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MCNO/NIb30OBAHUE MATEMATUYECKMX MOAENEN NPU NOATOTOBKE UHMEHEPA

AHHOMayusa. Cmamoes MOC8AWEHA UCMO0/b308AHUK Mamemamuyeckux modeneli peasnbHbIX MPoU3800CMBeHHbIX
cucmem npu oby4yeHuu cmydeHmoe secomexHu4ecko2o npoguns. CospemeHHsill uHxceHep e ceoli pabome cmankueaemcs ¢
Hogoli 8bicOKonpou3sooumenbHol U c0xHOU mexHukol. Emy npuxodumca aHanusuposams pabomy KAk omoesbHbIX Y3108
MAWUHbI, MakK u sceli mexHonozau4eckoli nuHuu. [pu 0ocMaMo4YHO WUPOKOM 8blbope 0OHOMUMHbLIX MAWUH, O4eHb 8AH(HO
pasusnbHO chopmMupo8ams UX 8 cucmemsl. PeweHue smux npobaem MpPaKMuYecKu Heso3MoXHO 6e3 Mamemamu4ecKkozo
modenuposaHus uccredyemoix 06vekmos. B besopycckom 20cy0apcmeeHHOM mexHO102UYeCKOM yHuUsepcumeme cmydeHmeol
cneyuansHocmell «/lecouHxceHepHoe 0eno» u «MawuHel u 060pyd08aHUE /IECHO20 KOMIIAEKCA» U3y4yaom mamemamuyecKue
Mooenu ecornpoMblWNeHHbIX MAWUH U obopydosaHusa. B cmamee npedcmasneHa mamemamu4veckas modesns pabomei
¢opeapdepa (MawuHsbl, npedHaszHayeHHoU 04 cbopa u MoOB03KU 3020mMosseHHOl 8 siecy OpesecuHbl) C yyemom e20
MEeXHUYECKUX U MEXHO/02UYEeCKUX OMKA308 HA Pa3suyHbIX cmaoduax pabomsi, UcCrnosnb3yemasa npu obyvyeHuu cmyodeHmos
f1ecomexHuYecko2o npoguns. [lokasvieaemcs, KaK 078 KOHKPemMHo20 feconpombiuiaeHHo20 060py0osaHuUa cmpoumca
pasmeveHHbIll  epagp cocmosHull U no 3a0aHHOMY epagy 078 cocmosAHUll cucmemsl 3anuceliedemcs cucmema
dughpepeHyuancHelx ypasHeHuli Konmoeoposa 0ns eeposmHocmeli cocmosHul. a8 ycmaHosuswe20ca pexcuma pabomel
moada eeposmHOCMU cocmoAaHuli NPAKMuUYecKu NoCMOAHHLI, cucmema OuggepeHyuanbHeix ypasHeHuli npeobpaszyemcs 8
cucmemy nuHeliHbIX anzebpauveckux ypasHeHul. Pewasa amy cucmemy, HAX00AM puHanbHble 8epoAMHOCMU cocmoAHUU,
Komopble 3a8ucam om napamempos nomokos cobbimuli, nepesodAujux cucmemy U3 00HO20 coCMosAHUA 8 Opyezoe. [anee
nposoduMCA aHAAU3 MOAYYEHHbIX pewleHUl ¢ Yeaosto noayvyeHus Hauay4ywux pexcumos sKcrnayamayuu daHHol mexHuku. Ha
KOHKpemHOM npumepe [MoKa3bieaemcs, KaK 8 3a8UCUMOCMU om (PUHAAbHbLIX eeposmHocmeli cocmosHuli ¢opsapdepa
onpeodenalomca oMUMAsbHbIE CPOKU MPOO0aAXUMENbHOCMU 80CCMAHO8AeHUA pabomocnocobHocmu e2o xodosol yacmu.
PazpabomaHHas mamemamuyeckas modesab 6a3upyemca Ha MpuMeHeHUU meopuu Maccos8ozo 06CayHUBAHUA U Kpumepues
seposamHocmeli cocmosaHul.

Knrouesoie cnoea: Modesnb, hopsapoep, 8epOSMHOCMb, MexHUYecKuli omkas, napamempel

MocraHoBKa npo6nembl. [oArOTOBKA COBPEMEHHOrO WHXKeHepa C MCNo/b30BaHMEM METOA40B MaTEMATUYECKOro
MOAENNPOBAHUA.

AHanu3 aKTyaNbHbIX MUccnefoBaHMA. B HacToslwee Bpems MeToApl TEOPUM MaccoBoro obcnyxusanua (TMO)
NPUMEHAIOTCA ANA aHanm3a paboTbl PasIMYHbIX TEXHONOFMYECKUX npoLeccoB. OAHAKO OHU HOCAT UK 06K TeopeTUYecKui
XapaKTep WAM MPUMEHATCA K cyrybo 4acTHOM MpoOM3BOACTBEHHOM 3agade. B yacTHocTW, npumeHeHne TMO B fnecHol
NPOMBbILLIEHHOCTH, PaccMaTpuBanoch B oblem suae B pabote [1]. AHanus u uccnegosaHune paboTbl dopBapaepa C NOMOLLbIO
MaTeMaTUYecKMx mogenel B iMTepaType HUrAe He NPOBOAMAUCD. [TOCKONbKY B HacToALLee Bpema popsapaep ABAAeTcA O4HOM
M3 OCHOBHbIX MAaLUMH B N€CO3aroTOBMTENbHOM MPOM3BOACTBE, TO CTaTbA MOCBALLEHA aHaau3y ero paboTbl C MOMOLLbIO
MaTeMaTu4eckon mogenu.

Lenb cratbu. YunTbiBad 37O, Le/IblO CTaTbM ABAAeTCA OobyyeHue CTyAEeHTOB MOCTPOEHUIO MAaTeMaTUYECKUX mogenein
KOHKPETHbIX NPOM3BOACTBEHHbIX MALLUUH U UX aHAAWN3Y ANA HAXOXKAEHWUA PALLMOHANbHbIX PEXMMOB PaboTbl.

MeToabl uccneposaHua. paduyeckoe onucaHWe COCTOAHMIA CUCTEMbI C MOMOLLBIO pasmeyveHHbix rpados. 3anucb
anddepeHumanbHbix ypaBHeHMI KosnmoropoBa AnA  BEPOATHOCTHbLIX COCTOAHWW, MNOAyYeHWEe W aHann3  GUHaNbHbLIX
BEPOATHOCTEN COCTOAHUM.

M3noxkeHne ocHOBHOro martepuana. Matematnyeckas mogenb ana dopsapaepos paspaboTaHa € y4EeTOM TEXHUYECKUX
0TKa30B. PaameyeHHbIl rpad paboTbl OCHOBHbIX Y3108 MalUMHbI n306pakeH Ha puc. 1.
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Pabota ¢opBapaepa xapaKTepusyeTca CAefyloWMMU COCTOAHUAMMU: So — MalIMHa McnpaBHa (mpocTauvBaeT WM
COBEpLUAET XOJ0CTOM XO4 C MOrpy304HOro MyHKTa Ha Maceky), HO He npousBoAWT cbop, TPaHCMOPTUPOBKY (NOABO3KY),
pasrpysky M NOACOPTUPOBKY COPTUMEHTOB; S — MallMHa MCMpaBHa, ocywecTsaseT cbop, TPAHCMOPTUPOBKY, Pasrpysky u
NOACOPTUPOBKY COPTUMEHTOB; Sy1 — OTKa3 X04,0BOM YacTu; Sy, — OTKAa3 ABUraTens; Sy3 — 0TKa3 TEXHOOrMYECKOro obopyaoBaHus
(maHunynaTopa, rpeidepHoro 3axeata); Sys — OTKa3 rMAPaBAMYECKON CUCTEMDI.

B Takol mopenn MMeloT MecTo ABa TUMa MOTOKOB: MOTOKOB COPTMMEHTOB W MOTOKOB OTKasoB o6opynoBaHMA.
MprMopMTETOM NONB3YIOTCA NOTOKM OTKa30B, T. K. MPU WX HACTYNAeHUU OHM «obpabaTbiBatoTca» (MPOM3BOAUTCA PEMOHT) B
nepsyto ouyepeab. U3 cBoboaHOro coctoaHuA Spo B pabouyee S; cucTema NepexoamT C MHTEHCMBHOCTbIO A; nogaun pabouero
opraHa K copTumeHTy (wTabento copTumeHToB). OB6paTHO nepexos OCYWECTBAAETCA MOCPeACTBOM  MOFPY3KM U
TPAHCMOPTUPOBKN COPTUMEHTOB C MHTEHCMBHOCTbIO Wi1. [pM HAcTynaeHMn oTKasa XOA0BOM Y4aCTM CMCTEMA C MHTEHCUBHOCTbIO
A21 NeperfeT U3 cocToAHUA S1 B Sy1. Mocne BbINOJHEHUSA PEMOHTA C TEMMOM L1 CUCTEMA BEpHETCA B cocTosHue So. OTKas
ABUraTena MOXeT NPUBECTU K nepexoay B NONOMKeHUe Sy, KaK M3 COCTOAHMA S, TaK M U3 S1 C MHTEHCUBHOCTLIO Az,. Mocne
pPeMOHTa cUCTeMa C TEMMOM Lz, NepenaeT B cocTosiHUe So. OTKa3 TEXHONOrMYECKOro 06opya0BaHMA NPUBEAET K nepexoay B
COCTOAHME S3 U3 COCTOAHUA S1 C MHTEHCMBHOCTbLIO Ay3. [loCNe pemoHTa cuctema nepenaeT s CocToAHUA Sa3 B So C TEMMNOM 3.
OTKas rmapocucTemsl NPUBEAET CUCTEMY U3 COCTOAHUA S1 B Sya C MHTEHCUBHOCTBIO Aya. [lOCe peMoHTa cucTema nepengert us
COCTOAHUA S4 B S1 C TEMMNOM 4.
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Puc. 1. lpagh cocmosHuii cucmemeoi hopeapdepa

0603HaunMm:

Po(t) — BEPOATHOCTb TOTO, YTO B MOMEHT BPEMEHM t CUCTEMA HAaXOAMUTCA B COCTOAHUM So;

P1(t) — cocToAHuM S3;

Pj(t) — B cocToAHMM Sy;, j = 1,2,3,4.

Toroa mogenb GYHKUMOHMPOBaHUA cucTembl (anddepeHumanbHble ypaBHeHMa Kosmoroposa AN BeposTHOCTeW
COCTOAHUI) ByaeT UMeTb ceayowmin BuAa;
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HeunssecTHble mapameTpbl A U | YCTaHaBAMBalOTCA cnegyrowmm obpasom: A; = 1/t,, rae tn — NPOAONNKUTENBHOCTb
BpemeHu nogaun paboyero opraHa K cOpTUMeHTy (wTabento copTMmeHToB); Wi = 1/t,, roe t, — NPOAOMKUTENBHOCTL LUK
cbopa, TPAHCMOPTUPOBKM, Pa3rpy3KkM U NOACOPTUPOBKU COPTUMEHTOB; Ay1 = 1/t21°7, rae t71°7 — NPOAOAKUTENBHOCTL BPEMEHMU
MeX4y OTKasaMu WaccK; Wi = 1/t218, rae t1® — NPOAO/IKUTENBHOCTb BPEMEHW BOCCTaHOB/eHUA PaboToCNoCOBHOCTM Lwaccy;
A2 = 1/1550T, rae t22°T — NpoAo/IKUTE/IbHOCTb BPEMEHU MeX Ay OTKasamu ABuratena; poo = 1/t558, rae t22® — NpoAo/IKUTENIbHOCTb
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BPeMeHM BOCCTaHOBNEeHWUA paboTocnocobHOCTU ABuratens; A =1/t:3°7, rae t23°7 — NPOAOMKUTENbHOCTD BPEMEHU MeEXAY

OTKasamMM TeXHONOIMYecKoro o6opyaoBaHus; Wiz =1/t38, rae t3® — NPOAOMKMUTENbHOCTb BPEMEHM BOCCTaHOB/EHUA
paboTOCNOCOBHOCTU TEXHOMOrMYECKOro 060pyA0BaHUA; A = 1/t24°T, rae t4°7 — NPOAOAMKMUTENbHOCTb BPEMEHM MEXAY
OTKasamu TMApPaB/NYECKON  CUCTEMDI; |.124:1/t24", rae  tu® — nNpoAo/KUTENbHOCTb BpPEeMEeHW BOCCTaHOB/IEHUA

paboToCNOCOBHOCTH MMAPABANYECKON CUCTEMDI.

Mpu unccnepoBaHum paboTbl dopBapaepa Ha NPOTANKEHUU AUTENbHOrO NPOMEXKYTKA BPEMEHW MecAl, rog v T.4.
(ycTaHOBMBLUMIACA pexknm paboTbl), MOXKHO CYMTaTb, UYTO Po= const, Py = const, P; = const, Py; = const, P,3=const, Py, = const,
P35 = const (puHanbHble BEPOATHOCTU cOCTOAHMA). OWwmMbKa Npy NPUHATUM LAaHHOTO AONYLLEHUA He npeBblwaeT 8% [2, 3].

B aTom cnyyae cuctema amoddepeHumanbHbiX ypaBHeHU (1) npeobpasyerca B cUCTEMY JIMHENHbIX anrebpamyeckmx
YPaBHEHW:

0=—(Rg+2p ) Py + 1P+ 11 Poy +1pp Py +15Ps;

0=21R = (uy + g1 +hg +hg5 +hog) P+ 1o Poys

0="A2P —uxP;

0="RpF +AnR —1yPs; (2)
0="223P — 1p3Pps;

0="R24R — 1pyPos;

Py+PR +Py+Py+Py+Py=1

Pelana cuctemy ypaBHEHUIA OTHOCUTENBHO BEPOATHOCTEN COCTOAHWUN Po, P1, Pa1, P22, P23, Pas, NONYYUM BbipaXkeHUA oA
pacuyeTa peMmoB paboTbl popBapaepa:

A
R= : ¥ (3)
M+ Aoy + Ao + Ay
Aot
Py = A= 0 (4)
Mo (g +Ro1 + 290 +253)
A A
P, =—2|1+ ! Py; (5)
Moo Mg+ Aop +Ag + Rog
Aoah
Py = 21 0 (6)
Hog(ky +Agp + A0 +2p3)
Aoa
P = 2= 0 (7)
Hoa (g + 201 +hgp +Ap3)
Mpumem, uTo:
A A A A A
£2921;£=9223£=Pz32£=1324; . =
Hoq Moo Hog Moy Mg+ Ao +Ag + Ay
Toraa noayynMm ypaBHeHUWe Ana pacyeta BEpOATHOCTM COCTOAHNA Po:
1
Po =[1+ P22 + O+ pgs +pgy + P2z +P20)] (8)

MoacTtaBuB B BblpaxKeHus (3)—(7) 3HaueHMA BEPOATHOCTU Po, Haliem 3HaYeHUn BepoaTHOCTel P1, Py1, P2z, Pas, Paa.

MonyyeHHble 3aBUCMMOCTM BEPOATHOCTEN COCTOAHWIA dopBapaepa MO3BONAIOT YCTAHOBUTb PaLMOHa/bHbIE 3HAYeHUA
napameTpoB MaluuHbl. TexHonorms paboTbl C 3aBUCMMOCTAMM credylowad. Ha OCHOBE TEeXHWYECKUX XapaKTEPUCTUK
NPUHMMAETCA PAL, NapameTpoB, Hanpumep, M1, A21, A2z, Azs, A2a M M3 NOCTPOEHHbIX 3aBUCMMOCTEN YCTaHABAMBAOTCA MCKOMble
napameTpbl. Hanpumep, A1, Ha1, K22, K23M60 Uaa [2, 3, 4].

Ha puc. 2 np1BeaeH npumep yCTaHOB/IEHMA OAHOrO M3 Ha3BaHHbIX NapameTpos..
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Puc. 2. 3asucumocmu eepoamHocmeii cocmosHuli cucmem ¢opeapoepa
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Onpep,eneHHoe ONTUMANbHONo 3HayeHue Ll*zgl no3posAeT onpegenntb  pPauuMoHasbHYO, B AOaHHOM Cay4vae,
npoaO0NIKNTENBbHOCTb BOCCTAaHOB/IEHUA XO,CI,OBOVI 4acTtu:

* 1
g = —-
K21
Mpu 3ToM o6ecneunBaeTcs HagAexallas NPoM3BOAUTENbHOCTb MALLMHBI, T. K. AOCTUTAETCA NPAKTUYECKM MaKCUMasibHas
ee BesiMumnHa P;" (BepoaTHocTb paboTbl).
BbiBoAbl. PaspaboTaHHaa mofenb obyyaeT CTyLEHTOB OnNpeaenaTb PaLMOHa/bHble PeXUMbl paboTbl U PEMOHTa
TexHoNorMyeckoro obopyosaHua dbopBapaepa B C/lydae TEXHUYECKUX OTKA30B NPW 3alaHHbIX XapaKTepucTuKax. 3To npueeaeT
K POCTY NMPOM3BOANTENbHOCTM 060pyA0BaHMA 63 cyLecTBeHHbIX GUHAHCOBBIX 3aTpaT.
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USE OF MATHEMATICAL MODELS IN THE PREPARATION OF ENGINEER
Ignatenko V. V.
Belarusian State Technological University, Republic of Belarus
Leonov E. A.
Belarusian State Technological University, Republic of Belarus

Abstract. The article is devoted to the use of mathematical models of real production systems in teaching forestry
students. A modern engineer in his work is faced with a new high-performance and complex technology. He has to analyze the
work of both individual units of the machine, and the entire process line. With a fairly wide of choice of the same type of
machines, it is very important to correctly combine them into system. The solution of these problems is almost impossible
without mathematical modeling. At the Belarusian State Technological University, students of the specialties “Forest
Engineering” and “Machines and Equipment for the Forestry Complex” study mathematical models of forestry machinery and
equipment. The article presents a mathematical model of the work of the forwarder (a machine designed for collecting and
hauling timber harvested in the forest), and takes into account its technical and technological failures at various stages of work,
which machine is used to train forest engineering students. It is shown how a marked state graph is constructed for a specific
forestry equipment and a system of Kolmogorov differential equations of state probabilities is written according to a given
graph for system states. For steady-state operation, when the probabilities of states are almost constant, the system of
differential equations is transformed into a system of linear algebraic equations. By solving this system, we find the final
probability of the states, which depends on the parameters of the event streams that transfer the system from one state to
another. Next, an analysis of the obtained solutions is carried out in order to obtain the best operating conditions for this
equipment. On a concrete example we show dependence of the final probabilitiy from the states of the forwarder and determine
the optimal terms of the restoration of the running gear performance duration . The developed mathematical model is based on
the application of queuing theory and state probability criteria.

Keywords: model, forwarder, probability, technical denial, parameters.
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