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AnHomayusa. ABTOp paccMaTpUBaeT MNPOLIECC CO3JAHUS MMUTALMOHHOU
MOJIEJI TEXHOJIOTMYECKOr0 Mpoliecca OKOPKH JIECOMATEPUAIOB B CIIELMAIIA3U-
poBanHOM Iiexe. OH ONUCHIBAET OCHOBHBIE JTambl PabOTHI, HUCIOIb3YEMBbIE
METOJbl 1 UHCTPYMEHTHI, a TAKKE MOIYYEHHbIE pe3yapTaTbl. OH paccMaTpUBaeT
POJIb UMUTAIIMOHHOTO MOJICIMPOBAHUS B ONITUMHU3AIMUA TEXHOJIOTUYECKUX MPO-
LIECCOB B IIE€JIOM U €ro MPUMEHUMOCTh K APYTUM OTPACISIM MPOMBIILICHHOCTH.
B 3akmoueHun oH (HopMyIupyeT BBIBOJBI M MPEJIOKEHUS MO JadbHEHIIeMy
Pa3BUTHIO UCCIIEIOBAHMS B TaHHOW 00JIaCTH.
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Abstract. Author examines the process of creating a simulation model of
the technological process of debarking timber in a specialized workshop. He de-
scribes the main stages of the work, the methods and tools used, as well as the
results obtained. He examines the role of simulation modeling in process opti-
mization in general and its applicability to other industries. In conclusion, he
formulates conclusions and suggestions for further development of research in
this area.
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Oxopka JecoMaTepualioB SIBJSIETCS BAXKHBIM 3TallioM B MpoIecce UX
nepepaboTKU. DTOT MPOIECC 3aKIIOYACTCS B YJAJICHUU KOPbI C IMOBEPXHOCTH
OpeBeH, 4TO IMO3BOJISIET YIIYUIIUTh Ka4eCTBO KOHEYHOTO IMPOJYKTAa M YBEIWYHUTH
ero cTouMocTh. OHAKO CYIIECTBYIOIINE METOJIbI OKOPKHU JIECOMATEPUAIOB MOTYT
ObITh METAVIOEMKHUMH M JHEPrOEMKHMH, YTO TMPUBOAUT K TOBBIIICHUIO
ce0ecTOMMOCTH KOHEYHOTO MPOAYKTa U BHICOKOM CTEMEHU 3aBUCUMOCTH OT PhIHKA
AHEProoOecreueHusl.

B cB3M C OTUM aKTyaJlbHOM 3ajadedl sIBISICTCS COBEPILICHCTBOBAHUE
TEXHOJIOTHYECKOTO TIpoliecca OKOpPKH JiecomarepuanoB. OmuH H3  Croco0oB
JOCTVOKEHHS 3TOM HENH — CO3/JaHMe WMHUTAIIMOHHOW MOJIENN TEXHOJIOTHMYECKOTO
npoliecca OKOPKH JIECOMAaTepralioB B CICIMAIM3UPOBAHHOM Iiexe. Takas MoJenb
MO3BOJIUT ONTUMHU3UPOBATH MTAPAMETPBI IPOIIECCca U YIIYUIIUTh €ro 3(PPEeKTUBHOCTD.

Bbyger mnpoBeneH aHaiM3 TEKYIIETO COCTOSIHUSI TEXHOJOTMYECKOTO
npolecca OKOPKHU JIECOMATepUaloB, BBISBICHBI €ro MpoOJeMbl U HEAOCTATKU.
Ha ocHoBe sToro ananuza OyayT NpemASIOKEHbl MYyTH YIy4IlIEHUS Ipolecca
C UCTIOJIb30BaHMEM MMMTALMOHHONW Mojaenu. Taxxke OyAeT paccMoTpeHa poJib
UMUTAIMOHHOTO MOJCIUPOBAHUS B ONTUMU3AIMNK TEXHOJIOTUYECKHUX MPOIIECCOB
B II€JIOM U €ro MNPUMEHUMOCTh K JPYTMM OTpPACIsM MPOMBIIUIEHHOCTH.
B 3akmouennn  OyayT copMyIMpoOBaHBI BBIBOABI U MPEAJIOKEHUS TI0
JaNbHEUIIIEMY Pa3BUTHIO UCCIIEIOBAHUS B JAHHOW 00JIaCTH.

HMmuTanimonHoe MOJEIUPOBAHUE SBISETCS MOIUIHBIM HHCTPYMEHTOM IS
aHallM3a U ONMTHUMHU3AINHA TEXHOJOTHYECKHX TporieccoB. OHO MO3BOMSET CO3/a-
BaTh KOMIIBIOTEPHBIE MOJEIN PEATbHBIX CHUCTEM WU MPOBOAHUTH JKCIIEPUMEHTHI
C HUMH, YTOOBI ONIPEACTUTH ONTUMANIBHBIE TApAMETPhI U YCIOBUS PaOOTHI.

Oanum W3 HamboJee MOMYyJSIPHBIX HHCTPYMEHTOB JUIsi MUMHUTAIMOHHOTO
MojieipoBanus sBisieTcst cpeaa Simulink npunoxenus Matlab. Simulink — sto
rpaduyeckas cpena i MOJCIMPOBAHNS, UMUTALMUA U aHAIN3a JUHAMUYECKUX
cucreM. OHa TO3BOJIAET CO3/1aBaTh MOJENM B BHUAE OJIOK-CXEM, HCIONb3Ys
OMOMMOTEKN CTAHIAPTHBIX OJIOKOB, U TPOBOAUTH CUMYJISIMU B pPeaTbHOM
Bpemenu [1].

[TocTpoum MpUMEpHYIO cXeMy mpoliecca OKOpku OpeBHa (puc. 1).

nocraBkKa 6peB|-|a

ouyepenb n pacnpepeneHne

OKOpKa necomatepuanos

BbIXOo4 N3 cUCTEeMbI

Puc. 1. Cxema iyt okOpKku OpeBHA
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Paccmotpena mogenb, MOCTpOeHHas! B JaHHOW Cpele Ha OCHOBE CXEMBI,
npecTaBiIeHHON Ha puc. 1. MuTanmoHHas MoJenb MpEACTaBlieHa HAa pPHUC. 2
U puc. 3.

—™ {:] - Scope

Display ]

CpenHee oxMaaHWeE OTNPaBNEHNA

Statistics Output l:l — l:’ I:I

\ Bpéeen noctynuno va cknag T | OTnpasneHo Ha okopky CpepnHee BpeMA oxuaaHns
Log 50 IFO
MocTaBwmk necomatep1anos Cknan Ouyepeab Ha OKOpPKY
/ \ Pacnpepenutents
. Entity Storage Queue
Entity Generator

Entity Output Switch

Puc. 2. MmuTtanyonHas MOJIEIb TEXHOJIOTHUYECKOTO nponecca
OKOPKH JIECOMATCPHUATIOB B CICHUAJITU3UPOBAHHOM LICXEC

CpenHee Bpems OKOPKW

MNpowno okopky
{)

Cpenxee Bpems okopknl
— % Entity Terminator
e BpemMA OXMaHnsA MpoLuno okopky1 \

[ O N <
L= | CpenHee Bpemsi OKOPKUZ )g Buixon

CraHok2
PacnpepenuTens || O6begeHnTent
|
f . T Mpowno oxkopky2 \

Entity Input Switch
Entity Output Switch || yinp
: 3
CTaHok3 \

Entity Server

Puc. 3. MMuTanonHas MOAEIb TEXHOJIOTHYECKOTO mnmponecca
OKOPKH JIECOMATECPHUATIOB B CICHUATTU3UPOBAHHOM LIEXC
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[TocraBmmkoM necomaTepuanioB sisisiercs 6ok Entity Generator,
JSIFOIIMIN CO3/1aBaTh 3asiBKU 110 33/IaHHBIM TlapaMeTpaM Ha puc. 4.

Block Parameters: MNocTasyk NecomaTepranos

Entity Generator

Optionally, specify entity types as anonymous, structured, or bus.

Entity generation Entity type Event actions Statistics

Generation method: | Time-based

Generate entities using intergeneration times from dialog or upon arrival of events.

Time source: | MATLAB action

Intergeneration time action:

1 dt = randi([2,7]);

Puc. 4. OxHo mapameTpoB BkiIaaku Entity generation

omoka Entity Generator

B nanHoM citydyae Obutd BBIOpaHbI CIEAYIOIIKE TapaMETPBbI:

® reHepalus no 8pemenu,
® ICTOYHUK BpeMeHu — komanda MATLAB,;

e KOMaHJa JJIsl TCHEPALMH CIy4atiHo2o yucia om 2 00 7,

ITO3BO-

[locne renepaiuu 3asBKU WM K€ «OpEeBHa» €W MPUCBAMBAETCS aTpUOyT
ServiceTime, oTpaxaroImuii BpeMst 0O0CTYKHBaHHUS, JJI1 HAC 3TO BPEMs OKOPKHU
OpeBHa. Bce 310 BhIONHSETCS ¢ TOMOIIBIO BKIIaaku Event Actions Ha puc. 5.

Block Parameters: [NocTasLumk necomarepranos

Entity Generator

Optionally, specify entity types as anonymous, structured, or bus.

Entity generation Entity type Event actions Statistics

Event actions Generate action:
Call fter entity is generated.
G te™ !
enerate To access attribute use: entity.ServiceTime
Exit
1 entity.serviceTime = randi([6,28]);
H
Entity structure
v entity
ServiceTime
4| ¥ entitySys
id
priority
Q Cancel Help

Generate entities using intergeneration times from dialog or upon arrival of events.

Insert pattern ...

Puc. 5. Oxno mapamerpoB Bkiiaaku Event Actions

omoka Entity Generator
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B He#l MOXHO yCTaHOBUTH KOMaHJbl, KOTOPhIC OYAyT BBITIOJHATCS IOCIIC
OTIpeIeNIeHHOTO JIeHCcTBUS Osioka. HaM HykHO, 94TOOBI TIOCTIE CO3/1aHus OpeBHA
eMy JaBaJOCh CIIyJaiiHOE 3HaueHHWe arpuOyrta ServiceTime. DTo moctHraeTcs
npu BeIOOpe neiictBus Generate m BBojge komaHabl «entity.ServiceTime =
randi([6, 20])».

Tenepb y HaC ecTh «OpEeBHO» C aTpuOYTOM BpeMeHU oOciyxuBanus. Ham
HAJIO TJIe-TO XpaHUTh co3JaHHble OpeBHa. C 3THUM HaM MmoMoxeT Ojok Entity
Store — 3TO mpocTOH OJOK-XpPAHWJIUINE C BO3MOXXHOCTBIO YCTAHOBKH €TO
pasmepa.

[Tocne xpanunuiia HamM OpeBHA UAYT B odepenb B Oimoke Queue. B atom
Oyoke OpeBHA HAXOIATCA B OXKHUIAHWHM WX odepenu. MMeercs BO3MOXKHOCTB
YCTaHOBKH pa3Mepa OvepelH W e Thla Mo mapamerpam Ha puc. 6. Ouepenu
JIENATCS Ha TPU. TEPBBINA 3aIIeN — IEPBBIA BHIIIEI, TOCISAHUNA 3aIIe] — IePBBIT
BBIIIIC]I M ITO IPHOPUTETHOCTH.

Block Parameters: Ouepegp Ha okopky

Queus

Store messages or entities in a queue. The block can queue items based on arrival
order or priority. The item at the head of the queue departs when the downstream
block is ready to accept it. You can specify the queue capacity.

Main Event actions Statistics

] overwrite the oldest element if queue is full

Capacity: |5

| Queue type: FIFO w

Entity arrival source: | Input port ~

Puc. 6. Oxno napametpoB O;10ka Queue

[Tocne ouepenu oM HIYT Ha pacnpeaeenue B ook Output Switch, roe ux
pacrpenesfoT 10 YKa3aHHOMY KOJIMYECTBY JIMHHH 110 BHIOPAHHOMY HapaMeTpy
Ha puc. /.

Block Parameters: Pacnpegenurens

Output Switch

Select an entity output port for departure. The Switching criterion parameter
indicates how the block determines which entity output port is selected for
departure at any given time.

The block receives entities and outputs them through one of the entity
| output ports. The port selected for departures can change during the ]
simulation. When the selected entity output port is not blocked, an arriving
entity departs through this port.

Parameters

Number of output ports:

E

Switching criterion: | First port that is not blocked v
Q cancel || Help || Aoy

Puc. 7. Oxno mapametpoB 0;10ka Output Switch
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3aTem OHM HampaBIIIOTCS B 010k Entity Server, koropsie 0TBe4arOT 3a MX
oOcIy)KuBaHue. 37eChb OHU OOCITY)KMBAIOTCSA B KOJIMYECTBE, YCTAHOBICHHOM
B mapametpe Capacity ua puc. 8, U BpeMeHH, KOTOPOE B HAIIEM CiTydae IoJTyda-
eTcst u3 arpudyTa ServiceTime.

Block Parameters: Cranok

Entity Server

Serve multiple entities independently for a period of time and then attempt to output
each entity through the output port. If the output port is blocked, the pending entity
stays in this block until the port becomes unblocked. You can specify the service time,
which is the duration of service, via a parameter, attribute, or signal.

When the block permits preemption, an entity in the server can depart early through a
second port.

Main  Event actions  Preemption  Statistics

Capacity:

E |
Service time source: | Attribute W
Service time attribute name: | ServiceTime v|

Puc. 8. Oxno mapametpoB Os10ka Entity Server

[Tocne obOciykuBaHUsI OHU COOMPAIOTCS B OJIOKE-O0BEUHUTENIC U BXOJST
B 0J10K TIporiecca Entity Terminator.

JJ1s BU3yanu3aliy CTaTHCTUK HCITONB3ytoTes O0ku Display Ha puc. 9, co-
eIMHEHHbBIE C ICTOYHMKAMHU CTATUCTUK U3 BKJIaaku Statistics.

Entity Server

Serve multiple entities independently for a period of time and then attempt to output
each entity through the output port. If the output port is blocked, the pending entity
stays in this block until the port becomes unblocked. You can specify the service time,
12.9 which is the duration of service, via a parameter, attribute, or signal.

When the block permits preemption, an entity in the server can depart early through a
T CpeaHee Bpems OKOpku | second port

1 Main Eventactions Preemption  Statistics
> Number of entities departed, d

[ Number of entities in block, n

Mpowno okopky
1 [ Pending entity present in block, pe

[ Mumber of pending entities, np

CTaHok || B Average wait, w
Puc. 9. Brioku Display u Biaaka Statistics

Takum oOpaszom, npeajaraeMbiii Crocod co3gaHuss UMUTAIMOHHBIX MO/JIe-
JieH TeXHOJIOTHYECKOT0 Mpoliecca OKOPKH JIeCOMaTEPHAIOB TTIOMOXKET B IIPOCK-
TUPOBAHUM TEXHUYECKON JOKYMEHTAIINH.

Cnucox ucmounuxosg

1. Documentation // MathWorks : [caiit]. URL: https://
www.mathworks.com/help/index.html (nara o6pamenus: 10.12.2023).
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