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VYT: 635.45

COSAHUHT “HA®HNC” BA I'VIKAPAMHUHT “PACKOT”
HABUHU EMFUPJIIATUB CYFOPUIII CAMAPAZTOPIIUTU

C.X.Hcaes - K.x.¢.0., npodeccop, “TUKXMMU” MTY, X.C.Xycan6aesa — dokmopanm, IICYEAUTH,
C.A.Ijcmnasaposa — dokmopanum, “THKXMMH” MTY, X./I.Hapsynnaes — dokmopaum, “THKXMMH” MTY
AHHOTaNMSA

MabIyMKH, KeVHTY AWUIapaa MKJIMM Y3rapuImMHU Taxjiapra Hasap coinaguran 6ycak, 1960—-2014 iinmnapaaru 4yuyk
CYB MCTE€BMOJIMHM 6ax0/all KypcaTKUWiapura Kypa, skaMmu 9y4dyk cyB capGuauHT 70 Gom3y KUIIIOK, XYKaIUTU Ba YOPBAUMIIMK
CEeKTOpPIapH XMUccacura TYFpU KelraH 6ymm6, mMyHIaH KUIUIOK, XyKaauru epaapuauur 20 ¢ousu cyropuiaguras epnaap 6yamo,
Oy epnapia >kKaMiu 03UK-OBKAT MaxCylIoTH XaXKMUHUHT 40 honsu Uiab Yukapuirad. AXOIMHUHT 03UK-OBKAT MaxCy/Io0Tiapra
GY/IraH SXTUEKIAPUHN KOHAMPUII Ba CYyB pecypcaapuaH camapany doiiganaHnuin Makcamyuaa TOIMKEHT BUTOSITUHUHT YTIOKU
6Y3 TympoKIapu mapouTuaa cosauur “Haduc” xamaa ryJakapaMHUMHT “PackoT” HaBlIapyHy NIapBapyuiLIaliga éMEUPIATUO CYFO-
puinga cosHuHr “Haduc” HaBMHM CyFOPUILTHMA YTIOKM 6Y3 TYTIPOKJIAp YCYB JaBpy IaBoMuza 3-5-5 TU3UM/IA, Xap rajiry CyFOPUIII
Mebepu 220-230 m3/ra MaBcymumit cyropuinl Mebepu 2880 M3/ra Xxama ryIkapaMHMHT “PackoT” HaBUMHM YCyB JaBPU AaBOMUIA
2-4-5 T3uMAaa, Xap rajaru cyropuin mebepu 220—-225 mM3/ra, MaBCyMuit cyropuIl Mebepu 2440 m3/ra MebEpaa EMFUPIATUG CYFO-
PWITaHIUTY GAEH STUIITAH.

TastHU c¥371ap: COsI Ba IyJKapam HaBaapu, EMFUPIATUO CYFOPUIIL YCY/IM, TYTIPOKHUHT FOBAKIUTY, TYTIPOKHUHT CYB YTKa3yB-
YaHJIUTY, YeKJIaHTaH Jaia HaM CUFVMU, CyFOPUII MeBbEPU, CYFOPULLI My IaT/Iapy, MaBCyMMI CYFOPUIIT MebEPH, COS Ba I'y/IKapaM-
HUHT YCUG-PUBOSKIAHUIIN, SKUHIIAP XOCUITTOPIINATA.

OPOPEKTHNBHOCTD CIIOCOBA ITOIUBA JOXXAEBAHUEM
ITIPU ITOJINBE COPTA PACTEHNH COU “HA®UC”
U LIBETHOU KAITYCTBI “PACKOT”

C.X.Hcaes - 0.c.x.H, npopeccop, HIY “THUHUMCX”, X.C.Xycan6aesa — dokmopanm, HUUCCABX,
C.A.Jlycmnasapoea — dokmopaum, HUY “THHUMCX”, JK./I. Hap3synnaee — dokmopaum HUY “TUUHMCX”
AHHOTa VA

AHanu3 u3MeHeHusI KmaTa B rocenyronye roasi ¢ 1960 o 2014 mokasai uto 70% o6111ero noTpe6ie s IpecHoi BOAbI ITPU-
XOAWIOCH Ha CeTbCKOe XO3S1CTBO U SKMBOTHOBOACTBO, 13 HUX 20% COCTaBJISUIM OpollIaeMble 3eMJIU CeIbCKOX03SI/ICTBEHHBIX YTOAMIA,
Y Ha 3TUX 3eMJISIX IIPOM3BOIMIOCH 40% BCero Mpov3BOACTBA MPOAYKTOB MUTAHNS. B 1e/ISIX yBeMueHysI TOTpeOHOCTY HaceeHsT B
MTPOMYKTAX MUTAHNMS Y PAI[IOHATBHOTO MCITONb30BaHVSI BOMHBIX PECYPCOB B YCIOBMSIX CEPO3€MOB TallIKeHTCKOM 06/1aCTy IPYMEHSII-
€51 C110c06 MOMBa JOKIEBAHMEM KyJIbTYp cou copra “Haduc” mo cxeme 3-5-5 B TeueHye BereTaliOHHOr0 IOIMBHbIE HOPMbI COCTAB-
ns 220-30 M3/ra, opocuTenbHasg Hopma 2880 M%/ra, y copTa L[BETHOJ KapyCThl “PackoT” 1o cxeme 2-4-5 B TeueHye BereTalyiOHHOro
neprofa TOMMBHbIE HOPMbI cocTaBsu 220-225 m%/ra, opocuTenbHast Hopma 2440 m%/ra.

KiroueBble c/10Ba: BUIbI COM M IIBETHON KaITyCThI, CIIOCOO TIOMMBA TOKIEBAHMEM, TIOPUCTOCTD MTOYBbI, BOIOITPOHMUIIAEMOCTD,
TpefiesibHasI 1oJieBast BIar0EMKOCTb, HOPMbI TIO/IMBA, CPOKM OPOCUTETbHAsI HOPMa, POCT 1 Pa3BUTHME COM U IIBETHOM KaITyCThl, ypO-
SKafHOCTD KYJTBTYD.

EFFICIENCY OF THE SPRINKLING IRRIGATION METHOD FOR
IRRIGATION OF SOYAN “NAFIS” AND CAULIFLOW PLANTS
“RASKOT”

S.X.Isaev - Doctor of Agricultural Sciences, Professor, NRU “TIIAME”, Kh.S.Khusanbaeva - doctorant, CBSPARI,
S.A.Dostnazarova - doctorant, NRU “TITAME?”, ].D.Narzullaev - doctorant, NRU“TITAME?”.
Abstract

As you know, if you look at the analysis of climate change in subsequent years, then fresh water indicators from 1960 to 2014, 70%
of the total fresh water consumption accounted for agriculture and animal husbandry, of which 20% is irrigated agricultural land, and
on these lands produces 40% of the total food production. In order to reduce the population's in the Tashkent reion, the method was
used for soybean crops "Nafis" variety was applied, watered accordin to the 3-5-5 scheme durin the rowing season, irriation rates werw
220-230 m*/ha, irrigation rates were 2880 m3/ha, in the color carousta variety Raskot" 2-4-5 during the growin season in the sustem,
irriation rates are 220-225 m/ha, irrigation rates are 2440 m%/ha of irrigation.

Key words: soybean and cauliflower species, sprinkling irrigation method, soil bulk density, soil porosity, soil water permeability,
field capacity limit, irrigation rates, irrigation timing, irrigation rate, growth development of soybeans and cauliflower, crop yields.
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vpui. X03upaa qyHE axOIMCUHUHT COHU Omnb 60-
pUIIM HaTIDKAaCcKUIa O3UK-OBKAT MaxCyJaoTiapura
6YnraH Tanab KyH caiiuH optub 60pMokaa. [lyHéna cost 9Ku-
HU 122,1 MJH. TeKTap MaiigoHda acoCuii xamaa TaKpopuii
9KMH cubaTuaa eTUITUPMIMOKIA. DKUH MaiiioHu 6Yiinda
GYE0¥1, IOV Ba MAKKaKYXOPUIAH KeMVH TYPTUHUM YPUHHA

sraJUIaiau Ba MMJIIMK SINU J0H Xocuau 220,6 MIH. TOHHAHU
tamkua sTaau. AKII, Aprentnna, Bpasuinst kabu gasiatiap
COSI IOHM 9KCITOPTHU OYiinya eTakuM YpUHHM srayuiaign. Xu-
toit, Kopest Ba 6omika Ocué mamiakaTiapy acoCcuii MMIIOPT
KwryBumnapaup. ®AO MabiaymoTIapura Kypa, AyHé 6yinda
2021 vinnpa 1,66 MJIH. TOHHA COSI TOHU €TUINTUPUIAAU. By

e
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VIPPUTALIVIS BA MEJTMOPALIVIS

KypcaTkuu Xap imam 2,2 pousra onmoxaa xamaa 2030 iini-
ra 6opu6 371,3 MJTH. TOHHA XOCWJT OJTUII KYTWMIMOKAA [1, 2].

Xamkapo CyB pecypuiapyMHM OOMIKAPUIL MHCTUTYTU
(IWMI) xpcob6-kuTobnapura kypa, 2025 iiniara 6opmb qyHéma
TaxMWHAH 3,5 MJIPJI. aX0/IY CYB TAHKUCIUTY MyaMMOCUTa Iyd
KeMuIIyM MyMKWH. XyCycaH, PUBOKJIAHAETraH JaBiaTiapaa
TabUUI pecypuiapHM GOIIKAPUITHMHT MYKaMMal CTpaTe-
IVMSICY Ba CMECATMHMHT aMajiia UIUIaMaciauru xucobura Oy
Kypcatkuu 1,2-1,8 myH. kummra etagnu. 2080 iivira 60pu6
3Ca SKMHJIAPHYU CYFOPUII CAaMapafgopIUTMHMHT OIIUIINTA Ka-
pamMacaaH, rio6an UKJIUM, 06-XaBo, EFMHTapuYMINK Ba YCUM-
JIUKIAp BereTauusi NaBpPUHMHT Y3rapub KeTumm cababmau
Yy4yK CcyBra 6yyran tTanab 25 dbousra optuim 6amopaT Ku-
JIMHMOKJA [3].

Xosupru KyHza 6yTyH nyHéna 17 Ta masiat “yra 0okopu”
JapajkaZia CyB TAHKMCIUTUTA yuparaH MamIakatiap Xucoo-
naHay. Y36€KICTOH Ma3Kyp KypcaTKud 6¥itnda 164 Ta nas-
naT opacupa 25-ypuHpa typaay (6enuiMK mkanaga 2-mapa-
Kaza), TbHM “I0KOpKU” mapaxaza CyB TAaHKUCIUTUTA yuparaH
JaBjaTiaap KaTopura Kupaiu.

V36exmcToH axomcuaMHT 2030 fivra 60pub, Kapuité 40
MJTH. KUIIIUTA eTUIIM MaBKy[, CyB pecypcIapuHuHr 7-8 kmv®
ra KMCKapUIIMHM KeaTupub umkapaau. ByHmaii mapoutoa
CYB TaHKMCIUTK gapaxkacu 13—14 ¢ousman 44-46 ¢pousraua
OIIMIIM MyMKMH. By 3ca KUIIJIOK XYSKQJIUTMHUHT PUBOSKIIA-
HUIIUTA Canbuii TabCcup Kypcataau [4].

ApaGuériap TaxIuiIM Ba MacCIaHMHT KyAWIMIIN.
Cost HABJIApPUHM acoCuii SKMH cudaTtuga TOMUMIaTnuG Cyro-
puml ycyaupaH doiiiasaHraH Xonga eTUINTUPUIL XaM[aa
YHUHT GMOJIOTUSICY Ba €TUIITUPUII arpOTEXHOIOTHUSIIAPUHI
Yyprauum 6yinda xopwkna B.B.Memuxos, H.A.Top6auosa,
E.Il.bopoBoii, O.A.bennk, K.A.Tumnpsizosa, B.N.Ky3He1oB,
A.C.OBumuHuKoB, C.A.Kyp6anos, M.H.JIsiToB, I1.BaBuUioB,
A.Bab6uu, I.Iloceinados, JI.Bucio6okosa, O.MBanosa, C.U-
BaHOB, JI.['y6aHoB, B.JIuTBMHOB., A.CeBOCTbSIHOB, M.Mu-
pomanuenko, C.AHToHOB, E.Edumon, A.Nel, H.Loubser,
P.Hammes, mamyakatumusza sca K.MupsaxkoHos, X.Araba-
esa, I.Epmarosa, Y.Hopkynos, H.Xamunos, B.Xanukos, C.1-
caeB, ®.Hamo308B, V.HebMaToB Kabu oauMmMIap TOMOHUIAH
KeHT KaMpOBJIM WJIMMIT Uiiap onmb 6opuirat [5, 6, 7].

[lynuHroex, acocuii MyanaTiapia MaskKyp S5KMH HaBja-
PUHU TTapBapUILIalga MUHepana YFUTiap 6MIaH O3UKJIaH-
TUPUILI MEBEPIAPU, COSHM MaAKKaKyXopyu OwmiaH Kyuimo
SKUII arpOTEXHOIOTUSICH, COST BA KYHTAOOKAPHM € TUIITUPUIIL
arpoTeXHOJIOTUSICY  3JIEMEHTIAPUHM  TaKOMMUJUTAIITUPALIL,
IOH cudaTura arpoTeXHOJOTMK Tamoupaapra GOFIUKIUTY
IVHAMMKACMHM aHUKJIAN 6Yiinua XxaM YyKyp M3JaHMUIUIAP
onunb 6opwirax [8, 9, 10].
|
A

IOxopupmaru MmyaMMmonapaaH Kenub umMkub, MaMIaKkaTh-
MM31a KeMVHTHY iiniapaa Ky3ry OyFmoii, Fi3a, cost, ryJkapam
Ba 6OIIKA SKVHIAPHU €TUIITUPUIIA STHTYM MHHOBAIIVIOH Te-
SKaMKOD CYFOPUIII TEXHOIOTUSITIAPVHY UIIITa6 YMKUII Ba ama-
JIMETra JKOpUii STUII Jon3apb Macana Xucobmanau [11, 12].

TagKMKOTHUHT MaKcaay: TOIKeHT BUIOSITMHUHT YT-
JIOKM-6Y3 TYMPOKIApy IMApPOUTHUIA COST Ba TyIKapam YCUM-
JIMKJIAPUHU EMFUPIATUO CYFOPUIN YCYIVHYU MIUIA0 UMKUII
XycobiaHamgin.

TagkUKOT 00bekTu crudatuaa TOMKEHT BUIOSTUHWHT
KaOVMAAaH CYFOPWIAIUTaH, YTI0KY 633 TYIIpOKIapu, EMFUP-
JIATUO CYFOPUII YCYIIU, COSI, TYJIKapaM YCUMIMKIAPY ONVH-
raH.

TagKMKOTHUHT IIPegMeTy EMFUPIATUO CYyFOPUIIT YCYIIH,
CyFOPMIII COHM, MaBCYMUJi CYFOPUII MeBEPH, COSI Ba TyIKa-
PaMHVHT YCUIIN, PUBOSKJIAHUIIN, XOCVIIIOPIUTY XMCOOIaHa-
I,

TagKMKOTHUHT YCY/UIapy WIMUI Takpuba TaaKMUKOT-
Jlapy JlabopaTopus Ba Jaja Takpubanapuuu yTkasuil, de-
HOJIOTMK Ky3aTMII Ba GMOMETpMK Ymyaumuiap ~MeTomuka
TOCYJJapCTBEHHOTO COPTOUCITBITAHUSI CEJIbCKOXO3SI/ICTBEH-
HBIX KyJIbTyp”, “Mlana TaxkpubaaapHy YTKasuin ycay6mapu”
(V3IIUTU) acocupa onub 60puaan. Cost Ba IyaKapaM XOCUIIN
Mabiaymoriapura B.A.JJocriexoBHMHT “MeTonyKa MoJeBOro
oTbITa” KY/ITAHMACKU ATy IMCIIEPCYOH Tax/IWJT yCTyOU XaMaa
KOMITBIOTED AACTYPU €pAaMuaa MaTEeMATUK-CTATUCTUK TaX-
JIATT KMJTUTIL YOTyOUi KYJuTaHMaiapyra puost KUIVHTaH X0aa
yrrasmiou [13, 14, 15].

TagkukoT HaTyoramapu. 2022 jinn “TUKXMMU” MTVY-
HMHT YKYB-WIMMII Taxpuba MapKasu XyayOMUAa COSHUHT
“Haduc” HaBM, ryIKapaMHMHI “PackoT” HaBUHM EMEUD-
JIaTMO CyFopuIn yCynu Oyida miamuii TankukoTaap 0,67 ra
Maiigonaa onub 6opunau (1-pacm).

2022 iimn 11 anpenb KyHM cossHMHT “Haduc” HaBUHUHT
cynep snuta ypyeu sxwinu. Cost HAaBMHM MapBapuiniamga 3
MapTa xXalapomiapra Kapum MIuioB 6epwigyu, 6 Mapra Ka-
TOp opacura MIUIOB 6epminu, 6eroHa ymiapra Kapim Kyt
Kyur €épgamuia 5 mapra uiioB 6epuiann, 5 Mapra aratiab
Ba 13 mapTa éMrupnaTu6 Cyropwira 6yica, ryaTkapaMHUHT
“PackoTr” HaBM 3ca 5 Mapra sratiab Ba 11 mapra éMrupnaTtu6
CyFOPMII MUILIJIapY amajra ommpwinn [16, 17].

Taxkpnba MaiiIoOHM TYIPOFVHMHT MEXaHUK TapKUOVHU
aHMKJIAI 6yiinya YTKa3uIraH 1abopaTopus TaxImjuiapu Ha-
TyoKalIapy Kypa XaligaamMa KaTaamu ypTa, MacTKy KaTaamia-
PV €HI'WJT KYMOK/JIaH TaIIKWJI TOTITaH, TECCUMOH ETKU3UKIap-
Ia SKojutamraH, GOTKOKJIAHMINra MOVWI, CYFOPWIaguUraH
YTI0KY 6Y3 YHYMIOPIUTY TIACT TYIMPOKJIapAaH M60paTInru
a"nukiaanau [18, 19, 20].

— e

1-pacm. Cos 8a zynkapamHu EMFUpaamub Cyropuil cxemacu
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TYIPOKHMHT arpOKMMEBMI Tax/ MM YUyH yMyMuii HoH
cudaTuga OMMHraH TYIPOK HaMyHaJlapuia TYIPOKHUHT
0-30 cMm xaitgoB KaTiamaa rymyc mukaopu 0,822%, xaitgos
octy 30-50 cm kaTamaa 0,810 dhou3HM TAIIKWII KWIraH G-
ca, UIYHMHTOEK, acCOCUIl 03MKa MOAIanapiaH yMyMuMii a3oT
Ba (ocdop smeMeHTIAPUMHMHT MUKAOPH YIIOY KaTiamiapia
myTtaHocu6 pasuiga 0,089-0,077% Ba 0,094-0,088% aTpo-
dupma 6ynran 6yica, TyIpok Tapkubumaru 03mka Mojsanap-
HMHT XapakaTyaH makm NO, 9,89-8,7 mr/kr, P,0O, 18,7-16,9
xamaa K,0 158-146 Mr/Kr KypcaTKM4IapHy TaLIKM/I 3TTaH-
JIUTY aHUKJIAHIN.

TYIPOK XKMMIT MaccacMHM aHUKJIall YIyH OelrmiaHral
KaTaaMIapAaH TYMpoK HaMyHaaapy Maxcyc, XasxkMiu MabayM
6yara” muMHApaa onub maboparopusra oanb kenuHau. Ty-
MIPOKHMHT XaKM Maccacy KypyK TYIIPOKKa Huco6aTaH 6yiaraH-
JIATY YUYH aBBaJl TYIPOKHMHT HAMJIUTUMHM aHUKJIa6 OMMHIN
Ba TYMPOKHMHT CO} OFUPIAUTUHM HWIMHIP Xaskmura 6yin6,
Kyiuparu hopmysia OpKaau TYIIPOK Xaskm Maccacu aHUKJIaH-
I

P
d=—
v )

Oy epaa: d — TYIIPOKHMHT XakM Maccacy, P — IMMHApaa-
TU TYMPOKHMUHT COGd OFUPIUTH, T, V — IUIMHAPHUHT XakKMMU,
cmd.

IlyHMHTAEK, Typiau Tympokjaapaa roBakimk 40-50%
arpoduma 6yaamgm.

TympoK FoBaKIUryu Kyiiuzparu dbopmyna opkanu udopa-
JIaHAIN:

d =100

2,70 2)

Oy epma: P — TYIPOKHMHT FOBAKINUTH, %, d — XaXKM OFUP-
JIUTY KU TYTIPOK 3Uwinry, 2,70 — YTIoKu-6Y3 Tympokiap-
HMHT ypTaya COMUIITHPMA XaXKMMU.

Aman naBpu 6oumaa yMyMuit TamiMKaa YpraHuirad Ty-
MPOKJAru arpodu3uK Ky3aTUII HATHKIAPUHUHT KypcaTu-
muyva, Taxkpuba mamacuHMHr 0-30 cM KamIaMuIaru Xasxkm
maccacu 1,28 r/cm3, 0-50 cm. ga 1,31 r/cm3, 0-70 cm. ga 1,34
r/cm® Ba 0-100 cm. ma aca 1,37 r/cm® ra TeHr 6%iraH 6yica,
Taxkprba MaiJOHVMHMHT YpTaua FOBAKIMUIY IOKOPUIAH TACT-
ra kapab kamaiin6 6opau, spaM 0-30 cm. ga 52,9%, 0-50 cm.
nma 51,5%, 0-70 cm. ga 50,4% Ba 0-100 cm. ga 49,3 GousHu
TAaIIKWJI 3TAU.

Taxkprba onmb G6opwiraH MaiIoHAA YCUMIMKIAPHUHT
amaJl [aBpy OXMpura Kejub BapMaHTIAp ypracujaa SHI KaM
MUKIOOPAArU TYIPOK XaXM MAaCCACMHMHI Y3rapuilu Kyiiu-
nmaruua 6YIaM, S’bHM Has3opaT BapMaHTMIA COSI HaBJIapUHU
sratnab cyropumiga 0-30 cm. ma 1,36 r/cm®, 0-50 cm. ma 1,42
r/cm3, 0-70 cm. ma 1,44 r/cm® Ba 0-100 cm. ma 1,45 r/cm3 Hu
TAlIKWI KWIAU. TYIPOKHUHT XaXXM Maccacy KaTTa MUKIOP-
ary y3rapuiiy cosi HABUHM EMFUPIATUO CYFOPUINIA Bapu-
aHTUAA Ky3aTuiagu Ba Termuinyda 1,39, 1,41, 1,43 Ba 1,44 1/
cM® ra TeHT GYJIraHIuru Taskpubama onubd 60puirad TaaKUKOT
HaTWKajgapuaa Ky3aTuiin.

Aman naBpu 601mMIa TYIIPOKHUHT CYB YTKa3yBUaAHIUTHU 6
coaT gaBomupa rekrapura 882 m® uu, 88,2 Mmm. Hu €xu 0,24
MM/MMH. H/ TalIKWJI Kwirad 6yjca, amas gaBpy AaBoMuaa
Takpuba gajacura CyFOPUII MIIAPU XaMIa arpoTeXHUK
TambupIap amaira OIMPUINIIN Xucobura amas JaBpu OXn-
pura 60pu6, TYMPOKHMHT CYB CMHTAVPUII XYCYCUSTIAPHA T1a-
caiumy Ky3aTuiagn.

Aman maBpu 6ommaa Taxkpuba manacugaru TYIPOKHMHT
[ana HaM CUFMMM xaiigoB yctu — 0-30 cm. gu KaTiaMmpa
21,5%, 0-50 cm. i xkatnampa 21,6%, 0-70 cm. ma 21,8%,
0-100 cm. 1 KaTaamMaa sca yprava 22,2 pousHU TalIKWII 3T-

P =100 —

TaHJINTY Ky3aTU/IAM Ba Beretauus gaBpuaa cosl Ba ryakapam-
HU Xap rajaru Cyropuuuiap TYIPOKHMHT Jajia HaM CUFUMUTa
pUOSI KWJIMHTAH X0J11a amajira OLMPUIAN.

Cos Ba ryIKapaMHM CYFOPUILJIADHUHT MebEPU Ba COHU
3ca YCUMJIMKHUMHL TYpU Ba HaBUTa, UKJIUMMUIA, TUIPOTe0sIo-
MK Ba TYNPOK-MeIMOPaTMB IIapouTiaapra OOFIMK XOJga
C.H.PbDKOB TaBCKsI 3TTaH HAMJIMK MeBEPU GPopMyITacu opKa-
JI/ @QHVIKJIAaHAO W :

m= (WqﬂHC - W@AK)].OO]h + K, M3/Fa

6yHma: W, e — TYIPOKHVHI YerapajaHraH jana Ham

CUFMMM, TYIIPOK, OFMpAMUTUra Hucbatad %; W,, - cyropuil
OJIAY TYMPOKHMHT HAMJIUTHM, TYIPOK OFUPIUTUTra HUCHa-
TaH %; ] — TYNIPOKHMHT XakM Maccacu, r/cm®; h — xucobmii
KaTaaM, M; K — CYFOPUII JaBOMMIA GYFIaHUIITA KEeTTaH CyB
capdu, M3/Ta (x1cobuit KaTiamMmaary HaMJIMK eTUITMOBYVII -
rugad 10%).

2022 iiunga onub 60puaraH TagKUKOTAApaa COSTHU 3TaT-
J1a6 cyropuirHy 1-2-2 TMsumaa 5 Maporaba cyropmine, Tyi-
namrava dasacuma 1 maporaba 590 m3/ra, Ty/LIamI-xoCusa
Tyram ¢dasacuma 2 maporaba 600, 650 m3/ra Mebépnapaa,
munnin ¢asacuga sca 2 maporaba 650, 640 m3/ra Mmebépaa
CYFOPUINO, CYFOPUII JaBOMMIIUTK 15—17 coaTHU, CYyFOPUIII-
Jap opacu 24-37 KyHHU, MaBCyMUii cyropuil Mebepu 3130
M3/ra. HM TalIKMUI 3TTaH Gyiica, COSTHU EMFUPIATUO CYFO-
pumiga 3-5-5 Tusumpaa 13 maporaba Cyropuian6, ryJuiamira-
ya dasacuma 3 maporaba 320, 320, 320 m3/Ta, TY/LIAII-XOCKUIT
tyram dasacuga 5 maporaba 240, 240, 240, 240, 240 m3/ra
Mebépnapma, mumuin ¢asacupa 3ca 5 maporaba 240, 240,
240, 240, 240 m3/ra MebEpAa CYyFOPWING, CYyFOPUIIL TaBOMMUII-
suru 2,0-2,5 coaTHH, CyFOpUIIIap opacu 6—12 KyHHM, MaB-
cymuii cyropuin mebépu 2880 M3/ra. HY TalIKWII KWJITAHIUTH
Kysatuwiayu. CossHU sramiab CyFopwiraHra HucOaTaH COSTHU
éMFMpPIATUO CyFOpwIraH BapuaHTiapaa 250 mM3/Ta cyB Kam
capdyaHrawIury aHuKIaHau. IIyHUHTOER, TyaKapaMHWHT
“PacKkoT” HaBMHM YCYB JaBpy JaBOMMUIA 2-4-5 TM3MMIA, Xap
TaJITu Cyropuil Mmebeépu 220-225 m3/Ta, MaBCyMMii CyFOPUIIL
Mebepu 2440 M3/ra EMFUPIATUG CYFOPWITAH/IA I0KOPU XOCUIT
OJTUIIITA SPUIIAIIIN.

Cosinuuar “Habuc” HaBMHM CYFOPUIIHM YTIOKM 6GY3 Ty-
MPOKJIAp IMAPOUTHIA COS HABMHM EMFMUPIATUO CYFOpUIIIA
sramiab CyFOpuIll BapuaHTUIa HucOaTaH Kymmmua 4,2 11/Ta
rava, ryJIkapaMHuHT “PackoT” HaBuza 3ca 2,3 11/ra. raya Ky-
MMYa XOCUJI OJIUIITA SPUILTUIAK (2-pacM).
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Cosaurr "Haduc" HaBH T'ynkapaMHHET "PacKoT" HaBH

BapuaHnTt.aap

2-pacm. Cosa ea zyakapamHuHe Xocundopauzu, u/za

Xymoca. Onu6 GopwiaraH Taxkpuba TaaKUKOTIapPUHUHT
HaTWKajzapura Kypa, cosuuur “Haduc” HaBUMHM CYFOPUILHU
YTI0KM 6Y3 TYTIPOKJIap YCyB JaBpy JaBoMUaa 3-5-5 Tmsumia,
xap rajaru cyropuil Mmebeépu 220-230 m3/ra MaBcymuii cyro-
puir Mebépu 2880 M%/ra xamza IyikapaMuu “PackoT” HaBu-
HU YCYB JaBpu faBomMuaa 2-4-5 TM3MMIa, Xap rajirv CyFOPUIII
mebepu 220-225 m3/ra, MaBcymuii cyropuill Mebepu 2440 m3/
ra éMFUpIaTKG CYFOPUIL TaBCUSI STWIaAu (3-pacm).
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CYB OMBOPJIAPUJIA TAPE OKU3UKJIAPUHU
BOIIKAPUIMIHVHI 'MAPABJIUK MOJEJ/IN

A.M.Apugrycanos - m.¢.0., npogpeccop, C.H.Xowumos - PhD., douyenm 8.6.,
“Towikenm uppuzayus 6a KUULIOK XYHCANUUHU MeXAHU3AUUAAAU MyXaHOucaapu uicmumymu” Munauii madkuxom yHu-
eepcumemu
AHHOTaMsA

Maxkomaza cyB oMOOpIapy KOCACHHM JIOMKAIAHUIII SKapaéHMHM KaMaiiTUPUII Yopa Taaoupiapy 6yiinua amannit Ba Hazapuit
M3aHUIIIAP TaXIMIM KelTUpUIraH. Y3aH cys om6opnapy Goiimany XaskMu, cel OKMMY Ba TOIMKMH/IAP cababmy xKafan paBUIIa
KMCKapu6 6opaan, ITYHMHT YIyH Y3aH CyB OMOOpIapyHM JI0iiKa 60CHIIIIAH acpalll Ba JTOMKaIaHNII JKapaéHHY KaMaiTUPUII 9HT
nmon3apb MmyamMMmorapaaH 6upu xucobnanagy. TagkMKOT 06beKTHaa oMb 6G0pWITaH YIUOB UIIAPU TaXIVMIUIAH MabIyM Gyia-
MOKJIaKu, "YopTOK' CyB oMOGopura 6up MaBCyM JaBOMuAa OKuM 6mman 6upramkaa 170-180 MuHT M®> MUKIODIA JTOMKA TYKUH-
nunap kupub xemagu. Kupub xemaétraH Jjoika UYKMHIMIAPHUHT MUKAOPH, QPaKIMOH TapKMOM TaxXJIMI KWIMHTaH. "JopToK"
cyB ombopuaa oaub 6GopuiraH Tabumit Jana TagKMKOTAapy Ba Oy coxama oiaub 60puaraH KaTop OMMMIAPHUHT UIIaHMaIapu
6Yyiinua vivpukaury d>0,2 MM. JaH I0KOpY GYITaH OKM3UKJIApHM Ty6 Ba MyaJUTlak YyKMHAWIAp yerapacu cudaruga kabya Kuimo,
xycobmnan uiutapuam d>0,2 MM GpakImsv 3appavanap yuyH amasira ommpwian. Hasapuit Ba amannii u3imaHuuiap acocuaa CyB
OMOOPY KMPUII KUCMUAA KyPUJIUIIN TaBCUsI STWITaH TUHAMPIUUHMHT TTapaMeTtpiapy (Yauamiapu) Mupuk Gpakiumsim 3appa-
yajap XakMuUra MocC paBuIa Kyiuaarnya Takamu@ sTuiarad: TMHAMPTUY y3yHauru L=375 m, ypravya keHmuru B=230 M, yprava
yyRypaury aca h=1,5 M, {iruamiapaa Joiuxanant Ba KypuII TaBCUsT STUITAH. TaBCys STUITaH TUHAMPTUY MaBCyMMit TO3aIaHaI-
raH 6ym6, Beretaiys JaBpuaa, ’ibHY CyB OMOOPY CYBJIaH GYIIATUITAaHAAH CYHT, TUHAMPIAYIA UYYKKAH TYO TYKMHAMIAD MEXaHUK
yCy/ia To3ajall TaBCusl STUITaH.

TagHu cy3maap: CyB OMGOpY, THHAMPTUY, Y3aH, OKMM, Obed, JToiKa-ayKuHAMIap, Hoiaan XaxkM, CyB CaTXM.

T'MAPABINYECKASA MOJEJIb PET'YJIMPOBAHUWS PEYHBIX
HAHOCOB B BOOJOXPAHUJ/IMIIAX

A.M.Apugrcanos - 0.m.H., npogeccop, C.H.Xowumos — PhD., u.o. doyenma,
HayuoHanwHutii uccnedosamenwvckuii yHueepcumem "TaulkeHMCKuUil uHCMunym uHMceHepo8 uppuzauuu u MexaHusayuu
ceNbCcKo20 xo3saticmea”
AHHOTaIMsA

B craTbe npefcTaB/ieH aHaIN3 IPAKTUUYECKMX Y TEOPEeTUYECKMX MCCIeN0BaHMIA Mep 10 CHVDKEHUIO Mpoliecca 3auieHNs yalll Bo-
JIoxpaHwmi,. TTone3Hblii 06beM PYCIOBBIX BOJOXPAHWIIMII, OBICTPO YMEHBIIIAETCS M3-3a CeJIeli U MaBOJKOB, TOITOMY 3alllTa PyC-
JIOBBIX BOAOXPAHWINII OT 3aM/IEHNSI, a TAKKe CHYDKeHMe MPOoIiecca 3aMIeHus SIBSIeTCS OMHOM 13 Haubosee akTyaabHbIX TPOGIEM.
AHanm3aM ITpOBeIEHHBIX Ha 0ObEKTE UCIIENOBAHMSI, YCTAHOBIEHE YTO B TEYEHMM OIHOTO Ce30HA BMECTe CO CTOKOM B YapTakcKkoe
BomoxpaHmmiie rmocrymaet 170—180 Thic. M3 HAHOCOB, POBEIEH aHAN3 KOMMIECTBA U (PAKILIMOHHBIN COCTAB MOCTYTIAIOIINX HAHO-
coB. [To JaHHBIM HATYPHbIX MTOJIEBBIX MCCIEIOBAHMIA, TIPOBEIEHHBIX B YapTaKCKOM BOJOXPaHWIMIIE, M pa3paboTKaM psifia YUEHBIX
B 9TOJ 06/1aCTH, 32 TIPENENT JOHHBIX 1 B3BEIIEHHbIX HAHOCOB MIPUHSTA KPYITHOCTH 60rtee (d>0,2 MM), TO3TOMY pacueThl TPOBEIEHbI
I1st yactut ppakiyeii d>0,2 MM. Ha 0OCHOBaHMY TeOPETUUECKMX U ITPAKTUUECKIX MCCIeI0BaHMIi ITapaMeTPhl OTCTOHMKA, KOTOPBIi
Tpe[jiaraeTcs OCTPOUTD Ha BXOZE B BOAOXPAHW/IMILE, B COOTBETCTBMM C pasMepamu vactull ppakuym (d>0,2 MM) mpeniararoTcst
CIemyoIye: AJIMHa OTCToViHMKa L=375 M, cpenHsist mvipuHa B= 230 M, cpenHsis mrybuHa h=1,5 m. IIpenjiaraeMblii OTCTOVHMK OUMITIA-
€TCsI Ce30HHO, B BereTalMIOHHbII ITEPYO/, TO €CTb ITOC/IE ONTOPOKHEHNST BOLOXPAaHMU/IMIIA, OCEBIIME B OTCTOHMKE HAHOCHI PEKOMEH-
JIYETCS OUMITIATh MEXaHUYECKMM CITOCOOOM.

KiroueBsbIe ¢JI0Ba: BOIOXPAHMIAIIE, OTCTOHMK, PYCIIO, TIOTOK, 6bed), HAaHOCKI, TIOJIE3HbI 06beM, YPOBEHD BOJI,.

HYDRAULIC MODEL OF REGULATION OF RIVER SEDIMENTS
IN RESERVOIRS

A.M.Arifjanov - d.s.c., professor, S.N.Xoshimov — PhD., associate professor,
"Tashkent Institute of Irrigation and Agricultural Mechanization Engineers” National research university
Abstract

The article presents an analysis of practical and theoretical studies on measures to reduce the process of siltation of reservoir
bowls. The useful volume of run of-river reservoirs is rapidly decreasing due to mudflows and floods, so the protection of run-of-river
reservoirs from silting, as well as reducing the process of silting, is one of the most urgent problems. Based on the analysis of the
measurement work carried out at the study site, it was established that during one season, along with the runoff, 170-180 thousand m3
of sediment enters the Chartak reservoir, an analysis was made of the amount and fractional composition of the incoming sediment.
According to field studies conducted in the Chartak reservoir and the developments of a number of scientists in this field, the size
of more than (d> 0.2 mm) was taken beyond the limit of bottom and suspended sediments, so the calculations were carried out for
particles with a fraction of d>0.2 mm. Based on theoretical and practical studies, the parameters of the settling tank, which is proposed
to be built at the entrance to the reservoir, in accordance with the particle size of the fraction (d> 0.2 mm), the following are proposed:
settling tank length L=375 m, average width B= 230 m, average depth h=1.5 m. The proposed sump is cleaned seasonally, during the
growing season, that is, after the reservoir is emptied, it is recommended that sediments settled in the sump be cleaned mechanically.

Key words: reservoir, sump, channel, stream, pool, sediments, usable volume, water level
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upuin. Mun gasommpa fapé oKMMIIAPMHMHL Y3ra-

pub TYpuUIM Ba YHUHT Xy#yrn 6Yitnab HOTeKUC Tak-
CUMJIAHTaHJIUTY, CYB MCTEbMOJMHMHI MaBCYMMUIIUTU CYB
omboprapuHy 6apro 3TMIITa 3apypaT TyFoupay [1]. Mam-
JIAKATUMMU3LA CyB pecypcliapuiaH OKuaoHa (oiimanaHmin
Makcaauaa, Kymiaab cyB ombopinapu OyHEHN sTwiraH 6ynno,
CYB 3axupanapuliaH camapaiu, Texxab doiinanaHuil, Bere-
Tauusi JaBpuia UCTebMOTYMIAPHM OMP MapoMza CyB GMIaH
TabMMHIIAMI, QoA XaKM MUKIOPUMHM aHUK 6axosail Ba
ITUAPOTEXHUK MHIIOOTIAPUHUHT MYCTaXKaMJIMTMHU OLIN-
pUII MyxUM MacananapfaH 6upu 6ynmnb xenmokna [2]. By
6opazma TYHEHMHT KyIiab Mamiaakamiapy, skymiaazas, Poc-
cust, Xuroit, Xungucrod, AKII, l'epmanus, Bytok bputanus,
Asctpus, Hunepnanous, V36exucTon Xamja O0IIKa JaBjiaT-
napna cyB ombopiaapugaH camapany ¢oiigamaHu ycayoa-
PVHM UIIA6 YMKUIL, CYyB OMOOPJIAPVHUHT MINOHWIVJIATH,
XaBQCU3INTY Ba XM3MAT MyAIATIaPUHM OUIMPUII, YIAPHUHT
MIIOHWIN KCIUTYaTalMsICMHM TAbMMH/IAIITA AIOXUAA IBTU-
60p Kapatuiarad [3]. ByryHru KyHza pecrybamkammsaa ¢oii-
NaJaHWIETTaH CYB OMOODPIAPUMHUHT KYMUMIUTKU YTTaH acp-
HUHT MKKVHYY SIPMUAQ KypuiaraH 6yamb, ininap naBoMuia
TabuMil Ba TEXHUK TabCUpJiap Xucobura cyB oMmbopiapuaan
doitimananu camapagzopauru macaiin6 xetsntu. XKyma-
naH, V36exucTon Pecriybamkacy cys xyxamuriam 2020-2030
uapna puBOKIaHTUPKUII KoHIenuusacuga 6earnaaHraH
Basudanap, Mppuranus Ba Meauopanus TU3UMIAPU, CYB
ombopiapy Xamzaa O0ILIKa CYB XY)KaJUTM Ba TMAPOTEXHMKA
MHIIOOTIAPMHMHT UIIOHWIN XaM/ia camapain GaonusT Kyp-
CaTUIIMHM TabMMHJIANI, CYB XYKaIUTMHUHT MUPUK Ba YTa
MyXUM 06beKmIapy Myxodasa KMIMHUIIMHY TaIIKUI STHUII,
CyB xyKanuru coxacuza ¢daH Ba TeXHMKA IOTYKJIapH, 3aMO-
HaBMI1 CYB TeKOBUYM TEXHOJIOTHSIIAP, UIIFOP Taskpubanap, CyB
XYSKaMUTMHMA Ba CyBIAH (QoiiJanaHuIlHM OOIKAPUIT TU3K-
MWa MHHOBaLMOH YCIyOIapHM SKOPMIT KWIMII XaMza CyB
omboprapugaryu TUAPaBAMK Ba TUIAPOJOTUK >Kapa€HIapHU
MHobGaTra onub cyB OMOOpPIapMHM SKCITYaTalVIOH UIIIOHY-
JIMJTATYHY TAbMUHJIALI, JIOMKA YYKMHAMIAp 6uiaH Tynnub 60-
PUILIMHM KaMaiTupuin xamaa Goiigany XasKMUHY OLIMPUIIT
yCyIapyHY TAKOMMU/UTALITUPULITHY TaK030 3Tanu [1, 4].

ApaGuéTnap TaxjuayM Ba MAaCaJIAHUHT KYMVIWIIN.
MabryMKy, CyB OMOODPM ¥3aH OKMMHM TapTHOTa CONMMb, KaHa
Ba 60IIKA CYB YTKa3UII MHIIOOT/Iapyu O6MIaH 6Mpra Xyayniap
6yi1ab cyB pecypwiapMHM KaiiTa TaKCMMJIAIITa MMKOHUST
spatanu. ByHmaH Taukapu cyB oMO0pM XasK XysKaJauruaa-
I 6Mp KaHua TapMOKJIap (CYFOPUIL, CYB TAbMWHOTH, SJIEKTP
9HEePTUSCH, IKOTYPU3M, GATUKIMINK, TOMIKMHIAPra KapIin
KypalInil Ba 60IIKanap) SXTUEKMHM KOHAUPaau [5, 6].

Ilapé OKM3UKJAPUHMHT CYB OMOOPUAA TAKCMMOTH KaTop
omuapra 60rmK 6116, roxmuaa gape y3aHugaru Japé oku-
3UKJIapy xapakaTyu CyB OMOOpHUIaru xapakaT KOHYHIapuIaH
dapkim 6ynany. MabIyMKy, Japé Ba KaHalIapaa OKM3MUKIap
TaKCUMOTM OKMMHUMHT XapakaT PeKMMUTa, OKMMHMHT TypOy-
JIEHT/IMK Aapaskacura, Te3auK myabcauysicura 60FmmK [7].

CyB oMb60opuia aca XapakaT peXXMMUHU Ba TYpOYIeHTINK
napaxkacuHu PeitHOMbIC COHM opKaiu MdomasaHca MyTIaKko
6o1mka skapaéH kenub umxamu. FOKOpM UyKypauKnmaru CyB
oMmbopiapaa Xyga KMUMK TYIKMHAA XaM KaTTa PeifHombaC
COHMIa 3ra 6YIMII MyMKWUH, aMMO Oy X0o/laTna OKM3MKJap
y3aTUANIIN Ky3aTUIMACIUTY MyMKUH [8].

IOKkopumarnnapaad Kenub YMKUO LIYHM XyJ0oca KUJIUIIT
MyYMKMHKHM, CyB OMOOpUIAru JOMKATaHUII >KapaeHIaapu-
HM KaMalTUpUII YYyH Tamdbupriap MILad 4YMKULIAA Iy
XYCYyCUSITIapHM MHOGATTa ONIL JT03UM [9].

Ilapé OKM3MKJIApMHM OOILIKAPUII Ba CyB OMOOpMaaru
JIOVIKAIaHUIIHY KaMaiTUpUINra KapaTwiraH Tazbupiaap-

HU uinpiab umkumiga 6y iiyHaaumma onub OGopuiaraH Ka-
Top onmumnap WU.M.Jlesu [10], B.C.Jlanenkos [11], H.A.T'o-
cryHckuit [12], U.A.Kysbmun [13], A.M.Myxammenos [14],
K.II.JITaTumoBAapHUHT U3TaHUIIIapura acocianmm [15].

TagkukoT ycynu (yoryonapu). MabiymMKu, 1apé OKu-
3UKJIapU KYT Gpakuysiv 6316, Ty6 Ba Myasijiak, UyKUHI -
yapaaH ubopat. TaBcust STUIAETTaH IMAPABIMK MOJIEIN CYB
oMOGOpM KOCACHMHMU JIOMKAa OOCUIIMHM KaMalTUPUIIL XaMja
XUMOSUTAIITa KapaTvIraH.

TagKUKOTIapHM aMajra OUMPUILIAA CyB omboprapura
KUpUO KelaéTraH OKMM TapKubuma Ty6 Ba Myaliak 3appa-
yajap MaBXyIJIMTMHU MHOOATTa oMb cyB ombopura Kupub
KeMaéTraH YyKMHAWIAPHY UMKOH Kazap 0Kopyu 6bed KUpUII
KUCMMIa yiuutab KoJInII ajioXyia axaMusT kac staau. "dop-
TOK" CYB OMOOPMHMHT TUIPABINK Ba TUIPOTOTUK ITapaMeTp-
Jlapu, cyB capdy Ba CyB OJIMHAJUraH MaHOAHMHT KYIT iWII-
JIMK KaTTUK OKMM capdy, OKMM Te3JIUIY, OKUMHMHT ypTaya
YyKYpPIAUTH, OKUMIATKU JIOMKA 3appavyalapHUHT TUAPABIUK
Viupukury Ba Gpakuyon Tapku6u ypraumaau [10, 11]. "Yop-
TOK' CyB OMOOpHIa 016 60puraH Tabumii gana TaqKMKoT/Ia-
pu Ba 6y coxama oiamb 6opuiarad Katop oaumiap — N.M.Jleu,
B.C.Jlanmmenkos, U.A.lllneep, N.A.Ky3spmuH, A.M.Myxamme-
noB, K.II.JTaTUITOBIApHUHT MIUTaHMaNapu Gyitnya inpux-
suru d>0,2 MM. TaH I0KOpY OY/ITaH OKM3UKJIApHU TyO Ba My-
a/uTaK YyKMHOMIAp yerapacy cudartmaa Kabyn KuiavHraH [12,
13]. Hatwskama xucobnam uimapuayu d>0,2 My Gpakimsim
3appayvasap yuyH amasira ommpuminu [14, 15].

Taknmud 3TWIaéTraH TUHIMPIUY MTapaMeTpIapyHu acoc-
JIalll YUYH Japé oKM3UKJIap 6aiaHCcy TeHraManapuaaH Qoii-
JTamaHWIIN.

VMyMuMii KYpUHUIIAA KaObya KUIMHTaH OKU3UKIap dhpak-
UMSICH YIYH 6aJIaHC TeHIIIAMAcHY CYB OMOOPMHMHT L Maco-
dacu yuyH Ryitnparu KYypuHUIIIA 31T MyMKWH:

av, =2 =L,y
v V@ 1)
6y epna: V,- L Macodanaru J0iKaIaHMII XaKMM;
o,— L Macodanaru OKuM 103acu;
b,~ L macodapnaru oKuM 3HM;
W, — TUIPaB/IMK AUPUKIINK;
V, - L macodagnaryu cyB OMOOPMHMHT XaKMU.
Tennamara Kyvingaru udonany KUpUTHUG:
pPW b 1
V@ K 2)
MabIyM MaTeMaTMK Yy3rapuiuiapmaH cyHr, L macodanaru
JIOVMKAMMK XaKMUHM aHMKJIALI YUyH Kyitngaru udopa onmH-

ou:
4 =V,[1—e'<j
3)

6y eppa: K — noiikagaHuIl TaBCUdH, 1aaa TaqKUKOTIapu
acocuga aHMKJIaHaOu.

Kentupwunran teHrnamazgan doigananmn6 xamaa A.H.To-
CTYHCKUIHVHT MOJEeINTa acoCJaHub, TUHAUPTUY Y3YHIUTU-
HU Kyltugaruda aHukaauau [12]:

L
v, %

—:l_elg ; 4
v, 4
e Vi
Ty ®)
L ——w K- 1-%
4 6)
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L macodanaru 4yKypauru Kyinaarmia aHUKIaHIn:
@:mm—m
Q )
6y eppa: Q - yprava iMvUIMK CyB capdu.

TUHOIMPTUYHMHT KOHCTPYKTUB mapameTtpnapu (6) Ba (7)
TeHIIaMaJTapHUHT OMPTalMKAa XMCoOall OpKaay aHUKJIa-
HaJu.

HaTtwkanap TaxjawiyM Ba MMCO/Iap. XO03UPIU KyHZA
CyB oMGopiapy, KaHa/tap Ba OOIIKA TMAPOTEXHMKA UHIIO-
OTJIAPMHMHT JIOMKAJIaHUII Xapa€HIapyuHM KaMailTupuiga
Xap XWI MexaHMK yCyJiap Ky/ulaHWwiaan.

CyB OMOODPTIApPUHUHT TUAPABIUK Ba TMIAPOJIOTUK Iapa-
MeTpJIapHM XaMJa J0MKa YYKMHIUIAPHUHT (DPaKIVOH Tap-
KubMHM MHOGATra 0716 CYyB OMOOPY KOCACHHM IO KA 6OCHUIIT
>KapaéHMHY KaMaiTUPUII YUYH IOKOpuAa Takinud STwiraH
IUIIPABIUK MOZEJb aCOCUMIA UKTUCOLMIA camapatop TUHIUP-
TMUYHMHT KOHCTPYKTMB MapaMeTpyiapy TaBCcusi KUAMHON [16,
17].

Takmud sTMIaETraH TUHAVPIUY KyPUIMAacH 0KOpY Obed-
ra TyIIraH JOHKa YYKUHIUIAPHYHT TapKaIUIIMHN, YYKUILIN -
HM OOLIKAPUIITA XaMJA CYB OMOOPIAPUHMHT IKCILTyaTalMs
pekxumiIapura canbuii TabCup KypcaTMaiiim, aKCMHYA CYyB
ombopnapuia joika 60CUII Kapa€HIapuHM KaMaiTUpagu.
VHra Kypa, I0iKanu OKuM Kopu 6pedaa Kypuaagurad TUH-
Ouprudra Kupu6 6opaay Ba OKVIM T€3JIUTY KECKVH CYHAIU Ba
TUHAUPTUYZA MUPUK QPaKUUSUIM TY6 YYKUHAWIAD YYKUIIN
103ara Kesmagu [18].

Myannak maiga dpakuusuii 3appavanap TUHIUPTUAY
OXMPU TOMOH XapakamiaHub, 6up Mapomiaa uyku6G GopuiIn
103ara Kenaau. CyB YMKApUIIT MHIIOOTU ONAMAA KyLa Maiga
dbpakuysM Myasiak, JIoKaau 3appavyaiap 4ykanyu Ba Bere-
Taluus aBpuia yuidy JOMKAIMKHY KUIUIOK XYKaIUK SKUH
MalioOHIapUra YNKAPMINII MyMKKH 6ymaau [19, 20].

Taxiud oSTMnaéTraH TUHIMPIUY IUIAHLA Tpamenus
MIaKIMAa Y3rapyBuaH KeCUM/IU GYaub, TUHAMPTUY KUPUILI
KUCMUHUHT KeHIUIY (b) KUPUIIL KaHaIU TyO6U KeHITIUTH-
ra MOC paBMIIa TaHIAHAAM, TUHAUPIUY Kyl KUCMUHUHT
KEeHIIUTY GONITAaHFUY KEHITIUTUTA Kyiuzaru Huc6aTu opka-
nm 6epuran: B-g-10

Ty6 YYKUHAWIAPHM YIUIA0 KON YIYH TUHIUPTUY OXMU-
puia octoHa YypHaTMAraH (1-pacm).

TuHIMPrUY TapaMeTpIapuHM aHMKJAIILA Ba KypuIlza
MKTUCOAMIT caMapaJopIMKKa IPUIIAII YUYH CYB OMOOpUTra
Kupub KenaéTraH JIoiKa UYYKUHAWIAPHUHT MWUIMK YpTadya
MMKJOPU MHOOATTa OJVHAMN.

1-pacm. Taknug amunaémean munHoupzuuHuHz
cxeMamuk KypuHuuiu

TaBcust STUAAETTaH TUHOMPTMY Tpamelus makiuaa 6y-
M6 Xpcobmanl uiiapu Kyiuaaru dhopmysanap opkaau 6a-
SKapUIIIN.

TUHIMPTUY KeHIIUTUMHY Xycobant popmynacu:

B=b+2L tga
)
6y epaa: L — TMHOUPTUY Y3YHITUTH;

b — TMHIMPTYY KUPUII KUCMUIATY Y3aHHMHT HU;

0 — TMHIMPTUY €H JeBOPJIapUMHMHT KeHraiuin 6ypuaru
XMcob6an uuutapuaa a=15° Kabysn KMIMHTaH.

TUHIMPTUY Y3YHIUTYMHU TAaKIUG STUITAH TUIPABINK MO-
JleTb acocuia Kyiujarmya aHuKJIaHIu :

L=-w K-ln[l—EJ
4 €

6y epma: K — noiikananuin TaBucdu, maaa TagKUKOTIapu
acocusia aHMKJIaHAIN.

TuHAMPrUUHUHT L Macodamaru YyKypjauru sca Kyimmaa-
rMva aHuKJIaHagu:

0 (10)
6y epga: Q — yprava MUK CyB capdu.

Tabumnit gana mapouTuma oamb 60pUITaH TaAKUKOTIAP
acocuaa TMHAMPTUYIA CyB OMOopura Kupmob KenaéTraH ymy-
MMt ToMKamMKHUHT 40 domsrava 6yaraH KMCMMHM YILIA6
KOJIMII MaKCaAUIa TUHAVMPTUIHVHT KOHCTPYKTUB Tapame-
TPJIAPY TABCUS STUITAH.

TaBcus STWITaH TUHAMPIUY MaBCyMui TO3a/laHAAUTaH
6y116 Beretauus JaBpua, TbHY CyB OMOOpM CyBAaH OViia-
TUATAHJAH CYHT, TMHAMPIMYLA YYKKAH TYO YYKMHIMIAD Me-
XaHUK YCY/IIa TO3QJIaHAIN.

Xymnoca. CyB omMb6opuaa JIOMKAJIAHMUII KapaéHMHU Ka-
MaTUPUIIHUHT KATOpP 4YOopa-Taabupiapy MaBXyd. AMMO
yaapgaH amanga GoimasaHuII Macasacu MyaMMOIUTHYA
KOJIMOK/IA.

Ianama onu6 60pwiiraH TaAKUKOTIap Ba aMaJjira OpuiI-
raH YI4oBIap HATYVDKACKU TaXIWINIAH MabayM GYIMOKIAKM,
"JopToK' cyB ombopura 6Mp MaBCyM JaBOMMIA OKUMM OMIaH
ouprammkaa 170—180 MyHT M3 MUKIOp/a JIOKA YYKUHAMIAD
Kupu6 kenmamu. Kupub KemaérraH JIOWKa YYKMHAVIADHUHT
dbpaxumon Tapkubu Taxjmiura Kypa 70—75 MuHT M*> MUKI0-
PU UPUK GpakIMsIv 3appavasapamp.

Hazapuii Ba amannii M3aHUIIJIAp acoCcuaa CyB oM6opu
KUPUIT KUCMUAQ KyPWIMIIM TaBCUS ITWITAH TUHIUPTUY-
HUHT TapaMeTpiaapu (Yryamaapu) HUpuK Gpakymsm 3appa-
yajiap XaKMMUra MOC paBUIIIa XMCOOTaHTaH.

TagKMKOT HaTVOKajgapura Kypa cyB oMm00pH yuyH Takanud
STWIAETTaH TUHAVPTUY Y3YHmury L=375 M, §praya KeHIJIUTH
B=230 M, ypTaua aykypauru sca h=1,5 m, jrmuamaapga
JIOViMXaJIall Ba Kypyil TaBCYUST STUITaH.

OnyHTaH HATWKAJIAPHUHT CYB OMOOpPM IKCIUTY-
arauus JaBOMMILIUIUATA, MIIANI PEKMMM camapa-
nJopaurura, Qoiimany XaskMmra xaMaa aTpod-MyXuTra
TabCUPU TYFPUCKIA XYIOCATIAD KVUIMHIN.

TagKUKOTIAp Joupacuaa CyB oMOOpy Kocacura
Tymaaurad Hupuk Gpakuyusum 3appadagapHu THUH-
OUPTMYa yIuiab Komuin 6yida Ba TUHAMPTIY YiI-
yamJIapUHU aHMKJIAI 6yiinya TaBcusiiap 6epuiin.
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UNPYNK-OXAHT'APOH BOXACHMHUHI TUIIUK BY3
TYIIPOKJ/JIAPA TAPOUTUAOA FY3AHU TOMYUJIATUD
CYFOPUIIHUHT AXAMUSTHU

A.B.Mamamanues - douenmn, M.A.Manuxkoea — mazucmpaHin,
“Towkenm uppuzayus 6a KUWIOK XYHCAIUUHU MeXAHU3AUUALAW MyXaHOucaapu uHcmumymu” Muaauii madkuxom yHu-
eéepcumemu
AHHoOTa A

ByryHru KyHja OyHEHMHT KYTITMHA MaMIaKaTIapyuaa Tabunii MyBO3aHATHUHT OY3VWJIUIIN, MKJIUM Y3rapuIiy MHCOH Haommsi-
TUHMHT 6apua coxaiapuua ce3wiapau TabCUp KYypcaTUInyM MyMKUH GYIraH oMwIra aitliaHMoK1a. ATHMUKCA, MKJIUM Y3rapuim-
HUHT HaTVOKacuUaa CyBHMHT Oymmanumm 10-15 dowusra ommum tydaiam YCMMIMKIAPHUHT TPAHCTIUPALSICH Ba CYFOPUIL M€b-
épraapyHuHT opTuiy 6omc cyBHMHT 10-20 dous kympox capdranummra onmnb Kemaay. MaBKy/ CyB pecypaiapuaaH caMmapain
dbopanannin Makcaguna Ynpunk-OXaHrapoH BOXACHMHMHT TUITMK 63 TyIpoKjiapy mapoutuaa HamaHraH-77” Fy3a HaBUHU
TOMYMIATUO CYFOPUII TEXHOMOTUSICMHM KY/UIaraH XoIa CyFOPUII TapTUOIapy Ba FY3aHMHT YCUO-PUBOSKIAHUIIN XaMIa XOCUIT-
JIOPJTUTUTA TAbCUPVHM YPTaHUII 6Yiinua TaqKMKOTIap YyTKasmiayu. CyFOPUI YCYUTAPVHMHT TYIPOKHVHT CYB-(hU3MK XOccamapu-
ra, JKyM/Ia[aH, CyB YTKa3yBUaHIMKKA TAbCUPU KYypuod YMKUIm. Makonana TUIK 633 Tynpok/apaa “Hamaudran -77” £3a HaBUHU
cyFopuIl oy Tyrpok Havwmru YJHCra Huc6atan 70-70-60% TapTmnbaa 6yirania, sramiad Ba TOMYMWIATUO CYFOPUIIIATH CYFO-
puILIap Mebepaapu, MyAIaTIapy, COHIAPH, CyFOPUIIUIAP OpacuIary 1aBp Ba CYFOPUIL JaBOMUIIMUTM GYiinya MabIyMOT/Iap ake
stra. llly 6unan 6upranuka, Fysana onmub 60puiarad GeHOIOTMK Ky3aTyB HaTVDKaIapy KeITUPUIKO, CYFOPUIL YCy/tapu Gyiinya
COUIITYPUIITAH.

TasHu c¥371ap: Fy3a, TUIIMK 63 TYIIPOKJIap, TOMYMIATUO CYFOPMUIIL, SraTiad CyFOPUIIL, CYFOPUII TapTUOH, CYFOPUIL MEBEPH,
XOCWIITOPINK.

3HAYEHUE KAITEJIBHOI'O OPOLIEHUSA X/JIOITYATHVKA B
YCJIOBUSAX TUITNYHBIX CEPO3EMHDBIX ITOYB YNPYUK-
AXAHTAPAHCKOI'O OA3U1CA

A.B. Mamamanues - douenm, M.A.Manukoea — mazucmpanm,
HauuoHanwvHulii uccnedosamensckuii yHueepcumem "TauikeHMCKUll UHCMUNYM UH}3CEHEPO8 uppuzayuu u mexaHusayuu
ceslbCcKo20 xo3siicmea”
AHHOTaIMS

Ha ceromHsIHbIi eHb BO MHOTMX CTpaHAX Mypa HapylieHue MPUPOIHOTro 6aaHca, M3MeHeH)e KIMMaTa CTAaHOBUTCS (DaKTo-
POM, CTIIOCOOHBIM OKa3aTh CYILIIECTBEHHOE BIMSIHYE Ha BCe chepbl AeATeTbHOCTY YeloBeka. B 4acTHOCTH, B pe3y/ibraTe M3MeHEeHVsI
KIMMaTa yBelMJyeHue ucrapeHns Bogsl Ha 10—15% rpuBeneT K yBeauueHuio BogornoTpedinenus Ha 10-20% 3a cueT yBeIMueHus
TPaHCIIMPAIUY U TIOMMBHOY HOPMBI. C 11eb10 3 (HEKTUBHOTO VMCIIOIb30BAHMS MMEIOIIMXCSI BOSHBIX PECYPCOB TMPOBOIMIINCEH UC-
CIeOBaHMS TIPY MPUMEHEHUY TEXHOTIOTUUYECKMX IEMEHTOB KareJIbHOTO CIoco6a OPOIIeHVsI M UX BIVISTHYE Ha PEXMM OpoIle-
HIe, POCT, Pa3BUTHE U YPOXKaTHOCTM COpPTa XJIONMYaTHyKa «HamaHran-77» Ha TUIIMYHO CepO3e€MHbBIX IT0YBEHHO-MeIOPaTUBHBIX
YCIOBUSIX UMpUMK-AXaHTapaHCKOTO 0a3uca. VI3ydeHsl BAMSIHME CIIOCOO0B OPOLIeHNMsT Ha BOTHO-(G13MUecKme CBOCTBA IIOYBBI, B TOM
uyc/ie Ha BOAOIIPOHUIIAEMOCTD. B cTaThe MpMBeIeHbl pe3y/IbTaThl MCCIeJ0BaHNi1 TPy 60PO3IKOBOM U KaIllelbHOM CIIoco6e opoiie-
HMS XJI0YaTHMKA copTa «HamaHraH-77» Mpy MPeaInonnBHONM BaaXHOCTH 1TouBkI 70-70-60% or I1I1B. IIprBeneHbl Takke, CBeIeHUS
0 TMIOMBHBIX HOPMaX, CPOKM TTOJIMBA, UMC/Ia TTOMMBOB, MEKIIONMBHOI TepUoJ, U MPOAODKATETbHOCTY TOIMBA [/l [TI0YB TUITMYHOTO
cepo3ema. B TOM umciie IpMBeNeHbl Pe3y/IbTaThl (PEHOMOrMYECKMX HAOMIOMEHNI XJIOMYaTHNKA M CPaBHEHME STUX JaHHBIX Mpy 60-
PO3IKOBOM ¥ KareJIbHOM CITOCOGe TONTMBa.

KitroueBble C10Ba: XJI0MUATHMK, TUTIMYHBIE CEPO3EMHbBIE TIOUBBI, KaIleJIbHOe OpoIIeHe, 60pO3AKOBbII TIOJIUB, PESKMM OpOIIIe-
HMSI, HOPMA T0/IMBa, YPOXKaitHOCTb.

THE IMPORTANCE OF DRIP IRRIGATION OF COTTON IN
THE CONDITION OF TYPICAL SIEROZEM SOILS OF THE
CHIRCHIK-OKHANGARON OASIS

A.B.Mamataliyev — associate professor, M.A.Malikova — master student,
National Research University "Tashkent Institute of Irrigation and Agricultural Mechanization Engineers"
Abstract

Today, in many countries of the world, disruption of the natural balance, climate change is becoming a factor that can have a
significant impact on all areas of human activity. In particular, a 10-15 percent increase in water evaporation as a result of climate
change will lead to 10-20 percent more water use due to plant transpiration and increased irrigation rates. In order to effectively
use the available water resources, research was conducted to study irrigation methods and the effect on the growth, development
and productivity of the cotton variety "Namangan-77" in the conditions of the typical sierozem soils of the Chirchik-Okhangaron
Oasis using drip irrigation technology. The influence of irrigation methods on water-physical properties of the soil, including water
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permeability, was considered. The article contains information on the norms, duration, number, period between irrigations and the
duration of irrigations when the soil moisture before irrigation of "Namangan-77" cotton variety is in the order of 70-70-60% relative to
Fc in typical sierozem soils. At the same time, the results of phenological observation of cotton are presented and compared according

to irrigation methods.

Key words: cotton, typical sierozem soils, drip irrigation, horizontal irrigation, irrigation scheduling, irrigation rate, productivity.
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upuut. JlyHéna mioban UKJIUM Y3rapuilnu, axoiuu Co-

HMHMHT KeCKMH OPTUILM, CAHOAT TaPMOKJIapPUHUHT
PUBOKIaHMIIN cababiy CyB pecypciapura GyiaraH TanaGHIHT
KeCKMH OPTUIIM HATVDKACUAA KMULUIOK XYKaIUIHUIA CyBIaH
Texxamu GoiiganaHui 6yryHrM KyHHMHT oa3ap6b macana-
napunaH 6upu xycobaaHanu. KUIMIIOK XyKaauK SKUHIapUHU
CYFOpMIIZA CYB T€XKaMKODP TeXHOTOTUSIJIAPHM XXOPUI KWIIAL,
CYFOPUII MeBEPU Ba MYAJATIAPUHM XUCOOAII YCY/UIAPUHA
TAaKOMWUIALITUPUII Macanajgapura GyTyH AyHEOA aaoxXupaa
9bTUOOP KapaTUIMOK/IA.

Vs6exucron Pecrry6nukacy IlpesumeHTMHUHT 2019 jinn
25 orts6paary “KMIUIOK XYKaaurmuaa CyB TEXKOBUM TEXHONO-
TUSJTAPHM JKOPUIT ITUIIIHM PaFrbaT/IaHTUPUII MeXaHU3MIIaPU-
HU KEeHTaiTUPUIL YOpa-Tagoupaapu TYFpUCUIA”TU Kapopu-
Jla CyB pecypciaapyuiad OKMIOHa Ba camapany doiifanaHul,
KUIJIOK XY KaJIUTY SKMHIaPUHY eTULITHUPULILA CYB TEXXOBUU
TeXHOJIOTUSITIAPHM KeHT JKOPMIi STUILHM [aBjaT TOMOHMUIaH
Ky/1ab-KyBBaT/Iall Kypcatub yriraH [1].

MamiakaTummsga CyFopuaagurad eplapHyHT Mennuopa-
TUB XOJATVHU SIXUIWIALI Ba CYB pecypciapuiaH dboiinanaHuIl
camapagopiauTMHU OUIMPUII GYiinya yopanap Kypuinb Ke-
Moxa. Yiap xymiacura, Y36exucron Pecrry6mukacy Ipesu-
perTuuuHr 2019 iinn 17 mongary “KUIuiok xyskanauruaa ep
Ba CyB pecypciaapuiaH camapanu GoimasaHuIl yopa-Taf-
6upnapu Tyrpucuga”tu dapmonu, 2020 v 11 gekabpmaru
“KMIIIOK XYKaIUTHUIA CyBHU TEKAIUTaH TEXHOMOTUSIAPHY
SKOPWIL STUILITHY STHA/IA SKa1ajl TALIKVIT STUII Yopa-Tagoupia-
pu TyEpucuna”™u Ba 2021 i 24 despangary “V36ekucToH
Pecriy6nukacuza CyB pecypciapyHy GOLUIKAapUII Ba UppUra-
LMSI CEKTOPUHY PUBOKIAHTUPUIIHKUHT 2021-2023 finnnapra
MYJDKQJIZIaHTaH CTPaTerMsSICUMHM TacOMKJIall TYFpUCUAA”TU
Kapopiapy, Ys6exmucToH Pecrmybiaukacy IIpesumeHTMHMHT
2020 i 10 mrongaru “V3bekucton Pecrybiamkacu cys Xy-
SKaMUIYHY pUBOKIaHTUpUIIHMAT 2020-2030 iininapra Mym-
skaaHraH KoHuenusicuHm Tacomukaam TyFpucuaa”r dap-
MoHM xamza 2022 jiun 1 maprmaru “KMIwiok Xyskaauruma
CYBHM TeXXalIUraH TeXHOJOTUSIIADHM SKOPUIA STULIHY STHaAa
STHA/Ia TAKOMWUIAIITUPUII YOPpa-Taaoupiaapu TYFpUcuaa’tu
KapOpMHY KeITUPUIL MYMKUH [2, 3, 4, 5, 6].

Apa6uétiap Tax/ImMIM Ba MacaJIaHMHT Kyinauimm. Pe-
cry6IMKaMKU3ga CYFOPUII CYBUIAH (QOMaTaHUIIHY SXIIN-
JIall MakcaayuIa TOMUMIaTUO CyFOPULI GYiinda Ky omMIap
usnaHuiap onub 6opuurrad. M.X. Xamunos Ba B.YV.CyBaHoB
FY3aHUHT YCUO-PUBOSKIAHUIIM BA XOCWILOPIUTUTA TOMYM-
naTu6G CyFOPUILIHVHT TabCUPU Ba 6y CYFOPUII TEXHOIOTMS-
CUHMU YpraHuil 6yinua yTkasuirad Taxxpubanapuga Xopasm
BWIOSTVHVHT YTIIOKM aJlJIIOBMa TYNPOKJIapu, CU30T CyBJIa-
puHMHT catxy 1,5-2,0 M 6yaraH mwapouTuaa Fy3a SKUITaH
TaXpuba manacuma TOMUMIATHO CYFOPMII KYIIaHWITaHAA
TYIMPOKHMHT CYyFOPUILAAH onayHry Haminru YIHCra Huc6a-
taH 70-80-60% G6Yynranna, rysa 0-4-0 cxema Gyiinya 4 mapo-
taba cyropwiraH. F3a yHu6 UMKMIIIAH ry/ianrada 1aBpuaa
CyFOpMIMaraH, ry/ulali-Kycak Tyruil gaspuaa 616-651 m3/ra
CYFOPUII Meb&piiapy 61IaH Fy3a TYPT MapoTaba CyFOPWITaH,

MaBCyMUii CyFopuill Mebépu 2521-2537 m3/ra. HU TaIIKUIT
KWITaH €Ky Has3opaT BapuaHTura HucObataH 1594-1633 m3/
ra cyropuiil cyBu Teskanrad [7]. B.C.CepuxbaeB Ba A.T.ByTa-
SIPOB FY3aHVHT HTY “Cy/lITOH” HaBMHM Hasapuii Ba aMasmii
Jana Taxkpmobanapy acocuia TOMUMIATUO CyFOPUIIT TapTUOH,
TEXHOJNIOTUMSACUHM U6 yukminl yuyH CypxaHpmapé BuiIo-
arupa “Cypxod cudar Tekctmas” MWKuuur “>Kapkypron”
MacCMBMIATY TabUMII-X{KaMUK MapouTiapuga onub 6opu-
b, FY3aHM TOMUMJIATUO CYFOPWITaHAA CYFOPUII Mebepu
285-300 m3/ra, MaBCyMMit cyropuil Mebepu 3ca 1750 m3/ra.
Hy Tamkui o1rad [8]. “Cypxon-Illepo6ox” uyAMHUHT TaKUP-
JIU-YTJIOK TYNpPOKJIap IIApOMTHUIA FY3aHM TOMUMIATHO Ba
aramiab cyropui 6%iinda B.OK§pakynos Ba III.Mup3aes (2001
i) UMM TagkuKoTiaap onnb Gopraniap. Yoy TagKUKOT
HaTWKAJIAPUHUHT KypcaTUInya, Fy3aHM TOMUYMIATUO CyFO-
pumga 10 mapTa CyFopuIl YTKa3miIraH Ba ymyMuii cyB capdu
2945-3050 m%/ra. nan ubopar 6yarad. Iy Taxxpubaga rysa
sraTnab cyropwiraHga 5 mapra yTKaswiraH Ba MaBCyMUii
cyropuil Mebepu 5545-5585 m3/ra 6YiaraH, ’bHU CYFOPUII
CyBM TOMUWIaTHO cyropuiiparura Kaparanga 45-50% xym
capdnauras [9]. B.CyBaHoB, A.XamuaoB 0116 60praH Taxkpu-
6anmapga Byxopo BWIOSTMHMHI KaIMMIAH CYFOpPUIAAUTaH
YTIOKM-a/TIoBMal, MeXaHMK Tapkubura Kypa ypra KyMOK
TYMPOKJIApH, CU30T CyBaapu catxu 1,5-2,0 M, MuHepanusa-
uumsicu 1,0-3,0 /11 6¥araH ruaporeooruK MapouTiapuaa ry-
3aHM TOMYWIATUO CYFOPUII YCYAUAA CYFOPUII OIIU TYIIPOK,
Havmmruay YOHCra uucbatan 70-80-65 douspa yuwab ty-
pui, ycyB (asanapu 6yitnua 1-3-0 Tusumma 2750 m3/ra maB-
CyMMii CyFopuil Mebépnaapyu 6winaH cyropuil, Kamkamapé
BUJIOSITUHUHT CyFOPWIaOUIaH YTIOKKU-6Y3, MeXaHUK TapKu-
6ura xypa ypTa KyMOK TYNPOKJIapy, CU30T CyBJIapu CaTXu
3,0-4,0 m, muHepanmsanusacu 1,0-3,0 r/n 6yiaran rugpore-
OJIOTMK LIApOUTIApa FY3aHM TOMUMIATUO CYFOPUII YCYINUIA
CYFOPUIII OJIAM TYTIPOK, HamuruHy YTHCra HucbaTan 70-75-
65 donspa yumab Typuil, Fy3aHMHT YcyB dasanapu 6¥iinua
1-3-0 Tusumpa 2820-2860 M3/ra MaBCyMMii CyFOPUIIL MEBED-
Jlapy 6MIaH CYFOPUII CYFOPUII TaBcust aTmiraH [10].

Kunuiok xy>kanuk SKMHIaApUMHU CYFOPUIL, CYB pecypcia-
puzaH camapanu boiiranaHuI, MaBXys CyFOPUIIT YCy/Iapu-
HM TaKOMWUTAIITUPUIL Ba STHTY TEXHOJOTUSJIAPHU camapa-
mopnuruHu ommpuin 6¥iinua: C.X.Vcaes [11], B.JKypakynos
[12], X.O.JTanacoB [13], C.A.HeposuH [14], A.3.ABIUEKYIOB
[15] ToMOHMIAaH KeHT KaMpOBJIM WIMUI TagKUKOTIAAp 06
6opuiraH.

Kunuiok xy>KaaurMHUHT CYFOpPUIagUTaH MaifoHIapuia
Fy3a eTUIITUPUIILA CYB TeKAMKOP CYFOPUII TEXHOIOTMSIIA-
puzmaH 6upu 6YIraH TOMUMIaTUOG CYFOPUIIT TEXHOMOTUSICUHA
KY/UIall, YHMHT CaMapajopiaury Ba axaMUSTUHU YPraHuiil
MaB3YHUHT 10/3apOIUIHY Oenruaanmn.

TagKUKOTHUHT 00beKTH. [lana Taxkpubanapy TOIKEHT
BUWIOSTUHMHT Ypra Umpumk Tymanugaru “Curopa-Madry-
Ha” hepmep XY KAIUTMHUHT €p OCTU CU30T CyBaapu 2,5-3 M
YYKYpAUKAA KOMIAITaH MeXaHMK TapKubura Kypa ypradya
KYMOK, TYITPOKJIapaa o6 60puimn.

Z

"Irrigatsiya va melioratsiya" jurnali Ne1(31).2023



IRRIGATION AND MELIORATION

TagKUKOT ycay6enapu. Jlana Taxkpuba MIIapyuHu onnb
6opuIla acocuit IbTUOOP CyBAAH Texkamiu (oiimananuiira
KapaTuiaraH 6116, TOMUMIaTG CyFOPUII YCYAMHU KAl
OpKaaM FY3aHMHT YCUIIYM, PUBOKIAHUIIN Ba XOCWITOPIN-
rura Kapatwiran 6ynmu. Jlana taxkpubanapu [laxTa cenex-
UMSICH, YPYFUMIUTMHU ETUIITUPUILI arpoTeXHOIOTHUSIIapU
WIMUIA-TagKUKOT MHCTUTYTMHUHT “Jana TaxkpubasapuHu
yTKasum yory6u” (VsITUTHU, 2007 ii.)maH doiiganaHrad Xom-
a amasira ommpwiau [16].

Taxkpuba BapMaHTIApK Fy3aHM dramiab Cyropuil (Ha3o-
paT BapMaHTM) Ba TOMYWIATKO CYyFOpUIN GYiinua GenrmiaH-
ny. CyFOPUIIAAH OJAVHTY TYIIPOK HAMJIMIY YyerapaBuii gana
HaMm curumu (YJHC)ra uuc6aran 70-70-60% 6yaraHma cyro-
pUIIUIap aMasira OV PUIIA.

Taskpuba TM3MMMKTa acoCaH Aaia Takpubamapu xap 6up
BapMaHTAA 3 Ta Karapukia amanra ommpunau. bymakuanap
ynuamu Kyingarnda: srat y3yHanru — 100 m; araTiap opacu-
nmaru macoda — 0,9 m; kaTopaap couu — 8 Ta. Bapuantnaru 8
Ta KaTopAaH 4 Tacu Xucobuii KaTopiap, KOATaHu XYMOSI Ka-
Topiapu 6Yu6, 6uTTa BapuaHT Maiimonu 8 x 0,9 x 100 = 720
M2 Ba TaXKpUOGAHMHT yMyMMit MaitmoH 720 x 2 x 3 = 4320 m?
éxu 0,432 ra.

TagKUKOT HaTWDKaJIapy Ba YIAPHUHI MyXOKaMacW.
Taxkpmba Oyitnua MiaMuit TagkKUKO™Iap TOIIKEHT BUIOSITH-
HUHT TUIIUK 6Y3 TYIpoKJapuaa, MeXaHMK Tapkubura Kypa
ypTa KyMOK TapKubmIu Tympokjaapaa yrkaswigu. depmep
XYKaIUTU IIApOUTUAA Fy3aHuHr “Hamauran-77” HaBMHU
TOMYWIATKO Cyropuil Gyiinuya WIMMUI M3JaHUILIAD ONUO
6opwiau. Taskpuba manacu TYIPOFMHUHT MeXaHUK TapKuou
Ba CyB-(M3MK Xoccanapu aHUKIaHIA. TYTIPOKHMHT MeXaHUK
TapKu6Y reHeTUK KaTaamiaap 6yinya 1 M kaTiamrava 6yiras
YYKYPJIMKAA TYTIPOK KUPKMMUAAH OJMHIaH HaMyHasap Oln-
16, H.A.KaunHckuit yoryouma anugianmn [17].

TYIMPOKHUHT CYB YTKa3yBUAHJIUTY SKUHIAPHUHT CYFO-
pUIl MyagaTiaapy Ba MebEpPIapUMPUMHM aHMKJIANIAA 3apyp
6YAraH 3HT MyXMM KypcaTKuwiapmaH 6upu xycobiaHamu
[18]. CyB yTKa3yBUaHIMUK TYMPOKHUHT CYyB-GU3UK XYCYCUSIT-
napuaad 6upu 66, y TYMPOKHUHT CYBHM CUHTAMPUII Ba
MaCTKM KaTaamiapra YTKasuill KOOGUIUSATUHM TaBcudiaimn
— ymiby skapaéH buabTpanus ae6 TyIryHuIaau.

TYIMPOKHMHT CYB YTKAa3yBUAHIUTY YHUHT OOHALOPIUTU
Ba FOBAK/IUTMHM GEITMIOBYY OMMJITIAPUIAH XaM XMCoOIaHa-
nmu. CyB YTKa3yBUAHJIMK aCOCAaH MKKM GOCKUYIAH IIVMUIAII
Ba QMIbTpIAHUIIIAH M6opaT 6y1n6, gactiab cyB mMMMUING
TYIIPOK TYIAMHAAM, CYHIPA CYB TYNMPOK KATJIAMUHMHT TTACTKU
KYCMUTA MabIyM Te3nukaa cusub yragu. CyB YTKasyBUaH-
JIVK TYTIPOKHMHT Mab/IyM MaiioH! 103acUIaH MyaiisiH BaKT-
la CMHTUO YTaguraH CyB XaskMM GUIaH YTyaHaau.

Taxkprba MaiiIoHMIA TYNPOKHMHT CYB YTKa3yBUaH-
JIUTYM MYKM Ba TalIKY XaJIKajap ycyniuaa 6 coaT JaBOMuUAA
aHMKIaHau. Takpubama aman JaBpy GOIIMAA TYMPOKHMHT
CYB YTKa3yBUAHJIUTU TaKPUOAHMHT GUMPUHYM coaTuma 282
MM/COQTHY TAllIKU/I KWITaH 6yiica, TaXXpUOAHMHT 2-coaTuaa
TYMPOKHMHT CyB yTKazyBuaHauru 220 Mmm/coat 6yiraH, Kysa-
TYB OxXUpuaa ypraya 215 MM/COaTHYM TAlIKMI KWJITaH.

Taxkprba MaiiIoOHMIA SKMHIAPHMHT YCYB OaBpUaa Ty-
MPOK CYB YTKA3yBYAHIUTMHUHT Y3rapuIInra CyFOpuIl ycyan
Tabcupu Ky3aTuigu. Tympok cyB YTKa3yBUaHJIUTMHUHT CYFO-
puI ycynmura 60FIUK X0/I1a epra UIUIOB Gepuill Ba CYFOPMUII
TapTubnapura 60rmuKaup. Taxkpuba Fy3a SKMHMHUHT KaTOP
opajapura MIUIOB GepUIl TOMYWIATHG CYFOPUIN YCYIUIa
Hucb6aTaH KaM OYIUILIUTK TYNPOKHMHT KaM 3UWIAHMUIIN-
ra, 6y aca ¥3 HaBO6aTHIA TYMPOK CYB YTKAa3yBUAHJIUTMHUHT
Huc6aTaH KaM racaiummra onub Keaamn.

VeyB maBpUMHMHT OXUPKAA TOMUMIATUG CYFOPUII YCYIUAA
TYIIPOKHMHT CyB YTKa3yBYaHJINUTK 6 COAT JAaBOMMIA YpTaya
200 mm/coat GynraH 6¥ica, sraTiab CyFOpPUIN yCylIuaa 3ca
208 MM/coaTHM TalIKWUI 3TAU. By 3ca TYNPOKHMHT CYB YT-
Ka3yBUAHJIUTY TOMYMIATUO CYFOPUIIZIA 3raTiab CyFopuinra
Huc6aTaH 8 MM/COaTra KaM y3rapraHyuHy Kypuil MyMKWH.

Taskpuba ganacuaa rysaHuur “HamaHran-77” HaBU MapT
olimHMHT 11-caHacurava sKuanb, ypyeiap gajia HaMuaa Ty-
JIUK, YHOUPUO onvuay. FysaHu TOMUMIaTuG CyFOPUII TeX-
HOJIOTUSICMHM SKOPUI KWINMII HaTVXKacuaa FY3aHUHT CYB-
ra 6ynraH TamabMHY KOHAMPUIIHM aHMKJIAIIZAH MOOpaT.
TagkuKo™Iapaa 2 Ta BapMaHTAA Ky3aTyBaap oinub 60puian.
TakpMOaHUHT 1-BapMaHTy HA30paT BapuaHTU O6YanO, 2-Ba-
pMaHT 3ca Fy3a KaTOp Opacura TOMU3FUWIN LIJIaHT YpPHATU-
Jn6, TOMU3FUYHMHT CYB capdu 1,6 j1/coaTHU, TOMUBFUWIAD
opacuparu macoda 30 cM. HM TalIKMI KUIUG, CYFOPUII
untapy amaiira ompuian. 2022 iuaru gana Taxkpuodanapu
YpTa KyMOK TYNpOKJaapAa Fy3aHM skuil cxemacu 90 cM Ku-
6 sxmirad. HazopaT BapuaHTHIA Fy3a aHbaHABUIT yCynma
cyFopwiraHga 4 mapra CyFOpWIMG, CYFOPUII OJIM TYIPOK,
Hamury 70-70-60% GYaranma amaira ommpuian. bup map-
TaIUK cyFopuinra capduianrad cyB Mukmopu 1200-1300 m3/
ra. HY TalIKuiI Kuinb, cyropuiuiap opacumaru nasp 19-22
KyHTa TeHT GVaay, MaBCyMuii cyropuil Mmebepu 5000 m3/ra.
HM TALIKWI 3TAMU. TakpMOaHMHT 2-BapyaHTKIa raT opasa-
TUO6 TOMMIFUWIM KyBYpJIapHM SKOMIAIITUPUO TOMUMIATUO
CYFOPWITaH[Ia, CYFOpUIIl Mebépu 252-352,8 m3/ra. Hu Tami-
Kyt Kyin6, 11 MapTa CyFOpUII MITapy amasira Ommupuino,
CYFODPMII OJIIM TYTIPOK Hamyury 70-70-60% 6ynranma amanra
oumpungu. Cyropuuuiap opacugaru gasp 9-11 KyHra TeHT
6Y116, MaBCyMUii CYFOPUII MebEPK 3528 M3/Ta. HU TAIIKUIT
atou (1-kagBai).

ToMumaaTMO CYFOPUITHMHT OGOIIKA CYFOPUII YCYJUIa-
pumaH GhapkaIM KUXATU HIYHOAH M60paTKu, MasKyp CYFO-
pUII yCyauAa TYMPOKHMHT HAMJIUTY Ba YHM SIPATUII YUYH
6epuiaétran cyB Gomkapmiaamu. Opmatmaru sratiaab Cyro-
PUIII yCY/IMIa CYyB 3TaTra OKM3WITAHIAH CYHT JaJaHVHT 6Up
KUCMUAA TYIPOKHWHT HAMJIUTU XanJgaH 3uén opTub Kertca,
60mIKa KUCMUOA CYB SIXIIM OKMAaraljury Tybaiau TYIpoK,
SXIIM HaMJIaHMaiau. ToMumaaTué CyFOpUIIIA 3ca CyB Xap
6P SKMHHUHT MabJIyM JaBpAaryu SXTUEKMUTa MOC PaBUIIIA
nmana 6yitnab 6up tekucna 6epwiaau. llyHmai kummb mama-
HMHT 5KMH SKOJJIAIraH KOIapy Oup Xwiga HaMJIaHaIu.
Tynpokaa opTuKYa HaMAMKHMHT 03ara KeJIuImmra mymn Kyii-
wimaiinu [19].

Fy3anu cyropui MmyanaTi Ba MebEpIapy XyLyIHVHT CYB
6WJIaH TabMWHJIAHTAHIMK JAapaskacura, TYyIPOK XyCyCUsITIa-
PU Ba CU30T CYBJIapy YyKYpPJIUTMHY xycobra onub Genruia-
Hagu. lllyHaa Fy3aHMHT GUP MebEpaa YCUIIIM, SPTaru Ba MY
XOCWJI OIMHUILN TabMuHAaHanu [20].

TomMumaaT6 CyFOpuINa CYFOPUII MebEpPU Kyiumaruya
aHUKJIAHAN:

m" =100 -hy -7 S (Bowns — Buax ) » M/TA

6y epga:  h, — Xucobuii KaTiaM YyKypJuru, M;
y — TYMIPOKHUHT XasKMWUI OFVIPIUTH, T/M;
S — ymymuit MaiigoHra Huc6aTaH HaMJIAHTUPUIATUTAH
maiimoH yayum S=0,6-0,7;
Bewons — UETAPABUIA ajia HaM CUFUMM, KYPYK TYIPOK
Maccacura Hucbaras, %;
B0~ MAKCUMAJT MOJIEKYJISIP HAM CUFUMM, KYPYK TYTIPOK
Maccacura HucbaTas, %;
Cyropuill JaBOMUILIUTK Kyiiuaaru popmynagaH aHUK/Ia-
Haau:

M
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net

m
; coar

Oy epia: q,— TOMU3TMYHMHT CYB capdu, j1/coaT;
n — 6up reKTap MaiiJOHJATY TOMU3TUWIAP COHU;
n=0,98 — cyBmaH doiaanaHuur Ko3GbuueHTn.
Knuuiok xy>kanmk sKMHIapUHU CYFOPUILA, 1Ty KyMJa-
JaH FY3aHMHT YCUO-PUBOSKIAHUIIN Ba XOCWILOPIUTY MUH-
TAaKaHMHT UKJIMM, TYTIPOK, ITMIPOTre0IOTMK Ba HABHUHT 610-
JIOTMK XycycusiTaapura 60emuK 6ymaau. Fy3aHUHT CyFOpuIn
pPeXMMY TYFpU OGeNruaaHraHAa YHUHT YCUIIV, PUBOKIAHN-
M XaM/1a XOCWJT GepUIIMHY Ba 3PTAPOK MUIIUG e TUINIIVHA
tabMUHIaiAN. Taxxpuba MaiinoHMUIA FY3aHUHT YC16-PUBOXK-
JIAHMIIM Ba XOCWILOPIUTU CYFOPMII TEXHOJIOTMSICH, SBbHU
TOMYMIATUO CYFOPUILI TAPTUOU, CYFOPUILIUIAD COHY, MYAATH
Ba MeBEPM KaTTa TabCUp ITamu. F3aHMHT YCub-pPUBOsKIIA-
HMII JaBpuia YTkasuirad GeHoI0rMK Ky3aTyBiiap 1aBoMuaa

Taxkpuba manacupa 1 MOHAA FY3aHMHT 6% Ha30paT Bapu-
aHTUAA aHbaHaBUII cyropwira ganamga 21,1 cm 6yiran 6yi-
ca, TAKpUOAHMHT TOMYMIATUO CYyFOpUIITaH Bapuantmaa 21,4
cM. ra TeHr 6ynau. Taxkpnba ganacuga 1 Mionb XomaTuaa sca
Fy3aHUHT 6YiiM HazopaT BapuaHTHaa 69,1 ¢cM, TOMIMIATHO
CYFOpMJITAH BapMaHTAA 72,3 CM. ra TeHr 6yaau. 1 aBrycTaa Y-
3aHMHT 6YiiM Hasopat BapmaHTuaa 87,9 cM, XOCHII IOXIapu
10,2 moHa, Xocua HUIIOHaMapu 16,5 moHa Ba Kycakiaap COHU
5,9 mOHaHM TAMIKWI 3TOU, TOMUYMIATUO CYFOPUITAH Bapu-
aHTHAA 3ca Fy3aHuHr 6Yitn 93,4 cM, xocwt moxnapu 12,4 cm,
XOCUJI HUIIOHA/Mapu 19,3 moHa Ba Kycakjiap COHM 7,3 TaHU
TaLIKMI KWIaM. 1 CeHTSIOpAa Ha30paT BapMaHTHUAA Fy3aHWHT
6Yiin 86,5 cm, ymymuit kycaknap 14,2 qOHaHY TAIIKMII STTaH
6yca, TOMUWIATUO CYFOPWITaH BapMaHTOA 3Ca FY3aHMHT
6yiim 101,2 cm, ymymuit Kycaknap coHu sca 18,3 moHaHU
TaLIKNAIT 3TN,

1-xcadsan

Fyizanune cyropuw mapmuou

TyopoKHHHT
CYFOPHII 0JITH Cyropamnap | Cyropamutap Cyropumwap Cyfopn:]] 1ap Cyfo.? i
opacHIArH NABOMHIAIHIH, Menépn,
mamaara YAHC ra COHH caHACH 3
AABP, KYH coar mira
HHCOATAH
Srarmad cyropHIn
1 01.06 29 1200
2 21.06 19 32 1300
70-70-60 % 3 14.07 22 34 1300
4 06.08 22 30 1200
Kamu 4 01.06-06.08 63 125 5000
ToMIHTATHG CYFOPHII
. 1 01.06 11,57 252
T¥zannaHT
LIOHAJANI TABPH 2 13.06 11 11,57 252
70 % 3 24.06 10 11,57 252
4 4.07 9 16,19 352,8
- 5 14.07 9 16,19 352.8
T¥zaHHHr rypaam-
XOCHJI TYTHII 6 24.07 9 16,19 352,8
naepu 70 % 7 03.08 9 16,19 352.8
8 14.08 10 16,19 3528
9 24.08 10 15,42 336
Fysamuar mamam 10 04.09 11 15,42 336
aaepH 60 %
11 15.09 11 15,42 336
Kamn 11 01.06-15.09 99 161,9 3528

2-ncadean

ITaxma xomawécuHu iurud oNUWHU XUcob2a oaull

KocHnaopauK

Mukaopu
Kypcarkuuiap ToMuniaTuo
drartnad cyropmumx
Ccyropuux
K3{uar conn, MUHT qOHA/Ta 85
Bup xjaaTmaru xkycakmap COHH, 8.9
JOHA/YCUMITUK ’

Bup xjcakmaru maxTaHUHT

35,5

30

5 23,4
20
90 15
14,7 w0
5
49 4,9 0

OFHUPJIUTH, T

Tona guKuIIH % 34 8 34.8 IraTnab TomuUnaTHE
Bbuonoruk xocu, 1/ra 29.7 5524 crrepy crepiL
XaKHKHI XOCHIT, 1/ra 23,4 35,5 1-pacm. Fy3anuHz xocundopauzu
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2-pacm. Taxcpuba matidoHAapuHUHZ KYpUHUWIU

Xynoca. YpraHuiaran MabIyMOTIap Taxauiu 6¥itnua cys
TaHKUCIUTY MIAPOUTUAA TEXKAMKOP CYFOPUII TEXHOJIOTMS-
JIApHY, KyMJIaZaH, TOMUYMIATUO CYFOPUIIHM KY/UIALTHUHT
MyXUMJIUTMHM KYpUII MyMKMH. PecriybinnkaMmusga KeiuHru
Jininapna cyB TAaHKUCIUTY sIHaJla KyWIMPOK Ce3MIaeTraH/In-
I'M Ba MMHTaKaJa KeJrycuaa xam 6y MyaMMOHMHT KeCKMH/Ia-
mn6 60puIIM Ky3aTUIaETTaH Ba3usTAa, anbaTTa, acoCuii CyB
MCTEbMOMUMUCH OVITAaH KUILIOK XYKATIUTHUIA CYB TEKaMKOD
TeXHOJIOTHMsIJIapra YTUILIHY TaK030 3TaJ M.

Ynpumk-OXaHrapoH BOXaCMHMHT TUIIMK 6Y3 TYMpoKIapu
HIApOUTHUAA FY3aHM TOMYWIATMO CyFOpuIIAa 3raTiab Cyro-
puiira HucbaTaH TYMIPOKHMHT CYB GU3MK Xoccanapuaa MKo-
Omit y3rapuiIHu Kypuil MyMKuH. JKymiamaH, ypra KyMOK

TYNPOKJIapAa TYMPOK 3UWIAHUIIM Kamaiunb, cyB YTKasyB-
YaHJIMK 8 MM/coaTradya KaMpoK KamMasiin.

MaBcyMumii CyFOpUIIl MebEPU 3TATIA0 CyFOpUIIAA YpTa-
ya 5000 m3/ra 6yica, ToMmunaaTM6 cyropuiiia 6y KypcaTKuy
3528 m3/ra. HU TAWIKWI 3TUO, rekrapura 1472 mM> cyFopuir
CYBHM TesKalll UMKOHVHY Gepajin.

TomumnaaTu6 cyropuia sratiab CyFopuIira Kaparania
FY3aHUHT YCUO-PUBOKIAHUIIN SXIIUIAHUO, XOCVIITOPINK
OIIMIIM XaM Ky3aTuiaaan. FY3aHuHT XOCYITOPIUTY TOMYM-
JaTNM6 CyFOpPWITaHIa raTinab CyFopuITaHIarura Kaparanmia
12,1 n/ra. rava 10Kopu 6Y1m16, XocuImopauk 35,5 1/ra. raua
€TUIIY MyMKM/H.
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EMFUPJIATUB CYFOPUII KYPUJIMACUHU DKCIIEPUMEHTAJI
TAJIKUKOTH HATUXAJIAPU

3.JK.Xydoépoe — PhD, douenm,
TouikeHm Oaenam azpap yHuseepcumemu
AHHOTaUA

Makosnaia KUIUIOK XY>KaJIMK SKUHIAPUHM EMEUPIATUO CYyFOPUII KypYWJIMAJIaPVHMHT SKCIIEPUMEHTAT TaAKUKOTU HaTVKaaapu
KenTupmiIrad. Ky oMuwui TagkMKOTIap HaTVKacuaa OJIIHTaH perpeccust TeHmiaMacy épaamMmiuaa CyB TOMUMCYMHUHT YUMIIT Macodacy
Ba EMFUP/IATUO CYFOPMIL KaPa&HM TaX 1M1 KWIMHTaH. EMEMpIaTii )kapaéHMHM I1acT 60CUMMIA aMaJira OIMPUIL Ba CYB IYKOTULLIAPU-
HU KaMaiTUPUII YIyH JedIeKTOp/IM HacaAKaHVHT KOHCTPYKTUB-(DYHKIIMOHA CTPYKTYPACMHVHT STHTY TEXHUK €UMMM UNUIA6 YMKMII-
raH. Hatiskama Hacanmka rumpocycreMacuaary 6ocum 0,1-0,3 MITa. gan 0,065 MITa. raua KamaiTypuIira spuimiras. Ilact 6ocumaa
EMFVMPIaTUII 9Ba3UTa CYyB TOMYMCK yumin macodacy L=3,3-4,4 MeTpra, CyFOpPUII 30HACMHMHT KeHIuru 3ca A=1,1 MeTpra TeHr mana
103aCHUIATY CeKTOpa skoiamany. ByHaa cyB TOMUMCH yUMIl BaKTUMHMHT Hazapuit Kuiimatu 0,47-0,58 c. HU Tamkut aTaan.

TastHY cy3/1ap: EMFUPIATUO CYFOPUIIL, CyB TOMYMCH, YUUIll Macodacu, HacaaKa, EMFUPIATUII KypUIMacy, CyB 60C1MY, HacaIKa
TUOpOCUCTEMACH, TedIeKTop.

PE3VJIBTATbI 9KCIIEPUMEHTAJIbHBIX NCCJIEJOBAHUN
YCTPOUCTB OPOLIEHNA OOXXAEBAHUEM

3.JK.Xydoépoe - PhD, douenm,
Tawxkenmckuii 20cydapcmeeHHblli azpapHulii yHU8epcuimem
AHHOTanusA

B craTbe npuBemeHbl pe3yibTaThl IKCIIEPUMEHTAIbHbBIX MCCIeI0BaHMI YCTPOICTB OPOILIEHMS TOXKIEeBaHMEM CeTbCKOX03s1ii-
CTBEHHBIX KYJIbTYp. [JaJbHOCTD ITOJIETa KaIeab JOXKIS U MPOIIeCC OPOLIEeHNMS NOXKIEeBaHMEM aHATM3UPOBAIMUCH C TIOMOIIBIO YpaB-
HEHMsI PETPECCUU, TTOTYYEHHOTO B pe3y/bTaTe MHOTO(aKTOPHOTO 3KCIepuMeHTa. PaspaboTaH TeXHMYECKOe PellleHe KOHCTPYK-
TUBHO-(DYHKI[MOHAIBHBIX CTPYKTYP HedJIeKTOPHOI HACaIKM OCYILECTBIISIONINE TTPOLIECC TOXKAEBaHMUS IIPU HU3KOM JIaBJIEHUN.
B pesynbTaTe MccaemoBaHmMii JaBjieHe B IMAPOCUCTEMeE Hacaaku 6b110 cHikeHO ¢ 0,1-0,3 MITa mo 0,065 MIla. Biarogapst Hu3-
KOHAIMOPHOMY IOJIMBY KaIlisi BOABI B CEKTOPE MOBEPXHOCTU I10JIS, PacIiosaraeTcsl JajJbHOCTb MOeTa paBHOM L=3,3-4,4 meTpa, a
HIMpPUHA 30HBI MOMBa cocTaBisieT A=1,1 meTpa. I[Ipyu 3TOM TeopeTnyueckoe 3HaUeHye BpeMeHM I10jIeTa KaIlii BOAbl COCTaBJISIET
0,47-0,58 c.

KnioueBsle ¢JIOBa: OpoIIeHNe AOKIeBaHMeM, KaIlIu OIS, JATbHOCTD IT0JIeTa, Ha-CaIka, JOKAEBaIbHOE YCTPOMCTBO, HATIOP
BOJIbI, TMAPOCHUCTEMA HaCaAKM, HedaeKTop.

RESULTS OF EXPERIMENTAL STUDIES OF SPRINKLING
IRRIGATION DEVICES

Z.J.Khudoyorov - PhD, associate professor,
Tashkent State Agrarian University
Abstract

The article presents the results of experimental studies of sprinkler irrigation devices for agricultural crops. The flight
distance of raindrops and the process of sprinkling irrigation were analyzed using the regression equation obtained as a result of
a multivariate experiment. A technical solution has been developed for the structural and functional structures of the deflector
nozzle, which carry out the sprinkling process at low pressure. As a result of the research, the pressure in the nozzle hydraulic
system was reduced from 0.1-0.3 MPa to 0.065 MPa. Due to low-pressure irrigation, a drop of water in the sector of the field surface
has a flight range equal to L=3.3-4.4 meters, and the width of the irrigation zone is A=1.1 meters. In this case, the theoretical value
of the flight time of a water drop is 0.47-0.58 s.

Key words: sprinkler irrigation, raindrop, range, nozzle, sprinkler device, water head, hydraulic system of nozzle, deflector.
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upyin. JKaxoHga, xycycaH, Y36eKUCTOHIA CYB pe-

cypoiapuiaH OKMIOHA doiifamaHuira KapaTum-
raH yopa-TagoupaapHy UIIa6 YMKUII, TEKAMKOP CYFOPMUII
TEXHOJIOTUSTAPVHY SKOPUII KUIUII, TYTIPOK Ba epjapHu Me-
JIMOPATUB XOMATUHY SIXUIVJIAIIL, Iy KyMJIaJaH KUIUIOK, XV-
SKQJIUTY SKVHJIAPMHM CYFOPUIIIA TEXKAMKOP CYFOPUII TEXHO-
sorusicupaH doimanaHmiIra KaTta 9pTM60p KapaTuiMoKaa.
Vs6exncron Pecrybiukacu Ipesumentuauar 2019 it 23
okTsi6paary «Y36eKucToH Pecrry6mKkacu KUILIOK, X§3Kamuri-
HY puBOKIaHTUPUIIHUAHT 2020-2030 jininapra MyskasiaH-

rad CTpaTermsicMHM TacOMKJIAIl TYFpUcUAa»tu dbapMoHUAA
KUIUIOK, XYKaIUK SKMHIapPUHU CYFOPUILZA CYBHU TeXaii-
IUTaH TeXHOJOTUsIap 6WIaH Kampab ONMHTaH eplaapHMUHT
YMyMMIi MaiilOHMHM 2 MJIH. TeKTapraya eTkasuil Hasappa
tyTuiarad [1]. Pecriy6nukammsga AaBiaaT TOMOHUAAH Kyii-
J1a6-KyBBaT/IAIl MexaHU3MIapy 3aMOH Tanabimapura Mociab
6opMIaéTraHaur cababnay CyBHM TeXalauraH TeXHOJIO-
rusuiap 6yryHTM KyHIa 433 MMHT reKTap MaifoH[a SKOpuii
STWIAM Ba YIAPHUHT YMYMUIA KYpCcaTKUUM CyFOpUIagUTaH
MaigoHMapHUHT 17 GOU3UHM TAlIKWI KUIMO, TOMUMIATUO
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CYFOPUII TEXHOJIOTHSIIApPY aCOCKIa CYFOPWIaAUraH Maiil0H-
nap 290,3 MuHr, éMFUpAaTM6 cyropuml 13,5 MUHT, JUCKPET
cyropuul TexHosnorusicy 10,6 MUHT, STUITYBYaH KyByprap €p-
Jamuzaa cyropuir 299,7 MMHT, SraTra IIeHKa TYIab CyFOPUIT
TexXHOIorusicu 92 MUHT, Ja3ep yCKyHacu épaaMuzia epaapHu
TeKucaal uiapu 185,8 MuHT rekrapra eTkasuiou [2].

EMEMpnaTi6 cyropuil yCy/m CyBHM TERaiaUIaH TeXKaM-
KOD CYFOPMII TEXHOJNOTMSUIAPU MUYMAA eTaKuu XUCcOOIaHuOb,
AKIIna 10900 muHT ra (yMyMuii cyFopuaagurat MaiiloHura
Hucbaran ynymu 56%), Poccusima 3500 muur (78,2%), Xu-
roipa 2634 muHr (5,4%), Xungucronaa 1635 muHr (4,4%),
Caynust Apabuctonuga 716 musr (78,1%), Mucpma 450 MuHT
(16,8%), Kosorucronga 57355 ra (2,69%) MaiiioH éMrupia-
™6 cyropuiaany [3]. EMEMpnaTu6 cyFopuIn TeXHOMOTUSICUHY
MaMJ/aKaTMMM34a KeHT KOPUii 3TUII YYyH WIMMIi-aMasnii
TaIKMKOTIIaDHY YTKAa3UIIHM TaKO30 3Tafu.

Kypn6 umkmwiaéTradi MyaMMOHMHT XO3MPIM XOJIaTH.
EMEMpnaTi6 cyropuin TeXHOIOTUSICUHM TaKOMWUTALITUPUIIT
6Yitnua XOpYsKaa eTapiayu WIMMIE TAIKUKOTIAp 0anb 60pui-
rad. EMFupnaTti6 cyFopuin TeXHOMOTMSICHIA CYB TOMUMCUHY
EMFMpNIATUIN KapaéHuaa OyFIaHUIIM, IIAMOT TabCUPUAA
yunpub KeTWINIINU CYB PeCcypelIapyuHy MYKOTUIUIINTA 06
kenagy. EMeupinati6 cyropuin MaIMHanIapMHUHT KOHCTPYK-
TUB Ba TEXHOJIOTMK ITapaMeTpjaapMHM ONTYMa/UIalITUPULLITA
6arynuianra B.B.Ciocapenko, I.I1.HagexxknHa, B.K.CeBpio-
ruH, JI.B.KpaBueHKO Kab6u OMMM Ba TaAKUKOTUMIADHVHT
uIMuii uuuiapu Maexkyz. B.B.CimocapeHKo €MFUpPIaTHO
cyropuua cyB iyroruiiapu 0,4-42 ¢owusra ety Mym-
kuuuruay, [ILHamexkkuHa TagkukoTiapupa —@dperat”
éMrMpraTG CYFOpUIN MallMHAcKa OyFIaHMUII Ba IIAMOJ
yunpub KeTul xucobura cys itykotuuuiapu 10,4-22,5 bous-
HU TAIIKWU/I STULIM TabKKUIIaHaou [4, 5].

VNCMUTU mabnymotnapura Kypa, «dperat» €mrupra-
TUII MallMHACK GUIaH CYFOPUII HOpMacu 614 m3/ra 6ynran-
Ia, 6yrmaHui tydbaiim cyBHUHT itykoTwmiu 30 dousraua
errad. lllamon Te3muru 3 m/c GYyraHza CyB TOMUMCHHVHT
yunpub xketwnuiu 7-10%, 6yrmanum sca xapopat 25-30°C,
mamort Te3siuru 1,1 m/c. gau 3,1 m/c. ravya omranzga 13,7 ¢o-
usgan 20,7 ¢pousraua etaay. B.K.CeBproruH TagKUKOTIApHU-
na (Y36exncToH Ba KMpFu3uCTOH fananapyuia) sca XaBogaru
TOMYMIAPHUHT OyEnaHuim yprava 2,3 GousHM TammkmI ot-
ra [6].

«Valley» @MFMpAaTUII MaUIMHACMHUHT  CUHOBJIAPU
EéMFUpPIATUII kapaéHKUIa cyB iykotuuuiapu 32,4-38,5 ¢o-
usra TeHMIUTMHM Kypcatrad [7]. H.®.PbDKKO CyB OKMMM-
HMHT émrupnatuin 6ocumuun 0,1-0,3 MIla KamaiTupuii,
CYB TOMYMCHHM IMaMeTPUHYU MakOY/UIAIITUPUII XMCcoOUra
OGyFaHMII Ba WIAMOJ yuupub ketummiau 16-22 ¢ousra ka-
MajTupuira sTuuIraH [8J.

JI.B.KpaBUYeHKOHMHI CyB MYKOTMIUIADMHM TOMYMHUHT
Iajia 103acuia TaKCMMJIAHUIIMHM SXTUMOJUIap Ha3apusicu
épmamuga 6Mp XWIIATMHM OLUIMPUII Xycob6ura Xaa STUIITa
GaruIlIaHTaH WIMMI TAOKUKOTIApU MabayM [9].

3.1I1.IOnpaieBHMHT MMM TagKUKOTAAPU €MFUPIATUIIL
>)KapaéHuza CyB pecypcoiapy MyKOTUMLUIAPVMHU SHEPTUS Te-
SKaMKOp arperamiap €paamuja Xaja STUINra OGaruiliaHraH
[10]. TagkuKOTUMIAp EMFUPIATUO CYFOPUIN KapaéHUAA CYB
MYKOTUIIITApVMHUHT OyHIaii karta auanasoHza (0,4-42%)
Y3rapuimmHu TaAKUKOTIAPHVHT TypJIX MUHTaKaaapaa onub
GopuiaraHyu 6MaaH M30XJjallaay Ba CYB TOMUMCHUHMHT YUUIII
BaKTY Ba YUMII GAJIAHIJIUTY OIIUIINA CYB TOMUMCUHMHT Ta-
MOJI TabCUPUIA YIUPUO KETWIMIIY Ba OYFIAHUIIN KyTaim-
mMra oMb KeMUIIMHM TabKkuaamanm [4, 5, 7).

CyHBMIT CYB TOMUMCUMHU XOCWJI OYIMIM, TOMYMHMHT
YUMIT BaKTV Ba Macodacu, YHUHT TYTIPOK f03acura KypcaTa-
JIUTaH I'MAPOAVHAMUK 60CUMM, EMFUPIATUII UHTEHCUBIIUTY
XaM/la TOMYMHMHT JiaJia 103acy 6yiiaab 6up TeKnc TakCMMIIa-
HUIIM TUAPOCUCTEMamaryu 60cumMra GOFIMK TEXHOIOTUK Ta-
pametpnap xyucobnanagu [11]. llly cababmn TeskaMKOp CyFO-
puUIl TU3MMIAPVMHY MaMJIaKaTMMM3[a KeHT JKOPUil STUIIAA
EMFUPIATUO CYFOPUII SKapaéHY Ba CYB MYKOTUIIIApU OMIaH
103ara KeJlaéTraH MyaMMOJIapHU TaJKUK STUII 1013apoaup.

Macananusr Kyiimanmm. CyB TOMYMCH yauin Macoda-
CMHM aHMKJIAIl aMaiuii axaMusitra sra. Yuuin macodacu Ba
YUMII BaKTM KMIIMaTUMHM HacajKa Hailuacy Teluru ayuamMe-
TpU, CYB OKUMUHUHT 60CUMMU, IeQIeKTOPHUHT KUSTUK Oyp-
yary Kabu EMFUPIATUII KYyPUIMATapUHUHT KOHCTPYKTUB Ba
TeXHOJIOTMK IapaMeTpiapy 6enrmiaigu. Ememprnarum xa-
paéHuaa CyB YIyIy OYFTaHUIIMHUHT XaKUKUIT MUKIOPUHU
aHMKJIalll Makcaauaa JiabopaTopusi CMHOBIAPU YTKas3WIIU
[12]. Taxxpmbanapaa cys Tomuucy guamerpu d =1,33-2,5 mm,
EMFUPIATTUY IMApOCHCcTEMacuaaru cyB 6ocum P=0,05 MIla
Ba émrupnaTuil 6amaHaaur h=1,6 M KuiiMaTuaa EMFUpIIa-
TUII KapaéHMIa CyB MUKIOPUHMHT OyEnanuim I=7,4-8,3%
S9KaHJUTU aHUKJIAHAM. TagKUKOTIAp E€MFUPIATUIL Kapae-
HUJA CYB MYKOTUILIADUHY STHALA KaMalTUPUIIL MMKOHUSITYU
MaBXYJIUTVHU KYpCaTAn.

Euni ycynm (yoay6napu). OnuMHraH HATVOKaIap, MaB-
Ky @MFUPIATUIL HACAAKATAPUHYM KOHCTPYKTUB (GYHKIV-
OHAJT IBOMIOLMSICY Ba MOPMOJIOTUK Tax/ MM acoCHUIa yiaap
ITUAPOCUCTEMACH A CYB OKMMUTA TAbCUP STYBUM QUSUK-TEX-
HUK 3¢ dexTiap y3rapTupuiaay Ba gedaekTopin HacagKaiap
SIHTM aBJIOAY YUyYH TEXHUK eurM uiiab unkmuiaau (1-pacm).

TakoMmM/uTalITUPWIITAH Hacajgka MaBXy[jaapuaaH CyB
OKVMMHM Hajya TeIUIuIaH OKU6 UMKMIIALA “CYIOKJIMK-
JIApHM KaJIVH JeBOP/IM UAMILIApAaH OKUO UMKUII” XOCCacu
XOCUJI KVUIMHTaHIUTY O6wtad dapkaaHaanu. ByHmail xoccara
ara TeIMKIa CYyB OKMMM CUKMIManau Ba 30 dbousrava Ky
CYB MUKJOPUHU OKUO UMKUIIINATA SPUIIALIT MyMKMH [13].

Y

1-pacm. Takomunnawmupuiean dedrekmopau Hacadka yusmacu éa gomocypamu: 1 — kopnyc;
2 - dechnexkmop; 3 - sxkpaHau 103a Kaiimapauu; 4 — ynaur Kucmu; 5 — mapkrasuii KaHasu;
6 — KoH(Yy30p; 7 —Haiiua.
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Wiinab YMKUITaH TEXHUK eUMM IacT 6ocumpa éMFup-
JIATUI MMKOHMHM Oepamy. CyB TOMUYMCHMHMHT OOIUIaHFUY
YUMII TE3JTUTY Ba OKMOATAA YUMIIT BAKTUHMHT KaMaiuIlu CyB
MVKOTUIILIapY KaMmaiiuimra onub Keaamn.

TIednekTopay HacagKagaH OTWMING UMKAETraH CyB TOM-
YMCMHUHT yuMuil MacodacuHM Hacajgka Haiiuacugaru CyB
Gocummra OGOFMMKJAMIMHM aHUKJIAIl Makcaguma TowmIAY
“KUIIOK  XYKaIUIMHM MeXaHM3auusyIamTupuin”  Kage-
npacupa “EmrmpnaTu6 cyropumn MaiimHazapu KOHCTPYK-
UMSICMHM TaKOMWUIAIITUPUII Ba €MFUPIATUIL KapaéHUHU
MOJe/UTalITUPUIIT” MaB3ycuaa onub GopuiaéTraH MIMMIL

BMFUPNATHLL HACAOKACK

TaIKMKOTIAP peskacura MyBoduK 61p KaTop Taxkpubamap y1-
Kaswiay. Taskpubanap ouMK CyB XaB3acy 103acura CyB TOM-
yucuHu gedaexropan Hacagkaiap 6viIaH EMEVPIATHIN iyan
6uIaH aHMKIaHOIM (2-pacm).

Oumk CyB XaB3acura éMrMpnaTUIraHia xap KaHaam au-
ameTpra sra TOMYM CYB l03acura TyIIUII HYKTaCMHM BU3yall
KYpUIIT MYMKWYH GYJITaH aHWUK M3 KoIAgupamy. Yauin macoda-
CY éMFUPIATUIIL HYKTaCKIaH CYB TOMUYMCUHMHT OYMK XaB3a-
Jlaryi CyB CUPTUTA TYIINII HYKTacuraua 6yiarad Macobacuamn
Yuanr opKaau amajira omupuiaau. TaskpubanapHy UIIOHY-
JIVJIUTY MaTeMaTHK CTATUCTUKA KOHYH/IApy 61MIaH 6axoiaH-

TOMYMHMHE CYB HI3ACHAA KOMOQWMPrad MaK

CYE TOMUYMCHHMHT TYWKHW HYKTICHHWHT BowW

CYB TOMYMHCH TYWHW HYHTACHMHHAHN OXKMDM

2-pacm. Taxcpuba-cuHos ymrasuul ¥capaéHunu pomocypamaapu: a). Jepnekmopau HacadkanuHz
émrupnamuuy; 6) TomuuHuHz cye 103acuda KoadupzaH usu.

ou [14].

Taxkpubanap sabopatopus cTreHguUpa YTrasmagu. Taxk-
pubanapaa meduiekTop Haiiyacy TeITy AMaMeTPUHUHT d= 4
MM, d=6 MM. I HAMyHaJIapy KY/IJTAaHWIIM Ba Hailyaiaru CyB
okumu 6ocumu P=0,025-0,125 MIla opamuruzaa 0,025 MIla
MHTepBan O6wiaH y3raptuiagu. Hacanka pnediekKTOPMHMHT
KUSIMK 6ypuaru a=25°. Xap Oup MHTepBajima Taxkpubanap
COHM 3 TaHM TaIIKWI 3TAU. MyxuT xapopatu t=45,1°C, xaBo-
HMHT Hucouit Hamurun W=20%, mamon tesmuru S=0,1-0,2
m/C.

TagKMKOT HATVOKJIApPUHUHT Taxjawin. Taxkpuba Ha-
Tukanapu 3-pacmparu rpadukiapna keatupuiarad. OnmH-
raH MabJIyMOT/Iap CyB TOMYMCH J1aja 103acua éMFUPIATUII
CeKTOPU XOCUI KWIMIIMHY KypcaTtau. [Jana 103acura éMrmup-
JIATMITAH TOMYWJIAPHMHT GONUIAHFMY TYIIMII HYKTacK Ba
OXMPIY TYIIAII HYKTaJapyM MaBxKyn OYamod, €MFMpPIaTHMII
HYKTacuUra HuC6aTaH IIUIICCUMOH IAaKI XOCUIT KUTAIA.
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[T mmmn.

EMPHDRATHIL 30HACH

a)

Pk

L=1]

o 00z 008  0Dé  0g8 0.1 012 014
Hacagragam cys Gocums, MNa

CHE TOMYHMOAHMHT Y AL
macodack, m

=== (B TOMHICHHART EPT3 TYWHWIENK GOWnanmy Hyimadn, B
=== Y0 TOMYRCHNANT CPTD TYWHWKNK CUOMRIH HKTACH, M

CyB capbMHMHT TaKCUMJIAHUIIM YIIOY MKKM HYKTa Opa-
cuparu cekropza 3 6epanm. Hacagka Haitdacu TeIIUTUHUHT
IMaMeTpy KaTTalalrad capy CyB TOMUMCUMHMHT YIUII Maco-
dacu omagu. Cyrokauk 6ocum P=0,025 MITa Ba Hacajaka Ha-
jiyacy TEMUTMHUHT IuamMeTpu d=6 MM. fa yuuin macodacu
X, = 2,4-3,6 M. ra TeHr (3a-pacm). EmMrvpraTunn soHacMHUHT
X Yku 6Yiinua kuitMatu (EMFUPIATUII 30HACMHWHT KeHIIN-
M) A=1,2 MeTpHM TaIKuI 3Tagu. bocum ommnb 6opraH capu
yuunir macodacu xam ounb 6opanu. YVHUHT Kuitmatu P=0,125
MITa. ga yumim macodacy L= 3,2-5,1 M. HY TalIKuaA STAU. V3
HaBbaTMIa EMFUPIATUII 30HACMHUHT KeHruru 1,9 M Kuii-
martra sra. Hacagka HaitYacCMHMHT gyaMeTpu d=4 MM. ra TEeHT
6ynraHga d=6 M. Ju Hajtuara HucObaTaH yuuin macodacu
KaMasiay. Haiiuagaru CyloK/JIMK OKUMUHUHT 60cumu P=0,25
MTITa. ra TeHr Gynranga, yumir macodacu L =0,75-1,25 meTp-
ra TeHr. EMFupiaTuin 30HaCMHUHT KeHruru A=0,5 MeTpHU
XOCUJT KU
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Hacagnagan cye bocum, MMNa

=B TOMMHCHHIRT B0 TYWyWire Bouasnne mysTatm, M
=E=(yB TOMHHCHHIAHT BT TYWWHES CEHETH HYRTCH, M

raacodack,

-

=
n

CyB TORHYMEMHMHE Y4

3-pacm Cys momuucu yuuwr macopacununez Hacadka Hatiuacudazu cyé oKumu
6ocumuza 6ornukauzu epaguzu: a) d=6 mm; 6) d=4 mm.
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Hacapka Hajtyacu Temmru OUaMETPUHUHT TYpPIAU KUit-
MaTiapuga yuuin MacodaCuMHM Y3rapuily yaapaa XOCWIT
6ymaéTraH CyB TOMUMCMHMHI Typay AMaMeTprapy OwmiaH
usoxJjaHaau. IMpuk auamerpra sra 6yaraH CyB TOMYMIapU
Y30KpOK Macodara, Huc6aTaH KMUMK OMAMETPIU CYB TOM-
yujaapu SIKMHPOK Macodara yumb6 OGopamn. Takpubanap-
Jla HacajJka Hajyacuma CyB OKMMMHUHT GOCHMU KUIIMATU
P=0,6-0,65 MIla Ba Hajiya TEIIUTMHUHT AMaAMeTPU d=6 MM
TEeHT GY/IraHaa CyB TOMUMCHMHUHT yuniin Mmacodacu L=3,3-4,4
MeTpra, CyFOPUII 30HaCUMHMHI KeHIUru sca A=1,1 merpra
TEHIVIUTY aHUKJIAHN.

CyB TOMYMCMHMHT yumuil Macodacura cyB OKMMU 60CHK-
MM KuiimMaTty P Ba Hacaka Hayacy nyMaMeTpUHUHT d Y3apo
TabCUPUHM aHUKJIAII MaKcaauaa jabopaTopust creHauaa 22
OMWUIY dKCTIepUMeHTIap YTKa3wian. OMUIApHUHT TabCH-
pyHM 6axosalll Ba JKapaéHHMHT MaTeMaTUK Mdopanai yuyH
Kyiupary 6MpuHYY TapTUOIM MO TaHIaH I |

¥ = by + bix1 + byxy + bxg + bipX1 Xy + bipx1 Xy

OKCIIepMMEHT MaTpUIlacy Ba CMHOB HaTvKanapu 1-xan-
Ba/Ia, OMMWIJIAPHVHT KOJJIaHTaH KUitMaT 2-KaIBasifa KeJi-
TI/[pI/UII‘aH.

PeFPECCI/IOH TaXJINJI S‘ITKaBI/[IJ_I MYMKUHJIUTUHN AHUKJIaIll
YUYYH HapaJ'UIe.TI Ta)KpI/IGaJIapHI/I 6]/[]3 JKMHC/IN SKaHJIUTUHU
KoxpeH kputepusicu 6¥iinuya aHUKIaHIN:

_ Srznax _
oy = SN 57 0,092, @

Oynza §?  —3HT KaTTa qucrepeus; YN, 87 =65,81 - Taxxpu-
Gasap OUCIIEePCUSICUHUHT AUFUHIVCH. Um0=0,515>0)‘=0,092
nrapt 6askapuiny [14].

Iucnepcust mapamMeTpiapy Ba Iapajuiel Taxpubanap-
HMHT XaTOJUTK TeKIIMPWIAM Ba aHMKJIaHau. [Tapasien ta-
sKpubaiap OUCIIepCUSICUHUHT OUp SKUHCIM SKAHIUTY TUIle-
Te3acy Kabysn KUAMHAN. [IMCIIepCUSTHUHAT UKPO STVITAIIN

s2=1352=1645; Taxpubanap xaronuru S=v1,29=4,06.

‘leHrnama KoabduIeHTIapy Kyiiuaaru TeHriamMa 6umaH
XMCOBIAHIN:

1 _ 1 — 1 —
bO = 523=1Xuo Yus bi = 523=1Xui Yus buj = 523;1 Xiu Xjuyu- (3)

Bup KaHUa MaTeMaTMK aMalapHU GaskapraHmaH CYHT

KyAUaary perpeccus TeHIIaMacy Keamo YMKam:
Y=406,6+109,6X,+226,7X,+53,2X X,. 4)

TeHrTaMaHMHT aJleKBaTJIMK TuioTesacu duiiep Kpure-
puscu 6yitnya Texmmpunau: F;=0,371. Kosdppuumentnap-
HMHT CTaTUCTUK aXaMusiT CTbIOIEHT KpUTepusicu Gyitnda
TeRmMpuan. TYIUK oMuUuM Taxkpubanapaa KoaphuieHT-
TapHMHT XaToc - S, = 1,17. Bap4a kosdpuumenTnap craTu-
CTUK axaMUSITIIN.

Perpeccust TeHITITaMaCMHMHT KOJJIaHTaH KUMaTAapuaaH
XaKMKMI KuiiMaTtura YTUII Kyiiugary TeHrinaManap €paaMm-
Jla amaJira OmpwIaan:

P-P, _ P—0,075
A, 0025

X1 - A, T2 (5)
6ynma P, d - Tekmpunaérrad omuinap; P,d - Texumm-
pWIaéTraH OMMJUIAPHMHT acocuii moroHacu; A ,A, — Bapua-
1yt KO3 OUIeHTn.
OnuHraH HaTVoKanap 6yinya Kypuiaral XaskMmiau rpaduk
4-pacM[a KeJITUPUIITaH.

KN
HACAAKA HAHYACH
AHAMETFPH, MM

OYE TOMYHCHHHHT ¥4H1
MACODPACH, CM

08 g5 ..
%04 gy
CYB GOCHMH, MILA

O o0z gy :
06 g5

00-200 ©200-400 0400-600 0 600-800

4-pacm. Cyé momuucu yuuur macogacuza cye 6ocumu éa
Hacadka Hatiuacu duamempuHuHez y3apo mascupu

Xynoca. EMrupnatuin KypuaManapyuamu SKCIIepUMeHTa
TaAKUKOTIapy HaTVKaTaPUHUHT TaXIUIU CYB TOMYMCUHUHT
Makcuman yumuim macopacu X,=+1 (P=0,1 MIla) Ba  X,=+1
(d=8 mm) KuitMaTiIapaa 103 6epaau. ByHaa cyB TOMUMCUHUHT
yunin Macodacu L=8 M. ra TeHr. CyB TOMUMCHHUHT YUMII
Macodacy OpTUIIM OMIaH YUMII BaKTU XaM OIIMO 6Gopaau.
Emrupnaryunt sxapaénuga 6y OMIWI CyB TOMUMCHAHY OYETaHN-
M Ba IAMOJ TabCUPUAA YUMPUO KEeTUIAAUTAH YIYIIUHA
omummra onmb Kemagu. KMok XysKaimMk SKMHIAPUHY ca-
Mapaii CyFOpUII Ba Y3rapyB4aH MyXUTAA CYB TOMYMCUHU
TabUUit OMWIIAp TAbCUPUAA HTYKOTVIIUIIVHY KaMaiTUPUIIT
Makcaauaa Hacaaka Haiyacuaa CyB OKMMMHUHI OGOCUMMU
P=0,6-0,65 MIIa Ba Haifya TEIIUTMHUHT AUaMETPU d=8 MM.
ra TeHT OyIraHza aMajra OMMPUIMII MaKCaara MyBOOUK
9KaHJIUTU aHMKJIaHIU. By mapameTrpnapia cyB TOMUMCUHUHT
yunin macodacu L=3,3-4,4 meTpra, CyFOPUII 30HACUHNHT
KeHIuru 3ca A=1,1 MeTpra TeHT Jajia 03acugaru ceKTopaa
>koyinamanyu. byHoa cyB TOMYMCHM yuMIl BaKTMHMHI Hasa-
puit kuitmatu 0,47-0,58 c¢. vy Tamkua atagu [15]. MaBxyxn,
EMFMpPIATUIN MaalmMHazapumaru cyB 6ocumu 0,1-0,3 Mlla
9KaHMHU XUCOOra oJcaK, TAAKMUKOTIAD HATVIKACUIA OJVH-
raH mact 6ocumaa EMFMPAATUII OPKAIM EMFUPIATUII Ma-
HIMHAJApUHM TaKOMWIIAITUPUIL MMKOHUSTU TYFUIaAN.
OnuHraH KuitMatiaap €éMEMpPIaTUO CYFOPUIN PEXUMIaAPUHU
aHMKJIAlIga UIMMIT-aMaInii axaMysITra ara.

1-»cadean
AKcnepumeHm mampuuacu éa CUHO8 Hamuxicanapu
Ne Xo Xl Xz X1X2 Yl Yz Y3 Yx“rpr
1 + -1 -1 +1 122 121 124 122,3
2 + +1 -1 -1 124 123 124 235,3
3 + -1 +1 -1 470 471 467 469,3
4 + +1 +1 +1 797 797 795 796,3
2-ncadean
Okcnepumenm ¢pakmopaapu 6a noroHaiapu
No Komranran napamerpiap -1 0 +1
X, CyB kyBypumaru P 6ocim 0,05 Mlla 0,075 Mlla 0,1 MIla
X, Hacanka maiin termmrn 4 MM 6 MM 8 MM
JaMeTpu d
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VYT: 627.83

"CAPUKYPFOH" TUAPOY3EJU UHIIOOT/JIAPU OCTUIOATHU
OUJIBTPALINAA OKUMHUHU MOJE/IJIAHITUPHAIII

B.K.Canues - m.¢.0., douenm, 3.U. bepduépos - dokmopanm, M.b.Canueea, P.U.TypaxoHoe — mycmaxkui madKukomuuiap,
Hppuzayus ea cys myammonapu uamuii-maokukom uHcmumymu
AHHOTaIVS

Makonazga 77 vivn [aBoMuaa SKCIUTyaTauysl KUIMHAETTAH TUIPOY3el MHIIOOTIaPUHUHT TEXHUK X0lIaT, TYFOH OCTUAATU
cybdosus kapaéunapu cababmapi, TOF-KMHCIAPU OpacUIary 0Xak, KyM Ba TYIIPOK, 3appavyajapyMHMHT SPUIIN, ep OCTU CYB-
yapu 6uiaH OKU6 KeTUIIM Macaianapy yprauuirat. LIyHMHTIEK, ep OCTU CYBIapUHUHT 3aXUPWIapyHU TYiinHTUpKaa Cyx
napécuga Kypuirad “CapuKyprFOH” TUAPOY3eIM MHLIIOOTIapy OCTUA, Aape Y3aHMIa XaMOa CYFOPMUII TU3SUMIAPULA COOUP
6YnaéTran GuIbTpals OKMMIapK Ba CYFOPMIaAUTaH MaiIoHIapAaH CYyBAaPHUHT CMHIUIIM TaAKUK STUITaH. MHIIOOTIap-
HMHT 3aMUHIA OCTUIAaH GMIbTpaIMs OKUMUTapuHy Mofetamtupuin dIIA yeyauma 6askapuirat, CyB 6aJaHCy HaTyKaIa-
pura acocan Cyx mapécyu BOOMIiCH CyB OCTUIaH OKMO Kemamguran okum 1,447 mM3/c Ba CcyFopMa JeXKOHUMIMKAAH MaK/UTaHTaH
MaliloHIapAas myMMIrad cysiaap 17,388 m%/c Ba “Karra ®aproHa” KaHaJIMHMHT Yall KUPFOK KucMuza 8,1 m%/c Ba YHT KUPFOK,
kucmuza 9,346 m%/c capdrnaHuIy Ky3aTUIraH.

TastH4 cy3/1ap: I'MAPOY3el, MHIIOOT, KOHYC EimaMacu, GuiabTpaiys, TMIAPOIAMHAMMUKA, MOJEI, SJIEKTPOTUIAPOANHAMUK YX-
MIAIINK.

MOJEJTINPOBAHUE ®UJIbTPAINOHHBIX ITIOTOKOB 110/,
OCHOBAHHMEM COOPY>XEHHUHU CAPBIKYPITAHCKOTIO
T'NMaPOY3EJTA

B.K.Canues — m.cp.0., douenm, 3.H1.bepouépos — dokmoparm, M.b.Canuesa, P.U.Typaxoros — He3asucLMble Lccnedosaime,
HayuHo-uccnedosamenbcKuti UHCIMUNTYIM uppuzayuul U 600HbIX Npodiem
AHHOTaNVSA

B craThe paccMaTpMBaIOTCS TEXHMUYECKOE COCTOSTHYE TUIPOY3/I0B, HAXOMAIIMXCS B 9KCILTyaTaluu 77 JIeT, IPUIMHBI TIPO-
11eCCOB (PMIIbTPALVY [TO]] TUIOTUHOI, pAaCTBOPEHIEe U3BECTHM, ITeCKa M YaCTUII TPYHTA MeKIY CKasiaMy, BOIIPOCHI TPOCaUMBaHMS
TPYHTOBBIX BOA. Takke Ha IMOIOJHEHME 3aMacoB MMOA3eMHbBIX BOI MAET 13 (PUIbTPAIMOHHBIX CTOKOB M3-TIOf, IIOCTPOEHHBIX
Ha peke Cox CapbIKypraHCKOTO IMAPOY3Jia, Pyciaa PEKU 1 OPOCUTETbHBIX CUCTEM, & TAKXKe BOAOIOIIOIIEHNUSI C OPOIIAeMbIX
wionazeit. MogenMpoBaHue GUIbTPALMOHHBIX TOTOKOB ITOJl OCHOBaHMEM TUAPOY3JIa BBIMONHSIOCh MeTonoM IIIA. o pe-
3yJbTaTaM BOJHOTO 6ajaHca, CTOK 13 HomuHbl p. Cox JeBobepeskbe Bonbiroro @epraHckoro kaHaua cocrasisier 8,1 m%/c, mpa-
BOOEpesKHOI 30HbI 9,346 M3/c.

KiroueBbie c1oBa: TMAPOY3eT, KOHCTPYKIMSI, PACIIPOCTPaHEHMEe KOHYca, GUIbTpalusl, TMIPOAMHAMMKA, MOZEb, SIeK-
TPOTUAPOIMHAMMYECKAST aHATOTHS.

SIMULATION OF FILTRATION FLOWS UNDER THE BASE OF
THE SARYKURGAN HYDROPOWER STRUCTURES

B.K.Saliyev — DSc, Associate Professor, E.I. Berdiyorov — doktorat, M.B.Saliyeva, R.I.Turaxonov - independents researcher,
Research Institute of Irrigation and Water Problems
Abstract

The article discusses the technical condition of hydroelectric facilities that have been in operation for 77 years, the causes of
filtration processes under the dam, the dissolution of lime, sand and soil particles between rocks, and the issues of groundwater
seepage. Also, groundwater replenishment comes from seepage flows from under the Sarykurgan hydroelectric complex built
on the Sokh River, the riverbed and irrigation systems, as well as water absorption from irrigated areas. Modeling of filtration
flows under the base of the hydroelectric complex was carried out using the EGDA method. according to the results of the water
balance, the runoff from the valley of the river. The dry area of the left bank of the Great Fergana Canal is 8.1 m?%s, the right
bank zone is 9.346 m?/s.

Key words: hydraulic system, design, cone propagation, filtration, hydrodynamics, model.

SOOI OO OO0

upwmil. Pecniyonmkammusaa 200 Tara SKUMH TUMIPOTEX-

HUK CyB MHIIOOT/IapY MaBsKyH. YIapHUHT CYB OJIMII
KyBBaTu 10 M%/c. man 300 m%/c. rayaHM TaIIKUI 3TUO, Y-
nappaH 118 tacu mymmatuHu yTab GyiraH, rMApOMeXaHUK
YCKyHaJIapUHM MOAEPHMU3ALIMS KWINIIT €KY aJIMALITUPUIITHA
Tasnab araay [1]. UHIIOOTIapHY UITYY XOMATUHY TUKJIAII, pe-
abMIMTAIMSICY XaM/la SKCITyaTalMSICUHY SIXIIWIIAII, TEXHUK
XMU3MaTIapMHY TabMMHIAN YIYH MaKCaAJIM MHBECTULIS-
JlapHM amajira ommpuin 3apyp. Makcag Cyx mapécuma 1948

Jiunpga umra Tymupuiaral “CapukyproH” TUIAPOY3EIMHUHT
TeXHUK XOJMATUHM 6aX0/alll, CYB XYKaJIUTY TUSUMMUHU Y3ITYK-
cu3 CcyB OMIaH TabMMHJIAII, KaZACTP MabIyMOTIapu Gyiin-
ya “Capukypron” Ba “KyKoH” ruapoyseiapu épmamupaa 40
MVHT reKTap CyFOpWIaguraH epiaap CyB 6MaaH TabMMUHIAHA-
nu. ViHImooTap Ba xykanukiaapapo kanamwiap Cyx gapécuun
TOFIM XYOYAUAAH UMKUII BOXacy GYIraH KOHyC €imamaci-
HMHT KyTO KMCMMJA Koinanrad. ['napoysen Ba KaHa/uiapaa
CYBHMHT AVIMJIAHUIIM HATMXKACUIA TYFOH OCTUIaH GUIbTpa-
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TNJPOTEXHUKA MHIIOOTJ/IAPY BA HACOC CTAHIIUSJIAP

LM KapaéHM, CU30T CYBJAAPMHMHT MAK/IJIAHUIIN Ba TACTKU
Xyay[aapra TapKaJuiiu, ep yCTU Ba ep OCTU CyB pecypciia-
PUHUHT MUKAOD Ba cudaTtura y3puit 60k [2]. Tor onnu
IMOPOMETPUK CTaHLMSI MabIyMOTAapura Kypa, Cyx mapécu-
HMHT MMUIUK Xaxkmu 9,6 km®, ¥praua itnminru 7,7 km® Ba 9HT
Kam MMk okum 5,5 kv, Iy cababau Cyx mapécu Xymynu
ep OCTM Ba ep yCTU CyB pecypciapura 60ii. Viap gapé okumMu
CyBJIapUJaH Ba Mppuramus TU3UMIapuaaH MYKOTWIaIUraH
cyBiap GWIAH TYFOH CyBJIApUMHU (QUIbTMpPAIMSATa CUHTUIIN
HaTwkacuga TyiHagy [3]. Ep octu cyBiapu Tabumii 3axXu-
panapu, peskumu Ba cyB 6anaHcy TUIPOVHIEO uHCTUTYTU
TOMOHUIAH 1944-1966 Vinmtapgaru sKCITyaTalyMoOH TUAPO-
MeTpusl MaTepuajlapura acocaH aHMKJIaHTaH.

Cuppapé-Cyx UTXD xy3ypunmaru MennopaTuB SKCIIeIn-
uust (M3D) TOMOHMIAH ep OCTU CYBJIADMHM XMMOSIIAIL Ba 3a-
XUpaJapyHY KaMainb KeTUIIVMHY MOHUTOPYHT KUIUII YIYH
PEXUM Ky3aTyBiaapu oamb 6opuamMoxia [5].

I'mppoysen uamooTu III cuHbra mancy6. CuHbOHMHT Ka-
MUTaI KYPUIIUIIN Ba XaBCU3JIMK XXMUXATIapMHYM Hasapaa TyT-
raH Xo/ja, KeiimHuanauk Il cuudra yTkasmiarad. MHIoomap-
HMHT CyB YTKa3uIll MUKIOPU Kyliugaruua TakCMMIaHaaun:

— MHIIOOT 601 TYFOHU opKamu — 38,0 M3/c, KaHaj/uapra:
yan Kuprokka — 38,0 m3/c, yHr Kuprokka — 60,0 m%/c, yarm
KUPFOKKa TYnaupyBum — 12,0 m3/c, cyB Taliam MHIIOOTH —
300 m3/c [6].

Cyx nmapécu cyBiaapu Tabumii X0JMaTaa MUHIIOOT OJIU
KUCMUAAH OKM6 Kenmaau. I'muapoysenman 1,5 KM OKOpuia
Iapé Y3aHMHMHT KeHrmury 360-400 MeTpra TeHT. Y3aHHMHT
MHILIOOTTa SIKVHJIAIIraH KUCMUZA 1apé Y3aHMHMHT KEHIJIUTU
650 M. raua omagy. [MaApOy3eTHUHT I0OKOPY Ba MAaCTKK Obed-
Jlapy YHT KMPFOK 6MJIaH TyTalrad KucMu 25-30 M TUK KOSUTU
KOHIVIOMEepAT KATAaM/IM TOF JXMHCIapuUIaH ubopar. UHIIOOT
skormamran xymyn CHull IT - 81 6yitnya 8 6amim 1 mHAeKCIn
ep CUJIKMHMII MUHTaKacura TyFpu Kenaau [7].

TYFOHHUHT TIacTKM Gbedyu aHMK OGUp ¥y3aHra era smac,
y maiiga 6moknapra 6ymmMHrad gekuH 10 KM mactaa Kypui-
rad “KyKoH” TMApoyseny MHIIOOTIApPUra VKKK 4Yall Ba YHIT
KUPFOK Jambanapu épmamupa iyHantupuirad. Tambanap
TeMuUp-6eTOH MaTepuaylapAaH KOIJIaHTaH 6 M. rava Kyrta-
pwirad 6Y6, TOIKWH CyBIapu OKUO YTUO KeTraHmaH CYHT
Xap Muiau tabmupnaHaau [8].

Makcuman cyB capdu MioIb-aBryCT Oiijlapura TYFPU Ke-
naay. By jaBpia yMyMuii CyBHUHT MVUTUK XasKMUHUHT 45—
48 dhousu okub Yragy. Ky inmmk Ky3aTwirad MabIyMOT-
Jlapra acocaH 9HT KaTTa Makcuman capdpu 199 m3/c (uionb,
1988 ii.) “Capukanpga” nmoctuga Kain stuirad. Iy nocrmaru
yprava iim/ummk cyB capdu 43,3 M3/c. ra TEHT.

MunuMan cyB capdu QeBpaab-MapT oOiilapura TYFpU
Kemamu. Ypraua oftnmk MuHMMAan capbu 1,3 mM3/c (THBapb,
2011 i1.) ky3aTuiarad. JJapéHMHT OKUM Momyu 17,4 j1/c Km?,
MWMIUIMK OKUMHUT Y3rapyBuanymuru — 0,13, cyB VinFui maii-
JOHMHUHT KaTTammry 2480 KM%, CyBHMHT MMHEPaIN3anysICU
0,20-0,35 r/n. nax ommaiiau [9].

Hapé ¥y3aHuMzaH Ba MHIIOOTIAP OCTUAAH (GMUIbTpaLMsI-
JIAaHTaH CyBJIap TOILI-IIaFa/lylap opacuJaH YyKyp KaTjiamiap-
ra mMyUMMUIaON, HaTuKaga KOHYC EifviMacu O6yitMua Mot
TaMOHTra éimanb KeTaau.

ByHpait Mypakkab TMIpOreoJorMK XyIyIJIapHU PaiioH-
JAMTUPUII 6iida KYTIriHa onyMiIap nryry/uianras: A.A.Pa-
yyHCKUI (1970 7i.) — TPYHT CYBJIAPUMHMHT ETUII IIapTIapw,
O.M.Kar, (1973, 1976 itii.) — Tabumii IpeHakIaHUII KypcaT-
kuun, M.M.Kpmiios (1960 7i.) — IpyHT CyBlIapu peXXuMu Ba
6ananc nuHamukacy, H.H.Xoxkn6oeB (1976 i1.) — ep ocTH CyB-
Jlapu OKMMMU Ba X.K.

MacanaHuuar Kyymammm. "CapukyproH’ TUIPOy3en-
HUHT 601 MHIIOOTU XyOYAMUIA €p OCTU CyBJIapu XapaKaTUHU
Yyprauui. ONMHTaH MabIyMOTIApHM Tabunii Ba aHTPOIOTeH
TaxJUIJapHM MaTeMaTUK-CTaTUCTUK YCy/iapu €paamunia
xycobnant, GuIbTpanyus KOHYHUSITIAPUHU TUAPOAHATOTHS
YCY/UIApUHM KYJUTall OpKaayu aHukgjaml. "CapukyproH" Tu-
Ipoysenu yerapacugaH cyHr Cyx gapécyt Xocui1 KUITraH KOHYC
6/iyIMacyHM yuTa MeIMopaTUB-TUIPOTreoIOTUK XyAyaapra
@XpaTUII OPKAIM CyB 6aIaHCH MMapaMeTpIapuHM XMUCOO Al :

I'pyHT cyBnapu pexxuMu KyJIai-MyTaauil XojaTaaru
xynya. ByHra xonyc €innmacuauHr "CapukyproH" rMapoy-
seyaaH 1o "KyKoH" ropoyseny yerapacurava 6yaras Tabumii
JpeHaxIaHTaH XyAyh Kupaau. YHUHT YCTKM KaTIiaMy TOIL-
miaraja TypmiaMuM AaBp €TKM3MKIapuaaH mbopart. Katnam
Raymaaury 500 M. gaH opTuK. OCTUAA KOHIJIOMEpPAaT CyB TY-
CcyBUM KaTiam 6y1m6, 6apua mapénaH MMMUITaH CyBIap ep
OCTM CyBJIap OKMMMHM TaIlIKWI 3Taayu. M3Ara kapauum N557
Ba 558(3) ky3aryB Kymykjaapu épmamuma 1.I11.1973 iinnpgan
6ouuiab yiyoB umwiapu oamb 6opuiamokna. N557 rymykaa
9HT MMUHMMaJ 4yKypauk 4.VIL.1973 junpa 58,36 M Ba oHT
makcuman xonar 23.08.2011 iunpa xysatwiraH. Kym -
JMK amrumTygacu 50,3 M. ra TeHr. ByHpaii xomaT TOF oAy
meiidu KOPU MUHTAKACUTA TeTUIIUTUTY Ba TOF XyLyIjiap-
ra €KKaH EFMHJIap MUKJIOpPUTra GOFTUKIUTY KOHYHUSITIIApU
arpodmuua YpraHmiarad. VIKKUTa TUIPOY3ed OpaauFuia,
Iapé ¥3aHM Ba CYB TaKCMMJIOBUM KaHa/ulapAaH MyKOTUITaH
cyB capdu 13,37 m3/c. ra TeHrUrM aHuKIaHgu [10].

I'pyHT cyBIapMHMHI TpaH3UT MMHTakKacu. Ep octu
CyBJIap¥ SIHaJa UyKyp/ammb, SpKIH 103a caTxyUra 3ra Ba Iun-
MOJI TOMOH XapakamiaHagy. bapua cyFopuIl Tusumaapuaaru
MYKOTWITaH CyBJIap €p OCTU CyBjapura Kyumiaay Ba Spum
ajiylaHa Mak/aga KOHYC yerapa mepumeTpyu KucMura einnmo
ketagu. by xynyn, "KykoH" ruppoysennnan "Karra @aproHa”
KaHIMHMHT aitlaHMa Y3aHuraua GyiraH Iiaraa MaiIoHU-
Hu sramnanayu. N26(258) Kupru3 KUILIOFMIa YpHaTUITAH
KyZyKJaH OJMHIaH MabAyMOTJapra Kypa, 3HT MMHUMall
carx, 23.08.2011 #unma — 59,42 M Ba MakCMMaJl UyKypIUK
8.08.1973 iiviima — 99,35 M. ma KysaTwiraH Ba Jaja ya4oB
uiapyu JaBoMuza rpyHT cyBu catxy 91,0 M uyKypnukzaa
(16.10.2016 #iunga Kaiim STUITaH).

Ep octy cyBiapu 60CHMMIM MMHTaKacu. [pyHT CyBia-
pu ep caTxura sIKMH Ba 60TKOKJ1aHuII Xyayau. "Karra ®@apro-
Ha" KaHAJIVHUHT YHT KUPFOFUHUHT 4-7,5 KM KeHIJIUTUIATH
xypyaap ymymuit 900 KmM? HU TalIKkwI 3Tagu. [pyHT cyBaapu
ep oCTy 60CUM CyBJIapu TAbCUPUAAH I JaBOMMUIA Y3TapyB-
4y peXXUMHM XO0CUII Kunagu [11].

I'pyHT Ba ep oCTu cyBiapu 60CMMMHMHT Y3rapuim Cyx
Japécy OKUM pexkuMu 6uaaH GOFTMKINTY aHMKIaHraH. N21
KyOyFUIaH OJMMHTaH MabIyMoTaap 6yiinya TpyHT CyBIapu
cartxJiapu: Makcuma 1934, 1957, 1969, 2008, myuuumain 1938,
1949, 1956, 1967, 2009 iunnapna KysaTuiarad. Ypraua Ve
Vimmmk cnsor cysnapu catxy (CCC) — 2,4 M Ky3 Ba KUII O¥i-
Jlapujia KyTapuiaau Ba ep ro3acura unkagu. KyKoH maxpu Ba
Xyoy[Loary TyMaHJIapHYHT MeIMOPaTUB X0MIaTUHU SIXIIMU/IAIT
Makcazyuaa 250 maH OpTUK TUK IpeHaxaap KypuiraH [12].

IpeHaskyap TabCUPULAH Kamiamiap opacupaH 60cum-
Jlap nacairat, GOHTaHIN KyLyKJIapHMHT CYB 6epUIll KyBBaTU
Kamaiirat, KyrruHa tTabumit 6ynokjaap Kypmb konraH. JIekuH
CCC ceHTs6pb-Maprt oitnapurava 0,5-1,6 na, 601ka oitnapaa
2,0-3,5 M. raua nacaiirad. KyKoH maxpuHyu 000H0HJIANITH-
pUII Ba KeHTraiTupuin cababam TuK gpeHaskaap couu 110 ra-
rava kynantupunay, CCCHUHT KPUTUK YYKYPIUTUHU (th >
2,5 M) macantupuiira spummianu [13].
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[Maxap numMpaH yTaéTra coii y3aHaapuHu 6eTOH KOTLIa-
Masnap KoraHuiy HaTvkacuaa CCC KeCKyH KyTapuaninura
cabab 6ynaM, TMK OpeHaX KyOYKJapHMHT KyBBaTM e€Tapiu
smacury anukjavau. TMAPOVHIEO MHCTUTYTU TagKUKOT-
yiapu ToMouugan Cyx mapécu Xyayauaa makiiaHaéTraH
ep octu cyBiapu 20.52 m3/c. ra TeHr 66, UUMMIIUK CyB-
JIapy XQKMMHY MWIT caiid opTu6 60puim Xucobura 3axmupa
CYBJIaDMHMHT KaMaitn6 60paéTraHaury aHuKIaHraH [14].

TYFOHHM SKCIUTyaTaUMsSICU [aBpUAa YHUHT MHIIOOT/IA-
pu ocTumaH €H aTpod AeBOpIapMIaH XaMmja o3ara KearaH
nedopManMoH €puUKJIAp OpacuIaH CYBAAPHUHT CU3UIUIIN
Ky3aTUiIMoKAa. Cu3uIll apameTpy TYFOH OCTHJIa XKOJIaml-
raH IPYHT €KUM TOF JKMHCIAPUHUHT CU3WINII KobuimeHT
KypcaTKmMuy 6Mmad 60FUKIMUpP. PUIbTpaIys MacaniaaapyuHn
euyuIia Xap Typjau ycy/ulap Ky/UlaHWIaau: aHalIUuTUK, rpa-
(dbo-aHamuTUK Ba Mogestan [15].

1-kagBanga KeITUPWITaH KUécaanl (aHaJIoTus) yCyanuaa
xycobaHraH cyB 6amaHcy HaTvoKanapura acocad Cyx mapécu
BOAMIICK CYB OCTMUIAH OKMO KeymaguraH okum 1,447 m3/c Ba
CyFOpMa JIeXKOHYWIMK LIaK/IJIaHTaH MalioHAaH IMMWITaH
cysnap 17,388 m3/c Ba "Karra ®aproHa" KaHaJIMHUHT Yall
KUPFOK KycMmuzaa 8,1 m%/c Ba YHT KUPFOK Xyayaaa 9,346 m3/c
capIaHUIIY aHUKTaHON.

JKapBanman KYpUMHaIMKM, MaBXyZ UYMMIIMK CyB 3aXU-
panapupaH GoiiasaHUIIHY OPTUIIYM Ba JPeHAKIAIITUPUII
UIIIAPYHY peobenuTanysi KMAUII Ba KYMaiiTUPUII ep OCTU
CYB 3axypaiapyura KeCKMH TabCUp KypcaTMOKa. 3aXxmupa CyB-
snapuuu TyiimHTUpuiuga Cyx napécu ysaHumaH
XaMzia CyFOPUII TU3UMIAPUAAH conup O6YmaéT-
rad ¢uapTpauus okumiapu 17 dousHu Ba

0T MoJeNTM yerapacuia 60cuM yuyH H Ba 3/1eKTp MOTeHLIMan
yuyH V yxiaur napameTpiapu;

- MOJIEeNHMHT TalllKy yerapajapy reoMeTpUK LIAKIN YX-
MIANITUTY KAy KVITMHIN.

@uabTpalMsITa MOV GYITaH KaTiam OYaakaapyuHu Typ-
yu xvn GuibTpauyst KoddduureHTIapyHN TaHIall Kyin-
Jlaryya amasra OlMUPpUILK;

a) CU3MIMII KOHTYPMHMHT MUKM 4derapacu, aXpaTyBuy
TPYHT KaTiaMmiap 6miaH HUCOUI TOTeHIMal YTKa3yBUaHIIN-
' opacuzaru 60FTUKIINUTH;

b) Mopesutamira TaHaaHTaH IPYHT KamiamMyu QuibTpanys
KoaQGuUIMeHTr 6MaaH HUCOMIt YTKa3yBUaHINK KATAaMIapy
HucbaTaH JOMMUIA, THHY TEHITIUTY CaKJIaHIN:

l/(p1XK1):]/ (PzXKz)::l/ (PnXKn) (1)

6ynpa: P, P,, ....... P -1,2...... n KamiaM MOIEJIVHMHT
97IEeKTP YTKAa3yBUAH/IUTK;

X - kamiam Ramuumnru; K, K,......... K - mogen o6bexTu-
HUHT TErMILIM KaTIaMJIapUHUHT GUIbTpaius Koshduim-
eHT/Iapu.

MopenHMHT yerapaBuii KyToaapmuga 60cumM MUKIOpIapu
IOKOPUIAru KeJITUPUITaH cababiapra acocaH MmoTeHIa€iap
aiimpmacu E=V -V, 10Kopu Ba nactku 6bedapmary CTaTuK
cyB 6ocumnapu aiiupmacu AH=H,-H, ra Tenr [16].

By xonma uHIIOAT OCTUAAH GUIBTPAIIMOH OKUM IOKOPU
6pednaH KaHmal oKMb KeJica, 37eKTp OKMM XaM V, nan V, ra
IMOTeHIIMAJIIA OKUO KeJIafi.

1-xcadsan

Ep ocmu cysnapu 6anancu napmempaapuHu Xucoénaul.

CYFOPMJIAANTAH epiaapiaH MHOUIbTPaoH Teckapa
ﬁ?xo}mmnap MUKAOpU 83 d)ou31-m TalmKkua | MNe | Ep ocTH cyelapH OanaHCH I TaxrmaHHIT JacTnabkH | MacalaTapHHH
sTagu. VHUIOOT octuparu (GuiabTpanyoH |T/6 TapKHOH 30HACH IIApOHTIA, eqHI
OKMMHMHI 37eMeHTIapuHy DITA ycynu- mi/c HaTHKalapH
HM KAl 9HT camapasay HaTuskanap 6ep- M/
. By ycynpa duabTpanus skapaéHUHUHT OKHG KeIyBIH
SIKKOJT IIaKkay (KapTMHACU)HU  Ky3aTuo, C¥x map&c BommiCH CYB C¥x papEcHHHHT
yHIaH (oiimanaHu6é OKUMHMHI McTaiarad | 1 | OcTHIaH OKHG KenagHraH IOKOPH BOJHHCH 2.1 1,447
HYKTacUIaru 60CuMM TpafgyeHTUHU TOIMII OKHM
MyMKMH. OUAbTpaIus CyBJIapu XapakaTu- Hapé ¥sanu 6yinas sa Konye
HM KYPCaTyBYM MIAKI TUAPOAMHAMMKA TYpY | 2 | CYFOPHII TapMOKIapHIaH CHHTMaHHHT 14,599
6KM xapakaT um3macu geiinnanu. by unsma bunsTpaInICH mafait nana
OpKaJIX 3JIeMeHT/Iap XUJIFa OKUMJIAPDUHUHT 30HAcH
xXapakaTy MYHaJUIIMHY Ba UKKUHYM KUcMy | 3 | ATMocdepa EFHETapH Cyropma 0,238
aca 6ocumiiapu 6up X1 6YITaH HyKTanaap- HHQHIBTPALEICH JeXKOHTHIIHKKA
HM KypcaTtub 6epaan. 4 | Mapé y2anu 6ViHmal, kaHan IIAKTIIAHTaH 2,088 17.388
VHootiapn, cogup OyimaérraH  cu- Ba CyFOPHII JanalapH/iaH Maiinon
sumuin - GuiibTpanyst Tagkukoraap OTTA Kamm 19,63 18,835
yeymupa 2019 dimnpa “VspaBcysroitnxa” Cappranmmu
MHCTUTYTMHUHT Jabopatopusicuaa yTka-
sunpu. Jlabopatopus paxbapu O.M.My- |1 [“Kanam oxuS =mxemn somacH | KK HOKOPH 5,235
pamoBa ToMoHUAaH "CapuKypFOH" TYFOHM (1an KHPFOK) 6.766 2.864
MHIoowiapuuyHr 1:200 MukEcam xapu- S0HAcH
tacuman doiinanaHuG, sccu Ba OKMMHMHT |2 | THIHKITH Ba MaHIOHTH K@K nactku 3,402
MYBTaIMI PeXUMM YIyH MOJe] BapMaHT- ¥038/1aH OKAG THICHIIT (¥ur xaprox) 1,987 5,944
JIapy UILIA6 YMKIIIA. 30HAcH SOHACH
TafgKMKOT/IAP HATIKACKIA TYFOH ocTy- |3 | MAaBiy i HIHMIHK CyB BocmymH 4,335
OaH Kyiiu 6bedra okub Yraérrad, VHr TABMHHOTH CYBIAPHH OKHG 6,282
KMPFOK KaHaJy PeryasaTopy Ba Yar KUPFOK TIHEKHIT 30HACH
TalIaMacy MHIIOOTY OCTMAAH OKu6 yragr- |+ | CHPAapéraza  ep ocTH 1,15 0,591
TraH CU3MINUII CYBIapU XMCOOU aHUKIaAHIM. CYBIapPHHH OKHG KeTHIIH
TagKUKOT [JaBOMMIA MOJeIAITUPUII- Kamn 20,520 18,036
HUHT Kyiiugary mapmiapu ?axsapmn,u,m: P ——y o355 0799
- buapTpanus copup 6YnaéTraH MHIIO-

L
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Hemak, GUIbTPALMOH OKMMHMHT XapaKaTUHU Y3JIYKCU3

IapTra acocjiaHraH udopacu Kyiugaruua:
2 2 2 22—
& h/d2x + d2 h/d2y=0, o

By udoma Y3MHUHT MIAKIM Ba €4UMM GUIaH MaTeMaTUK
byHKUMSHUHT s/utenTUK nuddepeHIMan TeHIaManiapu Ka-
TOPUAAH YPUH OJITaH acocuit Jlaruiac TeHIaMmacu Jeiniaan.
[17].

Mogen verapa Kucmuza 60cuM KuiiMaTiaapyu 6GepuraH-
JlaH CYHT, YHUHT MYKY OPaJUFUIA TUAPOOUHAMUK TYP XOCUIT
6Ynamy Ba 6y TYp KaTakJapuaaH CYyB OCTY OKUMWHUHT QyTb-
TpauyoH TaBcuduiapy aHUKJIAHAIN

a) 60CUM TpaIMeHTH:

i=AH/AI, 3)
6ynma: AH — 6ocumun iiykomuim, M; Al — duabTpanyst
iynm, M.

6) unbTpaion capd: Q=KW], m3/cyT

6ynna: K — bunbrpaius kosbduiyeru, M/cyT; W — oKMM
KYHIaIaHT Kecumu, M?; | — 6ocum rpaavesTt. ATITA Mmomenu-
Jla IKKY Macaja 6askapuimn:

1-macana. Mukécu 1:200 cyB Tamwiam uHIoaTu 6yiinya
MKKMTA BapMaHTIAH MO0OpaT. 1-BapMaHT CyB CaTXM MaKCUMa
oTMeTKanapu hapku, SbHU cTaTuk 6ocum H=7,4 M.

2-BapMaHT CyB CaTX¥ MUHMMaJ OTMeTKamapu dapku,
STbHU CcTaTUK 60cuM H=3,6 M (1- pacm).
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HaTwkaga GuabTpalioH OKYM MHIIOOT TYFOHM OCTU/IaH,
SIBHU 10KOpU GbedaaH macTku 6ped TOMOHTA JiyHAITaH, CYB
Te3 oKap (OBICTPOTOK) KMCMMIA TUAPOIMHAMMK OOCUM XOCHT
Kywiagu. AjiHaH aHa 1y 60CUM TabCUPUIAH pucGepMaHMHT
yCTUra KOIUTAHTaH XMMOST BOCKHTajaapu (IyJaT JIUCT, IHIa,
peJic Ba 6OIIIK.) TOIIKYH CyBJIapy YTKa3muO 060PUIIT aBpuaa
6y3min6 ketanu [18]. OkubGaTHa Xap MMM TOIKWH OKUMIIA-
pu yTKa3u6 6opuiIraHAaH CYHT CyB TalUIall MHIIOOTUHU
TabMMpIIaliTa KaTta Mabiar capdaanuiimra cabab 6yaamm.

2-Macaya. YHT KMPFOK KaHaayM MHIIOOTH. Byiinama yku
6Yiinya KUprokJapuaa épukiap ByKyara kemaraH [19]. Twu-
IPOAVHAMMK MapaMeTpiapu 1-macajara yXirami Ba MKKajaa
MacaJIaHMHT X}CO0 HaTVsKajaapy 2-KaaBaiaa KeaTUpUIraH.

VIHIIOOTHMHT 3KCIUTyaTauusicura 77 vl TYITaHIUTUHA
Hasapaa TyTraH xo/ifia, YHUMHT CyB Te3 oKap pecGepmaiapu-
Jary ApeHaskiap uIiaMaiiau JeraH Xyiocara MyBoGUK Mo-
JeJT UItapy 6askapuiian.

OnuHraH HaTVKajzap Taxjawi KuiauHraHga (1-macasa)
6Yitrua sHT XaBQuIu KUCMM GYIIraH CyB Te3 oKap (6bICTPOTOK)
HMHT TIACTKM KUCMM OPeHak KaTiaMu OumIaH XMMOSUIaHTaH
[20]. JleknH 6y MKKM X0naT 6Yitnda QIOTOET OCTUTA TABCUD
9TYBYM IMAPOAMHAMMUK GOCUM YHUAIMK KaTTa sMac. (2-ma-
casia). IKKM MacaJlaHVHT BapuaHTaap Oyiinua 6emrta Xuiga-
™ ubTpanys KoaGbUIMeHTIapy YIYH OJNIMHTaH HaTVKa-
Japu 2-kafBajifa KeJITUPUIraH.
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2-pacm. YHz KUPFOK KaHaIu pezyisimopuHUHz MyFoHu ocmudaH denpeccus 32pu YU3UFUHU MAaKCUMAAHULLU
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2-ncadsan

Tudpodunamuk napamempaapHu Xucoéaauwl Hamuxcaiapu.

I'paguernap Kyiiu 6ped1an unkaguran
< E MaBxyn ¢purpTpanuon okuM lmm. Q
= g 2 =3 GocuM, |Yypraua | kupum | suknm | Kg
2 = M OKHM Jxup - M/CYT M3/C /CcyT
Iyp
270.,0 44,5 0,52
0,15 0,016 | 0,00019
1 7.4 0,09 0,53 0,74 0.1 0.16 0.0019
20,0 32.4 0.375
1 136,0 | 220,32 2.55
27.5 13,61 0,16
0.01 0,005 | 0,00006
2 3.6 0,045 0,26 0,36 0.1 0,05 0,0006
20,0 9.90 0,12
136.0 67,32 0,78
6.1 0,08 0,31 0.61 27.5 33.0 0.38
0,01 0.012 | 0,00014
1 0.1 0.12 0,0014
20,0 24,0 0,28
2 136,0 | 163.20 1.89
3.3 0,041 0,17 0,33 27.5 11,28 0.13
0,01 0,0041 | 0,000047
2 0.1 0,041 | 0,00047
20,0 80,20 0.0095
136,0 55,76 0.65

Illynpmait Kuanb, arap ApeHax KaTaamu 61IaH XMMOsITaH-
raH MHIIOOT OCTY KMCMJIapua, yaap caMapaay UILIAN Ba
cudaTIM KypuITaHIUTMHNA 9bTHO60pra ojicak Ba GuIbTpali-
OH CyBJapHM Kyl 6ebdra oku6 TypuIly Hasapma TyTUIICA,
6y X0/lJa MHIIOOT 3aMMHM SIXIIM Myxodasa KWIMHTaH 1e6
Xyco6ant MyMKUH.

Xynoca: OWIbTpaloH TaAKUKOTIAP SICCU MOZelIapaa
TUK KecuMmza GylopTMauy TaKAuM 3TTaH Kecumiap Gyiinua
1:200 macmtabga ITIA ycynu 6uiaH 6apkapop pexkumaa
6askapuaau. CyB 6amaHcyu HaTwskanapura acocan Cyx mapé-
CU BOAMICY CYB OCTUAAH OKMO KeymamguraH okum 1,447 m3/c
Ba CyfopMa JeXKOHUYWIMKIAH IIaK/UIaHTaH MaliJoHIapaaH

mumuiIra cysiaap 17,388 m%/c Ba "KatTta ®aproHa’ KaHaIu-
HMHT Yan KUPFoK Kucmuzaa 8,1 mM3/c Ba YHT KUPFOK Xymyauma
9,346 M3/c capduaHuIIM aHUKJIAHIMU. VHIIOOT IMOiiIeBOpU
KOTJIOBAaHMHMHT T€OJIOTUK TY3WIUIIM Typiau MaH6anap 63ii-
Mya TOUIKOTUIIIMA, KOHIJIOMepaT Ba HOaHMK TYIIPOKJjap 6u-
JaH Tyagupuiarad. IyHUHTIEeK, MMM TagKUKOT UIUIapu-
HM JABOM STTUPUII YUyH, MONAEBOPHUHT (PU3UK-MEXaHUK
XYCYCUSITVIapVHYM aHUKJIAM (Y KYMJIaJaH TPaHyJIOMEeTPUK
Tapkubyu Ba Xakukuit duabTpauusi kosdduueHTIapU)HN
Jajia mapouTuAa MOHUTOPUHT KWIMII Makcaauaa TUIPOY-
3eJ1 KoMnamrad Xyoyaaa TYIaKoHIN MyXaHAUCINK-KUAUPYB
MUIUTapUHM 0116 6GOPUIIT Makcaara MyBOMUK.
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UDC: 539.3

DEVELOPMENT AND RESEARCH OF THE METHOD OF
STATIC SYSTEMS IDENTIFICATION BY HYSTERESIS

B.A.Khudayarov - DSc, professor, F.Zh.Turaev - senior teacher,
“Tashkent Institute of Irrigation and Agricultural Mechanization Engineers” National Research University
Abstract

The paper considers methods for constructing and numerical realization of a hysteresis model for engineering systems.
Mathematical models based on the analytical representation of the hysteresis characteristics of linear systems obtained by
specifying piecewise linear signals at their input with different velocities of both signs on linear sections are proposed. For a
more accurate description of the hysteresis characteristics of static systems that actually occur in practice, in a number of cases,
differential equations of higher order are used, in particular, equations of the second order. The use of differential equations of
higher order makes it possible to simulate cyclically unstable hysteresis, when the shape and slope of the hysteresis curves can
change from a cycle to a number of cycles. For some systems, this process ends after a certain number of cycles (there is a so-called
transient process in the phenomenon of hysteresis, in electrical engineering, it is called accommodation in relation to magnetic
elements), for other systems this process of cyclic instability of hysteresis can be observed for any length of time. Methods for
identifying static objects by hysteresis were developed and investigated.

Key words: hysteresis, integral model, Rayleigh-Masing principle, differential equations, numerical model, input signal.

STATIK TIZIMLARNI HISTEREZIS ORQALI ANIQLASH
USULINI ISHLAB CHIQISH VA TADQIQ QILISH

B.A.Xudayarov - t.f.d, professor, F.].Turayev - katta o‘gituvchi,
“Toshkent irrigatsiya va qishloq xo‘jaligini mexanizatsiyalash muhandislari instituti” Milliy tadqiqot universiteti
Annotatsiya

Magolada texnik tizimlarning histerezis modelini yaratish va ragamli amalga oshirish usullari ko‘rib chigilgan. Matematik
modellar chizigli kesmalarda ikkala belgining turli tezligiga ega bo‘lakli chizigli signallarga kirishini o‘rnatish orqali olingan
chiziqli tizimlarning histerezis xususiyatlarini analitik tasvirlash asosida taklif etiladi. Amalda haqiqatda sodir bo‘ladigan statik
tizimlarning histerezis xususiyatlarini aniqroq tavsiflash uchun ba’zi hollarda yuqori tartibli differensial tenglamalar, xususan,
ikkinchi tartibli tenglamalar qo‘llaniladi. Yuqori tartibli differensial tenglamalardan foydalanish, histerezis egri chiziglarning
shakli va giyaligi sikldan siklga o‘zgarishi mumkin bo‘lgan holda, siklik beqgaror histerezisni modellashtirishga imkon beradi.
Ba’zi tizimlar uchun bu jarayon ma’lum miqgdordagi sikllardan so‘ng tugaydi (histerezis hodisasida vagtinchalikjarayon deb
ataladigan narsa bor, elektrotexnikada u magnit elementlarga nisbatan akkomodatsiya deb ataladi), boshqa tizimlar uchun bu
siklik histerezis jarayoni beqarorlik har ganday vaqt davomida kuzatilishi mumkin. Statik obyektlarni histerezis orqali aniglash
usullari ishlab chiqgilgan va organilgan.

Tayanch so‘zlar: histerezis, integral model, Reyl-Masing printsipi, differentsial tenglamalar, sonli model, kirish signali.

PA3PABOTKA 1 UCCIIEAOBAHUE METOJA NTAEHTUD®UNKA
NN CTATUYECKUX CUCTEM IIO TUCTEPE3UCY

B.A.Xydasapos — 0.m.H., npogpeccop, @.JK.Typaes — cmapuwiuii npenodasameins,
Hauuonanshetii uccnedosamensckuii yHusepcumem «TaukeHMCKUil UHCIMUIMYIM UH}¥CEHEPO8 Uppuzayuu u MexaHusayuu
CebCKo20 xo3siicmea»
AHHOTaIVS

B cTaThe pacCMOTpeHbl METOMbI TOCTPOEHMS U UMCIEHHOI peanusanyuy TUCTePe3nCHON MO TeXHUUECKUX CUCTEM.
[TpensioskeHbl MaTeMaTHUUeCcKie MO, OCHOBAHHbIE HA aHAJIUTUUYECKOM IMPEeICTaBIeHUN TUCTEPEe3UCHBIX XapaKTePUCTUK
JIMHEIHBIX CUCTEM, ITOJyYEHHBIX ITyTeM 3aJJaHMsI Ha MX BXOJ, KYCOUHO-TMHEITHBIX CUTHAJIOB C Pa3IMYHBIMIM CKOPOCTSIMM 060X
3HAKOB Ha JIMHEHBIX yuacTKax. i1 60iee TOUHOTO OMMCAHMS TYCTEPE3VICHBIX XapaKTEPUCTUK CTATUUECKUX CUCTEM, Peajb-
HO BCTPEYAMOLIVXCS HA MTPAKTUKE, B PsIlie CTy4aeB UCTIONb3YIOT auddepeHIanibHble YpaBHEHMS 60ee BbICOKOTO TOPSIAKa, B
YACTHOCTY YPaBHEHMSI BTOPOTO TMOPSIIKA, VICIIONb30BaHME KOTOPbIX, T03BOISIET MOAEIMPOBATh UKINYECKN HEYCTONUMBBIN
rucTepesuc, Korma hopma 1 HaKJIOH KPUBBIX TMCTEPe31ica MOTYT MEHSIThCSI OT IMKJIA K YMCTY HMKIIOB. [IIs1 OMHMUX CUCTEM 3TOT
MpolIecc 3aKaHYMBAETCS uepes Onpene/ieHHOe YNMC/I0 IIYKIOB (CYIeCTBYET TaK Ha3bIBa€MblIi ITepeXOHbIi MTPOIIeCC B SBIEHUN
TMCTepesnca, B JIEKTPOTEXHIKE OH Ha3bIBAETCSI aKKOMOZAIMEN 10 OTHOIIEHMIO K MaTHUTHBIM 3JIEMEHTaM), /ISt APYTUX CU-
CTEM 3TOT MPOIECC IMKINYECKO HECTAOMIbHOCTM TUCTEPe3ca MOXKET HABMIOAAThCS B TEUEHME JTI060T0 ITPOMEXKYTKA BpeMe-
Hu. PazpaboTaHbl 1 UCCIeOBAHbI METOMIbI MAEHTUDUKALIMM CTATUUECKUX 0OBEKTOB IO TUCTEPE3UCY.

KioueBble cl10Ba: rucTepesnc, MHTerpaabHasi MOZelb, TpUHIUI Panes-MasuHra, nuddepeHianbHble ypaBHEHNS, YMC-
JIeHHas MOJIe/Tb, BXOIHOI CUTHAJ.

QOO0
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Introduction. Many systems used in practice include
various sources of energy dissipation (nodes with
external and internal friction, ferromagnets, ferroelectric
capacitors, and others), switching devices and nonlinear
elements with an ambiguous static characteristic. For such
systems, called hysteresis systems, with an arbitrary law of
variation of the input coordinate X(t) , the motion of the
representing point will have a complex hysteresis nature,
when a finite or infinite set of values of the output coordinate
Y corresponds to one value of X.

Hysteresis systems are called static systems in the range
IXI<X,, where X is a certain threshold value of speed, at
exceeding which the speed affects the course of the hysteresis
curves, if the shape and slope of the branches of the hysteresis
loops do not depend on the value in the indicated range
of speeds; at that, at the turning points at which the sign
changes to the opposite sign, an acute-angled shape of the
loop (tips) with a break of the first kind is observed.

Since the second half of the 19th century, when the
phenomenon of hysteresis was discovered, attempts have
been made to analytically describe static hysteresis in order
to use the obtained formulas and equations in calculating
electrical machines, mechanical structures, buildings, etc.

The Rayleigh-Masing mathematical model can be
physically substantiated based on the assumption that any
system with hysteresis can be considered as a set of a large
number of ideal elastic-plastic elements with different
values of the yield stress. For example, a polycrystalline
body is represented as consisting of a significant number of
individual conditional grains, arbitrarily oriented relative to
the direction of force action. Some mechanical characteristics
of a conditional grain, as well as its relationship with
neighboring grains, can be postulated. S.P.Tymoshenko [1]
proposed this approach back in 1930. However, for a long
time, it did not attract much attention from researchers.
Apparently, this is due to the fact that this approach of
a "continual" character frightened off researchers by the
seeming difficulty of deriving the relationship between force
and displacement.

In 1944, AYu. Ishlinsky [2] obtained the initial stress-
strain diagram of a specimen of a given material, and the
diagrams of its subsequent alternating loading, by a static
method based on the above-described “continual” approach
to the problem of hysteresis of solids.

After this study, a number of articles by other authors were
published [3. 4. 5. 6], in which the ideas of S.P.Timoshenko
and A.Yu.Ishlinsky were further developed. In the articles
mentioned above, it has been convincingly shown how a
relatively simple hysteresis model can be constructed using
the "continual" approach, reflecting the essential aspects
of this phenomenon; this model can be applied to study
oscillatory processes in systems with a hysteresis.

Many crystalline materials such as ferromagnets,
ferroelectrics and ferroelastics are characterized by
hysteresis, i.e. by ambiguous relationship between input
and output magnetic, electrical and mechanical quantities,
respectively [7].

In [8], a mathematical model of hysteresis of the water-
holding capacity of soil was proposed. The mathematical
model was based on physical concepts of the structure and
capillary properties of the soil pore space. The mathematical
model of the hysteresis water-holding capacity of soil makes
it possible to assess the hydrophysical characteristics of soil,
used in the design of hydro-technical structures, as well as in
the calculation of irrigation norms. The estimates obtained
in the framework of computational experiments using this

model contribute to an increase in the efficiency of studying
the hydrological conditions of the territory of hydro-technical
structures when performing pre-design engineering surveys.

The study in [9] proposed a model that depends on the
wetting angle in an incremental form to reproduce the
behavior of soil-water hysteresis. A proportional distribution
function is proposed for dividing the suction increments into
two parts, one of which is designed to change the effective
degree of saturation, and the other - to change the contact
angle. The proposed hysteresis model contains only four
parameters that can be conveniently calibrated using the
main branch of drying and the scanning curve of wetting. The
model is confirmed by comparison with experimental data.

In [10], the mechanisms of hysteresis in porous media
were investigated and a numerical model for unfrozen liquid
was developed, which is able to describe the phenomenon
of hysteresis in freezing and thawing cycles. The authors
presents a coupled finite element model as a basis for
numerical modeling of fluid flow and heat transfer in partially
frozen porous media.

A model of pore expansion and contraction hysteresis
caused by hydraulic loading was proposed in [11]. The
physical mechanism of expansion and contraction was
revealed through a microscopic model based on the
fundamental principles of the axis displacement technique.
In addition, the pore radius of the porous medium is redefined
to determine the upper and lower boundaries of the pore
expansion and contraction. Differential hysteresis equations
are constructed in combination with a two-parameter
equation. The numerical results are in good agreement with
the experimental data.

In [12], the hydraulic hysteresis in unsaturated soils
was studied, and the energy dissipation associated with the
elastoplastic process and the main processes of wetting and
drying were derived. Based on the hysteresis curve of water
retention for deformable soils, a combined hydromechanical
model was formulated. Experimental tests were carried out to
verify the proposed hysteresis model.

[13] presents a general algorithm for estimating the
damping coefficient, modeled by any constitutive model,
based on the registered behavior in the three-dimensional
"stress-strain” space.

A simple phenomenological approach to modeling the
soil-water characteristic hysteresis curve following arbitrary
wetting/drying cycles was presented in [14].

In [15], a model of water retention was proposed,
depending on the void ratio, taking into account the effect
of hydraulic hysteresis. Structural degradation was modeled
using an approach to strain strengthening, taking into
account the effect of the stress magnitudes and accumulated
plastic strain on the degradation process.

A surface model for describing the stress-strain
relationship in unsaturated soil with constant matrix suction
was proposed in [16]. Strain rates are introduced to account
for the effect of cyclic loading history. The movable center
image rule is used to describe the hysteresis characteristics
of the dynamic stress-strain curve during the unloading
process.

Models and methods

Integral model of the first order of static hysteresis

In one of the simplest cases, the field of hysteresis
curves (hysteresis characteristic) of a static system can be
represented as consisting of two differently oriented families
of curves (plotted in Fig. 1 by a dotted line) fixed on the XOY
plane:

L
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a) a family of curves along which the motion of the

representing point occurs at x>0 (a family of load curves);
b) a family of curves along which the motion of the

representing point occurs at x<0 (a family of load curves).
At x=0 the system is stationary (values of X and Y

are fixed). When the sign of velocity X changes at some
point M(x, y,) of the XOVY plane, the transition from the
curve of one family to the curve of another family occurs
passing through this point. In this case, the branches of the
hysteresis cycle (shown in Fig. 1 by solid curves) obtained
with an arbitrary law of variation x(t) (at the bottom of Fig.
1) are located on the corresponding curves of both families.
The paper considers static hysteresis, which, as noted
above, is characterized by the independence of the course
of the curves from the velocity of disturbing effect on the
system. Using this, we can represent the static hysteresis of

the spatial type in three-dimensional space XOYX as a set
of two families of integral surfaces of the cylindrical type,

the generatrix of which with the plane X = CONSt leads
to the same pattern of plane hysteresis, as mentioned above.
The MNPQS phase trajectory located on one of the surfaces

corresponding to x>0 is projected into one of the loading
curves on the XOY plane; along the phase trajectory, velocity

X canbe of any value, but with a positive sign. A similar
situation is observed with any phase trajectory located on

one of the integral planes at X < 0. so in a visual spatial
form, static hysteresis is presented in one of its simplest
forms (Fig. 2).

Mathematically, each of the families of hysteresis curves
shown in Fig. 1 is considered as a family of integral curves
in domain D of the XOVY plane, which is a solution to a
differential equation of the first order, a nonlinear one, in the
general case.

It is known that for a differential equation of the first
order [1]

4 _
a7 () (1)

where is defined in domain D of the XOY plane and
is continuous in it together with its partial arbitrary with
respect to Y (by the condition of the Cauchy theorem on the
existence and uniqueness of the solution to equation (1), the
general solution is represented as some function

y=¢(x,c)

with one arbitrary constant c.

Geometrically, this solution is represented in domain D
as a family of integral curves, with each individual integral
curve corresponding to its own definite value of ¢ (Fig. 3).
This value of c is determined by setting in (3) the coordinates
of the point through which the given integral curve passes.
Moreover, no matter what point M(x, y,) in domain D we
take, if the Cauchy condition is satisfied, only one integral
curve will pass through it. In accordance with what has been
stated from the theory of first-order differential equations,
the hysteresis characteristic of a static system is described by
functional relations with arbitrary constants ¢, andc, :

@)

Figure 1. Hysteresis curves
_ {501 (x,¢,),x>0;
?,(x,6,),x <0 (3)
where: ¢ describes afamily of hysteresis curves at x>0

; and ¢, describes a family of hysteresis curves at x<0
; as mentioned above, both of these families represent the
hysteresis characteristic (hysteresis field) of a static object.

o s

U — ¢
Figure 3. Family of ini"egral curves

When setting an arbitrary law of variation (at the bottom
of Fig. 1), the process of calculating the hysteresis cycle
(shown in Fig. 1 by solid lines) based on relations (3) is realized
as follows. At those points of the working field of the sample
(inFig. 1, points O, A, B,C, /], E), at which the sign of velocity

X (turning points) changes, the coordinates X, Y are stored.

These values of coordinates, depending on sign of X ,are
substituted into the first or second relation (3), as a result of

which a specific value of an arbitrary constant Cl,(i =1,2) is

~3L
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determined and, accordingly, a specific functional expression

of the curve y =g (x,c,), along which the movement from
a given point occurs. At the turning points, the Cauchy
problem known in the theory of first-order differential
equations should be solved. If the solution to this problem
is unambiguous, from this or any other turning point the
movement will be performed only along one curve. This can
be achieved by appropriate selection of functions ¢, and ¢,.
In Fig. 4, a hysteresis loop calculated from relations (3) is
shown by a harmonic law of variation x(t) (a similar result is
obtained by any other periodic law x(t) , as long as the sign

of X does not change in every quarter of the period). It
can be seen that the loop does not close after the first period.
Moreover, the loop does not close after three or four periods
and even more; theoretically it should close only after an
infinite number of periods. This phenomenon is due to the
fact that in the last quarter of the period the movement of the
representing point occurs along an ascending integral curve
located above the integral curve along which the movement
was performed from the initial point O, .

Figure 4. Hysteresis loop

Differentiating each of the relations (3) by x and
eliminating arbitrary constants C, and C,, we obtain the
following system of differential equations:

dy _ fi(x,»),x>0
dx fz(x,y),fc< 0 )

the solution of which is the dependence y (x) from
expression (3).

When calculating an arbitrary hysteresis cycle using
these equations, the coordinates of the points at which the
velocity sign changes are used as initial conditions for the
corresponding differential equation to which the transition
is made.

The proposed models (3) and (4) make it possible to
calculate (in manual way or using computers) arbitrary
hysteresis cycles, including families of hysteresis loops at
different amplitudes of A, at any point M(x, y,) (arbitrary
asymmetry of the cycle) of the hysteresis cycle of the system.

The proposed integral hysteresis model made it possible
to achieve not only qualitative, but also quantitative
conformity of the calculated hysteresis cycles with the
experimental ones. As far as is known, until now, in the
theory of mechanical and electrical hysteresis, there were no
models that satisfied these requirements.

An integral model of hysteresis characteristics, presented
in a functional form (3), and a differential model (4) are
suitable for calculating systems on computers. In the
latter case, the solution of differential equations occurs

continuously in time; in equations (4), considering the
arbitrary nature of variation in x(t) , it is necessary to proceed
to differentiation by t :

dx
s _5. 07
IS it e

& _
dt dx .
L6p)— 5 <0. 5)
Using relation:
dy _dy [dx
de dt/ dt

it is not difficult to pass from equations (5) to an integral
operator, if we perform the appropriate integration over ¢ :

y= jRo[X(f),y(f)]fc(T)dT
0 (6)

where:

Slx(@), y(7)],x > 0;

Solx(2), ¥(2)],x <0,

is the kernel of the integral transformation (6).
When studying the oscillations of a system with one
degree of freedom, the classical equation of oscillations:

ol (¥)=£(0) o

is solved together with either functional expressions (3)
or with differential equations (4) or (5). The disturbing force
f,() can change by an arbitrary law, including a harmonic
one.

In the case of an invertible system, the hysteresis
characteristic are described by the following functional
relationships:

Ro[x(2), y(7)] = {
Y

d*x

e D, (v,¢),y>0;
d)z(y,cz),)'KO, 9)
which are solutions of differential equations:
dy .
é B F; (an/)E,y > 0:
dr dy .
F,(x,y)—,y<0,
2( J’) dr y
(10)
where: @, and @, are functions invertible to functions ¢,
and ¢, from relations (3).
For an invertible system, the integral operator (6) reverts
into a nonlinear integral equation:

[K.Lx(@). y(013(@)dr = x(0) a

0

On the application of a first-order integral model in
calculating arbitrary hysteresis cycles

The principle of calculating an arbitrary hysteresis cycle
using the new integral model described in the previous
section can be embedded into a computer program. At the
same time, attention should be paid to the accuracy of
calculating the turning point (the loop top). Since, for a
given law x(t) , the computer calculates the branches of the
hysteresis cycle with a step At), the accuracy of calculating
the loop top is thus related to the accuracy of calculating
the extremum of function x(t) . The program provides for
the calculation of the extrema of this function with a given
accuracy ¢, . If, as indicated in Fig. 5, the error in calculating
the extremum exceeds ¢, , there will be a retreat two steps
back and the given step is split by two, that is, there is a new
step At,/2. Backtracking and step splitting stop when the
specified accuracy is reached.

B
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Figure 7. Hysteresis curve

On harmonic linearization of hysteresis loops

Consider a steady-state closed hysteresis loop (Fig.
6.), obtained by a harmonic law of variation of the input
disturbance. In general, the shape and slope of the loop
depend on the amplitude A.

y(x)=yu(x)+yT(x), (12)
where: y (x) is the single-digit curve of the conservative
component (in Fig. 6 it is shown by a dashed line, in Fig. 7 it
is shown separately), the ordinates of which are equal to the
half-sum of the ordinates of the hysteresis loop at the same
abscissa; y,(x) is the two-digit curve of the non-conservative
component (Fig. 8), obtained by subtracting the conservative
component y (x) from the input hysteresis loop (Fig. 6).

In the case of an elastic-damping element, a material
sample, and other mechanical elements, the conservative
component is the elasticity curve, and the non-conservative
component is the force of external or internal friction.

The component y,(x) depending on velocity X isa
non-linear function that can be approximated by a linear

dependence v, = hx. This approximation can be realized so

that the areas of the loops corresponding to Vr (x) = hx be
equal, i.e.:
S(A):ﬂ"h'AQ'd), (13)
where S is the area of the real loop obtained as a result
of the experiment; A is the amplitude of the input sinusoidal
signal; w is its frequency.
From the last equation we obtain:

. S(4)
e (14)
and correspondingly:
S(4) .
Yr= 2 X
T-A o (15)

The conservative, hysteresis-free component y (x) is
approximated by a linear function:

A, X

Figure 6. Closed hysteresis loop

i

A =

+9.
+Jp

it ] —
_’4\‘\;/*;4 /1[/

Figure 8. Hysteresis loop

Yu (x):k(A)x’ (16)

using, for example, the method of optimal linearization of

nonlinear elastic characteristics proposed by Ya.G. Panovko

[17]. In the case of symmetric y (x) , the dependence k(A) is
calculated using the following integral:

5 A
k()= j ¥,(x)x’dx,

Sy
the maximum ranges of oscillations relative to the
beginning of the count; x,is the displacement of the center
of oscillations.
So, we describe the hysteresis loop y(x) by the following
equation:

a7)
In the case of asymmetric y, (x)
5 +A4
k()= [ e =x)xelx,
-4 (18)
where: X, =X+X,, x0=A2;A1’ A=A2+A'- A,4, are

Y@ =kt D

T-A o (19)

which takes into account the experimentally observed

dependence of the slope and area of the loop on the amplitude

of the input effect. We introduce the coefficient of relative
hysteresis y for a static system in the following form

S(A4)

7-k(A) A (20)
where: k(A) is the coefficient of linearization of the loop
centerline introduced above.
In accordance with this,
transformed:
a) in real form:

y:k(A)[xJ(A)-x},

expression (19) can be

@ 2]

b) in complex form:
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y=k(D[1+ir(4)]-x. @2

As can be seen, the form of harmonic linearization of
static hysteresis characteristics remained the same as for
linear systems.

Calculation of the loops parameters obtained by the
harmonic law of variation of the input signal

As mentioned above, at harmonic law of variation of the
input value of x(t) , the steady-state position of the hysteresis
loop is reached after a certain number of cycles. The equations
of the contour of a steady-state loop (Fig. 9) is written as:

D,(y,¢,,),%>0;
@, (»,6,,),% <0,
(23)
where: C, , C, are the values of arbitrary constants
corresponding to the steady-state mode.
The loop area is calculated by the following formula:

xo+A
S = J. [D, (y,cln)— D, (y,czn )]dx.
XO—A (24)
The mid-line of the loop (Fig. 9):
ycp (x) = ®1 (y’ CIn) ; (Dz (y’ czn) b
(25)

can be approximated by a linear dependence (Fig. 9)

yA(x):lOC+y1>

where: k, y-const at a given amplitude .

Yoplx) 4

Yo

Figure 9. Hysteresis loop

In the case of using the least squares approximation [18],
we minimize the integral:

xo+A4
Sy + Sk = I ycp(x)dx9
xo—A
Xg+A
Sy, +S,k= I Ve, (X)xdx,
A

Xo—

(28)
where: § =24, S,=2x4, S, =%(3x§ +47).
The same approximation can be made by minimizing the
integral:
Xo+A
L= [ [y, = (x+y)Pxdx,
Xo—A (29)
which provides for the so-called "weighing" along the
coordinate x , proposed by Ya.G. Panovko [17]. The need
for such "weighing" was proven both theoretically and
practically. From the minimum condition (29), we obtain a
system of equations for k andy, :
l%:mr[y (x) — (hx + y,)]x*dx = 0
2 oy, Xo—A v 1 ’

Xo+A

laj—’": I [yq, (x)—(kx+y)]x3dx:0,

2 ok (30)
or

Xo+4

Qv + 0k = [ v, (xxdx,
xo—A
Xo+4

O+ 0k = I ycp(x)x3dx9

xg—A4
> 4 s (31)

where: O, =x?, [0} :xT, 0, = x?

The coefficient y is calculated as before by formula (20),
and the coefficient k is taken as a solution to equations (28)
or (31).

In the case of using a computer to calculate dependencies
k(A) and y(A) itis more convenient to proceed to the discrete
form of equations (28) or (31), which can be obtained by
minimizing the sums:

Approximation without
coordinate:

"weighting" along the x

n

I = Y= (kx, + v
" ;[yc,,(x,) (kx, + y)T%s -

Approximation with "weighting" along the x coordinate:

1, = v () = G, + 3P

xo+A (33)
2 .
I, = J' [ycp (x) — (kx + y)] dx. In the first case, wen get: )
xp—A (26) ny,+ () x)k = x;),
The result is a system of algebraic equations for i ; ' ;yc” ( ')
calculating the parameters k andy, : n . n
1 o1 Xo+A (Z X))y, + (Z x))k = Zx,.ycp(xi).
~=2= [ [1,(0)-Cbc+ »)ldx =0, ! - - (34)
2 oy, o In the second case, we get:
lter, % 22 )y, 4 (S k=3 )
56_]:,: J‘ [ycp(x)_(kx+y)]xdx:0, (IZ::“X z)yl (;xz) izz:‘xx pr(xl)
Xo—A n n n
27
o @n Qo+ (U xk = 2%y, (x).
i=1 i=1 i=1 (35)
Points x, are taken in the range from x.-A to x-A with step
Q-

Ne1(31).2023 Journal of "Irrigation and melioration"



TNJPOTEXHUKA MHIIOOTJ/IAPY BA HACOC CTAHIIUSJIAP

Ax = 24
i =11 > where n is the number of steps.

By setting different values of the amplitude A, it is possible
to obtain the dependences k(A) and y(A), corresponding to a
given operating point.

Applications to describe hysteresis of second-order
differential equations

For a more accurate description of the hysteresis
characteristics of static systems actually used in practice, in a
number of cases it is preferable to use differential equations
of higher order, in particular, second-order equations. Firstly,
more accurate analytical description of the branches of the
hysteresis loops are achieved (remember that the general
solution, for example, of a linear homogeneous second-
order equation with constant coefficients can contain two
exponentials); secondly, the use of higher-order equations
allows one to display the loop closure observed in practice
for a number of static systems (in particular, systems with
magnetic elements, ferroelectric capacitors, and in some
cases with sources of mechanical losses) after the first cycle,
which, as we saw above, is not displayed using the first-order
equations. In addition, the use of higher-order differential
equations allows the simulation of cyclically unstable
hysteresis, when the shape and slope of the hysteresis curves
can change from cycle to a number of cycles. For some
systems, this process ends after a certain number of cycles (the
so-called transient process in the phenomenon of hysteresis
is observed, in electrical engineering in relation to magnetic
elements it is called accommodation). For other systems, this
process of cyclic instability of hysteresis can be observed for
any length of time (this is especially characteristic for a strain
of a rigid body).

For a better understanding of what has been said, we
present the basic information from the theory of second-
order differential equations:

d’ 2}
L= F(xy)Z,

2
dx (36)
where: function F is defined in domain V of three-
dimensional space XOYY' and is continuous in it together
with its partial derivatives iny and y' (the Cauchy conditions
for the existence and uniqueness of the solution to equation
(36)).
It is known that the general solution of such an equation
contains two arbitrary constants ¢, and c,:

y=¢(x.c.c,) (37)

A family of integral curves y= ¢(x, c,,C iz
corresponds to each specific value of C,, (=1, 2, ...), and the
shape and slope of the curves in the general case can change
from family to family (Fig. 10.).

When defining a specific integral curve passing through a

given point M(x,y,), the initial angle of inclination
a(wa-2Lam,) of the tangent to the curve at this point is also
specified. It is clear that we can set this angle arbitrarily,
as long as only the Cauchy problem has a unique solution.
As can be seen, the general solution of the second-order
differential equation reflects the fact that an infinite set of
integral curves of the most diverse shapes and slopes can
pass through a given point of the XOY plane. At the same
time, as we saw above, in the case of a first-order differential
equation, when the Cauchy conditions are satisfied, only one
integral curve can pass through a given point of the plane.

"

e L2

X

[}\
0

Figure 10. Family of integrated curves

Therefore, based on the general theory of the second-
order differential equations, we describe the hysteresis
characteristic with functional relations:

B (x,¢,¢,),x>0;
- ¢2(X,C3,C‘4),).C < Os

(38)
which are solutions of differential equations:
av) .
&y 2 [x,y,;yj,x >0;
Y
Fz(x,ygj,)'c <0.
dx (39)

In the case of computer-aided calculation of hysteresis
cycles according to functional relations (38), the calculation
of arbitrary constants c(i=1,..4) can be performed in two
different ways.

According to the first method, at any point of turning A
, the coordinates x,y, of this point are recorded, and the
tangent of the tilt angle to the corresponding curve of loading
(unloading) is set. These coordinates and arbitrary values are
substituted into the appropriate integral relations (the first
or second expression of (38)) and its derivative, as a result
of which specific values are obtained (i = 1.2 or 3.4), and,
hence, a specific analytical expression of the corresponding
hysteresis curve.

According to the second method, the coordinates of
not only the source point of turning A are stored, but the
coordinates of pre-source point B as well. The coordinates
of both points are substituted at a particular integral relation
(38), as a result of which we obtain two algebraic equations
to determine the corresponding arbitrary constants c, . It
is easy to see that in this case there is a return to the pre-
source point of turn B (the same situation is realized in the
Rayleigh-Mazing principle).

Differential equations (39) are transformed to the
following form:

Fl(x,y,W)%,DO;

aw
dt dx

F(x,y,w)—,x <0,

Z(xyw)d: X
by (40)
dt dr’

where: @ determines the tangent tilt in the hysteresis
curves field. dt

According to equations (40), the simulation of hysteresis
characteristics of mechanical and electrical elements was
conducted.

~4l
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According to the well-known Rayleigh-Masing principle,
an arbitrary hysteresis cycle restores the same curve y=f(x)
at the turning points (Fig. 11) since the coordinates of the
turning points are arbitrarily, and we can consider them as
arbitrary constants. Let c¢=x,, ¢,=y, , ¢,;7X;, ¢,=y, (see Fig.
11). In accordance with this, the equations of hysteresis
characteristics are written as:

{—f(—x+c,)+cz,x>0;

f(x—¢)+c,,x<0. (41)

Differentiating relations (41) twice and eliminating
arbitrary constants from the expressions obtained for the
derivatives using (41), we arrive at the differential equations:

dyy .o
&y _ _H(E)’DO’
e +6‘(ﬂ),5c<0,
* (42)
where:
|
o-1 [f ( dxﬂ
Equations (40) correspond to the integral operator:
y=[[[R[x(5).»(S).w(S)]%(5)dS1i(z ).,
00 43)

where:

RI(S)(S)w(S)] = {FI[X(S ) Y(8), ()], %(S) > 0;

E[x(8), y(8), w($)],%(S) < 0.

S=AX)

AN, 5 )

M XX S5

AN, 4

Figure 11. Hysteresis cycle

Calculations

Plotting an unstable hysteresis cycle

Let a monotonically increasing curve y,=f(x,) (fragment
1) be constructed on the X,0,Y, plane (Fig. 12), defined on
an interval (a,b) and having continuous first and second
derivatives on this interval. The value of the first derivative
at each of its points is positive and decreases monotonically
with an increase in the abscissa from a to b. In particular, it
can be defined either on the entire number axis (- ,+)or on
the positive semi-axis [0,+) . We introduce a new coordinate

* &
system XOY (Fig. 12) with the origin at point O(XO,_)/O)
at which the equation of the curve has the following form:

=y, + f(x+x,
Y=Y+ f(x+x) )

We mark with a solid line the part of this curve located
in the 1st quadrant of the XOY plane. The selected area,
transferred parallel to itself (Fig. 12, fragment 2) to the

position with the origin at point
described by the following equation:

y:yk+1_yo+f(x+xo_xk+1) (45)
The same selected part of the curve, rotated relative to
point O, is described by the following equation:

y=y;—f(—x+x;) (46)

Ak+1 (xk+1’yk+l)’ 15

and at parallel transfer to point Ak ( XYy ) :

Y=Yt Yo+ f(=x+x,+x,) (47)
Curves (45) and (47) are used to construct a hysteresis

cycle corresponding to an arbitrary continuous law of
variation of the input coordinate x as a function of time t>0.

Iy
. e
tam=fl) ~ Ao B B
YViket | 1@ o
4]
Yok L
Yik-1 1/ :M
H: |
0 xl '

Figure 12. Monotonically increasing curve

We assume that at x>0 the motion of the representing
point on the plane is performed along the curve (45), and at
x<0 along the curve (47). At x=0 , the turning point is fixed
on the XOY plane. In the general case of cyclically unstable

* * *
hysteresis, the values of X, and ), = f ngL) depend on
the number of loading half-cycles k, i.e. are sequences of the

* * *
form X, =x0(k) Vi =f(xk). . .
As aresult, the equations of the ascending and descending
hysteresis curves have the following form (Fig. 12):

_ Vs 7y;+1 +f(x+x2+l 7'xk+l)7x>0;
yk+y,:—f(—x+x,:—xk),fc<0, (48)
where: 4 (x Vi ), Ak+1( )

15 Vs,
are the turnlng pomts at the beglnnlng of the k-th (odd)
and (k + I)-th half-cycles, respectively, (k = 1,2,3). It is easy

to show by direct differentiation that vl (x,)=f"(x;) at the
k-th turning point.

Let x vary by some law of periodic function (which does
not change the sign of the derivative in every quarter of the
period) running through the values (in Fig. 12, fragment 2)
within the limitsx, - A<x<x,+4 |

Then, equations (48) can be rewritten as:

Yin _yZ+1 +f(x+x,:+l +4 —xo),fc >0;
y =
VetV —f(—x+x; +A+x0),5c<0.
(49)
At the points of intersection of these curves with the
abscissa, we get:
for the down-sloping curve

fk:onrAer:*f_l(yZ*J’k) (50)

L
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At the points of intersection of these curves with the
abscissa, we get:
for the down-sloping curve

X, =X+ A+x, —ffl(y}: +yk)
for the upward-sloping curve
fk+1 =X, * A+ x;+1 - f_l(yltﬂ + yk+1)
As a result, the width of the loop formed at the k-th and (k
+ 1)-th half-cycles is:
b =% + X, +24-f" (J’; + .Vk) -/ (J’;H + J’k+15)
(1)

(50)

where: Vi = Vi +yl: _.f(x;cK +2A)

The dependence b on the number of cycles can be
determined from experimental records of the field of curves
of cyclically unstable hysteresis. Therefore, considering
, the sequence can be calculated by solving the nonlinear
algebraic equation (51). In addition, having a close-up
record of the hysteresis field, this sequence can be found
directly by superimposing and shifting over each other until
the branches of the loops in the 1st and k-th half-cycles
completely coincide.

According to equations (49), it is easy to distinguish the
ordinates at the points A,,, and A, A,,, and A, (Fig. 12, 1II):

1
Via =W = —Ayz +4f,,
Vi = Vis = *AJ’:H + s (52)
where:
AV, = Vi = ViV = Vier = Vi
Ay = f (xi +24) — £ (x; +24),
A.flc+l = .f(xl:+2 + 2A) - f(xI:H + ZA)
Consider the behavior of the hysteresis characteristic in
the following three cases:

* *
1. The sequence X, =X, (k) is sign-positive
and monotonically increasing. By virtue of the conditions

imposed on the function Vo = f ( xo) above, we obtain

Ay, >0, Ay, >0, Ay, <Af,, Ay, <Af,,. This
means that in the first case, with the growfh, the foops will
narrow vertically.

2. The sequence xZ = x;(k) is sign-negative and

monotonically increasing in absolute value, and | x;:| <2A4
for any k . It leads to Ayk* <0, Aka* <0, Af, <0,

N,y <0, Ay <Moo Ay <A, -
kgl. Thus, iﬁlthis s]gclond case, on the contrary, with the

growth of k, the loops will expand vertically.
4. The sequence x; = x;(k is sign-positive and non-

increasing, and for each subsequent even number k , the

3
value of X, is greater than the corresponding value for
the previous odd number. Then, according to (3.52), we

obtain yk* > O, Aykﬂ* < 0, n Af*k > 0, Af*k+1 < 0: and

accordingly y, » <y, V.., > ¥,,;. Thus,inthe third case,
the phenomenon of cyclic relaxation will be observed, which
manifests itself in the downward displacement of the loop. If

the difference between two adjacent values of Xk decreases
with increasing k, the cyclic relaxation will decay.

Further, let during each half-cycle the value of the output
coordinate y change monotonically within the limits (in Fig.
12). Then, based on (48), we arrive at the following equations
for the hysteresis curves:

* * .
V1= Vin +f(x+xk+1 _xk+1)’x >0;

y2+yk—f(—x—xk+xk),5c<0. (53)
at the points of intersection with the abscissa axis we
have:
For outgoing curve

xkzxk+xk_fl(yk+y2) (54)
for incoming curve
KXot = Xy _x;+1 + f_l(yl + Vi)
(55)
Accordingly, the width of the loop in the k, (k + 1)-th half-
cycles is:

* * -1 * -1 *
by =X =X + X, X~ f (yk +y2) -f (yk+l +y1)
(56)
where:
* -1 *
Yea =X A% = f (Yt y+ )
*
This equation can also be used to find the sequence X, .
Using equations (53), it is not difficult to determine the
difference between the abscissas at the points B,,,and B, and
B,,B,., (Fig. 12). . 1
Xepo =X, =—Ax, + A,
* -1
Xt = Xpaz = _Axkﬂ + Aﬁcﬂ
(57)
where:

* *

Ax, =x;,
Axk = (xZ+1 - xk,)’ Axk+1 = (xZ+l _xk+1,*)’
A = (Vi) - (e v+ 0),

A =1 (Vi 0+ 2:) = (Vea+ 0+ 3,),

of which, in the same order as discussed above, it follows:

* *

% %
=X A =X, — X,

* . . ., .
1. If the sequence X, (k ) is sign-positive and
Ax; >0, Ax,, >0,

Afk’1 > Ax;:, Afk:rll > sz .1» andaccordingly, X; , > X,

monotonically increasing, then

X3 > Xy
Hence, it follows that under this condition, the loop will
expand horizontally with increasing k.

* . . .
2. If the sequence X, (k ) is sign-negative and
. - . - *
monotonically increasing in absolute value, then Axk <0,

Ax,,, <0, Afk_1 < Ax,:, Aﬁ:l < sz ., and accordingly,

Xy <X, X, <X,,,. Incontrast to the previous case,
+2 k> k+3 k+l A
this leads to a narrowing of the loop horizontally.

«
3. If the sequence X, k) is sign-positive and
non-increasing, and for each subsequent even number Kk,
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*
the value of X, is greater than the corresponding value
for the previous odd number, then Ax,t >0, Ax,: 4 >0,

* — *
Af 1 > Axka Afk+11 < Axk+19 xk+2_ > i x_k+3 > Kty
and the loop moves along the OX axis to the right, thereby
demonstrating cyclic creep.

The mathematical model of hysteresis in the form (48) is
suitable for studying systems with hysteresis on a computer.
When using computers, it is necessary to pass from functional
relations (48) to second-order differential equations. This
transition is realized as follows. Since in the first functional

relation (48) the coordinates X, ., , V, | can take arbitrary
values from some area (closed or non-closed) on the XOY
plane, they can be taken as arbitrary constants ¢, and c,
respectively. Then the first relation from (48) can be rewritten
as .

y=f(x+x,,—c)+c,.

(58)
Differentiating this relation twice:
dy . .
E:fl(XWkaﬂ _cl):¢(x+xk+l _cl):
d zy fll ( n _ *
di? - x xk+1_cl)_'//(x+xk_cl)’
and eliminating c, , we arrive at the following differential
equation:
L2 of2)
dx* dx ) (59)
where

(2]

The initial conditions for this equation are: for

1 1o ¥
X=X V=V ¥ =1 (5 1),
Likewise, for the second relation from (48) we obtain an
equation of the form:

y__, dy)
dx? dx (60)
where
The initial conditions for it are for:
x=x, y=y, ¥ = 1)
) ) dy . )
Introducing notation W = E and using relation
dw
_ g
dx [
dt
we can write the following system of equations:
dx
oOW)—,x>0,
an_| "
dt dx
—-0(W)—,x <0,
ne (61)
by

i d
In order to simplify the setup scheme, we will transform
the variable W by the following formula:

W, =W+ f (x0) (62)
as a result, equations (61) are rewritten as:
, e dX
aw | H GOl % >0

- (63)

LAy
—OW, — fi )l %<0,

dy oy
E=|:W; - (M)JE
In order to simplify the setup scheme, we will transform
the variable by the following formula:
w=w+ fl(x,), (64)
as a result, equations (61) are rewritten as:
o edx
ﬂ: o, - f; (xk)]gax>0a
di ;e dx .
e g i <o

L in

Calculation of quadrangular hysteresis

More generally, the ascending and descending branches
of the hysteresis loops can consist of several continuously
conjugated arcs. Then the hysteresis characteristic in the
simplest version can be represented as a set of four families
of integral curves fixed on the XOY plane and intersecting
with each other (Fig. 13), each of them is a solution to a first-
order differential equation. The transition at the same sign
of from a curve of one family to a curve of another family
is conducted when some parameter of the curve (arc length,
projection onto the coordinate axis, radius of curvature, etc.)
reaches a certain value. Families of curves can be described
by the following functional relationships:
D, (x,¢), <5, x>0,
D,(x,c,), 2 f3,
D, (x,¢,), < B,, <0,
D,(x,¢,), B2 B, (65)

which are solutions of first-order differential equations of
the form:

dx .
Rey)_nB<p, x>0,
dx
F‘Z(x’y)za ﬁzﬁl’

Fz(%)’)%,ﬁ < /62’ x <0a

Et(xay)%:ﬁzﬂz' (66)

We further consider an option of a cyclically unstable
hysteresis characteristic (Fig. 13.), in which the 1st and
3rd families of integral curves are families of straight lines
fixed on the XOY plane. In Fig. 14, (fragment 1), two loops
were constructed in K, (K+1)-th and, (K+2), (K+3)-th half-
cycles under variation of x within . The projection of the
linear section onto the OX axis is used here as a parameter
depending on the number of half-cycles.

In the K, (K+1)-th half-cycles, the branches of the loops
are described by the following relations:

a(x - xk+l)7 Xrat =x< fk+l’
f(x - xk+1)’ fk+l sx< )_Clﬁ-zﬁx > O>
r= a(x—x,),X, <x<x,,,,x<0;
—f(=x+Xx,),%, Sx<X, (67)
where: ;ck =X, —x;, ;Ckn =Xy —x,:H, X, =X+ A4, X, =x+A4
The loop width in K, (K + 1)-th half-cycles is calculated by the formula:

-1 .
bk,k+l =24- Xk _;f(xk + 2A) (68)

From Fig. 14, it can be seen that in the case of a

monotonically increasing sequence x = x*(k) , the loops
. . . oV L

will expand vertically and narrow in width, while in the case

of monotonic decreasing, vice versa. The phenomenon of

4
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cyclic relaxation will be observed if in an even half-cycle, is

x; . less than the corresponding value in an odd half-cycle.
Consider, in addition, a limited variation in y within

-y <y< (Fig. 14, fragment 2). The loop width is
calculated by the following formula:
* 1 * y + y
s =%+ (0 +y, —ax) == P : (69)

In this option, it is not difficult to formulate appropriate
conclusions about the behavior of loops at an increase in the
number of half-cycles.

Electronic simulation of cyclically unstable hysteresis
with variable linear sections is performed according to the

equations y =y (x)(x>0) in the zero half-cycle:

y=a(x—-x,), ;}k<kaxk,x<0,
d’ d -
;{z—ﬁ[zy],xm <x<Xx,
y= a('x_xkﬂ)’ xk+l < xé'xh]’
d’ dy, -
;); = (9(;‘)),36,Hl <x<X,.,,

Xp = X 7x*0(k), X1 = X 7x*0(k+])

(70)

X

Figure 15. Hysteresis loops

Fig. 15 shows the experimental hysteresis characteristics
of TS steel (fragment 1, soft loading) and brass 59 (fragment
111, rigid loading). The superposition of the branches obtained
in different half-cycles on top of each other shows that for
TS steel, the BD curve can be taken as a generalized curve
with a continuation up to point A (shown by a dotted line in
fragment 1). If the ABD curve is sequentially superimposed
on branches 41, 40, 31, 30, ... 2, 1, it can be seen how the AB
section will gradually decrease. With a sufficient degree of
accuracy, the AB curve can be represented as an exponential
and, in accordance with (48), the hysteresis characteristic of
TS steel will be described by functional relations (without
considering zero half-cycle):

Opa — O',:“ +0o; {1 —xp[-b(e + 5/:+1 ~&ka )]} ,£>0;
o=
o, +o, +0'T{17xp[b(£+£,: 75,()]},5'<0,

(71)

where: , are the constant parameters determined by
processing the hysteresis curves, for example, using the least
squares method.

Since an increase in the number of half-cycles K

shortens the AB curve, the sequence g (%) , which acts
as a projection of the AB segment onto tohe € axis, is sign-
positive and monotonically increasing (see fragment 2 in Fig.
15, solid segments). On the basis of (58), knowing that for TS

steel f( g)=o, [I_GXP(_bg)] , it is not difficult to obtain a
system of differential equations, the solutions of which are
relations (71).

The branches of the hysteresis characteristic of brass 59
(inFig. 16) consists of a linear section with a slope E and a non-
linear section, which is also well described by an exponential.
The figure clearly shows the increase in the length of linear

segment / o Or its projection on the O axis, equal to g;

with the increase in K. The resulting sequence go( k) is sign-
negative and monotonically decreasing in absolute value (see
Fig. 16, dashed segments); the fastest decrease is observed
in the first three half-cycles. Based on (67) and (70), it is
easy to obtain functional relations and the corresponding
differential equations describing the hysteresis of brass 59.

Figure 16. Hysteresis branches

Simulation of the hysteresis loops indicated in Fig.
15 shows good agreement between the calculated and
experimental data [20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30].

Results and discussion

Experimental determination of
characteristics

Experimentally, families of curves of the hysteresis field
of any static system can be obtained as follows. Let the

hysteresis

)
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working field of the system on the XOV plane be bounded by
some closed curve OMPK (Fig. 16). We will excite the system
from the initial point 0 by the law indicated at the bottom
of Fig. 16. In this case, we register only the curves at To
obtain a family of curves at , the system is excited by the
law indicated below (Fig. 17). When testing static systems
during every quarter cycle, the motion does not have to be
linear. It is sufficient that the sign of the velocity does not
change during this time (see, for example, in Fig. 17 another
excitation law indicated by the dotted line).
},

Figure 17. Hysteresis loops

The excitation laws shown in the figures can be obtained
using special generators and tracking systems. Therefore,
when testing samples of various materials, elastic damping
devices and other mechanical elements of this type, the
strain laws can be obtained using a servo drive, the structural
diagram of which is shown in Fig. 18. Adjuster I provides an
electrical signal U (t), changing over time in proportion to the
desired law of change in strain or force. Signal U (t) is compared
with the feedback signal U, (t), coming through switch from
dynamometer 6 and the internal strain X (t) sensor 8 of test
specimen 5. The resulting difference is the loop error signal
AU, which through amplifier 2 enters the control system 3
by actuator 4. The latter (of electromechanical, hydraulic
or some other type) converts the loop error signal into the
displacement of the machine active grip X (t), which causes
deformation of the sample, the reaction of which is perceived
by the dynamometer and the loading device of the machine.

st} Alp

Figure 18. Block diagram

Under the influence of the sample, the loading device is
strained, as a result of which the actual strain of the sample
X (1) is less than the displacement X (1) of the active grip by
the amount of machine strain X (¢) ,i.e. X ;= X ()-X (1).

Conclusions

Comparatively complete information about the hysteresis
field of a particular static object can be obtained using simpler
sinusoidal oscillators. Therefore, in mechanical tests, we can
use any mechanism (of appropriate power) of reciprocating
motion with an adjustable vibration amplitude, if equipped
with force and strain sensors.

In the case of using sinusoidal oscillators in different
areas of the object's hysteresis field, families of hysteresis
loops are recorded at different amplitudes. Comparison of
the curves of hysteresis during loading and unloading, and
over the entire hysteresis field will help to restore a complete
pattern of the hysteresis characteristics of the object under
consideration.

Mathematical models of hysteresis characteristics of static
systems were developed. For a more accurate description of
the hysteresis characteristics of static systems that actually
occur in practice, in a number of cases, differential equations
of higher order were used, in particular, second-order
equations. The use of differential equations of higher order
makes it possible to simulate cyclically unstable hysteresis,
when the shape and slope of the hysteresis curves can
change from cycle to a number of cycles. For some systems,
this process ends after a certain number of cycles, for other
systems, this process of cyclic instability of hysteresis can be
observed for any length of time.

—

227 (3), Pp.547-550.

Physics, 41 (7), P.p 1214-1222.

Geotechnics. 49, Pp.36-42.
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ITVIITA OJIUII JKAPAEHUJIA I'VHT COJIMII KYPUJIMACHU
N4y KUCMU ITAPAMETPJIAPVUHU ACOCJIAIII

Bb.M.Xyodasapoe — m.c.0., npogpeccop, Y.T.Ky3uee — PhD, douenmn,
“Towkenm uppuzayus 6a KUULIOK XJHCAIUUHU MeXAHU3AUUANAW MyXaHoucaapu uHcmumymu” Munaauii maokuxom yHu-
eéepcumemi,
Y.U.AGO0ymanuxoe — masxH4 0oKmMopaHm, AHOUMNCOH KUWLIOK XYHcalu2u éd azpoimexHo102Uusaap UuHCmumymu
AHHOTa A

Maxomnaa mynITa XocuiI Kuaaaurad MaliyHa 6a3acua sspyM YMpuraH TYHTHY STHTMAAH MIaK/UTaHTMPUIAETraH MyIiTa Ta-
TUTra COMUIIHY aMaJIra Omypagurad Kypuama KOHCTPYKLIMSICH, TEXHOIOTMK UIL JKapaéH! TYFPUCUIA MabIyMOT 6epUan6, UIram
KMCMHUHT [TapaMeTpIapyHy acociall 6yiiua TaIKMKOTIaPHVHT HaTVsKaaapy KenTupuirad. [YHrHM GyHKepaaH GeNruiaHrad
MeBbépaa Tymmpub 6epaguraH nappakiy NMIHeKHVHT, KyM/IaiaH, ITappakKHYHT UIaKIM Ba YIyaMaapy, MappakHy [THEeK Bajaura
YpHaTHII Oypyary, nappaxk Kazamy Ba IappakiaH YMKAETraH IYHT OYIarMHMHT Te3AMKIapy aHUKIaHTaH. TagKMKOT HaTyoKa-
Japura Kypa, mappak Maxkiu Joupa ceKTopu KypuHuimmaa 6ymmo6, yauur paguycu 0,15 m, 103acu 0,00595 m?, mappak Banra 45°
Gypuakzia YpHATWITaH, Mappak KaJaMu Ba KaMPOB KeHITIUTY ¥3apo TeHT 63n6, y 87 MM. ra TeHT GYIMIIM aHUKIaHTaH. Yoy
nmapaMeTpJapia mappakjiu IHeKKa KYuiaraH Tagabnap 6axkapuiain.

TastHY cy3/1ap: ryHT, 6YHKep, appakiu IHEeK, TYCTUY, TYITHYK, MYHaaATUPyBUM HOBJIAP.

OBOCHOBAHHWE TAPAMETPOB PABOYEI'O OPTAHA
YCTPOUCTBA 1Jis1 IOKAJIPHOTO BHECEHUSI HABO3A IIPU
OBPA3OBAHNVU I'PEBHEN

Bb.M.Xyodasapog - 0.m.H., npogpeccop, V.T.Ky3uee — PhD, doyenm,

Hauyuonansheiii ucnedosamensckoiii yHugepcumem «TawkeHmcKuli uHCMUmMym uUHi¥ceHePO8 uppuzayuu u MexaHusauuu
CeJIbCK020 xo3aticmear,

V.U.A60ymanukoe — 6a3086blii 0OKMopaHm, AHOUNCAHCKO20 UHCINUMYMA CeJ1bCK020 X03A1icnea U azpomexHoio2zuii

AHHOTaUUS

B cTaThe NMpuBeIeHbI Pe3yabTaThl MCCIEAOBAHNIT TI0 060CHOBAHMIO TTAPAMETPOB Pabouero opraHa, JaHbl CBEIEHMS O KOH-
CTPYKIIUY YCTPOMCTBA U TEXHOIOTMUYECKOTO TTPOIecca JIOKaTbHOTO BHECEHMS TTOTyTIepeIpeBIIero HaBo3a Ha BHOBb (opmupy-
emMble TpeOHM Ha 6a3e MalIMHBI AJ1s1 06pa3oBaHusi rpebHeit. OrpeeneHbl TapaMeTpPbl JTOMACTHOTO IITHEKA, TTO/Ial0Iero HaBo3 B
HasHAYeHHO HopMe 13 6yHKepa, B TOM UlC/Ie CKOPOCTb BbIJIETAa YAaCTHUI] HaBO3a C JIOTIATOK ¥ €ro IIIar, yToJl YyCTAHOBKY JIOTIATOK
K Basy, hopma 1 pa3mMepbl JIOMaTOK

Mo pesynbTaTaM MCCAeIOBAHMIT OTIpefeieHbl GopMa JIOTIACTH, KOTOPast UMEET BUJL, CEKTOpa OKPYKHOCTH ¢ pagmuycom 0,15
M, tiomaas 0,00595 M2, yros ycTaHOBKM JIOMIACTH K Bay 45°, mMpuHa 3axBaTa JIONacTy paBHa miary 87 mm. IIpu aTux mapame-
Tpax BBITTOJIHSETCS BCe TpeGOBaHMsT TIOCTABIEHHbBIE K JIOTTACTHOMY IITHEKY.

KiroueBble cmoBa: HaBO3, GYHKep, IONACTHOI NITHEK, OTPasKAeHMe, OTBePCTIe, HAITpaBJIsionye kemnoba.

JUSTIFICATION OF THE PARAMETERS OF THE WORKING
BODY OF THE DEVICE FOR LOCAL APPLICATION OF
MANURE DURING THE FORMATION OF RIDGES

B.M.Khudayarov - D.S.C., professor, U.T.Kuziev - PhD associate professor, National research university “Tashkent
institute of irrigation and agricultural mechanization engineers”,
U.I. Abdumalikov - doctoral student Andijan institute of agricultural and agrotechnology

Abstract

The article presents the results of research on the substantiation of the parameters of the working body, provides information
on the design of the device and its technological process of local application of semi-ripened manure of the newly formed comb
on the basis of the machine for the formation of ridges.

The parameters of the blade auger feeding manure in the prescribed norm from the hopper are determined, including the
rate of departure of manure particles from the blades and its pitch, the angle of installation of the blades to the shaft, the shape
and dimensions of the blades.

According to the results of the research, the shape of the blade was determined, which has the form of a circle sector with
aradius of 0.15 m, its area is 0.00595 m?, the angle of the blade to the shaft is 45 degrees, the width of the blade is equal to its
pitch and is equal to 87 mm.With these parameters, all the requirements set for the blade auger are met.

Key words: manure, bunker, paddle auger, fence, hole, guide troughs.
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KUIUIOK XY>KAJIUTVIHA MEXAHU3ATVISUTALL

Kupmu. PecriybnukaMu3aa KUIUIOK, XYSKaJIUTVMHU
PUBOXKIAHTUPUII Ba SKMHIAPIaH IOKOPU XaM/Ia CH-
datim xocun onuin yuyH KYNrMHa yopa Taadupiap uiniab
YURWING aMaMETra KeHT JKOpUii KMIMHMOK/IA. Y30K MY/ -
JlaT TaBOMMIA CYFOPWUIAAUTAH HeXKOHUWIMKAA, MUHEepast
VFUTIApHU KYJUTall I0KOPY Aapaxkaaa 6ymb, opraHuK YEUT-
JIapHU KY/UTall XamMa TYMPOK YHYMAOPIUTUHY OIIMPUILTA
KapaTuirad 6ea SKuIlra axaMusit 6epuamMaii KeJTuHIu.

Hatwkama pecnybnukaMu3 TYHpPOKJapuaa TyMyC Ba
6UPKATOP 03UKA 37eMeHT/IapH, SKyMmaaaaH, pocdop, Kaauii,
OJITUHTYTYPT, KaAbUUAHUHT YCUMIMKIAP Y3IalIThpa oja-
IUTaH MaKIapyu KaMmainb ketau. TYmpok YHYMIOPIUTH,
YHAATY 6UP KaTOP 03UKA 37IeMeHT/IAPMHY Ba TYTIPOK CTPYK-
TYpaCcUHU SIXIIWIAIIIA OPTAaHUK YFUT, STbHU KOPaMOJI TYHTU
IOKOpM axaMusIT Kach sTaamn.

Omn6 60pwiIrad TamKUKOTAA TYMPOK XOJATUHU SIXIIN-
JIalll, eTUIITUPWIAETTaH SKUH XOCUMIIOPIUTMHN OIIVPUII
YUyH, TYHTHM XOCUJI KMJIMHAOWTAH IIyIITa Tarura Tacma
KeHTWJINTUIA COMMUITHUHT aXaMUsITX ounb 6epuraH.

K{pu6 umkmwIaéTraH MacaJaHWHT XO3UMPTU XO0JIaTH
TaxJIMau. X03MPru KyHraua, arpoTexHuK Tajabiapra Kypa,
Jlajiara TYHTHM Ky3I'M OIyATOpAAH OJIIMH TeKTapura yprada
25-30 ToHHamaH émnmna ycynma POY-6 mMammHacuga COUmIIl
TaBCUS KWJIMHTaH [1].

Y6y iryHanuniapaa A. Xamkues, A.AGTypaxMOHOBIIAp
TOMOHUIAH TaKIM(} STUITAH KypuaMa IynITa XOCuI Kuia-
JATaH Ba OMP BAaKTHMHT Y311a YHU MUHEpaJT YEUTIAp GMIaH
VFUTIAN YIYH MY/DKa/UIaHrad. Yiby KypuwiManaHn doiima-
JAHUNIIHVHT acocuil Makcaayu YrumiapmaH GoimanaHnin
caMapaZiopJIUIYHY OIIMPUII Xycobmanaay. Kypuama Kyiin-
Jlary TEXHOJIOTHS acoCKIa Uil 6axkapay; acTiad nryarop-
JIaHMO CYHIpa [03acy TeKMCJIAHTAH Janama IymiTa XOCUIT
KWIMHAOM Ba YHTA MKKM KaTaaMaa YFUT CONMMHamu [2, 3, 4].

[YHrHM TYMPOKKA COMUIN 6Yiinya, KOHCTPYKIMSICUIAH
cermagurad Kucmy onuHrad POY-6 mammHacura mociaaMa
uniab yuKuiarad. Mociama Kyiugarnua MIiainamn: cemnm-
JIa€TraH Ir'yHT OKVMMU Y4 KaTopra akapatunagu. [VHr okuMu
ypTa KaTopra-TyFpuaaH-TYFpU HOBJIApra TyIm6, 1aa o3a-
cupa TacMa KypuHUINMAA 6ymaayu. VIKKM 4eTKu KaTopriap
YU4yH TYHT OKMMJIapyu TpaHCIIOpTepiap OpKajyu HOBiapra
eTka3ub 6Gepwiaay Ba gaja ro3acura Tymanu [3, 5].

TagkukoTuy [1.YTeHUsI30B TOMOHMIAH TTOJIN3 SKMHIApU
YUYH JacTiab apyk Ba MyIITa XOCUI KUJIUIIL, CYHTPa MTyIITa-
HVMHT YPYF 9KWIaJIUTaH KOMNUTa JIOKAT YCY/IIa IYHT COMNII
KypuiMacy uiuiab yukwira [4, 6, 7].

Bor Ba y3ym3opiiapra OpraHvk Ba MUHepas YFUTIapHUHT
apaylalliMacyHU JIOKaJI COINII YIyH MYy/mKasmanrad PTH-2-
25 pycymiy MamiyMHasap uiuiaé YMkwirad. Y TYMIPOKHMHT
45 cM. Taya KaTIaMMHM YYKyp IOMIIATi6, 6Mp BaKTHMHT
V3uaa MMHepaa Ba OpPraHMK YFUTIap apajaliMacHU UKKU
KaTopra conmb KeTUIITHY TabMUHIAraH [5, 8].

[YHrHM TYMPOKKA COMMIN Gyiinda onmb GopuiraH mi-
MUA-TaAKUKOTAAD Tax/IWIM aMajjaru MyIiTa OMMUII Ma-
mHacK 6asacupa TYHTHYM TacMa KYPUHUIIUAA TYIPOKKA
COMUII KYPWIMAaCHHM MaBXKyH S5MacJUTY Ba YHU WUILIA6
YMKUII 3apypaTUHY KYpCcaTMOKIA

IOxopuma HOMIAapM KeITUPWITAH OIMMIAP TOMOHUIAH
TYHTHMY jajara couMa ycy/aga CenMuifaH Kypa, yHU YCUMIUK
WAIVM3Y PUBOXKIAHAAUTAH 30HaTa 6epuiraHa, TYTPOKHMHT
busMK-MexaHMK Xoccanapy SXIMIUIAHMO, VEUTIAI MebEPU
xXaM 4—-5 mapra Kamairauanuru uc6oTiaHraH.

IOxopuna kenTMpWiIraH MAMMUIA-TagKUKOT UIIapU, TYH-
THM 3pTa 6axopia YMTUT SKWIAAUTAH MYIITAHWHT OCTUTA
conmumi Gyiinya MIMMii-TaAKUKOT UIUIapy onub 6opuama-
TaHJIUTVMHY KYPCaTau.

MacanaHuHr Kyinaumm. Onm6 60puiraH WIMUi-msia-
HUILJIAP Ba TAAKUKOTIAP HaTKacuaa, mymiTa onagurad I'X-4
MammHacy 6a3acuaa ryHTHM YUTUT SKMIAIUTAH TYIITa OCTU-
ra coMagurad KypuaMaHu UITab YMKUII Ba MapaMeTpIapuHm
acocanr 6yitnua TagKuKoTIap oaub 6opuil Basudacu 6enrm-
JIaH[IN.

Eunm ycymm. IOKopyna KenTupuiarad WIMuii MablyMOT-
JIapHM YpraHuil Ba TaxjIMJ KWIKII HaTHUKacuaa MacalaHUHT
KYAMIMIY  MaKIaHTUPUING, KypUWIMAHMHI KOHCTDYKTUB
cxemMacu uIiab uMkuiaau. Haszapuii TagkuMKOTIAp acocuaa
KypuiIMa IapamMeTpiapy acocjaaHub, sKCrepuMeHTaa CUHab
KYpUIAY Ba YIAapHUHT MakOy/T mapamMeTpiapy aHUKJIaH A,

Harwukanap Taxjamam Ba Mucosuiap. Ilymra octura ryur
coMaiurad KypUAMaHMHT KOHCTPYKUIMSICH Ba CXeMacy UILIa6
YMKUATAaHUAAH KelMH, YHMHT I[apamMeTpyiapMHU Hasapuii
acocmanau [9, 10].

Kypunma 6yHkep (1), T¥crud (2), mappakin mHek (3), pama
(4), TassHu Fuaaupax (5), 6Yarud (6), Kust HoBap (7), oamysua
(8), mymrra onrnunap (9), tycux (10), mapkép (11), mHek map-
paru (12), sawxupnu y3atma (13), kappannu ysatMa (14), te-
JlecKomnuK y3atMma (15), uepBsxkiu pemykrop (16), ocma Kypui-
Ma (17)nappaH Tamkwi TomnraH (1-pacm).

AjinaHma XapakaT TPaKTOPHMHI OPKa KyBBaT OJIMII Ba-
mupaH kappanau (14) Ba Temeckomuk (15) Bammap opkaiu
yepBSIKIu penyKTop (l6)ra yHaaH sca 3aHxupin ysatma (13)
épmaMua aysua (8)ra ysaTuiaan.

1-pacmjia r'YHIHYM MyLITa OCTUTA COMAAUTaH KypUJIMaHUHT
TEeXHOJIOTMK UIII )KapaéHy cxeMacu KypcaTuirad. byHkep num-
ra JkomamTupwirad Tycrud (2) 6ynkep (1)ra CommMHraH ryHr-
HM TYIHYK YCTMHM TYCMO, Mappakiu IIHeKnapra 6epmacaaH
yJIApHY MKKY TOMOHUTA akpaTub Tymmpuigad nbopar. ByH-
Kkep (1) ocTuma sKoMIalIrad MKKM JOHa Mappakiin mHek (3)1ap
OGyHKep Ba TYCrMY OpacuIaH TyLITaH I'YHTHM Maiifanab Ba apa-
JAMTUPUO, TYITHYK TOMOH XapakaTiaaHTupann. TyitHyKKa KeJ-
raH I'yHr 6yarnd (6) épaamMuaa MKKUTa askapaTuano, YHT Ba Yall
HOB (7)/1apra, TbHU YFUT JyHaITUpruwIapra tymwanu. Hosmnap
IYHTHU KaTop 6yiinya mana r3acura KyHuImHy TabMUHIARIN.
[Tymrra onruy (9)nap mana ©03acuaaru TYHIHU KYMK6, mymiTa
xocwn Kuiaau. Ilymra GanaHIIUTU ITYIITa OATMYWIAPHUHT
MIUIOB 6epuIll YYKYPAUTUHM POCTIAII OPKAIY aMajra OIIu-
punaau.

[YHrHM TYIITa OCTUTA SKOMIAIITUPUIITHY cudaTau 6axa-
pUlI YUYyH, KyPUAMaHUHT Kyiiuaaru napaMeTpiaapy aHMKJIa-
HUIIN JTO3UMJIUTY Oe/IrMIaHIn:

rappak HIakiau Ba Yluamiiapu; rappakHM Baira YpHaTu-
Uil 6ypuaru; mappaxk KaJamu; TYHTHYM Tappakiu ITHeKIaH
YMUKUILI TE3TUTA.

AnmabuéTtnap Tax MM Ba JacTIabKy Taskpubanap HaTyKa-
Jlapu xamja Kypuima KOHCTPYKTUB Yuamiiapy acocuza rnap-
pakiu ImHeK guamMetprun 300 M 1e6 Kabys1 KUIUIT MaKcaara
MyBOGUK meb xyucobmanayu. Ilappak Iakiau Ba YauamaapuHu
acocralira ouf, cxema 3-pacMmia KeJTUpUIraH.

2-pacmpaaru moupa y3apo TeHr 8 6ymakka axxpaTuagn. Xap
6up 6YiaK IIHEK YYyH GMUTTa mappak xucobnaHaay. AHa Iy
TappakHMHT 103aCH, Y3aTWIaJUIaH IYHTHUHT MUKAOpura Ge-
BOCUTA TabCUP KypcaTaii.

2-pacmparu S, 6uTTa mappak rosacu 6yiamb, y Kyiimparu
udona 6yitiya aHUKIaHaAM

5= 5050 = (2 -n ) = (22)
M

6yHa: S, — Aoupa 103acy, M?; S — BaJIHMHT KYHIAJIaHT Ke-
CUIM 103acu, M?;
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a - OpKa TOMOH/JIaH KYypUHUIIN; 6 - EH TOMOHIaH KYPUHUIIN
1-pacm. I'yue Kyliuw MAWUHACUHUHZ MEXHOI02UK ULL HaAPAEHU cXxemacu

(1) uboma D=300 mm, d=56 MM KuitMaTiaap 6yimua Xmucob-
JIaHTaH/1a, ITHeK napparnHuHr 1o3acu S,=0,0085 m? ra TeHr-
JIUTY aHUKJTAHIN.

IMappakHuy Bajira YpHATHUII o 6ypUary NIHEKHMHT UII YHU -
MUHM Genrunainau (4-pacm).

Viby xonataa TappakKHUHT fo3acu Kyimpgaru udona
OpKaIM aHUKJTaHAIN:

S, =S+ sin45° )

(2) udopa 6yitnua, a=45° 6ynraHma, mappak UIIIu 103acu-
HuHT Kuiimaty S =0,00595 m? By Tamkwun s1au. llyauHraex
0=45° 6ypyak/ia NappaKkHMHT KaMpaul b, KeHIJIMIY YHUHT Ka-
namu t ra TeHr 6ynanu, apHn b =t (3-pacm).

Mapkasuit 6ypuak a=45° Ba D/2=R=0,15 M ra TeHIJIUTU-
HM 9pTUOOPra omuob, mappak KaMmpaul KeHITIUTY €KY KaJaMu
t=0,0875 M. ra TeHrMTM aHMKIaHau [11, 12, 13].

[Mappak/iu MIHEK I'YHT OWIaH TYIAMPWIraHaa, 6uTTa mnap-
pak 6up MapTa TYIUK aiilaHTaHAA CypUIaAuTaH, S'TbHU TYi-
HYKKa OMb6 YMKWIAOUTaH TYHT MUKIOPU Kyimparu udopa
OpKa/IM aHUKJIaHAIA:

On=Sutynn 3)

O6yHIa:  — MappaKJIapHUHT TYHT GMIaH KYMWITaAHIUTY
KO3bGULIMEHTH; y — TYHTHUHT 3UWINUTH, KT/M®; N — TapPaKIn
IIHEKHVHT aliJlaHUIIIap COHU, aliJl/MUHYT.

(3) ndoganu S =0,00595 m?, t=0,087 m, y=500 kr/m>, 5=1
Ba n=1 Kuitmarnap 6yiinya xucobnanga Q =0,260 Kr/aiin. ra
TEHITIUTMHY aHUKJTaH/IN.

Jlemak, nmappak 6up mapra ainanranuga Q =0,260 xr
TYHTHU FutodoaH onmb yuKkca GenrwianraH YEUTIANT MUK-
JOpUHM arperaT Tesaurn V, ra GOFIMK XO/fa, TabMMUH/IAM
oIy Kyvinaary udoma opKany aHUKJIaHIN :

Va'B'N
O3z @
6yHIa: B — arperaT KaMpoB KeHIVIUTH, M; Z — Mappakin
HrHeKksap couu, M; N — YFUTIan Mmebeépu, Kr/ra.

(4) nponanu V =6,5 xm/coar, B=2,4 m Ba N=4500 Kkr/ra
xamaa Z=8 Ta 6yyiraH KuitMaTiapu 6yiinua xmucobimaHraHma
Q, =243 r/c. ra TEHIJIIUTY aHMKJIAHN.

IOkopuzaru xmucob6 HaTwkajapu LIIyHU KypcaTamuKiu,
rappakiu ITHeK 6up cekyHapaa 6up mapra ainaHub 243 r
IYHrHU FvtodoaH umMkapu6 Gepca, GelruMaaHraH YEUT/IAII
Mebepu TYNUK baskapuaaay. Xon6yKu, yrdyaMmiapuHm acocia-
rad nappaxk 260 r ryHrau unkapub 6epanu. JleMax, YEUT/IaI
MebEPUHM OPTUFU OMIJIaH TAbMUHIANTHVHT MMKOHY MaB3KYI.

MIyumgaii Kvuinb, mappakiau mHeKHM 1 ¢ maBoMuma 6up
MapTa, TbHY YHUHT aiiylaHuIiap couu n=60 aitin/MuH. 6yim-
I TAbMUHIAHCA, YFUTIAI MEBEPU THIUK COMTMHAIN.

¥

2-pacm. [Tappak makau Ba yyaMJIapuHU
acocianira ouj, cxema

f

3-pacm. [TappakHu Bajara YpHaTMINIINHA
acocaanra ouf cxema

I'VHrHu nappakiu NHeKIaH YMKUII Te3JaUru. [YHrau
rappaxkiy MHeKAaH YMKUII Te3IUTMHM aHMKJIall — YHU Keli-
MHTY 60CKMYA XapaKaTaaHAJAUTaH KoK, SIbHU TYNHYK YiI-
YyaMJIapUHY aCOCTIALl YIyH Oakapuiain.

['YHrHYM appakIy UHeKJaH YMKUII Te3IUTMHY aHMUKIall
YUYH, VHUHT BaJira HUcCO6aTaH o Gypyak ocTUOA YpHATWITaH
AB mappak unruu cuptugaru M 6yaarura Tabcup KypcaTaeT-
raH Kywiap KypcaTwiras (4-pacm).

['Yur 6ymarura HOopMasb N Ky4 Tabcup Kwiamu. IHek
Tappary aijaHMa XapakaTIaHaETTaHIUTY Ba Y Bajira a Oyp-
YaK OCTUAA YPHATUITAHIUTUHYU 3BTUOOPra 06, HopMaab N
KyuHu N, Ba N, TallKuI 3TyBUMIapra axkapatuiaamu. IyHmuHr-
IIeK, TYHT GYIarMHUHT XapaKaTIaHUIINTa KapIIMiauK Kypca-
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TyBUM F MIIKaIaHMII Kyuy Kyiiunagu. N Ba F kyunap y3apo
TecKapu ityHanraH 6yaamm.

Mabnymky, F Ba N Kywiap MMFMHAM R KydyHY 103ara KeJj-
Tupagu Ba y N ra Huc6aTaH UIIKAJIAHUII ¢ Gypyarura TeHr
6ypuakna orub ityHaaraH 6ymnanu (4-pacm) [14, 15]

N

4-pacm. IIappak unruymy cupTuia xapakaTjiaHaéTraH
IYHT GyIarura Tabcup KWIAAUTaH Kydiap cxeMacu

4-paCMJ18 TAaCBMPJIAaHTaH CXeMara aCoCaH:

F=Nigp
TexXHOMOTUK KapaéH GaXapuauil mapTu Oyinuya ryHr
nappak UIIau cCUupTu 6yiinua cupranuim 103um. CUpIaHuII
Kyiiugaru mapT TabMUHIAHTaHIa Gaskapuiamn:

N> F (5)
OGyHIaH
Ntgo> Ntgop
0>g; (6)

Wurym cuptaa XxapakaTiaHaéTraH ryHr M 6ynarnHuHr ab-
COMOT V, Te3/IMrY, YHMHT HUCOMIt Ba Ky uMpMa Te3IUK/IapUHN
MMFMHIVCHUTA TeHT 6Yub, y Kyituaarnya udomanaHagm:

V=V+V, )

Oynza: V, — Kyuupma TesnmK, M/c; V, — HUCOMI Te3uK,

M/C.

Fu

ar

Fu

5-pacm. [Tappak MYy CUPTUIATY TYHT OyIaru
Te3IUKIAPUHUHT CXeMacu

MabryMKky, Kyuupma Te3auK pajuycra rnepreHIuKyisp
Ba aiiJITaHUII TOMOHTA MyHaNIMIIAA GYITaHIUTY YUYH YHUHT
MaTeMaTuK udonacu Kyiingarnua uboganananu [16, 17]:
Vi=or
OyHIa: @ — TapaKkiIu IIHeK Gypyak Te3nuru, 1/c; r — aii-
JIAHUII BaJMAAH TYHTHUHT Kapasaétrad Gymarurava 6yiaraH
macoda, M.
5-pacmparu OAE yubypuaknaH Ba CMHYC/Iap TeOpeMacu-
ra 6MHOAH TYHT GYIarMHUHT HUCOMIT Te3IUTH Kyiiumaruda
6Yymamu [18, 19, 20]:
cos (a—@)
Viz= Vi——
cosg 3
(8) MbOmaHMHT TAXJIWIIN, UIITYY CUPT 6Yiinua cCUpriaHaéT-
TaH TYHT OVIarMHWHT HUCOMI Te3JIUIY, TAapPAKHMHT KYy4rpmMa
(ajiyTaHMa) Te3JIUTY Ba YHU YPHATUIIUII o, Gypuarura G0FIIK-
JIUTMHY KYPCaTMOKIA.

Hucbuii V, Te3snmKHY Mappax YpHaTUIraH Bajira IeprieH-
OVKYJISp Tk V' 3TyBUMCH Opackfa Kyituaary 60EIaHmuII
MaBXyZ,:

V. =V ssina. 9

(9) ndonanan V, Tesnmk Kuitmatuny (8) ra Kyiin6 Ba ma-
TeMaTMK amautap 6askapm6, Kyinnaru udona XoCun KUmm-

HaIu: ,
sina-cos (a—@)

V=V, cosg (10)

(10) udbogaHMHT TaXJIMIIN, TAPPAKHM BaJITa YpHATHII OyP-

YaTMHY Y3TapuIly YHAAH YMKAETTaH Te3/IMKKA TabCupy 60p-
JINTVHU KYPCaTMOKJA.

K§unpma V, Te31MKHY Mappakiv ITHEeKHVHT ajylaHuILIap
coHura 60¥1a6, Kyiinmaru skyHuii udona onvuanmu [8, 9, 10]:
V= oo, sina-cos (a—g)

" 30 cosp (11)
(11) udona m=3,14, n=40-80 aiin/mun, R=0,15 m, a=35-
55°, p=27-35°kuiimaTiap 6yiinua xycobmaHaM Ba yirapra Moc
rpadukIap Kypwian.
[MappakgaH YMKAETraH TYHT OVIary Te3JTUTVHU YHU Yp-
HaTUIUII Gypyarura GOFIMKINK rpaduru 6-pacMaa KelaTu-

puiaraH.
0,50
Vi, mic ""—-.—-—-—
3
- /"f/_.--"ﬂ =
— 2
0,75 // -
"]
. - / |
i /_,.
08 ///
.
" 1
080 ]
0,55
% n k] 4l 4 L] 47 48 51w rpaa 25

1-¢=27° 2 - p=31°; 3 — p=35°
6-pacm. [TappakgaH YMKAETraH IYHT GYIaru Te3IUrnHmn
YHU ypHATUINII Gypuarnra 60FIMKINUK rpadbmkiapmu

6-pacmpa KypcaTwiral rpaduk TaxXviy, TappakHu Baj-
ra HucbataH YpHATUIUII GYypUarMHyu KaTTaaammbé GOpuIim
O6WJIaH TYHT GYIarMHUHT Te3JIUTH XaM OpTUO 6G0paéTraHim-
TMHM Ba y/Iap 3TPU UYM3UK KOHYHUSATH GYiinya GOFIaHTaHIN-
TMHM KYpcaTMoKzaa. BUpok, mappakHu ypHaTUIMII Gypuarn
45° maH karTa 6yca Ba JaBOM 3TCa, YHUHT TYHTHU CypaguraH
UIIYY 103aCY KaMainb 60paan Ba OXMP OKUOAT TEXHOTOTUK
sKapaéH GaskapuUaIMacaurura oiambd 6opamn.

IMappakgaH 4YMKAETraH TYHT Gyaru Te3JUTMHU YHUHT
ajlaHMIIIap COHMTra GOFTUMKIIMK Tpaduru 7-pacMia KeaTh-

puUITaH.
L1

M =
: = "

0,7 // ,/

=

"z

y

1 - ¢=27° 2 - ¢9=31°; 3 — p=35°
7-pacm. I'VHT 6y1ary Te3IUTMHM MapPaK/Iu IIHEeK
ajylaHUIIIaP COHUTa GOFTUK UK rpadmKiIapu

~al
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8-pacmpa KypcaTwiraH rpaguk TaxXwiM, MappakHUHT
aliJIaHUIIIIap COHVHY OIMO 60PUIIY GMJIaH IYHT 6YTarMHMHT
Te3JIUTU XaM OpTU6 60PaETraHAUTMHY Ba yiaap TYFPU UU3UK,
KOHYHMSITY 6¥iirdya G0FTIaHTaHIUIVHY KypcaTMOKa. BUpOK,
MappakHM aiiylaHUIUIap COHMHY STHAJA OUIMPUII TYHT OY1ak-
napuHM GeNrwiaHTaH TYMHYKKa TYIIMPMAacAaH pyrapagaru
Mappak/iy MHeK 30Hacura YyTub Ketummra cabab 6ymagu. by
OMPUHYMIAH TeXHOIOTUK JKapaéHHM Oy3MINIINTA Ba KyBBAT
cap®UHUHT OPTUIINTA ONUO KeJTaa.

Xyioca.

- WIAKIAHTUPWIAETTaH IyIITa OCTUra IYHTHU TacMa
KYPUHUIIMAA COMUIL, YCUMIUK VUIAV3U SKalal PUBOKIaHM-
M YYYH KepaKiIy IapONTHY SIPATUII UMKOHMHY Gepaan;

- IIyLITa XOCUJI KMINUII GMiaH GMp BaKTAA, YHUHT OCTUTA

TYHIHY COMUIIHY aMajra OUIMpPaguraH KypuIMaHM UIUIa0
UYMKUII, eTUIITUPWIAAUTAH MaxCyloT TaHHAPXMHU Kamaii-
TUPUIITA 3aMVH SIPATaIu;

- mappak LIaKIM Joupa CEeKTOPU KYpUHUIIMOA GYnuo,
yuuHr paguycu 0,15 M, 103acu 0,00595 m? ra TeHT GYaUIIN
Mappak/iIn MHeKaaH GoiiganiaHuIl KyJIaMUHM OIIUPaIN;

- mappak Bajira 45° 6ypuakma YpHaTWIraHma, YEMTIAII
MEebEPUHM TYIIUK TAbMUHIIAII UMKOHU SIpATUIa/IN;

- mappak Kagamy Ba KaMPOB KEHIJIUTH Y3apo TeHT 6Yuo,
y 87 MM. ra TeHr GYIMILN, TapPaK/IN IIHEK UII YHYMWHY Tab-
MUHIARON;

- IYHIHM TIappakgaH YMKUII Te3JTUTM YHY Bajira YpHaTu-
i Gypyary Ba BJIHMHT aiVIaHUIIAP COHMUTra GOFNMK G-
6, 0,7-0,8 M/c 6GYauIIM KYiiWIraH MapTiapHu 6axkapaiin.

Anma6uéTtaap
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V3TAPYBUYAH 3JIEKTP TOKU BUJIAH UIIIJIOB BEPUIIIHU
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H.M.Mapxkaee — PhD, kamma yKumyeuu,
“Towikenn uppuzayus éa KUULIOK XyHcaluzuHU MexaHusayusaw myxaHoucaapu uncmumymu” MTY

AHHOTaAIUS

Maxkonaga y3ymM HOBZA Kajamuacura 37eKTp MIUIOB Oepuilia SHeprusiHM KajiaMyara KMPUTUITHVHL S9HEPreTUK XyCyCUsTIapu
VKK MYXMT (CYB Ba KaJlaMya) JIM TU3MMHM X0JIaTVHM X1CoOTa OJITaH X0/1/ia prauwirad. ByHaa y3ym Kamamuaiapyi TOMOHUIAH I0TH-
JIaZMrad SHEPIus y3yM KaJaMYaCHHMHT 3JIEKTP YTKa3yBUAH/IUIK (y,), Y3YM KallaMuaIapMHIHT XQKMUii KOHLEHTpauusacy (X ), S7eKTp
YTKa3yBuM CYIOKIMKHMHT YTKa3yBUaHIUTH (y,) Ba /1EKTP YTKa3yBuM CYIOKIMKHIHT Xa)KMMI KOHLeHTpauusicy (X,)ra 60FIUK SKaHIUT I
AHMKJIaHTaH XamJa WIMMit acocjiaHrad. HaTvokaga MKKM MyXUTIM TU3UM, STbHU y3yM HOBJIa KaJlaMYaJIapMHMHT XaXXMUI KOHIIEH-
Tpauumsicy (X,) Ba 97eKTp YTKa3yBuM CYIOK/IMKHIHT XaXMUii KOHLeHTpauusacy (X,) opacuparu MyHoca6at (X, +X,=1) 6upra TeHImryu,
KasaMyuasiap auamerpu 1,2—1,5 cm opanusnaa, KyHOoaIaHT KecuM o3acu (S) kuitmaTtyt 113,04—176,625 mm? opannena y3rapuiin, Ka-
JIAMYaHVHT COTAIIITUPMA IEKTP KapUIVUTATK SIEKTP aBskIaHTupuin gaspuaa 106,73-164,85 OM-M opanmkia Y3rapuiimm XaMaa UImum
Kamepa MYMra JKOMIalTUPWIAAUTaH JIeKTpoayiap opacumaru macoda (), uiuioB 6epuin Kywianuimm (U), SM€KTP TOKMHUHT TabCUP
BaKTH (t) HY XMCOOTA OJIMII KepaK SKaHIUTY AaHUKJIaHIN.

TasiH4 c¥37ap: 2/1eKTpozJiap, y3yM HOBAA Kalamuacy, 1eKTp aBXIaHTUPHUII, 3MeKTPOMarHuT MailoHY, YTKasyBUaH/IMK, CO-
JIMLITVPMA 37IEKTP KAaPIIVIATY, XaXKMUIA KOHIIEHTPALMSICH.

TEOPETHUYECKOE ObBOCHOBAHMUE BJINSSHUSA OBPABOTKU
INEPEMEHHBIM 3JIEKTPUYECKUM TOKOM HA JKU3HECIIO-
COBHOCTDb YEPEHKOB BUHOI'PATHOMU JIO3bI

H.M.Mapxkaee - PhD, cmapuiuii npenodasaimens,
HUY«TawkenmcKuii uHCmumym uHiceHepo6 uppuzayuu U MexaHusayuu ceabcKozo xo3siicmea»

AHHOTaUsA

B craTbe u3y4yeHbl SHepreTHUECKMe CBOICTBA BBOJA SHEPTMM B UEPEHKUB IIPU 37IEKTPO06Pa6OTKe CTe6/Is1 BUHOTPaAa € yIeTOM
COCTOSIHMSI CUCTEMBI B [IBYX Cpefax (BOAA M YepeHKOB). YCTaHOBIEHOUTO YHEPrsl, orionjaeMast CTebasiMy BUHOTPaia, 3aBUCUT
OT 3/1eKTPOIPOBOJHOCTY YePEHKOB (},), 00beMHOIt KOHLIeHTPALM UePeHKOB (X ), TPOBOAMMOCT 37IeKTPOIPOBOJSIIeH XIUIKOCTU
(7,) M 06bEMHOJI KOHIIEHTPAlMM 3JIeKTPONPOBOAsIeit XuakocTu (X,). B pesynbrate onpeseneHsl UTo, IByXCpeoBas CUCTeMa, T.
€. COOTHOLIeHMe MeXKTy 00beMHOJ KOHIIeHTpallyeli YepeHKOB BUHOrpaza (X ) 1 06beMHOJ KOHI|eHTpalyeli 3/1eKTPOIIPOBOASsIL el
xupaxocTy (X,) paBHO (X +X,=1), aMamMeTp uepeHKOB HaXOAUTCA B Ipefenax 1,2-1,5 cM, BelM4MHAa OBEPXHOCTY IIONIePEYHOro ce-
yeHus (S) usMeHsieTcs B npenenax 113,04-76,625 Mmm?, ynenbHOe 3JIeKTPUYECKOe COMPOTUBIIEHME UePeHKA M3MEHSIETCS B Ipejie-
nax 106,73-164,85 OM-M, Takke ITpY BpeMeH! BO3AECTBYS (T) 3/IeKTPUUECKOT0 TOKA HEOOX0AMMO YUMTHIBATh PACCTOSTHIE MEXKTY
9NIEeKTPOJAMMY, pa3MelleHHO B paboueit kKamepe (I), HanpskeHMe 06paboTku (U).

KnioueBsble cJIOBa: 371€KTPOJIbI, BUHOTPAAHbIe UepeHKH, 3/IeKTPUUeCKII TOK, TeKTPOMaTrHUTHOE I10J1e, TPOBOAVMOCTD, Y e/lb-
HOe 3JIeKTPUYECKOe COMTPOTUBIIeHNE, 00beMHas KOHIeHTPALIVSI.

THEORETICAL SUBSTANTIATION OF THE EFFECT OF
TREATMENT WITH ALTERNATING ELECTRIC CURRENT ON
THE VIABILITY OF GRAPEVINE CUTTINGS

N.M.Markaev — PhD, Senior Lecturer,
NRU “Tashkent Institute of Irrigation and Agricultural Mechanization Engineers”

Abstract

The article studies the energy properties of energy input into cuttings during electrical processing of a grape stem, taking
into account the state of the system in two media (water and cuttings). It has been established that the energy absorbed by grape
stems depends on the electrical conductivity of the cuttings (y,), the volume concentration of the cuttings (X)), the conductivity
of the electrically conductive liquid (y,) and the volumetric concentration of the electrically conductive liquid (X,). As a result,
it was determined that the two-environment system, i.e. the ratio between the volume concentration of grape cuttings (X,) and
the volume concentration of the electrically conductive liquid (X)) is (X, + X, = 1), the diameter of the cuttings is in the range of
1.2-1.5 cm, the value of the cross-sectional surface (S) varies within 113.04-76.625 mm?, the electrical resistivity of the handle
varies within 106.73-164.85 Ohm-m, also with the exposure time (t) of the electric current, it is necessary to take into account the
distance between electrodes placed in the working chamber (I), processing voltage (U).

Key words: electrodes, grape cuttings, electric current, electromagnetic field, conductivity, electrical resistivity, volumetric
concentration.
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KMIIJIOK XVKAJIMTUHU 3JTEKTPAIMITUPULI BA ABTOMATJIAIITUPUII

VIPUIIL. DJIEKTPOMArHuT MaiiJOHHVHT VICCUKJIUK Ta'b-
CUpUJAH TalIKapu, YHUHT MeXaHUK, KUMEBUIT Tab-
cupaapy XxaM MaBsKy[ Ba 6MOJIOTUK CUCTeMaiapra HucbaTaH
MabIyM OMp TabCUpra 3ra. BUOTOTMK 06HEKTTa TEKTP Tab-
CUp KYpCaTUIIIIa SIEKTP SHEPTUSCUHN Y3TapTUpn6 K 6eBO-
cuTa “HOMCCUKJIMK” Tabcupiapugad Goiiganaduil MyMKUH.
MabayMKy, GUPOH OMP MyXUTTa KUPUTWIITaH SHEPTUSHU OGUD
KUCMM UIIJIOB 6epuIaéTraH >KMCM TOMOHUAAH I0TUIaau, 6up
KucMu yTrb Ketaau Ba 6up KucMu Kaintaau (1-pacm.
nekTp UIIIOB Oepuinga GaskapuaaguraH Ul IOTUITaH
oHeprus xucobura 6ymamy. [IyHMHT yUYH XaM TEXHOJIOTUK
SKapaéHsiapra SHeprusiHY KMPUTULILA TP caMapau yCym-
JIApHU KYIIalll Ba YIapHU TYFPU TaHIAll MyXyM 60cKudIap-
JaH 6Mpu xycobmaHamn.

V16 keragu
1-pacMm. JHeprusiHM MyXUTra TabCUPU

ByryHru KyHra Keiub6 jKaxoHAa y3yM KydJaTaapyHy Bere-
TaTMB YCYJA OWIAH €TUIITUPUIIAA Y3YyM KajJaMJaJlapUHUHT
TYTYBYAHIUTVHYU OIIMPUIL, KYyYaT/iap PUBOXJIAHUIINHU SIX-
mIall Y9yH Kajlamyasapra SKALIAAH OAAVH TYPJIu UIUIOB
6epuill yCYTTAPVUHWHT STHTY VUIMWIA-TeXHUKABUI edMMIIapu-
HM SIpaTULITa MYHAITUPUITAH MIMUI TaAKMKOT MUIUTIaPUHU
06 60puIl GYTYHTM KYHIA J013ap0 XMcobmaHaay. Y3yMum-
JIMKKA MIXTUCOCTAIITaH KJIacTepiap, 1eXKoH Ba hepmep xyka-
JUKIAPVHVHT ONAMIA TYpraH acocuit BasudanapmaH 6mpu,
Y3yM aCOPTMMEHTMHM KYTaNTUPUIL, KyJyaT eTUIITUPUII Xa-
SKMU Ba CMGATUHM OMVPUII, eTUIITUPWITAH KYJIaTIapHUHT
TaHHAPXVMHY MacaiTUPULIL, Ky4aTIapHM COFIOM, TaHa, HOBJA
Ba WIOM3IapAa Xed KaHaaii 3apapaHuiIuiapcus 6Ymmim Ba
KYyYaT eTUIITUPUII PeHTAO/UTUIYHY OIMpu6 60pumiaup [1].

K{pu6 umkmiaaérradi MyaMMOHMHT XO3MPIU XOJIaTH.
DBy aca Ky4aTHMHT CO¥JIOM TaHa, HAaBAa Ba WIAU3IapUIa Xeu
KaH[al 3apapaHUILIapCU3 eTUILTUPUITAH y3yM KydaTia-
PUHU UILTA6 YMKAPUITHY KECKUH KYTIATUPUIITHY Tanab Ku-
naay. ByHma KamaMyanapHU WIAM3 XOCUI OVIUII Japaskacyu
Ba TYTYBUaHJIUTMHY OIIMPUIIZA KajTaMyuaaapra SKUILIILAH OJl-
IVIH TYPJIU yCy/utap 6viiaH (MeXaHUK, Gr3nonornk, KUMEBMIL,
aHbaHaBUii, 371eKTPOGU3UK Ba X.K.) JaCTIabKU UILJIOB 6epu-
nanm [2].

ByHma camapanu ycy/uiapmaH 6upu 6y amekTpodusuk
(97€eKTp Mai0OH, MarHUT MaiJOH, 3/IeKTP TOKU, UMITYIbCIIN
3JIEKTPOMArHUT MaiiIoH Ba X.K.) ycy/uiap xucobnananm [3, 4,
5, 6]. Y3ym HOBJa KajaMuajapura SKUIIIAH OJNIVH SJIEKTP
UIUIOB Gepuilia KajaMua Ba MILJIOB Oepuill skapaéHumaru
MYXUTHU XYCOOTa ONUII MYXMM Xycobnanamm [7].

Veumnuxiap JIyHECUTa MAHCYO KMIUIOK, XY>Kaauru Max-
CylIOT/IapM Ba €rowlalliraH JapaxT HOBJA KajlamMuaraapura
EeKTPOGU3UK TABCUPIAPHM YPraHWII Ba KydaTIapUHU
eTUIITUPUII TEXHOJTOTMSICMHY TAaKOMMJUTIAIITUPUIIT GYiinua,

[L.IT.PagueBckuit, A.I.Kyapskos, B.A.IleTpyxuH Ba 6Gomrka
6MpKaHYa OMMMJIAp WIIMMIA TaAKUKOTIAp omub GopraH 6Y-
JI6, VIBKOOUIT HaTHsKalapra apuuIras [8, 9].

V3yM KaJlaMuaJapyHY SKUIIIAH OJAWH 3JEKTP TabCUp
KYypcaTUIIga YAAPHUHT aJIOXUIa KUCMJIAPUHU DIEKTP 3aH-
SKUPUHUHT 97ieMeHTIapy cudartuga TacBuUpian MYMKUH
[10]. V3ym Kanmamyacu Ba YCUMIMKIAD OYHECUTa MaHCYO
KUIIUIOK, XYKaIUTH MaXCYyJIOTIapUHUHT, TbHU YCUMIIUK 3J1e-
MEHTJIApHUHT TaBcudy WMIUIOB GepwiaguraH KaJlaMuyaHU
9JIeKTp MaHb6aura yyianl ycy/uiapy Ba YHUHT TY3WINIIU OVIaH
6enrmnanaay. A.I.KyapsKkoB aHMKIAIIMYa, y3yM KaiamMmyasia-
pura SKUIIAAH OJIAVH JIEKTP TOKM OVWJIaH AACTIA0KM UIILIOB
6epuIIa SHT TYFPU YCYA CYIOK JIEKTP YTKA3yBUM IPUTMA
OpKIM Y3yM KaJaMYaCHHVHT KeCWJITaH KOMIapura JIeKTp
SHEPTUSICUHM 3TKa3u6 6epummgup [5].

By 6opaza, skymiaaaaH, y3yM KydaTy TaiiépiaHagura Ka-
JlaMuanapra MHGPaKu3uiI, 3eKTPOMarHuT Hypsap Ba 3JIEKTP
TOKM OVJIaH UIIOB 6epub YIapHMHT PUBOSKIAHUIIMHNA aB3K-
JIAHTUPUIIL, BETETATUB PUBOKIAHUIIVNHY OUPXVIUIAIITYPUII
Ba cudaTUHU OMIMPUIT XaM/1a JHEPrusl Ba pecypciapHu Te-
SKall UMKOHMHM SIpaTafMTaH yCy/l Ba BOCUTAJIAPHU UILTA6
YMKUILTA QJI0XUAa bTH60p 6epmimokaa [11, 12].

V3ym KanamuasapuHuHr Hamiauru I'OCT 28181-89 ra
acocaH 46 dousmaH KaM GYIMACTUTY MAPTIUTY KYpCaTUI-
rad. TOCT 28181-89 Tana6ura kypa y3ym KajaMyaJapuHUHT
HaMJIUTY SKUII JaBpuIa KaHua I0KOpM 6Yica YHUHT TYTyB-
YAHJIUTY ITyHYA I0KOPY OYaaam.

ByryHr KyHAa y3yM Kajamuajgapura SKUIIAAH OAVH
9JIEKTP UIIJIOB GEPUIN YCy/UIapy OpKAIM UIUIOB GepuIll AaB-
pUOA YHUHT HAMJIUTK Kamaiinb keramu. Iy skuxaToaH onnb
KapajaraHja, y3yM Kajamuajapura 37eKTp WMIUIOB 6Gepuii
opKayM yraapgaru 6MoGusuK KapaéHIapHN Te3TallTUPUII-
HM TabMMHJIAWOUIVH XaMJa y3yM HOBAA KaJaMuaCUHWHT
HaMJIMTMHM 46 ¢dousgaH KaMaiTMpMaraH XOjaa 3IeKTp
aBXJIAHTUPUIIT YCYJAVMHU VUIMMIA acoC/Ianl Ba KapaéHHU TeX-
HOJIOTYK TTapaMeTpJIapyMHM acocyall Aoi3apb MacananapaaH
oupuaup.

MacaiaHMHT Kyimauimu. MabiymMKu, OYTYHTM KyHIA
eTUIITUPUIAETTAH CUbaATIN y3yM KYJaTIapUHVHT Kapuii6 90
(dbousu acocaH BereTaTuB ycy/uiap 6MIaH eTUIITUPUIMOKIA.
ByHza y3yM HOBJa KajaMyajapy TYTYBUYAHINUTHU YpTada Xu-
co6ma 65—-80 dhom3HM TALIKUI Kb, SKUITaH Kajlamyauap-
HuHT 20-25 dbonsu Kykapmacman Konmb keragu [13].

V3yM HOBIOA Kajamyajapura SKUIIZAAH ONAVH 3JIEKTP
UIIIOB Gepuill OpKAIM KaJaMJaJapHU STeKTP aBXKIaHTHU-
PUII OPKAIM TYTYBUAHJIUK AApaskacUHM OMIMPUIIT MYMKYH
9KAHJIMTMHY OYTYHTM KyHIa MuIM-baH ncboriamMmoraa. bynma
Y3yM HOBJIa KaJlaM4aJIapyura SHePTUSTHY KUPUTUIIT YCYIIapy-
HM 1137126 TOTTMII Ba YHU MyXUTTa CaMapay KUPUTUII iTyyia-
PUHM aHUKJIAIT XaMAa TabCUP KUTYBUM ITapaMeTpIapHu WIT-
MMt acociam MyxyM MacaiagapiaH 6upu 6yam6 KomMoKIa.
[14, 15].

V3yM HOBIOA Kajamyajapura SKUIIZAAH OJAVH 3JIEKTP
VOB GepuIl MYXMUTra KUPUTWIAMUTAH SHEPTUS MUKJIO-
PY Ba Tacup KWINUII BaKOyM KaTTa axaMusTra ara 6ymb, yHu
aQHMK KUMaTIapMHM aHVKJIANI TAAKVUKOT CaMapamopIUTruHA
taBcudaiiau [16, 17, 18, 19].

IOxopumary MabIyMOTIapAaH Kenub 4mkubO, y3ym Ka-
JlaMyajapura SKUIIAAH OJAVH JIeKTpP UIIJIOB 6epull opKa-
JIU KaJaMyalapHU 37IeKTP aBKIAHTUPUIIAA TaCUP KWIYBUU
omun cudatuaa unuioB 6epum Kywianui (U), uinuios Ge-
puil BakTH (1), 97eKTpoaaap opacuaaru macoda (1), Kamamua
KyHJIQJIaHT KecM fo3acy (S) Ba KaJlaMua COMUIITUPMA JIEKTP
KapUIManury (p)Hu YpraHuil XxaMia KUiiMaTIapyuHy aHUK a1l
MyX¥YM MacayanapaaH 6upu XucobiaHagu.
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Eunmim ycynu (yoayomapu). Tagkukomiapaa agabuétiap
mapxy 6yiinya CTaTUCTUK MabIyMOTIap, Taskpuba HATVKa-
Jlapyu Ba Ha3apuii TaAKMKOTIAPTa UILIOB Gepull yCynaapu-
naH dorigananuiarad. byHaa onmb 6opuiran Takpubasnap Ha-
TUSKQJIAPY aCOCOCK[IA HAa3apUil TaAKUKOTIAP OPKAIM MITAPU
CYpW/ITaH WIMMIT TUIIOTE3aHM MCOOT/IANI Ba Xy/JIOCaJapHM
KaOy/ KYUTMIT XaMZa TabCUP KMTYBYM OMWIUTAPHM aHUKJIAII
VIMKOHMATHU ApaTuiagn.

Harwkanap Taxjwiu Ba MMUCO/Iap. Y3yM HOBZA Ka-
JlaMyaJapMHM KT aBXJIAHTUPUIILA Kajamyanapra Ku-
putunangurad Gonmanu SHEPTUSHU eTKasub Gepuinga SHT
camapanu yCyiaapiaH OupM 37eKTp YTKa3yBuM CYIOKJINK
OpKaauM amalra ommpuigup. By TeXHONOrMK >XapaéHpa,
SIBbHM Y3YM HOBIA KaJaMuajapyvHM SKUIIJAH OJAMH Y3ra-
PYBYaH 3JIEKTP TOKM OMJIaH UIIIOB OePUIIIA MKKMUTA KOMIIO-
HEHT/IM BOCUTA KaliiTa MIJIAaHAAN: S7EeKTP YTKa3yBUM CYIOK-
JIMK (CyB) Ba y3yM HOBZa Kanamuauapu [20].

bus Takmmd KwiaétraH ycyn 6y y3yM KajiamyaaapuHu
9JIEKTP YTKA3YBUM CYIOKJIMKra COMMHTAHIA BaKT YTUIIN GU-
JIaH YHMHT HaMJIMIUM OIIaM Ba LIyHTa acocaH yHIaH YTaéT-
raH 27eKTp TOKM BAaKT maBomuza y3rapub 6opamm. [21]. By
TEXHOJIOTMK KapaéHIa KajaMyajap TOMOHMIAH HOTWIaLN-
raH sHeprust ¢oiganu uin 6axkapagu. CyIOKJIMK TOMOHUIAH
IOTUJITaH SHEPTMS CYBHU KM3OMpUILTa capguiaHaay Ba ucpod
6Vynamy. Kamamuanapaa wWigus XOCWI GYIuIln mapaskacuHu
JIEKTDP aBXKIAHTUPUIIAA IOKOPM CaMapafopiInKKa IPUIIAIIL
YUYH CYB Ba KaJlaMyaJapHM XKMJIM MakOy/ln HUCOaTIapyuHU
aHMKJIAIIHY Tanab Kuaamn.

A.T.KynpsikoB KajaMuajgapaa WiguM3 Xocusa 6ymi mapa-
JKACMHM 3JIEKTD aBXXJIIaHTUPUIIAA MKKU KOMIIOHEHTIIN (CYB
Ba Kajlamya) TM3MMHVHT 5/1eKTp YTKa3yBUaH/IUTY Opacuaaru
V¥3apo GOFMMKAMKHY aHMKJIAIAa Kyiiugaru hbopMmyaagaH To-
IIMJINIINHN TaK}II/ICl) KWJTaH:

r=Erc Xty X, 1)

Bynpa: y,- y3yM KalaMJyaCMHMHTI 9/7I€KTp {TKasyBuaH-
JIATH;

X, - y3yM KajlaMmuajIapMHIHT XaXMUii KOHLIeHTPALsICH;

7,— 97eKTp YTKa3yBUM CYIOKIMKHYUHT YTKAa3yBUaH/IUIY;

X, - anexTp YTKa3yBuM CYIOKJIMKHMHT XXMM KOHIIeH-
TpaIuscu,

VIKKV KOMITOHEHT/IM TU3UM Y3YM KaJlaMuaTapUHIHT XaXK-
MU KOHIEHTPAIMSICH Ba 9JIEKTP YTKA3YBUM CYIOKJIMKHUHT
XaKMMI# KOHIIEHTpAIMsICUIa Kyiiuaaru rermote3alH wirapm
CYPUIII MYMKVH:

X, +X,=1

By Hazapzga Tytagu

2
= ) X. =0
;(7, Yo ) X @

ByHpa: y - TUBMMHMHL | KOMIIOHEHTVHUHT 3JIeKTp VT-
Ka3yBYaHJIUT;

y — TUSMMHMHT 3JIeKTD YTKa3yBUaHJIUIK;

X, — TMU3MMHM | KOMIOHEHTVHMHT XaKMMJIM KOHL@HTpPa-
LMSICH;

Texnonoruk xapaénga (2) dopmunagaru X, TUSUMHH i
KOMIIOHEHTVHMHT X@KMJIY KOHIIEHTPauMsACUHN X TU3UM-
HM | KOMIIOHEHTVMHMHT camMapaiay XaXM KOHI@HTPalusICh-
aH KMYMK EKM TEHT 1e6 Kaparl MyMKUH

X <X, (3)
OyHma: X — TU3MMHM | KOMIIOHEHTMHUHI CaMapaju
XaXXM KOHII€HTpPaLUsICU.
Ilemak, 6y xosat yuyH (3) popmysia Kyiiuagaru KypyuHUIITa
Kenagun:

2
Y )X =0
;(7, Vs ) X, @

6yH,E[a: Xiu‘ — TU3UMHU | KOMIIOHEHTUMHMHT camMapaan
XaKM KOHIOEHTPpauMsICMHM HYMMara TeHIVIMTY aHUKJ/IaHaO:
X,
7 i
XM=

f }/i
ymuE (5)

Gynna: f(v)21sa Pip /(v)=1

van

f(y) dbynkumsiau xatop cudatusa ndonanaHamgu:
2

X.
Z( i }/mm )7‘7/ =
=l l+d,
Y s (6)
By xonaT yuyyH TeHIVIaMaHMHT euumu (i=2) KYpUHMILITa
ora 6ymamu:
Vous =A( i’}/i,di)+\/A2(Xi Vi 'di)+71 'Vz(di 'Xz +di 'Xi) (7)
X, —d, 'X2)+72(X2 -d, 'Xl)
2 8)
6yHpa: d, :% neb Kabysm KUIMHAN

A=(X57n¢)=7x

[llynma TU3MMHMHT TY/a JMeKTP YTKa3yBYaHIUTUHA
Kyliuparuya é3uir MyMKIUH GYman:
_ (3X1 _1)'71 +(3X2 _1)'72 +\/[(3X1 _1)'71 +(3X2 _1)'72]2 n Vi
" 4 16 2

©)

6Ky 6OIIKA [IaKMIIIA:

Yo = (3X1 ’1)'71 +(2’3X1)'72 +\/[(3X1 ’1)'71 +(2’3X1)'72]2 AN
4 16 2
(10)

V3yM HOBIa KajlaMuyaCMHM SKUIIAAH OJAVH y3rapyByaH
9JIEKTP TOKM GMIaH MIIIOB GepUII TEXHOTOTHUICHUIA KaJaM-
yajiapra Kuputwiaguran ¢oitganu sHeprusHyu eTkasub Oe-
pUIIAA UKKVMHYY KOMITOHEHT, S’TbHU CYBIaH (oiimanaHmIain.
ByHpa skapaénga dboiganaHuaagurad yMyMuii SHePrUSTHUHT
6UPp KMCMY IOKOPY CYB KOHIIEHTPALVSICUIA I0TUIaAM Ba YHU
Kusutuira capdaanagyu. Y3ym KydaT eTUIITUPUIITHUHT ca-
Mapazop 3JeKTPOTeXHoiorusicu (y3yM HOBIA Kajamyasia-
pura SKMIIZAH OJNIOMH Y3rapyBYaH JIEKTP TOKM €pHaMupia
IacTaabKy MILIOB OepUIN)HM TaBCU@IAIl YUYH UKKU KOM-
TTOHEHT/IU TU3UMJA IOTWIAETTaH SHEePrUs/IapHM aHMUKJIAII Ba
sKapaéHHM MaKOY/UTalITUPUII Kepak.

Typuanus O.C., Kosanenko M.A., Tutapesckuit A.JL., Ille-
6eteeB B.A Ba CouTHeBa H.I. TaAKMKOT/IapMIa MKKY KOMIIO-
HEHT/I (CYB Ba KajamMya) TM3MM/a 0Tunaérrad ymymuit W,
sHeprus capduHu Xucobmamga Jxoyi-JleHi hbopMyaacumaH
doitmanannb sHeprus trapcudarai:

W =V U? (11)

JleMak 5HeprUSIHMHT CaKJIaHUII KOHYHUTa aCOCaH MKKMH-
Yy KOMIIOHEHT/IM TU3MMTIa aCcOCAaHTaH TEXHOIOTUSILA Y3yM
HOBJIa KajlamMyajaapy TOMOHUAAH oTuiagurad W, doiimanmu
SHEPTUSHU Kyliuaaruya udopanan MyMKUH 6Ymamm:

W =W,-W, (12)

OyHma: W, - y3sym HOB/la KallaM4aapy TOMOHM/IaH K0TH~
ynagurad Goiaanyu SHepTus;

W, ~ CyBHM 37I€KTP UCUTHUII YUYH cap(aHagurad SHep-
rus.

B.A.IleTpyxuH TagkuUKOT/Iapuaa MeBaqu Japaxriap
KaJiamMuangapura 371ekTp uuuioB 6Gepumza (13) wmdbomanu
aHMKJIaraH, S’bHM MeBa/IM OapaxT KajlaMuyajapura 3J1€KTp
MIUIOB OepuIlia TYTYBYAHIMK JapaskacUHU (Smym) Kyiinpa-
ruJa TaBcudiaraH.
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Smym =1- [SO — L).e_“(w‘wn)_ L
a a

OyHpa: S, — 60LIIaHFNY TYTYBYAH/INK, %

y=p/R, — Genrunam KUpUTUITaH

4 — IponopuMOHINK Ko3dduimentu, Q /J.

R, — >xopuii Kapumimnxk,

R - 6oumaHFuy KapuImInK, Q

o — MPOTNOPLUMOHINK Ko3bduieHTu, 1/].

By3 y3yMm HOBJa KaJlaMJasapMHY 37IeKTP aBXJIaHTUPUIII-
ra capdraHaétraH KyBBaTHM Kyiiuaaruda 3l MyMKIH:

s3)

P=l-Ucosp=U-1-8-U.1.7.g=g-U? =1
y R,

(14)

OyHpa: g, — aKTUB YTKa3yBUaHINK, S;

y — Tyna YTKasyBUYaHIIUK, S;

Z — Ty1a Kapumimnk, Q;

V3ymM HOBZa KajllamMyaJlapMHM 3J1eKTP aBKIaHTUPUIIAA
KajlaMuya TOMOHMIAH IoTuiagurad Qoiiganu sHeprus (Wm
M) HM Kyiiuparnda udopanaHamgm:

w, =P -r=—vU=U2=vu>-1L
R R p s
" S

(15)

OyHZA: 7 — Y3yM HOBZA KaJlaMyacura JIeKTp UIIOB 6e-
pMIII BaKTH, COQT

[ - y3yM HOBJIIa KaJlaMYaCVHVHT Y3YHIUTH, CM

S — KaJlaMUYaHVHT KYHAAJaHT KeCUM 103acu, MM2

p,~ Y3YM HOB/Ia KallaMYaCHHMHT COMMIITPMA KapIin-
auru, OM-M.

CyBHM 37IEKTP UCUTUII YUyH capdiaHaauraH SHEPTUSHU
TeKNUC Mapaienb 3JeKTPOn, cucTtemacyu yuyH Ixoyi-JleHIl
dbopmynacunan dovigananuiagm:

= . = 2T—= 2 v = 2;
W,=P,-1t=U 3 U o U o
S (v-h) a6

GyHza: p,— CYBHMHT COMMIITMPMA KApUwmryt, OM-M;

[ - TekuiC Mapasesb 37IEKTPO, CUCTEMACK Opacuaary Ma-
coda, M.

Vv, h — 3JIeKTpO[, CMCTeMAaCHHMHT TeOMEeTPUK YraaMaapi,
M.

(11) Ba (16) udomauu (13) udopmara K¥iinb, Kyiiugarura
ora OVIuK:

a{ym viout -t

pl
vam _1—(S0_7j'€ (ﬁ.h) —L
’ a a
17)
Tacsupnanras (17) udomanu commanamTMpaguran 6yi-
cak (18) nazapwmii ndona sra 6ymamms:

—
Smym :1—[S0_7/_j'€ s —}/—
14 a  (18)

V3yM HOBAa KaJlaMuyaJlaDMHM TeOMETPUK ViIdamiapu-
HU Yprauum yHu Kypcatouku, TOCT 1191-2009 (O‘zDSt
1191:2009) Ba TOCT 28181-89 6¥iinua Kamamyanap guame-
tpu 1,2-1,5 cM 6ymuimm Genrwianrad. ByHaa KajaMyaHWHT
KyHOanaHr kecum to3acu (S) kuiimatu 113,04-176,62 mm?
opanuKaa, COMUIITUPMA Kapuuim (p) v aca 106,73-164,85
OM-M oOpajiuKAa ¥Y3rapuimy aHuKJIaHau. Yoy udomamaH
KYpPUHAOMKM, Y3yM HOBAA KajaMuyaJapMHMHT TYTYBUaHJIMK

2
-a| U~

Iapaxacu MIUioB Gepuil KywiaHumm (U), UILIOB 6epuit
BakTH (1), MEeKTpomaap opacuaaru macoda (l)ra GOFTUKIIN-
rMHU KypcaTagu. TaaKMKOTIAp HaTypKazapy acocmuia MaKil-
nantupuiras (18) Hasapuit ndopa y3ym HOBIa Kajamuasna-
pura sKUIILAH ONAVH Y3rapyBUyaH 371eKTP TOKY OMIaH UIILIOB
GepUIIHMHT caMapaJoPIUTHM TaBCUIIaiian.

Onu6 Gopwiaral TamKMKOTIApP HaTwkacupa “Kummuin
YepHbBIi” HaB/IM y3yM HOBAA KajaMuajaapMHM SKUIILAH OJl-
IOVH Y3rapyBuaH 37eKTP TOKM OMIaH [acTiaabKu UIUIOB Ge-
puIia Tabcup KWiryBun akTopnap cudaTtuia UIUIOB 6epulit
kywiauuiy (U), uiioB 6epuill BakTU (r) Ba 3JIEKTPOAJIAp
opacuzmaru Macoda ()HM onuII Xamza Iy OMUJUIapHU ¥3-
rapTupraH Xojaa TagKUKoTIap onub 6opuiica, Kajiamuaaap
TYTYBUaHJIMUTMHM OLIMPUIITA UMKOH sipaTafy.

Xynoca. “KumiMuIin yepHblii” HaBM y3yM KajJaMyanapi-
ra S9HeprusiHu KMPUTUIL yCy/UIapy Ba YHTa TabCUp KUITYBUU
OMMJUIAPHY aHMKJIAIIa Kyiugaru xyjuocaaapra KeluHau:

- V3yM KajamMuajapura 3KMIILAH ONIUH IeKTp MIUIOB
Gepuill OPKAIY YHU 3IEKTP aBKJIAHTUPUII MyMKyH. HaTtm-
Kaa y3yM HOBJA Kajamuajapra JIeKTp MIUIOB Gepuiiga
KajaMya HaMJIMTMHM Xpcobra ojmm Ba I'OCT 28181-89
ra acocaH 46 ¢dousgaH KaM GYIMacauTU LIAPT SKAHIUTU
aHMKJIaH[IN.

- V3yM KajamMuasnapura 3KMIILAH ONIUH IeKTp MIUIOB
Gepulliia TEOMETPUK YITIaMIAPUHM XUCOBTa ONUII MYXUM
rapamepiapaas 6upu xucobnanagu. Hatmskaga TOCT 1191-
2009 (O‘zDSt 1191:2009) Ba TOCT 28181-89 6¥iinua xamaa
Takpubanap HaTWXKalapu acocuaa Kajamyanaap AMaMeTpu
1,2-1,5 cM opanuruaa, KyHAaaaHT KeCcuM 103acu (S) KuitMaTu
113,04-176,625 Mmm? opanukaa OVIUIINM aHUKJIaH A,

- Y3yMm HOBAa Kajnamyajaapia WIOuU3 XOCUI OGVauiI na-
pakaCuHM 37eKTp aBXJIaHTUPUILLA MKKU MYXUTIU (CYB Ba
KajaMya) TU3MMHMHT 9/1eKTp YTKasyBUaH/IUTM Opacuparu
¥3apo GoruKAUIY Ypraumnnu. HaTmkana y3yMm Kajiamuana-
P¥ TOMOHUJAH I0TWIaJAUTaH 3Heprusl y3yM KaJlaM4acUHUHT
SJIEKTD YTKA3yBUAHAMUIU (y,), Y3YM KaJlaMyaJapMHMHT Xa-
SKMUI KOHUEHTpauusicy (X,), SMeKTpP YTKasyBUM CYIOKJIMK-
HVHT JTKA3yBUAHIUIK (y,) BA 3JIEKTP YTKA3YBUU CYIOKJIMK-
HVYHT X@KMUI KOHIeHTpauuscu (X,)ra GOFIMK, SKAHIUTU
aHMKJIall UMKOHMU SIPaTWIIN.

- VIkk1 MyxuTiau (CyB Ba KajaMya) TU3MMHMHT Xa>KMUIA
KOHCEHTPaTCHUSIapy Ba YJIAPHMHT X0JaTU MaBXy[ anabuéT-
Jlap Tax MM, TaXpuba HaTWKaIapu Ba Hasapuii KUXATIAH
Taxaua KWiMHAU. HaTiokaga MKKM MyXUTIM TU3UM STbHU
y3yM HOBJA KaJlaMyaJapUHMHT X@XMMI1 KOHLIEHTpaLMsICh
(X,) Ba 27eKTp JTKA3YBUM CYIOKJIMKHMHT X@KMUI KOHLIEH-
tpanuscu (X,) opacuparu myHocabat (X,+X,=1) 1 ra Tewr-
JIATY @aHUKJIaHOU.

- V3yM KajaMuanapura SKUIILAH ONIMH HAcTIabKu
UILTOB Gepuilfa KalaMuaHU COMUINTUPMA 3EKTP Kapiin-
JIUTU 9JIEKTP WUILIOB GEepUINHM HATWKALOPIUTUHU Xapak-
Tupnaiigurad napametp cudatuza kapangu. Hatwskaza
Y3yM HOBJia KQJIaMYaCVMHVHT CONUIUTAPMA JIeKTP KapLInin
JIeKTp aBxIaHTupuil naspuna 106,73-164,85 Om-Mm opa-
JMKJA Y3rapuily aHUKJIaHIN.

- Y3yM HOBJa KajaMuajapura SKUIIJaH OJOUH S1eKTP
UILTOB Gepuill KajaMyasaap TyTyBYaH/IUK JapaskaCHM OIIN-
pagu. ByHzma uiuioB 6epuiaanuraH MyXUTra KUPUTUIALA-
raH sHeprus Typau dakroprapra GOFIMUK GYIUIIN Ba YHUHT
KUiiMaT/Iapy aMaauii xaMaa Hasapuit XuxaTnaH YpraHui-
Iu. HaTwkazma y3ym HOBIIa KajaMuajaapura SKUIILAH OIUH
JacTiabKy 37eKTP MIIOB Gepuia MIIYM Kamepa Muura
SKOMUTAIITUPUIAAUTaH 3IeKTpoasiap opacumaru macoda (1),
unuioB Gepuin Kywianuim (U), 9M€KTP TOKUHUHT TabCUD
BaKTH (1) HY Xyco6ra ouill Kepak KaH/IUTY aHUKJIaHAN.
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EM MAWJAJIAII KYPUJIMACHUHUHI ACUHXPOH
MOTOPHUHU CTATHK BA IUHAMUK PEXXUMJ/IAPVHU
MATEMATUK MOJE/JTAIITUPUII OPKAJIA BAPKAPOP
Nl PEXXUMIA NHIJTANIVMHA TADMUHJIAB SHEPT'USA
TEJXAMKOP/INTUHU AHUKJIAII

H.B.ITupmamos - m.¢.0., npoeccop, U.Kapumos Homudazu TouikeHm daenam mexHuka yHueepcuimemu,
A.T.Ilanoee — PhD, douenm “TowikeHm uppuzauus 6a KUULIOK XYHCAAUZUHU MeXAHU3AUUSAAW MyXAHOUCAAPU UHCMUIY-
mu” munnuii madkuxkom yHueepcumemu Byxopo mabuuii pecypcaaptu 6owKapui uHcmumymu

AHHOTaIVS

Maxkosaza em Majiganail KypyuiMaTapMHMHT aCMHXPOH /IEKTP MOTOPMHMHT TE3JIUTMHM YaCTOTAIM YCYIaa O0IIKapmo sHep-
TSl TEXKaMKOPJIATUTA SPUIIAIIN KeITUpmiIrad. Yacrora y3raptruwiap épaamMuaa 6eBoCuTa, leKTP MOTOP YaCTOTACHHM Y3Tap-
TUPpUG alIAaHUIITIAD COHMHM HA30PAT KUIUII MYMKWH. By YCYTHUHT KylnailmMKIapuaaH 6upy IMIyHOAKM, TOK Ba aiiylaHyBUYM MO-
MEHT ypTacuaa MycTaxkam GOFIMKJIMK OYaraHu 601MC, 4acToTa Y3rapTrmd MOTOPHM MINTa TYIIMPUII BaKTUOA WUILITA TYIIUPUIIL
TOKMHY MACAATUPUII MMKOHMHYM 6epaiy. MOTOPHM MIITa TYHIMPUIIT BaKTUIA MOTOP CMJIIUK MIITa TYIIA[y Ba MINTA TYIIMPUII
BaKTM[IA 7IEKTP SHEPTUSICH TEKATAIN. DIEKTP OPUTMA — YHUBEPCAT €M Maiiaasan KypyuiIMacuHY KydaiTUpuin KodhouieHTn-
HU Ky=100 na T'ypBuIl KpUTepUsICH €paaMuia MaTeMaTUK MOAE/UIAIITUPUII OPKAIM XMCO6Iab Tax M KWIMHAN. ByHoa amekTp
IOPUTMA — VHUBEPCAI eM Majiiaialll KypuiMacy TM3MMUAA Kydantupuin kospdurment - 3,95 < K < 895 opannk/ia 6apkapop
PeXMMIA UIUTAIIY TAbMUHIaHAAY. YHUBEpCcaI eM Maiaaian KypyuIMaCMHUHT aCMHXPOH MOTOPU CTaTUK Ba AMHAMUK PEKUM-
Jlapia onTuMas 60IIKaPYIKIIMTa SpulivIaan. YacToTaBuit GOLIKAPHUIIT OpKAIM 3JeKTp sHeprus uctebmosn 20 pousraua xamaa
6up tinnma 25920 KBT*C 2/1€KTp SHEPTUSICUHM TEKATUIINTA SPULITIAIN.

TasiHY cy3/1ap: SHEepPIUs TEXXaMKOPJIMK, SJIEKTP I0PUTMA, 4YaCTOTa Y3rapTKuy, MakOy/1 O0IIKAPYB, UIITYM MEXaHU3MJIap, SHep-
rus camapagopiauk, boiiganu uil KoabdueHTH.

OITPEAEJIEHUE OHEPI'OCBEPEXEHUS ITPU OBECITIEYHEHUU
YCTOMYMBOTO PEJXMMA PABOTHI IIVTEM
MATEMATHUYECKOI'O MOAEJIVNPOBAHUSA CTATUYECKOTO
N JUHAMUYECKOI'O PEJXUMOB ACMHXPOHHOTI'O
JIBUTATEJISI YCTPOMCTB U3MEJIBYEHUSA KOPMOB

H.B.I[Tupmamoe - 0.m.H., npogpeccop, TT'TY umenu U.Kapumosa,
A.T.Ilanoee - PhD., douenm Byxapckozo uHcmumyma ynpaejeHusi NpupooHsIMU pecypcamu HAUUOHAIbHbLIL UCC1e008a-
menscKuii yHueepcumem «TawkeHMCKULl UHCIMUMYM UH}EHEPOS UPPUAUUU U MeXAHU3AUUU CEeJ1bCK020 X035licmea»

AHHoOTa s

B cratbe mpencraBiieHa sHEProaddOEKTMBHOCTh YCTPOCTBA M3METbUeHMsT KOPMOB ITyTEM YIIPAB/IE€HVS] YaCTOTOM BpalleHus
ACMHXPOHHOTO 37eKTpoaBuraresis. C MOMOIIbI0 YaCTOTHBIX MMPeobpa3oBaTeeil MOKHO HAMPSIMYIO PEryIMpoBaTh YMCIO 060POTOB,
M3MeHsIsl YaCTOTy a/eKTpoaBuratesnsi. OMHUM 13 IPeUMYyIIeCTB 3TOT0 MeTOAA SIB/ISIeTCS TO, UTO, IIOCKOMbKY MEKIY TOKOM U KPYTsi-
MM MOMEHTOM CYIIECTBYET TeCHAsI CBSI3b, TPe06pa30BaTesb YaCTOThI TO3BOJISIET YMEHBIINUTD ITyCKOBOV TOK ITPU 3aITyCKe IBUTaTe-
Jis1. TIpu 3aITyCKe JBUTATEIb 3aITyCKAETCS ITTABHO M SKOHOMUT JEKTPO3Hepryio. KoahduIeHT MOITHOCTY YHUBEPCATBHOTO VI3MEJTb-
YyUTENs KOPMOB PacCYMTaH U MPOAHAIN3MPOBaH IyTeM MaTeMaTMYeCKOro MOZEIMPOBaHMS C UCIIONb30BaHKeM KpuTepus ['ypBuiia
ripu 100. ITpu 3TOM B cucTeMe 2/1eKTPONPUBOL, — YHMBEPCaIbHOe Mofalollee U3Mebyalolee YyCTPOiCTBO KOapGULIMeHT yeuneHust
-3,95< Ky < 895 obecrieunBaeTcs st paboThl B YCTOMUYMBOM PEXMME. ACMHXPOHHBI JBUTATeNTb YHUBEPCATBHOTO M3METbUMUTENS
KOPMOB ONITYMAJIbHO YIIPABJISIETCS] B CTATMYECKOM M IVMHAMMYIECKOM PEKMMaX. Biaromapst 4aCTOTHOMY PeryJiMpoBaHuMIO TIOTpebe-
HI€ JIEKTPOSHEPT MM MOXKET ObITh CHYDKEHO 10 20%, a 3a roJ, MOSKHO COKOHOMUTH 25 920 KBT*4 37IeKTPOIHEPIUMN.

KiroueBsie c10Ba: SHEProcOepesKe e, IIEKTPOIIPUBO, TPeo6pa3oBaTeib YaCTOThI, ONTUMAIBHOE YIIPaBJIeHVe, paboune Mexa-
HU3MBI, 3HeproadeKTUBHOCTD, KO3(DOULIMEHT T0JIe3HOI PaGOTHI.

DETERMINATION OF ENERGY SAVING WHILE PROVIDING A
STABLE OPERATION MODE BY MATHEMATICAL MODELING
OF STATIC AND DYNAMIC MODES OF ASYNCHRONOUS
MOTOR OF EQUIPMENT FOR GRINDING FORAGE
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N.B.Pirmatov — Doctor of Technical Sciences, Professor of the Tashkent State Technical University named after 1. Karimov,
A.T.Panoev - PhD., Associate Professor of the Bukhara Institute of Natural Resource Management national research
university "Tashkent Institute of Irrigation and Agricultural Mechanization Engineers"

Abstract

The article presents energy efficiency by controlling the rotational speed of the asynchronous electric motor of feed grinding
devices. With the help of frequency converters, you can directly control the speed by changing the frequency of the electric motor. One
of the advantages of this method is that since there is a close relationship between current and torque, the frequency converter can
reduce the starting current when starting the motor. When starting the engine, the engine starts smoothly and saves electricity during
starting. The power factor of the universal feed grinder was calculated and analyzed by mathematical modeling using the Hurwitz
criterion at 100. At the same time, in the electric drive system - the universal feeding grinder, the gain factor - 3.95 < K < 895 is provided
for operation in a stable mode. The asynchronous motor of the universal feed chopper is optimally controlled in static and dynamic
modes. Thanks to frequency control, electricity consumption can be reduced by up to 20%, and 25,920 kWt*h of electricity can be saved
per year.

Key words: energy saving, electric drive, frequency converter, optimal control, operating mechanisms, energy efficiency,
efficiency.
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K)I;lpl’[]].[. X03Upru BaKkTOA PeCcryoaMKaMu3aa KUIUIOK,
VSKaIUTY coxacy 6opraH capy TaKOMMUJUTAIING, pu-
BOXKIaHMG 6opMoKaa. KUIIIOK XysKamuruaa KyUIaHWIaéT-
raH eM Majijanam KypuiManapugaH doiiganiannin xaMaa
yHTa GyiraH sXTUENRIAp wi caiinH ommb 6opMokaa. Ily-
HMHT YYYH XaM eM Maiifanan KypuaiMaaapyHy SKCIuTyaTa-
LMsT KVJIUII SKapaéHuaa SHeprus TEXKaMKOP YCy/uiap OpKaIn
IKCIUTyaTaIVsT KAIUIIT XO3UPTM KyHHUHT J0713ap6 MyamMMO-
JapumaH 6upy xyucobmanuaaay. Ilaxra cenekusacu, ypyrum-
JIATY, eTUIITUPUIIL arpOTeXHOOTUSIIApU WIMMIA-TagKUKOT
MHCTUTYTU ByXopo wiMuii-taxkpmoa CTaHIMsICUaA KYJUTaHU-
b KenuMHaéTraH YKpauHa AaBjaaTuaa MIniab uymMKapuiraH
KIY-2;0-1 Tunparu yHuBepcana eM Malifanaul KypyuiMacuHU
onaauraH 6ycak, 6yHma 6y eM Maiimanaail KypuaMacuHVHT
ACMHXPOH MOTOPMHM 6Mp Heva ycy/uiap épaamMmuia Ipr3ulil
MyMKMH. By yHMBepcasm eM Maiijanam Kypuamacu 6miaH
MaKKasKyXopu YpyFu, 6ema rosicu, 6yEI0ii COMOHM, OYEIOIA,
TapuK, apIa, MakKKaXXyXOpy MOsICH, FY3amosi, MaKKaskyXopu
cyTacvHM Maiiganan Ba 601Ka 6apya KUIIIOK XYKaauruga
eTUIITUPUIAAUTAH YPYFIApHM XaM Maiiganam MMKOHUSITU-
ra ara. By yHuBepcan em Maimanamn Kypuamacuaad doiima-
JIAaHTaH[Ia, Maigananm KypuaMacMHUHT aCMHXPOH MOTOPUIA
KyZla KaTTa TOK CaKpaluiapy XOCuia GYamy, YHU MIIra Ty-
LIMPUII TOKY KM TOPMO3JIaHTaH POTOPIAru TOK Ae0 HOM-
naHazy. ByHIaH Tamkapy eMIapHM €Ku MosutapHu 6upra-
HUTa KYTI KeTMO KOJITaH BaKTAa, MaliJalaruyYHHT aCMHXPOH
MOTOPMHMHT aiiJlaHMII Te3JIUTU racaiub, KIaMacu Ommo
KeTUIIM HaTWKACKIa MOTOPHUHT MIUIANI MYAAATH KMUCKA-
paayu. YHUBepcaa em MaliJaJarMyHMHT aCMHXPOH MOTOPU
yyIFaMmIapy KU3UIIM HaTVKacuUaa Kyini XonaTiaapu Ba pe-
aKTVB KyBBAaT MCTEbMOJ KUIUIINATA, SJIEKTP SHEPTUSICUHVHT
Kyza Ky ucpod KMIMHUIINTA 0ub Keslamay. YHUBepcal eM
Maiimasan KypywiIMacMHWHT aCMHXPOH MOTOPUMHM MIITA Ty-
MIVPUIIT KapaéHuaa, MIIra TYIMPUIIT TOKM HOMMWHAI TOKU-
naH 5-10 6apo6ap rokopu 6ymaau. Kucka MyaaaT TabCup K-
JIay, Te3amub ONTaHuIaH CYHT 3ca, aCMHXPOH MOTODIATH
TOK MUHUMAJ KMitMaTra Tymmb6 Ketaay. MabTyMKu, yHUBED-
caJl eM Maifananm KypywIMaJapMHUHT aCMHXPOH MOTOPU-
HU TYFPUAAH-TYFPU UINTA TYIIMPUII BAKTUIA KaTTa JIEKTP
MarHUT MOMEHT/Iapy Ba TOKJIAp 03ara Kejaau. DJeKTp Mar-
HUT MOMEHTJIAPHMHT KaTTa aMIUIMTYOAIM CUITaHWUIILIA-
pPU aCMHXPOH MOTOpP CTaTOp UyIFaMuia XaBdiay JuHaMUK

IOKJIAaHUIIJIADHA XOCUJT KWIMIIM MYMKWH Ba IIYHUHIJEK,
9JIEKTP IOPUTMAHMHT KMHEMAaTUK 3aHXUpIapuaa MeXaHUK
3YPUKUIIVIAPHM I03ara KeJITUPUIIM XaM MyMKUH. IIyHUHT
yuyH 6y YHUBepcal eM Maiimaaai KypuiIMacHy 9KCITyaTa-
IMST KWJTALI sKapaéHuia, KypUIMaHUHT aCMHXPOH MOTOPUHU
UIITA TYUIVMPUIIT TOKMHY KaMaiTUPUIIL, ailJTaHUII Te3TUTUHA
JOKJIaMara MoC paBuIiga 6apkapop MIIl pekMMMIa MIIIa-
IIMHU TAbMUHJIAII, PEaKTUB KYBBAaTMHM KOILIAII, TAbMUHOT
KyWIAHUIIMHY CTaOW/UTAIITUPUIN YIYH XaM/Ia JIeKTp SHep-
TUSICMHY TeXKalll MaKCaauIa UIITa TYIIVMPUITHUHT yCY/Iapy-
naH doiimananmiamn.

K{pu6 umMkuaaérrad MacaJaHWHT XO3UPIU XO0JIaTH
Taxvanu. YacToTaBuit GOIIKAPUIN TEXKaAMIUINUD, YYHKU Y
ACYHXPOH MOTOPHMHT TE3JIUTMHYU POCTIaIl Xycobura ¢oii-
nama v Ko3bduieHTHY OmMpuUII Ba KyBBaT MCPOGUHMU
KaMailTUpUILIHM TabMUHIAiAM. EM Maliganam Kypuiaimara-
PUHM UINTA TYIIMPUII Ba GOLIKAPUIILA YaCTOTa Y3rapTriud
épmamMuaa amajra OIMPWINIIM KypcaTwiran 6ymmo, y aBTo-
MaT Ba MOTOp Opacuza YpHaTWIaAy Ba MOTOPHUHT aliIaHUII
YyacToTacuHM 6GoIIKapaau. IJEKTP MOTOPUHMHI Te3JTUTUHU
y3rapTupmil y9yH Wwirapy TMLUIM y3aTMa (LlecTepéHKa) pe-
OykTopnapaaH doiigananmiap sgu. by sca ¥3 HaB6aTHIa Typ-
JIM KUAVHYWIMKIAD KeITUpU6 umMkaprad. Vuiad ymkapuiin
TEXHOJIOTUSIAPHM Y3UTa XOC TOMOHJIApUIAH KeInb UMKKaH
XOJIJa 97IeKTP MOTOPVMHMHT aiiJTaHUII COHMHU KaMalTUPUII
6KV KYTIaTUPUILTA TYFPU KeJica, JMeKTpP I0pUTMaza Kymnmya
MexaHM3MIapaaH doimamanu, §3 HaB6aTUAA JEKTP MO-
TOPHMHT KyBBaTMHM OoIMImra o6 kenrad [1-20].

MacanaHMHT KyAMIUIOM. YHMUBepCaja eM Maiiganait
KypPUIMACHMHM UIITA TYIIMPUII Ba GOIIKAPUIIIA YaCTOTa ¥3-
rapTruy épaaMuia amaira ouMpuiaaau, y aBToMar Ba MOTOP
opacuja YpHaTUIagu Ba MOTOPHYHT aliJlaHUII YaCTOTaCUHU
60mmKapaanu. JEKTP MOTOPUHMHT TE3JUTUHU Y3rapTUPUII
YUYYH WITapy TULUIM y3aTMa (lIecTepéHKa) pefyKTopiaapaaH
doitmananunap sgu. By aca ¥3 HaBO6ATUAA TYPIAU KUNMHUM-
JIMKIAp KeATUpuO umkapraH. Wiadé umMkapuil TexXHOJIO0-
IMsUIapHU §3Ura XOC TOMOHJIApUIAH Keanb YMKKAH XOomma
57IEKTP MOTOPMHMHT aWJIAaHUII COHMHU KaMalTUPUII EKU
KYyIatupuuira TYFpu Kejca, 3JIeKTP OPUTMaja KyliMmya
MexaHu3MIapAaH doiigamaHuil, Y3 HaB6aTuaa JIeKTp MO-
TOPHVHT KYBBATVHY OIIMIINUTA OO KearaH.

VYHuBepcan eM Malijanam KypUIMAaCMHUHT acMHXPOH
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MOTOPMHM T€3TUTUHY YacTOTa Y3rapTriny éppamuza 601rKa-
pui yeyau xyucobnanunany [1]. By yHuBepcan em maiiganant
KypUIMACHMHU UIITA TYIIMPUII Ba OOMIKAPUILIA YaCcTOTa ¥3-
rapTruy €épgaMmia aMajra olypuwIagy, y aBToMar Ba acuH-
XPOH MOTOp opacuja YpHaTwiaay Ba aCMHXPOH MOTOPHUHT
alillaHMII YacTOTacH, Te3IUIY YacToTa Y3rapTruy opKasau 60-
HmIKapuaagyu, Kymyua Tap3fa JeKTp SHePrus TeXaauImnra
oMb Kenmuim Kyituparu 1-pacmaa KypcaTuiraH.

VYHuBepcan eM Maizanam KypuaMaJlapyMHUHT aCMHXPOH
MOTOpPJIapMHM 3KCIUTyaTalysl KWINII KapaéHuJa aCMHXPOH
MOTOPMHMHT aIaHUII TEe3JUTMHU YaCTOTaHU Y3rapTupuo
pocTiaHaguUraH acMHXpPOH MOTOPJIapHYM MIITa TYUIMpUIILA
YaCTOTaHM MabIyM KOHYHUST 6Yiinua 60mKkapub mira Ty-
MIMPUILI, CTATOP TOKMHMHT YTa OMMO KeTUIIMOAH CaKJIaign
Ba LIYHJA eM Malijananl KypuaMaaapMHUHT aCMHXPOH MO-
TOPU UCCUKJIUK PEKUMM OYiiiua HOpMaJs UIITa TYIUPUIaIN.
[Ty 6oMc xaM YHMBepcaa eM Maiianam KypuaManapUuHUHT
aCMHXPOH MOTOPMHU MINTa TYHIMPUII Ba TYXTAaTULUIADHUHT

3 .--1m

o N i
1-pacm. YHueepcan em maiidanaul KypuimMacuHuHz
ACUHXPOH MOMOPUHU Yacmoma yzzapmauy opKaiu

6owKapuwHuUHz yMyMuii KypuHuwu

CWIIUK KeuMIIMHY TabMMUHIALILA, STbHM KaTTa IMHAMUK
3YPURMIIUIAPHM MAMA0 GYIuImra iy KyiniMaciuK acCuXpoH
MOTOPMHMHT MIIUTALT MyLOATUHM y3aiiTupaau. ByHnaH mak-
caji yHMBepcasl eM Maiifanaul KypuaManapyMHUHT aCMHXPOH
MOTOPVMHM MIITA TYLIIVPUII Ba GOIIKAPUII YACTOTA Y3rapTrnd
épmamuia amanra ouipunaau. Kyiingaru 2-pacmza yHuBep-
caJl eM Maiianai KypuiMacMHUHT aCMHXPOH MOTOPMHY Ya-
CTOTa ¥3apTruy OPKAIY OGOIIKAPUIIHMHT MUK (YHKIVIOHAT
cxeMacy KypcaTuiraH.

2-pacMa KypcaTuiarad QyHKIMOHAI cxeMa HOUM3UKJIN
00BbeKT xycobmaHaayu Ba HOUM3UKIM nuddepeHIan TeH-
miamasnap 6wiaH udopanaHagu. ByHna yHuBepcaa eM Maii-
Jajail KypywiMaaapuHUHT aCMHXPOH MOTOPMHM MIITa TYLIN-
puIl Ba GOIMIKAPUIILA YaCTOTA Y3rapTriuy épaaMuia aMmanira
oumpminagyu. Te3aury 4acToTaHy Y3rapTupub pocTiaHaau-
raH acMHXPOH 3J7eKTP IOPUTMaJapHU CTATUK DPeXMMIapy-
[1a 9JIEKTP SHEPIUSIHY TeXKall GMiaH 6up KaTophaa OIVHAMUK
pexXMMIapuaa XaM 21eKTp SHeprusiaH camapanu doiinana-
HUII MyMKMH. LIyHMHT yUyH XaM yHUBepcasl eM Majigaani
KypUIMaIapUMHUHT aCMHXPOH MOTODJIApUHM IKCILTyaTalus
KWINII kapaéHKuIa acMHXPOH MOTOPMHMHT ajllaHMII Te3-
JIUTUHU YaCTOTaHU Y3rapTupub POCTIAaHAIUIaH aCUHXPOH
MOTOPJIAPHU KYJUIab MINra TYIIMPUIILA YACTOTAaHU MabIyM
KOHYHMST GYiinya 60mKapu6 UIIra TyIIMPUII, CTATOP TOKK-
HUHT yTa oMb KeTUIIMIAH CaKIallMHN Ba IIYHAA YHUBED-
caJl eM Maijanam KypwiMaJapMHUHT acMHXPOH MOTOPU
6apKapop peXMMKIa MIUIAIIVHY TabMUHIAIIHK MaTeMa-
TUK MOJE/UTAIITUPUILAATY XMCOOTANUIaPUMI3 HATVKacUaa
amajira omypuiaanu [4].

Hartwxanap Taxjannay Ba Mucoanap. MabnyMKy, KUIMK
apk KMIyBUM IMHAMYK TU3UMIAPHNA MabayM 61p 6apKapop
XonaTuaa TeHI/IaMmanap CUCTeMaCMHY YM3UKJIU X0JIra KeJITH-
PUIII MYMKMH, CYHTPA y3aTUII QYHKIMSICUHY OJTUIIT MYMKUH.
3-pacMpa KypcaTuiaral (GYHKIMOHAA CXeMacy YIyH SJIEKTP
IOPUTMAHMHT XapakaT TeHIJIaMacy Kyitugarnua 6ymamm:

s

qy

AM EM

A
L

1T

2-pacm. Em maiidanaw KypuimanapuHuHe acUHXpoH
MOMmMopuHU yacmomanu 6owWKaApuHUHZ ENUK GyHKUU-
onan cxemacu: 9y - uacmoma yjzzapmauy, AM - acun-
xpoH momop, TT - maxozenepamop, EM - em matidanaut
Kypuamacu

0
C—w
ot (1)

Oy epma: /] — MHepLUs MOMEHTHU; @ — HOMMHANA Gypuak
Te3JIUT.

(1) TeHrnmamaza TaHJaHraH KMUMK GapKIM ULITUM HYKTa-
Jlapia eM Maiifananl Kypuwimanaapuga SHT Ky MOouiaTuia-
JIUTaH 37EeKTP MOTODPIapUAAH OMPU ACUHXPOH MOTODIapu
xycobnaHagn.

M = const mapT yuyH TeHIIIaMa Kyiinuaaru KypuHMIIra Ke-
nagu:

M, - M. =J

om

AM =J -a—A 0]
ot )
(2) dopmynaHu omnepaTop KYpUMHUIIMOA Kyiumarmda
63111 MyMKVH:
Ao (p)=AM (p)/ Jp 3)
V Xonma IMHAMMK 3BEHOHMHT y3aTuUIl (GYHKUUSICUHU
Kyiinparmya €3uil MyMKYH:

Wﬂ(p):Aa)(p)/AM(p):]/']p(4)

Em wmaiipanam KypuiMaJdapMHMHT aCUHXPOH 3JI€KTP
IOpUTMA TEeKTPOMArHuT MOMEHTMHMHT KMYMK yerapaiapu-
Jary ysrapuim Kyiuaari KypyuHummuaa 6ymamm:

AM = (Ey =6 -x, Iy /7m)-Alylo (g
€Ky orepaTop KYpMHMUIIMAA Kyiumaruda €3uiy MyM-

KUH:
AM (p)=(E; -6 -x,-1,,/7) Al(p)/ao
(6)

(6)IaH IMHAMMK 3BEHOHMHT Yy3aTUII QYHKIUSICUHU
Kyiingarmnya vudopmanan MyMKUH:

AW (p) =AM (p)/ Aly(p) =Ko =(E; —=6-x,- 13/ 7) ] @

)

PocTnail KOHTYpUHM Te3JIMK perynsiTopu (3-pacm) opka-
JIM OMTUMAJIIALI, CMMMETPUK OINTUMYM IIapTU acocupa
amasira oumMpwiIaan.

OuMK KOHTYPHUHT Yy3aTUII QYHKUMUSICUHU Kyiumaru
KYPUHUILAA €3I MYMKUH:
p-Ty +1

p-Ty

p

1/ K Ar . K MO
2:.p-T,+1 J-p
) ®)
EnmMk pocmianl KOHTYPMHMHT y3aTUII (QYHKUMSICMHU
Kyiingary KypuHUIILA €3UI1 MyMKUH:

AW, (p) = AK ‘s -
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A,
& (Ko KamP 1 s s L -
o= TP o1 e A w :

A

3-pacm. Te3nuKHU pocmaaul KOHMYPUHUH2
cmpykmypasuii cxemacu

_ WD) KooKy (p- T+ /K
HWO(p)'Kf'pz'T1/13'J'(2'P'Tp[‘l'])‘l'Kf'Kpc"KMo'(p'Tm‘l'l)/KHT
©)

AW (p)

E6KU

T +1D)/K
AW (p)= (p-Ty+1) I

[Ty Kyp (K rc Ky K ) p* 2Ty - p+ 1)+ p-Tyy +1
(10

Kyitumary y3rapTupuiiiap KUpUTUTAIN:

B =J Ty Ky (Ke -Ky -K,);, T=2T,

)
YV Xxonma CUMMETPMK OINTMMyM MIapTura Kypa
B =712, T =4 T Te3NuK poCcTjaruy napaMmeTpiapuHur 60r-
JIMKJIMK TeHIIaMasiapy Kyiiugarnua udboganaHann:
Ty =8-Ty; K'ee =J K 4Ty Ky -Ky)
1z)
(12) tenrnamanu (9)ra K¥iinb, Te3MMKHU POCTIAII EMUK,
KOHTYPUHUHT y3aTuil GyHKImsacu dbopmysnacyu Kyinumarudia
udonanaHagu:

AT

(1+8-T,-p)/K,
64T, - p* +32.T,7 - p* +8-T, - p+1 (13)

Te3MuK peryasiTOpMHUHT y3aTuin GyHkimscu (12)ra aco-
CaH Kyiuagaru KypuMHUIITA ora 6ymann:

J Ky -(1+8-T; - p)
2

32~1{M0-Kf-T,, p (14)

Bynna Tesnuk perynsatopuHmMHr napamerpinapu K, .Ba ¢

AW, (p) =

AWye(p) =

Kyiiumarnya aHuKIaHaIu: "
Kpe :J'Kw' 4Ty Ko Kye)s (15)
T =8 K, Ty /K. (16)

2-pacMIary CpyKkTypaBuil cxeMa ydyH auddepeHIman
TeHIaMajapy Kyiumarnya ndoganiaHain:

ow
E:(KM()'[B)/J; (17)
ol, )
E:(UV/KHT —[B)/(Z-TH), (18)
oUy ,
=Kre[(f; —K/.~a))/8~TH)—K/.-(6/6t~a))];
ot (19)

By muddepeHinan TeHrmamanap CUCTeMacuMHM PyHre—
KyrTa ycnybu épmamMupma eumb, YHUBepcaja €M Maiimasialin
KYPUIMACMHMHT aCMHXPOH 3JIEKTP I0pUTMacu Gypyak Tes-
JUTMHVHT Y3rapuil rpa@urMHM onmmimr MyMKUH (4-pacm).
4-pacMIa BaKT JOMMMICKU YUyH TYpIAU KuUMMaTIapu Y4yH
YHUBepcal eM Maiijanam KypuaMacu acMHXPOH MOTOPU-
HMHT OYypYaK TE3JIUTMHUHT Y3rapuil rpadury KypcaTuiraH.
IT'padukmad KYpUHAOAMKMA, BAKT JOMMUIACMHUHT OLIUIIN G-
JIaH CUCTeMaHWMHT Te3nmuru Kamasgu. Iy 6mian 6upra yra
POCT/IAII XaM KaMasi/in.

DJIeKTp IOpUTMA — YHUBEpPCAA eM Maifaaail KypuiaMacu
TUSUMUHUHT 6apKapOPIUTH, Y3ITyKCU3 OGUp-6upura 60FTUK

oo §

11

ot

0 003 0.080.12 0.8 0.2 0.28 0.34 040 0.44 0.50 e

4-pacm. Yaueepcan em maiidanau Kypuamacuoazu

ACUHXPOH 3J1eKIp I0PUMMACUHUH2 GYpUaK
me3nuUHUHZ y32apuul zpaguzu

TU3VMHMHT 6apKapOPIUTUHY TaAKUK STUII, YU3UKJIN OOF-
JIUK GYnMaraH TU3UM 6GapKapopiaurumaH dapk KuiMaimn.
[IyHUHT YYyH KYpWIaéTraH TU3MMHUHT OGapKapopIuTMHU
TaIKUK OSTUIIHM GapKapOPIUKHUHT MabIyM OYAraH Kpu-
Tepusilapy acocujga amajira Omupuaafu. JIeKTp pUTMa
— YHMBepCaI eM Majiaail KypyuiMacu TUSUMUHUHT 6apKa-
PODIIUTYHY TaXJIWJI STUNIHY KydaiTUPUIIL KOIDUIIMEHTU
6yitua [l Gymakmapura GYIuUII derapajapuparyd TPy Uu-
3UKJIAPUHY KypUIlIaH 6onuiaHagy. CUCTeMaHMHT XapaKTe-
PUCTUK TeHIIaMacuHM confa KypuHuniga (20) éswiaayu Ba
YHU KydaiTupuiin kosddunyentura Huc6aTTad eund xamaa
OTIepaTop p HY jw Ta ATMAIITUPWIALN
6 5 4 3 2
Gp’ tap tap tap +ap t+aptag=0,  on

6y epna a, = boco; by =J1Jy(RiyRysT o T, = Rf)06Tn26 ) (21)

co=(KpTp+ Ky Ty (KT rs + Ky, Tyy) = KTZZTZZ'Z ;
b =J\J,[RsR, (T +T5,) *2R306Taﬁ (22)
cl :(KT3 +KN2)(KTITTI +KN]TN])+(KT] +KM)*(KﬂTﬂ +KNZTN2)_2R;2TTZ;
a, =b,c, +he, +byc,;

2
bZ = JIJZ(RIQRZD - RO/}G ) + RDKEZKMZ‘]]TQI + RZDKEIKM]JZTOZ
¢, = (Kn +KN1)(KT3 +KN2)_KT22;
a, =bec, + by, +bec,+ K, K, K,(c,d, +c,d,);
b3 = R13KE2KM2J1 + RZBKEIKMIJZ; (24)
c} = KTITNI + KTITTI - KTZTTZ;
Cy ZKNZT 1) +K’1‘3T'13 _K'l'zTn 5

dl =K, K00 (R5T5 = Ry 6T 5)
dz = KMlel'JZ (RzaTaz - R306 Tuo‘ )
a, =byc, +bic,+bc,+ K, K, K, (c,dy +

3

a,=by¢ +hey;

23)

+e,d, +cid, +c,d,)

by =K, K, K\ Ky, ;
5 =Ky + K —K;,) ;66 = (Ky, + Ky —Kp,)
d,=K,,K, ,J,(R,—-R,;)s

dy =Ky K, J,(Ry5 =Ry )5

a; =bc, +bc, + K, K K, (c;b +

+e,by +esd; +cid,) ;
by = Ky Koy KoK s s @5)
by = K, K, K, K,

a, = K'(%+ K,)> K'=K, K, (bses + bgeg) = Ky K K\ Ky [Kp K, (K, +

K =K+ KKy (K, + Ky —Kp) s (26)
K =Ky Ky Ky Ky [ (K + Ky (K +K5) _KIZ'Z]-
—__C(o)
! G(jo) 27

~&8
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Cjo)= ao(ja’)6 +a (]0))5 +a, (jw)4 +(be, +bye, by, )(]w)3 +
+b,e, +bye, +b,c))(jo) +(be, +b,c,) jo+b,c,;
G(jw) =K, K,[(die; + d2c4)(ja))3 +(dies tdyeg +diey + d4c4)(jw)2 +
+dics+dcg+bse,+bge,)jo+be+boe,]; Eku
== a,0° - a,0* + (b,c, + by, +b,c)0’ —b,c, +
" K, K [(bses +bye) - (dieg +dyc, +dies +d e, )0t +
+jl(be, +by, +bzco)a)3 - ala)s = (b, +b,)0]
+ jl(dses +d,c, +bie, +b,e) o~ (de, +dye,)0']} 28)
28-TeHIVIaMa XaKMKWiT Ba Xaéauit Kucmiiapra 6ynmHamm:
K, =A(w)+jB(®) (29)
B [a,@° —a,0* +(bye, +byc, +b,c,)0” —b,e,]*
- KK {[(0sc; +b,¢g) ~(dies +dyeg +die, +dyc, )0’ T +
*[(bscs + beeg)—(dics +d,Cq +dyey + d404)a)2]+
+[(dyes +dycs +bsey + be)w —(dic, +dyc,)o’ ]

A)

Jr[blcz +b2(.‘| +bxco )wz 7“10)5 7(b](,‘2 +b4cl )w] *[(dzcs +d4cé +bs G +bﬁCA)w7(d|c? +dzc4 )wz]

[(bscs +bﬁcé)7(dlci +dzcé +d3£" +dA04)w2]*
KK, {[bscs +b,ce) —(dics +dycg +diey +d,c)0’ ] +
#[(be, + bye, + be)o’ —aw’ — (b, + b,c))o]-
+[(dye,+dcg+ b, +bie)o - (de, +d,c,)o’]

—[a,0° —a,0* +(byc, +bye, + b,c,)o” —b,e,1#[(dyc, + dyc, +bic, +be,)o —(dic, +dyc,)0’]

(30)

YHuBepcan em Maiiganam Kypuamacugaru 4A90L6Y3

TUIUIY aCUHXPOH MOTOPUHMHT MabIyMOTHOMAaJIapiaH OJIMH-

raH Kyiiugaru rnapaMeTtpaapu Ba KoabdbuuneHTaapu 6epui-
raH:

B(w)=

R, =R,, =0150m K, =K,=045mc;
Ky =K, :4,6BC; K‘VIZK}W:7C/M2;
K=K,,=501 Be; K, =K, =28c/m?;

Jy=J, =45kmc ;7 —7 =00lc;
R,, =0,110m; K,, =26 c/m%

Kk, =110B; Th=TH=15¢
K, =0,46 B ¢/ M3 r,, = 1.59¢;
r,=0002c; T, =T,,=001lc;

1-kapBanga yHMBepcana eM Maligaaall KypUIMacMHUHT
aCMHXPOH MOTOpPMHMHT [l Gynakiapra GYJIMUII STpU UU3UK,
KOpAMHaTagapaa XycobJaHraH KuitMaTiaap KypcaTuiraH.

VIXTUEPUIT «m» HYKTa YYYH KydaiTupui KosahduimeH-
™ K,=100 ra I'ypsun, kpurepuscu €ppamuaa 6apKapopink
aHMKIaHaau. ONTMHYM TapTUOIM 6apKapopauK MIapTura
acocaH K03 PUIIMeHTIapHUHT HIUCOAT KMiiMaTIapy Kyitnaa-
rMya aHVKJIAHUIAIN:
Ay =aA, -a(aa,-aas)=a;(a,0,-a,a,)-a,(a,a,-a,a)>0

As = a5A4 + ao[(alaz - auas)(2a1a5 - a32) + alas(ala4 - aoas) - alzao:
2
=ag[(a,a, - a,a;)(a;a, - aya5) - (a,a, - a,a,) 1+ agl(a,a, - a,a) *

*(2a,0 - azz) +aay(aa, - agas) - afas] >0

A=

TexmMpuII HATIKACUAA KyinuAaruiap aHuKIaHou: 4,

52,12%10%>0; 4,=198,27 *10* >0.

IlyHpmait Kyinb, s7eKTp I0puTMa — yHUBepcasl eM Maiiia-
JIall KypywiMacyu TU3UMMU - 3,95 < Ky < 895 opanukga 6apka-
POD MILTAAIN.

By YCYTHMHT KyJaiMKIapugaH 6upy ITyHOAKV, acUH-
XPOH MOTOp, TOK Ba aiylaHyBUM MOMEHT YypTacuga Myc-
TaxkaM GOFMMKINK GYIraHy 60MC, 4acToTa Y3rapTrud MIIra
TYIIMPUII TOKVHU TMAcCAaiTUPUII MMKOHMHM Gepaau. YHMU-
Bepcasl eM Maiiganan KypyuIMacMHUHT aCMHXPOH MOTOPUHMA
CWITUK, UIITa TYIIVMPUII KYPWIMAJAPUHUHT WIJIAN TTPUH-
U 6apya CYWIIMK UIITa TYIIMPUIT KypuiaManapu 6y Tab-
CUD 3TYBUM KYWIAHUII KMITMATUHUHT TUPUCTOPIIU POCTIIA-
ruwiapu 6ym6, pocTall cxeMacu, YHUBEepCal eM Maiigasar
KYPUJIMACMHMHT aCMHXPOH MOTOpPUra TYIIaéTraH oKaamara
GOFIMK paBUIIA Y3TapTUPUIL AJITOPUTMIIAPH, CEPBUC DYHK-
nysIapy 6vian 6up-6upunan bapKJIaHUII MyMKWH.

YHuUBepcasl eM Maiifanan KypuaMacuaaru aCMHXpOH MO-
TOPVHY TE3IUTVHY CUUIUK UIITa TYIIUPUIIIA SHT SIXIIN Ha-
TIsKaIapra SpUIINIITHU TAbMUHIOBUM, GYHKIIVOHAI JKUXAT-
IIaH XaM, TEXHUK KUXaTAaH MyKaMMaJs eanm 6yn6, aitnanmuo
YTYBUM KOHTAKTOpra yJlaHMacAaH, 601IKapyB 3aHKUpIapuia
IOVIMMII KOJMAUTaH, KOHTAKTIAPHY YUKYHJIQHUIIM MYTIAK
6Ymanion.

TeXHUK KUXATOAH KYUTAHWIUII COXacu yHuUBepcan 6y-
M6, YHUBEpCAJT eM Maiijanam KypWIMAacMHUHT acUMHXPOH
MOTOPVHM IMHAMMK TOPMO3JIAII Ba aCMHXPOH MOTOPWHM Te-
CKapy aiaHTUPUILAA KY/UTIall MMKOHM MaBxXy#d. Y4 daszann
GoMIKApUII OeNTMIaHTaH aarOPUTMIAPHU KY/UTaHWITaHIA
YHUBepcal eM Maiganam KypuIMacMHUHT aCMHXPOH MO-
TOPVHMHT MIIIAIIVHMA ONTUMAJIIAIITAPUIINA OPKaJIU aCUH-
XPOH MOTOP YHEPreTUK XapaKTePUCTUKATAPUHU SXIIMIIALIL
MYMKMWH.

llyHpait Kuimb6, yHUBEpCaa eM Maifananl Kypuiamacu-
HMHT aCMHXPOH MOTOPMHM CUJUTUK, FOPTU3M06 I060PUII, aCUH-
XPOH MOTOPHM CaMapaiy UIIra TYIIVMPUII Ba YHUBEPCAT €M
Maiganan KypuaMacuHU UIITa sSIpoKCu3 6Ymnb KomumimaH
XVIMOSIIaNIN.

YHuBepcan eM Malijanaml KypUIMAacCMHUHT aCMHXPOH
MOTOPVMHM CWUIMK IOprU3ub 1060pUIll YHUBEPCAT eM Maii-
Jaan KypywiIMacyHM caMapaiv KYJTAaHUIUIIN GervIaHraH
HOMMHATHM aHUK TAHJIOB MIapTUAATMHA MaKCcaaAra MyBoOGuK
6Ynanu. ByHmaii TAaHJIOBHMHT Me30HM GYnmnb6 omatma acuH-
XPOH MOTOD I0KJIaMacy TypH, UIITa TYIIVPUII TTapaMeTpaapu
Ba MACIOPT MabIyMOT/Iapy XYCOBIaHA TN,

LIIyHMHT yUyH YHMBEpCAI eM Majijanam KypyuiMacHIHT
ACMHXPOH MOTOPWHU CWIIUK IOPTU3UO 1060pUIIl KypuaMa-
CYHM TAHJIANIIa YHUHT KeJaKaKaaru KYTAaHUIUII COXacu-
HU XMCOOMHM OJTUII MyXMMIMP. By Makcaara SpuIlmIn yuyH
YHUBepcal eM Maijanam KypuIMacMHUHT aCMHXPOH MO-
TOPVHMHT alVIAaHUII YaCTOTACUMHU GOIIKAPUIN Wyau GuimaH
IOKJIaMara MoC paBuiiiga GOIIKapuIil MMKOHMHM Gepany Ba
HaTIKAA JIEKTP SHEPTUSIHYU TEXKATUIINATA OO KeTaun.

Kywranm rapmorura (U=380 B) aBromar ynanagm, aBTo-
MaT Ba aCMHXPOH MOTOP Opacuia 4acToTa Y3rapTrud ypHa-
TUATaH 67116, y YHMBEpCaa eM Majiganant KypyuiMacHIHT

1-xcadean

Yaueepcan em matidanaul KypunmMacuHuHz dCUHXPOH MOMOPUHUH?
J 6ynaxknapeza 6ynuwt 3zpu yu3uk KopouHamanapoa xucoéiavean Kuiimamnaapu

) 0 0,5 1 2 5 10 12 15 18 20 25
A(w )| -395 |-3,12 | -1,2 |-5,61 | 58,1 | 250 |320,1 | 492 | 7724 [1025 | 1460
B(w) 0 -345 | -723 | -13,8 | -30,6 |-489 |-47,12|-323 |-7,9 |21.4 |120
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ACMHXPOH MOTOPWHMHT aiiIaHUINM YacCTOTACHHM GOIIKapa-
Iu. YHUBepcaJ eM Malifajail KypUJIMacUMHUHT aCUMHXPOH
MOTOPUMHM €KUII BaKTHUIA OXUCTa uiiaian. byHaan ramka-
Y MIITA TYMIVPUII Ba 3KCIUTyaTaIus kapaéunuma capdiaHa-
IUTaH 371eKTp sHeprusicuHMHT 20 dousurava Texagauimra
o6 Keamu.

Xynoca. IlaxTa cenekuuscyu, YPyFUUIUTU, €TUILITUPUIIT
arpoTeXHOJOTUSIIApU  UAMUIA-TaAKUKOT MHCTUTYTUHUHT
Byxopo mamuii-Taskpuba CTaHIMSICUAA KYUTAHUINO Keu-
HaéTraH YKpauHa gaBiatuaa uiniab unkapmirad KIY-2;0-1
TUIIJArM YHUBEpcaa eM Malifanall KypuJIMacUMHUHT acUH-
XPOH MOTOPMHM 3IKCIUTyaTalMsl KWINII XKapaéHuna, 3IeKTp
IOpUTMa — YHUBEpCaa eM Maifanaml KypuaiMacu TU3UMU-
HUMHT 6apKapOpIUIYHY TaxJIMI STUIIA KydaiiTUPUIIT KOI-

bunmenTu 6yitnua [ 6ymakaapra OYIuII uyerapasapumari
9TPU UYM3UKJIApU KypWIOU. DJNEeKTp I0pPUTMa — YHUBepcal
eM Maiipanam KypuiMacuHy Kydaitupuil koadduieHTn-
o K = 100 pa T'ypBuw, kpuTepusicu éprammuia MaTeMaTUK
MOZAE/UTAIITUPUII OPKAIU XUco61ab Taxamin KMIMHIA. ByH-
Ila 97eKTp I0PUTMA — YHUBEpcaa eM Maiganan Kypuiamacu
TU3MMMZA KydaiTupuir koapduupentn - 3,95 < K < 895
opanukaa 6apkapop pexumia uiamm auukaasan. Hlyuna
yHUBepcaq eM Maijanail KypuIMacMHUHT acCMHXPOH MO-
TOPYU CTATKK Ba AMHAMUK PEKMMIIAPAA ONTUMa GOLIKAPK-
JIAMINTA SpUIIMALKA. YacTOTaBUii GOUIKAPUIIT OPKAIN EeKTP
sHeprust ucrebmonu 20 ¢ousraua xamzaa 6up vimiga 25920
KBT*C 2/1eKTp S3HEPTUSICUHM TeXKATUIINUTA IPUITUIIAN.

(]
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BIM TEXNOLOGIYASIDAN FOYDALANGAN HOLDA
GIDROTEXNIK INSHOOTLAR 3D MODELINI QURISH

J.A.Qosimov - mustaqil izlanuvchi, D.Qalandarova-magistrant,
“Toshkent irrigatsiya va qishloq xo‘jaligini mexanizatisyalash muhandislari instituti” Milliy tadqiqot universiteti
Annotatsiya

Magqolada grafik darsturlar orqali ta’lim tizimida, xususan, texnika oliy ta’lim muassalarida muhandislik fanlarida grafik
dasturlar roli, ular orqali bugungi kun talabi bo‘lgan Build Art texnologiylar bilan bog‘liq masalalar 0z yechimini oson va
qulay erishilganligini ko ‘rishimiz mumkun. Predmetlarning fazoviy xossalarini va vazifalarini tahlil qilish ko‘nikma, malakalari
talabalarni grafik tayyorgarligining muhim tarkibiy qismidir. Grafik ta’lim sohasida talabalarning fazoviy tasavvurini
rivojlantirish, fazoviy obrazlarni hayolan tahlil qilish, talabalarning aqliy va bilish faoliyatini faollashtirish, fazoviy tafakkurini,
tasavurini rivojlantirish, fazoviy hodisalarni, shakllarni hayolan kuzatish, gabul qilish hamda barcha garfik bilim va malakalarni
o‘zlashtirish, xotirada saqlab qolish kabi ijodiy fazilatlarni tarkib topdirishga salmogli ulush qo‘shib kelmogda.

Kalit so’zlar: BIM (Building Information Modeling), grafik dasturlar, ta’lim, tahlil va natijalar, gidrotexnik inshootlar, 3D
model, muhadislik kompyuter grafikasi.

IIOCTPOEHUE 3D MOJEJU TUAPOTEXHNYECKUX COOPY-
JKEHUH C UCITOJIb3OBAHUEM TEXHOJIOTUN BIM

. A.Kaceimoe — He3asucumelii ucciedosamens, /. Kananoaposa—-mazucmpatim,
HayuonansHutii uccnedosamenwsckuii yHueepcumem «TauwilkeHmMCcKuili uHCmumym uHyceHepo8 uppuzayuu u MexaHusayuu
CenbCKo20 X03s5licmea»
AnHoTanusa

B craTbe paccMaTpuBaeTcsl posib rpaduueckux MporpaMm 10 MHXKEHEPHBIM HayKaM B CHCTEME 00pa30BaHMsl, 0COGEHHO B TeX-
HUYECKMX BY3aX, Uepe3 HMX MbI BUIMM, UTO BOIPOCHI, CBSI3aHHBIE C BOCTPEGOBAHHBIMY CEeTOfHs TexHomorusimu Build Art, moryT
OBITD JIETKO PEIeHbI. U YIOOHO penraeTcs. YMeHe aHaIM3UpOoBaTh MPOCTPAHCTBEHHbBIE CBOICTBA M 334aUy TIPEIMETOB SIBJISIETCSI
BaKHOJ COCTaBJISIIONIEH TpaduuecKkoii MOArOTOBKY yJalluxcs. B obmacty rpaduueckoro o6pasoBaHmst pasBUTHE MPOCTPAHCTBEH-
HOTO BOOOPayKeHMS yUallMxCsl, 06pasHblii aHAIM3 TTPOCTPAHCTBEHHBIX 06Pa30B, aKTUBM3AIMS MbICJIATETBHO Y MO3HABATETbHOM
JIeSITeIbHOCTY YUAIMXCsl, Pa3BUTHE TTPOCTPAHCTBEHHOTO MbIIIUIEHVS ¥ BOOGPaykeHMsI, 06pasHOoe HaOMoeHe 1 BOCTIPUSITHE TTPO-
CTPAHCTBEHHbIX SIBIEHMIA, HhOpM, ycBOeHMe Bcero rpadmyeckyie 3HaHVSI Y HABBbIKM, COXPAHSIS B TAMSITY TBOPUECKYE KauecTBa, TAaKMe
KaK CTOMKOCTb, BHOCSIT CYILLIeCTBEHHbIN BK/Ia[, B CO3aHM e KOHTEHTA.

KimoueBsie cioBa: BIM (MudopMmaioHHOe MozienpoBaHme 3nannit), [paduueckme mporpaMMebl, 06yueHme, aHaau3 1 pesyiib-
TaThI, TUIPOTEXHIUECKIE COOPYKeHMsI, 3D-MOo/ieb, MHKeHepHast KOMITbIOTepHast rpadmka

BUILDING A 3D MODEL OF HYDRAULIC STRUCTURES USING
BIM TECHNOLOGY

J.A.Kasimov is an independent researcher, D. Kalandarova-masret student,
National Research University “Tashkent Institute of Irrigation and Agricultural Mechanization Engineers”
Abstract

In the article, the role of graphic programs in the engineering sciences in the educational system, especially in technical higher
education institutions, through them, we can see that the issues related to Build Art technologies, which are the demand of today,
can be easily and conveniently solved. The ability to analyze the spatial properties and tasks of subjects is an important component
of the graphic preparation of students. In the field of graphic education, development of students' spatial imagination, imaginative
analysis of spatial images, activation of mental and cognitive activities of students, development of spatial thinking and imagination,
imaginative observation and acceptance of spatial phenomena, shapes, and acquisition of all graphic knowledge and skills, keeping in
memory creative qualities such as staying have been adding a significant share to the creation of content.

Key words: BIM (Building Information Modeling), Graphical programs, education, analysis and results, hydrotechnical structures,
3D model, engineering computer graphics
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irish. Hozirgi kunga kelib 3D modellashtirish yoki sevimli multgahramonimizning persanaji bo‘ladimi

marketing, arxetiktura va dizayn, kinematografiya va
boshgasohalardakengqo‘llanibkelmogda.3D modellashtirish
kelajakbinolarini pratatipiniyaratish yokibironbirkompaniya
ishlab chigargan mahsulotning prezintasiyasini o‘tkazish
jarayonida muhim rol o‘ynaydi. 3D pechatning yaratilishi
tufayli 3D modellashtirish yana bir pog‘ona oldinga siljidi va
hozrgi jamiyatda yanada talab qgilinadigan sohaga aylandi.
Endilikda har bir inson o‘zi chizgan rasimi yoki Intrnetdan
ko‘chirib olgan rasm obyekti bo‘ladimi, dizaynerski model

3D printerda pechat qilish imkoniyatiga ega. Albatta,
3D dasturida ishlashni va modellashtirshni hamma ham
tushunavermaydi. Shu sababli 3D modellashtirish sohasida
kasbga talab kuchaydi va 10 yil davomida o‘sib bordi [1, 2].
Ko‘rib chigilayotgan muammoning hozirgi holati.
3D-modellashtirish o‘zida maxsuslashtirilgan dasturiy
ta’'minotdan foydalanib, 3D-modelni (yoki uch o‘lchovli
obyekt ko‘rinishidagi karkas model) ishlab chigish tartibini
ifodalaydi. Uch o‘lchovli model chiziglar va egri sirtlar bilan

L

"Irrigatsiya va melioratsiya" jurnali Ne1(31).2023



TRAINING IN IRRIGATION AND MELIORATION

o‘zaro bog‘langan ko‘pgina nugqtalar yordamida yaratiladi.
Uch o‘Ichovli modellashtirish qo‘llaniladigan sohalar doimo
kengayib bormoqda. U quyidagi: o‘yinlar, ya’ni realistik
personajlarning modellashtirilishi amalga oshirilishi;
tibbiyot - inson tanasi organlarining alohida modellarining
yaratilishi; muhandislik - transport vositalari, yangi qurilma
va inshootlar modeli ishlab chiqilishi; kinematografiya —
turlicha maxsus effektlar va xayoliy personajlar yaratilishi
kabi sohalarni qamrab olmogda. Shuningdek, reklama
sohasida ham 3D-modellashtirishdan yetarlicha foydalanib
kelinmoqda.

Masalaning quyilishi. Uch o‘Ichovli modellashtirishning

vosita obyektga harakatni oson berish va bunga minimum
vaqt sarf etish imkonini beradi. Tajribali foydalanuvchi
o‘zining loyihasini yaratish uchun ko‘p hollarda bir qancha
uch o‘lchovli modellashtirish dasturlaridan foydalanadi [6].
Yuqorida nomlari Kkeltirilgan dasturlardan birgalikda
foydalanish realistik o‘yinli sahnalar yaratish va mahsulotni
mukammal ko‘rinishga olib kelish imkonini beradi [4, 5].
Natija va tahlillar. Amalda barcha 3D-dasturiy
vositalari nisbatan bir-biriga o‘xshash interfeys va
modellashtirish uchun uskunalarga ega, ammo dasturlar
o‘ziga xos xususiyatlari bilan, shuningdek, yoritishdagi
hisoblash algoritmlari, animasiyalarni yaratish va tasvirni

yangi imkoniyatlari multfilm qahramonlarini yaratishga
ketadigan vaqtni sezilarli darajada kamaytirdi. Dasturiy

vizuallashtirish bo‘yicha ham farglanadi.
3D-dasturiy vositalarining qay biri yaxshi yoki yomonligi
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bo‘yicha omma tomonidan gabul gilingan javobning 0zi yo‘q.
Har bir foydalanuvchi ushbu savolga ozi uchun ma’qul bo‘lgan
3D-dasturiy vositani muhim deb biladi [7]. Foydalanuvchi
o‘zi ishlaydigan 3D-dasturiy vosita bilan ganchalik darajada
yaxshi ishlay olishi va uning ijodiy (asboblarni bilishdan
tashqari badiiy ko‘nikmalarni egallash, ranglar uyg‘unligi,
kompozisiyani bilish magsadga muvofiq) imkoniyatlariga
juda ham bog‘liq bo‘ladi [7]. Shuning uchun dizayner
ganday dasturni afzal ko‘rishni o‘zi hal giladi. Uch o‘lchovli
modellashtirish dasturiy vositalari imkoniyatlarini batafsil
o‘rganish uchun uch o‘lchovli elementlardan tarkib topgan
3D-sahna yaratish kerak bo‘ladi. 3D-dasturiy vositalarning
har biri o‘zining muayyan sohadagi afzalliklariga ega
[7]. Uch o‘lchovli modellashtirishga mo‘ljallangan asosiy
dasturlarning gisqacha tavsifi:

Autodesk 3D Studio Max - ancha keng tarqgalgan,
shuningdek, grafik paketni o‘zlashtirish nisbatan oson.
Qo‘shiladigan modul VRay real obyektlar va interyerlarni
yaratish imkonini beradi.

1. Autodesk Maya - boshga dasturlar bilan
tagqoslaganda bir gator afzalliklarga ega bo‘lgan jiddiy
grafik paket hisoblanadi. Unga quyidagilar: subdiv
primitives yordamida modellashtirish, materiallar bilan
qulay ishlash, modellashtirilgan obyektga turli effektlarni
chizish imkoniyati, animasiyalarning rivojlangan tizimi va
boshgalar tegishli bo‘ladi. Realistik interyerlar, personajlar,
shuningdek, kinofilmlar va kompyuter o‘yinlari sanoatida
vizual effektlar yaratishda keng ishlatiladi [4].

2. Maxon Cinema 4D - qulay interfeysga ega bo‘lgan
nemis grafik paketi. Tezkor xotiraning kichik yuklanishida
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murakkab sahna uchun soyalarni hisoblash bo‘yicha o‘zining
noyob algoritmiga ega. Modul Body Paint 3D-modelni
bevosita ko‘rinadigan ekranga bo‘yash imkonini beradi.

3. NewTek LightWave 3D - juda ham qulay animasion
asboblar va yuqori sifatli renderingga ega bo‘lgan grafik
paket. Televizion formatda uch olchovli grafika yaratish
uchun qulay.

Mukammal dasturlardan tashqari, amaliy paketlar
deb ataluvchi dasturlar ham mavjud. Ular tor ixtisosli
funksiyalarni yaratishga yo‘naltirilgan bo‘lib, yuqorida
keltirilgan muharrirlardan birida mukammal sahnani
yaratishga yordam beradi. Masalan, Curios Labs Poser dasturi
allagachon tayyorlangan personajlar bilan ishlashga va
boshga grafik muharrirga import gilishga yo‘naltirilgan.

DAZ Bryce 3D-modellashtirish hozirda qayerlarda keng
qo‘llanmoqda?

1. Har xil turdagi personajlarning modellarining
yaratilishi — odatda persanajlar multfilimlar yoki bo‘lmasa
har xil o'yin turlari uchun yaratiladi.

2. 3D binolarning vizualizasiyalanishi — bu bilan proektlar
yaratadigan organizasiya shugulanib, klient uchun kelajakda
qurmoqchi bo‘lgan binosini 3D korinishida ko‘rib unga baho
berish magsadida buyurtma berishadi.

3. Reklama va marketing - Nostandart obyektlar
reklama uchun tez tez talab qilinadi va buyurtmachilar va
istemolchilarni etiborini jalp qilish magsadida foydalaniladi.

4. Maxsus bezaklar ishlab chigarish - profisional
rassomlar va zargarlar maxsus programmalr yordamida
orginal va noyob darajada dizayn yaratadilar.

5.Mebel va mebel aksessuarlarini ishlab chigarish - mebel
ishlab chigaruvchi kampaniyalar 3 tomonlamali grafikadan
hozirda keng miqiyosda foydalanib kelmogda. O‘zlarining
mahsulotlarini qiynchiliksiz yaratish maqgsadida maxsus
programmalar asosida 3D modellar yartib tayyor mahsulot
egasiga aylanishmoqda. Odatda 3D modellashtirishni kimlar

buyurtma qiladi?
1. Qurilish bilan shug‘ullanadigan kampanyalar
haridorlarni  etiborini  jalp qilish maqgsadida 3D

modellashtirishga murojat giladi va buyurtma berishadilar.
2. Reklama bilan shug'illanadigon kampaniyalar ham
3D-modellinga yuzlanishadi.

4-rasm. Suv saqlash inshooti 2D chizmasi

3. Mahsulot ishlab chigaruvchi barcha turdagi
kompaniyalar mahsulotlarini reklama gilish magsadida 3D
modellashtirishga murojat etadilar. Korib turganingizdek 3D
moddellashtirish hozirgi zamonamizda katta orin tutib, suv
inshootlari ham aynan u orqgali loyihalanib, ishlab chigarishga
yoki bo‘lmasa foydalanish uchun qurishga tavsiya etiladi.

OBNACTH

111.1142
44.9925
141.9%62 --

Mnowage :
NepumeTp:
Orpaknsuganuas pamka: 155.1962
-132.1860
42.7852

X:

Y: -144.3576 --
Z: 36.3325 --
X: 147.6575

Y: -139.1308

7: 39.5713

UewTp macc:

———————————————— TEA

Macca: 534444493
Ofem: 534444493
OrpanuuuBakuwan pamka: X: 99.0903 -- 235.7684
Y: -153.9846 -- -102.8567
7: 30.3045 -- 57.1166
UenTp macc: X: 168.0866
Y: -129.6220
Z: 35.1057
MoMeHTH WHepLuM: X: 974066681.0054
Y: 1648453932.9545
Z: 2481250327.9734
UU/Bex. mom. mmepumu: XY: 1163650715.4152
YZ: 243020709.7588
ZX: -316217215.3885
Paanycsl wHepumm: X: 135.0029

¥: 175.1986
Z: 215.4686

TnaBHsie MOMEHTH W Wanpaenenns X-Y-Z OTHOCUTENHO LeHTpa Macc:
1: 10211625.6109 saon. [0.9998 ©.0144 0.0135]
J: 64624042.4990 saons [-0.0147 ©.9997 ©.0189]
K: 73326056.8541 egone [-0.0133 -0.9191 ©.9997]

4.1.-rasm. Suv saqlash inshooti 3D chizmasi
haqidagi umumiy ma ‘lumotlar

5-rasm. Suv saqlash inshooti 3D chizmasi
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6-rasm. Suv tindirish inshooti buyicha berilgan
loyihaning tavsiya etilgan birinchi variant 2D chizmasi

Xulosa. Talabalardagi modellashtirish haqidagi bilimlar
atrof-muhitdagi  vogqelikni, chizmalarni  o‘zlashtirish
jarayonida tarkib toptiriladi. Oliy ta’limda talabalarga
real dunyoning eng muhim uch o‘lchamli tomonlari va
xususiyatlari - ikki o‘lchov va uch o‘lchamli, chizmachilik
va grafik dasturning asosiy mezonlarini egallash hamda
tushunishlari, bir gator malaka va ko‘nikmalarni egallash,
amaliyotda ularga rioya qilish, o'z his-tuyg‘ularini shunga
muvofiq ifodalash uchun lozim bo‘lgan bilimlarini o‘zlashtirib
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olishlari uchun eng qulay sharoit mavjud.

Muhandislik kompyuter grafikasi fanini o‘qitish
vositalaridan foydalanish orqali talabalarni ta’lim-tarbiyasida
o‘qituvchi mas’uliyatini oshirish, ularga pedagogik va
psixologik tomondan bilim berish bugungi kunning dolzarb
ijtimoiy - pedagogik muammolaridan biridir.

Muhandislik kompyuter grafikasifanini  oqitishda
uch o‘lchamli modellashtirish vositasidan foydalanishga
layogatli bo‘lib boradilar. Tadqiqot natijalarining ilmiy
tahlili asosida ishlab chigilgan va amaliyotda sinab ko‘rilgan
metodik ishlanmalar, topshiriglar majmuasi, multimediali
elektron qo‘llanmani respublikamizning barcha oliy ta’lim
muassasalarida qo‘llanilsa, grafik dasturlarni o‘gitishga
extiyoj ortib borayotgan sharoitda, ular talabalarga nafaqat,
Muhandislik kompyuter grafikasi fanida balki uch o‘lchamli
modellashtirishdan foyalaniladigan bilim, ko‘nikma va
malakaga ega bo‘ladilar.

4-rasm. Suv tindirish inshooti buyicha berilgan
loyihaning tavsiya etilgan ikkinchi, Arximed spirali
asosidagi varianti
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KAJIPbI - OCHOBA NTHHOBAILIMOHHOTI'O PA3BUTHUA

A.Pama3zanos — npogpeccop, HUY « THUUMCX»
@.Caduee — PhD, HUUMBII,

OO OO OO OO OO OO OO OO OO OO O OO OO0

AI‘papHaH OTpacyib YKOHOMMKM HOBOTO Y36eKucTaHa
Ha COBpEMEHHOM 3JTalle PasBUTHUS JOCTUITA GOIb-
XX YCIIEXOB MO MPOU3BOACTBY IMPOAYKTOB PaCTEHUEBOJ-
CTBa U XJIONKOBOACTBA. O6bEeM 1 KauecTBO X COOTBETCTBYET
Tpe6OBaHMSIM BHYTPEHHETO U BHEIIHEro pbhiHKa. PopMuUpo-
BaHMEe COBPEMEHHbIX (OPM OpraHuU3alMM U BeIEHMUS Cellb-
CKOXO03$I/iICTBEHHOTO MPOU3BOACTBA (KIacTep, hepmMepcKroe u
JIEXKAHCKOE XO03$1/iCTBO, YACTHOE IMPeANPUHIMATETbCTBO) B
MOJABJISIONIEM GOBIIMHCTBE (DYHKIMOHUPYIOT YCTOWYMBO U
peHTabeIbHO.

BmecTe c Tem reorpadmyeckoe pacroioskeHue peciy-
GJIMKY U COTIPEIENIbHBIX TEPPUTOPHUIL C apPUIHBIM U CyOapU/-
HBIM KJIMMAaTOM, T CelbCKOX03s51/iCTBeHHOe TPOM3BOLCTBO
6as3upyeTcs Ha MCKYCCTBEHHOM OpOLIEHUM U CUCTeMaTu-
YecKoe OCYIIECTBJIEHVE MEIMOPATUBHBIX MepOIIPUSI T
TPe6yIOT TIOATOTOBKY KBaIM(MUIMPOBAHHBIX CIIELMATVICTOB
BJIA[IEIOIMX COBPEMEHHBIMY HAyUYHBIMM 3HAHUSIMU, TEXHO-
JIOTUYECKUMY TIPUEMAMM BOCCTAHOBJIEHUSI U COXPaHEHUS
MIPOAYKTUBHOCTM OPOIIAEMBIX TIOUB IPU AePUIUTHOM BOIO-
T0/Ib30BAHUMN.

Vcropus opraHmMsaluu U BeJleHUs OpOoIlaeMOro 3emiie-
JleJIUsl Ha MeMOPAaTUBHO HEGMaronmpusaTHBIX MacCuBaXxX CBU-
JleTelbCTBYeT 00 UCIONIb30BaHMM CPAaBHUTENBHO HEITTyb0KO-
ro (h=1,6-2,0 M) TOPM30HTAILHOTO APEHAXA HA TEPPUTOPUSIX
C TUAPOMOPOHBIM, MOTYTUAPOMOPGHBIM PEKMMOM YBJIAXK-
HEHUS («3ayPbl», «3aKeIN», «XaHAaK») AJIST PETYIMPOBaHUS
BOJHOTO PeXMMa TOUBbI. ATpO6MONIOTMYecKie (TIepMaHEeHT-
HOe BO3Je/ibIBaHMe Ky/lIbTyp OCBOUTeNeNt), TOUYBO3alITHbIE
(Jtecoronockl) U Apyrue Npuémsl (BHeCeHMe B MOUBY 3eMeb
KypraHOB, CTapbIX AYBAJIOB, JOPOKHONM MbUIM, ADUUHBIX WII,
yp TYpHaku, “BeTHbIe” TIOUBbI TPEArOPUii 1 Ip) OCYILIECT-
BASUTUCH AU depeHIMPOBAHHO C YYEeTOM ITOYBEHHO-MeINo-
PaTUBHBIX YCJIOBUIT TEPPUTOPUMN.

B 11e/151X COBEPILIEHCTBOBAHYS CUCTEMbI ITOJTOTOBKM KBa-
JUIMPOBAHHBIX CMEIMATNCTOB, COOTBETCTBYIOLIMX TpeboBa-
HUSM PHIHOYHBIX B3aMMOOTHOIIEHUI TPU MUCIIOTb30BAHUM
3eMeJIbHbIX PeCcypcoB-0a3MCHOII OCHOBBI  CETbCKOXO03Sit-
CTBEHHOTO ITPOU3BO/ICTBA, BIEPBble 060CHOBAHA, HEOOXOI M-
MOCTb MOATOTOBKM CIEUMAINCTOB M pasdpaboTaHa yueOHas
rporpamMma 1o AUCHUIUIMHE «ATpoMenopalius» (6akaaas-
puar).

LleneBoil 3ajaveit mporpaMmbl siBisieTcsi Gopmuposa-
HUe Yy OyAyLUIUX CIEeLMaTNCTOB MHHOBAIMOHHOM OCHOBBI
MBIIIUTIEHUST, TIPUOGPETEHME TEOPETUUECKUX U TPAKTUUECKUX
3HaHUI MO OPraHM3alMOHHO-TEXHOJIOTUUECKUM MpPUEMaM
BOCCTAHOBJIEHMSI TIPOU3BOAUTENBHOI CIIOCOOHOCTY MeJu-
OpaTMBHO HEOGJIATOIMOMYUHBIX OPOIIAEMbBIX MTOYB MPU OIlEeH-
Ke ” peanusauum IloctaHoBieHusi Ka6uHetra MMHMUCTPOB
V36ekucrana 3a N250 ot 2 deBpans 2023 roga «O mopsiake
MOHUTOPWHTA, OLIEHKY, TOATOTOBKM (hOPM OTUETHOCTU U U3-
JaHMSI Pe3ylIbTaTOB MepOIpPUSITHUIL 110 60pbbe ¢ Aerpamaieit
3eMelb».

Vue6Hast mporpaMma COCTOUT U3 CIeYIOMINX Pa3ieioB:

- TTOYBBI Y36€eKNCTaHa, TIOYBEHHO KIMMaTUUeCKe paiio-
HbI, OCHOBHbIE CBOICTBA, Ki1accubuKalys U pacnpocTpaHe-
HUE;

- 3aCOJIeHHbIe, BTOPUYHO 3aCOJIEHHbIE TOYBbI, TPUUMHBI
o6pa3oBaHMsI ¥ MPUEMBI BOCCTAHOBJIEHUSI TPOU3BOAUTENb-
HOJi CITIOCOGHOCTM

- COJIOHIIEBAThbIe TOYBBI, TPUYMHBI 0Opa30BaHMs, pac-
MpocTpaHeHye U MPUEMBI BOCCTAHOBJIEHMSI IIJIONOPOINS;

- TPyZHOMEJIMOPUPYEMbIE€ TIOYBbI, CBOJCTBA, pPacIpo-
CTpaHeHMe, MPUUMHBI 00pa30BaHMsS, MPUEMBI YIYUIIEHVS
(bU3UKO-XMMMUECKUX CBOVICTB 1 BOCCTAHOBJIEHME TPOU3BO-
IUTEeIbHOI CIIOCOOHOCTH;

- 9pOIMPOBAHHBIE TOYBBI, TPUUMHBI X pa3pyIIeHNUs, Op-
raHM3alMOHHO-TEXHOJIOTMYECKMe TIPUEMBI TIpeAyIpexie-
HUS Y 3aLATHI;

- TMPOMEIMOpPaTUBHbIE TPUEMBI, COCTaB, CYIIHOCTbD,
TUIIbI, KOHCTPYKTMBHbBIE 3JIEMEHTHI U ITOKA3aTeIN UX PAOOTHI
(MOIITHOCTB, CTOK, ITyOMHA, PACCTOSIHME MeXKy IpeHaMM);

- arpoMennopaTMUBHbIe MTPUEMBI, CYIIIHOCTb, COCTAB, CPO-
KU U YCOTIOBUS X IPUMEHEHUST;

- arpoTeXHUYECKNe TIPUEMBI, COCTaB, CYIIIHOCTb U TEXHO-
Jorust 06paboTKYM TOYBbBI (BECHOI, B BET€TALIIOHHBIN Iepu-
0[I, OCEeHbI);

- arpobmonoruveckye mpmuémbl, CyI[HOCTb, COCTAB KYJIb-
TYp-OCBOUTENIE, TPOJOIKUTETbHOCTD UX BO3IeTbIBAHMS;

- 6MOXMMMIYECKIEe TTPUEMBI, COCTAB, CPOKU, HOPMBI U TEX-
HOJIOTMSI UX BHECEHMS B TIOUBY,

- XMMUYECKMe TIPUEMBI, COCTAB OPraHMYECKNX, Heopra-
HUYECKUX BEIleCTB BHOCKMBIX B TIOUBY, HOPMbI, CPOKMU, TTPO-
IO/DKUTENbHOCTD X UCIIONb30BaHMS.

B paMKax repeuncieHHbIX TEOPETUYECKUX TTPEATIOCHIIOK
Oymyuumii crienyanucT(6akanaBp) NOKeH 061a1aTh MPaKTH-
YecKMMM 3HAHMUSIMU: aHAIN3 TIOYB; OMpee/ieH1 e CofepyKa-
HUS comeit B TIOUBaX, KOJUIEKTOPHO-IPeHaKHbIX BOJAX; pac-
yeT €MKOCTHM MOYBEHHO-Toroumamero komekca (TI1K);
pacueT HOPMbI U CPOKOB IOJIMBA BO3/EIbIBAEMBIX CEITbCKO-
XO3SIICTBEHHBIX KY/IBTYD; ITPOMBIBHBIX M BJIAaro3apsIKOBBIX
TIOJIMBOB; YCTAHOBJIEHME CTeleHY 3POAMPOBAHHOCTU TIOYB;
pacyeT MOLIHOCTY (INTy6MHA, CTOK, PACCTOSTHME MEXAY Ape-
HaMM) peHaxa.

HUY «TUUWUMCX» coBmecTtHOo ¢ HUUWUBII B TeueHUU
psia et MpoBefieHb! (JiabopaToOpHbIe, METKOIeISIHUIHbIE U
OTIBITHO-TIPOU3BO/ICTBEHHbIE) MHHOBAIMOHHO-BHEIpEHYe-
CKue uccaenoBaHus 3OPEKTUBHOCTY arpoMeMOpaTUBHBIX,
arpoOGMOoOTUYECKNX, OMOXMMUUYECKUX MPUEMOB BOCCTA-
HOBJIEHMSI TIPOM3BOIUTETbHOM CIIOCOOHOCTM 3aCONEHHbBIX U
TPYOHOMETMOPUPYEMbIX MouYB TonomHo# crerm. CTaTUCTH-
KO-aHaIUTUUYEeCKUi M MaTeMaTUUYeCKIit aHAJIN3 Pe3yabTaTOB
UCCIeOBaHMIi CBUIETEIbCTBYIOT O JOCTATOYHO ObecreueH-
HOJ1 UX JOBepUTEeNIbHO TOCTOBEPHOCTH.
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[TpakTMueckasi 3HaUMMOCTb Pe3y/JbTaTOB MCCIeN0BaHUS
COCTOUT B pa3paboTKe TeXHOJIOTMM NTPUMEHEeHMS IIpernapara
BuoconBeHT, 06ecreunBaoIInii yCUaeHe BbIIeIauMBaHNS
coneii: 1o 40% B mepuop, NpoOMBIBKY, Ha 18—23% - ripu Bere-
TAI[MOHHBIX MONBAaX 6e3 ITy6OKOTO PBIXJIEHVS MOYBBI M Ha
46% - Ipy TIpelBapUTeTbHOM PBIXJIEHUN.

[IpumeHeHne BruoconBeHTa MPY BereTallMOHHBIX IIOIK-
Bax CIIOCOOCTBYET MOBBILMIEHUIO YPOSKANTHOCTM XIOMYATHUKA
Ha 7,4 1/ra. DKOHOMMSI BOIBI IIPU MPOMBIBKE CUJIBHO3aCO-
JIEHHBIX TTOYB cocTaBisieT 6omee 2000 m3/ra, a B epuoy, Be-

rerauuy: 1000 m%ra B nepmozn nonusos u 2000 m3/ra mpu
rocienyouieli MpoMbIBKe. YCOBepIIeHCTBOBAaHA TEXHOJIOTHS
KOMIUIEKCHOJM Menuopanuy 3acojeHHbIX TMIICMPOBAHHBIX
T10YB, OCHOBaHHAs Ha COUYeTaHUM arpOMeIMOPaTHBHBIX IIPH-
€MOB (pbIXJIeH)e, IPOMbIBKA, MOIMB) ¥ XMMUYECKUX MeJn-
opauuii.

PesynbraTel mccnenoBaHuii BHenpeHbl B HuskHe Cbip-
JapbuHckoe bacceiiHoBoe VYipasienue VppurauyoHHBIX
cucteM, OAO CIT «CLUSTER BEK» (cmpaBku MuHuMcTepcTBa
BomHoro xo3siictBa 3a N204/25-281 ot 22.01.2020 1).
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"IRRIGATSIYA VA MELIORATSIYA" )xypHanuaa 4on 3TULW Yy4yH MaKkonanapHu pacMmuinawTupvw 6ynmya ymymun Kymmnagurax
KOUOANAP BA TAJNTABINAP

"Imigatsiya va melioratsiya"unmMuii-rexHuk xypHani YabexictoH Marbyot Ba ax6opoT areHTnmim ToMoHuaaH 2015 inn 4 MapTaa pyiixataaH YTkasunraH (rysoxHoma Ne0845).

YKypHan myaccucnapu: Yabekncton Pecny6nmkacu Cys xyxanuri Basupnuri, "TOLLKEHT MPPUraLms Ba KMLLIMOK XYPKaNUIMHM MexaH1saLmanall MyXaHaucnapy UHC-
TUTYTH" MUNnMiA TaAKUKOT YHUBEPCUTETW. Xankapo CTaHaapT cepus pakamu - ISSN 2181-8584. "lrigatsiya va melioratsiya"nnmuii-TexHnk xypHanu Y36ekictoH Pecry-
6nvkac Onuin attectaumst komucensicn MpeanamymmuHuHr 2015 nn 22 pexkabpaarv Ne219/5-connm kapopu 6unad 05.00.00 - TexHuka daHnapu, 06.00.00 - Kywnok
xykanurn dpadnapu, 08.00.00 - MIKTucoaméT dpaHnapu 6yinmya anccepraums HaTvkanapyuHy Yo 3TULL TaBCUs STUMMaH UIMUIA HaLLpnap pynxatura kmputunra. "lrrigatsiya
va melioratsiya"nnmmii-TeXHVK XypHanu 6vp ninga 4 mapta — xap Yopak sikyHnapu 6unaH von atunaan. Makonanapviiu von 3TyeuM MyannudnapaaH Makonanap yuyH
Tynoenap Tanab atunmanan.

1. 3TUKA MEBEPITAPU BA MYATTTU®IUK XYKYKU

TaxpupusTra TakauMm 3TUNraH Matepuannap unrapu 6olka Hawpnapga 4Yon atunraH €ku 6olka Hawpnapga kypub yikunaértran 6ynmacnuru kepak. Ly-
HUHT y4yH Myannud TaxpupusTra ywby Lwaknaa Halp 3TULL yYyH Takaum aTraH matepuanuimn 6apya xammyannudnap Ba U 6axapunraH TawKunoT HoMuaaH
kacponatnaHmwm kepak. Halpra kabyn kunmHraH MakonaHu >xypHan TaxpupuaTUHUHT €3Ma po3nunurincis ynapHu 6oluka Tunnapra Tapxuma kunub TakpopaH yon
aTMacnvk kaconatuHu onagu. LyHuHraek, Myannud xxypHanHUHr 3Tuka MebEprnapy GunaH TaHuLWraHIMr, posunuri Ba kentupunrad 6apya MacbynusTiapHu
31MMacura ofiraHNIMIMHN Tacavknalmn kepak.

"Irrigatsiya va melioratsiya"unmuii-texHuk xypHanu eLIBRARY.RU — Poccust unmui nktnéocnvk niaekev (PYIHL) 6asacura kuputunraHnmri Ba 6oLLKa MMprK Hawwpu-
étnap GunaH XamMmKopIK anokanapuHu KeHrakTUPaETraHnMri y4yH makornanap UCTUCHOCH3 KyPHAITHUHI BeG-caxvdacyaa oumK SbroH KUnMHaau.

2. "IRRIGATSIYA VA MELIORATSIYA"UIIMUN-TEXHUK XXYPHATNIUOA EPUTUNTYBYU MAB3YIAP:

- Vppuyrauusi Ba menvopauysi;

- TuppoTexHKa MHLLIOOTNapy Ba HAaCOC CTaHUmMsInapy;

- Vppuvrauus Ba Menvopauyisi ULLNapyHi MexaHusaumsanaly;

- KNLLINOK Xy>KanurmHn mexaHnsaumsnaty;

- KMLLnok Ba CyB Xy»kanuruHu anekTprallTypyLL Ba aBTOMaTtnaluTUpuLL;

- CyB xy>Kanuri KTucoam Ba ep pecypcnapuaaHd onanaHmL;

- CyB Xy>xanuru coxacu ydyH kagpnap Tanépnal;

- Vippuraums Ba menvopauums coxacuaa amasra oLmMpunaéTraH UCnoxoTnap.

"Irrigatsiya va melioratsiya"vnmMuii-TEXHVK >xypHanu TaxpupusiTn yMyMui LIapxaaH Ba axbopoT Luaknmaarm UnMmui MakonanapHv Halp yuyH kabyn kunmanan. Taxpu-
puvsiTra Takaum 3TUnaéTraH kynéama 6ynmya myannud UiMnit-TagkukoT uwm onvb GopaéTtraH TallKunoT paxbapysiITUHUHE MYnaHMa XaTi, MakonaHy Yomn STULL MyMKVH-
NN Xakuaarv SKCnepT Xyrocacy xamaa Takpua 6YunLLImn kepak.

3. MAKONMAHWUHI E3UNULL TUNW, TY3UNULLU BA TAPKUBU

Makonanap yabek, pyc Ba UHIU3 TUNnapuaa kabyn kunvHaaun. Makona KeHr oMMa yuyH TyLLyHaprv TUrnaa, rpaMmmaTtika kovganapura avan KumraH xonaa ésunraH
6ynuwmn kepak. Makona ysvuaa MyasiH UnMniA TaAKAKOTHUHT Tyran e4MMapuHM €k yHUHE 6ockninapuin ndoaanalum sapyp. Capnaexa MakonaHUHE Ma3MyH1 TyFprcuaa
ax6opot 6epa onuLKn, UMKOH Kaaap kucka 6ynvium Ba ymymuin cyanapaaH nbopar 6ynvb konmacnurv kepak. Oaataa unmuin makonaga Kynugarunap 6ynviim kepak:

- yHMBepcan YHnmk TacHndm (YYT), MakonaHuHr capnaexack (yd Tunaa), aHHoTaumscu (yd Tunaa),Taskd cyanap (yd Tunaa), KupyL, KYpub YnkunaéTras MyaMMOHUHE
XO03MPIv XONaTUHUHI Taxfuin Ba MaHGaanapra xasonanap, MacanaHvHE KyAnnuLLm, eqnil yeynu (ycnybnapw), Hatvwxanap Taxiunm Ba MUconsiap, xyroca, doiiaananun-
raH agabuétnap pyvixatu, Myannud(nap) TyFpucuaa MabiyMor.

Makonapa oaataa kabyn KunuHraH atamanapaaH donaanaHuL, SHiM atama Kuputranaa, anbarra yHu aHuk acocrnab Gepul kepak. Pravik kKaTTanmKnapHUHL Y4os
6ypnuknapu Xankapo yn4amnap tusmmm (CK) ra moc 6ynuium kepak. XKypHanra unrapu 9bJ10H KMMMHMaraH makonanap kabyn kunuHagn. Makonaga myannmdd Y3uHUHD
vinapura xaeonarnap CoHv xapaaH 3véa oumpub tobopmacnuri, kynu 6unax 20—25 domnsraya 6ynuLm TaBcus aTunaam. Arap y3 vlumra xaBosanap CoHu Kynamb kertca,
6y xonatHu acocnab 6epuLumn kepak. TaxpUpUSIT KyYMpMadunnuk (nnarvar), yaranapHUHE UWNapyHu y3naluTpud onuviira canbuii kapaiau. LLyHWHE yayH myannvdnapaaH
vLra Xxuaanin myHocabataa 6ynuium Ba xaBona KUnvL kouganapura 6yncyHuLLIn: KBaapaT KaBe nunga ubnmorpaduk xaBonaHu KynmwH1 €aaaH YvMKapMaciuri cypa-
nagu.

4. MAKONATA KYUUNALOUTAH TEXHUK TANABJIAP

MakonaHuHr capnaexacv, Myannud (nap) Ba y(nap)HWHI NaBO3MMU, UIMWIA Japaxacy Ba UL XOWK, aHHOTaums, TasHy cyanap (yd tunga) 6up ycTyHga ésuna-
Av. MakonaHuHr KonraH MaTHnapy ukku yctynaa ésunaaun. Makona MS Word 2003—-2010 maTtH Myxappvpuaa €3unuvium Ba Kyimaarm kypcarkudnapra MyBodouK KaTbui
pacMuAnalLTMpunuK kepak: - A4 dopmataa, MaTH caxudaCMHUHN Yekkanapvaa 2 M. AaH xon kongvpunagn, Times New Roman wpudtvaa, Makona yuyH Lwpudt
Xaxmu - 12 T, xaasannap 6yHaaH MycTacHo, xaasarnnap YHyH WpndT xaxmu - 10 i1, katop opanwufmi - 1,15 nHTepean, MaTH caxuda KeHmmr byinya TekmcnaHaau, xar
6owm - 1 cm ("Tab" éku "Mpoben" TyrmanapuaaH doraanaHmacaaH).

Kyimparunapra pyxcart aTunmangu:

- caxpdpanapHu pakamnail, MatHaa caxmdaHy aBToMaTtuk bynuwgaH doaananumil, MaTHaa aBTOMaTUK xaBonanapaaH donaanaHuil, asToMaTuK 6yFuH KyuupuLL,
KampaH-kam xonnapaa ulinatunaguraH €kv Kuckaptma xapdnapHu kynnat.

Xapeannap MS Word gactypuaa ésvnagu. XXaasanHuHr Taptub pakamu Ba HOM xafBarnHuHT lokopucuaa ésunaap.

Ipadmknu mMaTepuannap (paHmuv pacmnap, Y1amanap, guarpavmmanap, dorocyparnap) yanaa TaakMkoTHUH yMyMallTypuraH MatepuaniiapuHi ugoganatum
Kkepak. [pachuknu mateprannap tokopy cudatnn 6ynuLImn kepak, arap 3apypar TyfFurca, TaxpupusT ywby matepuannapHu anoxuaa daiinga 300 dpi aaH kam 6ynmaraH
ynyamaa jpg hopmataa TakaMm STULLIHU Tanab kunvwmn MyMKuH. Fpaduknm maTepuantmHr Homu Ba TapTb pakamu NacTkv KucMaa KenTMpunmLLImn 3apyp.

®dopmynanap Ba matematuk 6enrunap MS Wordaa ypHatvnrax coopmariin myxappupaa éxkv MathType myxappuvipy épaammaa Gakapunnim Kepak.

Xapsannap, rpacomknu Matepuannap kypcartunraH ManfaoHaaH YK keTMacnmrv nosvm.

TasHu cy3nap (y36ek, pyc, Hmu3 Tunnapvga) — 5-10 Ta cy3 Ba nbopanapgaH néopar 6ynuwm kepak. TasHy cyanap Ba ubopanap 6up-6upugaH Bepryn 6unaH
axpatunagun. KentupunraH TaHsy cysnap TaakvukoT MaB3yCUHU XKyAa aHVK ake STTUPMLLIM LLapT.

AHHoTaums (y36eK, pyc, HIMu3 Tunnapyaa) — aHHoTaums xaxmm 250 Ta cysaaH nbopat 6YnuLm Ba MakonaHuHE TY3UMMLLMHK Kckada ndodanosyun, axbopoT Lwaknm-
na 6epunuwim kepak Ba 10-15 KkatopaaH kam 6Ynuwm MymMKUH amac.

Kupuw. Kvpuw kemmaa TagkukoTnapHuHr fonaapbnuri Ba o6bektu TaBeudnaHaay. [yHé onvmnapy TOMOHUA@H YoM STUMraH UIMUIA MakomanapHUHT Taxmmnm
KenTupunagn. Yon atunraH agabuét maHbanapvaa KyinnraH MNMUin U3naHULLINapHHE @41MU KNI TacauKnaHraH xonaa MyannmHUHT UIMUIA ULLnapm Kaicy onum-
NaPHVHT ULLUFa acoCMaHraHIurm kypcatunaou.

Eunw ycynu (ékmn ycny6napm). ByHga TaHnaHran ycyn 6aradcun tascudpnaHaan. Kenmupunran kv kynnaHmnraH ycny6 60Luka TagkMkoTimMnap y4yH xam TyLyHW-
Lura Kynai 6ynuLum kepak.

Hatwxkanap Ba HamyHanap. HatwkanapHu acocaH »apasanrap, rpacukrap Ba 60Lka cypatnap KypuHULWMAA KENTUPULL TaBcust STunaan. Yiwby 6YnumM onuHraH
HaTKanapH1 Taxun KAIuLL, yrapHu wapxnall, 6oLuka MyannudrnapHUHT HaTvkanapy 6vnaH ConvWTUPULLIHKM Y3 nuura onaau. Hatvkanapaa unvnid-Tagkvkotnap Hatu-
Xanapu kuckada ymymnalutupunaan. Hatvwkanap TaakukoTHUHT 0BbekTi mapameTpnapm ypracuaarn MyHocabatnap Myannudnap ToMoHuaaH benrnaqral MakonaHuHr
acocuin UIMWIA HaTVXKanapuH yMyMaLLTUPYBYM, COHMM XyrocanapHu Y3 naura onaan. Hatwxanap makona 6owmaa Kyinvnrad Basudpanap 6unaH MaHTUkaH GofnaHraH
6ynumLmn kepak.

Xynoca. Vnmuin NunapuHUHE KUCka HaTvxanapy Kentmpunaau, ynapHUH namaa U3NaHNLWHWHT YCYNK, SIHTM @4MMI, aManuéTaa KYnnaHULLHWHE HaTkanapy VKTUCOo-
[Owii Ba Boluka KypcaTkuinap 6ynuim kepak.

Apabuwétnap. Agabnétnap pynxati 20 TagaH kam 6ynmaraH MaH6anapaaH nbopar 6ynuimn kepak, TOMMAWLLM KMiAMH BYnraH Ba HOpMaTVB XyxoKkatnap, oyHaaH
Tallkapy MHTepHeT MaHbanapuaa KenTupunraH xaeonanap (AaBpuii Xyxokatnap xycobra onmHmanav) 6yHaaH MycTacHo.

ApnabvéTnap pynxatira gapcnukrap, YKkyB kynnaHManapy KUpMTuLL MyMKUH aMac. Kynumnuk agabréTnap UHImMm3 TUnuaa Cy3rnoByM Xarnkapo KUTOBXOHNap YHyH O4mK
Ba TyLyHapnm 6ynuwm kepak. MaHbanapHuHr axammsaTinnurra KaTTuk Tanabnap kynvnaam.

Bapya maH6anap MakonaHVHT UYKK KMCMUAA pakamnaHraH xaeona Tapavaa 6epyunuium kepak. MatHaam xaBonanap Keagpart kaec nauga (macanaH, T.CyntaHoB [7], [9,
10] ) kenTupunagu. bapya maH6anapra matHaa xaeonanap 6epunuLLIM Kepak, ake Xornaa Makona Katapunaau.

Myannud (nap) xakmaa MmabiyMoT: (Damunmsicl, ICMU, OTaCUHUHT UCMU, NTaBO3UMU, UIIMUIA JapaXacu Ba ULL oW, Yiuby MabnyMoTnap Makona Takayum TunraH
y3beK/pyc Trnmaa xam, MHIMU3 TUIMKAA Xam KenTYpUivLLIM xamaa MakomaHuHT oxvupuaa — aaabuétnap pyxatnaaH KenH XXonnaluTMpunvLLImn kepak.

lOkopuaarn Tanabnapra xaBo6 6epmanguraH Makornanap Kypu6 uYvkuiura kabyn kunMHmanav Ba YOm 3TULUra TaBCUA KUNMHMaraH makonanap Mmyarn-
nudbnapra kauTapunMauau.

Makonanappaa KenTupunraH MabilyMOTNapPHUHT XaKKOHUANUrura myannud(nap) xkasoérapavp.

Taxpupusim marH3unu: 100000, TowkeHm waxpu, Kopu-Hué3ut kydacu, 39. "TowkeHm uppu2ayusi 8a KUWIIOK XyXKarnuauHuU MexaHu3ayusinaw MyxaHoucnapu uHcmu-

mymu" Munnuti madkukom yHusepcumemu, 11-6urHo, 301-xoHa. Ten.: +99871 237-19-78 E-mail: i_m_jurnal@tiame.uz , www.jim.tiame.uz
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