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BUBPOHATPY KEHHOCTbD OIIEPATOPA
BAJIOYHO-MIAKETHAPYIOIIENA MAIIIAHBI
OTr'PAHUYEHHOMH I'PY30NOABEMHOCTH

TP TEXHOJIOI'MYECKUX IMEPEE3JIAX

Bseoenue. Hapsany ¢ Banoyno-nakerupyroumu MamuHamu (BIIM) Gosb-
LIOK TPY30HOABEMHOCTH Ha JIECO3aroTOBKax IMIUPOKO Hcnoab3yrorcs BIIM
OIrPaHUYEHHOM Ipy30N0ABEMHOCTU. B CBS3U € 3TUM BOIPOC O BO3ACUCTBUM HA
OIIepaTOpOB ITHUX MAIIMH TaKXke akTyasneH. IIpeaBapurensHble pe3yabTaThl SKC-
MEePUMEHTAIBHBIX HCCIENOBAHUI IOKa3ald 3HAUYUTEIbHYI0 HArpyXeHHOCTh
STHUX MAIIMH HEe TOJNBKO B PeXHMax 00pabOTKU JepeBbeB, HO U MIPU TEXHOJIOTH-
YeCKUX Mepee3iaX Mo MOBEPXHOCTH JIECOCEKH.

Jns pabotsl BIIM xapakTepHBI TPH OCHOBHBIX ClTy4asi UX JBIDKeHHs [I'a-
ChIMOB, Anekcanapos, 2014]: yepe3 060COOICHHBIE HEPOBHOCTH; 10 HETIPEPHIB-
HO YepeyIOMNMCS MePUOJUUECKUM HEPOBHOCTSIM CO CIy4aifHBIM MHKPOIPO-
(uneM; npu OTCyTCTBUM HEPOBHOCTEH.

B nyOnukanusx [Anekcanapos, 1984, 1995] paccMoTpeHa AUHAMUKA JI€CO-
CCUHBIX MallluH, BKJIIOYasl TPEJIEBOUHBIM TPAKTOP, BAJIOYHO-TPEIEBOUHBIEC U Ba-
JIOYHO-MIAKETUPYIOIUE MAIINHBI, IPH IYCKO-TOPMO3HBIX PEXUMaXx, B Ipolecce
00paboTKH JEpPeBbEB, B PEXHMMaX YCTAHOBHUBIIETOCS JIBIDKEHHS, a TakKe INPH
niepeeszie uepe3 000co0IeHHbIE HEPOBHOCTH.

HccnenoBaHUsIMU BBISBICHO, YTO MaKCHMaJIbHBIE TUHAMUYECKHE Harpy3Ku
B YNIPYTHX CBA3X JiecHBIX MamuH [JKykoB, JleoHoBud, 1973] Bo3HUKAIOT B mMyc-
KO-TOPMO3HBIX PEKIMaX.

Jlis IecocedyHBIX MAIlMH C MaHMITYJISITOpaMH M Pa3IHYHBIX IOTPY3YHKOB
MEPEeKUTHOTO TUMA, a TaKXKe TPENEBOYHBIX TPAKTOPOB JIOMOJHUTEIBFHO HArpy-
YKEHHBIMH SIBIISIFOTCSI PEXKMMBbI YCTaHOBHBLIETOCS JBHIKEHHS 110 MUKPOIPODHIIIO
HUn yepe3 000co0IeHHbIe HEPOBHOCTH IIPH TEXHOJIOTHUECKHX Mepee3iaX Uil B
NIpOLECCE TPEIEBKU IIAUKHU 110 BOJIOKY.

Paboter [Anexcannpos, JlyzanoBa, 2012; AnekcanapoB u ap., 2013a, b,
2015] mocesmieHsl pa3paboTKe MoAeNel AuHaMudecknx cucteM «OmepaTop —
BIIM — npeamMeT Tpyna — IepeBo» M OMOIUHAMHUYECKHX CHUCTEM, I'Jle OIeparop
MPEJICTaBJIeH B BUJE 2- U 3-MacCOBBIX pacUeTHBIX cXeM. V3yueHa BUOpoHArpy-
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XeHHOCTh onepaTopoB BIIM B OCHOBHBIX HauOoJiee HarpyXeHHbIX B JUHAMU-
YEeCKOM OTHOLIEHWH pekMMax pabotTsl. B mporecce nccienoBaHuii ycTaHOBIIE-
HO, 4TO OTIpEAEIIAIoNIee BIMIHIE Ha YPOBEHb BHOPOBO3JICHCTBHUIT Ha orepaTopa
OKa3bIBaeT ()OPCHPOBAHHUE ITyCKO-TOPMO3HBIX PEXKUMOB.

UccnenoBanust sproHoMuku Tpyaa omnepatopoB BIIM [Opronomuxa...,
1988] moka3bIBalOT, YTO KOHCTPYKLUMH CHUIEHUH y CEpUHHO BBITYCKAaEMBbIX
MalliH He 00ecre4YnBaloT HEOOXOMMMOW 3alluThl OIEpPAaTOPOB OT BHO-
panum.

Llenv uccredosanus — pa3paboraTb MaTeMaTHYECKYIO MOJIEIb, MO3BOJISIO-
LIYI0 ONPEIEINTh BUOPOHArpyXeHHOCTH oneparopa BIIM orpannueHHoi rpy-
30I10/IbEMHOCTH IIPH TEXHOJIOTMUECKUX TIepee3/iax Ha JIECOCEKe.

Mamepuanvl u memoouxa ucciedoganus. i penieHns NOCTaBISHHON I1e-
1 OblIa COCTaBJIEHA pacyeTHas cxema JUHAMUYECKOH cucteMbl «Omepatop —
BaJIOYHO-NIAKETUPYIOIIas MallliHa — IpeIMeT TpyJia — aepeBo». Ha puc. 1 npen-
CTaBJICHA pPacyeTHasl CXeMa TaKOi MAlllMHBI B PEXKUME MTEPEHECEHHSI CPE3aHHOTO
nepesa B 3CY mpH ero ropu30HTAILHOM PACIIONOKEHHH.

Tpunsamule obo3nauenus:

Mo, My, My, M3 U My — MPUBEIEHHBIE MACChI, COOTBETCTBEHHO, MAIIMHUCTA
(omeparopa), 6a30BOI MaITMHBI, KOJIOHHBI MaHHUITYJISITOPA C TTOABYIKHOM TLIAT-
(hopMoif, 3aXBaTHO-CPE3AIONIETO YCTPONUCTBA H JIepeBa;

Xo, X1, X, X3 u X4 — 0000IIEHHBIE KOOPIUHATHI IIEHTPOB MPHUBEICHHBIX
Macc mgy, mp, myp, mM3 U Ny,

C., Cj2, Cy3 m C34 — COOTBETCTBEHHO, MIPUBEICHHBIE KECTKOCTH CITMHKH CH-
JICHNS, IPUBO/IA TTOIBIDKHON TIAaT()OPMBI, MAaHHUITYIITOPA U IEPEBA;

Py — xacarenbHas cuia TATH;

F' — conpoTHUBIIEHUE IEPEMELLIEHUIO MALIUHBI.

Pe3zynomamoi uccredosanus.
Kunerndeckas sHeprus AMHaAMUYIeCKOH cuctemsl (1):

T =%m0()'(0)2 +%m1 (X1)2 +%m2 (X2)2 +%m3 (X3)2 +%m4 (X4)2. )

[ToTennmanbHas 3HEpPTUs cCUCTEMBI (2):
1 1 1
M==C,(X,—X,) +=Cp (X, = X,) +=Cpy (X, - X,) +
2 2 2 2)
1 2
+ ECM (X,-X,).
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a)
ml
d)
XU
—
CC
s Ci Cy Cy F
o—llﬂ] —’\/\/—lmzl—’\A/—l mjl—/\A/—|m4|—.
-—t -— -— -—
X, X, X, X,

Puc. 1. PacueTHbIe cXeMbI AMHaAMI9IecKol cucteMsl «Oneparop-BIIM-
MIPEeAMET TPy Aa-IepeBO»: @ — ICXOAHAs, O — IKBUBAJICHTHAS

Fig. 1. Calculation scheme of the dynamic system «Operator-feller
buncher-subject of labor-treex»: a — basic, 6 — equivalent
B cootBercTBHM ¢ ypaBHeHHEM JlarpaHika 2-ro poja MoJlyuuM CIEAYIOUIYI0
cucreMy ypaBHeHuit (3):
m moXo +CX,=CX,
— B
m,|my| Xi+C, (Xl _X0)+ G, (Xl _Xz): K.

™ I’f3 mz).gz +Cz3§X2 _X3;=C12(X1
m X, +Cy, (X; - X, =C23(X2

). ®
m,|m, -

m|  mX,+F=C,(X,-X,).
[IpeoOpazys cucremy ypaBHEHHH (3) OTHOCHTENBFHO yHpyrod aedopmMarun

(X1 — X,), nonyuum muddepeHupnanbuoe ypapHeHue suja (4):
(X" - )"+ A - X))+ B(XY - X))+ C(X, - X, )+

+D(X, - X,)=E,

“4)

rue
m2m32r;14 (mo + m,)CC + m32m4 (m, + mz)mOC12 +...

A=
)

rm, (my + my)mm,Cyy + (my + m4)(’"3m2m0mlc34)} 1/¢%

2
mym,m; nm,m,
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a (m0 + ml)CCm32m4 (m1 + mz)Clzm2 + (m0 + ml)CCm3m4 X N

'X(mz + m3)mlCz3m2 +C, (m0 + m,)(m3 + m4)m3m2C34mlm2 +

2
+m,"m,m,C .m,C ,m, +m,m, (m2 + m3)(m1 + mz)ClzmlmOC23 +

(6)

+(m3 + m4)m3 (m1 + mz)Clzm]m0C34m2 + (m3 + m4)(m2 + m3)><m

2
><mlmoc34mlcz3mz —my m4C12m1m0m1C23 —

—mym,m,m,Cy,;m,C,;m,

R , 1/t
mymm, mym,m,

2
C= {m3m4 (m2 + m3)CCC23m0Clzm2 +m,C, (m3 + m4)m3C34 X

xm,C,,m,” — (mo + ml)CCm3m4 (m2 + m3)(mI + mz)C12C34m2 +...

.+(m0 + ml)CC (m3 +m4)m3 (m1 +m2)C12C34m22 +(mO +m1)CC (m2 +m3)><m

2 2
><(m3 + m4)m1C34m2 C23 B (mo +m )Ccm4m2mlc34m2 C23 -

0

m—m1 (m1 + mz)C12 (m3 + m4)(m2 + m3)m2C34C23m0 + -

+m,mm,C,, (m3 + m4)m1C12C23m0 +mm, (ml + mz) X

2

XCIZmZ C34m0C23 :| 1/06.

> 5 , ;
mymym,” m,m;"m,m,

D= |:_ Cc (ms + m4)(m2 + ms)C12m0m22C34 B m0m22C34m4m2CcC23 -

—(m0 +ml)CC (m1 +m2)C12 (m3 +m4)(m2 +m3)m2C34 -

®)

_(mo +m, )Ccm3C12 (m3 + m4)m1m2C34 -

- (mo + ml)Cc (ml + mz)C12m4m22C34

}xcﬂ, 1/c%;

2 2
mym, mym, ;" m,m,

E= |:(m3 + m4)(m2 + ms)[% + Fmmy —mym,F, :| GGy,

,M/ct. Q)

2
m m,m; m,m,
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Bgens HoByto nepemennyto (10):

Xy =(X,-x,)- £/, (10)
TIOJTy9rM OJTHOPOIHOE ypaBHeHue Buaa (11):
X"+ AX, +BX)Y +CX, + DX, =0. (1)

Omnpenensem xoddduinents! auddepennnansHoro ypasHenusa (11) mpu
HUCXOJIHBIX JaHHBIX NpUMeHHUTeNbHO K BIIM orpannueHHO#N rpy30N01bEMHOCTH
[CaceiMoB, Anexcanapos, 2014]:

V= 2,OM3; C34=65xkH/™M; my=1023 xr; mo= 80 xr; m; = 9700 kr;

C.=5xH/m; Ci, = 620xH/M; m, =2128 xr; m3 = 1050 kr;
Cyy = 420xH/M; Vi, = 0,2; 0,4; 0,6; 0,8 m/c”
A=2279,15'% B=1121,4610""/" C=60675,0-10"'/°
D=15122,1-10" /.

Pemast muddepennuansuoe ypasuenue (11) merogom Pynre-Kyrtra ¢ mo-
Molbio cpeabl nporpammupoBanuss MathCAD, nomyyaem pesynbTaTel Mcclie-
JIOBaHWM, MPUBEACHHBIC B Ta0. 1, 2 1 Ha puc. 2, 3.

Tabnuya 1

XapakTepuCTUKU BUOPALIMOHHOTO BO3/1eiicTBUSA Ha onepaTopa BIIM
B pexxume pasrona (C. =5 kH/m)

Characteristics of vibration impact on the operator of feller-buncher
in the acceleration mode (C. =5 kN/m)

X, =vit,, M/
XapaKkTepUCTHKA 02 0a o L 06 0%
Xo, M 0,007 0,015 0,022 0,030
Xo1, M/C 0,032 0,063 0,095 0,126
Xoq, M/C? 0,272 0,545 0,817 1,089
O, H 35 75 110 150
Tabruya 2

XapakTepuCTHKU BUOPALIMOHHOTO BO3/1eiicTBUSA Ha onepaTopa BIIM
B pe:kuMe cronopenus (C, =5 kH/m)

Characteristics of vibration impact on the operator of feller-buncher
in the stop mode (C. =5 kN/m)

Xy, M/C
XapaKkTepuCcTUKu
0,01 0,02 0,03 0,04
Xoi, M 0,063 0,127 0,190 0,253
X,,, m/c 0,01 0,02 0,03 0,04
X, m/ic? 0,002 0,003 0,005 0,006
O, H 315 635 950 1265
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Puc. 2. T'paduku BuOpaimoHHOTO BO3CUCTBHS Ha onepatopa BIIM B pexume
pasroHa Ipu TeXHOJoruYeckoM mepeesze (V/t,= 0,2 M/c?): Vo —
BuOponepeMenienue; ¥, ;3 — BUOPOCKOPOCTb; V), s— BUOPOYCKOpEHNE
Fig. 2. Plots of vibration impact on the operator of feller-buncher
in the acceleration mode at the technological crossing (V/z,= 0,2 mis?): Via—
vibration displacement; V, 5 — vibration velocity; V, 4— vibration acceleration

Obcyoicoenue. AHaTN3 pe3ysbTaTOB MOKA3bIBAET, YTO €CIU BHOPOBO3ACH-
CTBHE B PSKMMAax pas3roHa NPH TEXHOJIOTH4eckux mepeesnax BIIM OGosbrmoi
TPy30I10AbEMHOCTH U MaJION PUMEPHO OJMHAKOBO, TO B pEKUMaX CTOIOPEHUS
ANHAMUYECKasg Harpyska y MalluH OFpaHH‘IeHHOﬁ I‘py3OH0,ZI'I)éMHOCTI/I BBIIIIC B

8...9 pas.
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Puc. 3. I'paduku BUOpaimoHHOTO BO3elcTBHA Ha ornepaTopa BIIM
B peXXUMe CTOIOPEHHS P TeXHOIorudeckoM nepeesge (X, = 0,02 m/c):
¥V, — Bubpomnepemelenue; v, ;— BUOPOCKOPOCTb; V;, 4 — BUOPOYCKOpEHHUE

Fig. 3. Plots of vibration impact on the operator of feller-buncher
in the stop mode at the technological crossing (X, = 0,02 m/s): V,,,—
vibration displacement; ¥, 5 — vibration velocity; V, 4— vibration acceleration

Buv16006b1

1. Ilpomeccsl pa3roHa M CTONOPEHHUS BAJOYHO-NAKETUPYIOINX MAIITHH
OTPaHMYEHHON IPy30MOAbEMHOCTH NPH TEXHOJIOTUYECKOM IEPEE3NE C AEPEBOM
B FTOPU30HTAIBHOM IOJIOKEHUH B 3aXBaTHO-CPE3aIOLIEM YCTPONCTBE COIPOBOX-
JIAI0TCsl 3HAYUTEIbHON AMHAMUYECKON Harpy3KOoi Ha MallliHY U ONIEpaTopa;

2. Ha ypoBeHp BHOPOHArpy>KEHHOCTH OIEPaTOpa MPH TEXHOIOTHIECKUX
nepeesiax, KpoMe CKOPOCTH MEPENBUKEHHS BaJOYHO-NAKETUPYIOIEH MaIINHBI,
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3HAUUTEJILHOE BIIMSHUE OKa3bIBAIOT KECTKOCTh CHUJICHUS U OOBEM TPAHCIIOPTH-
pyembix B 3CY nepeBnes;

3. Ins obecriedeHUsT HOPMaNbHBIX YCIOBHUII paboTHI onepaTopy BaJIOUHO-
MAKeTUPYIOUICH MaIIMHBI BpeMs pa3roHa IPH TPOTAaHUH C MECTa IPH TEXHOJIO-
IMYeCKMX Ilepee3jlax JMOJDKHO OniTh He Menee 3.4 cexynn (V/1,
=0,2...0,4 m/c?);

4. Pa3paboTaHHast MOJIETIb CHCTEMBI «OIEPaTOp — BaJIOYHO-NAKETUPYIOIIas
MaIlliHa — MPEeAMET TPyAa — JepPeBO» TO3BOJISET ONPEACIUTh Ha CTaUH pa3pa-
OOTKH KOHCTPYKLIMH MAaIINHBI BHOPAIIMOHHOE BO3ICHCTBHE HA ONEpaTopa MpH
TEXHOJOTMYECKOM IIepee3fie C AEPEBOM B 3aXBATHO-CPE3AIOIIEM YCTPOHCTBE C
MTOTPEIIHOCTHIO 6...8%.

Konghnuxm unmepecos. ABTOPBI 3asBIISIOT 00 OTCYTCTBHU KOH(INKTAa HHTEPECOB.
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AnexcanapoB B.A., AnexcanapoB A.B. BubGponarpyxeHHOCTH orepaTopa
BaJOYHO-MAKETUPYIOIIEH  MallMHBl ~ OTPAaHMYEHHOHM  IPYy30MOIBEMHOCTH  IpHU
TexHonornueckux mepeesgax // Mssectus Caukt-IleTepOyprckoil J1eCOTEeXHUYIECKOM
akazemun. 2025. Bem. 256. C. 498-508. DOI: 10.21266/2079-4304.2025.256.498-508

JlanbHeiimee  COBEpIIEHCTBOBAHME KOHCTPYKIHMI — BaJOYHO-TNIAKETHPYIOIINX
MallliH CBA3aHO CO BCECTOPOHHMMH TEOPETHYECKHMMH M 3KCIIEPUMEHTAIbHBIMU
HCCIIEAOBAHUAMHM DPEKUMOB HX pPabOThl. YUuTHIBas OONBIIYI0 TPYHOEMKOCTH
SKCIEPUMEHTAIBHBIX HCCIICOBAHUM, HEoOXoauMo Oojblliee BHHMAaHUE YICITHUTH
pazpabotke TEOPETHYECKUX METOJIOB. B cTaTbe paccMmarpuBaeTcs
BHOPOHATPY>KEHHOCTb OIIEPaTopa BaJIOYHO-NAKETUPYIOIIEH MAaIlIWHbl OrpaHUYCHHOMN
IPy30IOABEMHOCTH TIPH TEXHOJOTHYECKHX Iepee3nax. Paspaborana muHammdeckas
MoJenb cucTeMbl «Oneparop — BaJIOYHO-NAKETUPYIONIasl MalllnHa — MpeAMeT Tpyaa —
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JCpeBO», TO3BOJAIOIIAS HA 9Tale IMPOCKTHPOBAHHS  MAIIMHBI  ONPENEISTh
BUOPOHATPY>KEHHOCTh OIepaTopa. MareMaTHueckoe ONHCAaHHE COCTAaBIEHO B (hopme
ypaBHeHust Jlarpamxka 2-ro popja. CucreMa ypaBHEHHI pelleHa OTHOCHUTENBHO
ynpyroii nedopManuy CHMHKM CHIEHHMs omnepatopa MeronoM Pynre-Kyrra c
nomolinsio cpensl nporpammupoBanus MathCAD. I'paduueckn mokasaH xapakrep U
OIIpeieNIeHbl MaKCUMaJIbHbIE BEJIMYMHBI BHOPALlMOHHOTO BO3ZEHCTBHSA Ha olepaTopa
npu paboTe B peKMMax pasroHa M CTOIOPEHHS, a TAaKXKe NPUBEIEHBI Pe3YJIbTaThI
BUOPAIIMOHHOTO BO3JCHUCTBUS. AHAIN3 PE3yJIbTATOB HCCIIEIOBAHUS ITOKA3hIBACT, YTO
PEXHMBI Pa3roHa M CTONOPEHMS CONPOBOXKIAIOTCSA 3HAUMTEIBHOH JMHAMHYECKOMH
Harpy3Koi Kak Ha MalluHy, TaKk M Ha omnepaTtopa. Ha ypoBeHb BUOpOHArpy>XeHHOCTH
oreparopa B LIEJIOM OKa3bIBAIOT BIMSHHE KECTKOCTh €TI0 CH/CHbS, BPEMsl pa3roHa IpH
TPOT'aHHHU C MECTa U 00BEM TPAHCIIOPTUPYEMBIX JICPEBBEB.

KnrmoueBble CIOBAa:  BaIOYHO-TIAKETUPYIOIIAS MalldHA, MaTeMaTH4ecKas
MO/1eJIb, KoJleOaHus1, BUOpaus, oneparop.

Aleksandrov V.A., Aleksandrov A.V. Vibration load of the operator of a feller-
buncher with limited lifting capacity during technological moves. Izvestia Sankt-
Peterburgskoj Lesotehniceskoj Akademii, 2025, iss. 256, pp. 498-508 (in Russian with
English summary). DOI: 10.21266/2079-4304.2025.256.498-508

Further improvement of feller buncher machine designs is associated with
comprehensive theoretical and experimental studies of their operating modes. Taking
into account the large labor intensity of experimental studies it is necessary to pay
more attention to the development of theoretical methods. The article deals with the
vibration loading of the operator of a feller-buncher machine of limited load-carrying
capacity during technological relocations. The dynamic model of the system
“Operator — feller-buncher machine — subject of labor — tree” is developed, which
allows to determine the operator's vibration load at the stage of machine design. The
mathematical description is made in the form of Lagrange equation of the 2nd kind.
The system of equations is solved with respect to the elastic deformation of the
operator's seat backrest by Runge-Kutta method, using MathCAD programming
environment. The character is shown graphically and the maximum values of
vibration impact on the operator are determined when working in the modes of
acceleration and stopping, as well as the results of vibration impact are given. The
analysis of research results shows that the modes of acceleration and stopping are
accompanied by a significant dynamic load both on the machine and on the operator.
The level of vibration load of the operator is generally influenced by the rigidity of
his seat, acceleration time when starting from the place, and the volume of
transported trees.

Keywords: feller buncher machine, mathematical model, fluctuations,
vibration, operator.
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