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AHHOTaIMs1. AHaNIM3 yCIIOBHH pabOTHI CEITbCKOXO3SHCTBEHHON TEXHNUKH MTOKa3all, YT0O OCHOBHBIMH 3arpA3HUTEIISIMH JIeTallel
SIBJISIFOTCSI COYETAHNE OCTATKOB ITOYBBI C PACTUTENBHBIMU M IPYTHMU OPTaHMYECKMMH MaTeprallaMi M CMeCh He(TENPOyKTOB Pa3InIHOTO
nporcxoxienus. C 11ebio BhIBICHUs HanOoee 3Q(EeKTHBHOTO N SKOHOMUYHOTO PEXXHUMA OUMCTKH JieTaliei IIpoBe/IeH SKCIIEPUMEHT,
YUMTHIBAIOLIN# TpU (haKTopa: JUIUTENLHOCTh MBIThS, TEMIIEPATYPy MOIOIIETO PacTBOpA, KOHLIEHTPALHIO BOIHOTO PACTBOPA MOFOIIHX
KOMIOHEHTOB. Kpureprem onrrMisarmy BEIOpaH MPOLEHT CMBITOTO 3arpsi3HeHnst. Co3[aHa MaTpULia peasln3alii IUIaHa MOTHO(AaKTOPHOTO
sKkcriepuMeHTa. O4rcTKa 00pa3oB, MPEACTARIAIONINX CO00i TpyOy KBamparHoro mpodwmst pasmepoM 50 x 50 MM, aimHOH 50 MM,
OCYIIECTBIIUIACH C IOMOLIIBIO MOrPY)KHON MOEUHOM MaIIIMHbI B BUJIE MaJIorabapiTHOH ylbTpasBykoBoi BaHHBI Specos V-100. B kauectse
MOIOILIETO CPEZICTBA HCTIOIB30BAJICS PACTBOP, COCTOSIIMI N3 KapOOHATa HATPHUSI X CMECH TIOBEPXHOCTHO-aKTUBHBIX BEIIECTB B IPOTIOPLIN
9:1. Pexxumsbl ynbTpa3ByKOBOM OYMCTKH MEHSUIMCH B COOTBETCTBUH C BApbUPOBAHUEM TpeX (haKTOPOB B CIEAYIOUIMX AUala30Hax:
JUTITETIEHOCTB TIPOIIECca OYMCTKH — OT 5 110 15 MuH, Temmieparypa Moromero pactBopa — ot 40 10 80°C; KOHLIEHTpaIws BOTHOTO PacTBOpa
MOIOIIIIX KOMITOHEHTOB — OT 5 110 25 1/71. BOCTIpOn3BOAMMOCTE Pe3yIIBTaToB SKCIIEPUMEHTA TTONTBEPIKICHA C TIOMOIIBIO KpuTepust KoxpeHa.
3Ha4MMOCTh KO3(()HIMEHTOB perpeccun onpezeieHa ¢ IoMOIIbIo Kpureprst CThioneHTa. Mozienb ITOATBEPKACHA C TIOMOLIBIO KPUTEPHS
@rmepa. Ha ocHOBe ypaBHEHHMsI perpeccHi OCTPOEHB! TIOBEPXHOCTH OTKJIMKA, B KOTOPBIX 3aBUCHMOCTH UPE3BBIYAHO ONM3KH K JITHEHHBIM.
CrenaH BBIBOJ O TOM, UTO IPH MPOAOKUTENBHOCTH Ipoliecca Moiiku 12 MuH, Temneparype Moromero pactsopa 70°C 1 KOHLIEHTpaIuu
BOZHOTO PacTBOPa MOIOLIMX KOMITOHEHTOB 20 I/J1 IPOLIEHT CMBITOTO 3arpsSi3HEHNUS SBIISIETCS] MAKCHMAIIGHBIM.
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HOBEPXHOCTb OTKJIMKA
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Abstract. An analysis of the working conditions of agricultural machinery showed that the main contaminants of parts include
a combination of soil residues with plant and other organic materials and a mixture of petroleum products of various origins. To identify
the most efficient and cost-effective mode for cleaning parts, the authors conducted an experiment that takes into account three
factors: the duration of washing, the temperature of the washing solution, and the concentration of the aqueous solution of detergent
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components. The optimization criterion is the amount of washed out contamination. The authors designed a matrix for the implementation
of the full-factorial experiment plan. Samples in the form of a square tube with a size of 50 x 50 mm and a length of 50 mm were cleaned
using a submersible washing machine in the form of a small-sized ultrasonic bath Specos V-100. A solution consisting of sodium carbonate
and a mixture of surfactants in a ratio of 9:1 was used as a detergent. The modes of ultrasonic cleaning were changed in accordance with
the variation of three factors: cleaning duration — from 5 to 15 minutes, washing solution temperature — from 40 to 80°C; concentration
of the aqueous solution of detergent components — from 5 to 25 g/l. The reproducibility of the experimental results was confirmed using
the Cochran test. The significance of the regression coefficients was determined using Student’s t-test. The model was validated using
the Fisher criterion. Based on the regression equation, the authors determined response surfaces, in which the dependences are extremely
close to linear. It is concluded that with washing duration of 12 minutes, a washing solution temperature of 70°C, and a concentration
of the aqueous solution of detergent components of 20 g/1, the amount of washed out contamination is maximum.

Keywords: ultrasonic cleaning, efficiency, intensification, criteria, optimization, cleaning, pollution, response surface
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BBenenue. Ha ceronusimnuii 1eHb MPOBEAECHO MHOXKECTBO
UCCIIeJIOBaHN OUMCTKY JIeTajIeil C UCIIOJIb30BaHUEM YIIBTPa3By-
ka. OUHIIEHNTO CIIOCOOCTBYIOT KaBUTAIMOHHEIE ITy3BIPH, HH/TY-
[MPOBAaHHBIC BBICOKOYACTOTHBIM JIaBIICHUEM (3ByKOBBIMHU BOJTHA-
MI/I), KOTOPBIC CO31at0T BEICOKUE CUJIbI ﬂeﬁCTBHﬂ Ha IMpuIrIaro-
IIFe K pa3HbIM MaTtepraiaM 3arps3auTed. OO0pa3oBaHHe KaBUTa-
[MOHHBIX ITy3bIPHKOB TIPH OYUIICHUH JICTAIN SBISIETCS CIIOKHBIM
TIPOIIECCOM, Ha KOTOPBIH BIUSIET OONIBIIIOE KOMMYECTBO (PaKTOPOB:
TeMIIepaTypa MOIOIIETO PACTBOPA, KOHIICHTPAIHS MOFOIICH KU
KOCTH, COCTaB MOFOLIEH )KUIKOCTH, (hopMa 1 MaTepual IeTany,
MOIIIHOCTb YITBTPA3BYKOBOTO U3ITydaTesisl, COCTaB 3arps3HUTEN,
BpeMs ounmieHus nerand [1]. Bapuanuy u koMOUHAIUH 3TUX
(hakTOpOB BIHSIOT HA KOJMYECTBO 00PA30BABIIMXCSI KABUTAIIMOH-
HBIX ITy3BIPHKOB, a TaKXKe Ha 3()(PEKTUBHOCTH OYMCTKH JICTANICH.

AHanu3 MCIONb30BaHMs YIBTPa3ByKa JUIsl OUHMIICHHS 1eTa-
nett [2-7] maeT OCHOBaHMS ISl TOVCKA HOBBIX ITyTeH ONTUMHU3a-
IIFH 3TOTO MPOIIECCa, a TAK)KE BO3MOXKHOCTH BHIBOJIA HOBBIX Ma-
TeMaTHYeCKHUX Mojieliel 171 6oJiee TOUHOTO OIUCAHHMS C YIETOM
BO3ZICHCTBHS Pa3HBIX (PaKTOPOB.

[penBapuTenbHbIC UCCITEIOBAHUS 3aPYOCKHBIX UCCIICIOBAHUN
TIOKA3aJIH, 4TO Ha MPOLECC MOWKN HaNOOIbIIIee BIMSHHIE OKa3bIBAIOT
TEMITepaTypa MOIOIIIETO PACTBOPA, KOHIIEHTPAIIHS MOIOIIICTO BEIIECTBA
1 BpeMsi ourIteHus getaiu (8, 9]. Taroke paccMaTpuBaioch BIHSHUE
TEMIIepaTypbI MOIOIIIETO PACTBOPA M YaCTOTHI YIBTPa3ByKOBOTO H3ITyde-
HUSL HA KOJMYECTBO CMBITOrO 3arpsi3Herus [ 10]. OnHako Ha JaHHBIA MO-
MCHT HET SKCICPUMEHTAJIbHBIX PICCHCZ[OBaHﬂﬁ, YUUTBIBAIOIIUX BJIMA-
HHE TPEX OCHOBHBIX (haKTOPOB (TEMIIEpaTyphl MOIOIIETO PacTBOPA,
KOHIIEHTPAIIMK MOOILIETO BEIIECTBA U TIPOJIOIDKUTEILHOCTH poLiecca)
Ha OYMCTKY JeTaseil B ManorabapuTHeIX (5. . .10 J1) ymbTpa3ByKoBBIX
BaHHAX. [103TOMY aBTOpaMH HCCIIEIOBATICH IMCHHO STH (PaKTOpHL.

ens uccienoBanuii: ”HTCHCH(HUKALHS ITPOLIECCa OUUCTKI
JieTajeil B IOrPY)KHBIX MOSYHBIX MAlIMHAX METOJIOM YIIBTPa3By-
KOBOM OYMCTKH B 3aBHCHMOCTH OT JJIUTEILHOCTH MBIThSI, TEMIIC-
paTypsl MOIOIIIETO PacTBOPa, KOHLIEHTPAIIMK BOJHOTO PacTBOpa
MOIOIIMX KOMIIOHEHTOB.

MarepuaJusl u MeToabl. B kauecTBe 00bEKTOB MOUKH HC-
MOJTb30BaHbl ()parMeHThl TPYOBI KBaJIpaTHOrO MPOQMIIS pas-
Mepamu 50 % 50 MM, qumuHOH 50 MM. [11s1 co3maHms MMHUTAINH
3arpsA3HEHMUS CHadal1a 00pasell Morpy»Kaics B CyCIICH3HIO CYTIIH-
HHCTOTO TPYHTA, B3STOTO C IIOBEPXHOCTH MAXOTHOTO CJIOS OIS,
W3nuikn 3arpsA3HsIoniei CMeCH BCTPSXUBAIICH IBYKPAaTHBIM
0OCTYKHBaHUEM TI0 Kpar0 €MKOCTH. 3areM 00pasell CyIIHICS
JI0 BIQYKHOCTH OKpY’Kalole cpenbl (MoMelieHue 1aboparo-
puH ¢ TeMneparypoii Bo3myxa okoino 22°C). lanee obpasers mo-
Memlajics B cMech, cocTosnyto u3 20% cTpouTensHOro Outyma
u 80% oTpaboTaHHON MOTOpPHOH cMa3kH. TemmepaTrypa cMecu
cocrassua 150°C. 3arem 00pa3Iibl pacroiaraauch Ha HOPHCTOM
KapTOHE JUISl OXJIXICHHUS U BIMTHIBAHUS H30BITKA 3arps3HAIO-
mieit cmecu. [locie oximaxieHns 1 BRIICPKKH Ha aIcCOpOUpYyIO-
IIeM MaTepHalle B Te4eHNE OHUX CYTOK 00pas3Iibl B3BEIINBAIIICH
Ha Becax mozaenu PS510. R1 ¢ rounocteio 10 0,01 1.

B kagecTBe MOIOIIETO CpeJICTBA NCIIONB30BAJICS PACTBOP, CO-
crosmumii u3 kapoonara Harpus Na,CO, U cMecH IIOBEPXHOCT-
HO-aKTHBHBIX BEIIECTB (CPECTBA JUISl MBIThS IIOCY/IbI) B TIPOTIOP-
i 9:1. OumcTka 00pasioB OCYIECTBIUIACH C TOMOIIBIO 10~
IPY)KHOI MOEUHOI MaIlIUHBI B BUIe MajoradaputHoi (5...10 i)
YABTPa3ByKoBoii BaHHBI Specos V-100. Pexume! ynsTpa3ByKoBOi
OYHCTKH MEHSUTHCH B 3aBUCUMOCTH OT JUTMTEIILHOCTH MPOLIEC-
ca, TeMIIepaTypbl MOIOILIETO PACTBOPA U KOHIEHTPAIMH BOJJHOTO
pacTBopa MOIOIIMX KOMIIOHEHTOB (Tad. 1, 2).

Tabnuya 1
®akTOpsI ¥ YPOBHH BAPbHPOBAHHSA
Table 1
Factors and variation levels
dakrop R ——. ‘YpoBens BapbupoBanust pakTopos / Level of factor variation Bal::;;(;:::inﬂ
Factor Designation -1 0 +1 Variation interval
IIpono/KUTEILHOCTH MpoLIecca MOIKH, £, MUH
. . . x1 5 10 15 5
Washing process duration, t, min
Temneparypa pactBopa, T, °C
cPatypa pactiopa, = 2 40 60 80 20
Solution temperature, T, °C
KoHueHTpanusi MOOIIHX BEIIECTB, p, I/
Hetrrpat HULX BEHLECTS, P, B3 5 15 25 10
Concentration of detergents, p, g/l

Metpuk O.10., KopHees B.M., Metpuk B.1O.
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PesynabTarsl u ux odcyxaenune. Conepaxanyue KOMIOHEH-
TOB MOIOILETO cpeacTBa cocTaBuio 9,5%. Ucxons u3 storo,
B3sumH 1,06 T kapOoHnara HaTpust. [IpuroToBICHHBIN MOIOIINIA
pacTBOp MCHOJIB30BANIN B MPOIIECCE OYUCTKH 8 00pasIoB, ocy-
IIECTBISIEMON COMIACHO ITaHy SKCIIepUMEHTa (Tadi. 2) B TpH
CepHH B paHAOMHU3UPOBAHHOM mopsazke [1, 7]. B nepBoii cepun

TECHNICAL SERVICE IN AGRICULTURE

MPUHUMAH ydacTre o0pasisl 7, 6,2, 5, 4, 1, 8, 3; Bo BrOpoOii
cepuun — obpasupi 4, 1,6, 8,7,3,5,2; BTperbeii — 8§, 6,2,7, 1,
5,3,4.

Janee xaxxapiii 0Opa3sert ObUT BEICYIIICH U B3BEIICH.

Takum 00pa3oM, B KaXKJ/IOM OIbITEe ObUT MTOJCYMTAH HPOIIEHT
CMBITOTO 3arpsi3HeHust (Tabm. 3, 4).

Tabruya 2
Ilnan npoBeaeHNsI ONBITOB ¢ KOAMPOBAHHBIMH 3HAYEHUSIMU PAKTOPOB
Table 2
Plan of conducting experiments with coded values of factors
Ne onbITa ®uxruBHas nepemennas” / Dummy variable* t, MHH T,°C p, T/
Experiment number x0 x1 x2 x3
1 + + - -
2 + - - -
3 + + + -
4 + - +
5 + + - +
6 + - - +
7 + + + +
8 + - + +

* QurmueHas nepementas x0) 8e1600umcs 0 yooocmea npogedenus pacyemos | Dummy (fictitious) variable x0 is introduced to assist in calculations.

Tabnuya 3
Peanusanus miauna [P 23
Table 3
Implementation of MFE2? plan
. Marpuua niiana IIponeHT cMBITOrO 3arpsi3HeHHs B ONbITAX Cpennee 3HaYeHHE
Ne onnrra j Plan matrix Amount of washed out contamination in experiments Mean
Experiment number j -
x0 x1 x2 x3 vyl v2 3 Vj
1 + + - - 28,5 31,3 41,2 33,7
2 + - 17,6 12,5 16,4 15,5
3 + + + - 51,1 43,5 64,5 53,0
4 + - 22,5 24,7 335 27,0
5 + + - + 25,5 21,6 32,6 26,5
6 + - + 20,4 14,6 17,9 17,6
7 + + + + 66,7 73,9 80,2 73,6
8 + - + 48,4 50,1 61,2 53,2
Tabnuya 4
Pacminpennast marpuna miana [d3J 23
Table 4
Extended matrix of MFE23 plan
o T B A 0 | 2 | A% | @ |aes |
1 + - - + - + 33,7
2 - + + + + - 15,5
3 + + - + + - - - 53,0
4 - + - + - + 27,0
5 + - + + - + - - 26,5
6 _ + + _ - + 17,6
7 + + + + + + + + 73,6
8 _ + + - - - 53,2
:Zetztrik 'D.'Yu., Korneev V.M., Petri'k V.Yu. . ) ) . 7 5
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TEXHUYECKHUIA CEPBUC B AMK

Kaxxpit orbIT MOBTOPSUTN OMHAKOBOE KOJIMYECTBO pa3. Bocmpo-
M3BOIIMMOCTB PE3YJIETATOB MPOBEPEHA € MOMOIIIBIO Kputeprst KoxpeHa.

Pesynbrarel BocnipousBomsTcs, eciu Kputepuil Koxpena
IPH S-TIPOLIEHTHOM YPOBHE 3HAUUMOCTH [4]:

2
G, :% <G,(0,05n; f,).
u=1"4
TabnuuHoe 3HaueHUE KpuTeprs KoxpeHa mpu yucie He3aBu-
CUMBIX OIICHOK JHCIICPCHUU N = 8 U YHUCIIe CTEIEeHEW CBOOOBI
Kaxgoi oueHky f, = 2 Oyzner cocrasiats 0,516.
Pacuernoe 3naucHmE —

o 1131
7 330,8

=0,341.

Pacuernoe 3HaueHne KpuTeprs KoxpeHa MeHbIe TabIigHO-
T0, U3 4ETO CIEIYET BBIBOZ O BOCIIPOU3BOAUMOCTH IIPOLIECCA.

Marematuueckast MOAEIb 14 IU1aHa 1-ro mopsiKa mpeacTas-
JseT co0O0i HEeNOIHOE KBaJpaTHOE ypaBHEHUeE:

Y=by+bx, +b,x, +b,x; + b, X%, + b x, X, +Dy,x, X, + b x,%,%;. (1)

[Tpy oMo MeTo/1a HAMMEHBIIINX KBaJPaTOB BBIBEICHBI (hOp-
MYJIBI JT51 HAXOXKAEHHS KO3((QHUIIMEHTOB YpaBHEHHS PErPECCUH:

1 1 12
b, =Nzxo,y/ =N§ v;b, =Fz;xgy,-;
-

r=1 p=1

1 & 1 &
b, = N;xijxkjyj;bisk = W;xijxvxkjyj.

[ocie 006paboTKH IKCIIEpUMEHTANBHBIX JaHHBIX (Tabm. 3, 4)
HOJTy4eHO YPaBHEHHE PETPECCHH B 00IIEM BHIE:
y=37,5+9,18x, +14,19x, +5,21x, +
+ 2,41x,x, —1,86x,x; +6,49x,x; +0,46x,x, ;. 2

IIpoBeneHa OlleHKa 3HAYUMOCTH KO3 (DHIHEHTOB PErpecCHn
¢ omoIbo kpurepust CTbIOAeHTa:

S
|b,| = Ab, =¢(0,05; f; )T)
n
TabnuuHoe 3HaueHue Kputepust CTBIONEHTA ITPU S-TPOIEHT-
HOM ypOBHE 3HAYMMOCTH U YHMCIIe CTeNeHeit cBoOOIbI Aucepcuii
BOCIPOU3BOAUMOCTH paBHO 2,12. CiaenoBarenbHO, 3HAYEHHE J0-
BEPUTEILHOTO HHTEPBaia Ab, ipu cpenmeit aucnepenn S, =2,53:

2,53
V8
Ha ocHose kputeprst Ab, MOAKHO YTBEPKIaTh, UTO UL IAHHOTO

YPaBHEHHS PErPECCHU 3HAYHMMBIMH SBILTIOTCS CIIEyHOLMe Kod(duIp-
eHTsL b, b,, b, , b, , b,, . Torna ypaBHeHHe perpeccu IpHoOpeTeT BUL;

y=37,5+9,18x, +14,19x, +5,21x, +6,49x,x,.  (3)

Ab, =2,12

=4,82.

Jucnepcus anekBaTHOCTHU MOTY4YEHHOM MOJIENH ONperness-
eTcs pu nomou kpurepus duiiepa. Mozens afiekBaTHa, eciu
kputepuil Ourepa npyu S-NPOLEHTHOM YPOBHE 3HAYUMOCTH:

2

S
F, = Sad < F; (0,05 f,3 /).

2
y

Tabmuunoe 3HayeHue Kputepus Duiliepa npu Yucie crerne-
Hell cBOOOB! JUCIIEPCHH a[IeKBAaTHOCTHU f,, = 3 1 4uCIIe CTene-
He# CBOOOIBI TUCTIEPCHU BOCIPOU3BOIUMOCTH fy =16 Oymer
COCTaBJIATh 3,23:

ArpourxeHepusi. 2022. T. 24, Ne 5. C. 73-77

S2, 20,66

a _ 2090
S 4135

=0,49.

Pacuernoe 3nauenne kpurepust Puirepa MeHbIIe TAOIMIHO-
ro. COOTBETCTBEHHO MOITyYEHHAs! MOJEIb aJ€KBAaTHA SKCIIEPH-
MEHTY M MOXKET OBITh MCIIOIBb30BaHa JJIsl OITMCAHK Ipoliecca.
OTO AaeT BO3MOXKHOCTb EPEHTH OT KOAUPOBAHHBIX 3HAYCHUI
x1,x2, X3 K UX HaTypalbHbIM 3HAUEHUSIM:

y=-2,04+1,83x, +0,22x, —1,42x, +0,03x,x,.  (4)

Ha ocnoBe ypaBHeHust (3) ObUTH MOCTPOCHBI IIOBEPXHOCTH
OTKIIMKA. [Ipy 3TOM yUHTHIBAIOCH U3MEHEHHUE TOJIBKO JIBYX (haK-
TOpOB, a TPeTHii ObUT paBeH Hy:o (puc. 1).

BriBeieHHBIE 3aBUCMMOCTH BEChbMa OJIM3KH K JIMHEHHBIM.
[Ipu yBenu4eHNHU BCceX MapaMeTpOB YBEIUYNBACTCS MPOLIEHT
CMBITOTO 3arps3HEHMS.

_

~
LHBESRED BB

N
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p
¢
: L5 L
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Puc. 1. IToBepXHOCTH OTKJIMKA NPOLEHTA CMBITOTO
3arpsi3HeHMs B 3aBHCHMOCTH OT NPOIOJLKUTEILHOCTH Ipolecca
U TeMIlepaTypbl pacTBopa (a), NpoI0JLKHTeJIbHOCTH NpoLecca
1 KOHIIEHTPAIIMH MOIOIIUX BelecTs (0), TeMIepaTypbl pacTBopa
M KOHIEHTPALWH MOIOLIMX BellecTs (B)

Fig. 1. Response surfaces of the percentage of washed off pollution
depending on the process duration and the solution temperature (a),
the process duration and the concentration of detergents (b),
the solution temperature and the concentration of detergents (c)

Metpuk O.10., KopHees B.M., Metpuk B.1O.
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‘YpaBHEHHE perpeccuy B packKoIMPOBAHHOM BHIE ITO3BOJISET
OIPEIENIUTH ITPOLIEHT CMBITOTO 3arpsi3HEHHSI TIPH TTOJICTAHOBKE 3Have-
HUH JUTMTENBHOCTH TIPOLIECCa MBIThSI, TEMIIEPATyPhI PACTBOPa M KOH-
HEHTpAIMH MOIOIIMX BEILECTB, JIKAIIMX B 00JIaCTH SKCIIEPUMEHTA:
SwmrH <t <15 mun, 40°C < T<80°C, 5 r/n <p <25 r/n. [Ipu 3TOM
OBLIO OMpENEIICHO, YTO HAaHOOoJIee PAIIMOHATBHBIM IPOIECC OYUCT-
KU OyJIeT NP1 ONTHMAJIbHBIX 3HAYCHUSIX BPEMEHN OUMCTKU 12 MUH
npu temneparype 70°C 1 koHIeHTparmu pactBopa 20 1/11.
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BriBoabI

1. Ha mporiecc ouncTKH AeTany B yIbTpa3ByKOBOW BaHHE
HauOoJbIIee BIMSHHE OKAa3bIBAIOT TEMIlEpaTypa pacTBoOpa
U TPOJOJDKUTENBHOCTD NPOLIECCA MBIThSL.

2. AHanM3 OBEpXHOCTEH OTKIIMKA JaeT OCHOBAHUS IS IIPO-
BeJlleHHs Oy/TylInX UCCIIEIOBAHUHN B LIESX YCTAHOBJICHHS ONTH-
MaJIbHBIX 3HAUCHUH KOHIIEHTPalli MOIOIIUX BELIECTB.

References

1. Ilyukhin A.V., Kolbasin A.M., Tsepkin P.A. Metody ul’trazvukovoy
ochistki detaley v usloviyakh osnovnogo i remontnogo proizvodstva [Methods
of ultrasonic cleaning of parts in the conditions of the main and repair produc-
tion]. Naukovedenie: Internet-journal. 2013; 3 (16): 69. (In Rus.)

2. Maiorov A.V., Mikheeva D.A. Sravnitel’niy analiz rezhimov moyki
zhestyanykh banok v moyechnykh mashinakh struynogo i pogruzhnogo
tipov [Comparative analysis of washing modes for tin cans in jet and immer-
sion washing machines]. Vestnik Mariyskogo gosudarstvennogo universiteta.
2014; 1 (13): 48-53. (In Rus.)

3. Mayorov A.V. Vliyanie faktorov ochistki na kachestvo promyvki kon-
servnykh banok v moyechnoy mashine pogruzhnogo tipa [Influence of clean-
ing factors on the quality of washing cans in a submersible washing machine].
Innovatsii i investitsii. 2018; 5: 250-253. (In Rus.)

4. Mayorov A.V.,, Yaitseva N.E. Analiz vozdeystviya struy na ochishchay-
emyy ob”ekt [Analysis of the impact of jets on the cleaned object]. Mezhdun-
arodniy zhurnal gumanitarnykh i estestvennykh nauk. 2018; 5-1: 217-219.
(InRus.)

5. Fuchs F.J. Ultrasonic Cleaning: Fundamental Theory and Applica-
tion. 1995. URL.: https://ntrs.nasa.gov/citations/19950025362 (Access date:
09.06.2022).

6. Hicks Charles R., Kenneth Turner V. Fundamental Concepts on design
of Experiments. Oxford University Press. 1999. 576 p.

7. Mason T.J. Ultrasonic cleaning: an historical perspective. Ultrasonics So-
nochemistry. 2016; 29: 519-523. https://doi.org/10.1016/j.ultsonch.2015.05.004

8. Verhaagen B., Rivas D.F. Measuring cavitation and its clean-
ing effect. Ultrasonics Sonochemistry. 2016; 29: 619-628. https://doi.org/
10.1016/j.ultsonch.2015.03.009

9. Vetrimurugan, Mike Goodson, Terry Lim, Samiheta, Nagara-
jan J. Siddharth. Experimental Investigation of Ultrasonic and Megasonic
Frequency on Cleaning of Various Disk Drive Components. International
Journal of Chemical Engineering and Applications. 2013; 4 (4): 174-177.
https://doi.org/10.7763/1JCEA.2013.V4.288

10. Weller R.N., Brady J.M., Bernier W.E. Efficacy of ultrason-
ic cleaning. Journal of Endodontics. 1980; 6 (9): 740-743. https://doi.org/
10.1016/S0099-2399(80)80185-3

Contribution

D.Yu. Petrik, V.M. Korneev and V.Yu. Petrik performed theoretical studies
and, based on the results obtained, conducted the experiment and wrote
the manuscript. D.Yu. Petrik, V.M. Korneev and V.Yu. Petrik have equal
author’s rights and bear equal responsibility for plagiarism.

Conflict of interests

The authors declare no conflict of interests regarding the publication of this paper.
The article was received 14.04.2022

Approved after reviewing 05.08.2022

Accepted for publication 05.09.2022

Petrik D.Yu., Korneev V.M., Petrik V.Yu.
Intensifying the process of cleaning parts in submersible washing machines

77



