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Abstract
The goal of this study is to examine changes in water resources in Central Asia. This article presents the results of analyses
of research conducted by renowned climatologists and hydrologists, as well as the authors of this article. The paper presents
findings on the assessment of water resource availability and changing snow reserves in Central Asia. The research and analysis
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results presented in the article will serve as a valuable additional foundation for developing effective adaptation measures in
the context of an arid, changing climate and the region's natural, demographic, and economic realities.
Key words: water resources, snow reserves, climate change, river water content, water availability, adaptation.
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BegeHme. BonHbie pecypcebl LleHTpambHOI A3un dhop-

MUPYIOTCSI B TOPHBIX MaccuBax: [lamup, Taub-1llanp
u I'mapykyu. Boga oT TasHMS JI€TOM CHera U JIeHUKOB Ha
GOJIBIITMX BBICOTAX MPEBPAIAETCS B PEUHON CTOK B Berera-
LIMOHHBIN Tepuo, YTO TO3BOJISIeT BECTU OpOIllaeMoe 3eM-
Jlefenve B 3aCyLUIMBOM KiauMare. JIeTHUI NMMKOBBINA CTOK
TaKKe MCIIOJIb3yeTCsl [IJIsl TIOMOJMIHEHMST 3a11acoB BOABI B BO-
MOXPAaHWINIIAX JIJIST BBIPAOOTKM SHEPTMM B 3UMHMIA TIEPUO]I,.
PeuHoOJi CTOK B BereTallMOHHBIV TIepUOJ, OTIpeeNsieTCs B OC-
HOBHOM HAaKOIUIEHVEM CHera 3MMOi1 Ha GOJbIINX BBICOTAX.
V3MeHuUMBBI/I TeMIIepaTypHBII peXVM BereTalMiOHHOTO
repuofa orpenesnsieT IMHAMUKY CTOKa pek. B pesysbrare,
BomHOe obecrieueHne GacceiiHa ApajibCKOrO MOpPSI CUJIBHO
BapbUpPYyeTCs U3 rofa B rofi, B 3aBMCUMOCTH OT TeMIIepaTyp u
HaKOIUIeHMS 3MMHMX OCaZKOB B FOPHBIX paiioHax [1]. 3me-
HEeHUS B CHESKHOM ITOKPOBE CYIIECTBEHHO BJIMSIIOT Ha 3a11achl
BOJIbl, TIOCKOJIBKY YMEHbBIIIeH/e MacChl CHera mpuBOIUT K CO-
KpallleHuIo 0611ero o6bema 3aIiacoB BOIbI B PEIMOHE BbICO-
KoropHoi yactu LleHTpanbHOV A3un. Kak 0TMeueHo B uccie-
nmoBaHuu, mpoBegeHHoM ¢ 2002 mo 2015 rop [2] ocobeHHOE
3HauyeHMe UMEIOT U3MeHEeHMs B CHE)KHOM ITOKPOBe B 3MMHMIA
Y BeCEHHMI1 IepuOobl.

Vi3sMeHeHMe KIMMaTa CTaJlo Cepbe3HOi Mpo6yieMoil s
YCTOMYMBOCTY B BOMHOM obecrieueHMu pervona LleHTpamb-
HOJi A3un. DTo TIpo6iieMa Bbi3BaJia Cepbe3Hble 1 HeraTMBHbIe
TOCJIeNCTBUS IJ1s MHOTUX CEKTOPOB 9KOHOMMKM LleHTpasib-
HOJt A311, 3aBUCSIINX OT BOTHBIX pecypcos [3,4,5,6]. 3acy-
JIMBBII KJIMMAT Per1MOHa U CUIbHAS 3aBUCUMOCTDb OT BOJHBIX
pecypcoB CelbCKOTO XO3SJCTBA, IPOM3BOACTBA 3HEPTUU
M OBITOBBIX HYKJ IENAlOT PErvoH OCOGEHHO YSI3BMMBIM K
KIMMaTU4eckuM BosgelictBusaM [7,8,9]. HemaBHue ucciie-
JIOBaHMSI YKa3bIBAIOT HA YCKOPEHMe TasiHUSI JIEHHUKOB B IO-
pax LenTtpanbHoit Asum [7,10], 4TO co3maeT BO3pacTawilyue
PUCKU JIST BOAHOV 6e30TacHOCTH, MPOU3BOACTBA SHEPTUU
U CeIbCKOTO XO03511CTBa. B KPaTKOCPOUYHOI1 MepCIieKTHUBe Je-
rpajaiys JeIHMKOB MOXeT YBeJIMUUTh KOJIMYECTBO BOAbI B
pekax. Ho MporHo3sl mpeAonaraiT, 4YTO IPOA0JIKaoLeecs
COKpalieHue JeTHUKOB MpUBeHeT B GyAyIeM K T0JIroCpou-
HOMY JedUIUTY BOABI MO Mepe YMEHbIIEHMs 3aI1acoB JIbAa
[11]. Kpome TOro, 0>kxugaeTcs, 4TO M3MeHeHMe XxapaKkTepa Bbl-
rajieHNst 0CaJIkOB B TOPHBIX paiiOHaX YBEJINUUT PUCK 3aCyXU,
HaBOJHEHUIA, OTIONI3HE M BbIXOAA U3 GEepPeroB JIeTHUKOBBIX
03ep, yrpokasi MECTHBIM COOGIeCTBaM M MHMPACTPYKType
[7,12]. V3b6ekucraH, camasi TyCTOHaceJleHHass cTpaHa LleH-
TpaJbHOM A3uu C HaceleHMEeM OKOJIO 37 MUJUIMOHOB Yesio-
BeK, CTAIKMBAETCSI C OCTPBIMU MPOGIEMaMy, CBSI3aHHBIMM C
JIOCTYITHOCTBIO, M KaueCTBOM BOAbl. KOHTMHEHTaIbHbII K-
MaT CTPaHbl, XapaKTepU3YIOUMUIACSI KapKUM, 3aCyIUTIMBbIM
JIETOM ¥ XOJIOMHOW 3MMOIi, TpeOGyeT MHTEHCUBHOTO OpOIIIe-
HMSI 17151 BBIPAIIMBAHMS CeTbCKOX03SI1ICTBEHHBIX KYIBTYD.

V36eKMCTaH B MEPBYI0 Ouepenb 3aBUCUT OT peK AMyma-
pbst 1 ChIpAapbsi, KOTOpbIe OEPyT CBOE HAYAJIO B COCETHUX
CTpaHaxX. OTOT TPAaHCTPAHMYHBIM XapaKTep BOAHBIX pecyp-
COB 3HAUMTEIIBHO YUIOXKHSIET TepepaciipesiesieHie BOIHbBIX
pecypcoB B TeueHMe roja. YipasjieHMe BOAOXPaHWIUIAMMU
IUAPO3IEKTPOCTAaHIMIi B BepXOBbsIX peK B KeIproizcraHe
u TaKMKIUCTaHe HAMPSIMYI BJIMSIET Ha JOCTYITHOCTb BOZbI
B HM30BBSIX pek [14]. DTO MHOrma 3HaUMTEIbHO COKpaIlaeT
CTOK B HU30BbSIX PEK B KDUTUYECKME CETbCKOXO3SIICTBEHHbIE
nepuonbl [16]. Ciyyaum HedapGhEKTUBHOTO MCIIONb30BAHUS

BOIbI B Y36eKuCTaHe, 0COGEHHO C TOMOIIbI0 YCTaPEBIINX
UPPUTALMOHHBIX CUCTEM, YCUJIMBAIOT HArpy3Ky, BbI3BAHHYIO
JIesITeIbHOCTBIO B BEPXOBbSIX peK [17]. HecmoTpst Ha MHOTO-
YMCIeHHbIE UCCIeNOBAHMS TI0 MI3MEHEHUIO BOoo6eceueH-
HOCTU U KiuMmara LleHTpasbHOI A3Mu, BCECTOPOHHMIA aHa-
JIM3, BKIOYAOIINI TMHAMMUKY BOOHBIX PECypCcOB U 3aracoB
CHera, BCe ellle OCTaeTCsl HeJ0CTaTOUHbIM. BOMBIIMHCTBO MC-
cemoBaHNi HOKYCUPYIOTCS MO0 Ha aHAIM3€e ICTOPUUECKUX
IAHHBIX IJIs PSIZIa OTAETbHBIX TEMATUYECKIX 06BEKTOB, TMOO0
T10JIaraloTCsl Ha PerMoHaIbHYI0 MMUTALIIOHHYIO0 MOZeb, OT-
KaJIMOPOBAHHYIO M POBEPEHHYIO HA OCHOBE ITI0OAJTbHBIX Ha-
6GOpOB TaHHBIX 06 OCaJKaxX U CTOKAX, KOTOPbIe OrPpaHMUYE€HHO
rpeacTasjieHbl B LIeHTpaabHO A31uu. DTOT IPOGEsT B 3HAHUSIX
MIPUBOJUT K OTPaHNMUYEHHOMY TOHMMAaHUIO IMHAMUKY U3Me-
HEHMIT BOMHBIX PECYPCOB M 3aI1aCOB CHETa B CIeIMOUUeCKUX
YCTIOBUSIX PETMOHA, Tie Kaxkaasl peKa YHMUKaIbHa [10-CBOeMY.
JTO, B CBOIO Ouepenb, MPEINSITCTBYeT pa3paboTKe TOYHBIX
TIPOTHO3HBIX MoJeneit AJisl TPOTHO3MPOBaHMSI MU3MEHEeHUI B
BOO0GECTIEUEHHOCTHM B 1EJISIX YIyUIIeHWS YIIPaBJIe€HMsI BO-
IHBIMM pecypcamu. Hacrosiiee mcciaenoBaHme HarpaBieHO
Ha YaCcTMYHOE yCTpaHeHMe BbIIIeONCAaHHbIX OrpaHNYeHNI
ITyTeM CUCTeMaTUYeCKOTO aHaIM3a BO3e/iCTBUSI M3MEeHeHUsI
KIMMaTa U APyrux GakToOpoB HA BOMHbIE PeCypchl Y30eKu-
craHa. VccremoBaHye oxBaThIBaeT 6acceifHbl pek: UMpUuK,
Hapein, Kapagapss, 3epadman, Kamrkagapbst, CypxaHgapbs,
Baxm u [TaHIK.

B maHHOM MCC/IeJOBaHUM UCIIONb3YeTCSI KOMITJIEKCHBIN U
eAVTHOO0OPa3HbIii MOAX0 K aHAIM3Y M3MEHEHMS BOTHBIX pe-
CYPCOB U 3aI1acoB CHeTa, 00beAVHSIIOINIT MHOXECTBO M ICTOY-
HMKOB JAHHbIX M aHAIUTUYECKUX METOMOB [JIsl MOIyUeHusI
ITOAPOOHOTO MpeCcTaBIeHNs.

PesynbTraTsl ucciensoBauuii. 1o Beeli Tepputopun LleH-
TpPaNbHOV A3MM HAOIIOMAETCST POCT TEMIIEPATyp BO3IyXa.
ITOT GakT GUKCUPYETCS] MHOTOUMCIEHHBIMU MCCIeIoBaTe-
nssvu [7,8,9]. CyliecTBYIOT M OLLeHKM Takoro pocra. B cpen-
HeM [0 BCeil TeppuTopuu Y36eKucTaHa ¥ Ha OCHOBaHMUU
IaHHBIX 3a 70 et HabmomeHnit o 40 MeTeocTaHLMSIM ObLIA
ompejiesieHa CKOPOCTb MOTeIIeHNs 3a TO/I, M OHA COCTaBJISIET
B BereTauoHHbIN 0.0287°C 1 0.0316°C B He BereTalMOHHBINI
TepuoAbl rofa. 3UMbI CTAHOBSITCS TeIiee, U MPOUCXOIUT 3TO
ObicTpee, ueM Gosiee JKapKMUM CTAHOBUTHCS JIETHUIA TTePUO,.
Kaxxnplit rpagyc yBenmMueHMsI TeMIlepaTypbl BO3OyXa YBeJu-
YyBaeT oTepu Ha ucnapenue Ha 4% [18]. B paiioHe ¢ ocTppIM
neduITOM BOIbI 9TO BeCbMa 3aMeTHasl U MTOCTOSIHHO yBe-
JIMUMBAIOIIASICSI CTAThsI HEIIPOM3BOAUTEIbHBIX ITOTEPb.

3a nocneguue 70 jet ocagku B lleHTpanbHOV A3uu B
CcpeqHeM M3MEHSITUCh c1abo. THOTAA Ha HEKOTOPBIX MOCTax
HabmogaeTcst ¢1abblii POCT KOJIMYECTBA 0CAIKOB, 8 MHOTIA U
caboe yMeHblIleHne ux Koadectsa. Ho rimaBHOM 0cO6eHHO-
CTBIO OCAZKOB SIBJISIETCSI MX Ype3BbIUaiiHash M3MEHUYMBOCTD.
CyliecTBYIOT rofia, KOrja HaOII0[aeTcss OrpOMHOE Koylnue-
CTBO OCA/IKOB, M BCTPEUAIOTCSI CyXye Irojia, B KOTOPBIX 0Ca/l-
KOB BBITIaJjaeT BecbMa Majo. boree Toro, o6MIbHbIE OCAIKA
B OZTHOM PEYHOM OacceiiHe COBCEM He 03HAYAIOT, UTO APYroM
pevyHoM bacceiiHe Takke GYAYT MATU JOKIM MV BbITIAAATh
cHer. CTOK o6pasyromnye 0Caky O4eHb M3MEHUMBBI TI0 VH-
TEHCUBHOCTY, BeJIMYMHE, BpEMEHM Iofia TI0 reorpadmuyecko-
My Mecty. Hamsigaelii mpumMep — ato 1969 rog. CpegHeromo-
BOI1 pacxopn Boael pekyt YaTkan B 1969 rogy JOCTUT BeTMUMHBI
261.80 m3/c mpu cpemHeMm romoBom pacxome 128.23 m3/c.
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Ickem yBeIMUMII CBOIO BOAHOCTD B 1969 rofy co cpeqHerono-
BOro pacxopa B 79.5 m3/c mo 143 m3/c. B To ke BpeMs Ha peke
3epaBIlaH Pacxofbl BOAbI ObUIM Ha CpPeJHEMHOTOJIETHEM
ypoBHe. [[pOTUBOITONOKHBIM MTpUMepoM siByisteTcst 2025 rof,.
OcajkoB BbIMaio mepen Beretauueit 2025 roga MCKIIOUM-
TeJIbHO Majio. ITO GbIIO Cephbe3HOe MUCIbITaHMe MJIST BCEro
pervona IleHTpanbHOi Asun. Ho B TeueHne roma pacxobl B
pekax IleHTpanbHOI A3UM Bce paBHO ObLIM Oosiee CTaOUIIb-
HBI, YeM OCaAKM. DTa CTAOMIBHOCTD AOCTUrANIACh HATUUMEM
U TassHMEeM MHOTOJIETHMX 3arlacoB CHera BBICOKO B TOpax.
JKapkoe J1eTo MPUBEJIO K TasTHUI0 MHOTOJIETHUX CHESKHBIX 3a-
acoB. BogHbIi 1epULNT, XOTS M HAOJTIO[AJICS, HO OH He 6bUT
KaTacTpoduyeckum. Bo3MOKHOCTM Jerpaiupyronero CHex-
HOTO TIOKPOBA MOAIEPKMBATh CTOK pPek B LieHTpaibHOM A3un
YMEHBIIIAIOTCS € KaKAbIM rogom. 2025 rof cTana rogom, Kor-

JlaMHOTOJIeTHMe CHera 3aMeTHO YMeHbIIMINCh, a B psizie 6ac-
ceitHOB coBceM Mcuessnu. 2025 rom, MoXKeT pacCMaTpuBaThCs,
KaK TeCTOBbI/l TOf MO CIIOCOOHOCTM MHOTOJIETHUX CHEroB
MO IePsKMBATh CTOK pek B IleHTpanbHOM A3un.

B craTtbe paccMoTpeHa cUTyalusi Ha KPYMHBIX pekax B
LlenTpanbHOIl A3uUn.

Unpuuk. CTOK peky UMPUMK MOTHOCTBIO OIpeesseTcs
BOIHBIM pekMMOM BomoxpaHwiuiia Yapsak. Ha pucyHke 1
oTo6paskeHa AMHAMMKA M3MEHEHMUsS TOMOBOTO CTOKA BOJIBI
BCeX peK, Bragamuux B YapBakckoe BogoxpaHmiuiie. TpeHs,
B BUJle TIOJIMHOMA BTOPOJ CTeleHM MoKa3biBaeT CMeHY TeH-
IeHIMM B M3MeHeHMM mpuToka mpumepHo 2005 ropy. To
€CTh CMOCOOHOCTh MHOTOJIETHUX CHETOB TOAEPKUBATH U
Jlaxke yBeIMUYMBATH MIPUTOK BoAbl B YapBaKkCKOe BOJOXPaHMU-
nuie hakTUUeCcKy MpeKpaTuiach.

l'on0BOM CTOK BOAbI K YapBakcKoMy BOAOXPaHWUAMILY
12
KyG.KM
10 w )
g . ] o - - -
6 — - o z - = o g O = - - -] -] = [+]
2 o
2
0 T T T T T T T T T
1975 1580 1385 1930 1995 2000 2005 2010 2015 2020

2025

Puc. 1. I'odoeoii npumoxk 60061 8 Yapsakckoe 6000xpanuiuuye.

PaccmoTpuM naHHBIE, IOMyYyeHHble ¢ EBpO cIyTHMKa
MODIS B M3MeHeHM!M CHEXKHOTO IOKPOBa B GacceifHaX pek
YaTkasn u IIckeMm (ImaBHbIe peky Bliagalomye B Baxp.UapBak)
B nnepuog Beretauyu (90-180 ngHeii roga) (puc.2). OTmetnm,
YTO ITOCTOSTHHOTO CHEKHOTO MOKpPOBa B GacceitHax pek Yar-
kan u IIckem npaktuuecku Het. o 2010 roma MHOrO/NeTHNE
cHera ere 6butH, mocie 2020 roma ux yxe HeT. Eciu KpuBas
CHEXXHOTO ITIOKPOBA, B KaKO¥i TO Iepyuof, BereTalumu, craja ro-
PU30HTAIBHOI, TO TASITh B rOpPax G0JIbIle HEYeMY.

M3ameHeHMe NNouaaei CHEXMHOro

nokpoea B baccelHe peku YaTkan
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Manas pexa Kokcy norepsisia MHoronetHue cHera go 2000
roga. 3aTem IOTEPsI MHOTO/IeTHMe cHera YaTkan, u mocie
KpaiiHe 3acyuuiMsoro 2025 roga, MHOTOleTHME CHera Mpak-
TUYeCKM 3aKOHUMINCE B BacceiiHe peku [IckeM.

Bo3MOKHO, eciu GyzeT cepus JIeT ¢ OGMIIbHBIMM OCaZKa-
MM, UTO-TO M3 CHEXHOTO NOKPBITUSI ¥ BOCCTAHOBUTBCS, HO
CTaTyC MHOTOJIETHUX ¥ MepexXofslMX U3 rofa B rofi 3ar1acoB
cHera B 6acceiiHe peky UMPUUK y3Ke MOTEPSH.

M3ameHeHWe NNoLLAAEeH CHEXHOTO
nokpoea B bacceiHe peku MNMckem
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Puc. 2. H3ameHeHUsA CHe}CHO20 NOKPOBA 6 menjioe epems 200a 8 6acceiinax pek Yamxan u Ilckem
(3decw u danee, 20,1y601i nyHKmup — Habat0deHHbLil, K020a 1Uu60, MUHUMYM 8 NJIOWASX CHeXHblx noJieti do 2025 e.)
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W3 pucyHKa 2 BUIHO, UTO MOAAEPKKa CTOKa pek YaTkasn
u [IckeM CO CTOPOHBI TalOLIEro CHera B 3aCyIIMBbIE TOJbI
KoH4YaeTcs npuMepHo Ha 180 meHb. 3aTeM CcTOK pek YaTkaia,
[Ickema 1 TeM Gonee KOKCy MPOMCXOANT 3a CUET BBHIKIVHMN-
BaHMSI TIOL3eMHBIX BOJ, U KpajiHe HepaBHOMEpHBIX BO Bpe-
MeHM 0caaKkoB. Boxp. UapBak uMeeT BaskHelilllee CTpaTeru-
YyecKoe 3HaueHye. 3TO OCHOBHOM MCTOYHMK NMUTbEBOV BOJbI
IUIS CTOMUIBI Y36ekucTaHa. M 310 3HaueHue OygeT TOMb-
KO BO3pacTaTh B CBSI3M C pacTyLIMM HacejleHMeM ropona u

yYMeHbIIle H/eM ITPUTOKa B BAXp. YapBak.

Hapsia 1 Kapagapssa. Ecii mo 2000 roga Habmomancs
poct BogHOCcTM peku HapbiH, To HaunHas ¢ 2000 roga pocra
BOLHOCTHU p. HapbIH yKe HeT. (puc.3).

BeposiTHee Bcero, BO3MOKHOCTb TOJIEPKKM CTOKA PEKU
TastHMeM MHOTOJIETHUX CHEIOB U JIEIHMKOB 3aKOHYMJIACh. IO
2000 roma Takoii pOCT BOZHOCTYM HABGIIOMAICS U BbI3HIBAJ 9TO
ONTMMM3M BOAHUKOB. PocT BomHOCTM peku HapbiH B iepuof,
2010-2025 roga yske He HabmMOmaeTCs.

Puc. 3. I'ndoeoii npumok 800sl1 6 sodoxpanunuuie Tokmozyn

(pexa HapoiH)
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Ha pucyHke 4 HaGMIOAaTCS TEHOEHIVS K YMEHbIIEHUIO
MPUTOKA BOIBI K BOXP. AHAVOKAH. 3amMeTuM , 4To B depraH-
CKOJi TONMHE OTMEYaeTCs] OTHOCUTENbHASI CTAGMIBHOCTD B
KOIM4YeCcTBe BbINafalolyx ocagkos [18].

Ha pucyHkax 5 u 6 mokasaH IpoLiecc yMeHbIlIeHMsI TI0-
afy CHEKHOTO MOKpoBa B OacceitHax p. HapeiH u Kapa-
Jlapbsi B BereTal[MOHHBII Mepuof. B 6acceitHe peky HapbiH
ocTtanoch Bcero 1600 KM? CHeXKHOTO MOKPOBA Ha CepeiyHy
Beretanyy (180 geHb).

B 6Gacceiine pexku Kapagapbst 440 km?. [Togmepikka CTOKa
peku HapbIH TastHMeM JerpaaupyoIuX MHOTOIETHUX TTOJIeit
BC/IE[ICTBYE TTOBBILIEHNUS JIETHUX TEMIIEPATypP OUeHb CKOPO
MPeKPaTUTDCS.

ITpoliecchl, OTpaskeHHbIe HA PUCYHKAX 3 1 5,4 U 6, OKa3bI-
BAIOTCS CBSI3aHHBIMM U TIOATBEPKAAIOT APYT Apyra. B cepe-
IVHe BeretauyoHHoro nepuozga (180 meHb OT Hayvasa roaa)
TaIOIEro CHera B ropax B GacceiiHe Kapanmapsu Her, a 6ac-
ceitHe HapbIHa cHera rmo4Tu Her.

loO0BOM CTOK B NMPUTOKE K BOAOXPaHWUAMWLY AHAMKaH
(pexa Kapapapba)

ryB.KkM

L) P

Puc. 4. I'ndosoii cmok 800wt no peke Kapadapss é 30He npumokxa K 60Xp. AHOUMCaH,
(n. Kamnsippasam, 00 3anoiHeHus uauiu 6000XpaHuIuLia)
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WMameHeHKWe nnowanei cHeXxHoro nokpoea B GacceidHe pekn HapbiH
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Puc. 5. FI3meHeHUs CHEXCHO20 NNOKPO8a 6 menJioe 8pems 200a
6 6acceiine pexu HapuiH

M3meHeHWe NiowWanen cCHexXHOro Nnokposa B BacceldHe pekn Kapaaapba
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Puc. 6. I3meHeHUsA CHE}HO20 NOKPOBA 6 menJioe epems 200a 6 GacceiiHe peKu
Kapadapes
3epaBuraH. B 6acceiiHe pexy 3epaBiliaH elle eCcTh 3HauM- cTabuabHO. U3 prcyHKa 8 BUAHO, UTO YMEHbIIIeHMe TII0IaaN
TeJIbHbIE 3aI1achl MHOTOJIETHUX CHErOB. [OJOBOIT CTOK peKM  CHEKHOTO TIOKPOBA IMPOMCXOAMT U MOC/IE 3aBepIIEHNs Bere-
3epaBillaH MMeeT TeHAEHIINIO K YBeTMYeHu 0. (puc.7). TalMOHHOTO MepP1oa.

CYM MapHO€ KOJIM4YeCTBO I'OAO0BbLIX OCaAKOB JOCTATOYHO
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Nopoeoi cTOK p.3epaBwlaH
n. Paepatxoma
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Puc. 7. I'odoeoii cmok pexku 3epasuiat, n. Pasamxodsica.
YacmuuHo eoccmaHoeieH no n. Jfynynu ¢ yuemom p. Mazuanoapos
MameHeHWe nnowagei CHeXHOro NoKpoea B 6acceHe pekn 3epaslad
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Puc. 8. I3meHeHUSA CHE}¥CHO20 NOKPO8da 6 menjioe epems 200a
8 GacceliHe p. 3epasuiaH.

Kamkanapbsst u CypxaHzapbsi. BogHblii Kpu3uc pa3Bo- ceiinax pek Kamkamapest u CypxaHIapbsi B TedeHUe BereTta-

pauMBaeTCda Ha peKax KaLLIKaJlapr n CYpX&HJlapr. Ha stux LIMOHHOI'O IIepruoda M3MeHUMBa M 3aBUCUT OT KOJIMYECTBA
perax Ha6J'IIO,E[aeTC$I YCTOIZ'-II/IB&H TEeHOEHL VS K YMEeHbIIEeHWIO OCaaKoOB. HeoﬁXO,ZlI/[MbI HEOT/IOKHbIE MePbI I10 CIVIa>KMBaAHUIO

rof0Boro cToka. (puc.9). CHe>xXHbII IOKPOB IOTHOCTBIO cye- BHE3AITHO BO3HUKAIOIIMX Ae(DUIUTOB BOABI 1 GOTBUINX TOXK-
3aeT K cepelHe BereTanuu B 060ux 6acceifHax pek Kamka- — [1eBbIX ITaBOAKOB, TaK Kak 06e peku (haKTUUeCcKu Mepenuin K
napbs u Cypxannapbs. (puc.10). BogHas cutyauys B 6ac IOXIEeBOMY UTAHUIO.

“Irrigatsiya va melioratsiya” jurnali Vol. 12 No. 1 (2026)



ECOLOGY AND WATER RESOURCES MANAGEMENT

loposoi cTok p.Kawkagapka -n.4YMpok4m Foposoii cTok p.CypxaHaapsa - n. Wypun
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Puc. 9. I'ndoeoii cmok p. Kawkadapwsa u p. Cypxandapos

M3meHeHne NN0LWAAeN CHEXHOMO M3meHeHWe Ni0LWaaen CHEXHOMO
nokpoea B BacceliHe peku Kawkagapba nokpoea B bacceilHe pekun
Cypxangapba
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Puc.10. YmeHblueHue naoujadu CHe)cHoIX noJieii 6 6ezemayuoHHbLil nepuod 6
6accetinax pex Kawikadaposa u Cypxanoapos

200

Baxmr. Haunnasi mpumepHo ¢ 2010 ropa, rofoBoil CTOK  HacTosllee BpeMsl IIPOMCXOAUT CMeHa poCTa BOLHOCTY PeKu
peku Baxiil mepecTtan yBeJIuMUMBaThCS U, BEPOSITHEE BCETO, B Ha yMeHblIIIeHVie BOOHOCTY peku Baxi. (puc.11).

12-
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lopoBoK cTOK Baxwl B CTBOPe NpUTOKA K BAXP. Hypek
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Puc. 11. I'odoeoii cmok p. Baxui. Cmeop é 30He npumoka K 0xp. Hypek
M3ameHeHMe nnowagei CHeXXHOro Nokpoea B baccelHe pexrun Baxw
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Puc.12. YmeHbuleHue naowadu CHeXCHbIX NoJleli 8 6ezemMayuoHHbLL nepuod 6
Oacceiine pexku Baxu (8viute cmeopa npumoxa K 60xp. Hypek).

IIaamx. BogHocTh peku [TSSHAK B HACTOsIIIee BpeMsl 10-
CTaTO4YHO cTabuibHa. (puc.13).

OcpenHeHHble 3HAUeHMS TUIOLIAJIeli CHEXHBIX MOonei u
JIEIHMKOB TMOYTHU COBIAAAloT Ha 240 meHb rofa Ijsl Mepuo-
noB ocpenHeHust 2000-2009 u 2015-2024 rr. (puc.14). 3to
03HAYaeT, UTO CUTyalus Ha peke AMynapbsi B 30He hopmu-
pPOBaHMS CTOKA MOYTU CcTabuIbHa. BomHOCTb peku [ISSHIK B
crBope Hiokauii IISHAK BOCCTAHOBJIEHA 10 KOPPEISLMOH-
HBIM CBSI3SIM B pPeaJibHBbIX 3aMepax Ha pekax 6acceifHa peku
ITsaumk v Bax.

BoIBOIBI.

1. YcTaHOB/IEHO, UTO POCT BOAHOCTM peK lleHTpasbHOI
Asuu 3a cueT fgerpasanyy MHOTOJIETHUX CHETOB U JIeIHUKOB,
MOIXOIMUT K KOHILY, & Ha OTHE/bHbIX BOLOTOKAX YK€ 3aKOH-
unics. Pekn rnepexogsiT Ha CHErofoXIeBoe MUTaHMe C BO3-
pacTaruuM npeobiiafaHueM OKAEBOro nutaHus. CTerneHb
M3MEHUYMBOCTY BOLHOCTHM PeK B TeueHye rofa ¥ Mexiy roja-
MM BospacTtaeT. KomnuecTBo BOAbl B peKax YMeHbIIAeTCsl Ha
4% B OTBET Ha POCT TeMIepaTyp Bo3ayxa Ha 1 rpagyc us-3a
M3MeHeHMI KIyMara.
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[0A0BOM CTOK peku NAHAX Nepef cnAHMeM C pekoi Baxw
(BOCCTAHOBNEHBIM CTOK)
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Puc. 13. I'ndosoii cmok p. ITandxc. Cmeop - Huxcnuii ITandic
M3ameHeHue Nnowanein cHexHOro NoKpoea B DacceliHe pekn MNAaHK
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Puc. 14. YmeHsbueHue naoujadeii CHez08bIx noJieli u 1eOHUKO8 8 8e2emaullOHHbILI
nepuod 6 6accetine pexu ITaHdxc

2. Heo6xX0AyMO YCKOPEHHO CTPOUTH Majibleé BOLOXPaHM-
JIMINA Ha HeGOIbIINMX BOLOTOKAX C IOJHBIM 0OOCHOBaHMEM

IMM Ha BCEX HAIPaBJIEHMUSIX BOMOIOIb30BAHMS C 060CHOBA-
HMEM YKOHOMMUECKO! 3PGEKTUBHOCTY U C YUETOM IOCTY-

9KOHOMMYECKOi 3P GeKTUBHOCTH U 11€J1eCO06Pa3HOCTH.

3. Heo6X0aMMO YCWIJIUTh KOHTPOJIb M YUET 3a paciipe/esie-
HMEM MCITOIb30BaHEM BOJHBIX PECYPCOB ¥ MMETh CUCTEMBI
pacueta peTPOCIEKTUMBHOTO M TEKYyLIEro BOAHOrO GamaHca
KaK MOYKHO I10 60/TbIlIEMY KOJTMYECTBY PeK.

4. Heob6xomuMo BHeIpSITh BogocOGeperarmolnye TeXHOJIO-

IUIEHUS COJIeil ¢ MPPUTALIMOHHOM BO#OVi. be3 JO/KHOTO U
0060CHOBAHHOTO peXkrMa IIPOMbBIBKM TTOJIeN 1)1 136aBIeHMs
OT COJIell, HAKOTIEHHBIX MPY MUCIIOIb30BaHUY Bomochepera-
IOIMIMX TEXHOJIOTUI, MOXXHO TOABEPTHYTb IMOBEPXHOCTHBIE
CJIOV UPPUTAIMOHHBIX 3eMeJb 3aCOJIEHNIO Y BBIBECTU UX U3
CeTbCKOXO03SIICTBEHHOTO TTPOM3BO/ICTRA.
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FORMATION AND STABILITY ASSESSMENT OF A NETWORK
OF PERMANENTLY OPERATING GNSS STATIONS IN
UZBEKISTAN

D.Norboeva , A.Inamov - PhD, associate professor, M. Rajapbaev- PhD, associate professor
“Tashkent Institute of Irrigation and Agricultural Mechanization Engineers” National Research University

Abstract

This paper analyzes the optimal distribution and stability assessment of Differen-tial Satellite Geodetic Networks (CORS/
RTN) across the territory of Uzbekistan. Data from 50 continuously operating GNSS stations were processed, and their coordinates
were recalculated in the ITRF2014 reference frame. The transformation between global and national datums was performed
using a 7-parameter Helmert model, ensuring geometric consistency. The results indicate average coordinate stability values
of 2.23 mm (North), 3.05 mm (East), and 6.25 mm (Up) components. The most stable stations were identified as DUST, CHIR,
KANL, and URGD, while the ISTD station showed the high-est vertical displacement (11.05 mm). Spatial analysis revealed that
the network density is higher in the central and eastern regions (Tashkent, Samarkand, Fergana Valley), while the western
regions (Navoi, Karakalpakstan, Bukhara) remain less covered. RINEX file analysis demonstrated that each station tracked
on average 17-19 satellites per day, ensuring sufficient geometry for accurate RTK/RTN positioning. The findings provide a
scientific foundation for optimizing the national GNSS network, enhancing real-time positioning accuracy, and strengthening
Uzbekistan’s geodetic reference in-frastructure for future geodynamic mapping, irrigation, and land-management applica-
tions across Uzbekistan.

Keywords: GNSS, CORS, ITRF2014, Bernese GNSS, station coordinates, net-work stability, Uzbekistan.

O‘ZBEKISTONDA DOIMIY FAOLIYAT YURITUVCHI GNSS
STANSIYALAR TARMOG'INI SHAKLLANTIRISH VA
BARQARORLIGINI BAHOLASH

D.Norboyeva, A.Inamov - t.f.f.d.(PhD),dotsent, M.Rajapbayeyv - t.f.f.d.(PhD),dotsent
“Toshkent irrigatsiya va qishloq xo‘jaligini mexanizatsiyalash muhandislari instituti” Milliy tadqiqot universiteti

Annotatsiya

Mazkur maqgolada O‘zbekiston Respublikasi hududida differensial sun’iy yo‘ldosh geodezik tarmoglarini (CORS/RTN)
magbul joylashtirish va ularning barqarorligini baholash masalalari o‘rganildi. Tadgigot jarayonida mamlakat bo‘yicha 50 ta
GNSS stansiyalari ma’lumotlari tahlil qilinib, ularning ITRF2014 tizimidagi koordinatalari qayta hisoblandi. Transformatsiya
7-parametrli Helmert modeli asosida amalga oshirilib, global va milliy datumi o‘rtasidagi geodezik moslik ta’minlandi. Olingan
natijalarga ko‘ra, stansiyalar koordinatalarining o‘rtacha bargarorlik giymatlari quyidagicha aniglangan: shimoliy yo‘nalishda
(N) - 2.23 mm, sharqiy yo‘nalishda (E) - 3.05 mm va vertikal yo‘nalishda (U) - 6.25 mm. Eng barqgaror stansiyalar sifatida DUST,
CHIR, KANL va URGD ajralib chiggan bo‘lsa, eng yugqori siljish ISTD stansiyasida (U yo‘nalishda 11.05 mm) kuzatilgan. Tahlil
natijalariga ko‘ra, tarmoq zichligi markaziy va sharqgiy hududlarda (Toshkent, Samargand, Farg‘ona vodiysi) yugori bo‘lib,
g‘arbiy mintagalarda (Navoiy, Qoraqalpog‘iston, Buxoro) nisbatan siyrak joylashgan. RINEX fayllari asosida o‘tkazilgan signal
tahlillari bir sutkada o‘rtacha 17-19 ta yo‘ldosh kuzatilganini ko‘rsatdi, bu esa RTK/RTN xizmatlari uchun yetarli aniqglik
darajasini ta’minlaydi. Tadqiqot natijalari O‘zbekiston hududida differensial geodezik tarmogqlarni optimallashtirish, real
vaqtli koordinatalar anigligini oshirish va milliy geodezik asosni mustahkamlash bo‘yicha ilmiy asos yaratadi.

Kalit so‘zlar: GNSS, CORS, ITRF2014, Bernese GNSS, stansiya koordinatalari, tarmoq bargarorligi, O‘zbekiston.

®OPMUPOBAHUE U OHEHKA CTABUJIBHOCTH CETH I10-
CTOSAHHO JEUCTBYIOLINX CTAH-INUM GNSS B Y3BEKU-
CTAHE

J.Hop6oesa, A.Unamoe — PhD, douenm, M.Paxcan6aes — PhD, douenm
HauuonansHslii ucciedosamensckuili yHueepcuimem «TawKeHMCKUli UHCIMUINYM UH-}¥EHEPOE8 UPPUAUUU U MeXaHU3auyuu
CelbCK020 xo3aticmea»
AHHOTaIUS

B craTbe MPUMBOOMUTCS aHAINU3 ONITUMATbHOTO pa3MeIleHNs U OI€HKY CTa6MIbHOCTY OuddepeHIMaTbHbIX CITYyTHUKOBBIX
reogesuueckux cereit (CORS/RTN) Ha Tep-puTopumu YsbekucraHa. Bouin o6paboTaHbl JaHHbIe 50 MTOCTOSIHHO JEeCTBYIOMIMX
craniumit GNSS, a ux KoopayHaThI epecunTaHbl B cucteMe ITRF2014. Tpanchopmaliys MeXay r1o6albHOM M HAIIMOHATBHOM
cuUcTeMaMM KOOPAMHAT BBITIONHEHA 10 ceMMITa-paMeTpuIeckoit Mmomennu l'ebmepTa, UTO 06€Ceunio TeOMeTPUUECKYI0 CO-
IJTACOBAHHOCTDb JAHHBIX. Pe3ybTaThl MOKA3a/IM, YTO CpeIHMEe 3HAUEHMUs CTaGVIBHOCTY KOOPAMHAT COCTABJSIOT 2,23 mm 1o
CeBepHOII KOMIIOHeHTe, 3,05 mm 110 BOCTOUHOI U 6,25 mm I10 BePTUKAaJIbHO KoMIIOHeHTe. Hanbonee cTaGuIbHbIMIM CTaHIIM-
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simu onipepenenbl DUST, CHIR, KANL u URGD, B To BpeMs Kak cranuus ISTD nmokasasia Haubosbliee BEPTUKAIbHOE CMEIIeHMe
(11,05 mm). ITpoCTpaHCTBEHHBII aHAIN3 BBISIBWI, UTO TUIOTHOCTh CETHM BBIIIE B IIEHTPAIbHBIX M BOCTOYHBIX perroHax (Tari-
keHT, CamapkaHz, ®epraHckas OOAMHA), TOTOA Kak 3amnafgHbie paiionsl (HaBou, Kapakanmakcrad, byxapa) ocraloTcs MmeHee
oxBaueHHbIMM. AHa3 RINEX-daiiioB mokasaj, 4To KaXkgast CTaHIIMS OTCIEXMBAET B cpefHeM 17-19 CITyTHUKOB B JIeHb, 4YTO
obecreunBaeT JOCTATOYHYIO T€OMETPUIO [JIsi TOUHOTO TO3UIIMOHMPOBaHMs B peskumax RTK/RTN. ITosyueHHbIe pe3yabTaThbl
CO3[aI0T HAYYHYI0 OCHOBY [IJII ONTUMMM3aLyy HalMOHanbHOV ceTu GNSS, MOBbIIeHMS] TOYHOCTY MO3ULIMIOHUPOBAHUS B pe-
QTbHOM BPEeMEHU U YKPeIUIeHMSI Teoe31MueCcKoil OITOPHOH MHGPACTPYKTYPhl Y36eKMCTaHa sl OYIyIIMX TeOIMHAMUIEeCKIX U

KapTorpapmuecKkux MpuioKeHUA.

KmoueBsie cioBa: GNSS, CORS, ITRF2014, Bernese GNSS, KoOpaMHAaThI CTaHIINIT, CTAGMIBHOCTD CETH, Y30€KMCTaH.
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ntroduction. Permanently Operating GNSS Stations

(CORS) based on Global Navigation Satellite Systems
(GNSS) are currently considered a fundamental component in
geod-esy, cartography, cadastre, and engineering monitoring
[1]. Such networks enable the establishment of a unified
national coordinate system, ensure high-precision real-time
positioning, and allow the monitoring of deformations and
crustal movements [2].

In modern geodesy and geoinformatics, GNSS serves
as the primary data source for conducting high-precision
spatial analyses [3]. In particular, networks of Continu-ously
Operating Reference Stations (CORS) form the foundation of
national geodetic infrastructures. Through these networks,
it becomes possible to monitor geodynamic processes,
achieve millimeter-level coordinate precision, and maintain
consistency with global reference systems [2].

One of the most advanced software solutions used for
high-precision GNSS da-ta processing is the Bernese GNSS
Software, developed by the Astronomical Institute of the
University of Bern (AIUB) in Switzerland. It is recognized
as one of the most comprehensive scientific platforms for
multi-GNSS data processing [4].

The Bernese software package serves as the main analytical
tool of the Center for Orbit Determination in Europe (CODE)
and is actively used in the activities of IGS (International
GNSS Service) and EUREF/EPN. The software is continuously
updated and applied for global orbit determination, Earth
rotation parameter (ERP) estimation, tropospheric modeling,
and global ionospheric map generation [5].

A key advantage of the Bernese GNSS Software is its
capability for precise dif-ferential processing. It can handle
all major types of raw GNSS observations (code and phase)
recorded by high-grade geodetic receivers. The software
supports both single-frequency (L1) and dual-frequency (L1/
L2) data processing, minimizing ionospheric de-lay effects. It
also accounts for antenna phase center offsets and variations
(PCO/PCV) for different receiver types, ensuring generalized
and accurate solutions [6].

Moreover, the Bernese Processing Engine (BPE) module
enables fully automat-ed workflows for large-scale data
processing. Using BPE, analyses such as PPP (Pre-cise Point
Positioning), baseline processing, network adjustment
(RINEX-to-SINEX), and clock estimation can be performed
automatically. This significantly enhances the efficiency of
complex GNSS network computations [7].

The software also considers various geophysical effects
such as tectonic plate motion, crustal deformation, and ocean
loading. Time-dependent parameters (e.g., trop-ospheric
delays, Earth rotation parameters, ionospheric models) are
estimated continu-ously using segmented linear modeling.
Additionally, Bernese can integrate GNSS, GLONASS, and
SLR (Satellite Laser Ranging) data into a unified processing
environ-ment.

The program supports all major international data
formats, including RINEX, SP3c, SINEX, IONEX, ANTEX, and
IERS ERP, enabling seamless international data exchange
and analysis. Leica Geosystems AG serves as the exclusive
commercial dis-tributor of the Bernese software, while
research licenses are provided directly by the AIUB.

Today, the Bernese GNSS Software is widely recognized
as an ideal tool for sci-entists and organizations engaged
in geodesy, meteorology, geophysics, and national geodetic
network management. Its millimeter-level precision makes it
invaluable not on-ly for scientific research but also for applied
tasks such as cadastral surveying, defor-mation monitoring,
and engineering control [8].

Reliable irrigation and melioration systems require
accurate geospatial infor-mation to ensure the stability
of hydraulic structures and effective land-reclamation ac-
tivities. Continuous Operating Reference Stations (CORS)
have emerged as an essen-tial infrastructure for high-
precision monitoring of terrain deformation, groundwater-
related subsidence, canal embankments, and large dam
structures. GNSS-based CORS networks provide centimeter-
to millimeter-level positional accuracy, enabling continuous
assessment of dam settlement, differential movements, and
geodynamic processes that directly influence irrigation and
drainage efficiency [2].

In melioration practice, particularly in arid regions such
as Central Asia, defor-mation of irrigation canals, pumping
stations, and dams may lead to water losses, re-duced
hydraulic efficiency, and increased risk of structural failure.
Integrating CORS data with remote sensing, hydrological
modeling, and engineering observations en-hances early-
warning systems and supports sustainable management of
reclaimed lands [1]. Therefore, the application of CORS-based
geodetic monitoring contributes significantly to improving
water-use efficiency, ensuring dam safety, and optimizing
melioration infrastructure.

In Uzbekistan, activities in this direction began under the
Presidential Decree No. 2045 of September 25, 2013, which
initiated the “Creation of a National Geographic Information
System” investment project. This project aims to develop a
national geospa-tial database, manage it effectively, and
advance the “Geoportal” platform. It focuses on creating,
updating, and disseminating national maps, satellite imagery,
and spatial data repositories [9].

The project involves cooperation with 12 foreign
companies, including Google, Yandex, and Esri, and 11
domestic IT companies, contributing to the country’s digital
transformation. The main objectives of the project are as
follows:

1. Establishment of a national geospatial database:
creation and regular updating of Uzbekistan’s national maps,
satellite imagery, and spatial data repository.

2.Development of the Geoportal: creation of an integrated
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platform for data hosting and public access.

3.Advancementofdigital transformation:implementation
of modern geospatial technologies to support Uzbekistan’s
digital development.

Within this framework, a national GNSS CORS network
was established in co-operation with the Korea Economic
Development Cooperation Fund (EDCF) and im-plemented
by Leica Geosystems AG.

This article is based on the technical report of this network
and focuses on ana-lyzing data processing strategies, applied
parameters, and positional accuracy indica-tors.

Materials and Methods

1. Reference System and Epoch

The coordinates of all stations in the network were
processed within the Interna-tional Terrestrial Reference
Frame (ITRF2014). This reference frame integrates global
data from GNSS, VLBI, SLR, and DORIS technologies, allowing
the modeling of Earth's dynamic motions, including tectonic
shifts, seasonal deformations, and seismic dis-placements
[10]. The coordinates were aligned to the epoch 01.06.2018.

2. Primary Parameters

For GNSS antenna phase centers, Absolute Phase Center
Variation (PCV) cali-brations were applied, as they provide
higher precision compared to relative calibrations [11]. The
calibration data were obtained from official IGS (International
GNSS Service) antenna files. When necessary, individual
absolute calibrations were applied to specif-ic stations [12].

Accurate ephemeris and Earth Orientation Parameters
(EOP) were provided by the IGS. These products are typically
updated with a latency of 12-18 days, yet they en-sure
millimeter-level accuracy in orbital and pole parameters [13].

3. Dataset

For the analysis, continuous GNSS observation data in
RINEX format were used from 50 stations across Uzbekistan,
covering the period from December 2017 to May 2018.
Complete metadata - including antenna type, receiver model,
antenna height, and station location - were incorporated into
the analysis.

4. Processing Strategy

Data were processed using Bernese GNSS Software v5.2
[4]. Each day was analyzed as an independent session, with
IGS stations fixed as reference points. Phase ambiguities were
resolved using three strategies depending on baseline length:

1.< 20 km: L1/L2 integer fixing

2.20-200 km: Sigma or QIF method

3.200-2000 km: Global QIF strategy for long baselines

Daily solutions were then combined using the minimal-
bias approach, which minimizes systematic errors within
the network and ensures consistency with the ITRF2014
reference frame [10].

Results and Discussion

1. Coordinate Repeatability

The coordinate repeatability across all stations in
the network was recorded at 2-3 mm for the horizontal
components and 5-8 mm for the vertical component. These
val-ues demonstrate a high level of precision, comparable to
international GNSS networks such as IGS and EUREF [5].

The reliability and accuracy of the Differential Satellite
Geodetic Networks estab-lished within the Republic of
Uzbekistan are directly dependent on the stability of the
Continuously Operating Reference Stations (CORS). For
each station, stability was evaluated based on the average
displacement values (in millimeters) in three direc-tions:
North (N), East (E), and Up (U) (Table 1).

The analysis was conducted using RINEX observation

data from 50 CORS sta-tions that operated continuously
between August and October 2021, with observation
durations ranging from 11 to 61 days. The results indicate that
horizontal displacements (N and E) are generally small, while
vertical variations (U) are comparatively larger. This behavior
is typical for GNSS systems, as the vertical component is
more sensitive to at-mospheric delays, signal refraction, and
mechanical characteristics of the antenna.

According to the calculations, the average stability
indicators for Uzbekistan are as follows (Table 1):

* North component (N): approximately 2.2 mm, with a
minimum of 1.23 mm (KURG station) and a maximum of 4.00
mm (YNGI1 station);

e East component (E): approximately 3.0 mm, with a
minimum of 1.78 mm (TURT station) and a maximum of 4.57
mm (ISTD station);

e Up component (U): approximately 6.3 mm, with a
minimum of 4.22 mm (ASAK station) and a maximum of
11.05 mm (ISTD station).

These results confirm that the CORS network of
Uzbekistan demonstrates stable and consistent coordinate
repeatability, meeting international standards for high-
precision GNSS applications [14].

Based on the analysis, several stations demonstrate
high stability, including KURG (1.23/2.80/6.74 mm), CHIR
(1.60/2.14/5.36 mm), URGD (1.92/2.09/4.95 mm), ASAK
(2.12/3.14/4.22 mm), and KANL (1.85/2.14/5.00 mm). These
stations exhibit hori-zontal displacements below 2 mm and
vertical variations within 5-6 mm, indicating high mechanical
and geodetic stability. In particular, the KANL station stands
out as a stable reference point for the Uzbekistan CORS
network, with below-average displacement values in all
directions.

Larger variations were observed at ISTD (3.23/4.57/11.05
mm) and YNG1 (4.00/4.39/5.84 mm) stations. The possible
causes include short observation duration, environmental
obstructions (e.g., tall objects near the antenna), and local
meteorologi-cal effects [15]. Additionally, stations SAMD,
SAR1, KRBD, and KUMI1 showed vertical displacements
exceeding 7 mm, suggesting the need for continued
monitoring or veri-fication of site conditions.

Overall, the Uzbekistan CORS network demonstrates
average horizontal stability of 2-3 mm and vertical stability
of 6-7 mm, which aligns with international GNSS moni-toring
standards and provides the accuracy required for maintaining
the national spatial reference framework [16].

The results indicate that the existing CORS stations in
Uzbekistan are generally stable. KANL, URGD, CHIR, and
ASAK stations yielded the most reliable outcomes and are
recommended as high-precision reference points for real-
time differential meas-urements (RTN). This analysis holds
practical significance for expanding and optimiz-ing GNSS
networks as well as for improving RTN service quality.

2. Final Coordinates

The coordinates of the CORS were computed in both
Cartesian (X, Y, Z) and ge-odetic (¢, A, h) forms within the
International Terrestrial Reference Frame 2014 (ITRF2014).
This system represents a global, Earth-centered reference
frame that pro-vides high-accuracy coordinates derived from
GNSS observations [17].

The transformation from global to national coordinate
systems was carried out using the 7-parameter Helmert
transformation, which ensures geometric consistency and
minimizes residual errors. The transformation parameters
include scale, rotation, and translation components.
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Table 1
Analysis of stability indicators of CORS stations in Uzbekistan

Station Stability (mm) Station Stability (mm)
name | P35 W E U name | D28 E U
AKTD 60 252 1.94 7.08 KR5D 60 263 3.10 6.06
ALT1 60 233 2238 6.48 KUM1 57 272 3.18 7.56
ALTK 60 1.66 227 514 KURG 51 1.23 2.80 6.74
ASAK 53 212 314 422 MAGK 27 215 3.70 536
BAUD 61 222 2590 6.40 MANG 60 1.95 217 502
BAY1 59 261 3.38 5.87 MBRD 45 233 2.36 7.58
BUKD &0 1.76 314 7.26 NAMD 61 1.89 338 443
BUX1 60 2.27 2.21 6.18 NAVD 60 2.41 212 7.00
CHIM 59 1.67 2145 519 NUKS 58 216 2.01 547
CHIR 60 1.60 214 5.36 SAMD 60 2.61 3.83 6.76
CHUS 60 1.96 3.38 4.83 SAR1 60 264 37 T.00
DEN1 60 293 326 7.93 SIRD K] 251 2.9 584
DuUs1 60 273 3.40 6.69 SRBD 59 267 3 6.62
DUST 57 1.35 242 8.27 TER1 12 1.60 1.94 6.19
FARD 49 1.88 3.58 552 TURT 14 1.53 1.78 6.26
GALA 59 242 3.74 4.95 UCH1 60 1.99 1.92 6.66
GALL 53 248 3.02 590 UCHT 56 220 318 593
GJDD 60 228 1.95 6.48 URGD 59 192 209 4.95
GULD 61 214 3.01 6.23 YAN1 60 1.51 315 7.66
GUZD 60 251 346 7.07 YANN 60 1.81 3.39 431
HAKK &0 1.98 3.29 4.86 YAZV 53 1.78 3.50 481
ISTD 14 3.23 4 57 11.05 YKBD 59 250 338 744
KANL 60 1.85 214 500 YNG1 11 4.00 439 584
KOKA 53 1.69 3.34 551 FAAM 56 216 34 583
KRED 60 270 21 7.00 ZAR1 60 222 207 6.74

As a result of the computation, station coordinates
were determined with millime-ter-level precision, and their
temporal stability was evaluated. Continuous monitoring
of the coordinates enables the assessment of station
stability indices, detection of geody-namic movements, and
enhancement of accuracy for Real-Time Network (RTN) ser-
vices.

Figure 1 illustrates the spatial distribution of GNSS CORS
stations across the Republic of Uzbekistan. The map shows
that the stations cover the entire territory of the country, with
higher density observed in the central and eastern regions
(Tashkent, Samarkand, and the Fergana Valley) and lower
density in the western regions. This distribution highlights
the necessity of further network optimization to achieve
uniform spatial coverage and enhanced positioning accuracy.

3. Network Stability Analysis

The stability analysis of the stations revealed that minor
variations were ob-served at certain sites due to physical
antenna conditions or installation settings [18]. However, the

overall network accuracy and stability remain high and fully
compliant with international standards. The combination of
IGS products (Absolute PCV, precise ephemerides) and the
Bernese GNSS Software ensured the long-term reliability of
the coordinates.

The stability of the GNSS CORS stations operating in
Uzbekistan is of great im-portance for the reliability of the
network, the accuracy of real-time differential services,
and long-term geodynamic research. Network stability was
assessed based on criteria such as temporal coordinate
variations, satellite signal quality, and operational continu-
ity of the stations [19].

According to the analysis of RINEX files, all stations
continuously received sig-nals from both GPS and GLONASS
satellites. As an example, data from the KANL sta-tion
(Kashkadarya region) on September 3, 2021 were analyzed.
The results showed that, on average, the station tracked 17-19
satellites simultaneously during the day, which is sufficient
for precise positioning (Table 2).
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Table 2
Observation quality analysis

Parameter Description
Receiver LEICA GR50 (dual-frequency, professional-grade) (Fig. 2)
Antenna LEIAR10

Data recording

Observations recorded every 30 seconds throughout the full 24-
hour period; no major data gaps observed

Number of sat- | Typically 16-19 satellites observed per epoch (occasionally drop-
ellites ping to 13-14; maximum ~20)
Tracked  sys- | GPS + GLONASS hybrid tracking - improving geometry and posi-
tems tioning accuracy
Observation L1/L2 carrier phase, C/A and P-code, SNR values available - suffi-
types cient for high-precision PPP/static solutions
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Figure 1. Location of GNSS CORS stations in Uzbekistan

Based on the RINEX file of the KANL station dated
September 3, 2021, the com-position and temporal
distribution of tracked satellites were analyzed to assess the
per-formance of the GPS and GLONASS systems (Fig. 3).

The “Distribution of satellites per epoch” graph (Fig. 3a)
represents the total number of satellites observed per epoch.

The results indicate that an average of 17-18 satellites
were simultaneously visible, which is considered adequate
and stable for GNSS observations. The histogram shows
an approximately normal distribution, reflecting the
consistency of the tracking process and the high quality of
received signals.
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Figure 2. LEICA GR50 dual-frequency professional-grade GNSS equipment used at the KANL permanent
observation station: a) LEIAR10 antenna installed on a stable concrete monument; b) LEICA GR50 receiver
unit operating in continuous observation mode
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Figure 3. Satellite tracking analysis for the KANL CORS station: a) Distribution of satel-lites per epoch; b)
GPS vs. GLONASS satellites per epoch; c) Temporal variation of total satellites observed (KANL, 2021-09-

The “GPS vs GLONASS satellites per epoch” graph (Fig.
3b) illustrates the varia-tion in the number of GPS and
GLONASS satellites observed per epoch at the KANL station.
The number of GPS satellites ranged between 4 and 8, while
GLONASS satel-lites varied between 8 and 12. The more
stable GLONASS tracking indicates favorable sky visibility
conditions for this constellation at the KANL location,
contributing to im-proved accuracy when both systems are
used together.

The third graph (Fig. 3c - “Satellites per epoch (KANL,
2021-09-03)”) displays the temporal variation in the total
number of satellites tracked throughout the day. The re-
sults show that between 00:00 and 06:00 UTC, the number

of satellites was relatively low (14-16), increasing to 18-20
around midday. This fluctuation corresponds to the natural
cyclical changes in satellite orbital geometry and sky visibility
[20].

Overall,theKANLstationtracked anaverage of 17 satellites
per day, with the most stable and complete observation
period occurring between 07:00 and 18:00 UTC. This time
window can therefore be considered optimal for performing
real-time (RTK/NRTK) geodetic measurements.

Conclusion

CORS-based geodetic monitoring represents a modern
and reliable approach for supporting irrigation and
melioration systems. High-precision GNSS observations im-
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prove the detection of dam deformation, canal subsidence,
and hydraulic structure sta-bility, which are critical for
sustainable water management. Integrating CORS meas-
urements with melioration engineering practices strengthens
risk assessment and pro-vides timely decisions for
maintaining irrigation security. The findings highlight that
ex-pansion of national CORS networks and their integration
into melioration monitoring frameworks will significantly
enhance the safety and effectiveness of hydraulic infra-
structure.

The Uzbekistan GNSS CORS network demonstrated high
stability and accuracy within the ITRF2014 reference frame.

The application of Absolute PCV calibrations, IGS precise
products, and the Bernese GNSS Software enabled
millimeter-level coor-dinate precision. It is recommended
that the network be regularly reprocessed and up-dated
with new epochs, and that antennas undergo periodic
calibration to maintain the long-term geometric consistency
and global compatibility of the national geodetic refer-
ence system. This will ensure continued reliability for
real-time GNSS applications, ge-odynamic monitoring,
and national spatial data infrastructure development.
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eepcumemu
AnHoOTanusa

Vm6y makonaza TomKeHT BUIoSTH YpTa UMpumK TyMaHWUa JKojilaliraH, SMFUPAATIO CyFOPUII TU3UMM JKOPUIt KUIMHIaH
cyropwiagurad Maiigosaa 0,6 M. raua YyKypiauK OpaIMFMIA TYMPOK HAMIUTUHUHT XyIyAWUii Ba BaKT Gyiinua y3rapuii KOHY-
HUSITIIApY WIMMIA SKUXaTaaH yprauuwiayu. TagKMKOT UIIUTapy acocaH TaxTa SKMHMHMHT Beretauus JaBpuia onub 60puano,
tynpokuuHr 0,2, 0,4 Ba 0,6 M uyKypaukaapuaa 3amonasuit WatchDog 1000 TeH30MeTpiapu épaamMmiuaa HaMIMK MUKIOPYHI
KYHJIMK MOHUTOPYHT KVWINIL OPKAIM CYFOPUII CYBMHMHT TYIIPOKJA CaKJIaHUIIN Ba TAKCUMIAHUII XYCYCUSIT/IapU aHUKJIaHAN.
OnuHraH Taskprba MabIyMOTIApU MaTEMATUK-CTATUCTUK YCy/UIap épaaMuIa Tax i KUIMHNO, EMFUPIATUO CYFOPUII IIapo-
UTKUIA TaXTa Janajapy YIyH CYFOPUII MebEpIapMHM MaKOy/UIaIITUPUIIT XaMJa CYB pecypciapuaad camapani GoimanaHuiin
6Vyitrua MMM acOCIaHTaH TaBCUsIAP MILIA0 YMKUTIIA.

Kanut cy3map: TeH30MeTp, EMFUPIATUO CYFOPUIIL, TIAXTa, TYMIPOK HAMJIUTH, CYFOPUIII caMapaZOpJIATY, BereTalus JaBpu,
KUILJIOK XYOKaJIUTU epliapu.
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Hauuonanwhoiii uccnedosamensckuii ynusepcumem “TauwikeHMCKULl UHCIMUIMYM UHMceHePO8 Uppuzayuu u MexaHusauyuu
CebCKo20 xo3saiicmea”

AHHOTaLVA

B cTaThe HayYHO 060CHOBAHBI 3aKOHOMEPHOCTH MPOCTPAHCTBEHHOTO ¥ BPEMEHHOTO VI3MEHEHNST BIAXKHOCTY TIOUBbI B CJIOE
1o 0,6 M Ha OpoIIaeMOM yYacTKe ¢ BHEAPEHHOI CUCTEMOI MOKIeBaHMsI, PACIIONIOKeHHO B TalllKeHTCKO 061acTu, YpTaump-
UMKCKMIA paiioHe. VcciemoBaHusl IPOBOAMINCH B TeUeHMe BereTalMlOHHOIO nepuofa xiaondaTHuKa. CyTOUYHbBI MOHUTOPUHT
BJIAKHOCTM MTOYBBI Ha rrybmHax 0,2, 0,4 1 0,6 M OCYIeCTB/ISICS C MCIIONb30BaHMEM COBpeMeHHbIX TeH3uoMeTpoB WatchDog
1000, uTO MO3BOIMIIO OMIPELETUTh OCOGEHHOCTH YIEPXKaHUS M PACIIPeeJIeHNUsT OPOCUTETBHOI BOJbI B IOUBEHHOM MIpOduIIe.
[TonyueHHbIe SKCIIepPUMEHTAIbHBIE JaHHbIe ObUTM 06pPabOTaHbI METOLAMM MaTEeMATUKO-CTATYICTUIECKOTO aHaIM3a, Ha OCHO-
BaHMM Yero pa3paboTaHbl HAYYHO OOOCHOBAHHbIE PEKOMEHJAIMY TI0 ONTMMM3AIMY OPOCUTENIbHBIX HOPM IJIS XJIOIIKOBBIX
T1071e¥1 B yCJIOBYSIX AOXKAEBaHMSI U TTOBBINIeHMIO 3(D(eKTHBHOCTHM MCIIONMb30BaHMSI BOLHBIX PECYPCOB.

KiroueBble C10Ba: TEH3MOMETD, IOKAeBaHMe, XJI0MUaTHUK, BIaKHOCTb TOYBBI, 3)GEeKTUBHOCTh OPOLIEHNSI, BereTalMoH-
HbII IePUOT,, CETbCKOX0351/ICTBEHHbIE YTOIbSI.

ASSESSMENT OF TEMPORAL DYNAMICS OF SOIL
MOISTURE UNDER SPRINKLER IRRIGATION

A.M.Fatkhulloev - Dr. Tech. Sci., Professor, J.S.Khamrokulov - PhD, Assistant,

D.V.Nazaraliev — C.Ag.Sc., Associate Professor, M.Yu.Otakhonov - PhD, Associate Professor,

A.LGafarova — PhD, Senior Lecturer,

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

Abstract

This study scientifically investigates the spatial and temporal patterns of soil moisture variation within the 0-0.6 m soil
layer in an irrigated field equipped with a sprinkler irrigation system located in the Tashkent region, Uzbekistan. The research
was conducted during the growing season of cotton. Daily soil moisture monitoring at depths of 0.2, 0.4, and 0.6 m was carried
out using modern WatchDog 1000 tensiometers, which made it possible to determine the characteristics of irrigation water
retention and distribution within the soil profile. The experimental data obtained were processed using mathematical and
statistical methods. Based on the results, scientifically grounded recommendations were developed for optimizing irrigation
rates in cotton fields under sprinkler irrigation conditions and for improving the efficient use of water resources.

Key words: tensiometer, sprinkler irrigation, cotton, soil moisture, irrigation efficiency, growing season, agricultural
land.
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ypui. X03UPpru KyHAa KUIIJIOK XYoKaauruaa cyB pe-
cypcnapupaH okuioHa GoiifanaHul, aifHUKca CyB
TAHKMUCJIUTY MAPOUTUIA UIMUI-TaIKVKOTIAPHUHT A0I3ap0
MyHanuuIapuoad 6upu xucobnaHaau [1]. [moban mMrIUM
y3rapmiy xaMja aHTPOIOreH OMWIIap TabCUPKUAA KUIIIOK,
XYKaIUTUAA CYB PECYPCTapUHUHT YeKIaHu6 GOpUII CyFo-
puII kapaéniapura HUCOATAH SIHTM EHIAIIYBIapHU Tanab
aTMoKza [2]. lly HyKTau HasapmaH, EMFUPIATUG CYFOPUII
TU3UMJIAPU CyB capbMHM KaMalTUPUII, TYIIPOKHUHT arpo-
bU3UK XyCyCUSITIIApMHM CaKJIalll Ba SKMHIAPHUHT 6apKapop
YCUIIMHY TAbMUHIAIILA MYyXMM aXaMusIT Kach ataau [3, 4].
[TaxTa eTMmTHMpHUIILA TYNPOK HaMIMTMHUHT XyLyOuii
Ba BaKT Gyiinua Y3rapuuMHy YpraHuil XaMaa CyFOPUII Ka-
paéHMHY MIMMI acoca GOLIKAPMII acoCuii Me30HIapiaH
6upu xmcobmaHamu [5, 6]. TYIPOKHUHT Typiayu KaTiaMia-
pyia HaM/IMK MMKIOPVMHMHI OUMHAMMKACU YCUMIMK WIINU3
TU3VIMMHMHT PUBOXJIAHMINY, 03YKA 37€MeHTIapUMHUHT ¥3-
JAIITUPWINIINA Ba XOCMJILOPIUK KypcaTKUwiapura 6eBoCK-
Ta TabCup Kypcaramu [7, 8, 9]. Ly 6ouc, TymIpoK HAMIUIVHU
JOVMMMIA MOHUTOPVHT KWINII Ba YHUHT Y3rapuill KOHYHUST-
JIapVMHM aHMKJIAUI [axTa eTUIITMPULIAA I0KOpU camapaznop-
JIVKKa 3pUIIMIIHVHT MyXyM IIapTy caHanagy [10, 11, 12].
EMEMpnati6 cyropuil TU3MMM KOPUI STMITAH XOJIa
Jaja LapouTHa TYNPOK HaM/IMIMHM 6GapKapop cakjall,
CYFOPULI CyBU capdyuHM KaMaiTUPUII XaMJa CyB pecypciia-
punaH camapaayu QoimanaHuIl UMKOHUHY Gepamgu [13, 14,

15]. Bupok, Tynpok, HaMauruHuHT 0,6 M. raya Gyarad 4yKyp-
JUKOA XyOyOuil Ba BakT OViinua y3rapuil KOHYHUSITIApU
erapnu gapaxkaja ypranwiMarad. Iy 6ouc, TynpoK HaMIK-
TMHM aHUK Ba MakOy/I Japaxkaga TabMUHIANIUTAH CYFOPUII
MebEpIapuHu UILTA6 YMKUII Ba aMaTMUETIa caMapaau Kyi-
JIall Macajacy XaHy3 MMM JKUXATIaH 4oi3apo axaMusiTra
ara.

Apa6uérnap mapxu. EMFUpIaTu6 CyFopuIn TUSUMIAPK
Ba TYIIPOK HAMJIATY OMHAMMUKacy 6yiinya Kyiab TagKuKOT-
nap onub Gopuiaran. Xankapo Taakukotriaapgaa [oT Ba aBTo-
MaTAAIITUPWITAH MOHMTOPUHT TU3umiapu (Abo-Zahhad,
2023; Raheja Ba 6011K,., 2025) TYIIpOK HAMJIUTMHM Peat BaKT-
Iia Ymyaimi Ba CyB capdyuHM KaMaiTUpUILLA camapain SKaHU
TabkugaaHras [16, 17, 18]. llyuunrgek, OpnoB Ba 3axapoB
(2022), VBaHoB Ba IleTtpoB (2019) aBTOMAaTIALITMPWITaH
EMFMPNIATUG CYFOPUII TU3MMIAPU OPKAIM TYMPOK HAMIIUTU
OVMHaMMKAaCcMHM 6axoall yoTyoaapyuHy WIMKIA acocma Kyp-
catraH [19, 20].

Illy ca6abmu Ma3Kyp TaAKUKOTHUHT TaJKUKOTHUHT aco-
cuit Makcamu, éMFMpIaTH6 CyFOpMIamuraH MaligoHIapaa
TYNPOK HaMIMUTMHUHT OMHAMMUKACMHM WIMMIL SKUXaTHAaH
6axosall Ba IIy acocaa CyFOPUII PeXXMMMUHM MaKOy/IIalITH-
pULIIAD.

Taxpuba MaTepuagapu Ba ycy/ulapm. Maskyp
TaIKUKOT Su’pTa UnpumK TYMaHUHUHT “Cody OKOJITMH” MacCu-
Buaa onnb 6opunau (1-pacm).

1-pacm. Taskpuba JaqacMHUHT KOMUK TaCBUPU

TagkukoT unutapu 2024-2025 iiwinapga €MrupinaTu6
CYFOPMII TUSUMM JKOPUI STU/ITAH MaxTa Janacuna oiaub 6o-
punau. TympoK HAMJIMTUMHVHT XyOyAui XaMaa BakT Gyiinda
y3rapummuau 6axonam Makcaguna 0,2, 0,4 Ba 0,6 M uyKyp-
JMKJIapga MyHTa3aM MOHMUTOPMHI MIJIapy amajira OILIM-
pwiau. Takpuba manacuma CyFOPUITHMHT UKKU XU PEXKM-
vy, stbHU 70-70-65 Ba 65-65-60 BapuaH/Iapy KyIaHWIIN
xamza MKKY xui rmaxta HaBu: XinLuZao N278 Ba Ravnaq N21
eTUILTUPUIIN.

Tynpok HaMIMIMHM KyHIMK Ha30paT KWIMILI YYYH 3a-
MoOHaBuit apToMamiamrtupwiran WatchDog 1000 Series
Irrigation Station TeH3oMeTp KypwiMmacuaaH Qoiimananmi-
Iou (2-pacm). Y6y KypuwiMa OpKaayu TYNPOKIAru HaMIIMK
MUKIOPY AOMMMII paBuIlla Ha30paT KUIMHIM Ba CYFOPUIIT
CYBMHMHT TapKaJMIIY, IIyHUHITEK, I0KOPY Ba MaCTKM KaT-
JlaMaapaaru HaMJIMK AMHAaMMKacu aHuKaaHau. Xap 6up Mo-
HUTOPUHT HyKTacu GPS KoopauHaTiapu 6uiaH 6enrnianim,
Oy XyoyIuii TaXJIWI Ba KapTaaallTUPUIIL UMKOHUHM Gepau.
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2-pacm. WatchDog 1000 TeH30MeTp KypuJIMacH Ba Y OPKaIy TYIIPOK HAMIUTUHU
Ha3opaT KWINII JXapaéHu

Vinby TeH30MeTpaapaaH OJIMHTaH KYHJIMK MabIyMOTIap
CTaTHUCTUK Tax/ W1 yUyH gacmiab Excel macTypura KMpUTHiI-
nmu. Xap 6Mp MOHUTOPUHT HYKTacK GYiinda TYyImpOK HaMJIUTU
KuiiMaTiaapu GIS TexHonorusinapu €épaamuna Xyoyouil Tak-
CUMJIAHUII GMIaH BU3YA/UTAIITUPWIAN, Iy OPKAIM HAMJIUK
IVHAMMKACcK Ba CYFOPUII CYBUMHUMHT TapKAIUIIN TaXJ NI KA-
JIVHIN.

Taxjauna Ba HaTwKanap. TaakMKoT HaTwKanapu 2024—
2025 jwinap JaBoMuaa éMEMPIATUO CYFOPUIN IApOUTHUIA
TYMPOK HAMJIUTMHMHT XyOyAMUii Ba BaKT OVitndua y3rapuiim-
Ia MyaiisiH KOHYHMSITIap MaBXyIJIUTMHN KypcaTau. KyHank
MOHUTOPUHT MabaymoTaapu acocupa 0,2, 0,4 Ba 0,6 M uyKyp-
JIMKIapAa HaMJIMK IMHAMUKACK TaX I KVJIMHIA.

Hana taxkpubanapy 2024 Auary maxra SKMHU YIyH KyiI-
JIAHUITAH 65-65-60 CYFOPUII PEXMMM MIAPOUTHUAA TYIPOK,
HAMJIMTMHUHT Beretauus aaBpuparu auHamukacu YIHC
19,67% (100%) ra HucbaTtan 6axonaHau. Maskyp peskumra
MyBOOUK IMaxTa SKMHUTA KaMU 6 MapTa CYyFOPUII OepuIau
Ba HaMJIMK Kypcatkuuwiapyu 0-0,6 M mianu3 KaTaamu 6yiindaa
TaxXJ AT KUJTMHIN.

Cyropumigas ongui 0-0,2 M KaiaMaa TYIIPOK HaMJIUTU
12-14 dbousuu Tamkua 3tub, 6y YOHCra Hucbatan 61-71%

20,00

Tynpok Hamnury, %

10,00

10.05.2025 10.06.2025

1 D_D?_&%.ﬁl

mapaxkaHu kypcatou. 0,2-0,4 Ba 0,4-0,6 M Kamiamnaappa
HaMJIMK MoOcC paBumiga 13-16% (66—81%) opanurupa Kaug,
STWIIN. By X0/aT I0KOpM KaT/iaM/a HaMJIMK capdu skagan Ke-
YMIIMHA, TACTKY KaTIaMIapa 5ca HaM/IMK 3axupacy Hucba-
TaH 6apKapop CakJaHUIIMHN KypcaTaamu.

Hanara 3600-4050 m%ra mMebépma aMayira OIIMPWITAH
6-mapraru cyropunuiapgat cyHr 0-0,2 M KaiaMaa HaMInK
16-17 ¢owusraua, abuu YIHCHuHr 81-86% mapaskacura
ertmu. 0,2-0,4 Ba 0,4-0,6 M Kamiamyapaa yioy KypcaTkud
15-16% (76—81%)uu Tamkwi stau. By HaTVsKanmap CyFOpuIIn
CYBMHMHT WIOM3 Kamiamu 6Yiinab etapau dyKypaMKKada
CMHITaHM XaMJa HAMJIMKHMHT HucOaTaH 6Up TeKUC TaKCUM-
JIAHTaHWHU TaCOUKJIANIN.

Cyropuiuiap opacuia TYIpPOK HaMIUTU  BGOCKUY-
Ma-60CcKMY KaMaiin6 Gopau. DHT IOKOpM Macailuil Cypb-
atu 0-0,2 M KaTiamMaa Kys3atuianb, 6y epma OyEIaHUII Ba
TpaHCIMPAIVS KapaéHIapy TabCUPU Kywiv HAMOEH GYIan.
0,2-0,4 Ba 0,4-0,6 M KaTnamiapza 5ca HAMJIMK Y3rapuiin
HMCcO6aTaH CeKMH KeUI.

llynpait kunub, 65-65-60 CyFOpuUIl pesKMMMUIA TYITPOK,
HaMJIMTU Beretanust maBpu mobaitauma YJHCra Huc6aTaH
ypraua 61-86% uHTepBanma y3rapub TypraHu aHUKJIAHIN
(3-pacm).

65-65-60

10.09.2025 10.10.2025

L

3-pacMm. 65-65-60 cyropui pexxumupa 0,2, 0,4 Ba 0,6 M KaTIamyiapga TYIPOK,
HaMJIMTMHVHT KyHJIUK y3rapumm (2024 1i.)
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70-70-65 cyFOpUII PesKUMIZA TYTIPOK HAMJIUTMHUHT BaKT
6Yitnua ouHAMMKacu uerapaBuit Hamiuk curumm (YOIHC
19,67% (100%)ra uuc6atan 6axomanau. OMMHTaH HAaTUDKAIap
CYFOPMII OJIIMIAH HAMJIMK KypcaTKuwiapyu mpodu 6yitnua
TabakajalraH xoufa MmakmiaHranuuay kypcatou: 0-0,2 m
KaTaamzaa 14-16% (71-81% UOHCra umuc6atan), 0,2-0,4 m
kamiamzaa 13-15% (66-76% YOHC) Ba 0,4-0,6 M KaTnammia
14-15% (71-76% YOHCra Huc6aTaH) opaaurmaa Kaim STuI-
. FOKopu KaTaamaa HAMIMKHMHT HUCGATaH TacT Gy
6y epaa GYFTaHUII Ba YCUM/IMK WIAM3Iapy TOMOHUIAH CYB
MCTEbMOIMHUHT IOKOPUIUTHY GMIaH M30XTaHaIN.

[MaxTa manacura 3500-3900 m3/ra meb€pma amasra OLIm-
pwWiraH CyropuUIIapAaH CYHT TYMPOKAA HaMIMK MUKIOPU
ceswnapnau gapakazga ouau. JKymiagad, 0-0,2 M katnampa
17-18% (86-91% UHCra umuc6atan), 0,2-0,4 M KaTiamaa
16-17% (81-86% YIOHCra uuc6aran), 0,4-0,6 M KaTiamaa
aca 15-16% (76-81% YOHCra Huc6aTaH) KypcaTKUWIaAPK-
ra etou. By xomat cyropuil cyBMHMHT 0,6 M UyKypaMKKada
camMapaiy CMHTUIIVMHY Ba HAMJIMK 3aXMPACUHMHT MIaK/IJIaH-
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TaHUHU KypcaTaau.

Bereraiust maBpy MoOaifHMAA HAMIMKHUHT KaMaiuim
60CKMUMa-60CKMY XapakTep Kach 9TAM. DHI Te3 IMacaiiuil
0-0,2 M KaTIamMza Ky3atuinb, 6y epaaru HaMJIMK JMHAMMKA-
CM TalIKY MYXUT OMWUIapUra HUCGATaH I0KOPY Ce3TUPIINK-
HY HamoéH atau. 0,4-0,6 M KaT/aMaa 3ca HaMJ/IMK Y3rapuium
HucbaTan 6apkapop 6y1mb, CyB peKMU MyBO3aHAT/IAIITaH
XONJa CakJIaHan.

VYmyman onranpa, 70-70-65 cyropuill peskuMu LIapoOu-
THUOA TYIPOK HaMIUTH Beretauus naspupaa YIHCra Huc6a-
TaH 66-91% uHTepBanga y3rapub, 0,6 M. raua GYIraH UIgU3
daon kaTramMmmuga etapayu Ba 6apKapop HAMJIMK PEKVIMU Tab-
muHnanau. Tabkupnam yosumku, 70-70-65 cyropuil pe-
sKUMuaa 65-65-60 BapuaHTuUra HUC6aTaH CyFOPUIILIAD Opa-
JIMFULIa HAMJIMKHUHT yerapa KUMiMaTy I0KOPUPOK Japaxkana
GenryiaHraH 6y1m6, aMmaia CyFOPUIL CYyBU MEbEPU KAMPOK
KynaHwiras. Ly ca6abmu ymoby pexxumaa yMyMuii CyB cap-
(bu KucKapraH Xonga TynpoK HaMJIMTMHMHT MaKOyJT Japaska-
Ila cak/IaHUIIM TabMMHJIAHTaH (4-pacm).

70-70-65

10.09.2025 10.10.2025

4-pacm. 70-70-65 cyropum peskumuzga 0,2, 0,4 Ba 0,6 M KaTIaMmiIapaa TYIMpPoK
HaMJIMTVMHMHT KYHJIUK y3rapummy (2024 ii.)

TaIKUMKOTHUHT MKKVHYM Jinny — 2025 iniga BereTamnyus
IaBpyu MobGaitHuIa 65-65-60 CyFOpUII pesKMMM acocuia majaa
MaiimoHura kamu 8 mapra EMFMpIaTH6 CYFOPUII amasra
ompunnu. Tynmpok yerapaBuii fana Hamauk curumu (YIHC
17,32 %, (100%)ra Huc6aTaH 6aX0MaHIN.

Beretartus 6ommaa 0,2 M Ka™iamaa TyTpoK Hamiury 10—
12 dowmsum Tamkmn 3Tu6, 6y YIHCra Huco6atan 58-69 bous-
ra TeHr 6ynau. 0,4 M KamiaMmzaa MasKyp Kypcatkuu 11-13%
(63-75% YIOHCra uucbartan), 0,6 M Kamiamma sca 12-13%
(69-75% YTHCra Huc6aTaH) OpaJuEUaa Kaim STUIAN.

Cyropumigan cyHr 3700 m3/ra Mebépaa TYIpPOK HaM-
muru 81-84% YIHCraua, 4300 m3/ra mebépma aca 86—89%
YOHCraua omranu Kkysatwingu. CyFoOpuILZIap OpaIuFUAA
1oxopH, ssbumu 0-0,2 M Kamiamaa Hamiauk 58-60% YIOHCra-
ya macaiirat 6yica, 0,6 M KaTaaMaa HAMIMK TaxMuHaH 70%
YIIHC aTpoduaa Huc6aTaH 6apkapop cakjJaHTaH.

Iemak, Beretauusi JaBpuaa TYMPOK Hamauru 58-89%
YIHC uuTepBanuaa y3rapmb, HAMIMK JMHAMMUKACH KATIaM-
Jap Kecumupa dapkjaaHTaH Xoufa HaAMOEH GYIau: I0KOpPU
KaTiamaa HaMIMK capdu Kaaal KeuraH, Kyiy KaTiamaapaa

aca HucOaTaH 6apKapOPIUK Ky3aTuiaraH (5-pacm).

Bereraius maBpuia TaKpMOAHMHT MKKUMHYYM BapuaH-
™ — 70-70-65 cyropuill pexxuMuza najaa MaiJoHUAa sKaMu
10 mapTa éMFUpIaTUG CYFOPUIIT aMajra ommpuiau. TyIpoK
HaM/IMTK KypcaTkuuiaapy yerapasuii Ham curumn (UIHC)ra
HucOaTaH 6axonaHIn.

Cyropuiinapga onauH Tynpok Hamunru 0-0,2 M Kat-
namaa 13-14 dousuu rtamkun atub, 6y 75-80% YJ/IHCra
TeHr 6yimu. 0,2-0,4 M KaTIaMaa MasKyp Kypcatkuda 12-13%
(69-75 % YIHCra uucobatan), 0,4-0,6 M KaTramaa sca 11—
13% (63-75% YIOHCra Huc6aTaH) opajuFuaa Kaim STUIIN.
By xomaT cyropuill OAAMAAH TYIPOK Mpoduinga HaMIUK-
HUHT HK1cOaTaH I0KOPY Ba 6apKapop Japaskaza cakjJIaHTaHu-
HU KypcaTagu.

Cyropumgan cyHr 3000 m3/ra mebépna Hamnk 15-16%
(86-92% UYOHCra wumcbaran), 3600 m3/Ta Mmebépma 3ca
14-15% (80-86% UYTHCra Huc6aTaH)raya omay. Maskyp Ha-
TsKaIap EMEUPIATUG CYFOPUII IIAPOUTHIA HAMIVMKHWHT TY-
POk mpoduin 6yitnab camapany TakCMMIaHTaHM Ba TYAUH-
TaHJIMK Japaxkacy 10KOpYU GYIraHMHY TacaUKIaiman.

&
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65-63-60
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5-pacm. 65-65-60 cyropui pexxumunpa 0,2, 0,4 Ba 0,6 M KaTiamyiapga TYHIPOK,
HaMJVIMTMHUHT KYHJIUK y3rapumm (2025 ii.)

Cyropumnap opanurmpga 0-0,2 M KamiamJa HaMIMK
11-12% (63-69% YOHC)raua nmacairanu Kysatuiann. [y 6u-
ynaH 6upra, 0,2-0,4 M KaTaamga HaMmiuuk 12-13% (69-75%
YOHCra uucbaran) arpodpmuma, 0,4-0,6 M Kamiammga sca
13-14% (75-80% YIHCra HucbaraH) goupacuma HucbaTaH
GapKapop cakJIaHIu.
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Bererauys gaspuna Tynpox Hamauru 63-92% YOAHC uH-
TepBanMaa y3rapub, KaTaamiap kecumuaa Gapka [uHaMu-
Ka HaMOEH 3Tau: 1oKopu 0-0,2 M KaTaaMmaa HaMIMK capdu
skaman keuraH 6yica, 0,4-0,6 M KaTiamia HAMJIMK HUCOaTaH
6GapKapop cakjaHraH (6-pacm).

70-70-65

10.08.2025

1009.2025 10.10.2025

6-pacm. 70-70-65 cyropum pexxumupa 0,2, 0,4 Ba 0,6 M KaTiaMmyiapza TYHIPOK,
HaMJVIMTVMHUHT KYHJIUK y3rapumm (2025 ii.)

2024-2025 #inmiap naBoMuma EMFUPIATUO CYFOPUII TIa-
pouTuaa onmb 60pwiIrad KysaTuuuiap TynmpoK HaMAUTUMHUHT
BaKT Ba UYKYP/IMK OVyitnua ysrapuiimuma 6apkapop KOHYHMU-
STAP MaBXKYIJIUTMHU TacoUKIanu. Xap MKKU Huima xam
HamInk guHamukacy 0-0,2 M KaTaamMaa sHT I0KOpH ¥3rapys-
vauaukuu, 0,4-0,6 M KaTIaM/a sca HucbaTaH 6apKapopInK-
HU HAMOEH 3TOU.

Emrupnatu6 cyropmiazmrad mnaxra MaigoHuga TYIPOK,

Hammru 0-0,6 M wigus Katiamuga 3amoHaBuit WatchDog
1000 Series Irrigation Station TeH30MeTpsapy OpKaau KyH-
JaMMK MOHUTOPMHT KMAMHAN. YiTuaHTaH MabaymoTiaap GIS/
RS TexHOMOTMSIIapY OPKAIM TaxXJIMI KWIMHOU, Oy Janagaru
HAMJIMKHVHT XyOYAWi TaKCMMOTU Ba KYHJIMK Y3TapUIIMHU
BU3YaJ/UTALITUPUII XaMIa CYB PEXXMMUHM aHUK, HAa30paT Ku-
JIAII UMKOHVMHYM 6epay. HaTtyvokanap 7-pacMaa paHIIM HIKajaa
OpKaJI HAMJIMKHMHT I0KOPY Ba I1acT 30Haapy KypcaTuiraH.
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7-pacm. ITaxTa ganacu MaiifoHMIA TYIIPOK HAMIUTUMHUHT XyOyAUil TAaKCUMOTH

IOkopumarn pacmpa fana MaiioHMOA TYIPOK HaM-
JUTYMHUHT XyAYOAUA TaKCMMOTM aKC ITTupwirad. Oxopu
uHaeke kuiimamiapu (0,25-0,40) Ycummaukaap SIXIU pu-
BOXKJIAHTAH Ba HAMJIMK eTapiy OYIraH XymymjiapHu, MacT
kuitmaTiaap (0,06—-0,17) sca YCMMIMK KOIJIaMU CUIipaKk €Ku
HaMJIMK KaM GyiraH ydyacTkajapHu udbopanaian. by mMab-
JYMOT/Iap Jana MaiAoHUAA HaMIMK Ba YCUMJIMK XOJIATHU-
HUHT Xymyauii dapkaapyHy 6axonanl MMKOHWHU Gepajiu.

OnuHraH MabIyMOT/Iap acoCuAa HaMJIMK KaM €Ku op-
TMKYA GYIraH ydyacTKaJapHM aHUKJIAII, ITYHUHTOAEK CYFO-
pUII PEKMMM Ba CyB capbuHM MaKOYUIAIITUPUIIT MyM-
KuH. By opkasM pganmagary HaMJIMK Y3rapuiny Ba XyoyOouii
TaKCMMOTMHM aHMK TaxXJWI KUWINUII MMKOHM SIpaTUIaIn.

Xymoca. Onu6 GopuiaraH TagKUKOT acocuaa Kyiumaru
WIMMI HaTVsKaIapra SpUIImMIon :

- 8MFUPIATUG CYFOPUIII INAPOUTH/IA TYTPOK HAMIUTUHUHT
0-0,6 M WIaM3 KaTaamMu O6yiirda BaKT Ba UYKYpIVK KeCUMUIa
Y3rapuiiy KOHYHUSITIM XapaKTepra 3ra 9KaHJIUTY aHUKJIaH-
IIV; 9HT 10Kopu Yy3rapyBuanimk 0-0,2 M KaTaamza, Huc6a-

TaH Gapkapop xonat 3ca 0,4-0,6 M KaTaamaa Ky3aTWJIIN.

- 65-65-60 Ba 70-70-65 cyropuil pesxUMIapy LIapoOu-
Tuaa Tynpok Hamsmry YJHCra Huc6aTaH MakOya MHTEp-
Ba/IIa MAKIaHAV, OYHIA 65-65-60 peskuMu CyB TeKaMKOP
(mednUNUT) WIAPOUTHM TabMUHJIATAH XOJMJAa HAMIMKHUHT
MMUHMMAaJ yerapa KuiiMamiapuaa CaKJaHUIIMHUA KypcaTiu,
70-70-65 pexumupga sca HaMIMKHMHI HucbaTtaH 6Gapka-
POp Ba IOKOPUPOK, Aapaxana TabMWHIAHUIIN Ky3aTUIIOU.

- 3amoHaBuit WatchDog 1000 Series Irrigation Station
TeH30MeTp/apy OPKaJIM KYHJAIUK MOHUTOPUHT KUJIUIIT
TYyNpoK mpodwin 6Yita6 HaMIMK OUHAMMUKACUMHU aHUK
6axosiall MMKOHWHYM OepAy Ba CYFOPUIIN CYBUHUWHT WJI-
IN3 KaTIaMyaa camapaiy TaKCUMJIAHMIIMHMU TaCOUKJIaIN.

- GIS/RS TexHonmorusinapu acocua TyNpoK HaMJIUTUHUHT
KYHJIVK XYOYyOUI TaKCUMMOT XapuUTacu IAKUIAHTUPUIIIN.
Maskyp XapuTtajap OpKaau Aana MaiJOHUHMHT aloxuma
HYKTaJIapya TYIIPOK HAMJIUTMHMHT BaKT GYiiyda Y3rapuiim-
HM BU3YaJ Ky3aTUII Ba TaX/IM/T KVJIUII UMKOHUSITY SIPATUIIIN.
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A.@amxynnoee — m.¢.0., npogeccop, [I.A6dypaumosa - PhD, doyenmn,
JK.Xampoxynoe — PhD, accucmenm, M.Omaxonos — PhD, doyenm,
A.T'agpaposa - PhD, kamma ykumyeuu, C.Menuxy3uee — PhD, kamma ykumyeuu,
“Towkenm uppuzayus 6a KUWIOK XYHCAAUUHU MeXAHU3AUUALAW MyXaHOUcAapu uHcmumymu” Muaauii madkuxom yHu-
eéepcumemul.
AHHOTanus

Maskyp TagKUKOTHA TOIIKEHT BUIOSTUHYHT YTJIOKYM 6Y3 TYMPOKIapy MIapoOUTHUIA MapKasuii MMBOT Ba TOMUYMIATUO CYFO-
PUIII TEXHOTOTUSTIAPVHVHT TYPJIM HAMJIMK PEKMMIIApUIA F3a XOCUIIIOPIUTHM Ba CyBAaH (oiigamaHuiln caMapagop/iurura Tab-
cupu 6axonaHgyn. TagKUKOT 2x2x2 haKTOP/V cXemMa acoCyaa Talkw aTuaan. Hatuskanapra Kypa, 9HT I0KOPU XOCWIITOPINK (48
1/Ta) Ba cyBmad Qoiimananum camapagopanru (1,43 kr/m®) Mapkasuit muBoT cyropuil tusummuaa 70-70-65% HaMIMK pesku-
muga XinLuZao N°78 HaBuma Kaim stuiamn. 65-65-60% nebuunut peskxumMaa MaBcymuit cyB capdu 7,3 dousra kamairan 63yi1-
caza, Xocuamopiuk 27 dbowusra nacaiigu. Koppemsius taximnm xocungopauk Ba WUE ypracuaa Kywi Myc6aT GOEIMKINKHI
(r=0,94) xypcatayu. ONMMHTaH HaTVKaIAP YTIAOKY 6Y3 TYIPOKJIap MIapoUTHIa MapKasuii MBOT CYFOPUII TEXHOTOTHSICY I0KOPY
pecypc caMapaopJAUTMHNY TabMUHIAIVHY KYpPCaTAN.

Kanut cy3nap: MmapKkasuii MMBOT CyFOPUIIL, TOMUMIATUO CYFOPUIIL, FY3a XOCUIAOPIUTH, CYBIaH GOiIaMIaHMUIII caMapaopIi-
r(WUE), HaMJIMK PEXUMU, CyB TEXAI, YTIOKY 6Y3 TYIPOK,

OLEHKA DODPEKTUBHOCTU HEHTPAJIbHO-IIMBOTHOI'O
N KAIIEJIBHOTO OPOLIEHNA B YCJIOBUAX
JIVTOBO-CEPO3EMHBIX ITOYB
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JK.Xampoxynoe - PhD, accucmenm, M.Omaxonoé — PhD, douenin,

A.l'aghapoea — PhD, cmapwuii npenodasamens, C.Menuky3uee — PhD, cmapwuii npenodaeamens,

Hayuonanshwiii uccnedosamensckuii ynusepcumem “TawkeHmMCKUil UHCIMUMYM UH}CEHEPOE UPPUAUUL U MeXAHU3AuuU
ceslbCcKo20 xo3siicmea”

AHHOTaUUs

B HacrosiieM McciaenoBaHMUM OIEHEHO BAMSHME TeXHOJIOTUIA IeHTPAIbHO-TIMBOTHOTO M KareJIbHOTO OPOLIeHMsI Ha ypo-
SKafHOCTD XJIOMYATHUKA U 9P HEKTUBHOCTh UCIIOIb30BaHMS BOABI B YCIOBMSIX JIYTOBO-CEPO3EMHBIX MOUB TalmKeHTCKO 06-
JIACTU TIPU PA3IMYHBIX PEKMMAaX BIASKHOCTYU. DKCIIEPUMEHT GbLT OPraHM30BaH Mo GakTOpHOI cxeme 2x2x2. ITo pe3yabTaTam
MCC/IeJOBaHMI HAMBOMbIIAs YPOKAHOCTD (48 11/ra) 1 3 PeKTUBHOCTD UCTIOMb30BaHMs BOAbI (1,43 Kr/M>) ObLIM MOTYYEHbI
MpU LEHTPaJTbHO-IIMBOTHOM OPOILEHUN B peskumMe BiaaxkHocTu 70-70-65% nyst copra XinLuZao N278. IIpu neduuuTHOM pe-
SKMMe 65-65-60% ce30HHBI pacxof BOAbI CHU3WICS Ha 7,3%, OMHAKO YPOsKaifHOCTh YMEHbINMUIACh Ha 27%. KoppesiiiMoHHbI
aHaIM3 0Ka3aa CUIbHYIO MOJIOKUTEIbHYI0 CBSI3b MeXay ypokaitHocTbio 1 WUE (r=0,94). [TonyyeHHbIe pe3yabTaThl TIOKa3au,
YTO B YCIIOBMSIX JIYTOBO-CEPO3EMHBIX TIOUB TEXHOIOTHMS IIeHTPATbHOTO-TIMBOTHOTO OPOIIEeHMsI 00ecrieunBaeT 60iee BHICOKYIO
3GbdEKTMBHOCTD UCITONb30BAHMST PECYPCOB.

KiroueBble c10Ba: MMBOTHOE OPOIIIeHNe, KalleJbHOe OPOIlIeHMe, YPOKATHOCTh XI0MYaTHMUKA, 9D GEKTUBHOCTD UCTIONb30-
BanHust Bogsl (WUE), peXXuM BIaKHOCTHM TIOUYBBI, BOZOCOepeskeHe, TyTOBO-CePO3EMHBIE MTOUBbI

ASSESSMENT OF THE EFFICIENCY OF CENTER PIVOT AND
DRIP IRRIGATION SYSTEMS UNDER MEADOW SEROZEM
SOIL CONDITIONS
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Abstract
This study evaluates the effects of center pivot and drip irrigation technologies on cotton yield and water use efficiency
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under different soil moisture regimes in meadow serozem soils of the Tashkent region. The experiment was conducted using
a 2x2x2 factorial design. The results showed that the highest cotton yield (48 g/ha) and water use efficiency (1.43 kg/m®)
were obtained under center pivot irrigation with a 70-70-65% soil moisture regime for the XinLuZao No.78 variety. Under the
deficit irrigation regime (65-65-60%), seasonal water consumption decreased by 7.3%, while yield declined by 27%. Correlation
analysis revealed a strong positive relationship between yield and WUE (r=0.94). The findings indicate that under meadow
serozem soil conditions, center pivot irrigation provides higher resource efficiency.layer in an irrigated field equipped with
a sprinkler irrigation system located in the Tashkent region, Uzbekistan. The research was conducted during the growing
season of cotton. Daily soil moisture monitoring at depths of 0.2, 0.4, and 0.6 m was carried out using modern WatchDog 1000
tensiometers, which made it possible to determine the characteristics of irrigation water retention and distribution within the
soil profile. The experimental data obtained were processed using mathematical and statistical methods. Based on the results,
scientifically grounded recommendations were developed for optimizing irrigation rates in cotton fields under sprinkler
irrigation conditions and for improving the efficient use of water resources.

Key words. Center pivot irrigation, drip irrigation, cotton yield, water use efficiency (WUE), soil moisture regime,
water saving, meadow serozem soils
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upun Ba MaHOGamapra xaBojamap. Cyropma

KueXKOHqMJIMK,ua CYyB pecypulapyziaH camMapaun
doitpanann macanacu XXI acp arpocaHOATMHUHT YCTYBOD
MyHanuuiapugad 6upu xmucobrmaHagu. Xalkapo MMKECHA
CYFOpPUII Camapafopiaury OUIMIINM Xap JOMM XaM YMyMUii
CYB MCTE€BMOIM KamMaiuimra oaub KeIMaciuru TabKuiia-
HU6, “Mppuranus camapagopiaury Mapagokcu” TYIYHIACK
miarapu cypuirat [1]. By aca cyropui Macanacuuy HadakaT
TEeXHUKABUII KypcaTKUWIap Aompacuna, Ganku TUSUMIH,
¢dusmonoruk Ba pecypciap 60UIKApyBM HYKTau HazapuaaH
6axosall 3apypauruHU KypcaTaiu.

CyFopMIIHM TaKOMM/UTAIITUPUIIHVHT WIMMI acocaapyu
MaxTaymwiMKia y3ok Tapuxra sra. LEPA tusumnm [2] xamza
TOMYMIATUO CYFOPUII TEXHOMOTUSIAPU [3] CyBHM Texxab eT-
Ka3u6 6epuill UMKOHMSTY 6vutaH askpamn6 typanu. AKITHHT
Texac mwtaT SIpUM KypyK Ba 4aja 4yl MKJIMUM LHIapoOUTHAA
CYFOPULI TU3MMJIAPUHUHT PUBOXKIAHUIIM Ba CyB capbuHU
KaMaiTUPUIT MMKOHUSTIAPU TaxJIWI KWIMHTAH TaJaKUKOT-
Jlap TEXHOJIOTMs TAHJIOBM TYIPOK-UKIMM Iapoutura Ge-
BOCMTA OOFIMK SKAHIUTUHU Kypcatamu [4]. Tomummnatu6b
CYFOPUII TU3UMUAA CYB TAKCUMOTUHWHT OUPXWITUTVHVHT
XOCWILOPIMUKKA TAbCUPU XaM aHMKJIaHTaH [5].

Cyropuml camapagopauruuyu 6Gaxonampa Water Use
Efficiency (WUE) capd sTuiaras cyB GUpIuUrura TY¥pu Kema-
IUTaH XOCWI MUKIOpUTra MHTerpana KypcaTkudu cudaruga
Kabyn KuiauHra" [6]. JeduIuT CyFOpUII KOHIEIIVSICUTa
Kypa, YCUMIVKHUHT CyBra SXTUEXMU I0Kopu Gyiran dasana-
puIa MakCcaJau TabMUHIIAII, KaM Tanabiayu 60cKuwIapaa sca
yeK/all OpKaau yMyMuii cyB capduHM KUCKAPTUPUIIL MyM-
KuH [7]. Bapkapop M3oTornap ycyau YCuMIMKIap TOMOHUIaH
TYpiy CyB MaHOanmapuaaH GoigamaHuil yIyuiHY aHUKTall
MMKOHUHY 6epu6, YCUMIVKHUHT CYBHU Y3/IaIITUPUII Kapa-
EHIapUHY YYKYPPOK TYIIyHUIITa épram 6epau [8, 9].

V36exucToH mapouTuna CyFOPMUII TU3MMIAPUHM MO-
IepHM3ALMS KWINII Kapaéuu (aos keumokaa. Emrupnatu6
CYFOPUITHMHT CyB TeXaMKOP/IMK MMKOHMSTIApU Ba TEXHUK
XyCyCUSTIIapy GUp KAaTOP TaAKUKOTIapaa éputwiras [10, 11].
Fysama émrupnatu6 cyropuil Gyiinua amManmii HaTVKaIap
XaM 9bJIOH KWinHraH [12, 13]. Tomunnatub cyropui Gyiinua
MaBXy/[ TaIKVUKOT/Iap TaXJIM/IM 3Ca Ma3Kyp TEXHOJOTUSTHUHT
arpoTexXHUK caMapaJopiuruHu 6axonamra Kapatwiras [14,
15]. lllyHuHrIek, cyropma JeXKoHYMINKAA cyBaaH doiinana-
HUII cCaMapafopAUTMHY OLIMPUIITA OUJ, TALKUKOTIAP XyLy-
Iuit MUKECIA YTKa3UaraH.

Bupok MaBXy[ TaAKMKOTIAp TaxJIMIM IIyHU KypcaTa-
vy, Y36eKMCTOH WApOMTHOA MapKasuii IMBOT CYFODPMII
TU3VIMUHY TYPJIM FY3a HABIAPU Ba CYFOPUIL PEXMMIIApU O1-
JIaH YIFYH X0/IZa KOMIUIEKC 6aX0/I0OBUM TaLKUKOTIAD eTapiau

Iapaxazna sMac. Ky xo/miapaa TeXHOIorusi caMapagopinru
anoxyuna Kypub unMKmuiarad 6ynmo, TYMPOK-UKJIUM XYCYCUSIT-
Jlapu, CU30T CyBJap TabCUPU Ba HaB HU3UONOTUSICU GUIaH
MHTerpauusi apaskacy YeKiaaHraH.

Illy myHocabaT 6miaaH MasKyp TaZKMKOTHWHT 10a3ap6-
JIUTY 3aMOHaBMIi CYFOPUII TE€XHOJIOTMSUIAPMHMHT (IIMBOT Ba
TOMYMIATUO) MaxaluTuii TYMPOK-UKIUM IIapOUTUAA TYPIU
Fy3a HaBjaapuia cysraH doiifasaHUIl camapaJopiauru Ba
XOCMUJITOP/IMKKA TAbCUPUHM KOMIUIEKC Oaxo/aligaH nbopar
67116, CYFOPUII TU3UMM Ba CYFOPUII PEXUMU YpTacumaru
¥3apo GOFMMKIMKHY aHUKJIAII XaM/ia YTI0KK 6Y3 TYyIpoKIap
MAapouUTU YYYH WIMMIL acoCjaaHraH TaBCUsUIap UIUIab
YUKUILAUD.

Eunm ycymu (yory6mapu). Cyropuil caMapagopiuru
maB3sycuga bopgosckuii Ba [Toptep (2008) TexacHUHT 10KOPU
Bonmmitnapuma cybeypdeiic TOoMUmIaTG CyFOPUII TU3UMUIA
XOCMUJITOPJIMK Ba CYB TAKCMMOTU MYyHOCAOATUHU TaX U KAJI-
raH. Kamr (1998), Konaiiiim Ba 6omik. (2009) cy6eypdeiic Ba
Mapkasuit MMBOT TU3MMJIAPMHMHT CYB TeKalll MMKOHUSITIIA-
PU Ba arpOTeXHUK CaMapafopaUTrMHY KYpU6 UMKUIITaH [16].
IoycoH Ba 6o1mik. (2002) 6apkapop U30TOIIap YCY/Iu OPKaIn
YcuMIMKIAp CyB MaHOanapuaaryu yiaylurHY aHMKJIAll MMKO-
HMHM KypcatraH [17]. ®epepec Ba Copuano (2007) nedbuunt
CYFOPUII KOHIEMIVSICUIA KaM CYB OWJIaH XOCUIITOPIUKHU
MaKCUMaJUTAITUPUIIT CTPATerMSICMHU TakIMM 3TraH [18].
JlackaHo (2000) Ba loeGen Ba 6Gomk. (2015) maxrama WUE
KYypcaTKMUMHYU Gaxoalifia MHTerpaa MHOUKATop cudartuaa
MIIJIATUII cCaMapafopAUTMHK Tabkuasiarat [19].

IlyHMHTAEK, TaAKUKOTIAp MapKa3uii MMBOT Ba TOMYMIA-
THUO CYFOPUII TUSUMIIAPY TYPIM HAMJIMK PEXXMMIIApH Ba Fy3a
HaBnapyuzga xocwngopamk Ba WUE kypcarkuuura Typanuua
TabCUP KWIMUIIMHU KypcaTany, 6y CyB TaKCMMOTH, TYIIPOK-
XyCYCUST/IAD Ba TEXHOJIOTMSIHY MHTErpasl 6axoall 3apypin-
rMHM ucooTaiigu [20].

ByH[aH Tamkapu, Typau reorpadux Ba MKJIUM LIAPOUT-
napuga onub 60pwIraH TagKUKOTIAP CYB TeXKall Ba XOCWUJI-
JOPIUKHM OLIMPUIILA CYFOPULI PeKMMIIapU Ba TEXHOIOTHU-
SUTAPHMHT MyXUM POJIMHY KypcaTanu, IYHUHIEK, e@UuinT
Ba ONTMMal HamiIMK pexkumiapupa WUE KypcaTKMumMHU
MaKCUMaJUTAITUPULIT CTPaTerusuiapy camapanopiauri Tab-
KMUJJIaHTaH.

Tagkukor ummapu 2024 ¥iwiga TOUWIKeHT BWIOSTHUIA
soiinamran “TUMKXMMUW” MTY uiaMuit-amManuii Taxkpu-
6a xykanuruma onamb Gopunmu. Jama Taxkpubamapu FAO
Ba IICYEAUTUuunar “lana Taxkpubanapuuayu YTKA3UII yC-
ny6napu” acocuia amanra OWMPWIOU. XyOyd SpUM Ky-
DPYK MKJUM IIApOMTUTa MaHCy6 GYamb, Kym MWIIUK Mab-
JIyMOT/IapTa Kypa MWuMK Ypraua eéruMHrapumiamk 280-320

8

“Irrigatsiya va melioratsiya” jurnali Vol. 12 No. 1 (2026)



IRRIGATION AND MELIORATION

MM. HU TAIIKMI 3TaAy, YHUHT acocuii KucMmu 6axop oiina-
pura TYFpu Kenagu. Beretaumss maBpupa E€FMHIapYMIMK
noespiu KysaTuamaiiau. E3 MaBcymmua XaBO XapopaTiu
+34-38°C, xumiga —2-6°C. CM30T CyBaapy YyKypiauru 3—5 m.

Taxxpuba MaitmoHu YTI0KK 6Y3 TYIPOKIAH TAUIKWII TOI-
raH 6y1mM6 MexaHMK Tapkub6u ypra orup. 0-100 cM KaTiam
6Yiinua derapaBuit manma Ham curMMu 19-21%, Xakmuii
suwmru  1,31-1,38 r/cm®, opraHuk Mmonmagap MUKIOPK
1,2-1,6%, pH 7,4-7,8 au Tamkwi 3tau. TyIPOKHUHT GUITb-
Tpauys Koshduunentu 0,20-0,40 Mm/MuH.

TankukoT 2x2x2 hakTopaM cxema acocuaa TalurKuI STUI-
m: A - rysa masmapu (XinLuZao N°78 Ba “PaBHak” N@1),
B - cyropum tM3umuM (MapKasuili MMBOT Ba TOMYMIATUO),
C - cyropull pexxumu (4derapaBuii Jaja HaM CUFMMUTa

Hucbaral 70-70-65% Ba 65-65-60%) (1-pacm).

Taxxpuba paHIOMIAIITUPWITAH TaifKauiap ycyauna
TAIIKWI STWIAY Ba Xap 6Mp BapuaHT yu MapTa TaKpopJaH-
1. Tavikastap Yimuamu 10x40 m (400 m?), KaTop opanuru 76
cM, Yeumimkiaap opacu 12 emv. Oxum 2024 yinn 13 maii KyHu
amasra ompuiaau (1-pacm).

Bapua Taxxpuba BapuaHTIapULa arpOTEXHUK Tanbupiap
6up X TapTubaa amaira omupuwiny. JKymiagaH, MuHepa
Vrutnap mebépu (NPK), skumr cxemacyu, KaTop opanapu-
ra UIUIOB Gepuil, YCUMIMKIAPHY XYMOSI KMJIUII Ba GOIIKA
arpoTexHUK Tagoupap 6apua BapuaHTIapaa 6up X gapa-
’KaJja TabMUHIaHIU. By Taxpuba HaTwKaaapura CyFOPUII
TEXHOJIOTUSICY Ba HAMJIMK PEKVMU TabCUPUHU aHUK 6axo-
JIall UMKOHUHU Gepan.

1-pacm. Taxkpuba MaiiZOHM KOIAIIYBY Ba 3KCIIEPUMEHTA CXeMacu

Mapkasuit nuBoT TuaMMu (Zimmatic, AKII) aBToMmar-
JMAIITUPUITAH ail/laHMa MeXaHU3M Ba 3JIEKTPOH GOIIKa-
pyB GiokuaaH mMOopaT 6ynub, CyB TapKaTUII OUPXUIUTATA
95 domsman wkopu. ToMuMaaTMO CYFOPUII TU3UMMUIA TO-
MusFuwiap 30 ¢M MHTepPBaIa KOMIAMITUPWITAH, Xap 6up
ToMu3Fuy capdu 1,6 51/coat, TM3UM KyM/IU Ba VCKIN QUIBTD
OGMJIaH XMXO03/IaHTaH.

CyropuIll peXXMMM TYIPOK, HaMJAUTMHM Beretauust dasa-
napu 6¥itnua GeNTMIaHral Japaxkaa cakJjiall acocua Taml-
KW 9TUAaKu. MaBcyMmii CyFOpUII MebEpy NMUBOT TU3UMMIA
moc pasuinga 3350 Ba 3105 m®/ra, Tomumnatué TUsMMMIA
3850 Ba 3610 M®/ra. HM TALIKUI KUJIOU.

Tynpok HamIuUrK gactiab rpaBUMETPUK YCYIAa Kaslu-
6pnanau, keitmayanauk WatchDog Model 1400 Hamauk mat-
umknapy épgamuza 20, 40 Ba 60 cM yyKypamkiaapa KyHIMK
MOHUTOPUHT 016 6opmngu. OeHONIOTMK Ba GMOMETPUK KY-
3aTyBiap TaKpopiaaHuIuiap 6yitnuya amanra ommpuianu. Xo-
CWILOPIVK Xap 6Up maikangaH gana mapouTuaa Genrmian-
raH HaMJIMKKa eTUITaH/a IMFUG OIMHTaH X0CuIra Huc6aTan
aHMKJIaHIN.

Cysnan doipananum camapagopauru (WUE) dopmyna-
CM acocua XMCobmauu:

WUE=Y/I, 1)

6y eppa: Y — XOCUJIIOPIUK (Kr/Ta);

I - maBcymuii cyropuii Mebepu (M>/ra).

OnuHraH HaTyKalap JUCIIePCUOH TaXJ/IW yCyIuaa Kaura
MUIUIAaHOM Ba OMMW/UIAp TabCUPUHMHT UIOHWIMAUTU p<0,05
JIapaskana 6axonaHan.

HaTtwkanap Taxynayu Ba Mycosiap. TaaKyKOT JaBOMU-
Jla MapKasuii TMBOT Ba TOMYWJIATUG CYFOPUII TEXHOIOTHSI-
JIapyuaa MKKY XU HAMIMK PeXXMMIZA [apouTuaa MaBCyMuit
CYFOPUII CyBM capdy aHMKJIAHIM Ba KMECUIT TaX W KUIUH-
Iu. OMMHTaH HaTyKaaap CyFOPUII TeXHOIOTMSICY Ba HAMIIMK
pexxuMM MaBCyMUit cyB capdura ce3mwiapian TabCcup Kypca-
TULIVMHY HAMOEH 3TIHU.

Mapxkasuit muBoT Tuaumuga 70-70-65% HaMIUK PeXu-
MHMAA MaBCyMMii CyFOpUI Mebepu 3350 M>/ra. HU TAIIKUII
aTra 6yuca, 65-65-60% medunut pexumza 6y KypcaTKUd
3105 m®/ra. raua kamaiiau. Hatmkana cys capdu 245 m>/ra
éku 7,3 dhomsra KuckapraHu KysaTwian. By xonaT nuBoT Tex-
HOJIOTMSICUAA CYFOPUII MHTEPBaTIAPMHU MaKOY/UIAII T PULI
Ba HAMJIMKHM MaimoH 6Vitab 6MpXuI TaKCMMJIAIl OPKaIN
cyB capduHM camapanu 6omKapUIl MyMKVHIUTUHU Kypca-
Tagu.

TomummatTu6 cyropuin tmsummupa sca 70-70-65% pe-
KUMIIa MaBCymumii cyropuin cyBu capbu 3850 m>/ra. Hu
TAIIKWI 3TraH 6yica, 65-65-60% pexxumaa 3610 m®/ra. raua
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Kamaitrad. By xonataa cys Texkanuinu 240 m®/ra éku 6,2 do-
M3HU TalIKWUI 3TOU. BUPOK Xap MKKM peXXumzaa XaM TOMUM-
naTu6 CyFOpPUIIAry MaBCyMMii CyB capdu MUBOT TU3VIMUTA
HucbaTaH I0KOPU Japaxazna cakIaHu6 KOIA.

TexHONMOTMK KMECuii TaxJmia WyHu Kypcatouku, 70-70-
65% HaMJIMK PeXXMMMIA TOMYWIATUG CYFOPUIIIA MTUBOT TH-
sumwnra Hucbaran 500 m3/ra Kyrpoxk cys capduianran 6yica,
65-65-60% peskumpa 6y dapk 505 m®/ra. Hu TAMIKMIT ITTaH.
By dapk acocaH CyFOpMII TeXHOMOTUSITIADUHMHT IUAPABINK
XyCyCUsIT/Iapy, CyB TaKCMMOTM MeXaHM3MM Ba HaMJIaHMII
MaliJOHMHMHT MIaK/TAHUIIN 6UTaH GOFINK.

[IMBOT TM3UMUAA CYyB MaiifoH 6Yiiab HucbaTaH GUp XU

4000

3500

3000

2500

2000

1300

1000

MaBCyM1iA CyFOpULL MEEDW, M3Ta

200

70-70-65% 65-65-60%

MueoTt Mueot

TapKajlagy Ba HAMJIMKHVMHT BEPTMKAA XaM[a TOPU30HTAs
TaKCMMOTHM GapKapop cakjiaaHagu. ToMumiatub Ccyropuinga
3ca HAMJIAaHUII JIOKaJ Xapakrepra sra 0y1mb, CyB acocaH
aMuUTTEpIap aTpoduaa TYIUIaHAoY Ba TYIIPOKHUHT QUIbTPa-
s Xycycusiiapura 60FuK xomnaa tapkananu. Ly cababmm
HAMJ/IMK PEXMMM TATaOMHM TAbMUHIAII YIYH YMYMUil CyB
capdu H1c6aTaH IKOPU GYIUIIN MyMKUH.

OnuMHraH HaTWwKajaap CYFOPUII TEXHOMOTMSUIapu Ba
HaAMJ/IMK peXkuMiIapu Gyiida MaBCyMMii CYFOPUII CYBU cap-
duparyu bapkraapHM IKKOJ HAMOEH KWIaau (2-pacm).

T70-70-65% 65-85-60%

Tomuu Tomun

2-pacm. CyropuIll TeXHOIOTHUsIIapy Oyiinya MaBCyMUii CyFOpPUII MebEépiapu

VYMyMaH onraHja, MasKyp TYOPOK-MKAMM LIapOMTUZA
MapKa3suii IMBOT CyFOPUILI TEXHOJIOTMSICY MaBCyMUii CyB cap-
bu sKuxaTUIaH HUCOAaTaH TEXKAMKOD dKAHIUTY aHUKJIAH[IN.
Ieduuut pexknm xap UKKM TeXHOJIOrUsILa XaM CyB cap@yuHu
MabIyM Aapaxkama KaMaiTuprad 6Gyicaza, TeXHOIOTHsIap
ypracumary dapk cakjgaHMO KOaau. By XomaT CyFopuil Tex-
HOJIOTMSICMHY TaHJIAIIA HAMJIMK PEXXUMM GMIIaH 6P KaTop-
Jla CyB TaKCMMOTM MeXaHM3MU Ba TUIPABIUK XyCYCUSITIaPHU
XaM KOMIUIEKC 6axosall 3apypauruHu KypcaTaau.

XocuamopiuK TaxJIMiau Ba HaBaapapo dapkiap. Has-
Jlapapo KMEcUil Taxjiua HaTDKaIapyu IIyHU KYpCaTOUKH,
XinLuZao N278 HaBMHMHT XOCWJIOOPAUTY MapKasuii MBOT
CYFODMII TU3MMU IapouTuaa “‘PaBHak” N°1 HaBura Huc6a-
TaH aHuYa Kopu 6yaraH. XycycaH, 70-70-65% HaMIUK pe-
skuMmga XinLuZaoN278 HaBuza 48 11/Ta X0CuJT Kai, STUIraH
6Yynca, “PaBHak” N°1 HaBuma 6y KypcaTKud 35 1/ra. HU Talll-
kui atou. lemak, ma3kyp pexumpa XinLuZaoN278 HaBu-
HMHT XOCUIAOPIUTH 37 % 10KOpU OGYaraH. 65-65-60% HaMIMK
pekMMMIA XaM XyIIM [Ty TeHAEeHLMS CaKJIaHub Konan. Yoy
pexnmaa XinLuZao N278 HaBupma 34 11/ra XOCWJI OJNIMHTaH

6Yca, “PaBHak” N°1 HaBuma 26 1/Ta XOCUII Kaiin stunan. By
X0JIaT HaBjap ypracumaru dapk 30,8 dousHM TAmKWI ITTa-
HMHU Kypcataau (3-pacm).

ToMumnatu6 CyFOpuUII TU3MMM MIAPOMTHULA  PaBHAK”
Ne1 naBupga 70-70-65% peskumMpua XOCWILOPIUK 36 1/Ta. HU
TAIKWI 3TOU. By KYpcaTKu4 MUBOT CYFOPUII TU3UMUAATU
Iy HaBHMHT HaTwskacura (35 1/ra) Hucbatan 6upo3 10KOpu
6yaraH. BUpOK MasKyp TEXHOJOTUsIZAa MaBCyMuii cyB capdu
HucbaTaH I0KOPY GyIraHura KapaMacgaH, XOCUITOPIUKHYHT
ce3uIapau YCUIIM Kys3aTuaMamgu. 65-65-60% pexkumpga sca
XOCWIOPAUK 32 11/Ta. HA TAlUKUI KUIA.

Onuuran HaTwkanap XinLuZaoN978 HaBMHUHI OKOpU
MaxCy/IZop MOTeHI[MAIra 3Ta SKaHIUTMHY Kypcatou. Ly 6u-
JIaH 61pra, Ma3Kyp HaB JeDUIUT CYFOPUII peXXMMUTA H1uCOa-
TaH MabIyM [apaskala Ce3TUPIMK HAMOEH KWIAW, S'TbHU
HAMJ/IMK PeXMMM HacaiTUPWITaHAA XOCWILOPIUKHUHT Ka-
Maiiuiy HucbaTaH I0KOpYU Japaxana Ky3aTWiau.  PaBHaK”
N91 HaBuza sca yMyMMII XOCUJI KypcaTKUWIapu MacTPOK
6yaraH 6yncama, HAMIMK PEKMMU Y3rapuiura peaxiuscu
Huc6aTaH 6apKapop XapakTepra sra SKaHU aHUKJIAHIN.
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3-pacm. Typianu CyFOPUIII TEXHOIOTHUSCU Ba HAMJIMK PeKMMIApUAA Fy3a HaBJIapUHUHT
XOCHJITOPAUTHA

OnyHraH HaTyXajap Xalakapo TaZKUKOTIap MablyMOT-
Jlapy 6ui1aH MyBOOUKIMKHY HAMOEH KUIau. XycycaH, medu-
LIUT CYFOPUII IAPOUTUIA XOCUIAOPIVKHYHT MabIyM Japa-
sKaja rmacaumm Kysatuininy Fereres Ba Soriano ToMoHUIaH
Kaim sTuiaraH 6yam6, ynap xocunmopiauk 20-25% atpoduma
KaMaiuIy MyMKUHIUTYMHA TabKUIIaraH.

Maskyp TaAKMKOTAA XaM IMBOT CYFOPUII TU3MMMUIA
HAMJIMK PEXKMMMU TACaTUPWITAHAA XOCWITOPIVMKHUHT
23-27 dbousra KamaiuIm Ky3aTuian. By aca Xxaakapo Mab-
JIyMOT/Iapra SIKMH HaTwkanapHu Kypcatamu. LIyHuHTOEK,
TaIAKMUKOTIApAa TYypiau Fy3a HABJIAPUHUHT CYFOPUII PEXMU-
Mura skaBo6 peakuusicu 25-30% nuamnasonga Gapk KUIUIIN
Kaig sTwirad. Yimby HaTvokazap Maskyp TaaKUKOTOA Ky3a-
TUITAH TEeHIEeHIMSIap OGMIaH YIFYHIUKAA SKaHIUTYHY KYP-
caTagu.

YMyMaH onraHaa, XOCWILOPIUK TaxJIMIM HaTVsKaaapu
MapKasuil MUMBOT CyFOPUIN Tu3umu Ba 70-70-65% HaMIIMK
PEeKMMM MIAPOUTHIA SHT IOKOPM caMapara 3pUIIMIraHuHA
Kypcatau. JedUnuT Cyropull peskumyu cyB capbuHM Mab-
JIYM Aapaskafia KaMaiiTUpUII MMKOHMHM OepraH Gyica-ma,
XOCUJIIOPIVKHUHT Cce3uaapian gapaxkama Iacaiuim oamo
Kenau. By xonmaT Maskyp TYIPOK-UKJIUMM LIAPOUTULA OTITHU-
MaJT XOCWJIZOPAMKKA IPUIIAII YUYH CYFOPUII TEXHOIOTUSICU
Ba HAMJIMK PEXXMMMHM WIMMIL aCOCIa TaHJIANl MyXUM aXaMu-
SITTa 3ra 9KaHJIUTYHU KypcaTain.

CyBpaH doiimanaunm camapagopiauru (WUE) Taxm-
. Y6y KypcaTKUY CYFOPUII TEXHOIOTUSCU XaMIa HaMJIMK
PeXMMIAPUHMHT pecypc CaMapajopJUTMHU  MHTeTpasn
Tap3aa 1domaNIoBUM aCOCHUIT aTPOMKTUCOAMI MHIUKATOP XM-
cobmaHamu.

TagKUKOT HaTVDKaIapura Kypa, sHr 1okopu WUE kuiima-
™ 1,43 xr/m® nuBoT cyropuin Tusumuaa, 70-70-65% HaMank
pexxumuna XinLuZao N278 HaBupma Kaip stwinu. by xomat
Ma3Kyp KOMOWHAIMSAOa CYFOPUII MebEPU Ba XOCUIITOPINK
ypracumarM HuUCOAT SHI MaKOya mapaxkaga NIaKIJaHTaHM-
HM Kkypcataau. llly HaBHUHT 65-65-60% HaMIMK peXumuia
WUE xmitmati 1,13 kr/m® Hu Tamkmia stam. XOCHIZOPINK
27 dousra kamaiiran 6yacama, cyB capbu aturu 7,3 domsra
kuckapraH. Hatmwkana WUE kypcatkmnum 21% macaiiraHu Ky
3aTUIIIN.

By sca Maskyp mapoutna Ae@UIUT CYFOPUII DPEXM-
MM pecypc camapafopJauTrMHU OIIMPMaraHuHM KypcaTaiu.
“PaBHak” N21 HaBupa nusoT Tusumuga WUE kuiimatiapu
Kyiinparnya mwaxkuiaaan: 70-70-65% pexkumpa 1,01 kr/m®,
65-65-60% pexxumpa sca 0,84 xr/m>. Xap MKKM X0/IaTAa Xam
HamiMK pexkumyu mnacavtupunmumm WUE KypcaTKUUYMHUHT
KaMaiuimra oam6 KeiaraH (4-pacm).

TomumnatTib cyropuin Tusummuaa “‘PaBuak” N°1 HaBuma
70-70-65% peskumpa WUE 0,83 xr/m® HM TalIKua KUIIN.
MaBcymmii CyFOpuIl MebEPM TUBOT TU3MMMUTra HUcOGATaH
IOKOpU GyuImra KapaMacaaH, XOCMITOPIAUK ITPOIOPIIO-
HaJT paBUIIA OIIMaraH.

Kuécnit Taxmmn myHu KypcaTaguKy, MasKyp LIapOUTHA
CYFOPUII TEXHOJOTUSCUHUHT TAbCUPU HAMJIIMK PEKUMU Tab-
cupura Hucb6aTaH KywWIMpoK HaMOEH GyiraH. Mapkasuit -
BOT CYyFOPUIII TH3MMM Gapua BapuaHTaapaa IKopupok WUE
KYpcaTKUUIapUHUA TabMUHIIAIN.

OnuHraH HaTyXKajlap XaJakapo TagKUKOTIap MablyMOT-
Japy 6MIaH I0KOPY Japaskaza YFYHIMK HAMOEH KUIIN. Xy-
CycaH, MapKasuit MMBOT CYFOPUII TU3MMU IAPOUTHUA CYB-
nmaH doiinananum camapamopiauru (WUE) kypcaTkuaiapu
omataa 1,4-1,6 xr/mM® opanukma 6YImIIm Kaiif STUIraH.

Maskyp TagKMKOTAA OUBOT cyropull TMsumu Ba 70-70-
65% HAMJIMK PEXKUMM YIAFYHIUTUIA aHUKIaHrad 1,43 kr/m®
WUE kuitMaTyt yiby miamMuit MabIyMoTIap 61iaH MyBOGUK,
KeJaay Ba TeXHOJOTUSTHMHT CaMapagopIuTy IOKOPY SKaHIN-
TUMHU TacOUKJIANIN.

llly 6mman 6upra, geduUIUT CYFOPUII KOHIEMIIMSICUTA
Kypa alipum arpoMKIMMMUI MIapouTIapia HaMIUK PeXUMU
ruckaptupwinim WUE KYpCaTKMUMHMHT OPTUIINTA OJTUO
KeJIUIIM MyMKVHIUTY TabKUIJIAHTaH.

Bupok Maskyp TaAKUKOT YTKa3WITaH YTIIOKK OY3 TYITPOK,
mapoutuaa OyHAA TeHOeHIMs KysaTwiMamu. by xomat
CYFOPUIN caMapagopiaury dhakaT CyB MUKIOpPUTA IMac, 6as-
KV TYMPOKHVHT MEXaHWK TapKuOM, HAMIMKHUHT YyKYpPJIMK
6yi11a06 TaKCUMJIAHUIIY XaMIa HaBHUHT (GU3MOIOTUK XYCY-
cusTIIapy GMIaH XaM y3BUii GOFTMK 9KAHIUTYHY KYpcaTan.

llynpait Kuamb, MakcMMas cyBaaH doiimaJaHuI cama-
PamopIUTY MapKasuii MMBOT CyFOpuIl Tv3umu Ba 70-70-65%
HAMJIMK PEXMUMU YIRFYHIUTUIA Ky3aTUIIIA.

L
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4-pacm. Typau Cyropuill TEXHOJIOTUSICU Ba HAMJIMK PEXKMMIAPUAA CYBIAH
doiigananun camapazopauru

Hedbunut cyropuin pesxMmy MaBCYMMii CyB capduHU
YyeKJIaHTaH Japaskaza KaMaiTupran 6yacana, yMmymuii cama-
PAIOPIIUK OUIUIIIN Ky3aTUIMAIN.

CyB TeXXalll MMKOHMSTM Ba MKTUCOOMI caMapagopiuK
taxyimau. CyB pecypCIapMHVHT YeKTaHTaHIUTH apouTUIa
CYFOPUII PEXMUMIAPVHU MaKOYLIAIITAPUIIL MaBCYMUIA CyB
capdu Ba XOCUIIOPIIMK YPTaCUaary MyBO3aHATHM aHUKJIAII -
Hu Tanab sramu. Iy makcamma 70-70-65% Ba 65-65-60%
HaMJIMK peXumaapu 6yiinya maBcymuii cyB capdu xamia
MUIU1ab YMKaApuUIl camMapagopiaury KypcaTKUUIapyu KUecuii
TaxXJINT KUIMHIN.

Mapkasuit mMBOT cyropuil Tusmmumga 70-70-65% pe-
KUMIA MaBcymuii cyB capbu 3350 M3/ra. HM TAlIKWI STraH
6yca, 65-65-60% peskumaa 3105 M®/ra. HU TalIKUT KU,
HaTtwskaza cys capbuma 245 m3/ra éku 7,3% Texkanmin Kaiim
STWION. BMPOK MasKyp TEXaMKOPIAUK XOCWITOPAUKHU 27
onsra macaiinmura onub kenau. lly 6mman 6upra WUE 1,43
kr/m® man 1,13 kr/m® rava, spuu 21% ra kamaiigu. By xonar
MasKyp mapouTna geduiuT CyFOpUI PeXXKUMU CYFOPUII pe-
SKMUMMHM KUCMaH KaMaiTupraH 6yica-ma, yMyMuii pecypc
caMapafiopJIUTVHY OIIMPMaraHuHu KypcaTain.

Tomumnat6 cyropuin tusmumuga 70-70-65% pesxkumpma
MaBcymuii cyB capbu 3850 m3/ra, 65-65-60% pexxumaa 3ca
3610 m3/ra uu Tamkun Kyau. Hatskaga cys teskamminm 240
Mm3/ra éxu 6,2% 6ynau. Bupok xocunmopiauk Ba WUE kypcat-
KUYIapy TUBOT TU3MMMTa HMCOATaH TACT Japaskaza Kysa-
TUAAKU. By XomaT cyropuin Mesépu HucbaTaH 0KOpu GYim-
mmra KapamacaaH, XOCWIZOPIUKHYHT MyTaHOCKO paBuIIIa
olIMaraHMHM Ba HaTMKaAa UIUTab YMKAPUII caMapaiopiin-
I'M YeKJIaHTaHJIUTYMHU KypcaTain.

VkTuconnii camapaJopiAuMK HyKTay HasapuzaH 3HT
MaKOy/T HAaTMKa MUBOT CyFopuIl Tu3umuaa, XinLuZao N278
HaBuga 70-70-65% HAMIMK PEKUMMUAA Ky3aTWigu. Yoy
KOM6MHaIMsIma xap 6up Mm® cyropuin cysu xyco6ura 1,43 xr
XOCWJT eTUIITUPUIIT MYMKVHIUTY aHVKJIAHIN.

Xamkapo TagKMKOTIApAa XaM TOMYMIATUO CYFOPUII
TU3UMM alipUM TYMPOK IMAPOUTIApAA IKCIUTYaTAIIOH MY-
pakKabIMK Ba camMapafopJIMKHMHI Tacaiuinyu OuiaH TaB-
cudanras.

Iynpait Kuab, Ma3Kyp TaAKUKOT MIAPOUTUAA CYB TeKAIIT
Ba MKTUCOAMII caMapaJopinK ypracumaru MakOya HucOaT

MapKasuil MUMBOT CyFOpuUIN Tusumu Ba 70-70-65% HaMIMK
PEXUMM YUFYHIUTUIA TabMWHJIAHIU. edUIUT CYFOpMIIT
peXuMM CyB capdMHM YeKTaHTaH Japaxkaza KaMaiTupraH
6yncama, unuiab YMKApUII caMapagopaAUTHHN OMIMPUIIT XO-
JIaTV Ky3aTUIMaJIA.

Koppensuus Ba perpeccus taxjaunau. ONMHTaH Mabiy-
MOTJIap acocuna XoCcungopank (Y), MaBCcyMuii CyFOPUII CyBU
capdu (I) Ba cyBmaH dovigananuim camapamgopiauru (WUE)
Ypracuparu y3apo GOFMMKAMKIAP [TMPCOH KOppensuus Ko-
abdunentu opkamu 6axonanau. Omwiiap ypracumaru
KOPPeNSIIMOH MyHOcaba™iap MaTpuila KYpUHUIIMAA BU3Y-
AUTAIITUPUING, YIAPHMHT IYHAIUIIN Ba Ky4 Aapaskacy aHUK,
HaMOEH sTuiau (5-pacm).

Taxgnn HaTwkanapu xocunpopiauk Ba WUE ypracupa
I0KOPY Aapaskafary Myc6aT G0FIMKINK MaBKYIJIUTUHA Kyp-
catou (r=+0,94). By xonat WUE KypcaTKMUMHMHT acoCaH X0-
CUJIIOPINK OMHAMMUKAcK OMIaH GOFIMKJIUTY Ba XOCUILOP-
JIMK OUIMIIY Pecypc CamapagopaUTMHUHT OPTUIINATA 06
KeJIMIIVHY KypcaTaau.

Cyropuil Mmebépy Ba WUE pTacuma Kyuiu canouii Kop-
pensuus Kang stwinu (r=-0,78). By cyropuin Menépu op-
TUIIM Xap JOMM XaM caMapafopiuK OIINMIINra OJubO KeJl-
MaCJIUTYMHM, aKCMHYA MabIyM MIapOMUTIapAa caMapagopiank
nacaiummra cabab 6yauIm MyMKUHIUTMHA KypcaTaan.

Cyropuill MebEPU Ba XOCUITOPINK YpTacuia ca ypra Aa-
pakagaru mycbat 60FMKINK Ky3aTwiau (r=+0.63). By Mab-
JIyM MUKA0prava CyB TAbMUHOTU XOCYITOPAUKHYU OLIVPUIII-
ra XM3MaT KMJIMIIMHM, aMMO OPTUKYA CYB caMapalopIUKHU
KaMaiTUPUIIY MYMKUHJIUTMHY aHTJIATaIN.

Xocunmopiauk Ba WUE ypracugaru GyHKIMOHAT MyHOCA-
6aT YM3MKJIM perpeccust Moaenu opKaau nudomanaHmm:

WUE=0,023Y+0,2845 )

Mopenra kypa, xocungopauk xap 1 u/ra. ra omrranga WUE
Ypraua 0,0237 kr/M> ra opTULIN aHUKJIaHIU. By GyHKIMOHA
OGOFIMKJIVK CYFOPUII TEXHOJOTHSICY Ba HAB TAHJIAII OPKAIN
pecypoiapmad  GoiijamaHuIl  caMapagopiuruHu  MakGyiI-
JIAIUTUPUII MYMKMHIUTMHM Kypcataau. Omwinap ypracu-
Jary MasKyp MyHOcabaT/iap KOppeisiys MaTpUIiacuaa Xam
SIKKOJI aKC 3TraH (5-pacm).
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5-pacm. Pivot Ba ToMumiIaTu6 CyFOpUII TEXHOMOrMsIapuga cyropuii cysu capdu (I), rympok Havmuru (M),
xocunpopnuk (Y) Ba cyBgaH doiigananum camapagopiauru (WUE) pracugaru Koppenssuys MaTpuuacu

Xankapo TagKUMKOTIAp OWIaH TaKKOCIall Ba yMYy-
muit 6axonant. OJIMHTaH HaTKKalIap XaJakapo TaAKUKOTIap
OwIaH KMECUI TaXJIMI KMJIMHTAHIa acoCUil pecypc Kypcar-
KUwiapu 6yiinda Mabaym gapaxkagaryn MyBOOMKIMKHY Ha-
MOEH Kminu. XyCcycaH, MapKasuii IMBOT CyFOPUII TU3UMU
HIAPOUTHUIA FOKOPU XOCUJIIOPJINUK Ba CyBOaH (oiimanaHmii
caMapaJopJUry MIaK/UTaHUIIM OGMp KaTop TaaKMKOTIapaa
Kaiin sTuiarad. Maskyp TagKUKOTHA NMBOT TEXHOJIOTUSICU
apoOUTUAA aHUKJIaHTaH 48 1/Ta XOCWIIOpAUK Xamaa 1,43
kr/M® WUE kypcarkuwiapy yimby WIMMUIA MablymMoTiaapra
SIKVH HaTVDKQJIapHM HaMOEH Kwian. by xonat MapKasuii m-
BOT CYFOPUII TEXHOJIOTUSICMHUHT TYPIU TYTPOK-UKJIUM IlIa-
poutiapuma 6apkapop pecypc camapagopiauUrvMHU TabMMUH-
JIalll MMKOHMSITUTA 3Ta SKaHJIUTUHY KypcaTain.

Iy 6wian 6upra, De@UUUT CYFOPUII KOHIIEIIMSICUTA
KYpa MablIyM Aapaxkaga XOCU/I KaMalyIiy 3Ba3ura CyB cap-
bUHM KUCKAPTUPUIIT MYMKVHINTY TabKUAJAHTaH. MasKyp
TaAKMUKOTHA XaM 65-65-60% HaMIMK PEKMMUIA XOCUIIOP-
JuK 27 domsra macaiiraH Xonma MaBcymuit cyB capdu 7,3
domsra kamaiign. bupok WUE KypcaTKuMuM XaM Iacaiuii
TeHAEHUMIACUHM HaMoeH kuumu (1,43 kr/m® pan 1,13 kr/m®
rava). By xonat geuinuT cyropuill camMapagopury arpoukK-
JIUM IIapOUTH, TYIIPOKHUHI MEXaHMK TapKubyM Ba HaMJIMK-
HMHT YyKYpJIKK 6Yii1ab TakCMMIaHUIINTA OOFIMK paBUINIA
HIaK/JIAaHUIIVHY KypcaTagi.

Xynoca. TagkukoT HaTyoKagapy TOUIKeHT BUJIOSTUHUHT
YTI0KM 6¥3 TYMpOKIapy IApoOMTHMIA MapKasuil MMBOT Ba

TOMYMWIATUO CYFOPUII TEXHOJOTUSIIAPYU TYPIY HAMJIUK pe-
SKUMIapuaa cyBmaH (oiigamaHuin camapagopiaurura Typ-
Jinya TabCUP KYPCATUIIMHY aHUKJIAOU. DHT HOKOPU XOCUII-
Iopnuk (48 1/ra) Ba cyBOaH (QoiigasaHuIl caMmapagopInuru
(WUE=1,43 xr/m%) MapKa3uii MMBOT CyFOPULI TU3UMMIA, 70-
70-65% HaMauK peskuMuaa Ba XinLuZao N278 HaBuma Kaiif
STUIIN.

65-65-60% HAMJIMK peskMMMIA MaBCyMUii CyB capdu 7,3
(omsra kamaiiran 6yiacama, xocungopiuk 27 ¢dousra, WUE
aca 21 domusra nacaiigy. TomunaaTuO CyFOPUII TEXHOIOTH-
sIcua aca MaBCyMuii cyB capdu HucHaTaH 0KOPY Gyiuimura
KapamachaH, CyBgaH GoiigasaHuIl caMmapagopiaury macT ga-
paxkaza Ky3aTUan.

Koppensuust taxamnan xocwipopank Ba WUE ypracuma
Kywin mycoat 60smukauK (r =+0,94), cy capdpu 6unan WUE
YpTacuaa sca canbuii 60FUKINK (r =-0,78) MaBXyIIUTVHA
Kkypcatou. ONMHIaH HaTypKalapra Kypa, MasKyp TYIPOK-UK-
JIUM MIapOUTHIA OIITUMAaJ CYFOPUIL CTPATErUsICU MapKasuit
mBOT TU3uMuaa 70-70-65% HaAMIMK PEXXUMU acOCUIA CYFO-
PUIITHM TAIIKWII STUII XMCOOIaHAIN.

Maskyp TangkMKOT HaTwkanapu 2024 7wuin Beretauust
MaBcymuzaa TOMKEHT BUTOSATUHYHT YTA0KY 6Y3 TYIIpOKIapu
mapouTuaa onub 6opwirad Takpubanapra acoctaHau. Iy
cababnm xynocamapHy 60IIKA TYITPOK-MKIMM IAPOUTIAPUTa
TATOVK STUIIIAH OJAVH KYIIMMYa KYIT VUMK Ba KYTI XYY/ -
JIM TAOKVKOTIAP YTKA3UII Makcaara MyBohuK.
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OCHIQ KANALLARDA SEN-VENAN MODELI UCHUN KIRISH
MA'LUMOTLARI VA PARAMETRLASH TALABLARI
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O‘zbekiston Milliy universiteti,

G.Ye.Ametova - tayanch doktorant,

“Toshkent irrigatsiya va qishloq xo‘jaligini mexanizatsiyalash muhandislari instituti” milliy tadqiqot universiteti

Annotatsiya

Ushbu maqolada ochiq irrigatsiya kanallarida bir o’lchamli Sen-Venan modeli uchun kirish ma’lumotlari va parametrlash
talablari tizimli tarzda tashkil etildi. Kanal geometriyasi, ko‘'ndalang kesim funksiyalari, tag belgisi va bo‘ylama tag nishabligi,
gidravlik garshilik parametrlari, yon kirimlar va suv olishlar, shuningdek targalgan yo‘qotishlarni gamrab olgan minimal
ma’lumot to‘plamlari aniq ajratib ko‘rsatildi. Tadgiqgotda ma’lumot sifati uchun asosiy tekshiruvlar keltirilgan bo‘lib, ular gatoriga
ko‘ndalang kesimlarning monotonligini tekshirish, tag belgining uzluksizligini tekshirish, o‘lchov birliklarining mosligini
ta’minlash, suv sarf bilan suv sathlari ma’lumotlarini vaqt bo‘yicha sinxronlash, shuningdek inshootlarni ekspluatatsiya
qilish qoidalari uchun chegara giymatlarini belgilash kiradi. Hisoblash algoritmi Preyssmannning implitsit sxemasi va hosil
bo‘ladigan chizigsiz algebraik tizimni echish uchun Nyuton iteratsiyalari orqali bayon etilgan. Vaqt gadami va fazoviy gadamni
tanlash, sonli turg‘unlikni ta’minlash hamda yaginlashishni nazorat gilish bo‘yicha amaliy tavsiyalar berilgan. Shuningdek,
sarf va suv sathlarining vaqt qatorlari jadvallarini, suv balansi indikatorlarini va kalibrlash metrikalarini avtomatik hosil qilish
uchun standart chigish formatlari ko‘rsatilgan.

Kalit so‘zlar: Sen-Venan tenglamalari, ochiq kanal, parametrlash, chegara shartlari, Preyssmann sxemasi, kalibrlash,
monitoring.

TPEBOBAHUSA K NCXOJHBIM JAHHBIM 1
ITAPAMETPU3ALNN )11 MOJEJ/IN CEH-BEHAHA
B OTKPBITbIX KAHAJIAX

A.A.Kydaiibepzenos — PhD, doyenm,

HayuonansHozo yHusepcumema yY3bexkucmana,

I.E.Amemosa - 6a308blii 0oKmopaHmn,

HayuonansHozo uccnedosamenbckozo yHueepcumema “TawikeHMCKULl UHCIMUIMYM UHNCeHePO8 Uppuzayuu U MexaHusayuu
celbCKo20 xo35iicmea”

AnHOTAUMA

B pabore cucremMaTuuecKy MpyuBeNeHbl MCXOMHbIE JaHHbIe 1 TPe6OBaHMS K ITapaMeTpuU3alui AJIsl OMHOMEPHOI MOJIenu
CeH-BeHaHa B OTKPBITBIX OPOCUTENbHBIX KaHamaX. YeTKO BblAeneHbl MYMHMMAaIbHble HaO0phI JaHHBIX, OXBaThIBAOIINE Te0-
MeTpuIo KaHana, GYHKIUY MOTIePeYHOro CeueHMsl, BbICOTY THa U MPOILOIbHBIN YKIOH, TapaMeTpbl TUIPaBIMUYeCcKOTO COIPO-
TUBJIEHVSI, GOKOBBIE TIPUTOKY U BOL03a60PBI, @ TAKKe paclpeieléHHbIe TIOTepu. B nccieoBaHnM MpecTaBIeHbl OCHOBHbBIE
MIPOBEPKY KaueCTBa JAHHBIX, BKII0YAs BeprbUKaIMi0 MOHOTOHHOCTH TIOTIePEYHBIX CeUeHMIA, HeITPephIBHOCTM TPObIIS THA,
COITIACOBAHHOCTM €IMHMI], M3MepPeHMs], CUHXPOHM3ALMIO 110 BpeMeH!) MeXIY PacXOfioM M YPOBHSIMM BOAbI, & TAIOKe peai-
CTUYHOCTD MPeJleIoB 1JIs SKCIUTyaTallMOHHBIX ITPaBWI COOPY)KeHMi. PacCu€THBIN anropuTM ONMMUCHIBAETCS C MCIIOAb30BaHUEM
HesIBHOI cxeMbl [IpeiiccMaHa 1 utepanuit HpioToHa [Jis pellieHus ToTyJalolieiics HellMHetHoI anre6panveckoi CUCTEMBI.
JlaHBI TpaKTHYECKe PeKOMEeHIal[M! TI0 BBIOOPY BpeMEeHHOT'0 1 ITPOCTPAHCTBEHHOTO 11ara, 06ecrieueHMI0 YMCIeHHOM) YCTO -
YMBOCTY ¥ KOHTPOJIIO cXxoauMOocTH. [Toka3aHbl cTaHAAapTHBIE GopMaThl BbIBOJA 1JISl aBTOMAaTM3MPOBAHHOTO COCTaB/IeHNS Ta-
67111 BpeMEHHBIX PSIOB PACXOI0B U YPOBHEI BOAbI, MHIMKATOPOB BOJHOTO GasiaHCa M METPUK KaJTMOPOBKIA.

KnioueBsle ciioBa: ypaBHeHVs1 CeH-BeHaHa, OTKPBITHIV KaHall, IapaMeTpy3anys, TpaHU4YHbIe YCI0Bus, cxema [Ipericcma-
Ha, KaIMO6POBKa, MOHUTOPUHT

INPUT DATA AND PARAMETERIZATION REQUIREMENTS
FOR THE SAINT-VENANT MODEL IN OPEN CHANNELS

A.A.Kudaybergenov — PhD, Associate Professor,

National University of Uzbekistan,

G.E. Ametova — Basic Doctoral Student,

“Tashkent Institute of Irrigation and Agricultural Mechanization Engineers” NRU

Abstract
This paper systematically organizes the input data and parameterization requirements for the one-dimensional Saint-
Venant model in open irrigation canals. It distinctly categorizes minimal datasets, encompassing channel geometry, cross-
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sectional functions, bed elevation and longitudinal slope, hydraulic resistance parameters, lateral inflows and withdrawals,
and distributed losses. This study introduces fundamental data quality checks, including the verification of cross-section
monotonicity, bed profile continuity, consistency of measurement units, time synchronization of discharge and water level
observations, and plausible bounds for structure operating rules. The computational workflow is elucidated using the implicit
Preissmann scheme and Newton iterations to solve the resulting nonlinear algebraic system. Practical guidance is provided
for selecting the time and space steps, ensuring numerical stability, and monitoring convergence. Standard output formats
are specified for the automated tabulation of discharge and water level time series, water balance indicators, and calibration

metrics.

Key words: Saint-Venant equations, open channel, parameterization, boundary conditions, Preissmann scheme, calibration,

monitoring

OO OO OO0

irish. Ochiq irrigatsiya kanallari suv resurslarini

manbadan iste'molchilarga etkazib berishning
asosiy gidrotexnik infratuzilmasi hisoblanadi. Ularda suv
sarfi va suv sathining vaqt bo‘yicha o‘zgarishi, ya’ni beqaror
harakat rejimi, suvni rejalashtirish, limitlash, dispetcherlik
boshgaruvi va gidroinshootlar ish rejimini belgilashga
bevosita ta’sir giladi. Amaliyotda kanalning g‘adir-budurlik
darajasi, tag nishabligi, ko'ndalang kesim geometriyasi, yon
suv olishlar, shuningdek yuqori va pastki b’eflardagi chegara
shartlarining noaniqligi hisoblash aniqligini pasaytiradi
va boshqaruv qarorlarining ishonchliligini cheklaydi. Shu
sababli ochiq kanallarda gidrodinamik jarayonlarni fizikaga
asoslangan yondashuvda ifodalovchi bir o‘lchamli Sen-Venan
modeli uchun kirish ma’lumotlari tarkibini, parametrlash
qoidalarini va ularning sifat nazorati mezonlarini aniq
belgilash dolzarb ilmiy-amaliy vazifa hisoblanadi.

So‘'nggi vyillarda ochiq kanallar gidravlikasida Sen-
Venan tenglamalarini sonli yechish, manba hadlarini to‘g‘ri
hisobga olish, barqaror diskretlash sxemalarini qo‘llash,
toliq bo‘lmagan o‘lchov ma’lumotlari asosida parametrlarni
kalibrlash hamda 1D modellarni operativ boshqaruv
konturlari bilan bog‘lash bo‘yicha muhim ilmiy natijalar
olingan.

Biroqg mavjud tadgiqotlarda ko‘proq sonli sxema,
identifikatsiya yoki boshgaruv algoritmlariga e’tibor
garatilgan bo‘lib, modelni amalga tatbiq etish uchun
zarur bo‘lgan kirish ma’lumotlari to‘plamini minimal
va kengaytirilgan darajalarda tizimli ajratish, har bir
parametrning manbasi, o‘lchov birligi, fazoviy-vaqtiy
o‘zgaruvchanligi va sifat tekshiruv talablarini yagona shaklda
bayon qilish masalasi yetarlicha to‘liq yoritilmagan. Natijada
modelni boshga obyektga ko‘chirish, gayta ishga tushirish,
kalibrlash va verifikatsiya qilish jarayonlari ko‘p hollarda
murakkablashadi.

Shu munosabat bilan mazkur maqolaning magsadi
ochiq kanallarda Sen-Venan modeli uchun zarur bo‘lgan
kirish ma’lumotlari va parametrlash talablarini geometriya,
gidravlika, chegara shartlari, inshootlar rejimi, hisoblash to‘ri
va vaqt qadami kesimida yagona tizimga keltirish, hisoblash
algoritmining minimal takrorlanuvchi qadamlarini aniq
bayon qilish hamda natijalarni taqdim etish uchun standart
formatlarni taklif etishdan iborat.

Sen-Venan tenglamalarini sonli echishda manba hadlari
bilan bog‘liq sonli bargarorlik va hisoblash ishonchliligi
masalalari doimo markaziy ahamiyatga ega. Gidrostatik
rekonstruksiya usuliga asoslangan balansni saqlovchi
sxemalar ogim profilidagi juda kichik o‘zgarishlarda ham
tenglamalar balansi buzilmasligini ta’minlab, manba
hadlarining ta’sirini to‘g’ri hisobga olishga xizmat giladi
[1, 2]. Chegarada hosil bo‘ladigan qaytish to‘lginlarini
kamaytirish uchun to‘lqinni aks ettirmaydigan chegaraviy
ogim funksiyalarini konstruksiya qilish usullari taklif etilgan

[3, 4]. Hisoblash samaradorligini oshirish magsadida to‘lgin
inersiyasini soddalashtirib ifodalash usullari ham qo‘llanadi,
masalan, inersial yaginlashuv ikki o‘lchamli (2D) suv bosish
modellarida hisoblash xarajatlarini kamaytirishi ko‘rsatilgan
[5]- Shu bilan birga, kanal-daryo tizimlari uchun 1D va 2D
modellar natijalarini solishtirish modelni tanlash hamda
kirish ma’lumotlarini qay darajada detallashtirish lozimligini
asoslashda muhim ekanini ko‘rsatadi [6].

Ochiq kanallarda tezkor hisoblash va gayta hisoblashga
bo‘lgan talab yuqori bo‘lgani sababli, ma’lumotlar gisman
etishmas sharoitda ham ishlay oladigan hisoblash modullari
va parametrlash usullari zarur. Suv sathi kuzatuvlarini 1D
Sen-Venan modeliga ma’lumotlarni modelga singdirish orqali
kiritish natijasida sarf va sathni qayta tiklash, shuningdek
parametrlarni aniglashtirish imkoniyatlari bo‘yicha natijalar
keltirilgan [7, 8].

Sen-Venan tenglamalarining konservativ ko‘rinishiga
asoslangan hajmiy diskretlash usullari gidrologiya va shahar
drenaji masalalarida hisoblashning umumiyligini ta’minlash
hamda sonli barqarorlikni yaxshilashga qaratilgan [9].
Shuningdek, vyarim analitik echimlar hamda tezkor
marshrutlash algoritmlari referens senariylar uchun etalon
hisob-kitoblarni ta’minlaydi [10]. Kanal kesimini qatlamlar
bo‘yicha ko‘p gatlamli ko‘rinishda ifodalash orqali Sen-Venan
tizimini kengaytirish turli tezlik profillari hamda vertikal
gradientlarni hisobga olish imkonini beradi [11].

Irrigatsiya ~ kanallarini ~ boshqarish ~ masalalarida
gidrodinamik modelni to‘gridan-to‘g’ri qo‘llash ko‘p
holda hisoblash jihatdan gimmat (og‘ir) bo‘lgani sababli,
boshgaruvga yo‘naltirilgan soddalashtirilgan modellar
ishlab chigiladi. Masalan, kanal basseynlarini identifikatsiya
qilish va kontrollerni sintez qgilish uchun tartibga solingan
modellash usullari hamda ularning strukturasi taklif etilgan
[12]. Irrigatsiya kanallarida dinamik rejalashtirish va modelga
asoslangan bashoratli boshgaruv (MPC) yondashuvlarida
Sen-Venan yadrosi asosida ishlaydigan nazorat algoritmlari
amaldagi ish rejimida iste’molchilar talabining o‘zgarishiga
moslasha olishi ko‘rsatilgan [13]. Bunday boshgaruvda
parametrlash, aynigsa Menning koeffitsienti va inshoot
koeffitsientlari, boshgaruv sifati ko‘rsatkichlariga hal qiluvchi
ta’sir ko‘rsatadi.

Parametrlashning eng qiyin gismi - g‘adir-budurlik
va kesim geometriyasi kabi amalda tez o‘zgaruvchan
parametrlarni ishonchli baholashdir. LiDAR va er usti
kuzatuvlari asosida gidravlik g‘adir-budurlikni baholash
hamda uni model setkasiga o‘tkazish usullari taklif
qgilingan [14]. Tag rel’efi (batimetriya) bo‘yicha ma’lumotlar
cheklangan sharoitda Manning koeffitsientini kalibrlashga
oid algoritmlar va amaliy tavsiyalar keltirilgan [15, 16].
Beqaror ogim sharoitida uzunlik bo‘yicha o‘zgaruvchi (bir
jinsli bo‘lmagan) g‘adir-budurlikni baholash va identifikatsiya
qilishning hisoblash algoritmlari muhokama qilingan
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[17, 18]. Shu bilan birga, toliq Sen-Venan modeli o‘rniga
soddalashtirilgan marshrutlash modellarini gachon qo‘llash
mumkinligini baholashga xizmat qiluvchi mezonlar ham
muhimdir. Xususan, tenglamalarni yaqinlashtirish zonalari
va qo‘llanish sohasi bo‘yicha tahlillar [19], shuningdek
o‘zgaruvchi parametrli Muskingum usulini tatbiq etish
shartlari [20] amaliyotda model tanlash qarorini asoslashga
yordam beradi.

Masalaning qo'‘yilishi. Mazkur tadgiqotda obyekt
sifatida ochiq irrigatsiya kanallaridagi beqaror suv harakati
jarayoni va uni ifodalovchi gidravlik tizim qaraladi. Obyekt
tarkibiga kanalning piketaj bo‘yicha segmentlangan qismi,
ko‘ndalang kesimlari, tag belgisi, tag nishabligi, gidravlik
qarshilik parametrlari, yon kirim va chigimlar, shuningdek
shlyuz, qopqoq, to‘g‘on va nasos kabi boshqaruv jihozlari
kiradi. Tadgiqotda ushbu obyekt bir o‘lchamli yaginlashuv
asosida tasvirlanib, asosiy o‘zgaruvchilar sifatida suv sarfi
va kesim maydoni yoki chuqurlik gabul gilinadi; ishqalanish
Manning qonuni orqali, chegara shartlari esa asosan subkritik
rejimga mos yuqori va pastki shartlar orgali beriladi.

Muammoning amaliy mohiyati shundan iboratki, model
uchun zarur bo‘lgan geometrik, gidravlik, ekspluatatsion va
hisoblash parametrlari turli manbalardan olinadi va ularning
bir gismi amalda to‘liq emas, o‘lchov birliklari jihatidan
nomuvofig, vaqt bo‘yicha sinxronlashmagan yoki fazoviy
detallashtirish darajasi turlicha bo‘lishi mumkin. Shuning
uchun maqolada yechiladigan asosiy masala ochiq kanallarda
1D Sen-Venan modeli uchun zarur bo‘lgan kirish ma’lumotlari
va parametrlash talablarini tizimli ravishda shakllantirish,
ularni minimal va kengaytirilgan to‘plamlarga ajratish, har
bir parametr uchun manba, o‘lchov birligi, fazoviy va vaqt
bo‘yicha o‘zgaruvchanlik xususiyati hamda sifat nazorati
mezonlarini belgilashdan iborat.

Shunga ko‘ra tadqiqotning vazifasi modelning matematik
yadrosini takror bayon qilish emas, balki shu yadroni ishonchli
amalga tatbiq etish uchun zarur bo‘lgan axborot-parametrik
ta’minotni tartibga solishdan iborat. Ya'ni ishda shunday
talablar majmuasi asoslanadiki, u modelni ishga tushirishdan
oldin ma’lumotlar to‘lig‘i va sifati tekshirilishini, kalibrlash-
verifikatsiya jarayonining jadallashishini va keyingi
boshgaruv hamda rejalashtirish modullari uchun yagona
axborot almashinuv qatlami shakllanishini ta’minlaydi.

Yechish usuli (uslublari). Yugorida qo‘yilgan masalani
hal etish uchun ushbu bo‘limda ochiq irrigatsiya kanallarida
beqaror harakatni 1D yaqginlashuvda hisoblashga asos
boluvchi model, uning qo‘llanish shartlari, parametrlar
inventarizatsiyasi va talablar to‘plamini shakllantirish
metodikasi bayon etiladi. Bunda model yadrosida ishtirok
etuvchi barcha parametrlar o‘lchov birligi, fazoviy va vaqt
bo‘yicha o‘zgaruvchanligi, ma’lumot manbalari hamda
sifat nazorati mezonlari bo‘yicha tahlil qilinib, geometriya,
gidravlika, ekspluatatsiya va hisoblash parametrlari
bloklariga ajratiladi.

Metodik yondashuv. Talablar to‘plamini shakllantirish
quyidagi mantiqgqa asoslanadi: (i) model yadrosini
(kontinuitet va impuls tenglamalarini) bayon qilish; (ii)
geometriya va gidravlik funksiyalarni aniglash uchun zarur
bo‘lgan topologik hamda geometrik ma’lumotlarni ajratish;
(iii) ishkalanish, yon sarflar, chegara shartlari va inshootlar
tenglamalari orgali parametrlash obyektlarini to‘liq ro‘yxatga
olish; (iv) sonli sxemada bargarorlik va turg‘unlik talablarini
belgilash; (v) kalibrlash va tekshirish uchun olchov
ma’lumotlariga qo‘yiladigan talablarni aniglash. Natijada
talablar geometriya, gidravlika, ekspluatatsiya va hisoblash
parametrlari bloklariga ajratildi.

Modelning qo‘llanish shartlari. Model quyidagi klassik
farazlarga asoslanadi: (i) ogim asosan o‘zan yo'nalishi
bo‘yicha bir o‘lchamli deb qaraladi; (ii) bosim tagsimoti
gidrostatik yaqinlashuvga (uzoq to‘lgin, sayoz suv) muvofiq
gabul qilinadi; (iii) kesim geometriyasi kanal bo‘ylab sekin
o‘zgaradi; (iv) ishkalanish yo‘qotishlari empirik qonunlar,
asosan Manning qonuni, orqali ifodalanadi; (v) zarur hollarda
tezlik profilining notekisligi impuls korreksiya koeffitsienti
orqali hisobga olinadi.

Sen-Venan tenglamalari. Asosiy holatda noma’lumlar
sifatida sarfva ko‘ndalang kesim maydoni (yoki chuqurlik)
qabul qgilinadi. Massa saqlanishi (kontinuitet) tenglamasi:

oA
E‘F%:% (I,I), .

bu yerda: g, (x, t) — kanal bo‘ylab birlik uzunlikka to’g’ri
keladigan yon sarf (yon suv olish nugqtalari, drenaj kirimi
yoki chigimi, filtratsiya, gaytarma suv va boshgqalar). Impuls
tenglamasi:

0,02

&h
o oxl 4 +g4§=gd(‘g”_gf}’

@)

bu yerda: S, (x) - tag nishabligi, S, (x, t ) - gidravlik
nishablik (ishkalanish hisobiga yo‘qotish), g — erkin tushish
tezlanishi. Inshootlar joylashgan nuqtalarda (shlyuz,
qopqoq, nasos va h.k.) qo‘shimcha mahalliy qarshiliklar yoki

O—-h—u munosabatlari kiritiladi.

Kanal geometriyasi va kesim funksiyalari. Hisob

domeni x €[0,L] bo'yicha kanal piketajga mos tarzda
segmentlanadi. Har bir segmentda kesim geometriyasi
A(h) , namlangan perimetr P(h), suv yuzasi kengligi

T (h)=dA/dh vagidravlik radius R(h)=A/P funksiyalari
bilan beriladi. Trapetsiya kesim uchun minimal parametrlar:
tub kenglik va yon nishabi koeffitsienti bo‘lib, funksiyalar
quyidagicha aniglanadi:

A(h)=h(b+mh),
T,(h)=Db+2mh,

P(h)=b+2hyl+m®, ©
A
Rih)=—.
(-2

Agar kanal kesimi tabiiy (nomuntazam) bo‘lsa,A(h) va
P(h) funksiyalari ko‘ndalang kesim nugtalari jadvalidan
interpolyatsiya orqali hosil gilinadi. Bu holda har bir reper
kesim uchun chuqurlik diapazoni va interpolyatsiya qoidasi
alohida belgilanadi.

Tag belgisi va tag nishabligi. Tag belgisi z, (x)
geodezik ma’lumotlardan qabul qilinib, tag nishabligi
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S0 (x) sonli differensiallash yoki uchastkalar bo‘yicha
o‘rtacha giymatlar orqali aniglanadi. Geometriyadagi keskin
o‘zgarishlar (kesim almashishi, inshootlar, burilishlar)
segment chegaralariga to‘g‘ri kelishi talab etiladi.
Ishqgalanish modeli va g‘adir-budurlik. Ishgalanish
yo‘qotishlari Manning qonuni bilan parametrlanadi.
Segmentlar uchun g‘adir-budurlik koeffitsienti n(x) pasport,
vizual baholash va (eng ishonchlisi) gidropost yoki sensor
ma’lumotlari asosida kalibrlanadi. Gidravlik nishablik:

Az R4.-'3 2 4

bu yerda: A=A(h)va R=R(h) . Agar mavsumiy o'zgarsa
(o‘tlar, cho'kindilar, ekspluatatsiya rejimi), u holda n ni vaqt
bo‘yicha bolakli o‘zgaruvchi parametr sifatida berish yoki
kalibrlashni mavsumlar kesimida alohida bajarish tavsiya
etiladi.

Yon sarflar va tarqalgan yo‘qotishlar. Kanal bo‘ylab

yon sarflar g, (x,t ) massani saqglanish tenglamasiga
kiritiladi. Amaliy hisobda yon suv olish nugqtalari diskret
nuqta sarflari sifatida berilsa, ular hisob torining mos
segmentiga tagsimlangan ko‘rinishda olib kiriladi, ya’ni

nugta sarfi O, (l‘) uchun ¢, = =0, (l‘z/Ax qabul

gilinadi. Filtratsiya va bug‘lanish alohidg baholanishi zarur

bo‘lsa, ular ham ¢, tarkibida tagsimlangan chigim sifatida
hisobga olinadi.
Chegara shartlari va

inshootlar modeli. Ochiq

irrigatsiya kanallarida oqim ko‘pincha subkritik Fr <1
bo‘lgani uchun chegara shartlari sifatida 1 ta yuqori va 1
ta pastki shart beriladi. Amalda keng qo‘llanadigan juftlik:

yuqorida Q(O’t) , pastda h (L’t) . Inshootlar (shlyuz,
qopqoq, to‘g‘on, nasos) uchun esa ularning ish rejimini
ifodalovchi qo‘shimcha algebraik munosabat Kkiritiladi,

masalan:
Q= Cbu(t)f2gAH , )

kengligi, AH - yuqori va pastki beflar sathi fargi, C, -
inshoot razryad koeffitsienti. Inshoot parametrlari pasport
ma’lumotlari bilan bir xil formatda kiritilishi va rejim
almashishi shartlari (erkin / suv bosgan) alohida belgilanishi
talab etiladi.

Boshlang‘ich shartlar va initsializatsiya. Boshlang‘ich
shartlar Q(x,0) va h(x,0) ko'rinishida beriladi. Ishonchli
dinamik hisob uchun avval statsionar holatni (berilgan
Q yoki h bo‘yicha) yechib, uni =0 da boshlang‘ich holat
sifatida gabul qilish tavsiya etiladi; bu usul boshlang‘ich
ossillyatsiyalarni kamaytiradi.

Sonli echim va turgunlik talablari. Fazoviy
diskretlashtirish uchun x bo‘yicha setka qadami , vaqt
bo‘yicha tanlanadi. Beqaror harakatni hisoblashda

implitsit Preissmann (box) sxemasi qo‘llanadi; unda vaqt
bo‘yicha vaznlash koeffitsienti tanlanib, amalda sonli
ossillyatsiyalarni pasaytirish uchun ko‘pincha olinadi.
Har bir vaqt qadamida chizigsiz tenglamalar tizimi Nyuton
iteratsiyasi orqali echiladi; yakobian matritsasi ko‘p holatda
siyrak tuzilmaga ega bo‘ladi.

Agar eksplitsit sxema qo‘llansa, Courant (CFL) sharti
bajarilishi talab etiladi:

7

(W] +e.

buyerda: V' =0/ A, ¢ - mahalliy to‘lgin tezligi.

Kalibrlash va tekshirish. Kalibrlashda asosiy e’tibor n(x)
va q(x,t) parametrlariga qaratildi, chunki ular sath va sarf
dinamikasiga eng yuqori ta’sir ko‘rsatadi. Kalibrlash ma’lumot
manbalari sifatida gidropostlardagi sath va sarf o‘lchovlari,
sath—sarf bog‘lanish egri egri chiziglari, inshoot ochilish
jurnallari va (mavjud bo‘lsa) balans tekshiruvlari qo‘llanadi.
Tekshirish bosqgichida hisoblangan Q(x,t) va h(x,t) qiymatlari
mustaqil kuzatuvlar bilan tagqoslanadi, shuningdek, massani
saglanish (balans) bo‘yicha ichki muvofiglik nazorat gilinadi.

Kirish ma’lumotlari to‘plami. Tadgiqotni amalga
oshirish uchun minimal kirish ma’lumotlari to‘plami
1-jadvalda keltirilgan.

1-jadvalda Kkeltirilgan parametrlar turg‘un sonli echim
olish, kalibrlashni amalga oshirish va modelni operativ

boshgaruv vazifalariga ulash (inshootlar signallari orqali)
b i minimal to'olam sifati | Silinadi.
bu yerda: u (t) _ qopqoq ochilish signali, b - qopgoq uchun etarli minimal to'plam sifatida qabul gilinadi
1-jadval
Minimal kirish ma’lumotlari to‘plami
Belgi Tavsif Birlik Manhba
L Kanal uzunligi va piketaj m geodezivapasport
Z(x) Tag belgist m Geodeziya
A(h), P(h) Kesim funksiyalari m*,m kesim o°lchovi/loyiha
n(x) G adir-budurlik koeffitsient1 - pasport + kalibrlash
iy . r olish
t : 3 _ yonsuvo
q(x,t) Yon sarflar (kirim-chigimlar) m-/s joyi/drenaj/balans
Q(0,t) Yuqori chegara sharti m? /s dispetcher/o’lchov
h(L,t) Pastki chegara sharti m o°lchov/inshoot
Q(x,0), h(x,0) Boshlang“ich shart mi/s,m statsionar echim/o"lchov

L

Vol. 12 No. 1 (2026) Journal of “Irrigation and melioration”



IRRIGATSIYA VA MELIORATSIYA

Natijalar tahlili va misollar. Hisoblash algoritmi.
Ushbu bo‘lim Sen-Venan tenglamalari (1)-(2) va inshoot
munosabatlari (5) asosida beqaror harakatni hisoblashning
amaliy algoritmini bayon qiladi. Algoritm implitsit
Preissmann (box) sxemasi va Nyuton iteratsiyasiga tayanadi;
natijada har bir vaqt qadamida Q(x,t) va h(x,t) to‘la maydonlari
hisoblanadi.

1-qadam. Kirish ma’lumotlarini tayyorlash. Kanal
segmentlari, piket to‘rlari va har segment uchun Z,(x) (yoki S,
(x)), kesim funksiyalari A(h), P(h), T, (h), shuningdek n(x) va
q,(x,t) parametrlari bir xil formatda yig‘iladi. Inshootlar uchun
Q=f (h,,hy,,W ko'rinishidagi algebraik munosabatlar va
pasport koeffitsientlari alohida obyekt sifatida tayyorlanadi.

2-qadam. Diskretlashtirish. Fazoda X, = iAx
,i=0,....N tor, vaqeda ¢ =kAt, k=0,....K
tor tanlanadi. Implitsit sxemada vaqt bo'yicha

0>0.5

vaznlash koeffitsienti

0~0.55+0.70).

Preissmann operatorlari quyidagicha aniglanadi:

A )0 o

qgabul qilinadi (amalda

&ty 20
k48 1 k4 P x
v Vi Ve — 1
2 osei gl (3)
ax|qn Ax Ax
[ 5 | &k k
V., +V V..tV
kg RaEs p ST
Vi aeT Tl (1) ©)
2 2
3-gadam. Vaqt gadamida chizigsiz tizimni
yigish. Har bir k—>k+1 gadamda ichki tugunlar
uchun (1)-(2) tenglamalar Preissmann operatorlari
(7)-(9) orqali diskretlanadi. Noma’lumlar  vektori

T

k+1 k+1 k+1 k+1 k+1

v =0 LoV Lt
ko‘rinishida

olinadi. Chegara shartlari (masalan, Q( 0,t ) va h( L,t ) yoki
inshoot tenglamalari tizimga qo‘shimcha algebraik shartlar

sifatida kiritiladi; natijada F(U*')=0 chizigsiz tenglamalar
tizimi hosil bo‘ladi.

Nyuton iteratsiyasi har bir vaqt qadamida quyidagi
ko‘rinishda bajariladi:

JUﬂi ﬂ_]ﬂ Z—F{I_]ﬂi . U.r_:'. :Ijn —I—W - (10)

bu yerda: J=0F/0U — Yakobian, r — iteratsiya

ragami, A€ (0,1 — damping koeffitsienti (turg‘unlikni
oshirish uchun). Yakobian matritsasi odatda siyrak
bo‘lgani sababli, chizigli tizimni echishda siyrak

matritsalar uchun mos Gauss usuli, siyrak LU parchalash
yoki iteratsion echim usullaridan foydalanish maqgbul.
4-qadam. Konvergensiya va sifat nazorati. Iteratsiyalar

||AU||00 <g, va ”F ”w < &, mezonlari bilan toxtatiladi;

maksimal iteratsiya soni N l.';gx beriladi. Har vaqt gadamida

massa saglanishi ichki nazorat gilinadi:
ﬂfﬁl‘u g, (x1 )akat + O 0,1} At —Of Lt At baholanadi va balans

goldig‘i belgilangan chegaradan oshmasligi talab etiladi.

5-qadam. Natijalarni

Hisoblangan Qik va hl.k maydonlari vaqgticha faylga

yoziladi. Qo‘shimcha ravishda_r/f ZQ / A(}’f J )
Al fJga(}f)fx.Ufg .
x). X

ko‘rsatkichlar,shuningdek , vaboshqga
statistikalar hisoblanib, hisobot jadvallariga chiqariladi.

Natija jadvallari va chiqish formatlari

Tadgiqot doirasida natijalarni chiqarish uchun yagona
jadval shakllari taklif etiladi. Ushbu shakllar modelni
ishga tushirish sozlamalarini, yaqginlashish holatini
hamda va natijalarini profil va vaqt gatorlari korinishida
hujjatlashtirishga xizmat qiladi (2—4-jadvallar).

saqlash va agregatlash.

hosilaviy

2-jadval
Hisoblash parametrlari va konvergensiya sozlamalari
Belgi Tavsif Birlik (Jivmat/izoh
Ax Fazoviy setka gadami m tor anfql1g1_ va geometriya
o zgarishiga mos
. dinarmika tezligi va hisob
At J L=
Vaqt qadami ° samaradorligiga mos
g Preissmann vaznlash koeffitsient - 0.55+0.70 tavsiya
N Fazoviy tugunlar soni - N =L/Ax
K Vaqt gadamlan som - K =T/At
ey Noma lum}ar o zgansh.l_bo vicha ) masalan, 10~
to xtash mezom
Eg Qoldiq bo"vicha to xtash mezom - masalan, 107%
N Nyuton iteratsivasi maksimal soni - masalan. 20-50
A Damping koeffitsients - zarur bo'lsa 0.1+1
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3-jadval

Chiqish natijalarining saqlash shakllari

Natija obvekti Belgi Birlik Indekslash Izoh
= 0..N, ; .
Sarf maydoni QF m? /s ;‘: 0K asosty natija
Sath voki = 0N
chuqurlik h m o as0sly natija
} : k=0..K
maydom
. . r " 2 . geometriva
Kesim maydoni AY = A(hi ) m i,k siyasi orqali
. - , hosilaviy
k — kg gk
O’rtacha tezlik V. = Q] /A; mfs i,k ko-rsatkich
Frud som Frf = |Vak | [ gA¥ /T, (h¥) - ik rejim nazorati
Chegara vaqt- k Lk 3 _ . s
qatori (Qg, hy) m” /s, m k=0.K vugori/pastlki b’ef
: . bovicha
: i : k=0.K u(t) bo'y
Inshoot javobi QL. m*/s hisoblangan
4-jadval
Kalibrlash va tekshirishda hisobot uchun tavsiya etiladigan ko‘rsatkichlar
Ko‘rsatkich Formula Birlik Izoh
-'H
1 2
Sath RMSE RMSE;, = [~ [h;'” — pmed ) m kalibrlash sifati
el
1 < 2
Sarf RMSE RMSEg =, |- > (0 -0y m? /s kalibrlash sifati
7 om=l
1< m yoki
MAE MAE = E Zi |1'f - Jf'm| mg /s robust ko rsatkich
_F L
Balans AV _k'l.“ Gax+ 0y, — s }H ) massa saglanishi
nevyazkasi Ep = nazorati
max (AFV.1)
s
Maksimal sath e (x] = mkaxh (x:-f J m xavfli rejimlar
Maksimal sarf Opze () =maxQ (,7° m? /s o’tkazuvchanlik
k nazorati

Agar model operativ boshgaruv masalalariga ulansa,
3-jadvaldagi chegara vaqt qatorlari va inshootning javob
signallari real dispetcher boshqaruv signali  bilan birga
arxivlanishi shart. Bu keyinchalik parametrlarni qayta
kalibrlash va rejimlar bo‘yicha giyosiy tahlil o‘tkazish
imkonini beradi.

Xulosa.

Ushbu tadgiqotda ochiq kanallarda Sen-Venan modeli
uchun kirish ma’lumotlari va parametrlash talablari
tizimlashtirildi hamda wularni tayyorlashning amaliy
tartibi bayon etildi. Geometriya va tag nishabligi, gidravlik

qarshilik (Manning n), chegara shartlari va inshootlar
rejimi bo‘yicha minimal ma’lumot to‘plami ajratilib,
Preyssmann implitsit sxemasi asosida hisoblash algoritmi
va natijalarni jadvallashtirish formatlari ko'rsatildi. Taklif
etilgan yondashuv modelni takrorlanuvchi tarzda qo‘llash,
kalibrlash va monitoring ma’lumotlari bilan tekshirish
uchun zarur “ma’lumotlar intizomi”ni ta’minlaydi. Kelgusida
talablar to‘plamini sensor ma’lumotlari (sath va sarf), GIS
geometriyasi va avtomat kalibrlash usullari bilan boyitish
hamda boshgaruv konturlariga (dispetcherlik, MPC/SCADA)
integratsiya qilish rejalashtiriladi.

40~
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QISHLOQ XO‘JALIGINI MOLIYALASHTIRISHNING AN'’ANAVIY
VA ZAMONAVIY USULLARI: IMKONIYATLAR VA MUAMMOLAR

A.K.Axmedov - PhD, dotsent,
“Toshkent irrigatsiya va qishloq xo‘jaligini mexanizatsiyalash muhandislari instituti” MTU

Annotatsiya

Magqolada qishloq xo%jaligini moliyalashtirishni davlat tomonidan qo‘llab-quvvatlash yo‘nalishlari, ichki xususiy
investitsiyalarni jalb gilish va boshga zamonaviy moliyalash manbalari bo‘yicha yondashuvlar xorijiy mamlakatlar tajribasi va
ilmiy tadgiqot ishlarining natijalari asosida o‘rganilgan. Qishloq xo‘jaligini moliyalashtirishning an’anaviy usullari bilan birga
hozirgi zamonaviy moliyalash texnologiyalari bilan birgalikda tagqoslab tahlil gilingan. Rivojlangan mamlakatlarda gishloq
xo'jaligini moliyalashtirish, innovatsion texnologiyalarni joriy etish, ekologik bargarorlikni ta’minlashga qaratilgan tadqiqotlari
tizimlashtirilgan holda tahlil qgilingan va takliflar ishlab chiqgilgan.

Kalit so‘zlar: gishloq xo'jaligi, sug‘urta, kredit, moliyalashtirish, investitsiya, “yashil” moliya, kraudfanding

TPAOUIITUOHHBIE U COBPEMEHHBIE METO/1bI
CEJIbBCKOXO35NUCTBEHHOI'O ®PUHAHCHPOBAHMNA:
BO3MOJXHOCTHA AN ITPOBJIEMbI

A.K.Axmedoe - PhD, douenm,
HHUY «TawkeHmcKuti UHCMUImym uHiceHepoe8 uppu2ayuu u MexXaHu3ayuu ceJbCKozo Xo3aticimea»

AHHOTaIMS

B cTaTbe ycciemoBaHbl MOAXOMbI K TOCYAAPCTBEHHOI MOAAepskKe (GVMHAHCMPOBAHMS CENTbCKOTO XO3SIICTBA, TIPUBIIEUEHIIO OTe-
YeCTBEHHBIX YACTHBIX MHBECTUIIVI 1 IPYTM COBPEMEHHBIM MCTOYHMKAM (DMHAHCYMPOBAHNMS HA OCHOBE OIIbITA 3apyOEKHBIX CTPaH
¥ Pe3y/JIbTaTOB HAYYHbIX MCCIeNOBaHMiA. [IpOBeIeH CpaBHUTEIbHbBIN aHAIM3 TPAOUIIMOHHbBIX METOIOB (DMHAHCUMPOBAHMSI CEJTLCKOTO
XO3SI/ICTBA C COBPEMEHHBIMM TEXHOIOTUSIMMU (DrHAHCUMpOBaHMSI. CUCTeMaTU3MPOBaHbI MCCIENOBaHMS B 06/1aCTH (DMHAHCYPOBAHMS
CeTbCKOT0 XO3SI/ICTBA B PAa3BUTBIX CTPaHaX, BHEIPEHWSI MHHOBALIMOHHBIX TEXHOJIOTMIA 1 06ecIieueHNsT SKOJIOTMYEeCKO YCTOMUMBOCTH,
pa3paboTaHbl COOTBETCTBYIONIVE TIPEIIOKEHISI.

KiroueBbie ¢JIOBa: CeIbCKOE XO3SICTBO, CTpaxOBaHue, KpeauT, hMHAHCKPOBaHMe, MHBECTULIVHN, «3eJIeHoe» (hMHAHCHPOBaHe,

KpayadaHayHr

TRADITIONAL AND MODERN METHODS OF AGRICULTURAL
FINANCING: OPPORTUNITIES AND CHALLENGES

A.K.Akhmedov - PhD, Associate professor,
“Tashkent Institute of Irrigation and Agricultural Mechanization Engineers” NRU

Abstract
This article studies approaches to government support for agricultural financing, attracting domestic private investment,
and other modern sources of financing, based on the experience of foreign countries and the results of scientific research. A
comparative analysis of traditional agricultural financing methods and modern financing technologies is provided. Research
on agricultural financing in developed countries, the implementation of innovative technologies, and ensuring environmental
sustainability is systematized, and relevant proposals are developed.
Key words: agriculture, insurance, credit, financing, investment, "green" finance, crowdfunding

sug‘oriladigan maydonlar bo‘lib, ushbu maydonlar u yoki bu
darajada sho‘rlangan (aksariyat gismi gishlog xojalik
oborotidan chigib ketgan). Shuningdek, mintagada suv

Kirish. Qishlog xo‘jaligi ishlab chigarishini bargaror
rivojlantirish  O‘zbekiston igtisodiyotida muhim
ahamiyatga ega. Chunki, qgishloq xo‘jaligi - mamlakatda

oziq-ovqat xavfsizligini ta’minlash va qayta ishlash sanoatini
xomashyo bilan ta’minlashga xizmat giladi. Shuningdek,
gishloq xo‘jaligining o‘ziga xos hususiyati sifatida yer-suv
munosabatini ta’kidlash kerak. Yer — suv resruslari bilan
birgalikda asosiy vosita sifatida dehqonchilik gilishga imkon
beradi hamda kafolatlangan hosil olishning manbai sifatida
garaladi. Qishloq xo‘jalik mahsulotlarini yetishtirishda
yerlarning meliorativ holati asosiy ko‘rsatkichlardan
biri sifatida baholanadi. O‘zbekistonda 3,4 min. gektar

resurslarini taqchilligi, yillik yog‘ingarchiliklarni sezilarli
darajada kamayishi, transchegaraviy suvlardan birgalikda
foydalanish bilan bog‘liq masalalar ham oz ta’sirini
ko‘rsatmoqda.

Qishloqg xo%alik korxonalarini moliyalashtirishning
samarali shakl va usullarini amaliyotga keng joriy etish
dolzarb masalalardan hisoblanadi. Chunki, gishlog xo‘jalik
mahsulotlarini raqobatbardoshligini oshirishda muhim
ahamiyat kasb etadi. Shuning uchun gishloq xo‘jaligi
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sohasini moliyalashtirishni kompleks tashkil etish va ogilona
qo‘llab-quvvatlash tizimini ishlab chiqish zarurat sifatida
baholanadi. Biroq, yillar davomida gishloq xojaligini bozor
talablari asosida rivojlantirishga e’tibor berilmadi va ushbu
tarmoqqa investitsiyalarni (mahalliy va xorijiy) jalb qilishga
yetarlicha shart-sharoitlar yaratilmaganligini ham ta’kidlash
lozim.

Agrar sohani izchil rivojlantirish va yuqori samaradorlikka
erishish uchun innovatsion texnologiyalardan foydalanish
tizimini rag‘batlantirish hamda gishloq va suv xo‘jaligini
kompleks rivojlantirish va ular bilan bog‘liq xizmatlarni ham
qo‘llab-quvvatlash dolzarb vazifalardan hisoblanadi. Buning
uchun innovatsion texnologiyalarni gishloq xo‘jaligiga joriy
etishni moliyalashtirish bilan bog‘liq masalalarni tadqiq
qilish va imkoniyatlarni baholash muhim sanaladi. Aynigsa,
qgishloq xofjaligi ishlab chigarishini rivojlantirishda xorijiy
investorlar bilan bir qatorda mahalliy ishbilarmonlarga ham
teng imkoniyatlar yaratish dolzarb ahamiyat kasb etadi.

Metodologiya. Ushbu maqolada gishloq xo‘jaligini
moliyalashtirishning uslubiy-nazariy asoslari umumlashgan
holda tahlil gilingan. Qishloq xo‘jaligini moliyalashtirishni
davlat tomonidan qo‘llab-quvvatlash yo‘nalishlari, ichki
xususiy investitsiyalarni jalb gilish va boshqa zamonaviy
moliyalash manbalari bo‘yicha yondashuvlar tadqiq etilgan.
Qishloq xo‘jaligini moliyalashtirish yo‘nalishida xorijiy
mamlakatlar tajribasi va ilmiy tadqiqot ishlarining natijalari
umumlashgan holda o‘rganilgan.

Adabiyotlar sharhi. Qishloq xojaligini rivojlantirishda
asosan quyidagi moliyalashtirish usullaridan keng
foydalaniladi: bank kreditlari, lizing va davlat subsidiyalari.
Ushbu an’anaviy usullar ma’lum shart-sharoitlar doirasida
samarali bo‘lib, hozirgi kunda qishloq xo‘jaligiga talab
gilinadigan moliyaviy resurslarni to‘liq ta'minlash uchun
yangicha vyondashuvlar zarur bo‘lmoqda. Masalan,
mikrokreditlash, kraudfanding (crowdfunding - ma’lum
bir platformalar orgali biror bir g‘oyani amalga oshirish
uchun ommadan pul yig‘ish orgali moliyalashtirish usuli),
davlat va xususiy sheriklik orqali moliyalashtirish, kredit
kooperativlari, “yashil” moliyaviy texnologiyalar va islom
moliyasi kabi yo‘nalishlarni keltirish mumkin.

Mavzuga oid adabiyotlarni tahlil etish jarayonida gishloq
xojaligini moliyalashtirishning zamonaviy usullari bo‘yicha
mamlakatimizning yetakchi iqtisodchi olim va mutaxassislari
tomonidan ilmiy izlanishlar olib borilgan.

Jumladan, M.Alikulovning ilmiy ishlarida boshqga
iqtisodchi olimlar va tadqgiqotchilarning izlanishlarini
umumlashtirgan holda tahlil gilgan [1]. Aynigsa, Sh.O".
Kamolov [2], S.Sh.Jabborov [3], R.A.Karimov [4], M.Yu.
To‘xtasinov [5], A.L.Abduazizov [6], B.Yu.Pulatov [7],
0.T.Qosimov [8], N.R.Xoliqov[9] kabi olimlarning ilmiy
tadqiqotlariga e’tibor qaratgan.

Shuningdek, ushbu mahalliy olimlar fikricha, gishloq
xo‘jaligini moliyalashtirishda venchur kapital, kraudfanding
va davlat-xususiy sheriklik, xalgaro va milliy moliyaviy
tashkilotlar bilan hamkorlik kabi yo‘nalishlarda tadgiqotlar
gilinganini ko‘rishimiz mumkin[1,10]. Bu usullar gishloq
xo‘jaligi sohasida yangi investitsiyalar va innovatsiyalar
kiritishga yordam beradi.

Shuningdek, qishloq va suv xoYjaligi sohasiga
investitsiyalarni jalib qilish va ularni samaradorligi bo‘yicha
S.Umarov[11], gishloq va suv xo‘jaligi sohasida davlat-xususiy
sheriklik loyihalarini amalga oshirishda G‘.Dusmuratov[12],
agrar sohani moliyaviy qo‘llab-quvvatlash bo‘yicha
L.Erkinxodjiyev[13], qishloq xo‘jaligi sohasida ilmiy
ta’'minotni moliyalashtirish bo‘yicha A.Babadjanov[14,15],
gishloq xo‘jaligini kreditlash bo‘yicha A.Avliyaqulov va

I.Salomovlarning amalga oshirgan tadqgiqotlari ham muhim
ahamiyat kasb etadi [16,17].

Xorijlik olimlarning ilmiy tadqgiqotlarida qishloq
xojaligini moliyalashtirishning zamonaviy mexanizmlariga
e’tibor qaratilgan. Jumladan S.C.Zhangning fikricha, xorijiy
investitsiyalar va xalgaro grantlar gishloq xo‘jaligining
rivojlanishiga ko‘proq ta’sir ko‘rsatadi. Shu bilan birga,
moliyalashtirishning aniq strategik va zamonaviy
mexanizmlariga e’tibor berish zarurligini ta’kidlaydi [18].

T.R.Carter gishloq xojaligini moliyalashtirishda davlat-
xususiy sheriklikning ahamiyatiga alohida e’tibor garatadi.
Uning fikricha, xususiy sektor va davlat o‘rtasidagi sheriklik,
fermerlar va xo‘jaliklarga moliyaviy manbalarni ta’minlashda
muhim mexanizm hisoblanadi. Bu model, aynigsa, gishloq
xo'jaligi uchun zamonaviy moliyaviy xizmatlarning ko‘lamini
kengayishiga xizmat qilishini ta’kidlaydi [19].

Shuningdek, ragamli texnologiyalar va aqlli gishloq
xo‘jaligi  texnologiyalarining rivoji bugungi kunda
gishloqg xo‘jaligi sektorini moliyalashtirishda yangicha
yondashuvlarga ehtiyoj sezmoqda. Ushbu zamonaviy usullar,
kichik fermerlarni qo‘llab-quvvatlash, ilg‘or texnologiyalarni
joriy etish, resurslarni samarali tagsimlash va ekologik xavf-
xatarlarni kamaytirish kabi ko‘plab ustuvor magsadlarga
xizmat qilishi lozim.

Bugungi kunda, qishloq xo‘jaligini moliyalashtirish
nafagat katta miqdordagi kapitalni jalb gilishni o'z ichiga
oladi, balki ekologik jihatdan barqaror texnologiyalarni
va innovatsion yechimlarni joriy etishga ham imkoniyat
yaratadi.

Birinchidan, qishloq xo‘jalik mahsulotlarini ishlab
chigaruvchi xo‘jaliklarda yashil moliyaviy resurslardan
foydalanish imkoniyatlarini kengaytirish yo‘nalishlarini
0z ichiga oladi. Jumladan, yashil texnologiyalar va
innovatsiyalarni joriy qilishni moliyalashtirish va davlat
tomonidan soliq imtiyozlarini qo‘llash, subsidiyalar ajratishni
rag‘batlantiruvchi mexanizm sifatida muhim ahamiyatga ega
[20].

Ikkinchidan, gqishloq xo‘jaligi gorxonalarini barqaror
rivojlanishi uchun sarmoyalarni keng jalb gilishga imkon
beradi. Shuningdek, yashil moliyaviy resurslardan foydalanish
yashil innovatsiyalar va texnologik taraqgiyotning
rivojlanishiga ta’sir etib [21], pirovardida atrof-muhitni
ifloslanishini kamayishiga yordam beradi va barqaror
rivojlanishning harakatlantiruvchi kuchiga aylanadi.

Ushbu  maqolada  qishloq  xo‘jaligi sektorini
moliyalashtirishning zamonaviy usullari va ularning
afzalliklari, kamchiliklari, shuningdek, bu usullarning

gishloq xo‘jaligi sohasida ganday samaradorlikka erishishiga
oid tahlil keltirilgan. Bunday usullar orqali fermerlar va
gishloq xo‘jaligi tadbirkorlari o'z faoliyatlarini kengaytirish
va modernizatsiya gilish imkoniyatiga ega bo‘ladi.

Ushbu mavzuning dolzarbligi fermerlarning 0z
imkoniyatlarini kengaytirishi, qishloq aholisining turmush
darajasini oshirishi va gishloq xojaligi ishlab chiqarishida
innovatsion yondashuvlarni rivojlantirish bilan bog'liqdir.
Shu sababli, bu sohadagi yondashuvlarni chuqur tahlil
qilish va amaliyotga joriy etish hozirgi davrning dolzarb
vazifalaridan biri hisoblanadi.

Muhokama va tahlillar. Iqtisodiyot tarmogqlarini
rivojlanishida fan-texnika taraqgiyoti muhim ahamiyatga
ega bo'lib, bargaror iqtisodiy rivojlanishning asosi bo‘lib
hizmat qiladi. Ishlab chiqarish (mahsulot yetishtirishni)
modernizatsiya qilish, intensiv o‘sish va ekinlarni
genetik jihatdan takomillashtirish jarayonlari bevosita
innovatsiyalarga asoslanadi va ko‘plab sarmoya jalb qilishni

talab etadi.
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Rivojlangan ~ mamlakatlarda  gishlog  xo%jaligini
moliyalashtirish, innovatsion texnologiyalarni joriy etish,
ekologik bargarorlikni ta’minlash va bozor tizimlarini
rivojlantirishga katta e’tibor qaratilgan. Ularning tajribasi
rivojlanayotgan mamlakatlarga ham foydali bo‘lishi mumkin,
chunki ular samarali gishloq xo‘jaligi tizimlarini ya ratish

bo'yicha o‘z tajribalarini ilgari surishmoqda.Jumladan,
rivojlangan mamlakatlar innovatsiyalarni joriy etish, ekologik
bargarorlikni ta’minlash va texnologiyalardan samarali
foydalanish borasida yuqori natijalarga erishgan. Quyidagi
jadvalda rivojlangan mamlakatlarning qishloq xo‘jaligini
moliyalashtirishdagi muammolari keltirilgan.

1-jadval

Rivojlangan mamlakatlarning qishloq xo‘jaligini moliyalashtirishdagi

muammolar va ularni bartaraf etish yo‘nalishlari

Qishloq xo‘jaligini moliyalashtirishga salbiy ta’sir etuvchi
omillar

Moliyalashtirishdagi muammolarni bartaraf etish
yo‘nalishlari

I. Qishloq xo‘jaligiga investitsiyalarni jalb qilishda
risklarning yuqoriligi:

a) fermerlarning kredit olishdagi qiyinchiliklari;

b) kichik va o‘rta fermalarga kamroq yordam berilishi;

¢) qishloq xo‘jaligi kreditlariga yuqori foiz stavkalari;

d) qishloq xo°‘jaligida mahsulotlarining narxlari o‘zgarishi
(mavsumiylik).

- rivojlangan moliyaviy infrastrukturani yaratish;

- kichik fermerlarni (dehqon va tomorqa yer egalarini)
moliyalashtirish uchun maxsus dasturlar;

- fermerlarga kredit taqdim etishda davlat ko‘magining
kuchayishi;

- xalgaro moliyaviy resurslarni jalb etish;

- qishloq xo‘jaligiga “yashil” subsidiyalarni joriy qilish;
- moliyaviy xavfsizlik va sug‘urta tizimini rivojlantirish.

II. Iqlim o‘zgarishiga moslashish va ekologik talablar:

e) innovatsion texnologiyalarni joriy qilishning qimmatligi;

f) hududlarning iglim sharoitlari va tabiiy ofatlarni sodir bo‘lishi;
2) iqlim o‘zgarishlari va ekologik tahdidlar;

h) ekologik talablarning kuchayishi;

j) raqamli texnologiyalarni joriy etish.

- iqlim o‘zgarishlariga qarshi innovatsion yechimlar;

- eko-fermerlik va barqaror qishloq xo‘jaligini qo‘llab-quvvatlash
dasturlari;

- yuqori texnologiyalarni joriy etish orqali samaradorlikni
oshirish;

- iglimga moslashuvchan gishloq xo‘jaligini rivojlantirish.

Mavjud muammolarni hal etishda asosan davlatning
roli muhim ahamiyat kasb etadi. Aynigsa, rivojlangan
mamlakatlarda gishloq xo‘jaligini moliyalashtirishda davlat
subsidiyalari va imtiyozlari asosiy yechim sifatida qaraladi.
Shu bilan birga, fermer (dehqonlar)ga yordam berish,
iglim o‘zgarishlariga qarshi strategiyalarni ishlab chigish
masalalari keng tadqiq etilmoqda.

Iglim o‘zgarishlari va tabiiy ofatlar rivojlangan
mamlakatlar uchun katta muammo tug‘dirmoqda.
Bu muammolarni hal gilish uchun sug‘urta tizimlari,
biomahsulotlar etishtirsh, ekologiyaga zarar yetkazmaslik va
boshga innovatsion yechimlarni amaliyotga tadbiq etishga
e’tibor qatratmoqda. Rivojlangan mamlakatlarning tajribasi
boshga rivojlanayotgan davlatlar uchun katta ahamiyatga

ega hisoblanadi.
Qishlog xo‘jaligini moliyalashtirish asosan ikki
yo‘nalishda amalga oshirilayotgani adabiyotlar tahlili

natijasida o‘rganildi. Jumladan, “yashil” moliyalashtirish
va innovatsion texnologiyalar hamda ularni joriy etishning
samarali moliyalashtirish kabi yo‘nalishlarni o‘z ichiga
oladi. Moliyaviy texnologiyalardan samarali foydalanish va
yashil igtisodiyotga o‘tish bilan bog‘liq bargaror rivojlanish
strategiyalariga e’tibor qaratilgan [22]. Aynigsa investorlar
ekologik toza mahsulot ishlab chigaruvchi korxonalarga
hamda ekologiyaga zarar yetkazmasdan ishlab chiqarishga
sarmoya kiritishga intilmoqda [23].

Qishlog xo‘jaligi korxonalarini moliyalashtirishni
rivojlantirish mamlakatimiz iqtisodiy tizimining
ragobatbardosh  rivojlanishini  ta’minlashning muhim

shartidir. Siyosiy va iqtisodiy tizimdagi beqarorlik sharoitida
xo‘jalik yurituvchi subyektlar faoliyatini moliyalashtirishning
samarali usullarini ishlab chiqish va tashkiliy masalalarni
hal etish, shu jumladan innovatsion rivojlanish uchun zarur

shart-sharoitlarni yaratish, xo‘jalik yurituvchi subyektlarning
magsad va vazifalarini ro‘yobga chigarish, xavf-xatarlarga
qarshi kurashish imkonini beradi.

Qishlogxo‘jaligikorxonalarifaoliyatini moliyalashtirishda
mahalliy va xorijiy olimlarning tadqgiqotlarini o‘rganish
shuni ko‘rsatdiki, ushbu sohada moliyaviy resurslarning
yetarli emasligi va ularni boshqarishdagi muammolarning
aksariyatiga sabab bo‘lmoqda. Shu bois gishloq xo‘jaligi
korxonalarini  moliyalashtirishni  takomillashtirishning
istigbolli yo‘nalishlarini ishlab chigish qishloq xo‘jaligi
igtisodiyotining dolzarb masalasi bo‘lib, samarali yechim
topishni taqozo etadi.

Shuningdek, qishloq xo‘jaligini moliyalashtirishning
yangi usullari orqali ijtimoiy barqarorlikni ta’minlash, gishloq
aholisining daromadlarini oshirish va ularning turmush
sharoitlarini yaxshilash hamda ijtimoiy muammolarga garshi
kurashishda katta imkoniyatlar mavjud. Qishloq xo‘jaligini
moliyalashtirishda innovatsion yondashuvlarning ahamiyati
ortib borayotganligi sababli, ushbu sohadagi samarali
moliyaviy mexanizmlar orqali gishloq xojaligi sektorining
uzoq muddatli barqarorligini ta'minlashga e’tibor qaratish
muhim. Aynigsa, gishloq xo%jaligini moliyalashtirishda
mahalliy va xorijiy investorlarga teng sharoit yaratish
lozim. Chunki, gishloq xo‘jaligiga katta investitsiyalarni
jalb qgilishda giyinchiliklar mavjud bo‘lib, asosan mahalliy
aholi gishloq xo‘jaligida band bo‘ladi. Shu bois ichki hususiy
investitsiyalarni qo‘llab-quvvatlash muhim hisoblanadi.

O‘zbekistonda qishloq xo‘jaligini huqugiy jihatdan
tartibga solish va javobgarlikni kuchaytishga ham e’tibor
qaratishlozim.Aynigsa, O‘zbekiston Respublikasinin “Qishlog
xo‘jaligi kooperativi to‘grisida” qonun gqabul qilingan
(vangi tahrirda), ammo amalga oshirish mexanizmlari
yaxshi o‘rganilmagan. Shuningdek, qishloq xo‘jaligida

20~

Vol. 12 No. 1 (2026) Journal of “Irrigation and melioration”



SUV XO‘JALIGI IQTISODI VA YER RESURSLARIDAN FOYDALANISH

klasterlashtirsh bo‘yicha birqancha ishlar tashkil etildi.
Jumladan, paxta to‘qimachilik klasterlari faoliyat yuritmoqda,
ammo “klasterlar faoliyati to‘g‘risida” meyoriy huqugiy
hujjatlar (qonun va qonun osti hujjatlar) gabul gilinmagan.
Natijada, ushbu sohada tizimli muammolar yuzaga kelgan.

Xulosa va takliflar. Yuqorida ta’kidlangan muammolarni
bartaraf etishda quyidagi taklif va tavsiyalar ishlab chiqildi.

Birinchidan, gishloq va suv xofjaligi tizimini
raqamlashtirish va axborot texnologiyalarini joriy etish.
Natijada ekin maydonlari va ekin turlari bo‘yicha tezkor
ma’lumot olish imkoniyati yuzaga keladi. Real vaqt rejimida
ekin maydonlarini sugorishda suv bilan ta’minlanish va
boshqga iqlim ma’lumotlarini tahlil gilish mumkin bo‘ladi.

Ikkinchidan, davlat tomonidan subsidiya va soliq
imtiyozlarini joriy etishni soddalashtirish hamda samarali
mexanizmlarini joriy etish. Bunda, qishloq xo‘jaligiga
investitsiya kiritishni rag ‘batlantirish uchun soliq imtiyozlari
qo‘llash lozim. Shuningdek, subsidiya ajratishda nafaqat tex-
nika va texnologiyalarni joriy qilish balki, atrof-muhitni
saglash va ekologik barqarorlikni saglash uchun ham

go‘shimcha mablag‘lar ajratishni nazarda tutish.

Uchunchidan, =xalgaro moliya institutlari bilan
hamkorlikni kuchaytirish va qishloq xo%jaligi sohasiga
uzoq muddatli investitsiyalarni (kreditlarni) va grantlar
mablag‘larni jalb qilishga asosiy e’tiborni qaratish.

To‘rtinchidan, gishloq xoaligini sug‘urtalash tizimini
rivojlantirish. Bunda asosan ikkita yo‘nalish muhim ahamiyat
kasb etadi: gishlog xo%jalik ekinlarining tabiiy ofatlar
natijasida hosilni yo‘qotishlaridan sug‘rtalash; va gishlog
xo‘jaligiga ajratilgan moliyaviy resurslarni gaytmaslik
hatarlaridan sug‘urtalash. Shuningdek, erkin bozor
munosabatlari sharoitida sug‘urta bozorini rivojlantirish va
sug‘urta fondlarini barqarorlashtirish lozim.

Beshinchidan, yangi moliyaviy texnologiyalarni joriy
etishni huquqiy tartibga solish va joriy etish amaliyotini
jadallashtirish. Jumladan, blokcheyn texnologiyalaridan
foydalanish, kraudfanding (kraudinvesting) platformalarini
joriy etish va rivojlantirish hamda yashil moliyalashtirishga
alohida e’tibor berish lozim.
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HYDROTECHNICAL CONSTRUCTIONS AND PUMPING STATIONS
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NASOS AGREGATLARIDAGI TITRASHLARNI TAHLIL
QILISHDA IOT SENSORLARINI QO‘'LLASH

N.S.Mamatov - t.f.d., professor, R.R.Ergashev - t.f.d., professor,
F.A.Bekchanov - t.f.n., dotsent, B.X.Turg‘unov - tayanch doktorant,
“Toshkent irrigatsiya va qishloq xo‘jaligini mexanizatsiyalash muhandislari instituti” Milliy tadqiqot universiteti

Annotasiya

Magqolada IoT akselerometr sensorlari yordamida nasos agregatlarida sodir bo‘ladigan tebranishlarni spektriga ta’siri
eksperimental ravishda o‘rganilgan. Tadqiqotda nasos agregatlarining soz holati, sun’iy ravishda kiritilgan rotor disbalansi va
yeyilgan podshipnik holatlari alohida tahlil qilinib, har bir holat uchun vaqt domenidagi tebranishlar, ularning energiyasi hamda
chastota spektrlari solishtirildi. Tebranish signallarini qayta ishlash jarayonida oldindan filtrlash, median filtri va tezkor Fourier
transformatsiyasi qo‘llanilib, mexanik nosozliklarga xos spektral belgilar aniglandi. Natijalar rotor disbalansi holatida past chastota
diapazonida, aynigsa birinchi va ikkinchi garmoniklar atrofida amplitudaning sezilarli ortishini, podshipnik degradatsiyasida esa
3-8 kHz oralig‘idagi yuqori chastota zonasida energiyaning keskin oshishini ko‘rsatdi. O‘tkazilgan tahlillar har bir nosozlik turi
tebranishlar spektrida o'ziga xos spektral belgilarga ega ekanini tasdiqladi. Tadqiqot natijalari IoT asosidagi vibratsiya monitoringi
tizimlari nasos agregatlarining texnik holatini agregatni to’xtatmasdan, real vaqt rejimida baholash, nosozliklarni erta bosgichda
aniqglash va oldindan bashoratli texnik xizmat ko‘rsatishni samarali tashkil etish imkonini berishini ko‘rsatadi. Mazkur yondashuv
nasos stansiyalarining ishonchliligini oshirish va ekspluatatsiya xarajatlarini kamaytirishda istigbolli xisoblanadi.

Kalit so‘zlar: rotor disbalansi, nasos agregati,podshipnik, degradatsiya, tebranishlar, spektr, chastota tahlili, akselerometr
sensorlari, IoT, FFT, diagnostika, nosozlik.

ITPUMEHEHUWE JATYUUKOB NOT ITPU AHAJIM3E BUBPALINU
HACOCHDBIX ATPETATOB

H.C.Mamamos - d.m.H., npogpeccop, P.P.3pzauies — 0.m.H., npogheccop,

@.A.BekuaHoe — K.m.H., douenm, b.X.Typzynoe — dokmopanm,

HauyuoHansHelii ucciedosamenvckuii yHusepcumem «TaukeHMCKUii uHCMUImMym uHyceHepos uppuzayuu u mexaHusayuu
cebCKo20 xo3sticmea»

AHHOTaLMsA

CraTrbe CUTYyalMu SKCIIepUMEHTAIbHO MCCIEN0BAHO BIIMSTHIE TaTUMKOB-aKkceepoMeTpoB IoT Ha CrieKTp BUOpaIy HaCOCHbBIX
arperaTtosB. B uccienoBaHusIx MoaApoOGHO aHATM3MPOBaHbl HOPMaTbHOE pabouee COCTOSTHIE HACOCHBIX arperatos, MCKYCCTBEHHO
BbI3BaHHAs pa36aJaHCUPOBKOIT POTOPA ¥ BO3HMKAIOIIEe BCIENCTBYE STOTO COCTOSTHME TIOALIUITHIKOB, CPaBHEHVe KoebaHmii 1
BPEMEHHO 061acTy ISl KasKAO0ro CIyyast, a TAKKe SHEPreTUUeCKMX M YaCTOTHBIX CIeKTPOB. [Ipu 06paboTke BUGPAIMIOHHOTO
CUTHAJIA JIJIST TIPOSIBJIEHMSI CIIEKTPATbHBIX XapaKTEPUCTUK, XapaKTePHbIX /IS MEXaHUUYeCKMX AedopMarivii, 6buii MpUMeHEeHbI
npeaBapuTeabHas GuabTpalys, MeauaHHbIi GUIbTP U GbICTpoe mpeobpasoBaHme Fure. Pe3ynbTaThl MOKa3aaM 3HAUUTETbHOE
yBeJIMYeH)e aMIUTATYIbl B HM3KOUACTOTHOM Ayaria3oHe, 0COGEHHO B TIePBOJ M BTOPOJ rapMOHMKAX, a B CIy4yasx ayucbanaHca
pOTOpa M BpeMeHU IlepeMelleHNs] MONUIMITHMKOB — pe3Koe yBelIndeHre SHepruy B BBICOKOYaCTOTHOM 30He oT 3 fo 8 KI'w. [1po-
BeJIeHHbIIi aHAJIM3 TTOTBEPAVII, UTO HOPMAaJIbHbIN TUIT HEUCITPABHOCTY MIMEET CBOY XapaKTePHbIE CITEKTPaIbHbIE 0COOEHHOCTH U
CTIeKTpajIbHbIe KoebaHs. Pe3ybTaThl MCCIeq0BaHMsI TOKa3ajy, YTO CMCTeMa MOHUTOPUHTA BMOpaluit 1 ocHoBa IoT mo3Bois-
0T OIIEHMBATh TEXHUUECKOE COCTOSTHYIE HACOCHBIX arperaToB B PesKMMe peabHOrO BpeMeHY, 6e3 0CTaHOBKY PabOThI. ITO MO3BO-
ssieT 3GGEKTUBHO BIIBUTD HEMCITPABHOCTM M OPTaHU30BaTh MPOMIIAKTMYECKOe TeXHIMYECKoe ob6cmyskuBaHye. Takoii moaxo
paccMaTpUBAETCS KaK MePCIIEKTUBHBIN AJist 06ecrieueHyst HaIeXKHOCTY U CHYDKEHMST SKCIUTyaTallIOHHBIX PACXO/I0B.

KiroueBbie ¢jioBa: HaCOCHbBIE arperathl, AucbasaHC poOTOpa, MOMIIUITHUK, U3HOC, BUOpAIMH, CIIEKTP, YaCTOTHBIN aHaIN3,
akcenepomeTpsl, [0T, BII®, nuarHocTuka, OTKas.

APPLICATION OF IOT SENSORS IN VIBRATION ANALYSIS
OF PUMPING UNITS

N.S.Mamatov - DSc., Professor, R.R.Ergashev — DSc., Professor,
F.A.Bekchanov - PhD., Associate Professor, B.X.Turgunov — doctoral student,
National Research University "Tashkent Institute of Irrigation and Agricultural Mechanization Engineers"

Abstract
This study experimentally investigates the impact of IoT accelerometer sensors on the vibration spectrum of pumping units. The
study includes a detailed analysis of the pumping units' normal operating conditions, artificially induced rotor imbalance, and the
resulting bearing condition, a comparison of the vibrations and time domain for each case, and the energy and frequency spectra.
Pre-filtering, a median filter, and a fast Fure transform were used to process the vibration signal to reveal spectral characteristics
characteristic of mechanical imbalances. The results showed a significant increase in amplitude in the low-frequency range,
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particularly in the first and second harmonics. In cases of rotor imbalance and bearing travel time, a sharp increase in energy
in the high-frequency range from 3 to 8 kHz was observed. The analysis confirmed that normal fault conditions have their own
characteristic spectral features and spectral fluctuations. The study's results demonstrate that the vibration monitoring system
and IoT platform enable real-time assessment of the technical condition of pumping units without interrupting operation.
This enables effective fault detection and preventive maintenance. This data-driven approach is seen as promising for ensuring

reliability and reducing operating costs.

Key words: pumping unit, imbalance rotor, bearing, wear, vibration, spectrum, frequency analysis, accelerometers, IoT, FFT,

diagnostics, failure.
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Kirish.Bugungikundasuvta’minotitizimlari,irrigatsiya
inshootlari va sanoat texnologik jarayonlarining
barqaror faoliyat yuritishi nasos agregatlarining uzluksiz
hamda ishonchli ishlashiga bevosita bog‘lig. Aholi sonining
ortishi, gishloq xo‘jaligi maydonlarining gisqishi va sanoat
ishlab chigarish hajmlarining ko‘payishi suv resurslariga
bo‘lgan talabni keskin oshirmoqgda. Bu nasos stansiyalarida
ishlayotgan agregatlarning texnik holatini doimiy nazorat
qilish, ularning ekspluatatsion ishonchliligini ta’minlash va
xizmat muddatini uzaytirish dolzarb muammolardan biri
hisoblanadi [1, 2, 3, 4].

Nasos agregatlari uzoqg muddat davomida doimiy mexanik
yuklama, tebranishlar va tashqi muhit omillari ta’sirida
ishlaydi.Bunday sharoitdarotordisbalansi, podshipniklarning
yeyilishi, moylash tizimidagi buzilishlar va boshga mexanik
nosozliklar bosqichma-bosqich rivojlanib, vaqt o‘tishi bilan
agregat ish rejimining izdan chigishiga hamda kutilmagan
avariya holatlariga olib kelishi mumkin. Amaliy tajribalar
nasos agregatlarida yuzaga keladigan nosozliklarning katta
gismi asosan mexanik omillar bilan bog‘liq bo‘lib, ular 0z
vaqtida aniglanmaganda sezilarli iqtisodiy zarar keltiradi [5,
6,7].

So‘nggi yillarda IoT (Internet of Things) texnologiyalari,
raqamli signalni qayta ishlash usullari va sensor texnikasining
jadal rivojlanishi vibratsion diagnostika sohasida yangi
imkoniyatlarni yaratmoqda. Akselerometr asosidagi IoT
sensorlari yordamida nasos agregatlaridagi tebranishlarni
uzluksiz olchash, ularni chastota spektri orqali tahlil gilish
va masofadan monitoring gilish imkoniyati paydo bo‘ldi.
Aynigsa, tezkor Fourier transformatsiyasi (Fast Fourier
Transform - FFT) asosida vibratsiya signallarini tahlil
qilish rotor disbalansi va podshipnik yeyilishini dastlabki
bosgichlarda aniglashga xizmat qiladi [7, 8, 9].

Nasos agregatlarida vibratsiyaning ortishi ko‘pincha ichki
mexanik muvozanatning buzilishi bilanbog‘liq bo‘lib, bu holat
vaqt o‘tishi bilan chuqurlashib, butun tizimning ish rejimini
izdan chiqgarishi mumkin. Rotor disbalansi va podshipnik
degradatsiyasi ichki zarrachalarning maydalanishi, moylash
tizimidagi ifloslanish, rotor o‘gi bo‘ylab yuklamaning notekis
tagsimlanishi hamda ishqalanish juftliklarining noto‘g’ri
joylashuvi natijasida yuzaga keladi. Ushbu jarayonlar dastlab
kichik amplitudali tebranishlar bilan boshlanib, vaqt o‘tishi
bilan ularning intensivligi ortib boradi.

Vibratsiyaning xususiy chastotalari orqali mexanik
nosozliklarni aniglash usuli amaliy jihatdan o‘zini oglagan.
Rotor disbalansi asosan past chastotali komponentlarda
namoyon bo‘lsa, podshipnik degradatsiyasi yuqori chastota
zonasida, aynigsa 3-10 kHz diapazonida yaqqol kuzatiladi.
Shu sababli vibratsiya spektrini tahlil gilish orqali nosozlik
turini aniglash va uning rivojlanish darajasini baholash
mumkin [10, 11, 12].

An’anaviy diagnostika usullari ko‘p hollarda agregat
o‘chirilganidan so‘ng qo‘lda tekshirish yoki rejalashtirilgan
texnik xizmat vaqtida amalga oshiriladi. Bunday yondashuv

nosozliklarning kech aniglanishiga, xizmat korsatish
xarajatlarining ortishiga va kutilmagan avariyalarga olib
kelishi mumkin. Shu bois, sanoat korxonalari, suv xo‘jaligi
obyektlari va nasos stansiyalarida ekspluatatsiya xarajatlarini
kamaytirish, uskunalarning ishonchliligini oshirish va xizmat
muddatini uzaytirish maqsadida erta diagnostika tizimlariga
bo‘lgan talab tobora ortib bormoqda.

IoT texnologiyalari ushbu talablarga javob beruvchi
samarali yechimlardan biri sifatida shakllanmoqda. Kichik
o‘lchamli, kam quvvat sarflovchi va yuqori sezuvchanlikka
ega akselerometr sensorlari yordamida nasos agregatlaridan
vibratsiya ma’lumotlarini uzluksiz yig‘ish, ularni simsiz
aloga tarmoqlari orqali uzatish va real vaqt rejimida tahlil
gilish mumkin. Ushbu yondashuv nasoslarni to‘xtatmasdan,
yuqori aniqlik bilan nosozliklarni kuzatish imkonini beradi.
IoT asosidagi vibratsiya monitoringi tizimlari orqali yig‘ilgan
ma’lumotlar server yoki SCADA tizimlariga uzatiladi va
tebranishlarning chastota spektri asosida tahlil qilinadi.
Bu nosozliklarning boshlang‘ich belgilarini aniglashda eng
samarali usullardan biri hisoblanadi.

Shunuqtainazardan,mazkurmaqoladanasosagregatlarida
rotor disbalansi va podshipnik degradatsiyasining vibratsiya
spektriga ta’siri IoT akselerometr sensorlari yordamida
eksperimental ravishda o‘rganiladi. Olingan natijalar
vibratsiya signallaridagi o‘zgarishlar orqgali nosozliklarning
erta bosgichda aniqlanishi, texnik xizmat ko‘rsatishni
samarali rejalashtirish va xavfli xolatlarni oldini olish
imkoniyatlarini namoyon etadi. Tadgiqot natijalari nasos
agregatlarini ekspluatatsiya qiluvchi tashkilotlar uchun
tejamkor, aniq va real vaqt rejimidagi monitoring tizimlarini
joriy etishda amaliy ahamiyatga ega.

Mazkur tadqiqot nasos agregatlarida rotor disbalansi
va podshipnik degradatsiyasi natijasida yuzaga keladigan
vibratsiya spektridagi o‘zgarishlarni IoT akselerometr
sensorlari yordamida aniglash, ularning xarakterli
chastotalarini ajratib olish va nosozliklarni erta bosqichda
aniglash imkoniyatlarini baholashdan iborat.

Ko‘rib chigilayotgan muammoning hozirgi holati
tahlili va manbalariga havolalar. Nasos agregatlaridagi

mexanik nosozliklarni aniglash bo‘yicha zamonaviy
yondashuvlar tebranishlar signallarini tahlil qilishga
asoslanadi. Adabiyotlarda rotor disbalansi, podshipnik

degradatsiyasi va milning noto‘g’ri markazlanishi kabi
mexanik omillarning vibratsiya spektriga bevosita ta’siri keng
yoritilgan. Rotor disbalansi tebranishlar amplitudasining
aylanish chastotasi atrofida kuchayishiga olib kelishi ko‘plab
ilmiy ishlarda tasdiglangan [14, 15]. Ushbu holat rotor
massalarining notekis tagsimlanishi yoki milning markazdan
siljishi bilan bog‘liq bo‘lib, past chastota zonalarida aniq aks
etadi.

Podshipniklarning ishlatish muddatining qisqarishi
bo‘yicha o‘tkazilgan ishlarda yeyilish jarayonining turli
bosqichlarida spektral belgilar kuzatilishi ta’kidlangan.
Podshipnik ichki halqasi, tashqi halqa yoki shariklarning
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deformatsiyasi  yuqori  chastotali = komponentlarning
ortishiga olib keladi. Ba’zi tadqiqotlarda zarba xarakteridagi
piklar va keng diapazonli shovqin energiyasining ortishi
degradatsiyani aniqlashning samarali mezoni sifatida qayd
etiladi [16].

Vibratsiya diagnostikasi bo‘yicha klassik usullar orasida
FFT eng kop qo'llaniladi. FFT signallarning chastota
tarkibini tahlil gilishda yuqori aniqlik beradi va mexanik
nosozlikning qaysi turga mansubligini aniglashda asosiy
vosita hisoblanadi. Murakkab tizimlarda FFT bilan birgalikda
Butterworth, Gaussian, Kalman yoki median filtrlarining
go‘llanilishi signal sifati va sezuvchanligini yaxshilaydi [17].

So‘'nggi vyillarda IoT texnologiyalarining rivojlanishi
vibratsiya monitoringining yangi bosqichini boshlab berdi.
Kichik o‘lchamli, energiya tejamkor va yuqori sezuvchanlikka
ega akselerometr sensorlar ishlab chiqilishi ularni nasos
agregatlariga o‘rnatishga qulay imkoniyat vyaratdi. IoT
asosidagi vibratsiya monitoring tizimlarining afzalliklari
sifatida real vaqt rejimidagi kuzatuv, masofaviy ma’lumot
uzatish, uzluksiz monitoring va texnik xizmat ko‘rsatishni
optimallashtirish kabi jihatlar tilga olinadi [18,19].

Bashoratli texnik xizmat ko‘rsatish  (Predictive
Maintenance) sohasidagi tadqgiqotlarda  vibratsiya
signallari asosida mexanik nosozliklarni erta aniglashning
samaradorligi bir necha bor tasdiglangan. Bunday tizimlar
nosozlikni vaqgtida aniglash orqali nasos agregatlarining
xizmat muddatini uzaytiradi, avariyali to'xtashlarning
oldini oladi va ekspluatatsiya xarajatlarini kamaytiradi.
Shuningdek, bir gqancha manbaalarda rotor dinamikasi,
milning notekis yuklanishi, kavitatsiya jarayonlari va
gidravlik o‘zgarishlarning ham vibratsiya spektriga sezilarli
ta’siri borligi ta’kidlanadi. Bu esa diagnostika jarayonida
mexanik va gidravlik omillarning kompleks tahlilini talab
qiladi [20, 21].

Mavjud ilmiy manbalar vibratsiya signallarining spektral
tarkibi yordamida nasos agregatlaridagi nosozliklarni
aniglash nazariy va amaliy jihatdan ishonchli yondashuv
ekanini tasdiglaydi. IoT sensorlaridan foydalanish esa ushbu
jarayonni avtomatlashtirish, aniq kuzatish va diagnostika
sifatini oshirishga xizmat qiladi. Mazkur maqolada
foydalanilgan IoT akselerometrlar, vibratsiya spektri tahlili
hamda amaliy o‘lchash usullarini amalga oshirish orqali
nasos agregatlaridagi nosozliklarni aniglash va diagnostika
xizmatini samarali amalga oshirishga yo‘naltirilgan.

Masalaning qo‘yilishi, yechish wusullari. Mazkur
tadgiqotda nasos agregatlaridagi rotor disbalansi va
podshipnik  degradatsiyasining  vibratsiya  spektriga
ta’sirini  aniglash uchun eksperimental yondashuv
go‘llanildi. Tadqiqot jarayoni uch asosiy bosgichga bo‘lindi:
tebranishlarni o‘lchash, signalni qayta ishlash va chastota
spektrini tahlil qilish.

Eksperimental uskunalar va o‘lchash tizimi. Nasos
agregatlaridagi mexanik tebranishlarni aniq qayd etish uchun
yuqori sezuvchanlikka ega IoT akselerometr sensori tanlandi.
Akselerometr nasos korpusining podshipnik o‘rnatilgan
zonasiga hamda rotor o‘qi bo‘ylab dinamik yuklamalar
maksimal ta’sir giladigan nuqtalarga o‘rnatildi. Bu joylashuv
vibratsiya amplitudasining tabiiy shaklini olish va disbalans
yoki podshipnik degradatsiyasiga xos tebranishlarni ajratish
imkonini berdi.

Sensorning texnik xususiyatlari tadqiqot talablariga mos
ravishda tanlandi. O‘lchash diapazoni 0-200 Hz oralig‘idagi
sensorlar rotor disbalansini aniglash imkonini bersa, 2-10

kHz chastotali yuqori diapazondagi sensorlar podshipnik
elementlaridagi mikrozarbalar va sirt deformatsiyalarini
qayd etishga mo‘ljallangan. Yuqori chastotali o‘lchovlar,
podshipnik rulmanlari ichidagi zarba kuchlarining spektrdagi
modulyatsiyasini aniglashda muhim ahamiyatga ega.

Akselerometr tomonidan gayd etiladigan asosiy parametr
tezlanish (a) bo'lib, u rotorning tebranishlar holatini
quyidagicha ifodalaydi:

d*x(t
ﬂ(t} = Tg]:

buyerda: X (t ) —tebranishlarning vaqt bo‘yicha siljishi. Rotor
disbalansi mavjud bo‘lganda siljish sinusoidal xarakterga ega
bo‘lib, tezlanuvchi signal ham aniglangan muntazamlikni

ko‘rsatadi: I(f} = X sin (&I} 5
a(t)=-Xe’ sin(ar)

bu yerda: X - tebranishlar amplituda, w=2rf burchak
chastotasi, f - rotorning aylanish chastotasi. Ushbu formula
real vaqtda qayd etilgan tezlanuvchi signal disbalansning
mavjud yoki mavjud emasligini bevosita ko‘rsatadi[22, 23, 24].

Sensorning past shovqinli analog old kuchaytirgichi va
ichki filtrlash zanjirlaridan foydalanilgan bo‘lib, chigish
signali minimal tashqi elektromagnit aralashuvlarga ega.
Bu aynigsa yuqori chastotali tebranishlarni aniqglashda,
jumladan podshipnik ichidagi mikrozarba jarayonlarini qayd
etishda muhim ahamiyat kasb etadi.

O‘Ichangan signallar IoT moduli orqali simsiz ravishda
uzatiladi. Ma’lumotlar uzatish jarayoni quyidagi ko‘rinishda
tashkil etildi:

« Sensor analog tezlanish signalini qayd etadi.

« Signal A/D konvertor orqali ragamlashtiriladi.

» Ragamlashtirilgan ma’lumot IoT moduli orqgali lokal
tarmoqqa uzatiladi.

» Tarmoq orqgali ma’lumot markaziy serverga yuboriladi.

« Serverda tebranishlar signali vaqt domenida saqlanadi
va keyinchalik FFT tahlili uchun qayta ishlanadi [25, 26].

Ma’lumotlarni simsiz uzatish imkoniyatining mavjudligi
agregatni to‘xtatmasdan tebranishlar monitoringini amalga
oshirishga imkon berdi. Nasosning tabiiy ish rejimida qayd
etilgan tebranishlar diagnostika natijalarining ishonchliligini
oshirdi.

Signalni yig‘ish va dastlabki qayta ishlash. Nasos
agregatidan olingan tebranish signallari vaqt domenida
uzluksiz ravishda vyig'ildi. Har bir olchash jarayoni
sensor tomonidan 1000 Hz va undan yuqori namunalash
tezligida  ragamlashtirildi. = Bunday  yuqori  tezlik
podshipnik degradatsiyasiga xos bo‘lgan yugqori chastotali
komponentlarni  aniglash uchun zarur hisoblanadi.
Ragamlashtirilgan signal dastlab shovginlarni kamaytirish
va bazaviy tebranishlarni tekislash magsadida bir necha oldi-
filtrlash bosqichidan o‘tkazildi.

Dastlabki filtr sifatida past chastotali Butterworth filtri
qo‘llanildi. Filtrning asosiy vazifasi elektr shovgin, tasodifiy
zarbalar va tashqi mexanik ta’sirlardan kelgan ortiqcha
tebranishlarni yumshatish. Butterworth filtrining uzatish
funksiyasi quyidagicha ifodalanadi:
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1
H(o)= =

1+ —
@

£+
bu yerda: @, - kesish chastotasi, 7 - filtr tartibi.

Filtrlashdan song signal median filtri orqali qayta
ishlanib, signal tarkibidagi tasodifiy impulsli shovqginlar, ya’'ni
amplitudasi keskin yugori bo‘lgan gisqa davomli piklar olib
tashlandi. Ushbu filtr tebranish signalining tabiiy shakli va
spektral belgilarini saglagan holda shovqinni kamaytirishda
samarali hisoblanadi. Median filtrning ishlash prinsipi
quyidagi ko‘rinishda ifodalanadi:

X[i+ k]] )

V[i]= median(x[i —k]....

shu tarzda signal “silliglanib”, keyingi bosqgich chastota
tahlili uchun mos holga keltirildi. Dastlabki qayta ishlash
bosgichidan o‘tgan signal mexanik nosozliklarga xos bo‘lgan
energiya tagsimotini aks ettiradi. Filtrlashning ushbu ikki
bosqichi sensorning tabiiy shovginini kamaytirish, rotor
disbalansi va podshipnik zarbalariga xos spektral belgilarni
ajratishdagi aniqlikni oshiradi [27,28].

Chastota tahlili usuli. Mexanik nosozliklarni ishonchli
aniglash magsadida nasos agregatlaridan olingan vibratsiya
signallari chastota sohasida tahlil gilindi. Ushbu yondashuv
tebranishlarning vaqt bo‘yicha murakkab o‘zgarishlarini
chuqurroq o‘rganish imkonini beradi. Signalni chastota
sohasiga o‘tkazish uchun FFT qo‘llanildi.

Vaqt domenidagi signalning FFT orqali chastota domeniga
o‘tishi quyidagicha ifodalanadi:

N-1 zﬂ'b'!

X(k)=2,x x(m)e ¥,

bu yerda: X (n) - vaqt domenidagi tebranishlar signali,
-chastota domenidagi spektr,

N - namuna soni.

Rotor disbalansi holatida vibratsiya spektrida asosiy
aylanish chastotasiga mos keluvchi birinchi (1x) hamda
ayrim hollarda ikkinchi (2x) garmonik komponentlarning
amplitudasi sezilarli darajada oshishi kuzatiladi. Bu hodisa
rotor massasining geometrik aylanish markazidan siljishi
natijasida hosil bo‘ladigan markazdan qochma kuchning
aylanish jarayonida muntazam ravishda takrorlanishi bilan
izohlanadi. Mazkur kuch aylanish chastotasiga bog‘liq bo‘lib,
vibratsiya signalida aniq periodik xarakterdagi spektral
cho‘qqgilarni yuzaga keltiradi.

Podshipnik degradatsiyasi esa boshqa mexanizm asosida
namoyon bo‘ladi. Podshipnik elementlarining yeyilishi
va vyuzalarida nugsonlarning paydo bolishi natijasida
yugori chastotali impulsli tebranishlar hosil bo‘lib, bu
vibratsiya spektrining yuqori chastota diapazonida energiya
zichligining ortishi bilan tavsiflanadi. Shu sababli spektral
tahlil yordamida past chastotali garmoniklarning kuchayishi
rotor disbalansiga, yuqori chastota sohasidagi energiya
osishi esa podshipnik degradatsiyasiga xos diagnostik belgi
sifatida qaraladi.

Chastota bo‘yicha energiya tagsimoti quyidagi formula
asosida solishtirildi:

i

buyerda: E - energiya miqdori, f,va f, - tahlil gilinayotgan
chastota diapazoni chegaralari.

Past chastota zonasidagi energiya ortishi rotor disbalansi
bilan bog‘liq bo‘lsa, keng diapazonli yuqori chastotali
energiya ortishi podshipnik yeyilish belgilarini ko‘rsatadi.

FFT natijalari orqali har bir nosozlik turiga xos bo‘lgan
spektral belgilar aniglandi. Ushbu spektral belgilar mexanik
nosozliklarning dastlabki bosgichlarini aniglash va texnik
xizmat ko‘rsatishni rejalashtirish uchun asos bo‘lib xizmat
qiladi.

Chastota tahlili jarayonida nasos agregatida yuzaga
keladigan mexanik jarayonlarning o‘zaro ta’siri ham alohida
baholandi. Rotor disbalansi aniq periodiklikka ega bo‘lgani
uchun uning spektrdagi asosiy piki aylanish chastotasiga
mos keladi. Bu pik nasosning mexanik holati yomonlashgani
sari amplituda bo‘yicha ortib boradi. Shu sababli birinchi (1x)
asosiy garmonikning o‘zgarishi diagnostikaning eng muhim
ko‘rsatkichlaridan biri hisoblanadi [29,30].

Podshipnik degradatsiyasi tebranishlar spektrida rotor
disbalansidan farqli ravishda keng chastota diapazoniga
tarqalgan va asosan yuqori chastotali komponentlarning
kuchayishi bilan namoyon bo‘ladi. Podshipnik elementlari
yuzasida shakllanadigan mikrodeformatsiyalar, kontakt
nuqtalaridagi zarbaviy ta’sirlar hamda ishqalanish jarayonlari
natijasida impulsli tebranishlar hosil bo‘lib, ular tebranishlar
spektrining yuqori chastota sohasida energiya zichligining
ortishiga olib keladi. Ushbu energiya o‘sishi nosozlikning
vaqt o'tishi bilan bosqgichma-bosqich rivojlanayotganini
ifodalaydi. Ayniqgsa, bir necha kHzdan yuqori chastotalarda
kuzatiladigan kichik amplitudali spektral cho‘qqilar
podshipnik ishchi yuzalarining yemirilishi va struktura
yaxlitligining  buzilayotganiga xos diagnostik belgi
hisoblanadi. O‘tkazilgan spektral tahlillar shuni ko‘rsatadiki,
har bir mexanik nosozlik turi o‘ziga xos spektral belgilarga
ega. Jumladan, rotor disbalansi tebranishlar spektrining
past chastota sohasida aniq garmonik komponentlarning
kuchayishi bilan ifodalansa, podshipnik degradatsiyasi
yuqori chastota diapazonida energiya zichligining ortishi
bilan tavsiflanadi. Milning egilishi holatlarida esa asosiy
aylanish chastotasi atrofida yon chastotalarning paydo
bo'lishi kuzatiladi.

Mazkur xususiyatlar vibratsiya spektri asosida nasos
agregatlarining mexanik holatini bosgichma-bosqich
baholash, nosozlik turini aniglash va uning rivojlanish
darajasini tashxislash imkonini beradi.

Natijalar tahlili va misollar. Nasos agregatida
o‘tkazilgan eksperimental o‘lchovlar rotor disbalansi va
podshipnik degradatsiyasining tebranishlar spektriga ta’siri
aniq korinishda namoyon bo‘lganini ko‘rsatdi. O‘lchovlar
uchta holatda amalga oshirildi:

1. Sog‘lom holat.

2. Sun’iy rotor disbalansi.

3. Yeyilgan podshipnik.

Har bir holat uchun vaqt domenidagi tebranishlar,
ularning energiyasi va FFT spektrlari o‘lchandi va solishtirildi.

Rotor disbalansining spektrga ta’siri. Rotor disbalansi
jorly qilingan holatda nasos agregatida kuzatilgan
tebranishlar amplitudasi sog‘lom holatga nisbatan ancha
yuqori bo‘ldi. Rotorning markazdan siljishi natijasida milga
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notekis tushgan markazdan qochma kuch past chastotalarda
kuchli piklar paydo bo‘lishiga olib keldi. Aynigsa, birinchi
(1x) garmonik atrofida amplitudaning 2-3 barobar oshishi
disbalansning aniq belgisi sifatida qayd etildi.

Spektral tahlil davomida ikkinchi (2x) garmonikning
paydo bo‘lishi ham kuzatildi. Bu rotor o‘qi bo‘ylab muvozanat
buzilganini yoki geometrik simmetriyaning yo‘qolganini
ko‘rsatadi. Nasoslar uzoq muddat ishlaganda bunday holatlar
keng uchraydi va ultratovushli emas, aynan past chastota
tebranishlarida o‘z aksini topadi.

Rotor disbalansi spektrning past chastota zonasiga
kuchli ta’sir ko‘rsatdi. Bu mexanik jarayonning tabiati bilan
mos kelib, rotorning notekis aylanishi aylanish chastotasiga
bog‘langan periodik tebranishlarni yuzaga keltiradi. Natijalar
rotor disbalansining real nasos stansiyalarida uchraydigan
tipik spektral belgilar bilan mos ekanini ko‘rsatdi. Rotor
disbalansi natijasida yuzaga keladigan markazdan qochma
kuch quyidagi ifoda bilan aniglanadi:

2
Fo,=m-r-e,

bu yerda: m — rotor massasi (kg), r— disbalans radiusi (m),
w - burchak chastota (rad/s).

Tezlanish signalining maksimal giymati sog‘lom holatda
0,45 g. ni tashkil gilgan bo‘lsa, disbalans kiritilganda 1,21 g.
ga yetdi. Bu nasos agregatining ish rejimida disbalansning

1-rasm. Nasos holatlariga ko‘ra maksimal tebranishlar

Bundan tashqari, FFT spektrda birinchi (1x) garmonikning
piki quyidagicha ortganligi aniqlandi:

A = 3,054,

Podshipnik degradatsiyasi natijalari. Podshipnik yeyilgan
holatda tebranishlar signali silliq shaklini yo‘qotib, zarba
xarakteriga ega bo‘lgan yuqori chastotali komponentlar
paydo bo‘ldi. Bu rulman yo‘laklaridagi mikroyoriglar, sirt
yemirilishi yoki shariklarning deformatsiyasi bilan bog‘liq
bo‘lib, bu 3-8 kHz diapazonda energiyaning keskin oshishiga
olib keldi.

Eksperimentlarda yuqori chastotalardagi energiya
soglom holatga nisbatan gqariyb 4-5 barobar ortgani
kuzatildi. Bu degradatsiya jarayonining rivojlanayotganini
ko‘rsatadi. Spektrda tor va keskin piklarning paydo bo‘lishi
moylashning yetarli bo‘lmaganini, ishgalanish kuchining
oshganini hamda rulman ichida metall zarrachalarning
harakati kuchayganini bildiradi.

Podshipnik nosozligining bunday spektral ko‘rinishi
nasos stansiyalarida amaliy diagnostika paytida kop
uchraydi. Yuqori yuklama va uzoq muddatli ishda moylash
yetishmovchiligi tez-tez uchraydigan muammo bo‘lib, shu
turdagi tebranishlar bilan aniglanadi. Tadgiqotda olingan
spektral belgilar podshipnik nosozligining tipik belgilariga
to‘la mos keldi.

Yeyilgan  podshipniklar ~ bilan  o‘lchovlar  yuqori
chastotalarda kuchli tebranishlarni ko‘rsatdi. 3-8 kHz
diapazonda energiya sezilarli oshdi. Podshipnik tebranishlar
intensivligi quyidagi formula orqali baholandi:

Exr =i|r(ﬁ)

=

2

Tadqgiqotda yuqori chastotali energiya 4,8 barobar oshgan.
Bu podshipnik rulmanlarining ichki zarbalari mavjudligini
ko‘rsatadi. Yeyilgan podshipnikda esa quyidagicha alomatlar
kuzatilgan:

« spektrda keng diapazonli shovgin ortishi;

* 4,2 kHzda keskin pik;

» impuls xarakterli komponentlar.

Sog‘lom va nosoz holatlarning taqqoslanishi. Quyidagi
jadval soglom nasos, disbalans holati va podshipnik
degradatsiyasi uchun amplituda giymatlarining o‘zgarishini
ifodalaydi.

amplitudasi (g)
1-jadval
Vibratsiya amplitudasining holatlar bo‘yicha taqqoslanishi
Holat Maks. tezlanish (g) 1x garmonik amplitudasi (mm/s)
Sog‘lom 0.45 2.8
Rotor disbalansi 1.21 8.6
Yeyilgan podshipnik 0.92 33
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3-rasm. Chastota bo‘yicha energiya tagsimoti

O‘tkazilgan tajribalar va spektral tahlil natijalari ~ namoyon bo‘ladi. Podshipnik degradatsiyasi esa boshqa

shuni ko‘rsatdiki, rotor disbalansi holatlarida tebranishlar
spektrining past chastotadiapazonidatebranishamplitudalari
sezilarli darajada ortadi. Bu hodisa rotor massasining notekis
tagsimlanishi bilan bog‘liq bo‘lib, aylanish chastotasiga
mos keluvchi periodik tebranishlarning kuchayishi orqali

xususiyatga ega bo‘lib, u asosan yuqori chastota sohasida
tebranish energiyasining keskin ortishi bilan ajralib
turadi. Bunda podshipnik yuzalarida shakllanadigan
mikrodeformatsiyalar va zarbaviy ta’sirlar natijasida hosil
bo‘ladigan impulsli tebranishlar bilan izohlanadi.
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2-jadval
Holat Past chastota (0200 Hz) energiya Yugqori chastota (2-10 kHz) energiya
] 1.0 birlik 1.0 birlik
Sog ‘lom
Rotor disbalansi 3.8 birlik 1.4 birlik
Podshipnik yeyilishi 1.5 birlik 4.8 birlik

Shuningdek, tahlillar har bir mexanik nosozlik turi
tebranishlar spektrida o‘ziga xos spektral “belgi”ga
ega ekanini korsatdi. Mazkur imzolar rotor disbalansi,
podshipnik degradatsiyasi yoki boshga mexanik nugsonlarni
bir-biridan ishonchli ajratish imkonini beradi. Chastota
spektrini tahlil qilish asosida nosozliklarning dastlabki
bosqichlarini aniglash va ularning rivojlanish tendensiyasini
baholash mumkin bo‘lib, bu nasos agregatlarida erta
tashxis va oldindan bashoratli texnik xizmat ko‘rsatishni
samarali tashkil etishga xizmat qiladi. Bu natijalar nasos
stansiyalarida real ishlatiladigan diagnostika tizimlari uchun
amaliy ahamiyatga ega va nasoslar ishonchliligini oshirishga
xizmat qiladi.

Xulosa. Nasos agregatlarida uchraydigan IoT
akselerometr sensorlari yordamida mexanik nosozlik rotor
disbalansi va podshipnik degradatsiyasining tebranishlar
spektriga ta’siri eksperimental ravishda o‘rganildi. O‘lchov va
spektral tahlil natijalari ushbu nosozliklarning har biri o‘ziga
xos spektral belgilarni yuzaga keltirishini aniq tasdigladi.

Rotor disbalansi mavjud bo‘lgan holatlarda past
chastotali energiyaning sezilarli oshishi, birinchi (1x)
va ikkinchi (2x) garmoniklar atrofidagi piklarning
kuchayishi qayd etildi. Bu rotor massalarining notekis
tagsimlanishi natijasida yuzaga keladigan markazdan
gochma kuchning amplitudaviy ta’siri bilan izohlanadi.
Disbalans o'sishi tebranishlar amplitudasining 2-3 barobar
oshishiga va nasos agregatining ish barqarorligining
kamayishiga  olib  kelishi ~ mumkinligi  aniglandi.

Podshipnik degradatsiyasi bo‘yicha olingan ma’lumotlar
esa yuqori chastota zonasida energiyaning keskin ortishini
ko‘rsatdi. 3-8 kHz diapazondagi piklar, impuls shaklidagi
tebranishlar va keng diapazonli shovqin podshipnik
yo‘laklaridagi yemirilish va ishgalanishning ortganini
ifodaladi. Eksperimental natijalar degradatsiya jarayoni
rivojlanayotganini ko‘rsatib, ushbu nosozlikni erta aniglash
kerakligini tasdigladi.

O‘tkazilgan tahlillar shuni ko‘rsatdiki, IoT
akselerometrlaridan foydalanish nasos stansiyalarida paydo
bo‘ladigan mexanik nosozliklarni agregatni o‘chirmasdan
aniglash imkonini beradi. Sensorlar yordamida tebranishlar
doimiy ravishda real vaqt rejimida o‘lchanadi va ularning
chastota spektri tahlil qilinadi. Shu orqali nosozlikning
qaysi turga mansubligi hamda uning ganchalik rivojlanib
borayotgani dastlabki bosqichlarda aniglanadi. Bu texnik
xizmat ko‘rsatishni oldindan rejalashtirishga yordam
beradi, keraksiz ta’mirlash ishlarini kamaytiradi va
kutilmagan avariyaviy to‘xtashlarning oldini oladi. Natijada
nasos stansiyasining ishlash ishonchliligi oshadi hamda
ekspluatatsiya xarajatlari sezilarli darajada qisqaradi.

Olingan natijalarga ko'ra, vibratsiya monitoringi nasos
agregatlarining ishonchli ishlashini ta’minlashda eng muhim
diagnostika vositalaridan biridir. IoT texnologiyalarining
qo‘llanilishi esa ushbu jarayonni yanada takomillashtirib,
masofaviy monitoring, avtomatik tahlil va ragamli xizmat
korsatish tizimlari bilan integratsiyalashgan holda yugqori
samaradorlikka erishish imkonini beradi.
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VVT: 556.182:551.583

CYB OMBOPH Ul PEXXUMWHUHT TYFOH
MYCTAXKAMJ/IUTUTA TABCUPUAU

@.A.Iannapoe — m.¢.0., npogpeccop, LLIII SIxuiuee — accumenm,

M.®D.Tagpdpoposa — m.¢p.¢.0, doyenm, @.U.Ouundues — masH4 0OKMOpaHin,

“Towkenm uppuzayus éa KUWIOK XyHcaluzuHu MexaHusayusiau myxaHoucaapu uHcmumymu” Munuuii madkuxkom yHu-
eepcumemu.

AHHOTaI M
Viby Mako/iaza pecryGIMKaMU3HMHT TeKMCIMK MMHTAKacuIa SKOMaliraH, Kyiuima xycycustra sra Gynrad “Kart-
TaKyproOH” cyB oMOopuaa onnb 60puaraH BM3yaa Ba MHCTPYMEHTA TaAKMUKOTIAp HaTvKamapu kenxtupwirad. CyB oM6opu
TYFOHMIA QUIBTPALVS OKUMUHM Ky3aTUII, TeIPeccus STpy YM3UFU XOMATUHY aHUKJIAII YIYH TYFOH TaHacuparu 38 Ta rbe-
30MeTpapaary CyB CaTXJapUMHUHT Y3Tapuiliapu cTBopiap 6yiinya kysatmwirad. CyB oM6OpY TUAPOTIOTUK PEXUMU TaXJIMAT
KuHuG, “KaTTakyproH” cyB oMOGOpM TYFOHMIA SKOMIAINTAH IIbe30MEeTpIapAaru CyB CaTXIapUMHMHT Y3Tapuilly Ba IOKOPU
6bedmary CyB caTxura G0FIaHUIIN aHUKJIAHTaH.

Onnb6 6opuiraH gana TaAKUKOTIapM acocuia CyB OMOOPpM TYFOHMIATY MOTEHIMA XaB(/u yuacTKajap aHUKJIaHTaH, TPYHT
KaT/IaMJIaDVHUHT TEXHUKABUI X0JIaTU MyXaHIUCIUK-Te0pU3UK XaMIa I’MAPOTEXHMKA MHIIOOTIAPVHUHT UIIOHWIVJINTY 6axX0-
JlaHTaH, MOHUTOPUHT KWINII YUYH GONUTAHFMY Me3OH/ap MIaKIaHTMpWIraH. HaTmkama, cyB oMOGOPM MaBCYMUMIUTIHMA,
doitmanaHUIIHM TYpiIM MaKcaIapaauTHY Xco6ra oraH X0o/Iaa caMapay UII PesKUMM UILIa6 YMKITaH.

Kanut cy3nap: cyB oM60pH, UIIT PESKUMU, TYFOH, Tpobuit, GribTpanys, HaMIaHTaH 30HajIap, Mbe30MeTp, ApeHasK, I0KOpU
6bed, Kyitu 6bed.

B/IMAHUE ITPOYHOCTMH IIJIOTUHBI HA PEJXXVM PABOTbI
BOJOXPAHUINIIA

@.A.ITannapoe — m.¢.0., npogpeccop, LILIII SIxuwiues — accumenm,

M.®D.Tagpdpoposa — m.¢p.¢h.0, doyenm, @.U.Ouundues — dokmopaum,

HayuonanwHoliii uccnedosamensckuli yHusepcumem «TaukeHMCKUli UHCIMUIMYM UHX}CEHEPO8 uppuz2auyuu U mMexaHusayuu
CeNbCKo20 Xo35iicmea»

AHHOTan M

B cTaThe mpepcTaBaeHbl pe3yabTaThl BU3YadbHBIX M MHCTPYMEHTATbHBIX MCCIeN0BaHMIA, IPOBeAeHHbIX Ha KaTTakypraH-
CKOM BOJIOXPaHWINIIIE, PACIIOIOKEHHOM B PAaBHMHHO YacTy Hallleit Pecry6imKky ¥ MMeloleM peuHoit xapakTep. [ MOHUTO-
puHra GMUIbTPALMOHHOTO CTOKA B IUIOTMHE BOAOXPAHMJIINA U OIIPENeIeHNSI COCTOSIHYSI IeIPeCCMOHHOM KPMBOA C IIOMOIIBI0
M3MEPUTEbHBIX ITPUGOPOB OTCIEKMBAIICH M3MEHEHNST YPOBHS BOJIbI B 38 [1b€30METPax B TeJIe IIOTHHBI. [IpoaHaM31poBaH
TUIPOJIOTUYECKMI PESKUM BOIOXPaHM/ININA, OIIpeIe/ieHbl M3MEeHEeHMsI YPOBHS BOZbI B The30MeTpax, PacIioiosKeHHbIX Ha TIIO0-
THe KaTTakypraHCKOTO BOZOXPAHWIAIIA, Y UX CBSI3b C ypOBHEM BOJbI B BepxHeM 6bed.

Ha ocHOBe MpoBeeHHbIX TTOJIEBIX MCC/IETOBAHNI BbISIBIEHBI ITOTEHIMAIBHO OMTaCHbIE YUACTKM B IVIOTHHE BOJOXPAHIIN-
1113, OL[EHEHO TEXHNYECKOEe COCTOSIHVME TPYHTOBBIX CJIOEB, OI[€HEHA HA/IEKHOCTh MHKEHEPHO-re0dMM3NUECKIX U IUIPOTEXHM-
YeCKMX COOPYKEeHM, a Takke chopMMUpOBaHbI MCXOIHbIE KPUTEPUE MOHUTOPUHTA. B pesyibTaTe paspaboran apeKTUBHbII
PEXMM 3KCIUTyaTaly, YIUTHIBAIOIIN CE30HHOCTb BOJOXPAHMU/IMINA M €T0 MCIIONb30BaHMe B Pa3IAYHBIX HIEJISX.

KiroueBble ¢10Ba: peXuM paboThl, IIOTHHA, IPO(GW/Ib, GUIbTPALs, 30HbI YBIaKHEHNS, [1€30MeTp, IPEHaX, BEPXHIIA
6bed, HUKHIIT Obed.

INFLUENCE OF DAM STRENGTH ON RESERVOIR
OPERATION MODE

F.A.Gapparov - DSc, Professor, Sh.Sh.Yakhshiev - assistant,
M.F.Gafforova - PhD., associate professor, F.I.Ochildiev — doctoral student,
“Tashkent institute of irrigation and agricultural mechanization engineers” National research university

Abstract

This article presents the results of visual and instrumental studies conducted on the Kattakurgan reservoir, which is located
in the flat region of our Republic and has a fluvial character. In order to monitor the filtration flow in the reservoir dam and
determine the state of the depression curve, changes in water levels in 38 piezometers in the dam body were monitored by
the gauges. The hydrological regime of the reservoir was analyzed, and changes in water levels in piezometers located on the
Kattakurgan reservoir dam and their connection with the water level in the upstream were determined.
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Based on the field studies conducted, potentially dangerous areas in the reservoir dam were identified, the technical
condition of soil layers was assessed, the reliability of engineering-geophysical and hydraulic structures was assessed, and
initial criteria for monitoring were formed. As a result, an effective operating mode was developed, taking into account the

seasonality of the reservoir and the use for various purposes.

Key words: reservoir, mode of operation, dam, profile, filtration, wetted zones, pezometer, drainage, dam, upper bief, lower

bief.

OO OO OO0

Kupuin Ba MyaMMOHMHT XO3UPI¥M X0JIaTH TaX/IAIN.
JKaxoHma [nmapénap OKMMMHM CyB ombopiapu €EpmamMupia
poctiail, Tabuuit PeKUMHM UCTEBMOJI PEXKUMMUra MOC/IAIIT
CYB pecypciapuzaH KOMIUIEKC (OMJaJaHUIIHUHT MYXUM
Macayiasiapuaad 6upu 6yam6 xucobraHMoKaa. MaBxXyq CyB
oMb6opnapuiaH MIIOHWIM Ba camMapaau (oiigajaHuIll, SHT
MakOyln MII peXUMIapUHM WIMMIA acocjall, BereTamys
IaBpuza MCTEbMONMUMIApHM OMp Mapomjaa CyB OwuiaH
TabMMHJIAIITA AJIOXMIa YBTUO0P KapaTUIMOK/IA.

ByryHru KyHza pecry6iukamMusga CyB OMOOpPIapuMHU
6aprio 3TUII, MHIIOOTIAP CAaMapajoOpAUIMHM Ba XU3MaT
MYAJATAapUMHM  OUIMPUIN  XaMJa YJIapHUHT  MIHOHWIN
9KCIUTyaTaTCUSICMHM TabMMHJIALI, caMapaiy TYAAVPUII Ba
OVIIaTUIIHK aMaJjira OLIMPUIIL, CYB pecypcIapuiaH caMapasim
doiiganannuira TabCUp STYBUM OMWUIAPHM  aHMKJIAII
XaMJa TaKOMWJUIAIITUPUII MMKOHUSITIAPUHU OGepyBuUM
MaBXXy[, TUAPOJIOTMK Ba TUAPABIMK XMcCOOIaIIapHUHT
SIHTM YCY/UTAPUHYM SpaTUINTra JOUP KEeHT KaMpPOBJIU MMM
TagKUKOTIAp 06 60pUII MyXUM caHanamu [12].

CyB oMOOp/IapMHM SKCIUTyaTalusl KWIKII >KapaéHuaa
MakMyaJaru MHIIOOT/IAp Ba XKMX03JapAaH xaBcus xamaa
CyB OMOOpM 3axmupacuaary CyBJaH camapauu (oiimanaHuii
MyxuM caHanagu. IIyHMHT yYyH CyB OMOOpIapuMHMU
9KCIUTyaTalys KWINIIIA MHIIOOTIAPUHMHT MYCTaXxKaMJIUTU
Ba Gapkapopiauruaa 6ymamuraH ysrapuiiapHu 6axonail Ba
VHILIOOT/Iap MYCTaXKaMJIMTMHY TabMUHJIAII Tasab aTuiIaIn.

Maskyp TaOIKMKOTHMHI acocuit makcanyu KarrakyproH
CyB OMOOpM OKMMHM 60LIKAPYBU 6Yiinua MaBCyMUITUIHM,
dolijanaHuIIHK  TYpaM  MakcajJiapoaiuTuHU  Xucobra
OTaH XOJJa CYyB OMOOPMHM TYAAMPUII Ba OYIIATUIIHU
VHIIOOTIADHUHUT UINOHWIMJIUTUTA TaxOui, COJyBUM, XaB(
TYFIMPYBYM Ba XaJIOKATIM XOOMCAJIapHU OYIIMaCIUTUHUA
aHMKJ1a6, caMapasy UII PEXXMMU UILIa0 YMKUIITaH nbopart.

CyB OMOOpIapUHMHT caMapajy MIUIAll PEXUMU, CYB
pecypciiapyay G60IIKAPUII Ba SKCILTyaTalus skapaéHaapuHmu
TaKOMWUTAIITUPUIL ~ Macajajapu  Kymiab  onumiap

TOMOHM/IAH ypraHmwirad. Xycycas, oy ityHanumaaA.b. ABaksH,
A.E. Acapun, ®. XukmartoB, ®.A T'anmnapos, A.A. SHrues,
M.P. VkpamoBa C.P. MaHCypoB Kabu oauMmIap TOMOHUIAH
WIMMI U3TaHUIuIap oam6 6opwirad. Yiby TaakuKoTIapaa
CYB OMOOPJIAPMHMHT CYB MUFUII Ba TAKCUMJIAII SKapaéHiapu,
ITUIPONIOTUK PEXMMMHM OOIMIKAPUIL, CYyB pecypciaapuiaH
camapanu GoiiamaHuIl Ba IKCIUTYaTallMOH PeXUMIIAPHU
MaKOY/UTAIITUPUILIT Macaaiapy épUTUiTaH [3, 4].

CyB owmb6opmapupa cyB cudaTu, MUHepaIIAIIYB
Japaxacu, Ty3 OajaHCM Ba TUIPOKUMEBMII skapaéHIapHU
Yprauuim macajganzapM  xaM  Kymwiab  TaaKMKOTIMIAp
TOMOHUIAH TaAKMUK Tmwiarad. A.M. Hukutus, B.A. T'openku
TaJKMKOTIapUra Kypa, CyB OMOOpIapuaaru TMapoKUMEBMIi
PEXMMHMHT MIAK/IJIAHUIIN, CYBHMHI MMHEpan TapKuou,
MaBCyMUit y3rapuiiapu Ba CyB cudaTura TabCUp ITYBUU
OMMJIIap TaxXJIUJI KUJIMHTaH [2].

X03Mpru BakTAA pecrmybaMKaMmu3gary CyB oMOopIapuHn
camMapajy  MII ~ PEeXMMMHM  TaKOMWIIAIITMPUIIL  Ba
MCTebMOTUMIAPHY MILIOHWIM CyB TabMMHOTMHM amajra
OIIMPUIIIHUHT Ha3apuit acowiapMHM UIUIa6 UUKUIILA
3aMOHAaBMi1 SHTM MHOOPMAIMOH TEXHONOTHUSIIAD acocKa
COHJTM XMCO6/IAII yCY/TTAPUHY KYJUTalll Macaaalapura eTapin
9bpTM60p KapaTwimaraH. lly cab6abau cyB oMOOpIapUHUHT
TaKOMWUTALITAH JHT MaKOya MII PEeKMMMHM MIUIA6
YUMKUII Ba YHIOY PEKMM acocuaa camapaau TYIIUPULI
Ba OVIIATMINHM amajra OIMpHUIL, HyKoTwiIran doiiganu
XOKMHM OIIMPUIIHUHT KOHCTPYKTUB eUMMJIApUHU UILIa6
YUMKUII Ba yJIap 37MeMeHTIapuMHM XMCOOJall yCy/UIapUHU
TaKOMWUTALITUPUII Kabu MyaMmosap eTapau Aapaskaza
Yypranmnmaras [5].

TagkuKoT 06beKTM cudaTuma Kaiig STUITAH XoMaTiap
MHTEHCUBIUTMHM YPTraHMII Ba yJIapHU io3ara KeaTUPYBUU
cababmapyHM aHUKJIAMITUPUIT Makcaauaa aMmanga Gaoaust
ropuTaérrad “KarTakypron” cyB oM6OPHM MIII PEKUMMU, TYFOH
tTaHacugaru GUIbTpalMs >KapaéHIapuM MUCOIUAA onub
6opungu (1-pacm).

1-pacm. “KaTTakyproH” CyB OMOOPMHMHT KOMIAIINII CXeMaCchu
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Euumm ycnyom  (yory6mapm).  “KarTakypron”  cyB
om6opy Y36eKMCTOHHMHT MapKasuii KMCMUOA, MabMypuii
xuxatgaH CamapkaHp BuwiodaTM KaTTakyproH TymMaHM
xymynuna xoiinamrad. CyB om6opu Camapkaug, Ba HaBowmit
BWIOSITIADUHUHT CYFOPUJIAIUTaH eplaapuHu CyB OuiaH
TabMMHJIAIILA MYyXUM axamusiTra 23ra O¥yiaraH HuMpUK
IMAPOTEXHUK MHINOOT XucobmaHagu. Ymiby cyB ombopu
Kopapapé papécu xaB3acu CyB pecypclapyHM MaBCyMUii
TapTuObra CoaMII Ba CYB TaHKUCAUTM Ky3aTWiaguraH
JlaBpiapza CyFOpUII SXTUEXIAPUHM TabMMUHIIAII MaKcaauaa
Gaprio stwiaraH 6yam6, cyB  “HJamxyka”  IUOPOY3EIU
OpKaMu Y3YHIUTY 22 KM OYIraH CyB KeITUPYBUM KaHa
épmamuma cyB oMO60pu XaB3acura etkasmnanu. CyB om6opu
xaB3acuHMHT [IIypcoit Ba Y3yHKYAYK Tabuuit macTiMKIapuaa
SKOVIAIITAHIUTY Tabuuit TeoMopdOoSIOTMK IIapouTaa CYB
VIMFULI MMKOHUSITIIAPUHM Ce3WIapiau Aapaskaja OIMpagu
[20].

CyB OMOGOPVMHM TYIAMPUII MILIAPY UIK 60p 1941 i 27
sSHBapa OorianraH. JJacTaabky 60CKUYa CyB OMOOPUHUHT
curvu 100 mMtH. M® HM TaInKkuW 9TraH 6yica, 1953 finina
6y KkypcaTkuu 662 MIH. M® ra erkaswiraH. KeiimHru
PeKOHCTPYKUMSI uuuiapyM HaTtwkacuza 1981 jimnma cys
OMOOPMHMHT JIONXaBuii Makcuman curumy 900 MiaH. M> ra
eTKa3uJjraH.

“KarTakyproH” cyB OMOOPUMHMHI CYB 6GMIaH KOIUIAHTaH
Maiigoun 8317 rexrap éxu 83,17 KM? HM TalIKWI STaiu.
CyB omb6opu CamapkaHa Ba HaBouit BujosTIapumaru
CYFOpPWJIAQAUTAH eplapHy CyB GMIaH TabMMHJIAIILA MYXUM
ponb YitHaiimu. actmabku Jjoiimxara Kypa, CyB om6opwu
375,4 MUHT TeKTap CyFOpWIagural MaiiJoHIapHu CyB 6MIaH
TabMUHJIAII YIYH My/okautanrad. Curuvy 900 mutH. M> ra
eTKasmjrau 3ca CyFOpWJIAJuUraH MaiiloHnap sHa 24 MUHT
rekrapra oimrat. CyB oM60puIa X03UPru KyHa 6aTMKIMINK
daonuaTu itynra KyiuamaraH 6yaca-ma, YHUHT KUPFOK
XyOyaaapuaa Typau TAlIKWJIOTAAp TOMOHMIAH AaM OJIAII
MackaHjapu 6Gapro sTwiraH. By xomaT cyB OMOGOPUMHMHT
pPeKpeaKkLVOH CAJIOXMSITra XaM 3ra SKaHJIUTMHU KypcaTaau
[6].

“KarrakyproH” cyB OMOODMHM TeXHMK X0jiaTu Gyiinua
MHCTPYMEHTaJ Ky3aTyB HaTyXajlapu

CyB OMOGOpM TUAPOTEXHUK MHIIOOTIAPUHUHT TEXHUK
XOJIaTX BU3yaJl Ba MHCTPYMEHTA] TapTubma YpraHuImn.
Busyan KysaTyB HaTwkajJapu acocuma CcyB omb6opu
MaXMyacuzaru MHIIOOTIAp, KUX03Jap TeXHUK XoJaaTiapu
6Viiuya MHCTpPyMeHTaN KysaryBaap yrTraswign. Onub
6opwirad Taakukomiapma Ileopamap OKO-3, Akyapean
AII-5000, Awnamuzop [W-EX 7000 KypwiManapuaaH
doitmananmnan (2,3-pacmiap).

2-pacm. Aquaread AP-
5000 kypmiamacu

3-pacm. DW-YeX7000
Portativ XRF Muuepan
AHanusaTop Kypuiamacu

Vii6y Aquaread AP-5000 KypwiMacy Ky TapamMeTpiin
cyB cudaTvHM Te3 Ba aHMK YI4yall yuyH MY/DKaIaHTaH
npodeccroHan 30H7, (Mpoba) xucobmaHagu. YHU WUMMIUK
CyBM, Hapé, KylI, OeHru3, KaHaausamusi Ba OOIIKa CyB

obbeknapuaa CyB cuUGaTVHM MOHMTOPUHT KWIMIILA KEeHT
KY/UTaHUIaIn.

DW-YeX7000 Portativ XRF MwuHepan AHanmsaTtop
KyPWIMaCMHUHT TEXHUK XYCYCUSITIIApM AHAIUTUK YCYIaa
SHEePTUSHU IUCIEePCI0OBUM PeHTreH GIopecaHCusICH, YII0B
IuarnasoH 12 nax 92 rava 6yyirad aToM pakaMaapyHy Ydait
MYyMKUH. BUp BaKTHUHT y31a qeTekTop aneMeHniapu 40 Ta
9JIeMeHTHU Taxiui Kynaau [11].

Hana TagKUKOTIapuUia HaMyHajzap CyB oMb6opu
xaB3acu, xap 6up CTBop OYitMua mbe3oMeTpiapiaH xamzaa
dbunpTpaums cyBu YMKUO6 TypraH macTku 6pedmaru IpeHax
BOIOCIMBYU ONAMIAH onMHraH. HamyHanap TyroHzmaru 6apua
CTBOpJIapiaru Ibe3oMeTpiaapiaH MaxCyc TaiépiaaHraH
mupuuiap (0,5 1) mbe3oMeTpiap Munura TyImupuanbd oauHIN.
Kyitnmaru ¢otonapaa cys omb6opuma onnb 60pwiral HaTypa
Ky3aTyBJapyaH JaBXanap KeITUPWIraH (4- pacm).

4-pacm. “KaTTakyproH” cyB om6opuaa oimnod
GopwiraH HaTypa Ky3aTyBJlapuaH JaBxajaap

VHCTpyMeHTaln KysaTyBlap acocupa TYFOH TaHacu
IPYHTJIAPUHUHT FOBAKJIMITUK Japaskaci, 6eToH
aNMeMeHTIapuaarM ysrapuuwiap (4okiap, Epukjiaap) Ba

CYyB OMOOpM XaB3acuia TYIUIAHAAWTAH Ba YHUHT TYFOHMU
TaHaCUOAH CU3aJUTaH CYBJApHMHT KaMEBUIl TapKubu
xXaMaa (GuIbTpalus CYyBJIAPUHMHT JIOWKAIMK Japaskansapu
QHMKJIAHY, OJIMHIaH Mab/IyMOT/Iap TaxJ/Iuia KWIMHu [7, 8].

Harwkanap Ttaxawm Ba Mmucomwiap. CyB omb6opu
TYFOHMHM Y30K BaXaB(hCU3 UILIATUIIYIyH TYFOHAA 6Ynaauradn
bunbTpauysiHy, STHHU AENPeCccUst STPU UMSUFMHU YPTaHUII
Ba xucobmam Tanab stwnamu. By xucobnap HaTuskacuia
TYFOH TaHACY Ba aCOCUIAH YTaaurad GuiabTpaims cyB capdu,
Jerpeccusi 3rpu UM3UFUHUHI XOJIaTH, Lelpeccust 3Srpu
YMBUFUHVHT TYFOH MACTKY KUSUIMTUIAH YMKUII GaaHIIUT I
Ba UMKMUII Te3auru xucobmanaau[10,18].

“KarTakyproH” cyB OMOOpM TYFOHMAA >KOIIaLIraH
mbe3oMeTpiapaa onub6 GopuiraH KysaTyB MabayMOTIApU
acocupa CyB caTxJIapMHM  Y3rapuimu TaxauwiM 5-pacMpia
KeJITUPW/ITaH.

“KaTTakyproH” cyB oMGopM TYFOHMOA 01O 6OpMITaH
MHCTPYMEHTaJI Ky3aTyBJap MabIyMOTAAPUHUHT TaXIVIN
UIYHM KypcaTaauKy, Ibe30oMeTpiapAaH ViIuyaHraH CyB
caTxjapM Ba Treopajap KypuiaMacu OpKaJIM OJMHTaH
HaTMKamap 6up-6Mpura Moc KeJIMOK/1a.
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5-pacm. “KaTTakyproH” cyB OMGOpU TYFOHMHMHT I0KOpU 6bed CyB caTXura HucOaTaH Ibe3oMeTpiIapaaru
CyB caTxJiapy y3rapuimm

JKymnapasn, I1IK- 8 garu typrmunuy, I[IK-16 maru yHuHUM,
MK-20 maru VH onTuHuu, I1K-24 maru iurupma OUMpPUHYN,
TK-28 maru iinrMpma OellMHYM TTe30MeTpiapaa CyB CaTXU
xycobuiira Hucbatan 1 MeTpmaH 3 MeTpraya KyTapUIMII
X0JIaT/apy MaBKy/[I, IIyHUHTIeK, [IK-8 naru 6emmuun, ITK-16
nmary YH ukkuHuy, [1K-20 gary yH eTTrHYYM [Ibe30MeTpIapa
CYB CcaTXM XMcoouira HucbaTaH TYLIIUII XOIaTaapyu MaBsKy]L
[14, 15].

Heripeccust aTpy YM3UFUAAH IPYHT KaITMIISIpIIapy OPKaI
CYBHMHT KYTapwiuil OGadaHmJIUIY TPYHT 3appalapMHUHT
KaTTa-Kuumkaurura 6oemmk. Kymiam rpyntiapma 0,1-0,4
MM, T TpyHTAapaa 0,5-3,0 MM Ba YHIAH IOKOPU GYIUIIIN
MyMKMH. “KaTTakyproH” CyB oMGOPM TYFOHMIA HEIpeccus
YMBUFUTAH HOKOpPUAA CYBHMHI Kamwuisip KYTapuUIMII
30HACK MaBKyp. Jlerpeccust 103acuiaH MacTaa sKoiaanrad
TPYHT CyBTa TYiiMHAaM Ba MyaJlylak Xouatna Ooyaanu, OyHUHT
oKMbaTHIa TYFOH KUSTMKIAPU YCTYBOPIUTY KaMasiin.

HNama  TagKMKOTIApM  Joupacuga CyB  oMbopu
XaB3acuUJary TYIJIAaHTaH CyB, TYFOHMA JKOijamiraH Gapua
Mbe30MeTpjaapuIaH Ba IMacTKM KUCMUOATM JIpeHakIaH

CMU3WIAETraH CyBJapaH JaBpuil paBuiljia CyB HaMyHalapyu
OJIMALI, YIapHU KUMEBMII TaxjIMJI KWIMIL, HaTVOKaIapuHU
KMECUIT TaKKOCIaIl MIIapy Oaxkapuiaayu, S'’bHU CYBHU
MHIIOOTIAp KeTMa KeTIUTMIa xapaKaTIaHULIM JaBOMMIA
YHUHT  TapKMOMHM  ¥y3rapuimy  MHIIOOTIAp  CyBJIapu
TapKUOMAATY MOIIAIAP KYPCaTKMUWIAPYHY ¥3ap0 TAKKOCIAII
acocupaa 6axomanou [9].

DpuraH TysJiap MUKIOOPUHMHT Y3rapuinu: 2025 iiviru
TaIKMKOTIAp HaTwkajaapu “KaTTtakyproH” cyB omM60pu
TYFOHM Ba YHAAH Kylnaa >KoilaliraH Ibe3oMeTpiapuza
CyB TapkubumarM spuraH Tysjgap MUKIOPU CyB OMOOpMU
Kocacuparura Huc6ataH 2-7 MapTa OpTMO KEeTHUIIU
MYMKVHJIUTMHU KYpCaTAy, ’bHU yAapHUHT Mukaopu 0,35
r/n. gau 1,4-1,5 r/n. raua oprra. 2015 iinnga onmb 60puiaran
TaAKUKOT HaTOKalapura Kypa sca spuraH TysJjiap MUKIOPU
nbe3omeTpinapuaa 0,55-1,6 r/n. raua ysrapran 6yica, 2025
yiviga sca 6y KypcaTkuuaap ysrapras (6-pacm).

Xnopuajiap MUKIOPUHUHT Y3rapuimm: 2015 iunma onmb
6GopuiITaH ajia TagKVMKOT HaTisKajlapura Kypa Ibe3oMeTpiiap
CyBU TapKubumarM XJopuijiap MUKIOPU CyB OMOOpMU
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Kocacumarura Huc6atan 1,2-4 mapTa OpTMO KETUIIMHU
KYypcaTraH sgu.

ByHza cyB oM60py KOcacuaary CyB TapKUOMIa XI0pUaIap
muggopu 0,035 r/n Gynran 6yica, 3 Ba 15-mbe3oMeTrpiaapaa
kypcatknunyu 0,08-0,1 r/m raya opTtuiuM, ApeHax CyBU
tapkubuzaa sca 0,06 r//1 raua KaMaiui Ky3aTUIraH.

Hana Tagkukomiapu naBom 3Ttupwirad 2025 iunma
CyB OMOOpM XaB3acHMOaru CyBJIap TapKubuza XJIOpUAJIAp
muggopu 0,0355 r/n1 Gynran, 3-15 mbesomeTprnapma 3ca
0,084-0,101 r/n. raua y3rapras (7-pacm).
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6-pacm. CyB oMmGopuaaru cyBjiap Tap-
KMOUAA 9PUTaH Ty3JIap MUKIOPUHUHT
y3rapumm (2015-2025 1it.)
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7- pacm. CyB oMmGopuzaru cyBjiap TapKu-
6maa XJIopuaIap MUKIOPVHUHT Y3rapu-
mm (2015-2025 iiit.)

Ilyupai kunmmb, mana TagkMKOTIapu moupacupa “Kar-
TaKypFOH” CyB OMOOPU XaB3acu Ba MHIIOOTIAPUAATU CU-
3WITaH CyBJIap KMMEBMIT TApKUOIAPUHMHT Y3rapUIIMHU YP-
TaHMII HaTIDKaJIapy TYFOHHMHT MUY Ba MACTKU KUCMUOATU
VHIIOOTIAapAaH CU3WIAETraH CyBlapAa SpUraH Tysjlap Ba
YJIapHY TAIIKWI KVUTYBYM VOHIAPHVHT MUKIOPU CYB OMGOpU

KOCacuIaru CyB TapK1OGMaary MUKAOpUra HucbaTaH Kapuiio
2-3 MapTa OpTraHMHU KYpCcaTau.

IOkopupary Myammonap TabCUPMHM OJIAVHM OAMUIAA
CYyB OMOGOPJIapPVMHY MHIIOOTIAPHUHT UIIOHWIMIUTUTA TaX I
COJTYBYM, XaB( TYFIMPYBUM Ba XaJOKaT/IM XOAMCATAPHU OYII-
MaCJIUTMHY aHUKJIa0, YHIOATY CYB MUKAOPY OeITMIaHTaH CyB
MUKIOPUIAH OLUIMACAUTMHM, CYB aIMAIIMHYBUHU TabMMUH-
JIAIIHY B CYB OMOOPVHVHT UII PEXXUMUHU MYTIOK AHUKJIUK
6ym1aH amasra omypu 1o3um [13, 19].

CyB OMGOpM UII PEKUMUHU UIPIA0 UMKUIIAA CYB OM-
60pMHM TabuUMii Ba TEXHUK XYCYCUSITIIAPUMHY, TAbMUHIOBUM
Iapénaru CyB OKMMUHM, CyB ombopuparu iiwn Gormmuraya
MUFMITAH CYB XaKMU Ba XMCOOWI MWIga MCTEbMOTIMIAP-
ra CyB €TKa3WII PEeXaCHHM X}COOTa ONUII MyXYM CaHaIau.
Oxupru iinnapaa “KaTtakyproH” CyB OMOOPMHUHT 9KCILTY-
aTalMsICK JaBpUAary aMmangary Uil peskuMm TaxXIvI KUIH-
I, 6yHIa CyB OoMOOpH Mvutap faBoMuza I0KOPYU caTxjiapaa
(505-510) ymia6 TypuIMIiy aHUKJIAHIM, OVIIATUIT YYKYp-
JIATY 2—5 M. HU TalIKUI 3TMOKZaA (8-pacm). CyB oM6opu CyB
CATXMHMHT KMCMaH (KMUYMK OanmaHIMKIA) Y3Tapuiii TYFOH
TaHacy GViiab GuabTpanMs CyBMHMHT XapaKaTIaHUIINTA,
JIOVIMXABUIL AEeTIPeCcCust ATPU YM3UFUTa HUCOATAH Y3rapuim-
ra Tabcup KypcatMokaa. CyB caTXMHMHT VWuiap JaBoMKIa
IOKOPU caTxXJapha yuuiad TYypUIVMIIN TYFOH YCTKM KUCMMUTa
SIKMH SKOJJIAIraH Ibe30MeTpiaapiaru CaTXJapHUHT JIO¥-
uxaBuiimad 1-3 M KyTapuanimra onub kelMokaa. by xonat
TYFOHHMHT MYCTaXKaM/IMTVHY TabMMUHJIAIMILA CANOWii Tab-
CUp KUINIIM MyMKVH [16,17].

K1 iivmnmk TaaKMUKOTIap Tax IMIn acocuaa, ini 6ommaa
Te3KOp cypaTia, 6apya ruApOIOTHUK Y3rapyBuM IapoUTIIapK-
HU (KMPUM Ba UYMKMMHM TAIIKWJI STYBUMIApy, CyB ajJMally-
HYBU, MOPGOMETPUK KypcaTruuiap Y3rapuimHy Ba 60IIKa),
TaKmIap JaBpUIUIY Xucobra onraH xonga KartakyproH cys
OMOOPMHY caMapan TYALUPUII Ba GYIIaTUAATY U PEKUMMU
umnab yukuaan. Vinuiab yukmuiarad ui pexxummaan doiima-
JIaHUII 6apya UCTeBMOTIWIAPHN UIIOHYIY PaBUIIA CYB OU-
JIaH TAbMMHJIAII, CyB KaM Gy/raH inaapaa 3ca CyBHU UKTU-
conmit 3apap 2HT KaM Oymaanrad Kuamb, KaiTa TaKCHUMIIall
XMcobura, yerapajaHraH MUKIODHA CYyB OepuIIHU canbuit
TABCUPUHVHT OJIMHM OJINII, CYB KYyTI OYmaauraH iinuiapaa
cyB ombopuzaan xaBhcu3s doiiganaHuUIl MIMKOHUSITUHHA SIpa-
Taju.
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8-pacM. “KaTTakyproH” cyB OMOOPMHM aMagaru
Ba Tak/md 3TUIAETraH UII PEXUMU (TYPJIU CYB-
JIVJIMK Mujuiapu)

Xymnoca.

“Karrakypron” cys omb6opuma oiaub 60puirad Busyan Ba
MHCTPYMEHTA Ky3aTyBjap acoCuga TYFOHUHUHT MyCTax-
KaMJIMTK Ba MYKM OGYIUIMKJIAPUHYU Teopajap Kypuimaaapu
OPKa/IM YPraHUIIl, TYFOHHUHT TaHACUIATH (QUIBTPALMS OKU-
MU CYBJIAPMHVMHT TYFOH TaHACKUIATY MHIIIOOTIapra HucoataH
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arpeccUBIUTMHM Oaxoyall HaTvKamapu GYyitnua Kyiumaru
XyJiocaJapHy YMKAPUIIT UMKOHWHY Oepau.

CyB oM6opu TYFOHUM TaHacumaru GUIbTPALMS OKUMIM-
HUHT YHJAaruM sjeMeHTJIapra Huc6aTaH arpecCUBIUTUHU
6axoJiall yUyH TYFOH TaHacy 6Yiinab duabTpauysi CyBUHMHT
XapaKaTIaHUII KOHYHUSITUHM Ba YHUHT TYFOH 3JIeMEHTIIa-
pura TabCUPUHU GUIINIIL, CYB OMOOPY TYFOHU Ba YHIATU dJ1e-
MeHTIapHUHT 6apKapOPIUTUMHY TabMUHIANILA MyXUM axa-
MUSITra 3ra 6116 XMcobmaHaau.

1. “KaTTakyproH” cyB oM60py TYFOHMUIA Onub GOpUIraH
MHCTPYMEHTaJ Ky3aTyB HaTVOKalapy IIYHU KypcaTaaukuy,
CyB oM60pMIa CyB CATXMHUHT MWILIap JAaBOMUIA IOKOPU
caTxjiapAa yuwiab TypUIUIIM TYFOH YCTKM KMCMMTra SIKUH
SKOJJIalraH Mbe30MeTpiaapAaaru CaTXJapHUHT JOMMXaBUii-
nmaH 1-3 M kyTapuauinmra onub KeaMokzaa. By xomat TYroH-
HVHT MYCTaXKaMJIUTVHY TabMMHJIAIIAA Calbuii TabCUP K-
JIATII MYMKVUH.

2. “KarrakyproH” cyB oMOOpM XaB3acumaru Cys cuda-
THUra Kypa ogauil eMeHT/IM 6eTOH MHIIOOTAapra HucoaTaH
cynbdamiM Ba MINKOPJAM arpeccuB CaHAIAAV, y TYFOHOATU
MHIIOOTIIAPHM KOPPO3USITA YUPAIIMHM Te3IallTUPAIN.

3. CyB OMOOPVMHMHT acOCUii XyCYyCUSITIApUHY (Tabumii Ba
TEXHMK) Ba YHAArY MHIIOOTIADHMHT KOHCTPYKTUB JIOHMXA-
BUJ KYpcaTTUYIapyHU MeBbEPUIi XyXOoKaTaapra acocal Jou-
MM Ha30paTra OJIMUIIL JIO3UM.

4. OxMMHM 6GoOmIKapyBu O6¥iinua CyB OMOOPU KiIacCu-
bukanmacu MaBCyMUMIUTMHM, GOVIATaHUIITHY TYPJIU MaK-
caiyIapaaqUTMHM XMCOOTa OITaH XO/Iaa CyB OMOOPUHU TYII-
IUPUIIT Ba GVIIATUINIHM VHITOOTIAPHUHUT UINOHWIVIIUTUTA

Tax AU COMyBYM, XaB() TYFIMPYBUM Ba XaIOKATIN X0Aycazap-
HU GYIMACIUTUMHY aHUKJIA0, TaKTIap JaBpUiiurura (Kysriu,
6ax0opri) amasl KWUIraH X0Jifa aMmasira O PUII JIO3MM.

5. CyB OMOOpPMHM MIUIATUIILA YHIArM CyB MUKIOPU
GenrMaaHTaH CyB MUKIOPUAAH ONIMACIUTYHU TabMMWHJIAII
Ba CYyB OMOGOPMHMHT MII PEKUMUHU MYTIOK aHUKJIUK GU-
JIaH amaJira OIMPUII, GYHIA CYB CATXVHMHT KYTapyINII Ba
TYIIUII TEe3JIUTU MebEpUit KuiiMatinapaaH (TYIOVPUIL Te3-
JIUTY I0KOpM Kataamuiap yuyH -0,25-0,5 m/cyT, 03aku 2-3
M KaTiaam yuyH -0,05-0,1 mM/cyT; GYIIaTuIl Te3auru 10Kopu
carxjiap yuyH -0,3 m/cyT, ypra -0,5 m/cyT, mact carxjapaa -1
M/CYT.) OII6 KeTMaCIUTHU 3apyp.

Omu6 GopwiaraH Taxkpubamap UIYHM KypcaTMOKIAKM,
“KartakyproH” cyB OMOOpM TMIPOTEXHMUKA MHIIOOT/IA-
PUHUHT MYCTaxKaMJUTK Ba OapKapopauruga GymaguraH
y3rapunuiapHy 6axonania CyB OMOOpM TYFOHMHMHT MY-
CTaxXKaMJIUTM Ba WMYKY OYVIUIMKIAPUHM Teopamap Kypwi-
MaJlapy OpKaIM YpraHui Ba Oys3uiauin xaBbuuu 6aprapad
STUII YOpa TaAOuUpIapyMHy UILIa6 YMKUIT” MaB3ycuaaru 6a-
SKapWITaH MMM TAOKVKOT UIMHUHT TaBCysuIapugan Goii-
JaJaHWITaHa aHVK HaTyoKazapra SpuIiagy xamaa yioy
HaTIKaJIap CyB OMOOPUHM KCILTyaTalMsl KATUIIAA aMaJIn-
éTra Ky/utaHuiIca, yrapaa yupab Typagurai HOCO3JIMKIApHH,
aBapys X0JMATIapUHU OIIM OIMHUO, CYyB OMOOPY IKCITyaTa-
MSICU UIMOHWIVJIATY STHaJia OpTajy, TAKOMWUIAIIAAY, CYB
omMb60pU 3axyMpacumary CyBIaH sca caMmapany QoviganaHuii-
ra Ba MCTebMOTUMIAPHY KadoaaTau cyB 6MIaH TabMUHIIAII -
ra SPUIIIAIN.

Ne Apa6uérnap
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QISHLOQ XO‘JALIGINI MECHANIZATSIYALASH
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KO‘MIR NAMLIGINI MIKROTOLQINLI DATCHIKLAR
ORQALI ANIQLASH

P.I.Kalandarov - t.f.d., professor,
N.A.Axmatxonova - magistrant,
“Toshkent irrigatsiya va qishloq xo‘jaligini mexanizatsiyalash muhandislari instituti” Milliy tadqiqot universiteti

Annotatsiya
Ko‘mir namligi uning issiglik giymati, yoqish samaradorligi, transportirovka xarajatlari va ekologik ko‘rsatkichlariga
bevosita ta’sir etuvchi asosiy parametrlardan biri hisoblanadi. An’anaviy laboratoriya usullari (quritish shkafi, gravimetrik
tahlil) yuqori aniglikka ega bo‘lsa-da, ular real vaqt rejimida nazorat gilish imkonini bermaydi. Sanoat korxonalarida, aynigsa,
konveyer lentalarida ko‘mir namligini uzluksiz monitoring qilish zarurati zamonaviy sensor texnologiyalarini joriy etishni
talab qiladi.

Ushbu magqolada ko‘mir namligini mikroto‘lginli datchiklar orgali aniglash usulining fizik asoslari, dielektrik doimiylik
va namlik o‘rtasidagi bog'liglik, o‘lchashning metrologik xususiyatlari hamda sanoat sharoitida qo‘llash imkoniyatlari tahlil
gilingan. Mikroto‘lqinli o‘lchash usulining afzalliklari — kontaktsiz ishlash, chuqur qatlamni qamrab olish, yuqori tezkorlik
va avtomatlashtirish imkoniyati — asoslab berilgan. Shuningdek, usulning noaniqglik manbalari va kalibrlash masalalari ko‘rib
chigilgan.

Tadqiqot natijalari mikroto‘lqinli sensorlar asosida real vaqt rejimida namlikni aniglash energetika va qayta ishlash
sanoatida texnologik samaradorlikni oshirish imkonini berishini ko‘rsatadi.

Kamut cysmap: komir namligi, mikroto‘lginli datchik, dielektrik doimiylik, onlayn monitoring, metrologik tahlil,
avtomatlashtirilgan nazorat, sanoat sensorlari, konveyer tizimi, kalibrlash, o‘lchash noanigligi.

OITPEJEJIEHUE BJIAJXKHOCTMH VYIJisI HA OCHOBE
MHUKPOBOJ/IHOBBIX TATUYNKOB

I1.A.Kanandapoe - 0.m.H., npogeccop,

H.A.AxmamxoHoea — mazucmpaHm,

HayuonansHozo uccnedoeamensckozo yHueepcumema «TawikeHmMcKuii uHCMunym uH»ceHepoe uppuzauuu u MexaHusayuu
cenbCKo20 xo3saiicmear»

AHHOTaIUS

BakHOCTD YIVIST SIBJISIETCST OMHUM M3 OCHOBHBIX ITapaMEeTPOB, HATIPSIMYIO BIMSIONIVX Ha €r0 TEIVIOTBOPHYIO CITOCOGHOCTD,
9(pPeKTUBHOCTD CKUTAHNSI, TPAHCIIOPTHBIE PACXObI M SKOJIOTMYECKIe IToKasaTe . XOTS TPaaUIMOHHbIe 1TabopaTopHbIe Me-
TOABI (CYIIMJIbHBIN 1IKad, TpaBUMETPUUECKUI aHain3) 06/1aaloT BhICOKO TOYHOCTHIO, OHM HE IO3BOJISIIOT OCYILECTBJISITh
KOHTPOJIb B PEKMMeE peasbHOT0 BpeMeHU. Heo6X0oaMMOCTh HEITPePbhIBHOTO KOHTPOJIST BIaSKHOCTHM YIS Ha MPOMBbIIIIEHHBIX
MIpeANpPUSITUSIX, 0CO6EHHO Ha KOHBEePHBIX JIEHTax, TpeOyeT BHEIPEHMsI COBPEMEHHbBIX CEHCOPHBIX TEXHOIOTHIA.

B craTbe paccMOTpeHbI (hy3NUecKiie OCHOBBI METOMA OIIPeeIeHNSI BIaKHOCTY YIJISI C TTIOMOIIBI0 MMKPOBOTHOBBIX JaTUM-
KOB, CBSI3b AM3JIEKTPUUYECKOI MPOHUIIAEMOCTU U BJIAYKHOCTH, METPOJIOTMUYECKYe XapaKTePUCTUKY U3MepeHM ¥ BO3MOKHOCTU
MIpMMEHEeHMST B TIPOMBIIIIEHHBIX YCTOBUAX. OG0CHOBAaHbBI MPEMMYIIECTBA METOAA MUKPOBOJTHOBOTO M3MepeHUsT — 6eCKOH-
TaKTHOCTb, ITy6OKO€e MTPOHUKHOBEHNE, BHICOKASI CKOPOCTh ¥ BO3MOKHOCThH aBTOMAaTHU3anuy. Takske pacCMOTPEHbBI UCTOUHUKYU
HeOoIpeaeIeHHOCTY MeTO/Ia M BOIIPOCHI KaTMOPOBKIU.

Pe3ybTaThl MCCIEI0BAHMS ITOKA3bIBAIOT, YTO OOHAPYKEHNME BIAXKHOCTY B peajbHOM BPEMEHM Ha OCHOBE MUKPOBOJIHOBBIX
JATUYMKOB ITO3BOJISIET TOBBICUTh TEXHOIOTUUECKYIO 9(D(PEKTUBHOCTD B 9HEPreTHKe U MepepabaThIBaioleii IPOMBIIIIEHHOCTH.

KiroueBbie (JIOBa: BIASKHOCTb YIJIsI, MUKPOBOIHOBBIN JATUMK, IMITEKTPUYECKast MPOHUIIAEMOCTh, OHIafH-MOHUTOPYHT,
MeTPOJIOTMYECKIIi aHaIN3, aBTOMAaTU3MPOBAHHbII KOHTPOJIb, IPOMBbIIIJIEHHbIE TaTUMKM, KOHBeliepHasi cucTeMa, KaaubpoBKa,
MOTPENTHOCTDb M3MepEeHMSI.
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Abstract

The moisture content of coal is one of the main parameters that directly affect its calorific value, combustion efficiency,
transportation costs, and environmental performance. Although traditional laboratory methods (drying cabinet, gravimetric
analysis) have high accuracy, they do not allow for real-time monitoring. The need for continuous monitoring of coal moisture
in industrial plants, especially on conveyor belts, requires the introduction of modern sensor technologies.

The article discusses the physical basis of the method for determining the moisture content of coal using microwave sensors,
the relationship between permittivity and humidity, metrological characteristics of measurements and the possibility of
application in industrial conditions. The advantages of the microwave measurement method are substantiated — non-contact,
deep penetration, high speed and the possibility of automation. The sources of uncertainty of the method and calibration

issues are also considered.

The results of the study show that real-time humidity detection based on microwave sensors can improve technological

efficiency in the energy and processing industries.

Key words: coal moisture, microwave sensor, dielectric constant, online monitoring, metrological analysis, automated
control, industrial sensors, conveyor system, calibration, measurement error.

Kirish. Jahon energetikasida ko‘mir hali ham asosiy
yoqilg‘i resurslaridan biri hisoblanadi. Xalgaro
energetika agentligi ma’lumotlariga ko‘ra, dunyo bo‘yicha
elektr energiyasining salmogqli gismi ko‘'mir yoqish orgali
ishlab chiqariladi. Ko‘mirning yoqilg'i sifati uning kuldorligi,
zichligi, granulometrik tarkibi va ayniqsa namligi bilan
belgilanadi.

Ko‘mir tarkibidagi namlik quyidagi salbiy omillarga olib
keladi:

« yoqilg‘i qiymatining pasayishi;

« yoqish jarayonida qo‘shimcha energiya sarfi;

« transportirovka va omborlash xarajatlarining ortishi;

« atmosfera chigindilarining ko‘payishi;

 qozon qurilmalarida ish rejimining barqarorsizligi.

Ko‘mir namligi odatda uch turga bo‘linadi:

1. Gigroskopik namlik.

2. Kapillyar namlik.

3. Konstitutsion (kimyoviy bog‘langan) namlik.

An’anaviy gravimetrik usulda namlik quyidagi formula
orqali aniqlanadi:

w =22 100%. M

m,

bu yerda: m, - namuna boshlang‘ich massasi, m, -
quritilgandan keyingi massa.

Biroq ushbu usul 3-6 soat vaqt talab qiladi va onlayn
monitoring imkonini bermaydi. Zamonaviy sanoat sharoitida
esa konveyer lentasida harakatlanayotgan ko‘mir ogimini
uzluksiz nazorat qgilish talab etiladi.

Mikroto‘lginli olchash usuli dielektrik xossalarning
namlikka yuqori sezgirligiga asoslanadi. Suvning nisbiy
dielektrik doimiyligi (¢ = 80) ko‘mirnikiga (¢ = 3-5) nisbatan
ancha yuqori. Shu sababli namlik o‘zgarishi umumiy dielektrik
parametrga sezilarli ta’sir ko‘rsatadi. Bu esa mikroto‘lqinli
sensorlar orqali namlikni tez va kontaktsiz aniglash imkonini
beradi.

Mikroto‘lginli datchiklar asosida ko'mir namligini
aniglash wusulini metrologik jihatdan takomillashtirish
va sanoat sharoitida barqaror ishlashini ta’minlash ilmiy
jihatdan dolzarb hisoblanadi.

Ko‘rib chigilayotgan muammoning hozirgi holatining
tahlili va manbalarga havolalar. Ko'mir namligini aniglash
masalasi bir necha o‘n yillar davomida ilmiy tadqiqot ob’ekti
bo‘lib kelmoqda.

Smith va Jones [1] mikroto‘lginli dielektrik spektroskopiya
usulini gattiq yoqilg‘ilar namligini aniglashda qo‘llashni taklif
qilgan. Mualliflar namlik miqdori bilan kompleks dielektrik
o‘tkazuvchanlik o‘rtasida chizigli bog‘liglik mavjudligini
aniqglaganlar.

Kraszewski [2] mikroto‘lginli o‘lchash usullarining
nazariy asoslarini ishlab chiggan va dielektrik doimiylikning
namlikka bog‘liq empirik modelini taklif etgan. Uning
tadqiqotlarida signal fazasining siljishi namlikka yuqori
sezgir ekani ko‘rsatilgan.

Nelson [3] gishloq xo‘jaligi mahsulotlarida namlikni
mikroto‘lqinli rezonatorlar yordamida aniglashni tadqiq
etgan va ushbu usul sanoatda qo‘llash imkoniyatiga ega
ekanini asoslagan. Keyinchalik ushbu yondashuv qattiq
yogilg‘ilarga ham tatbiq etildi.

Chen va hammualliflar [4] konveyer tizimida
harakatlanayotgan ko‘mir namligini real vaqt rejimida
aniglash uchun mikroto‘lqinli transmission sensor ishlab
chiggan. Tadgiqot natijalari *0,5-1,0% aniqglikka erishish
mumkinligini ko‘rsatgan.

Li va Zhang [5] ko'mir fraksiyasining zichligi va
granulometrik tarkibi mikrotolqinli o‘lchash natijalariga
ta’sir qilishini aniglagan va kop parametrli kalibrlash
modelini taklif etgan.

Meyer va Schilz [6] mikrotolqinli signalning amplituda
va faza parametrlarini birgalikda tahlil qilish orgali o‘lchash
noaniqligini kamaytirish mumkinligini ko‘rsatgan.

So‘'nggi vyillarda sun’iy intellekt usullari ham joriy
etilmogda. Wang va Liu [7] neyron tarmoglar yordamida
mikroto‘lqinli sensor signallarini qayta ishlash orgali
namlikni yuqori aniglikda prognozlash mumkinligini
ko‘rsatgan.

Shu bilan birga, mavjud tadgiqotlarda
muammolar yetarlicha hal etilmagan:

« ko‘mir gatlamining noteng zichligi ta’siri;

 temperatura ta’sirini kompensatsiya qilish;

« real sanoat sharoitida elektromagnit shovginlar ta’siri;

« kalibrlash modellarining universal emasligi.

Metaxas va Meredith [8], Trabelsi va Nelson [9],
shuningdek ISO 589 standartida [10] keltirilgan tadqiqotlar
va metodik yondashuvlarda mikroto‘lginli elektromagnit
to‘lginlar asosida namlikni aniglash usullarining nazariy
asoslari, dielektrik parametrlarning namlikka sezgirligi
hamda qattiq materiallar namligini baholashda yuqori
chastotali o‘lchash texnologiyalarining qo‘llash imkoniyatlari
atroflicha yoritilgan.

Shuningdek, ko‘mirning fizik-kimyoviy xususiyatlari va
uning energetik samaradorligiga ta’sir etuvchi parametrlar
O‘zbekiston olimlari tomonidan ham tadqiq qilingan.
Jumladan, Rakhimjan Babakhodjaev, Nazim Tashbaev va
hammualliflar Angren qo‘ng‘ir ko‘mirining elementar tarkibi,
kuldorligi va struktura xususiyatlarini tahlil qilib, yoqilg’i
tarkibidagi mineral qo‘shimchalar va namlik energetik
jarayonlarga sezilarli ta’sir ko‘rsatishini aniglaganlar [11].

quyidagi

-
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Keyingi tadqiqotlarda Babakhodjaev va hammualliflar
tomonidan Angren ko‘mirining yoqilg‘i qiymatini oshirish
uchun quritish va boyitish texnologiyalari o‘rganilgan bo‘lib,
namlikni kamaytirish yoqilgi samaradorligini sezilarli
oshirishi ko‘rsatilgan 17 [12]. Shuningdek, Izzat Eshmetov
va hammualliflar tomonidan Angren va Sharg‘un ko‘mirlari
asosida suv-ko'mir yoqilg‘i suspenziyalarining reologik
xususiyatlari tadqiq qilinib, ko‘'mirning dispers tarkibi va
namlik miqdori yoqilg‘i tizimlarining bargarorligiga muhim
ta’sir ko‘rsatishi aniglangan [13].

Bundan tashqari, G. Gulomova va M. Barotov tomonidan
Angren ko‘miri asosida olingan materiallarning adsorbsion
xususiyatlari o‘rganilib, ko‘mirning tarkibiy va fizik
parametrlari uning texnologik qo‘llanilishiga bevosita ta’sir
qilishi ko‘rsatilgan [14].

M. Kavkatbekov va R. Babakhodjaev tomonidan Angren
IES da ko'mirni gazifikatsiya qilish texnologiyalarining
texnik-igtisodiy asoslari tadqiq qilinib, mahalliy ko‘mirning
namligi va kuldorligi energetik samaradorlikka ta’sir qiluvchi
asosiy parametrlardan biri ekani ta’kidlangan [15].

Ushbu tadgiqotlar mahalliy ko‘mir resurslarini chuqur
o‘rganish va ulardan samarali foydalanish uchun muhim
ilmiy asos bo‘lib xizmat giladi hamda ushbu ishda olingan
natijalar bilan ma’lum darajada mos keladi.

Yechish usuli (uslublari). Ko‘mir namligini mikroto‘lginli
datchiklar orgali aniglash usuli elektromagnit to‘lginlarning
qattiq modda orqali tarqalish jarayonida dielektrik
parametrlarning o‘zgarishiga asoslanadi. Mikroto‘lgin
diapazonida (300 MGs — 30 GGs) suv molekulalarining dipol
tabiati tufayli signalning amplitudasi va fazasi namlikka
yuqori darajada sezgir hisoblanadi.

Ko‘mir uchun ekvivalent dielektrik doimiylik quyidagi
ifodadan aniglanadi

Ly =f(W,p.T) )

bu yerda: W - ko‘mir namligi, %; p — hajmiy zichlik, kg/
m?®; T - harorat, °C.

Mikroto‘lginli  o‘lchash
parametrlar qayd etiladi:

« signalning kuchsizlanishi (attenuation) A;

tizimida quyidagi asosiy

 faza siljishi A, .
Ushbu parametrlar asosida namlikni aniglash uchun
empirik regressiya modeli qo‘llaniladi:

W=a,+ad+a,A@ 3)

bu yerda a,, a, a, - kalibrlash koeffitsientlari.

Kalibrlash jarayoni laboratoriya sharoitida, gravimetrik
usul bilan aniglangan etalon namlik qiymatlari asosida
amalga oshirildi. Namunalar turli namlik diapazonida
(2-20%) tayyorlandi.

Nazariy asoslar va matematik model

Ko'mir namligini mikroto‘lginli usulda aniqglash
elektromagnit to‘lginlarning gattiq muhit orgali tarqalishida
dielektrik parametrlarning namlikka bog‘liq o‘zgarishiga
asoslanadi.

Ko'mir-suv aralashmasi uchun kompleks dielektrik
o‘tkazuvchanlik quyidagicha ifodalanadi:
* r .m
& =& — J& 4)

bu yerda: £ - real qism (energiya saglash xususiyati),

g - yo‘qotishlar koeffitsienti, j - mavhum birlik.

Suvning nisbiy dielektrik doimiyligi: &  ~80,

Suv
ko‘mirniki esa: €ko'm 3-5 .
Shu sababli umumiy samarali
namlikka juda sezgir bo‘ladi.
Samarali dielektrik model
Ko‘'mir uchun samarali dielektrik doimiylik aralashma
modeli orqgali ifodalanadi:

bu yerda: W - namlik ulushi (0-1 intervalda).

Mikroto‘lqinli signalni susaytirish modeli.
Mikroto‘lginli signal muhit orqali o‘tishda eksponensial
gonun bo‘yicha kuchsizlanadi

P=F ®)

dielektrik doimiylik

©)

bu yerda: P, - kirish quvvati, P - chiqish quvvati, a -
kuchsizlanish koeffitsienti, d — qatlam qalinligi.

Kuchsizlanish koeffitsienti dielektrik parametr bilan
bog'lig:

Y

bu yerda: f— chastota, ¢ — yorug‘lik tezligi.

Regressiya kalibrlash modeli

Eksperimental kalibrlash natijasida namlik quyidagi
regressiya modeli orqali aniglandi:

W =aW, . +b
Hisoblash natijasida:
€)
W, =102, +0.18

Korrelyatsiya koeffitsienti: Rl =0.964

Statistik tasdiglash

O‘Ichashanigliginibaholash uchun quyidagiko‘rsatkichlar
hisoblandi:

RMSE = 0,47%; MAE = 0,39%; Bias = 0,18%. Bu qiymatlar
mikrotolginli usulning sanoat talablariga mos ekanini
ko‘rsatadi.

Yuqorida keltirilgan matematik model mikroto‘lginli
signal parametrlari va ko'mir namligi o‘rtasida chizigli va
yugqori korrelyatsiya mavjudligini nazariy jihatdan asoslaydi.
Dielektrik kontrastning yuqoriligi ushbu usulning sezgirligini

ta’minlaydi, regressiya modeli esa sanoat sharoitida
kalibrlash uchun qulay hisoblanadi.

Eksperimental tadgiqotlar

Eksperimental tadqgiqotlar konveyer lentasida

harakatlanayotgan ko‘mir ogimi sharoitiga yaqin modelda
o‘tkazildi. Tizim quyidagi elementlardan iborat bo‘ldi:

« mikroto‘lqinli transmission datchik (2,45 GGs);

« signalni qayta ishlash bloki;

» ma’lumotlarni yig‘ish va tahlil qilish moduli;

« etalon gravimetrik o‘Ichash uskunasi.

Ko'mir namunasi massasi 5-10 kg bo‘lib, har bir
namlik giymati uchun kamida 10 marta o‘lchash o‘tkazildi.

G
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Temperatura ta’sirini kamaytirish magsadida o‘lchashlar
20%2 °C sharoitida amalga oshirildi.

Eksperiment natijalarini baholashda o‘rtacha kvadratik
xatolik (RMSE) quyidagi formula orqali hisoblandi:

] "
RMSE= |- (W, .-W._)" o
n= ' '

bu yerda W, - mikrotolginli usul bilan aniglangan
namlik,
W~ etalon giymat.

Natija va muhokama

Olingannatijalarmikroto‘lginlidatchik orgalianiglangan
namlik giymatlari bilan gravimetrik usul natijalari o‘rtasida
yugori korrelyatsiya mavjudligini ko‘rsatdi. Korrelyatsiya
koeffitsienti R? = 0.94 — 0.97 diapazonida ekani aniglandi,
natijalar 1-jadvalda keltirilgan.

1-Jadval

Ko‘mir namligini mikroto‘lginli va etalon
(gravimetrik) usullar orqali aniglash natijalari

Ne | Etalon namlik, % | Mikroto‘lginli o‘lchash. % | Farq, %
1 3.00 3.25 +0.25
2 4.67 4.60 —0.07
3 6.33 6.66 +0.32
4 8.00 8.76 +0.76
5 9.67 9.55 —0.12
6 11.33 11.22 —0.12
7 13.00 13.79 +0.79
8 14.67 15.05 +0.38
9 16.33 16.10 —0.23
10 18.00 18.27 +0.27

Izoh: jadval ma’lumotlari laboratoriya sharoitida
olingan eksperimental natijalar asosida shakllantirilgan.

1-rasmpa mikroto‘lginli usul bilan aniglangan namlik va
etalon namlik o‘rtasidagi bog‘liqlikligi keltirilgan.

18 4
16
14 ®
12

10 1

Mikrotylginli usul bilan aniglangan namlik, %

a 6 8 10 12 18 16 18
| Etalon namlik, %
1-rasm. Mikroto‘lginli usul bilan aniglangan namlik

va etalon namlik o‘rtasidagi bog‘liglik

1-rasmda mikroto‘lqinli datchik orqali aniglangan
namlik giymatlari bilan etalon gravimetrik usul natijalari
oTrtasidagi bogliglik keltirilgan. Grafikdan ko‘rinib
turibdiki, nugtalar ideal chizigga W, =W .yaginjoylashgan
bo‘lib, ushbu holat ikki usul o‘rtasida yugqori korrelyatsiya
mavjudligini tasdiglaydi.

Korrelyatsiya koeffitsienti giymati R2>0.95 bo‘lib, bu

mikroto‘lqinli usulning ishonchliligi va sanoat sharoitida
qo‘llash mumkinligini ko‘rsatadi. Namlik 5-15% oralig‘ida
o‘lchash xatoligi #0.6% dan oshmadi, bu sanoat talablariga
javob beradi [16]. Yuqori namlik (15% dan ortiq) holatida
signalning kuchsizlanishi ortishi sababli xatolik biroz o‘sishi
kuzatildi.

Namlik oshgan sari mikroto‘lqinli signalning kuchsizlanishi
ortadi va o‘lchash xatoligi nisbatan o‘sish tendensiyasini
namoyon giladi, bu esa yugori namliklar uchun kompensatsiya
algoritmlarini joriy etish zaruratini ko‘rsatadi. Bunday holatlar
ayrimtadqiqotchilartomonidanhamkuzatilgan[17-18].Zichlik
o‘zgarishi o‘lchash natijalariga ta’sir ko‘rsatishi tasdiglandi.
Biroq kop parametrli kalibrlash modeli go‘llanilganda ushbu
ta’sir sezilarli darajada kamaytirildi, bu Li va hammualliflar
natijalari bilan mos keladi.

LY}

0.6

0.z

O'lchash xatoligi, %

0,0 frmm—— e e e e

-Iﬂ Gr B 10 lll ].I-1 16 llB
Etalon namlik, %
2-rasm. O‘Ichash xatoligining namlikka bog‘ligligi

Shuningdek, ilgari mualliflar tomonidan Angren qo‘ng'ir
ko‘miriningnamliginiyuqorichastotali (mikroto‘lginli)usullar
yordamida aniglash bo‘yicha olib borilgan eksperimental
tadgiqotlar natijalarida namlik va elektromagnit parametrlar
o‘rtasida barqaror chizigli bog‘liglik mavjudligi ko‘rsatilgan.
Ushbu ishda olingan eksperimental ma’lumotlar mazkur
tadqgiqotlar natijalari bilan sifat va miqdor jihatdan yaxshi
mos kelishi, tanlangan o‘lchash usulining ishonchliligi hamda
uning Angren qo'ng‘ir ko‘miri uchun qo‘llash imkoniyatini
yanada tasdiglaydi [19]. Mikroto‘lginli usulda aniglangan
namlik va etalon namlik o‘rtasidagi korrelyatsiya bog‘lanishi
3 rasmda keltirilgan.
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3-rasmda mikroto‘lqinli datchik orqali aniglangan namlik
giymatlari (W ) bilan gravimetrik etalon usulda aniglangan
namlik (W, ) o'rtasidagi bog'liglik keltirilgan. Qizil nuqtalar
eksperimental ma’lumotlarni, qora shtrixli chiziq esa ideal
holatni (W =W ) ifodalaydi.

Grafikdan ko‘rinib turibdiki, eksperimental nuqtalar ideal
chizigga yagin joylashgan bo‘lib, bu ikki usul o‘rtasida yuqori
darajadagi muvofiglikni tasdiglaydi. Namlik diapazoni 3-18%
oralig‘ida chiziqli bog'liglik kuzatildi.

Korrelyatsiya koeffitsienti: R2>0,95.

bu esa mikroto‘lqginli usulning ishonchliligini va sanoat
sharoitida qo‘llash mumkinligini ko‘rsatadi.

Tahlil natijalari quyidagilarni ko‘rsatdi:

* 5-15% diapazonda tarqalish minimal;

« past namlikda signal-shugli nisbati yuqori;

e 15 foizdan yuqori namlikda dielektrik yo‘qotishlar
ortishi tufayli targalish biroz o‘sadi.

Ushbu natijalar mikroto‘lqinli sensorning real vaqt
rejimida namlikni aniglash uchun samarali ekanini
tasdiglaydi. Shu bilan birga, yuqori namliklarda aniqlikni
oshirish magsadida ko'p parametrli kalibrlash modellarini
qo‘llash magsadga muvofiq.

Mikroto‘lqinli usulning asosiy afzalliklari quyidagilardan
iborat:

QISHLOQ XO‘JALIGINI MECHANIZATSIYALASH

« kontaktsiz va tezkor o‘lchash;
« real vaqt rejimida monitoring;
« avtomatlashtirish tizimlariga
imkoniyati;
« inson omili ta’sirining kamligi.
Shu bilan birga, elektromagnit shovginlar va temperatura
o‘zgarishlari qo‘shimcha kompensatsiya algoritmlarini talab
qiladi [20].

integratsiya qilish

Xulosa

Ushbu tadgiqotda ko'mir namligini mikroto‘lqinli
datchiklar orqali aniglash usulining nazariy asoslari,
eksperimental tadqiqotlari va metrologik xususiyatlari
tahlil qilindi. Olingan natijalar mikroto‘lginli usul real vaqt
rejimida ko‘mir namligini nazorat gilish uchun samarali
ekanini ko‘rsatdi.

Mikroto‘lqinli datchiklar asosida vyaratilgan tizimlar
energetika va qayta ishlash sanoatida yoqish jarayonini
optimallashtirish, yoqilg‘i sarfini kamaytirish va ekologik
ko‘rsatkichlarni yaxshilash imkonini beradi.

Kelgusida tadgiqotlar sun’iy intellekt asosida adaptiv
kalibrlash modellarini ishlab chigish hamda sanoat sharoitida
uzoq muddatli sinovlar o‘tkazishga gqaratilgan bo‘lishi
magsadga muvofiq.
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O'SIMLIKLARNING O'SISHIGA IQLIM OMILLARINING TA’SIRI
VA ULARNI BOSHOARISH USULLARI

P.I.Kalandarov - t.f.d., professor,

“Toshkent irrigatsiya va qishloq xo‘jaligini mexanizatsiyalash muhandislari instituti” Milliy tadqiqot universiteti
G.F.Murodova - doktorant,

Buxoro davlat texnika universiteti

Annotatsiya

Mazkur magolada o‘simlik o'sishi va rivojlanishiga ta’sir etuvchi asosiy iglim omillari — harorat, nisbiy namlik, yorug‘lik
intensivligi, karbonat angidrid (COz) konsentratsiyasi hamda havo almashinuvi ko‘rib chigiladi. Ushbu omillarning fiziologik
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Abstract

This article examines the main climatic factors affecting plant growth and development, including temperature, relative
humidity, light intensity, carbon dioxide (CO2) concentration, and air circulation. The influence of these factors on key
physiological processes such as photosynthesis, transpiration, respiration, and biomass accumulation is analyzed based on
current scientific literature. Special attention is given to modern methods of microclimate regulation in greenhouse conditions,
including automated control systems, sensor-based monitoring, and digital management technologies. The findings contribute
to improving crop productivity, enhancing resource efficiency, and promoting sustainable agricultural development.
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Kirish. Qishlog xo‘jaligida o'simliklarning o'sishi
va rivojlanishi tashqi muhit omillariga bevosita
bog‘liq bo‘lib, ular orasida iglim omillari hal qiluvchi
ahamiyat kasb etadi. Harorat, yorug'lik intensivligi, havo va
tuproq namligi, karbonat angidrid (COg) konsentratsiyasi
hamda havo almashinuvi o'simlik organizmida kechadigan
fiziologik va biokimyoviy jarayonlarni boshgaruvchi asosiy
omillar hisoblanadi. Ushbu omillarning ozaro ta’siri
fotosintez, nafas olish, transpiratsiya, fermentativ faollik
va modda almashinuvi jarayonlarini belgilab beradi.
Iglim parametrlarining optimal darajadan chetlanishi esa
o‘simliklarda stress holatini yuzaga keltirib, hosildorlik va
mahsulot sifatining pasayishiga olib keladi.

Global iglim ozgarishi sharoitida qishloq xofjaligi
ishlab chiqarishining barqarorligini ta’minlash dolzarb
muammoga aylanmoqda. Atmosferada issigxona gazlari
konsentratsiyasining ortishi, haroratning ko‘tarilishi va
yog‘in miqdorining notekis tagsimlanishi agroekotizimlarga
sezilarli ta’sir ko‘rsatmoqda [1]. Iglim o‘zgarishlari
o‘simliklarning fenologik fazalarini o‘zgartirib, vegetatsiya
davrining qisqarishi yoki cho‘zilishiga sabab bo‘lmoqda.
Shu bois, nazorat qilinadigan sharoitlarda, xususan,
issigxonalarda mikroiglimni ilmiy asosda boshqarish
o'simlik mahsuldorligini barqaror saglashning muhim
yo‘nalishlaridan biridir.

Harorat  o‘simliklarning  fermentativ  reaksiyalari
tezligini belgilovchi asosiy omil bo‘lib, fotosintez va
nafas olish intensivligi bilan chambarchas bog‘ligdir.
Yorug‘lik esa fotosintetik faol radiatsiya (PAR) orqali
assimilyatsiya jarayonining energiya manbai hisoblanadi.
CO. konsentratsiyasi fotosintez tezligiga to‘g‘ridan-to‘g‘ri
ta’sir etib, uning optimal darajada saqglanishi biomassaning
ortishiga xizmat qgiladi [2]. Nisbiy namlik va transpiratsiya
jarayonlari o‘rtasidagi muvozanat suv almashinuvini tartibga
soladi hamda o‘simlik hujayralarining turgor holatini saglaydi.
Mazkur omillarning kompleks boshgaruvi ofsimlikning
genetik salohiyatini to‘lig namoyon etish imkonini beradi.

So‘nggi yillarda issigxona texnologiyalarida
avtomatlashtirilgan boshqaruv tizimlari, sensorli monitoring,
IoT (Internet of Things) asosidagi nazorat vositalari va sun’iy
intellekt elementlari keng joriy etilmoqda. Bunday tizimlar
real vaqt rejimida harorat, namlik, yorug‘lik va CO,, darajasini
nazorat qilib, o‘simlik ehtiyojiga mos ravishda boshgaruv
choralarini qo‘llash imkonini beradi [3]. Natijada resurslardan
samarali foydalanish, energiya tejamkorligini oshirish va
ekologik bargarorlikni ta’minlash mumkin bo‘ladi.

Shu munosabat bilan, o‘simlik o‘sishiga iqlim omillarining
ta’sirini chuqur ilmiy tahlil qilish hamda ularni samarali
boshqgarish usullarini ishlab chigish zamonaviy agrar fan
va amaliyotning ustuvor vazifalaridan biridir. Mazkur
magqolaning magsadi — o‘simlik o‘sishiga ta’sir etuvchi asosiy
iglim omillarini tizimli ravishda tahlil qilish va issigxona
sharoitida ularni boshqarishning zamonaviy usullarini ilmiy
asoslashdan iborat.

Ko‘rib chigilayotgan muammoning hozirgi holatining
tahlili va manbalarga havolalar

So‘nggi yillarda o‘simlik o'sishi va rivojlanishiga iglim
omillarining ta’sirini o‘rganish global oziq-ovqat xavfsizligi
va bargaror qishloq xo‘jaligini ta’minlash nuqtai nazaridan
keng ko‘lamda tadqiq etilmogda. Ilmiy manbalarda harorat,
yorug‘lik, CO, konsentratsiyasi va namlikning o‘simlik
fiziologiyasiga ta’siri alohida va kompleks yondashuv asosida
o‘rganilgan.

Fotosintez jarayoni o‘simlik biomassasi hosil bo‘lishining
asosiy manbai bo‘lib, u yorug‘lik intensivligi va CO,

konsentratsiyasiga to‘g‘ridan-to‘g‘ri bog‘liqdir. Atmosferada
CO. migdorining oshishi fotosintez tezligini rag‘batlantirishi
mumkin, biroq bu jarayon ozuga moddalari va suv ta’minoti
bilan cheklanadi. Tadgiqotlar shuni ko‘rsatadiki, Cs tipidagi
o'simliklarda CO. darajasining ko‘tarilishi fotosintetik
samaradorlikni oshiradi, ammo uzoq muddatli ta’sirda
fiziologik moslashuv (down-regulation) kuzatilishi mumkin.

Harorat o‘simlik metabolizmi va fermentativ faollikka
sezilarli ta’sir ko‘rsatadi. Optimal harorat diapazoni o‘simlik
turi va fenologik bosqgichiga qarab farglanadi. Yuqori
harorat stressi fotosistem II faoliyatining pasayishiga,
ogsillar denaturatsiyasiga va reaktiv kislorod shakllarining
ortishiga olib keladi [4]. Shu bilan birga, past harorat ham
hujayra membranalari barqarorligini buzib, osish sur’atini
sekinlashtiradi. Issigxona sharoitida haroratni aniq nazorat
gilish ofsimliklarning vegetativ va generativ rivojlanishini
optimallashtirish imkonini beradi.

Nisbiynamlikvabug‘bosimidefitsiti(VPD)transpiratsiyava
suv almashinuvini tartibga soluvchi muhim ko‘rsatkichlardir.
VPD darajasining yugqori bo‘lishi stomatalarning yopilishiga
sabab bo'lib, fotosintez intensivligini kamaytiradi. Aksincha,
juda past VPD zamburug® kasalliklari xavfini oshiradi.
Zamonaviy tadgiqotlarda issigxona sharoitida optimal VPD
diapazonini saglash hosildorlikni sezilarli oshirishi qayd
etilgan [5].

Yoruglik sifati ham osimlik morfogenezida muhim
rol o‘ynaydi. Qizil va ko'k spektrdagi yorug‘lik fotosintetik
jarayonlarni rag‘batlantirsa, uzoq qizil (far-red) nurlanish
o'simliklarning cho‘zilish reaksiyasini boshqaradi. LED
texnologiyalarining rivojlanishi yorug‘lik spektrini magsadli
boshgarish imkonini bermoqda [6-7]. Bu esa energiya
samaradorligini oshirish bilan birga, o‘simlik arxitekturasini
nazorat gilish imkonini ham yaratadi.

Iglim o‘zgarishining qishloq xo‘jaligiga ta’siri masalasi
zamonaviy ilmiy tadgiqotlarning muhim yo‘nalishlaridan
biri hisoblanadi. Global miqyosda olib borilgan tadqiqotlar
shuni  ko‘rsatadiki, iqlim parametrlarining o‘zgarishi
o'simliklarning fiziologik jarayonlari, hosildorligi va
agroekotizimlarning barqarorligiga sezilarli ta’sir ko‘rsatadi.
Xususan, atmosfera haroratining oshishi, qurg‘oqchilik
davrlarining ko‘payishi va suv resurslarining kamayishi
gishloq xo‘jaligi ishlab chigarishiga jiddiy xavf tug‘diradi [8].
Shu sababli iqlim o‘zgarishiga moslashish strategiyalarini
ishlab chiqish va barqaror agrotexnologiyalarni joriy etish
dolzarb masalalardan biri hisoblanadi.

Tadgiqotlarda yuqori harorat va qurg‘oqchilik stressi
o‘simliklarning morfologik va fiziologik xususiyatlariga salbiy
ta’sir ko‘rsatishi qayd etilgan. Bunday sharoitda fotosintez
intensivligi pasayadi, suv almashinuvi buziladi va biomassa
hosil bo‘lishi sekinlashadi. Ayrim tadgigotchilar yugqori
harorat stressi o‘simliklarning oziq moddalari tarkibiga ham
ta’sir ko‘rsatishini, bu esa ozig-ovqat sifati va xavfsizligiga
ta’sir etishini ta’kidlaydilar [9].

Global miqgyosdagi modellashtirish natijalari shuni
ko‘rsatadiki, haroratning ortishi don ekinlari hosildorligiga
salbiy ta’sir ko‘rsatishi mumkin. Masalan, ayrim tadgiqotlarda
global haroratning oshishi bug‘doy hosildorligini sezilarli
darajada kamaytirishi prognoz qilingan [10]. Shu bilan birga,
iglim o‘zgarishi nafaqat hosildorlikka, balki qishloq xo‘jaligi
tizimlarining iqtisodiy barqarorligiga ham ta’sir ko‘rsatadi
[11].

O‘simliklarning abiotik stresslarga javob reaksiyalari
murakkab molekulyar va fiziologik mexanizmlar orqali amalga
oshadi. Stress sharoitida signal uzatish tizimlari faollashib,
gen ekspressiyasi va metabolik jarayonlar o‘zgaradi. Bu
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jarayonlar o‘simliklarning moslashuvchanligini oshirishi yoki
aksincha, ularning o‘sish jarayonlarini cheklashi mumkin [12].
Shu sababli abiotik stresslarni o‘rganish zamonaviy o‘simlik
fiziologiyasi va biotexnologiyasining muhim yo‘nalishlaridan
biri hisoblanadi.

Ko‘plab tadgiqotlarda iglim o‘zgarishining global
ekin hosildorligiga ta’siri tahlil qilingan. Tadgiqotchilar
tomonidan olib borilgan ilmiy ishlarda harorat,
yog‘ingarchilik va atmosfera CO, darajasining o‘zgarishi
ekinlar mahsuldorligining mintaqaviy farglanishiga olib
kelishi mumkinligi ko‘rsatib berilgan [13]. Bundan tashqari,
tuproq sho‘rlanishi va qurg‘oqchilik kabi omillar ham
o‘simliklarning o‘sishiga sezilarli ta’sir ko‘rsatadi [14].

Markaziy Osiyo sharoitida ham qishloq xojaligi ishlab
chigarishiga abiotik stress omillarining ta’siri dolzarb
hisoblanadi. Mintagada qurg‘oqchil iglim, suv resurslarining
cheklanganligi va tuproq shorlanishi qishloq xo‘jaligi
samaradorligini pasaytiruvchi asosiy omillardan biridir.
Shu sababli ayrim tadqgiqotlarda o‘simliklarning stressga
chidamliligini oshirish uchun biologik usullar, jumladan
o'simlik o'sishini rag‘batlantiruvchi rizobakteriyalarni
go‘llash taklif etilgan [15].

Iglim o‘zgarishi global ozig-ovgat xavfsizligiga ham
bevosita ta’sir korsatadi. Aholi sonining ortib borishi va
iglim sharoitlarining o‘zgarishi gishloq xo‘jaligi ishlab
chigarishida yangi texnologiyalarni joriy etishni talab giladi.
IImiy manbalarda iglim o‘zgarishi sharoitida barqaror oziq-
ovqat tizimlarini yaratish uchun ilmiy asoslangan boshqaruv
strategiyalarini ishlab chiqish zarurligi ta’kidlangan [16].

Ayrim mintagaviy tadqiqotlarda iqlim o‘zgarishining
gishloq xo‘jaligiga ta’siri hamda moslashuv strategiyalari
organilgan. Masalan, Janubiy va Markaziy Osiyo
mamlakatlarida suv resurslarini tejash, stressga chidamli
navlarni yaratish va agrotexnologiyalarni modernizatsiya
qilish orgali hosildorlikni saglab qolish mumkinligi qayd

etilgan [17].
Zamonaviy issigxona texnologiyalarida mikroiglim
parametrlarini avtomatlashtirilgan tarzda boshqarish

muhim ahamiyat kasb etadi. Mikroprotsessor asosidagi
boshgaruv tizimlari yordamida harorat, namlik, yorug‘lik va
CO darajasi nazorat qilinib, o‘simliklarning optimal o‘sish
sharoitlari ta’minlanadi. Bunday tizimlarning samaradorligi
ilmiy tadqiqotlarda eksperimental ravishda isbotlangan [18].

Bundan tashqari, agrotexnologik jarayonlarda o‘lchash
anigligini ta’minlash ham muhim hisoblanadi. O‘lchash
natijalariga ta’sir qiluvchi omillarni tahlil gilish orqali gishloq
xo'jaligi mahsulotlarining sifatini baholash va nazorat qilish
imkoniyati kengayadi. Don mahsulotlari namligini aniglashda
o‘lchash xatoliklarini kamaytirish bo‘yicha olib borilgan
tadgiqotlar ushbu yo‘nalishning muhimligini ko‘rsatadi [19].

Shuningdek, gidroponika texnologiyalarining rivojlanishi
o‘simliklarni sun’iy muhitda samarali yetishtirish imkonini
bermogda. Innovatsion gidroponik tizimlar o‘simliklarni
oziglantirish jarayonini optimallashtirib, suv va ozuqa
resurslaridan samarali foydalanishni ta’minlaydi. Bu esa
yopiq agroekotizimlarda yuqori hosildorlikka erishish
imkonini yaratadi [20].

Shunday qilib, ilmiy adabiyotlar tahlili shuni ko‘rsatadiki,
o‘simlik osish jarayonlarini iglim omillari, abiotik stresslar
va zamonaviy agrotexnologiyalar bilan uzviy bog‘liq holda
organish zarur. Integratsiyalashgan boshqaruv tizimlari,
sun’iy intellekt asosidagi modellashtirish va resurs tejamkor
texnologiyalar kelajakda bargaror gishloq xo‘jaligi ishlab
chigarishini ta’minlashda muhim rol o‘ynaydi.

Yechish usuli (uslublari). Tadqiqot nazorat gilinadigan
issigxona sharoitida olib borildi. Tajriba obyekti sifatida
yuqori agrotexnik ahamiyatga ega bo‘lgan Cs tipidagi
sabzavot ekini — pomidor (Solanum lycopersicum L.) tanlandi.
O‘simliklar mineral oziglantirish tizimi bilan jihozlangan
substratda (kokos tolasi asosida) yetishtirildi. Vegetatsiya
davri davomida o‘simliklar fenologik bosqichlari (vegetativ
o'sish, gullash, meva tugish va pishish) bo‘yicha kuzatildi.

Issigxona ichki mubhiti avtomatlashtirilgan mikroiglim
boshqgaruv tizimi bilan jihozlandi. Harorat, nisbiy namlik, CO2
konsentratsiyasi va yorug'lik intensivligi sensorlar yordamida
real vaqt rejimida o‘lchandi va ma’lumotlar markaziy nazorat
blokiga uzatildi.

Tajriba algoritmi. Tadqgiqot to‘liq tasodifiylashtirilgan
blokli tajriba (Randomized Complete Block Design, RCBD)
asosida 3 takror bilan tashkil etildi. Har bir variantda kamida
20 ta o‘simlik kuzatuv birligi sifatida olindi.

Quyidagi mikroiglim variantlari shakllantirildi:

¢ V1 (Nazorat): An’anaviy issigxona rejimi

Harorat: 24-26 °C (kun), 18-20 °C (tun)

Nisbiy namlik: 60-65%

CO2: 400 ppm

¢ V2 (Optimizatsiyalangan harorat va namlik)

Harorat: 25-28 °C (kun), 19-21 °C (tun)

Nisbiy namlik: 65-75%

CO2: 400 ppm

» V3 (CO2 boyitilgan muhit)

Harorat: 25-28°C

Nisbiy namlik: 65-75%

CO2: 800-1000 ppm

* V4 (Kompleks boshqaruv: CO; + LED spektr nazorati)

Harorat: 25-28 °C

Nisbiy namlik: 70%

CO2: 900 ppm

Qizil:ko'k yorug‘lik nisbati 4:1 (LED tizimi orqali)

Yorug‘lik intensivligi barcha variantlarda fotosintetik faol
radiatsiya (PAR) bo‘yicha 250-400 umol m~2 s~* diapazonda
saglandi.

O‘Ichov va kuzatuv ko‘rsatkichlari

O‘simliklarning fiziologik va biometrik ko‘rsatkichlari
quyidagilar asosida baholandi:

1. fotosintez intensivligi (Pn, pmol CO m~2 s™1) - portativ
gaz analizatori yordamida.

2. Stomatal o‘tkazuvchanlik (gs)

3. Transpiratsiya tezligi (E)

4. Barg yuzasi indeksi (LAI)

5. Xlorofill miqdori (SPAD indeksi)

6. Biomassa to‘planishi (quruq modda, g)

7. Umumiy hosildorlik (kg/m?)

Bundan tashqari, bug® bosimi defitsiti (VPD) quyidagi
formula asosida hisoblandi:

VPD = e; — e,

bu yerda:
e, — to'yingan bug’ bosimi (kPa);
e, —haqiqiy bug’ bosimi (kPa).

Ma’lumotlarni gayta ishlash

Olingan ma’lumotlar statistik tahlil qilindi. Variantlar
o‘rtasidagi farglar dispersion tahlil (ANOVA) yordamida
baholandi. O‘rtacha qiymatlar o‘rtasidagi ishonchlilik
darajasi Tukey HSD testi orqali aniglandi (p < 0.05).

Korrelyatsion va regressiya tahlillari yordamida
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mikroiglim parametrlarining fotosintez va hosildorlik bilan
o‘zaro bog'ligligi baholandi. Ko'p omilli regressiya modeli
quyidagi umumiy ko‘rinishda shakllantirildi:

Y = ,60 +ﬁ1 +|82RH +ﬁ3C02 +ﬁ4LI + &

Y - hosildorlik yoki fotosintez intensivligi;

T - harorat;

RH - nisbiy namlik;

CO - karbonat angidrid konsentratsiyasi;

LI - yorug‘lik intensivligi;

€ — tasodifiy xatolik.

Statistik hisob-kitoblar R 4.3.0 dasturi va SPSS 26.0
paketida amalga oshirildi.

Tadqigotning ilmiy yangiligi. Mazkur metodologiya
iglim omillarining alohida va kompleks ta’sirini bir vaqtning
o‘zida baholash imkonini beradi. Aynigsa, CO boyitish va LED
spektr boshqaruvi kombinatsiyasi o‘simlik fiziologiyasiga
integratsiyalashgan yondashuv asosida tahlil qilindi. Bu
yondashuv issigxona sharoitida resurslardan samarali
foydalanish va hosildorlikni maksimal darajada oshirish
bo‘yicha ilmiy asoslangan tavsiyalar ishlab chigishga xizmat
qgiladi.

Natijalar tahlili va misollar.

Mikroiglim parametrlarining fotosintez jarayoniga
ta’siri

Tajriba  natijalari shuni  ko‘rsatdiki, —mikroiglim
omillarining optimallashtirilishi fotosintez intensivligiga
sezilarli ta’sir ko‘rsatdi (p < 0,05). Nazorat variantida (V1)
fotosintez intensivligi o‘rtacha 14,8 pmol CO; m™2 st
ni tashkil etdi. Harorat va namlik optimallashtirilgan V2
variantida bu ko‘rsatkich 17,6 pmol CO, m™2s™! ga yetdi, ya’ni
18.9% ga oshdi.

CO4, bilan boyitilgan V3 variantida fotosintez intensivligi
21,3 umol CO, m™2 s ni tashkil etdi, bu nazoratga nisbatan
43,9% yuqori natija demakdir. Eng yuqori ko‘rsatkich V4
(kompleks boshqgaruv) variantida kuzatildi — 23,1 pmol CO,
m~2s™!, bu esa V1 ga nisbatan 56,1% oshish qayd etilganini
bildiradi.

Korrelyatsion tahlil fotosintez intensivligi bilan
CO> konsentratsiyasi o‘rtasida kuchli musbat bog'liglik
mavjudligini ko‘rsatdi (r = 0,815).

1-rasmda CO- konsentratsiyasi va fotosintez intensivligi
o‘rtasidagi bog‘liglik keltirilgan.

Yorug'lik intensivligi va harorat bilan o‘rtacha musbat
korrelyatsiya

a5
€02 va hosildorlik orasidagi boglanish
R2 = 0.815
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1-rasm. CO; konsentratsiyasi va fotosintez
intensivligi o‘rtasidagi bog‘liglik

(r=0,63-0,69) aniglandi.

Chiziqli regressiya tahlili mikroiglim parametrlarining
o‘simlik fiziologik ko‘rsatkichlari va hosildorlik bilan o‘zaro
bog‘ligligini baholash imkonini berdi. Natijalarga ko'ra,
CO, konsentratsiyasi va hosildorlik o‘rtasida nisbatan
kuchli bog‘lanish aniglandi (R? = 0,815), bu hosildorlikdagi
o‘zgarishlarning asosiy gismi CO, darajasi bilan izohlanishini
korsatadi. Grafikda CO, oshishi bilan hosildorlik ortish
tendensiyasi kuzatildi.

Transpiratsiya va  stomatal o‘tkazuvchanlik
dinamikasi. Nisbiy namlik va VPD ko‘rsatkichlari stomatal
o‘tkazuvchanlikka sezilarli ta’sir ko‘rsatdi. VPD ning 0,8—
1,2 kPa oralig'ida saglanishi stomatal o‘tkazuvchanlikni
optimallashtirdi. Nazorat variantida stomatal o‘tkazuvchanlik
0,32 mol m™2 s™! ni tashkil gilgan bo‘lsa, V4 variantida 0,41
mol m™2s™! ga yetdi. 2-rasmda VPD ko‘rsatkichining stomatal
o‘tkazuvchanlikka ta’siri keltirilgan.

Transpiratsiya tezligi V2 va V3 variantlarida muvozanatli
darajada bo‘lib, o‘simliklarda suv stressi kuzatilmadi. Juda
yuqori VPD (>1,5 kPa) kuzatilgan qisqa muddatli epizodlarda
fotosintez pasayishi qayd etildi, bu esa suv almashinuvining
mikroiglim bilan chambarchas bog‘ligligini tasdiglaydi.

Namlik va fotosintez orasidagi boglanish L4
RZ = 0,621
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2-rasm. VPD ko‘rsatkichining stomatal
o‘tkazuvchanlikka ta’siri

Namlik va fotosintez tezligi o‘rtasida ham o‘rtacha
ijobiy bog‘lanish gayd etildi (R* = 0,621). Namlik oshishi
fotosintetik faollik ortishi bilan bog‘liq ekanligi kuzatildi,
bu o‘simliklarning suv rejimi va gaz almashinuvi jarayonlari
bilan mos keladi.

Biomassa to‘planishi va hosildorlik ko‘rsatkichlari.
Biometrik o‘lchovlar shuni ko‘rsatdiki, kompleks boshgaruv
variantlarida o‘simliklarning vegetativ rivojlanishi tezlashdi.
Barg yuzasi indeksi (LAI) V1 da 2,8 bo‘lgan bo‘lsa, V4 da 3,6
ga yetdi. Quruqg biomassa to‘planishi quyidagicha qayd etildi:

Yariant | Biomassa (g/o‘simlik) | Hosildorlik (kg/m?)
V1 148 +52 18.4+06
V2 172+ 48 21.7+0.5
V3 196 +6.1 24907
V4 214+56 273+08

V4 variantida hosildorlik nazoratga nisbatan 48,3
foizga oshdi (p < 0,05). Bu natija mikroiglim omillarining
integratsiyalashgan  boshgaruvi o‘simlikning  genetik
potensialini to‘ligroq namoyon etishini ko‘rsatadi. Variantlar
bo‘yicha hosildorlik ko‘rsatkichlari 3-rasmda keltirilgan.
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Harorat va hosilderlik orasidagi boglanish b
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3-rasm. Variantlar bo‘yicha hosildorlik
ko‘rsatkichlari.

Harorat va hosildorlik o‘rtasidagi regressiya modeli
o‘rtacha darajadagi bog‘lanishni namoyon qildi (R? = 0.649).
Bu natija harorat hosil shakllanishiga ta’sir gqiluvchi muhim
omil ekanligini, ammo yagona determinant emasligini
ko‘rsatadi.

Ko‘p omilli regressiya tahlili. Ko’p omilli regressiya
modeli hosildorlikning mikroiglim parametrlariga yuqori
darajada bog‘ligligini korsatdi (R? = 0,87). Model quyidagi
ko‘rinishga ega bo‘ldi (4-rasm):

Y=-12,4+0,85T+0,43RH+0,015CO_2+0,031LI

22
@
20
18
L]
18 Yoruglik va fotosintez orasidagi boglanish
R2 = 0.488
@
300 310 320 330 340 35

Yoruglik  (lx)

4-rasm. Hosildorlikning prognoz va amaliy
qiymatlari (ko‘p omilli model)

Natijalar shuni ko‘rsatadiki, CO» konsentratsiyasi va
yorug'lik intensivligi hosildorlikka eng katta ijobiy ta’sir
ko‘rsatgan omillar hisoblanadi.

Yorug‘lik intensivligi va fotosintez o‘rtasidagi bog‘lanish
esa nisbatan pastroq bo‘ldi (R? = 0,488), bu eksperimental
diapazonning torligi hamda boshqa fiziologik cheklovchi
omillar mavjudligi bilan izohlanishi mumkin.

Natijalarni ilmiy muhokama qilish. Olingan natijalar
mikroiglim omillarining alohida emas, balki kompleks
boshgaruvi yuqori samaradorlik berishini  ko‘rsatdi.

CO, boyitish fotosintez tezligini oshirish orgali biomassaning
ortishiga xizmat qildi. LED spektrini optimallashtirish esa
fotosintetik faol radiatsiyani magsadli boshqarish imkonini
berdi.

Harorat va namlikning optimal diapazonda saqlanishi
fermentativ jarayonlar barqarorligini ta’minladi. Aynigsa,
VPD ko‘rsatkichining nazorat gilinishi stomatal faoliyatni
optimallashtirib, suvdan foydalanish samaradorligini oshirdi.

Shunday qilib, issigxona sharoitida iqlim omillarini
integratsiyalashgan  boshgarish o'simlik  fiziologik
jarayonlarini optimallashtiradi, resurslardan foydalanish
samaradorligini oshiradi va hosildorlikni sezilarli darajada
ko‘paytiradi.

Grafiklarda regressiya chizig'i atrofida ko‘rsatilgan soyali
hudud chiziqli modelning ishonch oralig‘ini (confidence
interval) ifodalaydi. Ushbu hudud regressiya tahlili natijasida
aniglangan bog‘lanishning statistik noaniglik darajasini aks
ettiradi. Standart holatda soyali maydon 95% ishonch oralig’i
sifatida talqin qilinadi, ya’ni haqiqiy regressiya chizig‘ining
ushbu diapazon ichida joylashish ehtimoli yuqori ekanligini
bildiradi.

Soyali hududning kengligi model aniqligi bilan bevosita
bog‘liq bolib, ma’lumotlar tarqoqligi va namunalar soniga
bog‘liq ravishda o‘zgaradi. Tadgiqotda namunalar sonining
cheklanganligi sababli (n = 4), regressiya modelida noaniqlik
nisbatan yuqori bo‘lib, bu soyali hududning keng ko‘rinishida
namoyon bo‘ladi (5-rasm).

Mikraiglim parametrlarining korrelyatsiya matritsasi

larorat

wuglik
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5-rasm. Mikroiqlim parametrlarning korrelyatsiya
matritsasi
Korrelyatsiya matritsasi mikroiglim omillari va

o‘simlik ko‘rsatkichlari o‘rtasidagi o‘zaro bog'liglikni aks
ettirdi. Eng yuqori korrelyatsiya fotosintez va hosildorlik
ortasida aniqlandi (r = 1,00). Fotosintez jarayoni CO,
konsentratsiyasiga sezilarli darajada bog‘liq bo‘lib (r = 0,93),
bu CO, ning fotosintetik samaradorlikka ta’sirini tasdiqlaydi.
Hosildorlik CO, bilan ham yuqori bog‘lanishga ega (r = 0,90).
Harorat va namlik o‘rtacha darajadagi ijobiy ta’sir korsatdi,
yorug‘lik esa nisbatan pastroq korrelyatsiya bilan tavsiflandi.

Xulosa. Mazkur tadqiqot natijalari o‘simlik o‘sishi va
mahsuldorligi mikroiglim omillariga bevosita va kompleks
ravishda bog‘liq ekanligini tasdigladi.
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Harorat, nisbiy namlik, CO. konsentratsiyasi va yorug‘lik
intensivligining optimal diapazonda boshgqarilishi fotosintez
jarayonining faollashuvi, transpiratsiya muvozanatining
saglanishi va biomassa to‘planishining ortishiga olib keldi.

CO. bilan boyitilgan muhitda fotosintez intensivligi
sezilarli darajada oshdi va bu hosildorlik ko‘rsatkichlarining
40-50 foizgacha ko‘payishiga xizmat qildi. LED asosidagi
spektr nazorati esa fotosintetik faol radiatsiyani magsadli
boshqarish orqali vegetativ rivojlanishni jadallashtirdi va
barg yuzasi indeksining ortishini ta’'minladi. Aynigsa, bug’
bosimi defitsiti (VPD) ko‘rsatkichini 0,8-1,2 kPa diapazonda
saglash stomatal faoliyatni optimallashtirib, suvdan
foydalanish samaradorligini oshirdi.

Ko‘p omilli regressiya tahlili mikroiglim parametrlarining
hosildorlikka yuqori darajada ta’sir ko‘rsatishini (R% = 0,87)
ko‘rsatdi, bunda CO» konsentratsiyasi va yorug‘lik intensivligi
eng muhim determinantlar sifatida namoyon bo‘ldi.

Bu natijalar issigxona sharoitida iqlim omillarini alohida
emas, balki integratsiyalashgan tizim sifatida boshqarish
zarurligini asoslaydi.

Tadqgiqotning ilmiy ahamiyati shundan iboratki,
mikroiglim omillarining kompleks boshgaruvi o‘simliklarning
fiziologik javob reaksiyalarini tizimli ravishda baholash
imkonini berdi. Amaliy jihatdan esa ushbu yondashuv
resurslardan (energiya, suv va CO3) samarali foydalanish,
ishlab chiqarish xarajatlarini kamaytirish va hosildorlikni
oshirishga xizmat qiladi. Kelgusida tadgiqotlar sun’iy
intellekt va mashinaviy o‘rganish asosida mikroiglim
parametrlarini prognozlash, real vaqt rejimida adaptiv
boshqaruv algoritmlarini ishlab chigish hamda turli ekin
turlari uchun differensial mikroiglim modellarini yaratishga
garatilishi magsadga muvofigdir. Bu esa iqlim o‘zgarishi
sharoitida bargaror va yuqori samarali issigxona ishlab
chigarish tizimlarini shakllantirishga ilmiy asos bo‘lib xizmat
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G'O°ZA KO'SAK QURTI (HELICOVERPA ARMIGERA)NI JALB
QILISH VA MONITORING QILISHDA YORUG'LIK DIODLI
TUTQICHLARINING SAMARADORLIGINI BAHOLASH

N.M.Eshpulatov - PhD, dotsent, Sh.X.Xayrullayev - magistrant,
“Toshkent irrigatsiya va qishloq xo‘jaligini mexanizatsiyalash muhandislari instituti” milliy tadqiqot universiteti

Annotatsiya

Ushbu magolada paxta yetishtirish hududlarida g‘o‘za ko‘sak qurti Helicoverpa armigera populyatsiyasini monitoring
qilishda turli to‘lgin uzunliklariga ega yorug‘lik diodli (LED) tutqichlarning samaradorligi tajribaviy ravishda baholangan. Uch
bosqichli dala tajribalari davomida 375-748 nm oralig‘idagi 19 xil monoxromatik LEDIlar solishtirilib, H.armigera kapalaklarini
eng kop jalb gilgan to‘lgin uzunliklari aniglangan. Tadgiqot natijalariga ko‘ra, 385 nm va 395 nm to‘lgin uzunliklariga ega
LED tutqichlar an’anaviy UV qora yorug‘lik tutgichlaridan 2,9 baravar yuqori tutish samaradorligini namoyish etdi. Energiya
tejamkor, selektiv va ekologik xavfsiz bo‘lgan LED texnologiyasining zararkunandalarni erta aniglash va monitoring qilishdagi
afzalliklari asoslab berilgan. Mazkur natijalar integratsiyalashgan zararkunanda boshqaruvi (IPM) tizimida LED asosidagi nurli
tutgichlardan foydalanish istigboli yuqori ekanini ko‘rsatadi.

Tayanch so‘zlar: Helicoverpa armigera, yorug‘lik diodli tutqich (LED trap), to‘lgin uzunligi, integratsiyalashgan
zararkunanda boshqaruvi (IPM), selelktiv jalb etish, energiya tejamkor texnologiyalar

OLHEHKA O9ODPEKTUBHOCTHU CBETOANOAHBIX JIOBYIHIEK
OJISI ITPUBJIEYEHUSA U MOHUTOPHWHTA XJIOITIKOBOTI'O
BOVJIEPA (HELICOVERPA ARMIGERA)

H.M.3wnynamoe - PhD, douenm, III.X. Xaiipynnaee — mazucmpaum,
HauyuonanwvHulii ucciedosamenvckuii yHugepcumem «TaulkeHMCKuUil uHCMuimym uH»¥ceHepoe uppuzayuu u mexaHusayuu
CeslbCK020 xo3aiicmea»

AHHOTaLUS

B cTaTbe 9KCIIEPUMMEHTAIBHO OlleHeHa 3(hGEeKTUBHOCTh CBETOMMOMHBIX JIOBYIIEK C PA3IMUHBIMU JIMHAMM BOJIH AJIST MO-
HUTOPVHTA TOMY/ISIIIMM XJIOMKOBOM coBKM Helicoverpa armigera B XJIOMKOCEONIVX pajioHaxX. B Xome TpexsTamHbIX MOJEBbIX
9KCIIEPMMEHTOB ObUIO MTPOBENEHO CpaBHEeHME 19 pasIMUYHBIX MOHOXPOMATUUECKUX CBETOAMOIOB B Iuarna3oHe 375-748 cH u
OTIpe/ieJIeHbl IJIVHBI BOJH, Hamubosee mpuBieKamle Moib H. armigera. ComiacHO pe3ynbTaTaM UCCIeIOBaHMSI, CBETOIVIO -
HbI€ JIOBYLIKA C JIMHAMM BOJH 385 1 395 cH mpogeMoHCTpupoBaay 3¢ deKTUBHOCTD YIaBIMBaHKs B 2,9 pa3a Bblllle, YeM Tpa-
IUIVIOHHBIE YIbTpabMoIeToBbIe JIOBYIIKM. O60CHOBAHBI MPEMMYIIECTBA SHEPTOIPDEKTUBHOI, CETIEKTUBHO 1 9KOIOTUYECKU
YNMCTOM CBETOAVIOLHO TEXHOIOTUY AJISi pAHHEr0 OOHAPYKeHMSI U MOHUTOPMHTA BpeguTeneii. [TomydeHHble pe3yabTaThl CBU-
eTeTbCTBYIOT O BbICOKON MEePCHeKTUBHOCTU MUCIOAb30BaHMSI CBETOAMOAHBIX CBETOBBIX JIOBYIIEK B CUCTEeMaX KOMILJIEKCHOM
60pb0bI ¢ Bpenutensmu (MBB).

KiioueBbie cioBa: Helicoverpa armigera, cBeTomMomHast JIOBYIIKA, JTTHA BOTHBI, MUHTEIPUPOBAHHAsI 60pbOa C BpeIuUTesI-
mu (UBB), celeKTUBHOE MpUBJIeUYeHne, 3HePro3GHeKTUBHbIE TEXHOIOTUN

EVALUATION OF THE EFFECTIVENESS OF LIGHT-EMITTED
LED TRAPS IN ATTRACTING AND MONITORING THE
COTTON BOWLER (HELICOVERPA ARMIGERA)

N.M.Eshpulatov - PhD, Sh.Kh.Khayrullaev — Master's student,
National Research University “Tashkent Institute of Irrigation and Agricultural Mechanization Engineers”

Abstract

This paper experimentally evaluated the effectiveness of light-emitting diode (LED) traps with different wavelengths in
monitoring the cotton bollworm Helicoverpa armigera population in cotton growing areas. During three-stage field experiments,
19 different monochromatic LEDs in the range of 375-748 nm were compared and the wavelengths that attracted H. armigera
moths the most were identified. According to the results of the study, LED traps with wavelengths of 385 nm and 395 nm
demonstrated a trapping efficiency 2.9 times higher than that of conventional UV black light traps. The advantages of energy-
efficient, selective, and environmentally friendly LED technology in early detection and monitoring of pests are substantiated.
These results indicate that the use of LED-based light traps in integrated pest management (IPM) systems is highly promising.

Key words: Helicoverpa armigera, LED trap, wavelength, integrated pest management (IPM), selective attraction, energy-
efficient technologies
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Kirish. Paxta yetishtirish O‘zbekiston gishloq xo‘jaligi
igtisodiyotining strategik tarmoglaridan biri bo‘lib,
yillik yalpi hosil hajmi va eksport salohiyatini ta’minlashda
hal giluvchi ahamiyatga ega. Ammo paxta agrobiotsenozlarida
uchraydigan asosiy zararli hasharotlardan biri — g‘o‘za ko‘sak
qurti (Helicoverpa armigera) — hosildorlikka sezilarli salbiy
ta’sir ko'rsatib kelmoqda. Bu zararkunanda 200 dan ortiq
o'simlik turlarida oziglanishi, yuqori moslashuvchanligi,
bir mavsumda bir nechta avlod berishi va uzoq masofalarga
migratsiya gilish xususiyati bilan ajralib turadi. Shu sababli
H.armigera O‘zbekistonning barcha asosiy dehqonchilik
hududlarida, jumladan, Farg‘ona vodiysi, Mirzacho'l,
Qashqadaryo, Surxondaryo va Xorazm mintaqalarida
muntazam uchrab turadigan va vyirik iqtisodiy zarar
keltiradigan zararkunandalardan biridir.

O‘zbekistonda paxta yetishtirish tizimida uzoq yillar
davomida kimyoviy vositalar asosiy nazorat chorasi bo‘lib
kelgan. Biroq insektitsidlarni kop va takroriy qo‘llash
oqibatida:

- H.armigeraning pestitsidlarga chidamli populyatsiyalari
shakllanmoqda;

- foydali entomofauna soni kamaymoqda;

- agroekotizimlarning barqarorligi buzilmoqda;

- ekologik xavfsizlik va oziq-ovqat zanjiri uchun xavflar
ortmogqda.

Shu sababli so‘nggi yillarda O‘zbekistonda kimyoviy
yuklamani kamaytirish, integratsiyalashgan zararkunandalar
boshqaruvi tamoyillarini tatbiq etish va ekologik xavfsiz,
energiya tejamkor texnologiyalarni joriy gilish bo‘yicha keng
ko‘lamli ilmiy tadgiqotlar olib borilmoqda.

Kimyoviy vositalarning keng ko‘lamda va ko‘pincha
asossiz qo‘llanilishi butun dunyo bo‘ylab insektitsidlarga
chidamlilik darajasining keskin ortishiga olib kelmoqda [1].

H. armigeraning yuqori ko‘payish qobiliyati, mavsum
davomida turli o‘simliklar orasida almashinib oziglanishi
va uzoq masofalarga migratsiya qilishi natijasida,
insektitsidlarga chidamli populyatsiyalar keng hududlarda
barqaror zararkunanda nazoratini izdan chiqarmoqda [2].
Bu esa H. armigera lichinkalarini emas, balki kapalaklarini
nishonga oluvchi ekologik xavfsiz, pestitsidlarga muqobil
nazorat choralariga bo‘lgan  ehtiyojning nihoyatda
ortganligini ko‘rsatadi [3]. G'o'za ko‘sak qurti kapalaklarini
samarali ravishda monitoring qilish va nazorat qilish
uchun yorug‘lik tutqichlari, terak (Populus L.) shoxlaridan
tayyorlangan to‘plamlar, shuningdek kayeromon yoki
feromon asosidagi jozibdor moddalar qo‘llanishi mumkin [4].

Yorug‘lik tutgichlari ko‘p vyillardan beri dalada
qgishloq xojaligi zararkunandalarini monitoring qilish va
nazorat gilishda keng qo‘llanib kelinadi [5, 6]. Shu bilan
birga, an’anaviy yorug‘lik tutgichlarining bir gator jiddiy
kamchiliklari mavjud: masalan, cho‘g‘lanma lampalar yugori
energiya iste’'mol giladi va ularning uzluksiz spektr chigarishi
past tutish samaradorligiga olib keladi [7].

Yorug‘lik chiqaruvchi diod (LED) texnologiyasi ushbu
kamchiliklarning bir nechtasini bartaraf etadi: LEDlar
monoxromatik (yakka spektrli) yorug‘likni juda kam energiya
sarfiga ega holda hosil giladi, bu esa tutqichning ishlash
muddatini uzaytiradi, maqsadli zararkunandalarni selektiv
ravishda jalb qilish imkonini beradi, feromon yoki quyosh
batareyasi texnologiyalari bilan integratsiyalashga yo'‘l
ochadi hamda elektr tarmog‘idan mustaqil monitoringni
ta’minlaydi [8].

Shu sababli, so'nggi vyillarda LED bilan jihozlangan
tutgichlar igtisodiy ahamiyatga ega bo‘lgan keng turdagi
zararkunandalarni monitoring qilish va nazorat qilishda

tobora ko‘proq qo‘llanilmogda [9]. H. armigera ma’lum
tolgin uzunliklariga nisbatan kuchli afzallik ko‘rsatishi
ma’lum bo‘lganligi, LEDlar ushbu zararkunandani jalb qilish
va tutish uchun potentsial muhim vosita bo‘lishi mumkin.
Ushbu tadqgiqotda H.armigera populyatsiyalariga qarshi
LED bilan jihozlangan yorug‘lik tutgichlaridan foydalanish
imkoniyatini baholash magsadida (3 yil davomida) ketma-
ket dala sinovlarini amalga oshirdik. Avvalo, H. armigera
kapalaklarini turli to‘lgin uzunliklaridagi LEDlar ganchalik
jalb etishini solishtirdik. Keyingi bosqichda esa tanlab olingan
tort xil to‘lgin uzunligidagi LEDIar uchun H. armigerani
tutish darajasini taqqosladik. Yakunda, eng jozibador ikki
to‘lgin uzunligiga ega LEDIlarning samaradorligini an’anaviy
gora yorug‘lik (blacklight) tutqichlari bilan solishtirdik.
Bizning tadqiqotimiz zararkunandalarni monitoring qilishda
energiya tejamkor yondashuvlarni rivojlantirishga hissa
go‘shadi hamda iqtisodiy ahamiyatga ega, global miqyosda
tarqalgan ushbu zararkunandaga qarshi integratsiyalashgan
zararkunanda boshqaruvi (IPM) vositalari majmuasini
kengaytiradi.

Materiallar va usullar. H. armigera uchun LED asosidagi
tutgichlardan foydalanish imkoniyatini tasdiglash maqgsadida
biz uch yil davomida uch bosqichli dala tajribalarini amalga
oshirildi. 1-tajribada 5 Vt quvvatga ega bo‘lgan LEDlar
go‘llanilgan 19 ta alohida to‘lqin uzunligining (375, 395, 418,
440, 460, 484, 506, 528, 538, 550, 572, 594, 616, 638, 660, 682,
704, 726 va 748 nm) nisbiy jalb etishi baholandi. 2023-yilda
dala sinovlari H. armigera kapalaklarining populyatsiyasi
eng yuqori darajaga yetadigan iyuldan sentyabrgacha davr
davomida o‘tkazildi.

Tajribalar O‘zbekiston tumanidagi “Avazxon Sodigov”
fermer xo‘jaligining 5 gektar paxta maydonida o‘tkazildi.
Chigit aprel oyining o‘rtalarida mexanizatsiyalashgan ekish
usulida ekilgan bo‘lib, dala sinovlari davomida hech ganday
insektitsidlardan foydalanilmadi. Hasharotlarni yig‘ib olish
uchunmaxsus to‘rliqop o‘rnatilgan LED lampalar xarid qilindi.
Lampalar paxta poyasi ustidan taxminan 50 sm balandlikda
joylashtirilgan tik po‘lat ustunlar tepasiga o‘rnatildi. Tajriba
maydonlari yorug‘lik tushish darajasi past bo‘lgan gishloq
xojaligi hududlarida joylashgan. Bundan tashqari, ko‘cha
chiroglari yoki avtomobil faralarining ta’sirini minimal
darajaga tushirish magsadida maydonlar asosiy avtomobil
yo‘llaridan 1 km. dan ortiq masofada joylashtirildi.

Har xil tolgin uzunliklaridagi LED tutgichlari paxta
maydoni bo‘ylab taxminan 20 metr masofada bir-biridan
ajratilgan holda joylashtirildi. Xavfsizlik nuqtai nazaridan
yomg'irli yoki shamolli kunlarda LED tutqichlari ishga
tushirilmagan.

Tutqichlar har kuni 18:00 dan ertasi kuni 6:00 gacha
ishlatildi. Yorug‘likka jalb gilingan hasharotlar lampalar
atrofidagi  yuqori  kuchlanishli  panjara  tomonidan
zararsizlantirilib, so‘'ng har bir LED ostida joylashtirilgan
torli qoplarga tushib bordi. Har ikki kunda dala sharoitida
yig‘ilgan namunalarga ishlov berilib, ulardagi H. armigera
kapalaklarining soni aniglab borildi. Har bir to‘lgin uzunligi
uchun uchta LED tutgich (ya’ni, uchta takror) tasodifiy to‘liq
blokli tajriba konstruksiyasi bo‘yicha joylashtirildi.

Keyingi bosgichda, 2024-yilda 2-tajriba o‘tkazilib, jalb
gilishi yugori bo‘lgan to‘lgin uzunligiga ega LEDlar hamda
unga yaqgin bo‘lgan uchta qo‘shimcha to‘lgin uzunliklarining
(375 nm, 385 nm, 395 nm va 405 nm) samaradorligi tizimli
ravishda tagqoslandi. Yuqoridagi kabi dala sinovlari iyuldan
sentabrgacha bo‘lgan davrda a viloyati O‘zbekiston tumani
Avazxon Sodiqov fermer xo‘jaligining paxta maydonlarida
bajarildi. LED tutgichlarni dalaga joylashtirish, ularni
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ishlatish tartibi va H. armigera namunalarini yig‘ish usullari
avvalgi tavsiflangan tartibga o‘xshash oolib borildi. To'rt xil
tajriba to‘lqin uzunligining har biri uchun jami to‘rttadan
LED tutgich (ya’ni, to‘rtta takror) qo‘llanildi.

Nihoyat, 2025-yilda 3-tajriba o‘tkazilib, H. armigerani
tutish bo‘yicha jalb qilish darajasi eng yuqori bo‘lgan ikki LED
tolqin uzunligiga ega tutqichlar (20 Vt) va ultrabinafsha (UB)
gora yorug‘lik tutqichi (365 * 50 nm, 20 Vt) samaradorligi
taqqoslandi.

Tajribalar iyun oyining oxiridan avgust oyining oxirigacha
bo‘lgan davrda Farg‘ona viloyati O‘zbekiston tumani Avazxon
Sodiqov fermer xojaligining paxta maydonlarida amalga
oshirildi. Baholash uchun keng qo‘llaniladigan qora yorug‘lik
lampasi modeli tanlandi. UB qora yorug‘lik tutqichlari va LED
tutqichlarini dala sharoitida joylashtirish, ularni ishlatish va

H. armigera namunalarini yig‘ish usullari avvalgi tartib
bilan bir xil bo‘ldi. Oldingi tajribalardan fargli ravishda, ushbu
bosgichda har bir tutqichdagi H. armigera kapalaklarining
soni har kuni hisoblab borildi. Har bir LED to‘lgin uzunligi
(ikki xil) va UB qora yorug‘lik tutqichi uchun jami to‘rttadan
tutgich (ya’ni, to‘rtta takror) qo‘llanildi.

Normal tagsimot va dispersiya tahlili talablari bajarilishi
uchun dastlab ma’lumotlar kvadrat ildiz ko‘rinishiga
o‘tkazildi. Shundan so‘ng, alohida LED to‘lgin uzunliklari yoki
tutgich turlari o‘rtasidagi farglar bir faktorli dispersiya tahlili
(ANOVA) yordamida baholandi va keyinchalik Dunkanning
yangi ko'p marotabalik diapazon testi (MRT) qo‘llandi. Barcha
statistik tahlillar Statistica 10 dasturi yordamida bajarildi.

Natijalar. 1-tajribada 2015-yilda 395 nm LEDlarga ega
tutqichlar H. armigeraning eng ko‘p gismini (o‘rtacha 33,47
+ 7,51 /30 kun) tutdi. Biroq bu natija 375 nm (22,50 * 1,19)
yoki 418 nm (26,33 * 3,69) LEDlarga ega tutqichlardan
olingan ko‘rsatkichlardan statistik jihatdan farq qilmadi.
Shunga garamay, aynan shu uchta to‘lgin uzunligiga ega
LED tutqichlari boshga barcha to‘lgin uzunliklariga ega LED
tutqichlariga qaraganda sezilarli darajada ko‘proq H. armigera
kapalaklarini tutdi (F = 15,02, df = 18, 38, P < 0,0001) (1-rasm).

2023 yil
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kun)
-
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1-rasm. 2023-yil davomida Helicoverpa armigera
kapalaklarini tutishda 19 ta alohida to‘lqin
uzunligiga ega LED bilan jihozlangan tutqichlarning
nisbiy samaradorligi

Ustunli grafiklar davrda o‘tkazilgan tajribalar davomida
har bir tutqich tomonidan 30 kunlik davr ichida tutib olingan
H.armigera kapalaklarining o‘rtacha soni ko‘rsatilgan. Har bir
ustun tutqichning o‘rtacha natijasini anglatadi.

2-tajribada eng jozibador to‘lgin uzunligi (395 nm)
va unga yaqin uchta qo‘shimcha to‘lgin uzunliklari (375,
385 va 405 nm) o‘rtasida tutish samaradorligi taqqoslandi.
2024-yilda 385 nm LEDIlarga ega tutgichlar ko‘proq H.
armigera (323,67 # 71,93 dona) tutdi, biroq bu natija 405 nm

LEDIi tutqich natijasidan statistik jihatdan farq gilmadi. Shu
bilan birga, 375 nm va 395 nm LEDIi tutgichlarga nisbatan
yugori bo‘lgani aniglandi (F = 54,57, df = 3, 12, P = 0,0624)
(2-rasm).
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2-rasm. 2024-yil davomida Helicoverpa armigera
kapalaklarini tutishda to‘rt xil to‘lqin uzunligiga ega
LED tutgichlarning nisbiy samaradorligi

Ustunli grafiklarda Farg‘ona viloyati O‘zbekiston tumani
Avazxon Sodiqov fermer xo‘jaligining paxta maydonlarida
har bir tutqich tomonidan 30 kun ichida tutib olingan
H. armigera kapalaklarining o‘rtacha soni ko‘rsatilgan. Har
bir ustun tutgichning o‘rtacha natijasini bildiradi.

3-tajriba davomida dala sharoitida tutib olingan H.
armigera soni 385 nm LEDlar bilan jihozlangan tutqichlarda
eng yugqori bo‘ldi (ya'ni, 30 kun ichida o‘rtacha 1015,37 *
306,94 dona). Ushbu ko‘rsatkich UB qora yorug‘lik (blacklight)
tutqichi hamda 395 nm LEDIi tutqich natijalaridan sezilarli
darajada farq qildi (F = 7,04, df = 2, 9, P = 0,0145) (3-rasm).
Shuningdek, 385 nm LEDIi tutgichlarda dala sharoitida tutib
olingan H. armigera o‘rtacha soni qora yorug‘lik lampasiga
nisbatan 2,91 baravar yuqori bo‘ldi.
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3-rasm. 2025-yilda LED va UV qora yorug'lik
tutqichlarida tutib olingan Helicoverpa armigera
kapalaklarining o‘rtacha soni (1-UB qora yorug‘lik;
2-285 nm; 3-395 nm)

Ustunlar har bir tutqich tomonidan 30 kunlik davr
davomida tutib olingan H.armigera kapalaklarining o‘rtacha
miqdorini ko‘rsatadi. LED tutqichlar 385 yoki 395 nm to‘lgin
uzunligida yorug‘lik chigaruvchi diodlar bilan jihozlangan.
Har bir ustun tutqichning o‘rtacha natijasini bildiradi.

Ustunli grafiklarda paxta maydonlarida har bir tutgich
tomonidan 30 kun ichida tutib olingan H. armigera
kapalaklarining o‘rtacha soni ko‘rsatilgan. Har bir ustun
tutgichning o‘rtacha natijasini bildiradi.
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3-tajriba davomida dala sharoitida tutib olingan H.
armigera soni 385 nm LEDlar bilan jihozlangan tutqichlarda
eng yuqori bo‘ldi (ya’ni, 30 kun ichida o‘rtacha 1015,37 *
306,94 dona). Ushbu ko‘rsatkich UB qora yorug‘lik (blacklight)
tutgichi hamda 395 nm LEDIi tutqich natijalaridan sezilarli
darajada farq qildi (F = 7,04, df = 2, 9, P = 0,0145) (3-rasm).
Shuningdek, 385 nm LEDIi tutqichlarda dala sharoitida tutib
olingan H. armigera ortacha soni qora yorug‘lik lampasiga
nisbatan 2,91 baravar yuqori bo‘ldi.

Muhokamalar. Yorug‘lik chiqaruvchi diodlar (LEDIlar)
cho‘g‘lanma lampalarga nisbatan ancha energiya tejamkor
bo‘lib, mono-xromatik (yakka spektrli) yorug‘lik hosil giladi.
Bu esa yorug'lik spektriga sezgir bo‘lgan hasharotlarning
tutish oralig‘ini toraytirgan holda tutgich samaradorligini
oshiradi [10]. Shunday qilib, tor diapazonli LEDIlarning
hasharotlar uchun jozibadorligini va selektivligini oshirishi
kimyoviy bo‘lmagan zararkunandalar nazorati bo'yicha
innovatsion yondashuvlarning shakllanishiga imkon yaratadi
[11]. Ar’anaviy qora yorug'lik tutqichlari kabi, LED bilan
jihozlangan tutgichlar ham bir nechta turdagi o‘simlikxo‘r
hasharotlar va ularning tabiiy dushmanlarini tutib oladi.
Biroq hasharotlar ko‘pincha turga xos yorug‘lik spektriga
sezgirlikka ega bo‘lganligi sababli, ushbu tadqiqotimiz turli
LED to‘lgin uzunliklari yoki an’anaviy yorug‘lik tutqichlari
bilan LED tutqichlari o‘rtasida faqat bitta tur H. armigera
ning nisbiy jalb qilinish darajasini baholashga qaratildi. Ko‘p
yillik dala tajribalariga asoslanib, 385 nm to‘lqin uzunligiga
ega LED bilan jihozlangan tutqichlar H. armigera kapalaklari
uchun juda yuqori jalb qilish darajasiga ega ekanligini
ko‘rsatdi. Natijalar shuningdek tor diapazonli LEDIlarning
qo‘llanishi mashhur UB qora yorug‘lik tutqichlariga nisbatan
tutish samaradorligini 2,91 baravar oshirishini tasdiglaydi.

H. armigerani tutish bo‘yicha tajribalar songgi vyillar
davomida bajarilgan laboratoriya va dala tadgiqotlari
majmuasiga tayandi. Elektr to‘rli yorug‘lik tutgichlaridan
foydalangan holda o‘tkazilgan tajribalar H. armigera
kapalaklarining 333 nm va 383 nm to‘lqin uzunliklaridagi
yorug‘likka eng kuchli fototaksik javob ko‘rsatgani aniglagan.
Boshqa laboratoriya tajribalari H. armigera kapalaklarining
483 nm tolgin uzunligidagi yorug‘likni afzal ko‘rishini
namoyish etgan [12]. Shu bilan birga, elektroretinogramma
(ERG) yozuvlari ushbu kapalak turining monochromatik
yorug‘likka spektral sezgirligida uchta alohida cho‘qqi
mavjudligini ko‘rsatgan: 400 nm, 483 nm va 562 nm [13].
Mazkur xulg-atvor javoblari fiziologik kuzatuvlar bilan ham
tasdiglandi: H. armigeraning murakkab ko‘zlarida joylashgan
opsin genining ekspressiyasi ultrabinafsha (UV, 300-400 nm)
to‘lqin uzunliklariga ta’sir gilgandan so‘’ng oshganligi gayd
etildi [14].

Yuqorida keltirilgan in vitro tajribalar  bilan
taqqoslaganda, dala sinovlari biroz boshgacha natijalarni
ko‘rsatdi. Cho‘g‘lanma lampalar tomonidan chigariladigan
nisbatan keng spektrli yorug‘likka ta’sir qilinganda, H.
armigera kapalaklari 380 nm, 455 nm va 585 nm to‘lgin
uzunliklaridagi yorug‘likka sezgirlik namoyish etgan [15].
Tajribalarda esa, monochromatik yorug‘likka ta’sir etilganda,
2014-2015 yillarda 395 nm, 2017-2019 yillarda esa 385 nm
to‘lqin uzunligi H. armigera tomonidan eng yuqori darajada
jalb qilinishga olib keldi. H. armigera kapalaklarining turli

yillar va turli joylardagi to‘lgin uzunliklariga nisbatan
reaksiyasi o‘zgarib turganini inobatga olganda, ikki to‘lgin
uzunligi birgalikda qo‘llanilganda (double-wave light)
tutish samaradorligini yanada oshirish imkoniyati mavjud.
Ba’zi hasharot turlarida bir vaqtning o‘zida ikki yoki undan
ortiq to‘lgin uzunliklarida yorug‘lik chiqarilishi ularning
jozibadorligini va tutish samaradorligini oshirishi ma’lum
bo‘lgan. Shuningdek, H. armigerani tutishda qo‘llangan [16]
bolib, ular LED yorug‘lik tutgichlarining monitoring va
zararkunandalarni nazorat gilishdagi samaradorligini yanada
kuchaytirishi mumkin.

Vengriyadagi avvalgi tadgiqotlar migrant paxta g‘oza
qurti bo‘yicha yorug‘lik tutgichlari va feromonli tutqichlar
natijalari o‘rtasida sezilarli tafovutlar mavjudligini ko‘rsatgan,
ya’ni H. armigera erta yozda yorug‘lik tutgichlari yordamida
aniglanmagan [17]. Ushbu tadgiqotda esa 2023-2024 yillarda
olingan natijalar o‘zaro izchil bo‘lib, H. armigerani eng ko‘p
tutgan to‘lgin uzunligi 395 nm LEDlar bo‘ldi. 2025-yilning
iyun-avgust oylarida an’anaviy UV qora yorug'lik tutqichlari
bilan 385 nm yoki 395 nm LED tutqichlari o‘rtasida tutish
ko‘rsatkichlari o‘xshash bo‘ldi. Shunday gilib, bizning
tadgiqotimizda turli yorug‘lik tutgichlari orasida tutish
samaradorligi bo‘yicha mavsumiy farglar aniglanmadi.

Tadgiqotda yetarlicha yoritilmay qolgan jihatlardan biri
hasharotlarning sutkalik ritmi va ularning ayrim xulg-atvor
reaksiyalarining foto-yoki skoto-periodlarga bog‘ligligidir.
Tadgiqotlarda LED asosidagi tutish tizimlari, masalan,
qarag‘ay ipak qurti Dendrolimus abulaeformis eng faol javobni
23:30 dan 1:00 gacha ko‘rsatishini namoyish etgan. Shu bilan
birga, H. armigera kapalaklari asosan 2:00 dan 4:00 gacha
bo‘lgan vaqt oralig‘ida tutgichlarga tushishi aniglangan.
Demak, H. armigeraning tungi faolligi va fototaksisini chuqur
o‘rganish LED tutqgichlaridan foydalanishning optimal vaqtini
aniglashga yordam beradi. Bu esa tutish samaradorligini
oshirish bilan birga qishloq hududlarida sun’iy yorug‘lik
ifloslanishining ortigcha kuchayib ketishining oldini oladi.

Xulosa: O‘tkazilgan uch yillik dala tajribalari Helicoverpa
armigera kapalaklarining vyorug‘lik spektriga sezgirligi
tor diapazonli LEDlar yordamida samarali boshqarilishi
mumkinligini ko‘rsatdi. Tajriba natijalari 385 nm va 395 nm
to‘lgin uzunligiga ega LED tutgichlar paxta maydonlarida
an’anaviy UV qora yorug‘lik tutgichlariga nisbatan 2,9 baravar
yuqori tutish samaradorligini ta’minlashini tasdigladi. Bu
LEDlarning monoxromatik nuri kapalaklarning fototaksik
xatti-harakatiga bevosita mos kelishi bilan izohlanadi.

Shuningdek, dala sharoitida olingan natijalar LED
texnologiyalarining energiya tejamkorligi, uzoq muddatli
ishlash imkoniyati, selektiv jalb gilish xususiyati va ekologik
xavfsizligi tufayli H. armigera populyatsiyasini monitoring
qilishda istigbolli vosita ekanini ko‘rsatdi. Ushbu yondashuv
pestitsid yuklamasini kamaytirish, erta ogohlantirish
tizimini kuchaytirish va integratsiyalashgan zararkunanda
boshqaruvi (IPM) samaradorligini oshirishga xizmat qiladi.

Umuman, tadqiqot natijalari 385 nm to‘lqin uzunligidagi
LED tutqgichlar H. armigerani dalada aniglash va monitoring
qilishda eng optimal texnologiya ekanini ilmiy asoslab
berdi hamda ularni keng amaliyotga joriy etish qo‘shimcha
igtisodiy va ekologik samaradorlik yaratishini ko‘rsatdi.
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