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JOKTOPJIMK ITUCCEPTAIIUACHU AHHOTALIUACHU

NmHuHr goa3ap0anjnry Ba 3apypusaATH. PuBoxiaHraH MamuiakaTiap
(AKUI, Anonust, Ucrmanust, @panims Ba Oomikanap) Taxxprudacu ep srajgapu opacuaa
CYB-€p pecypCiiapvHU OOLIKAPHUIIIATH SHT caMapaliy OpraH - HOJIaBliaT, HOTUXKOPAT
Ba >KaMOaBU TAIIKWJIOTJIAp SKAHJIUTUHU KypcaTaau. byHaail TamkuioTIapHUHT
daonuaTH KOMIAMIIY, XYVKAUIMKHUHT TypH Ba YyIyaMujaH KaThbuUW Hazap CYB
pecypciapuHy a1oNaTIi TaKCUMIIAHUIIIUTA, CYBHU HOKOHYHUN OJIMIIIHUHT OJITUHU
OJIUIITa, CYFOPHII CYBH WYKOTHMIUIAPHU KaMaWUIINWra, KaHal, JAPEHaX Ba OoIIKa
nH(ppacTpyKTypara TEXHUK XU3MaT KypcaTuill CUhaTHHU SAXIIIIAITa KapaTHIraH.

V36eKUCTOH1a AHTHIAH TAIIKHJ STHITAaH CYB HCTEHMONYMIAPH YIONIMACH
(C1Y) — paBnat Ba CyB HCTEbMOJUWIApPU YpTacujard CyB pPeCypcllapuHU
OowkapyBuM Ba acocuil OyfuH xucoOmananu. IllyHuHr yuyyH cyropMma
JNEXKOHYMIIMK/IA CYB PECypJIapMHU TEXalll Ba YIOIIMa ab30JIapHU CYB COXACHAArd
daonmusTuan MyBodukaamTupuin yayH CUYHuU 3aMOHaBHIl CyFOpHUINl TEXHUKA Ba
TEXHOJIOTUSIIAP XaMJia CyB-€p pecypciiapHu OoliKapuill Oyitrya ycyJl Ba BOCUTAJIAp
OWiaH TabMUHJIAI KEPaK.

V36exucron Pecry6mukacu Ilpesumentunmar 2013 iimn 19 anpengarn
«Cyropunlagurad  €pJapHUHI MEJIUOpPaTUB XOJaTUHU SXIIWIAIl Ba CYyB
pecypciapuiad OKUJIoHa (oiianaHuIl yopa-raaoupiaapu Tyrpucuaanru [1d-1958-
dapmonn, Y3bexncron Pecry6mukacu Basuprmap Maxkamacuauar 2013 iimn 19
MapTaaru «Y36exucton Pecriy6nukacuaa cynaH (GoiiaTlaHHII Ba CyB HCTEBMOIH
TapTubu TyFpucunarn Huszomuum tacouknam Tyrpucuaaru Ne82-coH Kapopu
Ma3Kyp WIMHI-TAAKUKOT UILJIApHU Oa)kapuilra Xvu3Mar Kujiaau. Yoy Bazudanap
TE3KOp CyBAaH (poiiaaHUIll pexaJapyuHU UILIA0 YUKHUIN Ba KHUIUIOK XYXKaJTUTH
9KUH MalIOHJapUHU MaKOYJUIAIITUPHUIN YCYJUIAPUHU SKOPUN ATHII, TYNPOKHUHT
HAMJIMK JUHAMUKACHMHHU Oamopar KWIHII YyCyJUIapu acocuja arpoTEeXHHK Ba
MEJMOPATUB TaAOWPIIAPHU KYILUIAIT CaMapa0opIUTUHU O PHIIL, JIa3ePJId TEKUCTAII
TaAOUpIApUHKN  JIONMXAJIAIITUPHIII Ba aMmalira OIIUPHUII TEXHOJIOTHSIIApUHA
MOJEpHU3ALMSIAII OPKAIA CYB TAHKUCIUTUHH FIOMILIATUILTA KApaTHITaHIUpP.

TagKUKOTHUHT V36exkucron Pecnmy0simkacu ¢aH Ba TeXHOJIOTHSAIAP
TAPAKKHETUHUHI YCTYBOP HYHAJIUILIAPUIa MOCIUTH. YOy TaaKUKOTIap
V36exucron Pecry6nukacu daH Ba TEXHOJOTHSIAD TAPAKKUETHHHHT YCTYBOD
nynamunuiapura Moc xoiga WTJI-7 «Tabuatman okuioHa Qoiinananuin Ba
AKOJIOTHUS; CYB pECypcCliapuHU OOIKapuil Ba yJapAaH OKWIOHA QoiiamaHull
yCYJUTAPUHUA TAKOMWUIAIITUPUID) TACTypU acocuaa Oa)kapuiiraH.

JAuccepranus MaB3ycu OyiiMya XaJKapo MJIMHMH-TAAKHKOT/IApP HIAPXH.
Kunuiok  xy>kalMK  SKWHJAPUHU  CYFOpHUIIIA CYB  TAHKUCIUTH  OPTHO
OOpa€TraHJIMTUHU XKUCOOTa OJIraH XO0JIJ1a UppUranus Ba MeIHopanus TU3UMIIapAaH
camapaii (porJaTaHUIITHUAT TEXHOJOTUK aCOCTApUHH TAIKUK KWJIIWII, YIapHUHT
WIIOHWIWJINTA ~ Ba  OapKapopJMrd  OIIUPHUIN,  JOWHMXajaml  yCyJUIapUHH
takomMuwnamtupui oyinua taakukotinap AKI, Poccus, Xutoi, [N'onnanaus kabu
MamJiakatiapaa Oy Oopama KEHT KaMpOBIM TaIKUKOTIAp OIUO OOpmind, FOKOpH
HaTWKaJlapra SpUIIIITaH.

CyB pecypcnapuan Oomkapuin Oyiwmua xankapo wuHctutytH (IWMI),
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Uppuranus Ba apenax O0yiinya xankapo kymura (ICID), MockBa naBnat tabuaTHu
myxodaza ki yausepcutretu (MI'VII), Arpodusuka uncturytu (AOU), DAO
(Food and Agriculture Organization) Ba Oomika eTak4Y¥ WIMHIA MapKasjiap
TOMOHMJIaH OJUO OopmiaéTraH TaIKUKOTIAp CYB pecypciiap TaHKUCIUTHHUHT
canOuii OKMOATIApUHU KaMaWTHpUINTa, CYFOPHIJIAJUTaH MalJIOHAArd TYHIPOKHH
HAMJIMTMHM ~ OOIIKapHUIl >Kapa€HUHU MaKOyJUIAITUPUINTa, UppUranust Ba
MeIropanus JkapaéHIapuHU XamJla MUKTUCOAMM—MaTeMaTHK MOJEUIAIITUPUIIHA
KyJJIal  OpKajdM  CYFOPHUIIHUHT  MakOyl  MapaMmeTpiapuHU  aHHMKJIAIIra
WYHANTUPWITAH TAAKUKOTIIAp aMajira OIIUPUIMOK/IA.

PecniyOimkamusna depmep Ba NEXKOH XY KAIUKIApUIa SKHHIAPHU CYFOPHIII
peXalapuHU TE3KOp MIUIA0 YMKUI, KUIUIOK XYKaJUIMAa 3KWH MalJOHJIapUHU
MakOy/UIAIITUPUIN XaM/a cucTeMaTHK 8TUK 30Byp (CE3) Tancupunaru xymynapaa
TypJu AarpoTEeXHUK Ba MEJIHUOpPATHB TaAOUpIapHU KyJUlalijga TYOPOKHUHT
HAMJIMTUHUA  Y3TrapulliMHA  MOJCIUIAIUTUPUII, €pJapHU TEKUCIAll HIUIApUHU
JoMKXaaml Ba TEXHOJIOTHSICHHU TaKOMIIIAIITUPHUIITA AIOXUIa YbTUO0P KapaTHIIl
MYXUM axaMusT KacO 3TMOKJa.

MyaMMOHMHI YpPraHuJranjuk aapaskacu. Cyropuil Ba 3aX KOYHPHUII
TU3UMIIApUAAH  (POMJATaHUIIHUHT  TEXHOJIOTMK  aCOCIapuHU  SpaTHUIITra,
V36exucTonna OMp KaH4a eTyK OJMMIIAp TOMOHMJAH HIMHH H3JIaHHUILIAD ONHG
oopwiran. TUMW Ba MHppuramus Ba CyB MyamMMoOJIapu HIMUNA-TAIKUKOT
MHCTUTYTHIA Y30K Hwmiapaa OyE€H CyB pecypciiapd TaHKHUCIWTY IIapOMTH]IA
CYFOPHIII Ba 3aX KOUMPHII TaAOMpIApUHU MaKOyJUIAIITUPUIL OYiinya UIiap oaud
OopUIMOK/1a.

Cyropum taptubunu xucooOnam ycymwiapu (A.H. KoctskoB Ba Oomikanap)
OMoJIOrMK MakOyJI CYyFOpHII MEbEPIIapura acociaanran 0yiuno, Oy sca CyB TAbMUHOTH
YEeKJaHTaH IIApOUTHra Xap JAOMM XaM Moc kenmaiiau. IIyHuHr ydyH xo3up
kyutanunaérrad cyBnan Qoiigananum pexacu (M.A. lapos, H.A. Anumesckuii,
M.®. Harampuyk, X.A. AxmenoB, b.C.CepukbaecB) Owman Oup Karopaa CcyB
UCTEHMOIYUIIAPHU CYBTa TOBap cudaTuia Kapauras, 3 H4ura CyBHU TaKCUMJIAII
Ba WMKTUCOAMM camapara JpullyBUYM CyBAaH ¢oungananum ycymnapaun (B.A.
Hyxosusiid, H.H. Mup3aes, ®.A. bapaes, C. Kupna, /I.P.Huencon, JI.K.XeHr)
YKOpUH ITHUIITA Tajgab OpTMOKIA.

byryHru KyHJla MUHTaKajga CyB pECypcliapd 3axXyUpacd YEKJIaHTaHIUTH
CYFOPHIL MalJOHJIapUAa TYIPOK HAMIIMTUHU OOLIKapuIl OYViinya siHa/la aHUKpPOK Ba
MaTEMaTHK KUXAT/IaH aCOCIaHTaH yCyJUIlapHU MIuTa0 yukuin tanad stuimokaa. [y
naBprada Oy coxajgaru ytkaszuiarad wimuil uznanunuiapaa (C.d.Aseposinos, @.b.
A6yrtanueB, M.b. baknymun, C.B. Hepriun, B.M. IllectakoB, A.®. YyaHoBCKHUIA,
M.I'. Maxkkaptu, b. Jloseiic) CE3 Ounan Typam arpoTeXHMK Ba MeTHOPaTHB
TaAOUPIAPHUHT YUFYHIMKIATH TAbCUPHU YPraHUIIMAaraH.

Epnapau Tekucnam WIIapuHYU JIOWMXAIANIA YYKYBYAHIIUK XOAUCAJIAPHU
bTUOOpPra OJIMACIHMK TAaKpOPUN TEKHUCIAIl WIUIAPUHM YTKA3UIl 3apypUSATHHU
KeJITUPUO 4MKapaau. MaBxXyJ ep TEKUCIAll HIIAPUHM JIOMHXANall yCyJlIapy Ba
texHonorusmapaa (B.Maprencen, H.M. CamconoBa, X.K. I'azueB, A.H. Jlanun,
P.X.bazapos, J[.Il. KapnToH) TynpOKHUHT 4YKyBYaHJINUTH, TYPJIU KOH(DUTYpaALUSIIN
CYFOPHILI MalJIOHUJArd MIUIAD XAKMHHHM MUHUMAJUIAIITHPUII —Macaiajlapu
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nHOOATra OJIMHMAaraH.

Juccepranus TAAKUKOTMHHUHI WIMHH-TAAKHKOT HILIAPH peKaJapu
omnan Gorsmkanrn. Tagkukoraap Y3GekucroH Pecry6nmkacn Kumumok Ba cys
xyxamuru BazupiauruHuHr 2003 iungarn «CyB HCTEBMOJUWIIAPU  YIOIIMAalapu
(baoUATUHA TAKOMWJUIAIITUPUIN OYiiWYa yCIyOuil KyJjlaHMajJapHU UIIa0 YUKHIILI
xamaa ¢epMep Ba JEXKOH XyKaJuKiIapra CyBHM €TKa3ub Oepuin Oyinda
AKCIUTyaTallMOH XapaKaTjJapuHU KOIUIAall XucoOJapw» MaB3yCHIaru xamja
TomkenT wuppuranus Ba Menauopauus HHCTUTYTUHUHT 2006-2013  inmnapra
MYIDKaJJIaHTaH WIMHA-TAAKUKOT HIIIApU peKacura MyBoQHK OakapHuiraH.

TagKMKOTHHHT MaKcaau. JIuccepTanys NIIMHAHT MAaKcaad ¥Y30eKHCTOHIa
CUYnap ydyH CyFOPHII CyBJIapU TAHKUACIUTH OPTUO OOpaéTraH mapouTaa CyFOPHIII
Ba 3aX KOUMPHUII TH3UMJIapHIaH (poNJaTaHUIIIHUHT UIMUN aCOCIAHTaH TEXHOJIOTUK
acocjapvHu UILTA0 YUKUII.

Makcajra 3puimin y4yH Uiijia Kyuuaard TAAIKAKoT Basudasaapu Ky uiiu:

CYB pecypciapy TaHKHCIWIHM IIApOUTUAA CYBJAaH (OWJANaHUII PEKACUHU
TE3KOp Ty3aTHUII YCIyOUHU MIIA0 YNKHIL;

CYFOPHII CYBM TaHKHCIHWIMAA KHUIUIOK XYKAJIMK OSKUHJIAPW MAailJlOHUHU
TE3KOp MaKOYJUIAIITUPHUII YCIYOUHU UIIUTA0 YUKHUIIL;

CYB TaHKUCJIWIU Japa)kaCMHUW HMHOOATra OJIraH XoJiJa KHIUIOK XYXaJluK
SKMHJIApU MalJOHU Ba CyFOPUII CYBHU XaXKMJIAPUHU MaKOYJIAIITUPHUII YCITYyOUHH
uuiad YUKW,

aBToMOp( TympokJapaa HaAMJIMKHHU Oamiopariall y4yH MaTeMaTUK MOJAEN
ApaTull,

TYNPOKHH 1032 KUICMUAaru HaMJIMK OKMMH MUKJOPWHU aHUKJIALLL;

CE3 Tascupuna cu3or cyBaap CaTXUHUHT Y3rapUITHHN Ky3aTHIIL;

CE3 ¢unbrparmon Kapmuiaury Ba capby IMHAMHKACHHH 6aXOall;

CYFOPWJIAUIaH MalJOHJIapAa KYJJIaHWIAETTaH arpOTEXHUK Ba MEIHOPATUB
Taa0MpIapHA HHOOATTA OJITAaH XO0J1/1a XaKMHUK HAMJIMK MOJICITMHU UIIJIA0 YHKHIIL,

TYNPOKJIAPHU UYKYBUAHJIMK XOCCACMHM HWHOOATra ojud, ep TeKuciall
UIJIAPUHU JOHUXATAIITUPHUII YCIIyOU Ba TEXHOJIOTHSICUHY TaAKOMUJUTAIITUPHILL

TaakukoT odbexTaapu cudatuaa Tomkent Bunostu, Kyitn Yupunk Tymanu
«Caiipam cyBm» Ba «Kopacys» CIY, Cypxongap€ BunostH, KyMKyproH TyMaHu
«H.Mupzaes» nomnu CY, Cypxonaap€ Bunostu, Kapkypron Tymanu « CypxoH»
CIY, ’Kuzzax Bunosty, 3omMuH Tymanu «Fomub cysu» CUY, Camapkana BUIOATH,
Karrakypron tymanu «Magat cyB-KPK» CUY Ba Cupnapé Bunostu, Mup3zao0oa
TymMaHu «AHruo6om» CUY napuHuUHT CyFopuIaural 3KMH MalOHIapU TaHJIaHTaH.

TaagkMKOT nmpeaMeTH — CyB TaKCUMOTH Ba KUIUIOK XYXKaJUTU SKUHIApU
MalJJOHMHU MaKOYJUIAIUTUPUIN Oyiiua MKTUCOAWI-MaTEMaTUK MOJAEIIapH,
HAMJIMKHU CaKJIOBYM TYIMPOKKA HIIOB OEpUIl TEXHOJIOTHSUIApU Ba HAMIIMKHU
VTKa3ull MOJAEIIapH XamJa 4YyKyBYaH TIpyHTJIapJa Jia3epiud ep TEKUCIall
TEXHOJIOTUSIIAPH.

Taakukor ycyiapum Mapxya (OHI Ba Halp JTWITaH aaa0uETIapHU
YMYMIIAIITUPUII Ba WIMHUN TaxJIWJI KWIKII, TOIIKEHT WppHUrauvs Ba MEIUOpaLUs
nactutytd, TUMM xommparu Hppuranms Ba cyB myammonapu MTU, Ilaxra
CEJEKUMACH, YPYFUWJINTM Ba  eTHTupuml  arporexHonorusiapy  UTH,
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Tynpokmynocnauk Ba arpokumé UTU ycmyOuii Kynmanmanapura MOC paBHIIIA
naboparopus Ba Jajla LIAPOUTHIA TAAKUKOTJIAPHU YTKa3ull, TUAPOJIOTHUK,
TMAPOTE0JIOTUK Ba TyNPOK-MEJINOPATUB KapacHyIap JUHAMUKACU Ba WYyHAJIUIIMHUA
3aMOHABMI TEXHHMK MOCJIamalap Ba MaTEMaTUK ycCyJulap €pAaMHuIa MOHUTOPHUHT
KWJIMII Ba MOJEJUIAIITHPHUIIUIAPHY Y3 UUNTa OJIATH.

Juccepranus TAAKUKOTMHMHI WJIMHMH SHIWJIMIH KyWHJIarwiapaaH
noopar:

TypJIM CyB TAbMHHOTH IIAPOUTHIA CYFOPHUII CYBHHHUHI MaxXCyJAOPJIUTHUHU
OLIMPHUII Ba CyB-€p pecypciapuiiaH camapaiu (oiJalaHUIITra SPUIIYBUYA CYBHU
TaKCUMJIAII yCIIyOu sipaTHIITaH,

CUCTEMATHK ETUK 30BYp TabCUPHULA CU30T CYBJIAPU CATXU JTHHAMUKACUHU
Oamopar Kwinil Oyiinya ycityo Tail€piaHras;

WIK 0Op YCUMIIMKHHMHI WJIJAW3 TU3MMHUHHU PUBOKJIAHUIIHN, TYIPOKHU XalJ0B
KaTJdaMl Ba CHU30T CYBJIApU CAaTXd UYKYpJIUTMHM HHOOATra OJraH XoJjjaa
HBANIOTPAHCHMPALUS MUKJOPUHHN aHUKJIAII YCYJIU UILIA0 YUKUIITaH;

WIK Oopa cucTteMaTHK €ETHK 30BYp Ba KYJUIAaHWIAETIaH TEXHOJIOTHsUIAp:
aHbaHABUM TEXHOJIOTUA (WIOU3 — XaWIOB — XalJI0OB OCTH Karjamiiap); Karjam-
KaTiaM FOMIIATUII (WIAU3 — XalJ0B OCTH KaTjamiap); TyNpoKJa HOBEreTauus
JaBpyJa HAMJIMKHU TYTUJIAIl YYyH €pHHU YyKYyp IOMIIATUII (Xai10B — XalJI0B OCTH
KaTiaamiiap) TabCUpHJA TYNPOK HAMIIMIM Y3rapUIIMHU Oamopar KWiuil Oyiinua
yciyO UIad YMKUIraH;

YYyKyBUYaH TYNPOKJIapJa €p TEKUCIAll HIUIAPUHHA JOWMMXAIAIITUPHUIL SHIH
YCYJIM Ba TEXHOJIOTUSICH SIPATHIITAH.

TaagKMKOTHUHT aMaJIMii HATUKAJAPH Kyiiuaaruiapiad noopar:

CyFOPUII  CYBHHHMHI  MaxCyJJOPJUIMHHA  OLIMPUII  Xamaa CyB-€p
pecypcnapuian camapan (oHJaNmaHMIl yYyH KULUIOK XYKaJuru SKUHIIApU
opacua CyBHM TaKCHUMJAlll, 3KHMH MaWJOHJIApUHU MaKOYJUIAITHUPUII, KHIIOK
XYKaJuTH SKUHJIApU MaWJOHJapu Ba yjap opacujard CyBHHM TaKcHMIIalll Oyitnda
TypJid CYB TabMUHOTH IIAPOUTHU YUYH HKTHUCOAUK-MaTeMaTuk DOXM mactypiapu
UIIA0 YMKUIITaH;

aBTOMOP(} TYIpOKJIapJard HaMJIUK Y3rapuIIMHUHT TaKKOMWJLIAIITHPWITaH
MoOJIeJUIapH TakJIn( STUIITaH;

VCUMJIMKHUHT WJIAU3 TU3UMHHU PUBOXKJIAHMILIHN, TYIPOK XalJ0B KaTiaMHu Ba
CHU30T CYBJIapH CaTXU YyKYpJIMTUHU XUCOOTa OJIraH X0JiJ1a, TYIPOK F03aCuard OKUM
MUKJIOPVHH aHUKJIAII YCYJIU SPATUIITaH;

CUCTEMATUK €ETHK 30BYp TabCUPHUAA CHU30T CYBJIAPHU CaTXU Y3rapulIMHU
Oalopar KWIMII MOAENH TaKJIu( 3TUITaH;

CUCTEMATUK ETUK 30BYp (HIBTpAlMOH KapLIMIUTU Ba CyB Cap(OUHHUHT
y3rapuiil ¢hopmyiajiapy Uiiad YNKUITaH;

CUCTEMATHUK ETHK 30BYp TabCUPHUA CYFOPHIAJUTaH epiiapaa TyIpOK HAMIUTH
y3rapuiHy Oanopatianl y4yH aHbaHaBUH, KaTjJaM-KaT/iaM FOMILIATHUI; TYTIPOKIa
HOBEreTalusl JaBpuJa HAMIMKHU TYIUIAal TEXHOJOTUSJIApH YYyH MaTeMaTHK
Mojesiap, anropurmiap Ba OXM nactypiapu Taking STHITaH;

YYKyBYaH TYNPOKJIapJa TAKOMWUIAIITUPHWITAaH €p TEKHCIall HILIapUHU
JOMMXAJAIITUPULL YCYJIU Ba TEXHOJIOTUSCH SPATUIITaH.
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OJMHraH HATHKAJAPHUHT HINOHWIWINTH MEJIUOPATUB >Kapa€HJIapHU
TAIKUK KWIWIIIa yMyMKaOyn KWJIMHTAH WIMHAK yciayOmap, cTaHgapTialiraH Ba
UIUiad YMKapuIl XamJla Jaja [IapouTHaa anpodanusgaH YTraH TagKUKOT
ycayONapHUHI  KYJUIaHWUIIM  OWilaH  TacAWKJAHraH. XyJjocajliap  Hazapuil
XycoOJanuiapra Moc KeJayBuM SKCIIEPUMEHTAl HaTHKalapra acocjIaHTaH.

TagKuKOT HATHXKAJTAPUHM HA3apUil Ba aMauii aXaMUATH MEIUOPaTUB
xapaCHiap WYHaNMIIMHM OamopaT KWIMII Ba YHH OOIIKapuIl —Xamjaa
V36eKNCTORHUHT CYFOPUIIAJMIaH XyIy/UIApHIa CyB-ep PecypcIapuIaH camapaiu
¢oiifamaHuIll TEXHOJOTHK YCY/UIApUHH WIMHNA acocnamgadn ubopar. TaakukoT
HATWKaJIApUHU KYJUIAll CYFOPUIL CYyBJIApU TAHKUCIWTUIAH KYpWUJIaJUTaH 3apapHU
KaMalTUPHIL, arpOTEXHUK Ba MEITUOPATUB TEXHOJOTMJIAPHU MAKOYJUIAIITUPHUIITA
XamMJa CyB pecypciaapy TaHKUCIWTUA IIApOUTHIA JEXKOHUMIIMKHUHT HWIJIMHUI
acociaHrad 6apkapop TU3UMUHM OJIMO OOpHIlra UMKOH Oepajiu.

TaagKMKOT HATHKAJIAPHUHT KOPUIl KMJIHMHUIIHA.

TaakuKOTIap HATHXKaJapy acocHja UILIad YMKWIraH CyBAaH (hoiJanaHMII
peXalapuHU TE3KOp Ty3WIl XamjJa epJjapHU Ja3epid TeKuciaam Oyihnya
TeXHONOTHsANap Y36eKkncTon Pecry6ommkacn KHIIOK Ba CyB X§KaINUTH Ba3HPIHTH
TU3UMUJIaTK  KOpXOHanapaa >kopud dTwirad. CyB TaHKUCIUTH I[IAPOUTHAA
aHbaHaBUM ycyiyja xamu napoman 435,9 MUHT cyM, Takiud STUITaH ycyija dca
719,38 MUHT CYMHHM TallIKWJI 3TTAH Ba XYKAIUKIApAa UKTUCOIUN camapa reKTapura
283,48 MMHT cyMra omMIIM aHUKIaHTaH (Y36ekucTon Pecriy6nukacn Kumuiok Ba
CyB xy>kanuru Bazupaurauar 15.01.2015 ., 04/29-103-connu MabIyMOTHOMACH);

Huccepranus Hatwkaigapu Ocu€ Tapakku€r OaHKUHUHT «JlOHIM SKUHIAp
XOCWIIOPJIMTHHY OIIMpHUI Johnxacu goupacuaa «Caupam cyeu», «Kopacys»,
«Fomub cyBu» Ba «Manar cyB-KPK» cyB ucrepMomuuiapy yrommanapuaa xKopui
sTwiran 0ynulb, mkrucoanii camapa rekrapura 10-15 AKII momnmapuHu Tammkui
stran (Mott MacDonald Environmental Consultants Ltdaunar 26.01.2009 ii.,
213905/01/012609-conmn MabIlyMOTHOMACH);

TaJKMKOTIApAaH OJIMHIAH Ha3apyii eunmiap «Y36exncTon PecryGmukacuia
2013-2027 vwinapna cyB pecypciapuiaH OKWiIoHa (OMTaTaHUITHUHT KOMIUIEKC
TH3UMIJIApHY JIOMMXacuaa KyInaHuim6 xenmaMokaa (Y36exncton PecryGmukacy
Kumnoxk Ba cyB xykamuru Basupiauruauar 20.01.2015 #., 04/29-254-connm,
«CyBnoinxa» CyB X¥KaJlUTM MHIIOOTJIApHU JOWMXajam OupialiMacCUHUHT
2.12.2014 i1., 02-13 I'CX Ne(2 -coH MaBIYMOTHOMACH ).

Nmaunr anpodamusicu. [[uccepramusi maB3ycu Oyiinda acocuil WIMHIMA
XoJlaTiap Ba HaTWXajlap XaJIKApO Ba MUHTAKABUM WIIMUH-TEXHUK aHKyMaHJIap:
«V36exncTon PecryGnuKkacH KMILIOK Xy’KaIUTHAA CyB Ba PECYypCTEKAMKOP
TEXHOJIOTHSIIapy» XaJdKapo wiMuii-aManuid anxymanuia (Tomkent, 2008 ii.), «CyB
TAHKUCIIUTU Ba 0030p IIapoMTHra YTHUII [aBpujia €p Ba CyB pecypclapuaaH
doiTanaHuITHUHT J0A3ap0 MyamMMoJiapuy MaB3ycujard €nl OJUMIIApHUHT 7 —
amanuii anxymanu (Tomkent, 2008 i1.), «Menuopanusi Ba MEJIMOPATUB XOJIATH
SXIIWJIAHTAH EPJIAPHUHT CaMapaJOpJIUTHMHU OLIUPHUIID» XalKapo WIMHUK-amMaIui
amkymanuna (Munck, 2009 i1.), «Ep Ba cyB pecypciapuaaH (poigalaHUITHUHT
n0J3ap0 MyaMMoOJapu» MaB3yCUIaru €ul OJMMIIAPHUHT 8§ — aMalluii aHXKyMaHH
(Tomkent, 2009 i), TUMU npodeccop-YKUTYBUMIAPUHUHT HIMUK-UIILIA0
qpKapuI amxymamnapua (2008-2014 iiit.), «V36ekucTonma cyB pecypciapuian



TypryH Qoigananuny Omuit Maxmuc Cenatu Ba UNESCOnuHr cemunap-
TpeHHuHTHAa, OCcué TapakKuET OaHKWHUHT «J{OH SKUHIApU XOCHIIOPIUTHHU
omupun», bBMT Tapakku€t nactypuHuHr « Cyropuiiaurad epJapHUHT MEJTHOPaTUB
XOJIaTUHU  sxmiam  JKamMrapMacw — CAJIOXMSTHHU — OIIAPHUID  JIOMHXaJapH
JoMpacuard TpeHUHIIapaa Ba OOIIKa WIMHN HuFuiIMiuiap, KoHQepeHusuiap Ba
CUMIIO3UyMJIapJia MyXOKaMa KHJIMHTaH.

NuutapHuHr acocuii MaTepraiapy WIMHN XUcO0O0T Ba Mabpy3anap cudaruia
TUMHU (2005-2014 jimmnap), V3P ®A CyB MyaMMoJapH MHCTUTYTH Ba OOIIKa
unura® gukapum xamjaa wimui  Tamkwioriaap (2005-2011 #iwwmap) wiMmic
KEeHTanuiapuaa Kypuod YNKHUITaH.

HaTtukaJapHUHT 7bJIOH KWIMHTaHJIMIU. [{ucceprarus maB3ycu 6yiinda 38
Ta MaKoJia HaIlp 3TWITaH, YHAaH 12 Tacu Maxayuliid Ba 2 TacW XOPW)XKHUH JTaBpHA
WJIMHAN HALIPJIApAa YOIl STHUITAH.

JMuccepranms Ty3Wwanmm Ba xaxxmu. J[uccepranus 200 Bapak KOMIBIOTEP
TekcThia 0aéH sTuiran 0ynud kupuiil, 3 KUCM, XyJioca Ba WIOBaJaaH ubopar 6yauo
46 pacm Ba 20 sxanBayiHu ¥3 nuura onraH. buGmuorpadus 277 ta anabuétuu y3
WYHra OJIraH.

JACCEPTAIIUSIHUHI ACOCUM MASMYHHA

Kupunm kucmuaa nuccepranus TaJKUKOTUHUHT J10J13apOJIMTH Ba 3apypUsSTH
acociaHraH, TaJKUKOT Makcaau Ba Bazudanapu Xamaa oOBEKT Ba NMpeAMETiapu
MAKIUTAHTHPHING, Y36ekncToH PecryGnukacu (aH Ba TEXHOJOTHSCH Tapak-
KUETUHUHT YCTYBOP MYHAIUIILIAPUTa MOCIIUTU KYPCATWITaH, TAAKUKOTHUHT UIMUN
SHTWJIUTH Ba aMaluid HaTwkanapu OaéH KuiuHradH. OJIMHTaH HaTUKaJIApHUHT
Hazapuil Ba aMalluii aXamMHsTIapu KEHTI ounO OepminO, TaIKUKOT HaTHUKaJTapuHU
KOpUM KWIMII pYyMXaTd, HalIp 3TWITaH WIUIAP Ba JUCCEPTAUUSHUHT TY3WIUIIH
Oyiinya MabJIyMOTJIAp KEJITUPUIITaH.

bupuHuM KMcMIa CyB-ep pecypclapyUHUHT 3aMOHaBUM XOJIaTH Ba yiapiaH
CyFOpMa JIEXKOHYWIHMKAA (Poi1aTaHuII caMapaopJMriHU OLIMPUII UCTUKOOIIIapU
TaxJIMJI KWIMHIaH, Iy )KyMJIaJaH MEeJIUOopalns TA3UMIIapU TEXHUK XO0JIaTH, CYyFOPHILLI
Ba 3aX KOYHMPHUII MyamMMOJIapH, CyFOpHJIaIuran epijap cudar taBcudiapu xamia
V36exucron CUY napHHUHT PHBOXIIAHHII MacaIaiapy KYpuO YMKUIraH.

UKKkMHYM KMCMAA CYB TAaHKUCIIWTH HIAPOUTHIA CYBJAaH (POWTaNIaHUITHUHT
MKTHCOAUH-MaTEMATUK MOJEIIJIAPUHM Ty3UII Macajlajapy KypHUirad, TE3KOp CyB/IaH
ol TaTaHUIITHUHT WKTUCOAUM-MATEeMAaTHK MOJEIJIapU Ba CyBIaH (HoJaaHmuII
peXacuHU Ty3HI Ba aMalra OMMPUIIHUHT MaBXy/l EHJAITYBJIAPU TaXJIWi 3THIITaH,
CyBJaH (oiiIaTaHUIIHUHT TE€3KOP TaAOUpIapH TaKIU( dTUIITaH.

CHUY ap3onapu (CyB HMCTEbMOTYMJIAPU Ba CyBIaH (oigalaHyBUMIapH)
opacuja Xy»XajaluK WYKA CYB TaKCUMOTH, HAa3apuil acOCIapUHU WJIIK 0Op aKaJeMUK
A.H. Koctskos Ba npod. H.A. SIaumieBckuii TOMOHUIaH sipatrad OYiaubd TU3UM Ba
XYKaJauK CcyBlaH QoiianaHull pexalapu acocuga amanra owmupuianu. Keitnn-
yanuk Oy unuiap akaa. M. A. [llapos, C.P. Odenrenaes, B.A. lllaymsan, M.®. Ha-
Tanbuyk, npod. X.A. Axmenos, nmpod. b.C. Cepukbaes, T.¢.H. H.H. Mup3aes, npod.
®.A. bapaeB xamaa OoIIKa XOpHKHI OIMMIIap TOMOHUIAH TAKOMUJUIAIITHPUIIIN.

Taknud sTunaérraH UKTUCOAUN MaTeMaTUK MOAelb depmep €KU JEXKOH

10



XY)KaJuTura CyB TAHKUCIUTH 3apapyuHU KaMmaTupuil €Ku ymymad Oaprtapad
ATHUINIA KYJUTAHUJIAIUTaH TaAOupiiap MaXMyacHHHU JKOPUN ITUIITa UMKOH Oepau.
Monens acocupa CyFOpUINl CYBH OWIAaH TabMHUHJIAHTAHIUK OWJIaH KHIIUIOK
XYKAIUTH OSKUHIAPH XOCWJJIOPJIWUTH Opacujard OOFJIaHWUIIHK HdomaanoBun
dbopmyna (H.H. Mup3zaeB) érubau:

2
& _]} + Yiopt ;

iopt

Yi = _A)Yiopt[

1)
dopmynana Ao = 1,23K1K7K3, 6y epaa Ki- Kuiok xyxanuru SKUHUHUHT OMOJIOTHK
koappunmenty; K, — ukimm koapourmentu; Ks —Tynpok-mMeanopaTus mapouTHH
xucobra oxyBud K03 GuuneHt; Viopt , Vi — HOpMaTuB Ba QakT Cyropuil MebEpUIATu
KHMIUIOK XYXKaJIWTH SKWHIAPUHUHT XOCUJINOPIUTH, 1/ra; Miop, M, — pexaBuil Ba
(axt cyropuin Mebépiapu, M/ra; | —KUILIOK XYKaJIUTH SKUH TYpH.

CyB pecypciiapu TAHKHCJIMIHAA CYBAaH (POHIATAHUII PEKACHHH TE3KOP
TYFPWIALIHMHT  MKTHCOAMIi-MaTeMaTHK  wMojaeau. Taknud  sTunaérra
TEHIJIaMaJIap TU3UMHU KyHUJaru KyprHHUILTa 3ra.

(R-CN, - F+(P,-C,),-F,+..+(P,-C,)Y, -F, =G,

2
M
Y1 = _Al 'Ylopt[M—l _lJ +Y10pt

(2)

M-+ M, F, e+ M- Fy = Ko My B+ Mo - Fy 4+ M- F )

lopt 2opt

OyHIa G max — KUIIIIOK XY>KaJTUTH MaxCyJIOTIapUHU COTUIIAH OJIMHAIUTaH ¢oiina,
cymM/i; Pj — KHIUIOK XYKAJIUTH MaxCYJIOTIApHHH COTHIN Hapxu, cym/i;; Ci —
KUIIJIOK XY KaJIUTH MaxXCyJI0TIapUHU UIIIA0 YUKUIIIATH Xapaxartiap, cym/it; Yi, Fi
— KUIUIOK XY KaJIUTH YKUHIIAPU XOCWIIOPIUTH, MailIoHH, 1/Ta, ra.

Taxpubanap Xynaiinazapo JK.K. Owmnan Oupramukma 2008-2010 #it. 11
depMep xyxkanuru Xyayauaa 2 HyHanumaa YTKaswirad. byHaa Oupuirgu
HyHanmumgary TaxpuOanapja cyB OWIaH TabMUHJIAHTAHJIUK Japa)kacu OwuiiaH
XOCWJIIOPIUK Opacuiard OOFIHMKJIMKHHM aHUKJIANl XaMJa UKKWUHYU HYHaJIWIIgard
Taxpubanap OelmTa 5KHH oOpacuaa CYBHM TE3KOp TaKCUMIIAIl YCIyOUETHHH
TEeKIUpUO unkuiaa 6axapunau (1-xansai.).

1-:xkaaBaJi.
CyBaan ¢oiigajaHum pe;KacMHU TaKkJIN(} ITHIAETraH Ba aHbaAHABUH
Te3KOp TYFpUJIall ycyJuiapu 0yiinya 0emra 3KUHHM CyFOPHIL
HATHKAJIAPUHH COJMIITHPUII

Bapuantnap [TaxTta MvaKKa_ Kaprou- Mo Howmn- Kamu
KYXOpH Ka JIop
Cyropuni Mmebépu, M>/Ta
Buonoruk makoyn dakt 5000 3500 3000 2500 2000 16000
AHnbaHaBHit ycyn Oyiinya Xucob 3500 2450 2100 2000 | 1400 11200
Taxaud sTrnaérran ycyi Xucod 5000 1189 3000 370 1641 11200
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X OCHIIOPIUK, TI/Ta

buronoruk Makoyn dakr 36 68 150 12 102
AHnnbaHaBuii ycyn Oyiinya Xucod 27 53 %6 10 72

Haszopar 28 52 91 9,0 74
Takmud strnaérran  ycyn | Xucod 36 35 150 5 84
oyiinua Taxxpuba 38 32 152 4 81

Hapoman, muHT.Cym/Ta

buronoruk Makoyn daxrt 1343,6 1349 2350 908 1290 | 7240,6
Amrpanasuii yoys 65itiaa Xucob 73,82 826,5 397,3 718 684 3363,9

Haszopat 822,8 789 226 563 730 3130,8
Taxmmd stunaérran  ycyn | Xucod 1343,6 199 2350 98 928 4918,2
Oyiinua Taxpuba | 1473,8 89 2422 -12 870 4842,8

XKagan Taxiaunm Ou3 Taknud 3TaéTrad yCyJaHH KYJUIall MakcuMai Aapomaj
OJIMII MYMKUHJIUTHHH KYpCaTMOK/IA.

CyB pecypciapy TAHKHCJIWIH LIAPOMTHAA KHUILIOK XY/KAJIUIH IKHH
MAHJIOHJIADHHU  OKWJIOHA  SKOWIAIITHPHINHWUHI  HMKTUCOAMH-MATEMATHK
Moaeau. Jlana Taxpudbanapu 2008-2010 ¥unnapu 3 ta dhepMep Ba 2 Ta TOMOpPKa
XY)KQINTH epilapuaa yTKasuwiau. by macanma KyWHWaaru TeHIJamajaap TU3UMH
€épaamMuia CUUJIaIn:

(P —C,)Y,Fop =G

i iopt = max

=z F'MZ
-

N
M inorFiopt = KﬂHMZ M inorFi'
=1 i=1

Flopt - fl -F
I:Zopt = f2 -F (3)
I:Nopt = fN F

Oynna fi —9kuH MaliJOHWHUHT YMyMHN MaiiIoHTa HUCOATH.

Ky#inna kentupunran sxxaasan (2-)kajBain) aHbaHaBUH Ba Ou3 Takiu@ s3Taétran
ycyJuap KyJulaHTaHuaa Oe1iTa SKMH MaiJOHJIapUHU COTMIIITUPUIITA UMKOH Oepajiu.
[lynunraek, ymly »ajaBajijga XUCOOMM Ba jJana TaxpuOanapjaa ojuHTaH (akt
XOCWJIZIOPIMK Ba JapOMaJl HATHKAJIAPU XaM KEITUPUIITaH.

2-KaaBall
«H.Mup3zaes» CHYcuaa Mai1oHJIapHE MAKOY/UIAINTHPHIN HATHKAJIAPH
Bapuantnap bena MvaKKa_ Kap- Homn- Mo Kamu
JKYXOpU | TOILIKa J0p
PG)KaJ'IElIHTI/IpI/IJ'IFaH 5 25 15 20 2 67
MaMoH, Ta
buonoruk
MAKGYIT Pexanamrrupuiran
CYFOpHIII MEBEPH, 2100 5000 4100 3450 2940
m°/ra
Amvanasuii | Xucobmit cyropumt |y 5q | 3500 2870 | 2415 | 2058
ycya Oyiinya MebEpH, M°/Ta
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Taxmud Xucobuii MaiiioH, ra 44 10 7 3 3 67
oTunaCIran | Xucoduii cyropumt |54, 5000 4100 | 3450 | 2940
ycyi 6yitnua MeBEpH, M°/Ta
XoCHIIOpIIUK, 1/Ta
buoxoruk Daxr 80 61 135 | 120 14
MakKOym
AHbaHaBHi Xwucob 44 32 71 63 7
ycyi 6yitnua Hazopar 46 30 68 57 9
Taxmud Xucob 80 61 135 120 14
JTuiactran Taxpuba 78 56 115 110 18
ycyn Oyiinga
Japoman, MUHT cyMm
buosoruk dakT 2400 | 6863 | 23085 | 17520 | 7000 | 56868
MakOyI
AHbaHaBuit X11c06 1320 | 3600 | 12141 | 9198 | 3500 | 29759
yeyn G¥iinua Hasopat 1380 | 3375 | 11628 | 8322 | 4500 | 29205
Taxud X11c06 21120 | 2745 | 10773 | 2628 | 10500 | 47 766
oTIacTrai Taxpuba 20592 | 2520 | 9177 | 2409 | 13500 | 48198
ycyn Oyiinda

Kanan mMabinymoTiapura mMyBopHUK, OyryHTHM KyHAa Kymiad ¢gepmep Ba
TOMOpKA 3rajapyu TOMOHHAAH KYJUIAaHWIMO KeNWHAETraH aHbaHaBUM (TapTHUOCHU3)
yCcyJ1 AMac, Oanku Ou3 TakJIu@ 3TraH ycyjra aman Kuirad Xy KaJaukiap MakcuMmal
Japomas OJTraHIUTH KYypPUHMOK/A.

Cyropuil CyBH TAHKHCJIWUIH WIAPOMTHAA KHILIOK XY/KAJUTH 3KHH
MaiiIOHJIapU Ba CYFOPHUII XA:KMJIAPMHN MAKOY/UIAIITHPUIIHUHT MKTHCOIM-
MaTeMaTHK MoOJeJdu. ApUJ MHUHTAaKaCu Ba CYB pECypcCliaph Y3rapyBUaHJIUTH
IapOUTHIA MaKCUMaJI 1apOMa/l OJIMII YYYH XaM CYFOPHII CYBH MUKJIOPHU XaM SKHUH
MaWJIOHJIADUHU Y3rapTUPUII JIO3UM. YIIOy MacajlaHh €YHIl Y4yH Typiid CYB
TAHKUCJIUTH IIApOUTHAA SKUH MAaNJOHJIIApU Ba CYFOPHUII CYBH XaXMJIapUHU
MaKOYJUIAIITHPUITHUHT UKTUCOIUNA-MAaTeMaTUK MOJICNIM WIIA0 YUKWITaH OViuo,
YHUHT acocujia KyWuaru TeHrjiaManap TU3UMH ETHOIU:

N N N N
Z(PI _Ci)Yi I:iopt szax; ZMioptFiopt = Kﬂl/IMZMi'norFi,ZW; F ZZFH
i=1 i=1 i=1 n=1

W, M i
Flopt: le; Wl :W1W; M1: L Y1 :_Al - +Y1max;

Flopt lopt

2

onpt: sz; W, =w,W; M, = W, ;o Y, =—A M, - J Y a5 (4)

FZopt MZopt

W M i
FNopt: fF Wy =wW; My = S Y =—Ay - + Y max

I:Nopt M Nopt

Oyana fi , Wi— SKkMH MaWJIOHWHUHT yMyMHW MaiJloHTa HUCOATH Xamja SKHHTa
Oepuiagurad CyBHU YMyMHM TUMUT Xa)KMHUTa HUCOATH.

Kyitnaa kentupuirad yMyMIalITUPUITad 3-)KaJBall, STa KUIUIOK XY KalUuTu
PKMH MAaWJOHM XaMmjJa yjapra OepuwiaguraH CyFOpUII CYBU MHUKIOPUHU
MakOyJIamTupuira UMKoH Oepaau. IlyHMHrAeK, XOCUIAOPIMK Ba JdapOMaaHu
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XUCcoOMi Ba Aama Taxpubamapu acocuiaru (axtT KuiMatiapu ymioy KaaBania

KCIITUPHUJIT'AH.
3-aaBaJj
bemra 3kuH MaliJOHM Ba CYFOPHII CYBH MUKIOPMHHM MaKOYyJLJIAIITHPH I
Bapuantiap bena Maxiaiy- | Kap- | Homu- Mo Kamu
xopu TOWIKA | J0p
Maiinon, ra 1 2,5 0,5 1 2 7
buonoruk ST —
MaKGy yropiy 2100 5000 4100 | 3450 | 2940
MebEPH, M°/Ta
Amvanasuii yoyn|  CYFOPHII 1785 4250 | 3485 |20325| 2499
MebEpH, M°/Ta
Maiinon, ra 2 15 1 0,5 2 7
Takmud Cvropm
STHIAETraH YCyIT yropun 2000 4300 4050 | 3400 | 2940
MebEPH, M°/Ta
X OCHIIZIOPJIUK, 11/Ta
buozoruk Daxr 80 61 135 | 120 | 14
MakOyn
N § X11c06 73,8 56,2 1194 | 1114 | 12,8
HRaHaBI Y ey o s opar 741 55,4 1213 | 1102 | 13,4
Taxaud X11c06 77,6 59,4 1294 | 1173 | 137
ATUIIAETIaH yCyil Taxpuda 78 56 125 115 14
Hapoman, MuHr cym
brosormk Cys 480,0 686,3 769,5 | 876,0 | 7000,0 | 981138
MakOyn TaHKHUCIIUTHUCH3
N XHcob 4428 632,3 680,6 | 813,2 | 6400,0 | 89689
yey Hazopar 444.6 6233 691,4 | 8045 | 6700,0 | 92637
Taxmud X11c06 931,2 4010 | 14752 | 428,1 | 6850,0 | 100855
STHIAETTaH YCyI Taxpuoa 936,0 378,0 1425,0 | 419,8 | 7000,0 | 10158,8

Kansan MabiayMoTiapura MyBoQUK, KUIUIOK XY>KaJTUK SKMH MaiOHIapH Ba
CYB X@KMHU TakJIU(] 3TUATAH yCyJira MyBOQUK MaKOYJUTAIITUPWITAH XY KaJuKiIapaa
napoMaji OyryHTH KyHJa Kymiad dbepmepiap TOMOHUAH KYJUTAHWIIAETraH ycyJira
HUCOaTaH YCraHJIUTUHU KYPUII MYMKHH.

Y4YuHYM KMCMAA TyOpPOK HAMJIMTH Ba YYKyBYaH IPyHTJIapla €p TEKUCIall
TEXHOJIOTHACH OVyiindya TaJaKUKOTIAp KYypwiaran. MuHTaKaaaru cyB pecypciaapu
YEKJIAHTAHJIUTU CYFOPUII JlajlacH/ia SIHA/la aHUKPOK XamJa MaTEMaTHK aCOCJIaHTaH
HaAMJIUKHHA OOTIKApHII YCYJJIAPUHU HWIUIA0 YMKUIIHU Tanad KwiMokaa. by kabu
unuiap C.®. AepbsHoB, @.b. AOyramues, ®@.A. bapaes, I1.5. [Tonybapunosa-
Kouuna, P.K. HUkpamos, C.B. Hepniun, b.C. Cepukbaes, B.M. Illectako, A.D.
Uynuosckuii, 'apanep, Kimtot, Puuapnc, Yaitnac, k. @ununn Ba nry kabu O6oika
WUpUK oJMMIIap TOMOHMAAH oJuO OopuiraH. TaaKuKOTIapaard edumsiap EC3
UITMHU TABCUPH XUCOOTa OJIMHMAC/IaH OaKapyJITaHIUTH XaM/1a HaMJIUK YTKa3HIIl Ba
mubdy3us kodpduumentaapu y3rapmac 1e0 KaOyn KWUJIMHTAHIWTUHU aJlOXHIa
TabKUJIAII JIO3UM.

VeUMINK — PHBOKIAHMIIMHUHT  GOILIAHFUMY  JaBpuAa  aBToMOp(
TYNPOKJIAPAA HAMJIMK YTKa3WII AUHAMHMKACU. XO3MPId BaKIraya yTKAa3WraH
TaJAKUKOTJIAP arpo3KOTU3UM XOCHIIJOPIUTUHU OOUIKAPHUIIHUA COAAATIAIITHPHUITaH
KYPUHUIIUTAPU HOTYFPUIIMTUHU KYpCaTMOKAA, YyHKH OyHAa €ku Oup HedTa y3apo
OOFJIMK KypcaTKUuWIapu Y3rapuiid €K OJaTja KOpPPeNsMOH Ba perpeccus
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TaxJwuiapu Oyiinya OJWHTaH - OWPJAIITUPWITAH KYpcaTKuwiap KuilMaTH
BTUOOPTa OJIMHUO, yJIap «TYMPOK — CYB - YCUMITUK» TU3UMUIA COUP OYITyBUM peasl
)apa€HJapHU Xap JTOUM XaM TYJIHMK o4rb Oepa oimaiau.

ABToMOp(d Tympokiapaa YCHUMIMKHM OOIIJIaHFUY PUBOXJIAHUII JaBpUJIA,
TpaHCIUpaLMAaH BO3 KEUUIIT MYMKHH OYJIraH, UKKM KaTJIaMJIM XaiI0B Ba Xai10B
OCTH KaTJiamMJIaH HOopaT MyXHUT YUyH KyHHIaru MoJiea KyJUTaHUIaIu:

i{Dl(Wl)dg’Zl}— dK, W) _ 0,(0<z<z)

dz dz

d dw, | dK,(W,)
—| D,(W 2 |- —227=0,(z,<z<L
2 Datw) e |- S oz, <251

W(0) =W/, =const, Wl(zl):WZ (Zl)
dw,] ~ dw,
|:K1(W1)_D1(W1) dz L_zl —{Kz(wz) Dz(Wz) dz L_zl

WZ(L):WHB
OyH/1a XaiiJIoB Ba XaiJI0B ocTH Katjaamiap yuyH Moc paBuiiga: Wi, Wr —xaxmuii
HaMJIMK MUKJOPJIapU; HAMJIMK YTKa3uill Ko3POUITMEHTIapU KyHu1aru KYpUuHHIIIA:

K W)= Ae™ K, (W, ) = Be™ CrauuoHap pexuM KypuO YMKWIAETTAaHJIMIU YYyH
b dy3us kodpduuuHTIapH cudaThAa YIAPHUHT ypTada KuAMaTiapu OJIMHIaH:
D,(W,)= D, = const,D,(W, )= D, = const; L — cH30T cyBiap 9yKypiuru, M; Z;- Xaii10B Ba
XalI0B OCTH KaTiiamiap opacujaru uerapa aykypiauru, M; Wpp- cynum W; Ba
W5 <Wp, <W17173’ W,

()

yerapaBuii Wy, HaMJIMK Opacujard HaMJIUK, SbHH ns= TYITUK
HaMJIUK CUFUMM; Z- ep caTXyJaH IMacTra WYHaJTUPWITaH THUK KOOpAUHATA.
IOkopunaru macananu euu0, XaXXMUi HaMJIUKHU Z PYHKIUSICH cudaTria oJaMus:

W, (2) :i(e’*zz —1)+£{WHB ~W,, + A —i(eBzL —eBzzl)—ieAJl}+Wnp

A,D, G AD, B,D, A,D,
0<z<z
(6)
W, (z) =W, _i(eBzL _eBZ )_M{WHB “W,, + A _i(eBZL —eBZZl)— A eAzzl}
BZ DZ DZG A2 Dl BZ DZ AZ Dl
z,<z<L
(7)

Nnan3 kKamiamMu  pUBOXKJIAHMIIMHE  XucoOra oaud aBTOMOpPQ
TYNPOKJIAPAAa HAMJIMK YTKA3UIIHU OoFjJaHumm. WMnau3 Tusumm XaijgoB
KaTiaMuja xoinamranu yuyH Er Tpancnupauusau mHOOATra 0JIMAciiuK MyMKHUH
sMaciury (6) MacaaHUHT YpHUTA KyWHIarucu Kypuiiaau:

d dw, | dK, 12E z z°
—| D,(W. Li——L— 11— - =0, 0<z<o+u
dz[ ) dz} dz 7(5+u*){ 2(5+u.) 2(5+u*)2} O<z<0+u.)
d [ o)W, | dK]
E{Dl(wl) dzl }—d—zlzo, (6+u.<z<7z)
d dw, | dK
E|:D2(W2) dzz}__dzz =0, (21SZSL)

(8)
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W, (2)|,_, =W, =const W, (5 +u.)=W," (5 +u.)

dW * * * * dW* *
|:K1(W1)_ Dl(Wl) dzl} = |:K1 (\Nl )_ D1 (\Nl ) le } Wl (Zl):WZ(Zl)
Z=5+Ux Z=5+u
il of r e\ AW, dw
|:K1 (\Nl )_ D, (Wl ) dzl } = [Kz(wz)_ Dz( 2 22} WZ(L):WHB = const
z=7, =

FOxopuaaru 6enrunapra Kymumya KMo KyWuaarujiapHu KyIaMmus3:
Kf(\/vl*)z Ae™? Dl*(Wl*): D, = const
O— W3 TU3UMHUHHUHT 9yKypiaurd; U = 6+Ux -YCUMITUK HIIAU31apy OHIaH HAMIMKHA
TOPTHUII MyMKHUH OYiraH 4yKypiauk. byHna Kyiiuaaru mapt Oaxapuiaau:
O+l
uij{l— 2 7 Z}dz:ET )
7(0+u.) 3 20+u.) 2(0+u.)
Kyitnnaru 6enrunapHu KUpUTaMU3:
P=D,D,(z,-U)+D;D,U +D,D,(L~z,)

D, =W, -W e’ —en A it gV eV _1|+
' 1 - B D [ ] AZD ] A D [ ]
+3A3U2_7A5U z,-U L-z

8D, 12D,| D, D,

XaKMU HAMJIMK 9yKypiuK (yHKIuscu cudaruna OyHAal KYpuUHUIITa sra
oynanu:

12E. 72 1 vA 72 . D
W, (z) =W ™ -1 LI DD, & 0<z<+u
1(2) ”P+A2D1[e ]+7Df(§+u*){2 120 24u2}+ 1Dy —ziszsod
Wl*(z)_ Ai eAQZ eA;(5+u):|+Z|:DD 7A5(5+U ):|+ Al (eA2(5+u*)_1)+
A.D; P 12D A,D,
3 . @, TA(S+u.
oot -l e

0+U.<z<7

W, (2) =W, - BBI13 (B —e% )+ (L- z){D D] — —”‘51(25;“ )}
272 2

(10)
z,<z<L

Ep carxujaa HaMJIMK OKMM MUKIOPMHHM AHUKJIAI ycyaud. Maskyp umiga
TYNPOK Xa)KMHUM HAMJIUTH, CYJHUII HAMJIUTH BAa YerapaBui Jaja HAMIJIUTU Oopacuia
y3rapuim uHoOarra ojivHrad. IIIyHUHrEeK, HaMJIMK Ba O3yKa MOJIajiap XapakaT
KOHYHUMSITIIADUHU YpraHuuiga Xamaa «TynpoK — CYB - YCUMIIMK» THU3UMHUJIA peall
*apa€HHU TacBUpIalaa HadakaT MyXUT KaTJaMJId TY3WIHIIUHT, OAJIKU BeTreTalus
JaBpu/ia YCUMIIUK OpPTaHJIApUHUHT PUBOKJIAHTAHJIMK JapaKaCHHU MHOOATra OJIUIIT
3apyp.

Unon3 TtusuMm  XaWmgoB  KaTjiaMuga  JKoMamranuma Xamaga  Er
TpaHCTIUPANMSIHA WHOOATra OJIMACIMK MYMKHH ASMACIUTH IIAPOWTHIA HAMIIUK
y3rapum konyHuATH (10) aliHustra myBoduk tomwiamu. Arap (6) macamamgaru
yerapapuii Kuiimar ypHura W, (z)|, =W, =const OOFIanum KaOyn Kununca, (10), y

X0J1/1a TeHIJIaMa ard OMPUHYM alHUAT Kyduaard KypuHuiga oymamu (0<z<5+u*):
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D, |7(6+u.)” 6(6+u.) 12(5+u

Wl(Z)=i{7622ET [1_ VA _ 22 *)2j|_%( o (5+Ux) eAgZ)_ E(D[Z_(5+u*)]}_
—[AleAZ(5+u*)+ET —EQ)(L[_) Z n z _(5* U. )j B, (eBzL _eBzzl)_

D, B,D,
A; Az A (S+us) 9E
A W PO S+U )W,
AD; e —erton)- 14Dl( +U )+ Wi

(7) Ba (10) trenrnmamanapuu z=0 Tenrnamtupud EoHu aHUKIaHMM3:

LA Lt e Lt et o

u {L—zl zl—u}
~H =t
Dl DZ D1
(12)

(12) aiiHusT ep caTxyjard HaMJIMK OKMMHM Ba HAMJIMK CUFUMH OpacHIaru
TVFpu nponopuuoHan Oornmukiauru — tyrpucuaard K. @Oumunn  dapazuHu
TaCIUKIAaMOK/IA.

CE3 mMaBxyLIMIuaa cH30T CyBJap CATXMHHHT XOJATHHH AHHMKJAIL
Cu30T cyBiIap caTXMHU aHUKJIaIa, facTiadku quddepennnan Tenriama cudaruia
napabouK TypJaru XyCycui XocuiaaBuid TeHriiama, sbHu A.Sl. OneiiHuKHU TYFpu
YU3UKJIM TEHIJIAaMACH KYJJTAaHWIAIH:

WnP _WﬂB -

oh o°h
m, = K,hep —5 Fvai b,h + &(t) (13)

OyHIa My — rPyHT FOBAaKIWIKTH; h — X — a3oBHii KoopanHaTa Ba t BakT QyHKIUSACH
OyiraH cH30T CyBjiap carxy, OyHJa €THUK 30BYp KyHH KUCMHIAH YiadaHaau, Ncp —
KapaJIa€TraH BaKT OpaJufy Y4yH CHU30T CYBJIAp CATXMHUHI ypraya Kuitmartu; K; —
CE3 xoitnamras MyxuTHUHT ¢GuibTpanus koddduuuentu; e(t) —uMaGUILTpanus

KaJAJUIUTH.
W,h,, - W,
T
oynaa Wy —h = mg 6yarannaa ep catxuad OyFiIaHUII KHAMATH; Nkp — CU30T CyBJIap
caTXxuJaH Oynaguran OyFjaHUII TYXTalliMraH CHU30T CYBJIAPHUHT KPUTHUK
YYKYpJIHTH.
(13) TeHrnamMaHUHT XyCYCUN €YUMHU KyHUJaru KYpUHUIIAA TOMUIaIH:
h(x,t)=a(t)R(x) + A(t) (14)
OyHma R(x) = C,shv/ux + C,chv/ux
(14) xuco6ra onub Ba (13) nnwad Kyiuaaru KypuHUIIa alHUATHA OJIAMU3:
(1) = _emlo(L=x)n(LO) -h©)], ety {h Lo+ NLO-h00) 2, }e—ﬁ‘nﬁ LA E
chvvL-1 chyvL-1 b b, b
(15)
[ynu Tabkuaiam J03uMkH, Beretauus naspuaa €=0, Wp#0, HoBereTarus
naBpuga dca (IIyp IOBHWIN JaBpujaa) OyFiaHwm Wykmurn Ttydaimm  ai;/b;=0,
uHuIbTpaus sca ££0.
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I1.4. IMony6apunosa-Kounna hep, kuitmatuau B.M. lllectakoB ycynu, seHU
CU30T CyBJap CAaTXWHU ¥ypTauya KUHUMaTH MakKcMMal Ba MHUHHUMAIl caTxJjiap
WUFUHAMCUHUHAT YpTadya KMMMaTH OpKaIu TOMMIIHU Takiaud 3Trad. AndaTtTta OyHian
CU30T CYBJIap CaTXM Y3rapHilyd CyFOpHINTra OOFIUK OYIraH cyFopMa JeXKOHUYUIHK
y4yH Xap JaouM Xam Tyrpu Oynmaiiau. [lyaunr yuyn (15)man doitmananuod
OeJIrMIaHraH BakKT OpPAJUFU YYYH CH30T CYBIAp CaTXMHHM YpTaya KUWMaTUHU
aHUKJIaNMHU3:

1t h(LO) h00) a ] wte a & sk L[hLO 00)] Al
hepl . =— [ h(X,ts Jdx =] h(L,0) + Al o WL

thU
tip

(16)
(15) altHusAT TpaHUEAEHT OYJITaHJIUTKM YYyH YHUHT €4UMHU TpaduK KypHII
OpKaJIM aHUKJIAHA]IN.
CE3 ¢uabTpanus Kapumiura Ba cyB capQuHu aHHKIanL JIpeHax
(uabTpanMs KapIIWJIMTUHU aHUKJIam yuyH A 5. OneiiHuK niiapyuaa KeITUPUIral
yerapaBuii apTaaH GoiganaHaMus:

t>0, x=0, o __h _
oX 2@

1l C R are P
Q== e ™ +1 Ze ™  _cthyul 17
2| C. C.b, (17)

CE3nunr opanuruga xap Oup 1 morona merpra TYFpu KeJaJuraH CyB XaKMu
KyWuJard aiHusATAaH TONUJIA N

_bi-kihepu, bt
Wi =2m,| “2shfole ™ +@,le™ +@ ,L (18)
\/_
h(L,0) - h(0,0)] h(L,0)-h(0,0) a a, ¢
OyHna @ , [ . @ ,=h(L0)+ -+, 8.,="+— (19
Y chyvL-1 B Y TR R 19)
span CE3HUHAT cyB capdu Kyiinaa kentupuirad GpopMmyia Oyiinda aHUKIaHA N
) o)

B 86’4(1_ 2) v

OyHna |, —npeHax y3yHIUTH, M.
bup xuHcaIM MyXUTAA Xa:KMU HAMUIMKHUHT TapKajaumyi. Hamnuk yTkasumsam
HOTYPFYH kKapaéHUHHU U(POJATOBUM TEHIVIAaMa KyWHIaru KYypUHUILIA OYIaau:

% [ (\N)_j|—%—f (0<z2<2453) (21)
WZ (ZYFB(Xft)):WHB = const ; K(W): Kq) +§0(t)(ZYFB - Z)

(19) rerrnamanaru Zyrg(X,t) Oenrunanran ti BAKT OpaJIiFd yU4yH CU30T CyBJIap
caTxu OY110 y KeWMHTH TeHTJIaMa OpKaJIM aHUKJIaHAIU:

g S L=X)h(L0)-h(0,0)] o { [h(L0)-h(00)] a |-t a &
s () =m, +d+ chvvL-1 h(L0)+ L1 b | b b
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Dyt

D2(W) — tynpok HamiuruHuHT 1uddy3us ko3ddunuenTy, D,(xt)=Re 2 . Ry
— Taxxpuba Ba Hazapuil MabIyMOTJIAPHU COJHMIITUPUO aHWKIAHAIWUTAH TOWMMHA
kuriMat. K(X,z,t) — Tynpok HaMJIMIuHU YTKa3Huil KO3 GUIHEHTH.

(21) TeHrIaMaHUHT €YMMH yIIOY KYPUHHIIAA aHUKITAHAIH:

W(x,z,t) = 71(t)(zyr3 - 2)3 T72 (t)(ZYFB - 2)2 + 73(t)(zyr3 - Z)+ Va4

OyHma X — Kapamaérran Hykragan CE3raua 6ymran  macoda. Ommuaru
MabIyMOTIapra acocaH Z=Zyrg OyiraHmma KyHugard maptiap Oakapuiaan:
Wi =74 K=K,

CE3 rascupuna 6up skuHCcIn Mny/IT,ua XQKMUM HAMJIMKHAHT TapKAJINALIIN:
2

W(x,z, t)_?/l( vre ~ 3 [371 Ly 7:kzyr3 +

+[37/1Z;r3 272ZyrB +67,D+7, kzyrB 2)+ W,

Hopereranus gaspuga CE3  Tabeupuaa xaxmmii  HAMJIMKHHHD

y3rapumm. Hopereranus naspuza CE3 Tabcupuaa HAMIMK Y3rapuIIMHHE XaiigoB

Xamaa JpeHaxk Tabcupuaa y3rapud Ttypaauran CCCraga Oynaran opanukaa
YKOMJIAIIraH XanI0B OCTU KATJIAMJIAPU YUYH Kapaul JIO3UM.

Vpranunaérran MyxuTaa XaKMUil HAMJTMKHMHT TAapKaJTHIIHHH TacBHpIIALI

Y4yH KyWHJaru yerapaBuil macasia Kapajlajau:

(23)

- [ D; (W, aw} B, (0s221)
Z
(24)
oW oK
atz [ 2(\N2 o7 }_ 522’ (Zlgzgzyn;)

W05 :Wl* (x,0,t) = Wi +(W17173 _Wny)'th(a) t)
Wik = (WHH -W, )-th(a)t)
W:(X, z,1) =Wiop +ﬁ1(t)23 +ﬂ2(t)22 +ﬂ3(t)2
W, (x,z,t) = 71[ZVFB(X,O)_ Z]3 +7, [ZYFB(X,O)_ Z]2 + 73 [ZYFB(Xao)_ Z]+Wn3

. on s OW, oW
|:K1(\N1)_D1(\N1)a—zl} ZI:Kz(\Nz)_DZ(\NZ 822j|

W, (275 (%, 1)) =W, = const

bynnma t — Bakr; W1* — XaiioB Karinamu opanuruia (Zi)ra XaKMHH HaMIAKHH
tapkanumi. KelrHru xanaoB ocTi Kariamuaa Xxaxkmuid Hamimuk Wo(X,z,t) aiHusT
OWIaH TacBUpJIaHAIM.

D1*(W1*), D2(W,) — Terunumm Katiamiiaparu TynpoK HaMIUTUHE JUy3us

7th Dyt

kosbdummentnapn: D; (x,t)=R;e 7”2 D,(x,t)=R,e " . R* R, — nasapuii Ba
TaxprOa MabIyMOTJIAPHU COTUIITUPHUII OPKAJIU aHUKJTaHAIUTaH Ko3PduLMeHTIap.
Ki*(x,z,t), Kaz(x,z,t) — rerunum Kariamijapjaa TYNPOK HAMIIMTHHU YTKAa3HIII
Kod(ppunreHTIapH.

WMKKMHYM TEHTJIaMaHUHT OOIIJIaHFUY IMApTH TYNPOK FO3acHIard XaKMHH
HAMJTMIK KaHJai TapKaymmuaan KaTeuid Hazap (Woes=Wiy) Oymumim Ba 6apya tiapaa
W e[Ws3,Wnns] opanuruaa y3rapuiyu nuno6atra omueras. thw't, that Gynkumsanapu
ep ycruga HamiukHd (z=0) y3rapum Te3NMKIapHM XucoOra oamb o, o
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koo purmenTiapy Hazapui Ba DKCIEPUMEHTANT TAIKUKOTIAP HATWKaJapUHH
COJIMILTHPHUIL OPKAJIX aHUKJIaHAIH.

XaljoB OCTH KarjaM Yy4yH CYB YTKa3uil Ko3(pQGUIMEHTH KyHujaaru
KYpUHHIITA 3ra:

Kz(W ) Koo + 9, (x, t)( vIB )

(21) Termamanap THU3MMMJATAd UKKWUHYM TEHIVIAaMa €YUMHU KyWHjaaruda

TONUJIAIN:
W, (%,2,) = 7o (O)(Zys = Z) +7,(tNZys = 2) + 73N Z0s —2) + 7,

Z=Zyrg OYynranuaa roxopugaru &3yBiapra MyBOGUK KyHuIard miaptTiaap

OaxkapuiIaan:
Wi =745 Kz =Ko
XaiI0B OCTU KaTjlaM YYyH HaMJIMK YTKa3ull KO3(QQUUUEHT ymoly MaKIHUA

OJIajIu:
Dyt

. 67,.R N\ T . |z
KZ(W): Koz +{(371232/ns +2y,Zyp + 78 2 (37123/129 +72>3 & +73}Zyn? +
(25)

2

Dyt

+2R2e_72[3712y173 +7;]}(Zm§ _Z)

Xang0B OCTH KaTJIaMAaru XaXMHU HAMIIMKHY y3TrapuIly 3¢a:
3 *
W, (x,z,t) = 71(Zyr3 - Z) - [371Zyr3 +7 kzyrg - 2)2 +

Dyt
\ 67,R N, (26)
+(37/123%I‘B + 2y, Ly + Dl ? (37lzyr3 +72k "+, ](ZYFB - Z)+Wn3
2
Xaia0B KaTJaMH1ard HaMJIMK TapKAJIMIIMHA KYPUHUILIN:
. W + W, —W,, )-thle't
V\/1 (X 7 t):{ IIH ( 1B HH) (C() )}+ﬂlz3 +ﬂ2 ﬂlﬂZ 1 e ﬂz z (27)
Wi _(WHH _W3)'th(wt) D1

Ymly alHuAT HOBeretauus JaBpuja HAMIMK TYIUlAall YYyH YyKYyp
IOMIIATUIIHMAKOYJl YyKypJIMTMHU aHUKJIAIIJa XaMm/la arpoTeXHUK Ba MEJIHOPATUB
TaaOupapaa Kysula MyMKHH.

CE3 rtabcupuaa katjaM-kKarjiaM OOCKHYIM IOMINATHIIAA Xa:KMU
HAMJIMK JAMHAMHMKacd. MapxXyal MyXHTAa XaXMHM HAMIHUK TAapKaJUIIUHU
TacBUpJIAIla KyHHuJaru yerapaBiii Mmacaia MHOOATra OJIMHAIN:

2
oW, _ {1(VV1)8W} K _E [,z 2 | s
ot oz T(6+u.) 2(6+u.) 2(6+u.)
oW, oK
- [ 2(\N2 }_a_zz (O+U.<2<27,,)

(28)
WHOB =W1(X,0,t) _ W, + (WHHB _WHH)'th(/J t)
1H _(WHH _W3)'th(lut)
W, (X, 2,t) =W,, + o (t)2% + o, (t)2% + a5 (t)2
W, (X,z,t) = yl[ZYFB(X’O)_ 2]3 + 7 [ZyrB(X1O)_ Z]Z +7s [ZYFB(X’O)_ Z]+WHB
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I:Kl (\Nl) - D1 (\Nl) %}

W, (ZVFB(X’t)) =Wp;; = const

D;(W1)—unau3 kariamMuaa TynpoK HAMIMTHHUHT AHPQY3us  KOIPPHUIHETH!
bt
D,(x,t)=Re * . Ry — Ha3apuii Ba TaxxpnOa MabIyMOTIApHU COJUIITUPHUII OPKAIH
aHUKJIaHaauraH KodhUineHT.
XaWa0B OCTH KaTjaMH HaMJIMKHU YTKa3UIl KOX(PGUIUMEHTH KyhHuaaruda
aHUKJTaHA U

= |:K2(W2) -D,(W,) a;zz}

7=0+Ux

Dt

. 67, R T o«
Kz(W)—K¢2+{[37lz§m +2y,Zy5 + }S 2(37/123/173 +72>? & +}/3sz +

2

Dyt

+2R2e_z[371zm "’72]}(23@ _Z)

XauIoB OCTH KamjiaMHuJa XaXMUKW HaMJIMKHU TapKaJWIIW KyWujaarnda
TONWJIAIN.
3 * 2
W, (x,z,t) = 71(Zyr3 - Z) - [37lzyr3 7, kzym - Z) +

Dt

. 67,R LT« 29
"‘[3712;17; +2¢, Ly +D1—2(37/12m; +}/2)8 2+, ](Zm; - Z)+WHB (29)

2

Vnms KaTnaMuaard XaKMUH HAMJIMKHY Y3rapuiiy KyHuIard KypUHUIITa
KEJIaJIn:
Wy + W =W, )-thizt _Dt
W, (X, z,t) :{ i+ W ) (,u )+a123 ra,2? -1 6o, a,R;
Wi — (WH _W3)'th (:Ut) D,

.= z° oz 7
7D,(5+u.) | B6(5+u) 12(5+u.)?
Ma3skyp XucoOHH KyJuIall Ba MabJIyMOTIApHHU TaXJ U KWIIAII, KaTIaM-KaTIam
OOCKMWIM IOMINATUII MYAJATiapy Ba YyKYpJUTMHA MaKOYJUIAIITUPHUIILIA, ETUK
30BYp TabCHUpHIA Xa)KMI/Iﬁ HaMJIMKHH KaMaWuIIl JANHAMHUKACUHN 6amopaT KWJINIITa
UMKOH Oepaiu.

Xaiig0oB, XaiiJI0B OCTH Ba CM30T CYBJIAP 3PKHUH CATXU/IAH TAIIKHUJI TONTAH
KATJIaMJIM MYXUTIArd XaKMU HAMJIMKHHA aHUKJIa1. MaBxy MyxXuT/aa XaKMHM
HAMJIMKHUHT TapKaJIMIIMHU TacCBUpJIAIla KyHUJaru dyerapaBuii Macajia uHoOartra
OJIMHAH:

2
anzﬁ[Dl(Wl)awl}_aKl_ 128,z Sl (0<z<5+uw)
ot oz 0z oz T(6+u.) 2(0+u.) 2(6+u.)
oW, ol oW ] oK

=—|D L|I-Z2  (f+u.<z<z 31
o2 i 2|2 ) 31)
oW, o ow,] oK

=—|D Y 2,<1<12
-y B g sasa,)
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W,y + (Wi — W, )-th(t) .
W . =W, (x,0t)=< "™ [ TTIH W, (X, +U.;t) =W, (X,5 +u,;t
110B 1(X ) {WHH _ (WHH —W3)th(/,lt) 1( ) 1 ( )

oW ot — o ey W W (X, 2;,t) =W, (X, 2,,t
‘:Kl(\Nl)_ Dl(\Nl)@_Zl:| = Kl (V\/l )— D1 (\N1 1 :| 1 (x 4 ) 2(X Z )
- Z=0+Ux

Z=0+Ux az

{K (Vvl) D, (\Nl* MW, } =_K2(VV2)_D2(VV2 awz} W, ( Zyrp (X, t)) 15 = const

Wnmu3 xarnaMugard HAMIIMK — YTKasum  kKodddumuetnn  Kydumgarnda
aHUKJIaHAIN .

WHHB _WHH
2‘ *. ) 2
=[(6+u.)-z ch™let +D,(t)z| 2a, + 125, = |- 1262 |,z 2 ~ |+
W, - W, 7(5+u.)) 7(5+u)|” As+u.) 6(5+u.)
ch?(wt)
6E 5 x .
+E, + Dl(t){3a1(5+ u. )’ +7(5f;)z—6D1(t)0l|1501[2 + 0!3} +28,D;(t)5 +u.)

Dl*(t)|:3ﬁ1212 -6D ( )ﬂlljﬁz + ﬁs}jL Koz + Zym(37125[3 + ZVZZWB - 6D2( )7’57/2 V3 j(zyna - Zl)+

1 2

2

+D2(t){371(zy[3 N Zl)2 + 301200 + 27,2y —6D2( )757/2 + 73}

1

—Df(t){sﬁl(aw*)2 +283,(5+u.)- 6/5152 e T i }

WNnau3 KkatnaMugard HAMJIMKHUHT CYHITH KYPUHUIIM Kyiiuaarnya oyiaaau:

W,y + (W5 ~W, )-th{is't) wa, ). 6Ez  6EZ
W , ,t — 1IH 1B 1IH 6D T T
ez { o — W, —W,)-th(st) Fa+oot' | D D, s ey 1oy (32)

XalJa0B OCTH KarjaM HaM YTKa3yBUYAHJIHMK KO3(P(UIMEHTH aHUKIAHUIITH
KyWuiarnya:

Kz(x’ Z’t): Koz "‘{(371232/13 + 27;Zyr3 _6D2(t)7/|57/2 +73jzyr3 +2D, [37/1 Ly +72]}(Z Z)

2

[ynnait kunuo, CE3 TabCUPHUA XAWJIOB OCTH KATJIAMUIATH XAKMHUH HAMITUK
TapKAJUIINHN aHUKJIAIIa Kyduaara popmyiia KyJUTaHIIa Iu:

WZ(X, Z:t) = 7’1(ZWB - 2)3 - [37lzyr3 +72kzyr3 - Z>2 +[371232TB + 27/;ZVFB _6D2<t)%+ 73 ](Z Z)+WHB

2

(33)

XalIoB KarigaM HaM  YTKa3yBUaHIUK KOXDDUIMEHTH aHUKJTAHHIINA
KyWujaruya:

N N . Y
K, =D, (t{sﬁlzlz_6Dl (t) E’S*z + L5 |+ Ly 37lz§r3+2722yr3_6D2(t) E’Sz +7s (ZYFB_21)+

1 2

+2,82D1*(t)2 + Ky, + Dz(t){g’?’l(zyrs - 21)2 +37’1Z§r3 + 27’;Zyr3 - 6D2(t)%+ 7;}

2
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XauIoB KaTjJaMuJard XaKMHM HaMJIMK TapKaJWIIUHUHT  KYPUHUILINA
KyWuiarnya:

Wl 2= A2+ | 0[5 | (34

1

OyHIa
71(Zyr3 - 21)3 - [37lzyr3 + 7;kzyr3 - 21)2 + {371251"13 + 27;Zyr3 - 6D2(t) 7E‘Sy2 + y;J(ZVFB - Zl)+WHB - ﬁzzlz - ﬂ;zl

ﬂl = . ﬁ :
22 -6D;(t) 62 z,

*

W”H + (WﬂﬂB _WHH)' th(:u*t) 3 2 o, *
P = {W”H _(WHH _W3)'th(ﬂt) +a1(5+u*) +a’2(5+u*) (6D1(t) |:~)1 +a3J(5+U*)+
2 (5+U*)2—6D1*(t) gl (5+u*)

*

D,

A6 +u.) - p5(5+u.)

128,
L7 +u.)

(5+u.) —6D1*(t)%(5+u*)

Mup3a0601 TymaHuaa YTKa3WiraH TaJIKUKOTJIapra MyBO(HK, €p yCTHUJaru
HaMJIMK XaWJ0B Ba XaWJOB OCTH KATJIAMHUHI OOIIKa KUCMHJArd HaMJIUTHIa
HUCOATaH TE3pOK KaMaluiy aHuKJIaHau. Taxxpubanap olui ep Xaaaiijiad Kypa,
HadakaT Ty3 MHUKIOPHUHHM KaMaWuimra Oallku BereTanus IaBpUaa HAMIWKHU
CakJIalllHM TabMHMHJIOBYM YYKYp FOMIIATHII HUIUIAPUHUHT CaMapajopJiury FOKOpU
JKAHJIUTUHU KYPCaT/IH.

Maskyp GopMynalapHUHT TaXJ WU €TUK 30BYP TabCUPUIA XAKMUN HAMIIUK
MacauIIMHN KYpcaTUO arpoTEeXHHKA TaaO0UpJIapUHU Oaxkapuil MyJJaTIapuHU
MaKOyJUTAIITUPHIITAa UMKOH Oepajiu.

Cyropuinajural MalJOHJIAPHH TEKHMCJIANAA YYKYBUYAHJIHUK KAPACHU
Taxxpudacu Ba 6amopar Kuiaum. Cyropma IEeXKOHUYWINK MaJaHUSATAHU OIIHUPHIL
(dakar xa€rra, CyropwiIaJuraH MaiioHga Oapuya vIUIad YMKapul xKapaCHIapHU
MEXaHM3aUUSUTAIITUPUO FOKOPU Ba TYPFYH XOCWJIJOPJIWMKHU TabMUHJAIITA
TAIKWINN-XYKATUK, TUIPOTEXHUK, arpoMEIUOpaTHB Taa0upiap MaXMyacHHH
KYJUIalll OpKalM J3PUIIUII MYMKUH. YOy Makmyaja CyFOpPWIaIWraH MaiJoHIa
KYJUIaHUIaETraH CyFOPHIN YCYJIM Ba TEXHUKACHUTA KyJiaidl peibe®HU MIaKUTaHTUPUII
MYXHM axaMHUAT KacO 3Taau.

Ymby macamanu tagkuk ostumiga: @.b. AGyramumes, X.A. Axwmenos, P.X.
bazapoB, ®.A. Bbapae, FO.I'. barpakoB, A.H. Basuios, X.K. Tl'azues, W./.
J3ssaaesuy, B.A. JlyxoBusbii, P.K. UkpamoB, A.H. Koctskos, C.M. KpuBoBs30B,
B.®. Kynunuenko, H.T. Jlakrae, A.H. Jlsnun, B.H. Maptencen, B.®. Hacenko,
b.C. Cepuxo6aes, I'.B. [luBunckwuii, ¥ .FOngamies Ba 6o1ika onumiiap MyHOCHO Xucca
KYIIHUIITaH.

Ymly ycymnap épaamuaa JOWUXATAIITAPUIIT TEXHUKACH JIOWUXAIIOBYUHUHT
ep MILIap XaXKMHU OaJJaHCHHU TabMUHJIAII YUYH KaJlaMMa-KaJaM JIOWHUXa TeKUCITUTH
XOJJATUHU aHUKJalgaH uobopaT, amMmMo OyHAAQ TPYHTIAPHUHT YYKYBYAHJIHUIU
nHOOATra OJIMHMaNIu.
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TypJyin makJra sra Cyropuil JaJaJapHUHT HUIIA0IM TEKHCIUK 0yiinya
JOMMXAJAIITHPHIN  ycyJau. XO3UprH JaBpla e€p TEeKUCJall HIUIapUHU
JOWMXANAITUPHUIIIA KapTaJaru JIOMUXaBUi ep caTX/1apu PyHTJIAPHU UYKYBUaHIIUK
JapaxacMHM MHOoOarra osmMacaaH OenrwiaHaau. IIlyHuHr yuyyH OW3HHMHT
TaJAKUKOTJIAPUMU3 yIIOy MyaMMOHH XaJl ITHINra OaruiuiaHrad. Typiu makira sra
JonuxanamTupuwiaétran MaigoH Tomonmapu 20x20 M Oynran KBaapatiiapra
OyauHMO, KBaJpaTIap MapKa3H caTXJapy Ba CYFOPWIAAUIaH JalaHUHT «OFUPIIUK»
Mapkas3u aHukjaHagu. CyHrpa nanaHu MKKura OynuO, yHAaH XOocui OyiraH spum
JaNaJIApHUHT «OFUPIIMK» MapKa3u TONUIA/IH.

Maiinon tabumii penbeUHN HYCXaJIOBYM Xamja KECHII Ba TYKHII Oyitnda
MUHHAMYM MIUIAP XQKMHHHU O€pYBUH TEKUCIHK KyHugarnda aHuKJIaHaIu:

x-x y-y z-h

x,—x Yy, -y h—h=Ax+By+Cz+D (35)

x,—x Yy, -y h,—h
OyHma X, Xi,Xz2, Y, V1,y2 0,0, N, —OyTyH Ba spuM JallaJapHAHTOFUPIIAK»
MapKa3MHUHT abcIycca, OpJIMHaTa Ba aljIMKaTa KOOpIMHATAJIapH.

TynpoknapHu YyKyBUYaHJIMTU Ba OYpTUIIMHUM WHOOAaTra onmb, Kylumaru

alHuAT OYiinya JOMUXABUM TEKUCIUKKA Y3rapTUpUIIUIAp KUPUTUIIAIN:

Ah, =h K, = hp[m__/?] (36)
Yo,

CyYHITH alHMAT TYypJIM IIAKira 5ra MaiJioH TYNPOFUHUHT YYKYBUAHIIMIU
(0YpTyBUaHININ) XYCYCHSTIAPHMHH XucoOra oju0, HHMIIAOIM TEKHCIUK Oyimua
JOMMXANAIITUPUIIT  Y9yH TaBCUS OTWIAAU. T[YOPOKHM  KECHII/TYKUIIJATH
OaylaHTMKIApU KyWHIary ycysuiap OWIan aMaira OUTMPUIAIITT MyMKHH.

4-;xanBaJa
Kyprasma maiou1a KyJUIAHWITaH TEXHOJIOTHsJIap
HucoOnii
Texnonorus Typnapu Xapaxar- Adzannuknapu Kamunnukmnapu
nap, $/ra
Karra Muknopagaru Kyi
Epnapan xaigam, epirapHu Hemabmu MEXHaTH Iliﬂe;ﬁvm éljzya
prap Flard, 13 p TEKUCIUKHA XOCHII X ’ . Keca
Ja3epiv TeKUCIall, KymuMya B yiI0y yCyIHH KyJUTain
TPYHTIAPHU KECHUII Ba TYKHIII 460 J1a3ep yCeKyHanapu
PYHTIJIAp o M ’ AHUKJIWJINKHUHT Yy P ycxynanap
JauaroHaiap oyiuda aykyp HicGaTan MOCIAIITUPUIIMATAHIINUTH,
FOMILIATHIII W caMapaIopIUTHHIHT
FOKOPHITATH
MMaCTJINTH
Huaronan 6yiinya yykyp TexHuKagaH 10KOpH
FOMILIATHIIL, EpJIApPHU Ja3epiIu camapa Ominan 1 Ba 3 - ycymnapra
TEKUCJIAII, MKKHHYA JHaroHal 348 doitmamanur Kaparasjia ep TeKHCIanl
Oyiinya yyKyp IOMIIATHIII, MMKOHUATH Ba unuiap cuaTuHUHT
SKYHHH TYFPUIIOBYH €piIapHU WIUTAPHUHT HucOaTaH MacTIUTU
Ja3epIid TeKUCIAIl HUCOATaH ap30HIUTH
Epmapuu xaiimamni, epiapHu TexHukagad IOKOpHU
PJIAPHH XaHi piap . Kop 2 - ycynra HucOaTaH U1
Ja3epiu TeKUCall, TuaroHan 370 camapa Omian
N N HAPXUHUHT FOKOPUIIUTH
Oyitrda 4yKyp FOMIIIATHIII, o nananu
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TYFPUIIOBYM €pIIapHU JIa3epiu MMKOHUSITH Ba

TEKHCJIAIll Ba UKKUHYHU UIUIAPHUHT
JIuaroHan oynnya yykyp HUCOaTaH ap30HIIUTH
FOMIIIATUII

TexHonorusgap COJUIITUPWITAHIA SHT IOKOpH camapaaop 0ynub 3 - ycyn
yukau. EpnapHu Tekucnain Ba 4yKyp IOMIIATUII UIIUTapUra cap@ STHITaH KarnuTail
MaO-JIaFIapHUHT TaXJIUIU SHT IOKOPU XOCWIIOPJIUK 60 CMIIM YyKyp FOMIIATHUIITa
TYFPHU KEJITAaHJIUTUHU KYpCaTIH.

XYJOCAJIAP

VTKasmwiraH TaAKUKOTIAp MWITHUHT Ha3apuil Ba aMaluii aXaMUATHHH
OeJITUIIOBYM KyHHIaru XyJIOCaJapHU MAKJUIAaHTUPUILTa UMKOH Oepajiu:
1. CyB TaHKHUCIWIM WIAPOUTHIA CYyBlIaH (poWganmaHuIl pexalapuHUu TE3KOp
TYyFpuiam Oyinya UKTHCOIUK-MaTeMaTuk Mozen (2) taknud stwiran. CUY Ba
dbepMep XYKamuKIapyu MAPOUTHAA SKUHIIAP Opacujia CyB TaKCUMJAIl MyaMMOCH
Takiug STUIaéTraH Mojen €pJaMulia CyB pecypciapd TAaHKUCIWUTH IIApOUTHAA
KUIUIOK XV KaJUTM XOCWIM ETUIITUPHUIIIA 3apapHU KaMaWTUPHUIL OpPKadu Xail
STWIMIIA MYMKHH. By 3ca aHbaHaBHil CyBHM TaKCHMJIAll yCyJaura HucOaTaH
napomasau 342400 cym/rarava (TomkenT Bunostu Kyiu-Uupuuk tymanu «Caitpam
cysu» CUYcu Muconmia) ommypuin MMKOHUHU Oepaju.
2. Cyropuill CyBM TaHKUCIUTH IIAPOUTHUJIA KUIUIOK XYXKaJIUTU OKUH
MaiJIOHJIApUHU MaKOyJUIalITUpUII OyilMya WKTHCOAM-MaTeMaTuK Moxaen (3)
uniad YUKWIraH. DKWH MaWJoHJIapHU MaKOYJUTAIITUPHUII TaXpuOacu KHUIILIOK
XYKaJquTu SKUHJIApD TypU Ba HABIApPUHHU JeBepCcUDUKAIUS KUIUII KEPAKIUTUHU
KypcaTMOKaa, YyHKH (akaTruHa TYFpU JeBepcuUKanvs HWIUIAPUHU OarKapHiil
opkanmu ngapoman 454 200 cym/rara (Cypxonmapé Buiostd KyMKYproH TymaH
«H.MupzaeB» CUYcu «Mamarkyn Xypa yrmm» depmep XyKaaura MHUCOIHIA)
OIIIUPUII MYMKHH.
3. CyB TaHKUCIWTU JapakaCUHU XucoOra oyiu0 KHUIUIOK XY>KaJIUTH SKUH
MaWIOHJIapH Ba CYFOPHUIN XXMJIAPUHU MaKOYJUTAIITUPHUIN OYiWYa WKTHUCOIMI-
MareMaTtuk Mozen (4) unuiad yukwirad. CyFopuIll CyBU TaHKUCIIUTU IIAPOUTH]IA
KUIJIOK ~ XVKQJIWTH ~ JKUWHJApW  MaWJOHJIapd Ba CYFOPHUIN  XaKMJIAPUHH
MaKOYyJUIAIITUPHUIN  YCYJUIApUHM  KYJUTall KypFOKUMJIMK —HMuwuiapia KUIILIOK
XY)KaJIurura 3apapjapHd MUHUMAIAIITUPUINTA WMKOH Oepau. Mwucosn ydyH,
Cypxonnmapé Bunostu KymxyproH tyman «H.MupzaeB» CHUYcupgarn «Caopat»
depmep xyxamurumara aapomaj Hazoparra Hucbaran 821500 cym/ra rOKOPUPOK
oymam.
4, Xo3upru BakTrada, (u3uK OyFJIaHWI OujaH OOFIMK OYnaraH HaMIIUK
OKMMHUMHU MOJEUTAIITUPUILJIA YHUHT YEKIaHTaH OpalMKiIap/a Y3rapuiiu Xxucoora
onvHMarad. IyHUHT y4yH Ma3Kyp HIIJa XKMHA HAMIMKHU CYJIUII HAMIIUTU
OwsiaH derapaBui Jlaja HaMJIMK CUFMMH OpacHliard y3rapuild MHOOAaTra OJIMH]IU.
VCHMIHK — PHBOXKIAHHIIMHUHT — OOIUTAHFMY  AaBPU  XaMAa WIAN3 TH3HMH
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PUBOXIIAHMILIIMHA HHOOAaTra onub, aBTOMOpP(] TYNPOKIap/a HaAMIUK YTKa3WII
aHAIUTHK XHUcoOJiapura acocaH, Myauidd Teckapu (U3MKaBUI MacallaHW €YMIII
nymu (akag. @.b. AOyramueB ycnyOou Oyiinua) Ounan Kapanaértran CUY
TYNPOKJIAPUHUT (PU3KK NapaMeTpiIapuHUA aHUKJIaraH.

S. Nnkx Gop arpoTexHuka mapaMeTpiiapu (XaiJoB UyKypJHUTH), TYNPOKJIApHH
¢u3MK XycycuATIapyd Ba WIAU3 KaTJIaMUHU PHUBOXKJIAHMUINU XamJla HaMJIUKHU
yerapajaHraH (CYJIMII HaMJIMTH OWJIaH YyerapaBHil 1aja HaMJIMK CUFUMH ) OpaJIUKaa
Y3rapuiimHy XUcoOra 0JIyBUM €p CaTXUJard HAMJIMK OKUMHU ((pU3HK OyFIIaHUII ) HUHT
aHanuTuK dhopmyna (12)cu Tonmuiay.

6. Cu3oT cyBnap YyKypJIUTHHUHT MaKCUMall Ba MHUHHMAaJl CH30T CYyBIIApUHH
Vpraua xuiimMatn cudaruga kKaOyn kuinyBun LS. IlomybGapunoBa-Kounna
HaTWXalapuJaH MyTIako (apkiaHyBUM aHAIUTUK Oofnanuml (15) myammud
TOMOHM/IaH TaKJIU(] STUIMOKIA.

Nuunab yukunran (TpaHcueHeHT) TeHriaMa (16) cu3oT cyBiap CaTXMHHM UCTajlraH
BaKT OpaJIuFUJa aHuKiIamra ¢&paaM Oepaad Xamaa TPYHTHUHT FOBAKJIMUTH,
MYXUTHUHT QUIbTpaLHs KO3DPUIMEHTH, MHOWIBTPAUUSHUHT KaJaJIUTH, TYIPOK
caTxujarv OyFJIaHull, IpeHanapapo macoda Ba KPUTUK YyKYPJIMKKaA OOFITUK.

7. Myammag CE3 duibTpanus Kapmmiurd Ba cyB caphUHUHT MaTeMaTHK
mognennapunu (17) sparran. CE3 QuubTpanus Kapmuiaury Ba cyB caphuHU
y3rapmac ne6 kaOyn kunrad akajn. C.D. ABepbsHOB wunuiapuyiad (apKIupok,
Myanaud uIbTpaus KapIIMINTHHU Y3rapyBuaHauruau ucbornagu sBa CE3 cys
capdunu npoaaToBUd AMHUSTHU OJTaH.

8. CuzoT cyBlmap carxyd JIMHAMHUKacu (opmylacura acociaHuO, Myauud
TOMOHMJIaH WJIK Oop OOfnap, y3ym3opJjap Ba KyN HWUIMK 3KUHIAp, SBHU OUp
KUHCIIM MYXHUT yuyH (23) mMojesuiap Ba JacTypiiap MaKMyacd MILIA0 YMKUJITaH.
TaakukoTnap HaTWXKACKM JIpeHAX CHHUJIAa XAKMHUM HaMJIUK  JpeHaliapapo
MacopaCHHUHT YpTacura HucOaTaH TE3pOK KaMalHUIIIUHA KYPCaTAH.

9. Haszapuii TankukoTimap acocuia TpaHCUETapaBUM AapEllapHA SHEPTETHUK
pexuMra YTUIIM MyHOCO0aTH OujiaH XOCWJ OYiIaJiuraH «CyHbBHiID» CyB TOILIKUHU
CYBJIApUHU a’paliisi MUHTaKACH/1a YIIIa0 KOJAUPUII Kapa€HUIard MKKU KaTIaMII
MyxuTna (HOBEreTarus JaBpH, XalJ0B Ba XaWJOB OCTH KaTJamiiapu) HAMJIMKHU
y3rapui Oornanunuiapu (26 Ba 27) onuHTaH.

10. CE3 TabCHpHJIa KaTJIaM-KaTIaM OOCKUWIM FOMINATHIN/IA, WKKH KaTJIaMJIH
MYXUT (MIAU3 Ba XaWIOB OCTM KaTJiamJiapu)la HAMIIMK YTKa3WIl JTMHAMHUKACU
Macajianur consiv eaumu (29 Ba 30) Tonuiirad. MacajaHUHT €UUMU CYFOPHUIILIIAPAPO
MyJJaTIapHA Y3aUTHPYBUM KaTiaM-KaTiaM OOCKWWIM FOMIIATUII YYyKypJIUTH Ba
MyAIaTiapuHu MakOysutamtupuimra épaam oepaau. Taknmud sTunaéTran Kariam-
KarjiaM OOCKUWIM IOMINATUIIAA HAMIWK YTKA3UIIHU MOJCIUIAINTHPHII YCITyou
uinrapu Kywianuinran (bapaes @.A. Ba AGOGacxanoB M.) ycymnapura HucOaTaH
HAMJIMKHUHT Y3rapylllMHU aHUKPOK aHUKJIallra UMKOH Oepaju.

11.  Vu karnamiau MyxuT (WIIU3, XalJ0B Ba Xa0B OCTU KaTJIamiap)aaH uoopar,
CE3 Tabcupuaa cyropunaéTrad ganafa TYNpOK HAMIMTH  JAUHAMHUKACHHU
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aHuKamra WMKoH OepyBum Mmogmemnap (32, 33, 34) sparwirad. Axkaa. @.b.
AOGyTanueBHUHT (UIbTpaLUs Ha3apUsACUIATU TecKapu (PU3UK MacaiallapHU €Ul
ycnyounan — Qoimanann®, KapajgaéTraH — yroIIMa — TYHOPOKJApUHUT  (DU3UK
napameTpJIapuHu aHUKJIaraH.

12.  Ep unwutap xaxxmuuu 12-16%raua (Anamwxon Bunosti Kyprontena TymaHu
«MyxTtopanu FOcynos» CUYcuaa) kaMmalTUPHUIL KIMKOHUSTUHU OypYBUM YYKYBYaH
TpyHTJIapJa  CyFOpPWJIQUTaH  €pJapHUHT  JIa3epiid  TEKHUCIalml  YCyJH
TakoMuJuUTamTupuwirad. Muuia® yukuiiran ep TeKuciaam yciayOu 4yKyp FOMIIATHII
unuiapu Oaxkapwirad TynpoKHU OUp XWJiJa YYKUIIUTa Ba TYPFYH TEKUCIUK XOCHIT
OynuIIMra UMKOH OepaH.
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MYPAJAOB PYCTAM AHBAPOBHUY

TEXHOJIOI'MYECKHUE OCHOBbBI OKCINVIYATALIUHU
NPPUT'AITMOHHbBIX U MEJIMOPATUBHbBIX CUCTEM
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(TexHMYeCKHE HAYKH)
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komuccun npu  Kaounere MunucrpoB PecnyOimkm Y30ekucTtaH 3a HOMeEpPOM
30.09.2014/B2014.5.T355

JlokTopckasi auccepTanusi BBINOJHEHAa B TalIKEHTCKOM WMHCTHUTYT€ HMPPUTallUd U
MEJIHOPALHH.

[TonHBIA TEKCT JOKTOPCKOW IHCCEpPTAllMU pa3MEUIeH Ha BeO-caliTe HAy4HOTO COBETa
16.07.2013.7.23.01 npu TamKEHTCKOM HHCTUTYTE UPPUTALMU U MEIUOpAIUHU, TalKeHTCKOM
apXUTEKTYPHO-CTPOUTEIBHOM  WHCTUTyT€ U TalmIKeHTCKOM  HMHCTHTYT€  MH)KEHEpPOB
JKEJIC3HOJOPOIKHOTO TpaHCIopTa 1o aapecy tiim.uz/tadgiqotchi/dissertatsiya.
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o0pa3oBaTenbHOM mopTaie «Ziyonety mo agpecy: WWw.ziyonet.uz
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AHHOTALIUSI JOKTOPCKOM JUCCEPTALIUUA

AKTYaJIbHOCTb M BOCTPeOOBAHHOCTH TeMbl auccepranuu. OnbIT
nepenoBbix pa3BuThix crpaH (CLIA, Anonusi, Wcnanus, Opanmus u ap.)
MOKa3bIBaeT, 4YTo HauOosiee 3(PPEKTUBHBIM OPraHoM NP YIPaBICHUU BOIHO-
36MEJIbHBIMA  pecypcaMd  Ha  ypOBHE  3€MJIEBIAJCIBLEB  SBISIOTCS
HEroCy/IapCTBEHHbIC, = HEKOMMEpYECKHEe U  OOIIECTBEHHbIE  OpraHU3AIIMH.
JlesITenbHOCTh STUX OpraHU3aluil cCocOOCTBYET PaBHONPABHOMY PACIpPEICICHUIO
BOJHBIX PECYPCOB, HE3ABUCHUMO OT MECTOIIOJIOXKEHUS, TUIIA U Pa3MEPOB XO3SMCTB,
MPEIOTBPALICHUIO HE3aKOHHBIX 3a00pOB BOJBI, YMEHBIICHUIO OOBEMOB MOTEPhH
OpOCHUTENBHOU BOABI, YIYUIIEHUIO KaueCTBa TEX00CTy)KMBAaHUE KAHAJIOB, IpEHAXEH
U Apyroi nHpacTpyKTypHl.

Accoumarus Bogonorpeoureneii (ABII) Y30ekucrana — HerocyjapcTBeHHas,
HEKOMMeEpYECKass OpraHu3alys, 3aHUMAaoIIas IPOMEXYTOYHOE 3BEHO MEKIY
rOCyJIJapCTBEHHOM  CTPYKTYpOM  yOpaBl€HHS  BOAHBIMHU  pecypcamMu U
HETNOCPEICTBEHHO OCHOBHBIMU Bojomnorpeourensimu. [loatomy Ui MOBBIMIEHUS
3¢ (HEKTUBHOCTH HCIIOJIB30BAHUS BOAHBIX PECYPCOB B OpOILIAEMOM 3E€MIICACIIUU U
KOOpAMHALIUU JEATEIbHOCTH YJICHOB acCOLMalMi B 00JacTU BOJHBIX OTHOIIECHUMN
HeoOxonuMo ocHacTuTh ABII coBpeMeHHOW TEXHUKOW M TEXHOJOTHEH IMOJIUBa, a
TaKXK€ METOJaMU U CPEACTBAMM YIIPABJICHUS BOJHO-3EMEIbHBIMU PECYPCAMMU.

Vka3 Ilpesunenta Pecnyomuku VY30ekucrtan NeVII-1958 «O mepax mo
COBEPILEHCTBOBAHUIO  YJIYYIIEHUS MEJIUOPATUBHOTO COCTOSIHUSL 3€Melb U
palMOHAJIBHOTO KCMOJIb30BaHUS BOJHBIX pecypcoB» oT 19 ampens 2013 ropa, a
takke Ykaz Kabunera MunuctpoB PecnyOnuku VY30ekuctan Ne82 «O0
YTBEPXKJICHUH TOJIOKEHUS O TOPAJKE BOJONOJIb30BAaHUS W BOAONOTPEOJEHUS B
PecnyOnuke Y306ekuctan» ot 19 mapta 2013 roga cniocoOCTBOBaIM B BBITIOJIHEHUHU
JAHHBIX MCCIIEIOBAaHUN. DTH 3aJladyu HaMpaBlieHbl HA CMsTYeHUEe JneuirTa BOAbI
yTEM BHEJIPEHUSI YCOBEPUICHCTBOBAHHBIX ONEPATUBHBIX METOJ0B KOPPEKTUPOBKU
IJIAHOB BOJIOINOJIB30BaHUSA W ONTHUMH3ALMMU IUIOMIAACH CEIbCKOXO035HCTBEHHBIX
KyJbTYp, TOBBIMICHUS 3PGEKTUBHOCTH AarpoTEeXHUYECKUX W MEJIHOPATUBHBIX
MPUEMOB Ha OCHOBE METOJIOB MPOTHO3MPOBAHMS JMHAMUKH TMOYBEHHOW BJard,
MOJIEpHU3AIMU METOJ0B TPOCKTUPOBAHUS U TEXHOJIOTHH JIA3€PHOM TIIaHUPOBKH.

CooTBeTcTBHE HCCIEA0BAHNUS MPUOPUTETHBIM HANIPABJICHUSIM Pa3BUTHS
HAyKH U TexHoJsioruii PecnyOiuku Y30exkucran. Hacrosimas paboTa BbINoJIHEHA
B COOTBETCTBUH C MPUOPUTETHBIMU HANIPABJICHUSIMU PAa3BUTHUSI HAYKU U TEXHOJIOTUI
Pecniyonuku  V36ekucran [IIIN-7 «PamuoHanbHoe NpUpPOIONOJIb30BAHUE U
AKOJIOTHUS: YNpaBJIEHUE BOAHBIMH PECYpCaMU U COBEPLICHCTBOBAHHWE METOJIOB UX
PalMOHAIIBHOTO UCTIOIb30BAHUS.

O030p MeKIYHAPOAHBIX HAYYHBIX HCCJIEIOBAHUH 10 TeMe JUCCEePTAIMH.
UccnenoBanne TEXHOJOTMYECKUX OCHOB JKCIUTyaTalldd HWPPUTAIMOHHBIX H
MEJIMOPAaTUBHBIX CHCTEM, IIOBBIIIEHME HMX HAJAEKHOCTH W HU3HOCOCTOMKOCTH,
COBEPILEHCTBOBAHUE METOJIOB MX IPOEKTUPOBAHUS C YYETOM BO3PACTAIOILErO
AepUIITa OPOCUTEIBHON BOABI MPH OPOILIEHUHU CEIbCKOXO3SHUCTBEHHBIX KYJIBTYD,
HaOUparoT TEMIbI U JOCTUTHYTHI onpeneneHHble ycnexu B CIIA, Poccun, Kurae,
WNupnu, ['ommananm u Ipyrux cTpaHax.
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HccnenoBanusi BeAyIIMX MHUPOBBIX HAy4YHBIX [IEHTPOB, TaKUX Kak
MekIyHapOJHBI HHCTUTYT II0 YyIpaBicHUIO BogHbiMH pecypcamu (IWMI),
MexayHapoanslii komuteT 1o uppuramuu u apeHaxy (ICID), MockoBckuit
rOCyJIapCTBEHHBIN YHUBEPCUTET IpUPOI000YyCTpOICTBA (MI'VII),
Arpodusnueckom nncturyte (ADU), DAO (Food and Agriculture Organization) u
Jp. HampaBJeHbl Ha pa3pabOTKy MPUEMOB IO MPEAOTBPALICHUIO MMaryOHbIX
BO3JIEHCTBUM Je(UlIUTa BOAHBIX PECYPCOB, ONTUMU3AIMIO PEKUMOB YIPABICHUS
BJIQKHOCTBIO HAa OpOIIAEMOM II0JI€, MOJEIUPOBAHUIO IMPOLIECCOB HPpPUTALUU H
MEJUOpAlUH, IMOUCKY SKOHOMHUYECKH ONTHMAJIBHBIX MapaMeTpOB OPOLUEHUS C
MIPUMEHEHUEM S3KOHOMHUKO-MAaTEMaTUYECKOIO0 MOAECIIUPOBAHUS.

OnepaTvBHasi KOPPEKTUPOBKA IIJIAHOB BOJOIOJIB30BAHUSA, ONTHUMHU3ALINS
IJIOMIAZE  CENbCKOXO3SIMCTBEHHBIX  KYJBTYp, MOJEIMPOBAaHUE  JIHUHAMHUKU
BJI&KHOCTH TIOYBBI MPH CHCTEMATHYECKOM Topu3oHTalbHOM npeHaxe (CIJ]) wu
Pa3JIMYHbBIX arpOTEXHUYECKHUX U MEJTMOPaTUBHBIX MEpONPUSATUH,
COBEPILICHCTBOBAHME METOAOB IPOCKTUPOBAHMS W TEXHOJOTMU JIA3€pPHOU
TUTAHUPOBKHU B (PEPMEPCKUX U JEXKAHCKHUX XO3SMCTBAX Halleld pecrnyOIruKd UMeeT
Ba)KHOE 3HAYCHUE.

CreneHb H3YYEHHOCTH NPO0JeMbl. 3HAUYHUTENbHBIM BKJIAJ B CO3JaHUE
TE€XHOJIOTUYECKUX OCHOB AKCILTYaTallil UPPUTALMOHHBIX U METUOPATUBHBIX CUCTEM
BHECTUW ydeHble Y30ekucrana. B  wuHctutyrax THUMM wu  Hayuno-
UCCJIEI0BATEIbCKOM HMHCTUTYTE HUppUraluud W BOAHBIX mIpobinem c 1920 rona
MpPOBOJATCA PabOThl MO ONTUMHU3AIMU HUPPUTALMOHHBIX W  MEJIHOPATUBHBIX
MEpONPUATHIA NPHU AePULIUTE BOAHBIX PECYPCOB.

B ocHOBe CyHIECTBYIOIIMX METOJOB pacyeTa peXuMa OpOIICHUS
(A.H.KocTsikoB 1 ap.) exaT OMOJIOTHYECKH ONTUMAaIbHbIE OPOCUTENIbHBIE HOPMBI,
YTO HE BCerjga ABISIETCS NPUEMJIEMBIM B YCIOBUSX  OrPaHUYEHHOIO
BosooOecneueHus. [loaromy Hapsigy C MpUMEHSEMBIM B OpPOLIAEMOM 3EMIIEIEIUU
wiadoMm Bogonodb3oBanus (M.A.Illapos, H.A Snumesckuii, M.®D.Hatanpuyk,
X.A.AxmenoB, b.C.CepukbaeB) mosiBUiiaCh HEOOXOAMMOCTh BHEIPEHHSI METOJ/IOB
IUIAaHUPOBAHUS BOJOIOJIB30BAaHUS, B OCHOBE KOTOPBIX JIEKAaT OCOOEHHOCTU
BOoJlOpacnpenesieHuss U 3koHomuueckue poruaru (B.A.[dyxosnsiii, H.H.Mup3aes,
®.A.bapaes, C.Kupna, J1.P.Huencomn, JLK.XeHr), CTUMYJIUPYIOLIUE
BOJIONIOTpEOUTENICH K OTHOILIEHUIO K BOJIE, KaK K TOBapy.

Bmecte ¢ 3TUM, OrpaHMYEHHOCTb BOJHBIX PECYpCOB pPEruoHa TpeOyeT
pa3paboTKu O0JIee TOYHBIX U MAaTEMATUYECKH 0OOCHOBAHHBIX METOJIUK YIPABICHHUS
BJAaroil Ha OpoIlaeMoM TMoje. B HM3BECTHBIX K HACTOAILIEMY BpEMEHH padoTax
(C.®.ABepwsinoB, @.b.A6ytanues, M.b.baknymun, C.B.Hepriun, B.M.Illectakos,
A.® Yynuosckuit, M.I.Makkaptu, b.JIoBeiic) He paccCMOTpPEHO COBMECTHOE
Bousinne CI'JI, a Takke pa3iIuyHbIX AarpoTEXHUYECKMX U MEJIHOPATUBHBIX
MEpOMPUATUIA HA TUHAMUKY BJIIAXKHOCTH MOYB.

[IpeneOpexxeHne MPOCATOUYHBIMH  SBICHUSIMH TPU  MPOSKTUPOBAHUU
IUIAHUPOBKU 3€MeNb NPHUBOJUT K HEOOXOIUMOCTH TPOBEACHHS MOBTOPHOU
m1aHUpoBKU. CyllEeCTBYIOIIME METOAUKHA IPOECKTUPOBAHHMS M TEXHOJIOTMH
m1aHupoBOYHBIX pabot (B.Maptencen, H.M.CamconoBa, X.K.I'azues, A.H.JIsanuH,
P.X.bazapos, JI.IL.LKapiroH u xap.) HE YYUTBHIBAIOTCA BOMNPOCHI IPOCATKH
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MOYBOTPYHTOB M MHUHHUMH3AIMA OOBEMOB 3EMIISTHBIX pabOT TPH Pa3TUIHOU
KOH(UTypalui OPOIIAEMOTO TOJIS.

CBsi3b IHCCEPTALMOHHOIO HCCJIACAOBAHHMA C IJIAHAMHM HAY4HO-
HccieI0BaTeJbCckuX padoT. JlaHHas paboTa BBINOJHAJIACH B COOTBETCTBUU C
m1anoM HUP MunucrepcTBa celbcKOro M BOJHOTO Xo3sicTBa Y30ekucrana 2003
roga Ha TeMy «Pa3paboTka METOIMYECKHX YKa3aHU COBEPIICHCTBOBAHMS
nesarenbHocTH ABIT 1 pacdeTsl MOKPBITHN 3KCIUTyaTAlMOHHBIX 3aTpaT MO Mojayve
BOZbI PEPMEPCKUM M JIEXKAHCKUM XO03gicTBam», a Takke miana HVP TUUM na
nepuox 2006-2013 rogsi.

Heabo wucciaenoBanus sBISETCS pa3paboTka HAYYHO-0OOCHOBAHHBIX
TEXHOJOTUYECKUX OCHOB KCIUTYaTAIlMU UPPUTAITUOHHBIX U MEIUOPATUBHBIX CUCTEM
B YCIIOBUSIX HapacTaroUlero Ae(puIuTa OPOCUTEIBHOM BOABI NPUMEHUTENIBHO JIS
ABII VY36ekucrana.

JI1st TOCTH>KEeHHsI HAMEUEHHOM 11esi ¢(hOPMYTUPOBAHbBI CIEAYIONIUE 3ada49U
HCCIeJOBAHMH:

pa3zpaborarb METOJUKY ONEepaTUBHOMN KOPPEKTUPOBKHU IIJIAHOB
BOJIOTIOJIH30BAaHUS B YCIOBUSX JI€(PUIITA BOJIHBIX PECYPCOB;

pa3paboTtath ~ METOJUKY  OINEpPAaTUBHOM  ONTUMHU3AIMH  IUIOLIAJCH
CEJILCKOXO3SIMCTBEHHBIX YTOUN MpU JehULIUTE OPOCUTETHHON BO/IBI;

pa3paboTarh METOJMKY OINTHMHU3AIUHU TUIOMAJEH CEeIbCKOXO035HCTBEHHBIX
KyJbTYp U OOBEMOB OPOCUTENBHON BOJIbI C YUETOM CTENEHU Ae(ULIMTa BOJBI;

pa3padoTaTh MOJIETb JUHAMUKY BJIAXKHOCTU aBTOMOP(HBIX MOYB;

YCTAHOBUTH BEJIMYMHY MOTOKA BJIard Ha MMOBEPXHOCTHU 3€MJIH;

ONPENEIUTh U3MEHEHUS YPOBHs rpyHTOBBIX BOJ (YI'B) npu nanuuuu CI'/];

OLICHUTh IMHAMUKY (PHIIBTPALIMOHHOTO conpoTuBieHus u pacxoaa CI'/l;

pa3paboTaTh MOJEIb pacHpeacsiecHUusT O00bEeMHOM BIAKHOCTH C Y4YE€TOM
MPUMEHSIEMBIX arpOTEXHUYECKUX U METUOPATUBHBIX MEPONPUATUN HA OPOIIAEMOM
10JIE;

YCOBEpPUIEHCTBOBaTh  METOJMKY  IMPOEKTUPOBAHHS U TEXHOJOTHIO
TUTAHUPOBOYHBIX padOT C YUETOM MPOCAIKH TTOYBOTPYHTOB.

O0bexkTamMu uMccjie0BaHus SBISUTHCH opornaemble 3emin: ABII «Caiipam
cysu» u «Kopacys» Kyiin-Uupunkckoro paitona Tamkentckoir obmactu, ABII
«H.MupzaeB» Kymkypranckoro paiiona CypxangapbuHckoi ob6mactu, ABII
«Cypxan» [[xapkypranckoro paitona CypxannapbuHckoi oobsactu, ABIT «I'onu6
cyBU» 3aamMuHCKOro paiioHa Jlxuzakckoit oomactu, ABII «Manar cyB» — JKPK
Karrakypranckoro paiiona Camapkanackoit ooOmactu u  ABII «SHruabam»
Mupizaabaackoro paiiona CeIpJJapbUHCKOM 00JIACTH.

IIpeamer wuccienoBaHMA —  DKOHOMHKO-MAaTEMaTHYECKUE  MOJEIHU
BOJOJICJICHUSI M ONTUMHU3AIUS IUIOMIAJACH CEIbCKOXO3SMUCTBEHHBIX KYJIBTYD,
BJarocOeperamimme TEXHOJIOTHH  00padOTKHM  TMOYBOTPYHTOB W MOJEIHU
BJIArONEpEHOCa, a TaKKe TEXHOJOrUs JIa3€pHOW IUTAHUPOBKH 3E€MEIb C
MPOCAJOYHBIMUA TPYHTAMHU.

Metoabl uccjieqoBaHMs BKIIOYAIOT B ce0si: 0000IIeHNEe U HAYyYHBIN aHaIU3
uMermmxcs  (GOHAOBBIX W ONMYyOJMKOBAaHHBIX  MAaTEpUAJIOB, IPOBEICHHE
7a00paTOPHBIX U TIOJEBBIX WCCIECIOBAHWN; MOHUTOPUHT W MOJEITUPOBAHUE
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JAHAMUAKA W  HAMpPABJICHHOCTH TUIPOJIOTUYECKUX, THUAPOTr€OJOTHYECKUX U
MOYBEHHO-MEJIMOPATUBHBIX  MPOLECCOB C  HCIOJb30BAHUEM  COBPEMEHHBIX
TEXHUYECKUX CPECTB HAOIOICHUM U MaTEMaTUYECKUX METOJIOB, B COOTBETCTBHUHU C
METOAMKaMHu TalllKeHTCKOr0 WHCTUTyTa wuppurauuu u Memwopaunu, HUU
UppUralud M BOJHBIX TpoOieM mnpu TallKeHTCKOro WHCTUTYTa UpPUTallud U
menuoparuu, HUW cenekuuu, CEMEHOBOJCTBA M arpOTEXHOJOTHH BBIPAIMBAHUS
xnonka HUM nouBoBeneHbs U arpOXUMUMU.

Hayuynast HOBHM3HA JHMCCEPTALMOHHOIO MCCJIEI0BAHHUS COCTOUT B
CIEAYIOIIEM:

pa3zpaboTaHa METOJIMKAa BOAOpACIpEACNCHUS B YCIOBHSIX pPa3IUYHOU
CTEIEeHH BOJI000OECIIEYEHHOCTH CIIOCOOCTBYIONINE TOBBIIICHUIO MPOAYKTUBHOCTH
OpOCUTENIbHOW BOJBI U A(OPEKTUBHOMY HCIOJB30BAHUIO BOJHO-3€MEJIbHBIX
PECYpPCOB;

pa3zpabotana MeTouKka rporuo3a quHamuk YI'B nHa pone CI'/L;

BIIEpBbIE pa3pabOTaH METOJ] ONPEEICHHS IBAMOTPAHCIIMPALIUU C YIETOM
Pa3BUTHSI KOPHEBOW CUCTEMBI PACTCHHS, HAJTUYMs MMaXOTHOTO CJIOS U TITyOWHBI
VI'B;

BIIEpBbIE pa3paboTaHa METOAMKA IO MPOTHO3Y M3MEHEHHMs BIAKHOCTU Ha
¢done CI'/] u mpuMeHSIeMBbIX TEXHOJIOTHI: TPATUITMOHHOM TEXHOJIOTUU (KOPHEBOM
— TMAXOTHBIN — MOANAaXOTHBIE CJIOM ), TOCIOMHO-TIOITAITHOM PBIXJICHUH (KOPHEBOM
— MOAMNAXOTHBIE CIIOM), TITyOOKOM PBIXJICHUU TOJISI B HEBETCTAI[MOHHBIN MEPUO
JUISl HAKOTUICHMS BJIark B TOYBOTPYHTAaX (MaXOTHBINA — MOAMAaXOTHBIE CIJION);

pa3paboTaHa METOJIUKA MPOCKTUPOBAHUSI U TEXHOJOTHUS TJIAHUPOBOYHBIX
paboT Ha MPOCAIOYHBIX MOYBOIPYHTAX.

IIpakTHyeckue pe3yabTaThl HCCACA0BAHMSA 3AKIIOYAIOTCS B CICIYIOIIEM:

pa3paboTaHbl AKOHOMHMKO-MAaTEMAaTHYECKUE TMPOrpamMMbl pacuera s
MOBBINICHUS  TMPOAYKTUBHOCTH  OPOCUTEIBHOM BOABI W 3(PGHEKTUBHOTO
UCIIOJIb30BaHUsl BOJIHO-3€MEJBHBIX pecypcoB Ha DBM B yClOBUSX pa3nuyHON
CTENEHU BOJOOOECIICUCHHOCTH TI0O BOJIOJICJICHUIO MEXIY KyJIbTypamu,
COIIAaCOBAHUIO IJI0IIAEN KYJBTYD, ONTUMU3ALNN IJI0IaAen
CEIBCKOXO3SIMCTBEHHBIX KYJIBTYP U UX BOJIONOTPEOICHHIO;

MPEIJIOKEHBl  YCOBEPIICHCTBOBAHHBIE MOJEIHM JIUHAMHUKH BJIAXXHOCTHU
aBTOMOP(HBIX TIOYB;

pa3paboTaH METOJ OIpe/iesIeHNs BEIMYMHBI TOTOKA BJIaru Ha IOBEPXHOCTH
3€MJIM C YYETOM Pa3BUTHUS KOPHEBOW CUCTEMbI PACTEHUSI, HAJTUYUS MaXOTHOTO
ciiosiu YI'B;

MPEIOKEHA MOJIENb 110 TPOTrHO3Y M3MeHenus Y1 B npu Hanmuuum CL/L;

pazpaboTaHa 3aBUCUMOCTh JUHAMUKHU (PUIBTPAIIMOHHOTO COMIPOTHUBIICHUS U
pacxona CI'/l;

MPEIOKEHBl MAaTEMaTUYECKUE MOJICNIH U pOorpamMMebl pacueta Ha DBM 1o
MPOTHO3Y M3MEHEHMsI BIAXKHOCTH Ha opomraemoM mnone Ha ¢one CI'Jl mpu
TPAAUIIMOHHON TEXHOJOTHUH, TMOCIOWHO-TIOITATHOM PBIXJICHUH, TIyOOKOM
PBIXJIEHUHA TIONST B HEBETETAlMOHHOM MEPUOAE I HAKOIUICHHS BJIard B
IMOYBOTPYHTAX;

pa3paboTaHa yCOBEpPIICHCTBOBAHHAS METOJWKA NPOCKTHUPOBAHUS W
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TEXHOJIOTHA IJIAHUPOBOYHBIX Pa0dOT HA MPOCAJOYHBIX TOYBOTPYHTAX.

JloCTOBEPHOCTH MOJIy4eHHBIX pe3yJIbTaToB MOJITBEPIKIAETCS
IPUMEHEHUEM IPU HCCIEIOBAaHUM MEIMOPATHBHBIX IPOLECCOB OOIEHPUHATHIX
Hay4YHBIX METOJIOB, CTaHJAPTHBIX W anpoOUMpPOBAHHBIX B IPOU3BOJACTBEHHBIX M
IOJIEBBIX  YCJIOBMSIX  METOAMK  MCCIENOBaHMUsS. BbIBOIBI  OCHOBAaHBI  Ha
HKCIIEPUMEHTAIbHBIX JTAHHBIX C TEOPETUYECKUMU PACUETAMH.

Teopernyeckass M NPaKTHYeCKasi  3HAYMMOCTh  Pe3yJIbTATOB
UCCJEeOBAHMI 3aKIIIOYAeTCs B HAyYHOM OOOCHOBAaHUHU SPPEKTUBHBIX MyTeH
MIPOTHO3MPOBAHUS HAIIPABIECHHOCTH MEJIMOPATUBHBIX MIPOLIECCOB U MX YIPABJICHHUS,
a TakKe TEXHOJOTMYECKHX IPUEMOB PALMOHAIBHOTO HCIOJIb30BAHUS BOJHO-
3eMEJIBHBIX PECYpCOB B OpoIlIaeMod 30He VY30ekucrana. Vcmonap3oBaHwme
PE3yNbTaTOB MCCIIEAOBAHUI MO3BOJIUT CHU3UTH yIIEpO OT Ae(ULnuTa OpOCUTEIHLHOM
BOJbl, ONTHUMHU3UPOBATH TEXHOJOIMU AarpoOTEXHUYECKUX M MEIHMOPATUBHBIX
MEpPOIIPUATHN, BECTU YCTOWYMBOE CEJIBCKOXO3SIMICTBEHHOE IPOU3BOJCTBO B
yCIOBUSX Je(UIUTa BOJHBIX PECYPCOB.

BHenpenue pe3yJbTaTOB HCCJIEI0BAHMS.

Pa3paboTaHHble METOAMKM IO ONEPATUBHONM KOPPEKTUPOBKE ILIaHA
BOJOIIOIB30BaHNA M IUIOIIAZAECH CEJIbCKOXO3KYJbTYp, a TaKXe IO Ja3epHOU
IUIAHUPOBKE 3€MeNb OBLIM BHEAPEHbl B  BEAOMCTBEHHBIE OpTraHU3aLUU
MuHuCTEpCTBa CENBCKOIO M BOJHOIO XO3SHCTBA Y30EKHCTAaHA, YTO YBEJIUYHIIO
HKOHOMUYECKYIO 3P (HEKTUBHOCTH X03s1iicTB Ha 283,48 ThIC.CyM/Ta MO CPaBHEHUIO C
TpaguuuoHHbEIM MetogoM (CnpaBka o BHeapenun 04/29-103 or 15.01.2015 r.
MCBX).

Pe3ynpTaThl Hay4YHBIX MCCIEIOBAaHMU aBTOpa OBUIM BHEAPEHBI B paMKax
npoekta Asuarckoro ©OaHka pa3Butus «lloBbllIeHHE MPOU3BOIUTENBHOCTU
3€pHOBBIX KYJIbTYp», d3KoHOMUYeckui 3¢ dext coctaBun 10-15 nomnapos CIIA/ra
(CopaBka o Bueapenun 213905/01/012609 ot 26.01.2009 r. Mott MacDonald
Environmental Consultants Ltd).

[ToryueHHble HayuyHble pPa3pabOTKH ObLIM BHEIpEHbI B IpoekTe «Cxema
KOMIUIEKCHOTO HCIIOJIb30BaHMsI BOJHBIX pecypcoB PecnyOmuku VY30ekucraH Ha
2013-2027 rr.» (CopaBka o BHeapenuu 04/29-254 ot 20.02.2015 r. MCBX;
CnpaBka o BHempenun 02-13TCX Ne02 ot 3.12.2014 r. OOnencHeHHEe TIO
MPOCKTUPOBAHUIO BOJOX03IHCTBEHHBIX 00hEKTOB Boampoekr).

AnpobGauust padorbl. Pe3ynbTarhl HCCICAOBAHUN JOKJIAABIBAIUCHh Ha
MEXAYHAPOJIHBIX M  PETHOHAIBHBIX  HAYYHO-TEXHUYECKHX  KOH(EepeHLHUSX:
MEXAYHapOIHAs Hay4YHO-TIpaKTUYecKas KOH(pepeHus «Bogo- u
pecypcocOeperaronye TEXHOJOTMHM B CEJIbCKOM  Xo3siicTBe  PecmyOnuku
V30ekuctan» (Tamkent, 2008 r.); 7-npakTuyeckas KOH(EPEHIUS MOJIOIBIX YUEHbIX
«AKTyallbHble TPOOJIEMBI HUCIOJIb30BAaHUSI 3E€MENbHBIX W BOJHBIX PECYpCOB B
YCIOBUSAX ACPUIMTAa BOJABI M MEPEXOJHOTO MEPHUOAa K PBHIHOYHBIM YCIOBHUIMY
(Tamkent, 2008 r1.); MexayHapoAHas HayYHO-TIpaKTHYECKas KOH(EpeHUus
«IloBbiienne  3(HEKTUBHOCTH  MEIHOpAllMM M CEJIbCKOXO3SIIICTBEHHOTO
MCIIOJIb30BaHUSl MEITHUOPUPOBAHHBIX 3emenby (Munck, 2009 r.); 8-mpakTuueckas
KOH(pEpEeHIIUsT MOJIOABIX YYEHBIX «AKTyalbHbIE MPOOJIEMbl HCHOJb30BaHUS
3eMeJIbHBIX U BOJHBIX pecypcoBy» (Tamkent, 2009 r.); cemunap-tpenunre Cenara
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Omuit Maxuuca 1 UNESCO «YcroifunBoe MCIOJIb30BAHUE BOJHBIX PECYPCOB B
VY30ekucraHe», Ha HAy4YHO-TIPOM3BOJACTBEHHBIX KOH(pepeHIusx mnpodeccopcko-
npenojaaBarenbckoro cocraa TUMUM (2008-2014 rr.), B TpeHMHIrax B paMKax
npoekta ABP «lloBblllleHHE NPOIYKTHBHOCTU 3E€PHOBBIX KyJIbTyp»; IIpoekrta
ITPOOH «CopeiictBue paszButvio TnoTeHnuana @Donaa MenmopaTUBHOTO
YIIYYIIIEHHS] 3eMEJIbY» U Ha JPYTUX HaAyYHBIX KOH(EPEHIUAX U CUMIIO3UyMaX.

OcHOBHBIE MaTepHalibl pabOT B BHJE HAYYHBIX OTYETOB M JOKJIAJIOB
paccMaTpuBajIuCh Ha 3acefdaHusax YueHoro coera THUHUM (2005-2014 rr.),
VYuenoro cosera MBIl AH PV u psanma apyrux npou3BOACTBEHHBIX M HAay4YHBIX
opranuzanuii (2005-2011 rr).

Ony0/1MKOBAaHHOCTH pe3yJbTaToB. [lo TeMe auccepTanuu OmyOIMKOBAHBI
38 pabot, U3 HuUx 12 B pecnyOJMKAHCKUX M 5 3apyO€kKHBIX NEPHOJUUYECKUX
W3JaHUSX.

Crpykrypa u 00bem aucceprauuu. uccepranus coaepxut 200 cTpaHuil
MAaIIMHOMKMCHOTO TEKCTa, BKIIIOYAET B ce0s 46 pucyHKoB, 20 TaOJIUI] U COCTOUT U3
BBEJICHUS, 3 YacTel, 3aKkimoueHuss u npuioxkeHus. bubnuorpadus Bximrovaer 277
HaVMEHOBAHUM.

OCHOBHOE COJEPXAHUE JUCCEPTALIUUA

Bo BBeneHHM OOOCHOBBIBAETCS AKTYaJbHOCTh U BOCTPEOOBAHHOCTH TEMBI
JIUCCEPTALMH, POPMYIHPYETCS LETb U 331a4l, OOBEKT UCCIEAOBAHUS, TPUBOIUTCS
COOTBETCTBHE HCCJICAOBAHUS MPUOPUTETHHIM HAINpPABICHUSIM PA3BUTHUU HAYKU U
TexHosoruii PecnyOnuku Y30ekucTaH, pacKpbhIBacTCsi HaydHas HOBU3HA U
pakTUYecKass 3HAYUMOCTh pEe3YyJbTaTOB, OOOCHOBBIBAETCS JIOCTOBEPHOCTb,
PUBEACH CIIMCOK BHEIPEHUH B MPAKTHKY, a TAKXKE CBEJICHUSI IO OMyOJIMKOBAHHBIM
paboTaM U CTPYKTYpE AUCCEPTaIIUU.

B nepBoi yacTu 1aH aHaIU3 COBPEMEHHOMY COCTOSIHHIO BOJIHO-3€MEJIbHBIX
pPECYpCcOB M TIEPCIEKTHBA TMOBBIMICHUS WX A(O(PEKTUBHOTO MCHOJIb30BAaHUS B
OpOIIAEMOM 3€MIIEJIENIMA, B YAaCTHOCTH PACCMOTPEHBI BOIPOCHI TEXHUYECKOTO
COCTOSIHUSI MEJIMOPATUBHBIX CHUCTEM, TMPOOJEMbl MppUTAlMM U JIPEHaXa,
KaueCTBEHHOM XapaKTEPUCTUKH OPOIIAEMBbIX 3€MeJlb, a TAK)XKE UCTOPHUS Pa3BUTHUS
ABII V36ekucrana.

Bo BTOpOIi 4YacTH paccMaTpHUBAIOTCS BOIPOCHI COCTABIIEHHUS SKOHOMHUKO-
MaTEMaTUYECKOM MOJIETTM BOJONOJIb30BAaHUSI B YCIOBHUSAX Je(UIIMTa BOJHBIX
pPECYpCOB, JaH aHAJIN3 SKOHOMUKO-MaTeMaTHYECKNX MOJIENIEH ONEPAaTUBHOTO BOJIO-
MOJIb30BaHUsI U TOAXOAOB IO COCTABIICHHIO U pea3allMU IJIAHOB BOJOMOJIb30-
BaHMUS, IPEJIOAKEHBI ONIEPATUBHBIE MEPOIPUATHUS IIPU BOJIONOJIH30BAHUH.

Bonopacnipenenenue  Mexay ~— uieHaMu  (BOJOIOJIB30BATESIMA U
Boponorpedutensimi) ABII um BHYTpH XO034HCTB OCYIIECTBISIETCS HAa OCHOBE
CHUCTEMHBIX U XO35UCTBEHHBIX MJIAHOB BOJOMOJIb30BAHMUS, TEOPETUUECKUE OCHOBBI
KOTOpBIX BrepBble 3amoxkuian akaa. A.H.KoctsaxoB u mpod. H.A SnumeBckwuii.
3atem ux pazsuiu akaja. M. A.lllapos, npod. C.P.Odenrenaes, npod. B.A.lllaymsn,
npod. M.D.Haranpuyk, mnpod. X.A.Axmenon, npod. b.C.CepukbaeB, K.T.H.
H.H.Mup3aes, npod.®.A.bapaes, a Takxe 3apyOekHbIC YUCHBIE.
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[Ipenaraemas AKOHOMHUKO-MAaTeMaTHIECKAsI MO/IEJIb MO3BOJISIET
bepMepckoMy WM JEXKAHCKOMY XO3SIMCTBY MNPEANPHUHATH Psii Mep, KOTOpbIE
MOMOTYT MPEJOTBPATUTh WJIM BOBCE HE JOMYCTUTH MOTEPIO YaCTH MPUOBUIA H3-3a
yiiemieHus B Bojie. B ocHoBe Mojenu jexuT 3aBucuMocTh (Mupsaea H.H.)
YpOXKANHOCTH KYJIBTYpPBI OT CTETIEHH 00ECTIEYUEHHOCTH OPOCUTEIHLHOM HOPMOIA:

2
Yi ==AYion '\LIVI_-._]_ + Yiopts

iopt (1)
B dopmyne: Ao =1,23K1K2K3, 3nech Ki — Ononornueckuii KoaQPuIMeHT KyJIbTyphl;
K3 — xnmumatuaeckuit koapdunnent; Kz — koapdbuumreHT, yauTrIBaromui moYBEHHO-
MEIMOPATUBHBIE YCIOBUS; Viopt , Vi — ypOXKaNHOCTH KyJBTYyp IIPU HOPMAaTUBHON U
(akTUYeCKOW OpOCUTENBbHOM HOpME, 1YTa; Migp, Mi, — nnaHoBast U (pakTUUYECKas
OPOCHTEIBHBIE HOPMBI, M/Ta; | — BUJI CENTbCKOXO3AHCTBEHHON KYIBbTYPBIL.

IKOHOMHUKO-MaTeMaTHYeCKasi MOAeJIb ISl ONIEPATUBHON KOPPEKTHPOB-
KU IJIAHOB BOJOI0JIb30BaHUs NPU AeduIUTEe BOJAHBIX pecypcoB. [Ipennaraemas
CHUCTEMA YPAaBHEHUN NMEET BU:

(Pl_cl)Yl'Fl"'(Pz _Cz)Yz : Fz +"'+(Pn _Cn)Yn : Fn :Gm

ax

2
M
Yl = _Al 'Ylopt(M—l _1] +Ylopt

1lopt

2
M
Y2 = _AZ 'Y20pt(M—2 _1j +Y20pt (2)

nopt

M,-F,+M, -F,+..+M, -F, =K, (M

o+ Mooy Fp++ Mo - F)

lopt * 20pt

r7ie G max — MPUOBLIB OT peain3alny IpoayKIui, cyM/1r; P — peaau3aimoHHas 1ieHa
npoaykmuu cym/m; Ci — HM3AEpKKH TPH TPOU3BOJCTBE CEIHCKOXO3SHCTBEHHOU
KyJIbTYpbl, cyM/11; Y, Fi — ypoxaitHOCTB, miiomaas KyJabTypHl, 1/Ta, ra.
OneITHl IPOBOAWINCH, ITpU yuacTuu XynaiiHazaposa XK.K., 2008 - 2010 roxsr
Ha 11 QepMepckux XO3sIMCTB B JBYX KaTEropusx, mepBas Ha MEJIKOJCITHOYHBIX
MaccuBax MJig OINpeAeNieHUs 3aBUCUMOCTH YpOXkasi OT BOAOOOECIEYEHHOCTH U
BTOpasl I WCIBITAaHUS METOJIMKH OIEPATUBHOIO PACHpPENEIEHUS BOIBI MEXKIY
MATHIO KyJIbTypamu (Tabm. 1).
Tabumuna 1
CpaBHeHuUe pe3y/ibTATOB OPOLIEHUS NATH KYJbTYP MO NpeajiaraeMoi
U TPAAULMOHHON METOAUKAM ONEPATUBHOM KOPPEKTHUPOBKH
IJIAHOB BOJAONOJIb30BAHMS

Xno- | Kyky- | Kapro-

Mam | Tomar | Bcero
TIOK py3a ¢enp

BapuanTsl

OpocuTtenbHas HopMa, M>/Ta

OntuMansHO Onosnornueckas | akruyeckas 5000 | 3500 3000 2500 2000 16000

Ilo TpanuuuonHomy Merony | Pacuernas 3500 | 2450 2100 2000 1400 11200

[To npennaraemomy merony | Pacuernas 5000 | 1189 3000 370 1641 11200
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YpoxkaifHOCTB, 1|/Ta

OnrumansHo 6nostorndeckas | daxkrrueckas 36 68 150 12 102
[To TpagumoHHOMY PacuerHas 27 53 96 10 72
METOAY Kontpons 28 52 91 9,0 74
PacueTnas 36 35 150 5 84

IIo npennaraeMmoMy MeTOTy OmnLir 38 3 150 1 81

Hoxon, Teic.cym/Ta

OnruManbHo ononornyeckas | @axtuueckas | 1343,6 | 1349 2350 908 1290 | 7240,6

Io TpamumoHHOMY PacuerHas 73,82 | 826,5 397,3 718 684 3363,9

METOY Kontponp 822,8 789 226 563 730 3130,8
0 Pacuermas | 1343.6| 199 2350 08 928 | 49182
O HPEATIATAcMOMY METOAY 1"y i 14738 89 2422 12 | 870 | 48428

Ananu3 TaOMUIBl TOKa3bIBAET, YTO MAKCHUMAJbHYIO MPUOBLIbL MOXKHO
MOJYYUTh HepepaclpeieIeHHeM OpPOCUTENbHOM BOJABI IO Ipe/iaraeMoMy HamH
METOIOM.

JKOHOMHKO-MaTeMaTH4YeCKasi MoJedb PANHOHAIM3ALMM ILIOIIA/Iei
CeJIbCKOXO035IIICTBEHHBIX KYJIbTYP NpH JeduiuTe BOAHbIX pecypcoB. [lonessie
ombITel TipoBoamauCh B 2008-2010 romer Ha 3 QepMepckux Xo3sicTBax u 2
MpuycaneOHbIX ydYacTKax. JTa 3aJada pelaeTcs MpU IOMOIIH, CIEAYIOIIeH
CUCTEMBI YpaBHEHUI:

N
Z(Pu - Ci)Yi Fiopt = Gmax
i=1
N N
Z M inorFiopt = KJH/IMZ M inorFi,
i=1 i=1
I:1opt = fl -F
S Fpop= f, - F @)
|:Nopt fN : F
N
F=>F
n=1

31ech fi — cooTHOIIeHNe TUTOMAAN KYJIETYPBI K OOIIEeH TUTOIIA/IH.
HwxenpuBenennass Tabmuiia 2, TO3BOJSIET CPaBHUTH IUIOMIAAU TISITH
CEIIbCKOXO3SIMCTBEHHBIX KYJIBTYP MO TPAAULMOHHON U IpeaiaraeMon Metoauke. B
Ta0JIUIIE TAKKE OTOOPaKEHBI PE3yJIbTAThl YPOKAWHOCTU U MPUOBLITN IO PACYETHBIM
1 (haKTUYECKUM JaHHBIM, KOTOPbIE OBLITN TIOTyYEHBI TIPH MOJIEBBIX HKCIIEPUMEHTAX.
Taoauna 2
Pe3yabTarhl onTuMu3anum mwiomajaei Kyabtyp B ABII «H.Mup3aen»

Bapuantst Jhioue- | Kyky- | Kapro- Tomar | Mam Bcero
pHa py3a denb
Tnanmpyemas 5 25 15 20 2 67
IUIOILA/b, Ta
OnTtumanbsHas
Ouosoruueckas [lnarupyemas
OpOCHUTEIbHAS 2100 5000 4100 3450 2940
HOpMa, M°/Ta
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ITo PacueTtnasa
TPaTUIIIOHHOMY OpOCHTEIbHAS 1470 3500 2870 2415 2058
METOJy HOpMa, M°/ra
Pacuernas 44 10 7 3 3 67
[To nmpennaraecmomy [TOIa b, a
METO PacueTtnas
Y OpOCHTeNbHAS 2100 | 5000 | 4100 | 3450 | 2940
HOpMa, M°/ra
YpoxkaitHOCTh, 1/Ta
Onruma,as daxTuccKas 80 61 135 | 120 14
onoornyeckas
ITo Pacuetnas 44 32 71 63 7
TPaAIHOMHOMY KoHTpouh 46 30 68 57 9
METOLY
[To mpennmaraemomy Pacuernas 80 61 135 120 14
METOJTY OnbIT 78 56 115 110 18
Hoxon, Teic. cym
OnTumanbhas daxTHUCCKas 2400 | 6863 | 23085 | 17520 | 7000 | 56868
OuoJIornYecKas
ITo Pacuernas 1320 3600 12 141 9198 3500 29 759
Tpa”ﬁgfg;*;‘my KOHTpOTE 1380 | 3375 | 11628 | 8322 | 4500 | 29205
ITo npennaraemomy PacueTtnas 21120 2745 10 773 2 628 10 500 47 766
METOY OmneIT 20 592 2520 9177 2 409 13 500 48 198

W3 naHHBIX TaOJMLBI BUAHO, YTO MAaKCHMMalbHas NPHUObUIb MPUXOJUTCA Ha
XO34MCTBA, KOTOpPBIE CIIENOBAIA IMPEMIOKEHHOW METOAUKE  ONTHUMHU3ALUHU
CEJIbCKOXO3SIMCTBEHHBIX YIOJIUM, a HE IO Xa0OTUYHOMY METOJY, UCIOJIb3yEMOMY B
HacToslIee BpeMsi MHOTUMHU (pepMepaMu U BiIaelIblIaMH MPUYyCcaeOHbIX YYaCTKOB.

JKOHOMHUKO-MATEMATHYECKAash  MOJeJb  ONTHMH3ALUMH  IUIOLIAJEH
CeJIbCKOXO3SIICTBEHHBIX KYJbTYP H 00beMOB BOJOJCJCHHS B YCJIOBHAX
AepUUIUTA OPOCUTEJIBbHONM BOABbI. B yClIOBUSX apuAHOM 30HBI U U3MEHUYHUBOCTHU
BOJHBIX pECYpCOB [Jsi TMOJyYE€HUS MaKCHUMaJbHOTO J0XO0Ja HEeoO0XOAMMO
BapbUPOBAHUE o0BeMamMu OpPOCHUTEIILHOU BOJIBI 51 IJIOIIAISIMU
CEJIbCKOXO3SIMCTBEHHBIX KyJIbTyp. JlId peleHus [aHHOrO BONpPOCAa HaMHU
pa3zpaboTaHa SKOHOMHKO-MaTeMaTHuYecKass MOJENb ONTUMHU3aLMU IUIOIaJeiH
CEJIbCKOXO3SIMCTBEHHBIX KYJBTYp M IIOJAaBAEMOM OpPOCHUTEIIBHOW BOABI B
3aBUCHUMOCTH OT CTEIIEHH MajOBOJbsi, B OCHOBE KOTOPOW JIEKHUT CIIECIYIOLIast
CHUCTEMA YPAaBHEHUI:

i(Pu - Ci)Yi Fiopt = Gmax; i MioptFiopt = Kﬂl/[Mi Mi,norFi,:W; F= i F;
i=1 i=1 i=1 ) n=1
Fope = TiF: W, =wW; M, = Il/l\/l ; Y1=—A{ M, _ J + Y. ax s
opt 1lopt 2 (4)
F20pt: sz; W2=W2W; Mzzl\zNz ; Yzz_'o‘z[l\/llvl2 - } +Y2max;
20pt 20pt
................... 2
FNopt:le; Wy =wW; MNZF\:N_N; YN:_AN(MMN - J + YN rax
Nopt Nopt




31ech fj, Wj— COOTHOIIIEHHE COOTBETCTBEHHO TUIOMIAAM KYIbTYPHI K OOIIIEH TUIOIIaau
1 00beMa BObI K 00IIIEMY TUMUTUPOBAHHOMY 00BEMY.
3, TIO3BOJISIOIIAs

Hioxe

IIpUBCACHA
OIITUMHU3NPOBAHHBIC

IUIOIAAN

HTOroBasi
T

Tabiauna
CEJILCKOXO3AICTBEHHBIX

KYJbTYpP

CPaBHUTD

51

OpOCUTEJILHOM HOPMBI. B 3T0# Tabnuile Takke MpuBEAEHbI 3HAUCHHS YPOKAHHOCTH
U JI0XOJ TI0 paCUeTHBIM U (PAKTUUECKUM JJAHHBIM IPH TTOJIEBBIX KCIIEPUMEHTAX.
Taoauna 3
Onrumu3anus JIomAaxel ¥ OPOCUTEIbHBIX HOPM NSATH KYJIbTYP

BapuanTst Jronepna I;};I;z_ Kaprodens | Tomar | Mar Bcero
ITnomane, ra 1 2,5 0,5 1 2 7
OnrumasHas OpocurenpHas
Ouonoruyeckas p 3 2100 5000 4100 3450 2940
HOpMa, M°/Ta
Io OpocurenpHas
TPaIUIIHOHHOMY p Hs 1785 4250 3485 2932,5 | 2499
HOpMa, M°/Ta
METOIY
ITo ITmomans, ra 2 15 1 0,5 2 7
npeajiaracMom Opocure a
p weron Y| “pocut “‘;/H 1 2000 4300 4050 3400 | 2940
y HOpMa, M°/Ta
YpoxaitHOCTb, 1/Ta
R I vs——— 80 61 135 120 14
OnoIornyecKas
Tlo PacuerHas 73,8 56,2 119.4 1114 | 12,8
TPVMIHORIOMY | o nrpons 74,1 55,4 1213 | 1102 | 134
METOIY
Tlo PacuerHas 77,6 59,4 129.4 1173 | 13,7
HpeAnIaracMoMy Ot 78 56 125 115 14
METOAY
Hoxon, TeIC. cyM
Onmumanbhai | bes aepuuura 480,0 686,3 769,5 876,0 | 70000 | 9811,8
6HOHOFH‘ICCK3$I BOAbI
Tlo PacuerHas 4428 632,3 630,6 8132 | 64000 | 89689
TPVMIHORIOMY | o nrpons 444.6 623,3 691,4 | 8045 | 6700,0 | 9263,7
METOIY
Tlo PacuerHas 931,2 401,0 14752 | 428,1 | 6850,0 | 100855
fpeAnIaracMoMy Ot 936,0 | 3780 | 14250 | 4198 | 70000 | 101588
METOJTY

CornacHO NaHHBIX TaOJNWIBI BUAHO, YTO JOXOJ B XO3AHCTBaxX, KOTOPbHIE
CIEAOBAIM MPEJIOKEHHOM METONMKE ONTUMHU3ALMUA  CEIbCKOXO35MCTBEHHBIX
YrOAWid W BOJOMOJAYM BO3pOCHA MO CPABHEHUIO C XAOTUYHBIM — WHTYUTHBHBIM
METOJIOM, MCIOJIb3yEMOMY Ha CETOAHSIIHMM JI€Hb MHOTMMH (epMmepaMu U
BJIa/I€NIbLIAMU MPUYCaeOHBIX YYaCTKOB.

B Tperbeil 4YacTH pacCMOTPEHBI HCCIEJOBAaHUS BIAKHOCTH TIOYB U
TEXHOJIOTUS TUIAHUPOBKM HA MPOCAJOYHBIX TpyHTax. OrpaHUMYeHHOCTb BOJHBIX
pecypcoB peruoHa TpedyeT pa3paboTku Oosiee TOYHBIX M MaTeMaTHYECKH
000CHOBaHHBIX METOJAMK yNPaABICHHs BIaroi Ha opouraeMoM mnose. Takue paboTs
BEIUCh B IIKoJax KpymHedmmx ydeHbix: C.D.ApepbsHoBa, @.b.AbOyranuena,
®.A.bapaesa, Il.f.Ilomy6apunoBa-Kounnoii, P.K.HMkpamoBa, C.B.Hepmnuna,
b.C.CepukbaeBa, B.M.llecrakoBa, A.D.Yynnosckoro, I'apnuepa, Kimrora,
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Puuapnca, Yannaca, k. @uimnnna v ap. BaXHO OTMETUTB, UTO PELIEHUS TOJIYYEHBI
6e3 yuera BhusHuga padorer CI'J[, a Takke 3HaueHHs KOIPPUIIMEHTOB
BJaromnepeHoca u 1udPpy3MBHOCTH NPUHSTH TOCTOSHHBIMU OT BPEMEHH.

JAnHaMuKa BJIaronepeHoca B aBTOMOP(QHBIX MOYBAX B HAYAJIbHbIN NEPUOJ
pa3Butus pacreHuil. [IpoBeneHHbIE O HACTOSIIETO BPEMEHH HCCIEAOBAHUS
NOKa3adu  HECOCTOATENIbHOCTh  YNPOLIEHHBIX  TPAaKTOBOK  YIPaBIICHUS
IPOJYKTUBHOCTBIO arpo3KO-CUCTEM, KOTJa BO BHUMAHHE IPUHUMAINCh WIIN
W3MEHEHUS TOJHKO HECKOJBKUX HW30JUPOBAHHBIX IOKa3aTenei, ambo o0
MH(GOPMATUBHOCTH HWHTETPAIBHBIX IOKa3aTeleld OOBIYHO CYIWIM MO JaHHBIM
KOPPEJSILIMOHHOTO U PETPECCUOHHOTO aHAIN30B, UTO HE BCEI/1a OTPAKAET peajIbHbIE
MIPOLIECCHI, IPOUCXOIAIIUE B CUCTEME «II0YBA—BOJa—PACTEHUEY.

B HavanbHbII EpUOJ pa3BUTHUS PaCTEHUI IPU aBTOMOP(HBIX NOYBAX, KOTAa
TpaHcnupauuei E, MoxHO npeHeOpeyb, A IBYXCIOWHOM Cpefbl, COCTOSLIEH U3
NaXOTHOIrO M  MOJNAXOTHOTO  CJIOEB, OyJIeT HCHOJIb30BaHa  ClEAyHoLas
MaTeMaTU4YeCKast MOJEIb.

d {Dl(Wl)dwl}— dK,(W,) _ 0(0<z<2,)

dz

dz dz (5)
d dw, | dK,(W,)
—|D.,(W 212y 2/_0/(z,<z<L
2 ot |- M) 0., <2 <)
W(0) =W,,, = const, Wl(zl):WZ(Zl)
dw, dw
|:K1(W1)_ Dl(Wl)d_l:| =[K2(W2)_ Dz(Wz )_2}
z z=2, dz z=7,
W2 (L) = WnB
rJI€ COOTBETCTBEHHO IS IMaXOTHOroO W moamnaxotHoro cioes: Wi, Ws — 00beEMHBIE
BJIQYKHOCTH; KO3 (P UIIHEHTHI BJIarOMPOBOTHOCTH MIPUHSTHI B BUJIE:

Az B,z o
Kl(Wl): Ae™ ,KZ(WZ): B,e™ Tak kak paccMaTpuBaeTCs CTAllHOHAPHBINA PEXKM, 3a
kod(punmeHTsl  TU(PGY3UBHOCTH  HCIOIL30BAIMCh, WX CPEAHUE 3HAYCHUS:
D,(W,)= D, = const, D, (W, )= D, = const;
L — rmyOMHA TPYHTOBBIX BOJI, M; Z; — I'paHUIla MKy MaXOTHBIM U MOANaXOTHBIM
cnosimu, M; Wip — HEKOTOpasi MPOMEKYTOUHAS BIIATOEMKOCTh MEXITY BIAKHOCTBIO

3aBsananus W3 u mpenenbHo BAaroéMkocTblo Wiy, T.€. Wy <Wp, <W””B, W —
MOJIHAsl BJIATOEMKOCTh, Z — BEpTUKAJIbHAs KOOpPJHWHATa, HalpaBJCHHAs BHU3 OT
MOBEPXHOCTH 3eMiu. Pemias 3amady, MOJyduM paclpelesieHue OO0BEeMHOM
BJIQKHOCTH KaK (DYHKIINH Z:

W)= A (e _1)+5{an W A B (e _eszzl)_ie/«za}wnp ©

AZDl G AZDl B2 D2 AZDl
0<z<z
W2 (Z) :WHB —_ Bl (eBZL _eBZZ )_M{WTIB _WHP +i_i(e82l- _eBzzl )_ieAﬁZ1:|'
BZ D2 DZG AZ Dl BZ D2 AZ Dl (7)
z,<z<L

B3aumocBs3b BJaromepeHoca B aBTOMOP(HBIX MOYBAX C YYeTOM
Pa3BUTHSI KOPHeBOW cucTtembl. HaunHas ¢ mepuoja BpeMEHH, KOrja KOpHEeBas
cucteMa OyJeT HaXOAUTHCS B MaXOTHOM clioe U TpaHcnupanueit Er npenedperarsb
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HEJIB3sI, BMECTO KpaeBo 3aaun (5) paccMaTpuBaeTCs CICAYIOIAst:

d dw, | dK 12E z z°
—| D,(W Ll —1_ T |1- - =0, 0<z<o+u.
dz[ W) dz } dz 7(5+u*){ 2(6+u.) 2(5+u.y O<z<o+u)
d oo\ AW, | dK]
a|:Dl(Vvl )d—zl}_ dzl =0, (+u.<z<7)
d dw. dK
E{Dz(wz) d;}—d—zzzo, (z,<z<L)
(8)
W,(z)|,_, =W, = const W, (5 +u.) =W, (5 +u.)
|:K1(W1)_ Dl(Wl)dW1:| = |:K1*(VV1*)_ D;(\Nl*)dWl } Wl*(zl)zwz(zl)
dz Z=6+u dz Z=5+u
{KI(W;)_ D;(Wl*)de } = ‘:Kz(wz)_ D, (W, dWZ} W, (L)=W,, = const
dz z-7, Z lz-z

JIOTIOTHUTENBHO K MPEIBILIYIIMM 0003HAYEHUSIM BBEJIEM CIICTYIOIIHE:
* *) A% A;Z * *\ *
Kl(\Nl)_Aie : Dl(\lvl)—D1 = const
d — riryouHa KopHeBo# cucteMbl; U = 6+Ux — riryOrHa, ¢ KOTOPOI BO3MOKEH MOCOC
BJIar'¥ KOPHSMH PACTEHUHN. 3/1eCh BBITIOJIHEHO YCIOBUE:

ﬁ ]'u*[l_ z — 2" 2}dz =E; (9)
7(0+u.) o 20+u.) 2(0+u)

Brenem crenyromnie 0003HaYCHHUS:
P=D,D,(z,-U)+D;DU + Dl*Dl(L—zl)

@ =W, —W,. —_ 21 a8l _gB A1 eAQzl_eAgu eV _1|+
1 11B 7P BZDZ[ ] AZD ] A D [ ]
L3AU TAUTZ-U L-g,
8D, 12D,| D, D,
Pacnipenenenne 00bEMHON BIAXKHOCTH KaK (yHKIIMU TIIyOUHBI OyJIEeT UMETh
BH/I;
2 2
W, (2) =W, + A [eAQZ— ]+ 1§ETZ 1z ¢ - +D1*ngzOszsa+u*
4,D, 7D/ (5 +u.)|2 12U 24U P
W,'(2)= 2+ A e™? — 5+“)]+z DD 7A5(5+u) LA (eA2(5+”*)—1)+
AD; »* 12D; A,D,
3A, 2 . @, TA(5+u.)
+W,, — =3 (s+u. ) +| (D] —=D,)D, == -~ = (5 1,
sty +| (000, TR )
o+u.<z<7z
W,(z)=W,, — By (eE‘ZL —eBZZ)+(L z)| D,D; — M z,<z7<L
B,D, P 12D, (10)

O cnoco0e onpeesieHUus1 NOTOKA BJIATH HA MOBEPXHOCTH 3eMJId. B nanHoit
pa60Te yT-II/ITBIBaeTC}I N3MCHCHUC O6’beMHOI71 BJIAXKHOCTHU B Hpe,ueﬂax OT BJIAXKHOCTH
3aBsIaHdsl OO €€ NPEAECIbHOW TOJIEBOM BJIAroeMKOCTH. Bmecte ¢ 3TuM, mnpu
ONPEAECTICHUHN 3aKOHOMEPHOCTEHN NMEPEIBUKEHNS BJIard U MUTATEIbHBIX BEIIECTB U
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OTPaXEHUH PEATHHBIX MTPOIIECCOB B CUCTEME «ITOYBA—BOIa—PACTEHHE), HEOOXOIUMO
YUUTHIBATH HE TOJBKO CIIOMCTOE CTPOCHUE CPEJIbl, HO U CTENECHb PAa3BUTHUSI OPTAHOB
pacTeHul B Bere€TallMOHHBIN MEPUO/I.

Korma xopHeBasi cuctremMa HaXOJUTCSl B TaXOTHOM CJI0€ U TpaHcnupanuen Er
npeHeOperaTb HeINb3s, BIAKHOCTh ompenensercs 3aBucumoctbio (10). Ecnu B

pelieHud KpaeBod 3ajayu (6) MPUMEHUTH 3aBUCUMOCTH W1(2)|Z:0 =W, =const, To

nepBoe ypaBHeHHe B cucteme (10) mpumer ciexyronmii Bug (0<z<d+u*):

1 [ 62°E z z° " 2
Wl(z)25{7(5+l]){1 6(5 +u.) 12(5+u)} ﬁ(e%(é e )—E¢[Z—(5+U*)] .
X .
_ Ay (5+us) E —E L_Zl Zl_(5+u*) _ Bl Bl aBozy )
[Aeh ) 4 E, { Sa, Blru)] B o) (11)
. W) o (5+Us 9E
_—A;)* (eA2 1 _ghl ))— 14D, T (5 +u.)+W,,;
1

[TpupasuuBas ypasuenue (7) u (10) npu z=0, onpenensiem Eq:

W, =W, — BfllDz e —eBzzi)+AS1;l*(eAgzl —e™ )+ f4ED u +A;A|1)(EAZU ~1)+(Ae™ +E, { Lz, 4 —*u}

DZ Dl
@ =
I et O Sl
Dl DZ Dl
(12)

3aBucumocTth (12) mnoarBepxkmaer runoredy Jx. duimnma o mpamo
IPOIMOPLMOHAIIBHON 3aBUCUMOCTH MEXKIYy IOTOKOM BJard Ha NMOBEPXHOCTH Eg¢ u
BJIATOEMKOCTBIO.

Omnpenenenue MoJi0KeHUs CBOOOHON MOBEPXHOCTH MOA3€MHBIX BOJ NPH
Haguuuu CIJl. UcxonnbpiM nuddepeHImanbHbIM YPaBHEHHEM JUIsI ONIPEIeTIeHuUs
YPOBHSI TPYHTOBBIX BOJ  SBJSIETCA YpPaBHEHUE YACTHBIX MPOU3BOIHBIX
napaboardecKoro THma, T.€. JIMHeapu30BaHHas noctaHoBka A.S. OneitHuka:

oh o%h
mo E = thCP W -+ al — blh -+ 5(t) (13)

rae My — MOPUCTOCTh TPpyHTA; h — ypoBeHb TPYHTOBBIX BOJ, Kak (QYHKI[HS
MIPOCTPAHCTBEHHOM KOOPAMHATBHI X W BPEMEHU t, OTCUMTHIBAEMOM OT HUYKHETO
3aryy0JIeHHUsT TOPM3OHTAILHOTO JpeHaxka, a Ncp — cpemHee 3HAYCHHE YPOBHS
TPYHTOBBIX BOJI 32 pacCMaTpUBAaEMbI MPOMEXYTOK BpeMeHH; K1 — koaddurmeHt

¢GunpTpaiuun  cpeasl, B kotopor pacmnonoxen CIJ[; &(f) — HHTEHCHMBHOCTB
UHQWIBTpALUY.
a, = Wohmv ; b1 — Wo
m _hKP m _hKP

3nech Wy — ncmapeHue Ha MOBEPXHOCTH MOYBBI pu h = Mg; hxp — kpuTHYECKast
rIyOHMHA, TPU KOTOPOU UCTIaPEHUEM MOXHO MPEHEOPEYb.
YactHoe peuienue ypaBHenus (13) uiercs B Buze:

h(x,t) = a(t)R(X) + B(t) , (14)

rye R(x) = C,shvux + C,chyux
C yuetom (14) u pemas (13) nosiyuaem 3aBUCUMOCTb B BUJIE:
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b1k1hcpv bt
() = oL =L O -hO0)] {h(L’O) LO-hO0) a]n &,

e M 4L
chvvL-1 CchdvL-1 b blbl

(15)

Heo6xonuMo oTMeTHTh, 4yTO B BeretaunoHHslii nepuon €=0, Wip#0. A Bo
BHEBETETAIIMOHHBIM TMepuos (B TMEpPHOJ MPOMBIBKA 3€MENlb) H3-3a OTCYTCTBHS
ucnapenus a1/b;=0, a uapunprparus e20.

[1.41.ITonyb6apunoBa-KounHna mpeiokuina oOnpeaessiTb BeduduHy Nep,
BOCIoJb30BaBIIMCh MetonoM B.M. IllecrakoBa, T.e. hcp — 3TO cpenHee 3HaueHME
MaKCUMaJIbHOTO U MUHHMMAJbHOTO YPOBHS I'PYHTOBBIX BoJ. KoHe4HO ke, Takoi
MOJIXO0JT HE BCET/Ia IPUEMJIIEM JIJIsl OPOIIIAeMOro 3eMJIeIeus, I/ie KojeOaHue ypOoBHs
TPYHTOBBIX BOJ 3aBUCUT OT opoumeHus. Ilosromy wucnonb3ys (15) omnpenenum
CpeaHee 3HaUeHHEe YPOBHS TPYHTOBBIX BOJ HA (PMKCHUPOBAHHBIH nepnon BPEMCHH:

1 h(L,0)-h(0,0) & 2 a ¢ shb L[h(L oo] blklh“’”
hepl. =— | h(X,ts Jdx =| h(L,0) + Algm™ A,
e L.f[ ( O) (-0 chvvL-1 by b, b \/— L(Ch\/— L- 1)

(16)
Boipaxxenune (15) sBhsieTcs TpPaHCUEHIEHTHBIM, IOITOMY €ro pellieHHue
OTpeJeNsieTCs IyTeM MOCTPOEHUs rpaduka.
Onpenenenue GuabLTpaMOHHOrO conpoTuBJenust u pacxoga CI'A. [ns
HaXOXJCHUS  (PWIBTPAIMOHHOTO COMPOTUBIICHUS JIPEHAXa, BOCIOJIb3YyEeMCS
TPaHUYHBIM YCIIOBUEM, UMeroIuxcs B padote A.f.Oneitnuka:

>0, x=0, h_h _
OoX 2@

_kthPUt bl_kthPUt

o=t Com L ate T oL (17)
C. C.b,

O6bem Boabl Ha 1 mor.M B Mexapenbe npu CI'J[ Oyaer ucuucnarbes 1o
CIEYIOIEH 3aBUCUMOCTH:

b —kihepv kthPU bt
Wi =2m,| “Lshfole ™ +@ ,Le™+@ L (18)
J_
h(L,0)~h(0,0 h(0,0) a a, &
371eCh _[hL.O-hOO] g —h(L0)+ @, =1,
Ao chvvL -1  =MLO) CchvL-1 b ® b b
(19)

T.e. pacxon Boabl mpu CI'J] Oymer ompenensiThCs MO HUKENMPUBEICHHOM
dbopmye:
— () ()
W -W,
Q) = o Tl (20)
86,4(t, - t,)
rae |, — nmuHa npeHaxka, m.
Pacnpenenenue 00beMHOM BJIAKHOCTH B OJHOPOJHOM cpeae. YpaBHEHHUE,

paccMaTpuBaroliee HECTAllMOHAPHBIM TIPOIleCC BlaronepeHoca OyJeT HMETh
CIICIYIOIINM BUL:
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oW 0 oK
B2 low |-, sz @)

W, (ZYFB (X’t)) =W,, =const; K(W) =Ky + (D(t)(zmg - Z)

Zyrp(X,t) B ypaBHenuu (19) sBasieTCS 3HAYCHHEM YPOBHS I'PYHTOBBIX BOJI
OTIPEICIIIEMON U3 CIICAYIONIErO YpaBHEHHS Ha PUKCUPOBAHHBIM MOMEHT BPEMEHH 1;.

elv(L-xfh(L0)-h(0.0)] {MLw [(L0)-h00] & | w' & ¢
chvL-1 T b b,
(22)
Dt
D2(W) — ko3 dunment nuddy3uBHOCTU IOUBEHHOM Biiary, D,(x,t)=R.e "2 . R,
— HEKOTOpasi IOCTOSIHHASL, OTIpesieliieMasi CPABHEHUEM TEOPETUYECKUX U OIBITHBIX
naHHbIX. K(X,z,t) — k03 punmeHT BraronpoBoJHOCTH MOYBEHHON BIIary.
Pemenue (21) ypaBHEeHHs UILIETCS B BUJIE:
W(x,z,t) = 71(t)(ZyFB - 2)3 72 (t)(zym - 2)2 + 73(t)(ZyFB - Z)"’ V4
rje X — paccrosinue oT paccmarpuBaemor Touku A0 CU. Ilpu z=Zyrg, cormacHo
MPEABIAYIIUM 3alUCSIM, BBIIOJIHSAIOTCS CIECAYIOMINE YCIOBUS: W, = 7,; K=K,
Pacnipenenenne oObeMHON BIaXXKHOCTH B OJHOPOAHOM Cpefie MPH HaJU4UU

Zy (X,8)=my +d +

CI'z:
2

W(x,z,t)= 71( VB Z)g [371 Zyry 7;kzyr3 +

(23)
+[371 Zyrg 27QZyFB+671D+73 kaFB +WHB

N3meHeHne 00beMHOH BJIA)KHOCTM BO BHEBEreTAMOHHBIN NEepPUHOa C
yuerom padorbl CI'/l. [Ipu pab6ore CI'J] BO BHEBEreTallMOHHBIN MEPUO OOBIYHO
HEOOXOJIMMO pacCMaTpuUBaTh pacrhpeacieHue OO0beMHOM BIAXHOCTH B CIOSIX:
MMaxXOTHOTO, a TAKXKE MOANAXOTHOTO CJIOSA, MPOCTUPAIOIIETOCA 10 TOABMXKHOTO YI'B,
00ycnaBIMBaeMOro paboToi JIpeHaxa.

Jns onucanus pacmpenesieHus: 00bEMHON BIIQXKHOCTU B M3ydaeMoM cpejne
paccMaTpuBaeTCs CIEAYIOIAs KpaeBas 3a/1a4a:

aw* «y OW, GKl*
—_—, 0<z<z2
~ az{ D; (W, } 5 )

oW 0 oW oK
8t2 :E‘:Dz(vvz 822}_8_22' (zlgzszm)

. W, +W,..-W,, ) thlot
WHOB =W1 (X,O,t) :{ I1H ( I1I1B HH) ( )}
oH (WnH _W3 ) th(wt)

W' (X,2,t) =W, + B ()2 + B, ()27 + B (t)2
Wz(x’ Z,t) = 71[Zyr3(x’0)_ 2]3 +7, [ZYFB(X’O)_ Z]Z + }/S[ZYI‘B(X’O)_ Z]+WHB
{KI(\NJ)—DI(WJ agV} -| o) D, t) 2

Z ., oz

Wz(zyrB (X!t)):WHB = const
snecb t — Bpems; Wi* — pacnpeneneHue oObEMHON BIQKHOCTH B TIpeeax

(24)

=7
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MaxoTHOTO cios (Z1). B crnemyromeM MOAMaxoTHOM cjlo€ OOhEMHAas BIIAXKHOCTh
onuceiBaeTcs 3HaueHneM Wo(X,z,t).

D1*(W1*), D2o(W2) — xoaddurmertsl n1udpy3uBHOCTH MOYBSHHON BJIard B

Dt Dyt
COOTBETCTBYIOIIMX CIOSAX: D (x,t)= Rl*e_/TZ, D,(x,t)=R,e " . R1*, R, — KO3 pHUIUEHTEI,
OIpeieNsieMbIe MyTeM CPaBHEHHsI TCOPETHUYSCKUX U OMBITHBIX JaHHBIX. K1*(X,Z,t),
Ka(X,z,t) — KO3(pdHUIHMEHTH  BIArONPOBOJHOCTA  TOYBEHHOHW  BJIarM B
COOTBETCTBYIOIIUX CIOSX.

HavanbHoe ycioBHe BTOPOTO ypaBHEHUS BEIOPAHO U3 TEX COOOpaKeHU, UTO
pu JO0OM pachpeleeHud OO0bEMHOW BIAXKHOCTH HAa MOBEPXHOCTH 3E€MIIH
(Whos=Wrn) 1 17151 J1500BIX t, oHa ipuHapiekaia uarepBary We[Ws, Wins].

®yukuun thw't, that — yuuTeIBAIOT CKOPOCTH M3MEHEHHUS BIAXKHOCTH Ha
noepxHoctn 3emmu (z=0), @, ® — KO>Q(UIMEHTH ONPEAEIAIOTCS ITyTEM
COTOCTAaBIICHUS TEOPETUUECKUX U IKCIIEPUMEHTAIBHBIX JaHHBIX.

KoadduimeHT BraronpoBOAHOCTH JIs MOJIMAXOTHOTO CJIOS OIMpPEIEsieTCs
KaK:

Kz(Wz): Kq)z T, (xat)(zyn; - Z)
PelieHre BTOPOro ypaBHEHHUS CUCTEMBI (21) HIETCS B BHIE:

W, (x,2,t) = 71(t)(zyr3 - 2)3 + ]/Z(t)(ZYFB - 2)2 + 73(t)(zyr3 - Z)"' V4
[Ipu z=Zyrp, COTIaCHO MPEABIAYIINM 3alHUCSIM, BBIIOJHSIIOTCS CIIECIYIOIINE
YCIJIOBUSL:
Wi =74s K, =Kgs
KoaddunreHT BaaronpoBoJHOCTH JJ1sl TOAMAXOTHOTO CII0sl TpuMeT (popMmy:
Dyt
KZ(W): Koz + 37123%179 +27;Zy173 + GERZ (37/123/13 +7;)3 & +7/3 ZyrB +

2

(25)

Dt

+2R2eiz[37lzyna +7;] (Zyna _Z)

A pacapeaciiCcHuc 00BEMHON BJIAYKHOCTH B IIOAIMIaXOTHOM CJIOC T10 (bOpMyJIei
Wz (X' Z't) = 71(Zyr3 - 2)3 - [37lzyr3 + 7/;kzyPB - 2)2 +

67,R N (26)
7 2(3712yr3+72k 7+, (ZyrB_Z)+WHB

+ 37/1251"8 + 27/;ZYFB +
2

Pacnpenenenne B1aXXHOCTH B TAXOTHOM CJIoe Oy/IeT UMETh BI/IJI'

WHH +(WHHB _WHH)'th(a)*t) +IB 73 +ﬁ 72 ﬂlﬂz 1
1 2

Wl (xz.8= H _(WIYH _Ws)'th(a)t) >

A2 1 g ﬁ? z (27)
JlanHast 3aBUCHMMOCTb MOKET OBITh HCIOJNB30BaHA JUIS OMPEICIICHUs
ONTHUMAJIbHONW TIYyOMHBI TJIyOOKOTO PpBIXJIEHUS TPH HAKOIUICHWH BJAard BO
BHEBETCTAlMOHHBIA TMEPUOJ, A TaKXKE CHUCTEMAaTU3allMM arpoTEXHUYECKUX H
MEJIMOPATUBHBIX MEPOIPUATHUH.
JAnHaMHUKa 00beMHOM BJIA’KHOCTH NPH MOCJIOHMHO-TIO3TANHOM PBIXJICHHUH
Ha ¢pone CI'/l. Jlns onmcanus pacnpeneseHns 00beMHOM BIaXHOCTU B U3y4aeMon
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cpezie paccMaTpUBaeTCs CIeAyoIas KpaeBas 3a1ada;

2
awlzg{Dl(Wl)awl}_aKl_ 12E, 1- z 3 z | 0<z<5+u.)
ot oz oz oz T(0+u) 20+u.) 2(0+u)
ow, 0 oW. oK

=D 2 |- —2, O+U. <2<z
ot az{ 2 (W2) az} oz ( 2

(28)
Wons _WHH)' th(y*t)
(WHH _W3)'th(ﬂt)
W, (X, 2,8) =W,y + 1, (1)2° +a, (t)22 + 5tz

Wz(x’ Z,t) = 71[Zyr3(x’0)_ 2]3 + 7/2[ZYFB(X’O)_ Z]Z + }/S[ZYI‘B(X’O)_ Z]+WHB

o) -D | i) -p,m) |

oz
Wz(zyrB (X!t)):WHB = const
D1(W1) — kosddumnment aud@y3uBHOCTH MMOYBEHHOW BJIard B KOPHEBOM CIIOC:
Bt
D,(x,t)=Re . R; — xo>QpuUUEHT, ompenelseMblii IyTeM CpaBHEHHS
TEOPETUYECKUX U OTBITHBIX JaHHBIX.
KoadduimeHnT BraronpoBOAHOCTH JIs MOJIMAXOTHOTO CJIOS OIMpEIesieTCs

W
WHOB :Wl(x’o!t) = {WHH i
H

KakK:
67,R 4
KZ(W): Koz + (37125[3 + 27;Zyn; +%<37lzm; +}/;k T2 +}/;}ZWB +
2
Dyt
+2R,e [37lzmz + 72]}(23/13 - Z)
PaCHpeI[eJIeHI/Ie 06’BeMHOI>'I BJIAXKHOCTHU B ITOAIIAXOTHOM CJIOC OHpeI[eJIHeTCﬂ,
KakK:

W, (x,2,t) = 7/1(Zyr3 - 2)3 - [3712yr3 +7;:kzyr3 - 2)2 +

2 * 67.R, * _%t * (29)
+| 3Ly + 27,y + D (3712yr3 +72k +7; (ZyFB _Z)+W173
2
M3MeHeHne 00bEMHOM BIaXKHOCTH B KOPHEBOM CJIOE IIPUMET BH;
W+ W, —W_)-th(u't 2
W, (x, z,t) ={ mmH ( botul HH) (y )+0(123 +a?_22 _7 6oy, R, o @ 4
WUH - (WH _W3)’ th(ﬂt) Dl (30)

. 6E, z° { oz }
7D,(5+u.) | 6(5+u.) 12(5+u.)’

[IpuMeHeHre TaHHOTO pacyeTa W aHaJIM3 JTaHHBIX ITO3BOJISIOT MPEACKA3aTh
JTUHAMUKY CHIDKEHUS OOBEMHOM BIaXHOCTU Ha (OoHE pabOThl TOPU3OHTAILHOTO
JIpEeHaka, YTO CHOCOOCTBYET ONTHMH3AIMA CPOKOB W TJIYOWHBI TIPOBEICHUS
MOCJIOWHO-TIOATAITHOTO PHIXJICHHUS.

OmnpenesieHue 00beMHOH BJIAJKHOCTHM B CJOMCTOH TOPHCTOH cpene
colaep:kauieidl NMaxXOTHBIA, NMOANAXOTHBIA CJI0M H CBOOOAHYH NOBEPXHOCTH
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TPYHTOBBIX BOA. /[l ommcaHus pacnpeneneHus OObEMHOM BIAXXHOCTH B
U3y4aeMoii cpeze paCCManI/IBaeTCH clleyrolas Kpaepas 3aa4a:

aavl/l { 1(W1) oz } aail - 7(;251*) {1_ 2(51 u) 2(5izu*)2}’ (0<z<o+u)
8\2:1*=8—[ — }_% (S+u.<z2<z)
g 22%[ D, (W, avzz}_%, (2,£2<2,,)
(31)
e - e W) s Wi

- D) T {K:(\NJ)— D)

L W (X, 2,,t) =W, (X, 2,,t)
82 :|25+u '

[K (W,") - D; (W, M, } ={K2(VV2)—D2(W2 G;ZZ} WZ(ZYFB(X!t))z\NHB = const

KoaddurmenT BmaronpoBOJHOCTH MJii KOPHEBOTO CJIOA  OMPEICNIeTCs
dbopmyIoi:

WHHB _WHH B
2 * 2
=[(5+u,,)—z] ch 1a) ti +D,(1)2] 2, + 12E, |- 12E,z 1- z 3 z |+
W, - W, 7(5+u)) 760+uw) 4s+u) 6(5+u.)
ch?(wt)
6E - )
+E, + Dl(t)[3a1(5+ u, +m - 6Dl(t)ag:2 ra |+ 23,D; ()5 +u.)
Dl*(t{:gﬂlzlz - ( )ﬂBﬂZ +ﬂ3}+ Koo + ZyrB [37/1 vrs T 27/2 vIB 6D2( )7/3/2 +73 ](ZYFB - Zl)+
1 2

+D2(t){371(zy[3 - Zl)2 + 37123%179 + 27223/179 - 6D2(t)7/|;]/2 + 73}

2

1

—D;(t){sﬁl(aw*)z+2ﬁ2(5+u*) GﬂlﬂZ le /’2 +,6'3]

Bi1askHOCTh B KOPHEBOM CJIO€ OKOHYATEIHHO IIPUMET BH/I:
W, +W,.,.-W,_ )thlut . 2
Wl(X,Z,t):{ i+ Wiy ~Wiy )-thlas )+alz +a,7’ (GD (t) 4z +a3)z+ O, 2 -+ O, 2 .
IH _(WHH _W3 )th(ﬂt) D 7(5+ U*) 7(5"' u*)
(32)
KoadduipeHT BIaronpoBOAHOCTH ISl MOIAMAXOTHOTO CIIOSI OMPEACIIIeTCs

1

KaK:

KZ(X, Z1t) =Kgy + {{37125[3 + 27223/[;9 -6D, (t)% 73 JZY[B +2D, (t)[37lzy[3 + 72]}(23/[3 - Z)

2

Takum 00pa3om, pacnpeaeiaeHue 00bEMHON BIAXKHOCTH B MMOANAXOTHOM CJIOE
npu Hanmmuuu CI'/] Oynet onpeznensaThes no Gpopmyie:
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W, (x,2,t) = 71(Zyr3 - 2)3 - [37123@9 + 7;kzyr3 - Z)Z + (37123?3 +27, 2y — 6D2(t)7g/2 + 7;](23@9 - Z)+WHB
2
(33)
Koo durmenT BIarompoBoJHOCTH IS TAXOTHOTO CJIOS OYIE€T UMETh BUI;

. . . . . N v, .
K, =D (t{3161212 —6D, (t) ﬂ|15€2 + f; :| + Zyr3[371232/r3 +2y,2y —6D, (t)% +73 J(ZVFB - Zl)+

1 2

+2, Dl*(t)z + Ky, + D, (t>{371(zyr3 - 21)2 + 371Z§r3 + 27/;Zyr3 —6D, (t) 757/2 + 73*}

2

BnaxnocTh JJIA ITIOAITIaXOTHOT'O CJIOA 6y,Z[eT UMCTb BUA:

W (x 2,t) = B2° + B,2° —[GDI(t)%’fz —ﬂ;}z (34)
1
rac
71(Zyr3 - 21)3 - [371Zyr3 + Vzkzyrs - 21)2 + (37123273 + 27;Zyr3 - 6D, (t) 7%72 + 7;}(23@3 - Zl)+WﬂB _ﬂzzlz _ﬂ.:zl
ﬂl = . ﬁ :
27 - 6Dy (t) IS} z,
W,y + Wops =Wy, ) - thiu t)+ (5 +u ) + o, (5 +u. ) - 6D,(t) 22 + o] |(5+u.)
B, = Win _(WHH _WS)'th(/lt) D, +
, =
(5+u. Y —6D:(t) éa (5+u.)
1
12E, 3 *
—— T —B(0+u.) — O+ U.
+7(5+U*) ﬁl( +U) ﬁs( +U)
(5+u.Y —6D:(t) §a (5+u.)
1

CornacHO wucCCIeIOBaHUSIM, TPOBEJAECHHBIM B Mup3aabajackoM pailoHe
CoIpaapbUHCKON 00J1aCTH, BJIQXKHOCTh MOYBHI HA MOBEPXHOCTH 3EMJIM CHUKACTCS
HECKOJILKO ObICTpEe, YeM B IPYTUX YACTAX MaXOTHOM U MOANAXOTHOM 30HBI. OIBITHI
nokazanmu  3(PEGEKTUBHOCTh TIyOOKOTO  PBIXJICHHS TPOBEACHHOTO  B3aMEH
OOBIKHOBEHHOM IMaxOThl, KOTOpasi CIIOCOOCTBYET HE TOJIBKO PE3KOMY CHUIKEHUIO
COJIEW, HO M COXPAHEHMIO BJIard B BEr€TAllMOHHBIN IIEPUO/IL.

AHanu3 maHHBIX  (OPMYJT TIOKa3bIBaCT TMIPOLIECC CHIDKEHUS OOBEMHOM
BIIAXHOCTH Ha (oHE padoThl TOPU3OHTAIBLHOTO JPEHAXKa, YTO TO3BOJIAET
ONTUMHU3UPOBATH CPOKU arpOTEXHUUECKUX U UPPUTALIMOHHBIX MEPOTIPUSTHIA.

OnbIT ¥ NPOrHO3UPOBAHNE TPOCAJAOYHBIX SIBJICHHHA NPH NJIAHMPOBKE
NMOBEPXHOCTH 0OpoIIaeMoro nojsi. [logbemM KyJabTypbl OpOIIAeMOro 3eMJieeus
MOXXET OBbITh, JOCTUTHYT TOJIbKO TpU BHEAPEHHUU B KU3Hb KOMILJIEKCa
OpraHU3alMOHHO-XO3IMCTBEHHBIX,  TUAPOTEXHUUYECKUX,  arpoMeIHOPaTHUBHBIX
MEPOTIPUATUNA, KOTOpBIE 00ecreyaT HaIyqIlue yCIOBUS AJI MOJIYYeHHUS! BBICOKHX
U YCTOWYMBBIX YpOXKaeB MPHU BBHICOKONM MEXaHU3AlMH BCEX MPOU3BOACTBEHHBIX
IPOLIECCOB HAa OpOIlaeMOM IoJje. bobliioe 3HaueHHe B 3TOM KOMIUIEKCE MMEET
CO3/IaHHE Ha OpOIIAEMbIX MOJIAX OJarompuaTHOrO penbeda, OTBEYAIOIIETO
MPUMEHSIEMOMY CIIOCO0Y OPOIICHUS U TEXHUKH TOJIMBA.

HccnenoBaHreM AaHHOTO BOMNPOCAa 3aHUMAIKNCh KPYHHEHIIHE YYEHBIE:
®.b5.A0yranueB, X.A.Axmenos, P.X.bazapos, @.A.bapae, IO.I".barpakos,
A.H.BaBuios, X.K.TIazue, W.[. [ I3aunesuu, B.A.JlyxoBusii, P.K.HMkpamos,
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A.H.KoctsixkoB, C.M.Kpusoss3oB, B.® Kynunuenko, H.T.Jlaktaes, A.H.Jlanuw,
B.H.Maptencen, B.®.Hacenko, b.C.Cepux6aes, H.U.Camconosa, I'.B.I{uBuHckui,
V. IOnnamieB u ap.

TexHuka MPOEKTUPOBAHUS BCEMU STHMHM METOJIaMHU CBOJHUTCS K TOMY, YTO
MPOCKTUPOBIIMK TOCTENEHHO TMOJA0MpAcT HYXHOE TOJIOKEHHUE IMPOEKTHOM
MOBEPXHOCTH JJIsl TOJydeHUs OajlaHca 3eMISIHBIX padoT, HO MpPHU ITOM HE
YUYHUTBIBAETCS MPOCATOYHOCTh TPYHTOB.

MeToauka NpoeKTHPOBAHMS IUIAHMPOBKHU MO HAKJIOHHYK IJIOCKOCTH
NOJIMBHBIX YYACTKOB MMEKIINX JI00YI0 KoHurypauuiw. B Hacrosiiee BpeMs
MPU MPOCKTUPOBAHUM TUIAHUPOBOUHBIX PaOOT MPOEKTHBIE OTMETKH MOBEPXHOCTH
KapT HA3HAYAIOTCS HE3aBUCUMO OT CTETICHU MOJABEPKEHHOCTU TPYHTOB MPOCATKAM.
[TosToMy Hamu ucclieoBaHUsl ObUTM MOCBAIICHBI PEIICHUIO JAHHOW MPOOJIEMBI.
[InanupyeMblii  y4acTOK, NpPEACTAaBISIONMI  coboil  urypy ¢  aro0oit
KOH(Urypanueu, AeauTcs Ha KBaapaTtbl co ctropoHamMu 20x20 M, ompeaesitoTcs
OTMETKHA IIOBEPXHOCTH 3€MJIM IIEHTPOB BCEX KBAJAPATOB M IEHTP «TSIKECTH»
OPOIIIAEMOTO IMOJI4. 3aT€M MOJIe pa3AeisieTCs Ha ABE YACTH U ONPECIISIIOTCS [IEHTPHI
«TSKECTU» TTOJIOBUHHBIX YYaCTKOB.

[ImockocTh, KOMUpPYIOIIAs €CTECTBEHHBIM penbed yuyacTka U Jaromas
MUHHMYM pabOTHI IO CPe3Ke M HACBIITH ONPESIIIeTCs, KaK:

x-x Y-y z-h
x,—x Yy,—-y h—h=Ax+By+Cz+D (35)
Gk ooy o
311eCh X, X1, X2, ¥, Y1, y2, N, M1, N — KoopauHaTel abcumcc, OpAWMHAT W aIUIHKaT
IICHTPA «TSKECTU» BCETO U TOJOBUHHBIX YYaCTKOB.
[IpupaiieHne K NPOSKTHOH IUIOCKOCTH C YYETOM IIPOCATOYHOCTH WIIH

BBIITYYHNBAHNS ITOYBOIPYHTOB I10 CIIEIYIOIIEH 3aBUCUMOCTH:

Ah, =h K, =h | 2P (36)
o
[TocnenHsast 3aBUCUMOCTh PEKOMEHIyEeTCs 11l MPOEKTUPOBAHUS TIIIaHUPOBKHU
NOJIMBHBIX ~ yYaCTKOB TOJ  HAKJIOHHYIO  IUIOCKOCTb, HMEIOUIUX JIIOOYIO
KOH(UTypalnio, € Y4YE€TOM TMPOCAJAOYHOCTH (BBIMIYyYHMBAHMS) MOYBOTPYHTOB.
dopMupoBaHUE HEOOXOJUMOI BBICOTHI HACBINKW/CPE3KHM TPYHTAa MOXKET OBITh
BBITIOJTHEHA CIEAYIOIUMHU criocobamu (Tab.4).

Taoauna 4
Hepequb TCXHO.]'IOFI/Iﬁ, l'[pl’IMeHeHHl:IX Ha IleMOHCTpaTI/IBHOM ImoJie
VY enn-
HEIE
Texnomorus IIpeumyiiecTBo Henocratku
pacxopsl, P ym a
$/ra

Bonpoit 06pem
[Taxota, na3epHas IUIAHUPOBKA OrroCHTEEHO HOTO TPYyJla ¥ HE
’ P P BBICOKAsi TOYHOCTh pyd Py
3eMellb, 3aChIKa U Cpe3Ka aIalITUPOBAHHOCTH
460 npu (OpMUPOBAHUU

MOYBOTPYHTOB, PHIXJICHHUE T10 . Ja3epHBIX YCTaHOBOK
MPOEKTHOU

JIMArOHAJISIM JUTSL ITUPOKOTO

IIJIOCKOCTH
MNPUMCHCHUS JAHHOT'O
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crioco0a, HU3Kas
MIPOU3BOIUTEIILHOCTh
I'myGokoe peIxjieHue 1Mo
Beicokoe OTHOCHTENBHO HU3KOE
JIMaroHaJIX Ha I10Jie, Ja3epHas
s dexTuBHOE KauecTBO
TUTAHUPOBKA, BTOPOE PHIXJICHUE
. 348 MPUMEHEHHE MAIllMH | TUIAHUPOBOYHBIX PadOT
10 TPOTHBOIOJIOKHON
Y OTHOCHUTEIbHAsI 10 cpaBHeHHo ¢ 1 1 3
JMAarOHAIM U 3aBEPIIUTEIbHAS
JeIeBu3Ha padoT CII0CO0OM
KOPPEKTHPYIOIIast IJIAHUPOBKA
[Taxota, na3epHas IUIAHUPOBKA Bricokoe
3eMeJb, II1yOOKO€ PBIXJIEHUE 110 s dexTHBHOE OTHOCHUTENBHO BBICOKASI
JMAarOHAIH, KOPPEKTUPYIOIAst 370 MPUMEHEHHE MAIlIMH | IICHA 10 CPAaBHEHHIO C 2
IUTAHUPOBKA U BTOPOE PHIXJICHHE ¥ OTHOCHUTEIbHAs CIIoco00M
110 TPOTHBOMOJIOKHOHN THArOHAJIH JIeTeBU3Ha paboT

CpaBHeHue mokazano, uto HaubOosiee 3(PEKTUBHON SABISETCA MOCIECIHSISA
TEXHOJIOTHUSA. AHAIU3 BIOXKCHHS KalUTAIBHBIX CPEACTB MPU IUTAHUPOBKE W
PBIXJICHUU TIOKa3aJl, 9YTO HAWOOJbINAs ypOKAHHOCTh JTOCTUTAETCS MPHU TIIyOOKOM
PBIXJICHUU MOYBHI 10 60 cM.

3AK/IIOYEHUE

1. [IpennoxkeHa SKOHOMHMKO-MaTeMaTHdecKass MOJeNb (2) MO0 KOPPEKTHPOBKE
IUIAaHOB BOJIOTIOJIB30BAHMSI B YCJIOBUAX JepUIMTa BOAHBIX pecypcoB. IIpoGnema
ONTUMH3ALIMU BOJOJICICHUSI MEXIy KynbTypamu B ycnoBusax ABII u pepmepckux
XO3SIICTB MOXET OBITh pellleHa MpeIaraéMoll MoOJeNblo, KOoTopas o0ecneduT
MUHHUMH3ALHUIO MTOTEPh OT CEIbCKOXO3SMCTBEHHOIO MPOM3BOJACTBA MpHU Jeduumre
BOJHBIX pecypcoB. UTo mo3BoJUT TMOBBICUTH Aoxon a0 342400 cym/ra (ABII
«Caiipam cyBu» Kyitu-Uupuukckoro paiioHa TaiikeHTCKOM o00jacTv) 1O
CPaBHEHHUIO C TPATUIIMOHHOW METOAUKON BOJOICIICHUS.

2. Pa3paboTana >KOHOMHKO-MaTemMaTHueckass Mojaenb (3) 1o omnepaTHuBHOM
ONTHUMM3aLMU IUIOMIAJIEH CEJIbCKOXO3AMCTBEHHBIX YTrogud Tmpu  JeduiuTre
OpOCUTENIBHOW BOJBI. ONBIT ONTUMH3ALMN ITOCEBHBIX IUIOIIAJAEH YKa3bIBAaIOT HA
HEOOXONMUMOCTh  JuBepcU(HKAlMM  BUJAAa W COPTOB  BBIPAIIMBAEMBIX
CEIIbCKOXO3SIMCTBEHHBIX  KYJIbTYp, T.K. TOJBKO 3a CYET MPABWIBHOU
nuBepcU(UKAIIMM MOXHO yBEIHUUTH Aoxon Ao 454 200 cym/ra (pepmepckoe
xo3scTBO «Mamatkyin Kypa yrim», ABIT «H.Mup3zae» Kymkypranckoro paitona
CypxaHaapbUHCKON 00JIaCTH).

3. Co3gana HSKOHOMHMKO-MaremaTuHdeckas Mojielb (4) 1o ONTHUMHU3ALUU
IUIOLIAACH CeIbCKOXO3SUCTBEHHBIX KYJIbTYP U OOBEMOB BOJIOJACNICHUS C YYETOM
creneHu jAedpuuurta BoAbl. Peanuzaiuss MeTOAOB ONTHMAIBHOTO pa3MEIIECHUs
CEJIbCKOXO3SIUCTBEHHBIX ~ KYJIBTYP MW BOJONOJAYUd B YCIHOBUAX Jeduuurta
OpPOCHUTENBHON BOJIbI TO3BOJIMIIO CBECTH K MUHUMYMY YIIEpO CEbCKOTo X03sICTBA
B MajoBojaHble Tonbl. K mpumepy, B depmepckom xozsiictBe «Caomat» ABII
«H.MupzaeB»  Kymkypranckoro  paiiona  CypXaHIapbUHCKOM  oOJacTu
SKOHOMHUYECKasi I(P(PEKTUBHOCTh MOCJIE BHEIPEHHS NAHHOW METOIWKHU Oblia Ha
821500 cym/ra BbIlIe KOHTPOJIBHOTO.

4, Jlo cux mop mpu MOJAETMPOBAHUM MOTOKA BJaru, CBSI3aHHOTO ¢ (PU3NYECKUM
HCIIAPEHHUEM, HE YUUTBIBAIOCH €I0 N3MEHEHUE B OTPAHUYEHHBIX Npenenax. B cBsa3u
C 4eM, B JaHHOU paboTe yUnUThIBACTCS H3MEHEHUE 00bEMHOM BIAKHOCTH B ITpeieiax

51



OT BJIQXHOCTH 3aBANAHMUA 10 NPEACIBHOM IOJIEBOM BlIaroeMkKocth. Ha ocHoBe
MOJIYYCHHBIX aHAIUTUYECKUX PEIICHUI BlIaronepeHoca B aBTOMOP(HBIX MOYBax B
HavyaJbHbIN MEPUOJ PA3BUTHS PACTCHHI U C YUETOM Pa3BUTHSI KOPHEBOUM CHUCTEMBI,
aBTOpPOM IMyTeM pelieHus oOpaTHOW (usmyeckod 3amaud (MO METOJUKE aKal.
@®.b.AGyranueBa) ompefeneHsl  (U3MUECKHE — MapaMeTpbl  MOYBOIPYHTOB
paccmarpuBaembix ABIIL.

S. BnepBrie mosydeHa aHanuTHuecKas 3aBUCUMOCTh (12) mo ompeneneHuro
noToKa Biaru ((pusmueckoe MCIapeHue) Ha MOBEPXHOCTH 3€MJIH, YUUTHIBAIOIICH,
KaK arpoTeXHMYeCKWe mapaMeTpsl (TIyOMHa BCHAIIKM), (PU3NYECKUE CBOWCTBA
MIOYBOTPYHTOB M pPa3BUTHE KOPHEBOW CHUCTEMBI PACTEHHWI, TaK W H3MEHEHHE
BJIQYKHOCTH B OTPAHUYEHHBIX Mpeaenax (0T BIaXHOCTH 3aBSAaHUs 10 NPEIEIbHOM
MOJIEBOM BJIArOEMKOCTH).

6. ABTOpPOM MpeJIOKEHA aHATUTHYECKas: 3aBUCUMOCTbD (15) TMHaMUKU ypOBHS
rpyHTOBBIX BoJI Ha poHe CI'J] B mpocTpaHCTBE U BO BpEMEHU, KOTOPasi CyLIECTBEHHO
ornuyaercss oT pesyabTatoB [1.S.IlonyOapunoBa-KounHoil, mnpuHUMAarOIEH
CPEIHIOI TIIyOMHY TIPYHTOBBIX BOJ, KaK CpelHEE 3HAUEHHUE MaKCUMAJIbHOIO U
MHUHUMAJIBHOTO Y] 'B.

Pa3paboranHoe (TpaHcueHAeHTHOE) ypaBHEeHUE (16) mo3BOIISIET ONpeAeInTh
YpOBEHb TPYHTOBBIX BOJI Ha JIF000H (PUKCHPOBAHHBIN MEPUOJT BPEMEHH U SIBISETCS
byHKIIMEH  TOPUCTOCTH  TpyHTa, KodbduiueHnta  GUIBTpAIMU  CPEbl,
MHTEHCUBHOCTU UHPUIBTPALIMH, UCIAPEHUE HAa TOBEPXHOCTH MOYBBI, MEXAPEHHOTO
PAcCTOSIHUSL U KPUTUUECKOM TITyOUHBI.

1. ABTOpOM co3laHa  MareMaThyeckas MOJENb (17) N3MEHEHUSA
¢unabTpanoHHOTrO conpotuBieHua u pacxona CI'J[ Bo Bpemenu. B ornnuume ot
pabort akazn. C.dD.ABepbsiHOBA, TPUHUMAIOLIETO (PUIBTPALMOHHOE COPOTUBIICHUE U
pacxonq CI'JI Heu3sMEHHbIM, aBTOp JOKa3zajl HW3MEHEHUuEe (PUIbTPAMOHHOTO
CONPOTHUBIIEHUS U NOJYYHJI 3aBUCUMOCTB Xapakrepusyromyto pacxon CI'/L.

8. basupyscs Ha mosydeHHOU (opmysie NMHAMUKUA YPOBHS TPYHTOBBIX BOJI,
aBTOPOM BIIEPBBIC pa3padoTaHbl MOJEH (23) U KOMILUIEKC MPOrpaMM JJIs pelIeHus
3a/la4d 1O MPOTHO3Y BIAXKHOCTU ISl CaJOB, BUHOTPAJHMKOB W MHOTOJIETHHX
KyJIbTyp, T.€. HM3MEHEHHs BIAXHOCTH B OJHOPOJHOW cpene. PesynbraTsl
MCCJIEIOBAaHUM MOKa3aiH, 4TO CHUKEHHE OOBEMHOM BIaKHOCTH BOJIM3M JpeHaxa
MIPOUCXOIUT OBICTpEE, HEXKENU B CEPEIUHE MEKIPEHBS.

Q. Ha ocHOBe TeopeTnieckux ucciaeqoBaHui MoyyeHa 3aBUCUMOCTh (26 u 27)
U3MEHEHUsI BJIQXHOCTH B JBYXCIOWHOW cpele (HEBEreTallUOHHBIA Tepuo,
NaXOTHBIN U MOJNAaXOTHBIE CJION ), IIO3BOJIAIONIAS ONPEAEATh IMHAMUKY BIAXKHOCTH
B IIpollecCeé MarasuHUPOBAHMS B 30HE a’pali «HUCKYCCTBEHHBIX» 3UMHHX
NaBOJAKOB, BBI3BAHHBIX C TMEPEXOJOM HAa JSHEPreTUYecKoe YIpaBlieHUE
TpaHCTPaHUYHBIMU BOJAMHU.

10. Tlomyueno uucienHoe pemrenue (29 u 30) 3agaun 0 JUHAMUKE BiIarornepeHoca
IIpU TOCJIONHO-TI03TanHOM phIxjieHnd Ha ¢one CI'Jl, paccmarpuBarolee HaIu4Inue
JIBYXCJIOMHOM cpeJibl (KOPHEBOM U MOANAXOTHBIE clion). Pellienne 3a1auu mo3BOJIUT
ONTUMU3UPOBaTh TIYOMHY H  CPOKH  IOCJIOHHO-TIOATAIMHOTO  PBIXJICHHUS,
CIOCOOCTBYIOLIME YBEIMUYEHUIO MEKIIOIUBHBIX CPOKOB. IIpennoxkeHHas MeToauka
MOJEJIMPOBAHUS BJIArONEPEHOCA MPHU MOCIOMHO-IIOATAITHOM PBIXJIEHUH [MO3BOJIMIA
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MOJIYYUTh KQa4€CTBEHHO TOYHBIC JTAHHBIC 00 M3MEHEHUU BIIAXKHOCTH IO CPABHEHUIO
¢ panee mpuMensiemoit meroaukon (bapaes ®.A. u A66acxanos M.).

11. PazpaGoransl Marematudeckue Mmojaenu (32, 33, 34), paccmaTpuBaroliue
TPEXCIONWHYI0 cpeny (KOpHEBOM, MaXOTHBIM M TMOJNAXOTHBIM CJIOM), KOTOpPHIC
MO3BOJISIIOT OMPEACIUTh TMHAMUKY BIQXKHOCTH MOYBHI HA OPOIIAEMOM I10Jie Ha (hoHEe
CI'l. Ucnonw3yss METONMKY pEHIeHUs OOpaTHBIX (PU3MUECKHX 3aJlad TEOpUU
bunpTpanu akaa. D.b  AOyranueBa, MONy4deHBl (PU3MYECKHUE MapamMeTpPhbl
MTOYBOTPYHTOB B Pa3pe3e pacCMaTPUBAEMBbIX aCCOLUALIUN.

12. YcoBeplIEHCTBOBaHAa MeETOJIUKa MpoekTupoBanust (35, 36) mazepHOi
IJIAHUPOBKHU OPOILIAEMBIX 3€MEJIb Ha MPOCAJOYHBIX TPYHTAX, IO3BOJISOIIAS] CHUZHUTD
o0beM 3emisiHbIX  pabor g0  12-16% (ABII  «Myxtapamu  FOcymosy»
Kypranrenunckoro pailona AnawxkaHckoll oOmactu). Pa3zpaboTaHHas MeToauka
IJAHUPOBKU  CIOCOOCTBYET PABHOMEPHOM MpOCajJKe TPYHTAa U  CO3JaHUIO
YCTOMYMBOM TJIOCKOCTH.
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ANNOTATION OF DOCTORAL DISSERTATION

Topicality and demand of the subject of dissertation. The experience of
advanced countries (USA, Japan, Spain, France and others.) shows that the most
effective authority in the water and land management at the landowners level are
non-governmental, non-profit and community organizations. These organizations
contribute to equitable sharing of water resources, regardless of location, type and
size of farmlands, prevention of illegal water withdrawals, reduce the volume of
irrigation water losses, improving the quality of maintenance of canals, drainage and
other infrastructure.

Uzbekistan water consumers association (WCA) is situating in intermediate
position between governmental structure of water management and directly main
water consumers. WCAs must be equipped with modern water and land resources
management methods and tools, for increasing the water using efficiency, as well as
coordination of the association members.

"On measures to improve land reclamation and rational use of water
resources” from April 19, 2013 and Cabinet Ministries Decree Ne KM-82 "Approval
order of water use and consumption in the Republic of Uzbekistan" from March 19,
2013, contributed in the providing of these studies. These tasks are designed to
mitigate water shortages through the introduction of improved operational
adjustment methods of water use plans and optimize areas of crops, improve the
efficiency of agronomic and reclamation methods based on the methods of
forecasting the dynamics of soil moisture, upgrade laser leveling design methods and
technologies.

Conformity of research to priority directions of development of science
and technologies of the Republic of Uzbekistan. This work was performed in
accordance with the priority areas of science and technology of the Republic of
Uzbekistan PAS-7 "Environmental management and ecology; water resources
management and improve its management practices".

Review of international scientific researches on the subject of the
dissertation. Researches on technological bases of operation irrigation and drainage
systems, improving their reliability and durability, developing their design methods
under increasing scarcity of irrigation water in irrigated areas, are gaining momentum
and some progress are achieved in the United States, Russia, China, India, the
Netherlands and other countries.

In publications of the world's leading research centers, such as the
International Water Management Institute (IWMI), the International Committee on
Irrigation and Drainage (ICID), Moscow State University of Environmental
Engineering (MSUEE), Agrophysical Institute (API), FAO (Food and Agriculture
Organization) and etc., noted that ongoing research aimed at developing methods of
preventing the adverse effects of water scarcity, optimization of humidity control in
the irrigated field, process modeling irrigation and land reclamation, the search cost-
optimal parameters of irrigation using economic and mathematical modeling.

Degree of study of problem. Significant contribution to the creation of
technological bases of operation of irrigation and drainage systems made by the
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Uzbekistan scientists. From 1920 TIIM and the Research Institute of Irrigation and
Water Problems have been working on optimization of irrigation and land
reclamation measures under water resources shortage.

The existing methods for calculating the irrigation regime (A.N. Kostyakov,
FAO and others.) is based on biologically optimal water requirements, which is not
always acceptable in water scarcity period. Therefore, in addition with existing
methods water use plan for irrigated agriculture (1.A. Sharov, N.A. Janiszewski, M.F.
Natalchuk, H.A. Akhmedov, B.S. Serikbaev) has needed to implement methods of
planning water use, which are based on features of distribution and economic levers
(V.A.Dukhovny, N.N. Mirzaev, F.A. Baraev S. Kirda, D.R.Nielson, L.K.Heng) to
encourage water users with respect to water as a good.

At the same time, the limited water resources in the region require to develop
more accurate and mathematically-based techniques to control moisture irrigated
field. In the presently known works (S.F.Averyanov, F.B .Abutaliev, M.B.
Baklushin, S.V. Nerpin, V.M. Shestakov, A.F. Chudnovsky, M.G. McCarthy, B .
Loveys) have not reviewed by the combined influence of systematic horizontal
drainage (SHD), as well as a variety of agronomic and reclamation activities on the
dynamics of soil moisture.

Neglecting of subsidence phenomena at land leveling designing (especially
capital) leads for re-leveling. Existing design methods and technology (V.Martensen,
N.I. Samsonov, H.K. Haziyev, A.N. Lyapin, R.H. Bazarov, D.P. Carlton) are not
taken into account issues of soil subsidence and minimize the cut/fill volumes at
various configurations of irrigated field. Therefore, the question prompt adjustment
of water use plans, optimization of agricultural land, as well as modeling of moisture
dynamics on the background of the SRS and implementing of different agronomic
and reclamation activities, improvement of design and technology land leveling
works, need to pay special attention. Such studies have not yet sufficiently made.

Connection of dissertational researches with the plans of scientific —
research works is reflected in accordance with the research plan of Uzbekistan
Ministry of Agriculture and Water Resources on "Development of guidelines for
improving WCA activities and calculations water supply operation and maintenance
costs to farmers and householders” in 2003, as well as R&D plan of Tashkent
Institute of Irrigation and Melioration for 2006 — 2013 y.

Purpose of research is development science-based technological bases of
operation of irrigation and drainage systems in a growing shortage of irrigation water
applied to the WUA in Uzbekistan.

To achieve this goal the following task of research are formulated:

develop a methodology for on-time adjustment of water use plans in water
scarcity conditions;

develop a methodology for on-time optimization of agricultural land with
irrigation water deficit;

develop a methodology for optimizing crop areas and water volumes to the
extent of water scarcity;

develop a model of the soil moisture dynamics at automorphic soils;

determine moisture flow quantity on the earth surface;
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define changes of groundwater table (GWT) in the presence of SHD;

estimating the dynamics SHD discharge and percolation resistance;

develop moisture distribution models depending to the applicable agro
technical and reclamation activities in the irrigated fields;

improve the land leveling design methodology and technology based on soil
subsidence.

Objects of research were irrigated lands of: WCA Sairam Suvi and Qorasuv
at Kuyi-Chirchik District of Tashkent Region, WCA N.Mirzaev at Kumkurgan
District of Surkhandarya Region, WCA Surhan at Jarkurgan District of
Surkhandarya Region, WCA Golib Suvi at Zaamin district Jizzak Region, WCA
Madat suv-JRK at Kattakurgan District of Samarkand Region and WCA Yangiabad
at Mirzaabad District of Syrdarya Region.

Subject of research - economic and mathematical model of water allocation
and optimization crop areas, soil moisture-storage technology and its models, as well
as the technology of laser land leveling with soil subsidence.

Methods of research include: synthesis and analysis of the available scientific
stock and published materials, laboratory and field research, monitoring and
modeling of the dynamics and direction of hydrological, hydrogeological and land
reclamation processes by using modern means of observation and mathematical
methods in accordance techniques of Tashkent Institute of Irrigation and Melioration,
Research Institute of Irrigation and Water Problems at Tashkent Institute of Irrigation
and Melioration, the Scientific Research Institute of Cotton Breeding, Seed
Production and Agricultural Technology and Research Institute for Soil Science and
Agricultural Chemistry.

Scientific novelty of dissertation research is as follows:

developed water distribution and crop areas optimization method for
increasing the irrigation water and land resources productivity;

developed method of forecasting the GWT dynamics with background of
SHD;

for the first time developed method for determining evapotranspiration with
the development of the plant root system, depth of arable layer and the GWT;

for the first time developed technique for forecasting soil moisture dynamics
with background of SHD and applied technologies: traditional technology (root -
arable - subsurface layers), stage by stage layer loosening (root - subsurface layers),
deep loosening of the field in the vegetation period for the accumulation of moisture
in soils (arable - subsurface layers);

developed technology for designing and land leveling works on subsiding
soils.

Practical results of the research consist in the following:

developed economic-mathematical software for improving irrigation water
productivity and water and land resources efficient use depending on water scarcity
degrees and availability for: water distribution between crops, determining optimal
crop areas, optimization areas of agricultural crops and their water consumption;

provided an improved model of the soil moisture dynamics at automorphic
grounds;
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determined method for evapotranspiration with the development of the plant
root system, depth arable layer and GWT,;

proposed model to forecast changes in groundwater level with background of
SHD;

determined dynamics of SHD filtration resistance and its discharge;

developed mathematical models and software for moisture management in the
irrigated field with background of SHD at: traditional technology, stage by stage
layers loosening, deep ripping for the moisture accumulation in soils;

developed improved design and technology of laser land leveling planning
works on subsiding soils.

Reliability of obtained results is confirmed by the use well-known and
generally accepted scientific methods, standard and field research techniques for
study of land reclamation processes. Results and conclusions are justified on physical
representations based on theoretical and experimental data. The reliability of the
experimental data is provided by using modern tools, measuring and processing
techniques.

Theoretical and practical value of results of research is scientific
substantiation of effective ways to predict the direction of reclamation processes and
its management, as well as technological methods of rational water and land
resources use in Uzbekistan irrigated areas. Using the results of research will reduce
damage from deficit irrigation water, optimize technology of agronomic and
reclamation activities, conduct sustainable agricultural production in water scarcity
conditions.

Realization of research results.

The developed method of on-time water use plans and crop area adjustment as
design method of land laser leveling implemented in MAWR organizations and
comparation with traditional metod has increased farmers income to 283 480 UZS/ha
(Implementation reference 04/29-103 from 06.12.2011 y. Ministry of Agriculture
and Water Resources).

The research results have been introduced in the Sairam Suvi, Qorasuv, Golib
Suvi and Madat suv-JRK WCAs, in the framework of the ADB "Grain productivity
improvement project” economic effect amounted to 10-15 US $/ha (Implementation
reference 213905/01/012609 from 26.01.2009 y. Mott MacDonald Environmental
Consultants Ltd).

Received theoretical solutions applied in frame of project “The Scheme of
Complex Usage Water Resources of the Republic of Uzbekistan for 2013-2027 yy”.
(Implementation reference 04/29-254 from 20.02.2015 y. Ministry of Agriculture
and Water Resources; Implementation reference 02-13I'CX from 03.12.2014 y. Joint
Design Venture on Water Sector objects “Suvloiha™).

Approbation of work. Main scientific principles and research results of
dissertation were presented at the international and regional scientific conferences:
International Scientific and Practical Conference "Water- and resources saving
technologies in the agriculture of the Republic of Uzbekistan" (Tashkent, 2008), 7 -
Young Scientists Practical Conference "Actual Problems of Land and Water
Resources in Terms of Water Scarcity and Transition Period to Market Economy"
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(Tashkent, 2008), an International Scientific-Practical Conference "Improving the
Land Reclamation Efficiency and Agricultural Use of Reclaimed Lands" (Minsk,
2009), 8 - Young Scientists Practical Conference "Actual Problems of Land and
Water Resources" (Tashkent, 2009), a Training Seminar of the Uzbekistan Senate of
Oliy Madjlis and the UNESCO «Sustainable Using of Water Resources in
Uzbekistan™, on Scientific-Practical Conferences of TIIM staff (2008-2014 y.), in
training under the ADB “Grain Productivity Improving Project”, the UNDP Project
"Capacity Building of the National Irrigated Land Reclamation Fund" and other
scientific meetings, conferences and symposiums.

Main results of work as scientific reports and papers were reviewed at
scientific meetings of the TIIM Academic Council (2005-2014 y.), Scientific Council
of Institute of Water Problem of Uzbekistan Academy Science and many other
scientific and water management related organizations (2005-2011 vy).

Publication of the results. Obtained results are presented in 38 scientific
works, including 2 articles in international and 12 in national journals.

Structure and volume of dissertation. The thesis contains 200 pages of
computer’s text, 46 figures, 20 tables, and consists of an introduction, 3 parts,
conclusions and applications. The bibliography includes 277 references.

MAIN CONTENTS OF DISSERTATION

Introduction presents an urgency of the theme, the aims and problems and the
object of studies are determined, correspondence of the studies to priority directions
of science and technology development of the Republic of Uzbekistan, scientific
novelty and practical importance of results are revealed, reliability of results is
substantiated, a list of implementations into practice is given as well as an
information on publications and the structure of the thesis.

In the first part were described analysis of the current situation of water and
land resources and the prospect of increasing their efficiency in irrigated agriculture,
in particular the issues of drainage systems technical condition, irrigation and
drainage problems, the soil quality characteristics of the irrigated lands, as well as
the history of the Uzbekistan WCA.

The second part deals with the question of preparation economical-
mathematical models of water management in water scarcity conditions, the analysis
of economical-mathematical models of on-time water management correction and
existing approaches to develop and implement water use plans proposed on-time
activities in water management.

Water distribution among WCA members (water users and water consumers)
and on-farm level is based on the irrigation system and on-farm water use plans, the
theoretical basis is first laid academician A.N. Kostyakov and prof. N.A Janiszewski.
Then theoretical basis were developed by academician I.A. Sharov, prof. S.R.
Ofengendeya, prof. V.A. Shaumyan, prof. M.F. Natalchuk, prof. H.A. Akhmedov,
prof. B.S. Serikbaev, Ph.D. N.N. Mirzaev, prof. F.A. Barayev and foreign scientists.

The proposed economic-mathematical model allows the farmer or
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householders take number of activities that will help prevent the profits losses in
water scarcity period. The basin of developed economic-mathematical model is
Mirzaev N.N. equation of crop yield and irrigation water availability:

iopt

2
Y; :_Ainopt(l\LIVI—i_lj + Yiopt
(1)
In the formula Ao = 1.23 K;K;K3, here K; - biological crop coefficient; K -
climatic factor; K - coefficient taking into account soil-reclamation conditions; Yiopt,
Y;i-crop yields in normative and actual irrigation norm, tonn/ha; Mo, M; - planned
and actual irrigation norm, m®/ha; i - crop variety.
Economical-mathematical model for on-time adjustment of water use
plans in water scarcity. The proposed system of equations has the form:

(Fﬂ - C:l)Y& 'F;L'+ (FE - (:2 )YZ . F:2 ..t (F% - c:n ){n : F:n = (Srnax
2
M
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lopt
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nopt

M, -F,+M, -F+..+M, - F, =K, (M - F + M, Fy +o M - F)

lopt 2opt

where Gmax- profit from the sale of agricultural products, sum/ton; Pi - selling price
of products, sum /ton; Ci - costs in the production of agricultural crops, sum/ton; Yj,
Fi — crop yield and area, ton/ha, ha.

Experiments were carried out with the participation of Hudaynazarov J.K. in
2008 — 2010. 11 farms were divided in two experiment categories: the first category
for determining harvest depending on water availability, and the second for testing
methods of on-time water distribution adjustment between five crops (Table 1).

Table 1.
Comparison of the results of irrigation five crops by traditional and proposed
on-time adjustment methods of water use plans

Variant Cotton Corn Potato Mash | Tomato Total

Irrigation rate, m3/ha
Optimal biological Fact 5000 3500 3000 2500 2000 16000
Traditional method Calculation 3500 2450 2100 2000 1400 11200
Proposed method Calculation 5000 1189 3000 370 1641 11200
Yield, center/ha

Optimal biological Fact 36 68 150 12 102
. Calculation 27 53 96 10 12
Traditional method Control 28 55 ol 9.0 74
Proposed method Calculation 36 35 150 5 84
P Control 38 32 152 4 81
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Profit, 000 sum/ha
Optimal biological Fact 1343,6 1349 2350 908 1290 7240,6
Traditional method Calculation 73,82 826,5 397,3 718 684 3363,9
Control 822,8 789 226 563 730 3130,8
Proposed method Calculation 1343,6 199 2350 98 928 4918,2
Control 1473,8 89 2422 -12 870 48428

Analysis of the table shows that the maximum profit can be re-distribution of
irrigation water by the method we propose.

Economical - mathematical model for rationalizing agricultural crops
area under water scarcity. Field experiments were conducted in 2008-2010 with 3
farmers and householders. This problem is solved by the following equations system:

N
Z(R - Ci )Y| I:iopt = Gmax
i=1

N N
Z M inorFiOPt - KﬂHM Z M inorFi’
- i=1

=1

Flopt - fl -F
F20pt fz -F (3)
I:Nopt fN -F
N
F=>F
n=1

Here fi- ratio of crop area to the total area.

The following table (Table 2) allows to compare to traditional and the proposed
methods in rationalizing area of five crops. Also this table shows calculated and
actual yields and profit data that obtained in field experiments.

Table 2
Results of optimization crop areas in WCA ""N.Mirzaev"
Variants Alfalfa | Corn | Potato | Tomato | Mash | Total
Planned area, ha 5 25 15 20 2 67
Optimal biological | Planned |rr3|gat|0n 2100 5000 4100 3450 2940
rate, m’/ha
Calculated
Traditional method irrigation rate, 1470 3500 2870 2415 2058
m3/ha
Calcula;]t:d area, 44 10 7 3 3 67
Proposed method Calculated
irrigation rate, 2100 5000 4100 3450 2940
m®/ha
Yield, center/ha
Optimal biological Fact 80 61 135 120 14
. Calculation 44 32 71 63 7
Traditional method Control 6 30 68 =7 9
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Proposed method Calcul_ation 80 61 135 120 14
Experiment 78 56 115 110 18
Profit, 000 sum

Optimal biological Fact 2 400 6863 | 23085 | 17520 7000 | 56868
Traditional method Calculation 1320 3600 | 12141 | 9198 3500 | 29759
Control 1380 3375 | 11628 | 8322 4500 | 29205
Proposed method Calcul_ation 21120 | 2745 | 10773 | 2628 10500 | 47 766
Experiment 20592 | 2520 | 9177 2 409 13500 | 48198

According to the data in the table, the maximum profit belongs on farms that
followed the proposed optimization method of crop areas, and not by the traditional
method (chaotic), used today by many farmers and householders.

Economical - mathematical model of optimization agricultural crops
areas and volumes of water allocation under deficit irrigation water. For the
maximum income in the arid zone and water resources variability necessary vary
crops irrigation rates and areas. To address this issue, we have developed economical
- mathematical model of optimization crop areas and irrigation rate, that depending
on the degree of water shortage. Solution of which is the following system of
equations:

N N N N
(P = Ci)YiFiop: = Grma: Z MioptFiopt = KﬂI/IMZ Mo R =W; F = Z F;

i-1 ~ “ Ty

W M ’
FlOptz le’ Wl:WlW; Ml_ ! ; Y1:_A1 NS ] +Y1max;

FlOP'f lopt

2

FZopt: sza WZZWZW; MZ_ W2 ; Y2:_ M2 _ +Y2max; (4)

I:ZOPt MZopt

w M 2
FNOptz le; WN =WNW, MN =1 YN Z_AN N +YNmax

FNODt M Nopt

Here fi, w; — respectively ratio of crop area to the total area and volume of water to
the total limited volume.

Summary table (Table 3) allows to compare the optimized areas and irrigation
rates of five crops. Estimate yield and income and actual data from field experiments
are also shown in this table.

Table 3
Optimization of area and irrigation rates of five crops
Variant Alfalfa Corn Potato Tomato| Mash Total
. Area, ha 1 25 0,5 1 2 7
Optimal Irrigation rate
biological gm3 ha ' 2100 5000 4100 3450 2940
Traditional Irrlgat|30n rate, 1785 4250 3485 20325 | 2499
method m3/ha
Area, ha 2 15 1 0,5 2 7
Proposed Irrigation rate
method gm3 ha ' 2000 4300 4050 3400 2940
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Yield, center/ha

Optimal Fact 80 61 135 120 14
biological
Traditional Calculation 73,8 56,2 119,4 111,4 12,8
method Control 74,1 55,4 121,3 110,2 13,4
Proposed Calculation 77,6 59,4 129,4 117,3 13,7
method Experiment 78 56 125 115 14
Profit, 000 sum
Optimal 480,0 686,3 769,5 | 876,0 | 7000,0 [ 9811,8
Biological
Traditional Calculation 4428 632,3 680,6 813,2 | 6400,0 | 8968,9
method Control 4446 623,3 691,4 804,5 | 6700,0 | 9263,7
Proposed Calculation 931,2 401,0 1 475,2 428,1 | 6850,0 | 10085,5
method Experiment 936,0 378,0 1425,0 419,8 | 7000,0 | 10 158,8

According to the data of table shows that profit in households that followed the
proposed optimization crop area and irrigation rate method increased compared to
chaotic - intuitive method used on today by many farmers and householders.

The third part deals with the study of soil moisture and laser land leveling
technology on subsiding soils. Limited water resources in the region requires the
development of more accurate and mathematically estimated moisture management
methods in the irrigated fields. These works were carried out in the schools greatest
scientists as: S.F. Averyanov, F.B. Abutaliev, F.A. Baraev, P.Y. Polubarinova -
Cochina, R.K. Ikramov, S.V. Nerpin, B.S. Serikbaev, V.M. Shestakov, A.F.
Chudnovsky, Gardner, Klute, Richards, Childs, J. Philip, etc. It is important to note
that these solutions were obtained without the influence of the SHD, as well as values
of the moisture transfer and diffusion coefficients assumed constant over time.

Moisture transfer dynamics in automorphic soils in the plants initial
development period. Studies to date have proved insolvency simplistic
interpretations of productivity agro-ecosystems management, when taken into
consideration, or change only a few isolated indicators or informativeness integral
indicators typically judged by the data of the correlation and regression analyzes that
do not always reflect the real processes occurring in the system “soil - water-plant”.

In the plant initial development period in automorphic soils when transpiration
E: can be neglected, for a two-layer soil condition that consisting of arable and subsoil
layers, will be used the following mathematical model:

E[Dl(wl)dwl}— dK, (W,) =0,(0<z<7z)

dz dz dz (5)
d dw, | dK,(W,)

—|D,W,)—2|-—2—2=0,(z, <z<L

dZ|: 2( 2) dZ:| dZ (Zl z )

W (0) =W, = const, W, (2,)=W,(z,)
aw, | B dw,
|:K1(W1)_D1(Wl) dz L_zl _[Kz(wz) Dz(Wz) dz L_zl

WZ(L):WHB
Where respectively, for arable and subsoil layers: Wi, W,- soil volumetric humidity;
moisture transfer coefficients adopted in the formK,(W,)= Ae** K,(W,)=B,e®*. As
we are considering stationary regime, diffusivity coefficients equal to their average
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values D,(W, )= D, = const,D,(W, )= D, = const; L - groundwater depth, m; Z;- boundary
between arable and subsoil layers, m; Wpg - certain intermediate moisture content
between permanent wilting point W5 and the field capacity Wy, i.e., Wy, - full
saturation capacity; Z- The vertical coordinate downward from the earth surface.
Solving the problem, we obtain the humidity distribution as a function of z.

Wl(Z)ZAziD(eA?Z—lﬁé{WHB W, + A —i(eBZL—eBZZl) A e%}W

1 AD, B,D, AD,
0<z<z
(6)
W,(z) =W, — 1 (eBzL_eBZZ)_ Dl(L—Z) W”B_W”P_i_i_i(eBzL_eBzZl) A eAzZ1
B,D, D,G AD, B,D, AD,
z,<z<L
(7)

The moisture transfer relationship in automorphic soils with the root
system development stage. Since the period of time when the root system will
situated in the arable soil and transpiration ET cannot be neglected, instead of
problem (equation 5), it needs to consider the following equations:

d dw, | dK 12E z z°
—| D,W,)—2 |- —2% - T 11— - =0, 0<z<5+u.
dz[ ) dz } dz 7(5—ku*){ 2(5+u.,) 2(5-+u*)2} O<z<0+u.)
d | o=\ dW | dK
E{Dl(\lvl) dzl}_d_zlzo’ (6+u.<z<7z)
d dW. dK
_ D W 2 |22 :O, < SL
& o) | -2 (<2<1)
(8)
W, (2)|,_, =W, =const W, (S +u.)=W, (5 +u.)
dw, oy wfon AW, .
- o) | ) o) W, (z) =W, (z)
z Z=5+Ux dZ Z=5+U
o rfory ) AW, dw
|:K1 (\Nl )_ D, (\Nl )d—l} =|:K2(W2)_ Dz(Wz) 2} WZ(L)ZWHB = const
z |, dz |,_,
In addition to the previous notation we introduce the following:
Kf(\Nf): Ae™?, Df(Wl*): D, = const

d— root systems depth; U = 6+u= - depth with which the possible rising moisture by
plant roots. Here:

O+Us 2
S 9)
7(0+u.) o 20+u.) 2(0+u)
Here are the following notation
P=D,D,(z,-U)+D,;D,U +D;D,(L-z,)

P =W =W = BBD e —evn - Al e e | A [eAZU 1+

L3AUC AU [zl—U ~ L—zl}

1 2

8D, 12D,| D, D,
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Distribution volumetric humidity as a function of depth will be:

2 2
W, (2) =W, + 4 [eAZZ—l]Jr 1§ETZ 1z ¢z . +DszgzOSZS§+u*
A,D, 7D/(5+u.)|2 12U 24U P

Wl*(z)= A1 e”Z _ eA;(5+u*)]+Z{D1ng+7A5(5—tu*)}+ A (eAQ(5+u*)_1)+
A.D; P 12D A,D,

3 ) @ TA(S+u.
+WHP—8—€51(5+U*)2 {(Dl —Dl)Dz?l_Asl(T;)}(mu*)
o+U.<z<7

W2(2)=WHB—BBE) (e5 —e% )+ (L— z){DD e —7A31(25D+“*)}
272 2

(10)
z,<z<L

Method for determining the moisture flow at the earth surface. In this work
we take into account the change of volumetric humidity ranging from wilting point
to its field capacity. At the same time, in determining patterns of moisture and
nutrients movement, and the reflection of the actual processes in the system "soil —
water - plant”, it is necessary to consider not only the layered structure of soil, but
also the degree of plant root system development during the vegetation period.

When the root system is in the arable layer and transpiration Et neglect the
humidity cannot be determined by the relation (equation 10). If the solution of the
equation (equation 6) applies formulaw, (z)|, , =W, =const, the first equation in the

system (equation 10) takes the next form (0<z<é+u*):

7)= L GZZET[ . z _A e _gr)_E [7—(5+u ) -
)= O )} ( e f-(oeu]

D, 7(5+u*)L 6(5+u.) 12(5+
Z B, (EBZL—EBzzl)—

D, D; B,D,

A (oma _grenn)_ 9B (s W
A;Df(e ° ) 14Dl( +U )+ Wi

*

(11)
Equating (equation 7) and (equation 10) at z = 0, we define Eq:

Bz|132 e —eBzzl)+$(e¥21 —e™ )+194EDT1 AZAE% B thlae <, {"L;:ule}u}

u {L—zl zl—u}
SRt s
Dl DZ Dl
(12)

Dependence (equation 12) supports the hypothesis of J. Philip about liner
proportional dependence between the moisture flow on the earth surface Eq and soil
moisture.

Determining the position of the groundwater table under background of
SHD. The original differential equation to determine the groundwater table is the
partial parabolic equation, i.e. linearized formulation of A.Y. Oleynik:

2
m0%=|<lhcpg N & —bh+es) (13)
67

WHP _WHB -
E, =




where mo - soil porosity; h - groundwater level, as a function of the spatial
coordinates x and time t, measured from the lower penetration of SHD and hcp -
average groundwater level in the revising time interval; K; — percolation coefficient

of soil in which is located the SHD; &(t) - intensity of infiltration.
Woh,p - W,
:mB_hKP’ bl_m _hKP

here W, - evaporation at the soil surface at h = mg; hkp - critical depth at which
evaporation can be neglected.

Particular solution of (equation 13) is found in the form:

h(x,t)=a(t)R(x) + A(t) (14)

where R(x) = C,shv/ux + C,chy/ux

After using (equation 14) and solving (equation 13) next relationship was
obtained:

0t — oL =2fh(LO) ~h©0)] {h(m) h(L,0) ~h(0.0) ﬂeﬁhh—

chvL-1 S chvL-1 b b, b

(15)

It should be noted that during the growing period € = 0, Wpp=0. And non-

vegetation period (during the soils leaching) due to lack of evaporation a;/b; =0, and

infiltration e=0.

P.Y. Polubarinova - Kochina proposed to determine the amount hcp by using

V.M. Shestakov recommendation, ie hcp - is the average of the maximum and

minimum groundwater level. Of course, this approach is not always suitable for

irrigated agriculture, where the groundwater tables fluctuation depends on the

irrigation. Therefore, using (equation 15) we defined the average value of the
groundwater level for fixed period of time:

1L h(LO) h(OO) 31 ‘*tm a & Sh\/—L[h(LO) h(OO)] blkthPU
heol . == [h(xt, Jdx =| h(L,0)+ =) TNEOD) & jon & | &
P t=t L-([ (xto ) (L0)+ chvL-1 b b b \/_L(Ch\/_L 1)

(16)
Expression (equation 15) is transcendental, so its solution is determined by
plotting.

Determination of SHD persolation resistance and discharge. For finding
drainage persolation resistance, let to use the A.Y.Oleynik’s equation.

t>0, x=0, oh_h _
oX 2@

_kihepv bl—k1hcpu

cp_ilce o GtE —cth\/;L} (17)

C. C.b,
The water volume in the drain spacing 1 rm at SHD will be calculated by the
following relationship:

by —kihepv, bt
Wis =2m {Tsh\/_Le ™ 4@ ,le™+ @ L} (18)
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h(L,0) —h(0,0)] h(L,0)-h(0,0) a, a, &
Here @ :—[ , @ , =h(L,0 -2+, g,=2+-(19
' chvvL-1 , =0+ chvvL-1 b ) " b, (19)
le water SHD discharge will be determined by the following formula:
— () — (%)
Q(g)) =W()tp —W r); (20)

86,4(t, -t,) ”
Where |4 - the length of drainage, m.

Distribution volumetric humidity in a homogeneous soil. The equation is
considered moisture transient transfer process will be as follows:

oW 0 oW | oK
EZE[D(\N)E}_E’ (0<2< 743) (21)
W, (ZYFB(th)):WHB =const; K(W): Ko +§0(t)(zyr3 - Z)

Zyrs(X, t) in equation (equation 19) is the value of the groundwater table is
determined from the following equation mine at a fixed time t;.

chvv (L= x)[h(L,0)-h(0,0)] s {h(L,o)Jh(L’O)—h(O,O)] a e‘%"_i_ﬁ

Zys Xt )=m, +d e
o ()=, +d+ chvL-1

chvvL-1 b b, b
(22)

D2(W) - the diffusivity coefficient of soil moisture. R, - which is constant
determined by comparing the theoretical and experimental data. K(x, z, t) - moisture
transfer coefficient.

Solution of (equation 21) is sought in the next equation form:

W(x,z,t) = yl(t)(ZVFB - 2)3 + 7/2(t)(zyr3 - 2)2 + 73(t)(zyr3 - Z)"’ Va

Where x - distance from the considered point to SHD. According previous records at
z = Zyrg could be found following formula:w,, = »,; K=K,:

Distribution volumetric humidity in a homogeneous soil under SHD
background:

W(X! Z,t) = 71(Zyr3 - 2)3 - [37lzyn3 _7;kzyrg - 2)2 +
+|:37/12§FB - 27/;Zyr3 +6y,D+ 7; kZYFB - Z)+WIYB

Change of volumetric humidity in non-vegetation period with SHD
influences. In the non-vegetation period under SHD background, it is usually
necessary to be considered in the distribution of volumetric moisture levels: arable
and subsoil layer extending to mobile GWT, causes drainage work.

For describing volumetric moisture distribution were developed following
equations:

(23)

oW, :ﬁ D*(V\/*)awl _%1 (0<z<z)
1 1 1
ot 0z 0z 0z (24)
oW. 0 oW, oK
ot ZE[DM’ a}a_ (222<2m)

W05 =W1* (x,0,t) = Wiy + (WHHB _WHH)-th(a) t)
Wi = (Wn -W, )-th(a)t)
Wl*(x’ 2,8) =W + B,()2° + B, ()27 + S5(t)2
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W2 (X, th) = 71[Zyr3(xio)_ 2]3 +7, [ZyrB(X1O)_ 2]2 +7s [ZyrB(X’O)_ Z]+W178

. on s OW, oW
|:K1(\N1)_D1(\N1)8—Zl} ZI:Kz(\Nz)_DZ(\NZ 822j|

W, (ZYFB(Xit)) =Wp; = const
here t - time; W, * - distribution volumetric humidity within the arable layer (z;). The
following subsurface soils volumetric moisture described by the value Wy(X, z, t);
D;*(Wi1*), D2(W>) - diffusivity coefficients of soil moisture in the respective layers:
Dt Dt
D/ (xt)=Rje * D,(xt)=Re " R* R, - coefficients determined by comparing
the theoretical and experimental data; K;*(x, z, t), Kx(X, z, t) - moisture transfer
coefficients in the respective layers.

The initial condition of the second equation is selected from those
considerations that in any distribution volumetric humidity on the ground
(Whos=Wrn) and for any time (t), it belonged to the interval We[W3, Whs].
Functions thaw*t, that - take into account the rate of moisture change on the earth's
surface (z = 0), w*, o coefficients determined by comparing the theoretical and
experimental data.

Moisture transfer coefficients for subsurface layer is defined as:

Kz(W ) Koz + 0, (x, t)( vip )
Solution of the second equation of (equation 21) was found in the form:
W, (x,2,t) = 7/1(t)(ZYFB - Z)S +72 (tXZyrB - Z)Z +73 (t)(ZYFB - Z)"‘ Va
At z=Zyrg, according to previous records, there are following equations:
Wi =74 K, =Ky,
Moisture transfer coefficients for arable layer gets next formula:

Dyt

. 67.R D\ T vl
KZ(W): Koz +{[37lz§m +27,Zyp + yDl 2 (37/123/13 +72k & +73}Zm} +
(25)

2

D

Dyt
12R,e 7 [37, 2,0 +7;]}(zm 1)
So, formula of distribution of the volumetric moisture in the subsurface layer:

W, (x,2,t) = 71(Zyr3 - 2)3 - [3712yr3 + }/;:kZYFB - Z)Z +

D,t

+ [:mzﬁm + 202701 +%(37/12ny vk 7y ](zm —2)+W,,

2

(26)

The moisture distribution in the arable soil will be:

* _ WHH +(WHHB _WHH )'th<a)*t) 3 ﬂlﬂZ 1 ﬂz
W (x,2,t) = {WHH W, W, ) thiat) }+ﬂlz + B,2° D A2 1e fog (27)

This formula could be used to determine the optimum depth of deep ripping
for moisture accumulation in the non-vegetation period and systematization of
agronomical, technical and reclamation measures.
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Dynamics of soil humidity in stage by stage layers loosening on the
background of the SHD. For defining of volumetric moisture distribution in the
studied soil were viewed the following equations.

2
awlzg[Dl(Wl)awl}_aKl_ 12E, 1- z B z - (0<z<5+u)
ot oz 0z oz T(6+u.) 2(6+u.) 2(6+u.)

W, 8 oW, oK
=—|D 2 |-z O+U, <2<z
Ak )
(28)

Wiy =W, (c0,8) = | Vo * W W, )-thi't)
0B AN W, —(WHH _Wg)'th(ﬂt)

W, (X, Z,t) =W, +,(t)2° + 2, (t)2? + a1 )z

W, (X, z,t) = yl[ZYFB(X’O)_ 2]3 +7 [ZyrB(X1O)_ 2]2 +7s [ZVFB(X’O)_ Z]+WHB

[Kl(\/vl)_Dl(\Nl)%} =‘:K2(\N2)—D2(\N2) a;gz:l

Wz (ZyrB (th)) = WHB = const

Dt
D1(W,)-diffusivity coefficient of soil moisture in the root zone: D,(x,t)=Re “ . Ry —
coefficient, determined by comparing the theoretical and experimental data.
Moisture transfer coefficients of subsurface layer is defined as:

Bt

. 67,R . « s
Kz(W):Km‘*'{(:g?/lZ;n; +2y,Lyp + Dl 2 (37123/12; +72)3 & +73}Zym +

2

Dyt

+2R,e 72[37123/[3 +7/;]}(ZWB _Z)

Distribution of the volumetric moisture in the subsurface layer is defined as:
Wz(X’ Z’t) = 71(Zyr3 - Z)3 - [37/12yr3 + 7/;:kzyr3 - 2)2 +

D,t
. 6y,R T« (29)
+ [371zjr3 + 27zzyFB + %(37123@3 + 72k o+ V3 J(ZYFB - Z)+WHB
2
Changing the volumetric moisture in the root zone layer takes the form:

W, + W, W, )-th(z't -2
W, (X, z,t) :{ ot + Wiy =W ) <'u )+ AR YA 2 80R e

Wi _(WH _Ws)'th(ﬂt) D, (30)

. 6E, 2 [ oz 7 }
7D, (5 +u.) | 6(5+u.) 12(5+u.)?
Applying this calculation and data analysis can predict the dynamics of
humidity reduction on the background of SHD that contributes to optimizing the
timing and depth of stage by stage layers loosening.

Determination of volumetric moisture in layered porous soil containing
arable, subsurface and groundwater table. Description of the distribution of
volumetric moisture in the studied environment were shown in the following
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equations.

2
6W1 [ l(VVl) :l_aKl_ 12Et 1_ Z _ Z - (0SZS5+U*)
ot 0z oz T(6+u.) 2(6+u.)  2(5+u)

8W1* 0 e  OW, | K/
=—|D —L -1 O0+U.<2<2
ot az{ 1), } a 2
oW, 0 oW, oK
=—|D —2 -2, 2,<1<1
-2l e]-%e gszsay)
(31)
WHOB :W1(X101t) - {WHH ’ (WHHB _WHH)‘th(/u t) Wl(X,5+U*;t) :Wl*(X,5+U*;'[)
WHH _(WHH _Ws)'th(ﬂt)
oW nrron ey OW .
|:K1(\N1)_D1(\N1 1j| =|:K1 (Vvl)_Dl (Vvl : } Wl (szyt) =W2(X,Zl,t)
az Z=6+Ux 62 Z=0+Ux
«, OW] oW,
{K (Vvl )— D (\Nl } ={K2(VV2)— Dz(\Nz 2} ( yrB(X t)) 1 = const
0z 72, 0z 722,

Moisture transfer coefficient of the root zone layer is determined by the
formula:

WHHB — WinH

(0 2
K =[5+ u)-2 ch?(w’t) +D1(t){2a2+ 1zET)SJ_ 12E. 7 {1_ z 2 )}r

Wi —W‘,), 7(5 +u 7(5 + u*)

ch?(wt)

6E
+E, + Dl(t){3a1(5+u*)2 +W—6Dl(t)a§f2 + 3} 23,D; (t)5 +u.)

D;(t){sﬂlzlz - 6D1*( )ﬂé)ﬂz + 5, } +Kgy + Zynz (37123/[3 + 27/223/[3 -6D, (t) 7572 +73 j(zynz - Zl)+

1 2

+D2(t){371(zyn; - 21)2 +37123%13 + 27223/1*3 _GDZ(t)yg/z + 7;} -

2

Df(t){3ﬁl(5+u*)z +283,(5+u.)- 6ﬂ1§2 e "z i }

Volumetric moisture in root zone layer is determined by the formula:
— . 2
Wi(x,2,t) = Wi + Wiy Wy ) s t)+ozlz +a,7° (6D() L +a;]2+ o2 >+ o2 3
Wi, =W, W, )-th(st) D 7(5+uf  7(5+u.)
(32)

1

Moisture transfer coefficient for subsurface layer is defined as:

KZ(X, Z’t): Koz +{(37123%[B + 20,y ~ 6D2( )7572 73 ]ZWB + 2D2(t)[37lzy[3 + 7;]}(23/[3 - Z)

2

Thus, the distribution volumetric moisture in the subsurface layer in presence
of SHD will be determined by the formula:

2

W, (x,z,t) = 71(ZyrB [371 Zyrg +72kzyr3 (37/1232@ + 27/223/r3 6D2(t)7g/2 +73J(Z Z)+WHB

(33)
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Moisture transfer coefficient for arable layer will look like:

K; = D;(t{3ﬂ1212 - 6D1*(t) ﬁé‘iz + ﬁ:::| + Z.S/FB£37/lZ§FB + 27;Zyr3 - 6Dz (t) 7%572 + 7;}(23@9 - 21)"'

1 2

+2ﬁ2D1*(t)Z +Kgpp + Dz(t){:a?/l(zyrs 1) +371 vIB +272 vrg — 6D (t)7172 +7;}

2

Volumetric moisture for subsurface layer will look like:

W (x, 2,0 = B2+ B2 { (05 - ﬂs} (34)
1
Where
71(23/1"3 - Z1)3 - [3712yr3 + Vzkzyrg - Z1)2 + [3712_\%1“3 + 27;Zyr3 - 6D2(t)7[1)}/2 +73 J(ZWB - Z1)+Wn3 _ﬁzziz _ﬂgzl
:Bl = ﬁ 2
Z _6D ()67 1

Win +(W17HB_W17H)'th(:u*t) 3 2 alaz -
5, {Wm —(W,,, —W,)-th(zt) +a,(5+u.) +a,(5+u.) —| 6D,(t) 5 v e (§+u*)+
2 (5 +u.) —6D;(t) gﬁ (5 +u.)

1

12E,
N 7(5 +u.)

(5+u.) —6Df(t)%(§+u*)

1

~ A5 +u) - (5 +u.)

According to research conducted in Mirzaabad District of Syrdarya Region,
soil moisture at the surface decreases more rapidly than in other parts of the arable
layer and the subsurface zone. Experiments have shown the effectiveness of deep
ripping instead of ordinary plowing, which contributes not only to rapid salts
reduction, but also preserve moisture during the growing season.

Analysis of the formulas shows the process of reducing volumetric moisture
on the background of SHD, which allows to optimize the timing agronomic, technical
and irrigation activities.

Experience and prediction of subsidence phenomena in land leveling of
irrigated field surface. The rise of culture of irrigated agriculture can be been
reached only by implementation in life complex organizational and economic,
hydrotehnical, agromeliorational measures that will provide the best conditions for
high and stable yields with high mechanization of production processes in the
irrigated field. Favorable topography irrigated fields have played great importance in
this development. Application of method of irrigation and irrigation techniques have
been corresponded by favorable slopes.

Study of the issue were involved in biggest experts, as: F.B. Abutaliev, H.A.
Akhmedov, B.R. Bazarov, F.A. Barayev, J.G. Batrakov, A.N. Vavilov, H.K. Gaziev,
I.D. Dzyandevich, V.A. Dukhovniy, R.K. lkramov, A.N. Kostyakov, S.M.
Krivovyaz, V.F. Kulinchenko, N.T. Laktaev, A.N. Lyapin, V.N. Martensen, V.F.
Nasenko, A.A. Rachinskiy, B.S. Serikbaev, N.l. Samsonov, G.V. Tsivinskii,
U.Yuldashev, etc.

Technology design of all these methods is to ensure that the project designer
gradually picks up the desired position design surface for the balance of earthworks,
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but this will not include ground subsidence phenomena.

Methods of land leveling design fields with any configuration. Currently,
land leveling design methods have assigned independently of the exposure degree to
soil subsidence. Therefore, our research has been devoted to solving this problem.
Designed field, that is the shape with any configuration, divides into squares with
sides of 20x20 m, then determines by the ground mark the centers of the squares and
the center of "gravity" of the irrigated field. Then the field is divided into two parts
and determined centers "gravity" of the half- sites.

The plane, which duplicates the site natural topography and at gives minimum
volume of the cutting and fill works is defined as:
x—x y-y z

nox iy b

X,—x Y,—Yy h,

here 7x, "x1, X2, 7y, "yl, y2, h, "hl, "h2 - center "gravity" and half of all sites
coordinates of abscissa, ordinate and aplicate.

Increment to the design plane taking into account the soil plane buckling or

subsidence by the following relationship:

Ah, =h K, =h (MJ (36)

2

This dependence is recommended for the design fields with any configuration,

taking into account soil subsidence (bulging). Formation of the desired cut/fill height
can be accomplished in the following ways (Table 4).

~h
—H:Ax+By+Cz+D (35)
~h

Table 4
List of technologies applied to the demonstrative field
Unit
Technology costs, Advantages Disadvantages
$/ha

Large amount of manual
labor and not

Plowing, laser land leveling, Relatlvely high complete_ly adaptive
additional cut and fill activities, | 460 accuracy inthe | laser leveling tools for
deep ripping on diagonals plane formation of | wide application of this
plane method, low
productivity of
machinery

Diagonally deep ripping across High efficiency

. . effective application Relatively low the
the field, laser leveling, the . . :
. of machinery and quality of field surface
second deep ripping on the 348 )
- . the relative as compared to 1 and 3
opposite diagonal and correction cheanness of the methods
of land surface by laser leveling pwork
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Plowing, laser leveling,
diagonally deep ripping across
the field, correction of land
surface by laser leveling and the
second deep ripping on the
opposite diagonal

High effective

application of

370 machinery and the

relative cheapness
of works

Relatively high price
compared with 2 way

Technology comparison showed that the most effective was the last method.
Analysis of capital investments in laser leveling and deep ripping showed that the
highest yield was deep ripping at 60 cm.

CONCLUSION

Studies allow us to formulate the following conclusions, determined by
theoretical and practical significance of the work:
1. An economic -mathematical model (equation 2) to adjust the water use plans in
conditions of water scarcity was developed. Optimization problem of water
distribution between crops in terms of WCAs and farmers can be solved by proposed
model, which will minimize the loss of agricultural production under water scarcity.
That allows to increase revenue 342 400 UZS/ha (WCA Sairam Kuyi Suvi -Chirchik
district of Tashkent region) compared to the traditional methods of water distribution.
2. The economic -mathematical model (equation 3) for operational optimization of
agricultural land with a deficit of irrigation water was developed. Experience of the
crop area optimization indicate a need for diversification of species and varieties of
crops. Only through proper diversification revenue can increase to the sum of 454
200 Uzb/ha (farm Mamatkul Jurakul ugli at WCA N.Mirzaev Kumkurgan District of
Surkhondarya Region).
3. Created the economical-mathematical model (equation 4) to optimize areas of
crops and volumes of water allocation under extention of water scarcity.
Implementing the optimization of crops area and water distribution in the irrigation
water shortage period minimized agriculture losses in dry years. For example,
economic efficiency after the introduction of this method in the farm "Saodat™ in
WCA N.Mirzaev at Kumkurgan District of Surkhandarya Region was 821 500
UZS/ha higher than the control.
4. Until now, when modeling the moisture flow associated with the evaporation of
the physical, not considered it’s changing to a limited extent. In this connection, in
this work, is taken into account the change of volumetric humidity in the range of
wilting moisture to field capacity. Based on the analytical solutions of moisture
transfer in automorphic soils in the initial period of plant development and taking
into account the development of the root system, by solving the inverse problem in
physics (procedure Acad. Abutalieva FB) determined the physical parameters of soil
in considered WCA.
5. An analytical dependence (equation 12) determines the moisture flow (physical
evaporation) on the earth surface, based on agronomic parameters (tilth), the physical

75



properties of soils and the development of plant root systems and soil humidity
changes within a limited range (from wilting to field capacity).

6. The author suggests the analytical dependence (equation 15) of groundwater table
dynamics at SHD background in space and time, which differs significantly from the
results of P.Y. Polubarinova - Cochina, receiving an average depth of groundwater,
the average value of the maximum and minimum water level.

Developed (transcendental) equation (equation 16) to determine the
groundwater level to any fixed time period and is a function of the soil porosity, the
soil percolation coefficient, the intensity of infiltration, the evaporation at the soil
surface, drain spacing and critical depth.

7. The author created mathematical model (equation 17) which describes the SHD
resistance coefficient and discharge in time. In contrast to acad. S.F. Averianov
receiving SHD percolation resistance and discharge as constant value, the author
proves the change SHD percolation resistance and its discharge.

8. Based on this formula the dynamics of the groundwater level, the author developed
model (equation 23) and a software for solving the problem on the forecasting
humidity for orchards, vineyards and perennial crops, i.e. humidity changes in a
homogeneous soil. The results showed that the decrease in volumetric humidity near
the drainage is faster than in the middle drainage space.

9. On the basis of theoretical studies, the dependence (equations 26 and 27) the
change of humidity in a bilayer soil (vegetation period, arable and subsurface layers)
allows to determine the dynamics of moisture in the aeration zone for collecting
moisture from "artificial" winter floods caused by the transition to energetically
management of transboundary waters.

10. The numerical solution of (equations 29 and 30) equations of the dynamics of
moisture transfer in stage by stage layers loosening on the background of the SHD,
consider having a two-layer medium (root and subsurface layers). Solution of the
problem can optimize the depth and time of stage by stage layers loosening for
increasing irrigation interval. The proposed simulation method of moisture transfer
stage by stage layers loosening allowed to get accurate data on humidity changes in
compared to the previously used method (F.A. Baraev and M. Abbaskhanov).

11. Mathematical models (equations 32, 33, 34), considering three-layer soil (root,
arable and subsurface layers) allow to determine the dynamics of soil moisture on
irrigated field under SHD background. Using the procedure by solving the inverse
problem in physics (procedure Acad. Abutalieva FB) determined the physical
parameters of soil in considered WCA.

12. Improved methods of laser leveling design (equations 35, 36) of irrigated land on
subsiding soils, reduces the amount of cut/fill works to 12-16% (WCA Mubhtarali
Yusupov Kurgantepa district of Andijan Region). The developed method promotes
creating a stable plane.
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