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TPAHCITIOPTHAASA 3AJJAYA C YYETOM BPEMEHMU ITOCTABOK
I'orosiun B.A., HukosnaeBa E.A.
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Kemeposo, e-mail: nikolaevaea@yandex.ru

Krmaccnueckas TpaHCIoOpTHas 3aa4a — 5TO MaTeMaTHYecKas 3a/ada JTUHEIHOro MporpaMMHUPOBAHUS CIICIHU-
aJILHOTO BHUJIA O TOUCKE ONTHMAJBLHOIO paclpesiesieHs OAHOPOAHBIX OOBEKTOB ¢ MHHMMH3allUel 3aTpar Ha MX
nepemerienue. B nmuteparype maHHas 3ajava IIIPOKO M3YYeHA, B JAHHOW paboTe omucaHa TPaHCIOPTHAs 3ajada,
B KOTOPOI BBEACHBI JOIOIHUTEIBHBIC OTPAHUYCHHS, CBA3AaHHBIC C BBIOIHEHHEM BCEX IIOCTABOK B 3aIaHHBIN CPOK.
OT0 J10NOIHUTEIbHBIE OTPAHUYEHHS, CBA3aHHbIE CO CKOPOCTBIO OCTABOK, M OTPAHHYEHMS, 3a/1a101I€ MOMEHT Bpe-
MEHH K KOTOPOMY Tpy3 TOJDKEH OBITh JOCTABIICH, TO €CTh JOIOIHHUTEIEHO BBEJICHBI [BA BUAa OTPAHHUCHUI, OHI
OTHOCHUTEIBHO MOCTABIIUKOB, IPYTHE OTHOCHTEIBHO 3aKa34MKOB. YUEeT BPEMEHH ITOCTABOK OKA3bIBACT CYLIECTBCH-
HOE BJIMSIHME Ha ONTHMAJIbHOE paclpejielieHHe IOCTaBOK U 3Ha4eHne MUHMMYMa TPaHCIOPTHBIX 3aTpaT. B pabore
MI0Ka3aHo, YTO C BO3PAaCTaHHEM CKOPOCTEH IOCTaBOK PEIICHIE TPAHCIIOPTHOMH 3aJaul C yIeTOM BPEMEHHU IOCTaBOK
OyaeT CTPEMHTHCS K PELICHUIO KIACCHIECKONH TPAaHCIIOPTHON 3aJaun.

KutroueBble ciioBa: 3a1a4ya JUHEHHOT0 nporpaMmMHupoOBaHUs, JIMHeHHast (l)opMa, TPaHCHOPTHAasA 3a1a4a, 3aKpbITast

TPAHCHOPTHASA 32/1a4a, MHHHMH3AIHs 3aTPAT Ha NepeMelIeHne

TRANSPORT TAKE WITH TIME OF SUPPLY
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Classic transportation problem is a mathematical problem of linear programming a special type of search
for optimal allocation of homogeneous objects minimizing the cost of their move. In the literature this problem is
widely studied, this paper describes the transportation problem, which introduced additional restrictions related to
the execution of all deliveries in a given period of time. These are additional constraints associated with the speed
of delivery and limitations specifies the time to which the shipment is to be delivered, that is additionally introduced
two kinds of constraints, one concerning suppliers relative to other customers. Records the time of supply of the
eye-shows a significant impact on the optimal allocation of supply and minimum transportation costs. It is shown
that with increasing velocity of the supply solution of the transport problem considering the time of supply will tend

to the solution of classical transport problems.

Keywords: the problem of linear programming, linear form, transport problem, closed transport problem,

minimization of costs for moving

OcHOBHOH  3ajadeli  MaTeMaTH4ecKOro
MOJISIUPOBAHUSI TPAHCIIOPTHBIX TIEPEBO30K
SBIISIETCSI TIOCTPOCHHE ONTHMAIBHOTO TIIaHA
mepeBo3ok [1]. B kmaccudeckoil IMOCTaHOB-
ke Monx — KaHTOpoBHYa mpeamnosaraercs
ornTuMmu3anusg 10 BPEMCHHU WM CTOUMOCTH
MEPEBO30K OJHOPOJHOTO Ipy3a Oe3 yuera Bpe-
MEHHBIX TpeOOBaHMI 3aKa3unKa, TO €CThb Tpe-
0OOBaHUI1 BBIOIHEHHSI CPOKOB MOCTABOK. JTO
Cepbe3HOe JOMYIIEHNE 3HAYNTENBHO CyKaeT
BO3MOXKHOCTH HCTIOJIb30BAHUSI KJIACCHUYECKOM
TPAHCIIOPTHOM 3a]1auul IIPU PELICHUH IIPUKIIA]I-
HBIX BONpPOCOB. B manHO# pabote mpensnara-
ercs 00O0OIIeHne MaTeMaTU4eCKOW MOIeIn
TPAHCIIOPTHBIX MEPEBO30K C YYETOM BpEeMEHH
ITOCTABOK.

Knaccuueckasi TpaHcnopTHasi 3a1a4a

MaremaTtrueckass TOCTaHOBKAa KJIacCH4e-
CKOM TPaHCIOPTHOM 3a1auu CBOAMUTCS K Clle-
nywoiemy [2—4]: Tpebyercs HaWTH MUHHUMYM
JTUHEHHOH (GopMBI € 72 + m IepeMEHHBIMH:

F(X)=¢, X, +c, X, +..+¢,, - X,,. (1)

C BbIoIHEHHEM OanaHca MO IMOCTaBKaM
OT m IOCTAaBIINKOB

X, +X,+..+X, =4;

X +X,+.X, =4.
C BBIITIOJTHCHUCM 6ancha 110 3aKa3aM OT n
3aKa34nuKOB

X, + X, +.+X, =8

X, +X, +.+X

mn

=B,

OueBUAHO, MPUHUMAETCS, YTO Xi/ >0.

Kosddhunmentsr ¢, JTMHCIHOM dopmnal (1)
OTIPEICISIOT CTOUMOCTD HJIA BPEMSI IEPEBO3KHU
€IUHULIBI IPy3a OT {-I'0 IIOCTABIIUKA K j-MY 3a-
Ka34uKy; X, — KONMYECTBO IPy3a, OTIpaBIIsie-
MO€ OT i-TO ITOCTABIIHKA K j-My 3aKa3uHKYy.

OpmHUM U3 BUAOB TPAHCIIOPTHBIX 33]1ad SB-
JIIeTCs TaK Ha3bIBaeMas TPAHCIIOPTHAs 3ajiada
B 3aMKHYTOH (opMe — cyMMapHbie 0OBEMBI
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MOCTABOK U 3aKa30B PaBHBI. 3aMKHYyTAasi TPaHC-
MOPTHAA 3a/1a4a B KIIACCUYECKOH ee MOCTaHOB-
Ke pelaeTcss METOI0M IMOTEHIINAIOB, KOTOPBIi
JIOCTATOYHO TIOJTHO M3JIOKEH B paboTax [3, 6].

TpancnoprHas 3aga4a
€ Y4€TOM BPE€MEeHH IIOCTABOK

B nanno# paboTe B 3aMKHYTYIO TPAHCTIOPT-
HYIO 3a/1a4y BBOJSTCS JIBA THUIA JOMOJHUTEIb-
HBIX orpaHndeHuid. ONHU JONOJHUTEIbHBIE
OTPaHUYCHMS CBSI3aHBI C BBHIMOJHEHUEM BCEX
IIOCTABOK B 3a/1aHHBII CPOK, TO €CTh Y KaXKIO-
I'0 3aKa34MKa €CTh ONPENENICHHbIN CPOK, K KO-
TOPOMY HEOOXOTUMBIN €My TPy3 IOJIKEH OBITh
JOCTaBJICH.

Jpyrue [ONONHUTENbHBIE OTpaHUYEHUS
CBSI3aHBI CO CKOPOCTBIO MOCTaBKU OT MOCTaB-
LIMKa K 3aKa34UKYy, TO €CTh Y Ka’KA0TO OCTaB-
LIMKa €CTh ONPEAETICHHbIE TEXHOJIOTHUECKUE
OTpPaHUYEHHS, BCIEICTBUE KOTOPHIX OH HE MO-
JKET JOCTABUTh TPy3 ObICTpEe.

Kaxaplii U3 n 3aka3uuKoB 337aeT CPOKH
[IOCTABOK, KOTOpPbIe (hOPMHUPYIOT BEKTOpP CpO-
KOB [IOCTABOK:

§=(5,,....5,).

Kaxxapiii U3 m mOCTaBIIMKOB 33Ja€T CKO-
POCTH TOCTaBOK OT I-TO TIOCTaBIIUKA K j-MYy
3aKa34rKy, KOTOphIe (OPMHUPYIOT MaTpPHILY
CKOPOCTEMN OCTABOK:

Vii- - Y

n

v

ml* .an

DJIeMEHT MaTpHIlBl TOCTABOK v, 3a7aeT BO3-
MOXHBI 00bEM BBIBO3HMBIX TPY30B OT i-TO I10-
CTaBIIIMKA K j-MY 3aKa34UKY B €IMHUILY BPEMCHHU.

Jl7s1 TOrO, YTOOBI KAXKbIH i-bIi MOCTABIIUK
MOT OBI B CPOK He OoJiee 4eM 3a S, exuHAII Bpe-
MEHH MOCTABUTh CBOM Ipy3 B pasmepe X, » J-My
3aKa34uKy TPeOyIOTCS CISHYIONTHe ILOHOJIHI/I-
TEJNBHBIC M + NXOTPAHUYCHHUI TI0 CKOPOCTSIM
MOCTaBOK:

Xy <8;vy. (2)

3T0 NIepBOE JIOMOIHUTEIILHOE OTPAaHUYCHHE.

B 10 k¢ BpeMsi CKOPOCTH IMOCTABOK JOJIK-
HbI 6BITB TaKHNMH, T-ITO6I)I HC ITO3KC HA3HAYCH-
HOTO 3aKa34UKOM CpPOKa Sj, 3aKa3bl B 00beMax Bj
JIOJDKHBI OBITh BBITIOJIHEHbL. Takum 00pa3oMm, 1mo-
Jy4aeM BTOPOE JIONOJHUTEILHOE OrpaHUYEHHE,
CBSI3BIBAIOIIIECE CPOKU U CKOPOCTH MIOCTABOK:

S v, 2B, j=1..n. 3)
i=1

Kpome »sTOro, HEoOXOmMMO 00ECHEUYHTH
BBIBO3 BCEX 00BEMOB IIOCTABOK, YTO MIPUBOANUT
KO BTOPOMY YCJIOBHIO Ha CPOKH 33aKa30B U CKO-
POCTH IIOCTABOK:

ZV S, 24, i=1..,m. 4)

YCJ'IOBI/ISI (3, 4) ABIATOTCS YCIOBUSIMH Pa3-
PEIIMMOCTH TPAHCIIOPTHOHN 3a7a4ul C YIETOM
BpPEMEHU MOCTaBOK. HamoMHUM, 4TO yCI0BHEM
pPa3peIMMOCTH KJIACCUYECKON TPAHCIIOPTHOM
331344 SIBJISICTCSI YCJIOBHE 3aMKHYTOCTH [2, 4].

Takum oOpazom, chopMyTMpoBaHHAS TPaHC-
TOPTHAsL 3aj7[ada C y4eTOM BPEMEHH IOCTaBOK
00001I1aeT KIACCHYECKYIO TPAHCTIOPTHYIO 3aja-
9y U HOPMYIUPYETCS CIESTYIOIM 00pa3oM.

TpeOyercs HalWTH MUHUMYM JIMHCHHOMN
¢dopwmsl (1) ¢ orpannuenusamu (2, 3, 4):

F(X)=c¢, - X, +tc,-X,+..+c,,
(X, + X, +..+ X, = 4;

-X,, —min,

X+ X ,+. X, =4,;
X, +X, +.+X, =8;

X, +X, +..+X =B;
XSS,

i=1,..,m,

j=1...,n

Mopnenb TpaHCHOPTHOW 3ajadM MpHU BBE-
JCHUU JIOTIOJIHUTEJIBHBIX YCJIOBUIL MOXHO
WCTOJB30BaTh ISl ONTHMH3AIMK TIporiecca
MEPEeBO30K, YUYUTHIBAs OCHOBHOE TpeOoBaHUeE,
a UMEHHO: BBINIOJHEHHE BCEX IIOCTABOK B 3a-
JaHHBIA Ccpok. IlpuBeneHHas TpaHCHOPTHAs
3a[a4a ¢ yueTOM BPEeMEHH OCTABOK PELIaeTCst
CUMIIJIEKC-METOOM.

PeByJ'II)TaTbI HCCJICAOBAHUSA
U UX 00Cy:KIeHne

PaccMoTpum mpumepbl pelieHust KiIaccH-
YECKOM TPaHCIOPTHOM 3ajayd M TPaHCIOPT-
HOU 3aaa4u ¢ y4€TOM BpPpEMCHH IMOCTABOK.

Knaccuueckas mpancnopmunas  3aoaua.
Nmeetcst Tpu moCTaBIIMKA C 33JaHHBIMU 3arla-
CcaMU TOBapOB:

= (110,190, 90).

1 YCTBIPC 3aKa3uuKa C COOTBETCTBYIOIIUMHU I10-
TPEOHOCTSIMHU:

B =(80,60,170,80).

Marpura TapugoB UMeeT BHT

4 5 6 3
2 5 46
34 71

Mopenb TpaHCHOPTHOM 3ajlayul SIBISETCS
3aMKHYTOH.
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Maremaruueckass MOJEIb JTaHHOW TpaHC-
MIOPTHOM 3aJla4yl UMEET BHJI: TpeOyeTcsl HalTH
MUHUMYM CIICAYIOIeH TUHEHHOH (pOpMBI:

F(X)=4X,,+5X,+6X;+3X, +
+2X,, +5X,, +4X,, +6X,, +
+3X,, +4X,, +7X,, + X;, = min,
TIpy yCIoBrH X, > 0 ¥ CIIE/IONIIX OrPAHHICHHSX:
X, +X,+X,+X,=110;
X+ X, + X5+ X, =190;
X, + X, + X, + X, =90;
X, +X,, +X;, =80;
X, +X,, +X,,=060;
X5+ X, + X, =170;
| Xy, + Xy, + X5, =80.

3agaga pemiagach METOAOM ITOTCHIIUAJIOB.
Pemenue nmeer Buj

X,, =50, X,, =60, X,, =80,
X,, =110, X,, =10, X,, =80,
F,. (X)=1330.
TpchnopmHaﬂ 3adalta C yuemom epemeru

nocmasok. B ycnoBus npeaslayIiero npumepa
00aBUM BEKTOP CPOKOB ITOCTABOK:

§=(4,3,6,4),
1 MaTPUILy CKOPOCTEH MOCTABOK:
8 6 10 8
V=10 10 4 10 |.
3 6 6 6

Jlerko ycTaHOBHTB, YTO HEOOXOIUMBIE YCIIO-
BUSI pa3pelIMMOCTH 3a/1a4u (3, 4) BBITONHSIIOTCS.
JlononHuTenbHbIe 1BEHAAATh OrPaHNYeHHI
IT0 CPOKAM ITOCTABOK (2) UMEFOT CIICTYFOITTHIA BUI:

[X,, <4-8=32;
X, <3-6=18;
X,, <6-10=60;
X, <4-8=32;
X,, £4-10=40;
X,, £3-10=30;
X,, <6-14=84;
X,, £4-10=40,
X, <4-3=12;
X, <3-6=18;
X,;<6-6=36;
| X, <4-6=24.

[lepeobo3HaunM TiepeMeHHBIE B LEJIECBON
¢ynkuun (1) u B orpannyenusix (2, 3, 4).

X, =x,

Xy =xs,

Xp=%, Xy=x, X,=x,

Xy =x5, Xpy=x,, X, =x,
Xy =%, Xy=x, Xyy=x,, X

34 = Xp-

Ilonyuum crenyoonyo MaTeMaTHYECKYIO
MTOCTAHOBKY 33/1a491 B HOBBIX 0003HAUEHUSIX.
Haiitn MuaIMYM JTHHEHHON (HOPMET:

F(x)=4x, +5x, +6x; +3x, +2x, +
+5x +4x; +6x5 +3x, +4x,, +7x,, + X5,
MIPH OTPAHUYCHHSIX
rxl +x, +x; +x, =110;
X5+ X, +x, +x, =190;
Xy + X, + X, +x, =90;
X, + x5 +x, =80;
X, +x, +x,, =60;
X, +x, +x, =170;
X, +x +x,, =80;
x, <32; x, <18;
x, £60; x, <32;
xs <40; x, <30;
x, <84; x, <40;
X, <125 x,, <18;
| X, £36; x, <24.

38.,[[3‘13 peuieHa CHUMILICKC-METOAOM. Pe-
IMCHUEC NMCCT BHU]]

x, =28, x, =12, x, =50, x, =20,

x5 =40, x, =30,x, =84, x, =36,

xy =12, x,, =18, x,, =36, x,, =24,
F;nin (x) =1698.

HamisinHoe cpaBHeHME pelIEHUI KIlacCu-
YECKOM TPAHCIOPTHOM 3aJayd U TPAHCIOPT-
HOM 3a/1auu C y4eTOM BPEMEHH MOCTaBOK IpH-
BE/ICHO B TaOHIIE.

Otcrona BUIHO, YTO y4eT BPEMEHH I1OCTa-
BOK OKa3bIBa€T CYIECTBEHHOE BIUSHUE HA OII-
TUMAaJIbHOE paCIpeieICHUE IIOCTaBOK U 3HAYE-
HUE MMUHHMYMa TPAHCIOPTHBIX 3aTpar.

Crnenyer OTMETHUTB, YTO C BO3PACTAHUEM
CKOpOCTEH MOCTAaBOK pPEIEHHE TPAHCIOPTHON
3aJa4l C y4eTOM BPEMEHH IIOCTaBOK Oyzxer
CTPEMHUTHCS K PEHICHUIO KIIACCHYECKON TPaHC-
IIOPTHOM 3ajauu. B ciywae, korma mpasble
4yacTH orpanuyenus (4) OyayT He MEHbIIE TO-
TPeOHOCTEH COOTBETCTBYIOLIETO 3aKa3uMKa,
3TH OrpaHUuYeHHUs OyayT aBTOMAaTHUECKU BBI-
MIOJIHEHB! U peIIeHus 00enx 3a1ad COBMAIYT.
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CpaBHeHMe pelleHNH KIacCUUeCKOH TPaHCIIOPTHOH 3a1a4u
Y TPAaHCIIOPTHOM 3a/1auu C y4eTOM BPEMEHU MOCTABOK

be3 orpaHHYeHHsI CPOKOB ITOCTABOK

C orpaHHyYeHHEM CPOKOB ITOCTABOK

1 2 3 4 3amacel 1|2 3 4 | 3amacer
1 0 | 50 60 0 110 1 28 12| 50 |20 110
2 80 | O 110 0 190 2 4030 | 84 |36 190
3 0 10 0 80 90 3 12118 | 36 |24 90
[orpebHOCTH 80 | 60 | 170 | 80 ITorpebroct | 80 | 60 | 170 | 80

F_(x)=1330

F_(x)=1698

Ecnu paccmarpuBaemMasi TpaHCIIOpTHAS 3a7a4a
SIBIISIETCS. OTKPBITOH, TO HEOOXOAMMO BBECTH
JIOTIOJTHATENIFHOTO 3aKa3unka ¢ 00beMOM 3a-
Ka30B, JACIAIOUINX 3a7a4y 3aMKHYTo!. Tapudbt
IIEPEBO30K K 3TOMY 3aKa34MKy 3aJar0Tcsl paB-
HBIMH HYJIIO, @ BpeMsI IOCTAaBOK K HEMY JI0CTa-
TOYHO OOJIBIITHM.

VY4yer BpeMeHHU MOCTaBOK NMPH MOJEIHUPO-
BaHUU TPAHCIOPTHBIX MEPEBO30K IO3BOJIUT
HaxoAuTh OoJiee aJeKBaTHHIC ONTHUMAaJIbHbBIC
peuieHus B 3ajayax JOrucTuku [1], B TpaHc-
MOPTHBIX 3aJadyaX TOPHOM IPOMBILUIEHHO-
ctu [7], MmeTayurypruu [ 8], MUIeBoi IPOMBIIII-
JeHHOCTH [9] M npyrux odnactsx.

3akJaouenue

B craree onucana TpaHcmopTHas 3aaadva,
B KOTOPYIO BBEJIEHBI JOMOJHUTENbHbIE Orpa-
HUYCHUSI, CBI3aHHBIC C BRITTOJIHECHUEM BCEX IO~
CTaBOK B 3aJlaHHbIN cpok. [TokazaHo, 4yTO yuer
BPEMEHU MMOCTABOK OKAa3bIBAET CYIIECTBEHHOE
BJIMSIHUE HA ONTHUMAJIbHOE PaclpenciICHUE T0-
CTaBOK U 3HAUEHUE MUHUMYMa TPAHCIOPTHBIX
3arpar. Takke OTMEUEHO, YTO C BO3pacTaHUEM
CKOPOCTEHN MOCTAaBOK pPEIlICHUE TPAHCIIOPTHOM

3aJa4d C Y4YETOM BPEMEHM II0CTaBOK OyneT
CTPEMUTHCS K PELICHUIO KIIACCHUECKOH TpaHC-
IIOPTHOM 3a7a4u.
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