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B ot/im4me ot knnaccu4eckoii
TPaHCrNoOpPTHOM 3a8a4u 1o KpUTepuio
MUHUMYMa 00LLero BpeMeHU aBTop
NCXO[UT N3 TOro, YTO PeCcypcChl

He TOJIbKO AO0JDKHbI ObITb AOCTaBJIE€HbI
N3 UCXOAHBIX MYHKTOB B MYHKTbI
Ha3Ha4YeHus1, HO 1 NoABEPrHyTbl TaM
AOroJIHUTENIbHOI 06paboTke. 3agaya
cyuTaeTcs BbIlOJIHEHHOW JINLLIb ocJie
AOCTaBKN N OKOHYaHUs 06paboTKn
BCeX pecypcoB, y4acTBYIOLLNX

B TPaHCMNOpPTHOM onepauun. B xone
ConyTCcTBYIOLEero foCTUXEHUIO

3TOM Lesin MogesIMpoOBaHUsI
UCNoNb30BaHa pa3HOBUAHOCTb MeTo4a
nocsenoBaTesibHOro COKpPaLLeHUs
HeBSI3OK — BeHrepckuii metoa. Ans
COKpaLyeH s YACa LaroB ajiropurma
npeasioxeHa npoueaypa yTo4YHeHUs
HWDKHEU rpaHuLbl Les1eBON PYyHKLUNN.

Knioyesbie ciioBa: TpaHCnopTHas

3aga4qa, Kputepun MUHUMYMa BPEMEHU,
pecypchl, MyHKTbl HA3HAYEHWS], 3aTPathbl

Ha 06paboTKy.
|
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BOTPOCHI TEOPWAV

Mopenu TpaHCNOPTHOro
TUMNa no KPUTepuio BPeMeHM!
c 00paboTKOM pecypcoB
B MNYHKTaX Ha3Ha4YeHus

Hewumaiiao Huroaaii Mapkosuy — kanouoam
mexHu1ecKux Hayk, doyenm kagedpel « Mugopmamu-
Ka» Pocmoeckoeo eocyoapcmeennoeo yHueepcumema
nymeii coooujenus.

Jlaccuyeckasi TpaHCIIOpPTHAs 3aaada
M0 KPUTEPUIO MUHUMYyMa OOILLIEro Bpe-
eHu [1, 2, 4] He TipennoaaraeT AOMOJI-
HUTEJIbHOM 00pabOTKM PeCypCcoB B IMyHKTaX
HasHauyeHus. B HallleM ciryyae Takast oopaboTKa
MPUCYTCTBYET, U MPOIOJIKUTEIBHOCTD €€ JIU-
HEMHO 3aBUCUT OT 00BEMA HAJTMUECTBYIONICH
naptur. Hambosee npocroit BapuaHT — oOpa-
0O0TKa KaxIoil mapTuM pecypca HauMHAETCs
10 TIPUOBITUM B ITyHKT Ha3HayeHus. B BapraH-
Te e COM3MEPUMOCTH 3aTpaT Ha TPaHCIIOPTU-
POBKY 1 00pabOTKY PeCcypCOB IOSIBJISIETCSI HE00-
XOIMMOCTbD Y4€Ta ouepeieil Ha 00CTyKBaHUE.

PaccmatpuBaemas 3amaya MMeeT MHOTO
00I1IeTO C TPAHCITIOPTHOI 3afa4eit ¢ PUKCUpo-
BaHHBIMU JoTIJIaTaMu [3], 11 peleHust KOTO-
poii UCTOJBL3YIOTCS JTUOO MPUOIUKEHHBIE
METOAbl (3a CUET JMHEapU3aluM 1LeJeBOM
(GyHKLMN), TUOO0 TPYyIOEMKIE KOMOMHATOP-
Hble. BBHIY MUHMMaKCHOTO XapaKTepa 3a1aH-
HOI1 1Ie1eBOI (DYHKILIMY pellieHUe Hallle 3a1a-
Y{ yAaJIOCh CBECTH K KOHEYHOI IMOC/enoBa-
TEJIbHOCTH 3a1a4, BEIYUCIUTEIbHAS CIIOKHOCTD
KOTOPBIX HE BBIIIIE TTOJTMHOMUATBLHOM.

B aToli CcBSI3M mpeacTaBisIeTCs 11e1eCO0-
Opa3HbIM YYUTHIBATh OTPaHUYEHHBIE TIepepa-
OaThIBaOIIME BO3MOKHOCTY MMYHKTOB Ha3Ha-
YyeHMs (Harmpumep, MOPTOB) MPU pa3padoTKe
IUIaHOB MPUOBITUS MOE3MOB, MPEXIE BCETO



C DKCIIOPTHBIMU Ipy3aMu, IS COKpPAILEHMS
CPOKOB pa3rpy3Ku U IIPeI0TBPalLieHHs 3aTOPOB
Ha MOIbE3IHBIX ITyTSIX.

MOJEJIb BE3 Y4ETA OMEPEAEN
HA OBPABOTKY

3anaua 3aKJII04aeTcs B ONpeeIeHUM TaKO-
ro I1aHa MepeBo3oK |[|x,|, mpu KOTOPOM BbI-
TIOJTHSIIOTCS] OTPAaHUYCHUS

n
> x..<a., i=l.m;
j=r?

m

> x..<b., j=l.n

i—1 0 ' (1)
x..20,i=1.m; j=1..n
i

31ech a, — BeJIMYKMHA PECYPCa B UCXOMHOM
MyHKTE A ;
b, — MOTPEOHOCTH B pecypce B IYHKTE Ha-
3HAUEHUs Bj;
X, — 00BEM pecypca, mepeMelaeMoro
1o Mapupyty A, — B/
[Ipu 3TOM MUHUMUBUPYETCS (PYHKITUS
F=max fix.. ), 2)
X.. b
y
rae f (xl.,.) — (byHKLIMS, OTIpeaesisieMast ClIeayto-
1M 00paszom:
(3)
I +1,x;,
0, ecim x; =0;

ecim x; > 0,

f(x)=

1,— BPEMsl I0CTAaBKH PECYPCOB I10 MapLIpy-
TyAi - BJ

1,— BpeMsi, 3aTpaynBaeMoe B MyHKTe B,
Ha 00pabOTKy eIMHUIIBI pecypca.

[pennaraercsi, onpeneanB HIXXHIOW Ipa-
HUILLY 1ieJieBoii pyHKIMU F (0003HAUMM €€ Kak
F), BBIYMCIUTH OrpaHUYEHMST dg- Ha BEJINUNHY
MePEBO3MMOTO ITPOAYKTA IO KAXKIOMY HarpaB-
JIEHUIO M CBECTH PELICHUE 3a1a41 K KOHEYHO
IOCJIEIOBATEIbHOCTH MOA3a1a4 O MaKCUMalb-
HOM TPaHCITIOPTHOM TIOTOKE B CETU C OrpaHu-
YEHHBIMU TIPOMYCKHBIMM CIIOCOOHOCTSIMU
KOMMYHUKaLuii. OrpaHUUMMCS IPUMEHEHUEM
BEHIePCKOr0 METOJ1a, TTOCKOJIBKY LISl €T0 pea-
JIM3alMU HET HEOOXOIMMOCTH HU B CBEICHUM
3a7a4u K cOaTaHCUPOBAHHOMY BUJLY, HU B ITPH-
HSITUU Mep O0PBOBI C BBIPOXICHHOCTHIO.

Ecnu B pe3yibraTe peleHus 3a1a4u o 1o-
TOKE BCE CTOJIOLIbI MAaTPUIIbI TIEPEBO30K OKa-

Puc. 1. CeTb nnnocTpaTuBHOro npumepa.

JKYTCSI 3aKPBITBIMU (TTOTPEOHOCTHU ITYHKTOB
Ha3HaYeHUS YJIOBJETBOPEHBI) MO0 OyayT
BBIBE3CHBI BCE PECYPChI M3 UCXOMHBIX ITYHKTOB,
TO ONTUMAaJIbHOE perieHre HatiaeHo. Eciu ke
3aKPBITHIMU OKaXKyTCsT HE BCE CTOJIOLIBI MaTpH -
1Ibl, TO 3HAYeHKE F, CIICIYeT YyBEIMYMTD Ha Be-
JIMYKHY AF 1 MCXOMs U3 3TOT0 HOBOTO 3HAYe-
HUS HKHEH TpaHUILIbl IPOM3BECTU TIEPECUET
d,, 1 CHOBA PEILNTD 334y O MaKCUMAIbHOM
TpaHcopTHOM mnoToke. Eciu B pesyibTaTe
pEIIeHUS He BCE CTOJIOLIbI MATPHULIBI IEPEBO30K
OKaXXyTCsI 3aKPBITHIMU, TO OISITh YBEIUYMBA-
eTcd 3HauYeHue F, 1 OBTOPSIIOTCS yKa3aHHbIE
111ar¥ aJiropuT™a.

IMpouenypy onpenenenus F, paccMoTpum
Ha IpuMepe, MPeaCcTaBIeHHOM B BUIE CETU
Ha puc. | ¥ MaTpull epeBo30K (Tadauiibl 1—4).
Lludpbl HAL TUHUSMU, COSAUHSTIOIIUMU TyH-
KThI CeTU, U LIMGPhI B IPaBbIX BEPXHUX YITax
STYeeK MaTPUII IIEPEBO30K MPEICTABIISIOT COO0i
BpeMeHa JBMKEHUS MEXKITy COOTBETCTBYIOIIM -
MM nyHkTaMu. {udpsl B oKpyKHOCTSIX
Ha puc. | — pecypchbl M TOTPEOHOCTH ITYHKTOB.
s B, B,, B, B OKPYXHOCTAX B BUJIE 3HAMe-
HaTeJsIs1 yKa3aHo BpeMsi 00pabOTKU eIMHULIbI
nonygadbpukara.

Ucxonsa u3 (2, 3), npeanaraercst onpeae-
Juth F, 110 hopmyie:
F =max{minl¢., + min(a.,b.) t .]}

n j iy o vJJ

It winmocTpaTuBHOTO TipuMepa F| Oyzer
paBHa?,,+B = 6,7. BTabnuue 1 npencrasie-
Ha MaTpHulla, B JIEBBIX HIDKHUX YIJIaX sSYeeK
KOTOPOIi 3aITMCcaHbl IPOTYCKHBIE CITOCOOHOCTH
MapLIpyTOB MPH YCIOBUM, uTO F = 6,7.

YT10ObI COKPATUTb YUCJIO 111arOB aJITOPUTMA,
11eJ1eCO000Pa3HO YTOYHUTE F . JIJist 3TOTO Hato
BBIUUCIIUTD d,-,- MO CJenyIoLIeEMY MpaBUy:

min {aj, bj.(F, ~1.)div (t )},
ij y J
ecm t. >0, t..<F ;
J y n

“

djj= 5)

0, ecm t. >F ,
i~ n
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Ta0muna 1
IIpomyckHbIie CIOCOOHOCTH MAPIIPYTOB MPH

F=6,7
n
b1 b2 b'l
a, 5 6 7
17 3 0
a, 7 2 3
0 12 20
a, 8 4 5
0 10 10
Taomuna 2
Wcxonnblii niiaH npumMepa
b1 b2 b3
a, 5 6 7
17 4 -—
17 7+ 4
a, 7 2 3
12 8
4 12 20 +
a, 8 4 5
10
0 10 10
Taomuna 3
Pe3yabTaT nepepacnpeneenus
b1 b2 b'i
a, 5 6 7
17 6 4
17 7 4
a, 7 2 3
6 14
4 12 20
a, 8 4 5
10
0 10 10

e div — onepaiusi LieJJOYUCICHHOTO AeJICHUS
(c oTOpacheIBaHHEM OCTaTKa).

3areM clieyeT MPOBEPUTh BBIITOJTHEHUE
YCJIOBUIA Pa3pelIMMOCTH 3a1a4M:

n
> di' Zal.,l=1...m,
/=1 ©
m
> di' >b.,j=1..n
i=1Y
IIpu HeBBIMOJHEHUU XOTS ObI OJHOTO
13 HepaBeHCTB (6) HEOOXOAUMO YBEJIUYUTD
3Ha4YEHUEe Fn Ha BeJan4yuHy AF. 3ateM Ucxost
13 HOBOTO 3Ha4YeHMs F, IPOU3BECTH MEPECYET
dij B COOTBETCTBUU C (5) U BEPHYTHCS K IIPOBEP-
K€ BBIIOJIHEHUS YCIIOBUIA (6).
W3 Tabnuupl 1 BUAHO, YTO YCTAHOBJIEHHbIE
d,.j Jle1al0T HEBO3MOXHBIM BBIBO3 PECYPCOB
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M3 IIEPBOro UCXOIHOTO MyHKTa. [1J1s1 WLTIoCcTpa-
TUBHOTO npuMepa F, nocsie yrounenus — 7,4.
[ToToMm cocraBisieTcst UICXOMHBIA IUIaH Te-
PEBO30K, IPU 3TOM Ha3HAYeHUE BEJIUYMHBI
TIEPEBOBKIL X, JUIS O4EPEHON KIIETKI MATPHLIBI
JIOJIKHO TIPOM3BOAUTHCS I10 IIPaBUILY:

(7)
LJj

rnea’, b’j — pecypchl 1 MOTPeOHOCTH COOTBET-
CTBYIOIIMX MCXOMHBIX ITYHKTOB M ITYHKTOB
Ha3HAYCHMS C YIETOM YKe HAMEUCHHBIX TIepe-
BO30OK.

W cxomnblii 11aH MJUTIOCTPATUBHOTO IIPUME-
paTtipencrapiieH B Tabauiie 2. B ieHTpe Kaxkmoii
KJIETKU TIPOCTABJICHBI BEJIMIMHBI TIEPEBO30K.
[NonmydeHHBIN BApHAHT HE SBIIIETCS PeIICHIEM
3aauM, TaK KaK OCTaJMCh HEBBHIBE3CHHBIMU
6 eIMHMII TPY3a U3 IIEPBOrO UCXOAHOIO ITYHKTa
1 HEYIOBJICTBOPEHHBIMM IIOTPEOHOCTH TPEThE-
rO TIyHKTa Ha3Ha4YeHUsI. B coOTBETCTBYOMMX
CTPOKAX M CTOJIOIAX CM. 3HaKH1 «—». COIJIacHO
[4], 3aKpBITBIMU OKa3aJUCh TOJLKO TTEePBHIiA
¥ BTOPOI CTOJIOIIBI, a TIOCKOJIBKY CPEeIU IICET
a; eCTb OTIIMYHBIE OT HyJIsl, TO TPAHCTIOPTHBIN
MOTOK MOXKET ObITh yBeJauueH. IlocTpoeHue
LIETIOYKHN IIJISI €T0 YBEJINMYCHMS HauMHACTCS
C STYCKM HE3aKPBITOTO CTOJIONA (B MILTIOCTPA-
TUBHOM TIPUMeEpE — TPETUI CTOJIOET), KOTopast
0003Ha9aeT BO3MOXHOCTh ITePeBO3KM. B mymio-
CTPAaTMBHOM IIpMMeEpE IMOCTPOSHHAs IIeTIouKa
OTMeYeHa 3HAKaMHU «+» 1 «—», paCTIOJIOXKEHHBI-
MM B ITPaBbIX HIDKHUX YIJIAX STYECK.

[lepepacmpeneneHne mepeBO30K 3aKTF0Ya-
eTCsl B UBMCHCHUH BEJIMYUHBI IEPEBO30OK X,
Ha BEJIMUMHY AX B COOTBETCTBUU CO 3HAKOM
LICTIOYKU IS CBOEH sTueliku. JlonmomHuTeIbHOE
orpaHMYCHNE, HaKJIaapIBaeMoe Ha Ax:
Ax=min{minx, ,

min[(a”.,0",),(d,. = x..)]}

rea®,, b*j* — pecypchl U MIOTPEOHOCTU UCXOJI-
HBIX ITyHKTOB M ITyHKTOB Ha3HAYeHUsI, OTHO-
CAIIMXCA K STYeiiKaM, ITOMEYEHHBIM 3HaKaMu
«+»; ¢ yUETOM yke HAMEUEHHBIX TIEPEBO30K;

(i*, j*) — g4eiiku 11enoyku, MoMeYeHHbIe
3HAKAMHU «+»;

(i’, j)) — A4eiiku 1enoYKu, MTOMEeUEHHbIE
3HAKAMM «—».

PesynbraT nepepacrpeneacHus peacTaB-
JIeH B Tabiulie 3. DTOT IJIaH MepeBO30K yI0B-
JieTBopsieT orpaHnyeHusIM (1) u, ciaemoBaTesib-
HO, MOXET CYMTAThCS ONTUMAIbHBIM. AHAIN3
TTOJTyYE€HHOTO TUIaHa ITOKA3bIBAET, YTO MapIIpy-

X, =min(a.b .d.),
ij U

®)



TOM C HAuUOOJIbIIMM CYMMAapHBIM BpeMeHEM
(TpaHCTIOPTUPOBKA + 00paboOTKa) SIBISETCS
MapiupyT A,— B, OCKOJIbKY X, ,=d , ,, & 3HAYUT,
IS Hero F =Fn .

OcOoOEHHOCTHIO pellIeHUsI OCTAETCs TO, YTO
yucjao 0a3uCHBIX MEPEMEHHBIX (B KOTO-
PBIXX; >() npeBbItaet m+n— I. MOXHO ITOITbI-
TaThCsl U30aBUTHCSI OT 3aMKHYTOIO IMKJIA,
00pa30BaHHOTO MEPEMEHHBIMU X, X, X, U X,
OnHako Jnro0asi Takasi IMOIbITKA MPUBOIUT
K HEJOITyCTUMOMY YBEJIMYEHUIO (IIPEBbIILIAIO-
wemy F) 1ubo nepeMeHHoi X, 1ubo X,
TO €CTb K YBEJIMYCHUIO BPEMEHU pealr3alu
IJIaHa ITePEBO30K.

MOJEJ1b C YYETOM OYEPELEN
Munumusupyetcst GyHkuuys (2), rae f (xi,.)
onpezesieHa CICAYIOIMM 00pa3oM:

tz’j”jxijJr]:m (tl.j),

_Jecm x.. >0,
flx)= .

(&)

0, ecm x, =0,
y

rue
t.,. +t.x..-t..ecomm  Xx.,. >0,
yoJ oy L
tl.j>tl..j,tl.j<tl..j+tjxl.j, [
t..)= .
fOlt(lj) 0, ecnu tl..=mm tl..
i
ambo  f..>t., .+t .x.,,
y vy Juy

(10)

1,— BPEMsI IOCTAaBKH PECYPCOB IT0 MapIpy-
TyAi - Bj

1,— BpeMsi, 3aTpaunBaeMoe B MyHKTe B,
Ha 00paboOTKy eIMHUIIBI pecypca.

3HavueHue 1eJIeBOi (PYyHKIIMU TIpU pere-
HUU 33/1a49¥ 0e3 yu€Ta ouepeeit He peBbIia-
€T BeJIMYMHBI 11eJIEBOM (DyHKIINM B CITydae Ux
yuéta. B 2TOil CBSI3M ONMTUMANbHBIN OTBET
MOXKET OBITh TTOJTYYeH Ha OCHOBE PEIICHUS
3amaun 0e3 ouepeneil ¢ MocieayonuM mepe-
CYETOM BPEMEH IBUXKEHUST PECYPCOB 0 TyH-
KTOB Ha3HAUEHUs W WX TOCTEIyIolieil oopa-
0OTKM B 9TUX TTyHKTaX C yYETOM OYepeneit.
3aTeM ciieayeT MPUHSITH MEPhI JIJIST YMEHBIIIE-
HUS (B TIPEACTTLHOM CITydae — UCKITIOYCHUS)
BapUaHTOB KPUTUUYECKON TTEPEBO3KH, TTepepa-
CTIpEJIeINB PeCcypchl MO Mapuipytam. Takas
LIeJIb JOCTIDKMMA 33 CUET yMEeHbIICHUST d*,
KPUTUYECKOTO MapuipyTa 10 BEJIUUYUHBI
d *ij =x*l.j— 1 (tme x*ij — KpPUTUYECKAs IEPEBO3-
Ka) ¥ TIOBTOPHOTO PEIIeHUS 3a]aUN.

Ta6mna 4
I1nan nepeBo3ok 0e3 yuéra ouepeneii (Fn=44)
b1 b2
a, 5 6
16 11
27 19
a, 7 2
20
20 20
a, 8 4
10
10 10

Ecnu 3HaueHue 1ieieBoit (hyHKIIMKY HOBOTO
peUIeHUs MOoCe Mepecyera BpeMEH C YUETOM
ouepezieil He TIpeBbIIIAeT 3HAYCHUST 1IEIEBOI
(byHKITMU TIpeNbITyIIero TUIaHa, TO yMEHbIIIe-
HUE BEJIUYUHBI KPUTUUECKOU MEepeBO3KN
TIPOIILIO YCTICTITHO Y TIPOLIELYPY HaJI0 TPOIOT-
KUTh. B MpoTUBHOM cityyae 1ub0 B ciydae
OTCYTCTBHUSI TOITYCTUMOTO PEIIEHUS CIIEAyeT
BBIBOJI O HEBO3MOXXHOCTH YMEHBIIIEHUST KPU-
TUYECKOM MepeBO3KK 1 O TOM, UTO Ha TIPEIbI-
JIYIIEeM TI1are ToJTy4eH ONTUMAaJTbHBIN TI1aH.

[Mpouenypy orpeneneHust HUZKHEH rpaHU-
1Bl 11eJIeBOM (DYHKIIMM pacCCMOTPUM Ha TIPU-
Mepe, TpeacTaBJIeHHOM B BUJE CETH
Ha pUC. 2 ¥ MATPULL IIEPEBO30K (Tab LBl 4—6).
s B, B, B OKPY>KHOCTSIX B BUJIE 3HAMEHATE-
JISl yKa3aHo BpeMsl 00paOOTKM €AMHULIbI ITOJTY-
¢abpukata B MyHKTE MTpeObIBAHUSI.

Hcxomsus (9, 10) zocTaToOuYHO 000CHOBAH-
HOE 3HaueHUe HVXXHEeW TpaHUIIbI 1IeJIeBOU
(yHKIIMY MOXET ObITh HAWICHO B COOTBETCT-
BUM C BBIpAKEHUEM
F =max{mint,. +b .t .}.

noo J

(11)

J1st WULTIOCTPaTUBHOTO MpUMepa HUXKHSIS
rpaHulIa LeJIeBoi (QYHKIIMU, ONpeaeIEHHAS
cornacHo (11), 6yner 7,,+B,f,= 44. B Tabnuue
4 rpecTaBieHa MaTpulia, B KOTOPOM B IIPaBbIX
BEPXHUX YIVIaX sS'YeeK MPOCTaBICHbI BpeMeHa
JIBVKEHMSI I10 COOTBETCTBYIOLLIIM MapIIpyTaM,
a B JIEBBIX HVDKHMX YIJIaX — MPOIYCKHBIE CITO-
COOHOCTU MapuIPyTOB IpPU YCIOBUU, YTO
F =44. B a1011 e Tab/uLie yKasaH A0IyCTUMBbIA

Puc. 2. CeTb unmocTpaTuBHoOro npumepa.
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Tabmna 6
Ilnan nepeso3ok npu d*,,= 0

Tabuuna 5
IInan nepeBo3ok mpu d*12 =x*12—1=10
b1 b2
6
17 10
27 10
2
19 1
20 12
4
10
10 10

TUIaH TIePEBO30K IS 3a1a4u 03 yuéra ouepe-
neit (B LIEHTpe KaXKmoi KJIETKU MPOCTaBICHbI
BEJMYMHBI TIEPEBO30K).

YT0OHI ONpeneanTh 3HAYCHUS 1IeJeBOM
(YHKILIMY IPEACTaBICHHOTO TUTaHa IS CTyJast
yuéra ouepezeit Ha 00pabOTKy pecypcoB, pac-
CUYMTaeM BpeMeHa IBIKEHUS peCypCcoB I10 Ka-
JKIOMY MapIIpyTy:

f(x, )=t 5, =5+16=21;
Sf(x,)=maxit,, t (x,)}+1,*x, =21+20=41;
S (x, )=+, %, =4+20=24;
f(x, )=maxi{t,, t (x,)}+t,*x,,=24+22=46.

Taxum oOpaszom, BpeMsl peaii3aliiu IjaHa
MEePEBO30K, IMpeaCcTaBIeHHOro B Tabauile 4,
cocrasnset 46 enunuil (F=f(x,,)). [Tockoabky
F>F , cnietyeT NOMbITaThCs YIy4IUUTh PELICHHE
3a CYET YMEHbILIEHHS ITPOITYCKHOM CITIOCOOHO-
CTU KPUTUYECKOTO MapIIpyTa (I WLTIOCTpa-
TUBHOTO NpUMepa — Mapuipyra A, —B,).

YeranoBum d* |, =x*,,—1=10 1 BHOBb pe-
1IMM 3aiauy 0e3 yuéta ouepeaeii. [TomyueHHbI
TUTaH TIEPEBO30K TIPeACTaBIeH B TA0IMIIE 5.

J7151 HOBOTO IJIaHA TIEPEBO30K PacCUMTaeM
BpeMEHa ABMXXEHUS PECYpCOB IO KaKIOMY
MapuIpyTy:

f(x, )=t +t*x, =5+17=22;

f(x, )=max{t, , t (x, )}+t*x, =22+19=41;
f (Xzz) :t22+tz*X22:2+2:4;

f(x,,)= max{t,,, t (x,,)}+t,*x,,=4+20=24;
f(x,)=max{t,,, t (x,,)}+t,*x,=24+10=44.

ITockonbKy B moJlydeHHOM TutaHe F =44 =
F , MOXHO crien1aTh BbIBOJI 00 ONTUMATbHOCTH
MOJTly4eHHOTO TutaHa. Tem He MeHee J1s U30aB-
JIEHUST OT 3aMKHYTBIX IIUKJIOB MPOLEAYPY
YMEHBIIIEHUSI KOJTMIeCTBa PeCypcoB, Iiepedpa-
CBIBaGMBIX 10 KPUTUYECKOMY MapIIpyTy, lie-
JIecooOpa3Ho TMPOAOKUTh. Tak, B Tabauie
6 IIpelcTaBlIeH IIaH IIEPEBO30K, B KOTOPOM

Jlmg aTOro HOBOTO TIJIaHA TEePEBO30K pac-
CYMTaeM BpeMeHa JIBVKEHUSI PECYPCOB 10 Ka-
SKIOMY MapIIpyTy:
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b1 b2
a, 5 6
27
27 0
a, 7 2
9 11
20 12
a, 8 0 4
10 10

f(x, )=t +t *x, =5+27=32;
f(x,)=max{t, , t (x, )}+t*x, =32+9=41;
f(x,)=t,+1,*x,,=2+22=24;

f(x;,)= max{t,,, t (x,,)}+t,*x,,=24+20=44.

W, HakoHell, B 00OIIeM cllyyae KaxKIbIii
IyHKT Ha3HaYeHUs (00pabOTKM) MOXKET pac-
CMaTpHUBaThCSA KaK MHOTOKaHaJIbHas cCUCTeMa
00CITy>KMBaHUsI. DTa CUCTEMA XapaKTePU3YeTCs
HE TOJBbKO CYMMapHBIMHU BO3MOXHOCTSIMU
o mepepadboTKe pecypcoB, MPUOBIBAIOIINX
U3 UCXOTHBIX ITYHKTOB, HO ¥ BpEMEHEM, 3aTpa-
YyMBaeMbIM OJHUM KaHaJIoM Ha 00paboTKy
CIMHHULIBI pecypca — £, He 3aBUCSILLINM OT MyH-
KTa OTIPaBICHUS pecypca, U YUCIOM TaKMX
KaHa/oB 7. WHbIMU crioBamu, Z,— KOJIM4ECTBO
pecypca, KOTOpoe CIIOCOOEH OTHOBPEMEHHO
00paboTaTh j-if IyHKT 3a BpeMsI L.

Takum obOpa3om, 3amaya 3akjrodyaeTcs
B OIpe/Ie/ICHUH TAKOTO IJIaHa MEePeBO30K [|x,||,
KOT/Ia BBHIMIOJIHSIOTCS orpaHnyeHus (1) u mo-
CTUTaeT CBOEr0 MUHUMAJIbHO BO3MOXHOTO
3HaYeHUsI DYHKIMS (2), B KOTOPOMl (hyHKITUS
f (xif) TpeacTaBlieHa CJeAYIOIINM 00pa3oM:

t.+t.(x..+z.-Ddiv(z.)+ t.),
i J( e ) (zj) /;q(y)
f(xl.j)z ecnnxl.j>0,

0, ecmmx. =0,
y

(12)
e
t.,.+t.(x.,.+z.-1div(z.)-t..,
Ly J(lj J ) (J) /)
ecm X.,. >0,
Ly
fou(tij) — tij>ti]'H tl.j<tl..j+tjxl.j,z¢z,
0, ectm t..=mint..
y i¥
aubo t.. >t., .+t .X.,
gy vy Jju

(13)



W3 3TOro BHITEKAET, YTO pelIeHUE 3a1auu
C MHOTOKaHAaJIbHBIM XapaKTepoM 00pabOTKU
MOXKET ObITh CBEICHO K PEILICHUIO 3a/1a4l, UMEIO-
1LIei TI0 OMTHOMY KaHaly 00pabOTKU B KaskKIOM
M3 IIyHKTOB Ha3HaueHws1. [Ipryem B ripocTeiiiiem
CJly4ae eCTb OCHOBaHME CYMTATD, YTO BpeMsi Ha 00-
pabOTKy eIMHULIBI Pecypca B MHOTOKAHAJIBHOM
MyHKTe 00pabOTKU B %, Pa3 MCHBbILIEC BPEMEHH,
3aTpauyrnBaeMOro OTHUM KaHAJIOM, ¥ PABHO t’j=t/z].
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TIME-BASED TRANSPORTATION PATTERNS AND THEIR ADJUSTMENT FOR
RESOURCES PROCESSING TIMETABLE AT POINTS OF DESTINATION

Nechitaylo, Nikolay M. — Ph. D. (Tech), associate professor at the department of informatics of Rostov State
University of Railway Engineering, Rostov-on-the-Don, Russia.

Classical minimum-time transportation
problem [1, 2, 4] doesn’t assume any
supplementary processing of resources at the
points of destination. The elementary variant
supposes that the processing of each consignment
begins immediately after it arrives at the
destination. It is a model without process queues.

The model of commensurability of
transportation and processing costs considers
process queues.

The problem under consideration supposes
that the resources should not only be shipped
from the origin to destination point but also
should undergo a secondary processing at the
destination. The problem is solved, once all the
resources within a transfer operation have been
delivered and processed. The study examines
a case of such a processing and shows that the
transfer length linearly depends on the volume of
present consignment.

Besides, each point of destination (processing)
can be regarded as a multichannel service system.
The features of such a system include aggregate
capacity of processing of arriving resources as well
as the time of processing by one of the channels of
aresource unit(tj), which doesn’t depend on origin
point of carriage, and the quantity of the channels
(zj), being equal to the quantity of resources that a
given j-point can process during tj time.

The solution of a problem with multichannel
processing can be reduced to solution of a

problem of one processing channel at every point
of destination. In an elementary case it is reason
to believe that the time of processing of resource
unit at multichannel processing point is zj times
less than the time of processing of similar unit by
a sole channel and is equal to t’j=tj/zj.

The examined problem has much in common with
excess fare transportation problem [3]. The solution
of excess fare transportation problem is found
with the help of approximate method (linearization
of efficiency function) or of labor-consuming
combinatoric method. See the minimax character
of the defined efficiency function, the solution of
the examined problem reduces to finite sequence
of problems whose computational complexity
doesn’t exceed a polynominal one. Meanwhile
there is the assumption that a processing time at
any destination point depends on the volume of
processed consignment. That is why such problems
are generalized minimax transportation problems.
The Hungarian method, that is a variant of sequential
reduction of misalignments, permits to solve the
problem. A proposed technique of adjusting of a
lower bound of the efficiency function reduces the
number of steps within the algorithm.

The adoption of the model permits to consider
limited processing capacity of the points of
destination (for instance of sea ports) during
planning of train arrivals (especially those with
exported freight) in order to reduce unloading time
and to avoid traffic jams on house tracks.

Key words: transport problem, criterion of the minimum of time, resources, station of destination,

processing costs.
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