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A.P. Muxurapos, 10.A. J1o6pbinuH

COBEPHIEHCTBOBAHMUE TEXHOJIOI'HYECKOI'O OBOPYJIOBAHMUSA
JECOXO03SICTBEHHOI MAIIIMHbI C MAHUITYJIAATOPOM
JJIs1 KOPYEBAHUSA C IPUMEHEHHUEM BUBPALIUN

Bsedenue. HeoOX0MMOCTb CO3/1aHMSI HOBOM TEXHUKH JUIS ITPOM3BOJICTBA
KOpYEBAJIBHBIX Pa0OT AaBHO Ha3pella B POCCHHCKOM JIECHOM MAaIIMHOCTPOEHHH.
ITapk oTedecTBEHHBIX MalIMH MPEACTABIEH B OCHOBHOM KOpUYEBATEISIMH-
cobuparensmMu Ha 6a3e TyCEHHYHOTO TPAKTOpa, KOHCTPYKIUH KOTOPBIX yXe He
COOTBETCTBYIOT COBPEMEHHOMY YPOBHIO.

Kpome naHHOTrO BHIa MalllMH B 3TOM CETMEHTE IPUCYTCTBYIOT MAlIWHBI C
(pe3epHBIM 000PYAOBaHNEM, €Il Ha3bIBaGMbIC MyJIbuepaMH. DTO HAIlPaBICHHE
Pa3BHUTHS JIECHBIX MalIMH MPHUOOPEIIO OONIBIIOE pacIpOCTPaHEHUE 33 PyOeKOM 1
aKTHBHO BHEJPSICTCS B HaIIIEH CTpaHe.

Ho, HeCMOTps Ha MOSIBIICHHE HOBBIX TEXHOJIOTHH yOOPKH OCTaTKOB PYOKH,
MOTPeOHOCTh B KOPYEBAIBHBIX MalIMHAaX OyJeT OCTaBaThCs, TaK KAaK TOJIBKO C
HX TIOMOIIBIO MOYKHO ITOJTHOCTBIO yOPaTh OCTaTKH KOPHEBBIX CHCTEM.

Kak u3BecTHO, nporieypa IpoBeICHUS KOPUEBATIBHBIX PadOT periaMeHTH-
poBaHa B JlecHOM KozeKce, B COOTBETCTBUHM C KOTOPBIM OHA JOJDKHA IIPOBO-
JUTHCS TIPU JIECOBOCCTAHOBIICHHH, B CIIy4ae €CIIM KOJMUYECTBO ITHEH Ha yJacTKe
npessimaer 500 mit./ra’.

Kpome Toro, nomydeHHas mociie KOp4eBaHMs APEBECHHA ITHEH IpeICTaBIIs-
€T LIEHHOCTh KaK MPOAYKT LEJUTIOI03HON U XMMUYEeCKOH MPOMBIIIICHHOCTH.

ITpn co3maHMu HOBOH NEPCIEKTHBHON TEXHUKH Ul KOPUYEBAHWS HYXKHO
YYUTHIBATh (PaKTOp YHHBEPCATBHOCTH, HAIPUMEpP, MHOTHE MOJAETH COBETCKHUX
KopueBarelnei-coouparesneil UMeNIn BO3MOKHOCTh KOpYEBaTh HE TOJIBKO ITHU, HO
u gepeBbst. OUEeBHIHO, YTO 3Ta (QYHKLIUS MOKET OBITH KpalfHE I0Je3Ha KaK IpH
pyOKax yxopa, Tak ¥ IIPH JICCOBOCCTAHOBIICHHN.

Cocmosnue onpoca 6 pabomax ome4ecmeeHHbIX U 3apYOedICHbIX AGIMOPOE.
OnHMM H3 IEepBBIX 00PA3IOB OTEUECTBEHHON TEXHUKH, HCIIONB3YIONIECH BHOPAIIHIO
IIPU KOpYEBAaHHUHM, ObUT BUOpO3axBaT Iyl KopueBaHus mHed [Ckambekuit, 1967];
TaK)Ke U3BECTHBI MAIIIMHA VISl 3aTOTOBKH JiepeBbeB ¢ KopHsimH [[1lerensman, 1977]
u rpeiidep mred [[erensman, 1979], cpemu 3apyOexHBIX — yCTPOICTBO JUIS H3-

' Cr. 62 JIK P® ¢ u3m. u gor., Betym. B cuy ¢ 01.09.2023.
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BieueHHs Bcero aepesa [['paaum, 1978]. Tloszxke 3Toi mpobiieMol 3aHUMAIICS BEH-
repckuii nccnenoBarens . Uy n coaBTops! [Horvath-Szovati, 2005].

Baknelmmm BOIPOCOM JUlsi MalllMH ¢ BUOPAILIMOHHBIM 000PYA0BAHHEM SIB-
nsiercs ux 3¢ dexTnBHOCTh. OUEBHIHO, YTO UIMEHHO M0 3TOH NPUYNHE BO3HUKIIA
TEHIEHIMS K TOJIHOMY OTKa3y OT MPOW3BOJICTBA TPAAUIIMOHHBIX KOPUEBAIBHBIX
pabot. Kak MBI MOXXEM BHJIETh, YK€ B TPY/aX COBETCKHX aBTOPOB MO JaHHOMY
BOIIPOCY TOBOPHTCS, YTO COYETaHHE PabOThl KopueBartenel ¢ BHOpaumei mpu-
BOJUT K MakcuManbHOU 3¢ dextuBHocTr [3acrenckuit u ap., 2000].

Tem He MeHee co3JaBacMble KOpUYEBAIbHBIE MAIIMHBI C BUOpaTOpamu He
TIOKA3bIBAIM OXKMJAEMOT0 Pe3yIbTara.

Lenv uccnedosanus: onpenencHue 3PQPEKTUBHOCTH NMPOTOTHIA OyAyIIeit
KOpYEBaJIbHON MallWHBI ¢ BUOPAIIMOHHBIM BO3ICHCTBHEM JUIS JIECOXO3SHCTBEH-
HBIX paboT.

Mamepuaner u memooduxa ucciedosanus. Jns TambHEHIIETO H3yYCHHS
JaHHOTO BOIIpOca OblIa cO3/laHa MaTeMaTHIECKast MOJEIb IPOIOIBHOTO BHOpa-
IIMOHHOTO BO3ICHCTBHS IPH KOPUEBAHMH JiepeBa (ITHSA) KOpUeBaIbHOM MaIIHHOM
Ha 6a3e BajouHoi mMammHsl JI[1-19 (puc. 1, 2).

Puc. 1. BIIM mammna JIII-19 ¢ BuOpanioHHEIM 000pyJ0BaHHEM:

1 — xozoBas cuctema; 2 — TUAPOLMINHIPEI CTPETIbI U PYKOSITH;
3 — noBopotHas mathopma; 4 — cTpena; 5 — pykosiTh; 6 — THAPOLIMIMHID T0OBOPOTA
3aXBaTHOTO YCTPOWCTBA; 7 — BEpXHUH 3aXBaT; 8§ — THAPOLMIMHAP MEXaHU3Ma 3aXBaTa;
9 —Bubparop; 10 — Hoxku 3axBara; 11— NpMKUMHAS IIACTHHA C THAPOIPUBOIOM

Fig. 1. Feller buncher machine LP-19 with vibration equipment

1 — running system; 2 — boom and stick hydraulic cylinders; 3 — turntable;
4 — crane boom; 5 — arm; 6 — hydraulic cylinder for turning the gripping device;
7 — upper grip; 8 — hydraulic cylinder of the capture mechanism; 9 — vibrator;
10 — gripping knives; 11 — pressure platten with hydraulic drive
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Puc. 2. Pacuetnas cxema (a — «mamuHa-gepeBo-I1IKCy,
6 — «mammHa-IIKC»), rae m;. mp m; — COOTBETCTBEHHO NPUBEICHHbIC
Macchl nouBeHHO-kopHeBo# cuctemsl (ITKC), 3BeHa Manumynstopa
U CTBOJIA JIEPEBA, C1, Cy, C3 — COOTBETCTBEHHO IPHBEICHHBIC KO3 DUIIMEHTHI
xectkocty [TIKC, Manumynsaropa u nepesa, z;, z,, z; — 000011eHHbIE
KOOP/IMHATHI CHCTEMBI MariHa-nepeo-ITIKC, Q — Bo3MyIaromas cuna,
JEHCTBYIOIIAs Ha 3BCHO MaHHITYJIATOpa

Fig. 2. Calculation scheme (a — «machine-tree-PKS», b — «machine-PKS»),
where m;. my, mj are the respectively reduced masses of the soil-root system
(SRS), the link of the manipulator and the tree trunk, c;, c,, c; are the respectively
reduced stiffness coefficients of the PKS, the manipulator and the tree,

71, 7y, 73 are the generalized coordinates of the machine-tree-PKS,

Q is the perturbing force acting on the link of the manipulator

AHanu3 IMHAMHUKH CHCTEMBI, COCTOSIICH U3 TEXHOJOTHYECKOTO 000pyao-
BaHIL, IePEBa U IIOYBEHHO-KOPHEBOW CHCTEMEI, Jajee «MamuHa-aepeBo-11IKCy,
mokasana, 4To J((EeKTUBHOCTh BHOPAIMOHHOTO BO3JEHCTBHSI JIOCTHUTAET
HAWMBBICIIETO 3HAYCHUS IPH OIPEACICHHON YacTOTe BO3MYIIAFOMIETO YCHITHSL
[Xeraii u np., 2015].

[To momy4YeHHBIM aHAJMTUYCCKUM IyTeM (OPMYJIaM M MPHHATHIM PacyueT-
HBIM TapaMeTpaM OBIIM ITOCTPOCHBI TpaUKH 3aBUCHMOCTH aMIUIATYI IIPO-
JONBHBIX KOJIeOaHU KOMIIOHEHTOB CHCTEMBI OT YaCTOTHI BO3MYIIAIOUICH CHIIBI
(puc. 3, 4).

Ha ¢parmente 3 (6) rpaduka cucremsl «mamnmHa-aepeBo-ITIKCy (puc. 3) Mbr
MO>KEM BUAETh UHTEPBAJ YaCTOT BO3MYIIEHUSI, COOTBETCTBYIOIIUX ONTUMATbHOMY
pexumMy, koraa amrumutyaa koneoanus [IKC (A ;) npuHAMaeT CyIleCTBEHHbIC 3Ha-
YeHUs, a aMIUTUTY/ b KOJIeOaHU MAIMHBL U JiepeBa (A, U Aj) OJIM3KH K HYJTIO.
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Puc. 3. ®parmentsl rpaduka H3MEHEHUsI aMILTUTY THO-4YaCTOTHBIX XapaKTEPUCTHK CH-
cTeMbl «MatrHa-nepeBo-ITIKCy» npu npoaonbHbIX KoebaHusX, TAe A| — aMIUIUTYAa
konebanus [1IKC, A, — amminTyqa koneOaHust MalIuHbl, Az — aMIDIMTYIa KoJieOaHus

CTBOJIA, p — IUKJIMYECKash YaCTOTA BO3MYIIAOIICH CHIIbI

Fig. 3. Fragments of the graph of changes in the amplitude-frequency characteristics
of the «machine-tree-PKS» system during longitudinal oscillations, where A; —
is the amplitude of the oscillation of the PKS, A, — is the amplitude of the machine

oscillation, A; — is the amplitude of the trunk tree oscillation, p — is the cyclic
frequency of the disturbing force

1 -0.06
25 |
V -0,071026818

Puc. 4. ®parments rpaduka U3MEHEHHs aMIUTUTYJHO-4aCTOTHBIX XapaKTePUCTHK
cucremsbl «MainHa-ITKCy» pu npoaosbHbIX KoaebaHusX, rae A — aMIuIuTyAa
konebanus [IKC, A, — amniuTyzna koseGaHuUst MAIIMHBL, p — HUKIMYECKas 4acToTa
BO3MYIIAIOIIEH CHUIIbI

Fig. 4. Fragments of the graph of changes in the amplitude-frequency characteristics
of the «machine-PKS» system during longitudinal oscillations, where A
is the amplitude of the PKS oscillation, A, is the amplitude of the machine
oscillation, p is the cyclic frequency of the disturbing force

To >xe momydaem Ha (parmente 4 (0) rpaduka cucreMsl «mammHa-ITKCy
(puc. 4), xorna ammutyna konebanus [1IKC (A;) mpuHUMaeT CyIeCTBEHHEIC
3HAYCHU, a aMILUTUTYAa KoJeOaHNsT MalIHHEI (A,) OJIH3Ka K HYJIIO.

B kauecTBe albTepHATHUBBI OBUIM PACCMOTPEHBI KPYTWIBHBIC KOJICOAHWS.
Jns aHanm3a AWHAMHKHA KPYTHJIBHBIX KoJieOaHHH CHCTEM «MallnHa-IepeBO-
IIKC» n «manmna-ITKCy» 0butn pa3paboTaHbl MaTeMaTHIECKHUE MOJENH (puC. 5)
[Xerait u mp., 2018].

o moy4eHHBIM aHATUTHYECKIM ITyTeM (OpMyJiaM W MIPHHATHIM PacdeTHBIM
mapaMerpaM OBLTH TOCTPOCHHI TPA(HKH 3aBHCHMOCTH aMIUTHTYA KPYTHIBHBIX KO-
neGaHui KOMIIOHEHTOB CHCTEMBI OT YaCTOTHI BO3MYIIAIOIIET0 MOMEHTa (pHc. 6, 7).
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Puc. 5. PacuetHas cxemMa IMHAMUKHU KPYTHWIIBHBIX KOJeOaHUI
MeXaHH4IEeCKOH crcTeMsl (a — «MamuHa-1epeBo-I1IKCy», 6 — «mammua-ITKCy):
J1, J2, J3 — cooTBeTcTBeHHO MpUBeneHHBIE MOMEHTHI nHepuuit [IKC,
TEXHOJIOTHYECKOro 00opyaoBanus u aepesa; ki, k,, k; — coorBeTcTBEeHHO
MpuBe/icHHbIe K03 GUIUEHTHI )kecTKoCcTH Ha kpyuyenue [TKC,
TEXHOJIOTHYECKOTr0 000pyJOBAaHUS U CTBONA AEPEBA; Oy, P2, O3 —
0000111eHHBIE KOOPAUHATBI CUCTEMbI; M — BO3MYILAFOLINT Kpy TSN

MOMEHT, JISHCTBYIOIINH Ha TEXHOJIOTHYECKOe 000pyI0BaHIEe

Fig. 5. Calculation scheme for the dynamics of torsional vibrations
of a mechanical system (a — «machine-tree-PKS», b — «machine-PKS»):

J1, Iy, J3 are respectively the reduced moments of inertia of the PKS,
technological equipment and tree trunk; ki, k,, k3 are respectively reduced
coefficients of torsional rigidity of the hitch, technological equipment and tree
trunk; @, @5, @3 are the generalized coordinates of the system; M is the disturbing
moment acting on the process equipment; of the perturbing moment
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Puc. 6. ®parmenTs! rpaduka N3MEHEHHUS aMIUTATYIHO-9aCTOTHBIX XapaKTePHCTHK
cucreMsl «MammrHa-1epeBo-ITKC» npu KpyTHIBHBIX KOTe0aHusX, e A —
ammumatyna konedanus [1IKC, A, — ammuntyna koneGaHust MalInHbI, Aj —
aMIUIATYJa KoJieOaHHs CTBOJIA, P — IIMKIIMYECKasl 4acTOTa BO3MYIIAIOIIEr0 MOMEHTa

Fig. 6. Fragments of the graph of changes in the amplitude-frequency characteristics
of the "machine-tree-PKS" system during torsional vibrations, where A,
is the amplitude of the oscillation of the PKS, A, is the amplitude of the machine
oscillation, Aj is the amplitude of the trunk tree oscillation, p is the cyclic frequency
of the disturbing moment
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Ha ¢parmente 6 (6) rpaduka cuctemsl «MammHa-nepeBo-IIKCy» (puc. 6)
MBI MOYXEM BHIETh YYaCTOK YacTOT BO3MYIICHUS, COOTBETCTBYIOIIMX OITH-
MaJIFHOMY peXnMy, kKoraa ammumTyna konebanus [IKC (A;) mpuHIMaeT cymie-
CTBEHHBIC 3HAYCHHUS, a aMIUINTYIBl KOJeOaHMI MamuHBl U aepeBa (A, u Aj)
OJIM3KH K HYITIO.
a) p=pl 0) pP=p2
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Puc. 7. ®parmeHTsI rpaduKa H3MEHEHHUs aMIUIUTY JHO-4AaCTOTHBIX XapaKTEPUCTHK
cuctembl «MamrHa-ITKCy» npu KpyTHIIBHBIX KOIe0aHUsX, Iie A — aMILIMTy A
konebanus ITKC, A, — aMmnTyaa KojieOGaHust MAIIUHBL, P — UKJIMYECKast
4acToTa BO3MYILAIOIIETO MOMEHTa

Fig. 7. Fragments of the graph of changes in the amplitude-frequency characteristics
of the «machine-PKS» system during torsional vibrations, where A is the amplitude
of the PKS oscillation, A, is the amplitude of the machine oscillation,

p is the cyclic frequency of the disturbing moment

To >xe nmony4daem Ha ¢parmente 7 (0) rpaduka cuctemsl «mammHa-ITKCy
(puc. 7), xorma ammmatyna konebanus [1IKC (A;) mpuHHMaeT CymiecTBEHHEIC
3HAYCHH, a aMILUTUTYAa KoJeOaH!sT MalIHHEI (A,) OJIH3Ka K HYJIIO.

Jnist moATBEpKICHHS PE3yJIbTATOB aHATUTHIECKOTO PEUICHUs ObLIa paspa-
0oTaHa (u3uYeckas MOIETbh NPOJOIBHBIX KOJICOAHHHA CHCTEMBI «MAlliHa-
nepeBo-IIKCy», koTopas 3KCIIEpUMEHTANBHO MOJHOCTHIO MOATBEpPAMIIA Mpa-
BIJIBHOCTh (DOPMYIJIBL, ONPEIEISIOEH ONTHMANBHYI0 YacTOTy BO3MYIICHUS,
ITOKa3aB MPU 3TOM HOBBIH BHOpanoHHbIH 3¢ dext [Muxurapos u ap., 2018].

Ha ocHOBe pe3ysbTaToB HCCIICNOBAaHHS OBUIA IMPEATIOKEHBI KOHCTPYKIIHH
3axBaTHOro ycrpoiicta (3Y) Ui KOpUYeBaHUs IEPEBLEB U ITHEH ¢ MPUMCHEHHEM
MPOIOJBHONW U KPyTWIbHOH BuOpanmu (puc. 8, 9) [Muxutapo u mp., 2020].
JlaHHOE yCTpOICTBO MpefHa3HAYeHO AT YAEPKUBAHUSA JepeBa (THSI) MaHUITYJIs-
TOPOM KOpYEBAJIBLHOW MalIMHBI 32 OCHOBAaHHWE OOKOBBIX KOPHEH, B COOTBETCTBUH
C MaTeMATHYECKOH MOJENbI0 CHUCTEMBI. Takoil crocod 3axBaTa COOTBETCTBYET
Hanbonee 3(pdeKTHBHOMY BHOPAIIMOHHOMY BO3ICHCTBHIO, a TAKKe IO3BOJSET
IIPOBOJIMTH KOPYEBKY KakK ITHEH, Tak ¥ JepeBbeB. Takxke MpH MoIbeMe KOpayeMo-
ro TeJa HaJu4ue BUOPAMOHHOrO 000pyJOBaHHS Y MAIIUHBI [103BOJISET CTPSICTH
3HAYMUTEIbHYIO YaCTh KOMJIS 3eMJIM C KOPHEBOH CHUCTEMBI, a IIPU OCHaIeHuu 3Y
HO’KOM ITPOU3BECTH OTCEUEHHE KOPHEBOI CHCTEMbI OT OCHOBAaHHsI CTBOJIA JEPeBa.
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Puc. 8. Cxema 3V myis kopueBaHHS

C IPUMEHEHHUEM TIPOIONILHON BUOPAITHH.

3neck: 1 — cTBOIM, 2 — KOPHEBas CHCTEMA,

3 — ruaponMIMHAP, 4 — 32KUMHON KPIOK, 5 —
BEpPTHUKAJIbHAS HECYIIast CTOWKA, 6 — THAPOLH-
JMHIP, 7 — IyrooOpasHblil HOX, 8 — BHOparop,
9 — nepenaTo4Hblii Mexanms3M, 10 — ruaporm-

nH7p, 11 — ropu3oHTaIEHOE OCHOBAHUE,
12 — moxBwKHas TOPU30HTATIbHAS [UTUTA

Fig. 8. Scheme of a gripping device
for uprooting by longitudinal vibration.
Here: 1 — trunk, 2 — root system, 3 — hydraulic

cylinder, 4 — clamping hook, 5 — vertical support

post, 6 — hydraulic cylinder, 7 — arcuate knive,
8 — vibrator, 9 — transmission mechanism,
10 — hydraulic cylinder, 11 — horizontal base,
12 — movable horizontal plate

Puc. 9. Cxema 3V mist kopueBaHUs
C IIPUMEHEHHEM KPYTHIILHOI BUOpALINH.

3nech: 1 — cTBOI, 2 — MOA3eMHAst YacTh ITHS,
3 — rUPOLINMHAPSL, 4 — 3a)KUMHOH KPIOK,
S — BepTHKAIBHASI HECYIIAs CTOHKA, 6 — PhIUaKHBIC
KJIBIKH, 7 — BUOPATOPBI, 8 — TOPU3OHTATBHOE
OCHOBAHUE, 9 — BEpTHKAIbHbIE peOpa JKECTKOCTH

Fig. 9. Scheme of a gripping device
for uprooting by torsional vibrations.

Here: 1 — trunk, 2 —underground part
of the stump, 3 — hydraulic cylinders, 4 — clamp-
ing hook, 5 — vertical support post, 6 — lever
fangs, 7 — vibrators, 8 — horizontal base,
9 — vertical stiffeners

Hpnqu CX€Ma KopUeBaTeyst ¢ MAHUIYJIATOPOM JA€T BO3MOKHOCTDL IIPOBE-
CTU CKJIaAUPOBAHHUEC U MOTPY3KY B TPAHCIIOPTHOC CPEACTBO U3BJIICYCHHOT'O 005b-

€KTa OCTAaTKOB PYOKH.

Pesynomamer uccredosanus. Ilpounecc NMpUMEHEHNS ONMMCAHHON MAaITWHBI

TPUHIANHATIBHO OTIUYACTCA OT KOPYCBAHUA TPAAUIIMOHHBIMH METOJAaMH W
TeXHHKOﬁ, TaK Kak Bn6paum[ BBIMIOJIHACTCA TEPEA H3BJICYCHHUEM KOMIIA U3
TPyYHTAa U 3HAYUTCIIBHO CHUKXACT CUJIbI COIMPOTHUBJICHUA OKPYXKAIOMICTO I'PYHTA.
OTO TO3BOISCT TIPOBOJUTH dTAll U3BJICUCHUA KOMIIA IO BOSHeﬁCTBHCM TOJIBKO
€ro coOOCTBEHHOI'O BECa M BECa ITHSI WIIK JACpeBa.
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Jns cpaBHeHHsS 3(PPEKTUBHOCTH METOMOB IMPOAOIBHOTO W KPYTHJIBHOTO
BHOPAIIMOHHOTO BO3ACHCTBHS MPEUIOKCHHOW KOPUYCBATbHOW MAIIMHBI OBLT BHI-
MOJTHEH pacdeT TpeOyeMoi MOIIMHOCTH IS KOPYCBAHUS OJHOTO MOJCIBHOTO
nepesa (THs).

CpaBHEHHE TIPOBOAMIIOCH IO TPeOyeMOI MOITHOCTH, COOTBETCTBYOLICH OI-
THUMAJIBHOW 9acTOTe BO3MYIIAIOIISH CHIIBL. B ToM cirydae, re 3Ta 4acToTa MEHb-
11e, BozeicTBre Ooee 3pheKTHBHO, Tak Kak TpeOyeTcss MEeHbIIIAs MOIITHOCTE.

B 1abn. 1 mpuBeneHHI MOTyYeHHBIE BETMIUHBI [T KOPUCBAHUS JIEPEBHEB C
KOpPHSIMH, a B TaOJI. 2 — Ut KOpYEBaHHS ITHEH.

Tabnuya 1

IMoxa3aTeau TpedyeMoii MOLIHOCTH M ONTHMAJIBHBIX YACTOT MPHU MPOJ0JIbHBIX
M KPYTHJIBHBIX KOJIe0aHUSX CHCTeMbI «MammnHa-1epeBo-ITKCy»

Indicators of the required power and optimal frequencies for longitudinal
and torsional vibrations of the «<machine-tree-PKS» system

IIpononbHbIe KONEOAHUS KpyTunbHbie koiebaHus
ITopoznst fepeBbes OnTHMaJ}LHaﬂ MoIHoCTS, OHTHMaﬁBHaH MoiHoCTb,
4acToTa, p , pax/c W, kBt  |gacrora, p , pam/c W, kBt
CocHa 43,59 3,33 21,82 1,67
Einp 85,55 6,54 69,20 5,29
Bepesa 107,97 8,25 71,07 5,43
MopgensHOE IepeBo 74,31 5,68 44,71 3,42
Tabnuya 2

Ioka3aTesau TpedyeMoil MOLIHOCTH U ONTHUMAJIBLHBIX YACTOT MPHU NPOJ0JIbHBIX
H KPYTHIBHBIX KoJie0aHuAX cucTeMbl «MammHa-ITKC»

Indicators of the required power and optimal frequencies for longitudinal
and torsional vibrations of the «machine-PKS» system

IIpononsHbIe KONEOaHMS Kpyrunensie konebanns
Hopona nepeBa | Onrumanshas | Momsocts, | OnTuMansHas | MOLIHOCTD,
4acToTa, p, paa/c W, kBt 4acToTa, p, paz/c W, kBt
CocHa 43,30 3,39 21,822 1,67
Enn 84,32 6,59 69,204 5,29
Bepesa 106,381 8,32 71,066 5,43
MoienbHEI ITEHD 73,531 5,75 44,763 3,42
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Io manHpIM Tabx. 1 ¥ 2 MBI BUAUM, YTO B IEJIOM, JUIsl KOPYCBAHHUS ITHEH CO-
XpaHsSeTCs B3aMMO3aBUCUMOCTb 3aTPaulBaeMOi MOIITHOCTH, TTOMyYeHHAs IS KOp-
YeBaHUS JEPEBBEB U BRIBOJBI TAKOKE OYIyT CIPABEIIUBHI IS ATOTO IpOoIiecca.

Obcyacoenue. V13 IOITyIEHHBIX PE3YIBTATOB CIEAYET, 9TO IIPUMEHEHHE KpPy-
THJIBHOI BHOpaLMOHHOM cxeMbl Ooinee 3(PdeKTuBHO I COCHBI U Oepesbl, rie
9HEPro3aTparbl BUOPATOPOB MOYTH BIBOE MEHbIIE, Ye€M IPH TPOJIOIBHON cxeme
BUOpaUWy, a JUIs M Mbl BUIMM, YTO IOKa3aTenu 3Pp(EKTUBHOCTH MPOJOJIBHBIX
KOJIEOaHHI COMOCTABHUMBI C KPYTHIBHBIMU KoJeOaHussmMu. OJJHAKO NPH SIPKO BbI-
PaXXEHHOM CTEPXKHEBOM KOpHE 3(p(heKTUBHOCTH NMPOJOJIBHBIX KOJIE€OaHMIT CTaHeT
BBIIIE, YeM Y KPYTHIBHBIX, TAK Kak CHU3HUTCS 3HaueHue xectkoctu (ITKC).

[Tpu BbIOOpE MeTOA BUOpALK C YYETOM THIIA KOPHEBOH CHCTEMBI CIEAYET
MIOHUMATh, YTO JUIsl KOPYEBaHMs IEPEBbEB U IMHEW CO CTEP)KHEBOM KOPHEBOM CH-
CTEMOH OOJbIIIe TIOAXOIAT MPOJIOTbHBIE KOJIeOaHNs, a C TOBEPXHOCTHOI KOpHE-
BOHI CUCTEMOH — KpYyTUibHEIE. B ciyuae, Korga TUII KOPHEBOW CHCTEMBbI HEIIb3s
OXapaKTEepH30BaTh OJHO3HAYHO, 3(P(HEKTUBHOCTH 00OMX METONOB HE OyHeT 3a-
METHO OTIIMYaThCS.

Bvi600bi. AHanM3 NOTy4EeHHBIX PE3yJIbTATOB UCCIIEA0BAHUN MMOATBEPKIAET
MIEPCIEKTUBHOCTH MPIMEHEHHNS Ha JIECOXO03HCTBEHHBIX paboTax MaHMITYIISTOP-
HBIX MAlllMH, OCHAIICHHBIX TEXHOJIOTHUYECKHUM 000pYyI0BaHHEM Ul KOPYEBAHUS
ITHEeH ¥ IepeBhEB MOCPEACTBOM BHOPAIMOHHOTO BO3ICHCTBHS.

VYcTaHOBIICHBI PallMOHAIBHBIE MApaMeTpbl BHOPAIIMOHHOTO 000pYHOBaHHS,
ONTUMAJIbHBIE JMANA30Hbl COOTBETCTBYIOIIUX YAaCTOT BO3MYILIAIOIUX YCHIMH
TIPOIONIbHBIX M KPYTWJIBHBIX KOJIEOaHWH JUIi KOPHEBBIX CHCTEM Hauboliee pac-
IIPOCTPAHEHHBIX JPEBECHBIX MOPOJ, 00ECIeUnBAIONIe HAUMEHBIIYIO0 SHEProeM-
KOCTb ¥ COOTBETCTBEHHO HAaHOOIIBIIIYIO 3 ()EKTUBHOCTD Iponecca KOPUCBAHUSL.

Kongruxm unmepecos. B npencraBieHHol paboTe HET KOH(IMKTa HHTEPECOB.
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MuxutapoB A.P., Jloopbinun H0.A. CoBepIIcHCTBOBaHHE TEXHOJIOTHYECKOTO
000pyIOBaHUsl JIECOXO3IHCTBEHHOH MalIWHBI ¢ MaHHUIYJISATOPOM JUIsl KOPUCBAHHS C
npuMmeHeHneMm BuOpaumn // W3Bectus Cankrt-IleTepOyprckoil J1ecOTeXHHYECKO
akagemuu. 2024. Bem. 247. C. 252-263. DOI: 10.21266/2079-4304.2024.247.252-263

PaboTa mocBsIIeHa Pa3BUTHIO TEXHOJOTMYECKMX MAIIMH B 00JACTH JIECHOTO
xo3siicTBa. OTCTaBaHHE TEMIIOB DPa3BUTHS JICCHOTO MAIIMHOCTPOCHUS IPUBEIO K
CHIKEHHIO 00BhEMOB JIECOBOCCTAHOBJICHUSI U B PE3yJbTaTe K yNaJKy IPOM3BOJCTBA
npeBecuHbl. [IpoOneMbl  pOCCHICKOM  JIeCHOH oOTpacau TpeOYIOT — CO3MaHus
BBICOKOTEXHOJIOTHYHBIX MAIIMH JUIsi KOpYeBaHWsA. B KadecTBe I€pPCHEKTHBHOTO
HarmpasiieHns 0003HaueHbl BUOPAIMOHHBIE METOABI BO3JCHCTBHS Ul OOJIErdeHus
nporecca KopueBaHus. [IprBeaeHsl OCHOBHBIE JTAIBI PA3BUTHUS 3TOTO HATIPABICHUS U
aBTOPBl CO3[aBaeMbIX MalluH. Peanuzanus BO3MOXXHOCTEH NPUMEHEHHUs BHOpaluu
OblTa OCYILIECTBIEHa B KOHIEIIMH KOPYEBAIBHOW MallMHBI Ha 0a3e BaJOYHOH
MallUHBl HA TYCEHHWYHOM XOAy C MAaHHUIYJIATOPOM, OCHAIIEHHBIM 3aXBaTHBIM
ycTpoiicTBOM ¢ BHUOparuoHHEIM oOopyznoBanneM. Ilpn wucmons3oBaHWM —THIA
BHOpanny OB pacCMOTPEHBI /IBa BapuWaHTa — 9TO BEPTHKAJIBbHBIC MPOIOIBHBIE U
KpyTHIbHBIE KoneOaHus. DGPEeKTHBHOCT TaHHOI KOHIETINY MalliHbl 000CHOBaHA C
TTOMOIIBIO AHATTUTUUECKOTO U IKCIIEPUMEHTAIBHOTO UCCIIE0BAHMUS, PE3YIbTATOM YEr0o
OBLIO IIOJyYeHHE ONTHMAIbHBIX MHTEPBAJOB BO3MYILIAIOIIMX YacTOT. Tak Kak IpH
paboTe MamMHBI HEOOXOIMMBI 3HAUHUTENbHBIE YCHJIHSA, TO Hcnonbzyemoe B JIII-19
3aXBaTHOE YCTPOHCTBO HE MOIJIO NOJOMTH, X BO3HHKJIA HEOOXOAWMOCTH B CO3IAaHHU
CHELMAIbHON KOHCTPYKLMH 3aXBATHOIO YCTPOMCTBA. bbIIM IHPEUIOKEHBI OBE
KOHCTPYKIIMOHHBIE CXEMbI Ul NMPUMEHEHUS MPOJOJIHOH M KPYTWIBHOH BHOpalMu
JAHHOW MaIIMHOW. BhINoiHeH cpaBHUTENbHBIN aHAIN3 3()(EKTUBHOCTH IPUMEHEHUS
MIPOJIONILHON 1 KPYTHIIBHOW BUOPALlMK MTPH KOPUYEBAHHUH, PE3YIIbTAThI IIPECTABICHEI B
tabmuie MomHoctedl. [lo wToram paboTel cAelaHBl  CIEAYIONINE BBIBOJBI:
NPEe/UIOKEHHAsT KOHCTPYKIMS MAIIMHBI JUIl KOPYEBaHUS ¢ BHOpalueil MOJHOCTBHIO
peanu3yer NpeuMyIIecTBa MAaTEMaTHYeCKOH MOJENH, NMpU KOTOpOil BHOpanmMoOHHOE
BO3JICHCTBUE JOCTUTaeT MAaKCHUMaJIbHOH 3((EKTUBHOCTH; IMO3BOJIAET KOpYEBaTh MU
JIepeBbs M IHU; SBISIETCS YHUBEPCATBHON, TaK KaK MOYKET IPOM3BOJUTH KOpUEeBaHHE,
CKJIaMPOBaHNE M MOTPY3KY MPOXYKIMH Ha TPAHCIIOPT, a TaKXKE OYHCTKY KOPHEBOI
CHCTEMBI OT TPYHTA IIOCTIE U3BICYEHHSI KOMJIISI C IIOMOIIBIO BUOpaIny.

Knio4yeBble clIoOBa: JECOBOCCTAHOBICHHE, PYyOKH yXO04a, KOpYeBATelb,
BaJIOYHAs MalllWHa, BHOPAllMOHHOE BO3/CHCTBHE, IIOYBCHHO-KOPHEBAs CHUCTEMA,
3aXBaTHOE YCTPONCTBO, YHUBEPCAILHOCTD, 3 PEKTHBHOCTb.

Mikhitarov A.R., Dobrynin Yu.A. Improving the technological equipment of a
forestry machine with a manipulator for uprooting using vibration. Izvestia Sankt-
Peterburgskoj Lesotehniceskoj Akademii, 2024, iss. 247, pp. 252-263 (in Russian with
English summary). DOI: 10.21266/2079-4304.2024.247.252-263

The work is devoted to the development of technological machines in the field of
forestry. The lagging behind in the development of forestry has led to a decrease in
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reforestation and, as a result, to a decline in timber production. The problems of the
Russian timber industry complex require the creation of high-tech machines for
uprooting. As a promising direction to facilitate the uprooting process, vibration
methods of influence are indicated. The main stages of development of this direction
and the authors of the created machines are given. The implementation of the
possibilities of using vibration is carried out in the concept of a rooting machine based
on a caterpillar felling unit with a manipulator equipped with a gripping device with
vibration equipment. When choosing the type of vibration, two options were
considered — these are vertical longitudinal and torsional vibrations. The effectiveness
of the concept of this machine is confirmed by analytical and experimental studies.
The result was the obtaining of optimal intervals of disturbing frequencies. Since the
machine is subjected to heavy loads, the gripper used in the LP-19 did not fit and it
became necessary to create a special design of the gripper. To apply longitudinal and
torsional vibrations to this machine, two design schemes were used. A comparative
analysis of the effectiveness of the use of longitudinal and torsional vibrations during
uprooting was carried out, the results are presented in the power table. Based on the
results of the work, the following conclusions were drawn: the proposed design of the
machine for uprooting with vibration fully realizes the advantages of the mathematical
model, in which the vibration effect reaches its maximum efficiency; allows you to
uproot trees and stumps; is universal, as it can carry out uprooting, storage and loading
of products for transport, as well as cleaning the root system from the soil after
extracting the butt using vibration.

Keywords: reforestation, thinning, uprooting of stumps and trees, feller,
vibration impact, soil-root system, capture, versatility, efficiency.
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