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Abstract

Introduction. The widespread use of non-stationary electric machines (SPM) in the rural infrastructure,
which are operated in specific conditions, is associated with the impact of hazardous factors on humans,
such as electric current and vibration. Therefore, the solution to the problem of SPM safety should be com-
prehensive in order to reduce the occurrence of electrical injuries and vibration injuries when working with
this electrical equipment. Object. The object of the study is the SPM used at the enterprises "Agroholding
Nikolaevsky" and "SIBAGRO" of the Republic of Buryatia of the Baikal region. Materials and methods. The
article analyzes the safety of SPM by two methods in two areas of research: electrical safety and vibration
safety. At this stage, when operating the SPM, it is advisable to use residual current devices (RCDs) to en-
sure electrical safety, which provide protection of a person from electric shock in the event of emergencies.
To ensure vibration safety of SPM, in particular, hand-held power tools, it is advisable to use advanced vi-
bration protection. Existing means of vibration protection do not fully ensure the vibration safety of hand-
held power tools and can cause vibration damage to a person working with this equipment. Results and
discussion. As a result of the studies performed, portable three-phase RCDs with smooth and step-by-step
regulation of the tripping current setpoint from 5 to 30 mA with a response time of 0.03 s were developed to
improve the electrical safety of SPMs. These RCDs protect single SPMs and can protect stationary electri-
cal installations in group networks at a rated voltage of 220/380V and a load current of no more than 16A.
Showing a reduction in the occurrence of electrical injuries by up to 70%. In order to improve the vibration
safety of the SPM, additional vibration protection devices have been developed, which represent the design
of a shock-absorbing device in a hand-held power tool. When substantiating the elements of the shock-
absorbing device, the parameters of the hand-held power tool were studied without additional vibration pro-
tection. Experimental operation of hand-held power tools with additional vibration protection showed a sig-
nificant reduction in vibration parameters by 20+30% and compliance of vibration speed values with regula-
tory requirements. The above approach to solving the problem contributes to a significant increase in the
safety of SPM and their subsequent operation at agricultural facilities.
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O NEPCNEKTUBHbIX CMTOCOBAX MNMOBbILWUEHUA BE3OINACHOCTH
HECTALUMNOHAPHbBIX SNTEKTPUYECKUX MALLUUH

Epémuna T. B., dokmop mexHu4deckux Hayk, npogeccop BAK
WanbirvH WU. A., kaHOudam mexHuU4ecKux Hayk, OoUeHm
FanerysoBa W. A., cmapwuti npenodasamerib

@r60Y BO BocmoyHo-Cubupckull 20cydapcmeeHHbIl yHU8epcumem mexHoio2audl u yrnpaeneHus
2. YnaH-Y9s, Pocculickasi ®edepayus

AxTyanbHocCTb. LLInpokoe npuMeHeHne B MHpPaCTPYKType cena HecTauMoOHAPHbIX 3NEKTPUYECKMX
MawwuH (HOM), skcnnyaTupyrowmxcs B cneumduyecknx yCroBusix, CBA3aHO C BO3AENCTBUEM Ha YeroBeka
onacHbIX (hakToOpPOoB, TaKMX KaK 3aNeKTpUYeckuin Tok n Bubpauus. Noatomy pelueHne npobnembl 6esonacHo-
ctm HOM pomnmkHO BbITb KOMAMEKCHbLIM A5 CHUXKEHUS BO3HUKHOBEHWUS 3NeKTpoTpaBmaTMama v Bubponopa-
XXEHU npu paboTe ¢ AaHHOW 3NeKkTpoTEXHMKOW. OBBbekT. O6BbEKTOM nccneaoBaHus sienstoTcs HOM, uc-
nonb3yemMble Ha npeanpuaTusx «ArpoxonauHr Hukonaesckuii» n «CUBAIPO» Pecnybnuvku Bypstusa bai-
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Kanbckoro pervoHa. Marepuanbl u meToabl. B cTatbe BbINOMHEH aHanm3 6e3onacHoct HOM aByms me-
TogamMu B OBYX HanpaBneHusX uccrieqoBaHus: anektpobesonacHocTy u BubpobesonacHocTu. Ha gaHHOM
aTane npu akcnnyataumm HOM ana obecneveHus anekTpobe3onacHoOCTM LenecoobpasHo MChnonb3oBaTh
YCTPOMCTBA 3alnTHOro otknoyeHus (Y30), obecneumBatolime 3alluTy YenoBeka OT MOpaKeHUs 3NeKTpu-
YEeCKMM TOKOM Mpu BO3HMKHOBEHUW aBapuiiHbIX cuTyauui. [ns obecneveHns BubpobesonacHoctn HOM, B
YaCTHOCTWU PYYHOrO JNEKTPOMHCTPYMEHTA LenecoobpasHo MCMOoNb30BaTh YCOBEPLUEHCTBOBAHHLIE Cpen-
ctBa Bubpo3awuTel. CyllecTByolmne cpeactesa Bubpo3almnTbl He B MONHOM Mepe obecnevmBaroT BUOPO-
6e3onacHOCTb PYYHOro ANEKTPOMHCTPYMEHTA U MOTYT SBUTLCS NMPUYMHOW BO3HUKHOBEHWS BUBPOMOpaxXeHns
YyenoBeka, paboTaloLlero ¢ AaHHOW TexHukon. PesynbTathbl M obcyxaeHue. B pesynbTate BbIMONHEHHbIX
nccneaoBaHun Ans NoBblWeHUs anektpobesonacHoct HOM paspaboTaHbl nepeHocHble TpéxdasHble Y30
MNaBHOrO M CTYMEHYaToro perynnpoBaHns ycTaBku Toka cpabaTeiBaHus oT 5 4o 30MA ¢ BpemeHem cpaba-
ThiBaHMa 0,03c. OaHHble Y30 BbINOAHAKT 3alMTy OAMHOYHLIX HOM 1 MOryT BbINOMHATL 3aluTy CTaumo-
HapHbIX 3MEKTPOYCTAHOBOK B FPYMMOBbIX CETAX MPU HOMUHaNbLHOM HanpskeHun 220/380B 1 Toke Harpysku
He bonee 16A. OnpefeneHa anekTpo3awmTHasa adpdekTnBHocTb Y30, nokasbiBatoLlast CHKEHNE BO3HUK-
HOBEHUSA anekTpoTpaBmatuama oo 70%. [na coBepluieHcTBOBaHUSA BUOpobesonacHoctn H3M pa3spaborta-
Hbl [OMOMHUTENbHbIE BUOPO3aLUUTHBIE CPEACTBA, MPEACTaBMSIOWME KOHCTPYKLUIO aMOpPTM3aLMOHHOIO
YCTPOMCTBA B PYYHOM 3IEKTPOUHCTPYMEHTE. [Npn 0BOCHOBAHMM 3MEMEHTOB aMOPTM3ALMOHHOIO YCTPOM-
CTBa NpoOBeAeHbl nccrneaoBaHMs napaMeTpoB PYYHOro 3MEeKTPOUHCTPYMeHTa 6e3 AononHuTenbHOM BUGpO-
3alMTbl. QKCNEepMMEHTanbHasa SKCnnyatauus pyyHoro aNeKTPOMHCTPYMEHTa C AOMOMHUTENBLHON BUGpOo3a-
LLMTONM NoKasana 3HaunTeribHoe CHWXeHue napameTpoB Bubpauun Ha 20+30% 1 COOTBETCTBUE 3HAYEHMWMN
BMOPOCKOPOCTM HOPMATUBHBLIM TpeboBaHMAM. MpuBegEHHBIN NOAX0A K peLleHunto npobnemsl cnocobcTByeT
3HAYUTENBHOMY NOBbLIWEHMIO 6e3onacHocT HOM m nx nocneaytoLlen akcnnyaTaumMm Ha obbekTax cerb-
CKOro X035MCTBA.

Knroyeebie crioea: 3/71eKMPOYCMaHOBKU, HecmayuoHapHbIe 3MeKMpUYecKue MaluHbl, 3/1eK-
mpompaembl, 8UbporopaxeHue, ycmpolicmeo 3auumHo20 OMKIIOYeHUs], subpo3aujuma.

LUuTtupoBanue. Epémuna T. B., Wanbirmn W. A., lanerysosa U. A. O nepcnekTMBHbIX crnocobax noBbiLle-
HWsi 6e30MacHOCTN HECTaALMOHAPHBLIX ANEKTPUYeckMx mawmuH. M3secmus HB AYK. 2024. 3(75). 349-357.
DOI: 10.32786/2071-9485-2024-03-40.

ABTOpCKMﬁ BKnaa. Bce aBTOpbl HaAcToALlero nccnenoosaHna npuHMManun HenocpencTtBeHHoe yvyactue B niaHunpoBa-
HWUWU, BbINONTHEHUN U aHarnn3e gaHHOro nccnegoBaHus. Bce aBTOpbI HaCTOFIU.l,eVI CTaTb O3HAKOMUIUCH U O,D,O6pVIJ'II/I
I'IpeJJ,CTaBJ'IeHHbIIZ OKOHYaTernbHbIN BapuaHT.

KoHdnukT uHTepecoB. ABTOpbI 3asiBNAOT 06 OTCYTCTBMU KOH(IMKTA MHTEPECOB.

BBepeHue. B cOBpeEMEHHbIX YCNOBUAX pas3BUTME cena CBA3aHO C pOCTOM 0OBEMOB Mpo-
W3BOACTBa NPW BHEAPEHUWN BbICOKOMEXAHU3NPOBAHHbLIX TEXHOMOIMIN, BbIMYCKOM pa3Hoobpa3sHom
CenbCKOXO35IMCTBEHHON MPOAYKLMKW, YTO COOTBETCTBYET UCMONb30BaHUIO BOMbLIOr0 HOMEHKMa-
TYPHOMO NMEepeYHs SMNEKTPUYECKNX YCTAaHOBOK, MEXaHU3MOB, MaLLWH, B TOM 4ucne ObITOBON 3nek-
TpoTexHukn. [loaTomy pelueHne BomnpocoB 6e3onacHOCTN Ha obbekTax arponpoOMbILLSIEHHOrO
komnniekca (AlK), a Takke cpean HaceneHus npuobpeTaeT BbICOKYH 3HAYMMOCTb W akTyanb-
HocTb. 3akoHoaaTtenbHbeiM aktom (Mpukas Ne 926 ot 28 pekabpa 2021 r.) npegycmaTpmBaeTcs
nposefeHne MepornpuATUA N0 CHUXKEHUIO PUCKOB ONACHOCTWU 3fEeKTPOYCTAHOBOK MpW CO3gaHuu
CUCTEMbI YNpaBreHUs puckamu 1 NpOBEAEHUI0 OPraHM3aUMOHHLIX U TEXHUYECKUX MEePONPUSTUR
[1]. B cenbckon MecTHOCTM Ha NtoboM 00bEKTE, a Takke B OblTy UMEIOT LUMPOKOE UCMOMb30BaHUe
cpefcTtsa Manon mexaHu3auuu, B YaCTHOCTM HeCTauuoHapHble anekTpuyeckne mawmHbl (HOM):
nepeaBuXHbIE, NEPEHOCHbIE N PYYHOW SNEKTPOMHCTPYMEHT. Py4YHON SNEKTPOMHCTPYMEHT OCO-
OEeHHO 4acTo NpUMEHSsIETCA NpU BbLINOMHEHUM MHOMMX OMepauuin, M ero Jons cocTaenser
60-70% oT1 Bcex HOM [2]. C To4ku 3peHns anektpobesonacHocTu paboTel ¢ HOM BbinonHsoTCA
B CMNOXHbIX YCIOBUSIX, @ UMEHHO, Ha >ene3obeToOHHOM Moy Unn Ha 3emne, Npu HanuM4Mm B BO3-
OYWHOW cpefe MOBbILEHHON BRAXHOCTWU, arpeccuBHbIX cpen, YTO SABMSETCA NOTEHLMarnbHON
ONaCcHOCTbI0 BO3HWKHOBEHWUSA 3MeKTPOTpaBM cpeau Nniogen, a Takke TpaBMUPOBaHUS CENbCKOXO-
3ANCTBEHHbIX XUBOTHbIX [3].

B cooTBeTCTBUM CO CTATUCTUYECKUMM AaHHBLIMWU NPU SKCNnyaTauun anekTpoyCcTaHOBOK, a
Takke HOM cny4dan anekTpoTpaBMUpOBaHWS ftogen He eAMHUYHbBI B MOMELLIEHUSIX N Ha TeppuTo-
pun NpeanpusaTUn, epmMepcknx Xo3ancTeax, B ObITOBbIX ycnoBusax u ap. [4]. OcHOBHOW npuyu-
HOWM HecYacCTHbIX CrlyYaeB ABMSIETCA HE3HaHUe nNpaBuIT TEXHUYecKon 6e3onacHoOCTU UM UrHopK-
poBaHue nx, ocOBeHHO Takoe HeraTUMBHOE MOMOXeHUe cKnagbiBaeTca B XWUMOM CeKTope C npu-
ycagebHbiMm noctporkamu. OTtctoga cnegyet, 4to HOM no 6e30nacHOCTM MCNonb3oBaHWSA
OOITKHbI OTBeYaTb BbICOKMM TpeboBaHnsam. OcobeHHO 3TO kacaeTcsl nuTarowero kabens, noTomy
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YTO He MCKIYEHbI Neperndbl, CKpyYMBaHUS ero, M3onsuus MoXeT ObITb noBpexaeHa. BosHukaeT
TpaBMoonacHas cuTyauus nonagaHnsa YenoBeka nog AeWCTBUE HaMNpshKeHWs, no ero teny obyaget
npoTeKaTb 3NEKTPUYECKUIA TOK, UCXOL MOXET BbITb NneTarnbHbIM.

B cBoto ouepenb, cnegyet obpatnTe BHUMaHMe Ha TOT (pakT, 4To npu padote ¢ HOM ve-
foBEK NoaBepXeH BO3OencTBuio BubOpauun. MNpuyem nNpy UCNONb30BaHMM PYHHOIO 3NEKTPOUH-
CTPYMEHTa 4Yepe3 pyKu Ha Teno YyernoBeka nepegaeTcsd camasa onacHas nokanbHas subpauud. Ha
ocHoBaHuKM uccnegoBaHuii 70% BO3HMKaKOLWMX BUOPONOPAXKEHUIN CBSA3AHO C MPUMEHEHNEM pyY-
HOrO MEexXaHW3MpoBaHHOIO MHCTpyMeHTa [5]. OTcloga cnegyeT, YTO HecyacTHble chnyvau, Takue
KaK anekTpoTpaBMbl M BUOpoMopaxeHus, T.e. NpodeccuoHanbHo obycnosrneHHass 3abonesae-
MOCTb, SIBNAKTCA NOCNEACTBUsSIMM akcnnyaTaumm HOM, BO3HMKaKOWMMKM NpU HELOCTaTOYHOM
yCTpaHEeHUN onacHbIX (PaKTOPOB M OTCYTCTBUM €OMHOro noaxoda K pacCMOTPEHWMo npobrnembl
TexHoreHHon 6esonacHoct HOM, onpegensiemMon COCTOSHMEM 3MeKkTpobe3onacHOCTM U ycno-
BnAMKM BnbpobesonacHocTH.

lMpoBoas aHanua, cnegyeT obpaTuUTb BHUMaHWE Ha TOT (hakT, YTO OLHUMMU M3 CaMbiX
onacHbIX haKTOPOB, OKa3bIBaOLLMX BNNSHME HA BO3HUKHOBEHME 3MEKTPOTPABMbI, ABNATCA UH-
anBuayanbHble OCODEHHOCTU OpraHMama 4YernoBeka M COCTOsHME OKpyXarwwen cpefpbl. Kpome
TOro, BUOpaLns okasbiBaeT oTpuLaTENnbHOE BO3OENCTBME Ha YenoBeKa, yBENMUMBAET CTENEHb
pucka nosiBNEHNA HecyacTHbIX criydaes [6]. OTcioga cregyeT, 4TO pelleHue npobnembl 6e3-
onacHocTtu npu pabote ¢ HOM gomkHO ObITb KOMMNEKCHBIM OS5 CHUXXEHWS SNEKTpoTpaBmaTuama
1 BUOBpOMNopaxeHn n SBNSeTCs BaXKHOW coumanbHOM 3agaqven.

Taknm obpasom, uenbio nccrneaoBaHns ABMsieTCs NoBblleHne 6e30MacHOCTU 3NeKTpo-
YCTaHOBOK Ha OCHOBE pa3paboTKky NPEBEHTUBHbIX Mep SMEKTPUYECKON 3alnThbl U CpeacTs BUb-
pauMoHHON 3awwmTbl HOM.

MaTtepuanbl n metoabl. [Jna obecnevyeHua Ge3onacHOCTU aBTOpamMu MPOBEAEHbI UC-
cnenoBaHus No npuMmeHeHnto HOM B cenbCkol MecTHOCTM Ha obbekTax «ArpoxonguHr «Huko-
naesckun»» n «CUBAPO» Pecnybnuku bypsatus bavikanbckoro permoHa.

HayyHasa paboTa BbiNonHANachb B ABYX HamnpaBleHUsIX: NepBoe — UCCNeaoBaHue arek-
TpobesonacHocTn HOM; BTOpoe — nccnegosaHue BubpobesonacHoctn HOM.

AHarnu3s nepeozo HaripasneHus: uccredosaHue anekmpobesonacHocmu npu 3Kcryama-
yuu HoM.

B lNpaBunax yctponcTtea anekTpoyctaHoBok ([MY3) otmedeHo, 4To npm paboTe C anekT-
poycTaHoBKaMn Ans obecneyveHns 6€30NacHOCTN B aBapuiiHbIX pexumax LienecoobpasHo npu-
MEHEeHMe yCTPOMUCTB 3almnTHOro oTkmodeHns (Y30), obecneunBaroLmx OTKMOYEHWE aBapUAHOMO
yyacTka, BO n3bexaHne BO3HMKHOBEHWsSI TpaBMOOMacHon cutyauuun. Y30 OTKMYaeT anekTpo-
YCTaHOBKY MpU NMPUKOCHOBEHUWN YENOBEKA K TOKOBEAYLUUM YacTaM C MOBPEXOEHHON U3onsaumen
UN1 NpyY NPUKOCHOBEHUM K KOPMYCY, OKa3aBLUEMYCSI MO HaMpsXXeHUeM MNpv HanMynm CBsI3N C
3emnen [7]. Asnascbe MHOrodyHKUMoHanbHbeiMn, Y30 obecneunBatoT 3allmTy YenoBeka oT nopa-
XEHUST ANEKTPUYECKUM TOKOM, @ TakKe 3alUMTy OT NoXapoB Mpu ANUTENbHOM MPOTEKaHUN TOKOB
yTeukm Ha 3emnto [8]. OCHOBHbIMM TEXHUYECKMMU XapakTepuctukamm Y30 ABnATCA YyBCTBU-
TEeNbHOCTb 3alnThbl (BENMYMHA yCTaBKkn cpabaTbiBaHUA) U GbicTpoaencTeme (BpemMsi cpabaTtbiBa-
HUS), HEManoBaXHbLIM NapamMeTPOM ABMSETCA HaNM4Yne CaMOKOHTPOMSI UCNPAaBHOCTH.

AHarnus emopozo HaripasseHusi: uccriedogaHue gubpobe3onacHocmu npu 3Kcrnyama-
yuu HoM.

lMpoBoas aHann3 BUOPONOPaXXEHMIN ONepaTopoB MOOMMLHOW 3MNEKTPOTEXHMKN, crneayeT
obpaTuTb BHMMaHWE Ha NPUMEHEHWe €€ nMpu HanMuum mManod3eKTUBHON UM HEAOCTAaTOYHO
coBepLueHHon BnbposawmuTtel HOM.

Mpn mncnonb3oBaHum HOM, B 4aCTHOCTU PYYHOrO 3fIEKTPOMHCTPYMEHTA, YerioBeK Nnog-
BEPXEH MOCTOSIHHOMY BO3[EWCTBMIO MOKanbHOM Bubpauun, KoTopasli OKasblBaeT HeraTMBHOE
BNIMSIHWE HA ero HOopMasibHYI0 XU3HEeOeATeNnbHOCTb, OCOOEHHO Ha ncmMxmu4veckoe coctosiHue [9).
OTtcioga cneayeT, 4TO BUOpaLMs, Takke Kak 3MEeKTpUYEecKMn TOK, ByaeT onacHbIM U BpeaHbIM
dakTopom Ans 340poBbsi YenoBeka. 3HauuT, obecneyveHne BUbpobesonacHoct HOM, ¢ Toukm
3peHnst NpakTULUmM3mMa, IBNSETCA BECbMa BaXXHON 3aaden.

Takum obpasoM, aHanmM3 NokasbiBaeT, YTO AMEKTPOTPABMbI M BUOPONOPAXKEHUS CBA3AHbI
C HegocTaTo4HbIM obecnedeHnem 6esonacHocth pabotel ¢ HOM n oTcyTCTBMEM €OMHOM0 NoaXo-
0a K paccMoTpeHuto gaHHoun npobnemsl [10, 11].
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Pe3ynbTaTbl. [lepgoe HarnpaesneHue uccredosaHusl.

lMpoBeaeHHblE UccnenoBaHWa NPUMeEHeHUs nepeHocHbix Y30 ¢ ycTtaBkamu cpabatbiBa-
Hua 10 n 30MA Npy NOAKMYEHUN UX K NuTaowemy kabento HOM nokasbiBaloT 3HaAYMTENbHOE
noBblleHne 6e30nacHOCTU, B YaCTHOCTM CaMOro pacrnpoCTpaHEeHHOro B MPUMEHEHUN PYYHOro
3NEKTPOUHCTPYMEHTA.

ABTOpamu paspaboTaHbl KOHCTPYKUUK TpexdasHbix Y30 ¢ ycTaBkamu Toka cpabaTbiBa-
Hua oT 5MA go 30MA, BpemeHem cpabatbiBaHna 0,03c. tuna BAT-P (Y30-poseTka) nnaeBHoOro
perynupoBaHusa (MateHT Ne212570, PO, MINMK HO1H 83/00) n Y30-P (Y30-po3eTka) cTyneH4aTo-
ro perynupoBanus yctaesku 10, 30MA (MateHT Ne210060, P®, MMK HO1H 83/00), koTopble SB-
NATCA NEPEHOCHBIMU M MOTYT UCMOMb30BaTbCA AN 3alimTbl OAMHOYHbLIX HOM, a Takke gns
3aLMTbl CTALMOHAPHbIX 3fIEKTPOYCTAHOBOK B rPYMNMOBbLIX CETAX NPW TOKE Harpy3ku He Gonee 16A,
HOMMWHanbHOM HanpsxeHun 220, 380B.

Ha pucyHke 1 npuBeaeH obwwimi Bug Y30-po3eTkn BOT-P.
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PucyHok 1 — O6wmn Bug Y30 BAT - P.
Figure 1 — General view of RCD VDT-R.

OCHOBHbIE 3rEMEHTbI:

1 — kopnyc, 2 — guddepeHumansHbLIA TpaHchopmaTop Toka, 3 — nepBuyHas obmoTka, cocTosAwas u3
Tpex dasHbIX U HYNeBOro MpoBOAHMKOB, 4 — BTOpU4YHas obmoTKa (kaTylwka Ha TopoupanbHOM CepaeyHuKe),
5 — aneKTPOHHbIN yCcunuTernb, 6 — KHOMOYHBIN NepekntoyaTens YcTaBku cpabaTbiBaHus, 7 — GNOK perynvpoBaHust
ycTaBku cpabaTbiBaHusi, 8 — NyCKOBOE YCTPOMCTBO, 9 — KaTyLlKa OTKMoveHus, 10 — cunosas KOHTakTHas rpynna,
11 — cunoBble ynpyrne KOHTaKTbl, 12 — cunoBble 3aXWMbl, 13 — pe3VHOBBIN canbHUK, 14 — rHé3ga po3eTku C
KpbILKON, 15 — HyneBow 3awwmnTHbI PE-npoBoaHuK, 16 — kHonka «BKI», 17 — kHonka « TECT».

Main elements:

1 — The Corps, 2 — Differential current transformer, 3 — Primary care, consisting of three phase and zero
conductors, 4 — secondary winding (coil on toroidal core), 5 — electronic amplifier, 6 — is a button switch of the
trigger control, 7 — the control unit of the trigger setting, 8 — Launching device, 9 — Shutdown coil, 10 — Force Con-
tact Group, 11 — Forced elastic contacts, 12 — forceful clamps, 13 — Rubber Grinder, 14 — socket socket sockets
with cover, 15 — zero protective PE conductor, 16 — the button “off”, 17 — the button “test”.

Y30-po3eTka BbINOMHAET PYHKLMKN, ONUCaHNE KOTOPLIX MPMBEAEHO NPU aHanu3e nepBo-
ro HanpaeneHus, T.e. ccrnenoBaHun anekTpobesonacHOCTU Npu akcnnyataumm HOM.

OnekTposawmTHas addektuHocTb Y30 Obina onpeaeneHa UCXO4A U3 ypaBHEHUS Ha
OCHOBaHuM cBefieHUI, NpuBeaeHHbIX B [12]:

__ P(3B)y30

Tayz0 = 05), (1)

roe P(3B)s — BeposiTHOCTb anekTpobesonacHocTn 6e3 mcnonb3oBanus Y30; P(3B) — BEpOSATHOCTb anek-
Tpobe3onacHocTK npu ncnonb3osaHun Y30.
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30ecb Tyy30 = 1 xapaktepmsyeT MUHMManbHoe 3HadeHune adpdektmHocTn Y3O. [Mpu
Hanmumm Y30 BepoATHOCTb anekTpobesonacHocTv HOM onpegenseTcs no ypaBHEHUIO:

i . . . o) . .
P(3B) =1 - P(Unp) : [foom Fyrn Cigen) * f (luen) digen + P6.p. fIyCT Fq;(lqen)dlqen +
[ee] . . . o . . :
(1 - l:)6.p. fch’r E—lo(lqen)f(lqen)dlqen + (1 - PH.S.) fch’r E—lo(lqen)f(lqen)dlqen)]r (2)
roe P(Un,) — BEpoATHOCTb nonajaHua 4ernoseka Mo HanpshkeHue NPUKOCHOBEHUS (paBHoe asHoMmy
HanpsbkeHuo); Ps, — BeposTHOCTL 6e3oTkasHon paboTtbl Y30; P, , — BepoATHOCTb HecpabaTbiBaHus Y30;

Fg (isen) — 32BUCUMMOCTb BEPOSITHOCTW TOKa nbpunnaumm cepaua venoseka; F,, — 3aBUCMMOCTb BEPOSAT-
HOCTW TOKa HEeOTNyCKaHWs Yepes Yernoseka; |y, — 3HaveHne Toka yctasku Y30.

N 3 (75), 2024

VHTerpanbeHble KpuBblE pacnpefeneHnst ornacHbIX TOKOB Yepes YeroBeka U ux nioTHOCTH
pacnpeaeneHus, NoslydeHHble Ha OCHOBE aHanm3a M pacyeTHbIX JaHHbIX ANS TPeX BUOOB 3rek-
TPOTPaBM: JIErKON, TAXKENON U CMePTESNbHOM, NPUBEAEHbI HA PUCYHKE 2.

=

F'on (M2n)

F*on (ren

«< >
fliyen)

PucyHok 2 — [inarpamMmmbl BEPOSITHOCTEN TpaBMUPOBaHMUS YeroBeka
Figure 2 — Diagrams of the probability of injury to a person

A, B, C — rpaHuubl ob6ractei BO3MOXHbIX MCXOO0B: C BPEMEHHOW NOTEPEn TpyaoCnocoOHOCTH
npy BpeMeHn BO3JENCTBUA TOKa Yepes YernoBeka tgy, < 5C; C THKEMBbIM UCXOA0M MpU tges < 5C; CO
CcMepTenbHbIM UCXOAO0M tgo; < 1C; {F on(iven), Fon(|qen) Few(iven)} — MHTErpanbHble KpuBble pacnpenerne-
HUSA TOKOB Yepes Yernoseka Ang yKasaHHbIX MCXOA4O0B.

A, B, C — the limits of the areas of possible outcomes: with temporary disability at the time of expo-
sure to current through a person tz,, < 5¢; with a severe outcome at the time of transportation t,o; < 5¢; with
a fatal outcome of transportation tso; < 1c; {Fon(lqen) F On(L,en) Few(iven)} — integral curves of distribution of
currents through the person for the specmed outcomes.

PacyeTHble 3HayeHVA MokasaTensa 3NEKTPo3alUMTHON 3PPEKTUBHOCTU Ty, ONSA Tpex
Crny4aeB ONacHbIX MCXOA0B (BPEMEHHOW MOTEPU TPYLOCNOCOBHOCTH, TSXKENOro (MHBaNMAHOCTK),
CMepTEenbHOro) npueeaeHsl B Tabnumue 1.

Tabnuua 1 — 3HayeHusa nokasartenen anekTposawmTHon achdektmBHocTn Y30.
Table 1 — Values of RCD electrical protection efficiency indicators.

Tsvs0/ TERCD

Bug ucxopa / Type of
T outcome CMepTenbHblit / Taxénbin BpemeHHas noteps Tpy-
oK Deadly (VIHBaJ'IVI,D,.I-IOC'I.'I:?)/ nocnoco@pcm{

ycTaBku, MA / Severe (disability) Temporary disability
Setpoint current, mA

5 19,41 69,71 68,49

10 3,09 11,18 32,53

15 2,24 5,08 5,41

30 1,96 4,49 4,43
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Bpemsa cpabatbiBaHuns Y30 npuHsTo pasHbiMm 0,03 c.

Bmopoe HanpasneHue uccriedosaHus.

MockonbKy B MH(pacTpyKType cena, B TOM 4Mcne n B ObITY, MCNONb3YKTCA pasHoobpas-
Hble HOM 1 0COBEHHO pyYHON 3NEKTPOMHCTPYMEHT, COBEPLUEHCTBOBAHME BMOPO3aLmnTel Nproo-
peTaeT nepBOCTEMEHHOE 3HadyeHue Ans obecrneveHWsi 6e30MacHOCTM AaHHbIX MalluH npu
YMEHbLLUEHUN OTPMLATENBHOIO BO3AENCTBMSA BMOpaumMn Ha YenoBeka 4O AOMNYCTUMbIX NPeaenos
B COOTBETCTBUMN C HOPMATUBHBLIMMK TPeOOBaHUAMM.

ABTopamn paspaboTtaHbl cpeacrtea Bnbposawmtel HOM ygapHoro gencreus nytem uc-
NoNb30BaHMA AOMOMHUTENbHbLIX BMOpo3awuTHbix cpeacts (lMateHT Ne216264, P®, MIIK
B25[117/24; MateHT N2e194064, P®, MINMK B25B21/02).

B kauecTBe OONOMHUTENBHBIX BUOPO3ALUMTHBIX SIIEMEHTOB BbINOMHEHA KOHCTPYKLUMS amop-
TWU3aUMOHHOIO YCTPOWCTBA, COCTOsILLIAaa U3 amopTm3aTopa B Buae AByx bydepoB (06beMHbIX Korew)
N3 NUTON YNPYron pe3vHbl 1 ABYX YNOPHbLIX MEeTannmMyeckmx AuckoB (Lwanbd), obecnevmBatoLLmx k-
CauUMIo KOHLIOB AMHAMMUYECKOW (paboyen) NPpYyXMHbI U COXPaHEHUS €€ YCTOMYMBOTO MNOSIOXKEHNS.

[na npumepa Ha pucyHke 3 nokasaH oOLWMi BUA INEKTPONHCTPYMEHTA yAapHOro gen-
ctBua Tvna N3-4213A (anekTpynyeckoro MonoTka).

1
13 12 18 7 5
] / ﬂ
s (il A ®
‘El IE A | EJM
17 15161411 4 10 8 96 22 19
20

PucyHok 3 — O6LmMin BUG KOHCTPYKTUBHOIO UCMOSTHEHMWS 3NEKTPOMHCTPYMEHTa
yaapHoro gencteus tuna No-4213A
Figure 3 — General view of the design of the power tool percussion type IE-4213A

OCHOBHbIE 3NEMEHTBI:

1 — nnacTMaccoBbIf KOPMYyC, 2 — 0gHOMA3HbIN KOJTEKTOPHBIN 3neKkTpoasuraTens, 3 — peaykTop B anto-
MUHWEBOM KOpnyce, 4 — CTBOJ, BbIMOSIHEHHbIA U3 aNOMUHUSA, 5 — KPMBOLLUMHO-LLATYHHBIA MEXaHU3M, BKIoYato-
WM KpvBOLWKN, Nanew, 6 — waTtyH, 7 — yaapHbli MexaHuam, 8 — umnuHap, 9 — nopweHb, 10 — 60ék, 11 — anHa-
MUYeckas npyxuHa, 12 — amopTusaumMoHHoOe yCTPOUCTBO, 13 — amopTusatop, 14 — ABa YNOpHbIX MeTannmyeckmx
ancka, 15 — bykca, 16 — gepxatenb, 17 — pabounit MHCTpyMeHT, 18 — xBocToBMK, 19 — OCHOBHasi pyKoSTKa,
20 — KypKOBbI BbIKNoYaTENb C (PUMKCUPOBAHHLIM pabouum nonoxeHuwem, 21 — BBOA NuTatowero kabens,
22 — pononHuTenbHasa pykosaTka.

Main elements:

1 — plastic body, 2 — single-phase collector electric motor, 3 — reducer in aluminum housing, 4 — a barrel made
of aluminum, 5 — motion-shifting mechanism, which includes a curveball, finger, 6 — the connecting rod, 7 — shock
mechanism, 8 — the cylinder, 9 — the piston, 10 — firing pin, 11 — dynamic spring, 12 — depreciation device, 13 — depreci-
ator, 14 — two hard metal discs, 15 — 6ykca, 16 — the holder, 17 — the working tool, 18 — the tail, 19 — primary handle,
20 — trigger switch with a fixed working position, 21 — input of a supply cable, 22 — additional grip.

Mpn paspaboTke BUMOPO3ALLMNTHBIX CPEACTB OblnM BbINOMHEHbLI MCCREeAoBaHUsA BMOpaum-
OHHBIX MapamMeTpoOB PYYHOrO 3MEKTPOMHCTPYMEHTA, onpeaeneHsbl YPOBHU NoKanbHOW Bubpaumm,
a UMEHHO BMBPOCKOPOCTU, ANA 0OOCHOBaHMSA OOMONHUTENBHbIX 3NIEMEHTOB BMOpO3awwmThbl. [Npu
N3MepeHMn BUOPOCKOPOCTU PYYHOTO 3SNEKTPOUHCTPYMeHTa 6e3 [OoMNOMHUTENbHbLIX CPeacTs
BMOPO3aLUMTBI MOMyYeHbl 3HAYEHWUs] 3HAYUTENMbBHO MpPEBbLILIAKLINE HOPMAaTUBHbIE TpeboBaHMS.
Ha pucyHke 4 npuBeneHbl rpadmyeckne 3aBUCMMOCTU NapameTpoB (BMGpockopoctn V, ab ans
BOCbMM OKTaBHbIX MOSIOC cpeaHereoMeTpuyecknx 4actoT f, 'U) py4yHOro aneKTPOUHCTPYMEHTa C
Bnbpo3alumTon n 6e3 BubposalunThbl.
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PucyHok 4 — Mpadhmyeckue 3aBMCMMOCTM NapaMeTpoB BUOBpaLUM PYYHOrO 3NEKTPOMHCTPYMEHTA
Figure 4 — Graphical dependencies of manual vibration parameters power tools

1 — HOpMKpyemasi BenuynHa BUGPOCKOPOCTH; 2 — ypOBEHb BUBPOCKOPOCTM 3MEKTPOMHCTPYMEHTa C
[OMoNHUTENbHON BUOpO3awnTon; 3 — ypoBeHb BUOPOCKOPOCTM 3MEKTPOMHCTPYMEHTa 6e3 4OMONHUTENBHON
BMOpo3aLUmMThI
1 —is the normable value of vibration speed; 2 — is the level of vibration speed of the power tool with additional
vibration protection; 3 — the level of vibration speed of the power tool without additional vibration protection

LLTpnxoBble NMHUKM BAOMNb KPUBbLIX 2 U 3 03HAYalOT BENTMYUHBI HENPEPDLIBHBIX N3MEPEHWNIA
YPOBHEN BUOPOCKOPOCTM PYYHOrO 3MEKTPOUHCTPYMEHTA. 34ecCb floMaHble NuMHUKM 2 n 3 ecTb
yCpeAHEHHbIe 3Ha4YeHust Bubpockopoctn V, ab.

O6c¢cyxpeHue. Ha ocHoBaHWMM BbINOMHEHHOIO aHanM3a COCTOSAHUSA anekTpobe3onacHoCTH
n BnbpobesonacHocTn npu akcnnyataumm HOM n npoBeAEHHbBIX 3KCMEPUMEHTOB NO pa3paboTke
9NEKTPO3aLUUTHBIX CPeacTB, T.€. YCTPOMCTB 3aLUMTHOIO OTKMIOYEHUS], @ TakKe COBEPLUEHCTBOBA-
HUIO BMOPO3aLLUTHBIX CPEeACTB MNOMyYeHbl creayowme AaHHbIe MO NepBOMY M BTOPOMY Hanpas-
NeHusM uccneaoBaHus:

1. Ncxoas 13 pe3ynbTaToB pacyéToB, NpMBeAEHHLIX B Tabnuue 1, cnegyeT, YTo aNekTpo-
3awmTHasa agdektnBHocTb Y30 OyaeT MUHUMANbBHOM ANs BCEX CryYaeB NCXOO0B 3MeKTpOTpaB-
MWPOBAHUSA YerioBeKa C yCTaBKon Toka cpabaTbiBaHmsa paBHon 30 MA, HO He MeHbLUe Tgyzo = 1,
xapaktepuaytowlen otcytcteme Y30 nnu ero HecpabaTtbiBaHne. 3HA4YUT, YeM MEeHbLUE TOK yCTaB-
Kn, Tem 6onblue anekTposawuTHaa addeKTUBHOCTb, koTopasa konebnetcs B npegenax ot 1,96
0o 68,49 ons npuBeAEHHbLIX OMACHbIX MCXOAOB, YTO COOTBETCTBYET CHUMXEHMIO BO3HUKHOBEHUS
anektpotpasmaTnama ao 70%.

2. JKcnepvMeHTanbHas npoBepka PYYHOro 3MEKTPOUHCTPYMEHTa C OOMOMHUTENBHON
BMOpO3alLMTON nokasana 3HauuTenbHoe CHuKeHune Bubpockopoctu V, ab, npu atom anga rpa-
HUYHbIX 3Ha4YeHUn cpegHereomeTpuyeckon YactoTbl f = 8y V namenserca ot 129 go 119ab =
1000y V nameHsetca ot 122 go 914b, 1.e. B cpeaHem Ha 15-304b6, yuTo coctaenseT 20-30%.

Takum obpasoMm, 3Ha4YeHUA BMOPOCKOPOCTU PYYHOrO IMEKTPOUMHCTPYMEHTA C AOMOSHU-
TenbHbIMK cpeacTBamu BUOPO3aLLMTbI COOTBETCTBYIOT HOPMATUBHBIM TpeboBaHuam [13].

3aknroyeHue. 1. PaspaboTaHHble NepeHOCHbIE YCTPOUCTBA 3aLMTHOIO OTKIOYEHUSA C pery-
nvlpyeM0|7| yCTaBKOI7I TOKa CpaGaTbIBaHI/IH, ncnonb3dyemble AOnNA 3allnUTbl 3N1EKTPOYCTAHOBOK, B TOM
4yncne HeCTauMOHapPHbIX 3NTIEKTPUYHECKNX MaLUWH, ABNAKTCA NOpTaTUBHbIMU MOBUMNbHBIMU cpeacTtea-
MW, O6eCI'Ie'-IVIBalOLIJ,VIMVI CHMXeHne aneKkTpoTpaBMaTtudmMa U BbINONTHAKLWWMMWN KOHTPOJIb COCTOAHUA
M30MALMM TOKOBEAYLLMX YacTel 3M1eKTPOYCTaHOBOK BO U3bexaHne noXKapoB M BO3ropaHuii.

2. PaspaboTaHHble ONONHUTENbHbIE CPEACTBA BUOPO3aLLMTLI PYYHOrO 3N1EKTPOMHCTPYMEHTA,
NCNonb3yemMoro Ha obbeKkTax CenbCKOro X03SWCTBa MpPW BBIMOSIHEHUWN pasfnU4YHbIX BMAOB paboT, a
TaKke UMEIOLLEro LLIMPOKOE NMPUMeHeHMe B BbITOBLIX YCNOBUSIX CPEAM CENbCKOro HacerneHusl, No3eo-
NSAT caenaTh 3aKnioYeHne 0 TOM, YTO ynydlleHue BUOPOU3ONALMOHHBIX KavecTB obecneynsaeTt co-
XpaHeHue 6e3onacHocT H3M Ha BbICOKOM YPOBHE.
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Conclusions. 1. The developed portable residual current devices with adjustable actuation
current setpoint, used to protect electrical installations, including non-stationary electrical machines,
are portable mobile means that ensure the reduction of electrical injuries and monitor the condition of
insulation of current-carrying parts of electrical installations in order to avoid fires and ignitions.

2. The developed additional means of vibration protection of hand-held power tools used at
agricultural facilities when performing various types of work, as well as widely used in domestic condi-
tions among the rural population, allow us to conclude that the improvement of vibration insulation
qualities ensures the preservation of SPM safety at a high level.

Bubnuorpacdunyeckuin cnucok

1. O6 yTBEpPXOEHUM PEKOMEHAALMA MO BbIGOPY METOOOB OLIEHKU YPOBHEN NPOeccuoHanbHbIX PUCKOB U MO
CHWXKEHWIO YPOBHEN Taknx pUckoB: npukas ot 28 nekabps 2021 r. Ne 926.

2. EpémuHa T. B., KanuHnH A. ®. OcHOBHble HanpaBieHUsi UCMONb30BaHNS CPEACTB Maron MexaHusaumm B
cenbckoM xo3sncTee. MNMonadyHosckuii BectHuk. 2014. Ne 4. C. 136-139.

3. Mabosa M. A., Hukonbckuin O. K. Mogenb hyHKLMOHNMPOBAHMSA CUCTEMBI TEXHOFEHHOM 6e30nacHOCTH 3reKT-
poyctaHoBok. BecTHuk AMNK Ctaspononbs. 2021. Ne1(41). C. 19-23.

4. Poccuiicknin ctatucTndeckuin exxerogHunk. 2022: Crat. ¢b6. Pocctat. M., 2022. 691 c.

5. bangaHoB M. B., EpémuHa T. B., WaHbirmH L. A. KomnnekcHas 6e3onacHOCTb MOBUIbHOM SNEKTPOTEXHUKN.
Cenbckuii mexaHnsaTop. 2020. Ne 12. C. 46-48.

6. Nikolsky O. K., Shlionskaya Yu. D., Shanygin I. A. Modeling technology-related risks of electrical plants on
production sites by analyzing man-machine systems. Russian Electrical Engineering. 2018. V. 89. No 12. Pp. 707-713.

7. Eryomina T. V., Galeguzova |. A., Shanygin I. A., Dasheev D. E., Aleksandrov N. V. To the Problem of
Technogenic Safety of Electrical Installations at the Objects. Energy, Ecology and Technology in Agriculture: Interna-
tional Scientific and Practical Conference. 2022. No 2762. 020014-1 -020014-5.

8. EpémunHa T. B., WaHbirvH U. A., Tanerysosa . A. AHanns metofa HEYETKOro MHOXECTBA B peLLeHun npobre-
Mbl 6€30MacHOCTM 3NeKTPoyCcTaHOBOK. M3BecTusi OpeHbyprckoro roc. arpapHoro yHue-Ta. 2023. Ne 5 (103). C. 175-181.

9. bangaHoB M. B., EpémuHa T. B., WaHbirvH U. A. ObecneyeHune TexHoreHHon 6esonacHoCcTy anekTpoycTa-
HoBOK Ha ob6bekTax AlNK. Cenbckuin mexaHuaartop. 2022. Ne10. C. 39-40.

10. Hukonbckun O. K., Bopobbé H. . CuctemHbIn aHann3 6e3onacHOCTH anekTpoycTaHoBOK oobekToB AlK.
BecTHuk KpacHosipckoro roc. arpapHoro yHuB-Ta. 2016. Ne 6. C. 69-76.

11. Bopobkér H. ., Mo3onb B. W., WaHbirmH U. A. MeTop oueHKU pUCKOB aBapuii B 3NEKTPUYECKUX CETAX
10/0,4 kB. OnektpoTtexHuka. 2018. Ne 12. C. 53-58.

12. EpémunHa T. B., 3oHxoeB I'. B., Mapmaes A. J1. CnocoObl coBEpPLUEHCTBOBAHUSA CUCTEMbI 3aLLUTHOIO OTKIIHO-
YEHWs1 B KOHTEKCTE 3MEKTPOMAarHUTHOM COBMECTMMOCTU. BecTHnk BocTouHO-CuMG. roc. yHMB-Ta TEXHOMOMMIA 1 ynpasne-
HUS. YnaH-Yaa: 2017. Ne2. C. 5-11.

13. CanuTapHble Hopwmbl. [Mpon3BOACTBEHHAst BUOpaLMS B MOMELLEHMSAX XWUMbIX U OBOLLECTBEHHbIX 34aHWN
2.2.4/2.1.8.566-96. M.: NH. n3a. ueHTp Munsgpasa Poccun, 1997.

References

1. On approval of recommendations for the selection of methods for assessing the levels of occupational risks
and for reducing the levels of such risks: Order No. 926 dated December 28, 2021.

2. Eremina T. V., Kalinin A. F. The main directions of the use of small-scale mechanization in agriculture.
Polzunovskiy Vestnik. 2014. Ne 4. Pp. 136-139.

3. Gabova M. A., Nikolskiy O. K. Model of the functioning of the system of technogenic safety of electrical in-
stallations. Bulletin of the Agro-Industrial Complex of the Stavropol Territory. 2021. Ne 1 (41). Pp. 19-23.

4. Russian Statistical Yearbook. 2022: Stat. Sb. Rosstat. Moscow, 2022. 691 p.

5. Baldanov M. B., Eremina T. V., Shanygin I. A. Integrated Safety of Mobile Electrical Engineering. Rural ma-
chine operator. 2020. Ne 12. Pp. 46-48.

6. Nikolsky O. K., Shlionskaya Yu. D., Shanygin I. A. Modeling technology-related risks of electrical plants on
production sites by analyzing man-machine systems. Russian Electrical Engineering. 2018. V. 89. No 12. Pp. 707-713.

7. Eryomina T. V., Galeguzova |. A., Shanygin I. A., Dasheev D. E., Aleksandrov N. V. To the Problem of
Technogenic Safety of Electrical Installations at the Objects. Energy, Ecology and Technology in Agriculture: Interna-
tional Scientific and Practical Conference. 2022. AIP Conf. Proc. 2762. 020014-1 -020014-5.

8. Eremina T. V., Shanygin I. A., Galeguzova |. A. Analysis of the fuzzy set method in solving the problem of
safety of electrical installations. News of the Orenburg State Agrarian University. 2023. Ne 5 (103). Pp. 175-181.

9. Baldanov M. B., Eremina T. V., Shanygin |. A. Ensuring Technogenic Safety of Electrical Installations at Ag-
ricultural Facilities. Rural machine operator. 2022. Ne 10. Pp. 39-40.

10. Nikolskiy O. K., Vorobyov N. P. System Analysis of Safety of Electrical Installations of Agro-Industrial Com-
plex Facilities. Bulletin of the Krasnoyarsk State Agrarian University. 2016. Ne 6. Pp. 69-76.

11. Vorobyov N. P., Mozol V. I., Shanygin I. A. Method for Assessing the Risks of Accidents in 10/0.4 kV Elec-
tric Networks. Electrical engineering. 2018. Ne 12. Pp. 53-58.

12. Eremina T. V., Zonkhoev G. B., Garmaev A. L. Ways to improve the residual current system in the context
of electromagnetic compatibility. Bulletin of the Vostochno-Sib. State University of Technology and Management. Ulan-
Ude: 2017. Ne 2. Pp. 5-11.

13. Sanitary standards. Industrial vibration in the premises of residential and public buildings 2.2.4/2.1.8.566-96.
Moscow: Inf. Ed. Center of the Ministry of Health of Russia, 1997.

356



¥xkkkk H3BECTHSA ¥k

HH>XHEBOAXCKOI'O ATPOYHHBEPCHTETCKOI'O KOMIIAEKCA:
HAYKA H BBICIUEE INIPOPECCHOHAABHOE OBPA30BAHHE

N 3 (75), 2024

UHpopmauusa o6 aBTopax
EpémuHa Tamapa BnagumupoBHa, JOKTOP TEXHUYECKUX HayK, npodeccop, MoYETHbIN paboTHMK BbICLLIErO NpodeccuoHarb-
Horo obpasoBaHusa P®, npodeccop kadeapbl «Skonorns, Hegpononb3oBaHne 1 6e3onacHOCTb XusHeaeaTensHocTn», Pre0yY
BO «BocTouHo-Cnbumpckuii rocyfapCTBeHHbIN YHUBEPCUTET TeXHONormi n ynpasnenusa» (Poccuiickas ®epepaums, 670013,
r. Ynan-Yaa, yn. Kntouesckas, g. 40B), e-mail: ereminat.v@yandex.ru
laHbirH UBaH AnekceeBuY, kaHOMAAT TEXHUYECKMX HayK, AOLEHT Kadeapbl «3OMNeKTpoTexHWKa W aBTOMaTWU3MPOBAaHHbIE
cuctembl ynpasneHusa», ®rbOY BO «BocTouHO-CubMpCKuiA rocyAapCTBEHHbIV YHUBEPCUTET TEXHOMOMMIA 1 yrnpaBneHus»
(Poccuitckas ®epepaumsi, 670013, r. Ynan-Yaa, yn. Kntouesckas, a. 40B), e-mail: i.shanygin@mail.ru
FanerysoBa WUpuHa AHapeeBHa, cTapLumii npenogasatenb kadeapbl «OneKTpocHabXeHe NPOMBbILLIIEHHbIX NPEANpUATUA 1
cenbckoro xossinctea», ®rbOY BO «BocToyHo-Cubupckuii rocyaapCTBEHHBIA YHUBEPCUTET TEXHOMOIMIA W yrpaBreHus»
(Poccuitckas ®epepaumst, 670013, r. Ynan-Yaa, yn. Kntouesckas, a. 40B), e-mail: irina.hmeleva@yandex.ru

Author’s Information

Eremina Tamara Vladimirovna, Doctor of Engineering Sciences, Professor of the Higher Attestation Commission, Honorary
Worker of Higher Professional Education of the Russian Federation, Professor of the Department of Ecology, Subsoil Use and
Life Safety, East Siberian State University of Technology and Management (Russian Federation, 670013, Ulan-Ude,
Klyuchevskaya str., 40B), e-mail: ereminat.v@yandex.ru
Shanygin lvan Alekseevich, Candidate of Engineering Sciences, Associate Professor of the Department of Electrical Engi-
neering and Automated Control Systems, East Siberian State University of Technology and Management (Russian Federation,
670013, Ulan-Ude, Klyuchevskaya str., 40B), e-mail: i.shanygin@mail.ru
Galeguzova Irina Andreevna, Senior Lecturer, Department of Power Supply of Industrial Enterprises and Agriculture, East
Siberian State University of Technology and Management (Russian Federation, 670013, Ulan-Ude, Klyuchevskaya str., 40B),
e-mail: irina.hmeleva@yandex.ru

DOI: 10.32786/2071-9485-2024-03-41
FACTORS AFFECTING USAGE FIGURES AUTOMATED VEHICLES FOR LOADING
AND TRANSPORTING HAY-STRAW MATERIALS IN ROLLS

2Ryadnov A. I., '"Mechenkov V. V., 'Fedorov A. V.

1Vo/gograd State Agrarian University
Volgograd, Russian Federation
?Astrakhan State University
Astrakhan, Russian Federation

Corresponding author E-mail: alex.rjadnov@mail.ru
Received 17.03.2024 Submitted 22.04.2024

Summary
Based on the analysis of the designs of technical means PR-18, TP-10-1, TPR-11, designed for loading
balers of hay rolls formed by balers and their further transportation to the place of unloading, as well as
loaders-transporters of hay rolls PTRS-1 and PTRS-2, loading hay rolls into one and two tiers without addi-
tional loading machines and transportation to the storage site, performing loading, transportation and un-
loading of hay rolls, and the features of their operation, three main groups of factors affecting the efficiency
of using loaders-haulers of hay rolls are identified: technological, structural, technological and technical and
economic.
Abstract

Introduction. The development of the agro-industrial complex of the Russian Federation is aimed at the
development and implementation of modern technologies and technical means based on the latest
achievements of Russian science. The use of technical means and technologies using automation and digi-
talization tools, as well as the use of robotic machines in the agro-industrial complex will significantly in-
crease labor productivity and the quality of agricultural products. In addition, this will lead to increased eco-
nomic efficiency of production. The introduction of highly efficient technologies in the agricultural sector of
production is a strategic vector of scientific and technological progress of the agro-industrial complex in the
modern world. The most important branches of agricultural production are crop production and livestock
farming. At the same time, the main task of crop production is, in particular, a stable supply of high-quality
feed to the livestock industry, including hay formed into rolls. Removing hay rolls from the field implies the
implementation of a set of agrotechnical, organizational, technological, technical and economic measures,
the development of which is impossible without knowledge of the main factors influencing the development
of production and the most important indicators of the use of technical means used, in particular, in harvest-
ing hay rolls from the field from hay-straw materials. The purpose of the work is to analyze the factors
influencing the use of automated vehicles for loading and transporting hay and straw materials in rolls. Ma-
terials and methods. The results of the work are based on a detailed analysis of scientific articles, reports
and presentations at scientific conferences related to the research of technical means for loading and
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