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CUCTEMA KEPYBAHHA ITPOHECOM YJbTPA3ZBYKOBOI'O
OYUIIIEHHSA BUPOBIB

Vavmpaszeykoee ouuwenna 3abesneuye MONCIUBICIb SKICHO OYUCHMUMU Oemdli 6 MeXHONO2IUHOMY Npoyeci PI3HUX
supobnuyme. Ilopignano 3 iHwuMU 6UOAMU OYUWEHHS BOHO BONOOIE PAOOM Nepesas, 30Kpema 6UCOKI NOKA3HUKU AKOCHI
OMPUMAHUX NOBEPXOHb, MEHUI MOKCUYHI MUIOYI PEYOBUHU, CYMMEGe 3MeHUuleHHs: pyuHoi npayi. B pobomi 6yno pospobaero
agmomamu308any cucmemy OaA 3abe3nedeHHs npoyecy YIbmpaszeykoeoi obpobxu Oemanei. Y pobomi npogedeno auaiiz
JimepamypHux 0xcepei cmoco8HO NApAMempis, AKi Nauearoms Ha npoyec 06poOKU ma NPOaHani306aHO HANPAYIOBAHHA 8 Yill
eanysi. Cucmemy peanizosano Ha 6a3i mikpoxowmporepa ESP-32. Jlna awnanisy sasepuienocmi npoyecy ouyuujeHHs 010
BUKOPUCIAHO 080 KOHMPONLOBAHI napamempu - npo3opicms ma nposionwicme posuuny. llpoyec ouuweHHs 86axicascs
3a6epuleHUM, AKWO Yi napamempu NPUNUHAIU 3MIHIO8amucs. Asmopu npogenu anapammy peanizayito po3pobnenoi cucmemu ma
po3pobneno arzopumm ii pobomu. Ha nouamxy pobomu cucmema npogooums nepegipky 6annu Ha HAA6Hicmy piounu. Axuo eona
8IOCYmHs 0aay nPoGiOHOCMI NoKadice HecKinuenHutl onip. [lani cucmema ouikye 60 cekyHo ma nouunae npoyec oopooru. Axuo
BMIHIOEMBCSL NPO30PICMb PIOUHU, CUCTIEMA 3ANYCKAE JYUTbHUK, 3HAYEHHS SIKO20 3MIHIOEMbCS, KOU 3MIHIOEMbCSL NPOBIOHICb HA
3a0anull KpoK. AKwo 1HunbHUK nepecmae 3miHoeamucs, npoyec 3ynunsemuvcs. Ouuwenns esaxcacmocs 3ageputeHum. Taxuil
Memoo 3acmocOo8HULL AK 015 NIACMUKOBUX MAK | 00 Memanesux oemanei. 3a pe3yIbmamamy 00CIiOHCeHb 8CMAHOBIEHO, WO
HAABHICMb MUTBHO20 PO3UUHY CYMMEBO 3MIHIOE YAC OUUWEHHA NOPIGHAHO 3 600010, npaxmuyno ua 50%. Ilpome 3mina
memnepamypu 8 MUIbHOMY PO3UUHI NPUBOOUMs 00 3MiHu weuokocmi auwe na 10%. 3mina memnepamypu npu 6UKOpUCMAHHI
36UYALIHOT 800U CYMMEBD BNIUBAE HA 4aAC 0OpobKU i ckopouye tioeo Ha 30%. Ananiz pesynemamis noxasae HaoiliHy ma mouHy
pobomy cucmemu 6 npoyeci owuwenns. B nooanewomy nianyemocsi 8600cKoHanUmMuU cucmemy KOHMpOAO 000ABAHHAM HOBUX
BUMIDIOBAILHUX GEUYUH OJIsI HAOAHHS MONCTUBOCMIE OLIbWL eheKmusHOi onmumizayii npoyecy ouuujerHs demarell.

Kniouoei cnosa: ynompaseyk, ouuwjenus, agmomamuso8ana cucmema, Kagimayisi, aneopumm.
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ULTRASONIC CLEANING PROCESS CONTROL SYSTEM

Ultrasonic cleaning provides the opportunity to effectively clean parts in various manufacturing processes. Compared to other cleaning
methods, it has several advantages, including high quality surface finishes, less toxic cleaning agents, and significant reduction in manual labor.
The work developed an automated system to ensure the ultrasonic processing of parts. The literature review was conducted regarding the
parameters that affect the process and the achievements in this field were analyzed. The system is implemented on the ESP-32 microcontroller.
Two controlled parameters — transparency and conductivity of the solution — were used to analyze the completion of the cleaning process. The
cleaning process was considered complete when these parameters stopped changing. The authors carried out the hardware implementation of the
developed system and developed its operation algorithm. At the beginning of the process, the system checks the bath for the presence of liquid. If it
is absent, the conductivity sensor will show infinite resistance. The system then waits for 60 seconds and starts the processing. If the transparency
of the liquid changes, the system starts a counter, the value of which changes when the conductivity changes by a set step. If the counter stops
changing, the process stops. The cleaning is considered complete. This method is applicable for both plastic and metal parts. The research results
showed that the presence of soapy solution significantly changes the cleaning time compared to water, almost by 50%. However, the change in
temperature in the soapy solution leads to a change in speed by only 10%. The temperature change when using plain water significantly affects the
processing time and reduces it by 30%. The analysis of the results showed reliable and accurate operation of the system during the cleaning
process. In the future, it is planned to improve the control system by adding new measurement values to provide more efficient optimization of the
parts cleaning process.

Keywords: ultrasonic, cleaning, automated system, cavitation, algorithm.

IHocranoBka npodaemu

VYibTpa3sByKOBE OUHMIIECHHS 3a0e€3IeUy€e MOXKIMBICTH SIKICHO OYHCTHTH J€Tasli B TEXHOJIOTIYHOMY Hpoleci
pi3HMX BHpOOHUUTB. [IOpiBHAHO 3 IHIIMMHK BUJAMM OYMILIEHHS BOHO BOJIOJIE PSIOM IepeBar, 30KpeMa BHCOKI
MOKA3HHUKH SIKOCTI OTPUMaHUX TIOBEPXOHb, MEHIII TOKCHYHI MUIOUY1 pEYOBUHH, CYyTTEBE 3MEHIIIEHHS py4yHO] mpari [1].

CyTh mpolleCy OUMILIECHHS MOJArae B TOMY, IO Yy MHIOYMH 3acib, Je 3HaxoAuThcs BHPIO, BHOCSTH
YIIBTPa3BYKOBiI KOJMBAHHS, SKi IPUBOATH A0 Jii pi3HUX eeKTiB HelMHIHHOTO Xapakrepy. OCHOBHUM YHHHUKOM €
KaBiTallisl, JOJAaTKOBUMH — 3BYKOKAIUIAPHUHA €(eKT, 3ByKOBUH TUCK, aKyCTHYHI Tedii, Tomo [2].

B ocHoBHOMY Takuii crioci® OYMIEHHS 103BOJSIE€ MO30yBATHCH TAKMX JOMIMIOK, SK PI3HOTO POAY IUTIBKH
(mactu, >KMpH, OJUBH, MacTUja), TBEPAOTIINN ocan (Harap, Muj, YaCTUHKA MeTaly, abpa3WBHI 3aJUINKH, HAKUII,
(dbmrocu), Kopo3siitHi npoaykTu (OKanWHA, ipXka), Pi3HOTO poay MOKpHTTSA (cMmomiu, emani). [lepen 3acTocyBaHHSIM
OUMINeHHS 00’€KT HEOOXiIHO MpoaHaJi3yBaTH B OCHOBHOMY BHUKOPHCTOBYIOUH TPH O3HAKM: aAre3iifHa MIIHICTbH
KOHTaKTy Opy/1y /10 OBEPXHI, CTIMKICTh O KaBiTallii, XapakTep B3a€MO/Ii] 3 MHIOYMMH 3ac00aMu.

OCKITbKH TaKUi METOJ] OUMIIEHHS € MEPCHEKTUBHUM 1 aKTyalbHHM B JaHI raxy3i IPOBOJIUTHCS BEJIHKa
KUIBKICTB TOCIIIKEHD.
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AHaJi3 0CTaHHIX TKepet

B uyucneHHux myOmikaIisx IpoOBOISTh aHAI3 OCHOBHUX HANPSMKIB JTOCHTIKCHB B rally3i YJIbTPa3ByKOBOTO
ouumieHHs [1]. ABTOpH ONKMCYIOTh OCHOBHI 3aJI€)KHOCTI, SKUMH KOPHCTYIOTHCS TIPH JOCIIIIKEHHI MPOIIeCciB KaBiTarii
Ta MPHUHIMIN NOOYAOBH CHCTEM SIKICHOTO YJIBbTPa3ByKOBOTO O4YHMINEHHA. IIpoTe He po3rismaroTbesi eeKTHBHI
ITOPUTMH YIIPABJIiHHS TaKUM IIPOLIECOM 3 METOIO ITiABUIIEHHS Horo edekTuBHOCTI. Lle 00yMOoBIIeHO BiACyTHICTIO
YITKAX 3aKOHOMIPHOCTEW MPOXO/KEHHS IPOLIECY YIIBTPa3BYKOBOT'O OUHUIIICHHS.

Merto BH3HAUEHHS SIKOCTI NMPOXOJDKEHHS IPOLECY OUYMILNCHHS 3 JOIOMOTOI0 MEPEeBIPKM YacTOTHHX
iHMKaTOpiB KaBiTamii onmcanu B poboTi [3]. Bymo 3acTocoBaHo ONTHYHY KaMepy AJIS aHANI3y IPOLeCy BUHUKHEHHS
kaBitarii. [IpoTe 1y mOBHOTO aHali3y MPOIeCy OYHMIICHHS TaKUX IapaMeTpiB HEAOCTATHBO.

BusnagansHIM (akTOpOM B MpOIIeci OUUIIEHHS € KaBiTamis. BoHa 3aexuTh Bi HassBHOCTI OyIh0amiok razy
B OYHCHOMY po3uuHi [4]. ABTOp IpoaHai3yBaB BIUIMB TEMIIEPAaTypH Ta BMICTY ra3y Ha iHTEHCHBHICTh KaBiTaIil y
BOOTPOBinHIH Boai. CTBEpAKy€eTHCS IO TSI MAKCHMAIIBHOTO 3HAYSHHS KaBiTallil He0OXiTHO BUKOPHUCTOBYBATH BOIY
temrnepatyporo Hikue 20 °C. Lle 103B0IHMTh 3HAYHO NOKPAIINTH NPOLIEC OYHUIIEHHS 32 PaXyHOK SIKICHOTO KOHTPOJIIO
HE TiJbKH KaBiTallilHMX, aje i TeMJIOBUX HMapaMeTpiB Mpolecy OUMIIeHHs. Takok 3aportOHOBaHO HOBUIT MiIXia 10
METOJIMKHM BHMBYEHHs KaBiTalii 3a paxyHOK KUIbKICHOrO BH3HAueHHs ii 703H, sika Oylia po3paxoBaHa Ha OCHOBI
KyMYJIITHBHUX IIHPOKOCMYTOBUX aKyCTHYHHUX IIYMOBHX CHTHAIB, 1110 € PE3YJIbTATOM KaBiTal[iifHOi akTHUBHOCTI [5].
Taxwuii migxig Moxke OyTH BUKOPUCTAHUH Y CUCTEMax KepyBaHH JIUIIE K JOJATKOBHH (axTop.

YucieHHi myOJTiKanii mpUCBAYEHO TOCIIHKEHHIO POOOTH NPUCTPOIB YIBTPa3ByKOBOT'O OUMIIIEHHS JJIs BEITUKHX
TpyOHNX 00’€KTiB [6, 7]. s ibOTO OYyJI0 BUKOPUCTAHO YUCIOBY MOAEINB TAPAMETPUIHOTO TOCTIIKEHHS, KA JO3BOJISIE
BUOpaTH HEOOXiHY AT OUYMINEHHS KUTBKICTh T€HEPATOPIB Ta pO3paxyBaTy mapaMeTpu ounmeHHs. [Ipomec ounmenns,
Ha Hallly JyMKY, TOAaTKOBO MOKHA MOKPAIIUTH 33 PaXyHOK 3aCTOCYBaHHS SIKICHUX alTOPUTMIB YIIPaBIIiHHS.

Takox y myOmikamisix HpOBOIATH MaTeMaTHYHE Ta TPUBHMIpPHE OOYMCIIOBAIBHE MOJEIIOBAHHS BIUIUBY
YJIBTPa3BYKOBOI ITOTY>KHOCTI, YaCTOTH Ta TEMIIEPAaTypH I NPOTHO3YBAaHHA YTBOPEHHS MIKpoOynbOamiok Ta
TeruIonepenadi Mg 4ac yiabTpa3BykoBoi oOpoOku [8]. IlpeactaBieHo HOBI METOAM PO3POOKH YIIBTPa3BYKOBHX
OYMIIYBAIBHUX NPUCTPOIB AJIsl MOKPALIEHHs caMmoro rpoiiecy [9-11]. BukopucraHo aHaii3 rapMOHIHHOTO BITYKY Ta
00YHCITIOBANIBHY JMHAMIKY PiiH. B pe3ynbrari aBTOpH MpOBEIH IOBHE MOJISIIOBAHHS Ha aHali3 IapaMeTpiB 0aKy
JUisl 3a0e3neyeHHs] HaWKpamol KaBiTalii, a oTxe, 1 Npolecy O4yHIIeHHS. TakoX B YHCIEHHHX poOOTax aBTOPH
JIOCTIKYIOTh aKYCTHYHHUH THCK B MPOIIECi YIIBTPa3BYKOBOTO OUHINeHHs [13] Ta BIUIMB MUIOYMX PO3YHHIB Ha SKICTh
00po0Oku [14]. TIpoTe He3BakarO4UXM Ha BEIMKY KUIBKICTh JOCHIPKCHb Maji0 yBaru MPUAUISETHCS 3aCTOCYBAaHHIO
e(eKTUBHHUX alrOPUTMIB KEpPYyBaHHS IIPOLECOM YJIbTPAa3BYKOBOTO OYMIIECHHS, SIKi HE TUIbKM BIUIMBAIOTH Ha
e(EeKTHBHICTH MPOLIECY, aJie i Ha SIKICTh 00pOOICHOT MOBEPXHi, 0COOIMBO TSI TUTACTUKOBHX JICTAJICH.

BpaxoByioun BuIE CKazaHe MOXKHA 3a3HAYWTH, IO CTBOPEHHS E€()EKTHBHUX CHUCTEM YIHTPAa3ByKOBOTO
OYHUIICHHS € aKTyaJlbHIM UTaHHAM Ha ChOTOJHINIHIH 9ac i moTpedye neTalbHUX TOCIiKEHb B I Tady3i, OCKUTBKH
BCi HaBEJICHI JpKeperia po3risiIaioTh JIHIIE IEBHI aCIIEKTH MPOIECY yJIbTPa3BYKOBOTO OUYHIIEHHS. TOMY HE AUBITIHCH
Ha BEJIMKY KiJbKICTh JOCIIKEHb MIMTaHHs 3a0e31edeHHs epeKTUBHOCTI OUMIIECHHS Ta BIIUB ITapaMeTPiB Ha MPOIIEC €
JI0C1 BIAKPUTHM.

MeToro poGoTn €: po3poOUTH CHCTEMY KepyBaHHsS YJIbTPa3BYKOBOIO OYHMIIEHHS Jeraneil mnepen
CKJIaJIaHHSIM IIPHUJIAJIiB HA OCHOBI YJIbTPa3BYKOBOI'O F'€HepaTopa Ta MiKpOKOHTPOJIEpa, BUKOPUCTAHHSI SIKOT JI03BOJIUTh
MIIBUIIUTH SIKICTh TPOAYKIIT Ta MPOJYKTUBHICTH OYHMIIICHHSI.

Buxkusiax ocHOBHOTO MaTepiaiy

ITonepenHBLO aHaNi3 TAKKX CUCTEM aBTOpAMU poO3riisiiaBcs y podoTax [ 15]. Takox aeTanbHO MpoaHaIiz0BaHO
peatizaliito CHCTeM IS YIPaBIIiHHS MPolecoM 00poOku meraneii [16].

Jnst CTBOpEHHS CHUCTEMHM KepyBaHHSA IIPOLECOM YJIBTPa3BYKOBOTO OYMIIEHHS Ta il JOCIHIIKEHHS
BHUKOpHUCTaHO KoHTpoJep ESP 32-63 3 BUKopucTaHHSIM CHCTEMH JaBadiB JUIs aHATI3Y MPOBITHOCTI MHIOYOTO PO3UHHY
Ta ONTHYHOI mpo3opocTi. CaM KOHTPOJIEep BOJIOiE€ HEOOXiTHIM (PYHKITIOHAIOM /s 3a0e3IeUeHHS POLeCy, Ta Ma€e
HU3BKY BapTiCTh MOPIBHAHO 3 aHANoraMu. Ha OCHOBI muX mapameTpiB OyJe mpuiAMAaTHCs pillieHHs PO 3aKiHYCHHS
TIPOLIECY OUMINEHHS JUISl PI3HUX MUIOUMX PO3UYMHIB Ta netaneil. CuctemMa yiIbTpa3ByKOBOTO OUMILEHHS CKIaJaeThes 3
KOHTpOJIepa, MUIOUOi BAHHH, yJIbTPa3ByKOBOT'O F€HEPATOPa, 1aBayiB CBITJIOBOIO MOTOKY Ta MPOBiAHOCTI. CTpyKTYypHa
cxema NpUCTpoIo MpuBeieHa Ha puc. 1.
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Puc. 1. CprKTypHa CXeéMa CUCTEeMH KepyBaHHS MPOLECOM yJIbTPAa3BYKOBOI'0 OYHIICHHS
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Jus peamizamii Takoi CHCTEMH CIIPOGKTOBAHO IHBEPTOp, SKHH PETyNIO€ YacTOTy YJIbTPa3BYKOBOTO
reHepaTopa METOIOM LIMPOTHO-IMIYJIBCHOT MOAYJIALIT 1 3a0e3nedye nmpouec oynnieHHs. Jjis aHami3y 3akiH4eHOCT1
MpoLeCy BUKOPUCTAHO aHaJIi3aTop MpO30pocCTi (onTonapy) Ta MpoBiHICTE PIANHM 32 JONOMOT'OIO TUIbHUKA HAlPyTH
Ta JIBOX EJICKTPO/IIB.

CxeMa eJeKTpruYHa NPUHIXIIOBA CIPOEKTOBAHOTO MIPUCTPOIO NIPUBEICHA HA pHC. 2
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Puc 2. Cxema eJIeKTpUYHA NPUHIUIIOBA CIIPOEKTOBAHOIO MPHCTPOIO

Jist poGoTH cUCTeMHU KepyBaHHS PO3pOOIIeHO anropuTm 3a MeToamkoro crarti [11]. Komm moumHaeTbes
nporiec 0OpoOKH PO3YMH € MPO30PHM Ta Ma€ IMEBHY MPOBIAHICTH. 3 mepebiromM yacy mapaMeTpH IPO30pOCTi Ta
MPOBIAHOCTI 3MiHIOIOTECSA. OOpOOKY HEOOXiTHO MPOBOAMTH IOTH, IOKHU IIi MTApaMeTpH 3MIHIOIOTBhCS B daci. SIKimo
3MIHH TIPO30POCTi Ta MPOBIAHOCTI NMPHUITMHAIOTHCS, MOXKHA BBa)KaTH, IO IPOLEC OYMINCHHS 3aBepIIeHo. 100To
CHCTeMa aHaji3y IBa IapaMeTpu 1 SKIIO BOHM IIEPECTAIOTh 3MIHIOBATHCS 3YNHUHSIE YIBTPA3ByKOBY OOpOOKy.
AnropuT™ po3po0IIeHoT CUCTEMH MPUBENICHO Ha pHC. 3.

Ha nouarky poOoTH cucTeMa npoBOJUTH NEPEBIPKY BaHHU HAa HAsSBHICTB PiJMHU. SIKIII0 BOHA BiZICyTHS 1aBay
MPOBIHOCTI TOKa)xe HeckiHueHHui omip. [ami cuctema odikye 60 CeKyHJ Ta MOYMHAE MPoIEeC 0O0poOKHU. SIKIo
3MIHIOETBCSI TPO30PICTh PIIUHM, CHCTEMa 3aIyCKAa€ JIYMIbHUK, 3HAYCHHS SIKOTO 3MIHIOETHCS, KOJHM 3MIHIOETHCS
NPOBIJHICTh Ha 3aJaHUil KPOK. SIKIIO JIYMIBHUK IEPecTae 3MIHIOBATHUCh, MpOLeC 3yNuHsAETbCs. OYHIIEHHS
BBAXKAETHCSI 3aBepIeHNM. Takuii METO/1 3aCTOCOBHHH SIK JUIs TNIACTUKOBHUX TaK 1 710 MeTaJleBUX JeTaneil. OKpiM bOro
KOHTpPOJIEp TaKOoX TIPOBOJWTH KEPyBaHHS YJIbTPa3ByKOBUM T'EHEPATOPOM 3a IONOMOIOI0 iHBEpTOpa, 00
3a0e3MCYUTH KOJHMBAHHSA 3aJlaHOi YacTOTH i 3a JOMOMOTOK HaJlaITYBaHHS IHAYKTUBHO-€MHICHOTO (QiIBTPY
KOJIMBAHHSI IIPUBEJICHI 0 CHHYCOINaIBHOI (POpMHU.
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Puc. 3. Anrroput™m po0oTH cHCTeMH KepyBaHHS
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Ha po3pobneniii ycTaHOBIII HPOBEICHO OYHIICHHSA Cepii OAHAKOBUX 3pas3KiB, SKi 3aHYPHIH B MAacCTHIIO.
OunineHHsT MPOBOJWIM Y BOJI Ta MHJIbHOMY po3dmHi. [ToTounmii rpadik 3MiHM IPO30pPOCTI PO3UMHY B HpoLeci
00pOOKH MPHUBEICHO HA PUC. 4., a POBITHOCTI HA pHUC. 5.
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Puc.4. 3anexuicTs 3MiHH Mpo30opocTi po3unHy B mpoueci 006podku
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Puc.5. 3anexuicTs 3MiHM NIPOBIIHOCTI PO34HHY B npoueci 00podku

SIK BHJTHO 3 PUCYHKIB CHCTEMa IPHUIIMHSE IPOLEC OYMUILIECHHS, KOJIM BUMIPIOBaHI MapaMeTpH NepecTaroTh
3MIHIOBAaTH CBOE 3HaueHHs. CIliJ| BIAMITHTH, SIKIIO JI€Tajlb Ma€ CKIAJHINIY KOH(Irypaiito npouec OYHIIEeHHs TaKOXK
TpuBaTUMe JoBIIe. TakoX ,SIKIIO NeTaib OlIbIne 3a0pyTHEHHS, a00 Ma€ TBEPMINIi YaCTHHKU Opyay, MPOIeC MOXKe
TPUBATH JI0BIIE. Pe3ynbTaTi MpoBeleHnX AOCIiKEHb IS 3pa3KiB IpHUBE/CHI B Tabui 1.

Tabmuws 1.

Yac, BUTpaveHHUii HA 00pPOOKY Y BOAi Ta MHIILHOMY PO34HHI

Temnepatypa, °C Yac ouyuieHHs y BOJi, cex Yac ouneHHs] Y MHJIbHOMY
PO34HHi, cex
20 295 128
288 126
292 129
40 231 114
232 118
227 109
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BiamosigHo 10 TaGIUII BUIHO, IO HASIBHICTH MHJILHOTO PO3YMHY CYTTEBO 3MIHIOE Yac OUHIICHHS TIOPiBHSHO
3 BOJI010, ITpakTH4YHO Ha 50%. [IpoTe 3MiHa TeMIiepaTypy B MHIIBHOMY PO3UYHHI IPUBOJUTH A0 3MIHH LIBUIKOCTI JIMIIE
Ha 10%. 3MiHa TeMIiepaTypH Npy BUKOPUCTAaHHI 3BUYAHHOT BOJIM CyTTEBO BILUTMBAE HA Yac 0OpOOKH 1 CKOpouye Horo
Ha 30%.

BucHoBku

Po3polOiieHo cucteMy KepyBaHHS HPOLECOM YJIbTPa3BYKOBOTO OYMIIECHHS JeTalleil mepesi CKIIaJaHHAM
npwiaiiB, Ha 0a3i mikpokoHTposaepa ESP 32, mio 3abe3nedye mifBHINEHHS SKOCTI OYHMILECHHS MOBEPXHI JeTaei,
301IBIIy€e TPOAYKTUBHICTh Ta 3MEHIIye coOiBapTicTh 0OpoOku. Po3pobieHo anroputM poOOTH CHCTEMH, SKUH
3a0e3medye aBTOMATHYHE MPUIUHEHHS MpoIecy oOpoOKH IMpH BiICYTHOCTI 3MiHM HapaMeTpiB, IO IMPHUBOIUTEH 10
3MCHIICHHSI KOpo3il mpu TpuBamiii oO0poOmi. i KOHTPOIIO TMpolecy BUKOPHUCTAHO aHANi3 3a0pyIHEHOCTI Ta
MPOBIAHOCTI MHIOYOTO PO3YMHY Ha OCHOBI ONTONAPH Ta €JIEKTPOIB 3 MOAUIPHUKOM Hampyrdu. B momanpmomy
IUIAaHY€ETHCSI BAOCKOHAJIUTH CHCTEMY KOHTPOJIIO IOAABaHHSAM HOBHX BHMIPIOBAIPHHX BEIWYHH IS HAJAHHS
MOJKJIMBOCTI ORI €(hEKTHUBHOT ONTUMI3AIlii POIIECY OYUIICHHS eTaJICH.
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