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HeobxomumMbivu ycoBusiMu 3Q(EKTHBHOCTH JIECOIPOMBIIILIEHHOTO TIPOU3BOJICTBA SIBJIIETCS IIPUMEHEHNE B YIIpaBIie-
HHH arpoOMPOBAHHBIX MAaTEMATHYECKHX METOJJOB MOJIEJIMPOBAHUSI, C TOMOIIIBIO KOTOPHIE MOYKHO YBEITMYHThH MPOU3BOIUTENb-
HOCTb TPAaHCHOPTHBIX OIEPalvii, COKPATUTh IPOCTOX W HEONTHMAIBHBIE CETEBBIE TIEPEBO3KHU JIECHBIX TPY30B, YBEIHYUTH d(-
(DEKTUBHOCTB BCErO TPAHCIIOPTHO-TEXHOJIOTMYECKOTO TIPOIecca B JIECHBIX MPEIPUATHSIX MPU OCBOSHUH JIECOCBIPLEBBIX 0a3 U
TPOHCIIOPTUPOBKU JIECHOW MpOMyKIK mnorpeduTessiM. st adekTHBHOro MCronbp30BaHUsT SKOHOMUKO-MAaTEMATHYECKOTO
TIOJIXO/a K PEIICHHIO CETEBBIX TPAHCIIOPTHBIX ITOTOKOB JIECHBIX I'PY30B HEOOXOAMMO TPOBOAUTH aHAJIN3 MPOU3BOICTBEHHBIX
TIPOLIECCOB Ha BcexX (pa3ax Kak MPOMU3BOJICTBA, TaK M JIOCTABKH JIECHOH MPOIYKIMK OT MOCTABIMKOB K MOTpeOHTEIsIM. 3aTpy/-
HEHUsI BO3HUKAIOT TIPU pacyere 0e3yObITOYHOCTH CETEBBIX TIEPEBO30K U OIpEEICHUs pyOexka, Korjja IocTaBKa JIECHBIX TPY30B
onrrMaibHa. Jlydie Bcero 3To BOCHpON3BOAMUTCS B BUJE rpadMuecKiX HHCTPYMEHTOB TSl KaXKI0r0 KOHKPETHOTO CITydast 0C-
TaBKH, TTO3BOJISIIOIIMX O0Jiee OMepaTUBHO ONPENEUTh 00BEMBI, 3aTPaThl, TPUOBLIH OT COBEPIIIEHHON TPAHCIIOPTHOM ONepary.
J1ist cokparieHusi BpeMEHH COCTaBJICHHs TPaMKOB IOCTABKH Pa3padaThIBAETCsl METOIMKA PAacyeTa, ATOPUTM OINpPEEIIeHHS
NPHOBLTFHOCTH JAHHOTO pefica (cereBoro BzanmMozercTrs). [Ipy 3TOM JaHHBINA MOIXO/] MOXKET MPUMEHSTHCS Ha BCEX ATamax
TUTAHUPOBAHHMS TIEPEBO30YHOTO TPOLIECCa JIECHBIX TPY30B Ul IPUHATHS ONTHMAIBHBIX PELICHUH TI0 YIPABICHHIO TTOCIIEIHHU-
M. [Ipu coBepIIeHCTBOBaHMM TPAHCIIOPTHON pabOThI MO JIOCTABKE JIECHBIX TPY30B MOTPEOUTENSIM, OONBIIIOE 3HAUSHHE UMEET
BpeMsi TIpOCTOsI aBTOMOOIJIBHOrO TpPaHCHOPTa IPH IOTPY30YHO-PA3TPY304YHBIX ONEPalysiX, THIBI M BHIBI IOTPY304HO-
Pa3rpy304HBIX CPECTB, rpaduKu UX padoThl. CleqyroIii MOMEHT, KOTOPBIH MO3BOJISET ONEPATUBHO PearupoBaTh Ha H3MEHe-
HHE MOTPeOHOCTEN B JIECHBIX IPy3aX y HOTPEOUTENEH, 3TO COXpaHEHNE U PAaCIIMPEHHE MPOU3BOJICTBEHHBIX CBSI3EH MEXITY IO-
CTaBIUIVMKaMH JIECHBIX TPY30B, JIECHBIMH CKJIaZIaMH M TOTPEOUTEISIMH. BasKHBIM 3Tarom mpu orpesieNieHHH 1eecoo0pa3HOCTH
TIOCTABKH JIECHBIX TPY30B SIBJISETCS. HH(OPMALIHS O TIPOU3BOZCTBEHHBIX MOIITHOCTSIX TIOTPEOUTEIIS IIPOMEKYTOYHOM TPOILYKIIH
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(momyaOpHKaTOB) C IENTbIO0 HEAOMYIIICHHS 3aTOBAPUBAHNSI OTHOTO IOTPEOUTENSI U HEZIOCTABKH CHIPhSI IPYTOMY TOTPEOUTEITEO,
NPH  PaBHBIX YCIOBHSIX IO JIOCTaBKe (paccTosiHUe, OOBEMBI APTHH MOCTABKH, BPEMsT HAXOXK/IEHHS B pelice aBTOMOOHIIEHOTO
JIECOBO3HOTO TPAHCIIOPTA), YTO B KOHEYHOM HTOr€ MPHUBOAUT K TaK HA3bIBAEMOMY «HEUETKOMY BBIBO3Y» JIECHOM HPOIYKIIUH.
Ipu popmMHUpOBaHUM CETEBBIX TPAHCIIOPTHBIX TIOTOKOB JIECHBIX TPY30B, OCOOEHHO B IIpe/ieNnax PerroHa, JKeNaTelbHO IIepexo-
JIMTB OT PEILICHNS] OTKPBITBIX TPAHCTIOPTHBIX 3a/1a4 K 3aKPbITHIM. C HENbIo M30€KaHHs HEONPaBIaHHBIX (TIOPOKHSKOBBIX) IPO-
0eroB JIECOBO3HOTO aBTOMOOHIILHOTO TpaHcmopTa. [109ToMy coBepIIIeHCTBOBaHNE METO/IUK, MOJIENEH alrOPUTMOB U COCTaBJIe-
HHE MX Ha OCHOBE IPOrpaMMHBIX MPOIYKTOB UIsI ONTHUMH3AIMK TPAHCIIOPTHO-TPY30BBIX MPOLIECCOB SIBISIETCS aKTyaJbHOU
3a/1a4eii, U3ydeHre KOTOPOH TI03BOIUT PAIMOHAIEHO UCIIONB30BATh JIECOCHIPhEBYIO 0a3y MpeIpHsTHs WM OoKa MpeArpy-
SITHH, N30€KaTh OCTaBJICHHUE Jleca Ha KOPHIO U YBEJTMYUTh BBHIXOJ JIMKBUTHOM IPEBECHHBI C | Ta JIECHOM TUIOMIaIn.

KnarueBsbie cioBa: cucrema, JiecoMaTepHaibl, CTPYKTypa, METOJ, MPOHM3BOACTBO, 3aTPaThl, ONTUMAIILHOCTH,
MPOIYKIUS, U3AEPIKKH, YOBITKH, IIPHOBUIb, CTOUMOCTh, CX€Ma, aITOPUTM.

DEVELOPMENT OF METHODOLOGY AND ALGORITHM FOR SOLVING THE PROBLEM OF
BREAK-EVEN TIMBER PRODUCTION
DSc in Engineering, Professor S. I. Sushkov'
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1 — Federal State Budget Education Institution of Higher Education «Voronezh State University of Forestry and Tech-
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Abstract

The necessary conditions for the efficiency of timber production is using proven mathematical modeling techniques in
management, using which you can increase the performance of transport operations, reduce downtime and sub-optimal network
transportation of timber cargoes, increase the efficiency of the entire transport processes in forest enterprises in the development
of forest raw material base and transportation of forest products to consumers. For effective use of economic and mathematical
approach to solving network traffic flows of forest goods it is needed to analyze production processes in all phases of both pro-
duction and delivery of forest products from suppliers to consumers. Difficulties arise in the calculation of the break even net-
work traffic and determination of the point where the delivery of forest goods is the best one. This is reproduced in the form of
graphical tools for each specific case of delivery, allowing you to determine volumes, costs, and profit from perfect transport op-
erations more quickly. To reduce the time of drawing up delivery schedules, method of calculation, the algorithm for determining
the profitability of a flight (networking) is developed. Moreover, this approach can be applied at all stages of the planning process
of the transportation of timber cargoes for optimal decision making by management. With the improvement of transport opera-
tion for the delivery of forest goods to consumers downtime of motor transport during loading and unloading operations, types of
handling equipment, schedules of their work re of great importance. The next point that allows you to respond to changing needs
for forest goods among consumers quickly is maintenance and extension of production linkages between the suppliers of timber,
timber warehouses and consumers. An important step in determining the appropriateness of delivery of forest goods is informa-
tion about the production capacity of consumer of intermediate products (semi-finished) to prevent the overstocking of one cus-
tomer and delivery of raw materials to another user, under equal conditions for the delivery (distance, volume of party of delivery,
the time spent in the forest on road transport), which ultimately leads to the so-called "fuzzy export of"" forest products. During the
formation of the network traffic flows of forest goods, especially within the region, it is advisable to move from open solving
transport problems to closed one. To avoid unnecessary (load) runs hauling automotive vehicles. Therefore, improvement of me-
thods, models, algorithms, and compilation-based software products for the optimization of transport processes is an important
task, study of which will allow efficient use of forest raw material base of the enterprise or unit of enterprises, to avoid leaving
standing timber and to increase the yield of liquid wood from 1 ha of forested area.

Keywords: system, timber, structure, technique, production, costs, optimality, products, costs, losses, income,
value, scheme, algorithm.

148 Jlecorexunueckuii s;kypuasua 4/2016



JlecOMHIKeHEepHOe 1eJ10

B nporecce npou3BOACTBEHHON AEATENBHOCTH
JIECHOTO TPEINPHSTUS TIPUCYTCTBYIOT HECKOJIBKO BH-
JIOB 3aTpart:

[ocTostHHBIE 3aTpaThl — 3TO 3aTPaThl MPEANPH-
SITUSI, HE 3aBUCAIINE OT 00beMa BBIITyCKa IPOAYKIIHH.

[lepemeHHbIE 3aTpaThl — 3aBHUCSIIUE OT 00beMa
BBIITYCKa MPOAYKINH.

Pybexx onTuManbHOCTH — IOKpPHITHE BCEX pac-

XOJIOB, TIPUBENICH Ha Tpaduke puc. 1.

B,
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Puc. 1. I'paduueckoe onpeneneHue pyoexa OnTH-

MaJIbHOCTH

Hcxonst u3 omnpeneneHusi TOYKU 0€3yOBITOYHO-
CTH, O0BEM pealu3alMi JOJDKEH PaBHITHCS CyMMe
MOCTOSIHHBIX U MIEPEMEHHBIX H3/IEPIKEK:

Pin=SV+ SC, (1)
rae SV, SC —nocTosiHHbIE U IEpEMEHHbIE U3EPKKH B
TOYKEe 0€3yOBITOYHOCTH COOTBETCTBEHHO.

Torna ypoBeHb 0€3yOBITOUHOCTH:

P =SCI(I-3s), (2)
rIe S — ylelbHble TIepeMeHHbIE U3JEPKKH, TO €CTh
riepeMeHHbIe U3EePIKKH, IIPUXOASIINECS Ha pyOIIb pea-
JIN30BAHHON IPOIYKIUH.

JMcxons u3 onpeneneHus: Touku 0e3yOBITOUHO-
CTH, O0BEM pealu3alMi JOJDKEH PaBHITHCS CyMMe
MOCTOSIHHBIX U MIEPEMEHHBIX H3/IEPIKEK:
Pin=8SV+ SC, (1)
rae SV, SC —nocTosiHHbIE U IEpEMEHHbIE U3EPKKH B
TOYKE 0€3yOBITOYHOCTH COOTBETCTBEHHO.
Torna ypoBeHb 0€3yOBITOUHOCTH:

P =SCI(I-3s), (2)
rIe S — ylelbHble TIepeMeHHbIE M3JEPKKH, TO €CTh
riepeMeHHbIe U3EPIKKH, IIPUXOASIINECS Ha pyoIIb pea-
JIN30BAHHOU IPOTYKIUH.

Beipaxxenne Buga P(/ — s) (pa3HOCTb MEXIy

00bEMOM peau3ald M MEPEMEHHBIMH U3/IEPKKaMH)

Jlecorexnnueckmii :xypnasu 4/2016

MONYYUJIO Ha3BaHWE Map)KUHATBHOW NPUOBLIM HIIH
MapxKH.

Omnpenenenne TOYKH 0€3yOBITOYHOCTH IIPOM3-
BOJIUTCS B MPEIOI0KEHHH:

— MepeMEeHHbIE U ITOCTOSIHHBIE M3/IEPKKH JTOIK-
Hbl OBITH OINpENeNeHbl C MaKCUMaJbHO BO3MOXKHOM
TOYHOCTBIO;

— B IUTAHUPYEMBIH Mepruo] HE TPOUCXOINT U3-
MEHEHHI B IIEHOBOM MOJIMTHKE IMOCTaBIIUKOB U MOTpe-
ourenei;

— TIOCTOSIHHBIE 3aTPaThl OCTAIOTCSI HEN3MEHHBI-
MU B U3y4aeMOM JIHaIla30He PeaTn3alli;

— yZenbHbIE NTepEMEHHbIE M3JIEPKKH (TIPUXOJIsi-
Hyecss Ha OJIMH pyOJIb peasiu3alii) OCTAroTCSl HEu3-
MEHHBIMH B HCCJIEYEMOM JHaIia30He pealln3alivy;

— paBHOMEPHOE OCYILECTBJICHUE PeaIi3alnuy BO
BpPEMEHH.

B mporecce onpeneneHust TOUkd 0e3yObITOUHO-
CTH Ba)KHBIM MOMEHTOM SIBJISIETCSl pa3JielieHHe 3aTpaT
Ha TOCTOSIHHBIE U nepeMeHHble. [Ipeamonaras nmuHew-
HblE M3MEHEHHs 3aTpaT Ha paccMaTpuBaeMOM WHTEp-
Baje, BO3MOXKHO IIOJNYYHTh CIEIYIOIIee BhIPaKCHUE

JJI TIOCTOAHHBIX 3aTpart:

SC=SH—P,,(§K—SH)/(;K—PH), 3)

e Sk , Px - ce6ecrommocts MIPOYKIUHU 1 00bEM
peanu3anuy Ha KOHEI[ MCCIEAyeMOoro rnepuoja c yde-
ToM UHQIAIUH (KO3 PUIIUEHTa TUCKOHTHPOBAHHMS)
COOTBETCTBEHHO;

Sy, Py — ce0ecTOMMOCTh MPOAYKIIUH B 00beM
peanu3anuy Ha Ha4aJlo MCCIEeIyeMOro HepHona CooT-
BETCTBEHHO.

AHanu3  NPOM3BOJACTBEHHOW  JIESATEIBHOCTH
MIPEANPUATHS IOJDKEH COCTOSITh B OIPEEICHUH TOYKH
0€3yOBITOYHOCTH U Map>KUHAIBHON MPUOBUIN 10 KaXK-
JIOMY BUAY TPOAYKIHMH U YCIYT, IPOU3BOJUMBIX Mpe/-
npusitieM. BaxkHO NONMYy4uTh MHQOPMALIUIO O KaXKAOM
BUJI€ JIECONPOMYKIMU C TO3UIMHA BBITOJHOCTH €ro
MIPOU3BOJICTBA. B 3TOM OTHOIIEHWH NMPHHSTO JEICHUE
BCEX PACXOJIOB MPENPHATHS Ha MPSIMbIe U KOCBEHHbIE
3arpaThl. TO €CTh pacXo/bl, HEMOCPEICTBEHHO HAIPaB-
JICHHbIE Ha MPOU3BOJICTBO KOHKPETHOI'O BU/IA JIECOIPO-
JTYKIIUH, TIPUHSTO OTHOCUTD K TPSIMBIM.

Ha poccuiickux npennpusTusx oObIYHO MPUHS-
Ta CHCTEMa y4yera, COIJlacCHO KOTOPOH KOCBEHHBIE H3-

JCPKKHU OTHOCATCA paBHOMCPHO KO BCel BI)IHyH_IeHHOﬁ
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MIPOAYKIIMM: pealln30BaHHON U XpaHsIeiics Ha cKiaje.
B sTOM ciydae 3anmackl Ha CKJIajie TOTOBOW MPOIYKIUH
YUYHUTBIBAIOTCS 110 MOJIHOW ce0eCTOMMOCTH, OMpe/ersie-
MOii 110 hopMyIie:

S={I-P)s, 4)
rae S — CTOMMOCTH 3aIlacoB T'OTOBOM JIECONPOAYK-
IIMM Ha KOHKPETHYIO JIATYy;

S — ToJHast ce0eCTOMMOCTh €ANHHIIBI JIECOMPO-
TYKIUK,

11— 00beM POU3BOACTBA 332 OTUETHBIN MEPUOT;

P — o0wvem peanmuzalnuu 3a paccMaTpUBAEMBIH
TIEPHOI.

[Tpu Takom moaxone HEOOXOJUMO OCYILIECTBUTH
pa3bueHre KOCBEHHBIX 3aTparT MO BHUaM BBIITYCKaeMOi
npoaykuuu. JlaHHBIH MeTo yuera MOKHO 3¢ deKTus-
HO HCIIONB30BaTh TOJBKO B CIEMYIOUINX CIIy4asiX:

— (upMa mPOU3BOJUT TOIBKO OMUH BHJ TOBapa
U HECKOIbKO TOBapHBIX [MMO3MIMH B OTPAaHUYCHHOM
KOJIMY€ECTBE;

— OpPU HAJHYHKM JOJTOCPOYHOTO TMOApAAA Ha
BBINOJTHEHHE ONPENIEIEHHOr0 BUia pador;

— TIOCTOSTHHBIE 3aTPAThl CHIILHO U3MEHSIOTCS B
TEUeHHE OTYETHOTO MEePUOIa.

Jpyras cucrema ydera H3JepKeK, KoTopas, K
COXXAIICHUIO, HEe TIPHHSTA HA POCCUHCKUX MPEMIPHUSTH-
SIX, CBSI3aHA C OTHECEHHEM IMOCTOSHHBIX M3JCPIKEK Ha
(buHaHCOBBIC pe3yNbTaThl PabOTHl HpemnpuaTus 6e3
pasieneHus o BUIAM BBITYCKaeMOW MPOAYKIIUH. DTOT
MeTon ydera Oojee pealieH, 4eM MPEIbLAYLINHA, CO-
[JIACHO KOTOPOMY MpEANPHUATHE HAYWHACT MONYJaTh
OpUOBUTH Y)KE ¢ TPOAaXKeH MepBOi eAUHHIBI TIPOMYK-
[[MH, TaK KaK B MPAKTHKE PEalbHOr0 MPOM3BOJCTBA, a
He 10 OyXrajTepCcKuM pacyeram, NpUOBLIb IMOHIET
TOJNLKO TOTJIa, KOrJa OyIyT MOKPBITHI BCE 3aTpaThl Ha
MPOU3BOICTBO MPOAYKIIHH.

[Tpu TakoM nmoaxoJe 3arackl Ha CKJIa/ie TOTOBOM
MPOAYKIMKA OICHUBAIOTCSI TONBKO IO IMEPEeMEHHBIM
3atpatam (MapXXHHAJBHBIM H3JEPKKaM) U OMpees-
FOTCS 11O (popMyJIe:

S=(1-P) sv, %)
rae Sy — IMepeMEeHHbIC U3JIEPKKU Ha EAWHUILY JIECO-
MPOAYKIIUH.

Ornpernienenrie TOYKA 0€3yOBITOYHOCTH OCYIIECTB-

JIIETCS] HAa OCHOBE S9KOHOMHUKO-MATEMATHIECKOH MOJICIH:
Cge () +C, (n)- Z(n)
U(n) ’

X(n) = (6)

rae  Cepe (1) —BHEOOMKETHBIE (POHABI, KOTOPbIE MOTYT
OBITh MCIIOJIb30BAHBI I 00CCIICUCHUs 00beMa MPOM3-
BOJICTBa JiecoMaTepuasioB X(n);

Cyp (n) — 00beM HeMoralleHHBIX KPEIUTOB;

Z(n) — IOCTOSTHHBIE 3aTpaThl Ha NepepadoTKy;

U (n) — pacxonabl Ha CAMHUILY HPOHU3BEICHHOMN
JIECONPONYKINH (TIEPEMEHHBIC).

CTpyKTypHasi cxema paccMaTpUBaeMOH 3aJauu
MOKa3aH Ha puc. 2.

Pemenne 3aga4 gaHHOro THMa, 3aKIIOYaeTCs B
TOM, YTOOBI OIPEIETHUTh KOJINYECTBO MPOAYKINH, MPU
KOTOPOM JIOCTHTaeTcs 0e3yObITOYHOCTh ()YHKIIHOHH-
pOBaHHSI TPAHCIOPTHO-TEXHOJOIMYECKUX MPOIIECCOB

MIPEINPUATHI JTECHOTO KOMILIeKca.

Ha=azo

/ Beoz 3HaueHHH /

Cezeln). Cipln). Z(n). /
Um. i n

= -m:':;{ x:=(cepe + chr—z) [u ‘

IpOLyEIEH |

/

OUbeMa

IocTpoemnie rpadHKa JADHCIMOCTH
NepeMEHHBIR 3ATPAT 0T obEeMa
npoxysues Lin)i(n)

TlocTpoense rpadHEa
FABHCHMOCTH IOCTOAHHBIL 3ATPAT
0T 00BeMa MpoIyEIEHE Z(1)

TlocTpoeHHe rpadHEa
IABHCHMOCTH BATOBOH BEIPYIHH
ot obpenMa npogyrmm Z(mp ]

Xo = zn/(z - 1i) — Ko/mTIECTRO
TPOIYEIEH, IIPH KOTOpOM
JOCTHTaeTcA TOUKa

| Kosen

Puc. 2. CtpykTypHas cxema alropurMma pemieHus 3a-
JIa4H OIIpeIeTICHHs TOYKU 0€3yOBITOUHOCTH

BeBog: B pesynbpTare mpuMeHeHHs MareMa-
TUYECKUX METOAOB MOJAEIMPOBAHUSA TPAHCHOPTHBIX
MIOTOKOB JIECOMATEpUANOB, YYUTHIBAIOUIMX KaK Iepe-
MEHHBIE, TaK U ITOCTOSIHHBIE 3aTPaThl HA UX MPOU3BOJI-
CTBO M JOCTaBKy, Oblla pa3paboTaHa MeETOAUKA U
CTPYKTYpHasl CXeMa ajJropuTMa peUIeHus 3aJadd oll-
peneneHnsl TOYKH 0e3yOBITOUHOCTH ISl TIPENPUSITHI

JICCHOI'O KOMILICKCA.
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