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SKOHOMMKA

onTUMMU3ALMNA MAPLWIPYTA C UCNOJIb3OBAHUEM TEOPUU TPADOB

B MAKETAX NPUKNAAHbIX MPOrPAMM

E.1O. Bapnomaukas, B.J1. LapcTtHes,
A.A. Anekceesa

PEDEPAT

TEOPUS TPA®OB, MATEMATUYECKME MOLEJIN,
TPAHCTIOPTHBIE CETH, ONTTUMU3ALINS MAPLLIPY-
TA, KPATYAWLLMV TYTb, TPAHCITOPTHBIE PACXO-
[1bl, CUCTEMbI KOMITbIOTEPHOW MATEMATUKM

B cmamee npusedeH aHanu3 memodos peuie-
Hus 3a0a4u o0 Kpamuyaliwiem nymu ¢ UCno16308aHU-
eM meopuu 2pagos 8 nakemax NPUKAAOHbLIX Npo-
epamm. [lns 803MOMHOCMU NpUMEHEHUS cucmemsbl
KoMnbtomepHoli anzebpel 0aHHAs npobnema 6wina
npedcmasneHa 8 sude mamemMamuyeckol Modenu
Ha epage. [TodpobHO paccMompeHsl HEeCKObKO 8d-
puaHmos peweHus uckomol 3adayqu ¢ nomoujbro CKA
Maple. Tak, peweHue 0aHHOU 3a0a4yu pPeanu308aHo
mMemodom [elikcmpbl, MemoOoM umMumayuu om-
wuea u Memodom MypaseuHozo anzopumma. CKA
Mathematica makxe obnadaem pacwupeHHol noo-
depxkol epagos, Heobxodumoli 015 peuwieHus 3ada-
yu o0 kpamua’diwem nymu.

B coBpeMeHHbIX yCNoBMSX pa3BUTUS PbIHOYHbIX
OTHOLUEHMIN BCE 6onee akTyanbHbIM CTAaHOBWTCS
BCECTOPOHHee obecneyeHne KOHKYPEHTOCMOCo6-
HOCTW KaK 3KOHOMMKM Pecnybnukn benapych B ue-
JIOM, TaK M e€ oTAeNbHbIX oTpacnen. B yacTtHocTy,
NErkon NPOMbILNEHHOCTU — OLHOrO M3 BaXHen-
LUMX CEKTOPOB 3KOHOMMWKM, KOTOPbIM MPOU3BOAUT
60/1bLIOe KONNYECTBO TOBApOB HAPOAHOro NoTpeb-
nenwus. B nocnenHue roapl B chepe ToBapHOro 06-
paleHus psaa CTpaH MPOM3OLLIU CYLLECTBEHHbIE
npeobpasoBaHus. B xo3a1McTBEHHOW NpakTUKe cTa-
NN UCNONb30BaTbCS HOBble METOAbl M TEXHONOMMM
[OCTaBKM TOBApOB, 6a3MpyoLLMecs Ha KOHLEMnLuu
NOrUCTUKU. BaxkHylo ponb B CO343aHUM O0ObEKTUB-
HbIX BO3MOXHOCTEN AN Pa3BUTUS NOTUCTUKU Cbl-
rpan TeXHWYeCKMit Nporpecc B CpeacTBax CBA3M U
MHpopmaTnkn. OH no3sonmn Ha Gonee BbICOKOM
YPOBHE NMPOBOAMUTL OTC/IEXXMBAHUE BCEX OCHOBHbIX
M BCMOMOraTe/ibHbIX MPOLLECCOB TOBAPOABUXKEHMUS.

130

YIOK 004.9 : 658

ABSTRACT

GRAPH THEORY, MATHEMATICAL MODELS, FLOW
NETWORKS, ROUTE OPTIMIZATION THE SHORTEST
PATH, TRANSPORTATION EXPENSES, COMPUTER AL-
GEBRA SYSTEM

The analysis of methods for solving the using
graph theory in application packages is represented
in this article. For possibility of use of computer alge-
bra system this problem was presented in the form of
a mathematical model on the graph. Some versions
of the solution of the problem by means of various
CAS are in detail considered. Indisputable leaders
in in this area are CAS Maple and CAS Mathemat-
ica. The solution of this problem by means of CAS
Maple is realized by Dijkstra’s algorithm, Simulated
annealing and Ant colony optimization algorithms.
CAS Mathematica has expanded support graphs nec-
essary for solution of the shortest path problem.

Tak,MOCTeNeHHO Ha NepBbli NNaH BblABUIAETCS NO-
MCK BO3MOXHOCTEM COKpALLEHMS MPOM3BOACTBEH-
HbIX 3aTpaT, B TOM YMC/1e TPAHCMOPTHbIX PACXO40B.

Llenb uccnepoBaHus - paspaboTka cpeacTs
KOMMbIOTEPHOIO MOAENMPOBAHMS MpoLecca ynpas-
NeHNs LensmMm nocTaBok.

O6beKkT nccnegoBaHMs — NOrMCTUYECKUE CUCTe-
Mbl MPeAnpUSTUIA NEFKON NPOMBILIAEHHOCTH.

AKTYanbHOCTb TeMbl MCCNeaoBaHMs 00ycCoB-
NIMBaETC HeObXOAMMOCTBIO MOMCKA ONTUMAaNbHbIX
CXeM Tpy30BbIX MOTOKOB 1S MPOM3BOAMMbBIX TO-
BapOB, NO3BONSOLWMX CHU3UTb TPAHCMOPTHbIE W3-
LEePXKN npeanpuatuii, obecneymsas, TeM CaMmbiM,
MX KOHKYPEHTOCMNOCOBHOCTb.

MeTonbl uccnenoBaHus — abctparvpoBaHue, Ma-
TeMaTUyeckoe MOAENMPOBaHNE, aHANN3.

NHCTpyMeHTapuii  nccnenoBaHns - cuctema
KOMMbKOTEPHOM MaTeMaTuku (nanee - CKM) Maple.

HayuyHas HOBM3Ha mMCCneaoBaHUS 3aK/I4aeTcs

BECTHWMK BMTEBCKOIO FOCYAAPCTBEHHOIO TEXHOJSIOTMYECKOTO YHUBEPCUTETA, 2016, N2 1 (30)



B CMHTE3E MWCMOMb30BAHMS PaA3MYHBIX MOAenen
ONTMMM3aLMK, NOCTPOEHHbIX HA rpadax, B pelue-
HWUM 32434 TPAHCMOPTHOM NOTUCTUKM.

MNpakTuMueckas 3HaYMMOCTb MCCNeLOBaHMs 3a-
K/IOYAeTC B BO3MOXHOCTU YNYYLIEHUS TEXHU-
KO-3KOHOMMYECKMX MNokaszatenen paboTtbl npea-
npuaT1s, 06ycnoBAEHHON 3KOHOMMEN TPYAOBbIX U
(DMHAHCOBbIX pecypcoB.

3apaya onTMMM3aLMKM TPAHCMOPTHBIX PacXoLoB
3aK/Il0YaeTC B OTbICKAHWMM OMTUMANbHOMO Mna-
Ha MepeBO30K rPy30B W3 MYHKTOB OTMNpPaBIEHUS
B MYHKTbl NOTpebneHuns, YTo 03HavyaeT Heobxoau-
MOCTb MOMCKA KPaTYaMLIMX PACCTOSAHWUIA C MWHU-
ManbHbIMKW 3aTpatamu. [pu ryctopasseTBaeHHON
CeTM aBTOMOOMIIbHBIX A0POT, KOrAa Mexay MyHK-
TaMU OTMPaBAEHUS U MYHKTAMW Ha3HaYeHUs ume-
€TCS HecKoNbKo BapuaHTOB COO6LLEeHMI, onpeae-
JINTb TaKOW NyTb ObIBAET CNOXKHO. [119 HaxoxaeHus
ONTUMANbHOrO BapuaHTa COOOLLEHUS MPUMEHSIOT
MaTeMaTUyeckue MOAENU, OCHOBAaHHble Ha MC-
MOMb30BaHMU B KaYecTBe UCXOAHOM MHPOPMaLMIO
TPAHCMNOPTHOW CETH, OTPAXAKOLLEN TPAHCMOPTHbIE
CBSA3M MEXAy MYyHKTaMW OTMpaBAEHUS U Ha3Haue-
HUs rpy30B. M3 BCcex MaTeMaTuMyeckux OObeKTOB
rpadbl 3aHMMAKT OAHO M3 MEPBbIX MECT B Kaye-
ctBe GOpManbHbIX MOAeNiel peanbHbIX CUCTEM.
lpad npencraBnsieT cobov COBOKYMHOCTb KOHEY-
HOro YMcna Tovek, Ha3blBaeMbIX BEPLUMHAMM Tpa-
®a, 1 NONAPHO COEAMHSOLMX HEKOTOpbIE U3 3TUX
BEPLMH NUHUI, Ha3biBaeMbiX pebpamu unu ayra-
MK rpada. MicnonbzoBaHue rpadoBbix Moaenen B
peleHnn ONTUMM3ALMOHHBIX 33afay COXpaHseT
HarNaAHOCTb M COLEPXKaTeNbHOCTb OMUCHIBAEMbIX
06BLEKTOB M MO3BONSET CTPOUTL POpManbHbIe an-
ropuMTMbl 06pabOoTKM 3TUX MOAENEN, KOTOPbIE IErKO
obpabaTbiBaeTcs Ha DBM.

Takum 06pasoMm, TpaHCNOpTHble ceTu ynobHo
npeacTaBuTb B BUAe rpada.

TpaHCnopTHas CeTb yYMTbIBAET TONLKO Ty 4acTb
LLOPOXXHOW CeTU, N0 KOTOPOM BO3MOXHO OpraHu3o0-
BaTb COOTBETCTBYIOLLME NEPEBO3KM, TO €CTb YUUTbI-
BAKOTCA OrpaHMYEHUS MO COCTOSHMIO YNuL, (Bopor),
OOHOCTOPOHHEE ABMXKEHUE, OTPAHMYEHUs Ha OBU-
XEeHWEe rpy30BOro TPaHCMOPTa, HAa MOMHYK Maccy
TPaHCMOPTHOIO CPEeACTBa, Harpyska Ha oCb W Apy-
rme.

TpaHcnopTHasa ceTb MOXET ObITb NpeacTaBieHa
TO/MbKO CBSA3HbIM rpadoM.

MopenupoBaHue TpPaHCMOPTHOM CETU HAUMHAIOT
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C pasMeLleHns BepluH. BepluuHbl npuceavBatot
rpy3006pasyolnMM 1 rpy30MOrIoLWAWMM MYHK-
TaM, LLeHTPaM KPYMHbIX XWJbIX KBapTanoB, 060co6-
JIEHHbIX HAaCeNeHHbIX MYHKTOB. BepluunHbl, UMetoLwme
Mexay coboi TpaHcnopTHoe cooblueHune, CBA3bIBa-
0T pebpamMu unu (B ciyyae 0LHOCTOPOHHEN CBA3M)
OPMEHTUPOBAHHBIMU AyraMMu.

Kaxzpomy pebpy cOnocTaBnsitoT KpUTEPUM Bbl-
rOAHOCTM, OnpefensieMblit He TO/MbKO 3aTpaTaMu
BPEMEHM, a TOW LeNblo, KOTOPY HeobXxoauMo [o-
CTUIHYTb NPU pelleHnn 334341 ONTUMANbHOIO Ba-
puvaHTa nepeBo3oK. Hanbonee yacto B kauvecTse
KpUTEPUS MPUHUMAETCS MUHUMYM CYMMapHO-
ro npobera, Tak Kak Npu OAMHAKOBBIX YCOBUAX
[OBWXEHMUs Ha BCeX yyacTKax MaplupyTa nnaH, on-
TUManbHbIM NO npobery, 6yLeT onTUManbHbIM MO
3aTpataM BpeMeHu u cTommocTu. Kpome Toro, B
KayecTBe KpUTEpUS BbIFOAHOCTM TaK e MOryT ObiTb
MCMONb30BaHbl TakMe MoKasaTenu, Kak MaaTHOCTb
WU 3arpy>KeHHOCTb [OPOr, YacToTa MnepeceyeHus
[LaHHOM [OPOrU HaceneHHbIX MYHKTOB U Tak Janee.

MNpn noctpoeHun rpada cnepyet BbIOMpaATbL
paumoHanbHoe uncno BepluinH. C 04HOM CTOPOHBI,
YMUCNO BEPLUMH [OMKHO ObITb Kak MOXHO Bonblue. C
[pYyrovi CTOpPOHbI, YeM BOJbLIE YNCIO BEPLUUH, TEM
TpaHCNopTHas ceTb ByneT CnoXHee, onpeaeneHne
KpaTyanwmx paccTosHui notpebyeT AnUTENbHOro
BpPEMEHMU.

[Ina CHWXeHWs pa3MepHOCTM 3aia4u U ycKope-
HUS pacyeToB AJ1 TPAHCMOPTHbIX ceTer HOonbLIMX
ropofoB WM PaiOHOB NMPUMEHSIOT MUKPO- U Ma-
KpopanoHupoBaHue. [pn MUKpOpPanoHUMPOBAHUM
TPaAHCMOPTHOM CETU B KayecTBe BEpLUMH WMCMOSb-
3YI0T He nepeceyeHuns yauL, ([opor) U KOHKPETHbIE
MYHKTbI OTNPAaBAEHUS U HA3HAYEHM$, @ LLeHTPbl MU-
KPOpaWOHOB (PalOHOB MONMYYEHWUs MAM Ha3Haye-
HKS rpy308B). MakpopanoHMpPOBaHME TPAHCMOPTHOM
CeTu 3aK/YaeTcs B pa3bueHun ee Ha OTAENbHbIe
NOACETH, PacYeTbl MO KOTOPbIM BbIMOMHSIOTCS pas-
[enbHO, @ 3ateM 00beaMHATCS ANS MNoayyYeHus
obuiero pesynbrata. [1pM U3MEHEHUSX LOPOXHOW
06CTaHOBKM NPOM3BOAMTCS NepecyeT OTAENbHOM
NOACETH, B KOTOPOWM NPOU3OLWAN U3MEHEHUS, HO He
no BCeW TpaHcnopTHon cetn [5,c. 171-172].

3apaya 0 KpaTyaWweM MyTu SBASeTcs OfHOM
M3 BAXKHEMWMX KNACCMYECKMX 3ahay Teopuu rpa-
$oB. 3HAUMMOCTb OAHHOM 33JauM onpepensercs
€e pasfIMYyHbIM NPaKTUYECKUM MPUMEHEHUAM. Tak,
3afaya NoucKa KpaTyamwero nytm Ha rpade wu-
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POKO UCMONb3YeTCs AN HAXOXKAEHUS MyTen Mexay
dur3nyeckuMmn obbekTaMn Ha KapTorpaduyeckmx
cepsucax, B GPS-HaBuratopax, npu onpeneneHum
HauMeHbLLIero paccTosiHUA B CETU JOPOT.

BbloensoT Heckonbko BapWMaHTOB  peELUEHUS
33[a4M O KpaTyavwem nyTu Ha rpadax c nNomo-
LWbI0 Pa3IMYHbIX NAKETOB MPUKNAAHBIX MPOrPaMM.
BeccnopHbiM nuaepoM B AaHHOM obnactu sBnseT-
ca CKA Maple. PaccMoTpuM pelueHne MCXoaHON
npobnembl Ha NpuMepe WCMNoib30BaHUS AAHHOIO
NporpaMMHOro nakeTa, UMeloLLero cneLuanmsnmpo-
BaHHY 6mbnnoTeky networks ong paboTbl € rpa-
damu.

BblioenstotT Heckonbko cnocoboB pelleHns AaH-
HOWM 3a4a4u — 370, Mpexae Bcero, MeTog, [enKkcTpol,
MEeTO[, OTbICKMBAHWUS BCEX FAMUIIbTOHOBBIX LIMKOB,
anropuTMm bamnxariwero cocepa (Nva), MypaBbUHbIN
aNropuTM, METO4 MMUTALMKM OTKMUra U apyrue. OcTa-
HOBMMCS HA HEKOTOPbIX M3 HUX Bosiee NoApo6HO.

Hanbonee TOYHbIM M MpU 3TOM MPOCTBIM METO-
[1OM peLleHust TpaHCnopTHow 3aaaumn B CKA Maple
Ha rpadax aBnsetca meton [lenkcTpbl — mowaro-
BbIM aNropuT™ onpeneneHmsa Kpatyamiiero paccro-
SIHWMS OT BepLUMHbI A 0 B.

Peanusaumnto metoma [Lerkctpbl B8 CKA Maple
NPOWUNNIOCTPUPYEM pELUEHMEM C/efyloLen npak-
TMYecKow 3agaun. MNpegnpuatue nerkom NpombiL-
NneHHocTn ropoga Butebcka HananmMno nocrtaBku
CBOEWM NpoAyKUMKM B MarasuHbl pernoHoB Pecny6-

nukn benapycb. HeobxoomMmo Halt KpaTyamlimi
nyTb NEPEBO30K rPy30B OT MeCTa NPOM3BOACTBA K
MecTaM noTpebneHuns, ONTUMU3MPYIOWMIA TPaHC-
NMOPTHbIE U3LEPXKKMU NPeanpUATUS.

B nporpamme, npeactaBneHHOM Ha pUCyHKe 2,
peann3oBaH AaHHbIA MeToA Ha npumepe oprpada
C HeoTpuLaTenbHbIMK BeCaMu, CMOLENNPOBAHHOIO
Ha OCHOBE NyTel CoobLEeHUs Mexay NSTbio ropo-
namu Pecny6nuku benapych (pucyHok 1).

OTBeT 3aHOCUTCS B nepeMeHHyt MinPath. An-
ropuT™M 3akaH4MBaeT CBO paborty, koraa flag npu-
HWMaeT 3HayYeHue true, To eCTb KOHEYHas BepLUIMHA
(target) npuobpetaeT nocTosHHyl MeTky. [locne
3aBeplueHns paboTbl MporpaMMmbl CMMUCOK NOCTOSIH-
HbIX METOK MOXXHO MOCMOTPETb, PACKPbIB NepPeMEH-
Hyto V: evalm(V) [3,c. 111].

Takke Kpatyanwwuii nyTb B oprpade MOx-
HO HaMlTW, MCNoNb3ys CTaH4APTHble MpoLenypbl
CKA Maple. PaccMOTprM 33aHHbIM B anroputme
[Lerikctepbl rpad U BbIMUCIUM KpaTyanwmii nyThb. B
nporpaMMe Ha pUCYHKe 3 He3aBWUCMMO WMCMONb3y-
H0TCA ABa onepatopa, shortpathtree u allpairs.

B anroputme 6amxanwero cocefa (pUCyHOK 4)
BbIOOp [anbHeMwWwero Nyt Npou3BOAUTCS, UCXOAS
M3 MMHUMaNbHOIO PacCTOSIHUA 4,0 OYepenHOoN Bep-
WwuHbl. Obxop rpada HauMHAETCS C MPOU3BOJIbHOM
BEpLUMHBI, OT BbIBOpa KOTOPOM 4acTo 3aBWUCUT pe-
3ynbraT. [IBUXeHne no rpady npoucxoaut no wmc-
xoagwmm (Out) gyraMm MUHMManbHOro Beca C Mo-

Monouk

MonoaeyHo 130

PucyHok 1 - OpueHmupo8aHH®Ili 838eUeHHbIl 2pad
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Bopucos
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resiart : with(networks) :
new((F) i =5
addvertex(i$i=1.n, G):
addedge([[1,2] [2,1] [1,3] [3,1] [3.2] [5, 3] [4,3] [5. 4] [4, 2] [2 4] [2 5] [5 1]]
weights = [ 110, 111, 85, 84, 210, 140, 280, 130, 215.5, 215, 230, 200], &) :
V= Vector(l .n):
for i to » do V1] = infinity, od:
s=1larget:=5 k=75 V[k]=10:U:= [0§3-2]:
flag = false
for i while not ag do
Uli] =k :
d = outdegree(k, G) . z = departures(k, G):
for jto d do CW1 = eweight(op(edges([k z[;]]. G)). G):
if ((V[z[j]]1=0) or (V[2[j]] > CWI + V[k]))
then ¥[z[ j]] = eweight(op(edges([k.z[}]] G)), G) + V[k]:fi od;
MNext = n,
for j from 2 to » do
if not member(j, U) and ¥[ ;]| < V|MNext| then Next = j, fi, od:
k == Next,
flag = is(k =target),
od:
evalm( V),
[ 169 110 85 325 340 |
MinPath = V[4],

MinPath = 325

PucyHok 2 - Mpoepammuas peanuzayus memoda Lelkcmpel

~

-

restart  with(networks)
new(G) n=5:
Ve=[1,27345]:n= nops(¥):
addvertex(V, G) :
addedge([[1,2] [2, 1], [1,3] [3. 1] [3. 2] [5 3]} [4. 3] [5 4] [4. 2] [2 4] [2 5] [5. 1]]
weights = [ 110, 111, 85, 84, 210, 140, 280, 130, 215.5, 215, 230, 200], &) :
T = shoripathtree(G, 1) :
W == vweight(T),

W =table(sparse, [1=0,2=110,3= 85, 5=340, 4 = 325])
MinPath = W[4],

MinPath =325
allpairs(G)[ 1, 4],
325

PucyHok 3 - [lpoepamma HaxoxdeHus Kpamyatiuwe2o nymu € Ucnons3o8aHuem onepamopos shortpathtree u
allpairs

J
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> restart: with(networks) :
> new(G): n=5:
> addvertex(ifi=1.n, &),

> Gf = duplicate(G) :
> a0 = 5.# Havanvxas sepiuuka
> al = a0 sww= 0.
> 5= [a0]:
> forkton-1do

for v in incident(al, G, Out) do

a2 = ends(u, Gi)[2],

delete(ai, GI) :

af =qa2:s = [op(s),a2]:
od:

B s, # Kowmyp

12,345

> addedge([[1,2) [2, 1] [1, 3] [3,1], [3, 2], [5, 3], [4,3] [5.4], [4. 2], [24] [2 5] [5, 1]]),
weights = [ 110, 111, 85, 84, 210, 140, 280, 130, 215.5, 215, 230, 200], G)

if eweight (v, G ) = mn(op (eweight( | op (incident(al, Gf, Cut))], G1)))
then u = v, sw = sw + eweight(v, G/ ); break; fi, od;

> sw = sw + eweight(opledges([aZ, a0], G)), G), # Cyaausa
sw=541.5 + table([el2=200,e9=2155 28 =130, ed =84, e = 110, &7 = 280, e5= 210, &3

=85, el0=215el]l=230,e2=111,26 = 140])

[5.4, & 1, 3]

PucyHok 4 - poepammHas peanuzayus memoda bauxa’diwezo coceda (Nva)

CnegywlwmMm yoaneHneM MpoOMAEHHON BepLUMHbI.
MNMo3ToMy nepepn, Havyanom npouecca HeobxoaMMO
3anactuch aybnukatom rpada, U3 KOTOporo 3aTtem
byLeM u3Bnekatb MHbOPMaUM O LAJAMHE MpoW-
neHHoro nytu. Onepatop break 4ocpo4HOro Bbixo-
[la U3 UMKNa BBeeH Ang ciyyas AByX unu bonee
OAMHAKOBbIX Ayr MWHUMANbHOIO Beca, BbIXOAs-
WMX M3 Tekywen eepwuHbl [3, ¢. 145]. Ecnn patb
BO3MOXHOCTb aNropuTMy Cy4yaiHO BbIBUpaTh pe-
LIeHWe, ONTUMANIbHOE Ha KaX[0M Liare, TO MOXHO
NpONyCTUTb X0, HE NYYLLUI TOKANbHO, HO [AOLLMIA
B pe3ynbtate 6onee 3ddeKTUBHOE pelleHue, YTo,
HECOMHEHHO, SIBNSIETCS CYLLEeCTBEHHbIM HeaoCTaT-
KOM [AaHHoro anroputMma. OpgHako HecMmoTps Ha
npeLenbHy NPOCTOTY aNropuTMa, 41 HebonbLUMX
rpadoB OH AAET AO0CTATOYHO OAM3KME K TOYHOMY
peLLeHnI0 OTBETbI.

Ewe oauH crnocob pelleHus 3agaun o Kpar-
YaiLleM NyTM OCHOBAH HA MCMOMb30BAHUM MpO-
rpaMMbl OTbICKUBaHUA BCEX FaMUJIbTOHOBbLIX LMK-
N0B, NpeacTaBneH B obwem BuAe Ha pUCyHKe 5.
[lng nepeMHOXeHUs MaTpuL, UCMONb3YeTCs onepa-
LM HEKOMMYTATUBHOIO YMHOXeEHMUS. [103n1eMeHTHO
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npuceamsaem C[i,j]:=P[i,j], Tak KaK npocToe npu-
cBauBaHue C:=P, npefyCMOTPeHHOE A5 paboThl ¢
MaTpuuamu, paboTaeT HEHALEXHO M YacTo ABNsET-
€S NpUYMHOM owmnbok [3, c. 143].

[ns pelweHns 3amaum O KpaTyailleMm nytu
Heobxo4MMO BbIYMCIUTL KoNn4ecTso nl:=nops(H)
raMUIbTOHOBbLIX LMKJIOB U HAMTU MUHUMANbHBIN U3
Hux. Ong 31oro paspaboraHa npouenypa BblUYMC-
NeHus Beca AyrM u-v B LMKNe k M UCNONb30BaHa
CTaH4ApTHas GYHKUMS OTbICKAHWMS MMHUMMYMaA Mo-
CnefoBaTenbHOCTH (PUCYHOK 6) [3, c. 146].

BpeMsi BbluMCieHMs Npu 3TOM ByaeT B HECKO/b-
KO pa3 bonblie, M C yBennYeHneM nopsaka rpada
Pa3HOCTb B ObICTPOAENCTBMI NpOrpaMM ByaeT pac-
™.

HecomMHeHHOEe [OCTOMHCTBO anroputMa - ero
TOYHOCTb M NpOCTOTA.

MypaBbuHbI anroput™M Mapko Jopuro gasnset-
€S METOA,0M MCKYCCTBEHHOTO MHTennekTa. lNo pop-
Me 3TOT aNiropuMTM MNOXoX Ha Nva U B HEKOTOPOH
cTeneHu aBnseTcs ero obobuieHnem, 04HAKO 34ech
BbIOOPOM yrpaBnsieT ciyyaiHas QyHKLMS, Hanpas-
NAOWAn OBMXKEHME OT TEKYLLEero MOMOXKEHUS C
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4 )
::r restart . with(networks) . new(G) :
| > V= [a,bc,d g n=nops(¥):
| = addvertex(V, G) :
| > addedge({{a.c), {a.d}, {b, g}, {b, ¢}, {e.d}), {d g} [a. gl [ 2]}, &) :
| > B = Muairix(n):
| > A= adiacency(F) :
= foritondo
forjtondoif Ay j]=1 then B[y )] == V[j]. fi, od:
od:
(> cm 4.
= fork ton-1 do
foriton do
forjton do P[i, j| == expand(subs(V[i]|=0, V[j| =0, add(B[i, m|&*C[m, jl,m=1.n)));
od;
od;
for i to n do
for j ton do C[i,j]| == P[i,j]; od;
od;
L od:
[> 5= (}:
| > foritondo ifC[yi] # 0then S := S union {expand(C[s i]&*V[1])}; i od
[> Fm= (}:
| > forgin 5 do if whattype(q) ="+ then F := F union {op(q)} else F :== F union {q} - fi; od;
| > = map(x — convert(x, list), F):
| > forqin § do ifnops(q) +# nthen § == § minus {q}; fi; od;
| > k= nops(5):
| > Hom= {}:
= forjto k do
foritondoifS[7][i]=¥][1] thenm = i, fi, 0d;
foritondo Z[i] = S[jl[(i + m-2mod #) + 1], od;
A = Hunion {conver!(Z, list)}:
- od:
> A,
I {le. bc.gdfllabgedfllafdebgllafdegbdl)
GUC)/HOK 5- ﬂpoepaMMa omebICKUBAHUS 8Cex 2amMuUJibmoHO08bIX UUK/108 J
4 )
> L= (u,v,k)— eweight(op(edges([H[k][u]. H[X][v]]. G)).G):
| > min(seq(add(L(i, i+ 1, k),i=1.n-1)+ L(n, 1,k),k=1.nl)),
GUC}/HOK 6 - [IpodomKeHue Npozpammbl OMbICKUBAHUS 2AMU/IIMOHOBbIX UUK/I08 J

6onblue BEpOSATHOCTbIO B BEPLUMHY, B KOTOPOM
Hanbonbluee 3Ha4YeHne HeKoTopor GyHkuun Pij,K
(rme i — HOMep BepLUMHbBI, B KOTOPOM NPOU3BOAUTCS
BbIOOP, kK — HOMEP MypaBbs, ABMXKYLLErOCs Mo Ay-
ram rpacda). Kak n 8 Nva, BO BpeMsi ABUXKEHUS CO-
3[3€eTCS CMMUCOK MPOWMAEHHbIX BEPLUMH, YTO MO3BO-

nsiet n3bexartb npexnpeBpeMeHHOro 3auuKnnBaHus.

PaccMoTpuM nporpamMMy MUHMMM3ALMKM TPAHC-
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NOPTHbIX PacxofLoB AN 1 FOPOLOB, KOOPAMHATHI
x[i] v yli] KoTopbIx 3aaaHbl (pUCyHKHM 7,8). B Hauane
nporpamMmbl BBOASTCS KOHCTaHTbI 3a4aun. Yayulue-
HWe CXOAMMOCTM BO MHOFOM 3aBUCUT OT UX 3HaYe-
HUR. Yncno Lmin tpebyetcs ons CpaBHEHWS Mpu
BbIOOpe MWHMMANbHOrO MapLlupyTa, MaclTabHas
KOHCTaHTa Q mopsaka AAMHbI MapLipyTa Bblbupa-
€TCS NPONopLMOHaNbHOM NopaaKy rpada.
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-

kP

(> pi= proc (x)

local », sm, i, Beg, End, c, s, m, J,

»n = npops(x),sm = 0,

forito » dosm == sm + x|i] od,

c =

for i to » do Begl|i] += ¢, End|i] == ¢ + x[i]/sm, ¢ == End[i] od,
m = rand(0.. 100);s = (1/101)*m();

forito » do if Segi] < sand s < Erd|i] thenj = i end if end do;,
return j,

end proc:

ucyHok 7 - @pazmeHm npo2pammsl MypassUHo20 anzopumma Mapko Lopueo

\_

-

> for &0 to 100 do # Ocnoenoil yurn

for arnt to n do # Luxn no mypassam
s:= {$1.n}:# Crnucox HenoceaujeHHbIX eepuin
J = ant : # Havansnas eeputuna Ona mapaesva ant
for jl ton — 1 do s := s minus {j}; # Tabu list yeemiurica
spi=[]:kI =0:
for 7 in 5 do # Kaxcooii eepuiuinie - ceoii gec
sp = [op(sp), VW[, i1"b* Wil j, i]"a]:
ki=Fkl+1:mlkl] =1
od:
JO = nn| P(sp) |, # Bribop nanpasinenua
v[j1] = jo, r[j1] = W[}, jO],
j = jO : # Hauano dyeu - amo xoneiy npeosioviyeii
od: # LJuxn j1 no ecem seputinam 011 Mypassva ant
L:=add(r[i],i=1.n-1) + Wlop(s), ant],
v[0] := ant, v[n) = ant, # Havano u xoney oyeu
vl == seq([v[m],v[m+ 1], m=0.n-1) : # Jyeu
for 7 to 2 do # [Tomemxa ove ghepormorom
DWitlop(vl[i])] == DWt[op(vl[i])] + Q/L,
od:
if L < Lmin then Lmin = L Ai: # Buibop min
od: # ant
Wt == Wt + DWt*p : # Jobaenenue Hosvlx c1eooe
Wt := Wt* (1-p) . # Henapernue gepomona

od: # £0

PucyHok 8 — OcHogHoU ¢ppazmeHm npoepammsl MypaseUHo20 an20pumma

_J

_J

@OyHKUMS P BEpOSTHOCTU NEpexona UMEeeT B Ka-
yecTBe aprymMeHTa Cnucok u3 yucen x[i]. Beluncng-
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etcs cymma sm= ) x[i]. OTpe3ok npsamoii ot 0 no
1 pasbusaetcq Ha n yyactkos [Begli], End[i]] c
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AnvHamu x[il/sm,rae Begl1] =0,End [n] = 1.3aTem
cnyyariHoe uncno 0 < s < 1 ykasblBAET BbIUIPbILLHbIV
HOMep — HOMep BepLUMHbI A1 AaNbHENLWero ABu-
xeHus [3, c. 147].

ANropuUT™ OTXMra, KaK M MypaBbUHbIM aNropuUTMm,
OTHOCMTCS K BEPOSITHOCTHbIM METOLAM peLUeHUs.
KntoyeBbiM MOMEHTOM B TaKmMx MOAX0AAX SABNSETCA
CNy4ariHbIi BbIGOP OQHOIO U3 HECKOIbKMX BO3MOX-
HbIX peLleHuni i BMECTO aHanu3a Kaxaoro. 1o nos-
BOJIIET COKPATUTb BPEMS CYeTa.

B meTtope omkura (pucyHok 9) ouepenHoi no-
pALOK CNefoBaHUS MO MapLIpyTy MeXay ropoaamMu
BbIOMPaeTCs CnyyaiiHo, HEBONBbILUMM MU3MEHEHUEM
npesbloyLLEero pelweHus, nNpeanonoXmMTenbHO on-
TuManbHoro. CaMbiii NPOCTOM BapuaHT U3MEHEHMS
- NepecTaHOBKa ABYX CJy4aiHO BbIGPaHHbIX ropo-
[OB B MapupyTte cnefoBaHus. Ecan nonyveHHbin
MapLUpyT Nyylle BCeX CyLW,eCTBOBABLUMX paHee, TO
3TOT MapuwpyT 6epeTcs 3a oyepeaHoK, ecnn MapL-
pyT Xy>Xe, TO CaMblii MPOCTOM BapuaHT — He BpaTb
ero. Cnefyet OTMETUTb, YTO peLUEHME 3aBUCUT OT
HeCKONbKMX NapamMeTpoB. MeHss, HanpuMep, YNCNo
LMKNOB, MOXHO MOJy4aTb pasnnyHble OTBETHI [3, C.
89].

TaknuM 06pa3oM, pacCMOTPEB BO3MOXHble pe-
WEeHMs 33a4a4M O KpaTyanweMm nytM Ha rpadax,
Henb3 OJHO3HAYHO BbLIAENWUTb OOMH U3 MEeTOA0B
peLleHus, KaXabIM U3 HUX UMEET KaK OYeBUAHbIE
[LOCTOMHCTBA, TaK M HeA0CTaTKK, Tak1e Kak, Heob-
XOAMMOCTb 3HaHWS Maple-a3bika, SBASOWErocs
(YHKLUMOHANbHO MOMHBIM MPOLEAYPHbIM $3bIKOM
nporpaMMMpOBaHUs YeTBepTOro nokonenus (4GL),
PYYHOM BBOJ, UCXOLHbIX AaHHbIX U Apyrie. OoHaKo
COrNacHo NpoBefeHHOMY aHanusy, bonee npenno-
YTUTENbHBIM METOLOM pELIeHUs NCXOAHOM npobre-
Mbl B CKM Maple sBnsetcs meton JenkcTpbl.

JkoHOMMYeckni 3 deKT OT BHeAPEHUS CPeaCTB

SKOHOMUKA

KOMMbIOTEPHOIO MOAENMPOBaHMS NpoLecca ynpas-
NIEHUS LEensMyM NOCTaBOK MOXET ObITb NMLWb KOC-
BEHHbIM, TaK Kak BHEApPEHHble CpefCTBa aBTOMATH-
3aLMK He SIBNSKTCS NPSIMbIM MCTOYHUKOM L0X0/3, d
npepcTaBnsoT coboil BcnoMoratenbHoe CPeacTBo
nonyyeHns npubbinu, Aenas npoueccsl yrnpasne-
HWS MpeanpuUsTUEM MOMHOCTbIO MPO3PaYHbIMU U
KOHTPOJIMPYEMbIMMU.

[NaBHbIN 3KOHOMUYECKMI 3DPEKT OT BHEAPEHMS
pa3pabaTtbiBaeMOM METOAMKM 3aKNHOYAETCS B Yy4-
LIEHUN 3KOHOMMYECKUX U XO3SMCTBEHHbIX MOKa-
3aTenen paboTbl NpeanpusTHs, B NEPBY oYepesb
3a CYET CHMXKEHUS TPAHCMOPTHbIX U3AePXKeK Npes-
npuatus. Jns 60nbWMHCTBA NPeanpuaTUii 3KOHO-
MUYeCcKnin 3hdEKT MOXKET TakxKe BbICTYyNaTb B BUAE
3KOHOMUU TPYA0BbIX U (UHAHCOBBLIX PecypCcoB, No-
JIly4aeMoW OT CHWXXEHMUSI TPYAOEeMKOCTWM pacyeTos,
CHUXEHWS TPYA03aTpaT Ha NMOMCK M NOArOTOBKY [L0-
KYMEHTOB, COKpALLLEHNS CTYXaLMX NpeanpusTus.

PaccMOTpMM Ha KOHKpPETHOM npuMepe BO3MOX-
HblIM 3KOHOMMYECKUI 3P deKT OT BHeApeHUSs pa3pa-
60TaHHOM METOAMKM OMTUMM3ALMKU TPAHCMNOPTHbIX
pacxofoB MO OLEHOYHbIM AAaHHbIM Ha Mpumepe
NpeanpusTUs NEerkom MPOMbILNIEHHOCTUM Tropoaa
Butebcka, 3aHMMatowerocs npov3BOACTBOM TPuU-
KOTaXKHbIX WU3MeNni, B KOTOPOM aBTOMaTU3MpyeTCs
MOMCK ONTUMANbHOIO MapLUpyTa TPAHCMOPTUPOBKM
Npou3BeAEeHHOM NPOAYKLMK B PUPMEHHbIE Marasu-
Hbl. CpenHss ctoumocTb naketa CKM Maple cocras-
nsaet 10,25 mnn. py6. MNpepgnonaraeM, 4to BHeape-
HWEM, TEXHUYECKOW MOAAEPXKKOM MU BO3MOXHbIMU
[opaboTkamu pa3paboTaHHOM METOAMKM B AaHHbIX
CKM 6bynet 3aHMMaTbC LOMONHUTENBHO 0OYyYeH-
HbIM WTaTHbIA paboTHMK. CTOMMOCTb AOMNONHUTENb-
HOro oby4yeHus npumem paBHon 1 MiH. py6.

B utore 3aTpaTbl Ha BHeApeHWe HOBOro Mpo-
rpamMMHoro obecneyeHns COCTaBAT:

frPO<PthenZ0 =2 fi &

> forito 500doi/ =m():i2=m(): Z=20: z=Z[il]. Z[i]] = 2[i2]:Z[i2] =z:

LI = add(W[Z[i] Z[i + 1]} i=1.n-1) + W[Z[n], Z[1]]:

ifL] < LOthenlO:=L}:Z0=Z:k=k+ |:TT[k])=T:Llk] = Li V0 =map(™ Z 1),
else PO = p()/100.: P:=exp(-(L/-L0)IT):

if (imod 10) =0 then T := alpha*T: fi, od:

PucyHok 9 — ®pazmenm npozpammel "Memod umumavuu omxuuea”
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SKOHOMMKA

3 =10,25 + 1 =11,25 man. pyo. (1)

Maple

[lns OUEeHKM 3KOHOMMM OT paspaboTaHHOi Me-
TOAMKM B KAYeCTBE KPUTEPUS MOXKHO BbIOpaTh:

e 3HayeHue Ko3pduuMEHTa MCNONb30BaHMUS
npobera;

e ONTMMM3aLMs MapLLpyTa (Ero NPOTKEHHOCTb,
NpomnycKHas CcnocobHOCTb, CKOPOCTb, 3arpyXKeH-
HOCTb);

e 3aTpaTbl TONAMBA Ha 1 T NnepeBe3eHHOro rpy-
3a.

B Hawem npumepe ang npoctoTbl pacyeTa Oy-
[leM CYMTaTb, YTO OCHOBHAS 3KOHOMMS LLOCTUTAETCS
3a CYET COKPALLEHUS NPOTIXKEHHOCTU NPOMLEHHOIO
MapLupyTa Npu TPAHCMOPTUPOBKE rpy3a OT Mpou3-
BoAMTeNs K noTpebutento. Takum 06pa3om, ronosas
3KOHOMMS ByLeT paBHa 3KOHOMMMU, CBS3AHHOW C CO-
KpalleHWeM TPaHCMOPTHbIX PACXOAOB Ha TOMAMBO,
a TaKXKe C COKpaLLEeHWEM BENMYMHbBI U3HOCA Fpy30-
BOr0 aBTOMOOMAS U OTYUCIEHUIA B aMOPTU3ALMOH-
HbIi DOHA,.

PaccuMTaeM 3KOHOMMIO 3a CYET COKpaLLeHMs
TPaHCMOPTHbIX PAacxXofoB Ha Tonaueo. Mo oue-
HOYHBIM [aHHbIM, CPeAHSS BEIMYMHA COKPALLEHUS
NPOTSYKEHHOCTM NPOMAEHHOrO 3a CYeT ONTMMM3a-
LMK MapLupyTa Ha OAHY NOe3aKy COCTaBNSET OKONO
60 KM, HopMa noTpebneHns rpy30BbIM aBTOMOOM-
nem TonamBa Ha 100 KM B 3arpy>KEHHOM COCTOSHWM
MOXeT focturaTb 15 . [poaHann3npoBas TEKYLLYO
CUTYyaUMI0O Ha pblHKE ABTOMOGMNBLHOIO TOMSIMBA,
MOXHO CAeNnaTh 3aKIYEHME, YTO CPefHss LeHa
Tonnmea coctasnget 11 000 py6. JkoHOMMUS, CBS-
3aHHas C COKpaLLeHWeM TPaHCMOPTHbIX PacXofoB
Ha TOM/IMBO Ha OAHY rpy30rnepeBo3Ky, COCTABNSET:

P=15x% %x 11000 = 99000 pyv6.  (2)

MNpegnonoxum, 4To npeanpustme obHOBASIET
ACCOPTUMEHT ABa pa3a B Mecal, B Aecatn hupMeH-
HbIX MarasuHax. Takum 06pas3oMm, BeNMYMHaA rofo-
BOW 3KOHOMMM COCTABUT:

P =99000x (10 x 4x12) = 47,52 man.py6. (3)

Torpa 3KOHOMMYECKMM 3PdEKT OT BHELPEHUS
HOBOro NporpaMMHoro obecneyeHns MoOXeT ObiTb
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paccunTaH no dopmyne

4

PR WS
=TT = 4)

Maple k

roe 3 — rogoBas CyMMapHas 3KOHOMMS, MAH.pY6.;
3 - ropoBble CyMMapHble 3aTpaTbl, CBA3aHHble C
BHeJpeHWEeM HOBOrO NPOrpaMMHOro obecneyeHus,
MJH. py6.; kK — KONIMYEeCTBO NeT peannsauum NpoeKkTa
NAC OOMH rof, NeT.

_ (47,52-1125)+47.52

Maple 2

) = 41,9 man.pye. (5)

[aHHble BenuYMHbI 3KOHOMM4Yeckoro 3ddekTa
CBMAETENbCTBYET O TOM, YTO Aaxe npu npubnusu-
TENIbHOM pacyeTe C YyY4eTOM TOMbKO OAHOro dakTo-
pa 3KOHOMMUM MUHUMASBbHBIN 3P EKT OT BHEAPEHMS
pa3paboTaHHbIN METOAMKM B pacyeTe Ha OfMH rpy-
30BOM aBTOMOOMb MNONYUYMUIICH 3HAYUTENBHBIM.

Takke K uMCIy 3KOHOMMYECKMX pe3ynbTa-
TOB OTHOCSATCS yBennyeHue obbemMa NepeBO30K U
ynydlweHne KayectBa paboTbl TPAHCMOPTHOM CU-
CTeMbl, CNOCOOCTBYIOLWME MOBbIWEHNIO KOHKYpPEeH-
TocnocobHoCcTM  npeanpuatus, 3hdEKTUBHOCTU
3KOHOMUKM W YBEIMYEHUIO HaLMOHaNbHOro 60-
ratctBa. Kpome TOro, 3KOHOMUYeCcKne pesynbTathl
3akntovatoTcsa B 6onee 3OEKTMBHOM MCNONb30BA-
HWM XO3SMCTBEHHBIX PECYPCOB, UX IKOHOMUU UK
npeLoTBPaLLEHWUM MOTEPb B NMPOU3BOACTBEHHON U
Henpou3BOACTBEHHOM Chepax HAPOAHOro XO03§i-
CTBa, JocTuraeMbix bBnaropaps COBeEpLUEHCTBOBA-
HWIO TPAHCMOPTHOTIO MpoLiecca.

Kpome 3koHoMMyeckoro 3ddekta o4YeBUOHLIM
SABNSETCS IKONOrnYeckunit 3 ek, 3aKYatoLwmnn-
CS B YMEHbLUEHUN OTPULIATENIBHOTO BO3AENCTBUS
rpy30BOr0 TPAHCMOPTa Ha OKPYXaloLlyl cpeny B
CBSI3M CO CHWXEHMEM 3arpsisHeHus eé atmocdepbl
BpeOHbIMK BbIODPOCAMM U LIYMOM U [OCTUraeMblii
3a CYeT YMEeHbLUEHUS AJIMHbI TPAHCMOPTHbIX MapLU-
pyTOB, 06bEMOB MCMObL3yEMOro TOMIMBA U TaK Aa-
nee.

Takum 06pas3om, Mo pesynbraTaM pacyeTa 3Ko-
HOoMMYeckoro 3ddekTa OT BHeapeHus pa3pabo-
TaHHOM METOAMKM OMTUMM3ALUKM TPAHCMOPTHbIX
pacxof0B C UCNONb30BaHWe Teopun rpados B na-
KeTax MPpUKNAAHbIX MPOrPaMM MOXHO 3aK/HUUTb,
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YTO 3TO BbIFOAHO NPeanpUATMAM. XOTb BbIrOAa U
KOCBEHHas, HO, KaK NpPaBW/O, 3aMeTHa B CpefHe-
M LONTOCPOYHONM MEPCMNEKTUBE 3a CYET CHUKEHMUS
ceb6ecToMMoCT MPOM3BEAEHHOM MpoayKumu. Bce
3TO0 00YC/IOB/IMBAET NEPCMNEKTUBHOCTb BHEAPEHUS
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SKOHOMUKA

NPeLNoXeHHON METOAMKM Ha NpeanpuaTUsaX npo-
MbILLNIEHHOCTM U BbITOBOrO 06CNYXKMBaHMS Hacene-
HUS BCex popm cobcTBeHHOCTM Pecnybnmkn bena-

pyCb.
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