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AHOTANIA
I[Ipycc M.P. — TexHoJsioriune 3a0e3le4eHHI MAKCHUMAJIbHOI
NMPOXYKTHUBHOCTI ra3oja3epHoro pizaHHst JIETOBAHUX crajen
BUIIPOMiHIOBAHHSIM MOTY:KHHUX ONTOBOJIOKOHHUX Ja3depiB — Kaamidikariitna

HAayKOBa Mpals Ha NpaBax PyKOIUCY.

Hucepraiiss Ha 3100yTTS HAyKOBOTO CTyIEHs JdOoKTopa digocodii 3a

cremianpHicTIO 131 TlpuknagHa MexaHika — Yepkachbkuil — Aep)KaBHUN

TEXHOJIOTIYHUN yHiBepcuTeT MiHIiCTepcTBa OCBITH Ta Hayku Ykpainu, Yepkacw,
2025.

PizanHs Hep)kaBilOUMX CTaJed PI3HOI TOBIIMHU 3a JIONIOMOTOI0 MOTYXKHUX
ONTOBOJIOKOHHHUX JIa3€piB CBOTOAHI JOCTaTHBO IIMHPOKO BHUKOPHUCTOBYETHCS
MPOMUCIIOBUMHU MIJIIPUEMCTBAMU Y Kpainu. BupoOHUKH, SKI BUKOPUCTOBYIOTH Y
CBOEMY BHUPOOHMIITBI JlaHy TEXHOJIOTII0, OCOOJMBO 3aIliKaBJE€HI B JIOCATHEHHI
BHUCOKOI SIKOCTI pi3aHHS, 100 MOXHa OyJI0 BUKIIOYUTH MOBTOPHY OOpPOOKY
BIIpi3aHUX  JeTajed, BHCOKOi INBHJKOCTI pi3aHHA JUIS  MaKcHMizarlii
IPOIYKTUBHOCTI Ta JOOPOT BIATBOPIOBAHOCTI Mporiecy. TakuM 4YMHOM TEXHIYHI Ta
E€KOHOMIYHI KPUTEPIi, 10 BIUIMBAIOTH HA BUOIP BIAMOBIIHOI JA3€PHOI CUCTEMU IS
KOHKPETHOTO JIa3€pHOr0 pi3aHHS, 3apa3 HaOyBalOTh BEIMKOTO 3HAYCHHS.
[linBumieHHs e(QEeKTUBHOCTI MPOLECY, SKOCTI Ta THYYKOCTI JOMOMArarTh
3MEHIIUTUA BUTpaTH. [IpoBiHMIT BUPOOHUK JTa3epHUX TEXHOJIOTTYHMX YCTAHOBOK B
VkpaiHi kommaHig «Apamic» 3amoyarKyBajia BHUITYCK JIIHIMKKM YCTaHOBOK,
YKOMITJIEKTOBAaHUX ONTOBOJOKOHHUMH JiazepaMu MoTykHIicTio 12 kBT. [Ty6mikariit
MPUCBAYEHUX JIOCTIDKEHHSIM DPEXHUMIB Ta30JIa3€PHOTO PI3aHHS HEPIKaBIIOUUX
CTaJiel 3 BUKOPUCTaHHSIM TaKOi MOTYXHOCTI BIJIHOCHO HeOarato. OKpiM TOro
MPUHITUIN Ta pe3yJIbTaTH HaBEJCHI B BIOMUX HAYKOBHX IMyOJIKAIlisX HE 3aBXKIU
MOXHa BH3HATH JIOCTaTHHO CKCIICPUMEHTAJIBLHO OOTpyHTOBaHMMHU. HaBiTh
KOHKPETHI TEXHOJIOTIYHI peKoMeHAallli HaJaHl BIIOMHMH JOCHIIHUIILKUMU
IIEHTpaMH, 3a BHKOPUCTAHHS MIAMPUEMCTBAMH YKpaiHW, BHUMAaralmTh BIJ

YKPaiHChbKUX BUPOOHUKIB JIA3€PHUX TEXHOJIOTTYHUX YCTAHOBOK CYTTEBOI KOPEKIIIi.



[le crocyeThCsi K MPOAYKTUBHOCTI MPOLECY TaK 1 SIKOCTI OOKOBOI MOBEPXHI.
EdexkTuBHa KOpeKIlisi MOXJIMBA JIMIIE SIK pe3yJbTaT J00pe CIUIaHOBAaHUX,
CUCTEMHUX EKCINEPUMEHTAIBHUX JOCIHIKEHb MPOLECY Ta30JIa3€pHOTO Pi3aHHS
HEP>KaBIIOUMX CTajJei Ta BCTAHOBJICHHSIM KOHKPETHHX TEXHOJOTIYHHX YMOB, IO
3a0e3MeuyloTh BHCOKY MPOJYKTHBHICTH TPOILIECY 3a BIANOBIIHOI BHMOTram
CTHIOXKUBaYa SIKOCTI OOKOBUX MOBEpXOHb. CyKYIHICTh MPECTABICHUX y AUCEpTAllii
pe3yNbTaTiB €KCIEPUMEHTAIBHUX Ta TEOPETHUHUX JOCITIIKEHb CTAaHOBUTH HOBE
BUPIIICHHS aKTyaJbHOI HAayKOBO-TEXHIYHOI 3a/iadl IMiJIBHUINCHHS €(QEeKTUBHOCTI
TEXHOJOTTYHOTO 3a0e3MeueHHs MPOLEeciB PO3KPOIOBAHHS JIUCTOBOI HEP)KaBiIOYOi
CTaJll BUIIPOMIHIOBAHHSIM OIITOBOJIOKOHHOTO Ja3epa TMOTyxkHicTio 12 kBT,
CHPSMOBAHOTO Ha JOCATHEHHSI MAaKCUMaJIbHOI MMPOYKTUBHOCTI pI3aHHS 3a 3a/1aHO1
SAKOCTI TIOBEPXOHb OTPHUMAHMX JE€Tajel Ta BHUCOKOIO pIBHS BiATBOPIOBAHOCTI
IPOLIECY.

Y 6cmyni TpelcTaBieHA 3arajibHa XapaKTepUCTUKA IUCEPTaliifHOl
poboTH, OOIPYHTOBAHO 1ii aKTyalbHICTh, CPOPMYJIHOBAHO METy Ta 3ajadl
HAyKOBOI'O JIOCIIPKEHHS, MpeaAMeT Ta 00 €KT, HAaBEJACHO HAayKOBY HOBU3HY Ta
NpaKTHYHE 3HAYCHHSI OTPUMAaHUX PE3yJIbTaTIB.

Ilepwuii po30in poOOTH TPHUCBAYEHUN PO3TISALY CTaHy MPoOJIeM Ta OIIHII
(dakTopiB, 110 MalOTh BIUIUB HAa MPOLEC Ta PE3yJbTaTH ra30oia3epHOro pi3aHHS
HepxkaBitounx craneid. I[IpoBeaeHuid neTalbHUN aHalli3 MEXaHI3MIB BIUIUBY
BUX1JTHOT MOTY>KHOCTI Ta TayCOBOTO PO3IMOALTY IHTEHCUBHOCTI BUIIPOMIHIOBaHHS,
XIMIYHOTO CKJaay HalOUIbIl BUKOPUCTOBYBAHMX B TEXHOJIOTIAX TIa30J1a3€pHOTO
pi3aHHs JieroBaHUX cTajied, (OKyCHOI BiJICTaHI 00’ €KTHBA Ta MOJOXKEHHS (POKYyCY
BIJIHOCHO TOBEpPXHI JeTalli, CTaHy MOBEPXHI MeTaldy, THUITy acCHUCTYIYOro rasy,
KOHCTPYKIlisS COTUIa Ta BEJIMYMHHU 3a30py MDK COIUIOM Ta METajioM Ha MpPOIECH
TJTaBJICHHS Ta BUJIAJICHHS PO3IJIABY 3 30HU 00pOoOKU. Po3risHyTO BimoMi miaxoau
JI0 ONTUMI3AIIi] JIOKaJTi3alii Ja3epHOro BUIPOMIHIOBAHHS Ta IIMPUHU P13aHHS.

Y opyeomy pos30dini mnpencraBieHO po3poOJieHI Ta TMiaiOpaHl METOIUWKH Ta
oOnmagHaHHS JUIsS  peamizamii KOMIIEKCY eKCIEePUMEHTANIbHUX JTOCIIIKECHb

MPOIIECIB Ta30J1a3€pHOI0 Pi3aHHS HEpiKaBilouux cTaneil. HaBeaeHo opuriHaibHi
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KOHCTPYKLIi MPUCTPOIO ISl TOYHOTO BUMIPIOBAHHS MPO(MUII0 MOBEPXHI pi3y Ta
30HJY JUIsl PEECTpAllii MOJs PIKYy4Oro TUCKY aCHUCTYHOHOIro ra3zy B 30HI pi3aHHS.
3anponoHOBaH1 METOAMKHU OI[IHKHM BIUTUBY MapaMeTpiB (PaKTOPHOrO MpOCTOPY Ha
NPOAYKTHBHICTh Ha SIKICTh pi3aHHA, Y3TO/UKeHI 3 BHUMoOramu crangaptry I[SO
9013:2017.

Tpemiui  po30in  TPUCBAYEHUN  EKCIICPUMEHTAIBLHUM  JOCIIIHKCHHIM
aepOIMHAMIYHOI B3a€MOJIlI MK CTPyMEHEM AaCHUCTYHYOro raszy 1 JeTajulio, IO
dbopMmye Tak 3BaHUM PLKYYUH THUCK, SIKMM B OCHOBHOMY 1 OOYMOBIIIOE XapakTep
BUJAJICHHSI PO3IUIaBy 3 30HM pi3aHHA. [IpeacraBiieHi pe3ylbTaTH KOMIUIEKCY
CUCTEMHHUX JOCIIPKEHb J103BOJIMIIM OTPUMATU MACUB €KCIIEPUMEHTAJIBHUX JAHUX,
Ta BUSIBUTU 3aKOHOMIPHOCTI BIUIMBY BHYTPIIIHBOI CTPYKTYPH Ta PO3MIPIB COILIA,
MaHOMETPUYHOTO THCKY BCEpPEAMHI COIMJIA, BEIWYUHHU 3a30py MK COIUIOM
JIETAJUII0 Ha TEOMETPiI0 COPMOBAHOTO CTPYMEHsI aCHCTYIOUOro razy (MOBITpS 1
a30T) Ta BEJIWYMHU PDKYYOro THUCKY B JOBUIBHOMY WOro TNEPETHHI NpH
raJibMyBaHHI Ha TMOBEpXHIi jaetaii. Brnepie oTpumaHi TOYHI YMCENbHI JIaHl MPO
napamMeTpu TOJIB PIKYYOro THCKY, SKI (OPMYIOThCS HAMOUIBII MacOBUMHU
comniaMu komnadii Thermacut. Ile po3Bonmmio 3poOUTH OLIBII TOYHHUM Ta
eeKTUBHUM TPOEKTYBAHHS TMPOIECIB Ta30JIa3€pHOTO pI3aHHS MaKCUMAaJbHOI
MPOAYKTHBHOCTI, 32 PaXyHOK TOYHOTO MTPOTHO3YBAHHS BEIMYMHH PiKYUJOTO THUCKY,
KWW CTBOPUTH Ta30BUI CTPYMIHb OOPaHOIO COMJIa B KOHKPETHUX TEXHOJOTTYHHUX
yMOBaxX. BiamoBigAHO CTBOPEHO YMOBH [Jisi OUIBIN HaAIMHOTO 3a0e3MeyYeHHs
MPOJYKTUBHOIO BUCOKOSIKICHOTO Pi3aHHS Ta MIJBUILEHHS PiBHS BIATBOPIOBAHOCTI
npouiecy. HaBeneHi pesynbTaTH eKCIEpUMEHTANIbHOI BepuGiKalli MiATBEpIUIN
JIOCUTH J00PY KOPEJAIII0 MK PLKYYUM THUCKOM TajJbMyBaHHS AaCHCTYHOUOTO
ra3oBOT0 CTPYMEHS Ta MaKCHUMAJIbHOKO IIBUIKICTIO 1 SIKICTIO Ta30Ja3epHOro
pi3aHHS HEP)KABIFOYOi CTaJl.

B uemeepmomy po30ini HaBeJIGHO PE3yIbTaTU CUCTEMHOTO KOMIUIEKCY JOCII1I)KEHb
N0 BCTAHOBJICHHIO PEXHUMIB Ta YMOB MaKCUMAaJIbHOI MPOAYKTHUBHOCTI pI3aHHS
HEP)KaBIIOUMX CcTajeil 0e3 BTpaTH 3a/laHoi SKOCTI OOpOOKM 3a BUKOPUCTAHHS B

AKOCTI aCHCTYIOUMX Ta3iB a30Ty Ta TMOBITpa. BcTaHoOBIeHO Jiana3oHu



30a1aHCOBAaHUX MapaMeTpiB JIa3€pHOTO MPOMEHIO Ta JIA3€PHOTO MPOIECy MpHU
pi3aHHI  JIMCTOBOi  HEPIKaBilOUOi  CTajl  CTAaHJAPTHOTO  PsaAy  TOBIIWH
BUMNPOMIHIOBAaHHSM ONTOBOJIOKOHHOTO Jiazepa nmnoryxHicTio 12000 Bt 3
BUKOPHCTAHHSAM B SIKOCTI aCHCTYIOUHMX Ta3iB a30Ty Ta moBiTps. OOrpyHTOBaHi
pexuMHU 3a0€3MeYyI0Th BHCOKY NPOAYKTHUBHICTh Ta KUIbKICHUHA KOHTPOJIb 32
nmapaMeTpamu SIKOCTI pi3y, sIKi BIANOBIAal0Th BUMoram crangapty 1SO 9013:2017.
BusiBjieHO piBeHB BIUTUBY THITY aCHCTYIOYOTO Ta3y Ha MPOIYyKTHUBHICTH Ta SKICTh
pizanHs. BukopuctoBytoun mineH3iiHui naker Statistica BAKOHAHO CTaTUCTHYHUN
aHalli3 OTPUMAHOTO EKCIEPUMEHTAJIBHOIO MaTepiady Ta po3po0JIeHO TpH
perpeciiiiHi Mojeni, sKi BCTaHOBIIIOIOTH 3aJIe)KHICTh MaKCHMAaJIbHOI IIOPCTKOCTI
noBepxHi pizaHHs (Y) Big 6a30BuX (akTOpiB MPOIECY: TUCKY ACUCTYIOUOTO Tra3y
(Z1-a301), mosoxkeHHs (HOKyCy BIJTHOCHO NOBEpXHI Jiucta (Z2), IIBUAKOCTI
pizanHs (Z3) mpu o6pobmi 12 mm HepxkaBirouoi ctam AISI 304. Ilepesipka
OoTpuMaHuX Mojenedl 3a kpurepismu CrbrogeHta Ta Dimepa miaTBepania ixX
1H()OPMATUBHICTH Ta aJICKBAaTHICTh. BUKOHaHE MOPIBHSAHHS MOJIEEeH oKa3ao, 1o
HaWBHII TOYHICTh 1 aCKBaTHICTh Ma€ perpeciiiHa IHTeNeKTyalbHa Moaenb MLP-
3-23-1, o cTBOpEHa Ha OCHOBI IUITYYHUX HEHUPOHHUX Mepex, 3a MetogoM SANN
Regression with Deployment. Po3paxyHnkoBa moxuOka MporHO3y 3a MOJACILIIO HE
nepesuiye 0,0728 %.

OTpumaHi pe3yiabTaTH MOKJIAJAEHI B OCHOBY TEXHOJIOTIYHOI 1HCTPYKIII 10
cepiiHuX BEpCTAaTIB Mozei AFX-PRO-12000-1530LD. IIpoBeneHa
eKCIIepUMEHTalbHa Bepuikalis miaTBepAnia 100py BIATBOPIOBAHICTh HAJaHUX
pexkumiB. BinxuieHHs mnapaMeTpiB  SKOCTI BiJ TaOJMYHMX 3HAYEHb HE
nepeBunryBanio 5%. Marepianu po3aily MOXYTh CIYTryBaTH MIATPYHTSIM ISt
TPUOOJIOTIYHUX JOCHII)KEHb TMOBEPXOHb, OTPUMAHUX JIA3EPHUM PI3aHHAM 3
BUKOPUCTAHHAM B SKOCTI OJHOTO 3 BXIJHUX TMapamMeTpiB KPUBOI KoedilieHTa
ctifikocTi E600Ta-PaiipcroyHa.

Knwuoei cnoea: onmosonoKoHHUUl 1asep, 2a3071a3€pHe PI3aHHs, 1A3epHUl
NPOMIHb, NOJONCEHHS (DOKYCYy, MUCK ACUCMYIOU020 2a3Y, CONJIO, WOPCMKICMb

NO8epXHi, 0ONYCK NepneHOUKYISPHOCMI, HePIHCABIIUA CMAlb.



ABSTRACT

Pruss M.R. — Technological provisions for maximum productivity
cutting alloyed steels with gas laser by radiation of powerful fiber optic lasers
with an electrode — Qualification research work printed as a manuscript.

Dissertation for the degree of Doctor of Philosophy in specialty 131 Applied
Mechanics — Cherkasy State Technological University of the Ministry of
Education and Science of Ukraine, Cherkasy, 2025.

Cutting stainless steels of varying thicknesses using high-power fiber optic
lasers is being widely applied across industrial enterprises in Ukraine.
Manufacturers employing this technology are particularly focused on achieving
high cutting quality, specifically, eliminating the need for secondary processing of
parts along with high cutting speeds to maximize productivity and ensure reliable
process reproducibility. Thus, the technical and economic criteria influencing the
selection of an appropriate laser system for a specific cutting task have gained
significant importance. Enhancements in process efficiency, quality, and flexibility
directly contribute to cost reduction. In this context, Aramis, the leading Ukrainian
manufacturer of laser processing systems, has launched a series of installations
equipped with 12 kW fiber lasers.

Despite the increasing relevance of this technology, relatively few scholarly
works have addressed the parameters of gas-assisted laser cutting of stainless steels
using lasers of this power level. Furthermore, the principles and findings presented
in existing literature often lack sufficient experimental validation. Even specific
technological recommendations proposed by recognized research centers require
substantial adaptation when applied within the Ukrainian industrial context,
particularly concerning process productivity and the quality of the cut side
surfaces. Effective adaptation is only feasible through well-planned, systematic
experimental investigations into the gas-assisted laser cutting of stainless steels.
These studies are essential for identifying precise technological parameters that

enable high cutting productivity while ensuring that the quality of the side surfaces
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meets the consumers’ requirements. The set of experimental and theoretical
findings presented in this dissertation offers a novel solution to the current
scientific and technical challenge of increasing the technological performance of
stainless steel sheet cutting using 12 kW fiber laser radiation. The work is directed
toward achieving optimal cutting productivity, surface quality consistent with the
requirements, and a high degree of process reproducibility.

The introduction presents a general overview of the dissertation, justifies its
relevance, formulates the aim and the objectives of the research, its subject and
object, and presents the scientific novelty and practical significance of the results
obtained.

Chapter 1 outlines the state of the problem and assesses the factors that
influence the process and results of gas-assisted laser cutting of stainless steels.
The chapter provides a detailed analysis of the mechanisms explaining how the
output power and Gaussian radiation intensity distribution, the chemical
composition of the most commonly used alloy steels in gas laser cutting
technologies, the focal length of the lens and the focus position relative to the
part’s surface, the condition of the metal surface, the type of assist gas, the nozzle
design and the size of the gap between the nozzle and the metal influence the
melting processes and removal of the melt from the processing zone. Known
approaches to optimizing the localization of laser radiation and the cutting width
have been considered.

Chapter 2 describes the methods and equipment developed and selected to
conduct a comprehensive series of experimental studies on the gas-assisted laser
cutting of stainless steels. The chapter introduces original designs, including a
device for high-precision measurement of the cut surface profile and a probe for
recording the pressure field of the assist gas within the cutting zone. Additionally,
methods are proposed for evaluating the influence of factor space parameters on
cutting productivity and quality. These methods are aligned with the requirements
of the ISO 9013:2017 standard, ensuring the reliability and standardization of the

results.
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Chapter 3 focuses on experimental investigations of the aerodynamic
interaction between the assist gas jet and the workpiece, which generates the so-
called cutting pressure, a key factor influencing the mechanism of molten material
removal from the cutting zone. The systematic experimental studies conducted
yielded an array of experimental data and revealed patterns governing the effects
of nozzle internal geometry and dimensions, internal gauge pressure, and the
standoff distance between the nozzle and the workpiece on the shape of the assist
gas jet (using air and nitrogen) and the distribution of cutting pressure across
arbitrary cross-sections during jet impingement. For the first time, accurate
numerical data were obtained on the parameters of cutting pressure fields formed
by the most commonly used nozzles manufactured by Thermacut. These findings
significantly improve the accuracy and effectiveness of designing high-
productivity gas laser cutting processes by enabling precise prediction of the
cutting pressure generated by a given nozzle under specific technological
conditions. As a result, the reliability of achieving efficient, high-quality cutting
and enhanced process reproducibility has been substantially increased.
Experimental validation confirmed a fairly strong correlation between the braking-
induced cutting pressure of the assist gas jet and the maximum achievable cutting
speed and quality in the laser cutting of stainless steel.

Chapter 4 presents the results of a comprehensive and systematic study
aimed at identifying the optimal modes and conditions ensuring maximum
productivity of cutting stainless steels while maintaining the specified processing
quality, using nitrogen and air as assist gases. The study establishes balanced
parameter ranges for the laser beam and the overall laser cutting process for
standard sheet stainless steel thicknesses, using 12,000W fiber laser radiation. The
validated cutting modes ensure both high productivity and quantitative control over
quality parameters, in accordance with the ISO 9013:2017 standard. The influence
of the assist gas type on cutting productivity and surface quality was also
quantitatively assessed. Using the licensed Statistica software package, statistical

analysis of the experimental data was carried out, resulting in the development of
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three regression models describing the dependence of the maximum surface
roughness (Y) on the primary process factors: assist gas pressure (Z1-nitrogen),
laser focus position relative to the sheet surface (Z2), and cutting speed (Z3), in the
processing of 12 mm AISI 304 stainless steel. Model verification using the Student
and Fisher criteria confirmed both their statistical significance and adequacy.
Among the models developed, the highest accuracy and predictive performance
were achieved by the intelligent regression model MLP-3-23-1, based on artificial
neural networks and created using the SANN Regression with Deployment
method. The model’s estimated prediction error does not exceed 0.0728%.

The results obtained formed the basis for developing technological
guidelines for the serial production machines of the AFX-PRO-12000-1530LD
model. Experimental validation confirmed a high level of reproducibility of the
recommended cutting modes, with deviations in quality parameters from the
reference values not exceeding 5%. Additionally, the findings of this study may
serve as a foundation for future tribological investigations of laser-cut surfaces,
using the Abbott—Firestone bearing area curve as one of the key input parameters
for evaluating surface stability.

Keywords: fiber laser, gas-assisted laser cutting, laser beam, focus position,
assist gas pressure, nozzle, surface roughness, perpendicularity tolerance,

stainless steel.
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CIIMCOK ONMYBJIKOBAHUX IPALb 3A TEMOIO TUCEPTAILIII

Cmammi y HaAyKOBUX BUOAHHAX, BKIIOUEHUX 00 NepeiKy HAYKOsUX (haxosux
suoamb Yrpainu

1. V. 1. Osypenko. The influence patterns of nozzle design and technological
parameters of gas-assisted laser cutting on the stagnant pressure of assisting gas /
V. 1. Osypenko, O. P. Plakhotnyi, S. P. Serediuk, M. R. Pruss, O. V. Timchenko //
Bulletin of Cherkasy State Technological University, 3/2023 P 156-167. DOI:
10.24025/2306-4412.3.2023.288972. http://vtn.chdtu.edu.ua/article/view/288972

3006ysau  suxomag niddip i HAIAWMYBAHHS — eKCNEPUMEHMAbHO2O0
00/1a0HaHHS 01 OOCHIONCEHHST NPOYeCi8 2a301A3ePHO20 PI3AHHA, NPOGI8 Cepilo
BUMIPIOBAHb NaApamempié MUCKY ACUCMYI0Y020 2A43) 8 DPI3HUX YMO8ax pobomu
conel, a makoxc obpobue ekcnepumMeHmanbHi OaHi 3 GUKOPUCAHHAM CYYACHUX
Memooie cmamucmuunoz2o ananizy. Kpim moeo, 6in 6paeé axmueny yuacmo y
Ghopmyno8anti UCHOBKIG O0CNIOMNCEHHs ma Ni02omo8yi epagiunux mamepianie 0o
nyonikayii.

2. B.. Ocwunenko. ExcnepumeHTanbHe OOIpYHTYBaHHS €(GEKTUBHUX
pEXKHUMIB pI3aHHS CTajeil BUIPOMIHIOBAHHSIM TMOTY>KHOTO OINTOBOJIOKOHHOTO
nazepa / B.I. Ocunenko, O.II. Ilmaxoruuii, M.P. Ilpycc, C.II. Cepentok //
Mixsy3iBcbkuii 30ipHuk «HAYKOBI HOTATKW». JIyusk, 78/2024 Ct 100-108.
DOI 10.36910/775.24153966.2024.78.14.

https://eforum.Intu.edu.ua/index.php/naukovi_notatky/article/view/1569 .

3000y6au 0y6 3anyueHuii 00 pOo3pOOKU NPOSPAMU eKCNePUMEHMANbHUX
00CniodiceHb, 30Kpema — 00 BUDOPY OCHOBHUX MEXHOJIO2IUHUX NAPAMempis
Jla3zepHo2o pizaHHsA. Bin 6e3nocepeonvbo 6UKOHYBA8 HAMYPHI SUNPOOYBAHHS HA
001AOHAHHI 3 ONMOBONOKOHHUM JA3€POM, 30IUCHIOBA8 BUMIPIOBAHHS SKOCMI
00pobaenux 3pasxieé 8ionogiono 0o cmaundapmy 1SO 9013:2017, a maxooic
npoBoous nepsunHy 00poOKYy ma cucmemamusayiro pezyromamis. Kpiv moeo,
acnipaum 6Opas ydacmv y ni020mosyi mekcmosux i epagiuHux mamepianie 00

nyonikayii.


http://vtn.chdtu.edu.ua/article/view/288972
https://eforum.lntu.edu.ua/index.php/naukovi_notatky/article/view/1569
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3. B.I. Ocunenko. BruuB BHYTpINIHBOI CTPYKTYpH Ta PO3MIPIB THUIIOBUX
COIIeJI Ha TMOoJIe PLKYYJOro TUCKY acCHCTYIOYOTO ra3y MpH ra3oja3epHOMY pi3aHHi /
B.I. Ocunienko, M.P. I[Ipycc // Mixsy3iBcbkuid 30ipauk « HAYKOBI HOTATKW».
JIyubk, 79/2024 Ct 70-78. DOI 10.36910/775.24153966.2024.79.10

3006y8au npooous excnepumeHmaibHi 00CIIOHCEHHS Ha MOOEPHIZ08AHOMY
cmenOi, 30IlUCHI08A8 KANIOPYBAHHS BUMIPIOBAILHO20 O00JAOHAHHS, AHANI3)8a8
po3nodin mucky no niowuui pizy. Kpim moeo, 3000yeau oOonyuuecs 00
DOpMYNI0BAHHS YACMUHYU AHATTIMUYHUX BUCHOBKIB O0CTIONCEHHSL.

4. B.I. Ocunenko. «Po3poOka perpeciiHux Monenel i po3paxyHKy
eeKTUBHUX PEXKHUMIB pi3aHHA 12 MM HepkaBitO4yoi cTajai BUIIPOMIHIOBAHHSIM
MOTY>KHOTO ONTOBOJIOKOHHOTO Jsazepa» / B.I. Ocunenxo, M.P. Ilpycc //
Mixsy3iBcekuii 30ipHuK «HAYKOBI HOTATKWM». Jlyupk, 81/2025 Ct 85-94.
DOI 10.36910/775.24153966.2024.79.10

3000y6au  6UKOHAB 0OPOOKY eKCNepUMEHMAIbHUX OaHux Osi nobyoosu
pezpecitiHux mooenell, Wo ONUCYIOMb 3ANeNHCHICMb SAKOCMI pi3y ma ueuoKocmi
00poOKU B8I0 OCHOBHUX MEXHONOLIUHUX NAPAMEmpi8 (NOMYAHCHICMb, UEUOKICTb
pi3y, muck acucmyo4ozo 2asy). Bin sacmocysasé memoou 6acamogaxkmoprozo
pezpeciinoco auanizy 3 BUKOPUCMAHHAM NpO2pamMHO20 3abe3neuenwHs Statistica,
npos8ie nepesipKy a0eKsamHoCmi mooeei ma OYIHKY 6NaAu8y G6XIOHUX 3MIHHUX.
Kpim moeo, 3000y6au donyuusecs 0o inmepnpemayii ompumarux pe3yibmamis ma
ogopmnenns epaixie i mabauyv 01 nyoaikayii.

Marepianu i Te3u KoHpEpeHIIii

5. B.I. Ocunenko «TexHonoriyde 3a0e3MedeHHs] SKICHOTO Ta30Ja3epHOTO
pizanas 12 mm Hepxkasitouoi crtam» / O.Il. Ilnaxornuit, M.P. Ilpycc, C.IL
Cepentok // XV MibxHapoaHa HAYKOBO-TIPAKTHUHOI KOHGepeHIls «KommiekcHe
3a0€3MeUeHHsI IKOCT1 TEXHOJIOTTYHHUX MpoueciB Ta cuctem» Tom 1 22 - 23 TpaBHsA
2025 p. m. Yepniris C.82-83

3006ys8au suxkornas mamemamuyry 0O6pPOOKY pe3yibmamie eKCnepuMeHmy.
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BCTYII

AKTyaJIbHiCTh TeMH. B yMoOBax ChOroJIcHHS 3 PO3BUTKOM CY4YacCHUX
TEXHOJOTIM B Taily3l MamIMHOOYIyBaHHsS pi3aHHS HEpPXKaBIIOUMX CTajedl pi3HOi
TOBIIMHU 32 JOMIOMOT'OI0 MOTY>KHUX ONTOBOJOKOHHUX JIa3epiB IOCTATHHO HMIMPOKO
BUKOPHUCTOBYETHCSI MPOMHCIOBUMHU TMIANpUEMCTBaMU YKpainu. Hakonmuena
KOMIaHIEI «ApaMic» 3a OCTaHHI 5 POKIB CTaTUCTHKA MOKA3Ye, IO JOCUTh BUCOKI
BUMOTH [0 MPOAYKTHBHOCTI TMPOIIECY Ta HIOPCTKOCTI OOKOBOi MOBEPXHI €
HalOUThII 3aTpeOyBaHUM IPOMUCIOBICTIO Cy4dacHOi YKpainu. BupoOHuku, ski
BUKOPUCTOBYIOTb Y CBOEMY BHUPOOHHUIITBI JIaHy TEXHOJIOTiIO, OCOOJUBO
3aIliKaBJIeHI B JOCATHEHHI BUCOKOI SIKOCTI Pi3aHHA, 1100 MOKHA OYJI0O BUKIIOYUTH
NOBTOPHY OOpOOKY BIApI3aHUX JAETalield, BHUCOKOi IIBHJKOCTI pI3aHHSA IS
MaKcHUMi3allii TPOyKTUBHOCTI Ta 0OpOi BIATBOPIOBAHOCTI mpoliecy. Bumoru 1o
HIOPCTKOCTI, SIK MPaBWJIO, BKIIOYAIOTh OOMEXKEHHS BUCOTH MIKPOHEPIBHOCTEH Ta
BUKJIFOUEHHSI HAsSBHOCTI 3acTUrol piakoi ¢a3zu y BUIIsLAl rpaty. B oxpemux
BUIIAJKaX BBOJSATHCS OOMEXKEHHSI HAa KOHYCHICTh OOKOBHX IOBEPXOHb Ta PI3HUIIIO
HIMPUHU P13y B BEPXHIA Ta HWKHIN IUIOIIMHAX MOMNEPEYHOTO MEPETHHY MOBEPXHI
pi3aHHs BiAMOBIIHO 10 BUMOT ctanaapty ISO 9013:2017.

TakuM YMHOM TEXHIYHI Ta €KOHOMIYHI KPUTEpIi, 10 BIUIMBAIOTh Ha BHOIp
BIIMOBIHOT JIa3€pHOT CHUCTEMH JJIsi KOHKPETHOTO JIA3€pHOTO pi3aHHsA, 3apa3
Ha0yBalOTh BEIUKOTO 3HauyeHHs. [liABuIEeHHS €PEeKTUBHOCTI MPOIIECYy, SIKOCTI Ta
THYYKOCTI JIONOMAararoTh 3MEHIIUTA BUTpAaTH. lIpoBimHMI BUPOOHUK JIa3epHHUX
TEXHOJIOTIYHUX YCTaHOBOK B YKpaiHl KOMIIaHis «Apamicy 3amo4yaTKyBajia BUITYCK
JHIAKY yCTAaHOBOK, YKOMIUIEKTOBAHUX OMTOBOJOKOHHUMHU JIa3epaMu MOTYKHICTIO
12 kBr. IlyOnikamiii nOpuUCBSYEHUX JOCHIJKEHHSM PEXKUMIB Ta30i1a3epHoro
pi3aHHS HEPXKaBIIOUUX CTaJIed 3 BUKOPHUCTAHHSM TaKOi MOTYXKHOCTI BiJHOCHO
HeOararo. OKpiM TOrO MPUHIMIIM Ta PE3yJbTaTH HABEIEHI B BIIOMUX HAyKOBUX
nyOJiKaiisix He 3aBXId MOXHA BHU3HATU JIOCTaTHBO EKCIEPUMEHTAIBHO
oOrpyHTOBaHMMH. HaBiTh KOHKpPETHI TEXHOJIOTIYHI pPEeKOMEHalii HaaaHi

BIJIOMUMH JOCTIIHUIIBKUMU IIEHTPAMH, 3a BHUKOPUCTAHHS TMIANPUEMCTBAMU
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VYkpainu, BUMaramTh BiJ YKpaiHCbKHX BHUPOOHHUKIB JIa3epHUX TEXHOJOTIYHUX
YCTAaHOBOK CyTT€BOi Kopekilii. Lle cTocyeThes sk MpOAYKTUBHOCTI MPOLIECy TaK 1
SAKOCTI OOKOBOi mMoBepxHI. EdexkTruBHA KOpEKIs MOXJIMBa JIMIIE SIK Pe3yJbTar
no0pe CIJIaHOBAHMX, CHCTEMHHUX EKCHEPUMEHTATbHUX JOCTIIKEHb MPOIECY
ra3oJia3epHOro pi3aHHs HEPKABIIOUMX CTaJed Ta BCTAHOBJIEHHSM KOHKPETHHX
TEXHOJIOTIYHUX YMOB, IO 3a0€3MeUyloTh BUCOKY IPOMYKTUBHICTH MPOIECY 3a
BIJIMTOBITHOT BUMOTaM CIIOKHBaya IKOCTI OOKOBUX MTOBEPXOHb.

3 BpaxyBaHHSM LIbOT0, pOOOTa MPUCBSIUEHA TEXHOJIOTTYHOMY 3a0€31eYeHHIO
IPOAYKTHUBHOTO Ta SIKICHOTO Ta30J1a3epHOr0 pI3aHHS HEpP)KaBIIOUMX CTaled Ha
JHIAII YCTAaHOBOK, YKOMIUIEKTOBAaHMX ONTOBOJIOKOHHUMU Jia3epaMu MOTYKHICTIO
12 kBT € akTyaJIbHOIO.

3B's130Kk po0OTH 3 HAYKOBMMH NpOrpamMamMu, IJIAaHAMHU, TeMamMH. Tema
JUcepTaliitHoi poOOTH BIAMOBIAE OCHOBHUM IIISIM MpoekTy CTpaterii po3BUTKY
MPOMUCIIOBOTO KoMmIuiekcy Ykpainu Big 2018 poky Ha mepiox mo 2025 poky.
3okpema: «MojepHizaiisi Ta 3pOCTaHHS IPOMHCIOBOTO  BUPOOHHUIITBAY,
«IlipBumieHHs: pecypcoedeKTUBHOCTI IPOMHUCTOBOCTY, «CripusHHS 1udpoBizaiii
IPOMHCIIOBOCTI.

[Ipu dhopmymnroBaHHI TEMU Ta 3aBAaHb JOCTIIKEHb OyJI0 TaKOX BPaxOBaHO
Martepiany MmiAcCyMKoBoro AokyMmeHty camity OOH moao npuiHATTS NOpSAKY
JneHHOro y cdepl po3BUTKYy Ha nepion micist 2015 poxy «IleperBopeHHst Haoro
CBITY: TIOPSAJOK JACHHUI y cdepi cTanoro po3Butky a0 2030 poxy». 3aTBEpIKEHO
17 Iineit Cramoro Po3sutky Ta 169 3aBmanp. 3rigHo 3 nunio 8 «CrpusHHS
Oe3MepepBHOMY, BCEOXOITHOMY 1 CTAJIOMy €KOHOMIYHOMY 3pPOCTaHHIO, IOBHIM 1
MPOIYKTUBHIN 3alHATOCTI Ta TIAHIN Tparll I BCiX», 3aBAaHHS JUCEPTAIIITHOTO
JOCHIDKEHHST pO3pO0JIEHO 3 ypaxXyBaHHSM Taidy3eBOi CHEeUU(PIKH PO3BUTKY
VYkpainu B MammHOOYAIBHIHN ramy3i.

Mera i 3aB1aHHs gocCailxeHHsl. MeTa poOOTH: MiABUILIEHHS €()EKTUBHOCTI
BUOOPY  palllOHAIBHUX  MMapaMeTpiB  TEXHOJIOTIYHUX  MPOLECIB  Pi3aHHS
HEp)KaBIIOUMX  CTajeil  Ha  JIHIALI ~ YCTaHOBOK,  YKOMILIEKTOBAaHHUX

ONTOBOJOKOHHUMHM Jla3epaMu MOTYXHICTIO 12 kBT, siki rapaHTOBaHO, 3 BUCOKUM
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piBHEM BiATBOPIOBAHOCTI, 3a0€3MEeUyIOTh MaKCUMaIbHY MPOAYKTUBHICTH MPOIIECY
Ta BIAMOBIIHICTh BUMOT'aM 3aMOBHHKIB 0 SIKOCTI1 J€TaEH.

JInst JOCSATHEHHS MOCTaBJICHOI METH B JMCEPTAIliiHIM pOOOTI BUPIIIYIOTHCS
HACTYIIHI 3aBJIaHHS:

1. TIlpoBectn aHami3 BIAOMHX pe3yJbTATIiB JIOCHIHDKEHb MPOIECY
ra3oja3epHoOro pi3aHHS HEPKABIIOUUX CTaJled BUIIPOMIHIOBAHHIM IOTYKHHX
OTITOBOJIOKOHHHX JIa3epiB.

2. [Tixibpatu Ta po3poOUTH KOMIUIEKC METOAMK, MPHIIAIIB Ta 00JIaIHAHHS
JUISL TIPOBEJICHHS CHCTEMHHUX EKCIEPHUMEHTAIbHUX JOCHIKEHb ra30JWHAMIYHUX
MpoLIeCiB B 30HI pI3aHHS Ta OI[IHKA SKOCTI TMOBEPXOHb pPi3y B3TITHO BUMOT
cranaapty ISO 9013:2017.

3. IIpoBecTH CHUCTEMHHMI KOMIUIEKC IOCIIKEHb Ta OTPUMATH JOCTATHHO
TOYHI €KCIIEPUMEHTAIbHI JaHl PO 3aKOHOMIPHOCTI 3MIHM JiaMeTpa CTpPyMEHS Ta
BEJIMYMHU PDKYYOro THUCKY aCHUCTYyIOYOro ra3y Ha TIOBEpPXHI JeTanl 3a
BUKOPHUCTAHHA KOHKPETHOI'O THILy COIUIA, MOJENI TEXHOJIOTIYHOI YCTaHOBKH Ta
napaMeTpiB NpOLECy Ia30Ja3epHOro pi3aHHS.

4. ExcrnepuMEHTalbHO OOIPYHTYBaTH palllOHalbHI MapaMeTpu PEXUMIB
pi3aHHS HEPXKaBIIOYMX CTaJed BHUIPOMIHIOBAHHSM OINTOBOJIOKOHHOTO Jia3epa
NOTYyKHICTIO 12 kBT 3a BHUKOpUCTaHHA B SIKOCTI aCHCTYIOUMX Ta3iB a30Ty Ta
NOBITPs, sIKI 3a0€3MeuyloTh BHUCOKI PIBHI HPOAYKTUBHOCTI 1 BIATBOPIOBAHOCTI
IPOLECY Ta SIKOCTI OTPUMAHUX JIeTaJIeH.

5. BukoHatu aHamui3 Ta MOPIBHSHHS OTPUMAaHUX PE3YJbTATIB Ta OLIHUTHU
piBEHb BIUIMBY THIIy AaCHUCTYIOHUOrO rasy Ha MapaMeTpu Ipolecy Ta SKICTh
OTPUMAaHHMX JICTAJICH.

6. 3anponoHyBaTH MiAXOAH Ta po3pOOUTH e(hEeKTUBHI perpeciiiHi MoAenl s
pO3paxyHKy  TapaMeTpiB  PEXKUMIB  pI3aHHS  HEPXKaBIIOUUX  CTallel
BUIPOMIHIOBaHHSIM  ONTOBOJOKOHHOTO Jlazepa TNoOTyxHicTio 12  kBt, ski
3a0€e3Meuy0Th BUCOKY IIPOJYKTUBHICTh MPOLECY Ta BIIMOBIIHY SKICTh OTPUMAHUX

eTajIen.
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006’exT mociaimkeHns. ['a3oquHaMivH1 1 TEXHOJOTIYHI TTapaMETPH MPOIIECY
ra3oJia3epHoro pi3aHHs HEPKaBIIOYUX crajnei BUIIPOMIHIOBaHHSIM
ONITOBOJIOKOHHOTO Jla3epa MOTYyX HicTh 12 kBT.

IIpenmer pocaimkeHHsi. 3aKOHOMIPHOCTI BIUIMBY THITY aCHUCTYIOUOTO Ta3y
Ta HOro THUCKY, BHYTPIIIHBOI CTPYKTYpPH 1 T€OMETPUUYHUX MapaMeTpiB COILIA,
¢doKycHOI BicTaHI ONTHYHOI TOJIOBKH, MOJOKEHHS (POKYCy BIJHOCHO MOBEpXHI
JeTali, BUCOTH pi3aHHS (BIACIIAKOBYBAaHOTO 3a30py), IIBHAKOCTI pi3aHHS Ha
MPOIYKTUBHICTH MPOIIECY 1 AKICTh OTPUMAHUX JCTaJICH.

MeToau A0CTiKeHHS.

SIx TeopermyHa 0a3a IpU MOCTAHOBLI Ta BUPIIIEHHI IOCTABICHUX 3aBJlaHb
BUKOPHCTOBYIOTHCS OCHOBHI MOJIOKEHHSI TEOPETUUHUX 3acaj] 00poOKU MaTepiaiiB
KOHIICHTPOBAaHMUMH TOTOKAaMH €HEpTii, TOJIOKEHHA Ta30WHAMIKH, METOI!
MaTEeMaTUYHOTO  IUIaHYBaHHA Ta  OOpOOKM  pe3yJbTaTiB  €KCIEPUMEHTY.
ExcniepuMeHTanbHi AOCIIPKEHHS] TPOBOAMIKNCH Ha CHEIIali30BAHOMY JIa3€PHOMY
oOnagHaHHI KOoMMaHii «ApaMic» 3 BUKOPUCTaHHSIM CYYacHOI PEeCTpyrodoi Ta
BHUMIPIOBAJILHOI anapaTypHu.

HaykoBa HOBH3HA OTPUMAaHUX Pe3yJbTATiB MOJIATAE B HACTYITHOMY:

— Briepiiie BCTaHOBJIEHO 3aKOHOMIPHOCTI BIUTUBY BHYTPIIIHBOT CTPYKTYPH Ta
PO3MIpiB COILJIa, MAHOMETPUYHOTO TUCKY BCEPEIUHI COTUIa, BEIMUYMHU 3a30PYy MIXK
COIUIOM JIETAJUII0 Ha TEeOMETpit0 C(HOPMOBAHOIO HAA3BYKOBOIO CTPYMEHS
aCUCTYIOYOro Tra3y (MOBITPS 1 a30T) Ta BEJIMYMHH PLKYYOTrO THUCKY SIKHM BiH
CTBOPIOE B IOBUILHOMY MOI0 MEPETUHI NIPU rajJbMyBaHHI HAa TOBEPXHI JETai.

— Brepiie oOrpyHTOBaHO Aiana3oHu 30aJ1aHCOBAHUX MapaMeTPiB Ja3epHOTO
MIPOMEHIO Ta JIA3€PHOTO MPOIIeCy MPH Pi3aHHI JUCTOBOT HepkaBitouoi crami AlSI
304 craHmapTHOrO psAy TOBILIMH BUIIPOMIHIOBAHHSIM OITOBOJIOKOHHOIO Ja3epa
noTyXHicTI0 12 kBT 3 BUKOpPHUCTaHHSM B SIKOCTI aCHUCTYIOUMX Ta3iB a3oTy Ta
noBiTps. BcTaHoBieHI pexuMU 3a0€3MeuyloTh BUCOKY NPOAYKTHUBHICTH Ta
napameTpH SIKOCTI pi3y, 5Kl BIANOBIAa0Th BUMoram ctanaapty ISO 9013:2017.

— Orpumaiu NOAaNbUIMK PO3BUTOK Ta PO3IMIMPEHHS YSABICHHS PO

3aKOHOMIPHOCTI BIUIMBY THITy aCHCTYIOUOTO rasy Ta MOro THUCKY, T€OMETPHUYHUX
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napaMeTpiB coruia, (GOKYCHOI BIACTaHI ONTHUYHOI TOJOBKH, MOJOXXEHHS (POKyCy
BIJIHOCHO TIOBEpPXH1 JeTajll, BHUCOTH pi3aHHS (BIJICIIJIKOBYBAaHOTO 3a30pY),
IIBUJIKOCTI Pi3aHHS Ha MPOIYKTUBHICTH MPOIIECY 1 SIKICTh OTPUMAHUX JeTajiei mpu
ra3oJjiasepHoMy pi3aHHI HepkaBitoyoi ctam AISI 304.

— Posmupeno ysBIEHHS TMNpO PpiBHI  aJCKBAaTHOCTI Ta TOYHOCTI
MIPOTHO3YBaHHS 32 BUKOPUCTAHHS PI3HUX PETPECIMHUX MOJETeH A PO3paxyHKyY
napaMeTpiB  peXKUMIB  pi3aHHS HEPXKaBIIOYMX CTaled BUIPOMIHIOBAHHSIM
OINITOBOJIOKOHHOTO Jla3epa NoTyxHicTio 12 kBT.

IIpakTHYHEe 3HAYEHHSI OJIePKAHUX Pe3yabTATiB:

— Ha npakTuili BUKOPUCTaHHS OTPUMAHUX PE3YJIbTATIB J03BOJISIE 3pOOUTH
OUIbIII TOYHUM Ta €()EKTUBHUM IMPOEKTYBAHHS IMPOIIECIB T'a30JIa3€PHOTO Pi3aHHS
MaKCHUMaJbHOI MPOAYKTHUBHOCTI, 32 paXyHOK TOYHOT'O MPOTHO3YBaHHS BEIMYWHU
PIKYUOro TUCKY, SIKU CTBOPUTH Ta30BUI CTPYMIHb OOPaHOIO COTUIA B KOHKPETHHUX
TEXHOJOTTYHUX YMOBaX.

— 3acTocyBaHHs po3pO0JIEHOr0 00J1aIHAHHSA 1 METOJUKHU JJO3BOJISIE€ BIJIHOCHO
IpPOCTO OTpUMATH 1HQOPMAIII0 MPO PLKYYUH THUCK CTBOPIOBAHUM JOBUIBHUM
THUTIOM COIUIA, KM KOMIUICKTYETHCS BEPCTAT 3a TUX UM IHITUX TEXHOJOTIYHHX
yMOB (OTpUMATH Ta30JAMHAMIYHHMI «IacropT» coruia). BiAmoBiAHO CTBOPIOETHCA
YMOBU JUIsi OUIbII HaJIAHOrO 3a0€3MeuUeHHs] MPOAYKTUBHOTO BHUCOKOSKICHOTO
pi3aHHs Ta MiABUIIECHHS P1BHS BIITBOPIOBAHOCTI MPOIIECY.

— Ortpumani pe3ylbTaTd BHKOPUCTAHI MPU PO3POOII TEXHOJOTIYHOI
IHCTpYKLii 1o  cepiitHux  BepctaTiB  mogeni  AFX-PRO-12000-1530LD
BUPOOHMIITBA KOMIaHii «Apamicy (3 BignoBigHUM akToMm). [IpoBenena
eKCIepuMEeHTa bHa Bepudikallisi miaTBepaAnia 100py BiATBOPIOBAHICTh HAJaHUX
pexuMiB. BiaxuneHHs napameTpiB SKOCTI Bl TaOJWYHUX 3HAYEHb HE
nepeBuIyBaio 5%.

— Marepiasin poOOTH MOXYTh CIYTyBaTH MIATPYHTSIM JJI TPUOOJOTIUHUX
JOCTiKeHb TIOBEPXOHb, OTPUMAHUX Ja3€pPHUM pi3aHHSIM 3 BUKOPHCTAHHSAM B
SKOCT1 OJIHOTO 3 BXIJIHUX TMapameTpiB KpuBoi KoedimieHta cTtiiikocti EO6GoTa-

daripcToyHa.
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Ocooucmuii eénecoxk 3000yeaua. OCHOBHI TEOPETHUYHI, PO3PAaXyHKOBI Ta
EKCIIEpUMEHTAJIbHI pe3yJbTaTu OTpUMaHO 3700yBaueM camocTiiiHo. Haykosi
MOJIOKEHHS, 110 BHHOCATHCS Ha 3aXUCT, Ta BUCHOBKHM JUCEPTaliiiHOI poOOTH
HaJIeKaTh aBTOPY.

VY poborax, ormy0IiKOBaHUX Y CITIBABTOPCTBI:

— 3nilicHUB miAOIp 1 HANMAMITYBaHHS €KCIIEPUMEHTAIBHOTO O0JIaTHAHHS IS
JOCTIPKEHHSI TPOIECIB Ta30Ja3epHOrO pi3aHHs, MPOBIB CEpil0 BHUMIPIOBAHb
napameTpiB THCKY aCHCTYIOUOTO T'a3y B PI3HMX yMOBaxX pPOOOTH COIEJ, a TaKOX
OOpoOMB  eKCIEpUMEHTalbHI JlaHI 3 BHUKOPUCTAHHSAM CyYaCHHUX METO/IB
CTaTUCTUYHOTO aHami3y. KpiM Toro, BiH OpaB akTUBHY y4dacTb Y (OpMYIIIOBaHHI
BHUCHOBKIB JIOCIIIJIPKEHHS Ta MIATOTOBIN TpadiyHux MaTepiamiB a0 myomikarii. [40].

— byB 3amyuenuii 10 po3poOKH MporpamMu eKCIepUMEHTAIBHUX JOCTiIKEHb,
30KpeMa 0 BHUOOPY OCHOBHUX TEXHOJIOTTYHUX MapaMmeTpiB JIAa3epHOrO pPi3aHHS.
besnocepenHb0  BUKOHYBAaB HATypHI BUNPOOYBaHHS Ha  oOOJiaJHaHHI 3
OIITOBOJIOKOHHUM JIa3epOM, 3/11IHCHIOBAB BUMIPIOBAHHSA SIKOCT1 0OPOOICHUX 3pa3KiB
BiAnoBigHO 10 ctanaapty ISO 9013:2017, a Takox MPOBOAWB NEPBUHHY 00POOKY
Ta cUCTEeMaTu3alio pe3yibpTaTiB. KpiMm Toro, acmipanT OpaB y4acTh y HIATOTOBII
TEKCTOBHX 1 rpapiuHuX MaTepiamiB a0 myOmikamii [41].

— IIpoBOAMB eKCHIEpUMEHTANIbHI JOCIHIKEHHSI HA MOJAEPHI30BAaHOMY CTEHI,
3MIICHIOBAB KaliOpyBaHHS BHUMIPIOBAJIBHOTO OOJIalHAHHSA, aHANi3yBaB PO3MOJLI
TUCKY To TomuHi pizy. Kpim Toro, 3m00yBau nomyuuBcs 10 (HOpMyJTtOBaHHS
YaCTHUHU aHATITHYHUX BUCHOBKIB JOCHIIKEHHS [42].

— DBukoHaB o00poOKy eKCIIEpUMEHTAIbHUX JaHUX s TOOYyJA0BH
perpeciiHux Mojeliel, M0 OMHUCYIOTh 3aJeKHICTh SIKOCTI pi3y Ta HIBHUIKOCTI
0OpOOKH BiJl OCHOBHUX TE€XHOJOTIYHUX MapameTpiB (OTYX HICTh, IIBUIAKICTH Pi3y,
TUCK acUCTyrouoro rasy). Bin 3actocyBaB wmetogu OaratoakTOpHOTO
perpeciiiHoro aHamidy 3 BUKOPUCTAaHHSAM IporpamMHoro 3a0e3medeHHs Statistica,
MPOBIB MEPEBIPKY aJ€KBATHOCTI MOENEW Ta OIL[IHKY BIUIMBY BXIJIHHMX 3MIHHHUX.
Kpim Toro, 3m00yBau JOJy4HWBCS O 1HTEpHpeTalli OTpUMaHUX pe3yJbTaTiB Ta

oopmieHHs rpadikiB 1 TabaMIb A myomikarii [43]..
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Anpobayia pezynomamise oucepmayii. OCHOBHI TIOJIOKEHHS Ta PE3yJIbTAaTH
JOCIDKeHb  JoMoBiganmucs Ha XV MDKHApOJIHIM  HAyKOBO-TPAKTHYHOL
koHpepeHIis «KoMiiekcHe 3a0e3nedyeHHs] SKOCTI TEXHOJIOTTYHUX IPOIIECiB Ta
cuctem» Tom 1 22 - 23 tpaBus 2025 p. m. UepHiris C.82-83

Ilyonikauii pezynomamie oucepmauii. Pe3ynbrati JOCTIKEHB, 110 TTOAaH1
B JUCepTallii, ormy0JIiKOBaHi y 4 HAyKOBUX MpaIlsiX Y HAYKOBUX (PaXOBUX BHUIAHHSX
Ta 1 Te3y nomnoBiai B 30ipHUKY MaTepianiB KOH(epeHIi.

Cmpykmypa ma o6caz pooomu. [lucepraiiiiHa poOoTa CKIagaeTbes 31
BCTymy, 4 pO3ILTiB, BUCHOBKIB, CHHCKY BHKOPHUCTAaHHX JDKEpEN Ta JOAATKIB.
3aranpHui o0csT aucepranii ckiagae 139 cTopiHKHM, 3 HUX OOCST OCHOBHOTO
TekcTy — 106 cTopiHOK, 43 pucyHkiB, 10 TaOauIh, CIIMCOK BUKOPUCTAHUX JIKEPEIT

CKJIajiae 75 HallMeHyBaHb 1 3aiiMae 7 CTOPIHOK.
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PO3A1JI 1
AHAJII3 BA3OBUX ®AKTOPIB ITPOLECY I'A30JIABEPHOT'O
PIBAHHSA JIJETOBAHUX CTAJIEH BUITPOMIHIOBAHHSIM
HOTYXKKHUX OIITOBOJOKOHHUX JIABEPIB
1.1 TIlorJuHAHHSA BHUIPOMIHIOBAHHSI  ONTOBOJIOKOHHHUX Jia3epiB

MeTaJlaMHu

[Tepir HiXXK MEPEUTH A0 PO3MISIAY TOTO, K1 MPOIECH BiIOYBAIOTHCS IIiJ] Yac
Ja3epHOi OOPOOKHM METaTiB 1 UMM BH3HAYAIOTHCS 11 TTOKA3HUKH, CJI1J] HarajaaTH, siK
B1JI0YBa€ThCA B3a€MO/IIS JTA3€PHOTO BUIIPOMIHIOBAHHS 3 METAJIAMHU.

3a/10Bro 710 MOSIBU J1a3epiB OyJ0 BiJIOMO, IO CBITJIO B METajaX MOTTTMHAETHCS
BUIBHUMH €JIEKTPOHAMH, KOHLEHTpauis sSkux craHoButh N = 102 m3. Ilicisa
MOMIMHAHHS, Yepe3 Yac mopsiaky 107''—107'2 ¢, enekTpoHU MepeaaroTh €HEPriio
KpUCTaliyHii rparmi. Taka B3aeMo/isl HA3UBAETHCA €JIEKTPOH-(HOHOHHOIO. DOHOHU
1€ aKyCTUYH1 XBUJI1, K1 MEPEAAI0Th EHEPTII0 €IEKTPOHIB PEUIITI. 3aBASKU IbOMY
B1JI0YBa€ThCS HArpiBaHHS METAITY.

[lornmyHaHHSA BUMPOMIHIOBAHHS [, y MeTajll Ha DIHOWHI /i ONHUCYETHCS
CI1BBITHOIIICHHSIM
I,=1 (l—wa)e‘“h (3axoH byrepa), (1.1)
ne R, - KOeQilieHT BiIOUTTS,
a - Koe(IlieHT NOTIMHAHHS
I, - BUIIPOMIHIOBAHHS, 110 JI€.
Bennuuna 4=1-R  XapakTepusye 3IaTHICTb METaly JO MNOIJIMHAHHA U €

OJTHUM 3 HaWBKJIUBIIIUX JIJIs1 TPAKTUKH JIa3epHOT 0OPOOKH MapaMeTpiB.
[MmubviHa MPOHUKHEHHST BUIMPOMIHIOBAHHS, sIKA 1HAKIIIE HA3UBAETHCS CKiH-
1apom, 3aJI€XKHUTh Bif 0, 1 ii BeIMYMHA CTAHOBUTH NopsAAKy 1072 MkMm. Enektpony,
10 OTPUMAB HAJTUIIIOK TETUIOBO1 €HEPTii BHACIIIOK MTOTIMHAHHS KBaHTA CBITIA,
4acTO HEAOCTATHbO OJJTHOTO 3ITKHEHHS JJIs epenadi 1iei eneprii. Tomy npouec

penakcailii eHeprii Moxke OyTH 6araTocTaiiHUM 1, BIAMIOBIIHO, MaTH AUQY31HHUN
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xapakTep. Y pe3ynbTari Iepepo3noais eHeprii BiAOyBaETHCS HE B MEXKaX CKiH-

11apy, a B mapi NIMOMHO /, =107 MKM.. Marepian nporo mapy HarpiBaeTbcs, a

MOTIM TEILIO TIEPEIAEThCS BINIMO MaTepiaay 3a paXyHOK TEIIONPOBITHOCTI.

[Ticnst Toro sk Metan y meBHOMY 00'eMi 3 TIIMOMHOIO, IO MEPEeBUIYE [,

HarpiBa€ThCsl CIOYATKYy 10 TEMIIepaTypH IUIABJIEHHS, a MOTIM JO0 TeMIlepaTrypH
BUITAPOBYBAHHS, MTOYNHAETHCS Horo BuAaneHHs. [Ipu mpoMy BimOyBaeThbCsI TAKOXK
BUTICHEHHSI PO3ILJIaBJICHOTO METAITY.

Ile BimOyBa€eThCs MM Ai€I0 HAJIMIIKOBOTO TUCKY MapoyTBopeHHs. CymapHe
BUJIAJIEHHSI MaTeplally BHACIIIOK BUIIAPOBYBAaHHS Ta BUTICHEHHS PIAKOL a3y, sKe
Ha3UBaEThCs abisIieo, hopMye KaHad OOpOOIIOBAHOTO OTBOPY a0O0 TMOBEPXHIO
dpomury pisy [1].

JIJisi IpakTUYHOTO BUKOPHUCTAHHS IOTO TPOLECY B MeTanooO0poOili, Ciij
HaBeCTH Taky 1H}opmarlito. Bucokuit koedimieHT BIIOUTTS Mijl HA TOBKHUHI XBUII
A = 1,06 MKM, SIK B1IOMO 3 MOBIJJOMJICHb 3aKOPJIOHHUX Ta BITYM3HSHUX KOMITaHIH,
10 BUPOOJISIIOTH BOJIOKOHHI JIa3epu, POOUTH Pi3aHHS IIbOTO METATy HEOE3MEUHUM
npu ix BUKopucTaHHI. CopaBa B TOMY, IO BIJOWTE BHUIPOMIHIOBAHHS 3[aTHE
nomkoauTu cam jasep. Came ToMy B 6aratbox OMyOIIKOBAHUX JIXKepeiax BiJICYyTHI
JlaHl 1100 pi3aHHs M1l TakuMH dazepamu. OmHak rpadik, mokazanuii Ha puc. 1.1,
MiJKa3zye, SKUM YHMHOM pi3aHHS MIJl MOXKE 3IIMCHIOBAaTHUCA 3a JOTOMOTOIO
BOJIOKOHHOTO Jla3epa, 10 TeHepye BUIIPOMiHIOBaHHS 3 A = 1,06 MkM, 6€3 pHU3UKy
HOro MOMIKOIKEHHS [2].

MoXIUBICTh pi3aHHS MiJl IPYHTY€ETbCS Ha TOMY, IO MpH ii HarpiBaHHi A0
TEeMIIepaTypu TIUIaBlieHHs KoedimieHT noruHaHHS Ha A = 1,06 MKM 3pocrae
npu6iu3Ho 10 o = 0,9. 3BiJCK BUILIMBAE, 10 SKIIO MOMEPETHBO SKUMOCH YNHOM
3HAWTH CTOCIO HArpITH el METasl 10 TeMIIepaTypH TUIABJICHHS, TO HaJall CTaHe
MOJKJIMBUM MOTO Pi3aHHS BUIMPOMIHIOBAHHIM BOJIOKOHHOTO J1a3epa.

Ile BimOymeThCcss TOMY, IO 3TOJIOM TeMIleparypa IulaBiIeHHS Ha (GPOHTI pizy

HiI[TpI/IMYBaTI/IMeTBCH BXXC aBTOMAaTHU4HO.
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TEMITIEPATYPA

Pucynok 1.1 — 3MiHa momIMHAHHA M1/l HA JTOBXKUHI XBUJI1 BUITPOMIHIOBaHHS

A = 1,06 MKM 3aJ1€XHO BiJl TeMIiepatypH [2]

R
1,0
05 I
1
0 X | _—
500 1000 T:2C
Pucynok 1.2 — 3miHa koedilieHTa BIAOWTTA alIOMiHIIO Ta 3ali3a B

3aJIEKHOCTI BiJ] TEMIIEpaTypH JJisl pi3HUX JOBXKUH XBWIb [2]: 1 — 3amizo (A = 1,06
MKM); 2 — amoMiHiil (A = 1,06 mxm); 3 — 3amizo (A = 10,6 Mxm); 4 — amoMiHii (A =
10,6 Mmkm)

3anexHicTh KoedirieHTa BIIOUTTS BiJl TEMIEpaTypyu Ma€ MiICIe HE JIHIIE Y

MiJl, ajie ¥ y amoMmiHiio Ta 3aimiza. [{o 3anexHicTh mokazaHo Ha puc. 1.2 [3].
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HaBeneni Ha HboMy rpadiuHi AaHi MIATBEPIKYIOTbCA MPHUKIAJaMU pi3aHHS

HEP KaBI1IOYOi CTaJll Ta AIFOMIHIEBUX CIUIABIB.
1.2 Posib acuCTY0UOI0 ra3y B TEXHOJIOTISIX ra30J/1a3ePHOT0 Pi3aHHS MeTAaJIiB

Pimnna, 1m0 yTBOPIOETHCS Ha TMOBEPXHI (PPOHTY pi3y, 3MEHIIYE
IPOAYKTUBHICTh 1 TUOMHY pPi3aHHS, TMOTIPIIyE YUCTOTY OOKOBOI MOBEpPXHI pi3y,
30111b1IIy€e TIMOMHY 30HU TEIUIOBOTO BIUIMBY IiJ] HEIO Ta MPU3BOIAUTDH IO YTBOPEHHS
3aJUPOK Ha BUXOMI. Y 3B’S3KY 3 MM Y BCIX JIa3€PHHUX TEXHOJOTTYHUX YCTAHOBKAX
JUIsL BUJIQJIEHHSI PO3IUIaBy Ha ()POHT pi3y depe3 CIelialbHe COIUIO MOAAEThCS abo

CTHUCHEHE TOBITPS MiJg TUCKOM P, =8—16 O6ap, ab0 1HEpTHUM a3 13 MaKCHUMaJIbHUM
THUCKOM, 1110, 3T1IHO 3 PI3HUMH JKEpEJIaMU, CTAHOBUTSH 0 P, ~ 20—30 Oap.[4]

3ycuiuist BUAQJICHHS piakoi Ga3u 3 eneMeHTa (OJUHUII) TUTOIT, SIKe

CTBOPIOETHCS TOTOKOM JIOTIOMI>)KHOTO T'a3y, BUBHAYAETHCS CIIBBITHOIICHHSIM
2
P, =0.5(cfpu”) (1.2)

¢ — KOe(DIIIEHT, 10 XapaKTEPU3Y€ OMIp MOTOKY razy Ha OOKOBHX MOBEPXHAX

pi3y, sKkuii € pyHKuiero yncna PeitHonbaca, 0 T0PIBHIOE

R=(pub/ 1) (1.3)
ae

p — TYCTHHA Ta3zy,

U — MBUAKICTH TTOTOKY Ta3y, 10 MTPOXOAUTH Y Pi3,

b — xapaktepHuil po3mip (IIMpHUHA Pi3y),

[ — B’SI3KICTB Ta3y [5].

OTxe, MBUAKICTH Ta30BOTO MOTOKY Ma€ BUpIIIATbHE 3HAYEHHS ISl TOTO,
HACKUIbKM €(EKTUBHO BIH CIPHUATHME BUAAJICHHIO 3 HEl piakoi ¢a3u 3 OOKOBOT
MOBEPXHI OTBOPY abo0 pi3y. 3BIACHM 3pO3yMiJO, HACKUIBKH BAXKIUBUM €
3a0e3MeYCeHHs MaKCHUMAalbHOI BETMUMHU 4. Y 3B’S3KYy 3 IIUM JIaji B TEKCTI IHOTO
MIIPO3IUTY PO3TISIAIOTECS PE3YJAbTaTH TEOPETUYHUX 1 EKCIIEPUMEHTAIbHUX

JTOCHIKEHB, IPUCBIYCHHX 11 TEMaTHII.
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1.3 ®daxkTopHMii MpOCTip, 0 BIJIMBA€ HA NMPOAYKTHBHICTH Ta SAKICTH

ra3oJ1a3epHoOro pizaHHs MeTAaJIiB

CxemarnuHe 300pakeHHs (hOpMYBaHHS MOAOBKHBOI MTOBEPXHI (PPOHTY pi3y
HaBeneHo Ha puc. 1.3 1 1.4a,0. [loganuii mporec po3mISAAEThCSA NI BUIIAJKY,
KOJIM p13aHHS MPOBOAUTHCS IMITYJCHUM BUIPOMIHIOBaHHSAM. B mpuHIuIi, BiH HE
BIJIPI3HAETHCS B BapiaHTa 3 Oe3MepepBHUM BUIIPOMIHIOBAHHSM, a0JAIIisl BCE OTHO
B110yBa€ThCSA TEPIOAMYHO 3 TEBHOKO 4acToToro. [lepiomnuHicTh 3abe3reuyeThes
Tpy TiA00P1 BiAMOBITHOT MIBUAKOCTI Pi3aHHA (IETaIbHIIIE TMOSICHIOETHCS B TOMY K
nigpo3aun). Takok BapTo BIA3HAYWTH, IO MPU IMIYIBCHOMY pi3aHHI PO3BUTOK

a0JIAIIl KOPEMIOEThCS 31 3MIMIEHHSAM Ha d, JI0 HOBOI MO3MIIII BiJ MOMNEPEIHBhOI Ha
Ad, .
Ha puc. 1.3 1 1.4a,06 nmokaszaHo, 10 pi3aHHs Ha TIUOUHY /1 3MIACHIOETHCS

MOCJIIIOBHUM NEPEMIIIEHHSIM 3aroTOBKHM BITHOCHO d, (a00 HaBIaKu — d, BIJHOCHO

3aroTOBKH) B1Jl IMITJIbCY JI0 IMITYJIbCy. YacToTa IMIyabCiB BUOUPAETHCS Tak, 1100
3a0e3neunT OakaHe NEPEeKPUTTS CBITIIOBUX IUISIM, TOOTO BCTaHOBIIOETHCS

BIIMOBIIHUNA KPOK Ad,. Big3Haummo, 1m0 npu pi3aHHi Oe3nepepBHUM

BUIPOMIHIOBAHHSM 3 (DIKCOBAaHOIO IIBHJIKICTIO MPOrPAMHO BCTAHOBIIOETHCS

3HaueHHs Ad, = 0,54, .

Ha puc. 1.3 3adikcoBano ¢opmy ¢GpoHTY pizy B MOMEHT NPUIIMHEHHS
BIUTMBY BUIpoMiHioBaHHA. Ll hopma xapakrepHa aJis Oyab-sSKOTro Marepiaiy, KoJu

Ad,< d,. Ha 1bOMy «CTOMN-KaJpi» BOHA BIJAINOBIJIA€ TaKiid €HEprii Ta TPHUBAIOCTI

IMITYJIbCY, 32 AKUX YTBOPEHHSI HACKPIZHOTO ()POHTY BIAOYBAETHCS 3a i HOTUPHOX
MOCJIIJOBHUX IMITYJIbCIB.

AnanoriuHa (opma GpoHTY pi3y YTBOPIOEThCA y Oylb-IKOMY Marepiadi,
OCKUIIbKM TIPU BUKOHAHHI Ad,< d,. TMOMHA Ah, HaKONUYY€ETHCA il # IMITYJIbCIB.
Lle BinOyBa€eThCS SIK 32 paXyHOK MPSIMOTO MOTPATUISTHHS YaCTUHHU BUIIPOMIHIOBAHHS
OCTAHHBOT'O IMITYJIbCY B JHO (POHTY, TaK 1 BHACIIJOK HOro BIAOWUTTS Ha3aj, IO

TaKOXK BIIMBAE HA JEKIJIbKA BKe C(hOPMOBAHUX (DPOHTIB.
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Pucynok 1.3 —Ilo3nosxHs hopma pizy [1]
Uum wMeHme Adj;, TUM Oiabplia KUIBKICTh IMITYJBCIB (K1 BUKJIHKAIOTh

abusiiro B obnacti Ak, , mokazaHiil mTpuXyBaHHSAM Ha puc. 1.4 a Oepe y4acTh y

3arOIIeHH] MornepenHix (GPOHTIB 1 30H1 X TEIUIOBOTO BIUTHBY. Lle uncio 3anexuTsb

B1Jl 00’eMy Marepiaiy, 1o BUAAIAe€TbCA (AS, * /1), 1 UIBHOCTI MOTY>KHOCTI Ha Ah, .

BianoBinHO, Mpu 3aJaHUX €Heprii 1 TPUBAJOCTI IMITYJIbCIB 3HAYEHHS 7 MOXE
BapitoBarucs Bia 1 10 n;.

OpieHTHpOM UIsi BU3HAYEHHS 4YHUCIAa IMIOYJALCIB #; Ta I1X HapaMmeTpis,
JNOCTATHIX JUIsl HACKpI3HOTO pi3y, CIYXKHUTb YHCIIO IMIIYJbCIB 7., C€HEPrisd 1
TPUBAJICTh SIKUX 3a0€3MEeUyI0Th CBEPJUIIHHS OTBOPY DIMOWHOIO /1 1 JlIaMeTpoM,
ONMU3BKUM JI0 IIMPUHU PI3Yy, 3 MAKCUMAJIBHOI IIBUAKICTIO. SKIO AJI1 YTBOPEHHS
HACKpPI3HOTO pi3y HEOOXiJHa KUIBKICTh IMITYJbCIB 3HAUHO TEPEBUIIYE Hyp, TO
NOTPiIOHO 301UTBIIUTH IXHIO EHEPTIIO.

[Ipote B nazepHoMy pi3aHHI MeTajiB (KpIM Oy»K€ TOHKHX MaTepiajiB)
3a3BUYAN 7; > H,p. [IpUUMHN 1IbOTO MOSICHIOOTH puc. 1.4 a, 6. Matepian Ha GpoHTI
pi3y BUIANSETHCA K 4Yepe3 BUMapoByBaHHA (cTpuika Ve, B 1.4a), Tak 1 udepes

BUTICHEHHsI piaKkoi (a3u (cTpisnika V,,) 3 pO3IIIABICHOTO IIapy J, Ha MOBEPXHI Seyu
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i €0 HAAJIAIIKOBOTO THUCKY mapu. lledl THCK 3alieuTh Bill ycepeaHeHOl

IIIJILHOCTI MOTY>XKHOCT1 W Ha S, — MOACHEHHS JUB. Ha puc. 1.4 0.

Puc. 1.4 6 — IIpoxomkeHHs] BATPOMIHIOBaHHS 1O PPOHTY pi3aHHs [6]

Ha puc.1.40 Hag BepxHBOIO MOBEPXHEIO pi3y CXEMATUYHO 300pa’keHO
rayCoBe PO3IMOAICHHS IHTCHCUBHOCTI Ha d). [lyHKTHpHA KpuBa — 10 MIEPEMIIICHHS,
CyLIUTbHA — Mics. SKII0 BUITPOMIHIOBAHHS Ha d) IEPEBUIILYE MOPIT BUMIAPOBYBAHHS
Ith.ev, BOHO TOMIMPIOETHCS TaKOXK HA HabaraTo OibIIy IIomy Sey, Uepes mo W Ha
Seus MEHIIIE, HIK Y LIEHTPAIbHIN YacTHHI d). 31 30UIbIIEHHAM DIMOWHM h nwuiie e

3MEHIIIEHHS W mpu3BOAUTH O 3HUXKEHHS a0IsIIii.
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Opnak W Ha S.; TakoX 3aJeXUTh BiJ BTpaT €HEprii uepe3 BIAOWTTS,
MOTJIMHAHHS 1 €KpaHyBaHHS PiAKOO (a3oro, K1 3pOCTaIOTh 13 TIIMOMHOIO pi3y /1.
Ho Toro x, sikimo Ady < dj, 4acTHHA XBUJIBOBOTO TOTOKY MPOXOAUTH KPi3b Pi3
HACKpI3b 1 HE cripusie aOmsiii Ha PPOHTI — 11e 0COOIMBO BaromMo, Koiu 7 > d.

VYci i BTpatu CIpUYMHSIOTH, 1[0 TOBUIMHA PO3IUIABICHOTO IIAPY Oy HA Scy
HEOMHOPiIHA TO TIMOWHI: TmoIme (GPOHT — OuIbIIe BTPAT 1 TOBIIE Oy Lle 1
HOSICHIOE, YOMY 7; > N,p. OKpIM TOTO, YacTMHA BUIIPOMIHIOBAHHS, B1IOMTA Bij
noBepxHi (GPOHTY, MIATPUMYE BHUCOKY TeMIleparypy Metaily B dyaci. Yepes
TEIIOBIABIZ PIAWHU TEMIEpaTypa PO3IMIUPIOE 007acTh TEIUIOBOTO BIUIMBY ITiJT
1apoM O, 1 Ha OOKOB1 MMOBEPXHI.

Yactuna piakoi ¢a3d CKIAJOBUX BUTICHSETHCA 1O OOKOBHX IOBEPXOHb
NOMEepeHIX 30H pi3y, 3a0e3ledyroud iX HarpiB J0 TEeMIepaTypu ILIaBICHHS.
ExcniepyMeHTH MOKa3yloTh, IO po3LIapyBaHHS pPIAMHU BiAOyBaeTbcs B yCl
HaNpsIMKU: Bropy, BOIK 1, P HACKPI3HOMY pi31 — BHU3 [7-12].

Ile BUK/IMKA€E MOSIBY 30HU TEIJIOBOTO BIUIUBY HEMPHUITYCTUMOI INTUOMHU JJIs
0araTbOX TEXHOJIOTITYHUX 3aCTOCYBaHb JA3€pHOrO pi3aHHA — J€ BoHa abo
edexTuBHA, a00 €JMHO MOXKJIMBA.

OcCkUIbKM TIpU  OJIHAKOBHUX YMOBax OOpOOKM HAJUIMIIKOBUNA  THUCK
BUIAPOBYBAHHS HAa (DPOHTI pi3y HUKYMN, HIK YCEpPEIHMHI CBEPIJICHOIO OTBODY,
e(eKTUBHICTh BUJATICHHS PIAMHU 3 GPOHTY MeHIIa. YacTuHa 1i, 0 MiIHIMAEThCS
Haropy abo BHM3, GOopMy€e 3aUPKU Ha BXOJII/BUXOII Pi3y, AKI IPHU 3arapTOBAaHOMY
MeTaJll BUAAISIOTh MEXaHIUHO.

Yum wmenmuit AS; (abo Ad)), tam Menmmui o6’em U, wMatepiany
BUJANSETBCA 3 Sey. ONHAK IPU IIbOMY 3pOCTAalOTh BTPATH BUIPOMIHIOBAHHS, SIKE
MPOXOUTH MOB3 (PPOHT OOPOOKH, HE B3AEMOJIIIOUM 3 MOT0 MOBEPXHEIO, 3HIHKYIOUU
NIUTHHICTh TMOTYXKHOCTI W — OTXKEe 3MEHIIYEThCS HAUIMIIKOBUNA THCK 1
e(eKTUBHICTh BHUAaNEHHA piauHu. [lpu upomy mig S. 30UIBLIYETHCS 30HA
TEIJIOBOTO BIUIMBY. Y 11il 30HI, @ TaKOXX Ha PO3TAIIOBaHIM Ha TMEBHIM BiJCTaHI

nomepeHiNd MIISHIN 019HOT MOBEPXHI pidy (POPMYIOTHCS TMOOKI MIapH PO3ILIABY
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Om, miJ SKUMH BHHHMKA€ 30Ha TepMOHANpykeHb. HasBHICTH pO3MIIaBy TaKOXK
CIIPUYMHSE CIIOTBOPEHHS MONEPEYHOTO MPOQLITIO Piy.

Axmo AS; 3061umbyeThes, To 00°eM Uy, cTae O1IbIIMM, 1 Ipu (IKCOBaHIN
eHeprii IMIyJabCy IIBUAKICTH pi3aHHs 3MiHIOETHCS. [1[00 3po3ymiTé HampsiMOK
3MiHU (3pocTaHHS abo MajaiHHA) 1 PIBEHb BIUIMBY Ha SIKICTh MOBEPXHI, BaXKJIUBO
3HATH, sIKa YaCTUHA B TayCOBOMY PO3IO/LII IHTEHCUBHOCTI MPHU3BEE 10 abisIii Ha
301IbIIeHIA TIOBepXHi. be3 1bOro HEMOXKIMBO TOYHO MEpeN0ayuTH TIHOUHY
nedexTHoro mapy abo 3MiHy MPOAYKTUBHOCTI pi3aHHS.

JIBa KI1t0490BI1 (haKTOpH:

O6’em piakoi ¢a3m 3ajaeKuTh BiJ 1HTEHCHBHOCTI y BIAIMOBIJHIM YacTHHI
pO3MOoLTY MO d), o Mpurajie Ha 301blIeHy AS,. SIKIIo 1€ MiaBUIIY€E TUCK Mapu —
€()EeKTUBHICTh MIJBULIUTHCA, A€(PEKTHUI AP CKOPOTUTHCA, & IIBUIKICTh 3pOCTE.

BinOutts 3MeHiyerbest npu 30UIbIIeHHI AS; (MEHIE BUIPOMIHIOBAHHS
noTparvisie B nomnepenHi GppoHtu), Tomy W 3poctae. Lle, mOTEHI1IIHO, 3MEHIIY€E
TOBUIUHY 0. [IpoTe 301nbIIeHHS AS; 00MEXy€e MpOCTip NJIsi BUBEJCHHS PIJIUHU,
0 MOXE MIJBUIYBaTH eKkpaHyBaHHs. Kpim Toro, Ha Oubliry mOBEpXHIO (POHTY

MOXK€ HaJIMMIaTy OUIbIIE PIIMHUA — 1€ BAXKKO CIIPOTHO3YBATH.

1.3.1 XimMiYyHMH CKJIaJ HAWOUIbII BMKOPHMCTOBYBAHHMX B TEXHOJIOTIfAX

ra3oJ1a3epHOro pi3aHHs JIeroBaHHUX cTajeil

BB XiMi4HOTO CKJIaly HEPKaBi1rOYOi CTalll Ha MPOLIEC JIA3€PHOTO Pi3aHHS:

XIMIYHUM CKJIaJl HEpXKaBIl0YOi CTaii, 30KpeMa BMICT JIETyBaJbHUX
enemenTiB (Cr, Ni, Mo, Mn), Ge3mocepeHb0 BIUIMBAE Ha IPOIEC JIA3ePHOTO
pi3aHHs, a OTXKe — 1 Ha BUOIp acucTyrudoro (cymnpoBigHoro) raszy. OCHOBHI
MOMEHTH:

Bwmict xpomy (Cr):

Xpom 3abe3rnedye KOpo3iHy CTIMKICTh, ajie YTBOPIOE TYTOIIABKI OKCHJIU,
Kl MOXYTh YCKIJIAIHIOBATH TMporec pizaHHA. [[ns ix edexTuBHOTO BUIATICHHS

4aCTO BUKOPUCTOBYIOTh KMCEHB (O2) a00 a30T (N2) 111 BACOKUM THCKOM.



Hikens (N1):

[Toxpamrye

IUTACTUYHICTh 1

KAPOCTINUKICTD,

aJic
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TaKOXK SHUIXXYE

TEIUIONPOBITHICTD, IO MOXE CHPUYMHATH NEperpiB 30HU pizaHHs. Lle ocobmuBo

BOXJIMBO TpU BUOOpI 1HEPTHUX Tra3iB (HANpPUKIAA, a30Ty), SKI HE CIPHUSIIOTH

A0AaTKOBOMY HaniBaHHI-O.

Tun crami (aycreniTHa, hepuTHA, MAPTEHCUTHA):

Jlns

ayCTEHITHUX

cTajie

(Hanpukan,

304,

316)

epPEBaKHO

BUKOPHUCTOBYIOTh a30T, 100 YHUKHYTH OKUCJICHHS Ta 30€perTy YUCTOTY 3pi3Yy.

Jlns

KOHCTPYKIIIIHOT

qu

beputHoi

HEP>KaBIIOYHIX

cTajiel  4acTo

3aCTOCOBYIOTh KHCEHb, OCKUIBKH BiH MIJABUIIYE €()EKTUBHICTb pi3aHHS, Xoua M

MIOTIPIIYE SKICTh Kparo depe3 oKuciaeHHs.[13-16]

ToBiMHa Marepiany:

XiMIYHUHN CKJIaJ] Y TIOEAHAHHI 3 TOBIIMHOIO BIUIMBAE HA TEILJIOMPOBIAHICTD 1

HIBUKICTh IJIABJIEHHS, TOMY MpU 00poOIll TOBCTUX JIMCTIB 13 BUCOKUM BMICTOM

JICTYBAJIbHUX CJIEMCHTIB ImepeBary HaadarOTb iHepTHI/IM rasam, SIK1 336G3H€‘-IYI-OTI>

CTaOUIBHICTh MPOIECY Ta Kpallly SIKICTh KPOMKH.

Tabmuus 1.1 — BrimuB XiMI4HOTO CKJIaAy HEPIKaBilo4yoi CTajl Ha MPoIec

JIa3epHOTO pi3aHHS

OcHoBHI .
. PexomengoBanuit .
Tum crani / Mapka ||€IEeMEHTHU B ras [IepeBaru Henomixu
CKJIaai
Uucra kpomka, Hroxya mBuakicTs
A3zot (N2) 0e3 OKallMHU, HEe  |[pi3aHHs, BUIIMHA TUCK
AISI 304 Fe, ~18% 3MIHFOETBCS KOJIIp |[ra3y
(aycTeniTHa) Cr, ~8% N1 . OKHMCHEHHSI KPOMKH,
Buma mBuakicThb o
Kucens (0O2) . 3HM>KEHHS] KOPO31MHO1
pizaHHs .\ .
CTiiKOCTI
. Bucoka sxicTh . N
AISI 316 Fe, Cr, Ni, Asor (Na) 3pi3y, BUICYTHICTS [ToTpiben BuCOKHM
. 2
(aycrenitHa 3 Mo) |~2-3% Mo P13y, Y THUCK
OKQJIMHU
OKHCHEHHS, TpaT,
Kucens (0O2) [[IBuaKe pizaHHS |[3HMKEHHS SIKOCTI
Fe, ~16- KPOMKH
AISI 430 (peputHa) || oo
18% Cr Kpaie ams
A3zot (N2) TOHKOTO JIUCTA, [ToBinbHimIE pi3aHHS

YUCTa KPOMKaA
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OcHoBHI .
) PexoMmennoBanmii )
Tum crani / Mapka  |€JIEMEHTH B ras [TepeBaru Henomxu
CKJIaIi
Fe, ~11- EdexruBne
AISI 410 . : .
13% Cr, Kucens (0O2) pizaHHd, Bucoka |[pyOimna kpomka
(MapTeHCcHUTHA) g
Tpoxu C LIBUJIKICTDb
JlexopaTuBHa 30epexeHHs
HeprKaBiiika Bucokuii  ||A3ot (N2) abo MOBEPXHi, Jlopokue, HI>KYa
(13epkainpHa, Ni, Cr AproH (Ar) BiJICYyTHICTb MPOIYKTUBHICTh
nurioBaHa) KOJIbOPOBHX 3MiH

1.3.2 BuxigHa mNOTYXHICTh Ta TayCOBHIl PO3NOALT iHTEHCHMBHOCTI

BHUIIPOMIiHIOBAHHS

SIkicHe ysIBIEHHS MPO rayciB PO3MOALI IHTEHCUBHOCTI BUIIPOMIHIOBAHHS Y
CBITJIOBIH TUISIMI JIIaMEeTPOM dj,, 1110 (POKYCY€EThCSI HA MOBEPXHI METally, J103BOJISIE
3pO3YMITH XapakTep BIUIMBY EHEPTETHYHOTO MPOQUII0 Ha MPOIEC Ja3ePHOTO
pizaHHs. X04ya TOYHE YUCEbHE MPECTABICHHS PO3MOILTY IHTEHCUBHOCTI Y (hOKYyCI
HEMOKJIMBE 4epe3 BIJCYTHICTh BIAMOBIIHUX 3ac001B BUMIPIOBaHHS, MOrO poib y
dbopmyBaHHI PPOHTY Pi3y MOXKHA MOSICHUTH HAa OCHOBI (DI3UYHUX 3aKOHOMIPHOCTEM
1 eKCTIEPUMEHTAIIBHUX CIIOCTepekeHsb [17].

OCKUIbKM JIa3epHE BHUIIPOMIHIOBAHHS TOIIHPIOETHCS Y3I0BK (DPOHTY pI3y
3aBASKA YUCICHHUM BiIOUTTSIM BijJ OOKOBUX MOBEPXOHb KaHaIy, TayCiB XapakTep
pO3MOJITYy 1HTEHCUBHOCTI 30€pIraeThCs B MeXaxX DIMOWHU pi3y 10 MOMEHTY
YTBOPEHHSI JIPOCENIOIOYOT0 KaHaly. BUNpoMiHIOBaHHS 3 IEHTPAIbHOI 30HH, [
IHTEHCUBHICTh MaKCHUMaJlbHa, MPOXOAUTh Ha OUIbIIy IIHOMHY 3 MEHIIO0
KUIBKICTIO BIIOMTTIB, a OTXKe, 3 MEHIIUMH CHEPreTUYHUMH BTpaTamu,
CIPUYUHCHUMH TTOTTTHHAHHSIM.

MakcumanbHU BIUTMB TAKOTO BHUIIPOMIHIOBAHHS CTBOPIOE HAMOLIBITY
aOJsILII0 TOPIBHAHO 3 MNepUPEpItHUMHU IUISHKAMHU IUISIMH, J€ 1HTEHCHUBHICTb
Hk4da. lle moB’s3aHO 3 TUM, IO IIBUAKICTH BUIIAPOBYBAaHHS Ta HAJTUITKOBUI

TACK TapiB, SKI BUTICHAIOTH PIAKY a3y, MNPONOpIiAHI IHTEHCUBHOCTI
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BUTIPOMIHIOBaHHS. B pe3ynbrari mporo momepedna ¢opma GpoHTY pi3y 3 caMoro
1moyarky HaOyBa€e KOHIYHOI (POPMH.

["ayciB po3monis € BU3HaYaIbHUM YHUHHUKOM Yy (POpPMYBaHH1 JAPOCETIOI0YOTO
KaHaJdy Ha NeBHIA mMOMHI Big BXiAHOI KpoMKH. Bix #oro reoMeTpu4HUX
napameTpiB 3ajie’kaTh MaKCHMMallbHa TIHMOWHA pi3aHHsS, MIBUAKICTH MpOIECy Ta
HOTO SAKICTh. Y APOCETIOIYOMY KaHajll BiAOyBa€ThCS HAKOMWYEHHS piakoi (aswm,
IO 3yMOBJIOE MIABHILEHI BTPATH SK €HEprii BUIPOMIHIOBAHHS, TaK 1 THUCKY
JIOTIOMDXHOTO Ta3y JI0 Ta MICHs 1i€l 30HHU.

Kpim Toro, rayciB po3mofii IHTEHCUBHOCTI BU3HA4Ya€ MIMOUHY MOIIMPEHHS
TEIJIOBOTO ToJIA M1 00KOoBOIO moBepxHero ¢ponty. [lepudepiiina yacTuHa mydka,
IHTEHCUBHICTh KOl MEHIIA 3a TMOpIr IUIABJICHHS, CHPUYUHSE JIOJJaTKOBE
HarpiBaHHs, 10 NPU3BOAUTH 10 30UIBIICHHS APy PO3IUIABICHOTO MeTaly. Y
JeSIKUX BUIAJKaX TeMIleparypa y BEpXHIN 4acTHHI ()POHTY MOXKE MEPEBUILYyBaTU
MEXY TEKY4YOCTI MaTepiaily, IO clpuse €(PEeKTUBHOMY BUAAICHHIO PEYOBUHH 32
pPaxyHOK THCKY MapiB 1 JIONOMI>KHOTO Tazy.

OpHak 31 3pOCTaHHSM DIMOMHM BTpard THCKY 3 OOKy mapu Ta rasy
3pOCTal0Th, a €(HEKTUBHICTb BUAJIEHHS P1AKOi (pa3u 3MeHIyeThes. Lle mpu3BoauTh
710 11 HAKOMTMYEHHS Tepes APOCETIOIYNM KaHaJIOM. YTOBUIBHEHHS MPOXOKEHHS
pPIAMHU Kpi3b BY3bKY 30HY CIPHSE MOAAIBIIOMY HAKOMWYEHHIO, IO B OKPEMHX
BUIAJKaX MOXE MPHU3BECTU 10 MPUIMHEHHS MPOIECY Pi3aHHS yepe3 eKpaHyBaHH:
BUTIPOMIHIOBAHHSI.

["ayciB po3moniyl TakoX BIUIMBAE€ HA IIUPHUHY Ta YUCTOTY IMOBEPXHI 30HU
GbpoHTY pi3y, pO3TAlIOBAHOI 3a JPOCETIOI0YMM KaHaloMm. Y I obnacti, 1e
3MEHIIIEHA I1HTEHCUBHICTh CIPUYMHSIE TEPEeBaKAHHS PiAKoi (a3u, 3HUKYETHCS
edeKkTUBHICTD i1 BUAaseHHs. L{e, y cBOo yepry, BU3Hayae MUPUHY Pi3y B i 30HI
Ta MIOPCTKICTh HOTO OOKOBOI MOBEpXHI. 3ajJeXHO BIJl YMOB pi3aHHS IIHPUHA
BUXIJTHOTO OTBOPY MOX€ $K 30UIBLIMTUCS, TaK 1 3MEHIIMTHCS, aje YHUCTOTa
MOBEPXHI y I1{ 30H1, SIK MPABUJIO, MOTIPIIYETHCS, 1110 CIIPUSE YTBOPEHHIO BUCOKOTO

rpara.
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YcepenHeHe 3HaYEHHSI IMIJILHOCTI MOTYKHOCTI B 30HI pokycyBanHs (d))
SIK KJK4Y0BUII mapamMerp mnpouecy Ja3zepHoro pizannus [18]. VYcepennene
3HAQYCHHS IIUJIBHOCTI MOTYXKHOCTI JIa3€pHOTO BUMpPOMiHIOBaHHS (W) € KpUTHYHO
BOKIMBUAM TIapaMeTpoOM, SKHA KUIBKICHO BigoOpakae JWUHAMIKY TIpoIecy
nazepHoro pizanHd. llell moka3HUK nae 3MoOry TAuOIIEe 3pO3YMITH SIBUIIA, IO
BiIOYBalOThCSI Ha (PPOHTI pi3aHHSA, a TaKOXK MPOTHO3YBaTH SKICHI Ta IIBHJIKICHI
XapaKTepUCTHKU OTpUMaHOro pizy. Bemuwumna W y 301 (dokycyBanHs (d))
BU3HAYAETHCS CIIBBIIHOIICHHSIM:

W=pP/S (1.4)
ne P — moTy»XHICTh J1a3epHOT0 BUIIPOMIHIOBAaHHS, S — IJI0111a (POKYCYyBaHHS.
3HaAUyHIICTh I[LOTO MapaMeTpa MOoJIsIrae B MOro 3AaTHOCTI XapaKTepHU3yBaTU

CKJIaJl aOJALIMHOTO MPOAYKTY, SIKHMM (opMyeTbess Ha (PpoHTI pi3y. 30Kpema,
3HaueHHA W 1n03BOJISIE OLIHUTH, siKa (a3a — rmapoBa 4M piJika JOMIHY€ B 30H1 il
Ja3epHOT0 BUIPOMIHIOBaHHA. BenuuuHa 1 mnoBeaiHka piakoi ¢(as3u, TOOTO
po3IiiaBy, O€3MOCepeHhO BIUIMBAIOTh HA IIBHJKICTH pi3aHHA, TJTMOMHY
MPOHUKHEHHSI Ja3epHOr0 TMPOMEHI0 Ta 3arajbHy €QEeKTUBHICTh IMPOILIECY.
YTBOpeHHSI 3HAYHOI KUTBKOCTI pPO3IJIaBy MOXKE MPU3BOAWTH JO0 EKpaHyBaHHS
YaCTUHU BUIIPOMIHIOBaHHS, W0 3HUXKYE EHEProeeKTUBHICTh TMPoIeCcy Ta
YCKIIQIHIOE TPOXOJIKEHHS JOMOMIKHOI'O Ta3y B 30HY p13aHHS.

[Tonnepeuna ¢opma ¢poHTY pi3zaHHA Ta i PO3MIpU TaKOX BHU3HAYAIOTh
XapaKkTep HAKOMUYEHHS PO3IUIaBy. 32 YMOBH 3POCTAHHS IIUIBHOCTI MOTY>KHOCTI
¢poHT HaOyBae WWIIHIPUYHOI (POPMH, IO CHPHUSE CTAOUIBHOMY BHUAAJIICHHIO
piakoi daszu. I3 migBuieHHsM W BinOyBaeThCs 3MEHIIEHHS BMICTY pPO3IUIABY B
a0NALIfHOMY TIOTOIl, 3yMOBJICHE IMIJICUJICHUM MOT0 BHINTOBXYBaHHSM dYepes
3pOCTaHHs HAUTUIIIKOBOTO TUCKY BHUIIAPOBYBAHHSI.

[linBumenHss W TakoXX TO3UTHBHO BIUIMBAE HA TIHMOWHY pi3aHHI. Y
MaTepiajgax TOBIIMHOIO TIOHAJ 2 MM II€ TIOB’513aHO 3 ((OPMYBaHHSIM JAPOCEITIOI0UOTO
KaHaJy BHWIIE BXIJHOTO OTBOpPY. Takuil kaHan mae 30UIbIICHUN MiHIMAIbHUN

JiaMeTp Ta 3MEHILIEHY JOBXKWHY, IO TMOKpallye€ YMOBU BHAAJCHHsS pO3IUIaBy. Y
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pe3yNbTaTi 3MEHIIYEThCSI BUCOTA IpaTa Ha BUXIAHOMY Kpai pi3y Ta IMiJBHILY€ThCS
SAKICTh OOKOBO1 TTOBEPXHI.

VY BUpOOHMYMX YMOBax 3a3BHYail BUKOPHCTOBYIOTHCSI BOJIOKOHHI JIa3epu 3
noTyxHicTio 10 3 kBT. V Bumaaky ¢okycyBaHHS BHUIPOMIHIOBAHHS B 30HY
niametpoM d; = 200-250 MKM, cepelHE 3HAYE€HHS IIUIBHOCTI TOTY>KHOCTI

CTAHOBUTH W =(6-9)*10° Br/cm2.

Ile 3HayeHHs MEpEBUILYE MOPIr BUIAPOBYBAHHS TaKUX MaTepialiB, SK
KOHCTPYKIIHHA CTajb, HEpXKaBiloua CTajb 1 allOMiHI€BI CIUIaBH, MpUOIN3HO y 3—4
pasu, 110 J03BOJIsI€ ePEKTUBHO 1HIIIFOBATH aOJISIINHI TPOIECH.

YTiM, HIUIBHICTh TOTYKHOCTI HE € CTajJo BEIMYMHOIO MO BCIM TIMOMHI
GpoHTYy pi3aHHA — BOHA IIBUJKO 3HUXKYEThCS 31 30UIBIICHHSM TJIUOMHU
MPOHUKHEHHS TpoMeHio. lle mpu3BOAMTH 10 3HMKEHHS IIBUIKOCTI pi3aHHS,
NOTIPUIEHHS! YUCTOTH OOKOBOI MOBEPXHI Ta 3POCTAHHS BUCOTU Ipara Ha BUXOI,
0COOJIMBO TIpH OOpOOIll TOBCTUX 3aroTOBOK. 3HIDKEHHS W mo rimOuHI 0OMexye
IPaHUYHY TOBIIMHY METANy, KU MOXHA SIKICHO MTPOp13aTH.

ExcniepuMeHTanbH1 JOCTIIKEHHS MIATBEPAXKYIOTh [ 19], 1110 HaBITh 32 YMOBH
BUKOPHUCTAHHS Jiazepa MoTykHICTIO 1 kBT Ta GpokycyBanHs y wsimy di = 250 MM,
TOOTO TMpU UIIIBHOCTI TOTYXKHOCTI, HAOJMXKEHIM 1O TMOPOTOBOi, MOXKJIUBE
HACKpI3HE Pi3aHHA KOHCTPYKLIMHOI CTajll TOBUIMHOIO 0 5 MM. Xo4a SKICTh Pi3y
IpU 1IbOMY € HU3BbKOIO, caM (pakT 3[1HCHEHHS TaKOrO PI3aHHsS Ma€ MPHUHIUIIOBE
3HaueHHA. Lle cTano MOXIJIMBUM 3aBISKH rayCiBCbKOMY PO3MOJALTY IHTEHCUBHOCTI
BUIIPOMIHIOBaHHS B 30HI d), Ji¢ IIEHTpajbHa YaCTUHA IUIIMH Ma€ CyTTEBO BUIILY
1HTeHCUBHICTh. Came 1 JIoKajdbHa KOHIIEHTpallisl eHeprii 3a0e3neuye YMOBH ISl
NPOXO/KEeHHA (pOHTY aOmswli Yepe3 yCl TOBILY Marepially HaBiTh 3a yMOB

3arajJibHOTO 3HWXEHHS W,
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1.3.3 ®dokycHa BiACTaHb 00’€KTHMBA Ta MOJIOKeHHS (OKYCYy BiIHOCHO

NMOBEPXHi JeTaJi

Jlnisa 3a0e3nedeHHs 3aJOBUIBHUX MOKAa3HUKIB Pi3aHHS B KOHKPETHUX YMOBAax
HEOOXITHO  MPUIUIATH  yBary BuOopy oO0'ektmBa It (POKyCyBaHHS
BUIIPOMIHIOBAHHA. Y TEXHOJOTIYHUX YCTaHOBKAaX 1HO3EMHOTO BHUPOOHMIITBA,
OpU3HAYEHUX JUIS  JIA3epHOTO  pi3aHHS  JIMCTOBOTO  METaily, 3a3BHuail
3aCTOCOBYIOThCSI 00'€KTHUBH 3 (DOKYCHUMHU BijicTaHssMu 127 mm, 190 MM 1 254 MM .

O06'exTuB 13 (HOKYCHOIO BiACTaHHIO 127 MM JOIIIHLHO BUKOPUCTOBYBATH IS
BHCOKOUIBUIKICHOTO Pi3aHHSI METaliB TOBUIMHOWO 110 3 MM. Lle oGymoBieHO TuM,
0 3a BUCOKOI MIBUIKOCTI PI3aHHS TIJIBUILYIOTHCA SKICHI XapaKTePUCTUKH
00poOku. Pa3oMm 13 ThMm, s 3a0e3MeUeHHs BUCOKOI SIKOCTI pl3aHHS HEOOX1THO
3BECTH JI0 MIHIMyMY PO301KHICTb JIa3€pPHOTO MPOMEHIO, IO AOCATAETHCS 3aBISKU
BUKOPHUCTaHHIO 00'€KTUBIB 3 OUTBIIMMHU (POKycHUMH BiacTaHssMu — 200 mm a6o 300
MM.

BuxopucranHns 00'ektuBa 3 (POKYCHOIO BIACTaHHIO 254 MM JI03BOJISIE CYTTEBO
PO3LIMPUTH J1alla30H TOBIIMH OOpOOIIOBaHMX MatepiamiB. s oOrpyHTyBaHHS
JOIUTBHOCTI TaKOTO BHOOPY CIHiJ BpPaxOBYBaTH XapaKTEPUCTUKH Jazepa (ioro
MOTY>XHICTb, (JOKYCHY B1JICTaHb KOJIMAaropa) Ta BUKOHATH PO3PAXyHKH PO3MOALTY
H[IJTLHOCTI MOTYKHOCT1 Y POKYCI.

Takox ciiji 3a3HaYUTH, 110 MPOBIIHI EBPOIEHUCHKI Ta SITOHCHKI BUPOOHUKU
Ja3epHOr0 OONaAHAHHS PEKOMEHAYIOTh BHUKOPHUCTOBYBATH CIHEIIAbHY Ja3epHY
CTajb, sIKa Ma€ TOJIMIICHY SKICTh MMOBEPXHI, 3HIKEHI BHYTPIITHI HANPYKEHHS Ta
BUCOKY IUIOUIMHHICTB. Ile cmpuse kpamoMmy MOMIMHAHHIO — JIA3€PHOIO
BUIIPOMIHIOBAHHS, 1110, CBOEIO YEProl0, MIABUIILYE €(PEKTUBHICTh Ta SKICTh p13aHHS.
J1J1s1 TOBCTOJTMCTOBOTO MPOKATy BUKOPUCTOBYETHCS JAOAATKOBE MOKPUTTS Y BUIVISIIL
OKaJIMHU 3 AOOPOIO aire3i€ro, M0 TapaHTye BUCOKY SIKICTh Pi3aHHS, HEJOCSIKHY 32
3BUYAMHUX YMOB. B €KOHOMIYHMX YMOBax Cy4acHOi YKpaiHU peasizyBaTH TaKHii

IJIX1] TPAKTUYHO HEMOXKIIHBO.
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VY pa3i 00poOKu cTaneil TOBIIMHOIO O 3 MM BaXXJIMBUM € 3amoOiraHHS
YTBOPEHHIO Trpara Ha Buxoial pizy. Jug mporo HeEoOXigHO 3a0e3NeunuTH
nepeBakaHHsl MPOIECY BUIIAPOBYBAaHHS Yy 3arajbHIA aOmsIii, 1m0 MOXIUBE 3a
IIUTPHOCTI TIOTY>KHOCTI TMOHAT W >2-10" BT/cM?. JlocATTH TaKOTO 3HAYCHHSI MOYKHA
3a gomomoror oO0'ektuBa 3 ¢GokycHow BiacTanHi 200-300 MM 1 HpaBHIBHO
nigiopanoro giamerpa GOKyCHOT MIISMHU.

VY BumaAky pi3aHHS HEP>KaBiIOYOi CTajl TOBUIMHOIO 4—6 MM JOUIIBHUM €
BUKOPHCTaHHSI BOJIOKOHHOTO Jia3zepa MOTyxHicTio 3 KBT y cepenoBuii a3zory Ta
o0'ektuBa 3 (HOKycHOIO BifcTaHHIO Omm3pko 190 mm. Jlns ToBmmHEH 3—5 MM
e(eKTHBH1 pe3yJbTaTh OyJ0 OTPMMAHO MPU BUKOPUCTAHHI Jla3zepa MOTYXKHICTIO 2
kBT Ta 00'ekTrBa 3 poxycHoro BiactanHio 200 mMm [20].

JUist pi3aHHsI HEpKaBlOYOi CTall TOBIIMHOKO 12—14 MM MOTYXHICTh na3epa
Mae mnepeBuinyBatd 3 kBT. Bubip onTumanpHOro 00'€KTHBa 3aJCKHUTh BIJ
KOHKpPETHUX YMOB 00poOkH. [IpoBeneHi po3paxyHKH Ta €KCIEPUMEHTH MOKa3alu,
10 JJIS TaKUX 3aBJaHb HAUIPHUIATHIIIUMU € 00'€KTHBHU 3 (POKYCHOIO BiJICTAHHIO
250-300 MM, sK1 320€31eUyI0Th HEOOX1IHY IIIJIbHICTh IMOTY>KHOCTI Ha (PpOHTI pi3y.

Takum uyuHOM, BUOIp o0O0'ekTHMBa Mae 0a3yBaTHUCh Ha KOMILJIEKCHOMY
ypaxyBaHHI XapaKTEPUCTUK Jla3epa, TOBIIMHU Marepiaiy, BUMOT JI0 SAKOCTI pi3y Ta
yMOB 00poOKHM. 3acTOCyBaHHS YHIBEpPCAJIbHMX pEKOMEHJaliil 0e3 aHaizy
KOHKPETHOI CHUTYyalli MOXe MPU3BECTU JI0 3HMKEHHS €(PEeKTHBHOCTI MpoLEecy Ta

SKOCT1 OTPUMAHOTO PE3YJIbTaTy.

1.3.4 Cran noBepxHi MeTaJLy, KOHCTPYKIisl COIUIA TA BEJUYUHA 3230pPYy

MiK COILJIOM TAa METAJIOM

Jlo xXapakTepucTUK TMOBEpXHI OOpOOIIOBAHOTO METaly HajeXarb ii
HIOPCTKICTh, HASIBHICTh MOJIPSTIUH 1 BTOpUHHOI okaimHM (black peeling) 3 pi3znoro
TOBUIMHOIO, @ TAKOXX OJHOPIAHICTH CTPYKTYpPU METAlly, SIKa 3aJ€XHUTh BiJl YMOB
roro BuroroBieHHs. KpiM Toro, Ha mMOBEpXHI MOXYTh OyTH MPUCYTHIMHU IpiKa,

3a0pyIHEHHS, 3aJUIIKA MAacTWi 1 ¢apOu. Yci 1i YUHHUKKA HETaTUBHO BIUIMBAIOTH
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Ha TPaHUYHY DIHOWHY pi3aHHs, MOro MBHAKICTH 1 cTabuipHICTh. ToMy mepen
MOYaTKOM TMPOIECY Ja3epHOro pPi3aHHS MOBEPXHIO METaly HEOOXIAHO pPEeTeNIhHO
OYMIIIATH, HE3BAXKAIOUM Ha JOJATKOBI BUTPATH, OB’ sI3aH1 3 IIUM €TaIoOM.

[Ipote, MiABUIIEHHS TUCKY JOMOMDKHOTO ra3y Ta OYMIIEHHS MOBEPXHI cami
mo cobi HE TapaHTYIOTh MOJIMIICHHS SKOCTI pi3aHHS, SIKIIO HE BPaXOBYIOTHCS
pO3TalryBaHHs COIUIA BITHOCHO MOBEPXHI METAy Ta HOTO MPOXiIHUHN JAlaMeTp.

[Ilo6 BIUIMB IMX YWHHHUKIB MaB TO3WTUBHHUMA XapakTep, 0 TCOPETUIHHX
B1JIOMOCTEH JOLUIBHO JOAATH MPaKTUYHI PEKOMEHaIlli, po3po0ieH] SIMOHCHKUMU
daxiBigiMu.  30Kkpema, TpuU  OE30KMCHOMY pi3aHHI, $KE& BHKOHYETHCA 3
BUKOPHCTAHHSIM BHUCOKOTO THUCKY HEHTpaJIbHOTO Ta3zy a00 CTHCHEHOIrO MOBITPS,
e(eKTUBHUM € MIHIMaJbHE PO3TAlllyBaHHS COIUIA HAJl TOBEPXHEI0 MeTaly Ha
BucoTi 0,5-0,7 mMm [21].

[Tix gac pi3aHHs KOHCTPYKIIIIHOT CTasll B CEPEIOBUII KHCHIO, IO MOIA€ThCA
710 coruta mij TiuckoM Bija 0,6 10 3 Oap 3a1eXHO BiJl TOBIIMHUA METaJy, ONTUMAalbHa
B1JICTaHb BiJ] COIJIa JIO TOBEPXHI CTAaHOBUTH 1 MM 1 Ounbie. Lle mosCHIOEThCS THM,
10 31 30UTBIICHHSM TOBIIMHUA METajy HEe0oOX1HO MiJABUIIYBATH THCK KUCHIO. [Ipu
TUCKy moHay 1,89 arm moTik rasy HaOyBae HaJ3BYKOBOI IIBHJIKOCTI, BHACIIJIOK
4Oro B 3a30pi MIXK COTUIOM 1 TIOBEPXHEIO MeTaly BUHHMKae ymnapHa xBuis. 1106
3a0€3MeUnTH JOCTaTHIM MOTIK KHCHIO B 30HY pI3y 3a TaKUX YMOB, COIUIO CIiA
PO3MIIIyBaTH HA OUIbIIIA BUCOTI [22].

Coria 3 oTHAM TIPOXiTHUM OTBOpoM aiamerpom 1,0; 1,2; 2,0; 2,5; 3,0 ta 3,5
MM  3aCTOCOBYIOTHCA [JIi  pi3aHHS  OUIBIIOCTI  METajiB, 3a BHUHATKOM
TOBCTOJIMCTOBOI KOHCTPYKIIIMHOT cTami. Jjis 0OpoOKu OLIbIl TOBCTHUX MarepiajiB
BUKOPHUCTOBYETHCSI COIJIO 3 OUIBIIUM JiaMeTpoM OTBOpY. EkcrepuMeHTanbH1
JOCIIHKCHHS TTOKa3ajH, [0 BUKOPUCTAHHS ABOMOTOKOBOTO COILIA 3 PO3UIMPEHUM
30BHINHIM OTBOPOM 3a0e3meuye Kpalie OXOJOMKEHHS 30HW HaBKOJIO (POHTY
pizanns. Lle n03BoJ€ 3MEHIIMTH TEMJIOBI Jedopmaltii, [0 BUHUKAIOTh Y METalll,
Ta BIAMOBIJHO 3HM3UTU BTPATH €HEPrii BUIPOMIHIOBAHHS 1 JOMOMIKHOTO rasy, a

TaKOX MMIJBUIIUTH €(DEKTUBHICTh BUIAJICHHS PiAKoi (pa3u 3 moBepxHi pizy [23].
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Jlist pizaHHST M’SKOi KOHCTPYKIIIHHOT CTayi TOBIIMHOK TOHAM 12 MM
PEKOMEHJIOBAHO BUKOPHUCTOBYBATH COIUIO, BHUXIJIHUM OTBIp $KOTO OTOYEHUU
CUCTEMOIO JOAATKOBUX OTBOPIB, U€pe3 SIKI TAKOK MOJAETHCS JOTMOMIXHUMN Ta3 — y
IIbOMy BHIIAJKy KHCEHb. VIMOBIpPHO, Ili OTBOPH MOXYTh TAKOX CIyTI'yBaTH IS
1oJladi BOAU 3 METOIO OXOJIOPKEHHS METajy HaBKoJIO 30HU pizaHHs. Lle ocobamBo
BOXJIMBO B YMOBax IIiJIBUIICHOTO TEIUIOBOTO HABAHTAXKEHHS, IO CIPUIUHSIE
3Ha4HI TEPMIuHi Aepopmartii.

3acTocyBaHHSI TaKUX COMEN € 0COONMMBO €(EeKTUBHUM IpU 0OpoOIll cranei
TOBIIMHOIO mTOHaA 10 MM, OCKIIBKM BOHO MIABHILYE SKICTh Ta CTaOUIbHICTH
npoiiecy. He3Bakarouu Ha BIJICYTHICTh y JDKEpeJiax KOHKPETHOI iHdopMallii oo
KUIBKOCTI mepudepiiHuX OTBOPIB, iX PO3MIIICHHS Ta diaMeTpy, IpaKTU4YHE
3HAYEHHS TAKUX KOHCTPYKLIN € JOBEIEHUM EKCIIEPUMEHTAIIBLHO [24].

30kpema, IS pi3aHHS KOHCTPYKIIMHOI cTaii TOBHIMHOKO 12—-16 MM y
CEPEIOBHUIII KHCHIO PEKOMEHIYETHhCS BUKOPHUCTAHHS COIUIA 3 JiaMETPOM OTBOPY
1,5 Mm. IMOBipHO, BUKOPUCTaHHS JBONIOTOKOBOTO COILIA 3 aHAJOTIYHUM a60 [0
OUTBIIUM J[laMEeTPOM 1 OUIBIIOK KUIBKICTIO TNepudepiiHUX OTBOPIB JT03BOJISIE
SAKICHO pi3aTH CTaJib TOBIIMHOIO 70 22 MM. Lle MOsSICHIOEThCS TUM, 110 301IbIIICHHS
KUTBKOCTI OTBOPIB MiABUIYE €(PEKTUBHICTh OXOJOKEHHS Ta CIpHUs€E cTadimizarmii
ra3oBOrO MOTOKY, 3SMEHIITYIOUH MOTO po3IINpeHHs [25].

3a3Buuail OE30KMCHE pIi3aHHS HEPXKABIIOUMX CTajell 3a1MCHIOEThCA 3
BUKOPHUCTAHHSIM COTEN 13 PO3IMIMPEHUM TMPOXITHUM OTBOPOM 1 MIABUIIICHUM
THUCKOM JIOMOMIXHOTO rasy. [IpakTuuHi gaH1 CBiA4aTh, 1110 ONTUMAIBHUHN J1aMeTp
COILIa 3aJICKUThH B1J] TOBIIMHHU METAy Ta YUCTOTH BUKOPHCTOBYBaHOTO a30Ty. [Ipu
[[OMY TPOX1JIHUI J1aMETP COIIa YaCTO 3HAYHO MEPEBUIIYE MIUPUHY Pi3y HA HOTO
Bxoni. Ile o3Havae, mo nuie He3HaYHA YaCTHHA MOTOKY Ta3y MOTPAIIsE B 30HY
pi3y, TOJI SIK pemiTa MOTOKY CHPSIMOBYETHLCSI HA OXOJIO/KCHHSI TTOBEPXHI MeTaiy. I3
30UTBIIEHHSM TOBIIMHHM JINCTA 3HAYEHHS TAKOTO OXOJIOJIKEHHS 3POCTAE.

VY mpakTulll TakoXX Ba)KJIMBO BPAaXOBYBAaTH, YOMY 31 301IbIICHHSIM TOBIIMHU
JUCTA JiaMeTp COIUIa HE 3pOCTae HEOOMEXeHO. 3 OHOrO OOKY, MUPUHA Pi3y MPHU

IbOMY 30UIBIIYETHCS, 110 JO3BOJISE MPOIYCKaTH OUIBIIWA 00’€M JIOMOMIKHOTO
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ra3y; 3 1HIIOTO OOKy, 3aHAATO BEIUKUN IlaMEeTp OTBOPY CIPHUUYMHSE HAAMIpPHI
BTparu raszy uepe3 OOKOBE pO3IIMPEHHS TMOTOKY, IO HE KOMIIEHCYEThCS
3MEHIIIEHHSAM TepMozehopMaIllii.

Pesynpratu mocnmigkeHb MIATBEPAKYIOTh BaXIIMBICTh 3aCTOCYBaHHS a30Ty
BHUCOKOTO CTYTICHsSI OUMILEHHS JJIA pi3aHHsA HepkaBitouoi ctani. Hampuknazn, mpu
TOBIIMHI MeTanmy |—4 MM HEIOCTaTHIO YHCTOTYy Ta3y MO)XXKHa KOMIICHCYBAaTH
301BIIEHHSAM TMPOXIAHOTO JiamMeTpa comia a0 2,5 wmMm. Haromicte mnpu
BUKOPHUCTaHHI YUCTOTO a30Ty JJIs PI13aHHS CTajl TOBIIMHOI 1-3 MM ONTUMaIbHUM
e miametp 1,7 mMm [26].

[TincymoBytouM BHKJIaJ€HE, CHIJ 3a3HAYUTH, IO AHAJOTIYHI JlaHi MO0
ONTUMAJBLHUX J1aMETPIB COMEN HEOOXIJHI TaKoXK IS IHIIUX METajiB. Xoda
3arajibHi 3aKOHOMIPHOCT1 3JIMIIAIOTHCA MOAIOHMMM, TOYHI 3HAYEHHS CIIIJ
BCTAHOBIIIOBATH €KCIIEPUMEHTAIBHO. e cTocyeThCsl TakoX pi3aHHA B CEPEIOBHUII
IHIIUX Tra3iB, 30KpEMa OYHUIIEHOIO0 CTUCHEHOrO TOBITPS, SKUH IIHPOKO

34CTOCOBYETBHCA HA HpaKTHI_[i.

1.4 Hiaxoou a0 onmTuMmizauii Jokaji3amii Ja3epHOro BUIPOMiIHIOBAHHS

Ta IIMPUHM Pi3aHHSA

1106 3po3yMiTH, YOMY LIMpHHA pi3y HaJEXKUTh A0 0a30BHX MapaMeTpiB
MpoLIeCy PO3pi3aHHs PI3HUX METajiB, HEOOXIHO HacamIiepes 3BEPHYTHUCS [0
HACTYMHOIO BAXKJIUBOrO acnekty. Came BiJl LIMPUHM Pi3y 3a1€KaTh MIBUJKICHI Ta
SKICHI XapaKTEePUCTUKHU PE3yIbTaTIB po3pi3aHHs. 30KpeMa, BITUM3HSHI CIIOKHBaUl
Ja3epHUX TEXHOJOTIYHUX YCTAHOBOK HacaMIiepe]] BUMArarTh BIJICYTHOCTI 3aJHp

Po3Mmip mmpunm pi3y, 3a SKOTO JOCSTAIOTHCS HAWKpAIlll MOKa3HUKUA IHOTO
MIPOIIECY, BIAPIZHIETHCSA JJIs1 pI3HUX MeTamiB. [[s Toro mo0 3’scyBaTH MOXKIIMBICTh
onTUMI3aIlli MUPUHUA P13y TPU 00pOOIIl KOHKPETHOTO METay, CJIiJl PO3yMITH, Bij
SAKUX CTAJIUX XapaKTEPUCTUK MaTepiaiiB 1 yMOB MPOBEACHHS MPOIIECY 3aJEKHUTH 1151

BesIMuMHA. [0 Takux yMOB Hasiexarsb [27]:
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® TEIUIONPOBITHICTh 1 TEMIIEPATYPOIPOBITHICTh METAIy, @ TAKOXK BMICT Y HbOMY
JIETYBaJIbHUX €JICMCHTIB,;

® TIOTYXHICTh Ja3epa, HIUIbHICTh MOTYXXHOCTI Yy CBITJIOBIM IUISIMI JIOKaji3arii
BUIPOMIHIOBaHHS (d));

® pPO30DKHICTh JIA3€PHOr0 BUIPOMIHIOBaHHS 1 (DOKYCHa BiJICTaHb 00’ €KTHUBA, IO
dbopmye po3Mip aiamerpa dj;

® TayCIBCbKHUIl pO3MO/LT IHTEHCUBHOCTI BUMPOMIHIOBAaHHS 1O MOBEPXHI d};

® [IOJOKEHHS OOpOOIOBAaHOI IMOBEPXHI  BITHOCHO By3/la  (OKyCyBaHHS
(xaycTukn), ToOTO BennunHa AedokycyBaHHs (Af);

® IIBUAKICTh pI3aHHsS, sfKka Mae Oytu npubmuzHo Ha 10 % MeHmowo 3a
MaKCUMAaJIbHO MOXKJIUBY;

® aKyMYyJISLIs TEIJIa IO KOHTYPY pi3y.

HeoOxigHO KOPOTKO TOSICHUTH, 4YOMY IIMpPUHA PI3y 3aJEKHTh BIJ
3azHadeHuX (aktopiB. I[lowarm cmig 3 TOro, IO TEIUIOMPOBIIHICTE 1
TEMIIEPaTypOINPOBIIHICTh METaly BH3HAUalOTh PO3MIPH 1 TEMIEparypy 30HU
HarpiBy, sika (OpPMYeTbCS W 3MIHIOETbCA Yy 4Yacl HABKOJIO (POHTY pi3y MpHU
nepeMilieHHl d; B3JOBXK Tpaekropii o00poOku. Bunukaroui B 1 30HI
TepMmoaedopmallii BIUIMBAIOTh HA MONEPEYH] po3Mipu (PPOHTY TO BCiil OrO BUCOTI.

Bix motyxHOCTI Ja3epa, HIIJILHOCTI MOTYXHOCTI B 30HI d) Ta TayCiBCHKOTO
pPO3MOJLTY IHTEHCUBHOCTI BUIIPOMIHIOBaHHS 3aJI€KUTh KIJIBKICTh PiAKOL (pa3u, sika
YTBOPIOETHCSI Ha OOKOBIM MOBEPXHI Pi3y, @ TaKOK €(EKTUBHICTh i1 BUJIAJICHHS 3a
paxyHOK HaJIMIIKOBOTO THUCKY mMapu. PizanHs mpu 3MmeHmieHid Ha ~10 % Bifg
MaKCUMAJIbHOI IIBUAKOCTI, 3 YpaxyBaHHSM ii 3MIH 4epe3 HapOCTaHHS TEMJIOBOTO
HABAaHTAKEHHS, TAKOX CIPHUS€ SK 3MEHIICHHIO KUIBKOCTI piakoi ¢asu, Tak 1
CTab1JILHOCTI MPOBEICHHSI TPOLIECY.

Po3ramryBanHs MeTaneBOi MOBEPXHI IIOA0 By3Jia (POKYCYyBaHHS Ta BMICT Y
MeTajll MPHUCAJO0K BIUTMBAIOTh HA MPOXODKEHHS BUIIPOMIHIOBAHHS 1O (POHTY
pizanHs. Benuunna Af Bu3Hauae edeKTHBHICTh BHIAJEHHS piakoi (a3u gk 3a

JIOTIOMOTOI0  Ha/UIMIIKOBOTO THCKY TMapH, TakK 1 3aBOJKU [ii acCHUCTYIO4YOro
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TEXHOJIOTIYHOTO Tra3y Ha OOKOBY MOBEPXHIO i3y, 1€ TAKOXk ICTOTHO BIUIMBA€E Ha
HIMPUHY pi3y. 30KpeMa, IUpUHA Pi3y Ha BXITHINA 1 BUXIAHIA YaCTHHAX 3aJI€KUTh
B1JI MPaBWIILHO 00paHoi BenuuuHu Af.

Benmuuuna mmpuHA Ppi3y 3MIHIOETBCS TAKOXK 3aJIEKHO BiJl KOEQIIIE€HTIB
BIJIOUTTS Ta MONIMHAHHS METajdy Ha OOKOBUX MOBEPXHSAX (POHTY pi3y. 3a IHIIUX
OJHAKOBUX YMOB TIPOBEACHHS IMPOLIECY, IIUPUHA PI3y TaKOXK 3aJICKUTh BiJ
TOBIIMHU 0OpoOmoBaHoro metany. [Ipu mpaBunpHO miniOpaniii BenuunHi Af Ha
HIMPUHY Pi3y BIUIMBAIOTH MIBUIKICTH Ta SKICTh Mpoiiecy. [le oco0nuBo BUpakeHO
NP pi3aHHI BIHOCHO TOHKWX MeTamiB (1-3 mMm). Y Takux BUIAIKax IMOBEPXHIO
MeTally JOLUIBHO pO3TalloByBaTh BuUIlle (oKyca (NMEPEeTsHKKUM KayCTHKH) Ha
BijCTaHIi, sKka BiamoBigae Af =—1 mm [28].

JUist MeTaiB TOBLIMHOIO O 3 MM IIUPHHA Pi3y, 3aJ€KHO BiJ IIUIBHOCTI
noTy>xHocTi (W) B 30H1 d), MO’k€ MaTH SIK MO3UTUBHUMN, TaK 1 HETraTUBHUM BIUIMB Ha
AKICHUM TTOKa3HUK — BHCOTY I'para Ha BUXITHOMY Kpai pizy. [Ipu nHaaro mamii W
BHCOTA rpara MOK€ JOCATAaTU HENMPUUHIATHUX 3HA4YECHb [29].

Toit ¢akt, MmO HE 3aBXKIU JOIUIBHO BHKOHYBaTH Pi3aHHS 3 MIHIMAJIBHO
MOKJIMBOIO IIMPUHOIO PI3y HA BXOAl, HIATBEPIKYETHCS EKCIEPUMEHTOM 3
BUpI3aHHS KBaApaTiB 31 cTopoHoto 10 MM y crani mapku Ct3 ToBIIMHOIO 1,5 MM y
pexumi in-fly. MakcuManbHa WBUAKICTH MpoIleCy cTaHoBuia 14 M/XB, 11O
MOBHICTIO 3amobiranio TepmiuHiil aedopmarii 3arotoBku. OpHak 0OpH  Takii
IIBUIKOCTI B OKPEMHUX KyTaxX KBaJIpaTiB uepe3 MOXMOKU KOOPAMHAT 3aJIUIIATHCS
Henpopizani AUISHKY 1mupuHOoto 10 0,5 mM. IloBHe Bupi3aHHS KBajpariB
3a0e31evuyBajaocs JIMIIE MPH IBUIAKOCTI 7,5 M/XB, TOOTO 3a YMOB, KOJIM IITUPHHA
pi3y He Oyna mMiHIManbHOIO. BomHouac aedopmaliiif 3aroTOBKM HE CIIOCTEPIragocs
3aBISKA OXOJIOMKEHHIO 11 BOISSHUMHU CTPYMEHSIMH 31 ClieliaabHoro npuctporo [30].

[Tpu pizaHHi HepKaBitOYOi CTaji TOBIIMHOIO IMOHA] 3 MM HallMEHIIIA BUCOTA
rpara J0CSraeThCs MPHU po3TallyBaHHI MOBEpXHI MeTany Buule gokyca (Af = -3

MMm) [31].
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1.5 AHani3 yMOB i pe3y/IbTaTiB ra3o/1a3epHOro pi3aHHs JEerOBAaHUX CTaJIeH

PizanHs HepKaBilOUMX CTajled KOPUCTYEThCS 3HAYHUM TMOMUTOM Ha
BITYM3HSAHUX BUPOOHUITBaX. HallOlabIl akTyadbHUM € pi3aHHS LUX METAlIB y
Jiara3odi TOBIIMHM Bix 1 g0 5 Mm. Panime y 1ocTaTHbO PiAKICHMX BHUITQJIKaX
BUHHKAJIa HEOOX1HICTh 0OpOOKHM HEPKaBIIOUMX CTajeil TOBIUHOO 10 MM 1 BHIIIE.

OCHOBHMMH BUMOTAMH, III0 BHCYBAIOTBHCS JI0 TMPOIECY Jia3epHOi 0OpOoOKH
HEpKaBIIOYMX CTaJIeH, € BIACYTHICTh 3aJIMPOK HA BUXO1 pi3y a00, MPpUHANMHI, iXHE
MiHIMQJIbHE YTBOPCHHS, a TaKOX NPOAYKTHBHICTH pi3aHHS, IO BIiIMOBIIAE
norpedaM CHOXKMBa4iB. Y JlaHOMY MiJIPO3AUT PO3IVITHYTO, SIKOIO MIpOI0 1 3a
JIOIIOMOI'0I0 SIKMX TEXHIYHHMX 3aC001B MOXKJIMBO 3a0€3IE€YUTH BIAMOBIAHICTL IIUM
BUMOTaM.

1.5.1 OcHOBHI BUMOI'H /10 Ia30/1a3€PHOI0 Pi3aHHS JIETOBAHUX CTAJIel

["a3onazepHe pi3aHHs € OIHHUM 3 HAOUIbII MPOTPECUBHUX METOAIB 0OpOOKHU
MaTepialiiB, 10 BUKOPUCTOBYE MOETHAHHS JIA3EPHOTO BUIPOMIHIOBAHHS Ta MOTOKY
ra3zy Juisl 3A1MCHEHHSI Tpoliecy pi3aHHs. L[ TeXHOMOris MIMPOKO 3aCTOCOBYETHCS
JU1s1 OOpOOKH pI3HUX METaliB, 30KpeMa JISTOBAaHUX CTajeH, 3aBIAsSKH CBOIM BUCOKIN
TOYHOCTI, €()EKTUBHOCTI Ta MOXJIMBOCTI OTPUMAHHS SAKICHOTO Pizy. OmHak s
JOCSITHEHHSI 0a)KaHOTO Pe3yJbTaTy HEOOXIJTHO BPAXOBYBaTH HU3KY TEXHIYHHMX Ta
TEXHOJIOTIYHUX AacCMeKTiB, SKI BU3HAYalOTh €(PEKTUBHICTh 1 SKICTh MPOLECY
ra3oJia3epHOro pi3aHHS.

TexHiYHI XapaKTePUCTUKH Ja3epa

OanuM 3 HaWBaXIMBINIMX [apaMETpiB MPU Ta30JIa3epHOMY pi3aHHI €
MOTYXKHICTh Jlazepa. BuOip onTHMalbHOI TMOTY)KHOCT1 3aJICKHUTh BiJl TOBIIMHHU
00poOJIIOBAaHOTO MaTepialy Ta TUIly cTail. PaHiie s pi3aHHs JEroBaHUX cTajien
B OCHOBHOMY 3aCTOCOBYBAJIHCS Jiazepu 3 MOTYkHICTIO Big 2 g0 10 xBt. Yum
O1sbIlIa MOTY>KHICTh, TUM IIBUIIE BIIOYBAETHCS MPOLEC PI3aHHS, OJIHAK 1€ TAKOX
BHMAara€e TOYHOrO HaJallITyBaHHS BCIX IHIIUX MMapaMeTpiB.

Tun nazepa € me omauM BaxuuBUM (aktopoM. [[ns oOpoOku neroBaHUX

CTajel MOXXyTh BUKOPUCTOBYBATHCS Pi3HI BUAM JIa3epiB, cepel SIKUX HaWOlIbII
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nonyasipHUMH € BoJOKOHHI Ta CO:-na3epu. BoiokoHH1 na3epu MaioTh BUCOKY
¢(DEeKTUBHICTh 1 TOYHICTh, a TAaKOX 3a0e3MeUyl0Th BHCOKY SKICTh pI3y Ha

Matepiajgax 3 BUCOKOIO TETUIOEMHICTIO [32].

ITapameTtpu rasy
KirouoBy ponb y mpolieci razona3epHOro pi3aHHs BITITpalOTh ras3u, II0

BUKOPUCTOBYIOTBCS JJIS1 MIATPUMKH MPOIIECY Pi3aHHS Ta OXOJIOKCHHs. 3a3BHUail

BUKOPHCTOBYIOTHCSI KUCEHB, a30T, TOBITPS Ta 1HII TEXHIYHI T'a3H, B 3aJIKHOCTI BiJ

BUMOT JI0 SIKOCTI pi3y Ta MIBUAKOCTI IPOIIECY.

e Kucenb crnpusie OUIbII IMBUAKOMY Ta €(PEKTUBHOMY MPOIIECY pPi3aHHS, MPOTE
MO’KE TIPU3BECTH JI0 OKUCIICHHS MaTepially Ha Kpasx pi3y, 10 € HEAOIIKOM JIsI
Oaratbox 3actocyBaHb. [Ipore mnsa marepiaiiB, 1€ JOIMYCTUMO OKHCIIEHHS,
KHCEHb € HAUOLIBII €()EKTUBHUM Ta30M.

e A30T BUKOPUCTOBYETHCS JUIsl 3a0€3MEYEHHSI YMCTOTU MOBEPXHI PI3y, OCKLIBKH
BIH HE BCTyHnae B peakuiro 3 marepiagoM. lLle ocoOnuBO BaxJIMBO s
BUPOOHUIITBA JIeTaleH, e HeoOX1JHa BUCOKA TOYHICTD 1 YMUCTOTA KpaiB, 30KpemMa
pu 00pOOIIl HEPKABIIOYHMX CTaJICH.

e [loBiTpst € OUIBII EKOHOMIYHUM BapiaHTOM, OCKIJTBKH CKJIAJIA€ThCSA 3 a30Ty Ta
KHCHIO B TIPHPOJHUX TIPOMOPIIisIX. BUKOpPUCTaHHS TOBITPS TO3BOJSE 3HAYHO
3HU3UTU BUTpPATH Ha TEXHIYHI Ta3u, MPOTE 1€ MOXKE MPHU3BECTH 10 MEHIIO1
TOYHOCTI Ta HAasABHOCTI OKaJIMH Ha Kpasgx pi3y. OnHaK s NeIKUX 3aCTOCYBaHb,
JIe HE BHUMAraerbcs O€37J0raHHO YHCTa TOBEPXHS, TOBITPS Moxke OyTu
NpuiHATHUM BHOOpoM. KpiM Toro, 1iel ra3 JOCTYNHUN y OyJb-IKMX YMOBax 1 HE
noTpedye A0AATKOBUX BUTpAT Ha CHellalibHI 0aJIOHU YU YCTaHOBKH.

Tuck razy mae 3HaYHUI BIUIMB Ha MIBUAKICTH Ta SKICTh pi3aHHA. Bucokuit

TUCK J03BOJISIE€ MIJBUIIUTH IIBUJKICTb OOpPOOKH, aje HAIMIPHO BHCOKHU THUCK

MOJKE€ TIPU3BECTH J10 A€(PEKTIB Y BUIIISAI 33 IUPOK UM HEPIBHOMIPHUX KpaiB Pi3y.

Tun i cKJIaa JJeropaHoi craJi
JleroBani cTaji MaroTh PI3HOMAHITHUNM XIMIYHMM CKJaJ, 110 BU3HAYa€ ix

¢b13udHI Ta MEeXaHI4HI BIacTUBOCTI. Hampukian, crami, mo MiCTATh BETUKUANA BMICT
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XpoMy, HiKeIo abo MomiOAeHy, MOXYTh BHUMAaraTé CHEI[lalbHUX HaJalliTyBaHb
napameTpiB ra3oyia3epHoro pizaHHs. BMICT Bymielo TakoX 3HaYHO BIUIMBA€E Ha
MPOIIEC Pi3aHHS: CTaJll 3 BUCOKMM BMICTOM BYIJICIIO OUTBIN CXHMIIBHI JI0 TEPMIYHUX
TpimuH 1 nedopmariiif, O BHUMara€ 3aCTOCYBaHHS ONTUMAJIbHHUX PEXKHUMIB
00pOOKH.

3ane)XHO BiJ TOBIIMHU Marepially BHOUPAETHCSA BIAMOBIIHA TMOTYXHICTb
Jazepa Ta IMIBHAKICTH pi3aHHA. s OUTBII TOBCTUX MaTepialliB HEoOXiTHO
BUKOPHUCTOBYBATH JIa3epu 3 OUIBIIOK MOTYXKHICTIO Ta IOBUIBHINIY IIBHUJKICTH
pi3aHHsI, IO T03BOJISE 3a0€3MEYNTH KPAIly SKICTh Ta TOYHICTh 0OPOOKH.

HIBUAKICTD | TOYHICTH pizaHHS

OnTuManpHa MIBHIKICTh pI3aHHS € KPUTHYHUM MapaMeTpoM, OCKUIbKU
HaJMIPHO BHMCOKa IIBUJIKICTb MOXE MPHU3BECTU JI0 HEAKICHOTO Pi3y, a HAIMIPHO
HU3bKa — JI0 30UIBIIEHHS] BUTPAT €HEPrii Ta 4acy. 3aJeKHO BiJ] MaTepiaixy Ta Horo
TOBIIMHU, HEOOX1JTHO TOYHO HAJAIITYBaTH MIBUAKICTh PYXYy JA3€PHOrO MPOMEHIO
JUTSL TOCATHEHHS 0a)XXaHOTO Pe3yJIbTary.

TouyHicTh pi3y € BaXXJIMBOK BHMOIOI0, OCKIJIBKM B 0araTrb0X BHIaJKax
BXKJIMBO JIOCSITTH BUCOKOI T€OMETPUYHOI TOUHOCTI Ta MiHIMAJIbHUX BIJIXUJIEHB B1J
3alaHux po3MmipiB. JIJisi 1pbOTO Ba)JIMBO HAJIAINTYBAaTH MapaMeTpy Jiazepa,
(dhoKyCyBaHHS IPOMEHIO T4 BUKOPUCTAHHS BIJIMOBIAHUX Ta3iB.

TenuoBi xapakTepucTUKH

["a3onazepHe pizaHHs BKIIIOUA€ BEJIHMKI TEIUIOBI HABAaHTA)KCHHSI HA MaTepial,
OCKIUJTBKM JIa3epHUN TMPOMIHb 3[aT€H JOCITaTH y)Ke BHUCOKHX TEMIIepaTyp.
HanmipHe HarpiBaHHs MOke Tpu3BecTH 10 Aedopmailiii mMarepianxy, YTBOPEHHS
TpiMH abo 3MiH B HOro cTpykTypi. /[ns 3amoOiranHs I1boMy HEOOXITHO
BUKOPHCTOBYBATH TOYHE PETYIIOBAHHS MOTY>KHOCTI Jla3epa Ta MBUAKOCTI Pi3aHHS.

SkicTsb pi3y

SkicTh pi3y € OIHIED 3 TOJOBHUX BHMOI JO Ta30Jla3€pHOTO pPi3aHHS.
[ToBepxHs pi3y MOBUHHA OyTH TJAAKOI, O€3 3a1Up, OKUIMH YW IHIIHUX Je(EKTiB.
KpiMm TOro, BaxiMBa TOYHICTH TE€OMETpPili pi3y, OCKUIbKH ©Oarato BHUPOOIB

noTpeOy0Th MiHIMAIbHUX JOMYCKIB HA PO3MIPH.
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ExonomiuHi acniekTn

ExonomiuHa e(EKTHUBHICTh Ta30/1a3€pHOTO Pi3aHHS 3alIeKUTh BIJ PSAy
(dbakTopiB, TaKWUX SIK TMOTYXHICTh Jla3zepa, IIBUJKICTb OOpOOKM Ta BHUTpATH Ha
eHeprito. 3a3Ha4eHo, 110 X04a el MeTo1 MoKe OyTH JOPOTHM Ha eTarl iHBECTHIIIH
B oOja/JiHaHHA, BiH 3a0e3neuye BHCOKY IIBHIKICTh BUPOOHHMIITBA Ta MIHIMAJIbHI
BUTpATH HA MaTepiajy, MO KOMIIEHCY€E IMOYaTKOBI BUTPATH.

be3neka

OcCKUIbKM TPOIIEC Tra30a3epHOro pi3aHHS BKIOYAE POOOTY 3 BUCOKUMH
TEMIIepaTypaMu Ta Ja3epHUM BUIPOMIHIOBAHHSM, JIOTPUMAHHS CTaHIAPTIB
Oe3nekr € KPUTUYHO BakiIuBUM. Jlyig 3abe3nedeHHs O€3MeKu TepCcoHaly
HEOOX1JTHO BUKOPUCTOBYBAaTH 3axUCHE OOJaJHAHHS, Take SK JIa3epHI OKYIApH, a
TaKOXK 3a0€3MEYUTH HAJIEKHY BEHTWISLII0 pOOOYHMX MPUMILIEHB JJI 3a00IraHHs
HAJMIpHOMY HarpiBaHHIO Ta YTBOPEHHIO IIKIITUBUX T'a3iB.

l'azomazepHe pizaHHS JIETOBAaHMX CTAJIEH € CKJIAQAHUM TEXHOJIOTTYHUM
MPOLIECOM, III0 BUMAarae TOYHOTO HAJIAINTYBAHHS MapaMeTpiB Jiazepa Ta raszy s
JIOCSITHEHHSI BUCOKOi SIKOCTI Ta edeKTuBHOCTI. Bubip Tumy rasy, MmOTY>KHOCTI
Jazepa Ta IHIIUX MapaMeTpiB 0OpoOKM Mae Oe3mocepeiHid BIUIMB Ha KIHIICBUN
pesynprar. HamanHs yBarm BCIM IIMM acleKTaM JO3BOJISIE€ JOCSTTH BHUCOKOT
TOYHOCTI Pi3y, 30€pEeKEHHS CTPYKTYPHUX BIACTUBOCTEH MaTepialy Ta €KOHOMIYHOI

e(hEeKTUBHOCTI BUPOOHUIITBA.

1.5.2 XapakTepHi 0c00JIMBOCTI ra30/1a3¢PHOI0 Pi3aHHS JIETOBAHUX CTaJIel

JUis  po3yMiHHS  3aKOHOMIPHOCTEW, XapaKTepHUX I MOAAJIBLIMX
pe3ylbTaTiB  JIa3€pHOTO pi3aHHS HEPXKABIIOUMX CTaled 13 BUKOPUCTAHHSIM
BOJIOKOHHHX J1a3epiB motyxHicTio 1, 1,5 Ta 2 kBT, HEoOXiqHO BpaxyBaTH BILIMB
XIMIYHOTO CKJIaqy OOpOOIIOBaHMX MarepiaiiB. 30KpeMa, HEraTMBHMM BIUIMB Ha
MOKa3HUKW pI3aHHS CIpaBisi€ HAABHICTh y CTall JIETYBAIbHUX JOMIIIOK —
BYIJICIIO, MApTaHIl0 Ta KPEMHIIO, SKI MIABUIIYIOTh B S3KICTh po3iuiaBy. Yum

BUIIIUM € TXHiil BIICOTKOBUI BMICT, TUM TIPIIMMU € Pe3yabTaTH 0OOPOOKH.
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Pesynpratu mochikeHb JIa3epHOTO pi3aHHS HEP)KABIIOUMX CTajled JBOX
pI3HUX MapoK CBITYaTh, II0 HA MIBUJKICTh Ta SKICTh MPOIIECY ICTOTHO BIUIMBAE 1
BMICT Xpomy. Lleli eneMeHT Takox crpusie 30UTBIIEHHIO B’S3KOCTI PO3IUIABY, IO
YCKIIQIHIOE HOTO BHUIIAJICHHS 13 30HU pi3aHHA. BimmosinHO, 3a 301IBIICHHAS BMICTY
XpOMY TTOKa3HUKH SKOCTI pi3aHHs MoTripuryroThes [33].

JlocnmipkeHHsT TPOBOAMIMCS Ha MPHUKIAAl Pi3aHHS CKJIATHOMPOQPIIBHUX
JeTajeii, BATOTOBJICHUX 13 HEPIKABIIOUHMX CTaJICH TaKUX MapOK:

ctamb 95X18 TtoBmuHOW 4 MM, mo Mictuth 0,9 % Bymiemwo, 17-18 %
xpomy, 0,8 % mapranio, 0,8 % kpemHito, 0e3 HIKeII0; OCHOBHUM KOMIIOHCHTOM €
3aJ1130;

crtamb 40X13 ToBmmHOIWO 5 MM, mo mictuth 0,4 % Bymiemro, 12—-12,5 %
xpomy, 10 0,6 % mapranito, 10 0,6 % kpemuito, 10 0,6 % HiKeNo; pelTa — 3a1i30
Ta He3HaYHa KUIbKICTh JIOMIIIOK.

VYKe Ha OCHOBI HABEJICHOTO CKJIaJy MOJKHA CTBEP/IKYBATH, 110 3a OJJHAKOBUX
YMOB OOpOOKH pe3ysbTaTH pi3aHHs cTajial mapku 95X18 OymyTh ripmmMu yepes
MIJBUIIEHY B’SI3KICTh PO3IUIABY, IO YCKJIAJHIOE HOro e(eKTUBHE BUAAICHHS 3
bponty pizanHs. Pizanusa cram 40X13 TOBHIMHOIO 5 MM 3AiMCHIOBAJIOCS SIK y
CEPEIOBHUIIII CTUCHEHOTO TMOBITPS, TaK 1 B CEPEAOBHIII a30Ty, Kl MOJABAIUCH Y
nBoctpyMmeneBe comio tunmy NKI15x15 mig tuckom 16 6ap. Cramp 95X18
TOBUIMHOIO 4 MM 00poOJsiiacs Juuie B CEPEAOBHILI CTUCHEHOTO MOBITPS 32 THX
caMuX TmapaMmeTpiB. BuUKopuCTaHHS CTHCHEHOTO TOBITPS SK JIOMOMDKHOTO Ta3y
JI03BOJISIE  HAOYHO MPOJAEMOHCTPYBAaTH 3aJICKHICTh pPE3YyJbTaTIB PI3aHHS BiJl
XIMIYHOTO CKJIQy CTalll Ta Bl CEPEeIOBHIIA OOPOOKHU.

Bubip 3a3HaueHux MapokK 1 TOBIIMH CTajeil Oyjg0 OOyMOBJIEHO TEXHIYHUM
3aBJlaHHSM 3aMOBHUKA. [IpoTe BUSBIEHI 3aKOHOMIPHOCTI € XapaKTEpHUMH 1 IS
THITUX MAapOK HEP)KaBIIOYHMX cTajiet Ta TOBIIKH 70 10 MM.

JIJ1si BUKOHAHHS pi3aHHS BUKOPHCTOBYBABCS BOJOKOHHHUH Jla3ep MOTYXHICTIO
2 kBt 3 po36ixkHICTIO BHUNpOMiHIOBaHHS Onu3bko 1,2 Mpan, chokycoBaHMI
o0'ektuBoM 3 (okycHoro Bincramnio f = 145 wmm. IloBepxHs 3pa3kiB

po3TalioByBajiach HIk4Ye TOUkU (hokycyBanHs Ha Af = 2 MM abo 3 MM 3aJI€KHO Bij
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TOBIIMHU cTaji. BignosigHo, miamerp rmisiMu (okycyBaHHs ctaHoBHB d; = 200
MkM 1ipu Af = 2 MM ta d; = 300 mxm npu Af = 3 mMm. HIiIbHICTE TOTY>KHOCTI
BUIIPOMIHIOBAaHHSI B 30H1 (hOKyCyBaHHs aocsrana W= 6,7-10° Br/cm* Ta W = 3-10°
Bt1/cm? BinmoBigHO.

3a BUIIOT IIIJTLHOCTI MOTY>KHOCTI Y TIpolieci aduiALii nepeBaxae piaka ¢asa,
a 3a HIDKYOI — PO3BHBAETHCA BUIAPOBYBAHHS, IO 3aMyCKA€THCA LEHTPAIHHOIO
30HOI0 PO3MOALTY 1HTEHCHBHOCTI. OTpuUMaH1 pe3yiIbTaTd MiATBEPIKYIOTh, IO 3a
3a3HaYEHUX 3HAYEHD IILUIBHOCTI MOTYKHOCTI SIKICTh OOPOOKH HEP)KABIIOUUX CTajieih
BUSIBIISIETHCS] HE3aJOBUIBLHOIO, 110 MiATBEPIXKYETHCS BUIIISAOM OOKOBUX MTOBEPXOHB
pizy.

ExcnepuMeHTANIbHI MiATBEPIKEeHHSI e()EKTUBHOCTI JIa3ePHOI0 pi3aHHSA
Hep:kaBilouux crajeil ToBHHMHOW 10 mm. DakT TEXHIYHOI peani30BaHOCTI
TaKOTO PI3aHHS MIATBEPIKYEThCsl poOoTamu [34]. JlocmimkeHHs BUKOHYBAIHUCS 3
BUKOPUCTAHHSIM BOJIOKOHHOTO J1a3epa MoTykHicTio 4 kBT y cepenoBumii a3oTy Ta
CTUCHEHOTO TOBITPSI, IO MoAaBaiucs yepe3 coruio tuiy 3.0S mijg TruckoM 16 atm 1
8 aT™ BIJOBITHO.

@oKycyBaHHSI BUITPOMIHIOBAHHS 3/11MCHIOBAJIOCS 3a JI0MIOMOT0I0 00’ €KTHBA 3
dbokycHorw BiacrtanHio f = 200 mMMm. Y3romxkenHs o6’ektuBa 3 f = 200 mMm i3
kosimaropom jazepa 3 f = 100 mm Oyjio Takum, IO CHPHUSIIO 3MEHIIEHHIO BTpPAT
BUIIPOMIHIOBAHHS Y TPUAOHHIA 007acTi (POHTY pi3aHHS 3aBISAKU MIABUIICHOMY
BIIOUTTIO BiJl HOTO O1YHUX TTOBEPXOHb.

Pa3zom 3 M, 3a Takoi ONTUYHOI KOH(ITYypallli He BUKIIOYanocs (POpMyBaHHS
MOJIOBKEHOTO JIPOCETIOIYOr0 KaHally, IO IOTEHI[IHHO MOIJI0 OH IOTIPIIUTH
napameTrpu pizy. [Ipore momanmpmmii aHami3 JO3BOJHMB MPHUITYCTUTH, IO BIUIMB
TaKOTO IOJOBXKCHHS € He KpUTUYHUM. [le MpumyIieHHs IPYHTYEThCS HA TOMY, IO
npu 3actocyBaHH1 00’extuBa 3 f = 200 MM Ta po3dokycyBanHi Af = 2 mm niametp
CBITJIOBOI IUISIMU JIOKajdi3allii BUMNPOMIHIOBaHHS CTaHOBUB d = 200 MKM, IO
3a0e3reuyBajgo JIOCTaTHIO IIIJIBHICTh TOTYXXHOCTI [IJIsi peajizaiii mporecy
HACKpI3HOTO pi3aHHS. YCepenHeHe 3HAueHHS MIUIBHOCTI TMOTYXXHOCTI B 30HI

(GOoKyCyBaHHSI CTaHOBWIO W =6.7+10°B1/cM?. Takuii piBeHb €HEPreTUYHOTIO
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HABAaHTAKEHHS [I03BOJISIB OOTPYHTOBAHO OYIKYBaTH, IO HaBITh 33 YMOBH
YTBOPEHHSI MOJOBXKEHOTO JPOCENIOI0YOr0 KaHaly sIKICTh OOKOBOi MOBEPXHI pi3y,
BUKOHAHOTO B CEPEIOBHUII a30Ty, 3aJUIIUTHCS MPUHUHATHOIO AJI MPOMKCIOBOTO
BUKOPHCTAHHSI.

ExcriepuMeHTanpHl  pe3ynbTaTd MATBEpAWIM 1ie mnpumnynieHHs. Ha
dotorpadii (puc. 1.5) 300pakeHo cTaH OOKOBOI MOBEPXHI Pi3y HEPIKABIIOYOI CTaT
TOBIIMHOIO 10 MM, 31iCHEHOTO B CepenoBUII a30Ty. /[ mopiBHAHHS Ha puc. 1.6
MIPEACTaBICHO aHAJIOTTYHUHN 3Pi3, BATOTOBJIICHUH y TiH K€ CTaJi, aje B CepeaOBHIII
CTHCHEHOTO TOBITpA. [IpoBeneHHs MOPIBHSUIBHOTO aHali3y A€ 3MOTY IJIHOIIe
3pO3yMITH BIIMIHHOCTI Y (13MKO-XIMIYHUX MPOIECcax, Kl PO3BUBAIOTHCS IiJl 4ac
pi3aHHs B 000X CepeOBHINAX.

Hacamnepen Bmamae B OKO CYTT€BAa pI3HULSA B CTPYKTypl OOKOBHUX
noBepXxoHb. Ha pi3i, BUKOHAHOMY B CepeIOBHII a30Ty 3 mBHUIKICTIO 0,8 M/XB (puc.
1.5), 4iTKO TPOCTEKYIOTHCA TPH 30HU 3 PISHUMHU XapaKTEPUCTHKaAMHU. Y BEpXHIH
30H1, MUOMHOIW Ou3pKo 0,8 MM, CIIOCTEpIraeThcsl HaWBHINA YHUCTOTA MOBEPXHI,
10 CBIIYUTH PO JOMIHYBAHHS BUTIAPOBYBAHHS y MEXaH13M1 aOIsIii.

VY cepenHiii 30H1, 3aBBUIIKUA NPpUOIU3HO 1,1 MM, Bi3yalbHO MOMITHI O3HAKU
(dbopMyBaHHS IPOCETIOI0YOT0 KaHay, a TAaKOX BUKPUBIICHHS pedep y HIKHIN HOTOo
yactuHi. CaM KaHal yTBOPHBCS HA IIMOMHI 3,5 MM Bij HOBEepXHi 3arotoBku. Moro
HE3HAuyHa JOBXKHHA MIITBEPIKYETHCSA BIJICYTHICTIO aKyMYJIbOBAHOI PiKoi ¢azu —
BOHA Maifke MOBHICTIO MPOMIIUIA KPi3b KaHAl y TPETIO, HUYKHIO 30HY.

VY Tperiii 30HI (IKCYeETbCS YTBOPEHHS pelep, BUCTYIN SKUX CTAHOBUTH
onmu3pko 20 MKM. [XHS MOHMEHA YacTOTa CBiTYHTH npo cTablabHE BUIAJICHHS
po3miaBy. Mik pebpaMu YITKO BHUJHO 3aCTUIVI CTpyMeH1 piakoi ¢aszu, 110

SUIAIIIIIACS TICHS 11 MPOXOKEHHS uepe3 KaHall.
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Pucynok 1.5 — biuna moBepxHsi pi3dy B HepkaBitodiil crasi TOBIIMHOIO 10
MM, OTPMMAaHOT'0 32 BUKOPUCTAHHS B SIKOCTI aCUCTYIOUOTO ra3y a3oTy

Ha 3aBepiieHHss 00TOBOpPEHHS pe3yJ/IBTATIB JIA3EPHOTO Pi3aHHS HEP)KaBiIOYOi
CTaji y CEepeloBHUIIll a30Ty BapTO Harajartu, 110 MOJIMIIEHHS SIKOCTI Mpolecy
JOCSITAETHCS 3a TAKUX YMOB: BUKOPHCTAHHS BOJOKOHHOTO Jia3epa MOTYXKHICTIO 4
KBT 3 HU3bKOI0O pO301KHICTIO TTpoMeHIo (10 0,5 Mpaj) Ta 3arTuOIeHHS MOJT0KCHHS
dokycy B Tu1o getani Ha piBHI Af = —5 mm. Takoxxk Oy/no BCTaHOBJIEHO, IIIO
MOJIIMMIIIEHHST SIKOCTI pi3aHHSA Ta MIiABUINCHHS HWOTO IIBUAKOCTI 3a HHU3BKOT
PO301KHOCTI TPOMEHIO JIOCATAETHCS MIJISXOM BHUKOPUCTAHHA (OKYCYHOUOTO
00'exTrBa 3 (hoKyCcHOIO BiacTaHHIO 300 MM.

Ha GoxoBiii mOBEepXHi pi3y, OTPUMAHOTO B CEPEIOBHUIII CTUCHEHOTO TMOBITPS
(ssx BumHO Ha (pororpadii, mpencrapieHid Ha puc. 1.6), YITKO BUIISIOTHCS TPU
30HU. Y BEpXHIii 30HI, BUCOTA SKOI CTAHOBUTH MPHOIM3HO 3,3 MM, chopmyBammcs
HEBHMCOKI BUCTYNHU — pedpa, 110 MOMITHO MiJTHOCITHCS Haa MOBEpXHEI pizy. Lle
BiI0yJIOCS Yepe3 JOMiIHYBaHHsI MIPOLIECY BUNIAPOBYBAHHS B a0l HA I JUISHII,
TUCK SIKOTO €(EeKTHBHO BUTICHSE PiKy ¢a3y. KoMOiHOBaHMI BITUB I[LOTO SIBHINA
Ta HAsIBHICTH HI)KYE PO3TAIIOBAHOTO JIPOCETIOI0YOTO KaHATY CIPUSIIA YTBOPEHHIO

TaKux peoep.
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Pucynok 1.6 — biuna moBepxHsi pidy B HepskaBitodiil craii TOBIIMHOWO 10

MM, OTPHUMAHOTO 32 BUKOPUCTAHHS B IKOCTI aCHCTYIOUOTO Ta3y MOBITPs

CipyBaro-TeMHe 3a0apBIeHHs MOBEPXHI BEPXHBOI 30HH BKa3y€ Ha Te, IIO B
1iif o6nacTi mepioAMYHO ¥ Ha KOPOTKHil Yac BMHMKAJa €K30TepMiuHa peakiis. i
NEPIOANYHUI 1 KOPOTKOTPUBAIUIN XapakTep MOSCHIOETHCA THUM, IO TOHKUH Iap
piakoi ¢asu, mo 3amuimaBcs Ha (GPOHTI pi3y, MUKIIYHO MOKPUBABCS TYTOIIABKOIO
okcuaHow TUTiBKOIO Cr20s. Ilpore cykymHa 1is BUNApOBYBaHHS Ta MPOLIECY
TOPiHHS MPU3BeENa 10 301IbIICHHS TTUOMHM MePIoi 30HU 70 3,3 MM.

[licnss BepxHBOI 30HU CIIOCTEPIraeTbCcs HAKOMWYEHHS piakoi  ¢asw,
CIOpPUYMHEHE YTBOPEHHSM Y 1L o0iacTi apocemntorodoro kaHainy. OCKUIBKH B 11O
30HY NPOAOBKYE HAJAXOJUTHU CTUCHEHE MOBITPS 3 111€ BITHOCHO HEBUCOKUM PIBHEM
3HIDKEHHSI THCKY, BMICT KHUCHIO B HhOMY (Omm3bko 20 %) cripusie po3BUTKY TYT
€K30TEePMIYHOI peaKiiii.

VY 30H1 HUXKYE APOCETIOIYOro KaHally Ha CMy31 LIMPHUHOIO NpuOIu3Ho 1,5
MM B1J10yBa€ThCs 3TOPSIHHS po3IiaBy. Lle 3yMoBIt0€ BITHOCHY MIAJKICTh MOBEPXHI
B 11K ausHIi. KpiM Toro, BoHa BKpUTa CIpyBaTO-TEMHOIO OKCHIHOIO ILTIBKOIO, SIK
3a3Ha4eHO y Jkepedni [35].

@dakT HaASBHOCTI MPOLIECY TOPIHHS MIATBEPKYETHCS TaKOX HAsIBHICTIO
BUPA3HOTO 3amIUOJIEHHS B Mexkax I€l CMyru. [Hakimie Kaxydu, y I TodIl

3HIMaHHA MeTaldy BifgOyBaeTbcs BIIMO kKaHamy. lle moB’s3aHo 3 TUM, IO
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HaKoMWYeHa B I oOmacTi pigka ¢a3za HArpiBaeTbcs 3a PaxXyHOK JJ0AATKOBOT
eHeprii, sfka BUAUISETHCA I 4Yac TOopiHHSA. BHACHIIIOK TEIUIONPOBIIHOCTI 30HA
Matepianay, TOBIIMHA $KOI BIAMOBITA€ TIIMOWHI 3ariMOJICHHS, MPOTPIBAETHCSA 10
TEeMIIepaTypH TUTaBJIeHHs. Ha moBepxHiI BIIAJWHU YITKO BHUIHO 3aJIUIIKOBI MOTOKHU
3acTUMIIOT piikoi ¢as3u, 13 pO3pI3HIOBAHUMHU IIUPUHOIO Ta BUCOTOIO. [Ipu mbomy
4acToTa iX TOBHOTO BHJIAJICHHS 3MCHIINYETHCS, IO BHUSIBISETHCS B yTBOPEHHI
MOXUJINX MIKPOBIAAWH Ha AHI 3armuOiieHHs. [le MOsSCHIOEThCS TUM, 10 BUAAICHHS
pO3IUIaBy B Il 30H1 BiI0OyBa€ThbCsl HE TUIBKM BHACHIIJIOK TOpPIHHS, a ¥ yepes
3MEHIIEHUN CyMapHUM TUCK BUITAPOBYBAHHS Ta ACUCTYIOYOIO rasy.

Hwxue npocentorodoro KaHally THCK CTHCHEHOTO TOBITPSL  Pi3KO
3HIKYETHCS, TOMY IIBUAKICTb TOPIHHSA PiAKoi (a3u 3MeHiryeTbes. Lleit BucHoBok
HIATBEPIKYETHCS TUM, L0 MOBEPXHS pi3y B LM OUISHII BKPUTA BXKE HE TOHKOIO
OKCHJIHOIO TUTIBKOIO, K II€ CIOCTEPIraeThCs BHUIIE, a BIJHOCHO BEITUKUMHU
YacTKAMH 3TOpiIOTO MeTamy. IXHS MOBEpXHS TaKoK OKCHAOBAHA, IO HAAa€ iM
YOPHOI'O KOJIbOPY.

[TimcymMOBYIOYM MOXKJIMBO KOHCTaTyBaTW, IO Yy MpOLECl pi3aHHS SK Y
CEepelIOBUIIll a30Ty, TaK 1 B CEPEAOBUIIl CTUCHEHOTO TMOBITPSI CIOCTEPIraeThCs
3MEHIIIEHHS MMpUHU pidy 1o mpubauzno 100-150 mxm. Take 3By>KeHHS pizy
noripurye e(peKTUBHICTh BUAAQJICHHS PIAKOI (a3u 3 MiABUIICHOI B’SI3KICTIO. Y
pe3yabTari, 31 3pOCTaHHSAM NIMOWMHU (PPOHTY pi3aHHA, IIUIBHICTh MOTYKHOCTI B
HOro mpUIOHHIN 30H1 3HIKYEThCA. [lim yac pizaHHS y CEpeloBHUII CTUCHEHOTO
MOBITPSI, HABITh MPHU MOJa4l HOro 10 COIjia MiJ TUCKOM 110 16 aT™M, HasBHICTh
TyroruiaBkoi 1IiBku Cr20s Ha moBepxHi (POHTY BCE OJHO YCKIIATHIOE BHUIAJICHHS

pO3ILIaBy

1.5.3 Ouinka BIUIMBY THIIy aCHCTYHO4YOro rady Ha HNPOAYKTHBHICTH Ta

SIKICTh ra30/1a3¢PHOI0 Pi3aHHS JIETOBAHUX CTaJIeH

['azonmazepHe pi3aHHS € BHUCOKOTOYHHUM TPOIECOM, M0 TOETHYE

BUKOPHUCTAHHS J1a3€pHOTO MPOMEHIO 1 AaCHUCTYIO4Oro rasy s 3a0e3nedeHHs
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e(eKTUBHOTO Ta IIBHJKOTO pO3pi3aHHA MaTepianiB. Bubip acucryiodoro rasy
BIJIirpae KIIOUOBY pOJIb Yy 3a0e3MedyeHHl SKOCTI pi3y, a TaKoK B 3arajbHIA
NPOAYKTUBHOCTI Tpouiecy. Tum ra3y BIUIMBaE Ha KulbKa (akKTOpiB, TAKUX SK
MIBUJKICTh pI3aHHA, YHCTOTA TMOBEPXHI, a TAaKOK MOXIIUBI 3MIHM B XIMIYHOMY
CKJIaJl Ta CTPYKTYp1 MaTepialy Ha MexXi pizy.

BniuB THmy acMCTy4oro rasy Ha IIBWIKICTh Ppi3aHHs Ta
epexTuBHicTh. [lIBUAKICTE 1 €(EKTUBHICTh Tra30Ia3epHOTO pi3aHHA 3HAYHOIO
MIpOIO 3aJeXaTb BIJ THUILy AacHCTYIOYOro Trazy. Y 3arajlbHOMY BHIIJIKy
BUKOPHCTOBYIOTHCSI TaKl TUIIH Ta3iB:

. Kucenb: BuxopucTaHHs KHCHIO J03BOJISIE MIJIBUIIUTH IIBUJIKICTb
pi3aHHS, OCKIJIBKM KUCEHb aKTHUBHO B3a€MOJII€ 3 MarepiajioM 1 MATPUMYE MPOIec
OKHUCJIEHHS Ha Mexl1 pi3y. Lle 3011blnye MBUAKICTD a0l MaTepialy Ta MIJBUILYE
e(eKTUBHICTD Mpolecy. [IpoTre npu 1boOMy MOXKYTh BUHUKATH OKCHJIU Ha MOBEPXHI
pi3y, IO 3HUXKYE SIKICTh, OCOOJMBO i MarepialiB, YyTIMBUX JO OKHUCJICHHS,
TaKUX K HEP>KaBilo4il CTalll a00 CIUIAaBU 3 BUCOKMM BMICTOM JIETYIOUMX €JIEMEHTIB.

. A30T: A30T HEe B3aEMOI€ XIMIYHO 3 MarepiajoM 1 HE CIpUsie
YTBOPEHHIO OKCHIIB, TOMY BiH 3a0€3Meuye YUCTy MOBEPXHIO Oe3 3a0pynHeHb. Xoya
MIBUIKICTh PI3aHHS 3 a30TOM MOXKE€ OyTH HWXKYOK, HDK 3 KHCHEM, IIell ra3
3abe3rmedyye Kpaily SKICTh KpaiB Ta BIACYTHICTh OKajduH. A30T 4acto
BUKOPHCTOBYEThCSI I pI3aHHS MaTepialliB, 110 BUMAarailTh BUCOKOiI TOYHOCTI,
TaKUX K TOHKI JINCTU 3 HEPKABIFOUOT CTaNIl YU TUTAHY.

. IoBiTpsi: IloBiTps € OLIBII EKOHOMIYHUM BapiaHTOM, OCKUJIbKH
CKJIQIa€ThCsl 3 MPHUPOJHUX KOMIIOHEHTIB — a30Ty Ta KHUCHIO. [l Jeskux
3aCTOCYBaHb, /I HE KpUTUYHA BHUCOKAa YHUCTOTA TMOBEPXHI, MOBITPS MOXe OyTH
NPUIAHATHUM BapiaHTOM. BukopucTaHHS TOBITPS NPU3BOAUTH IO MPUCYTHOCTI
OKHCIIEHHSI Ha MEXI i3y, 110 3HUXKYE SKICTh, OJHAK JJIs1 BEJIMKUX Cepiil Ta MEHII
BUMOIJIMBUX MaTepialliB 1€ MOXK€ OyTH JOCTaTHbO €(PEKTUBHO Ta E€KOHOMIYHO
BUT1IHO.

BrnuB acucTyiodoro rasy Ha sSIKICTb TOBEPXHI Ta TOUYHICTH Pi3y:
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Tun razy mae 3HaUHUN BIUIMB HA SIKICTh MOBEPXHI Pi3y, IO € KPUTHUHO
BOXJIMBUM JJIsi 0aratbOX 3acTOCyBaHb, JI€¢ TOYHICTH 1 YHCTOTa KpaiB €
BUPIMIAIbHUMU.

. Kucens: BukopuctanHs KHCHIO TPU3BOIUTH O YTBOPECHHS OKCHIHOT
IUTIBKKM Ha TMOBEPXHI Marepiaiy, 10 MOXE 3HUKYBAaTH MOTO KOPO31MHY CTIHKICTB.
Jlyis mMatepianiB, TaKUX SIK BYIJIELIEBA CTajlb, 1€ MOXKe OyTH JOMYCTUMUM, OCKITTBKU
OKHCIICHHSI JIETKO BHUJAJSIETHCS B MOJAIBIIMX eTanax oOpoOku. OnHak ist
HEpXKaBIIOUMX CTaJiel a00 aJIFOMIHIEBUX CIUIABIB YTBOPEHHS OKCHIIIB MOXeE OyTH
HeOa)KaHUM, OCKUIBKH 1€ BIUTMBA€ Ha iX €CTETHYHI XapaKTepUCTUKU Ta (Pi3UKO-
XIMI4H1 BJIaCTHUBOCTI.

. A30T: A3OT, y CBOIO 4Yepry, MI03BOJISIE OTPUMATH YUCTI Kpai Oe3
OKHUCJIEHHS, [0 € BAXKJIMBUM JJI1 MarepialiB, YyTIMBUX A0 3MIH Ha IOBEPXHI,
TaKUX K HEepKaBiloya CTaJlb YU TUTAHOBI CIUJIaBU. 3aBJSKH BIACYTHOCTI XIMIYHHX
peakiIiiii 3 MaTepiajaoM, a30T 3a0e3Meuye Kpalry TOUYHICTh Ta BiJACYTHICTh JA€(EKTIB
Ha MEX1 pi3y.

. IloBiTpsi: BuxopucranHss MOBITpS NPU3BOAUTH JO MPUCYTHOCTI
HE3HAYHOI KUIBKOCTI OKCH[IB Ha MEXl pi3y, 10 MOXE MOTIpIIMTH €CTEeTUYHI
XapaKTEepPUCTUKU Ta KOPO3IMHY CTIMKICT, Marepiamy. OnmHak s JesKHX
3aCTOCYBaHb, /I 11e HE € KPUTUYHUM, IIei ra3 Moke OyTH MPUIHHITHUM Yepe3 CBOIO
€KOHOMIYHICTb.

BruuB razy Ha cTpyKTypy marepiany:

[Ipouiec raszonazepHOro pi3aHHS 3[aT€H 3MIHIOBATH MIKPOCTPYKTYPY
MaTepialy B Mpu(poHTAIBHINA 30H1 pi3y, 110, Y CBOIO YEpry, MOXE BIUIMBATU Ha
HOTr0 MexaHiuHI BJIACTUBOCTI. BuOIp acuCTyrouoro ra3y BHU3HA4Ya€ Xapakrep
TEIJIOBUX MPOIECIB Y 30HI Pi3aHHS Ta CYTTEBO BIUIMBAE HA CTPYKTYpPHO-(ha30BUI
CTaH Marepiaiy B 30Hi 3pizy

. Kucenb: BukopucTaHHS KHCHIO MOXE MPHU3BECTU O 30UTBIICHHS
TeMIEpaTypu Ha MEXI pi3y, 110 B CBOIO YEPry MOXE CHPUSITH OUIbIIINA TIIHOOKIN
3MIHM CTPYKTYPH Marepiaiy, 0 3a3BUYail MPOSBISETHCS Y 301BIICHH] TBEPIOCTI

a00 yTBOpPEHHI OKHUCIB.
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. A30T: A30T HE 3MIHIOE CTPYKTYpY Marepially Tak CHJIbHO, OCKUTBKU HE
pearye 3 wmarepiamoMm. OpHak miJg Yac pi3aHHS MOXYTb BHUHUKATH TEPMIUHI
Hanpy>KeHHS, 110 BIUTMBAIOTh HA TOYHICTH Pi3y, MPOTE 1€ HE TaK CHIIBHO, SIK MPH
BUKOPUCTAHHI KUCHIO.

Tum acucTtyrodoro rasy € BaXIHBUM (PAKTOPOM, IO BHU3HAUYAE
OPOAYKTUBHICTh Ta SIKICTh Ta30Ja3€pHOTO pI3aHHA JICTOBAHMX  CTaJIeH.
BukopucTaHHs KUCHIO J103BOJII€E JOCATHYTH BHCOKOI IIBHUIKOCTI pi3aHHS, aje
3HMKYE SIKICTh KpaiB yepe3 yTBOPEHHS OKCHAIB. A30T 3a0e3neuye YMCTil Kpai Ta
TOYHIII PE3yJIbTaTH, MPOTE€ HOTro BUKOPHCTAHHS MOXKE 3HI)KYBAaTH IIBUIKICTH
npotiecy. [IoBiTps € EKOHOMIYHUM BapiaHTOM, aji€ MOXKE MPU3BECTHU JI0 YTBOPEHHS
HE3HAYHUX OKCHJIB Ha MEXI pi3y, 10 MOXKe OyTH HENPUIATHUM I JESIKUX

MarepianiB.[36].

1.6 BucHoBkH 32 po3aiiioMm 1

1. [IpoBeneHo neTanbHUNA aHaJI3 BIIOMHUX PE3YJIbTATIB JOCIIIKEHDb MPOLIECY
ra3ojla3epHOro pi3aHHs HEP)KABIIOUMX CTaled BUIPOMIHIOBAHHAM IOTYKHHUX
ONTOBOJIOKOHHHX JIa3epiB.

2. PosrnsnyTo BrumMB 0a30BUX MapaMeTpiB (PAKTOPHOTO MPOCTOPY Ha
MPOIYKTHUBHICTh Ta SIKICTh Fa30J1a3€PHOTO P13aHHS METaiB.

3. BukoHaHa 3arajgbHa OLIHKA POJil 1 MICLS PI3HUX THUIIB aCUCTYIOUMX ra3iB
Ha MPOIIeC Ta Pe3yIbTaTH ra30Jia3epHOro pi3aHHI.

AHaJi3 JIITepaTypHUX JKEpes MoKa3as, 10 MOTEHIal Cy4YaCHUX MOTY>KHUX
(6 kBt — 12 kBT) onTOBOJIOKOHHUX JIa3epiB AAJIEKO HE 3aBXkKIH BUKOPUCTOBYETHCS
B TIOBHIA MIpi 4Yepe3 HEJOCTaTHE EKCIEPUMEHTAIbHE OOTpyHTYBaHHS
30amaHcOBaHOCTI 0a30BUX MapaMeTpiB MPOLIECy, BKIIOYAIOUH MOTYKHICTh Jla3epa,
(GbOKyCHY BiJICTAaHb ONTHYHOI TOJIOBKH, IMOJOXKEHHS (OKYCy BIJIHOCHO IOBEPXHI
3arOTOBKH, TUITY Ta TUCKY JOMOMIKHOTO Ta3y, BHYTPIIIHIO CTPYKTYpPY Ta JiaMeTp
COILIa, BIICTAHHIO B1J] COTUIA /IO TTIOBEPXHI 3arOTOBKH.

Buxonsuu 3 HaBeneHOro c(hOpMyIbOBaHO METy, 00 €KT, MPEAMET 1 OCHOBHI

3aBIaHHA JOCIIIHKEHHS.
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Mera i 3aB1aHHs aoc/igxenHsa. Meta poOOTH: NiABUIIEHHS €(EKTUBHOCTI
BUOOPY  palllOHAIBHUX  IMapaMeTpiB  TEXHOJIOTIYHUX  MPOLECIB  pi3aHHS
HEPKaBIIOUHX crajnei HA  JTHIAII YCTaHOBOK, YKOMIUIEKTOBAaHHUX
ONTOBOJIOKOHHUMH JIa3epaMu MOTYXHICTIO 12 kBT, siki rapaHTOBaHO, 3 BUCOKUM
pPIBHEM BIATBOPIOBAHOCTI, 3a0€3MEUyI0Th MAaKCUMAaJIbHY MPOJAYKTUBHICTh MPOIECY
Ta BIAMOBIIHICTE BUMOT'aM 3aMOBHHKIB JI0 SIKOCTI J€TaJIE.

Jl7i mocsTHEHHS TIOCTaBJICHOI METH B AMCEPTAIliiiHIi poOOTI BUPILIYIOTHCS
HACTYTHI 3aBJIaHHA:

1. IIpoBectn aHami3 BIIOMHUX pE3yJbTaTIB JOCHIKEHb MPOIECY
ra3oyia3epHOro pi3aHHS HEPXKABIIOYUX CTajeil BUIMPOMIHIOBAHHAM MOTY>KHUX
OINITOBOJIOKOHHHUX JIa3€piB.

2. ITlixibpatu Ta po3poOUTH KOMIUIEKC METOAMK, MPWIAAIB Ta 00JaHAHHS
JUISL TIPOBEJCHHSI CUCTEMHUX EKCHEPUMEHTAIbHUX JIOCTIPKEHb Ta30MHAMIYHHUX
IPOLIECIB B 30HI pI3aHHS Ta OILIHKHA SKOCTI MOBEPXOHb pIi3y 3TITHO BUMOT
cranaapty ISO 9013:2017.

3. IlpoBecTn CHUCTEMHMI KOMIUIEKC IOCIHIKEHb Ta OTPUMATH JOCTATHHO
TOYHI €KCIIEPUMEHTANIbHI JaHl PO 3aKOHOMIPHOCTI 3MIHM JiaMeTpa CTPyMEHS Ta
BEJIMYMHU PDKYYOro THUCKY acCHUCTYyIOYOro Tra3y Ha TIOBEpPXHI JeTaml 3a
BUKOPHUCTAHHA KOHKPETHOTO THITY COIUIA, MOJENI TEXHOJOTIYHOI YCTaHOBKH Ta
napaMeTpiB NpoLECy ra30Ja3epHOro pi3aHHs.

4. ExcrnepuMeHTanbHO OOTPYHTYBAaTH palliOHAIbHI IMMapaMeTpu PEeXUMIB
pi3aHHS HEpPXaBIIOYMX CTalell BHUIPOMIHIOBAHHSM ONTOBOJIOKOHHOTO JIa3epa
noTykHicTio 12 kBT 3a BUKOpUCTaHHA B SIKOCTI aCHUCTYIOUMX Ta3iB a30Ty Ta
MOBITPS, sIKI 3a0€3Meuyl0Th BHCOKI PIiBHI MPOJYKTUBHOCTI 1 BIATBOPIOBAHOCTI
MPOIIECY Ta SIKOCTI OTPUMAHUX JIETaJICH.

5. BuxkoHatu aHami3 Ta MOPIBHSHHS OTPUMAaHUX PE3YJIbTATIB Ta OIIHUTHU
piBeHb BIUIMBY THITy AacCHCTYIOYOTO Ta3y Ha MapaMeTpu TMpoIecy Ta SKiCTbh
OTPUMAaHMX JICTAJIEH.

6. 3anponoHyBaTH MiAXOAH Ta PO3pOOUTH e(hEeKTUBHI perpeciiiHi MOAeNi s

pO3paxyHKy  IapaMeTpiB  PEXKHUMIB  pi3aHHS  HEPXKABIIOYMX  CTaJleH
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BUIIPOMIHIOBAaHHSIM ONTOBOJOKOHHOTO Ja3epa MOTyxHicTio 12 kBT, sxi
320€311eUyI0Th BUCOKY MPOJTYKTHUBHICTH IIPOIIECY Ta BIAMOBIAHY SKICTh OTPUMAHUX
neTajeu.

006’exT mociimkeHns. ['a3oquHaMivHl 1 TEXHOJOTIYHI TTapaMETPH MPOIIECY
ra3oJia3epHoro pi3aHHsS HEPKaBIIOYUX cTajiei BUIIPOMIHIOBaHHSIM
OINTOBOJIOKOHHOTO JIa3epa MOTYXHicTh 12 kBT.

IIpenmer pocaimkeHHsi. 3aKOHOMIPHOCTI BIUIMBY THITY aCHUCTYIOUOTO Ta3y
Ta HOro THUCKY, BHYTPIIIHBOI CTPYKTYpPH 1 T€OMETPUYHHUX IapaMeTpiB COILIa,
($oKyCcHOI BiICTaHI ONTHYHOI TOJOBKH, MOJOKEHHS (DOKYCy BIJHOCHO TMOBEpPXHI
JeTani, BUCOTH pi3aHHsA (BIACIIIKOBYBAHOTO 3a30py), IIBUIKOCTI pi3aHHS Ha

MPOYKTUBHICTH MPOIIECY 1 AKICTh OTPUMAHUX JCTAJICH.
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PO3A1JI 2 EKCIIEPUMEHTAJIBHE OBJIAJHAHHSA I METOAN
MNPOBEJEHHSA JOCJIIIKEHDb

2.1 ExkcnepumeHTajJibHa 0a3a JOCJIIUKeHb Ta OHIHKA JOCTOBIPHOCTI
pe3yJbTaTiB

2.1.1 TexHiuHi XapakTepUCTHKH BepcTara /Js Pi3aHHA MeTAJIB
BUIIPOMiHIOBAHHSAM IOTYKHOT0 ONITOBOJIOKOHHOIO Jiazepa

Jiis IpOBEEHHS TOCHTIIKEHb Oyl0 BUKOPUCTAHO Ja3€pHUN TEXHOJOTIYHUM
xkomruieke HoBoi JiHikn AFX-PRO-12000-1530LD, sikuit Bnepie st cepii AFX
KOMIUICKTY€EThCSI  1TepOl€BUM BOJIOKOHHHUM JIa3€POM  BHXIJHOIO TOTYXKHICTIO
12000W Ta xapakTepu3yeTbCs BHUCOKOIO TOYHICTIO Ta HAIWHICTIO Tij] dYac
BUKOHAHHS TEXHOJIOTTYHUX oreparliil. 3arajipHa cTpykTypa Komruiekcy AFX-PRO-
12000-1530LD npencrasnena Ha puc. 2.1. Bin cknagaeTbes 3 5 6a30BUX CUCTEM:

— cucrema pyxy (Bici X, Y, Z);

— onok cuctemu kepyBanus (UIIK-cepsep + [13 CutConrol);

— OINTUYHA cucTeMa (JDKEpeso JIa3epHOr0 BUIPOMIHIOBAHHS, OMNTHUYHE
BOJIOKHO, OTITUYHUN KOHEKTOP, ONTUYHA TOJIOBKA);

— CHUCTeMa ToJlaul aCUCTYIOUMX TexHoJIoryHuX rasiB (Oz, N, AIR);

— CHCTEeMa OXOJIOJKEHHS (U1JIIep).
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Pucynok 2.1 — 3aranpHa CTpyKTypa JIa3€pHOrO TEXHOJOTIYHOTO KOMILIEKCY
AFX-PRO-12000-1530LD: a) — KOMIIOHOBKa MPUBOJIIB CUCTEMHU PYXy; 0) — TUIaH
PO3MIIIeHHST 0a30BUX TEXHOJOTIYHUX CUCTEM

OCHOBHI ITacMOPTHI J1aH1 KOMIUJIEKCY HaBeseH1 B Tabm. 2.1.

Tabmuis 2.1 - TexHiYHI XapaKTEPUCTUKHU Ja3€pHOTO TEXHOJIOTTYHOTO

komruiekcy AFX-PRO-12000-1530LD

TexHIYHI XapaKTEepUCTUKH Ja3epHOro TexHonoriyHoro komiiekcy AFX-PRO-12000-1530LD

JlazepHe mxxepeJio

Tun nazepa iTepbieBuit BomokonHmit 12000W
[lepenaua mpomeH:o Yyepe3 ONTOBOJIOKHO
PesxxuMu BUNpOMiHEHHs/pi3y IMIYJIbCHUH, Oe3nepepBHU

JloBXrHA XBHJII JTA3€PHOTO
1064-1070 am

BUIIPOMIHEHHS




60

Ontu

YHa rojioBkKa

CucreMa 3MiHHU 3aXHMCHOTO CKJIa

KapTpUIKHA

Cucrema (oxycyBaHHS

aBTOMaTHU4YHa

Cucrema miaTpuMKH Gokycy

OC3KOHTAKTHA, aBTOMATUYHA

XapakTepuCcTHKH TOYHOCTI
TouHiCTh MO3UIIIOHYBAHHS O
+0.01 Mmm
KoopauHaram X, Y,
JIMCKpETHICTh 3aBIaHHS TOJIOKCHHS 1 MM
XapaKTepuCTHKH PO3KPOIO
Hlupuna pizy (B 3aJ1€XKHOCTI Bij
0,08-0,2 MM

TOBILIMHU Marepiany)

3acTOCOBYBaHI TEXHOJIOTI4HI I'a3U

KHUCCHb, a30T, apr'OH, CTUCHCHC HOBiTpH

[lepemuKkaHHS Pi>KydOTO Ta3y

aBTOMAaTU4YHEC

Cucrema pyxy

KinemarnuHa cxema

ImopTajibHa, JIUCT Hep}IXOMI/Iﬁ

[Tpusin THIMHAHR, TPAMHNA
CHHXPOHHI O€3KOJIEKTOpHI JiHiiHI
JBurynu
JIBUTYHU
MaxkcuMaiabHa BEKTOPHA MIBHJIKICTh
. 180 m/xB
nepemimess XY
Po3wmip nons 06poOku 1500x3000 mm

Crin

OBONAJIETHUN aBTOMAaTU30BaHUN

YOBHUKOBHWH CTLJI

Yac 3MiHH CTOJIIB 18 cex
CucreMa BUIAJIEHHS BIIXOIIB MAI0HU

Xix koopauHaTH Z 100 Mmm

JIiH1iiHUI NpUBIJ HA KOOpMHATaX XY, Z
IIporpamue 3a0e3ne4eHHs
Cucrema UIIK ARAMIS CNC
Po3kianika neraneit Ha BipTyaabHOMY
aBTOMaTUYyHa/py4Ha

CTOJI

dopmaru TaHUX

DXF, DWG, G-code

Mo>KITHMB1 METOAH 3aBaHTAKEHHS

IHTEpHET, JIOKaJbHa Mepexa, USB -
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JTaHUX dreni- HakoMMYyBaY
MOXJIMBICTh YCTaHOBKH .
MIKPOTIEPEMUYOK B KOHTYP1 PO3KPOIO
Po3skpiit metonom «FlyCut» - pizka N
HAJIbOTY
ABTOoMaTnuHUil 00K €KBITUCTAHTH +
MOXXIHUBICTh OJIOKYBAaTH MOAAJIBIII .
MIPaBKH OMEPaToOpoOM
baza pexumiB po3Kporo +
MoIIMBICTE 3MIHIOBATH / T1O1aBATU .
PEKUMHU
Po3kpiii 3araJibHEM pi3oM B
ABTOMaTHYHOMY PEIKUMI, BPAXOBYIOUH +
HIUPHUHY Pi3y
OnTuMmi3zallis X0JIOCTOrO X0y +
3a0opoHa MPoxXoay piKy4doi rOJIOBKU .
HaJl BUPI3aHUMH JICTAISIMU
OO0iK 3aTOTOBOK, OEP)KYBaHUX .
nerajgeu 1 JUIOBUX BIJIXOIIB
Bizyanizauis npouecy po6otu .
Bepcrara
CTBOpeHHS 3BITIB 1 3aBJaHb ONEPATOPY +
JlucraHiiifHa JiarHOCTHKA BepcTaTta +
3arajbHi XapakTepuCTHKH
Hanpyra enekrpomepexi 380, £10%, 50I'w, 3 da3u

[TopranbHi na3zepHi koMmiuiekcu cepii AFX 3a0e3neuyroTh aBTOMaTH3allo
BUPOOHMYMX TMPOIECIB 13 MOCTYNOBUM  PO3MIMPEHHSIM  (PYHKIIIOHATBHUX
MOXJIMBOCTEH y KOXHIM HacTymHii moneni. Ha puc. 2.2 HaBenmeHo iHTepdeiic
nporpamu Hyp CUT, sikuii ciiyrye 1jsi BHECEHHS 1 KOPUTYBAHHS MNapameTpiB
MPOILIeCy Pi3aHHsA, SKi aBTOMAaTHYHO MIATPUMYIOTHCS 1 KOHTPOJIOIOTHCS CHCTEMOIO

yucnoBoro nporpamuoro kepyBanust ARAMIS CNC.[38]
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Technique : Debug actricalsteel-0,5mm-Air-Single layer2,0-Power12000W-BLT642H-Standard -
Bigsize [l [} Copy from Big size

M Defilm B Smart pierce M Process monitor B Gason M Notcut M Smart LaserOff Cut Parameter

Read other

Proces... Standard B Check Co-edged Pierce techniatio Lver

Pierce Parameter

Smooth Start Suppress Vibration

Power Curve
[ Cut speed

Fine cut 5 Leadline

lfu\in\.'.‘ height

Gas type 2 e Speed First, Corner technique

Gas pressure Defil
ernim

Peak power

2000

Duty cycle 100

5000

Beam 2,1

Focus

Stand ), 1 s > : = MicroJoin
Fine tune Speed

Laseroff delay

PLC editor Save as Overwrite Cancel

1 — mMBUAKICTH pi3aHHA, MM/XB; 2 — BIJICIIIKOBYBaHMI 3a30p, MM; 3 — TUCK
aCUCTYIOUOTO Ta3y, bap; 4 — MOTYXHICTh JIa3epHOTO MpoMeHto, BT; 5 — pobounii
IUKI IMITYJbey (Oe3nmepepBHUN 4M IMOYIbCHUM IWMKI); 6 — poOoua yacToTa
iMITyInbeiB, ['11; 7 — monoskeHHs (POKyCy BITHOCHO TOPLS COILIA, MM;

Pucynok 2.2 — InTepdeiic nns BHECEHHS MapaMeTpiB pi3aHHS B MpOrpami
Hyp CUT na craaxy AFX-PRO-12000-1530LD

BropoBamkeHHs: poOOTM30BaHUX CHCTEM Ta ONTUMI3AIlisl MOBTOPHOBAHUX
TEXHOJIOTIYHUX Olepaliid € He JIMIIE aKTyaJlbHOI TEHACHIIED B Cy4acHId
IPOMUCIIOBOCTI, ajie¢ i BaXXJIMBUM KPOKOM JI0 MIABHUILEHHS SKOCTI MPOXYKIIi Ta
3aJI0BOJICHHSI 3pOCTalOYMX BUMOT CHOKHUBauiB. Komruiekcu 1ii€i cepii CTaHOBISATH
BHUCOKOTIPONYKTUBHE PIIICHHS, OPIEHTOBAaHE Ha TOTPEOM CEpPeaHIX 1 BEIMKUX

M1ITPUEMCTB.
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2.1.2 ToBmuHHM Ta XiMiYHMH CKJIaJ 3pa3KiB JIETOBAHUX CTaJieil, 110

BHKOPHUCTOBYBAJIMCS IIPU MPOBEACHHI J0CJIIKEHb

Y cyyacHHMX yMOBax 3Ha4yHOI TOMYJASPHOCTI Ha pPHHKY HalyBae
amepukaHcbka Hepxasitoua ctaib AISI 304. ananmor Hep)kaBilo4yOi cTaylli MapKH
08X18H10, Onu3pkuii 70 Hei 3a XIMIYHMM CKJIaJoM 1 (i3UKO-MEXaHIYHUMHU
BJIACTUBOCTSIMHU.

J1ist IpoBeZIeHHS €KCIIEPUMEHTAIIbHUX JOCIIKEeHb OyJ10 00paHo caMe CTallb
AISI 304, ockigbKM BOHAa € OJHIEI0O 3 HAWMOMIMPEHIMIUX ayCTEHITHUX
HEP)KABIIOUMX CTajiel, sIKa MO€EIHYE BHUCOKI EKCIUTyaTalliiiHI XapaKTePUCTHKU 3
nocrynHoto BapricTio. Ha TOB «Apamic», e BUKOHYBalIMCs JOCIHIKEHHS,
HalyacTilie BUKOPUCTOBYIOTHCS JIMCTOB1 3arOTOBKHU TOBIIMHOIO 0,8 MM, 1,5 MM, 2
MM, 6 MM, 10 MM Ta 12 MM. BuKOpUCTaHHSI ONTOBOJIOKOHHOTO JIa3epa BUXiTHOIO
noTyxHicTio 12000 BT npu panioHaibHOMY BUOOpPI MapaMeTpiB MPOIECy J03BOJIsE
3 MPUHHATHOIO AKICTIO Pi3aTH HACTYNMHHUM cTaHmapTHUM Habip ToBUIMH 14 MM, 16
MM, 18 MM, 20 MM, 25 MM.

AISI 304 1e XpoMOHIKelIeBa ayCTEHITHA CTalb, SIKA MICTUTh MPUOIHU3HO
18 % xpomy Ta 8-10% Hikento. 3aBAsKu BMICTY HIKENO aycTeHiTHa (asa
CTaOUMI3y€eThCd B IIMPOKOMY TEMIEpPATypHOMY Jlama3oHl — Bl NOHMKEHHX
temreparyp 10 npudauzHo 1050 °C. OcHOBHMMM IepeBaramu Iii€i cTajl € BUCOKa
KOpO3iliHa CTIHKICTh, XOpOIla IUIACTHYHICTh 1 MIIHICTh, a TaKOoX BIJIMiHHA
TEXHOJIOTIYHICTh, 10 3a0e3Meuye ii MIHUPOKE 3aCTOCYBaHHS K KOHCTPYKLIMHOTO
MaTepially B pi3HUX Trajy3sx MPOMHUCIOBOCTI.[39]

VY BigmaneHomy crtani AISI 304 € HemarHiTHOIO, OJTHAK Il Yac XOJOIHOI
nedopmaiiii adbo 3BaproBaHHA B CTPYKTYpl MOXYTh YTBOPIOBATHUCS MapTEHCUTHI
ab0 (epuTHI BKIIOUYEHHS, LIO0 3YMOBIIOE YAaCTKOBY HAMarHiueHICTh Marepiaiy.
OCHOBHI eKCIUTyaTalliiHi XapaKTepUCTUKU OOpaHOi Il JOCHIKeHb CTal

HaBeIeH1 B Ta0. 2.2.
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Tabmuus 2.2 — Excrutyaraniiini xapakTepucTUku Heprkasitouoi crani AISI 304

Cranmp 304 wmictute xpom (18%) i
Hikenb (8%), 1m0 3abe3neuye BUCOKY CTIHKICTh
Kopozsiiina cTiiikicTb no koposii. Lle pobuth ii inmeanbHOIO MM
BUKOPUCTaHHS B  yMOBax BOJOTM Ta
arpecHBHUX CEPEIIOBHIIL.

Ileit cmiaB 3maTHUNA  BUTPUMYBATH
BHCOKI Temreparypu 0e3 3Ha4HOi 3MIHU CBOIX
TemmneparypHa cTallIbHICTD MEXaHIYHHX BJIACTUBOCTEH, 10 POOUTH HOTO
NPUAATHUM JUIS  3aCTOCyBaHb B yMOBax
HiABUIICHUX TEMIIEPaTyp.

304 cranp nerko migmaeTsest 00poOIi: ii
MOXKHa pi3arH, 3BaproBatu Ta (GopmyBaru, IO
MOJICTIIYE BUTOTOBJICHHS CKJIQIHUX (opMm Ta
KOHCTPYKIIIH.

OO0pobIIOBaHICTh

3aBasgKM CBOIM IManKid TOBEpXHI Ta
BIJICYTHOCTI 10p, cTanb 304 € ririeHivyHoro, 1o
pPOOUTH 11 MOMYJSIPHOIO Y XapyuoBiil, MeTUUHIN
Ta (hapMaIeBTUYHI TPOMHUCIIOBOCTI.

TirieniunicTh

Hepxagiroua CTaJlb 304 Mae
NPUBAOIMBHIA 30BHIIIHIA BUIJIAI, 110 pOOHTH ii
HOMYJISIPHOIO y NW3aiiHi IHTEp'epiB, KyXOHb Ta
PI3HUX JICKOPATHBHHUX CJIEMEHTaX.

Ecretnka

Lleit  marepian  XapaKTEepPHU3YETHCS
BHCOKOIO MIIHICTIO Ta TPUBAIUM TEPMiIHOM
ciykOu, 10  3HWXKYE  BUTpAaTH  Ha
00CITyrOByBaHHS Ta 3aMiHY.

JIOBroBiYHICTh

Cranb 304 Mo)xe BUKOPUCTOBYBATHUCS B
IIMPOKOMY  CIEKTpi  3aCTOCyBaHb:  Bij
MOOYTOBUX MPHUJIAAIB A0 MPOMUCIOBUX MAaIIWH
1 KOHCTPYKIIIH.

VHiBepcanbHICTh

[{r0 Mapky Hep>KaBilOuOi CTajll 3aCTOCOBYIOTh MPAKTHUYHO Y BCIX cdepax
KUTTEMISUIBHOCTI  JIFOAWHM:  XIMI4HA, XapyoBa Ta  ICNIOJIO3HO-TIAiepoBa
IPOMUCIIOBICTb. i AKTUBHO BUKOPHCTOBYIOTH B eJEKTPOEHEpPreTHUlli, 3aXUCTi
HABKOJIMIIIHBOTO CEPENIOBHUIIA, TPAHCIOPTI Ta aBTOMOOUIBHIM TMPOMHCIOBOCTI.
JlomanrHiii moOyT: BUTOTOBJIEHHS JIOKOK, BUJICJIOK, CKOBOPiJ, KACTPY/h Ta 1HIIIOTO
KyXOHHOTO HAUMHHS, y TOMY 4YHCJII BHYTPIIIHI YaCTUHU BHUCOKOSIKICHUX
NOCYIOMUMHUX Ta MpaJbHUX MAIIMH Ta BUCOKOKJIACHUX M'sicopyOok. Takox
KOPUCTYETHCSI BETUYE3HOIO MOMYJSPHICTIO Y OyIIBHUIITBI, apXiTEKTypl Ta AU3aiHI.
[[Inpoko BUKOPUCTOBYETHCA B €JIEMEHTAX KOHCTPYKIIM, IO €KCIUTyaTyIOThCS 3a

YMOB BHCOKOI BOJIOTOCTI 200 ITi/1 IHTCHCUBHUM HaBaHTAXEHHSIM




65

OcHoBHI MexaHiuH1 Ta ¢iznyHi Xapaktepuctuku AISI 304:

° Me€sKa INTMHHOCTI — Om3bk0 310 MIa;

o TUMYacOBUH omip po3puBy — Bix 515 mo 600 Mlla;

o TBepaicTh 3a bpinemnem (HB) — npubnuzno 170;

o ryctuHa — 7,74 r/cm3.

AISI 304 nemoHCTpy€e BUCOKY MEXaHIUYHY MIIHICTh, BIIMIHHY CTIMKICTh JI0
KOpO3ii, TepMIYHUX KOJIMBaHb 1 BIUIMBY arpecMBHUX cepenoBuil. Bona mo0pe
MiJ1a€THCS 3BAPIOBAHHIO, ITMOOKIA BUTSXKII, (POPMYBaHHIO Ta 00pOOLl PYyUHHUM 1
MeXaH130BaHUM 1HCTpyMeHTOM. Lleli crutaB 30epirae cBoi BIaCTUBOCTI B IIUPOKOMY
TeMrieparypHoMmy niana3oni — Big —190°C mo +600°C, uo mo3Bosise IHOro
3aCTOCYBaHHS B yMOBaX €KCTPEMAIbHUX TEMIIEPATyp Ta arpECUBHUX CEPEIOBUIII.

Cranpaptauii Ximiuaui ckiman AISI 304:

OCHOBHMMH €JIEMEHTAMHU y CKJIAJIl CIUIABY €:

o 3ai30 (6mu3bsKo 69 %),

o xpom (17-19 %),

o Hikesb (9—11 %).

JlomoMi>kHI €JIeMEHTH: MapraHellb, KpPEeMHIM, ByIJIellb, Miib, THUTaH, Yy
HEBEJIMKHUX KOHIIEHTpaLisIX. BMICT MIKIJUIMBUX TOMIIIOK, TaKuX sIK (pocdop 1 cipka,
He nepesuiye 0,03 %.

JlonaTKOBUM apryMeHTOM [Jjisi BUOOpPY [aHOi CTajl € ICHYBaHHS HHM3KH
MikHapogHuX aHajoriB crami AISI 304, sxi maroTh TOMIOHI EKCIUTyaTarfiiHi
BJIACTUBOCTI Ta TEXHIYHI XapakTepUCTHKU. He3HauyHi BIAMIHHOCTI Y XIMIYHOMY
CKJIaJl OKPEMHUX MApPOK JO3BOJISIFOTH aJalTyBaTH MaTepial miJi cneuu@iyHi BUMOTH
OKpeMHX BUPOOHHYMX IPOIIECIB Ta HE MOXYTh CyTTEBO BIUIMBATU Ha OTPHUMaHi
palioHaJIbHI TapaMeTpH razojazepHoro pizanus, orpumani s AISI 304. OcHoBHi

MapKH aHaJoTiB HaBejeH1 B Tabm. 2.3.
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Tabmuus 2.3 - 3apyOixkui ananoru Mapku crant AISI 304 (anamor 08X 18H10)

3apyOixkui anasnoru mapku craJji AISI 304 (anasor 08X18H10)
CIIA AISI 304, 304H, S30400
Himeuunna | 1.4301, 1.5301, X5CrNil8-10, X5CrNil18-9, X6CrNil8-9
Snonis SUS304

304F00, X5CrNil18-10, Z4CN19-10FF, Z5CN17-08, Z6CN18-09,

Ppanuiz Z7CNI18-09
AHris 304S11, 304S15, 304S16, 304S17, 304518, 304525, 304S31
EBpocoroz | 1.4301, X5CrNi18-10, X6CrNi118-10
ITamis X3CrNil8-10, X5CrNil8-10
[cnanis F.3504, F.3551, X5CrNil8-10
Kwurait 0Cr19N19, OCr18Ni19
[IBemis 2332, 2333
[Tonpma OHI8NO9
Yexis 17240
ABcTpis X5CrNil18-100S

2.2 MeTOOMKH eKCIIePUMEHTAJIBHUX JOCIIKEHb

2.2.1 MeToau Ol[iHKM IOCTOBIPHOCTI pe3yJibTAaTiB BUMIPIOBaHb

3 omisAay Ha HOPMaJbHUW PO3MOAUT PE3YJAbTaTiB BHUMIPIOBaHb, OLIBHO
3aCTOCOBYBAaTH METOJ] BHU3HAYEHHS MOXHOKM 3a KputepieM CTbIONEHTA.
[Ipu 00poOII1 pe3yNbTaTiB A0CII)KEHb BUKOHYIOTh HACTYITHI OIepallii:

— BusznauaroTh cepeiHe 3 n BUMIPIOBaHb:

1 n
()= 2. @1

— O0YUCIIOITh CEpPEAHBOKBAIPATUYHY MOXUOKY CEpPEAHBOTO

apuPMETUIHOTO:

R o)
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— 3amMar0Th HANIWHY WMOBIPHICTh @ 1 BH3HAYAIOTh 3 TAOIMYHHMX JTaHHUX
koedimienT CrbioneHTa f,,. Jis HamiiiHOT WMOBIpHOCTI a=(0.95 1 KUIBKOCTI
BUKOHAHUX BUMIpIOBaHb n=J5, koediiieHT CThIOAECHTA CTAHOBUTH 1, ,=2.776.

— Bu3HayatoTh HamIBIIMPUHY HaAlHOT #MOBIpHOCTI  (aOcomioTHa

nmoxuOKa pe3yabTary BUMIPIOBaHb):

Ax = \/ AX e+ X0, 1€ AX = LS. (2.3)

— O1iHIOIOTh BITHOCHY OXHOKY pe3ylbTaTy BUMIPIOBaHb

Av
0 =<7>. (2.4)

2.2.2 MeToauMKN eKCNEPUMEHTAJIBHUX JAOCJHIIKEHb MNapaMeTpiB

CTPYMEHS AaCHCTYI4O0I0 ra3y B 30Hi pi3aHHA

Buxonsum 3 HaBeneHoro, Oyyo MOCTaBICHO 3aJady CTBOPUTH YCTAaHOBKY Ta
BIIMOBIZIHY METOJMKY, $KI Jal0Th MOXJIMBICTh OTPUMAaTH JOCTAaTHbO TOYHI
CKCIIEPUMEHTAIbHI JIlaHI TMPO 3aKOHOMIPHOCTI 3MIHM JiaMeTpa CTpPyMEHs Ta
BEJTMYMHHU ACHUCTYIOUOTO THUCKY Ha MOBEPXHI JeTalll 32 BUKOPUCTAHHS KOHKPETHOTO
TUIY COIUIa, MOJENl TEXHOJOTIYHOI YCTAaHOBKM Ta TlapaMeTpiB Mpolecy
ra3oJia3epHOTo pi3aHHS.

3arasibHa cxeMa Ta Qotorpadiss YCTaHOBKU JisI MPOBEACHHS JOCTIIKEHb
npeAcTaBieHa Ha puc. 2.3. 3anpornoHOBaHAa METOJMKA BHUMIPIOBaHHS JlamMeTpa
CTPyMEHsI Ta THCKY AaCHUCTYIOUOTO Tra3y Ha TOBEPXHIO JeTajl IPYHTYEThCS Ha
BUKOPUCTAHHI KOHCTPYKIIi crHemiaabHOo po3poOsieHoi ycrtaHoBku (puc. 2.3 0).
YcranoBka (ikcyerbess Ha pobodoMy ctomi Bepcrtarta (puc. 2.3 a). Omeparop 3a
JIOTIOMOTOI0 FOCTYBJIBHOTO Jla3epa Ta MPHUBOJIB TOJadi BCTAHOBIIOE COTLIO
ONTUYHOI TOJOBKM | Tak, 100 IEHTpalibHI BiC1 COIUIa Ta LWJIIHApaA Mepeaadi
sycuiia 3 (KOHCTPYKTUBHO PO3MIIMIEHUN O€3CTYMIHYACTO IO BIJHOIICHHIO [0

BEpXHBOI IJIACTUHM 2) cmiBnagaiau. l[lotiMm 0ok BIACTIAKOBYBaHHS 3a30py
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BU3HAYa€ KOOPAMHATY Bici Z MpU TOPKaHHI TOPLEM COIIa MOBEPXHI IMIIHApA 3,

npuitMalouH ii 3a HyJIbOBY KOOPJIMHATY BiAJiKy. BucokouyTimBa KomipyBaibHa

0)

1 — oHOKaHAJIBHE Ta JABOKAHAJbHE coruia KoMmmanii Thermacut 3 BUXITHUM

niametpoM 1,5 MM; 2 — BepxHs IUIACTHHA YCTAHOBKHU PEECTpallii 3yCHUIUIS TUCKY
aCHCTYIOUOTO Ta3y; 3 — MIIIHAP Mepeaadi 3yCHUIs Bl il CTPyMEHsI aCUCTYIOYOTO
ra3zy Ha BUMIpIOBa4; 4 — KoIipyBajbHa IJTIBKA peecTpallii JiaMmeTpa CTpyMEHs; S5 —
MarHiTHI CTiKW (¢ikcauii IUIBKU; 6 — CTPyMiHb aCUCTYIOYOTO raszy; 7 — JaTyuK
3yCUIIIA; 8 — MPUBOAM KOOPJIMHATHUX MepeMillleHb cepiitHoro Bepcrara LTS-PRO-
6000-1530-LD ¢ipmu Apamic; S — KOHTPOJBOBAaHUN 3a30p MK COIUIOM Ta
HUJITHIPOM 3.

Pucynok 2.3 — 3arasibHa cxeMa BUMIPIOBaHHS JlaMeTpa CTPYMEHS Ta THUCKY
aCUCTYI0UOTo Ta3y (a), pororpadist yCTaHOBKH JIJIsl PEECTpAIliil JlaMeTpa CTPYMEHS
Ta THUCKy acucTytodoro razy (b) mumiBka TtoBmmHOO 0,01 MM (ikcyeThcst Ha
MOBEPXHI MJIACTUHU 2 MarHITHUMHU CTIHKamMHu 5. MaHOMETpUYHUN TUCK 331a€ThCS
THEBMOCHCTEMOIO BepcTara Ta JIOJAaTKOBO KOHTPOJIIOETHCS 3a JIOTIOMOTOIO
30BHIIMIHBOTO MaHoMmeTpa. Jlaruumk 7 3a0e3mnedye BUMIPHOBaHHS 3yCWIUISA Bia i
cTpyMeHs 6 3 moxuOkoro, 1o He nepesuirye +0.00981 H. Binbutku Big mii TUCKY

CTPYMEHsI Ha KOMIpyBaJbHY IUIIBKY ¢oTorpadyBaaucsa Ta oOpoOsuUcsS B
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cepenosuii CAIIP. 3aBnsku 1mpoMy moxuOka BH3HAUEHHS AlaMeTpa CTPyMeEHs
acHCTYIOUOTI0 razy Ha NOBEpXHI JieTail He nepesuiyBaia +£0,01 M.

Ha puc. 2.4 mpencraBieHo 3pa3oKk pe3ylbTaTiB BUMIPIOBAHHS J1aMETpiB
CTPYMEHS ICIIA OIHOTO 3 EKCIIEPUMEHTIB. B sSKOCTI eTanoHa sl BU3HAYCHHS
JiaMeTpiB IUISIMU OyJI0 BUKOPUCTAHO ONMTOBOJIOKHO JiameTpoM 0,5 mm. [lacoptHe
BIIXWJICHHS pO3MIPIB ONTOBOJOKHA Bl HOMIHAJILHOTO 3HAYEHHS HE MEpeBHILye |
MKM. YCEpeTHEHHI THCK TalbMyBaHHsS aCHCTYIOUOTO CTPYMEHS pO3paxOBYBaBCs

JUJICHHSM BUMIPSHOTO 3yCHIJUIS Ha TUIONLY TUISIMH.

7~ channel nozzle 1 MPa

02 mm 1 MPa 04 mm 1 MPa a6 mm 1/1Pa 08mm 1M & 12 mm 1/Pa

gphcal fiber #2208 / optical fiber
14 mm 1 MPa ‘ 16 mm 1 MPa

#2168 / gpfical fiber
18 mm 1 MPa
05

#23 gptical fiber #2243/ aohical fiber
20 mm 11Pa 22 mm 11Pa

#2268 agphical fiber

Pucynox 2.4 — Pesynbraru BU3HAYEHHS BEIWYUHU J[laMe€Tpa CTPYMEHs
acuctyrouoro raszy B cepenonuiili CAITP

B onTtuuHiil TONOBII BepcTara BCTAHOBIIOBAIMUCS CEPlHI OJHOKAHAJIBHE Ta
JBOKaHallbHE coruta Komrmadii Thermacut 3 BUXiIHUM IiaMETPOM IEHTPaTHHOTO
otBOpy 1,5 MM. B ekcnepuMeHTax B SIKOCTI aCHCTYIOUOTO a3y BUKOPHUCTOBYBAJU
MOBITPSI 3 MAHOMETPUYHUM THUCKOM Ha Bxoji B coruio 0,5 MIla ta 1 MIla.

Benuunna 3a30py s MK 3pi30M coIlUia Ta IMUIIHAPOM Iepenadi 3ycuuist 4

CUCTEMH  pEecCTpallii BCTAaHOBJIIOBajacss Ta KOHTPOIIOBANIAcS CHCTEMOIO
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BifciiikoByBaHHS 3a30py Bepcrata LTS-PRO-12000-1530-LD 3 noxubkoro +0,01
MM.

byna mpoBenmena cepis €KCIIEPUMEHTIB 1O BHU3HAYCHHIO 3aKOHOMIPHOCTI
BIUTMBY KOHCTPYKIIi COIUIA, 3a30py MIXK COIUIOM 1 JIETaUlI0 Ta MAaHOMETPUYHOTO
THCKYy Ha BXOAl B COIUI0O Ha PO3MIpU 1 XapakTep 3MIHU JlaMeTpa CTpyMeHs
aCHCTYIOUOTO Ta3y Ta BEJIMYMHY PDKYUOTrO THCKY, SKH HHM CTBOPIOETHCS Ha
NOBEepXHi Aetai. TUMOBUNA pe3yapTaT BUMIPIOBaHb MpeECTaBlieHO Ha puc.2.5 [40].
Bci ekcriepuMeHTH TOBTOpIOBAUCS Tpudi. MakcHMaabHUN PO3KHI OTPUMAaHUX

3HaYEHb HE MepeBUIyBaB 3 %.

JliaMeTp CTPYMCHHA, MM

Pucynok 2.5 — 3miHa giamerpa CTpyMeHS B 30HI KOHTaKTy 3 MOBEPXHEIO
JIeTajl B 3aJIEKHOCTI B1J] 3230pYy MIXK COTUIOM Ta JIETAJLITIO

1 — opHOkaHanbHE COIUIO, MaHOMETpuuyHU THUCK Pn = 0,5 Mlla; 2 —
OJIHOKaHAJIbHE COIUI0, MaHoMeTpuuHuil TUCK Pn = 1 MIla; 3 — aBokaHanbHe
comio, MaHoMmeTpuuHuii Tuck Pn = 0,5 Mlla; 4 — nBokaHaiabHE COIUIO,
MaHoMeTpruuHui TucK Pn = 1 MlIa;

OpHak mpu 1IbOMY BUKOPUCTaHE O0JIaTHAHHS J03BOJISIIO PEECTPYBATH JIUIIIS
CepelHi 3HAYCHHS THCKY B 30HI TaJbMyBaHHS aCHCTYHOYOTO Ta30BOTO CTPYMCHS,
[0 1O CyTl € TIEBHUM HEIIOJIIKOM, TaK sIK HE JI03BOJISIE OTPUMATH TOYHI JIOKAJIbHI

3HAYEHHS TUCKY B 30HI1 pi3aHHA. 3 ypaxyBaHHSM OTPUMAHOI 1H(oOpMaIli Bif
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MEePIIoro METoAy Oylio po3poOJeHO Ta peadi3oBaHO HOBY YCTaHOBKY. BoHa
JI03BOJISIE 3 BHICOKOIO TOYHICTIO JIOKAJIBHO PEECTPYBATH PIKYYUHA THUCK (THUCK
raJbMyBaHHS) BUMIPIOBAJILHUM MIEPETBOPIOBAUYEM THUCKY B 30HI OTBOPY JliaMETPOM
0.4 MM B METaTiYHOMY JHUCKY, IO MOJEIIOE 3aroToBKy. JlociimKeHHs
BUKOHYBAJIMCSI Ha €KCIIEPUMEHTAIBHOMY JIa3€PHOMY TEXHOJOTIYHOMY KOMILIEKCI
AFX-PRO-12000-1530LD xommnanii «Apamicy», MpOBIAHOTO BUPOOHHKA JTA3€PHHUX
TEXHOJIOTIYHUX YCTAaHOBOK B YKpaiHi (OCHOBHA iH(OpMAIlisl IPO BepCTaT HaBEIeHA
Ha puc. 2.2 — 2.3 Tta B Tabm. 2.1). B moyarkoBuii MOMEHT CIIIBBICHICTb Bicel
JUCKOBOTO 30HAY Ta COIJIa, BMOHTOBAHOTO B ONTHYHY TOJIOBKY BepcCTara,

BCTAHOBJIIOBAJIACA 3da AOIIOMOI'OIO0 IOCTYBAJIBHOI'O Jia3€pa Ta BiI[GO-OHTI/I‘-IHOI

cucteMu BepcTara (puc 2.6).

4
Bepcrar
AFX-PRO-12000-1530L0
Ainiidnd Apusoar
Imop,qnuar
/N
e L
AxX| o \
o o N
Y| e U7 Y2
7 Il D
Crin
pepcrara /
Ky
e . BCT-22-168-A-G1/4-C-530
0) B)
1 — COIUI0O ONTUYHOI TOJIOBKM Bepcrara; 2 — AUCKOBUM 30HA; 3 —

n'e3ope3uctuBHMM natunk Tucky Mmozen BCT110; 4 — koutponep EPA100;
Pucynok 2.6 — 3aranpHuii BUTJISAJ JUCKOBOTO 30HAA 3 BUMIPIOBAJIBHHUM
' ~ .
NepPEeTBOPIOBaYEM THUCKY (I'€30pe3ucTuBHUN gaTunk TUCKy mojeni BCT110) mpu
BHUCTaBJICHHI CITIBBICHOCTI COTUIa ONTHYHOI T'OJIOBKM BEpcTara Ta MPUUMATBHOTO
OTBOPY JMcKoBOro 30H1a (a); 3d mMomens nuckoBoro 30Haa (0); KOHCTPYKTHBHA

cXeMa yCTaHOBKH JIJI POBEJICHHS JOCIIIKEHD (B)
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Ha puc. 2.6 6 naBenena 3d monens quckoBoro 30ou1a. KoHCTpykTHBHA cxeMa
YCTaHOBKH 711 IPOBEACHHS TOCIIKEHb MOMIB PI)KY4OT0 THCKY aCUCTYIOYOIo rasy
B po0Oouiil 30H1 BepcTara HaBeJeHa Ha 2.6 B. CKaHyBaHHs JUCKOBOTO 30H/a B3JJ0BXK
Bicer X Ta Y Ta30BOr0 CTPyMEHS BUKOHYBAJIOCS 3a PAXyHOK ITOKPOKOBOTO
3MIILEHHS COIUIa ONTUYHOI TOJIOBKM IIPUBOAOM BIANOBIIHOI KOOPJIMHATH BepcTara
BITHOCHO LIEHTpa IpuiiMaibHOro oTBopy (Kpok 0,2 mMm). brok BijcmigkoByBaHHS
3a30py BepcTara BH3HAYa€ KOOPAWHATY BICI Z TIpW TOpPKaHHI TopueM coruia 1
MOBEPXHI IMCKOBOTO 30H/a 2, MPUHMAIOUH ii 3a HyJIbOBY KOOpAUHATY BIAJIIKY (pHC.
2.6 a). Bci Tpu miHIMHMX TPUBOAM KOOPAMHAT EKCIEPUMEHTATbHOTO BepcTara
3a0e3nedyBaiy MOXWOKY IMO3UIIIOBaHHSA, 110 He mnepesuinyBana +0,01 mm. B
SKOCTI BHMIPIOBAJIBHOTO IEPETBOPIOBaYa JHMCKOBOTO 30HJAa Oyl0 BUKOPUCTAHO
n'e3ope3ucTuBHUN  natuuk TuUcKy wmoaent BCTI110  (puc. 2.7). TexHiuHi

XapaKTePUCTUKH JTaTYMKa HaBeAeHO B TaOmuill 2.4.

A &PA100

Qo

s2 3]

A
auen

wac -

Pucynok 2.7 — 3aranbHuil BUIJIA] 1'€30PE3UCTUBHOIO JTaTYMKA TUCKY MOJENI
BCT110 miaxmrouenoro a0 kourponepa EPA100 ta mepcoHanbHOTO KOMIT IOTEpa

[Ipu mnpoBeAaeHH! OOCHIIKEHb BHKOPUCTOBYBAJIMCS S5 THUNIB HaNHOUIbII
BKUBAaHUX Yy BepcTarax komnanii «Apamicy conen komnanii Thermacut.

Tabmurs 2.4 — TexHIYHI XapaKTEPUCTUKH M'€30PE3UCTUBHOTO TaTYMKA TUCKY

moxeii BCT110
Miana3zoH Bin 0 bar no 16 bar
Buxigawmii curnan 4...20mA (2 mpogin), 0...10VDC (3 mpoBin)

[TigxmroueHHs 10 mporecy G1,G1/2,G1/4
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Kusnenns +12...30VDC
Knac trounocTi %0.5
CrymiHb 3aXHUCTY IP65
Po6oua temnieparypa -20C...- +85C

Pucynok 2.8 — OTpumanuil po3noaii pi>kKydoro TUCKY aCUCTYIOUOTO ra3y 1o
NONEPEYHOMY NIEPETUHY CTPYMEHS

B sKOCTI acHCTyrO4YMX Ta3iB BUKOPUCTOBYBAJIHCS MOBITPS Ta a30T. [loBHMIA
MaHOMETPUYHUN TUCK BCEPEAMHI COIUIa 3aJaBaBCsl Ta KOHTPOJIOBABCA CHUCTEMOIO
YUCJIOBOTO TMPOTPAMHOTO KEPYyBaHHS BEPCTATOM 1 MapayieIbHO 30BHIIIHIM
JATYMKOM JIJISI TIJBUILICHHS JTOCTOBIPHOCTI BUMIpiB. TUIOBa KpUBa OTPHUMAHOIO

PO3IOALTY PI’KYYOro TUCKY aCUCTYIOUOIO ra3y ImpeacTaBicHa Ha puc. 2.8.[41]

2.2.3 Ilpunaau, NPHUCTOCYBAHHS Ta METOAUKH [OCJHiIKEeHb 3Pa3KiB
MOBEPXOHb JIETOBAHUX CTaJieH OTPUMAHMX NPH Pi3aHHI BHUIPOMIHIBAHHAM

MOTYKHHUX OIITOBOJTOKOHHHX J1a3epiB

JlocnipKeHHsT TOBEPXOHb JIETOBAaHUX CTajleil, OTpUMaHUX WpPH pi3aHHI
NOTY>)KHUMH ONTOBOJIOKOHHUMH JIa3epaMi, BHUMara€ BUKOPHUCTAHHS CYYacHHX
METOJ[IB Ta MPUIAAIB JUIsl OLIHKK SKOCTI OOpOOKM Ta BH3HAUYCHHS CTPYKTYPHUX

3MmiH. Kputnunuii omisin myOstikaiiiid mokasas, 10 Mo BiAHOIICHHIO J0 MapaMeTpiB
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SIKOCT1 TOBEPXHI HAHOLIBII TOCTIIKYBAaHUM MapaMeTPOM € HIOPCTKICTh. Jpyrum B
Hepesiky AOCIIKyBaHUX MapaMeTpiB € mMpuHa pidy. Bona mae nBa mapamerpu,
Kl € IMIMPUHAMU pI3y HAa BEPXHIA Ta HWKHIA YAaCTUHAX IONEPEYHOIO MEPETHHY
noBepxHi pizaHHs. JloMycK MepneHIuKyaIpHOCTI a00 HAXUITy € TPETIM B MEPEITiKy
JOCTIKYBaHUX MapaMeTpiB. [IpioputeT BUMOT 10 SKOCTI 00pOOJICHUX TTOBEPXOHD
OOyMOBJIGHUH THUM, IO MapaMeTpHU SKOCTI € BU3HAYAJbHUMHU TPH BHUPILICHHI
NUTaHHS NOTpeOye OTpUMaHa JeTalb MOAaIbIIoi OOpOOKM 4M Hi. A 1€ Hapsady 3i

IIBUJIKICTIO Pi13aHHS 110 CyTi BU3HAYA€ €KOHOMIYHY €(DEKTHUBHICTh TEXHOJIOT1I.

2.2.3.1 Bu3HayeHHS mNapaMeTpiB MiKporeomMerpii JOCHiTKYBAHUX

3pa3KiB

3paSKI/I JJIs1 I[OCJ'IiII)KGHB BI/Ipi3aJII/IC5I 3a KPCCIICHHAM IIPCACTABICHHUM Ha pHUC.

2.9

85

210 RS

&S

-

30

~~

o,

24

Pucynok 2.9 — I'eomeTpryHi napameTpu 3pa3KiB AJisl JOCIHIKEHb
[Ipodinorpamu moBepxH1 Ja3epHOTO Pi3y MOCTIAHUX 3pa3KiB OTPUMYBAIHU 3a
nonomoroto npodutorpadga TIME 3221 (puc. 2.10, a). [Iporpamne 3abe3nedeHHs
71710 3MOTYy MPOBOJUTH OaraTormapaMeTpUYHHUI aHalli3 MIKpOT€OMETpil MOBEpXHi
(puc. 2.10, 6). bazoBa noBxKMHa BUMIpIOBaHHS BHOUpaiacs 3rigHo 3 Tabmn. 2.5. 3a
OUH TMPOXIJ MOXJIMBO BHUKOHATH peecTpauiro npodimo Big 1 mo 5 06azoBux
JIOBXKUH, PE3YyJIbTaT BUMIPIOBAHHS OCEPETHIOETHCS. B 3paskax TOBUIMHOIO 10 2 MM

PO3AUIEHHS TIOBEPXHI pi3aHHS Ha 30HU MPAKTUYHO HE BUSBIECHO. B pemti 3pa3kiB
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BHUKOHYBAJIOCS] TPU30HHE BUMIPIOBAHHA MapaMeTpiB HIOPCTKOCTI (BEpX, cepenrHa,

HU3 MOBEPXHI pi3aHH).

wobhbonao

m Rku «3018 Rp =252 m
Aq «1803 m Rsk =0278 At «10687 m
? Rz «5 m RYISP1430  m
Ac =383 m Ry «1731 R3z «1.115 7m
AHSCIC0.00%)=0 phs  Rlo =10002916 7m  Rpe(C £0.00%)=22.00 pk
RS #0165 rrs‘n“ RSm «0.735 mm Rds «19683 m

R Qurve

[Roughness MRC Parameters]
Amec{0 00%.000%+0010 %  Rrmeci0.00%1000%)1.340 % £
Ameci0.00%.2000%)2,770 %  Rmec(0,00%.30.00%)e8250 %
Rmec{0,00% 40.00%)20330 %  Rmec{0,00% 50,00%)=50550 %
Amec(0,00% 60.00%)+83820 X  Rmec{0,00%.70,00%)+33140 %
Amec(0.00% 80.00%)+36.390 %  Rerec(0,00%.90,00%)+38.210 X 55
Rmee{0,00%.100.00%)+100,000 % £2

13

CODBNDNSWW=O

Amdc1000X31553 X s
0 S 10 15 20 25 30 35 40 45 SO 55 €0 65 70 75 80 65 90 95 100
%

<] > o 6)

Pucynoxk 2.10 — 3aranpuuii Burisan creuay 3 npodinomerpom TIME 3221
(a); orpumana mpodinorpama TOBEpXHI pi3y Ta pe3yiabratd ii aHamzy y 3
BUKOPHCTaHHSAM Tporpamuoro 3ade3neuenns DataView TIME3R Series (6)

Tabmuis 2.5 — PekomenaoBana BUpOOHMKOM BelTMIMHA 0a30BOi TOBKUHHU B

3aJIe)KHOCTI BiJl 3HAU€Hb MapaMeTPiB MIOPCTKOCTI, III0 BUMIPIOIOTHCS

Bba3oBa nosxxnHa Ra Rz

0,08 MM Ra <0,02 Mmxm Rz <0,1 MxMm

0,25 Mmm 0,02 <Ra £ 0,1 mxm 0,1 <Rz <0,5 mxm
0,8 MM 0,1 <Ra <2,0 Mmxkm 0,5 <Rz < 10 MM
2,5 Mm 2,0 < Ra £ 10 mxm 10 < Rz < 50 Mkm
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B 3aranpHOoMy BHIAgKy po3paxoByOThCs 45 mapameTpiB BIAMNOBITHO [0
cragaaptiB ISO 1997, ANSI 1 JIS2001. 3acTtocoBytoTbcst MeToau (PLIBTPYBAHHS
2RC, GAUSS. Ha ocHoBi mapamerpa Rmr — BIJTHOCHOI OIOPHOi JOBKWHU
npodimo orpumaHa kpuBa EO6Oora-daiipcToyHa, SKy HA3MBalOTh M€ KpPUBOIO
koe(diIlieHTa CTIMKOCTI JO 3HOIICHHS IOBEPXHI 1 SKa CBIAYUTH IIPO pPIBEHBb
TOCTPOBEPIIMHHOCTI Tpodimo moBepxHi. 3rimHo Bumor ISO 9013:2017 sk
KpUTEpil OLIHKHK AKOCTI MOBEPXHI aHalli3yBaBCsA MapaMeTp MIOpCTKocTi Rz. Sk
JOJJTATKOBHM TapameTp, 3a BHUMOIOI0 3aMOBHHKIB JIa3€pHUX TEXHOJOTTYHHX
KOMIUIEKCIB (hipMH «Apamicy, MOPCTKICTh OTPUMAHUX MMOBEPXOHD OI[IHIOBAjacs 3a

napameTpoM Ra.[42]

2.2.3.2 MeToauka BUMipIOBAHHS IMPUHHU Pi3y

JUist OBl JAETAJIBHOTO OIMHUCY MPOLIECY BUMIPIOBAHHS LIMPHUHH Pi3y 3a
nornomororo CAITP MoxHa 1omaTty HaCTyIIHE:

[lepmum eramoM € MIATOTOBKA JAETall ISl 3HOMKH MiJ MIKPOCKOIIOM
(BuxopucroByBasin ~ Mmikpockon ~ Hy-500m). Jlnsg 1mporo 3pa3ok  aerani
pPO3TAIIOBYIOTh TiJ] O0’€KTMBOM MIKPOCKOMA, a TMOpyY KIAayTh €TAJIOHHUN
IpeaMeT NSl TOAATBIIOr0 KOPEKTHOTO MaciuTaOyBaHHS 300pakeHHsA. Y TaHOMY
BUIIAJIKy SK CTAJOHHUW TIPEIMET BHKOPUCTOBYETHCS BiJIPI30K OMTOBOJOKHA
naiametpoM 0,5 MM. Ile HeoOXimHO mig TOTO, MO0 Marh O0’€KT 3 BIIOMHUMHU
po3Mipamu, 110 JO3BOJIUTh KOPEKTHO HAJIAINTYBaTH MaclTad Ha erami oOpoOKu
300pakeHb.

Hactynaum kpokom € ororpadyBaHHs AeTanl Ta €TAJIOHHOTO MpEIMETa.
OtpumMane 300paxeHHs ekcrnopTryerbcs 0 mnporpamu CAIIP nns momanbinoi
00poOku. 3a nomomoroo iHcTpyMeHTy "MacmtaOyBanua" B CAIIP 300paxenHs
KOPUTYETHCSI TAaKUM YHHOM, IIOO PO3MIp €TaJOHHOTO TpeAaMeTa (ONTOBOJIOKHA
niameTpoM 0,5 MM) Ha ekpaHi BIJIIOBIAaB HOTo peasibHOMY po3Mipy. Lle mo3Bossie

3a0e3MeUnTH TOYHICTH BUMIPIOBaHb Yy Mporpami.



77

[Ticns macmrabyBaHHS KOPUCTYBa4 MEPEXOIUTH 10 BUMIPIOBAHHS ITUPUHHA
pi3y. [I1si 1bOro BUKOPUCTOBYIOThCSI OCHOBHI (yHKIIIT BuMiptoBanHs y CAIIP, Taki
K 1HCTPYMEHT JJIsl BUMIPIOBAHHSI BIJICTAaHEW MK JIBOMa TOYKaMu. Bu3zHauuBIIM
Kpai pi3y Ha 300pakeHHi, omeparop (iKCye iX 1 BUMIPIOE BiJICTAaHb MK ITHMH

Toukamu (puc. 2.11).

Eranonne ontoBosiokHo ¢ 0,5 MM

a)
Pucynok 2.11 — OOpoOieHi B CepeloBHUIl CHCTEMH aBTOMATH30BAHOIO

npoekTyBaHHs GoTorpadii mpopizaHuX MasiB: a) BEpXHiii; 0) HUKHIN

TakuM 4YMHOM, MOXKHA OTPUMATH JaHI TPO MIMPUHY pPi3y 3 BHUCOKOIO

TOYHICTIO, 1[0 € BAXKJIMBUM JJIs aHATI3Y SAKOCTI 00poOKHu mMarepiaiy.[42]

2.2.3.3 MeTtoauka Bi3yajbHOI OLHIHKM NapaMeTPiB NOBEPXHi pi3aHHA

Sk 1 momepenHbOMY BUTIAIKY /IS Bi3yallbHO1 OI[IHKU MapaMeTpiB MOBEPXHI
pi3aHHA BUKOPHUCTOBYBaJIacs TEXHOJOTIS (oTorpadyBaHHs TMOBEPXOHb Pi3y 3
BUKOpUCTaHHAM Mikpockoria Hy-500m. MacmirabyBanHsl 3HIMKIB 0OHpajocs 3
MIPKYBaHb YiTKOTO BHUSIBJICHHSI CTPYKTYPH MOBEPXHi, HEOOX1IHOT JJIsl TTOJIAIBIIIOTO
anamizy. Jlanuit anami3 3a (GopMoI0 Ta KOJbOpPaMHU 3aCTHUIVIOI HA MOBEPXHI PIIKOT
da3u [03BOJIAE OTPUMATHU YSABIEHHS MPO PO3MIPH 30HU TEPMIYHOTO BIUIHBY,
XapakTep TEIJIOBOTO PYWHYBaHHS MeTamy (TUIaBJICHHS 1 BUIIAPOBYBAHHS ), MOXKJIUBI
XIMIYHI peakiii Ta Ta3origpoAWMHAMIYHI TPOIECH BHUIAJIICHHS PO3IJIABYy 3 30HU

pizanHs (puc. 2.12).
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Pucynok 2.12 — ®otorpadii 3pa3kiB HOBEPXOHb Pi3y: a) HasABHICTh OKAJIMHU
Ha TOBEPXH1 pi3y; 0) XapakTep ra3oripoJWHaMiKi BUAAJCHHS PO3ILJIaBy 3 30HU

pi3aHHs; B) OILlIHKA PO3MIPIB 30HU TEPMIYHOTO BILIHUBY
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2.2.3.4 3aco0mu Ta MeTOOMKA BU3HAYCHHS BIAXW/ICHHS MOBEPXHi pi3y Bix

NnepneHIuKyJISIPHOCTI

Jlomyck meprieHauKyasspHOCTI abo Haxmty u (perpendicularity or angularity
tolerance): Bigcranp MK JBOMa MapajebHUMH IPSIMUMH JTIHIAMH (IOTUYHHUMH),
MK SKUMH BIIHCAHUN MPOdiib MOBEPXHI i3y B Mekax KyTa HaXuiy (HalpHUKIal,

90° y pa3i BepTUKaJIbHUX pi3iB) [44].

Asa
Aa

3
/ T
® S K1 w -1

) o ™
< < <

1 — BiicTaHb 10 pOo3paxyHKy IUIOINI BU3HAYEHHS JOMYCKY NEPHEHAUKYISIPHOCTI Y1
HaxWIy; a — TOBIIMHA JieTaji; Aa — 3MEHIIIeHHs TOBIIMHU; | — TOBIIMHA Pi3y; U —
JIOMYCK MEPIEHAUKYISIPHOCTI a00 HAXWUITY;

Pucynox 2.13 - Cxema BU3HAYEHHS JIOMYCKy MEPHEHIANKYISIPHOCTI

BepTHKagbHOrO pi3y 3a ISO 9013:2017

Jnist peectpariii mapameTpiB podisito MOBEpXHI Pi3y Ta TOYHOTO BU3SHAYCHHS
NEepPHeHANKYISIPHOCTI (Haxuily) MOoBepxHI pizaHHs BignosiaHo a0 ISO 9013:2017,
pO3pO0JICHO Ta BHUIOTOBJICHO BUMIpPIOBaJIbHUN mpuctpii (puc. 2.14 a).
[TignpyXMHEHUH LIy OMYyCKAEThCS 10 KOHTAKTY 3 MOBEPXHEIO Pi3y 3a JOMOMOIOI0
eJIEKTPOMAarHiTHOTO mMpuBOAY. llepeMilieHHs IIyma KOHTPOJIOETHCS Ja3epPHUM
TplaHTYJSIIIHHUM BuUMiptoBadeM (puc. 2.14 6). Pob6ora BuMiptoBaua rpyHTY€ThCS
OPUHIMIT ONTUYHOI TpiaHrymsmii. [IpoMiHb HamiBOIpoOBITHUKOBOTO ja3epa |
boKycyeTbcs 00’€KTHBOM 2 Ha TOBEPXHI MOCHIIKyBaHOI Aetani 6. PoscisHe Ha
JeTajal BUIPOMIHIOBaHHS 00’ekTuBOM 3 30upaerbcs Ha CMOS-miniiim 4.

[lepemimennss o6’ekra 6 - 6' cOpUYMHSE BIANOBIIHE 3MIMICHHS 300paKeHHS.
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[Ipomecop 5 oOumcCHIOE BiICTaHh JO TOYKH TOBEPXHI pPi3y BIAMOBIAHO [0

MOJIOKEHHS OTPUMAHOI CBITJIOBOI IIJIIMM Ha JIIHIHII 4.

LS

X

basosa Bijacrann

Jlianazon
> o\ :

a) = 0)

Pucynok 2.14 - VYcraHoBka nais BU3HAY€HHS MpOQLI0 OOKOBOI MOBEPXHI
pi3y: a) npuctpiit 1is Qikcanii kKoopauHat; 0) cxema Ja3epHOro TPIaHTYISIIHHOTO

BumiproBada RIFTEK

.35

oo 03
Lo d

024 ¥

j.
.
P

P,
o Attt | |
012 ¥

3 A2

0.06

0051 15225335445 3555 665 775883598310

oo

Pucynok 2.15 - IIpodinbs O0koBOi MOBEpXHI pi3y Jie: X — TOBIIMHA AeTani; Aa
— 3MEHIICHHS TOBIIMHU BUMIpPY; U — JONYCK NEPHEHAMKYISIPHOCTI (3riAHO 3

Bumoramu ISO 9013:2017)

3aCTOCOBYIOUM  KOODAMHATHHM CTUI MM KEPyBaHHSM  KOMII IOTEpA,
peecTpyBaucs KOOPAUHATH pelibedy MmoBepxHi pi3zy. OTpumanuii npodiib O0KOBOI

MOBEPXHI pi3y HaBEACHO Ha puc. 2.15.
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2.3 BucHOBKH 3a po3aijiom 2

1. 3anponoHoBaHa 3arajbHa KOHLEMIS IPOBEACHHS  KOMILUIEKCY
eKCIIEPUMEHTAIBHUX JOCIIHKEHb 1711 OOTpYHTYBaHHs 30aJaHCOBAHUX MapaMeTpiB
Ja3€pHOr0 IPOMEHIO Ta TEXHOJOIIYHOIO MPOLECY MpU pPi3aHHI HEPKABIIOYMX
CTaJiel Ha JIHIMII yCTaHOBOK, YKOMIUIEKTOBAHMX OITOBOJOKOHHHUMH Jia3epaMu
noTyxHicTio 12 kBT, ki 3a0e3me4yioTh BUCOKY MPOIYKTHUBHICTh Ta BiAMOBIAHY
SKICTh BUTOTOBJICHUX JETaJICH.

2. Po3po6iieHi opuriHaJibHa KOHCTPYKITiSI TUCKOBOTO 30H/1a Ta METOAMKA IS
BHUCOKOTOYHOI peecTparii BEIUYUHU PLKYYOro THUCKY YTBOPEHOTO T'ajibMyBaHHSIM
CTPYMEHsI aCUCTYIOUOro ra3y, C(OpPMOBAHOIO COIUIOM ONTHYHOI TOJOBKH Ha
MOBEPXHI JIeTajl, B Oy/1b-AK1i TOULl NEPETUHY CTPYMEHS B TEXHOJOTTYHUX YMOBAX
ra30J1a3epHOro pi3aHHs.

3. Po3pobneno Ta migiOpaHo METOIUKH Ta OOJIAJHAHHS ISl KOPEKTHOTO

BU3HAYCHHS MTOKA3HUKIB SIKOCTI OOKOBOI IMOBEPXHI Pi3y.
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PO311JI 3
3AKOHOMIPHOCTI BILTMBY KOHCTPYKIIII COILIA, TUITY
I'A3Y TA TEXHOJIOTI'TYHUX TAPAMETPIB I'A30JIAZEPHOI'O
PI3BAHHS HA TAPAMETPHU PIZKYUYOI'O TUCKY ACUCTYIOUOTI'O
I'A3Y B 30HI ObPOBKHA
3.1 Pe3yabTaTn eKciepuMeHTAJBLHUX J0CTiIKeHb BIUIUBY BHYTPillIHBOI
CTPYKTYPH, TeOMeTPHUYHHUX PO3MipiB cOMJIa HA PiXKYYMH THCK ACHCTYHUYOrO0
raszy Ha Bici cTpyMeHst

AcucTyrounii Ta3 BiJlirpa€ MEHTPAIbHY POJIb Y TEXHOJOTISAX Ta30Ja3epHOTO
pi3aHHS MeTaliB. AepoJuHaMiuyHa B3a€EMOJISl MIXK CTPYMEHEM acUCTYIOYOro rasy 1
netao ¢GopMye Tak 3BaHUN PIKYUUH THUCK, SIKMM B OCHOBHOMY 1 OOYMOBIIIO€
XapakTep BUAAJICHHS PO3IJIaBy 3 30HU pI3aHHA. 3pO3yMijo, 10 3a OyIb SIKO1
NOTY>KHOCTI JIa3€pHOTO BHUIIPOMIHIOBaHHS, 00’€MHU IUIaBJICHHS Marepiajlly He
MOXXYTh IepeBHIyBaTh 00’emu Horo BupaneHHs [S1]. Bigomo, mo auHamika
rajJbMyBaHHS MOTOKY aCHCTYHOUOI'O ra3y BU3HAYA€ThCS THCKOM B CHCTEMI Iojadi
rasy, BHYTPILIIHbOIO CTPYKTYpOIO 1 PO3MIpaMHu COILJIa, BEIUYMHOIO 3a30py MIXK
TOPLIEM COIUJIa Ta JETAUIIO0 1 € KIOYOBUM (DAKTOPOM, SIKHW BIUIMBAE HAa 00 €MHU
BUJIAJICHOTO MaTepialy 1, BIAMOBIAHO, Ha IMIBHJKICTH 1 SIKICTh pi3aHHsA. Yepes
BAKJIMBICTh JIaHOTO (pakTopa iCHye OaraTo poOIT MPUCBIYEHUX PI3HUM acCleKTam
BIJIMBY aCHUCTYIOUOT0 ra3y Ha IMPOILEeC Ta30J1a3epHOro pizaHHs MetamniB [S51, 52, 53,
54].

B poGoti [55] BUKOHAHO LMK JOCHIIPKEHb IO BCTAHOBJICHHIO POJIi
KOHCTPYKIli comen y (OpMyBaHHI MapaMeTpiB CTPYMEHIB acCHUCTYIO4YOro rasy.
Opnak 71X pe3yJbTaTd BaXKO BHUKOPHUCTOBYBATH YKpPAiHCHKUM BUPOOHUKAM
BEPCTATIB ISl Ta30J1a3€pHOT0 Pi3aHHA Yepe3 BEIMKY HOMEHKIIATYpy COIel Pi3HO1
BHYTPIIIHBOI CTPYKTYpHU Ta PO3MIpIB, SIKI MPOTIOHY€ HACUYCHUH PHUHOK. Tomy
0arato JOCIIAHUKIB BiI3HAYAIOTh, 10 MOTEHIlIa] Cy4YacHUX MOTY X HUX (6 KBT — 12
KBT) ONTOBONOKOHHMX Ja3epiB JAJEKO HE 3aBXKIU BUKOPHUCTOBYETHCS B MOBHIM
Mipi dYepe3 Hee(DEeKTUBHE BUJAJICHHS PO3IUIABICHOTO MaTepially CTpyMEHEM

acucTyrouoro razy [56]. 3BiaAcH cTae 3pO3yMIIUM, IIO0 BKpail Ba)XJIUBOIO €
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iH(pOpMaLlig PO peaTbHUl PIKYYUH THCK B 30HI OOpOOKH, SIKE CTBOPIOE COILIO
BIJIOMOi BHYTPIIIHBOI CTPYKTYpH Ta PO3MIPIB B KOHKPETHUX TEXHOJIOTIUHUX
ymoBax. Lle mo3BoJisie O1IbII aieKBaTHO OOMpaTH SIK THUI COIIA TakK 1 MapameTpu
Ja3epHOTO TPOIIECY TPH MPOEKTYBaHHI €(PEKTUBHHMX TEXHOJIOTiH. BpaxoByrouu
CKazaHe 1IeHTU(IKAIlsl TOMIB PIKYYOro THCKY € 3acajor  HaJlIMHOTrO,
BHCOKOSIKICHOTO 1 MPOAYKTUBHOTO pi3aHHS 3 BUCOKHUM PIBHEM BiJTBOPIOBAHOCTI
OpOIECiB HAa KOHKPETHIM Jla3epHid TEXHOJOTI4HiM ycTaHOBII. Po3risHemo
npo0JieMy JeTajbHIIIe.

Pixyunii THCK Ha TOBEpPXHI 3aroTOBKM NPSIMO OOYMOBIEHHUH THCKOM
raJIbMyBaHHS IMOTOKY CTPYMEHsI, CTBOPIOBAHOT'O COILJIOM KOHKPETHOI BHYTPIIIHBOT
CTPYKTYpH Ta po3mipiB. Pi3HHUIIS TaHUX TapamMeTpiB HaBITh 32 OJTHAKOBOI'O THUCKY
Ha BXOJ[l B COIUIO MPHU3BOAUTH JO Bapialliil MIBUIKOCTI Ta JlaMeTpa MOTOKY IO
JTOBXHUHI cTpyMeHs. JlogaTkoBuM (aKTOpOM BapilaTUBHOCTI € YTBOPEHHS YIapHHUX
XBUJIb, SIK€ MPU3BOJIUTH J0 JOJATKOBHUX KOJWBAaHb PIKYUOTO THCKY Ha MOBEpPXHI
neTani B 30HI 00poOku [57,58]. JlaHa BapiaTUBHICTH O€3MOCEPENHbO BIUIMBAE HA
MIBUJIKICTh BUJAJICHHS YTBOPEHOTO PO3ILIABY 1, SIK HACIIOK, Ha MPOAYKTHUBHICTb 1
AKICTh P13aHHA Ta BIJIMOBIJIHO MOTIPIIY€ PIBEHb BIITBOPIOBAHOCTI MPOLIECY .

B po6orti [59] nponoHyeThcs po3paxoByBaTH BIJCTaHb BiJ TOPIIO COIUIa JO

nepuoro Jucky Maxa 3a HaCTYNHUM €MIIPUYHUM PIBHAHHSIM:
- = 0,67 |— (3.1)

e X\ — BIZICTaHb BiJ] 3p13y COIUIA JI0 MEpIIoro Aucky Maxa;

d — BUX1IHUH AlaMeTp COILIa;

Py — noBHMIT MAHOMETPUYHHUHN TUCK BCEPEAMHI COILIA;

P, — atmocdepHmit THCK.

TouHICTh HaBEJIEHOrO PIBHSHHS € CYMHIBHOIO 4epe3 Te, L0 BOHO HeE
BpaxoBye€ TeruIo(hi3uvHI mapaMeTpu rasy Ta Toro (axTy, M0 32 PeaIbHHX yMOB
ra3oja3epHOro pi3aHHs CTPYMiHb TaJIbMYEThCS Ha TOBEPXHi JAeTaii, TOOTO HE €
BUIbHUM. € wimud psan copoO po3poOKuM MaTEeMaTUYHMX MOJENed MpOLEeciB

ra30JIa3epHOro Pi3aHHsA, ajie B Pe3yJbTaTi BUKOPUCTAHUX CIPOIIEHB 1 JOMYIICHb
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BOHU HEOCTaTHHO aJCKBATHO BIATBOPIOIOTH peanbHi (izuuni mporecu [60,61].
Onnak HaBe[ieHI MaTepiagd JalTh YiTKE PO3YMIHHS TOTO, IO 3MIHHU
criBBigHOIIEHHS Po/P,, BHYTPIIIHBbOI CTPYKTYpPH Ta PO3MIPIB COIJIa, BEIUYUMHHU
3a30py MK TOPIIEM COIUIA Ta TIOBEPXHEIO JETall MPU3BOIATH 10 BapiaTHBHOCTI B
CTPYKTYpl CTPYMEHs 1, BIJTNIOBIJIHO, B IMOSBI HEBHU3HAYCHOCTI 3HAYEHb BEJIIMYUHHU
pPLKYYOro THUCKY acHCTylouoro rasy. JlaHa HEBH3HAUEHICTh MOHMXKYE TOUYHICTH
NPOEKTYBaHHS PEKMMIB BHUCOKOI TMPOAYKTHBHOCTI Ta TOTIPIIyE pPIBEHb
BIITBOPIOBAHOCT1 MPOIECY HAaBITh NMPU HE3HAYHUX 3MIHAX JaHUX MapaMeTpiB.
BiamoBimHO BKpall BaXJIMBUM € OTPUMAHHS TOYHHUX EKCIIEPUMEHTATBHUX JTaHUX
PO TMapaMeTpH MOJIB PLKYUOTO THUCKY, 10 (GOPMYIOTHCS COILUIAMU 3 BIJOMHMHU
BHYTPIIIHBOIO CTPYKTYpOIO Ta po3MipamMu 1 37aTHI 3a0e3neyuTd e(heKTHBHE
BUJIAJICHHS PO3IUIABJICHOTO MaTepialy Ta, BIAMOBIIHO, MIJBUIIUTH IIBUAKICTH 1
AKICTh pI3aHHS Ha BUPOOJIEHUWX B YKpaiHi CydyaCHHUX NPOMHUCIOBUX BepcTaTax
YKOMIUIEKTOBAaHUX HOBUMH JIA3E€PHUMHU JKEPEIIa BUCOKOI MOTY>KHOCTI.

Metonuku Ta oOJaJHAHHS JJI MPOBEACHHS JOCTIIKEHb JIE€TaTbHO HaBEICHI
B myHKTi 2.2.2. Tlpu mpoBeneHHI [OCHTII)KEHb BHUKOPUCTOBYBAJIUCS S5 THUIIIB
HaMOUIbII BXKMBAHUX Y BEpcTaTax KoMIaHii « Apamic» conen komnanii Thermacut.
BuyTpimHs cTpykTypa Ta po3Mipu comenl HaBeaeHi Ha puc. 3.1. B sxocTi
ACUCTYIOYMX ra3iB BUKOPUCTOBYBAIMCS MOBITPs Ta a30T. [IoBHUI MaHOMETpUYHMIA
TUCK BCEPEIMHI COIJIa 3a7aBaBCsi Ta KOHTPOJIOBABCS CHUCTEMOIO YHCIOBOTO
MPOTPAMHOTO0 KEPyBaHHsS BEPCTATOM 1 IapajeibHO 30BHIIIHIM JaTYHMKOM IS
NIJBUILIEHHSI JOCTOBIPHOCTI BUMIPIB. BHKOpHUCTOBYIOUM pO3p00JIEHY YCTaHOBKY
OyJ710 BUKOHAHO KOMIUIEKC €KCIIEPUMEHTAIbHUX JIOCHIIPKEHb BIUIUBY BHYTPIIIHBOT
CTPYKTYpH 1 TEOMETPUYHUX PO3MIpiB coruia (puc. 3.1), MOBHOTO MAaHOMETPUIHOTO
THUCKY BCEpEJIMHI COIUIa Ta 3a30py MDK COILJIOM Ta JETaUIl0 Ha PKYYUH TUCK Ha
BICI CTPyMEHSI.

Bigpasy BapTo KOHCTAaTyBaTH, LIO BXXE IMEpIIl pe3yJbTaTh JOCIIIKEHb
MOKa3aJld, L0 PIXKYy4dl THUCKH CTBOPIOBAaHI CTPYMEHSMHU TOBITPS 1 a30Ty 3a

OJIHAKOBHX BXIJHUX YMOB MPAKTUYHO BIIPI3HAIOTHCS JIMIIE B MEXKaxX MOXHOKH
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eKCrepuMeHTy (iX BIUIMB Ha caM MpoleC MJIaBJIeHHS Ta (JOPMYBaHHS CTPYKTYpH

MOBEPXHEBUX LIAPIB JeTaJIel B MEKax JTAHOTO EKCIIEPUMEHTY HE PO3TJISIABCS ).

33

a — OJIHOKaHaJbHE 3 BUXIJTHHUM JiamMeTpoM 1,5 mMM; 0 — JBOKaHAJIbHE 3
J1aMeTpOM IEHTPaJbHOTO OTBOPY 1,5 MM; B — OJHOKaHaJbHE 3 BHXIJHUM
niaMeTpoM 3 MM; T — TBOKAHAJIBHE 3 J1aMETPOM IEHTPAIBHOTO OTBOPY 3 MM; I —
OJIHOKaHAJIbHE 3 BUXIJTHUM JllaMeTpoM 3 MM Ta OycTepizalli€ro BUXiJHOTO OTBODY.

Pucynok 3.1 — BHyTpimHA CTpyKTypa Ta pO3MIpH COMNEN KOMIMaHii

Thermacut, BUKOpUCTaHUX B €KCIIEPUMEHTAX
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a — OJIHOKaHaJIbHE 3 BUXITHUM JiamMeTpoM 1.5 mMM; 6 — JABOKaHAJIbHE 3

J1aMEeTPOM IEHTPAIBHOTO OTBOPY 1.5 MM; B — OJHOKaHaJIbHE 3 BHUXITHUM

JI1aMeTpoM 3 MM; T — JBOKaHAJIbHE 3 J1aMEeTPOM IEHTPAIBLHOIO OTBOPY 3 MM; I —

OJTHOKaHAJIbHE 3 BUXIAHUM JllaMeTpoM 3 MM Ta OycTepi3ali€o BUXiTHOTO OTBOPY;

Pucynok 3.2 — 3MiHa pPXYy4Oro THCKY IO BICI CTpyMEHS 3aJ€XHO BiJ

MMOBHOI'O MAaHOMETPUYHOTO THCKY BCEpPEIMHI COIIa Ta 3a30py MIXK COILIOM 1

ACTaJlIIIO
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[le MOXNIHMBO TOSCHUTU OMU3BKUMH TEIUIO(I3UYHUMU XapaKTEPUCTUKAMHU
060x raziB (78,09 00’emy moBiTps cKIagae aszor). TomMy, BpaXxOBYHOUYH METYy
pobOTH 1 BapTICTh OAJOHHOTO a30Ty, OyJ0 yXBajeHO PIIMIEHHS B IOAAIBIINX
JOCTIPKEHHSAX B SIKOCT1 aCHCTYIOYOT0 Ta3y BUKOPUCTOBYBaTH MOBiTps. OTpuMaHi
rpadiky 3MIHH PKYYOro THCKY IO BICI CTPYMEHS JJIA BCIX PO3TJISHYTHUX THIIIB
cories npeAcTaBieHi Ha puc. 3.2.

3a BUKOpPUCTaHHS OJHOKAHAJIBHOTO Ta JBOKAHAJIBHOTO COIMEN 3 BUXITHUM
naiamMeTpoM 1,5 MM mpH pizaHHI Ha Manux 3a3zopax 0,5 MM — 1 MM (MeHIII 3a30pH
SK TPAaBUJI0O HE BUKOPUCTOBYIOCS U€pe3 BUCOKUH PHU3UK IMOIIKOHKEHHS ONTHYHOT
TOJOBKH) OJHOKaHAJbHE COIUIO 3a BEJIWYMHOIO PIKYUYOTO THUCKY Yy BCHOMY
Jiana3oHi 3MiHMA [MOBHOTO MaHOMETPUYHOI'O THCKY Ma€ OYEBH[IHI MepeBaru, siki 3
TEHJICHIIIEI0 JI0 3MEHIIEHHs 30epiraroThcs 10 3a30py 2,5 mMm (puc. 3.2 a, 0).
OO6uiBa TUIHK COIIa MPHU 3POCTaHHI 3a30piB MArOTh 30HM BIJIHOCHO HE3MIHHUX
pIXKy4nxX THUCKIB. /{7 ofHOKaHaANBHOTO 1€ Aiana3od 3a3opiB 0,2 mm — 0,6 M,
nBokananbHoro 0,6 MM — 1 mMm. 31 3pOCTaHHAM 3a30py CIIOCTEPIraeThCsl YiTKa
TEHJICHITIS 10 HIBEJIIOBAHHS BIUTMBY MMOBHOTO MAaHOMETPUYHOIO THCKY Ha PlKYydnild
TUCK Ha BICl CTpyMeHs. Tak aisi OJHOKAHAJIBHOTO COIUIA MPH 3MiHI MOBHOTO
MaHOMETPHUYHOTO TUCKY BiJl 10 Gap 1m0 8 OGap pi3HULS THUCKIB Pi3aHHS MPAKTUYHO
HIBEJIIOETbCSI HA 3a3opax > 2.2MM, s JBOKaHalbHOTrO Bxke =>1.4 wmwm.
OpHoKaHalIbHE COIUIO B 30HI Manux podouux 3azopiB (0.5 mm — 1 mm) dopmye
MEHIII JlIaMeTpU Ta KyTH PO3XOJDKEHHS CTPyMEHs MOPIBHSHO 3 JBOKaHAJIbLHUM
(puc. 3.3 a, 6). TakuM YMHOM peE3YyJIbTATH EKCIEPUMEHTIB TMOKa3yl0Th, IO
JIBOKaHAJIbHE COILJIO HABEJEHOI CTPYKTYpH Ta po3mipiB (puc. 3.1 0) He 3abe3mneuye
BUKOHAHHS CBOTO OCHOBHOTO 3aBIaHHS — OOMEKEHHS PO3IIMPEHHSI CTPYMEHS.
BpaxoByto4n CyTTEBO BHIILy BapTiCTh TAKUX COIIEN MOPIBHSHO 3 OJJHOKAHAIBHUMH,
JOLUUIBHICTh X 3aCTOCYBaHHsS MpPH BUKOPHUCTaHHI B SIKOCTI aCHCTYIOUMX Ta3iB
MOBITPS Ta a30TY € BKpail CyMHIBHOIO.

OpnHokaHalbHE Ta JBOKaHAJIbHE COIUIA 3 BUXIAHUM J1aMeTpoM 3 MM (puC.
3.2 B, 1) Ha 3a3zopax m0 0.8 MM GopMyrOTh A€IMIO MEHII pPKy4dl THUCKH B

MOPIBHSIHHI 3 COIUIAaMM 3 BUXIJIHUM JAiameTpoM 1.5 mm. 3i 3poCTaHHSIM 3a30piB
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nepeBara B (opMyBaHHI PLKYYUX THUCKIB TEPEXOAWTH 10 COMENT 3 BUXITHUM
niameTpoM 3 MM. Tak 3a MOBHOTO MaHOMETPUYHOTO THCKY 10 6ap ogHOKaHAJIbHE
COIUIO 3 BUXITHUM JiaMeTpoM 1,5 MM Ha 3a3opi 1 MM dopmye pixxyduit Tuck 7.4
0ap, a coruio 3 BUXIAHUM AiameTpoMm 3 MM — 8.28 Oap. Lle oueBuIHO 0OYMOBIIEHO
TUM, 10 30LIBIICHI BUXIAHI JlaMeTpyd TpH 3pocTaHHI 3a3opiB Big 0,8 MM
3a0€3MeYyI0Th 3HAYHO MEHIII SIK MIBUAKICTh MAAIHHS PIXKYyUOro TUCKY TakK 1 piBEHb
HIBEJIIOBaHHS BIUTUBY MOBHOTO MAaHOMETPHUYHOTO THCKY BCepequHi cora. Sk i B
MOTIEPETHPOMY BHUIIAAKy COIUIA 3 BHXIJHUM JiaMeTpoM 3 MM TIpu 3pOCTaHHI

3a30piB MalOTh 30HU BIITHOCHO HE3MIHHHMX PIXKYyUHX THUCKIB.

#32
L 157 152 Z?im\ X7 Y - 1 booster
. \ /( M%ﬂu -

226

T
75 B e

nE
1 booster
o
o
?:“\
(el
\!
%
ﬁﬂ“c’ﬁ
%
)

a — OJIHOKaHaJIbHE 3 BUXITHUM JilamMeTpoM 1.5 mMM; 6 — JBOKaHAJIbHE 3
J1aMeTpOM IIEHTPajJbHOTO OTBOPY 1.5 MM; B — OJHOKaHaJbHE 3 BHXIJHUM
JTiaMeTpoM 3 MM; T — JBOKAaHAJIbHE 3 JIIaMETPOM IICHTPAJTBLHOTO OTBOPY 3 MM.

Pucynok 3.3 — Pe3ynbratu po3paxyHKIB J1aMETpIB Ta KYTIB PO3XOKEHHS
CTPYMEHIB 3aJI€)KHO BiJl TOBHOTO MAaHOMETPUYHOTO TUCKY BcepeauHi corma (5 6ap,
10 6ap) Ta 3a30py Mixk corioM i aetayuto (0.5 mMm, 1 Mm)

JIns oTHOKaHAJIBHOTO I Jiana3oH 3a30piB 1 MM — 1,4 MM, IBOKaHAJIbLHOIO

1,2 mm — 1,8 MM. B minoMy 111 comia 3 pi3HOIO BHYTPINIHBOIO CTPYKTYPOIO Ta
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OJTHAaKOBUM BUXIJIHUM J1aMETPOM BUSBUIM JOCTAaTHHO OJM3bK1 XapaKTEPUCTUKU SIK
3a mapaMeTrpamMu (OPMYBaHHS PIKY4Oro THCKY, TakK 1 JiaMeTpiB Ta KYTIB
po3xojkeHHs: cTpymeHs (puc. 3.3 B, 1). lle 3HOBY cTaBUTh NUTaHHS PO
JOIUTBHICTh 3aCTOCYBaHHS JOPOTUX JBOKAHAJIBHUX COMENT B TEXHOJIOTTYHHX
YMOBaX pi3aHHs, 10 OJU3BKI JI0 YMOB IIPOBECHHS €KCIIEPUMEHTIB.

Pe3ynbpTat oTpuMaHi 3a BUKOPUCTAHHS B €KCIIEPUMEHTaX OJHOKAHAJIBHOTO
COIlJIa 3 BUXITHUM JlaMeTpoM 3 MM Ta OycTepizalli€ro BUXIAHOTO OTBOpY (puc. 3.1
) HaBeieHl Ha puc. 3.2 n. BHyTpimHsS cTpykTypa OyCTEpH30BaHOTO COILIA
BIJIPI3HSIETHCS BiJ] THIIOBOTO OJHOKaHaNbHOTO (puc. 3.1 T) HAsSBHICTIO B TOPII
KUIBbIIEBOI KaHaBKH (Tak 3BaHOTO Oycrepa) miamerpom 7,4 MM Ta riaubuHoro 0,8
MM. B oMy, sik BugHO 3 rpadikiB, HasBHICTh OycTepa MPU3BOAUTH 10 3HIKCHHS
PLKYUYUX TUCKIB MPAKTHUYHO Y BCbOMY JIOCHII)KyBaHOMY Alana3zoHi. ToOTO 3 TOUKU
30py €(EeKTHBHOCTI BUAAJIECHHS PO3ILJIaBY 3 30HM PI3aHHS THUCKOM acCUCTYHOUOTO
ra3zy HasgBHICTh OycTepa JIMIIE Moripurye cuTyarito. OJHaK iX BUKOPUCTAHHS came
B YCTaHOBKAaX YKOMIUIEKTOBAaHUX MOTYXHUMHU OITOBOJIOKOHHUMHM Ja3epamu (sK
npaBuwio 10 kBt — 12 kBT) mMoxe OyTH MOSCHEHO TEPMOAMHAMIKOIO MPOIIECY.
HasBHicTe OycTepa Npu3BOAUTH A0 30LIBIIEHHS IUION] KOHTAKTY aCHUCTYIOYOro
ra3y 3 MOBEPXHIMU COIUIA Ta MaTepiay JeTali 6e3mocepeIHhO B 30H1 Pi3aHHs, 1110
JI03BOJISIE€ TIOKPAIyBaTH iX OXOJOKEHHS 1 TUM CaMHUM MOXE BIUTUBAaTH SK Ha

pecypc coruia Tak 1 Ha SIKICTh pi3aHHS.

3.2 OcobsuBoOCTI (popMyBaHHS PO3NOALLY THCKY aCHCTYH4YO0ro rasy 1o

NOINepPevYHOMY Mepepizy CTpyMeHs

Pixkyunii THCK B UEHTpI CTpyMeHsA (IlaMeTp NpUIIMalIbHOTO OTBOPY
JMCKOBOTO 30HAa OOpaHO 3 MIPKyBaHb OJIM3BKOCTI /IO CEPEAHBOI BEIMYUHU
mupuHy pizy =~ 0,4 MM) B OCHOBHOMY OOYMOBIIIOE XapaKTep BUIAJICHHS PO3ILIaBy
3 30HM pI3aHHA 1 BIANOBIJHO CYTTEBO BIUIMBAE HA MAKCUMAJIbHO MOKJIUBY
MPOIYKTUBHICTH pi3aHHs. JliaMeTp cTpyMeHs 1 XapakTep pO3MOALTY TUCKY IO HOTo

MOMNEPEYHOMY MEPETUHY € (PaKTOpaMu, 10 BIUIMBAIOTH HA BUHECEHHS TeIIa 3 30HU
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pi3aHHS 1 TUM CaMUM MOXYTh BIUIMBATH Ha TEPMOHAIIPYTH B Martepianl JeTall,

HIOPCTKICTh OTPUMAHHUX IOBEPXOHb, CTPYKTYPY

BIUIMBY 1 BIJIMIOBIJIHO Ha SKICTh TEXHOJIOTII.
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Pucynok 3.4 — Pe3ynbTaTu CKaHyBaHHS PpO3MOJALIY IOJS THCKY B 30HI
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rajJbMyBaHHS CTPYMEHS
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Ha puc. 3.4 npezacrasneHi pe3yiabTaTl CKaHyBaHHS MOJIS PKY4Oro THCKY IO
MOMEPEeYHOMY  TEpPeTUHY  CTPYMEHsS  Ha  3a30pax  HaWOUIbII  4acTo
BUKOPUCTOBYBAHUX TPHU PI3aHHI BUIPOMIHIOBAHHSIM IMOTY>KHHX ONTOBOJIOKOHHUX
nazepiB 0,5 MM Ta 1 MM 3a MOBHOTO MaHOMETPUYHOTO THCKY BCEpEAMHI coruia 5
6ap Ta 10 Oap. Pi3Humi pesynbTaTiB CckaHyBaHHS B370Bk Biced X Ta Y
3HAXOAWJIMCA B MEXaX TOXWOKH EKCIIEPUMEHTY, TOMYy Ha puc. 3.4 HaBEIEHO
rpadgiki po3MOMITy THUCKY B3MOBXK Bici Y. Ile € m0omaTkoBUM MiATBEPKECHHSIM
BHUCOKOi TOYHOCTI BHMCTABJICHHS CHIBBICHOCTI LIEHTPAJIbHUX OTBOPIB COMEN Ta
MPUIMATHHOTO OTBOPY JMCKOBOTO 30H/A 1, BIAMOBIAHO, aA€KBATHOCTI OTPUMAHUX
pe3yabpTaTiB. AHalli3 OTPUMAaHMX PO3MOAUTIB MpeACTaBiIeHUX Ha puc. 3.4 Ta
BUKOHAHUX 32 HUMHU PO3paxyHKIB (puc 3.3) mokazaiu OYeBUIHY 3aJICKHICTh KyTa
PO3XODKEHHSI CTPYMEHS BiJ] BEJIMUMHU 33a30py MK TOPIIEM COTUIA Ta MOBEPXHEIO
netani. [ns BCiX MDOCHIPKEHUX AlaMETPIB Ta CTPYKTYp comen 30UIbIIEHHS 3a30Py
Bia 0,5 MM 10 1 MM MpU3BOIUTH 10 3MEHIIICHHS KyTa PO3XOIKEHHS CTPYMEHS.

3 1i€l TOYKU 30py, aHaAJII3 OTPUMAHHMX PO3IOJLIIB IMOKA3Ye, 0 JTBOKAHAJbHI
coruia (0coOJIMBO 3a JllaMeTpa IEHTPATBHOTO OTBOPY 1,5 MM) MaroTh OBl 30HU
MOCTITHO BHCOKOTO THCKY) 1, MOXJIMBO, II€ € BaroMMM YMHHUKOM BIUIMBY Ha
TEPMOJIMHAMIYHI TIPOIECH B 30H1 pi3aHHA. 3pO3yM1iJIO, IO JIaHE MUTAHHS TOTPedye

IHoJaJIbIIINX KOMITJICKCHUX CUCTCMHHX ):[OCJ'IiI[)KeHB.

3.3 ExkcnepuMeHTalbHa Bepudikalisi BIUIMBY PIKY40ro THCKY Ha
NPOAYKTHBHICTH TA AKICTH Ia30/12a3€PHOI0 Pi3aHHS JIETOBAHOI CTaJi

st excriepuMeHTanbHOI Bepu@ikailli pe3yiabTaTiB €KCIIePUMEHTATBHUX
JOCTIPKEHb BIUIMBY PLKYYOro THCKY Ha MPOIEC Ta Pe3yJbTaTH Ta30Ja3epHOro
pi3aHHs Oynu BUpi3aHi 3pa3ku 31 Hepxkasitouoi ctani AISI 304 TopmmHoOO 6 MM Ha
OJTHAaKOBUX PEXUMax 3 BUKOPUCTAHHAM TPHOX THUIIIB COMEI 3 PI3HOIO CTPYKTYpOIO:
OJIHOKaHalIbHE 3 BUXIAHUM niameTpoM 3 MM (3kl); nBokaHanbHE 3 J[1aMETPOM
IEHTPaJIbHOTO OTBOPY 3 MM (3k2); OJlHOKaHAIbHE 3 BUXIIHUM JIIaMETPOM 3 MM Ta

Oycrepizaiiero BuxigHoro otBopy (3x1b).



Tabmuns 3.1 — TexnonoriyHa kapTa nmapaMeTpiB pi3aHHs MPU BU3HAYCHHI BIUTUBY BHYTPIIIHbO1 CTPYKTYpH COTLIIAa Ha
napaMeTpH IKOCTi O0KOBOT TOBEPXHI Pi3y

ARAMIS

Ten: +38 (067) 522-42-21; +380 (472) 56-69-59,
dakc: +380 (472) 65-13-61
e-mail: laser@aramis.com.ua Cair:
www.aramis.com.ua

Bumnpo6oByBanus BukoHyBas: Maxkcum Ilpycc,
Cranicnas CEPE/IIOK
(I11]

TexHoJIOTIYHA KapTa mapaMeTpiB pi3aHHs
JJISI HEPKABIIOYHUX CTaIel

1. 3acrocyBanus: JlocniiHe pi3aHHS.
2. 3amoBHuk: APAMIC.

3. Meta: BU3HAUYCHHS BIUTUBY THITY COIJIa HA SIKICTb OOKOBUX MOBEPXOHB Pi3y

4. O0JagHAHHA:

Bepcrar AFX-PRO-12000-1530-LD

Mopnensb nazepa, ) ONTOBOJIOKHA MAX Photonics 12 kBT, onrroBojiokao @ 100 MKkM
Mopenb ONTUYHOI T'OJIOBKH, KOJIIMATOP BOCI BLT621

JlociiiHa MOTYKHICTh 12000 Bar

5. IIBuakicTs xon0cToro nepemimennsi: 170000 [Mm/xB]
6. Marepian: Hepxasiroda ctanb AISI 304

7. JdomomizkHmii ra3: azot [N2]



8. PexxrmMu pizaHHs Ta mapaMeTpu SKOCTI TOBEPXOHb Pi3aHHs

ToBmmna Hiametp Bucora pizanns Horyxwicts, | [onoxenns | Tuck, | LBuakicts | [Hupuna lopcTkicTs Bigxunenns Bix
MeTaiy, MM corwia, MM | (BifCIIiAKOBYBaHHii kBt thoxycy 6ap mozayi pizaHHA MOBEPXHI, Rz | mepneHauKymspHOCTI,
3a30p ), MM BiTHOCHO MM/XB (Bepx/ /Ra MM
TOPITIO HHU3), MM
COIIa MM
6 3kl 0,5 12 -3 9 12000 0,32/ Rz(V)=14,72/ 0,045
0,43 Ra(V)=3,34
Rz(N)=38,89/
Ra(N)=7,73
6 3x2 0,5 12 -3 9 12000 0,4/ Rz(V)=19,83/ 0,051
0,51 Ra(V)=4,05
Rz(N)=45,68/
Ra(N)=8,95
6 3klb 0,5 12 -3 9 12000 0,39/ Rz(V)=25,49/ 0,074
0,55 Ra(V)=5,11
Rz(N)=51,63/

Ra(N)=10,57
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Pucynok 3.5 — bokoBi noBepxHi pizy B Hepkasitouiii ctam AISI 304 ToBmuHOIO 6
MM OTpHMMaHI 3a BHUKOPHUCTAHHSAM COTEN PI3HOT BHYTPIIIHBOI CTPYKTypH: a —
OJIHOKaHaJIbHE 3 BUX1AHUM AiameTrpoMm 3 MM (3k1); 6 — 1BOKaHaJIbHE 3 JiaMETPOM
HEHTPAIBHOTO 0TBOPY 3 MM (3K2); B — OJHOKAHAIBHE 3 BUXITHUM J1aMETPOM 3 MM

Ta Oycrepizairiero BuxigHoro oteopy (3x1b)

TexHosoriyna kapTa ekcriepuMeHTy HaBeaeHa B Tabn. 3.1. Ha puc. 3.5 —
dbotorpadii G0kOBUX TOBEPXOHB Pi3y. OUEBUIHO IO 3a TMapaMeTpaMH SKOCTI
MOBEPXOHB P13y OJIHOKaHAIBHE COILJIO Ma€ He3alepeyHi MepeBaru 3a BciMa Tphoma
NOKa3HWKAMM SKOCTI (HaliMeHIla IIMpHHA Pi3y SK HA BEPXHIM, Tak 1 HA HUKHIN
MOBEPXHSX, OUIBII HU3BKI IIOPCTKOCTI B 000X MEpeTUHAX, HAMMEHIIIE BIIXUJICHHS

BiJl MEpHEeHIUKYISpHOCTI). [lOpiBHSIBHMI aHall3 MpeACTaBIeHUX Ha puc. 3.5
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dotorpadiii OOKOBHX MOBEPXOHb pI3y JAO3BOJSE OTPUMATU YSIBICHHS IPO
BIJIMIHHOCTI B TIpoIiecax, 1110 BiOYBaIOThCS MPHU pi3aHHI 32 BUKOPUCTAHHS TOTO YU
1HIIIOTO TUITY COTLIA.

Binznauaemo, mo Ha BCiX OOKOBHX MOBEPXHSAX Pi3y MOXKHA BUAUIUTH TPH
30HM, XO4Ya 3a PO3MIpaMH 1 CTPYKTYpPOIO BOHHM MalOTh CYTTEBI BiAMIHHOCTI. B
BEPXHIX 30HaX 3 BIJICYTHICTIO pebOep Ta MOKPAIIECHO IIOPCTKICTIO B aOJsIil
JIOMiHy€ BHUITapOBYBaHHA. Bucorta naHoi 30HU 3a BUKOpUCTaHHs comen 3kl Ta 3k2
ctanoBUTh 0,85MM — 0,9 MmM. Cormuto 3k1b nmae Gubin mupoxy 30Hy B 1,1mm — 1,15
MM. OJIHaK MOPCTKICTh MOBEPXHI BEPXHBOI 30HU 32 BUKOPUCTAHHS JAHOTO COTLIA €
CyTT€BO BUIIOK (auB. Ta6iu. 3.1). Bigpa3y 3a BepXHBOIO 30HOIO BKE MOYMHAIOTh
yTBOpIOBaTHUCA peldpa 3 BIAHOCHO Majow BHUcoTOw. lle cBigunmTh mpo mnepexin
JOMIHYBaHHSI B a0JIALil Bl BANAPOBYBAHHS JO IUIABJIICHHS 1 CaM€ PIXKYUYHIl THUCK
aCHUCTYIOYOro Ta3y Ha BXOJl B JPOCEIIOIOUMN KaHall BU3HA4Ya€ IIBUJKICTD
BUJIAJICHHSI PO3IUIAaBY 3 JaHOI 30HM 1 BIJIMOBIAHO ii TNIMOWHY Ta MIKPOT€OMETPIIO
MOBEPXHI pi3y. 3a BUKOPUCTAHHS corlia 3k1 BUCOTa 30HU CTAHOBUTH 2MM — 2,2MM,
3k2 Bke Ma€ Byx4y 30HYy 1,7Mm — 1, 85MmM, comto 3k1b Bckoro 1,2mMm — 1, 4mm.

B Tperiii (Hailmwmpiuiil) 30HI CHOCTEpIraeThCsi (QopMyBaHHA pedep
nigBuieHoi BucoTd. Ha 1e BmiuBatroTh JBI npuuuHu. Croau TPUXOAHTH
BUIIPOMIHIOBaHHSI 3 IOHW)XEHOIO Yepe3 BTPATU EHEpri€ro, Ta 31 3POCTAHHIM
TTTMOWHM 3HIDKYETHCS THCK B MOTOLll aCUCTYIOUOTO ra3y. BennunHa maaiHHs TUCKY
3a TIMOWHOIO Pi3y 3HOBY K BHU3HAUAETHCS THUCKOM TallbMyBaHHS Ha BXOJl B
npocentorounii kaHai. Lled (akt 4iTKO NEMOHCTPYIOTh HaBeleHI Ha puc. 3.5
dbortorpadii. Buxopucrtanus comna 3kl 3a0esnedye HaWMEHIIN TIUOMHY 1
IIOPCTKICTh TOBEPXHI 30HH. YTBOPEHI pO3IJIaBOM pedpa MarTh HE3HAYHE
BIIXWJICHHS BiJi BEPTUKAJIBHOCTI, HaWHWKYY OTPUMAaHy B EKCIEPUMEHTI
IIOPCTKICTh, HA BUXOJ1 3 Pi3y MPaKTUYHO BIJCYTHS 30HA MEPETPiBY, IO CBITYHUTH
PO MiHIMaJIbHY TOBUIMHY PIAKOi (pa3u Ta BIACYTHICTH il HAKOMUYEHHS HA BUXO/II 3
nasy.

Comno 3k2 nae BXe BHILY MIOPCTKICTb 30HU, HAsBHI BUTMH YTBOPEHHX

pebep B CTOpPOHY MEpeMillleHHs, Ha BUXOJl 3 Ma3zy € ciiau meperpiBy. ToOTo
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HasiBHE II€BHE HAKOMHMYEHHS piakoi (a3u uepe3 3HIKEHHS eQPEeKTUBHOCTI i
BU/JIaJICHHS.

Commo 3klb gamo HaWBHIY B €KCHEPUMEHTI MIOPCTKICTh 30HHU, 3HAYHI
BUTHHHU YTBOPEHUX pedep B CTOPOHY MEpeMillleHHs, Ha BUXOAl 3 pi3y € 3HaAYHI
ciiy neperpiBy. BuxinHa KpoMKa € pBaHOIO 3 HAsBHICTIO OKPEMHUX HEBEITUKUX
Kpanenb rpaty. Lle cBimuuTh Mpo HHU3BKY IMIBHIAKICTh BUAAJICHHS piakoi ¢asu 3
HIOKHBOI 30HHU i3y, IKa B OCHOBHOMY OOyMOBJIEHA MTapaMeTpaMH PixKydoro TUCKY
aCUCTYI04Oro razy c()OpMOBaHOTO JIAHUM COILIOM.

TakuM YMHOM OTpHUMaHI pe3yNbTAaTH IMOKA3alu JOCUTH JOOPY KOPEISIIiIo
MDK PDKYYHM THCKOM TallbMyBaHHSI aCUCTYIOYOTO Ta30BOTO CTpyMeHs (puc. 3.2) i
SKICTIO Jla3epHOTo pi3aHHsA. [linTBepakeHa IMEeBHa CYMHIBHICTh BUKOPHCTaHHS
JIOPOTUX IBOKAHAJIBHUX Ta OYCTEPU30BAHUX COIEI B yCTAHOBKAX YKOIJIEKTOBAHHUX
OINTOBOJIOKOHHUMH JIa3€paMU BUCOKOI MOTYKHOCTI. B mopanpmmx TOCIIKEHHAX
napameTpiB ra3oyia3epHOro pizaHHs Hepxasirounx crained Ha AFX-PRO-12000-
1530-LD 6y1no Bukopuctano coruia 3k1.

[Io cyri Mo)kHa KOHCTaTyBaTH, LI0 OTpuMaHO ToOTO HasBHE IIE€BHE

HAKOIMWYEHHS PiAKOoi (pa3u yepe3 3HUKEHHS e(PeKTUBHOCTI 1i BUJAJICHHS.

BucHoBku 3a po3aiziom 3

1. Brepiie orpuMaHi TOYHI YMCEIbHI JaHl MPO MapaMeTpH MOJIIB PIKYUOTO
TUCKY, $IKI (DOpMYIOThCS HaWOUIBII MacoBMMHU comiamu kommnadii Thermacut.
OTpuMaHuii ~ MacMB  €KCIEPUMEHTAJIbHUX  JaHUX, JIO3BOJMB  BHUSBUTH
3aKOHOMIPHOCTI ~ BIUIMBY BHYTPIIIHBOI CTPYKTYpH Ta PO3MIpIB  COILIA,
MaHOMETPUYHOTO THCKY BCEPEAMHI COIUIa, BEIWYMHH 3a30py MIXK COILIOM
JETAJUII0 Ha FEOMETPil0 CPOPMOBAHOIO CTPYMEHSI acCHCTYIO4YOro razy (MOBITpA 1
a30T) Ta BEJIMYMHU PDKYYOro THUCKY B JOBUIBHOMY MOro NEpEeTHHI MpH
raJibMyBaHHI Ha TTOBEPXHI JeTa.

2. BukopuctaHHs OTpPUMAaHHX pPE3YIbTATIB JO3BOJHIO 3pOOUTH OLIBII

TOYHMM Ta €(QEKTUBHUM MPOEKTYBAHHS MPOLECIB Ta30JIa3€pHOTO Ppi3aHHs
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MaKCHUMaJbHOI MPOIyKTUBHOCTI, 32 PaxyHOK OOTpYHTYBaHHS BUOOpY THILy COILIa
TOYHOTO TPOTHO3YBAaHHS BEIMYUHHU PIKYYOTO THCKY, SKHH CTBOPUTH Ta30BUI
CTpyMiHb OOPaHOTO COTJIa B KOHKPETHUX TEXHOJIOTTYHUX YMOBaX.

3. B OiabIn mMMpPOKOMY CEHCI, 3aIPOIIOHOBAHUHN MMiIXiJ] TO3BOJISE BiTHOCHO
MPOCTO OTPUMATH 1H(OPMAIII0 MPO PLKYUYUH TUCK CTBOPIOBAHUN JOBUIBHUM
TUTIOM COIUIA, SKUM KOMIUICKTYEThCS BEPCTAT 3a TUX YW IHIIUX TEXHOJOTITYHHMX
yMOB (OTpUMAaTH Ta30MHAMIUYHUN «IMacmopT» coruia). BiAmoBigHO CTBOPIOETHCA
YMOBH JUIsi OUIbII HaJiAHOTrO 3a0€3MeueHHs] MPOAYKTHBHOTO BHCOKOSKICHOTO

pi3aHHs Ta MiJIBUILIICHHS PIBHA B1ITBOPIOBAHOCTI MPOIIECY.
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PO3JILI 4
OBI'PYHTYBAHHS PAIIIOHAJILHUX PEKAMIB
T'A30JIA3BEPHOTO PI3AHHS JIETOBAHMX CTAJIEM

4.1 Pe3yabTaTH NOBHO(DAKTOPHOI0 EKCIEPUMEHTY 10 BHU3HAYEHHIO
PiBHA BaromMocTti (pakTopiB, 110 00yMOBJIIKTH NPOAYKTHBHICTH Ta SIKICTH

ra3oJia3epHoro pizaHHs Hep:KaBilO4oi cTai

PizanHs Hep:kaBilOYMX CTayneld pi3HOI TOBIIMHH 32 JTOTIOMOTOIO MOTYKHHUX
ONTOBOJOKOHHHUX JIa3€piB CHOTOAHI JOCTAaTHHO IIUPOKO BUKOPUCTOBYETHCS
MPOMUCIIOBUMHU MIJIIPUEMCTBAMU Y Kpainu. BupoOHUKH, SKI BUKOPUCTOBYIOTH Y
CBOEMY BHUPOOHMIITBI JlaHy TEXHOJIOTII0, OCOOJIMBO 3aIliKaBJ€HI B JIOCATHEHHI
BHCOKOI SKOCTI pi3aHHSA, 100 MOXHA OYJI0 BUKIIOYUTH TIOBTOPHY OOpPOOKY
BIIpI3aHUX  JeTajeil, BHUCOKOi IIBHJAKOCTI pi3aHHSA IS  Makcumizarlii
MPOyKTUBHOCTI Ta 0OPOT BIATBOPIOBAHOCTI Mporiecy. TakuM YMHOM TEXHIYHI Ta
€KOHOMIYHI KpUTEPii, 1110 BIUIMBAIOTH HA BUOIp BIAMOBIIHOI JJA3€PHOI CUCTEMU IS
KOHKPETHOTO JIa3€pHOT0 pi3aHHSA, 3apa3 HaOyBalOTh BEIMKOTO 3HAYCHHS.
[linBuieHHs e(EeKTUBHOCTI TMPOIECY, SIKOCTI Ta THYYKOCTI JIONOMAararoTh
3MCHIIATH BUTpaTH. [IpoBiIHMIA BUPOOHUK JTa3epHUX TEXHOJIOTIYHUX YCTAHOBOK B
VkpaiHi kommaHig «Apamic» 3amoyarKyBajia BHUITYCK JIIHIMKKM YCTaHOBOK,
YKOMITJIEKTOBAaHUX ONTOBOJOKOHHUMH JazepaMu TMOTyxkHicTio 12 kBt. Taky
MOTY>KHICTh €KOHOMIYHO JOULJIBHO BUKOPUCTOBYBATU NPH PI3aHHI HEPXKABIIOUMX
craseil ToBumHOK 10 MM — 25 MMm. OOHAK CIIOKMBAyl BBA)XKAarOTh 32 HEOOX1IHE
MaTl €(QEKTUBHI PEKUMH pPi3aHHS 1 OUTbII TOHKHUX CTajled 3 BUKOPHCTAHHIM
MaKCHUMAaJIbHOI IMTOTY>KHOCTI YCTaHOBKH.

BB TemmepaTypu Bim B3aeMOii MPOMEHIO Jlazepa 3 Marepiajom
3aroTOBKM 3a0es3neuye TMOTY)XHICTb, HEOOXITHY Ul IUJIaBKM MaTepiany 3
HEOOX1IHOK IIBUAKICTIO 3a BIAMOBIAHOI TOBIIMHY pi3aHHA. 3aJeXHICTh
IIBUKOCTI pi3aHHS BiJ TOBIIMHHM MaTepiaiy He € jdiHiiHow0. [To Mipi 3pocTanHs

TOBUIMHU Marepiaidy MIBHIAKICTh pi3aHHS 3HIKYEThcs [63]. Bxiani mapametpu
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Ja3€pHOTO pi3aHHS MNPUIHATO TOAUISTH Ha JB1 OCHOBHI TPYMNH: MapamMeTpu
MpOMEHI0 Ta mporecy [64, 65, 66]. [lapameTpu NMpoOMEHIO OMUCYIOTh BIACTUBOCTI
Ja3epHOTO TMPOMEHIO, SIKI CKIAJAIOThCsl 3 BEIMYMHU Ta XapaKTepy PpO3MOILTY
TYCTUHU TOTYXXHOCTI B IUISIMI, JOBXHHHU XBHWJi, PO3MIPY IUISIMHU, IMITYJIbCHOI
MOTY>KHOCTI, peKuMy npomeHto. [lapameTpu na3epHOTo Mporecy — Ie MoJI0KEHHS
doKycy, TeOMETpUYHI MapaMeTpu COIIa, THI ACUCTYIOYOro ra3y Ta HOro THCK,
BHCOTa pi3aHHS (BIACIIIKOBYBaHHM 3a30p), IIBUAKICTH pi3aHHS. bBITBIIICTH
JOCIIITHUKIB BBaXKAIOTh 3a Kpalle KOHTPOJIIOBATH TOTYKHICTh JIA3€pPHOTO
MIPOMEHIO, IIIBUIKICTh Pi3aHHS Ta TUCK JOMOMIKHOTO Ta3y, OCKITbKH HUMHU MOXHA
JIETKO KEepyBaTH, 1 BOHM € HalOUIbll €deKTUBHUMHU MapaMeTpaMy BILUIUBY JIJIs
OUIBIIOCTI BUMIPIOBAHUX PE3YyJIbTATIB SKOCTI MOBepXHi [66]. AcucTyroumii ras
CIIY>KUTh JIJIS 37yBaHHS PIAKOTO Martepiaiy 13 30HU pizaHHA. [1[06 3a0e3neuunTtn
HOpMaJIbHE pi3aHHs, HEOOX1THO TOTPUMYBATHCS OalaHCy TUCKY aCUCTYIOUOTO raszy
1 IIBHUJKOCTI pi3aHHA. Takuii 0ajaHC B KOKHOMY KOHKPETHOMY TE€XHOJOTTYHOMY
BUIIAJKY BCTAHOBIIIOIOTh €KCIIEPUMEHTANBHO [65]. DOKyCHE MON0KEHHS TPOMEHIO
Ja3epa TaKOX 3HAYHOIO MIPOIO BIUIMBAE Ha mporiec pizaHHs [64]. Skmo ¢okyc
3HAXOAMUTHCS HAATO OJM3BKO JO MOBEPXHI, pO3pI3 CTAE 3aHAATO BY3bKUM, 1 TOMY
CTa€ HEMOXJIMBUM HOpPMaJbHE MPOTIKAHHS JOMOMIDKHOTO Ta3y 4epe3 po3pi3 Ui
BUJIAJIEHHS piiKoro marepiainy. OKpiM TOro, Take MOJIOKEHHS (OKYCy MOXKe
MPU3BECTH JI0 HAIMIPHOTO BHITAPOBYBAHHS PIAKOTO METajy, IO TaKOX MPHU3BEIC
JI0 3MIHMA TOTOKIB ra3y Ta PIAMHH Ta TMOPYIIEHHS MPAaBWIBHOTO OalaHCy MiX
TUCKOM JOMOMDKHOTO Tra3y Ta HIBUAKICTIO pi3aHHs. SKI0 (OKYyC 3HAXOIUTHCA
HAJTO JAJIEKO IO MOBEPXHI, pO3pi3 CTa€ 3aHAATO IIUPOKHUM, 1 JUIsl MIATPUMKH
Oa)kaHOT IIBUKOCTI pi3aHHS HEJOCTATHLO MOTYKHOCTI. BiIHOCHA BaXXIMBICTh ITUX
(dakTopiB 30UIBIIYETHCSA 31 30UIBIICHHSM TOBIIUHM JIUCTa. BukoHaHuit B poOOTI
[67] xpuTHUHUN OTJISA MyOJTiKaIliid MmoKa3aB, 10 MO BITHOIICHHIO JO MapaMeTpiB
SKOCT1 TOBEPXH1 HAMOLIBII AOCIIHKYBAaHUM TapaMEeTPOM € MOPCTKICTh. pyrum B
NepetiKy JOCTIIKYBaHUX NapaMeTpiB € MupuHa pizy. BoHa mae nBa mapamerpw,
AK1 € MMUPUHAMU Pi3y Ha BEPXHIN Ta HIWKHIA YaCTHMHAX MOMEPEYHOTO MEPETUHY

MOBEPXHI pi3aHHS.
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JlomycKk  MepneHAMKYJISpHOCTI a0o0 Haxwiy € TpeTiM B MepemiKy
JOCHKyBaHUX MapameTpiB. IlpioputeT naHux mapaMeTpiB OOyMOBJICHUNU THM,
10 BOHU € BU3HAYAJBLHUMU MPHU BUPIIICHH] NUTaHHS MOTpeOy€e OTpUMaHa JeTalb
noJ1abinoi 0OpoOKH M Hi. A 11e Hapsay 31 MBHIKICTIO Pi3aHHS MO CyTi BU3HAYaE
C€KOHOMIYHY e(eKTHBHICTh TexHousiorii. HaBemeHHI AaHl IMOKa3ylOTh HarajbHY
noTpedy KOMITJIEKCHUX EKCIEPUMEHTAIbHUX JIOCHIIKEHb Ia30J1a3epHOr0 pi3aHHS
HEP>KaBIIOUMX CTajel BUIPOMIHIOBAHHSM TMOTY>KHHUX OINTOBOJOKOHHHUX Ja3epiB.
Jlns 1poro BU3HAUMTU (DAKTOPHUN MPOCTIp Ta PO3POOUTH IUIAH MPOBEACHHS
eKCIIEPUMEHTIB. BiAmoBiIHO A0 pO3pOOJIEHOr0 TUIaHy MPOBECTH KOMIUIEKC
EKCIIEPUMEHTIB Ta aHalli3 iX pe3yJbTaTiB Ta OOTPYHTYBaTH €(DEKTHUBHI PEKUMHU
ra3o0J1a3epHoOro pi3aHHs HEP)KaBIIOUUX cTajneu BUIPOMIHIOBaHHSIM
ONTOBOJOKOHHOIO Jla3epa NOTYXHICTIO 12 kBT 3 BUKOpUCTaHHSIM B SKOCTI
aCHCTYIOUHMX Ta3iB a30Ty Ta MOBITPSI.

bararo gocimigHUKIB BiJI3HAYAIOTh, BCE K BIAHOCHO HU3BKY SIKICTh O14HOI
MOBEPXHI, OTPUMAHOI MiJ] Yac JIa3epHOI0 pi3aHHs TOBCTOTO MepEPi3y HEP>KaBlI0UOi
cram (10 MM — 25 MM) 3 BUKOPUCTaHHSM IHEPTHOTO Tra3zy 3a JOTOMOIOIO
NOTY)KHUX ONTOBOJIOKOHHUX Jla3epiB, SKy TIOB’S3YIOTh 31 CKJIaJHOIIAMHU
OTPUMaHHS TOBHOTO BUKHU/Y PO3IUIABY 4Yepe3 By3bKi MPOIUIN TOBCTUX IMEpPEPi3iB
[68, 63, 64]. MakcumanabHO AOCSDKHA IIBUIKICTH Pi3aHHS Ta KIHIIEBA SKICTh
pi3aHOI MOBEPXHI BU3HAUAIOTHCS MMapaMeTpaMu MPOLECY, BKIIOYAIOUH MOTYKHICTh
ja3zepa, (OKYCHY BiJICTaHb ONTHUYHOI TOJIOBKH, MOJIOXKEHHS (HDOKYCy BITHOCHO
MOBEPXHI 3aroTOBKH, TUCKOM JOMOMIXHOTO ra3y, BHYTPIIIHbOIO CTPYKTYpOIO Ta
JlaMeTpOM COIljIa, BIJICTAHHIO BiJI COIUIA JIO0 TOBEPXHI 3aroToBKU. [loyoxeHHs
(GhOKyCcy BHUMIPIOETBCS B MUIIMETpax, y JOJATHUX 3HAYCHHSAX, SKIIO BOHA
3HAaXOJUTHCS HAJ BEPXHHOIO TMOBEPXHEI0 METaJeBOro JUCTa, abo y BiI €MHHUX
3HAYEHHSX, SKIIO BOHA HI)KYE BEPXHBOI MOBEPXHI MeTajieBoro jucta. [lepm Hix
OPUCTYNHUTH [0 JA3epHOTO pi3aHHS, AYy)K€ BAXKIWBO TMEPEBIPUTU TOJIOKCHHS
Ja3epHOTO MPOMEHIO Ta BIAPETYJIOBATH HOTO MO IEHTpy coruia. HemoTpumanHs
I11€1 BUMOTH MOYKE€ TIPU3BECTH JI0 BTPATU SKOCTI Pi3y a0 MOIIKOIKEHHS JIeTale

ONTOBOJOKOHHOTO Jlazepa [65, 66]. Takum uMHOM miAOIp paliOHATBHUX
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nmapamMeTpiB TPOIECYy MOKpallye BUIAJICHHS PO3IUIAaBy 3 PO3MIITY, 3amobirae
HeOa)KaHOMY HaJIMITAaHHIO OKAJIMHU Ha HIDKHIN KpOMIIl pi3y a00 HaBITh HEITOBHOMY
IMPOHUKHEHHIO JIa3€pHOTO0 MPOMEHI0 B 3aroTOBKY, KOJIM 1HTEHCHUBHICTb
BUIIPOMIHIOBaHHS € HEIOCTATHHOIO /TSI TAHOT TOBIIIMHKA METAITY.

OO6pobusutacs muctoBa Hepxkapitoya ctanb AISI 304 cranpapTHOro psigy
toBiuH (MM) 0,8; 2; 6; 10; 12; 16; 25. Criuparounch Ha MaTepiaad MOMEPEIHIX
JOCT/PKeHb B ONTWYHIM TOJIOBII BepcTaTa BCTAHOBJIIOBAJOCA  CepiifHe
OJIHOKaHaJbHE COILIO 3 BUXIIHUM aiamerpoMm 3 mMm (3k1) xommanii Thermacut. B
KOKHOMY €KCIEPUMEHTI BHCOTa pi3aHHS (BIACIIIKOBYBaHHM 3a30p) BETUYUHOIO
0,5 MM 3anuiaBcsi HE3MIHHUM (32 BUKIIOYEHHSM pi3aHHS TOBUIMHU (0,8 MM).
HiameTrp nazepHoi misMH B (pokaibHIN TiomuHi ctaHoBuB 210 MxM. B sikocti
ACUCTYIOYMX Ta3iB BUKOPHUCTOBYBAJIMCS a30T 3 YUCTOTOIO HE MeHme 99,99% ta
noBiTps. Taka BUCOKA YUCTOTA a30Ty 3aroodirae 3MiHi KOJIbOPY Hapi3aHUX JIKCTIB.
[ToTyXHICTh  Ja3epHOrO0  MPOMEHI0, TUCK Ta3y, IBHJAKICTh  IOJadi,
BIJICTIIJIKOBYBAaHUN 3a30p, MOJIOKEHHS (DOKYCy 3aJaBajiucsi 1 KOHTPOJIIOBAIHCS
CUCTEMOIO0 uyucjoBoro mporpamHoro kepyBanHs (UIIK) 3 TounicTio, sika
BI/IMOBIa€ MACIOPTHUM JaHUM BepcTaTa.

B sixocti BapiiioBaHoro (aktopHoro mnpoctopy Oyino obpano 3 mapamerpu:
mBUJIKICTh Togaudil F, mm/xB (cut speed); Tuck acucryrodoro razy P, bap (gas
pressure); mojoxeHHs1 (okycy BiIHOCHO Topils comia S, MM (focus). IToTyxHICT
nazepHoro npomenio W, Bat (peak power), BIAMOBIAHO 10 BUMOTO BUPOOHHKA Ta
CIIO’KMBauiB  HOBUX JIA3€PHUX TEXHOJIOTIYHHUX KOMIUICKCIB, 3ajMIlaiacs
He3MiHHOWO 1 ctaHoBuia 12 kBt. KoxHuil gaktop BapitoBaBcS Ha TPbOX PIBHAX
(HynbOBUHM, BEpXHiM, HIWKHIN). BignoBiAHO 10 MaTpuill TUIAHYBaHHS
eKCIIEPUMEHTIB Oyno Bupizano 3° =27 3paskiB Ui JOCHIKEHb i aHAI3y IO
KOXHI ToBImMHI (7 CTaHAAPTHUX TOBIIMH). 3pa3Kd 3 HAABHICTIO Tpary
BIIOpaKoOBYBaJIMCS 1 HE AOCTIKYBAJIUCSA, TaK SK I'paT € OYEBHUJIHOIO O3HAKOIO
HE3aJ0BIJILHOTO pe3ysbTaTy gocuiay. [lpu getaapHOMYy TOCHIIKEHHT TPUHHATHUX
3pa3KkiB 3a HaBEJACHUMHU METOJMKAMH, BU3HAUYAIHUCS PEXKUMHU 3 MaKCUMAIbHUMHU

IIBUJIKOCTSIMU Pi3aHHS 3a YMOBHM BUAMOBITHOCTI BuUMoram cranaapty ISO
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9013:2017 Ta 3aMOBHMKIB JaHOTO THUIIy BEpPCTAaTIB IOAO IIOPCTKOCTI OOKOBUX
NOBEPXOHb (32 Ra Ta Rz.), BEpXHBOIO Ta HIKHBOIO HIMPHUHOIO Pi3y, BEIHMYUHOIO
OTPUMAHOI0 JIOMYyCKYy MEPIEHIUKYJSIPHOCTI MOBEpPXHI pi3aHHA. OTpumasi

pe3yNbTaTH Ta iX aHaji3 Mo/iaHl B HACTYITHUX PO3/LIaX.

4.2 Pe3ynbTaT eKCNEPUMEHTAJIbHUX JOCHIIKEHb 10 BCTAHOBJICHHIO
pPeKMMIB Ta yYMOB MAaKCHMAJIbHOI NPOAYKTHBHOCTI pi3aHHa 0e3 BTpaTH
3a]aH0I SIKOCTI OOpOOKHM 32 BHUKOPHUCTAHHA B SIKOCTI ACHCTYIOYOro rasy

NnoBiTps

OcHOBHI eKCTIEpUMEHTAaJIbHI JJaH1 HaBe/leHOo B Ta0u1. 4.1 Ta Ha puc. 4.1 14.2.

F anv/xe

5x10"

1.4540° \
3.9x10° \

3.35.10" \
2.8x10"

225%10° v‘\(\\

R
1.7x10
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6<10° : = — ey

500
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Pucynok 4.1 — Pe3ynbTaTy BU3HAYEHHS 3aJI€KHOCTI IMIBUIKOCTI pi3aHHS JUCTOBOI
Hepkapitouoi crani AISI 304 Bix ToBIIMHM JIUCTA 32 YMOB OTPUMAaHHS MapamMeTpiB
SIKOCTI, 110 BIAMOBIAa0Th BUMoram cranaapty ISO 9013:2017 (acuctyroumii raz —

MOBITPS )



103

Pucynox 4.2 — bokoBa mnoOBepxHs JUCTOBOI HepxkaBitouoi crtami AISI 304
TOBIIMHOIO 12 MM Npu pi3aHHI 3 BUKOPUCTAHHSAM B SIKOCTI aCHCTYHOYOIrO Tasy

noBiTps (pexum Low — Tadu. 4.1)

AHani3 pe3yibTaTiB cepii eKCIIEPUMEHTIB JI03BOJIUB BCTAHOBUTH HACTYITHE.

HIBuakicTe pizannsa. [Ipu pizandi ToBuwmH 0,8 MM Ta 2 MM BIJJHOCHO

HE3HauHe 3pocTaHHs MBUAKOCTI pizanHs (2000 mm/xB mist 0,8 MM Ta 1000 MM/XB)
32 BHCOKOI SKOCTI OOKOBOi MOBEPXHI pi3y JOCATAIOTHCS 32 PaxXyHOK 3pOCTaHHS
TUCKY MOBiTpsA 3 4 6ap mo 13 6ap ansg ToBuwmHU 0,8 MM Ta 3 6 Oap 10 8 Oap Ha
TOBIIMHI 2 MM. Bapto Big3HAauuTH, MO 3 MIPKYBaHb IIiJIBUIIEHOTO PHU3UKY
MOIIKO/KEHHSI TOJIOBKM pi3aHHS TOBmMHM (0,8 MM BHKOHYBAJIOCS HAa BHUCOTI
pizanHs 1 mm. Ha TOBmIMHI 6 MM CHOCTEpPIraeThCsi BapiaTUBHICTH HA0OpY
napameTpiB (PaKTOPHOTO MPOCTOPY, AKI JTO3BOJSIOTH 32 HE3HAYHOTO TOTIPIICHHS
MOKa3HUKIB SIKOCTI (B OKpPEMHUX BHIIaJIKaX HABITh 3 MOKPAILECHHAM) OTPUMYBaTH

OUIBIII BUCOKI MIBUIKOCTI pi3aHHs (BIAMOBIIHA CTAHIAPTY AKICTH OTPUMaHa Ha
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Tabmuus 4.1 — Kapra mapametpiB pizanns HepkaBirodoi ctani AISI 304 TexHOIOTIYHOT 1HCTPYKIIT O BEpCTaTiB MOJETI
AFX-PRO-12000-1530-LD (acuctyrouuii ra3 — HoBiTps )

ITonoxenus
ToBmmHa Hiametp Bucora pisanns HotyxHicTh hoxycy Tuck [Heunicrs | 1Hupuna lopcTkicTh BigxuneHns Bix
(BimcomiIKOBYBaHUH ’ BITHOCHO i rmozayi pizanHs (Bepx/ . .
MeTaiy, MM coIia, MM kBT 6ap moBepxHi, Rz /Ra NEPIEHIUKYIIPHOCTI, MM
3a30p ), MM TOPITIO MM/XB HU3), MM
CoIIa MM
3kl 1 12 0 13 52000 0,26/ Rz(S)==11,6/ 0,06
0,8 High/Low 0,31 Ra(5)=2,06
’ 0,38/ Rz(S)==10,6/
3kl 0.5 12 0 4 50000 03 Ra(S)=1,77 0,04
3kl 0.5 12 0 8 41000 0,43/ Rz(V)==17,91/ 0.06
2 High/Low 0,31 Ra(V)=2,71
0,42/ Rz(N)==16,11/
3kl 0.5 12 0 6 40000 0.32 Ra(N)==2.75 0,05
Rz(V)=26,85/
3kl 0,5 12 -3 6 5000 (())751/ Ra(V)=4,57 0,11
> Rz(N)=73,22/
6 Low/High Ra(N)=12.79
Rz(V)= 29,74
3kl 0,5 12 0 8 8000 0153/ Ra(V)=475 0,24
’ Rz(N)=49,16
Ra(N)= 10,78
Rz(V)=83.,9
Ra(V)=15,46
Rz(S)=63,42
3kl 0,5 12 -4 4 5000 %155/ Ra(S)=10,37 0,15
Rz(N)=53,64
Ra(N)=8,46
Ra(V)=16,75
0,5 12 0,69/ Rz(S)= 67,54 0,05
3kl -4 6 6000 0.6 Ra(S)= 112
Rz(N)= 57,47

Ra(N)= 11,64
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12 Low/High

3kl

0,5

12

-5.5

4500

0,79/
0,71

Rz(V)= 60,95
Ra(V)= 10,7

Rz(S)= 55,98
Ra(S)= 9,152

Rz(N)= 48,66
Ra(N)=8,12

0,04

3kl

0,5

12

-5.5

4550

0,83/
0,75

Rz(V)= 70,98
Ra(V)= 13,87

Rz(S)= 51,75
Ra(S)= 8,98

Rz(N)= 50,32
Ra(N)= 8,29

0,08

18 Low/High

3kl

0,5

12

-12

2100

0,89/
0,81

Rz(V)= 59,95
Ra(V)=9,7

Rz(S)= 54,98
Ra(S)= 8,152

Rz(N)= 47,66
Ra(N)= 8,12

0,04

3kl

0,5

12

-12

2200

0,93/
0,85

Rz(V)= 69,98
Ra(V)= 12,87

Rz(S)= 52,75
Ra(S)= 9,98

Rz(N)= 48,32
Ra(N)= 6,29

0,08

25 Low/High

3kl

0,5

12

950

0,99/
0,91

Rz(V)= 61,95
Ra(V)= 11,7

Rz(S)= 56,98
Ra(S)= 10,152

Rz(N)= 49,66
Ra(N)= 11,12

0,04

3kl

0,5

12

1000

1,03/
0,95

Rz(V)= 71,98
Ra(V)= 14,87

Rz(S)= 50,75
Ra(S)= 7,98

Rz(N)= 52,32
Ra(N)= 10,29

0,08
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pexnmax 31 mBuukicTio pizanHs 5000 mm/xB Tta 8000 MM/xB). 3i 3pocTaHHSIM
TOBIIMHK MeTany Big 0,8 MM 70 6 MM NPUPOJHE TAJIHHS MIBUAKOCTI Pi3aHHSA
OJM3bke A0 JIHIMHOTO 3 JOCTaTHRO BHCOKMM Koe(illieHTOM Haxuiay. 3a
MOTAJIBIIIOTO 3POCTAHHS TOBIIMHUA METaJy IMaJliHHS IIBHIKOCTI 30epirae xapakTep
OJM3bKUN 70 JIHIMHOTO ajie BXKE 31 3HAYHO MEHIIUM KOE(IIIEHTOM HaXWITY.
JliamazoH BapiatuBHOCTI Mae Micme A0 ToBmuHA 10 MM (5000 mm/xB Ta 6000
MM/XB) 1 3a ToBIIKH Oinbire 10 MM cTae MmiHiMansHUM. T0OTO pizHMIST MK Low Ta
High nns toBmuu 12, 18 ta 25 MM € He3HauHoro. [lo cyTi B paMkax Marpwuiii
TJIaHYBaHHS €KCIIEPUMEHTIB B JTAHOMY JIiamma30Hi TOBIIWH BHUSBICHO JIUIIE OJUH
y3rojkeHuid Halip QakTopiB ki 3a0€3Me4yroTh MIBUIKICTh PI3aHHS 3a SKOT
JIOCSITAIOTHCSL BIATIOBIAHI CTaHIAPTy MapaMeTpH SKOCTI MOBEpxHI pizy. He3Haune
3pOCTaHHS MaKCHMAaJIbHOI IIBUIKOCTI PI3aHHS OTPUMAHO JIMIIE 3a 3pOCTaHHS
THUCKY aCHCTYIUOro rasy Bijg 6 6ap g0 8 6ap. CrpoOu moaaabIIoro ImiaBUIIESHHS
THUCKY HE JaJIA KOJHOTO MPUHHATHOTO PE3yJIbTATy JOCTIIY.

ITapamMeTpu IHOPCTKOCTI. HaHl IMOKAa3HUKN CYTT€BO BIINIMBAIOTH Ha TC,

noTpedye oTpuMaHa OBEPXHS 10AaTKOBOI 00poOku uu Hi. Ha ToBmuHi 0,8 MM Ha
BIJIHOCHO MOHMKEHIA MmBHIKOCTI pizaHHs (50000 MM/XB) OTpUMaHO HaMKparli
noka3zHuku 1mopctkocTi (Rz(S)10,6; Ra(S)1,77), mo € Oau3pKuM 10 TTOKa3HUKIB
YUCTOBOI MEXaHIYHOi 00poOKM (TOUiHHS, Ppe3epyBaHHs). BapTo BiA3HAUUTH LIO
Ha ToBIIMHAaxX 0,8 Ta 2 MM CTpPyKTypa MHOBEpPXHI pi3y € OJIHOPIAHOI, TOOTO
MPAKTUYHO BIFICYTHIM MOJ17 BUCOTH pi3aHHs Ha 30HH. e 00ymMoOBIIeHO TUM, 1110 TIO
BCIi BHCOTI pi3y B MeXaHi3Mi aOJswii JOMIHY€E€ BUIIAPOBYBaHHs, sike 3a0e3medye
MIHIMYM pO3IUJIaBY Ha TOBEPXHI Pi3y 1 SIK HACHIIOK HU3bKY HIOPCTKICTh. Ha
TOBIIMHI 6 MM Ha MOBEPXHI pi3y BXKe I00pe BUIHO TMOJ1JI BUCOTH Pi3y HA TPU 30HU
(puc. 3.5). 31 3poCTaHHSM TOBIIMHHM JETalll CHOCTEPITAEThCS 10 TMEBHOI MIpH
KOJIMBajbHa (3aJIe’kHO Bix 30HU — Bepx (V), cepenuna (S), vu3 (N)) ane oueBuHa
TEHJICHIIS 70 TOTIPIICHHS TOKa3HUKIB SIKOCTI OTPUMAHHUX IOBEPXOHB. buIbIil
SIBHOIO CTa€ 3MiHa MIOPCTKOCTI MO BUCOTI pi3y (30HAIBHICTh MOBepxHi). [Ipuuomy
SKIIO 10 TOBIIMHU 10 MM MiHIMaIbHA MIOPCTKICTh CIIOCTEpIranacs B BEPXHIii 30H1

e B aOydiii JOMiHy€ BHUMApOBYBaHHSA, TO MOYMHaKO4YM 3 10 MM MIHIMyM
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IIOPCTKOCTI BUSBJICHO B CEPENIHIX Ta HAaBITh HIDKHIN 30HAX Je B aOmsmii Bxke
nominye miaBiieHHs. Tak Ha ToBmmHI 12 MM Bepx — Rz(V)60,95 / Ra(V)10,7;
cepenunna — Rz(S)55,98 / Ra(S)9,52; uuz — Rz(N)48,66 / Ra(N)8,12. Ockinbku B
JaH1 30HU MPOXOJAUTH MiJ TUCKOM MOBITPS, B sIKOMY MicTUThCS 20% KHCHIO TO B
30HI JIe 3MEHIIYEThCS BUIAPOBYBAHHS IIOYMHAE PO3BUBATUCA €EK30TEpMIUHA
peakis. JlokambHi cipyBari Kombopu (puc.4.2) B cepemHil 1 HWKHIA 30HAX
CBIYaTh MpPO TEBHY HECTAOUIBHICTh PO3BUTKY €K30TEPMIUHOI peakiii, sKa
NPU3BOJUTH JIO TMOSBH Ha TMOBEpXHI pi3y TyrormaaBkoi miiBku Cr,Os;. Tum He
MEHIIIE€ CTUIbHA Aisl MPOMEHIO 1 TOPIHHS MPU3BOJIATH 10 3POCTaHHS TeMIepaTypu
pO3IIaBy 1 BIAMOBIIHO MiJABUIIEHHS €(PEKTUBHOCTI MOr0 BUAAJIECHHA. 32 PaXyHOK
[[OTO TOBIIMHA pO3IJIaBY HA CTIHKaX Ma3y 3MEHIIYETbCA, MIKPOT€OMETpis
MOBEPXHI OTPUMY€E MEHIITY IIOPCTKICTb.

B minoMy Bci pe3yibTaTH Mo mapaMeTpaM MIOPCTKOCTI HaBelIeHI B TaOIuIl
4.1 BiamosimaroTh Bumoram 1-2 miamaszoHiB [SO 9013:2017. B 3amexHOCTI BIX
NPU3HAUYEHHS JI€Tajlel, 1110 BUTOTOBJISIOTHCS 32 TEXHOJIOTIEIO JIA3€PHOTO Pi3aHHS
BHUMOTHY J0 IapaMeTpPiB MIOPCTKOCTI MOXKYTh CYTTE€BO piI3HUTUCA. TOMYy HE MOXKHA
BUKITIOUATH B OKPEMHUX BHITAJIKaX X MEXaHIYHOTO JIOOIPAIFOBAHHSI.

BepxHda Ta HWXKHS INIMPHHA Pi3y, BEeJIUYHHA BIIXWJICHHS NOBEPXHI

pi3aHHS Bil_NepneHIUKYJASPHOCTI (Haxuia). Jlani mapamerpu Oe3mocepeaHbo

BIUIMBAIOTh Ha TOYHICTh OTPUMAHUX JeTanedl. be3 iX BpaxyBaHHS MPaKTHYHO
HEMOXXJIUBa pPO3po0Ka Kepyrouux mnporpaMm. Sk 1 BapTo OyJ0 OUIKyBaTH 3a
BUKOPHUCTAHHA MAaKCHUMAJIbHOT MOTYKHOCTI JIa3€pPHOTO MPOMEHIO Ha IIHUPHUHY pi3y
HAWOUTHIINIA BIUIMB MAlOTh MOJIOKEHHS (DOKYCYy, MIBUAKICTh pi3aHHS Ta TOBIIMHA
aucta. B 3aransHOMY, 32 J€5KOT KOJIMBAJILHOCTI 3HAYE€Hb JJAHUX BEJTUYHMH 3 POCTOM
TOBUIMHU MPUPOJIHBO 30UIBIIYIOTHCS K BEpXHS 1 HUXKHA MIMpUHA pi3y. [Ipudyomy,
SK MPaBWIO, NIMPUHA BEPXHBHOTO Pi3y MEPEBUINY€E IMHUPUHY HUXKHBOTO. Jluine Ha
ToBUIMHI 6 MM (pexxuM High) npu 3poctanHi TUCKY acHCTyI0UOTO MOBITPs 3 5 0ap
10 8 Oap MIMpUHA HUKHBOTO pi3y MepeBHIlMia mupuHy BepxHboro (0,53/1,0),
3aBJ/ISIKA YOMY OTPUMAHO HaWO1IbITy KOHYCHICTB y BCiH cepii excriepumenTis (0,24

MM). [TosicHuTH nanuii pakT MOKIMBO JIUIIE PO3MIIIEHHSM MOJOKEHHS (POKYyCy Ha
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topii corma (0) Ta 3HAYHUM PO3BUTKOM €K30TEPMIYHOI peakilii Ha BUXOMl 3 pi3y
IpU CYTTEBOMY 3pOCTaHHI THCKY aCHUCTYIOUOTO TIOBITps. BimxwieHHS Bin
MEPIICHIUKYJIIPHOCTI HE Ma€ YiTKO BUPAKEHOI! TEHCHIIIi 1 HOCUTh KOJUBAJIbHUN
xapaktep. Ha MakcumanbHii TOBIIMHI pi3aHHS 25 MM 3a paXyHOK 30aJ1aHCOBaHOTO
M1100py MapaMeTpiB BJIAJIOCS OTPUMATH BIAXWIICHHS BiJl MEPIICHAUKYJISIPHOCTI, 10
He mnepesuimrye 0,04 mMm.. Byayunm BakKiIMBUM YMHHHUKOM BIUIMBY Ha TOYHICTH
pi3aHHs, BeJIMYMHA IIMPUHU Pi3y He pernamentyerscs [SO 9013:2017. 3a
BIIXHWJICHHSM BiJl TIEPIICHIUKYJISIPHOCTI OTPUMaHI PE3yJIbTaTH HE TEPEBHILYIOThH

BUMOT 1-2 niama3oHiB JaHOTO CTaHIAPTY.

4.3 Pe3yJbTaTH eKCHEPUMEHTAJbHHUX MOCJIIIKeHb IO BCTAHOBJICHHIO
PEeKUMIB Ta YMOB MAaKCHMAJbHOI NPOAYKTHUBHOCTI Ppi3aHHd 0e3 BTpaTH

3aJ1aHO1 SIKOCTi 00POOKM 32 BUKOPHCTAHHSA B IKOCTi aCHCTYI04YOI0 ra3y a30Ty

OcHOBHI eKCIIepUMEHTAaJIbHI JaH1 HaBe/eHO B Tab. 4.2 Ta Ha puc. 4.3 14.4.
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Pucynok 4.3 — Pe3ynbTaTy BU3HAYEHHSI 3aJI€KHOCTI IMIBUIKOCTI pi3aHHS JUCTOBOI
Hepkapitouoi crani AISI 304 Bixg ToBIIMHM JIUCTA 32 YMOB OTPUMAaHHS MTapaMeTpiB
SKOCTI, 10 BIAMOBIAAI0Th BUMoram ctanaapty ISO 9013:2017 (acuctyrouuii ra3 —

a3oT)
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AHari3 pe3ynbpTaTiB cepii eKCIIEPUMEHTIB I03BOJIMB BCTAHOBUTH HACTYITHE.

o i:d‘g""..‘VI‘

'!l\‘ \
" .\
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Pucynox 4.4 — bokoBa moBepxHs JUCTOBOI HepkaBitouoi crtami AISI 304
TOBIIMHOIO 12 MM mpuW pi3aHHI 3 BUKOPHUCTAHHSM B SIKOCTI aCHCTYIOUOTO Ta3y

azoty (pexxum High — ta6. 4.2)

HIBuakicTh pizanns. [Ipu pizanHi ToBmuH 0,8 MM Ta 2 MM SIKICHOT BapiaTUBHOCTI

OTpUMaTu He BAajdocia. Ha KOXHIA TOBIIMHI BHUSBIEHO JIMIIE OJUH HaOIp
30a1aHCOBAaHUX TApaMETPiB MPOIIECy, SAKi 3a0e3MeUnIr HEOOXiTHY BHCOKY SKICTh
MOBEPXHI pi3y. SK 1 mpu pi3aHHI B CEPEIOBUII MOBITPS 3 MIPKYBaHb ITiBUIIIEHOTO
PU3HKY TONIKO/PKCHHSI TOJIOBKH pi3aHHs TOBHIMHM 0,8 MM BHUKOHYBajJOCS Ha
BUCOTI pi3aHHs 1 MMm. Ha TOBIIMHI 6 MM CIOCTEpIraeThcsl BapilaTUBHICTh HAOOPY
napameTpiB (HaKTOPHOTO MPOCTOPY, AKI JO3BOJSIOTH OTPUMYBATH OUIBII BUCOKI
HIBUIKOCTI pi3aHHS (BIANOBIAHA CTAHAAPTY SKICTh OTPUMaHa Ha pexuMax 3l
mBuIKicTIO pi3anHs 6000 mM/xB Ta 12000 MM/XB) 1 pU [IbOMY OTPUMYBATH Kpalill
NOKa3HUKHU siKocTi (Tabi. 4.2) . 3pocTaHHs B JBa pa3u HIBUAKOCTI pi3aHHs
JIOCSITHYTO 3arjMOJICHHSM TMOJ0KEHHSI (POKYCY BITHOCHO TOBEPXHI pidy Ha 3 MM,

IO 1€ pa3 AEMOHCTPYE BUCOKY Uy TIHMBICTh MPOIIECY 10 JAHOTO MapameTpy.
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Tabmuus 4.2 — Kapra mapametpiB pizanns HepkaBirodoi cranmi AISI 304 TexHOJOTIYHOT THCTPYKIIT O BEpCTaTiB MOJETI

AFX-PRO-12000-1530-LD (acuctyrouuii ra3 — a3or)

. [HonoxxeHHs . [[Tupuna . .
. Bucora pizanns . IBuakicTh ; . Bigxunenns Bifg
ToBmuHa Hiametp (BizcaiIKOBY BaHHid IloTyxHicTb, thoxycy Tuck, onadi pi3aHHA opcTkicTh .
MeTalry, MM coria, MM BUICTIAKOBY BatIHH kBT BiTHOCHO TOpIIO | Oap A (Bepx/ moBepxHi, Rz /Ra TEPHCHIHKYIAPHOCTL,
3a30p ), MM coria, MM MM/XB HHU3), MM MM
0,18/ Rz=10,24/
0,8 3kl 1 2.4 0 13 50000 0.14 Ra=1,69 0,02
0,24/ Rz=13,04/
2 3kl 0,5 12 -1 8 40000 021 Ra=2.07 0,02
Rz(V)=14,72/
3kl 0,5 12 3 9 12000 0,32/ Ra(V)=334 0,045
0,43 Rz(N)=38,89/
6 High/Low Ra(N)=7,73
Rz(V)=20,36/
1,11/ Ra(V)=3,51
31 0,5 12 0 9 6000 0.9 Rz(N)=49.33/ 0,11
Ra(N)=9,24
Rz(V)=20,77/
Ra(V)=3,98
0,54/ Rz(S)=55,97
3k1 0,5 12 -4 6 8000 0.56 Ra(S)=10.55 0,01
Rz(N)=42,1/
. Ra(N)=8,06
10 High/Low R2(V)=49,22/
Ra(V)=10,28
0,58/ Rz(S)=66,14
3kl 0,5 12 -2 6 6000 0.5 Ra(S)=10,8 0,04
Rz(N)=46,33/
Ra(N)=8,91
Rz(V)=22,24/
Ra(V)=4,03
0,33/ Rz(S)=52,19
12 High/Low 3kl 0,5 12 43 7 5000 0,72 Ra(S)=10,4 0.2
Rz(N)=55,95/
Ra(N)=11,52
3kl 0,5 12 -3.5 7 4800 0,56/ Rz(V)=49,6/ 0,05
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0,65

Ra(V)=10,93

Rz(S)=55,39
Ra(S)=10,71

Rz(N)=55,74/
Ra(N)=11,74

18 High/Low

3kl

0,5

12

-12

2150

0,43/
0,82

Rz(V)=24,24/
Ra(V)=6,03

Rz(S)=53,19
Ra(S)=12,4

Rz(N)=54,95/
Ra(N)=10,52

0,2

3kl

0,5

12

-11

2100

0,66/
0,75

Rz(V)=51,6/
Ra(V)=11,93

R2(S)=56,39
Ra(S)=11,71

Rz(N)=57,74/
Ra(N)=12,74

0,05

25

3kl

0,5

12

800

0,43/
0,92

Rz(V)=22,24/
Ra(V)=5.,03

Rz(S)=52,19
Ra(S)=11.4

Rz(N)=56,95/
Ra(N)=12,52

0,2

3kl

0,5

12

-18

700

0,56/
0,95

Rz(V)=51,6/
Ra(V)=11,93

Rz(S)=54,39
Ra(S)=9.71

Rz(N)=57,74/
Ra(N)=12,74

0,05
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31 3pocTaHHSM TOBIIMHU MeTany Bia 0,8 MM g0 6 MM MNPHUPOAHE MATIHHS
IIBUJIKOCTI pi3aHHS OJIM3bKE J0 JIHIMHOTO 3 JIOCTaTHHO BHUCOKHUM KOE(DII[IEHTOM
HaXWIy.

3a moJanplIIoro 3pOCTaHHS TOBIIMHU METaly MaJiHHS IIBUIKOCTI 30epirae
XapakTep OJMM3BKUM J10 JIHIMHOrO aje BXKE 31 3HAYHO MEHIIUM KOediIli€eHTOM
Haxwry. [liama3oH BapiaTUBHOCTI Ha TOBIIMHI 10 MM Bce 1€ € JOCHTh 3HAYHUM
(6000 mm/xB — 8000 mm/xB). B momampmomy pizuung mik Low ta High nns
ToBIIMH 12, 18 Ta 25 MM crae He3HauHow (puc.4.3). SIk 1 3a BUKOPHUCTAHHS B
SIKOCT1 aCUCTYIOUOTO Ta3y MOBITPSI B paMKaxX MaTpHIIl MJIAHYBaHHs €KCIIEPUMEHTIB
B JIAHOMY /Iialla30HI TOBIIMH BUSBIICHO JIMIIE OJUH Y3TOUKEHUN HaOIp (hakTopiB
K1 3a0€3MeYyI0Th MBUIKICTh P13aHHA 3a SKOi JOCATAIOTHCS BIAMOBIIHI CTAaHAAPTY
napamMeTpu SKOCTI TOBEpPXHI pi3y. AJjie Ha BIIMIHY BiJ THOBITpS HE3HA4HE
3pOCTaHHS MaKCHUMaJbHOI IIBHJKOCTI pi3aHHS OTPUMAHO IIJISXOM 3MIHU
MOJI0KEeHHS (POKYCY BIJIHOCHO MOBEPXHI JIeTall.

ITapamerpun mopcrkocti.. Ha ToBmmai 0,8 MM Ha BIZJHOCHO HOHM)KEHIH

mBUAKOCTI pizaHHs (50000 MM/XB) OTpMMaHO HaWKpallll MOKAa3HUKU IIOPCTKOCTI
(Rz(S)10,24; Ra(S)1,69, sxi mnpakTUYHO HE BIAPIZHAIOTHCA BiJ TMOKA3HUKIB
oTpuMaHuX Ha 1oBiTpi. Ha ToBmmHax 0,8 MM Ta 2 MM TakoX BIJICYTHIH ITOJILIT
BUCOTH Pi3y Ha 30HU (puc. 4.5). [loain HA 30HU TAaKOK MOYUHAETHCS 3 TOBIIUHU 6
MM. 3 TOJAJBIIUM 3POCTAHHSM TOBILIMHU JI€TaJll CIOCTEPITaeThCs 10 MEBHOI MIpU
KOJIMBaJbHA, ajie¢ 3HOBY OUYEBMJIHA TEHJCHIIIS IO MOTIPIICHHS MOKA3HUKIB SIKOCTI
OTpUMaHUX MOBEpXOHb. Ha BIIMIHY BiJ BHUKOPUCTAaHHSA TOBITPS HaWHUK4Ya
IIOPCTKICTh 3aBXKIM CIIOCTEPITacThCcsl B BEPXHIA 30HI J€ B MeXaHI3Ml aOmsiii
JIOMIHY€ BUTIApOBYBaHHS. B apyriii Ta TpeTiii 30Hax 3HAYEHHS HIOPCTKOCTI €
JOCUTHh OJM3bKUMU, ajie B 2 — 2,5 MepeBULIYIOTh IIOPCTKICTh B MEPILIIA 30HI.
Binpasy 3a mepiioio 30HOI MOYMHAETHCS (PopMyBaHHS pedep, BHCOTa SKUX 1
BHU3HAUYa€ MIOPCTKICTh B JAHUX 30HaX. SIK 1 BapTO OYyJIO OYIKYBaTH B CEPEIHBOMY
Ha BCIX JOCIIKEHUX TOBIIMHAX BUKOPUCTAHHS a30Ty 3aMiCTh MOBITPS B SKOCTI

aCUCTYIOYOI0 Ta3y 3abesrneuye 3HIKEHHs mopcTkocTi Biag 5% mo0 50% 3anexHo
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Bil TOBIIMHM MeTany. PamionanbHuii BHOIp MapaMmeTpiB coOIUla Ta THUCKY

aCHCTYIOUOT0 a30Ty (POPMY€E «UHCTY» MOBEPXHIO pi3y 0€3 CJIi1iB OKHCICHHS.
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Pucynok 4.5 — bokoBa nmoBepxHs 3pa3KiB JUCTOBOI HepxaBitouoi craim AISI 304
ToBUMHOIO 0,8 MM IpHW pi3aHHI 3 BUKOPHUCTAHHSIM B SIKOCTI aCHCTYIOUOTO razy
azoTy

B winoMy Bci pe3yibTaTd 1O HapaMmeTpaM IOPCTKOCTI HaBEAEH1 B TAOJMII
4.2 BianosizaroTh BuMmoraMm 1-2 miamaszonis ISO 9013:2017.

BepxHg Ta HWXKHS INIUPHHA Pi3y, BEJIUYHHA BIIXWICHHS NOBEPXHI

Pi3aHHS Bl NEPHeHAMKVJISAPHOCTI (Haxuia). B 3aranpHOMYy, 3a JesKoOi

KOJIMBAJIBHOCTI 3HAU€Hb JaHMX BEJIMYUMH 3 POCTOM TOBIIMHU HPHUPOJIHBO
30UTBIIYIOTBCS  SIK BEpXHS 1 HWXKHS mupuHa pizy. CHIBBIZHOIIEHHS MIX
HIMPUHAMHA HOCUTH KOJUBAJIBHUN XapakTep 1 3MIHIOETHCS 3aJE€XKHO BiJ] TOBUIMHU
Ta 0oOpaHWX mapaMmeTpiB mpolecy. B cepemHboMy 3aMiHa TMOBITpS Ha a3oT
MPU3BOJUTH 0 3MEHILECHHS IIMPUHU SIK BEPXHBOTO TaK 1 HUKHBOTO pi3iB. JlaHuii
dakT 00yMOBIIEHUH MMOBHOIO BIICYTHICTIO €K30TEPMIUYHUX PEAKIIiil 10 BCii BUCOTI
pi3y.

BiaxuneHHsi Bi NEpHNEHAUKYISPHOCTI TAKOXXK HE MA€ YITKO BHUPAXKEHOI
TCHJICHIIII 1 HOCHUTh KOJWBaJIbHUN xapakrep. Ha toBmmHI pizanHs 10 MM
3a(IKCOBAHO BIAXWJIEHHS B MEPHEHIUKYISIPHOCTI, 110 He nepeuurye 0,01 mwm,
10 € HAWKPAIIUM Pe3yJIbTATOM Yy BCiH cepii MPOBEACHUX EKCIIEPUMEHTIB. K 1 mpu
BUKOPUCTAaHHI TIOBITPSI 3a BIAXWICHHSM BiJ MEPHEHANKYISIPHOCTI OTpUMaHi

pe3yJIbTaTH HE MEPEBUILYIOTh BUMOT 1-2 iana3oHiB JaHOTO CTaHAAPTY.
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4.4 MateMaTU4YHA CTATUCTUYHA MOJEJIb Ia30J1a3ePHOro pizanHs 12 Mmm

Hep:KaBio4oi craJui

Po3poOka perpeciiiHuX MojAENEeH IS PO3PaxXyHKY MapamMeTpiB PEeKHUMIB
pi3aHHS € BKpail BaXJIUBUM KOMIIOHEHTOM IS TMiABUIICHHS €(QEKTUBHOCTI
NPOEKTYBaHHS PEKMMIB Ta30ja3epHOrO pizaHHsS MeTamiB. s AociimKeHHsS
MO>KJIMBOCTEH pErpeciiHuX MOJENeW Il MPOTHO3YBAaHHSA pE3YJIbTaTIB pl3aHHS
Oy70 po3p0o0JIEHO TPH PETrpPecitHUX MOAENI JJIsl PO3PaxXyHKY MapaMeTpiB PEKHUMIB
pizanHs 12 MM HepxkaBitouoi crtami  AISI 304  BuUnpomiHIOBaHHSM
ONTOBOJIOKOHHOTO Jla3epa NOTYXHICTIO 12 kBT 3 BUKOpUCTaHHSIM B SKOCTI
ACHUCTYIOUOI'0 TEXHOJIOTIYHOro razy aszotry [69]. s AOCSTHEHHS MOCTaBIEHO1
MeTH HeoOX1He OyJI0 BUPIIIEHHS TaKUX 3a/1ay:

1) mpoBecTH cepito MOIIYKOBUX €KCIIEPUMEHTIB Ta BU3HAUYMTH (DAKTOPHUI
pocTip 1 HalO LB IHPOPMATUBHY GYHKIIIIO BIATYKY;

2) po3po0OUTH MATPHUIIIO TIIaHYBaHHS TOBHO(PAKTOPHOTO EKCIIEPUMEHTY;

3) BIAMOBIHO A0 PO3POOJIEHOI MATPUIll MPOBECTU KOMILJIEKC €KCTIEPUMEHTIB
Mo TrasoiazepHoMy pizaHHi0O 12 wMMm  HepxkaBitouoi crami  AISI 304
BUIPOMIHIOBaHHSIM ONTOBOJIOKOHHOTO JIa3epa 3 BUXIJIHOIO MOTYXHICTIO 12 kBT;

4) oTpuMaTH MaTeMAaTHUYHI CTATUCTUYHI MOJIeNIl Ta BCTAHOBUTH 3aJICAKHOCTI
SAKOCT1 OTPUMAHMX JIeTajell Bil oOpaHUX MapameTpiB MPOIECY Ta30Ja3epHOTO
pizanHs 12 mm Heprkagitoyoi cram AISI 304.

Pizanns nucra 3 Hepkapitouoi ctam AISI 304 ToBmuHOWO 12 MM 3 THIIOBUM
XIMIYHMM CKJIaJIOM IPOBOAMIOCH 3a JONMOMOTOIO0 Jiazepa MOTYyXHIicTio 12 kBT.
JlocnmikeHHsT BHUKOHYBAJIMCA Ha EKCHEpPUMEHTAJIbHOMY BEpCTaTi KOMMaHii
«Apamicy (puc. 4.6), ocHOBHa iH(oOpMaIlis PO BepcTaT HaBeneHa B Tabnwii 4.3.

[TapameTpu mnporecy (dhakTOpHHMI MTPOCTIp), SAKI AOCHIIKYBAIUCA B I
po0O0Ti, BKITIOUAJIM TUCK aCUCTYHOUOTOo ra3y (Z1 — 6ap, a30T 3 unuctororo 99,99%),
noJIOKEeHHST (DOKYCy BITHOCHO TOBEpPXHI JHCTa (Z2 — +£MM), MMBHUIKICTh pi3aHHS

(Z3 — MmM/xB), Pi3aHHs BUKOHYBaJIM Ha MaKCUMaJIbHIA MOTYKHOCTI Jiazepa 12 kBT.
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HiameTtp nazepHoi misMu B (okanmpHiM mmomuHi craHoBuB 210 M. /[laHi
nmapaMeTpH 3aJaBajiicsl 1 KOHTPOJIOBAIUCS CHCTEMOIO YHCIOBOTO IMPOTPaMHOTO
kepyBaHHs (UIIK) 3 TouHicTIO, SiIKa BIJMIOBIIa€ MACHIOPTHUM JIaHUM BepcTara.

Tabmuis 4.3 — Mogerni OCHOBHUX CHCTEM BepcTata JJisi IPOBEACHHS

JOCIIKEHD
Bepcrar AFX-PRO-12000-1530LD
Mognens s1azepa, AiamMeTp MAX Photonics 12 kWt, onrroBoiokto 100
OIITOBOJIOKHA MKM
Monens OITHYHOI TOJIOBKH, BLT9120MA Product Manual, f 250 mm
KOJIIMAaTOP

Pucynox 4.6 — Ilpouec razonasepHoro pizanns Ha BepctaTi mojen AFX-

PRO-12000-1530LD

3 BpaxyBaHHSM TOINEPEIHIX EKCIEPUMEHTAIbHUX poOIT aBTOpiB [70, 71]
BEpPCTaT KOMIUJIEKTYBABCSI ONTUYHOIO TOJIOBKOIO 3 (DOKYCHOIO BiICTaHHIO 250 MM,
sgka 3a0e3medye B IIJIOMY OIIBIIT BHCOKI TOKA3HUKH SIKOCTI TIPH pi3aHHI
HEP)KaBIIOUMX CTaled 3 BHUKOPUCTAHHSAM fK acCHUCTYIOUOro raszy asory (B
MOPIBHSHHI 3 ONTHUYHOIO TOJOBKOIO 3 (okycHOw BiactaHHio 200 mMm), Ta
OJHOKAaHAJbHUM  KOHIYHUM  COIUIOM 3 BHXUIHUM JiaMeTpoM 3  MM.

BiacnigkoByBaHMid 3a30p MIXK TOPLEM COIUIA Ta MOBEPXHE0. JucTa cTaHoBUB 0,5
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MM 1 3amumaBcs He3MiHHUM. 3rigHo BuMor ISO 9013:2017 sk kpurtepiii OIIHKA
AKOCTI TOBepxHI (dyHKIA BiATYKy Y) oO0paHO MakcHUMaldbHE 3HA4YCHHS
mopcTtkocTi Rz 3 Tphox BuUMIpIB (Bepx, cepeauHa, HU3 3paszka). [Ipodinorpamu
MOBEPXHI JIa3epHOTO Pi3y JOCIHITHUX 3pa3KiB OTPUMYBaIM 3a JOMOMOTOIO
npodimorpapa TIME 3221 (muB. nm.nm. 2.2.3.1). Kpecnenns 3paskiB s
JOCTIPKeHb Ta METOJIMKAa BHUMIPIOBAHb IIOPCTKOCTI TaKOK HaBEACHI B JaHOMY
T Iy HKTI.

Ha ocHoBI aHamizy pe3yibTaTiB cepii MOIIYKOBUX EKCIEPUMEHTIB OyJu
BU3HAUYEH] PIBHI BapilOBaHHA JOCTIKYyBaHHX (PaKTOpPIB Ta pO3poOJieHa MAaTpPHUIlT
IUTaHYBaHHS €KCIIEPUMEHTY TaKUM YMHOM, II00 MOBHHM (HaKTOPHUN €KCIIEPUMEHT
BinnoBimaB 59 gocmimam. Ilpu mpoMmy oOpaHa s AOCHIKEHb 001acTh
(akTOpPHOrO MPOCTOPY BUKJIIOUAJIAa PEKUMHU 3a AKUX (PIKCyBaMCs HASIBHICTD
OKaJIMHYU Ha HIKHINM MOBEPXHI 3pa3ka, MOBHE a00 YaCTKOBE 3aBaprOBaHHA Ma3y. 3a
CTBOPCHHM IUTAHOM €KCIICPUMEHTIB TIPOBEICHO HM3Ka JIOCTIIKEHb, YMOBH

MIPOBENICHHSI 1 pe3yJIbTaTH SKUX HaBEJEHO Ha puc. 4.7.

Spreadshest I 0 68 14 5281 433
1 2 3 4 31 78 0.9 4781 463
21 22 3 Y 32| 6.2 0.1 5344 49.2
1 3 05 5500 635 33 72 1.2 4844 48.0
2 3 15 $500 193 34 67 0.2 5004 430
3 3 05 $500 a4 35 7.7 0.3 4594 48,8
4 3 15 500 387 36 [ 0.7 4719 418
5 3 05 4500 469 : : X
< = Y oo o 7 74 0.6 5219 43.0
; < ot 5 %2 33| 6,9 04 4969 410
o s 05 asm 45 S TR % 569 468
9 7 0 won 492 40 6 -1.1 £:63 446
10 65 K] 1740 209 41) 7 02 4453 427
1 15 028 5250 %7 42 6.5 08 5203 469
12 62 125 8375 425 43 75 -3 4703 50,1
13 12 A1 875 452 44| 6.3 03 4578 481
:Z g: g: igz :3§ 5 13 0.1 578 491
16, 6.1 10 5188 a7 48] 6.8 -03 4628 398
& T 53 7 Y 47 Tk -14 5328 487
18 66 a2 2118 462 48 6.2 04 4766 46,1
19 76 08 4938 483 43 12 -0.7 5266 485
20 64 02 4813 4538 50 6.7 0.3 4516 434
21 74 04 $313 50.0 51| 7.7 02 5016 478
2 69 26 4563 396 ' 52 64 12 5141 430
2 4 e - . 83 74 -0 4641 429
% T3 Y 5206 @7 5| 6.9 -0.0 5391 472
2% 6 3 56 59 [ 5 719 05 4391 468
27 76 94 5156 457 5 6.1 05 5909 50,0
2 63 a4 5031 498 57| 7.1 0.3 4609 454
29 73 04 4531 X 58] 6.6 1.3 5359 404
k) 68 14 5281 43 59| 156 0.8 4859 480

Pucynok 4.7 — Matpuuis njiaHyBaHHsI €KCIIEPUMEHTY Ta pe3yJIbTaTh JOCIIiB
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IToGynoBa perpeciiinoi Mmoaesi r=f (21’22’23). Hactynnuii etan HeoOXigHO
MOYaTH 13 OLIHKH MOXJIUBUX PETPEeCciiHUX MoOjeNel, M0 MOXHa MoOyIyBaTH
pi3HUMHU MeTonamu [72, 73] 3 BUKOPUCTAHHSM PI3HOMAHITHUX MPOTPAMHHUX
npoaykTiB. OTXKe, BPaXOBYIOUM HU3KY BHMOT JI0 TIPOTPaMHHX MPOIYKTIB, a came,
BUKOPUCTAHHA TMPOCTOI  MPOTPAMHO-OPIEHTOBAHOI MOBH, aBTOMAaTH30BaHE
yIIpaBJIiHHS IIpoliecaMu OOpoOKH JaHUX, MIATPUMKA KOPUCTYBAIbKOI 0231 JTaHUX 1
dbopMyBaHHS 3BITIB 3a pe3yjbTaTaMU MPOBEACHOTO aHami3zy, 3a0e3MeueHHS
JI1aJIoTOBOi  B3a€MOJIli KOpPUCTyBaya 3 NPOTPpaMHUM I1aK€TOM Ta IHTerpamis 1
CYMICHICTh 3 1HIIMMH MPOTrpaMHUMHU 3aco0aMM JJis MOJANbINOI poOOTH 00paHo
naket Statistica. [Ipu upbomy maker Statistica 103BoJIsi€ TIpaIIOBATH SIK 13 0a30BUMU
MOAYJISIMUA PErpecifHOro aHamizy Tak 1 3aco0amMu IHTENEKTyaJlbHOTO aHaji3y
nanux Statistica Data Miner.

BukopucroByroun MOXIMBOCTI MakeTy Statistica 3[1MCHIOEMO aHalli3 TaHUX
1 BU3HaYaeMO KOpeJIiiHy MaTpuilio (puc. 4.8).

Ax BHAHO 13 pe3yibTaTiB CWJIBHOI Kopemsuli MK (akTopamMu He
CIIOCTEPITAEThCS TOOTO BOHM HE € MYJBTUKOJIIHEApHI, TOMY OJIHOTO 3 HHUX

BUJIAJISITH HE TIOTPIOHO.

Correlations (Spreadsheet_ in Workbook1)
Variable z1 z2 z3 i
z1 , 1,000000! -0,035871  -0,065882  -0,441817
z2 -0,035871 1,000000 -0,055660 0,622814
z3 -0,065882  -0,055660 1,000000 -0,487432
Y -0,441817 0622814  -0,487432 1,000000

Pucynok 4.8 — OtpumMana KopensiiiiHa MaTpHULs

BianosiaHo Oyayemo moiHOMIAIbHY MOJIENb BUTY:
y=by+b -z +by-zy + by z3 (4.1)

Jlnst mpOoro  BUKOHYEMO poO3paxyHOK KoedimieHTiB piBHsHHS (1) Ta
nepeBipseMo iX piBeHb 3HAUUMOCTI 3a kputepieM CthiofeHTa (puc. 4.9).
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Regression Summary for Dependent Variable: Y (Spreadsheet_ in Workbook1'
R= 89303372 R?= 79750922 Adjusted R?= 78646427
F(3,55)=72,206 p<0,0000 Std.Error of estimate: 1,4797
b* Std.Err b Std.Err t(55) p-value
N=59 of b* of b
Intercept ! 86,76594 3784764 22,92506| 0,000000
z1 -0,452993| 0,060857  -2,23833  0,300705  -7,44361| 0,000000
z2 0,579563 0,060819  2,85566| 0,299670 9,52936/ 0,000000
z3 -0.485011| 0,060912  -0,00480 0,000603  -7,96250/ 0,000000
Pucynox 4.9 — Pesynbrat po3paxyHKy KOe(]illi€eHTIB MOJIHOMIAIbHOT

Mozeni (cToBmuuK b) Ta 3HaUeHb KpuTepito CThIOACHTA JJIT KOKHOTO 3 HUX (77" -
CTOBITYUK t(55))
Kputnune 3naueHHs kpurepito CThioJieHTa npu piBHI 3HauymocTi a=0,05 1
Kpum

YUCIIl CTENEHIB CBOOOAU k=55 CTaHOBUTSE 7 =1,96. OCKIIBKH yMOBa 1" > &

BUKOHYETHCS ISl BCIX YOTHUPHOX KOE(DIIIEHTIB, TO BOHU CTATUCTUYHO 3HAYMMI.
Toni piBHSHHS JIIHIMHOI perpecti:
¥ =286,76594 —2,23833- z, +2,85566 - z, —0,0048 - z, (4.2)
[IpoBeaeHuil aHaii3 3a CTBOPEHOIO JIIHIKHOKO perpeciiiHoro Moaemto (4.2)
BCTAHOBHB, 1110 MOXHOKa OTpuMaHoi perpeciitHoi moneni MAPE=2,4%. IlepeBipka

3a kputepieM Dimiepa MATBEpAWIA aJACKBATHICTh PO3POOJICHOI MOJENI TaK SK

Fihines=2,812, a [Fy5 =72,2, T1obt0 [F5s5 > Fysass, OTKE yMmoBa

aJIeKBaTHOCTI BUKOHY€ThCA. 3HaueHHs KoedinieHty gerepminanii R?>=0.797. To6To
79,7 % bakTopiB BpaxoBaHO B Mojemi. BiamoBimHa giarpaMa po3CiFOBaHHS

HaBeJeHa Ha puc. 4.9.

Scatterplat of Predicted Value against Observed Value
Predicted & Residual Values in Workbook1 10v*59¢
Predicted Value = 9,2546+0, 7975%
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Pucynok 4.9 — Jliarpama po3citoBaHHS 3HA4€Hb LIJILOBOI Ta alpOKCUMAaIIHOT

dyHKIIIi 32 perpeciitHoro Moesuto (4.2)
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Hactynuum kpokom moOyay€eMo MoJIiHOMIaIbHY MOJIENb BUTY:
v=b-zy+by - zy+by-zy+by -z 2y +bs -z, z3+bs 2y zy+ b, 2y 2y 2y (4.3)

Taka mMozmens BpaxoBye edekT B3aeMonii ¢akTopiB. SIK 1 B moneperHbOMY
BUMAJAKY po3paxoByemMo KoedirieHTH piBHAHHS (4.3) Ta mepeBipseMoO iX piBEHb
3HauMMOCTI 3a KputTepiem CthromeHTta. Bei koedimieHTH perpeciitHoi Mopaerni €
CTaTUCTUYHO 3HayuMmi. OKpIM [bOTO TaKWW BUCHOBOK MIATBEPIIKYETHCS 3a

Kpum

kpurepiem ®Oiutepa (Fiish.ss = 2,812 F355" =99,94; F'5S" > Fiiish.55). OTpumane

PIBHSIHHSI perpecii:

1=9,936-2, 140,756z, +0,011- z; + 20,041- z, - z, — 0,002 - z,
+0,026Z2 ‘Z3 _0,00421 'Zz ‘Z3

53 (4.4)

[Toxubka orpumanoi perpeciitnoi moxeni (4.4) MAPE=1,58 %. 3Hauenus
xoedinienry nerepminanii R?>=0.92. To6to 92% (akropiB BpaxoBaHO B MOJEJI.
BignoBigna niarpama po3scitoBaHHs HaBeaeHa Ha puc. 4.10. TakuM uYuHOM

BpaxyBaHHS e(eKTy B3aeMoil (HaKTOpIB JO3BOJIMJIO MiJABUIIUTH aJEKBATHICTD 1

TOYHICTb PErPECIHOI MOJEII.

Scatterplot of Y Predictd against Y Observed
Observed, Predicted, and Residual Values in Workbook1 4v*59¢
Y Predictd = 3,4826+0,9238™
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Pucynox 4.10 — Jliarpama po3citoBaHHS 3Ha4€Hb IIJTLOBOI Ta

anpoKCcHUMAaIliiHO1 QYHKIIIH 3a perpeciiiHo Moaeunto (4.4)

PosristHeMo B SIKOCTI MOJITHOMIAIBHOT PEerpeciitHOl MOIEIN MOIIHOM JIPYTOTO

CTYIICHA, SIKUU B JaHOMY BHIIAAKY Ma€ BUIJIA:
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+b8’Zl’Z3 +b9'Zz'Z3

Po3paxoByeMo koedimienTd piBHAHHSA (4.5) Ta TmepeBipsgeMO iX piBEHb

3HaUYMMOCTI 3a kputepiem CtpronenTa (puc. 4.11).

Parameter Estimates (Spreadsheet_13/05 in Workbook1)
Sigma-restricted parameterization
Y ‘ Y ‘ Y, Y -95,00% | +95,00% Y Y -95,00% | +95,00%
Effect Param. Std.Err t p CnfLmt CnfLmt Beta (?) StEm.? | CnflLmt Cnf Lmt
Intercept 65,6354 48.61699 1,35005 0,183203  -32,0641 163,3349
z1 4,0915 7,16079 057138 0,570355  -10,2986 18,4817 0.82804 1449201 -2,08424 3,74032
Z{A2: -0,3569 046308 -0,77075  0,444554 -1,2875 05737 -1,01025 1310731  -3,64426 1,62376
22 -14,2673 3,80517| -3,74946 0,000469 -21,9141 -6,6205  -2,89559 0,772269| -444752 -1,34366
z2"2 -1,2680 044692 -2,83713  0,006603 -2,1661 -0,3698| -0,29623 0,104413| -0,50606/ -0,08641
23 -0,0069 0,01892  -0,36249 0,718544 -0,0449 0,0312  -0,69277 1911132 453333 3,14780
z3"2 0,0000 0,00000 0,15727  0,875679 -0,0000 0,0000 0,29387 1,868577  -3,46118 4,04892
z1*1~\FT1,,,22 1,8548 0,30047 6,17290  0,000000 1,2510 24586 267273 0,432977 1,80263 3,54283
z1"~\FT1,,,23 -0,0001 0,00060 -0,11264/ 0,910773 -0,0013 0,001 -0,08046 0,714252  -1,51580 1,35489
[ 0,0006 0,00061 0,91994  0,362112 -0,0007 0,0018 0,57451 0,624510  -0,68049 1,82951

Pucynok 4.11 — Pe3ynbTatl po3paxyHKy 3Ha4€Hb KOE(ILIE€HTIB PIBHSIHHS

(4.5) Ta piBHA iX 3HAYUMOCTI 32 KpuTepieM CThIOJIEHTA

Ha Biaminy BijJ momepeHiX BUMAJAKIB, K BUIHO 3 puc. 4.11, nume nesxi
KOe(DIIIEHTH PErpeciiHoi MOJIeNl JPYroro CTYINEHS € CTaTUCTUYHO 3HAYMMHUMHU
(BUAUIEHO YEpBOHMM), SKI HEOOXITHO BpaxyBaTU. BIiANmoBiIHO OTpUMaHe

KBaJpaTUYHE PIBHSHHA pErpecii:

y=-14,267-z, 1,268z +1,8548 - z, - z, (4.6)
3a  xpurepiem @imepa  (Fy(ss.s5 =2,812; Fy5s" =51,81; A > B o)

MoJielib € ajiekBaTHOI0. [loxnbka orpumanoi perpeciiinoi moaeni (4.6) MAPE=1,6
%. 3HaueHHs koedimienty paerepminamii R?=0.90. To6to 90% daxTopis

BpaxoBaHO B Mojieii. BiamoBigHa miarpama po3ciroBaHHS HaBeneHa Ha puc. 4.12.
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Scatterplot of Y Predictd against Y Observed
Observed, Predicted, and Residual Values in Workbook1 4v*59¢
Y Predictd = 4,3459+0,9049*x
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Pucynox 4.12 — Jliarpama po3citoBaHHS 3HAUY€Hb LIITLOBOT Ta

anpoKcUMaIiiHo1 GyHKIIIN 3a perpeciitHoro Mojiesuto (4.6)

TakuMm 4MHOM MOJIIHOMIiaJbHA perpeciiiHa Mojelb Ipyroro crynexs (4.6) B
TOYHOCTI 1 aJICKBATHOCTI, X04a 1 He3HAYHO, MOCTYIAE€ThCS JiHIHHIN Moneni (4.4).

IloOynoBa perpeciiHuX MoJesieid 3aC00aMH iHTEJIEKTYaJIbHOI0 aHAJI3Y
nanmx Statistica Data Miner. [{nsa uiei 3amaui OyJo BHUKOPUCTaHO PoOOUY
obnmacte Data Mining — Workspaces nnsi anaiizy pi3HOMaHITHUX perpeciiHux
Mojiesielt Ta BUOOpy HalKpamioi.

Otxe, MaeMo pobouy 001acTh 13 OOpaHUMHU MOJIETSIMU JJISI PETPECIHHOTO
aHamizy puc. 4.13. B mnopanpiiomy 3A1MCHIOEMO HaJIallITyBaHHS TapameTpiB

aHaJi3y KOXKHOI 13 HUX Ta i’ €IHaHHS Ha0Opy JaHUX IS aHATI3Y.

» RunAll pm RunModified u Stop (3 Data Source g Node Browser /[ Deploy 2 All Validated Procedures
o sve All Validated Procedures v
GRM @ sve
.4.\, . . Insertinto workspace ) Run | 55 NewBrowser %] Options... | -- Nodes ~
¥ Statistics ¥ Best-Subset and Stepwise ANCOVA with Deployment (SVB)
=-{Z1 Data Minng ¥ Boosting Regression Trees with Deployment (SVB)
#-(L) Trees/Partitoning [} Clears Al Deployment Info (Regression) (SVB)
#-(J Leaming A CHAID Standard Regression with Deployment (SV8)
4] Clustering/Grouping 7] Compute Best Prediction from all Models (SVB)
(] TextMnng £ ACBRT Standard Regression Trees with Deployment (SVE)
(5] Rules Extraction A » GHAID with D (5v8)
g Z"’“""“‘"‘ — K-Nearest Neighbors with Desloyment (Regression) (SVB)
&) scrpted Deployment "* MaRSpines For Regression With Deployment (SVB)
3 Clssification Optimal Binning Regression with Deployment (SVB)
&3 Regression 72 Random Forest Regression with Deployment (SVB)
(2 Tooks Support Vector Machine with Deployment (Regression) (SVB)
&) Graphs SkNRegesm ith Deployment (SV8)
+ (] Data > # Standard Mutiple Regression with Deployment (SV8)
) Favorites 353 SANN Regression with Deployment (SVB)
Gaa 353 SANN Regression with Deployment (SVB)
) Recent 343 SANN Regression with Deployment (SVB)
353 SANN Regression with Deployment (SVB)
263 SANN Regression with Deployment (SVB)
Standard Multiple Regression with Deploy (SvB)
Muttiple Reg gl analysis for the continuous dependen
Both and through the origin (inter
Predicted and residual values can be computed as an option.

Pucynox 4.13 — [lonepennpo BiiOpaHi MOJIeT pETPECIiiHOTO aHATI3Y
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Hactynnuii pucyHok 4.14 nemMOHCTpye BKe pe3yJbTaT MOJEIIOBAHHS IS
BCIX 3aIllPONIOHOBAHUX METO/IB, SIKI MOKJIMBO MEPEIUBUTUCS Ta MpOaHaNI3yBaTH B

moxayni — Reporting Documents.

&8 Worl

» RunAll pm RunModified g Stop (= DataSource g Node Browser |/[g) Deploy 2  All Validated Procedures v

B j

| | o
o SV8 /:ng_P!.1h‘.L_GL!»125 (’\'z/fs /
1 GRM raining_PMML_RMARSplines5-
[

Stepwise Testing_PMML_GLM25

lesting_PMML_RMARSplines5¢

[
i
Spreadsheet in 5 & svB

Workbook 1 1

12

Spit Input Data into
Training and Testing B
Samples E m
(Regression) L
; Reporting
Documents
Tfsting Dat
Testing_PMML_RSANNS
14 2
Compute Best Final Prediction for Y Goodness of Fit

Prediction from all
Models

Pucynok 4.14 — Jlemonctpatisg poOOTH IPOEKTY

Ha puc. 4.15 HaBemeHo oTpuMaHI JiarpaMd pPO3CIIOBaHHS IUIHOBOI Ta
anpoKCUMAIIHHOT (PYHKIIM [Ji1 PI3HUX METOIB 1HTEICKTYaJbHOTO aHali3y

perpeciitHoi Mojeti.
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Scatterplot of Y against PMML_RMARSplines54Pred )
Scatterplot of Y against PMML_GLM25Pred for Y fory Scatterplot of Y against PMML RSANNI6Pred for Y

¥ = 3,0938+0 9256 ¥ = 4762640 8904°K ¥=-0,17668+1,0035%
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PMML_GLM25Pred for Y PMML_RMARSplines54Pred for Y PMML_RSANNS6Pred for Y
a) 0) B)

Pucynok 4.15 — Jliarpamu po3CitOBaHHS IIIJIbOBOI Ta alpOKCHUMAIIHHOI
GYHKINN 71 1HTENEKTYyalIbHO1 perpeciiiHoi Mojiesi (HaB4aHHS Ta TECTYBaHHS) 3a
BUKOpUCTaHHA MeToaiB: a — Best-Subset and Stepwise ANCOVA with
Deployment; 6 — MARSplines For Regression With Deployment; B8 — SANN

Regression with Deployment (aeitpomepesxeBa moaens MLP-3-23-1)

OueBHIHO 110 HaMKpally TOYHICTh Ta aJEKBaTHICTh perpeciiHoi
1HTENIeKTyaIbHOT MOJIETIi , II0 CTBOPEHA HAa OCHOBI IITYYHHX HEHPOHHUX MEPEXK,
nae meronq SANN Regression with Deployment (MLP Heliponna mepexa i3 3
BXOJIaMH 13 OAHUM IPUXOBAHUM IIapOM, 110 Mae 23 Heiiponu Ta | Buxia. OyHkiis
aKTUBallll mNpuxoBaHoro mapy — tanh (rinepOomiunuii TaHreHc). DyHkiis
akTuBaIlli BuxijHOTO TIapy — identity). Iloxubka oTpumaHoi 3a JaHUM METOJIOM
iHTeneKkTyanbHoi perpeciitHoi moaeni MAPE=0,0728 %. 3HaueHHs Koe]illieHTy
nerepminanii R>>0.95. B 3aranpHOMY BUIIISA 1S MOJENb OMUCYETHCS PIBHAHHAM
[74,75]:

N K
F(xl,xz,...,xK):Eai-f kz_:laik-xk+a0k )

X

1’72

ae ( x ,,,xK) — BEKTOp BX1IHUX JIaHUX;

/() obMexeHa, He MOCTIHO MOHOTOHHO BHCXiHA HerepepBHa DYHKILS;
K — KUIbKICTb BXIJTHUX BY3JiB;

N — KUIbKICTh HEWPOHIB IPUXOBAHOTO HIApY;

ik — CAHANTUYHI Baru MPUXOBAHOTO 1IapY;

a; — CHHAIITUYH1 Bark BUX1HOTO 11ap;
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Qor — 3MIIIEHHS.
Otpumana perpeciiiHa HeiipomepexxeBa wMozaenb MLP-3-23-1  mae
eKCIIepMMEHTaJIbHE 3HaueHHs mokasHuka dimepa F*";.45=29800.52, a kpuTUUHE

3HAYCHHS IhOTO KPHUTEPir0 3 piBHeM 3HauymocTi 0=0,05 Ta YHUCIOM CTETEHIB

Kpum Kpum

cBoOomu  vg=45, vp=3 cKiIamae Fa;vD;VR=F0’05;3;45=2,812. Tobro ymoBa

excn Kpum oo .
F;;45 > FO705;3;45 BUKOHYE€TBCSI, perpeciiina mozgens afekpaTHa. Ockinbku R>0,95

TO perpeciitHa Mojieb iHhOopMaTHBHA Ta 3HAYUMO JIOCTOBIPHA.

TakuM YMHOM 31 BCIX OTPHMMAHHMX pErpeciiHMX MOJelell HalKpaill
CTaTUCTUYHI MOKAa3HUKU Mae perpeciitHa moaens MLP-3-23-1, mo ctBopeHa Ha
OCHOB1 IITYYHHUX HEHUpoHHUX Mepex 3a metonoM SANN Regression with
Deployment. Tomy TmoOBEepxHIO BIATYKY OYyJIyeMO 3a JaHOI PErpeciitHO0

HelpoMepexeBOI0 Moo (puc. 4.16).

30 Surface of Y against z2 and 23 30 Surface of ¥ aganst 21 ond 22
30 Surface of Y against z1 and z3 Y = Spline Y = Spline
Y = Spline N

EECCERN
SEEREe

Pucynox 4.16 — [loBepxHsl BIATYKY OTpUMaHa 3a perpeciiinoro moaemio MLP-3-

23-1:a- Yzf(zl,z3); 0— Yzf(zz,z3) ;B— Y:f(22,23)

3arajibHUM aHajl13 OTPUMaHUX PE3yJIbTaTIB MOKa3ye, 10 B 001aCTi 00paHOTro
(bakTOpHOrO TPOCTOPY HAWOUIBINIMI BIUIMB HAa MIOPCTKICTH MOBEPXHI pi3y Mae
MOJIOKeHHS (OKYCY BIJTHOCHO TOBEPXHI JETaii, IO HUXYUN BIUIUB MAa€ THUCK
aCHCTYIOUOTO ra3y, 1 HalO1IbIll HU3bKUI BIUTMB MOKa3aia MBUAKICTH pi3aHHA. Lle

MOSICHIOETBCS THUM, IO TOJOXKEHHS (POKYCy CYTTEBO BIUIMBAE Ha PO3MOJLI
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1a1a10401 €Heprii Mo BUCOTI pi3y 1 BIAMOBIIHO HA LIMPUHY MPOPI3Y, sIKa € BATOMUM
YUHHUKOM TMPOTIKAHHA AaCHCTYIOUOTro ra3zy uyepe3 IMpopi3 Ta e(EeKTUBHOCTI
BUJIAJICHHS PO3ILIABY BiJl SKOi 3aJIeKUTh (DOPMYBaHHS MIKPOT€OMETPIi MOBEPXHI.
AeponrHaMIYHA B3a€EMOJIiS MK CTPYMEHEM aCHCTYIOUOTO Tra3y 1 IeTamio Gopmye
TaK 3BaHUM PIKYUUM TUCK, SIKUA B OCHOBHOMY 1 OOYMOBIIIOE XapaKTep BUJIATICHHS
pO3IIaBy 3 30HM pi3aHHs. B cBOIO uepry mIBUAKICTH pi3aHHS MO CYTi 3a0e3neuye
OamaHc Mik 00’eMaMM pO3IUIABICHOTO Ta BUAaneHoro meramry. Ha puc. 4.16 a
MOKAa3aHO B3aEMO3AJICKHICTh MIK IIOPCTKICTIO TOBEPXHI Ppi3y, THCKOM
aCHCTYIOYOTO Ta3y Ta MBUIKICTIO pi3aHHs. OueBUIHO, 110 32 YMOB €KCIIEPUMEHTY
301IbIIEHHSI THCKY aCHCTYIOUOro ra3y JO3BOJII€ OTPUMATH MEHILIY HIOPCTKICTh
npu OuUTbIIN MBUAKOCTI pizanHs. Ha puc. 4.16 6 nmokazaHo B3a€EMO3aJIEKHICTh MIXK
HIOPCTKICTIO TOBEPXH1 pi3y, MOJOXKEHHSIM (OKYCy Ta IIBHUIKICTIO pI3aHHS.
Crnocrepiraerbcs 4iTKa TEHJEHIIS 10 3HUKEHHS IIOPCTKOCTI MPH 3aryivOJIeHHI
noJio’keHHsT (POKyCy BcepeauHy 3aroToBkd. OAHAK BapTO BII3HAUWMTH HE3HAYHE
3pOCTaHHSl MIOPCTKOCTI MpH 30UIbIIEHHI MBUAKOCTI pizaHHs. Ha puc. 4.16 B
MOKa3aHO B3a€EMO3AICKHICTh MDK IMIOPCTKICTIO TOBEPXHI  pi3y, THCKOM
aCUCTYIOYOIo Ta3y Ta MOJOoKeHHAM (okycy. Halikpamuii BIATYK 32 HIOPCTKICTIO
(Rz38) moxnmBo oTpumartu 3a THUCKY 8,2 6ap Ta mosoxeHHi pokycy -1,6 mm. J{ms
€KCIIEPUMEHTAJILHOTO MIATBEPKEHHSI OTPUMAHMX pE3yJbTaTiB OyJl0 BUKOHAHO
BUpI3aHHS 5 TECTOBUX 3pa3KiB Ha pPO3PaXOBAaHUX 3a PErpeciiHOI0 MOJEIUIIO
pexumax (Z1=8,2 6ap; Z2=-1,6 mm; Z3=5600 mm/xB). KOHTpOJb MIOPCTKOCTI
MOKa3aB J1ana3oH 3MIHU MaKCUMAaJIbHOI IIOPCTKOCTI MOBEPXOHBb 3pa3kiB Rz37,92 —
Rz41,71 1m0 € 1OCUTh BUCOKUM PIBHEM KOPEJISIIIT MI’)K MTPOTHO30M 32 PErpeCiitHOI0

MOACIIIIO Ta CKCIICPUMCHTOM.

BucHoBkHM 3a po3aiiiom 4

1. Po3poOseHi METOIMKHU JIOCHIKEHb Ta MPOBEJEHA Cepis eKCIEPUMEHTIB

SK1 JIO3BOJIMJIM BIIEPIIE BCTAHOBUTU Jiama3oH 30ajJaHCOBAaHUX MapaMeTpiB

Ja3epHOT0 MPOMEHIO Ta JIA3EPHOrO MPOILIECY MPHU pi3aHHI JMCTOBOI HEPKaBIIOUO1
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crami  AISI 304 crammapTHOro  psay — TOBIIMH  BUIIPOMIHIOBaHHSIM
ONTOBOJIOKOHHOTO Ja3zepa notykHicTio 12000 BT B cepeoBuiIlll MOBITPS Ta a30Ty.
BcTranoBneni pexxumMu 3a0€31euyloTh BHUCOKY IPOJYKTHBHICTh Ta KIJIbKICHUMN
KOHTPOJIb 32 MapaMeTpaMu SKOCTI pi3y, AKl BIAMOBIAAIOTH BUMOTAaM CTaHIAPTY
ISO 9013:2017.

2. OtpuMaHi pe3ynbTaTd TMOKIAJACHI B OCHOBY pO3IUTY TEXHOJOTIYHOT
1HCTpYKIIi 70 cepiitHux BepcTariB Moaeni AFX-PRO-2000-1530-LD. IIpoBenena
eKCTepruMeHTalbHa Bepudikaliis miaTBepAniIa 100py BIATBOPIOBAHICTh HAJaHUX
pexxuMiB. BinxuneHHs mapameTpiB  SKOCTI BiJ] TaONWYHUX 3HA4YCHb HE
nepeBuIyBayio 5%.

3. 3 3acCTOCYBaHHSIM METOJIB MaT€MaTUYHOTO IJIaHYBaHHS E€KCIEPUMEHTY
MPOBEJICHO KOMILJIEKC CHUCTEMHHX EKCIIEPUMEHTAIBbHUX JOCIIHKEHb, PE3yJIbTaTH
SAKUX JO3BOJIMJIM OTPUMATH JlaHl MpO KUIBKICHHM BIUTMB 0a30BUX MapamMeTpiB
ra3oya3epHoro pizaHHs Ha MPOJYKTUBHICTh Ta SIKICTh MpOLECy Npu 00poodIi 12 MM
HepkaBitouoi craimi AISI 304 BuUnpOMIHIOBaHHSIM ONTOBOJIOKOHHOTO Jiazepa
noTyxHicTio 12 kBT.

4. BukopucToByrouu JileH31MHUM TTakeT Statistica BUKOHAHO CTaTUCTUYHUIN
aHai3 OTPUMAHOTO EKCIEPUMEHTAIBHOTO Marepialy Ta po3po0JeHO TpH
perpeciiiii Mojieni, SKi BCTAHOBJIIOIOTH 3aJIeKHICTh MaKCUMAaJIbHOI IIOPCTKOCTI
noBepxHi pizaHHs (Y) Big 6a30BuX (haKTOPIB MPOIECY: TUCKY ACUCTYHOUOrO razy
(Z1-a301), mosoxkeHHs (OKYyCy BIIHOCHO TIOBEpXHI JMcta (Z2), MIBHAKOCTI
pizanns (Z3). IlepeBipka oTpumaHux Mojened 3a kpurepiiMu CTbrofeHTa Ta
®dimepa miarBepawia  iX 1HGOPMATUBHICT, Ta aJeKBaTHICTh. BukoHane
MOPIBHSIHHS MOJCJICH IMOKa3ajio, IO HaWBHUII TOYHICTh 1 aJICKBAaTHICTh Mae
perpeciiina 1HTelekTyanbHa wmojaenab MLP-3-23-1, mio cTBopeHa Ha OCHOBI
MTYYHUX HEUpOHHUX Mepex, 3a meromoM SANN Regression with Deployment.
Po3paxynkoBa nmoxubka mporHo3y 3a mojento He nepesuirye 0,0728 %.

5. Po3paxoBaHni 3a perpeciiHor0 iHTeJIeKTyalbHOW Mojemto MLP-3-23-1,
napameTpu pizaHus (Z1=8,2 6ap; Z2=-1,6 mm; Z3=5600 Mmm/XB) siKi 3a0€3M€UyIOTh

BHUCOKY SIKICTh Ta MPOIYKTUBHICTH MPOLECY MIATBEPIKEHI E€KCHEPUMEHTAIIBHO.
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[Tpu mporuosi Rz38 peanbHi 3HaUeHHS MaKCUMaJbHOI IIOPCTKOCTI OTPUMaHi Ha 5
3pa3zkax Manmu pos3kun Rz37,92 — Rz41,71 mo € BUCOKMM piBHEM TOYHOCTI

MPOTHO3YBAHHS Ta BIJITBOPIOBAHOCTI MPOLIECY.
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3ATAJIBHI BUCHOBKHA

CyKyIHICTb MIPEACTABICHUX Y AMCEpTallii Pe3ybTaTiB eKCIIEPUMEHTAIBHUX
Ta TEOPETHUYHUX JOCIIKEHb CTAHOBUTH HOBE BUPIIICHHS aKTyaJbHOI HAYKOBO-
TEXHIYHOI 3a]ayi, 110 MOJIATaE B OTPUMAaHHI HOBOI 1H(OpMAIIil PO PIBEHb BIUIUBY
KOMITOHEHTIB (PAaKTOPHOI'O MPOCTOPY Ha MapaMmeTpu IMpolecy Tra3ojaa3epHoro
pi3aHHS Ta PO3pOOII TEXHOJOTIYHUX PEKHUMIB PI3aHHS HEPKABIIOYMX CcTanen
BUIIPOMIHIOBAaHHSIM ONTOBOJOKOHHOTO Ja3epa MOTyxHicTio 12 kBT, ki
320€31euyI0Th BUCOKY MPOYKTUBHICTD 1 BIATBOPIOBAHICTh MPOIIECY Ta BIAMOBIIHY
SKICTh OTPUMAHUX JICTAJICH.

HaiiGip11 1CTOTHI HayKOB1 pe3yJIbTaTh 1 BUCHOBKHU JUCEPTAIItHOI poOOTH
HOJIATAIOTh Y TAKOMY:

1. ITpoBeneHnM aHaIi30M CTaHy NPOOJIEMH TEXHOJOTIYHOTO 3a0e3MeUeHHs
MaKCHUMaJbHOI MPOJYKTUBHOCTI Ta SIKOCTI ra30JIa3€pHOTO pi3aHHS HEP)KaBIIOUHMX
CTajell 1o MOTEHIIa cydacHUX MmoTyxkHUX (6 kBT — 12 kBT) onTOBOJOKOHHHUX
Ja3epiB JaJeKO HE 3aBXKIU BUKOPHUCTOBYETHCS B IOBHIM Mipl 4yepe3 HEJAOCTaTHE
CKCIIEpUMEHTAJIbHE OOIPYHTYBaHHSI 30aJlaHCOBAHOCTI 0a30BUX MapaMmeTpiB
IpolLiecy, BKIIOYAIOUN MOTYKHICTh Ja3epa, (POKYCHY BIJICTaHb ONTHYHOI T'OJOBKH,
MOJIOkKEHHS (DOKYCY BIJTHOCHO MOBEPXHI 3arOTOBKH, TUITY Ta THUCKY JOIOMIXHOTO
ra3y, BHyTPILIHIO CTPYKTYpy Ta AlaMeTp COILIa, BIACTAHHIO BiJ COIJIa A0 MOBEPXHI
3arOTOBKH.

2. 3ampomoHOBaHAa 3arajJibHa KOHIEMISA TMPOBEAEHHS  KOMIUICKCY
€KCIIEPUMEHTAJIbHUX AOCIIKEHb JUIsl OOTPYHTYBaHHS 30aJaHCOBAaHUX MapaMeTpiB
Ja3epHOTO TPOMEHIO Ta TEXHOJOTIYHOTO MPOILECY NpHU pPi3aHHI HEPIKABIFOUMX
CTaJIel Ha JIHINII YCTaHOBOK, YKOMIUIEKTOBAaHUX ONTOBOJIOKOHHUMH JIa3epaMu
noTy>kHicTio 12 kBT, siki 3a0e31meuytoTh BUCOKY HPOIYKTUBHICTh Ta BIJNOBIJIHY
SKICTh BUTOTOBJICHUX JETaJeH.

3. Po3po0neHi opuriHaabHa KOHCTPYKIIiSL TUCKOBOTO 30H]1a Ta METOJIUKA JIJIst
BHCOKOTOYHOI peeCcTpallii BETUYUHN PIXKYdOro THCKY YTBOPEHOTO TalbMyBaHHIM
CTPyMEHsI aCUCTYIOUOro ra3y, C(OpPMOBAHOIO COIUIOM ONTHYHOI TOJOBKH Ha

MOBEPXHI JIeTajl, B Oy/1b-AKii TOUILll MEePETUHY CTPYMEHS B TEXHOJOTTYHUX YMOBAX
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raszonasepHoro pizaHs. Po3po0ieHo Ta migiOpaHo METOMUKHU Ta OOJaHAHHS IS
KOPEKTHOTO BU3HAYEHHS MMOKA3HUKIB SIKOCT1 OOKOBOI MOBEPXHI Pi3y.

4. Briepiie oTpuMaHi TOYHI YHCENbHI JaHl PO MapaMeTpH MOJIB PIKYdOro
TUCKY, Kl (pOopMyroTbcs HaAMOUIBII MacoBUMH corulaMud Kommadii Thermacut.
OTpumaHuii  MacuB  €KCHEPUMEHTAIbHUX  JaHUX, JO3BOJMB  BUSBUTH
3aKOHOMIPHOCTI  BIUIUBY BHYTPIIIHBOI CTPYKTYpH Ta pO3MIpiB  COILIA,
MaHOMETPUYHOTO THCKY BCEpPEAMHI COIIa, BEIUYUHHU 3a30py MIDK COIUIOM
JIETAJUTI0 Ha reoMeTpito chOPMOBAHOIO CTPYMEHSI aCHUCTYIOUOTo rasy (MOBITpS 1
a30T) Ta BEJIWYMHH PDKYYOTO THUCKY B JIOBUIBHOMY HOrO TEpEeTHHI MpH
raJibMyBaHHI Ha MIOBEPXHI JI€Tall.

5. BukopucTtaHHs OTpUMaHUX pe3yJbTaTIB JI03BOJUIO 3pOOUTH OLIBII
TOYHMM Ta €(QEKTUBHUM MPOEKTYBAaHHSA MPOLECIB Ta30JIa3€pPHOIO PpPi3aHHsA
MaKCHMaJbHOI MPOJyKTUBHOCTI, 3a paxyHOK OOIpYyHTYyBaHHSI BUOOpY THILy COILIa
TOYHOTO MPOTHO3YBAaHHS BEIMYMHHU PILKYYOTO THCKY, SKHH CTBOPUTH Ta30BUM
CTpyMiHb OOPaHOTO COIUIa B KOHKPETHUX TEXHOJIOTTYHUX YMOBAX.

6. B GuibII MIMPOKOMY CEHCI, 3aIPOMOHOBAHUMN MIIX1] A03BOJIAE BITHOCHO
IPOCTO OTpUMATH IHQOpPMALIID MNPO PLKYYUH TUCK CTBOPIOBAHUH JOBUIBHUM
TUIIOM COIUIA, SIKUM KOMIUIEKTY€EThCS BEPCTAT 3a TUX YW IHIIUX TEXHOJOTTYHUX
yMOB (OTpUMAaTH Ta30JMHAMIYHHMI «IacropT» coruia). BiAmoBiIHO CTBOPHOETHCS
YMOBU JUIsi OUIbIl HaJiAHOrO 3a0€3MeuUeHHs] MPOAYKTUBHOTO BHUCOKOSKICHOTO
pi3aHHsI Ta MiJIBUIIICHHS PiBHS BIATBOPIOBAHOCTI MPOIIECY.

7. Po3po0iieH1 METOMKHU JOCHIIKEHb Ta MPOBEJEHA Cepisl eKCIEPUMEHTIB
AK1 JIO3BOJIMJIM BIEPII€ BCTAHOBUTU Jiama3oH 30ajJaHCOBAaHUX MapaMeTpiB
JIA3epHOTO MPOMEHIO Ta JIA3EPHOTO TMPOIIECY MPHU pi3aHH] JMCTOBOI HEPKaBIIOUOT
cram  AISI 304 crangaptHOro  psiay  TOBIIMH  BUIPOMIHIOBAaHHSM
ONITOBOJIOKOHHOTO Jiazepa notyxHicTio 12000 BT B cepenoBui moBiTps Ta a3oTy.
BceranoBneHi pexxumu 3a0€3M€4ylOTh BHCOKY MPOJYKTHUBHICTh Ta KUIbKICHUHN
KOHTPOJIb 32 MapaMeTpaMu SIKOCTI pi3y, sSKI BIANOBIAAIOTh BUMOIaM CTaHIApTy
ISO 9013:2017. BusiBneHo 3aKOHOMIPHOCTI BIUIMBY THITy aCHCTYIOHOIO ra3y Ha

napaMeTpu Tpolecy Ta SAKICTh OTpuMaHuX Jjetanedd. OTpumaHi pe3yibTaTh
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MOKJIaJIeHI B OCHOBY PO3JUTY TEXHOJOTIYHOI 1HCTPYKII A0 CEpiiHMX BEpCTAaTiB
mozeni AFX-PRO-2000-1530-LD. TlpoBenena exkcnepuMeHTallbHAa Bepudikallis
MiATBEpIUJia 100py BIATBOPIOBAHICTh HAIAHUX PEKUMIB. BiaxuieHHs mapamMeTpiB
SKOCTI BiJ] TAOJMYHHUX 3HAYCHb HE MEePEBUIITYBAIO 5%.

8. 3 3acTocyBaHHSM METOJIIB MAaTEMAaTUYHOTO TUIAHYBAHHS EKCIIEPUMEHTY
MIPOBEICHO KOMIUIEKC CHUCTEMHHUX CEKCIIEPUMEHTAJIBHUX IOCITIKEeHb, PE3yIbTaTH
SKUX JIO3BOJIMJIM OTPUMATH JaHl MpO KUIbKICHUM BIUTUB 0a30BUX MapaMeTpiB
ra3oJa3epHOro pizaHHs Ha MPOJYKTHUBHICTH Ta SKICTh Mpolecy mpu o0pooIi 12 mm
HepkaBitouoi crami AISI 304 BumpoMiHIOBaHHSIM ONTOBOJIOKOHHOTO Jia3epa
noTyxHicTio 12 kBT.

9. BukopucroByrouu JiIeH31HHNNA TTakeT Statistica BUKOHAHO CTaTUCTUYHUI
aHalli3 OTPUMAHOTO EKCINEPUMEHTAJIBHOTO MaTepialy Ta pO3poOJIeHO TpH
perpeciiiiHi Mojeni, sKi BCTAHOBIIIOIOTH 3aJIe)KHICTh MaKCHMAaJIbHOI IIOPCTKOCTI
noBepxHi pizaHHs (Y) Big 6a30BUX (PaKTOPIB MPOIECY: TUCKY ACUCTYHOHOrO razy
(Z1-a301), mosokeHHs (HOKYyCy BIJIHOCHO TOBEpXHI JiMcta (Z2), MIBHAKOCTI
pizanHs (Z3). IlepeBipka oTpumaHux Mojened 3a kputepismu CTblOJEHTa Ta
®dimepa miarBepawia iX 1HQOPMATHBHICT, Ta aJeKBaTHICTh. BukoHane
MOPIBHSIHHSA MOJCICH IMOKa3ajo, IO HaWBHUII TOYHICTh 1 aJICKBAaTHICTh Mae
perpeciiina iHTenekTyaibHa wmonenb MLP-3-23-1, mo cTBopeHa Ha OCHOBI
HITYYHUX HEMpOHHUX Mepex, 3a mMerongoM SANN Regression with Deployment.
Po3paxyHnkoBa moxuOka mporuo3y 3a Mmojaesuito He nepesutrye 0,0728 %.

10. Po3paxoBaHi 3a perpeciiHor0 1HTEIEKTyalbHOW Moaeimo MLP-3-23-1,
napameTpu pizaHus (Z1=8,2 6ap; Z2=-1,6 mm; Z3=5600 MmM/XB) siki 3a0€3M€UyIOTh
BUCOKY SIKICTh Ta MPOIYKTUBHICTH MPOIECY MIATBEP/KEHI E€KCIEPUMEHTAIIBHO.
[Tpu nporuosi Rz38 peanbHi 3HaYE€HHS MaKCUMAaJIbHOI MIOPCTKOCTI OTpUMaH1 Ha 5
3pa3zkax Manmm po3kunx Rz37,92 — Rz41,71 mo € BHCOKMM piBHEM TOYHOCTI

MPOTHO3YBAHHS Ta BIATBOPIOBAHOCTI MPOIIECY.



131

CIIMCOK BUKOPUCTAHUX JIZKEPEJI

l. Charles L. Cariston. Laser Cutting. — USA, Michigan, 2004.

2. Low D. K. Y., Li L., Byrd P. J. Hydrodynamic Physical Modeling of
Laser Drill- ing // Transaction of the ASME, 852. Vol. 124. November 2002.

3. Dowen J. The Theory Laser Materials Processing. — Springer Series,
2009.

4. Gas Jet Effects in Laser Cutting, Laser Machinig Process Section 3.7.
— Columbia University, 2009.

5. Steen W. M. — Laser Material Processing, 2010.

6. Dahotre N., Harimkar S. Laser Fabrication and Machining of
Materials. — Springer, 2008.

7. Lothar Morgenthal. Cutting with Fiber Laser. — Fraunhofer IWS
Dresden, 23.11. 2005.

8. TruControl1000 «Accuctent pizku». KepiBauurso ¢ipmu Trumpf,
2010.

9. Dahotre N., Harimkar S. Laser Fabrication and Machining of
Materials. — Springer, 2008.

10. Lothar Morgenthal. Cutting with Fiber Laser. — Fraunhofer IWS
Dresden, 23.11.2005.

11. BsenenHns B naszepHi pi3ky marepianiB — Linde Group, 2004.

12. Maerten Otto, Kramer Reinhard, Schwede Harald, Wolf Stefan,
Brandl Volker. Thermal effect of focusing systems // Laser+fotonics, 2/2008.

13. Kusano, Y., et al. (2004). Effect of assist gases on the laser cutting of
stainless steel. Journal of Materials Processing Technology, 157158, 141-147.

14. Kim, J. Y., & Lee, C. S. (2016). The influence of assist gases on the
quality of laser cut surface in stainless steel. International Journal of Advanced
Manufacturing Technology, 84(5-8), 1425-1433.

15. Rao, P. K., et al. (2013). Effect of assist gases on the laser cutting
process of stainless steel. Journal of Laser Applications, 25(2), 022004.



132

16. Chen, J., et al. (2011). Influence of assist gas on laser cutting quality
of stainless steel. Procedia CIRP, 1, 489-493.

17. Silvio Genna, Erica Menna, Gianluca Rubino and Vincenzo
Tagliaferri (2020). Experimental Investigation of Industrial Laser Cutting: The
Effect of the Material Selection and the Process Parameters on the Kerf Quality

18. Axim Mapne, Mannen bopkmans, [Tip ITdois.

dakTOpHW aHaNi3 pi3aHHA BOJOKOHHMM JIa3€pPOM  HAIUIABJICHHSIM
HepkaBitouoi crtami AISI 304: omiHka BIUIMBY Ha MNPOAYKTUBHICTH IMPOIIECY,
TEOMETPIIO i3y Ta MOPCTKICTh KpoMKH pizy. Matepianu (bazens).19 tpaBus 2021
p.; 14(10):2669

19. Ilainennpa Kymap, Aniker J>xaaxas.

«Jlazepue pizanus matepiany AISI 304: excriepuMeHTabHE JOCIIIKEHHS
IIIOPCTKOCTI TOBEpXHI» JlOCATHEHHS B MaTepialo3HABCTBI Ta TEXHOJOTIAX
00po6Oxu, Tom 5, 2019 —Bumyck 3

20. Rajaram, N., Sheikh—Ahmad, J. Y., & Cheraghi, H. S. Experimental
investigation of CO: laser cutting of austenitic stainless steel. Applied Sciences,
10(14), 4956, 2020. DOI: 10.3390/app10144956

21. Mohd Azwan, A. S., et al. Factorial analysis of fiber laser fusion
cutting of AISI 304 stainless steel. Materials, 14(10), 2669, 2021. DOI:
10.3390/ma14102669

22. Aminzadeh, A., et al. Laser cutting of AISI 304 material: an
experimental investigation. Journal of Manufacturing and Materials Processing,
3(2), 40, 2019. DOI: 10.3390/jmmp3020040

23.  Ghoreishi, M., & Monfared, V. Cutting stainless steel with disc and
CO: lasers. Journal of Laser Applications, 26(4), 042006, 2014. DOI:
10.2351/1.4895563

24. Laser Cutting: A Review on the Influence of Assist Gas. Materials,

12(1), 157, 2019. DOI: 10.3390/mal12010157



133

25. Ghani, J. A., & Ghazali, M. J. Optimization of CO: laser cutting
parameters on austenitic stainless steel sheet. [OP Conf. Ser.: Mater. Sci. Eng.,
183,012022, 2017. DOI: 10.1088/1757-899X/183/1/012022

26. Blacha, L., et al. Analysis of stainless steel waste products generated
during laser cutting in nitrogen atmosphere. Materials, 10(9), 1572, 2017. DOI:
10.3390/mal10091572

27. Mori, M., et al. Cutting properties of austenitic stainless steel using
laser cutting process without assist gas. Journal of Sensors, 2012, Article 1D
234321, 2012. DOI: 10.1155/2012/234321

28. A comprehensive review of studying the influence of laser cutting
parameters on surface and kerf quality of metals. The International Journal of
Advanced Manufacturing Technology, 127, 501-527, 2023. DOI:
10.1007/s00170—023—-12768-1

29.  Fomin, V. M., Golyshev, A. A., Orishich, A. M., & Shulyat’ev, V. B.
Energy balance in high-quality cutting of steel by fiber and CO: lasers. Journal of
Applied Mechanics and Technical Physics, 58, 371-378, 2017. DOIL:
10.1134/S0021894417020237

30. Ozaki, H., Koike, Y., Kawakami, H., & Suzuki, J. Cutting properties
of austenitic stainless steel by using laser cutting process without assist gas.
Advances in Optical Technologies, 2012, Article ID 234321. DOI:
10.1155/2012/234321

31. Schulz, T., Experimental investigations on fusion cutting stainless
steel with fiber and CO: laser beams. Physics Procedia, 41, 399405, 2013. DOI:
10.1016/j.phpro.2013.03.093

32. Scintilla, L., et al. Fiber laser micro-cutting of stainless steel sheets.
Applied Physics A, 85, 121-124, 2006. DOI: 10.1007/s00339-006—3687-9

33. Liang, Y., et al. Improved surface quality and microstructure
regulation in high power fiber laser cutting of stainless steel grid plates. Materials,

17(23), 5959, 2024. DOI: 10.3390/mal17235959



134

34. Wandera, C., & Kujanpdd, V. Optimization of parameters for fibre
laser cutting of a 10 mm stainless steel plate. Proceedings of the Institution of
Mechanical Engineers, Part B: Journal of Engineering Manufacture, 2011, vol.
225, no. 5, pp. 641-649. DOI: 10.1177/2041297510394078

35. Rajaram, N., Sheikh—Ahmad, J. Y., & Cheraghi, H. S. Experimental
investigation of CO: laser cutting of austenitic stainless steel. Applied Sciences,
10(14), 4956, 2020. DOI: 10.3390/app10144956

36. Mohd Azwan, A. S., et al. Factorial analysis of fiber laser fusion
cutting of AISI 304 stainless steel. Materials, 14(10), 2669, 2021. DOI:
10.3390/mal14102669

37. Aminzadeh, A., et al. Laser cutting of AISI 304 material: an
experimental investigation. Journal of Manufacturing and Materials Processing,
3(2), 40, 2019. DOI: 10.3390/jmmp3020040

38.  KepiBHUUTBO JlazepHOro Bepcrara A pizanHa metaniB AFX—PRO. —
dipma ARAMIS.

39. Ghoreishi, M., & Monfared, V. Cutting stainless steel with disc and
CO: lasers. Journal of Laser Applications, 26(4), 042006, 2014. DOI:
10.2351/1.4895563

40. B.IL. Ocwunenko, O.I1. ITnaxotHii, O.B. Timuenko, M.P. IIpycc, C.IL.
Cepentok  «3aKOHOMIPHOCTI BIUIMBY KOHCTPYKIIi cOIUla Ta TEXHOJOTIYHUX
napameTpiB Ta30JIa3epHOTO Pi3aHHS HAa TUCK TajJbMyBaHHS aCHUCTYIOUOTO Ta3y»
Bicauk YTV 2023.—T. 28 Ne3. — C. 156-168

41. B.I. Ocunenko, M.P. Tlpycc, «BnnuB BHYTpIIIHBOT CTPYKTYpU Ta
pO3MIpIB THUIMOBHX COMEJ Ha TOJIe PDKYYOro THCKY AaCHCTYIOUOTO Traszy Mpu
ra3zoja3epHOMY Pi3aHHI»

MixBy3iBcbkuii 30ipHUK «HaykoBi HoTatkm» 2024 — No79— C.100 — 108

42. B.I. Ocunenko, O.I. IInaxotnuii, M.P. Ilpycc, C.II. Cepemrox
«ExkcnepumeHTanbHe OOIPYHTYBaHHS €(EKTUBHUX PEXHUMIB pI3aHHS CTajei
BUIMIPOMIHIOBaHHSM TTOTY>KHOTO ONITOBOJIOKOHHOTO JIa3€pPay

Mixsy3iBcbkuii 30ipHuK «HaykoBi HoTatku» 2024 — No78— C.100-108



135

43. B.I. Ocunenko, M.P. Ilpycc, «Po3poOka perpeciiHux Mopeneil amis
po3paxyHKy e(GeKTUBHMX PEXHUMIB pi3aHHi 12 MM HepkaBiroyoi cTai
BUITPOMIHIOBaHHSM IOTY>KHOTO OMTOBOJIOKOHHOTO JIa3epay

MixBy3iBcbkuii 30ipHUK «HaykoBi HoTaTkm» 2025 — No§1

44. Laser Cutting: A Review on the Influence of Assist Gas. Materials,
12(1), 157,2019. DOI: 10.3390/mal12010157

45. Ghani, J. A., & Ghazali, M. J. Optimization of CO: laser cutting
parameters on austenitic stainless steel sheet. [OP Conf. Ser.: Mater. Sci. Eng.,
183, 012022, 2017. DOI: 10.1088/1757-899X/183/1/012022

46. Blacha, L., et al. Analysis of stainless steel waste products generated
during laser cutting in nitrogen atmosphere. Materials, 10(9), 1572, 2017. DOI:
10.3390/mal10091572

47. Mori, M., et al. Cutting properties of austenitic stainless steel using
laser cutting process without assist gas. Journal of Sensors, 2012, Article ID
234321, 2012. DOI: 10.1155/2012/234321

48. A comprehensive review of studying the influence of laser cutting
parameters on surface and kerf quality of metals. The International Journal of
Advanced Manufacturing Technology, 127, 501-527, 2023. DOI:
10.1007/s00170-023—-12768-1

49. Powmanenko, B. B., Karmsk, O. JI., bromumua, M., €BciokoBa, €. Ta
iH. Po3pobka cmocoOy Traszona3epHOi pI3KM  METajgiB 13  MOJAJIBIIUM
BUTIQ)KyBaHHAM MoBepxH1 pi3iB (TexHiuHi Hayku Ta TexHojorii, 2024).; DOI:
10.20535/2521-1943.2024.8.2(101).299709

50. Kymmnepenko, A.C., Pomanenko, B. B. BaockoHaneHHs TeXHOJOTi
na3epHoi pi3ku MetaneBux matepianis (KIII, 2024).

51. Halm, U., NieBlen, M., & Schulz, W. (2021). Simulation of melt
film dynamics in laser fusion cutting using a boundary layer approximation.
International Journal of Heat and Mass Transfer, 168, 120837.

52. Darwish, M., Orazi, L., & Angeli, D. (2019). Simulation and analysis

of the jet flow patterns from supersonic nozzles of laser cutting using



136

OpenFOAM. The International Journal of Advanced Manufacturing
Technology, 102, 3229-3242.

53.  Zhang, Z., & Gogos, G. (2004). Theory of shock wave propagation
during laser ablation. Physical Review B, 69(23), 235403.

54. Chen, K., Yao, Y. L., & Modi, V. (2001). Gas dynamic effects
on laser cut quality. Journal of manufacturing processes, 3(1), 38-49

55. Fieret, J., Terry, M. J., & Ward, B. A. (1987, September).
Invited Paper Overview Of Flow Dynamics In Gas-Assisted Laser Cutting.
In High Power Lasers: Sources, Laser-Material Interactions, High Excitations,
and Fast Dynamics (Vol. 801, pp. 243-250). SPIE.

56. Riveiro, A., Quintero, F., Boutinguiza, M., Del Val, J., Comesaiia, R.,
Lusquitios, F., & Pou, J. (2019). Laser cutting: A review on the influence of assist
gas. Materials, 12(1), 157.

57. Borkmann, M., & Mahrle, A. (2021). Numerical analysis of the
primary gas boundary layer flow structure in laser fusion cutting in context to the
striation characteristics of cut edges. Fluids, 7(1), 17.

58. Borkmann, M., & Mahrle, A. (2021). Numerical analysis of the
primary gas boundary layer flow structure in laser fusion cutting in context to the
striation characteristics of cut edges. Fluids, 7(1), 17.

59. Miller, D. R. (1988). Free jet sources. In Atomic and Molecular Beam
Methods (ed. G. Scoles), (Vol. I, pp. 14-53). Oxford University Press

60. Asproulias I (2014) RANS modelling for compressible turbulent
flows involving shock wave boundary layer interactions. Master’s thesis,
University of Manchester

61. Yu N, Jourdain R, Gourma M, Shore P (2016) Analysis of DeLaval
nozzle designs employed for plasma figuring of surfaces. Int J Adv Manuf Technol
87(1-4):735-745.

62. Wen P, Zhang C, Yuan Y, Fan X (2016) Evaluation and
optimal design of supersonic nozzle for laser-assisted oxygen cutting of thick

steel sections. Int J Adv Manuf Technol 86(5-8):1243- 1251.



137

63. Sparkes, M., Gross, M., Celotto, S., Zhang, T., and O’Neill, W. Inert
cutting of medium section stain-less steel using a 2.2kW high brightness fibre
laser. In Proceeding of the 25th International Congress on Appli-cations of lasers
and electro optics (ICALEO), Scottsdale, Arizona, USA, 30 October—2 November
2006, paper 402, pp. 197-205 (Laser Institute of America).

64. Gross, M. S., Celotto S. and O’Neill, W. Melt flow in narrow thick-
section kerfs. In Proceeding of the 25th International Congress on Applications of
lasers and electro optics (ICALEO), Scottsdale, Arizona, USA, 30 October—2
November 2006, paper 403, pp. 206210 (Laser Institute of America).

65. Benedikt Adelmann, Ralf Hellmann: Simultancous Burr and Cut
Interruption Detection during Laser Cutting with Neural Networks, Sensors,
21(17), 5831, 2021.

66. Maciej Zubko, Jan Loskot, Pawetl Swiec, Krystian Prusik, Zbigniew
Janikowski: Analysis of Stainless Steel Waste Products Generated during Laser
Cutting in Nitrogen Atmosphere, Metals, 10(12), 1572, 2020.

67. B.L. Ocunenko. BrumB BHYTpIIIHBOI CTPYKTYPHU Ta PO3MIpPIB TUIIOBUX
COIEJI Ha TMOJIE PIKYYOro TUCKY aCUCTYIOUOTO Ta3y MpHU ra3oia3zepHoOMy pi3aHHI /
B.I. Ocunienko, M.P. IIpycc // Mixsy3iBcbkuii 30ipauk « HAYKOBI HOTATKW».
JIyusk, 79/2024 Ct 70-78. DOI 10.36910/775.24153966.2024.79.10.

68. J. Petru, T. Zlamal, R. Cep, K. Monkova, P. Monka: Influence of
cutting parameters on heat-affected zone after laser cutting, Tehnicki vjesnik,
volume 20, 225-230, 2013.

69. Sparkes, M., Gross, M., Celotto, S., Zhang, T., and O’Neill, W.
Practical and theoretical investigations into inert gas cutting of 304 stainless steel
using a high brightness fiber laser. J. Laser Applic., 2008, 20, 59-67.

70.  Ocunenko B.I. TexHonoriuyne 3a0e3neueHHs SKICHOTO Ta30J1a3epHOTO
pizanHa 12 mMm HepxkaBirodoi ctami / [lnmaxotnuit O.I1., Ilpycc M.P., Cepentok
C.II. // KommnekcHe 3a0e3Me4eHHs] SIKOCTI TEXHOJIOTIYHUX IMPOILIECIB Ta CHUCTEM
(K3ATIIC — 2025): marepianu Tte3 npomoBigedn XV MikHapogHOI HayKOBO-
npakTuyHoi KoHGepeHuii (M. YepHniriB, 22-23 tpaBusa 2025 p.): y 2 1. /



138

HamionansHuil yHiBepcuteT «YepHiriBcbka nojiTexHika» [Ta iH.]; — UepHniris: HY
«YepniriBcrka nomitexuikay, 2025. — T. 1. — Ct 82-83.

71.  B.I. Ocunenko. EkcnepuMeHTanbHe OOIPYHTYBaHHS €(QEKTUBHHUX
PEKUMIB pI3aHHS CTajJell BUIPOMIHIOBAHHSIM TIOTYKHOTO OINTOBOJIOKOHHOTO
nazepa / B.I. Ocunenko, O.Il. Ilmaxotnuii, M.P. Ilpycc, C.I1. Cepemtox //
Mixsy3siBcbkuii 30ipHHK « HAYKOBI HOTATKW». Jlyusk, 78/2024 Ct 100-108.
DOI 10.36910/775.24153966.2024.78.14

72.  Omitnuk A. O. IHTeNneKkTyalnpbHUN aHajdi3 JaHWX: HaBYAIbHUN
nocioruk / A. O. Omiiauk, C. O. Cy660tiH, O. O. Oniinuk. — 3amopixoks: 3HTY,
2012. - 278 c. ISBN 978-617-529-052-1.

73. TopoxoBarcekuii B.O., TBopomienko [.C. Metoau 1HTENIEKTyalIbHOTO
aHajizy Ta 00poOIeHHs

74.  https://docs.tibco.com/pub/stat/14.0.0/doc/html/UsersGuide/GUID-
058F49FC-F4EF-4341-96FB-A785C2FAT76E9-homepage.html

75.  Cy66otin C. O. HelipoHHi Mepexi: Teopis Ta MpaKTHKa: HaB4. OCi0. /

C. O. Cy660tiH. — XKutomup: Bun. O. O. €Benok, 2020. - 184 c.



TOJATKH

JlonaTok A

3ATBEP/DKYIO

AKT BITPOBAJUKEHHA
Pe3yNbTaTIB HAYKOBO-A0CHI AKX pobiT

Jlauuii aKT CKAaACHHH Y TOMY, (IO 32 pe3y/IbTAaTaAMH uayxoup-nocnimm pobit
BHKOHaHHX A.T.H., npopecopom Ocunerxo B.l, a.1.H., npodecopom ITraxorHum
O.IL, acnipantamu Cepemoxom C.I1., Tpyccom M.P., B HepkacskoMy JepiKaBHOMY
TEXHONOTIYHOMY YHIBEPCHTETI BLANOBIAHO A0 Aorosopy Ne 72-J1 sia 27.12.2022 p.
Oyna BaockoHaneHa TexHonorivHa TabAHUA nNapaMeTpiB PI3aHHA HEPKABIIOYHX
craned Ha JfajepHux TexHonoriyumx xommiaekcax AFX-PRO-12000-1530LD
BupobHuuTBa TOB «Apamic», YKOMIJIEKTOBaHMX iTepOieBUMH  BOJIOKOHHHMH
nasepami 3 BHXiHOK moTykmictio 12000W. Braockowanenns 3abesneunso
MiABHIICHHA NPOAYKTHBHOCTI npouecis pisanHs wa 15% - 20% sanexHo sia
TOBUIMHH JIHCTA, 32 BLIMOBLIHOCTI AKOCTI Jetaneit Bumoram cranmapty ISO
9013:2017. Tlepesipka B yMOBAX PeaIbHOrO BHPOOHMITBA MIATBEPAMIA BHCOKY
BIATBOPIOBAHICTS 3ANPONOHOBAHMX PEXMMiB., Biaxunenns napamerpis sxocti sia

TabAMMHUX 3HAYCHD HE TepeBHILY BasIo 5%.

Ipeacrasunk TOB «Apamicy:

Kepisnux supobuninrea seraneit [
1a 06pobku MeTanis @V/ Oner MAPIOX

Ipeacrasunk YepKachkoro TeXHONOITYHOTO

yHiBepcHTeTY:

Ipodecop, A.T.5. Q&/( Bacuns OCHITEHKO

139



