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Mogaesb NpoXoxkaeHNs CY/I0B Yepe3 Y4aCTOK BOJHOI0 My TH
¢hopMupywIas pacniucaHue B NPolecce CBOEro BbLINOJIHEHUSA
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1TocynapCcTBEHHBI YHHBEPCUTET MOPCKOTO U peuHoro ¢utora umeHn aamupana C.0. Makaposa, yi. JIBunckas, 5/7, r. Cankr-Ile-
TepOypr, 198035, Poccust

2 Boponexckuii punnan ®TEOY BO T'YMP® umenu agmupana Maxaposa C.0., Jlenunckuii np-t, 174, Boponex, 394033, Poccus
Pedepar. PaccmaTpuBaeTcst MoJelTb TPOXOXKASHUS CyJI0B Yepe3 yJacTOK BOJHOTO MyTH, KOTOPAsk CAMOCTOSATENBHO OMpPEENseT 1o-
PSIIOK MIPOXOXKIEHHS CyIOB IPH OrPaHHMYEHHOM MPOIYCKHOM CIOCOOHOCTH y4acTKOB MyTH. Takast Mojenb Oy[eT COCTOATh U3 psaa
CTaHJApPTHBIX aNropuTMuueckux cetei. [Ipu cocraBieHnn pacrucaHus B MOAEIH UCTIOIb30BATNCH CIEAYIOIIHE IPABUIIa MPeIIouTe-
HUSL: TIEPBBIM MPHIIEN — NepBbIid 00CITyX eH (TO €CTh eClIU CYAHO 3aHAJ0 pabodyee MecTo, TO ITO PEIICHHE HE OTMEHAETCS); IPaBIIIO
Kpardaifiiei onepamnyy; 1l IIECOB IPUOPUTETHOCTD CYAOB, MIYIINX BHU3 I10 TCUSHUIO (HAIIPABJICHUE TEUCHHUS OT UCTOKA K CTOKY).
ANTOpUTMHYECKast CeTh PeaNu3yIommas IOUCK TOIyCTHMOTO PAaCcIIUCAHMUs, TODKHA TSI KOH(IMKTYIOINX ONepaliii pealn30BEIBaTh
clieyIolee: HadaBIIasics ONeparys He IpephIBaeTCsl; €N HECKOJIBKO OIlepaniii OJJHOBPEMEHHO NIPETEHAYIOT Ha OJHO pabouee Me-
CTO (TIOPT, TIJIEC) ¥ UX YHCIIO OOJIBIIE €ro IPOIMYCKHON CIIOCOOHOCTH, TO pa3peleHne KOH(INKTa OCYIIECTBISIETCS B COOTBETCTBHH C
3aJlaHHBIMH TIPAaBHJIAMH TPEINOYTEHHS WM Ha OCHOBAHUH PEILICHHs MOJIb30BATENS; €CIIH ONepaIs 0XKUAAeT 0CBOOOXKAECHUS pado-
Yero MecTa, TO OHa HE 3aHMMAaeT PECypcC; BO3BpAT pecypca OCYIIECTBISIETCS cpa3y MOcie 3aBeplieHHs onepaiuu. PaccMoTpenHas
KOHCTPYKIIUSI alTOPUTMHUYECKUX CETel MO3BOJSIET Pa3pelInTh KOH(IHUKT, IPU OJHOBPEMEHHOM TpeOOBaHUU pecypca, OJHOKPATHO
3a0paTh pecypc, 3alIOMHHTh, YTO OH MOJy4YEH U BO3BPATUTh €TO M0C/Ie OKOHYAHUS ONEpPanny, IIOTOM PECYPC MOIy4aeT KOHKYPUPYIO-
I1ast orepanys JUIs BEIONHEHUs. BMecTe ¢ TeM HCIoib30BaHNE JaHHON KOHCTPYKIUH BHOCHT M30BITOYHOCTh B MOJEIb NaXe €CIH
HCTIONB30BATh €€ TOJIBKO I KOH(QIMKTYIONIMX Onepanuii. Moels IpeCTaBIeHa B SI3bIKE aITOPUTMIYECKUX CETeH U peann3oBaHa
B cucTeMe aproMaTtusanuu Mojenuposanus KOITHUTPOH.
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Summary. The model of passage of vessels through a section of the waterway is considered, which independently determines the order
of passage of vessels with limited capacity of sections of the track. Such a model will consist of a number of standard algorithmic networks.
When composing the schedule in the model, the following preference rules were used: first-come-first-served (that is, if the ship occupied
the workplace, this decision is not canceled); The rule of the shortest operation; For the swamps the priority of vessels going downstream
(the direction of flow from the source to the drain). An algorithmic network that implements the search for an acceptable schedule must
implement the following for conflicting operations: the operation that has started is not interrupted; If several operations simultaneously
claim for one workplace (port, reach) and their number is greater than its throughput, then the conflict resolution is carried out in accordance
with predefined preference rules or based on the user's decision; If the operation is waiting for the release of the workplace, it does not
occupy the resource; The resource is returned immediately after the operation is completed. The considered design of algorithmic networks
allows to resolve the conflict, with a simultaneous resource request, to take the resource once, remember that it was received and return it
after the end of the operation, then the resource receives a contra-controlling operation for execution. However, the use of this design
introduces redundancy into the model, even if it is used only for conflicting operations. The model is presented in the language of algo-
rithmic networks and is implemented in the system of modeling automation KOGNITRON.

Keywords: algorithmic networks, schedule, waterways, throughput

Beenenne pacimicanyie 1 MOJEIMPOBaTh €ro BBITOJIHEHHE Kak
BBINIOJTHEHHE OOBIYHOTO CETEBOTO IpaduKa.

Takas Momens OyIoeT COCTOATH W3 psija
CTaHJApTHBIX anroputmuyeckux cereid (AC)

[1, 4], Takux kak Ha pucyHke 1.

K monenupoBanuio nporecca mpoxoKACHHS
CyIIOB MOXHO TOAOWTH pPa3IUYHBIMU IyTSIMHU.
IlepBBiii, camblid TPOCTOW — CrE€HEPUPOBATH,
TIPY TTOMOIIIH KaKOT0-TNO0 TeHepaTopa, JOIyCTUMOE
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Pucynok 1. AC peanusyrolas AMUTAIMIO BBIIIOJIHEHHS pa-
60TBI cereBoro rpadmka: LIA — TpymoeMKOCTh BBIMOJHE-
HUs paboTsl; |A — Tekynmit 00beM BBINOIHEHHON paboOThI;
IOIA — unzmeke okoHuanust padoTel A (eAMHHMIIA HITH HOJIB);
INIA — uanekc Hayana padotsl |A; PIA — pormsBoauTes-
HOCTh pabotel |A; VIA — Tekymmii mpupoct padots! IA;
INEVIA - unnekc semonnenus IA; IOBS, IOAS, IOAB —
MHJIEKChl OKOHYaHHsi pabOT HEMOCPEICTBEHHO Mpe/Iiiie-
cTByroImX padore |1A

Figure 1. AS implements the imitation of the work of the net-
work schedule: LIA —the laboriousness of the work; |A —the
current volume of work performed; IOIA — end of work 1A
(one or zero); INIA — the index of the beginning of work 1A,
PIA —performance IA; VIA - current increment of work 1A;
INEVIA - A execution index; IOBS, IOAS, IOAB - end-
of—operation indexes immediately preceding 1A

Bce unHIekcsl NpUHUMAOT 3HAYEHHE HOJIb
WIM eJUHWIA, HadaJbHOE 3HAUYeHHE BBIXOAA 3a-
nepkku Houb. Korma Bce MHIEKCH OKOHYaHUS
[PEIIIECTBYIOIMX PAaBHBl E€AMHHUIE, TO CXEeMa
HauuHaet padory, INEVIA =1, tak kak 00beM BbI-
MOJTHEHHO! PabOThI MOKa MEHBLIE TPYAOEMKOCTH.
OOBeM BBITIOTHEHHON PaOOTHI MPUPACTAET KaXKIbIi
TaKT Ha BeimuuHy PIA, moka He cTaHeT paBHBIM TPY-
JNOEMKOCTH, TOTAa TMPHPOCT MpeKpamiaeTcs,
tak kak INEVIA = 0, BeipabatsiBactes I0IA = 1,
KOTOPBIH MOCTYNAeT Ha aHAJOTHYHBIE CXEMBI JIPY-
rux paboT, HeMOCPEICTBEHHO cileAylomux 3a |A.

Kpatko ommiiem npotiecc mocTpoeHUst MOAETH
B IaHHOM CITydae:

®  JIMEeTCs TEXHOJIOTHYECKast MaTpHLa (CTPOKa
COOTBETCTBYET paboTe, CTOJIOEL ONepalyy, YKCIO B
MaTpulle HOMep pabodyero MecTa Ha KOTOPOM

BBITIONHSETCS OTIepaliysi JaHHON paOoThI) ||Iik ||

e BpeMeHHas  MaTpuia (aHAJIOTUYHO
TEXHOJIOTMYECKON MaTpHuile, HO B siU€iiKax Bpems
BBITIOJTHCHHS OTICPAIUH) ||tik ||

e BEKTOp 000pyIoBaHUS (B sIMEHKaX YHCIIO
OTHOBPEMEHHO 00CITY>KMBaeMBIX Ha TAHHOM pabodeM

MecTe paboT, HOMEp JIEMEHTa COOTBETCTBYET HOMEPY
pabouero mecra) R.

Jlnst cBsizu ¢ pepakuueii: post@vestnik-vsuet.ru

Kaxxnmast crpoka TeXHOI0TH4eCKOM MaTpHLIbI
COOTBETCTBYET paboTe (i), DICMEHTBI CTPOKHU COOT-
BETCTBYIOT HOMEpaM rpymn padounmx mect lik
Ha KOTOPBIX BBIIOJHSIOTCS OTACNbHBIC oreparm (K)
JaHHOH paboTBI, TO €CTh 3a7acT TEXHOJOTHYECKUMA
MapuipyT. BpemeHHas MaTpuiia 3a1aeT BpeMs BBIIO-
HEHUs JTAHHBIX ONepalii Ha YKa3aHHBIX TPyIax
pabounx mecr (ti). Bektop 00opymoBaHus ykaspiBaeT
YHCII0 pabOUMX MECT B KOKIOH rpyrie pabourx MecT
(momep Tpynmel pabOYMX MECT COOTBETCTBYET
WHJIEKCY DJIEMEHTa BEKTOPA.

HeobxomumMo mocTpouTh IOMyCTHMOE pac-
MUCaHKe, KOrJa KaKIYI0 OIEpAIHIO BBITIOTHSIET
He 6oJ1ee yeM o1HO pabouee MECTo M KaKnoe pabouee
MECTO 00CITYy>KHBAeT He OoJiee OTHOM OTepariym.

Bocnonb3yemest st 3TOro dJeMeHTapHBIM
CETEBBIM I'€HEPATOPOM JOIYCTUMBIX PaCIHCAHUM.
B ocHoBe ero nexur cieayroniee:

— Bce Ollepalyy SBILFOTCS BepIMHaMu rpada,
0003Ha4eHVIE BEPIIHHBI — 3TO HOMEP paboThI (COOTBET-
CTBYET HOMEPY CTPOKH TEXHOJIOTHYECKOW MaTpPHIIBI),
HOMepa IPyIIbI pa00YMX MECT Ha KOTOPOM BBITIOJHSI-
eTCsI oriepalyst ¥ 3HAUCHUS KpaTHOCTH 3aX0/1a Ha JIaH-
Hoe pabodee MecTo (eciu pabodee MECTO TOBTOPSIETCS
B TEXHOJIOTUYECKOM MapIIpPyTe HECKOIBKO pa3);

— BCE Olepaliy OHOW PaOOTHI CBS3BIBAIOTCS
JIyTaMH B TIOCJIEJIOBATEILHOCTh, COOTBETCTBYIOIIYIO
TEXHOJIOTHYECKOMY MapIIpyTy, Oyr'd HArpyXKaroTcs
BpPEMEHEM BEITIOJTHEHUS OTIePAIIHii;

— oIllepanuu pa3HbIX padoT, KOTOPBIM Tpe-
OyeTcst OJTHO U TOXKe paboyuee MECTO CBSI3BIBAOTCS
pebpamu;

— BBOJUTCS BepIIMHA 0003HAYAOIIAs KOHEI]
BBITIOJTHEHUS BCETO KOMILIEKCa padoT.

BerancistioTes paHHME CpOKY Havalia BBITTOTHE-
HUSL oreparii 6e3 ydera BO3MOXKHBIX KOH()IIMKTOB
n3-3a2 paboYMX MECT, KOTOPBIC MPHITICHIBAIOTCS BEP-
[IMHAM, BCE TIepBOHAYAIbHBIC ONIEPALIUH CUATAIOTCS
HAYMHAIOIINMICS OTHOBPEMEHHO.

Janee mporecc MPOUCXOANUT CIEAYIOIIHM
o0pa3om:

1. BroiOuparoTcsi BepIIMHBI, B KOTOpPBIE HE
BXOJIUT HY OJ(HA JIyTa.

2. Ecnu BepmmHa He CBs3aHAa HU C OJHUM
pedpom, To ee CpoK Havaja U pacCUUTaHHBIA CPOK
OKOHYaHU BKIIIOUAETCs B PACIIUCAHUE, a BEPLIMHA
yaansercsi U3 PacCMOTPEHHUs] BMECTE CO BCEMH
CBSI3aHHBIMH C HEH JTyTramH.

3. Ecnu BepmmHa cBsizZaHAa € peOpoM,
Ha JpPYyroM KOHIE KOTOPOro, TaKKe TOTOBas
K BBITIOJIHEHHUIO Omepanus (HeT BXOISIIUX OYT),
TO HEOOXOAMMO pa3peuieHue KOH(MIMKTA, MPOH3-
BOJISIIIEECS 110 MTPAaBUIIaM IPEAIIOYTECHUSI.

4. Ecnu OH pa3pelleH B 0JIb3y AaHHOU Bep-
IIMHBL, TO Bce pedpa, CBSI3aHHbIE C TAHHOW BEPIIMHOM,
CTAHOBSITCS JyraMu, Harpy>KCHHbIMH BPEMEHEM BbI-
TIOJTHEHWsI TaHHOU paOoThl. [lepecunTrIBatoTCs CPpOKK
Havaja orepanyii Ha KOHIAX AYT C YYeTOM BPEMEHH
OKOHYAHWS BBIOpAHHOW oOIlepaIuy, BHIOMpaETCs

115



Becmuux BTYHIIT/Proceedings of VSUET, I11. 79, Ne 1, 201Z

MakcuMaibHOoe Bpems. Cpoku Hayala U OKOHYA-
HUS OTIepalliyl BKIIIOYAIOTCS B paclMCaHue, U OHA
UCKIJIIOYAETCsl U3 PACCMOTPEHHsI BMECTE CO BCEMU
CBSI3aHHBIMHU C HEH TyramH.

5. Ecnm KOHQIUKT paspeuieH He B MOJb3Y
paccMaTpuBaeMOi omnepanuy, TO OHa CTAHOBUTCS
BEPIIUHOM, B KOTOPYIO 3aXOJST IYTH, U, CIIEI0Ba-
TEJBHO, HE TOTOBA K BBITIOJHEHHIO.

6. Eciin emie ecTh BEpIIMHBI [TOMHMO
KOHEYHOMH, TO K MyHKTY 1.

Paccmotpum 510 Ha prMepe GOpPMUPOBAHUS
rpaduKa TPOXOXKACHHS CYIOB Ha BbIJICICHHOM
YYacTKe BOJHOTO TYTH.

VYuactok myTH, I KOTOporo (opmupyercs
rpadyK POXOXK/ICHHSI CY/IOB TIPUBEJICH Ha PUCYHKE 2.

Te— 4

Pucynox 2. Y4acTok BOAHOTO IIyTH
Figure 2. Waterway site

Bce 00BekThl ydacTka MNPOHYMEpPOBaHBI
CKBO3HOH HyMepaluei, 0ObeKTbl COOTBETCTBYIOT
pabouum mectam, padOTBl COOTBETCTBYIOT CyliaM,
MIPOXOJAIINM YePE3 yUaCTOK, TOUKH MPOX0XKICHHS
MapuipyTta CyJaMyd MOKHO IIPOUHTEPIIPETUPOBATD
KaK orepanuu padoThL.

Ha yuactke nmerotcs cieayromume 00beKThL:

— 1wiec 1, ot ucroka (1) mo mopta 6;

— 1IUIec 2, OT UCTOKa JI0 TopTa 7 Ha OCTPOBE;

— 1miec 3, ot mopta 6 1o mopTta §;

— 1miec 4, ot mopTta 7 1o mopTta §;

— tutec 5, ot mopta 8§ 1o croka (C);

— TOpTHI 6, 7, 8, UX PacIoIOKEHHE SICHO 13
TUIaHa y4acTKa Ha pUCYHKe 3.

Nmerorcs 3 cyaHa, UX MapIIpyTh:

1. MapupyT nepBoro cyaHa (B HOMepax pa-
0oumnx mect): 1 —6-3-8-5.

2. Mapmpyt Broporo cyjHa: S—8—-4-7-4-5,

3. MapupyTt TpeTbero cyana: 1 —3 -8 —5.

MapmpyTbl MOXHO TIpPEICTaBUTh B BHIC
TEXHOJIOTHYECKON MATPHUIIHL:

1 6 3825 -
||Iik ||= 5 8 4 7 45
1 385 - -

Bpems BbINoJIHEHUS ONepaliii MOXHO aHa-
JIOTUYHO BPEMEHHON MaTpPULICH:

2 3 45 2 -
=2 3 6 4 2 3
3 2 3 4 - -

Bexrtop 00opyioBanus Oy/eT, B JaHHOM CITy4Jae,
3aJ1aBaTh MPOITYCKHYIO CIOCOOHOCTH ILIECOB M TIOPTOB
(CKONIBKO CYZIOB OJTHOBPEMEHHO CMOXKET OOCITYXH-
Bath pabouee Mecto) R=(2 1 1 2 1 1 1 2).

Hcxomubtii rpad) oreparmii 1Mo MPOX0KICHHIO
y4acTKa BOJIHOT'O ITyTH IIPUBEICH Ha PUCYHKE 3.

(==
g y

Pucynok 3. I'pad oneparuii mo npoxox/JIeHUI0 Y4acTKa BOJHOTO MyTH
Figure 3. The graph of operations on the passage of a section of the waterway

O4eBH[THO, YTO, B TAHHOM CITy4ae, C Y91e€TOM
MPOMYCKHON CHOCOOHOCTH MOKHO HE yYHTHIBAThH
BO3MOXKHBIC KOH(JIMKTHI TIPH MPOXOXKICHUH 1hieca 1
1 mopta 8 (KOHKYpUPYIOT TOJBKO 2 OTEpalliy | Mpo-
ITyCKHAsI CIIOCOOHOCTH 2). JIJIs momydeHus pacm-
CaHHS MOXHO BOCIIOJIb30BaThCSI BBIIICONACAHHBIM
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TEHEPATOPOM M 3aTeéM IPOMOJEIUPOBaTh IpU
HIOMOLLM CXEMBI IIPUBEJCHHON Ha pUcyHKe 1.

OnHako MOXHO cpa3y CTPOUTb MOJENb,
KOTOpas caMa OyZIeT CTPOUTB PaCIICaHKE B IPOLIECCE
CBOETO BBITIOJTHEHMS.
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[Ipu cocrtaBneHnu pacmucaHus B MOJENH
WCTIOJIb30BAICEH CIIEAYIOIIHE TIPABUIIA MPEATIOUTEHHS:

e [lepBrlif mpuIea — TEPBBIH OOCTYKEH
(TO ecTb ecnu CyTHO 3aHsUI0 paboyee MeCcTo, TO 3TO
perieHue He OTMEHSETCS).

e [IpaBmio kparyaifimeil onepanuu.

e Jlns mJecOB MPHOPUTETHOCTH CYJOB,
UAYIIUX BHU3 110 TEUCHUIO (HampaBiieHHE TEUCHUS
ot uctoka (M) k croky (C)).

AC peanuzyromas OUCK JOMYCTUMOTO pac-
MUCaHMs, JOJDKHA UIS KOH(IMKTYIOMINX OTIepa-
LU peaTr30BbIBATh CIEAYIOIIEE:

e HayaBmasics orepanus He IPEPHIBACTCA.

e Ecimu HECKOJIBKO ONEpaluuid OIHOBpE-
MEHHO NPETeHAYIOT Ha OAHO padouee MecTo (IOpT,
TUIEC) W UX YHCIIO OOJIBITIE €T TPOITYCKHOM CIIoc00-
HOCTH, TO pa3pelieHne KOH(INKTa OCYIIECTRISETCS
B COOTBETCTBHH C 33JaHHBIMM IpaBHJIaMHU IpeJIo-
YTEHUS WM HA OCHOBAHUY PEILECHUS IT0JIb30BaTENs.

e Ecmnu onepanus oxxugaetT 0cBOOOXKIEHUS
pabouero mMecTa, TO OHa HE 3aHIUMAaET Pecypc.

e BosBpat pecypca ocylecTBisieTcs cpaszy
MOCJIE 3aBEPIIEHUS ONEPaALNH.

Ha pucynke 4 moxazana AC B3ammMonueii-
CTBYIOIIMX OMepaliii Ha mpuMepe 1ieca 5.

[ !

T T
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[ [ ‘ | [ ! | ! [ [
=1 - *- > - - . - il i e i SW— - | -t
[ [ ! | ! [ [ ! [ ! [ [ [ ! [ [

1

’r777+7%77—®<—77\77I77I77771 F-+t -+ -4 -4 -4 - +—@e—- — - - - -+
[ [ ! [ ! [ ! [ [ [ ! [ ! [ [ ! [ [ ! [ [
= t : t : t ‘ t —(=) t : t ‘ t t ‘ t t ‘ t -+

Pucynok 4. AC B3anMOEHCTBYIONTUX OTIepalliii Ha MpuUMepe rieca 5
Figure 4. AS of interacting operations on the example of the 5

Ha pucynke 5 nokazana rpauku omeparmii 151
u 351 npu KonpmMKTe KU3-3a wieca 5. Cpabdoraio npa-
BWJIO KpaTyaiiiieit oreparmm (00a CyHa UIyT BHI3)

1
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[
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TTT T T a
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O - N WA N D WO O
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1.0 2.0 30 40 50 6.0 7.0 80 9.0

Pucynox 5. I'paduxu BoimosHenus oneparuid 151 u 351
MIPU UX OJTHOBPEMEHHOM NMPETeH3UHU Ha IIIeC 5

Figure 5. Schedules of operations 151 and 351 with their
simultaneous claim to the 5

Paccmorpennas konctpykius AC 1M03BO-
JIIET pa3pemuTh KOHQIUKT, TIPU OJHOBPEMEHHOM
TpeboBaHUM pecypca (3aech Iiec 5), OMHOKPATHO
3a0path pecypc, 3allOMHUTh, YTO OH MOJy4YeH
Y BO3BPATUTBH €TO TIOCTIE OKOHYAHWS OTIePAITHH, TOTOM
pecypc TMoyiydaeT KOHKYPHUPYIOIIas —Omeparus

Jlnst cBsizu ¢ pepakuueii: post@vestnik-vsuet.ru

JUTsL BBIMIOJIHEHHsA. BmecTe ¢ TeM Hcronb30BaHuE
JAHHOHW KOHCTPYKIMH BHOCHUT H30BITOYHOCTD
B MOJENb JJaXKE €CIU HCIO0Jb30BaTh €€ TOJIBKO
JUTSL KOHQJIMKTYIOIIUX ONEepanui.
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Pucynox 6. I'paduky BBITOJIHEHHS MPOXOKIACHHUS
y4acTKa BOJHOIO IyTH I IEPBOTO CyAHA

Figure 6. Schedules of operations passage waterway
section of the first vessel

Ha pucynke 6 npuBeieHbI Tpad)MKH BBITION-
HEHUS TPOXOJKACHHS y4acTKa BOMHOTO IyTH IS
IIEPBOTO CYJIHA, TTOJYYESHHbIE IS [TOJHOM MOJIEIIH.

Mojienb peann3oBaHa B CHCTEME aBTOMATH-
sanuu Moxenuposanns KOTHUTPOH |2, 3].
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