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NMUTAIIMOHHBIE UCIIBITAHUSA CUCTEM BUBPO3AILLUTHI
PABOYEI'O MECTA BOAUTEJIS KOJIECHOI'O TPAKTOPA
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(ITocmynuna ¢ pedaxyuro 12.01.2022)

Ha cospemennom smane mexnuueckozo npocpecca 60pboa ¢ HebIa2oNPUAMHLIMU NOCIEOCMEUAMU 8030eUCmEUs UOpayuU npu-
obpemaem 6ce GONLULYIO COYUATBHYIO U SUSUCHUYECKVIO 3HAUUMOCHb. DMO GbI36AHO, ¢ OOHOU CIMOPOHbL, UHMEHCUUKayuell cyuje-
CMGYIOWUX MEXHOIO2UHECKUX NPOYECCo8, ¢ OPY2ol — 803PACMAIOUUM BHEOPEHUEM 60 8Ce OMPACIU IKOHOMUKU GUOPOAKIMUBHOU
mexuukuy. CosepuieHCmME06anue MEXHUKO-IKOHOMUYECKUX noKazameneti MawuH u 060py008aHus OCYuWeCmeisnemcs nymem ygeuude-
HUsL MowyHocmu u pa6oqed CKopocmu npu O&HO@peM@HHOM YMEHbWEeHUU MacCbl, Ymo seoem K 603pacmaHuro 8u6poakmufmocmu
MawuH. Bubpayus kax paxmop npouzeo0cmeeHHoll cpedvl CMpeuaemcs 8 cellbCKoM X03alcmae, Memaiiooopadbamuiéaiouell, 20p-
HOO00bI8AIOWel, MEMATYPSUYECKOU, MAUUUHOCIPOUTNENbHOU, CMPOUMENbHOLL, A8Ua- U CYOOCMPOUMENTbHOU NPOMBIUIEHHOCTNAX, HA
mpancnopme u Opyeux Ompaciax IKOHOMUKIL.

Booumenu xonecnvlx mpaxkmopog 6 npoyecce pabomvlt NOOSEP2AOMCSL PA3IUYHBIM HE2AMUBHBIM 8030€UCMBUSIM, CPeOU KOMOPbIX
ocobenrHo 8p6()Hbl 6u6paz4uu. Peub uoem o 6u6paz4uﬂx, BO3HUKANOWUX 6 odsuzcamene u mpancmuccuu 60 epemsi pa60mbl KOJleCHO20
mpakmopa, om HepoeHocmezZ noeepxnocmu 6 OGMDICGHL{L{, Komopble zamem nepe()a}omwz Ha meno ooumens uepes cu()eHbe, ocmos u
opeanvl ynpaenenus. Bozoeiicmeue smux subpayuii ¢ meuenue OIUMENbHO20 NEPUOOA MONCEM NPUBECIU K CEPbE3HbIM NPOOIeMam
co 300p08b€M. Cﬂe()oeameﬂbuo, usmepeHue u OyeHkKa 6u6pauuu umerom pewarujee 3HaveHue ¢ mouKu 3perus pa3pa60mku mep
besonachocmu.

Haubonee payuonanvhulii Memoo cHUdx Ccenus yposHel subpayuul npu 08UMCEHUU Ha TH0O0M MPAHCHOPMHOM CPeOCmae COCMOoUm 8
mom, ymoowl ycmaHosunts oany UNU HECKONbKO Cucmem noo8ecKu Meofcdy UCMOYHUKOM 6u6pauuu mpancnopmmozo cpedcmea u one-
pamopom. Knaccuueckas KoMnoHogka KonecHozo mpaxkmopa (0gueamens — mMpaHCMUCCUs — 3a0HULE MOC) 3ampyOHsaem 8HeOpeHue
aghpexmusHoll cucmemvl NOOBECKU MOCMA, YMO CMAHOBUMCSL CEPLE3HOL U dopo2ocmosiell npobnemotl npu npoexkmuposaruu. Cie-
0060me‘Jle0, MHozcue np0u360()umeﬂu KOJIECHbIX MPAKMOpoe6, 60CNONb3068ABUUCH hpeumyuecmeamu CUOCHULL ¢ NOOBECKOU 6 CHUIICE-
HUU 6u6pauuu npu OBUNCEHUU mpakmopa, pacecmampuediu 603MOHCHOCMb 6KNIOYEHUS noosecKu KabuHvl KaK JO2UYHbIL U nomeHyu-
anbHO HauboLee IKOHOMUYHbLI Cﬂe()yfowm? wae.

B cmamuve npusedenvt pesyromamol UMUMAYUOHHBIX UCHBIMAHULL CYUjecmeyroujeli U MOOEePHUSUPOBAHHOU cucmem 8udpo3auu-
mbul pa60qeeo mecma 600uUmelis KOiecHo20 mpaxkmopa, no3eojiusuiue oyeHums 3d)qbekmutmocmb ux pa6omb1.

Knruesvie cnosa: eubpayus, pabowee mecmo, 6ooumenv, KabuHa, cucmema 6UOPO3AWUMDBL, KOJIECHBINL MPAKMop,
UMUMAaAyUOHHble UCNBIMAHUSL.

At the present stage of technological progress, the fight against the adverse effects of vibration exposure is gaining more and
more social and hygienic significance. This is caused, on the one hand, by the intensification of existing technological processes, and
on the other hand, by the increasing introduction of vibroactive technology into all sectors of the economy. The improvement of tech-
nical and economic indicators of machines and equipment is carried out by increasing the power and operating speed while reducing
the mass, which leads to an increase in the vibration activity of the machines. Vibration as a factor in the working environment is
found in agriculture, metalworking, mining, metallurgical, engineering, construction, aircraft and shipbuilding industries, transport
and other sectors of the economy.

Drivers of wheeled tractors in the course of work are exposed to various negative influences, among which vibrations are espe-
cially harmful. We are talking about vibrations that occur in the engine and transmission during operation of a wheeled tractor, from
surface irregularities in motion, which are then transmitted to the driver's body through the seat, frame and controls. Exposure to
these vibrations for a long period can lead to serious health problems. Therefore, vibration measurement and evaluation is critical in
terms of developing safety measures.

The most rational method of reducing vibration levels while driving on any vehicle is to install one or more suspension systems
between the vibration source of the vehicle and the operator. The classic layout of a wheeled tractor (engine - transmission - rear
axle) makes it difficult to implement an efficient axle suspension system, which becomes a serious and costly design problem. Conse-
quently, many wheel tractor manufacturers, having taken advantage of the vibration-reducing benefits of suspension seats when the
tractor is moving, considered including cab suspension as the logical and potentially most economical next step.

The article presents results of simulation tests of the existing and modernized vibration protection systems for the workplace of
the driver of a wheeled tractor, which made it possible to evaluate the effectiveness of their work.

Key words: vibration, workplace, driver, cab, vibration protection system, wheeled tractor, simulation tests.

Beenenue

B noBcenHeBHOW NESATENBHOCTH BOJUTENN CEIBCKOXO3AMCTBEHHOW TEXHUKU MOABEPTatOTCS MHOMXECTBY
HETaTUBHBIX BO3ACHCTBUI, OKa3bIBAIOIIUX KOMILIEKCHOE U BPEIHOE BO3JECUCTBHE HA UX opraHu3M. [lomumo
(bM3UYecKuX HArpy30K, OCAJAKOB, HEONIATOMPHUATHOTO MHUKPOKJIMMATA, PAa3IMIHBIX 3arps3HeHUH (TBLUIb, XU-
MHKATBI JIJIS1 3aIIATHI PACTEHUH ), BRICOKMX WM HU3KUX TEMIIEPATyp, IIIyMa U HECOOTBETCTBYIOIIETO IPTOHO-
MHUYECKOTO KOHTPOJIS, BUOPAIIHH TAK)KE SBIISIOTCS 3HAYMTENBHBIM BPEAHBIM (hakTopom [1-3].
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Bubparun BO3HHMKAIOT MPH NCUXO(U3UYECCKUX HArpy3Kax M BPEIHBI JJII BCETO Tela. JTH KocOaHUS
0COOCHHO BIHUSIIOT HA BOJUTENEH CENbCKOXO3IHCTBEHHBIX TPAKTOPOB, TIe OHH MEPENaloTCs dyepe3 CUACHbE,
OCTOB M OpTaHbl YIIPaBJICHHs HA Bce Teno Boauress [1-3].

KparkoBpemeHHoe Bo3neiicTBHEe BUOpAMK MOXET BBI3BATh pa3[pakalolire OLIYIICHUS B YEIOBEYECKOM
Tese, O0JIb B KUBOTE W TPYAH, 3aTPyIHEHHE ABIXaHUSA, TOITHOTY, TIOTEPIO PABHOBECHS U YXYAIIUTH pabOTO-
CHOCOOHOCTH TIPH TOYHOM KOHTPOJIE, B TO BPEeMs KaK [UIMTEIHHOE BO3JIEHCTBHE MOXET NMPUBECTH K pac-
CTPOHCTBaM B IMCUXOMOTOPHBIX, (PU3HUOIOTHUECKUX U MCUXUYECKUX CIIOCOOHOCTSIX BOXMTENS U BBI3BIBAIOT
Cephe3HBIE MPOOIEMEI CO 30POBbEM, OCOOEHHO C ITO3BOHOYHUKOM [ 1-3].

[lo cpaBHEHUIO C OUYEBUAHBIMH YIYUIICHUSIMHU B APYTUX XapaKTEPUCTHKAX CETbCKOXO03SIMCTBEHHBIX TPaK-
TOPOB (MOIHOCTh, TPAHCMUCCHSI, CKOPOCTh, BBICOKOTEXHOJIOTHYHOE YIpPAaBJICHHUE) 3allUTa BOAWTENCH OT
BUOpanuu HeyAoBjlIeTBopuTenbHa. [llaccu TpakTopa He BKIIIOYAET MOABECKY, & OTHOCUTENBHO THOKUE IIHEI
(hakTHYIEeCKH MPEACTaBISIOT cOO00H €AMHCTBEHHYIO MOABECKY, KOTOpasl MOTJIomaeT BuOpanu. Botr moyemy
BOJUTENHN KOJECHBIX TPAKTOPOB MOABEPralOTCsl OTHOCUTEIHHO CUIIBHBIM BUOpanusM [3].

[Ipu ABMKEHUHU KOJECHOTO TPAaKTOpa B pabOUYMX YCIOBHSX BCE €r0 KOHCTPYKTHBHBIEC DIIEMEHTHI ([IBUTra-
TeJb, OCTOB, arperaThl TPAHCMICCHH, IIACCH, KaOWHA) MOIBEPTAIOTCS CIOKHBIM KOJIeOaTEIbHBIM MPOIIECCaM.
@DaxTOpHI, BEI3BIBAIOIINE BHOPANHIO B KOJIECHBIX TPAKTOPAX, HAPSMYIO 3aBHCAT OT CHJI U KPYTSIIAX MO-
MEHTOB, KOTOPbIC BO3HUKAIOT B JBHUTraTejie BO BPEMs €ro paboThl, OT TOTO, KaK JBUTATENb YCTAHOBJIEH, OT
TOTO, KaK BUOpAIMH PACIIPOCTPAHSIOTCS OT JBUTATENS Yepe3 TPAHCMUCCHIO Ha CHICHbE BoauTels [3].

HexkoTopsie nccinenoBanns 0Ka3pIBaIOT, YTO, 32 UCKIIOYEHUEM POBHOTO acdalibTa, BCE OCTAIBHBIE yIacT-
KH MECTHOCTH, TI0 KOTOPBIM TIEPEIBUTAIOTCS KOJIECHBIE TPAKTOPA, OKA3bIBAIOT OOJIBIIOE BIHMSIHUAE HA YPOBEHb
BuOpanmu. Takxke cieqyeT YYUThIBATh TU IIHMH (paJHaibHble WIN AUarOHalIbHEIE), TOTIEPEYHYIO )KECTKOCTh
IMWHBI ¥ JaBieHre B muHax. [IMHBI kKak rHOKMe WM aMOpPTHU3UPYIOIIHE YaCTH KOJECHOTO TPaKTopa He
o0ecreYnBaoT BOAUTENMO 3P PEeKTUBHON 3aIUTHI OT BUOpaIK U coTpsiceHuit [3].

Eme oguuM BaxkHBIM ()aKTOPOM, BBI3BIBAIOIIMM BUOPALIMH, SBISETCS CKOPOCTH JBMKEHHS KOJIECHOTO
TpakTopa. HexoTopble n3MepeHns moKa3al, 4YTo Py OAMHAKOBOH TTyOnHe 00paboTKH ypOBEeHb BHOpaIuu
10 BCEM TPEM OCSIM yBenuuuBaercs aaxe Ha 40 % npu yBeIMueHUH CKOPOCTH Beero Ha 3 kM / 1 [3].

TpynHO ycTpaHuTh MHOTHE (DaKTOPHI, KOTOPBIE CO3Jal0T BUOpALMHU, KOTOphIC Yepe3 THOKUE U MOTyTHO-
KHE COEJIMHEHUSI U KPEMEKH MepearoTcsl Ha CUACHBE BOAUTEINS, HO, OE3yCIOBHO, MOKHO CHHU3HUTh YPOBHHU
BHOpAINMU C IMTOMOIIBIO Pa3IUYHBIX KOHCTPYKIHA. 3BecTHRIE MUpOBBIe Ipou3BoanuTeH TpakTopoB (Class,
Fendt, CAT, Case, John Deere, New Holland, JCB, Massey Fergusson) npakTUu4ecku pemiwim 3Tu npoosie-
MBI U, 0€3yCIIOBHO, MOBBICHIIN 0€30MacHOCTh U KOM(MOPT BoAUTENEH BO BeexX acnekrax [4]. IMeHHO mosToMy
BIUSTHUE BHOpAIMK B HOBBIX MOJIEISIX TPAKTOPOB OBLIO JIMOO MPAKTHIECKH YCTPAHEHO, INOO YMEHBIIEHO 110
3HAYEHW, YCTAHOBJICHHBIX CAHUTApPHBIMH HOpMaMu. OHAKO 3TOTO HENb3sl YTBEPXKIATh, KOTAa peyb UAET O
OoJiee cTapbIX MOJIETISIX TPAKTOPOB, MPH MPOSKTHPOBAHUH KOTOPHIX He coOmoanachk spronomuka. Crenona-
TEJHHO, B 3TUX CIyYasXx oTpHnarenbHble 3hdekTsl BuOpamnmuu 6oee 09eBUIHBI [3].

B xon1e crimcka, HO Ha IEPBOM MecTe cpelii (DaKTOPOB, BHI3BIBAIOIINX BHOPAIHIO, CTOUT padoTa omepa-
TOpa, TO €CTh €ro OMNBIT U HaBBIKM. HeombITHBIE omepaTtopsl 0€3 COOTBETCTBYIOMIMX MPOQGECCHOHATBHBIX
HaBBIKOB HE MOTYT Pacrlo3HaTh BaKHbIE (DaKTOPHI, KOTOPbIE MOT'YT MHOTOKPATHO YBEJIHYUTH YPOBEHb BHO-
pamuu. [loatomy mpodeccroHanbHOE M MOCTOSHHOE 00YYEeHHE TPaKTOPHUCTOB-MAIIMHUCTOB MMEET Pelaro-
11ee 3Ha4YCHHE [l CHY)KEHHUS WJIH TIOJTHOTO YCTpaHEeHHs BUOPAI[MOHHOTO Bo3aeicTBus [3].

Wzmepenust ypoBHEH BHOpaIK Ha CHACHBSIX Pa3IHMYHBIX MOJENC KOJIECHBIX TPAKTOPOB MOKA3ald, YTO
PHCK ISl 310pPOBbS BOJAUTENEH CYIIECTBYET JaKe B TOM Ciy4ae, KOTJa BOJUTEIH IOABEPraloTcs BUOpauuu
TOJIBKO OJIMH 4ac B JICHb, B TO BPEMSI KaK PUCK BEPOSITEH IS BCEX OCTAJIbHBIX ClydaeB ¢ OoJiee IIUTEIbHBIM
MepruoJIoM BozJieiicTBus. HapyiieHus 370poBbsi, Kak MPaBUIIO, MPOSBISTIOTCS MOCTENIEHHO, OOBIYHO Yepes3
2—7 net Ha paboYMX MeCTax, TJe BOAUTEIH MIOJBEPraloTCsl 3TUM BUOpanusmM [5].

[TosTOMY OYEHB Ba’KHO MPOBOAMUTEH TOUYHBIE U3MEPEHUsI BUOPAIIMH, OLIEHUBATh UX U OLIEHUBAThH PEaIbHBIN
PHCK IS 37I0pOBBs BojuTels. Ha OCHOBaHWYM TONYYEHHBIX JTAHHBIX MOXHO pa3paboTaTh cUCTEMbI Oe3omac-
HOCTH, CHIDKAIOIIIUE YPOBEHb BUOPALIMHU HA paboueM MECTe BOJIUTENS KOJIECHOTO TPaKTopa.

OcHoBHaA YacTh

HcnpiTanus cymecTByomel 1 MOJEPHU3UPOBAHHON CHCTEM BHOPO3aIIUTHI pabodero mMecrta BOIUTENS
KOJIECHOTO TPaKTOpa MPOBOJAMIMCH Ha CTEHJIe UMUTAIMOHHBIX WUCTIBITAHUI CHCTEMBI MOJPECCOPUBAHUS Ka-
OWHBI KoJIeCHOTO TpakTopa MT3 ¢ MonenupoBanueM Bo3mymieHwi (puc. 1) [6; 7].
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Puc. 1.
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¥ MOJICPHM3NPOBAHHOM CHCTEM BHOPO3AIIUTHI pabodero MecTta BOIUTEINS KOJIECHOTO TPAKTOpa; 5) OKOHYa-
HUE SKCIIEPUMEHTA; 6) COXpaHEeHUE JaHHBIX; 7) 00paboTKa pe3yabTaToB.

Puc. 3. KperuieHne kaOWHBI KOJIECHOTO TPaKTOpa HA pame CTEHIA!
a) yCTaHOBKA KaOWHBI HA paMy CTeHZa yepe3 Bubpousostopsl 923-6700200;
0) ycTaHOBKa KaOMHBI Ha paMy CTEHJIa Yepe3 ONbITHBIE AeMIT(ephl

Ha MoMeHT mpoBeneHHsT IMUTALMOHHBIX HCIIBITAHUNA B KaOWHE OBUIO YCTAHOBJICHO CHICHBE BOIUTENS
«benapyc 80B-6800000» xonecuoro tpakropa «bemapyc-3022/111.1», koTopoe UMeeT MEeXaHUIECKYIO MO/I-
BECKY, COCTOSIIYIO U3 ABYX CIUPAIBHBIX MPYKUH KPYYEHUS M TA30HAMOJHEHHOTO aMOPTH3aTOpa BYXCTO-
ponHero xaelictBus. llepen HadanoM 3KCiepUMEHTa CHIEHBE OBLTO OTPETYJIIMPOBAHO 1O MACCEe MCIIBITATENS,
KOTOpBIN pacrioyarajicsi Ha CHIEHbE BBINPAMUBIINCH, B €CTECTBEHHOM 103€, COXpaHsisi ee B TEUEHHE BCEro
ucneitanus (puc. 1). Bpems Bo3melicTBrs BHOpanny B MPOIIECCe KaXI0TO UCTIHITAHHUS COCTABIISIIO HE MEHEe
180 cexyHn [9].

OKcnepuMeHTaIbHbIE UCCIIEeI0BaHNs TPOBOAMIUCH B HECKOJIBKO ITAIOB.

Ha puc. 4 otpaxkeHbl pe3ynbTaThl U3MEPEHHUM CpeAHEKBaJAPaTHUYECKUX 3HAUYEHUI KOPPEKTHPOBAHHOIO
BHOPOYCKOPEHHS B BEPTUKAIHLHOM HAIMPABICHUU B TPETHOKTABHBIX ITOJIOCAX YAaCTOT HA MOy KaOWHBI H T10-
JIyIIKe CUJIEHBS JUId cepud U3 N HCIbITaHUH (HE MEHee TpeX) IpH YacTOTe BO3MYIIAIOUIMX BO3JEHCTBHUH
crenna 6 ['m. [lomyueHHBIE pe3ynbTaThl U3MEPEHUN YCPEIHSINCH.
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Puc. 4. CpenHexBagpaTHuecKkue 3HaUCHU KOPPEKTHPOBAHHOTO BUOPOYCKOPEHNS Ha pabodyeM MecTe BOIUTENs
KoJIeCHOTo Tpakropa: 1, 3 — mon kabuHbl; 2, 4 — MOIYIIKA CUICHBS

i
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Janusie 3HaueHuit cTomomoB 1 1 2 Ha puc. 4 COOTBETCTBYIOT MOJYYCHHBIM pe3yibTaTaM JKCIIEPUMEH-
TaJbHBIX UCCIEIOBAHU IS CYIMIECTBYIOMIEH CUCTEMbI BUOPO3AIIUTHI pab0vYero MecTa BOJUTENS KOJIECHOTO
TpakTopa, a JaHHbIE B cTONOmax 3 u 4 — I MOJEPHU3MPOBAHHON CHUCTEMBbI BUOPO3AIIUTHI C OIBITHBIMHU
Jnemigepamu.

[IpoBeneHHBIE CTEHIOBBIC HCIIBITAHUS TIO3BOJIIN OICHUTH 3()()EKTHBHOCTL PabOTHI CYNMIECTBYIOMIEH U
MOJICPHU3UPOBAHHOMN CHCTEM BUOPO3AMIUTHI PA00OUYET0 MECTa BOJIUTEIS KOJIECHOTO TPAKTOPA.
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3akiaoueHue

CpaBHI/ITeHBHHﬁ aHAJIN3 JaHHBIX, IIOJYYCHHBIX B XOAC€ IMPOBEACHUA CTCHIOBBIX HCHBITaHPIfI, IIO3BOJINII
CACJIaTh BBIBOJ, UYTO B CIIy4a€ YCTAHOBKHU Ha CTCHAC MOHCpHHSI/IpOBaHHOﬁ CUCTCMBI IMOAPECCOPUBAHUSA Ka-
OUHBI KOJIECHOTO TpaKTOpa BCIIMUYWHA CPCAHCKBAAPATUICCKUX 3HAUYCHUH KOPPEKTHUPOBAHHOT'O BI/I6p0yCKOp6-
HHS B TPETHOKTABHBIX Mosocax dactoT (0,8—4 I'11) B BepTUKAILHOM HAIpaBJIeHUN Ha pabodeM MecTe BOIU-
Tens Oyner cHmkeHa B cpenHeM Ha 70—75 %, 94TO gaeT BO3MOXXHOCTH MOBBICUTH () (EKTUBHOCTD TaIlIeHHS
HU3KOYaCTOTHOM BI/I6paIII/II/I Ha paGoqu MECTC BOAUTEIA KOJICCHOI'O TPAKTOpA.

Bemunna CPEOAHCKBAAPATHICCKUX 3HAYCHUH KOPPEKTUPOBAHHOI'O BI/I6p0yCI(0peHI/I$I B TPETHOKTaBHBIX
moJjiocax yactor 5—80 FI_[ B BEPTHUKAJIbHOM HAIIPpaBJICHUHU Ha pa60qu MECTE BOOUTEIA KOJCCHOI'O TPaKTOpa
CHIKeEHa B cpeaneM Ha 45-50 %.
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