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Abstract: The article presents the results of a study on the effect of vibro-
impact action of the screening surface on the main technological indicators
of metallurgical raw material screening. The screening process is one of
the key technological operations in the preparatory processes of
metallurgical production, as it directly influences the quality of raw
material fractionation and process productivity. The issue of screen
aperture clogging significantly limits the productivity of screening,
leading to a decrease in the quality of prepared charge. The purpose of the
study is to investigate the effect of vibro-impact action of the screening
surface on aperture clogging and the productivity indicators of
metallurgical raw material screening. To achieve this goal, a laboratory
model of a vibratory screener was developed, allowing for the simulation
of various vibration modes of the box and studying their impact on the raw
material screening process. The research methodology included a series
of experiments with varying amplitude and angular frequency of box
oscillations, analysis of the results using mathematical statistics methods,
and the construction of mathematical models of the dependence of
transportation productivity and clogging coefficient on vibration
parameters. Experiments were conducted for two types of screening
surfaces — fixed and freely laid, which allowed for assessing the impact
of vibro-impact loads on screen aperture self-cleaning. The results showed
that maximum transportation productivity is achieved at a forced
oscillation amplitude of 2-10 m and an acceleration of 28...32 m/s?. At
the same time, the clogging coefficient significantly decreases at an
amplitude of 1,8...2,2:10° m and an oscillation frequency of 94,2...102
s'l. The constructed mathematical models allow predicting changes in the
technological parameters of the process depending on the dynamic
characteristics of the box and assist in selecting optimal operating modes
for vibratory screeners. The scientific novelty of the work lies in
determining the effect of vibro-impact action on the productivity of the
process of screening metallurgical raw material screening and forming
new approaches to reducing screen surface clogging.

Keywords: screening; vibro-impact action; screening surface;
productivity; clogging; metallurgical raw materials; mathematical
modeling.
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Abstract: The article presents the results of a study on the effect of vibro-impact action of the
screening surface on the main technological indicators of metallurgical raw material screening. The
screening process is one of the key technological operations in the preparatory processes of
metallurgical production, as it directly influences the quality of raw material fractionation and process
productivity. The issue of screen aperture clogging significantly limits the productivity of screening,
leading to a decrease in the quality of prepared charge. The purpose of the study is to investigate the
effect of vibro-impact action of the screening surface on aperture clogging and the productivity
indicators of metallurgical raw material screening. To achieve this goal, a laboratory model of a
vibratory screener was developed, allowing for the simulation of various vibration modes of the box
and studying their impact on the raw material screening process. The research methodology included
a series of experiments with varying amplitude and angular frequency of box oscillations, analysis of
the results using mathematical statistics methods, and the construction of mathematical models of the
dependence of transportation productivity and clogging coefficient on vibration parameters.
Experiments were conducted for two types of screening surfaces — fixed and freely laid, which
allowed for assessing the impact of vibro-impact loads on screen aperture self-cleaning. The results
showed that maximum transportation productivity is achieved at a forced oscillation amplitude of
2-10” m and an acceleration of 28...32 m/s?. At the same time, the clogging coefficient significantly
decreases at an amplitude of 1,8...2,2:10* m and an oscillation frequency of 94,2...102 s’'. The
constructed mathematical models allow predicting changes in the technological parameters of the
process depending on the dynamic characteristics of the box and assist in selecting optimal operating
modes for vibratory screeners. The scientific novelty of the work lies in determining the effect of
vibro-impact action on the productivity of the process of screening metallurgical raw material
screening and forming new approaches to reducing screen surface clogging.

Keywords: screening; vibro-impact action; screening surface; productivity; clogging; metallurgical
raw materials; mathematical modeling.
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AHoOTalig: Y CcTaTTi MpeICTaBICHO pe3yJbTaTH JAOCIIPKEHHS BIUIMBY BiOpamiiiHO-yaapHOi aii
cifo4uoi MOBEpXHI Ha OCHOBHI TEXHOJOTIYHI MOKAa3HHKH T'POXOYEHHS METaTypriiHOi CHUpPOBUHH.
[Tporiec rpoxoueHHs! € OJHIEI0 3 KIOYOBUX TEXHOJIOTIYHHMX OMNEpaliil y MiAroTOBYMX IMpolecax
METaypriiHOr0 BUPOOHMIITBA, OCKIIBKH BiH O€3MOCEpeIHhO BIUIMBAE HA AKICTH (DpaKIiOHYBaHHS
CHPOBHHU Ta NPOAYKTHBHICTH mporecy. IIpoGirema 3a0uBaHHS OTBOpIB CHUTa NPH TPOXOUYEHHI
METaypriiHOi CHPOBUHU 3HAYHOIO MipOI0 OOMEXKY€ MPOAYKTUBHICTD IPOXOUEHHSI, 0 IPU3BOJUTD
710 3HMKEHHS SKOCTI MiATOTOBJIEHOI MIMXT. MeToro poOOTH € JOCHIKEHHSAX BIUIMBY BiOpariiiHo-
yIapHoi Aii cirouoi moBepXHi rpoxoTa Ha ii 3a0MBaHHS Ta MOKA3HUKH MPOJYKTHBHOCTI TPOXOUYECHHS
MeTanypriiHoi cupoBuHH. s nocarHeHHs 1€l mMetn Oyia pospoOiieHa nabopaTopHa MOJENb
BIOpallifHOTO TpOXOTy, IO JO3BOJISIE MOJETIOBATH PpIi3HI PEXHUMU KOJHMBaHb KOpOOy Ta
JOCHIJUKYBaTH IX BIUIMB Ha MpPOIEC PO3CIBY CHPOBHHU. MeTOIWKa MOCTIKEHHS BKIIOYasa
MIPOBE/ICHHS Cepii eKCTIEPUMEHTIB 13 BapilOBaHHAM aMIUTITYIU Ta KyTOBOI YaCTOTH KOJUBaHb KOPoOy,
aHaJi3 OTPUMAHUX PE3yJIbTATIB 13 32CTOCYBAHHSAM METO/IIB MATEMAaTUYHOI CTATUCTHKH Ta MOOYIOBY
MaTeMaTUYHUX MOJEJeH 3aJIe)KHOCTI TPAHCIIOPTHOI MPOAYKTUBHOCTI Ta KoedimieHTa 3a0UBaHOCTI
BiJl mapaMeTpiB KojuBaHb. JlocHiaM TPOBOAMIHUCS Il JBOX BapiaHTIB Cil0YOl MOBEPXHI —
3aKpilieHoi Ta BUIBHO YKJIQJEHOI, IO JO3BOJHIO OIIHUTH BIUIMB BiOpalliiiHo-y1apHOro
HaBaHTAXCHHA Ha CaMOOYMIICHHS CHUTOBHUX OTBOpiB. OTpuMaHi pe3ynbTaTH IMOKa3ajiH, 10
MaKCUMaJlbHa TPAHCIOPTHA NMPOJYKTUBHICTh JOCSTAETHCA NMPU aMIUTITYJi BUMYLICHUX KOJHBAaHb
2-1073 ™ Ta nmpuckopenHi 28...32 m/c?. BogHouac koedimieHT 3a0MBaHOCTI 3HAYHO 3HIXKYETHCS TIPU
ammutityai 1,8...2,2-107 m ta gactoti konuBanb 94,2...102 c¢'. [ToOynoBaHi MareMaTU4HiI MO
JI03BOJISIIOTH MPOTHO3YBAaTH 3MiHY TEXHOJOTIUHUX MapaMeTpiB MPOLECY 3aleKHO BiJ TUHAMIYHUX
XapaKTepUCTUK KOpOoOy Ta JO0MOMaraioTh y BHOOpI ONTHMAaJIbHUX PEXHUMIB POOOTH BiOpaliiHUX
rpoxotiB. HaykoBa HOBHM3Ha poOOTH TOJSATae y BH3HAYCHHI BIUIUBY BiOpauiiiHo-ynapHoi aii Ha
MPOAYKTUBHICTH MPOLIECY TPOXOUEHHS METATypriiHOI CHPOBHHU 1 (OPMYBaHHI HOBHUX HiAXOMIB 0
3MEHIIIEHHS 3a0MBaHOCTI CiI0UOT MTOBEPXHi.

KiarwouoBi cioBa: rTpoxodeHHs; BiOpauiHO-ynapHa [isi; cilo4a TOBEpXHs; HPOIYKTHBHICTB;
3a0MBaHICTh; METATypriiiHa CHPOBUHA; MAaTEMATUYHE MOJICITIOBAHHS.
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Beryn (Introduction)

I'poxXOYeHHS € OIHI€I0 3 HAMBAXKIMBIIINX TEXHOJIOTIYHUX OIEpaliid y MiArOTOBYMX MpoIecax
METaypriiHOro BUPOOHUIITBA, OCKIJIBKH 3HAYHOIO MIpOIO BIUIMBAE Ha cOOIBAPTICTh MPOMYKII i
Jac crikaHHs a0o TUIaBJIeHHS CUPOBHUHHUX MaTepianiB. Hapasi muis ¢pakiioHyBaHHS MeTalypriiiHOi
CHPOBHHU IIHPOKO 3aCTOCOBYIOTbCS PI3HI THUNHU IHEPUIMHUX TPOXOTIB, SKI BIAPIZHAIOTHCA
TUIIOPO3MIPOM, a TaKOX IMHAMIYHUMH 1 KiHEMaTHYHUMH mapamerpamu. Came 1Li MapameTpu
BU3HAYAIOTh KJIIOYOBI TEXHOJIOTIYHI MOKAa3HMKH TPOLIECY TPOXOYEHHS, TaKi SIK MPOAYKTUBHICTD,
e(EeKTUBHICTh BIJCIBY HEKOHAMIIHHOTO NPOAYKTY Ta CTYHiHb 3a0MBaHHS Cil04Y0Oi MOBEPXHI
BaXXKOTPOXOTUMUMH YaCTUHKAMHU.

[TpoayKTUBHICTh TPOXOYEHHSI OOYMOBJIEHA BUMOTAaMH TEXHOJOTIYHOI JiHIl MeTamypriiHOro
BUPOOHUIITBA, TOMI K €(EKTUBHICTh 1 3a0MBAHICTH CilOYOi TOBEPXHI 3aJeKaTh HE JIHUIIE Bij
MPOAYKTUBHOCTI, @ i BiJ ONTUMAJILHOTO BUOOPY JUHAMIYHMX 1 KIHEMaTHYHHUX rapaMerpiB. OnHak
e(pEeKTHBHICTh TPOXOYEHHS B CYYaCHHX YMOBAaX 3QJIMIIAE€THCS HEAOCTATHHOIO, IO BHMAarae ii
nigBumnieHHs. OCHOBHOIO TPOOJIEeMOI0 € 3a0MBaHHS Cil0Y0i MOBEPXHI, M0 OOMEKYE MOXKIUBICTH
301IbIIeHHS e()eKTUBHOCTI MpoIlecy Ha iICHYIOUMX 1HEpLIMHUX rpoxoTax. Lle 3yMoBiIeHO TUM, 110
NPUCKOPEHHS iX pobOoumx opraHiB oOMexxeHe nmiamazoHoM (1,5...3)g, mo € HemocTaTHIM s
CY4YaCHUX BUMOT /10 (PpakiiOHyBaHHS METATypriiHOI CUPOBUHH.

OTxe, MOMIYK NUIAXIB iHTEHCH]IKAILil Mpolecy T'POXOYEHHs, CIPSIMOBAHUX HAa 3MEHIICHHS
3a0MBaHHSA C1I0YO01 MOBEPXHI Ta MiABUICHHSA €(eKTUBHOCTI (hpaKiioHyBaHHs 0e3 BTpaTH HEOOXiTHOT
MPOJIYKTHUBHOCTI, € aKTyalbHUM 3aBAaHHSIM. J[OCITIKEHHS B I[iff Tay3i MalOTh Ba)XKJIMBE 3HAYCHHS
JUISL OTITUMI3AIIi] MiArOTOBYMX MPOLIECiB METATYPrifHOrO0 BUPOOHUIITBA.

Haii0inp11 nommpeHuM rpoXoTaMHu, 1110 BUKOPUCTOBYIOTHCS B T1PHUYO-METATypriiiHii ramysi
JUTS BUIATICHHS Api0’sI3Ky, € IEHTPOMACHI MAIllMHU 3 Ie0aTaHCHUMU BiOpO30yJHUKAMU, TPaIIOr0Yi
B 3ape3oHaHCHI oOmacti. Taki MamIMHM BiAPI3HAIOTHCS MPOCTOTOI0 KOHCTPYKINi, TapHOIO
BiOpPOI30JIAIIi€I0, TOCUTh BHUCOKOIO CTaOUIbHICTIO poOouoro pexumy. IIpore iHTEHCHBHICTH nii
po6oYOro opraHy Ha MaTepian y TaKMX IPOXOTIB HEBHCOKA 1 PO3MOiIEHA MO CTAisX BUIIAJKOBUM
9iHOM. Tako)X BUMAJKOBHM YMHOM, HE3QJIEKHO BiJl BIACTUBOCTEH Marepially, IO PO3CIBAETHCA,
NpUKAHATI KIHEMaTU4YHI HapameTpu pododoro oprany. Y poborax (Biletskyi, et al., 2019, KVMSh
plius. 2025, Metso, 2025, Sokur et al., 2020, Zavod promyslovoho obladnannia «Prohresy, 2025)
HaBe/IeHI OCHOBHI KOHCTPYKTHBHI Ta TUHAMIYHI MapaMeTpH, a TaKOX TEXHOJOTIYHI NMOKa3HUKU
HaOLIbII MOMIKUPEHUX TPOXOTIB.

3 maHux, HaBEIEHUX MOCIIIKEHb BHIUIMBAE, 110 YacTOTa KOJIHUBAHb 3MIHIOETHCS Bix 73 10 96
¢’!; amrurityna konmBanb — Bij 3 10 6 MM; KyT Bibpamii — Big 30° 1o 50°; kyT Haxuiy cut — Bix 0° 10
18°; muroma nmpoaykTuBHICTh — Big 40 1o 60 T/rox-m?; nuroma meraigoemHicTh — Big 400 1o 3600
KI/M?; TUTOMA MOTY>KHICTh — BiA 2 10 7,2 kKBT/M2.

AHani3 CTymneHsl 3axapalieHoCTi Cilo4oi HOBerHi BiJl IPUCKOPEHb 11 KOJMUBaHb JIy’Ke A00pe
PO3KpHUT B poboTi (Zelov, 1986), ne BUSBIEHO, IO CTYMiHb ii 3a0uBaHHs csarae Bix 58 mo 70 % npu
NPUCKOPEHHAX, fAKI CTaHOBIATH 26...32 M/c?>. TakuMm 4YUHOM, e(I)eKTHBchTL IPOXOYECHHS
3aJIUIIAE€THCSA HAATO HU3bKOI — Bix 28 10 50 %, 1m0 He 3aI0BOJIbHSE Cy4yacHI BUMOTH Ta HE Ja€
MOJKITUBOCTI HAJICKHUM YHHOM MiArOTYBATH IIUXTOBI MaTepiain 10 CHiKAHHS Ta IUIABKH, OCKUTBKH
3a pesynbratramu pobotu (Uchitel. A., 1992) noBeaeHo, MO CYTTEBE 3POCTAHHS TEXHOJOTIYHUX
MOKa3HHUKIB TOMEHHHX Ie4el Moxke OyTH TOCATHYTO, SIKIIO BOHA cTaHoBUTUME He MeHe 70...75 %.

Takuii MOKa3HUK MOXIJIMBO JOCSTHYTH y BHUIIAAKy 3MEHIICHHsS 3a0WBaHHS OTBOPIB ClIOYOi
MOBEPXHI, SIKIIO HAJaTu 1 TOCTATHHO BEJMKE MPUCKOPEHHS, 3rifHo nanux podortu (Uchytel, S. et
al., 2014) Bouu NOBMHHI CTAHOBUTH, SIK IOKA3aHO Ha pHC. 1, 1y ppakuii arnmomepary 5 MM — 54 m/c?,

OpnHak, peanizallisi TAKUX IPUCKOPEHb MOXJINBA MPH KOe(]ilieHT1 pexxuMy poOOTH BiOpariitHOi
MamHu  (5,5...6,2)g 1m0 3HAYHO IEpeBMILYE peKoMeHaoBaHe 3HaueHHA y (1,5...3)g npu
npoekryBanHi BiOpamiiianx Mamma (Uchytel, A. et al., 1998), Taki BHCOKO AMHAMIYHI PEXKUMHU
MPU3BOASATH /10 3HAYHOTO 3HIDKEHHS HAJIHOCTI OCHOBHHX POOOYUX ENEMEHTIB Ta BEJE 0 POCTY
METaJIo- Ta eHEPrOEMHOCTI B LIIJIOMY MPOIIECY IPOXOUEHHS METaTypriHUX CUPOBHHHUX MaTepialiB.
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Pucynok 1. 3anexHICTh BEJIMYMHU MPHCKOPEHb, IO 3a0e3MeuyoTh He3aO0UBaHICTh OTBOPIB
Cil0401 MOBEPXHI BiJ KJIacy po3CiBy arjaoMepary
JIxepeno: CTBOPEHO aBTOpaMu

OTxe, MpOBeEHHS JOCTIKEHb, SIKI HAMpPaBJICHHS Ha BUSBICHHS IHTEHCHIKallii mpoiecy
I'POXOYCHHS METAIYPriifHOT CUPOBUHH Iepe]l CHIKaHHIM Ta IJIABKOIO IIJISIXOM BIUIMBY BiOpatiiiHo-
YIapHOTO HaBaHTA)KEHHS, LIIJIKOM OOIPYHTOBAHO 1 € B)KJIMBUM HAyKOBUM 3aBJaHHSM.

Mera i 3aBIaHHS JOCIIKEHD MOJIATAE B TOCIIPKEHHX BIUTUBY BiOpawiiHO-y1apHoi aii cirouoi
MOBEPXHI IPOXOTa Ha ii 3a0MBaHHS Ta MOKA3HUKU MPOAYKTUBHOCTI I'POXOUYEHHS METalypriiHOi
CHPOBHHHU.

Marepiaan Ta metoan (Materials and Methods)

Jnist jocipkeHHs BIUIMBY BiOpaniiHO-yIapHO1 [1ii Ha TEXHOJIOTIYHI MOKAa3HUKU TPOXOTY Oyia
po3pobiieHa labopaTopHa MOJIElb, Sika HaBeJIeHa Ha pHC. 2.

24

w3800 iz

Pucynok 2. CTpykTypHa cxema j1aboparopHoro creHay: 1 - OyHkep; 2 - mmbepHuit 3aTBop; 3
- meperopoka; 4 - nader; 5 - npyKuHH1 onopu; 6 - yHaaMeHT; 7 - pama; § - Kopoo; 9 - HepyxoMuit
onopHuil KyTHHK; 10 - pyxomuii onopauii KyTHUK; 11 - cisiua moBepxHs; 12 - qumnnbHui HiXx; 13, 14
- mpuiimManeHuil OyHkep; 15 - miaBiOparopna mumra; 16 - MoTop-BiOpatop; 17 - yacToTHHH
nepeTBopioBay; 18 - tsra; 19 - ¢azosuit natumk; 20 - ocuumorpad; 21 - gaT4uK NpUCKOpeHHs; 22 -
nenror; 23 - eJIeKTPOHHI Baru; 24 — ceKyHAOMIp

JIxepeno: CTBOPEHO aBTOpaMu
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B sxocrti mapamerpiB onTHMi3zamii, sKi HaHOLIBII MOBHO BiOOpa)KaroTh TEXHOJOTIUHY
e(eKTHBHICTh BIOpaLIfHOTO IPOXOTY, OyJIM MPUKHHSATI: TPAHCIIOPTHA IPOLYKTHBHICTh Ta 3a0MBaHICTh
CiI0401 MMOBEPXHi.

B pomi ¢akrtopiB Oynu NpHifHATI MapaMmeTpH, IO MOBHOI MIpOI0 XapaKTepU3yIOTh CTaH
JTMHAMIYHOT CUCTeMH  —  KyTOBa 4acToTa  BHUMYIIEHHX KOJINBaHb KOpoOy
(w=942c1;, w=1256c¢1;, w=157c!) rTa ix ammmryma (4=0,001 g
A =0,002m; A=0,003m).

KyT Haxumy ciio4yoi MOBEepXHi J0 TOPU30HTY Ta KyT BiOpalii 10 HOpMaii, IpOBEAEHOI 10
OTOPHOT MOBEPXHI MiJCUTHUKA B MOJAOBXKHIH MIIONINHI, HA BCbOMY Jliana30Hi 3Ha4eHb (pakTopiB Oynu
CTaJIMMU 1 IOopiBHIOBANM BiAmoBigHo o = 10°, f = 45°.

JlocmiKeHHS! IPOBOIMITUCH NP HAIIPABICHUX KOJUBAHHIX KOPOOY 3 3aKPIMJICHOIO Ta BUTLHO
YKJIQJICHOIO CisIYO0I0 MOBEPXHEIO.

IIpu mpoBeneHi eKCIEPUMEHTIB BHKOPHCTOBYBAJIMCh METOAM MaTeMaTHYHOi OOpoOKH iX
pe3yJbTaTiB 3TiAHO BUMOT Teopii MaTeMaTn4Hoi craTucTuku (Zaselskyi, et al., 2019).

TpancnopTHa NPOAYKTUBHICTh BU3HAYAIACh MPH BUKOPUCTaHHI CyLiIbHOTO nHUIA 11 (auB.
puc. 2) Ipu BiACYTHOCTI JUIMIFHOTO HOXKa 12 MUISIXOM OI[IHKU Yacy 3allOBHEHHS t,,; TPHUIMAIEHOTO
Oynkepa 13 mMacoro maTepiany M.y, O TPAHCIIOPTYBABCs, 38 HOPMYIIOHO

My
Qrp = T kr/c. (1)

3an

Jlocnign TpoBOMMJIMCSA TPH TOCTIHHIN BucoTi mapy Martepiany Hw = 60 MM, 1o
TPAaHCIOPTYBABCS, BAPiIOI0YH KyTOBOIO YaCTOTOIO BUMYIIIEHUX KOJUBaHb KOpoOy Ta iX aMILTITy 1010,
[IpY IEBHOMY MO€HAHHI (PaKTOPIB TOCIiAU TOBTOPIOBATIMCH TPUYI.

B sikocTi MaTepiany BUKOPHCTOBYBaBCS BamHsK ¢pakuieio 1,6...3 MM 3 BosoricTio 10 3 %.

BusnauenHs 3a0uBaHOCTI Cil04oi TOBEpPXHI BHUKOHYBAJOCh 3a JIOMOMOTOI0 KoedimieHTa
3a0WMBaHOCTI, SIKMI BH3HAYABCS 32 POPMYIIOI0

S
Ksas = 5'336 -100 %, (2)

K.
1€ S, — IUIOIIA 3a0MTHX OTBOPIB CIFOYOT TIOBEPXHI, M?; Sy ; — IUIOIIA KUBOTO MEPETUHY
Cir0u0i MoBepxHi, M2,

BceraHoBneHHs KapTHHM 3a0MBaHOCTI Cif040i TIOBEPXHI BUKOHYBAIOCH IIJISIXOM i
¢dororpadyBaHHs micas MPOBEACHHS TOCTIAY A KOXKHOI MMapy 3Ha4eHb TUHAMIYHHMX HapamMeTpiB
KOpoOy, SIKUH 3/11CHIOBaB HaNPaBJICHHI FTApMOHIMHO CTiHKi KOJIMBAaHHS MIPU 3aKPIMJICHOMY Ta BUTEHO
YKIJIaJICHOMY CHTI.

B sixocTi MaTepiany BUKOPUCTOBYBABCS BiJICIB arjioMepary, rpaHyJIOMETPUYHUNA CKIIAJ SIKOTO
niaOupaBcs 3 YMOBH MaKCUMaJIbHOT 3a0MBaHOCTI anepTypH citouoi nmoBepxHi. [Jis cit04oi moBepXHi
3 anepTypor Kpyrioi GopMu AiaMeTpoM 5 MM 3acTocoByBaiach (pakuis 5...6 mm. Jocmiau
MIPOBOJIMIIMCH TIPU MOCTIHHOMY MUTOMOMY HAaBAaHTAXXEHHI 110 BUXITHOMY >KUBJICHHIO, IATPUMYIOUN
MOCTIHHICTD BUCOTH IIAPY MUXTH Y 60 MM.

PesyabTaTn (Results)

Ha puc. 3 HaBeneHO 3aleXHOCTI TPAHCIIOPTHOI MPOAYKTUBHOCTI BiJl aMIUTITYyIM Ta KyTOBOi
IIBUJIKOCTI KOJIMBaHb KOPOOY 3 3aKPIIUICHOIO Ta BUIBHO YKJIAJICHOIO CII0YOI0 IOBEPXHEIO.

3 PpHUCYHKY BHJHO, IIO B JOCIIDKyBaHii o00jacTi BH3Ha4YeHHsA (YHKII TpaHCIIOpTHA
MPOAYKTUBHICTh Ma€ CTIMKY 3aJIeKHICTh BiJl aMIUTITYAM KOJMBAaHb KOpPOOY Ta KyTOBOi YacTOTH, a
(byHKIIOHABPHA 3aJICKHICTh Ma€ EKCTPEMaJIbHUI XapakTep. 3BaXKalouM Ha Te, 10 MPH OJHAKOBHUX
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JMHAMIYHHUX TapameTpax KopoOy TpaHCHOPTHA MPOAYKTHUBHICTH IPOXOTY 3 3aKpPIIJICHOIO CiIOYOIO
MOBEPXHEIO NEPEBUIITYE IPOAYKTUBHICTD BiOpaliifHO-y1apHOT MAIIMHU 3 HEBTPUMHHUM 3B’ I3KOM MiXK
KOpOOOM 1 CUTOM MIATBEPIKY€E TOH (aKT, 110 HEOOXIAHY HMIBHIKICTh TPAHCHIOPTYBAaHHS Martepiaiy,
KM PO3CIBAETHCS, CIIiJ] 3a0e3MedyBaTH IUIIXOM OUTBIIOTO KyTa HAXHMITy CiF0UOi TOBEPXHI B 3B'A3KY
3 0COOJIMBOCTSIMH PEXUMY ii TajomyBaHHS.
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Pucynoxk 3. 3anexHicTh TPaHCIOPTHOT IPOAYKTUBHOCTI BiJl aMIUTITY U () Ta KyTOBOi YaCTOTH
(0) xonuBaHb KOPOOY
Jxepeno: CTBOPEHO aBTOpaMu

Binminamii xapaktep (GyHKIIOHATBHUX 3AJIEKHOCTEH TPAaHCIOPTHOI MPOAYKTUBHOCTI TPOXOTY
3 3aKpiIUIEHOI0 Ta BUIBHO YKJIAQJEHOIO CIIOYMMM TOBEPXHSAMH CBIJUUTH PO HEMOXKJIHMBICTDH
aJlaniTyBaHHS ICHYIOYMX TEOPETHMYHHX MOJIENEH OIIIHKH TPAHCIOPTHOI MPOJYKTUBHOCTI HUIIXOM
BU3HAYCHHS MONpaBHUX KoedimieHTiB. ToMy Juis BUBYEHHS BIUTUBY OOpaHuX (aKTOpiB Ha
TPAHCHOPTHY MPOIYKTHUBHICTh BiOpaliiiHO-y1apHOT MAIIMHU 3 HEBTPUMHHM 3B’ I3KOM MK KOpOOOM
i cutom OyB MpOBEACHHUI MOBHUX (AaKTOPHUN E€KCHEPUMEHT, B SIKOMY PEaji30BaHO OPTOTOHAJIbHY
IUTAaH-MATPHLIIO JPYTOro MOPSAKY.

MareMaTHUHUI OMUC 3aJIEKHOCTI TPAHCIIOPTHOI MPOAYKTUBHOCTI BiJ oOpaHUX (hakTopiB
3IIHACHIOBABCS 3a JIOTIOMOTOI0 KBAJpPAaTHMYHOTO PIiBHSHHS perpecii, sike Oylo oTpuMaHe, Micis
NepeBIPKU MOTO Ha a/IeKBATHICTH 3a JOMIOMOT 010 Kputepis Pimepa, y BUTIAAL

Qp =0,0154+78-A+0,0015-w + 0,5732- A - w — 34000 - A% —9,94-107%- w?kr/c, (3)
e A — aMIUTITy]a BUMYIIIEHMX KOJIMBaHb KOPOOY, M; W — KyTOBA YacTOTa KOJIMBAHb, C''.

Otpumane piBHsSHHS perpecii (3) € MareMaTHYHOIO MOJCIUII0, SKa JEMOHCTPY€E BILIUB
IUHAMIYHUX TapaMeTpiB KopoOy — ammiityau (B miamaszoni Bix 0,001 mo 0,003 m) Ta KyToBOi
yactotd (B aiamasoni Big 94,2 mo 157 ¢’!) Horo BUMyIIEHMX KOJMBaHb, Ha TPAHCIIOPTHY
MPOAYKTUBHICTH BiOpaIliitHO-yJapHUX MAIITMHH 3 HEBTPUMHHM 3B’ 3KOM MK KOPOOOM 1 CHTOM, TIpH
20 % piBHI 3HAYYIIOCTI.

Opnepxana mMatematudHa Monenb (3) Oyna migmaHa rpadiyHOMY aHami3y, SIKUH J03BOJIMB
BCTaHOBUTH Mipy BIUIMBY KOXHOTO (paKkTOpy Ha mapaMmeTp ontumizanii (puc. 4).
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Pucynok 4. 3ajie)kHiCTh TPAHCTIOPTHOI MPOIYKTUBHOCTI BiJl aMILTITYX Ta KyTOBOI YaCTOTH
KOJIMBaHb KOPOOy
JIxeperno: CTBOPEHO aBTOpaMH

3 orpumaHoro rpagika MOBEpXHI BHIHO, L0 MaKCHMallbHA TPAaHCIOPTHA MPOAYKTUBHICTH
BiOpaliifHO-yJapHOi MAalMHU 3 HEBTPHUMHUM 3B’SI3KOM MK CHTOM 1 KOpOOOM, SKHH 37iHCHIOE
HarpaBJIeHI FTApMOHIMHO CTIHMKi KOJIMBaHHS, 320€31eUy€eThCS IPU PEXKUMI KOJTMBAHb 3 IPUCKOPEHHSM
28...32 m/c? pu ammtityai 0,002 M.

Ha puc. 5 HaBeneHo 3anexHicTh KoedilieHTa 3a0MBaHHS Bl aMILTITYH Ta KyTOBOI YaCTOTH
KOJIMBaHb KOpoOy, HaaHO (OTO Ci0UOT MOBEPXHI B OJHOMY 3 €KCTIEPUMEHTAIBHUX JTOCIIHKEHb ii
3a0MBaHHS
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PucyHnok 5. 3anexHicTh KoedillieHTa 3a0MBAHOCTI BiJl aMILTITyAH (a) Ta KyTOBOi 4acToTH (0)
KOJIMBaHb KOpoOy: B — XapakTep 3a0MBAHOCTI BUTHHO YKIJIAJIEHOI CiF0UO01 MOBEPXHI
Jlxepeno: CTBOPEHO aBTOpaMHU
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3 orpumaHux rpadikiB BHUAHO, MO0 Koe(]imieHT 3a0MBAHOCTI BUTRHO YKJIAIEHOI CIFOYOi
MOBEPXHI, Ha BIIMIHY BiJl 3aKpiIUIEHOT, IPU OJHAKOBUX JUHAMIYHHX ITapaMeTpax KopoOy MEHIIH B
cepennboMy B 10 pasiB, 11e CBITYMUTH MPO OLIBII €EeKTHUBHE MPOTIKAHHS MPOLECY CMOOYUIIICHHS
arnepTypH Cil040i MOBEpXHi Ha BiOpaIiiiHO-yAapHUX MAIIMHAX 3 HEBTPUMHUM 3B’ SI3KOM MIXK CUTOM 1
KOpPOOOM.

Haii0inpmmii BIMB Ha MpOIEC CaMOOYHMIICHHS Ma€ aMIUIITyJa KOJHBAaHb KOPOOy, SKHM
XapaKTepU3y€EThCS CKIIAJHOI0 HENIHIHHOI0 3aJIe)KHICTIO 3 ACHMITOTHUYHUM HAOJIMKEHHSAM, NpU
30inbmenni amrutityau g0 0,002 M Ta NPUCKOPEHHI KoiuBaHb KopoOy y 32 m/c? koedimient
3a0MBAHOCTI 3MEHIIYEThCS, Aocsraloud cBoro MiHimymy y 0,035 %, momanbine 301IbIICHHS
aMIUTITYIM HE3HAYHO Ha HHOTO BIUIMBAE, IO CBITYUTH MPO CTAOLTi3allil0 MPOIIeCy Ta BCTAHOBICHHS
MOCTIHOTO PiBHA 3aXapalleHoOCTi CiI0u0i MOBEPXHIi.

Jlnist BUBYECHHS B3a€EMOBIUTUBY aMIUTITYyIM BUMYIIICHUX KOJUBaHb KOpoOy BiOpawiiiHO-y1apHOi
MAaIllMHU 3 HEBTPUMHHUM 3B’S3KOM Ta IXHBOI KYTOBOi YacTOTH Ha 3MiHYy KoedimieHTa 3a0MBaHOCTI
citouoi moBepxHi OyB NpOBeNEHUH MOBHUX (AKTOPHHHA EKCIIEPUMEHT, B SKOMY peali30BaHO
OPTOTOHAJIBHY TUIaH-MATPHLIIO JPYTOro MOPSAKY.

MareMaTHUHUI OMMC 3aJeKHOCTI Koe(ilieHTa 3a0MBAHOCTI CiI0YOi MOBEPXHI Bia 00OpaHUX
(bakTopiB 3IiMiCHIOBABCS SIK 1 y BHIAJKy aHali3y MNPOAYKTUBHOCTI I'POXOYEHHS OTPUMAHOIO 1
MIEPEBIPEHOTO Ha a/IEKBATHICTH 3a KpuTepieMm Dimepa KBaIpaTUUHOTO PiBHAHHS perpecii

K, = 0,003 —1610-A + 0,035 - w + 1,115+ A - w + 340000 - A2 — 0,0002 - w? %. (4)

OTtpumane piBHSHHS TaKOX € MaTEMaTUYHOIO MOJICIUIIO, SIKA JEMOHCTPYE BIUIMB JTUHAMIYHUX
napameTpiB kopoOy — ammurityau (B miamazoni Big 0,001 mo 0,003 M) Ta kyToBoi yactotu (B
nianasoni Bix 94,2 mo 157 ¢!) fioro BUMyIIEHUX KOJNMBaHb, Ha KOE]Il[ieHT 3a0MBAHOCTI CiFOYOT
MOBEpXHI BiOpaLifHO-yJapHUX MALIMHU 3 HEBTPUMHHM 3B’SI3KOM MK KOpoOoM i cutom, tipu 20 %
piBHI 3HAYYLIOCTI.

Opneprkana MmareMaTHyHa MoJienb (4) Oyna mignana rpagiuHoMy aHalizy, sSIKHH HaBeJleHUH Ha
puc. 6, 103BOJIUB BCTAHOBUTHU Mipy BIUTUBY KOXKHOTO (DaKTOpy Ha mapameTp ONTUMi3aii
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PucyHok 6. 3anexHictb KoedimieHTa 3a0MBaHOCTI Cil0Y0i ITOBEPXHI BiJl aMILTITYAU Ta KyTOBO1
9aCTOTH KOJIMBaHb KOPOOY
Jxepeno: CTBOPEHO aBTOpaMu

3 orpumanoro rpadiky BHIHO, IO IHTEHCH(]IKAIisl MPOIeCy OYHUINEHHS Cil0Y0i MOBEpXHI
BiOpalliifHO-yJapHOI MAIITMHU 3 HEBTPUMHHM 3B’ SI3KOM MK CUTOM 1 KOpoOOM Bi10yBa€eThCs 32 yMOBU
30UIBIICHHS SIK aMIUTITYId KOJIMBAaHb KOPOOY, TakK i il 4acTOTH. 3 TOYKHU 30py €Heproe(eKTUBHOCTI
Ta pPe3yJbTaTUBHOCTI MPOIECY OYHMIIEHHS, HAWOUIBII NPUHHATHUM 3HAYEHHSAM KoedimieHTa
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3abuBanocTi € 0,2 %, sKkuil 3a0e3Meuy€eThCsl HACTYITHUMHU JUHAMIYHUMHU MapaMeTpamMu Kopooy —
ammunitya koausanb 0,0018...0,0022 m mpu wactoti 94,2...102 ¢!, mo Bianosizae npucKOpeHHAM
Bix 16 10 23 m/c? ta 0,0022 M mpu wacrori 125,6 ¢!, mo exBiBaseHTHE IPUCKOPEHHIO 35 M/c?.

Bucnosku (Conclusions)

B pesynbpTari mpoBeACHHUX NOCHIIKEHb Ha po3poOieHid 1abopaTopHi MOJENi TpoXOTy 3
3aKpIMJICHOO Ta BUTLHO YKJIJICHOIO CIF0UOI0 MOBEPXHEIO, M0 TeHEPYE BiOpaIliiiHO-yaapHy Aif0, 0yII0
BUBYEHO ii BIJIMB Ha POyKTHBHICTH Ta MpoIiec 3a0MBaHHs OTBOPIB CUTA IIPU PO3CiB1 METaIypriitHOI
CHUPOBHHH.

3a miJCyMKaMH JOCTIKeHb OAEP)KaHO MaTeMaTHYHY MOJENb, sKa IOB'A3Yy€ TPAHCIOPTHY
NPOAYKTUBHICTh Ta KoeQillieHT 3a0WBaHOCTI CilOYOi MOBEpXHI BiOpamiifHO-yJapHOI MAIIWHU 3
HEBTPUMHHM 3B'SI3KOM MK CUTOM Ta ii kopobom npu 20 % piBHI 3HAYYIIOCTI.

BcranoBieHo, 110 MakcHMallbHA TPAHCIIOPTHA MPOAYKTUBHICTD 3a0€3MEUY€THCS MIPU PEKHUMI
KOJIMBaHb 3 TpUCKOpeHHsMu 28...32 m/c? npu amrutityai 2-107 M, a HaWOLIBI NPUAHATHEM
3HAYEeHHSAM KoedimieHta 3a0uBaHOCTI mpu 1i mpoxykTuBHOCTI € 0,2 %, skuil 3a0e3nedyeTbes
aMILTITY 1010 KouBaHb B inTepsaii (1,8... 2,2) 10 M npu yactori konuBanb 94,2...102 ¢!,
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