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AHoTauisi. 3arponoHOBAaHO HaAIMHUN OE3KOHTAKTHHH MHEBMATHYHHUM PETyJIATOP HAMPHOTO TiIpo-
IIUKJIOHY. PerynsTop BCTaHOBIICHO Yy 30HI MICKOBOTO Hacaiky. [IHeBMaTHYHUII perynarop cTaHmapr-
HOTO HAIiPHOTO HUTiHAPO-KOHIYHOTO TiAPOLUUKIOHY 3a0e3neuye Oe3KOHTaKTHE 3ryIIEHHS IPOAYKTY B
30HI MICKOBOTO HAacaJKy. Y Mpolieci KepyBaHHSI POOOTOIO TiIPOIUKIOHY IO HOTO OCI YTBOPIOETHCS
MOBITpsiHUH cTOBIL. OcCOOMMBOCTI poOOTH PETYNATOpa BILTMBAIOTH Ha MPOIIEC YTBOPEHHS MOBITPSIHOTO
CTOBIIA TiAPOIUKIOHY. THCK B MOBITPSIHOMY CTOBITI MaHOMeTpu4yHHA. [locTaBieHa 3amaya JOCTITUTH
BIUTMB THCKY ITyJIbIIM Ha BXOJi TiAPOIUKIIOHY, 3TYHICHHS MyJbIOH W THUCKY y TOBITPSIHOMY CTOBIIL.
ExcrieprMeHTaNbHI TOCIIKEHHS TPOBEIEHO Yy J1ab0paTOPHIUX YMOBAaX Ha MOJEI CTaHAapTHOTO MPO-
MUCJIOBOTO HWTIHIPO-KOHIYHOTO Timporukiony ['T[360. HocmimkeHo 3B’S30K TEXHOJOTIYHUX Tapa-
METpiB poOOTH TiAPOLMKIOHY ¥ TUCKY Y MOBITPSHOMY CTOBITi. BCTAHOBHUTH MOJJIMBOCTI KEpyBaHHS
POOOTOIO TiPONUUKIIOHY 10 TUCKY Y TIOBITpSIHOMY cTOBIi. [TnanyBaHHS eKCIIepUMEHTY Y J1abopaTop-
HHX YMOBax Ha MOJIEJ TiJPOIMKIOHY TpoBeaeHo y mporpami Statgraphics Centurion XV. Excrepu-
MEHTAJIbHI JOCIIDKEHHS TPOBEICHO JJIsi ONTUMAJIbHUX TapaMeTpiB KyTa U IIIJIMHA THEBMAaTHYHOI'O
perynsitopy. O0paHO KpUTEpito ONTUMI3AIT - MAKCUMAaJIbHUAN eeKT 3ryIIeHHs MyJIbIIM NPy MiHIMi3a-
1ii MiCLIEBUX BTpaT eHeprii y comi. Y 1abopaTOPHUX YMOBaxX 3MOJEILOBAHO 3MIHY THCKY M I'YCTHHHU
ITyJIBITA Ha BXO/I T1IPOLMKIIOHY HA BChOMY poOodYoMy Aiama3oHi. JlabopaTopHy MOJENb TiIpOIHKIO-
Hy BUKOHaHO y MacmTabi M1:10. ¥ sikocTi mysibli BUKOpUCTaHO Biaxomu duorarii. [IpoBeneHo mMo-
JIEITFOBaHHS POOOTH TiPOIUKIOHY Y CKJIaJi BOIHO-IINIAMOBOI CHCTEMH Ha 30aravdyBaibHii (adpwiii.
I'yctuna tBepmoi ¢azu 1500 kr/m3. Bmict TBepmoi ¢dasm Ha Bxomi 10 1/m. [Ipobu BimOupamuchk
00’€eMHHM CITOCOOOM MipHUM COCYZIOM. BCTaHOBIIEHO CTATHCTUYHO 3HAYYILY 3aJIE)KHICTh MK THCKOM
y TOBITPSIHOMY CTOBIII TiAPOUMKIOHY W e(eKTOM 3rylieHHs MyJbld Yy CTaHJApTHOMY LHITiHJIPO-
KOHIYHOMY TigponukioHi. llepeBipeHO HasBHICTH JIHIMHOTO XapakTepy 3ale)KHOCTI KOeiIlieHTy
3TYHICHHS Ta TUCKY Y MOBITPSHOMY CTOBII TiJPOIMKIIOHY i3 MHEBMATUYHUM PETYIATOpOoM. BeraHoB-
JIEHO BiJICYTHICTh CTATHCTHYHO 3HAYYIIOTO BIUIMBY THCKY JKHMBJICHHS TiIPOIUKIOHY Ha 3aJICKHICTh
peurtu oopanux (akropiB. ExcriepuMeHTanbHI JOCTIHKEHHS TPOBEICHO TP ONTUMAIBHUX KOHCTPY-
KTUBHHX MapaMeTpax MHEeBMAaTHYHOIO PETYJISTOPY 3a KPUTEPiAMHU MiHiMi3alii BTpaT eHeprii noBiTps-
HOTO CTPYMY y COILTI i MiHIMi3aIlii 00’€MHUX BUTpAT MOBITPSL.

KirouoBi ciioBa: HamipHUH TiPONUKIIOH; MIOBITPSHUIA CTOBI; THEBMATUYHUI PETYIISATOP.

BCTYII TYJIATOP BCTAHOBJIEHO Y 30HI MICKOBOTO Ha-
caJKky. be3koHTakTHUI cnoci0 perysroBaH-
Hs poOOTOI0 TiIPOUUKIOHY BHKIIOUYaEe (i-
3UYHE NEePEeKPUTTS OTBOPY IICKOBOTO Haca-
Ky ¥ 3a0esneuye HaliifHE KEpPyBaHHS PO-
60TOr0 amapaty. Y mpolieci KepyBaHHS po-
00TOO TIAPOIUKIOHY IO WOTO OC1 YTBOPIO-

[ IpOIUKIOHN HIMPOKO BHUKOPHUCTOBY-
IOTBCSl y TIpOIIecax 3TYIICHHS, OCBITJICHHS
abo kmacudikarii. 3anpornoHOBaHO Ha[iii-
HUN OE3KOHTAKTHUN NMHEBMAaTHUUYHUN pery-
JSITOpP HAIipHOTO TiApouukiony [1, 2]. Pe-

© KonaHuusa 0., 2021 4


mailto:kopanytsia.iud@knuba.edu.ua
https://doi.org/10.32347/2524-0021.2018.29.6-12

lMpobaemu sodonocmayaHHsA, 8o0osidsedeHHA ma 2idpasniku, sun.36, 2021

€Tbcs MOBITpsiHUil croBm [4,5,6,7]. Tuck B
HOBITPSHOMY CTOBII MaHOMeTpuuHHiA. [le
0COOJIMBICTh 03HAYEHOTO CIOCOOY Kepy-
Banu# [1, 2].

META I METOAU

[TocraBnena 3azavya AOCHIAUTH BIUIMB
TUCKY TMyJBIIA HA BXOAl TiAPOIMKIIOHY,
3rYUIEHHS IyJbIHM ¥ TUCKY Yy HOBITPSIHOMY
croBmi. EkcrmepuMeHTaNbHI JOCTIIKEHHS
IpOBEIEHO y Ja0OpaTOPHUX YMOBax Ha
MOJIeNIl CTaHAAPTHOTO MPOMHCIOBOTO ITH-
JTHIPO-KOHIYHOTO Trigpouukiony ['1[360.
Merta nocniykeHHs] — BCTAHOBUTH MOXJIU-
BOCTI KepyBaHHS POOOTOIO TiAPOLUKIOHY
10 TUCKY y TIOBITPSTHOMY CTOBIII Ta BHKJIIO-
Yaloyl KOHTAKT JATYMKIB 13 BHCOKOILBHUJ-
KICHOIO, a0pa3uBHOIO U PYWHIBHOKO ITyJIb-
TO10.

KepyBanHs po0oTOO HamipHOTO TiIpo-
IUKJIOHY [0 BaKyyMETPHUUYHOMY THUCKY Y
MOBITPSTHOMY CTOBIIi € BIJIOMHM CTaHZIapT-
HUM CII0COOOM KepyBaHHs amaparom [1].
IcHye 0COONMBICTH KepyBaHHS POOOTOIO
T'IPOLUKIIOHY 13 THEBMAaTHYHUM HACa/IKOM.
3a paXyHOK HaIpaBJICHOTO KEePYIO4Oro Io-
BITPSHOTO CTPYMY B 30HI MICKOBOT'O Hacaj-
Ky Yy HOBITPSHOMY CTOBMI TiIPOLUKIOHY
YTBOPIOETHCS HAJUIMIIKOBUN MaHOMETPUY-
HUM THCK.

[TnanyBaHHs eKcliepuMeHTy y Jabopa-
TOPHHUX YMOBaxX Ha MOJEJI T1IPOLHUKIOHY
npoBesieHo y mporpami Statgraphics Centu-
rion XV. ExcriepuMeHTaIbHI JOCITIIKEHHS
NPOBEICHO JJIS ONTUMAIbHUX IapaMeTpiB
KyTa ¥ IIIJIMHY MHEBMAaTHYHOTO PEryJIsTo-
py [1,2]. Kpurepii ontumizamii kepyBaHHS
pPOOOTOI0 HAIMIPHOTO T1JIPOLMKIOHY 13 IHeE-
BMaTHYHUM PETYJISTOPOM:

® MaKCUMalbHHUI eQeKT 3rylIeHHs Tic-
KOBOTO TIPOIYKTY TPH ONTUMAIGHUX BH-
Tparax MoBiTps;

e MiHIMi3allisl TUCKY MOBITPS Y perys-
TOpI;

e MiHIMI3allisl BUTPAT MOBITPSI.

VY sKocTi KpuTepis onTuMizanii oOpaHo
Neplui  BapilaHT KPUTEPII0 ONTUMI3AL]
IPOIIECOM KepyBaHHS POOOTOI0 HAMipHOTO
TIAPOIMKIIOHY 13 MTHEBMAaTUYHUM DPETYJISATO-
pOM — MakKCUMaJbHUH e(eKT 3ryleHHs

OyJbIOM TpU MiHIMI3amii MICIEeBHX BTpar
eHeprii y coruti. Y Takui crocié MU MaemMo
ONTUMAJIbHI BUTPATH MOBITPS y NOPIBHIHHI
13 ApyruM BHIIEO3HAYEHUM Kputepiem. Ta-
KO)K MU 3MEHIIYEMO MaKCHMAaJIbHY BEJIH-
YUHY TUCKY IOBITPS y Hacajiky y IOpiB-
HSIHHI 13 BUMOTaMH 332 OCTaHHIM KPUTEPIi€EM.

dakTop 3a SIKUM MU Ma€MO MOJKJIMBICTh
00’€KTHBHO TOPIBHIOBATH 32 PI3SHUMHU KpH-
TepisMH €(PEKTUBHICTh KEpyBaHHS po0O-
TOIO TiAPOLMKIIOHY 13 PI3HUMH TUIIAMH Ha-
cajlok — e()eKT 3TYyLIeHHs IyJbIU MPHU OJ-
HAKOBHX BUXIJHUX TEXHOJIOTIYHHUX Mapame-
Tpax. Y 1a00paTOpPHUX yMOBax 3MOJIENbO-
BaHO 3MIiHY THCKY U TYCTHHH MYJbIIH Ha
BXO/Il TIPOIUKIIOHY Ha BCbOMY pOOOYOMY
niara3oHi.

JlaGopaTopHy MOAENb TiAPOLMKIOHY
BUKOHaHO y Macmrtadbi M1:10. ¥V sxocrti
MyJbIIM BUKOPHUCTAHO Biaxoau ¢roTarii.
[TpoBeneHO MoOIEIIOBaHHS POOOTH TiIpO-
LUKJIOHY y CKJIaJl BOJHO-IIJIAMOBOI CHUCTe-
MU Ha 30aragyBanbHil (abpurni. ['yctuHa
tBepaoi ¢asu 1500 xr/m°. Bwmict TBepmoi
¢a3u wa Bxoxi 10 r/mn. Ilpobu BizOupanuck
00’eMHIM crtocoOoM MipHUM cocyaoMm. ['y-
CTHMHA IMyJIbIIM HAa BUXOJl TIIPOLUKIOHY
nepepaxoByBajlaCh 13 ~ BUKOPHUCTaHHSIM
O3HAYEHUX BHIIE JaHuX [1].

TouHicTh, MOXUOKA U KINBKICTh BUMIPIO-
BaHb 3HAYEHHS BUNAJKOBOI BEITMYMHU KO-
YKHOTO JIOCIIJ)KYBaHOTO (hakTopy BU3Haue-
HO 32 CTaHJAPTHUMH CTATHCTUYHHUMH KpH-
TEpiIMU 13 ypaxyBaHHSAM 3arajJbHOTEXHIU-
HUX HOPM —T10XHOKa BUMIpY HE IEpEBUILYE
5% mipu 06paniit 95% noBipuiit iMoBipHOC-
Ti. Ha moyatkoBoMy fiana3oHi npu MiHimMa-
JBHOMY THCKY TOBITPSI TYCTHHA IMICKOBOTO
NPOAYKTY  BIAPI3HAETbCA BiJl T'YCTHHHU
MyJbIHM Ha HE3HAYHY BEIMUYWHY. 32 TAKUMH
yMOBaMH BHMip 00’€MHHM CHOCOOOM TycC-
THHU MICKOBOTO MPOAYKTY Yy MEpIIii TouIll
Ma€e TOXUOKY, sika 0€3yMOBHO TMEpEBHUIIYE
5%. Ane ue He € poOOYMM PEXKUMOM TiJ-
POLIMKIIOHY OCKUIBKH 3TYIIEHHS MyJIbIH 1I1e
He B10yBa€eThCS.

ExcnepumeHTanbHUl CTEH, MOJENb Ti-
JIPOIIMKJIOHY, HE3aJIekKH]1 U 3a1exHl (aKkTo-
pH JeTalbHO NPEACTaBIeHO y poOoTax aB-
Topa [1, 2].
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HesanexHi dakropu:

e THCK Ha BXO.l
P in I:Hﬂ'];

e  KoedilieHT 3rymeHHs (BiTHOIICHHS
TYCTUHU MICKOBOTO HPOAYKTY IO T'yCTHHU

nynpTH)  Oe3po3mipHa — BeIMYMHA &~ —
Bout/Bin.

T1IPOLIUKIIOHY

Response Surface Design Attributes
Design class: Response Surface

Design name: Central composite design: 22 + star
Design characteristic: Rotatable

File name: j1.sfx

Comment: air pole

Base Design

Number of experimental factors: 2

MNumber of blocks: 1

MNumber of responses: 1

Number of runs: 10, including 2 centerpoints per block
Error degrees of freedom: 4

Randomized: Yes
Fartors Low High Units | Continnous
Ppulp 0000 (130000 |Pa Yes
Bout Bin |3 16 Yes

Responses Units
Pair Pa

The StatAdvisor

Tou have created a Central composite design: 2°2 + star design which will study the effects of 2 factors in 10 runs. The design is to be run

Buxinni nanHi He3aneHUX (aKToOpiB Ta
ix pmiama3oH Bapiamiii NpeACTaBICHO Ha
ckpinmorTi nmporpamu Statgraphics Centuri-
on (puc. 1).

in a single block. The erder of the experiments has been fully randomized. This will provide protection against the effects of turking

variables.

Puc. 1. lleaTpansHuii KOMITO3UIITHUIA TDTaH 13 30PSHOI0 TOUKOH02\2+1.

Fig. 1. Central composite design 2/2+1

OO0paHo 1Ba He3aNeKHUX (AKTOPU: TUCK
nyJbIK Ha BXOJi Tigpouukiony (Ppulp) ta
KOC(QII[IEHT 3TyIIEHHS IYJbIHU, SKUA BU-
3HaYaeEMO OE3pO3MIPHUM KOMILIEKCOM Yy
BUIJISI/II BIJHOIIEHHS TYCTHHHU MiCKOBOTO
NPOAYKTY 1O TYCTHHHU IIyJIBIIM Ha BXOI
(Bout/Bin). Bapiariii BuXiiHUX apaMeTpiB:

e Ppulp 70000 ITa — 130000 ITa;
e Bout/Bin 5-16.

PE3YJIbTATH TA IOACHEHHA

Pesynpratu JucnepciiiHoro anamiizy, 1o
Mpe/ICTaBlIeHl Ha PUC. 2, HE MiATBEPIKY-
I0Th CTAaTUCTUYHY 3HAUyILICTh BIUIUBY ede-
KTiB KBaJpaTUYHHUH YJICHIB.

CratucTiyHa 3HAUyLIICTh KBaJapaTHY-
HUX 4IEHIB MEPEBIPEHO CTaHJAPTHUMH Ka-
pramu Ilapeto (puc. 3), rpadikamu HOpMa-
JpHOTO (pHc. 4) Ta HaMIBHOPMAJIBHOTO PO3-

noziny (puc. 5) [3].
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Analysis of Variance for Pair - air pole

Source Df | Mean Sguare | F-Ratio |P-Value
APpulp 333372 1 |333372 521 0,0843
E:Eout Bin | 119870, 1 119870, 176,70  [0,0002
AA 679.026 1 |679.026 1,00 03736
AB 680623 1 |680623 10,04 00339
EB 3379.08 1 3379.08 498 00894
Total error | 271209 4 678,024

Total (corr) | 136303, 9

R-squared =28.0102 percent

E-squared (adjusted for d£)=93.523 percent
Standard Error of Est.
Mean absolute error = 5
Durbin-Watson statistic = 2,42162 (P=0,5421)
Lag 1 residual autocorrelation = -0.256814

Puc.2. Tucniepciiinuii aHami3 Uit TUCKY MOBI-
TPSAHOTO CTOBIIA
Fig. 2. Analysis of Variant for Pair — air pole

Mormal Probability Plot for Pair
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Puc.4. I'padix HOpMaIEHOI HIMOBIpHOCTI
Fig. 4. Normal Probability Plot

Jucnepciiiauii anamiz (puc. 2), KapTu
[Tapero (puc. 3) # rpadix “Half-Normal
Probability Plot” (puc. 5) mokasywoTs He-
3HAYHUM CYMICHUW BKJIaJ KBaJApPaTUUHOTO
4iieHy, ki noszHadeHo “AB”. Ckopucra-
emoch omuiero «KopensuiiiHo-perpeciii-
HOro asamizy» y wmoayn «llnanyBaHHs
eKcriepuMeHTy». Pesynbratu aHanizy (tal-
muns 1) BenmuunuHu KOe(DillieHTIB MPH KBaJI-

Ta6auns 1. Koediuientu piBHAHHS perpecii
Table 1. Regression coeffs. for Pair — air pole

Standardized Paretc Chart for Pair
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Puc.3. Kapra I[MapeTo 11 THCKY TOBITPSHOTO
CTOBIIa
Fig. 3. Standartized Pareto Chart for Pair

Half-Normal Plot for Pair
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Puc.5. I'padix nomy-HOpMaTEHOT IMOBIPHOCTI
Fig. 5. Half-Normal Probability Plot

pPaTUYHUX WIEHAX MOKa3yIOTh, IO IX BKIAJ
Ha 3-8 MOpANKIB MEHIIIE HIXK BEJIWYHHA Bi-
JBHOTO YIEHY pIBHSHHS Ta KoeQilieHT (a-
KTOpy «KoedimieHt 3rymenus» (Bout/Bin).
Bxiang dakropy «ruck mymbrnuy (Ppulp)
TaKOX Ha 5 TOPSIIKIB MEHIIIE (PAKTOPy «KO-
edimient 3rymennas» (Bout/Bin).

Coefficient Estimate
constant -105,752
A:Ppulp 0,000783939

B:Bout Bin 16,1301

AA -1,35419E-8
AB 0,00025
BB -0,898766

Bcebiunmii anamiz rpadikiB BiIMOBII-
HUX CTaTUCTHYHUX KPUTEPIiB MOKA3YeE, 10
BIUTMB KBaJIpaTUYHHUX YJICHIB HE € CTATHC-
TUYHO 3HAYYIIUM. MakcUMalbHUN e(eKT

B3a€EMOJIT MU MaeMO MDK IapaMeTpaMu,
K1 MU JOCHIDKYEMO — HE3aIeXKHUM (ax-
TOpPOM KoedirieHTom 3rymieHns (Bout/Bin)
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Ta 3JIEKHUM THCKOM TOBITPS y MOBITpS-
Homy crosri (Pair).

BrmiuB kBajpaTHUHUX 4YWICHIB — HE3Ha-
gyt (puc. 2, 3, 4, 5). Sk mokasanu goc-
JPKEHHS TONOBHUX e(ekTiB Ta map ¢ak-
TOPIB — B3a€EMOJIS HE3aJIEKHUX (HaKTOPIB
BizicyTHs (puc. 6,7).

Interacticn Plot for Pair

/ i
Bout_Bin=18

Bout_Bin=5 ——._R_\\
Bout_Bin=5

70000 120000
Ppulp

Puc.6. I'padix map HezanexxHux HakTopis
Fig. 6. Interaction Plot for Pair

Main Effects Plot for Pair

280
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E0

Pair

70000 130000 5 16
Fpulp Bout_Bin

Puc.7. I'padik ronoBHUX edeKTiB map He3a-
JIeKHUX (aKTOPiB
Fig. 7. Main effects Plot for Pair

[To6ymyemo MTOBEPXHIO BIJITYKY
(puc. 8). Bizyauizaiiito 3a1eHOCTI (hakTo-
piB TaKOX MPEJICTABICHO KOHTYPHUM Tpa-
dbikom (puc. 9).

Estimated Response Surfsce

Pair
@
8

8 8 10 11 12 q3 5 Bout_Bin
Ppulp [ 10000,0)

Puc.8. I'padix oniHkM MoBepxHi BiATYKY
Fig. 8. Estimated Response Surface

Contours of Estimated Response Surface
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oF - W 220,0-260,0
[ © mm 260,0-300,0
7E E 300,0-340,0
5C 3 380,0-420,0

7 8 9 10 1 12 13
(X 10000,0)

Ppulp
Puc.9. Kontyphuii rpadik oiHKy moBepxHi
BIJITYKY
Fig. 9. Contours of Estimated Response Sur-
face

AHai3 NoBepXHi BIATYKY i KOHTYpHOTO
rpadiky TaKOX MiATBEP/DKYIOTh JIHIHHY
CTaTHCTUYHO 3HAYYIly 3aJICKHICTh MIXK
THUCKOM Yy TIOBITPSHOMY CTOBIII TiJpOIIMK-
JIOHY 1 KOe(IIIEHTOM 3TYIICHHS MYJIbIIH.

Ha moBepxHi BiAryKy MH Maemo mapa-
JeNbHI JTiHIT B3JI0BXK OCI TUCKY Ha BXOJl
TIIPONMKIIONY, SIKI BIAMOBIZAIOTH (HiKCO-
BaHOMY 3HaueHi eekTy 3rymeHHs. [Him-
MU CJIOBaMH, BEJIMYMHA TUCKY >KHUBJICHHS
TIPOIMKIIOHY HE BIUIMBAE HA 3aJICKHICTh
MK THCKOM Yy TIOBITPSIHOMY CTOBII # 3Ty-
IIEHHSM IYJIbIIH.

BUCHOBKHA

BcraHOBNIEHO CTAaTUCTMYHO —3HAYYULY
3aJIe)KHICTh MK THUCKOM Yy MOBITPSIHOMY
CTOBII T1JIPOIUKIOHY M €(pEeKTOM 3rylIeH-
HSl TYJBIU y CTaHIAPTHOMY IIWITIHAPO-
KOHIYHOMY TiaporukioHi. [linTBepmxeHo
BIJICYTHICTh B3a€MHOI'O BIUIMBY HeE3aJIeXkK-
HuX ¢akTopiB. BusHaueHi epexTH B3aeMo-
Ji1 IepeBipeHo NMpH ONTUMAJIbHUX Hapame-
Tpax MHEBMaTHUYHOTO PETYJIATOpa: MIHUPHHA
nimmHn KoHQy30pa nopiBaioe 0,75 MM, a
KyT HampsMy Kepylouyoro MOTOKY IMOBITps
BiTHOCHO TOPHM30HTAJBHOI TUIOIIMHH CTa-
HOBUTH 30°.

Ha ocHoBi oOmexxeHOr0o 00’€My ekcre-
PUMEHTAILHUX BHUMIPIB 32 00paHUM HaMU
TUTAHOM, SIKUH 3reHepOBaHO CTaTUCTUYHHUM
MaKeTOM, MOYKHa 3pOOUTH MONepeaH] BU-
CHOBKHM TIPO HAsBHICTh JIHIMHOTO XapakTe-
Py 3aJIeXHOCTI KOe(illieHTy 3TYIIEHHS Ta
TUCKY y TOBITPSHOMY CTOBII TiJPOIMKIIO-
HY i3 THEBMAaTHYHUM PETYIISITOPOM.
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BcraHOBIEHO BiACYTHICTH CTATUCTHYHO
3HAYYIIOTO BIUTUBY THUCKY KHBIICHHSI Tij-
POLIMKIIOHY Ha 3aJICXKHICTh PEIITH 00paHuX
daktopiB. BuxmroyaeTbcsi HEOOXIAHICTH
KOHTPOJIIO THUCKY Ha BXOJi T1IPOIUKIOHY.
I3 cucrtemMu aBTOMATHYHOTO KOHTPOIIO
MOYKHA BUKJIIOUUTH €JIEMEHTH, SIKI KOHTaK-
TYIOTb 13 BUCOKOIIIBUJIKICHUM, a0pa3uBHUM
i pyHHIBHUM MOTOKOM mysbnu. O3Haye-
HUI (QakT 03BOJISIE CYTTEBO IiJIBHIIUTH
HAIMHICTD CUCTEMH AaBTOMATHYHOIO Ke-
pyBaHHS poOOTH TiJPOIMKIIOHY 32 TUCKOM
y MOBITPSIHOMY CTOBIII.

ExcrniepuMeHTanbHl  JOCTIHKEHHS TIPO-
BEJICHO TPU ONTUMAIBHUX KOHCTPYKTHB-
HUX NapamMeTpax MHEBMATUYHOTO PEryJisi-
TOPY 3a KpHTEpisIMH MiHIMi3amii BTpar
EHEprii MOBITPSHOTO CTPYMY Yy COILII i Mi-
HiMi3amii 00’€MHHMX BHUTpAaT MOBITPS.
O3zHaueHuil KpUTepiil JOULTEHO 0OMpaTH B
YMOBaX, KOJIM MH Y TIPOMHUCIIOBUX yMOBaxX
MaeEMO OOMEXKEHHS 10 MaKCHUMAaJIbHOMY
TUCKY TIOBITpS W MaeEMO ONTUMIi3yBaTH
00’€MHI BUTpATH.
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Air column of pressure hydrocyclone with pneumatic regulator

Yuri Kopanytsia

Abstract. A reliable non-contact pneumatic pressure regulator of a pressure hydrocyclone is of-
fered. The regulator is installed in the area of the sand nozzle. The pneumatic regulator of the standard
pressure cylindrical-conical hydrocyclone provides non-contact thickening of the product in the area
of the sand nozzle. In the process of controlling the operation of the hydrocyclone along its axis, an air
column is formed. Features of the regulator affect the formation of the air column of the hydrocyclone.
The pressure in the air column is manometric.

The task is to investigate the effect of pulp pressure at the inlet of the hydrocyclone, pulp thicken-
ing and air column pressure. Experimental studies were performed in the laboratory on a model of a
standard industrial cylindrical-conical hydrocyclone HC360. The connection between the technologi-
cal parameters of the hydrocyclone operation and the pressure in the air column has been studied. to
establish possibilities of control of work of a hydrocyclone on pressure in an air column. The planning
of the experiment in the laboratory on a hydrocyclone model was performed in the program Stat-
graphics Centurion XV.

Experimental studies were performed for the optimal parameters of the angle and slit of the pneu-
matic regulator. The optimization criterion is chosen — the maximum effect of pulp thickening while
minimizing local energy losses in the nozzle. In laboratory conditions, the change in pulp pressure and
density at the inlet of the hydrocyclone over the entire operating range is simulated. The laboratory
model of the hydrocyclone was made on a scale of M1:10. Flotation waste was used as pulp. Modeling
of hydrocyclone operation as a part of water-sludge system at the concentrator is carried out. The den-
sity of the solid phase is 1500 kg/m?,

The solids content at the inlet is 10 g/l. Samples were taken by volumetric measurement with a
measuring vessel. A statistically significant relationship between the pressure in the air column of the
hydrocyclone and the effect of pulp thickening in a standard cylindrical-conical hydrocyclone was es-
tablished. The presence of the linear character of the dependence of the coefficient of thickening and
pressure in the air column of the hydrocyclone with the pneumatic regulator is checked. The absence
of a statistically significant effect of hydrocyclone supply pressure on the dependence of other selected
factors was established.

Experimental studies were carried out at the optimal design parameters of the pneumatic regulator
according to the criteria of minimizing the loss of energy of air current in the nozzle and minimizing
the volumetric flow of air.

Keywords: pressure hydrocyclone; air column; pneumatic regulator.
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