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JOKTOPJUK JTUCCEPTAHUACUI'A AHHOTAIIUA

JAucceprauuss MaB3yCHMHHMHI [J0J3apOjauru Ba 3apypusatu. JKaxonna
1aMoJI Ba CYB 3PO3USICHHUHI JKaJaJJIAllyBU HATWKACUAA TYNPOK YHYMIOPJIUTHU
KECKUH Macainb O0opMOKaa. YHU THKIIAII XyJa OFUP Ba y30K MYIJATIU TJ100aTh
IKOJIOTMK MyaMmMmoJjapjaH Oupuaup. byryHrm KyHoa JIeXKOHUYMJIMKHUHT
WHTEHCHBJIAII JaBpUaa «JyHE OYyilmda 2 MIIpJ. TeKTapra sIKMH epjiap SpOKCHU3
xonarra kenrad. lllyaunraek, Kypykaukauar 31 ¢ousu cyB, 34 pousu sca mamon
Apo3usicura yajauHral. Xap i 60 MiipA. TOHHaIaH OPTUK TYIPOKHUHT YHYMIOP
KATJIAMH JIEHTH3 Ba OKEAH/IAPra IOBIINO KETMOKIAY .

EpmapHu cypyHKanu myaropiiail Ba J€XKOHUWJIWK TU3UMUHHHI Y3rapuilu
allHUKca, HUINAOJIMK epjapAa 3po3uAra ydyparaH MaiJIOHIapHUHT CAJIMOFUHH
omuiura onmud Keiamokaa. Jlanmu HUIMAOMMK epriap/ia CyB dPO3USICH Ba TYIPOK
HAMJIMTUHUHT €TUIIMOBYMIIUTH KUIAUN MyaMMoJapaaH oupuaup.
PecnyObnukamuzna naiMu JE€XKOHUYMIIMKKA SPOKJIH epnap 2 MiaH. 130 mwuHr
TFeKTapHU TAIIKWJ 3TaJid, IyHAAH 756,8 MUHT T€KTapu LIyATropJiaHaguraH 6}”011/162,
«10,1 ¢owus epnap cyB, 76,6 dhousu mamon 3po3usicura xamaa 7,5 ¢housu sca xam
CyB, XaM LIaMOJI IPO3UsICUTa YaJIMHTaH» .

NnMuii TaIKUKOTIap Ba aMalauid MOUIap TaxJIWINra Kypa, MamJIakaTUMH31a
Apo3Msra yuparaH epiapja KyJUlaHWIaJuraH TyNpOKHHM aFJapMaciaH Ba araapud
UNUIoB Oepajguran MammHaizap Tanad gapaxkacuja cudariv UIUIOB OEpUITHU
TabMUHJIAMASTITH, SHEPTHUs capdu Ky Ba YHYMJIOPJIUTH MacCT.

[y ©Oomc, xo3upr KyHAa TYNPOKKA HWIUIOB OEpuIll TU3UMHUHHU
TaKOMWJUTAIITUPUIIL, SHEPrusi capPuHU KaMalTUpHUII, HaM TYTUIANl Ba CaKJIAIIHU
SXIIWJIAWUTraH, IIaMOJl Ba CYB OJpO3MSCHIAH XUMOS KWIAJWraH Ba WUl
YHYMJIOPJIUTUHU OUIUPUIIHA TAbMUHIANAUTAH TEXHOJIOTHSIAPHU UIIIA0 YUKUIIT
Xamia TEXHUK BOCHUTAJApUHM SIpATHUIIra KapaTWIraH TaAKUKOTIap J0J3ap0
xXucoOIaHa Iu.

V36ekucron Pecny6mukacu Ilpesumentununr 2007 fimn 29 okrsbpraru
3932-conmun  «CyFopwiaguraH epJapHUHT MEIHOPATHB XOJIATHHH  SXIITFIIAIT
TU3UMHUHM TyOJJaH TaKOMUJUTAIITUPHUII Yopa-Taadupiapu Tyrpucugantu GapMonu
xampa 2013 vmn 19 anpengarm 1958-commm «2013-2017 wwnap naBpuia
CYFOPWIQINTaH €pJIADHUHT MEIUOPATHB XOJATUHU sHaJa AXIIWIall Ba CYyB
pecypciapuian  OKWJIOHA  (oijJajnaHuIl  4yopa-TaaOoupiapu  TYFpUCHIA»TU
Kapopuna Oenrmmanran Basudanap- TYNPOK YHYMIOPJIHMTH SXIIHJIAII, SKUHIAP
XOCUJIZIOPJIMTUHUA OIIMPUII, TYNPOKKA CH(ATIM WUIUIOB OEpHIl, MIaMoJl Ba CYB
APO3MSICUAAH XUMOSUIAI, PECYPTEKAMKOpP TEXHOJOrMs Ba TEXHHUK BOCHTAJIAp
OwiaH TabMUHJAII KaOW MacajajapHd Oa)kapwilura JAUCCepTalus TaAKUKOTH
XU3MaT KWIAJIH.

TagKNKOTHUHT V36exkucron PecnnyOsmkacu ¢aH Ba TeXHOJIOTHAJIAP
TAPAKKUETHHUHI YCTYBOp HyHajquuuiapura mocjuru. Jluccepramus ¢an Ba

! 3axapos H.I'. 3ammra mouB ot spo3un/ YueOHO-MeToanIecKnit KoMIieke. — YubsHoBck: 'CXA, 2009. — C.9-14.

% V36ekucron Pecry6mukacummar ep dommum (2014 iimn 1 smaps Xomatura). — TomKeHT: Y3GeKHCTOH
Pecniybniukacu ep pecypciiapu, reoie3us, kaprorpadus Ba AaBiaT KaJacTpy JaBnat kymuracy, 2014. — 203 0.

3 I'eorpaduueckwmii atiac Y30ekucrana. — Tamkent: ['ockom3emreoaeskanactp, 2012, — C.130-131.



TEXHOJIOTUAJIAD TAPAKKUETUHUHI KYWHMJAru YyCTYBOp MyHaJIuuuiapura MocC
paBumiga Oaxapwirad: JUTJ-15. «Canoar, TpaHCHOpT, KUIUIOK Ba CYB
XYKAIUTU y4yH UMUK XaMKI0p, Ul YHYMH IOKOpPH, pakoO0aTOap o1, SKCIopTra
WYyHANTUpWITaH TEXHOJOTUsUIap, MalluHaiap, ycKyHanap, acOoOnap Ba 3TajioH
BOCUTAJIapH, ylHaml Ba Ha3opaT ycyuiapunu sipatuun»; UTA-3. «OHepreruka,
HHEPrO-peCypCTEKAMKOPINK, TPAHCIIOPT, MAIlIKMHA Ba acO00CO3IIUK.

Juccepranus MaB3ycu OyiiMya XOPWKUI WIMHI-TAAKUKOTIAP IIAPXH.
Tynpokka cudarim unwoB OepaguraH TEXHOJIOTHMsS Ba TEXHHUK BOCHTAJIAPHU
SpaTHulll, TYIPOKHU CYB Ba IIaMOJI APO3USICUIaH XUMOSI KWJIMIIL, SPO3Usl KapaEHHUra
TabCUP OSTYBYM OMMJUIAPHU METOAOJOTHUK Oaxojaml Ba 3po3us >KapaéHUHU
MaTEeMaTUK MOJEIUIAIITUPHIL OYiirya Ha3apuil Ba aMalnuid TaAKUKOTIap AMepuka
Kymmva [llratnmapu Kummox xyskamuk nemapramentu, Brillion, International
Harvester, John Deere (AKII), Combo Three, Massey Ferguson Ltd, Howard
(byroxk bpuranus), Kirpy, Fishe (®panmus), Kverneland Ltd (Hopserus),
Wageningen (Hunepnanmausi), Lemken Ltd, Hohenheim, Weihenstephan
(I'epmanus), MIIAY, Bonrorpan MNYb (Poccust) kabu mamiakaTIapHUHT WHPUK
bupmanapy, KOMIAHUIIAPH, WIMHAA MapKa3jiapy, OJIMA TahJINM Myaccacalapu Ba
WIMHI-TaIKUKOT MHCTUTYTAapuia oJud OOpUiIMoKaa.

VYnapHUHT SKUH WWILTapAard WIMHAW-TAIKUKOT HaTHXKanapy KyWuaaruiapaaH
ubopaT: TYNpOKHM arjapMaciaH WIUIOB OepajuraH 4YyKyp IOMIIATKHY,
KEeCaKJapHu Maljanaiural I0KOpU YHYMIIM Ba KEHI' KAMPOBIIM KypUJIMaJlapHUHT
KoHCcTpykImsutapu sparwirad (Brillion, International Harvester, John Deere);
TYNpPOKKa WIUIOB Oepulljia KaM sHeprus capduaiguran €1 npodunu mapadomna
miaKiauaa OyiaraH Ba SpyCld SKOWJAIIraH 4YyKyp FOMINATAJWraH WII OpraHiap
nnutad gukuwirad (Combo Three, Massey Ferguson Ltd, Howard); Tynpoxkuu
arnapmaciaH unuioB Oepaauran C-CUMOH TYTKH4WIap Ba STPHU-TEIUKOW HIIYU
103 MCKaHajap Ba KYHJAJIAHT-THUK TEKUCIHKIA Mapa0OJaCUMOH WII OpTaHIn
ynzemiap unuiad yukuiaran (Kirpy, Fishe); roxopu yHymm uuzennu KypoJsuiap,
aitnanma kopnyciu Te3kop rtuiyrnap (Kverneland Ltd, Lemken Ltd); T'MC
TEXHOJIOTUSACH acOoCHAa TYIPOK JPO3USCUHM XKMHUI 0axojianl METOI0JIOTHSICU
unuiad yukwiran (Wageningen); CyB TabCHpUJa TYNPOK 3appayalapuHUHT
IOBWIIMIIK Ba #ykomumuuu Oaxonarauran WEPP (Water Erosion Prediction
Project) monenu sipatmiran (AKI Kuniox xykanuk aenaprameTH); epiIapHUHT
Spo3usira  MOHWUIMK Japa)kacMHHU OaxojlaliuraH, TYHOPOKHU XHUMOSJIOBUYU
arpoOTeXHUK  TaIOUpJIapHU  acocjall Ba  KHUIUIOK  XYXKAIUK  JKUHJIApH
CTUIITUPWIANIaH HUIIA0 epijapjaa, Kywid EFUHTapYuINK TabCUPHUAA SPO3USTHU
6axomam umkoHustuHu spaTyBun EUROSEM (European Soil Erosion Model)
EBpona moxenu nmad yukwiran (Fapouit EBpornia Hohenheim, Weihenstephan);
HUIIA0IMKIIApAa UIIYKM OpraHiap TabCUPUJIa TYIIPOKHHU CHIDKUIL KOHYHUSTIapH Ba
CYyB DHpO3MSCUTa KapliM [MOFOHACHUMOH IIYyATOpJalluraH aHbaHABUHA IUTYT
KOpIyciaapy TabCUpUAa MajlaxCaJapHU aFIapWiIMIl KOHYHUSTIApU aHUKJIAHTaH,
“paraplow” Typumaru Kas TYTKHUWIA, KA TYTKHYIA Y-CHUMOH, X-CHMOH HIII
Opramsiap, TypJu XWIJard arJapruyucu3 TYIMPOKKA HIIJIOB OepHIll KypoJiapu
(Bonrorpan MNYb, MJIAY) sipaTtunraH.
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byryaru kyHjma spo3usira TYNPOKHU YUAAMIIWIMK Japa’kaCMHU OUIUPHII
MyKaMMaJl Ha3apusCHHHM WILIA0 YMKUII, TYMPOKHUHT BakT Oyitmda Ba ¢aszona
(GU3UK-MEXaHUK XOCCAJIAPUHU Y3rapuill KOHYHHUATIAPH, WII OpTaHJIapUHUHT
TYnpoK Owsiad y3apo TabCUp >KapaCHUHUHT Ha3apuil MoJejiapu, I1amMoJl Ba CyB
SPO3USICUJIAaH XUMOSI KWIHMII YYYH PECYpPCTEKAMKOpP TEXHOJIOTHSIIAp Ba TEXHUK
BOCUTAJIAPHU SPATHIIl XaMmJa TYNPOKKA HIIIOB OCPUIIHUHT MEXaHUK-TEXHOJOTHK
aCOCJIApMHU TAaKOMWUIALITUPUII OYinYya yCTyBOp WIMHN TaJKUKOT HIIJIapU
amaJnra OLIMPUIMOK/IA.

MyaMMOJIapHUHI YPraHWITaHJIUK Japaskacd. TymnpokKka argapruyucus
UILIOB OepaJuraH Wil OpraHjapuHUHT TYNPOKKa Tabcup skapaéuu B.I1.IopsukuH,
N.M.IlanoB, IIL.H.bypuenko, B.M.[Ipunua, A.K.KoctpuupH, «1.B.Cyukos,
K.E.Toxkymes, B.B.Tpydanos, P.l.baiimeroB, ®.M.MamartoB, A.TyxTaKy3ues,
M.Mypano, W.T.Oprames, X.P.Fadpdopos, b.XymBakroB Ba Oomkanap
TOMOHUJIAH YPTraHWJITaH.

[ITamon »po3usicura Kapiii HMILIOB OepajuraH Kusi TYTKUWIM aFIapruucu3
umn  oprannap JI.C.Opcuk, [.A.TpsamuubiH, B.W.IIsinpak, W.b.bopucenko,
®.M.Mawmaros, 1.T.Opraiies Ba Oonikagap TOMOHUIAH TaIKUK KWJIMHIaH.

CyB spozmsicura Kaplid TEXHOJOTHSUIAP Ba TEXHUK BOCHUTAJIAPHU SIPATHII
oyinua tankukotiap K.B.Anexkcanapsin, A.T.Barun, H.Haropssiii, T.X.I1a30Ba Ba
Oomrkanap oiaubd Oopras.

X.MakcynoB, K.MupzaxonoB, C.C.PycramoB Ba OolikajJiap TOMOHHUAaH
JaiMU Ba CYFOPWIQJWIaH epiapAa 5po3usi KapaCHIaApUHUHT 03ara KeJHIil
KOHYHUATIIApY, 3PO3USHU TYINPOKHHUHI XOccajlapura xamjJa fFajjla Ba IaxTa
XOCWINIa TAhCUPHU YpraHuirad, OUPOK KOMIUIEKC Ba TU3UMIIM XapaKTepiu UIILIap
eTapiy SMac. Y30eKHCTOHIA TYHNPOKIAPHHMHT Y3Mra XOC XYCYCHSTHHH XHCOOTa
OJITAaH XOJ/1a, IIaMOJI Ba CYB ApO3MsiCMHM Oaprapad KWIMII y4yH 3aMOHAaBHUM
TEXHOJIOTHS XaMJla TEXHUK BOCHTAJIIAPHU WUIUTA0 YMKHUII Ba aMaluéTha KyJurail
Oyiinua erapau Japaxkana TaAkukoriap VyTkazuiamarad. Iy  Goucpan
HUIIAOJUKIAP TYNPOFMHU DSPO3MSICUTa Kapild HIUIOB O€pUIll YYyH MaBXKY.l
TEXHOJIOTHSAJIAP Ba TYIMPOKKA HWIIJIOB OEpHIll MAallMHAJAPUHU MOJACPHU3AIUS
KWINII 3apYPUATH 103ara Keiau.

JAuccepranus TAAKUKOTHHMHI WJIMMA-TAIKMKOT HILIAPH PpeKaJapu
OmwiaH OOFIMKJIMIM Kyhugaru joiuxanapaa akc straH: OT-d4-54 «Kecwuin
Ha3apusICM Ba KHIIUIOK XYKaJWK MalllMHAJAapU KECHUIll amnmnapariapy Ba HIIl
OpraHJIapuHy XUCOOJAIIHUHT UMUK acociapuHu spatuin» (2008-2012 iit.);
KXA-3-032 «KypFOKYMIMK MIAPOUTHIAa TYIPOKHM XUMOSI KUJIMII Ba HAMIIMKHU
CaKJIaIlIHU TabMHHJIANIJIA  KOMOMHAIUSJIAHTaH arperar Ba  YHUHT
TEXHOJIOTUSIIApUHU Uiiad aukuny (2012-2014 iit. ).

TagKMKOTHUHT MAKCAJAU 3pO3Usira ydparaH TYNPOKJapra UIUIOB OCPUIIHU
MEXaHHUK-TEXHOJOTUK AaCOCIAPUHU WIUIA0 YMKUII, TYNPOKHM IIaMOJI Ba CYB
SPO3USACHIIAH XUMOSI KWIHIIL, WIUIOB Oepuliaa SHeprus caphuHu KaMaWTHPUII,
TYOpOKJa HaMHU TYyIUIalll Ba CaKJAIIHU SXIIWIAWAUTaH, WII YHYMJIOPJIUTWHU
OLLIMPAJIUTaH SIHI'M TEXHUK BOCUTAJAPHU SpaTULI.



Makcaara 3puiImil y4yH KyHuard TAAKMKOT Basudajiapu KyHWiIray:

9po3Msra Kapiiy TYNpPOKKa WIUIOB OEpHIl YYyH MAaBXKyJ TEXHOJIOrus Ba
TEXHUK BOCUTAJAPHU TaXJIMJI KUJIHIII,

MEXaHUK MUUIOB Oepuil 00BbeKTH cudaThaa TYNPOKHUHT (PU3HK-MEXAHHUK Ba
TEXHOJIOTUK XOCCAJIAPUHU YpraHul;

DHEPIUSIHU TEeXauauraH Ba TYNPOKHH OPO3WSANAH XUMOS KWJIAJWTaH,
IOMIIATAII TEXHOJOTMSCMHM HOUIa0 YMKHII Ba MKKH SPYCIH FOMIIATKAY
napaMeTpiapyuHu acociail;

YPKauIu-IOFOHACUMOH WIYArOpJIall TEXHOJOTHK Kapa€HUHU TAaIKUK KHJIWLI
Ba CyB 3pO3MUSCUTa YaJIMHIaH HUIIAOJIMKIAp TYNpOFUra MILIoB OepaauraH Xxamja
YPKauwIn-mOFOHACUMOH IIyATOpianiia KyJUIAHWIAJWTaH IUIYyT [apaMeTpiapuHu
acocJial;

UKKU SPYCIW IOMIIATKUY Ba YPKAWIM-MOFOHACHMOH ILIYJArOpPJOBYM  Y4YyH
IUIYTTIAPHUHT TaXpuba HycXalapuHU WNUIA0 YMKUIN, scall Ba yJIapHHU
CHUHOBJIAPJIAH YTKA3MILI,

TaBCUS 3TWITaH TEXHUK BOCUTAJIAPHU arpOTEXHUK, SJHEPIrE€TUK Ba HKTUCOAUMN
KypcaTtkuuiap 6yiinda Gaxosmar.

TaakukoT 00beKTH. Dpo3usira YalMHraH TYNPOKJap, YJIAPHUHT (U3UK-
MEXaHUK Ba TEXHOJIOTMK XOCCajlapH, TYNPOKJapra acocuil MIUIOB Oepull y4yH
TEXHUK BOCHTANap (MKKU SPYCIM IOMIIATKUY Ba YPKAWIM-TIOFOHACHUMOH
IIyAropiail IUTYyTd) Ba yjlap TOMOHHUIAH amaira OIIMPWIAJAWraH TEXHOJIOTHUK
»)apaéHiapaaH uoopar.

Taakukor npeameru. TaBcus 3TUITaH KypOJUIAPHUHT SHEPreTUK Ba cudat
KYPCAaTKUWIAPWHMU y3rapuil KOHYHMSATIAPH, HII OpPraHJIapUHUHT PalMOHAI
napaMerpiapy Ba KypOJUIADHUHT XapakaT TYPFYHJIUTMHU aHUKJIAIl WMKOHUHU
OepyBUM aHATUTUK OOFNIMKIUKIAP, MajlaxCaHW AaWIaHUIIM Ba UKKU SIPYCIH
IOMIIATKUYHUHT UII OpPTraHjapy Ba IUIyTHUHI KYIIMM4Ya KOPIIYCHHHU TYNPOK OuiaH
TabCUPJIALIUII JKapaéHUHU U(OAATOBYM MEXaHUK-MAaTEMaTUK MoJIeIuIap.

Taagkukot ycy/uapu. Jluccepramnus uimnaa KJIaCCUK MEXaHUKAHUHT aCOCHI
KOMJa Ba YCyJIapy, MaTeMaTHK TaxJIWji, MaTeMaTHK CTAaTUCTUKA, TaKpuOaHU
MAaTeMAaTHUK peXaJallTUPUII YyCY/Ulapd Ba MAIIWHAIAPHUHT  arpoOTEXHUK,
DHEPreTUK Ba WKTUCOAWM KYPCATKUWIAPUHU AHMUKJAIIHWUHT YMYMHUU YCYyJUIapu
KYJUIQHWJITaH.

Juccepraums TAIKUKOTHHUHI WJIMHH SIHTHJIMIM  KyluaaruiapaaH
udopar:

Apo3Msira ydyparaH TYNpOKJapra HILIOB Oepulll TEXHOJOTUSJIapH, HWKKHU
Apycid  IOMIIATKMY Ba  YPKAWIM-NIOFOHACHUMOH  IIYATOPJIOBYM  IUTYTHHHT
MPUHLUNHAAI CXEMAJIApU Ba KOHCTPYKUHUSUIAPH SIPATUIITAH;

NajaxCaHUHT OFUPJIMK MapKa3uHU €HUTa CUIDKUTMACAaH Ba €HUra CUIKUTHO,
aFlapulllHi ~ KYmuO amanra OMMPUITHU UPOAATIOBYM MEXaHHK-MAaTeMaTHK
MojieJIap Uiuiad YUKUITaH;

UKKA SpPYCIW IOMIIATKUYHUHT WII OpraHjapyd Ba IUIYTHUHT KYylIMM4a
KOPIYCHUHHM TYIPOK OWJIaH TabCUPJAIIUII KapaCHUHU HQPOIATOBYM MEXAHMK-
MaTeMaTHUK MOEIJIap UIIa0 YNKUITaH;
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UnuIad YUKWITaH KypoJuiap WIl OpraHIapUHUHT pallioHal mapameTpiIapuHu
acocrani IMKOHUHU OepauraH aHAIUTUK OOFJIUKJIUKIIAP SPATUIITaH;

UIUIa0 YUKWITaH KYPOJUIAPHUHT XapakaT TYPFYHJIWTHHU TaxJIMI KWJIHII
MMKOHUHHU O€pyBYM aHATUTHUK OOFIMKIMKIIAP UIIA0 YMKHWITaH;

WKKU SIPYCIIM FOMIIATKUY Ba YPKAUJIM-IOFOHACUMOH IIYJATOPJIOBYHU TUTYTHUHT
cu(dar Ba PHEPreTUK KYpCaTKUWIAPWHU UIIl OpraHjiapu NapameTpiapy Ba Xapakar
TE3NUTUTa OOFJINK PaBUIIIA Y3Tapulll KOHYHUSTIAPU aHUKJIAHTaH.

TagKMKOTHUHI aMaJIMil HATUKAJIAPU KylHuaaruiapiad noopar:

Apo3usira ydparaH HUIIAOIM epjlapra acoCUd HWIUIOB O€pulll YYyH HKKHU
ApYCIM  argapruucu3 IOMIIATUIN Ba  YPKAWIM-NMIOFOHACUMOH  LIYATOpJIALI
TEXHOJIOTHUSIApU APATUITAH;

I1aMOJI Ba CYB 3PO3USCHUra y4dparaH TYIMPOKJIapra acocHil MILIOB Oepaauran
UKKH SIPYCIIU IOMIIATKAY UILIA0 YMKUIITaH;

CYB 3pO3USICUTa y4paraH TYNPOKKA aCOCHUU WIILUIOB OEpHIl Y4YH YpKawiu-
ITOFOHACHMOH IUTYT TauEPJIaHTaH.

ONMHraH HATHXKAJIAPDHUHT MIHOHWIWIMIM Hazapuil Ba TaxpuOaBuit
TAIKAKOTJIAp/IA OJIMHI'aH HATWXajlap Ba YJapHUA Y3apo aJeKBATIIUIH, SHIU
KypOJUIapHU Jajila CHHOBJIAPY Ba yJIapHU aMalIM€Tra >KOpUil KWIMHTAHIUTH OuilaH
ACOCJIAHTaH.

TagKMKOT HATHKAJTAPUHUHI HA3apuil Ba aMaJuil axaMMATH. TagKuKOT
HATWIKAJAPUHUHT Ha3apui axaMHsITH IIyHIaKH, TYNPOKKa WIIJIOB OepuIla,
XUMOSI KWW TU3UMUHUHT MUKJIOp Ba cudar KypcaTKAWIapu Xamja yIioy
arpOyCyJIHUHI SHEPrusl Ba MaTepual XaKMJIOPJIUTH UKKH SAPYCIU FOMIIATKUY Ba
YpKauIu-mOFOHACUMOH IIYJATOpJOBYM IUTYT Napamerpiapura OOFIUKIWTMHUA aKe
STTUPraH MEXaHUK-MaTeMaTHK Ba XUCOO Mojeiiapu uUiuiad YWKWITaHIUTUAIAH
uoopar.

NuHuHT amanuii axamuaTH 3pOo3UAra YaJIMHTaH TYHpOKJapra aCoCUi HIILIOB
Oepuill y4yyH TEXHOJOTMK Ba TEXHUK BOCHUTAJIapHU HWIUIA0 YUKWITAHJIUTUIAH
noopar. Tal€pmaHran HKKH SpYyCId IOMIIATKHY Ba YPKAUIU-MIOFOHACUMOH
IIyropjam y4yH IUIYyTHU KyJUJlall HAaTHKacuAa MOC paBULIAA €HWJIFU-MOWIIAILI
Marepuaiap xapaxariapu Moc paBumiga 19,12 Ba 14,25% ra, mexHat capdu
18,75 Ba 14,4% ra, umatum xapaxatiaapu 19,07 Ba 14,02% ra xamasgu, uii
yaymaopauru 18,96 Ba 14,28% ra omaau, TYOpOKHHHI IIaMOJI Ba CYyB
SpPO3USCHIAH XHUMOSUIAHWIIM TAabMUHJIAHAAW, HaM TYIUIAll Ba  Cakjaml
SIXILINJIAHATH.

TagKUKOT HATH/KAJIAPUHUHT KOPUM KHJIMHUIOM. HnMuil TaakukKOT
VIIVHUHT HATHKAJIAPU aCOCHJIA:

IIaMojl Ba CyB DJpO3WsCMra YaJWHTaH HUIIA0 epjapra acocuil HIIJIOB
OepanvraH WUKKHU SIPYCIW IOMINATKUY Ba YPKAWIM-TIOFOHACUMOH NIyATOPJIOBUU
IUTyITa AacTIabKy Tanabiap Ba TEXHHUK TONIIMPUKIApP TacauKnanraH (Y36ekncTon
Pecnnyonukacu Kunwok Ba cyB xyxkamurum Basupiurua 24.11.2014 ., T3
23.01.470:2014 Ba T3 23.01.471:2014);

WKKHU SIPYCIIM FOMIIATKUY Ba YPKAUJIM-IIOFOHACUMOH IIYJATOPJIOBYN TUTYTHUHT
Taxpuba-caHOaT HAMyHAJIapu WNUIA0 YWKWITAaH Ba CHHOBIAH YTKa3WJTaH
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(«bMKb-Arpomam» AXuuar 10.12.2014 ., 4-2014 Ba 5-2014 counu
6aé¢aromanapu; «Kapmu taspmupnam 3aBogu» MUXK 1.04.2015 ., 00/26-connu
MabJIyMOTHOMAcH). WKKM spycid IOMIIATKHY Ba  YPKAWIH-IIOFOHACHMOH
IIYArOpJIOBYM ITUTYTHUHI TaxkpuOa-caHoar HamyHanapu 2011-2014 iwmiapu
Kamkamapé Bumostumarn Kamamm Ba Yupokum Tymanmapu  depmep
XYKaJIMKIapyuaa Fauia €TUIITHPUINIA KOPUM KUIUMHUO, WII YHYMIOPJIUTUHUHT
OpTUIH, EHWIFU-MOWIAm Ba (QOWJATaHUII XapaKATIAPUHUHT KaMaWWIIu
xucobura wkrucoauii camapa 180,1 MIJIH. CYMHU TalIKWi JTraH (57366KHCT0H
Pecny6nukacu Kumnuiok Ba cyB xyxamuru Baszupinuru 4.04.2015 ., 02/09-278-
COHJIY JAJIOJIATHOMA).

NumauHr anpoGamusicn. Taakukor HaTwxkanapu 11 ta wunMmuii-amanui
KOH(EpeHIMs Ba CEeMUHApiap, MIYHUHTIEK, 4 Ta XalKapo amKyMaHiapaa
anpoOamusigan  yrrad: «TexHoTaOuui  YCyJUITADHUHT KOMIUIEKC —TY3WJIUIIN
myammonapu» (MockBa, 2013), «Water Management-State and Prospects of
Development» (Pusne, Ykpauna, 2010), «Hayuuust nmoteHiman Ha csera 2013»
(Codus, bonrapus, 2013), «Nastoleni Moderni Vedy» (Praha, 2013), myHuHT/IEK,
PecriyOnka MHHOBaUMOH FOsJIap, TEXHOJIOTHMsUIAp Ba JIoMUXajlap spMapKacuia
(Tomkent, 2011-2015) Ba Gormkanap.

Juccepranys WIIMHUHT aCOCUM HaTwXkalapu TOIIKEHT uppuramus Ba
Menuopanuss  HMHCTUTYTH  «[ 'mapoMenuopaTuB MIUIAPHU  MEXaHHU3aLMsIIALD)
kadenpacuHuHr KeHrautupwiaran uurwmmmuaa (Tomkent, 2014), TomkeHT
aBTOMOOMJI-MyJIap HMHCTUTYTH, TOIIKEHT JAaBlaT TEXHUKA YHUBEPCUTETH,
TomkeHT wuppurauvss Ba MeNUOpalus HHCTUTYTH Ba KHIIOK XyKanuruHu
MeXaHU3alMsIall Ba JEKTPJIAMITUPUIT WIMHH-TAAKUKOT UHCTUTYTH XYy3ypuJaru
16.07.2013.T.07.01 pakamnm wunmuid kenram xysypuaaru 05.07.01-«Kunuiox
XYKQJINTH Ba Menuopanus MamuHaizapy. Kunulok xykaiurun Ba MeEIuopLus
WIUIApUHU ~ MEXaHW3alMsUIall» MXTUCOCHHWTYA  Oyinda WiIMUKA — ceMHUHapia
(Tomxkent, 2015) Mabpy3a KWIMHAX Ba MyXOKaMa STHIIJIH.

HaruxanapHuHr Hamp KWJIMHraHJurd. Jluccepramusi maB3ycu Oyiinua
kamu 70 Ta WIMHR Wi, KymuiagaH, MoHorpadus, 24 Ta wiMuii Makona, 2 Ta
XOPWXKUM KypHall Ba 3 Ta XalKapo WIMHUN KoH(EpeHIUsUIap MaTepuaiapu
TYIIaMU/Ia Hallp KWJIMHTaH.

JluccepTauMsiHMHT TY3WINMINM Ba XakMu. Jlucceprauus kupuii, Oemira
000, xymnoca, agmabuériap pyiixatu, myHaapmwka, 10 ta wiosa, 86 ta pacm, 25 Ta
skaaBas Ba 200 OeT MAaTHHM TAIKWI KAJIAIH.
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JIMCCEPTALIUSIHUHT ACOCU MA3ZMYHU

Kupum kKucmuaa nucceprauuss MaB3yCHHHMHI J0J3apOJIMTH Ba 3apypHUsITH
acocllaHTraH, TAaJKUKOT Makcaaud Ba Basudaiapy MAKIJIAHTUPWITAH, TaIKUKOT
00BEKTH Ba TNpeIAMETIapH aHWKIAHTaH, Y30ekucTOH Pecrmy6bimkacu dad Ba
TEXHOJIOTUAJIAP TAPAKKUETUHUHT YCTYBOP WyHAIIMIIAPUTa MOCIIUTH KYPCaTUIITaH,
TaJKUKOTHUHT WIMHUI SHTWIMIM Ba aMalvil HaTWKajapu Oa€H 3TWIraH, OJMHTaH
HATWO)KAJIADHUHT MIIOHWIWJIMIM AaCOCJHaHIaH, YJIAPHUHI Ha3apuid Ba aMaiuil
axamMusITH o4yuMO OepwiraH, TaJKUKOT HAaTIKaJapUHUHT aManuérra >KOpHid
KWJIMHTAHJIUTH, WIOHUHT anpoOauus HaTWKallapu, bJIOH KWIMHIAH WIUIap Ba
TUCCEePTALMSIHUHT TY3WINIIH OYiinya MablyMOTJIap KEITUPUIITaH.

bupunuun 000 «MyaMMOHMHI KyWMJIMIIH, TAAKUKOTHHHI MAaKCaJ Ba
Bazudanapu»aa spo3usra Kapiid TYNPOKKAa HILIOB OEpUITHUHT 3aMOHAaBUMN
TEXHOJIOTHSITIApH Ba yJIApHU amalira OIUPHUII YUYyH TEXHUK BOCHTAJIAP, aBBAJl OJIUO
OOpwIraH MIMUK-TAAKUKOT UILIapu Oatadcui TaxJwil KWIMHTAH, 11aMOJl Ba CYB
3PO3USICUTa yuparaH TYNpOKJapra HMIUIoB OepuIl TU3UMHUHU TaKOMMJUIAILITHPUIL
TaKJIU(} KUIMHTaH.

Wnmuii  amabuérnapaa OepwiraH MabIyMOTJIAPHUHT TaXJIWJIUTa Kypa,
TYNPOKKA acoCHil MILIOB Oepullia Y4yH MaBKyJ MalluHaiap Wil skapa€Huaa
TYNPOKHUHI (U3HK-MEXaHUK Ba TEXHOJOTMK XoOccajlapura cajOuil Tabcup
Kypcataay, IIaMoJl Ba CYB JPO3MACUIa MOWWUIMIMHH OLIMPAAY, TYHNPOKHUHD
YHYMJIOPJIUTH ~ Ba  KHUIUIOK  XVKQJIUTK ~ SKUHJIAPUHUHT  XOCWJIIOPJIUTUHU
kamaitupagu. [lynnan kenu® 4YWKKaH Xoi4a, TYOPOKHHM IIaMOJI Ba CYB
SPO3MSICUAAH XMMOSI KWIUII, Jananap HUGIOCTAHUIIMHU KaMaWTUPHIL, KaM
XapakaT »53Ba3Wra XOCWIJOPJIMKHU OUIMPAJWraH TYNPOKKA HWUUIOB OepHIl
TU3MMHHM SIPATHILI Ba YHU aMaJIMETIa KyJUlalll 3apypaTy TYFUIIIU.

[lynnaii KkunuO, TYIPOKHHU IIAMOJI Ba CYB dPO3USCHAAH XUMOSJIAII, aCOCHUM
UIJIOB OepHUITHUHT cu(aT KYpCaTKUWIAPUHHU SIXUIWIANI, YOy arpoyCyJIHHHT
SHEpPrusi Ba Marepuajd CUFUMHHU KaMaWTHUPUII, TEXHOJIOTMK Ba TEXHHK
TabMUHJIALI J0J13ap0 WIMHI MyaMMO XUCOOJIaHaaH.

Humabnukmapau  YpKawin-MOFOHACUMOH  Tap3/ia  MIyAropjaml  Ba
arjapMaciaH HKKM SIpYyCIM TEXHOJOTMsJIap AacocuJa aMalira OLIUPUJIaJUraH
TYNPOKKA UIIIOB OCPUIITHUHT TaKOMILIAMTaH nTuddepeHnran TH3MMUHA WIMAN
acoclapyHu UILIA0 YMKUII Ba3u(acH MaKkIaHTUPUIITaH.

NxxkuH4n 000 «Ipo3usira YaJauHraH TYNPOKJIAPHUHT (PU3NK-MEXaHUK Ba
TEeXHOJOTHK XOCCATAPH» Y30EKHCTOHJA SPO3MATA UYANMHTAH TYIPOKIAPHHHT
(U3MK-MEXaHUK Ba TEXHOJOTMK XOCCaJapUHW YypraHulira OaFuIlIaHTaH.
MabnyMKH, TynpoKKa HWOUIOB Oepuliaa »HEprus Ba HaMHHM TeXaillJUraH
TEXHOJIOTHSI Ba TEXHUK BOCHUTAJApHU WIUIA0 YMUKUII Y4yH TYMPOKHUHT (DU3HUK-
MEXaHUK XOCCalapyh TYFPUCHAA MAabIyMOTJIap MYyXUM axamusTra jsra. by
Macananap oyinua I'.M.Pynakos, P.1.baiimeroB, M.M.Mypanos, ®.M.Mamatos,
A.Tyxraky3ueB, WN.T.Oprames, H.MyponoB Ba Oomkanap IyFyJUIaHHUILTAH.
bupok, ymdy TagKMKOTIApHUHT aKCapUsITH IIaMOJ Ba CYB 3pO3USICUTa yuypaMmaraH
KUSUTUTH KMYUK CYFOPWJIAJUTAH JTEXKOHYMIMK TYMpPOKJIapura Taautykiu. Humab
epIapHUHT (PU3MK-MEXaHWK XOCCaJapUHU MYXHUM JKUXATH WIYHAAKW, YJIapHU
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MIAKJJIAHUIIUMTA FOKOPU Jlapa)kajla CpHUHI HUIIAOJUTd Ba EFUHTapYWIMKIIAP
MHUKJIOPH KUIIUNA TAbCUP KypcaTaau.

TagKUKOTHUHT acocWil MakcamjapujgaH Oupu Oy-TynpoKKa  HIIJIOB
OCpUILIHUHT MaBXYJl TEXHOJOTHUSIAPUHU HUIIAOIUKAATH TYNPOKIAPHUHT (PU3UK-
MEXaHHUK Ba TEXHOJIOTMK XOCCAJIAPWHM IIAK/UIAHUIINIA TabCHPHHHU YpraHuil, Oy
sca HUIIA0 epJiapra UILIOB OCpHUIll YUYH SPO3UsITa KapIly STHTU TEXHOJIOTHsIap Ba
TEXHUK BOCUTAJIAPHU sipaTUIIra acoc Oynaau.

TaaKUKOTIApHUHT KypcaTUIMYa, aHbaHABUW IUTyrJIap OWIaH WIIOB
OepuiiraH HUIIAOIMKHUHT IOKOPM Ba KyWM KUCMHM XaWJ0B Ba XaWJI0OB OCTHU
TYNPOFUHUHT (DU3MK-MEXAaHUK Ba TEXHOJOTHMK Xoccanapu Oup-Oupuman TyOnaH
dapk kunagu. Macanan, 6axopaa aumaoaukauar 0-10; 10-20; 20-30; 30—40; 40—
50 Ba 50-60 cMm TympoK KaTjJamMJIaQpUHUHT TACTKM KUCMHUAArd HaMJIMTH KyHU
KHUCMUJArd ymoy KaTjiamJIapHUHT HaMiauruaaH moc xonna 1,16; 1,24; 1,28; 1,4;
1,54 Ba 2,15 mapra xyn. bynnait XxonaT rajuia ypuMuJIaH KEMUH XaM CakJIaHaau. by
IIYHJAH JaajnojiaT Oepajuku, CyB Spo3usicu Tydailnmu EFUHIap HUMIAOJIMKHUHT
MaCcTKU KUCMUTa Kapad OKaju.

TankukoTmapHUHT Kypcartwmmnya, 0axop ¢dacinuga HUIMAOIUKHUHT FOKOPHU
KMCMHJAa HT Karta Hamuiuk 20-30 cM Karmiampaa makuiaHaad. byHzaa katiam
YyKypJialiraH capd MYTaHOCMO paBHIIJa aBBaJl HAMIIMK KynaiuO, MabiyMm
BaKTJaH CYHT JKagaiuk Owrad kaman® Oopagu. 0-10 Ba 20-30 cm
KaTiiamyiapHuHr Hamiturd 50-60 cM KaTJaMHUHT HaMJIMTHIaH Moc xoijaa 1,82 Ba
2,54 wmapra kyn. Hwumabnukauar nactku kucmugaru 0-10 Ba 50-60 cm
KaTJIAMJIADHUHT HaMJIMTHU 3ca Jesapian oup xui, 20-30 cM KaTJIaMHUHT HaMJIMTH dca
50-60 cm xartmamaunr Hamnurugad 1,08 mapra kym. byHna HumaOmuKHUHT
nactku KucMuHUHT 0-10 cM Ba 50-60 cM KaTiaamiaapugard HaMIuK HUITAOJTHMKHUHT
IOKOpY KUCMUHUHT YOy KaTjamJiapujard HamJIMrujaad moc xonnaa 1,16 Ba 2,14
MapTa KarTa.

E3 ¢acmuaa ramma VYpUMHAAH CYHT HMINAOAMKHHUHT IOKOPU Ba Kyin
KUCMJIapUJIa AHI KWYWMK HAMJIMK TYNPOKHUHI IOKOPU Ba MACTKU KaTJamiiapujia
makjjianrad. byHna HamIIMK TynpoK KaTJIAaMUHUHT YyKypJIalldiiyd OWjlaH aBBajl
omasu (30-40 cm KatiaMmraua) CyHrpa KaMasiiy.

TagkuKOT HaTWXKAJAPHUHT TaxXJWIWra Kypa, Oaxopaa HUIMIAO0IUK IOKOPH
kucMuHUHT 10-20 cm Ba 20-30 cM KaTjaamJiapu SHI KaTTa 3UWIMKKa sra. byHma
KAaTJIaMHUHT YyKYpJINTH OIIWINKA OWIaH MyTaHOCHO paBHUIIAa aBBajl 3UUWIHK
Kynasijay, kenH 3ca kamasian. 20-30 cm katinamuudr 3uuinry 0-10 cm Ba 50-60 cm
KATJIAMJIAPHUHT 3UWIMTMAaH Moc pasumiaa 1,1 Ba 1,3 mapra kym.

Humabmukaunr nactku kucmugary 10-20 cMm KatiaM 3HT KaTTa 3UYIMKKA
sra. by KaTJlaMHUHT 3UYJIUTH HUIIAOJUK FOKOPU KUCMHHHUHT YIIOy KaTJiaMu
suunurugad 1,08 mapra xyn. byHaa TOpPH30OHT YyKypJIMTMHU OIIMIINKA OuWjaH
3UWIMK aBBall Kymasau, keinH 3ca 50-60 cM KatTiamraya kKamasijiy, CyYHrpa siHa
omaau. 10-20 cm karnam 3uwiuru 30-40 cm Ba 50-60 cM KaTiaamMJIapHUHT
suwmruaan Mmoc xonaa 1,14 Ba 1,09 mapra xarragup.

Humabmmk mactku kucmu 50-60 ¢M KaTJIaMHHUHT 3WYJIATH HUIIAOJIUKHUHT
OCTKM KUCMUHHMHT yIIOy KaTiamu 3uwidruaad 1,17 mapra kym.
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HumaOnukHM OKOpU KHCMHUJA KaTjiaM 4YyKypJialiraH capyd TYHOPOKHHUHT
aBBasl Kartukywru kymasau (30 cMm rada), keduH 3ca Kamasau. HumaOnmukHUHT
NACTKU KHCMHUJA DHI KAaTTa KATTHKIUK 25 cM 4yKypiaukiaa Ky3atuinad. OcTku
KaTiiamyiapjia TYNPOKHUHI KATTUKIUTH (25 cM 4YyKypJUKAaH KaTTa) HOKOPHU
KaTiamiapra HucOaTaH O3rMHa KaMalTaHIUTH Ky3aTUIIIH.

OnuHraH MabJIyMOTJIAPHUHT KYpcaTUIlIMYa TYNIPOKHU Y3WJIUIITa, OypUIUIITra
Ba CWDKHUIITA KapIIWJIUKIApU TYNPOK KATTUKIWTUHUHT Y3rapuill XapaKTepura
VXIIaIII.

Yaunun 000 «Kufl TYTKHYIM HKKH fPYCJIHM OMIIATKUYHUHT
napaMeTpJIapUHU ACOCJAll BAa TAAKUK KWIHII»AA KU TYTKUWIA UKKU SIPYyCIU
IOMIIIATKUYHUHT KOHCTPYKTHB CXE€MacH Ba TapaMeTpiapuHu acociamn Oyinua
TaJKUKOT HATWXKaJapu KeITUPUITaH.

AFapruycu3 MIUIOB OCPUIIHUHT MaBXKyJ TEXHOJIOTHSICH TYNPOKHH MabllyM
YyKypJauKIa Oup spyclid IOMINATHII OpKalIM amajira owmupwiaad. byHna
IOMIIATWITAH TYNPOK TyOWaa Xocwi OynraH y4dOypyak KYpUHHUIIUIATH TaCT
Yypkawiap Ky4ju €MFUpP Ba jKajalapJaH CYHr, CYBHU ylUIad KOJMII Ba TYTUIAII
UMKOHUATHATA dra OynmMaikmu. By sca HuMmad epiapaa CyB SpO3HMSICHHHU to3ara
KenTupaad. buz unuiadl 4YuMKKaH TEXHOJOTWsl »rar Tyouaa OanaHpa YpKauwid
MOFOHAJIAp XOCUJI KUJIUIII UMKOHUSITUHU SpaTajid, TYNPOKAa CE3UIapiiu Jlapaxasa
EMFUp CYBIIApDUMHU WHWFa U Ba CakJaWau, MUPOBapauia CyB 3po3uscura Oapxam
Oepuiiaiu.

By TexHONMOrusiHM amanira OIMPHUII YYyH IOKOPH Ba MACTKHU WIII OpraHjiapaaH
ubopat OYJIraH UKKU SIPyCIy IOMIIATKUY UILTA0 YUKUIIIH.

VY pama (1)nan ubopar 6ynu0, yHra kerMa-keT HaBOaTMa-HaBOaT (2 Ba 3) wuiil
oprannapu ypHatwiran (1-pacm). Xap Oup uin opraH KYyHIaJaHT-THK TEKUCIUKIA
Kusl TYTKWAY (4) Ba yHra MaxkamJiaHrad nu4ok (5), uckana (6), mana taxracu (7),
foMmaTyBu miactuHa (8) man mbopar. Wm opranwm (2) HUHT TYTKUYMHH KU
KHUCMHU KHYMK YJI4yamiid, Wil opraHu (3) HUHT KU KUCMHM 3Ca KarTa YiI4amiid
kwinHrad. Karra ymuamim wmn opranu (3) ra OMIIATYBUM IUIACTHMHA KHYUK
YIyaMJiIu il opranu (2) HUHT TIACTUHACH CaTXua YpHATUITaH.

1 2 3

5 /}mm /f/mn

7 6

1-pacm. Ukku sipyc/ii OMIIATKHYHUHT TEXHOJOTHK U KapaéHu.

Nkku spycnu IOMIIATKAY TYNPOKAAH YTraHJaH CYHT 3W4YJIAHTaH OCTKH
KATJIAMHU KeCaJuraH AaBpuUd YyKYypJIHUKIU (TyOpoK KaTJiaMHAaru ypkauiap)
MOFOHACUMOH TyOJNUK draT xocwi Oymanu. Tympok KaTiaamMujard ypkauiap
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TYNOPOKJAard CYBHU TYJIMK VyIIA0 KOJWII Ba TYIUIAHUIIMHU TabMHUHIIAWIN
(aliHMKCa, Xajma-EMFUpJIApIaH CYHI) Ba MOC XOJJa CYB 3PO3USICHMHUHI OJJIMHH
oJaju.

Kust TyTKM4YIM FOMINATKUY MII OPraHMHMHT AaCOCUM TapameTpiiapura
Kyhdugaruiaap kKupaaud (2-pacMm): KU TYTKUYHHHT KYHJAJaHT Ba OyiilamMa THK
TEKMCIMKIApJArd KUAIUK Oypyakinapu f,,, Ba f,, TYTKUY TYpH, UCKaHAHHHT
KeHrauru b, Ba y3yHiwru l,, nckananu srat TyOura HucOaTaH YypHATUII Oypyaru
0y, IOMILIATYBUM IUTACTMHAHU TYTKHY lo3acura HucOaTtaH YypHaTull Oypdyaru &,
yHUHT y3yHaury |, Ba xenrmuru b,, nama taxrtacuauHr y3ynnmuru |,y Ba KeHIIMru
D,0, TYTKHY KHsI KUCMUHHUHT OanaHmiurd H, TyTKMY NUYOFMHUHT YapXJiail
Oypuaru f,, Wil opranjap u3japu opacujara macopa M Ba ymap opacujaru
oyiinama macoda L,,.

/1

1]

&

7z

O
‘¢
“““
S

1 — TyTKHNY, 3 — UcKaHa, 5 — OOIIMOK,
2 — INYOK, 4 — JOMIIIaTKWY IJIACTUHA, 6 — maja Taxracw.

2-pacm. [lacTKku Ul OPraHHUHT MapaMeTpJiapu

Nkku spycnu IOMINATKUYHUHT CaMapajiOpJIMTMHUA  aHUKJIAWAUTaH acOCHil
TEXHOJIOTHK MapamMeTpiapura KyWuaaruwiap KdApaad: FOMIIATUII YyKypJWTH Ba
cudaty, OMIIATWITaH Hynaknap opacujard mMacoda, sraT TyOuaa FOMIIATUITaH
TYIPOK OCTH NMTOFOHAJTAPUHUHT KEHIJIUTHU BA YYKYPJIUTH.

XaijgoB Ba XalJa0B OCTH KaTJaMJIAPHUHT OMINATHITaH MaWIoHH, OHp
TOMOHJIaH TYNMPOKKA WIIUIOB OepuIll dHeprus capdura, UKKMHYM TOMOHJAH, 3ca
TYIPOK CYBHUHUHI YLUIAHWII Ba TyIUIaHUIIWra Tabcup 3taau. LlyHuHr yuyH, nm
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OpPTaHJIAPUHUHT ¥3ap0 J>KOMIAITYB CXEMacH Ba HWKKH SIPYCIId FOMIIATKUYHHHT
Oolmka TmapaMeTpJIapuHU TaHJIANl y4yH, YJIapHU FOMIIATHIN TYJIHUKJIHTH,
NOFOHAHUHT YYKypJWTH Ba IOMIIATWITaH Hynakiap ypracuaard macodaiapra
TabCUPU YPTraHWIIH.

TynpokHu OMIIATHIXIT CU(BATH IOMIIATHIN TYIUKIATH OujaH OaxoiaHaiu,
SAbHA IOMIIATAII KO3(PPUUMEHTH # OwnaH, y IOMIIATKMYHUHI Xapakar
NYHaIUIINATra NEPIEeHAUKYIIAp TEKMCIIMKIA XKOUIAIrad, MITYA KaMpanl KeHIIUK B,
Ba MaKCUMaJl IOMIIATHUII YyKYpPJUTH, SbHU TACTKH UIIl OPTaHHUHT MIILIOB OepuIl
YyKypJuUTH aH OWIaH dYerapajiaHraH OMINATHITaH XYyAYIOHUHT o3acu F; Hu
yMyMHii t03a F ra aucbatu 6unan udonananunanu, seau 1= Fil F.

OMmmatuimn  k03(pGUUMEHT # HU aHUKJIAll Y4YyH Kyluaard OOFIMKIHK
OJIUHTH:

1
n=1-—22M-b,-(@a,-a )9y )8, -a) +

H

1 1
+E[M _b() -2(a, _ag)Ctg ‘/fl]ztg 4 +E(M _ba)ztg ‘/’1},
1)

Oynna M — wim opranjap opacujuard KyHmajmanr macoda, M; @, — MacTKH HII
OpPraHHUHT MIIJIOB OEpUIl YYKYpJIHUTHU, M; d, — IOKOPU HWII OPraHHUHI HIILJIOB
OepuIl YyKypJIUTH, M; , — TYIPOKHUHT EHOOII CHHHUIII OypYary.

Tynpokka HIUIOB OepuIlra 3HEprusi capPu HKKH SPYyCId FOMIIATKUYHUHT
COJMINTAPMA KapIIWiuru OwiaH Oaxomanau, seHu K=P/F, OyHma: P — wuKku
SAPYCIIA FOMIIATKUYHUHT TOPTHUINTA Kapimwimrd; F — rommaTtwiran XxaigoB Ba
XalI0B OCTH KaTJaMJIAPUHUHT YMYMUU KO3aCH:

K={4fg,M +{4Mag —%[M b, -2(a, —a,)cigy, gy, -
—%(M -b,)*tg wl}(Kl +eV?)+2(a, ~a,)lb, +(a, —a,)ctgy; ]x

x (K, +51V2)}/{4Man _Z[ZM -b, —(a, —a,)ctg Wl](ay -a,)-

1 1
30,200, ~atgv v, - M -t . ®

OyHma (,—IOMIIATKMYHUHT comumTupma orupaurd, H/mM; fumkanannm
k03 huImMeHTy; Ki—xaiaoB KaTjiaMu TYHNPOFUHUHT MYyCTaXKaMJIHK
kodpdunmentu, Ila; K,—xaliioB OCTHM KaTiamMu TYNPOFUHUHT MYCTaXKaMIJIMK
kodpdummentu, I[la; e—myranocubank kodhdunumenTn; V-TYyNmpoKKa WIILJIOB
OepuIll Te3IUTH, M/C.

Omnuuran udonanap (1) Ba (2) acocuna TynpOKHUHT IOMIIATUIUIT cUdaTH Ba
UKKH SIPYCTU IOMINATKUY COJIMIITUPMA TOPTHUII KAPUIWIUTUHUA WUII OpTaHIapHUHT
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KOHCTPYKTHB CXE€MacH Ba acCOCHM MapaMmerpijapura OOFJIUK paBHIIA Y3rapuiiu
Yyprauwian, Oy 5ca yJIapHUHT pallioHaT KHHMaTIApUHA aHUKJIAIlTa UMKOH Oep/iu.

TynpokHUHT romMmatuil cupaTUHU SXIIUIANl UMKOHUHM O€pyBUM HWKKHU
SAPYCJIM IOMIIATKUYHUHT aCOCUM BJIEMEHTJIApUJIaH OUpU IOMIIATYBYU IIJIACTHHA
xucoOJaHau. YHUHT acOCHUW Tapamerpiapura KEHIJINTY, Y3YHJIWUTH Ba TYTKAY
103acura HucOaraH ypHatuin Oypyaru kupajau. KOMmaryBuu riacTUHAHU TYTKUY
103acura ypHaTuil Oypyard (€£) HUHT KUMMaTUHU TYNPOK 3appajiapy Ba YCHUMIIHK
KOJAUKJAPUHUA TYIUIaHMai Ba EMMINIMal KOJMIINM, YHUHT WINYM F03acu Oyinua
CUPIAHUII APTU OPKAJIK aHUKJAHIU. by mapTHU KaHOATIaHTUpaAUTraH YpHATHUII
Oypyaru Kyiujgaru OOFITUKIUKIAH aHUKTaHAIH:

gs(%_wmax)/21 (3)

OyHIA (Pmax — TYNPOKHHU TUIACTHHA WIYHW F03acu OVinWYa MaKCUMall HINKAIAHUIIT
Oypuyaru:
Pmax~400 oynranga ¢ < 25°
IOMIaTyBuM TIaCTHHAHUHT SHT KarTa Y3yHJAurH |, HU miactuHa onauaa
TYNPOKHH TYIUIAHWINKA Ba IJaCTHHA TabCHPUIA TYMPOKHU IIYATOp HO3acura
CWDKUIITUHYU OapTapad KWW MapTy Kyiuaaru udoaa 6yiinya aHUKIaHIH:

< 20,,C0S @
qsin(e + @)’

(4)

n

6yHIa ( — TYIPOKHHUHT XaKMHUil CHKIIHI Ko3bburmentn, H/m®; O o — TYIPOKHH
CUKWJIMILIra COJUIITHPMA Kapuiwiury, Ila; ¢ — TynpokHM MeTauira MIIKaJIaHWII
Oypuarwu, rpa.

N mapoutura kypa, miacTUHA KEHIVIMIY IIYHAAH OYIUIIM Kepakku, OyHaa
TYOPOKHHUHI  OCTKM  KaTjJaMd, yHUHI  TabCUpUAAa  LIYArOp  lO3acura
KYTapWJIMACIUIH, TYNPOK F03acUAard HOTEKUCIHMKIAp 3ca MHHUMAaN OYIuIIn
go3uM. IIlyHUHT yuyH MacTHHA TYTKUYHHHT KUSI KUICMHra MaxkaMmjaHaad. Yoy
miapTra Kypa, IUIACTHHAHMHI MaKCHUMaJl KEHIVIMTH TYTKUY KU KUCMHWHHUHT
Y3YHJIUTUTra TEHT OYJIMIIN Kepax.

KOxopu wil opraHjapyHUHT YTUIUIAPU OpacHlia XOCHII OyiraH ypkadiap
OanmaHAauIrura KyHwiral arpoTeXHUK Tajadyap MapTIapuHUHT TAabMUHIAHUIINHU
uHOOATra OJraH X0J/1a, Ul OpTaHiapy Opacuiaru KyHJananr MacoaHu aHUKJIaMI
(bopMyacu OJIMHIN:

M =2nacigy, +h,, (5)

OyHzia n, — pyxcar 3TWIraH ypkad OajJaHIJIUTU IOKOPH HII OPraHUHUHT HIIJIOB
Oepul YyKypJIurura HUCOaTH.
W opranmnapu opacunaru OyitnaMma Macoda aHMKJIaHTaH/1a, TEXHUK BOCUTAra

YCUMIIMK KOJITUKJIAPU Ba TYNPOKHU TUKWJIMO KOJUIIWHU OapTapad KUIUII MapTH
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abpTHOOpra onuHAM (3-pacm). IKKH sSpyciiu IOMIIATKWAY WII OpraHIapy Opacuiaru
MUHHUMaJ OyinamMa MacopaHi aHUKJIAll YIyH KyHuaard gopmysa OJuHIN:

LZ 2 (aH - an )Ctg l// + ¢Ctg (a() + (0) cos a() + (aH - an - h() )thBnp’ (6)

14—
79 +100)

OyHIa a,~TYTKMYHUHT TYFpU KHUCMHUHHU TYNPOKKAa KHpPUII YYKYpJWUTH, M; Y —
TYNPOKHK OViinamMa CuHUII Oypuarw; ) —Tynpok suaaurd, Kr/m3; W —rtympox
HaMiuTH, %; D, —MCKAHAHMHT KYyTapumuIl OAaNaHMIMTH, M; «,—MCKAaHAHMHT

Maiganaim Oypyaru, rpaj.

L2 Ll

N \b (ﬂnp =

V4 /4 ﬂ np

V4 77

3-pacm. UKkH IpyC/IM IOMIIATKUY M OPTraHJIapy TOMOHU/IAH TYNPOKHU
AedopManMAIAHMII 30HACHHN AHUKJIAIITa O/ CXeMa

Kusi TyTKuuwim uill opraHvd amaira OIIMPAJUTraH TEXHOJOTMK >KapaéHHUHT
XapakTepura yHUHI KYWHJAru JJIEMEHTJIApU TabCUp Kypcaraiau: Kus TYTKHY,
TYTKMY NHWYOFH, WCKaHAa Ba IOMIIATYBYM IUIacTMHA. WMIIYM OpraHHUHT YMyMUUN
TOPTHUIITA KAPIIWIUTH YIIOY AIEMEHTIIAPHUHT KapIIMIATH HUFUHIUCHIAaH NOOpaT.
Kust TyTKu4iId Wil OpraHHUHT YMYMHH TOPTHUINTa KapIIMIUTHHU U(OAATIOBYN
KyHugaru aHaJuTUK OOFIUKIIMKIIAD OJUHIM:
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EHI/IK KCCHII XO0JIaTHh YUYH:

gb,t? sin(e, +B,)sin(a, + B, +(p)
2sin’ B,cosg

R,=0,0(b, + +a,)+

np

+7

A (b, + KBV cosy + fsin(a, +p)cosa, ]+
siny siny

+a[bV sina,tg(a, + @) +1,9(b, + actg w,) cos a, (sin c, +

f cosa,)](1+ W )+ P.b.H,gp  QH, L sin(e, + B,)sin(e, + B, +o) |

100 cos j3,, 2sin® B, cos ¢
+ PalH90 p.(2b, —t.ctg ) H [gp +
cos 3,
2 -
+ Lt (sin B, +1gpcos 8) + SN Gints v o)+ fol b, (7)
2 2C0S @

Spum €nuK Kecuu X0JIaT! y4yH:

b,t? sin(a, + B,) sin(a, + B, +
R, =0,6(b,+ L, H,)+ d (@, +f,)sin(a, + 5, ¢)
cos S, 2sin? B,cosp
+r[— (o, + K actg l//l) K (2a — Mgy, +bigy,)* ctg ]
siny siny 8sin’ v

x[cosy + f sin(a, +w) cos a,]+ y{abV * sin a,tg (a, + @) +

+1,9[b,a + a’ctg w, —% (2a — Mtgy, +

+b,tgw,)’ctg 1,1/1](l cos 2, + f cos® ar,)}(A+ %) +

antf sin(e, + B,)sin(e, + 3, +(p)
2sin® B, cos ¢

N P.PAGP +p,(2b, —t.ctgB,)H tgop +
cos S,

1 i bl?sing .
+eqan(sm B. +tgecos ,B’C)Jr—q sin(e+¢@)+ fpl b, (8)
OyHIa o,— NUYOK THUFU OWJIaH TYHNPOKHH 33UIITa COMMIITUPMA KapIImiukK, [1a; o —
HNCKAaHA TUFUHUHT KaJ'H/IHJ'II/IFI/I, M, |H— HIII OpraHI/I IIMYOFrUHUHIT TUFUHU y3YHJ'II/IFI/I,
M; t,— MCKAHAHUHT KaJIWHIUTH, M; f;— HCKaHAHM dapxjam Oypuaru, rpang; f-

TYNPOKHU MeTaJlI Oyiinya WIIKaTaHUIIU KOAQGUIUEHTH; 7— TYNPOKHU CUIDKUIIra
Kapuimiiuk  kodpduuuentu, Ila; V- arperaTHUHT xapakaT Te3JUTH, M/C;
f,— TMUYOK TUFUHUHT YapxJyam Oypyaru, rpai; P,— NUYOKHMHT MIITYHM F03acura
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TYNPOKHUHT CONMUIITHpMa O0ocumu, Ila; b,— nmuyok xeHrmuru, M; p— TYTKHYHHHT
UIIYU 03acHUra TYNPOKHUHT colMmTHpMa Oocumu, [la; D— TyTKHY KeHIHTrH, M;
Peg— TYTKHY (packacura TYIPOKHHMHI COTMIITHPMa Oocumy, Ila.

Jana Taxtajapu UKKU SIPYCIU IOMIIATKUUYHUHT TassHUYM XUCOOJAaHAIU Ba YHU
KaMmparl KeHIJINTY OYiindya TypFyHJIUTH Ba TOPU30HTA TEKUCIHUKIA TYFPH YU3HKIH
XapaKaTUHU TaAbMUHJIANIH.

Jlajla TaxTaCHMHUHT KEHIJUTH WCKaHa OamaHmmurd h, ra TeHr €KW yHJaH
KUYUK OYIUIIM Kepak, akC XOJIJja, MCKaHaJlaH YMKAETTaHaa TYIpOK yHTa Terajiu,
Oy 5ca IOMIIATKUYHUHT KapIIWIUTUHY olupa . byHu xucobra oiaran Xosja:

b

n

, <h, =72cm. (9)

b, =7 cM 3THO KaOyn Kuiamus.
Jlana TaXTaCHMHUHI Y3YHJIUTHHH 3TaT JCBOPHUra OOCHMH pPyXcaT ATHITaH
KAAMAaTIaH OIIMACIINTH IAPTHIAH aHUKIaNMH3

S nKa_b, sin(x + f,) cos ¢
"~ [plcos B, cos(a + @)

’ (10)

Oynna K — TyNpOKHUHT COMUINITHpMA Kapimmiaur, [1a; # — roMImaTkuaHuHT ¢.1.K.;
¢ — IOMIIATKWY J1aJ1a TAXTACHHUHT TYIPOK OMJIaH UINKAIaHUII Oypyaru, rpaj; dq, —
IOMIIIATKUYHUHT ypTada HIUIOB OCpHIl YyKypiaurd, M; Db, — Wl opraHUHHHT
Kampall KEHIJUrd, M; [P] — Jaja TaXTacCHHMHI 3TaT JCBOpHra >Oou3 OYyiraH
conuitupma 6ocumu, Ila.

VT}(&SI/IHFaH Has3apuil TaaKUKOTIApra kypa, a.,=0,35 M; [p]=5-10" Tla;
K=5-10"ITa 6ysiranaa l,, > 0,16 m.

Kust TyTKUYIM Ui OPraHMHUHT TYPUHU TaHJIAIl YYyH W OPTaHUHUHT UKKHU
Typu OwiaH TaxXpuOaBUM TAAKUKOTIAp OJUO OOpWIIM: IOKOpHAA JTHITaH
TYTKUWIN (MILIOB OepuiiauraH TYNPOKHUHT YCTKM KHUCMMJIA); TACT]a ATHITaH
TYTKUWIM (MIII0B O€pWJIaiuraH TYNPOKHUHT (03acu Tarujaa). TaakKUuKOTJIapHUHT
KypcaTuIliya, HWII OpraHJIapUHUHI HKKajla TypU arpoTeXHUK Ba DHEPreTHUK
KypcaTkuunap Oyinua Oup-OmpuaaH xyaa kam ¢apk kunaau. Lllynunr yuayn
nacT/Aa ATWITaH TYTKUWIM UII OpraHd TaHgald ONWHAW, YYHKH YHUHT OJIUJaH
JUCKCUMOH MUYOKHU TUK YPHATHUII UMKOHUSITH MaBXY/I.

VTKasmiraH TaJKUKOTIAPHUHI KYpPCATHIINYA, WII OPraHiapH OpacHuaru
KYHIaJaHr Ba Oyiimama Macodanap TYNPOKHM MaWJajdaHUIIWTa, AaHFU3HU
(YCUMITMK KOJJAWKJIAPUHU) CaKJaHUIINUTA, TYNPOK IO3aCUHUHT HOTEKUCIUTH Ba
COJIUILITHPMA TOPTHUII KApIIWJIWTHATA XaMmJa FOMIIATKUYHW HMIIOHWIM HIILUIAIINTra
Tabcup Kypcatagu. M oprannapu opacuaaru kyHaaizanr macoga 35 Ba 40 cm
xama 6yiinama macoda 50-60 cm Oynranga, UKKU Spyclid IOMIIATKUYHUHT Oapua
arpoOTeXHUK KypcaTKuwiapu Tanadjapra MOC Kelajad, Wl OpraHJapuHUHT
TUKWINIIH 103 OepMaiiiu.
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Wkky  spycnd  IOMIIATKUYHMHT  TYpJIM  CXEMaJlapUHU  COJMUIITHpPMA
TaJIKUKOTJIapy HaTWKalapyu KypcaTUIIM4Ya, IOKOPU Ba MACTKU WII OpraHjiapu
rajiMa-raJ >KOWIamral KK SpyCIIM IOMIIATKAY SHT MakKOys XucoOiaHau.

TagkukoTiapra kypa, IOKOpPM Ba TMACTKM M OpraHjapy raiaMa-raji
JKOMIAIIraH WKKU SIPYCIM FOMIIATKUYHUHT COJUINTUPMA KAPLIWJIWUTU HWKKWATA
MACTKU Ul OPraHJIu IoMIlaTkuura Hucoartan 21,75% ra kam Oynuiiy aHUKIaHIH.

[InacTUHAHUHT HapaMeTpIapUHU acociiail yuyyH keHrauru 5, 10, 15 Ba 20 cwm,
y3yniuru 5, 10, 15 Ba 20 cM, NIyHUHTEK, TYTKHY F03acUra YypHaTUIl Oypyaru 5
naH 30° raya OyiraH MOMINATYBYM IUIaCTUHANAp OWIAH TAJIKUKOTJIAp OJIUO
OopHIIH.

Taxxpuba HaTmxanapura Kypa, IOMIIATyBYM IUIACTUHAHW TYTKUY HO3acHUra
HucOaTaH ypHatunum Oypyaru ¢ 5 mad 15° raua omupuirasaa Wil OpraHUHUHT
TOPTULI KAPUIWJINTU JacTiIad KUCMaH OPTAM, € HUHI KUWMATUHU SHA/IA OUIUPHIIL
Aca YHUHI KUHUMAaTHHU »Xajaan Yycummura onub kenau. FOxkopu Te3nukiapaa &
OypYakHU OIIMINKM TOPTUII KAPIIWIUTHHU KECKUH omupau. bypuak ¢ 5 man 25°
radya KarTajJalradja TYNPOKHUHT IOMINATHIIMII Japa’kacu SXIIWIAHIU. BUpoK,
OypuakHu 25° naH KarTta KHWMAariapuaa TYOPOKHHM €EH TOMOHIa CYpPUJIUIIH
Ky3aTWIOM, YpKauwilap OalaHAJWI¥ arpoTeXHUK Tanabmapja KypcaTwiraH
Mebépran kyn Oynau. UIyHMHr y4yH OMIIATYBUM IUIACTUHAHU TYNPOKHU
IOMIIIATUII CU(ATUHU OIIUPHUII 3apypusiTu Oynranaa QoiinanaHum jgo3uM. byHna
IUTACTUHAHUHT YpHATUIL Oypyaru 25° naH kaTTa OYIMaciauru Kepak.

Taxxprba HaTWKATAPUHUHT TaXJIWIUTa Kypa, IJIaCTUHA KEHTJIMTUHY 5 JaH 15
CM raya KaTrTaJalluIIM OWiaH HWII OPraHMHUHT TOPTHUINra KapIIMJIUTK >Kajal
omwaau, OMpOK IOMIIATUIN cudaTh sximuinaHaau. [lmacTiHa KEeHrJIurvuH" sHazaa
OLLWPHUII, TOPTUIITa KAPIIWINKKA KaM TabCUp Kuiaau. [1nacTiHa KeHTTUruHUHT 5
naH 12 cMm rava KaTTaJallMiod Ypkad OalaHUIMITUra Ce3WIapid TabCHUpP
kypcarmaiinn. KeHrMKHU sHajma KaTTaNAMITAPUIN YpKadiap OamaHIIUTHHU
KECKMH owmupaau. byHna yHMHr KuiiMaTu pyxcar STWITaH KUMaTAaH uerra
YUKaIH.

TaakuKOTIap TIAaCTUHA Y3YHIUTMHUHT 5 AaH 10 cM raya KaTTajallvild UII
OPraHUMHUHI TOPTHUILNTA KAPIIMJIWTUHU JacTiad KaM Japaxkaaa OpTUIIMHH,
Y3YHJIIMKHU SHajJa OIIMPHUIN 3Ca YHU JKaJaUIMK OWjaH YCUIIUHU KYpCaTIu.
[InacTuHa Y3yHJIUTH KaTTajallluIIyd OWIaH TYNPOK 3appajlapuHU IUIacTUHA OwiaH
¥3apo Tabcupja OYIUIN BaKTH OlIaau, Oy 3ca TOPTUIITa KAPIIWJIUKHU OUIMIIWTA
Ba YHUHT OJIJIU/IA TYNPOKHU YIOJUIIINTa OJIU0 KeIaiau.

Acocuil arpoTexHUK TajadsapHu Oakapull yuyH IUIACTUHAHUHT Y3YHJIUTH Ba
KEHTJIMTUHUHT MakOyn KuiiMaTiaapu moc xoiga 9—-12 cm Ba 12—15 cm Oynuiu
JIO3UM.

TypTuHun 606 «YPKAWIN-MOFOHACHMOH INYArOPJOBYM TUTyTHHHT
napaMeTpJiapy Ba TeXHOJOTHSICHHM acocjall XaMIa TAAKHK KUJIMI»Aa
YpKawIn-mOFOHACUMOH LIyJAropiaml TEXHOJOTMSICM Ba YHM amMajra OLIMpaJuraH
IUTYTHUHT ~ MapaMeTpiiapuHy  acociaml  Oyin4ya  TaaKUKOT  HaTIDKalapH
kenTupwirad. IlaTeHT Ba WIMUN-TAIKUKOT WIUIAPUHUHT TaxJIMIUIAH Keauo
YUKKaH X0J11a, TAKOMUJUIAIITaH TEXHOJIOIMs Ba TEKUC IIYATrOpJaiiural Yu3uKIu-
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MOFOHACHMOH TUTYT acoCHa YpKawIu-TIOFOHACUMOH TUTYTHUHT KOHCTPYKIUSUTApH
UIIad YMKWIAM: TajaMma-ral YpHaTWITaH Xap XuWil OalaHMJIMKIArd KOPIyCIU
YpKawIu-IIOFOHACUMOH ~ TUIYT  (3aIUIy’)KHUKHU ~ Y3YHJIMTH ~ Xap  XW);
YyKYpIOMIIATKUYIN YpKadInu-IOFOHACUMOH IUTYT (4-pacm).

b,

A

LIS

Q

~

/
%/

4-pacm. YpKa4IH-NIOFOHACMMOH IJIYTHUHT KOHCTPYKTHUB CXeMacCH

Vpkaunu-noronacuMon miyr pama (1), Gup-6upura HECGaTaH CHKHTHIIAH
BUHTCUMOH Koprnyciap (2 Ba 4) nman ubopar. byHaa Tok kopmyc (2) kanta
3aruTy»HUK (3), KypT Kopryc (4) aca y3yH 3aIuTy’>KHUK (5) OusiaH KuUX03J1aHTaH.

TaBcus HSTWiraH TEXHOJOTHUSJIAPHUHT Y3UTa XOC XYCYCHATH IIyHIaH
ubopaTtky, OyHAa manaxcajgapHu y3 sraTu yerapacuga 180° ra TYnuK armapuil
TYIWK aFfapuiMaraH Majaxcajgap OWiaH Tajn-Tal amaira ommpuiaad. byHna
IIyArop o3acuja ypkauiaap, STaTHHHT TyOuja 5ca TOFOHAJap XOCWI Oyiamu
(5-pacm), ymap &mrup CyBMHHM yIuIa0d TyIUiadad, Oy VY3 HaBOaTHma, CyB
3pOo3usCUHUHT onauHu onanu. [Tamaxca 180° ra Tynuk armapuiranga kopmnyc (4)
aBBAJl MYCTAKWJI paBUIIJA, KEHWH 3alUTy>KHUK (5) OwiaH y3apo TabCHp KUIUO
NaJlaxCaHW OFHMPJIMK MapKa3WHH EHOOINra CHIDKUTMAcHaH Y3 araTtura ETKHU3ajiu.
[Tanaxca TynuK ailmantTupwiMarasga kopmyc (2) Ba kainra 3amryHuk (3) y3apo
TabCUP KWIMO MallaxCcaHU TYPFYHJIMK XOJaTuraya aujlaHTUpaad, YHU KEUMHTU
alinanumu sca (akar kopnyc (2) Tabcupujga amanra omaau. byHma manmaxca
kamuja 135° ra ariapuiiniinm Kepaxk.
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S-pacMm. YpKawIH-MOFOHACMMOH ILUTYT OWJIaH HILJIOB OePUJIraH 3TaTHUHT
KYHAQJaHT npoduiun

Y Y ¥ ¥ Y

1 —acocuii kopmyc 2 — 3aIUTy’KHHUK

6-pacm. IMajaxcaHHHT OFMPJIMK MapKa3uHU €éHO0oITra cHuKATHO (0 1an 7z/2 +]
rava) Ba CWWLKMTMAacaH (/2 +) 1aH 7 —J rava) aFjapuiiHMA §3 HYUra
0JIAIUTaH YCYJI
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[Tamaxca TYAWK arjgapuiMaraHja MaJaXCaHUHT OFUPJIUK MapKa3uHU
KYHAQTaHT WyHanumga (6H TOMOHTA) CWJDKHTHO Ba CHDKUTMACIAH aFIapulll
Kymun6 Oaxxkapwianud. by TeXHONOruss BUHTCUMOH KOPITYC Ba 3aIlTy>KHHMK OWJIaH
KyHuJaru ycyijaa amainra omupuianu (6-pacm):

KOpPITyC 3aIUTy>KHUK OWJIaH y3apo TabCUp KUIUO MajaXxCaHW YHUHT OFUPIIUK
MapKa3WHU KYHJaJdaHT TOMOHra cwibkuTMacaad O naH /2 raya aljilaHTUpaIH,
Oynna manaxca (//) kuppacura TasauO armapunanu (7,a-pacMm); KEHUH KOpIyc Ba
3aIUTY’)KHUK ~ TabCUpHUAA Tajlaxca YHUHT OFUPJIMK Mapka3uHu  EHOolra
cwpkuTMacaan (7/2) nan (w/2+]) rava armapwiany, Oynaa nanaxca (C;) Kuppara
tassHuO armapunaau (7,0-pacM), cyHrpa (akat Kopmyc Tabcupuaa NajaxCaHUHT
OFHMPJIMK MapKa3u €H TOMOHTa CHJDKUTWING Yy (7/2 +]) naH (7—0) ravya araapuiajim,
O0ynna namaxca (C3) kuppara tasHaau (7,6-pacum).

A, _
4, B, S
(0] ]
[0 B B, &
y F
0]
B ) ¢ v
—:—\-v————'— R g —r— — I G,
= i i - j wl
o738 Wy SQ\ “/; S
/,’ 0 \ \\ (5
A= A C 7 i ¢
"b/2 ! b/2 B, 3 b2
b
a 0 B

7/-pacm. [IanaxcaHUHT OFMPJIMK MAPKA3WHHN €HOOIITa CWIKUTHO aFrqapuil
(0 nan m/2 +j raya) Ba CMULKUTMACAAH araapul (/2 +j xaH m —6 rava)
cxeMaJiapu

[TanaxcaHUHT Xapakar >kapa€Hy TaAKUK KWJIMHTaH1a KyHuJard 4YeKIaHuIap
KaOyll KWIMHAM: Tajaxca ailaHuIM KapaCHuua Y3UHUHT TYFpU Oypyakiu
KECUMUHU cakjad KoJiaJu, SbHU Majlaxca KYHIAJaHT KECUMUHHUHT IIaKIu
y3rapMaiiy; majxaxca 3rat TyOuJaH TYJIMK akpajMaraH XoJijia aiiaHaau; rmajaxca
V3 OFUpIMK MapKa3ud Ba TasHY HYKTacu arpoduia JOUMHN Oypuak Te3IUKIa
aimanaaw; nanaxca (0) nan (7/2+) rava aiijlaHraHaa yHHHT OFUPJIMK Mapkasu (X)
Vku OVinua cwokuMaian. byHaa nanaxcaHWHT — aFIapWiIMIIMHA — amajra
OIIMPAJIUTaH Ky4JapHU YbTUOOpra oJiMalitMus.

[Tasaxca | — HYKTaCHHMHI XapakaT TCHIVIAMaCHMHU KoopjauHaTa (opMacuia
Ty3amu3. byHuHr yuyn AXYZ ky3raamac TYFpu Oypyakid KOOpAUHATIAp
cuctemMacuHu A Hykrara ypHaramu3 (8-pacm). Y VKUHU XapakaT WYHalWIIU
Oyinua HyHaNTUpaMu3 Ba draT Tyoura oimamrupamus, X VKU 3ca Xapakar
UyHamMmura NepHneHAMKYyJap Ba 3raT Tyouaa €raau. Z YKUA NalaXCaHUHT €H
Kuppacu AB OommanFuy XojJaTUra yCTMa-ycT TYIIa Iu.

Ky3ranyBuan OX;1Y1Z; KOOpAMHATIIAp CUCTEMAcCHMHHU TMajaxca KYHJIaJdaHr
KECUMHHHMHI OFUpAMK Mapka3u 0 ja >xkoinamrupamu3, OyHaa Oy KOOpJAMHAT
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TU3UMH Ky3FaaMac KoopAuHaTiap cucremacu AXYZ ra Hucbatan v Te3MUK OWIaH

CWDKHIAM, YIAPHUHT MOC YKJIapH 3ca mapaiesil Xoiaa KoTaIu.

V4 L;

Z

Y,

8-pacm. IanaxcanuHr Y oFMPJIUMK MapKa3uHU éHOOITa CHILKUTHO
(0 man z/2+] rauya) Ba cmuKATMACHAH (7/2 +] naH 7 —0 rava) arJqapuiiara

KHHEMaTuUKaCHu

B.IllapoB Ba M.Opramesnap TaAKUKOTIAPUHHA XUCOOra OJIraH XO0Jia najgaxca
(0) man (7/2+])) raya ainanranga AXYZ Ky3ranMac KOOpAMHATaIAp CHCTEMAacHa
UCTaJraH HyKTaCH TPACKTOPHUSCUHUHT TEHIVIAMACu KyWUIAru KypUHUIITa 3ra:

X:%+ R, cos(@ + wt),
Y=’Ub

— wt,
T

Z = %sin(a)t + J) + R sin(@ + ot),

N

’ (11)
OyHma b — mamaxCaHMHT KEHIVIMTH; Rj — majaxcaHWHT KYHJIAJTaHT KEeCHMUa
koopauHara Oomu 0 jgaH wcranrad | — Hykrarada Oynaran macoda; ¢ — OX1Y1Z;

cuctemaza X; Yku Omnan R; paguyc opacunaru Oypuak;  — Oypyak TE3JIUKHUHT

OHUM KUKMaTH; { — BAKTHUHT KOPUW KUMMAaTH.
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Oxopuna kenTupwirawiapjiaH KypuHUO TypuOIuKH, Kopryc OwujiaH
najaxCcaHd aFrapulll TEXHOJOTHK >KapaCHUHUHT CU(ATH KYNMHYA 3aTUTY)KHUKHU
KopItycra HucOaTaH >KOWJIAIIMIINATA XaMJla YHUHT KOHCTPYKTUB MapameTpiiapura
GOFIHK. YPKAWIM-TIOFOHACHMOH IIYATOpIAll ydyH IIOFOHACHMOH ILTyT/a
3aIUTY’)KHUK aCOCHU KOPITyC JieMexura Oupuktupmwiran (9-pacm). Y KpOHIITEHHIN
crabwtam 1uiactuHacu (2), kucka Jjemex (3) Ba kaHoT (4) nmaH wubopar.
Crabwram 1acTuHacu (2) ra 3aIulyKHUKHUHT JjemMexw (3) maiBaH/JIaHTaH.
Kanor (4) ctabuuiami miacTUHACUHUHT KPOHIITEHHUTa OUPUKTUPUIITAH.

d
» l[ lcm l,\ o
~ - g l‘;
" Y / 2
= N
N o 4
~
N 7
Y _— 3
1 I;

9-pacm. Kopnyc Ba 3am1yKHUKHH Y3apo sKOMIAIIMII CXeMACH

Jlemex TyMmmuruAaH craOWiUIaIl IJIacTUHAacUraya OyiraH >HT KaTrTta macoda
Ba 3aIUTY’)KHUK CTaOWJUTAIl TIACTUHACH Y3YHJIWTHHU aHUKIANl y49yH KyHUJard
udoraiap OJIUHTAH:

¢, =0,5b ctgy, (12)

S
| = O,5b ct +—.
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38.HHY)I<HI/IKHI/IHF TOPpTHUIITa KapIIHUJIUIKU JEMCXHUHT cTabWuIall INIaCTUHACH
Ba 3aIUTY’KHUK KaHOTHHUHI KapIIHWJIUKIIapWUIaH I/I60paT, SABbHHU:

R, =b,(1+ f cosy)(cd +L)+ fo'b? +
sin B

7

+(_p¢+o-5)(1+ f cosa. )h, , +
sin 3,
h2
+ fpl(lcmhnﬂ - ?Ctg ac) + kflh;cpb

Kkp !

(14)

OyHIa ¢ — TYNIPOKHH JIeMeX TUFU OWJIaH 33UINra CONMINTHPMA Kapimwink, [1a; o —
TUF KaJUHIIUTH, M; P — TYIPOKHHUHT JeMeX (ackacura conumTupma 6ocumu, [la;
t, —3alUIy)KHUK JIEMEXUHUHT KAJIWHIUTH, M; [, — 3alUIyKHUK JEMEXUHHUHT
yapXxJIaHKII Oypyary, rpaj; o — JeMeX [03aCHUra TYNPOKHM COMUIITHPMA GOCHMH,
[Ta; b, —3ammyXKHUK JEMEXWHUHI KEHIJIUTH, M; @, — OYyilllaMa-THK TEKHCIIHK]a
IUTACTHHA THFUHHUHT 3raT TyOWra KWsUIMK Oypdyaru, rpan; f — mymaTHM Tymnpokka
cupnanui kodpduuneHTy; f,, — IIaCTUHAHUHT YapXJaHui Oypuyaru, rpaf; t,, —
IUTACTUHA KAJTWHJINTH, M; p; — NAJaxXCaHUHT EH KUPPACH S3WIUIIHIAH XOCHI
Oymaguran conumtupma 6ocum, Ila; K — TYIpOKHUHT CONMINTHPMA KAPIIUIUTH,
[Ta; f; — wuku nmkamanum xodd¢unueHtu; h,, — KaHOTHUHI ypTa KUCMHHU
Oananury, M; b,, — TOPU30HTAN TEKUCIINKAA KAHOTHHHT KaMpalll KeHIJIUTH, M.

OnunHran aHanutukK udoaanap, 3arulyKHUKHUHT TOPTHUIITa KApIIWIUTUHUHT
KOHCTPYKTHUB TapaMeTpiIapu Ba TYMPOKHUHT (PU3UK-MEXaHUK Xoccanapura OOFIUK
XOJI71a aHUKJIalll UMKOHUHH Oepau.

Hlynropnam cudatu Ba YpKawin-MOFOHACUMOH IIYATOPJIOBYU MTOFOHACHMOH
TUTYTHUHT W Kapa€HUHU aMajra OMIMPUII UMKOHHSITHTA TabCUP ITYBYH aCOCUU
napamerpiapra 3aruly’KHUKHUHT Y3YHJIMTH Xamja KajlTa Ba y3yH 3aIUTy>KHUKIH
KopIyciap opacuaaru oyisiama macoda Kupam.

3aruTyKHUKHUHT PAallMOHANl Y3YHJIUTUHU aHUKJIAII y4yH y3yHaurd 25, 50, 75
Ba 93 cMm Oynran TaxxpuOaBuil 3aIUTYKHUKJIAP SCaJIAH, IUTYTHUHT KOpIyclapu
opacugaru  Oyitmmama Macoda Ly »oca kopmycnapHu — OMpPUKTHpaIUTaH
KpOHIITEHHIApHU paMaHUHr Oyiiama Oankajapu OyiM4a  CHIDKUTHINO
yaraprupunan. byana 6yiinama macoda 10; 30; 50 Ba 70 cM Tamkw STAM.

TaxxpubaBuii TagKUKOTIAp HATIXKACHAA KyWHJardw ONTHMAaJ IapaMerpiap
aHWKJIAHJW: TOK KOPIYC 3alUTy>)KHUTHHHUHT Y3YHJHTH 75 cM, XypT KOpITyC
3aIUTyKHUTUHUHT Y3yHIUTH 93 oM, Kopiyciap opacuaaru Oyitnama macoda Ly =50
CM.

VTKasunran TagKuKOTIAp OYifMua ¥pKawIH-MOFOHACHMOH IIYATOpNAIl yJyH
IUTYTHUHT KyWHJArd Taxpuba HaMyHaJApUHUHT KOHCTPYKIUSJIAPU sSICAJIIH:
1-TyTKuun OanaHUIMIK Xap XWi OYJIraH HKKH KOPHYCIM IUIyr; 2—HMKKHUTA
YyKypPIOMIIATKUWIA Oup XWil OaJaHIJIMKIN WKKH KOPHYCIW IUTyT; 3—y3yH
3aIUTY>KHUKJIM JKY(T KopIlycra YpHaTWIraH OUTTa YyKypIOMIIATKU4WIN IUTYT. By
IUTYTJIAPHUHT TOK KOPITyCHAA KajTa 3alUTyXKHUK YpHaTWiIrad. Yoy iyriapiaa ep
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XauJoOB OCTHHM IOMIIATUMII Y4YyH ‘Tiapamiay’ TypuJard Kus TYTKHYIA
YyKypPIOMILIATKUY KYJUTAHUIITaH.

[Inyrmap Ttaxpuba HyCXaJapUHUHT TAJKUKOT HaTIKalapura kypa, yiap
acocuit cudat xkypcaTkuuiapu Oyitnda oup-oupuaan Kuaaui Gapk KuaMaam.

[Tnyrmap yrrangad cyHT ypKaduCHMMOH (0332 Ba IOFOHACUMOH ATaT TyOU XOCHII
Oynanu. DHr KaTTa YypKawid MIYATOp 103acy Typiu OanaHIMKIArd IUIyr OwiaH
UIIOB Oepuiran/a ro3ara kenaau. bupok, Oyama Oolka BapuaHTiaapra HucOaTa
YCUMJIMK KOJIIWKJIAPUHU KYMWIWII YYKYpJIUTHM Ba Japaxacu Kamasau. by,
myoxacus, UIIOB OepuIll YYKYpPIUTHHUHT OIIMIIN Ty(daiinu Xy}t kopnyc Omian
najaxcaHd arJapWwiIMIIMHA EMOHJIAIIUIIY HaTWxkacuaa ro3ara kemaaud. XKydr
KOpIycra YpHaTWIraH YyKYPIOMIIATKAWIM IUIYyTHU OWPUHYM Ba HMKKUHYU
BapuaHTJIapra HUCOATaH TOPTHUINTa KAPUIWINTU, XapaKaT TYPFYHJIUTH Ba METalI
curuMH Oyiinya Katop ad3amimMkiapra 3ra: COJMIITAPMA TOPTHUIITA KAPIIUIUTH
Moc xonaa 11,88% Ba 7,9% ra xkamauau.

bemmmnun 600 «Mnuiad YMKHJITaH TEXHUK BOCHUTAJIAPHUHI 1aJIa CHHOBH
HATWIKAJIADH Ba YJAPHH KYJUIANIAA TEXHUK-UKTHCOAMI caMapaaopJIuru»aa
UNUIa0 YUKWITaH TEXHUK BOCUTAJIAPHUHT XY KAIMK CHHOB HATIKaJIapu Ba yJIapHU
KYJUTalgard TeXHUK-UKTUCOJIMIA camapalopiuru kentupuwirad. by 6o6aa uminab
YUKWITAaH WKKA Spycld IOMIIATKM4Y-YaYu-4-35 Ba YpKawiM-MOFOHACHUMOH
myaropioun  mwiyr-O’PP-4-50 wuHr ¥y3ura Xoc XycycHsTIapd Ba KUCKaya
TaBCU(PU, IIYHUHT/IEK, MaBKyJ MalluHanap OWJiaH COJMIITHPMA XYKaJUK CUHOB
HaTWXKaJapy KeITUPUIITaH.

Acocuii umm kypcarkuwiapu Oyiinda unuiad YuKWIraH TEXHUK BOCUTAJapHU
MaB)KyJl MalllMHaJapJaH OKOPHU Japaxaaa YCTYHJIUIM AaHUKIaHAW. YJIapHH
KYJUTalll 5Ba3ura IaMoi Ba CyB dPO3USICH OJIN OJIMHAHU, TYNPOKKA UIILIOB OepuII
cudaTUHU SAXIIWIANAN, SHEpTHsl Ba EHWIFU cap(pUHU KamMalTUpaad, arperaTHUHT
Ul YHYMJIOPJIUTUHU OLLIUPAIH.

TaaKuKOT HaTWKaJapuHU SKOPUM KWIMIIZAAH OJMHAJAWIaH UKTUCOAUMN
camapaJopJIuK Kyiuaaruiaapiad noopar:

KHSI TYTKUWIA UKKYU APYCIIH IOMIIATKUYHU Kyiutamn MexHat capdunau 18,75%
ra, ¢Hwirn cappuuu 19,12% ra xamaiTupaau, MeXHAT YHYMJOPJMIMHU 3ca
18,96% ra ommpanu;

YpKawin-MOFOHACUMOH IIYATOPJIOBYM IUTYTHM KYJJIall MeXHaT capduHu
14,4% ra, énunru cappuan 14,25% ra xamalTHUpagu, MEXHAT YHYMIOPIUTUHU
aca-14,28% ra omupasu.

WKKu sapyciy IOMIIATKUYHU aMaJIUETTa KOPUM KWIMIIJIAH OJIMHIAaH MUJIIUK
uKThuconuii camapa 7,17 MIH CYMHH, VpKAuIu-MIOFOHACUMOH IIYJIFOPJIOBYU
IUTYTHU KYJaniaad aca - 5,35 murH cymuau (2014 vt 6axocuaa) TalKuia KUJIa .

YMYMMUH XYJIOCAJAP

Anabuérnapaa KeNTHUPWITaH MabIyMOTJIap TaXJWIMHM  KYpcaTHIIN4a,
TYNOPOK YHYMJIOPJIUTH Ba HAMJIUTHHU CakJialll, TYMPOKKa aCOCUN WIUIOB Oepuiiia
IaMoJI Ba CyB DPO3HSICUHU OapTapad KWIHII Macaialapy xXajiurada edujMara.
ByHUHT HaTWXKacuaa TYIPOKKa aCOCUN MIUIOB Oepulllia KYJIJTaHWIaAUTaH MaBXy/T
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MallMHaJIap Ml >KapaéHUJa TYNPOKHUHT (U3MK-MEXaHUK Ba TEXHOJOTHK
XOCCalapuHU EMOHJIAIITUPAIN, WIUIOB OepWiraH TYNPOKHUHI IIaMOJ Ba CYB
APO3USICUTa MOWWUINTUHU OIIMPAIW, EpJIAPHUHT YHYMJIOPJIUTHM Ba KHUIILIOK
XYKaJIUTH MaxCyJOTJIAPUHUHT XOCWIJOPIUTUHM NacaThupagu. MamuyHalapHUHT
KOHCTPYKTHB, TEXHOJIOTMK Ba KNHEMATHK MapaMeTpJiapy TYIPOKKA aCOCUM HILIOB
OepuITHUHT (pakaT OMp YCYJIMHU — MajaxCaHW TYJIUK Ba YyKyp arlapu0 HILIOB
Oepulll ydyyH TaHJIaHTaH, Oy 3ca NIyAropiaml >Xapa€HUHUHT IOKOPH Japaxaja
OHEPrusi Ba MaTepualn XaKMJOPJIUTUHUHT acocuil cababmapujgan Oupu
XucoOJIaHaIu.

Tynpokka HMIIIOB OEpHUIIHUHT TaKoMwulamraH audQepeHnnan TU3UMUHU
UIIa0 YUKW Ba KOPUM KWiuil, OyHAal UIILTOB OEPUILIHA TEXHOJIIOTMK Ba TEXHUK
TabMHUHJIAII XUCOOWTa TYHNPOKHM WIaMOJ Ba CYB SpO3MIACHIAH XHUMOsJIAIL,
IIYATOPJIAIIHUHAT  cUdaT KYpCaTKUWIAPUHU sXIIWiall, Y0y arpoyCyJHUHT
JHEprusi Ba MaTepuall CUFUMHMHM KaMaWTHpUIl JA0J3ap0 WIMUH MyaMMO
XucoOIaHaIH.

Nuuna® yukuiarad TynpoKKa MIUIOB OepuIll TU3MMHHMHI MUKAOP Ba cudat
KypcaTKuwiapu OOFIUKINTY, YOy arpoyCyJdHH amajira OLIMPaguraH HUKKH
ApyCclyd IOMIIATKMY Ba YPKAWIM-TIOFOHACUMOH IIYArOopjaml Y4YyH IUTYTHUHT
palMoHall MapaMeTpiapd Ba yjap HWII OpraHjapura TYNPOKHUHI TabCUPUHU
XMcoOra oJraH Xojija JHEepruss Ba Marepual XaKMIOPJIMKHH aKC OSTTUPraH
MEXaHUK-MaTeMaTUK Ba XHCOO-TaXpuba MOJeIapd MYaMMOHUHI WJIMHUUN
acOCJIApMHU TAILIKWJI 3TAJIM Ba YHUHT aMaJiiil MacajapyuHu €4rIIra MMKOH Oepau.

TankukoT HaTWXKacuaa KyWHIard WIMHA HaTHKajgap OJHH]IU.

l. Iyaropmam jkapaéHUHUHI MEXAHMKACHMHM TaxXJIWJI KWIMII acocuia
TYNPOKKa UILIOB OEpUIIHUHT AU depeHran TH3UMUHA TAKOMUJUTAIITUPULITHIHT
WIMHI aCOCUHU MILIA0 YMKHUII Macajlacu IMAKJUIAHTUPWIIW, ¥ TYIPOKKA HIILIOB
Oepuill AaBpuja IIaMoOJI Ba CyB JpO3HMICHHH l03ara Kenuil cababimapu Ba yHH
KaMaTHpUIl  yCYJUIApUHU  YpraHWIll  HATWKacuJa  YpPKawIU-NOFOHACUMOH
HIyAropyaml  Ba TYNPOKKA aFJapMaclaH HWKKWA SpYClId MILIOB  Oepuil
(HMIIAOIHMKIapra) TEXHOJOTHACHHYN anManuiad Kyyuiail Ba YJIapHU WIMHH-TEXHUK
TabMUHJIAI KYPUHUIINIA aMaJira OLIUPHUIIIH.

2. N opraHnapHUHT TypH, y3apo >KOWJANIWINM, WII TapTUOU HOKOPU Ba
NAaCTKU HII OpPraHiv IOMINATKMYHUHT XapakaT TYPFYHJIUTHHU TaJKUK OSTHUII
acoCHJla aHUKJIAHJIMKH, KA TYTKHYJIM UKKHU SPYCIH FOMIIATKUYHUHT 3HI MakOyn
KOHCTPYKTHB CXE€MAacu TYTKUYM I1acTra STWIraH, IOKOPU Ba MACTKHU HILI OpraHjiapu
raJiMa-raJl ypHaTWiraH IUTYyTCUMOH CXeMa XHUcoOJaHaAu; KaMm DSHeprusi capd
KWIKO, TYOpOKHU cu(aTId IOMIIATUII WII OpraHjapu opacuaaru Oyiinama Ba
kyHaananr macodanap moc xomma 50-60 cm Ba 3540 cm, nama TaxTaCHHUHT
KEHIJIUTH Ba Y3YHJIUTH MOC X0J1/1a 7 ¢M Ba 16 cM Oynranaa TabMUHIaHAIH.

3. Kus TyTKUWIM WII OPraHUHUHT TOPTHUIITa KAPUIWIUTHHUA YHUHT
KOHCTPYKTHB MapameTpiiapy, Wl TapTHOU Ba TYNPOKHUHI Xoccajapura OOFJIMK
paBHIllla y3rapuil KOHYHUATIApW aHUKIaHau. M opraHu napaMeTpJIapuHUHT
panuoHall KuHMaTiapu KyWuaard opajukiapAa OYIuIIM JIO3UM: TUYOKHUHT
yapxiaHuu oypyaru 16—200, Tyrknunu yapxianum oOypyaru 18220, nckaHaHUHT
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TasiHY 103aCH/IaH MACTKU W1 OPraHHUHT KUl KUICMU OQNaHITUTH 25 CM, FOKOPUCH -
15 cm, uckaHa KeHrIuru 6—7 CM, MCKaHAHWHT KyTtapunuim Oypuarm 20-250,
KYHIaJaHT-TUK TEKUCIHMKAAQ TYTKUYHMHT KUAIuK Oypuaru 450, TyTKMY ro3acura
HUCOAaTaH IOMIIATYBYM IUIACTMHAHM YpHaTWiMil Oypuaru 250, mjiacTHHAHWHT
KEHIJIMTY Ba Y3YHJIUTU Moc paBuiiaa 12—15 cm Ba 9—12 cwm.

4. llamaxcamapHu TyJauMKMac Ba y3 odratu derapacuga 180° ra Ttymuk
aFIapuIIHU TajJMa-Tajl aMajra OMWpUIl OWIaH Oupra XaiJoB OCTHHHM FOMIIATHUII
HUIIAOJIMKIIAPHU  YPKAuJIU-TIOFOHACUMOH UIYJATOpJAIIHUHT camapaid YCyJu
SKaHIUTH aHuKJIaHau. CyB yuuaiaurad ypkad XOCWJ KWIHII YYyH HalaxcaHu
TYJIMKMAcC aFJapyil KyHujaruda amaira OLIMPWIMINK Jo3uM: nanaxca 0 pmad
(7/2+]) raya yHUHr OFMPJIMK MapKa3MHH EHOOIra CHDKATMACHAH arJapuiiaiv;
naJlaxCaHu KeWwnHru (7/2+]) man (7—0) rada aFqapuiIdIld OFUPIUK MapKa3WHH ¢H
TOMOHI'a CWJDKUTWIMO aMalira OLMpuiIaii.

5. XaiJ0B OCTMHM IOMILATHII MAWTHIa apuK4a XOCWJ KWIMII OujiaH Oupra
YpKawIM-MOFOHACUMOH IIYATOpJiall TEXHOJOTUK >KapaéHUHMHI WMIUIA0 YMKUIITaH
MOJIENIM, KOpIycjap Ba YyKypIOMIIATKUYIApPHU Xamja KOPMYC Ba 3aIUTYKHUKHU
¥3apo KOMNIAIIMIIY, UII TapTUOJApH Ba IUIYTHUHT TYPFYH XapaKaTUHU YpraHUIl
Oyiinya TaJKUKOTJIApHU KYpCAaTHUILINYa, YpKadIu-TIOFOHACUMOH IIyAropiaml y4yH
IUTYTHUHT paliioOHa]l KOHCTPYKTHB CXEMAaCH TrajiMa-raj YpHaTWIraH KajiaTa Ba y3yH
3AIUTYKHUKIM XaMJa YyKypIOMIIATKUWIA OUp Xl OalaHAJUKIArd KOPIYCIH
NOFOHACUMOH cxema XxucoOmanunanu. Kam sHeprust capd Kwinb mnanaxcajlapHu
Tanab mapaxacuaa TYIHK OyIMaraH arJlapulll KOpITyc opacuaaru o6yiinama macoda
50 cM O6ynaranga xamaa TOK KOpIyC 3aIUTy’KHUTMHMHI KyWHJaru napaMmerpiapuaa
Ta@bMUHJIAHWIAN: 3AIUIYKHUK Y3YHJIUTH 75 CM, KEHIJIMTA 25 cM, cTaOuiuianml
IUIACTUHACUHUHT  Oamanaguru 15 oM, JeMex TyMIIyFHJIaH cTrabusuiain
IUTACTMHACHUIaya 3HI KU4KMK Macoda 25 cm.

6. DOposusra yuyparaH TYNOPOKJIApHUHT (PU3UK-MEXaHUK Ba TEXHOJIOTHUK
XOCCAJIApHU IIAMOJI Ba CYB JPO3MSCH F03ara KeNull IIapOUTIAPUHU AHUKJIALI
UMKOHUHHU O€pa/ii Ba YJIApHU OJIIMHU OJIMIL HYIIapyuHU Oenruianu.

NmHUHAT WiIMUR  HaTWKajgapu acocuJa KypOJUIAPHHUHI TEXHOJIOTMK Ba
KOWJTAIIUII cXeMajapy, KOHCTPYKUHUSAJAPH, YJIApHUHI WII OpraHiapu Oyiinya
V36ekucTon PecryGnukacH NaTeHTNApW OWIAH XMMOSUIAHTAH OMp  KaTop
TEXHOJIOTMK Ba TEXHUK €UUMMIIap UIUIA0 YMKWIAM Ba aMalnETra »KOpUM KU
YUyH TaBCUS KWIHH]U:

TYNPOKKa aFjapMaciaH MIUIOB OEpuIll TEXHOJOTUACHHU aMajra OUIMpPUII
yuyH ycymwiap Ba KypwiManap (NeFAP 00656, NeFAP 00669, NeFAP 00701,
NeFAP 00787, NeFAP 00850);

YpKawIn-NIOFOHACUMOH LIYATOpJIalll TEXHOJIOTUSACHHUA aMajra OLIMPUII Y4yH
ycyinap Ba Kypunmanap (NeFAP 00719, NeFAP 00863)|;

TYNPOKHU KOMOWHALMsJIaHTaH XMMOS KWIMIIHM aMaira OLIMPHII YYyH
ycymnap Ba Kypwimanap (NeFAP 00657, NeFAP 00672, NeFAP 00864,
NeIAP04832,).

7. TynpokHu 1mamoa Ba CyB OJpO3MSICHAAH CAKJIAIIHUHT HCTUKOOIIN
iymnapunan Oupu Oy-OMp BakTIa TYNMPOKKA aFAaprHuCH3 Ba aFaprHuId UIILJIOB

29



Oepull, XaiJ0B OCTHUHHM IOMILIATHUIL, YFUT COJIMII, arperaTHUHr Oup YTUIIMAA
TYNPOKHU OJKHUIIra TaW€pialiHU amaira OLIMPaJWraH KOMOWHALMsJIaHTaH
MallMHaJapHU UILIa0 YUKW Ba sIpaTULI.

8. TympokHu spycnu IOMIIATUII Ba YPKAWIM-TIOFOHACHUMOH MIyATOpJIall
TEXHOJIOTUK apa€HJIapu, WKKH SIPYCIU IOMIIATKHY Ba YpKawIn-IIOFOHACHMOH
LIYJArOpJialll Y4yH IUTYTHUHT KOHCTPYKUHUSJIAPU acOCTaHIM.

Tankukot Hatmwkamapu OAO «bMK-Arpomamny TOMOHUAaH KaOyln KUJIWHIN
Ba MKKM SIPYCIM IOMIIATKAY Ba YpPKA4IM-TIOFOHACUMOH ULIYJArOpJiall y4YyH IULYT
KOHCTPYKIMsUIApUra AacT/Ia0KH TajadJiapHu UILUIA0 YMKUIa GoraanaHuian.

9. Nutab yuKWiIraH TEXHUK BOCUTaIapra Xy>KaJluK CHHOBJIApU Kypa, aCOCHA
KypcaTKuwiapu Oyiinua MapXyJ MallMHaJIapJaH aH4ya YCTYH, yJapHU KYyJulaml
3Ba3uWra IMaMoJl Ba CYB DJPO3USACH OJJIU OJNUHAM, TYNPOKKA HIUIOB OepHIl
cUpaTUHU SXIIWIAHAN, SHEPrus Ba EHWIFU capUHU KaMaWTUpPaId, arperaTHUHT
YHYMJIOPJIUTUHU OLUUPAJIH.

TagKUKOT HaTWXKaJapUHU JKOPUM KWIWIIJAAH OJUHAJWTAaH HMKTUCOIUAMN
camapaJopJivK Kyiuaaruiaap/iad TallKui TONTaH:

KHsI TYTKUWIA UKKHU SApYCIIHM FOMIIATKUYHY KyJutam MexHat cappunu 18,75%
ra, éuunru cappuuu 19,12% ra xamaitupaau, um yaHymuaopiauruau 18,96% ra
OLIMpay;

YpKauIM-MoFOHACUMOH LIYJAropJialll yYyyH IUTYTHU KYJUlall MEXHAT cappuHU
14,4% ra, éunnru capdunu 14,25% ra xkamadtupaau, il yaymaopauruuu 14,28%
ra OLMpaIy.

WKKH spyciay FOMIIATKUYHM JKOPUM KWIMILJIAH OJIMHIaH WWUIMK UKTHCOAUN
camapa 7,17 MIH. CyMHM, IIYATOpJIAIl Y9yH YPKA4IU-IIOFOHACUMOH IUTYTHH 3Ca -
5,35 muH. cyman ( 2014 in 6axocuaa) TamKuI KAaaIu.

Mynmait Kunub, WIa KeNTHPWUITaH SHCM WIMHH XOJaTJIapHU Ha3zapuu
YMYMJIAIITHPHIL Ba aMaTUETTa )KOPHUIM KWIIMII acOCHa TYIIPOKKA UIILJIOB OepuInaa
TYNPOKHM XHUMOS KWJIQJWraH TaKoMuulamraH guddepeHuusuiamrad TA3UMHUHT
TEXHOJIOTUSAJIAPU Ba TEXHUK BOCUTAJIAPUHU MIIA0 YUKHIL OYilMda Xajk Xy KaJIuru
axaMHsITHra sra Oyiran HHpUK MyaMMO €UWJITaH.
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HAYUYHBIN COBET MO NPUCYXKJIEHUIO YYEHOW CTENIEHA
JOKTOPA HAYK 16.07.2013.7.07.01 ITPU TAIIKEHTCKOM
ABTOMOBUW/IBHO-TOPOKHOM UHCTUTYTE, TAHIKEHTCKOM
INOCYJAPCTBEHHOM TEXHUYECKOM YHUBEPCHUTETE,
TAIHKEHTCKOM UHCTUTYTE UPPUT'ALIUN U MEJIMOPALIUU U
HAYYHO-UCCJUIIEJOBATEJIBCKOM UHCTUTYTE MEXAHU3AIIUU
U DJEKTPUOUKAIINN CEJBCKOI'O XO3SIMCTBA

TAINKEHTCKUA UHCTUTYT UPPUT'ALIUU U MEJIUOPAIIUA

MMUP3AEB BAXA/IUP CYIOHOBHUY

COBEPHIEHCTBOBAHME TEXHOJIOTMH 1 TEXHUYECKHUX
CPEJICTB JJ151 IPOTUBO3PO3UOHHOM OBPABOTKH ITOYBBI
B YCJIOBUSAX Y3BEKUCTAHA

05.07.01 — Cesbckox0351iicTBEHHbIE U MEJIMOPATHBHbIE MAIIMHBI. MexaHu3amusi
CeJIbCKOXO03SHCTBEHHBIX H MEJIHOPATHBHBIX PadoT»

ABTOPE®EPAT JJOKTOPCKOM JIUCCEPTAIIUN

Tamkent — 2015



Tema TOKTOPCKOM auccepTannu 3aperucTpuposana B Boicmieih Atrecrannonnoii Komuccuu
npu Kadnnere Munucrpos Peciy0iukn Y30exucran 3a Ne30.09.2014/B2014.5.T358.

JlokTopckasi auccepranys BBIOJHEHA B TaIIKEHTCKOM HMHCTHTYTE HPPUTallUM U METHOPaLUH
MuHHCTEpCTBA CENbCKOT0 U BOJHOrO X03s1iicTBa PecyOnrku Y36ekucTaH.

ABTOopedepar auccepTanny pa3MelleH Ha TpeX s3blkax (Y30eKCKHH, PyCCKHH, aHTIMHCKHN) Ha
BeO-cTpanuiie WWW.tayi.uz u nadhopmMaoHHO-00pa3oBaTenbHOM mopTaie «ZiyoNety Www.ziyonet.uz

Hay4Hblii KOHCYJIBTAHT: MamatoB ®apmon MypTo3eBH4
JOKTOp TEXHUYECKUX Hayk, mpogeccop

OdunuanbHbie ONNMOHEHTHI: TyxTaky3ueB Adaycanum,
JIOKTOP TEXHUYECKUX HayK, Ipodeccop

AckapxoaxaeB Tyakun Hmanosuy,
JIOKTOP TEXHUYECKUX HayK, Ipodeccop

Taiimapaonor baxTuép Ilappaesuny,
JOKTOp TEXHUYECKUX HayK, mpogeccop

Benymas opranusanus Acconuanus «Y3arpomMauicepBmuc)

3ammra AUCCEePTAIMU COCTOUTCS « » 2015 r. B 4acoB Ha 3aceIaHuu
HaygHoro coBera 16.07.2013. T.07.01 npm TamkeHTCKOM aBTOMOOMIBHO-IOPOKHOM HHCTHUTYTE,
TalmKeHTCKOM TOCYyIapCTBEHHOM TEXHUYECKOM YHUBEpCUTETE, TAIIKEeHTCKOM MHCTUTYTE HPPUTALUH H
Menopanui U Hay4Ho-HCClieIoBaTeIbCkOM WHCTUTYTE MEXaHU3allUH M SJEKTPUPHUKAINU CEILCKOTO
xo3siictBa mo azapecy: 100060, r.Tamkent, npocnekt.A.Temypa, 20. Tem./dakc: (99871)232-14-39:
e-mail: tadi_info@edu.uz.

JlokTopckasi ~ guccepraiMs — 3apeructpupoBaHa B MH(POPMAIMOHHO-PECYPCHOM  IICHTpE
TamkeHTCKOrO aBTOMO6I/IHBHO'IIOp0)KHOFO HHCTUTYTa MI/IHI/ICTepCTBa BBICHICTO )5 CpE€aHeTro
crienuansHOro 00pazoBanus Y30ekucrana 3a No , C KOTOpO¥ MOkHO o3HakomuThest B UPI] (agpec:
100060, r.Tamikent, npocrekT.A. Temypa, 20. Tein./dhakc: (99871)232-14-39).

ABTopedepar arccepTaliy pa3ociaH « » 2015 rona.
(mpotokoun pacceiky No oT 2015 1.).

M.M.ApungxaHos,
IIpencenarens HayuyHoro coBera 1o npucyxaeHur0
y4€HOM CTENeHU JOKTOpA HAayK, J.T.H., mpodeccop

A.A.Illepmyxamenos,
VYuenslii cekperaps HayuHOro cosera 1o npucykaeHuI0
Y4EHOM CTENEHN AOKTOPA HAyK, 1.T.H.

M.T.TomboaTaesn,

IIpencenarens Hayunoro cemunapa npu Hayunom
COBETE M0 NPUCYKICHHIO YUEHOH CTeTeH! JOKTOpa HayK,
II.T.H., mpodeccop
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AHHOTAILIUS JOKTOPCKOM TUCCEPTALIUUA

AKTYaJIbHOCTh H BOCTPe0OOBAHHOCTh TeMbl JuccepTanuu. Bo BcéM mupe B
pe3yabpTare yCUJIEHUs BETPOBOM U BOJHOW APO3UU MPOUCXOIUT PE3KOE CHUKEHUE
NOJIOAOPOaUsl MouBbl. E€ BOCCTAHOBIIEHHE SIBJIETCS OAHOW M3 OUEHb TSKEIBIX U
JUIMTENBHBIX TI00abHBIX JKOJIOTMYecKuX mpobiem. Ha ceronHsmiHuii 1eHb B
NeproJ] MHTEHCU(UKAIIMU CEIIbCKOTO XO3SIIICTBA «I10 BCEMY MHPY OKOJIO JBYX
MJIPJI. TEKTapOB 3€MENbHOM IUIOIIA I MPUIILIO B HErogHoe coctosinue. Takxke 31%
CyILIM MOABEPTrHYyTa BOAHOM, a 34% - BeTpoBoii 3po3uu. Exxerogno 6onee 60 mup.
TOHH IIOOPOIHOTO CJIOSI IOYBBI CMBIBACTCS B MOPSI M OKCAHB» .

Cucremaruueckass MaxoTa 3€Mellb U H3MEHEHUE CHCTEMBl CEJIbCKOro
XO035IUCTBA, OCOOEHHO HA CKIIOHAX, NMPUBOAUT K YBEJIWYEHHUIO JIOJIM ILIOLIAJEH,
MOJIBEPTaroNIuXxcsi 3po3uu. BogHas spo3us W AedUINUT BIAKHOCTH TMOYBHI Ha
CKJIOHaX OOrapHbIX 3€MeJb SIBISIETCS OAHOW M3 CepbE3HBIX MpobieM. B Hamieit
pecnyOIuKe IPUrOIHbIE K CETbCKOMY XO35MCTBY «OOrapHbIE 3€MJIM COCTABIISIIOT 2
MiH. 130 ThicSY rekTapoB, U3 HUX 756,8 THIC. TEKTApOB HaHIHI/I>>2, «10,1% 3emensn
NOJIBEPrHYTHl BOIHOM, 76,6% - BeTpoBoOi 3po3uu U 7,5% - BOIHOW U BETPOBOM
Spo3un»°.

MHOrourciieHHbIE  UCCIEAOBAaHMUS W  MPAKTUKAa  I[IOKA3bIBAIOT, YTO
OYBOOOpabaTHIBAIONIME MAIIUHBI, MPUMEHSEMbIe B Halied pecryOiauKe s
0€30TBAILHOM ¥ OTBAJIbLHONW O0OpaOOTKM TIOYB, TMOJBEPKEHHBIX OPO3UHU, HE
oOecrieynBalOT TpeOyeMoro KkadyecTtBa OOpaOOTKM TOYBBI, DSHEPTOEMKH U
MaJIONpPOU3BOAUTEIbHBI.

B cBsi3u ¢ 3TUM, HccleoBaHUS HANpaBIECHHbIE HA COBEPIICHCTBOBAHHWE
CUCTeMbl OOpPaOOTKM TOYBBI, YMEHBIIIEHHWE PACXOJO0B SHEPruU, YJIy4dIICHUE
HAKOIUICHMS U COXPAHEHUs BJIard, 3allyIaloNIie OT BETPOBOM U BOJHOU 3PO3UH U
pa3paboTKa TEXHOJIOTH, 00ecreunBatOMX MOBBIIICHUE MI0I0OPOAUS U CO3/IaHUE
TEXHUYECKUX CPEJICTB SIBJIAIOTCA aKTyaJbHBIMMU.

HuccepranionHas paboTa TMOCBSILIEHA PEUIEHUI0 TaKUX 3aJad, Kak
yIIY4IIEHUE TUIOJOPOJHS TMOYBBI, MOBBIIIEHUE YPOXKAWHOCTU PACTECHHM, 3aluTa
NOYBBI OT BETPOBOM M BOAHON 3po3uM, oOecIedeHHue pecypcocOeperarinumMu
TEXHOJIOTHUSIMM M  TEXHHMYECKHUMH  CpPEJCTBAMHU, ONPEACNEHHBIX  YKa3oM
[Ipesunenta Pecnybmuku Y30ekuctan 3a Ne YVII-3932 «O mepax 1mo KOpEeHHOMY
COBEPIIECHCTBOBAHUIO CHCTEMbI MEJIHOPATUBHOIO YIIYUYIIEHUS 3eMelb» OoT 29
okTsa0pss 2007 roma, a Takke IlocranoBnenuem Ilpesunenra PecnyOnuku
V36ekuctan I[1I1-1958 «O mepax no panpHENHIEMY YIYUYIICHHIO MEIHOPATUBHOTO
COCTOSIHUSA OpOIIAEMbIX 3€Meb M palUOHAIBHOMY HCIIONIb30BAHUIO BOJHBIX
pecypcoB Ha niepuoj 2013-2017 romoB».

! 3axapos H.I'. 3ammTa mous ot 3po3un/ Y4eOHO-METOANIEeCKU KoMIuTeKe. —YnbstHOBCK: ['CXA, 2009. —C.9-14.

2 3eMelbHbIi ¢oun Pecnyonmuku Y36ekucrana (mHa cocrosame 01.01.2014 r.). — Tamkent: ['ocymapcTBeHHBIH
komuTeT PecnyOnmmkm VY30eKknCTaH 1O 3E€MENBHBIM pecypcaM, Teo/e3WH, KapTorpagu M TOCYAapCTBEHHOMY
kagactpy, 2014. — 203 c.

3 I'eorpaduuecknii atmac Y30ekucrana. — TamkeHT: ['ockom3emreoneskanactp, 2012. — C.130-131.
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CooTBeTCTBHE HCCJIEIOBAHUSI MPUOPUTETHHIM HANPABJIEHUSIM PA3BUTHS
HAYKH U TexHoJoruii PecnmyOaukm Y30exkucran. J(uccepraiusi BBINIOJIHEHA B
COOTBETCTBHH C MPUOPUTETHHIMU HANIPABJICHUSAMH PAa3BUTH HAYKHU M TEXHOJIOTUH
Pecniyonuku  V36exkucran: [T'HTII-15 «Co3manne HayKOEMKHUX, BBICOKO-
NPOU3BOJAUTEIBHBIX,  KOHKYPCHTHOCIIOCOOHBIX,  JKCIIOPTOOPHUEHTHUPOBAHHBIX
TEXHOJIOTU, MAlllMH, 000PYy10BaHUsl, MPUOOPOB M ITAJTOHHBIX CPEJCTB, CIOCOOOB
U3MEPCHHSI © KOHTPOJIS JIJIS IIPOMBIIUICHHOCTH, TPAHCIIOPTA, CEITLCKOTO M BOJTHOTO
xo3siictBay, [IIIM-3 «DHeprernka, sHEPro—pecypcocOepexeHne, TPaHCIIOPT,
MalIMHO- U TPUOOPOCTPOECHUEN.

O030p 3apy0eKHBIX HAYYHBIX HCCJACIOBAHUN IO TeMe IMCCEPTALMH.
Teoperndeckre M MPaKTHUECKUE HCCIACNOBAHHUSA IO CO3JAAHUIO TEXHOJOTHH H
TEXHHYECKUX CPEJCTB, OCYIICCTBIIIONNX KAaYSCTBCHHYIO OOpa0OTKYy IIOYBHI,
3alIUTy I0YB OT BETPOBOM W BOJHOW SPO3MH, METOJOJIOTHYECKON OIICHKH
(baKTOpOB, BIMSAIONIUX HA MPOIECC 3PO3HH U MATEMATHUYECKOMY MOJICITUPOBAHUIO
mporecca 3pO3WH, BEIUCh KPYHMHBIMH (QHUpMaMu, KOMITAHUSIMH, HayIHBIMH
IEHTpAaMH, YHHMBEPCHUTETAaMH W HAyYHO-HCCIIEAOBATECIbLCKUMH HHCTUTYTaMHU
3apyOCKHBIX CTpaH, TaKUMH KaK JEeMapTaMEeHT CeIbCKOrO  XO3SHCTBa
Coenunénnbix IlltatoB Amepuku, ¢upmsr Brillion, International Harvester, John
Deere (CIIA), d¢upmer Combo Three, Massey Ferguson Ltd, Howard
(Benukobpuranust), Kirpy, Fishe (®panums), Kverneland Ltd (Hopserus),
Lemken Ltd u ynuBepcureramu Wageningen (Hunepnanmus), Hohenheim,
Weihenstephan (I'epmanus), MIAY, Bonrorpaackum HITO (Poccwust) u np.

B kadecTBe pe3ybTaTOB HAYYHO-MCCIEAOBATEIBCKUX PadOT, MPOBENEHHBIX B
MIOCJIETHUE TOJIbI, MOXXHO OTMETHTD CJICIYIOIIUE: CO3JaHbI IITYOOKOPBIXIHTENb JUIs
0e30TBIbHONW O00PAaOOTKU TMOYBBI, KOHCTPYKIIMM BBICOKOIPOU3BOAUTEIBHBIX H
IIMPOKO3aXBATHBIX  YCTPOWCTB, pa3phIXJsiromux Komku mouBel  (Brillion,
International Harvester, John Deere); pa3pa®otaHbl SIpyCHO paclOJIOXCHHBIC U
MOCJIONHO  Pa3phIXJIAIONINE IOYBY MEHEE JSHEproéMkue paboyre OpraHbl C
OoKOBBIM MpoduiieM cTOWKH B Buae napadonsl (Combo Three, Massey Ferguson
Ltd, Howard); C—o0pa3uble CTOMKH miss Oe30TBAJbHOH OOpaOOTKM IOYBBI U
JI0JIOTO C KPUBOJIMHEHHO-TEIIMKOUIATBHON padouell MOBEPXHOCTHIO, YHM3EIU C
pabounMu opraHamMH B BHJE NapaloJibl B MOMEPEYHO-BEPTHKAIBHON TUIOCKOCTH
(Kirpi, Fishe); BbICOKOIPOM3BOAMTEIbHBIC YH3EIbHBIC OPYIUS W CKOPOCTHBIC
ryru ¢ odboporaeiMu kopmycamu (Kverneland Ltd, Lemken Ltd); paspaborana
METOJIONIOTHSI OOBEMHOM OILIGHKH 3pO3WU TOYBBI Ha OcHOBe TexHojoruu ['MC
(Wageningen), cosgana moxmens WEPP (Water Erosion Prediction Project),
OIICHUBAIOIIAsl CMBIBAHUE W TIOTEPH YACTHUI[ MMOYBBI B PE3YJITATE BIIUSHUS BOJIBI
(Jdenmaprament cenbckoro xo3siiictBa CIIIA); paspaboTtaHa eBpomeickass MOJETb
(Yuusepcurers Hohenheim, Weihenstephan), mosponsiomnias oreHuBaTh CTEIICHD
CKJIOHHOCTH TII0YB K DJpO3UH, CTCICHb BIMSIHHUS CHJIBHBIX OCagKOB Ha
NOJIBEPKECHHOCTh BOJHON JPO3UM CKJIOHOBBIX  3€MEIb TOJ CEIIbCKOXO3SHCT-
BEHHBIC  KYJbTYpbl, OOOCHOBaTh  IMPOTHBO’PO3UOHHBIC  aArpOTEXHHYECKUE
meponpusatus EUROSEM  (European Soil, Erosion Model); BbisiBiacHbI
3aKOHOMEPHOCTH CMEIIEHHS MTOYBBI MOJ] BIMSHUEM pabodnMX OpraHOB Ha CKIOHAX
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U 3aKOHOMEPHOCTM 00O0pOTa IlacTa KOPIYCOM TPAJULIMOHHOTO IUIyra JJis
CTYIEHUYATO-TPEOHEBOW BCHAIIKK, CO3JaHBl paboyue OpraHbl C HAKIOHHBIMHU
cToiikamu B Buue «paraplow», Y-oOpasHbiMH U X-00pa3HbIMH CTOHKaMH,
pasiuuHble opynus AJjisi 6e30TBasibHONM 00paboTku nmouBsl (Bonrorpanckoe HIIO,
MJIAY).

Ha ceromgHsiluHuii  JI€Hb  OCYILIECTBISIFOTCA  MPUOPUTETHBIE  HAYYHO-
UCCIIEI0BAaTENbCKUE PAabOThI MO Pa3padOTKE COBEPIIEHHOW TEOPUH IOBBIIICHHS
YPOBHS BBIHOCJIIMBOCTH TOYBBI K 3PO3UH, CO3/IAHUIO0 3aKOHOMEPHOCTEN U3MEHEHUS
(GU3UKO-MEXaHUUECKUX CBOMCTB TIOYBBI BO BpPEMEHM W B IPOCTPAHCTRBE,
TEOPETUYECKUX MOJIENIEH Tpoliecca B3auMOICHCTBUSL pab0YNX OpraHoOB C MOYBOMH,
CO3JaHHUIO0 pecypcocOeperaronmx TEXHONOTUM U TEXHUYECKUX CPEACTB IS
3al0UTHI [I0YB OT BETPOBOM M BOJHOMU 3PO3HMU U COBEPIICHCTBOBAHUIO MEXAHUKO-
TEXHOJOTUYECKUX OCHOB 00PaOOTKHU MOYBHI.

Crenenb  HM3y4eHHOCTHM  mnpoOjembl.  lccnegoBanue — mporeccos
B3aMMOJICUCTBHSI O€30TBAJIIBHBIX pa0OUYMX OpPraHOB C TIOYBOH TMPOBEICHBI
N.M.I1aHOBBIM, I1.H.bypueHnko, B.M./Ipunua, A.K.KocTpuupinom,
B.Il.T'opsukuneiM, W.B.CyukoBbiv, JK.E.TokymeBeiv, B.B.TpydanoBbiM,
P.1.baitmeroBeiM, ®.M.MamaroBeiM, A.TyxTaky3ueBbiM, M.MypagoBbiMm,
N.T.OprawmessiM, X.P.Fadpdopossim, b.XyImBaKTOBBIM U APYTUMH.

besorBanbHbIE pabouue OpraHsbl c HAKJIOHHBIMU CTOMKaMH,
NpeaynpexaalonMe  BETpOBYyr0  3po3uto,  ucciaenoBanbl  JI.C.Opcukowm,
J.A. TpanuIbIHbIM, B.U.IIsinpax, N.b.bopucenko, ®.M.MamaToBbIM,
N.T.OpraimeBbiM U IpyTUMH.

HccnenoBanust 1o pa3pabOTKE TEXHOJOTMM M TEXHUYECKHX CpEACTB,
NpeaynpexaalonMXx  BOAHYIO  dpo3uto, TmpoBeneHsl  K.B.AnekcanapsHoM,
A.T.Barunsivm, H.Haropueim, T.X.11a30B0M 1 qpyrumu.

HecMoTpst Ha OrpoMHOE BHHMaHHUE, YIEISEMOE BO BCEM MHpE Ipolieme
NpeloXpaHeHUs MOYBbl OT 3pO3UH, B Y30EKUCTaHE HEJOCTATOYHO MPOBEEHBI
UCCIIEIOBaHUA 1O  pa3pabOTKEe TEXHOJOTMA W  TEXHUYECKHX  CPEACTB,
OpEJOTBPAIIAIOIIMX BETPOBYIO M BOJHYIO APO3UI0 C YUYETOM CIEeUU(UKHA TOYB.
HccnenoBanus, IIPOBEJCHHBIC X.MaxcyzioBbIM, K.Mup3zaxaHOBBIM,
C.C.PyctaMOBBIM M JIpyTUMH, HAIpaBI€Hbl HA M3YYEHUE 3aKOHOMEPHOCTEHN
NPOSIBIICHUS IPO3MOHHBIX MPOIECCOB HAa OOorape W OpoIIAeMbIX 3eMJISX, BIMSHHUS
3pO3UM HA CBOWCTBA MOYB M YPOXKAU 3E€PHOBBIX M XJIONMYATHUKA, OJHAKO
OTCYTCTBYIOT  pa0OOThl KOMIUIEKCHOTO ¥  CHCTEMHOTO  XapakTepa, uTo
CBUJIETENIBCTBYET O BaXKHOCTU 3TOM MpoOsIeMbl i Hallel pecryonuku. [Toatomy,
BO3HMKAET HEOOXOJUMOCTh MOJEPHU3AIMN CYHIECTBYIOIIMX TEXHOJIOTUHA U
OYBOOOPAOATHIBAIOIIMX MAIIUH JIJIs TPOTUBOIPO3ZUOHHON 00paOOTKU CKIIOHOBBIX
MOYB.

CBs3b IMCCEPTALUOHHOIO HCCJIEAOBAHUA C IUVIAHAMH HAYYHO-HMCCJIeI0-
BaTeJbCKUX pPadoT oTpakeHa B cieayronux npoekrax: OT-d4-54 «Pa3pabotka
HAyYHBIX OCHOB TEOPUHU PE3aHUA M pacuera PEexylluX armapaToB U padoumx
OpraHOB  CENbCKOXO3IMCTBEHHBIX MammH» (2008-2012 rr.); KXA-3-032
«Pa3paboTka TEXHOJOTMM M KOMOMHHPOBAHHOTO arperara, 0O0eCHEUYMBAIOIINX
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COXpaHEHUE BJIary M 3alllUThl IOYB B YCIOBUAX 3acynuiuBoctu» (2012-2014 rr).

Heapr wuccaenoBanusi. Pa3paboTka MeEXaHUKO-TEXHOJOTHYECKHUX OCHOB
00pabOTKU HPOAMPOBAHHBIX ITOYB M CO3/IaHKE HA ITOW OCHOBE HOBBIX TEXHHUUECKUX
CPEICTB, OOECHEUMBAIOIIMX 3AIIUTY IIOYB OT BETPOBOM W BOAHON 3pO3UH,
CHIDKEHHE 3aTpaT dHEPruu Ha o0paboTKY, YAydlleHHE HAKOIJICHUS U COXpaHEHMs
BJIary MO4Bbl, OBBILIEHNE TPOU3BOIUTEILHOCTH arperaros.

JUis TOoCTHKEHUsT HAMEUEHHOM 1enu chopMyIHpOBaHbl CIAEAYIOUIUE 3a/a4H
HCCJIeJ0OBaAHUM .

MIPOBECTH AHAJIMU3 CYLIECTBYIOIIMX TEXHOJIOTUNA M TEXHUYECKUX CPEACTB IS
IIPOTHBO3PO3MOHHON 00paOOTKH TOYBHI,

U3YYUTh (PU3UKO-MEXaHMYECKHE U OCHOBHBIE TEXHOJNOTMYECKHE CBOMCTBA
APOAUPOBAHHBIX IMOYB KaK 00BEKTa MEXaHUISCKON 00paboTKH;

pa3zpaborarh »HeprocOeperaronyii 1 MOYBO3AIMUTHBIA TEXHOJIOTMUYECKUN
MIPOLIECC PHIXJIEHUS MTOYBBI 1 00OCHOBATH IMAPAMETPHI IBYXbSIPYCHOI'O PHIXJIUTEINS;

HCCJIEZIOBATh TEXHOJMOTMYECKUH MPOLEecC PEOHUCTO-CTYIEHYAaTON BCHAIIKH U
000OCHOBaTh MapaMeTphl IUIyra JJjsi oOpabOTKH IOYB CKJIOHOB, MOABEPKEHHBIX
BOJHOM PO3HH;

pa3paboTaTh U U3TOTOBUTH OMBITHBIE 00OPA3Ibl IBYXbSIPYCHOTO PHIXJIUTENS U
TuIyra ajisi rpeOHUCTO-CTYIIEHYATON BCHAIIKY, TPOBECTH UX UCIIBITAHUS;

J1aTh OLIEHKY NPEUIOKEHHBIX TEXHUUECKUX CPEICTB M0 X arpOTEXHUYECKUM,
HHEPreTUYECKUM U SKOHOMUYECKUM MOKa3aTeNsIM.

O0beKTOM HCCJIeJOBAHMSA SIBJSIIOTCS APOIUPOBAHHBIE TOYBBI, UX (PUUKO-
MEXaHUYECKUE U TEXHOJIOTMYECKUE CBOWCTBA, TEXHUYECKUE CPEACTBA s
OCHOBHOW 00pa0OTKH 3pOJMPOBAHHBIX MOYB (ABYXbSIPYCHBIA PBIXJIUTENb U ILIYT
JUIsl TPEOHUCTO-CTYNIEHYAaTON BCHAIKH) W PEaTM3yeMblii UMHU TEXHOJIOTHYECKUN

nporiecc.
IIpenmeT ucciaenoBaHusi: 3aKOHOMEPHOCTH W3MEHEHHS SHEPreTHUCCKUX |
KaueCTBEHHBIX  IIOKa3aTelied  MPEIIOKCHHBIX  OPYAWH,  aHAJIUTHYECKHUC

3aBUCHMOCTH, IO3BOJISIOIINE ONPENEIUTh PAallMOHAJIBHBIE 3HAYEHUS MapaMETPOB
pabourx OpraHoB M YCTOHYMBOCTU XOAa OPYIHUM, MEXaHMKO-MaTeMaTHUCECKHE
MoOJen 000poTa IjlacTa M BO3JAEHCTBUA pabO4YMX OPraHoOB JBYXbSPYCHOTO
PBIXJIUTENS U 3aIUTYKHUKA IUTyTra Ha MOYBY.

Metoabl wucciaegoBanmil. B jauccepranuonHod paboTe HCHOIb30BaHbI
OCHOBHBIE TOJOKEHUS U METOJbl KIACCUYECKOH MEXaHWKH, MaTeMaTHYECKOTO
aHalan3a, MaTEMAaTHYECKON CTATUCTUKH, METOAbl MATEMATUYECKOT'0 TJIAHUPOBAHUS
HKCIIEPUMEHTA U O0LIME METO/IbI ONPEEIEHUS arpOTEXHUYECKHUX, IHEPTETUUECKUX
¥ SKOHOMHYECKHX TOoKa3aTelel paboThl MalllvH.

Hay4ynasi HOBHM3HA [IMCCEPTALMOHHOIO HCCJICJOBAHMS 3aKIIOYAETCAd B
pa3zpaloTke:

TEXHOJIOTUU O0PaOOTKM 3POAUMPOBAHHBIX I0YB, MPUHIMIHAIBHBIX CXEM U
KOHCTPYKUMUA JABYXBSPYCHOTO PBIXJIMTENS U IULyra JUisl TpeOHUCTO-CTYIEHYaTON
BCHAIIIKY;

MEXaHMKO-MaTeMaTUYeCKUX MojieJied o0opoTa TIulacTa, COBMEIICHHBIE C
OOKOBBIM TepeMelIeHrEeM 1 63 OOKOBOTO MEPEMEIIECHHS €T0 IIEHTPa TSHKECTH;

36



MEXaHMKO-MaTeMaTUYeCKUX MoJelel BO3JEHCTBUA Ha TMOYBYy paboumx
OpraHoOB JIBYXbSIPYCHOI'O PBIXJIUTENS U 3aILTYKHUKA IJTyTa;

aHAIMTUYECKUX 3aBHCHUMOCTEH, IMO3BOJSIOMIUX OOOCHOBATh pallMOHAJIbHbBIE
3HAYEHUS TapaMETPOB PaOOUMX OPraHOB pa3pabOTaHHBIX OPYAUN;

AHAJIMTUYECKUX 3aBUCUMOCTEN, MO3BOJSIOIINX aHAJIU3UPOBATh YCTOMYMBOCTh
X0J1a pa3pabOoTaHHBIX OPYAUN;

3aKOHOMEPHOCTEN N3MEHEHUS! KAYECTBEHHBIX M YHEPreTUUYECKUX MTOKa3arenei
paboThl JBYXBSIPYCHOTO PBIXJIUTEAS W IUIyra s TpeOHHUCTO-CTyNEeHYaTOn
BCIAIKK B 3aBUCUMOCTM OT MapaMeTpoB HUX pabOYMX OpPraHoB MU CKOPOCTH
JBKEHUS.

IIpakTnyeckue pe3y/bTaThl HCCJIET0BAHUSA OLIEHUBAIOTCS Pa3pabOTKOM:

TEXHOJIOTUU JBYXbSIPyCHOI'O 0€30TBaJILHOTO PBIXJIEHUS U
YCOBEPUICHCTBOBAHUEM TI'PEOHUCTO-CTYNEHYATON  BCHAIIKK  JIJIi  OCHOBHOM
00pabOTKH 3POJUPOBAHHBIX ITOYB HA CKJIOHOBBIX 3€MJISIX;

JBYXBSIPYCHOTO PBIXJIMTENS JJII OCHOBHOM 0OpabOTKH MOYB, MOABEPKEHHBIX
BETPOBOU U BOAHOM IPO3UU;

rpeOHUCTO-CTYMIEHYaTOro  Iiyra Juis OCHOBHOM  0OpabOTKHM  TOYB,
MOJBEP>KEHHBIX BOJHOM 3pO3UH.

Jl0CTOBEPHOCTH MOJIY4YeHHBIX pe3yJIbTaTOB MOJITBEPKAAETCS
IOJyYEHHBIMUA  pE3yJbTaTaMU  TEOPETHYECKUX W SKCHEPHMEHTAJIBHBIX
UCCJIEIOBAHUNM M WX B3aMMHON COTrJIACOBAHHOCTBIO C TOJIEBBIMU HUCIBITAHUSIMU
HOBBIX OpPYAM, NPAKTHUKOW UX BHEAPEHUS U OOCYXJEHHEM pe3yJIbTaTOB
UCCJIEIOBAHUN Ha Pa3MYHBIX HAYYHBIX KOH(PEPEHIMIX, a TaKKe MyOIuKaiusIMu
pEe3yJbTAaTOB HCCIEIOBAHUM B PELEH3UPYEMBIX HAay4YHBIX XypHalax Beicmien
aTTecTalMoHHON Komuccuu ripu Kabunera MunuctpoB Peciy6nnku ¥Y30ekucTaH.

Teopernueckass ¥ NpakTHYecKas  3HAYMMOCTb  Pe3YJIbTAaTOB
ucciaenoBanms. Teopernueckas 3HaYUMOCTb PE3YJIbTATOB UCCIEAOBAHUS COCTOUT
B pa3paboTKe MEXaHMKO-MAaTeMAaTHYECKUX W PACUETHBIX MOJENIEH, OTpa’Karollux
CBA3M KOJIMYECTBEHHBIX M KAaUECTBEHHBIX IMOKa3aTeled MOYBO3AIIUTHON CHUCTEMBI
00pabOTKH MOYBBI, PHEPTO- U MAaTEPUATIOEMKOCTH ITOr0 arpornpuéma ¢ mapamer-
paMu ABYXBSAPYCHOT'O PHIXJIUTENS U ITyTa Al TPEOHUCTO-CTYEHYAaTON BCIALIKH.

[TpakTHyeckas 3HAYUMOCTb PE3yJbTaTOB paOOTHI 3aKIIOYAETCS B pa3paboTKe
TEXHOJIOTUU M TEXHUYECKUX CPEACTB JJII OCHOBHOW 0OpabOTKHU 3POJUPOBAHHBIX
nouB. B pesynbrare ncnonab3oBaHus pa3pabOTaHHBIX JABYXbSPYCHOTO PBHIXJIUTENS U
wiyra s TrpeOHUCTO-CTYNEHYAaTOW BCHAIKM COOTBETCTBEHHO CHUXKAIOTCS
3aTparbl HAa TOprode-cMa3ouHble MaTepuaisl Ha 19,12 u 14,25%, 3arparel Tpyna Ha
18,75 n 14,4%, npsmble sKciulyaTalMoHHble 3arparel Ha 19,07 u 14,02%,
MOBBIIIAETCS MPOU3BONUTEIBHOCTh Tpyaa Ha 18,96 u 14,28%, obGecneuuBaercs
3alllUTa TMOYB OT BETPOBOM W BOAHOM D3pO3UHU, YIAYUIIAETCS HAKOIUIEHUE U
COXpaHEHHE BIIary.

BHeapenue pe3dyabTaToB HcciaeaoBaHus. Ha  ocHoBe pe3ynbTaroB
JTUCCEPTAIIMOHHON paOOTHI:

YTBEPXKJEHbl ~UCXOJHBbIE TpeOOBaHMS W TEXHUYECKHME 3aJaHUs Ha
JIBYXBAPYCHBIA PBIXJIUTENb M IUIYT Uil TpEeOHUCTO-CTYNEHYATOM BCIAIIKH,
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npeAHa3HAUYCHHBIX 1T OOpaOOTKM TIOYB, IMOJIBEP>KCHHBIX BETPOBOM W BOJTHOM
5po3un  (MUHHUCTEPCTBO CEIBCKOTO U BOAHOrO Xo3siiictBa PecnyOnnku
V36ekucran, 24.11.2014 1. T3 23.01.470:2014 u T3 23.01.471: 2014);

pa3paboTaHbl OMBITHO- MPOMBIIIJIEHHBIE 00PA3LbI IBYXbSAPYCHOIO PHIXJIUTENS
U IUTyra JUis TPeOHUCTO-CTYNEHYATOW BCHANIKM W TPOBEIEHBI WX HCIBITAHUS
(ITpotokonbr AO «BMKbB —Arpomamn» 3a NeNe 4-2014 u 5-2014 ot 10.12.2014 r.,
u crpaBka 3a Ne00/26 ot 1.04.2015 r. OO0 «KapmmHCKOro peMOHTHOTO 3aBOA).
OnBITHO-TIPOMBIILIEHHBIE 00pa3lbl JBYXbSIPYCHOTO PBIXJIATENS M IUIyra JUis
rpedHUCTO-cTyneH4yarod Bermamku BHeapeHbsl B 2011-2014 rogax B (pepmepckux
xo3aicTBax KamammHckoro um YwupakymHCKOro TyMaHoB KamkazapbuHCKOIO
BUJIOSITA. DKOHOMHYECKHH S(PQeKT 3a cyeT yBeIu4YeHHUs MNPOU3BOJIUTEbHOCTU
TpyZa,  YMEHBIICHUS  pacxoja  TOpPIOYE-CMA304YHBIX  MATEpPUAIOB  H
AKCIUTyaTallMOHHBIX 3aTpaTr coctaBmwi 180,1 miH. cymoB (akT MuHucTepcTBa
CEJIbCKOrO0 M BOJHOrO Xo3sicTBa PecnyOnnku VY30ekuctaH o0 BHEAPEHUH
pe3yabTatoB auccepramuu 3a Ne02/09-278 ot 04.04.2015 1.).

AnpoGauus padorTbl. Pe3ynbrarsl uccienoBaHus anpoOupoBanbl Ha 11
HAYYHO-TIPAKTUYECKUX KOH(PEpEeHIUsAX M CceMuHapax, B TOM uuciie, Ha 4
MeXAyHapoIHbIX: «[IpoGiemMbl KOMIUIEKCHOTO OOYCTPONCTBAa TEXHOMPHUPOIHBIX
cuctem» (MockBa, 2013), «Water Management-State and Prospects of
Development» (PuBne, Ykpauna, 2010), «Hay4unust nmoteniuan Ha csera 2013»
(Codus, Bomrapus, 2013), «Nastoleni Moderni Vedy» (Praha, 2013) u 7
pecnyOMKaHCKUX KOH(EpPEHIMAX, a Takke Ha PecmyOnmKaHCKHX spMapKax
WHHOBAIIMOHHBIX MJIeH, TexHomorui u npoekTos (Tamkent, 2011-2015).

OcCHOBHBIE pe€3yNbTaThl JUCCEPTALMOHHON pabdOThl JOKJIAJBIBAIUCh U
00CYX1alTuCh Ha Hay4YHOM CEMUHApe Kadeapol «MexaHu3auuu
TUAPOMEITUOPATUBHBIX ~ paboT»  TalKeHTCKOro HMHCTUTYyTa UppUTallud |
menuoparuu  (Tamkenr, 2014), Ha HAy4YHOM CEeMHHApe MO CHEIUATbLHOCTH
05.07.01 — «CenbckoX034iCTBEHHBIE M MEIUOPATUBHBIE MAlllMHbI. MexaHu3alus
CEJIbCKOXO3AMCTBEHHBIX M MEJIMOPATUBHBIX padoOT» MpU HAYYHOM COBETE
16.07.2013.T.07.01 npu TamkeHTCKOM aBTOMOOUJIBLHO-TOPOKHOM HWHCTUTYTE,
TalKkeHTCKOM TOCYIapCTBEHHOM TEXHUYECKOM YHUBEpPCUTETE, TalllKeHTCKOM
WHCTUTYTE UppUTALMKA U Menuopanuu u HaydHo-uccienoBaTenbCKOM UHCTUTYTE
MEXaHU3allUU U AJIEKTpUPUKALNU cebcKoro xo3sicTna (Tamkent, 2015).

Ony0/MKOBAaHHOCTH pe3yJbTaToB. [l0o Teme auccepTanuu OmyOIMKOBAaHO
70 Hay4HbIX paboT, B TOM uucie — 1 MoHorpadwus, 24 KypHaJIbHBIX CTaTe, 2 B
MHOCTPAHHBIX KypHalaxX M 3 cTaTbu B COOPHUKAX MaTEpUAJIOB MEXKIyHApPOIHBIX
HaY4YHBIX KOH(EPEHIIUH.

Crpykrypa m o0beMm amccepranum. Jluccepramusi COCTOUT W3 BBEACHUS,
IITH TJIaB, 3aKJIIOYEHUS, OIVIABJIEHUWS, CHHMCKa JIATeparypsl, 10 mnpuinoxeHuw,
conepxut 200 cTpaHMI] TEKCTA, BKIIOYAIOIIETO 86 PUCYHKOB M 25 Ta0IuII.
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OCHOBHOE COIAEPKAHUE JUCCEPTALIUN

Bo BBeaeHum 00OCHOBaHAa AaKTyaJIbHOCTh W BOCTPEOOBAHHOCTH TEMBI
auccepTanuu, cOpMyIMPOBAHbI 11E€1b W 3a/1a4d, BBISABICHBI OOBEKT U MPEIMET
UCCJICJIOBAHUSA,  yKa3aHO  COOTBETCTBHE  HUCCIEAOBAaHHUS  MPUOPUTETHHIM
HANPaBJICHUSIM Pa3BUTHs HAyKW W TexHosnoruii PecmyOnuku Y30ekucraw,
U3JIOKEHbl Hay4yHass HOBU3HA M TMPAKTUYECKUE PE3yJbTaThl MCCIIEIOBAHUS,
000CHOBaHAa JIOCTOBEPHOCTH MOJIYYEHHBIX PE3YJIbTAaTOB, PACKPBITHI TEOPETUUECKAS
U MpPaKTUYECKasi 3HAYMMOCTb IOJIYUYECHHBIX PE3yJIbTaTOB, IPUBEAECHBI CBENECHUS O
BHEJIPEHUM B TMPAKTUKY PE3YyIbTATOB HCCIEAOBAHUS, PE3YyJIbTaThl ampoOaiuu
paboThI, CBEICHUS 110 OMYOIMKOBAHHBIM pab0TaM U CTPYKTYpE UCCEepPTaIIH.

B nepsoii rinase «Cocrosinue mpoodJaeMbl, 1eJib U 32241 UCCJIeI0BAHUIN
00CTOATENBHO MIPOAHATN3UPOBAHBI COBpPEMEHHBIE TEXHOJIOTUU
IPOTUBOAPO3MOHHON OOpaOOTKM TOYBBI M TEXHUYECKHE CpelICcTBa JUIsl UX
OCYIIIECTBJICHUSI, paHEe IMPOBEACHHbIC HAYYHO-UCCIICIOBATEIILCKUE PaOOTHI,
NPEJIO’KeHa YCOBEPIEHCTBOBAHHASI CHCTEMa OOpa0OTKM TOYB, IMOABEP>KEHHBIX
BETPOBOU U BOJHOU dPO3UH.

AHaln3 TUTEpaTypHBIX JAHHBIX MOKa3aj, YTO CYIIECTBYIOIINE MAIUHbBI JJIs
OCHOBHOM 00pabOTKM TIOUBBI B IMpolecce padoThl YyXyAmaT (GU3UKO-
MEXaHUYEeCKUEe U TEXHOJIOTMYECKHE  CBOMCTBA  MOYBBI,  MOBBIIIAIOT
YyBCTBUTEIIBHOCTh €€ K BETPOBBIM M BOJHBIM 3PO3USIM, CHUKAIOT IIOJOPOJUE
3eMeNlb U YPOXKAWHOCTh CEIIbCKOXO3SMCTBEHHBIX KyNIbTyp. M3 3TOro ciemyer
HEOOXOIMMOCTh KOMIUIEKCHOTO W3YYCHHUSI ¥ TPUMCHEHHS TaKOW CHCTEMBI
00paboTKH MOYBKI, KOTOpasi o0ecreunsia Obl 3alUTY MOYBBI OT BETPOBOM U BOJHOM
OpPO3UH, CHWKEHHE 3aCOPEHHOCTH IIOJIEM, IIOBBIIICHHE YPOKAWMHOCTH IpHU
MUHUMAJIBHBIX 3aTpaTax 00pabOTKU MOYBHI.

CrnenoBaTenbHO, 3alllUTa MOYB OT BETPOBOW M BOJHOWU SPO3UH, YITYUIIICHHUE
KauyeCTBEHHBIX TIOKa3aTeleii OCHOBHOW O0Opa0OTKH, CHIDKCHHE DJHEpPro- u
MaTepUaJoEMKOCTH JaHHOTO arponpuéma, €€ TEXHOJOTMYECKOE M TEXHHUYECKOE
oOecrieyeHue ABISI0TCS aKTyaJIbHOW HAyYHOU TPOOIEMOM.

CdopmyarupoBaHbI 3a71auun pa3paboTKH Hay4YHBIX OCHOB
YCOBEPIICHCTBOBAHHON U PepeHIIMPOBAHHON CUCTEMBbl O0pPabOTKH TOYBHI,
KOTOpasi JIOJKHA PEaTu30BaThCsl B BHUAC TEXHOJIOTHH TPeOHHCTO-CTYNEHYATON
BCIIAIIKU U O€30TBAJILHON JIBYXbSIPYCHOM 00pabOTKHU Ha CKJIOHAX.

Bropas riaBa «®U3MKO-MeXaHUYECKHE M TEXHOJOIrMYeCKHe CBOMCTBA
IPOAMPOBAHHBIX MOYB)» MOCBAIICHA U3YYCHUIO U aHATHU3Y (PU3UKO-MEXaHUYECKHUX
U TEXHOJIOTUYECKUX CBOMCTB 3pOJAMPOBAHHBIX MOYB Y30ekucTana. M3BecTHO, 4TO
JUIs. pa3pabOTKU BHEPro- M BIArOCOEPEraronux TEXHOJOTHMM U TEXHUYECKHUX
CpelncTB uisi 0OpabOTKM TOYBBI CYIIECTBEHHOE 3HAUYEHHE HUMEIOT JaHHbIE O
(GU3UKO-MEXaHUUECKUX CBOMCTBAX IMOYBBL. OTUMU BONPOCAMHU 3aHUMAIIUCH
I"'M.PynaxoB, P.U.baiimeroB, M.M.Mypano, ®.M.MamatoB, A.TyxTaky3ues,
N.T.Oprames, H.Mypoaos u apyrue. OaHako OOJBIIMHCTBO 3TUX UCCIEAOBAHUN
OTHOCHUTCS K TOYBaM IOJIMBHOTO 3eMJIE/ICNUs ¢ HEOOJIBIITUM YKIOHOM IOJICH, KaK
NPaBWJIO, HE TOJIBEP>KEHHBIX BETPOBOM M BOAHOW 3po3uM MouB. OCOOEHHOCTH
(U3UKO-MEXaHUYECKUX CBOMCTB TIOYB CKJIOHOB COCTOMT B TOM, YTO Ha WUX
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dbopMupoBaHrWE 3HAYUTEIBLHOE BJIUSHHUE OKa3bIBAIOT YKJIOH MECTHOCTU H
KOJIMYECTBO OCAKOB.

OpHolt W3 TaBHBIX 3a7a4 HUCCICNOBAaHUN SABISAETCS W3YUYCHHUE BIHMSHUS
CYUIECTBYIOIIEH TEXHOJIOTMM OO0pabOTKM TMOouBbl Ha (HOpMHpPOBAHUE (PUUKO-
MEXaHUYECKUX UM TEXHOJOTMYECKUX CBOMCTB IOYB CKJIOHOB, YTO SIBJIAETCSA
OCHOBaHHWEM Il pa3pabOTKUM HOBBIX MPOTHBOIPO3UOHHBIX TEXHOJOTUUA U
TEXHUYECKUX CPEJICTB IJIsl 0OOPaOOTKHU MOYB CKIOHOB.

WccnenoBanus mokasarenu, 4YTo (PU3HKO-MEXaHUYECKHE U TEXHOJIOTHYECKUE
CBOMCTBa MaXOTHOT'O W TMOJMAXOTHOI'O CJIOEB TMOYBHI HA BEPUIMHE U B HUXKHEU
YacTH CKJIOHA, OOpaOOTaHHOW CTaHAAPTHBIM IUIYTOM pa3iuyHbl. Hampumep, B
BECEHHUM nepuo BiaxHocTh mouBkl cioeB 0—10; 10-20; 30—40; 40-50 u 50-60
CM HIKHEH 4YacTh CKJIOHA OOJBINEe BIAKHOCTH OTHUX CIOEB Ha BEpIINHE
coorBeTcTBeHHO B 1,16; 1,24; 1,28; 1,4; 1,54 u 2,15 paza. IIpumepHO Takas xe
KapTUHA BI@XXHOCTH COXPAHAETCS © TOCIAe YOOPKH 3€pHOBBIX. OJTO
CBUJIETEIILCTBYET O TOM, 4YTO HM3-3a BOJHOM 3pO3UM OCAJKHU CTEKAIOT BHU3 K
HIKHEW 4aCTH CKJIOHA.

[IpoBeneHHbIE HCClIeIOBaHUS MTOKAa3allv, YTO B BECEHHUM MEPUOJl Ha BEPIIUHE
CKJIOHA HauOONBINYH BIaXHOCTh uMmeeT cioil 20-30 cm. Ha BepmmHe C
YBEIWYEHUEM TIJIyOHWHBI CJIOS BIAXHOCTh BHAYajle YBEJIMYMBAETCSA, a 3aTeM
WHTEHCUBHO yMeHbInaercs. BinaxuHocts cinoeB 0-10 u 20-30 cM, COOTBETCTBEHHO,
B 1,82 u 2,54 paza Gosbliie BIaxHOCTH HIKHEro cios 50-60 cm. B HuxHel yactu
CKJI0HA BIaXHOCTH ciioeB 0-10 u 50-60 cM moutu ogMHAKOBA, a BIIAYKHOCTH CJIOS
20-30 cm B 1,08 pasza Oosbiie BiaxHOCTH HUKHero cios 50-60 cm. IIpu stom
BinaxHoctu cioeB 0-10 cm u 50-60 cM HKHEW 4acTH CKJIOHA COOTBETCTBEHHO B
1,16 u 2,14 pa3a 6omnbine BraxHoctu cinoeB 0-10 cm u 50-60 cm Ha BepiiuHe
CKJIOHA.

B nernee Bpemsi mocie yOOpKHM 3€pHOBBIX HA BEpIIMHE W B HUKHEH YacTu
CKJIOHA HAaUMEHBIIIYIO BJIAXXHOCTh UMEIOT BEPXHUE M HWKHUE CJIOM MOYBHL. [Ipu
ATOM BJIAXKHOCTh MOYBBI C YBEJIMUEHUEM TIIYOHMHBI CIIOCB BHauajie YBEIUYUBACTCS
(mo cnoes 30-40 cm), a 3aTeM yMEHbIIIAETCS.

AHanmu3 pe3ynbTaToB MOKa3all, YTO B BECEHHUU MEPUOJ] HA BEPIIMHE CKIIOHA
HAuOOMNBITYI0 TUIOTHOCTH uUMErT ciou 10-20 cm u 20-30 cm. Ha Bepmmne ¢
YBEIMYEHHEM CJIOS TOYBbl BHauaje IUIOTHOCTh YBEIUYHMBAETCS, a 3aTeM
ymenbinaercs. [lnotnocts cmos 20-30 cm coorBerctBenHo B 1,1 m 1,13 pasa
6onbie motHoctu ciaoeB 0-10 cm u 50-60 cm.

B HmxHeW yacTu CKJIOHa HauOONBIIYIO YIUIOTHEHHOCTh mMmeeT cioil 10-20
cMm. [lmotHOCTE 3TOTO cnmost B 1,08 pa3a GombIle MIOTHOCTA TAKOTO KE CIIOS Ha
BeplIMHEe CckioHa. [Ipm 3TOM C yBenWueHWeM TJIyOMHBI TOPU30HTA BHaydale
IJIOTHOCTh YBEJIMYMBAETCS, a 3aTEM yMeHbIIaeTcsa 10 ciogd 50-60 cMm, a B HUKHEM
cioe 50-60 cm BHOBb yBenuuuBaercs. [lnorHocts ciios 10-20 cM COOTBETCTBEHHO
B 1,14 u 1,09 paza 6onsbiie miotHoctH ciioeB 30-40 u 50-60 cm.

[TmotHOCTH cimost 50-60 cm HWxHeW vacTu ckioHa B 1,17 pa3a OGombline
TUIOTHOCTH TaKOTO K€ CJI0sl Ha BEPIIIMHE CKIIOHA.

Ha BepumHe ckiioHa ¢ yBenudeHHeM LIyOuHbI cios (1o 30 cM) TBEpIOCTh
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MOYBBI CHauajia yBEJIMYMBAETCS, 3aT€M YMEHbIIaeTcsa. B HUKHEHW 4acTu CKIIOHA
MaKCHMaJIbHasi TBEPAOCTh HaOmrofanach Ha riayomne 25 cm. Ha HMKHUX CIIOSX
(rmy6xe 25 ¢M) TBEpJOCTh MOYBbI HE3HAYUTEIHHO YMEHBIIIAETCS 110 CPABHEHHIO C
BEPXHHUM CIIOEM.

[TonyuyeHHbIE TaHHBIE MOKA3aJd, YTO CONMPOTHUBISIEMOCTh MOYBBI HA Pa3phIB,
KpYy4€HHUE U CIABUT UJCHTUYHA XapaKTepy U3MEHEHHUs TBEPIOCTU MMOYBHI.

B Tpertbeii rnaBe «UcciaenoBaHue M 000CHOBAHHE KOHCTPYKTHBHOM
cXeMbl M MAapaMeTPOB JABYXbSIPYCHOTO PBHIXJHUTENA € HAKJIOHHBIMH
CTOMKAMW)  JIUCCEPTAIlMU  TMPUBOIATCS  PE3yJbTaThl  UCCIEIOBAaHUU IO
000CHOBAHUIO KOHCTPYKTHUBHOM CXEMbI M TTAPAMETPOB JIBYXBSIPYCHOTO PHIXIIUTEIS
C HAKJIOHHBIMU CTOMKaMHU.

CyiectBytonas TEXHOJIOT U 0e30TBaILHOU 00paboTKH TTOYBBI
pelyCMaTPUBAET OJHOSIPYCHOE PBIXJIEHHWE MOYBBI HA OMNpENEJICHHYIO TIyOuHY.
OO6pa3oBaHHbIC TPU 3TOM HEOOJBIINE TPEYroJbHbIE TPeOHN Ha THE OOpO37bl HE
MO3BOJISIIOT 3a/IEPKUBATh U HAKAIUIMBATh BOJBI MOCIE OOWMIBHBIX M JIMBHEBBIX
JTO’KJIeH, YTO MPUBOIUT K BOZHUKHOBEHUIO BOJHOU 3po3uu. PazpaboTaHHass Hamu
TEXHOJIOTUSI TTO3BOJISIET MOJIYYUTh Ha JIHE OOPO3/Ibl CTYIEHYATOE THO C OONBIIUMU
rpeOHSIMHU, YTO CIHOCOOCTBYET 3HAYUTEIbHOMY 3aJCp>KaHUI0 U HAKOIUICHUIO
JO’KJIEBBIX BOJI U KaK CIIEJCTBUE, MPEIOTBPAILICHUIO BOIHON SPO3UH.

st ocyliecTBieHHs] JaHHOW TEXHOJOTMM pa3paboTaH JIBYXbSPYCHBIN
PBIXJIUTEb ¢ BEpXHUMH U HUKHUMH PHIXJIUTEIIbHBIMU pa00OYUMU OpTraHaMu.

On Brmouaer pamy (1), Ha KOTOPYIO TIOCIEIOBATEIILHO IOOYCPEIHO
ycraHoBJIeHbI paboune opranbl (2 u 3) (puc.l). Kaxapiii pabouunii opran coCcTOUT
U3 HAKJIOHHOW B IIONEPEYHO-BEPTUKAIBLHOM IUIOCKOCTH CTOWMKH (4) wu
3aKperieHHbIX Ha Hel Hoxka (5), mosota (6), mosneBoi qocku (7) ¥ PHIXJIMTEIBHOM
wiactuabl (8). HakinoHHas 4acTh cToMKU pabouero oprana (2) BbINOJHEHA C
MEHBIIIEH BBICOTOH, a HAKJIOHHAs 4acTh pabouero oprana (3) ¢ OOJbIICH BBICOTOM.
Ha pa6ouem oprane (3) ¢ Oosbliieii BRICOTON PHIXJIMTEIbHAS IIACTHHA 3aKPEIICHA
Ha YPOBHE PHIXJINTEIBHOMN MIIACTUHBI Pa00YEro OpraHa ¢ MEHbIIEH BHICOTOM.

1 2 3

S
= ﬁl(il!
= 5

7 6

Puc. 1. Texnosornueckuii mpomecc padoTbl ABYXbSIPYCHOI'0 PHIXJIMTEJIS

[Tocne mpoxona ABYXBAPYCHOTO PBIXJIUTENS MOIY4YaeTcsl CTYNEHYaToe THO
00po3Abl C MEPUOAMYECKUMHU YrayOJeHUsIMA (BHYTPUIIOYBEHHBbIE TI'peOHN),
IepeceKalue  YIUIOTHEHHYI0  THOJOWIBY.  BHyTpumouBeHHble  TIpeOHH
CIIOCOOCTBYIOT MOJIHOMY 33JI€P’KaHUI0 U HAKOIUIEHHUIO [TOYBEHHBIX BOJ (OCOOEHHO
I0CJIE JIMBHEBBIX OCAJIKOB), COOTBETCTBEHHO IPEAOTBPAILAETCS BOJHAS YPO3HU.
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OCHOBHBIMH TMapaMeTpamMu paboyero opraHa pHIXJUTENS C HAKJIOHHON
CTOMKOH SBIIAIOTCS (pHC.2) YIIIbl HAKIOHA CTOWKU f,,, U f,p B IONEPEYHO - U
NPOJIOJILHO BEPTUKAJIBHOW TUIOCKOCTSX, THI CTOWKHM, ImupuHa b, u mmmHa |,
J0JI0Ta, YIrOJd ¢, YCTAHOBKM JOJOTa K JHY OOpO3/Abl, Yyrojll & YCTaHOBKHU
PBIXJIUTEIBHON IJIACTUHBI K MOBEPXHOCTH CTOMKH, ee umHa |, u mupuna b,
mHa |,y v mmpuna b,y moneBoit qocku, BeicoTa H HAKIIOHHOM YacTH CTOWKH, Yo
[, 3aTOYKM HOXKa CTOWKHM, BeIWYMHA MEXIycienus pabouumx opraHoB M u
MPOJIOIBHOE paccTosiHue L, Mex1y HUMH.

/l

1 — croiika; 3 — 10J10TA; 5 — Gammack;
2 — HOX; 4 — pBIXJIUTENIbHAS TUTACTHHA; 6 — moJyieBast JT0CKa.

Puc. 2. IlapameTpsnl paGo4yero opraHa ¢ MeHbIlel BbICOTOM

OCHOBHBIMM TEXHOJIOTHYECKUMU NapaMETPAMM PBIXJIECHUS, ONPEAEISIIOIUIMU
ero 3(QEeKTUBHOCTb, SBISIIOTCA TAyOMHAa M KauyeCTBO PBIXJIEHUS, PACCTOSHHE
MEXAY pa3pbIXJICHHBIMU I[I0JOCAaMM, IIMPUHA M TIIyOMHA pa3pbIXJEHHOU
HOJITIOYBEHHOM CTYIIEHU Ha JAHE OOPO3/bl.

[Inomane pa3pbIXJICHHONM 30HBI MOYBBI MaXOTHOTO M MOAMNAXOTHOTO CIIOEB
BJIMSIET C OJHOM CTOPOHBI Ha JHEPrOEMKOCTh OOpabOTKM MOYBBL, C APYrou
CTOPOHBI — Ha CHOCOOHOCTB 3aJIepKaHusl U HAKOIJIEHUS] TOYBEHHBIX BoA. [loaToMy
JUIS BBIOOpAa CXEeM pACIONOKEHHs pabodyux OpraHoB M APYTUX MapaMeTpoB
JBYXBAPYCHOIO PBIXJUTENS] HAMH HCCIEAOBAHO HMX BIMSHUE Ha MOJHOTY
PBIXJIEHUS], ITTyOUHY CTYIIEHU U PACCTOSHUE MEXY Pa3pbIXJICHHBIMHU MOJIOCAMHU.

KauecTBO pBIXJIEHHMSI TIOYBBI OLICHMBAJIM IIOJHOTOM DPBIXJIEHHS, T.€.
KO3 (DUIIMEHTOM  PBIXJIEHUS #, TPEACTABISIOIMM OTHOILIEHUE  IUIOLIAIU
pa3pBIXJICHHOW 30HBI MOYBHI F; k 00mel mnomanu F, pa3MeneHHol B MI0CKOCTH,
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NEPIEeHIUKYIIPHON K HAIMpaBJICHUIO JBUKEHUS PBIXJIUTENs, OTrpaHUYEHHOM
pabodell ImMMPUHOH 3axBara B, U MaKCHUMaJbHOW IIIyOMHOM pBIXJIEHUS, T.€.
ri1yOnHO# 00pabOTKH a, HIXKHEro paboyero oprana, T.e. 7= F;/ F.

[Tonyyena crnenyromass 3aBUCUMOCTb i oOnpeneiaeHus Kod3pduuueHra
PBIXJICHHUS ¥

.
4Ma

H

1 1
+E[M —-b, -2(a, —a,)ctg l/jl]zth1+E(M _ba)ztgl//l ,

n=1- {2[2M -b, - (a, —a,)ctgy, J(a, —a,) +

1)

riae M — momepeyHoe pacCTOsTHUE MEXIYy pabouuMH OpraHaMu, M; @, — TIIyOuHa
00pabOTKH HIKHEro pabouyero opraHa, M; d, — riayOnHa oOpabOTKM BEPXHETro
pabouero oprana, M; y, — yroJi 00KOBOTO CKaJIbIBaHUS TIOYBBI, TPA/I.

OHepro€MKocTh 00paOOTKHU MOYBBI OLIEHWBAIHU YAEIbHBIM COMPOTHBICHUEM
ABYXbsipycHOro pbixmurens, 1.e. K=P/F, rme P — taroBoe comporuBicHne
IBYXBSIPYCHOTO PBHIXJINUTENS; F — o01iast miomaab pa3phIXJIeHHON 4acTH TaXOTHOTO
U MOANAaXOTHOI'O CJIOEB:

K = {4 fqu + {4Ma6 _%[M _b() - Z(ay _ae)Ctg l/ll]ztg '7[/1 -
_%(M - ba)ztg Wl}(Kl + 51\/2) + 2(8.H - ae)[ba + (aH —Clg)Ctg l;[/1]><

X (KZ +81V2)}/ 4MaH _Z[ZM _b() - (aH _ae)Ctg V/l](ay _ag) -

1 1
30,200, ~a )ty Fravi - M -t | @

rne (, - ymenbHbId Bec peixymtens, H/m; f — koaddunment tpenms; K; —
KO3()PUIIMEHT POYHOCTU TMOYBBI MAXOTHOT'O TOpU30HTa, Ila; K, — xoaddurment
NPOYHOCTH TOYBBI MOJMAXOTHOrO ropu3oHTa, Ila; & — kodpdumment
POIOPIIMOHATBLHOCTH; V — CKOPOCTh 0OpaOOTKH TTOUBHI, M/C.

Ha ocHoBe mony4yeHHbIX BhIpakeHH# (1) u (2) u3y4eHo U3MEHEHUE KayecTBa
PBIXJICHUST ®  yIETBHOTO COMPOTHUBICHHUS JABYXBAPYCHOTO PBIXJIUTENS B
3aBUCHMOCTH OT KOHCTPYKTHBHOH CXEMBl pa0OYMX OpPraHOB ¥ OCHOBHBIX
napaMeTpoB, KOTOPOE MO3BOJIMIO OMPEISIUTh UX PAIlIOHATBHBIC 3HAUCHHUS.

OnHUM M3 DBJIEMEHTOB pabodyero oOpraHa JBYXbSIPYCHOTO DBIXJIUTEI,
CIOCOOCTBYIONIMX  YIYYIICHHWIO  KAdecTBAa  PBIXJICHHWS  TOYBBI,  SIBJISETCS
PBIXJIUTENbHAS TUIACTUHA, K OCHOBHBIM TapaMeTpaM KOTOPOM OTHOCHUTCS LIMpPHHA,
JUTMHA ¥ yTOJ YCTAHOBKU €€ K MOBEPXHOCTU CTOMKU. 3HAUCHUE YIJla YCTAHOBKU (&)
PBIXJINTENHHON IUIACTUHBI K TOBEPXHOCTH CTOMKH OMpEAeNsieM U3 YCIOBHUS
CKOJIBKCHHUSI YaCTUI[ TIOYBBI W PACTUTEIBHBIX OCTAaTKOB MO ee paboueit
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IMOBCPXHOCTH oe3 CTPY)XXUBAHUA W HAJIUIIAHUA. YFOJ'I, OTBGIIaI-OIIII/Iﬁ 9THUM
YCIIOBUAM, OIIPCACIIACTCA U3 cnenymmeﬁ 3aBUCHUMOCTH.:

8§(§—(Dmax)/2, (3)

TNI€ @max — MAKCUMAaJbHBIA YTOJ TPEHUS TOYBBI C padoueil MOBEPXHOCTHIO
IJIACTUHBI, IIPU gomaxz400 yron ¢ <25°

HauGonpmyro mamuny |, peIXIHTEIbHONW IUTACTHHBI HAXOAMM H3 YCJIOBHS
WCKIIIOUCHHSI CTPYKUBAaHHS TOYBBI Mepel IJIACTUHOWM M TEPEMENICHUS IOYBbI
TUTACTUHOW HAa MOBEPXHOCTH MAITHU 10 CIEAYIOIIUM BhIPAXKCHUSIM:

< 20,,COS @ .
"~ gsin(e + @)’ (4)
rme  — kodhdumueHT oObBEMHOr0 CMSTHS TIOYBHI, H/M; O,, — BPEMEHHOE

COIIPOTUBIICHUE MTOYBBI CKATUIO, 11a; ¢ — yron TpeHust nouBbl 0 MeTaIlI, I'pa.

[To ycnoBusiM paOoThI MIMPUHA IJIACTUHBI JTOJIKHA OBITH TAaKOM, MPU KOTOPOU
1o €€ NEUCTBUEM HUKHME CIIOU ITOYBBI HE TOJKHBI [IOJHUMATHCS Ha ITIOBEPXHOCTh
MOYBbI, @ HEPOBHOCTH IIOBEPXHOCTH IIOYBBI JIOJDKHBI OBbITh MHHUMAJbHMHU.
[TosToMy macTHHA KpENUTCd K HAKJIOHHOM 4YacTh CTOMKHM. Mcxoas w3 3TOoro
yCIIOBUS, MaKCHUMaJibHasi WIMPUHA IUIACTUHBI JOJDKHA OBITh paBHA JIJIMHE
HAKJIOHHOM YaCTH CTOWKH.

C yuerom ycioBusl 00ecTiCUeHHs arpOTEXHHUUECKUX TpPeOOBaHUI Ha BBICOTY
rpebHel, 00pa30BaHHBIX MEXKY MPOXOJaMU BEPXHUX pabOYUX OPraHoB, MOIy4YeHa
dopmyna nans  ONpeneNeHHus MOMEPEYHOTO PACCTOSHHUA MEXIy paboduMu
OpraHaMH:

M =2nactgy, +h,, (5)

TJI€ 1, —OTHOIIICHHUE JOMYCTUMOM BBICOTHI TPEOHS K IIyOMHE 00pabOTKH BEpXHETO
pabouero oprasa.

[Ipu ompeneneHny OPOJOJIBHOIO PACCTOSHMS MEXIYy padOYMMU OpraHaMu
UCXOAWIM U3 YCJIOBMSI MCKIIOYEHHS 3a0MBAEMOCTU OpYAMSI PaCTUTEIbHBIMU
ocratkamMu W 1o4yBoil (puc.3). Ilomyuena Qopmyna miig onpeaesneHus
MUHUMAJIBHOTO PAacCTOSHUS MEXJIy paOouMMH OpraHaMu JBYXbSIpPYCHOTO
PBIXJIUTENS:

o
ép
L2 2 (au - an)Ctg l// + Ctg (a() + (p) Cos a() + (an - an - h() )tgﬂnp’ (6)
W+ )
100
re a, — TIIyOuHa TMOTrpyKeHHsI NPSMOM 4YacTH CTOMKHM B MOYBY, M; ¥ — yroiu
INpOAJOJIbHOI'O CKaJIbIBAHHA IIOYBBLI, TIpal; Y — ILIOTHOCTH I10YBBI, Kr/ M3;
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W — BraskrHOCTB TIOUBHI, %; N,— BBICOTA MOABEMA HOTOTA, M; o ,— YTOJI KPOILLIEHUS

70J10Ta, TPpa.
Ha xapaktep TEXHOJIOTMYECKOrO IpoIecca, OCYIIECTBIIEMOro padouum

OpPraHOM C HAKJIIOHHOW CTOWKOW, CYIIECTBEHHOE BIIMSHHE OKa3bIBAKOT €r0

3JIEMCHTHBI: HAKJIOHHAasA CTOﬁKa, HOX CTOfIKPI, JA0JIOTO U PBIXJIUTCIbHAsA IJIaCTUHA.

Lg Ll

Y

Y

-

D
/ N \o (ﬂn{r s

Puc. 3. Cxema K onpeesieHIIO 30HbI 1e()OpMALUH NTOYBHI PA00YNMH
OPraHaMH JIBYXbSIPYCHOI'0 PbIXJIUTEJIA

OO0miee TIroBOo€ CONPOTHUBJIEHHME pPabOyero opraHa CKIQAbIBaeTCS U3
COIIPOTHUBIIEHUS 3TUX J1eMEeHTOB. DopMyia AJis ONpenesaeHus] OOIIEro TSIroBOro
CONMPOTHUBJIEHUS paOOYEro OpraHa ¢ HAKJIOHHON CTOMKOM UMEET CIIEIYIOIINI BU:

npu OJTIOKUPOBAHHOM PE3aHUH:

b.t?sin(a, + sin(a, + +
RX=GO5(b(,+I—”+an)+q“ (@, _'qub) (@, + By +9) N
np 2sin® 8, cosp

—— (b, +RM)[COSI// + f sin(e, +w)cosa,] +
siny siny

+a[b,V ?sina,tg (o, + @) +1,9(b, + actgy,) cos a, (sin o, +
2 - -

+7

f cos 1+
%))( 100 cos B, 2sin® 3, cos @
4 PulHI99 o ot ctgp)H 1+
cos S,
1 ., : gbl®sing .
+ eqc H, (sin B, +tgecos 5.) + Tsm(e +¢)+ fpl b .. (7)
0S
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[Ipu nony0I0KMPOBAaHHOM PE3aHUMU:

ab,t? sin(e, + B,) sin(a, + B, + ¢)
2sin’ S,cosp

R, =ao5(b()+|—”+ H,)+
cos S,

2

_a (b, + K aC:th1)_K (2a Mtgl./ll; b,tg 1)
siny siny 8sin‘ i

+7[ ctg ;] %
x[cosy + f sin(a, +y) cos a,]+ y{abV ? sin a,tg (o, + @) +

+1.g[b,a + a’ctg w —E(Za—Mtgl// +
7] (0] 1 8 1

+b,tgy,)*ctg l/jl](% cos 2a, + f cos® o, ) }(L+ %) +

N gH,t; sin(s, + B,)sin(e, + B, + 9) N
2sin® B, cos @

L PDHIGP o o ¢ ctgBYH g+
cos 5,

sin(e+@)+ fpl b ., 8
2005(0 (‘9 §0) pm) no ()

+%qt§Hn(sin B.+tggpcos B.) +

I7ie o,— BPEMEHHOE COMPOTHUBJICHHE MOYBLI CMATHUIO JIe3BHEM HOXa, [1a; § — Toi-
IIMHA JIE3BUS J10JI0Ta, M; |, — JJIMHA Je3BHs HOXka paboyero opraHa, M; t, —

H

TONIIHMHA JI0JI0Ta, M; S5 — Yrom 3aTOYKHM JONOTa, TPal; ¥ — yroia IPOAOJILHOIO
CKaJIbIBaHUs TOYBBI, Ipad; f — KOdpPHUIMEHT TpeHHsS MMOUYBBI O METALI, T —
kodddunment uucroro capura, [la; V — ckopocTh aBuxkeHust arperara, M/c; f, —
yroa 3aTOYKHd HOXKa, Tpaj; P, — YIAEIbHOE JJaBJICHHE TOYBBI Ha Pabodyio
MIOBEPXHOCTH HOXKA, [1a; b, — mmpuHa HOXa, M; P. — yIeIbHOE JaBJICHHUE MOYBBI HA
pabouylo MoOBepXHOCTb cTOMKH, Ila; b, — mmpuHa CTOWKH, M; Py — YHACIBHOE
JaBJIEHUE TIOYBHI Ha (acky cToikwu, [1a.

[ToneBbie HOCKM ABJISIOTCA OMNOPOM  JABYXBSIPYCHOTO  PBIXJUTENS U
00ecrneunBaroT YCTOMYMBOCTD XOJla €ro IO ITUPUHE 3aXBaTa U MPSIMOJIUHEMHOCTh
JBHKEHUSI arperara B TOpu30HTAIbHOM IIIOCKOCTH.

[IlupuHa MmoneBoi AOCKHU NOJKHA OBITH MEHBINEC WJIM PaBHA BBICOTE OJIOTA
hy, B IPOTHBHOM cjIy4ae Mmo4Ba, CXOJAIIas U3 J0JI0Ta OyJeT MomnajaaTh Ha He€, uTo
MPUBEAET K YBEIMYEHUIO COMPOTUBIICHUS PhIXyUTeNss. C ydeToM 3TOro:

b, <h, =72cm. (9)

[Mpuanmaem b, = 7 cm.
JITHHY [TOJIEBOM JOCKH OMPEAEIISIA UCXOIS U3 YCIOBHUS, YTOOBI €e JaBJIeHUe
Ha CTEHKY OOPO3/IbI HE MIPEBBIIIANIO TOMYCTUMYIO BETHUHHY:

S nKa_b, sin(x + ,) cos ¢
no [ p]lcos B, cos(a + @)

(10)
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rane K — ynenpHOE CONPOTHUBICHHE IOYBBI NP pbixienuu, Ila;  — xa.m.
PBIXJIMTENA; @ — Yroil TPEHHS O IONEBYIO JOCKY, Tpal; d., — CPEeAHAd NIyOMHA
00paboTKH peIxauTens, M; b, — mupuHa 3axBata pabodyero oprana, M; [p] — no-
MycTUMasl BEJIMYMHA YACIBHOTO JaBJICHUS MOJEBOM TO0CKU Ha CTEHKY 00po3/sl, [1a.

[IpoBeneHHbIE pacveThl MOKasally, 410 MpH 00palboTKe MOUYBHI HA TIIYyOUHY
a.,=0,35 ™, [p]=5- 10* ITa; K=5-10"ITa, 1,,> 0,16 m.

Jns BbIOOpa THMA pabodero opraHa C HaKJIOHHOM CTOMKOW MpPOBEICHBI
AKCIIEPUMEHTAIbHbIE HMCCIEIOBAaHUS JABYX THUIIOB pabO4MX OPraHOB: C BEPXHUM
nepernooM CTOWKH (HaJ MOBEPXHOCTHIO 00pabaThiBaéMOW MOYBHI); C HIDKHUM
neperuooM CToMKHU (MOoJ1 MOBEPXHOCThIO 00pabaThiBaeMo 1mouBkl). MccnenoBanust
nokasainud, 4YTo o0a Tuma pabodyux OpraHoB IO AarpoTEXHUYECKUM |
DHEPreTUYECKUM I10Ka3aTeNIIM HE3HAYMTENbHO OTJIMYATCA JApYyr OT Jpyra.
[ToaTomy Hamu BbIOpaH paboyuii OpraH ¢ HUKHHUM MEPEruooM, Tak Kak mepes HUM
MOKHO YCTAHOBHUTb JIUCKOBBIA HOXK BEPTUKAIBHO.

OKCHepUMEHTAJIbHbIE HCCIEAOBaHUSl TOKa3ajdd, 4YTO OT IOMNEPEYHOro U
OPOJOJIBHOIO PACCTOSIHUSI MEXAY paOOYMMH OpraHaMu 3aBUCUT  KPOLICHHE
[IOYBBI, COXPAHEHUE CTEPHU, I'PEOHHUCTOCTh MOBEPXHOCTH MOYBBI U YJEIbHOE
TATOBOE COMPOTHUBJIEHUE, a TaKXKe HAJAeKHOCTh pPaboThl  peixiuTens. [lpu
MOTIEPEYHOM PACCTOSIHUM MEXy pabounmu opraHamu 35 u 40 cM U npoaoIbLHOM
paccrosuun  50-60 cm coOmrofaroTcss BCe arpOTEXHUYECKHE MOKa3aTelu
JIBYXBAPYCHOT'O PHIXJIUTEINS, HE MPOUCXOAUT 3a0MBaHKE €ro paboynX OpPraHaB.

CpaBHUTEIBHBIE OSKCIEPUMEHTAIbHBIE UCCIEIOBAHUS PA3JIMYHBIX CXEM
JIBYXBSPYCHOTO PBIXJIUTENS MOKa3aldH, YTO Haubosee 1eeco00pa3HbIM SBIISETCS
JIBYXBAPYCHBIA DPBIXJIUTENb C YEPEJOBAaHUEM BEPXHEr0 M HIDKHETO padoyux
OpraHoB.

WccnenoBanusi mokasanu, YTO JIBYXBSPYCHBIN PBIXJIHUTENb C YepelOoBaHUEM
BEPXHETO M HIDKHEro paboumx opraHoB umeer Ha 21,75 % MeHbllee yaelnbHOE
TACOBOE CONPOTUBJIEHUE IO CPABHEHHUIO C PBHIXJIUTENEM C JBYMS HUKHUMU
paboyuMu opraHaMu.

OKCIIepUMEHTAJIbHBIE  UCCIIEOBaHUA 1O OOOCHOBAaHUIO  MapaMeTpOB
IJIACTUHBI TPOBEAEHBI PHIXJIUTENBHBIMU TJIACTUHAMU C ImupuHoil 5, 10, 15 u 20
cM, qmHou 5, 10, 15 u 20 CM, a TalKe C YIIaMM  YCTAHOBKH ILIACTHHBI K
MMOBEPXHOCTHU CTOMKH OT 5 J10 30°.

OKCHEpUMEHTHl IOKa3aJIHd, YTO C YBEIMYEHUEM yIia & YCTAHOBKHU
PBIXJINTENIBHOM IUIACTUHBI K IIOBEPXHOCTH CTOMKH OT 5 [0 15°  Tsrosoe
CONPOTHUBJIEHUE paboyero OpraHa BHAyajie HE3HAYUTEIbHO YBEIUYHUBAETCH,
JanbHeilee yBeJIuueHue yriia € IpUBOJUT K €ro MHTEHCUBHOMY Bo3pacTaHuto. Ha
OOJBIINX CKOPOCTSIX C YBEIIMYCHUEM yIJIa & TATOBOE COMPOTHBJIEHUE BO3PACTACT
0osee nHTeHcuBHO. [Ipu yBennyeHnuu yria ot 5 1o 25° cremneHs PBIXIICHHS 109IBbL
YIYyYIIAETCH. OpnHako, TpW JalbHEWIIEM YBEJIMYCHUM yriia Ooliee 25°
HaAOJII0IANTMCH CMENEHUE TTOUBBI B CTOPOHY OOPO3/bl, BHICOTA TPEOHEH BBIXOIUT 3a
Openenbl  JIONYyCTUMOrO — arpoTeXHUYecKuMu  TpeOoBaHusiMu.  [loaTomy
PBIXJIUTENbHYIO IUIACTUHY HEOOXOJIMMO HCMOIb30BaTh NPH HEOOXOAMMOCTH
yIyHIIEHNs KaYeCTBA PHIXICHUS 104BbI. [Ipu 3TOM yron ycTaHOBKH JIOJKEH OBITh
He Gomee 25°.

AHanmu3 pe3ynbTaToB 3KCHEPUMEHTOB IOKAa3ajdd, YTO C YBEJIMYEHUEM
IMIUPHUHBI TJIACTUHBL OT 5 70 15 cM TAroBoe compoTHBIEHHE pabouyero opraHa
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MHTEHCUBHO BO3pACTAae€T, a KAayecTBO  phIXJIEHUS yhydmiaercs. JlanpHeliiee
YBEIWYEHUE IIHUPUHBI TJIACTUHBI HE3HAYUTEIHHO BIUAECT HA BEJIWYUHY TSATOBOTO
COTNPOTHUBJICHUS. YBEIWYEHUE IIMPHUHBI IJIACTUHBI OT 5 110 12 cM 3aMeTHOro
BIIUSIHUS Ha BBICOTY rpeOHEN He okasbiBaeT. JlanbHelilliee yBelIUYEHUE HTUPUHBI
NPUBOAUT K HHTEHCUBHOMY YBEIMYEHUIO BBICOTY TIpeOHeil. Ilpu stom ero
3HAYCHUS BBIXOJISIT 3a MPEENbl JOMYCTUMBIX.

Y CTaHOBIIEHO, YTO C YBEIWYECHHUEM JJIMHBI TJIACTUHBI OT 5 10 10 cM TsroBoe
COMPOTHBJICHUE paboyero opraHa BHayajie HE3HAYUTEIbHO YBEIHYMUBACTCS,
JajgbHEWIlee YBEIUYEHUE MJIMHBI IUIACTUHBI MPUBOJUT K €r0 HWHTEHCUBHOMY
Bo3pacTtanuio. C yBeTWYEHUEM JIJTMHBI IUIACTUHBI YBEJIUYUBACTCS BPEMs KOHTAKTa
YacTUI[ TMOYBBl C IUIACTUHOM, YTO TNPUBOAUT K YBEIUYEHUIO TATCOBOTO
CONPOTHUBIICHUS U CTPYKUBAHUIO IMOYBHI ITEpE HE.

JI71s1 BBITIOJTHEHHSI OCHOBHBIX arpOTEXHUYECKUX TPEOOBAHMM pallMOHAIBHYIO
MIMPUHY U JJIMHY TUIACTUHBI ClieAyeT BbIOpaTh B nmpeaenax 9—-12 cm u 12-15 cm.

B d4erBeproii riaaBe «Mcciaegoanune U 000CHOBAHWE TEXHOJOTHMH M
NapaMeTpoB IJIyra JJsi TPeOHUCTO-CTYNEeHYATOH BCHAIIKW» HCCIEIOBaHbl U
O0OCHOBaHbI TEXHOJIOTMM M TMapaMeTphbl IUIYTOoB [JIsi TPEOHUCTO-CTYNEHYATON
Bcnamky. Mcxonss W3 TNATEHTHBIX MCCIEAOBAaHWA W aHalv3a HAy4dHO-
UCCIIEIOBATEIbCKUX PAOOT pa3paboTaHbl YCOBEPIICHCTBOBAHHBIE TEXHOJIOTHH U
KOHCTPYKITMU TPEOHUCTO-CTYIEHYATOTO IIyra Ha 0a3e JWHEWHO-CTYIEHYaTOTo
riyra JJis TIaJKod BCHAIIKU: TPEOHUCTO-CTYNEHYATHIM IUIYT ¢ pa3HOBEIUKUMU
KOopIycaMH (C pa3HOH JJIMHOM 3aIlTy>KHUKOB), YCTAHOBJICHHBIMH B Y€pPEAYIOIIEMCS
MOPSAJIKE; TPEOHUCTO-CTYIEHYATHIN TUTYT C MOYBOYIITYOUTENSIMH (puc.4).
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Puc. 4. KoHCTpyKTHBHAA cXxeMa IUIyra Uil IPeOHUCTO-CTYNIEHYATON BCIALIKHU
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['peOHUCTO-CTYNEHYATHIN TIIYT COCTOMT M3 paMbl (1), BUHTOBBIX ILTY)KHBIX
KopirycoB (2 u 4), CMEIIEHHBIX OTHOCUTEIBHO ApYT japyra. IIpu 3TOM HEYeTHBIH
kKopryc (2) ocHamieH KOpPOTKMM 3amiykHukoMm (3), a derHelii kopmyc (4) —
JUTMHHBIM 3aruTykHuKoM (5).

OCOOEHHOCTBIO TPEIOKEHHBIX TEXHOJIOTHHA SIBISIETCS TO, YTO TIOJHBIM
oGopor miacro mHa 180° B mpememax COGCTBEHHON GOPO3IBI HEPEAYETCS C
HEMOJIHBIM 000pOTOM MIacToB. [Ipy 3TOM Ha MPOBEPXHOCTH MAITHU 00pa3yrOTCs
rpeOHM, a Ha JHE O0po3Abl — CTYNEeHW (puc.5), KOTOpbIE CIOCOOCTBYIOT
3a/lep)KaHUI0 W HAKaIUIMBAaHWIO  JOXJAEBBIX BOJ, YTO MPEAOTBpAIlaeT
BO3HUKHOBEHHUE BOAHOM 3po3uu. [Ipu obopore miacta Ha 180° kopnyc (4) cHayana
CaMOCTOSITENILHO, a 3aTeM BO B3aMMOJICHCTBUU C 3aIUTyXKHHKOM (5) oOopauyunBaer
wract 0e3 CMeMNIeHUsT ero IEeHTpa TSHKECTH, YKIAJbIBasi €ro B Ipeaenax
coOcTBeHHOU O0po3abl. [Ipy HemoHOM 000pOTE 0OOPOT TUTACTa OCYIIECTBIISCTCS
0e3 cMelIeHusl U CO CMEUICHHEM ero IeHTpa TshkecTd. [Ipu stom kopryc (2) u
KOPOTKHI 3arIyHHUK (3) B3aUMOJCHCTBYIOT 10 TAKOro o0OpoTa IuiacTa, IMpH
KOTOPOM JIOJIKHO OBITh 00ECIeYeHO YCTOMYMBOE IOJIOKEHHE 000paynBaeMoro
miacTa, JalbHEHIIMII  00OpOT IIacTa  OCYIECTBISETCA  KopiycoMm  0Oe3
B3aMMOJICHCTBHSA 3aIUTy)KHHKA. [Ipy 3TOM IacT MoKeH 000opayMBaThCs Ha YTrod
ne menee 135°,

Puc. 5. Ilonepeunsiii npoduib 60po3abl nocjiae 00padOTKH IIyroM st
rpeOHUCTO-CTYNIEeHYATOH BCIAIIKH

[Tpr oOCyIIECTBIICHWH HEMOJHOr0000pOTa IUIacTa COBMEIIAETCS 000pOT
IUTACTOB CO CMEIIEHUEM H 0€3 CMEIIeHUS WX IEHTpa TSHKECTH B TIOMEPEUHOM
HaMpaBJIeHUH. DTy TEXHOJIOTHI0 MOXXHO OCYIIICCTBHTH BHHTOBBIM KOPITYCOM U
3aIuTy>KHUKOM CJIEJTYIOIITUM CIIOCOOOM (puc.6):

- BO B3aUMOJICHCTBUY C 3aILTYy)KHUKOM KOPIYC OCYIIECTBJISIET 00OPOT IUIacTa
ot 0 10 /2 6e3 momepeyHoOro NEPEMEIICHUS €ro EHTPa TSKECTH, TIPH 3TOM IIIACT
obopaumBaercs, onupasich Ha pedpo (/) (puc.7, a); mociaeayromri 000poT Iacra
OCYIIECTBIISICTCS] KOPITYCOM U 3aILTY>KHUKOM 0€3 TOMEpEeYHOro MepeMEeIIeHHsI ero
neHrpa Tsokect ot (m/2) mo (m/2 +j), mpu 3ToM IutacT omupaercs Ha pedpo (C»)
(puc.7, 6), 10000OPOT IIACTa OCYIICCTBIIICTCSA TOJIBKO KOPIIYCOM C IOIEPEUHBIM
IIEpEeMEIICHAEM €ro IeHTpa Tsbkecth oT (m/2 +j) mo (m—J), mpuU ATOM IUTACT
obopaurBaercs, onupasch Ha peopo (Cz) (puc.7, 6).
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1 — ocHOBHOM 00OpaYMBAIOIIHNI KOPITYC;
2 — 3aILTYKHUK.

Puc.6. Cnocod, coBMemawmuii 000poT njaacra 6e3 nonepevyHoro cMeleHnst
ot 0 10 /2 +] WM co cMeleHneM ero eHTPa TAKeCTH oT /2 +] 1o -0

4, B, S ]
[} ™
@ B, B, <
(0] { »
B 0 6 :
a— ::------’- ----—-/—;1%77— —— U G
) S -~ J wt
ot/ R\ A S
- 0 ~. 0
A ’ﬂ C > Pi] €.
"b/2 z b2 B, 2 b/2
b
) 0) c)

Puc. 7. Cxembl 000poTa IJiacTa ¢ nonepeyHbIM nepemMellieHUeM ero
neHTpa TskecT oT 0 10 7/2 +] W 060poTa MiIacTa 6e3 MoNmepevYHoro

nepeMelleHns ero MeHTpa TAKECTH oT /2 +] 10 7 —0
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IIpu mccineqoBaHuU MPOIECCa IBUKEHUS IJIacTa MPUHUMAIKCH CIICIYIOIINE
JONYIICHHS: TUTACT B IPOIIecce 000pOTa COXPaHsIET CBOE MPSIMOYTOJIbHOE CEUCHHE,
T.e. (opMa IOIEPEUHOr0 CEUEHHs IUIACTa HE H3MEHSETCS; IMOYBEHHBIM ILIACT
BpAIaeTCs, HE OTPHIBASICH MOJTHOCTBIO OT JHA OOPO3/IbI; IIACT BPAIAETCS BOKPYT
CBOETrO LIEHTPA TSHKECTH U TOYKK OMOPHI C MOCTOSHHOMN YITIOBOM CKOPOCTBHIO; MPHU
obopote miacta ot (0) 10 (7/2+]) neHTp TAKECTH IIACTa HE JOKCH CMEIaThCs
no ocu (X). Ilpu 5TOM CHJIBI, TOJ BO3ACHCTBHEM KOTOPBIX IMPOHUCXOIUT 00OPOT
IU1aCTa, HE pacCMaTPHBAEM.

CocraBuM ypaBHEHHE IBIDKECHHUS | TOYKH TUIACTa B KOOPJIWMHATHOHN (opme.
Jia dero 3aduKCUpPYyeM HENOJBHXKHYIO NPSMOYTOJbHYIO CHCTEMY KOOpAMHAT
AXYZ B touke A (puc.8). Ocp Y HampaBUM IO HAMpPaBJICHUIO JBUKEHUS WU
PacroiokuM Ha JHE O0pOo3/bl, OCh X-TIEpIEHAUKYISIPHO HAIMIPABICHUIO ABMXKECHUS
U TaKke Jexalnell Ha JHe 60po3asl. Och Z COBNAAET C HAaYaJIbHBIM MOJ0KEHUEM
OOKOBOM Ipanu macta AB.

VA L,
Z |

Y,

Y,

Puc. 8. Kunematuka njiacta npu ero o0opore 0e3 nonepeyHoro CMemeHus ot
0 mo 7#/2 +] W co cMelIeHHEM LEHTPA TSIKECTH IPH T0000pOTe HA T —0

[TogBuwxkuyto cucremy koopauHat OX;Y1Z; pacnoyioKuM B IEHTPE TSIKECTH
nornepeyHoro ceyeHusi miacra 0, mpu 3TOM 3Ta cUCTEMa KOOpAMHAT OyJeT
IIEpEMENIAThCS] OTHOCUTEIBHO HENOABMIKHOM CHCTEMBI KoopauHat AXYZ co
CKOPOCTBIO U, @ MX COOTBETCTBYIOIINE OCH OYIYT OCTaBATHCS NAPAICTbHBIM.

VYpaBHEeHUsT TpaeKTOpuU TIOOOW TOYKU IJaCTa B HEMOJABUKHOW CHCTEME
koopauHat AXYZ npu noBopote tiacta ot (0) mo (7/2+]), mOMy4YeHHBIE C yU4eTOM
uccnenosanuii B.11laposa, M.Opramesa uMerOT CIETYIONIUNA BU:

51



X = % + R, cos(¢ + wt),

Yzﬂa)t, >
T

Z = 9sin(cot + J) + R sin(@ + ot),
2 : (11)

riae b — mupuHa miacta; Ry — paccrosiaue ot Havana koopauHat O 10 HCKOMOW | —
Ol TOYKH IUIacTa B €ro MOnepevyHoM ce4eHuu; ¢ — yroua B cucteme OX;Y1Z; Mmexay
ocbl0 X; W paauycoM R; . w — MrHOBEHHOE 3HAYEHHUE YIJIOBOW CKOpOCTH; t—
TeKylIee 3HaYE€HNUE BPEMEHHU.

N3 BbIIENPUBEAEHHOIO BUAHO, YTO KAu€CTBO TEXHOJIOTHYECKOro Mpoiiecca
o0opoTa IuIacTa KOPIYCOM BO MHOTOM 3aBHUCUT OT MECTa pPacHOJIOKEHHUs
3aIUTy’KHUKA OTHOCUTEIBHO OCHOBHOT'O KOpITyCa, a TaKK€ €ro KOHCTPYKTHMBHBIX
napamMeTpoB. B cTynmeH4yaroM 1utyre nisi TpeOHUCTO-CTYNEHYATOM BCHAIIKU
3aIUTYKHUK KPEMHUTCS K OCHOBHOMY JieMexy kopmyca (puc.9). OH cocTout u3
CTaOWIM3UPYIONIEH IIacTHHBI (2) ¢ KPOHIITEHHOM, KOpPOTKOro Jyemexa (3) u
kpoiia (4). K crabunusupyrorieit miactune (2) npuBapeH jemex (3) 3amnyKHUKa.
Kpsuio (4) xpenurcst K KpOHIITSHHY CTaOMITH3UPYIOICH IJIaCTHHEI.

2
d _ 4
v ‘ - (
7 ‘<
l] lc'm - Z,‘- ol
B l] lcm lK .
= 2 13
A 7 )
\ S 7/ 4 Q}
s y 4 Y
3
< 7
Y \ Iy 3
1 l,

Puc. 9. Cxema B3aMMHOI0 PacnoJio;KeHHs 3aIJIYKHUKA U KOPILyca Iiyra
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HOHy‘ICHBI CICAYIOIIHUEC BBIPpAXKCHUA OJIA OIPCACICHUSA HauOOJIBIIIOrO
pPacCTosdHusA OT HOCKa JICMEXa 1O0 CTa6HHH3HPYIOHleﬁ I'TaCTUHblI W JJIHWHBI
CTa6HHI/I3pr}OH16ﬁ IUTACTHUHBI 3aIlTyKHUKA.

¢, =0,5b ctgy, (12)

S
| = O,5b Ct +—.
cm n gj/ S|n7/ (13)

TsroBoe coONpoOTHBIIEHHE 3aIUTY’KHUKA CKJIAJAbIBAETCS M3 COIPOTUBIICHUS
JgemMexa, CTa0MIM3UPYIOLI e IIIaCTUHBI U KpbUIa 3aIUTY>KHHKA, T.€. '

R, =b,(1+ f cosy)(cd +_p#)+ fpo'b? +
sin B

J

+ (_p#+ o)1+ fcosa, )h  +
sin /3,
2

h
+ fpl(lcm hn}z T %Ctg aC) + kflhKPbKP !

(14)

r1€ 0 — BPEMEHHOE COMPOTUBIICHUE MOYBHI CMITHIO Je3BHEeM Jemexa, [la; 0 —
TOJILIMHA JIE3BHsI, M; [ — yIEJIbHOE JAaBJ€HHE NMOuYBbI Ha (acky nemexa, Ila; t, —
TOJIITMHA JIEeMeXa 3aruly>KHUKa, M; £, — YroJl 3aTOYKH JIeMeXa 3aIuTy>KHUKa, TPa;

,01— yIeIbHOE JaBJICHHE IOYBHI Ha IOBEPXHOCTH Jiemexa, Ila; b, — mmpuHa
JeMexa 3aIlTy’KHHUKa, M; 0. — YroJl HaKJIOHA JIe3BUS IUIACTUHBI K JHY OOpO37bl B
MPOI0JABbHO-BEPTUKATIBHON IIOCKOCTH, Tpaf; f — koadduimenT TpeHus MmouBsl O
CTanb; fy; — Yroll 3aTOYKU IJIACTUHBI, Tpaid; t,, — TONIIHWHA MJIACTUHBI, M; p; —
yledbHOe JaBJICHWE NpPH CMATHM OOKOBOHM rpanu Iiacta, [la; K — ymenabHOe
conporuBieHue mousel, Ila; f; — xoadduunuent BHyTpennero Tpenus; hy, —
BBICOTA KpbUIa B CpemHed uacTH, M; D, — IIMpHHA 3axBaTa KpbUla B
TOPU3O0HTAIBHOM TIOCKOCTH, M.

[TonydyeHHOE aHAaTUTUYECKOE BBIPAXKEHUE IIO3BOJISIET OINPEAEIUTh TATOBOE
CONPOTUBJICHUE 3aTUTY>KHUKA B 3aBUCHMOCTHU OT €0 KOHCTPYKTUBHBIX MapaMeTPOB
U QU3UKO-MEXaHUYECKUX CBONCTB MOYBHI.

OgHUM W3 OCHOBHBIX IapaMETPOB, BIMSIONIMX HA KayeCTBO BCHAIIKUA U
BO3MOKHOCTh OCYIIECTBIICHHSI paboyero mpolecca CTYNMeHYaToro Iutyra Jjist
[JIAIKO-CTYIIEHYaTOM BCHALIKKU SIBJIAIOTCA JJIMHA 3aIUlYy’KHUKA W MPOAOJBHOE
pacCTOsSIHUE MEXTY KOPITYyCaMH C KOPOTKUMU U JITTMHHBIMU 3aIUTy>KHUKAMH.

JInst BBISBICHUS PAIlMOHATBLHON JUIMHBI 3aIUTy’)KHUKA OBUTA HM3TOTOBJICHBI
AKCIIEPUMEHTAJIbHBIE 3aIUTYKHUKH IJuHOU 25, 50, 75 m 93 cm, a mpoJoiabHOE
paccTtosiHMe MexAy Kopmycamu Ly Tulyra HM3MEHSJIOCh IyTeM MepeMeleHuUs
KPOHILIITEHHOB KPEIUICHUS KOPIIyCOB IO MPOAOJIBHBIM OalkaM pamMbl U
dbukcupoanoch npu 10; 30; 50 u 70 cm.
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B pe3ynbraTe skciepuMeHTalbHBIX UCCIICIOBAHUN YCTAaHOBJIEHBI CIEAYIOIINE
ONTUMAaJIbHbIE TapaMEeTPhl: JJIMHA 3aIUTy>)KHUKA HEUETHOrO Kopmyca 75 cM, JJIMHA
3aIUTYKHUKA YETHOTO KopIiryca 93 c¢M; IpOJ0JIbHOE PACCTOSIHUE MEXKTY KOPITyCaMHU
Ly =50 cm.

Ha ocHOBaHuM pe3yJbTaTOB TEOPETUUYECKHX M HAKCHEPUMEHTAIbHBIX
MCCIIEIOBAHUM OBUIA U3TOTOBJIEHBI CIEAYIONME KOHCTPYKIIMK OMBITHBIX 00pa3IoB
TIyra JJi TJIaJIKO-CTYIEHYAaTON BCMAIIKU: |- IBYXKOPITYCHBIN IUIYT ¢ KOPIycaMu,
MMEIOIIMMH Pa3HYI0 BBICOTY CTOMKH; 2 - JABYXKOPHYCHBIM IUIYT € JABYMS
MOYBOYTIyOUTENSIMH, YCTAHOBJIEHHBIMU Ha KOPIyCax ¢ OJIMHAKOBOW BBICOTOM; 3 -
TOT € IJIYT C OJHUM MOYBOYIIIYOUTENEM, YCTAHOBIIEHHBIM Ha YETHOM KOPITYCE C
JUTMHHBIM 3aIuTy’)KHUKOM. Ha HedeTHOM Kopryce ATHUX IUIyroB ObLI yCTaHOBJIEH
KOPOTKUM 3arunykHHUK. [Ipu 3TOM Ml phIXJIEHUS MOANAXOTHOIO TOPU30HTA Ha
wiyre ObUI  YCTaHOBJIEH I[IOYBOYINIYOMTENb C HAaKJIOHHOW CTOMKOM THMA
«rapariay.

Pe3ynbpTaThl SKCTIEpUMEHTAIBHBIX HCCIIEIOBAHUHN OIBITHBIX 00PA3IOB IIIYyTOB
MOKAa3aju, YTO OHU MO OCHOBHBIM KaY€CTBEHHBIM IOKA3aTEJsIM CYIIECTBEHHO HE
OTJINYAIOTCHL.

[Tocne ux npoxoxa oOpazyercsi rpeOHKUCTAsI TOBEPXHOCTh U CTYIIEHYATOE JTHO
Opo3apl. HamOonpmiass rpeOHMCTOCTh MOBEPXHOCTH MAIIHW MOJy4YaeTcs IpH
pabore TuIyra ¢ KoprycamMu pa3Hoid BbICOThI. OJHAKO, TPH 3TOM YMEHBIIIAETCA
INIyOMHA M CTETEeHb 3aJeJIKU PACTUTEIBHBIX OCTAaTKOB IO CPABHEHUIO C APYTUMU
BapUAaHTAMU. JTO, OYEBUJHO, OOBSICHSAETCS TEM, UTO C YBEIMYEHUEM TIIYOUHBI
00paboTKM yXyaIIaercss o0OpOT IUIacTa YETHBIM KOPITYCOM. Y CTAHOBJIEHO, YTO
IUIyT C TOYBOYIJIYOUTENEM, YCTAHOBJIEHHBIM 3a YETHBIM KOPIIyCOM, HMEET
MPUUMYIIECTBA B CPAaBHEHUU C TEPBBIM M BTOPHIM BAapUAHTAMHU IO TSITOBOMY
CONPOTUBIICHUIO COOTBETCTBEHHO MeHbIe Ha 11,88% u 7,9%, no ycroiunBocTH
X0Ja U METAJUIOEMKOCTH.

B maAToii  rmaBe  «Pe3yabrarbl  XO3MCTBEHHBLIX  MCHBITAHMH
pPa3padOTAHHBIX TEXHHMYECKMX CPeACTB M  TeXHHKO-IKOHOMHUYECKAasi
3¢ PeKTUBHOCTL HUX INPHUMEHEHUN» IPUBOAATCS PE3YJIbTATHl XO3SUCTBEHHBIX
UCIIBITAHUM pa3pabOTaHHBIX TEXHUYECKUX CPEJACTB U TEXHUKO-DPKOHOMUYECKas
2h(HEKTUBHOCTh WX TpPUMEHEHHUs. B 3Toil TiiaBe TpHUBEACHBI OTIUYUTEIHHBIC
OCOOCHHOCTM M KpaTKas XapaKTepUCTHUKa pa3pabOTaHHBIX ABYXBAPYCHOTO
peixsintens YaYu-4-35 u muiyra it rpeOHucTo-ctynenuaTon Bemamrku O’PP-4-50,
a TaKkKe pe3yNbTaThl CPABHUTEIBHBIX XO3SAMCTBEHHBIX HCIBITAHUNA C 0OA30BBIMH
MallliHaAMH.

VYcraHoBieHO, YTO pa3pabOTaHHBIE OPYAUS IO OCHOBHBIM IOKa3aTelsiM
paboThl CYHIECTBEHHO TIPEBOCXOMAAT CepuiiHble MamuHbl. MX mnpumenenue
CIIOCOOCTBYET MPEAYyNPEXKACHUIO TTOYB OT BETPOBOM U BOJAHOM 3pO3UHU, TTO3BOJISET
YIYYIIATh KauyeCTBO OOpaOOTKM TMOYBBI, CHU3UTH JHEPro3arpaTbl W YACIbHBIN
pacxo/l TOIUIMBA, MOBBICUTH MPOU3BOAUTEILHOCTh arperaTos.

OxoHomuyeckuii AGGEKT OT BHEAPEHHUS PE3YIbTAaTOB HCCIEAOBAHUMN
CKJIQJIBIBAETCS U3 CIAEAYIOIIUX COCTABJISIOIIMX:

— OpU NPUMEHEHUU JBYXBIPYCHOI'O DPBIXJIUTEIS C HAKIOHHBIMU CTOWKaAMU
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3aTparbl Tpylda cHwkawotrces Ha 18,75%, pacxon TtorumBa — Ha 19,12 %,
IPOU3BOAUTENBHOCTD TpyAa NnoBbimaercs Ha 18,96%;

— IpU NPUMEHEHUM IUTyra JUisi TPeOHMCTO-CTYNEHYaTON BCHAIIKM 3aTpaThl
Tpyaa cHkatotcs Ha 14,4%, pacxon tommuBa — Ha 14,25%, mpon3BoAUTENHHOCTD
Tpyna nossimaercs Ha 14,28%.

["ogoBoii sKOHOMUYECKUH 3PPEKT OT BHEPEHUS IBYXbSIPYCHOTO PHIXJIUTENS
cocrapyisger 7,17 MIIH CyMOB, a IUIyra JJisi rpeOHUCTO-CTYNEHYaTOW BCHAIIKU —
5,35 muH cymoB (B 1ieHax 2014 roga).

OBIIUE BbIBO/IbI

AHanu3 JIUTEpaTypHBIX JAaHHBIX [IOKa3aj, 4YTO 3aJa4d COXpaHEHHs
TUTOMOPOAMS. W BJArd IOYBBI, YCTPAHEHHsI BETPOBOM M BOIHON JpO3UU MPH
OCHOBHOM 00paboTKe MOYBHI 10 CUX IOp HE pemieHsl. BcneacTtBue 3TOro
CYIIECTBYIOIME MAIIMHBI ISl OCHOBHON OOpaOOTKM TMOYBHI B Ipoliecce pabOThI
YXyAmAaT (QU3UKO-MEXaHUYECKHE W TEXHOJOTHYECKHE CBOMCTBA IIOYBHI,
HOBBIIIAIOT YYBCTBUTEIBHOCTh OOpPaOOTAHHON MOYBBI K BETPOBBIM U BOJHBIM
APO3USM, CHHKAIOT TUIOJOPOINE 3€MENb U YPOXKAHHOCTh CENbCKOXO03SHCTBEHHBIX
KynbTyp. KOHCTpYKTHUBHBIE, TEXHOJOTMYECKHE W KHHEMAaTHYECKHE IapaMeTphl
MallMH BBIOpaHBl TOJIBKO JJIsi OCYIIECTBIEHUS OJHOr0 Crnocoda OCHOBHOM
00pabOTKM TOYBHI — IOJIHOTO M TIyOOKOr0 OTBajbHOrO 00OpOTa IUIacTa, 4TO
ABIIIETCS ~ OAHOM M3  OCHOBHBIX IPUYUH  MOBBILIEHHOW DJHEPro- H
MaTepUAIOEMKOCTH IIPOLIECCa BCIIAILIKH.

3amuTa Mo4Bbl OT BETPOBOM M BOJHOW 3PO3WH, YIYYIIEHHE Ka4eCTBEHHBIX
moKasareyel BCIAIIKW, CHI)KEHHE DSHEPro- M MaTepuaJo€MKOCTH JIaHHOTO
arporipuéMa 3a cueT pa3pabOTKM W BHEJIPEHUS YCOBEPIIEHCTBOBAHHOM
muddepeHIMpoBaHHON CUCTEMBI  O0pabOTKM TMOYBBI, TEXHOJIOTHYECKOTO U
TEXHUYECKOro OOecrneueHrus Takoh OO0paOOTKM SIBISETCA aKTyaJlbHOW Hay4dyHOR
pOOJIEMOM.

Pa3paboTaHHble MEXaHUKO-MATEeMAaTHUYECKHUE W PACUYETHO SKCIEPUMEHTAIIb-
HbIE MOJIENTH, OTPAKAIOIINE CBSI3b KOJMYECTBEHHBIX U KAU€CTBEHHBIX MMOKa3aTeneH
MOYBO3AIIUTHON cUCTEMbI 00paOOTKU MOYBBI, SHEPTO- U MATEPUATOEMKOCTH 3TOT0
arporpuéma ¢ parMoHaJIbHBIMU MTapaMETPaMH JIBYXbSIPYCHOTO PHIXJIMTENS U TUTyTa
JUI TPEOHUCTO-CTYNEHYaTON BCIALIKM, PEaKIMel MOoYBbl Ha UX pabouue OpraHbl
3QJI0KUJIM Hay4YHbIe OCHOBBI TMPOOJIEMbl M TO3BOJIMJIM PEHIUTh MPAKTUYECKUE
3a1a4M MOCIIEIHEN.

B pesynpTaTe ucciaenoBaHuil MOIy4YeHbl CIEAYIOIMINE HayYHble Pe3yIbTaThl.

1. Ha ocHoBe aHanmm3a MeXaHUKM TpoIecca BCHAIIKH CPOPMYITUPOBaHA
3aja4a pa3pabOTKU HAy4YHBIX OCHOB YCOBEPIIEHCTBOBAHHON au]QepeHupoBan-
HOM cucTeMbl OOpabOTKH IOYBBI, KOTOpas B pe3yjbTaTe H3YYECHHsS] NPUUUH
BO3HUKHOBEHHUS M CIOCOOOB CHIDKCHHS BETPOBOM M BOAHON 3PO3MH B TMEPHOA
OCHOBHOM 00pa0OTKM TMOYBBI peaju30BaHa B BHUJE YEPEIOBAHUS TEXHOJIOTHI
IrpeOHUCTO-CTYNIEHYaTOM BCHAIIKKA U O€30TBaJbHON JABYXBAPYCHOW 00pabOTKH
MOYBHI (Ha CKJIOHAX) C UX HAYYHO-TEXHUUYECKUM 00ECIICUECHUEM.

2. Ha ocHoBe wuccienoBaHuii TuMa pabOYMX OPraHoB, B3aUMHOTO
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PAaCIIOJIOXKEHUS, PEKUMOB paOOThl M YCTOMYMBOCTH JBUIXKECHUSI PBIXJIUTENS C
BEPXHHUMH ¥ HWXKHUMU pabOYMMU OpraHaMd YCTaHOBJICHO, YTO HamOoee
palMOHAIbHOM  KOHCTPYKTMBHOM  CXEMOW JIBYXBAPYCHOTO  DPBIXJIUTENS C
HAKJIOHHBIMU CTOMKAaMU SIBJISIETCA TUTY’KHAsl CX€Ma C YepeOBAHHEM BEPXHETO U
HIWOKHETO paboymx OpraHoB C HIDKHUM TEPEerHOOM CTOWKH;, KauyeCTBEHHOE
PBIXJICHUE C HAUMEHBIIUMU SHEPreTUYECKUMU 3aTpaTamMu OO0eCTeurBaeTCs MpU
MPOJIOJIBHOM M TOMEPEYHOM PACCTOSHUAX MEXAY padouuMu OpraHamu
coorBeTcTBeHHO 50-60 cM u 35-40 cm; mmpuHE W JJIMHE TIOJICBOH JIOCKH
COOTBETCTBEHHO 7 cM U 16 cMm.

3. VYcTaHOBJEHbl 3aKOHOMEPHOCTHM W3MEHEHHUS COINPOTUBJICHUS ITOYBBI
MepeMelIeHUI0 padodyero opraHa ¢ HAKJIOHHOM CTOMKOW B 3aBUCHMOCTH OT €ro
KOHCTPYKTHBHBIX  MAapaMETPOB, PEKUMOB pabOTBI W  CBOWCTB  TIOYBHI.
PanvonanbHbie 3HaYEHUSI TAPaMETPOB PabOUYEro opraHa HaxOAATCs B CIEIYIOUIUX
mpexenax: yroi 3arouku Hoxa 16-20°, yrom zartouxm croiiku 18-22°, Beicora
HAKJIOHHOM pabouell 4yacTh HMKHEro pabodyero opraHa OT OMOPHON MOBEPXHOCTH
noyiota 25 cM, BepxHero - 15 cwm, mmumpuna gonora 6,0-7,0 cM, yron moanéma
nomora 20-25°, yroJI HAaKJIOHA CTOWKH B ITONEPEYHO-BEPTUKAIBHON IIIOCKOCTH 45°,
MaKCUMAaJIbHBINA YTOJl YCTAHOBKH PBIXJIUTEIbHOMN IJIACTUHBI K IOBEPXHOCTH CTOUKHU
250, JUTMHA U ITUPUHA IJIACTHHBI, COOTBETCTBEHHO, 12—15 cM 1 9—12 cm.

4. DddexTuBHBIM CIOCOOOM T'PEOHMCTO-CTYNEHUATON BCHAIIKKA CKJIOHOB
SBJISIETCS YepeOBaHUE HEMOJIHOIO 000pOoTa IulacTa ¢ IMOJHBIM 00OPOTOM €ro B
npeaeiiax cBoed Oopo3abl Ha 180° B COYETAHMH C MOJOCHBIM IOANAXOTHBIM
peixjeHueM. /s oOpa3zoBaHus BOAOYAEP>KUBAIOIIETO IPeOHsI HEMOIHBIA 000pOT
IuTacta HeoOXOJUMO OCYIIECTBIIATH CISAYIONUM oOpa3om: obopor riacta ot (0)
10 (7/2+]) 06e3 MOImepeYHOro MepeMEINEeHUs ero MEHTPa TSHKECTH; MOCIEAY I
JI0000POT IJIACTa C MOMEPEYHBIM MEPEMEIICHUEM €r0 IIEHTPA TSHKECTH.

5. Pa3pabGoranHass Mojeah TEXHOJIOTMYECKOTO TIpolecca TpeOHUCTO-
CTYNEHYATOW BCIAIIKU C OJHOBPEMEHHBIM MOJIMaXOTHBIM IMOJOCHBIM PBIXJIEHHUEM
U pe3ynbTaThl KCCJIECIOBAHUN  B3aUMHOI'O  PACIOJIOXKEHUS KOPIYCOB U
MOYBOYTIyOUTENeH, KOpIlyca M 3aILlyKHUKA, PEKUMOB paObOThl U YCTOWYHUBOCTHU
JBYDKEHUS TUIyra IOKa3ajd, 4TO PAalMOHAIbHOM KOHCTPYKTHUBHOM CXEMOM ILIyra
JUIsT  TPeOHUCTO-CTYNEHYATOW BCHAIIKKA SBJSIETCS  CTyNEHYaras cxema ¢
YepeIOBAHUEM  pPABHOBEIMKUX KOPIIYyCOB C KOPOTKMMU W  JJIMHHBIMU
3aIUTy’KHUKaMA UM TIOYBOYIUIYOUTENSIMM, YCTAHOBJIECHHBIMU 32  YETHBIMU
kopmycamu. [Ipu npogonbHOM paccTosHuM MEXTy koprycamu 50 cM TpeOyeMblit
KAue€CTBEHHBI HETMOJHBIM 00OpPOT IUIACTOB C HAMMEHBIIMMHU SHEPreTUYECKUMU
3aTpaTaMy 00eCIIeYMBAETCS MPH CICAYIONINX MapaMeTpax 3aruTy>KHUKa HEYETHBIX
KOpPIIyCOB: [IJIMHA 3aIUTy’)KHUKa 75 CM, IIMpUHA 3aIUly)KHHKa 25 CM, BBICOTA
CTAOMJIM3UPYIOLIEH MIACTUHBI 15 cM, MUHUMaIbHOE PACCTOSHHUE OT HOCKA JieMeXa
JI0 CTaOWIIM3UPYIONICH IIIACTUHEI 25 CM.

6. IlonyyeHnHbie (HU3NKO-MEXAHUUYECKUE U TEXHOJOIMYECKUE CBOMCTBA TOYB,
MOJBEPKEHHBIX 3PO3UH, IMO3BOJIAIOT YCTAHOBUTH YCJIOBHUA  BO3HUKHOBEHUS
BETPOBOM M BOJHOM 3PO3UU U HAMETUTH ITYTH UX MPEIYIPEKIECHUSI.

Ha ocHOBe Hay4HBIX pPeE3yJbTaTOB pa3pabOTaHbl M PEKOMEHIOBAHBI JIJIS
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BHEJIPEHUS PSIJI TEXHUUECKUX PEIICHUH MO0 TEXHOJOTMYECKUM M KOMIIOHOBOYHBIM
cXeMaMm, KOHCTPYKIIUSM OpYAui, uX pabounx OpraHoB, 3alIUIICHHBIX MaTEHTaAMHU
Pecnybnuku Y30ekucTan Ha H300peTeHMS:

Ha CHOCOOBI M YCTpPOWMCTBA MJIS pealu3alu TEXHOJOTHi 0e30TBabHOM
obpabotku mouBsl (Ne FAP 00701, NeFAP 00656, NeFAP 00669, NeFAP 00787,
NeFAP 00850);

Ha CHOCOObI W YCTPOMCTBA ISl pealM3alMi TEXHOJIIOTUWA TpeOHUCTO-
crynenuaroi Bcramku (NeFAP 00719, NeFAP 00863);

HAa CHocoObl M YCTpoilcTBa g  peanu3aluud KOMOWHHMPOBAHHOMN
nouBo3amuTHO 00padoTku mouBbl (NeFAP 00672, NoFAP 00657, NelAP04832,
NeFAP 00864).

7. OgHUM W3 TEPCIEKTUBHBIX MYTEW COXPAHEHUS IMOYBBI OT BETPOBOU U
BOJIHOW 3pO3UM SIBISIETCA pa3padOTKa M CO3JaHuE KOMOWHHUPOBAHHBIX MAIlWH,
CHOCOOHBIX MPOM3BOAUTH OJHOBPEMEHHO OE€30TBAJIIbHYIO WM OE€30TBAIBHYIO U
OTBaJIbHYIO 00pabOTKy MOYBBI, IOJIOCHOE IOAMNAXOTHOE pBHIXJIEHUE, BHECCHHE
yI00pEeHH, MOArOTOBKY MOYBKI K ITOCEBY 3a OJIMH MTPOXOJ arperara.

8. OOOCHOBaHBI TEXHOJOTMYECKHE MPOLIECCHI SIPYCHOIO PBHIXJIEHUS MOYBBI U
IrpeOHUCTO-CTYIIEHYaTOM BCHAIIKH, KOHCTPYKIMH JBYXBSIPYCHOTO PBIXJIUTENS U
IUTyra Jjisi FpeOHUCTO-CTYIIEHYaTOM BCHAIIKH.

Pesynbratel  uccnenoBanuii  npuHAtel  AO  «BMKbB-Arpomam» < u
UCIIONIb30BaHbl MpH pa3pabOTKE HCXOAHBIX TpeOOBaHUUA K KOHCTPYKLMSIM
JIBYXbSIPYCHOT'O PBIXJIUTEINS U TUIYTa JUIsl TPEOHUCTO-CTYIIEHYATOM BCIAIIKH.

9. PesynbpTaThl XO3SHUCTBEHHBIX HCHBITAHUN pa3pabOTaHHBIX  OPYIUI
NOKa3ajid, YTO OHM 10 OCHOBHBIM TIIOKa3areiasiM paldoThl CYHIECTBEHHO
IPEBOCXOAAT CEpUNHBIE MAIlIMHBI, CIIOCOOCTBYIOT MPEIYNPEXKICHUIO COXPAaHEHUs
IIOYB OT BETPOBOM M BOJHOM 3PO3UH, MO3BOJISIIOT YAYUIIUTh Ka4e€CTBO 00paObOTKU
MOYBBI, CHHU3UTH SHEPro3arparbl U YJEIbHbIA pacxXxoj TOIUIMBA, MOBBICUTh
POU3BOIUTEIBLHOCTh arperaTos.

OkoHoMuyeckuid 3P(EKT OT BHEAPEHHUS PE3YNbTAaTOB HCCIEIOBAaHUI
CKJIQJbIBAETCS U3 CIEIYIOIIUX COCTABIISIOINX:

pU TMPUMEHEHUU JBYXBIPYCHOI'O PBIXJIUTENS C HAKJIOHHBIMU CTOMKaMH
3aTparel Tpyda cHuWkawTtcs Ha 18,75%, pacxom TommmBa — Ha 19,12 %,
IIPOU3BOAUTENBHOCTD TpyAa NoBeIlIaercs Ha 18,96%;

Ipyu MPUMEHEHUHU IUIyra sl TPeOHUCTO-CTYNEHYATOW BCIAIIKU 3aTpaThl
Tpyna cHmwkarotcs Ha 14,4%, pacxon TomuBa — Ha 14,25%, npon3BOAUTENLHOCTD
Tpyna nossimaercs Ha 14,28%.

['omoBoii skoHOMUYECKHA A(PPEKT OT BHEAPEHHS NBYXBIPYCHOTO ILTyra-
pBIXJIUTENA cocTaBisier 7,17 MJIH cymMoB, a IUIyra ajisi rpeOHHCTO-CTyNEeHYaTou
Bemamiku — 5,35 mutH cymoB (B 1ieHax 2014 roga).

Takum 00pa3oM, Ha OCHOBE TEOPETUYECKOTO OOOOIIECHUS M MPaKTUYECKON
peann3aluy, H3JI0KEHHBIX B pabdOTe HOBBIX HAYYHBIX [OJIOXKEHUH pelieHa
KpymHas —mpoOjemMa pa3padOTKM TEXHOJOTMH UM  TEXHUYECKUX  CPE/CTB
YCOBEPIUICHCTBOBAHHON MU PepeHIupOBaHHON  MOYBO3AIMTHOW  CHCTEMBbI
00pabOTKH MOYBBI UMEIOIIAs BAXKHOE HAPOJAHOXO035MCTBEHHOE 3HAUEHHE.
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ABSTRACT OF DOCTORAL DISSERTATION

Topicality and demand of the theme of dissertation. As a result of
acceleration of wind and water erosion, soil productivity all over the world is
dramatically reducing. Its restoration is a very hard and long-term global
environmental problem. At present, at the period of agriculture intensification
around «the world nearly two billion hectares of land area became unfit for
agriculture. About 31% of soil is subjected to water, and 34% - to wind erosion.
Each year, more than 60 billion tons of topsoil is washed out into seas and
oceansy’.

Systematic plowing of soil and the change in the system of agriculture,
especially on slopes, leads to an increase of the part of areas subjected to erosion.
The problem of water erosion and soil moisture deficit is particularly acute on dry
farming slope lands. In our republic, soils, suitable for dry farming, come to 2
million 130 thousand hectares, including 756,8° thousand hectares of plowed up
soil, «10.1% of land is subjected to water erosion, 76.6% - to wind erosion and
7.5% - to water and wind erosion»°.

According to analysis of scientific research and practical work in our country,
machines used on land areas subjected to erosion for subsurface and moldboard
tillage, do not provide quality tillage at required level: power consumption is high,
and productivity is low.

In this connection, the studies, aimed at improving the system of tillage,
reduction of energy consumption, improvement of accumulation and retention of
moisture, which protect soil from wind and water erosion, development of
technologies and technical means which enhance the fertility, are very acute and
important ones.

This dissertation work is devoted to performing such tasks as improving of
soil fertility, increase of crop yield, high-quality processing of plants, protection
from wind and water erosion, providing with resource-saving technologies and
technical means defined by the Decree of the President of the Republic of
Uzbekistan No UP-3932 “On measures on radical improvement of the system of
land reclamation” dated 29 October, 2007 and the Resolution of the President of
the Republic of Uzbekistan No PP-1958 "On measures for further improvement of
irrigated lands and water resources management for the period 2013-2017".

Conformity of research to priority directions of development of science
and technologies of the Republic of Uzbekistan. Dissertation is executed in
conformity with priority directions of development of science and technology of
the Republic of Uzbekistan: GNTP-15. Development of high-tech, high-
performance, competitive, export-oriented technologies, machinery, equipment,
instruments and reference tools, methods of measurement and control for industry,

! Zakharov N.G. Soil protection from erozion/ Educational Methodical Complex. — Ulyanovsk: GAA, 2009. —P.9-14.

2 Land Fund of the Republic of Uzbekistan (the situation on 01.01.2014). —Tashkent: State Committee for Land
Resources, Geodesy, Cartography and State Cadastre of the Republic of Uzbekistan, 2014. — 203 p.

® Geography Atlas of Uzbekistan. — Tashkent: Goskomzemgeodezkadastr, 2012. —P.130-131.
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transport, agriculture and water resources: PPI-3. Energy, energy-resource saving,
transportation, machinery and equipment production.

International review of scientific research on the theme of dissertation.
Theoretical and practical research on development of technologies and technical
means for quality tillage, soil protection from wind and water erosion,
methodological assessment of factors influencing erosion process and
mathematical modeling of erosion process, has been carried out by large firms,
companies, research centers, universities and research institutes of foreign
countries, such as the Department of Agriculture of the United States, firms
Brillion, International Harvester, John Deere (USA), companies Combo Three,
Massey Ferguson Ltd, Howard (UK), companies Kirpy, Fishe (France), the firm
Kverneland Ltd (Norway), Wageningen (Netherlands), Lemken Ltd, Hohenheim,
Weihenstephan (Germany), MDAU, NPO Volgograd (Russia).

Results of research work, conducted in recent years, are as follows: a deep
ripper for subsurface tillage, durable structures for high-productivity and wide grip
facilities, crushing lumps of soil have been developed (Brillion, International
Harvester, John Deere); working bodies with low energy consumption during
tillage, having parabola side profile, tiered and deeply loosening ones have been
worked out (Combo Three, Massey Ferguson Ltd, Howard); as well as C-form
holders for subsurface tillage and a chisel with curved-helicoid working surface
and a chisel with working bodies in the form of a parabola on the vertical-
horizontal surface (Kirpi, Fishe); high-performance tools with chisels, speed plows
with a turning body for moldboard tillage (Kverneland Ltd, Lemken Ltd); a
methodology for volume assessment of soil erosion has been developed based on
GIS technology (Wageningen), WEPP model has been created (Water Erosion
Prediction Project), which estimates washing out and the loss of soil particles as a
result of water influence (US Department of Agriculture); European model has
been developed (Western Europe Hohenheim, Weihenstephan), which creates an
opportunity to assess soil erosion under the influence of heavy rainfall, to assess
the degree of subjection to land erosion, the substantiation for farming activities
that protect the soil on the slopes, where EUROSEM crops are growing (European
Soil, Erosion Model), the regularities of soil movement under the influence of
working bodies on the slopes and the patterns of moldboard layers under the
influence of a body of traditional plow tilling in anti-erosion levels have been
revealed; holders with «paraplow» inclination, holders in the form of Y, X,
working bodies of various types of tools for subsurface soil processing have been
created (Volgograd NPO, MDAU).

Priority research projects for the development of perfect theory to improve
soil resistance to erosion and deflation, to create the regularities of soil changes in
time and its physical-mechanical properties, theoretical models of the process of
interacting influence of working bodies and soil, to create resource-saving
technologies and technical means to protect from wind and water erosion and to
improve mechanical-technological bases of tillage are being fulfilled today
throughout the world.
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Degree of study of the problem. The studies of the processes of interaction
of subsurface working bodies with soil have been conducted by I.M.Panov,
P.N.Burchenko, V.M.Drincha, A.K.Kostritsyn, LV.Suchkov, Zh.E.Tokushey,
V.V.Trufanov, R.l.Baymetov, F.M.Mamatov, A.Tukhtakuziev, M.Muradoy,
|.T.Ergashev, H.R.Gafforov, B.Hushvaktov and others.

Subsurface working bodies with inclined props, which prevent wind erosion,
have been investigated by L.S.Orsik, D.A.Tryapitsyn, V.I.Pyndak, 1.B.Borisenko,
F.M.Mamatov, |.T.Ergashev and others.

Studies on development of technology and technical means, which prevent
water erosion, have been carried out by K.V.Aleksandryan, A.T.\Vagin, N.Nagorniy,
T.H.Pazova and others.

Despite an enormous attention paid worldwide to the problem of protection of
soil from erosion, the studies on development of technologies and means to
prevent wind and water erosion with account of specific character of soils in
Uzbekistan are not enough. Numerous studies have been conducted by
H.Makhsudov, K. Mirzazhanov and others to study the regularities of occurrence
of erosion processes in dry farming and irrigated areas, the effect of erosion on soil
properties and crop yield of grain and cotton; however there are no comprehensive
and systematic works — that proves the importance of this issue in Uzbekistan.
Therefore, there is a need of modernization of existing technologies and soil
cultivating machines for anti-erosion processing of slope soils.

Connection of dissertational research with the plans of scientific-research
work is reflected in the following projects: H-F4-54 "Development of scientific
bases of the theory of cutting and design of cutting apparatus and working bodies
of agricultural machinery" (2008-2012); AA-3-032 "Development of technology
and combined unit for moisture saving and protection of soil in arid conditions"
(2012-2014).

Purpose of research. Development of mechanical and technological bases of
processing of eroded soils and creation on this basis of new techniques that protect
soil from wind and water erosion, reduction of energy consumption for processing,
improvement of accumulation and retention of soil moisture, increase in unit
productivity.

In order to achieve designated objectives the following research problems
have been formulated:

To conduct an analysis of existing technologies and technical means for anti-
erosion tillage;

To explore physical-mechanical and technological properties of eroded soils
as an object of mechanical processing;

To develop energy-saving and soil-protective technological process of soil
loosening and to validate the parameters of two-tier ripper for soil prone to erosion;

To explore technological process of crested-stepped plowing and to justify
plow parameters for processing slope soils prone to water erosion.

To develop and produce experimental models of two-tier ripper and a plow
for crested-stepped plowing and to test them;
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To evaluate proposed technical means for their agronomic, energy and
economic indicators.

Objects of the study are eroded soils and their physical-mechanical and
technological properties, technical means for primary processing of eroded soils
(two-tier ripper and a plows for crested-stepped plowing) and technological
process realized by them.

Subject of research — is a regularity of changes of energy and quality
characteristics of proposed instruments, analytical dependencies to determine
rational parameters of working elements and stable operation of instruments,
mechanical and mathematical model of layer overturning and the impact on soil of
working elements of two-tier ripper and directing plate of a plow.

Research methods. Fundamental concepts and methods of classical
mechanics, mathematical analysis, mathematical statistics, methods of
mathematical planning of experiment and general methods for determining agro-
technical, energy and economic performance of machine operation are used in the
dissertation.

Scientific novelty of dissertational study consists in development of:

Technology of processing of eroded soils, principal schemes and design of
two-tier ripper and a plow for crested-stepped plowing;

Mechanical and mathematical models of turnover of a layer combined with
lateral shift and without lateral shift of its center of gravity;

Mechanical and mathematical models of the effect on soil of working
elements of two-tier ripper and directing plate of a plow;

Analytical dependences, allowing us to determine rational parameters of
working elements of developed instruments;

Analytical dependences, allowing us to analyze the stability of operation of
developed instruments;

Regularities of changes of quality and energy performance of two-tier ripper
and a plow for crested-stepped plowing, depending on parameters of their working
elements and motion velocity;

Practical results of studies are evaluated by the development of:

Technology of two-tier subsurface tillage and improved crested-stepped
plowing for primary processing of eroded soils on sloping lands;

Two-tier ripper for primary processing of soil exposed to wind and water
erosion;

Crested-stepped plow for primary tillage of soils, subjected to water erosion.

Reliability of results is confirmed by results of theoretical and experimental
studies and their consistency with field testing of new instruments, by the practice
of their implementation and by discussion of research results in various scientific
conferences and publication of research results in peer-reviewed scientific
publications of the Supreme Attestation Commission under the Cabinet of
Ministers of the Republic of Uzbekistan.

Theoretical and practical value of research results. Theoretical
significance of results of the study consists in developing of mechanical-
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mathematical and design models that reflect the correlation of quantity and quality
indicators of soil saving tillage systems, energy and material capacity of this agro-
method with parameters of two-tier ripper and a plow for crested-stepped plowing.

Practical significance of results of the work consists in developing of
technology and technical measures for primary processing of eroded soils. The use
of worked out two-tier ripper and a plow for crested-stepped plowing accordingly
reduces the cost of fuel and lubricants by 19,12 and 14,25%, labor costs by 18,75
and 14,4%, direct operating costs by19,07 and 14,02%, increases labor
productivity by 18,96 and 14,28%, protects soil from wind and water erosion,
improves the accumulation and retention of moisture.

Implementation of research results. Based on results of dissertation work:

primary requirements and technical specifications for two-tier ripper and a
plow for crested-stepped plowing have been worked out for primary tillage of
slope soils exposed to wind and water erosion and are approved in prescribed order
(Ministry of Agriculture and Water Resources of the Republic of Uzbekistan,
24.11.2014, TZ 23.01 .470: 2014 and TZ 23.01.471: 2014);

on the basis of the first tests of two-tier ripper and a plow for crested-stepped
plowing, industrial exsample models of two-tier ripper and a plow for crested-
stepped plowing have been worked out (Reports of AO “BMKB - Agromash”
NoNo 4-2014 and 5-2014 on 10.12.2014, and information No 00/26 on 1.04.2015
from OOO Karshi Repair Works);

a two-tier ripper and a plow for crested-stepped plowing and anti-erosion
tillage on slope lands have been developed and experimental-industrial samples of
tools have been implemented in 2011-2014 on farms of Kamashin and Chirakchin
districts of Kashkadarya region. Economic effect of the application of these tools
in grain production amounted to 180.1 million soum (the act of the Ministry of
Agriculture and Water Resources of the Republic of Uzbekistan on the
implementation of results of the thesis No02 / 09-278 on 04.04.2015).

Approbation of work. Results of the study have been approved at 11
scientific conferences and seminars, including 4 international ones: "Problems of
Complex Arrangement of Anthropogenic Systems" (Moscow, 2013), «Water
Management-State and Prospects of Development» (Rivne, Ukraine, 2010),
"Scientific Potential in the World in 2013" (Sofia, Bulgaria, 2013), «Nastoleni
Moderni Vedy» (Prague, 2013), 7 national conferences and National Fairs of
Innovation Ideas, Technologies and Projects (Tashkent, 2011-2015).

Principal results of the thesis have been reported and discussed at scientific
seminars: of the departments "Mechanization of irrigation and drainage works" of
the Tashkent Institute of Irrigation and Land Reclamation (Tashkent, 2014), at a
scientific seminar on the specialty 05.07.01 - "Agricultural and reclamation
machines. Mechanization of agriculture and land reclamation works" at scientific
Council 16.07.2013.t.07.01 in Tashkent Automobile and Road Institute, Tashkent
State Technical University, Tashkent Institute of Irrigation and Land Reclamation
and Research Institute of Mechanization and Electrification of Agriculture
(Tashkent, 2015).

65



Publication of results. 70 scientific papers have been published on the theme
of dissertation, including - 1 monograph, 24 journal articles, 2 of them in foreign
journals and 3 proceedings of scientific conferences.

Structure and scope of the dissertation. The dissertation consists of
introduction, five chapters, conclusions, bibliography, 10 appendices, it contains
200 pages of text, including 86 figures and 25 tables.

PRINCIPAL CONTENTS OF THE DISSERTATION

In the introduction the urgency and relevance of dissertation theme are
validated, a goal and objectives are formulated, an object and a subject of study are
specified, accordance of research to priority fields of science and technology of the
Republic of Uzbekistan is stated, scientific novelty and practical results of the
study are presented, reliability of results obtained is proved, theoretical and
practical importance of results obtained is disclosed, information about results
implementation, results of work testing, information on published works and the
structure of the thesis are given.

In the first chapter «State of the problem, the aim and tasks of the study»
of the dissertation a review of the literature is given. Modern technology of anti-
erosion tillage and technical resources for their implementation, review of previous
research work are analyzed, an improved system of tillage of soils exposed to wind
and water erosion is given.

Analysis of published data has shown that existing machines for primary
tillage in the process of operation impair physical, mechanical and technological
properties of soil, increase its sensitivity to wind and water erosion, lower soil
fertility and crop yields. This implies the need to study and apply such tillage
system that would ensure soil protection from wind and water erosion, reduction of
field infestation, increase in productivity and minimize the cost of tillage.

Consequently, soil protection from wind and water erosion, improvement of
quality indicators of primary processing, reduction of energy and material capacity
of agro-method, its technological and technical provision, present an actual
scientific problem.

Problems of development of scientific bases of advanced differentiated
system of tillage, which should be realized in the form of technologies of crested-
stepped plowing and subsurface two-tier processing on slope areas, have been
formulated.

The second chapter «Physical-mechanical and technological properties of
eroded soils» is dedicated to the study and analysis of physical-mechanical and
technological properties of eroded soils of Uzbekistan. It is known that soil
properties have an essential importance for the development of technologies and
technical measures of energy and moisture saving for tillage. The study of physical
and mechanical properties of soil in Uzbekistan have been carried out by
G.M.Rudakov, R.l.Baymetov, M.M.Muradov, F.M.Mamatov, A.Tukhtakuziev,
I.T.Ergashev, N.Murodov and many others. However, most of these studies refer to
soils of irrigated agriculture with a slight slope of fields, and, as a rule, not
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subjected to wind and water erosion. The peculiarity of physical and mechanical
properties of soil slopes is that their formation is strongly influenced by surface
slope and rainfall level.

One of the main objectives of research is to study the effect of existing tillage
on formation of physical-mechanical and technological properties of slopes soil,
which is the basis for the development of new anti-erosion technologies and
technical means for slopes soil tillage.

It was stated that physical-mechanical and technological properties of arable
and subsurface soil layers at the top and the bottom part of the slope treated by
standard plow differ. For example, in spring moisture-content of soil layers 0-10;
10-20; 30-40; 40-50 and 50-60 cm in the lower part of the slope is respectively
1,16; 1,24; 1,28; 1,4; 1,54 and 2,15 times higher that moisture-content of these
layers on the top. The same pattern of moisture-content remained after grain
harvest. This indicates that due to water erosion, precipitations flow down to the
bottom of the slope.

Studies have shown that in spring on the top of the slope the greatest
moisture-content has the layer of 20-30 cm. On the top with increase in depth of
the layer, moisture-content initially increases and then rapidly decreases. Moisture-
content of the layers 0-10 and 20-30 cm, respectively, is 1,82 and 2,54 times
greater than the content of lower layer of 50-60 cm. In the lower part of the slope
moisture-content of layers 0-10 and 50-60 is almost the same, and moisture-
content of the layer 20- 30 cm is 1,08 times greater than moisture-content of lower
layer 50-60 cm. Here moisture-content of the layers 0-10 cm and 50-60 cm,
respectively, in the lower part of the slope is 1,16 and 2,14 times greater than
moisture-content of the layers 0-10 cm and 50- 60 cm at the top of the slope.

In summer, after grain harvest at the top and the bottom of the slope the
lowest moisture-content have the upper and lower layers of the soil. Here with
increasing of layers depth, soil moisture initially increases (up to layer 30-40 cm)
and then decreases.

Analysis of results has shown that in spring at the top of slope the highest
density have the layers of 10-20 cm and 20-30 cm. On the top with increasing of
the layer of soil, the density first increases and then decreases. The density of the
layer 20-30 cm is 1,1 and 1,13 times, respectively, greater than the density of the
layers 0-10 cm and 50-60 cm.

In the lower part of the slope the greatest compactness has the layer 10-20cm.
The density of this layer is 1,08 times greater than the density of the same layer on
the top of the slope. With increasing depth of the horizon, the density first
increases and then decreases to a layer of 50-60 cm, while in the lower layer 50-60
cm it increases again. Density of the layer of 10-20 cm, is respectively 1,14 and
1,09 times greater than the density of the layers 30-40 cm and 50-60 cm.

Density of the layer 50-60 cm on the lower part of the slope is 1.17 times
greater than the density of the same layer on the top of the slope.

At the top of the slope with increasing depth of the layer (up to 30 cm) soil
hardness first increases, then decreases. In the lower part of the slope maximum

67



hardness is observed at a depth of 25 cm. At the lower layers (25 cm deep), soil
hardness decreases slightly, compared with the top one.

The data have shown that soil resistance to rupture, torsion and shear is
identical to the nature of change of soil hardness.

In the third chapter «Investigation and substantiation of structural
scheme and parameters of two-tier ripper with inclined props» of the
dissertation results of research and substantiation of structural scheme and
parameters of two-tier plow-ripper with inclined props are presented.

Existing technology of subsurface tillage provides single-tier loosening of soil
to a certain depth. Formed small triangular crests on the bottom of furrow do not
allow to retain and to accumulate rainwater after heavy and torrential rains; this
can lead to water erosion. We have developed a technology which allows us to get
at the bottom of the furrow a stepped bottom with large crests that would further
full detention and accumulation of ground water, and hence, prevent water erosion.

To implement this technology, a two-tier ripper with upper and lower ripper
working elements has been developed. It includes a frame 1, on which in turn
consistently working elements (2 and 3) are set (Figure 1). Each working element
consists of an inclined (in cross-vertical plane) prop (4) and cutters (5) fixed on it,
chisel (6), landside (7) and ripper plate (8). Inclined part of the prop of working
element (2) is formed with a lower height and the slope of working element (3) —
with greater height. On working element (3) with greater height a ripping plate is
fixed at the level of ripper plate of working element with lower height.

After the passage of two-tier ripper, stepped bottom of the furrow with
periodic hollows (subsurface crests) is formed, crossing the compacted shoe.
Subsurface crests contribute to overall retention and accumulation of ground water
(especially after heavy rainfall), thus preventing water erosion.

1 2 3

Fig. 1. Technological process of operation of two-tier ripper

The main parameters of the ripper with inclined prop (Figure 2) are
inclination angles of the prop f,,, and p,, in cross - and longitudinal-vertical
planes, the type of a prop, the width b, and length 1, of the chisel, an angle «, of
chisel installation to the bottom of the furrow, the angle & of ripping plate
installation to the surface of the prop, the length I, and width b, , the length I,,, and
width b, of landside, the height H of sloping part of the prop, an angle S, of cutter
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sharpening of the prop, trail-spacing value of working elements and longitudinal
distance L, between them

L
I
A
4
<}
6
A4-A4 B
8"
4
&
Lo
1 — prop; 3 — chisel; 5 — shoe;
2 — cutter; 4 — ripping plate; 6 — landside.

Fig. 2. Parameters of working element of lower height

The main technological parameters of tillage, which determine its
effectiveness, are the depth and quality of tillage, the distance between tilled belts,
the width and depth of tilled subsoil step at the bottom of the furrow.

The area of tilled zone of soil of arable and sub-arable layers influences, on
the one part, on energy intensity of tillage, on the other part - on ability of retention
and accumulation of ground water. Therefore, to select the pattern of location of
working elements and other parameters of two-tier ripper we have studied their
effect on completeness of tillage, the depth of the step and the distance between
tilled belts.

The quality of tillage was assessed by its completeness, i.e. tillage coefficient
n, which presents a ratio of the area of tilled zone of soil F; to total area F, located
in a plane perpendicular to the direction of ripper motion and limited by working
grip B, and maximal depth of tillage, that is, the depth of processing a, of the
lower working element, = Fi/F. The following dependence was obtained to
determine tillage coefficient #.

69



n ﬂ—ﬁ{Z[ZM ~b,—(a,—a,)’ctg z//l](aH —-a )+

H

+2M b, ~2(a, ~a,)gw; Figw, +(M-b,)'g wl},
(1)
where M — is a transverse distance between working elements; a, — the depth of
processing by lower working element; a, — the depth of processing by upper
working element; y, — an angle of lateral spalling of soil, D.
Energy capacity of soil is assessed by specific resistance of two-tier ripper,
that is, K=P/F, where P — is drag resistance of two-tier ripper; F — total area of
tilled zone of arable and sub-arable layers:

K = {4 fq(;M +{4Ma6 _%[M _b() - 2(an _ag)Ctgl//l]ztg Wl -
_%(M _b())ztg Wl}(Kl +81V2) + 2(aH _ae)[b() + (an _ae)Ctg l/jl]x

x (K, +€1V2)}/{4Mau - 2[2M -b,—(a, —a,)ctg Wl](an -a,)-

1 1
_E[M _bd - Z(al-l - ag)Ctg Vll]ztg l//l _E(M - b())ztg wl}’ (2)

where q — is a specific weight of a plow, N/m; f — friction coefficient; K; —
coefficient of soil strength of arable horizon, Pa; K, — coefficient of soil strength of
sub-arable horizon, Pa; &; — proportionality coefficient; V - velocity of tillage, m/s.

Based on obtained expressions (1) and (2) the change in quality of tillage and
specific resistance of two-tier ripper is examined, depending on structural scheme
and basic parameters; this allows us to determine their rational values.

One of key components of working element with inclined prop affecting the
quality of soil loosening is a ripping plate; its principal parameters being the width,
length and installation angle to the surface of the prop. An angle of installation (¢)
of ripping plate to the surface of the prop is determined from the condition of
sliding of soil particles and crop debris along its working surface without heaving
and balling. An angle meeting these requirements is estimated from the following
dependence

8£(§_¢max)/21 (3)

where gpmax — IS maximal friction angle of soil.
At grma40%an angle is & < 25°.
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The longest length |, of ripping plate is found from conditions of exclusion of
soil heaving in front of the plate and soil shift by the plate to the surface of
plowing by the following expressions:

< 20,,C0S ¢
" oqgsin(e + o)’

(4)

where q — is coefficient of volume contortion of soil, N/m® o, — temporal soil

resistance to compression, Pa.

According to operation conditions the width of the plate should have such
parameters as not to allow the lower layers to ascend to soil surface and the
roughness of the surface should stay minimal. Therefore the plate is fastened to
inclined part of the prop. Proceeding from this condition, maximal width of the
plate should equal to the length of inclined part of the prop.

Taking into account the conditions for ensuring agronomic requirements
concerning the height of crests, formed between the runs of upper working
elements, a formula was obtained to determine transverse distance between
working elements:

M =2nactgy, +b,, (5)

where n, — is a ratio of permissible height of the crest to the depth of processing of
the upper working element.

In determining longitudinal distance between working elements we proceeded
from the condition of exclusion of instrument clogging by crop debris and soil
(Figure 3). The formula was obtained for determining the minimum distance
between working elements of two-tier ripper:

03
L, >(a, —a,)ctgy +—chtg(a0 +g)cosa, +(a, —a, —h, 98, (6)

14 0
AL+ 00

where a, — is a depth of embedding of straight part of the prop into soil, m; ¥ —an
angle of lateral spalling of soil, D; 0,, — temporal soil resistance to compression;,

7 — soil density, kg/m*; W — soil moisture-content, %; h,— the height of chisel
hoist, m; «,— an angle of chisel crumbling, D.
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Fig. 3. Scheme to determine a zone of soil deformation by working elements of
two-tier ripper

The character of technological process, realized by working element with
inclined prop, depends on its components: inclined prop, the cutter of the prop,
chisel and tilling plate. Total drag resistance of working element is composed from
resistance of these elements. Formula to determine total drag resistance of working
element with inclined prop has the following form:

At blockaded cutting

b.t?sin(e, + £,)sin(a, + B, +
Rx :005(b5 + IH +an)+ Bl ( i ﬂf) ( 2 ﬁd) ¢) +
Cos S, 2sin® f,cosp

(b, + K 28V
0

. )cosy + fsin(e, +w)cosa,]+
siny siny

+7

+a[bV sina,tg(a, + @) +1,9(b, + actg w,) cos a, (sin a, +

fcosa,)](d+ — +
100 cos 3, 2sin” S, cos ¢
4 Pl LGP | ot ctgp)H tgo+
cos 3,
1 ., : gbl®sine .
+—qt-H, (sin B, +tgecos B.) + ——sin(e + ) + fpl b, .. (7)
2 2C0S @
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At semi-blockaded cutting
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where o,— is temporal soil resistance to contortion by the blade of a cutter, Pa; 6 —
a thickness of chisel blade; I, — a length of the blade of a cutter of working

element; q— coefficient of volume contortion of soil; t— chisel thickness; §, — an
angle of chisel sharpening; f — coefficient of soil friction with metal; = — coefficient
of pure shear; V — velocity of motion of a unit; 8, — an angle of cutter sharpening;
p,. — specific pressure of soil on working surface of a cutter; b, — cutter width; p, —
specific pressure of soil on working surface of a prop; b, — prop width; p., —
specific pressure of soil on flat face of a prop; ¢ — an angle of soil friction with
steel, D.

Landsides are the supports of two-tier ripper and they provide the stability of
its run along the width of grip and linearity of unit motion in horizontal plane.

The width of landside should be less or equal to the height of the chisel h,,
otherwise the soil from the chisel would fall on it, thus increasing ripper resistance.
So, considering this:

b, <h, =72cm. 9)
Assume that b,,= 7 cm.

The length of landside is estimated from condition, so that its pressure on the
wall of the furrow would not exceed permissible value
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where K — is specific soil resistance at loosening, Pa; n — efficiency factor of a
ripper; ¢ — friction angle with landside, D; a., — average depth of tillage by a
ripper, m; b, — width of grip of working element, m; [p] — admissible value of
specific pressure of landside on furrow wall, Pa.

Carried out calculations have shown that at the depth of tillage a.,=0,35 m, the
values equal to [p]=5-10" Pa; K=5-10" Pa, I,,> 0,16 m.

To select a type of working element with inclined prop a number of
experimental investigations have been carried out with two types of working
elements: with upper bending of the prop (above the surface of tilled soil); with
lower bend of the prop (below the surface of tilled soil). The studies have shown
that two types of working elements differ insignificantly in agro-technical and
energy characteristics. Therefore, we have selected a working element with lower
bend, so as to be able to install disc cutter in vertical position.

Experimental investigation have shown that transverse and longitudinal
distance between working elements influence on soil crumbling, preservation of
stubble field, crest level of soil surface, specific drag resistance and operational
reliability of a ripper. At transverse distance between working elements 35 and 40
cm and longitudinal distance 55-60 cm all agro-technical characteristics are
observed, there does not occur a clogging of a ripper.

Comparative experimental study of various schemes of two-tier ripper has
shown that the most appropriate one is a two-tier ripper with alternating of upper
and lower working elements, which leads to a decrease in specific drag resistance
to 21,75%, compared with a ripper with two lower working elements.

Experimental studies to validate the parameters of the plate have been carried
out with ripper plates with a width of 5, 10, 15 and 20 cm and a length of 5, 10, 15
angl 20 cm and with angles of plate installation to the surface of a prop from 5 to
30"

Experiments have shown that with an increase of an angle ¢ of installation of
ripping plate to the surface of a prop from 5 to 15°, drag resistance of working
element first increases insignificantly, further increase of an angle ¢ leads to its
intensive increase. At an increase of an angle from 5 to 25° the quality of tillage is
improving. However, at further increase of an angle to more than 25° soil
displacement in direction of a furrow is observed, crest height exceeds permissible
agro-technical requirements. So ripping plate should be used when necessary to
improve the quality of tillage. Here an angle of installation should be no greater
than 25°.

Analysis of experimental results has shown that with an increase of plate
width from 5 to 15 cm drag resistance of working element increases intensively
and improves the quality of tillage. Further increase in plate width has little effect
on the magnitude of drag resistance. An increase of plate width from 5 to 12 cm
does not visibly effect on crests width. Further increase in plate width leads to
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Intensive increase in crests height. The height of the crests exceeds permissible
values.

It has been stated that with an increase in plate length from 5 to 10 cm drag
resistance of working element first increases slightly; further increase in the length
of the plate leads to intensive increase in drag resistance. With increase in length of
the plate, time of plate contact with particles becomes longer, this leads to an
increase in drag resistance and soil heaping in front of the plate.

To meet principal agro-technical requirements rational width and length
should be selected within the limits of 9-12 cm and 12—15 cm, respectively.

In the fourth chapter «Investigation and substantiation of technology and
parameters of a plow for crested-stepped plowing» technologies and parameters
of the plows for crested-stepped plowing are investigated and validated. Based on
patent research and analysis of scientific research studies improved technologies
and design of crested-stepped plow have been developed based on linear-stepped
plow for smooth plowing: crested-stepped plow with base of different size
(different length of directing plates), set in alternating order; crested-stepped plow
with subsoil plow 6 (Figure 4).

Crested-stepped plow consists of screw plow bases (2 and 4) displaced
relative to each other. In this case, an odd base (2) is equipped with short directing
plate (3), and an even base (4) with long directing plate (5).

b, R
9 / 9 N
2
4
6 -
\ ] )
ﬁ/ 3
N

Fig. 4. Structural scheme of a plow for crested-stepped plowing
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A specific feature of proposed technology is the fact that complete turnover of
layer for 180° within its own furrow alternates with incomplete one. Here at the
surface of tilled soil the crests are formed and at the bottom of the furrow — the
steps (Figure 5), which contribute to retention and accumulation of rainwater, thus
preventing water erosion. At180° turnover of the layer, the base (4), first by itself
and then in interaction with directing plate (5) overturns the layer without shifting
its center of gravity, putting it within its own furrow. In case of incomplete
turnover the base (2) and short directing plate (3) interacts to such a turnover of a
layer, when stable position of overturned layer is ensured, this is realized by the
base without interaction with directing plate. Here the layer should be turned over
at an angle of no less than 135°.

Fig. 5. Crosscut profile of a furrow after tilling by a plow for crested-stepped
plowing

To realize incomplete turnover of a layer, a turnover of a layer with and
without shift of its center of gravity in transverse direction are combined. This
technology may be realized with screw base and directing plate by the following
way (Figure 6):

- in interaction with directing plate the base accomplishes the turnover of a
layer from O up to /2 without transverse shift of the center of gravity, here the
layer is turned over, propped up on the rib (Z) (Figure 7, a); the next turnover — by
the base and directing plate without transverse shift of the center of gravity from
(n/2) up to (n/2 +j), here the layer is propped on the rib (C,) (Figure 7, b), complete
turnover of a layer by the base with transverse shift of its center of gravity from
(m/2 +}) up to (n—0), here the layer is turned over propped on the rib (Cs) (Figure 7,

C).

76



1 — principal turning over base
2 — directing plate

Fig. 6. Method, which combines turnover of the layer without transversal shift
from 0 to =t/2 +j and with the shift of its center of gravity from a/2 +j to & —6

In the study of the process of layer motion the following assumptions have
been taken: the layer during turnover retains its rectangular cross-section, i.e. a
shape of cross-section of a layer does not change; soil layer is turned over without
tearing from the bottom of the furrow; the layer turns over around its center of
gravity and fulcrum with constant angular velocity; at layer turnover from (0) to
(z/2+j) the center of gravity of the layer should not be shifted along the axis (X).
The forces which cause the turnover of a layer, are not considered.
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Fig. 7. Scheme of turnover of a layer with transverse shift of its center of
gravity from 0 to a/2 +], and turnover of a layer without transverse shift of its
center of gravity from z/2 +j to 7—o

Write down an equation of motion of i point of a layer in coordinate form. We
will fix rectangular system of coordinates AXYZ in A4 (Figure 8). An axis Y is
directed towards motion direction and is located on the bottom of the furrow, an
axis X is perpendicular to motion direction and is also located on the bottom of the
furrow. An axis Z coincides with initial position of side face of the layer AB.

Movable system of coordinates OX;Y,Z; is located in the center of gravity of
cross-section of the layer 0, this system of coordinates would be shifted relative to
fixed system of coordinates 4AXYZ with velocity v, their corresponding axes would
be parallel.

Trajectory equations of any point of the layer in fixed system of coordinates
AXYZ at layer turnover from ot (0) to (n/2+]), obtained in investigations carried out
by V.Sharov, I.Ergashev, have the following form:

X = g + R. cos(p + wt),

y =&
T

wt, >

d . : .
Z = Esln(a)t + J)+ R sin(p + ot),
’ (11)
where b — is a width of the layer; R; — distance from the origin of coordinates 0 to
sought for i point of the layer in its cross-section; ¢ — an angle in the system

OX1Y1Z, between axis X; and radius R; . @ — instantaneous value of angular
velocity; t— current time value.
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Fig. 8. Kinematics of the layer at its turnover without transverse shift from 0
to n/2 +j and with a shift of the center of gravity at complete turnover on & -6

As seen from above-mentioned the quality of technological process of layer
turnover by a base mainly depends on the point of location of a directing plate
relative to principal base and its structural parameters. In step plow for crested-
stepped tillage a directing plate is fastened to main plowshare of the base (Figure
9). It consists of stabilizing plate (2) with bracket, short plowshare (3) and a wing
(4). Plowshare (3) of directing plate is welded to stabilizing plate (2). A wing is
fastened to a bracket of stabilizing plate (2).

The following expressions to determine the longest distance from plowshare
point to stabilizing plate and the length of directing plate are obtained:

¢, =0,5b ctgy, (12)

|, =0,9b ctgy + >

siny (13)
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Fig. 9. Scheme of interacting location of a directing plate and plow base

Drag resistance of a plowshare is composed of plowshare resistance,
stabilizing plate and a wing of directing plate:

R, =b,(A+ f cosy)(co +S_p—t”) + fp'b? +

7

+ (Pl | o5)A+ feosa)h +
sin

niun

2

h
+ fpl(lcm hnﬂ _ ?Ctg ac) + kflhkpb

(14)
where o — is temporal resistance of soil to contortion by cutter blade, Pa; 6 —the
length of a blade, m; p — specific soil pressure on flat face of a plowshare, Pa;
t, — the thickness of a plowshare of directing plate, m; , — an angle of sharpening
of a plowshare of directing plate, D; p'— specific pressure on plowshare surface,
Pa; b, — the width of a plowshare of directing plate, m; a. — inclination angle of
plate blade to the bottom of the furrow in longitudinal-vertical plate, D;
f — coefficient of soil friction to steel; ,, — an angle of sharpening of a plate, D;
t,. — plate thickness, m; p; — specific pressure at contortion of side face of a layer,
Pa; k — specific resistance of soil, Pa; f, — coefficient of internal friction; h,, — wing
height in the middle section, m; b, — the width of wing grip in horizontal plane, m.
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Analytical expressions obtained allow us to determine drag resistance of
directing plate, depending on its structural parameters and physical and mechanical
properties of soil.

One of the principal parameters, depending on tillage quality and possibility
of realization of working process of step plow for smooth-step plowing is the
length of directing plate and longitudinal distance between bases with short and
long directing plates. To reveal rational length of directing plate experimental ones
have been manufactured with lengths 25, 50, 75 and 93 cm, and longitudinal
distance between bases L, of the plow is changed by the shift of brackets of base
fastening to longitudinal beams of the frame and are fixed at 10; 30; 50 and 70 cm.

As a result of experimental studies the following optimal parameters have
been stated: the length of directing plate of the odd base - 75 cm, the length of
directing plate of the even base - 93 cm; longitudinal distance between the bases -
L=50 cm.

On the bases of theoretical and experimental studies the following structures
of trial samples of a plow for smooth-step tillage have been manufactured: 1- two-
base plow with bases of different height of a prop; 2 — two-base plow with two
subsoil plows, installed in bases with similar height; 3 — the same plow with one
subsoil plow, installed on the even base with long directing plate. Short directing
plate is installed on the odd base of these plows. Here for loosening of sub-arable
horizon the plow was equipped with subsoil plow with inclined prop of “paraplau”
type.

Results of experimental studies of trial samples of a plow have shown that
they do not significantly differ in principal quality parameters. After their passage
there is formed a crest surface and stepped bottom of the furrow. The greatest crest
pattern of tilled surface is observed in plow work with bases of different height.
However, here the depth and the level of closing by crop debris are less compared
with other options. This is evidently explained by the fact that with an increase of
tillage depth, the turnover of a layer with the even base is impaired. It is stated that
a plow with subsoil plow installed in the even base has an advantage, compared
with the first and second option, in drag resistance up to 11,88% and 7,9%,
respectively, in run stability and steel intensity.

The fifth chapter «Results of economic tests of worked out technical
means and technical-economic efficiency of their application» presents the
results of economic tests of worked out technical means and technical-economic
efficiency of their application. This chapter lists the features and brief description
of developed two-tier ripper YaYu-4-35 and a plow for crested-stepped tillage
O'PP-4-50, and it presents the results of comparative field tests with basic
machines.

It was stated that developed instruments in basic parameters of work are
significantly higher than serial machines. Their application helps to prevent soil
from wind and water erosion, improves the quality of tillage, reduces energy and
fuel consumption and increases unit productivity.
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Economic effect of the application of research results consists of the
following components:

- With application of two-tier ripper with inclined props labor costs are
reduced by 18,75%, fuel consumption - by 19,12%, labor productivity is increased
by 18,96%;

- With application of a plow for crested-stepped tillage labor costs are reduced
by 14,4%, fuel consumption — by 14,25%, labor productivity is increased by
14,28%.

Annual economic effect of the implementation of two-tier plow-ripper is 7.17
million soums, and a plow for crested-stepped plowing - 5.35 million soums (in
prices of 2014).

GENERAL CONCLUSIONS

Data analysis has shown that the problem of preservation of fertility and soil
moisture-content, elimination of wind and water erosion during primary tillage is
not solved yet. As a result, existing machines for primary tillage in the process of
operation impair physical, mechanical and technological properties of soil, increase
the sensitivity of tilled soil to wind and water erosion, decrease soil fertility and
crop yields. Structural, technological and kinematic parameters of machines are
selected for one mode of primary tillage only - full and deep overturning of the
layer, which is one of the main causes of increased power consumption and
material intensity of the process of plowing

Soil protection from wind and water erosion, improvement of the quality of
tillage, reduction of energy and material intensity of agro-method due to
development and implementation of differentiated system of tillage; technological
and technical provision of this processing present an actual scientific problems.

Worked out mechanical-mathematical and computational experimental
models, reflecting the relationship of quantitative and qualitative indicators of soil
saving tillage systems, energy and materials consumption of this agro-method with
rational parameters of two-tier ripper-plow and a plow for crested-stepped
plowing, soil response on their working elements compose scientific foundations
of the problem and allow to solve practical problems of the latter.

As a result of the study, the following scientific research results have been
obtained.

1. On the basis of analysis of the mechanics of tillage process the problem of
development of scientific bases for improved differentiated systems of tillage has
been formulated; this system, studying the causes and ways to reduce wind and
water erosion during primary tillage, is implemented in the form of alternating of
technologies of crested-stepped and subsurface two-tier processing of soil (on the
slopes) with their scientific and technical provision.

2. On the basis of studies of the types of working elements, interacting
location, modes of operation and stability of ripper motion with upper and lower
working bodies it was stated that the most rational design scheme of two-tier ripper
with inclined props is a plow scheme with alternating upper and lower working
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elements with the lower bending of the prop; qualitative soil loosening with the
least energy consumption is provided at longitudinal and transverse distances
between working elements 50-60 cm and 35-40 cm, respectively; width and length
of the landside are 7cm and 16 cm, respectively.

3. Regularities of the change in soil resistance to the shift of working element
with inclined prop have been stated, depending on its structural parameters,
operating modes and soil properties. Rational values of parameters of working
element are within the following limits: the sharpening angle of the cutter is
16-20°, sharpening angle of the prop - 18-22°, the height from inclined working
part of lower working element up to bearing surface of the chisel is 25 cm, of the
upper working element - 15 cm, chisel width - 6,0-7,0 cm, angle of chisel lifting is
20-25°, the angle of inclination of the prop in transverse-vertical plane - 45°,
maximum angle of installation of loosening plate to the surface of the prop is 25°,
length and width of the plate - 12-15 cm and 9-12 cm, respectively.

4. An effective way of crested-stepped plowing of slopes is an alternation of
partial turnover of a layer with complete turnover within its furrows at 180° in
combination with belt subsurface tillage. To form a water-retaining crest partial
overturn of the layer should be realized as follows: turnover of a layer from O to
(n/2+)) without lateral shift of the center of gravity; further complete turnover of
the layer with transverse shift of its center of gravity.

5. Worked out model of technological process of crested-stepped plowing
with simultaneous subsurface belt loosening and research of interacting location of
bases and subsoilers, bases and guiding plate, operation modes and stability of
motion of a plow have shown that rational structural scheme of a plow for crested-
stepped plowing is a stepped schemes with alternating of equal in sizes bases with
short and long directing plates and subsoil plows set behind even bases. When
longitudinal distance between the bases is 50 cm, required quality partial turnover
of a layer with the least energy consumption is provided at the following
parameters of directing plate of odd bases: length of directing plate - 75 cm, width
of directing plate - 25 cm, height of stabilizing plate -15 cm, minimal distance
from plowshare point to stabilizing plate -25 cm.

6. Physical-mechanical and technological properties of soils prone to erosion,
allow us to set the reasons of wind and water erosion and identify the ways to
prevent them.

Based on research results a number of technical solutions on technological
and layout schemes, instruments structure, their working elements have been
developed and recommended for implementation; these solution are protected by
patents of the Republic of Uzbekistan for the invention:

- Means and apparatus for implementation of technologies of subsurface
tillage (NeFAP 00701, NeFAP 00656, NeFAP 00669, NeFAP 00787, NeFAP 00850);

- Means and apparatus for implementation of technologies of crested-stepped
plowing (NeFAP 00719, NeFAP 00863);

- Means and apparatus for implementation of combined soil-saving tillage
(NeFAP 00672, NeFAP 00657, NelAP04832, NeFAP 00864).
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7. One of perspective ways of soil preservation from wind and water erosion
is a development and building of combined machines, capable to produce
simultaneously subsurface and subsurface and moldboard tillage, belt subsurface
tillage, fertilization, soil preparation for sowing in a single pass of the unit.

8. Technological processes of tier loosening of soil and crested-stepped
plowing, two-tier ripper and a plow for crested-stepped plowing have been
validated.

Results of studies have been accepted by "BMKB-Agromash™ and used in
development of initial requirements to structure of two-tier ripper and a plow for
crested-stepped plowing.

9. Results of field trial tests of worked out instruments have shown that they
excel serial machines in all characteristics, prevent soils from wind and water
erosion, improve the quality of tillage, reduce energy and fuel consumption,
increase productivity of units.

Economic effect of application of research results consists of the following
components:

- application of two-tier ripper with inclined props reduces labor costs by
18,75%, fuel consumption - by 19,12%, labor productivity increases by 18,96%;

- application of a plow for crested-stepped plowing reduces labor costs by
14,4%, fuel consumption - by14,25%, labor productivity increases by 14,28%.

Annual economic effect of two-tier plow-ripper implementation is 7,17
million soums and a plow for crested-stepped plowing — 5,35 million soums (in
prices of 2014).

Thus, on the basis of theoretical generalization and implementation of new
scientific concepts stated in the dissertation a major problem of development of
bases of the theory of differentiated and soil-saving tillage system has been solved;
it has an important economic significance.
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