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Pedepar. B crartee 1ano MareMaTHUIeCKOE OTMCAHKE IPOIecca IPECCOBAaHUS CeMsH caduiopa B yIbTPa3ByKOBOM IIOJIC B BAZE ypaB-
HEHUsI perpecCui, HalJeHHOTO CTaTHYECKUMU METOaMH Ha OCHOBE HKCIICPHMEHTOB U, OTIMCHIBACTCS IOJIMHOMOM BTOPOH CTEIIECHH.
B kauecTBe OCHOBHBIX (paKTOPOB, BIUAIOMHUX Ha 3 (PEKTHBHOCTH MpoIiecca, ObUTH BEIOPAHBL: YaCTOTa yAbTPa3ByKa, aMIUTUTYAA yilb-
Tpa3ByKa, JaBJICHUE M CO3JaBaeMoe B 3eepPHOM kKamepe Ipecca. A B KauecTBe KPUTEPHUs OLIEHKH BIHMSHUS BHIOPAHHBIX IapaMeTpOB
HCIIOb30BaHa OCTATOYHASI MACIUYIHOCTD KMbIXa. I OLEHKH aJeKBaTHOCTU MaTeMaTHUECKOH MOJENIH OBLI IPOBEEH AUCIEPCHOH-
Hb1ii aHanu3 (ANOVA) skcriepimenTa B iporpamme Design Expert v. 10 u nonydeHo ypaBHEHHE PErpecCHH, aHaIn3 KOTOPBIX M03BO-
JIWJT BBIACNUTE (DaKTOPHI, B HAMOOJBIIEH CTEIIEHH BIHMSIOIIMX HA pacCMaTPHBACMBIN IpOIECcC. Y CTAaHOBICHO YTO IPH HOBBIMICHUH
JIaBJICHHS B Ipecce 10 3HaudeHus Boime 14 Mlla nanpHelimee mosbimeHne 3GGEKTHBHOCTH €ro paboThl He HAOII0AAIOCh BMECTE ¢
MOBBIIICHHBIMH 3HAYEHUSIMU KaK YaCTOTHI YIbTPa3BYKa, TaK M €r0 aMIUIUTYIbl. MakcuMalbHbIe U HanOouiee 3¢ (eKTUBHBIC 3HAUCHUS
OCTATOYHON MAaCIMYHOCTH JKMBIXa IOJy4CHBI TPU 3HAYCHUAX 4acTOThI B cpeHeM 35—40 kI'1, aMImuTy ib! cBblie 40 MM U JaBICHUH
B npecce oT 10 mo 11 MIla., KoTOpBIe OUEBHAHO 3aBUCAT HANPSIMYIO OT HOBEACHHS 3€pHA M ABIKCHUS €0 BHYTPEHHEH 4acTH BO
BpeMs IOJIBOJIa YIbTpa3Byka.. ['paduueckas HHTEpIpeTalys ypaBHEHHs IIpeCTaBlIeHa KPUBBIMU PABHBIX 3HAYEHHH M ITOBEPXHO-
CTSMH OTKJIMKA IJIsI BXOAHBIX TapaMeTpoB. [Ipemoxkena dnucnenHas u rpaduaeckas Iporeaypsl ONTHMH3AINN IJIs TPOTHO3UPOBAHUS
ONITHMAJIFHOTO YPOBHSI BXOIHBIX (PaKTOPOB U MOJTYyYESHHUs] MAKCUMAIFHOTO BBIXO0JIa Maciia 110 OTHOIISHUIO K Macce NepBOHAYAILHOTO
CBIpBs. J[JIs MpoBepKH ageKBaTHOCTH MOJIECIN MPEACTABICHBI Pe3yIbTaThl Psijia MapauieIbHBIX SKCIIEPHMEHTOB, KOTOPHIE ITONaalIi B
paccuuTaHHBIE JOBEPUTEIbHBIC MHTEPBAJIbBI O BCEM KPUTEPHSIM KauecTBa.
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Summary. The article gives a mathematical description of the process of safflower seeds pressing in an ultrasonic field in the form of
a regression equation found by static methods on the experimental basis and is described by a polynomial of the second degree. As the
main factors influencing the the process efficiency, the ultrasound frequency, the amplitude of the ultrasound, the pressure created in
the curb camera were selected. And as a criterion for assessment of the selected parameters effect the residual cake oil content is used.
To assess the adequacy of the mathematical model the disperse analysis (ANOVA) of the experiment in the Design Expert v. 10 was
carried out and the regression equation was obtained. The analysis of the equation allowed us to identify the factors influencing the
process under consideration to a larger extent. It was found that when the pressure in the press increased higher than 14 MPa, a further
increase in efficiency wasn’t observed together with increased values of both the ultrasound frequency and its amplitude. The maxi-
mum and most effective values of residual oil content in the cake were obtained in the frequency of 35-40 Hz and amplitude of more
than 40 mm and the pressure in the press ranging 10 - 11 MPa.which are obviously directly dependent on the behavior of grain and
movement of its internal part during the ultrasound supply. Graphical interpretation of the equation was represented by the curves of
equal values and response surfaces for input parameters. A numerical and graphical optimization procedures were also proposed to
forecast the optimal level of input factors and to obtain the maximum yield of oil relative to the mass of the original raw material. To
check the adequacy of the model, the results of a number of parallel experiments were presented that responded within the calculated
confidence intervals for all quality criteria
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BBenenune

Cadmnop (Carthamnus) — pox oaHo-, ABYX-
WJIM MHOTOJIETHUX TPABSHUCTBIX PACTEHUI CEMENCTBA
actpoBbIX. CpenHsisl ypOKaiftHOCTb CEMSH COCTaBIISIET
10-12 1w/ra, npu OJArONPUATHBIX YCIOBHSAX —
mo 20 m/raumbonee. Caduiop BBIpaIUBAIOT
MPEUMYIIECTBEHHO KaK MAaCIUYHYIO KYJIBTYpY.
Ero cemena comepxkar 25-37% (B sape 46—60%)
MOJTYBBICBIXQFOIIMX Macia (oaHoe uncino: 115-155)
u 10 12% Genka. CadhiopoBoe Maciio MpHOJIMKACTCS
I10 BKYCOBBIM KauyeCTBaM IIOJICOJIHEYHOMY, €€ HC-
MONB3YIOT B IMHUILIEBHIX LEIAX I M3TOTOBJICHHS
MaprapyHa BbICOKOTO KadecTsa [1, 4].

Jns wccnenoBaHWs BIMSHUS MapaMeTpPOB
[IPECCOBaHUsl Ha XapakTep paldoThl Ipecca H
3aTpaThl PHEPTUU ObUI MPOBEACH 3KCIEPUMEHT
C BapbUpOBaHHEM BceMH (akTopamu. B pesynbrare
ObuTa aHa oreHKa 3(P(PEKTOB UX B3aUMOICHCTRHUSI.
Marematryeckoe OIMcaHue YKa3aHHOTO Mporiecca
MOXeET OBITh MOJIydeHO sMIupuueckd. lIpu aTom
MaTeMaTH4yecKasi MOJeJb, UMEIOLIasl BUJ ypaBHe-
HUS perpeccuu, HaiiIeHHOTO CTATHYECKHUMH METO-
JaMH Ha OCHOBE SKCICPUMEHTOB, OIHCHIBACTCS
TIOJITMHOMOM BTOPO¥# CTeneHH [2].

B xauecTBe OCHOBHBIX (PaKTOPOB, BIUSIOLINX
Ha 3((HEeKTUBHOCTh Tporecca, OBLTH BHIOpPaHBL:
X1 — dacroTa ynpTpasByka, ['m; Xz — amrumnryma
yIbTpa3Byka, MM; X3 — JaBlicHHE, CO3/aBaeMoe
B 3eepHOM Kamepe npecca, Ml1a.

Bce 311 hakTOpBEI COBMECTHMBI M HEKOPPEIIHU-
pyeMsl Mex 1y co0oil. M3yuast nx B3auMHOE BIIMSIHUE
Ha Mpolecc, MOXHO M0A00paTh ONTHMAJbHBIC
PEKUMBI IPECCOBAHUSI.

Bribop uHTEepBaIOB M3MEHEHUS (DaKTOPOB
00yCIIOBJIEH TEXHOJOIHEH Mpolecca MPecCOBaHUs
U TEXHUYECKHMH XapaKTepPUCTHKAaMH IIpecca.

Kpurepruem oOLEHKH BIUSHHS BBIOPaHHBIX
napameTpoB BeIOpaH Y — 0CcTaToYHast MACITHYHOCTD
XKMBIXa, %0, IPH ITOM YaCTOTY yJIbTpa3ByKa H3Me-
vso oT 10 mo 50 k[, ammmuTyay ynbTpa3Byka
ot 30 no 50 MM, AaBieHME, CO3/1aBAEMOE B 3eep-
HOM Kamepe mpecca ot 7 1o 17 MIla [3].

Juis cratucThueckoil oOpabOTKH JaHHBIX
WCCIIEIOBAHUS MPUMEHSITN LEHTPATBHOE
poratabenbHoe YHU(OPMIUIAHUPOBAHUE, KOTO-
poe mo3BoIsIO B XoAe 20 3KCHepUMEHTOB B 3-X
KpaTHOH TIOBTOPHOCTU THOJYYUTHh YpaBHEHHUE
perpeccur aJieKBaTHO, OIMCHIBaIOIee MpoIlece
npeccoBaHus [5].

[Ipu 06paboTke pe3yapTaToB HKCIEPUMEHTA
OPUMEHSUTH CJEIYIONINe CTaTUUYECKUE KPUTEPHH:
MIPOBEPKa OJHOPOJHOCTH TUCIIEPCUN — KpUTEpUI
KoxpeHna, 3Ha4nMOcTh KO3()(HUIMEHTOB YpaBHEHUI
perpeccun — kpurepuid @uiepa.

Jlist cBsi3m ¢ penakuueii: post@vestnik-vsuet.ru

J1n1s1 OLIeHKM aJeKBaTHOCTH MATEMaTHYECKOM
mozaean Obi1 npoBeaeH ANOVA (IucrepCHOHHBIMN)
aHaM3 OJKcrepuMeHTa B mporpamme Design
Expert v. 10 u nony4eHo cieayroniee ypaBHEHUE
perpeccuu:

Y, =10,67 +0,91X, +0,78X, —0,43X, — 1)
0,25X,X, —0,57X,X, +0,53X2 +0,87X?

Anamu3  ypaBHeHus  perpeccun (1)
MTO3BOJISIET BBIICIUTH (DAKTOPHI, B HAMOOJBITICH
CTENEHM  BIUSIOIIME  HAa paccMaTpUBAEMbIN
nporiecc (pUCyHOK 1).

[To naHHBIM 5KCTIEPUMEHTA, MOKHO CYAHUTH
O CTENEHH aJeKBaTHOCTH MOJIENH, C yUYeTOM
CTaTHCTUYECKUX KpurepueB. B atoMm ciyuae
3HaveHue kpurepus Purepa st by pasuo 11,48,
YTO TOBOPUT 00 ajileKBaTHOCTH Mozend, a P < 0,05
0 3HaYMMOCTH COOTBETCTBYIOIIMX YJIE€HOB YpaB-
HeHus perpeccud (1).
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Pucynok 1. Ouenka creneHu BIUSHASA KO3(DOUITUCHTOB
bi B ypaBHeHHHU perpeccun

Figure 1. Estimation of the degree of influence of the
coefficients bj in the regression equation

Ha pucynke 1 mnpuBeneHa rpaduyeckas
OIIEHKa CTETICHW BIIUSTHHUS YUCIOBBIX KO3 uUIH-
earoB b mpu X. @yukuumu F(Y) u A(Y) HOCcsT
BO3PACTAMONINA XapakTep, 4YTO MOATBEPKIACTCS
3HaKOM «+», hyHkius P(Y) — HanpoTuB, He3HAYH-
TenbHO YyObIBaeT. Takoe TmoOBeleHHE KPHUBBIX
00BSICHACTCS TEM, YTO TIPU TOBBIIICHUN JABJICHHS
B Tipecce 110 3HaueHwus cBhime 14 MIla ganpHelnee
MOBBIIIEHNE 3P(PEKTHBHOCTH €ro paboThl He HAOIIO-
JajJock TPH  COOTBETCTBYIOIEM  YBEJIMYCHHUU
3HAYCHHWH YacTOThl U AMIUIMTYIBl YJIbTpa3ByKa.
MakcumarbHble 1 HanOoee 3(h(hEeKTUBHbIC 3HAYCHUS
Y MosyyeHbl MPU 3HAYCHHUSX YACTOTHI B CPECTHEM
3540 xI'u, amrumaTy 161 cBbIIE 40 MM U TaBICHUU
Bupecce orl10 go 11 MIla. DOTu 3HaueHwUs,
OUEBHUJIHO, 3aBHCAT HANPSAMYIO OT MOBEJCHUS
3epHa W JBUKCHHS €r0 BHYTPEHHEH 4YacTH
BO BpeMsI [I0/IBOJIA YIIbTpa3Byka [6].
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I'paduueckas MHTEPIpPETAIMs YpaBHEHHS pe- Y TIOBEPXHOCTSMHU OTKJIMKA [Tl BXOJHBIX TapaMeT-
IPECCHH TPE/ICTABIICHA KPUBBIMU PaBHBIX 3HAYCHHUIA poB B urtepsae [-1,68...+1,68] (pucyHok 2-4).
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Pucynox 2. KpuBble paBHBIX 3HaUC€HHH 1 MOBEPXHOCTH OTKJIMKA 3aBHCUMOCTH OCTATOYHON MacIMYHOCTH, % OT YacTOTHI
YIBTpa3ByKa, K[ 11 ¥ aMIUTUTY bl YIBTPa3ByKa, MM

Figure 2. Curves of equal values and surface response of residual oil content, % of ultrasound frequency, kHz and ultra-
sound amplitude, mm
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Pucynox 3. KpuBble paBHBIX 3HaU€HHH U MOBEPXHOCTH OTKJIMKA 3aBUCUMOCTH OCTaTOYHOW MACINYHOCTH, % OT YacTOTHI
ynbTpa3Byka, KI'Il 1 jaBnenus B mpecce, MIla

Figure 3. Curves of equal values and response surface of the dependence of residual oil content, % on ultrasound fre-
quency, kHz and press pressure, MPa
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PI/ICYHOK 4, KpI/IBBIe PaBHBIX 3HAYCHUH U TIOBCPXHOCTHU OTKIIMKA 3aBUCUMOCTU OCTaTOYHOM MAacCJIMYHOCTH, % OT aMILTH-

TyABl YIbTPa3ByKa, MM U JaBiieHus B npecce, MIla

Figure 4. Curves of equal values and the response surface of the dependence of the residual oil content, % on the amplitude

of ultrasound, mm and the pressure in the press, MPa

[IpoBenena uwucieHHass W rpaduyeckas
MpoLeyphl ONTHMHU3AIMH JJIsl IPOTHO3UPOBAHUS
ONITHUMANILHOTO YPOBHS BXOJHBIX (DaKTOPOB
W MOJIyYeHUS MAaKCUMAIbHOTO BBIXOJa Macia
[0 OTHOIIEHUIO K Macce  IEePBOHAYAIBLHOTO
ceIpbst B %. OOmasi mMaTemariyecKkas MOCTaHOBKa

3aJjadyu ONTHUMHU3alMM TMPCACTaBJICHA B BUJC
CIIeIYIOIEeN MOJIeNu:

o

IS

=

. P

(‘ Y v‘ )

F.Kkly

Yl(X1, X, X3) — MaX (2)

Pernast 3a1a4y ONTAMM3AIIAN, ONPEICTAINA Ol
THMAJIbHBIC WHTEPBAILI BXOIHBIX IMapaMeTpoB: Xi =
40,2-41,9 xI'm; Xz = 45,2-45,9 mm; X3 = 9,1-9,4 MITa.

I'paduueckuM METOAOM MONy4YeHA 00JIaCTh
TiepeceyeH st ONMTUMAITBHOTO pertieHvs (bertas 001acTh)

NPH 33J]aHHBIX KPUTEPUIX (PUCYHOK 5).
] Y: 11.7437
x1
X2 45

IV 158

r—=
YL 158

kHz

PI/ICYHOK 5. OnTumanepHas 00J1aCTh peuicHus 3aga41 ONTUMU3aAlU
Figure 5. The optimal area for solving the optimization problem

3akiIouyenue

Jlnist mpoBepku ObLT TOCTABIICH psijl Hapaji-
JICJIBHBIX SKCIIEPUMEHTOB, ITOJIYUYCHHBIC PE3YJILTAThI
Imonagajin B paCCUUTAHHBIC OOBCPUTCIILHBIC
HWHTEPBAJIbI 110 BCEM KPUTCPUAM KadCCTBA.

Jlist cBsi3m ¢ penakuueii: post@vestnik-vsuet.ru

Pe3ynbTaThl BBINOJHEHHBIX HMCCIIEAOBAHHUN
MOTYT OBITH TIOJIE3HBl MpPHU aHAIU3E U pacuere
MapaMeTpoB Mpolecca MPECCOBAHMS.
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