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Annomauusn

Bseoenue. OBOIIEBOACTBO SIBISETCA OJHON M3 BOKHEHIIMX OTpAciell CeIbCKOXO3SHCT-
BEHHOIO IIPOU3BOACTBA. OHO OCYIIECTBISIETCS KaK HA CEIbCKOXO3SHCTBEHHBIX MIPETIPHUsI-
THSIX, TaK H CEIIbCKOXO03SHCTBEHHBIX JINYHBIX TTOACOOHBIX H JIPYTHX HHAUBUIYAIbHBIX XO-
3qlicTBaX HaceneHus. BoszienpiBaHne OBOIIHBIX KyIBTYp B YCIOBHAX JMUHBIX MOACOOHBIX
XO3SIMCTB BCEra CONPsKEHO ¢ 00pabOTKOI MOUBbI: BCIALIKOI, KynbTuBanuei, Gppeseposa-
HHEM H T. JI. JITs1 OCYIIECTBIICHHS Pa3HbIX BUIOB 0OPAOOTKH IOYBBI AKTUBHO HCIIONIB3YIOT-
Cs1 CpeZICTBA MaJIol MEXaHH3alMH, B YACTHOCTH MOTOOJIOKH, OIIBIT SKCILTyaTallii KOTOPbIX,
Hapsilly € MCCIEOBaHUAMM B oOsacTu 3GdekTuBHOCTH MX (QYHKIMOHUPOBAHMS, MO3BO-
JIeT OLPEAEIUTh PSZl CIOCOOOB [ IOBBINICHHS KadecTBa 0OPaOOTKU IOYBBL. AHAIH3
€1oco0oB MOBBIEHHS YQPEKTUBHOCTH (YHKIIMOHUPOBAHHS MOTOOIOKOB BBISBHI, 4TO
Ha I0Ka3aTellb IPOU3BOJAUTEIBHOCTH CYLIECTBEHHOE BIMSHHE OKa3bIBAIOT KOHKPETHbIC
HOYBCHHBIE YCIIOBHS PAOOTHI arperaToB, a IMEHHO TBEPIAOCTh 00padaThIBaeMOil IIOUBHI.
Lenv uccrnedosanus. OnpeneneHne TBEPAOCTU CPEIHECYIIMHIUCTON CEPOii JIECHOH MOYBBI
Ha Pa3/IMYHbIX I0YBEHHBIX TOPH30HTAX, XapAKTEPHBIX JULS BHIPAIIUBAHUS OCHOBHBIX I1JI0-
JI0BO-OBOIIHBIX KY/BTYP B YCIOBHSAX JIMYHBIX OACOOHBIX U MHIMBUIYaTbHBIX XO3SHCTB
HACeJICHUS.

Mamepuanvt u memoosl. TBEpIOCTb IIOUBBI H3MEPASTCS TBEPIOMEPAMHU PA3IIMYHBIX TUIIOB
JeiiCTBHSA: YIapHBIMHU, CTaTHYECKU HATPYKEHHBIMU U IPUHYAUTEIBHO BIABIUBAIOIIIMU
B 104BY Aehopmarop (KOHYC, IMIIMHD, map). B xone uccnenoBanus ObL1 IPoOBEJICH aHa-
113 IpHOOPOB M YCTPOICTB ISt U3MEPEHUs TBEPAOCTH MouBbl. CXeMa oIpeJielIeHNs TBep-
JOCTH IOYBBI BKIIIOYAJIA B O H3MEPEHHUs MOCIe yOOPKH OBOIIHBIX KYIBTYD: KapTodens,
BBIKOIIAHHOI'O ITPU ITOMOIIH MOTOOJIOKA C ITACCHBHBIM KapTO(l)CHeBbIKaHbIBaTeHeM; KapTo-
(ersi, BBIKOIIAHHOTO TIPU MOMOIIM PYyYHOTO MHCTPYMEHTA (JIONATHI); CBEKJIBI KOPMOBOM;
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TBIKBBI CTOJIOBOM; PEIYATOro Jiyka. TBEPAOCTh MOYBBI ONPEAEISUIN C MOMOIIBIO TBEPIO-
Mepa (nererpometpa) pupmsl Wile Soil.

Pesynbmamur uccieoosanus. VIConb30BaHue TBEPAOMEPOB B YCIOBUSX JIMUHBIX MTOACO0-
HBIX U UHJMBUIYAIBHBIX XO35ICTB HACEICHUsS 3aTPYJHEHO M3-3a JJOPOTOBHU3HBI, a TAKXKe
U3-32 TOTO, YTO TaKHe NPHOOPHI B OCHOBHOW CBOCH Macce SIBJISIOTCS CIHELMaTI3UPOBaH-
HOH 1a00paTOPHON TEXHUKOM, TPeOyIOIIeH ONpeIeIeHHBIX HABBIKOB P UCIIOIb30BAaHUH.
OmnpeneneHne TBEPJOCTH MOYBEI 3eMEJIBHBIX yYaCTKOB HAceJIeHHs B IOCICyOOPOUHBII
HEPUOJT SIBILSIETCS AKTYalbHOI 3a/1aueid, TaK KaK BIUsCT Ha QYHKIIMOHUPOBAHUE MOTOOJIO-
KOB, @ UIMEHHO — MO3BOJISIET OIIEPaTOpaM MPOBOJIUTH 00PabOTKY ITOYBBI HA MaKCUMAJILHO
9 PEeKTHBHBIX peKHUMaXx, ITOBBIIIAs TEM CAMBIM IPOU3BOIUTEILHOCTE TOYBO0OpadaThIBa-
IOILETO arperara.

Obcyocoenue u sakniouenue. Ha OCHOBaHMM aHAJIM3a PE3YJIbTATOB SKCHEPUMEHTAIbHBIX
WCCIIEIOBAHUI TTOTyYeHBI yPaBHEHUSI PETPECCHH, MO3BOIIIONINE ONPEISIIUTh 3HAYCHHNE
TBEPAOCTH CPETHECYIIIMHUCTOM cepoii TecHOH mouBHI (Ha rryouHe 10 20 cm) mocie yoop-
KU CEJIbCKOXO3HCTBEHHBIX KYJbTYp, HanOOJIee pacrpOCTPAHEHHBIX IS BBIPAIMBAHMS
B YCIJIOBUSIX JIMYHBIX TTOJICOOHBIX XO3HCTB y HaceneHus PecryOmiku Mopaosusi.

Kniouesvle cnosa: oBOIICBOJICTBO, MeXaHHYeCKas 0OpabOTKa MOYBbI, MOTOOJIOK, TBEp-
JIOCTb TIOYBBI, TBEPAOMED, NTyOHHa 00pabOTKH, ypaBHEHUS PErpecCrr

Kongpnuxkm unmepecog: aBTopbl 3asBISIIOT 00 OTCYTCTBUH KOH(IUKTA HHTEPECOB.

Jns yumupoeanus: ViccnenoBanne TBEPAOCTH MOYBBI B YCIOBHAX JIMYHBIX TTOACOOHBIX
U HMHAUBHIyalbHBIX X03sicTB Hacenmenust / A. C. VmanoB [u np.] // WUmxeHepHbie
TexHonoruu u cucreMsl. 2024. T. 34, Ne 4. C. 530-548. https://doi.org/10.15507/2658-
4123.034.202404.530-548
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Abstract

Introduction. Vegetable growing is one of the most important branches of agricultural
production. Production of vegetables is carried out in both agricultural enterprises and on
personal subsidiary and individual peasant farms. Growing vegetable crops on personal
subsidiary and individual peasant farms involves tillage: plowing, cultivation, milling,
etc. For tillage, there are actively used small tools, in particular tillers. The experience of
their use and the research on the effectiveness of their functioning allow identifying ways
to improve tillage quality.

Aim of the Study. The study is aimed at identifying the hardness of medium-loamy gray
forest soil on different soil horizons typical for growing fruits and vegetables in personal
subsidiary and individual peasant farms.

Materials and Methods. To measure the soil hardness, there are used different types of
penetrometers: percussion, statically loaded and forcibly pressing a deformer (cone, cy-
linder, and ball) into the soil. In the study, instruments and devices for measuring the soil
hardness were analyzed. The scheme of the soil hardness analysis included measurements
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after harvesting the following crops: potatoes dug using a motor cultivator with a passive
potato digger, potatoes dug with a hand tool (shovel), fodder beets, squashes, and common
onions. The soil hardness was measured using a hardness tester (penetrometer) manufac-
tured by Wile Soil.

Results. The use of hardness testers in personal subsidiary and individual peasant farms is
difficult due to their high cost and to the fact that the most part of these devices are spe-
cialized laboratory equipment, which require specific skills when used. Analyzing the soil
hardness on personal subsidiary and individual peasant farms in the post-harvest period is
a relevant task for optimal functioning of tillers, namely, it will allow operators to use the
most efficient modes for tillage that will increase the tillage unit performance.

Discussion and Conclusions. Based on the analysis of the results of the experimental stu-
dies, there have been obtained the regression equations that allow determining the value
of the hardness of medium-loamy gray forest soil from a depth (up to 20 cm) in the period
after harvesting crops, which are the most common for growing in personal subsidiary and
individual peasant farms of the Republic of Mordovia.

Keywords: vegetable growing, mechanical tillage, motor cultivator, soil hardness, hard-
ness tester, processing depth, regression equations
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Beenenue. OBOIIEBOACTBO — OIHA U3 BAXKHBIX OTPAciei CeIbCKOX035MCTBEHHOTO
MIPOU3BOJICTBA. B JeTHE-0CeHHMI IeprO OHO YIOBIETBOPSAET NOTPEOHOCTH HACEICHUS
B CBEYKEH OBOIIIHOW MPOAYKIINH, a TPAaBUIBHOE XpPAaHEHNE U BOBMOXKHOCTh KOHCEPBAIIUU
o0ecreunBaroT KPyIIOTOAMYHY 0 BO3MOXKHOCTh yroTpeOieHus ee B rutty [ 1]. OBore-
BOJZICTBO SIBJISICTCSI OTHOM U3 OTpacieil CEeIbCKOTO X0351MCTBA, B KOTOPOU B MOCICAHUE
TO/IbI HAOMIOANICS POCT BAOBBIX cOOPOB mpoaykiuu'. [Tpon3BoacTBO OBOIIEH OCY-
IIECTBIISICTCS KaK HA CEIBCKOXO3AUCTBEHHBIX MPEANPUSITUIX, TAK U CEIbCKOX03SHCT-
BEHHBIX JIMYHBIX MOJICOOHBIX YIObSX U JIPYTUX WHIAUBH/YaIbHBIX XO3SHCTBAaX HACEIIe-
Hus [2]. B HacTosmee BpeMsi Ha MHIUBUAYATbHBIC X035HCTBA HACEICHUS TPUXOIUTCS
noutu 80 % Bcel BhIpammBaeMOl OBOIIHOW MpoayKmuu Pecrmy6nnku MopmoBus.
CornacHo ctaructuke Ha 2021 T. momaas CeabCKOX03SIICTBEHHBIX 3eMeITb JIMYHBIX
MTOACOOHBIX XO3SUCTB kuTeaeH MopmoBuu cocTaBiseT 158,8 Teic. Ta, U3 KOTOPHIX
30,4 Teic. npuxoauTcs Ha namHw. 13 30,4 Teic. ra 27,7 ThIC. HCHIOJAB3YIOTCS 111 BbI-
palnBaHus IJI00BO-0BOLIHBIX KyIbTYp: 12,7 ThIC. ra (45,8 %) 3aHsATH KapTodenem;
8,9 ThIC. Ta (32,2 %) — KOPMOBBIMH KyJIbTypaMu (CBEKJa, KyKypy3a, MOICOTHEUHUK
u z1p.); 0,36 toic. ra (1,3 %) — ThIKBOI cToNOBOI; 0,3 ThIC. Ta (1,1 %) — pemuaTbiM 1y-
kom; 0,22 trIc. ra (0,8 %) — Tomaramu; 0,19 ThIC. Ta (0,7 %) — kamycToii; 0,17 ThIC. ra
(0,6 %) — mopkoBbIO? [3; 4].

! TexHOIOTHH OBOIIEBOACTBA : yueOHoe mocobue / M. Y. Mamenkos [u ap.]. OpenGypr : OpenGypr-
ckuit [AY, 2020. 478 c. URL: https://e.lanbook.ru/book/172659 (nara oopamienus: 10.01.2024).

2 OCHOBHBIE WTOTH CEILCKOX03siCcTBeHHO# MuKkponepernucu 2021 roga. Craructuueckuil cOOPHUK
[Dnexrponnsiii pecype]. URL: https://rosstat.gov.ru/storage/mediabank/Census_agr 2021.pdf (mata 00-
pamenns: 10.01.2024); Kynpsmkua B. @., Vaanos A. C. D pekTuBHOE HCTIONB30BaHUE TTOYBO0OPaOATHI-
BaIOIIMX arperatoB Ha 06aze MoTo0I0KoB : MoHOTp. Capanck, 2021. 160 c.
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BrIpamuBaHue mI1010BO-0BOIIHBIX KYJIBTYp X035SWCTBAMH HACEJICHHSI TECHBIM
00pa3oM CBS3aHO C IPOBEJCHUEM MEXaHHMUECKOH 00pabOTKH MOUBBL: BCIIAILKOH, (pe3e-
pOBaHMEM, KyJIbTUBaLKEH, 0OPOHOBaHHEM, OKyUHBaHUEM U Jp. [isl ee ocylecTBiIeHns
AKTUBHO HMCIIOJIB3YIOTCSI CPEJICTBA MAJIOH MEXaHU3aI[UH, B TOM YHCIIE ¥ MOTOOIIOKH.
[To cBoeMy (yHKLIHOHATY MOTOOJIOKH 3aHUMAIOT MECTO MEXI1Yy MOTOKYJIBTHBATOPAMHU
¥ MUHUTpaKTOpamMu. Bei6op kiacca MOTOOI0Ka OCYIIECTBISIETCS COITIACHO YCIOBHOM
KJTaccu(DUKAITIH, COCTABICHHOW HAa OCHOBE PEKOMEH IAINIA TIOJIL30BaTEIICH U MPOM3BO-
JTUTENeH, yYUTHIBAIOIIEH MOITHOCTD JIBUTATENsl, MacCy arperara, yOuHy o0padoTKu
MOYBHI’,

Bonpiioii ombIT 3KCIITyaTauu MOTOOJIOKOB [4; 5], arperaTupyeMbIX ¢ pa3iIHYHbI-
MU TATOBBIMH U TATOBO-NPUBOJHBIMU CMEHHBIMH ajantepaMu (II0YBeHHbIE (pe3bl,
JIEMEIIHO-0TBAIbHBIN TUTYT, KYJIBTHBATOP U 1p.) [6], a TaKke MccieoBaHus B 00IacTu
3¢ GeKTUBHOCTH (PYHKIIMOHUPOBAHHS TTO3BOJISIIOT OMPENCIUTD Psifi CIIOCOOO0B sl CO-
BEPLICHCTBOBAHMS 00PaOOTKH MOYBBI:

— BBIOOP paLMOHAJIbHOM MOCTYIATEIbHON CKOPOCTH JBMKECHHS MOTOOIO0KA;

— BBIOOD 1M0/1a4u Ha paboumii opraH (HOX Gpe3bl WK JIOACTh POTAIIMOHHOTO ILTyTa)
3a CUET PETYJIIMPOBAHUS YIIIOBOM CKOPOCTH POTOPA;

— obecrieyeHne MOCTOSIHHOTO YIIa pe3aHus pabodyero opraHa CMEHHOIO aJanTepa;

— BBIOOP PaLMOHAJIHON KOHCTPYKIMHA CMEHHBIX aJ1alTEPOB;

— yBETMUEHHUE IIUPHUHBI 3axBaTa (ppezbapabaHoB;

— 00paboTKa IMOYBHI B /IBa clie/la Ha pa3IMYHbIX TIIyOHHAX;

— IIpOBeIeHue KOMOMHUPOBAHHON 00pa0OTKHU TIOYBHI.

IIpencraBneHHbie cCIOCOOBI COBEPIIICHCTBOBAHUS 00pabOTKH IMOYBEI BO MHOTOM
3aBUCST OT XapakTepa B3aUMOJICHCTBUS pPadOunX IEMEHTOB MOYBO0OPA0aTHIBAIOIINX
arperaroB ¢ Hell. BaxxHoii 3afaueli cieqyeT cunTarh OnpeeieHue KOHKPETHBIX 3Haue-
HUI OCHOBHBIX (DU3MKO-MEXaHHMUYECKHUX CBOWMCTB MOUBBI, B YACTHOCTH €€ TBEPAOCTH,
M03TOMY MCCIIEOBAaHMs, HAlPaBJICHHBIE HA HAXOXKICHUE II0KA3aTeNsl TBEPIOCTH IIOUBBI
Ha Pa3UYHBIX TIIyOMHAX TOYBEHHOTO TOPU3OHTA, SIBIISIOTCS aKTYaJIbHBIME U 3aCITyKH-
BaIOIIMMH BHUMAaHUSI.

O030p aurteparypsl. [locTynarenbHas CKOPOCTh ABUKEHUSI MOTOOJIOKA U BEJTMUMHA
MoJIa4n Ha paboumnit opraH 00ecIeunBaloTCsS BEIOOPOM HEOOXOMUMOI TIepenayn Mexa-
HUYECKOH KOpOOKHM TepeKIItoueHus nepeaad. Takue yCTpolcTBa MOTYT UMETh OT JIBYX
JI0 BOCBMHU Tlepeaay MepeqHero Xoua U IABYX Mepeaad 3aJHero Xoaa, 4YTO pacliupsieT
CKOPOCTHOH Anana3oH (PyHKIMOHUPOBAHMUS, IPUCHOCAOIMBAS MALIMHY K HEKOTOPHIM
KOHKPETHBIM YCIIOBHAM padoThl*. OHAKO KOPOOKa MEPEeKITIOYEHHUS epeiad 3HAYUTETbHO
YBEIMUYUBACT [IEHYy MOTOOJIOKOB, TIOATOMY C IIEJTBbI0 CHU)KEHHS ce0eCTOMMOCTH U TPY/I0-
€MKOCTH M3TOTOBJICHUS IPOU3BOIUTEH UCKITIOUAIOT MX, UCTIONB3Ysl pEMEHHO-3y04aTo-
LETTHBIC 1 PEMEHHO-LICTTHBIC TPAHCMHUCCUH U TIEPEadt, TEM CAMbIM OIPaHUYUBAsl BEIOOD

* KynpsikuH B. @., Vnano A. C. DddexTiBHOE HCMONB30BaHKUE T04BO0OPAOATHIBAOIIMX arpera-
TOB Ha 0a3e MOTOOJIOKOB.

*Typees U. U. [lepcriekTnBHas Mamnna st ppe3epHoit 06paboTku moussl / A qantuBHO-maHmadr-
HBIC CHCTEMBI 3eMJIC/ICIINSI — OCHOBA ONTHMH3AIMK arponangmadros : c¢6. qokir. Beepoc. Hayd.-mpaxr.
koH(. (14 — 16 cents6ps 2016 ., 1. Kypck). Kypek, 2016. C. 84-88. EDN: WLEKS]J
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HanOoJee paoOHAIBHBIX CKOPOCTHBIX PEXKUMOB (DYHKIMOHUPOBAHUS MOYBOOOpada-
TBHIBAIOIINX arPEraToB, CHIDKAs UX d3PPEKTUBHOCTE .

Jnst ycTpaHeHHs 3TOT0 HEJOCTATKa CEJIbCKOX03IHCTBEHHBIM OTEYECTBEHHBIM H 3apy-
0€XHBIM MaIIMHOCTPOSHUEM Pa3paboTaHbl U PeaTi30BaHbl MOTOOJIOKH C OECCTYIEHYATHIM
peryimpoBaHueM ckopocTu aBmwkeHus. Hanpumep, arperarst hupmbr Caiman (Dpanigis)®
OCHAIIIEHbl TPAHCMHUCCUEHN, KOTOpasi KMEET BBICOKUH Moka3arenb HajexHocTy 1 KIT/,
B pe3yJbTare 4ero BapbHPOBAHUE CKOPOCTHBIX MOKa3aTelieil B HEKOTOPOM JHara3oHe
MOXET OCYIIECTBIATHCS 32 CUET M3MEHEHUS YHCIa 000POTOB JIBUTATENSI C COXpPAaHEHUEM
ero pecypca u 06e3 peKAeBPEMEHHOTO BBIX0/Ia U3 CTPOsL. TakKe MOTOOOKH, B KOHCTPYK-
[IUU TPAHCMICCHUN KOTOPBIX HHTETPUPOBAH KIIMHOPEMEHHBIN BapUaTOp ¢ MEXaHH3MOM
PY4HOTO yripapieHus [ 7], mo3Bossitoluii 00ecreunBarh 0ecCTyIeHYaToe PEeryaInpoBaHIe
CKOPOCTHBIX PEKUMOB (DYHKIIMOHUPOBAHUSI B 3aBUCHMOCTH OT KOHKPETHBIX TIOUBEHHBIX
ycioBuii [8].

JlBmxenue pabouero oprana (Hoa) B 00bi9HOM (hpe3epHOM OapabaHe MPOUCXOAUT
C U3MECHEHHEM YTyIa PE3aHHMs1, OTO IPUBOIUT K JOTIOIHUTEILHOMY CMSTHIO ITOYBHI U yBe-
JMYEHHUIO CONPOTHUBIICHHS PE3aHUsl, YTO B CBOIO OUEPEIb CKAa3bIBACTCS OTPHUIATEIHLHO
Ha YHEPrOeMKOCTH TEXHOJOTHYECKOTO Tpoliecca 00pabOTKHU MOYBHI.

C menpio yCTPaHESHHsI 3TOU MpoOIeMBbI OBLTH TIPOBEICHBI CCIICIOBAHUS B 00IaCTH
obecriedeHus MOCTOSTHHOTO yIiia pe3anns. OHU MOKa3alid, YTO B MPOIECCe OTPE3aHus
TTOYBEHHOH CTPYXKH HOXKHU pa3paboTaHHOW KOHCTPYKIHH (pe3epHOoro ObapabaHa nme-
FOT TIOCTOSIHHBIN YTOJ Pe3aHus 1 HEM3MEHHYIO ONITUMANIBHYIO TPASKTOPHIO JIBUKECHUS.
[Ipu paboTe TaKoil KOHCTPYKITMH HAOIIOAAEeTCS MUHUMAIIBHOE COMTPOTHBIICHNE TIOYBHI
0 HOX [9].

PanpoHanpHast KOHCTPYKLIMSI CMEHHBIX aJanTepoB, B YacTHOCTH (ppe3dapabaHoOB,
ompenensieTcsa HanOojee ONTUMAaIbHBIM B3aUMHBIM pa3MelieHneM Hoxel. CyliecTBy-
10T 1Ba 0000 3 PEKTUBHBIX BapHAHTA: PACIIOIOKEHHE HOKEH M0 3aMKHYTOW CITUpaIIH,
pacrosiokeHue 1o BecTpeuHbIM crupaism [10].

YBenuueHue MIMPHUHBI 3axBaTa (ppe3dapadaHoOB OCYIIECTBISIETCS YCTAHOBKOW J10-
MIOJIHUTEIHHBIX CEKITUH ¢ HOXKaMH. Takoi Crioco0 TOCTATOYHO PAaCIPOCTPaHEH, OTHAKO
yBEJIMYEHNE HArpy30K B MPHUBOJIC OCTABIISIET BOIPOCHI U TPEOYET MCCIIETOBAHUS
B 00JIaCTH METOMIOB X CHIDKEHHS, HAIIPUMEp, PACCMOTPEHHS TTOIX0a K OITUMATILHOMY
pacToNoKeHUIO HOKEH Ha yBennmdeHHOM (ppezbapadane [11].

Croco6 00paboTKH TIOYBHI B JIBa Clie/la TPEOYeT MOBBIMIEHHBIX YHEPTeTUYECKUX
3aTpar, OH UCIIONIb3YeTCs Py paboTe Ha THKEINBIX MepeYTUIOTHEHHBIX TTOYBaX.

Pa3paboTka KOMOMHUPOBAHHBIX arperaroB, CIIOCOOHBIX 32 OJMH TEXHOJIOTHUECKUN
MPOXOJI BBIOJIHUTH KOMIUIEKC arpOTEeXHUYECKUX ONEPALNiA, TTO3BOIUT UCKIIOYUTD
MHOTOKpPaTHbIE TIPOXO/Ibl MOTOOJIOKA, TPUBOASIINE K NIEPEYTUIOTHEHHIO BEPXHETO CIIOSI
mouBsI [12].

5 Cunnukas 0. C., Cunnnkuii C. A., JlykmasoB P. P. Ananu3 cxeM MexXaHH3MOB TPHBOJA TPAHC-
MHCCUH CPEACTB Mailoii MexaHu3auu // COBPEMEHHOE COCTOSHHE U NMEPCHEKTHUBBI PA3BHTHS TEXHUUE-
CKO¥i 0a3bl arpornpOMBIIIIEHHOTO KOMIUIEKCa © Hayd. Tp. MexayHap. Hayd.-IPakT. KOH(., ITOCBSIIEHHON
naMsTH A.T.H., npod. Myzaposa I1. I’ (28 — 29 oxrsa6ps 2021 ., . Kazans). Kazans, 2021. C. 194-198.
EDN: AWFFGO

¢ Moto6mok 6ensuHoBbIi CAIMAN Vario 70C TWK+ [Dnekrponnsiii pecypc]. URL: https://clck.
ru/3ETebK (mara obpamenus: 06.01.2024).
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AHanm3 cnoco00B MOBbILIECHHS d3PPEKTUBHOCTH (PyHKIIMOHUPOBAHUS MOTOOJIOKOB
BBISIBWJI, YTO HA TOKAa3aTeNlb Ka4yeCTBa CYLIECTBCHHOE BIIHMSHUE OKa3bIBAIOT (DU3HMKO-
MEXaHMYECKUE CBOMCTBA MOUBHI, @ MUMEHHO €€ TBEpaoCTh [13].

Puc. 1. TBepnomep Pepsxuna
1 — mITaHTa HampaBISIONIast; 2 — NITAHTa TeJecKonu4ueckas; 3 — neopmarop; 4 — IpyKuHa;
5 — rutaHka Juis Oymaru; 6 — yCTPOMCTBO 3alKChIBaIOIIEe; 7/ — PYKOSTKA; 8§ — OCHOBaHUE; 9 — AuarpaMmMa
Fig. 1. Revyakin hardness tester
1 — guide rod; 2 — telescopic rod; 3 — deformer; 4 — spring; 5 — paper bar; 6 — recording device;
7 —handle; 8 — base; 9 — diagram

Hcmounuk: COCTaBICHO aBTOPAMU.
Source: compiled by the authors.

TBepaoCTh MOYBHI (P) — CIOCOOHOCTH CONPOTHBIIATHCS BHEAPEHHIO B HEE TIOJ J1aB-
JIeHHeM Kakoro-iubo nedopmaropa’. TBepIOCTh MOUBBI U3MEPSIIOT TBEPIOMEpaMu®.
PaccmorpuMm Hambosee pacripoCcTpaHeHHBIE I IPUMEHHUMEBIE B CETBCKOM XO3STHCTBE
CpPEACTBA ONPENEJICHHUs TBEPAOCTH MOUBbI.

Teepnomep Pepsxuna (puc. 1) ocHaIeH 3aMCHIBAIOIIAM YCTPOUCTBOM, PETUCTPH-
PYIOIIMM CTENEHb CXKATHS MPY>KUHBI, KOTOPasi 3aBUCUT OT XapakTepa CONPOTHUBICHUS
nouBbl. J{nana3oH mIyOMHBI U3MepeHus HaxonuTcs B npenenax ot 0 1o 30 cm.

VYuensiMu Beepoceniickoro HayqHo-HCCIeJ0BATENBCKOTO arpoJIeCOMETUOPATUBHOTO
unctutyta (BHUAJIMU, r. Bonrorpan) paspaborano yctpoicTso [14] mis n3mepeHust
TBEPAOCTH MOYBBI HA Pa3IMYHON ITyOuHe (puc. 2).

" Teopwsi, KOHCTPYKIIHSI M PACUET CEIbCKOXO3SIHCTBEHHBIX MAIINH : YIeOHHUK ISl BY30B I10 CIICIIHAITb-
HoctH «C.-x. MammHbDy / oz pea. E. C. bocoro. M. : Mamuroctpoenue, 1977. 568 c.

8 Bpuuxos C. B., Xopes I1. H. Meronuka npoBeieH s HCCIIEIO0BAHUI TBEPAOCTH MOYBBI IIPU 00pa-
60TKe mouBkI // Bkiaa MoofbIx yueHbIX B nHHOBanmonHoe passutie ATTK Poccun : ¢6. ctareii Beepoc.
Hay4.-TIPaKT. KOH(}. MOIOIBIX YUeHBIX. (25 — 26 okTsa0ps 2018 r, 1. [lensa). [lensa : [lens. roc. arp. yH-T,
2018. T. I. C. 216-218. EDN: YRREUH
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0

Puc. 2. YerpoiicTBo 1iis onpenesneHus TBEepIOCTU TOYBBI
1 — pabounii MTOK; 2 — OCHOBaHNUE; 3 — HAIPABIISIOIINE [ITAHTH; 4 — HAKOHCUHHK; 5 — [IPY)KIHA;
6 — HOKUMHasI IUIAHKA C PYKOSTKaMu; 7 — nepexonHas My(dra; § — onopHasi paMmka; 9 — BUHT;
10 — Ha)XUMHOM WITOK; // — IPOMEKYTOUHBIN IITOK

Fig. 2. Device for analyzing soil hardness
1 —working rod; 2 — base; 3 — guide rods; 4 — tip, 5 — spring; 6 — pressure plate with handles;
7 — adapter coupling; 8 — support frame; 9 — screw; 10 — pressure rod; // — intermediate rod

Hcmounuk: coCcTaBICHO aBTOPaMHM CTaThy 10 Marepuaiiam [14].
Source: compiled by the authors of the article based on the materials [14].

Ha onpenenenue TBepaocT nouBkl Ha riyouHe cBbie 30 cM TBepaomepoM Pess-
KHMHA, IPEACTaBICHHOTO BbIlIe, 3aTpaunBaeTcst 40—60 muH. Takue 3aTparbl BpeMeHU
00yCIIOBIICHBI IPOBEACHNUEM TIOCIOMHOTO CHATHS IIOYBBI, TAK Kak TBepoMep PeBsiknHa
OrpaHWYCeH JUara3oHoM (YHKIMOHUPOBaHUs 10 TiryOuHe. [IpuMeHeHue xe JaHHOTO
yCTpoiicTBa 3HAYMTEIHHO cHIKAET (B 10 pa3) BpeMs MpoBeeHNS SKCTIEPUMEHTAIbHBIX
UCCIICJIOBAaHNH, KOTOPOE TeIepb COCTABUT OT 3 110 5 muH. Tako# addekt qocTuraercs 3a
CUET O0TKa3a OT IMOCIOWHOTO CHSITHS TIOYBbI M IPUMEHEHHSI B KOHCTPYKIIMU TBEpJOMepa
HaOOPHBIX IPOMEXKYTOUHBIX LITOKOB.

Teepaomep xorcTpykiwm BUCXOMa (puc. 3) mo3BoiseT MoTyIuTh JaHHBIE O TBEP-
JOCTH IIOYBBI HA Pa3HbIX [NIyOHWHAaX, HO SIBISETCS JOBOJILHO CJIOKHBIM IO YCTPOUCTBY
1 B O0OpalleHnN.
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Pwuc. 3. Tepnomep BUCXOM
1 — cToliKa, 3aKperyieHHast Ha ONOPHOM TUIUTE; 2 — MOJIBHXKHAS KApeTKa; 3 — CAMOIUIIYIIee YCTPOHCTBO;
4 — JIEHTONPOTSKHBIN MEXaHU3M; 5 — IITOK CO CMEHHBIM ILUTYHXKEepOM

Fig. 3. The VISKHOM hardness tester

1 — tine fixed to the base plate; 2 — movable carriage; 3 — self-recording unit;
4 — film advance mechanism; 5 — rod with a changeable plunger

Hcmoynuk: cocTaBieHO aBTOpaMH CTaThH 0 MaTepuaiam [15].
Source: compiled by the authors of the article based on the materials [15].

[ToMuMO BhIIIEyKa3aHHBIX YCTPOUCTB U MPUOOPOB CYILECTBYET MHOXKECTBO JPYTHX
KOHCTPYKTHUBHBIX PELICHUI, MO3BOJISIOLINX ONPEIEINUTh TBEPAOCTh MOouBbl. K HUM OT-
HocsiTes TBepaoMepsl [opsiukuna, Kaunnckoro, lanuna u np.’ [15].

OnHaxko, MpoaHaIM3UPOBAB BCE MHOT000pa3ne KOHCTPYKIHA, HAMHU OBUIH BBISIBIIC-
HBl HEKOTOPBIE HEJIOCTATKH UX HMCIOJIb30BaHMs, HAPUMED, MaIbIii IUaa3oH TTyOuH
nzmepennii (o 0,3 M) U CIOYKHOCTH KOMIIOHOBKH YCTPOMCTB.

Marepuassl 1 MeToAbI. {7151 perieHns yKka3aHHbIX poOJieM ITUPOKOE MPUMEHEHHE
MOTy4nIIu TpUOOpH! [16], neiicTBHEe KOTOPHIX OCHOBAHO HA BHEAPEHUHU B MOYBY Me-
TaJUIMYECKOTO HAKOHEYHHKA C Pa3IMYHOI MIomanpio ocHoBanus. K Takum oTHOCATCS
TBeproMepsl (menerpometpsl) pupmel Wile Soil (puc. 4).

° CabnukoB M. B. Cenbckoxo3siiicTBeHHbIe MAIIHHBL. Y. 2. OCHOBBI TEOPHHU U TEXHOJIOTHIECKOTO Pac-
yera. M. : Kosoc, 1968. 295 c.
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DKCIUTyaTalus: TBepAoMepa 3aKI0YaeTCsl B €r0 YCTAHOBKE HAKOHEYHUKOM BHU3
CTPOTO MEPICHIUKYIISIPHO TIOBEPXHOCTH MouBkI. 1y TBepioMepa He0OX0IMMO BBOJIUTh
B ITOYBY MEJIICHHO, 0€3 PhIBKOB, HaJIaBJIMBasi HA 00¢ PyUYKH C OJJMHAKOBBIM ycuireM [ 17].

TBepromep yKOMILIEKTOBBIBAeTCS HAKOHEYHUKaMH arameTpom 1,27 cM (ans mpo-
BEJICHUS M3MEPCHHUM Ha TsDKENbIX mouBax) u 1,91 cM (1 MOYB JIETKOTO M CPEIHETO
XapakTepa CIOKEHHUS).

A
Puc. 4. Tepnomep Wile Soil
Fig. 4. Hardness Tester Wile Soil

Hcmounux: pororpaduu 11 pucyHkoB 4, 5 cnenanbl A. C. YIaHOBBIM IIPH POBEACHUH HCCIIEIOBAHUI
TBeproctH noussl (Pecyonka Mopnosus, . Pomonanoso, 10 centsiops 2023 ).

Source: the photos 4, 5 are taken during soil hardness studies by A. S. Ulanov in Republic of Mordovia,
Romodanovo village, September 10, 2023.

Enununneit namMepenus Ha WHAMKAaTOpe npubopa sBisieTcss PyHT Ha KBaJpaTHBINA
oM (Psi). OmHako UCIIONB30BAHUE SIWHUI] U3MEPEHUS TBEPAOCTH MO4YBH B Mlla
MO3BOJISIET CPABHUBATH MOJyUYEHHBIE JaHHBIE C PE3yabTaTaMH APYTUX HCCIETOBaHUM,
MPOBOIMMBIX B Pa3HbIX J1a00PATOPHSIX WM B PAMKaX I10JIEBBIX FIKCIIEPUMEHTOB, a TAKKE
oOecrieunBaeT OoJiee TOUHbIE M HAICKHbIC I0Ka3aTesIl 3aMEPOB, 4YeM IIpuMeHeHue (yH-
Ta Ha KBaJpaTHBIN IOWM B KaueCTBE €UHHLBI U3MepeHus. [ nepeBona n3MepeHui
TBEpOCTH 104BbI U3 Psi 8 MITa ucnonb3yem hopmyiry':

p=1IT - 0,0069,

rae p — tBepAocTs noussl B MIla; /77 — noka3zaHus TBEpAOMEDA.

Wcxons n3 mokasaHuil TBEPAOCTH MOYBBI, OMPEACIISIEM XapaKTep €€ CIOKEHUS
U JIaéM OLIEHKY Ha COOTBETCTBHUE OJIHOM M3 CTENEHEN: JIErKOM, CpeHEN NN TBEPIOH.
Knaccuhukanuio mous 1o TBEPIOCTH U Xapakrepy cocraBmin o H. A. Kaunackomy!!
Y CBEJTU B TaOIMITy 1.

10 CoorHomenus exuuui gasiaenuii [Dnekrponnsiii pecype]. URL: https://clck.ru/3ADNRmb (mara
obpamenus: 12.01.2024).
' Mensenes B. B. Teepmocts mous. Xapekos : [opozckast Tunorpagust, 2009. 152 c.
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Tabnuua 1
Table 1

Knaccudukanus mous mo xapakrepy cJ0KeHHs] H TBEPAOCTH
Classification of soils according to the soil consistency and hardness

T — OlLieHKa CTENEH! TBEPAOCTH
P ConI;istenc Teepaocts, MIla / Hardness, MPa rouskl / Assessment of soil
y hardness degree
Prixyoe / Friable or 0 no 1,35/ from 0 to 1.35 Jlerxas / Light
PrixmoBaroe / Rather friable or 1,35 1o 1,50 / from 1.35 to 1.50 Cpennsis / Middle
ITnotHoe / Firm ot 1,50 1o 1,80 / from 1.50 to 1.80 Cpennsis / Middle
Ouensb mwiotHoe / Very firm or 1,80 10 2,75 / from 1.80 to 2.75 Tsepnast / Hard

AHanu3 mpubOpoB U YCTPOICTB MOKa3al MHOrooOpa3ie KOHCTPYKIIUH JUIst oTpesierne-
HUSI TBEPIOCTH MTOYBBI. B yCIIOBHUSX IMYHBIX TIOACOOHBIX M HHAMBUIYAIbHBIX XO3SHCTB
BJIQJICITHIIBI MOTOOJIOKOB HE UMEIOT MPUOOPHYIO 0a3y ISl ONpe/IesICHHUs] TBEPIOCTH MOYBHI,
Ha OCHOBAaHHH KOTOPOIl TIPOMCXOIUT BBIOOP PEKUMOB pabOTHI MIIM CMEHHBIX pad0vnx
azanTepoB ISl OCYIIECTBICHUST 00pa0OTKH MOUBKI. Takue mpuOOpHI, KaK IPaBUIIO,
nmopord. Yare Bcero OHH OTHOCATCS K CICITHATHM3UPOBAHHOMN 1a00paTopHOit TEXHUKE,
TpeOyrolLeii onpeieNeHHbIX HaBBIKOB IIPH HCIIOIb30BaHUN.

Omnpenenenye TBEPAOCTH MOYBBI 36MEIbHBIX YUACTKOB HACEJICHUS B OCIIEyOopoU-
HBII TIepro[ BIUsET Ha (QYHKIMOHUPOBAHUE CPEJCTB MAJIONW MEXaHU3ALMHU (B TOM YHUCIIE
¥ MOTOOJIOKOB), ITO3BOJISIET OIIEPaTOpPaM MIPOBOAUTH 0OPabOTKY MOYBBI HA MAKCUMAJIbHO
3¢ PEKTUBHBIX peKUMaXx, MOBBILIAET MPOU3BOIUTEILHOCTE TOYBOOOPAOATHIBAIOILIETO
arperara, Io3TOMY SIBJISIETCS AKTYaJIbHOM 3a/1a4eil OBOILEBOJCTBA.

Onpenenenre TBEpIOCTH OUBBI TPOBOAMIIOCH HAa CPEAHECYNIMHUCTOM cepoit TecHOM
nouse [ 18], Bpemst poBeneHus sKciepumMeHToB — oceHb 2022 u 2023 rr. Mecto mpo-
BEJICHUS UCCIIeIOBAaHUM — NMpHycaAeOHbI y4acTOK, paclojoKeHHBIN B 1. PoMogaHoBO
PomonanoBckoro paitona Pecrry6nukn Mopnosust (puc. 5). Ha TBepoCTh MOUBBI TaKKe
OKa3bIBACT BIMSHUE [IOKA3ATEIb €€ BIAXKHOCTH, II03TOMY B IIPOLIECCE UCCIIEAOBAHUS
KOHTPOJIMPOBAJIaCh €€ BEeJIMYMHA: BIAXXHOCTb MOYBHI MpU uccieaoBaHusix 2022 r. co-
craBmia 19,1 %, 2023 . — 19,6 %.

Puc. 5. Onpeznenenye TBEpAOCTH MOYBbI HA y4aCTKe MOCAIKH KapTodes
Fig. 5. Measuring soil hardness at the potato planting site
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J11st n3MepeHust BIaYKHOCTH TIOYBBI HCIIOJIB30BAJIM METOJT TOPSTYeH CYIIKH TOYBEHHBIX
Hp06 C UX B3BCIIMBAHUEM 10 U ITOCJIC. Ha ocnoge TNOJIYYCHHBIX PE3YJILTATOB IIPOU3BOJUIICA
pacueT BIaXHOCTH 110 Gopmyie [19]:

m, —m,

w= """ 100 o,
m

C

I7ie m, —Macca BIaXXHOH IIOYBEHHOH MPOOBI, KT; 71, —Macca CyXol IOYBEHHOHN MPOOBI, KT

Cxema ombITa BKJTIOUAJIa B ce0s OMpeIeTICHIE TBEPIOCTH TTOUBBI TIOCIIE YOOPKH Cie-
JYIOIIHX CEeIbCKOXO3SHCTBEHHBIX KYNBTYp: 1) KapTodens, BRIKONAaHHOTO TPH IIOMOIIN
MOTOOITOKA C TIACCHBHBIM KapTo(eeBhIKanbIBaTeeM'?; 2) kapToders, BEIKOTIAHHOTO TIPH
TTOMOIITH PYYHOTO HHCTPYMEHTa (JIOTIaThl); 3) CBEKJIBI KOPMOBOIA; 4) THIKBBI CTOJIOBO;
5) perr4aroro Jyka.

Nsmepenus npoBoawau Ha riryouHax # =5, 10, 15 u 20 cM B mSITUKpATHO# TOBTOP-
HOCTH, 3aTeM BHIOMPAOCh CpellHee 3HaueHre. ToUKHu 3amMepa pa3Meniaid Ha OJTHOM
JIMHUY, 1Al MEXy TOYKamMu coctasisia 1 m [20; 21].

Pesyabrarsl ncciaegoBanusi. B tabnuie 2 cBeneHbl pe3yabTaThl HCCISI0BaHUN
TBEPAOCTH MOYBBL. YUHUTHIBAsI, YTO BIAXKHOCTH BO BpeMsl MpOBeAeHUs onbITa B 2022 T.
cocrapisia 19,1 %, a8 2023 . — 19,6 %, onpeaeuM OTHOCUTEIIbHYIO TIOTPEITHOCTS ()
MOJTYYE€HHBIX BEINYMH 110 hopmyre!s:

5=2"%0 1000,
0
riae X — NpuOIMKEHHOE 3HaYeHne; X — 3Ha9€HHE, BHIOPAHHOE TOYHBIM (3TaJOHHBIM).
B namewm ciygae 8 = 2,6 %, 4yTo He mpeBbIIaeT Mokazarenb B 5 %. Takum obpazom,
YCpEeIHUM TTOKa3aTeIN 3aMEPEHHBIX TBepAoCTel mouBsl 3a 2022 u 2023 1T,

Pesynerarhl MpoBeIEHHBIX SKCIIEPUMEHTATBHBIX HCCIIEIOBAHN TIO3BOJIVIIN MTOTYYHUTh
YpaBHEHHUS PErpeccry, OTpaXKarollre XapaKkTep N3MEHEHHUS TBEPIOCTH CPETHECYTIIH-
HUCTOH Cepoi JIECHOW IMOYBHI B 3aBUCHMOCTH OT IITyOWHBI IIOYBEHHOT'O TOPH30HTA HA
y4YacTKax, IJe BRIPAINBAIMCH PACTIPOCTPAHEHHBIE B XO35HCTBaX HaceneHus Pecryommku
MopaoBus OBOLIHBIE KYIBTYPbI:

1) kaprodenb, BHIKONAHHBIN TPH IIOMOIIN MOTOOJIOKA C ITACCUBHBIM KapTO(esIeBbI-
KarbIBaTeseM (371ech U janee s — r1yOnHa BHEAPEHHsI METaNTNYECKOro HAKOHEUHUKA
B MOYBY):

p = 11,4201 + 1,489h;
2) xapTodeb, BBIKOIIAHHBIN IIPH IOMOLIHM PYYHOIO MHCTPYMEHTA (JIOTIAThI):
p=-1,228h*+ 6,988%;

12 Kaprogenexomnarens «Hesay KHM 005.07.0100 [Dnexrponusiii pecypc]. URL: https:/clck.
ru/3DNSBu (nara oopamienns: 11.01.2024).

3 Tpunenko B. B. TlorpemHocTn n3MepeHHi : METOAWYECKHE YKa3aHWs 10 OpraHu3allid, CO-
JiepkaHuio, O(QOPMIIEHHIO M 3alIUTEe PACUSTHOro 3aiaHusi (KOHTPOIBHOH paboThI) 1O IUCHHILINHE
«MeTtpororus, CTaHAapTU3anus U CepTUUKAIMD) IS CTYJCHTOB HaNpaBIeHNi «MalImHOCTpOSHHEY,
«TexHonorn4ecknue MaluHbl 1 000pyRoBaHHe» U «KOHCTPYKTOPCKO-TEXHOJIOTHYeCKoe obecrieueHne Ma-
MITHOCTPOHUTEIBHBIX TIPOM3BOCTB» BCeX opM o0ydeHwus. PyOroBck : PyOroBckuit MHAyCTprambHBIN HH-
ctutyT, 2018. 35 ¢. URL: https://clck.ru/3DNSi7 (nara obpamenus: 11.01.2024).
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3) cBekia kopmoBasi: p =—0,571h* + 6,783 h;
4) TeikBa crosoBast: p = 15,8804% + 4,3584;
5) pemuarslii yk: p = 33,4804% + 1,016A.

TabOnuma 2
Table 2

TBepaocTh NOYBBI B 3aBUCUMOCTH OT ee INIyOMHBbI U BUJA BbIPAIIMBAEMON CeJIbCKOX03s1iiCTBEHHOI
KYJIbTYPbI B YCJIOBHSAX JIMYHOIO NMOACOOHOTO0 X03s1iicTBa 32 2022 m 2023 rr.

Soil hardness depending on the depth and a type of agricultural crop cultivated a personal
subsidiary farm for 2022 and 2023

Teepnocts moussl, MIla / Hardness, MPa
T'on / Year
CenbCKOX03IHCTBEHHAS ['my6una Cpemuee
KyaibTypa / h,em/Depth | 2022 (Bnaxsocts | 2023 (BI&KHOCTE | spavemme /
Agricultural culture h, sm nouss! 19,1 %) / nouBbl 19,6 %) /| The average
2022 (soil 2023 (soil value
moisture 19.1%) moisture 19.6%)
Kaprodens (MoTOOI0K + 5 0,062 0,077 0,069
KapToQeeBbIKAIbIBATENb) /
Potatoes (tillers + potato 10 0,267 0,235 0,251
digger) 15 0,579 0,582 0,581
20 0,746 0,805 0,776
Kaprodens (1omara) / 5 0,402 0,375 0,389
Potatoes (shovel) 10 0.623 0.655 0.639
15 0,979 1,033 1,006
20 1,335 1,294 1,315
CBekJiia KopMoBasi / 5 0,267 0,291 0,279
Fodder beet 10 0,712 0,695 0,704
15 1,113 1,057 1,085
20 1,380 1,371 1,376
TrikBa CTOJI0Bast / 5 0,312 0,289 0,301
Pumpkin (squash) 10 0,579 0,601 0,590
15 0,935 0,892 0,919
20 1,464 1,531 1,498
Jlyk perrgaTtsrii / Onion 5 0,131 0,119 0,125
10 0,356 0,428 0,392
15 1,024 0,989 1,007
20 1,513 1,574 1,544

[MocTpoeHsl rpaduueckue 3aBUCUMOCTH, IPEJCTaBIEHHbIE HA pUCyHKaX 6—10.
ITony4yeHnHsle pe3yabTaThl KOPPEIUPYIOT C paHEee MPOBOJUMBIMH HCCIIETOBAHU-
smu [22; 23].
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Puc. 6. TBepaoCTh MOYBEI TOCIIE BBIKOIKH KapTO(est MOTOOIOKOM,
OCHAIIEHHBIM TTACCHBHBIM KapTO(eNeBbIKABIBATEIEM:
1 — SKCTIepUMeHTANIbHbIE TaHHBIE; 2 — TpayK alpOKCHMHUPYIOIeH QpyHKIN

Fig. 6. Soil hardness after digging potatoes with a tillerblock, equipped with a passive potato digger:
1 — experimental data; 2 — approximating function curve

Hcmounux: 31ech n janee rpaguKd MOCTPOCHBI HA OCHOBAHHMH IMOJYYCHHBIX PE3YJBTaTOB B XOJIC
NPOBEACHUS MCCIENOBAHMII TBEPIOCTH IOYBBI B YCIOBHUSX JHYHBIX MOACOOHBIX M HMHAMBUIYaIbHBIX
XO3SHCTB HACCIICHUSL.

Source: hereinafter in this article the diagrams are based on the results obtained during the research of
soil hardness in the conditions of personal subsidiary and individual farms of the population.

TBepaOCTh MOYBBI IOCJIE BBIKONIKH KapTOQessi MOTOOIIOKOM, arperarupyeMbiM
C MacCUBHBIM KapTodeneBbikanbiBaTeneM Ha nryounax ot 0,05 1o 0,20 M cocTasisiia OT
0,069 o 0,776 Mlla cooTBeTcTBEHHO. JlaHHBIE MOKA3aTENN XapaKTEPU3YIOT CI0KEHNE
MOYBBI KAK PBIXJIOE, a CTENEHb TBEPAOCTH — JIETKYI0. JlOCTaTOUHO HU3KHE MOKa3aTeNn
TBEP/IOCTH MOYBHI B pACCMAaTPUBAEMOM JIMaIIa30He BHI3BaHbI IPUMEHEHUEM B Ipoliecce
yOOpKHU KyJbTYPbl MEXaHU3UPOBAHHBIX CPEJACTB (MOTOOIOKA), BO3ACHCTBYIONIUX Ha
MOYBY PadOYMM OpraHoM (IIACCHBHBIM KapTodereBbIKaIbBaTeIeM ), UMCIOIIM GOpMY
KIJTMHA, TEM CaMbIM BBITIOIHSISI, TOMUMO TIPSIMBIX (DYHKIIHI MO BBIKAITBIBAHHIO KITyOHEH
Kapro(ess, Oneparuo MO PhIXJIEHUIO I0YBEHHOTO CIIOS.

p, MIla
1,50

0 0,05 0,10 0,15 0,20 0,25 h,m

Puc. 7. TBepz[ocn) TIOYBBHI ITOCJIC BBIKOIIKHU KapTO(i)e.HS[ IIpy IIOMOIIH JIOIAaThI:

1 — >KcnepuMeHTalbHBIe JaHHbIE; 2 — rpaduK anmpoKCUMHpYIomei GpyHKuuu

Fig. 7. Soil hardness after digging potatoes with a shovel:
I — experimental data; 2 — approximating function curve
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TBepaocTh MOUYBHI MOCIE YOOPKH KapTo(dessi ¢ MOMOIIBI0 PYYHOTO HHCTPYMEHTA
(;momater) Ha TiyOouHax ot 0,05 1o 0,20 M cocrasmnsina ot 0,389 no 1,315 MIla. Jlanusie
TIOKA3aTeIM XapaKTePU3yIOT CIIOKEHUE OUBBI KaK PBIXJIOE, & CTETEHb TBEPAOCTHU — JIETKYIO.

p, MIla
1,50
1,20
0,90

>

0,60

>

0,30

>

0 0,05 0,10 0,15 0,20 0,25 h,m

Puc. 8. TBepmocTh MOYBKI MOCIE YOOPKH KOPMOBOIT CBEKJIBL:
1 — BKCTICpUMEHTANBHBIC TaHHBIC; 2 — TpaMK alPOKCUMHUPYIOLIEH (yHKINH

Fig. 8. Soil hardness after harvesting fodder beet:
1 — experimental data; 2 — approximating function curve

TBepaOCTh MOYBHI MOCTIE YOOPKH KOPMOBOI cBEeKIIBI Ha TiyOnHax ot 0,05 mo 0,20 m
cocrasisuia ot 0,279 no 1,376 Mlla. JlanHble nmoka3areiau XapakTepusyroT CIOXKEHUE
MTOYBHI KaK PHIXIIOE, & CTETIEHb TBEPAOCTH — JIETKYIO.

p, MIla
1,50

1,20

>

0,90

>

>

0 0,05 0,10 0,15 0,20 025 hwm
Puc. 9. TBepnocTh MOUYBHI MOCIIE YOOPKH THIKBBI CTOJIOBOIA:

1 — SKcTIepHIMEHTANIBHEIE TaHHBIE; 2 — TpadyK anmpOKCHMHUPYIOMeH QpyHKINN

Fig. 9. Soil hardness after harvesting the pumpkin (squash)
1 — experimental data; 2 — approximating function curve

TBeproCTh MOUBKI MOCIIE YOOPKH THIKBBI CTOJIOBOM Ha riryonHax ot 0,05 10 0,20 m
cocrasysuta ot 0,301 mo 1,498 MIla. OgHako CTOMT OTMETUTH, UYTO HE HA BCEX TTyOH-
Hax TBEPJIOCTHBIN MMOYBEHHBIN [MOKA3aTEIh YETKO COOTBETCTBYET KAKON-TO OJHOM cTe-
TIEHN TBEPAOCTH U XapakTepy cliokeHus. Tak, Ha mryoune ot 0,050 mo 0,185 M mousa
JerKas M peixjas, Ha niryoune ot 0,185 mo 0,200 M — cpemHss U pHIXJIOBaTAasl.
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p, MIla

1,60
P
1,20

>

0 0,05 0,10 0,15 0,20 025 hm
Puc. 10. TBepnocTs NOUBKI OCIIEC YOOPKH JIyKa PEIYaToOro:

1 — >KcniepuMeHTaNbHBIe JaHHBIE; 2 — rpaduK anmpoKCUMHpYIOmeH GpyHKIuu

Fig. 10. Soil hardness after harvesting onions
1 — experimental data; 2 — approximating function curve

TBepmocTh MOYBHI ITOCIE YOOPKH permrdaroro Jyka Ha riryouHax ot 0,05 1o 0,20 m
coctaBuia ot 0,125 no 1,544 MITa. OnHako TBEpIOCTHBIN MOYBEHHBIN MOKA3aTEb, KAK
U B TIpeABIAYIIEM ClIy4ae, BapbUPyeTCs OT IIyOuHBI 3aMepoB: Ha rryoune ot 0,050 1o
0,185 m mouBa nerkas u peixiasi, Ha rryouse ot 0,185 10 0,200 M — cpesHsis U phIXIIOBaTAsl.

OO0cy:k1eHue U 3aKJI04YeHne. Pe3ynpTarsl UCCIeqOBaHUS MOKA3BIBAIOT, YTO
B Jiana3oHe uccieayeMbix niyouH ot 0 10 20 cM pacnpe/ie/ieHue 3HaueHU I TBEP0CTH
MOYBBI TIO3BOJISICT aKTHBHO BOBJICKATh B TPOIIECC 00OPAOOTKU MOUBHI MIEPCIICKTUBHBIC,
BBICOKOA(D(DEeKTUBHBIE, MaIOTa0apuTHBIE TOYBO0OPA0ATHIBAIOIINE MAIINHEL, B YACTHOCTH
MOTOOJIOK, OCHAIIICHHBIN Pa3IMUHbIMH TSATOBBIMU U TSATOBO-IIPUBOIHBIMH CMEHHBIMHU
amanTepaMu (IOYBEHHBIC (PPE3bI, TEMEITHO-0TBATLHBINA IUTYT, KYJTBTUBATOP U T. 1I.).

OmHaKo BIIAIEIBIIBI MOTOOJIOKOB HE MMEIOT IPUOOPHYIO 0a3y I OIpeIeIeHUs
TBEPAOCTH TIOYBHI C IETHI0 KOPPEKTHPOBKH CBOMX JEUCTBHI MPH BEIOOpE PEKMMOB
PpaboTHI WM CMEHHBIX pabOYUX aJanTepoB IS OCYIIECTBICHUS 00pabOTKH TTOYBHI,
TaK KaK MPUOOPHI I U3MEPEHHs TBEPAOCTH MPEACTABIAIOT cO00H M3MEepUTEIThHOE
CIEIMATM3UPOBAHHOE, 3a4aCTYIO CIIOKHOE U JOPOTOCTOsIIee 000py/I0BaHHE.

[Tony4yenHsie 3HaYCHUS] TBEPAOCTH CPEIHECYITIMHUCTONU CEPOU JIECHOM MOYBHI HA
mIyOMHAX MouBeHHOTO ropu3oHTa oT 0 10 20 cM B TIOCIIEyOOPOUHBIH TIEpHo]] HauboIee
pacnpoCTpaHeHHBIX JUIS BBIPAIIUBAHUS B YCIOBUSX JMYHBIX TOACOOHBIX U MHJIUBH-
JIyalbHBIX X03MCTB HaceleHus: Pecyonku MopaoBus KyabsTyp (kapToderst, CBEKIIbI
KOPMOBOI1, TBIKBBI CTOJIOBOM, PEITYATOr0 JIyKa) B 3HAYUTENLHOM MEpe TOMOTAIOT MOJIb-
30BaTeIIsIM MOTOOJIOKOB OCYIIECTBUTh TEXHOJIOTHYSCKUM IPOIECC HA MaKCHMAaJIbHO
2 (HEKTUBHBIX pexXxuMaxX PabOTHI B 3aBUCUMOCTH OT KOHKPETHBIX TTOYBEHHBIX YCIIOBHUH,
YTO TIOBHIIIAET MPOU3BOANTEIHHOCTH TTOYBOOOPAOATHIBAIOIINX arperaTroB.

JlanpHEHIIIM pa3BUTHEM MPOBEACHHOTO MCCIIEIOBAHUS SBISETCS ONpECIICHHE
TBEPJIOCTH MTOYBHI HA JIPYTHX THITaX ITOYBHI B BECEHHUH TIEPUOJ], B MOMEHT TIepe]T TIOA-
TOTOBKOM TTOYBHI K TMIOCEBY BBIPAIIUBAEMBIX KYIBTYP B YCIOBHUSIX JIMYHBIX ITOICOOHBIX
Y MHJIUBHUAYAJbHBIX XO35SUCTB HACEICHUS, C LIEJIbI0 PACIIUPEHUS] TEXHOIOTHYECKUX
BO3MOXHOCTEH MPUMEHIIEMBIX TOYBO0OPAOATHIBAIONINX MAIIIVH.
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