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PE3IOME

B mactOumHbIil mepuoj, B CBS3HM C TOBBINICHHEM TEMIEpaTypbl aTMOc(epHOro Bo3ayxa U
ONMaronpusITHBIX YCJIOBHH U BBIIUIOJA MYX M JIPYTHX HAaCEKOMBIX-TIEPEHOCUYMKOB BO30YyAMTENEH
WHQEKIIMOHHBIX 3a00J€BaHUM, BOBHUKAET  JAJsl KPECThIHCKMX XO3SMHCTB mpobiema — Gopnba ¢
JKTOMAapasuTaMu. B dacTHocTH, AN TPOPHIAKTHKH HH(EKIHOHHOTO KEepaTOKOHBIOHKTHBUTA
KPYITHOTO POTaToOro CKOTa HamboJiee BAKHBIM (PaKTOPOM SIBIIAETCS KOHTPOJIh U 60ph0a C MOJIEBHIMH
MYXaMHu.

B crathe omuCHIBacTCS TEXHOJOTHS JE3WHCEKIUHM, C HCIOJb30BAHHEM B CPABHHTEILHOM
acrmiekte pa3paboTaHHONM HaMu «YCTaHOBKa JUIi 0OpaOOTKH CENbCKOXO3SHCTBEHHBIX JKUBOTHBIX)»
(YOCXK) u TpamunuoHHOro MeToAa , Ha mpumepe «HaBecHOro TPaKTOPHOTO OIPBICKUBATEISD)
(HTO). Ananu3 ycTpOWCTB U OLEHKA UX 3()(HEKTHBHOCTH OCYHICCTBISUTUCH B YCIOBUSX BOCTOYHOI'O
Kazaxcrana. OOpabOTKM KOXHBIX ITOKPOBOB JKMBOTHBIX INPOBOMWIM Ha MAcTOWIAX B MECTax
COJIepKaHUsl U OTKOpMa KPYITHOTO POraToro CKOTa.

O6pabotka YOCXK cokpatuna o6beM pacxoJyeMOro BETCPHHAPHOTO Tpernapara, KOJIUYeCTBO
3a/IeHCTBOBAHHOTO Pa0bOYero mepcoHana M BpeMsi 00paOOTKH, UTO SBISETCS OCOOSHHO Ba)KHBIM IS
MacmTabOB KPYITHOTO KPECThSHCKOro Xo3siiicTBa. MccnenoBanue mokasaio psij MPEUMYIIECTB TPU
WCIOJIb30BaHUM HOBOW YCTaHOBKU: 3((EKTUBHOCTh, yI00CTBO, MOOWIBLHOCTh, 3KOHOMHYHOCTb.
IToMUMO TEXHMYECKHX MPEUMYIIECTB, JaHHAS yCTAHOBKA MPHMEHsETCs Oe3 cTpecca IS KPYITHOro
poraroro cKora.
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HCCIEAOBAHHME BOPO3100bPA30OBAHUA U PASPABOTKA HHHOBAIIMOHHBIX
POTAIIMOHHBIX PABOYUX OPI'AHOB JIVISA TIOBEPXHOCTHOU OBPABOTKHA
INOYBbI
RESEARCH OF FURROW FORMATION AND DEVELOPMENT OF INNOVATIVE
ROTARY WORKING BODIES FOR SURFACE TILLAGE

AHHOTAUA

O0paboTka TOYBBI POTAIMIOHHBIMA PAa0OYMMH OpraHaMH COIPOBOXKIAETCS 0Opa3oBaHHUEM
000371, UMEIOIIUX pa3InyYHbIe (POPMBI U TapaMETPhl B 3aBUCUMOCTH OT BHJIa Pa00OYMX OPraHoB, a TAKIKE
WX MIapaMeTPOB U PEKUMOB pabOThI, OT KOTOPBIX 3aBHCUT Ka4eCTBO 00pabOTKH MOYBBI M YJHEPTOEMKOCTh
nporecca. B 3TOl CBSI3M MEPCIIEKTUBHBIM SBIISETCS TTOYBOOOPAOATHIBAIOIINE MAIIMHBI C aKTUBHBIM
MIPUBOJIOM POTAIIMOHHBIX Pa0OYMX OpraHoB. JlaHHas cTaTbs MOCBAINEHA HWCCIICJOBAHUIO IpoIlecca
00po3/1000pa3oBaHus pa3pabaThiBAEMbIMH MHHOBAIIMOHHBIMUA POTAIIMOHHBIMU PaOOYMMU OpraHaMHu C
aKTUBHBIM TIPUBOJIOM JUIS TIOBEPXHOCTHOW 00paboTku mouBbl. Llenmp paboTel — pa3paboTka
WHHOBAIIMOHHBIX POTAIMOHHBIX PabOYMX OPraHOB C aKTHBHBIM MPUBOJIOM Ha OCHOBE HMCCIIEIOBaHUS
3aKOHOMEpHOCTEH Tmporecca Oopo3mooOpazoBanus. [IpoBereH aHanuM3 HCcIeOBAaHWN TMpolecca
00p0371000pa3oBaHrsl  POTAIMOHHBIMM ~ pa0OYMMHU  OpraHaMH, IIUPOKO  HCIOJIb3yeMbIMU  JUIS
MOBEPXHOCTHON 00paboTku mouBbl B CeBepHoMm Kazaxcrane. PaccMOTpEeHBI TEXHOIIOTHYECKHUE
IMPOLECChI pa6OTBI YKa3aHHbIMU paGO‘II/IMI/I OpraHaMu C BBIABJICHUEM HX NPEUMYIIECTB U HEAOCTATKOB
IO KPpUTCPUIO KAYCCTBECHHOI'O BBIMTOJIHCHUA TEXHOJOTHYCCKOI'O IIPOIECCca. ,Z[J'IS[ IIOBBIIIICHUA Kadye€CTBa
00pabOTKM TIOYBBI TIPEAJIOKEHB MHHOBAIMOHHBIE DPOTAIMOHHBIE pabodre OpraHbl C aKTHBHBIM
NPUBOAOM. DKCIEpHUMEHTAIBHBIE HCCIIEI0BaHU 00p031000pa3oBanHusl pa3pabaTeiBaeMbIME pabOYMMU
OpraHaM# TPOBOAWINCH B TOYBCHHOM KaHaye. YToil aTaku cocTaBistl 90 rpanm. Kunemartmueckuit
ko3(pdurment mmensuics ot 0,6 no 1,4. PesymbTaThl 3KCHIEpHMEHTOB 00pabaTHIBAIIMCH METOIOM
MaTeMaTHYeCKOH CTaTHCTHKU. [lomydeHHBIE 1O pe3ynabTaTaM WCCICAOBAHUS JaHHBIE ITO3BOJSIOT
pemuTh 337a4y 1Mo 00OCHOBAHHUIO M BHIOOPY MapaMeTpoB U PEKHUMOB MX PabOThI, KOTOpbIE obecrieyar
00pa3oBaHKe ONTHUMAILHBIX 00po3i. [locneHee MO3BONSET YAYUIIHTh BHIPOBHEHHOCTH JIHA OOPO3/IBI U
CTETIEHb TO/IPE3aHUsI COPHSKOB, M, TEM CaMbIM, YJIYYIINTh Ka4eCTBO OOpPaOOTKM TOYBBI, a TaKXKe
CHH3HTH 3aTPaThl SHEPTUU Ha 00PaOOTKY MOYBBI.
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ANNOTATION

Soil cultivation with rotary working tools results in furrows with varying shapes and parameters,
depending on the type, parameters, and operational modes of these tools, which influence both soil
cultivation quality and energy consumption. This highlights the potential of soil-cultivating machines
equipped with actively driven rotary tools. This article focuses on studying the furrow formation process
using innovative actively driven rotary tools developed for shallow soil cultivation. The objective of this
study is to design innovative actively driven rotary tools based on an analysis of the furrow formation
process. A review of existing research on furrow formation with rotary tools commonly used for shallow
soil cultivation in Northern Kazakhstan was conducted, evaluating the technological processes of these
tools and identifying their advantages and limitations in terms of achieving high-quality soil processing.
To enhance soil cultivation quality, innovative actively driven rotary tools are proposed. Experimental
studies on furrow formation using these newly developed tools were conducted in a soil channel. The
attack angle was set at 90 degrees, and the kinematic coefficient ranged from 0.6 to 1.4. The
experimental results were analyzed using statistical methods. The findings provide a foundation for
justifying and selecting parameters and operational modes that ensure optimal furrow formation,
improving furrow bottom evenness, enhancing weed undercutting, and ultimately improving soil
cultivation quality while reducing energy costs.

Knrouesvie cnosa: 060po30006pazosanue, pomayuoHHvle paboyue Oopeamvl, NOBEPXHOCHHAS
06pabomxa nouswvl, yeoi amaku, AKMUEHbIL NPUBOO.
Key words: furrowing, rotary working bodies, surface tillage, angle of attack, active gear.

Beenenmne. Cenbckoe XO3SMCTBO 3aHMMaeT BaxHylo poiab B PK. OcHOBHOH oOTpacibio
pactenueBoncTBa B Kaszaxcrane sBIsieTCss TPOM3BOACTBO 3€pHOBBIX KynbTyp. OOmias miomanb
MOCEBHBIX IUIONIAJICH 3ePHOBBIX KYJBTYP COCTaBisieT Oojiee 15 muH. ra. B aroii cBssu, addekruBHas
00paboTKa MOYBBI MTPAET BAKHYIO POJHh B MOJYYEHHUH BHICOKHX ypokaeB. Opyaus ¢ pOTAIOHHBIMH
pa60‘H/IMI/I opraHaMuv IHPOKO HCHOJIB3YIOTCA B 3€MIJICACIINU B paMKax COBPEMCHHLIX arpOTEXHOJIOT ni
BO3CJIBIBAHMA 3C€PHOBBIX KYJLTYP. K Takum opyausaM OTHOCATCA AHUCKOBBIC arperatbl, JUCKAaTOPHI,
KOJIBIIEBBIE OOPOHBI, PPE3BI U JPYTUE MAIIWHBI, IPUMEHSeMbIe 1 00pab0OTKH BEPXHETO CIIOS TIOYBHI.
OmHMM #3 KIIOYEBBIX AaCIEKTOB JSTOTO TEXHOJIOTHYECKOTo IIporiecca sBIsieTcS oOOecriedeHne
OIITUMAJIBHBIX yCJIOBI/IfI A poCTa U pa3BUTHUA KOpHeBOI\/'I CHUCTEMBI CeJIbCKOXO3SMCTBEHHBIX KYJIBbTYDP.
YkazanHoe TpeOyeT npaBUiIHLHOTO (hopMupoBaHuUs OOPO3T ¥ KOHTPOIIS UX TTapameTpos [1].

CenbCKOXO035IICTBEHHBIE MAITMHBI C AKTUBHBIM MPHUBOJIOM POTAIIMOHHBIX Pa0OYHMX OPTraHOB IS
HOBerHOCTHOﬁ O6pa6OTKI/I IMOYBbI ABJIAIOTCA TMCPCHEKTUBHLBIMK B COBPEMCHHOM 3C€MIJICACIINH.
OO0Opa0OoTKka TO4YBBI yKa3aHHbIMH paOOYMMHM OpraHaMy COIPOBOXKIAETCs O0Opa3oBaHHEM OOpO3/,
UMEOIINX pa3iIndHble (JOPMBI U IMapaMeTphl B 3aBHCUMOCTH OT BHJAa Pa0OYMX OPTraHOB, a TAKKE HX
MapaMeTpPoOB U PEKUMOB PabOTHI, OT KOTOPHIX 3aBHCUT SHEPTOEMKOCTh IPOIECCca U Ka9eCTBO 00pabOTKH
MOYBEL. B CBSI3M € 3TUM, aKTyalbHBIMH CTaHOBSITCS MCCIIEIOBaHUs Tpoliecca GopmupoBanus 60po3s ¢
WCTIOJIE30BaHUEM WHHOBAIIMOHHBIX POTAIMOHHBIX Pa0OYMX OpraHoB C aKTHUBHBIM IPUBOJIOM,
YUUTHIBAIONIAE WX ITapaMeTpPhl, PEeXUMBI paboThl MU OCOOSHHOCTH ITOYBEHHBIX XaPAKTEPUCTUK. OTH
WCCJIEJIOBaHMUS UTPAIOT BaXKHYIO POJIb B PA3BUTHUH arpOMHXCHEPHOH HAYKH.

Llenv pabomvr — pa3pabOTKa WHHOBAIIOHHBIX POTAI[IOHHBIX Pa0OYMX OpPraHOB C AKTHBHBIM
MIPUBOJIOM Ha OCHOBE MCCIIEIOBAHMUS 3aKOHOMEPHOCTEH Tporiecca 60po31000pa3oBaHmsl.

Marepuaasl ¥ MeTOAbI MCCJeA0BaHMil. BbUT MpoBeNieH aHannu3 MCCIEA0BaHUA IO TPOIECCY
00p0371000pa3oBaHUsl POTALMOHHBIMH PaOOUYMMK OpPraHaMH, HCIOJIb3YEMBIMH JUIS TOBEPXHOCTHOM
00pabotku mouBkl B CeBepHoM Kazaxcrane. B xojie aHanmm3a pacCMOTPEHBI TEXHOIOTHYECKHE TIPOLIECCHI
paboThl yKa3aHHBIMU PA0OYMMHU OpraHaMU, BEISBIIEHBI MX TPEUMYIIECTBA U HEJOCTATKU C TOUKU 3PEHUS
Ka4deCTBa BBIITOJTHEHUA TEXHOJIOIMYCCKNX onepaulzlﬁ.

ATrpoTexHnuecKre TpeOOBaHUs K MpOLECCY IOBEPXHOCTHOHW 0OpabOTKM MOYBBI BKIHOYAIOT
cienyomye: rryonHa oopaboTku — 8+1 cM, BBIPOBHEHHAS! M BETPOYCTOMYMBAs MOBEPXHOCTH IIOJIS
nocyie 00pabOTKH, OTCYTCTBHE YBEIMYECHUsI KOJMYECTBA 3PO3UOHHO-OMACHBIX YaCTHI] B BEPXHEM CIIOE
(0-5 cm), coxpaHeHHe CTepHH TOCiTe 00pabOTKM Ha ypoBHe He Menee 60%, ITOTHOE MOApPE3aHHUE
copusikoB (He MeHee 100%), TpeOHUCTOCTH MOBEPXHOCTH HEe Oosee 4 cM, a BbIcoTa I'peOHEH Ha JTHE
06opo3 el He 6oee 2 cM.
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Ha ocHOBaHWM arpoTeXHWYECKUX TpPeOOBaHUI K TOBEPXHOCTHOW 00pabOTKE IOYBBI OBLI
MIPOBEJICH aHAJIM3 WCCIICAOBAaHMI TIporiecca (OpMHUpPOBaHHMS OOpO37 POTAIMOHHBIMUA PabOdInMHU
opraHamu.

J1s NOBBINIICHNST Ka4eCTBa 00PaOOTKY TIOUBHI IyTEM YIIY4IIICHUS BRIPOBHCHHOCTH JTHA OOPO3/IbI U
CTETICHN TMOJIPE3aHUsl COPHSIKOB TPEIUIOKEHBI WHHOBAIMOHHBIC POTAIIMOHHBIE pabouyre OpraHbl ¢
AKTHBHBIM MIPUBOJIOM.

PoTanuoHHbIii  KONBIIEBOM pabOuYMii OpraH COCTOMT W3 CTYIHIBI C 3aKPEIUICHHBIM Ha HeEH
MOCPEICTBOM CITHII ITMITUHIPHYCCKUM KOJIBIICBBIM 000I0M, PUCYHOK 1a.

Crnemyrommii paboduii opraH — pOTaIMOHHBIN HOXKEBOW pabodmii OopraH CONEKHT CTYIHILY, K
KOTOPOU KPETSATCS CITUIIBI C PEXKYIIMME HOXKEBBIMH 3JIEMEHTAMU 3JUTUITHYECKO (hOPMBI, pUCYHOK 16.

ITnockocTs BpamieHuss 00OMX THIIOB pPa0OYero oOpraHa OTKIOHEHAa OT HalpaBlIeHHS
MOCTYIATETPHOTO JIBIDKCHUST Ha yron ataku o=90 Tpan., T.. OCh BpAIICHUS OPHECHTUPOBaHA TIO
HANpPAaBJICHUIO TIOCTYMATENFHOTO JBIKCHHS arperara. YKa3aHHOE SBISCTCS WX OTIHYUTEIHHOMN
0COOCHHOCTBIO.

a=90° I

#L50°

a) 0)
a — KOJIbIIeBOM paboumii opraH; O — HOKEeBOI pabouuii oprau
Pucynok 1 — IHHOBallMOHHBIE POTAIIMOHHBIC PabOUKe OPraHbl C aKTHBHBIM MIPHBOIOM

TexHomornyeckuii mpomecc 0OpadOTKM TMOYBHI YKa3aHHBIMH  POTAIMOHHBIMH  pabourMu
OpraHamMH BBITIOJHSETCS CIEAyIOIMM obOpa3oM. Pabodne opraHsl BpamiaroTcs TPUHYAUTEIFHO C
AKTUBHBIM TIPUBOJIOM BOKPYT OCH C YTJIOBOI CKOPOCTBIO @ TIPOTHB YaCOBOW CTPEIIKH H ITEPEMEIIat0TCs
C TMOCTYNATeNbHOW CKOpOCThIO. [IpH 3TOM, 3ariyOsiaick B MOYBY Ha 3aJlaHHYIO TIIyOMHY 00paboTkw,
OCYILIECTBIISIOT €€ PhIXJICHHE, OJTHOBPEMEHHO TO/Ipe3asi COPHAKHU C BEIHOCOM KX Ha TIOBEPXHOCTH ITOJIS U
BBIPABHUBAsSI [IOBEPXHOCTH TIOJISL.

DKCHeprMeHTHI MPOBOAMINCH B YCIOBHSX TIOYBEHHOro KaHana. Kunemarnaeckuid koaddurmeHt
u3mensuics ot 0,6 1o 1,4. BrnaxxHocts mouBbl coctapisuia — 20-22%. Kparnocts ombitoB — 3. [ocie
npoxoja pabouumx OpraHoB JHHUM 1poduiast cHOpMHPOBaHHOH OOpo3Abl  OOBOIMIIUCH €
MCIIOJIb30BaHUEM O€JI0N HUTH U uroiiok. [lanee Oopo3na cHuMacs Ha doToarmapar ist MOCe Iy oei
00paboTKK B KOMIbIOTEpHOH mporpamme Compas-3D. Pe3ynbraThl 3KCIIEPUMEHTOB 00padaThIBAINCH
METOJOM  MareMaTHYeCKOM  cTaTuCTUKU.  TakuM  oOpa3oM,  HWCCIeIOoBaHUS  Ipolecca
00p031000pa3oBaHysl yYKa3aHHBIMH paOOYMMH OpraHaMH C HCIIOJb30BAaHMEM JaHHOM METOAUKH
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MO3BOJIAIOT PEIIUTh 3aj7a4y IO OOOCHOBAaHMIO W BEIOOpDY MapaMETpOB M DPEKUMOB HUX pabOTEHI,
00ecIeunBaOINX 00pa3oBaHNE ONTHMATIBHBIX OOPO3/I.

Pe3yabTaThl HccienoBanusi. V3BeCTHO, YTO TEXHOJOTHYECKHH Mpoliecc 00paOOTKH ITOYBHI
COIIPOBOXKAAETCs 0O0pa3zoBaHueM 0opo3bpl. OMHAKO, B 3aBUCUMOCTH OT BHJIa PA0OYHMX OPraHoB, a TAKKE
X TapaMeTpoB U PEeXHMOB paboThl obOpasyemble OOpO3IbI MOTYT WMETh pPa3UdHble (OPMBI H
napaMeTphl, OT KOTOPBIX 3aBHCUT HEPrOEMKOCTh TMpoIiecca W KauecTBO 00paboTku mouBkl. [Ipu sTom
BBIPOBHEHHOCTh JIHa OOpPO37bl BBICTYNACT OJHUM W3 KIFOYEBBIX arpoOTEXHHMYCCKHX KPUTCPUEB IPH
BHIOOPE KOHCTPYKTHBHBIX IapaMEeTPOB POTAI[MOHHBIX pab0OYMX OPraHOB, HE3aBHCUMO OT TOTO,
OCHAIICHBI JIN OHU MACCUBHBIM WIIH aKTHBHBIM IPHBOJIOM BPAIICHUSI.

HUccnenoBanremM 60po31000pa3oBaHus pOTAIMOHHBIX paO0YMX OPraHOB, B YACTHOCTU JTUCKOBBIX
U KOJIBIIEBBIX, C OCTPHIM YIJIOM aTaKW K HampaBlieHHIO ABrkeHus, 3anumanuch [1.C. Hapros, ®©.M.
Kanapes, I H. Cuneoxos, .M. ITanos, B.®. Crpensbunkuii, C.A. Reaves, W.R. Gill, J.P. Hettiaratchi
u ap. [2-7]. UmMu ycTaHOBJIEHO, YTO yKa3zaHHBIE pabodre OpraHbl 00pa3yloT HEPOBHOE THO OOpO3bI,
PHUCYHOK 2.

—— = — ___/ '|-=l
‘ P [
}
|

e J——

a) 0)
h — rmyOuna 06paboTkH; C — BbIcoTa TpedHs; | — paccTosiHue MKy JUCKaMU
a — BHJ cOOKY; O — 00mIuii BU
Pucynoxk 2 — bopo3nooOpa3oBanue TMCKOBBIME paO0OYNMH OpraHaMH

[Mocnie mpoxona AUCKOBBIX pabouyMx OpraHoB Ha JHE OOpoAbI 00pa3yroTcsi TPeOHHU, BBICOTOH C.
Onu pacronararoTcsi o JJIMHE MO HANpPaBJICHUIO IMOCTYNATEILHOTO ABMXEHUS opyaus. JIHO GOpo3.sl,
00pa30BaHHOE JMCKOBBIMH W KOJBIEBHIMH pabOuYlMH OpraHamu, UMeeT kejoOdaryio dopmy. s
CHIDKEHHS BBICOTHI TpeOHEN 10 arpOTeXHHYECKH JOIMYCTHMOIO 3HaYeHHs, HE0OXOIUMO OOOCHOBaHHO
BBIOMPATh paccTosiHue Mexay auckamu |. [ AMCKOBBIX pabovmX OpraHOB e¢ BEJIMYMHA JIOJDKHA
cocraBisith C < 0,5h [8;9]. O6pa3zyemasi IMCKOBBIMH M KOJBLEBBIMU pabOuMMH OpraHamu 0Oopo3ja
napasesbHa HalpaBIeHUIO MOCTYMATEeIHHOTO JBIKEHHS OpyIusl. A JUIMHA BCEr/la paBHa JJIMHE ToHA. B
MIONIEPEYHOM CeUYeHHH O0po31bl uMeeT GopMy dacTu umica. IIpu 3Tom, TexHONMoruueckuii mporuecce
00paboTKM MOYBBI yKa3aHHbBIMH Pa0OYMMM OpraHaMH JOJDKEH OOecIeurBaTh IOJHOE IOJpe3aHue
COPHSIKOB.

Takum 06pa3zom, obecriedeHre MUHIMAILHON BBICOTHI TpeOHEH (HEpOBHOCTEH) Ha JTHE OOPO3.IbI
HauboJiee MOIHO U JACTATBHO PEIICHBI [Tl TUCKOBBIX pab0vnX OpraHoB poTaroHHoro tuma [10-13].

IIpu yBenuyeHun yriia aTakd MOYXKHO JOOWTHCS TOTIONHUTEIHHOTO CHIKEHHS BBICOTHI IpeOHei
(mepoBHOCTe) Ha mHE Oopo3apl. OmHAKO 3TO MOXKET BbI3BaTh HAIMIAHWE TIOYBBI M 0Opa3oBaHUE
MIOYBEHHOI'0 CJI0Sl Ha pabovell MOBEPXHOCTH OPTraHOB POTALMOHHOTO THIIA, €CJIM HE NMPHUMEHATh HX
NPUHYIUTENbHOE BpalieHue. TakuM o0pa3oM, B3auMOAEHCTBUE C TIOYBOH JTMCKOBBIX PaO0OUMX OPraHOB
3aBHCUT OT TAaKHMX [apaMeTPOB KaK pAcCTOSIHHE MEXIy auckamu |, yrom artaku ff ¥ CKOPOCTh
MOCTYMATEIBHOTO BIKEHUS opyiust. OT yKa3aHHBIX TIApaMETPOB 3aBUCHT Takxke mpoduiis (hopma) aHa
00po31bl. YBenMuMBas yroj aTaku, MOXHO JOOUTHCS YMEHBILIEHHUS BBICOTHI IpeOHEH Ha J1HE OOpO3.IH,
OJTHAKO, YKa3aHHOE MPUBOJUT K CIPYKHBAHHIO IMOYBHI HA paboueil MOBEPXHOCTH JHUCKOB, MOCKOJBKY
npu yriax araku ooneire 20-40 Tpaj. mpoucxoauT GopMHPOBaHKE TOYBEHHOTO 00pa30BaHHSI.

220



ISSN 2305-9397. Fbi/ibiM )caHe 6istim. 2024. N° 4-2 (77)

I''H. CuneoxoB u .M. IlanoB ycranoBwian BiausHHE Auamerpa D nucka, BBICOTHI TpeOHS ¢ Ha
JiHE OOPO3/bI U yTJIa aTaky ff Ha paccTosHus | MexIy AMCKOBBIMU pabovnuMu opraHamu B Oatapee. Mmu
npeiokeHa (popMyrna ajsl OnpeAeNieHnsT BEIWYMHBI BBICOTHI TpeOHA Ha AHE O0O0po3abl ais Oatapen
JIMICKOBBIX pab0YMX OpTraHoB:

D 1 ———F——=
¢ =5 —3VD° - I"cg"p, @

rae [ — yTOX aTaku TUCKOB, Tpaj; D — nnameTp MUCKOB, MM; ¢ — BBICOTa TpebHel 1Ha OOPO3/IBI, MM;
| — paccrosiHue MeX Ty CMEXHBIMH JMCKaMK B Oatapee, MM.

I''H. CHHEOKOBBIM TPEJIOKEHO BhIPAKEHHE, TTO3BOJISIONIEE ONMPEAeNsTh paccTosHue | Mexmy
JMcKaMu B OaTtapee:

Y cosa

|
;:{zl ¢ (D—c;;a)+ﬁ‘ -tgh, (2

rae 0. — yTOJl HaKJIOHA JWCKOB, TPA; € — PACCTOSIHUE MEXY OCSIMH BPAICHHUS AUCKOB, MM; f — yrOJ
aTaku, Tpajl; ¢ — BBICOTA TPEOHSI, CM.

OpHako, yka3aHHble (GOpPMYJBI HE MOTYT OBITh NMPHUMEHEHBI NPH OOOCHOBAHWW IapaMeTpoOB
POTAIMOHHBIX PAa0OYMX OPraHOB C AKTHBHBIM IPUBOJOM, IMOCKOJBKY OHH HE YYUTBHIBAIOT PEXUM
BpaIeHns pabovero oprana.

Uccnenosanusimu J.P. Hettiaratchi, C.A. Reaves, W.R. Gill u3y4ena reomerpus mornepeqHoro
cedeHuss OOpO3Mbl TPU B3aWMOJIEHCTBMM C TIOYBOWM TUCKOBBIX paboumx oprano [14,15]. Ilo
pe3yJbTaTaM MPOBEJICHHBIX NCCIIEI0BaHNUI UM MOIYyYEHO TTONIEPEYHOe CeUeHre O0po3Ipl, hopMHUpyeMoe
JIICKOBBIM pabOYMM OpPraHoM, UMEIOIIMM aTakd JWcKa 45 rpal. ¥ yroj HakJIOHa & OT BEPTHKaIbHON
ocH, TipH TiyonHe 00pabotku 150 MM, pucyHoK 3.

CdopmupoBanHas pabounM opraHoM Oopo3fa, B TOMEPEYHOM CEUYEHHH MMeeT (opMy dacTu
AIUTHIICA ¢ OOJTBIION MOoyockto 8 = 250 MM 1 manoi b=171 mm. MiMu Taxke pacCMOTPEHO BIIMSHUE yriia
HaKJIOHA JTUCKA & OT BEPTUKAIIM Ha MIUPUHY (HOpMUpPYyEeMOl OOpo3/Ibl. Y CTaHOBJIEHO, YTO C POCTOM yIiia
HAKJIOHA JWCKA & OT BEPTUKAIM MPOUCXOAUT YBEIWYCHHE IUIOIMIAIH MONEPEYHOrO CEYEeHHsT OOpO3MIbI,
CIIeIOBATENBHO, IIMPUHBI 00PO3/1b1, (POPMHUPYEMOI AUCKOBBIM PAOOYNM OPTraHOM.

150

Pucynok 3 — [Ipoduib gHa 60po3asl, GopMHUpYyeMbIid TUCKOBBIM pabOYNM OpraHOB
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TeopeTHUecKUMH U IKCIICPUMEHTAIBHBIMH HCCIICIOBAHUAMU (PPE3EPHBIX OPYAUN C aKTHBHBIM
MpUBOJIOM W 00po3m, (GOPMHPYEMBIX WX POTANMOHHBIMHA pPab0OYMMHU OpraHaMH, 3aHUMAIUCH
I. bepnauxuii, H.b. box, ILM. Bacunenko, U.M. I'punuyk, A.J[. Hamun, ®.M. Kanapes,
A.C. Kymmnapes, A.W. Jlemankun, ®. C. Jlrooumos, [1.U. Makapos, }0.1. Matsamun, .M. IlaHos,
I''H. Cuneoxos, E.Il. fnyk u ap. [1, 16]. mu ycraHOBIEHO, 9TO BO BpeMs pabOTHI POTAIMOHHBIMHU
pabounmu opraHamu Qpes, popMupyrorcs rpedHE Ha AHE O0pO3Mbl. YKa3aHHOE CBSI3aHO C TE€M, UTO
MIETIIM CMEXHBIX ITUKJION]T KOHIIOB [ -00pa3HBIX HOXKEH MepeceKaroTcsl Ha OMPEICICHHON BBICOTE OT
JUHAW HWKHUAX TOYEK IUKIONI, puCyHOK 4. Takum oOpaszom, dopmupyemoe THO OOpO3IbI UMEET
*Kerro0000pa3Hyto popmy.

JKemnob6 Oopo3abl MMEeT OIMpPEACICHHYIO JUIMHY ¢, PaBHYIO IIMPHHE 3axBara [ -00pa3HOro Hoxa
pabouero oprana ¢pessl. JKemoO pacronmaraercsi MEpIEeHIUKYISIPHO HAMPABICHUIO TOCTYNATEIBHOTO
JIBIDKCHUSL.

BericoTa rpeOHst THa 00PO3/IBI OMIPECIIASTCS 110 CIeayomei GopmyIe:

1—cos (Z(,:,E—ii})]J @)

rie R — pamuyc Gapabana, MM; Z — KOJIMYECTBO HOXKel Ha Oapabane, mT; A — KHHEMATHYECKUN
napamerp.

c=R

Opnako, naHHas ¢opMyjia HE YUYUTBHIBAET Yrol aTakud padO4YMX OpraHoB, CIEIOBATEIbHO,
HEBO3MO)XHO 00OCHOBATh HapaMeTpbl MOAOOHBIX POTALMOHHBIX PA00YMX OPraHoB, B T.Y. C AKTHBHBIM
TIPHUBOJIOM.

aNivs e, w2
W
6)

a — oOmuii BuI; O — BUI COOKY

Pucynok 4 — I'pebHeoOpazoBanure Ha tHE 60pO31BI, PopMupyeMoit hpesamu

Hronpyathlii TUCKOBBIA pabouMii OpraH, YCTaHOBJICHHBIM IO OCTPBIM YIJIOM aTaku, oOpa3yeT
00po3/y, KOTOPYIO MMEET yroji OTKIOHEHHS OT HAIPaBJICHUS IOCTYIATEIHLHOTO IBIDKEHHS OpPYIUS.
Takas Oopo3a HMMeEET OINpEJCNICHHYI0 JUIMHY W OTKJIOHEHa OT HAalpaBleHHs IOCTYNAaTEIbHOTO
JIBI)KEHUSI Ha yToJl Y, PUCYHOK Sa.
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X X
) >
] 1
// 0opo3dku
\ doposdka ] /a
AN §?
)l 0\ é /
U20N540mbIU y
pado4ul 0p2oH 0
a) 0)

a — BUJI CBEepXy, O — oOIIMi BUT
Pucynok 4 — Bopo3nooOpazoBanre HTOIBYATEIM PAOOYNM OPTaHOM

A.A. KoHHIEBEIM TIpeyIOKEHa aHATUTHUCCKOE BBIPAKCHHE IS ONpEACTCHHUS YIiia j,
XapaKTepU3YIOUIHHA YTOJI MEX/y HAPaBICHUSIMA ITOCTYTATENFHOTO ABIKEHHS [IEHTPA AUCKA U KaXKI0U
UTTIBI B TIOYBE, PUCYHOK 50:

=)
R—i

2u - arecos—-

5in2f-
(4)

¥ = arctyg

e R — paguyc aucka, MM; | — TiTyOMHA OTPY>KSHUSI MIJIBI B TIOUBY, CM; f§ — YTOJI aTaku, rpaj; [ —
KO3(pPHUIIMEHT CKOIBKEHHS.

Opnnako, naHHas (GopMyia TakKe HE MOXET OBbITh MPUMEHEHA MPH OOOCHOBAaHHH TapaMeTpOB
POTAIMOHHBIX PAa0OYMX OPraHOB C AKTHBHBIM IPUBOJOM, IOCKOJBKY OHH HE YYUTHIBAIOT PEXUM
BpaleHus pabovero oprasa.

Teopernueckumu uccnenoanusivu  ILII. Kapnymm wu H.B. [lanenko ycTaHOBIEHO, YTO
HOMEpeYHOe ceueHne OOpO3II0K, 00pPa30BaHHBIX KAXKION HIJION, MMEET TpamneuenaaibHyo Gopmy [1,
17].

HccnenoBannio JUCKOBBIX pabOYMX OpPraHOB C AKTHBHBIM IIPHBOJIOM TOCBSILIEHBI pabOTHI
M.V. Sohne, M. Hoki, T.H.Burkhardt, R.H.Wilkinson, M.V. Salokhe, M.S. Islam, M.J. Hann,
J. Giessibl, A.Il. lllexypmuua, B.1. MenBenesa, A.Il. Axumosa, F0. ®@. Ka3zakosa, IlerpoB M.A. u
apyrux [6, 18-20]. Imu ycTaHOBIIE€HO, YTO Takue pabovne OpraHbl, TaK Xe, Kak U AUCKOBbIC pabouue
OpraHbI C MACCHBHBIM BpPAIICHUEM 00Pa3yroT kes100000pa3Hoe JTHO OOPO3IbL.

Tpaekropus JBIDKEHHS TOYKA Pa0OYero opraHa pPOTAlMOHHOTO THIA, YCTAHOBJIEHHOTO IO
OCTPBIM YIJIOM aTakd K HalpaBJCHHIO TIOCTYNATEeIbHOIO [BIKEHHS, OIMCHIBACTCS CHUCTEMOW
YPaBHCHHI:

d-R
X=T+R-cusﬁ-casﬁ';

¥Y=R-sinf-cosd; ®)
Z = R(1— sin#),

rae X, Y, Z — xoopnuHaTel Touku M pabouero oprana B cucteme koopamHat OXYZ; R — paguyc
pabouero oprana, Mm; & — yron nosopora paauyc-Bektopa CM OT FOPU30HTANBHOM IIIOCKOCTH, pa; /3 —
yroj ataku pabodero oprasa, rpaj; 4 — KHHEMaTH4YeCKHH KOA(QQUIMEHT, XapaKTEepU3yIOIINH PEeXUM
paboTHI.
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IIpu aTom,

LW ©)
=7

rae VY — okpyxHas ckopocTs, paz/c; ¥V — nocTymarenbHas CKOPOCTb BHIKEHUSI, M/C;

Oocy:xnenne. Ha pucynke 6 mnpuBeleHbl BHIBI CBepXy Ha OO0po3dpl, 0Opa3oBaHHBIC
HCCIIelyeMbIMH pa00YNMH OpraHaMH.

a)
a — KOJIBIIEBOU paboumii opraH; O — HOXKEBOW pabounii Opra
Pucynok 6 — bopo3apl, chopMUpoBaHHBIE UCCIIEAYEMBIMH PA0OYMMH OpraHaMu

KombueBo#t paboumii opran oOpa3yeT HENmpephIBHYIO 00po3ay, MapauielbHYIO0 HalpaBlICHHIO
mewkenus. Ilpu stom, nuums AJl sBnsercs Tpaekropueidl Touku ne3Bua. OHa OTKIOHAETCS OT
HarfpaBJIcHUs JBIOKEHUs Ha yroi Y. HokeBoit paboumit opran (opmupyer 6oposay mno dopme
napautesiorpamma ABCD. Jluaun AD u BC sBistirorcst TpaeKTOpHAMH NepeqHel U 3aJHed TOYKaMHu
JIe3BUSl HOXKa COOTBETCTBEHHO. OHM TakKe OTKIIOHSIOTCS Ha yroji Y. YCTaHOBJICHO, YTO 3HAUYCHUE
JAHHOTO yTJIa YBEJIMYUBAETCS C POCTOM KHHEMAaTHYeCcKoro KoddduimenTa.

3akarouenune. CenbCKOXO3IHCTBEHHBIE MAIIIMHBI C aKTHBHBIM MPUBOJIOM POTAIMOHHBIX PabodnX
OpPraHoB JJIsl TOBEPXHOCTHOW OOpaOOTKM TMOYBBI SBJISIOTCS MEPCHEKTUBHBIMH B COBPEMEHHOM
semnenenun. OfHAKO, aHANM3 WCCIEAOBaHUE 00p031000pa30BaHMsl POTAIMOHHBIMH paboYrMuU
opraHami IOKa3ajJ, 4TO OHM HE B TMOJHOM Mepe pacKpBIBAIOT Mpoiecc O00po3ao00pa3oBaHus
MHHOBAallMOHHBIMH POTAlIMOHHBIMA PAa0OYMMM OpraHaMH ¢ aKTHBHBIM HpHBoAoM. Ha ocHoBe
MMEIOLINXCSl 3HAHUM HEBO3MOXHO BBIOPATh MapaMeTpbl U PEeXUMBI PaOOThl HOBBIX pabOYMX OPraHoOB,
00eceunBalONINX ~ KAueCTBEHHOE  BBINIOJHEHHE TEXHOJIOTHYECKOTO TpOIlecca  IMOBEPXHOCTHOM
00paboTKK TMOYBBI C MHUHMUMAaJbHBIMU 3aTpaTaMH SHEPTUH. B 3Tol cBs3W, HMCCIIEAOBaHUs Tpolecca
00p031000pa30BaHKsT MHHOBAIIMOHHBIMH POTALIMOHHBIMH Pa0OUYMMK OpPraHaMU C aKTHBHBIM MIPUBOJOM
C WCTIONIL30BAaHHEM Pa3pabOTaHHON METOJMKH ITO3BOJISIOT PEIIUTh 337ady M0 0OOCHOBAaHHIO M BBIOODY
napaMeTpoB M PEKHMMOB HX pabOThL, KOTOphle obOecriedaT oOpa3oBaHME ONTUMAJbHBIX OOpPO3II.
[locnennee mo3BoJsieT yAYUIINTh BBIPOBHEHHOCTh JHA OOPO37bl M CTENCHb MOAPE3aHUs] COPHSKOB, H,
TEM CaMbIM, YJIyUYIIUTh Ka4eCTBO 00pabOTKU MOYBHI, a TAKXKE CHU3HUTH 3aTpaThl SHEPTUH Ha 00paboOTKy
TIOYBBL.
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TYWIH

TompIpakTsl  POTAIMSUIBIK  JKYMBIC ~OpraHIapbIMEH OHJIeY JpTYpii (opMamarbl >KOHE
napameTpIieperi JKpIpaJapAblH Haiga OOoMyblHa oKelledl, OYIT KYMBIC OpraHJapbIHBIH TYPi, OJapABIH
napaMeTpliepi >KoHE KYMBIC PeXHMAEpiHE OalnaHBICTBI, al onap 63 Ke3eriHle TOMbIpaK eHICYIiH
camacel MEH MPOLECTiH SHEPrHs CHIMBIMIBUIBIFBIHA ocep ereai. OcbiFaH OalnaHBICTBI POTAIMSIIBIK
JKYMBIC OpraHIapbIHBIH OeJCceHl >KeTeri Oap TOMBIpaK eHAEY MallnHajJaphl OONaIIarbl 30p OOIBIT
TaObUIaABl. bysl Makama TOmbIpakThl OCTKI OHIEYyre apHajFaH OCJICCHI eTeri 0ap WHHOBAILIUSUIBIK
POTALMSIIBIK JKYMBIC OpPTraHJapbiH o3ipiey OapbICBIHIAFBI JKbIpajiap KalbIITACy IPOLECIH 3epTTeyre
apHaiFaH. 3epTTEyIiH MakcaThl — JKbIpaTapAblH KAIBINTACy 3aHABUIBIKTApBIH 3€pPTTEy HETi3iHe
Oencenni xereri Oap WHHOBAIMSIUIBIK POTANMSIIBIK KYMBIC OpraHmapbiH a3ipney. CoarycTtik
Kasakcranma TonbipakThl OETKI 6HJIEy/Ie KeHIHCH KOJAaHbUIATHIH POTALUSUIBIK KYMBIC OPTraHIapbIHBIH
JKpIpaJiap KaJbITacy IMPOIECiH 3epPTTey IKYMBICTAPHIHBIH Talgaybl KYpriziami. bym Kymbic
OpraH/IapBIHBIH TEXHOJOTHSUIBIK IPOLECTepl KapacThIPBUIBIN, TEXHOJOTHSUIBIK IPOLECTIH Caralibl
OpBIHIANYBl KpUTEpUili OOWBIHIIA ONApAbIH APTHIKIIBUIBIKTAPEl MEH KEMIIUTKTEPi aHBIKTaJJIbL.
Tonblpak eHAEYy camachklH apTTHIPY YIIIH OelCeH[i KeTeri 0ap MHHOBALMSUIBIK POTAIMSUIIBIK JKYMBIC
opranziapsl YCHIHBULIBL. JKaHa/laH d3ipJIeHreH jKYMBIC OpTraHIapbIMEH KbIpajap KalbINTacy OOWBIHIIA
JKCIEPUMEHTTIK 3epTTeyJiep TONbIpaK apHachbiHaa >kyprizuumi. I1la0ysu1 Oypseimbl 90 rpamycka TeH
OouzIpl, an KHHeMaTUKaIBIK Kodduient 0,6-man 1,4-ke geitiH e3repTini. DKCIIEpUMEHT HOTIKeNIepi
MaTeMaTHKAJIBIK CTAaTUCTHKA OSHICIMEH OHJENIl. 3epTrey HOTIDKENepi OOWBIHIIA allbIHFaH IEPEKTep
OHTAIJIBI JKBIpaap KaJIBIITACTBIPYABl KaMTaMachl3 €TETiH IapaMeTpiiep MEH >KYMBIC PEeXHMJICpIH
HETi3/Iey KOHEe TaHAay MiHJIETiH HIenryre MyMKiHIiK Oepeni. by e3 ke3erinze *xblpa TYOiHIH TETiCTITiH
JKOHE apaMIIeNTep/i Kecy A9PEeKeCiH jKaKCapThIIl, TONBIPAK OHJICY CAIlaChlH apTTHIPAIbl XKIHE TOIBIPAK
OHJICY Ke3IHJIET1 PHEPT sl IIBIFBIHIAPBIH a3aiTaIbL.
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