUMHU MPaLIOIOTh IpadiyHi KOMIIOHEHTH.
Bizyaumizanis nporiecy BifiOyBaeThCs Ha BEpXHbOMY piBHI. BiH cTBOpro€eThCs
3acobamu mporpaMmyBaHHs MOBOIO C# Ta MOTO 30BHINIHINA BUTIIST 3aJICKUTh Bl
OPUHITUIY J1i TOTO MAaKeTy, JIisl sIKOTO CUMYIIIOEThCS 1 MOXKe OyTH pearizoBaHa
sk 3D a6o 2D-animaris. 3a 10oMOTor0 BOYAOBAHOTO PEIaKTOpa BIACTUBOCTEH
MPU3HAYAIOThCSI 3MIHHI Ta 3aKpIIUIIIOTHCS 32 BIAMOBIIHUMHU TpadiuHUMU
KOMITIOHEHTaMHu. B mojanbpiioMy, OTpuMaHH1 J1aHi Bi3yali3ylOThCs, a JIMHAMIYHI
KOMITOHEHTH, HAIPUKJIaJ, KHOMKH, TEHEPYIOTh MOTIK 1H(OpMaIlii, sKa BILUIUBAE
Ha X171 pOOOTH TEXHOJIOTTYHOI IporpamMu. TakuM 4MHOM BiIOYBA€THCSA eMYJISALIA
poOOTH peabHOTO MPUCTPOIO.

PosrisitHemMo mnpukian BHUpIMIEHHS 3a7adl  aBTOMATH3alli  J03yK4oro
MPUCTPOIO 3 HACTYITHUMH YMOBaMH. Y BUXIIHOMY MOJIOKEHHI €EMHICTh OPOXKHS
1 Bci kpanu nepekputi. Knonka «Ilyck» 3amyckae poOOTy IPUCTPOIO Ha OAMH
UK. 3 HAAXO/DKEHHSIM CHrHaimy @ kHomku «Ilyck», cmpamboBye maTdmk
nepmoro kpany Kj; 1y J03yH4dii IpHUCTpIA HAIMBAETHCS piiiHA | MOKHU HE
crpaiffoe gatuuk d; — gatyuk notpidbHoro o6’emy piamuu 1 (puc. 1, a). Ilicas
CIpallbOBYBAaHHS JaTuuka, K; 3aKpUBAEThCS 1 BIAKPUBAEThCS K3, yepe3 SKHii
pinuuna 1 3muBaeTbes y eMHicTh. [licas crpanboByBaHHS natuuka Oy, sSKuit
MOKa3ye, 10 JO03YHYHH MPUCTPI TOPOXKHIM, BIIKpUBAETbCS KpaH K, 110
HAMOBHIOE MPHUCTPii pimuHO0 2 10 piBHA J,. Ilicas mporo pigmHa 2 Takox
3MUBAETBbCS Y €MHICTh. Skmo kHomka «Ilyck» HaTMCHEHa, TO IIMKI
MOBTOPIOETHCS CIIOYATKY, SKIIO Hi, TO TOBEPTAEMOCS Y MTOYATKOBE MOJIOKEHHS.

TakuM 4MHOM, CTaHiIB, B IKMX NepeOyBae cucrema, Oy/ie IIiCTh:

— 1 — mouarkosuii (K; =0, K, =0, K3 =0);

— 2 — HanuBaeThed piguHa 1, Ky = 1,

— 3 — BWMBaeThes pinquna 1, K = 1;

— 4 — HanuBaeTheA piguHa 2, K, = 1,

— 5 — punmBaeThbes pigunaa 2, Ks = 1;

— 6 — noBepHeHHs y moyaTkoBuii cTan (K; =0, K> =0, K3 =0).

['padomepexin 3a ymoBOIO 3amaui mojgaHo Ha puc. 1, 0. 3ammmemo
PIBHSHHS sIKI BU3HAYAIOTh YMOBH BMUKaHHS TpHUrepis [3]:

5P1 = dzp_2_p3; (1)
Sp, = ap, p3 + dop1D3; (2)
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Sp, = d1p1D2; (3)
YMOBH CKUJIaHHS TPUTEPIB:

Rp, = ap; p3 + P2 D3; (4)
Rp, = ap, ps + do D1 P3; (5)
Rp, = p1p2; (6)

dopmynu U1 BUXITHUX 3MIHHHUX:
Ky = p1 p2 P3; (7)
K, =p1 D2 p3; (8)
K3 = p1 p2 b3 + P1 P2 P3; 9)

Piowna 1 K1 SR —

P1-P2:P3
K. K>, K;

Pucynox 1 — [lo3yrounii npuctpiit (a) i rpad nepexomis (0)

BipTyanpHuii MakeT J03yr04oro HpucTporo (puc. 2) m03BOJISE MPOBECTH
eKCriepuMeHTa bl gociimkeHds. Kuomku XSP_keyl Ta XSP_key2 wmakery
BMHUKAIOTh nepinuit Ta npyruid kpanu YSPK_1 ta YSPK_2 BianosinHo. YepBoHa
kHomKka XSP_key3 3immBae piauHy 10 pe3epByapy, Biakpuparouu kpaH YSPK_3.
Hatuuku XSP_snsl, XSP_sns2 Tta XSP_SNnS3 mpu3HadeHi As peryirioBaHHS
NOTPIOHOTO PiBHS PIAMHM Y EMHOCTI JI03YI0UOTO PUCTPOIO.

Connection setup

Model View

i Dozator b
"BBIMKHEHHS
nepworo kpany K1" === == =-====-=-=-----

"BBIMKHEHHA
apyroro kpany K2" =~

"3nuB piguHn y
pesepByap K3" --7-------------:

Information LED

Y5 R YsY Y5.G

Pucynok 2 — BipTyanbHuii MakeT 103yH04Oro MPUCTPOIO
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[TpomixHi ctanu P;, P, Ta P3 peanizoBaHi BHYTpPIIIHIMH KOHTaKTaMHU peJie
Rp1, Rp2 ta Rp3 (puc. 3).

B8
File mula pil Help
Rp2 Rpl
0001 |-----=-T [-------------- |/ (RS, | R ———— J J—
: I Rp2
11173 O i pseR RS SR | pR SRR |/ e A e )<z
_sns Rpl Rp2
0003 ------- O ) ]
=KE Rp2 I
0004 ------- O e I B Y R)-------
4
Rp2
R Rp
] R e [ R 1 e R)-===---
Rp2 :
171 A L —— R — ) S
0 Rp2 YSPK_1
0007)===mme Y fem ey | EREEEERA AR RN, | | SR TAGL O RS SRSE RS SESRNEal i YRk Raa
; R Rp2
0008} ---=-===1/[-============- 2 ) R [ e e S0 Eat ety
Rp2
0009} -------]/[--==========-- B e ] o e e T () EES e
Rp
9l-————- B D s S R S ey
Name Type State PinonM... MCUP.. PinName Address
XSP_sns3 digital in 0
no MCU selected processor clock 16 MHz Teycle=10 ms F=100 Hz F/2=50 Hz Ncycle=11

Pucynok 3 — Cximuacra miarpama, 1o peaiiizye poooTy J03yI0U0ro MpUCTPOrO

BucHoBku. TakuMm YMHOM, 3aCTOCYBAHHS BIPTYaJbHUX MPUIIAIIB B MIPOILIEC]
JMCTAHIIIMHOTO HaBYaHHS JO3BOJIE€ Bi3yaldizyBaTH poOOTy po3poOsieHol
IIpOrpamMu 1 BUSBUTH NOMMWJIKH Ha CTaJlli HalarokeHHs. Po3risiHyTuii npukian
BUPIIICHHS  3aJa4l  aBTOMAaTu3alii  JO3YHUOro  MPUCTPOI0  HAOYHO
POJIEMOHCTPYBAB MOXIJIMBICTh 3aCTOCYBAHHS METOAMKUA CHHTE3Y pEJIeHHO-
KOHTaKTHOI CXeMH Ha OCHOBI RS-Tpurepis.

CnMcoOK BUKOPUCTAHUX JAKepeJl.
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ABTOMATHU3ALISA ITPOKJIAJEHHS HIJIAXY B [TIPOCTOPI HA
OCHOBI JAHUX 3 CEHCOPIB MOBIUIBHUX POBOTIB
npodecop, k.T.H., HoBocenos C.I1., ct. Buki. Tecmok C.1.
XapKiBChbKUM HAITIOHATBHUN YHIBEPCUTET PaII0CICKTPOHIKH,
kadenpa KITAM, m. XapkiB, Ykpaina
e-mail: sergiy.novoselov@nure.ua, serhii.tesliuk@nure.ua

Abstract. This work presents a detailed method of building a room map
using the sensors of a mobile robot. The task of navigating mobile robots in
space using SLAM technology and a cloud server has been solved. Information
is provided about a proprietary software tool for creating a terrain map based on
data from a cloud storage. The proposed results can be applied in practice to
solve the problem of navigating a mobile robot in an environment with uncertain
obstacles.

Beryn. Ha choropuimHiii J1eHb ICHYyEe JBa METOAM MOOYAOBU KapTu
IPUMILIEHHS: 32 JOMOMOIO0 KaMEpH Ta 3a JOMOMOI'O0 Ja3epHOro JajieKkomipa.
ABTOHOMHA HaBIralis Ha 3a3Jajeriib BIIOMIM KapTi — OJUH 13 MOXJIMBUX
CLIEHapiiB 3aCTOCYBaHHS pOOOTIB, SKUW Ma€ BEIUKUA I1HTEpeC 3 OOKy
JOCIIITHUKIB y rangy3l poOOToTexHIKH. [ QyHKIIOHYBaHHS poOOTa B JaHOMY
pexuMi  HEOOXIHO 3a3Jajieriib MOOyayBaTH KapTy  MICLEBOCTI, [i€
nepeadadaeThes HaBiramis [1].

Ha panwmii dWac Bce Ouipllie MOMYyJISPHOCTI HaOyBa€ KOJEKTHUBHE
3aCTOCYBaHHS MOOUIBHHMX POOOTIB Il BAKOHAHHS CHILHUX 3aBJaHb. B qaHomy
BUIAJIKY 3a3BHYail BUKOPUCTOBYIOTHCS XMapHI TEXHOJOTIi IJisi OpraHizarii
CHUJIBHOTO JIOCTYITY A0 0a3u 3HaHb Ta IaHUX.

AKTYyanbpHICTIO 3aCTOCYBAaHHS XMAapHUX OOYHCICHb MOXYTh OyTH
3aBJaHHS CHUIBHOT poOOTH poOoTiB. Hampukian, oOMiH TaHUMH TIPH CTBOPEHHI
3arajpbHOi KapTh, ab0 KoollepaTHBHE TUIAHYBAHHS IS BUKOHAHHS CITUTBHOTO
3aBJaHHS, MOXe OyTH JIeriie AOCATHYTO Ha 0a3l LIEHTPaIi30BaHOl apXITEKTypH,
[0 Ma€ MOTYXH1 O0YUCITIOBAIBHI MOYKJIMBOCTI.

OcHOBHA YacTHHA.

OCHOBHOIO 1/I€€I0 XMapHOI pOOOTOTEXHIKU € Te, 1110, K MpPaBUiIo, poOOT
B3a€EMOJII€ 3 HABKOJUIIHIM CEPEIOBUILEM 3a JOTOMOTrOI CBOIX JIaTUMKIB Ta
BUKOHABYMX MPUCTpoiB. DaKTHUYHO, 1€ O3HA4ae, IO JaHl, OTPUMAaHI Bij
JATYMKIB TTOBUHHI OyTH 0OpOOJIeHI Ta BUKOPUCTAHI ISl IPUNHSATTS PIIICHb (5K
3BOPOTHHH 3B'S130K) 11010 HACTYIMHOI Jii poboTa. J[Jis 3aBnanb, K1 MOTPEOYIOThH
poOOTH B PEXUMI peabHOTO Yacy, 00poOka Moxe OyTH mepeMmileHa B XMapy.
[le 3HWXKYe HEOOXiNHY OOUYMCIIOBAIBHY TMOTYXKHICTh pO0OTa, IO MOXKE
MOKPAIIUTH TPUBATICTh HOTO MOOUTRHOT poboTu (0€3 Mia3apsaKku), a TaKoX
JI03BOJISIE 3HU3UTH BapTICTh poOOTAa.

XMapHuil cepBep NpPU3HAYCHHWM 1Ji1 30upaHHs i1H(opMalli 3 ceHcopiB
pPOOOTOTEXHIYHOTO O00JIalHAHHA Ta BHUKOPUCTAHHA 1i JJs MOOYIOBU KapTH
po0OYOro MPoCTOPy MepeMillieHHsI MOOLIBHOTO poboTy [2].
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OcHOBHaA BUMOTa JI0 CEPBEPY, IO PO3POOIIOETHCS — 1I€:

— 30UpaHHs JaHUX 3 CEHCOPIB;

— HAKOMWYEHHS OTpHUMaHoi iH(opMallii y BOyA0BaHIA CHUCTEMI K€pyBaHHS
0a3aMu JaHMX;

— BIIOOpakKeHHS aKTyaJlbHUX JaHUX Yy rpadigyHoMy abo TEKCTOBOMY
BUIJISII

— aBTOMAaTHUYHE OHOBIJICHHS 1H(pOpMAIii;

— oprasizaiisi IOCTyIy J0 cepBepa depe3 BUAUICHHH 1HTep(deiic;

— BigoOpaxkeHHs TpadiuHoi iHopMaIii KapTH TPUMILIEHHS Ha OyIb-IKOMY
IPUCTPOIO, III0 MAE TOCTYII 10 MEPEeXki Ta rpadiuHuil AUCTIICH.

Ha pucynky 1 HaBeneHO apXiTEKTypy B3aeMOjil cepBepa 3 CEHCOpaMu
MOOLTBHOTO po0OTa, IO PO3pPOOITIOETRCS [2].

MoGiTemit

Kaprta erpodHETOL ———

IUIAHKH

Mepexa

(REST-3amaTH)
.

CepBic A2 B3a€MOIL 3

i |

i Y

MEepexKe

MobiTemi
OpHCTPIE

Cepeep :00py JaHEX

Modimemmt
npEeTpiE

B I

Moayas 200py AaHm CKBI

y

{ Mepexa mepeati TaHHK T

Cepbic MATOTOBKH

Moy e moroxeHHA
3 MEPEXEI0

!

Moy 1s moroxeHHA
CHIHAIE

Mony e norogxeHHEA
3 MEpPEXEIO

!

Moy as noromxeHHA
CHTHAIIE

rpadigHol iHGopMaIi

| ]

REST-cepsep

N A I I

I /A o/ s/

JATIHEH podoTy

I] 3ammT Ha cepBep:

JAT9HEH podoTy

Pucynoxk 1 — ApxiTekTypa B3aeMO/IIi cepBepa 3 CEHCOpaMH MOO1ILHOrOpoOoTa

[adopmariss 3 gaTywkiB, IO PO3MIMIAIOTECS HA MOOIUTBHOMY Imaci
MOTpAIIsie Ha MOIYJIb TOTOJDKEHHS JUIsi HAKOTMYEHHSI Ta IMiJTOTOBKHU IS
nepeaaBaHHs Ha cepBep. Jlai Bxke miAroToBIeH! JaHi MOTPAIUIIIOTH HA MOTYJIb
MOTO/KCHHSI 3 MEPEKEI0 JIJIsl TIepeiadul BKe ONU(PPOBaHUX JAHUX 0 XMAPHOTO
cepBepa.

OmudpoBani gaHi MOXYTh OyTH BHKOPUCTaHI OyJb-SIKHM MOOUTbHUM
MPUCTPOEM, B TOMY YHCII BOHHM TaKOX MOTPAIUISAIOTH HA MOJYJb 30MpaHHA
TaHUX, SKUH TIKITI0YEHO JI0 CEPBEPY, IO PO3POOIISIETHCS.

Jlyis pilieHHs MOCTaBIIEHOT 3adadi cepBep 300py MaHUX MMOBHHEH MaTH
HACTYITHI MPOrpaMH1 MOYJII:

— CHCTEeMY KepyBaHHs 0a3aMu JIaHUX;
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— REST-cepsep;

— CepBic MATOTOBKH I'padiuHoi iHDOopMaIIii;

— cepBic 1 B3aeMO/I1i 3 Mepexkero 3a gonmoMoroto REST-rexHosmorii.

Jlnst  mepeBipKH  3alpONOHOBAHOTO  aJITOPUTMY POOOTH 3 XMapHUM
CXOBHIIIEM po3po0JieHa Mporpama, 10 BUKOHY€E HACTYITHI (YHKIII:

— BigOOpakeHHs CIIMCKY 3apEeECTPOBAHMX Ha CepBepl MOOUIBHUX
IIPUCTPOIB;

— B1JOOpakeHHS TUIaHy MPUMIIICHHI,

— ¢popMyBaHHS KapTH MICIIEBOCTI Ha OCHOBI JJaHUX 13 XMapHOTO CXOBUIIIA;

— HaKoMW4YeHHs 1HoOpMaIii MPO HABKOJIHUIIHE OTOYCHHS MOOUIBHOI
1aTpopMu sl 100YI0BU KapTHU MICLIEBOCTI.

["onoBHE BIKHO MporpamMu MoKa3aHo Ha pUCYHKY 2. [HTepdeiic cknagaeTbes
31 CIUCKY MOOUIBHUX pOOOTIB, IO 3apeecTpOBAaHO Ha cepBepl (JIiBa 001acTh
mporpamMu), Ta poOOdY0i 30HH, WIO0 Ja€ 3MOTY OIEepaTopy BHUKOHYBATH
JOCITIJIPKEHHST TIOB’s3aH1 3 TOOYZ0BOI0 KapTU MPUMIIICHHS Ha OCHOBI JAaHUX 3
JATYMKIB (TTpaBa 00JaCTh IPOrPAMH).

| ® Cloud Scaner

Crncox moBinbrmx poboris Manens onepatopa
Hasea Mnar npumitgers  Mnan ouasn potota  [lawi xmapHoro cxoswa

R —
f }

Meobile robot 2 L 1
Meobile robot 3

Meobile robot 3

Hoeuit excnepuuent Crapt cuntynaui () Moxasyeatu gami npo nepemituienta

Pucynok 2 — Iatepdeiic nporpamu

Jlnst MOO1IBHOTO pOo0OOTa, SIKUM MOTpanvB B HE3HAlOME MPUMILIEHHS HOTO
maH OyJie MOBHICTIO HeBM3HaYeHUM. Ha mepmioMy etamni HeoOXiTHO TOCTITUTH
OTOYEHHS 32 JJOTIOMOTOI0 BOYJTOBAaHUX CEHCOPIB.

B mporpami peanizoBaHO CUMYJIAIIIO MPOIECY CKaHyBaHHS TpocTopy. B
JaHOMY DPEXHMI 3allyCKalOThCsl MOCHIAOBHI XBMJI TMOIIYKY Ta BHU3HAUEHHS
KOOPJIMHAT PO3MIIIIEHHS TIEPEIIKOT B 30H1 Jii JaTYHKY .

[Ticnst 3aBepiieHHsT eTamy AOCTIHKCHHS MPUMIMICHHS Ta 30UpaHHS BCIX
JAHUX TIPO TIEPEIIKOAU B 30HI Jii CEHCOPIB POOOTY MH OTPUMYEMO XMapy
TOYOK, [0 OMUCYIOTHCS poOOUiil MPOCTIp.

[Ipukinan maHux, M0 OTPUMAHI 3 CEHCOPIB po0OTa Ta MOOYAOBAHOTO TUIAHY
MIPUMIILICHHS TTIOKa3aH1 Ha PUCYHKY 3.
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Pucynoxk 3 — [Ipuknaa naHux, 1o OTpUMaHi 3 CEHCOPiB poOoTa Ta
noOyI0BaHOTO TUIAHY PUMIIICHHS

B po3pobieHiii mporpami Takoxx IepeadadeHa MOXKIIMBICTh 30epiraHHs
BCIX TOYOK TPAEKTOPIi MepeMilieHHs MOoOiuIbHOTO poborta. Jlami, B mporieci
JOCITIIKEHHS, MOXKJIMBO MOOAYUTH B JUHAMILIL PyX poOOTa B3JOBXK NPUMIILIEHHS
3 ypaxyBaHHSIM BCiX TOYOK B SIKUX BIJIOyBajJOCh CKaHyBaHHsS. 3 HaBEICHUX
NPUKIAAIB MOXKHA OauuTU peajbHy KapTHUHY pyXy MOOUIBHOI IIaTdhopmH,
nepegady JaHUX Ha XMapHUN cepBep Ta Bi3yalli3allil0 OTPUMAHUX JaHUX B
MaHesl orepaTopy.

BucnoBku. HaBenenmii mpuxian mnoOynoBaHOT KapTH MPUMIIIECHHS 3a
JIOTIOMOT'OI0 CEHCOPIB MOOUJIBHOTO POOOTa MOKE 3aCTOCOBYBATHCH Ha MPAKTHIIL
JUIS  pIIICHHS 3ajadl  Hapiramii MOOUTBHOTO pOOOTY B CEPEAOBHINEC 3
HEBU3HAYCHUMH TeperkogamMu. BukoHaHa po3poOka CTPYKTYpHOI CXeMH
XMapHOTO CXOBWIINA JaHUX IS TOOYJOBM KapTh MicueBocTi. Po3polGrieHa
CTPYKTypa cepBepy 300py MaHMX Ta 3ampolOHOBAHO QJITOPUTM POOOTH
MOOUTBHOI TIATHOPMHU TIPU B3AEMO/IIT 13 XMapHUM CEPBEPOM.

CnucoKk BUKOPHCTAHUX JIMKepPeJl.

1. Nevludov I. Production workspace obstacle avoidance mobile robot
trajectory modeling. I. Nevludov, S. Novoselov, O. Sychova, S. Tesliuk.
Computer and information systems and technologies. 2021. pp. 61-62.

2. 1. Nevliudov, Sh. Omarov, S. Tesliuk, S. Novoselov, O.Sychova, Robot
group interaction technology using a cloud server // IV International conference
on natural science and technologies, 24-26 August 2022, Antalya, Turkey,
P.164.
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PO3POBKA INPUHIIMIIOBOI CXEMH BJIOKA )KUBJIEHHS
MOBIJIBHOI'O POBOTA-T'PA®OITIOBYIOBHHUK
Banypin K.O., k.1.H., nouent Kyxapenko J[.B.
KpeMmenuynpkuii HallloHAJILHUN YHIBEpCUTET IMeH1 Muxaitna OcTporpaacbKoro,
kadenpa KIE, m. Kpemenuyk, Ykpaina
e-mail: kir3337@gmail.com

Abstract. In this paper, we describe the main components of the developed
circuit of the internal power supply of a mobile robotic plotter. The tasks of the
developed scheme are as follows: providing recharging of batteries using 5V
USB Type-C power supplies or from a computer; providing a connection of the
input USB connector with the information lines of the leading microcontroller;
formation of supply voltages necessary for the operation of the digital part,
drive, sensors and cartridge. The developed circuit scheme of the internal power
supply corresponds to a part of the previously created block scheme of a mobile
robotic plotter, and in the future we plan to create circuit scheme of a sensor
block and a microcontroller block.

AKTyanabHicTh podoTu. Hapasi cioctepiraetbcs 3p0CTaHHs MOMYJISIPHOCTI
PYYHUX Ta MOPTATUBHUX MOOUIBHUX NPHUHTEPIB JJIsi pOOOTH 3 TBEPAUMU
HOCISIMH, aJle MOMJIMBOCTI TakKWX TMPUCTPOIB JI0 aBTOMATHYHOIO JPYKY
oOMeKeHI po3MipaMu iX KOpIyciB. TOMy aKTyaJbHOIO 3a/Jauel0 € po3poOKa
pobota-rpadonody10BHUKA 3 O€3IpOTOBUM 1HTEp(hECcCOM, SIKUH MOXKE pPOOUTH
BIITUCKM Ha TMamepl Ta PIBHUX TOPU3OHTAIBHUX MOBEPXHAX OYyAb-IKOTO
po3MiIpy.

Marepian i pe3yabTaTH AOCHIAKeHBb. Y TONEpeaHIX MyOJiKaIisax
BUCBITJICHO JOCBiZ pobotu 3 rpadomnobynoBHukamu [1, 2], mpoiec BuUOOpY
ONTUMAJILHOTO MPUBOJA Ta PO3POOKHU CTPYKTYPHOI CXeMHU MOOUIBHOTO poOoTa-
rpadornoOynoBHuka. Y  gaHii  poOOTI  PO3MVIIHEMO OCHOBHI  YaCTHHH
npuHIUIoBoi cxeMu 6110ka xuBsieHHs (bXK) pobora-rpadonodynoBHuKa.

BOynoBanuit Onok >kuBieHHS Mae poz’em XS101 s min’egHaHHS
nuieiidy go Bxoay USB Type-C. Illo 3a0e3nedye MOXKIUBICTD K i1 €THAHHS
OPUCTPOIO 10 Mepexi uepe3 3oBHIMHIA bX g1 3apsaku, Tak 1 a4
HIKITFOYSHHS 110 iepcoHanbHoro komin totepa (1K) as nepemadi 300paeHHs.

[ligzapsmxanHss  Onoka  aKyMmyJisIiTOpPiB  3IIHMCHIOETBCA ~ CXEMOKO 3
Mmikpocxemoro DA102 LTC4054, sxa (akTUYHO € KOHTPOJIEPOM 3apsIKU
akymyistopiB. Ceitnomionq HL101 € i1HgukaTopoM 3apsikaHHS, TOKHU
aKyMYJIATOPH 3apsKaloThes uepe3 po3’eM XS102 BiH CBITUTHCS, KOJU 3apsij
3apepmryerbcsi HL101 Bummkaetscsa. Po3z’em XS103 no3Bossie po3IMKHYTH
KOHTYpH ¢opmyBanHs 9 B ta 16 B 114 3a6e3neuenns eneprozoepexxenns. Jlion
VD101 3umxye Hanpyry Ha xkoHneHncatopi C105 mo 3,3 B, nns moganbmioro ii
nepeTBOpeHHs Ha Harpyru 5 B, 9 B ta 16 B.
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®opmyBanHs Hanpyru 5 B 3aiiicHioeTbest mikpocxemoro DA104 M(C34063
3 Hanpyru 3,3 B (Bix C105). Beegenns mikpocxemu DA104 no mpuHIIMIIOBOL
CXEMHU 31IMICHEHO 3 00BICOM peKoMeHA0BaHUM Y ii Datasheet.

®dopmyBanHsa Hanpyr 9 B ta 16 B 3xiiicHioeThest Mikpocxemamu DA101 Ta
DA103 BigmosigHo. DA101 ta DA103 npencrasieni mikpocxemamu LM2731,
110 BKJIFOYEHI 3a CXeMaMu IIPOoroHoBaHUMU y ix Datasheet.

[Migkmrouenns BHyTpimHBOrOo bX mo Omoxa MK 3milicHioeTses 3
BUKOpHUCTaHHAM po3’emy XS104. fAxuii kpiM mepenadi copMOBaHHX HAMpPyT
33 B, 5 B, 9 B, 16 B mnepenbauae mepenady CUTHAJIbHUX MPOBITHUKIB
USB (D—T1aD +).

Nanyior [KouT.

+5 B

D7
b+
GND b GND

GND

@
z
=

KouT.| 1aHyor
Kowurt.| Manywor 1 1 +5 B

+3,7 B | D-

GhD2 | _37B SN K ouT.| Nanulor VFN[J D+
C3.3Vin - GND & GND
- C3.3Vout [5 T+338

+9 B
GND | +16 B

"D T .
‘ T GND-

GHD

Pucynok 1 — IIpununosa cxema bXX moOiupHOTO poboTa-rpadono0ynoBHHUKA

[IpunmunoBa cxema BHyTpimHBOr0 bXK poborta-rpadomnodynoBHrKa
BukoHaHa 3acobamu KiCad 3 makcmmanbammu HaOmmwkeHHsMu g0 JCTY Ta
C€CKJl HaBeneHa Ha pUCyHKYy 1.

BucHoBkn. Y pe3ynbTaTi poOOTH PO3POOJIECHO MPUHITUIIOBY CXEMY IS
BUKOHAHHS HEI0 HACTYITHUX 3aBJIaHb: 3a0€3TMCUCHHS MiA3apsaaKd aKyMYyJIsTOPIB
3a pomnomoroto OjokiB xuBjieHHs 5B USB Type-C abo Bix koM ’ioTepa;
3a0e3nedeHHs 3’enHaHHs BxigHOro USB-po3’emy 3 1HQOpMauiiHUMH JIHISIMU
BEJy4Oro MIKPOKOHTpoJiepa; (popMyBaHHSI HANPYT KUBJIECHHS, HEOOXITHUX AJIs
poOoTH M POBOI YACTUHU, IPUBOTY, TATIYMKIB 1 KAPTPUIKA.

Cnncoxk BUKOPUCTAHMX JIXKepeJt.

1. Bagypin, K. O., Memko, M. 1O. (2021). Po3pobka meromosorii
3aCTOCYBaHHS MPUMOMIB KPECICHHS Y MEIUYHUX CHUCTeMaX. PamioenekTpoHika
ta mosioas y XXI cromirri, T. 1., 125-126.

2. Banypin, K. O. (2021). Po3pobka meTomosorii BuBeAeHHS iHGOpMAIIii 3
MEIUYHUX  CHCTEM  3aCTOCOBYIOUM  TNPUHAOMHU  KpecieHHs.  ABiaimi,
MIPOMHUCJIOBICTD, cycniibeTBO, Y. 1., 70—73.
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PO3POBKA INPUHIIUITIOBOI CXEMH BJOKA JATUMKIB JITHINA
POBOTA-IT'PA®OIIOBYJTOBHHUKA
Banypin K.O., k.T.H., nouent Kyxapenko /I.B.
KpeMmenuynpkuii HallloHAJILHUN YHIBEpCUTET IMeH1 Muxaitna OcTporpaacbKoro,
kadenpa KIE, m. Kpemenuyk, Ykpaina
e-mail: kir3337@gmail.com.

Abstract. In this paper, we present a description of the circuit scheme of
the block of line sensors. The use of two such blocks placed on the same line
will allow us to quickly obtain information about the placement of the device on
the surface on which printing is carried out. Also, guided by data from such
blocks, we will be able to: determine the boundaries of the print fields;
boundaries of lines of printed data during inline movement; the position of the
lines when moving along the contour of the image. In the future, we plan to
develop a circuit scheme of a microcontroller unit that can work with several
line sensor units.

AKTyaJbHiCTb Ppo0OTH. VY 3B’S3Ky 31 3pOCTaHHSAM HOIYJISPHOCTI
MOOUIBHHX TPUHTEPIB, aje iX OOMEXKEHICTI0O B 00JIaCTAX IPYKY PpO3MipaMu
KOPIYCIB, aKTyaJIbHOIO € PO3pOoOKa MPUCTPOIO0 3 O€3paMKOBUM KOPIYCOM MJIs
JIPYKY Ha TBEPJIUX HOCISIX 3 PIBHOK MOBEPXHEK. Y POl TaKOro MPUCTPOIO
pPO3pOOIIOETECA  YHIBEpCANbHUN  MOOUTbHUNA  poOOT-TpaornoOyJoBHUK 3
0e31poTOBUM 1HTEpEHCOM.

Marepian i pe3yabTaTu I0CHiIKeHb. Y TonepeaHix podOTax OMUCAHO:
po3poOKy rpadornodyToBHIHKA MEAMYHUX 300paxkeHsb [1, 2]; pi3Hi mpuBOAM Ta
o0OpaHO JBOKOJICHUN IU(EpEeHIaIbHUM TPUBIJ, SK OCHOBY JJIS peami3alii
MOOUTbHOTO poboTa TpadonodysoBHUKa [3]; pO3pOOKY CTPYKTYpHOI CXEMH
MOOUTbHOTO TpadornoOyT0OBHUKA; OCHOBHI JIAHIIOTH TPUHIIAIIOBOT CXEMHU
BHYTPIIIHHOTO OJI0KA KUBJICHHS rpadono0y10BHUKA.

VY naniii poOOTI po3rasiHEMO pO3poOJEHY NPUHLUIIOBY CXeMy OJoKa
JATYHKIB JiHINA poOoTa-rpadono0y 0BHHKA.

VY mnpuctpoi mependaueHO BUKOPUCTAHHS JIBOX OJIOKIB JIaTYMKIB JIHIN
BUKOHAHUX 32 OJHIEI0 IPUHIIMIIOBOIO cxeMoro. [[puHiunoBa cxema no0yoBaHa
Ha 30ipkax 5 onronap TCRT5000L Bkmrouenux 3a Datasheet.

TCRTS5000L —  cBiTiOBIIOMBaKOYMN  CEHCOpP,  AKUHA  3a3BUYA
3aCTOCOBYETHCS Yy CKJIa/l JATYMKIB «4OopHE-OuUIe». JlaHuil AaTYMK BUIIPOMIHIOE
1H(payepBOHUN CHUTHAN, a MOTIM BIIOBJIOE BIJIOOPa)KEHHS LIOI'O CUTHATY BiJl
NOBEpPXHi. 3aJeKHO BiJl TUIY Ta KOJbOPY MOBEPXHI 3MIHIOETHCSA 1HTEHCUBHICTh
BIIONTOTO CUTHATY. 3a II€}0 1HTEHCUBHICTIO MOXHA TPHOIU3HO CYIUTH TIPO
BIATIHKA KOJbOPY TIOBEPXHI, TaKOX BIH MOXE€ BHUKOPHUCTOBYBATHCS SK
albTepHATHBA JaTYMKy XOJla B €HKOJAEpl /s BHU3HAUYEHHS IIBUIKOCTI
obOepranHs. JlaTymk CKIagaeThcsl 3 CBITIOAIONA, IO BHUIPOMIHIOE CBITIO B
1H(padepBOHOMY Jiana3zoHi Ta poToTpaH3UCTOpA.
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[IpuHuunoBa cxemMa OJIoka JAaTYMKIB JHIA poOoTa-rpadonody10BHUKA
BukoHaHa 3acobamu KiCad 3 makcummanbammu HaOmmwkeHHsMmu g0 JICTY Ta
€CK]Jl HaBeneHa Ha pUCyHKY 1.
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Pucynox 1 — [IpuniunoBa cxema 0J0Ka JaTYMKIB JIIHIH MOOUTEHOTO
poboTta-rpadonoOy10BHHKA

BucHoBku. VY pe3ynbrari BUKOHAHHA pOOOTHM  3MIMCHEHO  OIHUC
MPUHITUTIOBOT CXeMH PO3po0IeHOro 0JI0Ka MaTYuKiB JiHIA. BukopuctanHs qBox
TakuX OJIOKIB, PO3MIIIIEHUX Ha OAHIN JiHI1, JO3BOJUTH ONEPATUBHO OTPUMYBATH
1HpopMarliro Tpo PO3MIIICHHS MPUCTPOIO HA MOBEPXHI, HA AKIM 3A1HCHIOETHCS
npyk. Takox, OpIEHTYIOUYHUCH 3a JaHUMHU 3 TAaKUX OJIOKIB, MOMKJIMBO 3/IIMCHIOBATH
HACTYMHI oOmepalii: BU3HA4YaTHU MEX1 MOJIB JIPYKYy; BHUSBISATH MEX1 JIHIN
HaJPYKOBAaHMX JaHUX TMIPH PAIKOBOMY pYyCi; BCTAaHOBIIIOBATH TIOJOXKCHHSI
KOPITyCy amapaTy 3a JIiHIsIMH, I 4ac pyXy 3a KOHTypoM 300paxeHHs. Hanam
3aIyIaHOBaHa po3poOKa MPUHIIMIIOBOI CXEMY MIKPOKOHTPOJEPHOIro OJI0Ka, KUl
3MOJK€ MPAIFOBATH 13 KiJIbKOMa OJIOKaMH JaTUYMKIB JIIHIH.

Crnncoxk BUKOPUCTAHMX JIXKepeJt.

1. Bagypin, K. O., Memko, M. 1O. (2021). Po3pobka meromomorii
3aCTOCYBaHHS MPUMOMIB KPECICHHS y MEIUYHUX CHUCTeMaX. PamioenekTpoHika
ta mosioas y XXI cromirri, T. 1., 125-126.

2. Banypin, K. O. (2021). Po3pobka meTomosorii BuBeAeHHS iHGOpMAIIii 3
MEIUYHUX  CHUCTEM  3aCTOCOBYIOUM  TNPUHAOMH  KpecieHHs.  ABiairis,
MIPOMHUCIIOBICTh, cycnuibcTBO, Y. 1., 70-73. ISBN 978-966-610-244-1

3. Kyxapenko, /1. B., Bagypin, K. O. (2021). Po6ot-rpadono0yoBHIK
MeIUYHUX 300paxeHb. BupoOuuntBo & Mexatponni Cucremu 2021, 113-116.
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PEECTPALIA EJJEKTPOMIOI'PA®IYHUX BIOITIOTEHLIAJIIB
HA BA3I MIKPOKOHTPOJIEPHOI CUCTEMH
Manaxosa O.1O., acuctent Uymak B.C.

XapKiBChbKUM HAIlIOHATBHUN YHIBEPCUTET Pall0CICKTPOHIKH,
kapeapa MTC, m. XapkiB, YkpaiHna
e-mail: olena.malakhova@nure.ua

Abstract. This paper considers the theoretical aspects of using a
microcontroller system for recording electromyographic  potentials.
Characterizing the biopotentials obtained during the myographic study. The
functional value of the microcontroller in the registration of electromyographic
biopotential, the main technical characteristics that should be considered when
choosing a microcontroller. Areas and prospects for the use of microcontrollers
in the registration of biological activity of muscles are considered.

Enextpomiorpama — rpadiuyHui 3andc 3MiHM OlOMOTEHIATIB, IO
BUHUKAIOTh y M’s3aX Mmija 4ac crnocrepexkeHHs. EMIT € nocuth edexTuBHUM
METOJIOM JIOCHIIPKEHHS, OCKUIbKU JTO3BOJISIE PEECTPYBATH Pi3HI (PYHKITIOHAIIBbHI
CTaHW M'sI31B, TPEICTABISAIOUM PI3HY KapTUHY NPH PYXOBUX MOPYIICHHSX,
OOYMOBJICHHX YPa)KE€HHSAM LIEHTPaJIbHOI, NepudepuyHoi HEpPBOBOI CHCTEM Ta
M's130BOTO amnapaty [1].

M’s130Ba aKTHBHICTh € CYMapHOIO PI3HULICIO O10€IEKTPUYHUX MOTEHIIAIIB
BCiX M'SI30BHX BOJIOKOH, PO3TaIllOBaHUX Yy MPOEKII1 HAIIKIPHOTO €JIeKTpoja, a
OTpPUMaHi MMPH I[IbOMY CHTHAJIM MalOTh HACTYITHI XapaKTePUCTHKH [2]:

— YacToTa CHTHAy. Y JIarHOCTUYHIA MPAaKTHUIl BHUIUISIOTH OCHOBHI
yotupu Tunu noBepxHeBoi EMI: I tum — inTepdepeHiiiina kpua, 10
CTAaHOBUTh BHUCOKOYACTOTHY TMOMIMOP(MHY aKTUBHICTh, $Ka BHHHUKA€E TpU
JOBUILHOMY CKOPOUYEHHI M’s13y a0o0 mpu HampykeHHi M’si31B; I Tum — pigkicHa
enekTpuuHa akTuBHICTH (6—50 I'm); Il Tvm — migcuneHHs 4acTUX KOJUBaHb Y
CIIOKO1, TPYIyBaHHS iX y PUTMIYHI PO3PSH, TMOSBA CIajaxiB PUTMIYHUX 1
HEePUTMIYHUX KoJiBaHb Ha (oHi EMI' moBibHOTO M’S30BOTO CKOpoueHHs; [V
THUII — BIICYTHICTb O10MOTEHL1AJIIB, €IEKTPUYHE MOBUAHHSI.

— aMILTITYyJla CUTHAJY: BIAMOBIAHO, | TN mpuiiMae 3HaAUYCHHS B MEXKax BiJl
1000MxB 1o 2000MmkB; Il Tumm — Big SOMkB mo 150mkB; III i — Big 60MxB 1o
90MkB; y IV Tuny nokasHuK BiJICYyTHIH.

— TPUBAIICTb: AJiA | TNy 3HAYEHHS BapilOIOThCS B Mexax 6mc - 10Mmc; st
I tuny — o 10mc; 1T tun — Big 80mc no 100mc y IV Tuny noka3zHuk BiJACYTHIM.

— aMIUTITy/1a HU3bKOYaCTOTHO1 3aBa/IH;

— YaCTOTH 3aBaJ0yTBOPIOIOUOTO CUTHAIY.

[IpoGnema BuIIIEHHS HEOOXITHOTO CHUTHAIY TIOJSITa€E caMe y Horo
BIJJUVIEHH] BiJ] IOyMIB Yy pEXUMI pEaTbHOTO Yacy, a TaKOX 31CTaBICHHS
OJIeP>KyBaHMX CUTHAIB 3 BIAMOBITHUMH CKOPOYCHHSIMH M'SI31B.
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CxeMa BUMIPIOBaHHSI CUTHAJYy MOK€ MICTUTH OlorpadiuHuii MOayIb, OJIOK
MIKpPOKOHTpoOJIepa, OJIOK mepenadi 1H¢popMalllii Ha MEePCOHAIBHUN KOMI'IOTEp
(T1IK).

MIKpOKOHTpOJIEp € CHellali30BaHUM IPUCTPOEM, BUKOHAHUM Yy BUTJISII
MIKPOCXEMH, III0 BKJIIOYAE MIKPOIpPOIECOop, Ta SK Oyap-skuil I1udpoBHii
npuctpiii: O3Y Ta Quem-nam’aTh, MOPTU BBOAY-BUBOAY 1 OJIOKH 31
cenianbauMu  QyHKIisiME (y MK-miunnpaukm, kommapatopu, AL Ta iH.)
[3, 4].

CurHanmu  BiJ  BUMIPIOBAJIbHUX  KaHAJIB  HAampaBJeHI caMe€ Ha
MIKpOKOHTpOJUIep, skuil 3abe3neuye All-mepeTBopeHHs, aBTOKOPEKIIO Ta
nepenayvy gaHux st o0poOku pesynbraTiB Ha [1IK. BpaxoByroun BapiaTUBHICTb
OTpUMYyBaHUX Tij 4dac Bu3HadeHHs EMI-GlomoTteHmianiB, ciij BpaxoByBaTu 1
TEXHIYHI aCMEeKTH MIKPOKOHTpOJIEpa, 10 SKUX BIIHOCATHCA: MPOIYKTUBHICTH,
PO3PSAHICTE; HasiBHICTh BU3HaueHuX npuctpoiB (LIAII, AIIII); TakToBa yacTora
1 yactorta auckperusamii ALIIT; inTepdericu; BapTiCTh.

Takum ymHOM, MeToa peectpallii EMI'- GionmoTeHItianiB 3 BUKOPUCTAaHHSIM
MIKPOKOHTPOJIEPHOI CUCTEMHU HAJa€ MOKIIUBICTh OTPUMYBATH 1HPOPMAILIIIO PO
CTaTUKY pyXy MYCKYJIaTyp HaBiTh Y MEXaHi3Mi 3/IIMCHEHHS aKTUBHUX nii. Taki
npuiagu 3HAXOMSITh CBOE 3aCTOCYBaHHA B 00JiacTi peabimiTaiii Ta po3poOKu
CYYaCHHUX MPOTE3HUX NPUCTPOIB [5].

CnucoK BUKOPHCTAHUX JXKepeJl.
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XapaKTEePUCTUK JIMIIEBOW AJIEKTPOMUOTpaMMbl. 30ipHUK Te3 jomosimei I
Bceykpainchbkoi  HayKOBO-TIpAaKTHMYHOI  KOH(MEpEeHIli  MOJOAWX  Y4YEHUX,
KypPCaHTIB Ta CTYCHTIB «ABiallis, IPOMHCIIOBICTh, CYCIIILCTBOY (C. 273-275).

2. Uymak, B. C., Uyryi#i, €. A., Hocopa, T. B., & Xemuyxkkina, T. B.
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244).

3. Kynmuk, A. ., Hixonscekuit, O. 1., PeBenok, B. 1., & Kymuk, . A.
(2020). CxemoTexHIKa €JIEKTPOHHOI MEIUYHOT anapaTypH.

4. Yymak, B. C., & Csug, 1. B. (2019). IlepcnektrBa HCMIOIB30BAHUS
npoaykta FPGA B meaunuHckux cucteMax. X. Y MikHapoJgHa HayKOBO-
npakTUYHa KOH(pEepeHIls MaricTpaHTiB Ta acmipaHTiB «TeopeTwuHi Ta
MPAKTUYHI JOCITIDKEHHS MOJIOJINX HAyKOBIIIBY» (c. 288—289).

5. Uymak, B. C., Aspynin, O. I'., Uyryii, €. A., & Csun, [. B. (2021).
AHani3 TPUHIUIIB TOOYJOBH  TEJIEMEIUYHUX KOMIUIEKCIB  IIHPOKOTO
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BUKOPUCTAHHS FPGA JJIS1 PEAJIIBAII IITYYHOI
HEWPOHHOI MEPEXKI
JIyuenko A.B., acuctent Yymax B.C.
XapKiBChbKUM HAIlIOHATBHUN YHIBEPCUTET Pall0CICKTPOHIKH,
kapeapa MTC, m. XapkiB, YkpaiHa
e-mail: anastasiia.lutsenko@nure.ua

Abstract. Advances in technology have greatly expanded the logical
capabilities of FPGAs and, in turn, made them viable alternatives to large and
complex implementations. Therefore, there is a prospect of implementing an
artificial neural network on the FPGA. In the field of artificial intelligence and
machine learning, an artificial neuron is a computing element that is a
mathematical model of a biological neuron that is used as a basic element to
build artificial neural networks.

[tyunuit Helipon (puc.l) Mae Kiubka BXOMAIB (aHAJOTIB CHHAIICIB
010JI0TIYHOTO HEWpOHA) Ta €NUHMM BUXia (aHanor akcoHa). KoxeH Bxijg Mae
JesIKy Bary, Ha Ky MHOXKHTBCSI 3HAUEHHS, 1110 HATIAIIUIO JaHUM BXOJ0M. Y Timi
(komipii) HellpoHa BIIOYBA€ThCSA IMIJICYMOBYBaHHS 3BaXXEHUX BXOJIB, a
OTpUMaHa CyMma TIEPETBOPIOETHCS 3a JOMOMOTOK0 AaKTUBAIIWHOT (QyHKIT
HEWpOHa, 3a3BUYal, HENMHIIHOI.

O
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Pucynok 1 - Mojienb ITYy4HOTO HEUPOHY

31 3pOCTaHHSIM CTYIIEHS 1HTerpaii MIKpOCXEeM SIKICHO 3MIHIOETHhCS Mexka
CKJIQJTHOCTI CHCTEM, sIKI MOXKYTh OyTH peaizoBaHl Ha iX ocHOBI. s peanizarrii
po3mnapasnentoBaHiX MOJelield HEWPOHHUX MEPEK MOXKIMBO BUKOPHUCTOBYBATU
nporpamoBani Jsioriuni iHterpanbhi cxemu (ITJIIC) [1, 2]. Ha manuit momeHT
OJTHUM 31 CBITOBUX JiAEpiB y PO3poOII Ta NPoJgaxy IpOorpamMoBaHOi
kopuctyBaueM BeHTWIbHOI MaTtpulll (FPGA) e Xilinx. Kommnanis Xilinx
BUpoOsie kimbka cepii FPGA, takux sik Spartan, Artix, Kintex, Virtex, siki
MalOTh BUCOKOIIBUIKICHY CMYTYy MpPOIYCKaHHS, BEJIMKE KUIBKICTh JIOTTYHHUX
€JIEMEHTIB, HU3bKE €HEPrOCIOXKUBAHHS Ta BUCOKY MPOJYKTUBHICTh 3a BITHOCHO
HU3BKOIO 11HOIO [3-5].

OOunciroBaigbHI CHCTEMHU, 3aCHOBaHI Ha IITYYHUX HEHPOHHUX MEpeKax,
MalOTh PsAJl SKOCTEW: HABUCHICTH, 3JATHICTh O y3araJlbHCHHsI; acOIllaTHBHE,
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po3mojiiyiene 30epiraHHs JaHWX; ajarTaiis A0 3MIHM JOBKULISA; MOTCHIIHHO
BHCOKa MPOYKTUBHICTh; CTIMKICTh JIO BIJIMOB amapaTHOT peati3aliii.

[cHYIOTB 1Ba criocoOm peatizallii MTYYHHX HEHPOHHUX MEPEX - armapaTHa
Ta mporpamHa. IIporpamHa peaimizamisi, TOCTYNMAalOUNCh amapaTHoO 3a
MIBUJKICTIO pPOOOTH Ta aBTOHOMHOCTI, Ma€ HH3KYy OYEBHJHHUX IIEpeBar,
MOB'SI3aHUX 3 MPOCTOTOI0 BUKOPWCTAHHS Ta BIPOBAIKEHHS B 1HQOpMAIliitHO-
Kepytouy cucrtemy. IIpore cmerianizoBaHi amapaTHi 3aco0M MPOTIOHYIOTH
MOMITHI TlepeBaru y MEBHUX CHUTyalisix. /[o OCHOBHMX miepeBar amapaTHOi
peamizaiii [HC mo>xHa BigHECTH MIBHIKICTh, HAIWHICTD, O€3MEKY Ta JOJATKOBI
PEXKUMU eKCILTyaTallii.

[Ilo cTocyeThcsi amapaTHOi peanizaiii HelipoHHUX Mepex Ha FPGA, To
BOHA BUTIHO BIJIPI3HSIETHCS Bij pearizamii Ha creuianbHux DSP-nporecopax
(OCKUIBKM BOHM BHUITYCKaIOThCS cepiiiHO) Ta Bin peam3amii Ha ASIC-
MiKpocxemax (OCKUJIbKM BOHM HE MIIATAIOTh MEePEeKOH)IrypyBaHHIO).
Peanizamis na FPGA HaiftouHilie nepenae napaielibHy apXiTeKTypy HEHPOHIB 1
HAJIa€ MOKJIMBICTh THYYKOTO PEKOH(ITypyBaHHS BCi€i HEMPOHHOI Mepexl Ta ii
CKJIAJOBUX — MITYy4yHUX HeHpoHiB. Kpim Toro, koH@irypailito 3acCHOBaHHUX Ha
FPGA HelipoHHUX MEpex JIErKO 3MIHUTH.
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CUCTEMA I'NIMBUHHOI'O 3SOHAYBAHHS HA BA3I
MIKPOKOHTPOJIEPA CEPIi STM32
Kagenpkuii B.C., acucrent Uymak B.C.
XapKiBChbKUM HAIlIOHATBHUN YHIBEPCUTET Pall0CICKTPOHIKH,
kapeapa MTC, m. XapkiB, YkpaiHa
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Abstract. This paper is about microcontroller-based signal processing
systems. It considers the processing of an acoustic signal using a single
microcontroller. The purpose of signal processing is to extract the necessary
useful data from the signal and convert it for use. This paper investigates the
processing of underwater acoustic signals for navigation by controlling the
distance between the seabed and the device. The proposed system is a compact,
portable, economical depth sounding system, energy efficient and occupies less
space. The proposed method has an improved filtering technique that produces a
less noisy signal and has more computing power, which provides an accurate,
fast, cost-effective, and portable solution.

OO6poOka curHajiB 3ajiisiHa B KOXHIM CHUCTEMI TJIMOMHHOTO 30H]IyBaHHS,
[0 BHUKOPUCTOBYEThCA B TMIABOJHUX amapartax. Llg o0macte Takox
NOIIUPIOETBCS HAa CyJHAa Ta pUOOMNOIIyKoBl mnpuctpoi. s Oe3nepediitHOl
HaBirauii HeoOX1JHO MOCTIHHO BIJICTEKYBAaTU Ta KOHTPOJIIOBATH BIJCTaHb MIX
MOpPCHKMM JAHOM Ta KopmycoM amnapary. OCHOBHA BIJAMIHHICTh HNPUCTPOIB, SIKI
3aQ/isiH1 Y PI3HUX CHUCTEMax TJIMOMHHOIO 30HyBaHHS MOJSTAE y METOJO0JOTIi
o0poOKM  aKycTH4HOro curHany. Ilocumaroumii  iMImynbc Moxe OyTu
3reHepoBaHUN a00 KPHUCTAIIYHUM TIeHepaTopoM abo Oyab-sSKUM 1HIIUM
nuppoBuM mpuctpoeMm. [lOTIM IMITyJIbC TPOXOAWTH HYepe3 MiJACHIIOBAY
MOTYXXHOCT1 JJii TIOCWJICHHSI CHTHany, o0 Horo MokHa OyJio TOJaTh Ha
NEepPETBOPIOBAY.

[Tin wac mepenmadi cWUrHamy MEPIIUM KPOKOM € TeHepallis IMITyJbCiB, SKi
nepeaaBaTUMyThes i BoJoto. [lepeBakHO TeHepyBaT CUHYCOialbHy XBUIIIO,
OCKIJIbBKM MOJIETIIOBaHHSI CHUHYCOiIM B aKyCTMYHHUX YMOBax MPOCTIIIE, HIXK
TPUKYTHOI a0o0 kBaapaTHOi XBwWiIi. CHHycOifajlbHa XBWJIS MOTPIOHOI YaCTOTH
MOKe OyTH 3reHepoBaHa AeKUIbKoMa crocobamu. KpucraniyHi renepatopu Ta
IHTErpajgbHl CXEMU BUKOPUCTOBYIOTHCS ISl OTPUMAaHHSI CUHYCOIAAJIbHOI XBHIII
noTpiOHO1 yactoTu. Ilicms mnocuiieHHs curHan noTpelOye GuibTpamii A
BUJIAJICHHS 3alllyMJIEHOTr0 BMICTY. BHUKOpHCTOBYIOTHCS (DUIBTPU 3MIHHOTO
CTaHy, Kl MaIOTh O1JIbIIIE TepeBar, HiXk 1HII QUIBTPH.

BindinpTpoBanuii aHAJIOTOBHI CHUTHAJI TIEPETBOPIOETHCS HA MHUQPPOBUIA
CUTHAJ JJIsl pO3PaxXyHKY 3HAY€HHS IIIMOMHU MOPCHKOTO JHA MIOAO0 mpuiaay. 3i
3pOCTaHHSIM CTYINEHsA IHTErpamii MIKpOCXEM SIKICHO 3MIHIOETBCS —MeXKa
CKJIQJIHOCT1 CHUCTEM, sIKI MOXYTb OyTH peasli3oBaHi Ha iX OCHOBI. TakuMm 4HHOM,
s BHOIpKM Ta  OOpOOKM  MPOTNOHYETHCA  BHKOPUCTOBYBATH  OJIMH
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MIKPOKOHTPOJIEP, 4 HE OKpeMi MIKPOKOHTPOJEpU [JIsi KOMNKHOTO TPOIECY.
BubipkoBa Ta  oOumcioBaJibHa  MOTYXHICTh  ARM-MikpokoHTpoJepa
STM32F429 nyxe BUCOKa B TMOPIBHAHHI 3 paHillle BUKOPHUCTOBYBAaHUMU
MozensaMu. Llelt MIKpOKOHTpoJIep Mae 4acToTy Auckpetu3alii 2,4M BuOipok Ha
CEeKYH]ly, 110 TPUOJM3HO BII'ATepo Buile, HDK y Arduino. Kpim Toro, BiH
micTuTh 3-12-pospsguuit ALIl ans oO6poOku anamoroBux curHamiB 1 164
BXIJHHMX 1 BUXIJHUX ITHIB, 1[0 OUIBII HIK JOCTATHHO IS 3aMIiHM BCIX IHIIHX
MIKpDOKOHTPOJIEPIB Y CHCTE€MI TJIMOMHHOTO 30HAYBAaHHS Ta BHUKOHAHHS BCIX
noB'si3aHuX 3 UM onepauid. Kpim toro, € mopt Ethernet, 3a qomomororo sxoro
MOKHA BII/IaJICHO KOHTPOJIIOBATH TIMOMHY Ta KOOPAMHATH B peaIbHOMY daci
yepe3 3axuIIeHUN IHTEpHET-NMpOoTOKoJd. Ha momaTok 70 BCiX mepepaxoBaHUX
Bullle PYHKINN € i1HTepdeic KaMepH, 3a JOTIOMOTOI0 SKOTO MOKHA IMiJIKIFOYUTH
KamMepy JJIs CIOCTEPE)KCHHS 3a MIABOAHUMH O0'€KTaMHd 1 HaBKOJHUIIHIM
CEpEIOBUILEM.

Baromoro nepeBarorw Takok € MOKJIUBICTb peani3allii HeHpOHHUX MEpex.
[Ty4yni HEWpPOHHI MEpeX1 TIOCUThH CKJIaaHI y peamizaiii. s iX mpakTU4HOro
3aCTOCYBaHHS JIy>K€ BaXKJIMB1 IHCTPYMEHTH, 1110 TOJIETHIYIOTh Ta MPUCKOPIOIOTH
MpOLIEC CTBOPEHHS MPUKIATHUX JOJATKIB 3 iX BHKOpUCTaHHSIM. KomraHis
STMicroelectronics nponoHnye MHUPOKUA HAOIp MPOrpaMHUX 1HCTPYMEHTIB, IO
3HAYHO TMOJIETIIYIOTh MpPOLIEC CTBOPEHHS HporpaM Ha 0a3l IITyYHUX
HelipoMepexk. Y CYKYIHOCTI 3 afapaTHUMH 3aco0aMy HalaroJKEHHS 1ie
JO3BOJISIE 3HAYHO CKOPOTUTU IUKI PO3pOOKM MPUCTPOIB 1 B HANKOPOTHIL
TEPMiHU OTPUMATH KOHKYPEHTOCTIPOMOKHHU MPOTYKT.

B pesympTaTi OTpUMYyeEMO CHCTEMYy TJIHOWHHOTO 30HIyBaHHSI 3
BUKOPUCTAHHAM OJTHOTO MIKPOKOHTpOJIepa 3 TMOKPAIIEHOI YacTOTOIO
nuckperusamii  2,4M  BuOipok Ha cekyHay. OtpuMana cucrtemMa €
eHeproeeKTUBHOI, 3aliMae MEHIIE MICIS, KOMITAKTHOIO, TMOPTATUBHOIO Ta
€KOHOMIYHOIO CHCTEMOIO TTTMOMHHOTO 30H1yBaHHS.
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AHAJII3 JEPMATOCKOIIIYHOTI'O 30bPAKEHHS ITTJI YAC
Y®-BIZIEOJEPMATOCKOII
IcaeBa O.A., acuctent YUymak B.C.
XapKiBChbKUM HAIlIOHATBHUN YHIBEPCUTET Pall0CICKTPOHIKH,
kapeapa MTC, m. XapkiB, YkpaiHa
e-mail: olha.isaieva@nure.ua

Abstract. Today, video dermatoscopy is one of the most important
methods of examination for skin tumors. The method allows using special
optical devices of video dermatoscopes to visually assess the condition of the
skin and to examine tumors at a magnification of tens to hundreds of times with
different depth of field. The color and shape of the tumor can determine its
nature and the risk of recurrence.

JIs MOJIMIIIeHHS SKICHUX XapaKTEPUCTUK 300pa)keHb OYyJI0 po3poO0JICHO
YHCJICHHI YHIBEpCaJbHI Ta CIHEIliali30BaHi MporpaMHi 3aco0u.

Tomy, MeTor0 poOOTHM € aHali3 METOJy OOpOOKM JepMaTOCKOIMIYHUX
300pakenb s Y @-Bigeonepmarockorrii [1].

Jlnst mpoBeIeHHST TOCTIKEHHS HaM 3HaI00UITUCA Takl MPUCTPOI, SIK arapat
SKINSCOPE, 3a nonoMororo sikoro Mua npoBoauiu AociipxkeHHs. Kamepa Sony
DSC QX-100. Kamepa BcTaHOBJIEHA 10 OKYJISIpPY JE€PMATOCKONY B aOKaJIbHIMA
MpoeKIlii. 3a JOMOMOIOI0 1€l KaMepy MU MOTJIM MOOA4YUTH 30UIbIIECHE YiTKE
300paKE€HHsI, IKE MOMEHTAJIBHO MepeaaBagocsi B MOOUIbHY mporpamy Imaging
Edge Mobile (puc. 1) [2].

[Ticns mepenayi 1epMaTOCKOMIYHOTO 300paKEHHSI HA €JIEKTPOHHUN HOCIH
HEOOXITHO BUKOPUCTAaTH TIporpamy Jjisi OOpoOKM 300pakKeHHS  3aiyis
3HaXO/PKCHHSI TATOJIOTIM IIKIPHOTO TOKPUBY. BHKOpHCTOBYIOUM Mporpamy
Delphi 10.3 Ta HeoOxigHi GyHKIT HaHOI TpOrpamMu, OTPUMAEMO CETMEHTOBAHE
300pakenns (puc. 2) [1].

_—

Pucynok 1 — YcranoBka st Pucynox 2 — JlepmarockoriyHi
JOCTIPKEHHS MIKIPHOTO OKPUBY 300paxeHHsI

PosrissHeMo — mepMaTtockomiuHe — 300paxeHHs, OTpUMaHe  METOAOM
ynbTpadioneToBoi aepmarockomnii. [1lo0 3’scyBatu marosorii, ki MPUCYTHI Ha
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300pakeHH1, MOJIMBUMOCS Ha CITIBBIIHOIIEHHS KOJIHOPY 1 ATOJIOTI].

OTxe, SIKIIO Y HAC € KOPAJIOBI TUISIMH, 11¢ 03HAYAE, IO MIKipa kupHa. Komun
MU OayuMo OuTl TUISIMH, TO 1€ cyxa Inkipa. Jleski TeMHI IOJsS Ha IIKIpl
O3HAYaroTh MirMeHranito. [IpoananizyeMo craH miKipu marieHTa.y HOCOTYOHIi
00J1aCTi CIIOCTEPITaEThCS 3HEBOAHEHHS IIKIPH, 1110 O3HAYaE, M0 MAIIEHT HE Ma€e
HAJIEKHOTO JIOTJISIAY 3a HMIKIPOo a0o He 3BOJIOXKYeE HiKipy. [lopiBHIOIOUN BUXiTHE
300paXeHHs] Ta CErMEHTOBaHE, MOXHa MM00auuTH, M0 Ha 00poOICHOMY
300paxkeHH1 MPOOJIEMHI IIISTHKY Ha 00JIMYYi MOMITHI Kpalle, Hi>kK Ha OpUT1HAI.

BucHoBkHu. Y 3amagax aBTOMaTH30BaHOI 0OpOOKM 300pakeHb Ta aHATI3y
JIOMIHECIICHTHOI BiJICOAEpPMATOCKOII 3HAYHY POJIb 3aBXKIU Bifirpae ampiopHa
1H(popMarIlis Ipo AOCHIIKYBaHOMY 300paxeHH1. O0poOKka 300pakeHHs BAIrpae
3HAYHY POJIb NMPU BCTAHOBJICHHI MPABWJIHHOTO JOTJISAY 32 HIKIPHUM MOKPUBOM.
CporoaHi BaXkKKO MPEICTABUTH 00JIaCTh AISUTBHOCTI, Y K1 MOXKHA 001dTHCS 0e3
KOMIT'FOTEpHOi 00poOku 300pakeHb. [Ipu xomm'torepHiii 0OpoOli 300pa’keHb
BUPIIITYETHCS MIUPOKE KOJIO 3aBJlaHb, TAKUX SIK TMOJIIIIEHHS SIKOCTI 300pakeHb,
BUMIPIOBAHHS TMapaMeTpiB 300pakeHHs a0o0 CcTUCK 300paxeHb. [Ipononyerbes
BUKOPUCTOBYBaTH JaHy OOpOOKYy 300pa)keHb Yy TeJIeMEIUYHUX CHUCTeMax
ABTOMATH30BaHHOTO KOHTPOJIIO [1-5].
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BUKOPUCTAHHSA KPUCTAJIIB B TEXHOJIOT'TAX
OIITUYHOI'O 3B’A3KY
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kapeapa MTC, m. XapkiB, YkpaiHa
e-mail: kateryna.puhach@nure.ua

Abstract. This article looks at issues and concerns engineers face when
interfacing microcontrollers and fiber optics. This includes the rudimentary tasks
of setting up and controlling laser emitter power levels and sensitivity thresholds
for receivers, as well as tracking performance in real time.

3’eTHaHHA HA OCHOBI MiJll CIIYXKHUTh BXKE€ MPOTATOM TPHUBAIOrO 4Yacy 1
IPOJIOBKYBAaTUME BUKOPHUCTOBYBATHUCS B Tajy3siX, i€ BOHO €(DEKTUBHE 3 TOUKH
30py OPOJYKTUBHOCTI Ta BapTOCTi. OHAaK 111 OUIBIIT BUCOKOT IIIBUKOCTI Ta/abo
nepeaaydl CUTHAIIB Ha BEJMKI BIACTaHI OUIBII €PEKTUBHUM € BUKOPUCTAHHS
IHITUX TPAHCIIOPTHUX MEXaH13MIB.

Mu MOXeMO PO3AUIUTH 3B'SI30K KPHUCTaJIa 3 BOJOKOHHOIO ONTHUKOIO Ha JIBI
OCHOBHI Kareropii. 3 0JHOro OOKy pO3TalllOBaHI BHCOKOSIKICHI MEpPEXKeBl
npoiiecopu. BoHu peanizyloTh 1 JAEKOIYIOTh MPOTOKOJH 3 KIJIBKOX TMOTOKIB
JAHUX Ha Y€ BUCOKUX IIBUJKOCTSIX. 3 1HIIOTO OOKY pPO3TAIlllOBaHI MEHII
Creliajii3oBaHl MPoIecCOpU, SIKI KepyroTh, ad0 po3TallloBaHi B Oe3nocepeaHii
OJIM3BKOCTI BIJ MOIYJbHHUX a00 AMCKPETHHX IepenaBadiB, a00 MpuiMadiBb.
JIucKkpeTH1 AETEKTOPHU, BUIPOMIHIOBAY1, JIa3€pH, BOJIOKOHHI pO3'eMU Ta KaOeIbH1
300pKH JI03BOJISIIOTh PO3MICTUTH BC1 BOJIOKOHHO-OIITHYHI €JICMEHTH Ha IIjIaTax.

OcHoOBHI BOyJIOBaHI TMpOILIECOPH, OE3yMOBHO, MOXYTh 30epiraTu Ta
OTPUMYBATH JiaHl KaliOpyBaHHS Ui PIBHIB MOTYXHOCTI Iepejadi, 3MilCHHS
NpUifoMy Ta TEmnoBoOi KOMIIEHCAllii. [X MOKHA HaNalTyBaTH MOCIiIOBHO IIij
yac yBIMKHEHHSI >KUBIICHHS Ta CKHHYTH SK YaCTUHY TMPOIIECY IHIIIami3aIii.
OpHak, BIICTEXKEHHS MPOAYKTUBHOCTI Ta JMHAMIYHE HaJallTyBaHHS
napameTpiB 3B’S3Ky JJIS 0aratboX KaHAIB BiIOYBAETHCS B PEKHUMI PEATBHOTO
qacy MOXK€ HETaTUBHO TIO3HAUUTHUCS Ha IEHTPAILHOMY XOCT-TIPOIECOpI, SKIIO
MoTpiOHO 0araTo ONTOBOJOKOHHUX KaHAIB.

OCHOBHMM MiAX0JI0OM B I[bOMY BUIAJKY € PO3p0OOKa BJIACHOTO MOJYJIsI 200
MOJAYJIBHOTO CXEMHOTO OJIOKY, SIKMI MOXHa peani3yBaTH, SK 1 OyIb-sKy IHIIY
YaCTUHY, 1 BIATBOPUTH SIK (PYHKII1IO KOTIIOBAHHS Ta BCTABKM B HOBHUX MPOEKTAaX.
Y 1pOMy BWMAIKy HEBEJIHKI TMPOLECOPH B KOXKHOMY MOIYI MOXKYTh
BIJICTE)KYBaTH Ta KOHTPOJIIOBATH MPOAYKTUBHICTD 3B’SI3KIB Y PEKUMI PEaIbHOTO
gacy. OOpoOka JaHUX y TaKUX CHUCTEMax, SIK MPaBHJIO, BUMArae 1HTEHCUBHOTO
BupimieHHs 3aBnanb [[OC Ta Benmkoi kiumbkocTi kKaHanmiB [1, 2]. Towmy,
npornonyeTbesi BukopuctoByBatd FPGA Xilinx, siki MaloTh BUCOKOIIBUIKICHY
CMYTy TPOITyCKaHHS, BEJHWKY KIJIbKICTh JIOTIYHMX €JEMEHTIB, HU3BKE
CHEePTOCIIOKUBAHHS 1 BUCOKY IMPOYKTUBHICTh 32 HU3BKOIO LiHOKO [ 1-5].
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BukopucTtoByBaTH ECATOK HEBEIMKUX MPOILECOPIB UM JIMILE OAUH Oye
3aJIe’KaTu BiJl TOTO, CKUTBKHM MOCHIJIaHb 3Ha00uThCsl. OHE TOCUIIaHHS MOKE HE
3aiiMaTH 3aHaATO OaraTo yacy Ha oOpoOKy XOcCTa Ta pecypciB BiJ BOYIOBaHOTO
KoHTposepa, ane 1000 mnocunaHp MoXke 3abUpaTH JOCTATHBO PECYPCIB.
MarneHbki, JemeBl ¥y BEIMKIM KUIBKOCTI TONEPEAHBO 3alporpamMoBaHi
BUIUUICHI MPOLIECOPU B yHakoBaHiil abo HaBiTh KpHUCTali3oBaHii (hopmi OyayTh
NEMICBIMMMH, HDK ~ OUTBIIICT,  IHIIMX ~ KOMIIOHEHTIB Yy  MOJIYJIBHIN
OINTOBOJIOKOHHIM KOHCTPYKIIIi.

[Ile oxni€ero mepeBaroio MbOrO MIAXOAY € MOXIUBICTD KMBHUTH MOJYJbHI
TpaHCUBEPH 3O0BHINIHIMA BHUCOKOTOYHMMH ToauHHUKamu. Lle mo3Bossie
KOHTPOJIIOBaTH TEPEKOC 1 CHHXPOHI3yBaTH Iepenady JaHuX 4Yepe3 KIJIbKa
KaHaJB.

Taki Momyni 3MOXyTh 30epiraTé TapaMeTpd, a TaKoXX BHUKOHYBATH
niarHoctuky. Ili crmemiamizoBaHi TPOIECOPH TaKOX 3MOXKYTh JISATH 5K
MEepPETBOPIOBAYl TMOCTIJOBHUX CHUTHAMIB Yy TapajielibHI Ta MapajeibHl Y
MOCJIIJIOBHI, KOJH JUIsi ONTOBOJIOKOHHUX 3'€lHAHb HE TOTpiOHA BHCOKA
MIBUIKICTD.
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HIIKJIOYEHHA MIKPOKOHTPOJIEPA J1IO JIOKAJIBHOI MEPEXI
3A 1OIMOMOTI' OO MOAYJISA HA MIKPOCXEMI ENC28J60
Cnasropoacekuii f.B., accucrent Uymak B.C.

XapKiBChbKUM HAIlIOHATBHUN YHIBEPCUTET Pall0CICKTPOHIKH,
kapeapa MTC, m. XapkiB, YkpaiHa
e-mail: yaroslav.slavhorodskyi@nure.ua

Abstract. Often, microcontrollers need access to the Internet, a local
network. This can be useful, for example, for building a smart home,
telemedicine systems [1, 2], creating weather stations, installing a simple web
server, and much more. All this can be provided by the ENC28J60 Ethernet
module. The ENC28J60 Mini Ethernet Module is a compact version of the
ENC28J60 Ethernet Module. The board is designed to connect devices based on
Arduino, AVR, PIC, ARM, etc. to an Ethernet network.

Mikpocxema ENC28J60, 1e roTroBe MeEpexeBe pIIIEHHS, B SKOMY
NPUCYTHIN 1 Pi3nyHUM 1 KaHaTbHUN piBeHb. OOMIH JaHUMU 3 KOHTPOJEPOM 15
MIKpocxema 3/iHcHIoe 3a gomomoror muHu SPI. ®i3uuHuii piBeHp y Hei
opranizoBanuii 3a crangaprom 10BASE-T. ToO6To MakcumalibHa MIBHAKICTH
nepenayi faHux — 10 mera0iT Ha CEKyHIy.

ENC28J60 migTpumye cTaHIapTHUI MEXaHI3M B3a€MOJIi 13 30BHILIHIM
KOHTPOJIEPOM — Yepe3 YUTAHHS Ta 3alKiC 3HAYEHb Y PEriCTPH, 1O BIIMOBIIAIOThH
3a Ty 4M 1HIY (QyHKLi0. Bel perictpu NOAUISIIOTECS HAa TPU OCHOBHI TPYIIH:
Kepyroul pericTpy, perictpu s poodotu 3 Oypepom Ethernet, perictpu PHY.

Kpim azapeciB perictpiB ICHYIOTH 1 OaHKH, TOOTO MOPSIIOK ajapecarrii
pericTpiB cerMeHToBaHui, a nouyuHatouu 3 anapecu 1Bh(EIE) 3Bepuenns o
pericTpiB BiJ OaHKIB HE 3aJie)KUTh, BOHM MaIAThCsl Ha BCl OaHKH. SIKIIO y Hac
aktuBHU Oank (0, To mpu 3amuci perictpy 3 azapecoro 0x00 Mu 3MIHHUMO
snaueHHsa perictpy ERDPTL, axmo 6ank 1 - to EHTO. Hanpukinii koxHOTO 3
OaHKIB € IT'ITh OJTHAKOBHX PETICTPIB, SIKi € 3araJIbHUMH, TOOTO, IKHH OM OaHK He
OyB aktuBHuM, 1i azapecu (0x1B - Ox1F) Oynyrp HamexaTu THM camMHUM
perictpam EIE, EIR, ESTAT, ECON2, ECONI.OcHOBHE mpHU3HAYCHHS
pericTpiB MOKHa JI3HATHUCS 3a iX TOYAaTKOBUMHM OykKBaMH B aOpeBiarypi:
E — Ethernet, MA — MAC, MII — ML.

ENC28J60 mae 6ydep po3mipom 8 Kb. Hactuna nporo 0ydepa 3a3zpuyait
BUJIIIISIETBCA  JUJIl MPUMOMY TAKETIB, I1HIIY MOKHAa BUKOPUCTOBYBATH SIK
3aBrogHo. Hampukian, Ans AaHWX, [0 BiANPaBISIIOTHCSA. AJpeca MepIoro
HEMPOUYUTAHOTO makeTa 30epiratuMmerbcsi B perictpax ERXRDPT. 3a6pasmm
MakeT, MIKpPOKOHTpOJep 3amucye anapecy HactymHoro makera B ERXRDPT.
ITicas nporo Micle, sike 3aiiMaB MakeT, BBakaeThbCs BiTbHUM 1 ENC28J60 moxe
BUKOPHCTOBYBATH MOTO AJI IPUIOMY HOBUX IMAKETIB.

Po6ota 3 ENC28J60 moOynoBana Ha HAacTymHOMY (opMaTi - KOHTPOJEP
BIJIIIPABIIsi€E KOMAH/y 3aBJOBXKKU OJUH OaiT, 3a AKOIO CIIAYIOThH JaHi. 3aJeKHO
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B1JI THITy KOMaH/I1 3a Hero ciiaye ado nepenada ganux ENC28J60, abo unTanHs
NaHuX 3 Hel XK.

Beboro mux xomang 7 mryk: Read Control Register(RCR),Read Buffer
Memory(RBM),Write Control Register(WCR),Write Buffer
Memory(WBM),Bit  Field  Set(BFS),Bit  Field  Clear(BFC),System
Command(Soft Reset)(SC). baiit komannu ckimamgaetsess 3 koxy OpCode (3
O0itu) Ta 5 OiriB, ski abo BIAMOBINAIOTH 3a aapecy pericTpy, abo MaroTb
dikcoBaHe 3HAYCHHS JJIS ISIKINX KOMAaH]I.

Camo co0oro, m00 3aiiMaTHCA TPOTPAMYBaHHIM Tepenadi JaHuX 4Yepes
Mepexy, HeoOXiJHI 3HaHHS MepexeBHX piBHIB, moaeni OSI i1 Bcworo, 1o
MOB'sI3aHEe 3 Mepexker. MepexxkeBa Mojiellb MOAUISEThCS HAa KUIbKa PIBHIB.
OCHOBHI 3 HUX Taki: NPUKIAIHUN PIBEHb, PIBEHb YSIBJICHHS, CEAHCOBHUM PIBEHb,
TPaHCIIOPTHUN PIBEHb, MEPEKEBHUI pIBEHb, KaHATAIBHUNU DPIBEHb, (DI3UUHHIA
PIBEHb.

[Tpu nepenayi qaHUX 13 MPOrpaMu B MEPEKEBUI JIPIT MU MPOXOAUMO IIJISX
3BEpXy BHHU3 M0 CHHUCKY SIKWW HamucaHo Buile. CrioyaTky AaHi 00'€IHyeMO B
SKICh 3pYYHI IMOCIIZIOBHOCTI a00 MAacHBH, 3pO3yMUII JJIs MPHUKIIATHOTO PiBHS
CTOPOHH, IO MPUNUMAETHCSA, MOTIM MHUGPYEMO abo 1€ MEePETBOPIOEMO IHIITUM
crocoOOM sl 3aXHMCTy BiJI HECAHKI[IOHOBAHOTO BUKOPUCTaHHS [2], MOTIM
o0ropraeMo B MEBHUI MPOTOKOJ, SIKMI JOMOMOKE MIATPUMATH 3'€IHAHHS 1 HE
BTPAaTUTH HOro (CEaHCOBUM pIBEHB), MOTIM MPUYIIUIIOEMO III€ 3aroJiIOBOK
cnepeny, AKui 3a0e3MeunTh Mepeaady MEeBHOMY MOPTY BiJ 1HIIOIO MEBHOTO
NOpTYy, MOTIM LI€ OOrOpTaEMO B MPOTOKOJ, SIKUW 3a0€3Me4HuTh TOCTaBKY A0
MIEBHOTO MPHUCTPOIO, 10 Mae MepexeBy aapecy (IP), morim mie oOropraemo
MPOTOKOJ, SIKUWA Hece B co01 ¢izuuni aapecu mpuctpoie. MAC (kaHaJIbHMIA
PIBEHb), a OCTaHHIN PIBEHb BXKE 3a0€3MEYNTh OE3MOCEPEIHIO JOCTABKY BCIX IIUX
KUJIbKa pa3iB OOropHyTHX MakeTiB ((pi3MUHUNA PIBEHBb), O SIKOTO HAJIEXKAaTh
TpaHchOpMaTOpH, JpOTH, KOHIEHTPATOpPH, T[OBTOPIOBAYl CHUTHAIY Ta
MeJ11aKOHBEPTOPH.

Crnncoxk BUKOPUCTAHMX JI3Kepet.

1. Ananiz npuHUUIIB TOOYAOBH TEJIEMEIUYHUX KOMIUIEKCIB IIMPOKOTO
npusHayenHs / B. C. YUymak, O. I'. ABpynin, €. A.YUyryi, I. B. CBug // ACY T1a
npwiaau apromatuku. 2021. Ne 177. C. 80-85.

2. V. Semenets, V. Chumak, I. Svyd, O. Zubkov, O. Vorgul, N.a Boiko.
Designing the Structure of a General-Purpose Telemedicine Complex. // 1l1i
International Scientific and Practical Conference Theoretical and Applied
Aspects of Device Development on Microcontrollers and FPGAs (MC&FPGA),
Kharkiv, Ukraine, 2021, pp. 47-48, doi: 10.35598/mcfpga.2021.016.

3. Bopryne O. B. Iloninmenuit 3axuct MikpokoHTposiepa Bia untadss / O.
B. Bopryns, O. I'. bimonepkisens // 111 hopym «ABTOMaTH3aI11sI, €TEKTPOHIKA T
poboTotexHika. Ctparerii po3BUTKY Ta iHHOBaIiHI TexHojoriiy AERT-2021. —
Xapki, XHYPE, 2021. — C. 34-35.
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HEPEBAT'U BUKOPUCTAHHSA AVR MIKPOKOHPOJIEPIB
®akac O. B., acuctent Uymak B.C.
XapKiBChbKUM HAIlIOHATBHUN YHIBEPCUTET Pa/ll0CISKTPOHIKH,
kapeapa MTC, m. XapkiB, Ykpaina
e-mail: olena.fakas@nure.ua

Abstract. Microcontrollers are used almost everywhere. Almost every
device of the 21st century runs on a microcontroller: measuring instruments,
tools, household appliances, watches, toys, music boxes and postcards, and
much more. AVR series microcontrollers are some of the fastest
microcontrollers in the world. This series is represented by a very wide variety
of models, ranging from small 8-pin devices to microcircuits in 40-pin packages.
The command system is unified as much as possible, therefore, having written a
program for one model, you can transfer it to another model with minimal.

31 3pOCTaHHSIM CTYIEHs 1HTerpalii MIKPOCXEM SIKICHO 3MIHIOETBCS MexXa
CKJITHOCTI CHCTEM, sKi MOXYTh OyTH pealli3oBaHi Ha ixHii ocHoBi [1, 2].
Pi3HuIs Mixk MIKpOIPOILIECOPOM Ta MIKPOKOHTPOJIEPOM TIOJIATAE B HASIBHOCTI
BOY/IOBAHHUX y MIKPOCXEMY IIpOLIecOpa MPUIaAiB «IIyCK-3aBEpUICHHS», TAMEPIB
Ta IHIIMX BIJJAJIEHUX KOHCTPYKUINA. 3aCTOCYBAHHS B HHUHIIIHBOMY KOHTpPOJEPI
JOCUTh CHJIBHOIO OOYMCIIIOBAJIBHOTO amnapaty 3 BEJIMKUMHU 310HOCTIMH,
noOyJOBaHOTO HAa MOHOCXEMi, HATOMICTh €IMHOTO KOMIUIEKTY, CYTTEBO
3MEHIIy€ MacIITaOu, CIOKUBAHHS Ta I[IHY CTBOPEHUX HA MOTO OCHOBI MPHUJIAIIB.

HaiinommpeHimmuM Ha ChOTOAHIIIHIA JIeHh € MikpokoHTposiep AVR. Jlo
CKJIaJy IILOTO MPUCTPOIO BXOATH BUCOKOMmBHUAKICHUN RISC-Mikpormpoiiecop, 2
Buau BuTpatHoi eHeprii mam'sti (Flash-kem i1 kem Bimomocteit EEPROM),
eKCIUTyaTarfiiina kem 3a tunoM RAM, mopTtu BBOAY/BHBOIY 1 PI3HOMaHITHI
BiJ/1aJIeHi TOB's13aHi cTpyKTypH [3].

AOCONIIOTHO BCl MIKPOKOHTPOJIEPH IHOTO BHUAY MAIOTh BIIACTUBICTh
CaMOCTIMHOTO KOJyBaHHS, 3/aTHICTh 3MIHIOBATH CKJIQJIOBI CBO€l TaMm'sTi
npaiiBepa 0e3 CcTOpoHHBOI jgomomoru. Ls puca mae mMoxnuBicTh (popmMyBaTH
Jy’Ke TIIACTUYHI KOHLEMIIIl, Ta HOoro cnocid AisSIbHOCTI 3MIHIOETHCS OCOOMCTO
MIKPOKOHTPOJIEPOM Yy 3B'SI3KYy 3 TIi€i YW 1HIIOI KapTUHOIO, OOYMOBJICHOI
3axoJaMH 330BHI 4M 3cepeauHu. Bcim MikpokoHTposiepam AVR BiactuBa
OaratosipyCHa T€XHiKa 3a001)KHOTO 3aX0/y.

Po3po0OHUK MOXKE BUKOPHCTOBYBAaTH AHAJIOTOBUU CHUTHAJ, MOAABIIN HOTO
Ha BX1J] MIKPOKOHTpOJIEpa 1 MaHIMMyIOBATH 3 JAHUMH Mpo Horo 3HadeHHs. Lo
poOoTy BUKOHYye aHajoroBo-mudposuii meperBoproBayd (ALII). s dynkmis
JI03BOJISIE  CTUIKYBaTUCS 3 MIKPOKOHTPOJIEPOM, a TaKOX CIOPUMMATH PIi3HI
napamMeTpH HaBKOJIMIITHBOTO CBITY 3a JJOTIOMOTO0 TaTYUKIB.

[lepeBaru gaHoOro BUIY MIKPOKOHTpOJIEpA:

- BapTicTh. Ha nanuit MOMEHT HaiiiemeBmmii MiKpoKOHTposep — e Atmel
AVR ATtinyl1 ma 6 MI'1 3a 0,54 nonapa,
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- mBUAKICTh. binbmricte AVR 3mathHi mpairoBatd Ha 4dactoti 20 MI'n
(maBith ATtiny25/45/85 ta ATmega48), ame BOHHM (PAaKTHYHO NPAIIOIOTH 31
MBUAKICTIO On3pko 20 MIPS;

- marpumytotbess GNU Compiler Collection (GCC) ;

- Flash-I13Y mporpam, mo mnporpamyerbcsi B cuctemi, 10 000 1ukiiB
nepe3anmucy;

- EEPROM panux (100 000 mukimiB) - BoHa He "3a0yBa€" TpH BUMK.
KUBJICHHS;

- cunxponHuit abo acuaxpornanii UART (y mega64 ta megal28 ix mo 2);

- MikpocnoxxuBanHs (MeHie 100 MKA B akTUBHOMY pEXHMI Ha 4acTOTi 32
k['m);

- JTAG-intepdeiic ans niakmoueHus emyisaropa (MK 3 06'emom 13V Big
16 kOaiiT) Ta iH.

Icnye  Ge3miu  3acTocyBaHb  MikpokoHTposiepa  AVR: BOHU
BUKOPUCTOBYIOTBCS B  JIOMAIIHI aBTOMaTH3allli, CEHCOPHHX eKpaHax,
aBTOMOOLIAX, TeIEMEINYHNX CUCTEMAaX IIMPOKOro npu3HadeHHs [4] Ta 000poHi.
J171s1 TOBCSIKJIEHHOTO Ta OE3MEYHOTr0 KUTTS B CBOEMY K OyAMHKY a00 B KBapTHUPI
Ta Ha poOOTI B 0odicl, Ha 3aBO/IaX, B Mara3uHax Ta B PI3HUX TOPTOBHM LIEHTpaX
BUKOPUCTOBYIOTh Pi3HI MOXKEXHI CHUTHAJI3allll, 0 MalOTh B CBOi KOHCTPYKIIIi
MikpokoHTposiep AVR. JInsg nanoi 3amayl BAKOPUCTOBYIOTBCS Pi3HI CIMEWCTBA
11b0T0 MikpokoHTpoJiepa. Hampukman, ATMEGAS8 mae B cBoiil KOHCTpYKIIii
naTyuk noxkexi. Lleil natunk mMoxke O0yTu OyJb-KOro THIlY, OAHAK B OLIBIIOCTI
BUKOPUCTOBYETHCS 1H(PpauyepBOHUI JaTUUK MOXexi. Xoua B [Y-maTyukis
MOXKEXKl € JeIKI HEAOJIKM, B OCHOBHOMY TIOB'S3aHI 3 HETOYHICTIO, II€
HaWJICIICBIIHMHI 1 HAUTIPOCTIIINI CITOCIO BUSIBJICHHS CHIaIaxy.

CnHcOK BUKOPUCTAHUX JAKepeJl.

1. Yymak, B. C., & Csug, 1. B. (2019). IlepcnexktuBa HCMOIH30BAHUS
npoaykta FPGA B megumnuuckux cuctemax. X. Y MikHapogHa HayKOBO-
mpakTUYHa KOH(EepeHIls MaricTpanTiB Ta acmipantiB  «TeopeTtuyni Ta
NPaKTUYHI JOCIIKSHHS MOJIOJIUX HAYKOBIIiBY (c. 288—289).

2. Yymak B. C. Peanuzanusi cTpykTypbl HellpoHHbIX ceteil Ha FPGA /
Yymak B.C., Cug 1.B. // Hayka, TexHonorii, iHHOBAIli: TEHJAEHI1i PO3BUTKY B
VYKpaiHi Ta CBITI: MaTepiain MIXHApOJHOI CTYJEHTChKOI HAyKOBOi KOH(EpeHIli,
17 xBiTHs, 2020 pik. — XapkiB, Ykpaina: Monoaixua Haykosa jira. — T.2 — C.
30-32.

3. bemoB A. B. — «Camoyuutenb pa3paboTuMka YCTPOWCTB Ha
MUKpPOKOHTpoJuiepax AVRy.

4. Amnani3z TpUHIUMIB MOOY/IOBU TEIEMEIUYHUX KOMIUIEKCIB IIHPOKOTO
npusHauenus / B. C. Uymak, O. I'. ABpynin, €. A YUyryi, [. B. Ceug // ACY Tta
npwianu aBromatuku. 2021. Ne 177. C. 80-85.
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OCOBJINBOCTI HEPCIIEKTHUB BUKOPUCTAHHA
BE3BATAPEMHUX JKEPEJI JOJATKOBOT'O YKUBJIEHHS IS
MIKPOITPOIIECOPHUX IMPUCTPOIB I3 IHTETPOBAHUMHA
GSM/GPS/GPRS MO YJIAMHA
K..-m.H., o1, Lexmictpo P. L., k.1.H., nou. [llanoranog C. B.,
acmipant [lepuun €. B.

XapKiBCbKUI HAllIOHAIBHUN YHIBEPCUTET PaAl0OeTIeKTPOHIKH,
kadenpa MIPEC, m. XapkiB, Ykpaina
e-mail: roman.tsekhmistro@nure.ua, serhii.shapovalov@nure.ua,
yevhenii.pershyn@nure.ua

Abstract. The given work is devoted to a comparative analysis of devices
that provide power to microprocessor devices without the use of a traditional
autonomous battery source. A detailed description of the converter of
mechanical energy into electrical with the possibility of accumulating the
converted energy is given. Built-in inexpensive GSM/GPS/GPRS modules used
by civilians with an estimate of power consumption and a method for obtaining
energy by piezoelectric transformation of mechanical energy are described.

Beryn. Yenix cydyacHUX TEXHOJIOTIH 103BOJIMB CTBOPUTH MIKPOIPOLIECOPHI
MOAYJl JUisl OTPUMAaHHS JaHUX MPO MiCIle PO3TallyBaHHS O0’€KTa Ta 3aco0u
nepeaadi orpuManux aanux. OmuH i3 Takux MoayiiB € SIM808, mokazanuii Ha
pucyHky 1. Ile npouecop ajisi MOOUTBHOTO 3B’A3KY, 1HTETPOBAHUU 3 MOJYJIEM
MICIIE3HAXO/KEHHS, po3’eMoM st SIM-kapTH, cTabiai3aTOpOM >KUBJICHHS Ta
iHTepdeiicom s 38’s3ky 3 [IK. Anamorom BOymoBanoro monynst SIM808 e
moayab SIMS00C. SIMS800C ctBopeno kommaniero SIMCom  Wireless
Solutions, moayne mae rabaputu 17,6x15,7 mm Ta kopnyc LCC 3 xoHTakTaMu

0 TEePUMETPYy, IO JIa€ MOXJHMBICTH SK PY4YHOi, TaK 1 aBTOMaTH30BaHOI
YCTaHOBKH.
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Pucynok 1 — 3oBHimH1# Burisg BOygoBanoro moayis SIM808
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OCHOBHI TE€XHI4HI TApaMETPU MOJIYJIS:

- 4acToTHI a1ama3oHu ctanaapty GSM: 850/900/1800/1900 MI'i;

- KepyBaHHs uepe3 AT komaHu;

- Jllarma3oH Hanpyru xxupieHHs: 3,4 B ~ 4,4 B;

- yytimBicTb GPS: -165 nbwm;

- xomoanuu crapt: 30 c;

- TOYHICTB: <2,5 M;

- KaHaJjM npuitmMaua: 22 i BiJICTeKEHHA Ta 66 715 3aXBary;

- TpyoOwuit koa/xox npunoanas: GPS L1;

- YYyTIUBICTH BIACTEXKEHHS: -165 nbwm;

- 4ac xoJaogHoro 3amycky: 30 c;

- Yac rapsyoro crapry: 1 c;

- 4ac TeIJIoro cTapry: 28 c;

- TOYHICTh TOPU30OHTAIILHOTO MOJIOKEHHS: <2,5 M;

- CIIO>KMBaHa MOTYXHICTh TIPH 300pi AaHuX: 42 MA,;

- CIIO’KMBaHa MOTYXHICTh MIPU O€3MEPEPBHOMY BIJCTEKEHHI: 24 MA;

- 4acToTa OHOBJICHHS: 5 ['1;

- rabapuTHI po3Mipu MoyJist: 27x37 mMm.

Ornsan eHepreTMYHUX TapaMeTpiB JIAHOTO MajoTabapuTHOTO MOTYJIS
SIM808C  (imTerpoBanmit  momymb GSM  3B'sizky 3 wMomyiaem GPS
MO3ULIOHYBaHHS) BKa3y€e Ha TOCTPY HEOOXIAHICTh CTaOLII30BAaHOrO XKepesa
KUBJIEHHS 3 aKyMyJlsTOopHUM >kuBjieHHsM (18500 MA 1 Ounbmie). Llelt daxt
3YMOBJICHUI THM, 1110 B OKPEMUX BUIMAaJKax 3a1Jis 3a0e3neueHdss GSM 3B’s13Ky,
TOOTO ISl BIJANpaBJICHHS TMOBIAOMJICHh Ta 3/1MCHEHHSI J3BIHKIB, HEOOXIJTHE
CHIOKUBaHHS CTpyMy cTaHOBUTH 10 2 A. Ilpu Bukopucrtanui monyns GPS
MO3UIIIOHYBAaHHS JUIS OTPUMAHHS CTIMKOTO CHUTHaNy 13 CYINyTHUKa TIpH
3HAXO/KEHHI MOJYJS B TMPUMIIICHHI 4ac OTPUMAaHHS CUTHAIY 13 CYIyTHUKA
MOKE€ CTAaHOBUTH KiJbKa XBWIMH. lle MOB’d3aHO 3 THUM, IO MPU TPUBAIOMY
BIIKJIFOYEHH] MOAyJs (TWKIEHb Ta OUIbllle) piBeHb 3apsay Oaraperi,
po3TaiioBaHoi Ha TUIaTi (PUCYHOK 2), BUMarae mia3apsakd. THI i KOHCTPYKIIis
AHTEHU TaKOX BIUIMBAE HA YaC BUSABJICHHS CYITyTHUKOBOTO CUTHAITY.

Pucynok 2 — 3oBHimHi#i Burisag moayias GPS nosumionyBanus NEO-6M
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OcHoBHa yactuHa. Bce BuiesaszHaueHe MiAIITOBXYE Ha HEOOX1IHICTH
MOIIYKY PE3EPBHUX JDKEPENl >KUBJIICHHS MIKPONPOLECOPHUX MPUCTPOIB, IO
BUKOPHUCTOBYIOTh 3a3Ha4yeHI MOAYJ1 3B’A3Ky Ta reosiokaiii. Haioinsim
peaIbHUM PE3EpPBHUM JHKEPETIOM KUBJICHHS, 110 HE BUMAarae oOCIyroByBaHHS B
TJIaH1 MA3aPSIKH, € TPUCTPOT, 3/1aTHI IEPETBOPIOBATH €HEPIil0 MEXaHIYHOTO Ta
TEIUIOBOTO MOXO/KCHHS B €JICKTPUYHY Ta HAKOTTMYYBATH OCTAHHIO.

BinpiricTs MIKpOIPOLIECOPHUX MPHUCTPOIB 13 3a3HAUEHUMHU MOIYISAMH €
HEBiI’€MHOI0 YaCTHHOIO TPUCTPOIB aBTOMATUKU Ta MexaHiku [1]. JlaHo omwc
MPUHIIUIIIB IEPETBOPEHHS, SIK1 32 POJIOM CBOET TISIIBHOCTI BXKE€ BUKOPUCTOBYIOTh
MEXaHI3MH TOTOBUX TMPHUCTPOIB, MO TO3BOJIAIOTH MPOBOJUTH MEPETBOPECHHS
eHeprii 0e3 ICTOTHUX 3MIH iX KOHCTpYKIIi, MacH, 00’emy, rabapuriB Ta iH. Lle
HEOOX1THO JIJIsl JOTPUMAaHHS IMapaMeTpiB I[1HA Ta SIKICTh.

Hampukiaz, nepeTBoprolounil IpUCTPIii sBIIss€ COO0I0 €JIEKTPOMAarHiTHUM
IHAYKIIAHANW ~TeHepaTop JIHIAHOTO THUMY, BHUKOHAHUW 3 MOKJIMBICTIO
NEPETBOPEHHS B CIEKTPUYHMM CHUTHal YacTUHM €Heprii, MOB’s3aHOi 3
IPUCKOPEHHSM, IO /i€ Ha KOpIyc BUpoOy B pe3yJbTaTi BUKOHAHHSA poOOYOro
mukay. [lpm  1poMy  mepeTBOpIOIOUME  HPUCTPI  MICTUTh — KOTYLIKY
(IHAIYKTHBHICTH) 1 BaHTaX (HEBIJ €MHA YacTHHA OCHOBHOI'O MeEXaHI3My), IIO
ABJII€ COOOI0 TOCTIMHUI MAarHiT, po3TalloBaHUM BUIBHO B Kopmnyci. B mpomy
BUMAJKY TEPETBOPIOIOYNN MPHUCTPIA BUKOHAHO 3 MOKJIMBICTIO BHKOPHUCTAHHS
eHeprii, 10 OTPUMYETHCS BAaHTAXEM. Y Pe3yJIbTaTi MPUCKOPEHHS MPOIIECOPHHIA
OJIOK, SIKUW BXOJUTH 10 CKJaay OCHOBHOTO BUPOOY, MOXKe OyTH BUKOHAHHUM 3
MOXJIMBICTIO JOJIATKOBOTO KUBJICHHS B1Jl BUPOOJIECHOTO €JIEKTPUUHOIO CUTHAITY.

Benuki MOXIJIMBOCTI MalOTh TaK0XX NEPETBOPIOBAYl COHSYHOI €Heprii Ha
eJNeKTpUUHy, oco0mmBo B po3BUTKy MEMC texnonoriit. OcTtanHi 3maTHI
3poOUTH TaKi MPUCTPOT EKOHOMIYHO PEHTAOCITbHUMH.

B psiai cioco6iB 715t mpUBEACHHS B 110 TIEPETBOPIOBAYa, M0 MEPETBOPIOE
CJIEKTPUYHY EHEPrilo 30Yy/KYIOYOro CTPyMy B MEXaHIYHY EHEpriio0 XBHWII
HAIpPyTu B TUTl, BAKOPUCTOBYETHCS 3MIHHUM CTPYM, 4acTOTa XBHJIb MPHU I[OMY
sHaxoauThess MK 20 k[ 1 50 MI'n. 3a momomororo BiANOBIAHUX KOHTYPIB
MOKHA OTPUMYBATH O€3MepepBHUN Psii XBUJIb a00 IMITYJIbCH, IO CKIIAAIOThCS
3 KOPOTKMX CEpii XBHJIb BHUCOKOi YaCTOTH, IIO MOBTOPIOIOTHCS PETYISIPHO 3
HU3BKOIO 9acTOTO0. [IJis IIbOTO BUKOPUCTOBYIOTHCS TEPETBOPIOBAUi, MPUHITHIT
Nii SIKUX TPYHTYETHCA HA MACHITOCTPUKIIAHOMY a00 I1’€30€JEKTPUUHOMY
epekrax. MartepiasiaMu ISl 11°€30€NEKTPUYHUX TEPETBOPIOBAUIB, KpIM
KpUCTAJIIB KBaplly, € WTY4YHI (PEepoeneKTpUuHi KpUCTaIU (30Kpema, TUTAHAT
Oapil0 y BUIJISAl MOJIKPUCTANIUHOI KEpamikd), 10 MalOTh y MOPIBHSAHHI 3
MPUPOTHUMHU KPUCTATAMH OUTBITY YyTIWUBICTH 1 MEHIIIHM OTIIP.

Opnak, Temneparypa Kroopi mTydHUX KpPUCTaTIB MOPIBHSIHO HU3bKA (TIpH
HarpiBaHHI BHWINE 3a I[I0 TEMIEpaTypy I €30€JCKTPUYHI BJIACTHBOCTI
nponaaarTs). MarepianaMu  UIS  MarHiTOCTPUKUIWHUX — MEPEeTBOPIOBAUIB
ClIy’KaTh (pepOMarHiTHI eIEMEHTH Ta CIulaBu. MakcumaibHi fedopmaliii B 000x
BUMAJKaX BHU3HAYAIOTHCS MEXaHIYHUMH BIACTHBOCTAMHU MaTepiany Ttina. [ms
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30y/KEHHS CJIAa0KUX IMITYJIBCIB HAIPYTrd BHKOPUCTOBYIOTH ICKPOBMM CHOCIO,
sanpornoHoBanuii Kaydhmanom 1 PeBepom [2-4]. IlepeBara mporo crnocoOy
MOJIATAa€ B TOMY, IO 1CKpa i€ SIK TOYKOBE JIXKEPENO, TOAL K I’ €30€JIeKTPUIHHIMA
MEepPEeTBOPIOBAY 3aB/ISIKU TUPPAKIi Ja€ CKIAIHY XBUIbOBY KapTHUHY.

OpHi€r0 3 BOXIUBUX OCOOJMBOCTEH CYYaCHHX TEXHOJIOTTYHHMX MPOOIJIEM €
npsiMe MEPETBOPEHHSI TEIJIOBOI €HEPrii Ha eNeKTPUYHY. 3aCTOCYBAaHHS JUIS L€l
METH CETHETOENIEKTPHKIB II¢ He HA0yJIO HIMPOKOTO MOIIUPEHHS, aje MOXKe OyTH
nepcrnekTuBHUM [2-4]. [lpuHOMO 1ii CeTHETOENEKTPUYHUX IEePETBOPIOBAUIB
IPYHTY€EThCS Ha 3MiHI JIENIEKTPUYHOT MPOHUKHOCTI CETHETOCNIEKTPUKIB TPHU
3MiHI TeMreparypu. Hexaii mpu temreparypi t; éeMHICTh CETHETOECIEKTPHUUHOTO
KOHJIeHcaTopa JopiBHIOe Ci, a 3a TemmnepaTypu t, BOHAa 3MEHIIUTHCS 1 CTaHE
piBHOIO C,. Toxl, SKIIO 3apsIUTH KOHJIEHCATOp MpHU TemrepaTypi t; Bia mpxepena
3 HAnpyrow Vy, MOTIM BIAKIIOYUTH B IIHOTO JKEpEa 1 3MIHUTH TeMIepaTypu
10 1, HOT0 €MHICTh 3MEHIIUTHCS, a HalpyTa Ha o0KJIaakax 3pocte. Enekrpuuna
EHeprisi TakoXX 30UIBLIIMTBHCS Ha BeauuuHy. [lepeTBoproBau mpaifoBaTuMe B
pEeXHUMI NEPIOTUIHOIO HATPIBaHHS Ta OXOJIOKEHHS.

BucHoBku. IlpencraBneHi MipKyBaHHS JaiOTh YITKE YSBJIEHHS PO
HEOOXIJTHICTh HAsIBHOCTI PE3EPBHOTO JpKEpesia >KUBJICHHS JUIsi BOYJOBaHUX
MIKPOIIPOLIECOPHUX MOJYJIB Ha OCHOBI MEXaHi3MiB, $SKi 3a0€3MeuyroTh
npane3IaTHICTh OCHOBHMX MpucTpoiB. IlepeBaroro ix Moke OyTu Ouibliia
ABTOHOMHICTb 1 MEHIIII BUTPATH Yacy Ha 0OCIyTrOBYBAaHHS.

Haii0isp11 mepcrneKTUBHUMHU, HA HAll MOTJsi, € MPUCTPOI, 3aCHOBaHI Ha
BUKOPHUCTaHHI SIBUIA €JIEKTPOMAarHiTHOI 1HAYKIIi, epeKTy 1’e€30nepeTBOPEHHS,
a TakoX IX MOXJIMBOTO TMO€AHAaHHA. L[ikaBUMH TakoX € TEPCIEeKTHBH
BUKOPHUCTAHHS MIPOEIEKTPUYHUX Ta CETHETOETIEKTPUUHUX IIEPETBOPIOBAYIB.

Cnucoxk BUKOPUCTAHHUX JIZKepeJt.
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PEKTEHA 3 TPUD®A3ZHOIO CXEMOIO BUTIPAMJIEHHSA JIsA
loT JOJATKIB
acmipanT AnekceeB B.O.
XapKiBChbKUM HAITIOHATBHUN YHIBEPCUTET PaJII0IeKTPOHIKH,
kadeapa KPiCT3I, m. XapkiB, Ykpaina
e-mail: vasyl.alieksieiev@nure.ua

Abstract. The given paper presents research of the energetic characteristics
of three-phase rectenna’s element which receives and transforms custom
electromagnetic fields to the direct current. Rectenna’s element is formed from a
system of three emitters, symmetrical vibrators which are interchanged. Input
filters were connected to internal terminals of vibrators the first, second and third
single-phase rectifier circuits respectively. Obtained simulation results of the
three-phase rectenna’s element showed the advantage of its energy characteristics
in comparison with single-phase rectification schemes.

Beryn. B ocranHHl KiTbKa POKIB aKTHBHO IIPOBAASATHCS JIOCHIIKCHHS
TEXHOJIOT11 300py Ta mepeTBOpeHHs eHeprii enekTpoMarnitHoro nois (EMII) B
HABKOJIUIIIHbOMY cepeloBUIlll (puc. 1) B KOPUCHY €HEPrito MOCTIMHOTO CTPYyMY 3a

Izxepena eneprii AOIIOMOI'OI0 PCKTCH [1 , 2] .

3 HaBKOJ M HBOr 0 EMII I_ISI eHepri;I MOJKE
basoni eramiti | N BHKOPHCTOBYBATHCS

e e A o @ Oe3mocepeIHbO abo
Yy o1 HAKOIINYyBaTUCS 1

30epirarucs TUTA
rIepeaaBaydl

M0J1aJIHIIIOTO BUKOPUCTAHHS,
0 JO3BOJISIE peai3yBaTH

<
<

PagiomoBieHHS

P, .
o Tndopmariiisi aJIbTCpPHATHUBH1 JDKepena
KoprRoRa e B @ @ eHeprii JUIg THX Micllb, €
o =
CremjanbHoro 7 -7 HEMae CHCPreTUYHMUX
NPU3HAYEHHS e
(@) - cucteM, ab0 BHHHKAIOTh

S pr)lHomi CHEePTrOKUBIICHHSI
paiguaCToTHof pi3zHOTO XapaxTepy.

AKTyalbHICTb  BUPILICHHS
3aBHaHb  300py  eHeprii
MoB'si3aHa 3  TUM, IO
OUIBIIICTh €JIEKTPOHHUX
npuctpoiB loT, Hanmpukiaja, TakKuX K JATYUKA B TIPOMHUCIOBUX, KOMEPIIIHHUX 1
MEIMYHUX JOJIaTKax (HANpUKIIAJ, MOHITOPUHTY 3a0pYyJHEHHS TMOBITPS, JICOBUX
MOKEX, KOHTPOJIO CTaHy PI3HUX MEXaHI3MIB, YCTaTKyBaHHS Ta OyJiBEIbHHUX
cnopyn 1 T.1.), O€3mpOBOAOBI MPUCTPOi Ta 1HII CXEMH 3 HHU3BKAM
CHEpPrOCMOKUBAHHAM, KHUBIATHCS BiJ Oarapeil. OpaHak, HaBITh AyXKe SKICHI
Oarapei MaroTh OOMEXKEHHH TEpMIH BUKOPUCTaHHA. 3amiHa Oartapell crae

Pucynok 1 — EHepronocrauanss MaJIONOTYXHHUX
MIPUCTPOIB 32 paXyHOK BUAOOYBaHHS €HEprii 3
HaBKOJIUIIHBbOro EMII
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"IOpOTMM 3aJOBOJICHHSIM'", KONM Y BIAJAICHUX MICIIX 3HAXOAATHCS COTHI
naTtyukiB. KpiM 11bOro BUHUKAIOTh HarajibHi €KOJIOTIYH1 MpoOJIeMH, TOB's3aH1 3
YTWII3AII€I0 BiMpalboBaHUX Oarapeil. 3acTOCyBaHHS K TEXHOJOTIH 300py
CNIEKTPOMATHITHOI €HEpTii, IO CTBOPIOETHCS PaAMiOCIEKTPOHHUMH CHCTEMaMH
pi3HOrO KJacy Ta TMpPHU3HAYEHHS, MPAKTHYHO HE TMOTpedye TEXHIYHOTO
OOCITyrOBYBaHHSI IIbOTO YCTaTKyBaHHS, € €KOHOMIYHO €(eKTUBHHM 1
PUBAOIUBUM 3 TOUKH 30PY €KOJIOTTUHOT OE3MEeKH.

Ha puc. 2 naBegena apxitekrypa By3ia [oT 3 6e3mpoBiTHUM >KUBIICHHSIM.
Jnsa peamizamii neperBoperns eneprii EMII B moctiliHuii cTpyMm B CBITI
IIMPOKOTO TOIMPEHHS HaOynmu pekreHu [3], SKi B 3arajbHOMYy BHUIAJKY
OyayrOThCS 32 BIJIOMOO KJTACHYHOIO CXEMOI0, HaBEICHOIO Ha pucC. 3.

AHTeHa
T Y > Tndopmanis
> [puiimay —>
1
| Indopmartis
IlepenaBau <
IIpuiiMmay-nepegaBay
3 | )
AHTeHa Tocriitauii ctpym DOHY ®HY Haganra-
JKEHHS
AxymynsaTop \ BunpomintoBau
KOHJICHCATO — (iTBTp HKHIX YaCTOT
| Bunpsmisy I—)I p ®HY b
Pexrena

Pucynok 2 — Apxitekrypa By3ina [oT 3 6e3npoBigHuM Pucynok 3 — CtpykTypHa cxema
YKUBJICHHSIM pPEKTEeHU

Ha Bigminy Bix cucrem BIIE chokycoBaHMM MIKpOXBHJIBOBUM MPOMEHEM
[3], B SIKMX PEKTEHM MpalOI0Th Ha (PIKCOBaHIA 4YacCTOTI 1 Ha ameprypl SKUX
(GOpMYIOTECS ONTUMAJIbHI aMIUIITYIHO-(a30Bl PO3MOJLIM HpPHU MPOEKTYBaHHI
pPEeKTeH i 300py eHeprii 3 HaBKoJUITHLOro EMII, y 3B'sI3Ky 3 iHITUMU yMOBaMU
iX (QyHKIIOHYBaHHS, HEOOX1HO BHUPIUIYBATU PsAJl HOBUX 3aBJaHb, MOB'A3aHUX 3
pPO3pOOKOI0 Ta YAOCKOHAJEHHSIM MaTEeMAaTUYHUX MOJENIEH IHNPOKOCMYTOBHUX,
0araToyaCTOTHUX pEKTEH, SKi OMPOMIHIOIThCS ManonoTykaumu EMIT 13
JOBUTBHOIO TOJIsipu3aliiero. BupimenHs nmux 3aga4d, 0e3yMOBHO, € aKTyaJIbHUM, a
yCHIIIHE 1X PO3B'I3aHHS JO3BOJIUTH TPUCTYNHTH JO PO3POOKH PIZHUX
eleKTpoHHUX TpuctpoiB 10T 3 Oe3mpoBimHMM KUBJICHHSIM. B maniit po0oTi
BHpIIIIEHA OJHA 13 3a3HAYCHUX BHIIE 3aJay, SKa IIOB’s3aHA 3 JIOCHIKCHHIM
CHEPreTHYHUX XapaKTepucTuk OararodazHoi pektenu, 1o mneperBoproe EMII
JOBLILHOT MOJISIpU3allii y MOCTIMHUHN CTPyM.

OcHoBHa 4acTuHA. PekTeHHHMil eneMeHT 3 0araToga3HOI CXEMOIO
BUIIPSMJICHHSI  SIBJIsi€  cO00K0 M 1IEHTUYHUX PEKTEHHHUX EJIEMEHTIB 3
oHO(GA3HUMHU CXEMaMH BUIPSAMIJICHHS, [0 TNpPAaliOlTh Ha 3arajbHe
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HaBaHTa)XCHHA U 30y/KyBaHi IPYT BIIHOCHO JApyTa 3 MEBHUM (Da30BHM 3CYBOM
(puc. 4). 30ymxytoTbcs OAHO(DA3HI PEKTEHHI €JIEMEHTH PIBHOAMIUTITYAHO 13
4acToTor ®, Ta (a3oBUM 3CyBOoM A@=271t/M, TOOTO pO3IISAAETHCS TaK

Ha3MBaHa CUMETpUYHa OararodazHa cucTeMa BUNPSMIICHHS [4].

Vo
dHY-1 V4 ®HY-2

Vi
OHY-1 | YV ®HY-2

OHY-1 A4 ®HY-2

Pucynok 4 — CtpykTypHa cxema 6aratoa3HOro peKTeHHOTO €JIEMEHTa

HaBenemo pesynbratl OCHIKEHHS TpU(]Pa3HOTO PEKTEHHOTO €JIEMEHTa 3
BUKOPUCTAHHSAM B SKOCTI CHCTEMH BHIIPOMIHIOBAHHS TPbOX IMEPECIYHUX
CUMETPUYHHUX  BiOpaTopiB [0

Y BXIIHUX KJeM skux (kmemu 1-1',
2-2', 3—3 pwuc.5) mnigkarodeHi
BX11H1 biIbTpH, BIJIIOBIAHO,
. nepmoi,  Apyroi 1 TPeThoi

ONHO(A3HMX  BHUIPSAMHHX  CXEM
(puc. 3). BiGpatopu po3TalioBaHi
Ha BHUCOTI A,/4 Han imeanbHO

MPOBIAHUM €KpaHOM. ko
napaMeTpu  BXIJHHUX Y  CXEMy
oHO(a3HUX PEKTEHHUX €JIEMEHTIB
IIeHTHYHI, a  30yUIMBOIO €
€JIGKTPOMAarHiTHa XBUJISL KpPYTroBOl
noJisipu3allii, T0O JaHUW PEKTEHHUM
eJIEMEHT Oy/ie CUMETPUYHUM Tpr(Da3HUM PEKTEHHUM €JIIEMEHTOM.

Pesynbprati po3paxyHKy €HEPreTMYHUX XapaKTePUCTHK TpU(PA3ZHOTO
PEKTEHHOTO eJeMEHTa HaBeAeHi Ha puc. 6. Ha puc. 6,a mokazaHa 3aJeXHICTh
kKoe(ilieHTa KOPUCHOI il BiJl OMOpPY HaBaHTaXKEHHs, IO pO3paxoBaHa MpH
P_=200 wmBr. Ilpu Takomy piBHI BXIJHOI MOTY>XHOCTiI aMILTITyAa HANpyTH

Pucynok 5 — BunpomiHioBaiibHa
CTPYKTYypa TpU(a3HOTO PEKTEHHOTO EJIEMEHTa

OCHOBHO{ YaCTOTH, 1110 MPUKJIAJCHA J0 A10/11B Tpr(a3zHoi cxeMu Oy/1e TaKkoIo XKe,
SK W aMIUTITyJa HalpyrH OCHOBHOI YacTOTH, IO MPHKJIAIACHAa 10 dioaa
0/IHO(Aa3HOTO OJHOMIBIIEPIOTHOTO PEKTCHHOTO €JIEMEHTA, KU TPAIoe TpU
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piBHi BximHoi mortyxHocti P, =100 mBt. lle no3Bomse naté mopiBHSUIBHY

6.

OLIIHKY JaHUX CXeM MOOyJOBH PEKTEHHUX EJNEMEHTIB 3 MOIJIAAYy BUMOT [0
napamMeTpiB 3aCTOCOBYBAHUX B HUX BHUIIPSIMHHX J10TiB.

T

n, % n, % I
Py=200 MmBt 90 R, =Ryt

80 | —

/ ) 80 ——
70 - 70
// 60
60 // \ 50 /
40
T 30 /

405 1 2 3 Ry /Ruopt 206100 200 300 400 500 600 P, wBr

a 0
Pucynok 6 — 3anexnicts KKJ] TprudaszHoro exemenTa peKTeHH BiJI OIOPY
HABAaHTA)XCHHS Ta PiBHS BX1IHOI MOTYXHOCTI

BucnoBku. [TopiBHSHHA KpUBUX ISl TpU(PA3HOTO PEKTEHHOTO €JIEMEHTa
(puc. 6,a) 3 aHAJIOTIYHUMH KPUBUMH JIJIsi OJHO(PA3HOTO PEKTEHHOTO €JIEMEHTa
[3] nokasye, mo TpudasHuil Ta OqHOPA3HUN €IEMEHTH PEKTEH IPH OYb-IKOMY
OToOpi HaBaHTaXXEHHs MarTh pi3Hi 3HaueHHd KK][ ays pekTeHHUX eneMeHTIB
6e3 BxigHuX GUIBTPIB (puc. 6,a, kpuBa 1) 1 sxmo BxigHi ®HY — ¢inbrpu 3
1IealbHUMHU  XapakTepucTukamu (puc. 6,a kpuBa 2). AHJIOTIYHUM YHUHOM
MOBOJUTHCS W 3aJEXKHICTh Koe(ilieHTa KOpPUCHOI Aii Big pPIBHA BXIJAHOI
MOTYXHOCT1 (nuB. puc. 6,0). 3 TMOPIBHSAHHS peE3yJbTaTIB MOJCIIOBAHHS 3
pesynbratamu [3], BUAHO, 10 TpUaA3HUI €IEeMEHT PEKTEHH MOXE MPUUHSITH
MOTYXHICTh Y JBa pa3u OUIbIIYy, HDK OAHO(DA3ZHUN PEKTCHHUM €JIEeMEHT Mpu
OJTHAKOBHX BHUMOTAaxX J0 TaKWX MapaMeTpiB 3aCTOCOBYBAaHUX B HHUX BHITPSIMHHX
TO/1B.
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TEXHOJIOT'TI CTBOPEHHS POBOTOTEXHIYHUX KOMILJIEKCIB
JJIA T'YMAHITAPHOI'O POSMIHYBAHHA
ctyaeHt Bupsuxsoct O. B., noueHr, k.T.H., Anymkesud /. A.
XapKiBChbKUM HAIlIOHATBHUN YHIBEPCUTET Pall0CICKTPOHIKH,
kadenpa KITAM, m. XapkiB, Ykpaina
e-mail: oleh.vyrvykhvost@nure.ua, dmytro.ianushkevych@nure.ua

Abstract. The object of research is military robotic complexes (MRC) used
in the system of humanitarian demining. This work is aimed at studying the
requirements for MRC. The research is based on the application of a functional
approach to the construction of MRC models used in the system of humanitarian
demining. It is established that a typical sample MRC can be presented as a set
of functionally related elements: base media, mobile platform, specialized
equipment, as well as information reception and processing systems, action
planning, control systems, automatic pattern recognition, situation analysis,
artificial intelligence and training.

Beryn. Bci BoeHHI  KOHOJIIKTH — CYNPOBOKYIOTHCS — IIMPOKHUM
3aCTOCYBaHHSAM  NPOTHOOPYMMH  CTOPOHAMHU  MPOTUMIXOTHUX MIH  Ta
BuOyxoHebOe3neunnx npeametiB (BHII). Ogniero 3 mpoOneM, 3 KO0 KpaiHu y
BCIX perioHax, /e Belauch 00HOBI Ail a0 ICHYIOTh BOEHH1 KOHQIIKTH, K1 Oyin
MOPOJKEH1 BIWHAMM, MIDXKHApPOJHUMHM Ta MIDKHAIIOHAJbHUMHU BU3BOJIBHUMU
pyxamu (VYkpaina, Ipak, Cupia, Adranicran, komumHs HOrocnasis ToII0),
CTHKAIOTHCS 3 IPOOJIEMaMy TYMaHITapHOTO po3MiHyBaHH [1].

Bix mouaTtky BifiHM MipOTEXHIYHUMH TiApo3aiamMu JlepkaBHOI Cy)Ou 3
Hag3BuuaiiHux cutyamiid (JICHC) cranom Ha 15.09.2022 p. B Vkpaini Oyno
00CTEXEHO TEePUTOPI0 TIIOMICI0 TOHAA 68 THCSY TeKTapiB Ta OyJ0 BUSIBJICHO,
BUJTyYCHO Ta 3HEmKoAwIu moHan 180 Tucsdy BUOYXOHEOE3NMEYHUX MPEIMETIB
31e01TbIIOr0 OOEMPUITACIB CTBOJIBHOI Ta PEaKTUBHOI apTuiepii (kamiopis 122
MM, 125 mm, 152 mm), miHometHux MiH (82 Ta 120 MM), TpaHaTOMETHUX
noctpini (ITI'-7, BOTI'-17, BOI'-25), npoturankoBux min (TM-62, TTTM-3),
npotunixotiux Min (O3M-72, MOH-50, I[IMH-2, II®M-1, IIOM-2),
caMOpOOHUX BUOYXOBHX MPUCTPOIB.

Jnst 3pificHEHHS pO3MIHYBAHHSI XapaKTEPHUM € 3pPOCTAHHS YBaru YcCIiX
KpaiH CBITY [0 TMpoOJieM CTBOPEHHS Ta 3aCTOCYBaHHS POOOTOTEXHIYHHUX
KOMIUIEKCIB Ta CUCTEM BIMCHKOBOTO, CTIEI1aJILHOTO Ta MOABIHHOIO MpU3HAYEHHS
(PKBII) mist 3niiCHEHHSI TYMaHITaApHOTO po3MiHyBaHHS [2].

[le oOyMOBIIOETHCS HaMaraHHsSM YCIX TIEPEIOBUX KpaiH CBITY [0
30epeKeHHS JIIOJICBKOTO JKUTTSA, B KOHTEKCTI sikoro BukopuctanHs PKBII
JI03BOJISIE JTOCSITTU TO3UTUBHUX PE3YNbTATIB IMIOAO €(PEKTUBHOCTI Ta SKOCTI
pO3MIHYBaHHA 3 MIHIMaJbHUMH JIOACBKUMHU BTpatamu. Kpim Toro, s
TEHJCHIIISI TOSICHIOETbCS CTPIMKUM PO3BUTKOM HOBITHIX TEXHOJOTIH B
iHdopmariiiHii  chepi, TOOTO «poOOTHM3AIlS» PI3SHOMAHITHUX HAMpPSIMIB
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JISJIBHOCT1 JIIOJIMHM, 30KpeMa, BIMCBKOBOI cdepu, IO BIJAMNOBIAAE 3MICTY
Cy4YaCHUX KOHIICIIIN MOCTIHIYCTPIaIbHOTO CYCIUJIbCTBA Ha 0a3l KOHIICHINi
Industry 4.0.

OcHoBHa yacTuHA. ['ymMaHITapHe pO3MIHYBaHHS — KOMILJIEKC 3aXOJIiB, SKi
MPOBOASTHCS 3 METOIO JKBigamii HeOe3IIeK, OB’ SI3aHUX 13
BuOyxoHeOesnmeunnmu npenmeramu  (BHII), Brmrowaroum HeTrexHiuyHE Ta
TEXHIUYHE 0OCTEKEHHSI TEPUTOPii, CKIaJCHHS KapT, BUSBICHHS, 3HEITKOIKEHHS
ta/abo 3uumeHHs BHII, wmapkyBaHHs, MATOTOBKY JOKYMEHTAIlli MicCTs
pO3MiHYBaHHA, HaJaHHS TpoMajaM iH(opmarlii MoA0 MPOTUMIHHOI AiSUTBHOCTI
Ta repenavdy OYuIeHoi TepuTopii [3].

['ymaHiTapHE pO3MIHYBaHHS Yy MeEpLIy Yepry CHpsSMOBaHE Ha 3MEHILEHHS
mkigmuBoro  Qakropy aii BHII wa kutTremisuyipHICT, mroned.  Mera
PO3MiHYBaHHsI TIOJISITA€E B TOMY, 00 3HU3UTH MIHHY HEOE3NEeKy N0 piBHS, MPH
SKOMY JIFOJIM MOXYTb XKHUTH O€3ME€YHO; NP SIKOMY €KOHOMIYHUH, COI[laJIbHUMN 1
G1310JI0TIUHUANA  PO3BUTOK  MOXKE  3M1MCHIOBATHUCS  OE3IMEpEIIKOJHO, HE
Hapa)KaloYUCh BIUIMBY OOMEXEHb, III0 BUKJIMKAIOTHCS BILIMBOM Ha3€MHUX MIH.

Po6otu no ctBopennio PKBII npoBoasiThcst B pi3HUX KpaiHax cBITY. Tak,
CIIA Busnano, mo 3acrocyBaHHd PKBII — ogun 3 HaiinmepcrnieKTHUBHIIIUX
HaIpsMIB PO3BUTKY BiicbKOBOI crnpaBu. CIIIA MokHa BBa)kaTH JIIJIEPOM HE
TIIBKH PO3POOOK, a i MPAKTUYHOTO BUKOPUCTAHHS pOOOTIB, X0U 0araTo 3yCuib
HUHI 3JIIMCHIOIOTH Takox fAnonis, Kutalt, Benukoopuranis, [3pains, Typeuunna
toiuo [4].

Buknaneni nmpoGiemu, MaroTh OyTH BHpIIIEHI 3a PAaxXyHOK CTBOPEHHS
PKBII. Mox#na Buainutu ocHoBHI Xapaktepuctuku PKBII, 1o skux HanmexarTs:

— aBTOHOMHICTh (YTpaBliHHA POOOTOM 3AIMCHIOETHCS aBTOHOMHO a0o0
OTIepaTOPOM AUCTAHIIIIHO);

— aalTUBHICTh — HASBHICTh €KCIIEPTHOI CHCTEMH, pearyBaHHs Ha
CUTYaIliiH1 3MiHH;

— 00poOka Ta po3Mi3HaBaHHS MOBHHX 1 30pOBHUX 00pa3iB;

— CTBOPEHHSI MOBHHX 1HTEp(EHCIB;

— MOOIJIBHICTH Ta BOTHEBA Millb;

— HaBirars.

Croroani po6ota Hag PKBII npoBoauThes 1MiI0I0 HU3KOKO BOEHHHUX Ta
HAayKOBUX ycTaHOB. OcoONMBI YCIIXM CIIJl BIJ3HAYUTH B c(epi CTBOPEHHS
NPOBIAHMMH KpaiHamu cBity, Hacamnepen CIIA, 06e3nuUIOTHUX JiTadbHUX
anapariB  (BJIA), 3maTHUX BHUKOHYBAaTH 3aBAaHHS 3 1H(POPMALIMHOIO
3a0e3MeYeHHs], a TAKOXK 31MCHIOBATH MyCKH BUCOKOTOYHMX PaKeT MO Ha3eMHUX
ILTISIX.

CrBopenns PKBII notpebye ompalitoBaHHS CHCTEMHOIO 3aCTOCYBaHHS
KPUTHUYHUX TEXHOJIOT1H, fKI HEOOXiJHI IJIi CTBOPEHHS BCl€i HOMEHKJIATYpH
nepcriektuBHux PKBII. Tlpu npomy TtHmoBuii 3pazoxk PKBII moxe Oyrtu
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MIPEACTABICHUM Y BUTIISIAI CYKYITHOCTI (PYHKIIIOHAJIBHO TMOB’SI3aHUX €JIEMEHTIB,
30Kkpema [4, 5]:

1. ba3oBuii HOCI — 11e MOke OyTH MOOUIbHA TUIaTdopmMa, 1aci Yu KOPIyc
OyIb-aK01 KOH(]ITrypallii, mpu3HayeH1 10 3aCTOCYBAHHS y PI3HUX CEPEIOBUIIAX.

2. CreniasiizoBane HaBicHE (BOYy/IOByBaHe) oOJiaHAHHS y BUIJISIAI HAOOpy
3HIMHHUX MOJYJIiB KOPHUCHOTO (I1JIbOBOT0) HABAHTAXCHHS.

3. 3acobu 3abe3mneueHHsT Ta 0OCIyrOByBaHHS, 1110 BUKOPUCTOBYIOTHCS MPHU
MiATOTOBII 0 3aCTOCYBAaHHS Ta TEXHIYHOI eKCIuTyaTallii podoTa.

Ckiax cremiaiai3oBaHOro oOJIaJlHAHHS BCTAHOBIIOETHCS, BHXOISYH 3
¢dynkmionansHoro npusHadeHns PKBII 1 moxe BktogaTu: 3aco0M pO3BIIKH Ta
030pO€HHS, HaBIralliiHI TPUCTPOi, TEXHOJOTIUYHE OO0JIaJIHAHHS, 3aCO0U 3B'A3KY
Ta  TEICKOMYHIKAIlli,  CHeIiagi3oBaHi  OOYHCIIOBAaYl 13 MPOTrpamMHO-
QITOPUTMIYHUM 3a0€3MEeYEHHIM, 3aC00H pajlioeIeKTPOHHOT O0POTHOU TOIIIO.

Taka moOymoBa PKBII no3Boiisie BUIIIATH TEXHOJOTIl I PO3pOOKHU
NepeliueHux eJeMeHTiB. TexXHOoorii MO)KHA JIEKOMITO3YBAaTH Ha:

— OCHOBHI, TOOTO po3po0iroBaHi 6e3nocepeanbo At PKBII;

— JIOTIOMIXKHI — pO3po0JItoBaHl I IMUPOKOI HOMEHKJIATYpH 3pa3KiB
030pO€HHS Ta MEePCIEKTUBH 3aCTOCYBaHHS Mij] yac crBopeHHs PKBIT [4].

Jlo OCHOBHUX MOXYTb OyTH BIJIHECEHI TEXHOJIOT1I CUCTEM MPUUHATTA Ta
00poOKU ceHCOopHOI 1H(OpMaIlili, OL[IHKK CUTYyallli Ta TUIAaHYBaHHS Jid, CUCTEM
JVCTAHIIINHOTO YINPaBJIiHHS, aBTOMAaTUYHOTO pPO3Mi3HaBaHHS 00pa3iB, aHAJI3y
CUTYyalllil Ta IMHAMIYHUX CLIEH, IITYYHOrO IHTEJEKTYy Ta HaBYaHHS, JIOJUHO-
MalIMHHOTO 1HTEep(elcy, IHTEeNeKTyalbHuX cucreM kepyBaHHs [4]. o
JIOMTOMDKHHUX MO’KHA BITHECTH TEXHOJIOT11 JKUBJICHHS, CHUCTEMH
reoiH(OopMaIliifHOTO Ta TJI00AIBHOTO MO3UIIIOHYBAHHS TOIIIO.

Opnum 13 ocHOBHUX pe3ynbTaTiB po3poOku PKBII € BusiBienns Tta
inentudikamis BHIT y rpynri. [ns imentudikamis BHIT y rpynti BHII
MPOTIOHYETHCSI METOJI, MPHUHIMI Jii sKOoro 0a3yeThCsi Ha OINPOMIHIOBAaHHI
NMoBepXHi TIpyHTY keperom HBY-eneprii 1 BuMIpIOBaHHI TeMIepaTypH
MOBEPXHI TPYHTY 3a JOMOMOTOI ONTHUKO-EJICKTPOHHUNA TPHUCTPOIO  JIs
Bi3yasizallii TeMIepaTypHOTo MO Ta BUMIPIOBAHHSA TEMIIEpaTypu IPYHTY
(rerutoBizopa). BHacmimok HarpiBy Imapy IpYyHTY Ta BHMIPIOBaHHI HOTO
TeMrepaTypy MPOBOAUTHLCS MOAANBIINN aHaTI3, IKUN JTa€ MOXKJIUBICTh 3pOOUTH
BHUCHOBOK 1po Tun Ta hopmy BHII, Ta Takum unHOM 11eHTH(]IKYBATH HOTO.

Cytp peanizanii metoay O0azyeTbcsi HaOOpPOM BIIOMHUX TEXHIYHUX Ta
amapaTHUX 3ac001B, SKi1 BIAMOBIAI0OTh KOMIUIEKCY BUMOT JIO IMMOCTABJICHOI METH.
OriHKa TaKuX BUMOT TIPUBOJINUTH /IO HACTYITHUX TApaMETPIB armapaTypH:

—gactrora HBU-nnpomeHiB, 1110 HarpiBaroTh IPyHT;

— notyxHicte HBU-nnpomeHis;

— TeMIIEpaTypHa Yy TJIMBICTh TEIJIOBI30Pa;

— rabapuTHI XapaKTePUCTUKH.
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BucnoBku. TakyuM 4YMHOM BCTaHOBJIEHO, 10 3acTocyBaHHsi PKBII nis
MPOBEICHHS POOIT 3 T'yMaHITApHOTO PO3MIHYBAHHS Ha JaHUM Yac € JyxKe
aKTyaJIbHUM 3aBJIaHHSM.

[Tomyk Ta igentudikamis BHII mns rymaniTapHOro po3MiHYBaHHS €
KOMITJIEKCHUM 3aBJaHHSM. Y 3B’A3KY 3 LUM, JJI MPOBEACHHS T'yMaHITapHOTO
po3minyBanHa PKBII moBuHHI OyTH OCHallIeHI BiIOBIAHUMHU MaHIMyISTOpaMH
Ta JETEeKTOpamMHu (CEeHCopaMu, AaTYMKaMH), 3ac00aMu TPUUHATTS PIIICHb Ta
3aCTOCOBYBAaTHUCh Ha e€Tamax pO3BIJAKM, TOLIYKY, JIOKaIlii, MapKyBaHHS,
ineHTr(ikarii, 3HEMKOHKeHH, 3HMImeHHs (yTmmizarnii) BHIT [5]. TloOynosa
PKBII no3Bossie BUAUIATH TEXHOJOTIT JJIsI PO3POOKH TMEpesidyeHnX eIeMEHTIB.
TexHOOTIi MOXHA IEKOMIIO3yBaTH Ha:

— OCHOBHI, TOOTO po3po0iroBaHi 6e3nocepeaubo 1t PKBII;

— JIOTIOMIXKHI — pO3poOJItoBaHl i IIUPOKOI HOMEHKJIATYpH 3pa3KiB
030pO€EHHS Ta MEePCIEKTUBH 3aCTOCYBaHHS i yac crBopeHHs PKBIT [4].

OpnuMm 13 nepcrnekTUBHUX HanpsMkiB iaeHtudikamii BHIT npononyerbes
METO/1, IPUHIIMI Jii sIKOro 0a3yeThbcsl HAa ONPOMIHEHH1 IpyHTY jkeperom HBU-
eHeprii 1 BHUMIPIOBaHHI TEMIIEpAaTypu IOBEPXHI IPYHTYy 3a JOIMOMOTIOIO
TEIIOBI30pa.
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CYYACHI IIAXOAN 10 CUCTEMMU YIIPABJIIHHSA AKICTHO
HIAITPUEMCTBA HA IPUHIIUTIAX KOHIENIIT QUALITY 4.0
JIOLICHT, K.T.H., IHymkeBud /. A., TOLI€HT, K.T.H., IBanoB JI. C.
XapKiBChbKUM HAIlIOHATBHUN YHIBEPCUTET Pall0CICKTPOHIKH,
kadenpa KITAM, m. XapkiB, Ykpaina
e-mail: dmytro.ianushkevych@nure.ua, leonid.ivanov@nure.ua

Abstract. The quality management system (QMS) of modern production is
in constant development. Under the influence of digital technologies, there is a
transition from the use of traditional QMS according to the standards of the ISO
9000 series to quality management based on the principles of the Quality 4.0
concept, which is applied within the framework of the fourth industrial
revolution (Industry 4.0).

Industry 4.0 is a concept that allows to reduce production costs due to
technical support and digitalization, and also makes enterprises more reliable,
productive and competitive. In addition to the improvement of production
technology in hardware and software, it also led to the creation of a new concept
Quality 4.0, which significantly improves approaches to QMS at the enterprise.
However, for the successful implementation of new approaches to enterprise
quality management, it is necessary to develop key principles for the
implementation of this system.

Beryn. OgHum 13 NepCcneKTUBHUX HAMPSAMIB PO3BUTKY YIPABIIHHS SIKICTIO
€ PO3BUTOK cucTeM ynpasmiHHs gkicTio (CYS) Ha 6a3i matdpopMu 4eTBEpTOi
npomucioBoi pesostromii (Industry 4.0) [1]. Industry 4.0 — noHsTTS, 1110 O3HaYa€e
PO3BUTOK 1 3JIUTTS aBTOMATH30BAaHOTO BHUPOOHMIITBA, OOMIHY JaHHUX 1
BUPOOHUYUX TEXHOJIOTIN B €MHY CAMOPETYJIhOBAaHY CUCTEMY, 3 HE3HAUHUM a00
B3araji BiJICYTHIM BTpYYaHHSM JIFOJIMHU Y BUPOOHUYHI mporiec [2].

Tepmin OyB BHU3HAUCHHH SK «30ipHE TOHATTS JJIsi TEXHOJOTIM Ta
KOHIICTII[IA ~OopraHizaiii JIaHIfora CTBOPCHHS JOJATKOBOi BapTOCTI» 3
BUKOPUCTaHHSAM KiOepdiznunux cucreM, Intepaery peueii (IoT) Tormo. Industry
4.0 — ne ¢a3za NPOMUCIOBOI PEBOMIONII, fKAa XapaKTEPU3YETHCSA BIUTTAM
TEXHOJIOT1H, 110 PO3MHUBAE MEX1 MiX (i3U4HOI0, HU(GPOBOIO Ta O10JOTTYHOIO
chepamu Ta Jae 3MOry 30upaTH Ta aHali3yBaTW JlaHl 3 PI3HUX MPUCTPOIB,
3a0e3neuyround OuIbll IIBHUJKI, €QEKTHBHI Ta OUIBII THYYKI MPOILECH
BUPOOHUIITBA MPOYKIIIT BUIOT KOCT1 32 3HMKEHUMH I[IHAMU.

Ho kmodoBux TexHonorid Industry 4.0 BiTHOCATHCA: IUTYYHUN 1HTEJEKT,
[aTepuer peueit (IoT), poboTuzariist Ta kKomadbopu3zarlisi, po3yMHHI 3aBoa (Smart
Factory), 6e3niyIoTHI TpaHCTIOPTHI 3aCO0U, TEXHOJIOTIi CUMYJISAIIIT, SIK1 JOTTOBHEHI
peaNbHICTIO, XMapHI TEXHOJIOTii, OlOlHXKEeHepis Ta HOBI MaTepiaiu, aHali3
BeIMKUX 0a3 paHux, Oe3MeXHuM JocTyn 10 I[HTepHeTYy Ta pO3BUTOK
1H(pOpMaLIHHUX TEXHOJIOTIH, SIK1 11e HeJJaBHO 37aBaiucs (aHTACTUKOIO, CTAIOTh
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peanbHicTO. lle Bce 3IIHCHIOETBRCS HOBOI KOHIIEIMII YIpPaBIiHHS SKICTIO
Quality 4.0

OcHoBHa wacruHa. CucremMa YHOpaBIiHHA SKICTIO MNIIIPUEMCTBOM
3HAXOJMUTHCS B MOCTIHHOMY po3BUTKY. [li BIuiMBOM HU(PPOBUX TEXHOJOTIH Ta
BIpOBapKeHHS cTaHgaptiB  cepii ISO  9001:2015, BemeHHs manepoBOro
JTIOKyMEHTO00ITYy cuctemMu ympaniinHsa skicTio (CYS) crae HemocTaTHIM IS
3a0e3MeUeHHs] MOCTIHHOTO TOKpAIIeHHS CHCTeMH. BinOyBaeTbes mepexin Bin
3aCTOCYBaHHS TPaIUIIHHOT KOHIICTIIIT yIIpaBIiHHSA AKiCTIO 0 KoHmenmii Quality
4.0. B pamkax CYS cydacHOro miANpHEMCTBA CTaBISATHCS 3aBIAHHS I0JI0
BIIPOBA/DKEHHSI TaKUX 1HCTPYMEHTIB, $K €JIEKTPOHHUN JOKYMEHTOOOIr,
MporpaMHE MOJICNIIOBaHHS  O13HEC-TIPOLIECIB, 3aCTOCYBaHHS EJIIEKTPOHHUX
JIOKYMEHTIB, TMporpamMHe 3a0esneueHHs, iHdopmamiiai TexHomorii (IT),
3aCTOCYBaHHS aHAJITUKHU Ta IITYYHOTO 1HTEJIEKTY, 0OpOoOKa Ta aHaji3 BEJIMKUX
06a3 nmanux (Big data), BmpoBa/>KEHHS KIIOYOBUX MOKA3HUKIB €(PEKTUBHOCTI
(KPI).

Tepwmin Quality 4.0 Bnepiie OyB BUKOPUCTAaHUNM aHATITUYHOK KOMITAHIEIO
LNS Research y 2017 p. 1 MaB Ha yBa3i CYKYIIHICTb HOBITHIX MPaKTUK Ta
IHCTPYMEHTIB YIPaBIiHHA SAKICTIO, IO 3aCTOCOBYIOTHCA B paMKaX YeTBEPTOi
npomuciioBoi pesororii Industry 4.0. ¥V cyuacHomy cBiTi HactaB eram Industry
4.0, sxwii mepembadae BOPOBAKEHHS IMdpoBizamii, 00'€qHAHHS JIOJICH,
TEXHOJIOT1, OOJIaJlHaHHS Ta JIaHUX Yy €JIWHOMY BIPTyaJdbHOMY MPOCTOPI.
BiamoBiaHO, 3MIHIOKOTBCS 1 MIIXOAM 10 YIPABIIHHSA AKicTHO [3].

OcuoBaumu prcamu konuentiii Quality 4.0 e:

— CTpAaTeriyHe TUIAHYBAaHHS SIKOCTI;

— 3aCTOCYBaHHS TU(PPOBUX TEXHOJIOTIH;

— BUJIJICHHS KIIFOUOBUX IIOKAa3HUKIB Ta KPUTEPIiB MpU OILHIN Oi3Hec-
MIPOIICCIB;

— IIOJICHHE BUKOPUCTAHHS;

— aBTOMaTH3aIlisl O13HEC-TIPOIIECIB;

— TIPO30PICTh CUCTEMH yTPABIIIHHS.

Konmemiiiss Quality 4.0 BniuBae He TUIbKM Ha Te, IO BiAOYyBa€ThCSA Ha
BUPOOHMIITBI, @& ¥ OXOIUIIOE BECh KUTTEBUNA IMKI MPOAYKIII — BIA
MapKETUHTOBUX JIOCIIKEHb Ta MPOBEICHHS HAYKOBO-IOCTITHUX Ta JTOCIIIHO-
KOHCTPYKTOPCHKHUX POOIT A0 3aKyIliBelb, BAPOOHUIITBA, JIOTICTUKHU Ta MPOJIAXKY,
CEpBICHOTO OOCIYrOBYBaHHS, aAMIHICTPYBaHHS Ta VYIOPABIIHHS, YTHII3aIli
npoaykiii Tomo [lpuHnmnu koHmeniii OUIBII JAETaldi30BaHi MOPIBHSIHO 3
npuHiunamu 1SO:9001:2015 1 po3pobieHi BUXOASYM 3 CyYaCHHUX TEHJIECHLIN
Industry 4.0. OchoBHi cknanoBi konueniii Quality 4.0 HaBeaeHi Ha puc. 1.

Jlo ocHoBHEX ckianoBux kouuenmii Quality 4.0 Hanexars:

1. Hani (data). IlpuifHATTS pimieHb Ha OCHOBI JIaHUX — 1€ OCHOBA
ynpaiiHHs skicTio. LNS posrisinae 5 acniekTiB jaHux: oocsr, skuii nepeadbadae
aBTOMATH3AIII0 CIIOCO0IN X 0OpOOKH; PI3SHOMAHITHICTh, SIKa MOIUILE JaHi Ha
CTPYKTYpOBaHI, HECTPYKTypOBaHI Ta 4YacCTKOBO CTPYKTYpOBaHi; HIIBUIKICTb,
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MOKA3HUK, 110 BioOpakae 4acTOTy OHOBJICHHS JaHUX; JOCTOBIPHICTH JIaHUX;
MIPO30PICTh, 110 Mepeadavae MPOCTUH JOCTYII 10 JaHUX, HE3aJIEKHO BiJI TOTO, JIe
BOHHU CTBOPEHI Ta JIe 3aCTOCOBYIOTHCS.

Pucynok 1 — OcnoBHi ckiamoBi kornemnmii Quality 4.0

2.Anamirtuka (analytics), sika oTpumMye 1H(OPMALIIO I TPUIUHATTS PIlICHb
3 0a3u JaHuX. AHaIITUKA OUMTheA Ha 4 kateropii: onucoBa (ILlo cranocs?);
niarHoctuyHa (Yomy cranmocsa?); mnependauyBana (o Moxke crartucs?);
npunucysana (I1{o Tpeda pooutu?).

3. B3aemomiss  (connectivity), sKka  BH3HAYa€  B3aEMOJII0  MiXK
iHopmariinumMu  TexHosorisiMa - st O613necy  (IT) Ta  omepauiiiHumu
texnosorismu (OT — operational technology).

4. CniBmpans  (collaboration), sika 3IIHCHIOETBCS uepe3  E€JIEKTPOHHI
noBiomiieHHs (e-mail), cuctemu aBromaTu3ailii pobouux mnporiieciB (workflows)
Ta TopTayii. B ocTaHHI POKM CIOIM JTOJAIOTHCS M colliaibHi Mepexi (Social
media), 0 0COOJIMBO aKTyaldbHO JJIsI OMIEPATUBHOTO 3B'SI3KY KOPHUCTYBAYiB Ta
BUPOOHMKIB MPOYKIIII.

5. Po3poOka gonartkiB (app development). JlogaTku — 1ie MexaHi3M, 4epes
SAKUN 3a0e3MeuyeThbcsl BUKOHAHHS MPOIECIB, 30MpaHHsl Ta CTBOPEHHS [aHUX,
Bi3yastizailisi aHaJITUKHU Ta OpraHi3allisi B3aEMO/Iii.

6. MacmraboBanicTs (scalability, sika nepen0ayae 37aTHICTh TIATPUMYBATH
poboTy 3 00CSITOM JaHUX, KOPUCTyBayaMH, MPHUCTPOSIMU Ta aHAJITUKOIO Ha
rJ100aJbHOMY PiBHI.

7.Cuctremn ympaBhniHHA (management systems). EQMS — e
KOHIIEHTpATOp BCi€l AISUTBHOCTI opradizamii y cdepi ympaBlliHHS SKICTIO, IO
3a0e3nedye macmraboBaHE PIMICHHS IS aBTOMAaTU3allili poOOYHX MPOIECIB
(workflows), mms 3B'3Ky TpOIECIiB SIKOCTI MK CO0O00, TMOKpAIEHHS SKOCTI
JAHUX, I[ICHTPATI30BaHOI aHAITHKH, BIAMOBIIHICT, BHMOTaM, OpraHi3aIlio
B3aemonii B oxaHiM cuctemi. lle came koHmeHTpartop (xab), Tak SK SKICTb
PO3IIISIIAE€THCA Ha BCIX CTAIsAX MPOLECY MPOEKTYBAHHS Ta BUPOOHUIITBA BUPOOY
1 1IuM Tpeba KepyBaTH.
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8. BigmosinHicTs BuMoram (compliance). [Ipoaykitis moBMHHA BIAMOBIIATH
BUMOraM HOPMATHBHHMX JOKYMEHTIB, BUMOraM 3aMOBHHMKA Ta BHYTPIIIHIM
BUMOTaM.

9. Kynberypa (culture). [Ipu po3risiai KyJIbTypu SKOCTI MOKHA BUILIATH 4
KJIIFOYOBl €JIEMEHTH: YydYacThb Yy TIpolleccax; BIAMOBIIAIBHICTD, JIOBIpa;
PO3IIMPEHHS TOBHOBAYKEHb.

10. Jlinepctso (leadership). s nmepexoay mo Industry 4.0 3aBganHs KOCTI
NOBUHHI OYyTH TICHO MOB'A3aHl 3 IHIIMMU (YyHKLIIMH, a OTXe, M Tpeda
OpuUIIsATH Oinblie yBard 3 OOKy KepiBHMIITBA. KepiBHUKU CiIy)kOU SIKOCTI
MOBHHHI MOB'A3yBaTH CBOI 3aBJaHHSA 13 3aralbHUMHU 3aBJIaHHSMHU MIANPUEMCTBA
Ta MPOCYBATH 1€ HA PIBEHb KEPIBHUIITBA.

11. Kommereniii (competency), ki JO3BOJSIOTh BUKOHATH pOOOTY OLIBII
edeKTHUBHO3a PaXyHOK MiJBUIIEHHS KBamidikailii NmepcoHaay Ta MOMIJIMBOCTI
OOMIHY JOCBIJIOM MDK CHIBpoOiTHHKaMU. JlJii 1bOrO BUKOPUCTOBYIOTHCS
cucteMu ynpapiiHHs HaBuaHHsMU (Learning Management Systems), 3aBaaHHs
SKUX BXOJUTH TUIAHYBAaHHS HaBYaHHS, cepTUikallisi CliiBpOOITHUKIB, CTBOPEHHS
IEHTPIB KOMIMETEHI1 Juisi OOMiHYy JOCBIJOM ToIo. 3a cratuctukoro LNS
Research 35 % kommaHiii B)ke BUKOPUCTOBYIOTh aBTOMAaTH3AIlil0 HAaBYaHHS Ha
OCHOBI CIEI1aJII30BAHOTO MPOrPaMHOI0 3a0€3MEUCHHS.

BucnoBkn. Takum ynnoM, koHuenmis Quality 4.0 He 3amiHIOE TpaauIliiHI
METO/IM YNPABIIHHS AKICTIO, 10 pO3BUBaIOThCS B pamkax CY S mianpuemcrTs, a
OyIyeThCS Ta BIOCKOHATIOETHCS Ha X OCHOBI. OCHOBHMMU €TanaMu peaizaiii
npuHIMniB kouuenuii Quality 4.0 e:

1. Ilepexin Ha  €NEKTPOHHHMA JOKYMEHTOOOII Ta  aBTOMAaTH3aLlis
yIpaBIiHHS.

2. ABTomaruzailisi G13HEC-TIPOIIECiB Ta 3aCTOCYBaHHS TexHousorii Quality
4.0 mmig gac poOOTH 13 3aIliKaBIICHUMH CTOPOHAMHU.

3. IlpoBenenust 360py, 0OpoOKM Ta aHANI3y NAHUX y PaMKax KOHTPOJIIO
CVY4 Tta 3acrocyBaHHS PU3HK-OPIEHTOBAHOTO MUCJICHHS TPHU BIPOBAIKEHHI
Quiality 4.0.

4. Po3po0ka pirieHs 1mo0 MOCTIHHOTO MOJIIMIIEHHS CUCTEMHU.

CnucoKk BUKOPHCTAHUX JKepeJl.

1. AnymkeBuy Jl. A. IBanoB JI. C. ABTOoMaru3aiisi npouecy yrnpaBiIiHHS
AKICTIO  mianpuemMctBa /  SkicTh, cTaHmapTu3alliss Ta  METPOJIOTIUHE
3a0e3MeUeHHs: [MaTepiaii MIKHApOAHOI HAyKOBO-TIPAKTHYHOI KOH(EpEeHIlii,
XapkiB - 25-26 ciunsg 2022 poky]. - VYkpaiHCbKa IHXKEHEpPHO-TIearoriyHa
akanemis. — XapkiB: YIIIA, 2022. — C. 56-57.

2. Klaus Schwab The Fourth Industrial Revolution. — New York : Crown
Publishing Group, 2017. — 192 p.

3. Dan Jacob What is Quality 4.0? [Eextponnuii pecypc] — Pexum
nocrymy: https://blog.Insresearch.com/quality40.
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MOJAEJIOBAHHS MPOLUECY 'VMAHITAPHOI'O POSMIHYBAHHS
I3 3BACTOCYBAHHSAM POBOTOTEXHIYHUX KOMIIJVIEKCIB
ctyaeHT bongapenko A. O., 10LEHT, K.T.H., AHymkeBuu JI. A.
XapKiBChbKUM HAIlIOHATBHUN YHIBEPCUTET Pall0CICKTPOHIKH,
kadenpa KITAM, m. XapkiB, Ykpaina
e-mail: anton.bondarenko@nure.ua, dmytro.ianushkevych@nure.ua

Abstract. The aim of the work is to model the process of humanitarian
demining with the use of military robotic systems. One of the problems facing
countries in all regions of the world, where hostilities have taken place or where
military conflicts exist, is facing the problem of finding and identifying
explosive devices. The search for and identification of anti-personnel mines and
explosive devices is characterized by increasing attention to the problems of
creating military robotic systems. The characteristics of military robotic
complexes used in the process of humanitarian demining should be determined
by complex modeling, which can be described using a semi-Markov model of its
operation.

Beryn.  Bci BO€HHI KOHQJIIKTH — CYNPOBOIKYIOTBCS — IIMPOKHUM
3aCTOCYBaHHSAM  NPOTHOOPYMMH  CTOPOHAMHU  MPOTUMIXOTHUX MIH  Ta
BuOyxoneOe3neunux npeameriB (BHII). Onniero 3 npobiiem, 3 KO KpaiHH Y
BCIX pErioHax CBiTY, /i€ BeJMCh 0OMOBI [1i a00 ICHYIOTh BO€HHI KOH(IIKTH
CTUKAIOThCS 3 mpobnemamu nowyky Ta iaeHtudikamii BHIL. [ns 3giiicHenHs
nomyky Ta inentudikauii BHIT xapakrepHuM € 3pocTtaHHsl yBaru 10 npoosiem
CTBOPEHHS  pPOOOTOTEXHIYHMX  KOMIUIEKCIB Ta CHCTEM  BIHCHKOBOTO,
cnemiagbHoro Ta mojsiiiHoro mnpusHaueHHs (PKBII). Ile oOymoBmroeTses
HaMaraHHsIM ycCiX MepeIoBUX KpaiH CBITY 0 30€pEeKEHHS JIIOJICHKOTO JKUTTSH, B
KOHTEKCT1 sikoro BukopuctanHss PKBII go3Bomnsie pocartv MO3UTHBHUX
pE3yJbTATIB.

OcHoBHa yacTuHa. ['ymaHiTapHEe PO3MiHYBaHHS — KOMILJIEKC 3aXO/IB, SIK1
MIPOBOJISITHCS 3 METOIO JMKB1gami HeOE3IIEK, OB’ SI3aHUX 13
BuOyxoHeOe3neunumu npeameramu (BHII), Bkimtodaroun HeTrexHiuHe Ta
TEXHIYHE OOCTEKEHHS TEPUTOPIN, CKIaIEHHS KapT, BUSBICHHS, 3HEIIKOIKEHHS
ta/abo 3HuiieHHs BHII, wmapkyBaHHA, NIATOTOBKY JOKYMEHTAIli MICI
pPO3MIHYBaHHsI, HaJ@aHHs TpoMajiaM 1H(opMaIlii 1MoA0 TPOTUMIHHOI AiSITLHOCTI
Ta Mepenavdy OYMIIeHOi TepuTopii/

['onoBHMMU 3aBHaHHSAMU Yy MNpOOJIeMI TYMaHITApHOTO PO3MIHYBaHHS €
nomryk Ta igeHTudikamis BHII. B ineanpnoMy BapianTi 6axxano Bussisiti BHII
Ha Oesmeuniii BiacTani (70 - 100 MeTpiB BiJ pO3MIIIEHHS JIFO/ICH), a PO3BIAKY
MIHHUX TOJIB OaXaHO BeCcTH y OyAb-SKkuid vac J00u 1 y OyIp-sSKHUX
METEOPOJIOTIYHUX yMOBaX. TakoXX [0 aKTyaJbHUX 3aBJaHb BIIHOCHTHCS
inentudikamis BHII Ha Tl 4yucieHHWX Mepenikoi BiJ HEOMTHOPIAHOCTEH
HABKOJIMIIHBOTO CEpEeJOBHINA 1 PI3HUX IMOCTOPOHHIX MpEAMETIB (TLIb3U Ta
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OCKOJIKA BiJ CHapsaiB, 30poi, MeTanoOpyxT Tomro). [li BuUMOrm  Mo’KHa
3a0€3MeUnTH, SKIIO y CHUCTeMI T'yMaHITapHOrO PO3MIHYBaHHSI 3aCTOCOBYBATU
POOOTHU30BAHO KOMILJIEKCH.

Xapakrepuctuku PKBII, ski 3acTOCOBYIOTBCSA y MHpPOIIECi T'yMaHITapHOIO
PO3MIHYBaHHSI TIOBUHHI BHU3HAYATHUCh NUISAXOM KOMIUIEKCHOTO MOJCITIOBAHHS.
Jlyis MozIeNIOBaHHS MPOIIECY PO3MIHYBaHHS ICHY€ HarajibHa moTpeda po3pooKu
KOMITJIEKCHOI MOJIeli 1boro Tporiecy, sk (ynkmionyBanas PKBII y mporeci
TYMaHITapHOT'O PO3MiHYyBaHHs, CKJIa/I0B1 SIKOTO HaBeAeHi Ha puc. 1 [1].

Texuomorii Texuiuni 3acodu CucteMu NPHITHATTS pillleHb

N~

I'ymaHiTapHe

PO3MiHYBaHHs
Po3BigyBanbHi gaHi Opranizauis nowyky Pospobka cTparerii
1a inentndikauii BHII o PO3MIHYBAHHS
l ¥
Y . .
_ OuinKa piBHS 3arpo3u
301p manmx [Touryx BHII Ta NIaHYBaHHS

JokyMeHTanbHI qaHi Jlokauis /\

(Tomorpadhiuna

. 3HEeIKOIKeHHS 3uuienns BHI1
/N IpHB'43Ka) NINISHOK

:

Imentudikanis BHIT

_ : BHII
. - MicLeBocCTi,
=
= = B 3abpynuenux BHIT
T 2 R=! ‘m
EIEIE :
2 X 2 = MapxyBaHHA Ta Kontpons sxocTi
= .
: o g 2 kaptorpahyeaHHs pO3MiHYBaHHS
g 2 'g = IUISHOK MICLIEBOCTI, MICLIEBOCTI
T 2 a8 B 3abpynuennx BHIT
= = )
- O &
9 = &
= E i
= = =]
© =

Pucynok 1 — CknazioBi npoiiecy r'yMaHiTapHOTO PO3MIHYBaHHS

Busisnenns BHII o3nauae ix momryk Ta ieHTH(IKALIIO Y BiIMOBIIHOCTI 3
ix nemackyrounMu o3Hakamu. Jlemackyroui o3Haku BHII 3ymoBnieHi HHM3KOIO
YUHHHKIB. J[0 HUX MO>XHA BIIHECTH:

— HasIBHICTh BUOYXOBOT pEYOBHHU;

— HAsIBHICTD JIOKAJbHO PO3TAIIOBAaHOI Macu MeTany (HaBiTh B TaK 3BaHUX
«HEMETAIIYHUX)» IOrocjaBchbkuxXx MiHax € jgo 0,1 r amroMiHiFO Ta MeTajeBa
NpYKUHA JUIsI CIIPAIIOBAHHS IE€TOHATOPA);
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— xapakTtepHa (popma min Ta BHII;

— HEOJHOPIHOCTI cepepoBuina, jae posmimenudt BHII (mopymenns
MOBEPXHI IPYHTY, AJOPOKHBOTO MOKPHUTTS, CTIHU OYiBJI1, TOPYIIEHHS KOJbOPY
POCIMHHOCTI a00 CHITOBOTO TOKPHUBY TOIIIO).

JonaTtkoBi nemackyrodi hakTopH, K1 MOXYTh OYTH HE 3aBXK]IH:

— HasIBHICTh MPOBIAHOI JTiHIT YIIPABIIIHHS MIHOIO;

— HAsBHICTh TOAMHHUKOBOTO MEXaHI3My a00 €JIEKTPOHHOTO TalMepa;

— HaSBHICTH CEHCMIYHOTO, MArHITHOI'O 200 ONTHYHOTO JAaTUMKA IIiIi;

— HasIBHICTh aHTEHU IS pajionpuiiMaibaux npuctpois BHIL.

OTxe, MiHA MOXE BUSIBJISITHCS, B OCHOBHOMY 33 PaXyHOK TPhOX (DaKTOPIB:

— HasIBHOCTI 30CEPEIKEHOT Macu BUOYXOBO1 pEUOBUHU;

— XapaKTepHa KOHCTPYKIlig MiHH ((popMu, MaTepially KOPITyCy TOIIO);

— MOPYIICHHS OJTHOP1THOCTI HABKOJHUIITHHOTO (OHY (KOIBOPY POCIMHHOCTI,
HIUTBHOCTI IPYHTY TOIIIO).

Bussnenns BHII 3xilicHIOETBCS 32 TBOMA HaNpsIMKaMHu:

— IOIIYK OKPEeMUX MIH (XapakTepHl BIJACTaHI TYyT BiA JEKUIbBKOX
CaHTUMETPIB J0 JEKUIBKOX METPIB);

— pO3BiJIka MIHHHUX MOJJIB (XapaKTepHI JAJBHOCTI BijJ JAECATKIB METPIB 10
JEKUTBKOX KUIOMETPIB).

Y 3arasibHOMY MiAXOA1 TIOCTaHOBKA 3ajayl MI0JI0 KOMIUIEKCHOTO
MOJICJIFOBaHHS Mpolieccy po3MiHyBaHHs 3 BHKopuctanHsM PKBII moxe Oytu
PO3IIIAHYTO, K IPOLEC HOro GyHKIIOHYBaHHS.

Taxuit mporec onmucyeThes 3a JOMOMOTOI0 AesiKoi (hi3MyHOI cucTeMu S, sika
MO3Ke nepedyBaTH B OTHOMY 3 HACTYITHHUX CTaHIB:

S; — PKBII posropayTo, miAroToBIEHO [Jsi PO3MIHYBaHHS Ta TOYaTO
nomyk BHIT;

S, — PKBII 3piiicHioe MapkyBaHHsS MICLIEBOCTI, SIKy TE€pPEeBIpEHO Ha
HasBHIcTH, BHIT;

S; — PKBII BusBUB HEBIIOMUM ITPEIMET;

S4 — PKBII inenTudikyBap HeBimoMuii npeameT, sk BHIT;

Ss — PKBII Bunyuus BHII i3 cepenoBuia, 1o iMoro yKpusae;

S¢ — PKBII tpancnoprye BHII y pa3i MOXJIMBOCTI O MICIlsl 3HUIIICHHS,

S; — PKBII 3uemkomxye BHIT;

Sg — PKBII 3aumus BHIT;

Sg — PKBII 3a1licHUB KOHTPOJIb SIKOCTI PO3MIHYBaHHSI MICIIEBOCTI a0o0
sauieHHs BHIT;

Sio — PKBII BTpatuB CHOpOMOXHICTh BUKOHYBAaTH 3aBIaHHS 3T1IHO 3
OOMOBUM MPU3HAYCHHSM.

OpienroBanuii rpad mepexomiB cuctemu S = {S;, S,, ..., Sy} 3 omHOrO
CTaHy B IHINUH TiJ 9ac PO3MIHYBaHHS HABEJACHO HA PUC. 2 Ta TPYHTYETHCS Ha
NPEJICTaBICHHI Y BUIJIS/A1 HallIBMAPKOBCHKHX MPOIIECIB [2].
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Pucynok 2 — I'pa¢ craHiB nponecy rymaHiTapHOrO po3MiHyBaHHS

BucnoBkn. Takum unHoMm 3actocyBanHs PKBII qis npoBenensst poOit 3
TYMaHITApPHOTO PO3MIHYBAaHHS Ja€ MOXIIMBICTh 30€pErTHU >KUTTS JIIOACH TpHU
M0ro 3[1CHEHHI Ta HA JaHUH Yac € Ay»Xe aKTyaJlbHUM 3aBJIaHHSIM.

[Tomryk Ta imentudikamis BHII gng rymaniTapHOro po3MiHyBaHHS €
KOMITJIEKCHUM 3aBJaHHSAM. Y 3B’A3KY 3 UM, JJIA MPOBEACHHS T'yMaHITapHOTO
po3minyBanHss PKBII nmoBunHI OyTH OCHaIIeH1 BIANOBIAHUMHU MaHIIyJISITOpPaMH
Ta JIETEKTOpamMu, 3aco0aMu MPUNHATTA pIllieHb Ta 3aCTOCOBYBATHCH Ha €Tarax
pPO3BIJIKM, TMOIIYKYy, JOKaIllli, MapKyBaHHs, 1AeHTU(IKAIli, 3HEIIKOKEHHS,
suumenHs (yrwmzaii) BHIL. TliaBummt epexkTuBHICTH TpoBeneHHS pPOoOIT 3
TYMaHITApHOTO PO3MIHYBaHHS MOXJIMBO 3a PAaXyHOK MOJIETIOBaHHS MOTo
MpOLIEypU Ta TPYHTYETHCS Ha TPEJICTABICHHI y BUIJISI HAiBMapKOBCHKUX
MPOIIECIB.

Cnucoxk BUKOPUCTAHUX JKepe.t.

1. Nevliudov, I., Yanushkevych, D., Ivanov,. L. Analysis of the state of
creation of robotic complexes for humanitarian demining. / I. Nevliudov, D.
Yanushkevych, L. Ivanov // Technology Audit and Production Reserves, 6/2
(62). — 2021. — P. 47-52.

2. Mumanos M. O., Komropy6a B. I., I'ycmsxoB O. M. Kowmmekche
MOJICITIOBAHHS TIPOIIECY PO3MIHYBaHHS 3 BUKOPUCTAHHSIM 3aCO0IB 1HKEHEPHOTO
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CUCTEMA JOKAUII TA KAPTOIPA®YBAHHS TEPUTOPI,
SABPYJIHEHUX BUBYXOHEBE3SIIEYUHNMHA NTPEIMETAMHA
cryaeHt Yukota B. 0., noueHrt, k.T.H., Anymkesud . A
XapKiBChbKUM HAIlIOHATBHUN YHIBEPCUTET Pall0CICKTPOHIKH,
kadenpa KITAM, m. XapkiB, Ykpaina
e-mail: vitalii.chykota@nure.ua, dmytro.ianushkevych@nure.ua

Abstract. Humanitarian demining is the activities carried out to eliminate
the dangers associated with explosive objects (EO), including non-technical and
technical survey of territories contaminated by EO, their mapping, marking,
search, identification, decontamination, evaluation of demining quality, etc. One
of the main tasks in the task of humanitarian demining is the location
(topographic reference) of areas of terrain contaminated by EO, which includes
marking and mapping of areas of terrain contaminated by GNV on the database
of aerial photography, external intelligence, etc. The report examines the
problematic issues of location and mapping of territories contaminated by EO.

Beryn. ['ymaHiTapHe pO3MiHYBaHHA — 1€ 3aXOJH, SIKI HPOBOJAATHCA 3
METOIO JIIKB1/Ialii HeOe3NeK, MOB’ I3aHUX 13 BUOYXOHEOE3[EeYHUMHU TTPEIMETAMU
(BHII), BkiOYarO4M HETEXHIYHE Ta TEXHIYHE OOCTEXKEHHS TEPUTOPIil,
3a0pynuenux BHII, xaptorpadyBaHHs, MapKyBaHHS, MOUIYK, 1A€HTH(IKALis,
3HENIKO/HKEHHS, 3/IIMCHEHHS OIL[IHIOBAHHS SKOCTI pO3MiHYBaHHs Tomo. OaHUM
13 OCHOBHHMX 3aBJlaHb Yy 3aJayl T'yMaHITapHOTO PO3MIHYBAHHS € JIOKalis
(TomorpadiuHa mnpuB’si3Ka) AUITHOK MicieBocTi, 3a0pynHennx BHII, sxka
BKJIFOYA€ MApKyBaHHS Ta KapTorpadyBaHHS TUISHOK MICIIEBOCTI, 3a0pyIHEHUX
BHII na 6a3i nanux aepodoTopo3BiKU, 30BHIIIHBOI PO3BIIKH TOIIO.

Y  jomoBiAl  po3rISAAIOTHCS npoOJIeMHI  MMHUTaHHS JIoKarli Ta
kaprorpadyBanHus teputopiid, 3a0pyanennx BHII i3 3actocyBanHsIM Mojeneit
reorpagiyHuX 1HGOPMAIIHHUX CUCTEM.

OcHoBHa yacTuHa. CTBOPEHHSI pOOOTU30BAaHUX KOMIUIEKCIB BIHCHKOBOTO
npusHadeHHs (PKBII) motpedye cTBOpeHHS sapa HAMBaKIMBIIIUX TEXHOJOTIH,
K1 HEOOX1JIHI JIs1 CTBOPEHHS Bciei HoMeHkaTtypu nepenektuBHux PKBIL. [Ipu
upomMy TuUnoBud 3pazok PKBII moxe OyTu mnpeacTtaBieHHid Yy BUIVISLL
CYKYNMHOCTI (pYyHKIIOHAJIBHO MOB’A3aHUX eneMeHTIB. CKJaj cremiagi3oBaHoro
oONaTHaHHSI BCTAHOBIIOETHCSA, BHUXOASYM 3 (PYHKIIIOHATHHOTO TMPU3HAYCHHS
PKBII i Mmoxe BKJItOUaTH:

— 3ac00M PO3BIIKU Ta 030POEHHS;

— HaBIraIiiHI MPUCTPOT;

— CIICIIaJIbHE TEXHOJIOTIYHE 00JIaHAHHS;

— 3ac00u TeIeKOMYHIKAIIii;

— creniainizoBaHi  OOYHMCHIIOBa4l Ta  KOHTPOJEPHM 13  MPOrpaMHO-
AITOPUTMIYHUM 3a0€3MECUCHHSIM;
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— 3acobu pasioenekTpoHHoi 6opoTsou (PED);

— reoiHdopMalliifHi Ta TOYHOTO IJ100aJIbHOTO MO3UIIIOHYBAHHS TOIIIO.

Sk mokaszalv JOCHIIKEHHS, CUCTEMa T'YMaHITapHOTO PO3MIHYBaHHS Mae
MICTUTH TaKl MMJICUCTEMU:

— HETEXHIYHE Ta TEXHIYHE 00CTEXEHHsI TepUTOopii, 3a0bpyanennx BHII;

— TomyK, ieHTudiKarito ta 3aemkoxeHHss BHIT;

— KapTorpadyBaHHs Ta MapKyBaHHS TepuTOpii, 3abpynuenux BHII;

— 3/IIACHEHHS OIIHIOBAHHS SKOCTI pO3MiHYBaHHS TOIIIO.

Onnumu 13 ocHOBHUX TipobOisieM nomyky y BHII y cucremi rymanitapHoro
pO3MiHYBaHHA € JoKamis (TomorpadiyHa NpUB’A3Ka) IUISHOK MiCIIEBOCTI,
3a0pynHenux BHII, sika Bkitouae MapkyBaHHsI Ta KapTorpadyBaHHS IUISHOK
MmicueBocTi, 3a0pynnennx BHII Ha 6a3i nqanux aepodoTopo3BiJIKH, 30BHIITHBOI
PO3BIIKH TOIIIO.

[Ipn 1bOMy HIUPOKO 3aCTOCOBYIOTHCS IMGpoBI Mojaeni penbedy (LIMP)
MICIIEBOCTI ~ MpPH  aKTyamizamii KapTorpagidyHux MarepiaiiB  penbedy,
3a0pynuenux BHII, pextudikaiii cymyTHUKIB 3HIMKIB, T€OMOP(OIOTIUHOMY 1
KJIIMAaTUYHOMY aHalli31 TOIIO.

Tpanumiiina  TexHoJIOTisT  KapTorpadyBaHHS  JUITHOK  MICIEBOCTI,
3a0pynHenux BHII €  TpyaomiCTKMM — TEXHOJIOTIYHMM  MPOLECOM 1
XapaKTEPU3Y€EThCSI BEIMKUMU TPYJIOBUTPATaAMU, 110 3HAYHO 30UIbIIYE TEPMIHH 1
BapTICTh BUKOHAHHS POOIT 31 CTBOPEHHSI KapT TepuTOopiid, 3a0pyanenux BHII.

CyuacHa kaprorpadisi MIIMPOKO BHUKOPHCTOBYE pE3YyIbTaTU PO3BUTKY
1H(pOopMaTHKK, KIOEPHETUKHU, OOUMCITIOBAIIBHUX MPHUCTPOIB 1 BIOCKOHAIIOETHCA
pazoMm 3 HuMU. CaMe Ha CTHKY TpaguliidHOI KapTorpadii, iHdopmaliitHux
TEXHOJIOT1i, KOMITIOTEPHOI rpadiku BUHUKIIA aBTOMAaTH30BaHa KapTorpadis.

[udpposa (aBTomMaThM3oBaHa Kaprorpadis) Imouyansa pO3BHBATHCA B
HaIpsIMKY TEPETBOPEHHSI O00pa3HO-3HAKOBOi (aHaioroBoi) iHdopmarlli KapT B
urppoBy popmy.

ABTOMaTu30BaHa KapTorpadis po3risIacThCs B TBOX ACTICKTaX:

1. Texniuna kaprorpadis akIeHTye€ yBary Ha METOJUIll CTBOPCHHS
KapTorpadiyHOTO 300pa)KEHHS 3 BHKOPHUCTAHHSIM TEXHIYHUX 3aco0iB Ta
nporpamMHoro 3ade3neueHHs. [Ipu nboMy HEOOX1JHO 3HATH NMPU3HAYEHHS KapTH,
cnenudiky kaprorpadyBaHHIO TEPUTOPIi, CIIOCOOU MOAAIBIIIOT0 BUKOPUCTAHHS
KapTH, IpUiOMU POOOTH 3 HEIO.

2. ns reorpadiunoi kaprorpadii OLIbII 3HAYYLII NPOLECH OTPUMAHHS
iHdopMarllli 3 KapTu, JOCHIKEHb IO KapTaX, TOAl K TEXHIYHI HpHioMHU
CTBOPEHHSI KapTorpadiuHoro 300pa>keHHs 1 oprasizalii nomyky iHgopmailii He
€ TpIOpUTETHUMHU. Y CBOIO HYEpry, MPOIECH aBToMaru3ailli B reorpadivHii
kaprorpadii 1iexaTth B 00J1acTi iHTEpeciB TeoiH(pOopMaIitHOTO KapTorpa(byBaHHa
- ramy3l kaprorpagii, 1o 3aiiMaEeTbcsi aBTOMATU30BAaHUM CKJIQJAHHAM 1
BUKOPHUCTAHHAM KapT SK Mojenei reorpadiuynux iHpopmaniiaux cucrem (I'IC)
Ha ocHOBi ['IC-texHosoriit 1 6a3 reorpadiuHux Ta KapTorpadiuHux JaHUX 1
3HaHb C
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['eorpadiuni iHdopMalliifHI CUCTEMH — 1IE:

— iHopmMmarliiHa  cucrema, IO  MOXE  3a0e3leYUTH  BBEJCHHS,
MaHIMyJIOBaHHSA ¥ aHami3 reorpadidyHO BU3HAUCHHX JaHUX JUISI MIATPUMKH
OPUIHATTS PillICHb;

— pealli3oBaHe 3a JOIMOMOT0I0 aBTOMAaTU30BaHUX 3aC001B CXOBHUIIE CUCTEMU
3HaHb, @ TaKOX MPOTPAMHOTO 3a0€3MEYeHHs, 10 MOAENoe (DYHKIII MOIIyKY,
BBEJICHHS, MOJICITIOBAHHS;

—Habip 3aco0iB 1isi 300py, 30epekeHHs, NOIIyKy, TpaHchopmamii i
BiIOOpaKEHHS aHUX;

— iHdopMarliiiHa cuctema, mpu3HaueHa s poOOTH 3 MPOCTOPOBUMH, UM
reorpa1YyHUMHU, KOOPAUHATAMU;

— arnapaTHO-TIPOTrpaMHUMN JTIOJUHO-MAIIMHHUM KOMIUIEKC, 10 3abe3reuye
30ip, OOpOOKy, BiJIOOpaXKEHHS 1 TMONIMPEHHS MPOCTOPOBO-KOOPIUHOBAHUX
JTAHUX 1 3HAHb PO TEPUTOPIIO IS €(PEKTUBHOTO BUKOPUCTAHHS MPU PIIICHHI
HAyKOBUX 1 TNPUKIQJHUX 3aBJaHb, IOB'S3aHUX 3 aHAJII30M, MOJICIIOBAHHSIM,
MIPOTHO3YBAHHSAM 1 KEpPyBaHHSM IIPOIIECIB KapTorpadyBaHHS BiJMOBITHO [0
MOCTaBJICHUX 3aBJaHb;

— CYKYMHICTh anapaTHUX, MPOTpaMHUX 3ac00iB 1 MpoIeayp, MPU3HAUCHUX
JUIsl 3a0e3MeUYeHHs] BBEJICHHS, KE€pyBaHHS, OOpOOKM, aHaJi3y, MOJCIIIOBAHHS 1
B1JI00payKE€HHS MTPOCTOPOBO-KOOPIMHOBAHUX JAHUX;

— CUCTEMHU aBTOMATHU30BaHOro 300py, cHcTeMmaTu3alli, nepepoOKu 1
IpeacTaBlieHHs (BuAadi) reoiHdopmailii 3 yMOBOIO OJEpXaHHS 3HaHb IPO
JOCTII)KYBaH1 TPOCTOPOBI CUCTEMU;

— CYKYMHICTh anapaTHO-MPOrpaMHUX 3aco01B 1 aJITOPUTMIYHUX TPOLEYP,
pU3HaYEHUX It 300py, BBEACHHS, 30epiraHHs, MaTeMaTUKO-KapTorpagpiaHOTo
MOJICJIIOBAHHS 1 00pa3HOTo MPEACTaBICHHS Ie0POCTOPOBOi 1H(OpMaIii;

— iHdopmarriiiHa cuctema, 1O 3adesneuye 30ip, 30epiraHHsi, OOpOOKY,
JOCTYI,  BiIOOpaX€HHS 1  TOIIMPEHHS  IPOCTOPOBO-KOOPIUHOBAHUX
(IpOCTOPOBUX) MAHUX.

[Tporpamui 3acobu I'lC npusnadeni qjst poOOTH 3 TPOCTOPOBUMH JaHUMH,
MPEICTABJISIOTh B PI3HOMAHITHUNM CETMEHT MPOrPaMHOrO 3a0e3MeyeHHs, Y
SKOMY MOYXHa BUILTATH:

— BEKTOPU3AaTOPH PACTPOBHUX 300paKeHb;

— aKeTH 0OpOOKHU JaHUX PO3BIJIOK;

— IpOorpaMHi 3acobu 0OpOOKM JaHUX JTUCTAHIIAHOTO 30HyBaHHS;

— MaKETU IPOCTOPOBOTO aHAJII3Y 1 MOJICIIFOBAHHS;

— JTOBIJIKOBO-KapTorpadiuHi CUCTEMH;

—T'IC-Btoepu (mmakeTu 3 OOMEXKEHOI MOXJIMBICTIO pelaryBaHHS JaHUX,
MpU3HAYEH1 JUTsl Biyasi3allii 1 BAKOHAHHS 3aMuTiB 0 06a3 JaHUX, Y TOMY YUCI 1
rpadiuHuUX, TATOTOBICHHUX y cepenoBuilli iHcTpyMeHTansaux ['1C);

— iHctpymentanbHi I'IC (I'IC-naketn).
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[Iporpamui 3aco6u I'IC € cykynHICTIO IHTETPOBAHUX MTPOTPAMHUX MOJTYJIIB,
Akl 3a0e3neuyroTh peanizaiito Bcix ocHOBHMX (yHkiii I'IC. ¥V 3aransHomy
BUMAJKY BUJUIAIOTH IIICTh 0a30BUX MOJYJIIB, 110 Peali30BYIOTh (DYHKIIII:

— BBEJICHHS 1 BepudiKaIlli TaHuX;

— 30epiraHHs i MaHIMyJIIOBaHHS JaHUMH, IEPETBOPEHHS CUCTEM KOOPIUHAT
1 TpancopMariii kKapTorpadiuHuX MPOEKIIiii;

— aHaI3y 1 MOJICTTIOBAHHS;

— BUBEJICHHS 1 MOJaHHS JaHUX;

— B3a€EMO/IIi 3 KOPUCTYBAYEM.

Peamizamiss  3a3HayeHux  Bumle  (QyHKUiIH ~ BUMarae  po3poOKu
CIEI1aJII30BaHOT0 MPOrPAMHOTO 3a0€3EeUEHHS.

BucnoBku. Y naniit po6oti OyB nMpoBeieHUI aHali3 CKIaJ0BUX CUCTEMHU
rYMaHITapHOTO pO3MIHYBaHHA Ta TpoOiemM KaprorpadyBaHHA JUISHOK
MmicueBocti, 3a0pynnennx BHII. Byno BcraHoBiieHO, 110 TPH I[bOMY IITHPOKO
3aCTOCOBYIOThCS HU(POBI Mojeni penbedy i akTyamizaiii kapTorpadpigyHuX
JaHUX, PO TepuTOpii, siki 3a0pyaueni BHIT

Tpanumiiina  TexHoJIOTisT  KapTorpadyBaHHS  JUITHOK  MICIEBOCTI,
3a0pynHenux BHII €  TpyaomICTKMM  TEXHOJIOTIYHMM  MPOLECOM 1
XapaKTEPHU3Y€EThCSI BETMKUMU TPYJOBUTpATaMH, 110 3HAYHO 301IbIIY€E TEPMIHH 1
BapTICTh BUKOHAHHS poOIT 31 cTBOpeHHs KapT. [Iponecu aBroMaTuzariii y ranysi
kaprorpadii  JexaTh B o0nacTi 1HTEpEeCiB reoiH(popMaLiftHOro
KapTorpadyBaHHs, IO 3aMAEThCsl aBTOMATHU30BAaHUM  CKJIAJaHHAM 1
BUKOPUCTAaHHAM KapT Ha ocHOBlI ['IC-texHosoriii 0a3 [naHUX MpoOIECH
aBTomMaTu3aiii B reorpadiuHiii kaptorpadii sexaTh B 00JIaCTI 1HTEPECIB
reoinopMariifHoro kaprorpadyBaHHs — raiy3i Kaprorpadii, 1m0 3aliMaeTbCs
aBTOMATHU30BaHUM CKJIQJaHHSAM 1 BHUKOPUCTaHHSAM KapT Ha ocHoBi [1C-
TEXHOJIOT1H, mporpamMaux 3aco06iB ['IC Ta 6a3 1aHuX 1 3HAH.

Cnncoxk BUKOPUCTAHUX JIAKepe.t.

1. Nevliudov, 1., Yanushkevych, D., Ivanov,. L. Analysis of the state of
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Yanushkevych, L. Ivanov // Technology Audit and Production Reserves, 6/2
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TEXHOJIOT'TI BUSIBJEHHS TA KJIACU®IKALII
BUBYXOHEBE3SIIEYHUX ITPE/IMETIB
crynent [lladopoctor . /1., noueHT, K.T.H., Anymkesuy . A.
XapKiBChbKUM HAIlIOHATBHUN YHIBEPCUTET Pall0CICKTPOHIKH,
kadenpa KITAM, m. XapkiB, Ykpaina
e-mail: danylo.shaforostov@nure.ua, dmytro.ianushkevych@nure.ua

Abstract. The use of robotic complexes in the system of humanitarian
demining is due to the efforts of all countries to save human lives, both in
combat operations and in the process of humanitarian demining of territories
contaminated with explosive objects (EO). The main tasks in the task of
humanitarian demining are the search and identification of explosive objects by
their unmasking features. Explosive ordnance detection solutions using robotic
complexes with a suitable modular structure and properly adapted to the local
conditions of hazardous unstructured areas can significantly increase personnel
safety, as well as work efficiency, productivity and flexibility. In this sense,
modern technologies for detecting and classifying EOs, the architecture of
building robotic complexes and manipulators with which they are equipped to
perform the assigned tasks are an actual direction of research.

Beryn.  3actocyBaHHS — pOOOTOTEXHIYHHMX  KOMIUIEKCIB Yy CHCTEMI
IYMaHITAPHOTO PO3MIHYBaHHS OOYMOBJIEHO 3YCHJUISIMM BCIX KpaiH IIOJ0
30epeKeHHs] JIIOJACBKUX JKHUTTIB, SIK y OOHOBMX [isiX, Tak 1 B TpoLeci
IYMaHITapHOTO PO3MIHYBAaHHS TEPUTOpPIN, 3a0pyJHEHUX BHOYXOHEOE3NEUHUMU
npeameramu  (BHII). OcHoBHMUMH 3aBIaHHSAMH B 3a7a4i TyMaHITapHOTO
pPO3MIHYBaHHS € TIOIIYK Ta 1eHTU(IKaIisd BUOYXOHEOe3MeUHNX MPEIMETIB 32 1X
J€MacKyIOUUMH 03HAKaMHU.

PimenHs oo momryky BHOYXOHEOE3NMEUHUX MPEIMETIB 3a JIOMOMOTOI0
pPOOOTOTEXHIYHUX KOMIUIEKCIB 3 BIJAMOBIAHOI MOJIYJIBHOIO CTPYKTYpPOIO Ta
MPaBUIIHLHO aJIalITOBAH1 IO MICIICBUX YMOB HEOE3MEUHNUX HECTPYKTYPOBAHUX 30H
MOXXYTh 3HAYHO MIJABUIIMTH O€3MEKy IMEepCOHAly, a TaKoX e(EeKTUBHICTD
poOOTH, MPOAYKTHBHICTH 1 THYYKICTb. Y IIBOMY CEHCl, Cy4acHI TEXHOJIOT1i
BusiBiieHHs Ta kiacudikauii BHII, apxiTektypa moOyaoBu poOOTOTOTEXHIYHUX
KOMILJIEKCIB Ta MAaHINYyJATOPIB, SKUMU BOHM OCHAILEHI JJIS BUKOHAHHS
MOCTaBJICHUX 3aB/IaHb € aKTyaJIbHUM HAMPSMOM JIOCIiIKCHb.

OcHoBHa yacTuHa. ['yMaHiTapHE PO3MIHYBaHHS — KOMILUIEKC 3aXO/[IIB, K1
MIPOBOJISTHCA 3 METOIO JKB1AAaii HeOe3IIeK, OB’ I3aHUX 13
BuOyxoneOesneunumu npenmeramu (BHII), Bximrodaroum HerexHiuHe Ta
TEeXHIYHE OOCTEXEHHS TEPUTOPIN, BUSIBICHHS, 3HEIIKOJKCHHS Ta 3HUIICHHS
BHII, ix MapkyBaHHS Ta IOBUHHA BUKOHYBATH TaKi 3aBJIaHHS:

— ToMyK, ieHTudiKarito ta 3aemkoxeHHs BHIT;

— KapTorpadyBaHHs Ta MapKyBaHHS TepuTOpiH, 3a0pynnenux BHII;

— 3/1ICHEHHSI OI[IHIOBaHHS SIKOCTI TYMaHITapHOTO PO3MIHyBaHHSI.
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['ooBHMMU 3aBIaHHSAMU Yy TpoOJieMi TYMaHITApHOTO PO3MIHYBaHHS €
nomyk Ta ineHtudikamis BHII. Bussnenns min ta BHII o3Havae ix momryk Ta
imeHTudikamizo y  BIANOBIAHOCTI 3 iX  JE€MacKylOUMMHM  O3HaKaMu
[1]. Mdemackyroui o3naku BHII 3ymoBieHI HHU3KOIO YMHHHKIB. J0 HUX MOXKHA
BITHECTH:

— HAsBHICTh BUOYXOBOI pEYOBUHU;

— HAasIBHICThH JIOKAJHHO PO3TAIIOBAHOI MacH MeTany (HaBiTh B TaK 3BaHUX
«HEMETANYHUX» IOrOCIaBCHLKMX MiHaxXx € g0 0,1 r amdroMiHIIO Ta MeTajeBa
MIPY)KWHA JUTsI CTIPAIIOBAHHS JETOHATOPA);

— xapakTepHa (opma min Ta BHIT;

— HEOJTHOPIAHOCTI cepenoBuina, ne po3Mmimenud BHII (nmopymenns
MOBEPXHI IPYHTY, TOPOKHBOTO MOKPUTTS, CTIHU Oy/iBII, MOPYIIEHHS KOJbOPY
POCIIMHHOCTI @00 CHIFOBOT'O MTOKPHUBY TOIIIO).

HonatkoBi nemackyroui (aktopu BHII: HasBHICT, NpOBiIHOI JiHIT
YIOPABIIHHSA MIHOIO; HAsBHICTh TOAMHHUKOBOTO MEXaHi3My ab0 €JIEeKTPOHHOIO
TaiiMepa; HasBHICTh CEMCMIYHOTO, MarHiTHOro abo0 ONTHYHOTO JaT4uKa I
TOILLO.

BHII moxyTh 6TH BUSBJIEHI, B OCHOBHOMY 32 PaXyHOK TPhOX (DaKTOPIB:

— HasIBHOCTI 30CEPEIKEHOT Macu BUOYXOBO1 pEUOBUHU;

— XapaKTepHa KOHCTPYKU1A MiHH ((hopMu, MaTepially KOPITyCy TOLIO);

— NOPYIIEHHS OJJHOP1THOCTI HABKOJUIIHHOTO (POHY (KOIBOPY POCIMHHOCTI,
HIUTBHOCTI IPYHTY TOILIO).

VY Tabn. 1 HaBeneHi HaWOUIbII BaxkiauBl JgeMackyroui o3Haku BHII, mio
peani3yloThes IpH iX MoIIyKy. IX OCHOBHMMHU (Di3MUHMMM XapaKTEPUCTUKAMU €:
IIUTBHICTh, TBEPJICTh, EJEKTPUYHA MPOBIAHICTH, MiCNIEKTpUYHA 1 MarHiTHA
MPOHUKHOCTI, KOE(QIIIEHTH BIIOUTTA 1 BUINPOMIHIOBAHHA Y BUIUMOMY
(0,4..0,76  mxkm) 1 iHdpauepBoHomy (0,76...1000 MmKkM)  miamazoHax
€JIEKTPOMATHITHUX XBHIIb.

Cyuacauit cran wMeromiB  BusiBjeHHs BHII  xapakrtepusyerbes
pizHOMaHITTSIM. AHai3 ctany meto/iB BusineHHs BHII mokasye, 1o xoxxeH 3
HUX Ma€ MeBHI OOMEXEHHs. 3BUYaitHO, MIPU I[bOMY HEOOXIJTHO BPaxOBYBaTH SIK
anpiopHy iH(opmalio mpo o0'eKT MONUIYKY (po3Mipu, MaTepiald TOLIO), TaK 1
BJIACTUBOCTI OTOYYHOUOTO cepenoBuina [1].

B nanuii yac HailOuIbllle 3aCTOCYBaHHS 3HAWIUIA Taki METOJU:
CJIEKTPOMArHiTHI  (IHAYKUIMHUMA,  paJlOXBWJIbOBHM,  MarHiTOMETPUYHHMA,
HENIHINHUN), sAaepHO-(I3UYHI, TerIoMI3UYHUI 1 MeXaHIYHUN (MEeXaHIYHOro
30oHayBaHHs). CaMe BOHHM JO3BOJIAIOTH CTBOPUTH TEXHIYHI 3aCO0M MONIYKY
BHIIL, sxi MoxyTb OyTH NOpUAATHUMH JUIsi TYMaHITapHOTO PO3MIHYBaHHS.
TpanumiitHa cucteMa BUsSBICHHS Ta ineHTHdikamii min ta BHII naBenmeni y
tabs. 2. CucteMy MOXHA PO3aiIMTH Ha 2 Tumnu [1]:

—cuctemMa THMy A, TpU3HAUYCHA IS BUSBJICHHS Ta iAeHTU(IKAI]
BUOYXOHEOE3MEeYHNX TMPEAMETIB Yy CEepelOBHINAX, M0 TOKPUBAIOTH, IO
BUKOPHCTOBYIOTh €HEPT1I0 CUCTEM TIOIIYKY;
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— cuctemu tuny [1, 110 BUKOPUCTOBYIOTH €HEPTrito 00'€KTA MOIIYKY.

Tabmui 1 — Jlemackyrodi 03HaKM BUOYXOHEOE3NEeUHUX MPEIMETIB

Buna konrpacry
Mixk 00'ekTOM i
0TOYYHYUM
cepenoBuIlEM

Tun 00’ekTa NomykKy

IHIIM

™™

BHII 3
€JIEKTPOHHUMH

KOMIIOHECHTaAMH

BHII 3
Ka0eJbHUMH
JiHIAMH
YHPAaBJIiHHS

BigMigHiCTh
€JICKTPOIPOBITHOCTI

+
(Moxe OyTH
JTy’K€ MaJIok0)

+

BigMiHHICTE
MarHiTHOT
MIPOHHUKJIUBOCTI

+

BigMigHICTE
JIETEKTPUIHOT
MIPOHUKHOCTI

BigMigHICTE
TeII0(QI3UIHIX
XapaKTePUCTHK

BigMinHiCTh
OINTUYHUX
XapaKTEPUCTHK

BigMmigHicTE
MEXaHIYHUX
XapaKTEPUCTHUK

HasiBHicTh napis
BUOYXOBO1
pedoBunu (BP)

Hasgsnicts
HEMHIHHUX
€JICKTPOMAarHITHUX
BJIACTUBOCTEMN

[TpumiTka: + — KOHTPACT €; £ — KOHTPACT € HE 3aBXKIH.

Tabmuus 2 —. Meroau suasinenns BHIT

«A» «II»
1. MexaHiuHui 1. TazoanamiTuuHuit
2. OnTuyHMA 2. SnepHo-dizmuHmMit
3. Temmomokaminauii 3. biodizuunmit
4. EnexTpoMarHiTHUI 4. AxyctuyHuit
5. TMapamerpuunuii

[Ipobnemu, siKi BAHMKAIOTh MPU 3aCTOCYBAHHS IIMX METOJIB — 1€ MUTaHHA
Oe3MmeKu 1 3HIKEHHS YaCOBUX Ta MaTeplaJIbHUX BUTPAT HA pO3MiHyBaHHS. [HI
BUMOTHU: KJIIMaTU4Hi, €()EeKTUBHICTb pOOOTH B TEMHMU 4Yac M00H, CTIHKICTH 10
MEXaHIYHUX BIUTUBIB, €JIEKTPOMArHiTHA CyMICHICTb TOIIO.
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«'MTMOMHHICTEY HAWOLIBII MPAKTUYHO 3HAYMMHUX OE€3KOHTAKTHHUX METOJIIB
nomyky Ta ieHTudikamii BHII, ski 3HaxoasThes y IpyHT1 HaBeIeHO y TaoI. 3.

Ta6nus 3 — [ MMOMHHICTEY 0€3KOHTAKTHUX MeTOAIB noiryky BHIT

I'in0uHa momyky Metoau nomyxky BHII Tun BHII
EnexTpomaruitHui, OIITHYHHH, Bci tunin BHIT
IToBepxHs IpyHTY ra3oaHaTiTHYHUNA, MEXaHIYHUH, TEIIo(i3HIHUH,
OioyoriyHui
PaiOXBIIILOBUI Bei tunu BHIT
10 0,1 M . o -
IHIYKUIHHAN Mertanesi: BHII
10 1u KopoTKoiMnynLCHa pagioToKaItis Bci THTH B‘HH
MarHiTOMETPUYHUI ®epomarniTHl BHII

Jnsa  migBumenHs — epektuBHOCTI  BusBiaeHHs ~ BHII  gomineHO
KOMITJIEKCYBaHHS PI3HUX MOIIYKOBUX METOJIIB B OJHOMY TEXHIYHOMY 3ac00i.
OauH 3 HOBHUX MEPCHEKTUBHUX METO/IIB BUSBIICHHS MIH — 1€ MapaMeTPUYHHIA.
BiH 3acHOBaHuii Ha peecTpallii B3aeMO1i 30yAJIMBOTO (CHIIOBOTO) 1 30HAYIOUOTO
(indopmarniitHoro) (i3MUHMX TOMIB, Ha O00'€KTax TMOIIYKY IITYYHOIO
noXopkeHHs (MiHax). [loeHaHHA KX TOJIIB MOXE OYTH PI3HUM.

Bignosigno no nporo PKBII noBunHi OyTH 00J1alHaH1 MaHIMyJIATOPaMH 3
BIJIMOBIJTHAM alapaTHUM Ta MpOrpaMHUM 3a0e€3MEeUeHHAM Ta $SKi IOBHUHHI
BUKOHYBATH 3aBJaHHs 3 MOIIYKY Ta iaeHTudikanii BHIT.

BucnoBku. Takum unHoM 3actocyBanHs PKBII mist mpoBenennst po0iT 3
TYMaHITApHOTO PO3MIHYBaHHS Ja€ MOKJIMBICTH 30€pErTH >KUTTA JIOJEH TpH
MOT0 371MCHEHHI Ta HA JaHUH Yac € AyXKe aKTyaJIbHUM 3aBJIaHHSIM.

Jns mipBumienHs edektuBHocTi BusBiaeHHs BHII 3a momomororo PKBII
JIOITPHO KOMITJIEKCYBAHHS PI3HUX TMOIITYKOBUX METOJIIB B OJHOMY TEXHIUHOMY
3ac001.

Bignosigno no meoro PKBII moBunHI OyTH 00J1alHaH] MaHIMYJIATOPaMH 3
BIJIMOBITHAM anapaTHUM Ta MPOrpaMHUM 3a0€3MEeUeHHAM Ta SKi IOBHUHHI
BUKOHYBATH 3aBJaHHs 3 MOIIYKY Ta iaeHTudikanii BHIT.

Cnucoxk BUKOPUCTAHUX JKepe.t.
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KOHIENIIA IHTEJEKTYAJBHOI IHOOPMAIIMHOI CHUCTEMHU
AHAJII3Y TA OBPOBKN AHTPOIIOMETPUYHUX JAHUX
JOIIEHT, K.T.H., Pygaiuenko M. /1., ctynentka bonmapenko A. C.
Hamionanpauit yHiBepcuteT «O1echbKa MOMITEXHIKAY,

THCTUTYT KOMIT I0TepHUX cucteM, kadeapa IT, m. Oneca, Ykpaina
e-mail: nickolay.rud@gmail.com, bondarenko.8865190@stud.op.edu.ua

Abstract. This work is devoted to modern developments in the field of
designing devices on microcontrollers and programmable logic integrated
circuits. The current endeavor examines the possibilities of wusing the
ArduinoUno hardware and software platform, and the RobotDyn APC220 radio
communication module, from the outlook of being sufficiently universal and
practical tools for creating subsequent hardware and software tools. The main
objective of this study is the formation of a new concept in modern technologies
that can simultaneously facilitate and improve life at the household level. This
implementation will be easily integrable, therefore, the positive effect of this
technology development will be established.

Beryn. YV noTouHuit yac poO3BUTKY BHUCOKOTEXHOJIOTIYHUX Tally3ed Bif
PIBHSI MIAMPUEMCTB IOBHOTO IIUKIY JIO CHUCTEM, SIKI IHTETPYIOThCS B MOOYTOBI
chepu KUTTA, MOKHA UIBUAKO BHUPINIYBaTH CBOTOACHHI MpoOiieMu
KopucTyBauiB. OJIHIE€I0 3 TaKUX MPOOJEM € CKIAJHICTh Ta BEJIMKA TPUBAIICTb
npolecy miadopy TOBapiB 3a 1HAMBIAYaJbHUMHU AHTPOIIOMETPUYHUMU JTAHUMHU
0COOMCTOCTI. AKTYaJbHICTh JAHOTO JIOCIHIJKEHHS MOJISIra€ y CTBOPEHHI HOBOI
KOHLEMLII i1 PO3BUTKY TEXHOJIOTIYHOIO CEKTOpPY y BHUPIMIEHHI MOOYTOBHUX
npo0semM Ha 06a31 BUKOPUCTaHHS MPOTPaMHO-aNapaTHUX 3aC001B Ta alrOPUTMIB.
Jlanuii TIPOEKT TO€MHYE Yy €001 MPOTrpamMHO-IHKEHEPHY Ta I1HTEJICKTyalbHY
Opl€HTAI].

OcHoBHa yacTuHa. Cy4acHi NiAXOAM 10 1THTEICKTYyaIbHOTO aHaJi3y JaHUX
(IAJl) HamimieHi B TepIly 4Yepry Ha TOETAalHe BUSBJICHHS Ta BU3HAYCHHS
3aKOHOMIPHOCTEH 3 HasBHUX 0a3 (DaKTiB, 10 3HAXOAATHCS B HUX y HE YITKO
BUPa)XXEHOMY BUIJIS1, OCOOIMBO 1€ aKTyaJlbHO y pasi aHali3y CTaHy 3J0pOB'S
moaunu. [AJl HaitOutbm epeKTUBHHMI y THX BHMaaKaxX, KOJW MPOIEC HOTro
IMIJIEMEHTAIli BUPOOJSETHCSA HUIAXOM IHTErpalii CUCTEM, IO HE IMITYIOTbh, a
arperyroTh MOXKJIMBOCTI aHalli3y BEJIMKUX HA0OpiB gaHux exkcrepramu. [AJl Ha
MPaKTHULl BKIIOYAE Psil HAYKOBUX HANpsMiB, Takux sk Data Mining (Bu1o0yTOK
nannx) 1 Knowledge discovery (BusiBiieHHs 3HaHb) [1]. AKTyasibHI 3aBIaHHS
IAJZ. y KOHTEKCTI pO3TasgaEeMoi MNpoOJeMaTUKU: TMOIIYK BI3yallbHUX,
(GyHKUIOHATBHUX, JIOTIYHUX Ta I1HIIMX [PUXOBAHUX 3aKOHOMIPHOCTEH Y
HAKOIMWYEHIA aHTPONIOMETPUYHIN 1H(popMaIllii, po3mi3HaBaHHs Ta Kiacudikarlis
oOpa3iB pi3HUX 300pakeHb aHaJi3y CTaHy OPTaHiB JIOJUHU, TOOYI0BA MOEICH
Ta TPaBWI, 10 Peai3yloTh (HopMami3aililo BUSIBICHUX aHOMATIM Ta 37aTHI 110
noOyZI0BI TPOTHO3IB PO3BUTKY MOXJIHMBUX CTaHiB (200 iX 3MmiH) y daci i3
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3a/IaHUM PIBHEM TOYHOCTI.

OcHOBHA KOHIEMIIS MTPOEKTY MOJISITa€ y CTBOPEHH1 0COOJIIUBOTO MPOCTOPY
B MarasuHax, Ji¢ HasBHa (QYyHKIISA MiA00py MpeaMeETy OJAry Ta iHhOopMaIlliHIX
3ac00iB TEXHIYHOTO aHali3y Ta OIlHKK IapaMeTpiB JIOJWHU JJIs1 BHUIAYI
nojanblIuX pexomeHaariil. Jlana QyHkiis npusHadyeHa JJisg pO3Mi3HABaHHS Ta
OLIIHKH (P1310JIOTIYHUX JAHUX ¥ BUMIPIB TiJIa KOHKPETHOI JTIOAMHU.

[Ticns amamizy OTpUMaHUX JaHWUX, KOPHUCTYBad OTPUMYE TIOBHY
iH(popMaLliI0 [IOJ0 KPUTEPIiB MOIIYKYy KOHKPETHOTO TOBapy, SKUH
3aJJOBOJIBHATUME HOro 32 (DI3MUHUMU BUMipamMH. [ OJMOBHUU MiAXiJ OTPUMaHHS
NPAaBWIBHUX BXIAHUX JaHUX, SKI OyQyTh OUIBIIOI YAaCTHHOIO 3aJ0BOJBHITH
KpUTEPIl 3aMUTY - 1€ PO3TIISA JIIOAUHU 31 CTOPOHU 1HIMBI1yalbHO-THIIOJIOTTYHOL
JiarHOCTHKH [2].

ToOTO oOTpUMaHHS TOBHOI  XapakTEPUCTHUKUA  (DI3UYHOTO  CTATyCy
OCOOMCTOCTI 13 CYKYITHOCTI BJIACTUBOCTEH, SIK1 IPUTAMaHH1 KOHKPETHOMY THUITY 3
yCIX Cy4acHUX KOHCTHUTYIIIM opraHi3MmiB. [Ipu BUKOpUCTaHHI JAHOTO aCHEKTY €
MO>KJIMBICTh OXapaKTEepU3yBaHHS 0cOOM 06€3 OTpUMAaHHS 10JaTKOBO1 1H(opMaIii
PO MOKa3HUKHU MeTabosi3mMy Ta iHI [3]. Cxema OIliHIOBaHHS JIOIUHH TOJISTaE
B TEXHIIll BUMIPY aHTPOIIOMETPUYHMX JIaHUX TaKl SK: BUMIpP POCTy, Baru Ta
o0XBaT TpyAHOI KIITUHHU, Taiii, cteroH [4]. 3a nomoMorow o0’ €MHOI
CTPYKTYpOBaHOi 0a3ud MeTaJaHMX MOXKHA JOCSITTH UITKHM pe3ynbTaT B
1AeHTH(IKallll, MOIIYKY, OLIHKK BXiAHUX AaHuX. MoaynbHy cxeMmy naHoi IC
MO’KHA TIPEJICTAaBUTH Y BUTIISIII CXEeMH, 300paskeHOT Ha PUCYHKY 1.

Cuctema
bnok Bnok
CTBOPEHHA opmyBaHHs
BiANoBiAj 3agay
ba3sa gaHux
bnok . .
iMiTauiiHoro AHanITAHUI
Bnok
MoaentoBaHHA

Pucynoxk 1 — MoaynpHa cxema iH(GOpPMAIIfHOT CHCTEMU

ApPXITEKTypa CUCTEeMU MA€ MICTUTH HACTYITHI KOMIIOHEHTH:

— KOPUCTYBAJILHUIIBKUI 1HTEPPEHC 3 BHUKIMKOM MPUKIATHUX (DYHKITIH
cepBepa;

— BUKOHaHHA (YHKUIA, (OpMyBaHHS 3alMTIB O CHUCTEMU KepyBaHHS
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0azaMu JaHUX JJ1s1 30€pPEKEHHSI Ta CTPYKTYPYBaHHS JTAaHUX,

— 00po0Oka Ta aHaJli3 arperoBaHuX JaHUX HUISIXOM BUKOPUCTAHHS MOJIEJeH
MITYYHUX HEUPOHHHUX Mepex [5] /Uit BUSBIICHHS 3aKOHOMIPHOCTEH Ta pillleHHS
3aBJaHHA Ki1acugikariii.

VY skocTi amapaTHOro 3a0e3nedeHHs sl 300py JaHUX MPOIMOHYETHCS
BUKOpUCTaHHA TuiaTdhopmu Arduino, MoaydiB OTpuUMaHHS 300pa)K€Hb 3
Bimeokamepu OV7670 Tta nepenaul nanux RobotDyn APC220.

Haiikpamnum metonoM 30epexeHHs iHpopMallii € iHTerpoBaHa 0asza J1aHuX,
sAKa BUTpAayaTUME MEHIIE Yacy JJIs ONMpPAaIfOBaHHS CKJIaJHUX JIOTTYHUX 3aIUTIB.
Bupimennsm mpobsiemMu po3mizHaHHSA (I3UMYHUX MMapaMeTpiB 0COOU € HEUpOHHA
Mepexa, sika Mae 3TI0HOCTI 0 camMoHaB4yaHHsa [6]. 30umbmiyroun 00’eM
OMpallbOBaHUX BIJJOMOCTEH, cucTeMa Oy/e YAOCKOHAIIOBATH pE3yJbTaTu
BUXIJTHUX JIAHUX Ta aJIallTyBaTH iX.

[lepeBaroro JaHOTO MPOEKTY € BUPILIEHHS NpOOJEMH KOpHCTyBada 3
MOIIYKOM 1 MiA00OpOM MpeIMeTy OJAry, 10 y TOM caMuil 4ac CHPHUSTUME
CTBOPEHHIO HOBOI1 KOHLEIIII CYy4aCHOTO PO3BHUTKY TEXHOJOTIH y MOOYyTOBIH
cdepl IIATBHOCTI MOAUMHU. Taka cuctemMa Moxe OyTH BUIBHO 1HTErpOBaHa B
NOBCSAK/ICHHE JKUTTA KOPUCTYBayiB 1 JIETKO YJIOCKOHAaji€Ha 3 PO3BUTKOM
TEXHOJIOTTYHUX CHUCTEM.

BucnoBkmn. [IpoBenene nocCiiKeHHsT KOHIIEMIIT TaHOI CUCTEMH TTOKa3ajio
il aKTyalbHICTh, aJaITUBHICTh, THYYKICTh Ta MEPCHEKTUBHICTD y peanizamii Jis
BUPIIICHHS MPUKIQJAHUX MPAKTUUYHMUX 3aBJaHb 3 aHAI3y JaHUX Ta B paMKax
CTBOPEHHSI CUCTEMH MIATPUMKH TPUHHATTS PIIICHb JJI1 3MEHIICHHS YacOBHX
BUTPAT IS TI00PY HEOOX1THUX TOBApPIB.

Cnucok BUKOPUCTAHUX JIAKepeJl.

1. epouna A.JI. TlopiBHsuIbHMII aHami3 ICHYIOYHX HampsMiB Y
iHTenekTyanbHoMy aHamizi ganux / A.Jl. Illepbuna, J[.C. IlluGaes, M.J.
Pynuiuenko, H.O. Illubaesa // Project, Program, Portfolio Management. The
Third International Scientific-practical Conference, Odesa,ONPU 07-08 Dec
2018. — C.88-90

2. Anekcina JI.A. IHTerpaTUBHO-aHTPOMOJIOTIYHI MIAXOAU Y MEIUIMHI /
JLLA. Anexcina, H.A. KopueroB // Opranizauiiina koHdepeHlis BiIAICHHS
6iomeauuHoOi Ta 6ioconianbHoi anTponosorii MAIA. — 2018. — C.7-10.

3. boromornenib A.A. BBeneHHs B BUCGHHS MPO KOHCTUTYIII Ta miaTe3u /
A.A. boromortens. — M.: Biomenris, 1926. — 178 c.
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oOrpyHToBaHumii BUOip Ta BripoBakeHHs / A. Bakynenko, A. IOxin. — O.:Hayka,
2007. - 224 c.

5. lNanymkin A.l. Teopis weiiponnux mepex / Al Ianymkin. — K.:ITTPXP,
2000. — 416 c.

6. 'opbanp A. H. HaBuanus wneiiponnux mepex / A.H. T'opbanb. —
K.:ParaGraph, 1990. — 160 c.
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CYYACHI METOAU HAJJAHHSA IMTEPCOHAJII3OBAHUX
PEKOMEHJIAIIIA B IHOOPMAIIMHNX CUCTEMAX
crynentka Meman K.A., mpod. Mimepsikos O.B.
XapKiBChbKUM HAIlIOHATBHUN YHIBEPCUTET Pall0CICKTPOHIKH,
kadenpa CT, m. XapkiB, Ykpaina
e-mail: kateryna.meshchan@nure.ua, iurii.mishcheriakov@nure.ua

Abstract. With the growing popularity of online stores, their assortment is
also growing. Therefore, as a rule, problems arise that negatively affect both
stores and customers. There is a large assortment here, but there are problems
with it. A customer who saw in front of him a large number of products and
their parameters may not immediately understand which of them he needs.
However, unlike a regular store, there is no salesperson-consultant here. For this
reason, new features have been introduced to increase the convenience of using
online stores and increase profits. In particular, various personalized
recommendations.

Beryn. 31 3pocTaHHSAM MONYJSIPHOCTI 1HTEPHET-Mara3uHiB 3pocTae 1 ix
acoptTuMeHT. Tomy, SIK MpaBWiIO, BUHUKAIOTh MNPOOJEMHU, SKI HETaTUBHO
MO3HAYAIOTHCS SIK HA Mara3uHax, Tak 1 Ha kiieHtax. [lokynens, skuii modayus
nepea co00I0 BENHMKY KUIBKICTh TOBapiB Ta iX NapameTpiB, MOXKE HE O/Apasy
3pO3yMITH, SIKMM 13 HUX oMy moTpiOeH. OJHak, Ha BiAMIHY BiJ 3BUYAHHOIrO
MarasuHy, TYT TpOJaBelb-KOHCYJIbTAHT BIACYTHIN. 3 1€l TPUYUHU JUIS
30UTBIIIEHHST 3PYYHOCTI KOPUCTYBaHHS IHTEpHET-Mara3diHaMH Ta ITiJIBUIICHHS
npuOyTKy Oyio 3ampoBa/pKEHO HOBI (PYyHKINI. 30KpeMa pi3HI MepcoHaTi30BaHi
peKOMeHaaIli.

OcHoBHa uyactuna. [lin mnepconamizaiie Ciig po3yMITH CHOCIO 5K
MPaBUJIBLHO MiAiOpaTH MOTPIOHUI THUIT TIOCTYTH Ta MPOAYKTY, @ TAKOXK BMICT JJIs
MOTPIOHUX KOPUCTYBAYiB. 3aBMSIKU IOMY 1€ IONTOMAarae MoKpauTy 3aTydYeHHS
KOPUCTYBauiB — Oy/ab-sIKa B3a€EMOJIS JIOJEd 3 MNPOAYKTOM, BeO-caliToM,
MPOTrPaMol0 TOIIIO.

Y cuctem peKoMeHJalld BUKOPUCTOBYIOTBCS CHUCTEMHU  (PLIbTpallii
iHopMallii HagaHHS 1HIUBIAYaJIbHUX peKoMeHAalid. Taki CHUCTeMH, TaKOX
BIJIOMI SIK MEXaHI3MHU PEKOMEH/Ialliii, Ha/laloTh 1HIWBIAyajbHI pEeKOMEHAAIlli B
pexumi peanbHoro yacy. CucteMu peKOMEHIaliii BUKOPUCTOBYIOTh aJITOPUTMHU
Ta METOJIM MANIMHHOTO HAaBYAHHS [JI1 HAJaHHS HAWOIIBII pEIeBAHTHUX
MIPOTIO3HUIII KOPUCTYyBaYaM, BUBYAOYH JaH!1 (HAIPUKIIAJ], MUHYJTY TTOBEIIHKY) 3
METOIO MTPOTHO3YBAHHS MOTOYHUX THTEPECIB.

[lepconanizoBaHi CHUCTEMU MOXYTh HaJaBaTH TakKi PEKOMEHMAIli, SK:
peKoMeHaIlli Ha OCHOBI MPOAYKTIB (Hampukiaa, Amazon, Booking.com);
pexkoMeHgamii Ha ocHoBl BMicty (Hampukian, Netflix, Spotify, TikTok,
Instagram).

€ TpuW OCHOBHI MIJXOAM JIO CTBOPEHHS CHCTEMH pPEKOMEHJAIliH, sKi
3aCHOBAHI Ha MeToJax 1 QYHKIISAX JJIl MPOTHO3YBAHHA TOTO, SIKUM €JIEMEHTaM
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BIJIIAAYTh MepeBary KOpUcTyBayi:

— ¢upTpanisi Ha OCHOBI BMICTy (content-based filtering), sika renepye
MIPOTHO3HW aHATI3YIOUH aTPUOYTH €IIEMEHTIB Ta 3HAXOITYN CXOXKICTh MK HUMHU;

— cnimpHa QunbTparnis (collaborative filtering), sika reHepye mHporHosu
aHaJIi3yl0uH TOBEIIHKY KOPUCTYBaUiB Ta MOPIBHIOIOYHM iX 31 CXO)KMMH CMaKaMH;

— riopuana ¢insTpanisa (hybrid filtering), sixka moemnye nBi abo OinbIie
MOJIEJIEH.

Mopaens  QinpTpamii  Ha  OCHOBI  BMICTY Hajgae€ peKOMeEHMaIlli,
BUKOPHUCTOBYIOUM KOHKDPETHI aTpuOyTH €JIIEMEHTIB JUIS IOIIYKY IO10HOCTI.
JlaHi, sKi BOHM BHUKOPHUCTOBYIOTH [IJI1 CTBOPEHHS TIPOQiIiB JaHUX,
CTBOPIOIOTBCSI Ha OCHOBI ONUCOBOI 1H(poOpMalii 1 MOXYTh MICTUTHU
XapaKTEPUCTUKU  €JeMeHTIB  abo  kopuctyBauiB. CTBopeHi  mpodiil
BUKOPUCTOBYIOTBCSA JUIsl PEKOMEHJalld MpeAMETIB, MOAIOHUX [0 THX, SKI
KOPHUCTYBay JIOOMB/CITyXaB/KyyBaB/ IUBUBCS Y MUHYJIOMY.

HaiiGinpmr mommpeHa Mojenb, CHUIbHA (UIbTpaLis, Ja€ BiANOBIIHI
pEeKOMEHJalli Ha OCHOBI B3a€EMOJIi PI3HMX KOPHUCTYBAaudiB 3 ILIJIOBUMH
eleMeHTaMu. BoHu 30uparoTh 1HQOpMalild NP0 MHUHYJIY IOBEIIHKY
KOPUCTYBa4diB, a TIIOTIM BHUKOMYIOTh 1ii, 00 BHUPIMIUTH, $SKI EJIEMEHTH
BiJ0Opa)kaTu 1HIIMM aKTUBHUM KOpPUCTYBauaM 3 TaKMM CMakoM. lnes cucremu
noJyisira€ B TOMy, 100 mepeadadyuTH, SK JIIOJAWHA BlApearye Ha HpeIMeTH, 3
SKMMH BOHA I1I€ HE CTUKAJIACH.

['Opuana ¢iapTpallisi mpu3HAYE€HA JUIsl YCYHEHHS MpoOJjeM Ta OOMeXeHb
YUCTOI MOJIeJIl CUCTeMH peKkoMeHalii. ['1opuaHa Moiens BUKOPUCTOBYE KibKa
METO/IB PEKOMEHJAlld pa3oM JJii OTPUMAHHSA OUIbII BHUCOKOI TOYHOCTI Ta
MEHIIIOI KIJTBKOCTI HEJOJIKIB KOXKHOI OKpeMOi peKoMeHJailii. 3a3Budyail 1ie
chijbHa (uIbTpalis, sfKa MOEAHYETHCA 3 IHIIUMU METOJIaMU JJISI BUPIIIEHHS
npoOJieMH XOJOJHOTO 3alyCcKy. AJie He BHKJIIOYHO, OO0 MIIXOAH MOXKYTh
MOE€THYBATHCH PI3HUMU IIISTXaMH.

BucHoBku. TakuM 4MHOM, ME€Ta CTBOPEHHS MEPCOHATI30BAHUX CHUCTEM €
JOTIOMOra  KOpUCTyBadaM MifiOpaTu peneBaHTHUM ToBap. Taki cHCTEeMH
BUJIAIOTh PI3HI PEKOMEHMIAIl s pI3HUX KOpHUCcTyBadiB. llepconarnizoBaHi
CUCTEMU PO3JLICHI HAa TPU BEJUKI rpymnu: (GiabTpaiis Ha OCHOBI BMICTY, CIUIbHA
bimpTpamis Ta riopuaHa ¢iapTpamig. ng HagaHHS pPEKOMEHIAIN CHUCTEMHU
MOKYThb BHUKOPHUCTOBYBATH KOHKpPETHI aTpUOyTH €JIEMEHTIB MJIsi IMOIIyKY
nomiOHOCTI  (KOJip, TEXHIYHI XapaKTePUCTUKH) Ta B3aEMOJII0  PI3HUX
KOPHUCTYBAUiB 3 I[IJTLOBUMU €JIeMeHTaMu (TIeperJisii TOBapy, MpUaOaHHS).

Cnucoxk BUKOPUCTAHUX J7Kepe.t.
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YHI®IKOBAHUM NIOPTATUBHUM 3APSJTHUI MIPUCTPINA HA
OCHOBI COHAYHUX EJIEMEHTIB
Bukiangad beusko T.I'., ctynent FOpkis B.JI.
[Ipukapnarcbkuii HallioHaIbHUN yHIBepcuTeT iMeH1 Bacuis Credanuka,
Kadeapa KOMIT FOTEPHOT 1HKEHEePIli 1 eTeKTPOHIKH,
M. [Bano-®paHKiBChK, YKpaiHa
e-mail: taras.benko@pnu.edu.ua, urkivvladislav@gmail.com

Abstract. A portable battery or power bank is a very important accessory
that allows you to charge most gadgets. It is needed everywhere in civilian life
(travels, hikes, trips) and during combat operations. It is not for nothing that
volunteers are constantly asking to purchase power banks for the front for
military personnel. The uniqueness of this device lies in the ability to adjust the
current and voltage, which makes it possible to use it in a much wider range.
Thanks to the protected housing, this charger can work under extreme
conditions.

Beryn. Mu kuBeMo B Cy4acHOMY CBITi, Jie He 001MTHCS 0€3 PI3HOTO POy
rajpkeTiB. [{ns toro, mo6 BOHM (YHKUIOHYBAJIHM, NOTPIOHO iX MIAKIOYATH 0
JoKepena JKUBIIEHHA. UyJIOBOIO albTEPHATHUBOK JKEpesia JKUBIICHHA €
yHI(IKOBAaHUHN 3apsiAHUA TPUCTPIA 13 BEIUKUM BMICTOM (QYyHKLIA. A came:
Oe3MmpoBiTHA 3apsiKa, MOXKIIMBICTh 3apsAKaTH BiJl COHIYHOTO cBiTna, aBa USB
noptu 1o 5 BousbT, IHTErpOBaHUM 1 TUCKPETHUM JIIXTApUK. A TaKOX MPUCYTHS
(GyHKLIS peryatoBaHHs HApyru BiJ S 10 28 BoybT Ha BUXI.

VYHiikoBaHUN TOPTATUBHUM 3apsSTHUN MPUCTPIM 13 COHSYHOIO MAHEIITIO
Ha 5 akymynsropiB emHicTiO 11000MA, Ta cOHSIUHOIO OaTapeeto, IKUil 3TaTHHIMA
3apsKATH OJHOYACHO JIBA MPUCTPOi 3 cuiioto ctpymy B 1A Ta 2A. Ipuctpiit
3/IaTe€H peryJioBaTH HAINpyry B Jiama3oHi Bix 1 mo 24B, Ta cuny crpymy Bin 0,1
10 2A. e nae MOXIMBICTD )KUBUTH OUIBIIIICT €IEKTPOHHUX Ta/KETIB TAKUX K
TenedoHU, HOYTOYKH,IJTAHIIIETH, pallli, TeBHI BUAM KBajpokontepi. [Ipuctpiii
TaKOXX Ma€ IHTETpOBaHUW JixTapwK. [Ipu HaTHCKaHHI HA KHOMKY MPUCTPid
MOKaXke CBIM piBeHb 3apsjly Ha cBiTioaiofax. [Ipu moaBiiiHOMY HaTUCKaHHI Ha
KHOIIKY — YBIMKHETHCS JIXTapuK, HACTyIHE IIOJBIHE HATUCKAaHHSI BUMKHE
mixtapuk. OcCOONMBICTIO AAHOTO [€BaCy € TaKOoXX KOHCTPYKI[S KOPIYCY.
OcHoBa KOpITyCy BUTOTOBJIEHA 3 THYYKHUX TUIACTUYHUX MAC SIK1 3 BHYTPIIIHBOTO
OOKy 3axuIleHl aJIOMIHIEBUMH TIUIACTUHAMHU 10 JO3BOJISIE 3aXUCTUTU Bij
MEXaHIYHHUX TOIIKOJKEHb, & 3 30BHIIIHHOTO MOKPHUTI PIAKOI0 PE3UHOIO IO A€
MO>KJIMBICTh MPAIIOBATH B CKJIAHUX KITIMATHYHUX YMOBaX.

OcHoBHa yacTHAa.OCHOBOIO 3apsIIHOTO MPUCTPOIO € MOAYJb KOHTPOJIIO

3apsAy Ta po3psay Oatapeil, peryiabOBaHMNA MOAYJb JKEpena >KUBJICHHS Ta
MOJyJIb O€3MPOBITHOT 3aPSAIKH.
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B 0CHOBi 1aHOTO MPHUCTPOIO JISKUTH IJIaTa KOHTPOJIO 3apsiay Ta pO3psay
OaTapeit 300pakeHa Ha PUCYHKY 1.
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Pucynok 1 — 3aranpHa cxema NpUCTPOIO TUIaTa KOHTPOJIIO 3apsiay Ta
po3psany O6atapeit

Omnuc cxemu. [lnata MicTuTh 4 CBITJIONIONM, SIKI IPU3HAYEHI JJIsI 1HAUKAIT
eMHOCTI Oarapeii. Ha mnari € Bximauit mopt Micro-USB pospaxoBanwmii Ha 5B i
1,5A, ta 1Ba USB BuX0au oAWH po3paxoBaHMil HA Hampyry 5B i cuiy ctpymy
2A, a pgpyruit Ha Hampyry 5B 1 cunmy crpymy lA. o naHoi muatu
MIKIFoYacThesa coHstuda nadess 10 BuBodIB SUN+ 1 SUN-. Consiuna maHenn
po3paxoBaHa Ha Hanpyry 4,5-5,5B. Jlns i€l miatu miaxoaats Li-ion Garapei
HoMmiHaioM 3.7B. Takox miata MICTUTh SIK IHTETPOBaHUH JIIXTApUK MMO3HAUYCHUN
D1 rtak 1 meckpeTHui, KW MiakmrodaeTbes 10 BuBonie LED+ 1 LED-. 1106
YBIMKHYTH 1HTETPOBAHMM JIXTapUK MOTPIOHO YTPUMYBATH KHOIIKY MPOTATOM
Tpu cekyHau. [1{06 BUMKHYTH JiXTapuK MOTPIOHO yTPUMATHU KHOMKY Ha TPH
CEKYH/H 1 JIIXTapUK roracHe. JIMCKpeTHHI JTIXTapuK pO3paxoBaHUMN HA HAPYTY
4B. Ha nuati npucytHi BuBoau BAT+ 1 BAT- ski mikito4aroThCs 10 OaTapei.
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Pucynoxk 2 — TonoJoris miaaTu KOHTPOJIIO 3apsay Ta po3psiay Oatapei
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Pucynox 3 — 3-1 Moens T1aTH KOHTPOJTIO 3apsiay Ta po3psay O6arapeit

Jlnst KUBIIEHHS] BUKOPUCTOBYEThCS MOaysib MT3608 (puc.4). Lelr Moaynb
MPU3HAYEHUN JIJIs1 3MIHM 3HAYEHHS BUX1JHOT HanpyTru. Po3Mipu Moysst TOCUTh
MaJji, TOMy MOro MOXKHA 1IHTETPYBAaTH y MOPTATUBHUN TpHUCTpiid. Jlo Moayss Ha
BXIJl MOTPIOHO TOJATH BXIAHY Hampyry Bigx 2 mo 24B. Iligkimrodyatu naHui
MOJyJIb MOTPIOHO Oe3mocepeHso 10 Oatapeit Ha BuBoau BAT+ 1 BAT- matu
KOHTPOJIIO 3apsy 1 po3psiay. | Ha BUXO/A1 JaHOTO MOJYJISI OTPUMYEMO HANpPyTy
Bin 5B nmo 28B 1 wmakcumansHy cuwiy crpymy 2A. Jlns toro o6
N1JJTAIITOBYBAaTH HANIPYTy, MOTPiIOHO KPpyTUTH noTeHiomeTpoM R1.
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Pucynok 4 — Cxema Moy mxepena xusienas MT3608

Jlanuii MOIyJib MOKHA 1HTETpyBaTU B MOPTATUBHMNA 3apsAHUNA TPUCTPIiL.
Le#t Mmoaynb skuBUTHCS Hampyrow SB 1 cunoto ctpymy 2A. ToOTO MOTYXHICT
0e3npoBiIHOI 3apsaku ckianae 5 Bar. Ha momyns OGe3mpoBigHOT 3apsiaku
HNOTPIOHO NPUIMAATH JBa IMPOBIJIHUKHU JI€ MOJAETHCS HA HBOI'O JKUBJIICHHS, a
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raizgo Micro-USB moxkHa BUmasTH BOHO HE MOTPiOHE. IHII KiHI[ ITPOBIIHUKIB
HEOOX1THO MIPHUIIAATH Ha IIJIaTy KOHTPOJIO 3apsiay 1 po3psiay O6aTtapeit, a IMEHHO
1o nopixok BuxigHoro USB mopta 5 Bonbt 1 2 Ammnepa.

Pucynok 5 — Moaynb 0€31pOBiIHOI 3apsIKH

BucnoBku. T'igHiCTh mNpUCTPOiB 3 BOYJOBAHMM aKyMYJISITOPOM -
MO>KJIMBICTh HAaKOMMUYYBaTH €HEPTil0 Y BOYJOBAaHOMY aKyMYJSTOP1 B OY/b-sSKUil
CBITIIUI "ac 100U, a BUTpavyaTH TOA1, KOJiM OyJie moTpiOHO, HaBiTh BHOUI. KoxkHe
3 COHSYHUX 3apSATHUX MPUCTPOIB MOKHA BHUKOPHUCTOBYBATU 3 TMEPEXITHUKAMH,
TOMY TMPAKTUYHO OYyIb-SIKMM TaKeT MOXe OyTH 3apsKEHUH HaleKO Bin
nuBLIi3anii. Tak, 3aBIsiKu CBO1H YHIBEPCAIIBHOCT1, MOOUJIBHOCTI, 3aXUIIIEHOCTI Ta
3IaTHOCTI TMPAIIOBaTH y CKIATHUX (DI3UYHUX Ta KIIMAaTUYHUX yCMOBaX JaHHM
3apsAIHUN TPUCTPINA CTaHE HEBIIMIHHUM aTpUOyTOM BiMICBKOBOCITYKOOBIIIB.

Cnmncoxk BUKOPUCTAHUX JKepe.t.

1. OcHoBU cxemoTexHiku elekTpoHHuX cucteM: I[liapyunuk /B.1.Boiiko,
A M.I'ypxiii, B.I.)Kyiikos 1a i1. — K.: Buma k., 2004.

2. bynnines M. C. EnektporexHika, €JEKTpOHIKAa Ta MIKPOIPOIECOpHa
TexHika. — JIbBiB: Adima, 2001 — 424 c.

3. Martsienko M. I1. Tlpuctpoi nudposoi enexkrponiku. — K.: Bua. Jlipa-K,
2015-392 c.
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T'OJIOBHI TEHAEHIIII Y BUPOBHUIITBI EJIEKTPOHIKH
crapmmii Bukianay Bacunwes H0.C., acuctent ['opbenko €.0.,
crapmuii Bukinanad Kapuaymenko B.I1., acuctent Ilaraiikina M.1.
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Abstract. The factory of the future will be heavily automated and
emphasize sustainability, but the technologies and trends shaping electronics
manufacturing aim to augment human innovation rather than replace it. Products
and factories themselves will be environmentally friendly and will emphasize
both cyber and physical security. Industry 4.0, or digitization, is the foundation
of most manufacturing advancements. Factories are getting smarter — the
IoT/lIoT enable sensors, applications, and associated networking equipment to
work together to collect, monitor and analyze data from industrial operations.
This data, in turn, provides information that can be used to enhance the
manufacturing process.

Beryn. @abpuka MaiilOyTHBOTO HE € XOJOAHUM TEMHUM MPUMIILICHHSIM, 1€
poOOTH O€3ynmMHHO 30MpalOTh MPOAYKTH PO3pOOJEHI IITYYHHM I1HTEIEKTOM.
Tak, mpomecu OyayTh 3HAYHOIO MIpOIO aBTOMATH30BaHI Ta 3abe3meuyBaTH
CTaOUIbHICTh, ajieé TEXHOJOrli Ta TEeHJAEHIIi, MO (OPMYyIOTh BHUPOOHMIITBO
€JICKTPOHIKM, CIPSMOBaHI Ha TOCWUJICHHS JIOJICBKMX I1HHOBAIId, a HE Ha iX
3aMiHy.

dakTuyHO, 6araTo TEXHOJOTIH, AKI MOKPAIIyIOTh BUPOOHWYI omeparlii —
nornoBHeHa/BipTyanbHa peanbHICTh (AR/VR), 10T 1 mpomucnoBuii [oT (IloT),
mtyyHui iHTenekT (Al) — pobnars ¢abpuku Oe3neyHIMME JJI MPalliBHUKIB,
OJTHOYACHO 3HWXyrouu Butpatu. Cami mpoayktu Ta Galbpuku OyayTh
eKOJIOTIYHO YHUCTHUMHM Ta OyAyTh 3acHOBaHI fK Ha KiOepOesmeni, Tak 1 Ha
Gbi13uuHii Oe3mnerr.

Ingyctpis 4.0, a6o uudposizaiis 1HIYCTPli, € OCHOBOI OUIBIIOCTI
BUPOOHMYHUX JOCSITHEHb. 3aBOAu CTaloTh po3yMHimnMu — loT/IIoT mo3Bossie
CeHcOopaM, MporpamMam 1 IMOB’SI3aHOMY MEpPEKEBOMY OOJIaJIHAHHIO TpaIlOBaTH
pasoMm, 100 30MpaTH, KOHTPOJIIOBATHM W aHai3yBaTH JlaHI BUPOOHUUYUX
omeparii. I{i maHi, y cBOw dYepry, HajawTh 1H(MOpPMaIiO, SKY MOXHa
BUKOPHCTOBYBATH JIJIsl TOKPAIICHHS] BAPOOHUYOTO MPOIIECY.

OcHoBHa yactuHa. Ha mnowartky 1mporo poky Microsoft 1 BupoOHUK
cnokuBunux ToBapiB Procter&Gamble oromocunun mnpo croigbHe I1UGpPOBE
cuniBpoOiTaunTBo. [{udpoBa BupoOHMYa cuctema Microsoft Oynme HamaBatu
komMauai P&G moctynm no gaHMX y peXHMi peajbHOro 4acy Ta MoOJeNei
IITYYHOTO IHTEJNEKTY, SKI JIOMOMOXYTh ONTHUMI3YyBaThd Ta CIPOCTHUTH
BUpoOHUITBO. [IpoekT BKItouae TIOpUAHY XMapHy  OOYHCIIOBAJIbHY
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miathopMy, fKa J103BOJUTH O€30raHHO I1HTErpyBaTH TEXHOJIOTIT MITY4HOIO
1HTENeKTy, MalMHHOTO HaBuaHH: Ta [IoT B icHyr04y 1HOPACTPYKTYpY.

OOuIB1 KOMIaHIi Tak0X TUIAHYIOTH 3alpPOBAJAUTH HU(PPOBUX OIM3HIOKIB,
Kl MOXYTh JOIMOMOITH B YCbOMY: BiJi PO3pPOOKH MPOAYKTY 1O HABYAHHS
criBpoOiTHUKIB. [{udpoBi OIMU3HIOKU J103BOJISIIOTH KOMITAHISIM MPOBOJUTH
BIpTyaJbHI €KCIIEPUMEHTH y CBOIX BUPOOHHUUX CEPEIOBUIIAX, HE BUKIMKAIOUH
300iB. [lomibnum uymHOM 1U(POBI  OMU3HIOKK MOXYTh  BIPTyaJIbHO
KoHOIrypyBatu (haOpuKy Ta MOJENIOBATH, SK MPAIIBHUKH B3AaEMOJIIIOTH 13
mammHaMd. CrHiBpoOITHUKKM MOXYTh TPEHYBaTHCS B IbOMY BIpPTyaJIbHOMY
cepenoBuIll, 1m00 BOHM Oydud TOBHICTIO BIPAaBHUMHU 3 TEPIIOTO JHS.
[linBumieHHs €QEeKTUBHOCTI Ta TMPOAYKTUBHOCTI € OCHOBHUMH IUISIMU
Inmyctpii 4.0.

AR/VR 3abesrieuye piBeHb 3B’S3KYy MK JIIOJUHOIO Ta MAIIMHOK, SKHM
MOEJIHYE TBOpYE 3 MPAKTUYHUM. [HKeHepu BUKOPHUCTOBYIOTH VR 1 AR s
BJIOCKOHQJICHHS Ta oNTuUMI3allli au3aiiHy Ha paHHid ctagii. Konmemmii Ta
napamMeTpyu MOKHa IIBUJIKO MEPEriisiaTi, KopuryBaTu Ta 3miHtoBatu. L{udposi
MOJIeJII TaKOXX MOYKHA BIPTyaJIbHO TECTyBaTH, aHAII3yBaTh Ta CHUMYJIOBATH.
Pe3ynpTaToM € MBUJIKI ITEpaliifH] [IUKIN MPOEKTYBAaHHS.

VR 1 AR Takox poOJsiATh MOXKJIMBUM aHIMAaIliliHE MOJCIIOBAHHS, 1100
PO3POOHUKH MOTJIM OAYUTH, SIK TPOAYKTU OyAyTh BUKOPUCTOBYBATHUCS 3 4aCOM,
1 BpaxoByBaJlu Taki (PaKTOpH, SIK €PrOHOMIKA, TOCTYI, 30BHIIIHIA BUIIIAI 1
BIIUYyTTs. J{BOBHMIpHI KpecieHHs abo 3D-moaeni He MOXKYTh MepeaaTH TaKHid
caMuil JIOCBIJ, $K pealiCTHYHA CHUMYJSLISL, TOMY BHPOOHUKHA TaKOX
BUKOPUCTOBYIOTh LI IHCTPYMEHTH TMIJ Yac B3a€MOJIi 3 KJIIEHTaMHU. 3pEUITOlo,
BIpTyaJIbHa PEAJbHICTh 1 JIOMOBHEHA PEAIbHICTh CHPUSIOTH CHIJIKYBAaHHIO Ta
HIATPUMII T Yac po3poOKH MPOAYKTY. Pe3yapTaToM € 3HUKEHHS TEXHIYHOTO
pU3UKY, 3 OIIBIIOK MWMOBIPHICTIO KOMIIOHEHTH Ta TPOAYKTH OYIyTh
BI/IMOBIIATH IPU3HAYCHHIO.

BrpoBamkeHHST MITYYHOTO 1HTENEKTY Yy BUPOOHUYHMI KOHTEKCT O3HA4Yae
BUKOPHUCTAHHS JTaHUX JJIs1 MIPUUHSATTS JI€BUX PillIeHb IMBUAIIC M TOYHIIIE, HIXK
moaunHa. lle mepemoBa TEXHOJIOTIS, IO JIEKUTh B OCHOBI IPOrHO30BAaHOTO
TEXHIYHOT'0 00CIIyrOBYBaHHS, sika nepeadaydae, sk MalluHa MOBOJIUTUMETHCS M1
MaiOyTHIM KOPHMCHUM HaBaHTaXEHHSAM 1 KOJIM, YOMY 1 K 1€ MOTpiOHO Oyne
BUMPABUTH HA OCHOBI MHUHYJOro naocBiny. LI cucreMu 3HAYHOIO MIpOIO
3ajieXxaTh BiJl CEHCOPIB, SIKI HAJAIOTh JIaHl MPO €JIEKTPUYHUN CTpyM, BiOpalliio,
TeMrepaTypy Ta pPI3HOMAaHITHI TIOKa3HUKHU, SIKI MOXYTh BIUIMBaTH Ha
NPOJAYKTUBHICT BHUPOOHUITBA. MUHyNl pIilIeHHS [JJIs [POTHO30BAHOIO
TEXHIYHOTO OOCIYrOBYBaHHSl IONEpeKaal Joaed mpo mpoliemMu 3
KOHKPETHUMH MAIllMHAMU; TeTIep BOHU BU3HAYAIOTh, SIKU KOMITOHEHT BUKJIMKAB
CTIOBIIIICHHSI.

[Iporno3ne TexHiYHE OOCITYTrOBYBaHHS CKOPOYYE 4Yac MPOCTOIO 3aBOAY Ta
noB’si3aHl 3 HUM BuTpaTH, a LI Bimirpae BaxiuBy pojb y SIKOCTi, CKOPOUYCHHI
Opaky Ta MpOTHO3yBaHHI 3amaciB 4d MOMHUTY. BUKOpWCTAHHS MOKA3HUKIB IS
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MIPOTHO3YBAHHS TMOBEIIHKM 3a cHenu@ikamisasMu MpoayKTy MOKE MiHIMI3yBaTh
Opak 1 MakCHUMI3yBaTHU SIKICTh MPOAYKTY. IIporHo3yBaHHs, KOJM MalllMHA YU
mporiec  OuIbllle HE  BIANOBIIATUMYTh 3aJaHuUM  crnenudikarmisM, ado
BIIXUJIATUMYTHCS JIaIOTh 3MOT'Y BUPOOHHKAM 3aBYacHO POOUTHU BCE HEOOXIIHE
JIUIs1 TIOBEPHEHHSI 1X J10 crienudikariii.

3aBASKM MMOBHOMY PO3YMIHHIO POOOTH 3aBOJAY Ta JaHUX, IO CTOATH 3a
BUPOOHHUIITBOM, BUPOOHUKHA MOXYTh CIIPOTHO3YBATH IOIHUT 1 PyX KPUTUIHHUX
JeTajeu, o MPU3BEAC 10 3HAYHOT eKOHOMII 3amaciB.

AHani3 JaHuX TakoX poOUTH TUCTAHIIIIHY JOTOMOTY OUIbII e()EeKTUBHOIO.
Jlesiki TEXHIUHI CTIEialiCTH BUKOPUCTOBYIOTh PO3YMHI OKYJISIPH, 5K 3aIHCYIOTh
ayJll0- Ta BIJEO3aIMCU MOBEIIHKM MAallMHU Ta TPAHCIIOKOTH iX areHTy CIy:K0u
niaTpuMki. CTOpOHA-OJEepKyBad MOXKE 3alpONOHYBATH JIOMOMOTY B PI3HUX
dbopmax, BKIIOYAIOYM HAJCUJIAHHS BIIMOBIAHUX JTOKYMEHTIB ab0 KpecieHb
KITIEHTY.

BupobHuui mianpueMcTBa CTalOTh Bce OUIbII TOB’SI3aHUMU. BoHuU
OCHAIICHI  1HTEJCKTyaJIbHUMH  MAalllMHAMH, sKi  30MparoTh  JaHl Ta
MIPEACTABIIAIOTh BaXKJIUB1 TeHJeHIi. Jleski o0’ekTu ocHaleHl poOoTamu, sIKi
MPaIolTh Pa3oM 3 JIIOJIBMH, MO0 MIABUIIATH MPOAYKTHBHICTh. BHUpoOHUKH
TaKOXX MOXXYTh MaTH aBTOMAaTH30BaHI CHCTEMH, SKi JO3BOJISIOTH IIBUIKO
3aMOBJIATHA TOBapH MepIl HIXK BOHU OyAyTh 3aKIHUYBaTHUCS.

Hocnimkenns, onyomikoBani B 2020 pori, mokaszano, 10 BUPOOHUKU
3HAXOAATHCA MiA Jefani OUIbIIOI 3arpo30l0 BiJl aTak, SIKI BUKOPHUCTOBYIOTH
3amudpoBaHl KaHaIM i1 00XOJy 3acTapuidx 3aco0iB KOHTPOJO Oe3MleKkH.
30KkpemMa, BUPOOHHUYUN CEKTOp 3ITKHYBCS 3 MUIBSPAOM TaKUX 3arpo3, W10
CTAaHOBUTH BEJIMKUI BIJICOTOK BCIX TAKUX aTak.

[IpakTrka, sika HA3UBAETHCS HYJIHOBOIO JOBIPOIO , MOXKE OYTH 3aCTOCOBaHA
JI0 BUPOOHUIITBA, TOOTO CTOPOHH HIKOJIM HE JAIOTh aBTOMATUYHOTO CXBAJICHHS
OyIp-siKiil oprasizailii, sika HamaraeTbCcs OTPUMATH JOCTYN 10 O0’€KTa 4u
MepeXi, He3aJeKHO BiJl TOTO, UM € I 0co0a MpaliBHUKOM Yd HaWHaTIHHIITAM
nmocTadyajabHUKOM BUpoOHHKA. Lle¥ miaxia cerMeHTye AaHi Tak, IO JAOCTYII JO
HUX MalOTh JIMINE BIAMNOBIAHI CTOpoHW. Hampukian, sKIo mpamiBHUK
BUPOOHMYOTO I1I€XYy IOYATKOBOTO pIBHS HaMaraBCcsi OTPUMATH PECypCH, SKi
BUKOPUCTOBYIOThCS JIMILE BUIAIOM Oyxraiurepii, Ug i BUKIHKana O
CIOBIIICHHS Ta 3ajuiiajga BMICT 3a0JOKOBAaHHMM, JOKH XTOCh HE TMEperjsHe
3aMuT Ha JOCTYII 1 CXBIUTH 200 BIAXWIIUTH HOTO.

30epiranHsi martepiajgiB 'y 3aKpUTOMY BHIJISAI 3MEHIIYE WMOBIPHICTD
MacOBOTO BUTOKY JJaHUX, 1110 CTABUTH ITiJ1 3arpo3y 1H(opMaIito KIIEHTIB. XaKep
MOK€ OTPHMATH JOCTYI IO OJHOTO CETMEHTY JaHuX ab0 OKPEMOTO pPecypcy.
OpHak iM TOBENEThCS YCHINIHO MPOHUKHYTH B O€3/114 1HIMUX JAHUX, MEePIT HIXK
3aBJAaTH IIKOAW, IIOB’A3aHOI 3 BUTOKOM JAaHMX, KOJHM KOMIIaHII He
BUKOPHCTOBYIOTh CTPATETii0 HYJIHOBOI JOBIpH.

BucHoBku. Ctanuii po3BUTOK 3apa3 € MPIOPUTETOM JJisi BUPOOHHUIITBA Ta
OXOILTIOE Kibka BuUMIpiB. I[lepmmii — e nukiIiyHa €KOHOMIKa, SIKa BUMIPIOE
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BIUIMB KOMIIaHIi Ha KJIIMaT 1 HaBKOJHUIIHE cepenopuie. Kpim Toro, me criiike
MOCTa4aHHsI: JOBTOCTPOKOBA JKUTTE3IAATHICTh MOCTAYaIbHUKIB, HAsSBHI 3amacH
Ta HajilHa Jsorictuka. barato kommadid, 1m0 3alMarOTbCS BUPOOHHUIITBOM
CJICKTPOHIKH, PO3pPOONSIOTh MPOAYKTH OUIbIIE HAa OCHOBI  HAasSBHOCTI
KOMIIOHCHTIB, HDK Ha I[iHI YU IPOJYKTHUBHOCTI. AJle BU3HAYEHHS CTIHKOCTI Y
BHCOKOTeXHonorquOMy BI/IpO6HI/IHTBl € CKJIAJIHUM 3aBIaHHSIM, OCKUTBKH BOHO
Bap1I0€TI>C$I Bil 3yCHJIb 1 PEeCypcCiB, TaKuUX SK BHUIAOOYTOK PiIKO3EMETbHUX
MaTepianiB, TpPAaHCIOPTYBAaHHS, eKCIUIyaTaimiss Ta yIPaBIiHHS JKAUTTEBUM
IIUKJIOM, 70 €KOJIOTIYHHUX CHCTEM, BUPOOHHIITBA €JIEKTPOEHEPrii Ta TPyIOBUX

pecypciB.
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Abstract. Specifically, one of the most exciting value propositions of
future EVs is the number of different connectivity technologies they will feature.
This connectivity, called vehicle-to-everything (V2X), features technologies like
vehicle-to-grid (V2G) and vehicle-to-network (V2N), which are already in use.
It also features emerging technologies like vehicle-to-vehicle (V2V) that will
shape the future of how EVs work.

The given work discusses the present and the future of EV connectivity and
how it will shape the industry moving forward.

Beryn. [locartu crpaBHBOTO IIUPOKOTO BIIPOBAKEHHS €JIEKTPOMOO1ITIB
MOKJIMBO 3a BIIPOBA)KCHHS BEJIUYE3HUX 3YCWJIb Yy Taiy3l JTOCHIIKEHb 1
po3po00OK. Xoda 3HAUYHA YACTHMHA LUX PO3POOOK CIpPSIMOBaHA HA 30LIBIICHHS
3amacy Xojdy, €JeKTpoMoOiIl MaWOyTHBOTO OTpUMAlOTh Habarato OuIbIIe
(GyHKILIHA, HI)K TPOCTO 1HHOBALIMHI TEXHOJIOT1i )KUBJICHHS.

OcHoBHa yactuHa. OJHIEIO 3 HAWOUIBII I[IHHUX MPOIMO3UINN s
€JIEKTPOMOOUTIB € KUIbKICTh PI3HUX TEXHOJIOT1M KOMYHIKAIli, SIKI BOHH
MatuMyTh. LI KoMmyHikaii, sKi MamTh Ha3By «aBTOMOOMIb-Bce» (V2X),
BKJIIOYAIOTh TaKl TEXHOJIOTIi, SIK IJIKIIOYEHHS TPAHCIOPTHOTO 3acoly 10
npomuciioBoi Mepexi (V2G) 1 miakmodeHHs 10 riaodansHoi Mepexi (V2N), ski
BXXC BHUKOPHUCTOBYIOThCS. BOHM TakoX MICTATh TaKli HOBI TEXHOJIOTI, SIK,
Hampukiag aBro — aBTo (V2V), saxi QopmyBaTUMyTh MailOyTHE poOOTH
CICKTPOMOO1ITIB.

[Tinkmrouenns V2G. Onniero 3 ¢opM 3B 3Ky TPAHCTIOPTHUX 3aC001B, sKa
HEIOJAaBHO 3 SBWJIACS HA CEPIMHUX EJIeKTPOMOOUIAX, € miakiatodeHHs V2G
(puc.1). [Migxmouenas V2G o3Havae 30aTHICTH €JIEKTPOMOOiLIS 3a0e3mnedyBaTH
MOTIK €JIEKTPOEHEPTil K BiJ MEPEXKi 0 aBTOMOOUIS, Tak 1 BiJ] aBTOMOOLISA 10
Mepexi. Kouuemniisi monsrae B ToMmy, 110 OaTapei €JIeKTPOMOOUIIB, fKI €
BITHOCHO BEJIMKHUMH, MOXXYTh BHCTYINAaTH HE MPOCTO JDKEPEIOM eHeprii ams
aBTOMOOUIsI. BOHM TakoX MOXYyThb 30epiratv €HEprito Jyisi BUKOPUCTAHHS B
Mepexi Ta snoma (V2H).

3 amapaTHOi TOYKHM 30py miakiatoyeHHs V2G 0a3yeTbCsi Ha TEXHOJOTIT
CHJIOBOI  €JEKTPOHIKM, IO HA3UBAETHCS  JIBOHAMPABICHOIO  3apsAKOIO.
JIBoHampaBjeHUl 1HBEPTOP B €JIEKTPOMOOLTI MOTpedye MO€THAHHS Cy4acHOT
CXEMOTEXHIKH, KOMIIOHEHTIB Ta CXEMH KEpyBaHHs, sfKa MOXKE 3a0e3MedyuTH
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NEPEeTBOPEHHS MDK 3MIHHUM CTPYMOM MEpEXl Ta TOCTIHHUM CTPyMOM
aKyMyJaTopa.

VEHICLE-TO-GRID Wind turbines
TECHNOLOGY |

Solar panels

Energy storage
system (Ess)

|
Charging station ]

Renewable energy
from Idfie vehicies at night

Stored mobile energy
released 1o the network

Pucynok 1 — Texnomnoris V2G

[TepeBarm V2G 3HauHI K 1J1s BJaCHUKAa aBTOMOOLIS, Tak 1 JUISI MEpExi.
JIst BIacHUKA BUTOJIOI0 € MOJKJIUBICTh BUKOPUCTOBYBATH CBill €IEKTPOMOOLITH
HE MPOCTO K TPAHCIOPTHUM 3aci0, a W AK pe3epBHUN reHepaTop A JI0OMY,
SIKITIO CTAHETHCSI BITKITIOUEHHS €JIEKTPOCSHEPrii uu iHMma karactpoda. Kpim Toro,
BJIACHUK TPAHCIIOPTHOTO 3ac00y MOXK€ KOMIICHCYBATH BUTPATH, MPOAAIOYH
HAJUTUIIIOK €HEPTii CBOTO €IEKTPOMOOLIS HAa3a/l Y MEPEKY.

3 TOUYKH 30py MEpexeBoi IHPPACTPYKTYpH, TeXHOJIOTisT V2G MOXKe 3HATH
HABAHTAKEHHA Ha MEPEXKY, JO3BOJIMBIIM €JIECKTPOMOOLIIO MpOJaBaTH Haz3ajl
YaCTUHY CBOET HAKOIMYEHO! €HEprii, KOJU Mepexa JIOCSATaE MKOBOTO TOMHUTY.
Konu monut Huxumii abo moOnm3y BUPOOISETHCS BIAHOBIIOBaHA EHEPTis,
CIIEKTPOMOO1LTh MOXKE 3apsHKATHCS CAMOCTIHHO.

Texnonoris V2G 10¢i BBAXKAETHCS PIAKICTIO JIJIsE TPAHCTIOPTHUX 3ac001B Ha
ChOT'OJIHIIIIHLOMY PUHKY, ajie¢ BOHa Habupae 00epTiB, OCKIJILKU BIPOBAIKYETHCS
B HOBHX IMPOMO3HUIIISAX €JICKTPOMOOUTIB, TAKUX SK MOBHICTIO enekTpuuHuii Ford
F-150.

ITigkmrouenas V2N. ITlicna makmrouendas V2G migkiaroueHHss V2N €
HaJ[3BUYAHO I[IHHOIO HOBOI TEXHOJOTIE€I eleKTpoMoOuTiB. V2N — iHIIa
dbopmMa MAKITIOYCHHS EJIEKTPOMOOUTIB, O3HA4Ya€ 3JaTHICTh TPAHCIIOPTHOTO
3aco0y cTaTu MIAKJIIOUYEHOK YacTHUHOI [HTepHETY, 3AaTHOIO CIHIJIKYBaTUCS 3
OyIp-uMM 1HIIUM Y MeEpexi. Y KOHTEKCTI eJIeKTpOMOOUTIB 1el BHI
MKITFOUEHHS 3a3BHYall CTOCYETHCS MMiIKJIIOUCHHSI aBTOMOOIS 10 BHYTPIIIHBOT
Mepeki BHUpPOOHMKAa Ta XMAapHUX CepBICIB. 3aBASKU MiAKIIOUeHHI0O V2N
TPAaHCIOPTHUN 3aci0 MOXHA pEeTeIbHO KOHTPOJIOBATH, AaHAII3yBaTH Ta
JMHAMIYHO OHOBJIIOBATH JIJIs1 3a0€3MeUeHHS] MaKCUMaJIbHO1 TPOIYKTUBHOCTI.
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OpmHuM 13 BapiaHTIB BUKOPUCTAHHS MiAKIoueHHS V2N € KommaHii, SKuM
HEO0OX1THO OTpuMYBaTH 1H(OpMaIlli Mpo MPOAYKTUBHICTh CBOIX TPaHCIOPTHHUX
3ac00i1B, 100 JI3HATHCS MPO TaKl MOKa3HUKH, K MPOIYCKHA 3/IaTHICTh €HEPTii,
UK 3apsay Oatapei Ta 3amac xoay. OTpuMaBlIM L€ BIATYK BIJ YyCiX
MNIJKITIOUYEHUX ~ TPAaHCHOPTHUX  3aco0iB  y  Mepexi V2N,  BUPOOHUK
CJIEKTPOMOOUTIB MOX€ BHKOHYBAaTH CTAaTHCTUYHHM aHaii3 TPaHCIOPTHUX
3ac001B, 00 3pO3yMITH, SIK IXHI TPAHCHOPTHI 3aCO0M MPALIOIOTh y PEaTbHUX
YMOBax JJis TMOKpAIIEHHS NPOAYKTUBHOCTI. 3BIJICH TpPaHCHOPTHI 3acolwu,
nigKIrodeHi 10 V2N, MOXyTh OTpUMYBaTH OHOBJIEHHS CBOTO IMPOrPaMHOIO
3a0e3nedyeHHss Ta MikporporpaMu 1o moBiTpro. Kpim Ttoro, emektpomoOimi
KOMITaHli MOXYTh BUKOPHUCTOBYBATH L0 1H(POpMaLiO s 1HPOPMYBaHHS PO
3MIHU anapaTHOro 3a0e3neyeHHs] B MaHOyTHIX MOJEIISIX CBOIX €JIEKTPOMOOLIIB.

Onniero 3 KOMNaHIN, ska 3aiMaeThes UM, € Tesla. Bonum wacrto
BUITYCKAIOTh O€3/IpPOTOBI OHOBJICHHS 1100 (DYHKIIII aBTOMIOTY, a TAKOXK 1HIITUX
3aragbHUX QYHKIIN TpoayKTUBHOCTI. Takum unHoM, V2N € BaxIJIMBOIO HOBOIO
TEXHOJIOT1€10, OCKUJIbKM BOHA 3a0e3medye HalKpanly MOKIUBY IMPOTYKTUBHICTb
€JIEKTPOMOOLIIB SIK MOTOYHOTO TTOKOJIIHHS, TaK 1 MAaHOYTHIX MOKOJIIHb.

[Minkmouenns V2V e ¢dopmoro miaxmouenuss EV, mo BusHauae
B3a€MO3B’SI30K YCIX MiJ’€IHAHUX TPAHCIOPTHUX 3aco0iB Ha M0pO3i. 3aBIsKU
V2V TtpancnoptHi 3aco0u MOXYTb O€3apOTOBUM CIIOCOOOM OOMIHIOBATHUCS
1H(pOpMaIlIEI0 OJUH 3 OAHUM PO HIBUAKICTb, MOJIOKEHHS, JOPOXKHI YMOBHU Ta
1HIy 1HpopManito (puc. 2). Mera nigkmtoueHHs V2V nossirae B Tomy, o0
JTI03BOJIUTH TPAHCIIOPTHUM 3ac00aM MaTH MOBHY 1H()OPMAIIIO NPO KOKEH 1HIIHIMA
TPAHCIIOPTHUN 3aci0 Ha A0pOo31, MO0 YHUKHYTH HeOe3NmeyHuX 1 HeOakaHMX
CUTyallii, TakuxX siK aBapii Ta 3atopu. KpiMm TOro, TpancmopTHi 3aco0u 3
miaTpUMKOI0 V2V MOXYTh BUKOPHUCTOBYBATH 1H(POPMAIIIIO TIPO YMOBHU JTOPOTH
Ta JJOPOKHBOTO PYXY B PEKUMI PEATHHOTO YaCy JJIs TOCATHEHHS ONMTHMAIBHOTO
NUIAXY 10 TyHKTY NMPU3HAYCHHS, 3201a/KYI0UU Yac, CHEPrito Ta TPOIIIi BOIIS.

o A
| S

>/

y //////ﬁ. /“
A "L Aé
Pucynok 2 — Komynikamis V2V
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BucnoBkmu. [IpuBabnupicte V2V nossdrae B ToMmy, 110 1€ HE Taka JajieKa
BiJl peajbHOCTI TEXHOJOTIA, SIK 3Ja€ThCS. 3 TEXHOJOTIYHOI TOYKH 30py MOKHA
CKazaTH, 1110 3apa3 € IHPPaACTPYKTypa, HeOOXiHA JUIsl JOCATHEHHST V2V 3aBasiku
TaKuM TEeXHOJIOT1sAM, sk 5G 1 XxMapHe miakiarodeHHs. OgHUMU 3 HAHOUIBIINX
MEePENIKo/l Ha NUIAXY BOpOBaKeHHS V2V € 6e3neka Ta reonoiTHYHI BUKITUKH.

Texnonoriss V2X — ue wmaiiOyTHe enexkTpoMoOiniB. JBaausaTe 1 sITh-
TPUILATH POKIB TOMY HEMOXIUBO OylO YABHUTH, IO Tele()OHU OTPUMAIOTH
Habarato OuTkIie (PYHKITIH 1 CTaHYTh TAKUMHU BaXXJIMBUMHU aCTICKTaMH HAIIOTO
KUTTSA. ChOTOAHI MH CTOIMO Ha TOMY CaMOMY PO3JOPIAOKI 3 €IEKTPOMOOIIIMHU.
Texnomoris V2X Bauxae HOBE KUTTS B TEXHOJIOT1] €JIEKTPOMOOLTIB Ta HaJa€e iM
Habararo Oiyiblile, HiXK TPUBilaJIbHE BOJIHHS.
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SOC AJIsI BUPOBHUKIB ABTOMOBILJIIB
acucteHt [IsaTaiikina M.1., crapmmii Bukianad Bacuiwes 10.C.,
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Abstract. There are many factors to consider when auto OEMSs decide
whether to go with a customized SoC or “off-the-shelf” products. Some
questions include whether the car is intended for a broad-based market with little
differentiation from others, which key IP should be brought in-house versus
relying on external providers, and what are the trade-offs in terms of power,
performance, size and costs. In the end, automotive vendors must decide what is
most suitable to them, based on the options available.

Beryn. [Tutanus Toro, un 3HaA000aThCst 1ogaTku ADAS niist JOCSITHEHHS
yCHiXy B MailOyTHbOMY, HE «SKIIO», a «Kouw». [InaTrdopmu 111 aBTOHOMHOTO
BOJIHHSI HACTYIMHOT'O TOKOJIHHS BHMAaralmOTh BHUIIUX PIBHIB MPOAYKTHUBHOCTI,
00 MpuiMaTH PIIIEHHS 32 YaCTKU CEKYHJU. ABTOMOOUIb MOBUHEH PO3YMITH,
TPaAHCJIIOBATH Ta TOYHO CIPUHMATH HABKOJUIITHE CEPEIOBHINE Ta pearyBaTH Ha
3MIHM SIKOMOTa IIBU/IIIIE Ta HallOe3MeyHiIIe.

Maii6ytni ADAS 1 aBTOHOMHI peanizamii (puc.l) BUMararoTh HaWBHUIIOI
MPOAYKTUBHOCTI, TepudepiiHuX OOYHCIeHb Yy peaJlbHOMY dYaci 3
MoxuBocTAMU 00poOku IIII, a Takoxx iHTEpdeNciB 3 BUCOKOK MPOMYCKHOIO
CIIPOMOJKHICTIO  JIIsi  O€3J]liul  JAaTYWMKIB BHCOKOI PO3AUIBHOI  3/IaTHOCTI,
BKIIO4arouu pagap, LiDAR 1 kamepy.

YI0CKOHAJICHHSI MOXJIMBOCTEH «OaueHHS/30py» TEpPEIOBUX CHCTEM
nonomoru BogieBi (ADAS) Buxoauts 3a pamku kamep 1 LiDAR, Bxitouaroun
IHTENEeKTyallbHl JaTYUKU 11 OOpOOKM CKJIaJIHMX CII€HApliB BOJIHHS, SIKI B
aBTOMOOUTBHIM TMPOMHUCIOBOCTI Ha3WBalOTh 4 piBHEM, a00 «BHCOKOIO»
aBTOMAaTH3AIII€10.

Interior Camera/ Smart Camera Rear —
Front View Driver Monitoring Remote Park Assist
Camera System Park Assist/Self-Parking

Night Vision/Surround . -
View Camera ’,—_
> — .
Emergency Brake ¢ /Qj - Y SeEl
System and Adaptive \ oo —
Cruise Control \

~
O

. Side Impact
w O— — Assist

;/\ X = ) f ,“?}
-0 % 3 LT
st = ‘? >l
,;r’;?%g, - -
Cross Traffic f w;@ - \ %
isatst O ¢/ <l Blind Spot Detection/

Surround View

Radar Fusion
Center

High Beam
Control

Pucynok 1 — ADAS 1 aBTOHOMHE BOJIIHHSI TOTPEOYIOTH KITBKOX JAaTUYHKIB
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OcHoBHa 4acTumHa. TeMnu 3poCTaHHS PHUHKY aBTOMOOUTbHUX SoC y
nepiomMy miBpiydi 2022 poky noka3yroTh 30ibiieHHs Ha 60%. Y 10CKOHaNeHHs
aBTOMAaTH3allli TPAaHCTIOPTHUX 3ac001B, Taki sk MOIUBOCTI GPS-panapis, ayzaio
Ta BIJICO JIONIOMOra, a TaKOX 30UIbIICHHS 1HBECTUIIM Yy JOCHIIDKCHHS Ta
pO3poOKy aBTOMaTH3allli TPaHCHOPTHUX 3aco0iB, 1100 BHOpaTucs 31
3pOCTalOYMMHU BUMOTAMU CIIOKUBAYiB MO0 O€3MEYHOTO BOJIIHHS, CTUMYITIOIOTh
puHOK aBTOMOOLTEHUX SOC.

daxTopu, 1O CIPHUSIOTh PI3KOMY 3pOCTaHHIO, BKIIOUAIOTh CYBOPI TMPaBHIIa
Oe3mekr TPaHCHOPTHUX 3aco0iB, TOMAT Ha BHINWA PEHUTHHT OE3IeKH,
MiIBUIIEHHS OO0I3HAHOCTI CIIOKMBAYiB  Pa3oM 13 3HWKEHHSM BapTOCTI
KOMITOHEHTIB. Kpim TOro, 3pocraroumii PHUHKOBHA TIOMMAT HAa aBTOHOMHI
TPaHCIOPTHI 3aco0M 3 YJIBTPA3BYKOBUMH JaTYMKaAMU Ta KaMepaMu BHUCOKOI
YITKOCTI CIpHUsIE€ MOJAIBIIOMY 3pOCTaHHIO PUHKY.

ABTOMOOUTHHI CUCTEMH Ha MPOIECOPl TOMOMAraloTh CTBOPIOBATH KUIbKa
CHeIiagi3oBaHuX OJIOKIB OOPOOKH Ha OJHOMY KPHUCTali, KM BUKOHYE KiJIbKa
OJIHOYACHUX 3aBJaHb, TaKUX K KEPYyBaHHA pyXOM, KaMmMepu Oy Ta
BioOpaxkeHHsa 1H@opmMari. [HbopmarliiiHo-po3BakalibHa CHUCTEMa JO03BOJISIE
BOJIEBI KepyBaTu OaraTbMa (QYHKIISIMH IIEHTPAJIi30BaHOTO BHU3HAYCHHS
MICII€3HAXO[KEHHS, BX1THUMH, BUX1THUMU, KOHPEPEHI[-3BIHKaM1 Ta Oaratbma
iHmmMU. Bin Hamae iHopmanito Ta po3Baru BOAIEBI, a TAKOXK MaCaXHUPy 4epes
BIJIEO Ta ayAio 1HTep(deiicH, eIeMEHTH KepyBaHHSA, Takl SK MaHElb KHOIOK,
CEHCOPHUH eKpaH, TOJIOCOBI KOMAHU TOIIO. TakuM YMHOM, IIPOTITOM Oaratbox
POKIB 3pOCTa€ BIPOBAIKEHHA 1H(HOPMAIIITHO-PO3BAXKAIBHOT CUCTEMH 3 METOIO
MIJBUIICHHST Oe3MeKku aBTOMOOUIS, Kpalux pilleHb Ui MIIKIIYEHHS Ta
MOKPAIICHHS B3a€EMO/I1T 3 KOPUCTYBauyeM aBTOMOO1JIsA, 100 MiIBUIIATH MTOTTUT HA
1H(OpMaIIHHO-PO3BAKAIEHY CUCTEMY.

InauBigyanshi SoC mpotu OTS (roToBux) pimeHs. € 6arato ¢hakTopis, AKi
CJI1JT BpaxOBYBATH, KOJIM BUPOOHUKH aBTOMOO1IIB BUPINIYIOTh BUKOPUCTOBYBATH
HanamroBanuii SOC, YW «TrOTOBI» MPOAYKTH. [leski NHUTaHHS BKIIOYAIOThH
HACTYyMHE: YU TMPU3HAYEHUW aBTOMOOUIH JJIS IIMPOKOTO PUHKY 3 HE3HAYHOIO
nudepeHItialiero BiJl IHINX, Ky KI049oBy [P ciaig HagaTH BIacHOMY PIllICHHIO,
M MOKJIAJIaTUCS HA 30BHINIHIX MMOCTAYaIbHUKIB, 1 IKI KOMIIPOMICH 3 TOYKH 30Dy
NOTYXHOCTI, MPOAYKTUBHOCTI, pO3MIpYy 1 BUTpAT. 3PELITOI0, MOCTadyaJbHUKU
aBTOMOO1JTIB MOBUHHI BUPIMIMTH, 110 iM HaWOUIbIIEe MAXOAUTh, BUXOASYU 3
HasIBHUX BapIaHTIB.

IlepeBarn inauBinyanbHux pimess SoC mnepex CTaHAAPTHUMH
pilieHHsIMM Ha 0a3i THNOBMX MIKPONPOLECOPIB I MIKPO KOHTPOJIEpPIiB.
Hwuxue HaBeneHO MPUYMHHU, YOMY 1HAMBIAYyaslbHI pimieHH S0C MOXYTh OyTH
ONTUMAJIbHUM BHUOOpOM TIiJT 4Yac TMPOEKTYBaHHS BAIIOrO0 HACTYITHOTO
aBTOMOO1JIBHOTO 3aCTOCYBaHHS:

1. KopHCTyBanLHHuLKl SoC mobymoBani Ha OcHOBI OarartomiiboBux [P-
OJIOKIB, SIKI CIIEIiaJIbHO p03p06neH1 Ta 1HTETPOBaHI [JJsi JOCSTHECHHS
3aIIaHOBaHUX (DYHKIIA BIIMOBITHO O BUMOT TPHKIAAHOI Tporpamu. Bonu
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CHeliaJIbHO PO3pOo0JIeH] sl TIOCATHEHHSI ONITUMAJIBHOTO PIBHS MPOJTYKTHUBHOCTI
Ta €(PEeKTUBHOCTI MPHU OJIHOYACHOMY 3MEHIICHHI PO3MIpY Ta 3arajbHUX BUTpAT
Ha crienudikario.

2. CranpaptHi OTS abo «roToBi» KpPEMHI€BI PIIIEHHS MpU3HAYEHI AJiA
BUKOPHUCTAHHS Ha OLIBII IIMPOKOMY PUHKY. TakKMM YMHOM, THIIOBI KPEMHIEBI
npuctpoi OTS miaTpumyioTs (yHKIIT, SKI HE MOBHICTIO ONTHUMI30BaHO IS
noTped  aBTOBUPOOHWKIB, ab0 B  JEAKMX BHUMAJAKaX B3arajg  He
BUKOPUCTOBYIOThCA. [le wacTo mpu3BOauTh 0 30UIBIIEHHS 3aliMaHOi TUTOIII,
HENOTPIOHOTO CIOXXUBAHHS €Heprii Ta Hee()eKTUBHOCTI MPOAYKTUBHOCTI.

3. ImmuBinyanbHi pimenHs SoC HaAalOTh BUPOOHHKAM KOMIUIEKTHOTO
oOmamHanHsgs Ta Tier-1 MOXIMBICTH MOBHICTIO BOJIOAITA KJIIOYOBUMU
nudepeHiiioBaHuMu  TexHoJorisMu B chepax ADAS Ta aBTOHOMHOCTI.
3anaTeHTOBaHI MIKPOCXEMH MPOIMOHYIOTh KOMIIAHISIM MOXIJIUBICTH OTPUMATU
rMOOKI 3HAHHSA Ta BJIACHUM JOCBiJ, 3a0e3Meuyrouyd OUIBIINN KOHTPOJIb Haj
MaiOyTHIM IU3alHOM Ta MPOAYKTAMH peajizailii.

JlaHiror mocrayaHHs — TOJIOBHMM (DakTOp, SAKUU CIiJ] BpaxOBYBaTH IPHU
po3pod1i  HOBOro oOJaJHAaHHA, B TOMY 4YHCIl €JIEKTPOHIKM CYy4acHOI
aBTOMOOUTbHOT TEXHIKH.

[lepeboi B J1aHIII031 TOCTAYaHHS € TOJIOBHOIO POOIEMOIO 7151 BUPOOHUKIB
opuriHanbHOro obsagHaHHsA. HemepenOadeni mojaii MOXKYTh HNOPYIIMTH IOTIK
MOCTaBOK, HANIPUKJIAJ CTUX1MHI JI1Xa, 0JI0Ka/la MI>KHAPOJIHUX KOPJIOHIB, Yps10BI
CaHKIli, EKOHOMIYHI cHaau, TEOMOJITHUYHI Ta COLlajJbHI 3aBOPYILIEHHS.
[locTauanHss MarepiajgiB HIKOJM HE TapaHTYETbCS, OJHAK IIAaHCH Ha
MPOJIOBXKEHHSI BUPOOHUITBA OUIbLI CHPHUSATINBI, KOJM KOMIAHIi HE MOTPIOHO
KOHKYPYBaTH 3 KUJIbKOMa 1HIIUMH, 11100 OTPUMATH TOW CaMUi TIPOYKT.

Bce Oinpme 1 Oumblie BUPOOHHMKIB aBTOMOOWUIIB  PO3YMIIOTh, IO
MIKPOCXEMHU  3arajJlbHOr0  MPU3HAYEHHA  MPOMOHYIOTH  (QyHKIIl,  sKi
OO0CITyroByIOTh 0aratbox KJIEHTIB, OOMEKYIOYHM KOHKYPEHTOCIPOMOXKHICTh
iXHBOT MPOAYKINI Ta OOMEXYyHYHM iX TepMiHaMHU Ta TpadikoM TOCTaBKH
MOCTaYaIbHUKIB.

B yomy mepeBaru kopuctyBaibHHIIBKUX So0C? Yac Bim 4acy 3’sSBIS€TbCS
HOBa KOMIIaHis, sSiKka 3MIHIOE 3BUYHY Ta cTaiy Oi3Hec-monenb. Hanpuknan, Tesla
HAa paHHIM cTajii yYCBIAOMMJIA BaXJIMBICTb OHOBJIEHb IPOTPaMHOIO
3abesneucHHss OTA (Over-the-Air) i gojnaBaHHS NEBHMX QYHKIUH 1
NIJBUILIEHHST Oe3leKku Ta MNpoayKTuBHOCTI. Kommanis po3poOisiia BiacHi
nporiecopu 3 2016 poky. Tesla pazom 3 1HIIUMU TEXHOJOTIYHUMHM TITAHTAMH,
takumMu sk Google, Amazon, Cruise Ta Oararbma IHIIMMH, BUPIIIWIH
po3poOuTH BIacHi IaTOpMU aBTOHOMHOTO BOJTIHHS.

Takox Tesla Oyma opHi€l0 3 TepmIMX KOMIIAHINW, $KI BIPOBAIUIH
TEXHOJIOT1] aBTOHOMHOTO BOJIHHS, 3aIlyCTUBIIN CBiil aBTOMIJIOT | MOKOMIHHS B
2016 pomi. Ilo6 moOymyBaTH CaMOKEpOBAaHWW aBTOMOOITb, BUPOOHUKAM
aBTOMOO1JIIB MOTPIOHA KOMOIHAIIISl anmapaTHOTo, MPOrpaMHOro 3a0e3neueHHs Ta
JaHuX, o0 MpaloBaTu pa3oM, o0 TpeHyBaTH TMTMOOKI HEHPOHHI Mepexi, SKi
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JIO3BOJISIIOTH TPAHCIIOPTHOMY 3ac00y CHpUMATH HABKOJIMIIHE CEPEIOBHILE Ta
Oe3MeyHo TepeMilmaTucs B HboMY. [ TTMOMHHI HEMpPOHHI MEpPEeXi € JIBUT'YHOM
MITY4YHOTO  IHTEJNIEKTY. BiH MICTUTh HHU3KYy aJTOPUTMIB, CIELIAIBHO
po3polsIeHNX I iMiTalii poOOTH HEHPOHIB y JOJICBKOMY MO3Ky. BoHHM €
OCHOBOIO TIJIMOOKOoro HapyaHHsA. EBomtoris aptominory Tesla Ta dyHkin
MOBHOT'O aBTOHOMHOT'O KepyBaHHS 3MyCHJIa BHPOOHUKIB aBTOMOOUTIB YBa)KHIIIIE
MIPUANBUTHUCS 10 BUKOPUCTAHHS KaMep Ta YJIBTPA3BYKOBUX JTATUUKIB.

Pimenns SoC. Jlns cTBOpeHHS 3amaTeHTOBAHOI MIKPOCXEMH IOTpiOHA
CKJIagHa, 100pe CTpyKTypoBaHa OyaoBa 3 TOBHOKO CHUCTEMOIO MIATPUMKH IS
KOXXHOTO €Tamy Tpoliecy po3poOku. bimpmiicTh KOMIaHiM, $Ki TparHyTh
pPO3pOOJIATH BIACHI MIKPOCXEMH, HE MAIOTh Y CBOEMY PO3IMOPSIKEHHI TAKUX
MOYJIMBOCTEH. M MoTpiOHa JomoMora Bij By3bKOCIHENialli30BaHUX KOMIIaHiH,
SIK1 BOJIOJIIOTh BEJITUKUMH 1HKCHEPHUMHU HaBHYKaMHM, HOY-Xay Ta JIOCB1JIOM, 1100
MNIATPUMYBATH TPOEKTYBaHHS, poO3poOKy Ta peanizaiito SoC Ha TOBHOMY
CUCTEMHOMY PIBHI.

barato BUpOOHUKIB MpPONOHYIOTH KoMOiHaiito [P pasom 13 HeoOXimHUM
JIOCBIZIOM TMPOEKTYBaHHS Ta MIATPUMKOI pPO3POOKH JJisi BIPOBAIKECHHS
IMPOKOMACIITAOHUX, MOBHICTIO HAJAIITOBAHUX aBTOMOOUIBHUX pimieHb SoC,
mo0 BIANOBIIATA HAWBUOArJIWBIIIMM 1 HAWCYBOPIIMM  BHUMOTraMm J0
POJYKTUBHOCTI aBTOMOOUIBHUX TIPOTPAM.

Takmii miaxig p0 BUpoOHMITBA aBTOMOOUIBHUX SoC, 3abe3neuye
GbyHKITIOHATBHY O€3MEKYy, MTPUCKOPIOIOYU PO3pPOOKY MPOrpaMHOIo 3a0e3neYeHHs
Ta NEPEBIPKY CUCTEMHU.

BucnoBku. ApToM0o011bHI SOC — 11e BiacHa abo0 30BHIIIHS (DyHKIIIS, sfKa
MOKE JIOCHIJDKYBaTH, KOHTPOJIOBATH Ta JIOMOMAaratv IOKpallyBaTH CTaH
oesnexku aBTomapkiB. SOC MOXyTb OyTHM BUKOPUCTaHI JJIS BJIOCKOHAJICHHS
aBTOMATHU30BaHUX CTPYKTYp, SKI MPOTMOHYIOTh HAWCy4YaCHIII MOMJIMBOCTI JUIS
BOJIis1 00 KITIEHTA.

Cnncoxk BUKOPUCTAHUX JIAKepe.t.
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YHIBEPCAJIbHUM ITPOT'PAMHO-ATIAPATHUM IHTEP®ENC
3B'J3KY 3 MHOKNHOIO BBYJIOBAHUX IMPUCTPOIB
cryaenTka ['erbman K.P., acuctent lleBuos 1.O.
XapKiBChbKUM HAIlIOHATBHUN YHIBEPCUTET Pall0CICKTPOHIKH,
kapeapa MTC, m. XapkiB, YkpaiHa
e-mail: kseniia.hetman@nure.ua, ivan.shevtsov@nure.ua

Abstract. The object of research is multiformat hub for embedded systems
used in 10T (Internet of Things). The effective development of 10T is not only
about the penetration of "connected" devices in all aspects of life, but also about
the creation of a technological ecosystem, unified solutions for collecting,
transmitting, aggregating data on a platform that allows processing data and
using it to implement effective solutions. Availability of many inexpensive
sensors and peripherals with different interfaces and communication protocols to
work with 10T controllers. Standardized interfaces and communication protocols
of most automation controllers impose restrictions on the use of many devices.
At the same time, it is often not possible to use interface converters to connect
an unsupported device to the automation controller.

Beryn. Ha chOoropHimHii J€Hb MM CIOCTEPIraEMO MOTYKHHUW Crajiax
1HTEepecy A0 IHTEpHETYy pedyed caMe B OCTaHHI KUIbKAa POKIB, KOHIEMIIis
TeXHOJIOT1i icHye 3 1999 poky, 1 Bxke TOAl BigdyBajacs MacIITaOHICTh ii
XapakTtepy. ArperyBaHHs [JaHUX 3 TIIKIIOYEHUX TMPUCTPOIB 1 JAaTUUKIB
JOTIOMarae  ONTHUMI3yBaTH  OI3HEC-TIpouecH, 1  OTPUMYBATH  OLIbII
MIEPCOHAII30BaHI 1 SIKICHI MOCIYTH/1IHPPACTPYKTYPY CIIOKUBAYaM.

OcHoBHa w4acTuHA. BinnarojkyBalibHI TUIaTH BUPOOHMIITBA KOMITaHIi
STMicroelectronics HaarOTh KOPUCTYBaYaM MOKJIUBICTh IIBUIKO, €(HEKTUBHO 1
3 MIHIMaJbHUMHU MaTeplaJbHUMU BUTPAaTaMHU CTBOPIOBATH MPOTOTHUIH, THYYKI
JI0 3MIHH 1 I0AaBaHHIO HOBOT'O (PpyHKITIOHATY. TakoxX, Il TJIaTh MarOTh BIJIHOCHO
HEBHUCOKY BapTicTh [1-3].

be3komtoBHe mporpaMHe 3a0e3NeyeHHs] TaKOX 3HAYHO CIPOILYE MPOoLec
CTBOpEHHsI pilmieHb Ha 0a3i koHTposiepiB STM32, a mUpoKuil cHekTp
JOKyMEHTalli, 3MEHIIy€e 1HPOPMAIiiiHI TPYAHOILl OCBOEHHS KOHTPOJEPIB Ha
NEPBUHHUX €Tarnax 10 MiHimymy [1].

s npoextyBanss [10 OynemMo BHUKOPHUCTAHO BiIJIaroKyBajbHY ILUIATy
Nucleo F767-Z1. OOpana Bimjnaro/kyBajJbHa IUlaTa IIATPUMYE Oe€3mid
intepdeiiciB UART, SPI, 12C, CAN 1 1.n1. OgHak He Bci iHTepdehcu MOXHa
OJTHOYACHO BHUKOpPHUCTOBYBaTH. OOMEXKEHHs, B JaHOMY BHUIIAJKy, HaKJIaJa€ Te,
[0 CUTHAJIBHI JIAHIIIOTA PI3HUX 1HTEep(ENCIB MOXYTh OyTH BUBEIICHI HA OJIUH 1
TOM ke BHUBLA Mikpocxemu. [Ipu nboMy mporpamMHO HEOOX1THO BHUOpaTH, SIKUM
ne Oyne inrepdeiic. Takox OOMEXEHHS Ha BUKOPHCTAHHSA BCIX 1HTEpeiiciB
HAaKJaJa€ Te, 1[0 YaCTHHA BMBOJIB MIKPOKOHTpPOJIEpAa Ha BIAJArOKyBasbHIi
IUIaTi COYaTKY 3a/isHa Ha neBH1 ¢yHkuii, Hanpukiaag USB, 1 orinamnit UART.
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Ha 6a31 o6panoi miatu Oyyo peanizoBaHo Taki iHTepeicu 3B’sa3ky: CAN
(cTaHmapT MPOMHUCTIOBOTO MEPEKi, OPIEHTOBAHUM, MEPI 3a BCe, HA 00'€THAHHS B
€IMHY MEpEXY PI3HUX BUKOHABUMX MPUCTPOIB 1 jJaTuukiB), RS-48 (cranmapr
¢bi3uyHOTO PIBHA IS acUHXpoHHOro iHTepdeiicy), Ethernet (cimelicTBo
TEXHOJIOT1M MaKeTHOI mepefadi JaHUX MDK MPUCTPOSMHU JUIsl KOMI'IOTEPHUX 1
npomucioBux Mmepex), CSMA/CD (Carrier Sense Multiple Access with
Collision Detection — MHOXWHHHIA JOCTYN 3 TPOCITYyXOBYBAaHHSIM HeCydol i
BUSIBJICHHSIM KOJMI31d — TEXHOJOTII MHOXWHHOTO JOCTYIYy [0 3arajibHOTO
nepeaaBaIbHOrO CEPeOBHINA B JOKAIBHIA KOMI'TOTEPHIA Mepexi 3 KOHTPOJIEM
kom3zii), RS-232 (Recommended Standard 232 - ¢i3uunamii piBeHb IS
acuaxpoHHoro (UART) inTepdeiicy), [2C (mocaigoBHa mIMHA JaHUX JUJIS 3B'SI3KY
IHTErpalibHUX CcXeM, po3pobiieHa dipmoro Philips Ha mouatky 1980-x sixk mpocTa
IIMHA BHYTPIIIHBOTO 3B'SI3KY JUIsl CTBOPEHHS KEPYIOUO1 €IEKTPOHIKH).

Takox peanizoBana miaTpumka Takux npotokoniB: UART (yHiBepcalibHMIA
acuHXpoHHUM npuitmay 1 nepenaray) tTa USART (yHiBepcanbHUN CHHXPOHHUH 1
acuHXpoHHUM mpuitmau 1 nepexaBad), SPI (Serial Peripheral Interface - e
MIPOTOKOJ MOCTIOBHOTO 3B'SI3Ky CHHXPOHHOTO THUITY, SIKUM CKJIAJIA€THCS 3 JIBOX
muid ganux (MOSI 1 MISO), oxniei TakroBoi mgiHii (SCK) 1 minii BuOOpy
miprerimx  (SS)), 12C  (Inter-Integrated Circuit - CUHXpPOHHHH TIPOTOKOJ
MOCJIIJOBHOTO 3B'A3KYy 200 ABOMPOBIAHUMN 1HTEp(DEIiC).

BucHoBku. BukoprucranHds yHIBEpCaIbHUX MPUCTPOIB CIIOJYICHHS 3HAYHO
CIpPOLIY€E MPOEKTYBAHHA CHCTEM aBTOMaTu3alii, pobdororexHiku Ta loT, mio
TaK0X MPU3BOJUTH 10 CKOPOYCHHS Yacy po3poOKu. BukopuctanHs 1poro Kiacy
OPUCTPOIB Ja€ 3MOTYy poO3poOHMKaM abOcTparyBaTvcs Big pobotu 3
nepudepiitnumu iHTepdericaMu B KOHTPOJIEpax BEPXHBOTO PIBHS.

Bukonana po6ora jga€ HaM MOMJIMBOCTI 30UIBIIMTH 3PYYHOCTI MMiJl Yac
BUKOpUCTAaHHA Xaly, HE TUIBKA 3a paxyHOK MYyJbTHIHTEephEHCHOCTI, a 1
MYJIBTU(QOPMATHOCTI, 1110 3HAYHO 3MEHIIY€E KIIBKICTh MPOMIKHUX MPUCTPOIB i
Jac nepeaadl JaHuX.
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MIICUCTEMA ITEHTU®IKAIII BUBYXOHEBE3IIEUHUX
HNPEJAMETIB
Jo1IeHT, K.T.H. XpycranboB K. JI., crynent Ceprienko A. C.
XapKiBChbKUM HAIlIOHATBHUN YHIBEPCUTET Pall0CICKTPOHIKH,
kadenpa KITAM, m. XapkiB, Ykpaina
e-mail: Kirill.khrustalev@nure.ua, andrii.serhiienko@nure.ua

Abstract. This work is devoted to modern developments in the field of
detection of explosive objects. This article presents the relevance of the
explosive ordnance detection system. The main components of the system and
their interaction are shown and described. A block diagram of the developed
system is attached. The main problem with existing systems is that in it a person
must be in close proximity to be detected. The subsystem that is being
developed will be used on the robot that will be controlled remotely. When an
explosive device is detected, it will warn where it is located.

Beryn. B ymoBax BO€HHOTO CTaHy MiHYBaHHSI MPHUMIIIEHb BOPOTOM €
OJIHIEI0 3 HaMaKTyaJdbHINIUX MpoOJieM y cydacHoMmy cBiTi. Jljisi Toro, o6
YHUKHYTH TpaBM 1 30€pertd >KUTTSA camnepaM BHUKOPHCTOBYIOTH CHEIllaibHi
puiIaan, poOOTH JIJisi BUSIBJICHHS BUOYXOHEOE3MeUHUX O3HAK, SIKi JOIOMaraiTh
BUSBUTH 1X. ['paMOTHE 3acCTOCyBaHHS TEXHIYHUX 3ac00IB I TMONIYKY
BUOYXOBUX PEYOBHH MOXKE CIPHUATH 3HMKCHHIO MMOBIPHOCTI OTPUMATH TPaBMU
1] 9ac pO3MiHYBaHHS MPUMIIIEHb.

OcHoBHa yacTuHa. /[0 03HaK BHOYXOHEOE3MEUHUX MPUIIAIIB CTABISATHCA:
HasIBHICTh XapaKTEPHUX METaJIEBUX 1 MJIACTMACOBHX JeTaJIeH,
HaIIBOPOBIJHUKOBUX  OpWIaaiB  (Jl0dIB, TPAH3UCTOPIB, IHTETpaIbHUX
MIKPOCXEM) MiIPUBHUX HNPUCTPOIB, MPOBIAHMX JiHIN, aHTEH, MeBHa (Qopma
Kopiycy (WITiHIp, napaienerrinen) Tomo [1].

IcTopis po3BUTKY 3aco0iB MOIIYKY BHOYXOHEOE3MEYHUX PEUYOBHUH Ta
BUOYXOHEOE3MEeUHNX MPWIAIIB CKJajacs Tak, 10 B JaHWWA 4Yac HaWOUIbIIOTro
PO3BUTKY OTpUMAaJH 3aco0u, poOOTa SKUX 3aCHOBAaHA caMe Ha BUSBIICHHI ITUX
o3HaK. HalOinpim mMHUPOKOI0 HOMEHKJIATYPOIO MPEJCTaBICHI METaoNIyKayl
(MeTanoaeTeKTOpH, 1HIYKIIWHI MIHOLIyKayl), Mepur 3pa3kd SKUX Oynu
cTBOpeHi y 30-X pokax MUHYJIOTO CTOJNITTS. BOHM mpu3HadeHi A BUSBICHHS
BUOYXOHEOE3MEUHUX TMPEAMETIB 3a HASIBHOCTI METaJEBUX KOPIYCIB YU JOCUTH
MacuBHHX (Oimpmie 3-5 1) geranedr nmeroHatopa [2]. DyHKIioOHyBaHHS
METaJIONIyKayiB 3acHOBaHEe ab0 Ha TapMOHIMHOMY METO[i, IO JO03BOJISE
BUSIBUTH METaJieBl 00'€KTH 3a paxyHOK BUMIPIOBAaHHS MapaMeTpiB HABEJAEHOTO B
HUX curHaiy (¢asa 1 aMIiiTyaa), mo 30yAKyeETbCS TAPMOHIYHUM CTPYMOM, 200
Ha METOJIl MEPEeXiAHUX MPOLECiB, MO0 JO03BOJSE BHUSBUTH METajeBE TiIO MO
3racarouomMy B HbOMY BTOPUHHOMY IMITYJIbCY.

[lepeHocHI 1HAYKITIHHI METaJIOIyKayl 3a3BUYail CKJIaal0ThCs 3 JaTYMKa Ta
0JIOKY OOpOOKH CHTHAJTy 13 CUCTEMOIO 1HJIMKAIlll, KOHCTPYKTUBHO PO3MIIIEHUX
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Ha 1mTaH3i. JKUBICHHS NPWIAAiB 3IMCHIOETHCS Bl aKyMYJATOPHUX Oatapei
Harnpyroto 6-12 B [3]. OCHOBHUM HENOJIKOM BUKOPHUCTAHHS METAJIONIYKAyiB €
T€, 10 JIIOJIMHA TTOBUHHA 3HAXOJAUTHUCS B O€3Mocepe/IHIi OJIM3bKOCTI Bl HEl, 110
YCKJIQJIHIOE PO3MIHYBaHHSI TEPUTOPIi, OCKIJILKM BHOYXOHEOE3MEUHUN MPHUCTPIid
MO>K€E JIETOHYBATH.

Jlna BupimeHHs 1i€i mpoOieMu po3poOsieHa MiJcucTeMa 3a JIOMOMOTOIO
AKOi MOXHa OyJe KepyBaTh MpHJIAJoM 13 O€3MeuHOro Hjs camepa MicCI.
OCHOBHUMU €JIEMEHTAMH ITiICUCTEMH € MIWIIHIAPUIHAA JaTINK METAJIONTyKaJa,
KU OyJe BUSBIATH BUOyXOHeOe3MeuHe MPUCTPIA MO METAlEeBUX €JIEeMEHTaXx.
Amnanoro-mu¢poBuii epeTBopioBay, Oyjae MepeTBOPIOBATH aHAIOTOBUN CUTHAI
y IU(PPOBUI 1 MmepeaaBaTi HOro B MIKPOKOHTPOJIEP, AKUH BU3HAYATHME YU €
npucTpiii  BUOyXoHeOe3neyHuM. Takok TPOMOHYEThCS IICIsl BUSBJICHHS
METaJI0/IETEKTOPOM BHOYXOHEOE3MEYHOr0 MPUCTPOIO 3TINCHUTH J0JIaTKOBHIA
BI3yaJIbHUM OTJISI]] TEPUTOPIi 3a JIOMOMOTOI0 KaMepH, sika OyJie BCTAHOBJICHA Ha
poboti. 3a pgomomororo GPS-tpekepa OymnyTh 3amucaHi  KOOpPJWHATH
MICIIE3HAXO/HKEHHSI BHOYXOHEOE3MEeUHOro MPUCTPOI0 Kl OyAyTh mMepenaHi
canepam. Lle 3HauHO yOe3neunts poOOTy canepiB Ta MPUCKOPUTH PO3MIHYBaHHS
teputopii. CTpyKTypHa cxema MiJCUCTeMH 11eHTudikaiii BuOyxoHeOe3meyHux
MIpEeIMETIB HaBeeHA Ha PUCYHKY 1.

GPS Tpekep

UuniHaopuyHun gatyumk AUn ¥ MikpokoHTponep

Pucynok 1 — CtpykTypHa cxema niJICUCTEMU 1AeHTU(IKALIT
BUOYXOHEOE3MEeYHUX NPEIMETIB

BucHoBku. 3anpornoHoBaHa mijcucTeMa iieHTudIKallli BUOyXoHeOe3MeuHnx
MPEIMETIB JI03BOJIUTH 3/IACHIOBATH KEPYBaHHSM POOOTOM 3 O€3IMEYHOI BIJCTaHI,
3alMCyBaTH Ta TMEpEeAaBaTH KOOPJAWHATHA  MICIIE3HAXO/HKEHHSI TOTEHINIHO
HEOE3MEYHNX TMPEAMETIB, IO TMOJETIIUTh, Ta 3POOUTH OE3MEYHINIO POOOTY
carepiB Ta MPUCKOPUTH MPOIIEC PO3MIHYBAHHS TEPUTOPII.
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CUCTEMA HNIATPUMKHA NPUHAHSTTS PIIIEHD YIIPABJIIHHS
®OIHAHCOBHUM KAIIITAJIOM BUPOBHUYUX IITAITPUEMCTB
JOLEHT, K.T.H. XpycTtansoBa C. B., ctynent Ilonomapenxko /I. C.
XapKiBChbKUM HAIlIOHATBHUN YHIBEPCUTET Pall0CICKTPOHIKH,
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Abstract. The proposed a decision support system for managing the
financial capital of the enterprise, implemented as a software tool. The purpose
IS to increase the efficiency of decision-making in the management of the
financial capital of manufacturing enterprises by using specific indicators to
calculate the company's compliance with the value investment strategy. The
object of research is the decision-making process for management financial
capital of production enterprises. The subject of research is software for
financial management capital of production enterprises.

Beryn. 30epekeHHs (piHAHCOBOTO KalliTally MiANPUEMCTBA € JIyXKe
BOKJIMBOIO YAaCTUHOIO OyJb-skoro 6i3Hecy. OmHHM 13 croco0iB 30epiranss, i
HaBITh 30UIBIIEHHS, KamiTaly € 1HBeCTyBaHHSA. Ha chOroaHilIHIA J€Hb 1CHYE
0e3/114 1HCTPYMEHTIB 1HBECTYBaHHS KOIUTIB: JEMO3UTH, TMEHCIMHI (OHIH,
JIOPOTOIIHHI METaJIU, HEPYXOME MailHO, Jep KaBHI 00Jirailii, KpUMnTOBAIIOTH Ta
1H. Ane 3 ycCiX IHCTPYMEHTIB BHUAUISIIOTBCA aKIIi BEJIUKUX MIANPUEMCTB.
[HBecTyBaHHA B akiii MOXe OyTH ayxe NMpuOyTKOBUM. BaKIMBOIO YaCTHHOIO
1HBECTYBaHHS € (yHJAMEHTAIbHUI aHali3 LIHHHUX ManepiB HiANPUEMCTB, SKI
MNOTEHIIHHO MOXYTh OyTH mpujadaHi B IHBECTHIIMHUN  MOPTQEb.
ABTOMAaTH3aIlil IBOTO TPOLECY IIJBUIIUTL SKICTh aHajli3y, BHUKIIOYHUTH
JIOJCHKUIN (PaKTOp 3 MPOPaxXyHKIB, a TAKOXK 3a0IIaJUTh Oarato yacy, 1o TaKox
€ KOPHUCHHMM IIpU aHaji3l COTCHb ITOTEHIIMHUX EeJEMEHTIB I1HBECTHI[IHHOIO
noptdernto.

OcHoBHa wactuHa. Ha cporoaHimHiii JeHb ICHYye O0€31i4 CHCTEM
MIATPUMKA TPUHAHATTS PIllIEHb, B TOMY YHCII €KOHOMIYHMX. Taki cucremu
peanizoBaHl y BUIJISAI MPOrpaMHHUX 3aco0iB (Haifuactime — BeO-70/aTKiB abo
JCCKTOITHUX TpOrpam), Hampukiaa, Takux sk yahoo.finance ab6o finviz [1,2].
OPUCTYIOUHCH IIUMHU CEPBICAMH, MOXKJIMBO 3HAUTH BEJIMKY KIJIBKICTh ICTOPUYHOI
iH(dopmarlii, rpadikiB, HOBUH, €KCIIEPTHUX CTaTed Ta aHamiTUKU. OAHAK, BOHU
HE TPOIMOHYIOTh KOPUCTYBady »OJHOI CTpaTterii Jyis TOro, SKUM YMHOM HOMY
BUKOPUCTOBYBATH 110 1HPOpMalio. ToMy, IPONOHYETHCA CUCTEMA MiATPUMKH
OpUMHATTA pimieHb (puc. 1), sika J03BOJISE KOPUCTYBady, 3 BUKOPHCTAHHAM
MOIIYKOBOTO MO, aHan13yBaT1/1 IIHHI Tanepy MTIANPUEMCTB 1 MEpPEBIPATH
BIJIMOBIAHICTD MIAIPUEMCTBA M1/l CTPATETII0 BapTICHOTO 1HBECTYBAHHS.

BapricHe iHBecTyBaHHSI — cCTpaTeris 1HBECTyBaHHS, sIKa 3aCHOBaHa Ha
BUSIBJICHHI HEJIOOIIHEHUX I[IHHUX TIarlepiB 3a JOMOMOTOK (DyHIaMEHTAIHHOTO
aHami3y, 3amnpornonoBana benmxaminom ['pemom Ta JleBimom Jlommom. IlinHi
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marepy, 10 BIANOBITAIOTh CTpaTerii, MOBUHHI MaTH HHU3KY KpUTEpIiB, 3a
JIOTIOMOTOI0 SIKMX 1HBECTOP MOKE OIIHUTH BIJTIOBIIHICTh CTpaTeTti.

Knienr

| MOpMATOBAH! Ak
[Lani pig kopHcTyEa4a Bi KOpWETYBAYA Cepeep
el 3ANAT KNiEHTA | - -

. ui.u.nuuinrj
Cepeic ‘ COpBopY

iHOWKaTopie

| C
BlogopMaTopana slanoelgs [\‘-—_F
. sisig cepespy Cepaic B0
- CraTycie =

Pucynok 1 — CtpykTypHa cxema CUCTEMU MIATPUMKHU MPUIUHATTS PillIeHb
yIpaBiiHHA (1HAHCOBUM KamiTajioM BUPOOHHYUX MIANPUEMCTB

PoGota cuctemu Mmo4YMHAETHCS 3 OTPUMAHHS JaHUX BiJ KOPUCTyBada 3a
JIOTIOMOT'O0 TONTYKOBOTO 1MOJIs. [licist oTpuMaHHs aHUX, KIIEHT MPOTrPaMHOTrO
3aco0y o0poOmtoe ix 1o Toro (opmaty, sSIKMl po3yMi€ cepBep, 1 BIAIPaBIIIE
Bi/MoBiHI 3anmuTu. CepBep, B CBOIO Yepry, poOUThH BIAMOBIIHI 3aUTU 10 0a3u
JaHUX, JJIS TOro Mmo0 TakKoX OOpOOHMTH iX 1 BIAMPABUTH KIIEHTY HEOOX1THY
BIAMOBIb. [licnst Toro, sfiK KIIEHT OTPUMY€E BIJANOBIJb BIJ CEpBEpY, MAaHi
IIPOXOJSTH JIBa PiBHI 0OpPOOKHM — Yepe3 CepBic IHIUKATOPIB Ta CEPBIC CTATYCIB, B
AKUX BXE€ BIJIOYyBaeTbcsl Oi3HEC-JIOTIKA MPOTPAMHOTO 3ac00y — MPOpPaxyHOK
IHIMKATOPIB Ta  CIIBCTABJICHHS KOXXHOTO  IHAMKaropa 3  TaOJHMIICIO
BIJIMOBIJTHOCTEN N1l TOro, o0 copMyBaTH CTaTyC 1HAMKATOpA 1 BIAAATH BXKe
chopmoBani nani 115 pennepy y HTML.

Po3pobneno anroputM poOOTH MpOrpamMHOro 3aco0y  yNpaBJiHHA
(h1HaHCOBUM KamiTaJIOM BHPOOHUYMX MiIMPUEMCTB, SIKUW HaBEJICHO Ha puc. 2.

[Ticns Toro, sK KOpPHCTyBau BBIB KIIOUOBE CIOBO JJIsi TOUIYKY
MiIPUEMCTBA 1 HATHCHYB Ha Oyab-sIKe MIAMPUEMCTBO Y HAJIaHOMY JIHCTI
CHiBHaAiHb, BiANpaBIsIeThCs 3anuT Ha APl miist Toro, mo6 oTpuMaTH BiAMOBIAL 3
cepBepy 3 BiAnmoBigHOIO iH(MoOpMariieto. [Iporpamuuii kox mepeBipse, uH
npuitimoB 200 cratyc y BIANOBIIL, 1 TUIBKUA B I[bOMY pa3l MporpaMa mpoIoBKY€
pO3paxyBaHHs 3 JaHUMHU 3 CEPBEPY.

B Oynp-sikoMy 1HIIOMY pa3i, KOPUCTYBay MOOAYUTH MOBITOMIICHHS PO T€,
110 CepBep HE Ma€ 3MOT'M MOBEPHYTH KOPEKTHI AaHl. B Takomy pasi KopucTyBau
MOXe CIpOOYBaTH MOBTOPUTH CBOI Jiii a00 cripoOyBaTh 00paTu 1HITY KOMITaHIIO
y JIMCTI, HI0 Bi1I0Opa’Ka€ThCA MICIsl BBEJACHHS KIOYOBOTO CJIOBA JJIS MOIIYKY.
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BeeneHHA gaHux
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r

Pucynok 2 — Aiaroputm pob60oTH mporpamMHoro 3aco0y yrnpaBIiHHS
(1HaHCOBUM KarmiTaJoOM BUPOOHHYUX MiAMPUEMCTB

3a nmannmu «Anbda-6aHKy», HAHOUIBIIOW MOMYJSPHICTIO B YKPATHCHKUX
inBecTopiB kopuctyBanucs akiii Apple, Coca-Cola, Intel, Microsoft. Anani3
JAaHUX I[IHHUX nanepiB, ctaHoM Ha 18.10.2022 moka3aB, 110 *OJHA 3 IUX aKIIii
HE Ma€ BIAMIHHUX pPEe3yJbTaTiB B KOKHOMY 3 KPUTEPIiB, X0Ua ACSKI 1HANKATOPU
1 BKa3ylOTh Ha 33/I0BUIbHI PE3YJIbTaTH.

BucnoBku. TakuM 4YMHOM, BUKOPUCTAHHS PO3POOJIEHOI CUCTEMH JTO3BOJIAIIO
MiABUILMTH €(QEKTUBHICTh NPUNHATTA pIIMIEHb TMPU YIpaBliHHI (PIHAHCOBUM
KaIliTaJIoM BHUPOOHUYMX MIANPUEMCTB IUISIXOM BHUKOPHCTAHHS CHEUUBIYHUX
THAMKATOPIB JJIs1 PO3PaXyHKY BIIATMOBITHOCTI MIJMPUEMCTBA CTpPATETil BapTICHOTO
1HBECTYBAHHS.

Cnucok BUKOPUCTAHUX JIAKePeJI.

1. Yahoo.finance, Be6-caiit. URL: https://finance.yahoo.com/ (mara
3BepHenHs 29.10.2022).

2. Investing, Beo-caitr. URL: https://www.investing.com/ (1ata 3BepHEeHHs
29.10.2022).

3.I'pem b. Po3ymuuii IaBecrop. Crtpareris BapTICHOTO 1HBECTYBaHHSI.
Kwuis: Hamr ®opmar, 2019, 123 c.
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BUKOPUCTAHHSA IOT IPUCTPOIB HA OCHOBI ESP32 SIK CIIOCIB
ABTOMATHM3ALII BHYTPIUNIHIX ITPOILIECIB MEPEXI 3APSITHUX
CTAHIIHA JJ151 EJEKTPOMOBLIIB
crynentka Ciryra JI.K., crapmuit Bukiianau [lupokonernesa M.C.
XapKiBChbKUM HAIlIOHATBHUN YHIBEPCUTET PaII0CICKTPOHIKH,
kadenpa I1I, m. XapkiB, Ykpaina
e-mail: diana.sihuta@nure.ua, marija.shirokopetleva@nure.ua

Abstract. Automation of all possible processes is an integral part of
technological development in any field and charging stations network is not an
exception. It is proposed to take into consideration a ESP32 development board
and compare it with other devices. Obviously, the main task of the charging
stations network is to provide drivers with the service of charging their electric
vehicles. The ESP32 device should be considered as the control processor of the
hardware part which manages all the processes while charging and makes just-
in-time reports about station activity.

Beryn. ABTomaruzailis  yCciX MOMKJIMBUX TIPOIIECIB € HEBiJ €MHOIO
CKJIaZIOBOIO TEXHOJIOTIYHOTO PO3BUTKY y Oyab-skii chepi. | Mepexa 3apsagHux
CTaHIIIM 1JI €JIEKTPOMOOUIIB HE € BUKIIFOUEHHSIM. bibiie Toro, epeKTUBHICTH ii
(GyHKLIOHYBaHHS HANpsMy 3aJieKUTh Bl piBHA BnpoBaukeHHs 10T mpuctpois.
[xust Mera mossrae y MiHIMI3aIlii JIOJChKOI y4acTi Ta MiABUIIEHHI SKOCTI
B3a€MO/I1i KIHIIEBOI'O KOPUCTYBaya 3 MPOrPaMHOIO0 CUCTEMOIO.

OcHoBHA yacTuHA. ['0JIOBHE 3aBIaHHS JAHOTO JOCHIKEHHS MOJIATae y
BUOOp1 KoHKpeTHOro l0T mpucTporo Ta BH3HA4YEHH! 3a7a4, SKi MalOTh OyTH
aBromaTu3oBaHi. [lepm 3a Bce, posmisiHeMo 3 cepii MIKPOKOHTPOJIEPIB Bij
pizuux BupoOHukiB: ESP32, Arduino ta STM32,

Oco0nuBy yBary 30cepeinuMo Ha XapaKTepucTulll mpuctpois ESP32:

- TN «cucTeMa Ha yumi» (ycl QyHKIIIOHAJIbHI CKJIaJIOBl PO3MIIIYIOTHCS Ha
OJTHIH MIKpPOCXeMI);

- BUKOPUCTaHHS 32-pO3psiTHOTO  MIKpPOIpoliecopy B 2-saepHux Ta 1-
AJIEpHUX Bapialisax, mo npaioe Ha 160 ado 240 MI'L;

- HasiBHicTh iHTerpoBanux Wi-Fi ta Bluetooth moxyinis;

- HU3bKHI piBeHb eHeprocrnoxuBaHHs [1].

0T mpucTpiii Mae MATPUMYBATU 3B’SI30K MO MEPEXki, TOMY KIHOYOBOIO
XapaKTEPUCTHKOIO € HasiBHICTH BOynoBanoro Wi-Fi moaysmro. [Ipuctpoi Arduino
ta STM32 MatoTh HU3KY CBOIX MepeBar, ajie JaHui MOayJIb Y HUX BiaCcyTHIN. Lle
BUMArae KyIiBJIl0 OKPEeMHUX KOMIIOHEHT, IO IiIBUIIYE COOIBAPTICTh MPUCTPOIB.
A ESP32 npuctpoi HajiieH] YHIKAIBHUM Ha0OpOM pucC, HEOOXITHUX IS JAHOT
npeaMeTHOT 00J1acTi 3a BIAHOCHO HU3BKY 11HY, TOMY 3YITMHUMOCH Ha IIi# cepli.

Tenep BW3HAUMMO, SIKY MHOXXHUHY (PYHKI[IOHATHHUX MOMIIMBOCTEH Mae
3abe3neuyBatu |0T mpuctpiii B KOHTEKCTI 0oOpaHOi TpPEeIMETHOI 001acTi.
OueBHIHO, IO KJIIOYOBOIO 3a7a4€l0 MEPEKl 3apsAHMX CTaHLIA € HaJaHHS
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BOJISAIM TIOCJIYTH TIA3apsIKA  iXHIX eJeKTpoMoOiTiB. [laHuii mporec Mae
BUKOHYBATHCh BHUKJIIOYHO 3a y4acTIO Ta BJIAcHOWO iHimiatuBoio Boxis. lle, y
CBOIO 4epry, yCyBa€ HEOOX1HICTh IpaleBJalTyBaHHS JOAATKOBUX POOITHHKIB.
3 iHmoro 00Ky, JaHa B3a€MO/I1sl Ma€ OyTH I0Ope CIIPOEKTOBAHOIO, 1100 KITIEHT 3
JOKJIaIaHHSIM MIHIMAJIBbHUX 3yCHIIb IOCSTHYB 0a)KaHOTO Pe3yJIbTary.

s BupimeHHs 1€l mpoOaeMu MPUXOIUTh Ha TOMIY MIKPOKOHTPOJEP
ESP32, xotpuii ciij po3riisigaTd B SKOCTI KEPYHOUOTO MPOIECOPY amapaTHOl
YaCTMHHU OKpPEMO B3ATOi 3apsaHoi craHiii. CBoio poOOTy BiH MOYMHAE 31
3’eqHanHs 1o HTTPS-mporokony 3 cepBepoM BiAMOBIMHOI MPOrpamMHOL
CHUCTEMHM, MICIsl YOro MEpPeXOAUTh B PEKUM OYIKyBaHHS BiJi HbOTO MEBHUX
koMaH[. OKpiM TOT0, 10 HOro (PyHKI10HAIBHOCTI BXOAUTH:

- PO3Mi3HABATH IiIKJIFOUECHHSI/ BIJIKIIIOUEHHS €JIEKTPOMOOLIIS;

- KOHTPOJIIOBATH MMOYATOK Ta KiHEIlb MMOJaHHS €JIEKTPOSHEPT1i;

- CJIIIKYBaTH 3a IPOrPECOM 3apsI/IKH;

- BECTH MIJPaxyHOK 00CATY BUTPAUCHOI EIEKTPOCHEPT I,

- 3yMIUHATH TIpoLIeC 3apsiiku y pasi nocsirHeHHs 100-BiICOTKOBOTO 3apsay
CICKTPOMOO1IIS.

Bapro 3asHaunTH, 110 HaBEJEHUMH BHIE NyHKTamMu poiab ESP32
IPUCTPOIO HE OOMEXyeThCs. Takok BIH Mae KOHTPOJIOBATH [ISUIbHICTD
3apsIIHOL CTaHIIli, MO0 Y PeXUMI peasIbHOTO Yacy MOBIAOMIISITU KOPUCTyBauaM
npo ii ctatyc abo 3BITyBaTH Mpo Oyb-sKi 300i Ta MOMUIIKU. 3aBASKA LBOMY
Mepeka 3apsAIHUX CTaHIIM CTAaHOBUTUME IINCHO HANAroKeHy CHUCTEMY, sKa
CTaBUTh CcOOl 3a METy BYaCHO BHPINIYBaTHU BHUHHUKAIOYl MpoOJIEMH,
3aJI0BOJIBHSIIOYM ITUM NIOTPEOU KIHIIEBUX KOPUCTYBAUiB.

He w™menm BaxumBuUM € Te, 10 MikpokoHTponep ESP32 miarpumye
mexanism OTA (Over The Air Updates) — me wmerox 06e3apOTOBOIO
PO3MOBCIOJKEHHST Ha KIHIEBI IPUCTPOI /Il OHOBJIEHHS IXHBOT MIKPOIIPOTPaMH,
KoH(piryparii abo moB’s3aHMXx 13 Oe3mekoro mnpotokomiB [2]. Lle Hamae
MO>KJIMBICTh JUCTAHI[IHHOTO BUIPABIICHHS MOMMJIOK Ta BIPOBAIKEHHSI HOBOTO
dbyHkuionany y BctaHoBieHi |OT mpucTtpoi onpasy mo Bciii Mmepexi 0e3
HEOOX1THOCTI 30CEPEIKEHHS yBar Ha OKPEMUX 3apsiTHUX CTAHIIISIX.

BucHoBkn. TakuM ynHOM, OYyJI0 BU3HAYEHO, 110 MIKpOoKoHTpojep ESP32
MOK€ BIJIFPATH BUPIIAIBHY pOJIb B aBTOMAaTW3alli BHYTPILIHIX MPOLECIB
MEpEeX1 3apsSJAHMX CTaHIIN [J1 eJIEeKTPOMOOUTIB, IO 3HAYHO MOKPAIIUTh
KOPUCTYBAIIbKUI JOCBIJ] Ta B3a€EMOJIII0 3 CUCTEMOIO B IUJIOMY. 3aCTOCYBaHHS
noAiOHUX pilleHb O€3yMOBHO PO3BHMBAE JAaHY IHIYCTPIIO Ta CIYTye PYIIIEM
CTBOPEHHSI 1 BIPOBAJKEHHS HOBITHIX TEXHOJIOTIH.

Cnucok BUKOPHCTAHUX JKepeJl.

1. ESP32 Wi-Fi & Bluetooth MCU | Espressif Systems [Enexrponnmii pecypc] —
Pexxum pmoctymy g0 pecypcy: https://www.espressif.com/en/products/socs/esp32 (mara
3BepHeHHs: 05.10.2022).

2. Over The Air Updates (OTA) — ESP32 | ESP-IDF Programming Guide latest
documentation — Pexum poctymy mo pecypey: https://docs.espressif.com/projects/esp-
idf/en/latest/esp32/api-reference/system/ota.html (nata 3epuenns: 05.10.2022).
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JOCJII>KEHHSA BE3ITEKN XMAPHUX CEPBICIB
JloBOHs A.A., K.T.H., no1. 'openos JI.1O.
XapKiBChbKUM HAIlIOHATBHUN YHIBEPCUTET Pa/ll0CISKTPOHIKH,
kadeapa KPiCT3I, m. XapkiB, Ykpaina
e-mail: andrii.dovbnia@nure.ua

Abstract. The subject of the study is data located in the cloud
infrastructure that requires the appropriate level of security and privacy, which is
a priority need of clients served in public clouds.

Y cydyacHOMYy JAMHaAMIYHOMY CBITI HaWOLIBII BaXKJIMBa KOHKYpPEHTHA
nepeBara KOMIIaHii — iX €()eKTUBHICTh, Ka BU3HAYAETHCS HMIBUIKICTIO pPeaKIlii
Ha 3MIHUM yYMOB BeJieHHs OI3HeCy Ta JoJaBaHHsA HOBOro (QyHkiioHamy. s
0araTbOX BHUKOPUCTAaHHS XMApHUX CEPBICIB CTa€ HaWOLIbII BHUIPABIAHUM
BUOOpOM. XMapHI1 CEPBICH JT03BOJIAIOTh:

1) i1cTOTHO 30LIBIIMTH IIBUAKICTH BUAUICHHS PECYpCiB, HEOOXITHUX IS
PO3BUTKY CEPBICY UM JOJIaBaHHS HOBOT'O (PYHKIIOHAITY;

2) MIABUIIUTH €(PEKTUBHICTh BUKOPUCTaHHS PECYpPCiB, CIPOTHO3YBATH
HEOOX1JJHI BUTPATH Ta BPAaxXyBaTH iX Y BapTOCTI MOCIYT;

3) BupimmTH 1podeMu 3a0yTHX aKTUBIB Ta 3aCTApLIOro OOJIaIHAHHS, SKE
MO’K€e OyTH 3aJisiHE 3JI0BMUCHUKAMH IIPU MIPOBENICHHI aTaK.

OnHak mepeBaru XMapHUX CEpPBICIB CYNPOBOKYIOTHCS HOBUMHU PU3UKaMU,
K1 TOTPIOHO MaTH Ha yBa3l MPHU yXBAJICHHI PIIICHHS PO MITPaIliio y XMapy.

Puzuxk  Nel.  Koudinenmiiinicte  ganux  abo  HUMOBIPHICTH
HECaHKIIIOHOBAHOTO JOCTYIy 10 KoH(imeHmiiHoi iHdopMmarii (6a3 gaHuX,
BIpTyaJIbHUX CEPBEPIB, NaHWX, IO MEPEalOThCS Y HE3aXHUIIEHOMY BUIJISI,
1HII1 00'€KTH OpEHI0BaHOT XMapH) 3 00Ky MpoBaiaepa nociayr. Ile mos's3ano 3
TUM, 110 0OpoOKa iHQopMalii 311ICHIOEThCS Ha O0JIalHaHHI MpoBaiiaepa, 0e3
MO>KJIMBOCTI (DI3UYHO KOHTPOJIFOBATH HOTO Jii.

Jlnsg miHIMIZalli UbOTO PHU3UMKY PEKOMEHIYETbCS B)KMBAaTH HACTYIHI
3aX0JIH.

1. IundpyBaru koHIAEHIIIHHI JaHI, 1110 30epiratoTbes y 6a3i JaHux. SKio
HEMOXJIUBO TapaHTyBaTH Oe€3MeKy JaHuX, L0 30epiraroTbcsd Ha (Pi3UUYHOMY
piBHI, TO MOTPIOHO 3pOOUTH TaKU TOCTYI HE BapTUM 3ycuib. Leit 3axim Takox
J03BOJIUTH MIHIMI3YBaTH PU3UK HECAHKIIIOHOBAHOIO TOCTYIY JI0 OIyOJIiKOBaHO1
06azu manmx. [lpum mpomy mmdpyBaHHS MOXKHA peani3yBaTH SK Ha PiBHI
nporpamaoro 3abe3neueHus (I13), Tak 1 BOynoBanumu 3acobamu 0a3u TaHUX.

2. lllndpyBatu mani mig yac mepenadi. IMOBIPHICTh IIbOTO PU3UKY Maja
Yyepe3 BHUCOKY CKIIAJIHICTh 3A1HMCHEHHs araku. [IpoTe, SKIIO BapTICTh JaHUX
BHCOKA, TO JIOTIYHUM OyJle¢ BUKOpUCTaHHS mMdpyBaHHs Ha piBHI 113, ockinbku
I[IHa TAKOTO 3aXOJy MOPIBHSHO HeBenuKa. Takuil 3axia mpena'sBise MiABUIIEHI
BUMOTHU JIO MPOIIECIB YIPaBIiHHI KIIO4aMu Ta cepTudikatamMu IUGpyBaHHS,
OCKUJIbKH TIPU PanTOBOMY 3aKiHYEHHI TepMiHY Jii cepTudikata podoTa cepBicy
MOKe OyTH MOpyIIEHa.
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3. Bupanitu cucTeMHHMX KOpPHUCTYyBaudiB Ta/ab0 IIakeTH, CTBOPEHI
npoBaiiiepom, 3 BipTyaldbHUX cepBepiB. Jlyxe dacTto mpoBaijiep noaae a0
BIpTyaJbHUX CEPBEPIB Ta IHIIMX CEPBICIB J0JATKOBI OOJIKOBI 3amucH abo
nporpaMu i 3a0e3NedeHHsT MOJKJIMBOCTI 3pYyYHOrO aJMIHICTPYBaHHS BCiX
CEpBICIB TIPSMO 3 KOHCOJI YIPAaBIIHHSA XMapHOIO 1HGpacTpykTyporw. Tomy
BUKOPHUCTAHHS I[LOTO 3aXO/Ay MOTpiOHE JHIE y BUMAAKY, KOJU 3a0€3MeYCHHS
KOH(D1ICHIIIITHOCTI € TOJOBHUM TPIOPUTETOM (HANPHUKIIAJ, Y CETMEHTI 00pOOKH
naHuX 0aHKIBCBKUX KapTOK).

4. 3a00pOHUTH Ha PIBHI MEPEKEBUX CETMEHTIB MyOIIYHUNA JOCTYyM 10 0a3
JTaHuX. 3 METOI0 YHUKHEHHS MO>KJIMBOCTI BUITAJIKOBOI IyOJikarii 6a3u JaHuX B
Internet pexkOMEHAYETbCS  BHKOPHUCTOBYBATH  apXITEKTypHI  OOMEXKEHHS.
Hampuknazn, konu goctyn 3 Internet MOXIMBUHN JIMIIE O OJTHOTO MEPEKHOTO
CErMEHTY, B SIKOMY 3a00pOHEHO pO3MilllyBaTh 0a3u JaHUX Ta 1HIII TMOMAIOHI
HOCITYTH.

5. MOHITOpPHUHT MOJiM HA PiIBHI XMapH. 3 METOIO CBOEYACHOTO BUSIBIICHHS
MOpYyIIeHh BUMOI MO0 TyOmikaimii 0a3 gaHux abo0 O3HaK KOMIpOMeTallli
OOJIIKOBHX 3aIUCIB HEOOX1THO KOHTPOJIIOBATH BCE, 1110 BIIOYBAETHCA Y XMApHIN
iH(ppacTpykTypl. Sk mpaBuiio, poBailep Hajae Creliaii3oBaHl CEpBiCH, L0
JAI0Th 3MOTY pealii3yBaTu Takuid MOHITOpUHT (Hanpukiaf, Cloudtrail abo Audit
Trails). Beil mopmii 3 nmx cepBiciB MoxHa ekcrnopryBatd 10 SIEM Ta
HaJallITyBaTh TaM HEOOX1H1 TpaBuiIa OOMEXEHHS JOCTYIy.

6. OOOB'I3KOBO BUKOPUCTOBYBATH OaraTo(pakTOpHY ayTeHTH(IKALIO s
noctyny no xmapu. Lleil 3axin € oOOB'I3KOBUM INpU BUKOPUCTaHHI XMapw,
OCKIIBKM TIPY KOMIIPOMETANli MPUBLICHOBAHOIO OOJIIKOBOIO 3alKMCy MOKHA
MOBHICTIO BTPATUTH KOHTPOJb HAJl XMaporw 1, OTXKe, yciMa Oi3HeC-mpoIecaMu,
peai3oBaHUMU 3a JIOTIOMOTOK0 XMAapHUX CEPBICIB.

7. KoutpomtoBatu IimicHICTE KoHTeiHepiB Ta [13. Buxopucranns
OPUHITUIIB Oe3MeyHoi PO3pOOKH — HAWBaXKIMBIMUN (QakTop 3a0e3MeueHHs
HEOOXITHOTO pIBHS Oe3MeKu cydacHUX BeO-cepBiciB. OCKIJIBKHA BIPOBAIUTH
IIKIJJIMBANA KOJI MOKHA Ha BCIX eTamax XUTTeBoro nukiy I13, gyke BaxkIUBO
3a0e3neunTu O0e3MeKy KOy, MIOYMHAIOUHN 3 €Taly MPOEKTYBaHHS Ta PO3POOKH Ta
710 BBEJICHHS J0JaTKa B €KCILTyaTaIlilo.

Pusuxk Ne 2. HecaHkuioHoBaHa 3MiHa MpoOrpamMHoro 3atesmnedeHnHsi. B
yMOBaxX BHUKOPUCTAHHS XMapHHUX CEpBICIB JIy>)K€ BaXKJIUBO 3a0€3MEUUTH
IUTICHICTh MPOTPaMH, BiJl HATMCAHHS EPBUHHOTO KOy J0 3aMyCKy IIbOTO KOIY
Ha cepBipi. [Ipu BUKOpUCTaHHI 30BHIIIHIX CEPBICIB 3'SBISIOTHCS TaKi JOJAaTKOBI
3arpo3u, SK BHECEHHS HECAHKI[IOHOBAaHUX 3MIH Yy 310paHi KOHTEWHepu Ta
BUKOPUCTAHHS IIKIIJTUBOTO KOy B MpoIieci KoMmimsiii. Jjist MiHiMi3alii JaHoro
PU3UKY CII17] 320€3MEeUNTH TOBHUN KOHTPOJIb 32 PEMO3UTOPIEM ITEPBUHHOTO KOTY
Ta PETiCTPOM KOHTEHHEPIB, a TAKOXK 3a IUTICHICTIO MPOTPaMHOTO 3a0€3MeUYCHHS
IPOTATOM yChOTO HOTO KUTTEBOTO LIUKITY.

Puzuk Ne 3. JlocTynmHicTh XMapHOro cepBicy abo WHMOBIpHICTD
MOPYIICHHS JIOCTYIMHOCTI CepBiCy (OOMEXKEHHS JOCTyImy 4dYepe3 CaHKIIIHHI
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oOMeXXeHHs, Oy/ib-sKa 1HIIA BIIMOBAa y HaJaHHI MOCIYrd 3 OOKYy IMpoBaiijiepa,
TEeXHIYHUM 3011 HA yCTaTKyBaHHI IpoBaiijiepa) 3 BUHU IIpoBaiiepa.

Jns MiHIMIZaIli [BOTO PHU3BMKY PEKOMEHIYETHCS BXXWMBATH HACTYITHI
3aXO0/IH.

1. O00B'A3K0BE pe3epBYBaHHS TaHUX, IEPBUHHOTO KOAY MPOTpaM Ta OMUCY
1HGPACTPYKTYPH B MICIIi, IO HE 3aJICKUTH BiJl MOTOYHOTO IIPOBaiiiepa XMapHUX
CepBiciB. SKIO0 BUHUKHE CUTYaIlis, KOJIU AOCTYII 0O XMapH CTaHE HEMOKIIHBUM,
[Ie O3HauaTUME BTPATy BCHOTO, IIO0 3HAXOAUTHCA B xmapi. [lpu npomy s
BITHOBJICHHSI pOOOTH CEpPBICY Ha IHIIUX pecypcax 0OOB'SI3KOBO HEOOX1THO MaTH
pE3epBHY KOITIO JJAHWX Ta MEPBUHHOTO KOMY BXKMBAHUX CEPBICIB. SIKIO 1M1 gaHi
BIJICYTHI, TO pOOOTY CEPBICY NPAKTUYHO HEMOKIUBO BITHOBUTHU. Pe3epBHi komii
HEOOX1THO 30epiratu B HE3aJICKHOMY BiJl XMapu MICIli, HAIPUKIIA], B 1HIIOMY
XMapHOMYy cepBici abo BiacHoMmy (izuuyHOMY cepBepl. [ias mpucKopeHHS
IpoLECy BIAHOBIEHHS pPOOOTH CEpBICY IHIIMX pecypcax pPEKOMEHAYEThCS
BUKOpUCTOBYBaTH minxig "lHppacTpykTypa sk koa" 3 0OOB'SI3KOBUM
pe3epBYBaHHSIM OIKUCY BUKOPUCTOBYBAHOI 1IHYPACTPYKTYPH.

2. 3abopoHa BUKOPHUCTaHHA pYTOBOrO OOJIKOBOIO 3amucy JJis
aaMiHICTpyBaHHS. PyToBuil 0O0JiKOBHI 3amuc — 1€ OOJIIKOBUM 3amuC, SKUAN
BUKOPUCTOBYBABCA JJIA peecTpalli B XMapHOMY cepBici. BiH mae Halmmpiii
paBa, 1 SKIIO HOro BTPATUTH, TO Oye BKpail CKJIaJHO BIAHOBUTH KOHTPOJb HAJl
xMaporo. ToMy peKOMeHIY€eThCS MAaKCUMAaJIbHO 3HU3UTH PU3HK KOMIIPOMETAIlil
TaKoro OOJIKOBOTO 3aluCy, L0 BUHUKAE MPHU BUKOPUCTAHHI HOro s
aJAMIHICTpYBaHHS a00 BUKOHAHHS 1HIIMX 33]1ay.

3.  MOHITOpUHT TOBIIOMJEHb BlJ  MpoBaijepa MpO  TEXHIUYHE
oOcinyroByBaHHs a0o jaerpaxgaiito oOnamHanHsg. [IpoBaigep HOCUTH dYacTo
3MIMCHIOE TeXHIYHEe OOCIyroByBaHHsS OOJIaJIHAHHS, 1HOMI II€ TIOB'S3aHO,
HAIPUKIIAI, 3 AETPaJaIli€ro KOPCTKUX TUCKIB. byBae, 1110 /it mpoBeeHHs poOiT
poBaiiiepy MOTpiOHO BUMKHYTH cepBic. SIK MpaBuiio, BiH MOMEpEIKAE PO IIE,
100 MOKHa OyJI0 OTEPATUBHO MEPEHTH Ha pe3epBHE OOMaJHAHHSI. AJie SKIIO
ITHOpYBAaTU TOBIAOMJICHHS TpOBaiiziepa, TO MOXJIMBA CUTyaIllis, KOJIH CEPBiC
nepecTaHe MpaioBaTy Yepes3 Te, 10 KIIUYOBUI CepBep pariTOM BUMKHYBCS.

4. Oxpemi oprasizamiiiai  migpo3aimu  (Organizational Units) mis
aaAMiHICTpaTopiB, (QaxiBUIB 3 O€3MeKH, TECTyBaIbHUKIB, PO3POOHUKIB Ta
OCHOBHOT 1HPpacTpykTypu. Po3auisaTu GyHKITIOHAT BaXKIIUBO K MIHIMYM 3 JIBOX
npuuuH. Hacamnepen, iHppacTpykTypa, 10 BUKOPUCTOBYETHCS TSI PO3POOKH
a00 TeCTyBaHHS, HyXE€ 4YacTO 3MIHIOEThCS, a HIK4Yl BUMOTH O€3MeKH
NIJBUIIYIOTh MOXJIMBICTH KOMIpOMeTalii cepBiciB abo OOJIKOBHUX 3aIlMCIB.
Tomy BIAIIJICHHS IUX CETMEHTIB BiJl BUPOOHWUYOTO O3BOJUTH MIHIMI3YBaTH
BIUIMB JIaHUX CErMeHTIB Ha poOoTy ceppicy. lllogo BigaineHHs QyHKIIHI
Oe3MeKkn B OKPEMHI CETMEHT, TO 11€ HacaMmIiepe]; HeoOX1THO ISl 3a0e3MeUeHHS
Oe3MeKu KypHaJiB ayIuTy.

Puzuk Ne 4. Bucoka Bapricth. [IpocToTa Ta MBUAKICTH BUAUICHHS
pecypciB y xMapi — He3amepeyHa mepeBara Takoro miaxoxy. lle mo3Bomsie
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IIBUJIKO MAacIITaO0yBaTH TMOCIYTH 31 30UIBIIEHHAM KIJIBKOCTI 3allUTIB Bij
KJIIE€HTIB. 3 1HIIOr0 OOKY, BaXKJIMBO IMaM'siTaTH, 110 HE OOMEKEHHS BUIJICHHS
pecypciB puU3Bele 10 3HAYHOTO POCTY BapTOCTI BUKOPUCTOBYBAHUX PECYPCIB.
Oco0auB0 rocTpo npobdiieMa HEOOMEKEHOTO MacIITA0yBaHHS MPOSIBISETHCS 1T
gyac DDoS-atak. Skmo cepBic HamaraTUMeTbCs OOpOOMTH BCi 3allUTH, TO II€
npu3Beze 0 TOro, IO BapTICTh PECypCiB MEPEBUIIUTH MOXIJIMBI MexXi, a 06a3u
JaHuX OyIyTh 3a0UTI MapHOIO 1HGOPMAITIETO.

BaxxnuBo 3BepHYTH yBary Ha €QEKTUBHICTh BUKOPHUCTAaHHS PECypCiB.
Sxuno, HarpukiIaa, OyJau OpeHI0BaHi MOTYXHI CEpPBEpH, AK1 3aBaHTAKEH1 MEHII
HiX Ha 10%, 11€ TaKOX MPU3BEAC 10 3HWKEHHS MMPUOYTKY.

Jlns miHiMi3aIi MOKJIMBUX HACTIAKIB CIIII;

— JIMITYBaTH CEpBICH, IO MacIITaOyIOThbCs (K TpaBUiIO, BCl XMapHi
MOCIIYTH BHUIUISIOTH PECYpCH B paMKaxX KBOT, TOMY JIOCTaTHBO BKa3aTH TakKi
3HAYEHHA KBOT Ha PECYpPCH, BapTICTh SAKUX OyJie MPUIHATHOIO);

— BUKOPHUCTOBYBATH 3aCO0M 3aXUCTY BiJ] aTak Ha MPUKIATHOMY piBHI (115
BUMOTa € OOOB'S3KOBOIO SIK MIHIMYM 3 JIBOX MPHUYMH: MO-TIEpIIE, 3allUTU Bij
3JIOBMUCHUKIB HE MPUHOCSTH KOJHOTO JOXOdY, OT)KE, HEMa€ CEHCY BUTpadaTu
pecypcu Ha ix 00poOKy, Mo-Apyre, BIICYTHICTh 3aXUCTY Ha MPUKIAIHOMY PiBHI
ICTOTHO MIJIBUIIYE PU3UK YCIIIIHOI aTaku Ha cepBic. [Ipy boMy MOKIIHBI Pi3HI
BaplaHTU peaii3alii 3axucTy Ha NPUKIAAHOMY piBHI, [OYMHAIOUU BIj
OTEHCOPCHOTO 200 MPOMHCIOBOTO MIKMEPEKEBOTO €KpaHy MPOTrPaMHOTO PiBHS
Ta 3aKIHYYIOUH CEpBICAMM OUYHUIIEHHS Tpadiky);

— KOHTPOJIOBATH 3aBaHTAXXEHHS BIPTyaJdbHUX CcepBepiB (MpuU OpeHIl
BIPTyaJIbHOTO CepBepa CIUIAYy€eThC MHOro BapTicTh. OTxe, 4YUM MEHII
3aBaHTAXCHUM cepBep, TUM JIOPOKYE B peE3yibTaTi OOXOAUTHCS MOTO
eKcruTyararis. JaHi moa0 BUKOPUCTaHHS PECypCiB MOXKHA OTPUMATH 13 JIOTIB
OTiepaIlifHOl CUCTEMU CEPBEPA).
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JTOCJIKEHHS MOXKJINBOCTEN BUKOPUCTAHHSA
BUIIAIKOBUX CUTHAJIIB B 3AJTAYAX IOIIYKY MMPUCTPOIB
HECAHKIIOHOBAHOT' O 3HIMAHHSI THOOPMAIIIT
3aryra €.A., K.T.H., nou. ['openos /I.1O.

XapKiBChbKUM HAIlIOHATBHUN YHIBEPCUTET PaJIiI0CIEKTPOHIKH,
kadenpa KPiCT3I, m. XapkiB, Ykpaina
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Abstract. The purpose of thesis is theoretical study of the structure of the
response of a nonlinear diffuser under the action of random RF signal of a
nonlinear radar to ensure the effective identification of the latter.

Opniero 3 HAWCKIIAIHINIKX 33/1a4 Y rajidy3l TeXHIYHOTO 3aXUCTy 1H(opmarlrii
€ TMOUIYK 3aKJIaJHUX HPUCTPOiB, AKI HE BUKOPHUCTOBYIOTh paTlOKaHAN IS
nepenadi  iHopmari, a TakoX paalo3aKIagoK, M0 MepedyBalTh Y
HEaKTHUBOBaHOMY cTaHi. Taki TpaduIliiiHi 3acoOM BUSBJICHHS, SK MaHOPaMHI
pazaionpuiimMayl, aHaNII3aTOPH CHEKTPY ab0 JETEKTOpPH IOJIs, Y IbOMY BHIIAJKY
BUSIBIIAIIOTHbCA HeeeKTUBHUMU. HemiHiiHuN paaioaokaTop A03BOJIsE€ BUBHAYATH
HasBHICTb, CTaH Ta MPUPOAY OO'€KTIB 3a PAaXyHOK BHUKOPHCTAHHS SBHIIL
HEJIHIMHOTO BiAOUTTS (pO3CiIOBaHHS) padloXBuwib LUMHU 00'ektamu. Cepen
peanbHUX OO0'€KTIB HENIHIMHI BIACTUBOCTI HAWCUJIBHINIE BHUPAXKEHI Yy
HaIIBIPOBIJHUKOBUX MEPEXOAIB Ta KOHTAKTIB MeTall-okcua-Meran (MOM), mo
BUHUKAIOTh B PE3YJbTAaTI KOPO3li, allpOKCUMYIOThCA 0araTowieHOM TPEThOro
CTyTICHSI.

Cxema MaTeMaTUYHOI'O €KCIIEPUMEHTY: IepeaBad JIOKaTopa BUIPOMIHIOE
BUIAJIKOBUM cUTHAN X (t) 3 3aJJaHMMH XapaKTepUCTUKamMu (TaycoBa BHITaJIKOBA
BeandrHa 3 MaremMatudHuM cnomiBanHsM m = 0.5 ta CKB o = 1.67, 00’em
3Ha4Y€Hb BUMAAKOBOI BeauuuHu ckiagae 2000). BunpomiHeHuid cCUTHaI BILTUBAE
Ha HEJNIHIMHUNA €JEeMEHT, NEPEBUIPOMIHIOETHCS 1 MPUHAMAETHCA AHTEHOIO
npuiiMaya J0KaTopa, MPUUOMY XapaKTepUCTUKU CUTHAIIy TEPETBOPIOIOTHCS Y
BIJIMOBIHOCTI JI0 BOJBT-aMIIEPHOI XapaKTEPHUCTUKOIO HEMHIHHOIO enemMeHTa. Y
SKOCTI HENHIMHMX €JIEMEHTIB PO3MISAANINCh HAMiBIPOBIIHUKOBHA 104 3
KBaJpaTUYHOIO BOJIBT aMIIepHOI0 XapakTepuctukow (BAX), crpykrypa MOM 3
KyOIUHOIO XapaKTEpUCTUKOIO Ta TyHEJIbHUH N10A 3 moyiiHoMmianbHOI0O BAX. YV
SKOCTI MOJEJIl MHUTTEBUX 3HAYCHb IIYMOBOTO CHTHal1y OyJ0 BHUKOPHCTAHO
BUIAJIKOBY BEJIIMYMHY 3 PIBHOMIPHOIO TyCTHHOIO HMOBIPHOCTI B Jlana3oHi
[0; 1], 06’em 3HaueHp BumagkoBOi BenmuuHU ckiagaB 2000. MopemtoBaHHS
ckiaganock 31 100 ynucenpbHUX eKCIIEPUMEHTIB.

Jlis BUIMamKOBOTO TMPOIECY Ha HENIHIAHE KOJIO TPHU3BOIAUTH JI0 3MIHH
dopMu HMOro TyCTMHM MMOBIPHOCTI, TOMY B TEPIIOMY JIOCHIKEHHI
NOPIBHIOBAINCH KoeQilieHTH acuMmeTpii Ta exciecy. OCKITbKA —KOXEH
excriepuMeHT Oyno mpoBeaerHo 100 pa3, To Oynu moOymOBaHI TiCTOTpaMu

100



ABTOMaTg;gE;’;’TZ?;ﬁE OHIka Ta n E RT_go 22 24 - 25 nucromana 2022 poky

MOMEHTIB BUIIAJKOBOI'0 Ipoliecy. AHali3 ricrorpam KoedillieHTy acuMeTpii Ta
Koe(]iIlieHTY eKCIeCy J103BOJIsi€E BUPOOUTH HACTYITHE BUPIIIAJIbHE MPABUIIO:
As (Z (t)) <05 . . VIMOBipHiCTb MPOITYCKy HeTiHiHOrO
HeminiiiHocT1 HEMae o
Es(z(t)) <03 enementy 0%
VIMOBipHiCTh BUSBICHHS HEJiHiiHOrO
enementy 100%;

[Tpucytas HMOBIPHICTh NMPOMYCKY HEJIHIMHOTO
0.5 <A4s(z(t)) <12 ueniniiinicts THITY enementy 0%;
03< Es(z(t)) < 2.1 HamiBIPOBITHUKOBHH HMOBIpPHICTh XMOHOT TPUBOTH,
miont T00TO peectpartis MOM crpykrypu 5%:;

HMOBIpHICTh XMOHOT Ki1acudikarlii, TOOTO
IPOITYCK TYHEJIBbHOTO Aioaa 6%
VIMOBipHiCTh BUSBICHHS HEITiHIfHOrO
enementy 100%;
WMOBIPHICTb MIPOITYCKY

IIpucyrus ey 0%:
As (Z (t)) =12 HETHIHHICTD TUITY F CJHIMHOTO CJICMCEHTY 1 70,
CMETANL-OKHCEIL HMOBIpHICTh IPONYCKY i,
2.1 <Es(z(t)) <10 T06TO poIyCK
METa

HaITiBIIPOBITHUKOBOTO jaioja 0%;
HMOBIpHICTH TPONYCKY LIiJi,
T96To MPOMYyCK TyHeNbHOro Aioaa 38%
VIMOBipHICTh BUSBICHHS HENIHIHHOTO
enemeHTy 100%;
HNMOBIPHICTS IIPOITYCK
{AS (Z (t)) 0y0b — sKuil .H.pvm.yTHﬂ HeniHiﬁIfor((): eneﬁZHi]; 8:%;
HCJINIHIMHICTH TUITY o . . .
Es (Z(t)) > 10 TyHeTbHUI 0 HMOBIpHICTH XUOHOT TPUBOTH,
T00TO peectpatisit MOM crpyktypu 3%;
WMOBIpHICTh XMOHOT Kiacudikariii, To0To
MPOMYCK HamiBNpoBiIHUKOBOrO Aioaa 0%
Jis BUMAIKOBOrO MPOIIECY HAa HENIHIWHE KOJIO MPU3BOJUTH 10 3MIHU
dbopMu HOTO CHEKTPaNbHOI TYCTUHHM CEPEIHBbOI MOTYKHOCTI, TOMY B JIPYTOMY
JOCJTIKEHH]1 TTOPIBHIOBAJIUCH CHEKTPAIbHO-KOPETALINHI BIACTUBOCTI BIIOUTUX
curHaiiB. AHami3 ricrorpaMm koedimieHTiB kKopensmii [lipcona 30HIyBaIbHOTO
CUTHAJIY 3 CUTHAJIOM, BIAOWTUM BiJ JIIHIKHOTO 00’€KTY, HaMiBIPOBIIHUKOBOTO
niona, MOM-CTpyKTypy Ta TYHEJIBHOTO Mi0Ja J03BOJISIE BUPOOUTH HACTYITHE
BUpIIIATBHE MPABUIIO:
akuo R(s(t),z(t) ) = 0.97 = HesiHIWHICTDb BiACYTHS,
ak(o 0.93 < R(s(t),z(t) ) < 0.97 = HamiBIpoBiAHUKOBUH Aioz,
Ao 0.85 < R(s(t),z(t) ) <£0.93 = MOM — cTpyKTypa,
akuio R(s(t),z(t) ) < 0.4 = TyHeJbHUH Ji0z.
AHani3 ricTorpaM HOPMOBaHO1 €()EeKTHUBHOI IIMPUHU CIEKTPY BiIOUTHUX
CUTHAJIIB JI03BOJISIE BAPOOUTH HACTYITHE BUPIIIATIbHE MTPABUIIO:
akuo AF(z(t) ) < 1.1 = HeuniHilHICTb BifiCyTHS,
akuo AF(z(t) ) = 1.4 = MOM — cTpyKTypa,
akuo 1.1 < AF(z(t) ) < 1.4
= HaNiBNPOBiJIHUKOBUU a60 TYHEJbHUH 0]
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THOOPMAIIMHA BE3NEKA JISIJTBHOCTI Y
JUCTAHIIMHOMY ®OPMATI
JlutBunenko O.B., k.T.H., go11. I'openos /I.1O.
XapKiBChbKUM HAIlIOHATBHUN YHIBEPCUTET Pall0CICKTPOHIKH,
kadeapa KPiCT3I, m. XapkiB, Ykpaina
e-mail: oleksandr.lytvynenko@nure.ua

Abstract. The subject of the study is methods for increasing the level of
cybersecurity of user activities in remote mode.

VYV 2020 p. mepxaBHI Ta KOMEpIiHHI KOMIMaHIi MO BCbOMY CBITY OyiH
3MYIIEH] OMEpaTUBHO TMEPEBOJAUTH OaraTh0X CHIBPOOITHHKIB Ha BiJJaJICHY
poOOTy, IO MPU3BEIO IO MaCOBOTO BUKOPHCTAHHS HAMOLIbII OYEBUIHHUX
3aX0JlIB  3aXUCTYy — MDKMEPEKEBOIO €KpaHyBaHHA Ta JBO(PAKTOPHOI
ayrentudikamii. TakuMm YHMHOM, ITHOpYBajiocs Oarato axkTyallbHUX 3arpo3
oe3nerti.

1. 3arpo3u mnepexomieHHs OOJIKOBMX [JaHUX, IO BBOASATHCH B
i30,1bOBaHOMY CepeI0BHIILI.

OpHuM 13 3aX0/11B 3aXUCTY 1H(POpMaLli IpU OpraHizauli Bij1aieHoi podoTu
y BHUIAJKY, SKIIO CHIBPOOITHUK BHKOPUCTOBYE OCOOUCTUH MPUCTPIM, €
BIpTyalsi3aliss poOOYMx Micllb Ta NyOJikaiis mporpaM Ha TepMiHAJIbHOMY
cepBepl 3 MOJABIION 130JISIIIEI0 CEPEIOBUIIIA.

Crnpasfi, SKIIO HAa BIACHOMY MPHUCTPOI CHIBPOOITHUKA OyZe BCTAHOBJIEHO
IIKiJJIMBE TpOTrpaMHe 3a0e3MedyeHHs, BOHO HE 3MOXe BIUIMBAaTH Ha poOodUe
cepenoBuire abo podoUl MPorpaMH.

OmgHak HaBITh KO 1 JUIA  HAWBIAJAJEHIIIONO  IMAKIFOYEHHS
BUKOPUCTOBYEThCSI albTEPHATUBHA aBTEHTU(IKAIlISL, Y pa3i MIAKIIOYEHHS [0
BipTyanizoBaHoro pobodoro wicus (VDI) Ta TtepMmiHambHOrO J0JaTKa
(manpuxman, 3a RemoteApp) BucOka WMOBIPHICTH TOTO, IO MpOrpama
BUMaraTiMe aBTOpH3aIlli 3a JOMOMOTO0 JIOTIHY Ta Mapojito. Y Takomy pasi
IIKIJJTMBE TPOrpaMHe 3a0€3MEUYCHHsS] MOXKE TMEePEeXONMUTH HATUCKaHHS KIIaBill,
OOUYHCIIUTU KOPEKTHE TMOEIHAHHS <JIOT1H-TIAPOJIb», 1 3JIOBMHUCHHUK BXE IO
THIIOMY KaHaJTy 3MO>Ke OTPUMATH JOCTYM 10 KOHQIASHIIHHUX JaHUX.

Jns  HeWTpamizamii 1i€l 3arpo3u PEKOMEHIYEThCS BUKOPHUCTOBYBATH
pimenHst kiacy Single Sign-On (SSO) cniibHO 3 PIIEHHSIMU albTEPHATUBHOT
nocwieHoi ayrentudikanii. Pimenns SSO Mae OyTu BCTaHOBIEHE HA O(ICHUX
poboUnx MiCISX, 10 SKUX CHIBpOOITHUK miakaouaeTbess 3 VDI, abo Ha
TepMmiHagbHOMY cepBepi. [ami nns  miaTBep/KeHHS —ayTeHTHdikamii B
KOPTHOPAaTUBHUX J0/1aTKax cucTema BUMaraTume pea'sIBJICHHS
albTepHaTUBHOTO (akTopa ayTeHTHdikamii, micas yoro SSO caMOCTIHHO
HAJACTh pecypcy HeoOXiIH1 0OIIKOBI AaHi.

Takum ymHOM, Ha OCOOHMCTI poOOdUill cTaHlii HaBiTh 3a HAsBHOCTI
KeWsorrepa He MepexoIUIIOI0THCS JIOTIHU Ta MapoJil, 110 BBOASTHCA.

102



ABTOMaTg;gE;’;’TZ?;ﬁE OHIka Ta n E RT_zo 22 24 - 25 nucromana 2022 poky

2. 3arpo3u nopyumeHHs JOCTYITHOCTI KOPIOPATHUBHUX pecypcCiB.

2.1. QucraHiiitHe 6JIOKyBaHHS OOJIIKOBUX JTaHUX.

Haityacrime LTSI JOCTYITy 10 KOPHOPaTUBHUX pecypciB
BUKOPHUCTOBYIOTBCSI  NMyOJiuHI  BeO-cepBiCcH, JOCTymHI 4epe3 IHTEepHeT,
HaIPUKJIa], BeO-KIIIEHT MOIITH.

Yacrto iM'st MOMITOBOI CKPUHBKHU 301ra€ThCs 3 IM'sIM JOMEHHOTO OOJIKOBOTO
3amucy. 3MTOBMUCHUK MOKE CIPOOYBaTH pO3rajaTH MapoJib MUISXOM Mig00pYy.
Jlia HeWTpanizaiii 1€l 3arpo3u BKIIOYAETHCS OJOKYBaHHS OOJIKOBOTO 3aIUCy
MICJIsT KUTBKOX HEBAATUX CIPOO BBEACHHS MapoJIs.

OnHak 3JI0BMHUCHUK MOXE MepeOHpaTd Mapoiii AJs IIECIPSIMOBAHOTO
OJIOKYBaHHsSI JOMEHHOIO OOJIKOBOTO 3amucy. Taka araka MOK€ IMPHU3BECTH 0
YaCTKOBOTO Tapaiiuy JIeaKuxX O13HEC-TPOIIECIB.

3 METOI 4YacTKOBOI HeWTpamizalii Ii€i 3arpo3d MOXXHA CKOPHCTATUCS
CHeIliaTi30BaHUM  pillIeHHSIM Uit ABodakTopHoi ayreHtudikamii (2FA),
HAIPUKIIA], OAHOPA30BUMH MaposiiMu. [Ipu 11bOMy HaBITh SKIIO 3A1HCHIOETHCS
cpoba nepedopy, Oy/e 3a0JI0KOBAHO APYTruii ayTeHTU(PIKaTop, a He OOJIKOBUN
3aIuc.

TakuM yuHOM, CITIBPOOITHHUK 30€peKe MOKIIMBICTh OTPUMAaHHS JIOCTYITY JI0
KOPIIOPAaTUBHUX PECYPCIB, MIOMpaBia, JIMIIE Yepe3 albTepHATHBHE 3'€HAHHS
abo0 MpH JIOKAJIbHIA POOOTI.

2.2. Btpara uu nojomka 3aXuIIeHOT0 HOCIs KJIIF0YOBO1 iH(opMaiii.

Bukonyroun poOodi 0OOB'A3KH, BIJAAJNIEHI CHIBPOOITHUKU MOXYTh
KOpPUCTYBaTUCS ULUPPOBUMHU CepTU(PIKATAMM, HANPUKIAL, I MIIIUCY
JIOKYMEHTIB a00 MiJIKJIIOYEHHS 0 CTOPOHHIX BeO-cepriciB. [Ipu mpomy y pasi
BTpaTH ab0 MOJOMKH MPHUCTPOIO 3'IBISETHCS 3a/lada HOro ONEpaTUBHOI 3aMiHHU,
sKa He 3MOXe OyTH peali3oBaHa, OCOOJIUBO AKIIO CHIBPOOITHUK TEPUTOPIATHHO
BIITaJICHUH Bi odicy.

Jlnst  He#Tpamizaiii 3arpo3d MOKHAa CKOPUCTATHCS CIICliali30BaHUMU
pIIIICHHSIMU, 10 PEai3yl0Th BIPTyallbHY CMapT-KapTKy (ToOTO Oe3 30epiraHHs
KIIF0UOBO1 1H(MOpMaIIil Ha 3aXUIIIEHOMY IPUCTPOT, 110 3HIMAETHCS).

VY Ttakomy pasi 30epiraHfs KIto4oBOi iH(OpMaIli 3A1HCHIOBATUMETHCS Y
TaKMX KOHTeWHepax: 1) Ha cepBepHi CTOPOHI BCi omepamii 3 KIYaMH
BUKOHYIOTBCSI HA CE€pBEpl; 2) KOHTEHHED Y Cleliali30BaHOMY MOTYJII BCEPEIHUHI
npuctpoto — Trusted Platform Module.

BukopuctanHs mnoAiOHUX pIlIEHb BBAXKAETHCA MEHII OE3MEeYHUM, HIXK
3HIMHI 3axWIIEeH] amapaTHi HOCIi, MpPOTE I pIMIEHHS HAWOUIbII THYYKI 1
MIIXOASTh JUIsl OMTMCAHOI HEIITaTHOI cuTyarlii. [licis 3aMiHM KIIFOYOBOTO HOCIs
MO’KHA BIJKIIIOYUTH BIpTyaJibHy CMapT-KapTy.

TakuMm YMHOM, HaBITH y pa3l BTPATH YW TOJOMKH KIFOYOBOTO HOCIS
pocTOoro y Oi3HEC-TIpoliecax KoMIaHii He Oye.
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3. 3arpo3u BIiOMOBJIEHHSI BiI aBTOpPCTBa [iid, SIKi NpPU3BeEJH 10
iHIUaEeHTy.

3.1. CripHi cutyartii y pa3i 30010 KpUTHYHOTO PECYPCY.

3a Oynp-akoi pobGotu 3 IT-pecypcamum 3 OOKy MpUBUICHOBAHUX
KOPHCTYBaUiB 3aBXK/I1 ICHYE PU3UK IMOMMJIOK 4Yepe3 JIIoACkkuil paktop. Cami il
MOXXYTb TIPU3BECTH JI0 30010 KPUTHIHOTO PECYPCY.

HaBite mpu poGoti Oe3mocepenHb0 B TMPHUMIIICHHI OpraHizaiii OyBae
CKJIQHO pO3iOpaTucs, M0 CTAIOCS 1 XTO € BIAMOBIAANTBHUM 3a 30iid. Y pasi
BIITAJICHOTO JOCTYITy CHTYyaIlis yCKIAAHIOEThCA Oarartopa3oBo. IlomiOwi
po30opu IHLKICHTIB HE JUIIE HEraTWMBHO BIUIMBAIOTH Ha poOoudy arMmocdepy,
KOJIM B1A0YBalOThCS CHpOOM 3BUHYBAaTUTH HEBUHHUX, & W BUTpadarOTh Oarato
yacy (haxiBI[iB HA HEMPOYKTUBHI 1.

Bukopucranus SIEM 103BoMTh AI3HATHCS, XTO MIAKIIOYABCS JI0 PECYPCY,
ajie HaBpAJl Y JTO3BOJIUTH TOYHO BU3HAYUTHU BIAMOBIJAIBHOTO, HE KaXKy4H BXKE
PO BIICYTHICTh JAHUX MPO MOCTIAOBHICTh i, K1 CIPUYUHUIN 301H.

Opnak mpu BUKOpUCTaHHI pimeHs kiacy Privileged Access Management
(PAM) Bci MiAKITIOYEHHS TNPUBUICHOBAHUX KOPUCTYBAdiB JO KPUTHYHHX
pecypciB GiKCyrOThCs Y pi3HUX dopmaTax (BiJeo- Ta TEKCTOBHH 3aIKC, 3HIMKH
€KpaHa, HaTUCKaHHS KJIaBill, nepenadi ¢ainm). Jlani, BAKOPUCTOBYIOUHN 3alUCH
JI1iA, MO’KHA OTIEPATUBHO BHU3HAYMTH, SIKA MOCIIIIOBHICTH 1 IpU3Bena 10 30010,
BUSBUTH BIAIIOBITAJILHOIO 32 IHIIUAECHT 1 BU3HAYUTH YNHHUK HABMUCHOCTI.

3.2. Cipoba yHUKHYTH BIANOBIIAIBLHOCTI.

byBaloTh cuTyalli, KOIM B KOMIIaHIi Mpamioe iHcalaep — BHYTPILIHIN
3JIOBMUCHUK, SIKUW LUIECOPSIMOBAHO 3AIMCHUB Mii, 110 CIpUYMHWINA 301 abo
MOPYIICHHST poOOTH KpUTUUHOTO pecypcy. Came co0o0r0 3aBHAaHHS BUSBICHHS
BI/IMOBIJAIBHOTO BXKE € CKJIAIHUM, MPOTE 3 JIONMOMOTOI0 pileHHs kiacy PAM
MO>KHA OTNEPaTUBHO 3HAWTH BUHHOTO.

[Ipu crnpobi MPUTATTH CHIBPOOITHUKA JO BIJMOBIIAIBHOCTI, BIH MOXKE
CKa3aTH, 10 Y HhOrO OyNHM BKpaJACcHI BIAMOBIAHI JaHI JJIS JOCTYyIy A0 HOTO
o0mikoBoro 3anucy. Hi st Koro He cekperT, 110 napojibHa aBTeHTUDIKAIIS TyKe
BpasNiMBa JJIs 3arpO3U PO3TOJIONICHHS, a caM (haKT PO3TOJIOIICHHS MOXE OyTH
BUSIBJICHUM IMICJISI IHITUICHTY.

OueBuaHO, U0 B Takiid cuTyalli Oyab-sIKUA KEPIBHUK MOXKE 3aMHUCIUTUCS
Ipo Te, 110 CHIBpOOITHUK CHpaB/Al HEBUHHUH, a Te, IO CTajocs, — MPOCTO
HEBJIAJIUN 301r 0OCTaBUH.

Jns HeWTpamizaiii 1€ 3arpo3u PEeKOMEHAYEThCS CIUIBHO 3 PIIICHHSIM
PAM BuxopucroByBaTu pimieHHs mia 2FA  croiBpoOitHukiB. Tomi, sKmio
CHIBPOOITHUK JIHMCHO € iHCaiiiepoM 1 MaB MicClle 1HIIMJIEHT, HoMy OyJlie BajKKO
YHUKHYTH BIIMOBITATHHOCTI. SIKIIIO BCE-TaKW CHIBPOOITHUK 3asiBUTh, IO Yy
HBOTO BKpalii TeneoH, HA SKOMY CTOITh T'€HEepaTop OJHOPA30BUX IAPOJIIB,
oMy Oyne TOCTaBleHE JOTiyHE 3anmuTaHHg: "UomMy BH ONEpaTHBHO HE
MOBIIOMUJIH TIPO 1€ CITyk0y Oe3mexu?"
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PO3SHIUPEHHSA ®YHKHIOHAJY SIEM CUCTEM
Minin J1.0., k.1.H., no1. 'openos J1.10.
XapKiBChbKUM HAIlIOHATBHUN YHIBEPCUTET Pa/ll0CISKTPOHIKH,
kadeapa KPiCT3I, m. XapkiB, Ykpaina
e-mail: dmytro.minin@nure.ua

Abstract. The subject of the study is undeclared capabilities of Security
information and event management systems.

barato kommaniii BUKOpPHUCTOBYIOTH SIEM-cucremu i BUSBICHHSA
IHIUJICHTIB 1HPOPMAIIIHOT OE3MEKH PI3HOTO CTYMNEHS CKJIAJHOCTI 1 4aCTO HABITh
HE YSBIAIOTH YCI MOXJIMBOCTI BJIACHOI CUCTEMHU MOHITOpHHrY. Lle mos's3aHo 3
TAM, IO CIIBpOOITHUKKA BTy 1HQOpMaliifHOiI O€3MeKH YacTo He
3aMUCIIOIOTBCA HaJ JOJAaTKOBUMHU (QYHKIISIMH Ta MOXJIMBOCTSIMH, Xoya Iii
3HAHHS MOTJIM O ICTOTHO JIOMOMOTTH B aBTOMATH3AIlli LIJIOTO sy MPOLECIB Y
BT iHGopMmartiitHoi 6e3nexu (IB) abo Bciei koMIiaHii B JIOMY.

J10 OCHOBHHUX TaKMX HEACKIAPOBAHUX MOKJIMBOCTEN BIHOCATHCS:

1) 3amyck 30BHIIIHIX CKPUIMTIB Ta MPOTrpaM;

2) BUKOPHUCTAaHHS CKOPUHTOBOI MOJIETII;

3) 3acTocyBaHHS HEUPOMEPEK Il BUSBIEHHS 1HUUEHTIB Ib.

3anyck 30BHIIIHIX CKPUITIB i MporpaM. BUKOPUCTOBYEThCS, HAIPUKIIAL,
TUISL:

1) ckaHyBaHHS XOCTa, Y IKOMY CTaBCs IHIMJICHT 1H()OpMaliiiHO1 Oe3NeKH;

2) 3anMcy B CTOPOHHI pecypcu 1H(popMalli Mpo IHIHJIEHT;

3) peauizaris KOMaH Ha BiJIaJieHI CHCTEM1 3 METOO BUKOHAHHS JIIM Ha
KOpHUCTyBadeM ado0 By3JioM, 1110 (pirypye B iHuuaeHTi Ib.

PosrisiHemMo noknagHilie NEpIIdid CIIeHapid — CKaHyBaHHS XocTa — 1
pPO3IIITHEMO CHUTYyallifo, TMpU SIKid BiIOyBa€ThCs 1HIMACHT, TOB'S3aHHUMN 3i
cnpobaMu HENETITUMHHMX Jii II0JAO0 OYMILNEHHS >KypHaly ayauTy Ta/abo
CTBOPEHHsI aJIMiHICTpaTuBHOI rpynu Ha Linux-cuctemi. [Ipu BusBieHHI i€l
MOJIi1 3aIyCKA€EThCsI CKPUIIT 300py 3 By3Jia T0AaTKOBO1 iH(opMaIlii, moB'si3aHo1 3
KOpHCTyBaueM abo Trpymoro. Pe3ynbrat poOOTH CKpHIITa TTOBEPTAIOTHCS Ha3ad
no SIEM-cucremu miisa ikcarnii Bciei oTprumaHoi iHQopMalii Mpo KopucTyBaya
abo rpynu. SKIo 1HIUAESHT TPU3BOAUTE /10 HOTO MOSIBU B CUCTEMI YIIPaBJIiHHS
iHuuaentamu (Case Manager), To anamituky 3 Ib Oyae nabGaraTo mpocriie
NPUIHATH PIILIEHHS PO KPUTHUYHICTh JAHOTO THIUACHTY.

3a Takoi peanizalii podoTa BUPIIAILHOTO MTpaBujia PO CKaHYyBaHHS XOCTa
CTa€ MaKCHMaJbHO MPOAYKTUBHO. AJie BapTO BpaxoBYBaTH TOH (akT, 110 BCi
mpaBuia, K1 31HCHIOIOTh 3aITyCKU 30BHINIHIX KOMaH/I, TOBUHHI MPONTH €Tanu
TECTYBAaHHS Ta HAJIArOHKEHHS JUIsl MiHIMIi3allii HOMUJIKOBUX CIPallbOBYBaHb Ta
onTuMizailii 3aBaHTaXeHHs cucteMu. s nporo y SIEM-crucremi CTBOPIOIOTHCS
MEXaHI13MH aBTOMAaTUYHOI MEPEBIPKU KOPEKTHOCTI pOOOTH MPaBUII Ta YaCTOTHU iX
CHpalbOBYBAaHb.
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BukopucranHsi CKOpMHIoBOi Mojgedi. Yacto cioBOCHONy4YeHHS
"CKOpUHTOBa MOJIENb" acoIIOEThCA 3 aHTU(]poA-crucTeMamMu Ta OOpOTHOOIO 3
dbiHaHCOBMMM  ImaxpasMmu. AJjie  peami3aiis CKOPUHIOBOI  MOJEIl B
iHopMmariitHii O6e3neri Ta SIEM-cuctemi Hapasl € Ti€r0 HEOOXIJHICTIO, 0e3
SKO1 MOBHOTA KAPTUHU BUSBJICHHS 1HIIMACHTIB Ib HEe Oy/ie BUYEpIHOIO.

JIisi  BUKOPHWCTAaHHS CKJIAMHUX KOPEJSAIIMHUX JIOTIK Ta BHSBJICHHS
CKJIQJHUX JIAHIIOKKIB 1HIUACHTIB HEOOXITHO peanti30BYyBaTHU CKOPHUHTOBY
MOJEIb JUTSl MAPaxXyHKy OaiiB M0 KOKHOMY KOPHCTYBa4eBi Ta By3iy, IO Oepe
ydacTh B iHIUAeHTaX Ib.

Tak, HampukiIaa, IPU CHpanboBYBaHHI npaBmia Brute Force mpoBoauthes
3aHECEHHS JI0 CIUCKY MIIpaxyHKy CKOPHHTY SK KOpHCTyBada, TaK 1 XOCTa, y
SAKOMY BIJIOyBa€Thcs crpoda mindopy maposs. [Ipu dikcarii psay HIMICHTIB 3
KOpHUCTyBaueM abo BY3JIOM, IO MepedyBarOTh y apKylll CKOPUHTY, CyMapHUN
0an MiJBUILYETHCS 3aJ€KHO Bl KPUTUYHOCTI IHIUJCHTY. TakuM YHHOM,
MiJICYMOBYIOUM Oaly 3a KOXKEH 1HIUJEHT, MOKHA HAOYHO OIIHIOBATH KapTHHY
TOTO, 110 BIAOYBA€ThCS, a TAKOXK Yy pasl peamizailii J0JaTKOBUX MEXaHi3MIB
MOXHAa KOHTPOJIOBaTH I1HIMJCHTH, IO BiJOYBalOThCA, 1 HaKJIagaTd Ha
xutTeBui uki kidepatak Kill Chain 3 HactynHoro kinacudikaiiero 3a MITRE.

Posrinsitnemo HactynHmii npukian. CTBOPIOEThCS JBa CIUCKHU (apKyil) 3
HazBamu User List Ta Host List:

—noua y User List — kopucTyBau, CKOPUHT, JaTa;

— nosist Host List — By3071, CKOpUHT, J1ata.

HonatoTbcst 10 paBWJl, 10 BUSBIAIOTH iHIMAEHTH 1B, 1ii 1110710 3aHeceHHs
KOpUCTyBaua ab0 XOCTa y BIANOBIJHUM JIMCT, a TAKOX CKOPUHTOBE 3HAYEHHS.
Takum 4MHOM, y pa3il BUSABJICHHS IHIMACHTIB y apKyIIl JOJA€ThCA 1HPOpMAIis
PO KOPUCTYBayiB Ta XOCTIB, MO0 GITYpylOTh B IHIUJEHTaX, a TaKOX
M1PaXOBYETHCS CKOPUHT MO KOKHOMY KOPHCTYBau€Bl Ta XOCTY.

TakumMu missMM MOXKHa CTBOPUTH JOJATKOBHM MEXaHI3M aHajily Ta
MOXJIMBOCTI 3MIHM KPUTHYHOCTI BUSIBJICHHS 1HIIMJICHTIB, MOB'I3aHUX 3 TUM YU
IHITUM XOCTOM a00 KOpHCTyBaueM. Y pa3i IpaMOTHO TNOOyJoBaHOI Mojei
MO>KHA aKTUBHO pearyBaTH Ha Oyab-ski iHmuaentu 3 1b.

3acTtocyBanHsi Heiipomepe:x. Hapa3i Bce OutbmMii 000poT Habupae
BUKOPUCTAHHA MaTeMaTU4YHUX Mojened y cdepi 1HopmaliiiHoi Oe3mneku,
OJIHUM 13 MIPUKJIAAIB IKUX € HEHPOMEPEKi.

[IpononyeTrbcsi  BUKOpHUCTOBYBaTh  moTyxHocTi  SIEM-cuctem st
reHepaiii YacTUHU HaOOpiB JaHUX JJIsi HABUAHHS HEMpoOMepexki Ta MiHIMI3allli
TpyJAOBUTpAT (axiBLiB 31 30UpaHHs Ta aHaI3y JaHUX. ApXITEKTypa moOya0BH
iHTerpamii mosisrae B HamamrtyBaHHI SIEM-cuctemMu B dYacTWHI TpaBUII
Kopeysmii, MiHiMi3amii iX XWOHUX CHOpanbOBYBaHb Ta  MOJAIBIIOMY
BUBAHTAXECHHI KOPEJSIINHUX ToAii Ha Habip manux (dataset) depes mmHMHY
naHuX. /{75 HAOYHOCT1 pO3TIISTHEMO HACTYITHUN TTPUKIIA.

1. Tpeba HaBUUTHM MaTeMaTHUYHY MOJENb AJS aHali3y JAOMEHIB TPETbOTO
PIBHS IIOZ0 HASIBHOCTI Py apTe(akTiB, KI MOXKYTh OyTH B 3amuTi (HAIpPUKIIaL]
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JIOBXKHMHA JIOMEHHOTO IMEH1 TPEThOTo piBHSA MoHa 20 CHMBOJIIB € Mi03pLIOIO;
HE JIIOJMHO-YUTaHI CJI0OBa B JIOMEHHOMY IMEHI € JOJaTKOBOIO O3HAKOI0
aHoMmaJii; ¢ikcaiis JOMEHHOrO IMEHI y pemyTramiiiHux ©0a3ax — oO3Haka
iHnuaeHry Ib).

2. 3miiicHtoerhes miakaoueHHss DNS no SIEM ta nanamTyBaHHS TIpaBUII
KOpeysiiii Ha BHSBJICHHS JOBXWHHA JOMEHIB TpPETbOTO PIiBHA, y pasi
MIEPEBUILICHHS JOBKUHU 3aITUTY CIIUCOK IOMEHIB MICTUTBCS B apKYIII.

3. Apkym BinnpasisieThess Ha APl THTBICTHYHOTO aHATI3Y JUIsl OTPUMAaHHS
CEMaHTUYHOTO Koe(illi€eHTa pO3Mi3HAHHS IMEHI JOMEHY.

4. Sk momaTKOBMIA 3aXiJl 3M1MCHIOETHCS HAJCUIIAHHS 3alUTy Ha MaTgopmy
Threat Intelligence 11 aHami3y TOMEHHOTO IMEHI.

TakuM 4YMHOM, MOXHA OTpUMATH OaraTOpIBHEBY CHCTEMY aHaIIi3y
JIOMEHHMX 1MEH Ta CKJIaJaHHs CIUCKIB "HOpMaabHUX" Ta "HEHOpMaJIbHUX'" IMEH
JUISL TIOAQUTBIIIOTO 3aBaHTaXXEHHS B HAO1p nanux (dataset).

OcHOBHA 17ies 1ILOTO MPUKIANY TOJIATae y JEMOHCTpallli HeoOX1THOCTI
3aCTOCYBaHHS aBTOMATHMYHHUX IHTErpalliil 13 cepBicamu, siKi MOKYTh 3MEHIIHUTH
yac MiITOTOBKK HAOOpy JaHUX JUIsl HABYAHHS MOJIENI Ta 3a0LIaJUTH peCcypcu
daxisuis DS/DM.

3pocTaHHs €(hEeKTUBHOCTI.

Y nmoknmamli Ha KOHKPETHUX TMPHUKIaAax Oylno TMpOAEMOHCTPOBAHO
HEJIEKJIapOBaH1 MOKIIMBOCTI, IO BUKOPUCTOBYIOThCS B SIEM-cucremax, 1 Te, ik
BOHU [I03BOJISIFOTh MIABUUIMTH €(EKTUBHICTh cHUTyauiiHoro meHtpy Ib y
uutomy. HeoOximHicTh aBTOMaTH3allii mpoleciB oOpoOku iHuumeHTiB Ib €
OJIHUM 13 HapLKHUX KaMEHIB Yy po0OoTI OyIb-IKOTr0 MIAPO3JAUTY 3aXUCTy
iHdopmarrii. [o6 edexkTuBHO KepyBaTH cCuUCTEeMaMu MOHITOpuHTy momii Ib,
HEOOXITHO TIePIUIyBaTH (CIpUtMATH) 1 BMITH BUKOPHUCTOBYBATH BECH CIIEKTP
MoxnuBocter SIEM-cucrem.

Cnucoxk BUKOPMCTAHHUX JIAKepe.t.

1. O630p pemenuit SIEM (Security information and event management).
Pexxum  moctymy:  https://habr.com/ru/company/roi4cio/blog/528770/ (mara
3BepHenHs 11.01.2022).

2. Security Information and Event Management (SIEM): Analysis, Trends,
and Usage n Critical Infrastructures. Pexum JOCTYILY:
https://www.manaraa.com/Book/174707/security-information-and-event-
management-(siem)-analysis-tr (nara 3Bepuenns 11.01.2022).

3. Evaluation of Local Security Event Management System vs Standard
Antivirus  Software.  Pexxum  moctymy:  https:/www.mdpi.com/2076-
3417/12/3/1076/htm (narta 3Bepuenns 11.01.2022).
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MOPIBHSJIBHUIM AHAJII3 TPAJTUIIMHUX BIOMETPUYHHX
METO/JAIB KOHTPOJIIO TA YIIPABJIITHHA JOCTYIIOM
Jleymuna A.A., k.T.H., go1. ['openos /I.1O.

XapKiBChbKUM HAIlIOHATBHUN YHIBEPCUTET Pall0CICKTPOHIKH,
kadeapa KPiCT3I, m. XapkiB, Ykpaina
e-mail: anastasiia.leushyna@nure.ua

Abstract. The research in thesis described the novel comparison based
upon various aspects to make easy selection for biometric device deployment in
specific environment. Proposed a comparison among all kind of biometric
system available in the society.

Bignosigno nmo nmocmimxenHs «Global biometric system market revenue
forecast from 2017 to 2022» [1] Ha CBITOBOMY PUHKY O1OMETPUYHUX CHUCTEM
aKTUBHO 3aCTOCOBYIOTBHCSI TEXHOJIOT1i, 3acHOBaHI Ha pO3Mi3HaBaHHI Ta
BUKOPHCTAHHI HACTYITHUX O10METPUYHHUX JaHUX: BIIOUTKH nanbiliB (non-AFIS);
300pakeHHs paiayKHOi OOOJOHKHM OKa; TeOMETpis JOJIOHI; 300pakKeHHs
o0NMYYs; pUCYHOK BeH J0J0oHI; BinOuTKU naibiiB (AFIS); romoc; pykonucHui
Ta KJIaB1aTypHUI MOYEPK.

KoxHna OlomMeTpuyHa TEXHOJIOTISI MAa€ CBOI NEpeBaru 1 HEAOIIKH, TOMY
0e3nocepeHbO iX TMOPIBHIOBATH CKJIAAHO. J[OCHITHUKK BH3HAYaIOTh KUIbKa
dakTopiB Uil TOAIOHOTO TOPIBHSIHHS [2-3]: YHIKaNbHICTh, CTaOlIBHICTD,
YHIBEPCAIbHICTb, BUMIPIOBAHICTb, MOPIBHSUIBHICTb, CTaHJIapPTHICTb,
1HBa3UBHICTh, MPOAYKTUBHICTh, MPUUHATHICTh, CTIMKICTh, KOH(IJICHIIINHICTD,
BapTICTh, HOBITHICTh, MOMYJAPHICTh, MPOCTOTAa BUKOPUCTAHHS, IIBUIKICTh
0o0poOku, TouHicTh (FAR, FRR Ta EER), po3mip GiomeTpudHoro miabioHy,
TEXHOJIOT1sI MOOynI0BU OIOMETPHUYHOTO CKaHepa, CTaOUIBHICTH OlOMETpUYHOI
XapaKTEPUCTUKU, HMOBIPHICTH BIIMOBU peecTpallii 010METPHUYHOTO 3pa3ka,
WMOBIPHICTB TOTO, 10 010METPUYHA CUCTEMAa HE BUSIBUTH O10METPHUYHI JIaHi TpU
MPaBUIILHOMY iX TIPEICTABIICHHI.

3riJIHO TIPOBEACHOTO aHami3y iAeHTUdIKAIlS 32 TEOMETPIEI0 OOIMYUS Ma€e
HE HaMKpalll I1HTerpajbHl TMOKa3HUKU Ccepell CTaTUYHUX OlOMETpUYHUX
TexHosorii. [IpoTe, OCHOBHI HEMOJIKU ITLOTO METOJY BITHOCSATHCS TEXHIYHHX
MOKA3HUKIB — IIBUJKOCTI OOpOOKH, po3Mipy OIOMETPUYHOIO IIa0JOHY Ta
TOYHOCTI ieHTHdIKaIli. 31 3pOCTAaHHSIM TMOTY)XHOCTI  OOYHMCITIOBAIHHOL
3IaTHOCTI OIOMETPUYHUX CUCTEM Il MOKA3HUKH TaKOXK OYIyTh 3pOCTATH, IO
JEMOHCTPYE CydacHa KapThHa OlomeTpuyHOro puHky. Y 2021 p. oapasy
JIEK1JIbKa €BPOMEUCHKUX CTOJUIh BIPOBAIUIN TECTOBI CUCTEMU OTUIATH MPOI3TY
y Metpo 3a monomoroto Faceld. Kpim toro, cucremu inentudikarii 3a Faceld
JIETKO MOXKYTh OyTH IHTETPOBaH1 y BXK€ ICHYIOUl CUCTEMH B1JI€0 CIIOCTEPEIKEHHS.
Takox MepcrneKTUB BUKOPUCTAHHS I[i€] TEXHOJOTIT MOXKHA AOJATH 3PY4HICTh y
KOPUCTYBaHHI (OCKUTBKM MOYXHA TaK PO3MICTHUTH KaMEpH, IO BiJl JIFOJAWHH
B3arajl HE BUMAraerbCs >KOJAHUX Miil), MOXKIIMBICTh MPOBEACHHSA CKPUTHOTO Ta
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HEMEPEePBHOIO MOHITOPHHTY, a TaKOX JIeTKY IHTErpaiil0 3 I1HIIUMHU
O010METPUYHUMHU MOJAIBLHOCTSMH Y MYJIbTHO10METPHUYHI CUCTEMH.

Texnounorisa iaeHTHdikaiii 3a BiAOMTKOM manbisl non-AFIS mae Oinbmi
NEpPCHEKTUBH HIDK paiaykHa oOOJOHKa OKa Ta MallloHOK BeH. Hapasi
OCHOBHMMH HEJOJIKAMHU TEXHOJIOTii €: TIOPIBHSHO HEBUCOKA TOYHICTb,
MOPIBHAHO HEBUCOKA CTIHKICTH 10 371laMy, HEMOXKJIMBICTh (PYHKIIIOHYBaHHS y
3aMUJICHUX TPUMIIIEHHSX, HE COPUMHATTS TEXHOJOTII 3-32 «IaKTHJIOCKOIIYHOTO
munynoro». [lepiri aBa Hemoniku OyayTh MOJ0JaH] BIPOJOBK ACKIIHKOX POKIB.
Hapasi ctangapTHOIO po3ainsHO0 3aaTHICTIO FingerPrint ckanepiB € 200 Todok
Ha KBaJ[paTHUN TIOWM Ta 1oOya0Ba 610METPUYHOTO 3pa3ka 3a 12-14 MiHyIisMU.
BukopuctanHs ckaHepiB 3 po3auibHOIO 3AaTHICTIO 1000 TOHOK Ha KBaJgpaTHHIA
JIOMM J103BOJIMTH BpaxoByBaTH A0 40 MiHYLINA, TUM CaMUM 3HA4YHO MOKPAIUTH
TOYHICTh TEXHOJOTIi. BuKOpHCTaHHS yJIbTPa3BYKOBUX CKAaHEPIB 3aMICTh
ONTUYHUX JO3BOJUTH HE TIIbKM OTPUMYBATH TPHUMIPHI 300pa’K€HHS MHaJiblLis
(THM caMHMM 3aXUCTUTH Bl KJACHYHOTO 3JlaMy 3a JIOIOMOIOI0 CKOTYy), a i
pEeECTpyBaTU B MPOIEC] CKAaHYBaHHS MIKPOPYXH HIKIPU MabIls, BUKJIUKAH] 3BaH1
KPOBOTOKOM (THM CaMHUM pEECTPYBaTH OTPUMaHHS O10METPUYHOIO 3pa3Kka Bij
KUBOI JIIOAMHM, a HE NpeIMETy 3 HAHECEHMM Ha HbOI0 MNanuIIpHUM
BI3EPYHKOM).  BUKOpUCTaHHS  BUCOKOIIBUAKICHUX  Kamep  JO3BOJIMTH
3M1MCHIOBATH OE3KOHTAKTHE CKaHyBaHHS oOfpa3y JAEKUIbKOX TNajblliB, IO
JI0O3BOJIUTh OYyJIyBaTH MYJIbTU3PA3KOB1 OloMeTpuuHI cucteMu. [loganbimii 3picT
KOpPHUCTYyBauiB cMapTHOHIB 3 BOyJAOBaHUMH CKaHepaMM BIJOWTKa maibls Oyze,
mo-Tiepiie, CTBOPIOBATH YMOBH JJIsl 3/CHICBICHHS TEXHOJOTii, MO-Apyre,
3MEHIIEHHIO JIIOJIEH, 110 HEe CHOpUWMaloTh JaHy TEXHOJIOTiI0 3-3a 1l
«JAKTUIIOCKOIIIYHOTO MUHYJIOTOM.

Kongen nuHamiuHMI MeETOJ HE MOXKEe OyTH BUKOPUCTaHUN Yy SKOCTI
OCHOBHOI TexXHOJIOrii OioMeTpuyHOi imeHTHdiKamii. IX 3amaua — 36iABILKMTH
TOYHICTh  iMeHTU(IKAIli 3a paxXyHOK JIOTMIOMIXHOTO  alrOpUTMy y
MyJIbTHOIOMETPUYHUX CHCTeMaX. 3 OISy Ha TEHJACHII PO3BUTKY
TEJCKOMYHIKAIIMHUX TEXHOJIOTIH TOJIOC 3alUIIUThCS TUIBKH y cdepl OHIAMH
Oankinry ta loT 3a ctocynkax. Pykonucuuii TekcT TpaHChOpPMY€EThCs Y MIAMKC
KOMIT’FOTEPHOIO0 MHIIIKOIO 1 pa30M 3 KJIaBlaTypHUM MOYEPKOM 3HAMIE CBOE MICIIE
y UEBA cucremax.

HaliMeHI11 mepcrnekTUBU 0 PO3BUTKY Ma€ 1ICHTH(IKALS 32 TEOMETPIEI0
noyioHi. Huspki TOYHICTH 1 CTAaOUIBHICTE HE MOXYTh OyTH MOKpamieHl 3a
PaxyHOK HOBUX TEXHOJOT1H CKaHyBaHHs 4M OOYZA0BH 010METPUYHMX 3Pa3KIB.
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