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AHAJIMTUYECKOE ONPEJEJTEHHUE CHJIbl COIIPOTUBJIEHUSL
BHEJAPEHUIO UHCTPYMEHTA B MEP3JIbIU 'PYHT

IIpoyecc paspywienust epynmog pabouumu OpeaHamy MpPAHUEUHbIX IKCKABAMOPO8 PACCMOMPEH
KaK COBOKYNHOCHb CMAOUU 00pa308aHUsl 30HbL NAACTMUYECKUX dehopmayutl u cmaouu nociedyoueco
omoeneHusi KPYNHolX 91eMEeHMo8 Mep3lo20 epyHma. Paccmompenvl 603ModicHble cXeMbl pe3anust, om
€80000H020 00 OIOKUPOBAHHO20, NOJIYUEHbl PEKOMEHOAYUU NO 3HAYEHUAM KO3phuyuenma suepeoem-

KOCMU 6 PyHKYUU yena pe3anus cpyHmad.

KiamoueBble cioBa: MCP3JIbIC T'PYHTHI, BCMHCPOﬁHO-TpaHCHOPTHBIe MalIruHBI, IIACTUYCCKUEC OC-

(l)OpMaLII/II/I, KOHCTaHTa INIaCTUYHOCTH.

[Iponecc paspymieHuss Mep3ibIX TPYHTOB IO-
CTYNAaTEeJIbHO JBUXKYIIUMCS MHCTPYMEHTOM 3EM-
JIEpOHHO-TPAHCIIOPTHBIX MAIIMH B COOTBETCTBUU
¢ uccinenoBanusmu [1, 2, 3] moxer ObITh pa3ouT
Ha 7Ba 3Tana gedopmuposanus. [lepBoril aTam —
o0pa3zoBaHHE W Pa3BUTHE 30HBI IJIACTUYECKHX
nedopmanmii  mepen  MHCTpYMEHTOM. Bropoii
9Tam  XapaKTEepU3YeTCsl OTACICHHUEM KPYIHBIX
9JIEMEHTOB, BBI3BAHHBIM IOBBIIICHUEM HampshKe-
HUH B YIIPYTo#l 30HE 10 KPUTHUYECKON BEITHYUHBI.

Jia pemieHus 3ajadd O pe3aHUU MEp3JI0ro
IpyHTa MOCTYNATENIbHO JBMXKYIIUMCS HHCTPY-
MEHTOM MOXKHO HCIOJI30BaTh MOJIENb IMJIOCKOM
nedopManyy KECTKO-IUIACTUYECKOr0 Tela IMpH
HEYCTaHOBHMBILIEMCSl TJIACTUYECKOM TEUCHUH C
reOMEeTPUYECKUM Togoouem [2].

Mep3nblif TpyHT B 3aBHCUMOCTH OT €r0 THUIa
U COCTOSIHHSI MOXKET BECTH ceds Kak MaTepual,
o0nafalouMii pa3muvHON CTEMEHBIO CKUMAEeMO-
CTH, T. €. MOXKET OBITh MPAKTUYECKH HEC)KHMae-
MBIM HJIM 00NagaTh CIOCOOHOCTBIO CKHMATHCS
710 TIepexo/ia B MIIACTHYECKOE COCTOSIHHE.

B o0oux ciydasx mporecc paspylieHHs
IpyHTa paccMaTpUBAeTCsl KaK YacTHBIA cirydait
BHEJPEHUSI COOTBETCTBYIOUIETO IITaMIa B YeECT-
KO-TIJTACTHUYECKYIO CpeNy, OFpaHHUYEHHYIO ILIOC-
KOCTBIO.

HcnonezyeM HEKOTOpble 00O3HAYEHUs, MpU-
HATBIC B paboTe [2] mpu paccMOTpeHUH 3a7a4u O
JaBJICHUH KIMHOOOPa3HOro IITaMIia Ha BBIPE3 B
KECTKO-TIACTUYECKOM MOJTYTUIOCKOCTH!

K — KOHCTaHTa MIaCTUYHOCTH, PaBHAS MpEe-
JIy TeKY4ECTH IPYHTa MPH CABHUTE Tmax.

* - aBTOP, C KOTOPBIM CJIEIyeT BECTU TICPEIHCKY.
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I G1, G2 — [IABHbIE HOPMAIIbHbIC HATIPSKCHUSE;
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rie (¢ — Yroil HakjioHa HauOoJbIIeH TIaBHOH
KOMITOHEHTBI HampsoKeHusi K ocu X, ©® — yron
pacTBopa LHEHTPHUPOBAHHOTO TOJIS.

Ha puc. 1, 2nokazanbl cxeMbl pe3aHus TpyH-
Ta MHCTPYMEHTOM, MOJOOHBIM PEKYLIMM DIle-
MEHTaM paboyuX OpPraHOB 3eMJIEPOMHBIX MaIluH
no ocu. B KayecTBe AOMyIICHHH HPUHUMAEM:
WHCTPYMEHT OCTpPBIA M aOCOJNIIOTHO KECTKHH,
00bEMHBIE CUIIBI PaBHBI HYJIIO.

Ha pucynkax 0003Hau€HBI: 0, — IO PE3aHUSL
WHCTpyMeHTa, PAo — JUIMHAa KOHTAaKTa peXyLIien
KpoMKH (majee 0003HauMM uepes a), o, — mapa-
METpBl JBYX OPTOTOHAJIBHBIX CEMEUCTB JIMHUI
CKOJbKeHHA. [[yHKTUPHBIMU JIMHUSIMH MTOKa3aHbI
BO3MOXKHBIC BapUaHTHI MOBEPXHOCTEH, MO KOTO-
PBIM MIPOMCXOAUT OTIENEHHE DJIEMEHTOB I'PyHTa
C YIJIOM O!'.

Hauano npsaMoyroiabHbIX KOOPAWHAT IPUHSTO
B T. 0, cooTBeTrcTBYIOUIEH MOMEHTY OTICNICHHS
MOCJIEAHEr0 KpymHoro snementa. [Ipu stom 06-
pasyercs noBepxHocTb OC, HAKJIIOHHAS K OCH X —
K TEeKyIIeH KOOpAMHATE PEXYyIIeH KPOMKH, MOA
yraom o'. O6macte AgAd14243P niepen pe3nom Ha-
XOZIUTCS B TUIACTHYECKOM COCTOSIHUM U pa3BHBa-
eTCsl TEOMETPHUECKHU TTOI00HO caMoii cede [2].
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Puc. 1. PacueTnasi cxema pe3aHust
NpH yrje pe3aHusi Npu o >n/2 - ap .

MakcumanbpHOe TpeHHEe | Ha TOBEPXHOCTH
PA, KOHTaKTa MHCTPYMEHTA C TPYHTOM HAaXOAUM
o ¢opmyie [2]

T=ksingd 0<d<m4 1)

VYron § cBs3aH ¢ yriioM ® COOTHOIICHUEM
O =1 %) /4 +x-5 +nm,

rue X = 1, N —1enoe 4ncio.

B ciyuae Hec)kuMaeMoro rpyHTa Marepual
BBIJIABJIMBACTCS B CTOPOHY CBOOOJHOH MOBEpX-
HocTH. ['pannna PA; MoxeT ObITh aNpOKCUMU-
poBaHa mpsMoi nuHHeH. Mcxoas U3 NMpUHATHIX
JOMYIICHUH, CTPOMM MOl JIMHUHM CKOJIBKEHUS.
IToste Ha puc. 1 cOOTBETCTBYET YCIOBHUIO O<7/2 -
Op, YIOBIETBOPSIOUIEMY OCHOBHBIM 3HAYCHHAM
YIJIOB pE3aHus, Moje Ha pUC. 2 — YCIOBHIO O >
/2 - op.

Hcnonp3ys 3aBucuMocTH [2], ompenensem
pacnpeneneHie HOpMalbHBIX On M KacaTelIbHBIX
HaIpPsUKEHUH Ty HA KOHTAKTHOHN npsAMoi AoP.

VY enpHOE CONMpPOTHUBIEHUE ABM)KEHUIO HMHCT-
pyMmenTa (pe3anuio) Py, nmpuxonsmeecs Ha equ-
HULY IIUPUHBI HHCTPYMEHTA, PaBHO:

Py = a - @n-Sinoy, + 7,:COS,) = - Py-a-sino,, (2)

rIe P, — CUia JAaBjieHus ocTporo mrammna (pesa-
HUSI OCTPOr'o peslia), KOTopasi ypaBHOBEIINBACTCS
HOPMaJIbHBIMH M KacaTeJIbHBIMH HaIlPSKCHUSIMHI
Ha KOHTAKTHOM MPSMOH.

B cBoro ouepensp:
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Puc. 2. PacueTnas cxema pe3aHusi
npu yrie pe3aHusi 0 <7/2- ay, .

P, = 2k [® + cosd-sin(ay+3)/ Sinoy)
npud <ml/2 -ap .
P, = 2k[1+®+cos(n/4)coqn/4 - 2u,)]
npu d >ml/2 -ay

Yron ® pacTtBopa IEHTPUPOBAHHOTO OIS
A14,P onpenensieTcsi, COINIACHO YCIOBHUIO He-
CKUMAEMOCTH, UCXOMS U3 PABEHCTBA TPEYTrOylb-
HUKOB AgOB u A3PB.

B cooTBeTcTBHM ¢ 3aMepaMH YIJIOB TPH Bep-
IIMHE YIUTOTHEHHBIX S/ep, MPUBEACHHBIX B pabo-
Te [4], BenuuMHA yria pe3aHus 0 MOKET OBITh
npuHsTa paBHo# st rmHel 0°, cyrnuaka — 2,5,
cynecu — 13,5 , u 22,5 — st ecka.

Jlnst yuera pas3inuyHbIX cXeM pe3aHusi (0T CBO-
OomHOro 10 OJOKMpOBaHHOro) B (opmyry (2)
BBOAUTCSA KOY(D(PHUIIMEHT BIUSHUS OOKOBBIX CTe-
HOK pe3a Ha BEIMYMHY COMPOTUBIICHUS PE3AHHIO
k;. Ha octoBanuu uccnenoBanuii [1, 3] 3Hauenue
k; mis cBOOOmHOrO, MOAYOJOKMPOBAHHOTO U
OJOKUPOBAHHOTO PE3aHUS MOYKHO MPHHSITH pPaB-
HeIM coorBercTBenno 0,7, 1,0u 1,3.Torma moi-
HOE COMPOTHBIICHUE JBMKCHUIO HHCTpyMEHTa Py
B HAMpPaBJICHUH OCH X PAaBHO

P.= ks b -By= - ks-b-a-p-sing,, 3)

rae b — mmpunHa pesanus (LMpUHA MHCTPYMEH-
Ta).

[Ipu pacyere cui CONPOTUBICHUS PE3AHHIO
paboynM HMHCTPYMEHTOM POTOPHBIX JKCKaBaTo-
POB HEOOXOAWMO YYHMTBHIBATH, YTO B KOHTAKTE C
TPYHTOM HaXOIUTCS HECKOJBKO pe3loB. B sTom
cnydae koddhduiueHt K; nomkeH ObITh 3aMEHEH
kod(puumentom sneproemroct K, , mpuBeneH-
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HBIM HIKE.

TpaexkTopusi pe3aHus] TpyHTa TpaHLICHHBIMHU
9KCKaBaTOPaMHU C POTOPHBIM pabOYMM OpraHoM
CKJIAJbIBA€TCA W3 IOCTYNATEIbHOI'O JBUKEHHS
0a30BOM MalIMHBI U BPalIaTENbHOIO ABHMIKCHUS
poropa. TonmuHa CTPYXKKHU MPHU 3TOM YBEITUYH-
BaeTcs OT HYJS B HIDKHEW 4YacTW TpaHLIEH 10
MaKCHMaJbHON BEIMYMHBI HA YPOBHE TOPH30H-
TanbHON ocH portopa. [loaTomy mpu onpeneneH-
HOM pAacCCTOSHUM MEXKIy pe3llaMHd B COCEIHUX
JUHUSX pe3aHusi Ha portope (uare pe3aHwus)
(bopma 3JIEMEHTOB CTPYKKH, Cpe3aeMOil KaxIbIM
pe31oM, TMOCTOSSHHO MEHSETCS Ha MPOTSHKEHUH
BCEro MyTH Pe3aHus.

[lpn manbix 3HaueHHAX Kod(pUIMEHTa pe-
KUMa pe3aHus KOdXPQPHUIMEHT SHEPrOeMKOCTH
MEHbLIE 10 BEJIWYHMHE, YeM y OJOKHUPOB HOTO
pe3aHus Uy OJHOPOAHBIX MEP3JIBIX TPYHTOB. DTO
o0OBsICHSIETCSL TeM, 4YTO TP  CTYIEHYATo-
[IaXMaTHOM CXEME PAcCTaHOBKHU pE3LOB, BCIEN-
CTBHE BIUSHUSA NPEABIAYIINX pPE30B Ha IoOcie-
JYIOIME, YacTO MPOUCXOIAT CKOJBbl KpPYIMHBIX
9JIEMEHTOB MEpP3JI0ro I'PYHTA, MPHU TOM pe3ell
WCTIBITHIBAECT HE3HAYUTEIIbHBIC HATPY3KH.

[IpoBenennass maremarudeckasi 00paboTka
IKCIIEPUMEHTAIBHBIX JaHHBIX [5] mpu ycimoBuw,
YTO 3aBHCUMOCTH K03(h(pHLIneHTa SHEPrOEeMKOCTH
OT yrjla pe3aHusi MOKHO CUMTATh HPSIMOJIHHEH-
HOM, TIO3BOJIMJIA TIONYYUTH CICAYIOUINE PacyerT-
HBIC (OPMYJIBL:

JUISL pe3L0B B KPaHUX JIMHUSX PE3aHUS:

K,=[0,446(1-0,00038)(1+0,00493e,,) -0,0404x

thb] (1—0,049\); (@)

IJIs1 pE310B B CPCAHUX JIMHUAX PEC3aHUA:

K,=[0,406(1-0,00038)(1+0,00482,) -0,02x
thb] (1—0,049V), 5)

rae C — MpOYHOCTh IpyHTA (YMCIIO YAAPOB ILIOT-
Homepa JlopHUMU); a, — yron pesanus; t — mar
paccraHoBKHU pe3nos; h —rioyouna pesanus; V, —
CKOpPOCTb pE3aHMUs.

PezynbraTel SKCIEpUMEHTANBHBIX HCCIIENO-
BaHM [5] mO3BONMIM cHenaTh BBIBOJ, YTO YBeE-
TueHne Kod(pQUIMEHTa SHEPrOeMKOCTH pe3a-
HUS MEp3JIBIX TPYHTOB pe3llaMH, yCTaHOBIJICHHBI-
MH TI0 CTYIEHYaTO-IIaXMaTHOH CXeMe, CIoco0-
CTBYyeT BbIpaBHUBaHMIO Kod(duiueHta Bapua-
uuu cui pesanus Ky Ha KpailHUX M CpelHUX pes-
ax. 9ToT KOdPPUIHMEHT MOXKET CIY)KUTh MEpPOi
BJIMSIHHS Ha CONPOTHBIICHHE BHEIpPEHHIO (pe3a-

HUIO) HHCTPYMeHTa (CTEMeHb ero U3Hoca).

CpenHekBaIpaTHYHbIe OTKJIOHCHUS 3HAYCHUI
Op, XapaKTEepU3YIOIIUX PACCEUBAHME CUIIBI pe3a-
HUsI, TIOKa3bIBAIOT, YTO O, HE3HAUUTEIbHO OTIH-
YyaeTcs KakK Ui OCTPBIX, TaK ¥ JJIS 3aTYIICHHBIX
pe3noB. KosddunmenT Bapuaruu s H3HOIICH-
HBIX PE3II0B MOXHO OIPENEIHTh 1o (popmyie
Kpo
1482

P (o]
rae K,, K,, — xoappuuueHTs Bapualuy CUIb
pe3aHusl COOTBETCTBEHHO 3aTYIUICHHBIMH U OCT-
peiMu pe3niamu; Py — cpenHss cuiia pe3aHus ocT-
peIMU pe3iiamMu; AP,— TOTIOMHUTENbHAS CHITA JUTS
MPEOOJICHUST CHJIBI COMPOTHBIICHUS 3aTYIUICH-
HBIM pe3loM, ompenensemas mo gopmyne FO.A.
Berpoga.

[Ipu crymeH4aTo-1raxMaTHOH CXEMeE paccTa-
HOBKHM PE3II0B B HMKHEW YACTH TPAHIIEH HMEET
MECTO TITyOOKOE OJIOKUPOBAHHOE Pe3aHue, KOTo-
poe Mo Mepe JBIKEHUS pe3lia BBEPX MEPEXOAUT
B COTOBOE. JTO OOBSICHSICTCSI pa3HbIM COOTHOIIIC-
HUEM TOJIIMHBI CTPY)KKH U I1ara pe3aHusi B pas-
JIUYHBIX TOYKAX TPACKTOPHH IBIKCHHS Pe3Iia.

13381:1011 88

1. IlomHOE COMPOTUBIICHUE JBIKESHHUIO pe-
KYIIETO WHCTPYMEHTAa B MEp3JIOM TPYHTE IIU-
HEIHO 3aBUCHUT OT yIJia PE3aHMsl U JITUHBI KOH-
TaKTa ero peKyIield KPOMKH.

2. JlocTOBEpHOCTh pacuera CUJIbl pe3aHUs B
YCIIOBHUSIX OJIOKUPOBAHHOIO M IMOJYyOJIOKUPOBaH-
HOTO pe3aHHs MEP3JI0ro IPYHTa BO3pAcTaeT Mpu
3aMeHe KOd(QuIeHTa BIUSHUAS OOKOBBIX CTe-
HOK pe3a Ha Kod((QUIMEHT YHEPTOEMKOCTH pe3a-
HUS TPYHTA, YYUTHIBAIOIIETO COOTHOIICHUE IIH-
PUHBI pe3aHusl, Iara paCCTAaHOBKU PE3I0OB U TIy-
OWHBI pe3aHusl, a TAKKE U CKOPOCTh PE3aHUS.
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VJIK 630*656.073.7
Y.Y. Gerasimov*, A.P.Sokolov, V.S. Syunev

OPTIMIZATION OF INDUSTRIAL AND FUEL WOOD SUPPLY CHAIN ASSOCIATED
WITH CUT-TO-LENGTH HARVESTING

The paper presents the results of the developnmeh&pplication of the computer information sys-
tem for optimization of wood supply chain in Russianditions. The system is designed to support of
strategic, tactical and operational decisions innts of logging companies applying cut-to-length
technology taken into account the needs of foriesnergy. Two case-studies in logging companies in
Northwestern Russia are analyzed and discussed.

Key words: Cut-to-length method, bioenerdggistics, wood harvesting, optimization.

Full-tree (FT), tree-length (TL), and cut-to-tics.
length (CTL) methods are applied in wood hal  Logistic approaches for CTL operations are
vesting. These methods differ in relation to thnot yet well developed in Russia. This is due to
technology utilized. Delimbing and bucking carthe specific organizational structure of Russian
take place at a stump, road-side, or a centilogging companies, which usually include log-
processing yard. Although lack of appropriatging and transportation departments with their
domestic machinery has hindered implementaticown vehicle fleets (harvesters, forwarders,
of the CTL method, it has become increasingltrucks), garages, and repair workshops. Russia
common in Russia due to technology transfcalso has specific requirements for the axle load of
from the Nordic countries. Better suitability oftrucks, its own standards for roundwood, catego-
this method in particular compared to felling othries of roads, poor state and maintenance of
er than just clear-cutting, smaller environmentiroads, seasonality of road availability, uneven
impacts, work safety, cleaner wood, and less rdistribution of logging during the year, and so on.
quirements for road-side landings compared ‘Moreover, solutions are usually company-
FT and TL methods have been, among othspecific, and thus tailored programming tools
things, reasons for the increasing popularity (need to be developed to improve the planning
the CTL method [1-3]. For example, in the Reand optimization of wood procurement for opera-
public of Karelia, 93% of the harvested wood itional and tactical tasks.
already logged with the CTL method. We introduce a decision support system

It is quite easy to manage logistic issues r(DSS) for planning and analyzing industrial and
lated to the traditional TL method, as all woo«fuel wood supply chain associated with CTL op-
from cutting areas is transported to a centrerations at the logging company level for Russian
processing yard. Applying the CTL harvestiniconditions [4-10]. Work was carried out in the
method or use of a processor at a road-side sprojects “Wood harvesting and logistics”, fi-
rage requires more attention to wood logistics, inanced by the European Union through the Fin-
different timber assortments and possibly alsnish Funding Agency for Technology and Inno-
energy wood from cutting areas should be delvation (TEKES), and “Decision support system
vered directly to several customers: pulp millsto promote the rational use of woody biomass
sawmills, wood-based boards mills, power plantand logging residues into bio-energy”, financed
and so on. Therefore logistic approaches usby the Ministry of Education and Science of the
with FT and TL do not work well for CTL logis- Russian Federation. This DSS gives the logging

* - aBTOP, C KOTOPBIM CJIEIyeT BECTU IICPEIHCKY.
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