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CymiecTByIOIye Ha JaHHBI MOMEHT MaTeMaTHYECKHE 3aBHCUMOCTH HAIlCJICHBI JIUIIb Ha 00OCHOBAHUE MPOU3-
BOAUTEJILHOCTH XapBECTEPOB M HE JAalOT BO3MOXKHOCTHU JETAJIbHOIO aHAINM3a TPYJOEMKOCTH 3aBUCSIIUX OT IpH-
POITHO-TIPON3BO/ICTBEHHBIX YCIOBHI OTJEIBHBIX JIEMEHTOB BPEMEHH IHKJIA €ro paboThl. B cBsi3u ¢ 3THM, Iebio
JTAHHOTO HCCIICIOBAHUS SBIISETCA 000CHOBAHNE MaTEMaTHYECKUX 3aKOHOMEPHOCTEH paboThl XapBecTepa, MO3BO-
JSFOLIMX C JOCTATOYHBIM YPOBHEM JJOCTOBEPHOCTH OCYIIECTBISATH OBICTPBIE TEXHUYECKHE PAcUeThl IPOU3BOJH-
TEJNIFHOCTH W TPYA03aTparT MPH BBHITIOJIHCHUN Pa3IUNYHBIX PyOOK Jieca. sl JOCTHXKEHUS TTOCTABICHHOM TSI CO-
3aHa UMHTAIIMOHHAS MOJENb PabOTHI XapBecTepa Ha JIECOCEKE M MPOBEACHBI SKCIIEPHMEHTHI Ha 3TOW MOJEIH.
[Toka3aHbl pe3ysbTaThl CTATUCTHYCCKON 00pabOTKU Pe3y/IbTaTOB UMHUTAIHOHHOTO MOJCIHPOBaHus. [IpeanoKeHbI
perpeccUOHHbIE 3aBUCUMOCTH JUIsL pacdeTa CpeAHel 4acoBOM IPOU3BOAUTEIILHOCTH XapBecTepa, a TAKKe pacuera
OT/EJBHBIX HIEMEHTOB BPEMEHH LIUKIIA €T0 pabOoThI, CO3IAaHHBIC B pe3yJIbTaTe aHAIN3a PE3YIIbTaTOB HCCIICTOBAHUS
Ha Mozenu. OpeaeaeHbl PerpecCuOHHbIC 3aBUCUMOCTH pacyeTa CpeJHEro BpeMEHH HaBeCHUS MaHUITYJIATOpA Ha
pacTymiee JiepeBo, IepeMeIIeHHs TOBAJICHHOTO JepeBa B 30HY €ro 00pabOTKM M CPEHETr0 BPEeMEHH IIepeMelie-
HUSI XapBecTepa MEXIy paboYrMH MO3HLUSAMH B pacdeTe Ha OJHO CHHJICHHOE JEPeBO, 00TaJaronie HayqYHOH 1
NpaKTUYeCKOH HOBU3HOM. JloKa3aHo, 4TO HOPMHUPOBAHHE TPY/a HEBO3MOXKHO O€3 yueTa BIHSHHS Ha 9TH HIEMEHTBI
BPEMEHH TAaKHX ITOKA3aTeNIeH, Kak cpefHui 00beM XJIBICTA Ha JIeCOCeKe, OISl BEIpyOaeMoro KOMIIOHEHTA, 3ariac
JIPEBECHHBI Ha TEKTape U KOJMYECTBO KPYITHOTO TOIecKa Ha ecoceke. [loka3zaHbl quarpaMMbl H3MEHEHHMS 3HAYC-
HUH 2]IEMEHTOB BPEMEHH LIUKJIA B YCIIOBUSAX pa3HOOOPa3Us IPUPOIHO-IIPOU3BOJICTBECHHBIX YCIOBUM Ha pa3InuHbIX
JIECHBIX y4acTkax. Ha 0OCHOBE MOy4eHHBIX B CTAaThE BHIBOAOB, pa3pab0TaHbl IPAKTHYCCKHE U HAYYHBIC PEKOMCH-
JIalu, TOBBIIIAtoNIHE 3¢ GEKTUBHOCTH HOPMUPOBAHUS TPY/a Ha JecoceyHbIX padorax. [lomydeHHble perpeccnon-
HBIE MOJICNI! PEKOMEHAYIOTCS JUIsl aHamu3a 3G (HEeKTUBHOCTH pabOThl 1 HOPMUPOBAHHUS TPY/a NPH UCIIOIb30BAHUN
xapsecrepa Silvatec 8266,
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CI/ICTGMLI COPTUMEHTHOM 3ar0TOBKHU JIPEBECUHBI
KOMILICKTOM MalllMH XapBecTep + ¢opsapiaep
y’K€ MHOTO JIET HUCIIOJIb3YIOTCS B CKaHJIMHABCKHUX
crpanax [1-3]. I[Toutu 100 % cerogusuHUX 3aro-
TOBOK B [IIBenun n OUHIAHANM OCYILECTBISIOTCS
CHCTEMaMHU JIJIsl COPTUMEHTHOW 3arOTOBKH APEBECH-
HEI [4, 5]. B 9THX 1 Ipyrux cTpanax ObUTH ITpoBee-
HBI Pa3UYHbIC UCCIICIOBAHMS, B TOM YHCIIEC aHAIIN3
MIPOU3BOJUTEIBLHOCTU [6—8] U OlleHKa XapBecTepa
B LIETIOYKE MOCTAaBOK APEBECHUHBI MOTPEOUTEISAM
[9-11]. B CeBepHoit AMepuKe TaKue CUCTEMBbI UC-
nosip3ytoTes mpuMmepHo B 20-30 % ciyuaes [12],
Ha oro-soctoke CIIIA — emie MeHblne, T. €. HE
oonee 1 % ciyyaes ucnonb3oBanus [13]. B Poccuu
JI0JIs1 COPTUMEHTHOM 3arOTOBKH JIPEBECHHBI B 001IEM
o0beme pyOok cocrasisieT npumepno 30 %, a B ce-
Bepo-3anaHbIxX pernoHax P® ona gocruraer 90 %,
YTO CBSI3aHO C HEOOJBIIMMHU pa3MepaMu JIECOCEK U
HaJM4YUEM B IIPOU3BOACTBE 3HAUYUTEIBHOTO YHUCIIa

© Asrop(s1), 2024

MallIMH, TOCTABJISBIINXCS U3 TPaHUYAICH ¢ HUMHU
Ounnsaaaum [14, 15].

OueHka MpoU3BOJACTBEHHON (P eKTUBHOCTH
MaIIUH JUIsl COPTUMEHTHOM 3aroTOBKU JPEBECHHBI
npuolpena akTyallbHOCTh 110 MPHYMHE Pa3THYHBIX
MPUPOIHO-ITPOU3BOACTBEHHBIX YCIOBHM Ha KaX101
OT/ICILHO B3ATOM JJIsI aHaliu3a jecoceke [16—18].
O1EeHUTD BIMSHUE BCEX MPUPOAHO-TTPOU3BOCTBEH-
HBIX ()aKTOPOB B PEAJIbHBIX MPOU3BOJACTBEHHBIX YC-
JOBUSX 3aTPYAHUTEIHHO BBUIY HEOOXOIUMOCTH
MPOBEICHHUS 3HAYUTEIBLHOTO 00beMa IKCIIEPUMEH-
TaJbHBIX MCCICOBAHUHN B LENAX JOCTUKCHUS JI0-
CTOBEpPHBIX PE3YJBbTATOB.

OpHuM U3 croco6oB aHaIM3a pabOTHl MAIIUH
C Y4ETOM COBOKYIHOCTH BIHUSIOMUX (HaKTOpOB
SIBJISIETCSI MOJIEJIMPOBAHUE TEXHOJIOTHUYECKOTO
rpoiecca JIeCOCEYHbIX padoT, B YaCTHOCTH, UMU-
TallMOHHOE MOJIeJTMpOBaHUE B 00JaCTH COPTH-
MEHTHOM 3arOTOBKH JPEBECHHBI, HaJl KOTOPHIM pa-
00TanM pa3TUYHbIC OTEYECTBEHHBIC U 3apyOCKHBIC
yYCHBIC.
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Bauy 6osbIioro pazHoo0pasust yciaoBuil paboTh
B JIECy, U3y4YaeMbIX B IIPOLIECCe MOACIUPOBAHMS,
P aHAJIM3€ MPOU3BOICTBEHHOIO Mpolecca U 3a-
TPAT 3a4acTyIO UCIIOJIb3YETCsl KOMIIBIOTEPHOE MOJIE-
nupoBanue [19-22]. C noMomp0 KOMIBIOTEPHOTO
MOJICTIUPOBAHUS JECOCEUHBIX PabOT C UCIIONIB30-
BaHHEM XapBecTepa MPOBEACHO J0CTATOYHO MHOTO
uccienoBanuii [23-26]. Hanpumep, B pabdote [27]
CMOZICTUPOBaHa CUCTEMa COPTUMEHTHOM 3aroToB-
KM JIPEBECUHBI 110 aHAJOTUU C CUCTEMOH OeH30-
nujia + NakeTUPOBOYHO-TPEIEBOYHASA MalllMHA U
CHUCTEMOH BaJIOUHO-ITAKETUPYIOIIasi MallMHA + Ta-
KETUPOBOYHO-TPETIEBOYHAS MAIIIMHA.

B npyrux uccienoBaHusax, CHCTEMA XapBeECTEP —
(dopBapaep oLeHUBaANIACH C UCIIOIB30BAaHUEM METO/IA
JIUCKPETHOTO MOJISTHPOBaHus coObrTuii [28]. B ka-
YECTBE MCXOJHBIX JAHHBIX MCIIOJIB30BAJIOCh CTATH-
CTHUYECKOE paclpesiesieHHe, OTyYeHHOE Ha OCHOBE
JTaHHBIX IMOJIEBBIX MccienoBanuil. [1o pesynsraTam
MOJICTTUPOBaHUsI OBUIO pa3padoTaHo ypaBHEHUE JIU-
HEWHOHN perpeccuu Ajsl MPOU3BOJICTBEHHOTO MPO-
L[ecca CUCTEMBI.

Nmunranuonnas mozens, co3nanHas 10.B. Cyxa-
HOBBIM U Ap. [29] Monenupyet onpeaeieHue cieny-
IOIIEH TEXHOJIOTMUECKON CTOSIHKY, IBU)KEHHSI, BaJIKU
1 00paboTKH AEPEBBHEB U JTa€T BO3MOKHOCTH MHO-
TOKpPaTHOM MMUTAIMK TEXHOJOTHYECKOTO Mpolecca
Pa3paboTKH JeCOCEK MPU HAIMYUH Y HUCCIIEIOBATEIS
COOTBETCTBYIOIIETO IPOTPAMMHOTO 00ECTICUEeHUSI.

B ocnoBy pa6ots A.Il. Cokonosa, E.B. Ocu-
nosa [30] 3am0keH0 UMUTALIMOHHOE MOJIETUPOBa-
HUe paboThI XapBecTepa ¢ UCIOIb30BaHHEM METOAA
JUCKPETHO-COOBITHITHOTO UMUTALIMOHHOTO MOJIe-
nmupoBaHus Ha ceTsix [lerpu. ABTopsl padoTs [31]
C TIOMOIIIbI0 KOMIIBIOTEPHOTO MOJIETUPOBAHUS U3-
ydanu 3(Q(QeKTUBHOCTh COPTUMEHTHOM 3aroTOBKH
JPEBECHHBI Ha BEIOOPOYHBIX pyOkax. OHM CMOJEIH-
pOBaM BpEMEHHBIC 3JIEMEHTHI PadOThl XapBecTepa
u hopBapaepa, U UX pe3yabTarhl HOKa3alu, 4To MMpo-
W3BOUTEIBHOCTH CUCTEMBI cOaJlaHCUPOBaHa PH pa-
00Te B IPEBOCTOSIX C JUAMETPOM CTBOJIA B CPETHEM
ot 15 1o 25 cm.

B pabore [32] cmomenupoBaHbl U CHIMHTHPOBAHBI
3aTparbl Ha COPTUMEHTHYIO 3aTOTOBKY JPEBECHHBI C
HCIIOJI30BAaHNUEM ISATH CUCTEM ISl 3arOTOBKH He-
OOJILIINX JEPEBHEB B €CTECTBEHHBIX HACAYKACHUSIX
1 JI0OKa3aHo, YTO KOMITBIOTEPHOE MOJIETUPOBAHHE —
9T0 3P PEKTUBHBIN CTIOCO0 M3yUYEeHHUs 3aTpaT Ha Jie-
CO3aroTOBKH MPH PA3ITMYHBIX COUETAHUSIX IPEBOCTOS
Y MalluH.

OnHako BOIMpoOC ydeTa MPUPOJIHO-TIPOU3BO/I-
CTBEHHBIX (DaKTOPOB MpHU padOTe XapBeCTEpPOB Ha
BBIOOPOUYHBIX pyOKax B HACTOSIIIIEE BPEMsI U3yUCH HE
B [TOJTHOM Mepe, TaK Kak OOJBITUHCTBO U3 YIIOMSHY-
TBIX MCCIIEIOBAHUN OTHOCHUTCS JINOO K KOHKPETHBIM
pernonaM, MO0 K KOHKPETHBIM YCIOBHUSIM JPEBO-
CTOsI, YTO OOYCIIOBJIMBAET HEMOIHOTY MHPOPMAIHN

0 TIPOM3BOJICTBEHHOM TIPOIECCE U CTOMMOCTH CH-
CTEM COPTUMEHTHOM 3ar0TOBKH JIpeBeCUHBI AJisi PD.
He Bce monydeHHbIE B X0/ie paHee MPOBEACHHBIX
MMHUTAIMOHHBIX UCCIIEOBAaHUI pE3yNIbTaThl IPe/I-
CTaBJICHBI UX Pa3pa0OTYMKAMU B BUJIC MaTeMaTHye-
CKHX 3aBUCUMOCTEN C BO3MOKHOCTBIO UX IIepecuera
JUTSL IPYTUX MPOU3BOACTBEHHBIX YCIOBUN 0€3 uc-
T0JIb30BAHMS CTICLIUATTU3UPOBAHHBIX IPOTPAMMHBIX
cpenctB. OOOCHOBaHHBIC Ha JIAaHHBI MOMEHT MaTe-
MaTH4EeCKHE 3aBUCUMOCTH HaIlCICHBI JIUIIIEL Ha IIONCK
[IPOU3BOIUTEIBLHOCTH XapBeCTepa U HE MO3BOJIIOT
MPOBECTHU ACTANBHBIA aHATIU3 TPYAOEMKOCTH OT-
JIENBHBIX 3JIEMEHTOB TEXHOJOTMYECKOro IIMKJIA €ro
paboThI, 3aBHCSAIIUX OT MPUPOTHO-TIPOU3BOJICTBEH-
HBIX YCJIOBHH JIECOCEK.

Lenb pabotbl

Lenb paboTbl — 000CHOBaHNE MaTeMaTHIECKUX
3aKOHOMEPHOCTEH paboThl XapBecTepa, MO3BOJISI-
IOIIHUX C JJOCTATOYHBIM YPOBHEM JI0CTOBEPHOCTH
OCYIIECTBIISITH OBICTPBIC TEXHUUECKUE PACUETHI IIPO-
M3BOAUTENBHOCTH M TPYA03aTPaT MPHU BBINOJIHEHUN
Pa3NUYHBIX pyOOK Jieca.

MaTtepuanbl U metoabl

C ucnonb3oBaHHEM (PYHKIIMOHAJIBHBIX BO3MOXK-
HOCTEH CUCTEMBI HIMUTAIIMOHHOTO MOJEIHPOBAHHUS
AnyLogic coznana Mofens paboThl XapBecTepa Ha
aecoceke. B Hell peann3oBaH areHTHBIN MOAXON IIPH
MOZCIMPOBAHUH TEXHOIOTUUECKOTO Ipolecca pado-
TBI XapBecTepa.

WmuranmonHas MOEb MPOILLIA IPOU3BOACTBEH-
HYIO anpo0aiuio U A0Ka3alla CBOIO aJeKBaTHOCTh
Ha OCHOBE HaOMIOICHMI 3a XapBecTtepoM Silvatec
8266TH. JlanpHeliliee UMUTAIITMOHHOE MOJICIIU-
pOBaHUE OCYLIECTBISIIOCH MO MUTOTaM pealbHbIX
MPOM3BOICTBEHHBIX JaHHBIX, COOPaHHBIX B XOIE
MIPOM3BOACTBEHHOTO KCIICPUMEHTA.

J1st IMUTallMOHHOTO SKCIIEPUMEHTA OBLIT COCTaB-
JIeH 4eThIpex(akTOPHBIN SKCTIEPUMEHTAIBHBIHN TIaH
C BapbHpOBaHHEM (PAKTOPOB Ha YETHIPEX YPOBHSIX
B (OpME IKCIIEPUMEHTANBHOrO [UIaHa Tuma 44 u
peanu3oBaH YKCIEPUMEHT C IMOJIHBIM Iepedopom
BapHaHTOB. AHanu3upyemble (pakTOpbl YUUTHIBAIN
BO3MOJKHOCTB BBINOJIHEHHsT paboT B pa3HOBO3pACT-
HBIX JIPEBOCTOSIX NIPU BBHIMOJIHEHUH HA JIECOCEKaX
Pa3UYHBIX BUJIOB PYOOK.

Cpeay OCHOBHBIX (DaKTOPHBIX TPU3HAKOB OBLIN
MIPUHSATHI CICTYIONINE:

Q — o0mmii 3anac apesecunsl Ha 1 ra, M>/ra;

k; — nons BeIpyOaeMoro KOMIOHEHTA TI0 3aracy
JPEBECHHBI.

[Tokazarens 1071 BEIpYy0aeMOro KOMIIOHEHTA T10
3aracy JApeBECUHBI IaCT BO3MOKHOCTh IPOaHalu-
3UpPOBaTh Pa3IMYHbIC BUABI BEIOOPOYHBIX PYyOOK.
B wactHOCTH, IpU PaBHOMEPHO MOCTENEHHBIX H
JUTUTEILHO TIOCTENEHHBIX PyOKax ero 3HaueHUs
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Puc. 1. IIpumep aHann3a OTJAENBHBIX IIEMEHTOB BPEMEHH LIMKJIA pa0OThI XapBecTepa Ha OCHOBE
HMMHTAIMOHHOTO MOJICJIMPOBAHUSI TEXHOJIOTHYECKOTO TIporiecca

Fig. 1. Example of analysis of individual elements of harvester cycle time on the basis of
simulated service test of technological process

u3MeHstores B npeenax ot 0,3 no 0,5, mpu 1006po-
BOJILHO BBIOOpPOYHBIX pyOkax — ot 0,15 mo 0,4, B
3aBUCHMOCTH OT MHTEHCHBHOCTH U3PEKHUBAHHUS Jpe-
BocTos. [Ipy mpopekuBaHUSAX U MPOXOTHBIX PyOKax
JAHHBIHN ToKa3atenb cocTaisieT ot 0,15 10 0,5, npu
mpoxonHbIX pyokax — ot 0,2 1o 0,4;

K, — KoJIM4ecTBO KPYIHOTO MOJJECKa Ha
1 ra, mt./ra.

[Ton moaseckoM 371€Ch TOHUMAEM CIIEAYIOIIHE
JPEBECHBIC TTIOPO/IbL: PSIOMHY OOBIKHOBEHHYO, Uepe-
MYXY, UBY U T. 1. [Ipn aHanu3e y4uThIBAIMCH JIUIIb
JIePEeBbsI, CTBOJI KOTOPBIX HEOOXOIMMO CITUJIMBATH
XapBeCTEpPOM;

V, — 00beM XJbicTa BBIPy0aeMOro KOMIIOHEH-
Ta, M>.

B xozne UMHUTAIIMOHHOTO MOJEIHPOBAHUS BECh
TEXHOJIOTUYECKUH Tpolecc padoThl XapBecTepa B
TEUYEeHHE CMEHBI U MOCJe0BaTebHON 00paboTKu
JiepeBbEB pa3OMBaJICs Ha PsiJl AJIIEMEHTOB BPEMEHH
nukia (puc. 1).

Jnsa panpHeinero aHajgu3a UCHOJIb30BaINCh
JIMIIB TTOKA3aTeNd, 3aBUCSIINE OT MPUPOIHBIX YC-
JoBuii Ha Jiecoceke. Ha ocHoBe anpuopHoii nugop-
MaI[U¥ MOYKHO TIPEJINOJIOKUTh, YTO TIPU 00paboTKe
OJTHOTO JIepeBa BBIJICICHHBIC JJIS IMUTAIMOHHOTO
MOZICTTMPOBaHUsI (PaKTOPHBIEC MPU3HAKH MOTYT OKa-
3aTh HauboJee 3HAUUMOE BIIUSHIE HA TAKKE DIICMEH-
TBI BpEMEHHU Pa0OTHI XapBecTepa, KaK MepedncIIeH-
HbIE HUKE!

t, — cpenHee BpeMs aHAIM3a OIEpPaTopoM J0-
CTYIHOCTH BBIPY0OaeMoro JiepeBa, yCTpaHeHUs 1pe-
IIATCTBUH B BUJI€ KPYIIHOTO NOJUIECKA U HABEICHUS
MaHHUIIYJISITOpa Ha JAEPEBO, C;

t, — cpeaHee BpeMsl IEPEMEIICHUs TOBAJICH-
HOTO JiepeBa B 30HY €ro mocienyromieid oopadboTku
C KOPPEKTHPOBKOW M 0€3 KOPPEKTUPOBKH padoueit
IIO3ULIMHU B IIPOLIECCE IIEPEMEILEHUS, C;

I, — CpCIHEC BpEeMs NIEPEMCIICHH MEKIY pa-
0OYMMHM MO3UIUSIMH, C.

Bce ocranbpHbIE 311eMEHTBI BpEMEHM LIUKIA pa-
0OTHI XapBecTepa B TeYCHHE CMEHBI, B YaCTHOCTH,
BpPEMsI MaHEBPOB Ha IOIPYy30YHOM IIyHKTE, Bpe-
Msl [IEPEMELIEHUN Ha JIECOCEKY U MOI'PY304YHbIN
IIYHKT, BpeMs IIEPEPBIBOB, BpEMs 3aXBaTa J€peBa
HOXKaMHU XapBECTEPHOU TIOJIOBKU, CIIMIUBAHUS U
CTAJKWBAaHMS €r0 C MHS, BpeMsi 0Ope3KH Cy4beB,
PacKpsDKEeBKH U OTKOMJIEBKH, JINOO BOBCE HE 3aBU-
CAT OT MPUPOJHBIX YCIOBUH Ha Jecoceke, JIN0o He
SIBJISIFOTCSL CTOXaCTUYECKUMHU BEJTMYMHAMM U ITOUU-
HSIIOTCSl TOYHBIM MaTEeMaTHYECKUM U (pH3HUeCKUM
3aBUCHUMOCTSIM.

3HayeHHs MapaMeTpoB U3MEHSUINCH B JIMana3o-
HaX, MPEJCTaBICHHBIX B TaOIMI. 1.

PaccmoTpuM npumep UMUTALMOHHOTO JKCIIE-
PUMEHTa 110 aHAJIM3y OJHOYACOBOW IPOU3BOIU-
TEIBHOCTH W TPyHO3arpar Ha oOpaboTKy JepeBb-
€B XapBECTEPOM B OAHOW M3 (PUKCa)KHBIX TOUEK

(puc. 2).
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Puc. 2. [Iprmvep IMHUTAIIOHHOTO SKCIIEPUMEHTa PabOTHI XapBecTepa B CHCTEME IMUTAIHOHHOTO

mozenupoBanus AnyLogic

Fig. 2. Example of harvester simulated service test in AnyLogic simulation modelling system

Pe3ynbTatbl M 06Cy}KaeHUe

[TonyueHHbIE B X0[Ie¢ MMUTALIMOHHOTO MOJAEIH-
pOBaHUS PE3yJIbTaThl MPOILIH CTATUCTUYCCKYIO
00paboTKy, B pe3ysbTaTe KOTOPOW MPEJIOKEHA pe-
IrpeccHOHHasi 3aBUCUMOCTH JJIsl pacyeTa cpeaHen
0JTHOYACOBOW MPOU3BOIUTEILHOCTH XapBecTepa B
Pa3NUYHBIX YCIOBHAX JIECOCEUHBIX PadoT

O(a, +ask, +a.K, +aV,)+
+k,(a, +ag-K, +a,V,)+
+K, (a; +a V) +a,V, +
I = +a, 0" + aleiz + a13Kr? +a,V;
“ Ok V' ’
TIe a,— d;5s — KO PUIMEHTHl ypaBHEHHS PErPECCHH.

[TomydeHbl pe3yabTaThl pacyeTa KodppuueH-
TOB YpaBHEHHUS PETPECCHH U UX JIOBEPHUTEIbHBIX
nHTepBaioB (Tadn. 2). TabnuuHble 3HAUCHUS fe-
MOHCTPHUPYIOT CTaTUCTUYECKYIO 3HAUUMOCTh BCEX
K09(PUIIHEHTOB.

3Ha4YeHUs], TOTyYEHHBIE [0 PETPECCHOHHOM 3aBH-
CHUMOCTH, COBIIAJIM C PE3YJIbTaTaMi KOMIILIOTEPHOTO
JKCIIEPUMEHTA C JIOBEPUTEIHLHON BEPOSITHOCTHIO
0,95. MHOXECTBEHHBIH KO(QPHUIUEHT AeTepMUHA-
nuu R? HenuHelHoi Monenu coctaBmil 0,994.

AJICKBaTHOCTH PE3YJIbTaTOB, MOIYYSHHBIX C I10-
MOIIBIO PErPECCUOHHON MOJIEIH, OTPaHUYCHA UC-
MOJIb30BAHHBIM TIPU €€ MOCTPOCHUH JTHANa30HOM
BapbUpOBaHus (HaKTOpOB. Beixossiue 3a mpeesns
9THX JMaNa30HOB MCXOJIHBIC JaHHBIC HE aHAJH3U-
POBaJIMCh B paMKax PEICHUs MMOCTAaBICHHOHN 3aja-
YH, a CJIeJI0BATEeNbHO, TIPY 3HAYUTEILHOM BBIXOJIE

Taoauma 1
Jlnana3oH n3MeHeHusl (PAKTOPHBIX NPU3HAKOB
B X0JI€ peajiu3alii HMUATAIMOHHOTO
MO/IeJIMPOBaHus PadoThl XapBecTepa

Range of changes in factor attributes during
the implementation of harvester simulated service test

VYenoBHoe
N
TMokaszarens 06o3Have- POBHH BapBHPOBAHILL
HHE 1 2 3 4

OO0mwmii 3amac
JIPEBECUHBI Q 50 | 120 | 190 | 260
Ha | ra, M’/ra
Jlons BeIpyOaemoro k. 02 | 04| 06 1
KOMITOHEHTA
KonuuectBo nomiecka K. o | 150 | 300 | 450

Ha reKkrape, mr./ra

O0BeM XJIbICTa
BBIpyOaeMoro V, 02107 |12 1,7
KOMIIOHEHTA, M3

3a yKa3aHHBIE TIpeieNibl BAPbUPOBAHMS TApaMETPOB
HCCIe0BaTeNId MOTYT MONIYYUTh ONHM3KHE, HO HE
BCEI/Ia aJIeKBaTHBIC PE3yJIbTaThI.

['padmueckas neMoHCTpaLUs H3MEHEHUS MTPOH3-
BOJIUTEIBHOCTH XapBecTepa B Pa3IMYHBIX MPUPOI-
HBIX YCIIOBUSIX Mpe/icTaBlieHa Ha puc. 3. O0beMHBIC
JarpaMMbl IOCTPOEHBI TI0 PErPECCHOHHOM MOIeNn
IyTEM TOIMAPHOTO BapbUPOBaHMS (PaKTOPHBIX MPH-
3HAKOB B YKa3aHHbBIX paHee Jrarna3oHax.

AHanus puc. 3, @ CBUJIETENBCTBYET O MOCTETIEH-
HOM yBesnueHnH 3G HeKTUBHOCTH padOTHI XapBecTe-
pa ¢ pOCTOM CpeiHero o0beMa XJIbICTa Ha JIECOCEKE.
YMeHbIIeHHUE JI0JTU BHIPY0aeMOro KOMIIOHEHTA TIPH-
BOJUT K CHHYKCHHUIO €T0 TIPOU3BOIUTEIHHOCTH.
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Tadoanuna 2

IIpoBepka cTaTuCTHYECKOH 3HAYMMOCTH K03 (PHIMEHTOB ypaBHEHHsI perpeccuu
pacdeTra 0JHOYACOBOM NMPON3BOAMTEILHOCTH XapBecTepa

Checking the statistical significance of the regression equation coefficients
for calculating the one-hour productivity of the harvester

Koadhdpumment 3aucHie Crasaprsas Hwxuue rpanunst | Bepxuue rpanuiibt
ypapHenus | bdunmenTa om6Ka {-CTaTHCTHKA P-3Hauenue JOBEPHUTENBHOTO | JOBEPUTENHHOTO
perpeccuu unrepsaia 95 % unrepsaia 95 %

a —0,7397 0,1950 -3,793 0,000 —-1,12436 —0,35504
a, —149,422 48,9270 -3,054 0,003 —245,935 -52,909
as 0,153392 0,0513 2,992 0,003 0,052268 0,254516
a, -122,553 22,0370 -5,561 0,000 -166,023 —79,083
as 30,214 0,2266 133,332 0,000 29,7670 30,6610
as —0,0028 0,0002 —-12,848 0,000 —0,0032 —-0,0024
a; —0,79193 0,1326 -5,974 0,000 —-1,05343 —0,53043
ag —0,9281 0,0599 -15,501 0,000 —1,0463 —-0,8100
ay —252,608 37,0970 —6,809 0,000 —325,785 —179,431
a 0,067226 0,0302 2,228 0,027 0,007696 0,126755
ay, 0,003926 0,0006 6,665 0,000 0,002764 0,005088
ap, 329,7531 35,9838 9,164 0,000 258,7717 400,7346
ap 0,000248 0,0001 2,889 0,004 0,000079 0,000417
ayy 44,78558 12,4344 3,602 0,000 20,25753 69,31362
as —0,6966 0,0130 —53,759 0,000 —-0,7222 —0,6711

KoMmruiekcHbIll aHau3 00bEMHBIX JHATPaMM
(puc. 3, a—6) moKa3bIBaCT, UTO TaKas 3aKOHOMEp-
HOCTbh OTYETIMBEE MPOSBISLCTCS MMPH CHUIKCHUU
Hmwxke 40 % BrIpyOKM IO 3amacy U MeHee oue-
BHJIHA [IPU POCTE ITOTO MoKazaTens. Juarpamma,
NpeJICTaBJICHHAsl HAa pUcC. 3, 6, CBUIETEIBCTBYET
O HC3HAYUTCIIbHOM BJIMAHUW HAa NPOU3BOAUTCIIb-
HOCTB XapBecTepa 3amaca JApeBecHHbl Ha | ra npu
CIUTOLIHBIX pyOKax Ha JecOoCeKe, OAHAKO MpH Te-
pexojie OT aHaIM3a CIUIONIHBIX PyOOK K BEIOOPOU-
HBIM pyOKaM BIHMsHHE oOlIero 3amaca Ha | ra Ha
pe3ysbTaThl ero padoThl CTAHOBHUTCS BCe Ooliee
O4YCBUIHBIM. Amnanus ClIeaAyromux AByX AuarpamMmm
(cM. puc. 3, 6, 2) MOKa3bIBA€T CTECICHb BIMUSHHUS
KOJIMYECTBA MO/JIECKa Ha BEIpabOTKy omepaTopa u
CBUACTCIBLCTBYET O BEPOATHOCTHU CHUKCHUSA TIPO-
MU3BOJAUTEIBLHOCTH 10 5...25 % nume Onaromaps
TOMY (akTopHOMY npu3HaKy. [Ipu aTom, o ana-
JIOTHUH C NpCAbIAYIIMMHA BBIBOJAMMU, HaI/IGOJ'II)HII/IC
3HAUEHHS U3 ITOrO Juara3zoHa XapakTepHBI s
BBIOOPOYHBIX PYOOK Jieca.

HaI/I6OJ'H)]_He€ BJIMAAHUEC HA IMPOU3BOAUTCILHOCTD
XapBecTepa OKa3bIBACT CPEIHUI 00bEM XJIBICTA Ha
JISCOCEKE, TaK Kak (CM. puc. 3, a, &) CHUWKEHUE 00b-
eMa XJIBICTa B UCCIIelyeMOM JIara3oHe MPUBOJIHUT K
COKpAILIEHHIO MTPON3BOANTENLHOCTH 10 70 % OTHO-
CUTEJIbHO MaKCUMAaJIbHO 3a(UKCHPOBAHHOTO IMOKa-
3aTeCJid, B TO BpEMA KaK BJIIMAHUEC 3al1aca JPEBCCUHDBI

Ha MPUBEJICHHBIX TpapuKax OrpaHUYNBACTCS JIUIITh
14 % (cm. puc. 3, 6), konmuuecTBa oaecka — 25 %
(cMm. puc. 3, ), a 10U BEIPY0AEMOTO KOMITOHCHTA —
35 % (cMm. puc. 3, 6—2).

AHaJOrMYHO MPOBEJCHA CTATUCTUYECKas o0pa-
0O0TKa pe3yJIbTaToB HAOIFOACHUI JIJIsI OT/ICIIBHBIX Jie-
MCHTOB BPEMCHU LMKJIA, HaI/I6OJ'Iee NOABCPIKECHHBIX
HU3MCHCHHAM B PA3JIMYHBIX MMPUPOAHLIX YCIOBUAX
JIECOCEK.

Hcnonp3oBanue uccinenoBaTeneM B KaYeCTBE pe-
3yJIBTATUBHOTO ITPU3HAKA CPEJTHETO BPEMEHH aHAIIN3a
OIIepaToOpOM XapBecTepa JOCTYIMHOCTH BEIPYyOaeMOro
JlepeBa, yCTPAaHEHUs IPEIATCTBUI B BUJIE KPYITHOTO
noAJICCKa U HAaBCACHUS MAHUITYJIATOpPA HAa AEPEBO
MO3BOJIMJIO MOTYYUTH CIIEAYIONIYIO0 PErPECCHOHHYIO
3aBUCHMOCTh

by + QO (b, +bk,)+ K, (b, + bk, )+
o +V, (b +bK, )+ b,K} + bV,
" OkV,»

[Ipu 3TOM MHOKECTBEHHBIH KO3 (DULIMEHT AeTep-
MuHauuu R? cocrasui 0,892.

Hcnonp3oBanue B Ka4eCTBE Pe3yIbTaTHBHOTO
MpU3HAKA CPEJHETO BPEMEHHU MepeMenIeHus Mo-
BAJICHHOTO JIEPEBA B 30HY €ro Mocleayromei 00-
paboTKK ¢ KOPPEKTUPOBKOW U 0€3 KOPPEKTUPOB-
K1 pa0boyell MO3UIMHU B IIpoliecce MepeMenieHus
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Puc. 3. 3aBUCHMOCTb MPOU3BOIUTEIBHOCTH XapBecTepa OT Pa3IMYHbIX MPUPOIHBIX YCIOBHIA Jie-
COCeKH: a — npH u3MeHeHnu V, u k; ¢ nocrosuubiMu Q u K; 6 — nipu m3menennu Q u ;
¢ nocrostHHBIME V, 1 K ; ¢ — mipn m3menennu K, u k; ¢ mocrostHabMu V, 1 Q; 26 — 1ipn

m3meHennn K u V, ¢ mocrostaubiMu k; 11 Q

Fig. 3. Dependence of harvester productivity on different natural conditions of the harvesting area:
a— when V, and k; with constant Q and K; 6 — when Q and k; with constant V, and K, are
changed; 6 — when K, and k; are changed with constant V, and Q; 2— when K, and V, with

constant k; and Q are changed

TO3BOJIUJIO TIOJYYHTh CIICAYIONIYIO PErPECCUOHHYIO
3aBUCUMOCTD
t,=c,+ Q(c1 +csk; +c K, +c,V, ) +
+k,(cy + eV, )+ K, (csk, +¢5 )+ V, (¢, +¢,0K, )+
‘e kil + e, K+ V.
[Tpu 3TOM MHOXKECTBEHHBIN KOI(DDUIMEHT JeTep-
MuHauuu R? cocrasui 0,845.

Hcnonp30oBanre B Ka4eCTBE Pe3yJIbTaTUBHOTO
MIpU3HaKa CPEeIHEro0 BPEeMEeHH MepeMeIleH s Xap-

BecTepa MEKIy pabOYUMU MO3UIIUIMHU B pacyere
Ha OJIHO JICPEBO MO3BOJIMIIO TIOJYYHUTh CIICAYHOLIYIO
PErpeCCHOHHYIO 3aBUCHMOCTh

(ar0 +k(d +d,0+d.K,)+K,(d, +d4Q))
= Ok

[Ipu aTOM MHOKECTBEHHBIH KO3 (DULIMEHT AeTep-
MuHauuu R? cocrasui 0,896.

Pesynbrarhl pacyera KOO QHUIMEHTOB ypaBHEHHS
perpeccum u ux JOBEPUTEIbHBIX WHTEPBAJIOB TPH-
BEIEHEI B Ta0II. 3.
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Tadbnuma 3

IIpoBepka cTaTuCTHYECKOH 3HAYMMOCTH K03(Q(PHIMEHTOB ypaBHEHHsI perpeccuu
NpHu 000CHOBAHHMM CPeJHEro BpeMeHH! aHaJIM3a JOCTYIIHOCTH BhIpy0aemMoro aepesa,
yCTpaHeHHUsl NMPenATCTBUI U HABeeHUsI MaHUITYJIATOpA

Testing the statistical significance of the regression equation coefficients when justifying the average time
for analysing the accessibility of the tree to be cut, removing obstacles and guiding the manipulator

SnaueHie Cranpapraas Hwxnue rpanunp! | BepxHue rpaHuiist
Koapunment xoadumenTa omnbKa #-CTaTUCTHKA P-3Hauenue JIOBEPUTEIIBHOTO | JIOBEPUTEIBHOIO
unHTepBana 95 % nHTepBana 95 %

by —-16,8924 6,6250 —2,5498 0,0116 —29,9587 —3,8261
b, —0,6323 0,0507 —12,4776 0,0000 —0,7322 —0,5323
b, 0,150539 0,038083 3,952918 0,0001 0,07543 0,2256
b 42,82234 13,03726 3,28461 0,0012 17,1094 68,5353
by 13,6398 0,1266 107,7202 0,0000 13,3900 13,8895
bs -0,17207 0,04196 —4,10060 0,0001 —0,2548 —0,0893
b 1,32378 0,02246 58,93521 0,0000 1,2795 1,3681
b, —0,00019 0,00007 —2,71930 0,0071 —0,0003 —0,0001
by —18,4956 7,2183 —2,5623 0,0112 —32,7320 —4,2591
by 0,021955 0,009065 2,421960 0,0164 0,0041 0,0398
Co 7,56201 0,32922 22,96954 0,0000 6,91262 8,21140
c 0,015856 0,001895 8,365882 0,0000 0,012118 0,019595
c, 10,59971 0,73579 14,40581 0,0000 9,14834 12,05109
c3 0,007483 0,001009 7,418155 0,0000 0,005493 0,009473
Cy —4,3837 0,3664 —11,9640 0,0000 —-5,1065 -3,6610
cs —0,00942 0,00180 —-5,22596 0,0000 —0,01298 —0,00587
Cs —0,00001 0,00000 —3,99362 0,0001 —0,00002 —0,00001
cy —0,00407 0,00132 -3,09271 0,0023 —0,00667 —0,00148
Cg 0,00794 0,00073 10,81634 0,0000 0,00649 0,00938
Co 2,572018 0,265061 9,703492 0,0000 2,049177 3,094858
Co 0,002222 0,000465 4,782194 0,0000 0,001306 0,003139
cy -9,4500 0,5136 —18,3987 0,0000 —-10,4631 —-8,4369
cp —0,000004 0,000002 —2,59772 0,0101 —0,000007 —0,000001
cp3 1,045626 0,184137 5,678521 0,0000 0,682411 1,408841
d, 1474,823 13,849 106,495 0,0000 1447,512 1502,134
d, -305,263 40,764 7,489 0,0000 —385,652 —224,873
d, —0,28227 0,06518 —4,33041 0,0000 —0,411 0,154
d, 0,937587 0,248288 3,776211 0,0002 0,448 1,427
d, 0,001719 0,000332 5,183645 0,0000 0,001 0,002
ds 0,864121 0,129283 6,683950 0,0000 0,609 1,119
dy 0,893 0,007 —126,354 0,0000 0,907 0,879

3aBUCUMOCTh H3MEHECHHUS CPEIHETO BPEMECHHU aHa-
JM3a JIOCTYITHOCTH BBIpy0aeMoro aepesa, ycTpaHe-
HUsI MPETSTCTBUN M HaBEJCHUS MAaHUIYJIATOpa B
Pa3IMYHBIX TPHUPOJIHBIX YCIOBUSIX JICCOCEK MPEJI-
CTaBJIcHA Ha puc. 4.

Ananu3 o0beMHBIN auarpamm (puc. 4, a, 8)
MOKa3aJj, YTO MPU YMEHBIIICHHH MPOIIEHTa BEIOOP-
KU JIPEBECHHBI 110 3aracy YBEIUYMBACTCS BpPEMsI
aHayiu3a JOCTYMHOCTH BbIpyOaeMoro aepesa u
HaBEJCHUS MaHUITYJIATOPA, MOCKOJIbKY MPU CO-
KpaIlleHUH JIOJH BhIPyOAeMOTro KOMIIOHCHTA YyBe-
JINYMBACTCS KOJUYECTBO MPEIMSATCTBUN HA MyTH
JIBIDKCHUSI MAHUITYJISITOPA B BUJIC OCTAIOIIMUXCS Ha
JIopalirBaHKe JepeBbeB. [Ipu 3TOM yBeIMYMBACTCS

4acToTa CMEHBI pab0vMX MO3UIHH, a CIeI0BaTeb-
HO, ¥ BPEMEHM Ha aHaJIN3 CUTyalluu U JEHCTBUS
omeparopa MpH YacThIX NMEpPEeMEUIeHUIX Mallu-
HbI. TpaexkTopus ABMKEHUS MaHUIYJIATOpa UAET
B 00XOJl OCTaIOIINXCA ACPEBbEB, YTO MPUBOAMUT K
YBEJIIMYEHHUIO 3aTPaT BPEMEHH IPHU BHIITOJIHEHUHU
3TOH OIepaluu.

[Ipu mMeHbIIEM cpeaHeM oObeMe XJIbICTa Ha Of1-
HOW M3 JIByX CpaBHMBAaEMbIX JIECOCEK U MPH OJMHA-
KOBOM 3ariace Jjieca Ha KaXJI0i U3 HUX KOJUYECTBO
nepeBbeB Oyaer OoJble Ha 3TOH JiecOCeKe, YeM Ha
npyroii. TakuM 0Opa3zom, KOJIMYECTBO AEPEBBEB, 00-
pabarbIBaeMBIX XapBECTEPOM C OAHOW padoueii mo-
3UIIMU, TEM OOJIBIIIE, YEM MEHBIIE CPEIHUN 00beM
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Puc. 4. 3aBHCUMOCTb CpEHETO BPEMEHH aHaIn3a AOCTYITHOCTH BBIPyOAaeMoOro aepeBa, yCTpaHCHHUs
MIPEMATCTBUH ¥ HABEICHUSI MAHUITYJISITOPA OT PA3THIHBIX IIPUPOJHBIX YCIOBHIT JIECOCeK: d —
npu u3menennu V, u k; ¢ noctosaubiMu Q u K ; 6 — nipu m3menennu Q u k; ¢ MOCTOSHHBIMEU
V, u K,; 6 — nipu u3menenuu K, u k; ¢ nocrosiueivu V, u Q; ¢ — npu m3menennu K, u 'V, ¢

TIOCTOSIHHBIMU k; 1 Q

Fig. 4. Dependence of the average time of analysing the accessibility of the felled tree, removing
obstacles and guiding the manipulator on different natural conditions of harvesting areas: a —
when V, and k; with constant Q and K; 6 — when Q and ; with constant V, and K; 6 — when
K, and k; with constant V, and Q are changed; 2 — when K, and V, with constant k; and Q are

changed

XJIBICTA Ha JiecoceKe (TIPH MPOYMX PAaBHBIX YCIOBHSAX).
Taroke U3BECTHO, YTO YeM OOJIbIIIe 3arac APSBECHHBI
Ha OJTHOH M3 IByX CPaBHUBAEMBIX JIECOCEK IPU OJIMHA-
KOBOM CpellHeM o0beMe XJIbICTa Ha HUX, TeM OOJIbIIe
Ha Hell aepeBbeB. C y4eTOM 3THX 3aKOHOMEPHOCTEH,
a TaKKe MOJYYEHHBIX Pe3yNbTaToB (CM. puc. 4, a—2)
MOXKHO YTBEPIK/IaTh, YTO Y€M OOJIBILIE ICPEBLEB OIIe-
parop MOXeT 00padoTarh ¢ OIHON paboUeH MO3UIUH,
TEM MEHBIIEE BIMSIHUE OKAXKET JI0JsI BBIPyOaeMoro
KOMIIOHEHTA Ha aHAJIU3UPYEMBII 2IIEMEHT BPEMEHHU
LUKJIA.

AHanu3 quarpamm (cM. puc. 4, a, 0) okasaii, 4Tto
HAHOONBIINN POCT 3aTpaT BpeMeHU (PUKCHPYeETCs
IpH BBIOOPOYHBIX pyOKax u BeIpyOke menee 40 %
3araca JIpeBECUHbBI Ha JISCOCEKE.

3HAYUTETHHOE YBETHMICHIE HCKOMOTO TIOKa3aTelst
(DMKCHPYETCS C TIOBBIIICHUEM CPEIHET0 00BEeMa XITbI-
cTa Ha Jecoceke (puc. 5, a, &), MOCKOIBKY TIPU MaJIoM
00beMe XJIBICTA, a CACIOBATEIILHO, OOJIBIIIOM KOJIH-
4eCTBe JePEBhEB Ha y4acTKe B | ra, 3HAYMTETbHBIN
00beM BBIpYOKH (hOPMHUPYETCS 3a CUET JCPECBHEB,
MPOU3PACTAIONINX HA BOJOKAX JJisg 00eCleueHus
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Puc. 5. 3aBHCHMOCTh U3MEHEHHS CPEIHETO BPEMEHH MIePEMEICHUsI TIOBAIICHHOTO JIEPeBa B 30HY €ro
HoCyeayroIIel 06paboTKN OT Pa3IMYHbIX IPUPOHBIX YCIOBHH JIECOCEK: @ — MPU M3MECHEHHN
V, u k;c nocrostrasivu Q 1 K, ; 6 — mipu m3menenwu Q u k; ¢ mocrosiaubivu V,, 1 K ; 6 — mipu
m3menennn K, u k; ¢ mocrostaabivu V, 1 Q; 2 — nipu m3menennu K, u V, ¢ mocrosiaabivu k; 1 Q
Fig. 5. Dependence of change in the average time of moving a fallen tree to the zone of its subsequent
processing on different natural conditions of harvesting areas: a — when changing V, and &;
with constant Q and K, ; 6 — when changing Q and &; with constant V, and K,; ¢ — when
changing K, and k; with constant V, and Q; 2— when changing K, and V, with constant k; and Q

MIpOe3/1a JIECOCEUHBIX MaluH. JlepeBbs, pacioso-
JKCHHBIC TI0 ITyTH JBWKECHUS XapBecTepa, TPeOyroT
MHHUMAJIbHBIX 3aTPaT HAa HABEACHUE MAHUITYJISTOPA,
TaK KaK MpH CIUIOLTHOW pyOKe JepeBbeB mepes Ma-
IIMHOM OTCYTCTBYIOT 3aTpaThl BPEMEHU HA aHAJIMU3
JOCTYIMHOCTH, IOUCK BBITOTHOHM pabouei O3UIHU 1
OTKJIOHEHHE TPAEKTOPUU XaPBECTEPHOM IOJIOBKH OT
MPSMOJIMHEHHON TPACKTOPUH B 0OXOJI MPETISTCTBUI.
B pesynbrare 4yem Oomblie MPOIEHT JACPEBHEB, BbI-
pyOaeMBIX ¢ IUIONIAIU BOJIOKA, TEM MEHBIIIE CPE/IHEE
3HAUEHHE AHATU3UPYEMOT'0 3JIEMEHTA BPEMEHHU LIUKJIA.
[Ipu OosbiioM 00BEME XJIBICTA M, KaK CICACTBUE,
MaJIOM KOJIMUYECTBE JIEPEBEB HA JIECOCEKE, YMEHbIIIA-
eTCsl KOJIMYECTBO JEPEBLEB, BHIPYOAEMbIX Ha BOJIOKE,

Y TIOBBIIIAETCS 00BEM BBIOOPKH I10 3aracy 3a CueT
pyOKu iepeBbeB ¢ nacek. JlepeBbsi, Mpou3pacTaromme
Ha rmacekax, TpeOyIoT OoJjibllle 3aTpaTr BpeMEHHU Ha
aHaJIu3 UX JOCTYIMHOCTH, YCTPaHEHHE MPENsITCTBUH
1 HaBeJeHue MaHumynsTopa. B pesynprare atoro
COKpallleHHe KOJINYeCTBa IEPEBLEB Ha JIECOCEKE MPH-
BOJIUT K YBEJIMYEHUIO CPETHEr0 BPEMEHH aHaIHn3a
JOCTYITHOCTH BBEIpYOaeMOro JiepeBa, yCTpaHeHUs Ipe-
IIATCTBUI U HABEJIEHUS MaHUITYJsITOpa. Jluarpammel
Ha puc. 5, 8, 2 I€MOHCTPUPYIOT YBEIHYEHNE TPYIO-
3aTpaT ¢ pOCTOM KOJIMYEeCTBa KPYITHOTO MOAJIECKa Ha
JIeCOCeKe, BCIIEICTBHUE JIOTIOJIHUTEIBHBIX 3aTpaT Bpe-
MEHH Ha yJaJieHHe MPEMNsTCTBUH 110 MyTH IBUKEHUS
MaHHMITYJIATOPA B MIPOLIECCE eTO HaBeAECHHsI Ha JIEPeBO.
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Puc. 6. 3aBucHMOCTh U3MEHEHHS CPEAHETO BPEMEHH MEPEMEIICHHS XapBecTepa MeX Iy padounMu
MO3UIMSIMU B pacyeTe Ha OHO JEPEBO OT PA3IMYHBIX MPUPOAHBIX YCIOBHH JIECOCEK: d —
npu usMeHenuu V, u k; ¢ nocrosuubiMu Q u K ; 6 — npu usmenennu Q u k; ¢ 10CTOSHHBIMU
V, u K,; 6 — npu uamenenun K, u k; ¢ mocrostuabivu V, u Q; 2 — npu m3menennu K, u V,

C MOCTOSIHHBIMU k; 11 Q

Fig. 6. Dependence of change in the average time of harvester movement between working positions
per tree on different natural conditions of the harvesting area: a — when V, and k; are changed
with constant Q and K ; 6 — when Q and ; are changed with constant V, and K; 6 — when
K, and k; are changed with constant V, and Q; 2— when K and V, are changed with constant

k; and Q

AHanu3 uarpaMmbl Ha puc. 6, @ CBUIETENTbCTBYET
0 MTOCTENICHHOM CHIDKCHUH BPEMEHH MEPEMEICHHUS
MOBAJICHHOTO JiepeBa B 30HY 00pabOTKH MpH yBe-
JUYCHUH CPEJIHEro o0beMa XJIBICTa Ha JIECOCEKe,
MOCKOJIBKY MPU NPUHATON MOCTOSHHON BEJIMYUHE
3araca JpeBeCHHBI Ha | Ta, yBEIIMYEHUE CPETHETO
o0beMa XJIBICTA IPU MOCTPOCHUHU TpaduKa cooT-
BETCTBYET YMEHBIICHUIO KOJIMYECTBA ACPEBLEB HA
necoceke. CokpalieHue Ynciia IepPEeBbEB MOBBIIIACT
UX JOCTYIHOCTb JJIsl OECIPENITCTBEHHOTO ITepeMe-
IICHUS CTBOJIOB B 30HY 00pa00TKK O3 MOBPEKICHU I
OCTaIONINXCSl Ha JOpaIIMBaHKE JICPECBHEB.

Bri0opouHbie pyOKH XapaKTepH3yIOTCsI MOBbI-
LICHHBIMU TPYyJ03aTpaTaMy Ha IepeMelleHIe oBa-

JICHHBIX CTBOJIOB. OI[HaKO IIpu 5TOM, KaK BUJHO U3
puc. 6, a—s, npu Beibopke MeHee 40 % NpeBECHHBI 10
3aracy, HalpOTHB, OTMEYACTCS CHIKCHHE BPEMEHU
Ha MIepeMEIICHUE JiepeBa, HECMOTPS Ha POCT YKcCiia
OCTAaBJIACMBIX Ha JOpallMBaHUC ICPEBLEB, TIOCKOJIb-
Ky TIpU MaJIOH J107ie BEIOOPKHU APEBOCTOS yBEIHUH-
BaeTCs JIOJS JICPEBbEB, NOBAJICHHBIX HAa BOJIOKAX,
a JI0Jisl JISPEBbEB, 3aroTaBJIMBaeMbIX Ha IMacekax,
cokparaercs. PyOka Ha BoJIOKax MpeyCMaTpuBacT
100%-¢ u3bsiTHE OPEBECUHBI C BOJOKA, a 3HAYMT,
ACPEBb, IOBAJICHHBIC HA HEM, IOATACKHNBAIOTCs B
30HY 00pabOTKK OECHPEISITCTBEHHO U BPEMEHH Ha
UX MEePEMEILECHUE 3aTPAYUBACTCS MEHBIIIE, YeM MPU
NEepeMCUICHNU ICPEBLCB, MTOBAJICHHLIX Ha IMaCCKax.

JlecHoit BecTHUK / Forestry Bulletin, 2024, Tom 28, No 2

145



Forest engineering

Results of harvester simulated service test...

B pesynbrare cpennee BpeMs nepeMeleHUs TOBa-
JICHHBIX JIEPEBLEB IIPH BBIOOPOUYHBIX PyOKax ¢ A0JCH
BbIOOpKHU MeHee 40 % cokpaluaercs.

CHmKeHHEe BpEMEHH MIePEMELLCHHUS CTBOJIOB IIPH
100%-M U3BATUH APEBECUHBI B XOAE€ CILIOLIHBIX
PYOOK OOBSCHSIETCS OTCYTCTBHEM MPENATCTBUHA Ha
IyTH TIEPEMEILEHHS UX B 30HY 00pabOTKH (CM. pHC.
6, a—6).

VYBenuueHue 3anaca ApeBeCHHBI Ha 1 Ta IpH mo-
CTPOEHHH AUATPAMM CONPOBOXKIACTCS YBEIMICHUEM
qyclia OCTAIOUIMXCS HA JOpaIlMBaHUE JIEPEBbEB U
MIPUBOJUT K YCIOKHEHHUIO Mpoliecca MepeMereHus
CTBOJIOB 0€3 MX MOBPEXICHUS U YBEIUUYCHHIO TPY-
J03aTpar Ha 3Ty omnepanuio (cM. puc. 6, 0).

VYBenuueHne KOJIMYeCcTBa MOAJIeCKa Ha JIECOCEKe
HE CIOCOOCTBYET CHM)KEHHIO TPY[03aTpaT Ha mepe-
MEIICHNE MTOBAJICHHBIX JIEPEBbEB (CM. puc. 6, 6, 2),
co3/aBasi PEISITCTBUS MIPH BHIITOTHEHUH PaOoT.

Amnanus puc. 6, a Mokaszaja NOCTEIIEHHOE YBeIH-
YEeHHUE CPEHEr0 BPEMEHH IIEPEMEILICHNUS XapBecTepa
MeX/y pado4yrMHU TMO3HLUSAMU B pacyere Ha OJHO
CIMJICHHOE JIEPEBO IIPH YBEIMYCHUH CPEAHEr0 00b-
ema XJjbIcTa Ha jecoceke. OAHAKO 3TO yBEIHMUCHHE
BPEMCEHHU OKasbIBaeT HanOosee 3HaYMMOE BIUSHHE
Ha BpeMs paObOThI MaIIMHBI JIMIIb [IPHU BHIOOPOYHBIX
pyOkax ¢ BeiOopkoi meree 40 % 1o 3anacy.

[lepBoouepeaHoe BIUSHUE HA aHATU3UPYEMBbIH
9NIEMEHT BPEMEHH LIMKJIa pabOTHI XapBecTepa OKa3bl-
BaeT JI0JIS BEIPYOaeMoro KOMIIOHEHTa (cM. puc. 6, 6—),
TaK KaK CHIKCHHE YHUCJIa BEIPyOaeMBbIX JIePEBHEB
MPUBOJUT K YBEITMUCHHUIO BPEMEHH OOIIHX MepeMe-
LICHUI XapBecTepa I10 JIECOCEKE MPHU €T0 BbIUUCIIe-
HUH B pacyeTe Ha OHO AEPEBO.

KonmnuecTBeHHbIe MOKa3aTenu MojAjiecKa Ha Jie-
COCEKe OKa3bIBAIOT BIIMSIHUE Ha CpelHee BpeMs Ie-
peMelIeHHs] MallliHbl B pacyeTe Ha OJHO JIEPEBO
JUIIb TPU CHUKCHHUH JIOJIU BBIOOPKH JPEBECUHBI
1 YBEJIMUYEHUH Pa3MEpHBIX XapaKTepPUCTUK Ha3Ha-
YEeHHBIX B pyOKy JpeBocTOeB (cM. puc. 0, 6, 2). B
MOJOOHBIX CIyYasx, KaK MOKa3blBAIOT AHarpaMMBl,
3a CUeT yBeJIUUEHHS KOJIMYECTBEHHBIX MOKa3aTeen
MoJJIECKa Ha JIECOCEKe, MPH MPOYMX PABHBIX YCIIO-
BHSX, IPUPOCT TPyA03aTpaT MOXKeT gocturars 50 %
OT MHUHUMAJTLHO 3a()UKCHPOBAHHBIX TPH TOCTPOCHUH
JrarpaMm pe3yJbTaTax aHain3a.

BbiBoAbl

[TonyueHHble perpeccuoOHHbBIC MOJIETH TTO3BO-
JISTFOT MPOBOJIUTH aHau3 d()(HEKTUBHOCTH PaOOTHI
XapBecTepa B ITUPOKOM JTaria30He W3MEHEHUsI TIPH-
POAHBIX (aKTOPOB.

Brnusinue Ha IpOM3BOIUTENLHOCTD XapBecTepa
OKa3bIBAIOT MPEUMYIIECTBEHHO CPEAHUI 0OBEM XJTbI-
CTa Ha JIECOCEKe U JI0JIs BEIPyOaeMoro KOMIIOHEHTA.
[Ipu 3TOM HOpMUpOBaHHE TPYyAa HEBO3MOXKHO 0€3
ydeTa BIIMSHUS TaKUX MPUPOAHBIX (PAKTOPOB, KaK
3armac ApeBECHHBI Ha | Ta M KOJINYECTBO KPYITHOTO

MoAJIeCKa Ha Jecoceke. B oTinume ot cpeanero oob-
eMa XJIBICTa Ha JIeCOCeKe, BIMSHUE KOTOPOro Ha
MIPON3BOANUTEIBHOCTD OUEBUIHO IIPH JIFO00H CTeNIeHN
H3PEKUBAHUS APEBOCTOSI, BIUSHUE 3aIaca JpeBe-
CHHBI Ha | ra ¥ Konu4ecTBa KPyImHOrO MOAJIECKa Ha
Jiecoceke B HanOOoJIbIIeH CTETIeHHU MPOSIBIISIETCS IPH
peanu3anyy BEIOOPOUHBIX PyOOK Jieca. DTO MPHUBO-
JUT K HEOOXOIUMOCTH OoJiee TIATEIbHOIO aHAIN3a
(aKTOPHBIX IPU3HAKOB JPEBOCTOS IPH HOPMHUPOBA-
HHUH TPYZa B X0/I€ BBIOOPOUHBIX PyOOK [0 CPABHEHHIO
CO CIUIOIIHBIMU pyOkamu. Hanbonbmiee BnusiHue
3amaca JpeBeCHHbI Ha | ra M KOIM4ecTBa KPyIHOTO
MOAJIECKA Ha JIECOCEKE (PUKCUPYETCS IPH CHUYKEHUN
J01M BBIOOPKH 10 3anacy Huxke 40 % u yBenuunBa-
eTcsl IO Mepe CHUXKEHHS ATOTO 3HAYCHUSI.
[Tonmy4eHHble perpeccHOHHBIC MOJETH PEKOMEH-
JyIoTCs 17151 aHanu3a 3G HeKTHBHOCTH padOThI K HOp-
MHUPOBaHUS TPYyAa IIPHU UCIOIB30BAaHUN XapBecTepa
Silvatec 8266™, crnoco6GCTBYIOT NPUOIHKEHHOMY
pacdeTy UCKOMBIX 3HaYCHHUH U 1AI0T UCCIIEI0BATENIO
oOee npeacrasieHue 00 3PPEKTUBHOCTH PadOTHI
TEXHHUKH B KOHKPETHBIX PUPOIHBIX YCIOBHUSX JIECO-
CEK, YTO BO MHOTHX CITy4asiX sIBJSIETCSI TOCTATOYHBIM
JUISL IPAKTUYECKUX IIeJIeH JIECOX03IHCTBCHHBIX U
JIECO3arOTOBUTEIILHBIX MPEANPHUITHH.

Paboma evinoanena npu urancosoii noo-
Oepoicke epanma Poccutickoeo nayunozo ¢onoa
No 24-26-00129, https://rscf.ru/project/24-26-00129/
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RESULTS OF HARVESTER SIMULATED SERVICE TEST
DURING SELECTIVE LOGGING

T.V. Sergeeva, T.A. Gilyazova, K.P. Rukomoynikov**
Volga State University of Technology, 3, Lenin Square, 424000, Yoshkar-Ola, Republic of Mari El, Russia
rukomojnikovkp@volgatech.net

The currently existing mathematical dependencies are aimed only at substantiating the productivity of harvesters
and do not allow a detailed analysis of the complexity of individual elements of the cycle time depending on natural
and industrial conditions. In this regard, the purpose of this study is to substantiate the mathematical patterns of har-
vester operation, which allow for rapid technical calculations of productivity and labor costs with a sufficient level
of reliability when performing various logging operations. To achieve this goal, a simulation model of harvester
operation in a logging area was created and experiments were conducted on this model. The results of statistical
processing of simulation results are shown. Regression dependencies are proposed for calculating the average hour-
ly productivity of a harvester, as well as for calculating individual elements of its cycle time, created as a result of
analyzing the results of a study on a model. The regression dependences of calculating the average time of pointing
the manipulator at a growing tree, moving a fallen tree to its processing zone and the average time of moving the
harvester between working positions per sawn tree, which have scientific and practical novelty, are determined. It
is proved that labor rationing is impossible without taking into account the influence of such indicators on these
clements of time as the average volume of whiplash in the cutting area, the proportion of the component being cut
down, the forest reserve per hectare and the amount of large undergrowth in the cutting area. Diagrams of changes
in the values of cycle time elements in the conditions of a variety of natural and industrial conditions in various for-
est areas are shown. Based on the conclusions obtained in the article, practical and scientific recommendations have
been developed that increase the efficiency of labor rationing in logging operations. The obtained regression models
are recommended for analyzing work efficiency and labor rationing when using the Silvatec 8266TH harvester.
Keywords: simulation, logging, felling area, selective logging, statistical processing, regression dependence, cut-
to-length harvesting

Suggested citation: Sergeeva T.V., Gilyazova T.A., Rukomoynikov K.P. Rezul taty imitatsionnogo modelirovaniya
raboty kharvestera pri vyborochnykh rubkakh lesa [Results of harvester simulated service test during selective
logging]. Lesnoy vestnik / Forestry Bulletin, 2024, vol. 28, no. 2, pp. 136-149.

DOI: 10.18698/2542-1468-2024-2-136-149
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