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Annomayus. PaccMOTpeHB! pa3luuHbIe BapUaHThl OpraHW3alUl pPyOOK yXoza Ipu pa3pyOKe JIeHT, Helo-
CsraeMbIX JJIS MAaHUIYJSITOpa XapBecTepa C MaceyHbIX BOJIOKOB, MPHU IIUPOKONACEUHONH TEXHOJIOTHH CIa0oi
WHTEHCUBHOCTH C TPUMEHEHUEM OEH30MOTOPHOM MUITBI 1 MUHH-TpakTopa. [Ipe/yioxeHsl Tpu aabTepHATUBHBIX
BapuaHTa opraHuzaunu padot. IlepBeiil, mpu KOTOPOM OJMH PAOOYNIl BBIIONHSAET BCE HEOOXOANMBIE ONepaLlin
OCH30MOTOPHOM MUIJIOHN, a BTOPOH, ynpaBisisi MUHUA-TPAKTOPOM, OCYIIECTBISIET MOA00p JiecoMaTepHuasoB, UX
MOTPY3KY H MOJTPENEBKY K MMACEYHOMY BOJIOKY. BTOpOii, mpeanonararoniyii BEIITOIHEHNE OHUM PabOYNM BCe-
r'o KOMIUIEKCa paboT ¢ UCHOIb30BaHHEM OCH30MOTOPHOM MUJIbI 1 MUHU-TPAKTOPA IOOYEPEIHO B HEOOXOAMMOM
MOCIIeIOBAaTEILHOCTH TIPH PadoTe € KaXKAbIM BBIpyOaeMbIM JiepeBoM. TpeTHii, mpu KOTOPOM paboune BHITOTHS-
10T OTIepaIliil COBMECTHO, TIOMOTasi APYT APYTy. B KauecTBe OI[eHOYHBIX KPUTEPHEB PACCMOTPEHBI KOMIUIEKCHAS
BbIpa0O0TKa, PUCKU NOBPEKACHUSI KOMIIOHEHTOB (DOPMHUPYEMOTI'0 JIPEBOCTOSI M CHU)KEHHE HArPy3KHU Ha OTHEIIb-
HBIE TPYIIIBI MBI paboyero 3a c4eT UCKIIOYCHUSI OJHOOOPA3HBIX 1 MOHOTOHHBIX JIBU)KEHHH. YCTaHOBJICHO,
YTO CHW)KEHHE KOMIUIEKCHON BBIPAOOTKH B pe3yJbTare CHIKEHUS! KOdQQHIIMEHTa UCTIONB30BaHUS 000pyI0Ba-
HUSI IPY BBIIIOJIHEHUH BCETO KOMIUIEKCA ONepauuii ¢ MpUMEHEHHEM OCH30MOTOPHOM MUJIBI U MUHH-TPAKTOPa
OJJHMM Pa0OYMM YACTMYHO KOMIIEHCHPYETCS 3a CUET COKpAIICHHsI 3aTpaT BPEMEHU Ha MEPEeXOAbl MEXIy Je-
peBbsIMH. PekoMeH 10BaHbI BAPUAHTHI OPTaHU3AINHU padoT JJisl pyOOK OveHb c1aboli U c1ad0i HHTEHCUBHOCTH,
TAKXe AJIs1 BIPYOKH CEMEHHBIX JI€PEBbEB, BBIITOJIHUBILUX CBOU (YHKIIHU.

Knrwouesvie cnosa: pyoku yxoia, CaHUTapHbIE PYOKH, MUHH-TPAKTOpP, OpraHU3alus pyOOK, OBPEKACHHS
JIepEBbEB
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Abstract. Various options for organizing thinning cuttings when cutting strips inaccessible to the harvester
manipulator from apiary trails with wide apiary technology of low intensity using a gasoline-powered saw and
a mini tractor are considered. Three alternative options for the organization of work are proposed. The first,
in which one worker performs all the necessary operations with a gasoline-powered saw, and the second,
driving a mini-tractor, selects timber, loads them and skids to the apiary portage. The second one involves the
execution of the entire complex of works by one worker using a gasoline-powered saw and a mini tractor in
turn in the required sequence when working with each cut down tree. The third is in which workers perform
operations jointly, helping each other. As evaluation criteria, complex development, risks of damage to the
components of the formed forest stand and reduction of the load on individual muscle groups of the worker
due to the exclusion of monotonous and monotonous movements are considered. It has been established that
the decrease in integrated output, as a result of a decrease in the equipment utilization rate, when performing
the entire range of operations using a gasoline-powered saw and a mini tractor by one worker, is partially
compensated by reducing the time spent on transitions between trees. Options for organizing work for felling
of very low and low intensity, as well as for cutting down seed trees that have fulfilled their functions, are
recommended.

Keywords: maintenance felling, sanitary felling, mini tractor, felling organization, tree damage

BBenenue

[Ipunnmmer  ycroynBoro (He-
HCTOIIMTEIHFHOTO)  JIeCOyTpaBiie-
HUSl TPEIIONIATalOT IEPeXof OT
CIUTOIITHBIX PyOOK K BBHIOOPOYHBIM,
YTO B TOJHOH Mepe COOTBETCTBY-
eT TpeOOBaHHUSIM MHTEHCU(DUKAIIUN
necononb3oBanus. Hapsiay ¢ pyo-
KaMd B CHEJBIX U TePeCTONHBIX
HACQKJCHUSX HMHTCHCUBHOC Jie-
COIOJIb30BaHUE  MPEayCMaTpUBa-
€T HEyKOCHUTEIIbHOE IPOBE/ICHIE
KOMIUIEKCa pyOoOK yxona. PyOxw,
MPOBOAMMBIC B IENIAX yXoaa 3a
JIECHBIMA ~ HAaCaKICHUSAMH, TIOM-
pa3NeNsoTCs TI0 WHTEHCHUBHOCTH:
oueHb cimabas — 10 10 %; cmabast —

11-20 %; ymepennas — 21-30 %;
yMepeHHO BbIcoKass — 31-40 %;
BbIcOKast — 41-50 %; odeHb BBICO-
Kas — 51-70 %; WCKIIOUYHUTEIHLHO
Bbicokasg — 71-90 % c yxomom 3a
LICJICBBIMU JIEPEBBSIMHU IO TIOJIO-
ToM (JIONsl IEpeBhEB IIENEBBIX I10-
POA B HACWKICHUM MOXET OBITh
menee 10 % mpu 10CTaTOIHOM KO-
JIUTYECTBE KI3HECTIOCOOHBIX pacTe-
uuit) (Ilpukaz Ne 534...,2020).
BwMmecTte ¢ Tem TpaauUMOHHBIE
TEXHOJIIOTHH W  CYIIECTBYIOIIHE
HOPMATHBBI TIPOBENCHUS PYOOK
yXojla MPEeJIoaralT pa3paboTKy
nacek mupuHod 3040 M u Tpe-
JICBKY JPEBECUHBI TPAKTOPAMH

C KAHATHO-YOKEPHON OCHACTKOM.

Taknue TEXHONOTMM pPaTUKaIbHO
CHIWXKAOT 3()(EKTUBHOCTh TPO-
Be/ICHHS pyOOK yXona OueHb Cia-
0olfi u ciaaboH HHTEHCHBHOCTH,
MIOCKOJIbKY TpEeJIeBKa XJIBICTOB 3a-
YacTylo MPHUBOJUT K OOJHMPY KOM-
JICBOM 4YacTU CTBOJOB JI€PEBbEB,
OCTaBJIIEMBIX Ha JOpallMBaHHE
(IToBpexxnennocts, 2014; Hlymak,
Komonuit, 2019).

JpyruM npumMepoM OTCYTCTBHUS
paIoOHAIBHOTO TEXHOJIOTHYe-
CKOT'O peILICHUs SBIIETCS yOOpKa
CEMEHHBIX  JIEPEBbEB,  KOJIMYE-
CTBO KOTOPBIX B COOTBETCTBHU
¢ IlpaBunamu 3aroToBKH JpeBe-
CHHBI JIOJDKHO COCTaBJISITh HE Me-

nee 20 mr./ra (ITpukaz Ne 993...,
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2020). BeipyOka Takux IepeBLEB
JOJDKHA BBITIONHATBCS B 3UMHHM
TIEPUOJ] TIOCJIE TOSBICHUS JOCTa-
TOYHOTO KOJMYECTBA IIOAPOCTA
XO3SHCTBEHHO IEHHBIX TIOPOJ.
Bwmecrte ¢ Tem B HayyHOHM JuTeEpa-
Type TIPaKTUIEeCKH HET paboT 3TOMH
HaTPaBJICHHOCTH, XOTS BOIPOCHI
BETPOYCTOMYUBOCTH CEMEHHHUKOB
M3yJauch HeogHokpatHo (CMmup-
voB, CkanueB, 2011; benseBa u
Ip., 2022).

Py0Oxu cmaboit u oueHs craboit
WHTEHCUBHOCTH IIPU STUX TEXHOJIO-
THSIX U TIPU TPOYUX PABHBIX YCIIO-
BHSIX XapaKTEPU3YIOTCS HE TOJBKO
OOJIBIIIMMHU  PACCTOSTHUSIMH MEXKITY
BBIpYOaeMbIMU JICPEBBSIMU U, CO-
OTBETCTBEHHO, PACCTOSHUSIMH TIc-
pexona pabo4mx, 4TO B pe3ynbTare
OTIpeIeTISIeT CHUYKEHUE TIPOU3BOIH-
TEJNBHOCTH, HO U COTIPOBOXKIACTCA
MTOBPEXKICHUEM JIEPEBLEB U TTOPO-
cta (MBamxoBa, 2014).

eab, 3amaua, MeTOAMKA
U 00BEKThI HCCIIEI0OBAHMS

Ilenmsto pabOTHI SBISETCSA TIO-
BbIlIeHHE 3(P(PEKTUBHOCTU PYOOK
yxona. OqHUM U3 MyTeil OCTHXKe-
HUS TIOCTABIICHHOW IIEJIN SIBJISICT-
Csl BKJIIOYCHHE B CUCTEMY MAlIMH
MuHH-TpakTopa. [Ipu pyOkax yxo-
Jla O4eHb c1a0oii 1 c1adoi NHTEH-
CHUBHOCTH 3TO II03BOJIMT pa3pada-
TBIBATh Maceku mupuHoi 10 100 m
C TOJITPENEBKOM 3aroTOBJIEHHOU
JPEBECHHBI K NTACEYHBIM BOJIOKaM,
MaKCHMAJBbHO COXpaHssl OCTaB-
JsieMble Ha JOpallMBaHHE KOM-
MOHEHTHI Jieca OT MOBPEKACHUH
MUHH-TPAKTOPOM,  PabOTaIONIIM
TOJI TIOJIOTOM JipeBocTos. [Ipu BBI-
pyOKe CeMEHHBIX JepeBheB rada-
PHUTHI MUHU-TPAKTOpa B COYCTAHUH

C MaHEBPEHHOCTBIO M TPEJIEBKOM

COPTUMEHTOB IO3BOJISIT MUHUMHU-
supoBath ymiep6 (Kakoe maccen...,
2014; Ycnosus..., 2016; K Bompo-
cy 0 menecoodpa3HocTH..., 2002).

Opranuzanus COBMECTHOM
paboThl pabouux ¢ OCH3OMIION
W MHHH-TPAKTOpa B 3THUX YCIIO-
BUAX TpeOyeT OTAENBHOrO pac-

CMOTPEHHS.

Pesyabrarhl

B yciioBusiX 3HaYMTENBHOTO yia-
JIeHWs1 BBIPYOAeMBIX I€PEBHEB APYT
OT Jpyra HeoOXoanMa HaJeKHas
KOOpIMHAIMS BBITIONHEHUST BCEX
OTIepanyy C JIePEBOM, HCKIFOYAr0-
Iast He TOJIbKO OCTaBJICHUE JIPEeBe-
CHHBI y TIHS1, HO U JIOTIOJTHUTEIIbHBIC
3aTpaTbl BpeMeHHU PadovnM, yIIpaB-
JISIIOIIAM ~ MUHH-TPAKTOPOM, IIPH
MONCKe MU TOAOOpE COPTHMEHTOB.

TexHonoruueckui po1ece
pa3paboTKi OOKOBBIX JICHT C IPH-
MEHEHHEeM OEH30MOTOPHON IHJIBI
W MHHHU-TPAKTOpa MOXET OBITh Op-
TaHU30BaH 110 Pa3HBIM BapUaHTaM.

1. PabGoune Ha necoceke crenu-
AMM3UPYIOTCS, padoTas pa3sHBIMHU
WHCTPYMEHTAMHU: OJTHH BBITTOTHSFOT
BCE Ollepanyy OCH30MMIION: BasKa,
o0pe3ka CydbeB, pacKpsDKEeBKa,
a JIpyTrue — C IOMOIIIBI0 MHHU-TPAK-
Topa: o00p U MOJATpPEIeBKa 3aro-
TOBJICHHBIX COPTHMEHTOB K ITaced-
HOMY BOJIOKY WJIM JPYT'HM MECTaM
CKJIaTUPOBAHUSL.

2. Kaxnprii  paboumnii, wuc-
MOJNIb3yss OCH30MOTOPHYIO — ITHITY
W MHHU-TPAKTOpP, BBIMOJIHACT Ha
JIECOCeKe BECh KOMILIEKC paboT,
BKIIFOYast OTOOp OYEpEeIHOTOo Je-
00pe3Ky CydbeB,

peBa, BaJIKy,

PacKpsKEBKY, IIOTPY3Ky COpPTH-
MEHTOB Ha I'Py30BYI0 IuIaTGopmy
MUHHU-TPAKTOpa C JaJbHEHUIIEH UX

TPENIEBKOU U pa3rpy3KoH.

3. JIBa paboumx pabOTaroOT Cco-
BMECTHO, TpU BaJIKe BBIIOIHSS
(DYHKIIMM BaJIBIIAKA U TIOMOIIHUKA,
pu 00PE3Ke KPYITHBIX CYUbEB OJMH
13 pabovrX OTIMIIMBAET, a BTOPOU
youpaeT MeIIanue IaabHEUIIeH
pabdore BerBu. llorpysky um pas-
Tpy3Ky COPTUMEHTOB pabodre ocy-
HIECTBIISIIOT BBOEM.

[IpennoyrurebHOCTH TOMY
WIH WHOMY BapHaHTy OpTraHH3a-
UK Tpyda MOXET OBITh OIpeje-
JeHa C YYeTOM HKOHOMHYECKHX
(TEXHOJIOTMUECKHUX), DKOJIOTHYe-
CKHX (JIECOBOJICTBEHHBIX) U COIIM-
aTbHBIX (IPTOHOMUYECKHX) KpPH-
TepueB (AzapeHok u ap., 2012,
2015).

B kauecTBe O1IeHOYHBIX KPUTEPHUEB

Beibop  TexHomorum...,
MOTYT UCTOJIH30BATHCS KOMITJIEKC-
Hasi BBIPa0OTKA, PUCKH TTOBPEK]IC-
HUSI KOMITOHEHTOB (DOPMHpPYEeMOTO
JIPEBOCTOSI M CHIDKEHHE HArpy3KH
Ha OTJCJbHBIC TPYIIIbI MBIIII] pa-
0oYero 3a CYeT HCKIIFOUCHHS Of-
HOOOpAa3HBIX U MOHOTOHHBIX JIBH-
JKCHUI.

Bapwuant / nienecoobpasen mpu
YCIIOBHHM BO3MOXKHOW BHU3yalH3a-
MM 3aroTOBJICHHON JIpEBECHUHBI,
YTO TIO3BOJUT KKIOMY M3 pado-
YUX pPalHOHAIBHO PACIPENEIATh
pabouee Bpemsi, u3deras BbIHYX-
JICHHBIX TPOCTOEB. BrImoiHeHME
MpU 3TOM OJHUM pabOYUM BCEX
orepanuii (Bajka, 0Ope3ka Cy4b-
€B U PACKPSDKCBKA) B OTIHYHAE OT
TPaIUIIMOHHON OpraHu3alluy, T/e
KaXIbIli Pa0OYMH BBITIOIHSET OJIHY
OTIepaITfio, MO3BOJINT YMEHBIIHUTH
CyMMapHbIe 3aTpaThl BPEMEHH 3a
CUET COKpAIICHUS IUKIOBBIX 3a-
Tpar BPEMEHH Ha TIEPEXObl MEXKITY
BEIpyOaeMbIMU AepeBbsiMu. Kpome
TOrO, TakKas OpraHu3aiusi padoThI
obecrieunBaeT HauOoJee TIOTHOE
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UCIIOJIb30BaHNE MAIMHHOTO Bpe-
MEHH KaK OCH3OMWJIbI, TAaK M MH-
HU-TPaKTOpa M  MOpeArnojaraet
MaKCHMaJILHBIH ypOBEHb CIIelra-
nu3anuu pabounx. MUHH-TPAKTOP
B IIpolecce Mmoadopa 3aroToBIICH-
HBIX COPTHMEHTOB MOXKET IepemMe-
HIAThCST YSTHOUHBIMHU XOJIAMH, MH-
HUMH3HPYSI TEM CaMbIM XOJIOCTOM
U Tpy30BoO# xox (puc. 1).

Bapuant peanmzanuu pyook 2
NpY OYCHb HU3KOH WHTECHCHUBHO-
CTH TIO3BOJIMT KXKIOMY padodeMy
CaMOCTOSITEIbHO OpraHmM30BaTh
paboumnii mpormecc, MOOYEPEAHO
HCTIONB3Ys 00a WHCTPyMEHTa: OcH-
30MOTOPHYIO TIHJIY M MHHH-TPaK-
TOp. DTO MPUBOAUT K HEMOIHOMY
HCIIONIb30BAHUIO MAIIMHHOTO Bpe-
MEHH, OJTHAKO JIOTIOJIHUTEIBLHO CO-
KpaliaeT Bpems mepexosa padoumnx,
OTHECEHHOE K OJIHOMY JIEpEBY, I10-
BBIIIAS TEM CAMBIM HMX KOMILICKC-
Hy!0 BbIpaOoTKy. OueHuBasi 3pro-
HOMHWYECKHH acIeKT, HeoOXOIMMO
OTMETHUTBH OoJibllice pazHOOOpasue
oTepaluii, a 3HAuuT, U Ooyee pas-
HOOOpa3HyI0 Harpy3Ky I pas-
HBIX Trpymnn Meiil. Kpome Toro,
npu pabore c jaepeBoM (oOpe3ka
CYYbeB U PACKPSIKEBKA) Tpy30Bast
mwiarhopMa MHHU-TPAKTOPA MOKET
HCIIONIb30BAThCS B KAYECTBE OMOPBI
JUISL JIEPEeBa, 4TO YITyUIIaeT YCIOBHS
pabotel ¢ HUM (pHC. 2).

Bapuant opranuzanuu padoThl
3 MOXeT OBITh IIeIeCO0Opa3HBIM
mpu paboTre ¢ KPYIMHBIMU JAepe-
BbSIMU, B YaCTHOCTHU TIPU BBIPYyOKe
CEMCEHHBIX JiepeBbeB. COBMeCTHAs
pabota ¢ KpYIHBIM JICPEBOM HE
TOJBKO 00ecleunBaeT JOJKHBIHA
YPOBEHb OE€30IMTaCHOCTH TIPH €T0
BaJIKe 1 00pE3Ke CYy4beB, HO U BO3-
MOXKHOCTh  IOTPY3KH  KPYITHBIX

COPTHIMEHTOB.

3 5/ s

Puc. 1. [Togbopka MUHH-TPAKTOPOM JIPEBECHHBI C TIOJYTIACEK TPEIBAPUTEIHHO
3arOTOBJICHHBIX COPTUMEHTOB:
1 — pactymue aepeBbsi; 2 — MUHU-TPAKTOP M MapLIPyT €ro NepeMeIeHus;
3 — 3arOTOBJICHHBIC COPTU-MEHTBI; 4 — IOPYOOUHBIE OCTATKH;
5 — makeThl COPTUMEHTOB; 6 — MTACCYHBIH BOJIOK;
7 — TpaHuIla 30HbI pabOThI Xap-BecTepa
Fig. 1. A selection of wood from semi-apiaries of pre-harvested
assortments with a mini tractor:
1 — growing trees; 2 — mini-tractor and the route of its movement;
3 — harvested assortments; 4 — felling residues; 5 — assortment packages;
6 — bee portage; 7 — harvester work area border

r
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Puc. 2. PazpaboTka HenocaraeMoil A1t MaHUIY/ISITOPA YacTH MOTyNaceku pabouum
¢ OEH30MOTOPHOI TUIION U MUHU-TPAKTOPOM:
1 — pacrymue aepeBbsi; 2 — MUHA-TPAKTOP M MapIIpyT €ro NepeMeIleHus;
3 — pabora ¢ IoBaJeHHBIM AEPEBOM U MUHH-TPAKTOPOM; 4 — IIOPYOOUHBIE OCTATKH;
5 — rpaHuIa 30HBI Pa0OTHI XapBeCTepa;
Fig. 2. Development of a semi-apiary inaccessible to the manipulator
by a worker with a gasoline-powered saw and a mini-tractor:
1 — growing trees; 2 — mini-tractor and route of its movement;
3 — work with a fallen tree and a mini-tractor; 4 — felling residues;
5 — the border of the harvester work zone
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BriBoabI

[lepexox Ha mUMpOKONace4HbIC
TEXHOJIOrHK PyOOK yXoja ¢ TpH-
MEHEHHEM MUHH-TPAKTOPOB LIS
paboThl TOA TOJOTOM JIPEBOCTOS
MO3BOJUT B OOnbIIeil Mepe BbI-
MOJHATH JIECOBOACTBEHHbIE TPEOO-
BaHMSL.

PaccmoTpeHHBIE BapuaHThI Op-
raHu3anuy pyooK MOTYT OBITh pe-

KOMCHJOBAHbI JJIs BBIIIOJTHCHUS

pyOOK cmaboil HMHTECHCUBHOCTH
(BapmanT /), O4eHb cinaboOW WH-
TEHCUBHOCTH (BapuaHT 2) U BHI-
pyOKH CEeMEHHBIX JepeBbeB (Ba-
pHuaHT 3).
OueBHIHO, 4YTO BBINOJIHEHHE
BCEro KOMILJIEKCA oOmepaiui oj-
HUM pabouuM (BapHaHT 2) TpUBe-
JIET K CHIDKCHHUIO KOd((UIMEHTa
WCTIONIb30BaHUSI ~ MUHH-TPAKTOpa

1 6eH30MOTOpHOM miibl. OnuH U3

JIByX MEXaHWU3MOB OyleT I0CTO-
SIHHO TIPOCTAanWBaTh, YTO MPUBEIET
K CHIDKCHHIO TPOM3BOIUTEIHLHO-
ctu. Bmecte ¢ Tem mo mepe cokpa-
HICHHS YACTBHBIX 3aTpaT BPEMEHH
Ha IEPEXOnbl MEXIY ACPEBbIMU,
npn MCEHBUIMX HHTCHCUBHOCTIAX
U3PSKMBAHUS JIPEBOCTOSI  BO3pAc-
TaeT KOMIUICKCHasi BbIpaOOTKa pa-
004KX B CPABHEHHH C TAKOBOU TPH
opraHu3aIy paboT 1Mo BapuaHTy /.
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