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nical condition' (subsection 1.1.5. ""Improving the operational performance of transport and tech-
nological machines during on-farm transportation of agricultural products in the agro-industrial
complex") of the R&D plan of the Federal State Educational Institution of Higher Education for
2021-2025

Summary
This scientific article is devoted to the problem of mechanical damage to apples during their transpor-
tation in boxes on roads with different surfaces. Theoretical and laboratory tests were carried out and
recommendations were made.

Abstract
Over the past decade, we have observed a constant and steady increase in the volume of agri-
cultural products produced in the Russian Federation. At the same time, the volume of live-
stock production almost doubled, and crop production tripled. Therefore, there is an objective
need for the transportation of agricultural products throughout the Russian Federation. Trans-
portation of agricultural products is carried out by all types of transport. An important place
among them is occupied by transportation by road. However, the use of this type of transport
when transporting agricultural products has a number of features, which include the presence
of road infrastructure, the condition of the road surface, the influence of weather and climatic
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conditions on the transportation of products, etc. This leads to difficulties in organizing the
transportation of agricultural products, since these products is diverse, some of it is character-
ized by a tendency to freeze, quickly change characteristics and properties under the influence
of not only climatic factors, but also as a result of the effects of fluctuations that occur during
transportation.
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NCCIEJOBAHUME TPAHCIIOPTUPOBKHU SABJIOK B TAPE 11O 1OPOI'AM
C PA3JIMYHBIM ITIOKPBITUEM

JL IL Bearo', kanoudam mexnuueckux nayk
H. A. Ycnenckuii’, 00KMOp MexXHUYeCKux Hayk, npogeccop
H. A. YOxuu’, doxmop mexruueckux nayk, npogeccop
O. B. ®uaommn’, KaHOuOam mexHuueckux Hayk
A. A. Kytbipaes?, cmyoenm
E. B.Murpoxuna’, kanoudam mexnuueckux nayx

'HOYY BO «Mockosckuii 2koHOMUECKuti uHCmunym»
2. Mockesa, Poccuiickas @edepayus
‘@I'BOY BO «Psasanckuii azpomextonoeuyeckuii ynusepcumem umenu I1. A. Kocmoiuesa,
 Akaoemuss ®CHH Poccuu
2. Pazanw, Poccuiickas @edepayus

Hccneoosanus nposedenvt 6 pamkax evinoinenus npoexkma «Coeepuiencmeosanue mexHonocuil,
cpeocme mexanuzayuu, J1eKmpuduKkayuu U MexHU4ecKo20 Cepeuca 6 CeibCKOX03AUCMEEeHHOM
npouszeoocmee. Ilepcnexkmuent pazeumus cenvckux meppumopuity, pazoen 1.1. «Ilosviuenue ¢h-
dexmuenocmu Ixcnyamayuu MoOUILHON MEXHUKU 3A CUem PA3PAOOMKU HOBLIX KOHCIMPYKYUTL U
COGEPULEHCMEOBAHUA MEMOO08 NOOOEPHCAHUS €€ MEXHUUECKO20 COCHOAHUA) (nodpa3den
1.1.5. «Ilogvluienue IKCIyamayuoOHHbIX ROKA3ameneil mpaHcnOPMHBIX U MEXHO10ZUYeCKUX Md-
WIUH BPU GHYMPUXO3AICIMBEHHBIX NEPEEO3KAX CETbCKOX03AUCHEEHHOU NPOOYKUUU 8 AZPORPO-
motutienHom komniexcey) naana HUP @I'EOQY BO PI'ATY na 2021-2025 ze.

AKTYaJIbHOCTB. 3a TIOCIIeTHEE JICCATUIICTHE MBI HaONIO/laeM IOCTOSIHHBIH M HEYKJIOHHBIH
poct obbema npousBeneHHoi B PO cenbckoxo3siictBeHHOM npoayKiuu. [Ipu 3ToM 00beM MpoayKIuu
JKNBOTHOBO/JICTBA YBCIIMYUJICA IMOYTHU BABOEC, a paCTCHUCBOACTBA — BTPOEC. HOSTOMY BO3HHKAET 00bEK-
THBHAas HEOOXOAUMOCTh B IIEPEBO3KE CEIbCKOXO3SMCTBEHHON MPOAYKIMHU 0 BCel TeppuTopun Poc-
cuiickoil @exepaiuu.

IIepeBo3Ka CEIbCKOXO3SIIMCTBEHHOM MPOIYKLIHUH OCYLIECTBIISIETCSI BCEMM BUAAMH TPaHCIOPTA.
BaxxHoe MecTo cpenu HUX 3aHUMaeT MepeBo3Ka ¢ MOMOIIBI0 aBTOMOOMIILHOTO TpaHcmopTra. OqHako
WCIOJIb30BaHME JAHHOTO BHUJIA TPAHCIIOPTA MPHU MEPEBO3KE CETHCKOXO3ANHCTBEHHON MPOAYKIIUNA UMEET
psii 0COOEHHOCTEH, KOTOpBIE 3aKITIOYAIOTCS B HAMYUH JIOPOKHONW MHPPACTPYKTYPHI, COCTOSIHUU JI0-
POKHOT'O MOKPBITHS, BIMSHUN IOIOJHO-KIMMATHYECKUX YCIOBHM HA TPAHCIOPTUPOBKY NPOAYKIUHU U
mp. OTO MPUBOAUT K BO3ZHUKHOBEHMIO CIOKHOCTEH NMPU OPTaHMU3ALUU TPAHCIOPTHUPOBKU CETbCKOXO-
3CTBEHHON MPOIYKIIUH, TaK KaK JaHHas MPOAYKIHS pa3HOOOpa3Ha, 4acTh €e OTIMYAEeTCs CKIOHHO-
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CTBIO K 3aMEP3aHHIO, OBICTPOMY M3MEHEHHUIO XapaKTePUCTUK U CBOMCTB O] BO3/ICHCTBUEM HE TOJIBKO
KIIMMaTHYeCKNX (PaKTOPOB, HO M B pE3yJIbTaTe BO3ACUCTBHI KoJieOaHWH, BO3ZHUKAIOIINX B MPOIIECCE
TPaHCIIOPTUPOBKH.

Knroueesvie cnosa: mpancnopmuposka nio0os, 00podiCHvle NOKPbImMus, nepesosKa s6-
JIOK, mapa.

HutupoBanme. bemto JI. I1., Yemenckuit M. A., IOxur U. A., @umommua O. B., Kyteipaes A. A.,
Murtpoxuna E. B. HccinenoBanne TpaHCIOPTHPOBKH SIOJIOK B Tape MO JIOPOraM € pa3IHYHBbIM MTOKPBI-
tueM. Mzsecmus HB AVK. 2023. 3(71). 526-539. DOI: 10.32786/2071-9485-2023-03-52.

ABTOpPCKMIi BKJIaJ. ABTOPBI HACTOSINETO MCCICIOBAHUS COOpaly MaTepral, MPOaHaIU3UPOBAIN JaHHBIC
U HaITUCAJIM PYKOIIHCh.

KoHdaukT nHTepecoB. ABTOPHI 3asIBISIOT 00 OTCYTCTBUH KOH(INKTa HHTEPECOB.

BBenenne. PazBurtas TpaHciopTHas cucTeMa 4pe3BblyaiiHO BaykHa 111 3 (HEKTUBHOTO
CEJIbCKOXO35MCTBEHHOTO MapKeTUHIa. Eciu TpaHCHOpTHBIE YCIYTH, T.€. YCIYTH HEPEBO3KU
CEJIbCKOXO35MCTBEHHBIX I'PY30B, HEUACThle, HEKAUECTBEHHBIE WM JIOPOTHE, TO TPOU3BOAUTE-
JIM CeNbCKOXO3AMCTBEHHOM MPOIYKIIMU OKAa3bIBAIOTCS B HEBBITOJHOM MOJI0KeHUH. Ce30HHbIE
HENPOXOJIMMBIE JOPOTH B COYETAHWU C IUIOXUM XPAaHEHHWEM MOTYT IPHUBECTH K HOTEpSAM
OTIPE/IENIEHHBIX CEJIbCKOXO3SANUCTBEHHBIX KYJIbTYp, HApUMEP MOJIOKA, CBEKUX OBOLIEH U Jp.
Ecnu TpaHcnopTHBIN MapLIpyT rpy301€peBO30K MPOJIEraeT Yepe3 HEPOBHbBIE JIOPOTH, TOPOTH
C MOKPBITUEM U3 111€0HS WJIM TPYHTOBBIE JOPOTH, TO MEPEBO3KA APYTUX CEIbCKOXO3AMCTBEH-
HBIX KYJIbTYp, HaIpUMep QPpPyKTOB, TAK:KE MOXKET ObITh YOBITOUHOHN B CBS3U C OOJIBIION MOP-
yeil ToBapa [2-7]. Llenpro sKkciepuMeHTaAIBHON YaCTH UCCICAOBAHUS SIBISETCSA yUET BIUSHUS
JIOPOKHOTO MOKPBITUS HAa MapIIpyTe ABUKEHHS] TPAHCHOPTHBIX CPEJICTB U MOTOJHBIX YCJIO-
BUI BO BpeMsl IIEPEBO3KHU CEJIbCKOXO3SICTBEHHBIX IPY30B Ha YCKOPEHHE ILIOJ0B, EPEBO3U-
MBIX B Tape (SIIMKax) C MOCIEIYIOIEN OLIEHKOW X COXPaHSIEMOCTH.

O0bekT mcciaenoBanusi. B pamkax BBIIICONMMCAHHOTO TOIXOJa OBUIA MPOBEICHBI
SKCIEPUMEHTAJIbHBIE HCCIIEIOBAHUS OLIEHKH YCKOPEHHUH HpH IEpPEeBO3KaX CEIbCKOXO3SM-
CTBEHHBIX T'PY30B Ha pa3HbIX THUMAax JA0Opor. s yero mcnosib3oBajcs aBTOMOOWIIb «Dopn
Tpanzur».

Bri6pan coprt mionoB «Ainapen», UMEIONINI KPYIHbIE COYHbBIE IUIOABI C IUIOTHOU
MSKOTBIO, JOCTATOYHO YCTOMYMBBIA K MOBPEXKACHUSIM U XOPOLIO COXPAHSIIOMIMICS MPU 3UM-
HEM XpaHEeHHH.

Marepuajbl 1 MeToAbl. B pamkax nmpoBOJIMMOTO MCCIEAOBaHUS IPUMEHSIIOCH MPO-
rpammHuoe obecnieuenne «3mepurens Bubpamuu 1.3.6 APKforAndroid», ycranoBieHHoe Ha
MoOminpHOM Tenedone [1]. C ero moMomp0 OCYIMIECTBISIETCS U3MEPEHUE BUOpaIMu B IMPO-
1[€CCEe TPAHCHOPTUPOBKHU SI0JIOK 110 aBTOMOOMIIBHBIM J1I0pOraM, KOTOpbIe MOT'YT UMETh OJTHO U3
CJIEIYIOIIUX MOKPBITUI: TPYHTOBOE; ac(haabTOOCTOHHOE; IIIeOeHYaTOE.

Pe3yabTaThl. 3HaUUTENbHAS YaCTh CEIbCKOXO3AMCTBEHHOW MPOAYKIIMH TTOBPEKIALT-
csl mpu nepeBo3ke. [l Toro, 4ToObl ATOr0 HE MPOUCXOIUI0, OB CO3JaHbl YCTPOMCTBA, KO-
TOPbIE MO3BOJISIOT TPAHCIIOPTUPOBATH MPOIYKIIMIO 110 JOPOraM C pa3HbIM MOKPBITUEM  (TIaT.
Ne 2636569 Poccuiickas @enepanust, MIIK B65D 85/34 (2006.01), B65D 81/05. YcTpoiictBo
JUTSI TPAHCTIOPTUPOBKH JIETKOTIOBPEXKAaeMOM T1000BomHON npoaykiuu / U. A. FOxuH, A.
A. Tomukos, A. A. CumasakuH, Ycnenckuid U.A., beimos H. B., boperues C.H., Poaronosa
E.A., 3eitnano D.A., Koxopes I'. /., [lladhopoctoB B.A.) u mat. Ne 96547 Poccuiickas dDene-
pauus, MIIK B62D 1/00 Ilpunennoe TpaHCIOPTHOE CPEACTBO JJIsl HEPEBO3KHU CEIbCKOX035H-
cTBeHHBIX rpy30B / bespykos /I.B., bopeiueB C.H., Ycnenckuit 1.A., Kokopes I'./1., [Iume-
HoB A.b., IOxun U. A., HukonmotoB 1U.H.) [8,11, 12].

B nuteparype paccMOTpeHbI IyTH pellieHus cyuiecTByrouei npoduemsi [9, 10].
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Pucynok 1 — CKpHHIIIOT SKpaHa MOOMIIBHOIO TeliedoHa ¢ pe3yIbTaTaMK U3MEPEHHUS YPOBHS BUOpaluu
MPH TIEPEABUKCHUH TPAHCIIOPTHOTO CPEICTBA IO IeOeHYaTOo 10pore co CKOpocThio oT 10 10 15 km/9

Figure 1 — Screenshot of a mobile phone screen with the results of measuring the vibration level when
a vehicle is moving along a gravel road at a speed of 10 to 15 km/h
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Pucynok 2 — CKpHHIIOT 3KpaHa MOOHIBHOTO Tene(oHa ¢ pe3ylibTaTaMi H3MEPEHHsT YPOBHS
BHOpALIMHU TIPY TIEPEABMIKEHHH TPAHCIIOPTHOI'O CPEICTBA MO ac(aibTOOCTOHHOM T0pore co
ckopocThio oT 10 10 15 xM/4
Figure 2 — Screenshot of a mobile phone screen with the results of measuring the vibration level when
a vehicle is moving along an asphalt concrete road at a speed of 10 to 15 km/h
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Pucynok 3 — CKpHHIIIOT SKpaHa MOOMIIBHOIO TeliedoHa ¢ pe3yIbTaTaMK U3MEPEHHS YPOBHS BUOpaluu
MPY TIePEABMKECHUH TPAHCIIOPTHOTO CPECTBA IO TPYHTOBOM JI0pOre co ckopocTthio ot 10 1o 15 km/4
Figure 3 — Screenshot of a mobile phone screen with the results of measuring the vibration level when
a vehicle is moving along a dirt road at a speed of 10 to 15 km/h

Ha crnenyrommx puCyHKax MOKa3aHbl Pe3yJibTaThl U3MEPEHUS 3HAYEHUN YCKOPEHUU
JUTISL pa3JIMYHBIX BUJIOB JOPOT IO TPEM OCHOBHBIM KOOpJMHATaM — X (CM. pUCYHOK 4), y (cM.
PUCYHOK 5) U Z (CM. pUCYHOK 6).
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Pucynok 4 — BenmanHaa ycKOpeHHsI BJOIb OCH X (BIOJb MPOJOIBHON OCH TPAHCIIOPTHOTO CPEICTBA)
Figure 4 — The amount of acceleration along the x axis (along the longitudinal axis of the vehicle)
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Pucynok 5 — BenuunHa ycKopeHHs BIIOJIb OCH Y
(TepreHIuKYISIPHO TPOAOTBLHOM OCH TPAHCIIOPTHOT'O CPEICTBA)
Figure 5 — The magnitude of acceleration along the y axis
(perpendicular to the longitudinal axis of the vehicle)
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Pucynok 6 — Benmauna ycKopeHUsI BAOIH OCH Z
(BepTHKaJIBbHO 1O OTHOIICHHUIO K JHUILY Ky30Ba TPAHCIIOPTHOTO CPEJICTBA)
Figure 6 — The magnitude of acceleration along the z axis
(vertically relative to the bottom of the vehicle body)

Ha crnenyrommx pucyHKax MOKa3aHbl Pe3yJbTaThl U3MEPEHUS 3HAYEHUN YCKOPEHUU
JUTS KaXKJI0M M3 KOOPJMHATHBIX OCEW Il aBTOMOOMIIBHBIX JIOPOT C MIEOCHYATHIM (CM. pUCY-
HOK 7), achalbTOOETOHHBIM (CM. PUCYHOK 8) U TPYHTOBBIM (CM. PUCYHOK 9) MMOKPBITUSIMHU.
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Pucynok 7 — BenuunHa ycKOpeHHUs 110 TPEM OCAM IIPU MEPEBUKEHUH TPAHCIIOPTHOTO CPEACTBA 10
1e0eHYaTol Jopore
Figure 7 — The magnitude of acceleration along three axes when moving a vehicle on a gravel road
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Pucynok 8 — BenuunHa ycKOpeHHs 110 TPEM OCSIM NPH MEePEeIBHUKEHUH TPAHCIIOPTHOTO
cpeacTBa 1o acdaabToOSTOHHON A0pore
Figure 8 — The magnitude of acceleration along three axes when moving a vehicle on an
asphalt concrete road
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Pucynok 9 — Benuunnaa ycKOpeHHsI 110 TPEM OCSIM TPH NEepeIBUKEHUH TPAHCIIOPTHOTO CPEICTBA 110
IPYHTOBOH JI0poOre
Figure 9 — The magnitude of acceleration along three axes when moving a vehicle on a dirt road

Oo0cy:xnenue. B pesynprare aHanu3a MOJy4eHHBIX JTaHHBIX MOYKHO CIENaTh CIEAYIO-
1I1€ 3aKITI0YECHMUS:

1. HaubGonpiiass BenuynHa ycKOpeHUs 3auKCHpOBaHA Ha IIeOeHYaThIX JOpOTax BO
BCEX TpexX KoopauHaTax. [IpuunHOM 3TOro SABISIFOTCS AOCTATOYHO OoJblINe Ppakiuy 1eOHs,
KOTOpbIE YacTO MOMAJAIOT MOJ] KOJieca TPAHCIIOPTHOTO CPeACTBA. MakcUMallbHbIE 3HAUECHUS
yekopenns (mopsiaka 1,2 M/c?) GHKCHPYIOTCS IMEHHO B BEPTHKAIBHOI IIOCKOCTH, UTO HEra-
THUBHO CKa3bIBAETCS Ha MPOLIECCE TPAHCIIOPTUPOBKHU IIJIOIOBOM MPOTYKIIUH.

2. Cxoxue mokaszareiau yckopeHus Habmonatores (mopsaka 83% OT MaKCHMaJIbHOTO
3HAYEHUS! YCKOPEHHUs i 111e0€HYaTOro JOPOKHOIO HOKPBITHS) U TPYHTOBOTO JIOPOKHOTO
NOKPBITUS. [I[pUunHOI 3TOTO ABISAIOTCS CYIIECTBEHHbIE HEPOBHOCTH B MMOKPHITUH.

3. Joporu ¢ acanbToOETOHHBIM MOKPHITHEM MO3BOJISIIOT TPAHCIOPTHBIM CPEJICTBAM
MepeIBUraThCs ¢ OONBIIUMU 3HAYEHUSIMU CKOPOCTH, MMOCKOJIbKY 3a(pUKCUPOBAHHBIE 3HAUECHUS
YCKOPEHUH SIBJSIOTCS MUHUMaJIbHBIMU (TIopsaka 11% oT MakcUMallbHOTO 3HaUY€HUsl YCKOpe-
HUS Ui 111e0€HYaToro JOPOKHOTO MOKPBITHUSA).

Ha ocHOBe MOJy4eHHBIX PpE3yIbTATOB MOXHO INPOBECTH KOPPEKTUPOBKY BEITUYHMH
YCKOPEHHUH B IMPOIIECCE TPAHCTIOPTUPOBKHU SOJIOK B Tape co 3HaueHus 1,42 M/CZ(CM. Ta0IHILY)
o Bennuunsl 0,7-1,0 M/Cz, YUUTHIBAsE BO3MOYKHBIC KOJIEOAHUSI TOBapa B KAXKIIOW U3 KOOPAH-
HaT. [ToMumo 3TOTO, TpeOyeTcs BBECTU OrpaHHUYEHUE HA TPAHCIOPTUPOBKY TOBapa MO I'PyH-
TOBBIM JIOPOXHBIM MOKPBITUSM B CE30HBI TOKJCH U MOJIOBOIUH, a TAaKKe HA TPAHCIIOPTUPOB-
Ky TOBapa IO HHU3KOKAaYE€CTBEHHBIM ILI€OEHUYAThIM JOPOKHBIM IMOKPBITUSAM. MaKkcHUMallbHO
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2 .
BO3MOXHasi BenuunHa yckopeHus 0,2 m/c” mns achanbTOOETOHHBIX JTOPOKHBIX MOKPBITHMA
II03BOJISIET OCYIIECTBIIATH IIEPEBO3KY TOBapa B J1H000€ BpeMs MU CYIIECTBEHHO 00Jiee BbICO-
KHUX CKOPOCTSIX ME€pEIBUKEHNUSI aBTOTPAHCIIOPTHOT'O CPEICTBA.

Tab6nuna 1 — KoadduimenTs, onpeaestomue T0myCTUMYIO M0 MOBPEKICHUSAM aMIUIUTY Ty
KoJIeOaHUH TPaHCIIOPTHOTO CpeaCTBa [6].
Table 1 — Coefficients determining the permissible vibration amplitude of the vehicle for damage [6]

Omnupudeckre Ko3(hOUITUEHTHI
KynwsTypa u cocrostHuE ee 3peloCcTH >

H, m/c P, m/c
SAb6noku 0,3...1,42 5,03...5,22
[Tomumops! KpacHbIC 2,83...43 5,46...5,70
[Tomumops 3emeHbIe 424...7,0 5,70...6,16
Kaptodens cBexxeyOpaHHBIiH 5,62...7,0 5,93...6,16
JIbIHU U THIKBBI 5,62...8,38 5,93...6,38
Crnusa 5,62...11,14 5,93...6,83
Orypibt 8,38...11,14 6,38...6,83

[Ipu mepenBvKeHUM aBTOTPAHCIIOPTHOTO CPEICTBA BOAMTENB OOs3aH IMPEACTABIATH
MOJTHYIO0 KapTUHY MPOUCXOISAIIETO B MPOIECCe MPUHATHS €AMHCTBEHHO BO3MOYXKHOTO BEPHOTO
penieHus Mpyu BO3HUKHOBEHUHM BHETUIAHOBOM cuTyaluu. B HacTosmiee BpeMs B COCTaB Ipy30-
BBIX TPAHCIIOPTHBIX CPEJICTB BKIFOUAIOTCSI BCEBO3MOIKHBIE TATYMKH M YCTPOMCTBA HABUTAIWH.
PazpaboTka criennanu3upoOBaHHBIX MPUIIOKEHUHN 1T MOOMIBHBIX TeIe()OHOB U HEKOTOPHIX
W3IeNTNN, MPUMEHIEMBIX ISl U3MEPEHUsI BEJIMUMHBI BHOpAIlMU, MOXET OKa3aTh BJIMSHHUE Ha
BOJIUTEJISI TPAHCTIOPTHOTO CPEICTBA, IIPU BEIOOPE UM MapIIpyTa rpy30MepeBO3KHA U COOIOIe-
HUU CKOPOCTHOTO pekuM [10].

[Iporpammuoe obecnieuenue «M3meputens BubOparuu 1.3.6 APK» maet BO3MOXHOCTh
MIPOBOJIUTHh U3MEPECHHUE BETMUMHBI YCKOPEHHUS B TPEXMEPHOU cucTteMe koopauHat. Ha pucyn-
ke 10 moka3aH nmpuMep JTaHHOTO M3MepeHus s ocu X. OTnpeenB CpeIHIOI BETUYUHY CKO-
POCTH Ha OMPEAEIIEHHOM yJacTKe, MOKHO TMOJYYUTh CPEIHIOI CKOPOCTh MEPEABUKEHUS 50-
JIOKa Ha BCEM ITyTH CJICIOBAHMUS.
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Pucynok 10 — Onpenenenue yckopeHus s10710Ka BIOJb OCH X B KY30B€ TPAaHCIIOPTHOTO cpeacTra (Imo-
JIO)KeHue 4) MpH ero NepeIBIKEHUHN 0 TIOPOTaM Pa3InIHOro THIIA
Figure 10 — Determination of the acceleration of an apple along the x-axis in the body of a vehicle
(position 4) when it moves along roads of various types

A 3Hag Maccy CpeaHEB3SITOro si0jJ0Ka, HETPYJHO OINPEAETUTh €ro KUHETHYECKYIO
SHEPTHUIO.
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[Tony4yeHHBIC TaHHBIC C MENIBIO WX JATBHEHUIIIETO UCTIOJIB30BAHUS B UCCIICIOBAHUH ObI-
JIU CTPYNIHUPOBAHBI TIO OMPEJEICHHBIM KpUTEpUsM. B dacTHOCTH, i1 HUX MPOHU3BOIMIACH
OIIEHKAa M3MEHEHUsI CKOPOCTU KOJIeOaHMil S0JI0OK B TPAHCTIOPTHOM Tape B TPEXMEPHOU KOOP-
JTUHATHOM CHCTEME B 3aBUCHUMOCTU OT €r0 MECTOMOJIOKEHUSI B TpaHCHOpTHOH Tape (2, 4, 5
CM. puCyHOK 11), pacronoxeHHO! B Ky30B€ TPAHCIIOPTHOTO CPEACTBA, IIPH €ro mepeMerne-
HUU C TIPOU3BOJIBHONW CKOPOCTHIO TIO aBTOJIOPOKHBIM MOKPBITUSAM PA3IUYHOTO TUTA (CM. pH-
cyHkH 12-16).

bein BeiOpan BapuanT 2-4-5 BCHEACTBUE HAIWYMS Ha 3TOW JMATOHAIM BOIUTEIIS
TPAHCIIOPTHOTO CPEACTBA, Ybsl Macca, CYIIECTBEHHO MPEBBIMIAIOIIAS MacCy SIIUKa C s0JI0Ka-
MH, MOXET OKa3aTh BIUSHHUE HA KOJIEOATEIHHBIC MPOIECCHI B Ky30BE€ aBTOMOOMIIS.

Z

Pucynok 11 — BapuaHTbl pacnoioKeHus AIMKOB ¢ S0JJ0KaMH B Ky30BE aBTOMOOHIIS ¥ HAIIPaBJICHHUS
ocel U3MEpPEHUs YCKOPEHU X, Y, Z
Figure 11 — Variants of the arrangement of boxes with apples in the car body and the direction of the
axes of acceleration measurement x, y, z
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Pucynok 12 — VI3MeHeHHE BETMYHHBI CKOPOCTH KOJIeOaHMUs SI0JIOK B Tape MPH UX MEPEBO3KE 110
ac(hanbTO0ETOHHOMY JTOPO)KHOMY TIOKPBITHIO CO CKOPOCTBIO 50 KM/4 B 3aBUCHMOCTH OT
PAacIONOKEHHUS Taphbl B Ky30BE aBTOTPAHCIIOPTHOT'O CPE/ICTBA
Figure 12 — Change in the rate of oscillation of apples in a container during their transportation on as-
phalt concrete pavement at a speed of 50 km / h, depending on the location of the container in the
body of the vehicle
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Pucynok 13 — VI3MeHeHHE BETUYMHBI CKOPOCTH MIEPEMEILISHHUS SI0JIOK B Tape MPH MX MEPEBO3KeE 10
ac(haabToOO0ETOHHOMY JOPOXKHOMY IOKPBITHIO CO CKOPOCThIO 50 KM/4 B 3aBUCMOCTH OT
PAacIONOKEHHUS Tapbl B Ky30BE aBTOTPAHCIIOPTHOT'O CPE/ICTBA
Figure 13 — Change in the speed of movement of apples in a container during their transportation on
asphalt concrete pavement at a speed of 50 km / h, depending on the location of the container in the
body of the vehicle

cymMmmMmapHo

B pe3ynbraTe aHanuza noyydeHHBIX JaHHBIX MOXKHO C/I€JIaTh CIEAYIOIINE BbIBOIbI:

e [epeABMKEHHE TPAHCIIOPTHOTO CpeAcTBa IO achaibTOOETOHHOMY JOPOKHOMY
MTOKPBITHIO CO CKOPOCTHIO paBHOW 50 KM/Y4 MPUBOJIUT K YBEIMYCHUIO KOJCOAHUN BIIOJb BEP-
THUKaJIbHOW Y MOTIEPEYHOMN 0CEU TPaHCHOPTHOTO CPEACTBA;

® ONTHUMAaJbHBIM MOJOXKEHUEM JUISl Tapbl CUUTAETCS 3aHSST KOHCOJIb Ky30Ba, pacro-
JIOKEHHAs 32 33JHEH OChIO0 TPAHCIIOPTHOTO CPEJCTBA, M0 MPUYMHE TOTO YTO 00Imue Kojeba-
HUS B OTOW TOYKe OyAyT MHUHHMaJIbHBIMH. CaMoe OTpHIATENFHOE IMOJIOKEHHE JUTS SIOJO0K B
Tape — HaJl 3a/IHel OChbI0 TPAHCIIOPTHOI'O CPEJICTBA.

v, m/C |
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0,250 I \ I
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Pucynok 14 — VI3MeHeHHE BETUYMHBI CKOPOCTH MEPEMEIeHHUS sI0JIOK B Tape MPH MX MEPEBO3KeE 10
achaabToO0CTOHHOMY JIOPOXKHOMY IOKPBITHIO CO CKOPOCThIO OT 30 10 50 KM/4 BO BTOPOM TOJOKCHUU
Tapbl B Ky30B€ aBTOTPAHCIIOPTHOT'O CPE/ICTBA
Figure 14 — Change in the value of the speed of movement of apples in a container when they are
transported on an asphalt concrete road surface at a speed of 30 to 50 km/h in the second position of
the container in the body of a motor vehicle

50 km/y
30 Km/u :

cyMMapHO

B pesynbraTe aHanmm3a MONy4eHHBIX JaHHBIX MOXKHO CHEJATh CIEAYIOIIUN BBIBOJ —
YMEHBIICHHE CKOPOCTH MEPEABIKEHUS TPAHCIIOPTHOTO CPEJCTBA MPUBOIUT K CYIIECTBEHHO-
MY IPAKTUYECKU B 3 pa3za COKpAIICHUIO KOJIeOaHUI B KaXKI0H U3 OCEil.
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Pucynok 15 — I3aMeHeHue BETMYMHBI CKOPOCTH MEepPEMEIICHHMs sI0JI0K B Tape IpU UX
MepeBo3Ke Mo achaabTOOCTOHHOMY JTOPOKHOMY IMOKPBITHIO CO CKOPOCThIO 20 KM/4 B
YETBEPTOM TOIOKEHUH Taphbl B Ky30BE aBTOTPAHCIIOPTHOTO CPEJICTBA
Figure 15 — Change in the speed of movement of apples in a container during their
transportation on asphalt concrete pavement at a speed of 20 km/h in the fourth position of the con-
tainer in the body of a motor vehicle
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Pucynok 16 — MI3MeHeHHEe BETUYMHBI CKOPOCTH MEPEMEIeHHUS SI0JIOK B Tape MPH MX MEPEBO3KeE 10
ac(haabTOOETOHHOMY JOPOKHOMY MOKPBITHIO CO CKOPOCTHIO 20 KM/Y B IISITOM TOJIOKEHUU Taphl B
Ky30BEaBTOTPaHCIIOPTHOTOCPEICTBA
Figure 16 — Change in the speed of movement of apples in a container during their transportation on
asphalt concrete pavement at a speed of 20 km/h in the fifth position of the container in the body of a
motor vehicle

3a Bpemst u3mepenus (4-5 ¢), a TakKe yuduThIBas CpeIHUN BEC OJTHOTO s10JI0Ka, MpOBe-
JIeM OIICHKY M3MEHEHHsI BeJTMYUHBI KHHETHYECKO# sHepruu. [lomydeHHbIe pe3ynbTaTsl mpe-
CTaBJICHBI Ha CIIEIYIONINX PUCYHKAX.
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Pucynok 17 — 3MeHeHue BETMYMHBI KHHETUYECKON SHEPTUU SIUHUYHOTO S0J10Ka, KOTOPOE HMEET
Maccy 0,143 kr, Ha IPOTsHKEHUH | Yaca ero nepeBo3ku mo achaibTo0ETOHHOMY IOKPBITHIO CO
CKOpOCTHIO 50 KM/4 B 3aBUCIMOCTH OT PACIIONIOKEHUS Taphl B Ky30BE€ aBTOTPAHCIIOPTHOTO CPEICTBA
Figure 17 — The change in the kinetic energy of a single apple, which has a mass of 0.143 kg, during 1
hour of its transportation on asphalt pavement at a speed of 50 km / h, depending on the location of the
container in the body of the vehicle
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Pucynok 18 — 3MeHeHMe BeIMYMHBI KHHETHYECKOM SHEPIUHU OHOT0 S0710Ka, KOTOPOE UMEET Maccy
0,143 xr, Ha poTshkeHnH 1 Jaca ero nmepeBo3Ku Mo JOPOKHBIM MOKPBITHUSAM Pa3IMYHOTO BHA CO
CKOpPOCThIO 20 KM/4 B 3aBUCUMOCTH OT MX COCTOSHUS
Figure 18 — The change in the kinetic energy of one apple, which has a mass of 0.143 kg, during 1
hour of its transportation on road surfaces of various types at a speed of 20 km / h, depending on their
condition

Kunernueckas sHeprusi OCyIIECTBISECT MPEBpPAlICEHUE BO BHYTPEHHEIO B IpOLECCE
B3aMMHOTO COy/apeHus 00K KaKk MEXIy COOOM, TaK U CO CTEHKOM Tapbl. B KOHEUHOM UTOTE
3TO CTaHEeT MPUYMHOMN UX OBICTPOI HMOPUH.

BuiBoabl. B pesynbrare mpoBeseHHOr0 UCCIIEAOBAaHI MOXKHO PEKOMEHI0BATh HE UCIIOIb30-
BaTh ISl TPAHCIIOPTHUPOBKH aBTOMOOWIIBHBIEC JOPOTH, KOTOPhIE UMEIOT TIOKPBITHE U3 TPYHTA | IeOHS
B TO BpeMs, KOT/Ia OHM MMEIOT HEYAOBIETBOPHUTENbHOE cocTosiHUE (pucyHoK 18). B ciydae ecnm mu3-
6e)KaTB TPAHCIIOPTUPOBKHU 110 JaHHBIM J0pOraM HEBO3MOKHO, TO HCO6XOI[I/IMO MEPEMEIIATLCA 11O HUM
C MUHUMAJIbHOU CKOPOCThIO (MeHee 20 KM/4), IIPX 3TOM pa3Melias AMMKH C IPOIYKIIMEH MEXIY OCs-
MU TPaHCIIOPTHOTO CPENICTBA.

Conclusions. As a result of the study, it can be recommended not to use for transportation
roads that are covered with soil and crushed stone at a time when they are in unsatisfactory condition
(Figutre 18). If it is impossible to avoid transportation along these roads, then it is necessary to move
along them at a minimum speed (less than 20 km/h), while placing boxes with products between the
axles of the vehicle.
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