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GRANULALASH JARAYONIDA TEXNOLOGIK PARAMETRLARNING
GRANULA SIFATIGA TA’SIRI
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Annotatsiya. Ushbu magolada granulalash qurilmasining turli parametrlariga bog‘liq holda
tayyorlangan granulaning sifati tahlil gilingan. Tajribalar davomida roliklarning aylanish soni,
roliklar soni, pichogning o‘rnatilish burchagi va preslash kamerasi balandligining granulalarning
uzunligi va uvalanish darajasiga ta’siri o‘rganildi. Natijalar shuni ko‘rsatdiki, har bir parametrning
optimal qiymati mavjud bo‘lib, u granulalarning sifat darajasini oshirishga yordam beradi.

Tayanch so‘zlar: Granulalash, texnologik parametrlar, granulalarning sifati, rolikning
aylanish soni, pichogning burchagi, preslash kamerasi balandligi, granulalarning bir xilligi, uvalanish
darajasi.

BJIMAHUE TEXHOJJOI'MYECKHUX IIAPAMETPOB HA KAYECTBO I'PAHYJI
ITPU ITPOLHECCE I'PAHYJIMPOBAHUA
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! Hanmonansuslit uccnenoparenbckuii yausepeuteT «TallkeHTCKHi MHCTUTYT HPPUTALMH 1
MEXaHHU3aUH CEIBCKOTO X03IUCTBA»
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AHHOTauMA. B naHHON cTaThe aHAMM3UPYETCs KayecTBO TpaHyl, MOJATOTOBICHHBIX B
3aBUCMMOCTH OT pa3jIMYHBIX MapaMeTpPOB IpaHyJIUPYIOUIETO YCTpolcTBa. B Xoae skcnepuMeHTOB
M3y4yanoch BIUSHHUE CKOPOCTH BPAILEHUS POJIUKOB, KOJUYECTBA POJIMKOB, YIJIa YCTAHOBKH HOXa U
BBICOTHI IPECCOBOYHON Kamepbl Ha OJHOPOAHOCTb JUIMHBI M CTEMEeHb pa3pylIeHHs] TpaHyIl.
Pe3ynbTaThl mokasanu, YTO CYIIECTBYET ONTHUMAlbHOE 3HAYEHHE KaXKIOro MapaMmerpa, KOTopoe
CHOCOOCTBYET MOBBIIIEHUIO KauecTBa IPaHyl.

KuroueBble cioBa: ['panynupoBaHHe, TEXHOJOTMYECKHE MapaMeTpbl, KaueCTBO TpaHyll,
CKOPOCTH BpallleHHs POJIMKOB, YIOJl HOXa, BBICOTAa MIPECCOBOYHOIN Kamephl, OJTHOPOJIHOCTh I'paHyl,
CTENEHb pa3pyLICHHUS.

INFLUENCE OF TECHNOLOGICAL PARAMETERS ON GRANULE QUALITY
IN THE GRANULATION PROCESS

A. Borotov!, U. Boykulov?
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Annotation. This article analyzes the quality of granules prepared depending on various
parameters of the granulation device. During the experiments, the influence of roller rotation speed,
the number of rollers, the knife installation angle, and the height of the pressing chamber on the
uniformity of granule length and the degree of crumbling was studied. The results showed that each
parameter has an optimal value that helps improve the quality of the granules.

Keywords: Granulation, technological parameters, granule quality, roller rotation speed,
knife angle, pressing chamber height, granule uniformity, crumbling degree.

Kirish. Granulalash jarayoni gishloq xo0‘jaligi, ozuqaviy sanoat va boshqa ko‘plab sohalarda
muhim ahamiyat kasb etadi. Ushbu jarayonda texnologik parametrlarning to‘g‘ri tanlanishi
granulaning sifati va samaradorligiga ta’sir ko‘rsatadi. Granulalarning uzunligi bo‘yicha bir xilligi va
uvalanish darajasi mahsulot sifatini belgilovchi muhim omillardan biri hisoblanadi. Shu sababli,
ushbu maqolada granulalash jarayonida muhim bo‘lgan texnologik parametrlarning ta’siri tadqiq
etildi.

Granulalash jarayoni ozig-ovqat va ozugabop mahsulotlar ishlab chigarishning ajralmas gismi
bo‘lib, aynigsa chorvachilikda yem tayyorlashda keng qo‘llaniladi. Zamonaviy texnologiyalar
yordamida ozuganing fizik va mexanik xususiyatlarini yaxshilash, mahsulotning saglash muddatini
uzaytirish va ozigaviy qiymatini oshirish mumkin. Granulalarning sifati ularning shakli,
mustahkamligi, bir xilligi va yemishliligi bilan bog‘liq bo‘lib, bu parametrlar ishlab chiqarish
samaradorligi va hayvonlarning oziqlanish darajasiga ta’sir ko‘rsatadi.

Shuningdek, granulalash uskunalarining texnik sozlamalari mahsulot sifatiga bevosita ta’sir
giladi. Masalan, roliklarning aylanish tezligi, ularning soni, pichoglarning joylashish burchagi va
preslash kamerasining balandligi granulaning tuzilishi va mustahkamligini belgilaydi. Ushbu
tadgigotning maqgsadi ana shu parametrlarning optimal giymatlarini aniglash va ularning granula
sifatiga ta’sirini o‘rganishdan iboratdir.

Bundan tashqari, ilgari o'tkazilgan tadgiqotlar va ilmiy adabiyotlar ham ushbu mavzuga oid
qimmatli ma’lumotlarni taqdim etgan bo‘lib, ularning natijalari bizning tadqiqotimizga asos bo‘ldi.
Ushbu maqolada granulalash jarayonini ilmiy asosda tahlil qilish va natijalarga ko‘ra eng samarali
texnologik parametrlarni aniqlash ko‘zda tutilgan.

Metodologiya. Tadgiqot laboratoriya sharoitida maxsus granulalash qurilmasida olib borildi.
Granulalash jarayonida ishlatilgan asosiy material tarkibiga ozuqaviy komponentlar va bog‘lovchi
moddalar kiritildi. Tadqiqot davomida granulalash qurilmasining quyidagi parametrlariga e’tibor
garatildi:

1. Rolikning aylanishlar soni (ayl/min) — 325, 350, 375, 400

2. Roliklar soni (dona) -1, 2, 3

3. Pichoqgning o‘rnatilish burchagi (gradus) — 160, 170, 180, 190
4. Preslash kamerasi balandligi (mm) — 6, 8, 10, 12

Tadqiqot jarayonida namunalar har bir parametr bo‘yicha tayyorlanib, ularning fizik-
mexanik xususiyatlari tahlil gilindi. Olingan natijalar granulalarning uzunligi bo‘yicha bir xilligi
(%) va uvalanishi (%) ko‘rsatkichlari asosida baholandi. Har bir tajriba uch marta takrorlanib,
o‘rtacha qiymatlar hisoblab chiqildi.
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Natijalar.

Rolikning aylanishlar sonining ta’siri. Rolikning aylanishlar soni ortgan sari granulalarning
uzunligi bo‘yicha bir xillik oshdi (77,3% dan 84,7% gacha). Shu bilan birga, uvalanish darajasi
kamaydi (6,2% dan 3,7% gacha). Bu esa rolikning aylanishlar sonining optimal diapazonda bo‘lishi
granulalarning sifati uchun muhim ekanligini ko‘rsatadi. Aynigsa, 375400 ayl/min oralig‘ida
granulalarning bir xilligi sezilarli darajada ortib, uvalanish kamaygan. Bu esa yuqori tezlikda ishlash
granulalarning mustahkamligini oshirishini isbotlaydi.

Roliklar sonining ta’siri. Roliklar soni ortishi granulalarning bir xillik darajasini yaxshiladi.
Bunda bir xillik 78,6% dan 84,1% gacha oshdi. Shu bilan birga, uvalanish kamaydi (5,3% dan 3,6%
gacha). 2 va 3 ta rolik o‘rtasida sezilarli farq kuzatilgan bo‘lib, 3 ta rolik ishlatilganda granulaning
sifati optimal darajaga yetdi. Bu esa ko‘proq roliklardan foydalanish granulalash sifatini oshirishi va
ishlab chiqarish samaradorligini oshirishini ko‘rsatadi.

Pichogqning o‘rnatilish burchagining ta’siri. Pichoq burchagi oshganda, granulalarning
uzunligi bo‘yicha bir xillik 78,3% dan 82,9% gacha o‘sdi. Biroq, uvalanish darajasi 6,2% dan 4,1%
gacha kamayib, keyinchalik 5,9% ga qayta oshgan. Bu esa pichoqning o‘rnatilish burchagini optimal
tanlash muhimligini ko‘rsatadi. 180 graduslik burchak eng yaxshi natijalarni ko‘rsatgan bo‘lib, undan
kattaroq burchakda uvalanish ortishi kuzatilgan. Bu esa kesish jarayonining o‘ziga xos mexanik
xususiyatlari bilan bog‘liq bo‘lishi mumkin.

Preslash kamerasi balandligining ta’siri. Preslash kamerasi balandligi oshishi natijasida
granulalarning bir xillik ko‘rsatkichi 77,4% dan 82,5% gacha ortib, keyin 79,1% ga pasaygan.
Uvalanish darajasi esa 6,5% dan 4,6% gacha kamayib, keyin 6,8% ga oshgan. Bu esa balandlikning
optimal diapazonda bo‘lishi lozimligini ko‘rsatadi. Ayniqsa, 10 mm balandlik eng yaxshi natijalarga
olib kelgan bo‘lib, 12 mm da uvalanish ortib ketgan. Bu esa juda baland kameraning granulani siqish
darajasini pasaytirib, ularning mustahkamligini kamaytirishini ko‘rsatadi.

Rolikning aylanishlar soni oshgani sari granulalarning uzunligi bo‘yicha bir xilligi sezilarli
darajada ortganini ko‘rish mumkin. Masalan, 325 ayl/min da bir xillik 77,3% bo‘lgan bo‘lsa, 400
ayl/min da bu ko‘rsatkich 84,7% ga yetgan. Aksincha, uvalanish darajasi 6,2% dan 3,7% gacha
kamaydi. Bu holat, roliklarning yuqori tezlikda aylanishi granula sifatini yaxshilashini anglatadi.
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1-rasm. Rolikning aylanishlar sonining ta’siri

Roliklar sonining ortishi ham granula sifatiga ijobiy ta’sir ko‘rsatadi. 1 ta rolik bilan bir xillik 78,6%
bo‘lganida, 3 ta rolikda bu ko‘rsatkich 84,1% ga yetgan. Shuningdek, uvalanish darajasi 5,3% dan
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3,6% gacha kamaygan. Demak, ko‘proq roliklardan foydalanish granula bir xilligini oshirib,
uvalanishni kamaytiradi.
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2-rasm. Roliklar sonining ta’siri
Xulosa. Tadqgiqot natijalari shuni ko‘rsatdiki, granulalash jarayonining texnologik
parametrlarini to‘g‘ri tanlash orqali granulaning sifati sezilarli darajada yaxshilanishi mumkin.
Rolikning aylanishlar sonini 400 ayl/min gacha oshirish, roliklar sonini 3 taga yetkazish, pichogning
o‘rnatilish burchagini 180 gradusda ushlash va preslash kamerasi balandligini 10 mm atrofida saglash
eng Yyaxshi natijalarga olib kelishi mumkin. Ushbu parametrlarni optimallashtirish orgali
granulalarning uzunligi bo‘yicha bir xilligi oshirilib, uvalanish darajasi kamaytirilishi mumkin.
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MOAEPHU3ALIUAJTAIITUPUIIT'AH POTOPJIA — POJIMKJIN HACOCHUHI'
BOCHUM BA D)HEPTETUK KYPCATKHUUYJIAPH

X./J. Upucos
TouikeHT AaBnaT arpap yHUBEPCUTETH

AHHoOTanus. Makonana mozaepHuzauusnanrad [II'M-38M pycymnu poTOpIH-pOIUKIN
HACOCJIAPHU CHHAII HATHKAJApU XaMmJa yJlapJaH 3aMOHABUN YCUMIIMKIAPHU KMMEBUN XMMOsIIAII
MalllMHAJIApH TU3UMHIA POHTaIaHHUI HCTUKOOIIIApH EPUTHIITAH.

Kaaut cy3nap: poTopiau-posMkin Hacoc, uirau 6ocum, Kysear, UK.

JABJIEHUE U DQHEPTETUYECKHUE IIOKA3ATEJIM MOAEPHU3UPOBAHHOI'O
POTOPHO-POJIMKOBOI'O HACOCA

X. . Upucos
TalKeHTCKOro rocy1apcTBEHHOr0 arpapHOro YHUBEPCUTETA

AHHOTanus. B crarbe NpUBOAMUTCS aHAIU3 PE3yIbTaTOB UCIIBITAHUNA MOJEPHU3UPOBAHHOTO
poTOpHO-poIMKOBOTO Hacoca [II'M—-38M u nepcrnekTuBa UX UCIOIb30BaHUS B CUCTEME MAIIUH ISt
XMMHYECKOH 3allUThl pACTCHUM.

KiroueBble cji0Ba: poOTOPHO-POJIMKOBBIN Hacoc, pabouee qaBieHue, MouHocTs, KI1/1.

PRESSURE AND ENERGY PERFORMANCE OF A MODERNIZED ROTARY
ROLLER PUMP

Kh. Irisov
Tashkent State Agrarian University

Abstract. The article provides an analysis of the test results of the modernized rotary-roller
pump PGM-38M and the prospects for their use in the system of machines for chemical plant
protection.

Key words: rotary-roller pump, working pressure, power, efficiency.

Kupnm. Kunulok — XyKaJluK  SKMHJIApUHM  KUMEBHHM  XMMOsJall  jkapa€HHMIa
doiinananunaéTran WIICH CYIOKJIUKIAPHUHT CaMapaJoOpJIUTUHU OIIUPHUIN, DHEpPrus Ba amé
PECYPCHHM TEXXOBYM SHIM IypKall MallMHAJAPUHM SPATULIHM, KaMXaKMJIM IOKOPUAMCIIEPCIN
MypKall TEeXHOJOTUSUIApUHM arpocanoar Maxmyacu (ACM) ra KeHr >KOpUi KWJIMIIHU TaKas3o
sT™MoKaa [ 1-4].

Marepuajiap Ba yciayoJap. SHIM IOKOPUAMCHEPCIIN MypKall TEXHOJOTHSCUTa YTHIIIA
aHbaHABUM MypKalll MallWHAJIApH TapKuOumaru potopiu-ponukian Hacoc (PPH) koHcTpykiusicu
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TU3UMUHN XaM TaKOMWUIAIITHPHUITHKA Tajnad Kuiaau. Pecnmybnukamu3z ACM nma cepusiiu unuiad
yukapuiaaérrad OIIX-600 pycymnn mranranu Ba OBX-600 pycymiu BEHTUISTOPIN IypKaruiiapu
acocaH pOTOPJIU — POJUKIIN HAacocap OUaH KUX037JaHraH. POTopin — poyMKIIM Hacoclap/ia SHT Ky
elunuim Typiapu — Oy pOJIMKJIApJard MOJUMEp KOIUIAaMJIApHUHT I[IUIIUIIN, POJUKIAPHUHT

0OYKACUMOH EHWIHINHU, POJIMKIIAD XapaKaTlIaHAJWraH apyuKya WIYU CHPTIAPUHUHT SHWIHINU Ba
OomKanapaup.

MonepHu3asUIalITUPUITaH  POTOPJIU-POJIUKIM HACOCHMHI TapKUOMM  3JeMeHTIapu
1-pacMaa KenTUpUIraH.
2 3 & s

1-pacm. Moaepausanusiamrupuirad [I'M — 38M
POTOPJIU-POJIMKIA HACOCHUHT TAPKUOUIA

JIEMEHTJIapu:

1-xopmyc; 2,5- KUPUTHII Ba YUKAPUII HaYaIapu;

3- potop; 4- podHK; 6-. POJIUK ApUKYACH;
€-9KCIICHTPUCHTET.

MoaepHHU3anusIalI TUPUITaH POTOPIU-POIUKIN HAcOC KyHuaaru Taptudaa unviaiiau. Potop
3 aiinanMa xapakaTlaHUII BAaKTUIa POJIUKIIap 4 poTop OUlaH KOPIyC OpaauFua “m’ ra TeHr OyiraHn
TUPKUIIHY TYCHUILTa HHTUIAIU. Pomuk apukyanapu 6 OYIUIMFUTa TYIITaH UIIYU CYIOKJIUK XaKMUHU
CypHII KOWMJIaH CUKUO YMKAPHII KOHUTA KETMa-KeT Tap3/a dATHO Oepamu. XOocwui1 OyiIraH WITdu
CYIOKJIMK cap(u arperaTHUHI TUAPABIUK KOMMYHUKanMscujaa uidud O0ocumu P HHM HacOCHUHT
yaymaopiura Q, xkyBBatu N, ®UK 1 jmapuam xocwn Kuiaau. YJIapHUHT MakOysn KuhWMatiapu
HACOCHHMHT By , Om , Ny, n, p mapamerpnapura 60ofiuk [2].

Hartwnkanap Ba yJapHUHI MyXoKaMacH. TaJKUKOTJIapHUHT KypcaTuinya [5-7] poTopin —
POJIMKIIM Hacociaapa UIIYM CYIOKIMKHHU y3aTHII OapKapOopiuId ynap TapKHMOUAArd pONHUKIApPHUHT
orupnurura (G=mg), poTOop MNa3aJapUHUHT KEHIJIMTUTa (Bp), YEKKA 3WUWIATHWIAPUHU CHUKHII
napaxacura (2 h= Bpy - Bx) xaMm OOFIUKIUTH MabJIyM OYiau. DKCIEPUMEHTAT POTOPIU—POIUKIH
Hacociapra (PPH) oun tankukon Hatwxkanapu 2- a,0,B,I pacMiiapia TaKJIuM dTHIITaH.
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2-pacm. PPH napra ypHaTHJIraH 3M4/JIari4JIapHUHT TAPAHTVIMTUHA AHUKJIAI CXeMacu
(a): 1-porop, 2-3uunarud, 3,4-xkopiryc; 0- paguan tupkumr m=0,15 mm 11 PPH mHreT 60CcHM Ba
SHEPreTHK XapaKTePUCTUKACH; B- POTOp apUKYaIapu KeHIJIUru b, ra 6ornmuk pasumina PPH nunr
®UK 1 muHr y3rapumm: —o— 1pu P=1 kr/cm?; =e— npu P=2 kr/cm?; —— npu P=3 kr/cM?; <= npu
P=4 xr/cm?; —2— nipu P=5 xr/cm?; - posnuk orupiuru G=50 rp ra tenr 6ynragaaru PPH aunr

00CUM Ba HEPTETUK XapaKTEPUCTUKACH.

VY IapHUHT TaXJIWIM KyHUAard MyXuM XyJiocanap KWINIIra UMKOH Oep/iu:

® UIIIYM CYIOKJIMK OocuMu 1 — 5 Kr/cM opanufujia 3UWIarHWIapHUHT ONTUMAaJl CYIOKIMK 2h
kuiimatu 0,1 — 1,0 MM ra TCHIJIUTHUHY;.

® POTOPJIM — POJIMKIIM HACOCHUHT MaKOYJl YHYMJOPJIMTHHU TabMHHJIANIAA Xap XU Oocumiap
YUyH POTOp Ma3u KeHIIUru Bp = 23 MM 5HT MakOyITUTUHY;

® HACOCHUHT (oiiianu ui ko3pPuueHTu 1, poauk orupaura 50 — 60 rp sHT MaKOYUIUTUHMY;

e OFMpJIAIITAaH pOJIMKJIApAaH (oijganaHuil, HAcoC TapKUOMIaru Tuiab3ajgap OusaH
POJIMKIIAPHUHT KaJjaJl eHMIINILINTA, YIAPHUHT T€3 IIUIIUIIUTA 0JIN0 KeIUIIUHY;

® HACOC KOPIYCUHUHT HWIMHJIPUK UIIYU CUPTH OpaUFUIard Makoyn paauai tupkum m=0,15
- 0,2 MM ta Tenr 6ynau. by tupkum, 6ocum 3,5 kr/cm yuyH 0,10 mm, 4 kr/cm yuyra 0,05 MM ra
TEHTJINTUHY;

® POJIUKJIAp COHU 8§ — ra Ba ynapHUHT ofupauru 3ca 50 rp erranmga PPH wunr dovimamm wm
koa¢ppunmentn (PUK) n sur Oanana 6YaUIIMHN KYpcaTau.

MoaepHu3ausuIalITupuiIrad poropiau-poiukin Hacocnap (II'M — 38M) HUHT Xopmxuid

¢upmanapuna uNUIAd YMKApUIAETTaH MapKajapura HUcOaTaH TakKKocHall —KypcaTKu4jIapu

1-xanBanma KypcaTuiTaH.
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1 —xanBan
Poropnu — ponukiii HacoCIIapUHU TaKKOCTIA KypCaTKUWIapH
TexXHUK — UKTUCOIUN KypCaTKU4JIapu
OpKHH Cenuil Macca
Hacoc Hasiat rmanTuga P =3,5 kr/cm P =5 kr/cm -cH,
MapKacu Q, N | PUK | Q, N | ®UK | Q, N | ®UK H
J/MU | 0.K n J/MU | 0.K n Ja/MH | 0.K n
H H H
M — | V36ekuc
38M -TOH 58,0 | 0,25 — 490 | 0,75 | 051 | 470 | 1,25 | 0,48 95
[II'M-38 | V36eknuc
cepusiBUi -TOH 56,0 | 0,42 — 38,0 | 1,08 | 0,28 | 32,0 | 1,38 | 0,23 100
7150 AKII | 56,8 | 0,25 — 48,4 | 0,75 | 0,50 | 43,1 | 1,25 | 0,38 —
57K HIBeuus | 55,0 | 0,35 — — — — 450 1 0,75 | 0,6 75

XyJoca. Kenaxkakna KaMxXaXMiM, FOKOPH JAUCIIEPCIN KaBUALMOH ITyPKaIll TEXHOJOTHUACUTa
VTHIIa MOACPHU3ANMSIAIITHPWITAH POTOPIU-POIUKIA HacochapAaH (OWJaTaHUIIHN TaBCHS
sramu3. KaBrnanmoH ycynna Iypkaml TEXHOJIOTMSICHIa YTHII DHEPrUTHUK Ba aménap pecypCHHH
Texxauira, 6apua mypKaml MallMHajdapy y4yH aH4a €HTMJUIAIITUPUITraH SIrOHa KOHCTPYKIMAra ira
Oyira” poTOpJIM — POJMKIIM HAacocra YTHUIITra UMKOH Oepajiu.
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UZUMNING TURLI NAVLARIDAN KUPAJ SHARBATI TAYYORLASH
I.R. Nuritov, M.E. Ergasheva

“Toshkent irrigatsiya va qishloq xo‘jaligini mexanizatsiyalash muhandislari instituti”
Milliy tadgigot universiteti

Annotatsiya: Magolada uzumning turli navlaridan kupaj sharbati olishning avfzalligi va
vitaminlarga boyligi haqida ma‘lumotlar keltirib o‘tilgan. Ta‘mning uyg‘unligi — bir nechta
navlarning aralashuvi sharbatini boy va murakkab ta‘mga ega ekanligi. Rang va aromat — turli navlar
aralashuvi tabiiy rang va yoqimli hid hosil giladi. Sog‘liq uchun foydali kupaj sharbati turli xil uzum
navlarining foydali moddalarini o‘zida mujassam qiladi. Uzum tarkibidagi shakarlar energiya manbai
bo‘lib xizmat qiladi. Antioksidantlar hujayralarni erkin radikallardan himoya qiladi. Tarkibidagi
tolalar hazm qilish tizimini yaxshilaydi.

Kalit so‘zlar: kupaj, sharbat, inspeksiyalash, gizdirish, texnologik, gomogenizatsiyalash,
etiketkalash.

KYIAKHBIN COK U3 PASHBIX COPTOB BUHOT'PAIA ITOJAIOTOBKA
N.P. Hyputos, M.J. Jpramesa

HanumonaneHBIN HCCIIeq0BATEIbCKUM YHUBCPCUTET «TalmKkeHTCKu HWHCTUTYT UppUTalluu U
MEXaHH3aIUH CeJIbCKOI'0 X035MCTBaY

AHHoTanus: B crarbe npencrasieHa uHGopMaus o IPEUMYILECTBAX MOIYYEHUs COKa U3
pa3HbIX COPTOB BHHOIpaja U OOraTcTBe BUTaMHUHOB. ['apMOHHUS BKyca — COUYETaHHE HECKOJIbKUX
COpPTOB MPHJAET COKY HACHIIICHHBI U CIOXHBIA BKyC. L[BeT m apomar — cMmech pasHBIX COPTOB
CO3/1a€T HaTYPaJbHBIM LIBET U NPUATHBIM apoMart. [lone3Hbli KynakHbBII COK CONEP>KUT IOJIE3HBIE
BELIECTBA Pa3jIMYHbIX COPTOB BHHOrpaja. Caxapa B BHHOTpaA€ CIyXaT HCTOYHUKOM JHEPIHH.
AHTHOKCHAHTHI 3alUIIAIOT KJIETKU OT CBOOOTHBIX panuKkaioB. CojepikaHue KJIeTYaTKH yJIydlIaer
paloTy NUIEBAPUTEIHHON CUCTEMBI.

KitoueBble cjioBa: Kymnax, COK, KOHTPOJIb, HarpeB, TEXHOJIOTMYECKHH, TOMOreHH3aIus,
MapKUpPOBKa.

COUPE JUICE FROM DIFFERENT VARIETIES OF GRAPES PREPARATION
I. Nuritov, M. Ergasheva

National Research University “Tashkent Institute of Irrigation and Agricultural Mechanization
Engineers”

Abstract: The article provides information about the advantages of extracting juice from
different varieties of grapes and the richness of vitamins. The harmony of taste - the combination of
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several varieties gives the juice a rich and complex taste. Color and aroma - a mixture of different
varieties creates a natural color and pleasant aroma. Healthy coupage juice contains the beneficial
substances of various grape varieties. Sugars in grapes serve as a source of energy. Antioxidants

protect cells from free radicals. The fiber content improves the digestive system.
Key words: coupage, juice, inspection, heating, technological, homogenization, labeling.

Kirish. Hozirgi kunda dunyo bo‘yicha tokzorlarning umumiy maydoni 7 min. 546 ming
gektarni, yalpi uzum hosili 62 mIn. tonnani tashkil etmoqda. Yetishtiriladigan uzum hosilining asosiy
gismi — 83% vino tayyorlash, 12% yangiligicha iste’mol qilish va 5% quritish (mayiz) uchun
ishlatiladi. Dunyo bo‘yicha yetishtirilgan uzumning 31 mln. tonnasi Yevropa, 12,5 mln. tonnasi
AQSh, 13,5 min. tonnasi Osiyo, 3,1 min. tonnasi Afrika va 3,1 min. tonnasi Avstraliya va Yangi
Zelandiya mamlakatlari ulushiga to‘g‘ri kelib, uzum hosildorligi o‘rtacha 82,2 s/ga ni tashkil
etmoqda[10].

Respublikadagi barcha toifa xo‘jaliklari tasarrufida 113,3 ming gektar tokzorlar mavjud
bo‘lib, shundan, 11,9 ming gektari sharobbop tokzorlar hisoblanadi. Hozirgi davrda respublikada
tokzorlar maydonini ko‘paytirish, hosildorlikni va uzumni qayta ishlash quvvatini oshirish, jahon
bozori talablariga javob beradigan mahsulotlarni yetishtirish kabi masalalarga katta e’tibor
berilmoqda. Uzum tok o‘simligining mevasi bo‘lib, qadimda insoniyat tomonidan yetishtirib
kelingan. Bu meva o°‘zining ajoyib ta‘mi, shirinligi va foydali xususiyatlari bilan mashhur. Uzum
yangi holatda ham quritilgan holatda ham iste‘mol qilinadi. Shuningdek, uzumdan sharbat, vino, sirka
va boshga mahsulotlar tayyorlanadi. Uzumning foydali xususiyatlari shundaki, vitamin va
minerallarga boy bo‘lib, A, C, K, vitaminlari [6], B guruhidagi vitaminlar va kaliy, fosfor, temir kabi
minerallar mavjud . Uzum tarkibidagi antioksidantlar hujayralarni zararlanishdan himoya giladi va
organizmni garishdan saglashda yordam beradi.

Materiallar va usullar.

Uzumning foydali xususiyatlari quyida keltirilgan: - uzumdagi resveratrol yurak-gon
tomir kasalliklari xavfini kamaytiradi. Kaliy va magniy qon bosimini me‘yorda ushlab turadi.
Polifenollar arteriya devorlarini elastik holatda saglashga yordam beradi;

-immunitetni mustahkamlash, C vitamini va antioksidantlar organizmni infeksiyalardan
himoya qiladi. Organizmning yallig‘lanishga qarshi faoliyatini kuchaytiradi;

- hazm qilish tizimi uchun uzum tarkibidagi tolalar ichak faoliyatini yaxshilaydi va toksinlarni
chigaradi. Organik kislotalar hazm jarayonini tezlashtiradi;

- miya faoliyatini yaxshilash resveratrol gonning miyaga ogimini oshirib, xotira va diggatni
kuchaytiradi. Polifenollar asab hujayralarini zararli ta’sirlardan himoya qiladi;

-teri va soch sog‘lig‘i uchun antioksidantlar teri qarishini sekinlashtiradi va organizmni
yoshatiradi.

Bizda hozirgi kunda sharbat olishning mavjud texnologik jarayonini kurishimiz mumkin (1-
rasm).

e
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: : MAHSULOTNI
INSPEKSIYALASH CHAYISH

SHARBATNI EZISH GEMOGENIZASIYALASH

MAHSULOTNI
STERILIZATSIYA VA
MAHSULOTNI JOYLASH ETKETKALASH QADOQLASHGA

SOVUTISH
TAYYORLASH

1-rasm. Meva va sabzavotlar hamda sitrus mevalaridan sharbat olish
texnologik ketma-ketligi.

Natijalar va muhokam. Uzum yig‘ish vaqti uzum naviga, yetilish darajasiga va ob-havo
sharoitlariga bog‘lig. Umuman olganda, O‘zbekistonda uzum terish mavsumi avgust oyi boshlarida
boshlanadi va sentyabr oyi oxiriga gadar davom etadi. Ba‘zi kech pishadigan navlar uchun yig‘im-
terim hatto oktyabr oyi boshiga ham cho‘zilishi mumkin. Yozning oxiri va kuzning boshi uzumning
to‘liq yetilishiga imkon beradi, bu esa yaxshi ta‘m va shirinlikni ta‘minlaydi. To‘lig pishgan uzum
0°ziga xos shirin, shirador va aromatli bo‘ladi, terib olish vaqgti esa shularni hisobga olgan holda
tanlanadi. Bir vaqtning o°zida va teng pishadigan uzum navlari asosan ertapishar, o‘rtapishar va
kechpishar navlaridan iborat bo‘lib, ular odatda to‘lig yetilganda bir xil shirinlik va ta‘m hosil giladi.
[2]

Husayni va gora kishmish uzumlaridan tayyorlangan kupaj sharbati oziga xos shirinlik va
nordonlikni birlashtiradi, bu esa sharbatni yanada mazali giladi. Har bir uzumning o°ziga xos ta‘mi
bor, shuning uchun bu navlarini birga aralashtirib, yaxshi natija olishmiz mumkin. Oq va gizil
uzumning aralashmasidan pushti rangli mazali va vitaminlarga boy bo‘lgan sharbat tayyor bo‘ladi.

2-rasm. Husayni va qora kishmish navlari.
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Biz taklif etayotgan Kupaj sharbati olish texnologiyasini quyidagi ketma-ketlikda ko‘rishingiz
mumkin:

T

3-rasm. Kupaj sharbatining tayyorlash texnologiyasi.

Yugorida keltirilgan texnologik ketma-ketligini olishda uzum sharbatini quyidagi rasmda
keltirib o‘tilgan.

Oq uzum sharbati Qizil uzum sharbati Oq va qizil uzumning kupaj
sharbati
4-rasm. Oq va gizil uzumning kupaj sharbati.

Bunday kupaj sharbati insonga estetik zavq beradi. Uzumning kupaj sharbati nafagat mazali
ichimlik, balki sog‘ligni qo‘llab-quvvatlovchi tabiiy vosita hisoblanadi. Bu sharbatga hech ganday
ranglardan foydalanmasdan tabiiy och gizil rangdagi kupaj sharbati olishimiz mumkin.

Xulosa. Ta‘mni yaxshilash kupaj sharbati orqali turli uzum navlarini birlashtirib yaxlit, boy
va 0’ziga xos ta‘m olish mumkin. Aralash uzum sharbati rang, shirinlik va kislotalilikni yaxshiroq
balansda ushlab turadi, bu esa iste‘molchilarga yanada yoqimli mahsulot yaratiladi. U turli xil
biologik xususiyatlari tufayli inson organizmini zarur vitamin va minerallar bilan ta’'minlab, yurak-

1
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gon tomir tizimidan tortib, immunitetni mustahkamlashgacha bo‘lgan ko‘plab jarayonlarni qo‘llab-

quvvatlaydi. Turli xil ta‘mlarga ega bo‘lgan sharbatlarni aralashtirish orqali keng iste‘molchi talabini
gondirish va yangi ichimlik turlarini yaratish mumkin.
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G‘O‘ZA QATOR ORALARIGA ISHLOV BERISHNING INNOVATSION USULLARI
M.Sh. Xoldarov
Andijon qgishloq xo¢jaligi va agrotexnologiyalari instituti

Annotatsiya. Tuprog chigit ekilgandan so‘ng ancha zichlashib qoladi, bir tekis ko‘chat
undirib olish uchun chigit suvi beriladigan maydonlar va yog‘ingarchiliklardan so‘ng tuproq yanada
zichlashgani kuzatiladi. Tuproq zichlashishi natijasida g‘o‘zaning o‘sishi, rivojlanishi sekinlashib,
tuproqdagi namlik kamayadi, o‘simlikning oziqlanish, kultivatsiya, sug‘orish sifati buzilib, begona
o‘tlarning ko‘payishiga imkon yaratiladi. Bu esa o‘z navbatida g‘o‘zaning o‘sishi, rivojlanishi va
xosildorligiga salbiy ta’sir ko‘rsatadi. Shu sababli g‘o‘za qator oralariga ishlov berish, begona
o‘tlarga qarshi kurash, tuprogning ustki qatlamini yumshoq xolda saqlash katta ahamiyatga ega.

Kalit so‘zlar. Kultivatsiya, gatlam, donador, zichlashgan, g‘o‘zaning o‘sishi, rivojlanishi,
g‘o‘za ildizlari, paxta xosili, zarur chuqurlik.

MHHOBAIIMOHHBIE METO/IbI MEXKIYPATHON OBPABOTKH XJIOIIKA
ML.II. Xoaxapos
AHIMKAHCKHI HHCTUTYT CEJIbCKOI0 X0351IICTBA M arPOTEXHOJIOTHH

AnHoTamus. [louBa CTaHOBUTCS HAMHOTO IIOTHEE IIOCIE IOCEBa CEMSH, OOJacTH, TIJie
CEMEHHAsl BOJIa TIOJIAETCs IS IMOJIYYCHUsS PaBHOMEPHOTO BCXOJOB, W HAOJIFOJIAETCs, YTO TOYBA
CTaHOBHTCsI O0JIee TUTOTHOH IOCIIe OCaaKOB. B pe3ynbrare YIUIOTHEHUS IMOYBBI 3aMEJIIISIETCS POCT,
pa3BUTHE  XJIOMYATHUKA, CHIDKACTCS  BJIAKHOCTh  IIOYBBI, HApPYIIAIOTCS  IMHTATEIbHBIC,
KYJIbTHBAIIHOHHBIC, TIOJIMBHBIC KAa4yeCcTBa PACTCHHS, CO3JACTCSI BO3MOXKHOCTH Pa3MHOKCHUS
COpHSIKOB. JTO, B CBOIO OUepe/ib, OTPHUIIATETIFHO CKa3bIBACTCS HAa POCTE, PA3BUTHH M YPOKANHOCTH
xyonka. [losTomy Oonbliioe 3HAUCHHE HWMEET MEXIypsaHas o0paboTka XJomka, Oopbba c
COpHSIKaMU, TIOJIZIEPKAHUE PHIXJIOCTH BEPXHETO CIOSI TOYBHI.

KuaroueBbie ciioBa. BrlpamuBaHue, OTBOAKH, TPaHYJIMPOBAHHbBIC, YIUIOTHEHHBIC, POCT,
pa3BUTHE XJIONKA, KOPHU XJIOIKa, ypoKal XJIONKa, He0OXoauMas riyOuHa.

INNOVATIVE METHODS OF ROW-BY-ROW PROCESSING OF COTTON
M. Kholdarov
Andijan Institute of Agriculture and Agrotechnology
Annotation. The soil becomes much denser after sowing seeds, areas where seed water is
supplied to produce uniform germination, and it is observed that the soil becomes denser after

precipitation. As a result of soil compaction, the growth and development of cotton slows down, soil
moisture decreases, the nutritional, cultivation, and irrigation qualities of the plant are disrupted, and
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the possibility of weed reproduction is created. This, in turn, negatively affects the growth,
development and yield of cotton. Therefore, row-by-row processing of cotton, weed control, and

maintaining the looseness of the upper soil layer are of great importance.

Keywords. Cultivation, layering, granular, compacted, growth, cotton development, cotton
roots, cotton harvest, required depth.

Tuprogning ustki katlamini mayda donador xolda saqlash tuprogdagi namning bug‘lanishini
kamaytirib, sho‘rlangan yerlarning pastki qatlamlaridagi tuzning yuqoriga ko‘tarilishiga yo‘l
go‘ymaslik uchun kultivatsiya o‘tkaziladi.

Qator oralarini kultivatsiya qilishda ishchi organlarining qamrov kengligi, begona o‘tlarning
to‘la kesilishiga, egatlar qator orasining o‘rtasidan zarur chuqurlikda olinishiga, g‘o°za ildizlarining
kam shikastlanishiga, tuprogning mayda donador xolda yumshatilishiga erishish lozim. Tuprogning
0,10-10 1i mm keladigan donachalari 40% dan kam bo‘lmasdan, 50 mm va undan yiriklari
bo‘lmaganda tuproqni sifatli ishlangan deb xisoblash mumkin.

Ilgor fermer xo‘jaliklarida g‘o‘za qator oralariga ishlov berishni g‘o‘za nihollari 75-80% unib
chiggandan so‘ng boshlashadi, bunda qolgan 20-25% nihollar unib chigishi tezlashadi. Bu ishni
barvaqt o‘tkazish begona o‘tlarni tarqalishiga yo‘l ko‘ymaydi, tuprogning yuza gatlamini yumshoq
saqglashga imkon yaratib, qatqaloqning zararli ta’sirini oldini oladi.

G‘o‘za ildizlari birinchi kultivatsiya o‘tkazish davrida uncha rivojlanmaganligi sababli qator
oralariga ishlov berishda tuproq bilan birga o‘rnidan ko‘zg‘alib, nobud bo‘lishi mumkin. Shuning
uchun birinchi kultivatsiya o‘tkazishda ishchi organlarini tuprogka chuqur botmaydigan qilib
o‘rnatish lozim.

Sizot suvlari yagin joylashgan maydonlarda chuqur joylashganga nisbatan qgator oralariga
ishlov berish tez-tez o‘tkazilishi shart. Sizot suvlari chuqur joylashgan maydonlarda birinchi suvni
berishga gadar g°o‘za qator oralariga bir marta, sizot suvlari yaqin joylashgan maydonlarda esa ikki
marta ishlov beriladi. Ob-xavo sharoiti xam xisobga olingan xolda ishlovlar soni o‘zgarishi mumkin.
Keyingi kultivatsiyalar g‘o‘zaning sug‘orilishiga qarab, ya’ni xar sug‘orishdan so‘ng tuproq tobiga
kelishi bilan o‘tkazilib, bunda tuproq mayda, donador bo‘ladi. Qator oralariga ishlov berish muddati
3-5 kunga kechiktirilgan xolda paxta xosili gektariga 5-8 sentiner kamayadi.

G‘o°za uncha rivojlanmagan paytda tuprogning mexanik tarkibi yengil bo‘lsa, tuproq ishlov
berishga tez yetiladi. May-iyun oylarida sug‘orishdan so‘ng ishlov berish ikki-to‘rt kunda, iyul-
avgust oylarida esa g‘o‘za ancha soya berishi sababli tuproq besh-sakkiz kun o‘tganidan keyin
yetiladi.

Tuprog unumdorligi past bo‘lishi sababli ko‘p maydonlar sug‘orish va yog‘ingarchiliklar
ta’sirida zichlashib ketadi. Buning oldini olish uchun g‘o‘za shonalash davriga gator orasini bir marta
chuqur yumshatish turogning zichligini kamaytirib, o‘g‘it va suvdan foydalanishni yaxshilaydi.

G‘o‘zaning o‘suv davrida uch-besh martagacha sug‘orish o‘tkazilgan maydonlarda to‘rt
marta kultivatsiya gilinadi.

Suv taqchil bo‘lgan yillarda kultivatsiya sonini ko‘paytirmasdan, uni sifatli o‘tkazishga, ya’ni
sug‘orishdan so‘ng maydonni tuprog‘ini yetilishi bilan ishlov berilishi kerak. Bunda tuproq yaxshi
maydalanib, undagi namning bug‘lanishi ancha kamayib, tuproqdagi nam uzoq saqlanadi.

Qator oralarida dastlabki ikki-uch kultivatsiyani sayozrok o‘tkazish, keyingilarini chuqur
o‘tkazish magsadga muvofik. G‘o‘zaning amal-o‘suv davrida o‘simliklarning rivojlanishiga garab
tuproqqga ishlov berish chuqurligi turlicha bo‘ladi. Birinchi kultivatsiyada uning ishchi organlari
(ko‘pincha pichoglar) 6-8 sm, o‘qyoysimon panjalari esa markazga 10-12 sm chuqurlikka tushadigan
qilib o‘rnatiladi. Keyingi kultivatsiyalarda esa yumshatgich panjalar yoki tuprogni qatlamlab

e
0w Agricultural engineering solutions 2025,.4(9). - Lo o Lo agriengicomauz |
G



T
~ "AGRICULTURAL ENGINEERING SOLUTIONS * ~ ~* ** " 16| Page
-
yumshatadigan KKO ishchi organlaridan foydalaniladi. Yumshatgich panjalar 10-12 sm, g‘o‘zaning
gullash davrida esa 8-10 sm chuqurlikka botadigan qilib o‘rnatiladi. Qator oralarini markazini
yumshatish uchun o‘qyoysimon panjalar 14-16 sm chuqurlikda joylashtiriladi.

G‘o‘za shonalash davrigacha bir marta chuqur ishlov berish tuprogni zichlanishini
kamaytiradi va ildiz rivojlanishiga ijobiy ta’sir etadi. Ikkinchi va uchinchi kultivatsiyalashdan
boshlab ximoya zonasi 15-16 sm gacha kengaytiriladi. Qator orasi 60 sm kenglikda ekilganda 32-34
ta, 90 sm kenglikda ekilganda esa 37-39 ta ishchi organ qo‘yilishi magsadga muvofiq.

Qator orasi 60 sm ni tashkil etgan qatorlarga ishlov berishda gatlamli yumshatish o‘tkazish
uchun kultivatorning oltita ishchi organidan ikkita chetkisi o‘simlik gatoridan 10-12 sm nariga 4-5
sm chuqurlikka, ikkinchi jufti 6-7 sm chuqurlikka botadigan qilib, egat o‘rtasiga esa bitta yoki ikkita
organ o‘rnatiladi. Ishchi organ ikkita bo‘lgan kultivatorda bittasi 8-10 sm, ikkinchisi 13-14 sm. bitta
ishchi organi bo‘lganda esa u 13-34 sm chuqurga botadigan qilib o‘rnatiladi. 90 sm qator oralig‘ida
15-16 sm chuqurlikka moslab o‘rnatilgan xolda o‘tkazilsa tuproqdagi namni bug‘lanishga 10-15%
ga kamayadi. Mexanik tarkibi og‘ir, suv o‘tkazish xususiyati past, suv yaxshi singmaydigan
tuproqlarda qator oralari 60 sm bo‘lganda o‘rtadagi ishchi organlar 1,5-1,6 sm 90 sm gator oraligda
16-18 sm chuqurlikka mos kelishi kerak. Bunda 60 sm qator oraligida o‘simlikdan xar ikki tomondan
5-7 sm ximoya zonasi goldirilib, 45-50 sm kenglikda, 90 sm gator oraligida 75-80 sm kenglikda
ishlov beriladi. Oxirgi kultivatsiya o‘tkazishda o‘rtadagi ishchi organlarni chuqurligiga aloxida
axamiyat berish kerak, chunki tavsiyadagi chuqurlikdan chukur o‘tkazilsa paxta terish traktorlarini
yurishi giyinlashadi, bir tekis yurmasligi sababli terim sifati pasayib ketadi.

Qo‘shqatorlab ekilgan maydonlarga birinchi ishlov berishda KXU-4 rusumli
kultivatorlaridan foydalaniladi. Chigit 90 (60x30) sm sxemada ko‘shqatorlab ekilgan dalalarda
g‘o‘za qator oralariga kultivator osilgan traktor g‘ildiraklari orqasiga joylashgan ishchi organlariga
g‘o‘za qatoridan 6-8 sm uzoklikda va 6-7 sm chuqurlikda ma’lum burchak xosil qilgan xolda
xarakatlanadi, disk ortidan pichoglar 6-8 sm uzoglikda va 5-6 sm chuqurlikda, 60 sm egatlarning
o‘rtasidan yuradigan g‘ozpanja 12 sm kamrovda va 12-14 sm chuqurlikda tuprogni yumshatib boradi.
Tor (30 sm) qatorlar orasidan yuradigan noralniklar tuproq, xolatidan kelib chiqib o‘simlikdan 15 sm
uzoglikda 3,5 sm kamrovli va 7-8 sm chuqurlikda tuprogni yumshatib ketadi. Tor (30 sm) gator
orasiga nixollar yosh davrida bir va ikki marta kultivatsiyalashni kichik ishchi organlari bilan amalga
oshiriladi.

G‘o‘za qator oralariga ikkinchi marta ishlov berish (kultivatsiyalash) da kultivatorga 31 ta
ishchi organlari o‘rnatiladi. 60 sm qator oralaridan yuradigan 18 ta noralniklar o‘simlikdan 10-12 sm
uzoq va 7-8 sm chuqurlikda, ikkinchi qator noralniklar birinchisidan 7-8 sm uzoq va 8-10
chuqurlikda, egat markazidan yuradigan g‘ozpanja 12-14 sm chuqurlikda xarakatlanib, 60 sm g‘o‘za
gator orasini gatlamma-gatlam yumshatib ketadi.

G‘o‘zani oziqlantirish maksadida tor (30 sm) qgatorlar orasiga 2 ta KKO organi va izidan
o‘g‘itlagich soshnik o‘rnatiladi. KKO organlari tor (30 sm) qatorlar markazidan 10-12 sm
chuqurlikda tuprogni kesib xarakatlanadi va o‘g‘itlagich orqali mineral o‘g‘itlarni 10-12 sm
chuqurlikka soliladi,

Shuni aloxida ta’kidlab utish lozimki, tor (30 sm) qator orasiga ishlov berish natijasida tuproq
mayin xolatda bo‘lib, namlik yaxshi saqlanadi, begona o‘tlar yo‘qotiladi, tuprogning qavs
almashinuvi yaxshilanadi, lekin traktorning tekis yurishi ta’minlanmasa, birinchidan kesaklar paydo
bo‘lib, nixollarni ko‘mib ketishga olib kelsa, ikkinchidan tekis yurmasligi xisobiga nixollarni kesib
ketadi va natijada ko‘chatni siyraklashishiga olib keladi.

Oxirgi yillarda chigit ekishda yangi har xil davlatlarda ishlab chigilgan keng kamrovli
seyalkalardan foydalanilmoqda, lekin kultivatsiya mavjud kultivatorlardan foydalaniladi xozirda 6
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qatorli seyalka va kultivator bilan chigit ekib, g‘o‘za parvarishida 6 qatorli kultivatorlar bilan ishlov
berilmogda. Mashina terimiga mos holda bu maydonlarda ham oxirgi kultivatsiyaga axamiyat berish

lozim.

Aeratsiya - bu tuprogning havo bilan ta'minlanishini yaxshilash jarayoni. O'simliklar uchun
kislorod zarur, chunki ildiz tizimi nafas olish uchun kisloroddan foydalanadi. Tuprogning yuqori
gatlamida kislorod yetishmasligi o‘simliklarning o‘sishini sekinlashtirishi va hatto o‘limiga olib
kelishi mumkin. Aeratsiya tuproqni zarur havo bilan ta'minlab, o‘sish va rivojlanishni yaxshilashga
yordam beradi.

Aeratsiya jarayonida tuproq yuzasi yoki ichki gatlamlari mexanik tarzda teshiladi yoki
bo‘linadi, bu orqali kislorod va havo tuprogning chuqur qatlamlariga kirib boradi. Bu, 0‘z navbatida,
ildizlarning kislorod olishiga imkon yaratadi va tuprogda namlikni yaxshilashga yordam beradi.

Aeratsiyaning afzalliklari:

Ildiz tizimining sog‘lom rivojlanishi: Aeratsiya tuproqda kislorodning yetarli miqdorda
bo‘lishini ta'minlaydi, bu esa o‘simliklarning ildiz tizimini mustahkamlaydi.

Tuprogning suvo‘zligi: Aeratsiya tuprogning suvni o‘zida ushlab turish qobiliyatini
yaxshilaydi, shu bilan birga ortigcha suvning to‘kilishiga yo‘l qo‘yiladi.

O‘simliklarning o‘sishini tezlashtirish: Havo almashinuvi va suvning yaxshi tagsimlanishi
o‘sishning tezlashishiga yordam beradi.

Tuprogning optimal tuzilishini saglash: Aeratsiya tuprogni zichlashmasdan, uning yaxshi
strukturasini saglab golishga yordam beradi, bu esa o‘simliklarning samarali o‘sishiga xizmat qiladi.

Shu sababli, aeratsiya qishloq xo‘jaligida tuproq sifatini yaxshilash, hosilni oshirish va
o‘simliklarning sog‘lom o‘sishini ta'minlashda juda muhim ahamiyatga ega.

Xulosa qilib aytganda, kultivator qator oralariga ishlov berishda juda muhim rol o‘ynaydi. U
begona o'tlarni yo‘q qilish, tuprogqni aeratsiya qilish, yumshatish va tekislash orqali o‘sish
sharoitlarini yaxshilaydi. Shuningdek, o‘simliklarning ildiz tizimining rivojlanishiga yordam berib,
suv va oziga moddalarini samarali tagsimlashga imkon yaratadi. Kultivator yordamida tuprogni
samarali ishlov berish, hosilni oshirish va qishloq xo‘jaligi samaradorligini yaxshilash mumkin. Bu
texnikaning foydali xususiyatlari, mehnatni engillashtirishi va xarajatlarni kamaytirishi bilan gishlog
xo‘jalik ishlari uchun ajralmas vositaga aylangan.
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PECITYBJINKAMM3JIA MABXKY ] XOM-AIIEJAPIAH KAILIOK X VKAJIUTHA
MAIINHAJAPUHHUHI' KYJIBbTUBATOP IOJITY3YAJTAPUHA HUIIJIAB YUKAPUIL

¥.3. Hopmyponos, C.J. Hopmyponos
Hcnom KapumoB Homugaru ToOIIKEHT 1aBiaT TEXHUKA YHUBEPCUTETH

AnHoTanus. YmOy wMakoiaga pecnyOnukamMu3ga MaBxkyd OyiraH Xom-aménapiaaH
doiimanadran xoJaa yriiepo Ui myJaTiapAad Taiépaanrad epra uiuioB OepyBYN MalTMHATAPHUHT
KyliMa HUHACHUMOH POTAalMOH IOJAYy3YaJapUHUHT WIMHANA W3JaHUII HaTHKajdapu TaBCHUS 3TUJITaH.
KuméBnii-TepMuK MIIIOB OEpHI TYpHUHT HUTPUTIEMEHTACHICH Ba YHIAH KeWWH ToOJam Ba mact
Xapopariau OymaThil OnTHMal PpEeKUMIAPH KYyJUIaHWITaH. (epMepiap XyXKalukiapu gana
MalJoHIapuaa SKWIraH Ba YHUO YMKKAH [axTa YWUTHUTH HUXOJUIADUHU EMFUpP EFUILIAH EKU
CYFOpPHUIIJIaH KEeWMMH XOCWi Oymaguran KaTKaJOKJIapHU arpoTeXHUKa Tamabujga HoOpMam
IOMILIATA/IMTaH MYyCTaxKaM KYJbTHUBATOP HOJAY34ajapu SHI'M WHHOBAIMOH TEXHOJIOTHS acocuia
UILIa0 YUKAPUIITaH.

Kaauram cy3nap: yriepommu myjar, KyWMakOpJiauK YCYJH, KyiiMa pOTalMOH HUHACUMOH
OJIIy34aJiap, CTPYKTYpPacH, KATTUKJIUTY, TEPMUK MyCTaXKaMJIMTH Ba TalEp AeTaUIapHUHT CUHIIUILTa
OapJONUTHITUTH.

IMPOU3BOACTBO 3BE3/IOUYEK KYJbTUBATOPOB IS
CEJIbCKOXO03SIMCTBEHHBIX MAIIIMH U3 ChIPbS, UMEIOIIETOCSI B HAIIIEN
PECITYBJIUKE

¥Y.3. Hopmypoaos, C.3. Hopmyponos
TamkeHTCKUI ToCcy1apCTBEHHBIN TEXHUYECKUI yHUBepcuTeT nMeHH Mcmama Kapumosa

AHHoOTanudA. B crarbe mnpencraBieHbl pe3yJabTaThl HAYYHBIX HMCCIEAOBAHUM IO JIUTHIM
3BE37]0YKaM U3 YIIIEPOIUCTON CTAH AJIsl TOYBOOOPAOATHIBAIONINX MAIIIMH C UCIIOE30BAHNUEM CHIPhS,
HUMEIOIIEerocs B Hamel pecnyonuke. Microns30BaHbl ONTUMAaIbHBIE PEXKUMBI XUMUKO-TEPMUYECKOM
00pabOTKH, a30TUPOBAHUS, LIEMEHTAI[MU C MOCIEAYIONUM OTHYCKOM M HHU3KOTEMIIEPAaTypHOTO
ormycka. Ha ocHOBe HOBOW WMHHOBAIlMOHHON TEXHOJNOTUU OBUIM W3TOTOBIEHBI MPOYHBIE
KYJIbTUBATOPHBIE 3BE3/I0UYKH, KOTOPHIE B COOTBETCTBHU C CEIBCKOXO3SIIICTBEHHBIMU TPeOOBaHUSMU
OOBIYHO pa3Msr4aroT KOMKH, oOpa3yroliuecs IMOcie MO WIM IMOJMBa paccabl XJIOMYaTHUKA,
BBICQKEHHOM M MPOPOIIEHHOHN Ha MOJAX GEePMEPCKUX XO3SICTB.

KutoueBble cjioBa: yriepoaucras cTallb, COCO0 JUThs, TUThIE POTAIIHOHHO-TTUTHIE
3BE€3/I04KH, CTPYKTYpPa, TBEPOCTh, TEPMOIMPOUYHOCTh U U3HOCOCTOMKOCTh TOTOBBIX JIETAJICH.

PRODUCTION OF CULTIVATOR STARS FOR AGRICULTURAL MACHINES FROM
RAW MATERIALS AVAILABLE IN OUR REPUBLIC

U. Normurodov, S. Normurodov
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Tashkent State Technical University named after Islam Karimov

Annotation. The article presents the results of scientific research on cast carbon steel
sprockets for tillage machines using raw materials available in our republic. Optimum modes of
chemical-thermal treatment, nitriding, cementation with subsequent tempering and low-temperature
tempering were used. Based on the new innovative technology, durable cultivator sprockets were
manufactured, which, in accordance with agricultural requirements, usually soften lumps formed after
rain or watering of cotton seedlings planted and germinated in the fields of farms.

Key words: carbon steel, casting method, cast rotational cast sprockets, structure, hardness,
thermal strength and wear resistance of finished parts.

Bbyryarn kyHma pecnyOnMKaMH3HMHT Oapya IIaxapiapH, BWIOSTIApU, TyMaHJapud Ba
KUIUIOKJIapuaa Kyrmiad JeXKoH Ba (epMmep XyKamukiapu (GaoiusT IOpUTMOKIanap. Xaaemaid,
HIyArop KWIMHTAH epJapHU TeKHCiall, OOpOoHajaml, Xap XWJI KeHTJIMKAA JKysulap OJIHII, SKUII Ba
unuioB Oepumr ycymwtapu Oomnutanu® keragu. lllymapman sHr acocuiicum  pecryOnmMKaMu3
Ooiinuknapuaal Oupy — Oy MaxTa YUTUTHHYU SKUIL, YCTUPUIIL, CYFOPHIL, UIILUIOB OSpHI YCYIIapH Ba
MaxTa HMFUM-TEpPUMHU OWJIAaH SIKyHJIaHaIu. AMMO OYHUHT YYyH JEXKOH Ba pepMep Xy KaIUKIIapura
MaxTa YUTUTHHU SKYBYH CesUTKaiap, KyJIbTUBAIMS CesTKaTapy yd €K TYPT FUIIUPAKIIN TPAKTOpIIap
XaMmJa yJapHUHT 9XTUET KUCMIIapH Kepak O0ynaan, cabadu Oy TpakTopiaapAaH Mril JaBOMHIA YHYMIIU
doitnananunany. Munauar 6axop dacimaa anpeis Ba Maii oiIapuia 1aXTa YATHTHHY SKUII AILIAPH
OolIaHa M Ba YHJIAH KEWHH TyraTujaau. DKWIraH YUTUTIIAp PUBOXKIAHUO, YHNO YMKKAHIAH CYHT
ailpuM BakTiapaa 00-XaBO MHXKMKJIUKIApU OoluiaHaau. AWHUKCA, KyWIM HIaMoJl, IYJ Ba EMFUD
Erumm YHUO YMKKaH MaxTa ep MalJOHJIapuHH KaTKaJoK Kuiuo tamaiu. Karkanok 6ynran naxra
ep MalJOHJIApHHM IOMIIATHII Y4yH acoCaH HMHACHMOH DPOTAlMOH IOJTy3uanap Kepak Oymanu,
adcycku, OyHail oaay34any qetauiap OM3HU UIUIA0 YMKApUIIAa MaBXKY/]l SMac.

[yauHr y4yyH pecnyOiuMkKaMM3 MaxTa Jajajapuja acocaH HINYM WHCOHJIAp, ailHUKCA,
anapyuMu3 €pHH YOIUIN Ba IOMILATUII HILIapUHU Oaxapummokaa (1-pacm,a,0), nekun Oy Omiian
MyaMMO XaJ OYJIIu JeraHu aMac. Yiap KyZJa OFUp IMAapOHWTIa UCCHK KyHJapa Kysl OuiaH MeXHAT
KWJTMIIAIM, KaTKAIOK OYJraH maxra 3p MaiIOHJIapuHH IOMINIATaIy Ba 6apya YONMUK WILIAPUHU XaM
Oaxapaau. AMMO JiekuH Oy OmiaH MyamMMo Xail Oy JeraHu sMac, 6ajnku 6apya MyaMMOJapHU
TYFpu KYHHO, ynapHM Xal KWwiMI Kepakaup. FOpTOommMus TOMOHHAAH YMKAETraH Kapopiapaa
¢IUTap-UHCOHTIAp MEXHATHJaH »HMac, OalKuh KHMIUIOK XYXKaJUK TEeXHUKATApUIAH YHYMIIU
¢oiigananuil, 3aMOHaBU MHHOBATCHOH TEXHOJOTHSUIAPHU SIPAaTHINI Ba IIyJap acoCHAa SHTUIaH-
SIHTH TEXHUKaJIap Ba YJIApHUHT dXTHET KUCMIIAPUHH WILIA0 YMKApUII Macajajapy KyWniaraH. AHa
Iy Macaya Ba TONIIHUPHUKIAPHU Oa)xapuIll Xap OMPUMHU3HUHT XaKUKUH MHCOHHI OYpYMMH3IND.

aéﬂ.}]apﬂMI/IZ}HHHF MEXHAT KWJIHNIIA TAaCBUPJAaHIaH.
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IOxopuna aiitu® yTuiaraH MyaMMOJIAapHM XaJl KWIMII Y9yH aBBalIO Xap XWI PyCYMIH
MalifHalap Ba TPAKTOpiap Xama YyJaApHUHT TYJIWK KOMIUIEKT AeTauiapu Kepak Oymamu. By
TpaKkTopiapAaH yHyMIu ¢GoiganaHuIaan, Iy OwiaH Oupra Oy TeXHUKaJapHUHT MIITYM JeTaiapu
MabJIyM OHMp arpoTeXHUK Tanadiapra kaBoO Oepuin kKepak. KYMUuiauk TpaKTOpIapHUHT HIIYU
KHCMJIapU Ba JleTaJlylapy MIIKAJaHUIITa HIlaca, aipuMiapuHuku 3ca ¢dakat abpa3uB eluiumira
unutaiau [1]. ByHnai perayuiapHUHT edvMITra OapIONUIMINTH ITYJIaTIapHUHT TapKuOWra, WIKA
CTpYKTypa TY3WIMIIWra Ba MeXaHUK Xoccamapura Oornukaup. Ly 6ouc Oy nerammap ypra Ba
IOKOpUYTIIepo Uik cudaTiyu nyjaaTiapiaH Tal€pllaHuIIM Kepak, akc XOJJIa Y30K MYZAJAT HUIUIAIIN
aH4Jara 4exyianamu [2]. DKyB TpakKTOpJIapH JOMMO TEXHHK KHXATJAAaH WINra CO3 XoJjaTaa Oyiuimm
Kepak. ByHuHr yuyH ymap TabMupnaHu® Taiiépnanaau, Oapua Jeramyapd, KUCMIIApU Ba
MEXaHU3MJIApH TYJIMK TEKIIUpUIaan, 0axoaaHaIu Ba TPAaKTOPJIAHUHT Oaskapa€TraH HLUIapy JOUMUN
Hazopar Kb Oopuiaiy.

bynaan kypuHuO TypuOIUKH, KUIUIOK XYKaJUK MalllMHAIapu Ba TPAKTOpJapu YHYMIIU
WIUIANIM YYyH ylapra sSpokjid MaTepualap TaHJall Ba KeHHH Kyiuiam 3apyp. Mana mryHnai
JeTajuiap )KyMJIacura epra HIjioB OepyBUYM KUIIUIOK XY )KAIUK MalllMHAIAPUAATH KOTKOJIOKIapHU 4-
8 MM rada 4ykKypJMKraya IOMIIaTyBYH, F03a CUPTH KypHUTaH epllapHH OMIIAaTuO, OeroHa yTIapHH
WIau3n OWwiaH Kecu0 TaluIoBYM HHHACHMOH POTAlMOH IOJIAy34anap Kupaad. by HHUHAcCMMOH
foJTy34anap — moturanap Oynaan 15-20 innap aBBan Poccus @enepanusicu 3aBouiapuia KyJapaHr
9ysiHIaH KyWnO OJIMHTaH, aMMO YHUHT unutam myanatu 40-80 r ommaraH, SibHH Te€3 MO EKu
CMHUO WIITaH YWKKAH [3]. DHr acocuiich XOpPWKUH BallloTa XUCOOWIa COTHO OJIMHTaH Ba
pecnyOiMKaMu3 XyAyAd Janaiapujia WOuiaTuiraH. AMMo OyryHTH KyHAa OyHAal roimy3uanap
Oouzma WyKuru cababnu nana MaiiioHIapuaa UIUTATUIMANIH.

Terunuin TamKUIOTIAAp Ba JAEXKOH-(EpPMEpIapHUHT MabIyMOTIapura Kypa, KyJIpaHT
yysHIAH Tal€pllaHTaH HUHACUMOH IOJIy34YallapHUHT WILIAll MyIJaTH yHYa KYO SMac, MacajaH,
KYJIpaHT uysHIaH KyinO omuHran aeramiap makcumyM 40-80 r umaraHjgad cyHT Te3 eWuiuo,
Kuimannd cuHuO ketraH (2-pacMm), cababu IIyKH, JeTalb MaTepuald KyAa MYpT Ba IUIACTHK,
MyCTaxKaMJIUTH 3ca KyAa nactaup [4]. By epaa mryHu aifTuin kepakku, peciyojiMKaMu3ra OXupru
VH Oemr €ku Hurupma Wit JaBoMu1a OyHIaii HUHACUMOH I0JIy34ajiap YMyMaH oJin0 KeJTMHMaraH Ba
unuiatuiMarat. Jlekun OyHUMHT ypHura Oomika sicama KynOoja AetauiapAad goijgananuirad [5S],
aMMO yJap epra Kepakiii 4yKypJuKraya uiioB Oepa oiMarad Ba arpoTeXHHUKa KOUAanapura yMmyMaH
Moc kenmarad. llly Oouc maxrta sSkmHIapu Ba Oomka Xap Typiud ca03aBOT JKUHIAPUHUHT
YHYMJIOPJINTH KECKMH KaMmaiuO KeTraH. byHmall WIIapHM OJNIUHU OJHII yYyH MYCTaxKaMm Ba
cudaTiu AeTauiap Uad YuKapui Tanad dTUIaIH.

2-pacm. M xxapaéauaa te3 ednano-Kuiimairad Ba CHHUO KeTraH KJy34ajJapHUHT
YMYMHH KYPUHULLIAPH.

1
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FOxopuaa aitu6 yTunraHn kamMuunukiapHua Oaprapad stum makcaguma Mcmom Kapumos
HoMmugard TOIIKEHT [aBiaT TEXHUKA YHHBEPCHUTETH MEXaHHMKa-MallMHACO3JIUK (aKyIbTeTH
«MarepuanmyHocnuk» — Kadenpacu, «KyldMakopiauk — TexHoOJOrWsicW»  Kadempacu  Ouian
XaMKOpIUKAa npodeccop-YKUTyBUMIIAp Ba WIMHA MYCTaKWJI-U3JIaHYBUMJIAD TOMOHHJAH KyiMa
HUHACUMOH POTAIMOH IOJAY3YaTapHUHT TAKOMHJUTAIITHPUIITAH IIaKIM Ba ymyamiapu (3-pacm,a,0)
TomkeHnt «Arperar 3aBoam» AX HHMHr KyHMakopyiMK IIeXHMHH ep QopMacuga yriepoain
KOHCTPYKLHOH IYJIaTAaH KyHHO OJMIIHUHT SHI'M MHHOBAIIMOH TEXHOJOTHAICH UILIA0 YUKW [6].
By Texnonmorusra acocan Kyiima HuHacuMoH tosay3vanap 30J1, 35J1 mynatnapuaan Kyiuo oauHIM.

SpartunraH SHTM MHHOBAIMOH TEXHOJIOTHATa acocaH KylMa HUHACUMOH pOTaLUOH
0J1/1y34aJIapHUHT KUMEBUH TapKUOH, TY3HIIUIIN Ba MEXaHHUK XOoccaltapd TOMKEeHT «Arperar 3aBoIu»
A mapkasuil nabopaTopusicuga TEKIIMPUIIN Ba TaXJIWI KWIMHIM. TeKmupyB HaTHKadapu IIyHU
KYpCaTAWKH, HUHACUMOH IOJAy34ajapHUHT KUMEBUH TapkuOu 30JI mymaTHHUHT TapKkuOHWra MOC
kenanu, Heraku 30J1 mynmatu «Y36eKHCTOH MeTawmyprus KoM6uHaTH» AYK HMHT IMynaT SpuTyBun
uexunaa Kyitnb onunaau. lllyHuHr yayH xaMm Oy SIHTH TE€XHOJIOTUSIHU pPeciyOsinKaa MaBxys OViran
XoM-aménapaa GoiganaHrad Xoiaa uiuiad YMKAuK. brusra MabiyMKu, pecriyOuKaMu3jaru Turant
KOPXOHANap/aH OUpH «Y36eKHCTOH MeTamTyprus kom6uHaTn» AXK na xap xun mapkam C120, 25,
30, 35, 40 nmynatnmap SpUTHIAAM Ba yiapjaaH TYpJid XWjl JeTalap Ba MaxCyJoTJiap HIUTad
YUKapWIaAu Xamjaa pecryOiauKaga MaBxya OYiaraH caHOaT KOPXOHAJapUHUHI 3XTUEXKIAPU YUYH
nnutatuiaau. Kyiuaaru 3-pacmaa taiiép KyiiMa HUHAaCUMOH IOJAY3YaHUHT TYJIUK WAFHITaH Taluép
XOJIaTH TaCBUpJIAHTaH.

3-pacm. KyiiMa HUHACMMOH POTALMOH OJIY3YAHUHT TYJIUK HUFUJITaH X0JATHHUHT
KYPHHHIIIHN.

YmOy sarm TexHomorust Oyimua 30JI, 35J1 mapkanu mynaTiapuiaH KywWuO OJIMHTaH
HaMyHQJIApHUHT KUMEBUU TapkuOW jabopaTopusi IMAPOUTHAA TaxJ I KWIWHIWA, CTPYKTypa
Tysumunuiapy  MUM-8M  Ba 3aMOHaBHH ONTHK Ba AJIEKTPOH MHUKPOCKOIUIApJA YPTraHWIIH,
MYJIaTHUHT KATTUKJIMKIApH rommatwirad xonatu bpunenna (HB), Tobnanran xomatu PoxBenna
(HRC), muxpokarruknuknapu [IMT-3 (HV) ynmuanau Ba kepakiu HaTWxKanap oauHau [7].

Komrneke xon1a KUMEBUI-TEPMUK UIIUTOB OEpUITaH, ShHU HUTPOIIEMEHTAIIMS KIUJIMHTaH Ba
cyHrpa To65a6 OymaTunrad KyiiMa HHHAaCUMOH POTAIlMOH I0JIly34aiap Jajla CHHOBH YUyH Xap Oup
namara 2 TamaH 6 KOMIUIEKT Tau€pianHauw. TYnuK WWAFuO TalépiaHraH IONAy34ald JeTajuiap
pecriyonmukamMuzHUHT TorkenT Busosti byka tymanu, Cupnapé Buiostu OKoJNITHH TyMaHH, JKu33ax
BWJIOSTH ['arapud TyMaHUHUHT GepMep XY KaaukiIapuaa Jajna CAHHOBU YTKa3WIaW. MnMuii-TaakKukoT
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UIIMHUHT aCOCHM SHTHIMTH cudaTuaa KUMEBUNU-TEPMUK WIUIOB OEPHUIIHUHT HUTPOIEMEHTALUS
YCYJIH Ba YHAAH KSWHH ToOaI Ba OYIIaTHIN Typliapy KyJuTaHuiaran. HuTpornemMeHTanusian Makcal
IIYKH, KyiiMa HIHACUMOH FOJITy34aTapHUHT TAIIKH 1032 UIII CHPTUIA KaTJIaM XOCHJI KHJIUII Ba YHU
TEPMHK HWIIIOB OCpPUII YCYJIMHHUHT TOOJAII Ba OYIIATHIN yCYJUIapWHH Kyilad, JACTaTHUHT 103a
KATTUKJIUTH Ba MYCTaXKaMIIMTHHHU FOKOPH, Y3arMHH 3Ca HOPMaJ KOBYIIKOK KHUJIMO OJNHII Xamja
IOJIAY3YaIapHUHT eHnInIra OapJOUUIMIMTHHE Ba Y30K HILIam MyagaTuHu 3-4 Gapobapra

ommputanp [8]. By stHrm mHHOBaMOH TexHOMOrHsl TomKeHT «Arperar 3aBoan» AXK ra TaTOMK
STWITaH Ba IOKOPU UKTUCOUH (oiiia OUIIra SpuIInITraH.
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CHORVA MOLLARINI BOQISHDA ISHLATILADIGAN DAG‘AL OZUQALARNING
FIZIK-MEXANIK XOSSALARI

D.X. Xudaynazarov

Islom Karimov nomidagi Toshkent davlat texnika universiteti

Annotatsiya. Qishloq xo‘jaligi ishlab chiqarishida qoramol xo‘jaliklarida ozuqa tayyorlash
va tarqatish uchun turli tizimli va texnologik sxemalar qo‘llaniladi. Xo‘jaliklarda yosh qoramollarni
bogishning yeng keng tarqalgan texnologiyasi ko‘chma tarqatgichlar tomonidan ozuqa tarqatishdir.
Kichik qoramol fermalari uchun ozuqa tayyorlash va targatish jarayonlarining o‘ziga xosligi ushbu
xo‘jaliklarda ozuqa tarqatishni mexanizatsiyalash uchun o‘ziga xos yechimlarni ishlab chigish
zaruratini ko‘rsatadi. Shuni hisobga olib kichik xo‘jaliklar uchun ozuqa tarqatishda qo‘llaniladigan qurilma
ishlab chiqildi va targatiladigan ozugalarning fizik-mexanik xossalari tadgiq etildi. Tajribalar natijalariga
ko‘ra,tarqatiladigan dag‘al ozuqalar sifatida maydalangan somon, maydalangan beda va maydalangan
makkajo‘xori tanlab olindi hamda ularning hajmiy massasi va tabiy uyumlanish burchagi aniqlandi.

Kalit so‘zlar. hajmiy massa, tabily uyumalanish burchagi, dag‘al ozuqalar, maydalangan
makkajo‘xori, maydalangan somon, maydalangan beda, o‘rtacha kvadratik chetlashishi.

®U3NKO-MEXAHUYECKHUE CBOMCTBA I'PYBbIX KOPMOB, UCITIOJIb3YEMBIX B
KOPMJIEHUHU CKOTA

JA.X. XynaitHazapoB
TamkeHTCcKH rocy1apCcTBEHHBIN TEXHUYECKUI yHUBepcuTeT nMenu Mcimama Kapumosa

AHHOTanusA. B  CcelbCKOXO35AWCTBEHHOM MPOU3BOACTBE MPUMEHSIOTCA  Pa3INYHbIC
CTPYKTYPHO-TEXHOJIOTHYECKHUE CXEMbI MPUTOTOBJIEHUS U pa3dadyd KOPMOB B KMBOTHOBOAYECKHUX
xo3sucTBax. Hanbomnee pacpoctpaneHHo# TexHoorueit kopmienus monoanska KPC B xo3siicTBax
SIBJISIETCS pa3/iadya KopMa MOOWIIBHBIMU pa3opaceiBatensiMu. Crieriudrka mporeccoB MPUTOTOBICHUS
Y pa3a4v KOPMOB JIJISl MEJKUX >KMBOTHOBOTYECKUX (hepM MTOKA3hIBAET HEOOXOIUMOCTh pa3paboTKu
KOHKPETHBIX PEIICHUH TI0 MEXaHU3aI|H pa3Tadrd KOPMOB B 3TUX X03siicTBax. C ydeTom 3TOro ObIIO
pa3paboTaHO yCTPOWCTBO, HCIIOJIb3yeMOe MpH pasgadye KOPMOB il HEOONbIIUX (PepMepCcKux
XO3SIUCTB, M M3y4eHBbl (PU3UKO-MEXaHUUYECKHE CBOICTBa pa3iaBaeMbIXx kopMoB. [lo pesymnbraTtam
HKCIIEPUMEHTOB B KadeCTBE pacIpelesieMbIX TIpyObIX KOPMOB OBLTH BBIOpAaHBI H3METbUEHHAs
coJioMa, W3MeNbYCHHAsl JII0IIepHA U U3MENbYeHHAs KyKypy3a, OlpeaeNeHbl ux oO0beMHas Macca U
€CTECTBEHHBIN YroJl HaKJIOHA.

KutoueBrble cjioBa. 00beMHasi Macca, €CTECTBEHHBIN yroJl Bopca, rpyoble KopMma, MOJIOTast
KYKypy3a, MOJIOTasl COJIoMa, MOJIOTas JIOLIepHa, CPEAHEKBAAPATHIECKOE OTKIOHEHHE.
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D. Khudaynazarov
Tashkent State Technical University named after Islam Karimov

Annotation. In agricultural production, various structural and technological schemes for the
preparation and distribution of feed in livestock farms are used. The most common technology for
feeding young cattle on farms is the distribution of feed by mobile spreaders. The specificity of the
processes of preparation and distribution of feed for small livestock farms shows the need to develop
specific solutions for the mechanization of feed distribution on these farms. Taking this into account,
a device was developed for distributing feed for small farms, and the physical and mechanical
properties of the distributed feed were studied. Based on the results of the experiments, chopped
straw, chopped alfalfa and chopped corn were selected as distributed roughage, their volumetric mass
and natural tilt angle were determined.

Keywords. bulk density, natural pile angle, roughage, ground corn, ground straw, ground
alfalfa, standard deviation

Kirish. Hozirda yirik chorvachilik fermalariga mo‘ljallangan ozuga tayyorlash va tarqatish
qurilmalari mavjud, shu bilan birga kichik chorvachilik fermer xo‘jaliklari va shaxsiy oilaviy
xo‘jaliklarda qo‘llash uchun ozuga maydalagich qurilmalar ishlab chigilgan. Ammo kichik xo‘jaliklar
uchun ozuqa tarqatish qurilmalari yo‘qligi sababli mazkur ishlar qo‘l mehnati bilan amalga
oshirilmoqda. Bu esa ish sifatining past, mehnat sarfining esa yuqori bo‘lishiga olib kelyapti [1].

Qishloq xo‘jaligi ishlab chiqarishida qoramol xo°jaliklarida ozuqa tayyorlash va tarqatish
uchun turli tizimli va texnologik sxemalar qo‘llaniladi. Xo‘jaliklarda yosh qoramollarni boqishning
yeng keng tarqalgan texnologiyasi ko‘chma tarqatgichlar tomonidan ozuqa tarqatishdir. Kichik
goramol fermalari uchun ozuqa tayyorlash va tarqatish jarayonlarining o‘ziga xosligi ushbu
xo‘jaliklarda ozuga tarqatishni mexanizatsiyalash uchun o‘ziga xos yechimlarni ishlab chiqish
zaruratini ko‘rsatadi [2].

Hozirgi vagtda jahon amaliyotida ozugani harakatga keltirib, maydalash va aralashtirish
operatsiyalarni birlashtirgan omixta ozuqa tarqatgichlar keng joriy etilgan bo‘lib, bu ozuqani
tayyorlash va targatish uchun operatsion va boshga harajatlarning kamayishiga olib keladi. Ammo bu
ozuga targatkichlar yirik chorvachilik xo‘jaliklari uchun mo‘ljallanganligi sababli 5-10 bosh
goramolga yoki 50-60 bosh qo‘yga ega kichik xo‘jaliklarda foydalanilganda yaxshi samara bermaydi
[3].

Shu sababli kichik oilaviy chorvachilik xo‘jaliklaridagi chorva mollari uchun maydalangan
dag‘al ozuqgalarni belgilangan kunlik ratsion bo‘yicha sifatli bir xil me’yorda tarqatib beradigan
qurilmani ishlab chigish dolzarb hisoblanadi.

Dag‘al ozuqalarni tarqatish texnologik jarayonini o‘rganishda tarqatigich parametrlarini
asoslash uchun dag‘al ozuqalarning ba’zi bir fizik-mexanik xossalarini o‘rganish kerak bo‘ladi[4, 5.].

Chorvachilik xo°jaliklarida chorva mollariga dag‘al ozuqalarni maydalab berishda ular har bir
chorva molining turiga garab belgilangan o‘lchamda maydalab beriladi, ya’ni zootexnik talablar
bo‘yicha maydalangan ozuqalarning uzunligi qora mollar uchun 3-5 cm oraliqda, qo‘y va echkilar
uchun 1-3 cm bo‘lishi lozim. Yuqoridagilarni hisobga olib, dag‘al ozuqalarni tareratishda
foydalaniladigan qurilma konstruksiyasini va parametrlarini asoslash keyingi tadgigotlarda zarur
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bo‘ladigan dastlabki ma’lumotlar sifatida xo‘jaliklarda eng ko‘p foydalanilayotgan dag‘al
ozugalardan maydalangan makkajo‘xori, bug‘doy somoni va beda poyalarining fizik-mexanik
xossalari o‘rganib chigildi.

Materiallar va usullar. Maydalangan makkajo‘xori, somon va beda poyalarining fizik-
mexanik xossalarini aniglash bo‘yicha tajribalar GOST 20915-2011. “Selskoxozyaystvennaya
texnika. Metodsr opredeleniya usloviy ispeitaniy” va “Physical properties of plant and animal
materials” me’yoriy xujjatlarida keltirilgan uslublar asosida olib borildi [6, 7].

Ushbu uslubiy qo‘llanmalar asosida ishlab chiqilgan tadqiqotlar dasturiga maydalangan
bug‘doy somoni, beda pichani va makkajo‘xori poyalarining uzunligi, galinligi, massasi va ularning
tashkil etuvchilarini o‘zaro nisbati, zichligi, ishqalanish burchagi va koeffitsientini aniqlash kiritildi

[8].

Maydalangan makkajo‘xori, somon va beda poyalarining o‘lcham-massa ko‘rsatkichlarini
aniglashda o‘Ichash asboblari sifatida chizg‘ich, ruletka, shtangensirkul, AOTE elektron tarozi, Wile
55 namlik o‘Ichagichidan, qiya tekislik qurilmasi va tabiy uyumlanish burchagini aniglovchi maxsus
burchak o‘Ichovchi transportiyor asbobidan foydalanildi (1-rasm).

1-tarozi; 2-ruletka; 3-namlik o‘lchagich; 4-shtangensirkul; 5-chizgich
1-rasm. O‘lchov asboblari

Tajribalarda olingan natijalarga matematik statistika usullari bilan ishlov berilib, ularning
statistik tavsiflari, ya’ni o‘rtacha qgiymati Moy, o‘rtacha kvadratik chetlashishi O , variatsiya
koeffitsienti V va boshgalar aniglandi.

Maydalangan dag‘al ozugalarni tarqatish qurilmalarini ishlab chiqgishda ishlov beriladigan
materialning holati, ya’ni tarqatishga mo‘ljallangan maydalangan dag‘al ozuqalarning hajmiy
massasi va tabiy uyumlanish burchagini bilish zarurdir[9].

Tajribani o‘tkazishda dag‘al ozuqalarni, ya’ni maydalangan somon, beda va makkajo‘xori
poyalarining hajmiy massasini aniglash uchun har bir komponentni 30 martadan takrorlab, hajmi 1
m3 ga to‘g‘ri keladigan silindrik idishdagi ozuganing massasi AOTE elektron tarozida tortilib,
ozuganing hajmiy massasi quyidagi ifoda yordamida aniglandi:

_Myg _ My
My = Vp,  mRZh 1)

bu yerda, M, —1 m? hajmli silindrik idishdagi dag‘al ozuqaning massasi,kg;
V,, —idish hajmi, m® (1 m® ga teng);
R — bunker radiusi, m (R=0,5 m);
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h — bunker balandligi, m (h=0,5 m).

Natijalar va ularning tahlili. Tajriba natijalariga ko‘ra dag‘al ozuqalarning hajmiy massasi
ya’ni maydalangan somonning o‘rtacha qiymati 64,7 kg, o‘rtacha kvadiratik chetlanishi 4,35,
variatsiya koeffitsenti 6,72 % ni, maydalangan bedaning o‘rtacha qiymati 114,5 kg, o‘rtacha
kvadiratik chetlanishi 5,13, variatsiya koeffitsenti 4,48 % ni va maydalangan makkajo‘xori

poyasining o‘rtacha qiymati 125,3 kg, o‘rtacha kvadiratik chetlanishi 3,68, variatsiya koeffitsenti 2,94
% ni tashkil qilganini ko‘rishimiz mumkin (1 — jadval).

1 — jadval
Maydalangan dag‘al ozuqalarning hajmiy massasi
Hajmiy massasi, kg
‘ O‘rtacha Variatsiya
Ne Poya turi o _rtacha kvadratik koeffitsi-yenti,
Xmin | Xmax | qiymat, | chatlanish, o V, %
Mo‘rt
1 Somon poyasi 58 71 64,7 4,35 6,72
2 Beda poyasi 108 124 114,5 513 4,48
3 Makkajo -XOI‘I 120 131 125,3 368 294
poyasi

Maydalangan dag‘al ozugalarning tabiiy uyumalanish burchagini aniglash uchun
ozuqalarning erkin tukilishini ta’minlovchi ma’lum bir balandlikda joylashgan voronkali idish va
uyumlanish burchagini aniglovchi maxsus burchak o‘lchovchi transportyor asbobi yordamida har bir

ozuqa turi bo‘yicha 30 martadan takrorlab alohlda 0 1chand1 (2-rasm).
R T e T e

2-rasm. Tabuy uyumalanlsh burchaglnl anlqlash

Maydalangan dag‘al ozuqalarning tabiy uyumlanish burchagini aniglanganda maydalangan
somonning o‘rtacha uyumlanish burchagi 29°, uning o‘rtacha kvadratik chetlanishi 3°, variatsiya
koeffitsenti 10,53 % ni, maydalangan bedaning o‘rtacha og‘ish burchagi 32°, o‘rtacha kvadratik
chetlanishi 2°, variatsiya koeffitsenti 8,84 % ni va maydalangan makkajo‘xori poyasining o‘rtacha
og‘ish burchagi 34°, o‘rtacha kvadratik chetlanishi 4°, variatsiya koeffitsenti 11,67 % ni tashkil
qilganini ko‘rishimiz mumkin (2 — jadval).
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2— jadval

Dag‘al ozuqalarning tabiy og‘ish burchagi

Sochiluvchanlik
burchagi, grad O‘rtacha Variatsiya
. O‘rtach | kvadratik koeffitsi-
Ne Poya turi : X
X X a chetlanish, yenti,
mn X1 giymat, ¢ V, %
Mo‘rt
1 | Somonpoyasi | 29 33 29 3 10,53
2 Beda poyasi 28 36 32 2 8,84
3 Makkajo xori 26 38 34 4 11,67
poyasi

Xulosa. Yuqoridagi tajribalar natijalariga ko‘ra, tarqatiladigan dag‘al ozuqalarning hajmiy
massasi o‘rganilganda maydalangan somon bo‘yicha o‘rtacha 49,8 kg/m® ni, maydalangan bedada
o‘rtacha 90,1 kg/m® ni va maydalangan makkajo‘xorida o‘rtacha 101,9 kg/m® ni tashkil etishi
aniglandi.

Tarqatiladigan dag‘al ozuqalarning tabiiy uyumalanish burchagi aniglanganda maydalangan
somonning o‘rtacha uyumlanish burchagi 29° ni, maydalangan bedaning o‘rtacha uyumlanish
burchagi 32° ni va maydalangan makkajo‘xorining o‘rtacha uyumlanish burchagi 34° ni tashkil etishi
aniglandi.
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Abstract. An experimental study is conducted to determine the performance parameters of
system, as well as gradients of temperature and humidity along greenhouse when opening Fan-Pad
cooling system. Measurements in the study were carried out by using seven sensors for different
locations, as well as portable instruments. For this purpose, the five digital temperature and humidity
sensors and two pyranometers were used during experiments. Among them, two were located outside
greenhouse for external measurements. The rest one pyranometer above the crop canopy, four
temperature and humidity sensors were mounted within the crop canopy along the greenhouse. Four
sensors were placed according to positions defined between pad and fan. According to the experiment
results, the non-uniform temperature changes, but approximately uniform humidity changes due to
the crop transpiration were observed along greenhouse from pad panels to exhaust fans. When the
cooling system closed, hourly mean temperature and relative humidity from Pad to Fan inside
greenhouse changed between 30-33 °C and 30-47%, respectively, at outside climate conditions of 32
°C and 25%. After providing stabile cooling by opening Fan-Pad system, hourly mean temperature
and relative humidity along greenhouse from pad to fan ranged between 20-27 °C, and 50-68%,
respectively. The air temperature entering to greenhouse with air velocity of 0.8-0.9 ms-1 through
pad was approximately 12-13 °C lower than the outside air temperature. The air temperature from
Pad to Fan increased approximately by 7 °C. The method of psychometric calculations was employed
to determine the cooling efficiency of Fan-Pad system. According to the calculation result, the
average of air temperatures inside greenhouse was 24.5 °C after achieving stable cooling for outside
air temperature of 31.4 °C. The hourly mean cooling effect and cooling efficiency calculated for Fan-
Pad system were determined to be 6.96 °C and 76.8%, respectively.

Keywords: Cooling efficiency; Fan-Pad cooling system; Greenhouse; Psychometric
calculation; Temperature and relative humidity.

Introduction. Throughout the year, the demand for fresh vegetables and fruits has increased
from day to day. In order to increase the amount of production of vegetables and fruits in dry areas,
the greenhouse production period during the summer and autumn seasons can be expanded. However,
the accumulated heat within the greenhouse due to the presence of high solar radiation causes to rising
of the internal temperature (Tashoo et al 2014). Extreme temperatures inside the greenhouse will limit
the plant growth, as well as its quality, eventually resulting in plant wilting and death. Even in
greenhouses with proper and adequate circulation, the leaf temperature can be 5 — 10 °C higher than
the air temperature (von Zabeltitz 2011).
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Greenhouse crops must not be kept for long time at temperatures between 30 and 35 °C
(Bailey 2006). If level of air temperature in greenhouses where is used natural ventilation and shading
system is higher than 28 °C, it is recommended using of an artificial cooling system. Generally,
evaporative cooling for greenhouses are made by using fogging, Fan-Pad cooling and misting
methods (von Zabeltitz 2011). The system in which is suitable for hot and dry climate conditions
among these is the Fan - Pad cooling system. A Fan-Pad system consists of cellulose Pad panels,
exhaust fans, water circulation pump and pipes. Pads and exhaust fans are located on opposing walls
to cool plants growing in between Pad and Fan. Cellulose Pads have corrugated surfaces which are
suitable for passing water and air. When inlet air passes through the wetted Pads, water evaporates
using its sensible heat. In thermodynamics, this is known as an adiabatic process in which remains
the constant of enthalpy without heat loss or gain (ASHRAE 2005).

Theoretical and experimental studies have been conducted by many researchers on Fan-Pad
evaporative cooling systems. According to results of Kittas et al (2001) and Jain & Tiwari (2002), the
internal greenhouse temperatures were lower about 10 °C and 4-5 °C than outside temperature,
respectively. Kittas et al (2003) presented and validated a model to predict the temperature and
humidity gradient along the length of a large greenhouse equipped with Fan-Pad cooling system.
Willist (2003) proposed a numerical model to predict air and crop temperatures when cooling system
IS used, not used.

Fuchs et al (2006) developed a numerical model based on energy balance equation for
evaporative cooling. Sabeh et al (2006) studied on amount of water needed for the cooling system to
be used in a semi-arid region. Sethi & Sharma (2007) reviewed the available cooling technologies
such as ventilation, shading, evaporative cooling (Fan-Pad, misting, fogging, and roof cooling) and
composite systems (earth-to- air heat exchanger system and aquifer coupled heat exchanger system).
Kumar et al (2009) reviewed on cooling technologies, design parameters, and their effects on the
microclimate. Malli et al (2011) tested experimentally the thermal performances for three different
cellulose Pad thicknesses, such as 75, 100 and 150 mm. Lopez et al (2012) analyzed the characteristics
of airflow and temperature distribution both Fan-Pad system and a low pressure fogging using sonic
anemometry in an empty greenhouses. In this paper, an experimental study was conducted to
determine gradients of temperature and humidity formed along a greenhouse cooled when Fan-Pad
system is used in Ankara conditions. The performance parameters of cooling system were calculated
by using the method of psychrometric calculation according to external and internal data related with
greenhouse environment.

2. Material and Methods

2.1. Greenhouse experiments

The experiments were conducted in a tomato greenhouse from April to August of 2009 at
typical summer days with dry, sunny and cloudless. The crop was grown in a Venlo style research
greenhouse located at University of Ankara, Turkey (39° 57° 39” N, 32° 51’ 49” E, and 855 m
altitude).

The floor area of the greenhouse is 64 m2 (8 m x 8 m). The orientation of greenhouse is east-
west direction with an angle of 26.6° from North. The greenhouse with galvanized steel frame is
covered with polycarbonate sheets at thickness of 4 mm with double-walled and UV protection. The
gutter and ridge heights of greenhouse having the roof slope of 26.5° are 3 m and 4 m, respectively.
General dimensions and position of the greenhouse are shown in Figure 1. The greenhouse has six
roof vents south- facing and two vents north-facing, and is equipped with Fan-Pad cooling system, as
well as drip irrigation system. During the experiments, the tomato crop was grown in a soil medium.
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The greenhouse climate system consists of natural ventilation, shading, Fan- Pads cooling, high-
pressure fogging, drip irrigation, infrared heaters, and computer controller. During experiments,
natural ventilation, shading, irrigation and Fan-Pad systems were actively used to ensure proper
climate for growing crop.

Figure 1- Schematic of experiment greenhouse used for cooling experiments

Tomato (Lycopersicon esculentum L.) seedlings were transplanted into the greenhouse on
April 01, 2009. The crop was configured in seven rows with 14 plants in each row, total 98 plants, as
illustrated in Figure 2. Row spacing and plant spacing were 0.9 m and 0.4 m, respectively. Water
need of plants is provided with drip irrigation system which has dripper discharge rate of 2 L h-1. A
cable-drum drive system is used to extend and retract from truss to truss for shading of crop in
greenhouse. The shading nets with solar transmittance of 50% in two-pieces at height of 2.5 m above
ground are available in the greenhouse. However, the small sun flecks are occurrence on crop in the
greenhouse by reason of the space of 1 m between these nets (Figure 2).

Irrigation water
tank
0.4 m
e o o o 9 o o o ° o o -] I I
° L] o 9 o (-] ° [ ° ] o ° o -
2m | "
| - j

1.5m

285m
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Cooling water
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L
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Figure 2- Configuration of crop, drip irrigation system Fan-Pad cooling system, and shading
nets in experiment greenhouse
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2.2. Fan-Pad cooling system

Evaporative cooling Pads that are at thickness of 100 mm are placed in two frames, width of
1.5 m and height of 1 m. They mount on the bonded gas concrete wall that is at height of 0.75 m
above ground at north side. The distance between the pads and the first canopy line in rows was
approximately 2 m. Two exhaust fans are mounted to opposite side of the greenhouse as shown in
Figure 2. The rotation axis of fans, which have the diameter of 0.5 m, is at a height of 1.6 m above
ground. The spacing between rotation axes of fans on side wall is 2.85 m. Air flow capacity of each
fan with 0.37 kW electrical motor power is 7 m3 h-1 at zero static pressure. Airflow directions from
Pad to Fan are parallel to the crop rows.

A submersible water pump in water tank of 200 L has flow rate of 6 m3 h-1 at head of 3 m.
The water lost by evaporation from water tank is compensated from the tap water via floating valve.
The water flow amount passing through the Pads is controlled by return valve.

2.3. Measurements

Measurements related with greenhouse environment were carried out by using seven sensors

at different positions, as well as portable instruments. For this purpose, the five digital temperature
and humidity sensors (SHT75, accuracy: £ 0.3 °C for temperature and +1.8% for humidity, Sensirion,
Zurich, Switzerland) and two pyranometers (CM6, accuracy: + 5 Wm-2, Kipp and Zonen, The
Netherlands) were used. Among them, two were located outside greenhouse for external
measurements. The rest one pyranometer above the crop canopy, four temperature and humidity
sensors were mounted within the crop canopy along the greenhouse.
Furthermore, a portable thermo-hygrometer (AZ8721, accuracy: + 0.5 °C for temperature and £2%
for humidity, AZ Instrument, Shangai, China) and a portable hot wire anemometer (Lutron AM4204,
accuracy: £ 0.8 °C for temperature and +1% for air velocity, Taipei, Taiwan) were used for
instrumentation at different locations for greenhouse experiments.

SHT75 is a digital sensor with high accuracy, which is fully calibrated at the factory. SHT75
sensors were used together with programmable PIC16F628 microcontroller-based data acquisition
modules (Microchip, AZ, USA). Each module was connected to a desktop computer over single serial
bus line based on RS-232 settings (2400 baud rate, 8 data bits, no parity, and 1 stop bit) for serial data
transmission. Temperature and humidity data were measured for every one minute, and were recorded
in text files. Readings coming from two pyranometers were logged for every 30 minutes. Data logged
were monitored by using a GUI program written in Borland Delphi 7. Wind speed data were taken
from records of meteorological station in campus.

The sensor positions are illustrated in Figure 3 with numbers given from (1) to (7). (1): outside
temperature and humidity sensor, (2-3-4-5): inside temperature and humidity sensors, (6): inside
pyranometer, and (7): outside pyranometer. The sensors with numbers of (1-6-7) were mounted on a
metal stand at 2.2 m of height from the ground outside greenhouse. The sensors with numbers of (2-
3-4-5) were placed at intervals of 2.2 m at heights of 1.25 m above ground within the crop canopy
along the greenhouse. These four sensors were named as “very close to pad”, “next to pad”, “middle”,
and “next to fan”, respectively.
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Figure 3- Positions of sensors placed inside and outside greenhouse, 1 ... 5, temperature and
humidity sensors; 6-7, pyranometers
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2.4. Performance parameters

The difference between the outside temperature and inside temperature can be used as an
important parameter to describe the cooling performance of Fan-Pad system. For this purpose, as an
easy criterion, the cooling effect of Fan-Pad system is calculated from

Where; to, outside air temperature (°C); ti, inside air temperat temperature (°C).

The cooling efficiency (1)) is determined as the ratio between the drop in air temperature after
passing through the Pad and the maximum drop under conditions of air saturation.

q:rdbﬂ) rdbrz)xlm ?
tdp(1)-tywp(1)

Where; 1, cooling efficiency (%); tan(1), the outside dry-bulb temperature of entering air to Pad
(°C); tan(2), the dry-bulb temperature of leaving air from Pad (°C); twn(1), the outside wet-bulb
temperature of entering air to Pad. However, two psychrometric properties of entering air to the
system must be known:

1. Dry bulb temperature and the wet-bulb temperature, or

2. Dry bulb temperature and relative humidity

If both dry bulb temperature (tdb) and the wet-bulb temperature twy is measured directly, the
cooling efficiency can be calculated by substituting into equation (2). If dry-bulb temperature (tdb)
of air and relative humidity (rh) are known, its wet-bulb temperature (twb) can be calculated by using
psychrometric equations. The method of psychrometric calculations due to sensors used at
measurements was employed to determine the cooling efficiency of evaporative Fan-Pad system.

2.5. Method of psychrometric calculation

O
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The following psychrometric equations given by ASHRAE (2005) were used in all

calculations. Relative humidity is defined as the ratio of the water vapor pressure to the saturation
water vapor pressure at all temperatures and pressures:

vh = Pw (3)

WS

The humidity ratio (W, also known as moisture content or mixing ratio) of a given moist air sample
is defined with following equation as functions of partial pressure of water vapor and total pressure
(Pa):

W = 0.62198— W 4)
P'PH‘

2.6. Adiabatic saturation process

Evaporative cooling is an adiabatic process at constant enthalpy that is no heat loss and heat
gain. It utilizes the exchange of energy between air and water. The energy needed to evaporate water
is taken from the air, thus reducing air temperature. The energy in the air can be divided into two
parts: sensible heat and latent heat. Sensible heat is a quantitative measure of the air temperature.
Latent heat is the energy needed to evaporate the water in the air.
The enthalpy balance as follows to calculate the humidity ratio of moist air for the adiabatic
condition must be defined (ASHRAE 2005):
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Figure 4- Daily variations of solar radiation, temperature, humidity, wind speed data

measured outside greenhouse (26 August 2009)
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Figure 5- Daily variations of internal and external solar radiation (26 August 2009)
stages which turned off the cooling system. The other of which was 14:00 — 15:00 time stage which
turned on the system. At these time stages, the levels of hourly mean solar radiation prevailing above
plants were approximately 350 Wm-2 (cooling off), and 270 Wm-2 (cooling on), respectively.

The variations of temperature and humidity along greenhouse were evaluated for two time
stages. When turning off system between 12:00 and 13:00, the levels of hourly mean temperature
calculated for 2, 3, 4 and 5 sensors positions were approximately 33 °C, 31 °C, 32 °C, and 30 °C,
respectively, along the horizontal axis from Pad to Fan, After turning on Fan-Pad system, when being
stable cooling conditions between 14:00 and 15:00, levels of hourly mean temperature for 2, 3, 4 and
5 sensors positions dropped to approximately 20 °C, 24 °C, 27 °C, and 26°C, and air at these points
were colder as much as 12.75 °C, 6.6 °C, 4.9 °C and 3.8 °C, respectively.

When turning off Fan-Pad system, the levels of hourly mean humidity calculated for 2, 3, 4
and 5 sensors positions were approximately 30%, 41%, 39%, and 47%, respectively. It must be
emphasized that the relative humidity levels inside greenhouse were more because of crop
transpiration, even turning off the system. At 14:00 — 15:00, levels of hourly mean humidity
calculated for 2, 3, 4 and 5 sensors positions rose up to approximately 68%, 56%, 50%, and 57%,
respectively. The air at measurement positions along greenhouse was more humid as much as 38%,
15%, 11% and 10%, respectively. These results are integrated in Table 1 for both temperature and
humidity gradients.

Our results are consistent with findings of past studies by Kittas et al (2001, 2003); Bartzanas
& Kittas (2005); Al-Helal et al (2006); Teitel et al (2010); Lopez et al (2012) related to the
temperature and humidity distributions. For example, in a study performed by
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Figure 6- Daily variations of temperatures measured at different locations outside and inside
a greenhouse cooled with Fan-Pad system (26 August 2009); Sensor positions: 1, outside; 2,
pad; 3, next to pad; 4, middle; 5, next to fan.
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Figure 7- Daily variations of relative humidity measured at different locations outside and
inside greenhouse of a greenhouse cooled with Fan-Pad system (26 August 2009); Sensor

positions: 1, outside; 2, pad; 3, next to pad; 4, middle; 5, next to fan.
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Table 1- Gradients of temperature and humidity according to sensor positions during periods
turning off (12:00 — 13:00) and on (14:00 — 15:00) of cooling system

Sensor positions

Outside Pad Next to pad Middle Next to fan
1 2 3 4 5
Temperature ~ Off 32.05(0.29)  33.02(0.41) 31.10(0.45) 31.93(0.39) 30.02(0.52)
(S.D) On 31.44(0.175) 20.27(0.13) 24.50(0.13) 27.04(0.30) 26.18(0.16)
°C At - 12.75 6.60 4.89 3.84
Humidity ~ Off 24.69(1.51) 29.52(1.48) 41.06(1.77) 38.55(1.09) 46.79(1.59)
(S.D) On 23.09(1.09) 67.96(0.89) 56.50(0.49) 49.67(0.66) 56.98(0.94)
% Arh - 38.44 15.44 11.12 10.19

Bartzanas & Kittas (2005), the difference between the air temperature entering to greenhouse
and outside air temperature was about 10 °C. In a research study carried out in a greenhouse equipped
with Fan-Pad system by Lopez et al (2012), the inside air temperature was cooler up to 11.6 °C than
that of a natural ventilated greenhouse. However, it is emphasized that the main drawback of the Fan-
Pad system was the horizontal temperature gradients to be with a maximum difference of 11.4 °C
between the pads and fans. So far, however, there has been little discussion about horizontal humidity
gradients between Pad and Fan.

Figure 8 shows the gradients of temperature and humidity along horizontal profile of greenhouse.

Plotting drawn in Figure 8 indicates increasing approximately linearly of temperature between
Pad and Fan. It can be said that the humidity variations along greenhouse remain approximately stable
between Pad and Fan because of the crop transpiration. Giving details, the temperature increased up
to x=4 m, then decreased. The humidity decreased up to x=3 m, and then remained stable. In other
words, it was emphasized that the temperature at x=4.4 m was slightly higher while the relative
humidity was lower due to small sun flecks arising from gap between two shading curtains. Kittas et
al (2001; 2003) also reported the similar results on rose plants, which showed to be significantly
differences on temperature and humidity at experiments with and without shading nets. If a general
evaluation is made to define temperature and humidity profiles at x-direction, the second — degree
polynomial trend lines and equations can be derived with R2=0.9946 and R2=0.974, respectively
(Figure 8).

Figure 9 shows the detailed performance parameters including cooling effect (Atce) and
cooling efficiency (1), as well as temperatures (to, twb t2, and ti) which correspond to external
temperature, wet-bulb temperature, temperature in front of pad, and internal temperature,
respectively. Here, ti represents the average of inside air temperatures that are measured at the four
points inside greenhouse. Experiments results consist of cooling off (12:00 — 13:00) and cooling on
(14:00 — 15:00) time stages. As indicated in Figure 9, initially, before starting Fan-Pad system, the
inside air temperature was higher or close to the outside air temperature. After starting system, the
inside air temperature dropped until reaching to equilibrium.

However, this reduction did not happen immediately, there was always a transition stage. The
period when the cooling system is on includes “transition stage” and “stable cooling stage” (Figure
9). There are very significant differences between two time stages in terms of temperature variations
and performance values.
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Figure 9- Performance parameters of Fan-Pad cooling system: cooling effect, cooling
efficiency and temperature levels

The results obtained related with the performance of greenhouse cooling system during
experiments are summarized in Table 2. According to the calculation results, the internal temperature
was 24.5 °C while external temperature was 31.44 °C. It was observed that the internal temperatures
were lower than external temperatures when turning on Fan-Pad system. This is an indication that
sensible heat is converted to latent heat by water evaporation (Li & Willits 2008). Values of the

cooling effect and cooling efficiency of Fan-Pad system

were found to be Atce = 6.96 °C and

N=76.8%, respectively. The maximum cooling efficiency was 80% at stable cooling stage. Bartzanas
& Kittas (2005) also found that the cooling efficiency of the pad-fan system was approximately 80%.

The mean air temperature entering to greenhouse with air velocity of 0.8 m s-1 through the
wet pad was 20.3°C. It was observed that the cooled air temperature levels passing the wet pad with
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air velocity of 0.8-0.9 m s-1 were approximately 12-13 °C lower than the outside air temperature.
The maximum air velocity measured in front of Pads inside of the greenhouse was 0.9 m s-1, but as
moving away from Pads, it was observed that the air velocities reduced up to 0.2 — 0.3 m s-1 in crop
rows, which were also consistent with results obtained by Li & Willits (2008); Lopez et al (2012).

ASABE (2008) has recommended the mean air velocity of 1.27 m s-1 entering to the greenhouse
through the pad.

Table 2- Performance quantities of Fan-Pad cooling system: mean, minimum and maximum

values
Quantities Symbol Mean (5.D.) Minimum Maximum
Outside temperature (°C) t 31.4(0.17) 31.1 31.8
Wet-bulb temperature (°C) t . 16.9(0.27) 16.3 17.6
Temperature in front of pad t, 20.3(0.13) 20.1 20.6
Inside temperature (°C) t 24.5(0.14) 24.3 24.7
Cooling effect (°C) At =t —t 6.96(0.26) 6.4 7.3
Cooling efficiency (%) " 76.8(1.31) 74.1 80.0

However, if applying the high air velocities on Pads, increasing electricity costs and
decreasing cooling efficiency. According to our experiment results, it can be emphasized that the air
velocities of 0.8-0.9 m s-1 are appropriate to provide the efficient cooling. The efficiency of Fan-Pad
system is an indicator of air saturation efficiency. The closer temperature measured in front of pad
inside greenhouse is to wet- bulb temperature, higher cooling efficiency of pad.

However, it is emphasized that the highest efficiency values can be produced at low air
velocities (Franco et al 2014). As the air velocity decreases, the length of time that the air comes into
contact with the water increases, also increasing the saturation of the air, consequently the saturation
efficiency is higher (Franco et al 2010). According to experiment results of Franco et al 2014, it was
provided that the maximum values of Fan-Pad cooling system efficiency were between 71% and 69%
at low air velocities close to 0.5 m s-1.

According to our experimental findings, the cooling system efficiencies ranged between 74% and
80% at air velocities of 0.2-0.3 m s-1 measured in crop rows.

Willits (2003) suggested the higher air-flow rates than 0.05 m3 m-2 s-1 for Fan-Pad system
to provide efficient cooling. Air flow rate of fans used in our system is 0.06 m3 m-2 s-1 at zero static
pressure. These air flow rates are suitable for adequate cooling. Although the length of the greenhouse
is not long, the significant temperature and humidity gradients were observed, which become the
coolest air near the pads and the warmest air near exhaust fans of the inside air temperature. The
levels of these gradients are affected by many factors, such as greenhouse geometry, positions of
shading nets, external climate conditions, air flow rate, crop density and temperature of circulating
water. The efficiency of cooling system was quite high due to the dry and warm outside climate
conditions. Increasing the air flow passing the pad does not improve the air saturation efficiency.
Circulation fans can be used to provide the uniform temperature distribution between pads and
exhaust fans.

Conclusions. This study evaluated the cooling performance of a greenhouse cooled with Fan-
Pad under hot and dry climate conditions like in Ankara. During experiments, natural ventilation,
shading, irrigation and Fan-Pad systems were actively used to ensure proper climate for growing crop.
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In order to define greenhouse experiment conditions, the external and internal data including solar
radiation, wind speed, temperature- humidity and internal air velocity were measured. The
temperature and humidity profiles were determined along horizontal axis between Fan and Pad. The
evaluations were made for the different sensor positions: external, very close to Pad, next to Pad,
middle, and next to Fan. It was observed that there were the significant temperature and humidity
gradients along the greenhouse from Pad to Fan, even being a small greenhouse where the
experiments were made about Fan-Pad cooling.

The levels of these gradients are affected by many factors, such as greenhouse geometry,
positions of shading nets, external climate conditions, fan air flow rate, crop density and temperature
of circulating water. According to the horizontal temperature and humidity profiles, the second —
degree polynomial trend lines and equations were derived.

The performance evaluations were made by using two quantity, such as the cooling effect and
cooling efficiency. In order to determine the cooling efficiency of Fan-Pad system, the method of
psychrometric calculations was used. The wet-bulb temperatures were calculated by using an iterative
procedure. The results obtained showed that the cooling efficiency was low at starting time. For this
purpose, two stages, a transition stage and stable cooling stage, were defined. The cooling efficiency
increased until reaching to the equilibrium between sensible heat and latent heat for adiabatic cooling
process. The hourly mean cooling effect and cooling efficiency performance parameters, as well as
the average of air temperatures inside greenhouse, were calculated.

Cooling efficiency is a function of pad temperature, outside temperature and its wet-bulb
temperature. The closer pad temperature measured in front of pad inside greenhouse is to wet-bulb
temperature, higher cooling efficiency of pad. In order to provide the more effective cooling, there is
no need to increase the airflow rate; however, if water temperature circulating in the system and the
external air humidity can be reduced, the cooling efficiency can be increased. Furthermore, the
circulation fans in the greenhouse can be used for the uniform temperature and humidity distribution.

References

1.  Al-Helal I, Al-Abbadi, N M & Al-lbrahim A (2006). A study of evaporative cooling pad
performance for a photovoltaic powered greenhouse. Acta Horticulture 710:153-164.

2. ASABE (2008). Heating, ventilating and cooling greenhouses. ASABE standards. ANSI/ASAE
EP406.4 JAN2003 (R2008). St. Joseph, American Society of Agricultural and Biological
Engineers.

ASHRAE (2005). Psychrometrics, Ch 6: 6.1-6.17, In: American Society for Heating,
Refrigeration, and Air Conditioning Engineers Fundamentals. SI ed. Atlanta.

4.  Bailey B (2006). Natural and Mechanical Greenhouse Climate Control. Acta Horticulture 710:

43-54.

5. Bartzanas Th & Kittas C (2005). Heat and Mass Transfer in a Large Evaporative Cooled
Greenhouse Equipped with a Progressive Shading. Acta Horticulture 691: 625-631.

6. Franco A, Valera D L, Madueno A, Pena A (2010). Influence of water and air flow on the
performance of cellulose evaporative cooling pads used in Mediterranean greenhouses.
Transactions of the ASABE 53(2): 565-576.

7. Franco A, Valera D L, Pena A (2014). Energy Efficiency in Greenhouse Evaporative Cooling
Techniques: Cooling Boxes versus Cellulose Pads. Energies 7: 1427-1447.

8. Fuchs M, Dayan E & Presnov E (2006). Evaporative cooling of a ventilated greenhouse rose
crop. Agriculture and Forest Meteorology 138: 203-215.

w

1
.1 Agricultural engineering solutions 2025, 1(9). 'y g Lo T agriengicomauz
G



L
~ 'AGRICULTURAL ENGINEERING SOLUTIONS * =~~~ 41| Page
|

9. Jain, D & Tiwari G N (2002). Modeling and optimal design of evaporative cooling system in
controlled environment greenhouse. Energy Conversion and Management 43(1): 2235-2250.

10. Kittas C, Bartzanas T & Jaffarin A (2001). Greenhouse evaporative cooling: measurement and
data analysis Transactions of the ASAE 44(3): 683—689.

11. Kittas C, Bartzanas T, & Jaffarin A (2003). Temperature Gradients in a Partially Shaded Large
Greenhouse equipped with Evaporative Cooling Pads. Biosystems Engineering 85(1): 87-94.

12. Kumar K S, Tiwari KN & Madan K Jha (2009). Design and technology for greenhouse cooling
in tropical and subtropical regions: A review. Energy and Buildings 41: 1269-127.

13. Li S & Willits D H (2008). An experimental evaluation of thermal stratification in a fan-
ventilated greenhouse. Transactions of the ASABE 51(4): 1443-1448.

14. Lopez A, Valera D L, Molina-Aiz F D & Pefia A (2012). Sonic anemometry to evaluate airflow
characteristics and temperature distribution in empty Mediterranean greenhouses equipped with
pad-fan and fog systems. Biosystems Engineering 113(4): 334-350.

15. Malli A, Seyf H R, Layeghi M, Sharifian S & Behravesh H (2011). Investigating the performance
of cellulosic evaporative cooling pads. Energy Conversion and Management 52(7): 2598-2603.

16. Sabeh N C, Giacomelli G A & Kubota C (2006). Water Use for Pad and Fan Evaporative Cooling
of a Greenhouse in a Semi-Arid Climate. Acta Horticulture 719: 409-416.

17. Sethi V P & Sharma S K (2007). Survey of cooling technologies for worldwide agricultural
greenhouse applications. Solar Energy 81(12): 1447-1459.

18. Tashoo K, Thepa S, Pairintra R, Namprakai P (2014). Reducing the Air Temperature Inside the
Simple Structure Greenhouse Using Roof Angle Variation. Tarim Bilimleri Dergisi-Journal of
Agricultural Sciences 20(2): 136-151.

19. Teitel M, Atias M & Barak M (2010). Gradients of temperature, humidity and CO2 along a fan-
ventilated greenhouse. Biosystems Engineering 106(2): 166-174.

20. Zabeltitz C (2011). Integrated Greenhouse Systems for Mild Climates Climate Conditions,
Design, Construction, Maintenance, Climate Control. Springer, Hannover.

21. Willits D H (2003). Cooling fan-ventilated greenhouses: a modelling study. Biosystems
Engineering 84(3): 315-329.

1
- .+ 711 Agricultural engingering solutions 2025, 4(9). ' . . [ len U agriengieomaz
G



AGRICULTURAL
ENGINEERING SOLUTIONS

ISSN: 2181-399X Volume 1, Issue 9, 2025 AGRICULTURAL

ENGINEERING SOLUTIONS

AGRICULTURAL ADVANCEMENTS IN KASHKADARYO REGION: DEVELOPMENT
OF GRAIN, COTTON, AND RICE CULTIVATION

|.E. Kodirov
Karshi state university

Abstract. The article highlights the development of agriculture in the Kashkadarya region,
specifically focusing on wheat, cotton, and rice cultivation processes. It discusses the expansion of
grain crops in Bahoriston district, the wheat harvesting process in Kasbi district, and measures taken
to combat pests in storage facilities. Additionally, the article covers the acceleration of cotton
harvesting through mechanization and achievements in rice cultivation. These efforts contribute to
ensuring food security and increasing agricultural production.

Keywords: Agriculture, wheat harvesting, cotton cultivation, rice farming, yield, combine
harvester, pest control, agrotechnics, Bahoriston district, Kasbi district, Kashkadarya region.

Introduction. Agriculture is one of the key sectors of the country's economy and plays a
crucial role in providing the population with food products. In recent years, significant changes have
been made in Uzbekistan's agricultural sector to increase efficiency, boost productivity, and introduce
advanced technologies. In particular, achievements have been recorded in grain, cotton, and rice
farming in the Kashkadarya region.

This article discusses the increase in grain production in the Bahoriston district, the grain
harvesting process in the Kasbi district, cotton cultivation and harvesting, as well as the results
achieved in rice farming. Additionally, attention is given to measures for combating warehouse pests,
agro-technical practices, and ensuring the quality preservation of the harvest.

Results and discussion. The first President of the Republic of Uzbekistan, I.A. Karimov,
emphasized the fundamental role of the agricultural sector in the initial stage of reforms and the
country’s transition to a market economy. He stated, "The issues of fundamentally reforming and
rapidly developing the agricultural sector are of crucial importance in the early stage of reforms and
in Uzbekistan’s strategy for transitioning to a market economy. We have set ourselves the task of
ensuring the advanced development of rural areas and restructuring agriculture on a fundamentally
new basis[1].

The reforms were not limited to the establishment of new ministries, concerns, and companies
but also aimed at aligning the management system of agriculture and related sectors with the
requirements of a market economy. The ongoing reforms under state leadership are creating favorable
conditions for attracting both domestic and foreign investments into the sector. These measures
ultimately contribute to the further development and increased efficiency of agriculture.

According to a decision of the Cabinet of Ministers, in 1992, 224 state farms were transformed
into collective farms due to their poor economic conditions, and their property was transferred to
collective ownership. Special attention was given to the process of privatization and de-statization of
agricultural property. The development of private ownership was prioritized, as it was believed that
real landowners would use their property rationally and efficiently [3].
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In Uzbekistan, 85.6% of water resources were used for agricultural needs. On September 2,
1993, the Law of the Republic of Uzbekistan "On Water and Water Use" was adopted, serving as a
key regulatory document governing water resource management. The water usage system was
developed by water management authorities, and water was allocated based on special usage permits
and quotas. Water acquisition and accounting were conducted under agreements with water
management authorities. Irrigation and water supply were carried out through main canals, reservoirs,
and other water management facilities, while water use operations were implemented according to
internal farm and water system plans.

Further legislative reforms strengthened the legal framework for land use and agricultural
management. On April 30, 1998, the Land Code of the Republic of Uzbekistan was adopted. This
code consists of 14 chapters and 91 articles, covering all regulations regarding land categories and
their utilization. Article 1 of the code states, "Land is a national asset and serves as the foundation of
the life, activity, and well-being of the people of the Republic of Uzbekistan; therefore, its rational
use is essential and is protected by the state[6]."

Additionally, on the same date, the Law "On Agricultural Cooperatives (Shirkat Farms)" was
enacted. According to this law, a shirkat farm is an independent economic entity with legal status,
based on voluntary membership, share contributions, and family contracting. It is primarily engaged
in agricultural production but is also authorized to process raw materials, manufacture various
products, engage in trade, conduct repair and construction work, and provide services to legal and
physical persons. Furthermore, the law outlines the procedures for establishing and managing shirkat
farms, membership rules, land allocation, and governance structures. Each member of the cooperative
was allocated shares in land and property, ensuring their vested interest in the success of the
enterprise.

In Bahoriston district, the volume of grain production has increased. Part of the cotton fields
was allocated for grain crops, and in 1995, wheat was sown on 500 hectares, yielding a rich harvest.
In 1996, grain fields were further expanded by 2,000 hectares. In 1996, it was planned to cultivate
grain on 10,500 hectares. While sowing on irrigated lands has been completed, planting on rainfed
lands is still ongoing. Meeting the population's demand for grain products is one of the main tasks of
the district administration, and successful efforts have been made in this regard [4].

Despite difficult conditions, the region’s cotton growers worked tirelessly to achieve high
yields. Only 4 days remained to fulfill the state order, but the harvesting process slowed down. The
fact that the annual plan was being fulfilled 0.05% less each day was causing concern. Therefore, no
one had the right to slow down the cotton harvest.

The cotton farmers of Guzar district overcame challenges and secured a leading position in the
region. The local administration and farm leaders took all necessary measures to fulfill the state order
ahead of schedule. If work had been organized efficiently in other districts as well, the results could
have been even better.

Machinery was also actively involved in the cotton harvest. From the second half of October,
cotton-picking machines were put into operation. They worked efficiently in Nishon, Chirogchi, and
Guzar districts. For example, out of 70 machines in Kasbi district, 43 were operational in the fields,
while in Nishon district, 52 out of 92 units were in use. This ensured a stable continuation of the
cotton harvest.

Kasbi, Qarshi, and Kitob districts demonstrated exemplary performance in cotton harvesting.
Even after fulfilling their annual targets, they continued to contribute to the region’s “White Gold”
reserves.
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Additionally, volunteer workers also rushed to the fields to assist. Every day, volunteers from
Qarshi city traveled to help ease the labor of cotton growers. Their dedication played a crucial role in
ensuring the harvest was collected on time [2].

Alongside achievements in cotton cultivation, rice farming also saw progress. The "G*‘alaba"
collective farm in Kasbi district gained significant experience in rice cultivation. In 1993, 22 tons of
rice were harvested, while in 1994, 18 tons were collected from 5 hectares. By the fourth year of
independence, yields had increased to 60 centners per hectare, totaling 30 tons of rice. This result
proved that rice cultivation was possible even in arid regions.

Currently, the farm is engaged in providing grain products to the population at affordable
prices. To reduce production costs, a local mill was built, eliminating the need to transport rice
elsewhere for processing into grain products.

In 1995, grain products were sold at a price of 3-5 soms, and it was planned that prices would
not be increased in 1996 either.

This initiative not only boosted economic efficiency but also ensured social protection for the
population, serving as a true example of public welfare.

The grain harvest continued intensively in Kasbi district. In the Hamza Hujakulov collective
farm, harvesting was carried out on 1,500 hectares. Ten combine harvesters were involved in the
process, three of which were modern "Case™ combines imported from the United States. Under the
leadership of experienced mechanics G‘ayrat Momanov, Tolib Xidirov, and Hamza Ismatov, 10-15
hectares of grain were harvested daily. Before the harvesting season, combine operators attended
specialized courses to improve their skills. According to the farm's management chairman, Ergash
Tursunqulov, the plan for the current year was to produce 2,700 tons of high-quality grain, with
combine operators playing a significant role in achieving this goal. Harvesting operations were also
actively carried out in Nishon, Kasbi, Muborak, and Bahoriston districts [7].

During the harvesting process, it is crucial to combat warehouse pests to preserve the quality
and quantity of grain. Many microorganisms and insects negatively affect the quality and germination
of grain. To prevent the spread of storage pests in the country’s warehouses, mills, and elevators,
special measures were implemented. Warehouses were cleaned, repaired, and treated with special
chemical agents in a timely manner. In pest control, preparations such as Karbofos, Actellic,
Ambush, and Decis were used. Additionally, fumigation methods with methyl bromide, Phostoxin,
and Saztoxine were applied. These measures played a crucial role in preserving the quality and
volume of the harvest.

Advanced practices were also applied in horticulture. The "Yakkabog company in
Yakkabog* district, one of the largest horticultural farms in the region, planned to harvest 2,820 tons
of apples from 521 hectares of orchards, 200 tons of other fruits, and 3,000 tons of grapes from 261
hectares of vineyards this year. According to the company’s chairman, Shuhrat Beknazarov,
gardeners strictly followed agro-technical guidelines to ensure a bountiful harvest. During the
autumn-winter season, mineral and organic fertilizers were applied between the rows of orchards and
vineyards, and irrigation was carried out. Old fruit trees on 46 hectares were replaced, and 250
hectares of land were prepared for walnut saplings. Experienced gardeners, led by Samad aka
Uzoqov, worked on further increasing productivity. In the fall, 58 hectares of land were sown with
grain, and exemplary irrigation practices were implemented. Thanks to the dedicated efforts of the
gardeners, a plentiful harvest was expected [5].

Cotton sowing operations also continued at a rapid pace. In 1996, the Kashkadarya region
planned to produce 420,000 tons of cotton, with 2,900 sowing seeders operating efficiently across the
region. Guzar district was one of the first to complete cotton sowing on 12,300 hectares, planting
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"Yulduz" and "Bukhoro-6" varieties. The "Yangikent,” Meli Rahmonov, and Abdulla Tursunov
collective farms carried out exemplary work. Sowing operations were also completed in the Qamashi,
Chiroqchi, and Yakkabog® districts. Overall, fast-maturing cotton varieties were sown on 173,000
hectares across the region this year.

Conclusion. The agrarian reforms carried out during Uzbekistan’s years of independence
aimed to restructure agriculture in accordance with the requirements of a market economy. As a result
of state-led reforms, private ownership in agriculture developed, and an efficient system for managing
land and water resources was established. Significant achievements were made in the cotton, grain,
rice, and horticulture sectors, with increased production and improved efficiency. Foreign
investments were attracted, and modern technologies were introduced, enhancing productivity and
sustainability. These measures not only boosted the agricultural sector but also contributed to rural
development, economic growth, and improved living standards. Ultimately, Uzbekistan’s agricultural
reforms laid a strong foundation for long-term food security and self-sufficiency.
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Abstract: Excessive heat generation by the high solar radiation is the major issue for
agricultural greenhouses in hot climatic regions. This issue has become the great concern for summer
greenhouses and has continuously been under study. Effective cooling of greenhouses needs to be
undertaken to minimize the issue. There are several techniques of greenhouse cooling and among
them, evaporative cooling has completely revolutionized the system of cooling in greenhouses since
the nineteenth century and still it is being used around the world. The current paper presents a review
study covering the past and the latest kinds of evaporative cooling techniques, which have been
utilizing for agricultural greenhouses in summer. The paper attempted to show the performance
characteristics of the individual cooling systems, like fan-pad systems, fog cooled systems, roof
cooling systems, dissector pad-fan systems, two-stage cooling system and seawater greenhouse
systems. A brief survey of literature revealed that evaporative cooling could be applied to any
environmental condition to reduce greenhouse excess thermal load depending upon the types of the
system. Finally, some innovative cooling ideas have been provided for further studies.

Keywords: evaporative cooling, greenhouse, fan-pad system, fog-cooled, roof cooling, two-
stage evaporative cooling.

Introduction. The greenhouses are developed for the purpose of quality production which
cannot be produced in an open field due to adverse climatic conditions. In hot climatic regions,
greenhouse cultivation is characterized by high solar thermal load that creates major problems inside
the environment of the greenhouse and restricts plant growth. According to Castilla et al. (2005), the
growth and quality of the crop inside a greenhouse are commonly affected when temperatures are
below 12°C or above 30°C. In this context, it is very much necessary to remove excess heat load from
the greenhouse during hot periods. There are numerous techniques by which favorable microclimate
could be maintained in a greenhouse for effective plant growth. In mild temperature regions, natural
ventilation is the most common technique to moderate greenhouse microclimate. But natural
ventilation frequently fails to extract the excess thermal load in high radiation periods.

In order to remedy this fan ventilation can be incorporated as a substitution to extract excess
heat. In some of the cases, shading nets (inside or outside the greenhouse) are very much effective to
restrict solar radiation in which a part of solar radiation enters into the greenhouse. Again, though
shading net decreases the heat load and air temperature, low intensity of light may decrease plant
growth rate. Roof whitening also reduces greenhouse thermal load as some of the solar radiation
reflected back to the atmosphere. Among the above-mentioned techniques, evaporative cooling
systems are the most effective way for the reduction of greenhouse excess thermal load owing to high
levels of solar irradiation during hot periods. Evaporative cooling in greenhouses is usually
accomplished by natural or fan ventilation to enhance its cooling performance.
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In an evaporative cooling process, heat and mass exchange occur between air and water. The
sensible heat of air is transferred into the water and when this heat becomes equivalent to latent heat,
water starts to evaporate. As water is evaporated taking heat from the air, the temperature of air
decreases. Since the evaporative cooling is based on the heat and mass exchange between air and
water, the dry air has greater cooling effect as compared to wet air. Thus, it is more efficient in hot
and dry climatic areas but it can also be used in humid areas by incorporating suitable desiccation
media. It is more convenient to use than other cooling methods; it requires low energy, easy
maintenance, installation, and operation. Evaporative cooling methods which are being used
nowadays for greenhouse cultivation are fogging, fan-pad method, and misting. This paper is intended
to review and discuss how different types of evaporative cooling methods have been utilized for
greenhouse cultivation all over the world along with their cooling performances. The paper also
reviewed two-stage evaporative cooling technologies, which have been applicable for excessive hot
climatic regions like desert climate.

Types of evaporative cooling. There are three main kinds of greenhouse evaporative cooling
systems: direct evaporative cooling, indirect or roof evaporative cooling and two-stage or mixed
mode cooling systems. The cooling performance of each method depends on the extent to which the
dry-bulb temperature of the supplied air exceeds the wet-bulb temperature of the air. In direct
evaporative cooling, water is directly applied by suitable mechanical equipment into the air, mostly
with water spray or soaked surface. During evaporation, water takes heat from the warm air, thus
reducing the amount of the dry bulb temperature. These methods are very common in greenhouses.
The schematic diagram is shown in Figure 1.

In indirect evaporative cooling energy exchange occurs between two air streams, separated by
a heat exchanging device with a dry-side where only air is being cooled and a wet-side where both
air and water are being cooled. In this cooling system, on the dry-side of the heat exchanger, hot
primary air is supplied to cool. On the wet-side, secondary air passes over the heat exchanger surfaces,
the water evaporates and the surfaces are cooled, the moist secondary air was exhausted to the outside.
The schematic diagram is shown in Figure 2.
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Figure 1. Simplified schematic diagram of direct evaporative cooling system
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Figure 2. General arrangement of an indirect evaporative cooling system

In two-stage evaporative cooling, a non-mixing type heat exchanger is used in combination
with a direct evaporative system. During the first stage of cooling, the incoming air stream passes
through a heat exchanger where only sensible cooling takes place and it doesn't pick up any extra
moisture. In the second stage of cooling, the same air stream passes through a wetted pad where the
additional cooling occurs and the air picks up some moisture which increases the humidity. In the
onward sections, a detailed review of the different kinds of evaporative cooling techniques for
greenhouse application has been presented. The survey of the literature shows that indirect
evaporative cooling alone had not been applied in a greenhouse. Most of the literatures are available
in the mixed mode of cooling i.e. in the combination of direct and indirect cooling system.

Direct evaporative cooling. A detailed analysis, as well as literature review related to various
kinds of direct evaporative cooling systems on greenhouses application, is presented in this section.
2.1.1 Fan-pad system The fan-pad evaporative cooling has been applied since 1954 and is still the
most common system in greenhouses during summer (Purohit, 2012). Fan and pad system is
comprised of three main equipment circulation pumps, exhaust fan and evaporative pad. An exhaust
fan is fitted on one side of the greenhouse wall while a wetted pad is fitted on the opposite side of the
wall. A pump is placed near the pad to circulate water over and through the pad. Warm outside air is
drawn through the wetted pad when the fan is in operation and as a result, the warm air loses its heat
due to the evaporation of water. So, greenhouse air remains cold. The following section is intended
to review the literature related to the fan-pad system in greenhouses. Baily (1968) carried out a general
study on a fan-pad evaporative cooling greenhouse.

He mentioned that shredded aspen wood could be utilized as pad material which provides
maximum dry bulb depression when air moved with a velocity of 150 feet per minute. The efficiency
of such kind of cooling pad was approximately 85%. He suggested some significant concept of fan
and pad sizing, installation of the fan-pad system and how to avoid pad clogging. He also mentioned
some hazards which may occur in greenhouses cooled by fan-pad evaporative cooling. Jimenez and
Casas-Vazquez (1978) did a work related to greenhouse evaporative cooling. They carried out several
experiments to modify the microclimate of a glasshouse in hot summer. The glasshouse was built on
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the aluminum frame and fitted with two fan-induced ventilators and a water curtain made by three
perforated plastic tubes. The first perforated plastic tube was placed at the entrance of the house to
cool greenhouse air whenever ventilators draw air through it; the second perforated plastic tube was
placed on the roof for roof cooling by intermittent or continuous irrigation; the third plastic tube was
placed at the centre for irrigation and to reduce the ground temperature. They concluded that recorded
temperatures at the micrometeorological inside of the glasshouse could be maintained same to
recorded temperatures at the micrometeorological screen outside the house in summer. Landsberg et
al. (1979) theoretically investigated that how much cooling could be possible in a glasshouse with
single-stage evaporative cooling. Analysis revealed that by using evaporative cooling methods
greenhouse air temperature was 8°C-12°C below the outside air temperature though outside radiations

were very high.

The cooling effect was observed by Chandra et al. (1989) on a fan-pad greenhouse. They used
Landsberg’s model for computing the greenhouse air temperature and reported that temperature was
stayed in between 4°C-5°C below the outside air. Jamal (1994) investigated a performance study on
a commercial greenhouse in a hot area with a pad-fan system. He determined that the amount of
cooling required was depended on the rate of air volume flowed through the pad (i.e. air changes per
hour; ACH). It was found that 20 ACH was sufficient to provide a suitable microclimate during hot
and dry conditions. They also determined the amount of water required for the evaporative cooling
system. The water evaporation and air flow rate were computed by Abdel-Wahab (1994) for different
farm structures having an evaporative cooling system. They developed a thermal model by taking
energy (heat and mass) balance equations of the farm structures. The model had been validated using
a multi-span fan-pad ventilated greenhouse located in a hot and dry climatic condition (Saudi Arabia).
It was observed that when the cooling efficiency increased, both the rate of water evaporation and
flow rate of air decreased. They suggested that with external shading and improvement of cooling
efficiency provided a better result for saving energy and water requirement. Jain and Tiwari (2002)
developed a thermal model for an even-span greenhouse fitted with cellulose pad and fan and
compared the results of the model with experimental data. From their model, they calculated the
thermal load level inside the greenhouse for composite Indian climatic regions. They found that inside
air temperature of the greenhouse was 4°C-5°C lower than that of the outside.

The cooling system parameters (like length, height, air mass flow rate and cooling pad area)
were optimized against the peak temperature and thermal load leveling in different zones of the
greenhouse. The temperature variation inside a long (60 m) and multi-span partially shaded
greenhouse with fan-pad arrangement studied by Bartzanas and Kittas (2005). They observed that the
pad end temperature was 10°C less than the ambient air temperature when the ambient climatic
condition was hot and dry. It was also observed that fan end temperature was 8°C higher than pad
end temperature as air moved through a long path. They reported that pad end to fan end i.e. along
the length of the greenhouse there was non-uniform climatic variations. Radhwan and Fath (2005)
presented an integrated greenhouse system in combination with solar distillation and evaporative
cooler in Saudi Arabia. The greenhouse roof was fitted with a set of solar basins to reduce greenhouse
cooling load as well as to produce fresh water. During summer, the greenhouse was cooled by the
evaporative cooler with a forced blower. It was found that on a hot summer day, the greenhouse inside
temperature could be reduced 8°C -10°C at the inlet and 3°C-6°C at the outlet of the greenhouse than
that of ambient. Fuchs et al. (2006) revealed a technique to determine latent heat cooling using the
crop transpiration and evaporation of water in a fan- pad evaporative cooling greenhouse.

Their technique was capable of predicting crop transpiration, the temperature of foliage and
the inner climate. They reported that cooling took place if the ambient relative humidity and air
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temperature were below 50% and 35°C respectively. They concluded that greenhouse temperature
and the rate of crop transpiration with the wet pad was not dependent on external factors. Al-Heelal
et al. (2006) carried out a performance study on an evaporative cooling greenhouse comprised of fan-
pad system and photovoltaic power system under extreme summer conditions. They emphasized on
the pad clogging which occurred as a result of salt deposition, reduced the pad effectiveness
significantly. They observed that when pad clogging occurred, greenhouse air temperature was

increased up to 55°C and relative humidity inside the greenhouse was decreased up to 8%.

Pad clogging also decreased the proper yield of plants. It was also found that power

consumption was highly influenced by the ambient temperature. Sukla et al. (2006) carried an
experiment in a cascade greenhouse having fan-pad evaporative cooling with thermal curtain placed
inside to restrict incoming solar radiation to reduce greenhouse air temperature. In their greenhouse,
they also considered an earth to air heat exchanger to provide a better cooling effect. It was found
that during a hot summer day, the inside temperature of the greenhouse could be reduced 5°C -8°C
than the outside air temperature by employing combined cooling systems.
Ganguly and Ghosh (2007) developed a simplified model for a fan-pad ventilated greenhouse system.
The model was built considering the total greenhouse structure as a single element and energy
exchange occurred on that element. They compared the results of the thermal model with a reference
study of literature.

They found that a temperature reduction of 6°C was attained with 75% shading screen placed
inside the greenhouse during a hot summer in Kolkata. Max et al. (2009) conducted experiments
during a dry season in four east—west oriented tomato cultivated greenhouses. The two greenhouses
with net covered vents were fan ventilated, while the other two were fully plastic covered having a
fan-pad evaporative cooling system. Authors had made a comparative study between these two sets
of the greenhouses in terms of temperature reduction, crop vapour pressure deficit, crop water
consumption and crop yield. It was found that mean temperature variations between two kinds of
greenhouses during a day and night period was 2.6°C and 1.2°C respectively. Ahmed et al. (2011)
mentioned off seasonal cultivation of crop inside the greenhouses by maintaining a suitable
evaporative cooling system. They carried out experiments using three different kinds of pads; straw
pads, celdek pads, and sliced wood pads. They observed that no significant variation between the
inner and outside air temperature of the greenhouse was found in the morning while significant
differences were found at noon and afternoon periods.

The differences in relative humidity were highly significant in between 8 am and 1 pm. The
saturation efficiency was dependent on cooling pad materials; highest saturation efficiency was given
by sliced wood pads while straw pads gave the lowest. Lo'pez et al. (2012) investigated the
characteristic of air flow by using sonic anemometry for two distinct greenhouses with evaporative
cooling systems. They selected a greenhouse equipped with a fan-pad cooling system and a low-
pressure water/air fog cooled greenhouse for the study. It was found that the pad-fan system with
shading screen was able to maintain more suitable conditions than the fog system. They found that in
an empty greenhouse fan-pad system reduced the inner air temperature by 11.6°C lower than the
naturally ventilated one while fog system reduced the temperature up to 10.4°C. Alghannam (2012)
conducted several studies to determine the efficiency of several control systems incorporated in a
pad-fan cooled greenhouse.

He carried out five different tests, Proportional Controller Test (P), Proportional- Integral
Controller Test (PI), Proportional Derivative Controller Test (PD), Proportional Integral Derivative
Controller Test (PID) and Fuzzy Logic Controller (FLC). All the tests were accomplished to cool the
greenhouse from 40°C to 25°C in the extreme summer conditions. He had compared the five control
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systems theoretically and experimentally. To check the temperature gradient along the length of a
conventional fan-pad greenhouse, Misra and Ghosh (2013) proposed longitudinally placed pads with
ridge ventilated system. In their greenhouse system, the induced draught fans were fitted at the top of
the roof, while the cooling pads were fitted on the sidewalls, as shown in Figure 3. They established
a thermal model to predict the inner temperatures considering the energy balance of the greenhouse
components. The model results had been validated with a contemporary literature. They reported that
temperature in the plantation zone was decreased by 5°C-7°C below the ambient temperature
providing 1.2 ACM ventilation rate and 50% canopy shading during summer in Kolkata. Chen et al.
(2014) presented a CFD simulation for a greenhouse and validated it with an experimental greenhouse
equipped with the external and internal shading screens and fan-pad evaporative cooling system. They
found a healthy match between the simulated and measured values.
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Figure 3. Longitudinal evaporative cooled greenhouse; sectional side elevation (Misra and
Ghosh, 2013)

The variations of measured and simulated results were 0.9°C to 3°C and less than 0.15 m s-1
in terms of temperature and velocity respectively. They also suggested what should be the location
of pad or fan for the optimum cooling effect of the crop. Lengthwise climatic parameters of a fan-pad
cooled greenhouse were studied by Ali Dayioglu (2015). He measured the internal and external
climatic parameters. It was observed that the temperature variations along the length were not uniform
while humidity variations remained approximately constant due to the crop transpiration. The results
showed that approximately 7°C temperature variation occurred between pad end and fan end. The
hourly average cooling effect and cooling efficiency was found to be 6.96°C and 76.8% respectively.
Xu et al. (2015) investigated the thermal environment of a fan-pad greenhouse with thermal screens
or external shade and air circulatory fans in a humid subtropical climate.

Finally, they concluded that under high RH condition, inside air could be kept in between
27°C-29°C while using both the cooling pad and shading the inner air temperature could be
maintained 2°C-3°C below the outside air temperature with 80% relative humidity. Thipe et al. (2017)
reviewed the effect of naturally ventilated system and fan-pad system in crop growth for the
greenhouse in arid climatic regions. They summarized that the internal microclimate of the
greenhouse could be controlled by side or roof vents in natural ventilation or by using fan-pad
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arrangement. They stated that natural ventilation showed poor performance for reducing the thermal

load in arid or semi-arid regions.

On the other hand, fan-pad system is not so effective in sub-humid regions. They also stated
that fan-pad ventilation showed better result than natural ventilation in Southern African regions,
while in the tropical and Mediterranean climates, natural ventilation performed better. The energy
required by fan-pad systems for the cooling process incorporating photovoltaic system in greenhouses
had been calculated by Romantchik et al. (2017). They developed a mathematical model that
predicted the greenhouse temperatures and ventilation rates which was calibrated with experimental
data. It was observed that mathematical model was reliable enough to supply the energy requirement
for the cooling process in a hot summer day. They finally concluded that in order to design any
photovoltaic system it was mandatory to determine appropriate ventilation rate created by fan power.
Misra and Ghosh (2017a) carried out a performance study of a greenhouse system surrounded by
shallow water ponds and floating wetted surfaces under dual ventilation mode. They predicted the
greenhouse temperatures using thermal models with or without evaporative cooling under natural
ventilation as well as fan-induced ventilation.

They reported that greenhouse temperature could be reduced by 3°C-6°C lower than that of
the ambient temperature under dual ventilation mode when saturation efficiency and shading were
70% and 75% respectively. 2.1.2 Fogging system Fogging system is based on spraying water into
the air stream as fine droplets (in the range of 2-60 um in diameter) in which direct contact with water
in the air takes place. The size of the fine droplet is beneficial since it disperses into the air quickly
and evaporates early before they fall on plant foliage. The key feature of the fogging system is high
water evaporation rate though it creates high humidity. In this section literature related to the fogging
system is reviewed and presented. Montero and Anton (1990) examined that fine fog generation with
the use of air and water could moderate the greenhouse microclimate. They used twin fluid nozzles
provided for supplying compressed air as well as water at 300-600 kPa pressure and similar flow rates
which were mixed in order to produce dense fog.

Two multi-arched greenhouses were considered with 45% radiation transmitting shading
where total 26 fog nozzles were fitted. It was observed that 3°C temperature difference could be
achieved by fog cooling compared un-fogged greenhouse. Luchow and Von Zabeltitz (1992) carried
out an experiment on greenhouse cooling system for arid climatic regions. They examined the overall
performance of the greenhouse considering the temperature and RH of the entering air, exchange of
heat between inside air and water spray and the pressure of the nozzles. They found that counter
current flow between air and water stream was provided about 100% heat exchanging efficiency. It
was also found that optimum results were achieved when the pressure of the nozzle was 21.05 bar
and a water/air coefficient was 0.09 kg of water per kg air. Boulard (1993) developed a fog
evaporative cooling model for a naturally ventilated greenhouse to explain a complex iteration
between aeration and water spray effect on greenhouse cooling.

The model computed greenhouse temperature, humidity of the air, and the plant foliage
temperature and plant transpiration. The results of computed values showed a good agreement with
measured data. Montero et al. (1994) developed a comparative performance study between fog-
cooled greenhouse and un-cooled greenhouse. They considered air water fogging system with 45%
transmissivity of shading screen during sunny days. Maximum temperature reduction was observed
5°C as compared to the un-cooled greenhouse. Hayashi et al. (1998) measured the temperature and
humidity inside a three-span glasshouse with fully open ridge vent and a sliding door type vent of a
fog-cooled greenhouse. The fog water was sprayed intermittently by the fog-nozzle placed at 2 m
above the floor level.
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They observed that the inside temperature was lowered by 4°C-8°C and greenhouse
temperature approached to wet bulb temperature within 1 min after fogging started. Arbel et al. (1999)
developed a thermal model of a fog cooled greenhouse system. They conducted an experiment in a
four-span greenhouse which was equally divided into two parts. Each part of the greenhouse was
equipped with fog system as well as with fan-pad evaporative cooling system. They did a comparative
study by operating each cooling system in the two parts alternately and reported that fog cooling
system performed better than the fan-pad evaporative cooling system. The misting effect on the inside
air and plant in a rose crop greenhouse was examined by Katsoulas et al. (2001). They estimated that
only 40%-50% of the mist water could be effectively utilized for evaporative cooling. They calculated
crop water stress index and reported that crop was less stressed under misting conditions. In another
work, Arbel et al. (2003) presented a cooling arrangement for a greenhouse combined with high
pressure fogging and fan-induced ventilation system. It was stated that with such type of cooling
arrangement the temperature and relative humidity was 28°C and 80% respectively during mid-
summer.

Oztiirk (2003) carried out an experiment in a multi-span fog-cooled plastic greenhouse to
determine the fogging system efficiency. They reported that the fogging system had reduced the inner
greenhouse temperature around 6.6°C than the ambient air temperature. The average fogging system
efficiency was 50.5%. Handarto et al. (2006) investigated the dry bulb temperature, relative humidity,
plant temperature and cooling efficiency for a single span greenhouse with the fogging system during
a mid-summer day in Japan.

During the experimental observation, side-walls and continuous roof ventilators of the
greenhouse were fully open. They found that during the experiment, the fogging system could lower
the inside dry bulb temperature (Tidb) 6°C below the outside temperature. It was observed that during
the fogging time period, Tidb was mostly the same as Tleaf (leaf temperature) and during the interval
periods, Tidb increased while Tleaf remained unchanged. Cooling efficiency was found to be in-
between 57%-80%. Ahmed et al. (2006) established a dynamic model for a fog cooled greenhouse
under natural ventilation. The developed model predicted the greenhouse air temperature, plant
temperature, cover temperature, floor surface temperature, relative humidity, transpiration, and
evaporation rate. The model results have been compared with an experimental greenhouse installed
in Tokyo.

Abdel-Ghany et al. (2006) suggested a new definition of cooling efficiency for a fog-cooled
greenhouse system. They investigated the cooling efficiencies for different fogging cycles. The
expression was derived from mass and energy balance of warm (un-cooled) air inside the greenhouse.
They had also shown that the increasing evaporation rate decreased the air temperature thus increased
the cooling efficiency. Ishii et al. (2006) investigated the ventilation effect on plant microenvironment
and the use of water (cooling and plant transpiration) in a semiarid fog-cooled greenhouse system.
Experiments were conducted considering two combinations of roof and side vents. They found that
in natural ventilation fog cooling method was capable of maintaining the greenhouse inside
temperature within 23°C-26°C for the both vent cases. They reported that while the relative humidity
increased, the ventilation rate and water requirement in the greenhouse was decreased.

A comparative study between a low pressure (4.05 bar) fogging system and high pressure
(40.5 bar) fogging system was studied by Willits et al. (2008). They observed that high-pressure
fogging system provided the better cooling than low-pressure systems. A comparative study relating
to cooling and evaporation effectiveness also had been shown in this work. In another work, Katsoulas
et al. (2006) carried out a study to identify the effect of fogging in greenhouse microclimate for
soilless pepper crop production. They studied the humidity control influence on greenhouse
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environment, the rate of crop transpiration and yield and fruit quality of the crop. They found that
compared to no-fogging, greenhouse air temperature and plant leaf temperature were about 3°C lower
in fog cooled condition. Again, Katsoulas et al. (2009) studied the effect of high pressure fogging in

greenhouse microclimate where eggplants were cultivated.

Measurements were carried out dividing the whole greenhouse into two compartments; one
compartment involved natural ventilation and another one was with fog cooling system. It was
examined that temperature of the fog-cooled compartment was dropped by 2.5°C-3.5°C in comparison
with the other naturally cooled compartment. The fog cooling lowered the average fruit temperature
around 3°C and kept greenhouse temperature below 32°C. Garcia et al. (2011) investigated the
efficiency of two cooling methods, employing external movable shading and spraying fog water in a
plastic covered greenhouse in Mediterranean region. They conducted several experiments
considering different settings of shading to restrict the solar radiation falling into the greenhouse.
They investigated that as compared to fixed shading, cooling efficiencies were likely similar for all
the cases. Linker et al. (2011) developed a robust control approach to maintaining the expected inner
environment in a small greenhouse fitted with a variable flow rate high pressure fog nozzles and
variable-speed extracting fans. The controllers were designed by the quantitative feedback theory
(QFT), which sustained suitable performance. Sanchez-Hermosilla et al. (2013) carried out a
comparative study between a fog-cooled system and cooling with a conventional spray-gun in a
greenhouse.

The total greenhouse was divided into two modules, one for the spray-gun system and another
for the fogging system. They reported using spray gun the crop deposition values were far less than
that of using the fog system. Ishigami et al. (2014) experimented on two separate fog- cooled
greenhouses, each having 26.4 m2 floor areas. They observed that twin fluid nozzle system had higher
evaporation rate and lower degree of wetting of plant foliage as compared to single fluid nozzle
system. It was observed that twin fluid nozzle system produced the same cooling effect as single fluid
nozzle system.

Yasutake et al. (2014) designed and developed a fogging and circulation system into a
greenhouse to control daytime humidity and airflow. The cooling system composed of nine mist
sprayers and two fans of diameter 0.3 m each. They found that fogging and circulation systems could
improve the greenhouse microclimate during the daytime. White (2015) presented a cooling system
comprised of vent, fan, and fog (VFF) for a large (72 m wide x 139.5 m long) Velno greenhouse that
could effectively cool the greenhouse environment in hot and dry seasons. The greenhouse was
shaded by 61% shading screen and fitted with high pressure fog nozzles. There were eighteen exhaust
fans, nine in each of the north and south gable ends walls while others were placed on the concrete
nib walls, close to ground level. The fans provided a nominal air flow of 0.0188 m3 s-1 m-2.

It was reported that in such kind of cooling arrangements, the inside temperature of the
greenhouse could be lowered in the range of 5.8°C to 10.8°C with a mean of 9°C cooling at the time
of maximum greenhouse temperature and 10°C to 14.9°C with a mean of 12°C cooling at the time of
the ambient maximum. Misra and Ghosh (2017b) developed a simplified thermal model for a fog-
cooled greenhouse operating under natural ventilation and validated the model with an experimental
arched shape plastic greenhouse situated in eastern Indian. They observed that greenhouse inside
temperature solely depends on fogging configurations and found that optimum fogging cycle when
spray time to interval time was 1.5-2.0 min. The schematic diagram is shown in Figure 4. Finally,
they concluded that with the low pressure fogging system with suitable ventilation greenhouse inside
temperature could be maintained 2°C-4°C lower than the ambient temperature.
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Figure 4. Schematic diagram of fogging system components (Misra et al., 2017)

Indirect or roof evaporative cooling. Roof evaporative cooling is one of the simple methods
of evaporative cooling systems. In this cooling system, cooling is achieved by spraying water on the
roof of the greenhouse. The water evaporates taking heat from roof and cools the roof surface Sutar
and Tiwari (1995) conducted a study to understand the effect of roof cooling on greenhouse
environment. They selected a plastic greenhouse covered with a wet cloth (water film) in Delhi. They
found that the inner air temperature was decreased by 4°C-5°C than the controlled greenhouse. It was
also found that with wet roof cloth of the greenhouse, the inner air temperature was decreased about
10°C. Morris et al. (1958) observed that by sprinkling water on the roof of a glasshouse, the solar
radiation transmissivity was decreased by 6%. It also lowered the inside air temperature by lowering
the temperature of the glass surface. Cohen et al. (1983) carried out a study in glasshouses providing
water on roof surface and misting on plant foliage and soil surfaces.

They intended to find the temperature of inner air and the surface of the glasshouse. The
experiments were conducted when ambient solar radiation was high. It was investigated that roof
cooling was not so much effective in lowering the greenhouse and plant foliage temperatures than
misting on the plant foliage and soil surface. With the combined evaporative cooling of roof as well
as plant foliage and soil surface, greenhouse temperature could be reduced by nearly 5°C and plant
foliage temperature was reduced by around 7°C than the ambient temperature. Giacomelli et al. (1985)
conducted two types of cooling system, a wetted over headed energy saving blanket and fog nozzle
on a movable boom system. The blanket was wetted by mist nozzle and placed at greenhouse attic.
The temperature reduction was observed 4°C by wetted blanket system and 10°C reduction was
observed by fog nozzle on a movable boom system. Sutar and Tiwari (1995) analyzed the different
conditions of evaporative cooling for controlled environment agriculture (CEA) system. The
proposed CEA system was designed for a low-cost polyethylene covered even span greenhouse
having 20 m2 of floor area with a provision of roof cooling by water.

They reported that with water sprinkling over the roof and wall of the CEA system, enclosure
temperature could be achieved even lower than the plant temperature. Willits and Peet (2000)
examined the cooling performance of a greenhouse covering by flat-woven poly-propylene shade.
The observations were accomplished maintaining the shade cloth both in wetted and dried conditions
accordingly. The experiment was conducted by supplying of water on the roof shade cloth and
observed that the inside temperature was decreased by 41% using wet cloth than that of dry cloth
where this reduction was 18%. Willit (2001) studied out the utilization of shade cloths on greenhouse
roof to reduce the temperature of a greenhouse both in dry and wet conditions. They considered four
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kinds of shade cloths for their examination. It was observed that heavier shade cloths under wetted

condition provided better cooling.

Ghosal et al. (2003) presented a roof evaporative cooling model considering thin film of water
on roof surface in an even span greenhouse. They validated their model with an experimental
greenhouse located in Delhi. The experiments were conducted under three distinct conditions of the
greenhouse; shading with water sprinkling on roof, roof shading and roof un-shading conditions. It
was observed that the greenhouse temperature was decreased by 6°C and 20C in shading with water

sprinkling and shading without flow of water conditions respectively in comparison to un-shading
conditions. The schematic diagram is shown in Figure 5.
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Figure 5. Schematic dlagram of a greenhouse with wetted roof shade cloth (Ghosal et al.,
2003)

Ghosal and Das (2012) presented a mathematical model of an even span greenhouse in which
roof cooling was done by a film of moving water. Thin film of water flow on roof was maintained by
jute cloth stretched on the roofs of greenhouse. The developed model was capable of investigating
the effectiveness of cooling system. Helmy et al. (2013) carried out an experimental study on two
small (6 m2) identical greenhouses with combined evaporative cooling system on roof as well as
interior. It was revealed that the combined cooling system provided better performance than the fan-
pad system and nearly 1.1°C-5.44°C temperature difference existed between these two systems in the
morning and afternoon respectively. They had experimented on various kinds of pad materials to
search best pad material in terms of cooling efficiency.

Two-stage evaporative and mixed mode cooling. In this section, literature related to
combined or mixed mode cooling as well as the two-stage evaporative cooling system are presented.
Bailey (1998) presented a greenhouse system which could be used to produce suitable microclimate
for plant production as well as to provide irrigation water for coastal greenhouses. Their model
simulation showed that greenhouse temperature could be reduced to 4.1°C than ambient and yearly
water production was 900 kg m-2 of the greenhouse when condenser cooling water was 3°C lower
than surface seawater. Sablani et al. (2003) carried out a study based on thermodynamic simulation
of a seawater greenhouse. The seawater greenhouse system is shown in Figure 6. They reported that
seawater greenhouse was an important way for crop growth as well as for the generation of fresh
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water in hot and arid regions. In their greenhouse system, a small stream of seawater had fallen into
a porous evaporator and the air was drawn by the fan to cool the air. The greenhouse roof material
had received selected radiations which were utilized for plant photosynthesis as well as to keep the
greenhouse cool. The air was again supplied to a second evaporator it further gained moisture and
became saturated. The saturated air moved through the condenser, which was cooled by deep cold
seawater. The saturated air condensed at the condenser and freshwater was generated.
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Figure 6 Seawater greenhouse system (Sablani et al., 2003)

Perret et al. (2005) presented a Quonset greenhouse, where humidification and
dehumidification systems were suitably designed. The greenhouse was equipped with two
humidifiers that were used to reduce temperature and raise relative humidity of the air and two
dehumidifiers (i.e. condensers) which condensed the water vapour to reduce the temperature of the
air below its dew-point. Davies and Paton (2005) presented a CFD model and calibrated with a
prototype seawater greenhouse constructed in UAE. The schematic diagram is shown in Figure 7.
The model calibration could be able to predict the inside temperatures and airflow. According to
Davies (2005) liquid desiccators along with solar regeneration can be regarded for lowering the
temperature of an evaporatively cooled greenhouse. He proposed a scheme similar to a traditional
fan-pad system along with a desiccant pad fitted prior to the first evaporator pad. He undertook an
experiment in the Gulf climate in Abu Dhabi and reported that liquid-desiccant cooling system could
lower the greenhouse temperature by 5°C than that of the traditional fan-pad system. Mahmoudi et
al. (2010) established a model using a passive condenser for the improvement of fresh water
generation.

The greenhouse provided a cold climate to the plants. The simulated results showed that the
passive condenser had a higher capability to produce fresh water than the actual pump operated
system. Wong et al. (2011) develop a conceptual design of the mechanical equipment required to
cool, store heat, and heat a greenhouse operation, employing aquifer thermal energy storage (ATES)
system. They developed a detail thermal energy model using TRNSY'S software for a greenhouse that
is capable of simulating the energy performance for both the traditional (open) and the “closed”
greenhouse energy operation in the Canadian climate. Abbouda and Almuhanna (2012) designed a
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two-stage evaporative cooling system comprising of a direct evaporative cooling (DEC) consisting
of the cooling pad and indirect cooling consisting of the cooling coils unit (CCU) for greenhouse
application. In the DEC heat is absorbed during the evaporation of supplied water, whereas in the
CCU heat load of the hot air was transferred while passing through the cooling coil. It was found the
CCU could provide the only hourly average temperature drop of 8.1°C, with the effectiveness of
47.4%. On the other hand, the DEC had an hourly average effectiveness of 75.12%. Again, in the
combined cooling mode (both CCU and DEC), the hourly mean greenhouse air temperature was
reduced by 19.1°C during daytime and 9.0°C at night. Lychnos and Davies (2012) carried out a
theoretical model to investigate the performance study of a greenhouse coupled with solar power
regenerator, MgCl2 desiccators, and an evaporative pad. The model had been developed for both the
regenerator and the desiccators and its results showed healthy match with the experimental values
conducted in hot summer. They reported that compared to the traditional evaporative cooling system,
the desiccators with pad system reduced the average daily maximum temperatures by 5.5°C-7.5°C in

the hot season.

Al-Busaidi and Al-Mulla (2014) carried out the experimental investigation on two different
greenhouses, seawater greenhouse (SWGH) and conventional greenhouse (CGH) in an arid region in
Oman. Both the greenhouses equipped with fans and pad evaporative cooling system but SWGH
utilized seawater instead of fresh water for the cooling requirement. Besides, the cooling SWGH
included desalination unit to produce fresh water for irrigation needs of cucumber planted inside the
greenhouse. It was observed that SWGH reduced the greenhouse temperature 4.8°C while
conventional greenhouse reduced the temperature 7.4°C than the ambient. It was also observed that
most of the time CGH could not maintain the inside humidity above than 60% whereas SWGH could.
Abu-Hamdeh et al. (2016) designed and developed a solar desiccant evaporative cooling system that
could be able to cool the greenhouse in high humid climatic regions. They investigated that the
proposed cooling could reduce the inside temperature close to 6°C compared to traditional water
evaporation cooling.

Aljubury et al. (2017) presented a two-stage evaporative cooling system (indirect-direct
cooling system; IDEC) for protecting plants inside a greenhouse located in the desert climate where
the temperature of ambient air frequently reaches to 50°C. The cooling system comprised of one
indirect evaporative cooling (IEC) heat exchanger and three pads divided into three stages. They
designed the indirect-direct evaporative cooling (IDEC) system to investigate the greenhouse
microclimate. Geothermal water was used as a cooling fluid of indirect heat exchanger as well as for
wetting pads. They found that the IDEC system had been raised evaporative cooling efficiency to
108% compared to the direct evaporative cooling (DEC) efficiency which was 77.5%. Finally, they
concluded that the IDEC with ground water as a coolant had been deceased greenhouse temperature
nearly 12.1°C to 21.6°C and increased relative humidity from 8% to 62% compared to the ambient
conditions. Banik and Ganguly (2017) developed a thermal model of a desiccant assisted distributed
fan-pad ventilated greenhouse system to predict the inside air temperature. They validated the model
with a reference model study available in the literature. It was found that in a hot and humid season
the greenhouse could be capable of reducing 4.3°C than ambient whereas conventional fan-pad
system did 2.5°C below the ambient. They also included a cumulative cash flow model to observe the
payback period and the Net Present Value of the greenhouse system.

—
0w Agricultural engineering solutions 2025,.4(9). - Lo o Lo agriengicomauz ‘
G



 AGRICULTURAL ENGINEERING SOLUTIONS ‘sl Page

Solar
1 radsation

Desaccator 0 ‘
0 :

Greenhouse

Warm
haumid air

w1 Humid

" anr

—X Exhaust fan
Circulating pump  Liquad desiccant Water

Evaporative pad
Figure 7. Schematic diagram of evaporative cooled greenhouse system with the solar assisted
liquid desiccant pad (Davies, 2005)

Summary and conclusion. The current paper is intended to review the researches of various
researchers in the form of theoretical and experimental studies in connection with evaporative cooling
systems of greenhouses. The study has been concentrated on fan-pad cooling, fog cooling, roof
cooling as well as some promising cooling systems like desiccated pad evaporative cooling, two-
stage evaporative cooling, and seawater greenhouses. The work emphasized on the key issues of
evaporative cooling and performance features of the systems. The study shows that in greenhouses,
evaporative cooling is not applied alone but with some form of ventilation and shading as well. There
are some advantages and disadvantages of each evaporative cooling system. Selection of appropriate
cooling system depends mainly on local environmental condition as well as greenhouse design and
construction.

The review shows that the evaporative cooling systems have been continuously redesigned
and enhanced depending upon the climatic conditions to achieve better cooling performance. This
advancement is based on the development of relevant theory and practice. The researches have been
rapidly progressed, which leads to the increasing numbers of published articles in many countries.
The evaporative cooling system also has been developed for extremely hot and dry regions (desert
climate) and such climatic regions two-stage evaporative cooling is very much effective to provide
suitable microclimate inside of a greenhouse than that of direct evaporative cooling. Again, the review
has been done on seawater greenhouse where saline water of sea has been used for cooling as well as
irrigation. It is observed that the evaporative cooling system has been exhibited as a quite efficient
technique for greenhouse cooling.

The survey of literature revealed that, direct evaporative cooling is able to cool the greenhouse
environment 2°C-12°C lower than that of the ambient, evaporative cooling with desiccation pad
reduce the greenhouse temperature in between 4.3°C-7.5°C than that of the ambient and two-stage
evaporative cooling using geothermal water can effectively cool the greenhouse environment around
8°C-21.4°C than the ambient.
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Based on the brief survey of literature, it is observed that lots of researches yet to be done relating to
indirect and mixed mode (combination of direct and indirect) of evaporative cooling applicable in a
greenhouse environment. More scope of further research is still remaining which can be done in the
hot and humid tropic and subtropics. After studying the evaporative cooling system, the following
fields are recommended for further research for greenhouse applications. - System design and control
of photovoltaic evaporative chimney - Design of evaporative cooling system with solar chimney
assisted ventilation - Integrated control of the evaporative cooling and the shading screen - Design
and development of passive evaporative cooling - System design of regenerative evaporative cooling
- Application of renewable energy (solar and geothermal) for direct or indirect evaporative cooling
Practical implementation of the above-mentioned concepts in greenhouse application may face lots

of challenges which could be the subject of further research.
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CAKCOBYJI YPYFUHU KAHOTCHU3JIAHTUPUIL )KAPAEHUT'A TABCUP KUJ1YBUU
OMUJIJIAP

C.M. Ypakos

“AI'PO-ITAPBO3” KTANUK,
“TOLIKEHT uppUranus Ba KUIUIOK XYKaJUTMHU MEXaHU3aUUsIall MyXaHAuCIapu
MHCTUTYTH MMWIINN TaAKUKOT YHUBEPCUTETH

AHHoTanusA. Yoy MaKojana CakCoBYIJ YPYFUHU KAHOTCHU3JIAHTUPHII KapaCHUHU SXIITUIAIT
YU4yH TabCHUpP KHIIYyBUM aCOCHH OMIJUIAD TaxXJIMJ KWJIMHTaH. TagkukoTna uyTkanu OapabaHmaru
gyTKalap COHM, YyTKaIu OapabaH Ba 3JIaK OpacHUIard TUPKHUII, Xamaa 0apabaH alIaHWII TE3JTUTH
KaOu MmapamMeTpiIapHUHT YPYF KAHOTCU3JIAHTUPUII caMapaJopiIurura TabCcupu ypranunrad. OnuHran
HaTHKaJlap acoCH/Ia HT caMapaiy rapameTpiap aHUKIaHId Ba TAKIU( KUIAHIH.

Tasin4 cy3J1ap: cakcoBYJ ypyFu, KAHOTCHU3JIAHTUPHUIL, YyTKanu 6apabaH, ailIaHUII TE3JIUTH,
TUPKUII KEHTJIUTH.

DAKTOPBI, BJIUAIOIINNE HA ITPOINECC OBE3KPBIUIEHUS CEMSAH CAKCAYJIA
C.M. Ypakos

“AI'PO-ITAPBO3” KTANUK,
HanmonaneHeli nccnenoBaTenbckuil yHUBEpCUTET ““TallIkeHTCKUH MHCTUTYT UH/KEHEPOB
UppUTallud U MEXAHU3ALUN CENBCKOTO X03s5iCcTBa”

AHHoOTanusl. B naHHON cTaThe NpoaHaIM3UPOBaHbl OCHOBHBIE (DAKTOPBI, BIMUSIOLINE Ha
nporuecc 00e3KpbUIEHHs CeMsIH cakcayna. B uccieqoBaHuy M3y4eHO BIMSHUE TaKUX MapaMeTpoB,
KaK KOJIMYECTBO MIETOK B MIETOUYHOM OapabaHe, 3a30p MEXIy MIETOYHBIM OapabaHOM M peméTon, a
TaKKe CKOPOCTh BpamieHusi OapabaHa, Ha 3(PQGeKTHBHOCTH OOe3KphUIeHUs ceMssH. Ha ocHoBe
MOJTyYEHHBIX PE3yJIbTAaTOB OIPeJIENIEHBI U MPEATIOKEeHbI Hanbosiee ONTUMAabHbIE TTapaMeTpBhI.

KiroueBble cioBa: ceMeHa cakcayna, 0Oe3KpbuleHHe, HIETOYHBIM OapabaH, CKOPOCTh
BpallleHus, IIUPUHA 3a30pa.

FACTORS AFFECTING THE DEWINGING PROCESS OF SAXAUL SEEDS
S. Urakov

“AGRO-PARVOZ” KTAICHK,
“Tashkent institute of irrigation and agricultural mechanization engineers”
National research university

Annotation. This article analyzes the main factors influencing the process of dewinging
saxaul seeds. The study examines the effects of parameters such as the number of brushes in the brush
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drum, the gap between the brush drum and the sieve, and the rotation speed of the drum on the
efficiency of seed dewinging. Based on the obtained results, the most optimal parameters were

identified and proposed.
Keywords: saxaul seeds, dewinging, brush drum, rotation speed, gap width.

Kupum. CakcoByn — uyn Xyayajgapuaa MyXUT OapKapOpJIUTMHU CakJiall, YaHI Ba KyM
OYpOHJIApMHU KaMaNTUPHIIIA MyXUM YCUMIIMK XHCOOIaHaau. YHUHT ypyFJapu TaOuataa TaObumii
TapKAJIMII XYCYCHSTUTa 3ra Oyica-ia, CyHBUH KYMaWTHPUII Ba KalTa THUKJIAIl HIUIAPU KATOP
MyaMMOJapHU KeITUPUO YuKapaau. XycycaH, CakCOBYJ YPYFIAPUHUHT KAHOTIH Ty3HJIMAcHu yJIapHU
SKHUII Ba KaiiTa MIIUTAII JKapa¢HIapUHA MypPaKKaOIaITHPAIH.

Aiinnkca, Y36ekucton Ba 6omka Mapkasuit Ocué qaBnatiapyaa 4yIapHIHT KeHIAHHIIH Ba
HKOJIOTUK MYaMMOJIADHMHT KyYaWHUIIW CAaKCOBYJ OSKUII TaJAOMpIAPUHA KEHTAaWTHPHUIIHU Tanad
kuaMokaa. Ulynnait  mapoutna, ypyFlapHM — KaiiTa uWOulaml  Ba  KaHOTCHU3JIAHTUPHUIL
TEXHOJIOTUSUTAPUHU TaKOMIULIAIITUPHUIN 10i3ap0 Basudanapaan Oupu xucoOnaHamu. MexaHUK
KAHOTCHU3JIAaHTUPHII >KapaCHUHHU camapai TAlIKWI ATHII ypyFiapaaH ¢oiadaHuil JapakacuHu
OLIUPHIL, HKUII KapaéHUHU EHTWJUTAIITHUPUIN Ba Uyl XyIyAJapUHUA THUKIAII KapaHIapuHU
Te3JAITHPHUIIT UMKOHUHU Oepau [1-5].

CakcoByn (Haloxylon) - uyn Xyayanmapuaa ydpaiauras, 35KOTU3UM y4yH MyXUM OYyiran
VCUMIIMK TypH XMCOOJIaHAAW. Y HUHT YPYFIapy KaTTa Te3JIHK/Ia TAPKAIHUIIN Ba TYFPU YCUMIIHK XOCHIT
KWJIMILIY y9yH KAHOTIIN Ty3UjIMara sra. bupok, Oy KaHOTIIU Ty3WiIMa ypyFIapHU MallliHA BOCUTACH 1A
KaliTa WIUIAl Ba OKHUII JkapaéHuaa MypakkaOmuk tyraupaaud. Uly cababmm, ypyrnapHu
KaHOTCHU3JIAHTUPHII TEXHOJIOTHUACH camapaiy Oymuim Tanad stunanu [6-10].

Kanorcuznantupui sxkapaéHu MeXaHUK yCylulap €pAaMuja amMaira OIIMpWIaau, OyHAa
ypyFlap Maxcyc Kypuimalapjia WIUIOBAAH YTka3zwianud. byHmail WIIIOB ypyFIapHUHT XaM Oup
TEKHC SKWINIINTa, XaM yIapHUHT YCUMITUKKA aillaHUII Japakacu omuinura épaam oepaan. Yoy
TaJKUKOT CAKCOBYJ YPYFHHH KAaHOTCU3JIAHTUPUII KapaéHUTA TAhCUP KUIYBUM y4Ta MYXHUM OMUJIHU
TaxJIWI KUJIa u:

UyTkanu OapaGaHgaru 4uyTKajgap COHM — KAHOTCH3JAHTUPHUII camMapaJopiiMura Ba
YPYFJIAQpPHUHT IIHUKACTIAHUII SXTUMOJIUTA TAbCUP KUJIA M.

Uytkanu GapabaH Ba 3JIaK Opacuiard TUPKUIN — YPYFJIapHU KaHAall gapakajga MUIIUKIAK
OWiaH MIIJIOBAAH YTKA3UIl MyMKUHIUTUHU OeNTHIaian.

BapabannapHUHT ailaHUII TE3JUTH — KAHOTCU3JIAHTHPUII >KapaéHUHUHT TE3IUTH Ba
camapajJiopJINTUTa TabCHp KypcaTaim.

Taxpuda oqud OGopum meroaukacu. Taxpubamap Maxcyc KaHOTCHU3IAHTHPYBYH
KypuiMaaa onub Oopwimu. Ym0y KypwiMa 4yTKanu OapalaH, dJaK Ba TE3JIMKHUA OOIIKApyBYH
MexaHu3maad ubopar. Taxpuba >xapaéuuma xap Oup mapamerp Oyiimda amoxmiaa Taxpubamap
VYTKa3unub, HaTHXKalap TaXJIWI KUIWH]H.

Taxxpubda narmxkanapu. Uytkanu GapaGanparu uyTkamap COHM OOFJIMK XOJjaa TaxpuOa
om0 OopwiraHja CakCOBYJ YPYFUHU KAHOTCU3JIAHTUPHIN Kapa€HuMIa 4yTKanu OapabaHiaru
YyTKajgap COHUHUHI TabCUPWHM AaHMKJAINra Kapatuiarad. UYyTkamap COHM OIIraH capu
KaHOTCHU3JIaHTUPHII caMapaZopiIurid opTuO OOpMOKIa, aMMO YPYFIApHUHT HIMKACTIIAHUIIH XaM OUp
03 OLIMOKJA.
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1-pacm. UyTkaan 6Gapabdanaaru 4yTkajaap COHUra OOFJIMK X0J11a Y3rapuiu.

I'paduknan xypunu® TypuOawmku, 16-18 Ta uyTkamaH doimamaHWIl KaHOTCHU3JIAHTHUPHUIIT
camapagopiuruau 99.5-100% raua ommpran, OMpOK IMIKMKAacTaaHraH ypyriuap 2.3% raua kymaiiran

1-xxanBair.
1-xansan
YyTkaau 6apadanaaru 4yTKkajgap COHU
YyTkanap coHu Kanorcusnanran ypysiap [[IukacTnanran ypyriaap

(%) (%)
12 96.7 0.8
14 98.6 1.4
16 99.5 1.8
18 100.0 2.3

UyTkanu OapabaH Ba 3JaK opacujard TUPKUIIHU YpraHum Oyinua Taxkpuba onud
Oopuiranaa yyTKanu 6apadaH Ba 3J1aK OpacUAard TUPKHUILI KEHIJIMTUHUHT YPYF KaHOTCU3JIaHTUPULI
caMmapaJIopJIMrura TabCUPUHU Oaxojamira KapaTwirad. THPKHII KEeHralraH capd IIMKacTJIAaHTaH
ypyFiap MUKIOPH KaMalraH, aMMO KaHOTCU3JIAaHTUPHII CaMapaJ0opJIury Macaira.
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2-pacM. UyTkaau 6apadaH Ba 3J1aK 0pacHIarv THPKHUIITa GOFIUK X0J1/1a Y3rapuuim.
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I'paduknan kypuau® typubamku, 1.0-1.5 MM THPKHII KEHIIHTUAA KaHOTCH3JIAHTHPHII

camapajJopJIuTH IOKOPH Japakajga cakjaHraH, Iy OwiaH Oupra mmkactianran ypyrnap 1.1-0.9%
aTpoduaa KoaraH 2-KaaBall.

2-xaaBai
YyTkanu 6apadaH Ba 3J1aK opacuIard THPKUII
Tupkuu (Mm) Kanorcuznanran ypysnap [ukactnanran ypyriap

(%) (%)
0.5 100.0 3.2
1.0 99.6 11
1.5 98.7 0.9
2.0 97.6 0.4

Cyuru taxxpubamuzaa GapabaHIapHUHT aliIaHUII TE3NIUTH YpraHwiranaa oapadaHIapHUHT
aillllaHUI ~ TE3JIMTMHMHT  YPYF  KAaHOTCU3JIAHTHPUII  CcaMapajopjurd Ba  ypyFJIapHUHT
IIMKAaCTJIaHUIINIa  TabCUpU  ypranwirad. bapabGaH  aillaHum  TE3JWIM  OWITaH  capu
KAaHOTCHU3JIAHTHPHUII CcaMapagopiuru xam opTtud Oopmokma, ammo 900 ain/MHHIAH IOKOpHIA
ypyFiap IIMKACTIaHUII Japa)kacl KECKUH OO OOpHUIIN Ky3aTUIIIH.
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3-pacm. bapaGanjapHUHT aliJIaHUII TE3JTUTUra OOFJIMK X0J11a Y3rapuinm.

I'padux Hatmxkanapra acocas, 875-900 aiin/mMuH nuanasoHuna 6apa®aH aillaHUII TE3JIUTH
ONTUMaJl XUCOONaHAAM, YyHKH Y KAaHOTCH3JIAHTUPHII caMapagopiuruHu 99.4% raua ommpuo,
YPYFJIapHUHT IIUKacTIaHUIIMHA 1.9% napaxacua ynuiab Typaau 3->kaaBail.

3-kaaBai
bapabanjapHuHr ailJlaHMII TE3JIUTH
AWITaHUII TE3JIUTH Kanorcusnanran ypysiap [[InkacTnanran ypyriaap
(aftn/muH) (%) (%)
850 97.3 0.8
875 98.6 1.3
900 99.4 1.9
925 99.7 24
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XyJsoca. TagkukoT HaTwKamapura Kypa, CakCOBYJI YPYFMHU KAHOTCU3JIAHTHPUII
caMmapaJIopJIMTUra yyTKajap COHHM, TUPKUII KSHITIUTH Ba OapabaH ailylaHWIN TE3JIMTH KaTTa TabCup
kypcaramu. Ontuman Hatmwkanap 16-18 ta aytka, 1,0-1,5 mm Tupkum Ba 875-900 aiin/MuH aitnanumr
TE3JUIuAa Ky3aTiiau. Yoy mapamerpiiap cakcoByJl yPyFHHHM MEXaHUK KailTa Il KapaéHUHU
camapajy Ba KaM IIUKaCTIaHaIuTraH X0Ja aMaira OlupHILI UMKOHUHH Oepajiu.
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VINTLI SHNEKNING AYLANISHLAR SONIGA BOG‘LIQ HOLDA OZUQANING
YETKAZIB BERISH MIQDORINI O‘ZGARISHI

A.N. Borotov , J.A. Sa’dullayev?

! “Toshkent irrigatsiya va qishloq xo‘jaligini mexanizatsiyalash muhandislari instituti”
Milliy tadgigot universiteti,
2 Toshkent davlat igtisodiyot universiteti

Annotatsiya Ushbu maqolada vintli shnek mexanizmlarining aylanishlar soniga bog‘liq
holda ozuganing yetkazib berish miqdorini o‘zgarishi o‘rganildi. Tadqiqot davomida turli aylanish
tezliklarida ozuganing uzatilish bir xilligi va notekisligi baholandi. Olingan natijalarga asosan, 25
ayl/min tezlikda uzatilish bir xilligi eng yuqori darajada (98,7%) ekanligi aniglandi. Shu bilan birga,
yugori tezliklarda (30 ayl/min) uzatilish notekisligi oshib ketishi qayd etildi. Mazkur tadgigot
natijalari qishloq xo‘jaligi va ozuqa yetkazib berish tizimlarida vintli shneklarni samarali qo‘llash
bo‘yicha tavsiyalar ishlab chigish uchun muhim hisoblanadi.

Tayanch so‘zlar: vintli shnek, ozuga uzatish, aylanish tezligi, uzatilish bir xilligi, uzatilish
notekisligi, gishloq xo‘jaligi mexanizatsiyasi.

BJIMAHUE KOJIMYECTBA OBOPOTOB BUHTOBOI'O HTHEKA HA OB BEM
IHOJAYN KOPMA

A.H. Boporos?, ’K.A. Cabay/iaes?

! HarmoHanbHBIH MCCITeI0BATEILCKHI yHUBepCcUTET «TalIKeHTCKUI MHCTUTYT UPPUTALIUU U
MEXaHHU3aIlUu CEJIbCKOT0 X035MCTBAY,
2 TamkenTCKUit rOCyJapCTBEHHBI SJKOHOMUYECKUN YHUBEPCUTET

AHHoOTanmsA. B 1aHHOH cTaTbe M3y4eHO BIUSHHE KOJUYECTBAa 00OPOTOB BUHTOBOIO IITHEKA
Ha 00beM nojauu kopma. B xoze uccnenoBanus Obliia OlleHeHa paBHOMEPHOCTh U HEPaBHOMEPHOCTh
MoJlaun KopMa IMpHU Pa3IMYHBIX CKOPOCTAX BparieHus. CoryliacHO MOJY4YEHHBIM pe3yibTaTraM, Ha
cKkopocTH 25 00/MHMH mofaya KopMa Oblia Hambosee paBHOMEpHOH (98,7%). Onnako npu Oonee
BbICOKOM ckopoctd (30 00/MHH) 3adUKCHPOBAHO YBEIMYCHHE HEPABHOMEPHOCTH IOJIAYH.
Pe3ynbpTaThl JAaHHOTO HCCIIEAOBAHUS SIBISIOTCS BAaXHBIMHU JJISI pa3pabOTKH PEKOMEHIAIMH 1o
3¢ (HEKTUBHOMY HCIOJIb30BAHUIO BUHTOBBIX IITHEKOB B CEIHCKOM XO3MHCTBE M CHCTEMax MOJadu
KOPMOB.

KiroueBble cjioBa: BUHTOBOM HIHEK, II0Jja4ya KOpMa, CKOPOCTh BpAIIEHUs, pPABHOMEPHOCTb
10J1a41, HEPABHOMEPHOCTH TI0J]au, MEXaHU3AIUS CEIbCKOT0 XO3HCTBA.
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THE CHANGE IN THE AMOUNT OF FEED DELIVERY DEPENDING ON THE
NUMBER OF ROTATIONS OF THE SCREW AUGER

A. Borotov!, J. Sadullayev?

! National Research University “Tashkent Institute of Irrigation and Agricultural Mechanization
Engineers”
2 Tashkent state university of economics

Abstract. This article examines the change in the amount of feed delivery depending on the
number of rotations of the screw auger. During the study, the uniformity and unevenness of feed
delivery at different rotation speeds were evaluated. Based on the obtained results, it was determined
that at a speed of 25 rpm, the feed delivery uniformity was at its highest level (98.7%). However, at
higher speeds (30 rpm), an increase in delivery unevenness was recorded. The results of this study
are important for developing recommendations on the efficient use of screw augers in agriculture and
feed delivery systems.

Keywords: screw auger, feed delivery, rotation speed, delivery uniformity, delivery
unevenness, agricultural mechanization.

Kirish Qishloq xo‘jaligi mahsulotlarini samarali ishlab chiqgarish va chorvachilik sohasida
ozuga ta’minotini yaxshilash bugungi kunda dolzarb masalalardan biri hisoblanadi. Xususan,
ozuganing sifatli va bir xil tagsimlanishi chorva mollarining ozuga hazm qilish jarayoniga va ularning
o‘sish samaradorligiga to‘g‘ridan-to‘g‘ri ta’sir ko‘rsatadi. Bu esa mahsuldorlikni oshirish va ozuqa
sarfini tejashga imkon beradi [1-5].

Vintli shneklar ozuga uzatish mexanizmlarining eng keng tarqalgan turlaridan biri bo‘lib,
ularning samaradorligi ozuganing bir tekisda va ravon uzatilishi bilan belgilanadi. Hozirgi kunda
qishloq xo‘jaligida avtomatlashtirilgan ozuqa yetkazib berish tizimlarini joriy etish orqali mehnat
unumdorligini oshirish va mahsulot ishlab chigarish xarajatlarini kamaytirish imkoniyati mavjud. Shu
sababli, vintli shnek mexanizmlarining ishlash parametrlarini tadqig qilish va ularning optimal
tezlikda ishlash rejimi aniglash muhim ahamiyat kasb etadi [6-12].

Shu magsadda, ushbu tadgigot vintli shnekning aylanish tezligi ozuga yetkazib berish
jarayoniga qanday ta’sir ko‘rsatishini o‘rganishga qaratilgan. Olingan natijalar asosida qishloq
xo‘jaligida samarali mexanizatsiya usullarini joriy etish va shnekli transportyorlarning ishlash
samaradorligini oshirish bo‘yicha tavsiyalar ishlab chiqiladi.

Materiallar va usullar Tadgigot davomida turli aylanish sonlarida vintli shnek orgali ozuga
uzatilish bir xilligi va notekisligi o‘lchandi. Bunda laboratoriya sharoitida turli shnek aylanish
tezliklarida sinovlar o‘tkazildi. Sinov jarayonida quyidagi jihatlarga e’tibor qaratildi:

Vintli shnekning aylanishlar soni: 15, 20, 25, 30 ayl/min.

Ozugalarning uzatilish bir xilligi (%);

Ozugalarning uzatilish notekisligi (%);

Ozuqaning og‘irlik bo‘yicha tagsimlanish koeffisiyenti,

Vintli shnekning konstruktiv parametrlari (chuqurlik, diametri, burchak gismi);

Ozuqganing namligi va uning harakatlanishga ta’siri.
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Sinovlar maxsus o‘lchov uskunalari yordamida o‘tkazilib, har bir holatda olingan natijalar
tahlil gilindi. Ushbu natijalar asosida ozuga uzatish jarayonining samaradorligi baholandi va vintli
shnekning eng samarali ishlash parametrlari aniglandi.

Natijalar va muhokama.

1-rasm. Kichik hajmli migdorlagich-yuklagich sxemasi.
1- val; 2- bunker; 3- quvur; 4- me’yorlashtirgich; 5- elektr dvigateli; 6- tasmali uzatma;
7- tushirish quvuri; 8- tayanch ustun; 9- g‘ildirak.

Kichik chorvachilik, baligchilik va parrandachilik fermer xo‘jaliklari uchun vintli shnekli
miqdorlagich-yuklagich qurilmasining sxemasi ishlab chigildi va qurilmaning tajriba nusxasi
tayyorlandi ushbu qurilmada tajribalar olib borildi.

Quyidagi grafik vintli shnekning aylanish tezligiga bog‘liq holda ozuqaning uzatilish bir
xilligi va notekisligi qanday o‘zgarishini aks ettiradi. Grafikdan ko‘rinib turibdiki, aylanish tezligi
oshgani sari uzatilish bir xilligi oshadi, ammo juda yugqori tezlikda bu bargarorlik biroz pasayadi.

100} _—
_/ ‘;
80
—~ 60
) —e— Ozuqganing uzatilish bir xilligi (%)
.g -®- Ozuqaning uzatilish notekisligi (%)
* 40t
20t
Lkl LT
ST S
N S N e e
16 18 20 22 24 26 28 30

Vintli shnekning aylanishlar soni (ayl/min)

1-rasm. Vintli shnekning aylanish tezligi bo‘yicha ozuqa uzatishning o‘zgarishi.
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Vintli shnekning 15 ayl/min tezligida ozuganing uzatilish bir xilligi 90.4% ni tashkil giladi va
uzatilish notekisligi 9.6% bo‘ladi. Bu esa ozuqaning barqaror yetkazib berilishi uchun unchalik
optimal emasligini ko‘rsatadi. 20 ayl/min tezlikda esa uzatilish bir xilligi 92.8% gacha oshadi, bu esa
oldingi natijaga nisbatan yaxshiroqdir.
Eng yuqori natija 25 ayl/min tezlikda qayd etilgan bo‘lib, uzatilish bir xilligi 98.7% ga yetgan.
Bu shnekning ushbu tezlikda eng samarali ishlashini ko‘rsatadi. Ammo, 30 ayl/min tezlikda uzatilish
bargarorligi biroz pasayib, 96.5% ni tashkil gilgan va uzatilish notekisligi esa 3.5% ga oshgan. Bu

shnek juda yuqori tezlikda samaradorlikni biroz yo‘qotishi mumkinligini ko‘rsatadil-jadval.

1-jadval
Vintli shnekning aylanishlar | Ozugqalarning uzatilish bir Ozugalarning uzatilisjh
soni (ayl/min) xilligi (%) notekisligi (%)
15 90,4 9,6
20 92,8 7,2
25 98,7 1,3
30 96,5 3,5

Xulosa Olingan natijalarga asoslanib, vintli shnek mexanizmlari uchun optimal aylanish soni
25 ayl/min ekanligi aniqlandi. Chunki bu holatda uzatilish bir xilligi eng yuqori ko‘rsatkichga
erishadi. 30 ayl/min tezlikda esa uzatilish notekisligi oshib ketadi. Shuning uchun ozuga uzatish
tizimlarida vintli shnekning aylanish tezligini tanlashda mazkur natijalar inobatga olinishi tavsiya
etiladi.
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HISTORY OF TRAINING WATER MANAGEMENT STAFF IN KASHKADARYA
REGION

A.K. Safarov
Karshi state university

Abstract. The article examines the history of personnel training in the field of water
management in the Kashkadarya region, one of the largest regions of Uzbekistan in terms of territory.
The work carried out to train and improve the skills of personnel is documented on the basis of
archival documents. It is based on the creativity of a generation of irrigators and meliorators.

Keywords: Mirab, irrigation, cotton field, land development, hydraulic engineer,
management personnel, seasonal work.

Introduction. The development of each industry is directly determined by the experience and
qualifications of its personnel. In particular, the large-scale irrigation construction carried out in the
water management of Kashkadarya in the 1950-1980s is the result of the work, knowledge and
experience of the industry's personnel. From this point of view, the history of the formation and
development of the industry's human resources potential has gone through a unique period. The
history of large-scale training of irrigators and meliorators who served in the water management of
Kashkadarya is associated with the beginning of the development of the Karshi steppe. The process
of building the oasis's irrigation system created a great need for personnel for agriculture and water
resources management. The first attempts to organize training in this area and form specialized
personnel in the oasis were made in the second half of the 20th century. This also served as the basis
for the creation of special educational institutions in the region.

Main part. Until the second half of the 20th century, the country mainly used the experience
of local elderly farmers and mirabs (person who oversees water distribution and irrigation networks).
However, the Soviet government believed that the main reason for the incomplete implementation of
the 1950 plans was the lack of qualified personnel [1]. According to archival documents, the mirabs
in our oasis had sufficient historical experience. The only reason the Soviets came to this conclusion
was the desire to grow cotton on large areas of the country in a short period of time. Instead of
subordinating local mirabs and using their knowledge and labor, they preferred to train and educate
personnel who themselves submitted to Soviet ideology. Therefore, by the 1950s, the Soviet state
began to pay special attention to training personnel for water management. Based on the Resolution
of the Council of Ministers of the USSR dated March 1, 1951 "On Strengthening the Training of
Engineers and Technicians in Hydraulic Engineering Specialties”, on May 12, 1951, the Resolution
of the Council of Ministers of the Uzbek SSR "On the Training of Specialized Specialists for the
Construction of Irrigation Facilities" was adopted [2]. In 1952, the Order of the Ministry of Land
Reclamation and Water Management of the Uzbek SSR "On Measures to Further Improve the
Selection, Training, and Placement of Personnel in the Ministry of Land Reclamation and Water
Management of the Uzbek SSR and Its Local Organizations™ was adopted [3]. Based on the order, an
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inspection of the work activities of unskilled personnel who do not have professional knowledge in

the field of mechanical engineering and hydraulic engineering was carried out in the regions.

The Ministry of Land Reclamation and Water Management of the Uzbek SSR defined
measures to provide the management of the Uzbekgidrostroy and Uzvodstroy trusts with specialized
personnel and mechanics who were fluent in the language of technology. In 1956, many machinists
were selected and sent to the workshop for permanent work. These were mainly graduates of
metalworking schools and vocational schools of the republic, sent in assignments. Mechanics who
wanted to go to construction work needed a referral from the Komsomol committee. For example, in
July 1956 alone, 30 people came to work at the construction site, and all of them were hired. The
easiest way to get a job was to come with a Komsomol referral [4].

Analysis and results. In the second half of the 20th century, regional leaders were given
important tasks, such as training irrigators and meliorators, planning economists, agronomists and
machine operators, as well as many other agricultural specialists for the development of protected
and abandoned lands. During this period, the republic lacked specialists for the development of large-
scale agricultural enterprises. Therefore, there was a high demand not only for labor, but also for
ready-made qualified specialists [5]. The percentage of personnel from among local nationalities in
the republic was very insignificant. For this reason, at the initial stage, military personnel were
allowed to undergo training without interruption from work during training. It should be noted that
due to the lack of local personnel, almost the entire workforce in the agricultural sector consisted of
Russians and representatives of other nationalities.

In March-November 1962, based on the resolution of the Central Committee of the CPSU
"On the tasks of the Party in improving the management of agriculture™ [6], the selection of specialists
for agricultural departments began. However, serious shortcomings were revealed in the work with
personnel. Among the chairmen of collective farms and heads of economic departments, one could
find people who did not yet have sufficient qualifications and experience in agricultural production.
Only 12% of the personnel had an agricultural education. During this period, many complex
mechanized communities were headed by people who had no knowledge of agricultural machinery.
In most collective farms, people without special education worked as agronomists and technicians.
More than 1,300 agricultural specialists worked in the fields of industry, construction, irrigation and
transport. In addition, many workers were engaged in seasonal work unrelated to industry. In
particular, more than 900 workers in agricultural specialties worked in cultural and household
buildings and craft institutions. No practical work was carried out to attract specialists to work.

In 1963, when preparatory work began on the development and irrigation of lands in the
Kashkadarya oasis, 2,388 young specialists with secondary and higher education in various
agricultural specialties were sent to all regions of the republic, including the collective farms and
farms of Kashkadarya. But many of them had to leave without finding work. One of the reasons for
this is that the problem of creating favorable conditions was not solved, and the second reason is that
some managers, not realizing the need for qualified personnel, did not hire them. In addition, there
were shortcomings in the selection of management personnel. In particular, there were cases when
personnel were selected on the basis of resumes, and then soon fired for failure to complete work
assignments on time [7]. The number of personnel increased from year to year. The last one was fired.
The forced training process carried out during these years did not produce results.

Taking into account the situation in the region, on May 11 and December 31, 1966, the
Council of Ministers of the Uzbek SSR and the Central Committee of the Communist Party of the
Uzbek SSR adopted resolutions "On further increasing the efficiency of the system for improving the
qualifications of specialists in labor agriculture and the management personnel of collective and state
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farms" [8]. The goal was to increase the initiative of management personnel in the correct selection
and improvement of the efficiency of their work. Based on the decision taken in 1966 on further
increasing the efficiency of management personnel in the future, 88 personnel were appointed to
management positions in the "Qarshiqurilish” management organizations in 1973 [9]. Attention was
also paid to the quality of training in educational institutions. On-site training turned out to be the
most suitable method of training. The Ministries of Agriculture, Land Reclamation and Water
Management, as well as Uzglavvodstroy were also instructed to create 9,300 training places for the

construction of technical schools in 1971-1975 [10].

In 1972, in order to implement plans for the development of construction and installation
works worth 17.5 million rubles, it was necessary to solve the problem of a large number of personnel
and the issues of improving their qualifications. The training of personnel for agriculture and water
management was carried out by training them at special courses and seminars of the Ministry of
Agriculture of the Uzbek SSR. For example, in 1971, 18 irrigators of Kashkadarya improved their
qualifications at such courses [11]. At the same time, workers in the region also attended special
training courses to improve their qualifications. In particular, in 1971-1973, 126 engineering and
technical workers of the Qarshiqurilish Department completed advanced training courses [12].
Although this number is small on a regional scale, the skills of irrigators who are improving their
skills contributed to the development of the industry in the oasis. The number of highly educated
personnel increased. For example, in 1971 there were 70 specialists with higher education, 427 with
secondary specialized education, and in 1972 this figure doubled[13].

A council of young specialists headed by N.N. Somov was created in the regional department
of irrigation systems. In 1976, 24 young specialists arrived from universities and technical schools of
the Kashkadarya region. He was engaged in the technical development of young specialists and
training of personnel on other issues. It is worth noting that the reforms carried out in the personnel
sphere in recent years have played a significant role in the implementation of the largest irrigation
facilities and hydraulic structures in the process of developing the Karshi desert. The policy of that
period contributed to the training of qualified specialists, irrigators and meliorators in the oasis.
Through their efforts, large construction projects in the field of irrigation and melioration were built,
which became exemplary in the Union. In these works, experts in their fields such as Kh. Shogazatov,
F. Rahmonov, N. Hamroyev, T. Ergashev, Q. Amirov, and Kh. Toshev made a great contribution to
the construction of waterways.

Conclusions and suggestions. Thus, the issue of training personnel for the irrigation sector
of Kashkadarya was in the constant focus of the Soviet government. In order to achieve the highest
goal of a colonial nature, work was launched to train qualified specialists in the field of irrigation and
cotton growing. The need for young specialists for the development of new lands increased.
Therefore, the development of the Karshi desert in the region, the increase in the number of farms
based on cotton cultivation, the implementation of irrigation and melioration measures required an
increase in the number of personnel in this area. This became the basis for the formation and training
of water management specialists. If in the 1950-1960s there were difficulties in this area and it was
not possible to achieve the set goal, then archival data indicate that the scale of the work carried out
in the 1970s yielded results. During this period, much attention was paid to the training and retraining
of personnel for agriculture and water management in the region. In the 60-70s of the last century,
the task of training specialists in this area was set. As a result of the events held, a large number of
specialists were trained in higher and secondary specialized educational institutions. A truly honest,
hard-working and knowledgeable generation of personnel has grown up in the irrigation sector.
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SIM ARQONLI BARABAN AYLANISHLAR SONINING G‘OZAPOYANI
MAYDALASH DARAJASIGA TA’SIRI

Y. Raximov

“Toshkent irrigatsiya va qishloq xo‘jalgini mexanizatsiyalash muhandislari instituti” Milliy
tadgiqgot universiteti

Annotatsiya. Maqolada paxtasi terib olingan maydonlardagi g‘o‘zapoyalarni maydalashga
mo‘ljallangan qurilma barabani aylanishlar sonining maydalanish darajasiga ta’sirini o‘rganish
bo‘yicha dala tajriba tadqiqotlarining natijalari keltirilgan.

Kalit so‘zlar: g‘o‘zapoya, simli arqon, disk, baraban, g‘o‘zapoyalarni maydalash, texnologik
jarayonlar, maydalab dalaga sochish.

BJIMAHUE KOJIMYECTBA O60POTOB TPOCOBOI'O BAPABAHA HA
CTENEHb U3MEJBYEHUS CTEBJIEN XJIOIMMYATHUKA

1O. PaxumoB

«TalKeHTCKNH HHCTUTYT MHKEHEPOB HPPUTALIMKA U MEXAHU3ALUH CEJIBCKOTO XO35MCTBa»
HanmonaneHbIi necie10BaTeNIbCKUM YHUBEPCUTET

AnHoOTanus. B crathe mnpuBeneHBI Pe3yabTaThl MOJEBHIX AKCIEPUMEHTOB MO U3YYECHHUIO
BIUSIHUSL KOJHYECTBA 000OpOTOB OapabaHa YCTpOHCTBa, MpPEIHA3HAYEHHOTO [UIS H3MENIbUeHUs
cTeOeil XJI0mIaTHIKA, Ha YPOBEHDb H3METbUCHUSI.

KuroueBsble ciioBa: Ctebensb, Tpoc, TUCK, OapaldaH, U3MeNbUYeHHE CTEOIeH, TEXHOTOTHYECKIE
MIPOIIECCHI, U3MEJIBbUYCHHE U pa30pachkIBaHUE TIO0 MOITIO.

INFLUENCE OF THE NUMBER OF REVOLUTIONS OF THE CABLE DRUM ON
THE DEGREE OF CHOPPING OF COTTON STEMS

Y.Rakhimov

“Tashkent Institute of Irrigation and Agricultural Mechanization Engineers” National
Research University

Abstract. The article presents the results of field experiments to study the influence of the
number of revolutions of the drum of a device designed for crushing cotton stems on the level of
crushing.

Key words: straw, wire rope, disk, drum, straw crushing, technological processes, crushing
and spreading in the field.
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Kirish. Respublikamizda eng ko‘p yetishtiriladigan ekin turlaridan paxta bilan g‘alla
hisoblanadi. O‘rtacha hisobda ko‘radigan bo‘lsak har yili 1 mln gektardan ortiq maydonlarda paxta
bilan galla yetishtiriladi [1].

1- jadval
2022 yil 2023 yil 2024 yil
i Hududlar G’alla Paxta | G’alla Paxta G’alla Paxta
1 Qoraqgalpog‘iston
Respublikasi 53 000 84 800 53 000 86 800 53 000 86 300
2 Andijon 76 000 78 991 72 500 71331 72 000 70 000
3 Buxoro 60 600 99 220 60 600 96 220 65 00 96 000
4 Jizzax 93500 77 900 90 000 82 100 90 000 81 000
5 Qashgadaryo 140000 | 136036 | 142779 | 133050 | 140000 | 133050
6 Navoiy 38 039 31 655 34 300 28 155 34 300 28 155
7 Namangan 67 750 63 406 67 750 61 025 68 000 60 000
8 Samargand 94 230 75 356 94 230 73 246 94 230 72000
9 Surxondaryo 90 800 72 370 89 325 72 270 89 325 71 200
10 | Sirdaryo 80 000 75501 73000 77 500 75000 77 500
11 | Toshkent 103 845 72 161 103729 | 70161 103 00 70 100
12 | Farg’ona 99 500 82 080 95 720 77 821 95 720 76 000
13 | Xorazm 33200 82 757 33900 82 757 33200 82 500
Jami 1030 1032 1010 1012 1012 1003
465 232 833 436 775 805

Yuqoridagi 1-jadvalda 2022-2024 vyillarda qishloq xo‘jaligi mahsulot yetishtiruvchilar
tomonidan ekilgan galla va paxta maydonlari to‘g‘risida ma’lumot keltirilgan.

Muammoning dolzarbligi. Ma’lumki, 1 mln gektardan ortiq maydonga paxta yetishtirilar
ekan. Paxta ochilgandan keyin, u qo‘lda yoki mashinada terib olinadi, g‘o‘zapoya esa o‘z o‘rnida
goladi. Dunyoning paxta yetishtiradigan davlatlarida, g‘o‘zapoya masalasiga bo‘lgan yondashuvlar
turlichaligini ko‘rsatmoqda, jumladan g‘o‘zapoya ildizi bilan kovlab olinib, daladan olib chiqib
ketiladi [2], g‘0‘zapoya maydalab dala yuzasiga sochiladi so‘ngra shudgorlash orqgali ko‘miladi, bir
yo‘la shudgorlash orqali tuproqqa maydalamasdan ko‘miladi [3]. Respublikamizda keltirilgan
holatlarning barchasini kuzatish mumkin. Ko‘pchilik xorijiy davlatlarda g‘o‘zapoyadan organik
o‘g‘it sifatida tuproq unumdorligini saqlash yoki oshirish maqgsadida foydalaniladi [4]. Chunki
g‘o‘zapoyaning poyasida 1,11% azot, 0,1% fosfor va 3,98% kaliy mavjud bo‘lib, uning boshga
qoldiglari gektariga 1,5 tonna uglerod, 20-25 kg azot va 72 kg kaliyni to‘ldirishi mumkinligini
ko‘rsatadi [5]. Shuning uchun, g‘o‘zapoyalarni to‘liq maydalash va dala yuzasiga sochib, so‘ngra
shudgorlash orqali ko‘mish magsadga muvofiq.

Tadqiqot materiallari va uslubi. Tajribalarni o‘tkazish uchun kam energiya sarflagan holda
g‘o‘zapoyalarni maydalab dalaga sochadigan sim aroqli barabandan tashkil topgan qurilmaning 2
qatorga mo‘ljallangan tajriba nusxasi tayyorlandi (1-rasm). Tajriba o‘tkazishda sinov metodikasi
sifatida O’zDSt 3193:2017 “Qishloq xo°jaligi texnikasini sinash. Mashinalarni energetik baholash
usuli” va Tst 63.06-2001 «MCT. Mammnsl 1yis yOOpKH XJIONKA-ChIpIia M cTeO1el XJIom4aTHHUKA.
ITporpamma u merosl uctbiTanuin» da Keltirilgan usullardan foydalanildi [6; 21-6, 7; 32-06.].

Tadgigot natijalari va ularning muhokamasi. G‘o‘zapoyalarni to‘liq maydalab dalaga
sochadigan qurilma sxemasi ishlab chiqilgan va tajriba nusxasi yasalib, xo‘jalik sinovlari o‘tkazildi.
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G‘o‘zapoyalarni maydalab dalaga sochadigan qurilma quyidagi rama 1, yo‘naltirgich 2, osma qurilma
3, diskli baraban 4, simli arqon 5, gidrosilindr 6, reduktor 7, zanjirli uzatma 8, g‘ilof 9 qismlardan
tashkil topgan. Qurilmaning g‘o‘zapoyani maydalab dalaga sochadigan ishchi qismi-gorizontal o‘qqa
o‘rnatilgan va ikkita diskdan tashkil topgan baraban 4 dan iborat. Disklarga simli arqon (tros) 5
mahkamlangan. Ularning diametri 2-5 mm, soni esa 4 dona, ya’ni har 90 gradus oraliq bilan
joylashtirilgan. Har bir g‘o‘zapoya qatoriga bitta baraban 4 mos keladi. Barcha barabanlar bitta
umumiy rama 1 ga joylashtirilgan. Barabanlarga aylanma harakat traktorning yon quvvat olish

validan reduktor 7 orqali uzatiladi. Qurilma ehtiyojdan kelib chigib traktorning oldi yoki orgasiga
o‘rnatilishi mumkin.

a
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1 —rama; 2 — yo‘naltirgich; 3 —osma qurilma; 4 — diskli baraban; 5 — sim arqon;
6 — gidrosilindr; 7 — reduktor; 8 — zanjirli uzatma; 9 — baraban g‘ilofi; a — old tomonidan
ko‘rinishi; b — yon tomonidan ko‘rinishi.
1-rasm. G‘o‘zapoya maydalash qurilmasining sxemasi va dala sinov tajribalarini
o‘tkazish jarayoni.

Yuqoridagi g‘o‘zapoyalarni maydalab dalaga sochadigan qurilmaning aktiv ishchi organi sim
arqonli baraban xisoblanadi. Va to‘g‘ridan to‘g‘ri g‘o‘zapoyalar bilan ta’sirlashadi. Baraban
aylanishlar soni esa g‘o‘zapoyalarning maydalanish darajasiga ta’sir etadi. TIQXMMI MTU xo‘jalik
sinov maydonlarida dala tajriba sinovlari o‘tkazildi. Dala tajriba sinovlarini o‘tkazish metodikasi
quydagicha. Uzunligi 1 metrdan bo‘lgan 4 dona nomerlangan reka olindi va 2.1 gektar maydonining
qurilma bilan maydalangan kamida uchta joyidan boshidan o‘rtasidan va oxiridan 1 kvadrat metr
maydondagi maydalangan g‘o‘zapoya bo‘lakchalari xammasi yig‘ishtirib olindi (2-rasm).
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2-rasm. Dalada maydalangan g‘o‘zapoya bo‘lakchalarini fraksiyalarga ajratib,
elektron tarozida o‘lchash jarayonidan fotolavha.

Olib kelingan g‘o‘zapoya bo‘lakchalari TIQXMMI MTU “Qishloq xo‘jaligi texnika va
texnologiyalari” kafedrasi laboratoriyasida mavjud bo‘lgan MENBO SF -400 rusumli elektron
tarozida umumiy massasi o‘lchab olindi. O‘lchangan bo‘lakchalar quyidagi uchta fraksiyaga,
jumladan 0-5 sm gacha va5-10 sm gacha va 10 sm dan katta ajratildi. Ajratilgan bo‘lakchlar elektron
tarozida alohida o‘lchandi. Olingan natijalar bo‘yicha umumiy massaning uchta fraksiyalarga
ajratilgan miqdori foizlarda ifodalandi. Poyaning maydalanish darajasining foiz migdorini 2-jadvalda

keltirildi.
2-jadval
Qiymati
N Ko‘rsatkichlar
) Agrotexnik Sinov natijasi
talab bo‘yicha J
1 | Agregatning harakat tezligi,km/h 6-8 6-8
2 Poya bo Iakchalarlnlggnuzunllgl ,ko‘pi bilan, 10 0-10
0-5sm 76.3
Poyaning maydalanish darajasi, % 5-10 sm 19.0
3 yaning may : 95 10 sm dan 47
katta '
Jami 97.4
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Yugqoridagi jadvalda g‘o‘zapoyalarni maydalab dalaga sochishga quyilgan agrotexnik talablar
va dala tajriba natijalari keltirilgan. Tajribalar MTZ-80X traktoriga osilgan va unda traktor tezligini
6-8 km soat gilib olingan. Simli argon tortilgan baraban diski diametri 600 mm ni va disklar orasiga
tortilgan simli argonlar soni 4 donani va simli arqon diametri 3 mm lik simli argon olindi. Shunda
baraban aylanishlar sonini 500,750,1000 ayl/min aylantirilib, maydondagi g‘o‘zapoyalar madalanib
dalaga sochildi. Fraksiyalarga ajratilgan 0-5 sm oraligdagi maydalangan bo‘lakchalar 76,3 foizni 5-
10 sm oraligdagi maydalangan bo‘lakchalar 19,0 foizni 10 sm katta bo‘lgan bo‘lakchalarning miqdori
4,7 foizni tashkil etdi. Jami maydalangan bo‘lakchalarning miqdori jadvalda ko‘rsatilgan agrotexnik
talablarga to‘liq javob beradi va 97,4 foizni tashkl etdi.

Xulosa. O‘tkazilgan tajriba natijalari, baraban aylanishlar soni g‘o‘zapoyaning maydalanish
darajasiga ta’siri sezilarli darajada ekanligini ko‘rsatmoqda. Aylanishlar sonini oshishi bilan
maydalanish darajasi yuqori bo‘lganligini ko‘rishimiz mumkin. U 1000 ayl/min bo‘lganda 0-5 sm
gacha bo‘lgan maydalangan bo‘lakchalar miqdori 76,3% ekanligini ko‘rsatdi. 10 sm dan katta bo‘lgan
bo‘lakchalar miqdori esa 4,7 % bo‘lanligini ko‘rsatdi. Shu ta’kidlash mumkinki, baraban aylanishlar
soni ganchalik katta bo‘lsa, g‘o‘zapoyani maydalanish darajasi shuncha yuqori bo‘lishi va oxir
ogibatda maydalangan bo‘lakchalar tuproq bilan aralashib va tezda chirib, tuproq unumdorligini
oshirishga xizmat qgiladi.
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