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OcHoBHa4 33/1a4a MPEAIOCEBHON 00paOOTKH MOYBBI — 00ECTIEUeHHE BEICOKOW CTA0MIBHOCTH TITyOHHBI X012 pabodero
OpraHa, MeTKOKOMKOBATOM CTPYKTYPbI BEPXHETO CIIOS M BLIPOBHEHHO MOBEPXHOCTH C OTCYTCTBHEM OOPO30K U BHIHOCA
BIAKHOH 104BBI. HeoOXxomimbl paboune opransl, IO3BOJISIONINE MAIIMHE PA00TATh HA TIOBBIIIEHHBIX CKOPOCTSX, YTOOBI
YBEIUYUTSH €€ MPpor3BoauTenbHOCTh Ha 30-40 mpouenToB. TpedyeT pemeHus cucteMa KOMMPOBAHUS, YIIPOLIAONIAs KOH-
CTPYKIIMIO U CHIDKAIONIAs BapHaOeTbHOCT IyOHHBI 00paboTku. [IpuMenseMble s MPEeamoceBHON 00pabOTKH KyiIb-
tuBatopsl THna KI1C-4 ocHameHb! cTpenbyaThiMu JJanaMu mupuHoi 3axBaTa 270-330 Mmm. OHE UMEIOT yroJl KPOIIEHHUS
18 rpagycoB. ['myObuHa 06pabOTKM MOAAEPKUBAETCS KOMUPYIONMME KolecaMu. OTHaKO BBUIY TOTO, YTO OHU OT/IANICHBI
OT paboYnX OPraHoOB, JOOUTHCS BBICOKON CTAOMIIBHOCTH X X0OJa HEBO3MOXKHO. Hamimuune yrira KpomreHus 1 CTOeK, pa3pe-
3aI0IMX BEPXHUIA CIION MOYBBI, MPUBOAUT K PA3ABUTAHUIO, BRIHOCY BIaXHOM MOUBHI 32 CTOMKaMH, 00pa30BaHUIO H0PO3-
mok. ['1yOuHa M IMpHHA UX YBENMUYNBAETCS C POCTOM CKOPOCTH JBIKEHHS KynbTHBaTOpa. Co31aeTcsl HeTeXHOIOTHIHbIN
¢on st mocesa. [locraBieHa 3a1aua — UCKITIOYUTH 3TH HETATHBHBIE SBJIECHHS IIPH PA0OTE COBPEMEHHBIX KYJIbTHBATOPOB
tuna KI1C-4. Ee MOXHO pemuTh, yCTAHOBUB Ha KYJIBTUBATOPE IBYXBAPYCHBIE CTPENBYATHIE JIAMBI, KOTOPBIE BKIIOYAIOT
HYDKHUH 1 BEpXHUH JIEMEXH, 3aKpeIUIeHHbIE HA O/IHOM cToike. O0a nemexa 3aToyeHsl. OHM ITO3BOJIAIOT OTKA3aThCs OT KO-
MUPYIOIHX KOJIEC U MTOBBICUTH CKOPOCTh paboyero ABMKEHUS KyIbTHBaTOpa A0 16-18 kM B yac. Bepxuuil nemex cinyxut
KONHPYIOIINM 371eMeHTOM. CTaOMIbHOCTD IITyOUHBI 00pabOTKY OMpPENETIAETCS TeM, YTO BEPXHHI JIeMeX KaK KOMHPYIo-
I 57IEMEHT ¥ HIKHUM, TIOAPE3AIONIUI COPHAKH, MEPEMEIAIOTCS B OHOM IIOCKOCTH. YCTAaHOBJIEHHBIM HAJl BEPXHUM
JIEeMEXOM HapaJbHUK 00ECIeunBaeT CXO MOAPE3AHHBIX BEPXHUM JIEMEXOM COPHAKOB. DTOMY CIIOCOOCTBYET ero opma B
BHJIe oBepXHOCTH MEOuyca. IHHOBaIMOHHAS CTpenbyaTas jJana KaueCTBEHHO BBITIONHSAET TEXHOIOTHIECKUi polecc. B
XOJie MOJIEBBIX HCIIBITAHUH YCTAHOBIIEHO, YTO CTEIEeHb KPOLIeH!s MouBkl focturia 87-91 mpouentos. Eciu koadduument
TEXHOJIOTUYHOCTH 1JIs CTAHAAPTHBIX Jan paseH 0,4, To wid npenioxeHHod oH pocruraeT 1,0. Mckimouaercs npumeHe-
Hue 3y0OBBIX OOPOH B arperaTe ¢ KyIbTUBATOPOM, HE TPEOYIOTCS OT/AEIbHbIE KOMUPYIOMIUE JIEMEHTBI, YTO CYLIECTBEHHO
YIPOIIAaeT KOHCTPYKIMIO KYIbTUBATODA.

Karouesbie c10Ba: 00paboTKa MOYBBI, KYJIbTUBATOD, CTPENbYATAS JIAlla, TeMeX, HApalbHUK, TIIyOMHA 00pabOTKHL.
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INNOVATIVE V-SHAPED CULTIVATING TINE
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The main problem of soil secondary tillage is support of a tillage depth uniformity at the workingtools operation,
fine-grained structure of a high layer and the smoothing without furrows and removal of the wet soil. The working tools
allowing the machine to operate at the increased speeds are necessary, that will increasing its efficiency by 30-40 percent.
The system of copying simplifying desingn and reducing variability of tillage depth requires the solution. The preseeding
cultivators of the KPS-4 type are equipped with the 270-330 mm wide V-shaped tines and the 18 degrees crumbling angle.
Tillage depth supported by the copying wheels. However, because they are distanced from working tools, it is impossible
to achieve high uniformity of their course. Due to a crumbling angle and the shankes cutting a high layer the soil is opened
out and wat layers remove up to the surface behind the shankes, that couses forrows formation. Their depth and width
buildup with cultivator speed increase. The non-technological background for crops is created. The task is to exclude these
negative phenomena by operation of the modern cultivators of the KPS-4 type. It can be solved due to mounting two-level
V-shaped tines on the cultivator. The lower and upper ploughshares fixed on one shank. Both ploughshares are sharpened.
They allow to refuse the copying wheels and to increase the cultivator operation speed to 16-18 km per hour. The upper
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ploughshare serves as the copying element. The tillage depth is stabilized because of the upper ploughshare as the copying
element, and the lower ploughshare cutting weeds move in one plane. The tine point fixed over the upper ploughshare
provides escape of the weeds cut with the upper ploughshare. It is promoted by its Moebius band surface. The innovative
V-shaped tine executes technological process qualitatively. During field tests it is determined that the rate of soil crumbling
reached 87-91 percent. If the technological effectiveness coefficient for ordinary tines is equal 0.4, then for offered it reaches
1.0. Application the spike-tooth harrow in the aggregate with a cultivator is excluded, the separate copying elements are not

required that simplifies cultivator design significantly.

Keywords: Soil tillage; Cultivator; V-shaped tine; Ploughshare; Tine point; Tillage depth.
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PUMEHsIEMBbIE CTpeNIbuaThle IOYBOOOPAOATHI-
I I BAIOIIIHE JIATIBI HE 00ECIIeUnBAIOT KAUeCTBEH-
HOTO BBITIOJTHEHU I TEXHOJIOTMUECKOTO IIPOLIEC-
ca: 0TOPachIBAIOT MOYBY, 00Pa3yOT OOPO3AKH, CO3/1a-
FOT HEBBIPOBHEHHY IO IIOBEPXHOCTH C KPYITHOKOMKOBA-
TOU CTPYKTYPOM MOUBBI. DTO CACPKUBAET POCT CKO-
poctu pabodero ABMKEHUS KyabTuBaTopa. Hamuame
KOJIECHBIX KOMUPYIOIIMX 3JIEMEHTOB YBEIIMUUBAET Ba-
puabenbHOCTh NIYOMHBI 00paboTku ouBsl. Heo6xo-
IuMa pa3paboTKa MHHOBAIIMOHHBIX CTPEIbYATHIX
MIOYBOOOPAOATHIBAIOIIUX JIATI, UCKITIOYAIOIIAs] YKa3aH-
HBIE HEJJOCTATKH.

Leap uccaenoBanmii — 000CHOBATh PACYETHBIM ITy-
TE€M OCHOBHBIE TTAPAMETPHI IBYXbSIPYCHOU CTpeThua-
TOM JIAIIBI.

MarepnaJibl u MeToabl. [TapaMeTpsl CTpeIbIaThIX
JIAII OTIPENIENISIIOT UCXO/IS U3 U3BECTHBIX 3HAUEHUH YITIOB
TPEHUSI pACTUTEIBHOCTH U IIOYBBI C TOBEPXHOCTHIO Pa-
Oouero oprana, 3aKOHOMEPHOCTEH ITPOIOIBHOM H 10~
IIEPEYHOM Je)OpMaIIIH ITOYBBI, YCHIIHS BO3/IEHCTBUS
Ha MOYBY U €€ PEAKIINI0, PA3MEPHBIX XapaKTEPUCTUK
KyJBTUBATOPA JIJIS MPEATIOCEBHOM 00pabOoTKM MOUBHI [1-3].

Pe3ynbratsl u 00cy:kaenne. [[ByxbsapycHas IOYBO-
oOpabaTsIBaroIas CTperbuaTas Jiara BKIIIOYaeT Jie-
MeX BEpXHUI /, BEITIOJIHEHHBIN B BUJE PABHOOEIPEH-
HOTO TPEyTOIbHUKA. B BepXHEM JieMexe BBITIOTHEH BhI-
pe3 2, OTOTHYThIE INTACTUHBI 3 U 4 KOTOPOTO 3aKpeIie-
HbI Ha cTolKe 5 (puc. I). [lepen BepXHUM JIeMEXOM yCTa-
HOBJIEH KPUBOJIMHEWHBIN HAPAJIBHUK 6 , & IOA HUM
PpAacCIOJIOKEH HUKHUU JIEMEX 7, 3aKPEIJIEHHBIN K TOP-
LIEBOM YaCTU CTOUKH.

PaccTosiHue Mexx 1y BEpXHUM U HUKHUM JIEMEXaMU
3aBHCHUT OT TJTyOMHBI 00Pa0OTKU MOYBHI /1. DTy BEJIH-
YUHY MOXXHO MEHSITbh, IOJHUMAs U OIYCKasl BEPX-
Huit nemex. O0a Jemexa 3aTOUYCHBI.

OrnpeneanM HEOOXOAMMBIE ITAPAMET PBI.

[IMTupuny 3axBaTa JIeMEXOB BEIYUCISIIOT, UCIIOJIb3YSI
CIEIYIONTYIO 3aBUCUMOCTS [4]:

le’lbn—(n —1) br[, (1)
rae B IIUPpHUHA 3aXBaTa KYJIbTUBATOpPA, M;

1 — YMCJIO JIAIl Ha MaIlliHE, IIT.;
by — mupuHa 3axXBaTa JIeMeXxa, M;
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Puc. 1. Cxema 08yxwsapycHoti cmpenvuamoti no4e000pabamvleéa-
owetl 1anvl.

a — 6uo ceepxy; b — euo cooky

Fig. 1. Double-level V-shaped cultivator tine. Scheme:

a — top view, b — side view

b1 — MEPEKPBITHE MEXKIY JIEMEXAMU, M.
Otcroma:

bn=[B+ (n-1)bn]/n. Q)

IIpu B =6,0 m; n =18; by = 0,03 ™ :
by =1[6+ (18 -1):0,03] /18 = 0,36 m.

YtoObI paCTUTEIBHOCTD U MTOYBA MEPEIBUTAIICH
IO JIEMEXY, YT'OJI PACTBOPA JIE3BH JIEMEXOB JIOJIKEH OT-
BeUaTh CIIEAYIONEMY YCIOBUIO [S]:

y =@/ 2)—(ppom )/ 2, 3

TIIE @p U @ — YTJIBI TPEHUS PACTUTEIBHOCTH U IIOYBBI
CO CTAJIbHOM IIOBEPXHOCTBIO, TPA.

BepxHuii 1emex cpe3aer pacTUTEIbHOCTb, CIEN0-
BATEIIBHO:

» < [(@/2) — pp] /2.

ITpu pp =26°; yg < (90 — 26)/2, TO ecTh yg < 32°.

IMTpunumaem yg =30°; 2y = 60°.

Hroxuuit nemMex B3auMOIEHCTBYET ¢ TOYBOH, pr =20°:

ya = (90 —20) /2 =35°.

[Mpunumaem yy = 35°; 2yy = 70°.

CwerieHne o rOpu30HTaIN HOCKA HIDKHETO JIieMe-
Xa OTHOCHTEIIPHO HOCKA BEPXHEr0 JIOJKHO OBITH Ta-
KHUM, YTOOBI MPOAOIbHAS AeOopMaIys OT HETO HE BbI-
11J1a BIIEpeT 3a Mpeaeibl BEpXHero jiemexa [6].
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Hcxons uz a1oro: [ 2hy,.x tgps, )
T€ Hmax — MAKCUMAJTBHO BO3MOXKHAS TJIyOHMHA XO/a
HIDKHETO JieMexa (TIIyOnHa 0O0pabOTKH MOYBHI) M;

(B — YIOJI BHyTPEHHETO TPEHUS IOUBBI, TPA/I.

ITpu g = 25° BemuuuHA /i,y = 60 MM:

1= 60 tg25°, To ecth 60 - 0,46 = 27,6 MM.

IIpuanmaem / =30 mm.

Hcxonst 3 KOHCTPYKTHUBHBIX PEIICHUH TOJIIITMHA
BEPXHETO JIeMeXa, paboTAaIOIETro C PACTUTEIBHOCTHIO,
coctaBiseT 3-4 MM [7]. HukHuMiA 1eMeX BBITIOTHEH paB-
HOIIPOYHBIM, €r0 CEUYCHUE YBEIUYMUBAETCS OT 3 MM B
30HE 3aTOYKH 10 6 MM B ThUILHOI YacTH [8].

OrnpeneNnyuM yaepKUBAIOINYI0 CIIOCOOHOCTh BEpXHe-
ro JieMexa, KOTopasi 3aBUCUT OT peaKIUK TOYBHI [9]:

F.=k,S, ®)

rie k, — yASITbHOE CONMPOTHUBIICHNE BEPXHETO CIIOS ITO-
uBsl, H/M?;

S — IIoIIa b BEPXHETO JIEMeXa, M.

IInomans BEpXHEro jieMexa ONpeaesior mo ¢pop-
MyJIE:

S = b3/ (41gys). (©6)

IIpu b, =0,36 M BemuumHa yg =30°.

S'=0,36*/(4:0,58) = 0,056 m>.

Torma: Fr; =20 000 - 0,56 = 1120 H.

Vcunue, ¢ KOTOPBIM BEPXHUH JIeMeX JaBUT HA TI0Y-
BY, COCTaBHT:

Fp=mg+by-h-ku+(S/2)-h-p-g, (7)
TJIe 71 — Macca CTPEIbUATOM JIAITbI U YACTH CEKIUU, KT

by — MM pUHA HAPATBHUKA, M;

kp —yAenbpHOE COMPOTUBIICHUE HIDKHETO CIIOS T10-
uBbl, H/M?;

p — HAaChIITHASI IJIOTHOCTH MOYBBI, KI/M>,

IIpu m =28 kr; by =0,02 M; £ =0,06 M; ky; =30000 H/m?;
p =1000 kr/m?; S =0,056 Mm%

Fy =28-9,8+0,02:0,06-30000+(0,056:0,06-1000-9,8)/2=
=274,4+36+16,6=327 H.

CrnenosatenbHo, Fiy < Frj, 1 BEpXHUIL 1emex OyneT
CBOOOHO MIEpEMEIATHCS TI0 TIOBEPXHOCTH TIOYBBI, HE
3arIyOsisiCh B HEe.

ObocHosanue napamempos HapaibHUKa. YTol ycra-
HOBKHY HUKHEW YaCTU HApATbHIKA K TOPU3OHTATIbHOM
IJIOCKOCTH OTIPEICIISIETCS yIJIOM TPEHUS PACTUTEb-
HOCTH CO CTaJIBHOM IMTOBEPXHOCTHIO (p:

B=op.

IIpu pp = 26° yroma S =26°.

HuxHsis yacTh HapaIbHUKA IO KPEIJIEHUSI €ro K
CTOIKE BBITIOJIHEHA KPUBOJIMHEMHOM: 3aX0/ 1o 26° K
TOPU30HTAJIH, BBIXOJI K cToike — 1oz 90°. Jlanee Ha-
PaJbHUK BBIITOJIHEH B BUJIE TOBepxHOCTH MEbuyca [10].
D10 06eceunBaeT COPOC CO CTOMKH MOTHITON PACTH-

NEW TECHNICS AND TECHNOLOGOES

TenbHOCTH. JIenTa Mébuyca UCoIb3yeTcsl TOTOMY,
YTO OHA TIJIOCKasl, 0€3 KPUBU3HBI U BIIAIUH, YTO IO-
3BOJISIET PACTUTEIHFHOCTH CBOOOTHO ITEPEMEIATHCS IO
Hel. BpIcOTy HapaJIbHIKA @ MOXKHO OIIPENEIUTH UCXO0-
J151 U3 PABEHCTBA KMHETUYECKON U MOTEHIINAIbHON
SHEPTUU IIPU MOABEME PACTUTEIHHOM MACCHI:

[(n(V - cospy /2] =m - g - a:(1 + igpp), )

rae V' — CKopocTh pabovero ABMKEHHS KYIBTHBATOPA,
Mm/c.

OTcroga:

a= (V- cosp)* 2g (1 +igpp). )

Ipu V=3 m/c:
a=[3cos26°*/2-9.8 - (1+ 1g26°)] = 0.23

ITpunumaem a = 0,23 m.

TexHOIOTUUECKUIA MPOIIECC pabOTHI ABYXbSIPYCHOMH
MOYBOOOPabATHIBAIOIIEH CTPETHYATOH JIAITBI OCYIIIECT-
BIISIETCS CIIEAYIONUM oOpaszom (puc. 2).

B mpomecce aBmkeHMST HUKHIH JIeMeX 3ariTyOseT-
Cs1 B IOYBY HA YCTAHOBJICHHYIO IIIyOuHy h. BepxHuii iie-

Puc. 2. 3D-modenb 08yXbapyCcHOLL NOYB00OpaAbamblearoujeti 1ansl
Fig. 2. Double-level V-shaped cultivator tine. 3D model

Puc. 3. IlosepxHocmb nouswvl nociie 06pabomox 1anamu.
a — cmandapmuoii cmpenvyamoti; b — 08yxwvapychoi

Fig. 3. The soil surface after cultivation by tines:

a — ordinary, b — double-level
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Table

Ta6nuua

TEXHONOTrMYECKUE OMEPALIUM, BbINOJIHAEMBIE CTPESIbYAThIMM JIATIAMU
TECHNOLOGICAL OPERATIONS OF V-SHAPED TINES

Craonmm-
Kpomenne Buipasuu- | 3amus ry- Koa¢ppumment
Crpenbuatsie | Proixienne noane i o:pese BaHHe N0- OHMHBI 00- TEXHOAOTHIHHO=
HBIX JJ1e- COPHSIKOB cru Kr=n/n,
JIanbl NOYBBI BEPXHOCTH | paboTKH n, n, 5
V-shaped tines | Loosening mMeHToR | Weed roots Surface Tillage Coefﬁm.el.lt. o
Soil clods cutting smoothing depth processibility
crumbling uniformity Kr=nn,
CrangapTHas
Ordinary + - + B - : 2 O
JByXBsipycHas
Double-level * * * * * J J !

Hpumewaﬁue: + - Orepanus BbIIIOJIHACTCA B COOTBETCTBUU C anOTpe6OBaHI/IﬂMI/I;

- — arpOTpCGOBaHI/IH HE BBIACPXKHUBAKOTCSA

Note: + —operation is performed in accordance with agrorequirements;

— —agrorequirements are without regard

MeX peaKLel MOYBBI YACP)KUBAETCS HA TIOBEPXHOCTH.
OH cpe3aeT HaJ3eMHYIO YaCTh COPHSIKOB, KOTOpasi, IO-
najas Ha KpUBOIMHEHHBIA HapaJIbHUK, COpPAChIBASTCS
UM cO cTOMKU. HuxHU 1emMex noape3aeT KOPHEBYIO
cucreMy CopHsKoB. [ToanouBeHHas 4aCTh CTOMKH BO3-
JIECTBYET Ha IIOYBY U BO B3aUMOJIEHCTBUHU C BEPXHUM
JIEMEXOM KPOIINT ee, 00pa3ysi MEIKOKOMKOBATBIi CIION.
Ocy1ecTBIgeTCS pAa3HOHAIIPABIEHHOE BO3/IEHCTBYE HA
MIOYBY. DTO MOATBEPAUIIU MOJIEBbIE UCTIBITAHUS JBYXb-
APYCHOU CTPENIbYaTOH JIAITBI ITPU CKOPOCTSIX IBHKEHHU S
KyJabTUBaTOpa 10 16-18 xm/4a (puc. 3).

OrnpenenuM KpUTEpUit TEXHOIOTUYHOCTH JIan Kr.
KpuTepuiit TEXHOMOTHYHOCTH pabOYNX OPTaHOB,
YCTPOMCTB U MAILIMH OLIEHUBAET JOJIIO ONEPaLUii, KO-
TOPBIE BBITTOIHIOTCS] B COOTBETCTBUH C AT POTEXHHUYE-
CKUMH TpeOOBaHUSIMU (mabiuya):

Kt =n.Iny,

TJIe 71 — YUCIIO OTIEPAITNH, BBITIOTHSIEMBIX B COOTBET-
CTBUH C arPOTEXHUYECKUMU TPEOOBAHUSIMU;

79— 00IIIee YMCIIO OTIEPAIIHiA, BBITIOTHIEMBIX Pa00-
YUM OpPraHOM (MAITUHOM).

Kak BugHO U3 maobauywl, mpeanaraeMas mouBooo-
pabaThIBaromas cTpenpyaTas jamna 00ecrednBaeT KO-
s purmeHT TexHonornunoctu Kt =1,0, uto B 2,5 paza
BBIIIIE, YeM IIPH 00pabOTKe CTaHAAPTHOM JIATION.

BeiBoabl. [[ByxXbsipycHas MOYBOOOpaOATHIBAIOIIAS
cTpenpyaTas jamna c IByMs JieMexaMu He o6pazyeT 60-
PO3IKH MOCIE CTOWKHU, CO3AAETCS BRIPOBHEHHAS TTO-
BEPXHOCTb, 00ECIIEYNBACTCS CTAOMIbHAS TTyOHnHA 00-
pabOTKH, OCYIIECTBIISIETCS] pA3HOHAIIPABIEHHOE BO3-
JIeHiCTBHE Ha TIOYBY, (hOPMUPYIOIIEe METKOKOMKOBa-
TYIO CTPYKTYPY BepXHero cjiost. [TosiBIseTcs: BO3MOX-
HOCTB ITOBBICUTH PA00TYIO CKOPOCTH KYJIBTHBATOPA J0
16-18 xm/u.
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