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1. BBenenue

Tpanuimonnbsle 3ajauvl TPAHCIOPTHON JIOTUCTUKU
dbopmynupyoTcs B TepMHHAX JUHEHHOTO ITPOrpaMMu-
poBaHus. IIpn 9TOM HCIIOTB3YeETCS NMPEANONOKEHNE, YTO
CTOMMOCTD MEPEBO3KU MPOAYKTa 10 JI0OOMY MapuipyTy
[POIOPIMOHAIbHA ero o6bemy. Ha mpakTuke uacto ta-
KOe Mpearnonoxenne He Bbinosusiercs. llenesass bynk-
IUS 33/1a41 [IPU 9TOM CTAHOBUTCS HeJWHEHHO#. 3amada
YCJIOKHSIETCSI, €CJIM [IPH MOCTAHOBKE 33/1a41 HEOOXOAMMO
YUYUTBIBATDH, YTO CTOMMOCTD IEPEBO3KU 3aBUCUT HE TOJIbKO
OT Tapbl «IMOCTABIIUK-TOTPEOUTETb>, HO TAKXKe OT THIIA
MePeBO3UMOTO TPY3a, TUIA UCTIOJIb3YEeMbIX TPAHCIOPTHBIX
CPe/ICTB ¥ T.J. BodHUKAIONIE IPU 9TOM 33/1a41 CTAHOBST-
€51 MHOTOUH/IEKCHBIMU.
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TPAHCIOPTHBIX 3a/la4 JUHEHHOTO IPOrpaMMUPOBAHUS
HENpUTONHBI st penieHust 3agaun (1) — ().

2. IlocranoBka 3agauu

B [1] mpemnoxena metomuka pemenns 3amadn (1)
— (5), KoTOpasi OCHOBaHA HA CJEAYIONIEN TeOpeMe.
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Vcnonb3oBaHue 9TOH TeOpeMbl 06eCeunBaeT AeKOM-
TTO3UTINTO0 UCXOHOH 3a/1auM.
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TO pelIeHue 3a/aun MoJIy4YeHo. B mporuBHOM ciyuae,
Ha BTOPOM IIIare IEKOMIIO3UIINH onpenensgemsbrit (13) na-
60p {xi1i2 JI0JIKEH KOPPEKTUPOBATBHCH € UCII0JIb30BaHUEM
MPOIELY PbI, IPEAJIOKEHHON B [2].

EcrecTBennble TPpyAHOCTH BO3HMKAIOT, €CJIU KaKue-
anbo mapaMeTpbl 9TUX IeJieBbiX (YHKUUI — HeyeTKue
BEJIMYUHBL.

3. OcHoBHbIE Pe3yIbTaThl

PaccMoTpuM BO3MOMKHDBIE TOJXO/bI PEIICHUIO TAKUX
3aza4. [lycTb nesesasg GyHKIMA KaKJI0H U3 OJHOMH/IEKC-
HBIX 3ama4 (11) — (12) nmeet BuL

n
F(X,0)=Y0 (x .8 ), (14)
i=1

rae 6, - HeuyeTkuil mapamerTp, i=1,2,..,n, ¢ ynkuuei
IpUHAATIEKHOCTU |, (91). IIpu aToM moJsydyeHa 3amava
MaTeMaTUyeCKOro MPOrpaMMUPOBAHMS € HEYETKO 3a-
JAHHBIMM TapaMeTpami: Haiitn Habop X=(X,X,,...X,),
MUHUMU3UPYIOMUI 11eseByo dyukinuio (14) n yaosaer-
Bopsionuii orpannyenusam (12) ¢ yueTom HedeTKUX ma-
pamerpos 0,, i=12..,n. Kak noxasano B [3, 4] aTa 3a-
Jlaua MOJKeT OBITh CBeJleHa K CJIeAyIolleil ueTKo! 3amaue
MaTEMaTHYeCKOro MPOrpaMMUPOBAHUs: HalTH HAOOPLI
X=(x;XpX,) 1 0=(6,,6,,..,0,), MUHEMHSHpYOILHE
(14), ynosnerBopsione orpanndenusm (12) u kpome
TOTO, OTPAHUYEH UM

n

w(6)za,i=12..n, (15)

rae O - HEKOTOPbIM 00pa3oM BbIOpaHHOE 3HAYEHUE
(byHKIMIT TPUHANIEKHOCTH HEYETKUX IapaMeTpOB 3a-
JIAuH.

IycTb u(F(x*,e*)) - (byHKIMSA TIPUHAANEKHOCTH He-
yeTKOro 3HadeHUs 1eseBoil dynkiuu (14). Torma ecre-
CTBEHHO CYUTATh, YTO JIJISI PEIIeHU s (X*,G*) 3azaun (12),
(14), (15) umeeT MecTo p(F(x*,e*))Z(x. DTOT MOAXOJ TPa-
JIUIMOHHO MCIIOJIB3YETCS MPU PelleHNN HEeYeTKUX 3a/adu
MATeMaTHYeCKOTO TPOTPAMMHUPOBAHUS, OMHAKO OH He
6esympeden. Bo-mepsoix, pasmeprocthb 3amaun (12), (14),
(15) BaBOe BbIlle pa3MEpPHOCTH HMCXOMHON 3ajgaun. Bo-
BTOPBIX, YPOBEHb CJOKHOCTU MOJYUYEHHO 3a/]a4 BbIIIIE
HCXO/HOTO.

JlelicTBUTENIBHO, IYCTH, B IpocTelinieM cnyqae,nueﬂe—

Basg pyuknus (14) nuneitna n MMeeT BUT F(X,O)z ZGJXJ .
=1

IIpu arom, 3agaua (12), (14), (15) craHoBuTCS KBajpaTu-



yecKOW 3ajladyeil MaTeMaTUuyecKkoro IporpaMMupoBaHUd.

B-tperbux, chopMyniupoBaHHas 3ajada PEMaeTCs s
HEKOTOPOTO OJIMTHAKOBOTO JUJIsI BCEX 3HAYEHUST O yYPOBHSI
MPUHAIIEKHOCTH HeYeTKUX mapamerpoB 0., i=12,..n,
BBIGOD KOTOPOTO BJIMSIET HA MOJy4YaeMoe pellieHue He-
[peacKazyeMbiM 06pasoM.

DTU HEOCTATKM YaCTUUHO YCTPAHAIOTCS TPU HCIIO/Tb-
30BaHMH JAPYTOTO MOAXO/AA K pemenuio sajgadn [5]. [lycTnp
w(F(x,0)) - GyHKUMS NPUHALIEKHOCTH HEYETKOIO 3HA-
ueHus 1esesoit pyukiuu (14). Beibepem HeKOTOpOE 3Ha-
senne o.€(0,1) yposus npunasnexnoctn p(F(x,0)) u
pelTiM ypaBHeHME

W(F(x6))=n(y)=o.

[Tockosbky M06ast byHKIMST IPUHAIIEKHOCTU — BbI-
nykJas BBepX (hyHKIMS, TO ypaBHEHHUE UMEET /1Ba KOPHS
(y1(X),yz(x))=(uf(a),u;((x)i,.BbmepeM GonbIUil N3 HUX
- y,(x) uchopmynupyem sagauy orbickanus nabopa X',
MUHUMHU3HUPYIOIET0 y2(x) u ynosiaetBopsioniero (12).
Ilesp 9TOM omeparuu MOHSITHA: B Pe3yJbTaTe PelIeHUs
chopmMyIMpPOBAHHON 3a/auyu TEJO HEONPeeJeHHOCTH,
COOTBETCTBYIOIIEee DYHKIMHU TTPUHALIEKHOCTH 11eJIeBOi
GYHKIMU 331241, MAKCUMAJIbHO CMECTUTCSI BJIEBO, B 00-
JIAaCTb MEHBIINX 3HAaYeHUT 11es1eBOH QyHKIIMN 3a1a4.

OTMeTUM, OIHAKO, YTO U 371eCh OCTAIOTCS HESICHBIE BO-
MPOCHI: KaK BBIOMPATh YPOBEHD O , KAKOI U3 ABYX KOPHEil
y,(x) unn y,(x) ucnonpsosars B 3ajade MUHUMHU3AIN?

Crpemiienne u36aBUTHCSE OT 00s13bIBAIONIEIO BbIOOpA
3HAUEHUs O MPUBOJUT K CJIEAYIONEMY BapUaHTY pelre-
nug 3anaqu (12), (14). C ucnosnbzoBanuem GpyHKIUI 1pu-
HaZJeKHOCTU [, (6, ) HedeTKUX mapameTpos 0, dopmu-
pyeM GYHKIUYW NPUHAATEKHOCTH HEYETKUX 3HAYEHUN
cjlaraeMbIX I[esieBoil (yHKIINN F(X,@), 3aBUCSIINAE OT
X . Terepb MOJOXKUM 3HAYEHUST HEYETKUX IapaMeTpPOB

6, paBHBIMHM MX MOJAJIbHBIM 3HAUYCHUAM Ofo), i=12,..,n,
U pelnM 3aady oThICKaHust Habopa X , MUHUMHU3UPYIO-
JIIN)

F(X,®<°>)=i¢i (x.6) (16)

1 y/I0BJIeTBOPsIIoIero orpannyenuio (12).

[ycts X - pemenue 370it 3agaun. Torga B KauecTse
pemerus 3agaqu (12), (14) mpumem nabop X , MUHUMU3H-
pyloluii coctaBHOU KpuTepuit

J= g_]i“(q)i (xi,ei))dei +(X_X(0))T (X—X(o)).

Cwmpbicat BBesiennoro kpurtepus nousten. Ilepsoe cia-
raemMoe oIrpe/iesisieT CyMMapHYIo IJI01ab (GYyHKIN npu-
HAJJIeXHOCTU CJaraeMbIX I[eleBOoil (PYHKIUM 3ajadu,
3aBUCANLYIO OT X UM KOTOPYIO JKeJaTeJbHO MUHUMU3U-
poBaTh, a BTOpOE — XapaKTepu3yeT OTKJIOHEeHNEe HCKOMOTO
pemieHus OT MOJIaJIbHOTO.

Takum 00pa3oM, HeyeTKHEe 3a/auu [IEPBOTO Iara jie-
KOMIIO3MIIMOHHOI Tpolie/1y pol peniensl. /lasee, na BTopom
mare, B cJy4ae He0OXOAMMOCTH OCYIIECTBIISIETCS KOPPEK-
1S TTOJTY9eHHOTO PEeIIeHn .

4. BoiBO/IBI

IIpensmoxxeHHBINT METO pelieHns HeUYeTKUX HeJTnHeH-
HBIX TPAHCIIOPTHBIX 32/1a4 OCHOBAH Ha MHOTOIIATOBOI jle-
KOMITO3UIIMOHHON TpoIe/ype, Ha KakJOM IIare KOTOpoi
peraioTest 3ajiaur MeHbIneit paameproctu. OcobenrocTu
POy Pbl UJLJIIOCTPUPYIOTCA HA YACTHOM CJaydae ABYX-
MHJIEKCHOH 3a/1auM, KOTZa MPEAJIOKEHHBIII METO/[ CTaHO-
BUTCS ABYXINAroBbIM. [Ipu 3TOM HEYeTKOCTH TapaMeTPOB
].[CJICBOfI (l)yHKLII/II/I 3aJladyn YYUTBIBACTCS Ha IIEPBOM 1Iare
JIEKOMTIO3UI[MOHHOM TIPOTIEY PHI.
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Abstract

Traditional problems of transport logistics are formulated in terms of linear programming. In this case, the assu-
mption is that the cost of product transportation at any route is proportional to its volume. In practice, this assump-
tion often is not fulfilled. The objective of the problem then becomes nonlinear. The problem becomes more complic-
ated if it is necessary to take into account that the cost of transportation depends not only on “supplier-consumer”,
but also on the type of cargo, type of vehicles used, etc. The problems that arise in this case become multi-index
ones. The article includes a theorem, on which the technology for solving such problems is based. We suggested a
method for solving nonlinear fuzzy transportation problems, which is based on a multi-stage decomposition proc-
edure, at each stage of which the problems of smaller dimension are solved. The peculiarities of the procedure are
illustrated on two-index problem when the suggested method becomes a two-step procedure. Thus, the blurring of
parameters of the objective of the problem is taken into account at the first stage of the decomposition procedure

Keywords: fuzzy model, nonlinear multi-index problem, decomposition algorithm, membership function



