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YHUBEPCAJIbBHBIE MATEMATUYECKHUE MOJEJIM CETEBOT'O IINTAHUPOBAHUSA
TPAHCIHIOPTHO-TEXHOJIOTHYECKUX ITOTOKOB JIECOMATEPUAJIOB
JIOKTOp TeXHHUeCcKHX Hayk, npogeccop C. K. Cymikos'
KaHIuaT TexHuaeckux Hayk FO. H. Inisauk’
1 — ®I'bBOY BO «Boponexckuii rocy1apcTBEHHBIN JecoTexHudeckuil yHuBepcutet umenu I'.d. MopozoBay,
r. Boponex, Poccuiickas ®enepanus
2 — ®I'BOY BO «YXTHHCKHI TOCYJapCTBEHHBIM TEXHUYECKUI YHUBEPCUTET», I. YXTa, Poccuiickas deneparus

Cnabo OCBELICHHBIMU B JIUTEPAType MO CIEHHUATBHOCTSIM JIECHOTO KOMIUIEKCA SIBJISIOTCS BOIIPOCHI YIIPABICHHS
MHOI'OYPOBHEBBIMU TPAHCIIOPTHO-TIPOU3BOICTBCHHBIME cucTeMaMu. OCHOBHBIC (ha3bl JICCOMPOMBIIUICHHOTO TPOU3BO/I-
CTBa, WX TPAHCIIOPTHO-TEXHOJIOTUUECKHE MOTOKU (CETEBOEC B3aMMOJICHCTBHE), YHCIIO M XapaKTep 3THX IPOIECCOB, Oue-
PEIHOCTh ¥ TPAHCIIOPTHBIC CPEICTBA BBHITIOTHEHIS, a TAKXKE BUJIBI UCIIOJIB3YEMOI'0 B KAXK/IOM CIIy4ae ChIPhsI U MOJydaeMO
MIPOYKIIMU OCTAIOTCSl CIIOKHOHM (DYyHIaMEHTaJIbHOM 3a/auei, pellieHne KOTOpOoil HEBOZMOXKHO 0O€3 COBEpIICHCTBOBAHHS
METOJIOB, MOJICIICH M aJITOPUTMOB ISl PEIICHUS 33724 YIIPABJICHUSA B MHOTOYPOBHEBBIX TPAHCIIOPTHO-TEXHOJIOTMYECKUX
CETEBBIX CHCTeMaX. MICXOMHOW MpPEANOChUIKON HACTOSIINX MCCICIOBAHHMNA SABJIICTCS HEOOXOMUMOCTh YKPEIUICHUS B3au-
MOCBSI3H TIPOIIECCOB HAYYHOTO aHAIIU3a, MPOrHO3UPOBAHMS, TIEPCIIEKTHBHOTO M TEKYILETO TUIAHUPOBAHHS IEPEBO30K, CO-
€IMHCHUE MX B AMHOM IPOIECCE aBTOMATH3UPOBAHHOW TEXHOJIOTHMH IUIAHAPOBAHUS B JICCO3aTOTOBUTEIILHON OTpPACITH.
Br100p mepeunciieHHbIX HAIPABJICHHA 00YCIOBIICH TEM, YTO TPAHCIIOPT — CIIOXKHAST TEXHUYIECKAsl CUCTEMa, TECHO B3aUMO-
JICUCTBYIONIAs CO BCEMHU OTPACIIMU HPOMBIIUIEHHOTO MPOM3BOACTBA IO MPSIMBIM M OOPAaTHBIM CBSI3SM. JIBOWCTBEHHBIN
XapaKTep 3TUX CBsA3CH MPOSBIACTCA B CTPYKTYype M 00bEMaxX MPOU3BOIMMON TPAHCIIOPTOM MPOIYKIIUH M UCIIOIB3YeMBIX
UM PECYpPCOB. AHAIU3 BHEITHHUX CBSA3CH TpaHCIIOPTa ¢ APYTUMH OTPACIIIMH HAPOTHOTO XO35HCTBA, COBEPIICHCTBOBAHHE
Ha 3TOW OCHOBE CTPATEIHMH €ro Pa3BUTHS U MeXaHHU3Ma (HYHKITHOHUPOBAHHS — HEOOXOIMMOE YCIIOBHE TTOBBIIIICHUS Y (eK-
TUBHOCTH PabOTHI TpaHCIIOpTa. BrIOpaHHBIC HATIPaBIICHHS UCCIICIOBAHKS OTPAXKAIOT B IIEPBYIO OYEPEb ITOT aCIeKT aHa-
JIU3a pa3BUTHSA TpaHCHOpTa. PaccMoTpeHre TpaHCopTa KaK OJHOW U3 TJIaBHBIX COCTABIIAIOIINX MPOU3BOICTBEHHOIO MPO-
iecca M aHaJiu3 B3aMMOCBSI3EH JIECOTPOMBIIIIIEHHOW OTPACiy ¢ IPYrUMH OTPACIISIMH IIPOU3BOJICTBA 0A3UPYIOTCS HA H3Y-
YCHUU MPOIOPIUHA MEXTY 00BEMaMU M CTPYKTYPOH 3aroTaBIMBaeMO# JICCOMPOAYKIIMU M MPOAYKIIMU BCEX MPYIHX OTpac-
JIel. AHaJM3 B ATOHM YacTH TpeIaracrcs MpOBOAUTh Ha OCHOBE MAaTEMAaTHYECKUX MOJICIICH, B YACTHOCTH JUIS aHAIH3a
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KOJIMYECTBEHHBIX B3aMMOCBS3€l TPOIIecca MPOU3BOCTBA, OLEHKH BIMSHUSA Pa3IMUHbIX (DAKTOPOB HA JMHAMHMKY MTOKa3a-
TeJel pa3BUTHS SKOHOMHKH, aHAJIN3a [IEPCIIEKTUB UX PA3BUTHSL.
KunroueBble clioBa: cucTeMa, TPAHCIIOPT, JIECOMATEPHANbI, IOTOKH, CTPYKTYpa, EPCIEKTUBHOE TTAHUPOBAHHE,
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UNIVERSAL MATHEMATICAL MODEL OF NETWORK PLANNING TRANSPORT AND PROCESS

STREAMS OF TIMBER
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1 — Federal State Budget Education Institution of Higher Education «Voronezh State University of Forestry and
Technologies named after G.F. Morozov», Voronezh, Russian Federation
2 — Federal State Budget Education Institution of Higher Professional Education «Ukhta State Technical Universityy,
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Abstract

Poorly covered in the literature on specialties of the forest complex are the issues of multi-level management of transpor-
tation and production systems. The main phases of timber production, transport and process streams (connectivity), the number
and nature of these processes, sequence and implementation of vehicle and kinds used in each case, raw materials and derived
products remains a difficult fundamental problem whose solution is impossible without the improvement of methods, models and
algorithms for solving problems of governance in multi —level transport network technology systems. The underlying assumption
of these studies is the need to strengthen the connections between scientific analysis, forecasting, perspective and current planning
of transportation, combining them into a single process automated planning technologies for the forest industry. The choice of
these directions is due to the fact that transport is a complex technical system, interacting closely with all sectors of industrial pro-
duction in the forward and reverse links. The dual nature of these relations is manifested in the structure and volume transport of
the products and the resources. The analysis of the external linkages of transport with other sectors of the economy, improvement
on this basis of strategy of its development and functioning is a necessary condition to improve the efficiency of transport. Se-
lected areas of study reflect primarily this aspect of the analysis of the development of transport. Consideration of transport as one
of the main components of the production process and the analysis of the linkages of forestry sector with other sectors of produc-
tion are based on the study of the proportions between the volumes and the structure of harvested timber and the products of all
other industries. The analysis in this part of the proposed conduct on the basis of mathematical models, in particular, for the anal-
ysis of quantitative relationships of the production process, assess the impact of various factors on the dynamics of economic
development, to analyze the prospects of their development.

Keywords: system, transportation, timber, streams, structure, forward planning, modeling, algorithm, method,

production, process operation, optimization, management.

B mocnenHee BpeMsi MaTeMaTHYECKOE MOJIEIH-
pOBaHHE SBIACTCS OJHUM W3 BAKHEHIINX METOIOB
M3ydeHUs] ¥ aHaiu3a 3(P(OEKTUBHOCTH TPAHCIIOPTHO-
TEXHOJIOTHYECKUX CHUCTeM. MaTeMaTHYeCKOe MOJIECIIH-
poBaHue — 3TO OMUH U3 3()(HEKTUBHBIX METOIOB OIH-
CaHMs CJIOXHBIX TPAHCIOPTHBIX CHUCTEM W IPOIECCOB.
OHO NPHU3BAHO TIOMOYb PYKOBOJHUTEISIM Pa3IUYHOTO
paHra B BBIpaOOTKE, 000OCHOBAHHMHU U MPUHATHH 3 dek-
THUBHBIX, KAYECTBCHHBIX YIPABJICHUYCCKUX PEIICHUI B
necHoM komiuiekce [1]. DTo MOMKHO TMOBBICUTH
HAJCKHOCTh ()YHKIIMOHMPOBAHUSA IPOU3BOACTBEHHO-

9KOHOMMYECKHX cucTeM (puc. 1).

J1J1s1 TIOBBILIIEHUsT KauecTBa PUHATHUS yIIpaBIieHYe-
CKHX PEIICHU HeoOXOAMMO pacwIeHEHHEe Ha COCTaBHBIC
YacTH CIIOKHBIX HENel JISCOMPOMBIILICHHBIX TPEATPHU-
sStui. [{1st 3TOro NMpUMEHSIOT aHATUTHUKO-UepapXUIecKuii
TIO/TXO, KOTOPBIi 0a3upyercss Ha 00padOTKE MOPSIKOBOM
nH(pOpMAILIUY, TOCTYNAIOMIEH Ha JIECONPOMBIILICHHOE
npeanpusitie. [laHHass MHpOpPMALIMS ONpEIeNsieT allbTep-
HATHBHBIE 1IEJIH MPU CTPATErMYECKOM YIIPABJICHUH TpaHC-
TIOPTHBIMH TIOTOKAMH, KOTOpBIE MPECTaBISIIOT cO00i He-
papXudecKue CUCTEMSI [2].
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Puc. 1. CxemMa KOMIUIEKCHOTO noaxoJa B CTPATErMYCCKOM YIIPABJICHUN TPAHCIIOPTHBIMU IMOTOKaAMHU JIECOMATEPpHUAIOB

C pocToM 4Ymcia KPUTEPUEB, YYUTHIBACMBIX B
CTpaTETUYECKUX IUIaHaX, HEOOXOIUMO CIIEIUTh, YTOOBI
3a/1ayM pa3OMBaJIKCh Ha Maphl 00Jiee YACTHBIX 3a71a4 Ha
MTOPSIIKOBOM YPOBHE U3MEHECHUH (JeKOMIO3HIUH) [6].

ITo creneHu BIUSHHS IPYT HA Ipyra LEId MO-
T'yT OBITH CONCHCTBYIOIIMMH, KOH(PJIMKTHBIMA U HEH-
TpaJIbHBIMU.

OHHM nIopa3IeNnsroTCs Ha!

— 0c000 IPUOPUTETHEIE;

— MPUOPHUTETHBIC, HEOOXOTUMBIC IS TOCTHXKE-
HUS IPHOPUTETA.

['pymmupoBka 1ejield Mo KPUTEPHUIO CTPYKTYPHI
JIECOIPOMBIIIJICHHOTO MPEIIPUATHS TO3BOJISIET OIpe-
JIENTUTH [ETH BXOAAIIUX TEXHOJIOIMYECKHUX TTOTOKOB.

st sToro paspabaThiBacTCs HepapXudyecKas
MaTtematudeckas Monelnb (puc. 2). [TocpencTBoM nepe-
Ba IIeJICH OMMCHIBACTCS MX HEPaPXHSL.

OpraHu3aiMoHHas CTPYKTypa MHOI'OYPOBHEBOM
TPaHCIIOPTHO-TIPOU3BOICTBEHHON CHUCTEMBI JIOJDKHA
OTpaXkaTh €¢ CTPATErHUYCCKHUI MPUOPUTET U 0OecIeyu-
BaTh PEAJM3ALUI0 CTPATETHYCCKOTO BBIOOpA CETEBOTO
TpaHCIOpPTHOTr0 Mapiipyra [3].

dopMupyeM MaTeMaTHYECKYI0 MOJCIh TPaHC-
MTOPTHO-TEXHOJIOTHYECKUX TIOTOKOB B YKa3aHHBIX YcC-
JIOBHSIX M3 CICIYIOIINX COOOpaKCHU:

1. Ilenbio neATENHHOCTH JIECOMPOMBIILIEHHO-

To NpeAnpuiATrs ABJIACTCA IOJYUYCHHUEC MaKCHUMaJIbHOM

npuosn. Torna ueneBast GpyHKIus — HalTH 00BEM
BBINTYCKA JIECOMATEPUAIOB R, MPUHOCAIINN MaKCUMyM
TIPUOBLIH.

2. TexHomormueckuili mpouecc JecCOnpOMBIII-
JICHHOTO TIPOU3BOJICTBA OMHCHIBaeTcs PpyHKIme R =
R(x;, x5, ..., Xx,) — 00BbEM NPOU3BOACTBA JieCOMAaTEpHa-
JIOB.

3. JlecompowmbllnieHHOe OpearnpusiTie (QpyHK-
LIHOHHUPYET B PHIHOYHBIX YCIOBHSIX, T. €. MOXET OKa-
3bIBaTh BIIUSIHUE HA PHIHOK, HANPUMEP MOHOIIONUS, a
TaK)Ke PHIHOK OKa3bIBAET BIIMSIHUE HA IMPOHM3BOJICTBO
(xoukypeHwus) [7].

PaccMoTpuM MareMaTH4ecKyro MOJelb TpaHC-
MIOPTHOT'O MPEATPUATHS (y4acTKa):

II(R)= 1" R - Z(R) — max, (1)

R=D(l})), ZR)=R - (By + B q(R)), 2

B,=C, +C_ .1 =0(0+a),B,=C, 3)
rae [1— npubbuib;

I] — neHa necomartepuaia Ha BEPXHEM CKJa-
ne(ecoceke);

1]; — oTycKHas 1ieHa;

Z — 3aTparsl;

0. — JIOJIs HaJlora Ha J00aBJIEHHYIO CTOMMOCTh U
TOProBasi HalleHKa;

g — TiepeMeHHas1 4acTh 3aTpar;

C,, — yaenbHbIE 3aTpaThl HA TIOKYIIKY JiecoMare-

pHAIOB;
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OO0mas neip
OpraHU3anuu
CBbIT IMPOU3BOACTBO CHABXEHUE DOUHAHCBI
1 2 3 4
1.1 1.2 1.3 2.1 2.2 3.1 32 4.1 4.2
1.1.1 1.1.2 2.1.1 2.1.2 2.2.1 2.2.2 3.2.1 322 4.2.1 422
Puc. 2. [lepeBo 1ieneit TpaHCIOPTHON OpraHU3aIluN
Coo — mpenesbHbIC 3aTPAThl Ha TMOKYIKY JIECO- K
P P ey II=F(R)=—- 4
MaTepHaJIoB. I, l+a (7
Haiinem mneps MIPOU3BOJIHYIO OT LEJIEBOU -
peyio P Y _Bl_Bl'bo'K gl'Ulgl)v
¢byHKIMN:
K gl
GH(R)ZUGZ(R)Z(). ) H:U(1+a)(lllalcllll ) ®)
OR OR 1
d
IMomy4qum, 4T10 U@_ YCIIOBHE TOTYUCHHS a = B,(1+0),c, = BhK* (1+0) . ©)
OR BrIunciuM mepByro MpoU3BOAHYIO:
MaKCHMAaJIbHOH npuobin. OTCI0a BHITEKAET PEIICHHE . l (10)
3a/1a4d MUHHUMH3ALUH H3EPIKEeK TPAHCIIOPTHBIX Olle- Fld)= (+ o)’ (a, +c,(Ighl ) >0,V -

parii. Pemarorcs 311 3aja4u COBMECTHO [4].
PaccMmoTpuM 3amady ONTUMU3AIUKM TPUOBUIA B
YCIIOBHSX MOHOITOJIUH U HaliIeM ONTHMAJIbHYIO paBHO-
BECHYIO LIEHY Ha JIECOMaTepUaIbL.
B atux ycnmoBusix 3aBucHMOCTb crpoca D oT
LEHBI:
_K
= 7 ,
1

rac K — o0bem JCHCKHBIX CPCACTB IOKYIATECIIA, KOTO-

R=D Q)

PBIH BBIHY)XJEH MPHOOPECTH JECOIPOAYKINIO, 00part-
HO TIPONOPIMOHANILHOM 1eHe [];. B ycmoBuu MoHOMo-
JIUH KO3 PUITUEHT d1acTHaHOCTH E = 1.

[IpumeM, 4TO HavaJIbHbIE 3aTPATHI PABHBI HYJIIO,
(Zo = 0). Cunraem, 4TO NepeMeHHasl 4YacTh 3aTpaT OIH-

ChIBACTCA 3KCIIOHCHIIMAJIbHO:
— gl
q(R) - bOR 5

rae by — k03¢ GUIMEHT,

(6)

gl — KOHCTaHTEHI.
Torna npuObLIL:

Jlecorexnnueckmii :kypnaju 2/2016

Tak kak MPoU3BOAHAS TOJOKUTEIIbHA, TPHUOBLTH
YBEJIMYMBAETCSl C POCTOM CTOMMOCTH Ha JiecOMaTepHa-
neI[8]:

- . K
F=lim F(l)=——. (1)

l+o

Torna ycnoBue Moa0KUTESIBHOCTH MPUOBLIA

F()>=0=1],-a,—c,-1F. (12)

Pemenne storo YpaBHCHUA I103BOJIACT HaliTh

ONTUMAJIBHYIO CTOMMOCTH JiecomarepuanoB [9]. O6o-

smavas I] =1I] +a,,y=c, -I[f, gl <1, nonyamnm,
YTO JJIs1 JIFOOBIX 3HAYEHHI BXOJHBIX MEpEMEHHBIX BCe-
I7a CyIIEeCTBYeT eIWHCTBEHHOE peuleHue [/, — onrtu-
MaJjbHas CTOUMOCTb.

AJNTOpUTM pelieHust TaHHOW 3aaaun chopmy-
JHPYEM CIENYIOIUM 00pa3oM.

Taxk xax QpyHKIMS NPUOBUTH HA HHTEPBAJIE LICHBI
ot 0 10 LeHBI OKyNaTeNs BO3pacTaeT, IepecekaeT o0Ch
«KaImTal TOKYNaTelsd) U UMEET SBHO BBIPAYKEHHBIN
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MaKCHMyM — 9KCTPEMYM, TO ONTHMAJBHYIO IIEHY, T. €.
TOYKY TIEPECEYEHHUS] C OCHI0 «KAaIMTall MOKYIATEIs,
MOXXHO HaWTH, BOCITOJIb30BABIINCH METOJOM ITOJIOBHH-
HOTO Jienenus otpeska [10].

BeiBo: 4TOOBI HAWTH CTOMMOCTH JIeCOMATepHala,
MIpH KOTOPOH MperpusiTie Oyler UMETh MaKCUMAIIbHYIO
MPHOBLITH, HEOOXOIMMO HAWTH IKCTpeMyM (DYHKIHMU TpH-
Obutn. J{yist 3TOrO HaliIeM TOUKY, B KOTOPOH MPOU3BOIHAS
OT 3TOi (DYHKITUK paBHA HyTO. Mcxons u3 Bunma QyHKIN
MPHOBLIH, OYEBHIHO, YTO TPOM3BOAHASI BeleT celsl cie-

JIYIOIIMM 00pa3oM: OHA TOJIOXKHWTENbHA, Korna (YyHKIHs
BO3pACTaeT; OHA paBHA HY/II0 B TOYKE MaKCUMyMa; OHa
oTpHIaTeNnbHa, Korfa (yHKuus yoemBaeT [5]. Murtepan
BO3MOYKHOTO M3MEHEHHsI JeNUTcst roronaM. M3 nByx mo-
JIOBMH BBIOMpAETCs Ta, Ha KOHIIAX KOTOPOW MaHHAs (YHK-
Mg MMEET MPOTHUBOIONIOKHBIC 3HAYCHHSA, MO0 KOPCHDB
YpaBHEHUS HAXOMUTCS B OTOHM IMOJIOBHUHE. 3aTeM aHHAS
TOJIOBUHA JIENIUTCS TIOMONAM, M Tak jajiee, JI0 TeX Iop,
TIOKa JUTHHA WHTEpBaia HE CTAaHET PaBHOM TpeOyeMOoi Tod-
Hoct 0,001.

Bubéanorpaguyeckmii cnucox

1. IMueauk, FO.H. Metomuka onpeneneHust ONTUMAIBHON CTPYKTYPBI NapKa TPAaHCHOPTHO-TEXHOTIOTMYECKUX MAaIllH

[DOnexrponnsiii pecype] / FO.H. [wibank, C.J. Cymikos, A.FO. Apytionss // CoBpeMeHHbIE MPOOJIeMbl HAYKU B 00pa30BaHHSL.
—2015. — Ne 2. — Pexxum nocryma: http://www.science-education.ru/129-22674.

2. CyIJ_IKOB, CI HpI/IHHI/IHLI peuieHud 3aaa4 YIpaBJICHUSA B MHOIOYPOBHEBBIX TPaHCIIOPTHO-TIIPOM3BOACTBCHHBIX

cucremax JecHoro komuiekca [Teker] / C.M. Cymkos, O.H. Bypmuctpora, FO.H. IMTmieauk / ®yHmaMeHTaIbHbIC

uccaenosanus. —2015. —Ne 11. - Y. 2. - C. 317-321.

3. Bypmuctposa, O.H. OmpezeneHre ONTUMATBHBIX CKOPOCTEH JBIDKEHHS JIECOBO3HBIX aBTOMOE3/IOB W3 YCIOBUS

MuHMMHK3amK pacxona Tormea [ Texer] / O.H. Bypmuctposa, C.A. Kopons // Bectark MI'YJL. JlecHoit BectHuk. — 2013. — No

1(93). - C. 25-28.

4. Setinc, M. Optimization of a highway project planning using a modified genetic algorithm [Text] / M. Setinc,
M. Gradisar, L. Tomat // Optimization. —2015. — Vol. 64. — Issue 3. — pp. 687-707.

5. Janssen, Thomas Stahlbau Design and conctruction in existing contexts: Replacement of the first High Bridge
Levensau [Text] // Janssen Thomasstahlbau. —2015. — Vol. 84. —Issue 3. — pp. 182-194.

6. Hare, W.A mixed-integer linear programming model to optimize the vertical alignment considering blocks and side-

slopes in road construction [Text] / W. Hare, Y. Lucet, F. Rahman // European journal of operational research. — 2015. —

Vol. 241. —Issue 3. — pp. 631-641.

7. Santos, J. A life cycle assessment model for pavement management: methodology and computational framework

[Text] / J. Santos, A. Ferreira, G. Flintsch // International journal of pavement engineering. — 2015. — Vol. 16. —Issue 3. —

pp. 268-286.

8. Liyanage, C. Measuring Success of PPP Transport Projects: A Cross-Case Analysis of Toll Roads [Text] /
C. Liyanage, F. Villalba-Romero // Transport reviews. —2015. — Vol. 35. —Issue 2. — Special Issue: SI. — pp. 140-161.

9. Setinc, M. Optimization of a highway project planning using a modified genetic algorithm [Text] / M. Setinc,
M. Gradisar, L. Tomat // Optimization. —2015. — Vol. 64. — Issue 3. — pp. 687-707.

10. Burdett, R. Block models for improved earthwork allocation planning in linear infrastructure construction [Text] / R.
Burdett, E. Kozan, R. Kenley // Engineering optimization. —2015. — Vol. 47. — Issue 3. — pp. 347-369.

References
1. Pilnik Y.N., Sushkov S.I, Arutyunyan A.Y. Metodika opredelenija optimal'noj struktury parka transportno-
tehnologicheskih mashin [Method for determining the optimal fleet structure transport and technological machines].

Sovremennye problemy nauki i obrazovanija [Modem problems of science and education]. 2015, no. 2. Available at:

http://www.science-education.ru/129-22674 (In Russian).

2. Sushkov S.I., Burmistrova O.N., Pilnik Y.N. Principy reshenija zadach upravlenija v mnogourovnevyh transportno-

proizvodstvennyh sistemah lesnogo kompleksa [Principles of management tasks in a multitier transport and production systems
forest complex]. Fundamental'nye issledovanija [Fundamental research]. 2015, no. 11, Part 2, pp. 317-321. (In Russian).

104 Jlecorexuuueckuii :xypHaju 2/2016



JleconHKeHepHoe [1eJ10

3. Burmistrova O.N., Korol S.A. Opredelenie optimal'nyh skorostej dvizhenija lesovoznyh avto-poezdov iz uslovija
minimizacii rashoda topliva [Determination of optimal speeds logging trucks from the condition of minimizing fuel
consumption]. Vestnik Moskovskogo gosudarstvennogo unmiversiteta lesa Lesnoj vestnik [Herald of Moscow State Forest
University Forest Gazette]. 2013, no. 1 (93), pp. 25-28. (In Russian).

4. Setinc, Marko; Gradisar, Mirko; Tomat, Luka Optimization of a highway project planning using a modified genetic
algorithm. Optimization, 2015, Vol. 64, Issue 3, pp. 687-707.

5. Janssen, Thomas Design and conctruction in existing contexts: Replacement of the first High Bridge Levensau. Janssen
Thomasstahlbau, 2015, Vol. 84, Issue 3, pp. 182-194.

6. Hare, Warren; Lucet, Yves; Rahman, Faisal A mixed-integer linear programming model to optimize the vertical
alignment considering blocks and side-slopes in road construction. European journal of operational research, 2015,
Vol. 241, Issue 3, pp. 631-641.

7. Santos, Joao; Ferreira, Adelino; Flintsch, Gerardo A life cycle assessment model for pavement management:
methodology and computational framework. International journal of pavement engineering, 2015, Vol. 16, Issue 3, pp. 268-286.

8. Liyanage, Champika; Villalba-Romero, Felix Measuring Success of PPP Transport Projects: A Cross-Case Analysis of
Toll Roads. Transport reviews, 2015, Vol. 35, Issue 2, Special Issue: SI, pp. 140-161.

9. Setinc, Marko; Gradisar, Mirko; Tomat, Luka Optimization of a highway project planning using a modified genetic
algorithm. Optimization, 2015, Vol. 64, Issue 3, pp. 687-707.

10. Burdett R.; Kozan E.; Kenley R. Block models for improved earthwork allocation planning in linear infrastructure
construction. Engineering optimization, 2015, Vol. 47, Issue 3, pp. 347-369.

Caenenusi 00 aBTopax
Cywkos Cepeeti Hsanosuy — 3aBeAyroIui kKademapoii IpOMBIIIICHHOI0 TPAHCIIOPTa, CTPOUTEILCTBA U TCONC3HH
OI'bOY BO «BopoHexckuit rocyJapCcTBEeHHBIN JIeCOTEXHUUECKUI yHuBepcuTeT uMeHu I'.d. Mopo3oBay, TOKTOp Tex-
HUYECKHX HayK, nmpodeccop, T. Boponex, Poccuiickas ®enepanust, e-mail: S.1.Sushkov@mail.ru.
Hunvnux FOnua Huxonaesna — crapmmii npenoaasarens ®I'BOY BIIO «YXTuHCKH rocynapcTBEHHBIN TEXHU-

YECKUI YHUBEPCUTET», KAHIUIAT TEXHUYECKUX HayK, I. YxTa, Poccuiickas Meneparnms, e-mail: ypilnik@mail.ru.

Information about authors
Sushkov Sergey Ivanovich — Head of the Department of Industrial Transport, Civil Engineering and Geodesy, Federal
State Budget Education Institution of Higher Education «Voronezh State University of Forestry and Technologies named after
G.F. Morozov», DSc in Engineering, Professor, Voronezh, Russian Federation, e-mail: SISushkov@mail.ru.
Pilnik Yulia Nikolaevna — Senior Lecturer, Federal State Budget Education Institution of Higher Professional Education
«Ukhta State Technical University», PhD in Engineering, Ukhta, Russian Federation, e-mail: ypilnik@mail.ru.

DOI: 10.12737/19963
YK 630*323.4
OIIPEAEJIEHUE ITPOT'UBA CTPEJIBI XJIBICTA
KAHIMJIAT TEXHUYECKHUX HAYK, TOLEHT A. A. Yimmmmimii’
M. ®. I'puropses’
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r. Skyrck, Poccuiickas ®enepauus

I/ISBCCTHO, YTO BEPTHUKAIIbHAA HAarpy3ka Ha TpeJ'[eBOllHHﬁ TPAaKTOp 3aBUCUT OT PasMCPHBIX XaPAKTCPUCTUK TPETIOEMbBIX
XJIBICTOB U PaBHACTCA BECY HpOFHyBHIeﬁCH YacTHy XJIbICTa OT KOMJIEBOI'O CpE3a A0 TOYKU OTPhIBA OT IMOBEPXHOCTH 3EMJIN U U3-
m6a}01uero MOMCHTA. JIJIH OnpeaciICHus Beca HOI"pyH(eHHOﬁ YacCTu YUYUTBIBACTCA paclpeACiI€HUE MACChI 110 JJIMHE XJIbICTA,
TUIOTHOCTH APE€BECHUHDBL, MOIYJIb YIIPYI'OCTH U CHUJIbI TPEHUS XJIBICTOB B ITAYKE. ﬂ,ﬂﬂ YIPOIICHUA pACUCT IMPONU3BOIWIICA IIPU CIIC-
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