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Jlepuyk O., Kyspmincbkmii P. JlocifzkeHHs1 napamMeTpiB npouecy MUTTS JeTaJjleii B y1bTPa3ByKoBiii BaHHI

Ormsiy 1 aHami3 Teopill OO0 BUKOPHMCTaHHS YJIBTPa3BYKY JUIS OUMIIECHHS JEeTalled Jlae€ MiACTaBU BBa)KaTH AOLILIBHUM
MOIIYK HOBUX LUIAXIB JUIS ONTHMi3alii LbOro IPOLECY, @ TAKOXK BHUBEICHHS HOBMX MaTEMaTHM4YHUX Mopeneid ais Ouibl
TOYHOIO OIMCY 3 YpaxyBaHHSM BIUIUBY Pi3HUX (PaKTOPIB.

Mertoro pocmipkeHHsl 0yJlo BU3HAUCHHs BIUIMBY TPbOX OCHOBHUX (DakTOpiB Ha NpoLEC MUTTS 3a0pyAHEHUX AeTaled 3
BUKOPUCTAHHAM YIbTpa3ByKy. Sk ctena 0yno BuOpaHo yiabTpa3BykoBy BaHHY Ultrasonic Cleaner JP-031S 06’emom 6,5 11 3
4acTOTOI0 YJbTpa3BykoBoro BunpomiHioBada 40 KHz i moTyxHicTIO yabTpa3BYKOBOro BHUIpoMiHIOBada 180 W, a sk
00’ekTH MUTTS — 24 mTYy4HO 3a0pyAHeHi GparMeHTH TpyOu KBaJpaTHOro NMpodiIto 3 BIIXWICHHSIM y Maci He Oiiblie sIK
1,15 % mix cobotro.

Byno 3ailicHeHo moBHUIl GakTOpHUII eKCIIEPUMEHT 3a YMOBM BIUIMBY TakuUX (DaKTOpIB: TPUBAIICTh MHTTS, TeMIepaTypa
MHUHMHOTO PO3UMHY, KOHLIEHTpALisl BOJHOTO PO3YMHY MUIHHX KOMIOHEHTIB. Kpurepiem omntumizauii oOpaHO BiJCOTOK
3MUTOrO 3a0pyIHEHHS.

CTBOpeHO MaTpuio peanizamii miany IIDE 2°. BinTBopioBaHiCTh pesylbTaTiB eKCIEpHMEHTY Oyima IiATBEpIKEHa 3a
JonomMororo kpurepito KoxpeHna, 110 1ajio 3Mory BUBECTH PIBHSIHHS perpecii B 3arajJbHOMY BUIVIAZL 1 pO3paxyBaTd Horo
koedimieHTH. 3HauyIicTh KoediieHTIB Oyna BU3HAUYEHA 3a JIONMOMOro Kputepito CThrO/IEHTa, a TUCTIepCisl aJIeKBaTHOCTI
BUIIpaBJICHOI MoJiei Oyia miATBeppKeHa 3a Jonomororo kputepio dimepa. Takum urmHOM OYyl10 BCTAaHOBJIECHO, IO /Ba
dbaxropu: x1, x2 (BiIIOBIIHO Yac MUTTS 1 TEMIIEPATypa MUHHOTO PO3UUHY) — 3 95 %-BOIO BipOTiIHICTIO € 3HAUYLIUMHU.
ITicns mepexony piBHAHHS perpecii 10 pO3KOJOBAaHOIO BUIVISANY OylO OTPUMAHO MAaTEMAaTHUYHY MOJEINb, sIKa JJ03BOJIIE
PO3PAaxXyHKOBUM CIOCOOOM 3HAWTH HPOLEHT 3MUTOrO 3a0pYyAHEHHs, BPaxOBYIOUM DPO3INIAHYTI (akTopu, 1 Moxe OyTH
BUKOPUCTaHa /U1l MaiiOyTHIX pO3paxyHKiB ONTUMI3allii IpoLecy MUTTS 3a0pyJHEHUX JeTalleH.

Ha ocHoBi piBHsIHHS perpecii Oynu noOynoBaHi HOBEPXHi BIATYKY, B SIKUX 3aJI€KHOCTI € HaI3BUYANHHO OJIM3bKi A0 JTiHIHHUX,
3a 30UIBIIEHHS Yacy MUTTS, TEMIIEpaTypy MUIHOIO PO3UMHY 1 KOHLEHTpALii BOIHOIO PO3YMHY MHMHHHMX KOMIIOHEHTIB
301IBIIYETHCS BIZICOTOK 3MUTOrO 3a0pYIHEHHS.

Ku1104oBi cj10Ba: ybTpa3ByKOBE OUMILEHHS, KPUTEPIl ONTHMI3alli{, BiZACOTOK 3MUTOr0 3a0pyAHEHHS, IOBEPXHi BIATYKY.

Levchuk O., Kuzminskyi R. Research of parameters of the process of washing of details in an ultrasonic bath

The review and analysis of the theories on the use of ultrasound for cleaning parts gives reason to consider it expedient to
search for new ways to optimize this process, as well as to develop new mathematical models for a more accurate
description, taking into account the influence of various factors.

The purpose of the research was to determine the influence of three main factors on the process of washing contaminated
parts using ultrasound. An ultrasonic cleaner Ultrasonic Cleaner JP-031S with a volume of 6.5 liters with a frequency of an
ultrasonic emitter of 40KHz and a power of an ultrasonic emitter of 180W and 24 artificially contaminated fragments of a
square tube with a mass deviation of no more than 1.15 % among themselves was chosen as a stand.

A full factorial experiment was carried out under the condition of influence of the following factors: duration of washing,
temperature of the washing solution, concentration of an aqueous solution of washing components. The optimization
criterion was the percentage of washed off contamination.

A matrix was created for implementation of the full factorial design 2°. The reproducibility of the experimental results was
confirmed using the Cochran’s C test, which made it possible to derive the regression equation in general form and calculate
its coefficients. The significance of the coefficients was determined using the Student's test, and the variance of the
adequacy of the corrected model was confirmed using the F-test. Thus, it was found that two factors x1, x2 (the duration of
washing and temperature of the washing solution respectively) are significant with a 95 % probability.

After transition of the regression equation to the decoded form, a mathematical model was obtained. The model allows
calculating the percentage of washed off contamination taking into account the factors considered and can be used for future
calculations of optimization of the process of washing contaminated parts.

On the basis of the regression equation, the response surfaces were constructed, in which the dependences were extremely
close to linear ones, i.e. as the washing time, the temperature of the washing solution and the concentration of the aqueous
solution of washing components increased, the percentage of washed off contamination increased too.

Key words: ultrasonic cleaning, optimization criteria, percentage of washed off contamination, response surfaces.
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IMocTanoBka npo6JjeMu. YIbTpa3ByKOBE OUYH-
IICHHS — IIe TpoIiec, SKUH BUKOPUCTOBYE YIBTPa3BYK
JUIs  TepeMilllyBaHHS MHIHOrO po3umHy. BiH
BHKOPUCTOBYE KaBiTalliiiHi OynbOaliku, iHAyKOBaHi
BHCOKOYACTOTHUM THCKOM (3BYKOBHMH XBWJISIMH) 1
CTBOPIOE BUCOKiI CHIIU i Ha 3a0pynHtoBadi, sKi MpH-
JUTAOTh 0 PI3HUX MaTtepiaiB. YTBOpEHHS KaBiTa-
midHUX Oynp0aloKk MpH OYMINEHHI JeTajil € CKial-
HUM TIpOLIECOM, Ha SKWH BIUMBae 6arato (axTopib.
Cepen HHUX: TeMIeparypa MHHHOTO PpO3YHHY,
KOHIICHTPAIIisl MUIHOT PiIUHH, CKJIa]] MUHHOI PiUHH,
¢dbopma 1 MaTepian AeTaii, MOTYXHICTb YIbTPa3ByKo-
BOTO BHIIPOMiHIOBaua, CKiIaja 3a0pyqHIOBada, dac
OUYMNICHHA JieTali Tomlo. BinmoBimHo Bapialii i
KoMmOiHaIii X (QakTopiB BIJIMBAIOTh HA YTBOPECHHS
KaBiTalliiHUX OynpOaIIoK y BiAMIHHHX MK COOOO
KUTBKOCTAX, @ TaKOXXK Ha OUYMIICHHS JIeTalll 3 Pi3HOIO
e(eKTUBHICTIO, IO JIa€ MiJACTaBU JJS NPOBEACHHS
HU3KH JOCIIMIB 3 METOK BCTAHOBJIEHHS HAWOLIBII
e(hEeKTUBHOTO i EKOHOMIYHOT'O PEXKUMY MUTTS JETai.

Ornsan 1 aHami3 Teopid LIO0 BHKOPHCTAHHS
YIBTPa3BYKy JUIA OYMIIEHHS Aetanen [2—6; 10; 12]
Jla€ TIJCTaBH BBAKATHU JOLIUIBHUM IOIIYK HOBHUX
OUIAXIB JUIA ONTHMi3allii IbOro MpOIeCy, a TaKOX
BHBEICHHS HOBUX MAaTEeMaTHYHUX MOJIENIeH 115 OUIbII
TOYHOTO OINHUCY 3 YpaxyBaHHSM BIUIUBY PI3HHUX
(dakTopiB. 3BakarouM Ha pe3yJabTaTH TOMEPEIHIX
nocimxens [7; 8; 11; 13; 14], MmoxHa cTBEpIKYBaTH,
110 HA TPOLEC MUTTS HAaHOUTBIIMI BIUTUB MalOTh TaKi
(akTopu: TemrepaTypa MHUHHOTO PO3UMHY, KOHIICH-
Tpaiisi MUHHOI PEYOBMHU 1 Yac OYMILICHHS JeTalll.
ToMy ans Hamoro IOCHi/PKEHHS BHOpaHi came Iii
(hakropu.

AHaJi3 ocTaHHIX JocaikeHb i myOJikaniii.
Ha cporomni mpoBeneHa BenMKa KUTBKICTh JIOCIHI-
JUKeHb MUTTS JeTajiedl i3 BHKOPHCTaHHSM YIbTpa-
3BYKY. BUIBIIICTh 13 HUX CTOCYEThCSI BUKOPHUCTAHHS
YIABTPa3ByKOBOTO OYHMIIEHHS JieTaJlell y MpPOMHC-
noBomy Macmitabi. Hampukinaz, y cratTi [7] HaBeaeHO
pe3yabTaTH JOCIHIJDKEHHS BIUIMBY TEMIEpaTypH i
KOHIIEHTpalii  pi3HUX  MHUHHHX  pPEYOBMH  Ha
edexTuBHICTh MUTTS. Y mpati [13] posrisnaeTsbes
BIUIMB TEMIIEpaTypd MHHWHOTO PO3YMHY 1 YacTOTH
YIIBTPa3ByKOBOTO BUIPOMIHIOBaHHS Ha KiJIBKICTh
3MHUTOro 3a0pyaHeHHs. OfHaK y JiTepaTypi HAMHU He
OyJ0 3HAMJIEeHO eKCHEepHMEHTAIBHUX JIOCIi/IKEHb
II0ZI0 BUKOPUCTaHHsS MajorabaputHux (5-10 m)
YAbTPa3ByKOBUX BaHH JUIS MHTTA JeTaned 3
ypaxyBaHHSIM TPhOX OCHOBHHUX (paKTOPIB.

ITocTanoBka 3aBAaHHsA. METOIO TOCIIHKEHHS
€ CTBOPEHHsSI i aHaJi3 MaTeMaTU4YHOI MOJIeNi BILUTUBY
TPUBAJIOCTI MUTTS, TEMIIEPATYPH MHUIHOTO PO3UMHY i
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KOHIIEHTpalii BOXHOTO pO3YMHY MHHHHX KOMIIO-
HEHTIB Ha KUIBKICTh 3MHUTOr0 3a0pyJHEHHS B
ynbTpa3BykoBii BanHi Ultrasonic Cleaner JP-031S.

Bukiaaa ocHoBHOro marepianay. Sk o0’extu
MUTTS BUKOPHCTaHO (pparMeHTH TpyOH KBaJpaTHOTrO
npodinro pozmipamu 50x50 MM JOBXKMHOK 50 MM.
AHani3 yMOB pOOOTH CUTECHKOTOCTIONAPCHKOT TEXHIKH
TMOKa3ye, 110 OCHOBHUMH 3a0pyJHUKAMH € TIO€HAHHS
3aJIUMIKIB IPYHTY 3 POCIMHHUMH Ta 1HIIUMHU OpraHiy-
HAMH MaTepiajlaMd ¥ cymim  HadTONPOAYKTiB
PI3HOMAHITHOTO  TIOXOJPKEHHS  (MaJIbHO-MACTHIIBHI
MaTepianu, KOHcepBaliiHi kommoswiii). [ns ctBo-
peHHsI iMiTalii OIHOMaHITHOrO 3a0pymHEHHS OyiIo
BUKOPHUCTAaHO HACTYMHI MaTepiaid 1 TEXHOJIOTIIO.
CriouaTKy 3pa3oK 3aHYPIOBAJIM B CYCIICH3II0 CYIJIHH-
KOBOTO TPYHTY, B3STOrO 3 IIOBEPXHI OpHOTO LIapy
nonisi. Hammmmku 3a0pyqHIOBaIbHOT CyMillli CTPYIIY-
BaJIM JIBOPA30BUM OOCTYKYBaHHSIM 10 KPal0 €MHOCTI.
IMoTiM 3pa3ok CyIIMIN 10 BOJIOTOCTI HABKOJIHIIHBOTO
cepeaoBuiIa (MpUMIIEHHs JabopaTopii 3 TeMIepary-
poro moBiTps 6mau3bko 22 [1). Jlam 3pa3ok mominianu
B cymim OyaiBenbHoro Oitymy — 20 % i Bimmparo-
BaHOro MoTopHoro mactmia — 80 %. Temmepartypa
cymimni cranoBuna 150 [, 3pa3ku Oynu po3TaimioBaHi
Ha MOPUCTOMY KapTOHi JUIsl OXOJO/KCHHS 1 BOUpaHHS
HaJUIMIIKY 3a0pyaHtoBasibHOI cymimi. [licis oxomo-
JUKeHHS W BUTPUMKH Ha aJcopOyrouoMy MaTepiani
(opucTHii KapTOH) YMPOAOBXK OJHIET MoOM 3pa3Ku
Oyio 3BaxkeHo Ha Basi mozeni PS 510. R1 i3 TouHicTiO
10 0,01 t (puc. 1).

Puc. 1. IIporec 3BaxyBaHHs 3a0pyIHEHOI AeTai
Fig. 1. The process of weighing contaminated part

Ax  wmuitHMHA 3aci0 BHUKOPUCTaHO PO3YHH
kapboHaTy Hatpiro (kKampuHOBaHa coma Na,COs) i
CyMilll TTOBEPXHEBO-aKTHBHUX PEYOBUH Y MPOHOPIl
9:1 (BuUXOAsiuM 3 YMICTy CYXHX KOMIIOHEHTIB). Sk
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CYMIIIl ITOBEPXHEBO-aKTUBHUX PEUOBHUH BUKOPHUCTAHO
3aci0 JUIs MUTTA MOCYAY, IO MICTUTh KOMIIO3HIIIFO
TPbOX OCHOBHHMX KOMIIOHEHTIB (TIOBEpXHEBO-aKTHUB-
HUX PEYOBHH TPHOX THIIIB).

AHaji3 BiZICOTKOBOTO BMiCTY KOMITOHEHTIB MHH-
HOro 3aco0y MOKa3aB, IO BOHU CTaHOBIATH 9,5 %.
Buxonsun 3 X yMOB, CTBOPIOBAJIM MUNHHIA PO3UMH.
Jaui 3ailicHIOBaNIM TIPOIIEC MUTTS 3pa3KiB 3a TUIAHOM
(tabm. 1, 2) [1; 9] y Tpu cepii B paHIOMi30BaHOMY
NOPAAKY (1M pH — MOPSIKOBHI HOMEp 3pa3ka):

JUTst Tiepiioi cepii— 7, 6,2, 5,4, 1, 8, 3;

s npyroi —4,1,6,8,7,3,5,2;

utst Tpetsoi — 8, 6,2, 7, 1, 5, 3, 4 (puc. 2).

Jani KoxeH 3pa3ok OyB 3HOBY BHCYIIEHHH i
3BakeHUH (puc. 3). Takum uuHOM Oyno MigpaxoBaHO
BIICOTOK 3MUTOrO 3a0pyAHEHHS B KOXHOMY 3
nocmiaiB (tabm. 3).

Koxen gocnmiy OyB MOBTOPEHHUH OJHAKOBY
KUTBKICTh pa3iB, MIO J03BOJIAE TIEPEBIPUTH BiATBOPIO-
BaHICTh pe3ylbTaTiB 3a JIOMOMOTOK KPHTEPIilo
Koxpena. PesynapraTH € BiATBOpIOBaHi, SKIIO
kputepiit Koxpena mpu 5-BiICOTKOBOMY piBHI 3Ha-
yIIOCTI:

2
Gp =38 < Gm(0,05;n; f,).
>sh
u=l

Puc. 2. [Iponiec MUTTS B yIbTPa3BYKOBIii BaHHI
Fig. 2. The process of washing in ultrasonic bath

Tabnuune 3HaueHHs KpuTepito Koxpena mpu
YUCIi HE3aJIeKHUX OIHOK aucrepcii #=8 1 uucmi
CTeTEeHIB BUTLHOCTI KOXKHOI OLIiHKH f,=2 Oyne 0,516.
113,1

Po3paxynkoBe 3HaueHHsT Gp = =0,341.

)
Po3paxynkoBe 3HaueHHs kpuTepito KoxpeHa €
MEHIIMM BiJl TabiauyHOro. I3 mporo podbuMo BHC-
HOBOK, ITI0 ITPOIIEC € BiITBOPIOBAHUM.
MatematuyHa MOJENb A1 IJIaHy 1-ro nopsaaky
SIBJISIE COOOI0 HEIIOBHE KBAJIPAaTHE PIBHSIHHS

y=b,+bx, +b,x,+bx, +b,xx, +

(1)

+b3%,X; + Dy3x, X5 + by X%, X,

Tab6auus 1. Yucnoi 3HaUeHHs 3MIHHUX MapaMeTpiB (¢ — TPUBANICTh MpoLiecy MUTTS, 1 — TeMIreparypa

PO3YMHY, p — KOHLEHTPALlisl MUHHIX PEUYOBUH )

Table 1. Figures of variable parameters (¢# — duration of the washing process, T — solution temperature, p —

concentration of detergents)

PiBens (akTopis t, XB T, p, /1
- 5 40 5
0 10 60 15
+ 15 80 25
Tab6auus 2. [1naH npoBeAeHHS JOCTI/IB i3 KOJIOBaHUMH 3HaYCHHAMHU (haKTOPiB
Table 2. Test plan with coded factor values
Ne socriny dikTUBHA 3MiHHA* t, XB T, O p, T/
x0 x1 x2 x3
1 + + - -
2 + - - -
3 + + + -
4 n - n -
5 + + - +
6 + - - +
7 + + + +
8 + - + +

*CTOBIUUK 2 BUBOAUTHCS VIS 3pYYHOCTI IPOBEACHHS PO3PaXYHKIB 1 HA3UBAETHCS (PIKTUBHOIO 3MiHHOIO X0.
*Column 2 is displayed for the convenience of calculations and is called the dummy variable x0.
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Puc. 3. TIporec 3BaskyBaHHS UUCTHUX JeTajel
Fig. 3. The process of weighing clean parts

3a J0MOMOr o0 METOY HallMEHIIIMX KBaIpaTiB
Oyinu BuBenieH1 GOpMYITH IS 3HAXOIKCHHS
KoedillieHTiB piBHAHHS perpecii:

b=t % LS b =S
0 _Np=1x0jyj _szly’ i_Np:1xijyj’

1 X 1 X
by :ﬁpz:l'xij'xkjyj; by :Nglxij'xsj'x]g‘yj;

[Ticnst oOpoOkM eKcrepuMEeHTATbHUX JTaHUX
(muB. Tabn. 3 i1 4) oTpuMaHO pIBHAHHA perpecii B
3arajJbHOMY BUTJISI:
y=37,5+9,18x, +14,19x, +5,21x, +2,41xx, —
—-1,86x,x; +6,49x,x, +0,46x,x,x,

L)

Byno 3pilicHeHO OIliHKY 3Ha4YymIOCTI Koe-
¢iuieHTiB perpecii 3a momomororw Kputepiro CThIO-

JIeHTAa:

ba

S
> Ab, =1(0,05; f)—L .
a i \/;

Tabnuune 3HaueHHs kKpuTepito CThIOICHTA TIPU
5-BiJICOTKOBOMY PpiBHI 3HAUYyHIOCTI 1 YMCIi CTENeHiB
BUTBHOCTI TUCTIepCiii BinTBOproBaHOCTI Oyze 2,12.

OTKe, 3HAYCHHs JIOBIpPYOTO
Sy =2,53
2,53

J8

Ha ocHOBI BH3HAYeHOrO KpPUTEPI0 MOXKHA
CTBEpIDKYBaTH, IO Ul JAHOTO DIBHSHHS perpecii
3HAYYIIMMH € TaKi KoeillieHTH:

iHTepBaNy Ab,

MpU CepeHil aucnepcii

Ab,=2,12 =4,82.
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bO’bl’bZ’b3’b23‘

Toni piBHAHHSA perpecii HaOyze BUTIISITY:

y=37,54+9,18x, +14,19x, + 5,21x; + 6,49x, x,

Hucnepcis afgekBaTHOCTI OTpUMAaHOi MoJeni
BH3HAYAETHCS 3a JOMOMOrow kpurepito dimepa.
Mogens € aJiekBaTHORO, SIKIIO KpuTepiid Dimepa npu
5-BiJICOTKOBOMY PiBHI 3HAYYIIIOCTi:
S(sz<F(005.f f)
S}% — T\ >Jad>Su’*

F,=

Tabnuune 3HaueHHs KpuTepito Dimepa mpu
YHUCIi CTEMeHIB BUIBHOCTI AMCIEpcii aJaeKBaTHOCTI

f.s =3 1uHcHi cTeneHiB BIIBHOCTI AUcHepcii BIATBO-

proBatocti f, =16 Oyze 3,23.

sk _ 20,66

41,35

o 0,49.
y
PozpaxyHnkoBe 3HaueHHs kputepito dimrepa €
MEHIIMM BiJl TaOIMYHOrO, BIAMOBITHO OTpUMaHa
MOJZIeNIb  aJIeKBaTHAa EKCIICPUMEHTY 1 Moxe OyTH
BUKOPUCTaHa JJIsl OIKCY TIPOLIECy.
Lle nae 3mMory nepelTH BiZ KOJOBaHHX 3HAYEHb
x1, x2, x3 10 X HaTypaJbHUX 3HAYCHB:
Y=-2,04+183X, +0,22X, -1,42X, +0,03X, X, . (4)
Ha ocHoBi piBHsHHS (3) Oynm moOymoBaHi
moBepxHi BiAryky. Ilim uwac moOymoBH TOBEPXOHb
BIITYKY 3MiHIOBAJIUCh TUTBKU JIBa (haKTOpH, a TPETii
JIOpiBHIOBAB HYIIIO.

®)
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Ta6auus 3. Peanizanis mnany [IOE 2}
Table 3. Design matrix and resulting washed off pollution value

Ne Bizncorok 3mutoro 3a0pyqHeHHs Cep.
. Martpurns miany .

JOCTiLy B JocCIigax 3HaY.
i x0 x1 x2 x3 vl y2 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
4 + - + - 22,5 24,7 33,5 27
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

Ta6anus 4. Posmmpena matpurs miany [1OE 2°
Table 4. Extended design matrix of full factorial experiment

N('). Marpuui nuiaity x0 x1x2 x1x3 x2x3 x1 x2 x3 vj
JIOCITY x1 x2 x3

1 + - - + - - + + 33,7
2 - - - + + + + - 15,5
3 + + - + + - - - 53
4 - + - + - + - + 27
5 + - + + - + - - 26,5
6 - - + + + - - + 17,6
7 + + + + + + + + 73,6
8 - + + + - - + - 53,2

BucHoBKknu. [3 pe3ysbraTiB MpoBeAEHUX IOCHTIIIB MOXKHA CTBEpP/KYBATH, 1[0 HAa MPOIEC MUTTS AETali B
YIIbTPa3BYKOBI BaHHI HAWOUTBIIMK BIJIMB MAarOTh TEMIlepaTypa PO3YMHY 1 TPHUBAIICTh Mpoliecy MUTTS. Ha
puc. 4—6 3aNeKHOCTI HaA3BUYAHHO ONM3BKI 10 JIHIMHMUX, 3a 30UIBLICHHS YCIX MapaMeTpiB 301UTBIIYETHCS
BIJICOTOK 3MHUTOTO 320py/THEHHSL.

LT RTRLTHBBIR

Il > 50

I > 60 Il <50

<58 B <48

<54 ) <46

25 %0 L1<50 Pad <44

<46 B <42

B <42 I <40

Bl <38 Bl <38

Puc. 4. [losepxHi Binryky Q = f(¢,T) Puc. 5. TloepxHi Binryky Q = f (¢, p)
Fig. 4. The response surfaces Q = f(¢,T) Fig. 5. The response surfaces Q = f (¢, p)
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Poznin 2

L0

SRR

EERLBBBITD

Il > 62

I <38

Puc. 6. IToeepxHi Biaryky Q= f (T, p)
Fig. 6. The response surfaces O = f (7, p)

PiBusiHHA perpecii (3) B pO3KOZOBAaHOMY BHUIJISI-
NIl 1ae 3MOT'y BU3HAYUTH BiJICOTOK 3MHUTOrO 3a0py/-
HEHHS TP MiJICTAHOBII 3HAYEHb TPUBAJIOCTI MPOIECY
MUTTS, TEMIEpaTypu PO3YMHY 1 KOHIIEHTparii
MUIHUX PEYOBHH, IIO JIeKaTh B 00nacTi ekcrepu-
MEHTY

Sxe<t>15x¢, 40°C <T >80°C, S%szzs%.

AHami3 MOBEpXOHb BIATYKY Ja€ MiACTaBU 0
MpOBEICHHS MaiOyTHIX MJOCHIIKeHb JJs BCTa-
HOBJICHHSI ONTUMAJIBHUX 3HAU€Hb KOHLIEHTpALii MHi-
HUX PEYOBHH, TOOTO IOCSTHEHHS ONTHMYMY, IIpU
SIKOMY 301JBIICHHS KOHIICHTpAllii MUHHUX pPEUOBUH
CYTT€BO HE BIUIMBA€E HA OYUIICHHS JETai.
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