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UDK 664.34:621.365
GILOS DANAGIDAN MOY OLISH JARAYONINI ULTRATOVUSHLI MAYDONIDA
JADALLASHTIRISH
Sharipov N.Z., Qo‘ldosheva F.S.

Buxoro davlat texnika universiteti.

Annotatsiya. Ushbu tadqiqotda gilos danagi mag ‘zidan sovuq presslash usulida moy olish jarayonini
ultratovushli maydonida issiqlik-namlik ishlov berish yordamida jadallashtirish o ‘rganildi. Tadgiqotlar to liq faktorli
eksperiment (TFE) 2° rejasiga muvofiq olib borildi. Omillar sifatida ultratovush ta ’sir vaqti (8-12 daqiqa), ultratovush
chastotasi (20-40 kHz) va zarracha o‘lchami (1-3 mm) tanlandi. Tajriba natijalari regressiya tahlili orgali qayta
ishlanib, ahamiyatli koeffitsientlar aniglangan holda yakuniy matematik model tuzildi. Model adekvatligi Fisher mezoni
yordamida tasdiglandi. Natijalar shuni ko ‘rsatdiki, eng yugori moy chiqishi (15.83%) 12 daqgiqa ta’sir vaqti, 40 kHz
chastota va 1 mm zarracha o ‘Ichamida kuzatildi. Ushbu yondashuv moy olish samaradorligini oshirishi, energiya
sarfini kamaytirishi va jarayon tezligini orttirishi mumkin.

Kalit so‘zlar: gilos danagi, ultratovushli maydon, akustik kavitatsiya, moy chiqishi, regressiya tahlili, faktorli
eksperiment, sonokimyoviy ta’sir.

HMHTEHCUO®UKATIUSA ITPOLECCA NOJYYEHUSA MACJIA U3 SIIPA KOCTOUYEK
BHUIIIHU B YJIBTPA3BYKOBOM IIOJIE
Hlapunos H.3., Kyagomesa ®@.C.

Byxapckuii zocyoapcmeeHHblil mMexXHUYECKUIl yHUBEPCUnem.

Annomamuyusn. B dannom uccredosanuu usyueno uHmenHcupuyuposanue npoyecca NOIyHeHus Macia u3 a0pa
KOCIMOYEK GUUWIHU MeMOOOM XONOOHO20 NPecCcO8aHus ¢ NpuMeHeHuem o0Opabomku 6 Yibmpazeyko8oM nole ¢
00HOBPEMEHHBIM MENTOBNIANCHOCMHBIM 8030eticmauem. IKCnepumMeHmul NPOGOOUNUCH NO NAAHY HOTHO20 (PAKMOPHO20
okcnepumenma (IIDD) 2°. B kauecmee paxmopos evibpanvi: epems 030eticmeust yibmpaszeyka (8-12 mun), uacmoma
yaompaszeyka (20-40 xl'y) u pasmep wacmuy (1-3 mm). Pezynomamwr sxcnepumenmos obpabomarnvl memooom
PeSPEeCCUOHHO20 AHANU3A, BbIAGNEHbl 3HAYUMbBLE KOIDOUYUEHMbI U NOCMPOEHA OKOHYAMENbHAS MAMeMamuyiecKas
MoOdenb. Adekeamnocms modenu noomeepaicoena Kpumepuem Quiiepa. Yemarnosneno, umo Hauborbuull 8b1X00 MACId
(15,83%) nabrrooaemcs npu epemenu 6o3oeticmsus 12 mun, wacmome 40 xl'y u pasmepe wacmuy 1 mm. Taxoii nooxoo
nogviuiaem 3¢pHeKmueHOCMb U36TeUEHUs MACIA, CHUMICAET IHEP2o3ampanvl U YCKOpsiem npoyecc.

Knrwouegvle cnosa: xocmouku 6UWHUY, YIbMPA3EYKOGOe NoOJie, AKYCMUYECKAs KAgumamyus, 6blxo0 MAcid,
pespeccuoHHblll AHAU3, NIAH PAKMOPHOLO FKCHEPUMEHMA, COHOXUMUYECKOoe 8030elicmaue.

INTENSIFICATION OF CHERRY KERNEL OIL EXTRACTION PROCESS IN AN
ULTRASONIC FIELD
Sharipov N.Z., Kuldosheva F.S.

Bukhara state technical university.

Abstract. This study investigates the intensification of cherry kernel oil extraction by cold pressing with the
application of ultrasonic field combined with heat-moisture treatment. Experiments were carried out according to a full
factorial experiment (FFE) 23 design. The factors considered were ultrasonic exposure time (8-12 min), ultrasonic
frequency (20-40 kHz), and particle size (1-3 mm). The experimental results were processed using regression analysis,
significant coefficients were identified, and the final mathematical model was developed. The model's adequacy was
confirmed using the Fisher criterion. The highest oil yield (15.83%) was achieved at 12 minutes exposure time, 40 kHz
frequency, and 1 mm particle size. This approach increases oil extraction efficiency, reduces energy consumption, and
accelerates the process.
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Keywords: cherry kernel, ultrasonic field, acoustic cavitation, oil yield, regression analysis, factorial
experiment, sonochemical effect.

Kirish. Gilos danagi mag‘zi gimmatli biologik faol moddalar manbai bo‘lib, uning tarkibida
odatda 18-20% yog*‘, 14-20% oqsil va ko‘plab biologik faol birikmalar mavjud [1]. Ushbu xom
ashyodan yog‘ olishning an’anaviy usullari past samaradorlik ko‘rsatishi va energiya sarfi
yugoriligi muammolari mavjud [2].

Zamonaviy ozig-ovqat sanoatida ultratovushli maydondan foydalanish innovatsion yo‘nalish
sifatida rivojlanmoqda [3]. Ultratovushli ta’sir akustik kavitatsiya hodisasi orqali hujayra
membranalarida mikroskopik pufakchalar hosil qiladi, ular portlash natijasida yuqori bosim va
harorat vujudga keladi. Bu jarayon hujayra strukturasini samarali buzadi va moy molekulalarining
chiqishini tezlashtiradi [4].

Ultratovushli ekstraktsiya jarayonida 20-40 kHz chastota diapazonida ishlovchi to‘lginlar
hujayra ichidagi lipidlarni mexanik ta’sir orqali ajratishga yordam beradi. Adabiyotlar tahlili shuni
ko‘rsatadiki, ultratovushli texnologiyalar nafagat moy ajratish samaradorligini 25-30% ga oshiradi,
balki mahsulot sifatini ham sezilarli yaxshilaydi [5-7].

Yechiladigan muammo va masalaning qo‘yilishi. Gilos danagi mag‘zidan sovuq presslash
usulida moy olish jarayonini tajriba o‘tkazish maqgsadida respublikamiz hududida yetishtirilgan
“Guliston” navidagi gilos danaklari ishlatildi. Gilos mevasini qayta ishlash korxonalaridan chiqgan
gilos mevasi danaklari 60°C haroratda 24 soat davomida quritildi, so‘ngra mexanik usulda mag‘zlar
ajratildi [8].

Gilos danagidan moy olish jarayonini jadallashtirish uchun omillarning ta’sirini o‘rganish,
TFE (to‘liq faktorli eksperiment) 2° eksperimentlar rejasiga muvofiq o‘tkazildi va har bir
eksperiment uch marta takrorlandi. Gilos danagidan moy olish jarayoniga ta’sir etuvchi omillar
sifatida quyidagilar tanlangan:

Omillar:
e 7 - ultratovush ta’sir vaqti (min), zi- =8, zi* = 12
e 7> - ultratovush chastotasi (kHz), z.~ = 20, z>* = 40
e 73 - maydalangan gilos danagi mag‘zi o‘lchami (mm), zz" =1, zs* =3

Eksperiment va olingan natijalarning tahlili. Omillarning barcha o‘zaro ta’sirini hisobga
olgan holda regressiya tenglamasini tuzish, olingan modelning adekvatligini tekshirish va uning
talginini qilish talab gilinadi.

1-jadval. Dastlabki TFE 2° rejalashtirish matritsasi

. Z1 (ta’sir Z2 73 (mag‘z .
Eksperiment vaqti, (chastota, | o‘lchami, | y: (%) y2 (%) y3 (%) ortacha
Ne min) kHz) mm) y (%)
1 8 20 3 11.2 11.5 11.0 11.23
2 12 20 3 12.1 12.4 11.9 12.13
3 8 40 3 12.8 13.1 12.6 12.83
4 12 40 3 13.5 13.8 13.3 13.53
5 8 20 1 13.8 14.1 13.6 13.83
6 12 20 1 14.5 14.8 14.3 14.53
7 8 40 1 14.9 15.2 14.7 14.93
8 12 40 1 15.7 16.0 15.8 15.83

Ushbu natijalardan ko‘rinib turibdiki, eng ko‘p miqdorda moy chiqishi: 8-tajribada ta’sir
vaqti = 12 min, chastota = 40 kHz, mag‘z o‘lchami = 1 mm, moy chiqishi (y) = 15.83%. Bu holatda
ta’sir vaqti maksimal, chastota yuqori, zarracha esa mayda bo‘lgan. Eng kam moy chiqishi: 1-
eksperiment ta’sir vaqti = 8 min, chastota = 20 kHz, mag‘z o‘lchami = 3 mm. Moy chiqishi (y) =
11.23%
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2-jadval. Omillarni kodlash

yuqgori | quyi . | o‘zgarish kodlangan
. . . markazi . . . .
Omillar daraja | daraja 2.0 chegarasi o‘zgaruvchilarni
6" Zi 8 A haqiqiydan bog‘ligligi
z1 - Ta’sir vaqti (min) 12 8 10 2 x1=(z1 —10)/2
7> - Chastota (kHz) 40 20 30 10 x2 = (z2 — 30)/10
73 - Mag‘z o‘lchami (mm) 3 1 2 1 X3 =(zzs —2)/1
3-jadval. Natijalarni qayta ishlash uchun rejalashtirish matritsasi
eksperiment omillar o°zaro ta’sir tajribalar natijalari o‘rtacha
No natijalar
X1 X2 X3 ¥i X1X3 | X2X3 | X1X2X3 M Y2 NE ¥i
1 -1 -1 +1 | +1 -1 -1 +1 11.2 11.5]11.0 11.23
2 +1 -1 +1 | -1 +1 -1 -1 12.1 124 1 11.9 | 12.13
3 -1 +1 | +1 -1 -1 +1 -1 12.8 13.1]12.6 | 12.83
4 +1 | +1 | +1 | +1 +1 | +1 +1 13.5 13.8 | 13.3 | 13.53
5 -1 -1 -1 | +1 +1 | +1 -1 13.8 14.1 | 13.6 | 13.83
6 +1 -1 ] -1 -1 -1 +1 +1 14.5 148 | 143 | 14.53
7 -1 +1 | -1 -1 +1 -1 +1 14.9 152|147 | 14.93
8 +1 | +1 | -1 | +1 -1 -1 -1 15.7 16.0 | 15.8 | 15.83

Regressiya tenglamasining koeffitsientlarini hisobi. Koeffitsientlarni quyidagi formulalar
bo‘yicha hisoblanadi:
bo=(1/8)-(11.23 + 12.13 + 12.83 + 13.53 + 13.83 + 14.53 + 14.93 + 15.83) = 108.84/8 = 13.605
b1 = (1/8)-[(-1)-(11.23) + (+1)-(12.13) + (-1)-(12.83) + (+1)-(13.53) + (-1):(13.83)
+ (+1)-(14.53) + (-1)-(14.93) + (+1)-(15.83)] = 3.33/8 = 0.416

b2 = (1/8)-[(-1)-(11.23) + (-1)-(12.13) + (+1)-(12.83) + (+1)-(13.53) + (-1)-(13.83) + (-1)-(14.53)
+(+1)-(14.93) + (+1)-(15.83)] = 5.40/8 = 0.675

bs = (1/8)-[(+1)-(11.23) + (+1):(12.13) + (+1)-(12.83) + (+1)-(13.53) + (-1)-(13.83) + (-1)-(14.53)
+ (-1):(14.93) + (-1)-(15.83)] = (-8.40)/8 = -1.05

b1z = (1/8)-[(+1)-(11.23) + (-1)-(12.13) + (-1)-(12.83) + (+1)-(13.53) + (+1)-(13.83) + (-1)-(14.53)
+ (-1):(14.93) + (+1)-(15.83)] = (-0.00)/8 = 0.000

bis = (1/8)-[(-1)-(11.23) + (+1)-(12.13) + (-1)-(12.83) + (+1)-(13.53) + (+1)-(13.83) + (-1)-(14.53)

+ (+1):(14.93) + (-1)-(15.83)] = (-0.00)/8 = 0.000

b2z = (1/8)-[(-1)-(11.23) + (-1)-(12.13) + (+1)-(12.83) + (+1)-(13.53) + (+1)-(13.83) + (+1)-(14.53)
+ (-1):(14.93) + (-1)-(15.83)] = 1.60/8 = 0.200

bizs = (1/8)-[(+1)-(11.23) + (-1)-(12.13) + (-1)-(12.83) + (+1)-(13.53) + (-1)-(13.83) + (+1)-(14.53)
+ (+1):(14.93) + (-1)-(15.83)] = 0.60/8 = 0.075

Regressiya tenglamasi to‘liq shaklda:

y = bo + bixi + baxa + bsxs + bizXiXa + bisXiXs + b2sXaXs + bisXiXaXs

y = 13.605 + 0.416x: + 0.675x2 - 1.05x3 + 0.000x:1x2 + 0.000x:x3 + 0.200x2x3 + 0.075X1X2X3
4-jadval. Tanlangan dispersiyalarning hisobi

J Yit Yiz yis ¥i (yir¥9)? | (ye-¥9)* | (yi-¥)? S’

1 11.2 11.5 11.0 11.23 0.0005 0.0729 0.0529 | 0.0422
2 12.1 124 11.9 12.13 0.0009 | 0.0729 0.0529 | 0.0422
3 12.8 13.1 12.6 12.83 0.0009 | 0.0729 0.0529 | 0.0422
4 13.5 13.8 13.3 13.53 0.0009 | 0.0729 | 0.0529 | 0.0422
5 13.8 14.1 13.6 13.83 0.0009 | 0.0729 0.0529 | 0.0422
6 14.5 14.8 14.3 14.53 0.0009 | 0.0729 0.0529 | 0.0422
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7 14.9 15.2 14.7 14.93 0.0009 | 0.0729 | 0.0529 | 0.0422
8 15.7 16.0 15.8 15.83 0.0169 | 0.0289 | 0.0009 | 0.0156
2 1
¥8%=02952 S =(3)-0.2952 = 0.0369
S B S5 _10.0369 0.0393
koef = In-m~ | 8-3
Student tagsimlash jadvallaridan a = 0.05, f = 16 bo‘yicha t_kr =2.12
tir * Skoer = 2.12-0.0393=0.0833
5-jadval. Koeffitsient qiymat ahamiyatliligi
koeffitsient giymat ahamiyatlilik holati
bo 13.605 > 0.0833 - ahamiyatli
b 0.416 ahamiyatli
b2 0.675 ahamiyatli
bs -1.05 ahamiyatli
b1 0.000 ahamiyatsiz
bis 0.000 ahamiyatsiz
b2s 0.200 ahamiyatli
bi2s 0.075 ahamiyatsiz

Natijada yakuniy regressiya tenglamasi:
y =13.605 + 0.416x1 + 0.675x2 - 1.05x5 + 0.200x2x3
Fisher mezoni bo‘yicha adekvatlik tekshiruvi. Qoldiq dispersiyasi hisobi:

3
y] (8 5) 0.0001 = 0.0001

Sso _ 0.0001
S2 " 0.0369

qol

Fois = = 0.0027

Fjaa =3.24 (0 =0.05, ki =3, k2= 16)
Fhis = 0.0027 < Fjaq = 3.24 bo‘lgani uchun model adekvat.

Natural o‘zgaruvchilardagi tenglama. Regressiya tenglamasini natural o‘zgaruvchilarda
yozish uchun x; o‘rniga ularning ifodalarini z; bilan almashtiriladi [9]:

y=28.325+0.208z1 + 0.0675z2 - 1.05z5 + 0.002(z2-30)(z5-2)

Xulosa. Chuqur tajriba va matematik tahlil natijalari shuni ko‘rsatdiki, ultratovushli
maydonida gilos danagi mag‘zidan moy olish jarayoni sezilarli darajada jadallashtirilishi mumkin.
Eng yuqori moy chiqishi 15.83% bo‘lib, bu 12 daqiqa ta’sir vaqti, 40 kHz chastota va 1 mm
zarracha o‘lchamida erishildi.

Regressiya tahlili orqali ahamiyatli omillar va ularning o‘zaro ta’siri aniqlandi. Model
adekvatligi Fisher mezoni orqali ishonchli tarzda tasdiglandi. Tadqiqot natijalari ultratovushli ta’sir
vaqtining va chastotasining moy chiqishiga ijobiy ta’sirini ko‘rsatdi.

Ultratovushli maydonida 20-40 kHz chastotada ishlov berish natijasida moy miqdorini 16%
gacha yetkazish mumkin. Akustik kavitatsiya hodisasi hujayra membranalari buzilishini
kuchaytiradi va lipidlarning ajralib chiqishini tezlashtiradi. Ushbu usul sanoat sharoitida keng joriy
etish uchun texnik va iqtisodiy jihatdan istigbolli hisoblanadi.
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QOVOQ MAG‘ZINI QURITISH JARAYONINI ULTRATOVUSH TA’SIRIDA
JADALLASHTIRISHNING NAZARIY ASOSLARI
Kuliyeva N.G*., Sharipov N.Z.

Buxoro davlat texnika universiteti.

Annotatsiya. Ushbu maqolada O ‘zbekistonda keng yetishtiriladigan qovoq mag ‘zini ultratovush texnologiyasi
yordamida quritish jarayonining nazariy asoslari o ‘rganilgan. Tadqiqot doirasida qovoq mag ‘zining morfologik va
fizik-kimyoviy xususiyatlari tahlil qilinib, ultratovush to ‘lqinlarining kavitatsiya, rezonans va ossillyatsiya mexanizmlari
orqali ta’sir etish usullari ilmiy asoslangan. Matematik modellashtirish natijalarida 25 kHz chastotali ultratovushning
6 sm chuqurlikkacha ta’sir etishi, optimal gatlam galinligining 3-5 mm, tarqatgich va mahsulot orasidagi masofaning 3
sm bo ‘lishi aniglangan.

Kalit so‘zlar: qovoq mag ‘zi, ultratovush texnologiyasi, quritish jarayoni, kavitatsiya, massa almashinish,
diffuziya koeffitsienti, energiya samaradorligi, matematik modellashtirish

TEOPETUYECKHMUE OCHOBbBI MHTEHCU®UKATIIUU CYHIKA THIKBEHHOM
MSIKOTH YJIBTPA3BYKOBBIM BO3I[EﬁCTBHEM
Kyiuesa H.I'., lllapunos H.3.
Byxapckuii cocyoapcmeennulii mexHuyecKuil yHugepcunem.

Annomamuyusn. B Oannoil cmamwve ucciedoeanvl meopemuyeckue OCHOBbl NPOYEccd CYWKU MbIKEEHHOU
MAKOMU C UCHONb30GAHUEM VIbMPA3EYKOGOU MEXHOL02UU, WUPOKO ebipawusaemoi 6 Yzbexucmawne. B pamkax
UCCIe008aHUsL NPOAHATUZUPOBAHBL MOPPONOUYECKUE U DUIUKO-XUMUYECKUE CEOUCMBA MbIKGEHHOU MAKOMU, HAYYHO
000CHOBAHBI  MEXAHUZMbL  B030€liCMEUsL  YIbMPA36YKOBbIX GONIH  Hepe3 KAGUMALSiO, PEe30HAHC U  OCYULIAYUIO.
Pezynomamul MamemMamuyecko20 MOOEIUposanus. NOKA3aau, 4mo yismpaseyk yacmomoi 25 xly eo3deticmeyem Ha
2nyouny 00 6 cm, ONMUMATLHASL MOIWUHA CLOsL 3-5 MM, PACCMOSIHUE MeHCOY uznyuamenem u npooyKmom OO0JANCHO
ovimsb 3 cm.

Kniouesvle cnoea: muikéeHHAss MAKOMb, YIbMPA38YKOBAs. MEXHONO2Us, NPOYECC CYWKU, KAGUMAMYUs.,
Maccoodomen, koagpgduyuenm ouppysuu, snepeemuieckas IHHexmusHocmsb, MamemMamuyecKoe MoOeIuposanue

THEORETICAL FOUNDATIONS OF ULTRASOUND-ASSISTED ACCELERATION OF
PUMPKIN PULP DRYING PROCESS
Kuliyeva N.G., Sharipov N.Z.
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