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V]IK 62-8
NEPEJYMOBHU TA TEHI[EHIIIi B PO3BUTKY EJEKTPOMOGEBLJIIB
Akcovonoe O.B.

XapkiecbKuili HAUWIOHANLHULL ABMOMOOITILHO-00DPOXHCHINL YHigepcumem, XapKie

EnexTpoMoOUIb - 1€ TpaHCIOPTHUM 3aci0, NPUBEACHUI B PyX €IEKTPUUYHUM
JIBUTYHOM, SIKHI OTPUMYE €HEpPTilo BiJl aKyMyJIsSTOpHOI 6arapei abo 1HIIIOT CUCTEMU
HAKOIWYCHHS €JIEKTPUYHOI eHepril, Takui sk naymBHi enementu [1]. Ha BimMminy
BIl TpaJMLIMHUX aBTOMOOUIIB 3 JBHUTyHAaMH BHYTPIIIHBOIO  3TOpPaHHS,
eJIEKTPOMOO1JII HE BUKOPUCTOBYIOTh O€H3MH a00 AU3eIbHE MaIUBO 1 HE BUKUIAIOTh
BUXJIOIHI Ta3u MiJ 4Yac pyXy, IO POOUTH iX E€KOJOTIYHO YUCTUM PILICHHAM JUIs
TPAHCIIOPTYBaHHSI.

EnextpomMo06ini MaroTh JeKiIbKa KIFOYOBUX BIIMIHHOCTEH BiJ TpaJUIIHHUX
TPaHCHOPTHUX 3aco0IB 3 JBUTYHAMH BHYTPIIIHBOTO 3TOPaHHsS, a TAaKOX BIJ
riopuaHIX aBTOMOO1TIB. OCh OCHOBHI BIIMIHHOCTI.

1. JI>xepeno eHeprii:

o eiekTpoMoOiTi (EV) - BUKOPHCTOBYIOTH €IIEKTPOEHEPTII0, 10 30epiracThCs
B aKyMYJISITOpax, JJisl AKUBJICHHS €JIEKTPUYHUX JBUTYHIB;

o TpaHcnopT 3 B3 - mpamooTh Ha BUKONHOMY HaiuBl (O€H3UH, TU3EIb),
CHAJTIOI0YX HOTO JIJIsl OTPUMAHHSA €HEprii;

o TIOpUHI aBTOMOOUT - nOEJHYIOTH JIBUTYH BHYTPIIIHHOIO 3TOPaHHA 3
€JIEKTPUYHUM MOTOPOM, Jie OOU]IBA TUIIH IBUTYHIB MOXYTh IIPALIIOBATHA pa3oM abo
0 yep3i.

2. Bukunau 1 exoJoris:

o CJIGKTPOMOOUTI - HE BHUKHAAIOTH BYTJCKUCIMM Ta3 1 1HII 3a0pyJHIO0UI
PEUYOBHHM TpPU EKCIUTyartaiii, mo poOuUTh iX eKoJoTriuHO uuctuMu. I[Ipote
BUPOOHMIITBO aKyMYJSITOPIB 1 TEHepalis eJEeKTPOEHEPrii MOXYyTb MaTh
CKOJIOTTYHUH CITIT;

o TpaHcnopT 3 /IB3 - BuAUIAOTh BUXJIONHI ra3u, Bkitoyaoun CO:z, mio crpuse
3a0pyIHEHHIO MOBITPS 1 3MiHI KIJIIMATY;

12
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o TIOpUIM - BUKMIAIOTh MEHIIE MIKIJUIMBUX PEYOBUH, 4ynM aBTomMoOuI 3 J[BC,
aJie BCe TAKW BUKOPUCTOBYIOTH MAJUBO, TOOTO MarOTh BUKUIU IIPU pOOOTI JBUTYHA
BHYTPIIIHBOI'O 3TOPaHHS.

3. TexHomorisg IBUTYHA :

e €JICKTPOMOO1JI1 - TIPAIIOIOTh Ha €JICKTPUYHUX JBHUTYHAX, SIKi 3a0€3I1eUyIOTh
MUTTEBUN MOMEHT, IO KPYTUTh, IO JAa€ TUIABHIIIE 1 MIBHIIIE MPUCKOPEHHS B
MOPIBHSHHI 3 IBUTYHAMH BHYTPIITHHOTO 3TOPAHHS;

e TparcmopT 3 JIB3 - mpamoroTh Ha MEXaHIYHUX JBUTYHAX, SKi BUMararmTh
CHAJIOBAHHS MalliBa JJs BHUPOOHMIITBA €HEPrii 1 MOXYTb MaTH 3aTPUMKH Yy
BIJITYKY Ha MeJaib rasy;

o ['iOpuau - BUKOpUCTOBYIOTH 00U B1 TexHoJorii (IBC 1 enexkTpoMoTop), 110
MOJK€ JTaBaTh KOMOIHAIIIIO TIepeBar 000X TUIIIB JBUTYHIB.

4. EneproeeKTUBHICTD:

¢ €JIGKTPOMOOUII - MOMITHO OlbII€ €HeproeeKTUBHI, OCKUIBKH EJIEKTPUYHI
JIBUTYHH BUKOPHUCTOBYIOTH OJM3bKO0 85-90% eneprii, 1110 MOCTYIa€e 3 aKyMyJIsTopa,
TOMI K JABUTYHH BHYTPIINIHBOTO 3rOpaHHS BTPAayalOTh 3HAYHY YACTHHY CHEPrii y
BUTJIA] TEILIA,;

o TparcnopT 3 [IB3 - mae KKJI B paiioni 20-30%, OCKUJIbKM BETUKa YaCTHHA
€Heprii BTpayaeThbCs MPU 3rOpaHHI MaJIMBa;

eTIOpUIM - MalOTh MIABUIICHY C€HEProe(eKTUBHICT, B TIOPIBHSIHHI 13
3puuaiiHuMu /B3 3a paxyHOK BUKOPHUCTaHHS €JIEKTPHYHOTO KOMIIOHEHTA, aje BCe
TaKH BTPayarOTh €HEPrito MpH poOOTI OEH3MHOBOIO JBUTYHA.

5. 3anpaBka 1 3apsjka :

o CJIGKTPOMOOUTI - 3apsIKAIOThCS  BIJl E€JIEKTPUYHOI Mepexi abo Ha
CIICIIAIPHUX 3apPSTHAX CTAHINIAX. 3apsaaka Moxke 3aiimaty Bij 30 XBUauH (IIBHIKA
3apsAziKa) 10 IEKUIbKOX TOJIUH (JOMAIITHI 3apsIHI TPUCTPOI);

o« TpancnopT 3 B3 - 3ampaBiiseTbcsi Ha aBTO3alpaBHUX CTAHLISIX 3a JIYEH1
XBUJIMHUY;

e TIOpUAM - 3apsJDKAOThCA MamuBoM 1, y pasi riopuais (PHEV), mo
M1KJIF0YAI0ThCS, MOXKYTh TaAKOXK 3apsIKATUCS B1J] €JIEKTPOMEPEKI.
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6. Bapricth ekcrutyararnii :

e €JICKTPOMOO1II - MarTh HWKYl BHUTPATH Ha OOCIYrOoBYBaHHS, OCKIIbKH
CJICKTPUYHI IBUTYHHU MEHII CXUJIbHI JI0 3HOCY, HE BUMAraloTh 3aMiHU OJii 1 MalOTh
MEHIIIE YaCTHH, [0 PyXaroThCsA. BapTicTh €NEKTPUKH TaKOX, SIK MPaBUIIO, HUKYE
BapTOCTI OeH3UHY a00 aU3es;

o TpaHcnopT 3 JB3 - Ounbll BHCOKA BAapTICTh €KCIUTyaTallli 13-3a BUTpPAT Ha
MAJINBO 1 YaCTIIOTO OOCIyroByBaHHs(3aMiHa 0OJiii, (iTBTPIB, CBIYOK 3amaieHHS 1
TaK gaii);

o TIOpUIM - TIOEJHYIOTH OCOOJIMBOCTI 000X THIIIB, XO4a iX OOCIyroBYBaHHS
MOKe OYTH JIOPO’KUe 13-3a CKJIQIHIIIOI KOHCTPYKIITIi.

7. 3amac xony :

« EnextpomMo06ini - 3amac Xoay 3ajeKuTh BiJ MICTKOCTI aKyMyJIsTOpa 1 MOXKe
BapitoBatucs Bijx 200 1o 600+ kM Ha ogHOMY 3apsi. [Iporte 31 301/IbIICHHSM YUCa
3apsIHUX CTAHINN IIEW HEOMIK MTOCTYIIOBO CTA€ MEHIIl 3HAYNMHUM;

o TparciopT 3 JIB3 - mae Oinpmmii 3amac Xoay Ha OJHINA 3ampaBIill B
MOPIBHSHHI 3 OUIBIIICTIO €JIEKTPOMOOLUTIB, 1 Yac Ha 3aMpaBKy 3HAYHO MEHILUT;

e TiOpHAM - 3amac XOoAy Moke OyTH OUIbIIMI 3a paxXyHOK BUKOPHCTaHHS
OCH3WHOBOTO JIBUTYHA, MPU I[bOMY KOPOTKI TOi3JKH MOXXYTh BHUKOHYBAaTHUCS
BUKJIIOYHO HA €JEKTPHIIL.

[{i BIAMIHHOCTI TIOKa3ylOTh, IO EJIEKTPOMOOUTI CTalOTh yce OUIbII
KOHKYPEHTO3JJaTHUMH B TOPIBHSHHI 3 TPAJULIMHUMU aBTOMOOUISIMU 3aBISIKU
CBOIM €KOJIOTIYHUM NIe€peBaram i HU3bKUM €KCIUTyaTallliHUM BUTPATAM.

Komm #inerbest mpo po3BUTOK €JIEKTPOMOOLTIB, BaXKIMBO PO3TIISTHYTH JIEKLIbKA
KJIIOYOBHX TME€PEIyMOB, SIKi CTajdM KaTrami3aTopaMH I[bOTO TIPOIECY, a TaKOoX
TEHJICHIlIi, SKI BIUIMBATUMYTh Ha MalOyTHe puHKY. OChb KOPOTKHH OTJISA
OCHOBHHX MOMEHTIB :

[lepenymMoBU PO3BUTKY €1EKTPOMOOLTIB.

1. ExomoriuHa 00i3HaHICTh 1 3aKOHOAABCTBO. [IparHeHHs 10 CKOPOUYCHHS
BUKHUJIB BYIVICKUCIOTO Ta3y 1 OopoThba 31 3MIHOK KiIiMary - OJHI 3
HalBaXJIMBIIIMX YWHHUKIB PO3BUTKY €JIEKTPOMOOLIIB. Ypsiau OaraTbox KpaiH
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BCTAHOBJIIOIOTh CTPOIT HOPMHU IO 3HMKEHHIO BUKHUIB BiJI TPAHCIOPTHHUX 3aC00iB,
10 CTUMYJIIOE TIEPEX1/T Ha €IEeKTPOMOOLIII.

2. 3poctaHHs IiH Ha HadTy 1 3aJEXKHICTb BiJI BUKOIHOIO TMaJHUBa.
KonuBanHs 1iH Ha HaTy 1 3aKJIOMOTAHICTh 13-32 €HEPreTUYHOI 3aJEKHOCTI BiJl
JESKUX KpaiH TaKOX CIPHUSIOTh PO3BUTKY aJIbTEPHATUBHUX JIKEPEI €HEprii, TaKUX
SK €JIEKTPOMOO1III.

3. TexHonoriyauiéi mporpec B akymyJdsaTopHux Oatapesx. [lominmmeHHs
TEXHOJIOT1 aKyMyJIATOPIB - KIIOUOBUM UYHWHHHUK 3pOCTaHHS €JIEKTPOMOOLIIB.
Po3poOka niTiif-ioHHMX OaTapeil 103BoJiljia 30UIBIIMTA AANbHICTh TMOI3I0K Ha
OJTHOMY 3apsJii, CKOPOTHUTH Yac 3apsJIKH 1 MMOHU3UTH BaPTICTh E€JICKTPOMOOIIIB,
3pOOMBIIH iX JOCTYNHIIIMMU JJI1 MAaCOBOT'O PUHKY.

4. Crumynu Bif ypsay 1 cyocunii. BaxxnmuBy ponb TparoTh pi3HI MporpamMu
cyOcuayBaHHS 1 MOJATKOBUX MBI JJIS BJIACHUKIB eleKTpomoOutiB. Ile poOuth
KYIIBIIIO €IEKTPOMOOLIS MPUBAOIHUBIIIOO 1 CTUMYJIIOE TOMHUT.

5. PosButok 3apsgHOi 1HGpacTpykTypu. CBITOBE pPO3IIHUPEHHS MEpPEexKi
3apsIIHUX CTaHINM 71 €JIEKTPOMOOUTIB /A€ MOKJIMBICTh BOMISIM 3apsJPKaTU CBOi
MAaITMHY MBUIIIE 1 3pyYHIIIe, 0 3HIMa€e 0ap'ep UIsl iX MOBCIOTHOTO MOITHPEHHS.

TenneHiiii B pO3BUTKY €JIEKTPOMOOLTIB.

1. 3pocraHHsS 4YacTKU PHUHKY eJaeKkTpoMmoOuTiB. IIpomaxi enekTpomMoO1iB
MPOJIOBXKYIOTh POCTH Ha YCIX KIIOYOBUX PHUHKAX, TakuxX sk €Bpoma, Kutaii i
CHIA. Ouikyetbes, mo g0 2030 poky aoJs eneKTpoMoOiTiB Moxke gocsarta 30-
40% cBITOBOTr0 aBTOMOOLJILHOTO TAPKYy.

2. Enexrtpudikaiiisi KOMEpPLUIMHOTO TPAHCHOPTY. TEHICHIlST TOPKAETHCS HE
JMIIIE JIETKOBUX aBTOMOOUIIB. Bce Ounbllia yBara mpuAUIA€TbCa eleKTpudikarlii
KOMEPIIIHHOTO TPAHCIOPTY - BIJ aBTOOYCIB 1 BAaHTAXIBOK JO JOCTaBKHM Ha
«octanHii mui». Lle momomorke iCTOTHO CKOPOTUTH 3a0pyJAHEHHS B MICBKUX
parioHax.

3. Inrerpamis enexTpoMoOiniB B "po3ymHi" eHepreTuyHi Mmepexi (smart
grid). EnexkrpomMoOini CTalOTh YaCTHHOK INUPIIOT CHEPreTHYHOI EKOCHUCTEMHU.
TexHos0r1i 1BOCTOpOoHHBOT 3apsaaku (V2G) 103BOMSTH €IEKTPOMOOUISAM BlJAaBaTH
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CHEpril0 HazaJl B MEpexXy, MmO OyJae KOpPUCHO i OallaHCyBaHHS TIOMHTY 1
MIPOIIO3HUIIIT B EHEPrOCUCTEMAX.

4. PoO3BUTOK TE€XHOJIOT1 aBTOHOMHOTO BOJIIHHS. EjekTpoMo6iii 1 aBTOHOMHI
TEXHOJIOT1] BCe YacTille HAYTh pyKa B pyKy. PO3BUTOK aBTOHOMHUX CHUCTEM MOXKE
3pOOUTH €IEKTPOMOOLTI Ie MPUBAOIUBIIIMME, 3HUKYIOUM BapTICTh BOJIOJIHHSA 1
eKCILTyaTallli.

5. InnHoBarii B 06macTi akymymnsTopiB. TpuBalOTh JOCTIHKEHHS 1 pO3pOOKH
OUIbIIE MICTKUX 1 JOBrFOBIYHMX aKyMyJSTOpiB. OYIKYy€ThCS, 10 HAUOIMKIMMU
pOKaMU Ha PUHKY 3'IBJISAThCA ACIIEBIN 1 €(peKTUBHIII OaTapei Ha OCHOBI TBEPAMX
CJICKTPOJIITIB, SIK1 3aMIHATH JIITIH-10HHI OaTapei.

6. 3HWKEeHHs BapTOCTI BOJIOAIHHS. [1aliHHS 1IH HA aKyMYJISITOPU 1 PO3BUTOK
TEXHOJIOTIi CHPUATUMYTh 3HMIKEHHIO BApTOCTI BOJIOAIHHS €JIEKTPOMOOLIEM, IO
MOCHIIIOBATUME TIOTIHT.

Ha ocHOB1 aHami3y TEHIAEHLIA PO3BUTKY €JIEKTPOMOOLIIB MOXHA 3pOOUTH
HACTYTHI KJIIOYOB1 BUCHOBKH.

1. 3pocTaHHs NOMYISPHOCTI 1 YACTKU PUHKY €JIEKTPOMOO1IIB.

Enexktpomo6ini nmpomoBKyIOTh HAOUPATH MOMYJSPHICTD, 1 X JOJS HA PUHKY
aBTOMOOITFHOT TMPOMHCIOBOCTI CTa0IMbHO 30uIbIIyeThes. Lle moB's3ano 3
EKOJIOTIYHUMH TepeBaraMu, IO POCTYTh IHBECTUIISIMA B 1H(PACTPYKTYpYy
3apSATHAX CTAHIIA, a TaKOX MOCTYNOBUM 3HIDKCHHSIM BapTOCTI €JIEKTPOMOO1TIB
3aBJISIKM TEXHOJIOTTYHUM 1HHOBAIlISIM, OCOOJIMBO B 00JIaCT1 aKyMYJISITOPIB.

2. Ilepexia Ha €KONOTTYHO YNCTUI TPAHCTIOPT CTA€ HEMHUHYYHM.

[3-3a mocuieHHs HOPMATHBHHUX BHMOT TIO 3HMKEHHIO BUKHUIB MapHUKOBUX
rasziB 1 €KOJIOT14HOI 0013HAHOCT1 CIOKMBAYIB ABTOBUPOOHUKH AKTUBHO MEPEXOASThH
Ha BUPOOHHIITBO eeKTpoMoOimiB. Lle cripusie hopmyBaHHIO rI100aTbHOT TEHACHITIT
710 lekapOoHi3allii TPaHCIIOPTHOTO CEKTOPA.

3. [HHOBAIIIT TPUCKOPIOIOTH PO3BUTOK.

[Iporpec B TEXHOJIOTISIX AKyMYJISITOPIB, TaKUX SIK CTBOPEHHS JEIICBIIMX 1
edeKkTUBHIIMX OaTapeil Ha TBEPAUX EJIEKTPONITaX, a TaK0X PO3BUTOK CHCTEM
ABTOHOMHOI'O BOJIIHHSI CHPHUATUMYTh MOJAJBIIOMY 3POCTAHHIO €JIEKTPOMOOLTIB.
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HaiiOmmkuruMu ~ pokaMM I TEXHOJOTIi  3po0JIATH  €JIEKTpOMOOUI  Ie
KOHKYPEHTO3JaTHIIMMH 1 MPUBAOIMBIIIUMH JIJIs1 CTIO’KUBAYIB.

4. KomepuiiHuii TpaHCHIOPT 1 HOBI CEKTOPUM TaKOX MEpeIyTh Ha
eJIEKTPOTATY.

Enexrpudikariss koMepiiitHOTO TpaHCIOPTY, BiJI BAaHTAXXIBOK JI0 aBTOOYCIB,
CTa€ HOBOIO BAKJIMBOIO 00JACTIO PO3BHUTKY, IO JIO3BOJMTH CKOPOTUTH BUKHUIU B
MaciTabax yciei TpancnoptHoi cuctemMu. Kpim Toro, iHTepec 10 BUKOPHUCTAHHS
€JIEKTPOMOOLUIIB B JIOTICTHUI 1 THIIMX CEKTOPAX TAKOXK MOCUITIOETHCS.

5. 3HM>KEHHS BapTOCTI BOJIOIIHHS €JIEKTPOMOOLIIEM.

3aBASKM 3HIDKCHHIO I[IH Ha aKyMyJISITOPM 1 HIDKYUM EKCIUTyaTaliitHuM
BUTpaTaM, BOJIOAIHHS €JEKTPOMOOLJIEM CTa€ EKOHOMIYHO BHIIJHIIIUM, HIXK
BOJIOJIIHHA  aBTOMOOiJIeM 3  JIBUTYHOM  BHYTpPIIIHbOTO  3ropanHs. lle
CTUMYIIIOBATUME MOAJIBIIE 3POCTAHHS MOMUTY Ha €JIEKTPOMOO1III.

BucHoBok. EnekTpoMoOu1l HE JMIIE CTAalOTh BAXIWBOK YacCTUHOKO
MaiOyTHHOTO aBTOMOOUIBHOI Tally3i, ajie 1 TPaloTh KIIOYOBY POJIb B TJIOOANIBHIM
eKOJIOTT4HIN Tpancdopmarlii. 3a MIATPUMKH YpAJIB, IHHOBALIMHUX TEXHOJIOTIH 1
PO3BUTKY 1HMPACTPYKTYPU IIEH CEKTOp MPOJOBKHUTH AKTUBHO PO3BUBATUCSA 1 B
JIOBIOCTPOKOBIN TIEPCTIEKTUBI MOXE TOBHICTIO 3MIHUTH TPAHCIOPTHY CHUCTEMY,
3pOOMBIIH ii CTIMKIIIOIO 1 €KOJIOTTYHO YUCTIIIOK.

Jlirepartypa:

1. Enextpomo6ine. URL.: https://uk.wikipedia.org/wiki/EnekrpoMo0iib.

2.  TlopiBusiHHa  enekTpomoOinss 3 aBromoOuiem  JIB3.  URL:
https://atlantenergy.com.ua/porivnyannya-elektromobilya-z-avtomobilem-dvz//

3. EnextpomMoOimi, riOpuaHi 1 BOJHEBI aBTOMOOUTI: 1CTOpisi, BIAMIHHOCTI,
moaupikarii. URL: https://www.avtoradosti.com.ua/ua/news/04 2020/748.html?srs
Itid=AfmBOorDchNO6LGwzbI50nyireQ8ToQs-oMxkTmu6ThhQOT1sw3tXRFA/.

4. Ak eJIEKTPOMOO1TI 3MIHIOIOTh ManOyTHE €HEPIreTUKHU.
URL.: https://www.epravda.com.ua/cdn/cd1/2024/elektromobili_zminiuiut_maibutni

el.

17



Mamepianu xongpepenuii KIT-2024, Xapxie, XHA/Y, 20.11.2024

YK 658.014:004.9
KPUTEPIi BUBOPY ITPOT'PAMHOTI'O 3ABE3IIEYEHHS ®PE3EPHOI'O
BEPCTATY 3 UYUCJIOBUM ITPOI'PAMHUM KEPYBAHHSAM
Amnocoe P.B.
XapkiecoKuii HAUIOHATLHULL ABMOMODIILHO-00PONHCHIN YHIgepcumem,

Xapkie

[[Iupoxe 3acTocyBaHHA 3ac001B aBTOMATH3allli € TOJJOBHOK PUCOIO CYYaCHOTO
BUPOOHUIITBA, 1, 30KpEMa, TEXHOJOTTUHHMX MPOIECIB MeTaioo0poOku. Baxiuse
3HAUYCHHS B JlaHii Tanmy3i HaOyBae BUKOPUCTaHHS BEpPCTATIB 3 YHUCIOBUM
nporpamMauM kepyBanusaM (UIIK).

Bepcratu 3 mporpaMHUM KepyBaHHSM NIPEJCTaBlieHI B 0aratbox THMax 1
3a3BUYail KIACU(IKYIOThCS Y BIAMOBIIHOCTI IO OCHOBHUX (DYHKIIIH, III0 BUKOHYE
NeBHUM Beperar [1].

Haii6inpire momupeHHs B TPOMHUCIOBOCTI oTpumanu Beperatu 3 UIIK, 1o
BUKOHYIOTh HACTYITHI onepaitii [2]:

- ¢pezepHa 00poOKa;

- TOKapHa 00poOKa;

- €JICKTPOEPO3iiiHI onepariii,

- omepariii 3 00pOOKH JHCTIB;

- pO3TOUYyBaJIbHI OIEpallii;

- MyJIbTH3aJja4yHa 00poOKa, TOILO.

B mnporeci oOpoOku 3a JOMOMOTOI0 BEpPCTAaTIB JIAHOTO THUIY MOYXKHA
BUOKPEMUTH JEKUIbKA CTAIIM .

[To-mepmie, HEOOXITHO CTBOPUTH 3 BUKOPUCTAHHSM CIHEIiai30BaHOTO
porpamMHoro 3a0e3nedeHHs] KOMIT IoTepHy Mozenb 3D Tumy abo KpeciaeHHsS s
MJIOIIMHHOT MOJIEIII.

[To-npyre, Tpeba po3poOUTH TPAEKTOPIIO PyXy BIANOBIAHUX 1HCTPYMEHTIB B
nporieci 00OpoOKH Ta BUKOHATH 11 IEPEBIPKY, MOXKIIMBO 13 3aCTOCYBaHHSIM 3ac00iB
Bi3yasizaiiii.
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[To-tpere, must peamizariii mporiecy 0OpoOKM HEOOXITHO TPUBECTH B if0
nporpamMHe 3a0e3MnedeHHs, 110 0e3MocepeIHbO KePY€E BUKOHYIOUMMHU MEXaH13MaMu
Bepcrary 3 UIIY uepes G-kon.

EdexTuBHICT BUKOHAHHS KOXHOI 3 TMEpEiUYCHHX BHINE CTadild IIpU
BUKopucTaHHi BepctatiB 3 UIIK 3HauHOIO MiporO 3alIeKUTh JIOIIJILHOTO BHOOPY
IporpamMHoro 3abesnedyeHHs [3].

Punok mporpamnoro 3abesrneueHHs i craHkiB 3 UIIY xapakrepusyerbcs
BEJIMKOI0 KUIBKICTIO MPEJCTAaBIEHUX 3pa3KiB C PI3HUMHU TEXHIKO-€KOHOMIYHUMU
napaMmeTpaMu, TOMY Jis JOIIJIBHOTO BHOOPY MpOrpamMHOro 3abe3nedeHHs Tpeda
3aCTOCYBaTH OOTPYHTOBAHY CUCTEMY KPUTEPIiB.

bazoBoro craji€ro, 1m0 B mepeBakHIM Mipi BU3Haya€e €()EKTUBHICTb BChOTO
nporecy 3actocyBaHHs Bepcraty 3 UIIK, € po3pobka mojmeni, ToMy HEOOXiTHO
NEPIIOYEProBO PO3TIIIHYTH KpHUTEpii BHOOPY MporpamMHOro 3abe3nedyeHHs came
JUTSL 1€ CTaIli.

ExonomiuH1 KpuTepii BiIrParOTh BAXKJIUBY POJL MPH BUOOPI MPOTPaAMHOTO
3a0esneyeHHs. OKpiM BapTOCTI TMEBHOTO KOMIUIGKTY, IO MOXE CIIyI'yBaTh
Oap’epoM s TpuAOaHHA TIPOTpamMH, TaKoK Tpeda BpaxyBaTh HASBHICTh
O€3KOITOBHUX BEPCiii a00 HAsIBHICTh OE3KOIITOBHOTO BUIIPOOYBAIBLHOTO TEPMIHY,
0 JOMOMOXXYTh OL[IHUTH NEPEBaru 1 HEJOJIIKM MPOrpaMHOro 3a0e3MeyeHHs B
poIieci HOro BUKOPUCTAHHS.

TexHiuni kputepli € BH3HAYAIBHUMHU TP  BUOOpPI  MPOrpamMHOro
3a0e3nedeHHs, 00 BOHU BIUIMBAIOTh HA CIIPOMOKHICTh HaJaTH PO3POOHUKY 3aCO0U
JUTSI BUPIIICHHS MOTO 3a/1a4 y BU3HAYCHUHN TEPMiH.

Cepen i€l rpynu KpUTepiiB nepiie Miciie 3aiimae GyHKI10HAM, 1110 Ma€ MeBHA
nporpama i po3poOku mojeni BupoOy, 00 came BiH BH3HA4Ya€ HASBHICTH
nepesiKy HeoOX1THUX MPOTPAMHHX 1HCTPYMEHTIB.

Omnak kpiM  (yHKIIOHANy, CYTT€BE 3HAUYEHHS Ma€ TPYJAOMICTKICTh
BUKOPHCTAHHS MPOTPaMHOrO 3a0e3MeueHHs, 3BaXalud Ha HEOOXiIHICTh

1mo0yI0BU MOJIEJI1 B CTUCIII CTPOKH.
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HasiBHICTP MOXJIHMBOCTI aJanTyBaTH MEBHE MPOTPaMHE CEPEIOBUINE Iij
BUPIIICHHS KOHKPETHUX BUPOOHWYHUX 3aBJaHb TaKOXX B 3HAYHINA Mipi BILUIMBAE Ha
PE3yJbTaTUBHICT 3aCTOCYBAaHHS IPOTPaMHu.

I, mapemrri, HasBHICTG 1 cTymiab CAD/CAM iHTerpaiii Mae Takox BpaxoBaHa
npu BUOOp1, 00 BOHA CYTTEBO BIUIMBAE Ha 3arajibHy €(EKTUBHICTH 3aCTOCYBaHHS
MPOrpaMHOro 3a0e3MeYeHHS.

Bynp-sikuii mporpaMHuid IPOYKT Ma€ BUKOPHUCTOBYBATH PO3POOHUK MOJEIII,
TOMY KOPUCTYBAIlbK1 KPUTEPii HEMOKIMBO OMUHYTH IIPU BUOOPI.

Hagith HalijockoHammuid (yHKLOIOHAT He Oylae TIOBHOK  MIPOKO
BUKOPHUCTAHUN JUISI CTBOPEHHS MOJENI MPH BIACYTHOCTI 3pyYHOro iHTEpdency B
IPOrpaMHOMY HPOTYKTI.

JlerkicTb OCBOEHHS MEBHOTO MPOrPaMHOT0 MAaKeTy TaKOXK BapTO BpaxyBaTH,
00 BOHA BIUIMBAE Ha 3araJIbHy TPUBAIICTh PO3POOKH MOICITI.

HasiBHicTh B mporpami BOYJIOBaHMX 3aco0lB aBTOMAaTu3allli CTBOPEHHS 1
penaryBaHHS MOJEN TaKOXX MOXKE 3HAYHO BIUIMHYTH HA TPYJIOMICTKICTH 1
TPHUBAIICTH CTBOPEHHS MOJIEII.

Sk mpaBuI0, Cy4acH1 MporpaMHi KOMIUIEKCH JIJISI MOJICTFOBAHHS € CKJIaTHAMHU
CHUCTEMaMH, IO HE 3aBXKJW JOCKOHAJO MpaIllOl0Th, TOMY HAasBHICTh 1 PIBEHb
TEXHIYHOI OH-JIailH MIATPUMKHU B1J KOMaHJIU PO3POOHMKA MPOrPAMH € BaXKITUBUM
KpUTEPIEM Mpu BHOOP1 MPOTPaAMHU.

TakuM 4YMHOM, BHU3HAUYEHO EKOHOMIYHI, TEXHIYHI Ta KOPHUCTYBAllbKiI I'pyIu
KpUTEPIiB A1 BUOOPY MpPOrpamMHUX 3ac00iB (Ppe3epHOro BEpCTaTy 3 UYUCIOBUM
IpPOrpaMHUM KEpPYBaHHSM, IO JIO3BOJISIE€ 3IIMCHIOBATH TMOIIYK JOULIBHOT
albTEPHATUBH HAa OCHOBI HAyKOBO- OOIPYHTOBaHHMX METO[IB, IO 0a3ylOThCH,

30KpeMa Ha 0a3i eKCIIepTHHUX OIMIHOK [4].

Jlireparypa:

1. InnoBaiiitHe oOJialHaHHS aBTOMAaTHU30BAHOTO BUPOOHMIITBA.
KoHCTpyKTHBHI O0COOJIMBOCTI Ta OCHOBHM IPOTpaMyBaHHSI BEPCTATIB 3 YUCIOBUM
MPOrpaMHUM KEPYBaHHSIM: HaBUYAJIIBHUN MOCIOHHMK JIJIsi CTYJICHTIB CIEI[iadbHOCTI
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131 «lIpukimagna wmexanika» cnemiamsanii  «TexHosnorii  KOMI'FOTEpHOTO
KOHCTpYIOBaHHS BepcTtariB, pobotiB Ta Mamub» / KIII im. Irops Cikopcrekoro;
ykiag.: KosansoB B.A., I'aBpymikeBuu A.1O., I'aBpymikeBuu H.B. — Kuis : KIII im.
Iropss Cikopcekoro, 2020. — 158c. [Enextponnuii pecypc] — Pexum mocrymy:
https://ela.kpi.ua/server/api/core/bitstreams/50c7ca2b-c60b-4db9-bd53-
738420847db4/content (mara 3BepHeHHS: 25.10.2024).

2. Bce mpo UIIK Bepcratu. [Enextponnuii pecypc]. — Pexum mocrtymy:
https://abplanalp.ua/vse-pro-chpu (agara 3Bepuenns: 25.10.2024).

3. Haiikpame nporpamue 3abesmnedeHHs miusa UITY 2022 [EnextponHuii

pecype]. — Pexum nmoctymy:  https://raptorcnc.com.ua/ua/a4d76424-luchshee-
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VIK 621.337.1
3ACTOCYBAHHA CUCTEMMU "OPEN SCADA" JIA IIAT'OTOBKU
OIIEPATOPIB ABY

I'puyenxo K.M.
Xapkiecokuii HAUIOHATbHUIL ABMOMOOLNILHO-00PONHCHINL  YHIGepcumemn,

Xapkie

Cucremu ynpaBiiHHs, aBToMaTu3allii Ta 30opy ganux (SCADA) BigirpaioTh
KIIFOYOBY pOJIb y CY4YaCHOMY CBITI, 3a0€3Me4Yyroud KOHTPOJb Ta YIPaBIIHHSI
CKJIQJIHIMHU TEXHOJIOTTYHUMHU mporecamu [1].

MeTor AOCTiKeHHS € MABUIICHHS €()EKTUBHOCTI MiJTOTOBKH OTNIEPATOPIB
achanbro-0ETOHHUX YCTAHOBOK, 3a paxyHOK 3actocyBanHi SCADA/HMI
TexHoJorii. [IpakTHyHuUM pe3yabTaToM JOCHIIKEHHSI Oyle CTBOPEHHS TpEeHaxKepa
JUTSI TIIATOTOBKH omieparopa acanbrodeToHHUX ycTaHOBOK (AJlY) .

Buxopucranus SCADA/HMI texHosnoril y TpeHaxepi MOKPAIIUTh SKICTh
MiTOTOBKU OTIEPATOPIB Uepe3 PeaiCTUIHY CUMYIIAIII0 BUPOOHHUMX TIPOIECIB Ta
HaBYaHHS ¢()EKTUBHOMY YIPABIIIHHIO YCTaHOBKOIO [1].

JIJist TOCSTHEHHS] METH TOTPiOHO BUKOHATH HACTYIHI 3aad4i [1]:

1 O6rpyHTyBaHHS BHOOPY TEMU JAOCIIHKEHHS: OMTUC BAXJIMBOCTI MATOTOBKH
omeparopiB  acaibTOOETOHHMX  yCTaHOBOK. I[loTpeba B  1HTEpaKTHUBHUX
TpeHakepax Uil Oe3ne4Horo Ta eQEeKTUBHOINO HaBYaHHA. Bu3HayeHHs podl
SCADA/HMI texHonoriit y CTBOpEHH1 TaKUX TPEHAKEPIB.

2. TlpoBectu anami3z icHyrouux pimeHbr SCADA/HMI B HapuanbHHX
TpEHaXKepax.

3. Po3pobutu Ta oOrpyHryBaru TexHiuHI BuMoru i SCADA/HMI
TpEeHaXKepa.

4. IlpoBecTn aHami3 Ta OOIPYHTYBaTH METOAM HPHUHHATTS PILICHHS LI0A0
BUOOpY TPOrpaMHOrO0 Ta amnapaTHOro 3a0e3MeyeHHs B  PI3HUX  yMOBax
HEBU3HAYEHOCTI 1H(pOpMAIIii.
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5. Po3poOutu maremarnyHi Mojenl BHOOPY MPOrpaMHOro Ta amaparHoro
3a0€3IeUeHHs B PI3HUX YMOBaX HEBU3HAUYCHOCTI iH(opMarrii.

6. Po3pobutu apxitektypy cucteMu SCADA aJisi BIATBOPEHHS KIIOYOBUX
omepariiii achanprodeToHHOi ycTaHOBKH. [IpoBecTn mpoekTyBaHHs iHTepdency
kopuctyBada (HMI) nns tpenaxkepa.

7. Po3poOUTH MPOTOTUN TPEHa)Kepa, 110 BIITBOPIOE OCHOBHI oOrleparii
achansTo0eTOHHOT ycTaHOBKU. [IpoBecTu TecTyBaHHS MMPOTOTHITY Ta OI[IHUTH HOTO
€(hEeKTUBHICTb.

Ha nmigcraBi  aHamizy nOporpaMHOro 3a0e3mnedeHHs Uil po3poOKH
SCADA/HMI Ttpenaxepa (nanpukian, WinCC, Wonderware, Ignition, Citect),
oOpana BiTuusnsHa [13 "Open SCADA" [2, 3].

Bitumznsna cucrema "Open SCADA" € mOTy)XHUM 1HCTPYMEHTOM, SIKHM,
3aBASKH CBOIM BIIKPUTIHA apXITEKTypi, HAJAA€ IIUPOKI MOXKIUBOCTI JUIsl PO3POOKHU
Ta HaJalmTyBaHHA. BoHa Mae BIIKpUTY apXiTEKTypy, IO JTO3BOJIIE KOPUCTyBadaM
MOMM(DIKyBaTH Ta PO3MIUPIOBATH 11 PYHKIIIOHAIBHICTH BIAMOBIIHO 10 KOHKPETHUX
BuMor. CucTemMa mpu3HaYeHa I MOHITOPHHTY Ta YIPaBIiHHS TEXHOJIOTIYHUMHU
pollecamMy y Pi3HUX Tay3sx, TAaKUX K eHepreTuka, HadhTorazoBa MPOMHUCIOBICTS,
XIMIYHA TIPOMUCIIOBICTh Ta 1HIII.

Po3rstHemMo ocHOBHI BiacTuBocTi oOpanoro I13 [2, 3].

Bynu BUsIBIIEHI KIIFOYOB1 MOyl Ta KOMIIOHEHTH, TakKi fK:

1. Monyne OG10KOBOTO OOYHCITIOBaYa, SKWM BIJMOBIAAE 32 BUKOHAHHS
MaTeMaTU4YHUX orepauiid Ta 00poOKy JaHUX.

2. Mogaynb MEHETXKMEHTY JaHuX, SKUM 3abe3nedye 30epiraHHs Ta
KEePYBaHHSI IAaHUMH, 110 HAJIXOASTh Bijl pI3HUX JIKEpEI.

3. Monyns rpadiunoro iHTepdeiicy, sIKi BINMOBiIAa€e 3a CTBOPECHHS Ta
BiJIOOpaKEHHSI MHEMOCXEM, 3a0€3MeuyI0ouH Bi3yaIbHUIM KOHTPOJIb 32 MIPOIIECaMHu.

Monyne 6mokoBoro obuucitoBaya € cepiem cucremu Open SCADA. Bin
JO3BOJISIE  ONKCYBaTH  CKJAJHI  TEXHOJOrIYHI MpOLIECH 3a  JOIOMOIOK)
MaTeMaTudHuXx GopMyll Ta anropuTmiB. KoxkeH eneMeHT CUCTEMU, TaKuil sIK HAcoC,

KJlanaH abo JaTyuKk MoOXxe OyTH MNpenCTaBIeHUN y BHUINISIAL OJOKY 3 MEBHUMH
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BXIIHUMHU 1 BHUXIZHUMH mapamerpamu. Lli Onokum 3B'A3yl0Tbcs MK €000IO,
YTBOPIOIOUM JIAHLIOKKK OOYHCIICHb, SIKI MOJENIOIOTh pealibHI MPOUECH s
nianpuemcTea [2, 3].

Monynb MEHEKMEHTY JaHuX 3a0esrmeuye 30epiraHHI Ta OOpOOKy
1H(opMarlii, 1o HAIXOAUTH Bl Pi3HUX JpKepell. BiH BiMOBiTae 32 CHHXPOHI3AIIIO
JAHUX MDK MOAYJIeM OJIOKOBOTO oOuuciaoBaya Ta rpadiyHuM iHTEpdercoM.
3aBASKU IIbOMY MOJYJIIO OTEpaTOPU MOXYTh OTPUMYBATH aKTyallbHY 1H(GOPMAIIIIO
PO CTaH TEXHOJIOTIYHMX MPOIIECIB B PSIKUMI peanbHOTro vacy [2, 3].

Monynb rpadiuHoro iHTep@eicy BiMOBIAA€ 32 CTBOPEHHS Ta B110OpaKeHHS
MHEMOcXeM. MHEMOCXeMHU € Bi3yallbHI MOJIEN TEXHOJOTIYHUX YCTAHOBOK, Ha SKUX
BiJIOOpaXkaroThes BCi eleMeHTH cucTeMu. OrepaTtopd MOXYTh SK CIHOCTEpIraTH
CTAHOM TIPOIIECIB, a ¥ YIpaBISATH HUMH, 3MIHIOIOUM TApaMeTPU OKPEMUX
€JIEMEHTIB HA MHEMOCXEMI.

HapuyanpHUiT KOMIUTEKC BKIIFOYaTHME METOAWYHI BKA3iBKU MO0 CTBOPCHHS
BiJDKETIB, 00pOOKH IMOIi Ta yIpaBIiHHSA MHEMocxeMamu [2, 3].

[IepeBaru Bukopucranus "Open SCADA™:

1. Bitumsnsae BupoOHUITBO: CHcrema po3pobieHa B YKpaiHi, IO
3abe3reuye 11 BIMOBIIHICTh BITYM3HSIHUM CTaHIapTaM Ta BUMOTaM.

2. Binkpura apxitektypa: MoxiuBiCTe Moau@ikaiii Ta pO3LMIUPEHHS
(GYHKITIOHATBPHOCTI CHCTEMH JIO3BOJISIE CTY/ICHTAM TIMOIIEe BHBUATH 1i BHYTPIIIHINA
YCTPIil.

3. MogemtoBanHs nianpueMcts Cucrema J03BOJISIE CTBOPIOBATH MOJEN1
IIJTAX TNPUEMCTB, IO JA€ CTYACHTAM MOMKIIUBICTH MPAKTHYHO 3aCTOCOBYBATH
oTpuMaHi 3HaHHSA [2, 3].

Henonikom Buxopuctranus "Open SCADA": nokymeHTalis BUSBHIIACS
HEJI0OCTAaTHBO JOKJIAQTHOK 1 CTPYKTypOBaHOW. BoHa MicTHiIa OCHOBHI BiJOMOCTI
npo (yHKIIOHATBHICTL CHUCTEMHU, aje€ HE JlaBajia IOBHOTO YSBIEHHS Mpo Ti
BHYTPIIIHIO apXITEKTYpy Ta B3a€MOJIII0 KOMIIOHEHTIB. Y 3B'I3Ky 3 HEJOCTaTHHOIO

1HQOpPMaTUBHICTIO JOKYMEHTaIli OyJ0o NpHHHATO PIIICHHS 3BEPHYTUCA 10
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BUX1THOTO KOAYy CHCTeMHU. BUBUEHHS BHXITHOTO KOAY JO3BOJMIIO OTPUMATH O1IbII
rboke po3yminns npunnuiis "Open SCADA" [2, 3].

BucHoBoOK:

Hocmimxenns cuctemu "Open SCADA" mokaszajo, 1[0 BOHA € TOTYKHUM
IHCTPYMEHTOM JJIi MOHITOPUHIY Ta YIpPaB/IIHHA TEXHOJOTIYHMMM HPOLECaMHU.
3aBASKM BIIKPUTIA apXiTEKTypl Ta MOKJIMBOCTI MoJau(Dikamii cuctreMa Moxe OyTH
e(eKTUBHO BUKOPHUCTaHA B OCBITHIX muIX. Hamanmi mnmaHyeTrbest po3poOka
HaB4yaJbHOTO KoMmIuiekcy Ha 0a3i "Open SCADA" mns kadpeapu AKIT, mo
JIO3BOJIUTH CTY[E€HTaM OCBOITH CTBOPEHHS BIIKETIB, 0OpOOKY MOIH Ta yIpaBiIiHHA
MHemocxemaMmu. Lle BiaKpHe HOBI MOMKJIMBOCTI JJIsi MPAKTUYHOTO 3aCTOCYBaHHS

3HaHb y TaJly31 aBTOMaTHU3alli Ta yIpaBiIiHHS.

Jlireparypa

1. [Tynena O.M. Po3poOneHHs TIOAMHO-MAalIMHHUX 1HTEpQENcIB Ta
cucTeM 30MpaHHs JTaHWX 3 BUKOPUCTAaHHAM mporpamHux 3aco0iB SCADA/HMI.
URL: https://pupenasan.github.io/hmibook/ (nara 3Bepuenns: 08.10. 2024).

2. Odimiitami caiT MPOEKTY «Open SCADAY. URL:

http://oscada.org/ua/golovne/ (nara 3eepuenns: 08.10. 2024).

3. Hoxymentamisi caity mpoektra «Open  SCADA». URL:
http://oscada.org/wiki/Home/uk (nmara 3Bepuenns: 08.10. 2024).
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YK 62-932:62.532

AHAJII3 NIAXOAIB 10 ABTOMATUYHOI'O HAITIOBHEHHS KOBIIIA
HABAHTAXKYBAYA
TI'ypxo B. O.

XapkiecoKuili HAUIOHATbHUIL ABMOMODITLHO-00POXHCHII YHIBEpCcUmem

[lepemilieHHsl CUIYyYHWX MaTepialiiB € HEBII'€MHOI YAaCTHMHOI OaraTbox
OyniBenbHUX POOIT. OCHOBHOIO MAIIMHOIO, SIKA MPHU 1bOMY BUKOPHUCTOBYETHCS, €
KOJIICHUH HaBaHTaXyBad. TUMoBHH poOOYMII LMK KOJICHOTO HaBaHTa)XyBaua
CKJIQIA€THCS 3 TPHOX €TalliB: 3aBaHTAXKCHHS KOBILIA MaTepiajioM, TPAHCIIOPTYBaHHS
MaTepiasly 1 WOro BHUBaHTaXEHHA. llepemilmieHHS HaBaHTaXyBada TMija dYac
TPAHCIIOPTYBaHHS MaTepialy MiX TOYKAMH 3aBaHTAXCHHS 1 BUBAHTAXKECHHS MOXKE
3IACHIOBATUCA 3 BUKOPUCTaHHSAM CYNYTHUKOBUX HaBiramiiinux cucrem GPS-
HaBiramii abo OUIBII CKJIAJIHUX METOMIB 3 00sacTi MOOLIBHOT podoToTeXHIKH [1].
BuBaHTa)keHHs1 Marepiainy € BIZHOCHO MPOCTUM 3aBJaHHAM JUIsl aBTOMaTu3alli i
MOKe€ OyTHM BHMKOHAHE MUIAXOM IPOTPAMHOTO KEpPyBaHHs, XOua B CKIIAJHIIIAX
BUTIAJKaX HEOOXiHO BUKOPHCTOBYBATH CHUCTEMH MAIIMHHOTO 30pY JUISI OILHKH
B1JICTaH1 KOBIIIA JIO TPAHCIIOPTHOTO 3aco0y [2].

CrocoBHO (pOHTAIBHMX HABAaHTAXXyBadiB HAWCKIAMHINIUM € 3aBIaHHS
aBTOMAaTUYHOTO 3aBAaHTAXKCHHS KOBINA MarepiaioM. 3 TOTJISAY IiIBUIICHHS
IPOAYKTHUBHOCTI HABAaHTAXKyBaya, a TaKOX Ui 3HWKEHHS IIKIJIMBOTO BIJIMBY Ha
HABKOJIMIITHE CEPEJIOBHINE HEOOXiTHO, MO0 KIBII 3allOBHIOBABCS MaTepiaioM
MaKCHUMaJIbHO 3a MIHIMI3allli MEXaHIYHUX HaBaHTa)XEHb HA MEXaHI3Mi CTPLIX Ta Ha
MAIIUHY B IJIOMY.

binpmiicte HasgBHUX poOIT, MPHUCBSIYEHUX aBTOMATH3allli HAaBaHTaXKyBadiB,
30CepeKEeH] Ha 3aBAaHHI aBTOMATUYHOIO YEpHaHHS MaTepialy 1 MPakTUYHO HE
PO3TIIAAAI0Th MUTAHHS BUOOPY MICLS 7Sl TOYATKY YEpHaHHs, MOKJIAAal0uuch Ipu
bOMY Ha JIOAMHY-olepatopa. | Bke MICisl KOHTAKTY KOBIIA 3 MarepiajioMm
cucTeMa yIpaBiiiHHS Oepe Ha ceOe BUKOHAHHSI oOmepailii HAlOBHEHHS KOBIIIA.

BO,Z[HO‘-IaC Ha HAIIOBHIOBAHICTh KOBIIIA BINIMBAE HOTO ITOJOKECHHS Iepea Imo4YaTkoM
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yeprnaHHs Matepiany. KiBiml HaBaHTakyBaya Mae BXOAMTH Y 3a01il 13 MaTepiajioM
rOpU3OHTAIBHO. B i1HIIOMY pa3i OyJe CKIajHile MOBHICTIO 3allOBHUTU KiBII, 1
Oyne ckiagHime 30epertu rapuuil npodins 3ab6oto. [lo ropuzoHTam KiBOI CIif
OpIEHTYBATH TaK, 100 OiIbIe 00'eMy MaTepialy 3HaAXOAMIIOCS B CEPEIMHI KOBIIIA,
a He 1o Horo kpasx. Lle nae 3Mory 3amo6irTu aCUMETPUYHOMY HaBaHTAXKEHHIO HA
KiBIII.

HasiBHI miaxoau moa0 aBTOMaTHYHOT'O 3aIIOBHEHHS KOBIIIA MOKHA PO3ALUTHTH
Ha Bl BEJIMKI IPYIU: MO IPYHTYIOTbCA Ha MOJOXKEHHSX Teopli aBTOMATHUYHOTO
KepyBaHHS, Ta MIIXOMW, IO MV KepyBaHHS HABaHTa)XyBaueM BUKOPHCTOBYIOTH
PI3HOMAaHITHI 1HTEIEKTyaabHI METO/IH.

[ligxomu, IO TPYHTYIOTBCS Ha JOCATHEHHSX TEOpii aBTOMATHYHOTO
KepyBaHHsS, 3aCHOBaHI Ha pO3B'S3aHHI 3aJadl ONTHMAJLHOTO KEpyBaHHS 3a
G13UYHUMHA OOMEXKEHHSIMHM Ta 3 YpaxyBaHHSIM TaKUX KPUTEPIiB €PEKTUBHOCTI, K
KOe(IIIEHT 3allOBHEHHSI KOBIA, MaJIMBHA €KOHOMIYHICTh 1 TPUBAJIICTh PoOOYOTO
nukiry. [IpukiragoM Takoro migxomy € po6otu [3, 4].

OcHoBHa po6sieMa BUKOPUCTAHHS TPAUIIAHOT TEOpli yIpaBIiHHS MOJIATAE B
HEOOX1THOCTI MOJICIIFOBAaHHS B3a€MOAIi MK KOBIIEM 1 MaTepiajoM, IO
BUMaeThcsa. ToOMy OCTaHHIM dYacoM Jiefiaji Olabllie yBaru NPHUIUISETHCS
IHTEIEKTyaIbHUM METOJIaM KepyBaHHS MTPOIIECOM HAITOBHEHHS KOBIIIA.

Cepen pimenb, IO BUKOPUCTOBYIOTHCS B paMKax 1HTEIEKTYaJIbHOTO
YOPABIiHHS, TOIIMPEHUMH € PIIICHHS, 3aCHOBaHI HAa BHUKOPWCTaHHI amapary
HeyiTKoi Joriku [5]. OJHaK OCTaHHIM YacoM HaMiTWiacs TEHACHIlS Ha Jenanl
MUpIIe BUKOPUCTAHHS TEXHOJOTIA MAalIMHHOrO HaB4aHHSA. [  1poro
BUKOPUCTOBYIOTHCS PIi3HI JIIHIMHI Ta HENIHIWHI alrOPUTMH HABUYaHHA: JiHINHHA
perpecisi, JepeBa MPUUHATTS pPIllIeHb, METOJ K-HAHONMXYMX CYCiIB Ta iHIIII.
OpHak HaWMEpPCHEeKTUBHINIMM HAMpPSIMKOM Oa4UThCS BUKOPUCTAHHS AJITOPUTMIB,
3aCHOBaHMX Ha HaBYaHHI 3 MiIKPITUICHHIM [6].

VY HaByaHHI 3 NIAKPIUJICHHSAM I1HTEJEKTYaJIbHUA areHT B3aEMOJIE 3
HABKOJIMIITHIM CEpEeOBHUIIEM, 3I1MCHIOIOYN TIEeBHI Aii. 3a pe3yJbTaTaMu IUX Aid
HABKOJIUIITHE CEPEIOBUIIE A€ areHTOBI a00 MO3UTUBHY BUHATOPOY 32 MPABHIbHY
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nito, MO0 CHOHYyKaTH areHTa, ab0 HETraTWBHY 3a HempaBwibHy. lle mporpamye
areHTa Ha TMOIIYK JOBTOCTPOKOBOI Ta MAaKCHMAJbHOI 3arajlbHOi BUHATOPOAM IS
JOCSITHEHHSI ONTHMAJILHOTO pIMIEHHSA. 3 YacoM CHCTeMa BYHMTHCS YHHUKATH
HETaTUBHUX 1M 1 BUMHSE TIJIBKY [TO3UTHUBHI.

BuxopuctaHnHs Takoro MiAXOAY JUIsl peajizaiii CHUCTEeMH KepyBaHHS
HABaHTAXyBa4deM J1a€ 3MOTY CHUCTEMI KepyBaHHS aBTOMAaTHYHO aqanTyBaTHCS JIO
3MIH CKJIaJy 1 BJIACTHMBOCTEW MmaTepially B 3a00i Ta 3 OrJsiay Ha I 3MIHIOBATH
TPAEKTOPIIO PYyXy KOBIIA 1 CHJIH, IO PO3BUBAIOTHCSA. CKIIAIHICTIO BUKOPUCTAHHS
HAaBYAHHS 3 MIAKPIIJICHHSIM JIJIi aBTOMAaTH3allli MpOIeCy 3alOBHEHHS KOBIIA
HAaBaHTa)XyBaya € BUMOTa JI0 3HAYHOI KUIBKOCTI HAaBUaJbHUX JIAHWUX, OTPUMAaHHS
SKUX B pEaIbHUX YMOBaX MOXe OyTH 3aTpaTHUM. BUXOJI0M € BUKOPHCTAHHS IS
HAaBYAaHHS KOMIT FOTEPHOI CHUMYJIAII, IO JIO3BOJIIE MOJICTIOBATH PI3HOMAHITHI
cueHapii TMpollecy HANmOBHEHHS KOBIIAa HaBaHTa)XyBaya 0e€3 pPHU3UKIB s

oOagHaHHS.

Jlireparypa:
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VJIK 621
MIKPOKJIIMAT ¥ CAJIOHI JOPOXXHbO-BY AIBEJIbHUX MAIIIVH TA
HOIo OCOBJIUBOCTI
Jyonuk O.B.

XapxiecbKuili HAUWIOHANLHUTL ABMOMOOLTILHO-00DP0XHCHIN YHIgepcumem, XapKie

MikpokiiMaT B CajJOHI JOPOXKHBO-OYIIIBEIbHMX MAIlIMH, TaKUX SK
€KCKaBaTopH, OyJba03epH, achaabTOyKIaJaIbHUKIB 1 TPEHIEpPH, TaKOXK BIJIIrpae
BaYKJIMBY POJIb B 3a0€31e4eHHI KOM(OPTY 1 €(PEeKTUBHOCTI pOOOTH ONEpaTopiB SK 1
B JICTKOBUX aBTOMOOUIAX 1 aBToOycax. I[i MammHM 9acTo eKCIUTyaTyHThCS B
CKJIQJHUX yMOBaX, WIO0 TMpeA'siBiAs€ OCOOJMBI BUMOTM JO MIKPOKIIMATY.
PosristHemMo OCHOBHI OCOONHMBOCTI 1 YUHHUKH, 110 BIUIMBAIOTh HA MIKPOKJIIMAT B
CaJIOH1 JOPOKHBO-OY IIBEILHUX MAIIHH.

MiKpokJliMar B CaJIOH1 JOPOKHbO-OY/IIBEIbHUX MAIllMH 3HAYHO BIUIMBAE Ha
NPOAYKTUBHICTh 1 Oe3neky omeparopiB. EdQexkTuBHI cucTeMH yIpaBIiHHS
TEMIIEpaTypol0, BOJIOTICTIO 1 BEHTWIALIEID, a TaKoX QUIbTpalis MTOBITPS 1
3HIDKCHHSI PIBHS NIyMy TparOTh KIIOYOBY pPOJb B CTBOPEHHI KOMQOPTHOTO
pobGodoro cepemoBuiia. MaifOyTHI TEXHOJOTi MOXYTh 30CEPEIUTHCA HA
1HTerpauii Oulbllle TPOCYHYTHX CHCTEM MOHITOPUHTY 1 YINpPAaBIIHHA, SKi
BPaxOBYIOTh 1HAMBIAyaldbHI TIEPEBArd OMepaTopiB i YMOBH, IO 3MIHIOIOTHCS, Ha
OyliBeIbHUX MalJaHuYMKaX.

PosrnsaemMo OCHOBHI 0OCOOIMBOCTI 1 YHWHHUKH, IO BIUIMBAlOTh Ha
MIKpPOKJIIMAT B CaJIOH1 IOPOKHBO-OYA1BETbHUX MAIIIUH.

1. Temneparypa.

* PoGoua Temmiepatypa. OmnepaTopu JOPOKHIX MAalTUH MOXKYTh MPAIIOBATH B
yMOBaxX 3HAYHUX TEMIEPATypPHUX KOJIMBAHb - BIJ CHJIBHOTO XOJOJY B3UMKY IO
xapu BiITKy. KoMdopTHa TemmepaTypa B KaOiHI MOBHHHA MIATPUMYBATHUCS B
nianasoni 18-24 C.

* Cucremu 0OIrpiBy 1 0XOJIOMKeHHS. JlopoKHBO-0yaiBEIbHI MAIllMHU YacTo

OCHAIIYIOThCSI 00irpiBauamMu Jjisi poOOTH B XOJIOJIHY IMOTOJY 1 KOHAMIIIOHEpAMU
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JUTSL OXOJIOJDKCHHS B JKapy. E(QexTuBHI CHUCTEMHU TEpPMOPEryJssilii KPUTHIHO
BKJIMBI JIJIS ITABUIIIEHHS PO IyKTUBHOCTI TIparl.

2. Bosoricts.

* PiBens Bostorocti. Bricoka BoyoricTh B KaOiHI MOK€ BUKJIMKATHU 3aIliTHIHHS
BIKOH, N0 TIOTIpIIye BHUAUMICTH 1 Oe3meky. PiBeHb BOJIOTOCTI ITOBHHEH
nigTpumyBarucs Ha piBH1 30-70% n1s 3aro0iranast TMCKOMQOPTY.

eCuctemu ocymieHHs. Jleski MallMHM OCHAIEHI CHUCTEMaMU OCYIICHHS
MOBITPA, SIK1 JOTIOMAararoTh KOHTPOJIFOBATH BOJIOTICTH 1 3a1100IraTH MOsIB1 IJTICHSIBU
1 3amaxis.

3. llIBuaKICTH MTOBITPSI.

* Bentunsamis. HasBHicTh Xopomioi BeHTWIALIT B KaOiHI BaxkJuBa IS
3a0e3medYeHHs] CBIKOTO TMOBITPS 1 3amoOiraHHs meperpiBanHio. [leski mammvHu
MalOTh CUCTEMHU, IO JO3BOJIAIOTH PETYJIIOBATH MOTIK MOBITPS 3aJ€KHO Bl OTPeO
oreparopa.

elllym 1 xomdopr. CunpHi TOTOKH TIOBITPS MOXYTh CTBOPIOBATH
nuckoMdopT, ToOMy HEOOXITHO BpPaxOBYBaTH PIBEHb IIyMYy 1 OMip MOBITPSHUM
MOTOKaM TIPH MPOCKTYyBAaHHI CUCTEM BEHTHJIALIII.

4. 3a0pyaHIOI0Yl PEYOBHHH.

* OinpTparis noBiTpsA.B yMoBax OyniBeNbHMX Mai/laHYMKIB ICHY€E BHCOKHMA
pU3UK 3a0pyAHEHHS TOBITPS MUJIOM 1 IHIUMHU YacTkamu. EdextuBri QinbTpu B
CcHUCTeMaxX BEHTHJIALIT I0TIOMAararTh 3aXUINATH OMepaToPiB BT MIKIIITUBUX JIH.

e lum 1 3amaxu. BuxjomHi rasu BiJl IWU3EIBHUX JBUTYHIB 1 PI3HI 3amaxu
MOXYTh CKynmuyBatucs B KaOiHi. CydacHi cuctemMu (QuibTpamii 1 BEHTHIISIIT
JOTIOMararoTh MiHIMI3yBaTu 1l e(eKT.

5. PiBeHb mrymy.

* [llymoBe 3a0pyaAHEHHS. TOPOKHBO-OY/iBETbHI MAaITUHU T€HEPYIOTh BUCOKHUI
pIBEHB LIyMYy, 110 MOK€e OyTH HECHPHUSTIIUBE AJis 310pOB's oneparopiB. EdpexkTuBH1
3aX0M MO 3HW)KEHHIO IIyMy, Taki $K BHKOPHCTAHHS 3BYKOI130JSLINHUX
MarepiajiB, MOXKYTb ICTOTHO T1JBUIIUTH KOMMOPT.

*3n0poB's 1 Oe3neka.TpuBana nis IIyMy MOXE MNPUBECTH 10 MpoOJieM 13
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CIIyXOM 1 IHIIMX 3aXBOPIOBAaHb, TOMY BaXJIHMBO JOTPUMYBATHUCS HOPM 1
pPEeKOMEH/ Al 10 PIBHIO IITyMY.

6. AJanTUBHI CUCTEMHU YIIPaBIIHHS MIKPOKIIMAaTOM.

* [HTenekTyanbHl TEXHOJOTIi. BHpoBa/KEHHS I1HTEIEKTyaIbHUX CHCTEM
YOPABIIHHS, 3aCHOBAHMX Ha JaTYMKaX, MOXKE JOMOMOITH B aBTOMAaTHYHOMY
peryJjitoBaHHI MIKpokiIiMaTy B caioHi. [li cucTtemMu MOXYTh BIACTEKYBaTU
nmapaMeTpu, Taki SK TeMmIepaTrypa, BOJIOTICTh 1 pIBeHb 3a0pyJHEHHS, 1
aBTOMAaTHUYHO HACTPOIOBATH pOOOTY CUCTEM OOIrPiBY, OXOJIOKEHHS 1 (UIbTpallii.

s [aauBinyanbHi  HajamTyBaHHS.  OmepaTopd  MOXYTb  HAacTPOIOBATH
KJIIMAaTUYHI YMOBH I1iJT CBO1 MEpeBary, 1o MOXe BKJIFOYATH 3MIHA HANpsMY 1 CUJTH
MOTOKY MOBITPS, TEMIEPATYPHI HAIAIITYBAHHS 1 PIBEHb IIYMY, 110 Y CBOIO YEpry
CIpHSI€E MABUIICHHIO 33]T0BOJICHOCTI POOOTOIO.

7. EHepreTnyHa e()EKTUBHICTb.

* EHepros0epexHi TexHosorii. CucTeMH yNpaBiliHHS MIKPOKIIMAaTOM MOXYTh
OyTH 1HTETpOBaHI 3 EHEPro30EpEeKHUMU TEXHOJOTISIMHU, 1100 3MEHIIUTH
CIIO)KMBAHHS TajdMBa 1 TIOHWU3WTH BUKWAW. Hampukiaa, BUKOPUCTaHHS
CJIICKTPUYHUX 00IrpiBadiB a00 KOHICHCAI[IWHUX CHUCTEM IS OXOJIOKCHHS MOXKE
JIOTIOMOT'TH TIOHW3UTH HaBaHTA)KCHHS Ha JIBUTYH.

* ApTepHaTUBHI JpKepena eHeprii. MaiOyTHe OpPOXHBOI TEXHIKM MOXKE
OyTH TIOB's3aHE 3 BUKOPUCTAHHSM abTEPHATUBHUX JDKEpPET CHeprii, Takux SK
COHSIYHI TIAHEJI1, 110 JI03BOJIMTh 3MEHIIUTH 3aJICKHICTh Bl TPATUIIMHUX JHKEPEI 1
M1JBUIIUTH €KOJIOTIYHY CTIAKICTb.

8. Ergonomics and Operator Comfort.

* Epronomika po6oyoro wmicug. JuzaiiH kaOGiHM 1 pO3TalllyBaHHS €JIEMEHTIB
YOPaBIIHAS MaOTh OyTH 3pyYHHMH JJIS OINEpaTopa, MO JO03BOJISIE 3MEHIIUTH
¢b13uuHy Hampyry 1 MOJIMIIMTA YMOBHU Mparli. XOpolla BHIAUMICTh 1 JIOCTYI /10
€JIEMEHTIB YIPABIIHHS JIONIOMAaralTh CKOPOTUTH 4Yac peakiii 1 MiJBUIIUTH
Oe3IeKy.

* [llymoizomsist 1 kombopt. IlpuaiierHs yBaru mrymMoizofsiii 1 KompopTy
CH/iHb, a TAaKOXX BHUKOPUCTAHHIO aMOPTHU3YIOUMX TEXHOJOTIH, MOXE 3HA4HO
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NOHU3UTHU PIBEHb BTOMU ONEPATOPIB BIIPOJIOBK TPUBAIHUX 3MiH.

9. HaBuanHs 1 0013HaHICTb.

* Hapuanns omnepatopiB. HaBuaHHs mnpaliBHUKIB MpPaBHJIbHIM €KCIUTyaTawii
CHUCTEM KJIIMaT-KOHTPOJO 1 PO3yMIHHIO iX dii Ha 370pOoB's 1 Oe3MeKy MOoxKe
JIOTIOMOTTH B ONTHMI3aIlii yMOB poOOTH. 3HAHHS OCOOJMBOCTEH MIKPOKJIIMATY 1
IPaBUJIBHOTO HOr0 PEryJrOBaHHS JI03BOJISIE€ ONIEpaTopaM MpamoBaTi e()eKTUBHILIE
1 6e31euHo.

* MOHITOpPHHT CTaHy 370pOB's. BrpoBa/keHHS TporpaM IO MOHITOPHHTY
3JI0pOB'sl  ONEPATOpPiB, BKIIOYAIOYM PETYJISPHI MEIWYHI OISO 1 OUIHKY il
MIKPOKJIIMaTy, MOKE€ JOTIOMOTTH y BHSBIICHHI MHpoOJeM Ha paHHIX CTamisgx 1
CTBOpPEHHI 3J0POBIIIMX YMOB TIpAalli.

10. [aHOBAIIIITHI TEXHOIOTI1 JJIsI MOHITOPHHTY MIKPOKJIIMATY.

* larunku 1 loT. BukopucranHsS HaT4MKIB JIi MOHITOPUHTY TapameTpiB
MIKPOKJIIMATy B peajbHOMY 4Yacli — L€ 1HHOBAL[IMHE pIIIEHHA, 110 J03BOJIsIE
30upaTy JaHi MpO TEMIepaTypy, BOJIOTICTh 1 piBeHb 3a0pyAaHEeHHs. [HTerparis 3
Intepuerom peueit (IoT) mae MOXIMBICTD BUAAICHO YIPABISITH 1 aHATi3yBaTH i
JlaHi, 110 JO3BOJISIE OTIEPATHBHO pearyBaTH Ha 3MiHU B yMOBaX poOOTH.

e[Iporpamue 3abe3neuyeHHss i a”amizy. Po3poOka  mporpamHOro
3a0€e3MeueHHs], SIKe MOXKe OOpOOIsATH JaHi 3 JaT4MKiB, JI03BOJISIE BUSIBISTH
3aKOHOMIPHOCTI 1 mepeadadaTd MOXIJIHMBI 3MIHM B MIKPOKJIIMATI, IO CIPHUSE
MOJIIMIIEHHIO IJIAHYBaHHA pOOOTH 1 MiHIMI3aIlli HEraTUBHUX YWHHHUKIB.

11. Crilikuil pO3BUTOK 1 €KOJIOTIS.

* Exosioriuni craHmaptd. B yMoBax MiJBHUINIEHHS €KOJOTIYHHUX BHMOT Ha
OyIlIBEIbHUX MaiIaHYMKaX, BIPOBAHKEHHS TEXHOJIOTIH, SIKI 3MEHIIYIOTh JIiI0 Ha
JOBKULJIS,, CTAa€ BAXKIWBHM aCIEKTOM. BHKOpHUCTAaHHS €KOJOTIYHO YHCTHX
MaTepiayiB 1 TEXHOJIOTIH JUIsl TOJNIMIIEHHS MIKPOKIIMaTy B KaOiHI MOXe
M1JBUIIUTH PiBEHb BIAMOBITHOCTI CTaHIapTaM CTIMKOTO PO3BUTKY.

* PeLMKIIIHT 1 HOBTOPHE BUKOPUCTaHHS. 3aCTOCYBAaHHS MaTepialliB, K1 MOXKHA
nepepoouT abo TMOBTOPHO BHUKOPHUCTATH, JIONIOMAara€ CKOPOTHUTH KUIbKICTh
B1IXOA1B 1 MOJIMIINTH €KOJIOTTYHUHN CH1J] JOPOKHBO-OY IIBEIHHOT TEXHIKH.
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12. TlcuxomnoriuHi actiekTa poOOTH.

* [Icuxonoriuauii komdopt. JloOpe opraHizoBaHW MIKPOKJIIMAT B KalOiHI
cripusic He Juie (PI3MYHOMY, aje 1 IMCHXOJOT1YHOMY KOMGOPTY OIepaTopis.
3py4Hi YMOBH Tparli 3MEHIIYIOTh CTPEC 1 CTOMIIFOBAHICTD, 110 OCOOJIMBO BaXKIUBO
B YMOBaX TPUBAJIUX 1 IHTCHCUBHUX POOITHUKIB 3MiH.

* CowiasibHi B3aemoii. B geskux Bumajgkax KOHCTPYKIIl KaOiH MOXYTb OyTH
3MiHEH1, 00 CTBOPHUTH BIAKPHUTIMI 1 JOOPO3UWIMBINII YMOBHU JUIsl CHUIKYBaHHS
MDK wieHaMd KomaHau. lle Moxe NIABHINMTH 3arajbHy MOpPaJb 1 3MIIHUTH
KOMaHJHHUM OyX.

13. CrangapTusaliis i peryJssiis.

*Hopmu 1 cranmaptu. Po3poOka 1 BHOpPOBa/PKEHHS CTaHAApTIB IS
MIKpOKJIIMAaTy B KaOiHaX JOpOXHBO-OYIIBETbHUX MAIMH MOXE CIPHUATH
MONIMNIICHHIO yMOB TMpari 1 TWiJIBUINCHHIO Oe3reku. Peryasatopu MoOXyTh
BCTAHOBUTHU MIHIMaJIbHI BUMOTH JO CHUCTEM KJIIMAT-KOHTPOJIO 1 BEHTHJISIIS, IO
3a0e3neunTh OLTBIIT BUCOKUN PIBEHBb 3aXUCTY JJIsI OTIEPATOPIB.

* Ayautu 1 ouiHkd. Ilepioguuni ayauTH MIKpOKIIMATy 1 yMOB IMpall Ha
OyIniBenTbHUX MaWJaHYUKaX JIOTMIOMOXYTh BHSIBUTH MPoOJIeMHI oOjacTi 1
BU3HAYUTH, K1 3aX0A HEOOX1HO BXKUTH I IX IOJIIIIIIECHHS.

14. Maii0yTHe MIKpOKJIIMAaTy B JOPOKHbO-OY/I1BEJIbHIN TEXHILII.

* ABTOHOMHI CcUCTeMH. B MailOyTHROMY MOXJIMBA IHTETpallisi aBTOHOMHHX
TEXHOJIOTIN, SIKI aJanTyBaTUMyThCS JO 3MIH B JOBKULI 1 aBTOMATHUYHO
HACTPOIOBATH MapaMeTpy MIKPOKIIIMATY JJII ONTUMAJIbHUX YMOB POOOTH.

* Ctilikuii po3BuToK. OCHOBHA yBara Oy/e mpuijieHa HE JUIIE IiIBUIIEHHIO
KoM(DOpTYy, ajne 1 CTBOPEHHIO CTIMKIIIMX JI0 3MIH KJIIMAaTUYHUX YMOB CHCTEM, IO
MO’K€ 1ICTOTHO MIABUIIUTH €(PEKTUBHICTH 1 O€3MeKy poOOTH B YMOBaxX HECTAOIbHOT
TIOTO/IH.

BucnoBok. MikpokiimMar B KaOiHI JOPOXHBO-OYAIBEIbHUX MAIIUH - L€
OaraTorpanHa mnpoOjema, sKa BHUMAarae KOMIUIEKCHOTO MiAXOAY [0 pIIICHHS.
BropoBamkeHHs: 1HHOBAIIMHUX TEXHOJOT1H, yBara J0 TICHUXOJIOT1YHUX AacCIeKTiB,

CTaHJapTu3allisl yMOB Tpalll 1 TypOoTa MpPO €KOJOTiH0 CTBOPIOIOTH OCHOBY st
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6e3neqHInmoro i KoMmGopTHIMOro podovyoro cepeaoBuiia. MaibyTHe B 1iif 001acTi
00i11s€ 6araTo IiKaBUX 1 KOPUCHUX PIIICHb, COPUSIIOUNX HE JIUIIC MiIBUIICHHIO
epeKTUBHOCTI POOOTH, aje 1 TOJIMIIEHHIO SKOCTI >KUTTS ONEpaTopiB Ha
OyIiBeIbHUX MalJJaHYHKaX.

MikpokiaiMar B KaOiHI JIOPOKHBO-OYAIBEIbHUX MAIIMH € KOMIUICKCHUM
SIBUIIIEM, BIJI SIKOTO 3aJI€KUTh HE JIMIIE KOM(OPT, aje 1 IPOIyKTUBHICTH 1 Oe3neka
omneparopiB. CydacHi TEXHOJOTii 1 MIAXOAW 10 YMPAaBIIHHSA MIKPOKIIMAaTOM
MOXXYTh 3HAQ4HO TMOJINIIMTH YMOBHM Tpami Ha OyJiBeJbHUX MaiJlaHunKaXx.
[TpuaisieHHs yBaru yciM acrnekTaM MIKpPOKIIMAaTy - BiJ TEMIEpaTypH 1 BOJOTOCTI
JI0 IIyMYy 1 3a0pYyJIHCHHS - € HEOOX1JIHMM KPOKOM J0 CTBOPEHHSI €(PEKTHBHOTO 1
0€e31eYHOoro poboUoro cepeoBUIla, CIPUIIOY0T MAKCUMAIBLHOI MPOAYKTUBHOCTI 1

Osaromnoxyydsi CiBpoOITHHKIB.

Jlirepartypa:

1. MikpoxiaimMaT MacakKUupChbKOro MPUMIIIEHHS Ky30Ba 1 €CTETHYHI BUMOTH.
URL.: https://budtehnika.pp.ua/10006-mkroklmat-pasazhirskogo-primschennya-
kuzova-estetichn-vimogi.html.

2. IlopiBHsTBbHA XapaKTEPUCTUKA Mpalll MAIIMHICTIB JJOKOMOTHUBIB Ta BOJ11B
BaHTakHOTO TpaHcmopty. URL: http://dspace.nbuv.gov.ua/bitstream/handle/123
456789/134708/18-lena.pdf?sequence=1.

3. CucremMn KOHAMIIIOBAaHHS Ta TEPMOPETYJIIOBaHHA B KabiHax

oyniBenpuux MmamuH. URL: https://www.eberspaecher-climate.com/ua/uk/sferi-

zastosuvannja/budivelni-mashini.
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YK 621.4
AHAJII3 CUCTEM YIIPUCKYBAHHS ITAJIMBA
Kannyn b.A.

XapkiecbKuili HAUWIOHANLHULL ABMOMOOITILHO-00DPOXHCHINL YHigepcumem, XapKie

[lepun cucteMu YyNpUCKYBAaHHS MaJMBa 3'ABHIIMCS HA MOYATKy XX CTOJITTS.
Boum Oynu MexaHIYHMMHM 1 NpH3HA4Yaaucs JUIS aBlalliiHUX JBUTYHIB, e
KapOwoparop He 3abe3rneuyBaB MOTPiOHOT TOYHOCTI. Y 1950-x pokax mexaHI4yHI
CUCTEMHU YIPHUCKYBaHHS IIOYaJd 3aCTOCOBYBAaTM B aBTOMOOUISIX, OCOOJMBO B
CHOPTUBHUX MOJENSIX, 10 BUMararoTh BUCOKOi MpoaykTuBHocTi. [IpoTe macose
BIIPOBA/PKCHHSI CUCTEM YIPUCKYBAHHS MajvBa B aBTOMPOMI CTANOCA IMi3HIIIE - B
1980-x, 3 mosiBoro enekrpoHHoro ynpuckyBanus (EFI). Emexkrponika mo3Bosmia
3HQYHO TIOJIMIIMTH TOYHICT, 1 €QEKTUBHICTh IIOJJaHHS TajuBa, IO OyIIo
HEMOXJIMBO 3 MeXaHluHMMH cuctemamu. Ha mpomy ¢oni cucremu EFI cramm
crtanaaptom [1].

3 pO3BUTKOM TEXHOJIOT1i, 3'SBUJIMCS 1 1HII BUAM YIPUCKYBAaHHS - HAIIPUKIIA],
oe3nocepenne (GDI) 1 6araroroukose ympuckyBaHHs (MPI), sxi mpogoBXyrOTh
€BOJTIOLIIOHYBATH JIJIS ITIIBUIIIEHHS €KOJIOTTYHOCTI 1 €(EKTUBHOCTI.

OCHOBHI BUJIM CUCTEM YNPUCKYBaHHA [2]:

* MEXaHIYHE YIMPUCKyBaHHA. PaHHI CHUCTEMH MEXaHIYHOTO YIPUCKYBaHHS
BUKOPHCTAJIN HACOCH 1 PEryJsATOPH TUCKY IS MOJAaHHSA NanvBa B mutiHgpu. Lli
cucteMu OynM HaAlMHUMH, aje iX HaJallTyBaHHS 1 PEryJIIOBAaHHS 3ailManu 6arato
yacy. MexaHiuHI CHCTEeMH J0C1 MOKHA 3HAWTH Ha JACSKUX CTapUX CIOPTHUBHHX
aBTOMOOIJIAX, ajlé BOHM BBAXKAIOTHCS 3acTapiiiMU Yepe3 HecTady THYYKOCTI i
TOYHOCTI;

 enexktponHe ynpuckyBanHs (EFI). B enexktponHiéi cucrteMi ynpucKyBaHHS
onok ympasiaiHHg (ECU) perymioe mnogaHHss nOajivBa Ha OCHOBI JaHUX 3
JTATYMKIB(TEMIIEpaTypy, KUCHIO, IMOJIOKEHHS JPOCENIbHOI 3aciiHKM Ta iH.). Lle
JTIO3BOJIMJIO 3HAYHO MIJABUIIUTH TOYHICTh, OCKUIBKH KOMIT'IOTEp MOCTIHO KOPUTYE
ckian cymimi. EFI craB cranmaprom y OUIBIIOCTI aBTOMOOLTIB, OCKUIBKU
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3a0e3neuye eKOHOMIYHICTb 1 MPOCTOTY aJaNTallii 10 pi3HUX YMOB;

* 0esnocepenne ynpuckyBanHs nanuBa (GDI) [4]. B cucremi GDI manuBo
MO/TA€THCS IT1]T BACOKMM THUCKOM MPSIMO B KaMepy 3ropaHHs, 110 T03BOJISE TOYHIIIE
KOHTPOJIIOBATH 3rOpaHHs CyMiIi 1 miaBuIye epeKTUBHICTh ABUTYHA. [IpoTe Taki
CHUCTeMM CKJIQJIHIII 1 BHUMAararmTh JOPOTOro OOCIyrOBYBaHHS, OCOOJHMBO IpHU
3a0pyIHEHHI (DOPCYHOK;

* baratroroukoBe ympuckyBanus (MPI) [5]. B MPI xkoxna ¢opcyHka
po3nuisiyia TajauBO Oe3MocepeHbO IMepell BIYCKHUM KianmaHoM IwiiHapa. lle
3a0e3reuye pIBHOMIPHUN PO3MOJII MaduBa MO UUJIIHIApPaX 1 J03BOJISIE YHUKHYTH
neperpiBanHs ABuryHa. MPI BBakaeTbcs MEHII TEXHOJOTIYHO CKJIAHOIO
cucteMoro B nopiBHAHHI 3 GDI, ane mMoxe moctynarucs B €KOHOMIYHOCTI 1 pPIBHI
BHUKH/IIB.

KoxHa 3 cucteM Mae CBiii MeXaH13M MOJIaHHS MaJUBa.

MexaHiuHe YNPUCKYBaHHS IMpalioe Ha 0a3l TIAPaBIIYHUX 1 MEXaHIYHUX
KOMITOHEHTIB - PO3IMOJIILHUX BalliB, HACOCIB BUCOKOTO THCKY 1 PeryisTopiB. Y
IIbOMY BapiaHTI MOJIaHHS MaJMBa 3aJICKHUTh BiJ MEXaHIYHMX YMHHUKIB, TAKUX SIK
MIBUKICTH IBUTYHA 1 HABAaHTAKCHHS.

Enextponne ynpuckyBanusi (EFI) [6] BukopucToBy€ €neKTpUYHI CUTHAIHU 1
OJIOK ympaBiiHHS JUIs KOHTPOJIO HAJX KOXHUM YIPUCKYBaHHSM. JlaTumkw
nepenarTh iH(Gopmaliro B peanbHoMmy daci, a ECU ympaBnsie dopcynkamu,
BIJIKpUBAIOYH 1 3aKPUBAIOYH iX TOUHO Ha MOTPIOHMIT Yac.

besnocepenne  ympuckyBanHss  (GDI)  Bumarae  BHUCOKOrO  THCKY,
CTBOPIOBAHOTO CIIEIIaIbHUMU HACOCaMHU, 10 J03BOJISIE BBOJUTH MATKUBO MPSIMO B
HWTIHIPHU. 3aBISKH 1IbOMY KOHTPOJII0 Haj nporiecoM ropinHs GDI nmigsumye KK/
1 3MEHIITy€ BUKUIH.

bararoroukoBe ymnpuckyBanHsi (MPI) posnopainse manuBo mepea KOXHUM
BIIYyCKHUM KJIallaHOM, 1110 3a0e3reuye Ouibllie piBHOMIpHUM po3noaul. Tuck
NOJaHHs TyT HU4e, HiK B GDI, mo poOuTs cuctemy JenieBuie 1 HaaiiHilIe.

EdexTuBHICTD 1 BIUIMB HA €KOHOMIIO TaJINBA.

MexaHiuHe yOpUCKYyBaHHS MEHII €(QEeKTHBHE, OCKIJILKH HE J03BOJIIE TOYHO
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[1UTAIITYBaTH CyMINI IM1]1 yMOBH €KCILTyaTarlii.

EFI  3a0e3meuye 3HayHe CKOpPOYEHHS  BUTpaTH TNajMBa  3aBISKHU
KOHTPOJILOBAHOMY  CKJIaJy cyMimm. MOXIHUBICTD TOYHOTO  PEryJIOBaHHS
YOPUCKYBAHHS O TATYUKAX MIHIMI3y€ BTPATH MaTUBA.

GDI BBakaeThcst OAHIEIO 3 HAHEKOHOMIYHIIIMX CHUCTEM, OCKIJIBKH 3aBISKU
TOYHOMY YIPABIIHHIO MOJAHHSM MOKHA PEryJIIOBaTH CKJIAJl CyMIIIl Ha PiBHI
okpemux IwmiHApiB. [lpu HU3bKkUX o6oporax GDI no3Bomnsie mparoBaté Ha
301IHEHIH CyMilIll, EKOHOMJISTUU MTAJIUBO.

MPI takox 3a0e3nedye NajvBHY €KOHOMIIO, ayie Jemo noctynaersesa GDI B
IUTaHI TOYHOCTI TMOJAHHS 1 KOHTPOJIIO HaJ 3TOPaHHSM, OCOOJIMBO HAa BUCOKUX
obeprax.

BruinB Ha BUKHIM 1 EKOJIOTTYHICTE.

MexaHiuHe YIPUCKYBaHHS TIeHepye OUIbIIe BUKHJIB, OCKIJIBKH HE MOXKE
3a0e3MeunTy CTadlIbHUI CKJIa] cyMilll 1 €()eKTUBHE 3TOPAHHS.

EFI no3Bossie onTtumMizyBaTé CyMIIll TaJWBa 1 MOBITPS, 3HIKYIOUM BUKUIU
HIKIJUIMBUX PEYOBHMH, TaKWX SK YaJHUM ra3z 1 He3ropiiai ByrieBojHi. i cucremu
3a3BUYail OCHAIMYIOTHCS JaTYMKAMH KHCHIO 1 KaTami3aTopaMd ISl KOHTPOJIO
BUXJIOITY.

GDI no3Bonsie 3HauHO MOHM3UTH BHUKUAM CO2 3aBIAKH €(PEKTUBHOMY
sropanHo. IIpore, i3-3a 0COOGIMBOCTEH TOro, IO PO3MWISIIO IAjduBa, B TaKHX
CHUCTEMaxX MOJKE YTBOPIOBATUCS OLJIbIIE MEJIKOJUCIIEPCHBIX dYacTok. CydacHi
MO/IeJIl BUKOPUCTOBYIOTh CIIELIaNIbHI (PUIBTPU AJ11 3MEHIICHHS TAKUX BUKH/IIB.

MPI MeHm wytnuBuii 10 3a0pyaHeHHS (OPCYHOK 1 MOXE MIATPUMYBATH
cTablapHI BUKHUIU YIPOAOBXK AoBroro dyacy. Ilpore cucremu MPI He 3aBxkau
BIJIMMOBI1AAI0Th HAMCTPOTIIMINM €KOJIOTIYHUM cTaHaapTaM o Bukumax CO..

VY nepcrekTuBi, YIpUCKyBaHHs NajauBa Oye Ie TOYHIIINUM, 11100 BIAMOBiAaTH
3pOCTal0YMM BUMOTaM JO €KOJOriyHocTi 1 edekTuBHOCTI. Cepen MOMXKIMBHX
HaIpsiMiB PO3BUTKY :

Kom6iHOBaHI cHUCTEMHU YNPUCKYBAaHHS : JIEIKI aBTOBUPOOHUKU PO3POOIISIOTH
cucremu, mnoeauyroui GDI 1 MPI, mo pgo3Boisie A0CATTH MaKCHUMalbHOT
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e(pEeKTUBHOCTI MPH PI3HUX PEKUMaX poOOTH JBUTYHA.

InTerpariss 3 TIOpUAHUMU CUCTEMaMH: Yy Mipy 30UIbIIEHHS KUIBKOCTI
riOpUIHUX aBTOMOOLIIB, TEXHOJOTIi YHIPUCKYBaHHS aJanTyHOThCA O poOOTH B
3B'SI3II 3 CJNEKTPOJABUTYHAMH, 1100 MIHIMI3yBaThd BUTpaTy TMajuBa B
KOMOIHOBAaHOMY PEKHMI.

[TyyHuil 1HTENEKT 1 MallMHHE HaBuyaHHA : 3actocyBaHHs MU moxe
JIO3BOJIUTH aJanTyBaTH YIIPUCKYBAaHHS B PEAIbHOMY 4aci, BpPaXOBYIOUH SIK PEKUM
PYyXy, TaK 1 3HOC IBUTYHa.

AnpTepHaTUBHE NAJIMBO: CUCTEMH YIPUCKYBaHHS ISl BOJHIO abo OlomanuBa
MOXYTh CTaTH PEAIbHICTIO, BIIKPUBAIOYM HOBI TEPCHEKTUBU JUISI €KOJOTIYHO
YUCTUX aBTOMOO1TIB.

3 MpoOBEECHOTO aHaIli3y MOXHA 3pOOUTH HACTYITHI BUCHOBKH.

1. EBoyroriisi 1 TEXHOJIOTIYHA PI3HOMaHITHICTb. CHCTEMH YIPUCKYBaHHS
najvBa TMPOUNUIA 3HAYHWUK MIIAX BiA TMPOCTHX MEXaHIYHUX MPHUCTPOIB [0
BHUCOKOTEXHOJIOTIYHUX eNeKTPpOHHUX 1 mpsmux ymopckyBanHs (GDI). Koxna
cucrema, Oyapb TO MeXaHIYHa, €JIEKTpPOHHA abo 0araroTo4ykoBa, 3'ABHIIACA Y
BIIMOBIIb HAa KOHKPETHI TEXHIYHI BHKJIWKM 1 3alWTH Ha TOJIMIICHHS
€KOHOMIYHOCTI 1 €KOJIOTTYHOCT1 aBTOMOOLITIB.

2. [ligBumienHs edeKTUBHOCTI 1 3HWKEHHS BuTpatn mnamuBa. CydacHi
cuctemu ynpuckyBauHs, Taki sk GDI 1 EFI, 3naTHi 3Ha4HO 3HMKYBaTH BUTpATy
NaJIMBa 32 PaXyHOK TOYHOTO YIPABIIiHHS MOJAHHSIM MalvBa i ONTUMIi3alii CKIamxy
cymimi. Ile Oe3nmocepenHbO BIIOMBAETHCS HA CKOPOYEHHI EKCIUTyaTalliHHUX
BUTPAT JIJIs1 CIIOKUBAYIB 1 3HM)KCHH1 IITKOIU JUTIS JIOBKLLJIS.

3. IlomimiieHHsT  €KOJIOTIYHUX  TOKAa3HUKIB. 3  PO3BUTKOM  CHCTEM
YOPUCKYBAHHS BAAJIOCS MMOMITHO 3MEHIIMTH BUKHUIM IIKIJJTMBUX PEUYOBUH, TAKHX
gk CO2, yagHWii ra3 1 BYIVIEBOJHI, IIO CTaJ0 BAXJIUBUM KPOKOM st
aBTOMOOITBLHOT MPOMHUCIOBOCTI y 0opoTh0i 3a ekojorito. Ilpu 1upomy
3aJIMINAI0ThCA MPOo0IeMH 3 APIOHOAUCTIEPCHUMHU YaCcTKaMU, OCOOJIMBO B CUCTEMax
GDI, sixi akTUBHO BUPIIITYIOTHCS YCTAaHOBKOO (D1JILTPIB.

4. Tenpenuii maitOytuporo. KomOinoBani cuctemu, Il 1 amanramis 1o
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QIBTEPHATUBHUX JUKEPEN €HEeprii JIEMOHCTPYIOTb MOJKJIMBOCTI MOJAIBLIOTO
PO3BUTKY YNPHUCKYBaHHS TNanvBa. BOHM BiAIrpaBaTUMYyTh BaXXJIMBY pOJIb B
MOJTIMIIIEHH] MOKa3HUKIB T1OpUIHUX 1 BOJHEBUX aBTOMOOUTIB, CIIPUSIOYHU TIEPEX0TY
JI0 CTIMKIIIUX 1 €KOJIOTIYHO YHUCTIMINX PIllIeHb.

TakuM 4MHOM, CHCTEMH YNIPUCKYBAaHHS IMajJuBa CTAIOTh HE IPOCTO YACTHHOIO
JIBUTYHA, & BaXJMBUM €JIEMEHTOM E€KOJIOT1YHOI MOJITUKH 1 €Heproe(eKTUBHOCTI

aBTOMOO1JIIB MaifOyTHHOTO.
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YK 004.896
MAHNINHHE HABYAHHS ITPU KEPYBAHHI BY IIBEJIBHUMH
POBOTAMHA
Mipownuk B.A.

MobisibHa poOOTOTEXHIKA aKTUBHO PO3BUBAETHCS, 3HAXO/IIYU 3aCTOCYBaHHS B
YHCIIEHHUX cepax: Bij MepeBe3eHb J0 CLIILCHKOTO TOCTOAPCTBA, BiJl MEAUIIMHU JI0
pPATYBAJIbHUX POOIT Ta 3aCTOCYBaHHA y LUIIX 0OOOpoHU. BuKOpucTaHHS Takux
pOOOTIB 3HAYHO MIABUILYE NTPOAYKTHBHICTb, SIKICTh 1 O€3MeKy BUKOHYBaHHX
3aBJIaHb.

[lepcrieKTHBHOIO Tally3310 3aCTOCYBaHHS MOOUIBHUX POOOTIB € OY/IBHUIITBO.
bynisensHi MoO1mbHI poboTH (BMP) MOXYTh BUKOHYIOTH 3eMJIsiHI poOOTH,
MIePEBO3UTH MaTepiaiu, 3M1MCHIOBATH MOHITOPHHT TpoIiecy OyMIBHUIITBA 3 METOIO
NEPEBIPKHU iX SKOCTI Ta CTPOKIB BUKOHAHHS pOOIT TOLIO.

Po3pobka Ta Bukopuctanass BMP notpebye oco6imBoi yBaru 10 riiaHyBaHHS
ixaporo pyxy [1], amke OymiBenbHI MalJaHUMKH XapaKTEPU3YIOTHCS CKIAIHUM,
HECTPYKTYpOBaHUM CEPEJOBHIEM. Y TaKMX YyMOBaxX €(QEKTUBHO MPALIOIOTh
CUCTEMU KepyBaHHS Ha OCHOBI IITYYHOTO 1HTEIIEKTY.

VY npaniit po6oTi aia nodynosu b/IP nuiaxy nponoHyeTbcss BUKOPUCTOBYBATH
MalTuHHE HaBYaHHS 3 MIIKPIIICHHAM. Takuil miaxia 10 MalTiHHOTO HaBYaHHS HE
BUMAarae IMomnepeaHbo 3i0paHux AaHux [2], ajpke HaBUaHHS BiOYBAa€ThCS uepes
B3a€EMO/III0 3 CEPEIOBUIIEM 3a JOMOMOrOI0 JaT4YMKIB 1 CUCTEMU BHUHAropoj 3a
OPUIHATI pimieHHs. SIKICTh HaBYAHHS OI[IHIOETHCS 3a Jonomoroio Q-dyHkiii, ska
MOKAa3y€e, HACKUIBKUA I[IHHOIO € i 3 TOYKM 30py MakcuMizalii MaiOyTHbOT

BUHATrOpPO/IH:
Q(s,a)=r+ymaxQ(s'a’), (1)

ne S — notouHuii crad podbora BMP; a — nist BMP; ' — nonepenniii cran BMP; @’ —
nonepenus aisi bBMP; y — koedimieHT MBHUIKOCTI HAaBYaHHS, IO BapIiIOETHCSA B

mana3odi Big 0 mo 1.
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HaBuanus BMP 3miiicHtoBamocst y Simulink i3 BUKOpUCTaHHSM AOJATKY 10
MATLAB Reinforcement Learning Toolbox. Metoro HaBuanHs OyJio 3HaTH
ONTHUMAJIbHUM MapuIpyT Ha Oy[iBEJIbHOMY MalJaHYUKY, YHUKAIOUM 3ITKHEHb 13
nepemkonamMu. Jlinsi MonemoBaHHS BUKOPUCTAHO dYOTUpHUKOmicHHMET BMP 3
OOpPTOBUM MOBOPOTOM, MOjENb AKkoro moOyaoBana y Simulink. Jlns HaBuanHs
obpano amroputm Deep Deterministic Policy Gradient (DDPG), mo noennye
po0OOTy NIBOX HEHPOHHHUX MEPEX — aKTopa 1 KpuUTHKa. Mepexka akTopa TeHepye
HaWKpaury i, TOAl K KPUTUK OLIHIOE ii, OOYMCIIOIYM 3HauYeHHA Q-(QyHKIIII.
Taka B3aemomisi J03BOJISIE TMOCTIMHO BJAOCKOHAIIOBATH MOJITHKY akTopa. Jlms
3HAXOJKEHHsI HOBUX NUIAXIB ontuMizalii DDPG iHoI BUKOHY€E BUITaIKOBI Jii.

Bunaropona s poboTta po3paxoByBajacs Ha OCHOBI HOTO IOTOYHHX
KOOpJAWHAT CTaHy, BHKOHAHOI [Iii, JOCATHEHHS ILJILOBOI TOYKM Ta HAsSBHOCTI
31ITKHEHHS 3 MEePENIKo010 3a (OPMYJIOLO :

2 m
R=ke™ +ke” +k; D u’ +keg +keC +k;, (2)
i1

ne ki, Ko, ..., ke — BaroBi koe(ili€HTH, 1110 BCTAHOBIIIOIOTh PIBEHb BUHATOPOIH
(mpu momanomy 3HaueHH1) abo mTpady (Mpu Bia €MHOMY 3HAYCHHI) 3a BIAMOBIIHY
niro abo cran; K7 — Bia'eMHuU#T KoeillieHT, 1110 Ji€ K 0a30Bui mTpad 3a KOKEeH KPOK
Ta CTUMYJIIOE IBUIKE JOCATHCHHS METH; O, 3 — Koe(]iIi€eHTH, IO PEerysrolTh
YyTJIMBICTH BUHATOPOIHU JI0 3MIH KOOpAWHAT X Ta Y; Ui — I-i Kepyrounii BIUB; M —
KUTBKICTh K€PYIOUMX BIUTMBIB;  — OiHapHA (QYHKITS, IO CBITYUTH MPO TOCSITHEHHS
abo HemocsarHeHHs BMP metu; ¢ — GiHapHa ¢yHKIIIS, 110 CBIIYUTH PO HASIBHICTH
a00 BIJICYTHICTh 31ITKHEHHS POo0OTa 3 MEPEIIKOIOKO.

Kontponep ¢popmye Gaxkany cuiry TsrH, 10 3abe3nedye miHiitHUNA pyx bMP,
3MIHIOIOUYH V, Ta MOMEHT cuiii o0epTanHsi BMP.

Hapuanns 3aiiicHioBanocs npoTsirom 500 emni3o/iB, KOXKEH 13 SKUX MOYMHABCS
3 BHMNAAKOBOro mosioxkeHHs. Emizon 3aBepiiyaBcs, sikimo BMP nocsra mertw,
CTUKAaBCS 3 MEPEIIKO/I0I0 a00 MEePEeBUILYBaB 3aJaHy KUIbKICTb IT€palii.

VY npoueci HaBYaHHS POOOT OTPUMYBAB BUHATOPOAM 32 HAOJIMXKEHHS 10 METH

Ta mrpadu 3a 3ITKHEHHS 3 nepeurkogamu. Ha puc. 1 300pakeHo npukiiaj msxy,
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npoiinenoro bMP.

4 T T T T T T T

TTouatkoBa TOUKa

E sl |
>0 Llinnosa Touka

1 \l

-2 BMP

-3

-4 1 1

-4 3 2 -1 0 1 2 3 4
X, m

Puc. 1. ITo6ynoBaruit BMP mursx

Ax BunHO 3 puc. 1, poOOT YCHIIIHO OOCAT LIUJIBOBOI TOYKH, YHUKAIOUH

3ITKHEHb 13 TIEPEITKOJaMHU.

Jlireparypa:
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(GpOHTATHLHOTO HaBaHTA)KyBaua 3a 3a/IaHO0 TpaekTopieto. Bicnuk XHAJ[Y, 2023,

Bun. 101, 1. 1. C. 26-34. doi: 10.30977/BUL.2219-5548.2023.101.0.26

2. boukappoB O.  HaBuanHs 3  NIAKPIIUIEHHSM B aBTOHOMHHUX
IHTENEeKTyaIbHUX cucTeMax : HaB4y. moci0. JIeBiB : Bua. Mapuenko T.B, 2024.
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YK 656.07.33
MOJEJIOBAHHSI POEOYOI'O ITPOLIECY BIM Y IPOI'PAMHIMN
EKOCHUCTEMI STM32CUBE

IInyzina T.B., Kicenvoe K.B., Hocanw b.IO.

XapkiecoKuii HAUIOHATbHUI ABMOMODINTLHO-00POXHCHIN YHIsepcumem, XapKie

HoBiTHI TexHoJsorii MojentoBaHHsS pobouux mporeciB BJM crano
BIIPOBA/KYIOTbCSI Yy CEKTOpl IMPOEKTyBaHHA Takoro kiacy o0’ektiB. Ilocrae
aKTyaJbHE 3aBJIaHHS BUKOPHCTaHHS CYYaCHUX IHCTPYMEHTIB PO3POOKH BiATIOBITHO
710 CBITOBUX TE€HJEHIIH y riao0aisHOMY 1HQopMaliiiHoMy npocTopi [1].

B po6oTi po3riasHyTO MUTAaHHS MOJICTIOBAHHS CHCTeMHU ynpaBiainag bJIM Ha
Cy4acHil MIKpOKOHTPOJICPHIK 6a31 3 BUKOPUCTAHHSAM KOMIIJIEKCHOTO IHCTPYMEHTY
po3poOKu it Aekiabkox onepamiiaux cucreM STM32CubelDE, mio € yacTuHoiO
nporpamuoi ekocuctemu STM32Cube.

Merta poboTu - NIABUUIUTH €QPEKTUBHICTh YNPABIIHHA BUKOHABUYMMU
npwiagamu bJ/IM (Ha mpukiazl HaBaHTaXyBada) 3a PaxXyHOK MOJICTIOBAHHS
poboyoro mporiecy.

Peanizaiisi aganTUBHOro KepyBaHHS MPHUIYCKA€E HAasBHICTb MAaTEMaTHYHOTIO,
iH(MOpMaIIHHOTO, OpraHi3amifHOrO W TEXHIYHOTO 3a0e3nmedyeHHs. MareMaThyHe
3a0e3neyeHHsT 0a3yeThCsl Ha MOJENAX (YHKI[IOHYBaHHS BHKOHABUUX IPHIIAIIB,
BpPaxOBYIOUM MPUYMHHO-JOTIYHI 3B'SI3KM MDK HHUMH. A TaKOX BpPAaXOBYETHCS
perpeciiiHa Ta KOpeldiliiiHa MoOJeNi aHamidy BXIJHOI-BUXIIHOI 1H(OpMAIIii.
[adopmarriiine 3abe3meueHHsT BU3HAYAE MMapaMeTpd MaTeMAaTHYHUX MOJENeH
MiJICUCTEM HaBaHTa)XXyBauya y peajbHOMY MaciuTabi yacy. A TakoXX IPOBOAWUTH
KOPEKTYyBaHHS MapaMeTpiB MOJIECH i MIHIMBUX YMOB €KCILTyaTailii, pO3KpUBae
napamMeTpUyHy HEBU3HAYEHICTh, BpPaxOBYIOUM BXIAHY 1H(popmariito 0a3 gaHux [2].
TexHiuHe 3a0e3MeyeHHs MICTHTh 0a3y TEXHIYHHUX 3ac001B, LI0 JI03BOJISIOTH
OLIHUTH (YHKIIIOHYBAaHHS BY3JIiB HABAHTa)KyBaya y 3aJaHUX MapaMeTpax, a TaKoxK

B MIHJIMBHX yMOBax 3a MOKa3HUKamMHu epeKTHUBHOCTI. MojentoBaHHs 3abe3neuye
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IHTETpaIliio MUX CKJIAOBUX JUISl OI[IHKH MOTOYHOTO CTaHy PoOOYOro Mporecy Ta
dbopMyBaHHsI YIIPABIIHCHKUX PIIICHb.

[Ipunoun  poOoTHM  OyniBEJIBHMX  OJHOKOBLIOBHUX HABaHTaXyBadiB €
mukrigarM - [3]. OCHOBHMM — TlapaMeTpoM  KOHTPOJIFO €  HOMiHaJbHA
BaHTa)XOMIJHOMHICTh, IO PO3paxoOBYeTbcs 3aaisl 3a0e3ledyeHHs Oe3NeKku
eKCILTyaTallii, MilTHOCT1 €JIEMEHTIB, 3a/1aHOi TPOTYKTUBHOCTI Ta HAJIMHOCTI.

VY Ounemocti BJIM mBuAKicTh peakiiii omepatopa BIUIMBA€ Ha IMIBHIKICTh
BUKOHAaHHS poOoumx mpoueciB. [lpm kepyBaHHI HaBaHTaXyBaueM 1€
HAKJIaJal0ThCsl OOMEXKEHHS MPU NIEPEMUKAHHI ABUTYHA Ta 3MIHHOMY JHUHAMIYHOMY
HaBaHTA)KECHHIO Ha poOOouMX mpuianax. MakcumallbHa MOTYKHICTh TAPABIIYHUX
HACOCIB, 10 pETryJIIOIOThCA CUCTEMOIO, TIOBMHHA HAJIAIITOBYBAaTUCA Ha
MaKCHUMaJIbHUIN pOOOYNH TUCK PITUHU Y TIIPOCUCTEMI B €KCTPEMaIbHUX YMOBAX, a
TaKOXX IIBHMJIKO MEPEXOAUTH Yy 3BHUYAWHI peXUMH, TOOTO OyTH ajanTuBHOO. JlJis
MOJIEJIIOBaHHSL POOOYOro MpoLECy HaBaHTa)XKyBaua HEOOXITHO 3ICTABUTH Macy
BaHTAXy 3 3yCWIUISIM Yy TIAPOUMTIHAPI HaBaHTaxyBauda. Jlms 1poro Ttpeba
nigiopatu BIANOBIHY CXEMY, JATYUKH THUCKY, II0 KOHTPOJIIOBAaTUMYTh 3MIHY
TUCKY, TTOOyayBaTH MU(PPOBY CHUCTEMY KOHTPOJIO Ha 0a3i aHAJIOTOBO-TUGPOBUX

npucTpoiB. OyHKITIOHATBHA cxeMa ynpaBmiHHsa b/IM npencraBieHo Ha pucyHKy 2.

i i
i i
CHoTE MA | ' ac :
FOHTPOIEY MACH BAHTAHY | RE5485 (ADAMa011, '
! 4017) !
! ! EIHHnHaB'-_I_i
e i [HOMK ATORHMA i npucﬂTle
ARTHEHOT cTafimzarni ( SAS) ' Anok !
uHa Canrbus ;
| |
AKTHEHIH V| KCY ! KomnoHEHTH
CHHXPOHIFATOR | — col
i MyneT i
L KTHEHHE KOHTHOME i oneparopa i
e . ¥
EBAHTAHE O INTHOMHOTD MEe XaHIZIT i ) i ﬂEpHEIJEpiI:‘IHi
i BopToEHA i npHcTRO
i KOMIT K Tep i
L KTHEHHE KOHTHOME i i
PIEHA poSoyoro OSIANHAHHT bommmmmmmm oo !

Pucynok 2 — ®yHKIioHaJIbHA cXeMa afanTuBHOro ynpasiinus bJIM
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Cxema poboTu cucteMHu aganTuBHOro ymparmiHHia bBJIM BimoOpaxae
NIEPETBOPEHHS HETIEPEPUBHUX CUTHATIB AATYUKIB THCKY Y AUCKPETHUIN CUTHAM JJIs
dbopMyBaHHSI CUTHAIB KEPyBaHHS MIKPOKOHTPOJIEPOM.

Jis  cucteM KepyBaHHA 3 MIKPOKOHTpoJiepaMu € IIaThOpMH, IO
HIATPUMYIOTh  CUMYJIALIK POOOTH  ENEKTPOHHHUX CXEM Ta IpOrpamHOro
3a0e3MeyeHHs.

STM32CubelDE - mne mpocynyra 1uiatrpopma po3podku C/C+t+ 3
nepudepiitHoro  KoHGIryparli€ro, reHEepaliel0 Kooy, KOMIIUIAIIE  Ta
HAJIAro/PKeHHSIM JUIsi MIKPOKOHTpOJIepiB Ta MikporpoiecopiB STM32. Bin
06asyetbcs Ha (peiimBopky Eclipse/CDT™ Ta Habopi 1HCTPYMEHTIB PO3POOKH
GCC ta GDB a4 HanaropkeHHs [2].

STM32CubelDE interpye ¢ynkmii koHdirypamii STM32 Ta cTBOpeHHS
npoekTiB 3 STM32CubeMX, o0 3a0e3neunTH yHIBEpCadbHUN 1HCTPYMEHT Ta
320IaIUTH Yac Ha BCTAHOBICHHS Ta po3poOky. Ilicis BubGopy mikpomporecopa
STM32 cTBOprO€ThCSl MPOEKT 1 reHepyeThes Koi iHimiamzanii. Ha Oyab-skomy
eTami pO3pOOKM KOPHCTyBad MOXKE TIOBEPHYTHCS JO IHImiamizamii Ta
HAJAIITyBaHHA TepuepiiHUX MPUCTPOIB ab0 MPOMDKHOIO MPOTrpamMHOrO
3a0€e3MeUeHHs] Ta MOBTOPHO CTBOPUTH KOJ IHINIadi3alii, HE BIUIMBAIOYM Ha
KOPHUCTYBALbKHUMI KOJI.

STM32CubelDE Bxitouae B cebe aHamizatopu 30ipKH 1 cTeKa, K1 HaJlaloTh
KOPHUCTYBau€Bl KOPUCHY 1H(OPMALiIO PO CTAH MPOEKTY 1 BUMOTH JI0 MaM'sITi.

STM32CubelDE Takoxx BKJIIOYAE CTaHAAPTHI Ta po3mupeHi ¢GyHKIii
HaJIaro/KCHHSI, BKIIIOYAIOUH TEPETIIsi sSapa MpoIecopa, naM'sati Ta nepudepiiianx
pericTpiB, a TaKO0X MOHITOPUHT 3MIHHUX Y peaJlbHOMYy uYaci, iHTepdeic
neperisgada Serial Wire Viewer abo aHammizatop HECIPaBHOCTEH.

[arepdeiic STM32CubelDE npencrabneno Ha pucynky 3. Cucrema
HaJAITYBaHb TOPTIB BBOAY/BHBOAY MiKpoKoHTposiepiB STM32 wmae ruyuky
CTpyKTYypy. B TexHiuniii mokymenranii ST BUBOAM BBOIY/BUBOJY MO3HAYAIOTHCS

sk GPIO (general-purpose input output) (puc.4).
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Pucynok 3 — Intepdetic STM32CubelDE

KoHcTpyKllis MOiAKIIOUEHHS A0 MIKpOoKoHTposiepa uepe3 BuBoau GPIO
(PORTA, PORTB, PORC, PORTD) «kepyerbcst 32-pO3psSIHUMH PETICTPAMHU

KEpYBaHHS.

Pucynok 4 — HanamtyBaHHs OPTIB MIKPOKOHTPOJEPY

BikHO CTBOpEHHSI TPOTPaMHOrO KOJYy JUIsl KepyBaHHS POOOYHM OpPraHoOM

HaBaHTaKyBaya HABEJICHO Ha PUCYHKY 5.

PucyHnok 5 — BikHO npOorpaMHOro Koy
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CtBOpeHHS MPOEKTY B mporpami Proteus npeicraBieHo Ha pUCyHKY 6.
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Pucynok 5 — IIpoekt B mporpami Proteus

3ajaouM BXIJIHI YMOBM B NPOTPaMHHMMA KOJI, MOKJIMBO KEpyBaTH PI3SHUMHU
pexumMaMu  poOOTH  HaBaHTaXyBada.  MogentoBanHs  Ha  1uiatdopmi
STM32CubelDE JI03BOJISIE BUKOHYBAaTH BIpTyajbHe TECTYBaHHS
MIKpPOKOHTPOJIEPHOTO MPHUCTPOIO HE BPAaxOBYIOUW amapatHe oOiamHaHHs. Takuit
croci® 3HAYHO CIHPOIIy€E TMPOIEC PO3pPOOKH 1 BIIAAKH MPOTPAMHOTO

3a0€e3MeUeHHIBKE TPU MMiIKIIOYeHH] poOouux nepudepiiHux 3aco0is.
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YK 625.7/.8
AHAJII3 CUCTEMMU PET'YJIFOBAHHS TEMIIEPATYPU
ACOAJITBTOBETOHRY ITPU TPAHCIIOPTYBAHHI
Ilomanenko A.C.

XapxiecbKuili HAUWIOHANLHUTL ABMOMOOLTILHO-00DP0XHCHIN YHIgepcumem, XapKie

[IpaBunbHa miaTpuMKa TeMmrepaTypu acgaibToOeTOHYy B TIpolleci HOTo
TPAHCIIOPTYBAHHS € KPUTHYHO BAXKIUBOIO i 3a0e3MeueHHs AKOCTI yKIaJaHHs 1
JIOBrOBIYHOCTI MOKPUTTSA. B yMoBax cydacHoi OyaiBenbHOI ramysi, e yBara /0
TEXHOJIOTIYHUX TIPOIIECIB CTA€ OCHOBOKO YCHIIIHOI peaizallii MpoeKTiB, CUCTEMa
peryioBaHHs TeMmmeparypu acQajbTOOETOHY NpH TPAaHCHOPTYBaHHI TIpae
KIIFOUOBY poJib. Y Il cTaTTi OyJe pO3MVISIHYTHH aHaji3 ICHYIOUHMX CHCTEM, iX
e(eKTUBHICTH 1 Cy4acH1 TEHJICHIIIT B PETyJII0OBaHHI TeMIepaTypu acaibToOCTOHY.

Bumoru 1o temneparypu acgajabTo0eTOHY.

Jlyis sikicHOTO yKJIaZieHHs acaibTOOETOHY TeMIepaTypa Marepiaily MOBHHHA
3HaXOAMUTHCS B MEBHUX MeEXax, sKl 3aJexarh Bl TUNY achanbTy 1 30BHIIIHIX
yMOB. SIK mpaBuiio, TemnepaTypa acGanbToOeTOHY Y MOMEHT YKJIaJaHHA Ma€ OyTu
B Mexax Big 140 mo 180 C. HeMoxnuBICTh MIATPUMKH IIi€l TeMmmepaTypu B
MPOIIEC] TPAHCIIOPTYBAHHS MOKE€ MPUBECTH J0 PsALy HEraTUBHUX HACIIJIKIB :

1. MloripmieHHst AKOCTI YKJIAJaHHA: TPU 3HWKEHHI TEMIEpaTypH
ac(arbTo0ETOHY J0 HIKHBOT MEXi JOMyCTHMOTO JIiala3oHy 3MEHIIYEThCS HOTO
B'A3KICTb, IO YTPYJHSE KICHE YKIIaJaHHS.

2. HepiBHoMipHuii po3moaisi MartepiajiB: acdanbT, sSKUi OCTUTHYB B
NpOIeCi TPAaHCIOPTYBaHHS, MOXKE TIOBOAWTHCS HE TakK, SK CBDKUH, IO
M03HAYAETHCS HA TOBIOBIYHOCTI MOKPUTTS.

3. 3HMKeHHs] MIIHICHMX  XapaKTePUCTHK TMOKPUTTS:  HEIOCTaTHS
TeMIlepaTypa MOXE MPUBECTH 10 HEPIBHOMIPHOIO TBEPIIHHS MaTepialy 1
3MEHIIECHHS MIITHOCTI.

Cucremu peryJIlOBaHHsl TeMIepaTypu acpaiabTodeTony.

IcHye pexinpka METOAIB PEryJIIOBaHHS TeMIeparypu acQaibTOOETOHY B
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nporieci oro TpancnopryBaHHs. [l MeToan MOXyTh OyTH pO3MiJIeHI HA aKTHBHI 1
MACHBHI CUCTEMH.

1. IlacuBHi cucremn

Tepmoizonsiniiini MOKPUTTS I MaTepiaan

OauH 3 HAWUMOMIMPEHIIUX METOIB - BHKOPHUCTAHHS TEPMOIZOJISAIIHHUX
MaTepiamiB s TOKPUTTS Ky30BIB ac(aibTOBO3IB 1 caMmMOckuaiB. B manomy
BHIQJIKy Ky30B O0O0JIaJIHABCS TEIUIOI30JIIOI0UYMMH TaHEIIMH a00 TKaHWHAMH, SKI
3MEHILYIOTh TEIJIOBTPATH MPHU TPAHCIIOPTYBAHHI.

IlepeBaru: Hu3bKa BapTICTh, NPOCTOTA 3aCTOCYBaHHS, JOCTYIHICTb
MarepialiB.

Henoaiku: Tepmoizosiiss He 3a0e3nedye aKTUBHOTO — PEryJIOBaHHS
TEMIEpaTypy, a JIMIIe YHOBUIBHIOE TMPOLEC OXOJOKEHHS, II0 OOMexye
MOJIMBOCTI KOHTPOJIO TEMIIEpaTypd B YMOBaX IIBUAKUAX 3MIH 30BHIIIHIX
YUHHUKIB(HAPUKIA, IPU CHJIBHOMY BITp1 a00 HU3bKIN TeMIlepaTypl JOBKULISA).

IoxkpuTTs 3 BiTOMBAIOYUMH BJIACTUBOCTAMU

Jlesiki cucteMu TepMOI30JIsIIii BUKOPUCTOBYIOTh MaTepialid 3 BiAOUBAIOYMMU
BJIACTUBOCTSIMU, 5K 3aXUIIAI0TH ac(aibT BiJ MEPErpiBaHHSI HA COHIYHOMY CBITIY,
a TaKOX BIJI BTPAT TEIJIa BHOYI.

IlepeBaru: J0JaTKOBO 3MEHINYETHCS BIUIUB COHSYHOIO HArpiBy 1
OXOJIOJKCHHS BHOYI.

Henoniku: edexTUBHICTH ITUX METOIIB OOMEXKEHa, OCOOJMBO B yMOBax
HU3BbKUX TeMIreparyp ado J0II0BOi OTOH.

2. AKTHBHI cucremMu

Cucremu o0irpiBy

st TOYHIIIIOTO KOHTPOJIIO TeMIeparypu ac(hanbTo0eTOHy
BUKOPUCTOBYIOTBCS CHCTEMH aKTHBHOTO o00irpiBy. ILle Moxyts OyTtm sK
€JIEKTPUYHI, TakK 1 BOJAHI abo ra3oBl oOIrpiBayi, BOyIOBaHI B KY30B
TPAHCIIOPTHOTO 3aco0y.

Enextpuuni o6irpiBaui: 111 CcHCTEeMH BHKOPUCTOBYIOTh CIICKTPUYHI
€JIEMEHTH, pO3TalllOBaHI 3 OOKIB a00 Ha JHI Ky30BH, I NIATPUMKUA TEMIEPATypH
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acaybTy Ha MOTPIOHOMY PiBHI.

Boasini cucremu: BojsHI 00IrpiBaul € IUIAHTaMH 3 Tapsvyor BOOO, SKi
MPOXOISTh MO Ky30BY ac(aibTOBO3a, PETyJIIOI0UM TEIUIOBI11auy.

I'a30Bi 00irpiBaui: 1i mpucTpoi MpaIoTs Ha 3PILHKEHOMY Ta3l 1 MOXYTh
3a0€3MeUnTH IHTEHCHBHE TIPOrpiBaHHs achabTOOCTOHY.

IlepeBaru: BHCOKA TOYHICTb KOHTPOJIO TEMIEPATypH, MOXKIUBICTh
MIBUIKOTO pearyBaHHS HAa 3MIHM TEMIIepaTypu, MOXKJIHUBICTh MIATPUMKH
ONTHMAJIBHAX YMOB JIJISl TPHBAJIMX TPAHCTIOPTYBAHb.

Henousiku: BHCOKAa BapTiCTh, HEOOXIAHICT TEXHIYHOTO OOCIYyrOBYBaHHS,
30UIBIICHHS MaCH 1 CKJIQHOCTI TPAHCIIOPTHUX 3aCO01B.

BukopucTtanHs cucTeM KOHTPOJIIO i MOHITOPUHTY TeMIlepaTypu

Jlsist eheKTUBHOTO YIPaBIiHHS TEMIEPaTypor acharibToOeToHy po3polieHi
CIIeliaJli30BaHl CHCTEMH MOHITOPHHTY, SKI JIO3BOJISIIOTH BiACTS)KYBaTH 3MIHU
TEMIIEpaTypyu Marepialy B peaibHOMY uaci. CucTeMH MOXYyTb OyTH OCHAaIIEHI
JaTYMKAMU TEeMIIEPaTypH, SIKI MIAKIIOYAIOTHECS 0 KOMI'toTepa abo MOOLTEHOTO
IPUCTPOIO, IO JO3BOJISIE ONMEPATOPOBI CTSKHTH 3a CTAHOM Marepiaay i TpHu
HEOOX1THOCTI BKITIOUATH 200 BIIKIIFOYATH OOITPIB.

IlepeBaru: MOXJIMBICTH JIHCTAHIIIHHOTO KOHTPOJIIO, TIOJIIIICHA TOYHICTh
pEryJIIOBaHHs, 3alI00IraHHs EPErpIBAHHIO 00 MEPEBAHTAXKEHHIO CUCTEMHU.

Henogsiku: 101aTkoBI  BUTpaTH HA  YCTAaHOBKY 1  OOCIyroBYBaHHS
yCTaTKyBaHHS.

BukopucranHsi TepMO3alIUTHBIX YOXJIiB

JlomaTKoBMM ~ METOJOM  aKTUBHOTO  PEryJIOBaHHA  TEMIEpaTypu €
TEPMO3AIUTHBIC YOXJIH, SIKIi MOXYTh OyTH HATATHYTI Ha Ky30B acdanbToBo3a. Lli
YOXJIM MAlOTh XOPOII TEIJIO130JISIIiTHI BIACTUBOCTI 1 JTO3BOJISIOTH MiATPUMYBATH
ONTHUMAJIbHY TEMIEepaTypy B Ky30Bl. Jleski Mojeni TepMO3aIIUTHBIX YOXJIIB
MOXYTbh OyTH OCHAIIIEH1 BOYJJOBAaHUMHU €JIEMEHTaMU M1IrpiBaHHS.

IlepeBaru: mpocToTa YCTAaHOBKH, MOXUIMBICTh BHUKOPHUCTaHHS B YMOBax
XOJIOJTHOT TTOTO/IH.

Hepnoniku: oOMexeHa e(eKTUBHICTh npu JOBFOCTPOKOBOMY
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TPaHCHOPTYBaHH1, BUCOKI BUMOTH J0 PETYJISIPHOIO 00CITyTOBYBAaHHS.

TenJuioBi rapmaru i o0irpiBaui nosiTpst

JUig miaATpUMKH TeMneparypu acanbTOOETOHY B MPOIEC] TPAHCIIOPTYBAHHS
MOXXYTh BHKOPHUCTOBYBAaTHCS TEIUIOBI TapMaTd, SKi O0O0IrpiBalOTh MOBITPS
ycepelnrHi Ky3oBa. Taki CHCTeMH YacTO 3aCTOCOBYIOTHCS [JIsl TE€PEBE3CHHS
ac(hanbTOOETOHY Ha BEJIUKI BIJICTaHI.

IlepeBaru: mBuAKE MPOTPiBaHHS MOBITPSA 1 MaTepiany, e(pEeKTUBHICTh Ha
BEJIMKUX B1ACTAHIX.

Henouiku: Bucoka motpeda B €Heprii, MOXJIMBI MNpOOJIEMH 3 PO3MOALIOM
Teria 3a yciM 00CsSIroM Ky30Ba.

CyuyacHi TeHJeHUII B pery/JIl0BaHHI TeMIepaTypH ac(ajabTo0eTOHY

3 PO3BUTKOM TEXHOJIOTiH 1 3pPOCTaHHA BUMOT JIO SIKOCTI OyJiBEIbHHUX
MarepiajliB OCTaHHIMM POKaMM CIIOCTEPIra€ThCs TEHJACHINS J10 30UIBIICHHS
BUKOPHCTAaHHS BUCOKOS()EKTUBHUX CUCTEM KOHTPOIIO TemnepaTypu. Hosi meToau
BKJIFOYAIOTh IHTETPAIlil0 CEHCOPIB TeMIepaTypu 1 CHCTEM aBTOMATUYHOTO
pPETYIIOBaHHS, a TaKOoXX BHKOPUCTAHHS aJaNTHUBHUX CHUCTEM, SKi MOXYTh
3MIHIOBATH IHTEHCUBHICTH 00ITPiBY 3aJI€)KHO BiJI 30BHINIHIX YMOB.

Kpim Toro, yBara mpUIUISETHCS MOJIMIICHHIO  TEPMOI30JSALIMHUX
BJIACTUBOCTEHN MarepiaiiB, IO JO3BOJISIE 3HAYHO MOHU3UTU BUTPATH HA MIATPUMKY
Temnepatypu 6€3 BUKOPUCTAaHHS JT0AaTKOBHX JKEpeT Teria.

BucHoBok

[linTpumka TemrnepaTypu ac(anbToOOETOHY B MPOLECI TPAHCIOPTYBAHHS —
e CKJIagHUK 1 OaraTOrpaHHHUI Tpollec, SKUH BHUMAarae yBa)XXHOTO MIAXOTY 1
BUKOPHUCTaHHA €QeKTUBHUX TexHojorid. CyyacHi CHCTEMHU peryJIrOBaHHS
TEMIIEpaTypy, BIJ TACHBHUX METOIB 1O aKTUBHUX CHCTEM OOITpiBy 1
MOHITOPUHTY, 3a0e3Me4yyloTh HEOOXITHUW KOHTPOJb 3a SKICTIO Marepiany 1
3a1o0iraroTh HOro OXOJIO/UKEHHIO O KPUTHYHUX 3HAaY€Hb. E()EKTUBHICTH KOXKHOT
CHUCTEMH 3QJICKUTh BiJl KOHKPETHUX YMOB €KCIUTyaTalii i cnenugiku npoexTy, i Ha

OCHOBI ObOI'0 MOXXHA BI/I6paTH OITUMAJILHUM MCTOA PETyJIFOBAHHA TCMIICPATYPH.
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YK 621.4
AHAJII3 HEOBXITHOCTI ABTOMATH3AIIIL 1 ABTOMATHYHOI'O
YIIPABJITHHSA IBUT'YHOM
Cmipnos B.1.

XapxiecbKuili HAUWIOHANLHUTL ABMOMOOLTILHO-00DP0XHCHIN YHIgepcumem, XapKie

ABTOMAaTH3aIlisl 1 aBTOMAaTUYHE YIPABIIHHS JIBUTYHAMU BIITPAIOTh BAXKIIUBY
pOJIb B Cy4aCHOMY BHPOOHUIITBI 1 MOBCSAKACHHOMY >KUTTI. MexaHi3MHU, OCHaIllEeHI
aBTOMaTUYHUMH CHCTEMaMH, 3a0€3Me4ylOTh OUIbII BUCOKUH pPIBEHb TOYHOCTI,
cTtabuIbHOCTI 1 Oe3rneku. PO3BUTOK TEXHOJOrIH 03BOJSE 3HAYHO ITOJIMIIINUTH
BUPOOHMYI MPOIECH, TOHU3UTU BUTPATU 1 MIJBUIIUTH HAJIIAHICTh YCTaTKyBaHHS.
VY miit cTaTTi MH PO3TIASHEMO MPUYMHU HEOOXIHOCTI aBTOMATH3aIlli YIpaBIiHHS
JIBUTYHOM, OCHOBHI T€XHOJIOT1] B Ii# cdepi 1 mepeBaru, siki BOHa MOXKe IPUHECTH.

I'os10BHI NPUYMHU HEOOXiTHOCTI aBTOMATH3ALLII.

1. IlinBumeHHs1 MPOAYKTUBHOCTI i edexTuBHOCTI. ONHIEIO 3 KIFOYOBHUX
IIPUYHMH BIIPOBA/KCHHS aBTOMATHU30BAHOTO YIIPABJIiHHS € TParHeHHS ITiIBUIUTH
MPOAYKTUBHICTh yCTAaTKyBaHHS. YTPAaBIiHHA JABUTYHAMH BpY4YHY OOMEKye
MO>KJIMBOCTI TIANPUEMCTBA B MIATPUMII MOCTIHHOTO piBHS €(dEKTHBHOCTI 13-3a
YUHHHUKIB JIFOJCHKOT0 YNHHUKA 1 BTOMU. ABTOMATHUYHI CUCTEMH KOHTPOJIIO 3]aTHI:

¢ IOCTITHO TIATPUMYBAaTH CTaOUIbHI TIApamMeTpu poOOTH JABUTYHA, IO
0CO0JIMBO BaXKJIMBO Ha BUPOOHUIITBAX, [0 BUMAraroTh BUCOKOi TOUYHOCTI;

¢ YHUKHYTH 3aTPUMOK 1 ONTUMI3YBaTH poOOY1 MPOLIECH 32 PaxXyHOK IIBUAKOTO
1 TOYHOTO BUKOHAHHS KOMaH]I;

e CKOPOTUTH Yac IMPOCTOI 1 NMPUCKOPUTH BUKOHAHHS 3aBJaHb 3a PaxyHOK
po6oTu 6e3 3yNMMHOK YIPOAOBK TPUBAJIOTO Yacy.

TakuM yrHOM, aBTOMATHU3AIlIs JI03BOJISIE KOMIAHISIM OTPUMATH KOHKYPEHTHY
nepeBary 3a paxyHOK BUCOKOI IIBHJIKOCTI 1 TOYHOCTI BUPOOHUYHX MPOLIECIB.

2. 3HWKeHHs eKcliyataumiiinmx Butpar. Excrutyartamiiini  BUTpaTH
BKJIIOYAIOTh BUTpaTH Ha TEPCOHAJ, EJIEKTPOSHEPrilo 1 TEeXO0OCIyroByBaHHS.

ABTOMaTI/I?;aI_Ii}I JoromMara€ mOHU3UTU BUTPATHU 3aBASAKHA HACTYIIHUM aCIICKTaM:

54



Mamepianu xongpepenuii KIT-2024, Xapxie, XHA/Y, 20.11.2024

e 3BHUZKEHHSI NMOTpe0M B MNOCTIHOMY JIIOACBKOMY KOHTpoJi. Cucrema
yIOpaBlIiHHS MOXE€ BHKOHYBaTH Oarato (yHKIIH omepaTopa, THM CaMUM
CKOpPOYYIOYM KUIBKICTh MpalliBHUKIB a00 Mepeknafaroud iX Ha 1HII, CKJIaIHIII
3aBIaHHS,

e BHMJKEHHs1 BiporiaHocTi moJoMOK i aBapiii. ABTOMATHUYHI CHCTEMH
MOXYTbh BIJICT€KYBaTH CTaH JBUTYHA 1 IOJABaTH CHUTHAJIM MPO HEOOXIJHICTH
TEXHIYHOT'O 0OCIIyTOBYBaHHS JI0 TOTO, IK BUHUKHYTH CEpHO3HI MTPOOIeMHU;

e ONITUMI3ANifA CTOKUBAHHSA eHeprii. CydyacH1 CHCTEeMH MOXKYTbh PEryJIlOBaTH
MIBUAKICTh 1 MOTYXHICTh JBUTYHa 3aJ€KHO BiJ pOOOYOro HaBaHTAKECHHS, IO
3HUKYE BUTPATY €JIEKTPOCHEPTIi 1 301IbIIy€E TEPMIH CITYKOHU ABUTYHA.

Takum umHOM, aBTOMATH3allisi CKOPOYYE BHUTpPATH Ha PECYpPCH i 3MEHIIY€
HEOOX1THICTh YaCTOTO TEXHIYHOTO 0OCITYyTrOBYBaHHS, IO TAKOXK IMOJOBXKYE TEPMiH
CITy»OM yCTaTKyBaHHS.

3. be3nmeka i 3axuer ycTraTKyBaHHsl. ABTOMAaTH3allisl JO3BOJIAE 3HAYHO
IJBHUIIMTH PiBEHb O€3IEKH 1 3aI100IrTH aBapisM, 1o 0COOJIUBO BAXKJIMBO B YMOBAX
BUPOOHUIITBA 3 BHCOKOIO Mipoto pu3nKy. CydacHi cHcTeMu Oe3NeKH BKII0YArOTh
JATUYNKU 1 MEXaHI3MHU 3aXHCTY, IKI MOXKYTb:

e BUSABUTH TIEPETpiBaHHA, TMIJBUIIEHUNA TUCK 1 1HINI HEOE3MeuHI YMOBH,
aBTOMAaTUYHO 3YMMHUBILIN JBUTYH a00 MEPEBIBIIN MOT0 y O€3MEeYHUN PEKUM;

e BMEHIIIUTH BIPOTIJHICTH MOMUJIOK OTNEPATOPIB 1 JIOACHKOTO YMHHUKA, SIKI
MOKYTb IIPUBECTH JI0 aBapik;

¢ 320€3MEeUNUTH 3aXUCT MEPCOHANy, 3arno0iraroul BUHUKHEHHIO HEOE3MEeUHUX
CUTYAIIi} 1 3BOASYH 10 MIHIMyMY PUCKH JIJISl 3I0POB'SL.

ABTOMaTHYHI CHCTEMH 3aXHCTy 1 aBapidiHOTO BIAKIIOYECHHS [03BOJISIOTH
YHUKHYTH JOPOTHX MOJIOMOK 1 IPOCTOIB, IO POOUTH BUPOOHUIITBO OE3MEUHITIINM 1
€KOHOMIYHO BUT1HIIINM.

TexHoJ10rii | CIOCOOM ABTOMATHYHOI0 YNIPABJIIHHS IBUTYHAMMU

1. Cucremu ynpapjiHHA Ha OCHOBi NPOrpamMOBaHMX JIOTiYHHX
koHTpoJsepiB (IIVIK). IIporpamoani joriuni koHTposiepu (ITJIK) mo3BossroTh
THYYKO YIMPaBIATH TapaMeTpaMu POOOTH IBUTYHIB. BOHM oTpuMany mmpoke
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NOIIMPEHHSI 3aBASKA HAIIMHOCTI, MPOCTOTI MpPOrpamyBaHHS 1 MOIIMBOCTI
iHTerparli 3 iHmuMu cuctemaMmu apromatuzaritii. [TJIK mo3Bonstors:

¢ HACTPOIOBAaTU 1 3MIHIOBAaTH MapaMeTpu pPOOOTH JBUTYHA 3aJIEKHO BIJ
NOTOYHUX YMOB 1 3aBJIaHb;

o IHTEIPYyBaTU CUCTEMH YTNPABIIHHS JABUTYHAMH 13 3arajibHUMU BUPOOHUUMMU
poIecaMu, 110 JI03BOJISIE IIEHTPAIBHO YIPABIISITH yCiMa eTaliaMy BUPOOHUIITBA;

¢ BUKOPUCTATH THYYKI aJITOPUTMH YTPABIIHHA, SIKI MOXHA aJanTyBaTH IIiJ
KOHKPETHI MOTpeOu 1 3aBAaHHS BUPOOHULITBA.

[UIK MoxyTh OyTH TOB'SI3aHI 3 pI3HUMH CEHCOpaMd 1 BHKOHAaBUYMMU
OPUCTPOSIMU, IO POOUTH iX YHIBEpCAJbHUM I1HCTPYMEHTOM JJisi KOHTPOJIIO
JIBUTYHIB B CAMHUX PI3HUX YMOBaXx.

2. IHTeJIeKTYyaIbHI CHCTEMHU YNPAaBJiHHSI 3 BUKOPUCTAHHSAM IITY4YHOIO
inTtesexkry (LHI). CyuacHl I1HTEJIEKTyalbHI CHCTEMH YIPABIIHHA JBUTYHAMU
BUKOPHUCTOBYIOTh QJITOPUTMH INTYYHOTO 1HTEJIEKTY 1 MAIIMHHOTO HaBYAHHS JIs
aganTalii 1o 3MiH 1 onTuUMi3aIlii poOoTH ycTaTkyBaHHs. Taki CHCTEMH MOXKYTh:

e AaHATI3YBATH JaH1 MPO poOOTY JBUTYyHA 1 MPOTHO3YBATU MOKJIUBI IMOJOMKH,
0 JI03BOJISIE MPOBOAUTH MPOQiTakTUuHE 0OCITyrOBYBaHHS 1 YHHUKATH PAlTOBUX
300iB;

¢ ABTOMAaTUYHO HACTPOIOBATH MapaMeTpPH YIPABIiHHSA 3aJ€KHO BiJl TOTOUYHUX
YMOB, III0 ONITUMI3Yy€ CIIOKUBAHHS CHEPTii 1 301IbIIIy€ TIPOYKTUBHICTD;

¢ HABYATHCS HA OCHOBI HaKOMHYEHOTO JIOCBIAY 1 JaHUX, MOKPAIIyIOYH CBOi
MOKA3HUKU 1 MJBULLYIOYH €(PEKTUBHICTb.

[I-cuctemu ympaBiiHHS 3a0€3MEYyIOTh aJanTHBHE 1 BUCOKOE(HEKTUBHE
YOPABIIHHS, K€ MOKpAIlye€ TOYHICTh PEryJjIOBaHHS 1 3HIKYE EKCIUTyaTalliiH1
BUTpPATH.

3. Buxkopucranusi ceHcopHux TexHoJioriii i Intepuery peueit (IoT).
Texnomnorii Intepuery peueit(IoT) 1 ceHcopu A03BOJSAIOTH 30UpaTH JaHi MPO
poOOTYy ABUTYHA B pealbHOMY 4aci, 3a0e3Meuy0du TOJaTKOBUI PiBEHh KOHTPOJIIO

1 MoHiTOpUHTY. [0T- MpHUCTPOIO NO3BONSIOTH:
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¢ OTPUMYBATH ONEPATHBHI JlaHI IpPO CTaH JBUryHa(Temmeparypa, BiOpawis,
CIIO’KMBaHAa MOTY>KHICTb Ta 1H.), 1110 IOIIOMAarae CBOEYaCHO BUSIBIISITU HEMOJIAKY;

e IIEpPEaBaTH JaHI B XMapHI CXOBHUIIA 1 BUKOPUCTATH iX JJs aHAI3y, IO
JIOTIOMAara€ BUSBHUTH 3aKOHOMIPHOCTI 1 HACTPOITH MPOIECH IS ONTUMIZAI]
pobotu;

« 3a0€3MeuyBaT BUJAJICHE YNOPABIIHHA 1 MOHITOPUHT, IO JI03BOJISIE
OIlepaTHBHO pearyBaTH Ha 3MIHU CTaHy yCTaTKyBaHHS.

Takum uuHOM, ceHcopHi TexHosorii 1 loT poOnsaTe aBTOMaTH3ALIIO
THYYKIIIOKO 1 JOCTYIHILIOK, 3a0€3Me4y0Yd MOHITOPUHT 1 KOHTPOJIb HA B1ICTAHI.

IlepeBaru apTromMaTu3auii B ynpaBJiiHHi IBUTYHOM.

1. OnTumizanissi BHUKOPUCTAHHA pecypciB. ABTOMAaTH30BaHI CHCTEMH
yHOpaBiiHHS 3a0€3MeuyloTh ONTUMallbHE BUKOpHUCTaHHS pecypciB. Lle ocoOmimBo
BaXUIMBO HA BEJIMKUX MIJIPUEMCTBAX, A€ MEpPEBUTpATa €JICKTPOEHEPrii 1 maauBa
MO>K€ CTaTH 3HAYHOIO CTaTTer0 BUTpAT. CHUCTEMH TO3BOJISIOTH:

¢ KOHTPOJIIOBAaTH 1 3MEHIIYBAaTH CIOXXUBAaHHS €HEPrii, peryJorydu
MOTYXHICTb 3aJIEKHO BiJ] HABAaHTAXCHHS;

¢ 3HWKYBAaTH 3HOC YCTaTKyBaHHS 3a paxyHOK IUIaBHOTO YIPAaBIIIHHA
IIBUJIKICTIO 1 MOTYHICTIO JIBUTYHA,;

« 3a0e3Mne4yBaTy cTablIbHY 1 NepefdavyBaHy poOoTy, 1110 TO3UTUBHO BILIMBAE
Ha 3arajbHy €KOHOMIYHY €()eKTUBHICTb.

2. CxopoyeHHs1 NPOCTOIB i miABUIIEHHs1 HaJiiiHOCTI. ABTOMaTHYHI
CUCTEMHU YIIPABJIIHHS J03BOJIIOTh ICTOTHO CKOPOTUTH Yac MPOCTOIO, MOB'sI3aHUN 3
MOJIOMKAMH 1 HEOOX1THICTIO TPOBEJIEHHS TEXHIYHOTO 00cyroByBaHHs. [locTiitHmit
MOHITOPUHT pOOOTH JBUTYHA 1 aBTOMAaTUYHE pearyBaHHs Ha 3001 J03BOJISE:

e YHUKATH TO3aIJIAHOBUX 3YNMHUHOK YCTaTKyBaHHS, SKI TNPU3BOJATH IO
3HAYHHUX 30UTKIB;

« 3a0€3MeuyBatu nepeadadyBaHy poOOTy YCTaTKyBaHHS, 1110 JI03BOJISIE Kpallle
IUTAaHYBAaTH BUPOOHUYI POLECH;

o TIOJINIIIUTH HAAIMHICTh YCi€l CHUCTEeMH 1 30UIBIIMTH TEPMIH CIyXOH

KOMITOHCHTIB, III0 €KOHOMHTH 3aCO0H 1 Yac.
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3. Exousoriuni mepeBarun. ABTOMAaTH30BaHI CHUCTEMH  YIIPaBIIHHS
JIOTIOMararoTh CKOPOTHTH BYTJICIICBUM CJIII MIAIMPUEMCTBA, MIHIMI3YIOUHM HaaMIpHE
CHOKMBAHHS €Heprii 1 BUKUAM 3a0pynHiorouux pedoBuH. Lle nocsraerbcs 3a
PaxyHOK:

¢ TOUHOTO PETYJIIOBAaHHA BUTpPATH MalluBa 1 €HEPTii, L0 3HIKYE MiI0 Ha
JIOBKIJIIS;

¢ MOXKJIMBOCTI BHKOPUCTAHHS «PO3yMHHUX» QITOPUTMIB, SKI MIHIMI3YIOTh
BTpaTH 1 MABUILYIOTh €EHEProe(PEKTUBHICTb;

¢ IOCTYIIOBOTO MEPEXOay Ha OLIbIIE €KOJOTIYHI TEXHOJIOTi 1 IPHUCTPOi, IO
POOUTH BUPOOHHUIITBO MEHIII IIKiJTUBUM JIJIsI TOBKIJLIS.

BucHoBkwu.

ABTOMaTM3aIliss 1 aBTOMAaTUYHE YIPABIIHHA JABUTYHAMH TMOTPiOHI Jyis
MIJBHUINCHHS €(QEeKTUBHOCTI, Oe3meku 1 criiikocTti BuUpoOHHUITBA. CydacHi
TEXHOJIOT1i TO3BOJISIOTh HE JIMILE MOJIIMIINUTU SKICTh YIPaBIiHHSA, ajle 1 TOHU3UTU
CKCIUTyaTallliiHl BUTpaTH 1 Jil0 Ha JOBKULISA. PO3BHTOK 1 BIPOBAJKCHHS TaKUX
CUCTEM - II¢ BXKJIUBHNW KPOK JIO IIiJIBHIICHHS KOHKYPEHTOCIIPOMOXHOCTI i

pecypcoedeKTHBHOCTI B YMOBAaX TJI00ATHUX 3MiH 1 3pOCTaHHS MTPOMHUCIIOBOCTI.
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YIAK 621.337.1
AHAJII3 CYYACHUX METO/IIB ABTOMATU3ALIII
ACOAJIBTOBETOHHHUX YCTAHOBOK.

@Dynkenoopg B.B.

XapkiecobKuili HAUIOHATLHUIL ABMOMODINTLHO-00POIICHIIL YHIGepcumem, XapKie

CyuacHi Metoau aBToMarm3ailii acdaabToOeTOHHUX YycTaHOBOK (ABY)
IPEICTABIIAIOTh KIOYOBUN HANPSIMOK y PO3BUTKY JOPOXKHBO-OYIIBEIBHOI raysi,
CIIPSIMOBAHUHN Ha MIABUIIEHHA €()EKTUBHOCTI BUPOOHMYMX MPOIIECIB, 3HIKCHHS
c001BapTOCTI MPOAYKIIii Ta MOKPAIIEHHS SKOCT1 achaabTOOCTOHHUX TOKPUTTIB.

AcdanbTHi 3aBoM B YKpaiHi — OJMH 13 HAMOUIbII 3aTpeOyBaHNX BapiaHTIB
crieniaii3oBaHoro objagHaHHsI. ABToMaTHu3amis acpaabTOOCTOHHHX YCTaHOBOK
Ma€ BEJIUKE 3HAYEHHS JUIsl CYy4yaCHOro OYMIBHHUIITBA, OCKUIBKM BOHA J03BOJISIE
3HAYHO IMABUITUTH €(PEKTUBHICTh, CTA0UIBHICTD SKOCTI Ta 6€3I1eKy BUPOOHHIITBA.

CydJacHi MeToaM aBTOMaTH3aIlii ac(haTbTOOCTOHHUX YCTAHOBOK JO3BOJISIIOTH
3HAYHO MABUINUTH €(QEKTHUBHICTh Ta TOYHICTh BHPOOHMIITBA, 3MEHIIYIOUU
BUTpPATH €Heprii Ta MIHIMI3yIOYM YYacTh JIIOJAWHH Y TPYJIOMICTKHX OIEpaIisx.
ABTOMAaTH3AIlisl OXOIUIIOE Pi3HI €TalM TEXHOJOTTYHOTO MPOIECY, MOYMHAIOYUM BiJl
ABTOMATUYHOTO JIO3yBaHHS KOMIIOHEHTIB JI0 TMOBHOTO KOHTPOIIO 3a SIKICTIO
roToBO1 ac(anbTo0ETOHHOI cyMilli. BUKOpUCTaHHS Cy4yaCHUX MIKPONPOIIECOPHUX
CUCTEM JIO3BOJIIE KOHTPOJIOBATH TEMIIEPATyPHI PEXKUMH, BOJIOTICTh CHPOBHHH,
MIBUJIKICTh MOJIaul MaTepiajiiB, IO MMO3WTUBHO BIIMBAE Ha CTAOUIBHICTH SIKOCTI
OPOAYKIII Ta EKOHOMIYHY e(EeKTHUBHICTh Tpolecy (€KOHOMis mnajliuBa Ta
enekTpoeneprii) [1].

CyyacHi aBTOMAaTH30BaH1 yCTAaHOBKU TAaKOX MIABUIIYIOTH O€3MeEKy poOoTH,
OCKIJIbKM OLIBIIICTh A1l BUKOHYEThCS 0€3 HEOOXITHOCTI MPSIMOTO BTpYyYaHHS
omeparopa. Hampuknan, y cydacHHMX MOOUIBHMX YCTaHOBKAaX BIPOBAKEHO

CUCTEMHU YIPABIIHHS, SKI J03BOJIAIOTH BHUKOHYBATH BCl oOmeparii 3 OIHOTO
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pobouoro Micus, IO HE TUIBKH CIPOIILyEe POOOTY MEpCOHANy, ajie W 3MEHIIye
WMOBIPHICTh TOMUJIOK Ta TeXHIYHUX 300iB [15][17].

OxkpiM TOro, aBTOMartu3allisl 3HM)KY€ EKOJOTIYHUM BIUIMB Ha JOBKULIA,
HAIlpUKIJIQJ, dYepe3 3MEHIICHHS BHUKHAIB 1 MOXJIUBICTH TOYHOI'O JIO3YBaHHS
MaTepiaiiB, M0 3HWKY€E HAJIMIIKOBE BUKOPUCTAHHSA CUPOBUHH. [[J1s1 MPOEKTIB 3
BUKOPHCTAHHSM TEPECYBHUX YCTAHOBOK, OCOOIMBO BAXKIUBUM € 3a0e3meueHHs
MOOUTBHOCTI Ta AaBTOHOMHOCTI, IO JI03BOJIsi€ €(EKTUBHO TMpaIioBaTH Ha
BlTaJIEHUX 00'€KTax.

ABTOMaru3alisi MpoLECIB Yy JOPOKHbOMY OyIIBHHUIITBI, a came Yy
BUPOOHUIITBI acadbTOOCTOHHUX CYMIIICH, € HEOOXITHICTIO MJid CydacHOl
€KOHOMIKU. PO3BUTOK TEXHOJOrH A03BOJIE€ BIPOBAHKYBATH IHHOBAIIIHI PillIEHHS
y BHUPOOHHMIITBI, IO JIa€ 3MOTYy BIJMOBIAAaTH BHUCOKHM BHMOTaM SKOCTI Ta
cTaHJapTU3alli. Y Hall yac aBTOMAaTu3allis BKJIKOYA€ PI3HOMAHITHI MPOTPaMHO-
amapaTtHl KOMIUIEKCH, $KI O00'€IHyIOTb CEHCOpH, KOMIT'IOTEPH Ta MEXaHIYHe
oOJasiHaHHS JJI BUKOHAHHS CKJIaJHUX OMEpaLii.

CywacHi  ac¢anbTOOETOHHI  YCTAaHOBKM  BUKOPUCTOBYIOTH  Pi3HI
ABTOMAaTH30BaHI CHCTEMH, K1 BKIIOYAIOTh TaKl €JIEMEHTH:

CucremMn ynpapjiHHS NPOLECOM: aBTOMAaTH3allisl TOYMHAETHCA 3
BCTAHOBJIEHHSI KOHTPOJIEPIB, Kl PETYIIOIOTh TEMIEpaTypy, 00'eM 1 A03yBaHHS
cupoBuHU. llporpamHe 3a0e3nedyeHHs TaKUX CHUCTEM JO3BOJSE 3I1HCHIOBATH
KOHTPOJIb SIKOCTI Ha KO)KHOMY €Tarli.

CeHCOpHI TEeXHOJIOTIi: JaTYUKU TEMIIEpAaTypH, BOJIOIOCTI, TACKY Ta BUTPATU
KOMITOHEHTIB 3a0€3MeuyloTh TOYHI JaHl Mpo MapameTpu BHUPOOHUYOIO IMPOIIECY.
Bonu 3a6e3nedyoTh MIBUAKY aJanTallilo Mporecy 10 3MiH y BUMOTaxX 4M yMOBax
eKCILTyaTartii.

KoMmm'toTepr3oBaHi CHCTEMH KOHTPOJIIO SKOCTI: 11€ MPOrpaMHiI KOMILJIEKCH,
10 3/1MCHIOIOTH aHaJll3 SIKOCT1 HAa OCHOBI 310paHUX JAaHHUX Ta HAAAIOTh MOXKIIUBICTh
orepaTopy BYaCHO BUIIPABUTH MapaMeTpu BUPOOHUIITBA.

3. Cy4acHi MeToau aBTOMaTHU3allii

60



Mamepianu xongpepenuii KIT-2024, Xapxie, XHA/Y, 20.11.2024

CyuacHi MeTou aBTOMaTu3alli acharbTOOETOHHUX YCTAHOBOK OXOIUTIOIOTh
Taki TeXHoJorii, K [2]:

— PLC (Programmable Logic Controller) — mporpamoBani joriusi
KOHTPOJIEPH, IO BIAMOBIJAIOTH 3a KEPyBaHHA OCHOBHUMHU TMporiecamu. BoHu
3a0€3MeuyoTh HAJIMHICTh 1 THYYKICTh Y HAJIAIITYBaHHI PI3HUX BUPOOHHUMX
apameTpiB.

— SCADA (Supervisory Control and Data Acquisition) — cucremun
JUCIIETYEPCHKOTO KOHTPOJIIO Ta 300py JAaHUX, 10 JO3BOJSIOTH B peabHOMY Yaci
3IACHIOBAaTH MOHITOPUHI Ta YyHOpaBiiHHSA YycTaHOBKOW. SCADA-cucremu €
0CO0MMBO €(PEKTUBHUMH JJIsI BEIMKHX YCTAaHOBOK, Jie¢ MOTPiOEH KOHTPOJIb HaJ
KUIbKOMa BYy3J1aMU BUPOOHUIITBA.

— ACVYTII (ABTOMarW3oBaHa CHCTEMa YIOPABIIHHS TEXHOJOTTYHUMH
mporiecaMu) — 11e KOMIUIeKCHa cuctema, ska noeanye PLC ta SCADA 1 no3Bosisie
aBTOMAaTU3yBaTU BeCh LUK BHUPOOHHUIITBA, BiJ JO03yBaHHS KOMIIOHEHTIB [0
NaKyBaHHS TOTOBOT IIPOJTYKIIi.

— Inrepuer peueér (IoT) — 3actocyBanns loT-matumkiB Ta NpPUCTPOIB
JI03BOJISIE OTPUMYBATH JIaHI TIPO CTaH OOJaJHAHHS Ta MPOIECY BUPOOHMIITBA B
peXUMiI peaTbHOTO Yacy, ONTUMI3ZYyBaTH pOOOTYy YCTAaHOBKM Ta 3/1MCHIOBATH
npodiIaKTUYHE 00CITyrOBYBaHHS.

ITepeBaru Ta HETOIIKK aBTOMATH3AITii.

Atomatu3artiiss ABY Mae psig nepesar, 30kpema:

— EKOHOMIYHICTh: 3MEHIIyE€ BUTpPaTH HA EHEProHOCli, CHUPOBUHY Ta
00CITyrOByBaHHS.

— IligBumeHHS SKOCTI: aBTOMATHU3aIlisl MIHIMI3YyE JIIOJICBKI TTOMUJIKH,
3a0e3meuy0— 91 BUCOKY TOUHICTh JO3YBaHHS Ta KOHTPOJIb HAJT AKICTIO.

— besneka: 3HWXKY€e pUBMK TpaBMaTH3My, OCKUIBKH OUIBIIICTH OTEpaIliif
3IACHIOIOTHCS 0€3 BTpYyYaHHS JIFOAUHH.

[IpoTe icHYIOTH 1 IEBH1 HEAOJIKHU:

Bucoka BapTicThb BHOpPOBa/DKEHHs: IMOTpeda B 3aKyIiBJIl Cy4acHOTO

oOJaHaHHS Ta HAaBYaHHS MEPCOHATy MOXE 3HaYHO 301IbIIUTHA BUTPATH.
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HeoOxignicTe TexHIYHOTO OOCIYrOBYBaHHS: s CTaOUIBHOI poOOTH
aBTOMATU30BaHUX CHUCTEM  HEOOXiAHE  peryjsipHe  OOCIyroByBaHHA  Ta
KaJliOpyBaHHS.

[TepcnexkTuBu po3BUTKY y aBTOMaTtu3aiii ABY BBakaeThcs — iHTErpaiis 3
CHUCTEMaMHU IITYYHOTO IHTENEKTY JUIsl IPOrHO3yBaHHS MOKIIUBHUX 300iB y po0OOTI, a
TaKOXK aJanTallis MmapamMeTpiB BUPOOHHUIITBA 3aJIEKHO BiJ YMOB €KCIUTyartailii Ta
BUMOT 3aMOBHUKA. BHKOpHUCTaHHS XMapHUX TEXHOJOTIA TaKO0X BIAKPUBAE
MOXMJIMBOCTI JJIsl JTUCTAHI[IMHOTO KEpPyBaHHS Ta MOHITOPUHTY YCTAaHOBOK Y
peasbHOMY 4aci.

BucHoBOK.

ABtoMaru3zarisi achaibTOOETOHHUX YCTAHOBOK € BAXKJIMBUM KpPOKOM Y
HAMPSIMKY MOJIEpHi3allii JOPOKHBOTO OyMIBHUIITBA. 3aBISKH BIPOBAKEHHIO
HOBITHIX TexHoJoriH, Takux ssk PLC, SCADA, ACYTII i IoT, acdhansrobeToHHE
BUPOOHMIITBO CTAa€ OUTbII EKOHOMIYHUM, €(peKTUBHUM 1 Oe3neunuM. [lepcrekTrBu
PO3BUTKY BKJIIOYAIOTH MOAAIBINY IHTETpAIif0 3 INTYYHUM I1HTEJIEKTOM Ta
XMapHUMH TEXHOJIOT1SIMH, 1110 3a0€3MeUUTh 11e OUIbIY €(hEeKTUBHICTD 1 THYUYKICTb.

CyuyacHi MeToau aBTOMaTu3aIlii acGarbTOOETOHHNX YCTAHOBOK OXOTUTIOIOTh
MIUPOKUIA CHEKTP TEXHOJIOT1H, MPU3HAYEHUX JUIsl MIJBUIIEHHS MPOIYyKTUBHOCTI,
SAKOCTI MpOAYyKIIii Ta Oe3neku Ha BUPOOHMLUTBI. (OCHOBHUMH acleKTaMu
aBTOMaTH3allii € KOHTPOJIb TOYHOCTI [IO3yBaHHS CHUPOBHHH, MIATPUMAaHHS
ONTUMAJIBHOI TEMIIEpPaTypH CyMillli, MOHITOPUHT BOJIOTOCTi, a TaKOX 3HUKCHHSI
noTpedu y BTpy4aHHI JIFOJIMHHU, IO MIHIMI3Y€ PU3UK TOMUIIOK.

CyKkymnHICTh IIMX METOJIIB POOUTH aBTOMATH3AIlI0 acaribTOOECTOHHHUX
YCTAaHOBOK BaXXJIMBHUM KpPOKOM /ISl TiABHUINECHHS €()EKTHBHOCTI Ta €KOJOTIYHOI

0e3mneKkn y JOPOKHbOMY Oy IiBHHIITBI.
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YIAK 621.337.1
KOMIT'FOTEPHI TEXHOJIOT'TI JUCHETYEPCBKOI'O
YIIPABJIIHHSA NTPOLECY NEPEMIINEHHA CUIIKUX MATEPIAJIIB

Illeeanose A. E

XapkiecobKuili HAUIOHATLHUIL ABMOMODINTLHO-00POIICHIIL YHIGepcumem, XapKie

CydacHl KOMIT'FOTEpHI TE€XHOJIOT1i AUCIETYEPCHKOTO YIPABIIHHS MPOLECAMU
HaOyJIM IHUPOKOr0 3aCTOCYBAHHS y IPOMUCIIOBUX Tally3sX, 1€ BUKOPUCTOBYIOThCS
CHUIIKI MaTepialiy, sIK-OT NPpHUY0-BUI00YBHA, TOPOKHBO-OyAiBEIbHA Ta 1H.

OCHOBHOIO METOIO0 TAKUX CHCTEM € IiIBHINCHHS e(PEKTUBHOCTI, IBUIKOCTI Ta
O€3IeKH TPAHCTIOPTYBAHHS BEJIIMKUX OOCATIB CHUIIKUX MaTepialliB, 30KpeMa ITCKY,
meOHs, Byruuis, pyaAd Ta 3€pHOBUX KyJabTyp. Komm'torepHi cuctemu
aucreTyepusaliii 3a0e3neuyoTh KOMIJIEKCHE KePYBaHHS MPOLIECAMU ITePEBE3EHHS,
KOHTPOJIIOI0YM MApUIPYTH, TPAHCIIOPTHI 3aCO0M Ta CTaH MaTepialiB y pealbHOMY
qaci [1, 2].

OpHi€10 3 TOJIOBHUX IEepeBar KOMIT'IOTEPU30BaHUX CUCTEM JMCIIETYepU3aLli €
iX 34aTHICTh OOpOOIATH BeNMKI oOcAru iHGOpMalli Ta aBTOMaTU3YBAaTH CKJIAJHI
nponecH. 3aBAsKU CEHCOpaM, BCTAHOBJICHMM Ha TPaHCIMOPTHHUX 3aco0ax, Barax ta
KOHBEEPHUX CHUCTEMax, JaHl Mpo pyX Ta CTaH Marepiaiay HaAXOASATh Oe3MepepBHO.
CyyacHi  AMCHETYEPChKI CHUCTEMHU  JIO3BOJISIIOTH ~ MOHITOPUTH  MIBUIKICTh
NEPEMIIICHHS] BaHTaX1B, BUSABJIATH 3001 y poOOTI TPAaHCMOPTY Ta MPOTHO3yBaTH
yac JocTaBkU. Ha OCHOBI IMX JaHUX MOXHA ONTHMI3yBaTH MapuIpyT, 3HIKYIOUU
BUTPATH HA MaJIbHE Ta MOKPAIIYIOYH TEPMiHU TOCTABKU.

Takox BaXIIMBY pojiib y TaKWX CHCTEMax BIJIIrpa€ IHTErpallisi TEXHOJOTIH
mryyHoro iHtenekty (LLI). BukopuctoByroun meTonu MamuHHOro HaByaHHs, [111
3MaTeH MPOrHO3YBAaTH MOXKJIMBI 3001, BUSBJISATH aHOMaJil y pyci marepiamiB Ta
IPONOHYBAaTH ONTHUMAaJIbHI MapLIPyTH JUIsl YHUKHEHHS 3aTOpiB a00 HeOe3NeYHUX
ninsiHok. Hampukian, cucrteMa MoKe BU3HAYaTH MOXIIMBI  3aTPUMKH  4epe3
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NoroHi yMOBM a00 HaaMipHE HABAaHTA)KCHHSA Ha TEBHI JUISHKH TPAHCIOPTHOI
MEpexi, 110 J03BOJSE JAUCIEeTYepaM IIBUJKO pearyBaTH Ta yXBaJllOBaTH
ONTUMAJIbHI PILIEHHS.

[[le onmHiI€0 BAXKIWUBOIO TEPEBArOl0 € MOXKJIMBICTH 30€piraHHs 1CTOPUYHHUX
JAHUX Ta BEJIEHHA CTAaTUCTUKHU, IO CIPHUSE TOJAIBIIOMY YIOCKOHAJICHHIO
npouecy. AHami3yroud Il JaHl, KOMIIaHli MOXYTb ONTHMI3yBaTH MAapUIPYTH,
oOupaTu Kpamy BapiaHTH JJsi OOCIYrOBYBaHHS TEXHIKM Ta 3HUXKYBaTH
eKCIUTyaTamiitHi BuTpatu. OKpiM LbOT0, 3HUKEHHS MPOCTOIB Ta 3aTPUMOK CIpHUSIE
M1JBUIIIEHHIO NPOYKTUBHOCTI pOOOTH, 110 MO3UTUBHO MO3HAYAETHCS HA 3arajibHii
e(heKTUBHOCTI.

OTxe, 3acTOCyBaHHS KOMIT'IOTEPHUX TEXHOJOTIH Yy JAUCIETYCPCHKOMY
YOPaBIIHHI TPOILECOM TMEPEMINIEHHSI CHUIKUX MaTepiaiB He JUIIEe TMiABHUIILYE
IIBUJIKICTh Ta €(PEKTUBHICTh POOOTH, ajie i 3a0e3nedye THYUKICTh YIIPaBIiHHS Ta
MOKpAIly€ TOKAa3HUKW Oe3meKku. Y TMEepCHeKTHUBI PO3BUTOK TaKUX CHCTEM 3a
nornomororo texuosorii LI ta inTeprety peueit (IoT) me Oinbine po3muputh ix
MO>KJIMBOCTI, 1110 3pOOUTH MPOILIECH TPAHCHOPTYBaHHS OUIbII NependayyBaHUMU,
HaJIHHAMU Ta €KOHOMIYHO BUT1THUMU [3].

AHami3z JpKepen 100  KOMMI'FOTEPHHX TEXHOJOTIM  JUCIIeTYEePChKOro
YIOPABIIHHS MPOLIECOM MEPEMIIIEHHS CUIIKMX MarepiajiB mnependadyae BUBYEHHS
HAYKOBUX CTAaTEH, MOCIHIKEHb, ATCHTIB Ta MOHOTrpadii, MO0 OXOIUTIOIOTH Pi3HI
ACTIEKTH 3aCTOCYBaHHS KOMITFOTEPHUX CHCTEM 1 TEXHOJIOTIN y JaHiil ramysi.

JlocnipKeHHs, 10 PO3TJIAIal0Th 3arajbHi MIAXOAM N0 JAUCHETYEpH3allii,
YacTO BHUCBITIIIOIOTh apXITEKTYypHI PIMICHHS IS TOOYJAOBH JHCHETYEPCHKHUX
cuUcTeM, OOpOoOKy BeJNMKMX OOCAriB JaHUX, NOpUHIMOHK 300py ¥ 00poOKu
iH(popmarii mpo 00’€KTH ympaBiiHHS. BITBIIICTH JoKEpen akIeHTYIOTh yBary Ha
onTUMI3allii MpoIeCiB yIPaBIiHHS JJIs 3HWKESHHS BUTPAT Ta IMiABUIIIEHHS TOYHOCTI
KOHTPOJTIO.

OnTtumizailisi pyxy CHUIKHUX MaTeplajiB € BaKJIMBOI TEMOK B HayKOBHUX
pobotax. TyT HOCHIIKYETbCS BHUKOPUCTAHHS AITOPUTMIB I ONTHUMAJIBHOIO

pO3MOJIIY TPAaHCHOPTY, IUIAHYBAaHHS MApIUIPYTIB, MOHITOPUHTY JIOTICTUYHHUX
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OpoIECiB Ta iX KOpekiii. Y 0araTb0X CydaCHUX JOCHIIKCHHSIX aHali3yIThCS
METOJY MAIMHHOTO HABYaHHS, QJITOPUTMH TE€HETHUYHOTO MpOrpaMyBaHHsS Ta
HEHPOHHI MEpPEeX1 JJsl MONIMIIEHHS TOYHOCTI MPOTHO3YBAaHHA Ta aJalTHUBHOTO
KepyBaHHS [4].

VY Garatbox poOOTax BHBYAKOTHCS TEXHOJIOTTT MOHITOPHHTY Ta 300py JaHHX
3a JomoMororo natyukiB. lle mM03Boisie aBTOMATH30BaHO BiJACTEXKYBaTH CTaH
MaTepiamiB, MIBUIKICTh iX pyXy, HaBaHTAXXCHHS HA TPAHCIOPTHI 3acOOH TOIIO.
JlaT4uuku, IHTETPOBaH1 y CUCTEMY, 3/1aTHI 30upaTH 1H(opMaIliio B pealbHOMY Yaci,
110 3a0e3nevye TOYHICTh Ta MIBUAKICTh Peakllii Ha Herepea0oadyBaHi CUTYyalli.

OxpeMy yBary HayKOBII NPUAUIAIOTh BUKOPUCTAHHIO TEXHOJIOTIN HMITYYHOIO
IHTEJNEKTY U1 MiABUIICHHS  e(EeKTUBHOCTI  aucrnerdepusanii. 3okKpema,
JOCTKYIOTBCS METOJM TPOTHO3YBAaHHS Ha OCHOBI MAIIMHHOTO HaBYaHHS,
aBTOMaTHYHOI OOpPOOKM BEIUMKHX OOCSTIB JaHWX, BHUSBIICHHS aHOMAJIM Ta
HECIIPaBHOCTEH y CUCTEMax TPAHCIIOPTYBAHHS CUIIKHUX MaTepialliB.

BucHOBOK.

Anani3z 610miorpadiyHUX JDKEpeN CBIAYMTH, IO KOMIT'HOTEPHI TEXHOJIOTIi
JUCTIETYEPCHKOTO  YIPABIIHHSA TMPOIECOM TMEPEMIIIEHHSI CHIIKMX MarepiaiiB
pPO3BUBAIOTHCS  LIBUAKUMHU  TEMIAMHU  3aBJASKM  BIPOBAKEHHIO  HOBITHIX
QITOPUTMIB  ONTHUMI3allli, CHUCTEM MOHITOPUHIY Ta IITYYHOTO IHTEJEKTY.
Posmmpenns 3acrocyBanns [oT Ta aBTomatn3oBanux cuctemM o0poOku iHbopmartii
BIJIKpUBA€ HOBI MEPCHEKTUBU Il CTBOPEHHS OLIBII MPOJYKTUBHUX 1 O€3MEYHMX

JUCIIETYEPCHKUX PILIIEHb.

Jlireparypa:

1. Mexanizaris Ta aBTOMAaTHU3ALlA HaBaHTaXKYyBaJbHO-
po3BaHTaxXyBajdbHUX poOiIT [Tekct] : HaBuanpHuii mocioHuk. Y. 1 : TpancnoptHi Ta
HaBaHTaXXyaJbHOpPO3BaHTaxyBainbHl 3acobu / C. JI. JlurBunenko, I. L
Hecrepenko, T. 0. I'abpienona, I1. O. SAnoBcekuit : MOH VYkpaian, JTHY3T,
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YK 621.865.8

CYYACHI IIIAXO0N 10 MOJAEJIOBAHHSA IHTEJIEKTY AJIBHUX
CUCTEM YIIPABJIIHHSA POBOTOTEXHIYHUMU KOMIIVIEKCAMMU Y
COEPI T'YMAHITAPHOI'O POSMIHYBAHHSA

Anywkesuuy /[.A., Ieanoe JI.C.

XapxiecoKuii HaUioOHATLHUL YHIGepcumem padioejleKmpoHiku, XapKie

VYHacHiioK  pOCIACHKOTO  BTOPTHEHHA  YKpaiHa cTaja OJHI€0 3
Hal3aMIHOBaHIIUX KpaiH y cBiTi. 3a ominkamu Opranizanii O6'ennanux Harii,
OyJI0 BCTAHOBJICHO, HANpPUKJIAJ, 10 3a pPOKU BikHHU, Onu3zbko 30 % Tepuropii
VYkpainu  3a0pynHeHO BUOYXOHEOE3NMEYHUMHU mpeaMeramMu (MiHU, CHApSIH,
aBlabomMOM Tomio), 1O He posipBanucsa. Ha po3MiHyBaHHS TEpUTOPIH,
3a0pyaHeHux BuOyxoneoesneunumu npeameramu (BHII) nige o 100 pokis. Ypsn
VYkpainu ctaBuUTh 3a MeTy, OO0 3a necartb pokiB 80 % mmx Teputopiit Oynu
obctexxeHi Ha HasBHicTh BHII Ta Oynu Oe3neuHumu  O€3MEUHUMM IS
KUTTEIISIIBHOCTI MUPHOTO HACEJICHHS Ta BIMCHKOBHUX 1 He0OXigHa 0a3yBaTHCh Ha
KPEaTUBHOCTI ~ MIXOMy JO CHCTEMH TYMaHITapHOTO pPO3MIHYBaHHA 13
3aCTOCYBaHHSM poOoToTexHIuHUX KoMmIuiekciB (PTK).

OmayuM 3  HAABAXJIMBUX  AaCMEKTIB  BUKOPUCTAHHS POOOTOTEXHIUYHUX
KOMIUJIEKCIB € croci0 3aiiicHeHHs ympaBiiHHS. Lle miaTBepKyeTbcsi HAOUHUMHU
knacudikarismu PTK [1].

— 32 TTIOKOJIIHHSIMU:

1) poGotu 1-ro MOKOJIHHS — MPUCTPOi 3 MPOrpaMHUM Ta AUCTAHI[IHHUM
YIPaBIIHHSM, SIKi 31aTHI (PYHKI[IOHYBATH TUTHKH B OPTaHI30BaHOMY CEPEIOBHIII;

2) poboTH 2-TO TOKOJIHHSA — aJanTUBHI, 110 MalOTh CHHTETUYHI OpraHU
«UyTTSH» 1 34aTHI (PYHKIIOHYBaTH B 3a3Jajeriib HEBIOMHUX YMOBax, Ta
MPUCTOCOBYBATHUCSA JI0 3MIHU CUTYaIlil;

3) poboTH 3-r0 MOKOJIHHS — IHTEJIEKTyalIbHI, MalOTh CUCTEMY YIPABIIHHS 3

€JIEMEHTAMMU LITYYHOI'O IHTEJIEKTY;
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— 3a CTYIIEHEM 3aJIe’KHOCTI BiJ] omeparopa:

1) «moauna B cucteMi ynpasiaiaas» (human-in-the-loop) — mo i€l kareropii
BIJIHECEHI O€3MIJOTHI MaIllMHM, IO 3JaTHI CaMOCTIMHO BHSBIIITH I Ta
3MIMCHIOBATH 1X CEJEKIIiI0, MPOTe PIMICHHS MPO iX 3HUIICHHS MPUHAMAE TUIBKU
JIFOTUHA-0TIePaTOP;

2) «IroaWHAa HaJ cucTemoro ymparmiaHS» (human-on-the-loop) — mo miei
KaTeropii HajaekaThb CUCTEMH, 3/IaTHI CaMOCTIHHO BHUSBIISTH Ta BUOMpATH I, a
TaKOXX MPUMMATH PIlIEHHS Ha 1X 3HUILEHHS, ajie JIIAUHA-0NepaTop, 10 BUKOHYE
poJIb criocTepirava, y OyJIb-sKHii MOMEHT MOYKE€ BTPYTHTHCS Ta CKOPHUTYBaTH YU
3a0JIOKYBaTH 11€ PIIIICHHS,

3) «moauHa mo3a cucTeMoro yrpasmiHHS» (human-out-of-the-loop) — xo miei
KaTteropii BigHeCeHI pOOOTH 3/aTHI BUSBIATH, BHOMpATH Ta 3HMINYBATH I
CaMOCTIiITHO 0e3 JIF0JICBKOTO BTPy4YaHHSI.

B ocHoB1 HaBefeHux Kiacudikaiiii € BIAMIHUA y cucteMi ynpasiiHHs PKBII,
TOOTO PiBEHD 11 «IHTEIEKTYaTbHOCTI», IO POOUTH PO3POOKY TaKUX CHUCTEM IYXKe
BaYKJIMBOIO TEMOIO 3 HAYKOBOI TOUKH 30DY.

Po6GoTn mo CTBOpPEHHIO POOOTOTEXHIUHHMX 3aCO0IB Ta CHCTEM, BKJIIOYAIOYH
poboToTEeXHIYH1 3ac00U BIHCHKOBOTO (TIOJIBITHOT0) Ta CHEIIaIbHOTO MTPU3HAYCHHS
IIUPOKO BEIYThCS B yChoMy CBITI [3].

Tax, excriepramu 3 po3poOKH Ta BUPOOHHUIITBA MOOUTEHUX POOOTOTEXHIYHHUX
KOMITJIEKCIB JAETHCS BU3HAUCHHS «IHTEJICKTYyaIbHOTO pOOOTay, K TAaKOTO, 10 Ma€
TaKk 3BaHy MOJI€JIb 30BHIIIHBOTO CBITY YW BHYTPIIIHBOTO CEPEIOBHINA, SIKa
JI03BOJIsIE POOOTY MISITH Y HEBU3HAUYEHOMY iH(OpMaIiiHOMy cepenoBuiiti [2].

Takum uyumHoM, iHTenektyanpbHuid PTK — 1me pobor, 1o BkiIrOYae
iHTeNneKTyanbHy cuctemy ynpasiinas (ICY).

ICY o3nauae KOMIM'IOTEPHY CUCTEMY JIJIsl BUPIIICHHS 3aBJaHb, K1 JTIOJMHA HE
MOX€ BHPIIIUTA B PEXKHUMI peaJbHOrO Yacy, abo iXHE pIIIEHHS BHUMAarae
aBTOMAaTU30BaHO! HIATPUMKM ab0 Jae pe3yibTaTH, SKI MOXXHAa IOPIBHATH 3
pimeHHsiMu moauHu. [lpu 1mpoMy, cepei 1HIIOrO, MAEeThCS Ha yBaszl, L0 A

po3B's3yBaHux 3aBnanb [CY He nependadae mOBHOTH 3HaHb, a cama [CY moBuHHa
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MaTH MOXJIMBICTh YIOPSAKOBYBATH JIaHI Ta €KCIEPTHU3Y 3 BUIUICHHSIM CYTTEBUX
napamMeTpiB, MPUCTOCOBYBATHUCS 110 3MiH HAOOpy (haKTiB 1 3HAHb, TOIIO.

Otxe, He3BakaluM Ha O€3/114 3ampOlNOHOBAHUX KPUTEPIiB 1HTEIEKTY,
HANCYBOPIIIO BUMOTOI0 3JIUIIAETHCS T€, 110 POJIb JIFOAUHH Tpu B3aeMoxii 3 ICY
MOBUHHA 3BOAMUTHCS JIUIIE O MOCTAHOBKHU 3aBJaHHA. |HTENEKTyalabHI CUCTEMH €
HEOOXITHUM KOMIIOHEHTOM [JIsl BHPIIIEHHS 3aBJaHb CTBOPEHHS MOJENl CBITY,
CUCTEMU IUIaHyBaHHA i Ta KEpyBaHHs IIIsAMU. baza 3HaHb B 1HTEIEKTYaJTbHUX
CUCTEMaxX € OJHIEI0 3 OCHOBHUX YAaCTHH MOJENI CBITY Ta ii TpaHchopmamiiHux
byHKIIIH.

BuxopucrtanHs BepOadbHUX METOJIB IJis MOOYJOBU CHUCTEM MPUHUHATTS
pimiens (CIIP), € ocnoBoro ICY [2]. Ha ocHoBi BepOanpHOI i1H(pOpMAIii,
0JIepKyBaHOI BiJi €KCIIEPTIB B TE€pPMiHAX iX MpPEeIMETHOI 00JacTi, Ta METOMY, IO
HAJICKUTh JI0 BepOAIBHOTO aHaji3y pillleHb, OYAyEThCS TaK 3BaHE «BUpIIIAIbHE
npaBwio». BupimanbHe NpaBWiIO Yy BHIJISAl TaOMUIl MICTUTh BepOaIbHUMN
(KpuTepiadbHUN) OMUC BCIX MOKJIWBUX CHUTYyalliid, M0 MOXYTh BUHUKHYTH, SKi
posnojineHi mo kimacax. Kmac — me pimeHHs, sike TpUHAMaeTbCs y CHUTYyarlii, 110
ckjanack. BupimaneHe mnpaBuio OyayeTbcs Ha OCHOBI JIOTIYHHUX, SIKICHHX
NEPETBOPEHb BepOAIbHUX 3MIHHMX 3a JIOTPUMaHHSM I[ICHXOJIOT1YHOI Ta
MaTeMaTHYHOI KOPEKTHOCTI LIUX TEPETBOPEHb.

Bce 1ie nae mijcraBu cTBEpAKYBaTH, HIO:

— 3apa3 HaiOue nomupeni PTK nepiioro nokoiaiHHs (KepoBaHi IpUCTPOI);

— MIBUJKO YJIOCKOHATIOIOTHCS CUCTEMHU JAPYTOTO MOKOIIHHA (HAMiBaBTOHOMHI
MIPUCTPOI);

— s mepexony a0 BukopuctaHHs PTK Tpethoro mokomiHHS (aBTOHOMHHX
npUCTPOiB) HE0OXimHO po3poduTn ICY Ha 6a31 TEXHOIOTIN MITYYHOTO 1HTEICKTY;

— MaTeMaTWU4H1, KIJIbKICHI METOJIU € HAaHO1IBII MOITMPEHUMH 100 0Oy 10BU
ICY.

Asie MOXIJIMBOCTI 3acTtocyBaHHs st 1oOynoBu CIIP KUTbKICHHX METOMIB

4acTo OOMEKeHl. Y Takux MCTOJax pO6I/ITBC5I HCABHC IIPUITYHICHHS, IO JIFOJHWHA
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OJIHOPAa30BO BHUMIPIOE J€AKUH KUIbKICHMM mapaMmerp. OTpuUMaHe 3HAYEHHS €
€IMHUM, 110 Bi0Opakae repeBary ocobu, o npuitmae pimenus (OI1P) [2].
CTOCOBHO CHCTEM MOKHAa BUAUIMTH TpPHU 3arajbHl KaTeropii: KOHKPETHI

CHUCTEMHM, CUMBOJIIYHI Ta KOHIICNTyaJIbHI cucTeMH (puc. 1).
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Pucynok 2 — Monens ICY PTK rymaniTapHOro po3MiHyBaHHSI HA OCHOBI

BepOaIbHUX METO/IIB

Mogpens ICY PTK Ha ocHOBI BepOalbHIX METO/IIB BKJIFOYA€E TaKi CIEMEHTH:

— OJIOK OLIIHKM CTaHy 30BHIIIHBOTO CEPEIOBUIIA — PIBEHb TPUIHATTS PIllICHb.
BuszHayae 10 SIKOro Kijacy BiIHOCHUTBCA HAOIp AAaHUX MOHITOPUHIY 30BHILIHBOTO
CepeIOBUILA, 110 NOCTYNUB Ha BX1J. [I00ynoBaHuil 3 ypaxyBaHHSAM BUPIIIAIBHOTO
IpaBWia, pPO3POOJIECHOrO0 3 JOMOMOTOK0 BEepOANTbHOTO METOAY OpJIWHAPHOT
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KJacudikari;

— Oi0mioreka miarpaM TMpPOIECIB YIPaBIiHHSA — JlarpaMd IIPOIIECIB, IO
MICTATh onuc Habopy Ta mnociigoBHocted nii PTK y Beix mnepegdaueHux
CKCIIEpPTaMH CUTYaIIsX;

— Onok kepyBanHs PTK — piBenb BukoHaHHs. [lepeTBoproe omucu miil 3
JiarpaM  mpoleciB B HaO0OpM  KOMaHJ i1 BHUKOHABUMX  MEXaHI3MIB
pobotorexniunoro komiuiekcy (BMPK). ¥V wmexax miarpamm Bubip crieHapito
BUKOHAHHS TMpOLIECY MPOBOAUTHCS 3TIHO HA0OpPY JaHUX MOHITOPUHTY
30BHIIIHBOTO CEPEIOBUIIA;

— 010mioTexa miii — Habopu komaHn s BMPK, sxi BiamoBimarTh IiIM 3
Jiarpam IpolieciB;

— EKCIIEPTH — PO3POOJISIIOTh BUpIIIAIbHE MPABUJIO, JiarpaMH IPOIECIB Ta
Habopu komau st BMPK, BHOCATE BiMOBiIH1 3MiHU ¥ pa3i 3Minu BMPK;

— OMNepaTopu — MalTh MOXJIHMBICTH ONEPATHBHO 3MIHUTH YW 3YIHHUTH
pob6ory PTK y pa3i BUHUKHEHHS M03alITaTHOI CUTYyaIlii Ui Herepea0aueHol 3MIHH
30BHIITHBOT'O CEPEIOBHUIIIA.

Pospobnena momens ICY no3Bomsie copMynroBaTd CHMBOJIYHI MOJET B
HOTAIlIIX 00paHuX BepOATTbHIUX METO/IIB:

- Ha piBHI NPUUHATTSA PIlICHb;

- Ha BUKOHaBYMM DPiBHi.

Jlireparypa:
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ROBOTICS AND AUTOMATION: CHALLENGES AND PROSPECTS FOR
INDUSTRIAL PRODUCTION

Ormanbekova A.A., Bakyt Zh.A.
Almaty Technological University, Almaty

Since its inception, Earth civilization has been constantly striving to improve
living conditions, increase human well-being, and peaceful coexistence. Their
achievement is inextricably linked with the need to increase labor productivity,
train qualified personnel, and the evolutionary processes of scientific and
technological progress.

Nowadays, the work of any enterprise, including optical and electronic
instrument-making, is unthinkable without the support of electronic digital
information technologies of management and automated systems, starting from the
technological level and ending with the level of strategy management for top
managers. In modern conditions, there is an integration of automated systems
related to a certain level, as well as vertically, of the management of an industrial
enterprise, a manufacturing organization. It is accompanied by the formation of a
single electronic information space (SIS) space, in which a virtual component of an
organization, a manufacturing company, called a virtual enterprise, appears. Its
functioning and interaction with the external environment is carried out by virtual
agents (software robots) of different purposes and names. The creation of the SIS
IS based on the concept, principles and technologies of information technologies of
descriptions of products, the production environment and processes that occur in
this environment) CALS (Continuous Acquisition and Life cycle Support -
continuous information support of the product life cycle) and agent-oriented virtual
enterprises.

PLM solutions are associated with a model-oriented process of production
preparation, manufacturing and assembly, often accompanied by the creation of
digital models of production. The use of digital models is possible both at the stage

of designing and debugging virtual production, and in real time for monitoring
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processes and adjusting ongoing production processes.

A number of tasks in the production zone are solved using the functionality of
manufacturing execution systems (MES systems), the functions and examples of
which are discussed in the report.

Production systems exchange information with automated systems of the
technological zone. In the technological zone, various technological mechanisms,
stationary and mobile machines, technological equipment are located, including
those equipped with numerical control systems (NCS) and supported by the

operation of an automated process control system (APCS).

- Nt
; 5 e
r = 33
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1-figure. PLM-management system TeamCenter of Siemens Industry Software
division: a) classic representation of composition; b) representation oriented to

support of technologies of systems engineering

For instrument-making enterprises, technological equipment is relevant that
implements in an automated mode many technologies of casting, coating, marking,
mechanical processing of various materials and allows automating the processes of
manufacturing printed circuit boards, applying solder paste or glue to printed
circuit boards, arranging elements on a printed circuit board, surface mounting and
soldering, assembling printed circuit boards and products. At present, it is possible
to develop and debug control programs in the instrumental 2D and 3D virtual
environment of both CNC (Fig. 2) and on a personal computer. The report

provides examples of such instrumental environments for various means of
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technological equipment and notes their features.

2 - figure. Control panel of a metalworking machine with numerical control

systems: a) with two panels; b) one of the operator-technologist's mnemonic

diagrams

Industrial robots are developed and used to solve various industrial problems.
Their use is also observed in instrument-making enterprises, in particular, in the
form of robotic modules and robotic complexes that solve problems of mechanical
processing of various materials, soldering, welding, painting, sorting, measuring,
assembly and transportation.

In robotic complexes and robotic lines, robots can work autonomously,
together with each other and in interaction with a person in the workspace (Fig. 3).
The interaction of the operator with the robot is determined by its software and
hardware input-output devices. Thus, interaction is possible using setting devices
(for example, buttons, joysticks), sound (speech commands, sound signals), visual
(gestures, facial expression recognition) and through cerebral interfaces

(neurocomputer interface or brain-computer interface).
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transmission window interface window shared workspace inshection/check manually controlled
robot

3 - figure. Examples of human-robot collaboration

In our country, industrial robots produced by foreign companies are mainly
used, for example, Fanuc Robotics and KUKA Roboter GmbH. Each of them

presents a wide range of robots for various applications (Fig. 4).

4 - figure. Industrial robots from Fanuc Robotics: a) fragment of the robot model

range; b) intelligent portable control panel; ¢) system controller

The final part of the report provides a comparative analysis of the capabilities
and demonstrates the feasibility of the widespread use of robots from various
companies in robotic complexes of technological systems of industrial enterprises

in the instrument-making industry.
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MEDICAL ROBOTS IN KAZAKHSTAN: CURRENT STATE AND
PROSPECTS FOR DEVELOPMENT
Aigerim A.N., Erikzhan A.A., Ulbala B.K., Ulan D.A., Anargul A.S.
Almaty Technological University, Almaty, Kazakhstan

Abstract: This article explores the use of medical robots in Kazakhstan, describing their
current achievements and areas of application and analyzing the benefits and limitations of these
technologies in healthcare. The conclusion discusses the prospects for further development and
integration of medical robots in Kazakhstan, as well as a comparative analysis with other
countries.

The development of medical robots has become an important part of modern
medicine, contributing to improved quality of service and treatment efficiency. In
Kazakhstan, the introduction of robotics in medicine began relatively recently, but
it has already shown significant potential in fields such as surgery, diagnostics, and
rehabilitation. The purpose of this article is to examine the current state of medical
robots in Kazakhstan, identify the main achievements and prospects, and analyze
their strengths and weaknesses.

One of the well-known medical robots used in Kazakhstan is the Da Vinci
robotic surgical system (Fig.1). This robot is used in leading clinics in the country,
such as the National Scientific Center of Surgery and the Medical Center of the

President's Administration.

Figure 1 - Da Vinci Robotic Assistant as Innovative Technology Enhancing
the Field of Surgery [1]
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The Da Vinci system allows surgeons to perform complex minimally invasive
operations with high precision through robotic "arms,” remotely controlled.

Advantages of Da Vinci: Ensures high precision, minimizes postoperative
complications, reduces patients' rehabilitation period.

Limitations: High cost of equipment and maintenance, need for specialized
training of medical personnel.

Diagnostic Robots. Robots for diagnostics and remote monitoring are also
beginning to be used in Kazakhstan. Diagnostic robots provide doctors with new
capabilities for examination and monitoring, minimizing patient intervention. This
is especially beneficial for treating chronic diseases that require constant
monitoring [2]. For example, there are robots that assist in conducting ultrasounds
and diagnosing cardiovascular diseases. These technologies allow doctors to obtain

highly accurate data, improving diagnostic accuracy and reducing human error.

Advantages: Reduces staff workload, high data accuracy, remote monitoring
capability.

Limitations: High cost and limited availability, dependence on technical
support.

Rehabilitation Robots: In Kazakhstan, robots are also used for rehabilitating
patients who have suffered strokes or injuries to the musculoskeletal system. An
example is the ReWalk exoskeleton, which helps patients regain mobility. These
robots are used in major medical centers and specialized clinics.

Advantages: Increases rehabilitation efficiency, speeds up patient recovery,
reduces the workload of medical staff.

Limitations: Long adaptation and training period for the patient, high cost of
equipment.

Key Achievements in the Use of Medical Robots in Kazakhstan.

The use of medical robots in Kazakhstan has significantly improved the

precision of surgical operations and reduced the risk of complications. The
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implementation of such systems in Kazakhstani clinics also helps shorten patients'

hospital stays, enhancing the accessibility of medical services.

Comparative Analysis of Achievements in Kazakhstan and Other
Countries

While Kazakhstan is actively developing the field of medical robotics, this
sector has already reached high levels of maturity in many countries worldwide.
For example, in the United States and Germany, the use of Da Vinci robots has
become standard for a range of complex surgical operations, such as tumor
removal and cardiac surgery. In South Korea and Japan, robotics is actively
integrated into rehabilitation, where robots assist in restoring motor functions and
caring for elderly patients [4].

Although Kazakhstan currently lags behind leading countries in the adoption
of medical robots, the country shows significant progress in mastering robotic
technologies and their application in clinics. With the support of the government
and private investors, Kazakhstan may integrate more robotic systems for
diagnostics, surgery, and rehabilitation into its medical system in the future [3].

Benefits and Limitations of Using Medical Robots

Benefits:

1. High precision in operations and diagnostics, minimizing human error.

2. Shortened rehabilitation period, which is especially relevant for surgical
patients.

3. Reduced workload on medical staff due to the automation of certain tasks.

4. Improved treatment quality and reduced complication rates.
Limitations:

5. High cost of robots and their maintenance, limiting widespread adoption.

6. Shortage of qualified personnel who can operate such devices.

7. Dependence on technical support and the need for frequent equipment

upgrades.
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8. Limited accessibility for certain patient categories, especially in remote

regions [7].

Prospects for the Development of Medical Robots in Kazakhstan

The development prospects for medical robots in Kazakhstan include the
creation of educational programs to train specialists who will work with robotic
systems. With the growing interest in the concept of Medicine 4.0, increased
investment in robotics and artificial intelligence technologies can be expected. This
will create opportunities to develop national robotic systems tailored to the needs
of Kazakhstani clinics.

In the future, it is anticipated that medical robotics will be used in
telemedicine, providing access to high-quality medical services for people in
remote areas. Additionally, automating routine procedures such as diagnostics and
rehabilitation will help allocate healthcare resources more efficiently [5-7].

Conclusion

The development of medical robotics in Kazakhstan shows high potential for
improving the quality of medical services. Each year, the integration of robotics in
healthcare grows, fostering an innovative environment and improving accessibility
to healthcare. However, for full implementation, it is necessary to develop

infrastructure, train personnel, and ensure government support.
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ANALYSIS OF THE THERMAL CHARACTERISTICS OF ASOLAR
HEAT SUPPLY SYSTEM WITH THERMOSIPHON CIRCULATION
Tolepberdinova A.l, Nugmanova S.!, Ormanbekova A.A.?

LAl-Farabi Kazakh National University, Almaty, Kazakhstan
2Almaty Technological University, Kazakhstan, Almaty

Abstract. This article examines the thermal characteristics performance of thermosiphons
in South Kazakhstan. Thermosiphon systems use solar energy to heat water, using natural
convection to circulate liquid without the need for external pumps. For research, we have
equipped a specially designed thermosiphon system with thermocouples for temperature control
and a data logger for data collection. The system consisted of a solar collector, a tank and plug-in
plumbing. The results of the experiment showed that under optimal conditions, the temperature
effect of the Collector reached 75 °C, the maximum time was about 1.5 hours after the start of
solar radiation. The upper layer of water in the storage tank reached a temperature of 60°C
during sunny periods. The system will be effective even on winter days. The thermal
characteristics measured by performance analysis showed good cohesion. This indicates the
possibility of optimization by using preheated water in the tank. We hope that this study will
provide valuable insight into the performance of vertical thermosiphon systems in the south of
Kazakhstan. The system uses solar energy efficiently to heat water with high efficiency even in
the winter months. Optimization strategies such as preheating water can further improve system
performance. The results contribute to the development of effective and sustainable solar heating
solutions for regions with similar climatic conditions.

Introduction. Research on solar heaters has been discussed.

In a study in the Article [1] a solar heater based on collector Iift
configurations for clear and cloudy skies was investigated. To increase efficiency,
a solar supply system has been developed [2]. For purified vacuum devices,
different colors were used, adsorption studies were carried out. Thermophysical
solutions have been developed using various absorbent surfaces [3], and absorbent
panels have been studied for optimal heat transfer. A protruding plate was also
introduced into the air. Efficiency indicators for collectors were determined
together with the coefficient of efficiency when changing the shape of the absorber
surfaces [4]. A new water heater was introduced that uses used engine oil as an
absorber and coolant for maximum absorption of solar radiation [5]. The results
showed satisfactory performance, reaching the optimal heating temperature in less

than three hours with an average efficiency of 65% and a maximum of 80%..
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Materials and methods.
The solar heat supply system is shown in Figure 1.

Figure 1. The main diagram of the solar heat supply system is shown.

This figure 1 has a thermally insulated Housing (1), transparent cover (2),
tank absorber (3), Rotary Pump (4), heat pump (5), pipe (6), heat exchanger (7),
thermometers (8, 9) for measuring the temperature at the inlet and outlet of the
tank absorber and in the environment (10), autotransformer (11), tank accumulator
(12) and a controller set of electrical measuring instruments in the there is a
collector. The refrigerant used is a stainless thin-walled wavy pipe. The SOLAR
JET heats the solution in the coils and then prevents the Collector. The cold liquid
from the siphon of the sorting tank affects the space, resulting in systematic heat
circulation. This system allows you to monitor the expiration date through the
siphon, which depends on the size of the siphon head and its geometric parameter.
As the water pressure increases, the hydraulic resistance of the siphon also
increases, leading to an increase in the speed of this fluid. When the heat transfer to
the heat carrier causes a temperature difference in the circuits of the thermosiphon
solar system, natural convection begins. This convection moves the heated liquid
upwards into the structure, at the same time, replacing it with a less heated one.

Conclusion. This article examines the characteristics of a thermosiphon solar-

based water radiator prepared with a vertical distribution tank in the conditions of
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mild winters in the southern region of Kazakhstan. Several thermocouples have
been prepared for measuring and collecting information. With the help of a
pyranometer and a thermometer, the temperature of the solar collector was
recorded on a clear day and inside the tank. On a sunny day, the temperature of the
upper water layer in the tank with a capacity was 60°C. When you think about it, it
Is taken into account that the sudden drop in the sun is aimed at insolation
approximately, 13:30 was recognized on the security panel with a delay of one
hour. When the maximum temperature in the protective plate reaches 85°C, it is
15:00. On this day, the maximum viability that falls on the defense plane is
1000%. The increase in power is explained by the lack of optical power. Research
studies have confirmed that losses during the passage of solar energy through

glass, as well as resistance to heat flow, are significantly reduced.
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DEVELOPMENT OF ROBOTIC SYSTEMS FOR AUTONOMOUS
CONTROL IN SMART CITIES AND INDUSTRY 4.0

Zhaskairatov K., Aliyeva Marta?

Modern technological developments are aimed at creating smart cities and
next-generation industries. Autonomous robotic systems play a key role in this
transformation, ensuring increased efficiency, safety and sustainability of urban
and industrial infrastructure.

Industry 4.0 is the integration of cyber-physical systems, the Internet of
Things (lIoT), and artificial intelligence to create smart manufacturing processes.
Smart cities use these technologies to optimize various aspects of urban life,
including transportation, energy supply, and resource management.

Autonomous Driving Technologies:

 Attificial Intelligence and Machine Learning: Allows robots to make
decisions on their own and adapt to changing conditions.

 Internet of Things (loT): Provides connectivity between devices and
systems, allowing them to exchange data in real time.

» Cyber-Physical Systems: Combine physical objects and digital technologies
to create intelligent control systems.

Artificial intelligence (Al) and machine learning are key technologies for
creating autonomous systems. These technologies enable systems to analyze data,
learn from it, and make decisions without human intervention. Examples of
applications include:

Computer vision: Analyzing images and videos to recognize objects and
situations.

Natural language processing (NLP): Understanding and generating human
speech to interact with users.

Autonomous decision making: Using algorithms to optimize manufacturing

processes and logistics.
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0T connects different devices and systems, enabling the exchange of data in
real time. This enables the creation of integrated systems that can adapt to changes
and provide more efficient resource management. Examples include:
Smart sensors: Collect data about the state of the environment and
infrastructure.
Network protocols: Provide secure and efficient data exchange between
devices.
Application Examples:
e Transportation and Logistics
Autonomous vehicles and drones play an important role in smart cities and
Industry 4.0. These systems can significantly reduce delivery times and improve
road safety. Examples include:
Driverless Cars: Using sensors and Al to control vehicles autonomously.
Delivery Drones: Autonomous delivery of goods over short distances.
e Energy
Smart cities are implementing intelligent energy management systems to
optimize energy consumption and reduce costs. Examples include:
Smart Grids: Using sensors and Al to control power grids.
Energy-Efficient Buildings: Using loT and automation to control heating,
lighting, and other building systems.
eInfrastructure
Autonomous resource and infrastructure management systems help optimize
city services and improve their quality. Examples include:
Water and sewerage management systems: Automatic regulation of water
supply and management of treatment plants.
Building and bridge health monitoring: Using sensors to continuously
monitor the health of infrastructure.
Challenges and Prospects:

eCybersecurity
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One of the main challenges in implementing autonomous systems is
ensuring data security. It is necessary to develop reliable methods of protection
against cyberattacks and unauthorized access.

eEthical and legal aspects

The use of autonomous systems raises many ethical and legal issues. It is
necessary to develop regulations and standards that will govern the use of these
technologies and protect the rights of citizens.

eTechnical challenges

Although autonomous control technologies are actively developing, they still
face technical limitations. It is necessary to continue to improve algorithms and
systems to ensure higher accuracy and reliability.

The development of robotic systems for autonomous control in smart cities
and Industry 4.0 opens up new opportunities for improving the efficiency and
safety of urban and industrial process management. However, successful
implementation of these technologies requires addressing a number of challenges

related to cybersecurity, ethical and legal aspects.
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THE USE OF ARTIFICIAL INTELLIGENCE AND MACHINE
LEARNING IN THE MANAGEMENT OF HEAT TRANSFER AND
COOLING PROCESSES AT PRODUCTION SITES.

Zhumabaeva A. K. Ormanbekova A. A.,> Imanbek B. T, !
LAl-Farabi Kazakh National University, Almaty, Kazakhstan
2Almaty Technological University, Kazakhstan, Almaty

Abstract. Over the past two decades, significant progress has been made in the use of
machine learning methods (ML) for modeling heat transfer and heating systems. ML methods
allow researchers to model highly linear and dynamic relationships between many variables,
which were very complex tasks when using traditional empirical correlations.

Keywords: machine learning, artificial intelligence, heating, ventilation and air
conditioning systems

Introduction. Machine learning (ML) is the creation of computational
models that improve performance through examples. Interest in using ML methods
for scientific and engineering research is growing, as ML models can serve as data-
driven models that can predict highly linear and multidimensional systems [1].

Many people now see MoS as a great potential for the study of thermal
sciences, as thermal sciences deal with large amounts of data from experiments,
field measurements and numerical modeling. In the field of heat science research,
data has been used to obtain correlations between a number of variables, such as
the heat transfer coefficient, as a function of the properties of liquids, temperatures
and geometric variables. However, such correlations were not very accurate for
complex nonlinear systems, as it is difficult to determine the mathematical forms
that are ideal for data from such systems. To overcome the limitations of
traditional correlations based on mathematical forms, MO models such as artificial
neural networks, decision trees, and reference vector machines were tried to be
used as regression models in thermal science research [2].

Materials and methods. Recently, deep learning methods have become
popular in many applications because these methods can independently identify

important features in data without the need for data processing or labeling, thanks
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to a model architecture that mimics the human brain. Most DL models use deep
artificial neural networks that contain computational blocks (called artificial
neurons) organized in a section (called Layers). DL models, including multiple
layers between input and output layers, can solve complex nonlinear relationships
that are not available to simple MO methods. In addition, thermological scientists
and engineers are beginning to use many types of deep neural networks, such as
multilayer perceptron (MLP), convolutional neural networks (CNN), generative-
opponent networks (GAN), Variational Autoencoders (VAE), and physics-based
neural networks (PINN) [3].

Artificial neural networks one of the earliest forms of the MO model is the
artificial neural network (ins), which is a computational model inspired by how the
brain works. Similar to the brain, ins contains several artificial neurons that serve
as computing nodes. Another important concept is a layer made up of a group of
neurons. As a rule, ins covers several layers, and neurons in a particular layer
transmit their output values to neurons in subsequent layers. The neuron can

receive multiple inputs to be measured.

Figure 1. Application of artificial intelligence in the field of renewable energy
sources
Machine learning methods were first used in the 1990s to control and
optimize heating, ventilation, and air conditioning systems. Since then, a lot of
research has been done to save energy and improve thermal comfort. Many studies

show that using machine learning techniques to optimize the air conditioning
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system can reduce energy consumption by 5% to 30% and increase the comfort of
residents. The most popular machine learning methods in this area are controlled
artificial and deep neural networks (ANNs and DNNS). However, there are many
other methods that can be used, including support vector methods, Gaussian
Process models, kernel regression, size reduction methods, and so on [4].

Machine learning can be used in the design and planning of buildings,
providing the best solutions for heating, ventilation and air conditioning systems.
For example, machine learning helps designers create optimized design schemes
by analyzing many examples of architectural design. With its help, it helps to
determine which elements or parameters of the design have the greatest impact on
the final result and make adjustments to the designer.

Conclusion.

The use of an artificial control system and Mo in the management of heat
exchange sites and refrigeration units in industries opens up wide opportunities to
increase their efficiency, simultaneously increase energy consumption and increase
reliability. Digital twins and intelligent control systems allow you to combine data
in a short time, predict the behavior of systems and automate corrections, which

leads to significant improvements in energy saving and optimization.
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REVIEW OF METHODS FOR DETERMINING OBSTACLES IN THE
WAY OF VEHICLES
Togzhanova K.O., Nokerova S.O.

Almaty Technological University, Almaty, Kazakhstan.

Abstract. As regions develop, it becomes important to adapt the transport system to the
changing socio-economic dynamics of municipal districts, industrial centers, urban areas, and
transportation networks. This includes improving cargo flow management and traffic control
systems. Today, vision systems are widely used, especially in road safety and logistics, to
address various challenges.

Keywords: Information system, method, transport, object, sensor, algorithm, recognition.

Introduction. The automatic vehicle detection system helps estimate vehicle
size and classify it based on size. To determine the size, it is important to know the
vehicle's distance, which can be measured using sensors like wave radars, laser
radars, or stereo cameras. Among these sensors, monocular cameras (single-lens
cameras) are expected to be the most widely used due to their low cost and ability
to perform multiple tasks. However, using these cameras for vehicle recognition in
real-world conditions still presents challenges.

Vehicle Detection and Recognition. To improve vehicle recognition, a
large collection of images from various environments needs to be gathered, and a
suitable recognition algorithm must be developed. Recent methods have focused
on using features like edge information (the outline of objects) and machine
learning algorithms. One commonly used feature set is Histograms of Oriented
Gradients (HOGs), which helps detect edges in images.

Many algorithms have been created to improve upon the basic HOG method,
but they still face some limitations. For example, these algorithms only use edge
information and ignore other important visual elements, such as brightness or
color, which humans use to recognize objects. A different method, called the bag-
of-functions algorithm, tries to classify objects by combining different feature sets.

However, this approach can lead to false positives (incorrectly identifying
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something as an object) because it doesn't consider how these features are related
to each other.

These methods rely on creating classifiers—models trained to recognize
objects based on sample images. However, classifiers can’t be directly corrected
when they make mistakes. If an error occurs, the only way to improve the system
Is to add more examples of incorrect models, which makes fixing specific errors
difficult.

Advanced Detection Methods. The first generation of models works by
searching the image and then performing classification. One advanced method, R-
CNN, uses a technique called selective search, developed by J.R.R. Wylings et al.
in 2012, to improve object location. Instead of searching the entire image, the
selective search method focuses on smaller regions of the image and groups them
hierarchically. These smaller regions are then clustered based on color and
similarity. The final result is multiple proposals for regions that can be combined
to detect the full object.

Conclusion. Automatic vehicle detection and classification are key to
improving road safety and traffic management. While there have been many
advancements in image recognition technologies, challenges remain in real-world
applications. Future improvements will focus on refining algorithms to use more
relevant information, such as color and brightness, and developing systems that

can be easily corrected when mistakes occur.

Figure 1 — Custom Search Application
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Top: Visualization of the algorithm’s segmentation results.

Bottom: Visualization of the algorithm’s domain recommendations.

R-CNN (Region-based Convolutional Neural Network) Model

The R-CNN model combines two important methods:

1. Selective search: This method helps find possible regions in an image
where an object might be located.

2. Deep learning: This technique is used to detect objects in the regions
identified by the selective search.

Here's how it works:

« The image is divided into regions, and each region is resized to fit the input
size of a CNN (Convolutional Neural Network).

« The CNN extracts a feature vector (a numerical description of the region)
with 4096 dimensions.

« This feature vector is then passed toSVM (Support Vector
Machine) classifiers that predict the probability of the object being in that region.

« A linear regressor is used to adjust the bounding box (the rectangular box
around the object) to improve its accuracy and reduce errors in locating the object.

R-CNN Model Details

« The CNN model was originally trained to classify images using the 2012
ImageNet dataset.

« The model is configured with regional recommendations (called loUs or
Intersection over Union) that are higher than 0.5, which means it only accepts
proposals that cover at least 50% of the ground truth area.

« There are two main versions of the model: one trained with the PASCAL
VOC 2012 dataset and the other with the 2013 ImageNet dataset.

Performance

« On the PASCAL VOC 2012 test dataset, R-CNN achieved a mAP (mean
Average Precision) score of 62.4%, which was 22.0 points higher than the second-

best score.
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« On the ImageNet 2013 dataset, R-CNN scored 31.4%, which was 7.1 points
higher than the second-best score.

Disadvantages of R-CNN:

1. Slow Training: R-CNN requires classifying 2000 region proposals for
each image, which takes a lot of time.

2. Not Real-Time: It’s too slow for real-time applications, as it takes
about 47 seconds per image.

3. Inefficient Region Proposals: The selective search method used for
finding regions doesn’t adapt during processing, which can lead to poor region
proposals.

Fast R-CNN

The Fast R-CNN model, developed by R. Girshick, aims to solve the time
issues by improving how region proposals are handled:

« Instead of running a CNN on each region proposal (like R-CNN does), Fast
R-CNN processes the entire image at once.

oIt uses aselective search method to identify Regions of Interest
(Rols) directly on the generated feature maps (the features extracted by the CNN).

« The regions are then resized using the Rol pooling layer to fit a fixed size.

« The resized regions are passed through fully connected layers to generate a
feature vector.

« This feature vector is used to classify the object and adjust the bounding box
using a linear regressor.

YOLO (You Only Look Once)

YOLO (You Only Look Once) is a simpler and faster model for object
detection developed by J. Redmon et al. in 2016. It works as follows:

« YOLO divides the image into a grid (SxS).

« Each grid cell predicts bounding boxes (areas where objects might be) and
provides a confidence score, which is the probability that an object is present in
that box.
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« The confidence score is calculated by measuring how well the predicted box
overlaps with the ground truth box (loU).

The YOLO model is much faster than R-CNN and Fast R-CNN because it
performs object detection in a single pass through the network, making it suitable
for real-time predictions.

Summary:

« R-CNN is accurate but slow due to the need to classify many regions and the
time it takes to process each image.

« Fast R-CNN speeds things up by processing the whole image at once and
using more efficient methods for region proposals.

« YOLO is even faster, as it makes predictions in a single step, and is ideal for
real-time applications.

Non-Maximum Suppression (NMS) is a technique used to remove extra
boxes (or predictions) that overlap too much, keeping only the best ones.

In YOLOVZ2, batch normalization was added along with convolutional layers
to improve accuracy and reduce the chance of overfitting (when the model learns
too much from the training data and performs poorly on new data).

For YOLOV3, the original Darknet19 backbone was replaced by Darknet53, a
better feature extraction network, because Darknetl9 wasn’t great at detecting
small objects.

YOLOv4 made another improvement by replacing the backbone with
CSPDarknet53, which helped the model run faster and more accurately.

YOLOVS5 is the lightest version, using the PyTorch framework instead of
Darknet, making it easier to work with. It also introduced a new focal layer that
replaced the first three layers of YOLOV3’s backbone, making the model faster
with little loss in accuracy.

In conclusion, YOLO (You Only Look Once) offers a new approach to solve
the object detection problem by turning it into a simpler task called regression.
YOLO is a one-step deep learning algorithm that uses powerful neural networks to

detect objects in images.
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S xS grid on input

Class probability map

Figure 2 - the working principle of the YOLO V5 algorithm

There are different versions of YOLO. In YOLOvL, the image is split into
several smaller, equal-sized grid cells. Each grid cell is responsible for finding the
center of an object within it. Each cell can predict a set number of boxes and each
box has a confidence score. The box prediction includes five values: the x and y
coordinates of the center, the width and height of the box, and the confidence score
that the box contains an object.

After predicting the bounding boxes, YOLO uses a method called Intersection
over Union (loU) to compare the boxes and choose the most accurate ones.
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RESEARCH AND DEVELOPMENT OF A MOBILE RECONNAISSANCE
ROBOT
Tokbayev S.!, Zhumahan N.?
“Almaty Technological University” JSC, Almaty

Introduction. In recent decades, technology has made a giant leap forward,
and robotics has become one of the leading areas defining our future. One of the
most promising developments in this field is mobile reconnaissance robots. Such
devices are designed to perform tasks in extreme conditions where it is dangerous
or impossible for a person to get to. They are used in the military, rescue
operations and even in research expeditions.

An example of the successful use of such devices is the PackBot robot, which
was used by the US military to clear mines in Iraq and Afghanistan. Such robots
demonstrate how effective their assistance can be in high-risk tasks.

Goals and objectives. The purpose of the intelligence robot development is
to create a device that can perform complex tasks in an autonomous or semi-
autonomous mode, collecting data and ensuring their safe transmission to the
operator.

Example: During the earthquake in Turkey in 2023, robots equipped with
cameras and thermal imagers were used to search for survivors in the rubble. This
allowed rescuers to focus on spot operations without risking their lives.

The main tasks facing such robots include:

Intelligence gathering. For example, monitoring the terrain before performing
military operations.

Work in dangerous conditions. An example is the use of a robot to inspect a
chemically contaminated area.

Quick response. In case of emergency situations, such as a gas leak or an

accident at a power plant, the robot is able to quickly assess the situation.

101



Mamepianu xongpepenuii KIT-2024, Xapxie, XHA/Y, 20.11.2024

Stages of development.

Choice of construction and mechanics .

At the first stage, it is necessary to determine the type of movement of the
robot. For example, tracked robots such as Dragon Runner show high cross-
country performance. At the same time, wheeled robots such as RoboScout
provide greater speed and maneuverability on flat surfaces.

Equipment with sensors and communication modules.

To perform reconnaissance tasks, the robot is equipped with special
equipment:

Cameras. They include night vision or a thermal imager, as in the FLIR
SUGYV robot.

Lidars. They are used to map the area, as the Boston Dynamics Spot robot
does.

Gas sensors. Such systems are used in robots to assess the level of toxic
substances, for example, in industry.

Software.

Modern robots are equipped with artificial intelligence systems, which allows
them to find their own way in unfamiliar terrain.

Example: The Robot Operating System (ROS) software used in the
development of the Husky A200 robot allowed the integration of machine learning

algorithms, which made it useful for complex cartography tasks.

et

Pic 1. FLIR SUGV robot
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Pic 2. Boston Dynamics Spot Robot

Real-world testing.

At the final stage, the robot is tested in conditions as close as possible to real
ones. For example, robots designed to work in minefields are being tested in
training areas with simulated real threats.

Areas of application. Military tasks. Mobile reconnaissance robots are
actively used for reconnaissance and disposal of explosive devices. For example,
the iRobot PackBot robot was successfully used to inspect buildings for threats
during operations in Afghanistan.

Rescue operations. After the Fukushima nuclear power plant accident in 2011,
robots such as Quince were used to survey radioactive areas. This made it possible
to minimize the effects of radiation on people and quickly collect damage data.

Civil Research. In the scientific field, robots are used to explore dangerous
areas. For example, the Remus 6000 underwater robot studied the remains of the
sunken ship Titanic at a depth of more than 3 km.

Problems and solutions.

Problems:

— Limited battery life. Modern batteries do not always provide sufficient

duration of missions.
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— High cost. The development of robots requires large financial investments.

— Interference and communication failures. In conditions of strong
electromagnetic influence, for example, on the battlefield, communication with the
robot may be disrupted.

Possible solutions:

— The use of more capacious batteries and solar charging technologies.

— Development of modular structures that make it possible to reduce the cost
of production.

— The use of secure communication protocols, such as those used in military
drones.

Ethical Considerations. The deployment of mobile reconnaissance robots
raises several ethical questions that need careful evaluation. While these machines
are designed to minimize human risk, their use in military or surveillance contexts
can potentially lead to unintended consequences.

For example, reliance on autonomous robots in military operations might lead
to decisions being made by artificial intelligence without sufficient human
oversight. This could result in ethical dilemmas, especially in situations where
civilian safety is at risk. Additionally, the use of robots for surveillance purposes
may infringe on privacy rights, necessitating clear regulations and transparency
about their usage.

Ensuring that these technologies align with ethical standards requires
international cooperation, guidelines, and the development of fail-safe systems that
allow humans to override critical decisions made by Al.

Future Trends and Innovations. The future of mobile reconnaissance robots
IS poised to bring groundbreaking innovations, driven by advances in artificial
intelligence, energy storage, and material science.

Swarm Robotics:

Research is underway to create networks of small, interconnected robots that

can operate collaboratively. Inspired by the behavior of insect swarms, these robots
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could perform tasks such as area mapping or search-and-rescue missions more
efficiently than a single robot.

Biomimetic Design:

Future robots may take inspiration from nature, adopting characteristics like
the flexibility of snakes for navigating narrow spaces or the agility of animals for
climbing and jumping over obstacles. For instance, the Boston Dynamics Cheetah
prototype demonstrates high-speed mobility resembling a real cheetah.

Integration with loT:

By connecting robots to the Internet of Things (loT), they can gather and
process data from a wide range of external devices. This capability could enable
seamless integration with smart cities, where robots monitor infrastructure, detect
hazards, or even deliver critical supplies.

Advanced Power Solutions:

Scientists are exploring new power sources, including hydrogen fuel cells
and piezoelectric materials, to increase robots' operational time and reduce
dependence on traditional batteries.

Conclusion. Reconnaissance mobile robots play a key role in carrying out
tasks that were previously associated with a risk to human life. Using the example
of robots such as PackBot and Quince, it is clear that such technologies not only
increase work efficiency, but also save lives.

The future of robotics is linked to the development of autonomous systems,
artificial intelligence and improved energy efficiency. Each new stage of
development brings us closer to making robots an integral part of our lives,

performing complex and dangerous tasks.
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Abstract. Currently, industrial facilities are facing increasing demands on the efficiency,
reliability and cost-effectiveness of heat and cooling systems. The article discusses the use of
modern digital technologies to control such systems. SCADA systems, 10T sensors and
predictive analytics play an important role in optimizing heat and cold supply management
processes at industrial facilities.

Keywords: SCADA system, loT sensors

Introduction. Heat and cooling systems are an important component in
industrial facilities where it is required to maintain optimal temperature conditions
for production processes. Due to the constant increase in energy consumption and
changes in legislation in the field of energy efficiency, industrial enterprises are
striving to introduce new technologies to optimize heat and cooling systems.
Digital tools such as SCADA systems, 10T sensors and predictive analytics provide
opportunities for automation of control and monitoring of heat and cooling
systems, which allows to increase the efficiency, cost-effectiveness and reliability
of these systems.

Features of digital control technologies for heat and cooling systems: SCADA
(Supervisory Control and Data Acquisition) systems allow operators to monitor
and manage processes in real time, as well as analyze data to optimize the
operation of heat and cooling systems. The use of 10T sensors allows you to collect
information about the condition of equipment and environmental conditions, which
helps to prevent emergencies and optimize maintenance costs. Predictive analytics

allows you to predict energy consumption and take measures to reduce costs,
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which leads to a reduction in energy consumption and an improvement in the
efficiency of heat and cooling systems.[1]

Research methods. To achieve this goal, the following research methods
were used:

1. Analysis of literary sources - a review of scientific publications on the
research topic was conducted to identify the main trends and achievements in the
field of digital technologies in heat and cooling supply.

2.Engineering calculations - the calculation of energy consumption and
efficiency of the heat and cooling system using various digital technologies has

been carried.

Fig.1-The use of Scada elements and 10T sensors in production.

Examples of successful implementation of digital technologies: Many
industrial enterprises have already successfully implemented digital technologies
for managing heat and cooling systems, which has led to significant improvements
in the operation of these systems.[2] For example, the use of the SCADA system in
a food production plant allowed operators to monitor and optimize cooling
processes in real time. One of the successful examples of the introduction of digital
control systems at an industrial facility is Alfa-Thermo, which has implemented a

system for monitoring and controlling heat and cooling supply at its production
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facility. Thanks to this system, it was possible to significantly improve the
efficiency of the system, reduce energy costs and equipment maintenance, as well
as increase the level of safety and reliability of operation. SCADA systems allow
remote monitoring and control of heat and cooling supply processes. They provide
operational analysis of data on temperature, pressure, refrigerant flow and other
system parameters. This allows operators to make quick decisions to optimize the
operation of the system and prevent possible emergencies.[3]

0T sensors are used to collect data on the technical condition of equipment
and environmental conditions. They can be installed on the equipment of heat and
cooling systems to monitor its operation in real time. Thanks to this, operators can
quickly respond to any deviations from the norm and carry out maintenance in a
timely manner.[4]

An example of the successful implementation of digital heat and cooling
technologies in an industrial enterprise is ABC, which introduced the SCADA
system and loT sensors in its production in Fig.1. Thanks to this, it was possible to
reduce energy consumption by 15% in the first year of operation. It was also
possible to improve the reliability of the system and reduce the risk of accidents.[5]

Conclusion. The introduction of such systems makes it possible to reduce
maintenance and operation costs, improve the safety of production processes and
improve the working conditions of employees. The advantages of digital
technologies include the ability to remotely monitor and manage, analyze large

amounts of data, automate processes and increase the reliability of the system.
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CEKILIIS 3

IHTEPHET PEUEN TA BEYJIOBAHI CUCTEMH
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OVERVIEW OF DIGITAL LOCKS WITH ARTIFICIAL INTELLIGENCE
Lvov A.A., Sotnik S.V.

Kharkiv National University of Radio Electronics, Kharkiv

In today's world, automation processes are increasingly penetrating our daily
lives, and home safety is no exception [1-3]. Important place in this area is
occupied by electronic locks, which offer modern solutions to protect our homes
[4-6]. Thanks to innovative technologies and automated access control systems,
such locks provide convenience, security and variety of access methods, which
allows them to be integrated into overall smart home system.

In this work, we will consider four different models of electronic locks,
analyze their characteristics, advantages and disadvantages, which will help to
better understand which of them can be best choice for home.

First, main characteristics of Philips Easy Key Alpha lock (Fig. 1) are
defined: numeric touch keypad, automatic locking system, modern black design,
ability to open by code and built-in security system.

In course of analysis, advantages of Philips Ease Key Alpha lock were
determined: ease of use without physical keys, automatic door closing, modern

style, reliable security, ease of installation and management.

Figure 1 — Digital locks with artificial intelligence Philips Easy Key Alpha
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The main disadvantages include: dependence on battery, higher cost
compared to mechanical locks, need for periodic battery replacement, possible
difficulties at low temperatures and risk of forgetting code.

The second analogue will be Philips Easykey DDL702E lock (Fig. 2) with
following characteristics: smart lock with Wi-Fi, has ability to remotely manage
access codes, supports various opening methods (smartphone, code, key), ability to
receive access notifications and status changes, and is also intuitive interface and
high level of encryption.

The advantages of lock are as follows: ability to control from anywhere in
world, support for various access methods, real messages, wide range of mobile
applications for ease of use, and advanced encryption systems for protection.

The disadvantages are: dependence on Wi-Fi (an unstable signal complicates
management), power consumption (need to regularly replace battery), cost (higher
price compared to traditional locks), vulnerability to hacker attacks and potential

system failures.

Figure 2 — Smart lock Philips Easykey DDL702E

Thirdly, let's consider main characteristics of Philips Easykey7300 lock (Fig.
3): digital lock with elegant and compact design, support for various access
methods (code, key, mobile application), has intuitive interface, high level of

encryption and ease of installation.
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The advantages of lock are defined: compactness, ease of use, ease of
installation, high security and modern design that harmoniously fits into interior.

The disadvantages of such lock will be: dependence on power source (need
to replace battery), higher cost compared to traditional locks, vulnerability to

hacker attacks, possible software failures and need for user training.

Figure 3 — Smart lock Philips Easykey 7300

Fourth, let's look at main characteristics of Kaadas K9 Black lock (Fig. 4):
electric lock with fingerprint function, access via fingerprint, key or mobile
application, modern stylish design with Push-Pull handle, ease of installation and
high level of encryption.

Let's highlight advantages of lock: ease of use (quick access by fingerprint),
aesthetic appearance, convenient Push-Pull handle, support for multiple access
methods and high level of protection.

Now let's highlight disadvantages: dependence on battery (may require
replacement), higher cost compared to traditional locks, possible software failures,

need for user training, and limited operation in low temperature conditions.
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Figure 4 — Smart lock Kaadas K9 Black with fingerprint

Key aspects that you need to pay attention to when designing artificial
intelligence lock for access control: safety & security; technical characteristics
(reliability of hardware, energy efficiency and autonomy of operation, resistance to
various weather conditions, speed of recognition system, quality and durability of
mechanical components); Al functionality (biometric recognition algorithms,
anomaly detection system and hacking attempts, adaptive learning to improve
recognition accuracy, analysis of user behavioral patterns, prediction of possible
failures and maintenance needs); user experience & integrations.

In this work, comprehensive review and comparative analysis of four modern
digital locks with elements of artificial intelligence was carried out: Philips Easy
Key Alpha, Philips Easykey DDL702E, Philips Easykey7300 and Kaadas K9
Black. The purpose of study was to determine main characteristics, advantages and
disadvantages of each model to help consumers choose best solution to protect
their homes. As result of analysis, it was found that all models under consideration
offer high level of security and ease of use due to variety of access methods
(fingerprints, codes, smartphone), but have common disadvantages, such as
dependence on batteries and higher cost compared to traditional locks. The
conducted research allows potential users to make informed choice of smart lock in
accordance with their specific needs and priorities in ratio of functionality,
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security, and usability. In future, this research will be prerequisite for creating your

own lock design with artificial intelligence
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Khalimonov Y.I., Sotnik S.V.

Kharkiv National University of Radio Electronics, Kharkiv

In today's world, computer vision is becoming integral part of production
processes. It provides the ability to automate inspection and quality control, which
increases productivity, reduces scrap and minimizes human factor. For specialists
in field of automation and computer-integrated technologies and robotics, research
and implementation of computer vision is promising area.

Modern production requires not only high speed of production, but also
impeccable quality [1-7]. The use of computer vision to control quality of parts on
production assembly lines makes it possible to automate inspections, ensure
consistent quality and reduce manual labor costs (Fig. 1). Such system allows you
to inspect parts in real time and identify defects at initial stages of production
cycle.

The computer vision system on assembly line consists of high-resolution
cameras, light sources, and image processing software. When part passes in front
of camera, system receives image, processes it and analyzes it according to
specified quality parameters. If defect is detected, system can send signal to stop
conveyor, sort defect or reject it.

Surface defect detection is integral function of computer vision, which allows
you to detect scratches, cracks, stains and other defects on surface of part. The
system analyzes texture, color, and shape, comparing them with reference
parameters. For example, scratches can be recognized by analyzing surface
structure, and color changes by comparing them with basic color references.

Some parts have strict dimensional and geometric parameters. Cameras can

capture deviations from set dimensions in real time by measuring length, width,
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thickness, or angle of part. For example, computer vision system can measure hole

diameters or distance between individual parts of part with micron accuracy.

Figure 1 — Computer-Aided Manufacturing

At stages where parts have to be assembled into one module, computer vision
can control correct assembly. This is important when parts are made up of
numerous elements, and their proper placement is crucial. For example, system can
determine whether all components are in place and whether their location matches
the drawings.

Computer vision can perform an analysis of shape of part, detecting any
deviations in symmetry or contours. This is important for parts that must have
strictly symmetrical shape or certain contours. For example, to detect axis
curvature or deformation of rims on parts (Fig. 2).

To implement quality control on production conveyors using computer vision,
number of technical solutions and algorithms are used to achieve high accuracy
and reliability when checking parts [8]. Among main methods, pattern comparison
methods stand out, when image of the part is compared with reference pattern,
which makes it possible to quickly detect deviations from norm. Color and texture
analysis algorithms are also widely used, which are able to recognize even small
changes in structure or shades of surface of part, which may indicate presence of

defects.
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Figure 2 — Example of computer vision in manufacturing

In cases where shape and geometry control is critical, 3D scanning is used,
which involves creating three-dimensional model of object using stereo cameras or
laser scanning, so that shape of parts can be accurately checked. In addition, one of
promising areas is use of machine learning algorithms, in particular neural
networks, which can be trained to recognize certain types of defects [9]. These
algorithms allow system to adapt to changes in production process and find even
those defects that have not been encountered before. Thanks to combination of these
technologies, computer vision becomes universal tool that significantly improves
quality and efficiency of control in production.

The use of computer vision on conveyor lines ensures high accuracy and speed
of part inspection, which is especially important for high-speed production. The
system allows you to consistently maintain same level of product quality, avoiding
influence of human factor, fatigue or subjective assessments, which makes quality
control more reliable and predictable. Computer vision detects defects at early stage,
which reduces the amount of defects and saves resources due to rapid rejection of
mismatched parts. In addition, system integrates seamlessly with other
manufacturing solutions such as ERP and MES, allowing quality data to be
automatically transferred to databases for further analysis or reporting. Overall,
computer vision on assembly line helps to improve production efficiency, reduce

quality control costs, and increase the reliability of all manufacturing processes.
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The use of artificial intelligence (Al) and machine learning in computer vision
systems significantly increases their accuracy and adaptability: self-learning and
adaptability, deep learning, image segmentation and classification, big data analysis.
The relevance of Big Data is growing in modern production due to need to process
and analyze large amounts of information coming from various sources — Sensors,
cameras, 10T devices, etc. [10].

Thus, in today's manufacturing environment, where every part must meet high
quality standards, computer vision technologies open up new possibilities for
automation and control. The computer vision system on assembly line allows you to
quickly and accurately inspect products without interruption, ensuring that every
part meets established quality criteria. This reduces production costs, as number of
defects is reduced, and at same time optimizes inspection time. Continuous quality
control ensures company's competitiveness in market and increases customer
confidence in products. That is why computer vision technologies are increasingly
becoming key element of modern production processes and are important area for
further research and improvement.

Computer vision on assembly lines is powerful quality control tool that allows
manufacturers to achieve high levels of reliability and accuracy. The implementation
of this technology promotes automation, reduces production costs, and increases
overall production efficiency. For specialists in automation and computer-integrated
technologies, development and application of computer vision systems opens up

new opportunities in professional growth and research.
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RESEARCH AND DEVELOPMENT OF AN INTELLIGENT
CONTROLLED AIR EXCHANGE SYSTEM FOR USE IN STANDARD
CONDITIONS BASED ON 10T
Dzhumabekova Z.A., Fazylov N.N.

Almaty Technological University, Almaty, Republic of Kazakhstan

Abstract. The article discusses the basic principles of the Internet of Things (IoT) and
embedded systems, as well as their interconnection and application in various fields such as
smart homes, healthcare, industry and transport. The role of these technologies in improving the
quality of life and increasing the efficiency of various processes is emphasized. Particular
attention is paid to the prospects for the development of 10T in the context of the introduction of
5G technology, which is expected to contribute to a sharp increase in the number of connected
devices and reduce energy consumption. It is expected that by 2021, the number of 10T devices
in the world will reach 16 billion. The research is aimed at analyzing modern achievements in
the field of 10T and identifying the challenges faced by these technologies, as well as considering
their prospects in the context of digital transformation of society. The article also describes
research methods, including theoretical analysis, comparative analysis, modeling and
experimental testing. The results of the study show that the introduction of IoT and 5G
technologies will lead to fundamental changes in society, business and production processes,
opening up new opportunities for automation and optimization of various fields of activity.

Introduction. In the modern world, the Internet of things (loT) has become
an integral part of the daily life of society. As a result of the development and
implementation of wireless networks, the constant increase in the bandwidth of
Internet connections and the creation of new devices, a person surrounded himself
with a network infrastructure that helps him with one click and performs tasks that
previously had to be solved independently. According to research conducted by
analytical companies [1], the number of connected devices is growing every year.
The concept of the Internet of Things permeates all sectors of society and is in the
process of continuous improvement. Now, 15 years after the birth of the 10T, the
Internet of Things has become one of the main trends in high technology.

The purpose of the research. The purpose of this study is to analyze the
principles of the Internet of Things (IoT) and embedded systems, to study their
relationship, as well as to study the application of these technologies in various

fields such as smart homes, healthcare, industry and transport. The study also
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examines the advantages and challenges faced by these technologies, as well as
their prospects for development and integration into everyday life.

Research methods. 1. Theoretical analysis of existing air exchange systems.

2. Comparative analysis of automation technologies and monitoring systems.

3. Modeling and development of a prototype of an intelligent air exchange
system.

4. Experimental research and testing using air quality sensors and simulation
software.

5. Comparative analysis

6. Expert analysis

7. Experimental research

Relevance. The relevance of the research is determined by the rapid
development of 10T technologies and embedded systems, which are increasingly
being used in various spheres of life, improving the quality and efficiency of
processes. In the context of digital transformation, where l1oT plays a key role in
the creation of smart cities, autonomous vehicles and automation of production,
understanding these technologies becomes necessary to develop solutions aimed at
optimizing and improving the life of society.

Analysis of existing solutions

Modern Internet of Things (IoT) solutions cover a wide range of technologies
and platforms that are used to automate, monitor and optimize various processes in
various fields such as smart homes, healthcare, industry, transportation and energy
conservation. This section will review the analysis of the most popular and in-
demand technologies and solutions in the field of It. One of the most common
applications of 10T is the creation of smart homes, where various devices — from
lighting to heating and air conditioning systems — can be integrated into a single

network and controlled via mobile devices or voice assistants.
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Figure 1 - The impact of 5G technology on the Internet of Things

Popular solutions in this area include. Existing solutions in the field of the
Internet of Things cover a wide range of areas, and 10T technologies continue to
evolve and improve. They open up new opportunities for automation and
efficiency improvement in various spheres of life. Nevertheless, despite significant
progress, it is necessary to continue to work on solving the problems of security,
standardization and energy efficiency for further successful implementation of loT
technologies.

Results. The Swedish telecommunications equipment manufacturer Ericsson
has published a traditional report [8] on the use of mobile devices and mobile
traffic in the world — Ericsson Mobility Report, which predicts the dynamic
development of the Internet of Things with an average annual growth rate of 23%
in the period from 2015 to 2021. By the end of the period, 16 billion 10T devices
are expected to be connected to networks around the world. At the same time, in
2018 their number exceeded the total number of mobile phones.

Conclusion. Currently, with the help of the Internet of Things, automation of
industrial production and housing and communal services is carried out; traffic
management; formation of a list of purchases and a delivery schedule for trading

enterprises; construction of deployed physical security systems; data collection and
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management for marketing purposes and for general improvement of living
standards, and much more.

The transition to a fundamentally new stage in the development of the Internet
of Things will be the spread of 5G technology on the market. The large capacity of
the 5G connection will increase the number of connected devices, reduce power
consumption, and increase the battery life of network devices between charges by
more than 10 times. These factors will be crucial for the growth of the loT.
According to the expectations of Ericsson analysts, 5G technology will be
launched in 2020 and will be widely distributed worldwide by the end of 2021.

Thus, we are in the midst of tremendous changes, in the process of creating
new patterns of behavior and self-organization. It will completely change the way
we live, work and do business. Most modern companies are interested in
implementing 10T solutions, considering them a worthy advantage in the

competitive struggle in the market.
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UDC 004
REMOTE MONITORING USING THE KERAS LIBRARY
Kashaganova G.B., llakhunov P.Kh.
Almaty Technological University, Almaty, Republic of Kazakhstan

Abstract. This article discusses the use of modern technologies, including mobile
applications and neural networks, for remote patient monitoring. Various applications of
artificial intelligence in medicine are described, such as real-time monitoring, diagnostics,
personalized treatment, and remote consultation. Particular attention is paid to the use of mobile
device cameras in medical applications for video consultations, symptom recognition, disease
monitoring, and patient response analysis. An example code for image classification using deep
neural networks is provided. The final part of the article discusses the importance of using
mobile health with neural networks for remote patient monitoring and predicting possible
complications.

Keywords: mobile applications, medical monitoring, artificial intelligence, neural
networks, remote diagnostics, video consultations, symptom recognition, personalized treatment,
remote consultation, deep learning, image classification, patient health.

Modern technologies play an important role in improving the availability and
quality of healthcare. One such approach is the use of mobile applications for
remote monitoring of patients. This method allows not only to continuously
monitor health parameters, but also to promptly respond to possible complications.
We will consider the use of neural networks for data analysis and patient condition
prediction.

Remote patient monitoring is a service provided by a medical institution using
information technology. Monitoring of the immediate condition of the patient is
provided using portable, mobile wearable medical devices, as well as modern
telecommunication technologies such as video communication, audio
communication, photos and chats, the collected data from these devices goes
directly to the doctor. Remote patient monitoring can also be used to monitor a
patient in the worst state of the disease, at work. When using remote patient
monitoring, three types of remote health status are distinguished by the form of
implementation: synchronous, asynchronous, remote.

Synchronous remote monitoring is a method of assessing a patient's condition
in real time using remote monitoring or telecommunication technologies. It involves
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transmitting data about the patient's health to a doctor, which allows monitoring
their well-being without the need for physical presence. This may be information
about pulse, pressure, temperature and other indicators, which is sent to the doctor
through specialized devices. One of the important elements of such monitoring is the
possibility of video calls or audio consultations, where the patient can directly ask
the doctor questions about their condition. Thus, patients can receive the necessary
medical care without leaving home, which greatly simplifies the process of seeking
a consultation and makes it more convenient and faster. With asynchronous remote
monitoring, the patient independently measures his indicators, such as pressure and
temperature, and sends them to the doctor via e-mail or chat using secure
communication channels. This allows data to be transmitted not in real time, but at a
time convenient for the patient, which makes the process more flexible.

Asynchronous monitoring is especially useful for patients with a high risk of
relapse. Regular sending of information allows doctors to detect deviations in
health status in time and respond promptly, transmitting data to medical
institutions if necessary. This helps prevent the development of complications and
provide timely assistance. Remote online monitoring is a form of dynamic control
that allows the patient to be under constant supervision of doctors or medical
personnel. Data on his health status is transmitted regularly, which makes it
possible to track changes almost in real time.

Thanks to modern medical devices such as a pulse meter, glucometer,
tonometer and cardiac monitor, this process has become possible without the need
to visit the hospital. There are also specialized monitoring systems designed to
control certain diseases. For example, monitors for tracking apnea, cardiac
monitors, devices for patients with dementia and Parkinson's disease, breathing
machines and fetal monitors.

The use of Al in mobile patient monitoring can be implemented in various
ways: For example, in real-time monitoring: Mobile devices with built-in sensors
such as accelerometer, gyroscope, and heart rate monitors can collect data on

physical activity, heart rate, blood oxygen levels, and other health parameters.
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Algorithms analyze this data in real time to detect abnormalities or warn of
potential health problems [1]. Diagnosis and prognosis: Al processes data collected
by mobile medical devices such as ECG monitors and medical apps to diagnose
diseases or predict possible complications.

Personalized treatment approach: Al analyzes patient health data collected
from mobile devices and offers personalized treatment and health management
recommendations based on the patient’s activity, sleep, and nutrition.

Remote consultation and support: Mobile apps use Al to provide real-time
medical consultations or to support patients with chronic diseases.

These and other methods demonstrate how Al is being integrated into mobile
health apps to improve patient health monitoring and provide them with more
personalized and effective care. In mobile patient monitoring, “mobile” refers to
the use of portable devices such as smartphones or tablets to collect and transmit
health data. Cameras on mobile devices play an important role in various medical
patient monitoring apps and technologies: Video consultation medical apps: The
patient uses the camera of the mobile device to make a real-time video call to the
doctor for consultation and diagnosis [2].

Medical applications for symptom recognition: The mobile device camera is
used to capture the symptoms of a disease, which are then processed by computer
vision algorithms. Medical applications for disease monitoring: Using the mobile
device camera to measure heart rate or collect sleep data.

Medical applications for patient reaction recognition: The mobile device
camera analyzes the patient’s facial expressions and behavior to determine his
emotional and psychological state [3]. Using mobile device cameras in medical
applications can significantly improve the monitoring of mobile patients and
improve the quality of medical care. We use deep neural networks trained on data
collected from various sources to analyze and predict the patient’s condition. For
this, we load pre-trained models using the Keras and TensorFlow libraries [4].

Next, the images are prepared by converting them to the required format and

size. Image normalization is also performed to ensure correct analysis.
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The code shown in Fig. 1 is an example of image classification using a deep
neural network on a pre-trained model. First, the model is loaded from a file and
the list of class labels is loaded from a text file. The image is then prepared for
analysis by resizing the image and normalizing the pixel values. The images are
then fed to the model, and predictions are obtained in the form of probabilities of
belonging to different classes. The final result is displayed as the category with the
highest robability and the confidence level of the model corresponding to this

prediction [5].

# Disable scientific notation for clarity
np.set_printoptions(suppress=True)

# Load the model
model = load model(™/content/keras_model.h5", compile=False)

# Load the label=s

class_names = open(”/content/labels.txt", "r").readlines()

# Create the array of the right shape to feed into the keras model

# The ‘length’® or number of images you can put into the array is

# determined by the first position im the shape tuple, in this case 1
data = np.ndarray(shape={1, 224, 224, 3), dtype=np.float32)

# Replace this with the path to your image
image = Image.open(”/content/WIN_ 28248324 22 33 46 Pro.jpg").conwvert{"RGEB™)

H

resizing the image to be at least 224x224 and then cropping from the center
ize = (224, 224)
image = ImageOps.fit{image, size, Image.Resampling.LANCZOS5)

i

# turn the image into a numpy array
image_array = np.asarray{image)

# MNormalize the image
normalized _image array = (image_array.astype(np.float32) / 127.5) - 1

# Load the image into the array
data[®] = normalized_image_array

# Predicts the model

prediction = model.predict{data)

index = np.argmax(prediction)
class_name = class_names[index]
confidence_score = prediction[@][index]

# Print prediction and confidence score

print("Class:", class_names[2:], end="")
print("Confidence Score:", confidence_score)

Figure 1 - Image classification
After image processing, the model predicts the patient's condition by

generating probabilities of certain behaviors and movements that may indicate the
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patient's health status and the need for medical intervention [7]. The results
obtained provide valuable information for real-time patient monitoring, warning of
potential problems, and timely intervention by medical personnel.

Using mobile health to remotely monitor a patient's condition using neural
networks opens up new perspectives in medical diagnostics and patient care.
Accurate predictions based on data obtained from mobile devices allow for rapid

response to changes in health status and prevention of potential complications
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ANALYSIS OF CLOUD AUTHENTICATION SYSTEMS FOR
BIOMETRIC DATA
Assylbek D.O.

Almaty Technological University, Almaty, Kazakhstan

Abstract. This article analyzes cloud authentication systems that use biometric data to
enhance security. Cloud technologies enable efficient management of biometric data, providing
high security and user convenience. However, these systems face challenges related to data
storage security, privacy, and infrastructure reliability.

Keywords: Cloud, Biometric Data, Authentication, Security, Privacy, Scalability,
Financial Transactions, Encryption

Introduction. This article is dedicated to exploring the use of cloud
technologies in biometric authentication, aimed at protecting user data from
unauthorized access. The relevance of this topic is due to the fact that cloud-based
solutions in biometrics enable the efficient and secure management of biometric
data, such as fingerprints, facial recognition, voice, and iris scans. They create a
convenient and secure environment for storing and processing data, especially in
the context of digital financial transactions, where the speed and accuracy of
authentication are crucial in preventing fraud.

Modern cloud systems offer flexibility and scalability to handle a growing
number of users, which is vital for large organizations and services with extensive
customer bases. These systems also allow for multi-factor authentication and the
use of advanced encryption methods to protect data. Cloud-based biometric
authentication benefits both organizations and users by providing a high level of
security, ease of use, and eliminating the need to remember passwords, which can
be easily forgotten or stolen. However, the topic also raises concerns about the
privacy and security of biometric data, as such unique data requires high-level
protection and compliance with modern information security standards.

Overview. Cloud-based biometric authentication systems cover a wide range
of technologies and methods aimed at enhancing access security and preventing
unauthorized actions. In recent years, cloud-based biometric technologies have
become especially in demand in the financial sector, where security plays a critical
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role. Biometrics ensures a high level of security by using unique characteristics of
users. The main biometric parameters include fingerprints, facial recognition, voice
patterns, iris identification, and behavioral characteristics such as typing speed and
movement patterns. These parameters are difficult to forge or steal, making
biometric authentication significantly more resistant to hacking than traditional
methods.

Cloud technologies provide an additional advantage by allowing biometric
data to be stored on remote servers, which ensures scalability and access to data
from various devices. For example, in fingerprint authentication, the user’s data is
first scanned, then transmitted to a cloud server, where it is compared with pre-
registered biometric samples. This process may involve encrypting data to protect
it from interception and other threats. Similarly, facial recognition, voice, and
behavioral data are processed and matched in the cloud, providing convenience
and flexibility to the user.

Despite the advantages, cloud-based biometric systems face several
challenges. Key issues include ensuring data security and privacy since biometric
data cannot be replaced in case of a leak, unlike passwords. Additionally, there is a
risk of privacy violations, especially when biometric data may be used by third
parties without permission. Another significant concern is the system's resilience:
in case of server failure or an attack on cloud infrastructure, access to biometric
data may be temporarily restricted, leading to service disruptions and
authentication failures. To mitigate these risks, cloud providers use encryption,
access control systems, and intrusion detection tools to help prevent data leakage.

Analysis. The advantages and disadvantages of cloud-based biometric
authentication systems require careful analysis. The main advantages of these
systems are the high level of security and user convenience. Biometric data, such
as fingerprints, iris scans, or typing style, are unique to each person, minimizing
the risk of forgery. This avoids many vulnerabilities inherent in passwords and
other traditional authentication methods that can be stolen, forgotten, or easily

hacked. Moreover, using cloud-based biometric authentication provides access to
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data from different devices, making this method especially convenient for users
who need secure access to their accounts and services from anywhere.

However, cloud-based biometric systems also have drawbacks and
challenges. First, an essential aspect is data storage and transmission security.
Biometric data is highly sensitive information, so data must be encrypted and
protected by access control systems to prevent cyberattacks and leaks. It is critical
that biometric information is securely protected not only during transmission but
also in storage, especially if it is stored on remote cloud servers vulnerable to
attacks by malicious actors. Additionally, strong encryption protocols and regular
security updates are essential to ensure that data integrity is maintained. Without
adequate protective measures, any breach could lead to significant privacy
violations and loss of user trust in the system. Without adequate protective
measures, any breach could lead to significant privacy violations and loss of user
trust in the system. Furthermore, regulatory compliance, such as adherence to
GDPR and other data protection standards, is vital for legally safeguarding

sensitive biometric information in cloud environments.

| Enrcllment :|

| Capture and store biometric data |

[ Authentication Request |

|' Capture biometric data |

- -._ i

|' Encrypt and transmit data to cloud |
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| Transaction Authorization |
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Figure 1. Process of Cloud-Based Biometric Authentication for Financial

Transactions
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Second, a significant issue is user privacy. Biometric data is unique, and in
the event of compromise, it cannot be replaced like a password or PIN code. This
creates a high risk for users, especially if data can be used to identify them without
their knowledge. Cloud providers offering biometric solutions must strictly adhere
to privacy rules and ensure that access to biometric data is only available to
authorized persons. Modern encryption methods and multi-factor authentication
can help mitigate the risk of unauthorized access and data leakage.

Finally, the third issue is the reliability and resilience of cloud infrastructure.
Dependence on cloud servers means that in the event of technical failures or
cyberattacks, access to biometric data may be temporarily limited or completely
suspended. This can cause problems with authentication and denial of access for
users, which is critically important for financial and other sensitive services. To
minimize these risks, cloud-based biometric authentication systems must include
backup and disaster recovery systems, which will ensure continuous access to
biometric data even in the case of temporary disruptions.

In conclusion, cloud-based biometric authentication systems offer numerous
benefits in terms of convenience and security, but to achieve effective
implementation, issues of privacy, data protection, and resilience must be

addressed.
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Abstract. The article is devoted to the research and development of an intelligently controlled air
exchange system based on loT technologies for use in urban environments. With increasing
urbanization and environmental degradation, traditional ventilation systems cannot cope with
changing conditions that require the development of new air quality management solutions. This
study proposes a system that uses air quality sensors to monitor pollution, temperature and
humidity in real time, as well as 10T technology to automatically adjust air flow. During the
research, the system was modeled and experimental tests were carried out. The results showed that
the introduction of an intelligent system will significantly improve indoor air quality by reducing
pollution levels by 15-25% compared with traditional air exchange methods. The system also helps
to save energy and reduce operating costs. This solution has significant potential for use in urban
infrastructure, contributing to the improvement of the environment and quality of life.

Introduction. Modern urban conditions place increased demands on the
quality of the environment, including the air that citizens breathe. The growth of
urbanization, increasing population density and deterioration of the environmental
situation lead to significant changes in the parameters of air flows in cities.
Traditional air exchange systems, which were designed with less dynamic
conditions in mind, often fail to cope with new challenges. In this context, there is
a need to develop and implement intelligent systems capable of adapting to
changes in real time and ensuring the maintenance of comfortable air conditions
for the urban population [1].

Internet of Things (1oT) technologies offer revolutionary possibilities for air
exchange automation. With the help of 10T, it is possible to monitor environmental
parameters such as pollution levels, temperature, humidity, and regulate the
operation of the air exchange system in real time. This allows you to optimize air
flow, improve air quality and reduce energy costs.

The purpose of the research. The purpose of this work is to develop an
intelligent controlled air exchange system based on Internet of Things (lIoT)
technologies, which can be effectively applied in urban environments. The main

focus is on the automation of air exchange management processes, air quality
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monitoring and optimization of air flows taking into account changing external
factors [2].

Relevance. The issues of air quality management and energy saving in urban
infrastructure are becoming increasingly relevant due to the increase in building
density and the aggravation of environmental problems. Intelligent loT-based
systems can offer solutions to these problems by providing the ability to monitor
and automatically regulate air exchange, taking into account parameters such as air
pollution, temperature and humidity.

Research methods:

1. Theoretical analysis of existing air exchange systems.

2. Comparative analysis of automation technologies and monitoring systems.

3. Modeling and development of a prototype of an intelligent air exchange
system.

4. Experimental research and testing using air quality sensors and simulation
software.

1 Analysis of existing solutions. The development of intelligent air exchange
systems in urban environments based on IoT has become an urgent task due to the
increasing density of the urban population and the deterioration of air quality. To
create an effective system, an analysis of existing technologies, their capabilities

and limitations is required [3].

Table 1 — Comparative analysis of existing solutions

Decision Features Disadvantages
Automatic ventilation control Automatic ventilation control
IQAIr based on data from air quality based on data from air quality

Sensors

Sensors

Siemens Desigo

Machine learning support for air
flow optimization

Machine learning support for air
flow optimization

Honeywell
Healthy Buildings

A multi-component platform for
optimizing the microclimate

A multi-component platform for
optimizing the microclimate

Cisco Kinetic for
Cities

Integration with the urban loT
network

Integration with the urban loT
network

EcoStruxure ot
Schneider Electric

Optimization of air exchange
taking into account external
factors

Optimization of air exchange
taking into account external factors
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Conclusions and identified problems

Several important conclusions can be drawn from the analysis:

* Intelligent IoT-based air exchange control systems solve the problem of
adaptation to dynamic conditions and reduce energy consumption. However, most
of these systems are focused on large buildings and complexes, and their use in
small urban facilities may be difficult.

» High cost and complexity of integration: Most air exchange management
solutions require significant installation and integration costs. This prevents the
widespread adoption of such technologies, especially in countries with limited
budgets for urban infrastructure modernization.

 Functionality limitations for stand-alone solutions: Many systems cannot
control air exchange autonomously without access to external data systems. This
limits their use in autonomous facilities [4].

2 Results. A graph of the effectiveness of the system.

The graph below shows how air quality will change before and after the
introduction of an intelligent air exchange system.

In order to show how air quality will change in Kazakhstan before and after
the introduction of an intelligent air exchange system, | use data on the
concentration of PM2.5 (one of the main air pollutants) over the past 5 years. In
large cities of Kazakhstan, such as Almaty, air quality was at a low level due to
vehicle exhaust and industrial emissions, but there have been attempts to improve

in recent years through environmental programs.

Air Quality Improvement in Kazakhstan Over 5 Years (PM2.5 pg/m?)

2019.0 2019.5 2020.0 2020.5 2021.0 2021.5 2022.0 2022.5 2023.0
Year

Figure 2 - Graph of system efficiency
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The blue dotted line shows the values before the introduction of the intelligent
air exchange system, and the green line shows the values after its implementation.
It can be seen that after the introduction of the system, the air quality will
significantly improve, especially in recent years, which indicates a decrease in the
concentration of harmful substances in the atmosphere [5].

To accurately display air quality data without implementing an intelligent
loT-based air exchange system in Kazakhstan, | used the actual average values of
PM2.5 (particles less than 2.5 microns in size) that have been recorded in major
cities of Kazakhstan over the past 5 years. These data include the impact of
emissions from transport, industry and weather conditions [6].

The results of the study show that the introduction of an intelligent controlled
air exchange system based on loT technologies can become an important tool in
solving urban environmental problems and improving the quality of life. The
system being developed as part of this project will demonstrate a significant
improvement in indoor air quality through automated air flow control based on
real-time data from sensors. In addition to the direct impact on air quality, the
system can significantly reduce energy consumption, which leads to resource
savings and lower operating costs.

Thus, an intelligent controlled air exchange system can become a key
component in creating sustainable urban infrastructure, reducing environmental
impacts and improving living and working conditions in cities. The combination of
automation, energy efficiency and environmental safety makes it relevant for
implementation both at the level of individual buildings and at the level of urban

areas within the framework of global digitalization and the concept of a "smart
city" [7].
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CEKIIIA 4

THOOPMAIIMHI CUCTEMHU TA TEXHOJIOT'TI HA BAPOBHUIITBI TA
B OCBITI
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YK 004
BUBIP METO/IB MOHITOPHUHI'Y TA YIIPABJITHHS
TPAHCHOPTHUMHU NIOTOKAMUA
binux I'. B., /I’akoe O./1.
XapkiecoKuii HAUIOHATLHUL ABMOMODITLHO-00PONHCHII YHIgepcumem,

Xapkie

CygacHi MicTa CTHUKAalOThCS 3 YHCICHHUMH TpoOiemamu y cdepi
TPaHCHOPTHOT 1HGPACTPYKTYPH, Cepell SIKUX TOJIOBHUMH € 3aTOPH, 3a0pyaHEHHS
MOBITPS Ta 3HAYHE EHEProClOXKUBAHHS. 3OUIBIICHHS KUIBKOCTI aBTOMOOUIIB 1
3pOCTaHHSl IHTEHCUBHOCTI pyXy BUMararoTh 3alpOBa/KEHHS €()EKTUBHUX PIIICHb
JUIsL. MOHITOPUHTY W YyIpaBiiHHSA JOpoxHIM TpadikoMm. lle crnpuse He nuine
MiIBUIIEHHIO KOMGMOPTY Ta O€3MeKH YyYacHHWKIB pyxXy, a ¥ onTumizarii
BUKOPUCTAHHS MICBKOIO MpPOCTOPY Ta 3HWKCHHIO HETaTUBHOTO BIUIUBY
TPaHCHOPTY Ha TOBKUILIA.

Jns Bubopy HaWKpalMx METOJIB MOHITOPUHTY Ta pEryIrOBaHHS
TPAHCHOPTHUX TMOTOKIB MOTPIOHO BpaxoByBaTh OaraTo YMHHHKIB, 30KpeMa
IHTEHCUBHICTh PYXY, CTaH JIOPOXKHBOI IHPPACTPYKTYpH, KIIMATHYHI YMOBH Ta
JOCTYITHICTh CYy4aCHHX TE€XHOJIOTIH.

MeToau KOHTPOJIIO TPAHCHOPTHUX IMOTOKIB BKIIIOYAIOTH IIUPOKHHA CIIEKTP
pillICHb: BIJ TPATUIIIHHOTO BiIEOCTIOCTEPEKEHHS 10 IHHOBAIIMHUX IMiIXOJIB 13
3actocyBaHHsAM ceHcopiB, GPS-TpekepiB 1 TexHONOT 00pOOKH BETUKHUX JTAHHX.
KoxeH 13 n1ux miaxo/iB Ma€e CBOI MepeBaru Ta HEIOMIKH, K1 BIUIMBAIOTh HA SKICTh
OTpUMaHOi 1HGOpMaIlil Ta MBUAKICTE 11 00pOOKU. AHaII3 JaHUX MPO TPAHCTIOPTHI
MIOTOKM JTO3BOJISIE HE JIMIIE BU3HAYATH MPOOJIEMHI JUISHKH B PEXHUMI PEalbHOTO
Jacy, a ¥ TMpOrHO3yBaTH iX PO3BUTOK, IO € KIIOYOBUM JUIS NPUUHATTA
e(eKTUBHUX YIIPABIIHCHKHUX PIIICHb.

Bubip MeroaiB ympaBiliHHS TPAaHCIOPTHUMH MOTOKAMHM TIPYHTY€ETbCS Ha
aHasi3i 310panoi iHpopmarii. [cHye mupoKuii CIEKTP MiAXO0IB, BiJl HANAIITYBAHHS

cBiTiIO(OpiB 1 onTuMizarii rpadikiB TPOMaJICBKOT0 TPAHCIIOPTY JI0 BIPOBAIKCHHS
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IHTENeKTyalbHUX TpaHcnopTHUx cucreMm (ITS), sKi 3acTOCOBYIOTH alropuTMu
MITYYHOTO 1HTEJEKTY IS aJallTUBHOTO YIPaBJIIHHS JOPOXXKHIM pyxom. Bubip
KOHKPETHOTO METOJy 3aJie)KUTh BiJ] YMOB Ta 3aBgaHb, LIO0 CTOATH TNEpen
TPAHCTIOPTHOIO CHUCTEMOIO MicTa ab0 perioHy. YCHIIIHE YNPaBIiHHS MOXKJIHBE
3aBJSKHM KOMIUIEKCHOMY TIJIXO0May, IO 00’€AHYy€E Pi3HI TEXHOJOTIl ¥ METOaM s
JOCSITHEHHSI MaKCUMaJIbHOT €()eKTUBHOCTI.

MaremMaTiyHe MOJCIOBAHHS TPAHCIOPTHUX TIOTOKIB € BaXKJIUBUM
IHCTPYMEHTOM JJI1 OI[IHKM TaKUX MapameTpiB, SIK 1HTEHCUBHICTb, IIBUJIKICTb,
3aTPUMKH B pycl Ta BTpaTH Yacy Ha OKpeMUX [JUIsHKax. PizHI mogmeni
TPAHCHIOPTHUX MEPEX BIAPIZHAIOTHCS CBOIMU 3aBIaHHSMH, MaTeMaTUYHUMU
M1X0/1aMH, BUX1THUMH TaHUMU Ta PIBHEM JIeTali3allii OMHUCY PyXYy.

YMOBHO MOjeni MOXHA MOAUIATA HA TPU OCHOBHI KaTeropii: MpPOTHO3HI,
IMITAIHI Ta ONTUMI3aL[iiHI.

[IporHo3Hi Mozeni 3a0e3MeuyloTh aHajl3 TPAHCHOPTHUX IMOTOKIB Yy
MaciTabax MiChKOi MEPEXi, OIIHIOIUN CEPE/IHI XapaKTEPUCTUKH, TaKl IK 00CSITH
nepeMilleHb MK pailoHaMU, IHTEHCUBHICTb Tpadiky Ta pO3MOJIT TPAHCHOPTHUX
3ac00iB 1 macaxkupiB 3a MapmipyTamu. i IbOTO BUKOPHCTOBYIOTHCS JTaHl PO
JIOPOKHIO TEOMETPil0, TMapamMeTpu Mepexi ¥ 00’€KTH, IO CTBOPIOIOTH abo
npuiiMaroTh motoku. Ll Mozeni 103BOJIAIOTH mependavaTd HACHIAKA 3MIH Y
JOPOKHIN Mepexi, HANMpUKIaj, IMCIS BBEJACHHS HOBUX PO3B'SI30K YU 3MiH ¥y
peryiaoBaHH1 CBITIO(OPIB.

Takum uMHOM, BUKOPUCTAHHA MaTEMaTHUYHUX MOJEIEH J1a€ 3MOTy HE JIUIIE
MPOTHO3YBaTH CHUTYaIlll0 Ha JOporax, a W MNpUAMaTh 3Ba)KEH1 PIMICHHS IS
ONTHMI3aIlii TPAaHCIOPTHOI CHCTEMH. TIOTOKOYTBOPIOIOYHX 1 MOTOKOMOTIMHAIOYHX
00'€KTIB 3aJUIIAETHCS CKJIQJHAM 3aBIAHHSM, OCKITLKM BHMAara€ BpaxyBaHHS
0aratbox (HakTOpiB, TAKUX SIK TOJUHU MIK, CE30HHI KOJMBAHHS Ta 3MIHIOBAHICTh
TIOTIUTY.

Ha BigMiHy BiJ MPOTHO3HMX METOJIIB, IMITALIITHE MOJEIIOBAHHS JO3BOJISIE
JIETANbHO BIJTBOPIOBATU AMHAMIKY JOPOKHBOIO PYXY, BPaxOBYIOUHU PO3BUTOK
npoueciB 'y 4aci. BoHO Hajgae MOXJIMBICTh aHali3yBaTH PI3HOMAaHITHI ACHEKTH
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TPAaHCHOPTHOTO IMOTOKY, Takl $K 3MIHA IIBUJAKOCTI, 3yHWHKH, 3aTPUMKH Ta
dbopMyBaHHS Yepr Ha mepexpecTsiX. Sk mpaBuiio, AJis CTBOPEHHS TaKUX MO/Eiei
BUKOPHUCTOBYIOTHCS CEpEeH1 MOKA3HUKHU MOTOKIB 1 1X PO3MOALT Ha PI3HUX AUISTHKAX
Mepexi. IMitamiitHi Mozeni J03BOJISIIOTh BPAaXxOBYBAaTH CTOXACTUYHHM XapakTep
TPAHCHIOPTHUX MOTOKIB 1 3a0€3MeUyIOTh JeTalbHE YSABICHHS PO pOOOTY CUCTEMH,
0 € 0COOJIMBO KOPUCHHUM MJI1 MPOTHO3YBaHHS HACIIJKIB aBaplid YW pPanTOBUX
3MiH y pyci.

[IporHo3ni Ta imiTaliifHI MOJENI YacTO BHUKOPHUCTOBYIOTHCS Pa3oM,
JIOTIOBHIOIOYM OJIHA OJIHY, IO JI03BOJISI€ PO3pPOOJIATH OUIBII TOYHI Ta €(EKTHBHI
CTpaterii ynpaBiiHHS TPAHCIIOPTHUMH MOTOKaMH. 3aBASKHU X KOMOIHAIi MOXHA
OTpUMATH KOMIUICKCHY KapTUHY (YHKIIOHYBaHHS JOPOKHBOI CHCTEMH,
BKJIFOYAIOYH aHAJI3 3aTPUMOK Ha TEPEXPECTSIX, TPUBAJIOCTI Yepr 1 MOTEHIIHHUX
CIICHapiiB BUHUKHEHHS 3aTOPIB.

OxkpIiM LBOTO, ICHYIOTh MOJEIII, CIPSIMOBaHI Ha ONTHUMI3allll0 TPAHCIIOPTHOI
Mepexxi. BoHM BupINIYIOTh 3aBAaHHS BHOOPY HaWKpalIUX MapHIpyTiB IS
NEPEeBE3CHHsS] TMacaXUpiB 1 BaHTaXIB, YJAOCKOHaJEHHs poOOTH CBITIOMOPIB, a
TaKOX TOKpAIIeHHs] KOHQIrypallii MiChbKUX J0pir. Bukopuctanus Takux mojaenen
crpusie MIABUIICHHIO €()EKTUBHOCTI 1HOPACTPYKTYPH, 3HUIKEHHIO 3aTOpIB 1
CKOPOYCHHIO Yacy Ha TMOi3JKH, IO € HaI3BHYafHO BaXJIMBUM IS PO3BUTKY
Cy4YaCHHUX MICBKHX CEPEIOBHILL.

Takum ynHOM, BUOIpP METO/IB MOHITOPUHTY ¥ YNpaBIiHHA TPAHCIOPTHUMHU
NOTOKaMHU BU3HAYAETHCA CEUU(PIUYHUMHU NOTpedamMu Ta LUIAMH MicTa. [HTerpamis
pPI3HHX MoOJeNeld € KIIOYOBMM acClEeKTOM Cy4YacHOTO MiJAXOdy, OCKIJIbKA BOHA
JI03BOJISIE JTOCSATTH MaKCHMaJbHOI €()EeKTHBHOCTI YIIPABIIHHS TPAHCIOPTHOIO
1HOPACTPYKTYPOIO 1 CIIPHSIE CTATIOMY PO3BUTKY MICHKUX arjoMeparrii

Cnucoxk BUKOPUCTAHUX JKepet

1. Kamenes JI. O., Cemuenko H. O. Maremarnuni mojeni aHami3zy

TPaHCHOPTHUX Mepexk 1 xapakrepuctuk pyxy. URL:content (khadi.kharkov.ua)
2. Harpe6enpHa JI. TI. Bu3HaueHHs Micllb YyTBOPEHHS 3aTOpiB
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YK 004.9: 681.5
CTPYKTYPHUM CUHTE3 CUCTEMHU KOHTPOJIIO JOCTYITY HA
NPOMUCJ/IOBUX OB’€EKTAX
TI'opoans A. IO., be3koposaiinuii B. B.

XapxiecoKuii HaUiOHANbHUL YHIGepcumem padioejleKmpoHiku, XapKie

ABTomaTtu3oBaHi cucteMu KoHTpomro noctyny (ACKJl) e HeBig'emHOIO
YaCTUHOIO CyYaCHUX MPOMHUCIOBUX MiANpHEMCTB. BoHu 3a0e3medytoTs Oe3neky Ta
e(peKTHUBHE YINpaBiiHHA MNepcoHaToM. OJHMM 13 KPUTHYHHX €TaliB pPO3pPOOKH
TaKMX CHUCTEM € TPOEKTYBAHHS CTPYKTYpPHOI CXeMH, sika 3abe3nedye IiTicHe
ySBJIEHHS NP0 (DYHKI[IOHYBAHHS CUCTEMH, B3a€MOJIIO ii KOMIIOHEHTIB 1 JIOT1YHY
TOCIIIOBHICTh OMepaliif. Ii BUKOPHUCTaHHS M03BOJAE HE TIMbKM ONTUMi3yBaTH
mporec po3poOKu, aje W MABUIIMTA HAAIAHICTE 1 OE3MEeKy CHCTEMH,
3a0€3MeYrBILH ii aJallTUBHICTh 10 NOTEHLIMHUX MalOyTHIX 3MiH.

Jlo ocunoBHux ¢yHkMiH ACKJ[ BimHOCATBCS O€3KOHTAaKTHA ifAeHTH]IKAISA
CHIBPOOITHUKIB 32 JOTIOMOI'OI0 KOMIT FOTEPHOTO 30py Ta O€3pOTOBUX TEXHOJIOT1i
(RFID, NFC), sixi miaBumIytoTh €(heKTHBHICTH 1 0€3MeKy MiapOo3aAUTiB KoMIaHii. 3a
pesyibTaTaMu OTJIAAy W aHali3y Cy4YaCHHUX TEXHOJOTIM 1 CHCTeM KOHTPOJIIO
noctymny [1-2] 3ampornoHoBaHO Takuil BapiaHT cTpykTypHoi cxemu ACK]l Ha
BupoOHMITBI (puc. 1). Ha Hiif mogaHO OCHOBHI €JIEMEHTH CHUCTEMU: JATYHKH,
KOHTpOJIEpU Ta MOJYJIb 00poOku iH(opMmalii. [lonepeaHii aHami3 CXeMU CIPUSIB
BUSIBJICHHIO MOTEHIIHUX PU3UKIB, ONTUMI3AIliI0 MPOIECY B3a€MO/I1i KOMIIOHEHTIB
1 OIIBUILEHHIO HAIHHOCTI CUCTEMHU.

Enementu po3po6iieHOT cXxeMH BUKOHYIOTh Takl (yHKIIII:

— KaMepa BIJNOBIZA€ 3a 34YMTYBaHHS 300pakeHHS a0o0 Bigeo 3 0OIWIUs
JIOMUHU U1 WOTO TMOJAJBIIOTO aHamizy. BUKOpPHCTOBYeThCS B MOAYJ
po3mi3HaBaHHA 00JMYYs AJIs 1IeHTU(dIKalli KOpUCTyBaya Ha OCHOB1 010METPUYHHX
JTaHUX;

— RFID, monyns 3uutyBanHs RFID-kapt abo iHmumx inentudikatopis. B
[bOMY OJIOLII PO3TAIlIOBAaHUI 3UnTyBay, sikui B3aemozie 3 RFID-uinoMm, mo moxe
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OyTu BOynoBaHUM B KapTKy ab0 iHIMIA 00'€KT, I MiATBEPIKESHHS ieHTU(IKAITIT
ocobu abo 00’ekTa;

— 3aMOK, 1I€ €JIEKTPOHHUI 3aMOK a00 MeXaHI3M OJOKYBaHHS JOCTYILy, SIKHil
OTPUMY€E CUTHAIIM BiJl KEPYIOUOT CUCTEMU TS BIIKPUTTS 00 OJIOKYBaHHS JOCTYITY
micis  YCIIMIHOI ieHTHdIKaIli KopHCcTyBada uepe3 MOAYJl po3Ii3HaBaHHS
00mmyus a6o RFID;

— MM (MIKpOTIPOIIECOPHUN MOJYJb), KEPYIOUMid OJIOK CHUCTEMH, SKHM
00po0isie nau1, orpuMani 3 moayJiisi RFID. Bin BinmoBigae 3a 3unTyBaHHS JaHUX 3
KapTOYKHU KOPHCTYBaua, JEKOAyBaHHs 1HPOpMAIlii Ta nepegadi Ha HOyTOyK. Takox
MM oTtpuMye naHi 3 KOMIT I0TE€pa Ta KEPYE BIAKPUTTAM €IEKTPUIHOTO 3aMKa;

— KOMIT'IOTEp — MPUCTPIH, sIKUi BUKOHYE (PyHKIIII0O 00poOKH iH(popmalii Ta
YOPaBIIHHS CHCTEMOIO. MICTHTh JIBa OCHOBHI TIPOTpaMHI MOJIYJi: MOIYJb
po3Mi3HaBaHHs 0014 4s Ta Moayib AaHux RFID;

— MOIyJNh pO3IMMi3HaBaHHSA OOJWYYsI, MpOTpaMHA YAaCTHHA CHUCTEMH, SKa
aHaJi3ye JdaHl 3 KaMepu Ta BH3HA4Ya€, YW BIJAMOBIJAE€ 300paKCHHS OOIHYIYSL
KOPHUCTYBaua 3a3/1aJierib 3alMCaHuM O10METPUYHUM JTaHuM. SIKII0 iaeHTrudiKaris
yCHIIIHA, TaH1 IePETAF0OTHCS O MOYJIS yIPABIIHHS IJIs HaJaHHS JOCTYITY;

— moxaynb nanux RFID, net mporpamumii moayis 30epirae mani RFID-koxy,

K1 MAIOTh MpaBa JOCTYIY /10 BAPOOHUYOrO MPUMIILIEHHS.

Kamepa Cucrema kepyranaa ACKIIIT

= = = ———— ————— = = ———— = ——

Komm’orep

| Moayas
:> MM po3mizHABAHHSA

o0 YU

I

1

1

] 1

1

|

|

|

Monayas naHux
RFID

3aMok === 00 mmmmmmmm e e e mm e m— s

Pucynox 1 — Crpykrypna cxema ACKJl Ha BUpOOHUIITBI

Y npoueci ¢yHkuionyBanHs po3poomoBanoi ACKJ[ Ha BHUpOOHUIITBI

BU3HAYEHO TaKl CKJIAJI0BI:
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— 00’€eKT 11eHTU(IKAIIT M IXOAUTH 0 MMyHKTY MPOMYCKY;

— cucTeMa ckanye o0inmuyus Ta 3unutye nadi 3 RFID-kapTkuy;

— OTpHUMaHi J]aHl 3 KaMepu MepelatoTbcs Ha OJHOIIATHUM KOMIT I0Tep, AaHi 3
RFID-kaptku nexomytotbes B MM Ta y Burisai 16-ro komgy depes mopt USB
HepEeAaoThCs Ha OJHOIUIATHUM KOMIT I0TED;

— Ha OJHOIUIATHOMY KOMII'IOTEpl B MOJIYJIl pO3MI3HABAHHA OOJINYYS
3MIACHIOETHCS aHalli3 OTPUMAHOTO 300paKEHHs OOJIM4YYsi, WOro TmepeBipka 3
ICHYIOUMMH 3pa3kamu Ta nepeBipka 16-ro koxy 3 RFID-kaptku. [Ipu ymoBi, 1mio
o0uaBa mapaMeTpd MaroTh MO3UTHBHHUM BIATYK Ha 3aluTH, cucTtema yepes MM
HojJa€ KOMaHAy Ha BIAKPUTTS 3aMmKa. SKio oauH, abo oOuaBa mapaMmeTpu He
BIJINIOB1/1al0Th, CUCTEMA HE Ja€ KOMaHIN HA BIIKPUTTS 3aMKa.

Pozpo6moBana ACKJl moxe OyTu pearnizoBaHa 3 BUKOPHUCTAHHSIM PI3HOTO

TEXHIYHOI0, MAaTeMAaTHMYHOTO 1 TporpamMHoro 3aoOesneueHb. Jlis  BuOOpy

HaWKpaIoro Bapianty mobynosu cucremu S° € S (me S — MHOKHHA JOIYCTUMHX

BapiaHTIB) Ha MEPIIIOMY €Tami HEOOXITHO BU3HAYHMTH 1 (pOpMalli3yBaTh MHOKHHY

MOKA3HUKIB AKOCTI (Mokanbhux kputepiiB) Kj(s), j=1m, sxi anexsarHo
XapaKkTepU3yOTh BapiaHTH ii HOOY10BH.

B  sKOCTI JOKaJIbHUX KpUTEPIiB TMPOMOHYETHCS OOpaTH TMOKA3HUKU:
orepaTHBHOCTI (4acy imeHTudikamii kopucryBada) K;(S)— min; wHamgiitHOCTI
K,(s)— max; xuBydocTi Kz(S)—> Max; HaBemeHWX BUTpPAT Ha CTBOPEHHS W
eKCILTyaTaliro cucreMu K,(s)—>min.

Ha nactymHomy erami 3M1MCHIOETHCS BUJIJICHHS MMIJIMHOXUHU €()EKTUBHUX
(ITapeTo-onTUMaNbHUX) BapiaHTIB MOOYIOBU CUCTEMH S E =S umsxom BUJTyYCHHSI
3 MHOXHHU JONMYCTHMHUX S C SV migmuOMKMHE Hee()EeKTUBHHUX BaplaHTIB (TIPIIMX

. 3 —<E
3a BCiMa IOKa3HUKaMK X04a 0 3a OJMH 3 iHmmx) S CS.

PanxyBanns BapiantiB noOynoBu ACKJl 1 BuOip Haiikpamoro cepejs HUX
s® e Sk MPOTIOHYETHCS 3AIMCHIOBATH IUIAXOM iX KUIBKICHOTO OIIIHIOBaHHS 3

BUKOPUCTAHHAM Teopii kopucHocTi S° =arg max P(s) (me P(s) — 3araipHa
seS
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CKaJIsIpHa OITiHKA IIHHOCTI BapiaHTa 3a BCI€I0 MHOXHHO IMOKa3HUKIB) [3-4].

3aranpHuil Kputepiii edexkruBHOCTI P(S) NpoOmoHyeThbcs CHUHTE3yBaTH Ha

ocHOBi (yHKUiH KopucHOCTI &(S), AKi BU3HAYAIOTH LIHHICTH 3HAYEHD JOKATHHAX

kputepiiB K i (s), j=1,m. Ix moxua posrnaaaTu sk QyHKIi HATEKHOCTI HEUITKUM

MHOKMHaM «Haiikpaiiie 3HaYeHHS JIOKaJbHOTO KpUTEpito». Y SKOCTI (DyHKIIN

3arajgbHOl  KopucHOcTi BapianTiB moOymoBu ACKJl P(S) mnpomoHyerhes
BHKOPHCTATH 3Ba)KEHY 3a JOMOMOIOI0 MapamerpiB A j QIUTHBHY 3TOPTKY (QyHKIIH

KOPHUCHOCTI JIOKQJTbHUX KPUTEPIiB:
4 4
P(s)=> 4i&(s), 2;20, > 4;=1. (1)
j=1 j=1

3anporonoBanui BapianT noOyaoBu ACK]] moemnnye B coOi aBa MeTonu
ineaTudikamii — Olomerpuunmii 1 RFID, mo miaBumye Oe3meky aocTymy 3
ypaxyBaHHSM TIIOKa3HUKIB OMNEPATUBHOCTI, HAIIAHOCTI, >KMBYUYOCTI 1 HaBEJCHUX

BUTpAT.
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YJIK 004.09
THOOPMAIIMHA CUCTEMA «BOJHI PECYPCH XAPKIBCBHKOI
OBJIACTD»
M'akoe O./1.

XapxiecbKuili HAUWIOHANLHUTL ABMOMOOLTILHO-00DP0XHCHIN YHIgepcumem, XapKie

Bonani pecypcu Haroi rmiaHeTH MarOTh BAXKJIUBE 3HAUYCHHSI, aJ[)KE€ BILUIMBAIOThH
HE TUIBKU Ha CTaH HABKOJMIIHLOTO CEPEJOBUINA, BOHU TMOB’s3aHl 13 COLAIbHUM
CTAHOBHIIIEM CYCIUJIBCTBA 1 3I0pOB’AM JIOAUHU. [IpOTSIroM ocTaHHIX AecATHpIY
CIIOCTEPITalOThCs 3MIHU TJIO0AIBLHOTO KIIIMaTy, IO 3YMOBJIIOIOTH M TIE€BHI 3MIHU
BOJIHUX pecypciB [1].

VkpaiHa — ojHa 3 HailiMeHII Bojo3albe3nedyeHuX KpaiH €Bponu. Bopgsi
OPUPOAHI pecypcH YKpaiHu — Lie, HacaMIlepe, MICLIEBUM 1 TPAaH3UTHUM CTIK PIYOK,
BOJHI 3amacyd o03ep, IITy4YHUX BOJOWM 1 MiA3eMHUX TOPHU30OHTIB [2]. Ane
BUKOPHUCTaHHS BOJHUX peCcypciB B YKpaiHi € OJTHUM 3 HAHOUIbIII BUCOKUX Y CBITI i
ckiagae 10 100 % TexHOTreHHOTO MEepeTBOpPEHHs moBepxHeBuX BoA U g0 10—20 %
mig3emuanx [1].

He BukmoueHHs M € XapKiBcbKka 001acTh, SIKa pO3TallIOBaHa HAa BOJAOILII IBOX
piukoBux OaceiniB: J[lony (CiBepcbkoro [linmsg) 1 [uimpa. Perion wmae
HaJ3BUYAiHO HH3bKYy 3a0€3IeUeHICTh BOJHMMH pecypcamu — me 1,8 % Bix
3arajJbHUX BOJHHUX pecypciB YKpaiHu, Xoda o0nacTio mpoTikae 867 piyoK,
pO3TaIoBaHo 57 BOJOCXOBHUII 1 TOHAJ 3 TUCSY1 CTaBKIB Ta 03ep [3].

VYkpaiHii BKe ChOTOJIHI BiAYyBalOTh BIUIMB ITUX YMHHHKIB Ha IOBCSKICHHE
KUTTS: OOMUTIHHSL PIYOK 1 3HMIKEHHS PIBHS BOJAM B KOJOJSA3SX MiJ Yac MOCYX,
npoOjieMr 3 SIKICTIO TWTHOI BOJAM, 4YacTl 3aTOIUICHHS IIiJI 4Yac TMaBOJIKIB,
pYWHYBaHHS JIOPIT 1 CUTBCHKOTOCTIOIAPCHKUX YTib Ta 1HIIE [2].

Tomy mpobnema akTtyamizamii iHpopmalii mpo Bcl BOAHI 00’€KTH YKpaiHu,
30Kkpema XapKiBChKIA 00dacTi, € Iyxe BaxianBowo. Po3poOka iHdopmamiitHOl
cuctemu «Bomui pecypcu XapkiBcbkoi 005acTi» JacTe 3MOry 30epiratu Ta

CTPYKTYPYBaTH P13HOMAaHITHY 1H(QOpMaILIito Ipo BOAHI 00'€KTH PETIOHY.
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[Ipomec mpoekTyBaHHS 1H()OPMAIIHHOT CUCTEMH YMOBHO MOXHA PO3IITUTH
Ha TPU €TaIlu: KOHIIENTYyaJbHE MPOEKTYBAHHS, JIOTTYHE MOJICIIIOBAaHHS Ta (DI3UUHUIM
JTU3alH.

PesynpTaTom mepiioro eramy € KOHIENTyajlbHa MOJIENb JaHUX, SKy 3a3BUYail
Bupaxxarotb ER miarpamoro (Entity-Relationship). Jlns po3pobku ER niarpam
IcHye Oarato pi3HUX 3aco0iB, aj€ ChOrOJHI CTalOTh HAWUOUIBLI MOITYJISPHUMHU
xMmapHi TexHonorii, Hanpukiaag ERDPlus [4]. ERDPlus — ne Oe3komToBHMI
IHCTPYMEHT Il MOJENIOBaHHS 0a3 NaHWX, SKUM Ja€ 3MOTY CTBOPIOBATH Ta
penaryBatu pgiarpamu ER (Entity-Relationship Diagrams) 1 DFD (Data Flow
Diagrams). Bin Hagae mmpokuil HaOip QyHKIIN, SK-OT CTBOPEHHS 1 pelaryBaHHs
maiarpaMm, JOJaBaHHS 1 BHUJAJICHHS CYTHOCTEH, aTpuOyTiB, 3B'A3KIB Ta IHIIHX
€JIEMEHTIB, a TaKO0X MOXJIMBICTb €KCIOpPTy B pi3Hi (opmatu. IlepeBaramu
ERDPlus € mpoctuii inTepdeiic, ¢poxkyc Ha ER-monentoBaHHi, a HeIOMIKaMu
ERDPIlus € oOMexxeH1 MOXKIMBOCTI HaJIAIITyBaHHS 30BHINTHBOTO BUTIIAY. Takum
yrrHoM, ERDPIUS — 1ie Ge3KomToBHMIA 1 MPOCTUI IHCTPYMEHT IS CTBOPEHHS Ta
penaryBanns niarpam ER 1 DFD, renepanii SQL-kony.

[IpoBenenuii aHami3 103BOJUB BU3HAYUTU OCHOBHI CYTHOCTI 1H(OpMaLIiHO1
cuctemu Paiion, Piuka, O3epo, Bomocxosumie, /[xepeno, ta ix arpudytu. Omwmc

BCIX CYTHOCTEN HaBeAeHO B Tabywmii 1.

Tabnuusl — CyTHOCTI Ta iX aTpudyTH

CyTHicTb ATpunbytn

PaiioH KoA_panoHa, Ha3Ba_paloHa, AaTa, M/0Wa, HACeNieHHs, LWiNbHICTb,

nopa_iHpopmauin

Piyka KOZ4_PiYKWM, Ha3Ba_pPiYKM, 3HAXOAMKEHHA , [OOBXMWHA, TUPAO, ICTOK,

aopa_iHpopmauis;

O3epo Koa, o3epa Ha3Ba o3epa cpeaHAa WMpPUHA nsowa 06’em
pl_ ? — ’ p| — ? LL'I ’? ’

cpeaHAa_rnybuHa, 3HaxoaxKeHHA , aoa_iHpopmalis;

Bogocx KOZ_BOAOCXOBWLLA, Ha3Ba_BOAOCXOBULLA, AOBXKWUHA, 006'em, rnmbuHa,
oBuLLe BMaj_BOAOTIK, BUNaA_BOAOTIK, 3HAXOAKEHHSA, AoN_iHbopmaLis;

Okepen KoO_/A)Kepena, HasBa_jjKepena, 3HaXOAXKEeHHA, Temnepartypa,
o] MiHepanizauyis, gon_iHpopmauis;
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ER-ngiarpama

1H(pOopMaLIHHOT

cuctemMu «BomHi

pecypcu  XapKiBChKOi

obiacti», sika po3podiena y ERDPlus npencraBiena Ha pucyHky 1.

I ozero v
code_ozero INT

name_ozero VARCHAR(4S)

_] Rayon_has_Richku ¥

"~ Richku v
code_richku INT
name_Richku VARCHAR(45)
znahodgena_richku VARCHAR(

ploshad_ozere VARCHAR(45) ] Rayon_has oze... ¥ ! Rayon_code_Rayon INT gurlo VARCHAR(45)
glubuna_ozero VARCHAR(45) ? Rayon_code_Rayon INT 1 Richku_code_richku INT dovgina_richku VARCHAR(45)
obsag_ozero VARCHAR(45)  ozero_code_ozero INT > istok VARCHAR(45)
razmer_ozero VARCHAR(45) > m n - dodatkov_info VARCHAR(45)
znachodgena_ozero VARCHAR( code_Rayon NT >
dodatkov_info VARCHAR(45) name_Rayon VARCHAR(45)

data VARCHAR(45)

ploshad_Rayon VARCHAR(45)
< _] vodoshovishe v

_] dgerelo
code_dgerelo INT
name_dgerelo VARCHAR(45)
znahodgena_dgerelo VARCHAR(45)
mineralizacia VARCHAR(45)
temperatura VARCHAR{45)
debit VARCHAR(45)
dodatkov_info VARCHAR(45)

naselenna VARCHAR(45)
plotnist VARCHAR(45)
dodatkov_info VARCHAR(45)

t dgerelo_code_dgerelo INT

! vodoshovishe_code_vodosh...

>

code_vodoshovishe INT
name_vodoshovishe VARCHAR(45)
glubuna_vodoshovishe VARCHAR(4S)
obsag_vodoshovishe VARCHAR(45)
dovgina_vodoshovishe VARCHAR(45)
vpad_vodotok VARCHAR(45)
vupad_vodotok VARCHAR(4S)
znahodgena_vodeshovishe VARCHAR..
dodatkov_info VARCHAR(45)

Pucynok 1 — ER-nmiarpama indopmarniiinoi cuctemu

«BonHi pecypcu XapKiBCbKOi 00J1aCTi»

B po6oTi BUKIaAeHO OCHOBHI eTamu po3poOsieHHs iHPOPMAIiifHOI CUCTEMU
«Boani pecypcu XapkiBChKOi, sika MICTUTHh 1H(GOpPMAIlI0 TPO BCi BOAHI 00’ €KTH

perioHy.

Jlireparypa:

1. Boani pecypeu Ykpainu. [On-naiiH]. JlocTynHo:
http://www.nbuv.gov.ua/node/3972

2. H. C. Jlo6ona, 3. ®@. CepboBa, 0. B. boxok «BmiuB 3min kiiMaty Ha
BOAHI pecypcu YKpaiHM y cCydyacHUX Ta MaWOyTHIX ymoBax (3a cleHapieM
mo0anbHOro noteriinasg Al1B», YkpalHChkuil T1ApOMETEOPOJIOTIYHUN KypHAIL.
2014, No 15. c. 149-159.

3. 0. A. Xapeuko «CTaH BOJHHMX pecypciB y XapKiBCbKii oOmacTi». [OH-
naitH]. loctynno: http://surl.li/ptahyz.

4. ERDPlus. [On-naitn]. Jloctynao: https://erdplus.com/.
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T'PA®IYHUHA IHTEP®ENC KOPUCTYBAYA JIUISI JOCIIKEHHS
MNIA-PET'YJISITOPIB
Hoopancoxui P. O.

XapxiecoKuili HAUIOHATLHULL ABMOMODITLHO-00DPOIHCHITL YHIGEpCUmMEem

CucremMn aBTOMaTUYHOTO KEPYBAHHS € HEBIJ'€MHOIO YaCTUHOIO BCIX raiays3ei
HApOJHOI0 TOCIOAAPCTBA BiJl MAIIMHOOYAYBaHHS JO CUIBCHKOI'O TOCIOAApCTBa,
MEIUIMHU Ta o0opoHH. He3Baxaroum Ha Te, 10O B OCTaHHI JAECATHPIYYS
po3p0o0JIEHO Ta MNPOJOBKYIOTH PO3POOJISITUCS HOBI ONTHMMAJIbHI, aJalTHUBHI Ta
pobacTHi perynsaropu, Taki sk LQR, LQG, Hw. Tomo, Tpaguiiiai I11/1-perynsatopu
3QIMIIIAIOTHCS HAHO1IBII PO3MOBCIOKCHUMH y 3acTocyBaHHi [1]. Ile moB’s3aHo0 3
TUM, 10 NpHU BigHOCHIN mpoctoTi IIJ[-perynstopu 3abe3nedyroTh SKiCTh poOOTH
CHCTEMM KepyBaHHS, IO € JOCTATHBOIO I OLIBIIOCTI MPOMHUCIOBHX IIpoIeciB. Ix
JIETKO BIIPOBAXKYBAaTH Ta HAJAIITOBYBATH, 1110 3HM)KYE BUTPATHU HA MPOEKTYBAHHS
1 00CIyroByBaHHS, Y MOPIBHSHHI 31 CKJIQJHIIIMMU METOJaMU KepyBaHHS. SIKICTh
CUCTEMHU KEepPyBaHHS 3HAYHOIO MIPOIO 3aJICKUTH BiJ MPAaBWIBHO 0OpaHUX 3HAYCHB
Koe(imieHTiB perymnstopa. ToMy BaXJIMBO SKICHE OINAHyBaHHA 3700yBadyamMu
creniagbHOCTe 3 aBTOMartu3alii Ta poOOTOTEXHIKM mNpuHUUIIB podotu III/]-
PETYIATOPIB Ta PO3YMIHHS BIUIMBY KOE(IIIEHTIB HAa BUTIISA MIEPEXiTHOTO MPOIIECY
Ta TOYHICTh CUCTEMH B CTAJIOMY pexkuMi. B naHiif poOOTI MPONOHYETHCS €IEMEHT
BIPTyaJIbHOI MpakTUyHOI podotn 3 jucuumiinu  «Teopis aBTOMaTUYHOIrO
KEepyBaHHs», 110 3a JI0MOMOToIo nmodynoBanoro y nporpami MATLAB rpacdiunoro
iHTepdeiicy kopuctyBaua (GUI) no3Bossie qociiakyBaTH BIUIMB 3HAYEHb PI3HUX
napameTpiB [1IJ[-perynsiTopa Ha SIKICTh CHCTEMH KEPYBaHHSI.

Knacuynuit [IJ[-perynstop onucyeTbcs HACTYITHUM PIBHSHHSIM:

u(t) =K e(t)+ Kij'e(t)dt K, % L)

0
Jic € — IoOMIJIKa KepyBaHHs, t — yac, K o K., K4 — koeoimienTu, mo i

H1JJISTal0Th HAJIAIITYBaHHIO.
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VY skocti 00'ekTa KepyBaHHsS OyJ0 OOpaHO JBUTYH IMOCTIMHOTO CTpyMYy, IIO
KepyeTbcsi  yepe3 JaHmior skops. lLleit BuOip 3yMOBIEHUN  HIUPOKUM
BUKOPUCTAaHHSAM JBUTYHIB MOCTIHOTO CTpyMy B poOJi NPUBOAIB sl POOOTIB-
MaHIIyJISITOPIB, CTPIYKOBUX MEXaHI3MIB, CEPBOKJIAINAHIB Ta 1HIIOrO OOJagHAHHS.
[TonmynsipHICT, JBUTYHIB TMOCTIHHOTO CTPYMY IMOSICHIOETbCSI TaKUMH IXHIMH
BJIACTUBOCTSIMHU, SIK BHCOKHM KPYTHHH MOMEHT, MOXIIUBICTH PETYIIOBaHHS
MIBUAKOCTI B IMHPOKOMY Jllara3oHi, KOMMAKTHICTh, XOPOIl HaBaHTaXyBalbHI
XapaKTePUCTHKHU Ta yHiIBepCalbHICTh. JMHaMiKa IBUTYHA OMHCYETHCS HACTYITHOIO
nepeaaBaibHOI (QYHKINIEIO:

K
JLs® + (JR+ Lb)s+ (bR + K?)’

W, (s)= (2)

ne K — koedilieHT micuieHHs ABuryHa, B/pan/c;
J — MOMEHT 1HepLli poTopa, KI-M?;
L — iHyKTUBHICTh OOMOTKH SIKOPS, [ H;
R — onip o6MoTKH sikopst, OMm;
b — xoedimienT B's13k0r0 TepTs, HMmc/pan.

Sk BKe 3a3Hauanocs, JUIsl MPOBEIEHHS BIPTyaJbHUX JaOOPaTOpHUX POOIT 3
BUBYEeHHs BiactuBocte I[II[[-perynsitopa po3pobieHo 3acobamMu  MakeTy
npukiaaaux nporpam MATLAB pospo6neno GUI (puc. 1), mo no3Bossie
HaJamToByBaTu 3HaueHHs KoedimientiB [1I/[-perynsropa Ta fioro BapiaHTiB st
KEePYBaHHS IBUTYHOM IOCTIHHOTO CTPyMYy.

GUI wmae 1HTYITUBHO 3pO3yMUTUi 1HTEpQEeic Ta Hagae KOPUCTYBadeBi
MO>KJIMBICTh BHOpATH OJUH 3 Jekuibkox TumiB perynsropis: T, T1I, T11, IT ta 1.
3aexHO BIJI OOpaHOrO THILYy PEryJjsTOpa, KOPUCTYBad MOXKE HaJIalITyBaTH
koedimienTn mnporopmiiaoro K,, iHTerpyrodoro K; Ta mudepenmirorodoro Kd
KaHamiB. Jlns perynsiTtopiB, fKi HE MOTPEOYIOTh MEAKMX 13 HHUX KOE(QIlI€HTIB
(manpuknan, g I1 a6o 1), BigmoBimHI TONS IS BBEACHHS KOE(QIII€HTIB
IPUXOBYIOTHCS.

Jlis aHamizy pe3ysibTaTiB MOJEIIOBAHHS KOPUCTYBAaye€Bl HAJAEThCS Tpadik

peakilii cuctemMu KepyBaHHsA Ha (QyHKIIO XeBicaiijja, 110 BIIOOpakae 3MiHY
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HIBUAKOCTI JABUTyHa B 4aci. Lle mae 3MOry HAaOYHO OLIHMTH BIUIMB 3HAYEHb

KOXKHOTO 3 KOe(iIll€HTIB peryisTopa Ha MepeXiIHUHN MpoIIec.

4 JIP "[lochigxenHi NIA-perynsTopis” - ] X

Controller Type PID v

MepexiaHa dyHKUIA

Kp 19.47

Ki 53 1r

/TN

Kd 1.57

ABTﬂHaﬂaLUTyBaHHH

‘
06t |

LewnakicTe Bana, pan/c
>

04H

CrapT MogeniosaHHis |

Uac, ¢

Pucynoxk 1 — Burnspg Bikaa GUI

Opnieto 3 ¢yskuii GUI € aBTomMarnuHe HamamTyBaHHS KOEQIIIE€HTIB
perynsitopa 3a gonomororo MATLAB-dyskuii pidtune. g ¢ynkuis anamsye
CUCTEMY 1 MIA0UpAaE ONTHUMAaNbHI 3HAYCHHS KOEQIIIE€HTIB ISl 3aJaHOTO THITY
perymisrTopa, IO Ja€ 3MOTy MPUCKOPUTH TPOIEC HATAIMITYBAaHHS 1 MOPIBHATH
pe3yNbTaTH PYYHOTO Ta AaBTOMATHYHOTO HamamTyBaHHA. KopucTtyBau Moxke
CKOPHUCTATHCH II€10 (DYHKIIIEI0 HATUCKAHHSIM KHOTIKY «ABTOHAIAIITYBAHHS.

Takox nomatok 3 GUI ynakoBaHO y BUKOHYBAaHMM (pail 13 pO3LIMPEHHIM
.eXxe, MO0 KOPHCTyBad MIr HOTO 3alyCTUTH Ha OyIb-IKOMY KOMM'IOTEpl 3
onepartiiioro cuctemoro Windows 6e3 HeoOxigHOCTI BctaHoBieHHS MATLAB.

Pospobnenunit GUI mae 3mory KOpHCTyBadeBi MOTJIMOWUTH 3HAHHS MO0
BnactuBoctedt  [IlJ[-perynsitopie  Ta Moke OyTH  BHUKOPUCTAaHUNW  TpHU
JUCTAaHIIMHOMY HaBYaHHI. €KCIEPUMEHTYBATH 3 PI3HUMHU THUIAMHU PETYISTOPIB 1

Koe(ilieHTaMH, HE BUMararmouu INIMOOKUX 3HaHb y nporpamyBaHHI. KopucryBau
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MO’KE€ MPOTECTYBAaTH KiIbKa BapiaHTIB HAJIAIITYBaHb 1 BUOpATH ONTHUMAIbHUHN IS
CBOT'O 3aBJ/IAHHS.

Jliteparypa:

1. [Momimyxk I. A. HamamryBanus IIIJ[-perynsitopa Ha OCHOBI MeETOIy
PSIMOTO CHHTE3Y JUIsl 00’ €KTIB JPYyroro Mopsaky i3 3ami3HeHHsSM. HaykoBi mparti
BHTYVY, 2023, Ne 2. C. 1-11

2. OcHoBu enektponpuBona: miapyunuk / FKO.M. JlaBpinenko, ILI.
CaBuenko, O.1O. Cunsapcekuii, [.I'. Bolitiok, B.B. CaBuenko, I.M. I"'onoanwuii. K.:

Bunasauntso Jlipa-K, 2017. 524 c.
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YK 004.8
BUKOPUCTAHHSA MAILIMHHOT'O HABYAHHSA
JJISI BUABJIEHHSA ITYXJIMH MO3KY
Euonin P.B., Konecnux JI.B.

XapxiecoKuii HaUiOHANbHUL YHIGepcumem padioejleKmpoHiku, XapKie

BusiBiieHHS ITyXJIMH TOJIOBHOT'O MO3KY € OJHI€I0 3 HAHO1IBII BAXKIIMBUX 33124
cyuyacHoi Meauian. CBO€YacHA JIarHOCTHKA Ta TOYHE BU3HAUEHHS MEX MyXJIUH
JTIO3BOJIIIOTH PO3pOOUTH €(EKTUBHIII METO/IY JIIKYBaHHS, MiIBUIYIOYH IIAHCH Ha
OJly’KaHHS TAIEHTIB Ta 30€pEeKEeHHS JIOJCHKUX JKUTTIB. METOAM MaIIMHHOTO
HaByaHHs (MH) HajgaroTh MIMPOKI MOMXJIMBOCTI y aHali31 MEAMYHUX 300pa)KeHb,
mo BkIo4aroTh 3HIMKH MPT Ta KT, Ta BuIiIeHHS KIIOUOBHX O3HAK, IO CIIPHUSE
MJBUIIEHHIO TOYHOCTI JIIarHOCTUKHU. 3aBASKA BHUKOPUCTAHHIO aBTOMATHU30BaHUX
QITOPUTMIB MOXJIMBO 3HAYHO 3HU3UTHU BIUIMB JIIOJCHKOTO (haKTOPy Ta MOKPAITUTH
SKICTh aHAI3y 300paKeHb.

PosrnssHemMo icHyroul METOAM Ta OIIHMMO 1X BIUIMB Ha TIiJBUILICHHS
e(pEKTUBHICTh A1arHOCTUKH ITyXJIUH MO3KY.

1. Meroau 06po6ku Ta GimpTparllii 300pa’keHb

Jlns mporiecy BUSIBICHHS MYXJIWH TOJOBHOTO MO3KY CYTTEBHM €TarioM €
00poOka MEAMYHUX 300PaKEHb, IO BKIIOYAE BUKOPUCTAHHS METOMIB (iTbTparlii.
Merta ¢inbTpanii noisrae y 3MEHIICHHI IIyMYy Ta MOKpPAIEHHI SKOCTI BHXIJHUX
300paK€Hb N7 BUAUICHHS BaXJIMBUX CTPYKTYp. BuKoOpucTOByrOUM (UIBTPH €
MO>KJIMBUM BUJAJICHHS HEOaKaHUX MEPEUIKO/, 1110 TO3BOJISE 3pOOUTH 300paKEHHS
OUTBIIT MPUAATHUM JTsI ToAasbinoro aHamsy [1]. o ocHOBHUX MeToaiB (DiIbTparii
HaJeXKaTh TraycoBud OGuIbTp, MemianHud (inbTp, OikBaapaTHuii (UIBTp Ta
IepeTBOpeHHs Beiipiera.

laycoBuit (inbTp BUKOPUCTOBYETHCS [JIsl 3IJIAJPKyBaHHS 300pa)KeHb 1
YCYHEHHS TaycoBOro Iymy. Bin 30epirae 0CHOBHI CTPYKTYpPH, IO € Ba)XKJIMBUMU
i ineHTudIKalii KOHTYpiB NyXJuH. Menianauil QunbTp eQEeKTUBHUN s
BUJIQJICHHS IMITYJIbCHOTO IIyMy 1 30€peXeHHsl JeTalei, TaKuxX sK Kpai Ta Mexi
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yTBOpEHb. bikBanpaTHuil QuibTp 3a0e3nedye MNIABULIEHHS KOHTPACTHOCTI, WIO
poOUTHh KOHTYpHM IMyXJIMH OUIbII YITKHUMH, a MepeTBOpeHHs BeiiBnera mo3Bolisie
30epiratu jaeraji npu 6araroMaciTabHOMY 3TJ1aJPKyBaHHI.

Metonu QinbTparniii He JIUIIE MOKPAIIYIOTh BUIAUMICTh BOKIUBUX JCTAJICH,
ajie i CTBOPIOIOTH OCHOBY JIJISl CErMEHTAIll1 300pakeHb, 110 JT03BOJISIE OLIBIIT TOYHO
BUJIIJTUTH KOHTYPH ITyXJIUH.

2. Meroau moporoBoi o0poOKu

OpHuM 3 HAOUIBII TPOCTUX 1 €PEKTUBHUX METOJIB JJIsl BUIIICHHS 00'€KTIB
Ha 300pakeHH1 € moporoBa oOpoOka. Jlanuil miaxiz J03BOJSAE€ PO3AUIATH 00'€KTH
Ha 300pakKeHHX, BUAUISIOYN 00J1acTi 32 PIBHEM 1HTEHCUBHOCTI TIKCEMIB [2].

Cepen HaUMOMIKUPEHIIINX METO/IIB MOPOTroBOi 0OPOOKHU BUIISIOTH II100aIbHy
OPOroBy OOpOOKYy, aJanTHBHY IIOpOroBy oOpoOky Ta meton Omy. I'moGanpHa
oporoBa o0OpoOKa BUKOPUCTOBYE (hIKCOBAHMM TMOPIT JIST BCHOTO 300pakKeHHS, 1110
OIOXOOUTh JJig 300pakeHb 3 pPIBHOMIPHUM OCBITJIEHHSAM. Ha BiaIMiHYy BiJ
r100abHOI 00pOOKH, alanTUBHA MOPOroBa 0OpPOOKa 3aCTOCOBYE Pi3HI MOPOTH B
PI3HMX YacTHMHAX 300pakKeHHS, IIO JIO3BOJISIE MPAIIOBATH 3 300paKeHHSMU, i€
OCBITJICHHS BapitoeThcsa. Meton Oy € aBTOMaTUYHHM METOJOM, IO 00upae
ONTHUMAJIBHUM TOPIT JJis TOMITYy 300pakeHHS Ha 1Bl 00J1acTi, MIHIMI3YHOYH
BHYTPIIIHbOKJIACOBY JHUCIEPCIIO IHTEHCUBHOCTEHA.

3. Anai3 TeKcTyp

AHaJl3 TEKCTyp JAONOMara€ BUAUISTH OCOOJMBOCTI TKaHUH, SKI MOXYTh
BKa3yBaTW Ha HASBHICTh MyXJIMH. TEKCTYpHI XapaKTEpUCTHUKUA 300pa)K€HHs
MOXXYTh PO3KpHMBATH JE€Tajl, IO HE 3aBXKIU TMOMITHI MPHU TPOCTIA Bi3yalbHIN
OIL[IHIII.

[Tomix OCHOBHHUX METOJIB aHaTI3y TEKCTYp BUKOPHUCTOBYIOTH MATPHIIO
cuiBBigHomenb cipocti (GLCM), noxkansHi Oixapui 1mabmonun (LBP) Ta
nepeTBopeHHs Belinera [3-4].

Martpuis CHiBBIAHOLIEHb CIPOCTI JIO3BOJISIE  OIL[IHIOBAaTH PI13HOMAaHITHI
BJIACTUBOCTI TEKCTYPH, TaKl IK KOHTPACTHICTh, OJTHOPIIHICTh Ta eHepris. JIokanbH1

OiHapHl 1a0JOHM € e()EeKTUBHUMM J[UIsl KOJYBaHHS JIOKAJbHUX TEKCTYPHUX
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XapakTepUCTHK 1 J00pe MpauloTh Ha 300paXEHHSX 3 HEPIBHOMIPHUM
ocBiTieHHsM. [leperBopenHs BeiiBiera 3a0e3neuye OaratromaciiTaOHUN aHali3
TEKCTYpPH, 11O J103BOJISI€ BUSABUTH JI€TAJl HA PI3HUX PIBHSX.

4. Meroau rmuOOKOT0 HAaBYaHHS

VY MiarHOCTHUI MyXJIMH TOJIOBHOTO MO3KY BHUKOPUCTOBYIOTH Pi3HI aJTOPUTMHU
MaIllMHHOTO HABYaHHS, BKJIIOYAIOUM 3ropTkoBi HeilpoHHi Mepexi (CNN), metoau
TpaHcdepHOro HaBYaHHS, TeHepaTuBHI 3marainbHi Mepexi (GAN) Ta
aBTOEHKoepH [5].

3ropTKOBI HEMPOHHI MEpPEXl A03BOJIAIOTH ABTOMATHYHO BHOKPEMIIIOBATH
BXJIMBI O3HAKW Ta, 3aBASKHU 3aTHOCTI BUSBIATH MATEPHU HA PI3HUX PIBHAX
300pa)KE€HHA, JEMOHCTPYIOTh BHUCOKY €(EKTHBHICTh Yy Kiacu@ikaiii MeIuYHUX
300paxkeHb. 3ropTkoBi mapu CNN BHUIUISIOTH JOKadbHI OCOOJHMBOCTI, TOMI SIK
miapyu MYyJIHTY 3HWKYIOTH PO3MIPHICTh JAHHUX, HIO0 3MEHIIy€e OOYHUCITIOBAIBHY
CKJIQJHICTh Ta MOKPAILY€E MPOAYKTHUBHICTH MOJEIII.

Metonu  TpaHchepHOTO  HaBYaHHS  JO3BOJISIOTh  BUKOPHUCTOBYBATH
NOTICPETHHO HATPEHOBAHI Ha BEJIMKUX HaOOpax AaHWX MOJENI 1 aJanTyBaTH iX JI0
cnenudivHUX 3aBIaHb IarHOCTHKY MyxywH. Le, y cBOo 4epry, 3Ha4HO CKOpOUye
4ac 1 pecypcH, HeOOX1IH1 JijIsl HaBUaHHS MOJICIICH.

GAN BUKOPHUCTOBYIOTBCS JIJISl TEHEPAIlil CHHTETUYHUX JaHUX, 10 JOTIOMAarae
30UTHIITUTH OOCAT TPEHYBATLHUX BUOIPOK 1 MOKPAIIUTH PE3YIBTATH CETMEHTAIT].

5. AIrOpUTMH MAIIMHHOTO HABYAHHS

Cepenl aropuTMIB MAIIMHHOTO HaBYAHHS, IO MIJXOASATH JJI 3a/1aul aHaJ3y
MEIUYHUX 300pakeHb, BUIUISIOTHCA: MeTol bpoiinena-duerdyepa-I'onadapda-
[Manno (BFGS), croxacTtuuHa gayanbHa KoopauHaniiHa ontumizauis (SDCA) Ta
HaiBHM OaeciBchkmii kiacudikatop (NBC). KoxkeH i3 mux aaropuTMmiB Mae
crienngigH1 BIACTUBOCTI, K1 pOOIATh HOTO €PEKTUBHUM JIJIs1 IEBHUX THIIIB 3a7a4.

Meton BFGS BinHocuThcs 110 Kiacy KBa3i-HbIOTOHOBHX METOMIB, SIK1
BUKOPUCTOBYIOTh 1HBepcito MmaTtpuli Ilecce mna ontumizamii. lle mo3Bossie
BUKOPUCTOBYBATH JTaHUW METOJ JJIA 3aJa4 3 HEJTIHIMHUMH 3aJIeKHOCTSIMH, L0 €

BAYKJIMBUM JJIsl TOYHOTO BUJIJIEHHS MEX MyXJIUHU. AJITOPUTM O0COOJIMBO KOPUCHUI
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y BUIIAJIKaX, KOJU OOYUCIIEHHS JIPYTOl MOXiTHOT € 0OYNCITIOBAIEHO 3aTpaTHUM ab0
HeMOxxJiBUM. Takox BFGS mae HU3BKY CXWIIBHICTH J0 NEpPEHABYAHHS 3aBJISKH
CHTPONIMHOMY OOMEXKEHHIO, 110 pOOUTh WOro IIHHUM I1HCTPYMEHTOM Y
J1arHOCTHUIIl Ha OCHOBI 300pak€Hb, OCKIILKM MEIWYHI JIaHI 9acTO MalOTh BHCOKY
HEOAHOPIMHICTh. Hemomiku MeTo 1y BKIIOUYAIOTh 3aJICKHICTD BiJl IOYATKOBUX YMOB
1 moTpeOy y BEJIMKIN KUIBKOCTI 1Tepalii s ckiIagHux 3agad. L1 pakropu MOKyTh
ycknaaHuTH 3actocyBanHs BFGS s Benmukux macuBiB JaHMX, OJHAK Cy4yacHI
00UYHCITIOBAJIBbHI TUIATPOPMHU T03BOJISIIOTH BUPIIIUTH 111 OOMEKEHHS.

Meton SDCA BUKOpPUCTOBYE CTOXAaCTUYHMM MIAXIT JUIS ONTUMI3ALii, IO
JI03BOJIIE OOpOOJIATH BETWKI OOCSATH JaHUX 3a PaXyHOK OHOBJICHHS IapameTpiB
JUIIe JJ1si YacTUHU 00’ €KTiB. JlaHuii MeTo1 € 0COOIMBO €PEKTUBHUM JIJIsI 337124, /1€
HEOOX1THO IIBHUJKO 3HAXOJWUTH ONTHUMAJIbHI IapaMeTpH, SK-OT I OOpOOKHU
MacUBHHX 0a3 MenuuHux 300paxkeHb. SDCA 4acTo 3aCTOCOBY€EThCA ISl JTIHIHHUX
Mozenei 1 3amau knacu@ikailii, age OOMEXKEHHMM y 3acTOCyBaHHI JO 3ajay i3
HeMHIHHUMEU 3anexHocTaMu. Cepen 0OMEXEHb BapTO BII3HAYUTH 3aJICKHICTh
pe3yJbTaTiB BiJ MapaMeTpiB HaBYaHHS Ta OOMEXKEHY 3/IaTHICTh OO0poOaATH
HEJTIHINHI 3aJIeKHOCTI, IO € HEJOJIKOM TP aHaTI31 CKIIATHUX MEINYHUX JaHUX.

HaiBauii GaeciBcbkuil Kiacu(pikatop € MpocTUM Ta €()EeKTUBHUM METOJIOM
Uil Knacudikaiii, sKuid 3acHOBaHM Ha TeopeMi baeca. AJropuTm mnpuiyckae
HE3aJIeKHICTh 03HAK, IO 3HAYHO CIPOIYE OOYUCIICHHS. X04a IIe IPUIYIIECHHS HE
3aBXKIU peayiCTHUHEe s CKIaJAHuX MennyHux ganamx, NBC moOpe mpairoe y
3ajayax Kiacudikaiii, ne HEoOXigHO 00poOUTH Benuki o0cAru 1H(opMarlii.
OCHOBHUMHU HeNOJIKaMH € OOMEXKeHa 3JaTHICTh J0 OOpOOKM HEeNTHINHUX
3aJIEKHOCTEH 1 UyTJIMBICTh 10 HETOUHUX alpiOpHUX UMOBIPHOCTEH.

HaBenena Hmx4e TaOMUI TOPIBHSHHS aJITOPUTMIB TOKa3ye, MO KOXEH
METOJ Ma€ CBOi CWJIbHI Ta ciaOki cropoHu. Meton BFGS 3abesmnedye BHCOKY
TOYHICTb Ta €(QEKTUBHICTh JI1 HEJIIHIMHUX MOJEJEH, aje BUMarae Ouiblie
obumncroBabHUX pecypciB, kKo SDCA HaBnaku 100pe MiaXOAUTh TS JTIHIHHAX
MoOJeNe 1 BEIMKUX HaOOpiB JaHWX, 3a0e3Medyrodd BHUCOKY IIBHUIKICTh
oOuucnenHs. NBC Big3HauaeTbCs MPOCTOTOIO 1 MIBUAKICTIO, TPOTE MPUITYLICHHS
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IpO HE3aJIeXKHICTh O3HAaK OOMEXKy€e MOro 3acTOCOBHICTh [UJISl CKJIAJHUX

3aJIC)KHOCTEM Y MCINYHUX JaHUX.

Tabnuns 1 — [TopiBHSHHS anTOPUTMIB MAIIMHHOTO HABYAHHS

O6pobKa
EdekTmBHicTb ann CTinkictb oo
Anroputm LLIsnakictb HeNiHINHMX
BEJIMKUX AaHUX nepeHaBYaHHA
3anexHocTeln
BFGS CepegHa ObmekeHa Bucoka Tak
SDCA 3anexuTsb Big,
Bucoka Bucoka Hi
napamertpis
NBS Bucoka Bucoka ObmexkeHa Hi

[lincymoByrouM, MOXHa 3a3HAYUTH, IO MAlIMHHE HABYAHHS € TOTYXHUM
ITHCTPYMEHTOM IS BUSIBICHHS IyXJIMH MO3KYy, 3a0e3Meuyloud TOYHICTh 1
¢(EeKTUBHICTh JIarHOCTUKH. BUKOpHUCTaHHS Cy4aCHHUX METOAIB  0OpOOKH
300pakeHb Ta aJTOPUTMIB JIO3BOJISE MIABUIIUTU SIKICTh J1arHOCTUYHHUX CHUCTEM,

10 CTIPUSIE KPAIIOMY IJIAaHYBaHHIO JIIKYBaHHSI Ta 30€pPEKEHHIO 3/0pOB's TAII€HTIB.
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YK 004.8
OCOBJINBOCTI BUKOPUCTAHHA PIBHUX CYBA Y PYTHON-
MMPOEKTAX
3anopoxcues /1.C., 3anoporcues M.C.

JIvéiecoKkuii HayioHaIbHUL YHIGEPCUMEm RPUPOOOKOPUCHYBAHH

Buxopuctanus pizanx CYBJ[ B IT-mpoekrax oO0ymoBIeHE TMepemayciMm
HaIpaBJIEHICTIO Ta PECYPCOEMHICTIO JOAATKIB, 5K po3pobsstoThesa. CydacHi
piieHHs MponoHyTh 6araro BapiantiB CYBJl. MeTa naHoi po6oTu - JOCHIIUTH
0COOJIMBOCTI BIPOBAKCHHS Ta BUKOPUCTAHHS 0a3 JaHUX Ul MPOEKTY, SKUU
HamucaHo MoBowo mporpamyBaHHs Python. B sxocti nmpukianie CYBJ Oynu
ob6pani MySQL Tta Oracle.

Ax Bimomo, 6a3a nmanmx (bJ]) - opraHizoBaHa CTPYKTypa, sKa IEPEBaXKHO
npu3HadYeHa A 30epiranHs Ta oOpoOKu 1H(popMalli, YacTilie BCbOTO, BEIUKOTO
o0csary nanux. [1-2]

B cydacHux cucremax bJl aKTHBHO BHKOPHCTOBYIOTHCS B TaKUX TalTy3sX, 5K
CIICKTPOHHA KOMepIlis (yImpaBIiHHS 3aMOBJICHHSMH, KarajoraMH TOBapiB,
KOIIIMKAMH TIOKYMIIIB), MEAHUIMHA (30epiraHHs €JIeKTPOHHUX MEAMYHUX 3aIlkCiB,
icTopiii xBOpoOuM) (iHaHcoBa (OOJIK TpaH3aKIii, YNPaBIiHHA KIIEHTCHKUMHU
paxyHKaMu), aHaliTHKa (0OpoOKa BENMKUX OOCSTIB JaHUX IS JOCHTIKEHb 1
IIPOTHO3IB).

be3 B/l HEMOXIMBO YSIBUTH CTBOPEHHS KOMEPLINHUX IHTEPHET IOJATKIB,
TaKUX K IHTEPHET-Mara3uHH.

B HHMX MOXyTh OyTH TpelCTaBlI€HHI K MPOAYKIIT CXOXKOi TEeMAaTUKH, TaK 1
30BCIM pI3HOI, aje BCl MaHi mpo Hei (KUTBKICTh Ha CKJIaJi, KUTBKICTh 3aMOBJICHB
JIaHO1 , TEPMiH TMPHUIATHOCTI, TOINO) 30epiraeTbest B eauHii bJl, mo 3abe3neuye
IIBUJIKUI JOCTYI JI0 HUX, 11 OHOBJICHHS, BUAaieHHs: abo o0poOky. Kpim toro, BJ]
JOTIOMAararoTh YHUKHYTH JyONIOBaHHS JaHWX, 3a0€3MeYyroud iX MUTICHICTH 1

Y3TOJIKEHICTb.
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Python, sx omHa 3 HaWMOMyNIAPHINIUX MOB TPOTPaMyBaHHS, 3a0e3meuye
IMIUPOKUHN THCTpYyMeHTapii Ayt pobotu 3 BJI pi3Hux THMiB, BKIIOYaroun BOYJIOBaH1
oi6mioTexku (sqlite3) 1 CTOpOHHI pilIeHHS M1 B3a€EMOJIl 3 MOMYJISPHUMHU
cuctemamu ynpapiminasg 0a3 manmx (CYBJ), 3okpema - SQLite, MySQL,
PostgreSQL, MongoDB, Redis, Oracle, Tomro. [3]

IcHye kinbka OocHOBHUX TUNIB bBJl, SKI BHKOPHCTOBYIOTHCS 3aJIEKHO BIJI
3aBnaHHs. 3a3Buuai, BUAULIIOTH pensiiiiai bl (iHoni ix HasuBatoTh SQL-6azammn)
Ta HepensuiiHi (a6o NoSQL) cuctemu. Cnin 3ayBakuty, 1mo Python € notyxHum
IHCTPYMEHTOM 11 poOOTH 3 000Ma BapiaHTaMH 0a3 TaHUX, aje BCE K TaKh OLIbII
NONYJISAPHUMH € peNIiiHi 0a3u JaHuX, Yepe3 iX IMUPOKUH (QyHKIIOHAT,
HIATPUMKY Ta MPOCTY peatizaliio.

Pensmiiini 6a3u mganmx (RDBMS) - HaiiGinem nmommpenuit tun BJI, 1o
30epirae iHGOpMAIlI0 y BUITISAAI TaOIUIb, 1€ KOXKEH PSJIOK BIANOBIJIAE 3aIlUCy, a
CTOBMMUMKM — TMOJAM 13 jgaHuMu. Jlnsg B3aemonii 3 TakumMu 0OazaMu
BUKOPUCTOBY€EThCS MOBa SQL (Structured Query Language).

MySQL - Bigoma pensmiiina CYBJl 13 BIAKpUTUM BHUXITHUM KOJOM,
MOMYJISIPHA 3aBISKH CBOTH CTa0lIbHOCTI Ta MpoayKTuBHOCTI. [4] Python mpomonye
Kigbka OiOmioTek ams iHTerpaimii 3 MySQL, takux sk mysql-connector-python,
PyMySQL ta MySQLdb. MySQL no0pe miaxoauTsb A Be0-10/1aTKIB CEPEIHHOTO
pO3MIipy 1 BEIMKHX TPOEKTIB, SKI MOTPEOYIOTh HAMIAHOTO 30€piraHHs BEITUKHX
00cCHriB JaHuX.

Oracle — BucoxomponyktuBHa pensmiina CYBJIl, opieHToBaHa Ha
KopriopatuBHM cermeHT. [5] Python-nonatku moxxyTh mpaitoBatu 3 Oracle yepe3
616mioTeky cx Oracle. Llst Bl € cTtanmapToM J1Jis BETMKUX KOMIIAHIM 3aBJISIKA CBOTH
HAJIHHOCTI, MPOAYKTUBHOCTI 1 IIUPOKUM MOKITUBOCTSIM 3aXUCTY JIaHUX.

Pesynwrarn nopiBasiHHS mux nBox CYB/] HaBeneHi B Tadm. 1.

3 IBOro MOPIBHSAHHS MOXEMO 3pOOMTH BUCHOBOK, 1110 OCTaTOYHUI BUOIp Oa3u
JAHUX NI IPOEKTY 3aJIeKUTh, NIEPII 3a BCE, Bl MOTPEO Ta BUMOT, 5IKi MOCTaBJIEHI

3aMOBHHKOM: 06C§Il"y JaHHuX, CKJ'Ia,Z[HOCTi 3aIIUTIB T4 BUMOT a0 HpO,Z[YKTI/IBHOCTi.
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Tabmums 1 - IopiBasaus CYB/] MySQL ta Oracle

XapakTepuCTUKHU

MySQL

Oracle

Tum 6a3u gaHux

Pensaniiina 6a3a qaHux 3
BIJIKPUTUM BHX1JTHUM

Pensamiiina 6a3a manux
KOPITOPATUBHOTO PiBHS.

perutikarito abo mapIuHT.

KOJIOM.
[Ipu3HaueHHs 3a3zBu4an [Ipr3Hauena miis BENUKHAX
BUKOPHUCTOBYETHCS 1151 BEO- | KOPIIOPATUBHUX CUCTEM 13
JOJIaTKiB, CEPEIHIX 1 BHCOKHMH BUMOT'aMH 10
BEJIMKUX IPOEKTIB. Oe3neKu Ta
IPOIYKTUBHOCTI.
OOGnacrti Be0-nmongarku. ERP, CRM, 6aHKIBCBHKI
3aCTOCYBaHHS CHUCTEMH, OOJTIK BEJIMKUX
JAHUX.
[IponyKTUBHICTD Bucoka mBHIKICTh Bucoka nponyKkTUBHICTb
00pOoOKHM 3aIUTIB, JUTSl BETTUKUX OOCSTIB
ONTUMAaJbHA JUIsl YNUTAHHS 1 | JaHUX, NIATPUMKA
3aIllUCy JaHUX CEPEIHBOTO | CKJIAJHUX OOUYMCIIEHb 1
o0cHry. napayieIbHOT OOpOOKH.
Po3mmproBaHicTh Jlerke ropu3OHTAJIbHE [linTpumka
MacuTaOyBaHHS, BEPTUKAIBHOTO
HaNpUKIal, Yepe3 MaciTabyBaHHS,

CKJIQJIHUX KJIACTEPIB 1
bYyHKITIH.

CxoBHIIlE JaHUX

[TinTpumka pi3HUX
MEXaHi3MIB 30epiraHHs

(InnoDB, MyISAM).

OnTumizoBaHo JIs POOOTH
3 BeJIMKHMH 00cCsTaMu
naHux 1 miarpumye Data
Warehousing.

[TinTpumka [TinTpumye ACID uepe3 [ToBua miaTpumka ACID 3
TpaH3aKIIH mexani3m InnoDB, ane PO3LIUPEHUMU
MEHIIIE HAJTAITOBAaHUX MOKJTUBOCTSIMU
OITIIIHA. KOH(piTyparii TpaH3aKIliH.
O6uaBi posrsaHyti CYBJ] Maroth cBOi  0COOMMBOCTI, TepeBardm Ta
0OMEKEHHS.

Buxopucranus Python y miii cdepi 3a0e3neuye rHydkicTh Ta €EKTHBHICTD y

PpO3po0IIi JOIATKIB OY/Ib-IKOTO MacITady.
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YK 681.52
PO3POBKA CUCTEMHU ABTOMATHU30OBAHOI'O KEPYBAHHSA
CKIIAACBKHUM OBJIIKOM
3yenko E M., Aopamenxo I. I.

Xapkiecokuii 0iomexno102iunuil ynigepcumem, Xapkie

Cxiamy Ha CUIBCHKOTOCIIONAPCHKUX — MIAMPUEMCTBAX MPHU3HAYEHI IS
THMYacOBOT0 30epiraHHs MPOAYKIIii.

{1 kmagu BUKOHYIOTH (YHKILII: TpuilMaHHsA, OOJiK, 30epiraHHs Ta
BIJIBAHTAXXEHHSI TMPOJYKINi; COPTYBaHHS 1 KOMIUICKTAIllSl CIIOKHUBadyaM el
NPOIYKILi; BU3HAYEHHS MOTPeOM B TPAHCIOPTHUX 3aco0ax, MEXaHI30BaHOMY
HAaBaHTAXXyBaJbHOMY 00JIaJHAHHI, Tapi Ta poOOUiil CHIII SISl BIJIBAHTAXKCHHS.

Cxianmy mOBHHHI 3a0e3nedyBaTH yMOBHU ISl 30€peKeHHs NpOAYyKIli Ha
TUMYacOBOMY 30€piraHH1 Ta OpraHi30ByBaTH pallloHaJIbHE 30€epiraHHs 1 BHYTPIIIHE
TPAHCIIOPTYBaHHSI.

Ha ckmamax Bemerbest OOMIK MpOAYKINi, 10 30epiraerbes, (PIKCYeThCsS
BUKOHAHHS 3aMOBJICHb HA BIJJBAHTA)XCHHSI 1 PO3BAHTAKEHHSI TOTOBOI MPOIYKIIIT Ta
TOTYIOTHCS 3BITH ITPO BUKOPUCTAHHS CKJIAJICHKUX TLIOIII.

OcHOBHE 3aBIaHHS aBTOMAaTH30BaHUX CHCTEM B IIbOMY BUTAJKY - ITiIBUIIUTH
¢heKTHBHICTh  BUKOHAHHS  OCHOBHMX  (YHKIIH  TpAIiBHUKIB  CKJIany.
ABTOMaTH3allisl yIPaBIiHHS NPOLECaMU Ha CKJIaJlax MiABUILYE iX €(hEeKTUBHICTD 1
pe3yabTaTuBHICTh. KpuTepismu BUOOPY TEXHIYHUX 3aCO0IB € HAIIMHICTh CUCTEMHU,
GbyHKITIOHATBHA IIJTICHICTh CHCTEMH Ta MBUAKICTH poOoTH [1].

CyuvacHi, aBTOMaTHU30BaHl, IHTETpOBaHi 1H(OPMAIlIiHI CUCTEMU YIPaBIIHHS
CKJIaJIOM TOBHMHHI 3a0e3MedyBaTh KOMIUIEKCHE BHUPIIICHHS BCIX YIPaBIIHCHKHX
3aBaHb.

Peanizamisi Takoro mijaxoay MOXJIMBa B paMKaxX €IMHOrO 1H(OpMamiiHOro
npoctopy (€III) ¢yHKIIIOHYBaHHS BUPOOHMYMX IMPOLECIB, IO Oa3yeThcs Ha
CUCTEeMHIH 1H(QOopMaIIHHINA MATPUMIII BUPOOHUYIHUX MPOIIECIB.

Marepianbaum BTiieHHAM €Il € iHTerpoBane iH(opmailiiine cepeaoBUIIE
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(GyHKIIIOHYBaHHSI BUPOOHMYOTO MPOIIECY CTBOPEHHS MPOAYKIIii, SIKE SBIIsIE COOOIO
CYKYITHICTh PO3MOJIJICHUX 0a3 JaHUX, [0 MICTATh 1H(OpPMAIi0 MPO MPOAYKIIIIO,
BUPOOHUYE CEPENIOBUINE, PECYypCH 1 MPOILECH MIANPUEMCTBA, 3a0e3Meuyoun
KOPEKTHICTh, AaKTyaJlbHICTh, 30€pEeKEHHS 1 JOCTYIHICTh JaHUX CyO €KTam
BUPOOHUYO- TOCIIOIAPCHKOT JISIIBHOCTI [2].

Bes iHdopmaniga (maHi) B iHTerpoBaHoMy 1H(GOpMAaILiiHOMY CepeIoBUIIL
30epiraeTbcsi y  BuUDsAl  iHGoOpMamiiiHUX — 00'€kTiB, sSKi  3a0€3MeUyIOTh
B3a€MO3B'A30K 1H(GOpMAIiiHOT 1HOPACTPYKTYpPH LUISXOM OOMIHY HaHUMH IIPO

IPOIYKLII0 Ta BUPOOHHYE CEPEAOBUILE MK yYaCHUKaMU BUPOOHHMYOIO JIAHIIOTa

(puc. 1).
[Hrerpopane iHGopMamiiiie cepelopHie
Baaemoaia indopyanifiHm daz
¥ \L ¥ L 4 ¥ )
€ 1uHa indopyauifina faza € 1uHa indopyanifina Gasa €1una indopyaniia Gaza
NOCTa4ATBHHER BHPOGHHES CTIOAHBAYA (3AMOBHHER)
& & A
l'lcncm.tll THHHE Bupoopix CrnoxuBa4
¥ | J L J ’ v
MorTa BHpon 3oyt Mocta Bupod 3oyt TMocTa Bupad 3oyt
YAHHE HUUTEO YiHHT HILITRD YAHHT MULITED
T T : [ Fy & '} Fy T

Pucynox 1 - [nTerpoBane indopmaiiiine cepenoBuile BUpOOHUUOTO MiAIPUEMCTBA

Peamizarist iHpopMariiiHoi CHCTEMH IMANPUEMCTBA MOXKJIMBA HAa TIPUHITUATIAX
yHi(ikamii 1 crangapTusanii sk GopMu 1 3micTy 1HpopMarlii, Tak 1 iIHPOopMaLIHHUX
TeXHOJOTiH. J[aHwii miaxia M03BOJISE BUPIMIUTH 3a0aqy iHGOpMaIliitHO1 iHTerparlii
BCIX BUPOOHUYMX MPOLECIB YCEPEAUHI MiAMPUEMCTBA.

@OyHKI[IOHYBaHHS IHTErpOBAaHOTO 1H(pOopMaliitHOro cepeaoBuIIa
3abe3neuyerbcs npunnunamu  CALS/PLM  (puc. 2), sxi 3a0e3MeuyyroTh
iHopMarliiiny I1HTErpaiilo BCiX BHUPOOHMYMX NPOIIECIB HA KOXKHIM 13 cTamid
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YKUTTEBOTO ITUKITY TPOAYKILIi.

Bazori mpuaumana CALS/PLM

N Kurtespft nukt npoayiuil \
\ v , . y L 4 . \
\\ \ T \\ \.\ “‘\ c.\ =\ \ \\ b
b - £\ = = Y
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7 4 HTerpoBane irTc}Jop.\muiﬁHe cdpeoRHIIe /
4 ’/

|

bBaz081 TeXHOIOI] VOIPABTIHHA JaHHMH

Ba30Bi TeXHOTOrT VIPABTIHHA MPOLEcarH

Pucynok 2 - KonnenryansHa Mojenb iHGopmariitaoro cepenopuma CALS/PLM

Bukopucrtannst texnosorii CALS/PLM 3a0e3rneuye HE TIUIbKU 1HTETPAIlO
BHYTPIIIHBOI 1HPOpMaIlii B KOPIOPATUBHOMY 1H(GOpMAIIIITHOMY CepeOBHIIIi, ae i
IHTErpallio 30BHIIIHBOI 1HQOpMaLlli Ha BCIX €Tanax >KUTTEBOTO LMKIY MPOAYKIIIT
(BTACHUKHW TMPOAYKIIii, MPOEKTYyBaIbHUKH, BUPOOHUIITBO, MIAPSTHUKHN, MaTepiaau
Ta 00JIaIHAHHS, EKCIUTyaTaIlisl Ta yTHT3aIisa IPOIyKIIii).

Takum  uymnom, CALS € rno0OanpHOIO  CTpaTeri€l0  MiABUIICHHS

KOHKYPEHTOCTIPOMOKHOCTI TIMPUEMCTB Ta IXHBOT MPOTYKITii.

Jlirepartypa:

1. C. 1O. CamconoBa, «AHami3 METOJIB aBTOMaTH3allll CKJIAJCHKOI JIOTICTHKH
BUPOOHHUYOTO MIAMPUEMCTBAY», ABTOMATH3aIlisS Ta MPUIaA00yyBaHHs. XapKiB,
VYkpaina: XHYPE, Bun. 1, c. 98-103.

2. B. A. Ilapnum, OcHoBu 1H(GOpMAIITHUX TEXHOJOrH 1 cucteM. JIbBIB, YKpaiHa:

JIpBiBchbKa nomiTexHika, 2018.
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YK 621.3.095.2
JOCJIIJI)KEHHS ITPOIIECIB BUTOTOBJIEHHS JETAJIEM 3
BUKOPUCTAHHSM AJJUTUBHUX TEXHOJIOI'TA
Knwuko O. B., be3koposaiinuii B. B.

XapkiecoKkuii HauioOHANbHUL YHIGEpcUmem paodioeneKmponiku, XapKie

CydacHi BupoOHHY1 kKoMm'toTepHO-iHTerpoBani TexHouorii (KIT) noennyroTs
CAD (komn'torepHe npoektyBaHHs), CAM (komm'torepHe BUpoOHUITBO), CAE
(xoMmm'toTepHuit  iHkeHepHuil anamiz) 1 CAS (aBroMaTu3oBaHe CKJIaJIaHHS)
npoaykiii. Iloemnanus Bcix cknagoBux KIT 103Bosisie CTBOPUTH  €QWMHUMN
1H(hOpMaLIHUI TIPOCTIp, /€ MOXKHA BIJACTE)XKYBAaTH KOXKEH eTal BUPOOHMIITBA,
3a0e3meuyour Mpo30PiCTh, MPOTHO30BAHICTh Ta HAMIWHICTh poboTu. OjHIEO 3
HOBUX cep 3aCTOCYBAHHSI TAKUX TEXHOJIOT1H € alMTUBHE BUPOOHUIITBO HA OCHOBI
3D-apyky. BoHo no3Bomsie Bxke Ha eTami MPOEKTYBaHHS ONTHUMI3yBaTH MOJETb,
JOCTaTHHO TOYHO BHU3HAYATH CTPYKTYpy Ta BIACTUBOCTI BHUPOOy, a TaKOXK
POTECTyBaTH MOro Imie a0 TModaTky BuUpoOHuITBa. CAM-CHUCTEMHU HAJAIOTh
MOKJIUBICTh TIPOTPaMyBaTd TPUHTEPH ISl MAKCUMAIbHO €()EKTUBHOTO IPYKY,
PETYIIOI0UH TTapaMeTpH MPoIIieCy, 1100 3a0e3MeUnT TOYHICTh, TOBTOPIOBAHICTH Ta
BIIMOBIAHICT, MpOeKTy. BaxnuBe 3HaueHHs B TexHojorisix 3D-apyky Mae
aBTOMATH3allisi KOHTPOJIO SIKOCTI BUPOOiB. BHKOPUCTOBYIOUH CHCTEMU 3BOPOTHOTO
3B’SI3KY Ta MOHITOPHHTY MOXKHA B pEajbHOMY 4Yaci BHSBISITH W KOPUTYBaTH
BIIXWIECHHS Yy niporiect 3D-apyKy, yHuKaTu 1e(EeKTiB 1 3HUKYBaTH PIBEHb B1AXOIB.
ABTOMAaTH30BaH1 CHCTEMH JIO3BOJISIIOTH IIBHUIKO Ta TOYHO aJanTyBaTH BUPOOHMYI
MPOIIECH JI0 1HAUBIAyaTbHUX MOTPEO, 10 MIAXOAUTH JJISI MAaCOBOI KacToMizallii Ta
CEpIMHOTO BUPOOHMIITBA 3 IHIUBIyaJbHUMH HAJAMITyBaHHIMH [1-3].

Y mpomeci ontumizamii  BeKTOpa mapaMmerpiB  TexHojorii  3D-apyky
0L BpPaxOBY€TbCSI MHOKMHA TMapaMeTpiB SKOCTI BUPOOIB (zaeraneil): po3auibHa

3natHicTh (Resolution) k;(a) — Min (Bu3HauaeThCsi po3MipoM ImIapy, SIKUH MOXe
Oyt HajpykoBaHMi); TouHicTb (Accuracy) K,(a) = min (Mipa Toro, HacKiabKu

TOYHO JPyKOBaHa JETallb BIIIMOBIAAE€ OPUTIHANBHIN MOJEN1); MOPCTKICTh MOBEPXHI
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(Surface Roughness) ks(ot) — min (Mipa HepiBHOCTI TOBEPXHI JIeTali); Mil[HICTh Ta
BuTpuBaiicts (Strength and Durability) k, (o) - max (Hackinbku 1o0pe ApyKkoBaHa
JIeTalb BUTPUMYE HABAHTAXKCHHSI Ta JOBrOTPHUBAJC BUKOPHUCTAHHS); AeTaii3allis
(Detailing) Kks(o) >min (BigoOpaskae MOXIUBICTH BIITBOPEHHS JeTanell 3
BHCOKOIO TOUHICTIO 1 30€peKEHHAM HaAMMEHIIMX JIeTaliel 1 TeKCTYp); EKOHOMIUHICTh
(Economy) kg (o) — min (BUTpaTi Ha BUTOTOBJIEHHS A€TaJi) TOLIO.

JIJis TOCSITHEHHS BUCOKOI SIKOCTI1 JieTanel, BaXXJIMBO MPAaBWJIbHO HaJAIITyBaTH
napamMeTpu IpyKy o, BUOpaTh BiAMOBIIHUI MaTepiay, BUKOPUCTOBYBATH SKICHY
MOJIeb Ta 3a0e3leuyBaTH HAJCKHUNA OIS 3a JPYKapChKUM mpuctpoeM. [lpu
bOMY, Ha TMPAKTHUIl 3aal0ThCd OOMEXKEHHS Ha TMapaMeTpu SKOCTI BUPOOY
K (o) < kr g K (o) > k|* (me k|* — 3aJjaHe TpaHWYHE 3HaueHHsS mapamerpa |) ta

HaMararThCs 3HAWTH 1X HaWKpaIry KOMIpoMicHy koMOiHartito [4-5]:
m —
P(a) =2 A ki(or) > max, (1)
1=1 a
ne P(a) — y3araibpHeHa oOIliHKa sSKOCTI BHpPOOy; M — KUIBKICTH MapaMmerpiB,

o0paHuX Ui OLIHKH BHPOOY; A, — BaroBuid koedimieHT |-ro mapamerpa BUPOOY,

M 20, I=1m, YA =1; ki(0)) — HOpMOBaHe 3HaueHHs abO 3HAYCHHS (YHKL(i

M=

=1

kopucHocrti | -ro mapamerpa.
JInisi BU3HAUEHHS 3aJI€KHOCTEH MK BXiTHUMHU mapameTpamu 3D-texnomorii

o 1 xapakrepucTukamu BUpoOiB K (o) HEoOXiTHO MpPOBECTH  cepito

EKCIIEPUMEHTAIBHUX JOCHIKeHb. JloCmiKeHHsT mependadaoTh 3MiHYy HaOOpiB
BXIJJHUX MapameTpiB o, 30ip iHpopmalii Ipo OTpuMaHi XapaKTepUCTUKU BUPOOIB
K| (o) Ta aHami3 OTpEMaHUX PE3yJIbTATIB.

Y mporeci TNpPOBENCHHS JOCHKEHb Oyno oOpaHO JAeTaldb  THUITY
mecturpaniuk (puc. 1). 3D-moznentoBanHs netajni Oyllo BUKOHAHO y CEPEIOBHUIII
SolidWorks, a pe3ynasraru 11 mojaibiioi oOpoOKH craiicepoM 30€pekeHO Y

¢dopwmari .stl.
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Ycworo Oyno mpoBeNeHO 8 EKCIEPUMEHTIB (CTBOPEHO § 3pasKiB JeTaii) 3
pI3HUMHU HaJlalITyBaHHsIMU ciaiicepa (ta6m. 1). [Ipu mpomy 3MiHIOBAJIMCS Taki

BX1/IHI MMapaMeTpu: TOBIIMHA MEPEeKpUTTs O, (BapitoBaiacs Big 0.5 MM 110 3 MM);
TOBIIMHA OOKOBOI MOBEpXHi 0, (BapitoBanacs Bix 0.5 MM 70 5 MM); HIBUIKICTb

apyky V (BapiroBanacs Bijx 30 mm/c 10 60 mm/c) (Tadm. 2).

= —

Pucynok 1 — Ecki3 gociimpkyBaHo1 AeTani-IIIeCTUTPaHHUKA

Tabmuis 1 — 3amponoHoBaHU# BapiaHT IIaHy €KCIIEPUMEHTY

Komosi 3HaueHHs Koe(DiliEHTIB TPH HEBIJJOMHX
" Xo X1 X2 X3 X1 Xo | Xg, Xg | Xy X3 | Xp, Xp, X3
1 1 -1 -1 -1 1 1 1 -1
2 1 1 -1 -1 -1 1 -1 1
3 1 -1 1 -1 -1 -1 1 1
4 1 1 1 -1 1 -1 -1 -1
5 1 -1 -1 1 1 -1 -1 1
6 1 1 -1 1 -1 -1 1 -1
7 1 -1 1 1 -1 1 -1 -1
8 1 1 1 1 1 1 1 1
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Tabnuus 2 — 3naueHHs mapaMeTpiB AeTami

Homep nocniny (3pa3ka)
MapameTp
1 2 3 4 5 6 7 8
01, MM 0.5 3 0.5 3 0.5 3 0.5
02, MM 0.5 0.5 5 5 0.5 0.5 5
V, Mm/c 30 30 30 30 60 60 60 60

JUia crnpomieHHs pPO3paxyHKIB 1 aHaji3y IUlaHy €KCIEpUMEHTY BXIJHI
BEJIMUMHU TNPEACTaBIEH] y KOAOBaHIM mikaii. Pe3ynbTary BUMIpIOBaHb MOAAHO B

Tabin. 3 (ne R, — cepenne apupMeTuuHe BIAXUICHHS IPO(LIIO).

Tabnuis 3 — Pe3ynbraru eKCIIepUMEHTIB

BuxigHun Howmep nocniny (3pa3ka)

napaMerp 1 2 3 4 5 6 7 8

Ra, MKM 6,20 22,11 9,81 9,00 4,30 2,76 4,93 6,21
A1, MM 2045 | 20,45 | 20,41 | 20,45 | 20,45 | 20,46 | 20,06 | 20,41
Az, MM 20,37 | 20,32 | 20,32 | 20,38 | 20,26 | 20,28 | 20,47 | 20,35
Az, MM 20,08 | 20,16 | 20,04 | 20,00 | 20,02 | 20,01 | 20,11 | 20,00

3a ganuMu Tabn. 3 OTPMMAHO 3alieKHOCTI B KOJOBAHIM INKaai JUIs

BHUMIPIOBaHHS 3MIHHHX:
R, =8.17+1.85x; —0.68x, —3.61x3 —1.74x;x, +1.7xpx3 —1.92x,x5;
A4 =20.39+0.05x; —0.06x, —0.05x5 + 0.05x;x, —0.05x,x5 + 0.04x,x5;
A, =20.34-0.01x; +0.04x, —0.003x; —0.003xx, +0.03x;x3 —0.01x5x5;
Ay =20.05-0.01x; —0.01x, —0.02x5 — 0.003x;x, + 0.03x;x3 —0.02x,x5.
[lonamMo OIIHKKM BIUIMBY MBUAKOCTI 3D-apyKy Ha TOYHICTH OTPUMAHOIO

pO3MIpy JeTail B HATypaJIbHIM 1IKall BUMIPY:

A, =20.6+0.1055, —0.00895, —0.00299V +0.01788,8, —0.002133,V —0.01485,V ;
A, =20.4—0.01978, —0.01995, —0.0018V +0.00133,8, — 0.000535,V/ +0.000895,V/;
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A =20.01—0.06935, —0.02585, —0.02V +0.01075,5, —0.001075V/ +0.000895,V .

AHanoriyHuM crocobom OyJ0 OTpUMAaHO CIHIBBIIHOIICHHS MJis OIIIHKA
BIUTUBY pexuMiB 3D-ApyKy Ha MIOPCTKICTh TOBEPXOHD JIeTaJICH.

[IpoBeneH1 eKCriepuMEHTaIbH1 JTOCIKEHHS JT03BOJIMJIA BCTAHOBUTH 3B'S30K
MK pexumamMu 3D-apyKy 1 TEOMETPUYHUMH TapamMeTpaMHu OTPUMAHHX JIeTajieH.
Busisneno, 1o BXiJHi mapaMeTpu, Taki K MIBUAKICTh JPYKY, TOBIIWHA MTEPEKPUTTS
Ta OOKOBO1 MOBEPXHI, MAalOTh CYTTEBUH BIIMB Ha AKICTh T4 TOYHICTh BUTOTOBJICHHUX
neTaneil. 3a pesyapTaTaMu MPOBENECHUX JOCIHIKEHb Oy BH3HAUCHI ONMTHUMAJIbHI

3HAYEHHS I[UX MMapaMeTpiB.

Jliteparypa:
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Milovanovi¢, A., & Stojmanovski, V. (2021). Additive technology design for 3D
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3. T'pumrok B. 1O., Hesmromos 1. I1I., [um6an O. M. (2022). YnockoHaneHHsS
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YK 004
AHAJII3 MOJIEJIEM CUCTEM MNOIIYKY TPAEKTOPIA PYXOMMX
OB’EKTIB
KoBasenko /1.0.

XapxiecbKuii HAUIOHANLHUTL ABMOMODINTbHO-00PONHCHII YHIgepcumem, XapKie

3 po3BHTKOM 1H()OPMAIIMHUX TEXHOJOTIN 0 CHCTEM BiACOCIOCTEPEKEHHS
BHCYBAIOTbCS BCE HOBI 3aBJaHHS, SKI MOJSATalOTh Y PO3pOOII alIrOpUTMIB
0OpOOJICHHST BIJICOAHUX JII aBTOMATHU30BaHUX PEXUMIB pobotu cucrem. lle
3yMOBJICHO JIBOMa MOTpeOaMu: 3MEHIIECHHs JIOICHKOro akTopa y mporecax, ki
3a0e3MeuyroTh BiIcOHArIs Ta Oe3mneKy. [2].

BincrexxenHns Tpaektopii - 1€ Tpolec KepyBaHHS poOoTroMm  abo
TPAHCIOPTHUM 3aCO00M JIJIsl MPOXOPKEHHSI TIEBHOTO MIISXY a00 TPaeKTopli B yacl.
[Is1 xoHUenIis Mae BUPIIAJIbHE 3HAYEHHS ISl TOrO, 00 aBTOHOMHI CHUCTEMH
MOTJIM TOYHO OpPIEHTYBATUCS B HABKOJMIIHBOMY CEPENOBHUINI Ta JOCITaTH
BU3HAYCHUX TOUYOK, BPAXOBYIOUM Taki (aKkTOpH, SK IWHAMIKA, TIEPEIIKOAM Ta
YMOBH HaBKOJUIITHHOTO cepefoBuina. EdekTuBHE BiICTEXKEHHS TpPAEKTOPil
JI03BOJIsSIE pOOOTaM BUKOHYBATH 3aBJIaHHS 3 BUCOKOIO TOYHICTIO 1 MOYKE ITiIBUIITUTH
IXHIO 37aTHICTh aIalITyBaTUCS JIO 3MiH Y HAaBKOJHUIIIHBOMY cepenoBuii. [3].

MeToro poboTu € aHai3 CydacHUX MOJIEIeH Ta METOIIB TIONTYKY TPAEKTOPii
PYXOMHUX OO0’€KTIB, BUSIBJICHHS IXHIX IiepeBar 1 OOMEXEHb, a TaKOX OI[iHKa
MOTEHIlIaTy IXHHOTO BUKOPUCTAHHS B MallOyTHHOMY.

Kinemarnune mnpoeIitoBaHHS BUKOPUCTOBYETHCA JUISI MOJEIIOBAaHHS Ta
aHalli3y TPAEKTOPiId PYXOMHUX OO'€KTIB IIISIXOM OMHUCY iXHBOTO TMOJIOKEHHS,
MIBUKOCTI Ta MIPUCKOPEHHS Y MPOCTOPI 3 ypaxyBaHHIM 4acoBHX 3MiH. Llel mimxin
0a3yeTbcs Ha BHUKOPUCTaHHI pIBHSHb KIHEMATWKH, M0 JO3BOJISE TOYHO
IIPOTHO3YBAaTH TPAEKTOpPIi 32 BIJOMHUMH MOYATKOBUMH yMOBaMHU Ta MapaMeTpamu
pyxy. OCHOBHOIO MEpEeBaror0 METOAY € MOro TOYHICTH 1 MPOCTOTa peanizaili B
YMOBaX, Jie pyX 00’ €KTa MiAMOPAKOBYEThCS YITKO BUSHAYCHUM 3aKOHAM MEXaHIKU.
[Ipore kiHEMaTH4YHE MPOELIIOBAHHS Ma€ OOMEXKEHHsS MpU PoOOTiI 3 HENIHIMHUMU
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cucteMaMu abo0 y BHUIAJKaX, KOJU pyX 00'€eKTa 3a3Ha€ BIUIMBY HEBU3HAYCHUX
30BHIIIHIX (AKTOPiB, M0 3HUXKYE E€(OEKTUBHICTH IOTO IMIJIXOAY Yy CKJIAIHUX
JTUHAMIYHUX CEPEIOBUIIIAX.

HeuiTki ™mogeni € epexkTUBHMM I1HCTPYMEHTOM [JJisi MOJEIIOBaHHS
TPAEKTOPIN y CUTyaIlisIX 3 BUCOKOK HEBHU3HAUCHICTIO 200 OOMEKEHICTIO BXITHHUX
naHux. BoHu 0a3yloTbcs HA BUKOPUCTAHHI JIHIBICTUYHUX 3MIHHHMX Ta IPaBUJl, 1110
JI03BOJISIE  OMUCYBATH CKJIAJIHI CHUCTEMH B TEpPMIHAX, 3PO3YMUIMX JIFOMHI.
OCHOBHOIO TIEpPEBarold € THYYKICTh 1 3/IaTHICTh MpAIOBaTH 3 HEYITKUMH,
HETOYHUMHU a00 HEMOBHMMHM JAHUMH, IO POOUTH iX HE3aMIHHHUMH Yy
IIPOTHO3YBaHHI TOBEIIHKA OO0'€KTIB y JWHaAMIYHOMY cepenoBuil. [Ipote
CKJIQJHICTh HaJAaIITyBaHHs (QYHKIIA HAJIEKHOCTI Ta (OPMYIIOBAHHS MPABUI MOXKE
MPU3BOJUTH JI0 CyO €KTHBHOCTI ¥ OOMEXyBaTH iX 3aCTOCYBaHHS B 3ajadax, IO
noTPeOyIOTh BUCOKOI TOYHOCTI a00 MacIITaOyBaHHS MOJIEIII.

OnrumizaniiiHi  MeTOOM IIMPOKO  3aCTOCOBYKOTBCA  JUISl  IOLIYKY
ONTHUMAJIBHUX TPAEKTOPIA PYyXOMHUX O0'€KTIB 3 ypaxXyBaHHSIM 3aJaHUX OOMEXKEHbB 1
HUIbOBUX  (QyHKIINH. Jlo TakuxX METONIB HallekaTh JHIAHE Ta HeMiHiiiHe
IPOTPaMyBaHHsI, €BOJIOIIIHI AITOPUTMHU, TEHETUYHI aITOPUTMHU, & TAKOK METOIU
TPaJIIEHTHOTO CIyCKy. BOHM J03BOJISIIOTH MIHIMI3yBaTH BUTPATH €HEPTii, 4acy 4u
BIJICTaHI NI 4Yac PyXy, a TaKoX 3HAXOQUTH PpIIIEHHS B  yMOBax
OaratokputepianbHoi onTumizaiii. OCHOBHOIO TMEpPEBarol0 MHUX IMiIXOMIB €
3/1aTHICTh BPAaXOBYBAaTHU CKJIAJIHI B3a€MO3B’SI3KU MDK 3MIHHUMU Ta OOMEKEHHSIMU
cucteMu. BonHouac onTuMizamiifiHI METOAM MOXYTh BHMAaraTl 3HAuHUX
00YHCITIOBAIBHUX PECYPCiB, 0COOIMUBO MPU pOOOTI 3 BETUKHUMHU HAOOpaMU JTaHHUX
a00 CKJIQJHUMH HEIIHIMHUMHU CUCTEMaMH, IO € IXHIM OCHOBHHUM HEIOIIKOM.

Metoau mpocTopoBoi (iabTpamii 3acTOCOBYIOThCS JJIT OOpPOOKH JaHHUX
npo pyX OO'€KTIB 3 MPOCTOPOBOIO TMPHUB’S3KOI0 3 METOI0 YCYHEHHS IIyMY,
BUSIBJICHHS TMAaTepHIB Ta TMIJBUINCHHS TOYHOCTI BH3HAYEHHs TpaekTopil. [lo
OCHOBHHX TIJIXOMIB HAJEKaTh HU3bKOYACTOTHA (UIBTpamis Ui 3TaKyBaHHS
JAHWUX, BUCOKOYACTOTHA (PiIbTpaIlisl JjIs BUSABIEHHS Pi3KUX 3MIH a00 aHOMaJii, a
TakoX OaHjacoBa (uIbTpallisi JJIS aHai3y MEBHUX YAaCTOTHUX Alana3oHiB. Jljis
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BIJICTe)KEHHSI 00 €KTIB y JUHAMIYHUX yMOBax epextuBHUMH € GinsTp Kanmana i
GUIBTP YaCTOK, SIK1 KOPUTYIOTh MOJIOKEHHS 00’ €KTa Ha OCHOBI MOMEPEIHIX JIaHMX 1
mozeneit pyxy. Lli MmeToan H03BOJIAIOTH MPAIIOBATH 3 PEaIbHUMHU, 3alIyMICHUMHU
JAHUMH, IO TOKpAaIly€e€ TOYHICTh aHaJi3y, OJHAK iX e(PEeKTUBHICTH 3aJICKHUTH BiJI
MPaBUJIBHOTO HANAIITYBaHHS MapaMeTpiB, SIKE y BHIAJKYy TOMUJIKA MOXKe
IPU3BOAUTH JI0 BTPATH BAXIIUBOI 1HPOpMaIii a00 HAAMIPHOTO 3I71a/1KyBaHHS.

IlopiBHSUIBHI MeTOAUM BUKOPUCTOBYIOTHCS [IJISi OINIHKM €(DEeKTUBHOCTI
PI3HMX MIAXOMIB JO TMOLIYKY TPAEKTOPIA MLUISAXOM TMOPIBHSAHHSA PpE3Yy/bTarTiB,
OTpMMaHUX 3a JOMNOMOIOK pI3HUX alNropuTMmiB uu mozened. L1 meromm
JO3BOJISIIOTh BU3HAUYMTH, SIKMM 13 MIIXOMAIB HaWKpalle MiAXOAUTh JIJIsi KOHKPETHO1
3a/1a4i, BPaxoBYIOUH Pi3HI KpUTEpli, Takl K TOYHICTh, OOYMCIIIOBAJIbHI BUTPATH,
3IaTHICTh JI0 MaciITa0yBaHHS Ta CTIHKICTh A0 Iymy. [lopiBHSIIBHI aHami3u
MOXYTh BKIIOYaTH SIK TEOPETUYHI, TaK 1 EKCIIEpUMEHTAaJIbHI OI[IHKU, e
BUKOPHCTOBYIOTbCSI HA0OpU TECTOBHUX JAHUX I MEPEBIPKU POOOTH MOAENIEH Y
peanbHuX ymoBax. OJHIEI0 3 OCHOBHUX IIepeBar MOPIBHSJIBHUX METOIIB €
MOXJIUBICTh 00'€KTUBHO OIIIHUTU CJIa0KI Ta CHJIbHI CTOPOHHU KOXHO1 MOJIE, 110
JI03BOJIsIE BUOPATH HAMOIBIN MiAXOAAIINH MAX1A A7 IPaKTUYHOTO 3aCTOCYBAHHS.
OnHak 1ei Meton Moxe OyTH pecypco3aTpaTHUM, OCKUIBKM BUMarae MmpoBEICHHS
YUCJICHHUX TECTYBaHb 1 aHAJI3y BEJIMKUX OOCATIB TaHUX.

MeTton BIACTEXKYBaHHS KpalOBUX TOYOK BHUKOPUCTOBYETHCS MJI aHAI3y
TPAEKTOPINA PyXOMHX 00'€KTIB HUISXOM (hiKcallli KIFOUOBUX TOYOK, II0 BUZHAYAIOTh
MeXi a00 BaxkJIMBI MOMEHTH B pyci oO'ekra. lleil miaxim mo3Bossie €(dEeKTUBHO
BIJICIIIJIKOBYBaTH 3MiHM HampsMKy a0o0 IMBHAKOCTI 00'€ekTa, IO MOXe OyTH
KOPUCHUM JUISI BUSBICHHS KPUTUYHHX TIOAIM, TaKWX K 3MiHA TPaeKToOpii 4u
MIBUAKOCTI. MeTo BiACTEXKYBaHHS KpalOBUX TOYOK YAaCTO 3aCTOCOBYETHCS B
3a/a4ax, /e BaKJIMBE TOUHE BU3HAYCHHS] MOMEHTIB, KOJIM 00'€EKT MEPEXOIUTh Yepes
NEeBHI MNpocTOpoBl abo wyacoBli Mexi. [lepeBaror0 1BOro METOAY € 3aTHICTb
e(eKTUBHO BUSBISATH 3MIHMA B PyCl Ta 3MEHIIYBAaTH BIUIMB IIyMY Ha pE3yJbTaTH.

OnHak #Horo 3acTocyBaHHS MOXKE OyTH OOMEXEHE B yMOBax, JI€ Pyx o0'ekra €
2
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HAJ3BUYAHO CKJIAJHUM a00 HEJIIHIMHUM, 110 MOXE IIPU3BECTH 1O HETOYHOCTEHN Y
BU3HAYEHHI1 KPalOBUX TOYOK.

AHani3 Mozesiel CUCTEM MOUIYKY TPAEKTOPIA pyXOMHUX 00'€KTIB MOKa3aB, 110
ICHY€ IUPOKUN CIIEKTP MIAXOIIB ISl BUPIIICHHS ITI€T 3a/1a4i, KOXKEH 13 SIKUX Ma€
CBOi IlepeBaru Ta OOMexeHHs. JleTepMiHOBaHI Ta CTOXaCTHYHI MoHeNi Ja00pe
MiIXOMATh I TIepen0adyBaHUX yMOB, TOMI SIK METOIW MAIIMHHOTO HABYAHHS
JIO3BOJISIFOTH TIPAIIOBAaTH 3 BEJIMKUMU HaOOpaMu JaHWX Ta BUSBIATA CKIIATHI
3akoHOMipHOCTI. OKpeMy yBary BapTo MNPUIUIUTA METOAaM IPOCTOPOBOI
binpTpanii Ta NOPIBHAJIBHUM METOAaM, sIKi JO3BOJSIOTH MIJABUIIUTH TOYHICTH 1
¢(DEeKTUBHICTh CHCTEM Yy pealbHUX yMmoBax. KpiM TOro, MeTtomu, Taki sK
BiJICTeXKYBaHHS KpaHOBUX TOYOK, JAIOTh 3MOTY JETajJbHO aHAI3yBaTH KPUTHUYHI
MOMEHTH PyXy, Xo04a iX e(QeKTHBHICTh MOXe OyTHm OOMeEKeHa B CKIIAJIHHX
JUHAMIYHUX CHCTeMax. 3 ONISIIy Ha PI3HOMAHITHICTB IIJIXO/iB, BUOIp KOHKPETHOI
MOJIEJI1 3aJIeKUTh BiJ crienudiku 3a/1a4i, XapaKTepUCTUK 00'€KTa Ta cepeoBuUIIa, a

TaK0>X BUMOT JI0 TOYHOCTI Ta OOYHCIIFOBAIBHUX PECYPCIB.

Cnmucok Jgireparypu:

1. Csimpak, 1. I'., llleBuyk, JI. 1., Ctporan, O. 1., Ctpyrunaceka, JI. P., &
Crporan, 1. B. (2021). KinemaTnune npoenitoBaHHs K 3aci0 yrnpaBiaiHHS
TEXHIKOIO B aBTOMaTHU30BaHUX 3eMJIe00poOHUX KoMmIuiekcax. [locunanns
1o pecypey: https://nv.nltu.edu.ua/index.php/journal/article/view/2365

2. 1O. Ianos, JI. Ilememxo, A. Koampuyk, M. Ilenemko. Ilomryk
TPAEKTOPIA  pyXOMHX OO’€KTIB JUIsi  aBTOMAaTH30BAaHUX  CHCTEM
B1JIEOCIIOCTEPEKECHHS. [Tocunanus hi (o) pecypcy:
https://science.lpnu.ua/uk/scsit/vsi-vypusky/vypusk-744-2012/poshuk-
trayektoriy-ruhomyh-obyektiv-dlya-avtomatyzovanyh-system

3. Trajectory tracking from class: Robotics . Ilocunanus 10 pecypcy:

https://fiveable.me/key-terms/robotics/trajectory-tracking
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4. Komm’'rotepHe MozenoBaHHs 00’ekTiB 1 npoueciB. Ilocuwmanus 1o

pecypcy: https://ua5.org/model/1694-kompyuterne-modelyuvannya-

obyektiv-i-proczesiv.html

5. Kononwuxin 0.C, CyxoMIT1iHOB B.K,, KoponsoB B.M.
baratokpurepiaibHa Mopaenbs Bubopy obnaaHanHs cucremu GPS-
MOHITOPUHTY OYyJIBEJIbHO-I0POXKHBOT TexHIKM // «Hayka 1 TexHika
ceorogH1» (Cepisa «Texnika»): xxypHai 2023. No 13(27) 2023. C. 774-
783
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YJIK 681.52
PO3POBKA CUCTEMHU ABTOMATHU30OBAHOI'O KEPYBAHHSA
BOJOIMOCTAYAHHSAM B CIJIBCBKOMY I'OCHHOJAPCTBI
Komanaapenko A B., Aopamenxo I. I.

Xapkiecokuii 0iomexno102iunuil ynigepcumem, Xapkie

VY ClIbCBhKOMY TOCTOAAPCTBI BOJA BUKOPUCTOBYETHCA SIK JUIsl KOMYHAJIBHO-
noOyTOBUX MOTPeO (HANIPUKJIIAJ, 3POIICHHS 3€JICHUX HACAKEHb, KUIUX OYyJIUHKIB
Ta TPOMAJICHKUX OyJiBedb), TaK 1 JUisi BUPOOHUITBA (HANPUKIAA, HAIMyBaHHS
XyJoOM Ta MNTHIN, NPUTOTYBaHHA PIJAKMX Ta BOJIOTHX KOpPMIB, 0OpoOKka Ta
nepepoOKa ClIIbCbKOTOCIIOAPCHKOT MPOTYKIIIT).

Cucrema BOJOMOCTAYaHHS CKJIAJAE€ThCS 3 JDKEpENna BOJU, BOJI03a00pYy,
HACOCHOI CHUCTEMHU Ta BOJOIMPOBITHOT MEPEKI.

3abip BoaM 3 BOA03a00Opy Ta IMojada B MEpPEXKYy BOAOMOCTAYAHHS
3MIMCHIOETHCSI HACOCHOIO CHCTEMOIO, 1110 CKIAAAEThCS 3 HACOCA, CIIEKTPOIPUBOIY,
BCMOKTYBAJIbHOT Ta HamipHOi TpyO 1 Oaka perysroBaHHs TUCKY [1].

JIJIs CiTbCHKOTOCTIONNAPCHKOTO BOAOMOCTAYaHHS BUKOPUCTOBYIOTHCS BIJTKPHUTI
JOKEpea BOJIM, TaKl K PIYKH, 03e€pa, BOJOCXOBHINA Ta MiA3eMHI BOIH.

VY CIIbCBKHX HACEIEHUX IyHKTaX BHUKOPUCTOBYIOTHCS LIEHTpali30BaHl Ta
JEICHTPaIi30BaHl CHCTEMH BOAOIIOCTAYaHHS.

[leHTpasmizoBaHi CUCTEMHU BOJOIIOCTAYaHHS IOJAIOTh BOJY JIO0 JKUTJIOBHX Ta
MPOMUCIIOBUX paloOHIB, a JCIEHTPaNTi30BaHl - OKPEMO [JI0 JKUTJIOBUX Ta
MIPOMUCIIOBUX PAaOHIB.

CimbCchbKOTOCTIONIAPChKA BOJA TIOJIAETHCS CIOKMBAadyaM depe3 KOTIIM Ta
pe3epByapu  BINIIGHTPOBUMH HACOCaMH 13 TPHUBOJAOM BIiJ] AaCHHXPOHHHX
CJIEKTPOJIBUTYHIB.

VY BIOKpUTUX CHCTEMax 3pOIICHHS 3 MPUBOJAOM BIJl ACHHXPOHHUX abo
CUHXPOHHUX JIBUTYHIB BOJIa TIOJIA€THCS HACOCAMU Y BOJOPO3MOALTHHY MEPEKY.

Jlyis 3a0upaHHs BOJM 3 BIAKPUTHX BOAOWMHMIIL, @ TAKOX 13 IIAXTHUX KPUHUILH 1

CBEP/IJIOBUH IMEPEBAXXHO 3aCTOCOBYIOTH BIJIIEHTPOBI Ta BUXPOB1 HacocH [2].
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['mubuHHI eIeKTPOHACOCH BUKOPHCTOBYIOTHCS IJISl MEpEKayyBaHHS BOIH 3
IIIMOOKUX KOJIOJS31B Ta CBEPIJIOBHUH.

CucTemMu aBTOMAaTUYHOTO KepyBaHHS HA HACOCHUX CTaHI[ISX BOJOMOCTAYaHHS
NpU3HAYEeH] 11 aBTOMAaTUYHOTO IIyCKY 1 3YNHMHKH HAcOCiB 3a 3aJaHUMU
nporpaMamMi, aBTOMATHYHOT'O PEryJIOBaHHS TO/Jadyl HACOCiB, BKJIIOYEHHS
pPE3EepPBHUX HACOCIB, 3aXHUCTy EJIEKTPOABUTYHIB, IHPOPMYBaHHA MPO HOPMAJIbHY
poboTy 1 aBapiliHI 3yNUHKH, BUMIPIOBAHHS THUCKY 1 PIBHS BOJH, CIIOKHBAHHS
CTPYMYy 1 HAaIPyTH €JIEKTPOJABUTYHIB.

Ha mincraBi  pmocnigkeHHs 00'€kTa yOpaBlIiHHS HaMUd  PO3POOJIEHO
GyHKIIOHATBHY CXEMYy aBTOMAaTUYHOI CHCTEMHM IHUTHOTO BOJOIOCTa4YaHHS 3
BUKOPHUCTAHHSAM IITYYHOI CBEpAJIOBUHU (pHC. 1).

Y cucremi aBTOMaTH3allii BUKOPUCTOBYIOTHCS TaKl MATYUKH, SK JATYHK
TeMIlepaTypH, JaTUMK THCKY Ha BUXO/I1 31 CBEp/IJIOBUHH, TaTYUK TUCKY MOBITPS BiJl
KOMIIpecopa, MaTYMK CTPyMy IBUTYHA HAcOCa, AATYMK MOXKEXKi, TaTIYNKH CyXOTO
XO0J1y 1 3aTOIUICHHS.

CurHamu naTdyvika TEMIIEpaTypH, JAaT4yMKa THCKY Ha BHUXOJl CBEPIAJIOBHHH,
JaTYMKa THUCKY TIOBITpS KOMIpecopa 1 JaT4WKa CTpPyMy JBUTYHa Hacoca €
aHAJIOTOBUMHU 1 TIOBUHHI OyTH TIepeTBOpPEHI Ha nudpoBuii Gpopmat 3a JOMOMOTO0
BOYZIOBAaHOT'O aHAJIOTO-IIM(POBOTO MEPETBOPIOBAYA MIKPOKOHTPOJIEpA.

JlaTdauKy TI0KeXk1, CyXOTO X0y Ta 3aTOIUICHHS 3 1HAWBIyaIbHUMHA BUXOJaMHU
MOKHA TIKIIOYUTH O€3M0cepeIHbO 10 MOPTY MIKPOKOHTPOJIEpA.

3riiHo 31 cxeMor 1H(OpMaIiiiHUX TOTOKIB (puUC. 2) MEHEIKEep MpOLECciB
BUKOHY€ HACTYITHI orepallii: 30upanus iHdopmallii npo MOTOYHHM CTaH JAaTYUKIB,
peamizamis  iHTepdeiicy  kopucTyBada  (0oOpoOka  HATHUCKaHHS  KJIaBIII,
BimoOpakeHHs1 iH(oOpMaIlil0 Ha ekpaHi), oOMiH iH(oOpMaIli€l0 Ta KOMaHIAMU 3
IIEHTPOM yTPAaBIIHHS, MOHITOPUHI Ta BHPIIMIEHHS BUHATKOBUX CHUTYaIliH,
BU3HAYEHHS 3aBJIaHb Ul PETYJIIOI0UYHMX OPraHiB Ta MEXaHI3MiB.

Perymioroui opranu 3a0e3neuyroTh MIATPUMKY MapaMmeTpiB KOHTPOIIO Ha

MOCTIHHOMY PIBHI.
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Pucynox 1 - @yHkIioHaIbHA CXeMa CHCTEMH

KoxeH KOHTposiep MOpPIBHIOE MOTOYHE 3HAYEHHS TMapamMerpa 31 3HAUYCHHSIM

MEHEJDKepa MPOIIECiB 1 TeHEPYE BUXITHANW CUTHAJ JUIsl MEXaHI3MY JIJIsl TOCSTHEHHS

3a4aHOT'0 3HAYCHH:.
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JpaiiBepn JIBUTYHIB BUKOPHCTOBYIOTHCSI MEHEIKEpamMH MPOLECIB IS

YOPABJIIHHS [[UMU ABUTYHAMH Ha OCHOBI iXHHOTO MMOTOYHOT'O CTaHy Ta KOHKPETHHUX

byHKIIIH.
AHanorosi 4aT4MKK AVCKpeTHI AaTYmnKK
Aarn '
nmn:‘:a:ypu f,:::: Darume THCKY Baramk tmey || Aarumm Daraun ) farumk cyxoro Harunx
nanlnsRony ABHIyHa CBEDANOBHHA | Komnpecopa copoHHuiA NomEmMHni nog JATONNEHHA
- -Exi.\mi ,q;mi Asapifni curranm
I
Jagawi
esponcroni |
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lutepdeidc Menegwep npouecy
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Apaiigepu mexauismis

Pucynok 2 — Cxema iHpopMaliiHUX TOTOKIB

Jlireparypa:

1. 1. I. PeBenko Ta iH., Mamunu Ta obnagHanHs 1j1s TBapuHHUIITBA. KuiBYkpaina:
Konpnop, 2012.

2. €. JI. XKymniii, EnextponpuBoj CiTbChKOTOCIIOAAPCHKUX MAIIMH, arperariB Ta

nmoTokoBux JiHik. Kuis., Ykpaina, 2002.
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YJIK 681.52
PO3POBKA CUCTEMHU ABTOMATHU30OBAHOI'O KEPYBAHHSA
XJITBOINEKAPCBKUM BUPOBHULITBOM
Kpaeuenxo P. I'., Aopamenxo I. I.

Xapkiecokuii 0iomexno102iunuil ynigepcumem, Xapkie

Xmibomekapchbka MPOMHCIOBICTh YKpaiHM — OJlHA 3 OCHOBHHUX TaiTy3eu
Xap4oBOi TMPOMHUCIIOBOCTI, SKa 3JaTHa 3alpONOHYBATH HACEICHHIO ITUPOKHUN
ACOPTUMEHT XJII00OYJIOYHUX BHUPOOIB 3 MOIJIALY BUPOOHUYMX MOTY>KHOCTEM,
MexaHi3allli TEXHIYHHUX MPOIECIB Ta PI3HOMAHITHOCTI MPOTYKIIii.

OCHOBHUMU KOMIIOHEHTaMU XJI100NEKAPChKOi MPOMUCIIOBOCTI € MILIEHUYHE Ta
KUTHE OOPOIITHO, APIXKK1, BoJia Ta cib. Cepes IHIMX IHTPEIIEHTIB - OIS, IyKOD,
MOJIOKO Ta MOJIOYH1 IPOAYKTH, sIAIIs Ta ropixu [1].

VY xumiOonekapHsAx BUAUISIOTH TakKl TEXHOJOTIYHI eTamu: 30epiraHHs Ta
MiTOTOBKA CHPOBUHU, II0 BUKOPUCTOBYETHCA B MPOIIECi, MPUTOTYBaHHS TICTA,
00poOKka TicTa, BUIIKaHHS TICTOBUX 3arOTOBOK, OXOJIOM)KCHHS Ta 30epiraHHs
xmba. KoxeH 3 1mux eramiB BKIIOYae B cebe psAa TEXHIYHUX OIeparlii, IIo
3a0€31euy0Th BUPOOHUIITBO TIPOJYKTY.

[IpurotyBaHHs TicTa - OAMH 3 HAWBAXKJIMBIIIUX IMPOLECIB JUIS AKOCTI XJiOa.
[le#i mpomec Takox € ogHUM 3 HauTpuBamimmx. OCHOBHUMH (PaKTOpaMH, IO
BIUTMBAIOTh Ha (PI3MKO-XIMIYHI BJIACTUBOCTI MPOAYKTY, € TOYHICTh BHECEHHS
CUPOBHMHHM Ta MiATPUMaHHA ii Temneparypu. [1ociiioBHICTb 1 XapaKkTep TEXHIYHUX
orepaliiif MpOUTIOCTPOBAHO HA TEXHOJIOTT4YHIN cxemi (puc. 1).

Jis  TmpuroTyBaHHS ~ TicTa Ha  MIANPUEMCTBAX  BHUKOPUCTOBYETHCS
tictomicuiibHa MamuHa [2]. s 3aminmyBaHHS TPOIYKTY HEOOXiTHO 3MillaTH
BIJIMOBI/THI IHTPEIIEHTH.

OCHOBHUM IMOKAa3HUKOM €(PEKTUBHOCTI BUPOOHMIITBA XJI10a € SKICTh TOTOBOI
OPOIYKLII, SIKa 3aJIeKUTh Bl HU3KH (aktopiB. Cepel HUX BapTO BIA3HAYUTH

piBEHb  aBTOMATH3aIlli  TEXHIYHUX  TPOIECIB, Cy4YaCHUM CTaH  SIKHX
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XapaKTEPHU3y€EThCsl BUKOPUCTAHHSAM TIEPEIOBUX TEXHOJIOTIM Ta 0OJagHaHHS,

MIKPOIPOLIECOPHOI TEXHIKHM Ta KOMITIOTEPHUX TEXHOJIOT1H.

Cine Liysop
. Bona

Myka Cyi ApiwmAi [poBneuun [lpo6nesHA
L A

; Npocioeanua || MarpieaqHA v

MpociloBaHHA o ap 1 .
l l MpociioBanHs MpocitoaaHnHA
02yBaHHA 03yBaHHA l
Aozy Roay JoayeaHHA
\_‘ Hoaysatina HozyeaHHA
|
3amic TicTa ‘=J

BiaBaHTameHHA
FOTOBOMO TiCTa

Pucynok 1 — CtpykTypa 1 NOCHII0BHICTh MPOLECY MPUTOTYBAHHS TICTA

ABTOMaTH3allisi Mpolecy BHUPOOHMIITBA TICTa € BAXKIUBUM (PAKTOPOM
MiBUIIEHHS SIKOCTI KIHIIEBOTO TPOAYKTY, 3HWKEHHS KITBKOCTI aBapiii Ta
npodeciiiHuX PU3HKIB IiJ1 Yac pOOOTH.

Kepytouuce cxemow pyxy MmarepialiiB, MoOyayeMO (PyHKIIOHAJIIbHY CXEMY
HiICUCTEMHU aBTOMATH3Alll] MPoIlecy MPUTOTyBaHHS TecTy (pHC. 2).

Cxema aBToMartu3alii 0e3nepepBHOIro MNPOLECy NPUTrOTYBaHHS TICTa BKIIOYAE
KOHTPOJIb TEeMIlepaTypu OOpolIHa 1 TICTAa, MOHITOPUHI PIBHS OOpOIIHA 1
pEryioBaHHs BOJIOTOCTI TiCTa B TICTOMICHUIBHIA MammHi. KpiMm TOro, po6ota
CJICKTPONPUBOIIB 1 BUKOHABYMX MEXaHI3MIB MOXE KOHTPOJIFOBATHCS JIOKAJIBHO 1
JUCTAHUIMHO Yy BIAMNOBAL Ha 3MIHY BOJoOrocti Ticta. OZHMM 3 KIFOYOBHX
napaMmeTpiB, II0 BHU3HAYaIOTh SKICTh TICTa Ta TICTOBOi 3aroTOBKH, € HOro
TeMIepaTypa.

184



Mamepianu xongpepenuii KIT-2024, Xapxie, XHA/Y, 20.11.2024

1 7 12 17 18 19
L7 S P S N AD SMC DPY
U - LED
2 8 13 DO-D7 ) PO.O-PO.7 A A1-56
T e I:\S - 7 6
U N g EOC! P3.2ANTD X;Y? 2 E;C 2
2 g 1 CLK ALE FLo-pLE d-20 % H SW ‘
(U N R ‘
U A LE P38 PLAPL 3
4 10 15 ADD-ADZ f——t——pagp22
F //_\A‘—/ D N3
U A P26 [0 ENeKTRONHEEMONEPETBOPIORaYa
5 1 16
M o D ”
8
R U N5

Pucynok 2 - @yHKITiOHAIBHA CXeMa CHCTeMH aBToMartm3alii: 1-3 - naTunku
TeMIlepaTypu; 4 - TaTYMK BUTPAT; S - AATUYHUK BOJIOTOCTI; 6 - 3a1aTYNK BOJIOTOCTI;
7-11 - pineTpu HY; 12-16 - miacumioBaui; 17 - ananoroundpoBuii mepeTBOpIOBay;
18 - ogHokpuctansaa Mikpo-EOM; 19 - mudposuii inaukatop; 20 - nepeTBoproBay

koza; 21 - nemmudpaTop 3HaKOMICIS; 22 -€JIEKTPOHHUM KITHOY

OCHOBHUM KOHTPOJILOBAaHUM (PAKTOpPOM y IILOMY MpPOILIECI € MiATPUMaHHS
pIBHA BOJIOTOCTI TICTa Ha HEOOXIAHOMY pIBHI MICIS BHUXOAY 3 TICTOMICHJIIBHOT
MaluHU. BMICT BOJIOTH BHUMIPIOETBCS BHCOKOYACTOTHHM  BOJIOTOMIPOM 1
KOHTPOJIFOETBCS UIIXOM PETYIIOBAaHHS KUTBKOCTI TicTa 3 100aBKamH, sKe

MOJAETHCS B MAIIMHY 31 CTaHIIIT O1aui.

Jlireparypa:

1. B. I. Ipo6oB, JIoBiIHUK 3 TEXHOJOTIi XJI100MEeKapChbKOrO BHUPOOHUIITBA.
Kuis, Ykpaina, 2019.

2. B. T. Kocropa, Mammnau Ta o0iagHaHHs XI1100MEeKapChKOT0 BUPOOHUIITBA.
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VJIK 004

BUBIP CYB/1 JUISI CTBOPEHHSI CRM TPAHCIIOPTHOI
KOMIIAHII

Kononuxin 0.C., Kcenogponmoe €. P.
XapkiecoKuii HQUIOHATLHUT ABMOMODIILHO-00POXHCHIN YHIBepCcUumem,

Xapkie

Y dYacu MBHUIKOTO PO3BUTKY TEXHOJIOTIHA JIOTICTMYHI KOMIIAHIi aKTHBHO
IIYKalOTh LHUISIXW JUJI ONTUMI3alii CBOIX O13HEC-TIPOLIECIB 1 MOKpPAIIEHHS SKOCTI
0oOCITyroByBaHHS  KIIEHTIB. Y I[bOMY KOHTEKCTI CHCTEMa  YIpaBIiHHS
B3aeMmoBiiHOCUHaMu 3 KileHTamMu (CRM) Moxe CyTT€BO MOKpAIIMTH 3arajibHy
e(eKTUBHICTh OI3HECY Ta MIABUIIUTH pPIBEHb B3aeMoili 3 kiieHtamu. CRM-
CHUCTEMH [IO3BOJIAIOTH Kpallle pO3YMITH MNOTpeOuM Ta OdYiKyBaHHS KIIIEHTIB,
e¢(eKTHBHO KEPYBaTH 3aMOBJICHHSIMHU Ta aBTOMAaTHU3yBaTH PYTHHHI 3aBJIaHHs, Taki
SIK BUCTaBJICHHS PaxXyHKIB, TOBIJJOMJICHHS PO JOCTaBKY Ta 3MIHU B 3aMOBJICHHSIX,
YOpaBJIIHHS 3amacamMd, a TaKOoX 3BITyBaHHA Ta MOHITOPUHT MPUOYTKOBOCTI
oizuecy [1-2].

CRM-cuctemMn MarOTh YHCIICHHI TEpEBard Ui MOKPAIICHHS B3a€EMOJIl 3
KJIIEHTaMU Ta HaJaro/)KeHHs eQeKTUBHOI poOOTM B KoMaHnil. BoHM Takox
HAJal0Th BCl HEOOX1HI pECypCcH sl MOJANbIIOr0 PO3BUTKY O13Hecy. OCKUIBKH iX
OCHOBHAa M€Ta — aBTOMAaTH3aIlis Ta ONTHUMI3AIis MPOIECIB, i CUCTEMH 3HAYHO
EKOHOMJISITh Yac K I Bac, TaK 1 JUIS BallMX KJIEHTIB. Y I[bOMY PO3/LIT MU
netanpHime posriasHeMo, sk CRM-cuctemu MOXyTh OyTH KOPUCHUMH ISt
JOTICTUYHUX KoMmaHii [1-2].

BaXUIMBOIO YaCTHHOIO MOOYAOBU €(EeKTHBHOI KOMYHIKaIlli Ta OOCIyroByBaHHS.
BuxopucroBytoun CRM-cuctemy, MOXHa BIPOBAAWTH 3PYYHY CHCTEMY
Kjacu(ikamli KIE€HTIB 32 pI3HUMHU napameTpaMiu. Lle 103BoJisie CTBOPIOBATH TETU
JUIS TIOJITy KJIIEHTIB Ha TPYyMIH, IO BIJAMOBIIAIOTh BAXXJITMBUM KPUTEPISM BaIloi

HOCITYTH.
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VYnpaBiniHHS 3aMOBJICHHSIMU Ta MEPEBE3CHHSAMU € OJTHUMU 3 HAMCKIIaTHIIIHX
IpoLeciB y KoMmaHii. BoHO BkiIO4ae AOKYMEHTH, KOIITOPUCH, MapIIpyTH Ta
HUKJIM  B3aemonii MDK migposauiamu. 3aBasku CRM-cuctemi BU  MOXKeTe
aBTOMATU3yBaTH IIi MPOIECH 1 3a0€3MEYUTH iX NOCTYMHICTh JUIsl BCIX YYaCHUKIB.
VYei mabnoHW JOKYMEHTIB 3aBaHTaXyHOThCS B CHCTEMY 1 aBTOMATHYHO
TeHEPYIOThCS MIPH CTBOPEHHI 3aMOBIICHHS, @ TaKOX aBTOMATHYHO HAJICHUJIAIOTHCSA
TIOB1JIOMJICHHS ITPO 3MiHH 3aMOBJICHHS Ta Mapmpyty [1-2].

Y crpykTypi po6oTH 0dicy TPaHCHOPTHOI KOMIIAHIi BH3HAYMMO I Ta
METO/IaxX YNPaBIIIHHS OTPUMAHOI 1H(POPMALIIELO.

[TepurodyeproBo ciijg BH3HAYUTH HEOOXIAHI YMOBH Ta COpMYJIIOBATH
BUMOTH 710 (QyHKILIOHYBaHHA o¢icy. BaxxiauBo mpoBecTd aHamiz ocoOIuMBOCTEH
TPAaHCTIOPTYBaHHS, BKIIOYAIOYM TUIHA BaHTaXIB, MapHIpyTH, THUMYACOBI
00OMEKEHHS Ta BUMOTH J10 30€piraHHs.

Hactynaum KpokoM € BCTaHOBJICHHS IIUJIEH, K1 MOTpeOyIOTh aHali3y Ta, 3a
HEOOX1THOCTI, BIOCKOHaJeHHs. [licis omiHKM poOoTH MmiAmpUeEMCTBA B cdepax
TPAHCIIOPTYBaHHS Ta 30€pEeKCHHS TOBapiB, CIiJ 3aCTOCOBYBaTH METOIU Ta
THCTPYMEHTH JIJISl IPUHHSITTS ONTUMAIILHUX PIllICHb.
0a3y naHux. TakoX Ba)KJIMBO aBTOMAaTU3YyBaTH MpOLEC Nepeaadi JaHuXx 3 i€l 0a3u
IHIITUM CITIBpOOITHUKAM KOMTAaHii Ta IHTeTpyBaTH iH(OpPMAIIito 3 PI3HUX BIIILIIB B
OJIHY CITUIbHY 0a3zy.

3i0paBiy B1IOMOCTI PO TOBAp, KJI1€HTA, CTaTyC IOCTABKH, PU3UKHU Ta MICLIE
NPU3HAYEHHS, KOMIIAHIA MOXE MIATBEPJIUTH JOCTaBKYy, IMepeiaTH 3aMOBJICHHS
1HIIoMy ¢imiany abo mapTHeEpY, a TaK0X BUPIIIyBaTH BUHUKAKOU1 TPOOJIEMHU.

[Ilogo mnporpamHoro 3a0e3medeHHs MJisi opraHizamii  podoTu odicy
TPaHCIOPTHOT KOMIIaHii, ICHy€ KUTbKa BaplaHTIB JAJisl YNpaBIiHHA 0a3aMu JTaHHUX,
10 3a0€3MeYyI0Th LIEHTpali30BaHe 30epiraHHs 1 JOCTyN 0 JaHUX, FapaHTYIOTh iX
LTICHICTH Ta Oe3meky [3].

Opnum 13 Takux pimeHb € MySQL — mnonynsipHa pesnsiiiiHa cucreMa
yHOpaBIiHHSA 0a3aMu aHUX 3 BIAKPUTUM KOJIOM, SIKa IIUPOKO BUKOPHUCTOBYETHCS Y
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BeO-710JJaTKax 1 KOMEpUIMHHUX mnpoaykTax. IHmmM Bapiantom € SQLite —
BOymoBaHa 0a3za JaHMX, [0 HE MOTPeOy€e OKPEMOTO cepBepa /i HaJlalITyBaHHS Ta
BUKOPHUCTOBYETHCS Oe3m0cepeIHbO foaaTkamu [3].

Microsoft Access — 1e cucrema ympaBlIiHHA 0a3aMd JaHUX, [0 €
yactuHoro makery Microsoft Office, 1 mnpusHadyena is CTBOpEHHS Ta
aJMIHICTpYBaHHS peysauiiHuX 0a3 maHux. ACCESS moenHye B co0l iHTepdenc s
pO3pOOKHM JOMATKIB Ta TMOTY)KHMM MEXaHI3M YIpaBIiHHA JaHuMH. Huxde
HABEJICHO KUIbKa 3 HAWOUIbII MOMYJSPHUX CHUCTEM YINpaBIIHHA 0a3aMH JaHUX Y
cBiTi [3].

MongoDB — 1e 10KyMEeHTHO-OpIEHTOBaHA CHCTEMa yIpaBiiHHS Oa3zaMu
JIAaHUX, sIKa TPAIfIOE 3 HECTPYKTYpOBaHUMU JaHUMU. BoHa 30epirae naHi y oopmari
BSON, 110 103B0JIsI€ THYYKO MPAIFOBATH 3 JHHAMIYHUMH cxeMamu [3].

Jlns BubOOpy mporpaMHOro 3a0e3nedeHHs, sKe 3a0e3rnedye HeoOX1THI
(GyHKIIi1, BHKOPUCTOBYEMO METO]I EKCIIEPTHHX OIIHOK (Tad. 1) [4-5].

Tabmumss 1 MeToax eKCHepTHUX OIIHOK JUIsi BHOOpPY IPOTrPaMHOrO

3a0e3neYeHHs

IIporpamue Exkcriepr Excnepr Excnepr Exkcriepr Cyma

3abe3neyeHHs | Nel Ne2 Ne3 Neq

MySQL 2 1 2 0 5

SQLite 1 1 0 0 2

Microsoft 2 2 4 3 11
Access

MongoDB 2 0 1 3 6

[Ticnsa aHamizy pizHOTO MPOTPaAMHOTO 3a0e3neUeHHs OyJI0 MPUHHATO PIllICHHS, 110
ontuManbHUM BUOopoM € Microsoft Access. [IpuuuHM 1IHOTO PillIEHHS — AOCTYIHICTD
nporpamy, ii po3mupeHa QyHKIIOHATbHICTD, iHTerparis 3 Office Ta moTyXHi IHCTPYMEHTH IS
po3po0KH.

Bukopucranas CRM-cucreM Ta e(peKTUBHOI'O IPOTPaMHOT0 3a0€3MeUeHHs IS
yIpaBIiHHA 0a3aMU JaHUX J03BOJISE JIOTICTUYHUM KOMIIAHIsIM HE JIMIIE IOKPAIlyBaTH PiBEHb

00CIyroByBaHHS KIII€HTIB, ajie i ONTUMI3yBaTH BHYTPIIIHI ITpouecu. Lle cripusie miIBULIEHHIO
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npuOyTKOBOCTI Oi3HECY Ta 3a0e3nedye KOHKYPEHTHI IepeBard B yMOBax 3MiHHOTO PHHKOBOTO
cepeoBUILA.
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YK 004
THTET'PALIISI KATAJIOT'Y JIOPOKHBO-BYJIIBEJIBHOI TEXHIKH B
CUCTEMY YHPABJIIHHA 3AITACAMUA
Kononuxin 0.C, Mipowniuenko /[.B.

XapxiecbKuili HAUWIOHANLHUTL ABMOMODITILHO-00DP0XHCHIT YHigepcumem, XapKie

ABTOMATH3aIlisl yIPaBIiHHS 3aMlacaMyd € OJHUM 3 KJIIOYOBHUX 3aBIaHb IS
Cy4acHOI TPOMHUCIOBOCTI. 3 PO3BUTKOM TEXHOJOTIM Ta 30UIBIICHHSM OOCSTY
JAHUX KOMIaHii MalTh MOTpedy B ONEpPaTUBHOMY Ta €()EKTUBHOMY YIpPaBIIHHI
pecypcamMu I cTablIbHOrO BUpOOHHMYOro mpouecy [1]. Pyuni wmeronm
yIOpaBIiHHS YacTO HE BCTUTAIOTh 3a IMIBUAKUMHM 3MiHAMU MOTPeO, IO MOXKe
MPU3BOJINTH J0 HAAMIPHHUX 3amaciB a0 HecTadl, CTBOPIOIOYH JIOJIATKOBI BUTPATH 1
3aTpUMKH [2]. ABTOMAarTH30BaHa CHCTeMa YIIPaBJIiHHS 3amMacaM Joromarae
ONTHMI3yBaTl BUKOPUCTAHHS PECYPCIB, 3HUKYBATH PU3UKH, NIOB'3aH1 3 HECTAUECIO
a00 HAJTUIIIKOM MaTtepiaiiB, a TaKOX MIABUIINYE 3arajibHy €(PeKTUBHICTh POOOTH
HIPUEMCTBA.

OcHoBHI (DyHKIIIT CUCTEMH YIIPABIiHHS 3aMacaMy TaKi:

- MOJYyJIb yIpaBiiHHS 3anacamMu. CucTema J03BOJII€ KOHTPOJIIOBATH PiBEHb
3amaciB, BIJCTEXKYBAaTH IMEPEMIIICHHS MaTepiajliB Ha CKJIaJl Ta CTBOPIOBATH
aBTOMATUYHI HaraJyBaHHS /Ui TOMOBHEHHS a0 3aaaHoro piBHA [3]. JlomaTtok
HIATPUMYE YNPABIIHHA HA OCHOBI OOpaHUX MapaMeTpiB, TAKUX SIK KUIbKICTh, JlaTa
MOCTAaYaHHs Ta TEPMIH 30epiraHHs, 10 J03BOJsi€ 3a0e3MeuuTd e()EeKTUBHICTD 1
3HWKEHHS BUTpaT [4];

- KataJlor JOPOXXHbO-OYyAiBEIbHOI TeXHiKU. Llelt Moaynb nae MOKIUBICTH
JOCTYMY JI0 AETaIi30BaHOTO KaTaJory TEXHIKHU, JO3BOJISIOUYM KOPUCTYBayaM JIETKO
3HAUTH Ta BiAQUIBTPYBATH JOCTYIHI OJWHMII 3a THUIIOM, XapaKTEPUCTHUKAMH,
LIHOIO Ta IHIIMMU NapaMmeTpamu [S];

- 1HTerpauis aHaJITHYHUX I1HCTpyYMeHTIB. BeOmomarok wmoxe OyTtu

iHTGPpOBaHPIﬁ 3 aHAITUYHUMH iHCTpYMGHTaMI/I, o A03BOJIsI€ MCHCIKCPaAM
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OPOBOJUTH aHal3 JaHUX [P0 BUKOPUCTAHHS PECYpPCIB Ta OLIHIOBAaTH
e(eKTUBHICTh yIIPaBJIiHHS 3amacamu [6];

- 3pyuHuil iHTepdeiic kopuctyBaua. [nTepdeiic BeOmoaaTKy PO3pOOIICHMI
JUIsL  pI3HUX  KaTteropiii kopuctyBadiB. (CucremMa TMPOMOHYE MOXIJIHBICTh
HaJalTyBaHHS 11 KOHKPETHI IOTPeOM KOMIIaHii Ta MATPUMYE Pi3HI pPIiBHI
JOCTYMYy, 110 3a0e3neuye 0e3neky qaHux [7].

Merta po6otr — miABUIICHHS €()EKTHBHOCTI CHCTEMH YIIPaBJIiHHS 3armacamu
3a paxyHOK CTBOPEHHS BeOJIOJAaTKy 3 IHTErpalli€lo Karajory JOPO>KHbO-
OyliBEJIbHOT TEXHIKH.

Po3poOka  BeOmomaTky  Jjis  yOpaBIiHHS —~ 3amacaMu  mepejadadae
BIIPOBA/PKCHHSI CJICMECHTIB MAITMHHOTO HaBYaHHS JUIsI TOYHIIIIOTO MPOTHO3YBaHHS
nonuTy Ta iHterparito 3 loT-pucTposmMu s aBTOMAaTH30BAHOTO MOHITOPUHTY
pIBHS 3amaciB y peajbHOMY 4Yaci, 110 3a0e3neduTh OUIbII €()eKTUBHE YIPABIIHHS
pecypcamMu Ta TOYHIIIE TUIAaHYBaHHS BUPOOHUYUX TpoileciB. Mojieni MalimHHOTO
HABYAHHS aHAMI3YIOTh ICTOPUYHI JaHI Ta MOTOYHI MOKA3HUKHU, BPAXOBYIOYHM TaKi
dbakTopu, SIK CE30HHICTh, 3MIHM B IOIMUTI Ta KOJUBAHHA I[IH Ha CHPOBHUHY, IIO
JI03BOJISIE 3aBYACHO TOMOBHIOBATH 3alacy Ta MIHIMI3yBaTd PU3HK neiruTy d9u
NIePEBUPOOHUIITBA.

CtBOpeHHs1 BeOAOJATKY 3 IHTETpalli€el0 KaTajory JOpPOKHbO-O0YI1BEIbHOI
TEXHIKM 3HAYHO TMIiJIBUIIUTh €(PEKTUBHICTH CHCTEMH YIIPABIiHHS 3amacaMd B
JEKUTbKOX —acrekTax. [lo-mepime, 3aBASKH IICHTPAi30BaHOMY JOCTYITY 70
KaTajory TEXHIKM KOPHCTYBadi 3MOXYTh IIBUAKO OTPUMYBATH aKTyaJbHY
iH(opMaIil0O MPO JOCTYMHICTh HEOOXIAHUX OAMHHIlb, IX XapaKTEPUCTHKH,
MICIIE3HaXO/PKCHHS, a TaKOX IPOTHO3yBaTH MOTpeOy B TEXHIIll I BUKOHAHHS
MaiOyTHIX mTpoekTiB. lle cnpusTIME MBUAKOMY TPHUHATTIO PIMIEHb MO0

TUTAaHYBaHHS BUKOPUCTAHHS PECYPCIB Ta iX MEPEMIIIEHHS MK 00'€KTaMHu.

[To-gpyre, iHTerpamiss Karajory B BeOJOJATOK JO3BOJIUTh 3MEHIIUTHU
3aTPUMKH, TIOB'sI3aHI 3 TOIMIYKOM 1 OpOHIOBAHHSM TEXHIKM, IO 3MEHIIUTH
UMOBIpHICTH 3001B yepe3 HecTauy pecypciB ad0 HaAMIpHI BUTpPATH HA iX OpEH.Y.
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KpiMm Toro, o0’emHaHHS JaHWX TPO HASBHICTh TEXHIKM 3 JaHAMH IIOJ0
CIIO’KMBAHHSI PECYPCIB JO3BOJIMTH 3aCTOCYBATH aJTOPUTMHU MAIIMHHOTO HaBYAHHS
JUIsl IPOTHO3YBaHHA MOTped y 3amacax 3almyacTUH Ta BUTPATHUX MaTepialiB, IO
3a0e3MeunTh X CBOEUacHe MonoBHEHHs. [le miaBUINTh e(heKTUBHICTD YIIPaBIiHHS
3amacaMM, OCKUIBKH MONUT OyJie BpaxOBYBaTH HE TIJIBKH THIIOBI pOoOOYl MPOIIECH,
a 1 cnenu@iyHi NOTPeOU KOXKHOTO MPOEKTY, 110 MOKPAIIMUTH SIK (DIHAHCOBY, TakK 1
omepailiifny e(heKTUBHICTh OpraHi3arlii.

BucHoBok: BrnpoBamxkeHHS aBTOMAaTHM30BaHOI CHCTEMM  YIpPaBIiHHSA
3arMmacaM 3 1HTErPOBAHMM KAaTaJlOTOM JIOPOKHbO-OY/IBEJIbHOI TEXHIKM 3HA4YHO
NIJBUIINTE  €(PEKTHUBHICTH POOOTH KOMITAaHIi, 3MEHIIYIOUYM BHUTPATH Ta
MOKpaIyoun 00CIyroByBaHHs Ki€HTIB. CUCTEMa JOMOMOXKE KOMIIaHIsIM IIBUIKO
pearyBath Ha 3MiHy TmOTpe® Yy pecypcax, 3a0e3meuye Oe3nepeOiiHICTh
BUPOOHMYUX TIPOLIECIB Ta TMOKpAIlye YIpaBiIiHHSA 3amacamu. PosmupeHHs
MOJIMBOCTEN MOAATKY 3aBISKM IITY4YHOMY iHTeNleKTy Ta loT BinkpuBae HOBI1
MOXJIMBOCTI JJIS TIABUINEHHA €()EKTUBHOCTI BUPOOHUYMX 1 JIOTICTHYHHUX

IPOLIECIB.
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YK 004
AKTYAJIBHICTb CUCTEM ABTOMATHU30BAHOI'O KOHTPOJIIO 3A
JOTPUMAHHSAM CTPAXOBHUX 30b0B’SA3EHb HA OCHOBI AHAJII3Y
ABTOMOBIJIBHUX HOMEPIB
Kononuxin 0.C., Cnacvonos K.C.
XapkiecoKuili HAUIOHATbHUT ABMOMODITLHO-00POXHCHII YHIsepCcumem,

Xapkie

Po3poOka cucreM aBTOMATH30BAHOTO KOHTPOJIO 32 JIOTPUMaHHSIM
CTpaxoBHUX 3000B’s13aHb Ha OCHOBI aHaJIi3y aBTOMOOUIBHUX HOMEPIB € aKTyaIbHOIO
TEMOIO g 3a0e3nedeHHs e(EeKTUBHOCTI CTPaXxOBOIO PHUHKY Ta JAOTPUMAaHHS
paBuJI JOPOKHBOTO pyxXy. Taka cucTema [103BOJISi€E HE JIUINE aBTOMATHU3yBaTH
MPOIIECH TEPEBIPKH, a W 3a0€3MEUUTH MPO30PICTh Y B3aEMOJIIT MK CTPaXxOBUMU
KOMIaHIsIMHU, JE€pPKaBHUMH OpraHamMH Ta BIACHHUKAaMHU TPAaHCIOPTHUX 3aco0iB.
ABTOMaTH3aIlisl J03BOJSE BUSABISATH TIOPYIICHHS CTPaxOBUX 3000B’S3aHb Y
peaIbHOMY dYaci, 3MEHIIYIYHM PHU3MK IIaxpaiicTBa Ta MiJBUIIYIOYN JOBIpPY 0
aBTOCTpaxyBaHHS. PO3risHEMO KITIOUOBI MPOOJIEMH, SIKI BUPIMIYIOTHCS B MEXKax
€1 CUCTEMH.

[Tepma mpoOsiema 11€ BIUIMB HA O0e3MeKy JOpOKHbOro pyxy. HexilicHi nmomicu
abo X BIACYTHICTh MiABUINYIOTH (iHaHCOBI pu3uku s ydacHukiB JTII Ta
YCKJIAIHIOIOTh KOHTPOJb 3a JOTPUMaHHSM CTPaxoBOr0 3aKkoHonaBcTBa. lle
HEraTHMBHO BIUIMBA€E Ha 3araJibHUI pIBEHb JIOBIPU JO CTPAXOBUX KOMITaHIM Ta MOXKe
MPU3BECTH JI0 3POCTaHHS KUIBKOCTI HE3aCTPaxOBAaHWX TPAHCIOPTHHX 3aCO0IB Ha
noporax [1].

Jlpyroro BaKJIMBOIO MPOOJIEMOIO0 € CKJIAIHICTh Ta TPUBAIICTHh IMEPEBIPKH.
baraTo cTpaxoBWX KOMIIaHii J0CI MOKJIAMAI0THCS Ha Py4YHHM criocié oOpoOku Ta
nepeBipKku 1HPOpMallii Ipo MOJICH, 110 30UTbLIYE PU3HK MOMUJIOK, CHOBIIBHIOE
po0oui TpollecH Ta YCKJIAIHIOE B3a€EMOJII0 MiK KOMITaHISIMU Ta JepKaBHUMU
CTPYKTypamMu. ABTOMaTH3allisi LUX NPOLECIB Morja O 3HAYHO MiABUIIUTH

e(eKTUBHICTh POOOTH Ta 3MEHIIUTH KIIbKICTh IOMUJIOK.
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3 apyroi mpo0iieMu BHUHUKAE TpeTs mpodiiema lie ciabka aBTOMaTH3allis
nepeBipKu BaliHOCTI. Ha chOroaHINIHINA JeHb JIMIIE JEsKI CTPaxoBl KOMITaHIil
BUKOPHUCTOBYIOTh aBTOMATH30BaHI CUCTEMHM Il TiepeBipku modiciB. Ile oOmexye
MIBUKICTh 1 MAacIITa0HICTh TMEPEBIPOK, OCOOJMBO IMiJl Yac MAacCOBHX IMEPEBIPOK
TPaHCHOPTHUX 3ac00iB. BrpoBa/pkeHHs CydacHUX TexHojorid, Takux sk OCR
(Optical Character Recognition) Ta MallMHHE HaBYaHHS, MOIJIO O 3HAYHO
MTOKPAIIUTHU LIEN TPOLEC.

UerBepra mpobiema — ¢gparMeHTOBaHICTh 0a3 gaHux. [laHi mpo CcTpaxosi
MIOJIICH YacTO 30€piraroThCs B pI3HUX 0a3ax CTPaxOBUX KOMIIAHIM, IO YCKIAJAHIOE
iX 1HTerpamiro Ta JOCTYN JO aKTyalbHOi 1H(oOpMallii B peaJbHOMY dacl.
BiacyTHicTh LIEHTpani30BaHOI CUCTEMHU g O0’€IHAHHA LHUX JaHUX CTBOPIOE
JIOJIaTKOB1 TPYAHOII MiJ Yac TMEepPeBIpKU BATIIHOCTI TOJICIB, OCOOJIMBO KOJIU
TPAHCIIOPTHUN 3aci0 3acTpaxOBaHUN y PI3HUX KOMMAHIIX y pi3HUH dYac. Ila
(GparMeHTOBaHICTh TaKOX YCKJIAJHIOE BHUSBJICHHS IIaxpalCcTBa, OCKIJIbKHU
HEMOJKJIMBO OTIEPATUBHO MEPEBIPUTH ICTOPIIO CTPAXOBUX JOTOBOPIB.

IT’sita mpo6yiemMa — CKJIaJIHICTh pearyBaHHs B peaibHOMY 4aci. Y OUIbLIOCTI
BUIIAJIKIB TTOPYIICHHS BUSIBIISIIOTHCS 13 3aTPUMKOFO, KOJIM TPAHCIIOPTHHH 3aci0 yxKe
notpanuB y JITII abo mopymuB npaBuiia 10poxKHLOTO pyxy. Lle moB’s3aHo 3 TUM,
IO ICHYIOYl CUCTEMHU YacTO HE 3[aTHI MPOBOAMTH NEPEBIPKY B PEATBHOMY 4Yacl.
BincyTHICTh MOXIJIMBOCTI ONEpaTHBHOI peakiii yCKIaJHIOE KOHTPOJb 3a
JOTPUMAHHSIM CTPaxOBUX 3000B’si3aHb 1 3HIKYE €(EKTUBHICTH BUKOPHCTAHHS
pecypciB MPaBOOXOPOHHUX OPTaHiB.

3aBAsSKA BIPOBA/PKCHHIO CYYacCHHX TEXHOJOTIH, TaKUX SK MalluHHE
HaByaHHs Ta OCR, sKi 3HA4YHO MPUCKOPIOIOTH MPOLIEC MEPEBIPKU IMOJMICIB,
ABTOMATU3YIOUM aHaJi3 JaHWX 1 BUSBIEHHS maxpaiictBa. CTBOpPEHHS €IUHOI
IHTErpoBaHOiI MIATGOPMH IJisi EHTPATI30BAHOTO JOCTYIY IO JTaHUX CTPaXOBUX
KOMIIaHIi JO3BOJINTHh 3a0€3MEUYUTH aKTYyalbHICTh 1H(POpMalii Ta e€PEeKTHUBHICThH
NEepeBipoK y peanbHOMy 4aci. Lle He auimie crnpusiTuMe Mpo30pOCTi CTPaxOBOTO
PUHKY, a ¥ 3MEHIIMUTh (HIHAHCOBI PUBUKH, MIABUIIUATH JOBIPY 10 CHUCTEMH

ABTOCTPAaxyBaHHA Ta JO3BOJIMTh MMBUAIIC BHABJIATH IMOPYLICHHA. I[OI[&TKOBO,
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BJIOCKOHAJICHHSI HOPMAaTHBHO-TIPABOBOi 0a3uW CTaHE Ba)JIMBUM (PAKTOPOM st
KOMIIJIEKCHOT'O KOHTPOJIIO Ta 1HTErpallii TaKuxX pillieHb Y MPAKTUKY, 3a0€3MeUy04n
HaJIe)KHE BHUKOHAHHA CTPaxoBHX 3000B’S3aHb Ta TMOKpAIIylOYd Oe3MmeKy
JOPOKHBOTO PYXY.

Merta po6OTH — MIABHUINUTH MIBUAKICTh MEPEBIPKH CTPAXOBUX ITOJIOCIB 3a
paxyHOK pPO3POOKM CHCTEMH aBTOMAaTH30BAaHOTO KOHTPOJIO 3a JOTPUMAaHHSIM
CTPaxoBUX 3000B’A3€Hb HA OCHOBI aHAJI3y aBTOMOOUIBHIX HOMEDIB.

Jliis peanizanii IpHUKIIaaQy BUKOPHUCTOBYEThCS MOBa mporpamyBanHs Python,
AKa TPONOHYE IIMPOKHA CHEKTp O10J10TeK 1 IHCTPYMEHTIB MJisi PO3POOKHU
aBTOMAaTHU30BaHUX CUCTEM. 3aBJISIKH CBOIM MPOCTOTI, OararodyHKIIOHAILHOCTI Ta
aKTUBHIN criapHOTI Python craB omuum i3 Haiikpamux BHOOpIB I 3a1ad
pO3Mi3HaBaHHs Ta aHamidy AaHux. Hampukman, nias posmi3HABaHHS HOMEPHHX
3HaKiB MOKHa 3acTocyBaTu 016mioTeku OpenCV mns 06poOku 300paxeHsb 1 Bijeo,
EasyOCR a6o Tesseract OCR s 3untyBanHs Tekcry [1-4].

Takoxk, KO MOTPIOHO OUIBII TOYHE PO3MI3HABAHHS HOMEPHUX 3HAKIB,
Python no3Bosise iHTerpyBaTH TJIMOOKI HEWPOHHI Mepexi, HamnpuKIan, 3a
noromororo 6i6iorek TensorFlow a6o PyTorch, mist moOymoBu BitacHoi Mojeni,
sKa MOK€ BUJIISTH HOMEPHUU 3HAK 13 3arallbHOTO 300pa’K€HHS TPaHCHIOPTHOTO
3aco0y. Taki cucTeMu T03BOJISIFOTH MMPOBOJUTH PO3Mi3HABAHHS B PeaJbHOMY Haci,
00p0oOIIsAI0YN B1ICOMOTIK 3 Kamep.

Jlitreparypa
1. CtpaxyBaHHS aBTO B YKpaiHI - 1110 3MIHUTHCS Ta CKIJIbKH KOILITY€E 3apas.

URL: http://surl.li/ncakry

2. OpenCV OCR 1 po3mnizHaBaHHS TEKCTy 3a jonomoror Tesseract. URL:
OpenCV OCR and text recognition with Tesseract - PylmageSearch

3. OnTuyHe po3Mi3HaBaHHA CHUMBOJIB 3a gomomoror TensorFlow. URL:

Optical Character Recognition using TensorFlow - GeeksforGeeks

4. Po3ni3HaBaHHS TEKCTY 13 300paxkeHb 3a gonomororo OpenCV 1 EasyOCR.

URL: How to Extract Text from Images in Python using OpenCV and EasyOCR — Be on the
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VJIK 004
NOPIBHSIJIbHUI AHAJII3 IHTEI'PAIIl RTK-HABITAIIIT B
ACDAJIBTOYKJAJTAUYAX CATERPILLAR, VOGELE TA DYNAPAC
Kyoinoeg €.0.

XapxiecbKuili HAUWIOHANLHUTL ABMOMOOLTILHO-00DP0XHCHIN YHIgepcumem, XapKie

CydacHe OYIIBHHUIITBO Ta PEMOHT JOPOXKHIX IMOKPUTTIB BUMAara€ BHUCOKO1
TOYHOCTI YKJIaJaHHs acdanbTy Ui 3a0e3MeUeHHS SIKOCTI W JIOBFOBIYHOCTI.
OnHi€eo 3 HaWBaXXIMBIIMIMX TEXHOJIOTIM, SKa JoIoMarae JocarTtu 1poro, € RTK-
nagiramis (Real-Time KinematiC) — BHCOKOTOYHA CHCTEMa IMO3UI[IOHYBaHHS, SIKa
N03BOJIsA€ achanbTOyKiIagadyaM MpaifoBaTd 3 MIHIMAJIbHUMHU BiIXWICHHSIMH.
Bupobunku achanbroykinanaabHOT TEXHIKM BOPOBADKYIOTH PI3HI MIAXOMHA [0
iaTerparii RTK-HaBirarii B cBoi Mmojei.

RTK-naBiramis € metonoM kopekiii GPS-curnaiy, mo 103BOJISIE HOCATAaTH
CAaHTUMETPOBOI TOYHOCTI y pealbHOMY 4aci, MOPIBHSIHO 31 3BUYANHOIO TOYHICTIO
GPS y xinmbka wmetpiB. Y Bumanky 3 achanproyknamadamu, RTK-cucrema
BUKOPUCTOBYETHCS [IJII KOHTPOJIIO TPAEKTOPIi pyXy, MATPUMAHHS 3aJIaHO1
TOBIIMHU Ta PIBHOMIPHOCTI YyKJIamaHHs acdanbTy. Taka TOYHICTH OCOOJIMBO
BAXJIMBA HA CKJIAJHUX AUISTHKAX JOPIr, 1€ HaBITh HEBEJIMKI BIAXUIEHHS MOXYTh
NPU3BECTH 0 TOPYIIEHHS SKOCTI MOKPUTTA. Posrisaemo ocobmmBocTi RTK-
cucteM Yy acdanpToyKiIagayax KuUIbKOX NpoBiaHMX BUpoOHUKIB: Caterpillar,
Vogele ta Dynapac.

Acdanproykmanaui  Caterpillar  ocnamytotbes  RTK-HaBiramiero, —sika
inTerpyetbcsi 3 cuctemoro Cat Grade Control [1]. Ils cuctema Hamae 3Mory
ABTOMATUYHO PETYJIOBATH TOBIIMHY YyKJIaJaHHS 3aJ€KHO Bl MPOEKTHOTO
npodimo. Caterpillar Takoxx BukopucToBye TexHonorito AccuGrade, sxka
0a3yethcsa Ha RTK 1 103BoIsi€ TpalfoBaTi 3 TOYHICTIO 10 2-3 ¢M. 3a J0MOMOT0I0
RTK-curnamy  acanproykinazad  OTpUMye  TOYHI  KOOPAMHATH  CBOIO
MICIIE3HAXO/PKEHHS B1J] 0a30BUX CTaHIlIA, 10 J03BOJIIE YHUKHYTH IOXHOOK Yy

BU3HA4YE€HHI BUCOTU. CHCTEMa BUKOHYE aBTOMAaTUYHI KOPUTYBaHHS MiJ 4ac pyxy
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acdanpTOyKIagava, mATPUMYIOUH 3a/1aHy BUCOTY Ta HaXWiI MOKpUTT. Lle 3HmKye
HEOOX1THICTh PYYHOI'O YIIPABIIIHHS Ta 3aJICKHICTh BiJl JTIOJICBKOTO (pakTopa.

BinoOpaxkeHHs mapaMeTpiB yKJIaJaHHS Ha JAMCIUIET JUIsl  KOHTPOJIIO
OTIepaTOPOM JI03BOJISIE MIBUAKO HAIAIITOBYBATH MapameTpu uepes3 intepderic Cat
Grade Control. RTK-nagiranis interpyerbes 3 iHmumu cuctemamu Caterpillar s
TIOBHOT'O KOHTPOJTIO Tiporiecy [2].

3aBasku RTK-HaBirarii mocsraeTbcsi BUCOKA TOYHICTh YKIAIaHHS (10 2 CM).
A Jlerke HalalllTyBaHHS Ta IHTYiTUBHHMM 1HTepdelc poOUTh CUCTEMY 3PYUYHOIO Y
BUKOPHUCTaHHI JUIsl OIlepaTopiB OyAb-sIKOTO PiBHS JOCBIAY.

Himenpkuii BupoOHUK VOgele, BiloMUil CBOEIO cepicro achaibToyKIIaiadiB
SUPER, npononye RTK-Hapiramito y mnoeaHaHHI 3 BjiacHOw cuctemoro 3D-
Nivellier Automatik, sika BukopuctoBye moegHanHss RTK-naBiramii ta na3zepHux
CEHCOpIB /I TOYHOI OpieHTalii acdanbToykiaaada BIAMOBIIHO JO MPOEKTHOTO
npodinto noporu [3]. RTK-HaBiraiis 3abe3neuye TOUHE MO3UIIIOHYBAaHHS MaIIUHU
3 CAHTUMETPOBOIO TOYHICTIO, aJie SKII0 CHTHAJI CTa€ HecTaOUIbHUM a0o
HEJOCTYITHUM, CHUCTEMa aBTOMATHYHO IEPEKIIOYAEThCs Ha ja3epHi ceHcopu. Lle
no3soisie 3D-Nivellier Automatik minrpumyBatu cTaOiIbHY pOOOTY HaBITH Y
30Hax 31 C1a0KUM CYNyTHHUKOBHMM CHTHAJOM (HAmpWKIaA, y TyHelIsX abo mia
MOCTaMH), 10 KOPUCHO MJisi MICBKMX YMOB. TakoX CHCTE€Ma CHHXPOHIZYETHCS 3
3D-mmaHOM TPOEKTY, IO JI03BOJISIE ABTOMATHYHO aJanTyBaTH HaJaIllITyBaHHS
yKJIaJIaHHsI BIJITIOB1THO JI0 pelibepy 1oporu

3aBasku poboti sk y RTK-pexumi, Tak 1 3 nazepHUMH Aardyukamu, 3D-
Nivellier Automatik gocsirae BHCOKOI CTaOUIBHOCTI Ta MOJMJIHMBOCTI KOPEKITIi
TPaEKTOPIi B peaJTbHOMY Yaci.

3 1uX 0COOMMBOCTEH BUTIKAIOTh TIEPEBAry y BUTIIAI aanTaiii 1jis poOoTH B
CKJIQJJHUX YMOBax Ta MIATPUMKUA THydkoro HamamrtyBaHHa RTK 1 mazepuux
napameTpiB.

Ane nns MakcuManbHOI €(EeKTUBHOCTI cuUcTeMa MOTpeOye SIKICHOTO Ta
netanbHOro 3D-mnany Aoporu, KUl Moke OyTH TPYIOMICTKHM Ta BUTPATHUM Y
cTBOpeHHi [4].
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Dynapac mnpomonye acdanbToyKianadi, o BUKOpUCTOBYIOTh RTK-
HaBiramiro pasom i3 cucremor Precision Paving [5]. Bona BukopuctoBye RTK-
HaBIrallo JJis MO3UIIOHYBAaHHS ac(aibTOyKJagaya 3 CAHTUMETPOBOK TOYHICTIO.
RTK-curman HagxoauTh Bia 0a30BHX CTaHIIM, IO JO3BOJISIE BH3HAYATH TOYHE
MOJIOKEHHST MAIlIMHU Ta KepyBaTH MapaMeTpaMu YKJIaJaHHs achajabTy BiJIIIOBITHO
70 MPOEKTHUX BUMOr. Precision Paving Tako KOHTpPOJIO€ Mojady mMarepiainy H
ajganTye INBUIKICT, YKIQJIaHHSA JJI1 3a0e3ledYeHHsS pPIBHOMIPHOI TOBIIMHHU
MOKPUTTS Ha KOKHOMY etami. Lle mo3Bosisie gocsiraTd BUCOKOI SIKOCTI MOBEPXHI
HaBITh Ha CKJIAIHUX JUISHKAX JOPIT 13 YUCIECHHUMH TOBOPOTAMH Ta YXUJIAMHU.
Precision Paving mo3Bosisie omepaTopy BIJACTEKYBaTH yCi JlaHl y peaJbHOMY
yaci. Buxopucranus RTK-curnamy st TOYHOTO TMO3MIIIOHYBAaHHS J03BOJISE
JOTPUMYBATHUCSI CAHTHUMETPOBOI TOYHOCTI Ha CKIagHUX AinsHkaxX. Takox RTK-
HaBIramis 1IHTETpOBaHA 3 CHCTEMOIO KOHTPOJIIO TOJadl MaTepiaiy, IO J03BOJIsE
KOHTPOJIIOBATH IIBUIKICTh YKJIQJaHHsI, 00 YHUKHYTH TMIEPEBUTPATH MaTepially Ta

3a0e3MeYnTH TOYHE JOTPUMAHHS IMPOSKTHOTO TIpodimio [6].

Tabnuns 1 - [TopiBHsAHHS OcHOBHUX mapaMeTpiB cuctem 3 RTK-HaBirariero

PekomeHpaoBaHi
OcHOBHi
B1MpobHUMK Cucrtema To4HicTb YMOBMU
0cob6AnBOCTiI
3aCTOCYBaHHA
Caterpillar | Cat Grade Control [o 2-3 cm MpocTe PiBHi ginAaHKn 6e3
HA/IALWTYBAHHS, CKNagHoro
aBTOMaTMYHa penbedy
KopeKu,is
Vogele 3D-Nivellier Automatik | o 2 cm MigTpumKa CknagHum
Nla3epHUX CeHCopiB | penbed, MICbKi
30HM
Dynapac Precision Paving 0o 2cm KoHTponb nogavi | LinAHKK 3
acdanbTy, BWUCOKA | YUCNEHHUMMU
TOYHICTb noBOpOTamM,
CKNagaHui penbed
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Ane y pa3i HecrabuibHOoro RTK-curHamy TO4HICTE poOOTH MOXKeE
3HIDKYBATHUCS, OCOOJMBO Ha [UISHKAX 13 IMOTAHUM TOKPUTTAM CYINyTHHUKOBUM
3B’ I3KOM.

Bubip acdhanproyxmanaua 3 RTK-HaBirami€o 3aje:KuTh B THUITY MPOEKTY,
CKJIAJIHOCTI JUISHOK Ta YMOB pPOOOTH, MPOTE BCI Il BUPOOHUKH IMPOMOHYIOTH

IHCTPYMEHTH ISl IABUIIEHHS SKOCTI Ta TOYHOCTI YKJIaJlaHHA ac(abTy.
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VJIK 004
MOJIEJIb IH®GOPMAIIHHOI MOMTYKOBOI CUCTEMMU JJI51 BUBOPY
MYJbTUMEJAIHHUX 3ACOBIB Y HABYAJIBHOMY MPOIIECI
Kynuoea A.B.

XapxiecoKuii HAUWIOHANLHUL ABMOMODOITILHO-00POIHCHIN YHIgepcumem, XapKie

MynbTUMEIIMHI HaBYAJIbHI TEXHOJIOTIi BIIHOCHUTBHCS JIO MPOIECY MOOYI0BH
pO3yMOBOTO YSBJIGHHS 31 CIiB 1 300paxeHb Yy pI3HUX KOHTEKcTax. BoHu
IPU3HAYEH] JUIsl MIATPUMKNA HABYAJIBHOTO MPOLECY 3a JOMOMOIOK IHCTPYMEHTIB,
AKI MOXXHa BHUKOPHUCTOBYBAaTH B IIPE3CHTAIlIsAX, HaBYaHHI B ayJauTOPIi,
CIICKTPOHHOMY HaBYaHHI, JO3BOJISIOYH YYHSAM OTPHMYBAaTH 1 3acCBOIOBATH
1H(popMaIrito K y BepOanbHil, Tak 1 B rpadiuniii popmax.

HeMOXIHMBO MEpEeOoliHUTH BaKIUBICTh MYJBTUMEIIMHUX TEXHOJIOTIA 1
JIOJIaTKIB B OCBITI fIK 3aco0y BHUKJIaJaHHS 4u HaB4yaHHsS. Lle Oyyio miarBepKeHO
KUIBKOMA JTIOCIIIKEHHSIMHU, K1 BU3HAYAIHM BIUIMB MYJbTHUMEIIMHAX TEXHOJOTIH Ha
cucrteMmy ocBiTH. Taky omiHky 3poounu M. Milovanovic, J. Obradovic, A. Milajic
y 2013 porii, siKi BHKOPUCTOBYBAJIM €KCIIEPUMEHTAIBLHY Ta KOHTPOJIbHY TPYIIH IS
OI[IHKA BIUIMBY HAaBYaHHS TPYNU CTYJCHTIB YHIBEPCUTETY 3a JIOIIOMOTOIO
MyJnbTEMeNnia. J{OCHiDKeHHS TPOJAEMOHCTPYBAIN BaXKJIUBICTb BUKOPUCTAHHS
MYJIBTUMEIIMHIX 3aC00IB HA ypPOKaxX MaTeMaTUKH Ta BUSBWIH, 110 MYJIbTUMEIIHHI
3aco0M 3HAYHO MOKPAIIyIOTh HaBYaHHS y4HIB [1].

IcHye Benuka KUIBKICTh TEXHIYHMX MYJIbTUMEIIMHUX 3aco0iB, IO
BIJIPI3HSIIOTHCA 32 OaraTbMa mapameTpami, 1 mo0 3poOUTH pallioHaIbHHUI BHOIp,
NoTpiOHO  BUKOPUCTOBYBAaTH  1HGOpMAIlliiiHY  cUCTeMy, SKa  JI03BOJIUTh
aBTOMATU3yBaTH MPOIIEC BUOOPY TEXHIUYHUX 3aCO01B, 3HU3UTH PHU3UK MOMUJIOK Ta
M1JBHUIIUTH 3arajbHy IPOJIYKTHUBHICTS [2].

HaBuanbHi 3akiagum yacTo OOMEKEH1 OOKETOM, TOMY HEOOXiJHO 3HAWTH
ONTUMAJIbHE CITIBBIJIHOUIEHHS 1IHU Ta sikocTi. e BUMarae peTeiapbHOro aHamizy Ta
MOPIBHSHHS BCIX MOCTYIMHHUX BapiaHTiB. Peamizalie€ro Takoi cUCTeMH MoOXKe OyTh
po3poOka 1H(pOpMaLIHHOI CUCTEMH, IO BKJIKOYAE 1H(QOpPMAILIO MPO BCl JOCTYIIHI
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TUOU MYJbTUMEIIHOTO OOJanHaHHSA, X TEXHIYHI XapaKTepPUCTUKH, I[IHU Ta
MOCTaYaJIbHUKIB.

[ndopmariitna cucrema HajgaBaTUME Y4YHSM, IeJaroraMm Ta ajaMiHICTpaii
HABYAIHHOTO 32Ky 3pO3YMUTY Ta TOYHY iH(MOpPMAIIIO TIPO Pi3HI MyIbTUMEIIHI
CUCTEMH, SIKI MOXYTb OYTH BHMKOPHUCTaHI 3 OCBITHBOIO METOIO, IO 3HAYHO
MOJIETIIUTH HaBYAJIBHUI MpOIIEC.

Jliist po3po0OKu 11i€T cUcCTeMU HEOO0X1THO Oys10 0OpaTu BiAMOBIAHE MPOTpaMHE
CEpeNIOBHINIE Cepel CUCTeM YMpaBiiHHSA Oa3zamMu JaHuX. bymo BpaxoBaHo, IO
MySQL € ojHi€l0 3 HAUNOIIMPEHIIIUX CUCTEM KEpPYBaHHS pesIMHUMU Oa3zaMu
JAHUX 3 BIAKPUTHM KOJIOM Y CBITI. 3 3arajJlbHUM pPO3MOBCIOJKEHHsM moHaa 100
MIJIBHOHIB MPUMIPHUKIB MO BChOMY CBITY II€ IpOrpamMHe 3a0e3NeueHHs CTajlo
nepmuM BUOOPOM JJisi BEJMKWX KOPIOpAIii 3 yMOpaBIiHHS JaHUMHU, IO
OXOILIIOIOTh MMUPOKUM CIIEKTP 1HTEPHET-TeXHOJIOT1H [3].

MySQL € ontumanbHUM BUOOPOM JJisi BUPILIEHHS MOCTaBieHoi 3agadi. [lo-
nepie, Horo BUCOKA MIBUJIKICTh Ta MPOAYKTHUBHICTh OCOOJIUBO BUSBIISIOTHCS MPHU
BUKOHAHHI OIlepaliii CTBOpPEHHS TaOJMIlL Ta 3aluTiB, A€ MNOTpiOHA MIBUAKA
00poOka manux Ta cTabiibHa poOOTa MMiT BUCOKUM HaBAaHTAKEHHSIM.

[To-gpyre, MySQL 7erko BCTaHOBUTH Ta HaJAIUTyBaTH, IO J03BOJISE
HIBUAKO MPUCTYIUTH 10 pOOOTH HABIThH 13 MIHIMAJIbHUMHU TEXHIYHUMHU 3HAHHSIMU.
[aTYiTHBHO 3pO3yMminuii iHTepdelic I aAMIHICTPYBaHHS CIPOIIY€E YIPaBIiHHS
0azamMu JaHUX Ta NiJBUILYE e(PEeKTUBHICTH poOOTH [4].

Kpim Ttoro, MySQL mae BUIbHY JILEH3110, 110 J03BOJIIE BUKOPUCTOBYBATH
roro 06e3 (iHaHcoBux BUTpaT. HasBHICTH BENMKOT KUIBKOCTI HaBYaJIbHOT
iHdopMallii Ta MaTepianiB yKpPaiHChKOIO MOBOKO CIPOIINY€ IPOIEC OCBOEHHS
CUCTEMH Ta MiABUILY€E TOCTYIHICTh 3HAHb.

Takum YuHOM, 3aBASIKM CBOIH MPOAYKTHBHOCTI, MPOCTOTI BUKOPUCTAHHS,
(G1HAHCOBIA JIOCTYNMHOCTI Ta HAsSBHOCTI HaBYaJIbHUX PECYPCIB YKPAiHCHKOIO
MoBoro, MySQL crae imeanbHHUM BapiaHTOM /Jisi CTBOPEHHs 1H(OpMALIHOT

CUCTEMU BUOOPY MYJIbTUMEIIHHUX TPUCTPOIB.
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ER monens indopmariiiinoi cuctemu, mo CTBOpeHa B cepenoBuini MySQL

Workbench npuBenena Ha pucyHky 1, MICTUTh HAWMOIIMPEHIII TEXHIYHI 3acOo0U

JUISL MYJIBTUMEJIIMHUX KJIACIB, TaKl SIK IPOEKTOPH, IHTEPAKTUBHI JIOIIKU, aKyCTUYHI1

CHUCTEMU Ta IHTEPAKTHBHI MaHEe1, a TAKOXX BUPOOHHKIB Ta TOCTaYaIbHUKIB JAHOTO

oOyaTHaHHS.

"] AkycTiuHi cncemn
idAcycTuHi cuctemu INT
HassacuTenn VARCHAR(45)
MoTysnicTs VARCHAR(45)
Tin ciuctemn VARCHAR(45)

Bapticte DECIMAL

¥ idNocTavanesuk INT

@ idBupobHuk INT

MaKcumaneHa YacToTa eiaTeopenHs, My INT

"] InvepakmeHi powkn
idIHTepakTBHI Aowkn INT
Hassagowkn VARCHAR(45)
fliaronans VARCHAR(45)
Tun cercopa VARCHAR(45)

Baptics DECIMAL

¥ idMocTaqansHuka INT

¥ idBupobHuka INT

I
I
1
-

| Nocrauanbmkmn v

idMocTa4ansHika INT
HassanocTa4ansHika VARCHAR (45)
Homep Tenedony VARCHAR(45)
MowTa Y ARCHAR(45)

KpaHaMicTo VARCHAR(45)

MporpamHe 3abesnevsHns VARCHAR(45)

RRARRINREER (ANAAN

¥ 7] npoextopn

idMpoexTopu INT

HassanpoexTop VARCHAR(45)

Tun nammn VARCHAR(45)

AckpasicTs INT
Bapricts DECIMAL

» | | didNocTauansHmk INT

@ idBupobHuk INT

L oo

) BupoGHmn \J
idBupaBruka INT
HassasupobHika VARCHAR(45)
Homep Tenedony VARCHAR(45) [+ =<

Kpara VARCHAR(45)

TexHonoris matpuui VARCHAR(45)

PosgineHa spaHicTs matpuw VARCHAR...

MiHiMansHa npoekL ina BiacTans VARC ..

m IHTepaKTMBHI NaHeni |
idIHTepakTMBHa naHens INT
Hasganaren VARCHAR(45)
Liaronans VARCHAR(45)
Tun matpuui VARCHAR(45)
OnepaiitHa cuctema VARCHAR(45)
MynsTiTay VARCHAR(45)
Bapricts DECIMAL
03N, M6 INT

¥ idMocTaqansHuka INT

¥ idBupobHuKa INT

Pucynox 1 — ER Mozens iHpopMaliifHOi cucTeMu

Buxopucranns iH(opMaIiiHOi MONIYKOBOI CHUCTEMH HaJaBaTUME HH3KY

nepesar:

- EkoHOMist dWacy: ABTOMAaTH30BaHWI TPOIEC TMOMIYKY JO3BOJISE HIBUIKO

3HaXOAUTH MOTPIOHI 3ac00H;

- 3MeHIIeHHsT pu3uKy MnoMwiok: Cucrema 3abe3reuye TOUYHICTH BHOOPY

3aBIsSAKH YITKO BU3HAYCHUM napamMeTpam;

- [lokparmenus sikocti ocBith: [IpaBuinbHUN BUOIp TEXHIYHUX 3aCO0IB CIIPUSIE

IHTEPaKTUBHOCTI Ta 3aJyYEHHIO YUHIB JO HABUYAJILHOTO Tpolecy [5].
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[ndopmariiitna momrykoBa cuctema Ha 0a3i po3poOIeHOi MOJel Opi€EHTOBaHA
Ha 30€peKEHHA JaHUX LI0JI0 BEJIMKOI KUIBKOCTI MYJIbTUMEIINHUX MPHUCTPOIB 3
JIE€TabHUM OIMCOM TEXHIYHHUX XapaKTEPUCTUK Ta (PYHKI[IOHATHHIX MOKIMBOCTEH,
Ta HaJaHHS KOPHUCTyBauyaM MOXJIMBOCTEW HAJAIITyBaHHs TMOIIYKYy 3a TaKUMHU
KPUTEPISIMH, SIK I[1HA, OPEHJI, TUII PUCTPOIO, TEXHIUHI XapaKTEePUCTUKH TOIIIO.

Otrxe, cucrema BUOOPY TEXHIYHMX MYJIbTUMEAINMHUX 3aco0iB Ha 0asi
3aMpONOHOBAHOI MOJIEJI HaJJaBaTUME OCBITHIM yCTaHOBaM KOHKYPEHTHI IepeBard,
NiJBUILIYIOYM pIBEHb 3HAaHb Ta HABUYOK YYACHUKIB HAaBYAJIBHOIO IPOILIECY,

3a0€e3Meuyouu iM IOCTYN A0 CY4aCHUX TE€XHOJIOT1H HaBUaHHS.

Jlireparypa:

1. Multimedia tools in the learning processes [On-nain]. JlocTymHo:
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https://journals.indexcopernicus.com/api/file/viewByFileld/555887.pdf

3. Pensuiiini cucremu ymnpaBiiHHA Oazamu jgaHux [On-nmaitH]. JoctymHo:
https://azure.microsoft.com/resources/cloud-computing-dictionary/what-is-a-
relational-database

4. Cucrema ynpaBiiHHg Oazamu nanux MySQL [On-naiin]. JloctymHo:
https://www.britannica.com/topic/MySQL

5. TlepeBaru cucrem ymnpaBiiHHS 0Oa3zamu ganux [On-naiiH]. octymnHo:
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YK 004.7
THOOPMAIIMHA TEXHOJIOI'ISI BUBOPY CEPBEPIB /1151
CUCTEMHU CYITYTHUKOBOI'O MOHITOPUHI'Y ABTOTPAHCIIOPTY
Maujik /J.0., Ceparox O.B.

XapxiecbKuili HAUWIOHANLHUTL ABMOMOOLTILHO-00DP0XHCHIN YHIgepcumem, XapKie

OmuH 13 KIIOYOBUX BHUKJIMKIB y PO3pOOI CHUCTEM CYIyTHHUKOBOI'O
MOHITOPUHTY aBTOTPAHCIIOPTY — 1€ BUOIp CEPBEPIB, 3MaTHUX 3a0€3MEYUTH BUCOKY
IPOIYKTUBHICTh Ta HAJIAHICTh y poOoTi. ji1 0OpoOKH BETUMKHUX OOCSTIB JIaHUX,
30KpeMa B pPEXHUMI pealbHOro 4Yacy, HEOOXiJHI CEpBEpH 3 MOTYKHUMHU
00YHNCITIOBAILBHUMH PECypCcaMH: BHUCOKOMPOTYKTUBHUMH TPOILECOPAMH, 3HAYHUM
00CSTOM ONepaTHUBHOI ITaM AT Ta MIBUJIKICHUMHU MEPEKEBUMU iHTEepdeiicamu [1].

TpancmopTHi cucTeMHu TEHEpPYIOTh MacuBU iHGopMaIii, Kl MOTpeOyIOTh
edeKTUBHOrO 30epiraHHs Ta IMIBHAKOI Iepenayi. Bubip cepBepiB 13 HaIIHHOIO
apXITEKTyporo Juisl 30epiraHHs JaHUX Ta BHUCOKOK IPOMYCKHOKO 3/aTHICTIO
MEPEeKEBUX 3’€IHAHb € KPUTUYHO BAXKIWMBHM JJIsi 3a0€3MEUCHHS CTaOUTbHOT
poOOTH CHCTEMHU MOHITOPHUHTY [2].

CyyacHl BUMOTM JO €HEProe(EeKTUBHOCTI Ta E€KOJOTIYHOCTI TaKOX
BIJIIFPAIOTh 3HAaYHy poJsib. CepBepu MOBHUHHI CIOXHBATH MIHIMAIbHY KIJTBKICTh
eHeprii, mMaTu e(EKTUBHI CHUCTEMH OXOJIOJDKEHHS Ta MiATPUMYBAaTH HU3BKI
eKCIUTyaTaIiitHi BUTPATH, IO OCOOJWBO BAXKIWBO 3 OISy HAa JOBTOTPHUBAIC
BUKOPHUCTAHHS TAKUX CHUCTEM.

JluHamika TpPaHCHOPTHHUX MEPEK BHMAarae MaclITabOBAHOCTI CEPBEPHOI
apXITEKTypH, IO JO03BOJSE IIBUIKO aJanTyBaTHCS JO0 3MIH y TIOMUTI YH
JOJJTATKOBUX BHMOT CHCTEMHU. ['HydYKICTh y TPOEKTYBaHHI cepBepiB 3abesmeuye
CTIHKICTh CHCTEMH JI0 3pOCTAHHS HABAHTAXEHB Ta 11 PO3BUTOK Yy MEPCIIEKTUBI.

Okpemy yBary HEOOXiTHO TPUILIUTH Oe3Mell JaHuX, BPaxOBYHOUH
MOCTIAHO 3poCTarouy KUIbKICTh KiOep3arpos. CepBepu MOBHHHI OyTH OCHAIICH1

Cy4yaCHHUMH 3ac00aMM 3aXHCTy, TaKUMHU SK IIU(PpPYyBaHHS NaHUX, OaraTopiBHEBa
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aBTeHTHU(IKaIlis Ta 3aXUCT BiJ aTak, IO rapaHTye 30epeeHHs KOH]IAeHIIHHOCTI
iH(opmarii [3].

Takum yuHOM, 1HpOpPMaIIiHA TEXHOJIOTISE BHOOpPY CEpBEPIB ISl CUCTEM
CYIyTHUKOBOTO MOHITOPUHTY aBTOTPAHCIIOPTY OXOIUTIOE IIMPOKUNA CHEKTP
napaMeTpiB, sKi 3a0€3MeuyroTh NPOAYKTHBHICTh, HAMIMHICTh, O€3MmeKy Ta
€KOJIOT14HICTh TAKHX CUCTEM.

Metoro po0GOoTH € 3HIKEHHS BHUTPAT Ha NPHAOAHHA CEPBEPHOTO
o0JlaTHaHHA 32 PaxyHOK po3poOKku 1HGOpMAIIHHOI TEXHOJOT1i BUOOPY cepBeEpiB
JUTSI CHCTEM CYITyTHUKOBOTO MOHITOPHUHTY aBTOTPAHCIIOPTY.

Po3pobka 1HdopmariiiiHoi TEXHOJOTiI BHOOpPY CepBEpiB I CHUCTEM
CYIYTHUKOBOTO MOHITOPHUHTY aBTOTPAHCIIOPTY BKIIFOYAE KiJbKa KIOYOBUX CTAIiB,
mo 3a0e3medyroTh €()EeKTUBHICTh, MPOJYKTUBHICTH Ta BIAMOBITHICTh CYYacHUM
BHUMOTaM.

Ha mepmioMmy etami BHU3HAYAIOTHCS KIIOYOBI BHUMOTH JIO TPOTPAMHOTO
3a0e3nedeHHs cepBepiB Aara-neHTpy. Lli Bumoru BpaxoByroTh crierudiky o00pooKu
TPAHCHOPTHUX JAHUX, HEOOXIJHICTb pOOOTHM B peaJbHOMY Haci, 3a0e3nedyeHHs
MacImTaboBaHOCTI, @ TAKOXK BUCOKY €Heproe(heKTUBHICTH 1 O€3MeKy.

Jlns onrtumizaiiii BUOOPY CEpBEpIB BUKOPUCTOBYETHCS OaratopiBHEBHIA
MIX1I.

BusHaueHHS OCHOBHOI'O 3aBJAaHHS — OINTHMI3AIis JOTICTUYHUX ITPOIIECIB
yepe3 BUOIp cepBepiB, IO BIJINOBIIAI0TH 33JJaHUM KPUTEPISIM.

Po30UTTS OCHOBHOrO 3aBJaHHsS Ha MiJ3a/Jadi 3a JOMOMOTOI0 METOIB
NPUAHATTS pillicHb B YMOBaX HEBU3HAYCHOCTI Ta HewiTKol iH(opMmariii [4-6].

30ip 1 aHaNi3 JaHUX MPO PUHOK CEPBEPIB, 1X TEXHIYHI XapaKTEPUCTUKHU Ta
PEUTHHTH.

BcTranoBieHHs paBuil 11 aBTOMAaTUYHOTO BiJICIFOBaHHS allbTEPHATHB, K1
HE BIIMOBIAAIOTH KPUTEPISIM.

Po3pob6ka wmomemi BuOopy cepBepiB ISl CHCTEM CYIyTHHKOBOTO
MOHITOPUHTY aBTOTPAHCIOPTY BKIIIOYA€ BHU3HAYEHHS KpUTEPIiB BHOOPY Ta ix
BaroMoCTI.
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BuOip onTuManbHOro CepBEPHOro PIIICHHS 311MCHIOETHCS 32 JOMOMOIOO
METO/I1B 0araTOKpUTepiaibHOI TUCKPETHOT ONTUMI3aIli.

Ha 3aBepiianbHOMY eTarli MpOBOAUTHCS Ballijiallisi 0OpaHOro pilieHHS.

[le#i xkOMIUIEKCHMN MIAXiA T03BOJSE 3a0€3MEeYUTH BUOIp cepBepiB, sKi
MaKCHMaJbHO BIJNOBIAAIOTh IMOTpPe0aM CHCTEM CYIYTHUKOBOTO MOHITOPUHTY
aBTOTPAHCIIOPTY, MIATPUMYIOUYM MPOIYKTUBHICTh, HAAIMHICTH Ta aJalTUBHICTb

CHCTCMMU.
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YK 004.7
AHAJII3 CYHACHHUX METOAIB NPOEKTYBAHHSA KOMII'"IOTEPHUX
MEPEXK 3A JOITOMOTI'OIO HITYYHOTI'O IHTEJIEKTY
Moiceenko P.C.

XapxiecbKuili HAUWIOHANLHUTL ABMOMOOLTILHO-00DP0XHCHIN YHIgepcumem, XapKie

VY cydacHOMy CBITI KOMH'IOTEPHI MEpEXi € OCHOBOIO (PYHKIIOHYBaHHS
OUIBIIOCTI opraHizaiil Ta iHdpacTpykTyp. Bin 6i3Hecy Ta 6aHKIBCHKUX CHUCTEM JI0
OCBITHIX Ta HayKOBUX YCTaHOB — BCI IOKJIaJIalOTCA Ha €(EKTUBHY 1 CTaOLIbHY
poboTy Mepex anis mepefadi JaHWX. 3 PO3BUTKOM TEXHOJOTIA Ta 3pOCTaHHSIM
KUTBKOCTI MIAKITIOYEHUX MPUCTPOIB, BUMOTH JIO0 MEPEXeBOi 1HOPACTPYKTypHU
MOCTIAHO 3pocTatoTh. [{e mopoKye HOBI BUKIUKH Y cepl MPOEKTYBaHHS MEPEX,
SIK1 CTAIOTh JeJal CKJIaIHIIINMH.

3 iHmoro OOKy, po3BUTOK IuTy4Horo intenekty (L) ta wmammHHOTrO
HaBuyaHHs (ML) npunic peBooiiiiHi 3MiHM y 0araThoX ramy3six, Bkiatoyatoun [T
ta TenekomyHikamii. Il mo3Bonsie aBTOMaTM3yBaTH MPOIECH, SIKI paHIIIe
BUMaraji 3HAYHUX JIIOJICBKUX pPECypciB, MO pOOUTh HOro Haa3BUYAWHO
epEeKTUBHUM  IHCTPYMEHTOM y  TPOEKTYBaHHI  KOMII'FOTEPHHUX  MEpEXK.
BukoprcTaHHS MITYy4HOTO 1HTENEKTY MOXE 3a0€3MEeUUTH CTBOPEHHS MEpEX, IO
aNanTyrThCs 10 3MiH, aBTOMAaTUYHO BHPINIYIOTh MPOOJEeMU Ta 3a0e3MevyroTh
BHUCOKY TPOJYKTHUBHICTh HAaBITh B YMOBaxX IHTCHCHBHOTO TpadiKy Ta BEIHKO1
KUIBKOCTI KOPHUCTYBAYiB.

ABTOMaTH30BaHE TUIAHYBaHHS MEPEXK 3a JOMOMOTOI0 MITYYHOTO 1HTEIEKTY
JI03BOJISIE 3HAYHO CKOPOTUTH Yac Ta JIFOACHKI PECYpPCH, HEOOXIHI JJIT PO3POOKH
mepexeBoi Tomosnorii. II-cmcTreMr BHKOPHUCTOBYIOTH QITOPUTMH MAIIMHHOTO
HaBYaHHS JUIsl aBTOMaTH3alli MpoleciB BHOOpPY MapHIpyTH3allii, pO3MOALLY
pecypciB Ta CTBOpEHHS HajiiiiHOI MepexeBoi iHGpacTpykrypu. Opaum 3
HaWsACKpaBIIMX TMPHUKIAAIB Takux TexHosorii € cucrema Google B4, ska

BukopuctoBye Il mist ontumizamii ri1o0aJbHOI MepeXl KOMMaHli, JO3BOJISIOYU
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e(peKTUBHO KepyBaTH MOTOKamMH Tpadiky Ha riobambHOMY piBHI. Takuil miaxin
3HUKYE PHU3UKH JIIOJCHKUX TTOMHUJIOK Ta TIJBHINY€E CTIAKICTH 10 300iB, IO
0COOJIMBO BaXKJIMBO JIJIs1 BEJIMKMX KOMITaH1H 1 opranizariii [1].

[HTEeNEeKTYanpHI aNTOPUTMHU MapUIpyTH3aIlli € BaXJIMBOK CKJIAJOBOIO
onTuMizallii Tpadiky B KoMm'toTepHuX Mepexax. Bukopuctoyrouu LI, mMepexi
MO>XKYTh CaMOCTIMHO aHaJI3yBaTH MOTOYHHUHA CTaH Tpadiky, 3HaAXOJUTH MOXKIIHBI
BY3bKI MICI[i Ta aBTOMAaTUYHO BHU3HAYATH HAWONTHUMANBHINI MapIIPyTH IS
nepenadi gaHux. Ile ocoOIMBO Ba)XXJIMBO B YMOBaX BEJIMKOIO HAaBAHTAXKCHHS Ha
MEPEXKy, KOJHM 3aTPUMKH MOXYTh MAaTH KPUTUYHUN BIUIMB HAa MPOMYKTHBHICTH
cucteM. [HTeNneKTyaabHI alropuTMH, Taki sk reinforcement learning (HaB4aHHS 3
MIIKPITUICHHSM), T03BOJISIIOTh MEPEKaM CaMOHABYATHCS 1 TTOCTIHHO MOKpaIlyBaTH
CBOI PIIICHHS 1010 MapmpyTu3aitii [2].

[lITyyHuii 1HTEJIEKT Tpa€ BaXIWBY pOJIb y 3abe3meueHHl Oe3neKu
KOMITIOTEPHUX MepeX. BUKOPUCTOBYIOUM aNTOPUTMH MAITMHHOTO HaBYaHHS,
CUCTEeMHU KiOepOe3neKn 37aTHI aHaji3yBaTU BEIMYE3HI OOCATH MEPEKEBOTO
TpadiKy Ta BUSBIATA aHOMAIi, SKI MOXXYTh CBITYUTH MPO MOTEHLINHHI 3arpo3u,
Taki SK Xakepchbki araku a0o BHUTIK maHuX. OJHIEID 3 KIIOYOBHX IIepeBar
BukopuctanHsa Il B mpoMy KOHTEKCTI € WOTro 3/aTHICTh BHUSBJISITH HOBI, e
HEBIJIOM1 3arpo3, 3 SAKUMHU TpPaJuLIiHI METOAM HE MOXYTh BIIOpPATHUCS.
Hampuknaza, cucrtema Moke HaBYATHCS HA OCHOBI MHUHYJIMX aTak 1 MPOTHO3yBaTH
MalOyTHI 3arpo3u, 10 J03BOJISIE ONIEPATUBHO pearyBaTH Ha KiOepiHuaeHTu [3].

OpuH 3 HalinepcrneKTUBHIMMX HanpsiMiB BUKopuctanHs L1 B npoekTyBaHHi
KOMIT'FOTEPHUX MEPEXK — 11€ CaMOHAaBYaJIbHI CUCTEMH. BUKOpHUCTOBYIOUM AaH1 MPO
MUHYJy pOOOTYy Mepexi, Taki CHCTEMH 3[aTHI aBTOMAaTHYHO HAJAIITOBYBAaTH CBOI
nmapaMeTpyd Uil MOKpAIIeHHS MPOJYKTUBHOCTI Ta ajanTamii o 3MiH Yy
HaBaHTaXeHHI. Hampukman, cucremMa MoKe IWHAMIYHO 3MIHIOBATH MPOITYCKHY
3JITATHICTh OKPEMHX KaHaJiB ab00 pO3MOAUIATH PECYPCH MK PI3HUMHU MEPEKEBUMHU
CErMEHTaMM 3aJeXHO BiJ moTped y peanbHoMy uaci. Lle mo3Bosisie mepexam
GbyHKITIOHYBaTH OUTbII €PEKTHUBHO Ta 3MEHIIYE MOTPEOY Y MOCTIHHOMY PYyYHOMY
BTpYYaHHI 1HXKeHepiB [4].
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Xoua BUKOPHUCTAHHS IITYYHOTO IHTEJNEKTY Ma€ BEIMYE3HUN MOTEHIUAN Y
chepl TPOEKTYBaHHS KOMITIOTEPHUX MEpEX, WOro BIPOBAKEHHS HE €
oe3npobieMHuM. O1Ha 3 OCHOBHUX TPYAHOIIIB TOJISITA€ B HEOOX1THOCTI BEJIMKUX
o0csriB manux s HaBuanHsg mojneneit L. Komm’roTepHi Mepexi MaloTh CKIaIHY
CTPYKTYpY, 1 s cTBOpeHHS edextuBHUX anroput™miB LI morpiGHi meranbHi i
TOYHI JjaHl Mpo poOOTy Mepexi, 0 HE 3aBXKAU MOXKE OyTH TOCTYITHHM a00 JIETrKO
30mpaerbes [5].

Kpim toro, npouec naBuanus moaenei LI e cknagnum 1 TpuBanuM. Bucoka

TOYHICTh TAKUX MOJIEJICH BIMAarae TPUBAJIOTO Mepioay TPEHYBaHHS Ta TECTyBaHHS,
00 3MEHIIUTH HMOBIPHICTh MOMUJIOK. [le MoXxe BHMaratu 3Ha4YHUX PECYpCiB,
BKJIIOYAIOUM TIOTY>KHE OOJIaJHAHHS Ta BHCOKOOIUIauyBaHUX (DaxiBIliB, IO €
3HAYHOIO MIEPEITKO 010 JJIsl HEBEJIIMKUX KOMITaHiH [6].
[Ile omHMM BUKJIMKOM € MHUTAHHS €TUKU Ta KOH(iAeHIINHHOCTI. Bukopucranus
BEIUKHUX 00CATIB naHuX i HaBdaHHs (1l Moxe mpu3BOAWTH 1O PU3HKIB BUTOKY
iHpopmarii abo HENmpaBUILHOTO BHUKOPHUCTaHHS JaHuX. KepyBaHHA ITUMU
acTIeKTaMH BHMAara€ HaJEKHOI peryysmii Ta KOHTPOJI 3a BHKOPUCTAHHSIM
TEXHOJIOT1H MTYYHOTO IHTEJICKTY B KpUTUYHO BAXKIIMBHUX Mepexax [6-8].

He3Bakatoum Ha TPyAHOINI, TEPCIEKTHBH BUKOPUCTAHHS IITYYHOTO
IHTEJIEKTY B MEPEKEBHX TEXHOJIOTISIX BpaxaroTh. 110 Mipi pO3BUTKY TEXHOJIOTIH,
takux sk [arepuer peuerr (IoT) Tta 5G, morpeba B aBTOMaTH3aIlii MpOIECIB
MEpPEKEBOTO YIpaBmiHHA Oyne Tinbku 3poctatu. LI mo3Bonsie cTBOproBaTH
CaMOHaBYaJIbHI MEpEeXl, sIKI 3MOXKYTh pearyBaTH Ha 3MIHU y PEXHUMI peabHOTO
4acy, 110 € KPUTUYHO BAKIUBUM JJIs1 1HQPACTPYKTYP 3 BETUKUM HaBaHTAKCHHSIM.

[lepcrieKTHBY TaKoX JIeXaTh y PO3IIMPEHHI MacIITa0OBaHOCTI MEPEKEBUX
pimensr 3a gomomororo IIII. Benwvesna KimbKICTh MiJKIIOYEHUX MPUCTPOIB Y
MaiOyTHbOMY, 30kpema 3 po3BuTKOoM [oT, Bumararume Bim Mepex OUIBIIOT
THYYKOCTI Ta agantuBHoCTI, o I 3xaten 3a6e3neuuntu [7].

ITyuynuii 1HTENEKT BiJKPUBA€E HOBI TOPU3OHTH y cdepi MPOEKTyBaHHS
KOMIT'IOTepHUX Mepex. 3actocyBanHs Il mo3Bosisie cTBOproBaTH aBTOMAaTHU30BaHi
Ta CaMOHaBUYaJbHI CHUCTEMH, SIKi MOXYTh aJamnTyBaTUCS O HOBHUX YMOB,
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onTuMi3yBatu Tpadik, 3a0e3nedyBaT BUCOKMN DPIBEHb OE3MEKU Ta 3HUKYBATH
JOJICbKI MOMMIKHU. [Ipote mms Toro, mobd moBHICTIO peanizyBaTu motenmian LI,

HEOOX1/THO BUPIIIUTU HU3KY TEXHIYHUX, ETUYHUX Ta PErYJIATOPHUX BUKIIHKIB.
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YK 004
METOAU MIPOT'PAMHOI'O MOHITOPUHI'Y TEXHIYHOT' O
OBCJIYI'OBYBAHHSA HA EJIEBATOPHOMY KOMIUIEKCI
Ilickapvoe O.M., Mocmosuit A.B.

XapxiecoKuii HaUiOHANbHUL YHIGepcumem padioejleKmpoHiku, XapKie

Texniune OOCITYroByBaHHS € KIIOYOBUM (akTopoM uisi €(hEeKTHBHOTO
(GYHKITIOHYBaHHS arpOMPOMHUCIOBUX IMiIMPHEMCTB, BKIIFOUAIOYN KOMILUIEKC 3aX0/IiB
JUIST TIATPUMKH CIPABHOTO CTaHy oOOJIaJlHaHHS, SKE BIJIIOBIa€ BUMOraMm
HaJIAHOCTI, O€3MeKH Ta NPOJYKTHUBHOCTI. B arpapHomy cekTopi CBo€4acHe
00CIIyrOBYBaHHSI € OCOOJIMBO BKIUBUM JIJIs1 3alI0OITaHHS MOJOMKaM 1 3HM)KCHHS
pU3HKY aBapiii, 3Ba)Kaloud Ha IHTEHCHUBHI HABAHTAXKCHHS HA TEXHIKY Ta BILUIUB
eKCTpeMaIbHUX YMOB eKcIuryartarii. KpiM Toro, BOHO 103BOJIsi€ 3MEHIIUTH 4Yac
IPOCTOIB 1 BTPAaTU NPOAYKTUBHOCTI B KPUTUYHI CE30HHI MEPIOJIH, 10 € BAXKIUBUM
JUTSl YHUKHEHHS BTpaT BPOXKAIo.

ExoHOMIUHI mepeBaru Tako)K 3Ha4HIi: CBOEYACHUM TEXHIYHHMU OTJIsif 1 3aMiHa
3HOIIEHUX KOMIIOHEHTIB JIONIOMAararOTh YHUKHYTH JIOPOTOTO KaIliTaJbHOTO
peMOHTY abo0 MOBHOI 3aMiHM 0OJyiagHaHHs. [{e maBuIy€e TOBrOBIYHICTh TEXHIKH Ta
J03BOJISIE  MIANPUEMCTBAM €(QEKTUBHO YINPABIATH pecypcamu. binbm  Toro,
TEeXHIYHE 0OCITYyrOBYBaHHS CHPUSIE €KOJOTIYHIN CTIHKOCTI, 3HUKYIOUYH TIOTpeOy B
4aCTOMY OHOBJICHH1 0OJIaTHAHHS.

CydacHi TEXHOJIOrli MOHITOPUHTY, SK-OT JATYUKH JJIA BIACTEKEHHS CTaHy
TEXHIKM B PEXUMI pPEaTbHOTO Yacy, 3HAYHO IMiJIBUIIYIOTh €(EKTHUBHICTh
yIpaBIiHHSA 00CITyTOBYBaHHIM, JJO3BOJISIIOUN BUSBJISATH 3HOIICHHS I IO TOTO, SIK
BOHO CIIPUYHMHHTH Cepiio3Hl mpoOsemu. lle momomarae 3HWKyBaTH BUTpATH Ha
PEMOHT 1 CHpuUs€ TPUBAIOMY 30€pPEKEHHIO e()EKTUBHOCTI OO0JIaTHAHHS.
3acTocyBaHHA TakKMX TEXHOJOTIA  JO03BOJISIE  arpapHUM  OiAIPHEMCTBaM
ONEpaTHBHIIIE pearyBaTM Ha TEXHIYHI MOTpeOM Ta 3HMKYBAaTH BHUTpPAaTH Ha

EKCTPEHU peMOHT. [1]
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[IporpaMHuii MOHITOPHHI TEXHIYHOTO OOCIYrOBYBaHHS € Ba)XJIUBOIO
CKJIQJIOBOIO CYYaCHHUX CHCTEM aBTOMaTH3alii B arponpoMucioBocTi. Bin
3abe3rneuye Oe3NepepBHUI KOHTPOJIb CTaHy OOJIQJIHAHHS, ONTHUMI3yE MPOIECU
oOCTyroByBaHHsI Ta 3MEHIIYE BHUTpaTH Ha pPEeMOHT. OCHOBHI KOMIIOHEHTH
IPOrpaMHOT0 MOHITOPUHTY BKJIIOYAIOTh arnapaTHe 3a0e3neueHHs (JaTYMKd Ta
KOHTpOJIEpH), TTporpaMHe 3abe3reueHHs s 300py Ta oOpOOKU JaHUX, CUCTEMU
nepenayl qaHux (11 HaJACWIaHHS 1H(pOpMAIlii Ha MEHTPATbHUN cepBep abo iHIIe
Micue 30epiraHHs) 1 aHaNITHU4YHI 1HCTPYMEHTH JUisi OOpOoOKM Ta IHTepIpeTarlii
310paHux naHux. Lli enemMeHTH pa3oM 3a0e3MeUylOTh CBOEYACHY J1arHOCTUKY Ta
MPOTHO3yBaHHS TEXHIYHOTO CTaHy OOJIaJIHAHHS.

JlocnmiKeHHsT MOKa3yloTh, 10 IHTEIEKTyalbHI CHUCTEMHU IS MOHITOPUHTY
TEXHIYHOTO CTaHy MOXYTh CKOPOTHUTH dYac MPOCTOiB obmamHaHHA 10 50%.
BnpoBamxeHHs: mepeoBUX TEXHOJOT1 MOHITOPUHTY Ta aHai3y JaHUX JI03BOJISIE
CKOPOTUTH €KCIUTyaTallliiHi BUTpAaTH Ha OOCIyroByBaHHS oOnamHaHHs 10 25%.
Taxki MOKa3HUKH € 3HAYHUMH JIJIS €JICBAaTOPHUX KOMILIEKCIB, 1€ 3HUKEHHS BUTPAT 1
NPOJOBKEHHSI KUTTEBOTO IUKIY OONagHaHHS 3a0e3MedyloTh EKOHOMIUHUH
edekr [2].

OcHoBU TOOYZIOBM CHCTEM MPOTPAMHOTO MOHITOPUHTY  TEXHIYHOTO
0oOCTyrOoByBaHHSI Ha €JIEBATOPHOMY KOMIUIEKCI MOTPeOYIOTh BHUKOPUCTAHHS
CHeIla/Ii30BAHUX 1HCTPYMEHTIB 1 TEXHOJOTIH, sKi 3a0e3MeuyroTh MaKCHUMAaJbHY
aBTOMAaTH3allil0 MPOIECY MOHITOPUHTY, TOYHICTh 300py Ta aHani3y iHpopmaiii. B
yMOBax TOCTIHHO 3pOCTaldoro ooOcary oOJiagHaHHS Ta CKJIAJHOCTI HOTO
CTPYKTYpHU €(pEeKTUBHE TEXHIYHE OOCITYroBYBaHHS CTa€ HEBIJI'€MHOIO CKIIQJIOBOIO
Oe3neyHoi Ta HaAIMHOT poOOTH eneBaTopHOro Komiuiekcy. Ilporpamni
THCTPYMEHTH I MOHITOPUHTY JTOTIOMAraroTh TOCSATTH BUCOKOTO PIBHS HAIIHHOCTI
Ta CBOEYACHOCTI 00CITyTOBYBaHHSI O0JaIHAHHS, 1110 CIIPUsIE 3MEHIIICHHIO BUTPAT Ha
HOro peMOHT Ta OOCIyroByBaHHS, a TaKOX IPOJOBXKEHHIO EKCIUTyaTaliiHOTo
pecypcy TexHIKH. Y mporeci po3poOKH CHCTEMH MPOTPAMHOTO MOHITOPUHTY B

CJICBATOPHOMY KOMIIIEKCI  Ba)KJIUBO PO3TJIHYTHU KJIIOYOBI TEXHOJOTIi Ta

214



Mamepianu xongpepenuii KIT-2024, Xapxie, XHA/Y, 20.11.2024

THCTPYMEHTH, SIKi JO3BOJISIIOTH 3a0€3MEUNTH MaKCUMAJIbHO €(EKTUBHE yIPABIiHHS
TEXHIYHUM CTAaHOM 00JIaTHAHHS.

OaHuM 13 HAUNOLIMPEHINX 1HCTPYMEHTIB AJisi TOOYAOBH MOHITOPUHTOBUX
cucteM € SCADA-cucremu (Supervisory Control and Data Acquisition), ski
JAI0Th MOJKJIMBICTh 3JIIMCHIOBATH IIEHTPATI30BAHUM KOHTPOJb 32 pPOOOTOIO
o0JsiaHaHHs B pexkumi peanbHoro yacy. SCADA-cuctemu 3a0e3MeuyoTh He JIUIIE
Oe3nepepBHE BIJICTEKEHHS MapaMeTpiB poOoTH oONaaHaHHS, aje W HaIalTh
MOXJIMBOCTI JUIsl IXHBOI BI3yauli3alii, 1[I0 CYTTEBO TMOJIETIIYE MPOIEC
CIIOCTEPEXKEHHSI 3a CTaHOM OOJaJHAHHS. 3aBASIKM TaKHUM CHUCTEMaM CTa€
MO>KJIMBUM HE JIMIIE BIJCIIAKOBYBAaTH MOTOYHI MOKA3HUKH, aje W HAKOMUYyBaTH
CTaTUCTUYHI JaHl, 110 3roJIOM MOXYTh OyTH MpoaHaNi30BaHl JJig BHUSBICHHS
3aKOHOMIPHOCTEH Ta MOMJIMBHUX O3HaK 3HOCY a00 HECHPaBHOCTI EJIEMEHTIB
obnannanasa. BaxmmBum acnektrom po6otu SCADA-cucteM € iX 34aTHICTH
IHTETpyBaTHCA 3 IHITUMH TPOTPAMHUMH MOJIYJISIMU, TAKUMHU SIK CUCTEMH aHaJi3y
BEJIMKUX JAHUX Ta IITYYHOTO IHTENEKTY, L0 CYTTEBO PO3IIUPIOE MOMIUBOCTI
MOHITOPHUHTY.

3a HasSBHUMHU JAHUMH, CUCTEMHU JO3BOJISIOTH MPHUCKOPUTH PO3POOKY HOBHUX
pimenb Ha 40%, 10 J03BOJIAE IIBUIIIE BIPOBAHKYBATH 3MIHU Ta aJalTyBaTH
CUCTEMY 110 HOBHX BHUMOT. Kpim TOTr0, 3aBISKM MOKPAIICHHIO TPOIECY BUPILICHHS
aBapifHUX CUTYyalld, IPOAYKTUBHICTh MiABUIIYEThCS Ha 35%, 10 3HWKY€E PU3UK
npoctoiB. Takox omepatopu BuUTpadaroTh Ha 80% MeEHIIE Yacy Ha HaBIraiilo B
CUCTEMI, 1110 JI03BOJISIE IIBU/ILIE pearyBaTH HAa MOTEHIIHI npodiemMu. OgHOYACHO
1HXeHepr MOXyTh Ha 40% mBuame iAeHTU(IKYBaTU KPUTUYHI JaHi, HEOOX1aH1
JUIS OTIEPaTHBHOTO MPUUHATTS pimeHb. Taka e()eKTHBHICTh 3HAYHO ITiJIBUIIYE
3arajbHy MPOAYKTUBHICTD 1 HAAIMHICTh 0OCTYTrOBYBaHHS TEXHIYHUX CHCTEM. [3]

Kpim SCADA-cucrtem, BaXXJIHMBOI CKJIAJOBOI MOHITOPHUHTOBOI CHCTEMH €
texHosorii [uTepHery peueit (IoT). InTepHer pedeil n03BOJIIE 1HTETPYBaTH
YHUCIIEHH] JAaTYMKKA Ta CEHCOPU 3 IICHTPAIBHOIO CHUCTEMOIO MOHITOPHHTY, IO
CIpusie JETAIbHOMY BIJICTEKEHHIO PI3HHMX IMapaMeTpiB poOOTH €JIeBaTOPHOTO

koMmiuiekcy. CyuyacHe oOnaiHaHHS €JeBaTOpIB MOXe OyTH OCHAIllEHE JAaT4YuKamMu
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TEMIEpaTypu, BOJIOTOCTI, THCKYy, BiOpamii Ta IHIIMX MapaMmeTpiB, fKi MaloTh
BUpIIIAJIIbHE 3HAYCHHS JJI BU3HAYEHHS TEXHIYHOIO CTAHy MEXaHi3MIB. 3aBJISKH
texnosiorii IoT mi nmatuumku mnepenaroTh 1HQOpMAIil0 y peallbHOMY dacl 0
IIEHTPAJII30BaHOI CHCTEMH, IO JI03BOJISIE BYACHO BUSBIATH OY/b-AKi BIAXUICHHS
BiJl HOpPMaJbHMX MOKa3HUKIB. OkpiM 1poro, Bukopuctanus [oT mo3Bomsie
3JIIACHIOBATU 30€pIraHHsl BEJIHMKUX OOCArIB ICTOPUYHUX AAHUX, IO MOXYTb OyTH
BUKOPHUCTaHI JUIsl TOJANBLIOr0 aHadizy Ta MoOyJOBH MPOTHO3HUX MoOjenei
TEXHIYHOT'O 0OCITyTOBYBaHHS.

3acTocyBaHHS IHHOBALIMHUX PIIIEHb Y MOHITOPUHIOBHX CHUCTEMAXx JI03BOJISIE
aJanTyBaTh iX JI0 KOHKPETHUX OCOOJHMBOCTEH MIAMPUEMCTBA, BKIIOYHO 3
MacmTaboM KOMIUIEKCY, pIBHEM aBTOMAaTH3allli Ta BUMoramu Jo Oesneku. Lle nae
3MOTy ONTHMI3yBaTh HE JHINEe PpoOOTYy OONamHaHHSA, a ¥ 3arajibHl BUTPATH,
poOJIsiun  0OCITYroBYBaHHS OUIBII €KOHOMIYHO OOTPYHTOBAaHUM 1 €(PEKTHBHUM.
[HTerpaliist aBTOMaTH30BaHUX CUCTEM MOHITOPUHTY Ha €JI€BATOPHUX KOMIUIEKCAX €
OJIHUM 13 CTpPATETIYHUX HAIMpPSMKIB PO3BUTKY arpapHUX MIAMPUEMCTB, aJKe

3a0e3reuye 3MEHIIICHHSI BUTPAT 1 MABUIIIEHHS HAIIHOCTI poOOTH 00J1aTHAHHS.
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YJIK 681.52
PO3POBKA CUCTEMHU ABTOMATHU30OBAHOI'O KEPYBAHHS HA
TBAPUHHMUIILKIN ®EPMI
Ilanuyk O B., Abpamenko I. I.

Xapkiecokuii Oiomexnono02iunuil ynieepcumem, Xapkie

TBapuHHUITBO - KJIIOYOBAa Tajy3b arpoONpOMHUCIOBOTO KOMILIEKCY, MIO
3a0e3neuye HaceJeHHS MPOJYKTaMHM XapuyyBaHHsS, CUPOBHHOIO JJiA MepepoOHOl
IPOMHUCIIOBOCTI Ta MOEAHYETHCSA 3 POCIMHHULTBOM Y 3aMKHYTY O10TE€XHOJIOTIYHY
CUCTEMY.

[{s ramy3p CUIBCHKOTO TOCIOJAPCTBA 32 CBOEID OpraHi3aliiiHO-eKOHOMIYHOIO
CTPYKTYpOIO Ta TEXHOJOTIYHMMH XapaKTePUCTHKAaMH CXO0Ka Ha MPOMHCIIOBE
BUpOOHUITBO. Bece 1e roeBopute mpo Te, 10 TBAPUHHULTBO Ma€ BEIUKUHN
NOTEHI[1aJI aBTOMaTU3aIlli.

CydJacHi TeHJEHINI y PO3BUTKY TBAPWHHHUIITBA CIPSIMOBAHI BUKOPUCTAHHS
CUCTEMH, 3aCHOBAHOI Ha IPHUHIIMIIAX PAI[iOHATLHOTO BUPOOHUIITBA.

Ile momsirae B TOMy, IO BiJIIMOBITHO JO TEXHOJOTii BUPOITyBaHHS TBapHH,
BUPOOHMIITBA Ta 30€piraHHs KOPMIB CTBOPIOETHCS MOBHUN KOMILJIEKC MAIWH Ta
oOnagHaHHS, IO  BKJIIOYAE€  MEXAHI30BaHI  TPAHCHOPTHI,  BAHTaXXHO-
pO3BaHTaXyBaJIbHI Ta JOMOMDKHI Omeparii, a TaKoX aBTOMAaTH30BaHI 3aco0u
KOHTPOJIIO Ta YNPaBIIiHHS TEXHIYHUMU Tpotiecami [1].

MiKpoKJIMaTiyHi ~ YMOBH  BCEpPEAMHI  3aKPUTOr0  TBAPUHHUIIBKOTO
NPUMIIICHHS BU3HAYAIOTHCA (PI3UYHUMHU (PaKkTOpaMu (TEeMIEepaTyporo, BOJIOTICTIO,
pPYXOM TIOBITPSl, COHSYHOIO pajialli€lo, THUCKOM, OCBITJIICHHSM, 10HI3alli€l0),
ra3oBUM CKJIAJIOM TOBITps (KHCEHb, BYTJICKHUCIMI Ta3, aMmiak, CIPKOBOJICHB) Ta
MEXaHIYHUMH JTOMIIIKaMHu (I, MiKpoopraHizmu) (puc. 1).

CtBOpeHHsT Ta MIATPUMAHHS MIKPOKJIIMary B KOPIBHUKY TOB'si3aHE 3
BUPILIEHHSM 0aratbOX TEXHIYHUX Ta TEXHOJOTIYHUX MPOOJEM 1 B CYKYyHHOCTI 3
IPAaBWJIBHUM TOJlyBaHHSIM CIIpUsie 3a0€3[1€UEHHIO 370pOB'st Ta BIITBOPIOBAIBHOI
GyHKUIT TBApUH, OJIEPAKAHHIO MIPOIYKIIIi BUCOKOI SIKOCTI [2].
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Pucynox 1 — OcHOBHI CKJIaJJOBl MIKPOKJIIMATy MPUMIIIEHHS TBAPUHHHUIIBKOT

bepmu

JlJis 11bOTO BUKOPUCTOBYIOTHCS PI3HI CHUCTEMH BEHTWJIALI, OMAaJeHHS Ta
OXOJIO/I>KEHHSI.

Cucrema BEHTWIALIT JUIsl MiIOUPAETHCS B 3QJICKHOCTI Bif OCOOTUBOCTEH
BCHTUJILOBAHOTO TMPUMIIIEHHS, WOTO pO3MipiB, BHUAY TBapHMHH Ta CIOCOOy il
yYTPUMAaHHSI.

Po3pobneno  cTpykrypHy cxemy (puc. 2) iepapxiyHoi  mudppoBOi
MIKPOTIPOIIECOPHOI CHUCTEMH aBTOMATUYHOTO YIPABIIHHSI 3 BUKOPHCTAHHIM
30BHINIHIX Ta BHYTPINIHIX JAaTYMKIB TEMIIEPATypH, BOJOTOCTI, KOHIIEHTpAIlii
amMiaKy, BYTJEKHCJIOrO Ta3y Ta CIPKOBOJHIO IS ONTUMI3aIlii MmapaMeTpiB
MIKpPOKJIIMATY.

JlaTuuku HaAZalOTh KOHTposiepy 1HGOpMAIlil0 Mpo KIIMaTU4YHI yMOBHU
BCEPEJIMHI Ta 30BHI MPUMIIICHHS.

BuxopuctoByroun 111 JaHi Ta HOpPMAaTWMBHI MapaMeTpu, TIOB'S3aHi 3
MIKPOKJIIMAaTOM, KOHTpOJIep 3a0e3reuye y3roJDKEHYy poOOTYy CHUCTEM OIajeHHS,
BEHTHWJISIIIT Ta OXOJIOIKEHHS.

JUia  ynpaBiaiHHSA 00JIaJHAHHSAM pPO3POOJEHO BIANOBIJHI AJTOPUTMHU Ta

BUOpaHO HEOOX1THE 00IaHAHHS JIJIsi aBTOMATH3AII11.
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Pucynox 2 — Peanizaiiisi MIKpoIIpOIlIleCOPHOi CUCTEMHU KepyBaHHS

Jlirepartypa:

1. O. I'. Ckusp, MexaHni3alis TEXHOJOTIYHUX MPOLECIB Yy TBAPUHHUUTBI.
Memnitonons, Ykpaina: Konop IIpunT, 2012.
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YK 631.36
PO3POBKA TA JOCJIJKEHHS ABTOMATHU30BAHOI CUCTEMHA
KEPYBAHHSA EJIEBATOPHUM KOMIIVIEKCOM
Hickapvos O.M., Tumro B.H.

Jeporcasnuii Oiomexnonociunuii ynisepcumem, Xapie

Y crarTi po3rNANAETHCA AKTYalbHICTh PO3POOKHM Ta BIPOBAHKCHHS
KOMI'IOTEPHOI CHUCTEMH KEpPYBaHHS €JEBATOPHUM KOMIUIEKCOM. OMNHUCYIOThCS
Cy4acHI BUKJIMKH arpolnpoOMHUCIOBOTO CEKTOPY, HEOOXIJHICTh aBTOMAaTH3aIlil
nporieciB 30epiraHHs Ta OOpOOKH 3€pHOBUX KyJIbTyp. IIpeacTaBieHO KIHOYOBI
aCHEeKTU MPOEKTYBAaHHA CUCTEMH YMPAaBIIHHS, aHam3 ii e(eKTHUBHOCTI, a TaKOX
MO>KJIMB1 €KOHOMIYHI Ta €KOJIOT14HI IepeBaru s mianpueMcTB. [liakpecioeTbes
3HAQYCHHS TAaKWX CHUCTEM Yy IIIJBHUIICHHI MPOAYKTUBHOCTI, 3HWKCHHI BUTpaT 1
3a0e3nedeHH1 OTbII0l TOYHOCTI y 30epiranHi Ta 00poo1ii 3epHa.

EneBaTopHi KOMIUIEKCH € KIFOUOBUMH O0'€KTaMU B JIAHIIOTY TIOCTayaHHS
36pHOBUX KYJIbTYp, OCKUIBKA 3a0e3meuyloTh 30epiranHs, mnepepoOKy Ta
TpaHCTIOPTYBaHHS  MOpOAyKiii. B ymoBax  3pocTaHHs  MONMUTYy  HAa
CUIBCHKOTOCTIONAPCHKY ~ MPOAYKINIO 1 30UIblIeHHS 0OCSTiB  BHUPOOHUIITBA,
NiJBULIY€EThCSI MOTpeda y BIOCKOHAJEHHI METOJIB YIPAaBIIHHS €JIeBaTOPAMHU.
TpanumiiftHi MIXOAW O YOPaBIIHHSA €JIEBATOPHUMHU KOMIUIEKCAMHU YacTo
BUSIBIISIIOTECS HEJOCTAaTHHO €(EeKTHBHUMH, IO BeIe A0 TMiABUIICHUX BTpaT,
3HI)KEHHS SIKOCT1 MPOJYKIIii Ta 30UIBIICHHS €KCIUTyaTalifHuX BUTpAT. Y IOMY
KOHTEKCTI aKTyaJbHUM € pO3pOO0Ka KOMITIOTEPHHX CHUCTEM KEPYBaHHS, Kl
aBTOMATHU3YIOTh 1I1 MIPOLIECH, MIJIBUILLYIOUYH X €PEeKTUBHICTS [1].

3pocTtaHHsl 00CSTIB BUPOOHHUIITBA 3€PHOBUX KYJIbTYp Ta BHCOKI BUMOTH JIO
SKOCTI1 MPOAYKIIIT CTBOPIOIOTH MOTPEOY Y BIPOBAKEHH] IHHOBAIIMHUX TEXHOJIOTIN
yIpaBiiHHSA Ta 00poOKu 3epHa. OCHOBHI BUKIIMKH, 3 SKUMU CTUKAIOTHCS Cy4YacHI
€JIeBaTOPHI KOMIUIEKCH, BKITIOYAIOTh:

1. TligBumieHHs BUMOI J0 30epiraHHs MPOMAYKINi, - SKICTh 30epiraHHs
Oe3nocepelHbO BIUIMBAE HAa CTaH 3€pHA 1, BIANOBIJIHO, HA PUHKOBY BapTICTh
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npoaykuii. HemoctaTHii KOHTPOJIb TEMIEPATYPH, BOJIOTOCTI Ta 1HIIKUX [TapaMeTpPiB
MO>K€ MPU3BECTH 0 NICYBAHHS MPOIYKIIIi.

2. OnTuMmizarlist JOTICTUKHM Ta BUTPAT, - 3¢PHOB1 KOMILJIEKCH OBUHHI LIBUIKO
1 edexTuBHO OpraHizoByBaTH pOOOTY 13 TPAHCIOPTYBAHHIM MPOIYKIIi, IO
BUMarae KOOpJIMHAIII1 pI3HUX €TaIliB Ta TEXHIYHUX 3aCO0IB.

3. 3HIKEHHS JIOACHKOro (aKkTopy, - pydHE YMIPaBIiHHSA NpOIECaMH Ha
eJIEBATOPHUX KOMILJIEKCAX MOXKe MPU3BOAUTH 0 TMOMIIOK, 3aTPUMOK Ta
JOJJaTKOBUX BUTpaT. BrOpoBakeHHS aBTOMATU30BAHUX CHUCTEM JIO3BOJISIE
MIHIMI3yBaTH 11 PU3UKH.

Takum umHOM, moTpeba B aBTOMAaTH3aIlli CcTae aenaai OUTBII OYEBHIHOIO,
0COOJIMBO Y BETUKUX MIJIPUEMCTBAX 3 BEJIMKUMU 00CSIraMu 0OpOOKU POy KIIii.

OcHoBHAa MeTa JOCHIIPKCHHS TIONSATaE B Po3poOIl Ta BOPOBATKEHHI
KOMIT'FOTEPHOI CHCTEMHM YTPABIIIHHS €JI€BATOPHUM KOMIUIEKCOM, SIKa JO3BOJIHTH
aBTOMAaTU3yBaTU KIIFOYOBI MPOLECU: MPUHUMaHHA, 30€piraHHs, TPaHCIOPTYBaHHA 1
BIJIBAHTKEHHS 3€pHOBUX KynbTyp [2]. Jas mocarHeHHs 1i€i MeTH HEOOXITHO
BUPIIIUTH HACTYIIHI 3aBJaHHS:

1. Anami3 iCHyIOYMX TEXHOJIOT1H YIIpaBJIiHHS €J1eBATOPHUMH KOMIUIEKCAMH.

2. Po3pobka anroputmiB aBTOMaTH3allii MporeciB 30epiranHs 1 oOpoOKu
3€pHOBHX KYJBTYDP.

3. MogenoBaHHsI Ta TECTyBaHHS CHCTEMHU Ha TMPHUKIAAl KOHKPETHOTO
€JIEBAaTOPHOTO KOMILIEKCY.

4. OuiHka e(peKTUBHOCTI Ta MOKJIMBUX IEpeBar BiJ BIPOBAIKEHHS TaKOi
CUCTEMHU.

VYV nmocnipKeHHI 3aCTOCOBAHO KOMIUIEKCHHMHM MIAXIJ, IO BKJIIOYAE aHal3
ICHYIOUMX CHCTEM YIpaBJIIHHS €JeBaTOpaMH, MOJEIIOBAHHA Ta TECTyBaHHS
KOMIT'IOTEPHOI CHCTEMH yMpaBliHHI. BHBYEHO 0COOIMBOCTI MPOrpaMHHUX 1
anmapaTHUX pIllleHb, [0 BUKOPUCTOBYIOTHCS JJIsI aBTOMAaTHU3allii TPOIIECIiB Ha
eJIeBaTOPHUX KOMIUIEKCcax. B pamkax mociimkeHHs Oynau po3poOJeHi alropuTMH
JUISl KOHTPOJIIO TEMIIEPATypPHOTO PEKHUMY, BOJIOTOCTI Ta ONTUMI3AIll JIOTICTUKU
NEepEMIIICHHS 3€pHOBUX KYJbTYp Ha 00'€KTI.
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Po3pobnena cucrtema ympaBiiHHS €JIEBATOPHUM KOMIUIEKCOM JTO3BOJISIE
aBTOMAaTU3yBaTW IMPOLIECH MNPUWMAHHS Ta 30epiraHHs 3€pHOBUX KYJBTYp, IO
CYTTE€BO 3HWXKYE€ BUTpATH 1 BTpaTW MNpoAyKiii. BmpoBamkeHa aBTomMaTu3ailis
MPOIIECY MOHITOPUHTY TEMIIepaTypyd Ta BOJIOTOCTI JO3BOJISIE MiITPUMYBATH
ONTHUMAaJIbHI YMOBH 30€piranHsi, MiHIMI3YIOUM PU3UKU TICYBaHHS MPOayKilii. Okpim
TOr0, cUcTeMa 3a0e3Medye aBTOMATUYHUN PO3MOJLUT 1 TPAaHCIIOPTYBAHHS 3€PHOBHUX
KYJbTYP, IO 3HMKYE eKCIUTyaTaIlliHI BUTPATH Ta MiABHUINYE €(EeKTHUBHICTH PpOOOTH
KOMILIEKCY.

B xox1 TecTyBaHHS Ha €JIeBATOPHOMY KOMIUIEKC] OyJia BUSIBIIEHA MOXJIMBICTh
3HIDKEHHsSI BTpar mnpoaykiii Ha 15-20%, a TakoX 3MEHIIECHHS EHEepreTUYHHX
Butpat Ha 10-12% [3]. Okpim TOro, BIPOBAKCHHSI CUCTEMHU JO3BOJISIE 3HU3UTH
HEOOXIHICT, PYYHOI TMpari Ta IMiJBUIIATA TOYHICTH KOHTPOJIO 3a CTAaHOM
30epiraHHs IPOIyKIIii.

AHami3 moka3aB, IO BIPOBAPKCHHS KOMITIOTEPHUX CHCTEM KepyBaHHS
CIICBATOPHUMH KOMIUIEKCAMH € HCOOXITHMM KPOKOM JUIS  IIiIBHUILNCHHS
¢(EeKTHBHOCTI ~ arpoNPOMHCIIOBHX MiANPHEMCTB. ABTOMAaTH3aIlisl KIFOUOBUX
MPOIIECIB JTO3BOJISIE HE JIMINE TiABUIIUTH MPOAYKTHBHICTh 1 3HU3UTU BUTPATH, aje
i 3a0e3meunTy Kpamuii KOHTPOJIb 3a SAKICTIO npoaykiii. [lomanein gocmipkeHHs
MOXYTh OyTH COpPSIMOBaHI Ha BJJOCKOHAJICHHSI aJlTOPUTMIB YIPABIIHHS 1 pO3pOOKY

HOBHUX METOJIIB MOHITOPHHTY YMOB 30€piraHHs 36pHOBUX KYJIBTYD.

Jlirepartypa:

1. O.C. boiiko "CyuacHi CHUCTEMHU YMPaBIIHHS CUIbCHKOTOCIOAAPCHKUMU
koMmriekcamu''. Texnosorii B arpapaomy cextopi, 2021,

2 B.I'. Ceprienko, "IHHOBaIliiiHI pillIeHHS JUIs aBTOMATH3allil €JIeBaTOPHUX
KoMIuiekciB". TexHika Ta TEXHOJOrIT arpapHOro BUpoOHULTBA, 2022.

3. KoukapoBa JI.P., IlickappoB O.M. Oco0OauBoCTi CTBOpPEHHS
MIKpDOKOHTPOJIEPHUX CHCTEM MOHITOPUHTY TEXHIYHOrO OOCIYroBYBaHHS Ha
esieBaTopHOMY Komruiekci / Marepianu XIX MixkHapoaHoro ¢opymy MoJoji

«Momnonicts 1 inxycTpist 4.0 B XXI cromitrin. — Xapkis: IBTY, 2023 — C. 215.
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YK 631.36
HEPCIIEKTUBU BUKOPUCTAHHS KOMIT'IOTEPHUX CUCTEM
KEPYBAHHSA TEXHOJOI'TYHUMUA ITPOLLECAMHU
Y TEINTMYHOMY KOMIIVIEKCI
Iickapvos O.M., Illyavea O.€.

Jleporcasnuii 6iomexnono2ivunuii ynisepcumem, Xapxie

Terummune rocmomapcTBO TMOCITA€ BAKIWBE MICIE B arpolpOMHCIOBOMY
CEKTOpI1, OCKUIbKM 3a0e3nedye LUIOpIYHE BUPOOHUIITBO CUIBCHKOTOCTIOAAPCHKOT
npoaykuii. OMHaK yTpUMaHHS ONTUMAJIBHUX YMOB Y TEIUIUIIX MOTPeOy€e TOUHOTO
peryJioBaHHs MapaMeTpiB MIKPOKIIMATy, TaKUX SIK TeMIeparypa, BOJOTICTb,
OCBITJICHHS Ta CKJIaJ] TMOKMBHUX PEUOBUH. TpaauiiiHi MiAXOAW A0 YIPaBIIHHS
UMHU TpOIleCaMH YacTO BUSBISIOTHCS HEe()EKTUBHUMHU, OCOOJIMBO B YMOBax
BEJIMKOTO MacmTady BUPOOHUIITBA, A€ JIOJICHKI TOMUIKH MOXYTh MPU3BOIUTH J10
3HaYHUX BUTpar. lle poOuUTh akTyanbHUM THTAHHS TMPO ABTOMATHU3AIIIO
TEXHOJIOTIYHUX TIPOIECIB y TEIUIMYHUX KOMIUICKCAX, IO J03BOJHUTH JOCATTH
BUCOKOI €(DEeKTUBHOCTI Ta TOYHOCTI Y BUPOITyBaHHI pociuH [1].

AKTyalpHICTB JociikeHHs. CydacHi TeXHOJIOTIT aBToMaTu3allii J03BOJISIOTh
3HaYHO TIJIBUIIATA TPOAYKTUBHICTh TEIUIMYHOTO TOCIOJApPCTBA. 3aBISIKH
KOMITIOTEPHUM CHCTEMaM KEPYBaHHS CTaJ0 MOXJIMBUM 3a0€3MEeUNTH MOCTINHUI
MOHITOPHUHT YMOB Yy TEIUIHII, IO CIPUSE CTBOPCHHIO ONTHMAJILHOTO CEPEIOBUIIA
JUIsL pOCTy pociuH. Taki CHCTeMH MOXYTh 3MEHIIUTH CIIOKWBAaHHS BOJIU Ta
eHeprii, OCKUIbKA BOHU 3a0€3Meuy0Th TOYHE JI03YBaHHS HEOOX1IHUX pecypciB Ha
OCHOBI JIaHUX TIPO CTaH POCJIUH 1 30BHIIIHIX yMOB. KpiM TOro, aBTomaTu3arlis
3HIDKYE 3aJISKHICTh BiJl JTIOACHKOTO (DAaKTOPY, 3MEHIITYIOYH HMOBIPHICTH TOMIJIOK 1
1JIBUIYIOYH CTAOUTBHICTh POOOTH TETUIHIII.

3aBAsSKM KOHTpOJIIO MikpokimimaTy kKomm'totepHi cucremu (KC) moxyTh
NIATPUMYBATH TEMIEPATypy 1 BOJIOTICTh HA HEOOXIJHOMY pIBHI, IO CIpHUSE
KpalioMy pocTy pociiMH. PeryitoBaHHSI OCBITJIEHHS 1 MOJIayl MOKUBHUX PEUYOBUH
TAKOX cHopusie 30UIbLIEHHIO BpoxkaifHocTi. Ile poOuTh aBTOMaTH3ALIIO
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TEXHOJIOTITYHUX  TPOIECIB  MEPCHEKTUBHUM  HANPAMOM  JUIS  TEITUYHOTO
roCroAapcTBa, 0CoOJMBO B YMOBax 3pOCTAIOYOro MOMUTY HA €KOJOTIYHO YUCTY
MPOAYKIIIIO.

MeToro aHOTO JOCHTIKEHHSI € BUBYEHHSI MOXKJIMBOCTEH Bukopuctanus KC
JUTSL aBTOMATH3AIli TEXHOJOTTYHUX MPOIECIB Y TETUIMYHOMY KOMILIEKCI.

Jlnst mpoBeneHHS NOCTIIKEHHS Oyno oOpaHO KOMIUIEKCHUW MIAXid, M0
BKJIIOYA€ aHalli3 CyYaCHMX TEXHOJIOTiM aBTOMAaTH3aIli, MOJEIIOBaHHS pPOOOTH
KOMIT'TOTEPHUX CUCTEM JJISI KEPyBaHHS MIKPOKJIIMATOM, a TaKOXK aHaJI13 MOMKIUBUX
nepeBar Bij] iX BIIPOBAKEHHS.

KC, 1mo BHUKOpHUCTOBYIOTHCA ISl KEpPyBaHHS TEIUIMYHUMH KOMIUIEKCAMH,
3a0e3MeuyoTh aBTOMATU3AIIII0 KIIOUYOBUX MMAapaMeTpiB, SIK-OT MIKPOKIIMAT, IMOJIUB
1 )KUBJICHHSI POCJIMH. 3aBIISKU I[bOMY BJIA€THCA MIATPUMYBATH ONTHUMAJIbHI YMOBHU
JUIsT BUPOIIYBAaHHS KYyJbTYp, WIO0 CHOpHsie 30UIBIICHHIO BpPOXAWHOCTI Ta
NOKpAIIEHHIO SKOCTI mpoaykuii. Hanpuknaa, KOHTPOJIb MIKPOKIIMATy JTO3BOJISIE
MiATPUMYBATH TIOCTINHY TeMIeparypy, BoioricTh 1 piBeHb COz, 10 € KPUTUYHO
BOXJIMBUMU (PaKkTOpamu g pocTy pociuH. Kpim Toro, aBromaTu3zallisi MOJUBY
crpusie €eKOHOMIT BoM 1 3abe3mnedye ii piBHOMIpHE PO3MOIICHHS, 10 TTO3UTUBHO
BIUIMBA€E HA 3/I0POB'Sl POCIIHH.

OxpeMoi yBaru 3aciyroBy€ MOXJIMBICTh BUKOPUCTaHHS 1HTEPHETY peyei
(IoT) y temnmmunux komriekcax. Llsg TexHomoris mo3Bojsie 00’€qHYyBaTH BCi
CUCTEMHU KEpPYBaHHS B €JIMHY MEPEXKY, 1110 MOJIETIIYye MOHITOPUHT 1 YNPaBIiHHSA 3
Oyap-sKOoi TOUKU. 3aBnagku iHTerpamii loT crae MOXIMBUM OTpUMYBaTH AaHi 3
TEIJIMII B peaJbHOMY 4aci, IO J03BOJIS€ IIBUAKO pearyBaTd Ha 3MIiHH 1
aBTOMAaTUYHO HAJIAIITOBYBAaTH MapaMeTpu MIKpOKIiMaTy. [HTEpHET peueld Takox
BIJIKpUBAE MOXJIMBOCTI JJII BUKOPHWCTAHHS BEJIUKUX JaHUX, SKI MOXYTh OyTH
310paHi 1 MpoaHaIi30BaHi JJis MOJAJBIIOT0 BIOCKOHATICHHS poOOTH Terutuili [2].

Kpim Toro, KC aBTomaTHu3alii Jar0Th 3MOTry MPOTHO3yBaTU NOTPEOU POCIIHH,
BUKOPUCTOBYIOUM JaHl MpO MONepeAHl UMKIA BHUPOLIYBaHHSA Ta 30BHILIHI

KJIIMaTuyHl ymoBH. lle 103BoJisie onTHMI3yBaTU MOAady MOKUBHUX PEYOBHH 1
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€Heprii, MO0 HEe TUIbKM 3HWXKYE BHUTpPATH, ajl€é i MIJABUILYE EKOJIOTIYHICTb
BUPOOHUIITBA.

KC aBromaTtu3zauii 3a0e3nedyloTb EKOHOMIIO pPECypciB 1 NiJBULIYIOTh
¢(EeKTUBHICT, POOOTH TEIUIMYHUX KOMIUICKCIB, IO JO3BOJIIE 3MCHIIUTH
eKCIUTyaTaliiiHl BuTpaTd. KpiM TOro, apTomaTuzallisi CHOpHUSE MABUIIESHHIO
BPOKaHOCT1, OCKUJIbKH 3a0e3Meuye ONTUMalIbHI YMOBH JJIsl pOCTY POCIIHMH. Takum
yuHOM, iHBecTHIlll y KC kepyBaHHS MaroTh MOTEHIAN IS MIBUAKOT OKYITHOCTI
3aBISKM 3HIKEHHIO BUTpAT Ha €HEPrito, BOAYy Ta Jo0puBa. AHaJi3 TaKOXK
MoKas3ye, 110 BUTpPaTH HAa aBTOMATH3AIlil0 OKYMAarOThCS 3a PaxXyHOK ITiIBUIECHHS
IMPOJYKTUBHOCTI 1 TOKPAIEHHS SKOCTI NPOAYKIi. 3aBAsSKH aBTOMAaTUYHOMY
MOHITOPUHTY 1 HaJAITYBaHHIO MapaMeTpiB, 3MEHIIYEThCS KUIbKICTh BUIAJKIB
NICYBaHHS MPOJIYKIIii, IO MiIBUIIYE MPUOYTKOBICTh TEIUTMYHOTO TOCTIOAAPCTBA.

Takum uwmHOM, aBTOMaTH3allisi TEXHOJOTIYHUX TMPOIECIB Y TEIUIMYHUX
KOMILJIEKCAX 3a JOMOMOIOI KOMITHOTEPHHX CUCTEM KEpyBaHHS BIJKPHUBA€E HOBI
MOXKJIMBOCTI JIJIs HiABUINCHHS MPOJAYKTUBHOCTI 1 sIKOCTI mpoaykmii. KoHTpoas 3a
yMOBaMHU MIKpPOKJIIMaTy, aBTOMATHU3allis MOJMBY Ta IHTErpallisi iHTEpHETY peuei
JI03BOJISIIOTH 3a0€3MeUNTH ONTUMAaJIbHI YMOBH JUJIsl BUPOLILYBAHHS POCIWH, 3HU3UTH
eKCIUTyaTaliifHi  BUTpaTh 1 MIHIMI3yBaTH BIUIMB JIIOJCHKOrO  (hakTopa.
[lepcrieKTHBY BHUKOPUCTAHHS KOMITIOTEPHUX CHUCTEM KEPYBaHHS Yy TEIUIMIISIX
o0ILAIOTh 3HAYHUM TOTEHLIan M PO3BUTKY arpolpOMHUCIOBOTO CEKTOPY,

0co0JIMBO y chepi BUPOOHUIITBA €KOJIOTTYHO YHUCTOIT MTPOAYKIITIi.

Jlireparypa:

1. Kupuuok, C.A., Ilerpenxo, B.I'., Xomsak, 1.O. "ABromarmzaiis
TEXHOJIOTIYHUX TIPOLIECIB y TEIIMYHUX KOMIUIEKCAaX: CyYacHI BHUKIHUKH Ta
nepcnekTuBu". Arpoekosoris Ta 6iotexHosorii, 2021.

2. boiiko, B.A., ta iu. "luterpamis loT 1 BenmukKMX AaHUX Yy CydacHHUX
TEIUIMYHUX KoMmIuiekcax". 30IpHMK HayKOBHUX IMpalb I[HCTUTYTY arpapHux

TexHoJorii, 2022.
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Y JIK 656.07.65
MOJYJb NIEHTU®IKAIII BAHTAXKY IT-THOPACTPYKTYPH
CKUIAZICBKOI'O TEPMIHAJIY
Ilnyzina T.B., bonoapesa K.C., Cepowk O.B.,

XapkiecoKuii HQUIOHATLHULL ABMOMODINILHO-00POXHCHIN YHIgepcumem, XapKie

HoBiTHI TEXHOJOTIi CTal0 PO3MOBCIOKYIOTHCS Y JIOTICTHYHOMY CEKTOPI.
[TocTae akTyalibHEe 3aBJaHHS PO3BUTKY CKJIAJICBKUX TEPMIHAIIB BIAMOBIAHO 110
CBITOBUX TEHJEHUIM y riobanbHOMY 1HGoOpMaliiiHoMy mpoctopi [1].
OYHKIIOHYBaHHS CKJIAJChKOTO TEPMIHAIY 3HAYHOIO MIPOI0 3aJCKHUTh BIJ
CTPIMKOT'O PO3BUTKY 1H()OpMAIIHHO-KOMYHIKAIMHUX TEXHOJIOTIH.

O06’ext nocmimkenns: [T-indpacTpykTypa ckiamy.

[IpeaMet: mpoeKTyBaHHSI MOIYJISI JUIs 1eHTHdIKaIli BaHTaXy B pamkax [T-
1H(PACTPYKTYpH CKIAdY.

Mera: mominmeHHs €()EeKTUBHOCTI Ta IMBHAKOCTI 1eHTU(IKAIT BaHTaXIB
IUIIXOM PO3POOKH crerianbHoro Moayns misg IT-iHppacTpyKTypHu CKIaJaChKOTO

Tepminany (puc.1).

Pucynok 1 — IT-indpacTpykTypa ckiaxy

3agaun  poboTu: TpoBecTH aHaimiz  ckiagoBux  IT-iHdpactpykrypu
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CKJIAICBKOTO TepMiHaTy; BH3HAYUTH 3a7adi MOIYJs ineHTU(IKAIil; pO3TISHYTH
METOM MIPOCKTYBAHHS KOMIIOHEHTIB MOJYJIsI 1AeHTU(IKaIlii; 00paTh KOMIIOHEHTH
JUISL MOAYJIS 11eHTU(IKAITIT.

CporoJiHi B Cy4acHOMY CKJIaJICBKOMY TOCTOJApPCTBl Ta JIOTICTHII Ba)KIHBO
BIIPOBA/PKYBAaTH KOHTPOJIb Ta MPO30pl YIPaABIIHCHKI CXEMH, SKi 3a0€3MeuyroTh
MOXJIMBICTb ~ 0auWTH, 3HAaTH Ta KOOPAMHYBAaTH BCl [ii, TMOB'A3aHl 3
00CITyroByBaHHSAM BaHTaXy, B PEKUMI PEAIbHOTO 4Yacy. 3aB/sSKH BIPOBAKEHHIO
IT-inppactpykrypu, Texnonorii RFID Ta iHmmMx iHHOBaIi#l BAA€ThCS 3a0€3MEUUTH
rapMoHIiiiHe (PYHKIIOHYBaHHSI CKJIAJChKOIO TEepMIHANYy K €AuHoro muioro. Lle
MO>KJIMBE JIMIIIE 32 YMOBHM HAasBHOCTI TOYHOI Ta MOBHOI iH(poOpMallii Mpo MpoIEecH,
o BiAOyBalOThCS Ha TEpUTOpil CKiIaay B Oydb-sIKHH MOMEHT dacy Ta
3abe3neueHHs BuMor Texsomorii Iamycrpii 4.0 [2]. Texnomorii Imaycrpii 4.0
0a3yeThCs Ha JACB'ATH TEXHOJIOTYHUX cTOBIAaX. L1 1HHOBAIIT BUCTYMAIOTh 3B'SI3KOM
MDK (Pi3UyHUM 1 HUGPOBUM CEPENOBHILEM, IO J03BOJISIE (PYHKLIOHYBATH
IHTeJIEKTyaJIbHUIM Ta aBTOHOMHHMM cuctemaM. Opranizamii Ta JIaHIIOTH
TIOCTaYaHHS B)XE BUKOPHCTOBYIOTH JICSKi 3 IUX TEPEIOBUX TEXHOJOTIH, TaKi sSK
WMS-cuctemu, mnpore TMOBHICTIO peamidyBaTu moTeHmian «lagycrpii 4.0»
MOKJIMBO JIMIIIE 32 YMOBH iX KOMIUIEKCHOT'O 3aCTOCYBaHHS [3].

Jlo xonkypeHTHuUX nepeBar WMS-cuctem MokHaA BIJHECTH iX 3/1aTHICTh
3a0e3mevyBaT OMEpPAaTUBHE YMPABIIHHSI PyXOM MaTepiaJbHUX PECYpCiB, TEXHIKA
Ta TIEPCOHATy CKJIaay B pealbHOMYy daci. BOHM TakoXX TO3BOJIAIOTH THYYKO
HaJAIlITOBYBAaTU TEXHOJOTIi 30epiraHHs, MPOBOJWTH I1HBEHTAPU3ALKD OHJIAMH,
YOPABJISTH 3aBJaHHSIMH Ta aHali3yBaTH e€(EKTUBHICTb pPOOOTH TMEpCOHATY.
[lepeBaramu  WMS-cucteM €  MOXJIMBICTh  IHTErpyBaTtuci 3  IHIIUMU
YOPaBMHCHKUMH  1HGOpPMAIIHHUMU  cucTeMamMu  (TATPUMYBATH — TEXHOJOTIT
aBTOMaTHYHOI 1JeHTHdIKAIl Ta TMO3WIIOHYBaHHS BaHTaXIB, TEXHIKH Ta

OMepaTopiB CKIAACHKUX TEPMiHAIIB) (pHC.2).
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Texnoaorii asromaruuauoi itesTndikauii Ta noinmioAVBAHRE, W0 NTPHEMYIOTE cydaaci WMS-cneremamn

Texnomoria, cucrema InmicT

Pamouactorna inenridikanis. CHeTema aBToMaTHHHOT

RFID — Radio Frequency Identification . :
LAeHT MUK TOBAPIE 10 PAII0 NOTHAMKAM

RF/DC — Radio Frequency/Dhata MobineHi He3apoTOBl CHCTEMH NEPe1ad] JaHHX
Communication 10 pagloKaHLTY

”ﬂFITHT][E-HI E{UM[].H‘TL‘FII! ik | 'iﬁﬂp}’ JAHHX CKAHYBAHHAM MITOK.

DCC — Data Capture and Collection - . - .
Mobisanil pofoue Micue

BesapoTosl TEXHOMONT NEpeaaYl JaHHX 1 NO3HUIOHYBAHHA,
BT — Bluetooth; WiF1 — Wireless Fidelity; NIATPHMYEAH] CYHACHHMH MOOUIEHHME KOMI'HOTEPAMH THITY
Unitech,
VDT — Voice Direct Technologzes Texnonoria 1 3acobn NPEMONO FOAGCOROTD YIPARTIHHA

Cuerema KOHTPOMK) TOEAPIB. BrinaueHHS MacH 1 ['HGH."}HTIB

WCS — Warehouse Control Management - L
HAIXOIHTE Ha 30epiranng [ BIIBIHTAMKCHHA TOBAPY

Komnonent WCS-cucremu. ABTOMATHUHE BHIHAMEHHA

CWS — Cubing and Weighing System - .
= il BArOrafapHTHIX NAPAMETPIE TOBADY

Pucynok 2 - TexHoJ0riii aBTOMaTUYHOI 11IeHTU(IKaLIl] Ta MO3UIIIOHYBAaHHS

OcHoBHUMHU KoMmmoHeHTaMu [T-iHdpacTpykTypu € GI3UYHI  CUCTEMHU:
oOnagHaHHs, CXOBHUILA, MapIIPyTHU3ATOPU/KOMYTATOPH, MPUMILIEHHS, Mepexi. [[o
nporpamMaux cucteMm IT-iHQpacTpykTypu HanmexaTh: mporpamHe 3a0e3nedeHHs 1
JOJIaTKM J171s1 3a0e3nedeHHsl 0e3neKu IHPPacTPyKTYpH.

JUis moBHOI peamizanli KOHUENUIi aJanTHBHOTO CKIIAJICBKOTO TEpMiHAILY
TaKOK HEOOXITHO BITPOBAAMTH TaKi omilii Ak [4]: quHaMidHa OonTHMI3allis pecypciB
- 3JIaTHICTh PECypCiB THYYKO pearyBaTd Ha 3MIHM TMPIOPUTETIB 3aBJAaHb,
ONTHMAJIbHO BUKOPHCTOBYIOUHM MOTYXHOCTI JAJii BUKOHAHHS JEKUIBKOX, YacTo
pi3HOPIAHUX (DYHKIIIH; IHTENEKTyalbHE YIPABIIHHS - CTBOPEHHS 1HPPACTPYKTYPH
JUIS aBTOMATUYHOTO YTPaBIiHHS, AIarHOCTHKH Ta pearyBaHHS HAa 3MIHH BUMOT
cuctemu; 3abe3nedeHHs] Oe3MeKr Ha BCIX PIBHAX 1HOPACTPYKTYPH - PIIICHHS s
CaMO/JIIarHOCTUKY Ta aBTOMAaTUYHOTO BUTIPABIICHHS TOMIJIOK.

TexHosorist i1eHTUdIKAIT CKIIAJAETHCS 3 B3a€EMOIMOB'SI3aHUX EJIEMEHTIB 1 €
KOMIUJIEKCHOIO CHCTeMOl. BuHukae morpeba y BHUOOpI KOMIIOHEHTIB MO
inentudikamii. Cuctema RFID Bkitouae Tpu OCHOBHI KOMIIOHEHTH: 3YUTYyBay
(pimep), TpaHCmOHACP (PaaiodacTOTHY MITKY) Ta KOMI'IOTEPHY CHCTEMY JUIsI
00pOOKHM JTaHHUX.

['onoBuumu enementamu RFID-cucreMu € 3umTyBadi Ta TpaHCHOHAEPH, AK1
CHUIKYIOTbCS MDK CO0OI0 uepe3 paaioyacTOTHWM KaHaja. Bisaemomis B

iHpopMariitHomy JAHIIOTY «J10JIaTOK-34UTyBa4Y-TPAHCTIOHICP» (puc.3)
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IPYHTYETbCS HA NPHUHLMII «BEAy4YWMW-BENECHUW». Y MLIM l€papXiyHId CTPYKTYpI
JOJJaTOK BUKOHY€E POJIb BEYUYOr0, a 3UUTYyBay, SIK BEJICHUMN, aKTUBY€EThCS TIIIbKU Y

BIJIMOBIAb HA KOMAH/IM 3aMUCY/YUTAHHS, IO HAIXOAATh B1J I0AaTKA.

~ani, mo nepeaAoTHCA '
o ) Komanan

—
= ! Pazio- '
Brox  —— . E@.—» — ]
. % | QaCTOTHHH Toancnouaep
xepysanmna | - |
' : / I tHTepdeiic o
G ' l Smeweng 5t dmeentl Q ,:[a.Hl

Jani, mo npuitMAIOTECA

Bepgyomt Beperint Bepgywnnt Bepgenint

Pucynok 3 - Cxema B3aemMo/111 KOMIIOHEHTIB T€XHOJIOT1] 11IeHTH(IKaITI]

Bumoru momo nporpamuoro 3a6esneuenns [T- indpactpykrypu mist RFID-
CHUCTEMH BIJIPI3HSAIOTHCS HEBU3HAYCHICTIO Yepe3 HEJOCTaTHIO PO3pPOOJICHICTh
napaMmeTpiB MPOrpaMHUX 10AaTKiB. OCHOBHI (PyHKIIII TPOrpaMHOro 3a0e3neUeHHs
11 RFID-cucrteMu BKIIO4alOTh.

- nporpamyBaHHsa RFID-miTok Ta KOHBepTallito JaHuX y HeoOx1aH1 (hopmary;

- ympaBiaiHHS 300poM JaHUX (KOOPIMHAIIS Ta EHTPaTi30BaHUN KOHTPOJIb);

- 301p Ta mokpokoBa o0poOka iHdpopmariii (I13 nmpuitmae gaH1 Bij 3UUTYyBaviB,
cucrteMaTusye, QUIbTPYE 1 arperye);

- TUCTICTYEepU3allisl TaHUX;

- nepegava ganux y CYBJ/l, mo mpamioTh y pexumi peasbHOro 4acy 1
BUKOPUCTOBYIOTHCS JUIsl MPUUHSTTSI PIIIIEHB 33 JOTIOMOTOX0 O13HEC-aHATITHKY;

- 3a0e3MeueHHs JTaHUMH CYMDKHHMX BHYTPIIIHIX CHUCTEM CKJIaqy Ta CHUCTEM
napTHEPIB.

ABTOMaTHYHA peecTpallisi BaHTaXy BIAOYyBa€TbCsS, KOJMM HABaHTaXyBay

PODK/KAE Yepe3 30HY, i€ BCTAHOBJICHO CTAI[IOHAPHUN 34UTYyBaud 3 BOYIOBAHOIO
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pagioaHTEHO0. Y LbOMY IMPOIECI PaglovyacTOTHA 1ACHTU(IKALIS peani3yeThCs
TaKUM YHHOM:

- TepegaBad 34yuTyBaua OesmepepBHO (a0o0 3a 3amaHuM  rpadikom)
BUIIPOMIHIOE PAIIOCUTHAI HA YACTOTI1, MPUHHATIN y Il CUCTEM;

- TPaHCTIOHJIEP, KU 3HAXOIUTHCS B 30HI [1i 3UMTyBaya, 4Yepe3 CBOI0 aHTEHY
npuiiMae Leld paaloCUrHal 1 BUKOPUCTOBYE HOro €HEpriro Ajis >KUBJICHHS. BiH
3UHATY€E KOJI 31 CBOTO 3allaM'sTOBYBAJILHOTO MPHUCTPOIO Ta MOYJIIOE€ BiAMOBIIHUN
paiocurHal;

- 3UMTyBa4 MpUUMAaEe CUTHAJ, BUIUISE 3aKOJIOBaHY 1H(opMallito 1 mepeaae
JaHl MpO MPUUHATHA TOBAap 3a NPU3HAYEHHSIM: Yy JOJIAaTOK, CUCTEMY OOpOOKH
JaHUX a0 OreparTopy.

34UTyBambHUN TPUCTPIA 3'€MHAHUA 3 MOOUTPHUM KOMIT'IOTEPOM, SKHUI
3HaXOAUTHCS Ha OOPTY HaBaHTaXyBaua, IO OOCIYroBY€ CKIIAICHKUIA TEpMiHAII.
Konu HaBaHTakyBay NiJHIMA€E BaHTAX, 3YUTYBAJIbHUA MPUCTPIA aBTOMATHYHO
3unTye 1H(OpMAIlil0 3 YWIla HAa TEPeNHI YacTWHI MiAJ0HA Ta mepenae ii 110
o6oproBoro komm'torepa. Komm'torep, y cBo uepry, mnepenae 1o iHdopMaliio
CUCTEMI KepyBaHHSI.

Po3mimennst ToBapy BiIOyBa€eThCsl BIAMOBIIHO 70 30H 30epiranns. ToBapu
MOXHa TpymyBaTH 3a KUIbKOMa KPUTEPISIMU: aHali3oM  OOOPOTHOCTI,
OJTHOTHUITHICTIO, TIPUHAJICKHICTIO IO KOHKPETHOTO BUPOOHHMKA Ta TabapHUTHICTIO.
Micus 30epiraHHd TakoX MOXyTb Oyt mno3HadeHl RFID-miTkamu, 110
3a0e3MeYNTh aBTOMATHUHY MPUB’ 3Ky TOBAPY /10 KOHKPETHOTO MiCIIsl.

Ile mae 3Mory 3a JONOMOIOIO CHELIAIbHOIO MOJYJIS CKJIaJAChKOI MporpaMu
CTBOPUTH BIPTyallbHY KapTy CKIady, a 3YUTYBaHHS MITKH JI03BOJIUTH TOYHO
BU3HAYUTH MICIIE PO3TaAllyBaHHSA KOXKHOTO BaHTaxy. [IpoTe KOXKHUU CKIAACHKUMN
TepMmiHan € yHikaibHuUM, ToMmy RFID-cucrema mnoBuHHa OyTH po3polOieHa 3
ypaxyBaHHSIM Horo ocoOimuBocTel 1 cnenudiku, Moo 3a0e3NeUnuTH MaKCUMAJIbHY
e(peKTUBHICTH POOOTH B KO)KHOMY KOHKPETHOMY BUTIJIKY.

Bubip cucremu inenTrdikaiii yCKIaaHIEThCA PI3HOMAHITHICTIO TTapaMeTpiB 1
XapaKTEpPUCTHK, SKI MOXYTh cynepeddtd ojaHa oaHid. Ile yckimagHioe
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NPOEKTyBaHHS  CHCTEMHU.  3aBIAaHHS  BHOOpY  HaJeXWUTh A0  Kjacy
OaraToKpuTepiaIbHUX 3aJlad 1 MOXKe OyTH pO3B’s3aHE 3a JOIMOMOI'OK) METO/IIB
OaraToKkpuTepiaibHOI onTuMizanii. OnTUMaabHUN BUOIP TEXHIYHHMX 1 MPOTPAMHUX
3aco0iB y cuctemi pamiodactoTHoi imeHtudikamii IT-iHdpacTpykTypi MoOxe
CYTTEBO IMIJABUIIUTH €()EKTUBHICTh POOOTH CKJIAJACHKUX TepMiHAIIB YKpainu. Lle
npu3Bee 10 30UIbIICHHS IIBUAKOCTI 0OpoOKHM 1H(OpMaIllli, 3MEHILIECHHS PU3UKY
HEMPAaBUJIHLHOTO BiJIBAHTAKCHHS, CKOPOYCHHS dYacy Ha TIOMIYK BaHTaXIB,

M1JBUIIICHHS TOYHOCT1 IHBEHTapH3allii Ta 3HWKEHHS TPYJIOBUX BUTPAT TOIIO.

Jliteparypa:

1. Hoeru#i, O.B. Komiiika. IT-iHdpacTpykTypa sk 0a3oBa CKJIagoBa
mudpoBoi Tpanchopmarii. Monorpadis — K.: TOB «Bupasuunrso «HOctony,
2023. - 458 c.

2. Zhong R. Y. Intelligent manufacturing in the context of industry 4.0.: Be6-
caiir. URL: https://robotics.ua/shows/modernity (mata 3Bepaenns 01.11.2024).

3. MenukoBcbkuit M. O. IHTenekTyalibHI KOMIOHEHTH I1HTEIPOBAaHUX
aBTOMATU30BaHUX CHCTEM yIpaBiiHHs: MoHOTpadis. — JIpBiB. - 2015. 280 c.
4, I'paboBenibkuii b. €. MeTtonu eKCIepTHHUX OIIHOK: TEOpis, METOI0JIOT1s,

HaANpsIMKU BUKOPHUCTAaHHS: MOHOTrpadis. — Binnuusa: BHTY, 2010. - 171 c.
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YJIK 004.9: 519.81
PETH KUHIPUHI' KOMII'IOTEPHUX MEPEK HABYAJIBHUX
3AKJIAJIB ITPU NEPEXO/II IO TEXHOJIOI'TI BYOD
Ilpumkoea K. B., be3koposaitnuii B. B., Kucenvosa O. b.

Xapkiecvka ymanimapno-neoazociuna akaoemis, Xapie

VY Haml yac y nepeBakHIM OLIBIIOCTI 3aKJIaJiB OCBITU YKpaiHU BCe OLIbII
MIUPOKE 3acTOCyBaHHS 3HaxoauTh TexHoyoriss BYOD (Bring Your Own Device)
[1]. VYmpoBamkenns BYOD-texHosorii CTBOPIOE HOBI MOMJIHMBOCTI IS
NIJBULIEHHSI €(QEeKTHBHOCTI HABYAJIbHOIO TMPOIECY 3a pPAaXyHOK aKTUBI3alli
Mi3HABAJIBHOI JiSUIBHOCTI, 3POCTaHHS MPOAYKTHBHOCTI HAaBYAIBHOI MiSIIBHOCTI,
MIJBUILIEHHS ONEPaTUBHOCTI 3BOPOTHOIO 3B'A3KY TOmIO. Pa3zoM 3 TuM, 3Hau4HE
3pOCTaHHSl KUIBKOCTI 3alUTIB 3 HOBHUX IMPHUCTPOIB KOPHUCTYBadiB MPHU3BOIUTH O
NepeBaHTAKEHHSI CEpBEpiB M 1HIIOrO OOJaJHAHHS ICHYIOUMX KOMIT FOTEPHHUX
Mepex. Ha meBHOMy eTamni BUHHMKae HEOOXIIHICTh B ajamnTallli Mepex J0 HOBUX
BUMOT, 1[0 IOTPEOYE X PEIHKUHIPUHTY.

3 TOYKHM 30py TeOpii MPOEKTYBAHHS MPOIECH PCIHKHHIPUHTY KOMIT FOTCPHHUX
MepeX HaBYAJIBHUX 3aKJIaJIB MependavyaroTh iTepalliifHe po3B’si3aHHS KOMILIEKCY
KOMOIHATOPHUX 3a/ay iX CTPYKTYpHOI (CXeMH MIAKIIOYEHHS KOPUCTYBadiB [0
pecypciB  MeEpexi), TOMOJOriYyHOI  (TepUTOPIAILBHOIO YU  MPOCTOPOBOIO
po3TanryBaHHs OOJaJHAHHS), TapaMeTPUYHOI (TapaMeTpiB oOOJaTHAHHA) Ta
TEXHOJIOT1YHOT (TexHoJyorii oO0MiHy iH(popmaliieo) ontumizamii. Haitbinbm
CKJIaJIHMMU BBaXXAIOThCS 3aJ1aul ONTHUMI3allil TOMOJOTTYHUX CTPYKTYP MEPEXK.

OO0’ eKTOM JOCIIIKEHHS € TPUPIBHEBA IIEHTpaTi30BaHa MEpeka HaBUAILHOTO
3aKiagy, M0 TOETHYE KOPHCTYyBadiB 3 IICHTPOM (CEpBEpOM) dYepe3 BY3IH
(MapuIpyTH3aTOpH, JIOKalbHI cepBepHu Tomo). s icHyrouoi mepexi 3amadi [2]:
MHOXKHHA ©JIeMeHTIB (LeHTp, Bysmd, komm'rotepu) mepexi |={i}, i=1n;
BapiaHT TOIOJIOTIYHOI CTPYKTYpH ICHYIOUOi Mepexi S'€ S* (me S* — MHOXHHa
JOMYCTUMUX BapiaHTiB). MHOXHWHA JIONMYyCTUMHX BapiaHTIB 3aJIa€TbCSl MICISIMU
MOYKJIMBOTO pO3TallyBaHHs eideMeHTiB (1 =1 — IeHTp) i MOXKIMBUMH 3B'I3KaMu
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MK eJIeMEHTaMH [Si'j], ] :l,_n (me Si'j =1, aKmo MiXK eJeMeHTaMH MEpPEXKi | Ta |
icHye Oe3nocepe/iHii 3B'S30K; Si'j =0 - B iHmIOMYy BMIIQJIKY); HaBEIEHI BUTPATH
mpu cTBOpeHHi um MomepHisamii Bysmis [, [di], i=1n i 3B'mkiB Mik
enementamu [Cjjl,  [dj;], i=1,n. HeobXigHO BH3HAYMTH HAiKpalMii BapiaHT

. . . .. . *
PEIHKHMHIPHHTY TOHOJIOIIYHOI CTPYKTYpH Mepexki S° €S 3a NOKasHHKaMH

HaBegenux BUTpar K (s)=C(s) - min Ta ii onepatuBHOCTI K,(S)=1(S) — mMin.
seS Se

BapiaHT peIHKMHIPUHTY MEpexl 3aJa€TbCsl KUIBKICTIO BY3MIIB y HIA U,

MICIIIMH 1X PO3MIIIEHHS Ta CXEMOIO 3B'S3KIB MK €JIEMEHTaMH, BY3JIaMH Ta
LHEHTPOM [Sij], I, ] =1,n. MHOXXHHA JOIyCTUMHX BapiaHTIB CTPYKTYPHOI MOOYI0BH

IICHTPaII30BaHOI TPUPIBHEBOI MEPEKi BUBHAYAETHCS TAKMMH yMoBaMH [3]:

[s;]. 5, €{0.1}, i.j=Ln s; =LY s, >1¥=Lm

1=

noon 1
5 = 15} = 32305, = 1355 =1y =1 Vi= L W
Jj=1i=j i=l

s.As.=1—ij=arg min c; Yi. '=ﬁ
1 1] I £ 1<i_j<n ij J

Ha mepmomy ertami myig chnpomieHHs 3agadi  OyJemMo BBaXkaT, IIO:
KOPHUCTYBauaMH MEPEXI1 € JIOKAJIbHI CEPBEPH KJIACIB UM HaBYAIBHUX JIA0OpATOPii;
BY3JIH MEPEXi PO3MIMIYIOThCS Y Oe3mocepeHiil OJU3bKOCTI BiJi KOPUCTYBAdiB;

KOPHUCTYBaul MiAKIIOYAIOTHCS J0 BY3JIB 32 TOKAa3HUKOM MIHIMYMY BUTPAT; OOCATH
3allMTiB KOPUCTYBAYiB o; = o ~ const 1 Bianosigei [ = B ~=const, i =1,n mMaroTh
PUOIN3HO OJTHAKOBI OOCSTH.

[Hinmp0BYy (YHKIIIO BUTpAT HA PEIHXKUHIPUHT MEPEXi, 110 SBISIOTH CyMYy

BUTpAT Ha LIEHTP, BY3JIM i €IEMEHTH, IPOMOHYETHCS MOJABATH Y TAKOMY BUTIJIAI

[2]:

mn mn mn
;cl*r,g) = '_Z.;[C;(f - ,g;!_);,g”_ -|—d|f,g;|f,gﬁj + 535 [C&"“' .g;f).g&,. + d{."'SE."'S{."j — N, (2)
|l':

j=li=j sES*

233



Mamepianu xongpepenuii KIT-2024, Xapxie, XHA/Y, 20.11.2024

K NMoOKa3HUK ONEpPaTUBHOCTI IMPOINOHYETHCS BUKOPHUCTATH Yac BIAMNOBIAL Ha
3alUTU KOPUCTYBAUiB MEPEXKI, IO BPaXOBYE yac Mepenayl 3aluTy 4yepes3 By30J1 10
HEHTpPY, 00poOKH Horo B LIEHTPI Ta Nepeaayvy BIANOBIAl KOPUCTYBayYEBi:

o o o n-n .
kz(s):(—+—+—+rc+ﬁ+£+£jz > S;S; — min, (3)
n by y2  hoopm)i==] ses*

€ 71,7, — NPOMYCKHI 3JaTHOCTI KaHAIIB 3B'SI3Ky «KOPHCTYyBad-By30JD» 1 «BY30J-

HEeHTp»; N — MBUAKOCTI 0OPOOKH 3alUTy Ta BIAMOBIII y By3/JaX MEPEKi; ¢ —vac
00pOoOKH 3aIUTy Yy LEHTPI.

AIIUTMBHA 3ropTKAa JIOKAJbHUX KputepiiB  (2)-(3) d03BoJisIE  3BECTH
OaraTokpuTepiaJIbHy 3aJady A0 TpaAuIliiHOI 3amadi onTuMmizamii Mepexi 31

CKaJIIPHUM KPUTEPIEM 3arajibHOi KOPUCHOCTI [3]:

3 PR 10 B O ) A
P(S)_E‘nié(s)’ §|(S)_§|(k|(s))_ ki+(S)—ki_(S) , 1=1,2, (4)
e 7; — BaroBuil KoeimieHT JokampHOrO Kputepito Ki(s), 7,20, iiyi =1;

i=1
E(s)=£E[ki(s)], ki(s), k'(S)— dyHKuis KOPHCHOCTI JOKATBHOTO KPHUTEPIKO
ki(s), ioro Haiiripiie Ta Hafikpaile 3HaYeHHS; J; — ITapaMeTp, SKUH BU3HAYAE BHL
zanexHocti &(S): npu 6; =1 — miniitna; mpu 0<J; <1 — Bunykia Bropy; &; >1-
BUITYKJIA BHU3.

YacTKOBIUMHM BUIAJAKAMH PO3MIIAHYTOI 33/1a4l € 3aa4i:

— MiHIMI3aIl HaBEACHUX BHUTpAT s0 =argminC(s) mnpu 3amaHUX
seS*

* *
OOMEXKEHHSIM Ha TOKa3HUK ONEepaTHMBHOCTI T(S)<T (me T — MaKCHUMaJIbHO
JOTTYCTUMUI 4ac IOCTYITy KOPUCTYBauiB J0 iH(opmarlii);

0 - argmint(s) mpu 3amaHUx
seS*

— MiHIMI3alil Yacy AOCTYIy KOPHCTYBauiB S

* x
oboMexennsM Ha nokasnuk Hasegenux Butpar C(s)<C (me C — MakcuMaabHO

JIOTTYCTUMI1 BUTPATH Ha PEIHKUHIPUHT MEPEXKI).

Jis  po3B’si3aHHS 3a7adl MPOIMOHYETHCS BUKOPUCTOBYBATH IHTEPAKTUBHY
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Momu(DikaIito MeTOmy CHpSMOBAHOTO Tiepedopy 3 JOJaBaHHSAM TMPOIETypU

OOYMCIIEHHS 3HAYEHHs aJUTUBHOI 3rOPTKU JIOKaIbHHUX KputepiiB P(S,u) (3) [4-5].

Ha npyromy erami njsi aHajizy MOKa3HHUKAa OMEPATUBHOCTI KIHIIEBUX BapiaHTIB
1no0y/10BU MEPEK1 MPOMOHYETHCSI BAKOPUCTATH MAKET IMITALlIHHOTO MOJIEITIOBaHHS.

HarpsiMkoM moanbpmx AOCIiHKEHb MOXKE OYTH BpaxyBaHHS B MOJIENI 3a1a4i
PEIHKUHIPUHTY MEPEeX HaBUalIbHUX 3akiamiB (2)-(4) HEMOBHOI BH3HAYEHOCTI
BXIIHUX JaHHUX, 30KpeMa, (YHKIIOHAIbHUX Ta BapTICHUX XapaKTEPUCTHK

o0JaiHaHHs, CTOXaCTUYHOTO XapaKTepy MOTOKIB 3allUTiB KOPUCTYBaiB.

Jlirepartypa:

1. O. O. baynoga, «Bukopuctanus texaosorii BYOD B ocBiTHROMY mpoliect
HoBoi ykpaiHncbkoi mikonny», Ilemarorika ¢opMmyBaHHS TBOPUYOi OCOOMCTOCTI Yy
BMIIIH 1 3araIbHOOCBITHIN IIKoIax, Bum. 71, T. 1, ¢. 92-95, 2020.

2. B. B. beskopoBaitnuit ta O. M. J[lpa3, «MaremaTuuHa MoJeib
OaraTOKpUTEplaIbHOI  3aJadl  PEIHKUHIPUHTY  TOIOJIOTIYHOI  CTPYKTYpH
KOPIOPAaTUBHOI KOMI ‘FOTEPHOI Mepexki», MDKHApoIHAa HAyKOBO-TIPAKTUYHA
KoH(pepeHlis «3acTocyBaHHS 1H(QOpPMALIMHUX TEXHOJOTIM Yy MIATOTOBII Ta
JUSTTBHOCTI CHJI OXOPOHU MPABONOPAIKY, 30IpHHK Te3 MOMOoBiaeH, Xapkis, 2024, c.
19-21.

3. V. Beskorovainyi and V. Russkin, "Directed search of variants in
technologies for reengineering of corporate computer networks"”, Intelligent
information systems for decision support in project and program management:
Collective monograph. European University Press, Riga: ISMA, 2021, pp. 15-24.

4. Beskorovainyi V., "Combined method of ranking options in project
decision support systems", Innovative Technologies and Scientific Solutions for
Industries, 2020, no 4 (14), pp.13-20.

5. beskoposaitauii B., Ta besyrna I'. EBomomiiitHuii MeTO]] peiHXUHIPUHTY
TOMOJIOTTYHUX CTPYKTYP KOPHOPATUBHUX KOMI IOTEpHUX Mepex // «[HdopmarriitHi
TEXHOJIOT1i Ta KOMII IOTEpHE MOJEIIOBaHHs»; Marepiaiu crared MixHap. HayK.-

npakt. koH}. [Bano-DpankiBekk: 1. ['omineit O. M., 2020, c. 161-162.
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VYIK 621.337.1
MPOEKTYBAHHS ABTOMATHU30BAHOI CACTEMHA
JOKYMEHTOOBITY ATII
Cepzienko K.B.

XapkiecoKuii HAUWIOHANLHUTL ABMOMODINTLHO-00POINHCHII YHIgepcumem, XapKie

[IpoekTyBaHHS ~ aBTOMATHU30BAaHOI  CHUCTEMH  JOKYMEHTOOOIry  JUIs
aBToTpancrnoptHoro mignpuemcrBa (ATII) - me KoMmIeKCHUI mpouec, Mo
BKJIIOYA€ PO3pOOKY, BIPOBA/PKCHHA Ta HANAINTYBAaHHS CHCTEMH, SKa O3BOJIE
e(peKTUBHO KEPyBaTH JOKyMEHTaMH Ta iHGopMaIiiHuMu motokamu [1, 2].

ABtoTrpancnoptHi mianpueMctBa (ATII) moaeHHO NPALIOIOTH 3 BEJIMKOIO
KUIBKICTIO JJOKYMCHTIB.

Tpamgumiiini  MeToauM  yHOpaBliHHS  JOKYMCHTAIIED  MOXYTh  OyTH
Hee()eKTUBHUMH Ta NOTPEOYIOTh Oarato 4acy 1 pecypcis.

ABTOMaTu3oBaHi cucremu J0kymMeHTooOIry (ACJl) 3abe3medyioTb OUIBII
edekTUBHE  ympaBiiHHSA  1HGOPMAIIfHUMU  MOTOKaMM Ta  MiABUIIYIOThH
IPOYKTUBHICTh I AMPUEMCTBA.

PosrnsiHemo ocHoBHI eTanu npoekTyBanHs AC/] [2-4]:

1. Ananiz Bumor: 30ip 1 aHajmi3 BHUMOI KOPUCTYBauiB, BHU3HAUYEHHS
(GYHKI[IOHaTBbHUX Ta HEPYHKIIOHATHLHUX BUMOT JI0 CUCTEMH.

2. Po3poOka TexHiyHOro 3aBAaHHsA: JlOKyMEHTyBaHHA BCIX BHUMOI 1
crienudikaiii s po3poOKH CUCTEMH.

3. Po3pobxka cuctemu: CTBOpEHHS apXiTEeKTypU CUCTEMHU, TPOrpaMyBaHHS Ta
1HTErpalis pi3HUX KOMIIOHEHTIB.

4. TecryBanHs 1 BrpoBajpkeHHsS: [lepeBipka CUCTEMH Ha BIINOBIIHICTH
BUMOT'aM, BUIIPABJICHHS TOMUWJIOK 1 BCTAHOBJICHHSI CUCTEMH Ha T1IPUEMCTBI.

5. HaBuaHHs KOpHUCTYBadiB 1 MIATpUMKA: 3a0E€3MCUCHHS HABUAHHS IS
KOPUCTYBauiB CUCTEMHU Ta HAJIAHHS TEXHIYHOT MIATPUMKH.

ApXITEeKTypa CHUCTEMH JTOKYMEHTOOOITY CKJIQJa€ThCsl 3 HACTYIHUX PIBHIB

(puc. 1.) [2-4]:
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KitieHTcbKuil piBeHb

Be6-inTepdeiic Moo6iabHui

CepBepHuii piBeHb

Cepsep ponarkis || CYB]l || Cayxkba 10KyMeHTO00Iry

InTerpauniiinuii piBeHb

API Mogay.ii inTerpauii

PiBenb 30epiranus

Paii10Bi CXOBUIIA XMapHi cepBicu

be3nexoBuii piBeHb

Cucrema ynpas/iiHHA HIudpyBanu

Pucynox 1 — ApxiTekTypa CUCTEMHU JOKYMEHTOOOIry.

Knienmcokuii pisenv (Frontend): Be6-iatepdeiic: [HTepakTuBHU iHTEpPEiic
KOPHUCTYBaua, 110 JI03BOJISIE 3A1MCHIOBATH BCl HEOOX1/IHI omepallii 3 JOKyMEHTaMu
yepe3 Opaysep. MoOuibHMIM noaaToK: OMNIIOHATBHUNA KOMIIOHEHT, L0 J03BOJISE
MPAIfOBATH 3 IOKYMEHTAMU 3 MOOLJTbHUX MPUCTPOIB.

Cepesepnuti pisenv (Backend): BukoHye oCHOBHI O13HEC-JIOTIKY Ta 0OpOOKY
3amuTiB Bia Kii€HTIB. Hamucanuii Ha MOBax mporpamyBaHHS, Takux K Java, C#,
Python. Cucmema ynpaeéninus 6azamu oanux (CYbBJ]): 30epiranHs BCix
JIOKYMEHTIB Ta MeTajaHux. Bukopucranns 6a3 gaHux, takux sk Microsoft SQL
Server, PostgreSQL, a6o MongoDB. Cryscoa ooxymenmoobicy: Binmosimae 3a
YOpPaBIIHHSA JOKYMEHTaMM, BEpCISIMH, IpaBaMH JOCTYNy Ta 3a0e3leyeHHs

poOOUYHX MPOIIECIB.
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Iumeepayiiinuii pisenv (API): 3abesneuye iHTETpaIliio0 3 IHITUMA CUCTEMaMH
(manpuknan, ERP, CRM), abo iHmmMMU cremiani3oBaHUMU cucTeMaMu. ['0TOBI
MOYJI1 JUIsl IHTETpallii 3 MOIITOBUMH cepBicamu (Hanpukiaa, Microsoft Outlook),
odicHuMu naketamu (Hanpukian, Microsoft Office) Ta iHITUMU 1HCTPYMEHTAMH.

Pigenv 36epicanns: ®aitnoBi CXOBHINA, IO BHKOPUCTOBYIOTh CHCTEMHU
30epiranss (ailimiB Uit 30epiraHHsl €JEeKTPOHHUX JOKYMEHTIB. XMapHI CEpBICH
JUTsI 30€piraHHs 1 pe3epBHOTO KOIIIOBAHHS JaHUX.

besnexosuil pisenv: Cuctema yNpaBIiHHS TOCTYIIOM, sIKa Kepye TMpaBaMu
JOCTYMy /0 JIOKYMEHTIB Ta PO3JUIIB CUCTEMU Ha OCHOBI poOJed Ta I03BOJIB.
3acobu mmdpyBaHHS, SKI 3a0e3neuyroTh MUGpPYBaHHS JaHUX M Yac ix
30epiraHHs Ta nepeaayi s 3aXUCTY BiJl HECAHKI[IOHOBAHOTO JIOCTYIIY.

VY cucrtemi JOKYMEHTOOOITYy € KiJbKa MpOIIECiB, sIKI MOXKYTh BHKOHYBATHCS
napajeibHO JUIS IMABUIIEHHS e()EKTUBHOCTI Ta CKOPOYECHHS Yacy OOpOOKHU
JTOKyMEHTIB. OChb JIesK1 3 HUX:

— CTBOpPEHHS Ta penaryBaHHs JOKyMEHTIB: Pi3HI KOpHCTyBaui MOXYTh
0JIHOYACHO CTBOPIOBATH a00 pearyBaTH pi3Hi JOKYMEHTH.

— 3aBaHTaXEHHS  JOKyMeHTiB: KopucrtyBaui  MOXyTh  OJHOYACHO
3aBaHTAXXKYBAaTH KUJIbKa JOKYMEHTIB JI0 CHCTEMH.

— TIepeBipKa Ta 3aTBEP/KEHHS JOKYMEHTIB: JIOKYMEHTH MOXYTh MPOXOJIUTH
Pi3HI eTany NMepPEeBIpKU Ta 3aTBEPHKCHHS OJTHOYACHO, SIKIO BOHU IPU3HAYCHI IS
PI3HUX KOPUCTYBauiB ab0 BIJILTIB.

— NOIIYK TOKyMeHTiB: KopucTyBaul MOXXyTh OJHOYACHO BUKOHYBATH MOIIYK 1
NePersij JTOKYMEHTIB Y CUCTEMI.

— aBTOMaTH3allid MpoleciB: ABTOMATHU30BaHI CKPUIITH Ta poOodl MpolecH
MOXXYTh OJIHOYaCHO BHWKOHYBATH 3aBJaHHS, TaKi SK TMEPEMIMIEHHS JOKYMEHTIB,
HAJICWJIaHHS CTIOBIIICHb, OHOBJICHHSI META/IaHUX TOIIIO.

— 1HTerpamis 3 1HmMMMH cuctemMamu: llapanenpHa iHTErpamis 3 I1HIIUMH
cuctemamu (Hanpukiag, ERP, CRM) moxe BukoHyBatucs 0e3 mnepepuBaHHS

IHIIIKX TPOIIECIB TOKYMEHTOOOITY.
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YJIK 681.52
PO3POBKA CUCTEMHU ABTOMATHU30OBAHOI'O KEPYBAHHSA
MHPOLHECOM NPUT'OTYBAHHSA BITAMIHHOT'O BOPOLIHA
Cepnymoeuu M B., Aopamenko I. I.

Xapkiecokuii 0iomexno102iunuil ynigepcumem, Xapkie

Y cy4acHOMy TBAapWHHHUIITBI BEJIWKAa yBara MNPUIUISETHCS 3a0€3MEYCHHIO
30aJaHCOBAHOTO XapuyBaHHS TBapWUH. 3aCTOCOBYIOYM HAYKOBO OOTpYHTOBaHi
CUCTEMHU TOJIBII, MOXXHA MIJBUIIUTA IXHIO MPOAYKTHBHICTH 1 €(EKTUBHILIE
BUKOPUCTOBYBATH KOPMH.

OcoOnuBe Miclie B pallioHl XapuyyBaHHsS TBAapUH BIBOJUTHCA BITaMIHHOMY
TpaB'sHoMy OopoiHy. Tpas'sHe OOpOIIHO - MPOAYKT MEXaHIYHOI Ta TEIUIOBOi
00poOKku 3eneHoi Macu, 1O 3a0e3neuye 30epekeHHd 95 % MOXKUBHUX PEUYOBHH,
10 MICTSITHCSI B POCIIMHAX.

Bonoricte TtpaB'sHoro Oopomna wmae ctaHoBUTH 8-12 %. Ilpu mpomy
NMOXUBHICTL 1 Kr OopomHa 3 0000BuX TpaB nopiBHIOe (07-08 kopm, on., a
3aCBOIOBAHICTH IMOKUBHUX PedoBHUH jocsrae 70 % [1].

Tpas'sne OopomHO — 1€ MTYy4YHO BUCylIeHAa TpaBa. CHUPOBHUHOIO IS 1l
BUPOOHMIITBA € PI3HI OJTHOPIUHI Ta OaraTopiyHl pOCAMHHU. SKICTh 1 MOKHUBHICTh
BUXIJTHOI 3€JICHOI Macu BIUIMBAIOTh Ha IIHHICTh BUPOOJIEHOTO TMPOAYKTY.
3aroToBjeHa CHUPOBHHA IMiJAA€THCA TPOTATOM KOPOTKOTO dYacy CYIIIHHIO 3a
BUCOKOi  TemmepaTypd Ha  CHEIlialbHOMY  ycTaTkyBaHHi. Jlns  mporo
3aCTOCOBYIOTBCS TEIUIOTCHEPATOPH, SKI BUKOPUCTOBYIOTH PI3HI BUIW TaJKBA.
[ToTiM BUCYIIIEHA TpaBa MOAAETHCS B IPOOAPKY 1 MOIPIOHIOETHCS.

Ha BMiCT MOXXWBHHUX PEUYOBUH Ta BITAMIHIB y TpaB'sTHOMY OOpOIITHI HAJTArOTh
3HAYHUN BIUIUB (popMa BUPOOHHIITBA Ta YMOBH 30epiranHs. 30UIbIIye 30epeeHHs
NOKUBHUX Ta 010JIOTIYHO aKTUBHUX PEYOBUH Ipolec rpanyatoBanHs (puc. 1). [Ipu
HBOMY 3HIDKYETHCSl BIUIMB HETaTHBHUX (DaKTOPIB JOBKIUIS HAa KOPM Y MPOIIECi
30epiranHs. 3 1€l TPUYUMHU TpaB'sHe OOPOIIHO JOLUIBHO TIpaHyJIIOBAaTH abo
BKJIFOYATH JI0 CKJIaAy TrpaHys 0araTOKOMIOHEHTHOTO KOMOikKopMy. BoHM MICTSTh
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89-92 % cyxoi pedoBuHH, 110, BPAXOBYIOUM IIUIBHICTh TPaHyd, POOUTH ii myxe

3pYYHOIO Ta €EKOHOMIYHOIO Jis 30€epiraHHs Ta TPaHCIIOPTYBAHHSL.

N - ~

CKowWwyBaHHA Ta . [paHynoBaHHA
: i CyLwKa 3eneHoi
noApibHEeHHA 3eNeHOI siasii Momen abo
macum 6puKeTyBaHHA

- S \ J

BibpauiiHi ManHn

Kocapkw noapi6Hiosavi cywapky ®BM-0.65 npocTopoBo- BpukeTHi npecu OKC-2, 3arapeHHA y Miluku
KY®-1.8 KNU - 1.4 AB-1.5A M-804./0~‘ UMPKYNALIHHUM OMK-2, rpaHynaTopu a6o 36epiraHHa
2 2 E 1’55 pyxom Orm-o0, 8i0rm-1, 5 HaCMNoM.

33BaHTAXEHHA
|

) ) | )
Pucynok 1 - TexHOJIOTIYHUHN IPOLIEC BUTOTOBJIEHHS TpaB’IHOTO OOPOIIIHA

SIKicTh TpaB'sHOrO OOpOIIHA 3aJIEKUTh Bl JOTPUMAHHS TEXHOJIOTTYHOTO
periiaMeHty. Y 3B'SI3KYy 3 LIUM HaJiliHa Ta e(peKTUBHA eKCIUTyaTallisl arperariB A
OPUTOTYBAaHHS  BITAMIHHOTO  TpaB'sHOro  OOpOIIHa  MOXJIHMBA  JHUIIE B
ABTOMATHYHOMY PEKHMI.

JUis  TpaBUIBHOTO BEACHHS TEXHOJOTIYHOTO TPOIECY MPUTOTYBAHHS
TpaB'stHOTO OOpOIIHA 3aCTOCOBaHI TakKl BHAM AaBTOMAaTHYHOTO Ta PYYHOTO
peryiroBaHHs [2]:

- aBTOMaTHYHA MIATPUMKA 3aJaHOi TEMIEpaTypd Ha BUXOJl 3 CYIIWJIBHOTO
O6apabana. CurHayi mpo BEJIMYUHY KOHTPOJIbOBAHOI TEMIIEpaTypu HAAXOAUTH BIJ
TEepMOIMapH, BCTAHOBJICHOI B MOTOII1 TEIJIOHOCIS 3a OapabaHoM;

- 0e3CTyIiHYacTe pEeTyJIOBaHHS IIBUIKOCTI OOEpTaHHS CYMIUILHOTO
Oapabana B Mexax Bia 2,8 no 7,8 06/xB. Ilpu nupomy BUOMpaeThCs paiioHaIbHUMI
PEXHUM CYLIIHHS PI3HOTO BUly CUPOBHHHY;

- aBTOMAaTUYHE KepyBaHHS 3allyCKOM TEIJIOT€HepaTopa Ta KOHTPOJIb MOIyM's
y OoT0 TOMIII.

- aBTOMAaTUYHE PETyJIIOBaHHS KUIBKOCTI 3€JICHOI MacH Ha TPaHCIOPTEPI, 1100

YHUKHYTH HaKOIWYEHHS MACH B HWKHIA YaCTHHI TpaHCHOpTEpa, 10 MPU3BOIUTH
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710 3a0MBaHHS IITHEKA KOHBEEPA.

CucremMa aBTOMATHUYHOIO PETYJIFOBAHHS IPOIECOM CYIIiHHS 3a0e3nedye
cTabuII3alil0 BOJOTOCTI CyXOoro KopMmy. BXiniHMMHM mnapameTpamMu CHUCTEMH €
TeMIIepaTypa TEIUIOHOCISI Ta BOJOTOCTI  TpaB'sHOI CiUKH. YTpaBIiHHSA

3MIMCHIOETHCS ITUISIXOM 3MIHHM 110J1a4l MajiiBa Ta BX1AHOT CUPOBUHU (pHC. 2).

Pucynok 2 - CtpyKTypHa cxeMa CUCTEMHU aBTOMATH3allil IPOIIECY CYUIIHHS

Cucrema MIiCTHTh Y c001 Tepmornapy 13, BCTaHOBJICHY Ha BUXO/1 CYIIHUILHOTO
Oapabana 12, perynstop mnojgadi nanuBa 6 3 BUKOHaBUMM MexaHizmMom 4.1 i
MyCKOBUM TMPUCTPOEM 3.1, peryinpoBaHi MPUBOJM CTPIUOK TpaHcmoprepa 2 1
KOHBEEpU | 3 CIEKTPOABUTYHAMH TIOCTIHHOTO CTpyMy 19 1 THpHUCTOpHHMH
CTaHIisIMA KepyBaHHS 18, moTokoBuit Bosoromip 15, 610k y3romkenus 17, 610k
BUOIPKOBOCTI 16, 1m0 perymoe eleKTpoHHHM npwmian 9.1, KopuryBasbHI
eJIeKTpoHH1 mipuiaau 8.1 1 8.2.

3 METO YCYHEHHS HEOJIKIB ICHYIOYOI peledHO-KOHTAKTOPHOI CXEeMH
yIOpaBIiHHS 3A1MCHEHO 3aMiHy ii (YHKIIHA Cy4YacHUMH MIKPOIIPOIECOPHUMU
3aco0amu. MikpormpoliecopHa cucTeMa YINpaBiiHHS CYIIHHAM (puc. 3) - 1e
IHTETpOBaHAa CHCTeMa, sKa 3a0e3medye KOHTPOJb Ta YNPaBIIHHA TIPOILECOM
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CYILIHHS BCIEIO CYLIApPKOIO 3 OJHOr0 HEHTPAIBHOIO MyHKTY. L cucrema n03Bossie
LEHTPAII30BaHO HAaJIAIITOBYBAaTH, KOHTPOJIIOBAaTH Ta KepyBaTH IapaMmeTpamu
CYILIIHHS, SIKI MOXYTh BKJIIOYaTH TEMIIEpaTypy, BOJOTICTb, BEHTHJIALIKO Ta 1HIII

aCIEKTH MPOLIECY.

| |
| |
| | 1
| : I Iperpasionanmit Ao somposep : 1
| - 1
| : Moayas LITTY+ Mosyas Minayad : 1 ar1ea 1
I Crremeata | AsiCEpCTIL poaciinue HOLCITMOAG E— i
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| | . | |
| | | |
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| ! 1
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Pucynok 3 - Cxema 1ieHTpaii30BaHO1 CUCTEMU KEPYBaHHS CYIIIHHIM

IlenTpamizoBaHa cuCTeMa YIPaBIiHHSA CHOPOIIYE TPOILEC YIPABIIHHS
CYNIIHHSM, JIO3BOJIIOYM  omepaTtopaM  e(EKTUBHINIE KOHTPOJIIOBATH  Ta
ONTHMI3yBaTH TPOIEC, KOOPAMHYIOUM MOTO0 3 OJHOTO IIEHTPAJbHOTO ITYHKTY

3aMICTh OKPEMOT0 KOHTPOJIIO KOYKHOI CyIIIapKHA OKPEMO.

Jlirepartypa:

1. I. 1. PeBenko Ta 1H., Mammau Tta oOnaaHaHHS ISl TBAPUHHUIITBA.
KuisYkpaina: Kongop, 2012.

2. €. JI. Kymiii, EnextponpuBoj CiIbCHKOTOCIIOAAPCHKUX MAIIIMH, arperaTib

Ta moTokoBux JiHik. Kuis., Ykpaina, 2002.
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YK 004.9
THOOPMAIIMHA CUCTEMA AKTYAJIIBAIII TOJIOCIB
ABTOCTPAXYBAHHS

Cnacwvonoes K.C.

AKTyamizalisi TMOJICIB aBTOCTpaXyBaHHS € KPHUTHYHO BaXKIUBOIO IS
3a0e3nedueHHs] e(PEeKTUBHOTO (YHKIIOHYBAHHS CTPAXOBOTO PHUHKY Ta 3aXHUCTY
IHTEpECIB yCIX YYaCHHUKIB JOPOKHBOro pyxy. Llei mpoiiec A03BoJIIE CBOEYACHO
OHOBJIIOBaTH 1HGOPMAIIIO PO CTPAXOBl MOJICH, 3arMo0IraTd BUKOPUCTAHHIO
HEJINCHUX JIOKYMEHTIB, BHSBJISTH IIaxXpailcTBO Ta 3abe3medyBaTH IMPO30PICTh
B3a€MO/IIi MIDK CTPaXOBUMH KOMIAHISIMU, JAEPKABHUMH OpPTaHaMH Ta BJIACHUKaAMU
TPAHCIIOPTHUX 3ac00iB, IO, Y CBOIO YEpry, CIpHUsE TiABUIICHHIO IOBIPH 0
CTPaxOBOTO PUHKY Ta MOKpAIlIeHHIO Oe3neku Ha aoporax. Po3risHeMo mpukiaau
OCHOBHHMX Ip0o0JIeM, SIK1 OB’ sA3aH1 332 UM MTPOLIECOM.

[lepmra mpobGiiema - 1€ BHUCOKHH pIiBEHb IIaxpaiicTBa. BuKopucTaHHs
HeAllcHUX a0o0 miApOOJEHUX CTPAaXxOBUX IONICIB € CEpHO3HOI0 MPOOIEMOIO.
BincyTHicTh €(hEeKTUBHOTO 1HCTPYMEHTY MJIS IIBUIKOI MEPEBIPKH aKTyaTbHOCTI
MOJIICY  YCKIAAHIOE OOpOTHOY 31 CTPAaXOBHM IIaXpaWcTBOM. 3a JaHUMU
JOCTIPKEHb, HEJAOCKOHANI MPOILEIypHd PO3PaxyHKY Ta 3IIHCHEHHS CTPaxOBHX
BUILJIAT CIIPUSIFOTH 3pOCTAHHIO KUTBKOCTI MAXpaiChKUX BUTIAAKIB [1].

JlpyToio BaKJIMBOIO MPOOJIEMOIO € HEepPIBHOMIpHE OHOBIICHHS MaHUX. bararo
CTPaxOBUX KOMIIaHIM Ta JEpKaBHUX OpPraHiB CTHUKAIOThCA 3 MIPOOIEMOIO
3actapinux JnaHux y 0azax. lle yckmagHioe nepeBipKy BaliAHOCTI MOJICIB Mij 4ac
aBapiii, KOHTPOJIbHUX IepeBipok abo OHOBJICHHS iHGOpMalii MPO BIIACHUKIB
TPAHCIIOPTHUX 3aco0iB. BiACYTHICTh aKTyallbHUX JaHUX MOXE IPHU3BECTU 0
3aTPUMOK y BUIIJIaTaX Ta 3HWKEHHS JIOBIPU KJIIEHTIB O CTPaXOBUX KOMITAHIMH.

Tpersa npobnema e pyuna o0pooOka ganux. bararo ctpaxoBux KoMIaHii 10Ci
MOKJIAJAI0THCS Ha PYYHHM criocid 0OpoOKu Ta mepeBipku iHpopMaIllii mpo MoicH,
o 30UIbIIye PU3UK TOMUIIOK, CIIOBUIBHIOE pOOOYI MPOIECH Ta YCKIQJIHIOE
B3a€EMO/JIII0 MK KOMIIAHISIMU Ta JI€PKABHUMHU CTPYKTypamu. ABTOMATH3ALIS LUX
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IporeciB Moryia © 3HaYHO MIABUINUTH €(QEeKTUBHICTH pPOOOTH Ta 3MEHIIUTH
KUIbKICTh TTIOMHJIOK.

YerBepra mpobiema Lie BIUIMB Ha Oe3neky JopokHboro pyxy. HeniiicHi
noJticu a0o X BIZICYTHICTh MIABUIIYIOTH (hiHaHCOBI pu3uku i yuyacHukiB JITII Ta
YCKJIAJAHIOIOTh KOHTPOJh 3a JOTPUMAHHAM CTPaxoOBOTO 3akoHonaBcTBa. Lle
HEraTHUBHO BIUIMBA€E HA 3araJIbHHUI pIBEHb JIOBIPU JJO CTPAXOBHX KOMITAHIM Ta MOXeE
MPU3BECTH JI0 3POCTAaHHS KUIBKOCTI HE3aCTPaxOBAaHWUX TPAHCIIOPTHHX 3acO0IB Ha
noporax [2].

[I’ara mpobiiema — 1€ ciabka aBTOMaTH3allisl MepeBipku BamigHOcTi. Ha
CHOTOJIHIIIHIA  JIeHb JIMIINE JEesAKl CTpaxoBi KOMIIaHIi BHUKOPHCTOBYIOTH
aBTOMAaTU30BaHI CHUCTEMM [JIsi TepeBipku modidiciB. Lle oOMmexye MBUAKICTD 1
MacIITaOHICTh MEPEBIPOK, OCOOIHMBO IIiJl YaC MAaCOBUX TEPEBIPOK TPAHCIOPTHUX
3aco0iB. BripoBamkenns cydacHux TexHonorii, takux sik OCR (Optical Character
Recognition) Ta MalmMHHE HABYaHHS, MOIJIO O 3HAYHO MOKPAUIUTH LIeH mpouec.

OTxe, NUISIXM BHPIMIEHHS JaHUX MpoOieM Jyexarh Ha ToBepxHi. CydacHi
TEXHOJIOT1l, Taki sk MamuHHe HaBuaHHA Ta OCR, 3Ha4HOIO MIipOK 31aTHI
IPUCKOPUTH TIPOIIEC TEPEBIPKH TIONICIB, aBTOMATH3yIOYM aHAi3 JaHuX 1
BUSIBJICHHS ImaxpaiictBa. [HTerpaiis IeHTpami3oBaHMX ©0a3 JaHHWX, IO
3a0€3MmeuyoTh JIOCTYN J0 aKTyaldbHOI 1H(oOpMallii, a TaKoXX BJIOCKOHAJICHHS
HOPMATHUBHO-TIPAaBOBOi ~ 0a3d  CIOPUATUMYTh  IPO30POCTi,  MiJBUIICHHIO
e(eKTUBHOCTI CTPAXOBOT'0 PUHKY Ta 3HUKEHHIO (PIHAHCOBUX PU3HKIB.

Ha cporogHi icHye 6arato pi3HHMX 3acoOiB JJii CTBOPEHHS 1H(QOpPMaLIMHUX
CUCTEM, 30KpeMa JUIsl IPOEKTYBAHHS, MOJEIIOBAHHS Ta B3a€MO/IIi 3 6a3aMu JaHUX.
Cepell BHBUCHMX HaMH IHCTPYMEHTIB MoxkHa Buaimuta Microsoft Access Tta
MySQL Workbench, ski akTUBHO BHUKOPHCTOBYIOTHCS [JIi CTBOPCHHS Ta
ynpaBimiHHsS 1HQopmaniiHuMu 6azamu  naHux. KpiM Toro, cy4acHuUM pHHOK
IPOIOHYE MHUPOKUNA BUOIP MOMYJIIPHUX IHCTPYMEHTIB, TakuX sk SQL-0a3u manux
(mampukian, SQL Workbench, PostgreSQL) ta NoSQL pimenns (Hanpukiai,
CouchDB, MongoDB) [3].
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OcobnuBoi yBaru 3aciayroBye MongoDB, sika € onniero 3 mpoBigaux NoSQL
0a3 nanux. BoHa 3abe3reuye THY4YKICTh y pOOOTi 3 HECTPYKTYPOBAHUMH JIAaHUMH,
BHUCOKY NPOJYKTUBHICTh 1 MaclITaOOBAHICTb, IO POOUTH ii 11€aTbHUM BHOOPOM
Uil po3po0OKuM cydacHuX i1HGopmamiiaux cucreM. Came Ha ocHOBI MongoDB s
BUKOHAaB IT10 POOOTY, JEMOHCTPYIOUH i1 €PEeKTUBHICTh Y MOJIEIIOBaHHI1, 30epiranHi
Ta 00poOIIl 1HPOpMAITii IS 3a]TaHOTO 3aB/IaHHS.

ITlim yac BukoHaHHS poOoTH Oyja CTBOpEHAa OJHA OCHOBHA TaOJHMIIA, sKa
o0'ennye iH(doOpMalio, HEOOXITHY mJisg 3a0e3MeyeHHs LUTICHOCTI Ta B3aeMOJIl
naHux y cucteMi. Ll Tabmuis MICTUTH KIIIOUOBI aTpuOyTH, IO BKIIOYAKOTH
(pucynkwu 1.1-1.3):

- JIaH1 PO BJIACHMKIB MOJIICiB, TaKl K 1M'sl, KOHTaKTHA 1HQOpMAaIlis

- imeHTU(]IKaTOpH TPAHCHOPTHUX 3acO0IB, I YHIKAJIBHOI 1eHTU(IKAIT
3amnuciB

- iH(OpMaIIII0 TPO CTPaxXOBI MOJTKOCH, BKIFOYAIOYH HOMEP CTPAXOBOTO MOJIICY,
JaTy aKTHBAIlli, TEPMIH Jii Ta cTaTyc.

- JIeTaJli TPAHCIIOPTHUX 3aC001B, 30KpeMa peecTpaliiiHuii Homep.

chema, -collectionName) 7

Pucynoxk 1.1 - xox mozaen MongoDB 3 Bukopuctanus MmoBu ¢peiimBopka NodeJS
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userMame : "Angpe
VIN : "ATE

link :

phone : BT 8E
isCheck : false
createdAt : 2024-1¢C

havePolis : "false

_id: 0k T
userName : "Ap
VIN : "BX

link :

phone : AT8E
isCheck : false
createdAt : 200

VIN : "2

Llink :

phone : IOTBE
isCheck : true
createdAt : 202
havePolis : false

_id: 0Ob

userMame : '/ Y
VIN : "BX1214HX"
Llink :

phone : IOTBE
isCheck : true
createdAt : Z024-106
polisStart : A5.12
insuranceCompany :
polisFimish : "85.12.2024"
havePolis : "true

Pucynok 1.3 — OHOBIIEH1 3aNTUCH 1IO/I0 MAIIIUH

Jlireparypa:

1. ABTocTpaxyBaHHs B YKpaiHi: sIKi 3MiHM YeKaroTh Ha aBTouuBUIKY. URL:
http://surl.li/gbdofw

2. CtpaxyBaHHs aBTO B YKpaiHi - 10 3MIHUTHCS Ta CKUTbKH KOIITYE 3apa3s.
URL.: http://surl.li/ncakry

3. Po3pooka ECOMMERCE npoexkriB Technologies MONGO DB. URL:

https://brander.ua/technologies/mongo-db

247


https://brander.ua/technologies/mongo-db

Mamepianu xongpepenuii KIT-2024, Xapxie, XHA/Y, 20.11.2024

YK 004.02
AHAJII3 KPUTEPIIB JJIs1 BUBOPY CRM CUCTEMM J1JIS1
CTAPTANIY IT KOMITAHII
@Diny H.IO., benozypos C.O.
XapkiecoKuii HQUIOHATLHULL ABMOMODINILHO-00PONHCHIN YHIgepcumemn,

Xapkie

CRM cucrema (customer relationship management) — e crnoci6 ynpaBiiHHS
B3a€MOBIJIHOCHHAMHU 3 KJIIEHTaMH Ta onTuMi3aiii 0i3Hec-mporeciB. CRM-cuctema
JoTioMara€e oOpraHizyBaThd poOOTy 3 JuJaMHu, BIJACTEXKYBaTU [ii KIIEHTIB 1
aBTOMaTU3yBaTH KoMyHiKarii [1].

CRM cucrema o06'enHye BCl HEOOXiJHI I1HCTPYMEHTH [jisi poOOTH 3
KIieHTamMu 1 30inbmieHHs mponaxiB. 3azBuuail CRM-cuctema Bkirodae Momydi
JUIS: BEACHHS KIIEHTChKOI 0a3u; NpUHOMYy ACKUIBKOX TOTOKIB JIMJIOB;, 300Dy
BIIOMOCTE Mpo TMOKYNIIB, aBTOMaTu3alli poOOTH BIAAUTY MPOAAXKIB;
aBToMaTHu3aiii Oi3Hec-mporeciB  (BOPOHKH CTaTyCiB 1 BOPOHKH TPOJAXKIB);
KOHTPOJTIO JTISUTBHOCTI TIPOJIABIIIB 1 MEHEKEPiB; MJIaHYBaHHS Ta ONTHUMI3aIll] Jyacy
poOOoTHU CHIBPOOITHUKIB; YIPaBIiHHS yroJaMH 1 JOrOBOpaMH; aBTOMAaTH3AIlll
porpam JIOSUTHHOCTI; aHaJTi3y MUTHOBOT ayuTopii [1].

baraTo ykpaiHCbKMX KOMIIaHii Bce 1e BeAyTh 00k mokyruiB B Excel abo
IHIMX oQicHUX mporpamax. B [esKkux KOMMaHIsIX  HaBITh HEMAaE €IUHOL
KIIE€HTChKOI 0aszu. [l yTpuMaHHS ICHYHOYMX 1 HOBHUX KIIEHTIB HEOOXIJTHO
BIIPOBA/PKYBaTH C€(PEKTHBHI IHCTPYMEHTH aBTOMAaTH3arlii. AJKE BIPOBAHKCHHS
CRM cucremu crporrye CTBOpPEHHS Oi3HEC-CTparerii Ta CHpHUSE€ PO3BUTKY
KOMIIaHii. 3riiHO 31 CTaTUCTHKOIO, BpoBapkeHHSS CRM y MOBCSKIEHHI MPOIIECH
Ja€ Kparii pe3ynbrartu [2]:

— 74% xommaHili CTBEPKYIOTh, mo TexHoyoris CRM Hamae moctynm 1o
OUIbIII BUYEPIHUX JAHUX KIIEHTIB;

— TIOJIMIIEHAa JOCTYIHICTh JaHUX, MpONOHOBaHa TexHojoriero CRM,

3MEHIIIy€ CKIAAHICTh UKy MPOAAXIB y cepennboMy Ha 8-14%;
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— pocnimpkenHs Salesforce mokasye, 0 BHUKOPUCTaHHS MPOrPaMHOTO
3abe3neuenHss CRM 30uibirye mponaxi 10 29%;

— 92% xomnaHiii BBaxaroTh TexHojorito CRM BupimanbHOWO s
IOCATHEHHS CBOIX O13HEC-IIUIEH;

— 0mm3pko 47% xopuctyBadiB CRM cTBepmIKyIOTh, II0 TEXHOJOTiS Mae
BEITMYE3HUH BIUTUB HA PIBEHb 33/I0BOJICHOCTI TXHIX KIIIEHTIB.

Crapran — 1ne aMmOiTHI TJaHW, ajie ¥ BEIbMHU CKPOMHI pecypcH, OiibIma
YaCTHHA SKUX SBIJISIE COO0I0 €HTY31a3M 3aCHOBHUKIB. KITIEHTIB y TaKMX MPOEKTIB HE
O0araTo Ta Ha iXHIM MOIIYK CHPSIMOBAaHI OCHOBHI 3yCHJUIA KOMaHAM CTapTaiy.
Posrnsaemo nepeBaru , siki Hagae CRM cucrema nijist craprairy.

Buxopucrannss CRM cucrteMu J03BOJIUTH MOMIMIIUTH POOOTY 3 KIIIEHTaMH,
aJKe I CTapTaly BaKJIMBUM KOXKEH KJIIEHT 1 HAa MEPIINH MJIaH BUXOJUTh PIBEHb
KIeHTchbkoro cepBicy. CRM cucrema 103BoJIsI€ AeTanbHO (PiKCyBaTH 1CTOPIIO
B3a€MOJIII 3 KIIEHTOM, WOTO TMOTpeOM Ta 3ayBa)KE€HHs, Pe3yJbTaTH MOMEpEAHIX
neperoBopiB. OkpiM TOro, BOyJAOBaHUN TacCK-MEHEKEP HE AacTh 3a0yTH MPO
BaXJIMBY JIaTy, 3yCTPiy, JIUCT 200 JI3BIHOK.

CRM cucremu J03BOJISIE BIICTEKYBATH YCHIIIHICTh CTpATerii MpOJaxiB, a
TaKoX OyJyBaTH MPOTHO3W Ha MalOyTHE. lle mo3BoOMsie HE TIMBKA BiACTEKYBATH
IUIAX KOXKHOTO KJIIEHTA, B TAKOK TMOJIMIIIYBATH 3arajbHy CTPATErit0 KOMIIaHIi.

CRM cucrema 103BOJIsIE 3pyYHO MPU3HAYATH 3aBAAHHS, KEPyBaTH HUMU Ta
BificTexyBaTu Xia BukoHaHHA. CRM cucremn MaroTh (DYHKIIiIO HaragyBaHHS, a
TaKoX nependadeHi gamoopau e(heKTUBHOCTI JIsl KEPIBHUKIB 1 KOMaH/IH.

CRM cucrema crmpollye KOMYHIKAIl0O BCEPEIMHI CTapTamy, OCKUIbKU
xmapHa CRM miarpumye napaneinbHU AOCTYN 1 CHUJIbHE pelaryBaHHS B PEXKUMI
pealbHOIO Yacy 3 Oyb-sKOi TOUKH CBITY 3 Oy/b-IKOI'O PUCTPOIO.

Buxopucranuss CRM cucteMn aae 3MOry MakCMMajlbHO aBTOMAaTH3YBaTH
pYTHHHI omeparlii, BKJIIOYHO 3 BEJICHHSIM KJIIE€HTCbKOI 0a3u, MacCOBUMHU
PO3CUIIKaMU, CTBOPEHHSM 3BITIB Ta IHIIUMHU.

[Tin wac Bubopy CRM cucremu nns crapramy HEOOXITHO BpPaxOBYBATH

ocoOnmBocTi 0i3Hecy. OCHOBHI BIIMIHHOCTI CTapTamny — 1€ HEBEeJMKa KOMaH/Ia Ta
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KJIIEHTChbKAa 0a3a, oOMexeHUW OIKEeT, BEJIUKAa JAUHAMIYHICTH 1 BIJICYTHICTh
HaJIaroJPKeHUX O13HEeC-TIPOIIECIB.

PosrisineMo kputepii Ta XapaKTepUCTUKH, sIKI HEOOX1ITHO BPaxOBYBaTH Mij
yac BuOopy CRM cucremu nmsi crapraiy.

[Tepmmii kpurepiii — e Pynkionan. Jlnsa crapramy Kparie BHOpaTH cepBic
3 MIHIMQJIBHO JOCTAaTHIM (YHKIIIOHAIOM 1 MpPOCTUM ympaBiiHHAM. HeoOximHo
YITKO OKPECIIUTH 3aBJaHHs, SKi TOBMHHA BUKOHyBaTH CRM-cucrema.

Hpyruii kpurepiii — mina. [lix yac 3amycky crapramy He BapTO BijJaBaTH
mepeBary JOpPOTHUM 1 CKIQAHMM Tporpamam. ICHye pu3HK, HI0 BKIAJACHHS HE
OKYTUIATHCS, a 0arato GyHKIIii He OyayTh BUKOPUCTAHI.

Tpetiit kpuTepiid 11e MPOCTUH 1 MPUEMHHH 1HTEpEHC — 1€ Te, 0 MOTHUBYE
cniBpoOiTHUKIB BUKopucToByBaTH CRM cuctemy. ChOrojHi 4unmMasno po3poOHUKIB
poOJISATh HArojJoC Ha 3pPYYHOCTI BUKOPUCTAHHS NPOrpaMu, ajpKe ii TOJIOBHE
3aBJaHHS — COPOLIYyBaTU poOOTY.

UYerBepTuil Kputepii — 1€ THYYKICTb. bBi3Hec-mpoliecu cTapramiB JyxKe
muHamiyHi. CRM cucrema ajisg crapTanmy MOBMHHA BMITH 3MIHIOBATHUCS Pa3oM 13
komnaHiero. HeoOximno BuOuparm CRM 3  MakcumManbHO  THYYKUMHU
HaJIAIITyBaHHIMH.

[ocTuit KpuTEpiil — HASIBHICTD PEANbHUX BIATYKIB.

CboMuii KpuTepii — HagBHICTH TPOOHOTO TeEpiogay, o0 MpPOTEeCTyBaTU
nporpamy 1 4u AiiicHO oOpaHa mporpama mijaiiiae KoMmnaHii.

[IIupoki MOKIMBOCTI aBTOMAaTW3allll MIOJEHHHUX 3aBJaHb 1 3/1aTHICTb
o0'eqHaTH BCl cepBick B ofHOMY iHTepdeiici pobnsate CRM piiicHo He3aMiHHOIO

IPOrpaMoro /ISl PO3BUTKY CTapTalmy.

Jlireparypa:

1.  IIlo take CRM-cuctema. URL: https://kamala-soft.com/uk/blog/chto-takoe-
crm-sistema/.

2. KysnemoBa A. CRM-cucrema: mo me Take Ta Sk oOpaTh HaWKpamry Iis

coro 0i3aecy? URL.: http://surl.li/nbkrgb.
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YK 004.75
JOCJII)KEHHSI METO/IIB ONTUMI3AIII MAPIHIPYTIB JJIs1
JIOCTABKH BAHTAXKIB JIOT'ICTUYHOI KOMITAHII
Xeiino I.C., Konecnux JI.B.

XapxiecoKuii HaUiOHANbHUL YHIGepcumem padioejleKmpoHiku, XapKie

B ymoBax 3pocTaHHs 00CATIB IepeBe3eHb Ta ITIABUIIEHHS BHUMOT JO SKOCTI
MOCJIyT JIOTICTUYHI KOMMaHii 3MYIIE€HI 3aCTOCOBYBaTHM €(QEKTUBHI METOIU IS
ynpaBiiHHs Mapuipytamu. Cucrema moOyJIOBH MapuIpyTIB — € KOMIUIEKCHUM
IHCTPYMEHT, 1110 JI03BOJIsI€E MIHIMI3yBaTH BUTPATH Ha TpaHCHOpTyBaHHA. OIHUM 13
KJIJACHYHUX METOJIB pO3B’s3aHHs 3ajaui MapuipyTtusauii € meton Kiapka-Paiita,
SKUN JT03BOJISIE ONTHUMI3yBaTH MapIIPyTH Ha OCHOBI OOYMCIIEHHS €KOHOMIi BiJl
00’€THaHHS PI3HUX MAPUIPYTIB y €UHUH JaHITor [1].

Knacnunuii meron Knapka-Paiita 10BIB CBOIO €()EKTHBHICTD, aji€ y PeaIbHUX
yMOBax JIOTICTHKH 4acCTO BHHHUKA€E MoTpeda y ioro moaudikaiii, mod BpaxyBaTu
cnenudiuHi 0OMEXKEHHS, TaKl K 3aBaHTaXXEHICTh TPAHCIOPTHUX 3acO0iB, YacOBI
BiKHA JTOCTaBKH Ta JWHAMIYHI 3MiHM y momnuTi [2]. ¥V 1t poOOTi po3riasgaeTbCs
moaudikoBanuii mMeroa Kiapka-Paiita, mo BpaxoBye 3a3HayeHi MapamMeTpH, a
TaKOX MPEACTABICHO MPHUKIAIN HOTO 3aCTOCYBaHHS B JIOTICTUYHHX 3a7a4ax.

Meton Knapka-Paiita Ga3zyeThcs Ha TpWHIWM OOYMCICHHS EKOHOMIi Bif
00’eTHaHHS JBOX MapUIPYTiB y €IWHUN. EKOHOMIisT pO3paxoBYETHCS SIK PI3HULA
MK CyYMOIO BIJICTAHEH OKpEMHX MaplIpyTiB Ta BIJCTaHHIO 00’ €JHAHOTO

MappyTy. POpMaIbHO €KOHOMIsS S;; JUIs 00’ €HAHHS MapIIPYTiB 10 TOYOK iTaj

00UYUCTIOETHCS 32 GOPMYJIIOIO:
Sz'j = dy; + do;‘ - da’j’ 1)

ne dg; id, It BijicTaHb BiJ| CKIaxy [0 TOYOK [ Ta j BiAMOBimHO;

d

;7 — BIICTaHb Mi TOYKamHu i Ta J.
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Merononoris kiacuunoro anroputmy Knapka-Paiita nependauae moOynoBy
MapIIpyTy MOUISIXOM TIIOCTYIIOBOTO O0’€IHAHHS TOYOK JIOCTaBKH, TPU IHOMY
CKOHOMISI PO3PaXOBYETHCS VIS BCIX MOKJIUBUX TIap TOYOK.

VY 6a3zoBiii popmyni meronay Kmapka-Paiita He BpaxoByroThCs Taki (pakTopu,
K MICTKICTh TPAaHCHOPTHOrO 3aco0y abo uacoBi obmexenHs [3]. Tomy s
pEICTUYHUX YMOB MH MPONOHYEMO MOAM(IKOBAHY BEPCII0 METOHY, sKa
BpaxoBYy€ JOAATKOBI Koe(IMiEHTH I 3a0e3MeUeHHs BiAMOBIIHOCTI PeabHUM
yMOBaM TI€PEBE3CHb.

3o0kpema, hopmylia eKOHOMIT KOPUTYETHCS 3a JOIMOMOTr00 KoedillieHTIB & Ta
[, ne @ BpaxoBye piBeHb 3aBaHTaKECHOCTI TPAHCIOPTHOro 3acoly, a f — Jacosi

obmexxeHHs. MoaudikoBana GpopMyia eKOHOMIT BUTTISIA€ HACTYITHUM YUHOM:

Sij=(do; +do; —dyj)-a- B, (2)

Jie @ — BU3HAYAETHCS SIK BIAHOIICHHS (paKTUYHOI Macu ab0 00’e€My BaHTaxy 0
MaKCHMaJbHOI MICTKOCTI TPaHCIIOPTHOTO 3aco0y, a [ 3alexuTh Big Hacy,
HEOOX1JTHOTO J1JIi BUKOHAHHS JIOCTaBKM B 0O0yMoBieHUM 4dac. Taka moaudikaris
JI03BOJISIE ONTHUMI3yBaTH MapLIpyT 3 ypaxyBaHHSM 3aBaHTaXXEHOCTI Ta YHUKATU
NIEpEeBaHTAXCHHS.

Oxpim 007Ky 3aBaHTaXXEHOCTI 1 4yacy, Moau(}iKOBaHUN METOJ mependayae
MOXJIMBICTh JMHAMIYHOI TEPEOIIHKM MapHIpyTiB y peanbHomy uyaci [4]. Lle
JOCSITAE€ThCA 32 PAaXyHOK IHTErpallii aJlrOpuTMy 3 reoiH(GopMaiiiHOl CUCTEMOIO
(GIS), sixa Hagae akTyanbHI JaHl MPO TOPOXKHI yMOBH. Hampukian, SKIIo mia gac
MapIIpyTy 3’ SIBISIFOTHCS 3aTOpU a00 HECTIPUATIIMBI TIOTOHI YMOBHU, CUCTEMA MOXKE
KOPUT'YBaTHU MapuipyT AJsl MIHIMIi3alli 3aTPUMOK.

VY npakTUYHOMY 3aCTOCYBaHHI 11€ BUTJIAA€ HACTYITHUM YMHOM: KOKE€H HOBH
3alUT Ha JIOCTAaBKY IEPEBIPSE€ThCA HA CYMICHICTh 3 IOTOYHUMHU MapuipyTamu, a B
pa3i HEOOXIJHOCTI CHUCTeMa 3IMCHIOE JAMHAMIYHY NEepeoliHKy Mapupyty. Lle
JI03BOJISI€ 3HM)KYBATH BUTPATH Ha MEPEBE3CHHs, 30€pirarouu Mpu IbOMY BHUCOKY

SKICTh OOCITYrOBYBaHHS KIIIE€HTIB [5].
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3anponoHoBaHa Moaudikauis merony Kiapka-Paiita mae psin nepesar, Takux
K MIABUIINEHHS TOYHOCTI PO3paxyHKIB MapIIpyTiB 1 3MEHIIEHHS BHUTpAT Ha
TpaHcnopT. OJIHaK BOHA € OUIbIIl OOYUCITIOBAIBHO CKJIQJHOIO 1 BUMArae iHTerparii
3 CydyacHUMH iH(popMamiifHuMu cuctemamu, Takumu sk GIS Ta ERP. Ile niasurrye
BUMOTH JI0 TEXHIYHOro 3a0e3leuyeHHs, aje OJHOYACHO JI03BOJISIE€ aJanTyBaTH
CUCTEMY J10 IMHAMIYHUX YMOB CYy4YaCHOT JIOTICTHKH.

BnpoBamxkennss MoxaudikoBanoro wmetony Kiapka-Paiita y cucremax
noOyJIOBM MapUIPyTIB MOXKE CYTTEBO MIABULIUTH €(PEKTUBHICTH TPAHCHOPTHOI
JIOTICTUKH. AJNanTauisg ajJropuTMy Mij crneur@iuHi oOMeXeHHS pealbHOIO CBITY
J03BOJISIE 3MEHIIUTU BUTpaTH, 3a0€3MEeYUTH JAOTPUMAHHS 4YacOBUX BIKOH Ta
ONTUMI3yBaTU 3aBAHTAKECHHS TPAHCIOPTHUX 3aco0iB. J[0J1aTKOBO, MOKJIMBICTh
JUHAMIYHOTO KOPUTYBAHHS MapIIPYTIB y PEKUMI peagbHOTO 4acy BiIKpUBA€E HOBI

MOKJIMBOCTI IS IIIBUILIEHHS [IBUIKOCT] TOCTABKA BAHTAXIB.

Jlireparypa:

1. B. I. KoBaiteako, M. O. CteneHko, «AJITOPUTMIYHI METOJIHM ONTHMI3allii
MapuIpyTiB y TPAHCTIOPTHIN JOTICTUIl», TeXHIYHI HAyKH Ta TEXHOJOTII, T. 12, Nel,
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VJIK 004.75:351.72
BJIOKYENH-TEXHOJIOI'TI IK EJIEMEHT IU®POBOI
EHEPTETUKH
Xopowaiino IO. €., Ce3onosa I. K.

XapxiecoKkuii HauioHAIbHULL YHIGepcumem paodioeleKmponiku, XapKie

AKTyaJbHICT po00TH. TexHooris OJOKYeiHa TMOCTYIOBO 3aiiMa€e CBOE
MICLI€ B €HEPreTUlll Ta BUSBIAETHCA (PYHIAMEHTAIBHOIO JUJISl PO3BUTKY LU(PPOBOI
eHepreTukd. BoHa 103BoJis€  3I1HCHIOBATM  aBTOMATHYHUA  MOHITOPUHT,
CIIOCTEPEKEHHS, 3anuc iHdOopMallii, Ika peryiaoe poooTy eIeKTPOMEPEKi MUTTEBO
Ta JeleHTpani3oBaHO. B poOOTI pO3IJIIHYTO HOBI MOKJIMBOCTI KepyBaHHS
MpOLIeCaMH CIIOKUBAaHHS Ta BHUPOOHUIITBA EJEKTPOCHEpPrii, ski 0a3yroThCs Ha
BUKOPHCTaHHI OJOKYEHHA.

Marepiaa i pe3yjabTaTH A0CJiIKeHb. bIIOKYelH B naHWi 4ac - 1€ OJHa 3
PO3BUHEHHX MIDKHAPOJHHUX JICIEHTPAII30BaHUX CHCTEM-CEPBICIB IS 30€piraHHs
Ta BIJACTEeKEeHHS iHdopmallli. BoHa BUCTymae yHIBEpCalbHOI TEXHOJIOTIEID Ta
3abe3mnedye peaizaiiio BEIUKOT CYKYITHOCTI KOMEPIIHHNX yroa y pisHHX cdepax.
KoxkHa yroma He BBaXaTUMEThCA 3aBEPLICHOI (BUKOHAHOK), SAKIIO 11 HE
3apeecTpyroTh y 001 iHdopMallii 3 IHAUBITyaTbHUM CKJIAJHO T€HEPOBAHUM XEIII-
kozoM. Llel MaHII0KOK MOKE 3pOCTaTH HEOOMEKEHO, TOKH ICHYBaTHME CHCTEMa-
omoxueiiH. CrpaBXHICTh YroAW OJHOYACHO BH3HAYAIOTh KOMII'IOTEPH, TaK 3BaHi
«MaiHEpH», 0 BXOJATh 1 yTBOPIOKOTH CUCTEMY OJIOKYeiH. IX 3aBIaHHs nonsdrac B
TOMY, 100 MiAIOpaTH Ta CHHXPOHI3ZYBATH KOAM, SIKI OYyJIyTh BIAMOBIIATH XEIIy
MoNepeHLOT0 OJIOKY, a TaKOX CyMi BCIX MHUHYJIMX TpaH3akiiil 3a octadHi 10
XBWJIMH Ta 3T¢HEPYBAaTH BHIIQJKOBHM YHMHOM MAaTEMAaTHYHI KOJHW BiIMOBIIHOCTI
yrozam 0JIoKy. Y ci MaliHepu BUOOPIOIOTH JIIJIEPCTBO 3HAXOKEHHS KOy, OCKUIBKH
BOHU OTPUMYIOTh BUHAropoJly y BUIJIS1 OITKOIHIB 32 KOXEH OJIOK TpaH3akU1d, a
TAaKOX KOMICIMHY BHHAropoJay 3a OKpeMY TpaH3akLil0, 00poOJIeHy 3 BHCOKOIO

HIBUAKICTIO MAHIHTY, OJIMHULICIO BUMIPY SIKOT BUCTYTIA€ XEII 32 CEKYHY.
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TexHomnoris 0J0KYCHH BUSABIAETHCS (QYyHIAMEHTAIBHOO JJIT aBTOMAaTHYHOTO
MOHITOPUHTY, BIJICTeXXEHHS, 3amucy iHopmalli, TOOTO akKTHBYy, SIKUM €
eJIEKTpOeHepTisl. BIOKUYEeH-TeXHOJIOT1s 3aiiMae CBO€E MICIIE Y €JIEKTPOCHEPreTHIL.
Uwuciio mMpoeKTiB 3aCTOCYBAHHS TMOKa3y€e MTWHAMIKY 3POCTAHHS y PI3HUX YaCTHHAX
cBity. KigpkicTh KOMIaHIM Ta 1HBECTHINIHHMX (OHAIB, 0 OEpyTh ydYacTb y
NIJTOTHUX NPOEKTaX, 3HAYHO 30UIBIINIIOCH B MOTOYHOMY poiii [1].

OCHOBHUM CHOCOOOM 3aJlydeHHS KOIITIB JJIsi peaji3aimii MpPOEKTIB Yy
outpbmocti BunaakiB (75% Bia 3aragbHOrO OOCSATY 1HBECTHIIM) € NEepBUHHE
po3mimenHs TokeHiB (tak 3BaHe ICO, Initial coin offering). Crocrepiraerbcs
npsiMa y4acTh MEPEKHUX KOMIMaHIH y mpoekTax [2].

OxpecIuMo MPUUMHU THTEPECY €IEKTPOCHEPTETUKH JI0 PIllICHbh Ha OJIOKYCHHI.
[IpyuarHM TOSICHIOIOTHCS OaXKaHHSIM YYaCHHUKIB IPOEKTIB TMOB'A3aTH CydacHi
BUKJIMKU 1I0JI0 pedOpMYBaHHS PHUHKY 3 OCOOJHMBICTIO MPOILIECY BUPOOHUIITBA-
pPO3MOUTY-CIIOKUBAHHSA ~ €JIeKTpoeHeprii.  BracTuBocTi  TeXHOdOrii 1040
MPAKTUIHO MUTTEBOI 00pOOKHM iH(poOpMaIii 3 pi3HUX JHKEpelT Ta HEMOXKIHUBICTh il
danbcudikalii oOKpecaIuiIn MeBH1 nepcrnekTuBU. LboMy Takox crpusie 30JIMKEeHHS
KUTBKOCTI a0OHEHTIB, MIAKIIOYEHUX a0 [HTEepHETYy, Ta KITBKOCTI CITOXHBAYiB,
MIKITI0OYEHUX JI0 €IEKTPOMEPERKi, Y CBITI.

BrisieHHs HOBOI TEXHOJIOTIi € MOIITOBXOM J0 PO3pOOKH Ta BIPOBAHKEHHS
HOBUX NH(PPOBUX MPHUCTPOIB, sKI 3a0e3medars (YHKIIIOHYBaHHS €praTUYHHIX
(JTFOAMHO-MAITMHHUX ) THTEJIEKTYaIbHUX CUCTEM.

Hanpuknan, amepukancbka kommadiss GRID+, sxa mno3uiionye cebe sk
noctauanbHuk enektpoeHeprii (REP, retail energy platform), mporonye punky
pilieHHs Ha OJIOKYCHHI 3 BHKOPUCTAHHIM HOBUX MPUCTPOiB. CHCTeMa MPOBEICHHS
pPO3paxXyHKIB Y PEXKHUMI PEaThbHOTO 4Yacy 3a OJHOPAHTOBUMHU KOHTPAKTaMU MIiXK
o0'ekTamMu Majoi TeHepaiii OyJe TmpaioBaTH 3a JJOMNOMOTOI0 CHEIiaTbHOTO
eleKTpoHHOTO mnpuctporo PowerPod, mo migkmroyaeTbes Oe3mocepeHbo 10
JTYUATIFHUKA €JeKTpOoeHeprii Ta 3abe3nedye TOYHICTh Ta O€3MeKy 3amucy JTaHuX y

OJIOKUYEHH.
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Ha HacTynmHOMY eTarii KoMOaHis MiJKJIF0Ya€ KIIEHTIB CUCTEMH 32 IOIIOMOTOK0
iX peecrpalii Ta BCTAHOBJEHHS CHELAJIBHUX E€JIEKTPOHHUX AareHTiB, SKI

M1JKJII0YAI0ThCS A0 MPUiaaiB 001Ky enekTpoeneprii (puc.l).

Q

Pucynok 1 — IIporoTum enekTpoHHOro areHra

[leit enexTpoOHHUM MpuUia] NPOBOJUTUME aHANI3 CIIOKUBAHHS €JIEKTPOEHEPTil
Ta OyayBaTuMe Tpadiku IPOTHO31B CIOKUBaHHA. Ha miacTaBl MpOrHO3HUX JTaHUX
IPUCTPIN 3aKYIIOBYBAaTUME €JIEKTPOEHEPTIIO 32 JIEHb 10 (PAKTUYHOTO CIOKUBAHHS.
BoaHouac eIeKTpOoHHHI areHT Mo CyTI € amapaTHUM TaMaHIIeM KOPUCTyBadya, I0
30epirae nMpuBaTHUN KIt04. PO3paxyHKH MIaHyeThCs 31HCHIOBATH 32 JIOMTOMOTOIO
KPHUIITOBAIIOT Y PEKUMI PEAIbHOTO Yacy 13 BCTAHOBJICHUMHU 1HTEpBAIAMH.

BucHOBKHU. AKTyaJlbHUMHM THUTAaHHSMHU BTUICHHS OJIOKYEHH-TEXHOJOTIA €
NUTaHHS  PO3pOOKM  HOBUX  IHTENEKTyaJIbHUX  MPHUCTPOiB, MPOrPaMHOTO
3a0e3neyeHHsT s iX MIAKIIOYEHHS 0 PO3pPaxyHKOBOI MiIaTGopMHU, a TaKOX
QITOPUTMIB ~ TMPOTHO3YBaHHS  €()EKTUBHOTO  CIIOXKUBAaHHS Ta  MPOJAXKY

CJICKTPOCHEPTi.

Jlireparypa:

1. Shane Mulligan. Energy, Blockchain, and the role oftokens (2024)
/I https://www.investinblockchain.com/energy-blockchain-tokens/

2. Colleen Metelitsa. Four predictions for Blockchain in Energy in 2018 //
https://www.greentechmedia.com/articles/read/four-predictions-for-
blockchain-in-energy-in-2018#gs.zktEQWA
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CUCTEMA KEPYBAHHA PYXOM KPOKYIOUOI'O POBOTA
Ilepoaxoe O. B.

XapkiecoKuii HAUIOHATbHULL ABMOMODINILHO-00PONHCHII YHIGepCcUmem

Hapasi Mo06i1pHa poOoTOTexHIKa TepexuBae a3y OypXJIMBOTO PO3BUTKY.
BueHnMmu Ta 1HXEHepamMu pI3HUX YHIBEPCUTETIB 1 KOMIIaHI po3poOiseThes
BEJIMKA KUTBKICTh MOOUTHAHUX POOOTIB PI3HUX THITIB, TPU3HAYEHUX ISl BUKOHAHHS
Halipi3HOMaHITHIIIKX poOiT. Hanpukman, yxke 3apa3 MoOUTbHI  poOOTH
3aCTOCOBYIOTHCS Ha CKJaJax 1 MIAIPUEMCTBAX, y JIKapHIX 1 010110TeKax, Mg yac
JKBIAIli HACTIIKIB HAJA3BUUYAMHUX CUTYyaIlld, Y OOMOBHX difiX, @ TaKOX IIiJ 4ac
IPOBEICHHSI HAyKOBUX JOCIIIKEHb. B 3alexHOCTI Bl NpU3HAYEHHS Ta THUILY
CEpelIOBHILA, Y SIKOMY MEpecyBaeTbcsa pOOOT, OOMpAEThCS W THUIl NEpecyBaHHS.
Huni BimoMi KOJiCHI, TYCEHHMYHl, KPOKYyIOUl, CTpuOarodi, MOB3aroyi, IJIaBaroui,
JITalbHI, @ TAKO)X KOMOIHOBaH1 poOOTH. 3apa3 Jly>Ke MOIYJIIPHUMHU € OaraToHOr1
KPOKyIO4Yl pPOOOTH, M0 IMITYIOTh XOJIy TBapWH, KOMaxX MaByKIiB TOIIO.
BuxopucranHs Takux poOOTiB € e()EeKTUBHUM IPU MEPECYBAHHI MO IMepeciyeHin
MICIIEBOCTI, OCKUIBKM BOHHM MAalOTh OLIBIIY NPOXIAHICTb, MOXKYTHb JOJATH
MIePENIKOIU, MiHIMATHUCS 1 ciycKaTucs cxojgamu Toio [1]. Tomy akTyaabHUM €
3aB/IAHHS KEPYBaHHS PyXOM TaKuX poOOTIB.

Po3ristHeMo cripoliieHy cXxeMy KiHIIIBKH KPOKYyro4uoro podoTta (puc. 2a).

mg
a 0
Pucynok 2 — CxemaTtuuHe 300pakeHHs KIHI[IBKA poOoTa (a) Ta ioro

NPEICTaBICHHA y BUTJISA1 MasTHUKA (0)
257



Mamepianu xongpepenuii KIT-2024, Xapxie, XHA/Y, 20.11.2024

[TommpenuM miAXoAOM y pOOOTOTEXHIMI Ta OlOMEXaHiIll € MpeACTaBICHHS
KIHI[IBKM KPOKYIOYOro pobora sk mastHuka (puc. 20). Takuii miaxin gormomMarae
CIOPOCTUTH aHalli3 JUHAMIKM KIHIIBKM Ta PO3POOJIATH CUCTEMHU KEPYBaHHS IS
nepecyBaHHs poOOTiB [2].

PiBHAHHS pyXy KIHIIIBKA poOOTa y BUIJISAAI MasSTHUKA, IO BIAXUISETHCS BiJ

BepTUKaIl Ha KyT O (puc. 20) omuCcyeThCsl HACTYITHOW (OPMYJIOIO:

ml26(t) + bE(t) + mgl- sinf(t) = M(¢). (1)

Je M — Maca KIiHI[IBKHM, 1[0 MPEJCTaBlIeHa y BUTJISAAI TOYKOBOI Macuh Ha KIHII
KIHI[IBKH,

| — moB>XMHA MasTHHKA,

b — koedimmieHT TEpTI.

M — xkepyrouunii MOMEHT,

J — IPUCKOPEHHS BUIBHOTO MA/IIHHS.

BignosigHa piasHHIO (1) 610k-cxema y Simulink naBeiena Ha puc. 2.

.—)1 +
- dd_theta dx 1 theta_rad

M - —» 1/(mLr2) > - »{180/pi
s theta_deg
- theta

Kd}d—
m*g*L’qi sin <

Puc. 2. Monens kinmiBku podora y Simulink

G | —

s xepyBanHsi Oyaemo BukopuctoByBaTu I[1I/I-perynsarop (puc. 3). Ilpore,
piBasHEs (1) € HemimiiiHMM, ToMy HeoOXimHO Horo miHeapwsamiro. Ii Takox
BUKOHAEMO 3a jgomomMoror Moxniausoctedr  Simulink, Tounime monarkis

Linearization Manager ra Model Linearizer.
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(]

error

+ »—»| PID(s) —— > ! o
r(t) e(t) M

Leg

theta
Puc. 3. Simulink-mMoxens cucremu kepyBaHHS 3 BX1IHOIO Ta BHXITHOIO TOYKaAMH

JUTSL JIIHeapu3aii

[Ticnsa nineapu3zariii MokHa Bu3HauuTH napamerpu I1IJI-perynsTopa, skuit Ou
3abe3neunB yac perymoBanHs tp < 0,8 ¢, Ta mepeperymoBanHs ¢ < 10%.
Pesynbratn poGoTH cucTeMHU KepyBaHHS 3 CHHTE30BAHUM  PEryJSTOPOM
UTIOCTPYIOTh pHuc. 4 a,0. SIKk BUAHO 3 IUX PHCYHKIB, CHUCTEMa KEpyBaHHS

3aJ10BOJIbHSIE BUCYHYTUM BuMoram: tp = 0,7 c,a ¢ = 7,7%.

theta e(f)
T T !

1.2 T T T T

06 B
0.6F -
0.4 4
0.4 4
0.2 B
02 .|

Offset=0

a 0
Puc. 4. Ilepexigna (yHKIlS CUCTEMU KepyBaHHS (a) Ta 3MiHA TOMUJIKA KEPYBAHHS

y 4daci (0)
Jlireparypa:
1. I'ypko O.I'., bapcykos [I.JI. AHami3 KOHCTPYKIli Ta po3poOka mojemi

6iomopdHoro kpokyrouoro podora. Marepianu XXIII BceykpaiHcbkoi HAyKOBO-
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TEXHIYHOI KOH(EpEeHIIiT MOJIOANX BYCHHX, aclipaHTiB Ta cTyaeHTiB. Oneca, 20-21
kBiTHA 2023 p. - Oneca, Bugapaunrso OHTY, 2023 p. C. 337-339.

2. Parra Ricaurte, E.A., Pareja, J., Dominguez, S. et al. Comparison of leg
dynamic models for quadrupedal robots with compliant backbone. Sci Rep 12,
14579 (2022). https://doi.org/10.1038/s41598-022-18536-7
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YK 519.876.5: 658.512
MOJIEJTIOBAHHSI TEXHOJIOT'TI BUKOHAHHSI TAKETIB POBIT Y
KOMITI'IOTEPHO-IHTETPOBAHOMY BUPOBHUUYOMY IPOLECI
IJonokos 1. C., be3koposaitnuii B. B.

XapxiecoKuii HaUiOHANbHUL YHIGepcumem padioejleKmpoHiku, XapKie

Jlo koM 'toTepHO-iHTerpoBanux TexHonoriyaux mpomecie  (KITII) vy
CyYaCHUX BUPOOHUYUX KOMIIAHISIX BHCYBAIOTHCS BCE OUIBII BUCOKI BUMOTHU IIOJIO
SKOCT1 MPOAYKIIli, IX €KOJOTTYHOCTI, THYYKOCT1, MPOIYKTUBHOCTI, EKOHOMIYHOCTI,
HafgiliHOCTI Tomo. Jlyis 3a/70BOJIEHHS IIMX BHMOT Ha eTamax MPOEKTYBaHHS,
moaepHizalii Ta kepyBaHHsi KITII po3B’si3yeTbca MHOXKHMHA 33]1a4 iX CTPYKTYPHOI,
TOTIONIOTIYHO1, TapaMeTpuyHoi omTuMmizamii. Y OaraTb0X BHMIaAKaX MpH iX
pPO3B’si3aHHI BUHHUKAE HEOOXIAHICTh HAWKPAIIOro PO3MOALTY TOTOKIB POOIT
(omepaniil) yu makeTiB poOIT MK TEXHOJOTIYHUM OOJaAHAHHAM. 3 IIEI0 METOIO
BUKOPUCTOBYIOTHCS MaTeMaTHYHI MOJENl 1 METOIM pO3B’sA3aHHS 3aJad Ipo
NpU3HAYEHHS Ta METO0JIOTISI MAaTeMaTUIHOT0 MOIeTtoBaHHs [1].

s migsumenss edexkruBHOCTI KITIT mpomonyeThest yAOCKOHATIUTH MOJIETh
MPOLIECY PO3MOAUTY ¥ BUKOHAHHS TMAKETIB POOIT, MO0 JO3BOJHUTH OLIBII MOBHO
BpaxoByBaTu creru@iky poOiT, 3aBaHTaKEHICTh 00JIaIHAHHS, BUTPATU PECYPCIB 1
gacoBi oOMexxkeHHs. OCHOBHHMM 3aBIAaHHSIMHU IS PO3POOIOBAHOI MOJCHI €:
MiIBUIIEHHS THYYKOCTI TEXHOJOTIYHOTO TMPOIECY IUIIXOM JUHAMIYHOTO
pO3MOTYy pPEecypciB Ta 3aBAaHb; 3a0€3MEUYCHHS ONTHUMAJIIBHOTO BUKOPHUCTAHHS
pecypci (00saiHaHHA, EHEPTETUYHUX, YACOBUX pecypciB) [2].

3 MeTOw BpaxyBaHHS CTOXaCTHYHUX (DAKTOPIB MPOMOHYETHCSA IMOAABATH
poIleC PO3MOJIITY 1 BUKOHAHHS POOIT K mporec (PYHKIIOHYBaHHS CHCTEMH 3
yepramu (cucteMu MacoBoro oociyropyBanas — CMO). YV oMy BUNIAAKY TTAKETH
pOOIT MOIAIOTHCS SIK 3aBKHU, 1110 HAJIXOASTh HA ii BX1J Yy BUIAJKOBI MOMEHTH 4acy.
Taki TexHonorii (YHKIIOHYBaHHS HAWOUIBII XapakTepHi ISl OJUHUYHOTO,
MaJioCepiiHOrOo BHUPOOHMIITBA, peMOHTHHUX IiexiB. Ha mepmriit ¢a3i kanan CMO
3MIMCHIOE PO3MOJILT 3asBKU (MakeTy poOiT) Ha N CHOPIAHEHUX 3asBOK (poOiT
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pi3HOi choemiamizamii) MK I KaHajaMu (TEXHOJOT1YHOro  OOJaHAHHS).
MarepianbHi (piHaHCOB1) BUTpATH, Yac Ta SKICTh OOpOOKH 3assBKHM Ha Apyrii dasi
(BUKOHAHHSI TEXHOJIOTTYHUX OTMepalliii) 3aiaexaTh BiJ XapaKTepUCTUK KaHairy. Ha
OoCTaHHIN (ha3l 3MIWCHIOETHCS arperaifis 3asBOK OJIHOTO CIMEWCTBa (CKIadaHHS
BUpPOOY, OILIHKA HOTro SKOCTI TOIIO). i TPHBAaIiCTh NPOMOHYEThCS MOAABATH
BUIMAIKOBOIO BEJIMYMHOIO 3 33JJaHUM 3aKOHOM po3moiny [3].

Posmomin poGit MK KaHamaMu 3IIACHIOETHCS MIISXOM PO3B’SI3aHHS
KJIACMYHOI 3a7adl MNpo NpPU3HAYEHHS 3a MOKa3HUKaMu (DIHAHCOBMX BHTpAT

ki (x) > m)jn, BUTpAT 4acy Ha BUKOHAHHA NakeTy poOit K,(X) — m)!n Ta SIKOCTI1

BHKOHAHHS MakeTy po0iT K5(X) — max , Mozmens gkoi ast N =TI Mae Bursn [2]:
X

f(x)= ZZaux — min, g; >0, j=1n;
i=1j=1
) o o (1)
Z =1 j=1n; 2 Xij =1, i=1n; xj €{0.1}, 1, j=1n,
e X=[Xij], i,jzl,_n — MaTpulls MPU3HAYEHHS (ENEMEHT X;; =1, sxkmo | -Ta

po6oTa BUKOHYETHCS Ha | -My 0OJIaIHaHHI; Xij =0 — B inmoMy BUMajIKy).
I[Ipu 1bOMy 3aranbHi BUTPATH PECYPCHI HA BUKOHAHHA | -1 po6oTH Ha | -My

oOJaziHaHHI BPaXxOBYIOTh BUTPATHU Ha MepexiJ A0 ii BUKOHAHHS MiCIs BUKOHAHHS
poOOTH 3 MONEPEHBOTO MAKETY.

JI71st OIIHKK BapiaHTiB PO3MOITY 3 MHOKHUHHU AonmyctumMux X € X B 3aaadi (1)
OJIHOYACHO 3a BCI€I0 MHOXXHMHOIO JIOKaJbHUX KPHUTEPIiB  IMPONOHYETHCS

BUKOPHCTATH 1X aIUTUBHY 3rOPTKY [4]:

P(x) = Zxé,(x)—>max &) ={lq ) -k /[ —k I}, 1=13, (2

xeX
ne P(x) — ¢yHKmis 3arambHOi SKOCTI posmoainy podir Xe€ X ; A; — Barosi
. . . 3 .
KoeilieHTH JOKaIbHUX KpHTepiiB, A, >0, |=1 Z =1; &/(s) — oyuxuis
KOPHCHOCTI JoKanmbHOro Kputepito Kj(X); k", k; — Haiikpamme Ta Haiiriprue
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3HA4YEHHS JIOKAIBHOTO KpuTepito K (X); O — mapaMeTrpu, siKi BU3HAYAIOTh BUJ

(GyHKIIT KOPUCHOCTI 3HAYEHb JOKAIBHOTO KpuUTEpilo (yBIrHyTa, BUITyKJIa YH
JHIMHA).

JlJis BUBHAUEHHS Yacy BUKOHAHHS MMAKETIB pOOIT MPOIMOHY€EThCS 31HCHIOBATH
iMiTaIliiiHe MOJCITIOBaHHS TIporecy K Q-CXeMH, MOoIal0Yu BXiJHUH TOTIK IaKeTiB
K Jpkepeno Jl, MOXUIIMBI 4Yepru mepes, TEXHOJIOTIYHUM OOJaAHAHHAM SIK
HakonuuyBaui Hi, a TexHonoriude odnagHanns sik kananu Ki (puc. 1).

1 w 13
ST HO—
S

H6
— }
-
H7 HS8

HIKHg KPHIER

Hs 7

. @ 4@

Pucynok 1 — @parmeHT Q-cxeMu Mpouecy BUTOTOBJIEHHS KOPITYCY €JIEKTPOHHOTO
pujay

Jis  mporpamHoi  peamizaimii  Mojeni  00paHO TaKeT  IMITaliiHOTO
moznentoBanHss GPSS W. SIk A0CTOBIpHICTh OTPUMYBAaHHUX OLIIHOK O, BUKOPHUCTAHO
HMOBIpHICTh TOTO, LIO0 OTPUMAaHE 3HAYECHHS MOXHOKH MOJENIOBaHHSI € HeE
epeBHIINTS 3ajaHe 3HaueHHs €*: P[|t(X)—t|<e*]=o. 3 ypaxyBaHHSIM LBOTO

OTPUMAEMO CITIBBITHOIICHHS JIJII OIIIHKKM ITOXMOOK 1 HEOOXITHOI KIIbKOCTI

KOMIT FOTEPHUX €KCIIEPUMEHTIB:
2. 2,2
e=t,c/( N, N*=tic"/e", (3)
ne t, — KBaHTWJIb HOPMAJIBHOIO PO3IMOALTY WMOBIPHOCTEH UIsl 3aJJaHOTO PiBHSA

JOCTOBIPHOCTI Ol ; G — CEPEIHbOKBAIPATUYHE BIIXUJICHHS OTPUMAHOT OLIIHKH.

3anpornoHoBaHa MOJIEIIb JI03BOJISIE CIM-cucremam I ABULIATH
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IPOAYKTUBHICTB 32 PaXyHOK €(EKTUBHOTO PO3MOILITY PECypCiB 1 CKOpOUEHHS Yacy
npocroro. Ii mepeBaraMu €: rHyuKicTh (JMHAMIi4HO pearye Ha 3MiHH y JOCTYITHOCTI
pecypciB 1 J03BOJII€E KOPWUTYBaTH IUIAHYBaHHS); 3HW)KCHHS BUTpar (3aBIsKd
onTHMI3allii pPecypciB CKOPOUYIOTHCS C€HEPreTUYHI BHUTpPAaTH Ta MPOCTOl
oOnagHaHHs); MIABUIIEHHS TOYHOCTI (3a0e3medye Kpamuid KOHTPOJb Haj
IPOLIECOM BUKOHAHHS 3aB/IaHb, U0 3HM)KY€E HMOBIPHICTh TOMHIIOK).

OtpuMaHi pe3yiabTaTH JIO3BOJISIOTH IIJBUIIUTH €(HEKTUBHICTH TEXHOJIOT1i
CTPYKTYpHOI Ta mapameTpuuHoi ontumizarii KITII B mporiecax iX mpoekTyBaHHS,
PEIHKMHIPHHTY UM KepyBaHHS HHMMH. IX BHKOPHCTaHHSA CIPHSATHME, 30KpeMa,
nigsuiieHHo npoayktuBHOCTI KITII 3a paxyHOK CKOpOYEHHS 4acy BUKOHAHHS
MAKEeTIB pOOIT, MiIBUILYBATH SIKICTh MPOYKIIIi.

Hampsimkamu nofaibImmx TOCTIIKEHb MOXKYTh OyTH BpaxyBaHHSI 3aJIEKHOCTI
MK CKJIQJIHUMH pPOOOTaMHM TAKETIB, YNPOBAIKEHHS TEXHOJOTIH IMITYYHOTO
IHTENEKTY JJIs MPOTHO3yBaHHSA MOTpeOM y TEXHOJOTIYHOMY OOJaJHaHHI U

aBTOMATUYHOTO KOPUTYBAHHS TUTAHIB B YMOBaX 3MiHH BUMOT.
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2. B. B. beskopopaitnuii, [I. B. YonomoOutsko, «MojentoBaHHsI Mpolecy
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IMPOEKTYBAHHA TEXHOJIOTTYHUX CHUCTCM», Bicauk XapKiBCBKOI‘O HaIIiOHaJIBHOFO
aBTOMOOITEHO-TOPOKHBOTO yHIBEepcUTeTY, Bull. 104, c. 7-14, 2024.

3. V. Bezkorovainyi, H. Bezuhla and D. Cholombytko, "Mathematical models
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YJIK 004.09
THOOPMAIIIMHA CUCTEMA MOHITOPUHI'Y
HNPALHEBJAIITYBAHHSA BUITYCKHUKIB KA®E/IPU
Mipowniuenxo /I.B.

XapxiecbKuii HAUIOHANLHUTL ABMOMODINTbHO-00PONHCHII YHIgepcumem, XapKie

CydacHi peainii yKpaiHCHKOTO PUHKY Ipalll BUMAararoTh 0COOJIMBOI yBaru [0
NMUTaHHS MPaIeBIANITYBaHHS BUITYCKHHUKIB, OCOOIHMBO 3 OIVISIy Ha €KOHOMIUHY Ta
MOJIITUYHY CUTyalil0 B kpaiHi [1]. ¥V 3B’S3Ky 3 eBakyalli€l0 BEJIMKOi KIIbKOCTI
3aBOJMIIB 1 MIANPHEMCTB 31 CXIJTHUX 1 MIBAEHHUX PETiOHIB YKpaiHM YHCIICHHI
BUITYCKHHUKH 3JIMIIMIKCS 0€3 MOXKIIMBOCTI 3HAUTH poOOTY 3a MICLIEM MPOKUBAHHS
[2]. bararo mianpueMcTB MPU3YNIUHWINA CBOIO TISTIBHICTh a00 MEPEMICTHIIHCS 0
O€3IeYHIINX PET10HIB, 110 MPU3BEJIO0 JI0 3HAYHOTO CKOPOYEHHS poO0oYnX MicIp [3].

Mononai cremianicTd, 30KpeMa BHIYCKHUKHA Kadeapu ABTromaruszaulli Ta
KOMIT FOTEpDHO  IHTETPOBAHUX  TEXHOJOTIH, 3IIMTOBXYIOThCS 31  3HAYHUMHU
TPYAHOUIAMU MPHU NOIIYKY nepiioro pododoro micug [1]. BiacyTHicTs qocBiay Ta
0oOMEeXeHI MOXIIMBOCTI PUHKY TIparli TOCIIIOIOTH KOHKYPCHINIO Cepell HOBUX
BUITYCKHHKIB, SIK1 TIIbKA OYMHAIOTH Kap'epy [2]. Y pe3ynbrari 11e NpU3BOAUTH 110
3HaYHOI HEBIAMOBIHOCTI MIK KUIBKICTIO BHUIIYCKHHUKIB Ta KUIBKICTIO JOCTYITHUX
pobouunx micIip y ramysi [4].

Yepes ue yHiBepcuretd, BkItodHO 3 XHAJLY, noTpeOytoTh IHCTPYMEHTIB A5
€(EeKTUBHOIO MOHITOPUHIY IMpalEeBIalITyBaHHA CBOiX BHUITyCKHUKIB [5]. Taka
iH(popMarlisi J03BOJIIE HE JIMIIE BIJCTEKYBAaTH 3alHSATICTh BUITYCKHHKIB, a M
aHai3yBaTU BIJANOBIAHICT, HaBYAJIBHUX MpPOrpaM BUMOTaM pUHKY mpaii [6].
HasBHIiCTh akTyanpHOi iH(OpMaIi mpo 3alWHATICTh BUITYCKHHUKIB JOTIOMOXKE
kadenpi pearyBard Ha HOBI BUMOTH PHHKY Ta KOPUTYBaTH HaBYaJbHI MPOTpPaMH,
100 MIArOTYBaTH CTYJIEHTIB JI0 Cy4aCHUX BUKJIMKIB PUHKY Ipaui [3].

Jlns BupilleHHs 3a3Ha4eHoi mnpoOisemMu Ta 3abe3neueHHS e(PEKTUBHOTO
MOHITOPUHTY  TIpalleBJallITyBaHHSA  BHUIIYCKHUKIB  HEOOXIJIHO  pO3pOOHTH
iH(pOpMalLlliiHy cucTeMy, gKa J03BOJIUTH Kadeapi ABTomaru3allli Ta KOMII'IOTEPHO
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IHTEIPOBAaHUX  TEXHOJIOTIM  OTPUMYBAaTHM  akTyajbHy  1HpOpMaLIl®  Ipo
IpaleBIalTyBaHHs CBOiX BUITYCKHUKIB [6]. Lls1 cucTema moBMHHA CTaTH HaAIHUM
JOKEpeJIoM Jisl 300py, 0OpoOKHM Ta aHami3y JaHUX MPO BUIYCKHHUKIB, iXHI MICIIS
po0oTH, TTOCaaM, BIATOBITHICTh IMOCAJ OTPUMAHHM CIEIIAJIBHOCTSIM, a TaKOX
TEHJICHIII1 Ta 3MIHU Ha PUHKY TIpailli [4].

®yHKI10HAT 1HPOPMALIHOT CUCTEMU TOBUHEH BKIIIOYATH:

~30epeKeHHs JJaHUX MPO BUITYCKHHUKIB: OONIK YCIX BHITYCKHUKIB Kadeapu 3
JETAIbHUMHU BIJIOMOCTSAMH TIPO KOXXHOTO 3 HHX, TaKUMH SIK PIK BHUITYCKY,
crenlagbHICTh, ()OpMa HaBYaHHS, cepeH1i 6an Tomo [7].

~BIACTEXKEHHS MicIll poOOTH Ta IOocaau: BHECEHHA 1HdopMaIli Impo
IpaleBIallTyBaHHs! BUITYCKHUKIB, 1110 J03BOJISI€ BIACIHIJIKOBYBATH, UM BIJIIIOBIJIA€
iXHd Tocajga OTpPUMaHIM CHEIIaJbHOCTI, a TaKOoX BIJICIIJIKOBYBaTH 3MiHU Y
npareBiamTyBaHHi [8].

~peryJiipHE OHOBJIEHHS CTaTyCy: MOJIMBICTb OHOBJICHHs 1H(popmalii mpo
KOYKHOTO BHUITYCKHUKA 3 METOIO MOHITOPHUHTY MOTO Kap'€pHOTO 3pocTanHs [9].

~(opMmyBaHHS  3BITHOCTI: aBTOMaTu3oBaHE (QOpMyBaHHS 3BITIB IS
aJMIHICTparii yHIBEpCUTETYy, 30KpeMa il aHamizy e(EeKTHBHOCTI OCBITHIX
porpam, a Takox JUist iepkaBHo1 3BiTHOCTI [10].

[HpopmaniitHa cucTemMa CHpUATHME MIATPUMII 3B'A3KIB 13 BHUITYCKHUKaMHU,
HAJaCTh MOXJIUBICTh Kadeapi CBOEYACHO KOPWUTYBAaTH HaBYAJIbHI MPOTPAMHU, IO
H1BULIUTh KOHKYPEHTOCHPOMOXHICTh BUIYCKHHMKIB HAa PUHKY Ipall Ta MiJHIMe
penyTarlito yHIBEpCUTETY [6].

Ha cporognimHiii JeHp iCHye Oararo I1HCTPYMEHTIB [IJIi CTBOPEHHS
1H(GOPMALIIITHUX CHUCTEM, KOKEH 13 SIKUX Ma€ CBOi MepeBaru Ta 0coOIMBOCTI [4].
Cepen Takux 3aco0iB 0COONMBO TOIIMPEHI CHCTEMH YMpaBliHHA 0a3amMu JaHUX
(CYBU), axi 103BONIAIOTH 30epiratu, KepyBaTu Ta 00OpOoOIATH BEJIMKI 00CITH TaHUX
[8]. Cepen nattnonynspHimux CYBJ] MoxHa BUAUIUTH:

~-MySQL: BigkpuTa i 6e3komroBHa pensiiina CYB/I, mo no6pe miaxoauTs

J1s1 Be0-3aCTOCYHKIB 1 KOPIIOPATUBHUX CUCTEM [9].
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~PostgreSQL: motyxxkHa pensmiiHa 0a3a JaHHUX, SKa HaJa€ IIUPOKI
MO>KJIUBOCTI sl pOOOTH 3 BETUKUMH 00CSATaMu JAHKUX 1 CKJIAJTHUMU 3auTami [7].

~Oracle: xomepuiiina CYBJl, mo miaxoautb i BETUKUX KOPHOPATUBHUX
CUCTEM 1 3a0e3meuye BUCOKHUI piBeHb Oe3mneku Ta MacitadoBaHocTi [10].

~Microsoft SQL  Server: mnotryxxna CVYBJl amda  KoprnopaTuBHOTO
BUKOPHCTAHHS, SIKA IHTEIPYETHCS 3 IHIIUMU npoaykTamu Microsoft [6].

~-MongoDB: Hepensmiiina 06aza maHUX 1Jis1 30epiraHHsS BEIUKUX OOCATIB
HECTPYKTYPOBaHUX AaHUX [8].

Jia peanizamii 1H(OPMALIMHOI CHCTEMH MOHITOPHHIY IpAlleBIAIITyBaHHS
BUIMYCKHUKIB Oyno obpano MySQL Workbench [9]. Lleit iHCTpyMEeHT mpomnoHye
O€3KOLITOBHUM JIOCTYN, MPOCTUA y BUKOPUCTAHHI 1HTepdenc 1 MUPOKUil Habip
byHKIINA s MomentoBaHHS 0a3 gaHux 1 po3pobku ER- ta EER-mopeneit [9].
Ockumbkn  MySQL Workbench akTHBHO BHKOPUCTOBYETHCSI Ha MPAKTUYHUX
3aHATTAX B XHAJLY, cTyneHTH MarTh 3MOTy 3aCTOCOBYBAaTH CBOI1 3HAHHS IiJ 4ac
CTBOPEHHSI PeaJIbHUX MPOEKTIB, MO POOUTH HOTO i7eambHUM BHOOPOM ISt TaHOT
3amaqi [9].

CrBopena EER-mozmens cucTteMu  MOHITOPHHTY — MpaleBIallTyBaHHS
BUITYCKHHKIB CKJIAJIA€THCS 3 KIIBKOX OCHOBHUX CYTHOCTEH Ta 3B’SI3KiB MK HUMH.
Bona noOynoBana s 30epiranssi, oOpoOKHM Ta aHalli3y JaHUX MPO BUIYCKHUKIB
kadenpu ABToMaTHu3allii Ta KOMI'TOTEPHO IHTETPOBAHUX TEXHOJIOTIH.

Tabnmuus «Bunyckuuk»: Atpubytu: ID BumyckHuMKa, 1M’s, Mpi3BHUILE, PIK
BUITYCKY, CHEIalbHICTh, (JOpMa HaBYaHHS, JpKepeno (piHaHCyBaHHS (OromxeT abo
KOHTpPAKT) (PUCYHOK 1).

Omnuc: KokeH BHITYCKHUK TPEACTABISETHCS YHIKAIBHOK CYTHICTIO, IO
30epirae iHGOpMAIliIO PO 1HAWBIAYyaTbHI XapaKTEPUCTUKH KOXKHOTO BHUITYCKHUKA.
[le mo3Boiisie€ BiICTEXKYBaTH Kap €py BUITYCKHHKIB, (pOpMyBaTu 3BITH TPO iXHE

3pOCTaHHS.
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1y v
I_ID INT
1_fname VARCHAR(45)
I_lname VARCHAR(45)
1_grady VARCHAR{45)
I_spec VARCHAR{45)
I_sf VARCHAR{45)
1_fundsou VARCHAR(4...

#1_prac_I_ID INT

Pucynok 1 — Tabmunsa « BumyckHuk»

Tabmuusa «IIpaneBmamryBanns»: AtpuOytu: ID mpamesnamryBaHHS, CTaTyc
3aHATOCTI (HAMpUKIIAJ, Tpaloe, 0e3pobiTHHM, B apwmii), mocaaa, Micie poOoTH,
BIJIMOBIJIHICTh TOCaAW OTPUMAHIM  CHEHIANIbHOCTI, JlaTa T[OYaTKy poOoTH

(puCyHOK 2).

:| 1_prac v
I_ID INT
1_empsta VARCHAR{45)
1_position VARCHAR(45)

= — 1 L_workplace VARCHAR(45) = —
1_posspecmat VARCHAR({4...
1_stadat VARCHAR{45)

»1_emp_I_ID INT

Pucynok 2 — Tabmuis «[IpanesnamryBanHsDy

Omnuc: Tabmuns "llpamesnamryBadds" MICTHTHh 1HGOpPMAIIO TPO MiCIe
poboTH Ta cTaryc 3aWHATOCTI BUMyCKHUKa. lle 3abesmeuye MOXIUBICTD
BIJICJTIIKOBYBaTH 3MIHU B MpaleBIalITyBaHHI BUITYCKHUKIB, (PIKCYBaTH iXHI OCaIU
Ta MOPIBHIOBATH iX 13 OTPUMAHOIO CIICIIAIBHICTIO.

Tabnuus «PoGotogaBeup»: Arpulytu: ID pobGoTomaBiisi, Ha3Ba KoMMaHii,

rajxy3b IisUIbHOCTI, KOHTaKTHA 1H(OpMaIis (pUCyHOK 3).
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11 _emp v
I_IDINT
1_compname VARCHAR{45)
L_industry VARCHAR[45)
1_coninf VARCHAR(45)

Pucynok 3 — Tabmunsg «Po6oromaBerib»

Onuc: Bxmtouenns i"dopmarllii npo poOOTONABIIB 103BoOJsi€ Kadeapi
MiATPUMYBATH 3B’ SI3KU 3 PISHUMU TIAIPUEMCTBAMHU, 1110 HAWMaIOTh BUITYCKHUKIB, a
TaKOXX aHaJI3yBaTH, Kl Tajly31 HAMaKTUBHILIE 3a]y4al0Th BUITYCKHUKIB KadeapH.

Tabmuus «Kadenpa»: Arpubytu: Ha3Ba Kadenpu, (paxynabTeT, KOHTAaKTHA
iH(opMaris (pucyHOK 4).

m I_dep ¥
I_dname INT
I faculty VARCHAR(#._

I_coninf VARCHAR(45)
[ ]

Pucynok 4 — Tabnuus «Kadenpar

Onuc: Cytnicte «Kadeapa» 3B’sA3ye BUNYCKHUKIB 13 HABYaJIbHOIO
CTPYKTYPOIO YHIBEPCUTETY, JO0 SKOi BOHM Hajexarb. Lle mo3Bomsie dikcyBaTu
3B'SI30K MK BUIYCKHMKamMu Ta Ta Kadeaporo, 10 ToTyBaia iX 10 MpodeciiiHol
TismbHOCTI. HasiBHICTB Takoro 3B’s3Ky CHPOILY€E aHali3 €(heKTUBHOCTI HaBYAIbHUX
nporpaM KOHKpeTHOi Kadeapu, a TakoX [03Bojisie (OpMyBaTh 3BITH IIOIO
MpareBIaMTyBaHHS BUITYCKHHKIB, TPUB’sA3aH1 10 Kadeapu.

Po3zrnsineMo 3B’ 43ku MixK TaOIUILISIMU (PUCYHOK 5).

«BunyckHuK» - pameBIaliTyBaHHSI»: OJWH BUITYCKHUK MOXKE€ MaTH KiTbKa
3alMCIB NPO MpaLEBJALITYBaHHS, 110 J03BOJISIE BIACTE)XKYBATH WMOro Kap'epHUI
PO3BUTOK.

«IIpauesnamryBanns» - «PoboronaBenpb»: KijbKa BUIIYCKHUKIB MOXYTb

MPAIfOBaTH B OJJHOMY MICIIi, TOMY 3B’SI30K € 6araTto 70 OIHOTO.
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«Bumyckauk» - «Kadenpay: KoKeH BUIYCKHUK HAJICKUTH 10 KOHKPETHOI
Kadeapu, 1o Ja€ MOXKIUBICTh BIJICTE)KYBaTH €(PEKTUBHICTD ITiATOTOBKHU.

TakuM uYMHOM po3poOKa Ta BIPOBAIKEHHS 1H(OPMALIITHOI cucTeMu
MOHITOPUHTY BHUITYCKHHUKIB JacTh 3MOTYy IiJIBUIMTA OIEPAaTUBHICTH 300Dy
BIIOMOCTEl  MpPO  MOTOYHUH  CTaH  3alHATOCTI  BUIYCKHHKIB,  iXHE

IpaleBIalTyBaHHS Ta PO3BUTOK Kap'ep, 30UIBIIMTU MIBUAKICTH OINpPALIOBAHHS

JAHUX.
j I_vyp v j I_emp_has_I_d... ¥
= 1 I_prac b |1
LIDINT | 1 1_empr T
) | /Lo mT 11 emp v -
I_fname VARCHAR(45) | | rmmT | ¥ 1_dep_I_dname
o VARCHAR(4S) | “» I_empsta VARCHAR(45) | - »
_Iname (45) | | [
©arach VARCHAR(SS) | > 1_position vARCHAR(25) | #I_compname VARCHAR{45)
| grady 5) | P o
] O L workgloce VARCHAR(ES) g . 4y © LSty VARCHARIAS) i
1_spec VARCHAR(45) | & 1 posspacmer VARGHAR( | © I_coninf VARCHAR(45)
1_sf VARCHAR(45) | ¥ posspeema " 1_dep v
| 1_stadat VARCHAR{45 | [
I_fundsou VARCHAR(4... | = 5] | | ¥ I_dname INT
| ¢ Lemp_ L INT |
1 prac_I_ID INT |2 SmP_ . > || 1_faculty VARCHAR(S..
> | © 1_coninf VARCHAR(45)
>
. .
PucyHoOK 5 — 3B’s13KH MiK TaOIUIIIMHU
4 L]
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ADAPTIVE LEARNING WITH Al: ANALYSIS OF EXISTING
SOLUTIONS AND DEVELOPMENT PROSPECTS
Altynali N.

Almaty University of Power Engineering and Telecommunications,

Almaty, Kazakhstan

Abstract. In the context of rapid technological development, adaptive learning systems are
becoming important innovations that can transform the educational process through
personalization and interactivity. This article analyzes existing solutions in the field of adaptive
learning using artificial intelligence (Al) and discusses the prospects for their further
development. Key technologies such as natural language processing, machine learning and
recommendation systems that allow content to be adapted to the individual needs of students are
being explored. The advantages of such systems in increasing student engagement, academic
performance and motivation, as well as their limitations related to ethical aspects and technical
barriers, are shown. Based on the analysis of modern research, directions for improving adaptive
systems are proposed, including improving scalability, developing inclusive solutions and
ensuring data security. The article focuses on the importance of an interdisciplinary approach in
the development of educational technologies to create an inclusive and effective learning
experience.

Keywords: Adaptive learning, artificial intelligence, personalized education, machine
learning, educational technologies.

Introduction. Adaptive learning using artificial intelligence (Al) is one of the
key areas in the modern educational process. These technologies offer a
personalized approach, taking into account the individual characteristics of
students, their learning style, level of training and current needs. The development
of adaptive learning systems has led to significant changes in the educational
environment, making it more flexible and interactive.

This article is aimed at analyzing existing solutions in the field of adaptive
learning, identifying their strengths and weaknesses, as well as identifying
promising areas for further development. The work includes the following
structural elements:

1. The level of knowledge of the problem. This section provides an overview
of current research, analyzes key technologies and their role in improving the

educational process.
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2. Critical assessment of solutions. The existing adaptive learning systems,
their advantages and limitations are considered. Special attention is paid to the
ethical aspects and challenges of implementation.

3. Conclusions and prospects. Recommendations are formulated to improve
adaptive learning systems, including new approaches to personalization, inclusivity
and data security.

The article is aimed at specialists in the field of educational technologies,
researchers and practitioners interested in using Al to improve the quality of
education.

Modern achievements in adaptive learning. Adaptive learning using
artificial intelligence (Al) is one of the fastest growing areas of educational
technology. Modern systems strive to personalize the learning process by
providing students with resources that match their individual abilities, preferences
and learning styles. Such technologies are used in both school and higher
education, increasing student engagement and academic achievement.

Al in adaptive learning systems is represented by a wide range of
technologies:

eMachine learning: It is used to analyze large amounts of data on student
interaction with learning platforms. For example, clustering algorithms group
students based on similar behavioral and cognitive characteristics [3].

eNatural Language Processing (NLP): Allows virtual assistants to interact
with students through chatbots and voice interfaces, providing timely feedback and
support [2].

eRecommendation systems: These algorithms offer learning materials based
on student preferences, current progress, and learning needs [1].

The AIIA (Artificial Intelligence-Enabled Intelligent Assistant) system is an
example of integrating Al into higher education, where virtual assistants analyze
real-time data, create personalized learning routes and provide support through

LMS (Learning Management Systems) [2].
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Another example is the use of the EdNet Dataset, which provides researchers
with data on learning interactions. These data make it possible to evaluate the
effectiveness of adaptive systems based on metrics such as student engagement and
academic performance [3].

Most empirical studies show that adaptive systems increase students'
motivation, engagement, and academic performance. For example: personalized
recommendations help to keep students interested in the learning process, adaptive
technologies help to eliminate knowledge gaps by adapting the complexity of tasks
to the student's level of training [1].

The strength of such systems is their ability to adapt in real time. For
example, systems can modify content based on feedback provided by students, or
analyze progress using performance metrics.

Limitations and challenges. Despite significant progress, existing research
faces a number of challenges:

eProblems of ethics and data privacy: The use of large amounts of student
data requires strict compliance with confidentiality standards. In most works, this
problem is only indicated, but not considered in depth [2].

eTechnical limitations: Processing of big data, especially multimodal (texts,
audio, video), is still limited by the performance of modern systems [3].

eLack of empirical data: Although many studies emphasize the benefits of
adaptive systems, their long-term effects on educational outcomes and cognitive
development of students remain poorly understood [1].

There are several gaps in the research database. Most research focuses on the
application of adaptive systems in controlled settings or on a limited sample of
students. The problems of integrating these systems into global educational
platforms remain unresolved. Little attention has been paid to the development of
systems adapted for students with disabilities or for educational institutions with
limited resources. The impact of adaptive systems on the work of teachers has not
been sufficiently studied, although such systems can significantly change

pedagogical strategies.
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Prospects for further research. To eliminate the existing limitations and
achieve the full potential of adaptive learning, the following steps are necessary:
develop ethical standards for working with student data, in-depth studies of the
long-term impact of adaptive systems on educational outcomes, scaling up research
to reach global educational systems, including developing countries.

Adaptive learning with Al is already demonstrating high efficiency in solving
the problems of education personalization. However, issues related to ethics,
accessibility and integration of these systems into the global educational context
remain open. In-depth research and collaboration between technology developers,
educational institutions and scientists will help overcome these limitations and
create truly effective and inclusive educational solutions.

Modern research confirms the high effectiveness of adaptive learning using
Al, especially in the context of the personalization of the educational process.
Adaptive systems analyze student data in real time and offer individualized
learning paths, which helps to increase student engagement and motivation. For
example, systems integrated with machine learning algorithms can predict students'
learning behavior and intervene in a timely manner to prevent them from falling
behind. These approaches demonstrate a marked improvement in academic results,
especially for students with low levels of training, as such systems help fill
knowledge gaps and improve understanding of complex concepts.

However, the introduction of such technologies faces a number of challenges.
Firstly, it is the complexity of integrating such systems into existing educational
platforms, which requires significant resources. In addition, Al systems depend on
the quality of the data they analyze, which creates the risk of system errors if the
data is incorrect or incomplete. Data privacy issues also remain unresolved.
Although many studies focus on the importance of confidentiality, there are no
generally accepted standards for the ethical use of student data.

Despite these limitations, adaptive learning is actively being implemented in
practice. For example, the DreamBox Learning and Smart Sparrow platforms

demonstrate a high level of student engagement through the use of real-time
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recommendations and flexible content customization. However, further research is
needed to understand the long-term impact of adaptive systems on educational
outcomes, as well as their effectiveness in various cultural and resource contexts.
Only through deeper analysis will it be possible to ensure the scaling of these
technologies and their successful application in the global educational

environment.

References:

1. Pratama, M. P., Sampelolo, R., & Lura, H. (2023). Revolutionizing
education: Harnessing the power of artificial intelligence for personalized learning.
Klasikal: Journal of Education, Language Teaching and Science, 5(2), 350-357.

2. Sajja, R.; Sermet, Y.; Cikmaz, M.; Cwiertny, D.; Demir, I. Artificial
Intelligence-Enabled Intelligent Assistant for Personalized and Adaptive Learning
in Higher Education. Information 2024, 15, 596.

3. Kolluru, V., Mungara, S., & Chintakunta, A. N. (2018). Adaptive learning
systems: Harnessing Al for customized educational experiences. International
Journal of Computational Science and Information Technology, 6(1/2/3), 13-25.

4. Gorski, A.-T., Tudorache, P., & Gorski, H. (2023). Adaptive learning using
artificial intelligence in e-learning: A literature review. Education Sciences,
13(12), 1216.

5. Joshi, M. A. (2024). Adaptive Learning through Artificial Intelligence.

International Journal on Integrated Education, 7(2), 41-43.

276



Mamepianu xongpepenuii KIT-2024, Xapxie, XHA/Y, 20.11.2024

ANALYSIS OF AI-DRIVEN APPROACHES TO PROFESSIONAL SELF-
DETERMINATION: A FOCUS ON PSYCHOLOGY, SKILLS, AND
MARKET TRENDS

Zhaxygeldiyeva K.
Almaty University of Power Engineering and Telecommunications,

Almaty, Kazakhstan

Abstract. Artificial Intelligence (Al) is increasingly transforming career guidance by
offering personalized recommendations based on psychological profiles, skill mapping, and
labor market trends. This paper examines the current and potential applications of Al in career
development, particularly in the fields of psychology, skill mapping, and market trend analysis.
By leveraging Al-driven tools, career counselors can provide personalized advice by assessing
individual personality traits, cognitive abilities, and professional skills. Additionally, Al systems
use real-time labor market data to align individual capabilities with emerging job opportunities,
helping people navigate an ever-evolving workforce landscape. This study also explores Al’s
integration into career counseling tools, such as chatbots, and its role in skill mapping to match
personal abilities with career demands. A systematic literature review (SLR) was conducted,
including primary studies retrieved from databases such as ScienceDirect, IEEE Xplore,
ResearchGate, and ASICT. The findings highlight the growing role of Al in shaping career
decisions, offering new opportunities for career development in a competitive job market.
Despite being in early stages, Al's potential for revolutionizing career guidance is significant,
with the promise of improving decision-making accuracy and aligning skills with market needs.

Keywords: artificial intelligence, career counseling, professional self-determination,
psychological self-assessment, personalized career guidance, career development

Introduction. Artificial Intelligence (Al) has revolutionized numerous
sectors, and its applications in career guidance and professional self-determination
are no exception. As the workforce evolves and new technologies reshape
industries, individuals face increasing complexity in making career decisions. Al-
driven approaches are increasingly becoming a critical tool in navigating these
challenges, offering data-driven insights into career selection based on
psychological profiles, skill assessments, and market trends. By analyzing large
datasets, Al systems can provide personalized career advice tailored to an
individual’s strengths, preferences, and potential opportunities within the labor

market.
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This paper explores the role of Al in career development, with a specific
focus on its applications in psychology, skill mapping, and market trends. We
examine how Al-driven tools assess psychological factors, such as personality
traits and cognitive abilities, to suggest careers that align with an individual’s
characteristics. Additionally, the study explores the impact of Al in skill mapping,
where technologies match an individual’s skills to the demands of the labor
market, helping to ensure a good fit between a person’s abilities and their
professional path. Finally, we look into how Al systems leverage real-time labor
market data to guide career choices, helping individuals make informed decisions
in an increasingly competitive and fast-changing world. The aim of this work is to
provide a comprehensive analysis of Al-driven methods in professional self-
determination, highlighting both their current applications and future prospects in
shaping the workforce of tomorrow.

As Al continues to evolve, the future of career guidance looks even more
promising. With advancements in natural language processing (NLP), machine
learning, and data analytics, Al-based career counseling tools are expected to
become increasingly sophisticated. These tools will not only provide real-time,
dynamic advice based on an individual’s current profile but also predict future
career trajectories by analyzing trends in the labor market, emerging industries, and
technological developments. By enabling individuals to better understand the
intersection between their personal skills, psychological profile, and external
market conditions, Al has the potential to significantly enhance career planning
and professional growth. As the workplace continues to undergo transformation
due to automation and digitalization, Al-driven career guidance will be crucial in
helping individuals adapt to new roles, acquire relevant skills, and stay competitive

in a rapidly evolving job market.

Current Applications of Al in Career Guidance. Artificial Intelligence
(Al) is increasingly integral to human resource management, providing substantial
advantages in efficiency, cost reduction, and decision-making. According to
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Microsoft’s research (2019), Al has the potential to double innovation rates and
enhance productivity by reducing repetitive tasks, enabling employees to focus on
skill development and achieve a better work-life balance. In recruitment, Al
streamlines processes, boosts HR productivity, and improves the applicant
experience. Beyond hiring, Al aids career growth by assessing skills,
understanding employee aspirations, and offering data-driven insights for
professional development. As digitalization reshapes the workforce, some
traditional roles may face challenges, but Al can support adaptive career growth by
helping individuals explore new paths and gain relevant skills for a changing work
landscape. This trajectory underscores Al's role in achieving sustainable success
for both employees and organizations [1].

Modern applications of artificial intelligence (Al) in career guidance play a
pivotal role in enhancing the quality and accessibility of professional orientation.
Al is actively used to develop platforms that assist students in selecting suitable
careers by analyzing their skills, interests, and educational background. For
example, Al systems can predict the most likely career paths with high accuracy,
as shown in a study predicting students' career choices with 74.1% accuracy [2].
Al also aids in career matching by connecting students with appropriate companies
and positions, optimizing the labor market [2]. Furthermore, Al provides
personalized career recommendations based on the analysis of professional data
and industry trends, making career guidance more accurate and effective. The
development of such intelligent platforms allows for the automation of career
selection processes, reducing the burden on traditional counseling services and
providing students with valuable tools for professional growth.

Al-powered career counseling systems are revolutionizing how students
navigate career choices after higher secondary education. These systems assess a
student's complete academic profile, including their grades and extracurricular
activities, to offer personalized career suggestions. By considering a wide array of
factors, such as skills, interests, and academic performance, Al systems

significantly reduce the likelihood of academic misalignment and poor professional
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decisions. Moreover, they provide a more tailored approach to career guidance,
ensuring that each student's unique strengths and preferences are considered. These
advancements are not only enhancing the decision-making process but also helping
students understand their potential career paths more clearly. In addition, such
systems incorporate data-driven predictions to align students with professions that
match both their capabilities and the demands of the workforce. As explored in the
research [8], Al's role in career counseling is becoming integral in shaping
students' futures, with the potential for further growth in providing actionable
insights and comprehensive guidance.

Al is increasingly being utilized in career guidance to enhance decision-
making processes and support students in making informed career choices. Current
applications of Al in career guidance include career counseling tools, skill
mapping, and personality-based career selection systems, all of which leverage Al
to analyze vast amounts of data and provide personalized recommendations. Al-
based career counseling tools, such as chatbots, are designed to assist individuals
by offering real-time guidance and personalized advice based on their preferences
and skills. These tools can also integrate with various career assessment systems to
help students identify career paths that align with their interests and abilities.
Additionally, Al is being used in skill mapping to match individuals' skillsets with
available career opportunities, ensuring a better fit between a person's abilities and
their chosen profession. As Al technologies continue to evolve, these tools are
expected to become more sophisticated, offering even more tailored and accurate

guidance to individuals in their career journeys [10].

Al-Based Career Counseling Tools and Chatbots. Al-based career
counseling tools and chatbots have emerged as innovative solutions to address the
challenges faced by secondary school students in navigating their career paths.
These systems utilize advanced machine learning models and natural language
processing (NLP) techniques to assess a student's personality, academic skills, and
interests, ultimately providing tailored career recommendations. By combining
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these technologies, Al-powered chatbots offer personalized guidance that adapts to
each student's unique profile, ensuring that recommendations align with their
strengths and aspirations. The integration of external APIs for career path
suggestions further enhances the system’s ability to offer up-to-date, industry-
specific advice. The proposed methodology emphasizes a secure user
authentication process, an interactive personality and skills assessment, and
continuous feedback integration, which collectively contribute to a more engaging
and effective counseling experience for students. Such systems not only enhance
the accuracy and relevance of career advice but also ensure data privacy and
security, which is crucial when working with sensitive personal information of
minors [3].

In the research presented by [4], the development of a chatbot system aimed
at assisting students, faculty, and staff with college-related inquiries is explored.
The chatbot leverages natural language processing (NLP) algorithms to process
user inputs, identify intents, and match them with appropriate responses from a
predefined dataset. The design follows an iterative agile methodology, where
prototypes are quickly developed and refined based on user feedback. The research
highlights the importance of understanding user needs, particularly in terms of
career guidance and college events, and how these insights guide the chatbot's
functionality and user interaction design. Unlike traditional systems, the career
counseling chatbot integrates seamlessly with the Wit.ai platform, enabling
efficient processing of queries without manual intervention. This system offers
valuable insights into the practical applications of NLP for educational purposes,
especially in providing personalized career counseling to university students.

The proposed approach for career counseling combines machine learning and
natural language processing to create a personalized and interactive experience for
students. By leveraging an ML-based career prediction model that analyzes
students' talents, educational background, and interests, the system offers tailored
career recommendations. The integration of the RASA-powered chatbot enhances
the experience further by engaging students in personalized conversations and
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providing additional guidance. The use of multiple machine learning algorithms,
with KNN achieving the highest accuracy, adds credibility to the effectiveness of
the model. Overall, this solution presents a comprehensive and innovative way to
support students in making informed decisions about their career paths, offering a
modern and practical approach to career counseling [6].

The proposed solution, CareEx, aims to address the challenges faced by
students in navigating their career choices, offering a comprehensive platform for
career guidance. By leveraging Al and machine learning, CareEx provides a career
dendrogram, presenting a wide array of alternatives aligned with real workforce
demands in both public and private sectors. This system not only helps individuals
identify their interests and explore career options, but also offers personalized
advice from successful professionals in the field. Additionally, it assists students in
setting realistic professional goals and estimating their chances of gaining
admission to their desired universities. By providing insights into future career
opportunities and empowering users to better understand their strengths, CareEx
offers a valuable tool for students to make informed decisions about their
educational and career paths. This innovative approach aims to help students build

the skills necessary to thrive in a rapidly evolving job market [7].

Al in Skill Mapping and Personality-Based Career Selection. One of the
most significant ethical concerns raised in the study was the need for transparency
in the use of Al-powered career guidance services. While students did not
explicitly express concerns about the ethical implications of Al, they raised
important questions about the data used to generate career suggestions and the
underlying algorithms that drive these recommendations. This highlights the
critical importance of ensuring transparency in Al systems, particularly in how
data is collected, processed, and used to inform decision-making. For instance,
students wanted to understand which personal and career data the Al was accessing
and how this influenced the guidance they received. Transparency is essential not

only for building trust among users but also for ensuring that the Al system
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operates fairly and without bias. Furthermore, it addresses broader concerns related
to privacy, fairness, and accountability, as Al systems are increasingly embedded
in educational and professional contexts. This reflects a growing recognition that
Al technologies, while offering significant potential benefits, must be deployed
responsibly, with clear communication about how they function and how they
impact users. Developing guidelines and frameworks for ethical Al use in career
guidance will be key to balancing the promise of personalized, data-driven support
with the need to protect users' rights and maintain fairness in the decision-making
process [5].

In this study, the performance of different classifiers in predicting MBTI
personality types was evaluated using several machine learning techniques,
including SMOTE (Synthetic Minority Over-sampling Technique), feature
selection, and popular classifiers such as Support Vector Machine (SVM), Random
Forest, and Logistic Regression (LR). SMOTE, which addresses class imbalance
by generating synthetic samples, played a crucial role in improving the
performance of these classifiers. For instance, Random Forest achieved an
accuracy of 91%, with an average AUC of 0.92, demonstrating its robustness in
handling imbalanced datasets. The classification results were measured using
several metrics, including precision, recall, and F-score.

The formulas for precision ( Precision = 757 ), recall ( Recall = 5= ),
and score (| F-score = 2. LreasionRecall ) \yere ysed to assess the classifier performance
across different personality types, where TP, FP and FN represent true positives,
false positives, and false negatives, respectively. These formulas reflect the
model's ability to correctly identify personality traits while minimizing
misclassification.

The experimental results for the classifiers are presented in various tables,
which show the performance of each algorithm across different personality types.
For example, Random Forest results with SMOTE indicated that the model
achieved high precision and recall values for most personality traits, such as 0.88
for extrovert, 0.87 for introvert, and 0.92 for thinking. These results highlight the
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ability of Random Forest to handle complex, high-dimensional data effectively.
Similarly, SVM also performed well with an average AUC of 0.93 with the best
performance observed for thinking (AUC = 0.93) and intuition (AUC = 0.92).
These results reinforce the idea that classifier selection, when combined with
techniques like SMOTE and feature selection, can significantly improve the
accuracy of personality prediction models, offering valuable insights for

applications such as career suggestions based on MBTI traits [9].

Conclusion. In conclusion, the integration of artificial intelligence (Al) into
career counseling and career choice assistance opens up new possibilities for
enhancing the career guidance process. The use of Al significantly increases the
accuracy and personalization of recommendations for students, based on a deep
analysis of data such as skills, interests, academic achievements, and personal
qualities. With technologies like machine learning and natural language
processing, Al platforms can effectively predict career paths, help students select
the most suitable professions, and even forecast their chances of success in specific
fields. These systems automatically analyze vast amounts of data and provide up-
to-date advice tailored to the real needs of the labor market.

One key aspect is the use of Al in the form of chatbots and platforms for
career counseling, which allow for personalized recommendations in real-time.
Through tools such as analysis of academic performance, extracurricular activities,
and personal interests, Al systems offer recommendations that are more accurately
aligned with students' individual preferences. This significantly reduces the
likelihood of errors in career choice and helps prevent academic mismatches.
Platforms like CareEx use Al to create careers that meet the actual demands of the
labor market and students' potential interests, offering them relevant and well-
founded advice on career paths and professional goals.

Additionally, Al is actively used for skill mapping and personality profiling,
which allows aligning personal traits with the requirements of professions. Al-

based systems can efficiently process data and predict which careers will be most
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suitable for an individual. For example, the use of machine learning methods to
predict personality types based on the MBTI model shows high accuracy and
enables the suggestion of career paths that best match a student's personality traits.
This opens new horizons for creating more accurate and justified career
recommendations, based on a broader range of factors than just academic
performance.

However, despite all the benefits of using Al in career guidance, ethical
considerations related to the use of personal data and decision-making algorithms
must be taken into account. Recent studies emphasize the need for transparency in
data use, as many students express concerns about what data is being used to
generate career recommendations and how these recommendations influence their
future. It is crucial that such systems operate based on transparent and ethical
principles, considering user rights and minimizing the risks of bias in algorithms.
This requires Al platform developers to establish clear standards and frameworks
that ensure the safety and fairness of these systems.

Thus, despite the potential challenges and risks, Al has a positive impact on
the career counseling process, significantly improving the quality and accessibility
of services for students. It helps not only make well-informed decisions but also
opens up new perspectives for career growth, aligned with the modern demands of
the labor market. Future developments in Al will further improve the accuracy and
personalization of recommendations, which in turn will provide students with more
effective tools for planning their professional lives. It is essential that these
technologies develop in accordance with ethical standards, which will allow their
full potential to be realized and ensure sustainable success for both students and

society as a whole.
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Abstract: Recently, blockchain technology has been actively studied and used by both
researchers and practitioners. This is due to its unique features, such as decentralization, security,
reliability, and data integrity. The article is devoted to the possibility of introducing blockchain
technology into the educational environment through smart contracts. To achieve this goal, the
following tasks were set: to study blockchain technologies for their applicability in the
educational environment; to justify the need for using smart contracts in the educational process;
to develop an algorithm for implementing smart contracts for storing educational information
and using it for further analysis. The Ethereum platform was chosen for the development of
smart contracts. The program code of the smart contract was compiled in the Remix compiler.

Keywords: blockchain technology in education, smart contract, decentralized systems,
blockchain technology, Ethereum Virtual Machine( EVM), Remix IDE.

A blockchain is a hack-proof protocol that creates an immutable digital data
structure for tracking transactions between participants in a public or private peer-
to-peer network. Although blockchain is widely used in business and finance, it
also finds significant applications in education. This technology has the potential to
revolutionize the educational system by providing affordable and low-cost learning
options, changing the relationship between institutions and students, and securely
storing digital curricula and papers. Traditionally, hard drives were used for storing
such data, but they are susceptible to damage or hacking. Blockchain ensures
enhanced security [1].

Smart contracts play a vital role in the educational domain.[2] They can
simplify tracking student progress by automatically verifying each task and issuing
the next one until the entire program is completed, providing teachers with tools to
give more accurate and reliable grades. Blockchain also streamlines the
accreditation process, making it more transparent and accessible for students with
the necessary permissions. Additionally, it can issue immutable digital higher
education diplomas, improving existing certificate verification systems, which

often suffer from performance, speed, and reliance on centralized authorities.
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While numerous diploma verification systems are still under development, facing
issues like data management and dependence on the consensus algorithm,
blockchain offers a promising solution [3].

This research presents a unique approach to implementing blockchain
technologies in the educational environment by focusing on learning and writing
smart contract code. Unlike many existing studies that mainly compare operational
platforms and their functionalities, this work provides original smart contract code
adapted for educational processes. It aims to explore the practical aspects of using
smart contracts, opening new opportunities for automating certification processes
and managing educational data, making a significant contribution to the use of
blockchain in education.

Now, let's discuss the key features of various existing approaches to creating
smart contracts. Anton Vashkevich, in his work "Smart contracts: what, why and
how" (2018), examines the main concepts and risks associated with smart
contracts, emphasizing their potential for automation and transparency.[4]
Alexander Tabernakulov and Jan Koifmann, in "Mastering Ethereum: Building
Smart Contracts and dApps", offer a practical guide to developing smart contracts
on the Ethereum platform, including code examples and testing aspects.[5]
Andreas M. Antonopoulos and Dr. Gavin Woo, in "Blockchain: IBM Limited
Edition", discuss the potential of blockchain for business and the importance of
secure smart contract development.[6] Manav Gupta, in "Applications for
Systematic Smart Contracts on Blockchain”, explores systematic approaches to
creating smart contracts and their application in various industries.[7] Alvina
Sevde Elnara et al., in their systematic literature review on blockchain-based
systems for academic certificate verification, analyze solutions for verifying
academic certificates using blockchain, highlighting their advantages and
disadvantages.[8] Finally, Fisnik Dalipi and his colleagues explore the use of
blockchain technologies in education and data verification, focusing on the

challenges and opportunities associated with their implementation.[9]
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Smart contracts are self-executing contracts with the terms of the agreement
directly written into lines of code. They run on the Ethereum blockchain, which is
a decentralized platform that enables developers to create decentralized
applications (DApps). Ethereum's smart contracts are executed by the Ethereum
Virtual Machine (EVM), a computation engine that processes smart contracts and
ensures they operate as intended. Solidity is the primary programming language
used to write smart contracts for the Ethereum platform. The development of smart
contracts for educational systems uses Solidity and the Remix IDE to create,
deploy, and manage contracts on the Ethereum blockchain. Solidity is a statically
typed programming language specifically designed for writing smart contracts,
compiled into bytecode and executed on the EVM. The main components of a
contract include a pragmatic expression, state variables, constructor, functions,
modifiers, events, and inheritance.

There are several methods for developing a smart contract, one of which is
using the Remix IDE, a powerful open-source tool that allows you to develop
smart contracts directly from the browser.[10]

First, you need to open the Remix IDE[11] in a browser and create a new file
with the .sol extension, which will be used to write code in the Solidity language.
The contract begins with the announcement of the Solidity version and the contract
itself. The Assignment structure is defined inside the contract, representing the
assignment. It contains the following fields:

o id: The task ID.

« content: The content of the task.

« isMarked: A flag indicating whether the task has been evaluated.

« grade: The assessment of the task.

Next, the assignments array is defined, which will contain all the tasks. This
Solidity[12] smart contract provides basic functionality for managing educational
assignments. Users can submit their assignments, and teachers can rate them. The

contract ensures that each task can only be evaluated once.
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Figure 1. Smart contract code for job management in the Remix IDE

In this smart contract, there are only two functions:

1. submitAssignment(): This is a public function with no return value
(void) that allows users to submit tasks. When this function is called, a new task is
created and added to the array of contract tasks.

2. markAssignment(): This is also a public function with no return
value (void), which allows teachers to evaluate submitted assignments. When this

function is called, the task is marked as evaluated, and the score for this task is set.

Figure 2. Smart contract code for certificate management
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The following smart contract represents a certificate management system,
providing secure and efficient storage of certificate data. It includes the following
main functions:

- addCertificate: Allows you to add a new certificate to the repository.

. certificates: Allows you to get information about certificates by their ID.

Calling the addCertificate function allows you to add a new certificate to the
repository. Example: In Remix IDE, the user calls the addCertificate function with
arguments for the ID, certificate name, document hash, and owner address. The
function creates a new certificate with the specified data and saves it to the
repository. To get information about a certificate by its ID, you can use the
certificates function. Example: The user calls the certificates function with the
certificate ID. The contract returns information about the certificate, including its
name, the hash of the document, and the address of the owner.

This smart contract demonstrates how blockchain technology can be used to
securely and transparently store certificate information, providing quick access and
verification for interested parties.

Smart contracts on the blockchain open up new horizons for educational
institutions, offering effective solutions for process management and learning. The
study clearly identified the tasks aimed at studying the applicability of blockchain
technologies in the educational sphere, justifying the need to use smart contracts in
the educational process, and developing an algorithm for their implementation in
the storage and analysis of educational information. The results of this study
emphasize that the integration of smart contracts can significantly increase the
transparency, reliability, and efficiency of educational data management, as well as
contribute to a deeper analysis of the educational process. In the future, this can
lead to a more adaptive and personalized approach to education, improving

interaction between all participants in the educational process.
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Abstract. The rapid development of digital technologies and the expansion of internet
access in Kazakhstan have led to a surge in cybercrimes, which pose significant risks to society
and individuals. This research investigates the characteristics of criminal offenses in the area of
information and communications, highlighting trends, legislation, and the role of cybersecurity
measures in mitigating these risks. By analyzing data from various sources and evaluating
criminal statistics, the paper explores the need for enhanced laws and technological frameworks
to address these crimes.

Keywords. Cybercrime, Information Security, Legislation, Criminal Offenses,
Cybersecurity

Introduction. The digital transformation of Kazakhstan has resulted in a
greater integration of technology in everyday life, making it vulnerable to various
forms of cybercrimes. The increase in internet penetration, which now exceeds
89% of the population in Kazakhstan, has amplified the risks of cybercrimes such
as unauthorized access to information systems, data theft, and the spread of
malicious software. The criminal law framework in Kazakhstan, including the
Criminal Code, provides the necessary legal grounds for prosecuting
cybercriminals. However, there is still a growing need to enhance these regulations
in response to new and emerging digital threats.

Methodology. This research employs both qualitative and quantitative
methods. Statistical data on the prevalence of cybercrimes in Kazakhstan was
analyzed, and an assessment of the existing legal framework was conducted.
Additionally, the role of cybersecurity measures implemented by the government
and private sector was evaluated. Various reports and publications were reviewed
to understand the current landscape of cybercrimes and evaluate the effectiveness

of legal and technological countermeasures.
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Results. According to a report from the digital portal in 2022, more than 89%
of Kazakhstan's population actively uses the internet, reflecting a high degree of
digital engagement. This statistic underscores the growing reliance on digital
technologies, which increases the vulnerability to cybercrimes. These findings
indicate that a significant portion of the population participates in the digital space,
highlighting the urgency of addressing cybersecurity risks [1]. The structure of
criminal offenses in Kazakhstan's information and communications sector reveals a
substantial focus on crimes such as unauthorized access to information or
information systems (Article 205 of the Criminal Code of Kazakhstan), the illegal
destruction or modification of information (Article 206), and the creation and
distribution of malicious programs (Article 233) [2]. These crimes have
contributed significantly to the overall statistics on cybercrimes and demonstrate
the evolving nature of digital offenses. Kazakhstan's Criminal Code, dated July 3,
2014, No. 226-V [2], includes Chapter 7, which covers Articles 205-213 and
addresses offenses in the fields of informatization and communications. This legal
framework is crucial for prosecuting cybercrimes, although updates to strengthen
penalties and address new forms of digital crime are necessary. The ongoing
assessment of this legislation allows for improvements to keep pace with the
evolving digital threats. As noted by Borisova et al. (2020), the current legal
mechanisms require regular revisions to ensure effective protection against modern
cyber threats [5]. Kazakhstan's cybersecurity efforts are reflected in initiatives like
the "Digital Kazakhstan" program, which aims to enhance the country’s digital
infrastructure and promote secure information systems. These programs have had a
significant impact on reducing cybercrime rates, though challenges remain in terms
of preventing and responding to new threats [3]. As Smirnov et al. (2018)
highlights, the role of governmental programs is essential in curbing the rise of
cybercrime, particularly in sectors involving sensitive personal data [4]. In the
context of modern challenges in information security, it is essential to analyze the
measures taken by law enforcement agencies to prevent and investigate criminal

offenses in the field of information and communications. The Ministry of Internal
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Affairs of the Republic of Kazakhstan has been actively implementing new
technologies and methods to combat cybercrime. The integration of anti-fraud
database systems with mobile operators, reducing the use of fake numbers, and
blocking fraud calls are just a few steps in the direction of effective control over
cyber threats [7]. As noted by Prokofiev et al. (2021), international cooperation in
cybersecurity plays a crucial role in strengthening domestic efforts and improving
overall defense against cybercrime [9]. In Kazakhstan, there has been successful
cooperation between law enforcement agencies and cybersecurity companies. For
instance, "Kaspersky Lab Central Asia" [7] actively participates in information
exchange initiatives and joint events with law enforcement agencies, enhancing the
overall cybersecurity in the region. This collaboration aligns with the findings of
Ivanov and Petrova (2019), who emphasize the importance of such partnerships in
mitigating cybercrime risks and enhancing national cybersecurity resilience [6].
Kazakh law enforcement agencies actively use various software and hardware
tools to investigate and combat cybercrimes. For example, the XRY software suite
iIs designed for extracting data from mobile devices and analyzing digital
footprints, while network traffic analysis tools like Wireshark are used to study
network attacks and detect potential cyber threats. Palantir software, which
conducts comprehensive metadata analysis, is also utilized in cybercrime
investigations, helping detect threats and prevent attacks [7]. This approach is
consistent with the suggestions of Lebedev (2016), who advocates for the
development of specialized tools and expertise in digital forensics to support
investigations [10]. An overview of the current state of information and
communications in Kazakhstan indicates a rapid increase in internet users,
highlighting the active digitalization of society. According to the latest data from
the digital hub Wunder Digital, 17.3 million people out of the 19.5 million
population are internet users. Internet penetration stands at 89.2%, emphasizing the
high level of digital literacy in the society. Google holds a leading position among
search engines, with 83% of users preferring it. The distribution of the internet
audience by regions is quite uniform, with the highest activity in the capital and
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large cities. The internet user profile in Kazakhstan includes both genders,
primarily aged between 20 and 41 years [1]. It is also worth noting that 88% of
users access the internet daily, engaging in activities such as information searching,
social media communication, shopping, and consuming various types of content.
This overview not only highlights the high level of internet penetration but also the
diversity of activities among users in the digital space, making the study of
information and communications in the context of combating computer crimes and
ensuring information security crucial.

Experimental Results. The survey results revealed interesting patterns
regarding the frequency and types of cyber threats faced by individuals.
Approximately 30% of respondents reported encountering cyber threats more than
once a week, while 45% said they faced such threats at least once a month.
Interestingly, 25% of the participants mentioned that they had not encountered any
cyber threats in the past six months, indicating that the frequency of encounters
varies widely among individuals (Fig. 1). When it comes to the most common
types of cyber threats, phishing emerged as the leading concern, with 60% of
respondents indicating they had experienced phishing attacks. These often
involved fraudulent emails or websites designed to steal personal information.
Another prevalent threat was fraud through malicious websites, which was
reported by 50% of the participants. Additionally, 30% of respondents had
encountered credit card fraud, and 20% experienced issues related to malware,
such as viruses or spyware. These results highlight the widespread nature of cyber
threats, with phishing and website fraud being the most commonly encountered
forms. Given these findings, there is a clear demand for enhanced digital security
tools, particularly those that could block phishing attempts and protect users from

malicious websites.
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How often do you encounter cyber threats?

Have not encountered. ..

Several times a week

Several times a month

Fig.1. Survey Results (Question 1)

Conclusion. In conclusion, while Kazakhstan has made significant progress
in addressing cybercrimes through legal reforms and cybersecurity programs, there
is still a pressing need for further developments. Strengthening existing laws,
improving enforcement mechanisms, and enhancing public-private collaboration
are crucial steps in reducing cybercrime. Based on the analysis of data and survey
results, it is evident that the two most common types of cyber threats are phishing
(fraudulent emails and websites) at 60% and website fraud at 50%. Given these
findings, the consideration of a platform or extension that, based on a database,
would notify users about suspicious links, websites, and platforms presents a
promising solution. This approach could be an effective way to mitigate the risks

associated with these prevalent cyber threats and should be explored further.
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Abstract. With the development of digital technologies and the proliferation of digital
applications and platforms, the issue of educating users and developing their skills in using these
technologies is becoming increasingly important. One of the key challenges is ineffective or
unsatisfactory user interface design, which can impede learning and hinder the development of
user skills.The purpose of this study is to analyze the impact of Ul design on user learning and
skill development in digital applications and platforms. The study aims to identify methods and
strategies that optimize Ul design to improve learning and skill development.

To achieve this objective, an extensive literature review is conducted, analyzing existing
research practices in the area of user interface design and its impact on learning. In addition,
empirical data is collected and analyzed through user testing and surveys to identify practical
recommendations and best practices.

Keywords. ui design, ux, user learning, digital applications, education and technology,
visual components of the learning platform (VCLP).

Introduction. We are currently living in the era of information technology,
where datareportal.com statistics indicate a continuous increase in the number of
individuals using phones and the internet each year[1]. On average, users are
dedicating approximately 7 hours a day to these digital technologies and it is
shown in Figure 1. This trend underscores the fact that digital devices and the
internet have evolved into integral aspects of nearly everyone's daily existence.
One of the reasons for the increasing importance of digital technologies in our lives
is online learning. According to Hasugian et. al.[2] online courses are in great
demand today, especially for students and practitioners. It is believed that the
ability to develop themselves gives them more opportunities in life, particularly in
employment. Online learning offers the flexibility to study from anywhere with a
convenient schedule and at an affordable cost. Therefore user experience plays a
crucial role, user interface (Ul) design has become a key factor in how users
interact with digital applications and platforms [3]. However, with the

advancement of technology and the increasing number of apps and websites
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available, there is a challenge in educating users and developing their skills in
utilizing these digital tools[4]. As many of the presently available platforms do not

enable interaction between students and teachers[5].

OVERVIEW OF INTERNET USE

L

65.7% +3.7%

we
gre. | <O>Meltwater

Fig.1. Daily time spent with media

Information overload is a significant issue, often caused by excessive
information and features offered by apps and websites, resulting in confusion and
learning challenges. This is compounded by poor design, making it hard for users
to grasp new platforms.[6] Additionally, difficulties in navigating the interface and
swiftly finding required information or functions further contribute to learning
obstacles faced by users. The issue has several consequences. Individuals
experiencing difficulties in understanding and using applications may choose more
user-friendly alternatives, resulting in a loss of users[7]. Inefficient Ul design can
impede workflow and decrease user productivity[8]. Moreover, users may expend
extra time and effort deciphering the interface, distracting them from their primary

tasks and wasting valuable time and energy[9].

Related work. This section describes the approaches that are now in use.The
simplicity and ease with which a user can access available functions immediately
after interacting with the application's user interface is consistent with the
principles of efficient navigation and therefore contributes to a high-quality user
experience (UX). Vlasenko et al. [6] proposed a theoretical analysis of research
papers and resources that introduce guidelines on UI/UX design when developing

an educational system.
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Nasution et al. [13] have used the design thinking method which consists of
several steps aimed at identifying and understanding users, user problems and
solutions that allow the author to define the problem from a particular point of
view. The use of prototypes and testing allows you to test ideas in practice and
then make adjustments based on feedback from users. However, an iterative
process, including research, prototyping and testing phases, can require significant
time and resources. Introducing game components into the educational process can
enhance participation, create excitement, engage the students and result in
improved learning and play skills by applying gamification techniques
Pamudyaningrum et al.[14]. Not all users may be motivated by game elements.
Some may not be interested or may even reject the method. Laur and Lutoshkin
[15] mentioned that the automation of assessment and progress calculation,

visualization of learning achievements, additionally motivates the student

Experimental Results. User Preferences for Visual Component Design in
Learning Platforms. This analysis presents findings from your survey exploring
user preferences for visual component design in learning platforms like Coursera,
EdX, and Stepik. With 115 university student participants, the data offers valuable
insights into design choices that can enhance user experience and facilitate
effective learning. Were given a choice of responses on the following VCLP:

1. Layout and Interface Composition

2. lcons and Graphics

3. Typography and Fonts

4. Navigation and User Experience

The survey aimed to elucidate user preferences concerning Ul design
elements across Coursera, edX, and Stepik platforms, shedding light on the impact
of design on user learning experiences and skill development. The findings
revealed nuanced insights into user inclinations towards various visual

components:
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1. Layout and Interface Composition: The dominant preference for a
balanced layout (60.9%) underscores users' yearning for visually appealing yet
functionally clear interfaces. This emphasizes the significance of aesthetically
pleasing designs that facilitate an uninterrupted learning trajectory. Notably, the
minority seeking lively aesthetics (17.4%) suggests a segment craving engaging
visual stimuli during learning.

2. Icons and Graphics: Users predominantly favored clear and
informative icons (47.8%), highlighting the importance of visual clarity in
conveying information. Simplicity in iconography (34.8%) and the preference for
detailed, colorful visuals (17.4%) indicate differing tastes in visual richness,
aligning with the desire for clean and engaging design.

3. Typography and Fonts: The inclination towards varied typography
(47.8%) emphasizes the role of visual cues in aiding learning and information
retention. However, the substantial preference for medium-sized, unobtrusive fonts
(34.8%) signals a collective desire for readability without distractions, while a
minority (17.4%) values bold, visible text.

4, Navigation and User Experience: The inclination towards flexible
navigation (43.5%) underscores the significance of personalized learning
experiences and user control. However, a substantial proportion seeking visually
appealing navigation (39.1%) emphasizes the role of engaging design elements in

navigation, albeit without compromising usability.

Conclusions. The study aimed to understand user preferences for Ul design
elements on Coursera, edX, and Stepik, and their impact on user learning
experiences and skill development. The responses provided valuable insights into
user tendencies regarding visual components and their implications for learning.
The study revealed a wide range of preferences regarding layout, icons,
typography, navigation, and interactivity. Overall, participants preferred interfaces
that combined aesthetic appeal with clear learning pathways. However, there were

notable differences in preferences among subgroups. Notably, the substantial
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favoritism towards balanced layouts and informative yet visually pleasing icons
underscores the critical need for designs that marry aesthetics with usability,

striking a delicate balance for engagement without sacrificing functionality.
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DESCRIPTION OF THE CONCEPTUAL-ARCHITECTURAL MODEL OF
THE SMART CITY

Togzhanova K.O., Rametov N.
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Abstract: Today, cities have become the main drivers of economic development, standing
at the forefront of production and consumption networks. They shape social and economic
relations and contribute a significant portion of the gross domestic product (GDP) in many
countries. Cities play a central role in national, regional, and global development, and the quality
of life for people depends on them. As a result, there are growing demands on cities that were
unprecedented in the past, including the need for accessible urban infrastructure, high mobility,
urban security, environmental cleanliness, and the development of local self-government.

Keywords. Information and Communication Technologies, smart city,

Introduction. Through this study, it was discovered that municipal
government models are not necessarily required to ensure a high quality of life and
to find efficient ways of using natural resources.

Researchers from various countries and interdisciplinary groups have
identified several decisive factors for creating an intelligent approach to urban
development. These factors, based on international literature, are grouped into
eight key categories:

ePolitical Structure

eEconomy

eManagement and Organization

e Information and Communication Technologies (ICT)

eSociety and People

eBuilt Infrastructure and Environment

eManagement

e(Governance

The intelligent solutions for cities and the emerging potential within these
categories can be used to implement an integrated smart model in urban
governance, effectively laying the foundation for a smart city. This integrative

model is illustrated in Figure 1.
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Figure-1 is an integrative model of the Smart City

At different times and in different situations, some factors in a Smart City
model may become more important than others, as shown in Figure 1. However,
it's important to remember that all of these factors are interconnected and affect
each other. For example, Information and Communication Technology (ICT) is a
key factor in creating a "smart city,” and its main advantage is
improving economic efficiency. ICT helps balance costs by providing essential
services to city residents, improving the efficiency of existing infrastructure at a
low cost.

In a "Smart City," communication with each resident should be ongoing, and
ICT tools like the Internet, mobile apps, mobile phones, and public Wi-Fi
networks are vital for connecting everyone. These technologies make it easier for
people to access services and information.

According to the National Association of R&D of Saudi Arabia, resource
consumption in cities costs about 15 trillion USD per year, or 28% of a country's
GDP. By using ICT tools, cities can reduce these costs. For example, ICT can
simplify things like market design, traffic management, and business analysis,
even in large urban areas.

Some practical examples of ICT solutions include:
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« In Kazakhstan, a "smart" electricity network reduced energy costs by 25%
by optimizing the distribution of electricity.

« In transportation, smart systems reduced traffic violations and accidents
by 15-50%, cutting the number of incidents by 20-40%.

The Smart City model focuses on ensuring that everyone in the city,
especially in key groups, has access to information technologies. These include
installing sensors and tools for advanced systems like:

« Smart homes

« Health care centers

« Smart energy systems

« Roads and transport systems

« Water supply systems

« Oil and gas transportation systems

Other benefits of a Smart City include better mobility, improved quality of
life, faster services, and quicker deliveries. Research based on sources
like Google and IEEE shows how these technologies are being used in cities
around the world to make them "smart."

Examples of Successful Smart City Models:

« Vienna: Known for being a green city with a high quality of life. It uses
digital innovations in regional management to enhance city operations.

« Toronto: A city with a low-carbon economy, efficient use of natural gas, and
an active underground transportation system.

« Seoul: Offers free public Wi-Fi across the city for maximum coverage. The
"E-Net" system integrates public institutions, and the "U-Seoul" security service
includes a smart mapping system housed in a community intelligence center.

« Amsterdam: Known for the "iHome" smart life system and a smart control
center that manages things like parking.

« Zurich: Impresses with intelligent solutions in the areas of environment,

mobility, and urban transport.
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« Barcelona: Awarded the "Smart City 2015" title, Barcelona has intelligent
food management systems, successful city traffic management, and high-quality
city lighting. The city also has a high level of ICT access for its residents.

«Hong Kong: Uses a wide range of smart solutions, including smart
management systems, smart check-ins for public transport with smart cards, and
RFID technology for tracking agricultural supply chains.

« Rio de Janeiro: Rio’s open data system, Rio Datamine, provides a wealth of
information to the public. The city uses intelligent transport networks and smart
management technologies.

Characteristics of a Smart City:

A "Smart City" must provide a high quality of life for all its residents. This
includes:

o Clean air

« Quality education

« Safety

« Affordable, high-quality healthcare

« Recreation and sports facilities

« Efficient urban mobility

These factors are all essential for a Smart City, ensuring that it supports its
residents in many aspects of daily life.

The Smart City concept includes the following key features:

« Competitiveness: Attracting investment and creating job opportunities.

« Sustainability: Focusing on social, environmental, and financial
sustainability.

« Quality of Life: Providing safety, beauty, healthcare, education, and
accessibility.

Smart City Models from Major Companies:

To design a Smart City, a single definition is not enough. After studying
various models, three major companies — IBM, Accenture, and Microsoft—have
proposed their own versions of the Smart City concept. Though these companies
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are based in different parts of the world, their models are based on similar
principles and provide insights into the key elements of a Smart City.

For instance, IBM’s model is called the "Experiential Business Architecture
of a Smart City" and focuses on seven key areas:

1. Urban services

2. Residents

3. Businesses

4. Transport

5. Communication

6. Water

7. Energy

These areas are the foundation of a Smart City, aiming to improve the quality

of life and make cities more efficient, sustainable, and connected.

City Services

Busmess @ Citizens

CITY STRATEGY
CITY GOVERNANCE
Transport Energy

@ City Operations Systems
@ City User Systems

City Infrastructure Systems

Communication Water

Figure 2 - Architecture model o\f a "Smart City" according to IBM

According to Accenture, the Smart City model can be described as an "open
platform” that integrates the tested components of the city (office and residential
buildings, natural resource management, transportation, health and safety, waste

management, education and culture, public administration and services) (Figure 3).
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Public
Administration
and Senvices

Figure 3 — Smart City architecture model according to Accenture

"The Fashion of Territories™ in the Buenos Aires architecture company
Siemens Green Index City, based on extensive research conducted by the Regional
Center for Science at the University of Vienna. Figure 4 shows the transformation
of the architecture below, a circle called "Smart City" and 1000 indicators in each
sector (Intelligent control, smart environment, smart residents, smart mobility,
smart lifestyle). Indicators are used to implement smart city models, to evaluate the

effectiveness of initiatives and activities.

3 T e t—— 3
| Prioritized clean & | &

.......

Figure 4 - "Smart City" wheel
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According to Microsoft, the Smart City model, unlike IBM and Accenture,
focuses on Smart Citizens and includes them in all management decisions
(Figure 5).

Communication, presentation, and access: CRM,
portal, contact center, email, telephone
Joint
governance
and planning
(enterprise
architecture

Common business capabilities
Book Buy Queue  Apply Compare |

IT qualitative

Business-support systems
" Y directives and

work), Health  Education | Transpor-  Facilities g
care tation

budgeting, architectures
portfolio, and
perfarmance Security, workflows, Bl,and SOA

management

Internal production Cloud services

Figure 5 is a model of the "Smart City" architecture according to Microsoft

Choosing the right ICT model for smart urban design and architecture is
crucial for the success of a Smart City project, especially in the long term (5-10
years). While the technology itself is important, it is also essential to have "smart"
people in the city—those who can effectively use and manage these technologies.
The involvement of various stakeholders is also key, as the use of intelligent
systems in city management greatly impacts the city's success.

In the Smart City model, ICT (Information and Communication Technology)
plays a central role. This is a very important step because the real value of these
technologies will become clearer over time. It is not just about finding technical
solutions, but also about how these solutions integrate with the city's architecture
and systems. The effectiveness of ICT in the future will depend on how well it is
implemented and adapted.

According to Gartner, an international consulting firm, the method of “expert"
analysis is used to understand the development of technology over time. Gartner
uses a technology hype cycle graph (Figure 6) to represent how new technologies
evolve. In this graph, the Y-axis shows the "height" or popularity of the technology,

while the X-axis shows the "level of maturity” of that technology. The curve shows
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that technologies can become very popular quickly, but this popularity may be short-
lived and unstable. The cycle helps to visualize how technologies rise, peak, and

then decline, providing a realistic view of their potential lifespan and impact.
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Figure 6 — Technology Popularity Cycle

Conclusion. Currently, there is no single, clear definition or standard method
for measuring a Smart City. However, it is important to note that different ICTs
(Information and Communication Technologies) have developed various ways to
evaluate the Smart City model.

The concept of the "Smart City" model is essential because it focuses on
improving urban life through technology and innovation. In this study, we focused
on the European model of Smart Cities, which provides a useful framework. This
model can serve as a tool for more efficient urban development. By adapting
aspects of this model, we can apply successful strategies from European cities to
other areas. This approach encourages a detailed analysis and comparison between
cities, especially those with middle to high levels of development, helping to guide

progress toward smarter and more sustainable cities.
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ANALYSIS OF BLOCKCHAIN TECHNOLOGY
Kashaganova G.B., Sekushin N.S.

Almaty Technological University, Almaty, Kazakhstan

Abstract. This article provides a brief overview of blockchain technology. Blockchain is
a decentralized distributed database that ensures secure and transparent transactions. It allows
transactions to occur without the need for third parties. The article gives an example of
blockchain technology, explains its basic principles, types, and examples of its use in IT
products.

Keywords: blockchain, system, transactions, network, cryptocurrency, bitcoin.

Materials and Methods. Blockchain is a complex and rapidly growing
technology, gaining popularity due to its versatility. It stands at the intersection of
several scientific disciplines and areas of activity, such as distributed computing,
macroeconomics, and even game theory methods, which are widely used in the
mathematics behind cryptocurrencies. This encourages various actions from
participants in the system.

Blockchain is considered the core technological innovation behind Bitcoin.
Users can rely on a public ledger system stored on many different decentralized
nodes around the world, instead of depending on trust in a transaction counterparty
(another person) or a third-party intermediary (such as a bank). This system can be
used for processing any currency, financial contract, or asset, whether fixed or
inactive [3, p. 12].

In October 2008, an anonymous author or group of authors under the name
"Satoshi Nakamoto™ published an article about Bitcoin. It was the first electronic
monetary system that did not require third-party trust. However, the term
"blockchain™ was not mentioned in the text. The idea of this technology was
introduced later. The first blockchain, created in 2010, was a convenient
transactional payment system that allowed the transfer of money from one point to
another, offering a wide range of financial services: lending, borrowing,
depositing, investing, etc. [2, p. 10].
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One key aspect of blockchain technology is its ability to support video calls or
audio consultations, where patients can directly interact with doctors about their
health, simplifying the process of seeking medical advice and making it more
accessible and faster.

Bitcoin is based on cryptographic schemes that allow participants in the
network to verify transactions in an untrusted environment and store them in a
cryptographically protected and immutable ledger.

Today, blockchain is widely used in the financial sector. It is actively applied
in stock trading, Know Your Customer (KYC) systems in banks, and cross-border
payments. Any type of property or asset can be registered on the blockchain,
making it possible to transfer assets, verify ownership, or maintain a transaction
log. Blockchain also plays a critical role in creating peer-to-peer systems, enabling
Internet of Things (loT) devices to interact with each other, while different
communication models and protocols do not interfere [4, p. 38].

Currently, public blockchain models are the most common. They involve a
highly decentralized, fully connected network based on a public chain. These
models rely on the principle of absolute trust, where there is no need to trust the
counterparty at all [2, p. 14].

Private blockchain models have their own rules, with specific participants
managing the nodes and accessing the network services. These rules may include
financial and legal requirements. In such networks, participants are identifiable,
and access is restricted and regulated according to network rules [2, p. 15].

Hybrid blockchain models combine the features of both open and closed
networks. They offer data confidentiality, ease of deployment, and seamless
integration with third-party IT solutions [2, p. 16].

Blockchain consortia involve multiple equal parties acting as validators.
Consortium organizations share responsibility for the blockchain's operation and

determining access rights to the data [2, p. 17].
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Technology Capabilities

Decentralization in blockchain refers to the process of shifting control and
decision-making from a central authority (such as an individual, organization, or
group) to a distributed network of participants. In a decentralized blockchain,
transparency ensures that all participants can trust each other. This reduces the
influence any one participant can have over others, which helps maintain the
functionality of the network.

Immutability means that once data is entered into the blockchain, it cannot
be changed. No participant can alter a transaction after it has been added to the
ledger. If an error is found in a record, a new transaction must be created to correct
it. Both the original transaction and the correction will appear in the blockchain.

The blockchain system follows a set of consensus rules, which define how
participants agree on the validity of transactions. New transactions can only be
added to the blockchain once a majority of the network participants approve them
[5, p. 1].

Principles of Operation

Step 1: Recording a transaction. A transaction is a single entry in the
blockchain database. It includes information about the time, location, and
participants of the transaction. First, the transaction data is hashed (converted into
a fixed-length code) and then signed using an electronic signature algorithm [1, p.
123].

Step 2: Reaching consensus. The majority of participants in the blockchain
network must confirm that the transaction is valid. Common consensus algorithms
used in blockchain are Proof of Work (PoW) and Proof of Stake (PoS) [2, p. 27].

Step 3: Blockchain. The mempool is a storage area on the nodes (computers
in the network) where transactions are temporarily placed before being grouped
into blocks. The larger the value of the cryptocurrency and the higher the number
of transactions, the bigger the mempool grows [1, p. 127].

Once transactions are selected and verified, they are combined into a block.

To do this, a Merkle tree is used, where each leaf of the tree is the hash of a
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transaction. These hashes are paired up, and new hash codes are generated for each
pair. If the number of transactions is odd, the last transaction is duplicated. In the
end, only one hash code remains — the root of the Merkle tree — and this is
added to the block. This tree structure allows clients to verify if their transaction
was included in the block [1, p. 128].

Step4: Open public access to the registry. The system makes the latest copy
of the blockchain available to all participants in the network [2, p. 27].

Conclusion. This simplified explanation of blockchain highlights its core
features: decentralization, immutability, and consensus-driven transaction
validation. These principles ensure that blockchain can operate securely and
transparently without the need for intermediaries. Let me know if you'd like any

further simplification or clarification!
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Abstract. In the context of modern technological dominance at all levels of life,
universal solutions are becoming insufficient. Consumers are demanding ““personalization”,
and companies are adapting to these requests to make their products and services more
attractive to a specific audience. In education, this is manifested in the creation of a learning
environment where students can manage their own learning.

E-learning, based on information and communication technologies, has become
popular in recent years. To achieve the best results in such learning, its personalization is
necessary, which can be effectively achieved with the help of artificial intelligence
technologies.

The purpose of this paper is to study the possibilities of using artificial intelligence
technologies for personalization of e-learning. The methods of comparative and system
analysis, as well as a logical approach, were used. The article discusses key approaches to
personalized learning and the features of personalization in the context of e-learning. An
analysis of the possibilities of using artificial intelligence in this area was conducted, and
conclusions were made that such technologies can simplify the process of personalized e-
learning without increasing the workload of teachers.

Keywords: educational process, personalization, e-learning, virtual educational
environment, artificial intelligence, personalized educational technology systems.

Introduction. Modern education should be aimed at developing the skills
needed in the digital economy, which contributes to improving the quality of life
and conditions for entrepreneurship [1].

Key educational trends in modern conditions are: personalization of learning,
adaptive learning, student involvement in the process of creating curricula, the use
of open data, active student interaction and inter-university educational projects.
Research shows that 77% of education specialists consider personalized learning
to be critical for increasing student engagement and improving the effectiveness of

the educational process [7].
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Personalized learning, which adapts educational content to the individual
needs of students, is becoming an important element of the educational process.
More and more educational institutions around the world are beginning to
implement this approach, using the capabilities of data analysis and artificial
intelligence to achieve better results.

E-learning is the process of delivering educational programs and materials
using electronic means. It involves the use of computers or other electronic
devices to deliver educational content. The main advantage of e-learning is the

ability to gain knowledge anytime and anywhere.

Personalized learning. Personalized learning is an approach in which the
pace and methods of teaching are adapted to the needs of each student. In this
process, learning objectives, teaching methods, content and order of materials can
be varied to meet the unique needs of each student.

There are several main methods of personalized learning. Adaptive learning
is based on data about various aspects of a particular student’s learning, from
studying the material to passing exams. This allows for the selection of materials
that match the level of knowledge and learning style of each student.
Individualized learning involves adjusting the pace of learning depending on the
needs of individual students. Differentiated learning adapts learning approaches to
the individual needs of students. Competency-based learning allows students to
progress through the program depending on their ability to demonstrate
knowledge and skills [2, 10].

E-learning provides the opportunity for interaction between students and
teachers at any time and in any place using information and communication
technologies. In recent years, this area has been actively researched and
developed. E-learning involves the online delivery of personalized and dynamic
learning content that fosters communities of knowledge that connect learners and
experts. It supports traditional learning pathways and in some cases becomes the

only way to learn, especially for students with special needs [4].
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However, successful implementation of e-learning faces the challenge of
insufficient personalization. The individualized aspect is often ignored, resulting
in learners simply following prescribed routes through the course, from pre-
assessment to final assessment. In addition, many courses are offered over a fixed
academic term, which does not take into account the individual pace and learning
experience [3, 9].

Effective personalized learning systems should perform the following
functions:

* Align with established standards and promote the development of students'
social and emotional skills.

* Provide the opportunity to customize the learning experience to suit
students' interests.

« Flexibility in the pace of learning, allowing students to advance when they
are ready or slow down to fully master the material.

» Teachers have access to real-time performance data and feedback to tailor
materials and support students.

 Transparency of learning goals and assessments so that students know in
advance what is expected of them.

Personalization in e-learning involves the use of technology and student
information to tailor teacher-student interactions, thereby improving learning
outcomes. Research in this area focuses on two main aspects: management of
learning materials and information, and learning activity-oriented processes [5].
Personalized technology systems help students set their own learning goals,
manage content and learning, and interact with other participants in the
educational process. Such systems can be implemented both as desktop

applications and as web services [8].
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Personalization in e-learning focuses on:

The interaction that occurs
Environment (how the content is between the teacher, the student
displayed in front of the student - Content (audio, video, text, and the educational content
font size, colors, backgrounds, graphic, etc.) (gamification, blended learning,
themes, etc.) tests, tutorials, adaptive learning,
etc.)

The sequence of presentation of The method of evaluating Feedback mechanisms and
the material students much more

Figure 1 - Focus on personalization in e-learning

Acrtificial intelligence (Al) is the simulation of human intelligence processes
using computer systems. These processes include learning (collecting information
and developing rules for using it), reasoning (applying rules to draw conclusions),
and self-correction. Specific applications of Al include expert systems, speech
recognition technologies, and machine vision. One area where Al can significantly
change approaches is education, especially in the field of e-learning.

Conclusion. In conclusion, although significant changes in education may
take several decades, artificial intelligence already has the potential to radically
transform many aspects of the educational process. Al technologies provide the
opportunity for deep personalization of e-learning, allowing students to receive
education anytime and anywhere in the world using software that partially replaces
traditional classroom teaching methods.

Modern Al-based educational programs are already helping students master
basic skills, and as the number of such programs increases and developers
accumulate experience, the range of services provided is expected to expand. Al
can automate assessment processes, freeing teachers from routine tasks. These

technologies are able to assess student achievement and adapt to their individual
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needs, supporting learning at their own pace. In the future, Al may change both the
place and the way of learning, perhaps even replacing some teachers.

Al applications in e-learning environments help educational institutions
develop personalized learning paths taking into account individual student success,
as opposed to the current model, when the same content is provided to everyone at
the same time. Experts see these technologies as an ideal solution to facilitate

personalized e-learning without increasing the demands on teachers.
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Abstract. The aticle develops a method for synthesizing motion programs for robotic
systems (RS) with arbitrary structures. The focus is on improving motion control using inverse
dynamics, adaptive algorithms, and sensor integration. The study includes the creation of
mathematical models for multi-link and biped robots and the implementation of a prototype
control system. The study highlights the growing importance of software in controlling complex
autonomous robotic systems with applications in various industries such as logistics, healthcare,
and agriculture. The results lay the foundation for future advances in robotics driven by artificial
intelligence and computing technologies.

The relevance of the aticle is justified, the goal is formulated, and the
scientific novelty of the research is argued. The practical significance of the
obtained results is demonstrated, and the scientific positions to be defended are
presented. The first chapter presents a study of the subject area of motion control
algorithms for robotic systems (RTS). The structures of modern RTS are
considered. Contemporary approaches to motion control, as well as key
mathematical methods, are reviewed. Existing methods for synthesizing the motion
programming of RTS are discussed. It is shown that to achieve good trajectory
tracking, the dynamics of the robot and the inertia forces arising during motion
must be taken into account. This means that the full dynamic model of the RTS
must be considered during the control synthesis. The method chosen for motion
programming synthesis is based on solving the inverse dynamics problem. The
second chapter addresses the problem of motion control for RTS based on solving
the inverse dynamics problem. The applicable mathematical model is described,
and the derivation of equations is shown. The control method is explained, along
with algorithms for adaptive selection of kinematic parameters for the motion of a
walking robot.The control system has a hierarchical structure, which can be
divided into the following levels. The aim of the dissertation is to develop a

method for synthesizing the motion program of the links of a robot with an

325



Mamepianu xongpepenuii KIT-2024, Xapxie, XHA/Y, 20.11.2024

arbitrary structure, as the central element of the system for motion control of the
robot.

1. A method for generating motion programs for robots with arbitrary
structures has been developed, based on solving equations with redundant
constraints.

2. Three mathematical models of multi-link and bipedal robots for spatially
controlled motion have been created.

3. A prototype of a control system for a mechanical system with redundant
constraints has been implemented.

The relevance of the topic "The Role of Software in the Control of Robotic
Systems" lies in the fact that modern robotic systems (RS) are becoming
increasingly complex and multifunctional. In such systems, software (SW) plays a
key role in ensuring their effective operation, as it is responsible for managing all
processes, including movement coordination, sensor data processing, decision-
making, and interaction with external devices. Given the rapid development of
robotics and automation technologies, software has become a core component that

determines the capabilities and limits of RS. In particular, SW ensures:

Figure 1 - The impact of 5G technology on the Internet of Things

One of the main areas is the development of algorithms for robot motion

control. These algorithms ensure coordination of the robot's movements, trajectory
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management, and stability during motion. Most modern solutions use feedback and
adaptive control methods, which allow robots to adapt to changing conditions and
overcome obstacles. The most commonly used algorithms are based on control
theory (PID, LQR, optimal control), as well as artificial intelligence methods
(neural networks, machine learning algorithms) that improve the accuracy and
efficiency of robot movement.

Another important aspect is the integration of sensors and processing of data
obtained from various sensors (such as cameras, lidars, ultrasonic sensors). The
software must ensure precise processing of environmental information, which is
critical for autonomous robots, for example, in logistics or agriculture. Modern
solutions include perception algorithms and SLAM (Simultaneous Localization
and Mapping) for mapping and navigating robots in complex and dynamic
environments.

Conclusion. The development of software for controlling robotic systems
(RS) is crucial for enhancing their efficiency, functionality, and autonomy. Recent
advancements in algorithms for precise and adaptive motion control, as well as
integration with various sensors and external devices, have significantly improved
task execution and expanded the capabilities of robotic systems. Modern software
solutions for RS address key areas such as motion control, environmental
perception, navigation, and decision-making, enabling robots to be applied in
diverse fields, including industry, healthcare, agriculture, and services. Software
has become an essential part of all contemporary robotic systems, providing high
levels of autonomy and adaptability to changing conditions. As computing
technologies and artificial intelligence continue to advance, software will play an
even greater role in robotics, driving the development of smarter, more flexible,

and efficient robots for a wide range of applications.
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Abstract: Predictive maintenance is a method that helps predict potential equipment
failures and avoid unexpected breakdowns. Recently, artificial intelligence (Al) and machine
learning (ML) technologies have increasingly been used for predictive maintenance. These
technologies allow significant reductions in emergency repair costs and extend the lifespan of
equipment. This article explores how these technologies can be applied in Kazakhstan to
improve maintenance processes in industries. The aim of the work is to investigate predictive
maintenance methods and adapt them to the conditions of Kazakhstan's industry. The following
methods are used in the study: Analysis of historical data on failures to predict future
breakdowns; Use of sensors to analyze equipment status in real time; Development of hybrid
models combining different approaches to improve prediction accuracy.

The results of the study showed that using Al and ML for predictive maintenance can help
reduce repair and maintenance costs and improve equipment performance. Data analysis from
sensors allows timely detection of faults, which helps avoid prolonged downtimes. During the
study, failure prediction models were developed, showing prediction accuracy of up to 98.7%
with low error rates. These models can be useful not only for large enterprises but also in other
sectors of Kazakhstan's economy, such as energy, agriculture, and transportation, which will
improve the overall efficiency of the industrial sector.

Keywords: predictive maintenance, artificial intelligence, machine learning, equipment
failures, sensors, hybrid models, Kazakhstan, industry.

Introduction. With the development of technology in industry, particularly in
countries like Kazakhstan, the importance of implementing innovative solutions in
maintenance processes continues to grow. Predictive Maintenance is a crucial tool
for improving equipment condition management. The application of Artificial
Intelligence (Al) and Machine Learning (ML) technologies in this field not only
allows for predicting potential failures but also minimizes downtime and reduces
maintenance costs.

The main objective of predictive maintenance is to predict equipment failure

before it happens. This enables companies to perform preventive work in advance,
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avoid unplanned downtime, and significantly reduce emergency repair costs.
Predictive maintenance technology is widely used in large industrial countries;
however, in Kazakhstan, this practice is just beginning to develop, opening up
ample opportunities for the adoption and adaptation of these technologies to local
conditions.

Relevance of the Study for Kazakhstan. In Kazakhstan, where the industrial
sector constitutes a significant portion of the economy, the efficiency of equipment
operation directly impacts the financial results of enterprises. In the context of
limited resources and high maintenance costs for aging equipment, the
implementation of modern predictive maintenance technologies can be an
important step toward increasing the competitiveness of Kazakhstani companies.
Despite the existing potential, the use of Artificial Intelligence and Machine
Learning in this area remains limited in domestic enterprises. The application of
innovative failure prediction methods will help companies not only reduce
maintenance costs but also extend the lifespan of their equipment.

Additionally, the industrialization and digitalization of Kazakhstan’s economy
are creating the necessary infrastructure for the introduction of technologies such
as the Internet of Things (I0T) and sensor systems, which, in turn, will enhance the
efficiency of predictive maintenance. However, for successful integration of these
solutions, it is essential to study global practices and adapt them to the specific
conditions of the Kazakhstani market.

Literature Review. Predictive maintenance using Al and ML technologies is
an actively developing field that draws attention from researchers and specialists
around the world. Machine learning methods are widely used in international
practice to predict failures based on data collected from sensors installed on
equipment.

There are several types of approaches in predictive maintenance:

1. Models based on historical data: These models use data about past

failures and their signs to predict future breakdowns. Such models may include
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various machine learning algorithms, such as regression analysis, classification,
and neural networks (Dey et al., 2017).

2. Real-time analysis methods: Data is collected and analyzed during the
operation of equipment using sensors installed on machines. This allows for
obtaining up-to-date information about the equipment’s condition and predicting
its failure (Zhao et al., 2019). These approaches are actively used in large
manufacturing and energy companies, where every moment of equipment
operation is critical.

3. Hybrid models: Combining different data analysis methods, including
both historical and real-time data, helps create more accurate and reliable
predictions. Such models are widely used in metallurgy and the petrochemical
industry (Jia et al., 2020).

Examples of successful implementation of predictive maintenance can be
found in countries such as the USA and Germany. For instance, in the automotive
industry, Al is used to predict failures of components with high accuracy.
Predictive maintenance is also widely applied in railways, where defects in
signaling systems and rails can be predicted based on the analysis of vibration data
and temperature (Lee et al., 2014).However, the application of Al for predictive
maintenance in Kazakhstan is still under-researched. This opens up opportunities
for scientific research and the development of models that can be successfully
implemented in domestic enterprises.

Research Methods. To achieve the objectives of this study, the Al4l 2020
dataset, which includes data on the condition of industrial equipment collected
through sensors, will be used. These data include parameters such as temperature,
pressure, vibration, and the wear of components. This dataset provides a unique
opportunity to analyze real-world data, which is crucial for creating effective
failure prediction models.

The machine learning methods applied in this work are as follows:

1. Regression analysis: This method will be used to predict the degree of

wear of equipment based on numerical characteristics such as temperature and
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pressure. Regression allows for accurately modeling the relationship between
various parameters, helping assess the current state of the equipment and forecast
its future condition.

2. Classification methods: These include decision trees and random
forests. These methods will help predict the probability of equipment failure based
on its current condition. Classification also allows for categorizing the data,
enabling more precise determination of when maintenance or component
replacement is necessary.

3. Ensemble methods: Examples include random forests and gradient
boosting. These methods can significantly improve the accuracy of the model by
combining several models into one, reducing error rates and increasing prediction
stability.

Scientific Novelty. The scientific novelty of the work lies in adapting existing
machine learning methods for predictive maintenance tasks at Kazakhstani
enterprises. The use of real-world data in combination with advanced analysis
algorithms allows for the creation of effective solutions that can significantly
improve the process of equipment maintenance in the context of domestic industry.
Unlike foreign practices, where such technologies are actively implemented, this
process is only starting in Kazakhstan, opening new avenues for scientific research
and the introduction of innovative solutions.

Practical Significance of the Study. The implementation of predictive
maintenance models in Kazakhstan's industry can lead to significant economic and
operational improvements:

« Reduction of maintenance and repair costs: Predicting failures in advance
allows for preventive maintenance, avoiding costly emergency repairs.

« Extension of equipment lifespan: Determining when maintenance or
component replacement is necessary helps extend the life of machinery.

« Optimization of production processes: Predictive maintenance helps avoid
accidents, contributing to the overall efficiency of the enterprise.

The failure prediction models proposed in this study can be adapted not only
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for large manufacturing enterprises but also for other sectors of Kazakhstan's
economy, such as energy, transport, and agriculture.

Conclusion. Predictive maintenance using Al and ML opens significant
prospects for improving the efficiency of Kazakhstan's industry. The introduction
of such technologies will enhance the maintenance process, minimize repair costs,
and extend the lifespan of equipment. The development of models based on real-
world data and the use of machine learning methods will help adapt global
practices to local conditions, which could be an important step toward the

digitalization of Kazakhstan’s industry.
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CEKIIISA 5

YIIPABJIIHHA ITPOT'PAMAMMU TA ITPOEKTAMM, ITPOBJIEMHI
NUTAHHS IPUAHSTTS PIIIEHD.
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VJIK 004
MOJIEJIb BABOPY TEXHIYHOT'O 3ABE3NEYEHHSA JUIS

ITEHTU®IKALII OCOBUCTOCTI IO OBJINYYIO
Anapromenko B.T., lllesuenko B.P.

XapkiecoKuili HAUIOHATLHUL ABMOMODINTLHO-00POICHII YHIgepcumem, XapKie

TexHosoriss po3mi3HaBaHHA OCOOMCTOCTI 3a OOJMYYAM, SKa ChOTOJIHI
BBAXKAETHCS OJIHIEI0 3 HAUOLIBIN MEPCIIEKTUBHUX y chepl O10METPUUHUX CUCTEM,
Ma€e TPUBAJIY Ta CKJIAJHY ICTOPIIO pO3BUTKY. Bim mepmux crnpod A0 CydyacHUX
BHCOKOTOYHHX QJITOPUTMIB - TIeH MIITX OyB CIIOBHEHHWM 3HAYHUMH JOCSTHCHHIMU
Ta BAXJIMBUMHU BIAKPUTTAMU. Y I1[bOMY pPO3JUTI PO3TJITHEMO OCHOBHI €Taru
CBOJIIOLIIT TEXHOJIOTIH po3mi3HaBaHHs 00au4 [1-2].

Meta pobotu - miABUIIEHHS €()EKTHBHOCTI CHUCTEMHU 3aXHUCTY 3a PaxyHOK
PO3pOOKHU MOJIeIl TEXHIYHOTO 3a0e3leueHHs sl 1eHTUdiKamii 0coOuCTOCTI Mo
00Ty YIo.

BBenemo 3miHHY th = {0;1}, ne th = 1 — a0 o6paHo nmpucTpii h-ro
TUTTY, (-TO BUOY, X hq = 0 — B 3BOpOTHROMY BHIAJKY [3-5].

YacTkoBi KpuTepii onTUMi3allii:

— MaKCHUMAaJIbHE 3HAUYEHHS ImaM'saTi 0ci10

' !

P:max%; qz

P. X, ., 1

— MIHIMaJTbHUN Yac 3aTPUMKU YUTAHHS KapTU

4

h' 9
Z=miny 2 X, 2
h=1g=1 Nd" hq

— MIHIMaJIbHUN Yac 3aTPUMKU YUTaHHS 0C10:
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’ !

T=minYy >T_X,__, 3
h=g=1 ha" hq
— MiHIMaJIbHA BapTICTh MPUCTPOIO
h g
S=miny> ¥S, X, , (4)

O6nacTh JOMYCTUMUX PIllIEHh BUSHAYAETHCS OOMEKECHHSIMU:

— 11aM’ATh 0c10 He MTOBUHHA OyTH MEHIIe 3a/1aHO1 p°

RuXy 2P’ ;h=1h ;q=1q"; 5)

hg —

0
— Yac 3aTPUMKHU YUTAHHS KapTH HE MOBUHEH MEPEBUINYBATH 3a1aHOTO Z

Zy Xog <Z°h=Lh ;q=10"; 6)

hqg —

0
— Yac 3aTPUMKHU YUTaHHSI 0COOM HE MOBUHEH MEPEBUIIYBATH 3a/1aHOTO T

ToaXog <T7;h =10 ;0=10"; )

hqg —

— BapTICTh MPYUCTPOIO TIOBMHHA OyTH He Ginbie S°

h q
DD S Xng <S8 (3.8)
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—MOke OyTH 0OpaHuM JIUIIE OJTHOTO TUITY Ta BUAY MPUCTPIN
h ¢
Z Z Xpg=1. 9)

Po3pobnena Moiens JO3BOIHUTH MABUIIUTH €PEKTUBHICTh MPUUHSTTS PIIICHB
npu BHOOpI TEXHIYHOTro 3a0e3rnedeHHs I 1JeHTHdIKaIli 0COOHUCTOCTI IO

00 IMYYIo.
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YK 658.014:004.9
BUBIP ITPOTPAMHUX 3ACOBIB BEPCTATIB 3 YUCJTOBUM
INPOI'PAMHUM KEPYBAHHSAM
Anocoe P.B., Invee 1.T.

XapxiecoKuii HAUWIOHANLHUL ABMOMODOITILHO-00POIHCHIN YHIgepcumem, XapKie

CydJacHwuil Tipoiiec MoIepHi3allii MPOMKCIOBOTO BUPOOHUIITBA B 3HAUHIN Mipi
0a3yeTbcsl Ha IIMPOKOMY BHUKOPHUCTaHHI BEPCTATIB 3 YHCIOBUM TIPOTPAMHHM
kepyBanHsMm (UIIK) [1].

[Ipu 1mpoMy 00CSAT CBITOBOI 1HIYCTpii BEpCTaTiB JAaHOTO KJAcy MOCTIHHO
3pocTae, a iX BUPOOHMUIITBO MPAKTUYHO MOHOMOJII3YBAJIM MPOBIJIHI 1HAYCTpiaidbH1
nepxaBu — Himeuunnu, SAnonis ta Criomyyeni lltatu Amepuku [1].

Bepcratn 3 UIIK kmacudikyroTh SK TMpaBWIO 3a OCHOBHUM THIIOM
00pOOITIOBAJIBHUX OTEpalliil, 110 BOHM BUKOHYIOTh, Ha JIEKIJIbKA OCHOBHUX THIIIB,
Takux K TokapHi Bepcratu 3 UIIK, dpesepni Tokapui Bepcratu 3 UIIK, Tomro, ane
JUISL BCIX THIIB 3arajlbHUMH CKJIQJOBUMH IIbOTO OOJaJHAHHS OKpIM BJIaCHE
BepcTarta, € npuctpiit UITY Ta kepyrode nmporpamue 3a0e3nedeHHs [2], mpu mboMy
OCTaHHS CKJIaJI0Ba B CYyYaCHHUX YMOBAax BIJIIrpa€ KIIOYOBY pOJib B 3a0e3MedyeHH1
e¢(eKTHBHOTO BUKOPUCTAHHS BepCcTaTa B IIJIOMY.

bazoBum Tumom mnporpamuoro 3abe3nedeHHs s Bepctartie 3 UIIK e
MpOrpaMHi KOMIUIEKCHU JJISI PO3POOKH KOMIT IOTEPHOI MOjeni 00poOIroBaIbHOT
nertam [3].

JouineHuii  BUOIp mporpamMHOro 3a0e3nedyeHHs JIaHOTo THUIy HE €
TPUBIATHLHOIO 33/1aUCl0 3 OISy Ha TE, 10 B I[bOMY CEKTOPi CBITOBOTO PHUHKY
pPO3POOHUKAMH TIPOTIOHYETHCS BEJIHMKA KITBKICTh MPOTPAMHUX KOMIUICKCIB 3
MIUPOKUM CIIEKTPOM TEXHIYHMX 1 EKOHOMIYHUX XapaKTepUCTHK, MPUUYOMY B
0araTh0X BUMAAKaX JCKIApOBaHI pO3POOHUKOM 3HAYCHHS WX XAPAKTEPUCTUK HE
CIIIBIAJAE 3 PEATbHUM.

Takum ymHOM, BUOIp JOBOJIUTHCA 3A1MCHIOBATH B YMOBaxX HEBHU3HAYEHOCTI.
Jnst toro, mo0O ned BUOIp NPOBOAMBCA HAa HAYKOBO-OOIPYHTOBAHIA OCHOBI,

338



Mamepianu xongpepenuii KIT-2024, Xapxie, XHA/Y, 20.11.2024

JOLIJIFHO BUKOPUCTOBYBATH METOU BUOOPY, 1110 0a3yIOThCS HA OI[IHKAX €KCIEPTiB
B JIaH1i rajay3i, HampuKiIag, METOI aHalli3y iepapxii [4].

Peanizartiist 7aHOr0 METOY Ma€ MICTUTH HACTYITHI €TaIH:

- BU3HAUEHHS 1epapxii KpuTepiiB BHOOPY, KOEQIII€HTIB 1 CKIaAaHHS
CTPYKTYPHOI 1€papXidHOi MOJIeli BUOODY;

- 1o0y10Ba MaTpUIlb MOMAPHUX MOPIBHIHb 1 OTPUMAHHS €KCHEPTHUX OLIIHOK;

- BU3HAUEHHS BaroBUX KOE(IIIEHTIB Ha PI3HUX PIBHAX CTPYKTYpPHOI
1EpapXi4HOi MOJIEIIL;

- 00YHUCJIEHHS y3arajlbHEHUX BaroBUX KOE(QIIIE€HTIB 1 BU3HAYEHHS JOIIBHOT
aJIbTEpPHATHBH.

Ha BepxHbOMY piBHI CTPYKTYPHOI 1€papXIi4yHOI MOJEINl PO3TAIIOBAHO CaMmy
npoliemy:

-1. Bubip nporpamMHux 3aco0iB BepcTaTiB 3 YHCIOBUM IPOTrPaMHUM
KEePYBAHHSIM.

Jpyriii piBeHb MICTUTH TPYIIH, 110 MOETHYIOTH KpUTEPii BUOOPY, a came:

- 1.1 rpymna eKOHOMIYHUX KPUTEPIiB;

- 1.2 rpymna TeXHIYHUX KPUTEPIiB;

- 1.3 rpyma KOpuCTyBaIlbKUX KPUTEPIiB.

Tpertiit piBeHb MICTUTD BJIACHE CaM1 KpUTEPIi, 1110 BXOAATh y MEBHY TPYIy.

ExonomiuHi KpuTepii:

- 1.1.1 - BapTiCTh MPOTPAMHOTO POIYKTY;

- 1.1.2 - HasgBHICTH 0E3KOIITOBHUX BEPCiii;

- 1.1.3 - HasiBHICTH OE3KOIITOBHOTO BUMIPOOYBAJIHLHOTO TEPMIiHY.

TexHiuHi KpuTepii:

- 1.2.1 - pyHKIIOHAN TTpOTpaMU;

- 1.2.2 - TpyIOMICTKICTh BUKOPUCTAHHS IIPOTPAMH;

- 1.2.3 - aganToBaHICTh MPOTPaAMH;

-1.2.4 - pisesr CAD/CAM inTerparii.

KopucryBaripki kpurepii:

- 1.3.1 - 3pyuHicTh iHTEpPENCY;
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- 1.3.2 - JIeTKiCTh OCBOEHHS;

- 1.3.3 - BOy10BaHi 3acobu aBTOMaTH3AIllT;

- 1.3.4 - piBeHb TEXHIYHOI MIATPUMKH.

Ha uyerBepTOMy, OCTaHHBOMY pIBHI pO3TalllOBaHl albTePHATHUBU, TOOTO
IIpOorpaMHi MPOYKTH, MK SKUMH TpeOa 3T1CHUTH BHOID.

[IpornoHyeTbcsi B AKOCTI aJdbTEPHATHB OOpaTW HACTYNHI MpOrpamHi
KoMIuTeKcH [5-8]:

- Fusion 360;

- Mastercam;

- SolidCAM;

- SprutCAM.

Bkazani BuImie eneMeHTH iepapXii B CYKYIMHOCTI CKIIQJalOTh CTPYKTYypHY
lepapXidyHy MOJIEb MPoOIeMu BUOOPY MPOrpaMHUX 3aC001B BEPCTATIB 3 YUCIOBUM
IPOTPaMHUM KEPyBaHHSIM.

TakuM YWHOM, BHU3HAYEHO aNbTEPHATHUBU MPOTPAMHOTO 3a0€3MeYeHHS
BEpPCTaTIiB 3 YHCIOBUM IIPOTPAMHUM KEpPYBaHHSAM 1 PO3pOOJIEHO CTPYKTYpHY
lepapxigHy MoOenb MmpobsieMu BHOOPY MPOrpamMHUX 3aco0iB JTaHOTO THITY, IO
JIO3BOJIUTH peajizyBaTd TMpPOILENYypYy METO/Aa aHajizy iepapxiii 1 BU3HAUUTHU

JOLIIbHY albTEPHATUBY Ha OCHOBI HAYKOBO-OOIPYHTOBAHOI'O MIAXOAY.
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YK 004:629.3
MOJEJIb BUBOPY TPAKTOPA JIJIsA KOMYHAJIBHOI'O
I'OCIIOJAPCTBA
bonoapes 0. O.

XapxiecoKuili HAUWIOHANLHUL ABMOMODOITLHO-00DP0XHCHIT YHIgepcumem, XapKie

YTpumaHHS aBTOMOOUIBHHUX JOPIT B HAJICKHOMY EKCIUTyaTalliiHOMY CTaHi €
HEOOXI1JTHICTIO B CyYaCHUX peallisiX Hallloi KpaiHu, KOJU JI0 CTaHJAPTHUX POOIT 1Mo
00CIIyrOByBaHHIO JOPIT A0JaI0OThCs POOOTH MO JIIKBIAAIT HACTIIKIB BOPOXKUX 11
arpecopa.

B wmiil curyamii € JIOIIIBHUM BUKOPUCTAaHHS TPAKTOPIB, SKI MOXKYTh
BUKOHYBAaTH POJb 0a30BOi MAIIMHU, 1[0 MAa€ MOKJIUBICTh BUKOHYBATH HIUPOKHIA
CIIEKTp TEXHOJIOTITYHUX OMeparliii Mo yTPUMaHHIO JOpPIr, 30KpeMa MIChKHUX, 1
NOJIOJIAaHHIO aBAPIMHUX CUTYaIllll Ha JOporax 3aBJIsSKH BUKOPUCTAHHIO 3MIHHOTO
00J1aTHaHHSI.

Haii0inb11 BXKUBaHUM KJIACOM JUIsI KOMYHAJIBHUX MICBKHUX POOIT € TpaKTOpu
MUHU KJacy, 10 MarTh MOTYXKHICTh B Aiama3oHi g0 50 K.C. y BIAMOBIIHOCTI 1O
3aCTOCOBAHOIO HaBICHOTO 0OsaaHaHHs [1].

Pa3om 3 TuM nocTae npobseMa BUOOPY KOHKPETHUX MOJENIEH TPAKTOPIB ISt
BUIIE BKa3aHOTO 3aCTOCYBAaHHS, 3Ba)KalOUM Ha BENUKY KUIBKICTh MPOMO3MIIM Ha
PUHKY, IO BiIpi3HSAIOTHCA CBOIMH TEXHIKO-€KOHOMIYHUMH XapaKTePUCTHKAMH.
Takox TpeOa B3sTH J10 yBaru, 1o B 0araTbOX BHUMAJKaX Ma€ Miclle pO301KHICTh
MK BKa3aHUMH BHPOOHMKOM 3HAUYCHHSIMH XapaKTEPUCTHK TPAKTOPIB 1 iX
peaTbHUMH 3HaUYCHHSIMU, TOOTO BUOIp Ma€ BIIOYBAaTHUCS B YMOBaX HEBU3HAYEHOCTI.

B miit cutyanii A0pedyHO BUKOPHCTOBYBaTH METOJM, LIO CIHMPAIOTHCA HA
JIYMKY €KCIEpTiB, HaNpUKIad, METOJ aHami3zy lepapxiii [2], axuii m03BoJIsA€
3IIACHUTH BUOIp 3 ypaxXyBaHHAM CYKYITHOCTI (haKTOPIB.

[lepmM KpokoM B peami3alli METOAY aHAII3y l€papXii € JIEeKOMIIO3MIIis
npobsieMr BUOOpPY 1 MPEACTABICHHS IIi€l TPOOJeMH Yy BUIIIAAlL 1€papXIvHOl
CTPYKTYpHOi Mojeni [2].
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Ha BepmuHi wmi€i moneni, ToOTO Ha BEpPXHbOMY pIBHI 3HAXOAMTHCS cama
npo6iema — BUOIp TpaKTopa JJii KOMyHAJIbHOTO TOCIOIapCTBA.

Huxdye, Ha npyromy i€epapxidyHOMY piBHI 3HAXOASTHCS CYKYHHOCTI (TpYIH)
KpUTEPIiB, IO BIUTUBAIOThH Ha MpoOIeMy BUOODY:

- EKOHOMIYHI KpHUTEPIT;

- TEXHIYH1 KpUTEPIi;

- eKCIUTyaTallliiHi KpuTepii;

- eproHOMIYH1 KpUTEPii.

Ha tpeTpomy i€papxidyHOMY piBHI 3HaXOIATbCS caMl KpuUTepii BUOOpY, IO
HIAMOPSAIKOBAHI IEPETIYCHUM TPYIIaM.

JIo eKOHOMIYHUX KpHUTEPIiB BIAHOCATH 0a30BY BapTICTh, TOOTO BapTICTh
BJIACHE TPAKTOpa, BAPTICTh HAOOPY HEOOXIMHOTO MPHUINETHOTO ab0 HABICHOTO
oO/lalHaHHS Ta BapTICTh OOCAYrOBYBaHHS MaIMHH, IO MICTUTh BapTICTh
BUTPATHUX MAaTeplajiB, NaJINBa, TEXHIYHOTO 0OOCITYyroByBaHHS Ta 3allaCHUX YaCTHH.

Jlo TexXHIYHUX KPUTEPIiB BIAHOCATH TMOTYXKHICTh JBUTYHA, IIBHUAKICTh
TpaKTOpa, aJaNTUBHICTH 10 OOIaTHAHHS, 110 BU3HAYAE MOXKIIUBICTh BUKOPUCTAHHS
oOnmagHaHHS PI3HUX THINIB Ta YHIBEpCabHICTh, TOOTO diama3oH 3aBlaHb, SKi
CIIPOMOXKHUM €()eKTUBHO BUKOHYBATH JTAaHUM TPAKTOP.

Jlo ekcruryaTalliHUX KpUTEpPIiB BIAHOCATH HAJIWHICTh, BIUIMB TPAaKTOpa Ha
30BHIIIIHE CEPEAOBHINE (TUCK HA TPYHT, PIB€Hb BUKH/IIB, TOIIO) Ta pOOOUN pecypc
MAIIHHH.

Epronomiuni kputepii MicTSITh KOM(GOPT B KaOiH1 onepaTopa, piBeHb IIyMYy Ta
BiOpariii B kaOiHi, 30BHIITHE OCBITJICHHS MAIIMHU Ta OTJISIOBICTH 3 KaOiHM, Ol
1HIMB1TyaJIbHOT'O HAJIAIITYBAaHHS 00JIaITHAHHS POOOYOT0 MiCIIs.

Ha derBeproMy iepapxidyHOMY piBHI 3HAXOMSITHCS aIbTEPHATHUBH, TOOTO
KOHKPETHI MOJIEJl TPAKTOPIB, MIXK SIKUMU OyJie 31HCHEHUN BUOIp. AJbTEpHATUBU
no3HayeHo jitepamu Al-A4.

CrpykTypHa lepapxidyHa MOJ€JIb BUOOpPY TpakTopa i KOMYHaJIbHOIO

rocrojapcTBa rnojaHa Ha pucyHky 1.
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Pucynox 1 — BepxHi piBHI iepapxi4HOi MOiei BHOOPY TpakTopa
[IpencraBnena BuUIE MOJEIb € OCHOBOK [UIsl peali3alli po3paxyHKOBOI

IporeAypH MEeToAa aHami3y i€epapxii 1 BU3HAYCHHS HAWOLIBIN JOMUIBHOI MOl

TPaKTOPa 3 ypaxyBaHHSIM BCI€i CYKyIHOCT1 KPUTEPIiB.
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YK 519.81: 656.1
JEKOMITO3MIIIS 3AJIAYI CUCTEMHOI ONTUMIBAIII MAPIHIPYTIB
JOT'ICTUYHOI MEPEXI
Koounsnux M. €., be3koposaiinuii B. B.

XapxiecoKuii HaUiOHANbHUL YHIGepcumem padioejleKmpoHiku, XapKie

EdexkTuBHICT, ICHYIOUMX 1 CTBOPIOBAHWX BHUPOOHMUYO-30yTOBHUX MPOIIECIB
0arato B YOMY BHM3HAUa€ThCS SAKICTIO BIAMOBIAHOT JoricTuku. OpHiew0 3
HAalBAXJIMBIIIMX MpOOJIEeM Yy IUIAHYBAaHHI JIOTICTHKM € ONTHUMI3alil Mepex
JIQHIIIOKKIB TIOCTa4YaHHs. PillIEHHS [[0J0 OITUMI3alli JIAHIFOKKIB IMOCTA4YaHHS
NMOBUHHI OyTH JOCUTh CTIHKMMH Ta JKUTTE3NAaTHUMHU Y CKJIaJHOMY Ta
HEBU3HAYCHOMY 30BHINIHBOMY CEPEIOBUIII (3MiHA MOMUTY Ta MEPEXkK1 CIIOKUBAYIB,
MIPUPOJIHI KaTakIi3MHu, manaeMii Tomro) [1]. 30kpema, B yMOBax BiliICKOBOTO CTaHY
0COONMBOI  aKTyaJdbHOCTI HAOyBarOTh 3aJadl PEIHKUHIPUHTY  ICHYIOUMX
JOTICTUYHUX Mepex. B yMoBaxX KOHKYpEHIi JUisi NPUUAHATTA pIllleHb BCE
aKTUBHIIIE BIPOBA/KYIOTh Cy4YacHI METOJM ONTHUMIi3allii Ha BCIX eTanax
JIOTICTUYHUX TIPOIIECIB, IO JO3BOJISE KOMITAHISIM HE JIMIIE YHUKATH 3alBHX
BUTpAT, aje W IiJBUINYBaTH IIBHUJKICTh JOCTaBKM 3amMoBIieHb [2]. CyuacHi
TEXHOJIOT1i CHUCTEMHOI ONTHMI3allii peani3yloTbcsl Ha OCHOBI arperaTuBHO-
JIEKOMITO3UINIITHOTO Ta MiIX01y OJOYHO-1€papXIYHOTO MIAXOMAIB, IO TIepeadavaroTh
pO30UTTS onucy JioricTuaHo1 Mepexi (JIM) 3a ctyneHneM aeranizalii Ha iepapxiuHi
piBHI Ta acleKTH, a MPOLeCY ONTHUMI3AIlli — Ha TPyNu MNPOUEAYp, MOB'I3aHUX 3
OTPMMAHHSIM Ta TEPETBOPEHHSM OMKCIB 100 BHUAUICHUX DPIBHIB Ta ACIEKTIB 3
NOJANBIIO iX arperamie€lo Jjis OTPUMAHHSA BIANOBIJHOMY pIBHI pIIIEHb IO
Mepexi 3araimom [3].

Po3pi3HstoTh 3aaul ontumizaliii Makpo- 1 MIKpOJIOTICTHYHUX MEPEXK. 3aadi
MaKpOJIOTICTUKA BUHHUKAIOTh MPU ONTUMI3allli BEJIMKOMACIITAOHUX Mepex. BoHu,
B TEpIIy 4Yepry, MOB’sA3aHi 3 BUOOPOM KUIBKOCTI 1 MICIb PO3TAILlyBaHHS BY3IiB
(ckmazaiB, TepMiHaIiB, Xa0iB) MEpEXi Ta CXeM JOCTaBKM BaHTaxiB [4-5]. 3amaui
MIKpPOJIOTICTUKH PO3B’SI3YIOTbCS JUJII MEPEXK HEBEIMKUX MAaclITadlB HUIIXOM
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OMTHMI3aIlii MHOXHHU KUTBIIEBUX MapIIPYTiB [6].

3aranpHy 3aayy cucteMHOi onTuMmizaiii JIM mpomnoHyeThCcst po3riisiaTu siK

npobiieMy (MetazaBnanus) MetaTask, sika ckiagaeTbes 3 MHOKUHU 3a/1a4 Task,i :

i=1i, mo BimHOCATBCA 1O pi3HUX Iepapxiunux piBHiB |, I=1n 3 ix
B3a€MO3B'SI3KAMH 32 BXITHUMH JaHUMH IniI Ta pe3yNbTaTaMu PO3B’sI3aHHS OutiI
(puc. 1) [3]:

MetaTask ={Task,}, Task, ={Task(}, i=1i, I=1n, 1)
ne Ny =3 — KUIBKICTh PiBHIB OMKCY MPOOJIEMH; §; — KUJIBKICTb 3a1a4 Ha piBHi | .

3amaui  MakpopiBHA 3a CBOEK CYTHICTIO € 3aJadyaMd  CHUCTEMHOTO

NPOCKTYBaHHSA. BOHM  BIAPI3HAIOTHCS OOMEXKEHHSIMHU, III0 BIJOOpaKarOTh

crienu(iKy OCHOBHUX €TariB KUTTEBOro nukity JIM: Taskl1 - (popMyBaHHS BUMOT
. e . . 1
1o JIM ta po3poOka TeXHIYHOTO 3aBJaHHA Ha ii onTuMizarito; Task, — cuctemHe

POEKTyBaHHS; Task% - IJIaHYBAaHHS PO3BUTKY; Taski - aJlanTarlis Mepexi; Taské -

peimxuHipuar JIM.

Memapisens

Makpopieens

Mixkpopisens

Pucynox 1 — Cxema nexomrmosuirii mpodsiemMmu cucteMHoi ontumizaiii JIM [3]
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OcHOBHI 3aja4i MIKpPOpIBHS MOB'SI3aHI 3 BHUPIMIEHHSAM IUTaHb ONTHUMI3aLlii
MEpEexKi: Taskl2 - BuOip mpuHIHMIB modyaoBu JIM; Task22 — BHOIp CTPYKTYpH
(KITBKOCTI BY3JIB Ta CXEMH 3B’SI3KIB 4Yepe3 HUX MK MOCTAa4aJIbHUKaMHU Ta

OTpUMYyBayaMU BaHTAXIB); Taskg — BHU3HAYEHHS TOMOJOr (TEPUTOPIATBLHOTO
po3TallyBaHHs BY3JIiB); Taskf — BUOIp TexHOJOTiT PyHKI[IOHYBaHHS (MapuIpyTiB
JIOCTaBKU BAHTAXIB); Task52 — BU3HAYECHHS NapameTpiB (BY3/IiB Ta TPAHCHOPTHUX

3aco0iB); Taskg — oIiHKa e(EeKTUBHOCTI Ta OCTAaTOYHHWI BHUOIp BapiaHTy
opranizariii JIM.

CucremHa onrtumizaiis Ha BuAuleHi MHOXuHI (1) mepenbauae
YHOPSAIKYBAaHHS 1 BH3HAUCHHS MPOIEAYp UM METOMIB PO3B’S3aHHS 3a1ad, fKi
JO3BOJISITh OTPUMATH €(QEKTUBHHUI BaplaHT noOyaoBu Mepexi. llpu mpomy,
TEXHOJIOT1i ONTHUMI3aIlli MakKpo- 1 MIKPOJOTICTHYHUX MEpex TmependadaroTh
PO3B’sI3aHHS PI3HUX KOMOTHATOPHUX 3a]1a4.

3amaul  onTUMI3alli  MaKpOJOTICTUYHUX BUPOOHMYO-30yTOBUX  MEPEXK
nepen0davyaroTh TMOIIYK BapiaHTIB iX MOOYIOBM HAa MHOXHHI HE3aMKHEHUX
JEPEBOMOMIOHUX CTPYKTYp. i iX pO3B’SA3aHHS YCIIIIHO BUKOPUCTOBYIOTHCS
METOH CHPSIMOBAHOTO Tepebopy Mg MoOyJAOBH MIHIMAIBHOTO OCTOBHOTO YU
ctaryrouoro aepesa MST(Minimum Spanning Tree) [4-5].

3amayl onTMMi3alli MaplIpyTiB MIKPOJOTICTUKM 3a3BHYail 3BOASATHCSA 10
kiacuyHoi 3ama4i koMiBospkepa TSP (Travelling Salesman Problem), mo nonsrae
y 3HAxXOJDKEHHI MapHIpyTy MiHIMaJIbHOI Barw, SKUHA MPOXOAWTH YEpe3 YCIO
MHOXXHHY TYHKTIB JIM, BiZIBiTy10YM KOKEH MYHKT JIUIIEC OJWH Pa3. Y 3araibHOMY
BUIMAJKYy TpU BpaxyBaHHI OOMEXEHb €MHICTh YHM BaHTAKOMIIHOMHICTb
TPAHCIIOPTHUX 3ac001B, Yacy JOCTaBKH TOIIO 3aAadi ontumizaiii JIM 3BoasThCs
710 3aJ1a4 JICKUTbKOX KoMiBosDKepiB 3 oomexxernHsmu MTSPC (Multiple TSP with
Constraint) [6].

Jlst moOynoBu e(hEeKTUBHOT TEXHOJIOTTi CUCTEMHOI ONMTUMI3AIli JIOTICTUYHUX
MepeX HeoOXiHa po3poOKa KOMIUIEKCY MaTeMAaTUYHUX MoJjieneit Bcix 3amay (1) 3

ypaxyBaHHsIM HaOOpiB iX BX1IHMX Ta BUX1THUX JIaHHX.
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ABTOMaTH3alisl MNPOLEAYpP CHUCTEMHOI ONTUMI3AlLll JIOTICTUYHUX MEPEX
JI03BOJISI€ CKOPOTUTH TEPMIHU BUPIILIECHHS 3aBJaHb iX NPOEKTYBaHHs, IIJIaHyBaHHs
PO3BUTKY, PpEIHKMHIPUHTY YU KepyBaHHS HHUMH. IIpakTuuHe 3acToCyBaHHS
OTPUMaHMUX Pe3yJIbTaTIB 32 PaXyHOK CIUIBHOTO PO3B’S3aHHS BCHOTO KOMILIEKCY
3aa4  JIO3BOJIUTh CKOPOTUTH BUTPATH Ha CTBOPEHHS, MOJEpHI3AILI0 YU
excruryaramnito JIM, miIBUILIKUTH iX ONIEpaTUBHICTD.

HanpsimkamMu mojaibliuX JOCHIIKEHb y ILbOMY HAaIlpsIMKy MOXe OyTH
YAOCKOHAJIEHHS ICHYIOYUX 1 po3poOKka OUIbIl €(PEeKTUBHUX METOJIB PO3B’S3aHHS

3a/1a4 CTPYKTYPHO-TOIMOJIOTIYHOI Ta TEXHOJIOTTYHOI ONTUMI3allii.
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TPAHCIIOPTI Ta y BUPOOHUIITBI. MaTepianu BCEYKp. HAyK.-MPaKT. KOH}. 3700yBauiB

BUIIIOT OCBITH 1 MOJIOuX yueHnx, XapkiB: XHAJY, 2023, c. 257-260.
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YK 658.014:004.9
KPUTEPII BUBOPY ITPOT'PAMHOTI'O 3ABE3IIEUEHHS
MYJbTUMEAIHNHUX CUCTEM JJIsI HABUAJIBHOI'O ITPOLIECY
Heguvooos L1, Invze O.1.

XapxiecbKuili HAUWIOHANLHUTL ABMOMOOLTILHO-00DP0XHCHIN YHIgepcumem, XapKie

3HavHa YacTWHA 3aKJIaJiB OCBITH HAIOl JIEp>KaBU B TETEPINIHIX YMOBAaX Mae
IpamoBaTd B OH-JIAWH QopMari, [0 BHU3HAYA€ MOCUJICHHS MPOBIIHOI PO
1H(}OpMaLIHHO-KOMYHIKAaLIMHUX TEXHOJIOT1H B HaYaJIbHOMY ITPOLIEC.

OCHOBHHMM 1HCTPYMEHTOM B3a€EMOJII BHKIajada 1 3700yBadiB IIiJ dac
MPOBEJICHHS 3aHATh CTAlOTh MYJIbTUMEIMHI 3aCOO0M HABYaHHS, IO JO3BOJISIOTH
nojaBaT  HEoOXigHy 1HGOpMAIlil0 3 BHKOPUCTAHHSIM BCIX  PI3HOBHUIB
HABYAJIBHOTO KOHTEHTY, MOYMHAIOUU 3 JAHWUX Y BUIJISAL TEKCTY 1 3aKIHUYHOUH
(parMeHTaMH1 HaBYAJILHOT'O BIJIEOPSIY.

B mi#i cutyamii mporpamHe 3a0e3leyeHHST MYJbTUMEIIAHUX CHCTEM CTae
poOounM 3HapsAASM BUKIAgaya, IO BIJITpae CYTTEBY pPOJb B IIJBUILEHHI
e(pEeKTUBHOCTI HABYAJIBLHOTO MPOLECY B IHIJIOMY. 3 IbOTO BHUIUIMBAE BAXKIHMBICTDH
3MIMCHEHHS JOIUIBHOTO BUOOpPY [@HOTO THITYy MPOTPAMHOTO 3a0e3MeueHHs 3
ypaxyBaHHSIM BCI€i CYKYMHOCTI KPUTEpIiB, 110 BIUIUBAIOTh HA PE3yIbTATUBHICTH
MOr0 BUKOPUCTaHHS.

3 ycix pi3HOBUAIB MPOTPaMHOTO KOHTEHTY MO CTYNCHIO BIUIUBY Ha
3100yBayiB OCBITM 1 MOBHOTH JOHECEHHsI HAaBUaJIbHOI 1H(QOpMaIli He3arnepeyHuM
JIAEpOM € BiJIEO-KOHTEHT, XO04a HOro CTBOPEHHS MOTPeOye 3HAYHUX 3YCUIb 1
BEJIMKUX BUTpAT 4acy.

JlomineHU BHOIp MpOrpaMHUX 3aco0iB I OMpAIIOBAHHS II€l CKJIaI0BOi
HAaBYAIBHOTO KOHTEHTY Ma€ CYTTE€BO 3a0LIAJNTH Yac PO3POOHUKA 1 B HAUOIIBIIII
MIp1 TIABUIIUTH €(PEKTUBHICTh HABYAIBHOTO MPOIIECY.

s Toro, mo0 BuOip MporpamMHUX 3aco0iB penaryBaHHS BiI€O-KOHTEHTY

Ha0yB HayKOBO-OOIPYHTOBAHOTO XapaKTepy HEOOXiJHO BH3HAYUTHU CYKYIHICTh
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KpUTEPIiB, L0 MOBHO OMUCYIOTh CYTTEBI XapaKTEPUCTUKU JAHOTO KJIacy Iporpam i
3aCTOCYBATH BIJMOBIAHY MOJIe]Ib BUOODY.

B cywacHmx yMoBax YKpaiHCBKH 3aKJIagyd OCBITH MalOTh 3aJOBOJHHATH
BJIACHI TOTpeOM B mporpaMHOMY 3a0€3MEUYeHHI B OCHOBHOMY 3a pPaxXyHOK
OE3KOIMTOBHUX a00 yMOBHO-O€3KOIITOBHUX MPOTPAMHUX MPOAYKTIB, TOMY
nepuioueproBo Tpeba OpaTtu 10 yBarm came II€d CEerMEHT PUHKY IIporpam
penaryBaHHS BifI€o.

Ha punky npezacraBieHa BelrKa KUIbKICTh 3pa3KiB CHEl1aIi30BaHUX MPorpam
JUIsl peparyBanHs Bijgeo [1].

Haii0inpm 3HaHMMHU OE3KOIITOBHUMH IIpOTpaMaMu B KJaci peaaryBaHHS
BIJICO € TaKl NPOAYKTH sK [1]:

- HitFilm Express;

- Lightworks;

- iMovie;

- VideoPad;

- DaVinci Resolve;

- VSDC Free Video Editor;

- OpenShot;

- Shotcut;

- Windows Video Editor;

- Vimeo Create.

Ha Bubip mporpamHoro 3abe3nedeHHs BKa3aHOTO TUIY BIUIMBA€E CYKYIHICTb
KPHUTEPIiB, 110 Big0oOpaxarTh [2]:

- QyHKIIOHAJIbHI MOXJIMBOCTI MPOTPaMU;

- 0COOIMBOCTI B3a€MOIi{ 3 KOPUCTYBaUYEM;

- 00CsT HEOOX1THUX PECYPCIB KOMIT IOTEPA;

- 0COOJIMBOCTI BIJIKPUTOI JIEH3I.

Jlo HaitOinpIn BaroMux (QyHKIIOHATIBHUX KPUTEPIiB BITHOCATHCA:

- penaryBaHHs parMeHTIB BIICOPSIY;

- poboTa 3 YaCOBUM TPEKOM;
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- pellaryBaHHs KOJIbOPiB;

- HabOp crieniaIbHUX €(PEeKTiB;

- pearyBaHHsI 3ByKOBOTO TPEKY;

- CYMICHICTb 3 TIOIIUPEHUMHU OTIEPAIlIHHUMH CUCTEMaMH;

- OXOIUICHHS CIIEKTPY (opmartiB Bizco;

- B3aEMOJIiS 3 IPOTPAMHUM CEPEIOBHILIEM.

Ominky piBHS B3aeMOAIl 3 KOPUCTyBadeM TIPOrpaM JIaHOTO THUITY
IIPOITOHYETHCSI IPOBOJIMTH 32 HACTYITHUMH KPUTEPISIMH:

- TPYIOMICTKICTh OITAHYBAaHHS MPOrPAMHIM CEPEIOBUIIEM;

- IOCTYITHICTh HABYAJILHOT'O KOHTEHTY 1 JIOBITHUKIB;

- 3pYUHICTh 1HTEep(dECy Ta MOKIUBOCTI MOT0 HAJIAIITYBaHHS;

- pPIBEHb MIATPUMKH KOPUCTYBAYiB.

Jis  eheKTUBHOTO BHUKOPUCTAHHS KOHKPETHOTO MPOTPAMHOTO MPOAYKTY
BapTO B3SITH JI0 yBaru KpUTEPii, 110 OMUCYIOTH BUMOTH 0 KOMII I0Tepa:

- MiHIMQJIbHUI OOCSAT OTIepaTUBHOI ITaM’SITi;

- HEOOX1/IH1 XapaKTEePUCTUKHU MPOIIecopa;

- BUMOTH JI0 XapaKTEPHUCTHK BiICOTCPMIHAITY;

- MIHIMaJILHHH 0OCST B1J€0 mam sITi.

Ha edekTuBHICT, BUKOPUCTAHHS TWIPOTPAMH MOXYTh TaKOX CYTTEBO
BIUTUHYTH ITAPaMETPH BIIKPUTOT JIIICH3I1:

- oOMeKeHHS Ha MIATPUMKY (popMaTiB BijI€O;

- TPUBAJIICTh OE3KOIITOBHOIO BUKOPUCTAHHS;

- 0OMEKEeHHS Ha BUKOPUCTaHHS (QyHKIIIOHATY.

TakuM YMHOM, BH3HAYCHO 1 CTPYKTYPOBAHO CYKYHHICTh KpHUTEpiiB BHOOpY
O€3KOIITOBHOTO MPOrPAaMHOTO 3a0€3MEUYeHHsS MYJIbTUMEAIMHUX CHUCTEM IS
penaryBaHHs HaBYaJIbHOTO BiJIEO-KOHTEHTY, sIKa € OCHOBOIO Jisi TMOOYyIOBU
HAyKOBO-OOIPYHTOBAaHUX MOJENe BUOOPY MPOrpaMHUX 3ac001B JAHOTO THILY, IO

BUKOPHUCTOBYIOTh, 30KpEMa, METOJ1 aHaji3y lepapxii [3].
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VJIK 004.02
BUBIP IPOEKTIB MOJIEPHI3AIIII TPAHCIIOPTHOI
THO®PACTPYKTYPHU MICTA B YMOBAX PU3UKY
@Dinv H.10., /loneus O.A.

XapxiecbKuili HAUWIOHANLHUTL ABMOMOOLTILHO-00DP0XHCHIN YHIgepcumem, XapKie

He3Bakatoum Ha BiliHy, OJZHUM 13 TPIOPUTETHUX HAMPAMIB y pPoOOTI
KEepIBHMIITBA XapKoBa 3aBXIW OyB 1 3aJMIIAETHCS PO3BUTOK TPAHCHOPTHOL
iHppacTpykTypu Micta. OCHOBHMMH HampsIMKaMH 1HHOBALIMHOIO pPO3BUTKY
TPAHCIIOPTHOT 1HQPACTPYKTYpPH MiICTa € po3poOKa pPI3SHOMAHITHUX TIPOEKTIB,
COpPSAMOBAaHUX Ha PO3BUTOK IHTENEKTYalIbHHX TPAHCIOPTHUX CHUCTEM 3 METOIO
YIOPABIIHHS JTOPOKHIM PYyXOM, MIABUIICHHS MOOITLHOCTI HACENEHHS 1 BaHTaXIB,
MOJIIMIIEHHS SKOCT1 >KUTTS HACEJCHHS, MIABUIICHHS O€3MeKu Ha Joporax 1
3HWKEHHS LIKIIJIMBOIO BIUIMBY aBTOTPAHCIIOPTY HAa HABKOJIMIIHE cepenoBuuie [1].

Po3BUTOK  IHTENEKTyaJbHUX  TPAHCIOPTHUX  CHUCTeM  Iepeadayae
3a0e3nedyeHHs] (OpMyBaHHsS HEOOX1MHOI 1H(OpMAIi s YYaCHUKIB JIOPOKHBOTO
pyxy, IO CHpHUsATHME Oifbll Oe3NeYyHOMY, CKOOPAMHOBAHOMY Ta PO3YMHOMY
BUKOPHUCTAHHIO TPAHCHIOPTHUX Mepex [1].

Cepen npiOpUTETHUX HAMPSIMIB, CJI1JT BUIUTUTH Taki: TOOYJ0Ba ONTUMAIIBHUX
TPAHCTIOPTHUX MeEpeX 1 3a0e3MeUeHHs] Cy4YacHHX 1H(OPMAIIHHUX CHUCTEM TIPO
JOPOXKHIN pyX; MOJIMIICHHS] CHCTEMH MOHITOPUHTY Ta YIPaBIIHHSI pOOOTOIO BCIX
BU/IIB TPAHCIIOPTY, 3a0€3MEUECHHS] ONTUMAIbHOI JIOTICTUKH MEPEBE3EHb BAaHTAXKIB 1
MacaXupiB, CIPUSHHS peai3allii sIKICHOrO YNpaBIiHHA Ta MiJBUIIECHHIO Oe3MeKu
JOPOKHIM pPYyXOM; CTBOPEHHS €IUHOI CHCTEMH, MO0 KOHTPOJIOE 3B'SI30K
TPAHCIIOPTHOTO 3ac00y 3 TPAHCHOPTHOIO 1HPPACTPYKTYpOIO; PO3POOJIEHHS Ta
BIIPOBAKECHHSI 1HGOpMAIIiT PO JOPOKHIM PyX JUIsl YHACHUKIB TOPOKHBOTO PYXY.

Po3rnsiHeMoO 3acTOCyBaHHS MaTeMaTHYHUX METOJIB NPUUHATTA pIlIeHb 3a

YMOB PU3HKY JJIs1 BUOOPY MPOEKTIB PO3BUTKY TPAHCIIOPTHOI 1HPPACTPYKTYpPH MicCTa.
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Hani, sx1 HEoOX1OHI I OPUMHATTS pIlIEHb B yMOBaxX PHU3UKY, 3a3BUYal
3a1a10Th y (hOpMI MaTPHIIl, PSJAKHU SIKOT BIJMIOBIIAIOTh MOXKJIMBUM JIisIM OCOOH, sIKa

pHUiiMae PillieHHs, a CTOBIIL — MOXJIMBMM CcTaHaMm cucteMu (Tabmuis 1) [2-3].

Tabmuus 1 — Matpulist npURHATTA pillIeHb B yMOBaX PU3UKY

01 92 n
% v(a.6) v(a.6) v(a.6,)
a, v(a,.0,) v(a,.0,) v(a,.0,)
a, v(a,.6,) v(a,.6,) v(a,.0,)

MyHIIMTAMTET IUIAHY€E€ BHAUICHHS KOINTIB JUIS MOJEpHIi3alii TpaHCIIOPTHOI
iHppacTpykTypu. B sKOCTI anmpTepHaTHB CTpaTeriii pO3BUTKY MPOMOHYETHCS
YOTUPH MPOEKTH:

pl) ontmmizamiss wacy peHcCiB BCiX BHIIB Ha3eMHOTO TPAHCIOPTY 3
BpaxyBaHHS JTHS THKHSI Ta 9acy JIHS;

p2) 30UIBLIEHHS TMPOMYCKHOI CHPOMOXKHOCTI JIOpIr MiCTa 3a pPaxyHOK
pEryJroBaHHs TPAHCIOPTHUX MOTOKIB;

p3) MOXJIHBICTh MOOYAOBH ONTUMAIBLHOTO MApIIPYTy MOI3IKA TPOMAJCEKIM
TPAHCTIOPTOM 3 ypaxyBaHHSIM JOPOKHBOI CUTYAITil y MICTi;

p4) onTuMmizallisl MapuUIpyTIB pyXy TPaHCHOPTHUX 3aco0iB 3 ypaxyBaHHSIM
aKTyaJIbHOI CUTYallli Ha aBTOILIAXAaX MiCTa.

CporojiHi HeBiJOMa TOYHA KUIBKICTh MACAKHUPOMOTOKY Yepe3 BIMCHKOBY
cutyatito. [Ipumyctumo, Mo macaXxupomnoTik Moke HaOyBaTH OJHE 3 YOTUPHOX
3Ha4YeHb N1, N2, N3 abo ns. MaTpurs BUTpaT (MIH. TPH.) JJIs KOXXHOTO TPOEKTY
MOJIEpHI3aIlli  TpaHCHOPTHOI  1HMPACTPYKTypu  MicTa 3  ypaxyBaHHSIM

NacaKUPOMOTOKY MpeJACcTaBIeHa TaOIHIN 2.
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Tabnuus 2 — BuTpaTu Ha MOJEpHI3ALII0 TPAHCIOPTHOI 1H(PACTPYKTYpHU

MicTa
N1 nz n3 N4
p1 5 10 18 25
p2 8 8 8 23
p3 12 18 18 21
p4 30 22 19 15

Jlis BuOOpY MPOEKTY MOJAEpHI3alli TPAHCHIOPTHOI 1HQPACTPYKTYpPH MiCTa
OyZeM BUKOPUCTOBYBAaTH METOIM MPUNHATTS pIllIEeHb B yMOBaX PU3UKY, 30KpeMa:

— kpurepiit Jlamnaca (IpUHLMIT HEAOCTATHHOIO OOTPYHTYBaHHS);

— MIHIMAKCHUN KpUTepii (HailKkpalie 3 HalTipiioro);

— kputepiit CeBimxa;

— kputepiit ['ypBina (0amaHc Mk ONTHUMI3MOM Ta IIECUMI3MOM).

PosrnssHeMo 3acTOCYBaHHS 3alpONOHOBAHUX METOJIB JJii BUPIIICHHS
NIOCTABJICHOI'O 3aBJaHHS.

Kpurepiit Jlammaca — cnupaerbcsi Ha BIIOMUNM MNPUHIMI HEAOCTATHHOTO

OOIPYHTYBaHHsI, KOJU OOUpPAEThCSA NMPOEKT P, 1m0 jgae HaWOLIbIIMK O4YiKyBaHUN

Burpanl. [Hakine kaxxyuu, HeoOX1AHO 3HANUTH MPOEKT P, 171 sIKOTO:

m %gv(pi,nj) . (1)

3a kputepiem Jlammaca BBaXKa€ThCs, IO BCl MOMJIMBI TACaXXUPOMOTOKHU
piBHOIMOBIpHi, ToMy P(n=n, ):Z (J=1,4). Po3paxyHKH OYiKyBaHHX BHUTpPAT

IpU PI3HUX MACAKUPONOTOKAX Ta BUOIP HAMKPAILIOrO MPOEKTY MPEICTaBICHO Ha

puCyHKy 1.
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N1 N2 N3 N4 C(pj)
p1 7 10 18 25 15
P2 8 8 8 23 11,75
p3 12 18 18 21 17,25
pa 30 22 19 15 21,5
Pimenns 11,75

Pucynox 1 — Bubip npoexty 3a kputepiem Jlamnaca

3 oTpuMaHMX 3Ha4YeHb BHUOUpaemo Haimenme — 11,5. Takum dYuHOM,
HalKpallla mporo3uIlis, 3riIHO 3 kpuTepiem Jlamnaca Oyie MPOEKT Pa.
PosrnsitHemo MiHiMakcHUN a00 MaKCUMIHHUN KpuUTepid (Haikpamie 3

HAUTIPIIOT0), IKKK 0a3yeThcsi HA BUOOP1 Kpalloi cepesi HaluT1pIIuX MOKIIMBOCTEH.

Ao pe3ynabTart v(pi,n j) ABJsie cOO0I0 BUTpaATu (BTpaTu abo BUTPATH) 0COOW,
AKa NpUMae pIMICHHS, JUIsl MPOEKTY P, HAWOUIbII BUTPATH HE3AJIEKHO BIiJ

MOXJIMBOTO [TACAKUPOIIOTOKY N; JIOPIBHIOKOTH mnax{v(pi,nj)}. 3a KkputepieM
]
MIHIMAKCy OOUPAETHCS MPOEKT , SIKUU J1a€ mpin mnax{v( P;.N; )} , TOOTO KpHUTepi €
i i
HACTUIBKH «IIECUMICTHIHUMY, 1110 1HOI TPU3BOJAUTH 0 HEJIOTTYHUX BUCHOBKIB.
Po3paxyHKku O4iKyBaHWX BUTpAT MpPH PIZHUX MMACAKUPOIOTOKAX Ta BHOIp
HAWKpaloro MpoeEKTY 3a KPUTEPIEM MIHIMAKCy NPEACTaBICHI Ha PHUCYHKY 2.

Haiikpammit mpoexT —11e ps.

N1 no n3 N4 C(pj)
p1 7 10 18 25 25
p2 8 8 8 23 23
p3 12 18 18 21 21
pa 30 22 19 15 30
Pimenns 21

PucyHnok 2 — Bubip npoexTy 3a KpuTepieM MiHIMaKCy
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[Ipn BukopuctanHi kputepiro CeBlKa PO3PaxOBYETbCS MATPULS <OKAIION»
(BUTpart, BTpatr), B SKIH v(pi,nj) 3MIHIOEMO Ha r(pi,nj), Kl 3HAXOJUMO 3a
dbopmyiioro:
mp?x{v(pk,nj)}—v(pi,nj)
v(pi,nj)—nlikn{v(pk,nj)}.

CkrnagemMo MaTpHIlo ka0 (pucyHok 3). [l nboro 3HaifieMo MiHIMaJIbHUI

r(piny) =

€JIEMEHT KOKHOT'O CTOBMIS Ta BIAHIMEMO HOTO BiJ] YCiX €I€MEHTIB I[bOT'O CTOBMIIS.
[ToTiM 3HaxXOAMMO MaKCUMyM II0 KOXHOMY psaky. B ocTranHHbOMY
(MakcMMaIbHOMY) CTOBIILI BUOUpaEMO HaiiMeHIle 3HaueHHs — 8. oMy BiJmoBiae

MIPOEKT P2.

N1 n2 ns3 N4 max
p1 0 2 10 10 10
p2 1 0 0 8 8
p3 5 10 10 6 10
pa 23 14 11 0 23
Pimenns 8

PucyHok 3 — MaTpuis «okairo»

Kpurepiit I'ypeina (6amanc Mik ONTUMI3MOM Ta IMECUMI3MOM) — OXOILTIOE

pi3HI TIAXOAW [0 MPUUHSATTS PIlIEHb: BiJ HAWUOLIBII ONTUMICTUYHOTO JO

HAWOUTBII TMECHUMICTUYHOTO. Y TOMY BHIAJIKYy, KOJHU v(pi,nj) MpEeACTaBIIsIE

BUTPaTH, TO BUOUPAETHCS Misl:

min{arrlinv( P, ,nj)+(1—a)mn§1X1/( p; ,nj)}.

Pi j i

[lepiie 10gaHOK BU3HAYAE YACTKY ONTUMI3MY, a IPYT€ — YACTKY IECUMI3MY.
3actocyemo kputepiit ['ypBina (6amaHc MK ONTUMI3MOM Ta MECUMIZMOM).

Braxaemo, mo o =0,5. Haiikpaie 3HaueHHSI Ma€ MPOEKT P2 (PUCYHOK 4).
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Honmanok 1 | [lomanok 2 | 3HaueHHs
p1 7 25 16
p2 8 23 15,5
ps3 12 21 16,5
p4 15 30 22,5
Pimenus 15,5

Pucynok 4 — Peamizauisa kpurepito ['ypBina

Pe3ynbTaTi BUKOPUCTAHHS YOTUPHOX METOIIB HABEIEMO y TaOIuIli 2.

Tabnuus 2 — IlopiBHSIHHS pe3yJIbTaTiB BUOOPY MPOEKTY B YMOBAX PU3UKY

Kpurepiit Pimenns
Kpurepiit Jlamnaca p2
MinimMakcHUN a00 MAaKCUMIHHHUI KpUTEpin p3
Kputepiit Cesimxka p2
Kpurepiii ['ypBina p2

OckuUTbKHM 32 OUTBLIICTIO KPUTEPIiB 0OpaHO MPOEKT P2, TO PEKOMEHIYETHCS
BUJUTUTH KOIITH Ha 30UIBIICHHS MPOMYCKHOI CIPOMOXHOCTI JOpIr MicTa 3a

PaxyHOK pPEryJIlOBaHHS TPAHCIIOPTHUX MOTOKIB.

Jlireparypa:

3. BouikoB B. B., & Bnosuuenko B.O. (2017). TpancnoptHa iHbpacTpyKTypa
XapkoBa (AHaJli3 cTaHy Ta OCHOBHI TeHjieHIli1). buznec Uudopwm, (12 (479)), 292-
299

4. IlpudiHATTS  pilleHb B yMoOBax MOBHOI HeBu3HaueHocti. UTL:
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360



Mamepianu xongpepenuii KIT-2024, Xapxie, XHA/Y, 20.11.2024

YK 004.02: 613.6.01
OULIHKA PIBHS HIATI'OTOBKU OITEPATOPA EKCKABATOPA 3A
BATATbBMA KPUTEPISIMUA
Dinvy H.1O., /lpesany 1.B.

XapxiecbKuili HAUWIOHANLHUTL ABMOMOOLTILHO-00DP0XHCHIN YHIgepcumem, XapKie

ABTOMaricTpaji BUMAararTh MOCTIHHOTO JOTJISTY. CBOEYACHOTO YCYHEHHS
pyiiHyBaHb, 11O 3'BUIMCSA Yy Tpoleci ekcruryaramii. Tulbku 3acTocyBaHHS
CHENI1aTI30BaHOI JIOPOKHBO-OYIIBEIbHOT TEXHIKH JO3BOJISIE MPOBOJUTH POOOTH
CBOEYACHO Ta SIKICHO.

SkicHUM Ta KUIBKICHUM CKJaJ] CIEliali30BaHOI TEXHIKU JIOPOKHBO-
OyIiBeNbHUX MIAMPUEMCTB BH3HAYAE TEMIH OyIBHUIITBA, BAPTICTh BUKOHAHHS
poOIT, AKICTh BUKOHYBAaHUX POOIT, JOBIOBIYHICTb 3BEJICHUX a00 Bi1IPEMOHTOBAHUX
00'€KTIB 1, 3pEIITOI0, KOHKYPEHTOCTIPOMOXKHICTh MIAIPUEMCTBA, HOTO IMIXK.

B nanwuit yac ocHOBHa yacTKa poOiIT 3 eKCKaBallii IPYHTY MpHu OyAIBHUIITBI Ta
PEMOHTI aBTOMOOUIBHUX JIOPIT BUKOHYETHCS OJHOKIBIIIEBUMH €KCKaBaTOPaAMHU
mukmgaol  aii. ChOrojHi OJHOKIBIIEBI E€KCKABaTOPH BHUKOPHUCTOBYIOTHCS IS
IPOBEJICHHS ~ aBapiMHO-PATYBAIBHHX  OMepaliil  3pyHHOBaHUX  Oy/iBEnb,
B1JIHOBJICHH1 aBTOMOO1IBHUX Ta 3aJII3HUYHUX Aopir [1].

bararo mociigkeHb BITUM3HSHHX Ta 3aKOPJOHHUX BUCHHX IPHUCBIYCHI TeMi
e(eKTUBHOCTI pOOOTH €KCKaBaTOpiB. AKTHBHI JIOCTI/PKEHHS BEJIHUCS 3 CEPEeIUHU
XX CcTONITTS — Nepiojly akKTUBHOTO BHUPOOHHULTBA Ta BUKOPUCTAHHS JOPOKHBO-
OyniBenbHOT TexHIKW. o HaWOUIbII BiMOMUX MOKHA BigHecTH: «IlimBUIICHHS
MPOJYKTUBHOCTI OJIHOKIBIIEBUX eKckaBatopiBy» (JlomOpoBcekuit H.I'., 1951);
«Pexxumu ynpasmiaas ekckaBatopamu CE — 3 ta EKT' — 4» (ITanes b.1., 1966);
«ExcrutyaraniifHa HalifHICTh Ta TEXHIYHE 00cIyroByBaHHs ekckaBaTopiB EKI™ — 8
ta EKI' — 8I» (T'omy6e B.A., Tpon A.€., KapackoB H.M. Ta 1u.,1971 p);
«HaniitnicTs TipHHYOro oOnamHaHHA Ta €QEKTUBHICTh HOTO BUKOPHCTAHHS

(IF'ony6eB B.A., Tponm A.€., 1974). Y poboTax po3risgar0ThCAd MOKAa3HUKH, IO
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BIUIMBAIOTh HAa BHCOKONPOJIYKTHBHY Ta e€(EeKTUBHY poOOTy Kap'€epHOro
eKCKaBaTopa.

B poOoTtax ykpalHCBKMX BYEHUX Oararo yBaru HOPHUAUIIETHCA PO3BUTKY
KOHCTPYKIII OJHOKIBIIIEBUX €KCKaBaTOPIB /IS iX MaKCUMalIbHOI €(EeKTUBHOCTI B
po6ori [2]. Ha ocHOBI aHamizy XOJOBUX TIIPUCTPOIB Ta TEPCHEKTHUB IX
YIOCKOHAJIEHHS ~ 3alpOEKTOBAHO  KOHCTPYKIIIO  XOJOBOTO  OOJaJHaHHS
OJTHOKIBIIIEBOTO €KCKaBaTOPa, 10 MOYKE BUKOPHUCTOBYBATUCH HAa OMOPHIN MOBEPXHI1
31 3HAYHOIO 3MIHOIO 11 pesibedy.

B pobGoti [3] 3a3HaueHo, IO HaWOUIbII TOMIMPEHOI Ta YacTo
BUKOPHCTOBYBAHOI OY/IIBEIPHOIO TEXHIKOIO € OJIHOKIBIIEBHH TiApaBIidYHUN
eKCKaBaTop.

B xoni Boennux niit B Ykpaini 6arato 3pyiHOBaHO OyiBeIbh Ta CIIOPY/, 1110
MPU3BOJUTH 10 YTBOPEHHIO 3aBajliB Ha TPAHCIOPTHUX MEPEKax Ta YCKIIaTHEHHIO
JOCTABKU TEXHIKHM Ha 00’ €KTH Il BUKOHAHHS aBap1iiHO-B1THOBIIIOBAIBHUX POOIT.

Takum  ymHOM, Cy4YacHI  €KCKaBaTOpPU €  BHCOKOIPOAYKTUBHUMHU
BEJIUKOTAa0APUTHUMHU €JICKTPOMEXAHIYHUMHM CHCTEMaMHU BEJIUKOi IOTY>KHOCTI,
BJIOCKOHAJICHHSI KOHCTPYKITIH SIKUX 3HAXOAHWTHCS B MOCTIMHOMY PO3BUTKY. Alle y
CKJIQJTHUX YMOBaxX poOOTH 3aBIaHHS YIPABIIHHS 311MCHIOIOTHCS JIMIIE 32 CIUTBHOT
B3a€MO/IIi OIepaTopa eKCKaBaTopa Ta MAIIMHUA. TOOTO Tpeba po3risgaTH CUCTEMY
«omepaTop-eKcKaBaTop» [4].

ApKe omeparopy eKCKaBaTopa HEOOXiJTHO KOHTPOJIOBATH  3acO0M
BiIoOOpaxkeHHs1  1H(oOpMmalli, CHOeUlaibHl  OPHUCTPOI  KOHTPOIO  poOOTH
CJICKTPONPHUBOIIB Ta JIarHOCTUKH OOJIafHaHHSA — 1HGOPMAIIHHO-I1arHOCTHYHI
CHUCTEMHM, BIUIMBATH HA PYy4YHI Ta HOXKHI OpraHW YMOPaBIIHHA, Bi3yaJbHO
KOHTPOJIIOBATH XiJ pOOIT 3 eKCKaBallii Ta HAaBaHTAXCHHS TIPHUYOI MacH y
TpaHcnopTH1 3aco0u. OJHI€I0 3 O00OB'SI3KOBUX YMOB €(EKTHBHOI EeKCIUTyaTallii
JIOJJMHO-MAIIMHHUX CUCTEM € BUCOKHI pPIBEHb IMIJATOTOBKH JIFOJWHHU, IO y POOOTI
M1JICUCTEMH.

EdexTuBHICT, ympaBaiHHS Ta eKCIUTyaTallli MiJACUCTEMU «OmepaTop-

€KCKaBaTOp» 3aJIeKUTh HE TUIBKU BiJ KOMIUIEKCHOTO IOKa3HUKA TEXHIYHUX
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XapaKTepUCTHK EKCKaBaTopa Ta IOKa3HWK TIOTOYHOTO TEXHIYHOTO CTaHy
eKCKaBaTOpa, Y3arajbHEHOTO EproHOMIYHOTO TOKAa3HHMKA, ajieé KOMIUIEKCHOTO
MOKa3HKKa €(h)eKTUBHOCTI Ta MPOyKTUBHOCTI Ipalll orepaTopa eKckaBaropa.

Komrmnekcanii moka3sHuK €(eKTHBHOCTI Ta MPOAYKTUBHOCTI Ipalli ornepaTopa
EKCKaBaTopa CKJIAJIAEThCS 3 TPHOX IMOKA3HHWKIB KBamidikallii, craxy poOOTH Ta
HAssBHOCTI po3psly omeparopa. B3arami 3agada OI[iHKM MOKa3HHUKA €(PEKTUBHOCTI
Ta TPOAYKTMBHOCTI Tpaill  oOmeparopa eKCKaBaTopa BIIHOCUTBCA IO
cnabodopmanizoBanux  3amad.  Jug 11 po3B’sA3aHHSA  MPOMOHYETHCS
BUKOPHUCTOBYBATH EKCIIEPTHI METOIN MIPUNHATTS PIlICHb.

OCHOBHUMHU €TalmaMu eKCIEPTHUX METOJIB MNPUUHATTS  pIllleHb €:
GopMyIIOBaHHS METH Ta BHUOIp aJbTepHATUB Ta KpPUTEPIiB [Js OLIHKH;
BCTAHOBJICHHS MPOQECIHHUX BUMOT 70 €KCIEPTiB; CTBOPEHHS €KCIEPTHOI TPYIH;
dbopMyBaHHS HEOOXIHUX TMpaBWJI POOOTH EKCIEePTHOI TPYINH; MPOBEIACHHS
OMUTYBAHHS €KCIEPTIB Ta BHECEHHS] HEOOX1JHUX MOMPABOK 3arajlbHOTO BHCHOBKY
TPYIIN.

[TpoBenenunii aHami3 JiTepaTypy MO3BOJIMB BU3HAYUTH, IO JI BUSBICHHS
BXJIMBOCTI KPUTEPIiB HAWOLIBII TOYHUM € MeToj aHamizy iepapxid T. Caari
(Analytic Hierarchy Process - MAI), 1110 BHKOpHUCTOBY€E TMOMapHi MOPIBHSIHHS
00’€exTIB [5].

MAI — me cucremaTHdHa TpoOIEAypa 1€PAPXIYHOTO TMPEACTABICHHS
CIEMEHTIB, 10 BHW3HA4Ya€ CyTh mpobOiemu. 3aBasku MAI ckimagHy mpoOiemy
MPUIHATTS PIICHh MOKHA 3PO3YMUIAM Ta paIlioHATPHIM YHHOM CTPYKTYpPYBaTH Y
BUTJISIIL 1€papXii, MOPIBHATH Ta BHKOHATU KIIBKICHY OIIIHKY aJbTE€pPHATUBHHUX
BapiaHTIB PIIECHHS, BUKOPUCTOBYIOUH TyMKH €KCIIEPTIB.

Knacnanomy MAI mnpucBsueHo Oarato JoCHiIKeHb, Hampukiang [5].
Posrasiuemo anroputm MAI, sikuii BKITFOYa€ HACTYITHI KPOKHU.

Kpok 1. Cunte3 Mozeini mpoOjemMu y BHUIJISAL l€epapXii, IO BKIIOYAE METY,
QIbTEPHATUBHI BaplaHTH JIOCATHEHHS METH Ta KpUTEpli I OLIHKUA SKOCTI

AJIbTCPHATHB.
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Kpok 2. 3HaxomkeHHsI NPIOPUTETIB BCIX EJIEMEHTIB lepapXxil 3 ONOMOIOK0
METOJy NapHMUX MOpiBHAHB. [laHuil Meron mnependadae MOPIBHSAHHS E€KCIEPTOM
nonapHo enemeHTiB O, Oz, ..., On (00'€xTiB, KpUTEpliB, aJbTEpHATUB) Ta

3aMOBHEHHS MATPHIIl MAPHUX TOPIBHSIHB A:

& A, - &,
A= a'21 a'22 aZn
anl anz a‘nn

JIe aijj - 11 TO3UTUBHE YKCIIO, 1110 MTOKa3y€ y CKUIbKHU pa3iB Bara ejxemeHTa Oj OuibIle
W : : o .
Baru Oj, TOOTO &; =—", JIe Wi, Wj - Baru I-ro ta |-ro eJIE€MeHTIB BIANOBIIHO [S].
Wi
JIJi1 monmapHOTo MOPIBHAHHS €J1EMEHTIB BUKOPUCTOBYETHCS IIKAJIa TTOPIBHIHB
yn BigHOCHH Caarti.
Matpuiisi 4 Mae HacTynHI BJIACTHBOCTI: BOHAa € KBAaJpPaTHOK, 3BOPOTHO-
CUMETPUYHOIO, 10 JiaroHall CTOSITh OJIUHUIL.

MaxkcumanbHUM BlIacHE 3Ha4Y€HHA A, OyJe CHIBNagaTH 3 MOPSAKOM MaTpHIIl
N, a BIAMOBIAHUHN HOMY BJIACHUM BEKTOP
W= (W, W,,...,W, )

€ BEKTOPOM Bar (Ba)JIMBOCTI) €JICMEHTIB.

HopmoBani Baru W MOXyTh OyTH po3paxoBaHi 3a (popmyIioro

w, = nl ,(j :1_n)
23
i=1

Kpok 3. IlepeBipka 1yMOK €KCHEPTIB Ha Y3rOJKEHICTb.

Matpuii nomapHUX MOPIBHIHB Haivacrimie € y3romxeHumu. MAI nomyckae
HEY3TO/KEHICTh TyMOK TPHY MONApHUX MOPIBHSAHHAX SK HEBIT€MHY YacTHHY. TuUM
HE MEHI, HaJliHI PIIIEeHHS HE MOXYTh OyTH yXBajieHI 0€3 MPUHHATHOIO pPiBHSA
y3romkeHocTi. ¥ MAI BBOASTBCSA CIEMIaIbHI YHCIIOBI TMOKa3HUKHA — 1HACKC
y3rO/PKEHOCT1 Ta 1HJEKC BIJHOCHOI Y3TOJKEHOCTI, IO XapaKTEePU3y€ CTYMiHb
JOBIPH 10 OTPUMAHUX PE3YJIbTaTIB.
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Kpok 4. CunTe3 rinobaibHUX MPIOPUTETIB AJIBTEPHATUB LUISIXOM JIHIHHOIO
3rOpTaHHS MMPIOPUTETIB €JIECMEHTIB Ha 1€papxii.

MAI HaOyB HIMPOKOIo MOUIMPEHHS 3aBISKHA CBOiM 3JaTHOCTI MOEIHYBaTH
BEIMYE3HY KUIBKICTh HEOJHOPITHUX JaHUX Ta NPOCTOMY OTPUMAHHIO Bar
aJIbTEPHATUB.

[IpoTe cyTTe€BUM HENOMIKOM LIBOI'O METOJY € HasBHICTh BEIUKOI KIMOBIPHOCTI
NOMMJIKH, SIKa MOXKe OYTH JOTyIIeHa eKCIepTaMH i 4ac MPOBEICHHS MOMapHOTOo
HOPIBHSHHS.

B nanuii yac icHye Oararo moaudikamii MAI. Jlng 3HWKEHHS BIUIUBY
JOACHKOI MOMUJIKM IIPONOHYETHCSI BUKOPUCTOBYBATH PE3YJITATH TEOPIi HEUITKUX
MHOXHH. Lle 103BOJIUTh €KCHepTy OnepyBaTH He TUIBKM TOYHMMHM OLIIHKaMH, a U

IHTEepBaJIaMu OIIHIOBAHHS aJIbTEPHATUB 1 KPUTEPIiB.
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YK 656:004.8
3AJIAYA CUHTE3Y IHOOPMAIIMHOIO KOMILJIEKCY JIJIS
IHTEJIEKTYAJIBHOI TPAHCIIOPTHOI CUCTEMM
Dinv H.IO., Icaoscansn A.M.

XapxiecbKuili HAUWIOHANLHUTL ABMOMOOLTILHO-00DP0XHCHIN YHIgepcumem, XapKie

OpHuM 13 peanbHUX HACTIAKIB iH(MOpMAIliitHOT peBotoMiil KiHI XX CTOTITTS
€ pO3LIMpPEeHHs Ipolecy raodanizaiii. 3HaYHOK MIPOIO I[OMY CIIPHUSIE 1HTErpallis
TPHOX IIOOANTBHUX TEXHOJIOTI: 1H()OpPMALIHHOI TEXHOJOri, TeIeKOMYHIKaIil Ta
TPAHCHOPTY.

BukopucTaHHs Cy4aCcHUX JOCATHEHb 1HQOpPMALIMHUX TEXHOJOTIH 1 3ac001B
3B'SI3Ky — TEJIEMAaTUKA — B YIPaBIIHHI TPAHCIOPTHUMHU CHUCTEMaMH JO3BOJISE
KapAUHAIbHO MIJIBUILUTHA €(PEKTUBHICTH 1 SKICTh iX poOoTu. ToMy TpaHCHOpTHI
cuctemu 3 BukopuctanusiMm ACY, moOyjoBaHUX Ha OCHOBI T€JIEMAaTUKH, OTPUMAITH
y BCbOMY CBITI cHeIliaJbHe HaWMEHYBaHHS — 1HTEJICKTYyallbHI TPaHCIOPTHI
cuctemu (ITC) [1].

[TporaosytoTts, mo mnoBctogHe BrpoBamxkeHHs [TC H03BOAUTH: MiIBUITUTH
MIPOITYCKHY CITPOMOYKHICTh BYJWUYHOI TOPOXHBOT Mepexi B mictax Ha 20-30 %;
3HU3UTH piBeHb aBapiiiHocTi Ha 30-40 %; 3MEHIIUTH EKOJIOT1YHI BUKHUJIU B
KOHTpOJIbOBaHii 30H1 Ha 20-30 % [2].

OcunoBuumu nepeBaramu ITC € inpopmaTuBHICTH, Oe3reka, €EeKTHUBHICTS,
€KOHOMIYHICTh Ta €KOJIOT14HICTh [2].

Jis mpaktugroi peamizarii [TC HeoOXigHO CTBOPEHHS pPO3Taly>KEHO1
JOPOKHBO-TPAHCTIOPTHOI, TPAHCIIOPTHO-TEXHOJIOTIYHOI, TPaHCIOPTHO-CEPBICHOT
Ta iHpopmarlliiinoi iHppacTpykTypu [3]. s noeqnanHs QyHKIN AUCIETYEPCHKOI,
OTEPAaTUBHOI Ta CHUTYAIIHHOT B3a€MOJIl 3aJlydeHUX CIY>KO, BIZIOMCTB Ta IHIIHUX
Cy0'eKTIB TpPAaHCIOPTHOI CHUCTEMHU HEOOXIAHO PO3POOUTH  1HPOPMAILIIITHO-
BUMIPIOBAIbHUIN KOMILIEKC [4].

[ndopmamiitHo-BumiproBanbauii  komiuiekc ITC moBUHEH BUKOHYBaTH

HacTynHi QyHKIT [3-4]:
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— YMOpaBIiHHS TPAHCIIOPTHUMHU MOTOKAMHU JO3BOJIUTH 301IBIIUTH MPOIMTYCKHY
3IaTHICTh TPAHCIIOPTHOI MEpPEXi MicTa Ta (QOpMyBaTh MONEPEAKYBAIBHY
1H(dOopMaIi Tpo JOPOKHIO CUTYAIIII0, IO CKJIajacs Ha aBTOMOOLTFHUX I0POrax;

— OmnepaTHBHE BUSIBJICHHS MOPYIICHbB, K1 AOMYIICHI BOAISIMHU, Y TOMY YHCI1
BUSABJICHHS (DaKTIB TOPYIICHHS TPaBWJI JOPOKHBOIO PyXy Ta YMHCHOTO
3JIOB)KUBAHHS, 10 BIIOYBAETHCS B KOPUCITUBUX HUIAX;

— CTBOPEHHS YMOB /ISl TIOTIEPEIKEHHSI MOMJIMBHUX MOPYIIECHBb, BKIIOYAIOUYH
JOBEeAICHHS 1H(OopMalii 10 BOIIB PO Pi3HI 32 HAMPYKEHICTIO YMOBHU JIOPOKHBOTO
pyXy, TOTEpeHKEHHS TTPO HEOOXI1IHICTh IMIIBUIIICHHS YBaru BOJISIMH BUXOJSIYH 3
MOTOYHOTO Ta KOPOTKOCTPOKOBOTO IIPOTHO3Y YMOB JIOPOKHBOTO PYXY, OTIEpaTUBHE
HagaHHsA 1H(dopManii cneniaabHuM ciayk06am y pasil ATII un iHmmx HeOe3neyHux
CUTYyaIlISIX Ha TPAHCIIOPTI.

BnpoBamkenns iHdopmaniiiHo-BuMipioBasibHOro komiiekcy ITC 103BoauTh
MiJBUIUTA  PUTMIYHICTH  BaHTAXOIMEpPEBE3€Hb,  €(MEeKTUBHICT  poOOTH
TPAHCIIOPTHUX 3aCO0iB 3a paxyHOK HaJaHHS JOJATKOBHX MOCITYT, IO BKJIIOYAIOThH
aKTyaJlbHy 1H(QOpPMAILII0 NMPO YMOBH TPAHCHOPTYBaHHS BAHTAXIB 1 MacaXHpIB,
KOHTPOJIb TOTOYHOT'O MICIIE3HAXO/PKEHHS BaHTaXy Ta MOro cTaH TOILIO.

dopMyBaHHA  amapatHoro  ckjiaay  1HGOpPMaIiitHO-BUMIPIOBAIBLHOTO
komiuiekcy ITC moBuMHHO crnupaTHCs Ha HAYKOBI MPUHIUIHN, IO JO3BOJISATH
ONTHMI3yBaTH HOTO TEXHIYHI, EKCIUTyaTaI[liHI Ta EKOHOMIYHI XapaKTePUCTUKH.

[Tponeaypa GpopMyBaHHS ONTUMATILHOIO alapaTHOro CKiIady 1HpopMaIliiHo-
BUMIpioBajgbHOro Komiuiekcy ITC Bkioyae aBa B3a€MOMNOB'SI3aHI 3aBIaHHS:
dbopMyBaHHS KPUTEPIIO ONTUMAIBHOCTI, aIEKBATHOTO LUJISAM MIPOCKTYBAaHHS; BUOIP
ONTUMAJIBHOI TPOEKTHOT AIbTEPHATUBH 3 MHOKHHHU JIOMYCTHMHX BapiaHTIB.

Takum unMHOM, 3aBAAHHS CHHTE3Y CKJIaay 1 1HGOPMAIIITHO-BUMIPIOBAIEHOTO
komiiekcy ITC moxke OyTu c@opMylibOBaHa HACTYMMHHUM YHHOM: HEOOXIJTHO
BUOpatu HaOlp MPHUCTPOIB, SKUW TO3BOJIUTH pealli3yBaTh BCIO CYKYITHICTh
GbyHKIIIH, 1110 MOKJIAJAI0ThCs Ha 1H(POpMaIliitHO-BUMIproBaIbHOTO KomIuiekcy ITC,
0 PO3pPOOJIIETHCS, 1 BUSABUTHCA ONTHUMAIbHUM HAOIp 3 TOYKH 30py KPHUTEPIIO

¢(hEeKTUBHOCTI.
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PosrnstHem 3arambHYy TOCTAHOBKY 3aBIaHHS CHHTE3y 1H(OpPMAIIiitHO-
BUMIproBasibHOTO KoMIuTekcy ITC.
Binomo:

— MHOXMHa (yHKUIA, $SKy TIOBUHEH BHUKOHYyBaTH 1H(popMauliiiHO-

BUMiproBanbHoro kommuiekcy ITC F ={F } (azl,a*), e o — KiNbKiCTb

byHKIIIH;

— U1 BUKOHAHHS KOXHOI o -QyHKITIT (a =1,a*) MO>X€ BUKOPHUCTOBYBATHUCS

MHO’KHHA THUIIIB eJleMeHTiB E” = {E;‘} ( £ =1 ﬂ* ;a =1,05*) ,  — KUIBKICTb THIIIB

CIICMCHTIB;

— MHOJXMHaA THUMIB ejeMeHTIB E“ = {EZ} ( £ =1 ,3* a =l,a*) MOYKE MaTH

*

MHOXUHY BHUJIB €JIEMEHTIB E“:{Egy} (yzl,y*;ﬁzl,ﬂ*;azﬁ), y o -

KIJIBKICTh BUIIB €JIEMEHTIB;

— KOKEH THUII Ta BHUJ €JIEMEHTY 1H(GOpMaIIiHO-BUMIPIOBATHHOTO KOMILIEKCY

ITC  xapakTepusyeTbCsi  BapTICTIO C, (7/ =1y ;=18 ) , 00’ eMoM

V,, (7/ =17 8=Lp8 ) , Macoro M, (7 =17 ;8=153 ) , HampaifoBaHHAM Ha
BIJIMOBY N, ( y=1y =105 ) , CEpeIHIM TEPMIHOM CITY KO
T, ( y=17 ;=15 ) , rapaHTIHHAM TEPMIHOM eKCILTyaTarlii
G, ( y=Ly =18 ) , CepeIHIM 4acoMm BIJIHOBJICHHS (xB)
W, (r=17:8=15).

Beenemo 3minny X =1, akuio juis BAKOHaHHSA @ (QyHKIIi 00paHO €TEMEHT

B many y Buay, X; =0 B NPOTWICKHOMY BUIAJIKY ( y=1y:8=1LFa=1la )

368



Mamepianu xongpepenuii KIT-2024, Xapxie, XHA/Y, 20.11.2024

HeoOxigno oOpatu eineMeHTH Ui BUKOHAaHHS BCiX (QYHKIIN iHpopMaIiitHo-
BuMiproBaibHOro komiuviekcy ITC 13 BpaxyBaHHSIM YacTKOBUX KpHUTEpIiB Ta
00OMEKEHb.

B sikocTi 9acTKOBUX KpUTEPIiB

— MiHIMaJIbHA 3arajibHa BapTICTh BCIX €JIEMEHTIB, 110 BUKOPUCTOBYIOTHCS JIJIS

BUKOHAHHS BCIX 3aJlaHuX (PYHKITIT

a p 7
C=>>>C, X% —min (1)

;
D> N, X% — max. (2)
=1

— MiHIMAIBHUH 00’€M BCIX €JIEMEHTIB, IO BHKOPHCTOBYIOTBHCS IS

BUKOHAHHS BCIX 3aJlaHUX (PYHKITIT

V= iZiVﬁy — min (3)

B=ly=l

N
.L

— MIHIMaJIbHa Maca BCIX eJ'IeMCHTiB, IO BUKOPUCTOBYIOTHCA JISI BUKOHAHHA

BCIX 3aJJaHUX (PYHKII]

* %

o B 7
M=>>>M, X5 —>min (4)

a=1 p=1 y=1
O6HaCTB AOITYCTUMHUX piIIICHB BHU3HAYA€CTHCA O6M€)KCHHHMI/I:

— BapTICTh €JIEMEHTY ¥ BUAY [ THITY JJisl BAKOHAHHS ¢ (YHKII1 HE TOBUHHA

- a
nepesuinyBatu Cp

v

> X5Ch <C” (5)

A=l y=1

— HaTpAIOBaHHs HA BIIMOBY €JIEMEHTY ¥ BHUAYy [ TUIy IJIsl BUKOHAHHS

¢byHK1ii He MOBUHHA OyTH MeHIe N
A

sz;7Nﬁ7 ZNQ; (6)

=L =1
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— 00’eM eneMeHTy ¥ BUAY [ TUNY Uil BUKOHAHHA ¢ (DyHKIi HE MOBUHHA

IICPCBUIIYBATH \7
A a\
szﬁy ﬁy (7)

p=1 y=1

— Maca eNneMeHTy ) BuAy [ Tully IJid BUKOHaHHS « (YHKIII HE MOBHHHA

[IEPEBUILYBATU M
g 7 3 —
ZZXMMW SM'B; (8)

f=L =1

— CepemHill TepMiH CIIy’)kOU elNeMeHTy y Buay [ THIy s BUKOHAHHSI o

¢byHKIII{ HE TOBUHHA OyTH MEHIIIE T
L
ZZ Xﬁ;f ﬂ7 ; (9)

=1 y=1

— CepenHil yac BiTHOBIICHHS €JIEMEHTY ¥ BHIYy [ THITy JUIS BUKOHAHHS

byHKIIi HE TOBUHEH OyTH OlbIIe VVZ
A 3 — Y
ZZXMWM W (10)
p£=1 y=1

— TapaHTIMHUKA TepMiH eKCIulyaTamii eJIeMeHTy ) Buay [ Tamy s

BUKOHAHHS « QYHKIIi He moBUHEH Oyt MeHie G

5 7
ZZ Xﬂ7 ﬂ7 ; (11)
A=l y=1
— Bcl (yHKINT 1HpopMaliiHo-BuUMiptoBaibHOTO KoMmruiekcy ITC moBuHHI
OyTu 3a0€e3MeueHl anapaTHo

. 5 —

ZzFaxﬁy 21; (C(:].,a ), (12)

p=1 y=1

— HEOOX1THO 00paTH TUIBKH OIWH €IEMEHT ) BHIYy [ TUITy JJISi BUKOHAHHS

o GyHKII
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S

A N
Y Xp =1 (a=1a"). (13)
B=1 y=1

Monens  (1)-(13) BigHOCHTBCS A0 3aBJaHb  OaraTOKPHUTEPIaTbLHOTO
JUCKPETHOTO MpOorpaMmyBaHHs 3 OyJeBUMH 3MIHHUMH [5]. B 3aranbHOMY BUTJISIII
MOCTABJIICHE 3aBIaHHS BUPIIIUTH CKJIAJHO, TOMY TPOTOHYETHCS HOTO
JIEKOMIIO3yBaTH Ha YacTKOB1 3ajiadi BHOOpPY €JIEMEHTIB M KOXHO1 (yHKIT
OKpEeMO.

Takum uymHOM, B pOOOTI 3ampOMOHOBAHO Yy3araJdbHEHY MOJEIh CHHTE3Y
amapaTtHoro 3a0esneudeHHs 1H(opMaliiHo-BuMiproBaibHOro komiuiekcy ITC, sxa

JI03BOJIsIE BUOMpAaTH €()EKTUBHUN KOMIUIEKC amapaTHUX 3aco01B 3a 3aJlaHUMU

KPUTEPISIMU Ta 0OMEKEHHSIMHU.
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YJIK 004.02
3AJAYA BUBOPY ITPOTPAMHOI'O KOMIUJIEKCY IJIsA
ABTOMATHU3AIII TEXHOJIOI'TYHUX MPOLIECIB
Dinv H.IO., Kucnakoe O.b.

XapxiecbKuili HAUWIOHAILHUN ABMOMODITLHO-00DP0XHCHIN YHIgepcumem, XapKie

Ha cyuacHoMy BHpPOOHHMIITBI aBTOMAaTH30BaHI CHUCTEMH KEpYyBaHHS
TEXHOJIOTTYHUMU MPOLIECAMH TPalOTh OJIHY 3 KIIFOUOBHUX POJIEH Y BUPOOHUIITBI.

ABTOMAaTH30BaHa CHCTEMa YMPAaBIIHHS TexHoJoriuHuM npouecom ACYTII
(ma anrn. Process Control System ab6o Industrial Control System; ICS) — ue
CHUCTEMa, sIKa 3a y4YacTIO ONEpaTOPCHKOrO TEepCOHANy 3a0e3ledye B peaabHOMY
Yyaci BUTOTOBJICHHSI 200 MepepoOKy MPOAYKIN 3a 3aJlaHUMHU TEXHOJOTIYHUMHU Ta
TEeXHIKO-€KOHOMIYHUMH KpUTEPisMH. [1].

Koxna ACYTII B cBoeMy ckiazl cydaCHUX aBTOMATHUYHUX 3ac001B 300py i
00poOku 1HDOopMarIii.

ABTOMAaTH3aIlisl TEXHOJOTIYHUX TIPOIIECIB 3AINCHIOETBCS 3a JIOTIOMOT'OKO
MPOMHUCIIOBUX JIOTIYHUX KOHTPOJEPIB — TMPHUCTPOiB, IO BOYIOBYIOTHCS ¥
BUPOOHUYY CTPYKTYpY MiANpUEMCTBA. BoHM cTaloTh ii HEBII'€MHOIO YaCTHHOIO Ta
YTBOPIOIOTH  HE3aJC)KHY CHCTEMY YIPABIIHHA TEXHOJOTIYHUM MPOIECOM.
CborojiHi HEMOXXJIMBO YSIBUTH CHCTEMH aBTOMarTH3allii BHpOOHHITBA 0€3
BUKOPHUCTAHHS MporpamMoBaHux JioriuHux koHnTpoiepis (IJIK) [1,2].

Ha cpboronHimHii 1eHb OIpHU BUPILIEHH] 3aBJaHb aBTOMAaTH3allii BUPOOHULITBA
[IJIK wmimHO 3aiiMae JIiaupyrodl TO3HIIII. Ix BUKOPHUCTaHHS 3HAYHO IT1IBUIIYE
THYYKICTh CHUCTEMH, a TaKOXX 3HWKYE BapTICTh il CTBOPEHHS Ta IMOAAJIBIIOT
excruryaramii. Ha cydacHOMy pWHKY MpeicTaBieHO 0araTo Pi3HUX MPOTrpamMHUX
komruiekciB (ITK) nmst po3po6ku nmporpam ans kepyBanus [TJIK.

Taxkum 4yrHOM, pO3B’si3aHHS 3a4adi OaraTokputepiaibHoro Budopy IIK mns
pPO3poOKHM mporpam A KepyBaHHS TEXHOJOTIYHMM IPOILIECOM Ta OOJaJHAHHIM €

AKTYAaJIbHOK HAYKOBO-IIPHUKIIAJIHOIO 3a1a49CHO.
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MeToro  JOCHPKEHHST €  NIABUIIEHHS  €()EeKTUBHOCTI  KEpyBaHHS
TEXHOJIOTTYHUM MPOIECOM Ta 00JIaJHAHHSAM 32 PaXyHOK PO3pPOOKH METO/ly BUOODPY
I[IK gt po3poOku mporpaMud KepyBaHHS TEXHOJOTIYHUM TPOIECOM Ta
obOnagHaHHAM 32 6aratbma (QyHKI[IOHATHPHUMU Ta BAPTICHUMHU KPUTEPISIMHU.

JlJis MOCATHEHHS TOCTaBIIEHOI METH HEoOXiJHO BHMKOHATH HACTYIIHI KPOKHU
[2]:

1) Bu3HauuTH MHOXHHY anbTepHaTHB — [1K, sKi MOXyTh OyTH BHKOpHCTaHI
JUTS KepyBaHHS TEXHOJOTIYHUM IMPOLIECOM Ta 00JIaTHAHHSM;

2) BuzHauuTu Kpurepii Bubopy [1K mist kepyBaHHS TEXHOJOTIYHUM HPOIIECOM
Ta 00JIaJHAHHSM;

3) oOpatu MeTo/ pO3B’sI3aHHs IIOCTABJICHOI 3a/1a4i;

4) nposectu BuOip 1K s po3poOku mporpaMu KepyBaHHS TEXHOJOTIYHUM
MPOIIECOM Ta O0JaJHAHHSIM;

5)omiHuTH OTpUMaHi pe3yibTaTH. JSIKIIO OTpHMaHi pe3yJbTaTH He
3aJI0BOJIBHSIIOTH €KCIEPTIB, TO HEOOX1AHO MOBEPHYTHUCS HA MEPIINI KPOK 1 MPONUTH
poLeypy TMPUIHATTS PIIICHHS 3HOBY, MOXKJIMBO OOpaBIIA HOBI KpHUTEpii Ta/abo
aNbTEPHATUBH. Ta/a00 METOJ] PO3B’A3aHHS 3aa4i.

CxkmanHicth po3B’si3aHHg 3anadl BuOopy IIK nns po3poOku mporpamu
KEepyBaHHS TEXHOJOTIYHUM TIPOIECOM Ta OOyiagHaHHAM 13 BUKopucTaHHsM [1JIK
00yMOBJICHa B TIEpIIy YEpry CYNEpPewIUBICTIO (PYHKIIOHAJIBHMX Ta BapTICHUX
KpUTEPIiB, IO MPU3BOJUTH JO HEOOXIJTHOCTI BUKOPUCTAHHS JESKOi CXEMH
PO3YMHOI'0 KOMIIPOMICY, IO 3a0e3MeUnTh TapMOHIMHE IMiJBUIICHHS SKOCTI
PIIICHHS 32 KOXXHUM YaCTKOBUM KPHTEPIEM.

PosrnstHeMo xapakTepHCTHKH ICHYHOUMX Ha puHKY aBromatuzamii [IK, sxi
BUKOPHUCTOBYIOTBCSl JIJIi aBTOMATH3allli pPI3HUX TEXHOJOTIYHHUX TMPOIECiB Ta
oOnagHaHHS.

[1IK CoDeSys (Controller Development System) € nomupeHuM cepeoBUIIEM
st iporpamyBanHs [JIK, B sskomy KpiM n'siTU cTaHJAPTHUX MOB MpOrpamMyBaHHS

ITJIK BukopucroByerhess MoBa CFC (Continuous Function Chart) [3].
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[1IK LabView (Laboratory Virtual Instrumentation Engineering Workbench),
peanizoBaHa Ha OCHOBI rpagiyHOT MOBU MporpamyBaHHs «G», 3aCTOCOBY€ETHCS /IS
300py Ta 00poOKHU JaHUX, KEPYBaHHS TEXHOJOTTYHUMHU 00'€KTaMH Ta MpOlecamu,
Ui peamizaiii rpadiuyHAX CXEeM MAKIIOYEHHS OoOmamaHaHHSA Tomo. I[IpwHIMn
noOynosu LabView 6nu3bkuit 1o nmporpamuoi cucremu SCADA [4].

I[IK ISaGRAF € mporpaMHMM NOpPOAYyKTOM, IO BUKOPHUCTOBYE amapaTHO
HE3aJeKHUN TeHepaTop KOAY, LI0 BHUKOHYETHCS, Ta JI03BOJISIE 3/A1MCHIOBATH
TPAHCTAIIIO TIPOEKTIB y TMporpaMHuid Koxa Moo «C» Ta oTpumaru
OBHO(YHKIIIOHAJILHUI KOHTpoJep [5].

IIK Multiprog € cepenoBuilieM po3poOKH MPOTrpaM JIOTIYHOTO KepyBaHHS 3
noBHUM Habopom cepaiciB ctanaapty MEK 61131-3 [6]. I[TK Multiprog 6a3yetbes
Ha OTEpaIiifHiil cucTeMi peaabHOTO 4yacy BiacHoro BupoOHuirBa (ProConOS) i3
cepenoBuieM nporpamyBanis OC Windows.

I[IK Open PCS € cepenoBuiieM s po3poOKHM MporpaMm JIOTTYHOTO
ynpaBmiaas  crangapty MEK  61131-3, sxe woxe OyTH BHKOpPHUCTaHA
BUPOOHUKAMHU OONagHAHHS I TPOTPaMyBaHHS KOHTPOJIEPIB 3a JIOTIOMOTOIO
momayns miarpumkn [IJIK - SmartPLC. Octanns Bepcis [1K mobynoBana na 6asi
texnojorii ISaGRAF [7].

[IK Simatic Step 7 € cepenoBuiieM A BUKOHAHHS KOMIUIEKCY poOIT 31
CTBOpEHHS Ta 00CIyroByBaHHS cucTeM aBToMatu3alii Ha ocHoBi [IJIK Simatic S7-
300 Ta Simatic S7-400 ¢ipmu Siemens. Hacamnepen 11e poOoTH 3 mporpaMmyBaHHs
[JIK i3 BUKOpUCTaHHAM TPhOX MOB MporpamyBanHs ctanaapty MEK 61131-3: LD
— MOBa peneiHo-koHTakTHOi Joriku; FBD — MoBa ¢yHKIIOHamsHUX OJOKOBUX
niarpam; ST — MoBa ciuCcKy 1HCTPYKIIiH [8].

B skocTi KpuTepiiB TpPOMOHYETHCS PO3TIISHYTH HACTYIIHI: OIepalliiHa
CUCTEMA, [0 BUKOPHUCTOBYETHCS; MOBH MPOrPAMyBaHHS, SIKI BUKOPHUCTOBYIOTHCS;
3a0e3nedeHHs cymicHocTi 3 iHmmMMHU TTK IJIK; miarpumka 00'€eKTHO-0pi€HTOBAaHO1
napaaurMu; BUKopuctanss ceppiciB ctanaapty MEK 61131; Bapricts [1K.

Posrnsitnemo 3aranibHy moctaHoBKy 3agadi BubOopy [IK anms aBromarumzarii

TEXHOJIOTTYHOTO IIPOLIECy Ta O0IaHAHHSL.
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Bizomo:

— MHOXHWHaA IIPpOrpaMHHuX KOMIIJIEKCIB JJIA aBTOMaTI/IBaHi.l. TEXHOJIOTTYHUX

nponecis Ta o6nanaHanus [TK = {HR k } Jk=1k;

Koxnuit [1K, xapaktepu3yeTbes psaioM NOKa3HUKIB:

1) omepamiiiHa cucTeMa, sKa BHUKOPHCTOBYETbes st K-eo ITIK  —

OSk,(kzl,k*);

2) KiJIBKICTh MOB MporpamyBanHs K-eo [TK— PLk,(k =1, k*);

);

4) miaTpuMka 00'ekTHO-opieHTOBaHOI mapaaurmu K-u ITK — SP, ,(k =1, k*) X

3) 3abe3neuenns cymicHocti k-2o TTK 3 inmmmu ITK — EC, ,(k =1k"

5) Bukopucrtanns K-y [1K cepgici cranmapty MEK 61131 — SS, ,(k =1, k*) ;

6) Bapricts k-20 ITK — C, ,(k =1, k*).
JUtsi KOKHOTO KPHTEpilo 3ajaHa Bara, sika 3amaetbest MHoxkuHOI0 W ={W, },

( j =1,m)Tta BU3Hayae iX 3HAUYIIICTH ;
— KOXXHOMY KPHUTEPIIO0 3 MHOXKHMHU MOKE€ OYTH MOCTaBJIEHO Y BiJMOBIIHICTh

HEUiTKI PYHKIIT HaJie)KHOCTI anbTrepHaTuB [9-10]
A(Cj):{/qu(Xl)hqu(XZ)l""/qu(Xn )} 1)

ne 4e(% ) - QYHKIS HaJEKHOCTI OLIHKM albTEPHATHBH X (1 =1,n) 3a
kputepiem C;( ] =1m) Ta fe; (X )e[O,l]. ToGT0, BOHa € MipOIO BiMOBITHOCTI
aNbTEPHATHBH BUCYHEHUM BUMOTaM 3a kputepiem C;( j = 1,m).

HeoOxigqHo Bu3HaunmTu anbrepHatuBy [IK,, sxa B HaiOIbIIN Mipl

BIJIMOB1Ja€ BUMOTaM yCi€l CyKYITHOCTI KPUTEPIiB.
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JIyist BUpIIIEHHS TTOCTABJICHOTO 3aBJIaHHS JIOLLJIBHO BUKOPUCTATH MOJIEI, SIK1
1no0y/1I0BaH1 3 BUKOPUCTAHHSIM anapary HEYiTKMX MHOXHWH (HEYITKOI MaTeMaTHKH )
a00 3a JIONIOMOT 010 JTIHTBiCTHYHUX 3MiHHKX [10].

BucnoBku. Y po0OOTi pO3TISHYTO 3arajibHy MOCTAaHOBKY 3aBAaHHS BHOOPY
IPOrpaMHOr0 KOMIUIEKCY JJIg aBTOMATHU3allli TEXHOJIOTIYHHUX IIPOIIECIB Ta
oOnagHaHHSA. PO3rIsHYTO anropuT™M MNpPUNHATTA pilieHHA. BubOpano 0e3miu
aJIbTEPHATUB - CyYaCHUX KOMIUIEKCIB, 10 BUKOPUCTOBYIOTHCS JJIsi aBTOMATH3Allil
TEXHOJIOTTYHUX MpoIleciB Ta oOnaaHaHHsA. Po3riasHyTo QyHKIIOHAIBHI Ta BapTiCHI
KpuTepii BUOOPY NPOrpaMHUX KOMIUIEKCIB. JlJIs BUpPIIMIEHHS PO3IVISIHYTOI 3aj1adyl
MIPOIOHYETHCSI BUKOPUCTOBYBATH MeToJ benmana-3ane, 3acCHOBaHUN Ha HEYITKHUX

MHOX>XHHAax.
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YK 004:623.437
CTPYKTYPHA MOJIEJIb BUBOPY MAJIOTOHHAKHOI
BAHTAKIBKH
HOnawes /1. C.

XapxiecbKuili HAUWIOHANLHUTL ABMOMOOLTILHO-00DP0XHCHIN YHIgepcumem, XapKie

MasoToHHaXH1 TIepeBe3eHHs 3aiiMalOTh BaroMy 4YacTHHY PUHKY IEpEBE3CHb
Hamoi Kpainu. Haillbiipin nmomumpeHuM 3aco00M JTOCTABJICHHS BAaHTaXKy B MICHKHUX
yMOBax € aBTOMOOLII Majoro TOHHaXy, a came OycH, mikanu ado MaJlOTOHHAXHI
BaHTaX1BKH.

[Ipu 1bOMy Ha CBITOBOMY PUHKY OUIBIIICTh BUTOTOBJICHUX MAJOTOHHAKHHUX
BaHTaXIBOK 1 (DyproHiB MarOTh 3arajibHy Bary 70 4 TOH 1 MOXYTh TMEPEBO3UTH
BaHTak1 Macoro 110 1,8 ToH.

Buxoasuu 3 aHamizy pi3HUX THIIB MaJOTOHHA)KHHUX BaHTaxIBOK [1,2], 110
MIPOTIOHYIOTHCS HAa CBITOBOMY PUHKY, MOXKHA BIJIMITUTH, 1110 11 TUITH MPEJCTaBICH1
OaraTbMa TO3ULISIMU BiJ pi3HUX BHUpoOHMKIB. [Ipm 1bOMY JekiIapoBaHi
BUPOOHMKAMU 3HAYCHHS 0a30BUX XapaKTEPUCTHK y 0araTboX BUIAJKAX PajlIe €
BIJIOOpa)KEHHSM iX MapKETHHTOBOI MOJITUKHU, HA BIIMIHY BiJl peaJIbHUX 3HAUYCHb ,
IO XapaKTEepU3yIOTh MEBHY MOENb MPH MPAKTUYHOMY BUKOPHCTaHHI. B Takmx
YMOBax 3JIACHEHHS JOLUUIFHOTO BHUOOPY IEBHOI MaJOTOHHA)KHOI BaHTaXIBKU
BiIOyBa€ThCSI B yMOBAaX HEBM3HAYEHOCTI 1 Ma€ CHUpPATUCS METOJAM, IO
BUKOPHUCTOBYIOTh JOCBIJ €KCIEPTIB B AaH1i TemaTuul [3].

JIJis OLIIHKK XapaKTEePUCTHK JTAHOTO TUITYy BAHTAXKIBOK BApTO 3aCTOCOBYBATH
CYKYHHICTh KpuTepiiB. L1 kpuTepii MokHA 00’ €ITHATH B HACTYMHI TPYMH:

- TEXHIYHI KpUTEPIi;

- eKOHOMIYHI KpUTepIi;

- eproHOMIYH1 KpUTEPIT;

- €proHOMIYH1 KpUTEPii.

Haii611b111 BAroBUMH TEXHIYHUMU XaPAKTEPUCTUKAMM €:

- BanTa)xoni1iiOMHICTB;
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- MAaKCHUMaJIbHY HIBUAKICTH;

- 3amac XoAy;

- IOTY>KHICTh Ta 00’ €M JIBUTYHA;

- rabapury;

- JIOPOKHIHM TIPOCBIT;

- TUT TAJINBA.

Kpurepii, mo BXoASTh B €KOHOMIYHY TPYITY:

- BapTICTh BaHTaXIBKHU;

- BapTICTh OOCIIYyTrOBYBaHHS;

- pO3XIiJI MajauBa.

Jlo rpymnu ekciutyaTaliiHuX KpUTEPIiiB BITHOCSTh:

- EKOJIOT1YHUH KJIac;

- rapaHTIMHUHN TIepiox;

- CEpBICHE 00OCIIyIrOBYBaHHS;

- YMOBH 3aXUCTy BaHTaXY.

Kpurepii eproHoMi4HOI rpyIy HACTYTHI:

- MOKJIMBOCT1 HAJTAIITYBaHHS PYJIsl Ta CUIIHHS;

- TUI KOPOOKM Iepesay;

- HAasBHICTH MIJICUIIIOBaYa KEpMa;

- cUCTeMa MIKPOKJIIMaTy;

- IN3alH KaOlHU.

Crnuparounch Ha NepeiyeHi BULIe KpUTepii MOXKHA NOOyayBaTU CTPYKTYPHY
MOJIeNIb POOJIeMU BUOOPY MaJIOTOHHAKHOI BaHTaXXIBKH, SIK II€ TPE/ICTABICHO Ha
pUCYHKY 1.

Ha BepxHbOMy piBHI MOAENI 3HAXOAWTHCS camMa TpoOiemMa BHOOPY
MaJOTOHHAXHOI BAHTAXK1BKH.

Hpyruil piBeHb 1€papXii CKIaAarOTh IPYNHU KPUTEPIiB, K1 BIUIMBAIOTH Ha

BUOIp BaHTaXIBKH.
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Ha TperpboMy piBHI 3HaXOZSAThCS caMi KpHUTepli, 3a SKUMHU BiAOyBa€THCS
MOPIBHSHHS PI3HUX MOJIeel BaHTax1BOK. L{1 kpuTepii BXoASTh B i€papXit0 MEBHOT

IpyIu KpUTEPIiB 3 JPYroro piBHSI MOJEII.
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Pucynok 1 — CtpykTypHa MOJieib BUOOPY MaJIOTOHHAXKHOI BAaHTAX1BKU

Ha octanHboMy, "eTBEepTOMY pIBHI l€papxii 3HAXOIATHCS AIbTEPHATUBU —
KOHKPETHI MOJI€1 MaJOTOHHAXXHUX BAaHTAXIBOK, MK SIKUMH HEOOX1AHO 3pOOUTH
BUOIp.

TakuM yuHOM, TOOYAOBAaHO CTPYKTYpHY I€papXxidHy MOJENb BUOOpY

MaJOTOHHAXHOI BAaHTAXIBKU, SKa € OCHOBOIO ISl peajizaimii METOXy aHami3y
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iepapxiii [3] 1 HAyKOBO-OOIPYHTOBAHOTO BHOOPY ajlbTEPHATHBH, IO € HAWOLIBII

JOITIILHOIO 3 YpaxyBaHHIM BCI€1 CYKYITHOCTI KpUTEPIiB.

Jlitepartypa:
1. ManoToHHaXH1 O0pTOBI BaHTaX1BKHU. BeO-CailT. URL.:

https://www.gruzovik.com/  furgony/malotonnazhnye-bortovye-gruzoviki/daf-45-
130-turbo-dc-a553997.html (nara 3BeprenHs: 25.10.2024).

2. ManoroHHaxkHi BaHTaxiBku. BeO-caiit. URL: https://autoline.ua/-
/malotonnazhni-vantazhivki--c1660 (mara 3BepuenHs: 25.10.2024).

3. Saaty T. L. The Analytic Hierarchy Process, McGraw-Hill 1980, Newyork.
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YK 658.5624
AKTYAJIBHI IIMTAHHSA BITPOBA/IZKEHHSA CUCTEM
YHPABJITHHA AKICTIO QUALITY 5.0 HA CYHACHUX
BUPOBHUITBAX

Anywixeeuu /I.A., Ieanoe JI.C.

XapxiecoKuii HaUiOHATbHU YHIGepcumem padioejleKmpoHiku, XapKie

Y 2015 poui OOH yxBanmwina TUIaH JOCSTHEHHS CHUTBHOTO KpaIIoro
MaliOyTHbOro Ta OyJso 3aTBeppkeHo 17 el cranoro po3sutky (LICP). Onniero
13 [ICP € 3abe3neueHHs MepexoAy A0 PpallOHATBHUX MOJIENEH CHOXKHBAHHS 1
BupoOHuITBa. CyyacHu# CBIT nepedyBae B Mpolieci MIBUIKUX 3MiH Y BCIX cepax
KUTTA. Y BCIX 3 HHUX ICHYIOTh MpoOJeMH, SKI TOTpeOyIOTh TEPMIHOBOIO
BupimreHHs. Ilepexin 1o KOHIEMIii 4eTBEepTOi MPOMUCIIOBOI peBodrortii Industry
4.0 3MIHUB MOTJIS] HA MPOMHUCIOBICTh Y 21 CTOMITTI, a TaKOX JaB BIJAMOBIJI Ha
BUKJIMKH, 3aCHOBaHI Ha KOHIIEHINI cucTemMu yrpaBimiHHA skicTio (Quality 4.0). 3a
OCTaHHI JIeCATh POKIB pPO3pOOJICHO KOHIICMIIi0 sSmoHChkoro Society 5.0, ska
notpedye po3poliieHHsT KOHIIeMIii yrpasiinas skicTio Quality 5.0.

Tenmenmii 21 cT. mMONSATalOTH Yy CTBOPEHHI PO3YMHOTO CycmiiabcTBa. Jlms
[bOr'0 OyJIa CTBOpEHa KOHIICMIiT YeTBepTOi mpomuciioBoi pesosrorii (Industry 4.0)
1 posymHa sikicts (Quality 4.0). YeTBepra mpoMuciioBa PeBOIIOLISI — MOHSATTS, IO
03HAYa€ PO3BHUTOK 1 3JIUTTS ABTOMATH30BAHOTO BUPOOHHUIITBA, OOMIHY MaHUX 1
BUPOOHMYNX TEXHOJIOTIH B €IUHY CaMOPETYJIbOBAaHY CHCTEMY, 3 SKHAHMEHIITHUM
a0o0 B3araJii BIACYTHIM BTPYYaHHSIM JIFOJAUHH Y BUpoOHUUMit mipouec [1, 2]. Tepmin
OyB BHU3HAQUCHHWH SK TIOHATTS [UJI1 TEXHOJIOT1H Ta KOHIEMIIK opraxizamii
BUPOOHUIITBA 3 BUKOPUCTAHHSAM KiOep(dizuunux cucteM, IHTepHery peuecit (10T)
tomo. Industry 4.0 — e ¢$aza mpoMuCIOBOI PEBOMIONI, sIKa XapaKTePU3YETHCS
3JIUTTSIM  TEXHOJIOT1M, IO PO3MHUBAE MeXl MDK (i3uyHOI0, IM(POBOIO Ta
OiosioriuHoto cdepamu. Industry 4.0 mae 3mory 30upaTH Ta aHAi3yBaTH JaHi 3
PI3HHX MPUCTPOIB, 3a0e3Meuyrodr OUTbI MIBUAKI, OUIBIN €pEeKTUBHI Ta OLIBII

THYYKi ITPOIIECH BUPOOHUIITBA TOBAPiB BUILIOT SKOCTI 32 3HUKEHUMH I[IHAMH.
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Jo xmouoBux TtexHomorid Industry 4.0 BiZHOCATBHCS: IITYYHHH I1HTEJEKT,
InTepner peueit (IoT), poGoTuzarisi Ta Kojsabopu3ailis, po3yMHui 3aBoj (Smart
Factory), 06e3miioTHI TpaHCIOPTHI 3aCO0M, TEXHOJOTII CUMYJIALII, SIKI JOTOBHEHI
PEANBHICTIO, XMapHI TEXHOJIOT11, 0101HXEHEPis Ta HOBI MaTepiaiu, aHAII3 BEIUKUX
0a3 nmaHux, Oe3MexHUU gocTyn 10 I[HTepHeTy Ta pO3BUTOK i1H(OpMAIIHUX
TEXHOJIOT1H, 5Kl II[e HEJJaBHO 3/1aBajIuCs (PaHTACTUKOIO, CTAIOTh peasIbHICTIO [1].

Jlo ocHoBHuX ckianoBux koHueniii Quality 4.0 (puc. 1) Hanexarb: maHi
(data), anamituka (analytics), B3aemois (connectivity), cmiBmparis (collaboration),
po3pobka nomatkiB (app development), cuctemu ympaBiiHHS (management
systems), BiAmoBigHICT, BUMoraM (compliance), kynbrypa (culture), miaepcTBoO
(leadership) Ta xommerenmii (competency). Konmenisi Quality 4.0 He 3amiHIO€
TpPaJMIIITHI METOAM YIMPABIIHHA SIKICTIO, 11O PO3BUBAIOTHCA B PAMKax CHUCTEM
YIpaBJIiHHS SKICTIO TIAMPUEMCTB, @ OYAY€EThCS Ta BJOCKOHATIOETHCS HA 1X OCHOBI.
[Ipouec ynockonaneHHss texHosorid Industry 4.0 BigOyBaeTbcst B yciX

TEXHOJIOTIYHO PO3BUHYTHUX KpaiHax CBITY.

Pucynok 1 — Cknamosi konnenii Quality 4.0

Tomy icHylOTH npoOseMH 1HTErpauii Ta BKIIOYEHHS JIIOJAWUHU Yy TMPOLEC
PO3BUTKY PO3yMHOI'O CyCHUJIbcTBa Society 5.0, a Takox mpoOjJeMH CTIHKOCTI
cucremu Industry 5.0, sxocti kutTs grogei Tomo. lle mamo BUKIUKK IS
po3poOku kounemii skocti Quality 5.0. Tlepexin Bix Industry 4.0 mo Industry 5.0
— e Tpanchopmariiss nuPpoBoro BUPOOHUIITBA B IU(POBE CyCHiILCTBO. Bumipu

KOHBEPIreHTHHX TEXHOJIOT1i MaloTh piBHi [2]:
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1. 3HaueHHs A MiANPUEMCTBA.

2. HinnHicts aus Gpipmu (IIPUEMCTBA).

3. 3HaueHHs IS TaTy3l.

4. IliHHICTH AJIs CyCHUIHCTBA.

5. LIiHHICTH IJ11 0COOHCTOCTI.

VYci piBHi MicTaTh enemenT Quality 4.0 (piBHi 1, 2 1 3) 1 Quality 5.0 (piBH1 4
Ta 5).

[Ipobnemu BrpoBamxeHnHs Quality 5.0 mependadaroTh: CTBOPEHHS HOBUX
LIHHOCTEHN IJii PO3BUTKY Tally3l B MailOyTHROMY Ta COILalbHOI TpaHchopmaili,
peopraxizaifisi eKOHOMIYHUX 1 COIlIaJIbHUX BUKJIMKIB, OUTbIA MIATPUMKA HAYKH,
TEXHOJIOT1i Ta 1HHOBAIIli), BCTAHOBJIEHHSI CUCTEMHHUX LUKJIIB JIIOJICBKUX PECYpCIB,
3HaHb 1 TOTCHIIANy ISl iHHOBarii. Bynn Bu3HAYeHI YOTHPH XBWJI 3MIH JIJIs
nepexoay Bix Quality 4.0 mo Quality 5.0:

1. Ilepma xBuns (2010-2020 pp.) 3 NOBUIBHUM PO3BUTKOM TEXHOJIOTIHN 1
NEPIIUM BIPOBAKEHHSIM PO3YMHHX PIIICHb.

2. Hpyra xBwist (2020-2030 pp.) 3 1HHOBAIIIMHOIO CTPATETIE0 PO3BUTKY,
noB’s3aH010 3 RFID, Tenemerpiero, iHTErpaIii€ro ToIIo.

3. Tpers xBuns (2030-2040 pp.) 13 camockiIagaHHsIM, MacoBUM 3D-apykom,
CaMOCTITHUMH TIOKYTIKaMH TOIIIO.

4. Yersepra xBuisa (2040-2050 pp.) 3 mapaaurMor0 BIEBHEHOCTI, IO
HIATPUMYETBCS TMEPEIOBUMU  POOOTOTEXHIYHUMH CHCTEMaMH Ta IITYYHUM
1HTEJIEKTOM, aBTOHOMHUMH TPAHCHOPTHUMHU 3ac00amMu, MOBHOIO aBTOMAaTH3aLIEI0
BUPOOHUIITBA TOIIIO.

Takum ywmnoMm, konmeniis Quality 5.0 He 3aMmiHIOE TpaaMIiHI METOIU
YOPaBIIHHS SKICTIO (IO PO3BHBAIOTHCS B PaMKax CHUCTEM YIPABIIHHS SKICTIO
MIPUEMCTB, a MBHU/IIC OYTYETHCS Ta BIOCKOHATIOETHCS HA IX OCHOBI.
Jlireparypa:

1. Yanushkevych D. A. Modern quality management systems of enterprises
based on the Industry 4.0 concept // Hayka. InnoBarii. Skicte: Xapkis: YIITA,
2022. —c. 33-34.
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2. Slavko Arosvski. Quality 5.0 from challenges to reality, Journal of
Innovations in Business and Industry, Vol. 01, Ne. 01 (2023) 13-21, doi:
10.61552/J1B1.2023.01.002.
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HAYKOBE BUJAHHA

MATEPIAJIA
BCEYKPAIHCBKOI HAYKOBO-ITPAKTUYHOI KOH®EPEHIIIT
3/I0BYBAUIB BUII[OI OCBITU I MOJIOJUX YUEHUX
(20 nucronama 2024p., M. XapkiB)

KOMII'IOTEPHO-IHTEI'POBAHI TEXHOJIOI'TI
ABTOMATU3ALII TEXHOJIOI'TYHUX ITPOLIECIB
HA TPAHCIIOPTI TA Y BUPOBHUIITBI

[IpoBeneHa 3riHO 3 TUIAHOM TMPOBENCHHS MIKHAPOJHHUX, BCEYKPAiHCHKHUX
HAyKOBO-TIPAKTUYHUX 1 HAyKOBO-METOJMYHMX KOH(EpeHIil 1 cemiHapiB
XapKiBCHKOT'0 HAI[IOHAILHOTO aBTOMOOUIBHO-IOPOKHBOTO YHiBepcutery y 2024 p.
(JImer IM30 Ne 21/08-7 Bix 04 ciuns 2024 p.)

BianoBimaneHICTh 3a JIOCTOBIPHICTH HABEJAECHUX B MaTepiajax JaHUX HECYTh
aBTopu myOxikamiii. Touka 30py peakonerii He 3aBXAH 30ITA€THCS 3 MO3ULIEIO

aBTOPIB.

HaykoBwuit pegaktop A.T.H., ipod. npog. I ypxo O.1'.

TexHiuyaui pegakTop K.T.H., gom. loere L.T..
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