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Abstract
Introduction. White cabbage is of great importance in the national economy. It is used as one of the
important products in human nutrition, as a feed component in animal husbandry, and is also of inter-
est to medicine. As a product included in the human diet, it is used both fresh and in various versions
after processing. Cabbage, a one-of-a-kind culture that ferments well, is stored for along time and can
serve as the main ingredient for preparing various salads. When cultivating white cabbage, the main
part of the costs from the entire technological process (up to 30%) falls on cleaning. In farms, on small
areas (20-25 hectares), cabbage harvesting is carried out manually. It usually consists of several opera-
tions: cutting cabbage forks and loading into a vehicle for shipment to a sorting point; cutting cabbage
forks and loading into a vehicle and transporting to the edge of the harvested field. Further, for both
technologies, the leaf part of the fork is manually cut off and packed into grids or containers. For larg-
er farms where the area is much higher, various combines are used. According to their device, their
picking part is equipped with lifters or rotating cones for pulling out cabbage and knives for pruning a
poker with arhizome. We offer an inertial rotary type cutting machine for pruning heads with a verti-
cally rotating knife. To find its kinematic parameters, a multifactorial experiment was developed and
implemented experimentally. According to its results, optimal values of the main factors are recom-
mended. Object. The technological process of harvesting cabbage with the use of a combine harvester
with an inertial rotary cutting machine equipped with a vertical rotary knife was considered as an ob-
ject of research. Materials and methods. To conduct the research, the extremely rich plan of the
Rechtshafner was used in the form of a 3-factor experiment. It was implemented using a program on a
PC. The significance of the regression coefficients obtained as a result of the solution was evaluated
according to the Student's criterion. Results and conclusions. To find the parameters of the inertia
rotary cutting machine for harvesting white cabbage, an extremely rich plan of the Rechtshafner was
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experimentally implemented. According to the obtained regression equations, after determining their
coefficients for various fork sizes, sections of response surfaces with an assessment of damage to forks
are constructed and the values of the studied parameters are recommended. In accordance with the
solution of the equations, the optimal cut height varied from 14 to 14.5 cm, which fully corresponds to
the parameters of the poker (16 cm), the angle of rotation of the knife at different fork diameters was
in the range from 9 to 12 degrees, which is explained by the design features of the combine with an
inertial rotary cutting machine, the ratio of speeds (circumferentially rotating the knife and transl ation-
al-the movement of the machine) for small diameters of the head was — 1.8, and for large ones — 2.25.
A large value ensures the overturning of the cabbage fork after pruning with a knife due to increased
circumferential speed. For practical purposes, alarge value is recommended, i.e. 2.25.

Key words. white cabbage, cabbage harvesters, inertial rotary combines, cabbage harvesting,
mechanized cabbage harvesting.
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YK 631.635.34
ONTUMHU3ALUS TAPAMETPOB KAITYCTOYBOPOUHOM MAIIIMHBI
C MTHEPHUOHHO-POTOPHBIM PEXYIIUM AIIITAPATOM

A. B. HenusieB, acnupanm

Q@I'bOY BO Boneoepaockuii AY
2. Boneoepao, Poccutickas @edepayus

AHHoTanus. bejlokouaHHas KamycTa MMeeT OOJIbIIOE 3HAYCHHE B HAPOJHOM XO3SHCTBE.
OHa Hcronb3yeTcst Kak OJIMH M3 BXHBIX MPOAYKTOB B MUTaHWHU YEIOBEKa, KaK KOPMOBAsi COCTa B-
JSIOIas B )KUBOTHOBOJICTBE, a TAaKXkKe MPEACTABISIET HHTEpeC IS MeAUIHHBL. Kak mpoayKT, BX0-
JSIIUHA B pallMOH YeJIOBEKa, OHA MCIIONIb3YeTCs KaK B CBEXKEM BHUJC, TAK M B PA3JIMYHBIX BAPHAHTAX
nociie 06pabotku. Kanycra, equHCTBEHHAs! B CBOEM POJE KyJIbTypa, KOTOpasi XOpOLIO 3aKBAIIUBa-
€TCsl, JOCTaTOYHO JIOJITO XPAHUTCA M MOXKET CIYXUTh OCHOBHBIM WHIPEIUEHTOM JUIsl IPUTOTOBII €-
HUS pa3InIHBIX cajaToB. [Ipyu Bo3aeNbIBAHUN OCIOKOYaHHOW KAmycThl OCHOBHAS 4acTh 3aTpaT OT
Bcero TexHosiorumueckoro mpoiecca (1o 30%) mpuxoautcss Ha yOopky. B depmepckux xo3sid-
CTBax, Ha HeOompmMX romansx (20-25 ra), yOopky KanmycTel MpoBOAAT BpyuHyto. OHa 00BIYHO
COCTOUT M3 HECKOJIBKUX OIlepaluil: cpe3aHne BUJIKOB KaIllyCThl U IMOTPy3Ka B TPAHCIOPTHOE Cpell-
CTBO JJI OTHPAaBKU HA COPTUPOBOYHBIA MYHKT; CpE3aHME BHJIKOB KalmyCThl U HOTPY3Ka B TpaHcC-
MOPTHOE CPEICTBO M TPAHCIOPTHUPOBKA Ha Kpail youpaemoro nons. danee 1 06enx TeXHOIOTUI
BPYYHYIO 00pE3afoT JINCTOBYIO YacTh BHJIKA M 3aTapUBAIOT B CETKH WM KOHTeiHepsl. s Oonee
KPYITHBIX XO3SHCTB, IJie TUIOIIA (i 3HAYUTEIHHO BHIIIE, UCIIOJIB3YIOTCS pa3indHblie kKoMmOaitHbl. [1o
CBOEMY YCTPOWCTBY WX MOJOHMparonias 4acTh OCHalIeHa JTU(TepamMH WM BpallalolIHMHUCS KOH Y-
CaMU Ui BBIACPTrUBaHUS KAayCThl M HOKaMU JUIsl OOPe3KH KOUephIry ¢ KopHeBHuieM. Hamu npen-
JaraeTcs PeXyLIMid annapar WHEPIMOHHO-POTOPHOrO THIA AJI MOJAPE3aHusi KOYaHOB BEPTUKAIb-
HO BpamaouuMcs HoKoM. i1 HaXxOXAeHHs eT0 KHHEMAaTHYECKUX apaMeTpOB IKCIEPUMEHTAN b-
HBIM CITOCOOOM pa3paboTaH U peajnu30BaH MHOTO(QAaKTOPHBIN dKciepuMeHT. [1o ero pesynbraTtam
PEKOMEH/IOBaHBI ONTHMAaNbHBIE 3HAYEHHS OCHOBHBIX (hakTopoB. O0BeKT. B kauecTBe 00OBEKTa
WCCIIeIOBAHUSI PacCMaTpPUBAJICS TEXHOJIOTHYECKHH Mpoiecc YOOpKHM KamyCThl ¢ NMPUMEHEHHEM
KoMOaiiHa ¢ MHEPIMOHHO-POTOPHBIM PEKYIIUM amapaToM, OCHALIEHHBIM BEPTUKAJIbHBIM MOBO-
POTHBIM HOXOM. MaTepuajabl U MeToabl. 1 mpoBeneHUs HCCIEAOBaHMN MCIIONB30BaH Ipe-
JIeIbHO HAchIeHHBIH maH «PexTmadHuepa» B Bune 3-x ¢pakropHoro skcrnepumenTa. OH Obu1 pea-
JIM30BaH ¢ MOMOINBI0 nmporpamMmsl Ha [I9BM. 3HaunMocTh KO3 PHUIIUEHTOB PErPECCHH, MOIYYE H-
HBIX B pe3yJibTaTe PElICHUs, OLeHUBalach o kpureputo CrbrofeHTa. Pe3yabTaThl M BBIBOABI.
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s HaXOXKJeHUS apaMeTpoB pabOThl MHEPIIMOHHO-POTOPHOTO PEXKYIIETO amnmapara Juis YOOPKH
0eTOKOYaHHOW KamyCThl OMBITHBIM ITyT€M peaju30BaH NPENeNbHO HACHIIMICHHBIH MmiaH «PexT-
macdHepay. [lo moaydeHHBIM ypaBHEHUSIM PETPECCUU TIOCIIE OMPeAeNIeHHs X KO3 (UIIMEHTOB IS
Pa3NIUYHBIX pPa3MepOB BUJIKA MOCTPOEHBI CEUEHUS MOBEPXHOCTEH OTKIMKA C OIEHKOW MO IMOBpe-
JKJICHUIO BIJIKOB M PEKOMEHJIOBaHbI 3HAUCHUS M3ydaeMbIX mapamMeTpoB. B cooTBeTcTBUU € pelie-
HHUEM YpaBHEHHUU ONTHUMAaJbHAs BBICOTA Cpe3a U3MEHSIIOCh OT 14 1o 14,5 ¢M, 4TO BIOJIHE COOTBET-
CTByeT mapameTpaM kouepbiru (16cM), yros moBOpOTa HOXKA MPH Pa3lIMYHBIX JUAMETpPax BHIIKA
HaxoOWIIca B Tipeaenax oT 9 mo 12 rpamgycoB, 4TO OOBSICHAETCS OCOOECHHOCTSIMH KOHCTPYKITMH
KoMOaifHa ¢ MHEPITMOHHO-POTOPHBIM PEXYIINM aIliapaToM, COOTHOIIEHNE CKOPOCTel (OKpyKHOM
BpaIeHNs HOXa M MOCTYyNaTeIbHON-IBIKECHHS MAIIMHBI) JUISI MaJIbIX THaMEeTPOB KOYaHa COCTaB-
o — 1,8 , a nus kpynsabix — 2,25, Bonbmias BenmnynHa 00eCleUUBACT ONMPOKUIBIBAHUE BUIIKA
KaIlyCThl MOCJE NOAPE3AaHUS HOXKOM 3a CUET MOBBIIICHHOW OKPYKHOM CKopocTH. s mpakTuye-
CKHX IIeJIel peKOMEHI0BaHa 0oJIbIas BeJMYuHa, T.¢. 2,25.

Knrouegwvie cnosa: 6enoxkouannas kanycma, Kanycmoyoopounvie MawiuHbvl, UHEPYUOH-
HO-pOMOpHble KOMOALIHb, YOOPKA KANYCmbl, MEXAHUUPOBAHHASI YOOPKA KANYCMbL.

HutupoBanue. Llerusies A. B. Onrumuszanus napaMeTpoB KammycToyOOpOYHON MAIIMHEI C MHEPIHU-
OHHO-POTOPHBIM pEXyIMM ammapatom. HMzeecmuss HB AVK. 2023. 4(72). 595-605. DOI:
10.32786/2071-9485-2023-04-60.

ABTOPCKMii BKJIaJA. ABTOp HACTOAIIET0 MCCIIEIOBaHUS IPUHUMAJ HEIOCPEICTBEHHOE y4acTHe B IUIaHU-
POBaHMUH, BHIITOTHEHUH M aHAIN3€ JAHHOTO HCCIEIOBAHMA. ABTOpP HACTOSIMICH CTAaTBhH OXOOPWII MPEACTAB-
JICHHBIA OKOHYATEIbHBIN BapUAHT.

KonpaukTt naTEepecoB. ABTOp 3asBiseT 00 OTCYTCTBHU KOH(IMKTA HHTEPECOB.

Beenenue. Kanmycra — pactenne npuMopckoro kinmmara. Ee poauna — cTpaHsl aTias-
TUYECKOT0 M Cpelu3eMHOMOpCKOro nodepexbs EBpons! u Asum, Aurnus, ®pannus, Uramus,
I'peunst, Typuus, Cupusi, rie OHa U MOHBIHE BCTpeUaeTcs B IUKOM Buie. [[ukas xamycra He
oOpasyer kouaHa. B nepBbIii To11 y Hee oOpa3yeTcsi HeOobIas po3eTKa MPUKOPHEBBIX JTUCTh-
€B, a BO BTOPOH — IIBETOHOC, HA KOTOPOM CO3peBaroT ceMeHna [2, 13].

HIupokoMy pacmpocTpaHEHHIO KamycThl B Poccuu cocoOCTBYIOT Takue BaXKHbIE €e
KayecTBa, KaK BBICOKAsl ypOKalHOCTb, HAJIMYUE COPTOB C PA3IUYHON JUTUTEILHOCTHIO BErera-
IIMOHHOT'O M€PHO/Ia, XOPOIIasi COXPAHIEMOCTb IPU TPAHCIOPTUPOBKE U YCTOMUNBOCTH K HU3-
KUM TemIieparypam. Kpome toro, 6enokoyaHHas KamycTa WIeT Ha repepaboTKy: KBallleHHUE,
MapHHOBaHUE, IPUTOTOBIIEHNE KOHCEPBOB [0, 12].

VYuuThIBasi MOCTENIEHHOE COKpAIEHNE MPOU3BO/ICTBA OEIIOKOYaHHOM KAaIlyCThl B MH/WBU-
JyaJIbHOM CEKTOpE, JUIs FapaHTUPOBAHHOTO CHAOXKEHMsI HACeNIeHUsI 3TOM MPOIyKIueld Heo0X0I1-
MO OPHEHTHPOBATHCS HA OCBOCHUE HOBBIX BHICOKO()(EKTUBHBIX TEXHOJIOTHI €€ MPOU3BO/ICTRA.

B ycioBHSX PBIHOYHBIX OTHOIIEHH, KOT/Ia €XKEroAHO MEHSIOTCS IJIOAAH, OTBOIH-
MBbI€ TOJ] KaIyCTy, COpTa M TEXHOJIOTUS YOOPKH, BO3HHMKJIA HEOOXOAMMOCTh B HOBOM Kamy-
CTOyOOpOYHOHM TeXHHKE. TpaaulMOHHO Ha YOOPKY KaIllyCThl XO3sIiiCTBa MPUBJIEKAIN THICSYU
paboTHUKOB [4, 7].

[Tocne pazpama CCCP u Hauana nepectpoiiku B Poccuu mpon3BoACTBO KOMOAHOB U
JUHUK 10 YOOpKe KamycThl ObUIO MPEKpalieHo U MalllMHHAs yOopKa OeIOKOYaHHOH KamycThl
pe3Ko CHM3MJIach. B Hacrosiee BpeMs yOopka OEIOKOYaHHOW KamycThl B (pepMEepCKUX XO-
3s1ICTBaX B OCHOBHOM OCYIIIECTBIISIETCSI BPYUHYIO.

ITo BasoBOoMy cOOpy MPOIYKIIMU KaIyCTa CPEIX OBOLIHBIX KYJIBTYp 3aHUMAET MEPBOE
Mmecto. Ee BBIpalIuBaroT BCIOJy — OT I0KHBIX 10 ceBepHbIX rpanul] Poccun. Haunbonee pac-
IpocTpaHeHa OellokovaHHas KamycTta. B ceBepHOIl U cpefHel yacTsIX HEYepHO3EMHOM 30HBI
oHa 3aHuMaet 10 50% miomaau BceX OBOIIHBIX KYJIbTYp U 70 98% Bcel Iiomaay moja Ka-
NYCTHBIMHU KYJIbTypaMH. 37I€Ch MOJy4aroT BbICOKKE ypoxkan — g0 100 1/ra. Bce BuasI u pas-
HOBHTHOCTH KaITyCThl COJIEpKAT BUTAMUHBI U 00J1a1af0T 11e1eOHBIMU CBOMCTBaMH [9].
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Kanycra — ogna u3 Haubosee pacnpocTpaHEHHbIX OBOIIHBIX KylnbTyp. OHa Gorara
Aa30TUCTBIMH BEILIECTBAMHU, 30JI0M, CYXUMH BEIIECTBaAaMHU, caxapaMu, BUTaMHHaMH. B 3Tom
CMBICJIE KaIlyCcTa SIBJISIETCSI OCHOBHBIM MCTOYHMKOM BUTaMHUHOB JuIsl yenoBeka. Kpome To-
ro, HEOOXOIUMO yY€CTh, UTO KaIllyCTa SIBJISIETCS Ba)KHOW COCTABIIAIONICH B pallMOHE MUTa-
HUS KaK JII0JeH, Tak 1 )KUBOTHBIX. OHA TakXke BechMa IMoJe3Ha MpH JICUCHUU OPTraHoOB IH-
LIIEBAPEHUS.

benokouanHas kamycra — HEMPEB30HACHHBIN MPOAYKT Ul MEepPBbIX OJI0A, OCHOBHOU
KOMIIOHEHT JIJIsl IPUTOTOBIICHUSI PYCCKUX IIEeW M yKpawmHCKUX Oopmieii. Bee copra OGemoko-
YaHHOM KamyCThl SBJISIIOTCS XOPOIIMMH OYHCTUTENISIMU MOYBBI OT COpHIKOB. CBOEH KpyIMHOU
JUCTBOW KaIlyCTa YIHETaeT COpPHBIE PACTEHUS. DTO MOJOKUTENIbHAS CTOPOHA OEIOKOYaHHOMN
KalyCThl KaK MPEAIIECTBEHHUKA, HO OHA XOPOIIO UCIIOJIb3YET MUTATEIbHbIE BEIIECTBA [TOYBBI
1 0OBIYHO OCTaBJISIET MOCIE ce0sl HCTOIIEHHOE TToie. Bo3BpalieHne KamycTbl Ha peKHEe Me-
CTO BO3MOXHO TOJIBKO 4epe3 IATh JieT. benokoyanHas Kamycra — pacTeHUE XOJI0J0CTOMKOE,
BBbIJIEPKUBAET 3aMopo3ku a0 3-5°C [5, 11].

KyneTuBupyemsie B Poccun copra 0e10K04aHHON KaIlyCThl HUMEIOT Pa3IMuyHOE X0351ii-
CTBEHHOE Ha3HAUYEHUE: pAaHHUE COpPTAa MCIOJB3YIOT JUIsl TEKYILEH pean3allui HaCEICHUIO Ye-
pe3 TOProByIO CETh, CPEIHECIIEIIBIE U CPEIHENIO3IHUE — JIJIsl KBALLICHUSI U KPATKOBPEMEHHOTO
XpaHeHUsl, TO3AHECTIENbIC — JIJIS JJIUTEIILHOTO 3UMHETO XpaHenus [1].

Martepuanabl 1 MeTOAbL. B pe3ynbTaTe MpoBeICHHBIX UCCIICIOBAHIMI OBLIO BBISBICHO,
YTO Ha Mpolecc yOOpKH KOYaHHON KamycThl HauOOJbIllee BIUSHUE OKAa3bIBA€T BHICOTA yCTa-
HOBKH PEXYILEro arapara HaJl IOBEpXHOCTBIO I10YBbI (BBICOTA Cpe3a), COOTHOLLIEHUE CKOPO-
CTeil (pexyllero ammapara W JIBHXKEHHS KallyCTOyOOpOYHON MallWHBI) U Yol YCTaHOBKH
HO’a (YroJ yCTaHOBKHM HOYa peXyYIIEero anrnapaTta B TOPU30HTaIbHOMN MIIOCKOCTH).

Crenyrorue vccneqoBaHus ObUTH HaNpaBIIEHbI HA OMPEAEICHNE ONTUMATBHBIX 3HAUCHUN
KOHCTPYKTHUBHBIX ITApaMeTPOB KayCTOYOOPOUYHOM MAIIMHBI ¢ PEXYILIMM arapaToM Halll arria-
pat tumna. [Ipu 3ToM OHM OLIEHUBAIMCh MUHUMAJIBHBIM [TOBPEXKIEHUEM KOYAaHOB KalyCThl.

Jlnst perieHust 3TOM 3aa4 pa3paboTaHa KamycToyOOpoyHas MalinHa ¢ HHEPIIUOHHO-
POTOPHBIM PEXYIIUM aliapaToM, B KOHCTPYKIIMH KOTOPOTO MPEeIyCMOTPEH pexXymuid 6apa-
Oan 1, cocrosmuii U3 aucKa 2, YCTAaHOBJIICHHOTO Ha IUIMIIEBOM Baiy 14 ¢cBOOOAHO, K TOPILY
JIMCKa KECTKO 3aKpervieHa CTynuua 5 ¢ 3aMKOM 6, CMOHTHUPOBAaHHBIM Ha IIMLAX Baia 14.
Bunkoit 16 3amox 6 nmepeMeniaercss B OCEBOM HaIlpaBJICHUU. 3aMOK MPYKHUHON 7 OTBOJIUTCS
OT 3yObeB CTYNHUIIBI, a €r0 BKIIOUEHUE 00eCleYnBaeT CHIIOBOW pbryar 9. Bes KOHCTpyKIHS
PEeXyIEro anmapara OmupaeTcsi Ha KOMUPYIOITYIO JbDKY 17.

C BHYTpEHHEH CTOPOHBI JUCKAa MIAPHUPHO K HEMY 3aKpEIUJIEHbl HOKH 3 B BUJE 3a0CT-
PEHHBIX C MIPY>KUHAMH 13 TUTAaCTHH, HOXKHU YCTAHOBJIEHBI Ha OCSAX 4, CHa0KEHHBIX KOHTAKTa-
MU, 3aKperieHHbIMU, Ha yropax. [[ogo0HbIe KOHTAKTHl YCTAaHOBIEHBI Ha YIOpax HOXKEH.
Crynuia 3aMKa 1o Hapy>KHOMY KOHTYPY CHaO’Ke€Ha TMOJYKPYTJIBIMU BBbIpE€3aMH, B KOTOPHIE
BXOJUT UWJIMHAPUYECKUI POJIMK, YCTAHOBJIEHHBIN Ha KOHIIE MOJAIPYXUHEHHOIO JABYIIEYErO
phIuara, 4To MUCKIIOUYAeT MOBOPOT PEXyIero 6apabana B oOpaTHYIO CTOPOHY U YACPKUBACT
HO B MICXOJHOM IOJIO’K€HUHU MIPU BCTPEUE C KOUAHOM KaIlyCThI.

[Ipu moaxoae HOXKA K KOYaHY HOXXK HAUWHAET IMOBOPAYMBATHCS HA OCH, CXKUMAs TPY-
J)KUHY U OJTHOBPEMEHHO 3aMbIKasi KOHTAKTHI, Yepe3 3aMKHYThI€ KOHTAKTHI MTOAAETCS JIEKTPHU-
YECKUW CUTHAJ U MEPEMEIAETCS CepJICYHUK KaTYIIKH, KOTOPBI BO3JEHCTBYET HAa CHIJIOBOM
pBIyar, cMerasi Mo MUTHIIEBOMY Baly 3aMOK, Y€MY CIIOCOOCTBYET MPYKUHA 3aMKa, 3yObsl CTY-
MWLl ¥ 3aMOK B3aMMOJICUCTBYIOT MEXITY COOOM, 3aCTaBJIsisl BpallaThCs pexymuid 6apadad ot
ruapomotopa 15.

Hacrpoiika kamycToyOOpOYHOM MaIlIMHBI HAa HEOOXOIUMBIC VISl DKCIIEPUMEHTOB pe-
JKUMBI pabOTHI OCYIIECTBISIACH B COOTBETCTBUU C MPUHSATON METOIUKOM.
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\ B

Pucynok 1 — Cxema CHHXpOHHOI'O PEXYILETo anmapara KalycToyOoopOYHOH MalIuHbI
1 - Gapaban pexymuit; 2 — TUCK; 3 — HOX; 4 — OCh C JATYUKOM; 5 — CTymuIa; 6 — 3aMOK; 7 — Mpy>KuHa
3aMKa; 8 — och pbruara; 9 — peruar cunoBoif; 10 — mutok; 11 — karymka; 12 — peraar-¢pukcarop; 13 —
MpyXKMHA HOXa; 14 — Ban nutuneBoif; 15 — ruapomoTtop; 16 — Buinka; 17 — asbxa
Figure 1 — Diagram of the synchronous cutting apparatus of the cabbage harvester
1 — cutting drum; 2 — disk; 3 — knife; 4 — axis with sensor; 5 — hub; 6 — lock; 7 — lock spring; 8 — lever
axle; 9 — power lever; 10 — panel; 11 — coil; 12 — retainer lever; 13 — knife spring; 14 — splined shaft;
15 — hydraulic motor; 16 — fork; 17 — ski

WccnenoBanuem A onpeneiaeHusl ONTUMaIbHBIX MapaMeTpPoOB MPEALIECTBOBAIU OJ-
HO(akTOpHBIE 3KCIIEpUMEHTHI. [10CKOIBKY B COOTBETCTBUU C METOJUKON 00JacTh ONTUMHU3a-
LIMM MMEET BECbMa HE3HAUMUTEIIbHBIE TPAHUIIBI U NPEAHA3HAUYEHA JJI COIVIACOBAHUS B3alMO-
JENCTBUS OJHOBPEMEHHO HECKOJBKHX (PaKTOPOB Ha IMOKa3aTeslb OLIEHKH, B JIaHHOUM pabote
MOBPEXJICHHUS BHIIKOB KarycThl. [loaTOMY HIKE mpencTaBiisieM rpaduk 3aBUCUMOCTH TOBpe-
KJACHUSI OT COOTHOIICHUSI CKOPOCTeH ( MOCTymaTeabHOM U BpallleHUsl HOXa), yria MmoBopoTa
HOJKa IIPU CPE3€E, a TAKKE BBICOTH YCTAHOBKM HOKA HaJl KONMPYIOLIEH JIBDKEH.

PaccmoTpuM n3MeHEHMs] MOBPEXKIEHHUS B 3aBUCHUMOCTH OT COOTHOILIEHHSI CKOPO-

. 5 Uy
cTei AZ [3].

3aBUCHMOCTH TIPEJICTABIICHBI Ha TpadUKe M HOCAT MOJTMHOMHHAIBHBIA XapaKTep, 4TO
YKa3bIBaeT HAa HAJIMYME 00JIACTH MUHUMAJIBHBIX 3HAUEHUH MO KpUTEpHIO MoBpexaeHus. [Ipu
COOTHONIEHUU cKopocTert A=1,0 cpe3aHHbIe BUIIKH 33 CUET MAJION OKPY>KHOW CKOPOCTH OTPO-
KHUJIBIBAIOTCSI BIIEPE]l, YTO BBI3BIBAET MX CYIIECTBEHHOe MoBpexaeHue (10 12%). Ilo mepe
YBEJIMYEHHUS] COOTHOIIEHUS OT A=1,75...2,25 noBpexJIeHUsI JOCTUTal0T MUHUMAJIbHBIX 3Haue-
HUH B mipenenax ot 3,7 no 4,8%, cnenoBarenbHO, YKa3aHHBIE MTAPaMETPhl «A» TPEICTABISIIOT
co0oit HeKoTOophIi onTUMyM. [locineayromumii He3HAYUTENBHBIM POCT MOBPEXKIACHUHN TIpH A>2,5
CBSI3aH C IOBTOPHBIM BO3/IEHCTBUEM HOXa Ha BUJIOK MOCIIE €ro Cpe3a HOKOM (PUCYHOK 2).
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Bennunna moBpexaeHrs KOYaHOB 3aBUCUT M OT ux auametpa. [lpu Dx=10...17 cm
MUHUMAJIBHOE MOBPEKICHUE COOTBETCTBYET COOTHOINICHUIO A B mpenenax 1,75...2,0; a mis
cpenanx Dk=17...25 cm — 1,75...2,25 u nns xpynaeix Dk=>25 cMm A B nipexnenax 2,25...2,5.
DT0 W3MEHEHHE A CBSI3aHO ¢ MUHUMAIBHBIMU 3HAYCHUSIMUA COOTHOIIEHUS, 00CCIICYNBAIOIIU-
MU BBIIOJTHEHUE TEXHOJIOTMYECKUX TPEOOBaHUH.

Mospesaeiie Kodaiony %

o

Coomeouenne cropocTed, &
—— [n=10..17
= [IH=18...5h
il (=35 W Bionee

- ; L o= T0b6 7 - 30,815 ¢ 35,371
sasss MonpHOMEATEHARA [De=10__17} = 09903

¥ = 6,3286x - 25, 386 « 30,021
R =0,9892

----- Nonmoswannsan (Ca=25 n Gonen) y = 1 RTE2NT- 14, 470x + 22,357

R? = 0.9945

=weess MonmiossHinan [Dw=18.25)}

PI/ICYHOK 2 — 3aBUCUMOCTE MOBPEIKACHNS KOUaHOB KaITyCThbI OT COOTHOLICHU L CKOpOCTCffI " UX IuaMeTpa
Figure 2 — Dependence of damage to cabbage heads on the ratio of speeds and their diameter

BnusHue yriia noBopoTa HOKa Ha MOBPEXIAEMOCTh BHJIKOB KaIlyCThl OLIEHHMBAJIOCh
JUist 00OCHOBAaHUS KOHCTPYKIMH, @ TOUHEE, HAXOXKACHHUS MECTa YCTAaHOBKM KOHTAKTa JJisl MO-
JIa4X IEKTPUYECKOTO CUTHAJIa K IEKTPOMAarHuTy BKJIIOYEHHUsS AMCKa ¢ HOKOM. [Ipu npose-
JeHUU ombITOB yroi usMeHsuics ¢ 0 mo 20 rpamycoB. Mcxons u3 KOHCTPYKTOPCKUX CO0Opa-
xeHui. [loBpexeHne KouaHOB HaOII0A]IOCh OT BO3BpaTa HOXKAa M3 KpailHEro MOJI0XKEeHUs
pu cpe3e B HaualbHOE. bosee Bcero moBpexaanuch KpymHbIe BUIKH, OCOOCHHO TpU 00Jb-
MIMX yriax moBopota Hoxka (110 20 rpaaycoB). [IponeHT noBpexaeHus u3Mensics ot 1% mis
MeJKUX KoyaHoB 110 1,7% mis kpynHbix. Kpome 3Tor0 yunThiBanzach BICOTa YCTAHOBKH HOXa
PEXYILEro anmnapara, KOTopasi peryJaupoBanach 3a C4ET YCTAHOBKU KONUPYIOLIEH JbIKH. Pa3-
MepbI KOYEephIT KamycThl (OT MOBEPXHOCTHU MOYBBI O OCHOBAHUS BUJIKA) U3Y4a€MbIX COPTOB
koseOmroTest oT 11 1o 16 cM. Ha ux pasmep BiusieT He TOJIBKO OHoIOruyeckas 0COOEHHOCTb
copTa, HO M (a3bl pa3BUTUS BUIKOB. [loaToMy yuéT yka3aHHOTO mapameTpa BeChbMa Ba)ke€H
JUISL CO3/IaHUS CaMOM KOHCTPYKLHMU M TOCIEAYIOUIMX peryiaupoBok. 'paduk BiausHHS ycTa-
HOBKH HO’Ka Ha IOBPEXK/ICHUE BUIKOB IIPEACTABIIEH HA PUCYHKE 3.

OOumii xapakrep M3MEHEHHUS TOBPEXKACHUS KOYAaHOB OT BBICOTHI YCTAaHOBKM HOXa
Npe/ICTaBICH MOJMHOMHAIBHOW (pyHKIMEH B BUIE MOJIMHOMA BTOPOM cremenu. Ecnu yuuThI-
BaTh MpeJIeNIbHbIE JOMYCTUMBbIE 3HaYE€HUsI TIOBPEXKIEHHUS B COOTBETCTBUH C arpoTpeOOBaHUSAMU
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110 5%, TO JI KPYMHBIX BUJIKOB 3TO PACCTOSTHUE COCTAaBUJIO 12 ¢M, cpeaHux 70 15 cM, Menkux
70 18 cM. DTa 3aBUCHMMOCTH 00ECIICUMBAETCS OCOOCHHOCTSIMUA KOHCTPYKIIMH, TIOCKOJIBKY YBe-
JUYCHUE PACCTOSHUS U3MEHSET MOJIOKEHUE HOXa, TTOTHUMAs1 ero OJmke K koyany. Takum 00-
pa3om, yem OoJIbllie YKa3aHHBIN 3a30p, TEM BbIIIE TOBPEXKACHHUS KOYAHOB KaITyCThI.
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Pucynok 3 — 3aBuCcHMOCTb OBPEXIEHHS KOYAaHOB KaITyCThI OT BHICOTHI YCTAHOBKH HOXKa
Figure 3 — Dependence of cabbage head damage on knife installation height

Jis uccienoBaHust o0NacTH ONTHMyMa ObUI peaM30BaH INPEAEIbHO HACHIILEHHBIN
wiaH Pextmagnepa msa 3-x ¢akropHoro skcnepumenTa. I1o pesynbraTtam sKCepUMeHTaNlb-
HBIX JIaHHBIX C MOMOMUIbIO CcliennaabHON porpammsel Ha [I9BM Obutn onpeneneHsl ko3pdu-
LMEHTa perpeccuu. VX 3HaUMMOCTh OLleHMBajach 1o kpureputo CTbrofieHTa. B pesynbrare
pacueToB ObLIM MOJY4YEHBI YPAaBHEHUS! PErPECCUU B KOJMPOBAHHOM BHJIE AJISi COPTOB KOYaH-
HOM KamycThl «Dopcax» U «bynaT» 1o MOBPEXIEHUIO KOYAHOB.

a) i menkux koganoB (D = 10-17 cm)

Y*=3,64-0,52X - 0,08X; - 0,05X; - 0,05X; X5- 0,03X.X5- 0,02X,X5 + 0,78X % +1,33X% + 1,1XZ (1)
0) nns cpeanunx koyaHoB (D = 18-25 cm)
Y1=201-0,17X, - 0,15X, + 0,08X3— 0,11 X, + 0,08X.Xs - 0,05X,X; + 1,26X2 +0,74X2 + 1,01X2  (2)
B) s KpYyMHBIX KogaHoB (D > 25 cm)
Y*'=3,79 - 0,5X; - 0,01X; + 0,01X; - 0,02X; X, + 0,03X1.X3- 0,02X,X5 + 0,71X7 + 1,31XZ + 1,21X2  (3)

ANIEKBAaTHOCTh TMOJYYEHHBIX MaTEMaTHUYECKUX MOJEIEH MpOBEpsIach MO KPUTEPUIO
@umepa. [loxydeHo, 4To BO BCexX Cllydasx HMCCIEIOBaHMS KamycTOyOOpouHOH Mammsbl F, <
Fraon (Frasn = 2,6 — TabnmuHOe 3HaueHue kputepus Puiepa npu ypoBHe 3HauMMocTH 5%). Ta-
KM 00pa30M CUUTAEM, YTO MaTeMaTH4YeCKas MOZEIb aIeKBaTHA PE3yJIbTaTaM HKCIIEPUMEHTA.
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UtoOBI onpenenuTh ONTHUMAalIbHBIE 3HaYeHUs1 (aKTOPOB HEoOXoauMo npoauddepeH-
[IUPOBAThH MOJyUYECHHBIC YPABHEHUS PETPECCHH 10 KaXI0H NEPEMEHHON U MPUPABHATH K HYIIIO
YacTHBIE MTPOU3BOJIHBIC, PEIIMB MOJyUYeHHBIE cUCcTeMbl ypaBHeHui. [locne perienus 3Tux cu-
CTEeM YpaBHCHHI IOJIydaeM 3HAa4eHHS (PaKTOPOB, ONTHUMH3UPYIONINX BEIMYUHY KPUTEPHS
OIICHKH, KOTOPBIE IIPEICTaBIICHbI B Tabiumax 1, 2, 3.

Tabnuna 1 — Ontumu3anus 3HaYeHUH (aKTOPOB I MENTKUX KodaHoB KamycThl (D = 10-17 cm)
Table 1 - Optimization of factor values for small cabbage heads (D = 10-17 cm)

®dakTop IToBpexieHre KO4aHOB

0,34

X1 — BBICOTa YCTAaHOBKH HOXa, CM —_
14

. 0,03

X2 — COOTHOIIIEHUE CKOpOCTEH —_—
1,8

o 0,02

X3 — yroa noBopoTa HOXa, ETE

Tabnuna 2 — OnTuMu3anys 3Ha4eHUH (HaKTOPOB IS CPeTHUX KOoYaHOB KarrycThl (D = 18-25 cm)
Table 2 — Optimization of factor values for medium cabbage heads (D = 18-25 cm)

®akTop [ToBpexienne KouaHOB
0,07
X1 — BBICOTA yCTAaHOBKH HOXa, CM

14,5

. 0,1

X2 — COOTHOIIIEHUE CKOPOCTEH
2,05
— 0,04
X3 — yroj noBopoTa HOXa, 70

Tabmuna 3 — Ontumu3aius 3Ha4eHUH GakTOpOB ISl KPYIMHBIX KOYaHOB KarycTsl (D > 25 cm)
Table 3 — Optimization of factor values for large cabbage heads (D > 25 cm)

®dakTop [ToBpexieHne Ko4aHOB
0,07
X1— BBICOTA YCTAHOBKHU HOXa, CM
14,5
. 0,1
X2 — COOTHOIIIEHHE CKOPOCTEH
2,25
— 0,04
X3 — yroa noBopoTa HOXa, 5

[Ipumeuanue: 3HaYEHUSI B UUCIIUTENE — B KOJMPOBAHHOM BHUJIE, B 3HAMEHATENE B pac-
KOJIMPOBaHHOM BH/IC.

Jlnst aHanmM3a MOJIYYEHHBIX Pe3yJbTaToOB M M3y4eHUs MMOBEPXHOCTU OTKIIMKA MPOBEIU
KaHOHHYECKOE MPeoOdpa3oBaHNe MAaTEMaTHUECKUX MOJIENIEH BTOPOTO TTOPSIIKA.

B pesynbTare 3TOro npeoOpa3oBaHUsl ypaBHEHUS PETPECCHH, MPEICTABICHHBIE B Ka-
HOHMYECKOH opMe, UMEIOT BU/I:

a) nns menkux kouaHoB (D = 10-17 cm)

Y!-3,6=0,78%X3 + 1,33X3 + 1,1X? (4)
0) nns cpeaanx ko4aHoB (D = 18-25 cm)
Y°-2,9=126X2 + 0,74X% + 1,01X2 (5)
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B) I KpyMHBIX Ko4aHoB (D > 25 cm)
Y -38=0,71X? + 1,31X3 + 1,21%3 (6)

[Tockonbky Bce KO (GUIIMEHTHI MPU KBAAPATHBIX YICHAX UMEIOT OJIMHAKOBBIC 3HAKH,
TO MOBEPXHOCTH OTKJIMKOB, OMUCaHHbIC ypaBHEHUAMH (1,2,3), IPEACTaBISIOT CEMEHCTBO 3JI-
JIUTICOB C KOOPAMHATAMH IIEHTPOB TTOBEPXHOCTEH B ONTUMAIIBHBIX 3HAYEHUSX (DAKTOPOB.

ITpu paccMOTpeHHH ABYMEPHBIX CE€UYEHHI MOBEPXHOCTH OTKJIMKA 1O ypaBHEHHIO (1)
JUIS. MEJIKMX KOYaHOB KamycThl copToB «@Dopcaxk» u «bynar» ¢dakTopoB BbicoTa cpesa (X1),
COOTHOIIEHUE CKOpocTel (X2) M yroj moBopoTa Hoxka (X3) MO OCHOBHOMY KPUTEPHUIO OINTH-
MU3AIUN, OHU OBUTH PEIIeHbI rpaduecKy.

KoopauHarsl IGHTPOB MOBEPXHOCTEN HAXoAATCs B ciieayromux Toukax. X1=0,34; X, =

0,03; X3=0,02. [Ipu 5TOM ONTUMaIbHOE 3HAYEHHUE TMOBPEKACHUN KOUYAHOB HAXOJIUTCS B IICH-
Tpe moBepxHocTH Y .1 = 3,6%.
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Pucynok 4 — JIBymMepHOe ceueHue sl H3y4eHHsl BIUSHUS PaKTOPOB X3 Xo Ha TIOBPEXKICHHE
MeJKUX Ko9aHoB npu Xz = 0,02
Figure 4 — Two-dimensional cross-section to study the effect of x1 x2 factors on damage
to small heads at x3 = 0.02
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Pucynok 5 — JIBymMepHOe ceueHue /ISl H3y4eHHsl BIUSHUS PaKTOPOB X; X3 Ha TIOBPEXKICHHE
MEJIKUX KO9aHoB npu X, = 0,03
Figure 5 — Two-dimensional cross-section to study the effect of x1 x3 factors on damage
to small heads at x2 = 0.03
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[TogoOHbIi aHanM3 MpPOBEEH MJIS ONpPEACNICHUs IapaMEeTPOB CPEAHUX U KPYIHBIX
BUJIKOB.

3akaouenue. OnpeneneHne mapaMeTpoB KalrycTOyOOPOYHOW MAIFHBI HAPSMYIO CBSI3aH C
caMUM 06’LGKTOM, T.C. pa3MC€paMu KaIlyCThI. B xaugectBe HCXOOHOI'0 B3AT AUAMCTP BUJIKA. I/ICXOIM nu3
OTOr0 BWJIKM pacCOpCAC/INIIMN IO TPEM IpyIinaM: MEJIIKUC OUAaMCTPOM 10-17 CM; Cp€OAHHC AUaAMCTPOM
18-25 cm m kpymHbIe qraMeTpoM 25 u 6ornee cM. OleHKa MPOBOJMIACE MO TIOBPEKICHUIO BHIIKOB,
KOTOpOE TI0 arpoTpeOOBaHUsIM HE IOJDKHO mpeBbmaTh 5%. Ilo pesynpratam omHOpaKTOPHBIX IKCIIE-
PUMEHTOB U pCain3aliliy B IMOCJICAYIOUIEM MPEACIbHO HACBIIIICHHOTO IJIaHa PeXTma(bHepa omnpeaeie-
HbI OIITUMAJIbHBIC MapaMETPhI PEIKYIICTO aliapara KaHyCT0y6OpOIIHOI\/'I MamuHbl. OnTHMAaIbHBIE 3HA-
YeHHs BBICOTa cpe3a kKodepwird (14-14,5 cm); cootHomeHus ckopocreit (1,8-2,25); yrima moBopoTa
HOXa B TOPU3OHTAIBHON IIIOCKOCTH (8-12 rpamycoB). s MpakTHYEeCKOTO MPUMEHEHHUSI B KOHCTPYK-
[IUU MAITUHBI IPUHATO: YTOJI TOBOPOTa HOXA — 10 rpagycoB, COOTHOIIEHHE CKopocTel — 2,3.

Conclusions. The determination of the parameters of the cabbage harvester is directly related
to the object itself that is the size of the cabbage. Based on this fork, the diameter of the fork was taken
as the initia one in three groups. small-diameter 10-17 cm; average diameters of 18-25 cm and large
diameters of 25 or more cm. The assessment was carried out on damage to forks, which, according to
agricultural demands, should not exceed 5%. Based on the results of one-factor experiments and the
subsequent implementation of the extremely saturated Rechtschafner plan, the optimal parameters of
the cutting apparatus of the cabbage harvester were determined. Optimal values of the cutoff height of
the stingray (14-14.5 cm); velocity ratios (1.8-2.25); angle of knife rotation in horizontal plane (8-12
degrees). For practical use in the design of the machine, it is accepted: the angle of rotation of the
knifeis 10 degrees, the speed ratio is2.3.
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