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B.I1. CJJAB1Y
XepCOHChKHI HaIlIOHAILHUN TEXHIYHUH YHIBEPCUTET
K.JI. IOBPOBA

XepcoHChKHH (i3MKO-TeXHIUHUM Jineit XepcoHChKOT MIChKOT paiu

MOJEJIb TA METO/I] 3BHAXO/DKEHHSA OIIOPHOI'O TA
ONITUMAJIbHUX ITJIAHIB MOJU®IKOBAHOI TPAHCIIOPTHOI 3ATAUI
Y BUITAZKY I'PYIIVBAHHA IITOCTAYAJIbBHUKIB BAHTAXY

B oaniu pobomi 3anpononosano mooenv cneyianbHo2o0 muny mpascnopmHoi 3a0ayi,
Ha YMOBU 5KOi 000AEMbCL OOMENHCEHHS 30 BUBE3EHHAM BAHMANCY 13 2PYN NOCMAYANbHUKIS,
wo 3axkpinieni 3a GIONOGIOHUMU NOCMAYATBHUKAMU OilbU BUCOKO20 NOPAOKY, SAKI MAOmb
671ACHI 0OMedicenHs 3anacie eanmadicy. Lle dooamkose obmedxcenHs OIUCHO 3YCmMpPiuacEmbcs 8
NPaKmuyi GaHMANCHUX NEpese3eHdb, OCKIIbKU NOCMAYANbHUKU, AK NPAGUNLO, 8 CE0I0 Uepy
OMpUMYIOmMb  8AHMANC BI0 3A800i8, MICYb B6UO0DVEAHHS NPUPOOHUX PecypcCis, ONMmMosuUx
ckaadie ma iHwe. /s 3a3Havenoi mooeni po3pooieHo MOOUPDIKOBAHI MemooU 3HAXOOHCEHHS
ONOPHO20 MA ONMUMATILHO20 NIIAHI8 BAHMAICHUX NEPeBe3eHb 3 Memoio MiHiMizayii eapmocmi
nepegezenb 6 3a0aAHUX OOMEHCEHHSIX.

Kniouosi  cnosa: mpancnopmua 3aoaya, moougikoéana mpaHcnopmua 3adaud,
cnodKcusadi, NOCMayvaIbHUKU, ONOPHUL NAAH, ONMUMALbHULL NIIAH, Memoo0 NOMeHYiais.

B.I1.CJIABHNY
XepCOHCKUI HALIMOHAJIbHBIN TEXHUUECKUI YHUBEPCUTET
K.J1. JOBPOBA

XepcoHCKHI (PU3UKO-TEXHUUECKHM JTUIEH XEePCOHCKOTO TOPOJICKOTO COBETa

MOJIEJIL U METO/] HAXOX JEHUE OITOPHOT'O Y OIITUMAJILHOTO
IUIAHA MOJU®UITPOBAHHOI TPAHCIIOPTHOM 3AJJAUYHU B CJIVUAE
I'PVIIIIUPOBAHMUE IIOCTABIINKOB I'PY30B

B oannoii pabome npeonosicena mooenv cneyuanbHo2o muna mpaHCnopmuou 3a0adu,
8 YCI08UsL KOMOPOU 000AGIAIOMC 02PAHUYEHUSL NO BbIBO3AM 2PY3A U3 SPYIN NOCMABUWUKOS,
KOmMopble 3aKpenienvl 3a COOMEEeMCmEVIOWUMU NOCMABUWUKAMU 60Jlee 8blCOKO20 YPOBHS,
KOmopbvleumerom CcoOCMBeHHble O2PAHUYeHUs 3anacos 2py3d. Omo  OONOIHUMENbHOe
ocpanuyenue OeuCmeUumenbHo 8CMpeuaemcs 68 NPaKmuKe 2py306biX Nepeso30K, NOCKOIbKY
HOCMABWUKU O0ObIYHO, 6 CBOI0 0Yepedb, NONYHAIOm 2py3 Om 3d80008, Mechm 000bluu
NPUPOOHBIX Pecypcos, ONMOBLIX CKAA008 u opyeoe. Jsa yKa3auHoU Mooenu paspabomarbl
MOOUDUYUPOBAHHBIE MEMOObl HAXONHCOCHUSI ONOPHO20 U ONMUMATLHO2O NIAHO8 2PY308bIX
nepeso30K € Yeiblo MUHUMUZAYUU COUMOCIU NEePEeBO30K 8 3A0AHHBIX 02PAHUYEHUSIX.

Kniouesvie cnosa: mpancnopmuas 3adaua, MOOUPUYUPOBAHHAST MPAHCHOPMHAS
3a0aua, nompebumenu, HNOCMABWUKY, ONOPHLIL MNIAH, ONMUMALLHGIL NIAH, Memoo
HOMEHYUAN08.
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MODEL AND METHOD OF TASKING SUPPORT AND OPTIMAL PLAN OF
THE MODIFIED TRANSPORT PROBLEM IN ACTIVE GROUPS OF GOODS

Transportation is one of the most important branches of the economy. The efficiency of
cargo transportation is described by the transport task. It solves problems of optimization of
mathematical programming and is devoted to minimization of expenses for transportation of
cargoes from cargo suppliers to consumers. However, in the case of freight transportation,
there are cases where suppliers themselves receive goods from top-level suppliers (for
example, factories producing transported goods or wholesale warehouses from which goods
are transported to small warehouses, etc.), with those high-level suppliers limited by their
own inventory (e.g. , if they are factories, they are limited in production capacity). Therefore,
an important task is to create methods and algorithms for finding optimal transportation
plans for this type of transportation. In this work, we propose a model of a special type of
transport task that limits the export of goods from supplier groups that retrieve goods from
suppliers in a higher order, which have their limitations. This additional restriction is indeed
encountered in the practice of freight transportation, since suppliers usually receive cargo
from factories, natural resource extraction sites, wholesale warehouses and more. Therefore,
modified methods for finding the basic and optimal plans of freight transportation were
developed for this model in order to minimize the cost of transportation within the given
restrictions. Applying optimization methods, finding the best solution, developing the optimal
transportation plan from a certain number of suppliers to a certain number of consumers.
This streamlines and optimizes transportation, which in turn will increase the revenue and
efficiency of the enterprise as a whole and the transport department separately.

Keywords: transport problem, modified transport problem, consumers, suppliers,
support plan, optimal plan, potential method.

IlocTanoBka nmpodJemu

[lepeBe3eHHss € OAHIEIO 3 HAWBAKIMBINIMX TUIOK eKOHOMikM. EkoHOMiuHa
e(DEeKTUBHICTh TEPEBE3CHHS BAHTAXXIB OMHCYETHCS TPAHCIIOPTHOKO 3ajavero. TpaHCIOpTHA
3aJadya BIIHOCUTBCS JI0 ONTHUMI3AlIHHUX 3a7ad MaTEeMaTH4YHOTO IpOrpamMyBaHHS 1
MPUCBAYEHA MiHIMI3aIlil BAPTOCTI IEPEBE3CHHS BiJl MOCTAYAJIbHUKIB BAHTAXKY /IO CIIO’KMBAYiB.
AJle B MPAKTHIl BaHTAXHHUX MEPEBE3CHb ICHYIOTHh BUIAIKH, KOJIH MOCTAYAILHUKH BaHTAXKY
caMi OTPUMYIOTh BaHTaX BiJ TOCTaYaJIbHUKIB OUIBII BHUCOKOTO TOPSAKY (HAIPUKIIA,
3aBOJIIB, IO BUPOOJSIIOTH TMPOAYKIIIIO, SIKA TEPEBO3UTHCS, a00 ONTOBUX CKIAMIB, 3 SKHX
MEePEBO3UTHCS BAaHTAX IO APIOHMX CKIIAIIB, Ta 1HIIE), MPUUOMY 3a3HAYCHI MOCTAYaIbLHUKH
BHCOKOTO PiBHSI OOMEXKEHI BIIACHUMH 3alacaMy BaHTAXY (HAMPUKIA, SIKIIO 1€ 3aBOJH, TO
BOHHM OOME)KeHI BUPOOHHYOIO MOTYKHICTIO).Ha BiaMiHy BiJ BiOMOi TpaHCIOPTHOI 3adadi 3
NPOMDKHUMH TYHKTaMH JlaHa 3aja4a BiAPI3HAETbCA BIJICYTHICTIO KOHKPETHHX Harepen
3aJIaHUX 3HAaY€Hb KUTBKOCTI BaHTAaXYy, IO Mae€ OyTH BHUBE3CHUM BiJ MOCTadadbHUKIB. Tomy
BaYXJIUBOIO 33/1a4€I0 € CTBOPEHHS METO/IIB Ta AITOPUTMIB 3HAXO/KEHHS ONTUMABHUX IJIaHIB
BaHTa)XHHUX NEPEBE3CHb 3a3HAYEHOT0 PI3HOBUAY TPAHCIIOPTHOT 3a/1a4i.

AHaJIi3 OCTAHHIX J0CTiIKeHb | myOaikanii
AHani3 OCTaHHIX HayKOBHUX pO3pOOOK TOKa3aB, IO MNUTAHHAMH ONTHUMIi3awii
BaHTAKHUX TEPEBE3EHb MPUCBIYCHO POOOTH Oaratbox BUEHHX, 30Kpema, KanToposuua JI.B.,
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AdanacpeBall.Jl., 'amkunckoro A.M., JleBkoserskoro I1.P., Kypranosa B.M. [1-6]. ITpote
JUTSL 3a3HAYCHOTO BUIIE TUITY TPAHCIIOPTHOI 3a7adi HE HABOJIUTHCS MOJENECH Ta METOMIB ii
pO3B’sI3aHHS.

Meta pocJainkeHHs
Mertoto poboTu € po3poOka METOAYy Ta AITOPUTMIB 3HAXOPKEHHS OMOPHOTO Ta
ONTUMAJIBHOTO IUIAHIB  TPAHCIIOPTHOI  3aJa4i MaTeMaTHYHOTO MpPOTPaMyBaHHA Y
BUIAJKY,KOJM TOCTaYaJbHUKH BAHTAXy PO3MOAUISIOTECS HA TPYIH, MO OOCIyrOBYIOTHCS
MOCTa4YaJIbHUKaMU O1IbIII BHCOKOTO TOPSIKY, a BOHH, B CBOIO Yepry, MarwTh BIAcHI
0OMEKEHHS, K1 YTBOPIOIOTH OOMEXEHHS 32 BUBE3EHHIM BaHTAXY 13 3a3HAUCHHUX TPYII.

BuxiaaieHHs1 0CHOBHOI0 MaTepiay J0CTiIxKeHHS
Hexaii 3a7aHo N mocTayaabHUKIB JEAKOTO OJHOPITHOTO BaHTaxy A, A, ., A,y
SKUX I1[ell BaHTAX 3HAXOJIUTHCS BIAMOBITHO Yy KUIBKOCTAX aq,dsy, ... ,Qy. IlOCTadalbHUKH
noxgineni wWa rpynu  Zy,Zy,..,Z,, BaHT@K |y AKUX OOMEKEHO  BIAIOBIJHO
SHAYCHHAMUZ, Z7, ..., Zp. y3aI‘aJ'H>HI/IMO JaHC I‘pyn}IBaHH}I HaCTYHHI/IM YUHOM:

Zy:{Ay, Ay ALY Zo  {An i1, Ai v 0 ALY Za i {As b1, Ai v, o Al
Zk : {Al‘1+1,Ai1+2, ...,Aiz yeres Zp : {Al‘1+1,Ai1+2, ...,Aiz .

Jlanuii BaHTaX HEOOXITHO pO3BECTH M cHoxuBayam By, B,, ..., By, SKuUM BiH
HEOOXIHUK BIMMOBIAHO Yy KUIBKOCTSX by, b, ..., b,,. Bigomi BemuumHH BapTOCTEH
MEePEBE3CHHS OJHIE] ONWHMIN BaHTaXy, BiJg OyAb-SKOr0 MOCTadalbHUKA N0 OY/Ib-SKOTO
CIIOKMBaYa, K1 3a/1ani y BUrIsl koediuientis Cjj, L = 1,_n, j=1,_m.

HeoOxiaHO 3HaiTH TaKWii TUTaH MEPEBE3CHb, SIKUI JO3BOJISIE BUBE3TH BECh BAHTAX BiJl
MOCTAaYaJIbHUKIB, 3aJI0BOJIBHSE TOTPEOM CITOKMBAYiB, BIAMOBITAE BUMOTaM OOMEXKEHb 3a
BUBE3EHHAM 13 TPYN Ta KU MaTHUMe HallMEHIIy BapTiCThb. Y JAaHii poOOTI pO3TIsIAETHCA
3aKpHUTa MOJIENb, JIO SIKOi JOJAEThCS YMOBA:

2?:1 Zp 75 27;1 b]

CxeMaTHYHO YMOBY TPYIYBaHHS MOCTa4YaJbHHWKIB BaHTAXy 3a IOCTadyaIbHUKaMU
O1JIBIII BUCOKOT'O PiBHA MOKa3aHO Ha puc. 1.

Puc. 1. I'pynyBaHHs NoCcTAYAILHUKIB BAHTAKY.

Monens 3a3Ha4eHOI 3a/1a4i CKIIAAeThes 13 KIIACHYHOT HUTHOBOT (DYHKITIT:
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= . . see - — n m s . ® .. i
F _Cll X11 + Clz X12 + + Cnm Xnm - i=1 Zj:l Cl] Xl] - min,
ne Xij— KiJIbKICTh BaHTaXYy, IKAN TEPEBO3UTHCS Bif I-T0 MOCTaYalbHUKA JI0 |-TO CIIOKHBAYa,

Ta CUCTEMU OOMEKEHD:

< x11 +x12+"‘+x1m+x21+
+x22 + -+ Xom + -4+ xill +
+xl-12 + -+ xl-lm < Z1

X, +1)1 T X, +2 T+ X +0)m T
+X(i,+2)1 T X +2)2 T T X +2)m T
+ -+ xizl + xizz + -+ xl-zm < Zy

X(ip_y+1)1 T X(ip_y+1)2 T F X0, 4)m T
TX (i +2)1 T X(ipg42)2 T T X (i 42)m T
\ +"‘+xn1+xn2+"‘+xnm<zp

JIns 3HaXOJKEHHS OIOPHOTO IUIaHy MPOMOHYETHCS HACTYHMHHMHA MOIU(iKOBaHUN
METO/I HAMEHIIIO1 BapTOCTI.

CknamaeMo TaOnuIO, B SIKy 3aHOCATHCS BXiIHI JaHi Ta B SKIdH B pe3ynbTaTi
BUKOHAHHS IIYHKTIB alTOPUTMY, Oy/1e 3HaieHO OMOPHUI Ta ONTUMANIbHUH M1anu (Tadu. 1).

1. 3HaxoqMMO KIITUHKY 3 HalMEHIIOI BapTICTIO TepeBe3eHb, MO3HAYAEMO i
yepe3 (io; jo), a HOMEp TpyIH IMOCTaYaJbHHKIB, 1O SIKOI BOHAa BiIHOCHTHCS uepes3Ko, Ta
NOPIBHIOEMO BiJNOBIIHI 1l 3HAUEHHS 3araciB, HOTPeO Ta OOMEXEHb 32 BUBE3CHHSM 13 TPYIIH,
3HAXO0JIMMO MEHIIE 3 IUX ynceT.Ax = min( a;,; bj,; Zko).

2. 3HaiiAcHUI MIHIMYM 3alHCYEMO B KJIITUHKY B SIKOCT1 3HaUYEHHS ITEPEBE3CHHS:
Xij = Ax.
3. Jlami 3MeHIIyeMo 3HAa4Y€HHsI 3araciB, TOTped Ta OOMEKECHHS 3a BUBE3CHHSM 3

rpynu Ha BeNUUYUHY AX:

a =

o/ .o
i a;, — Ax; bjo—bjo—Ax, zko—sz—Ax.
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Taomums 1
IToctanoBka Mo (piKOBAHOI TPAaHCIIOPTHOI 3a1a4i
&
CroxkuBaui g
= w a
E = =
a Bl Bz Bm § E
F—~ <
f =
ITocrau. Z Vl VZ Vm 5
i
c c c
A U 11 12 1im a
1 1 Xll X12 Xl‘m 1
21 €22 C2
A Az Uz X21 X2 Xom i z
Ay Uy, X1 Cia1 Xip2 Cin2 Xiym Ciym aiy
: : Cliy+1)1 Cliy+1)2 Clig+1 ;
At | Uner | Xg 010 (ta+1) Xy +1)2 (t2+1) X +1)m (atm | i1
A U, Clis+2)1 Cli+2)2 Ciy+2)m a:
7 2 | Pht2 X o X(iy+2)2 X(i,+2)m arz
2 2
C; C; C:
Aiz Ulz Xl:zl 21 Xl:zz 22 thm 2 aiz
Ci Cei Cri
A: U. (ip+1)1 (ip+1)2 (i+1)m a;
L TR X 1)1 X(iy+1)2 Xy +1)m 21
A U. Cliz+2)1 Cliz+2)2 Clip+2)m a:
Zy | Tt 2+2 [ X421 X(ip+2)2 X(iy+2)m 2¥2 | 4,
. . c; c; c; .
Al3 Ul3 Xi31 i31 Xi32 J32 Xi3m tam Qi,
; ; Clip_1+1D1 Clig_1+1)2 Clig_q+1 .
Alk_1+1 Ulk_1+1 X(ik—1+1)1 (ig-1+1) X(ik_1+1)2 (ig-1+1) X(ik_1+1)m (k-1tDm a1
Ci Cei Crs
7 Aik_1+2 Ul'k_1+2 X(ik_1+2)1 (ig-1+2)1 X(ik_1+2)2 (ig-1+2)2 X(ik_1+2)m (ig-1+2)m aik_1+2
k Zk
C; C; C;
Ay, Ui, Xip1 ix1 Xi1 052 Xium iem a,
Aip_1+1 Uip_1+1 X(ip_1+1)1 Clip-1+1)1 X(ip_1+1)2 Clip-1+1)2 X(ip_1+1)m Clip-1+1)m iy +1
A 2|Ui izl x, Clp-1+201 |y Clip-1+2)2 X Clp-1+2m | a; 4y
Z, P P (ip-1+2)1 (ip-1+2)2 (ip—1+2)m P z,
C c C )
An Un an ni an n2 Xnm nm aln
b1 bz bm
4, VY BUIBbHINM YacTHHI TaOIMII 3HOBY 3HaXOAUMO KIIITKY 3 HAMEHIIIOI0 BapTICTIO 1

MOBTOPIOEMO JIJIs1 Hel MPOILeIypH MONEPEAHIX IYHKTIB aJlTOPUTMY.
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OnucanHwuii MpoIec MOBTOPIOIOTHCS JI0 TOBHOTO 3aIIOBHEHHS TaOJIHUIII.
OnTuManbHU{ TJIaH 3HAXOMUTBCS 3a JOMOMOTO  MOIU(IKOBAHOTO METOIY
[IOTEHIIAJIIB

1. 3HaXOMMMO OIMOPHUN IUJIaH 32 JOMOMOTOK MOJU(IKOBAHOTO METOMIY
HalMEHIIIOT BapTOCTI.
2. Busnauaemo cucremy moreHmianiB. OCKUIBKM YHUCIO 3aiHATHX KJIITHH

JIOpiBHIOE N + m — 1, a yuclio moTeHIiamB N + M, TOMy HaJlaeMO MOTEHITiany 3Ha4eHHs 0, y
TOMY pSAAKY ab0O CTOBIII, B SIKOMY HaiOiIblIe 3alHATUX KIITHH, BUXOASYM 3 YMOBH
ONTUMAJILHOTO TJIaHY NIEPEBE3EHb!
Ui + V] = Ci]', SAKIIO0 XU > 0.
3. [TepeBipka yMOBH ONTUMAIBLHOTO TUTAHY:

Ul' + V] < Cl’ja SAKIIO0 Xl] = 0.

Akmo 1 ymMoBa BHUKOHYETHCS, TOMIJAHWUN TUTAH € ONTUMAJIbHUM. SIKIO iCHYE
KJIITHHKA, B SIKIf 1aHa yMOBa MOPYIIYEThCS, TO/A1 EPEXOIMMO JI0 ITYHKTY 4.

4, VY KIITHHAX SKUX TOPYIIYETHCS YMOBa ONTHMAJIBHOCTI 3aIICYEMO BEITHUUHY
MOPYLLICHHS:
5. 3HaX0MMO MaKCUMAaJIbHE 3HAYCHHS CEPEeJl BCIX MOPYIIEHB!

GHOXI/I6KI/I = {kij/Ui + V] - Ci]' > 0}

Knitunky, ans gxoi 11e MakcuMaibHe MOPYIIEHHS BUKOHYETHCS, MO3HAYUMO 3HAKOM
«+». Bona naOyBae 3nauenns G+,

6. [TobynoBa mukiay. Y maHOMY HMKJI MMO3HAYAEMO IO 4Yep3l BEPIIMHH 3HAKAMU
«+», «—», I{i xnituHM 1Mo 4ep3i HaOyBarTh 3HaueHb G Ta G~, MOYMHAIOYM 3 KJIITHHH,
BH3HAUEHOI MONEPETHIM MYHKTOM.

7. BusnauaeMo BemUYMHH TEpepo3NoAily BaHTaxy. Cepel BEpIIMH IHKIY,
MO3HAYEHNX 3HAKaMH «—», 3HAaXOAUMO HalMeHIIe 3HayeHHa: Ax = min G™.

Bynyemo HOBy Ta0miu1i0, B SIKil IepeBe3eHHS 3MIHIOIOTHCS 32 TAKUMH ITPABUIIAMHU:

¥/ —x. + {-}-AX,HKLL(OX HazexuTb G,
1 U7 (—AX ,akmo X HazexuTtb G-

KiiTHHH, HE TIO3HAYEH] 3HAKAMU «+» a00 «—», IEPENHUCYIOTHCSA 03 3MiH.

B pesynbrari miel mpoueaypy KOJHUIIHS MOPOKHS KJIITKA CTa€ 3aiHATOIO, a KIIITHHA,
JUTS STKOT BUKOHYEThCS yMOBa Ax = min G, cTa€ BUIBHOIO.

8. Bbynyemo HOBY cucTteMy TOTEHIIANIB JUIsl OTPUMAHOTO IUIaHY, OCKUIBKH
MOTIEPEIHSI CHUCTEMA MOTEHIIATIB HE MiXOUTh.

Ha nipoMy ertarmi aaroput™ 3aMKHYBCS 1 IEPEXOUMO JIO ITYHKTY 3.

BucHoBku
Takum YuHOM, B JaHiii pOOOTI 3aMpPOIMOHOBAHO MOMAENH CIEIiadbHOTO THITY
TPAHCIIOPTHOI 3aJ1a4i, 10 YMOB SIKOT JOJA€ThCS OOMEKEHHS 32 BHBE3CHHSM BaHTAXY 3 TPYIT
MOCTAYallbHUKIB, IO 3aKpilUIeHI 3a BiAMOBIAHMMH I[OCTAaYaJIbHUKAMH OIJBII BHCOKOTO
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MOPSIZIKY, sIKI MAlOTh BJIacHI 0OMEXEHHS 3amaciB BaHTaxy. Lle qomarkoBe 0OMEeXeHHS T1HCHO
3yCTPIYAETHCS B MPAKTHUIIl BAHTAKHUX TEPEBE3CHb, OCKUTLKH MOCTAYaIbHUKU SIK MPABHIIO B
CBOIO Yepry OTPUMYIOTh BaHTaX BiJ 3aBOAIB, MICIb BHJIOOYBaHHS MPHUPOIHUX PECYPCIB,
ONTOBHX CKJIAAIB Ta iHme. [y 3a3HaueHoi Mozeni po3poOieHo MoauQiKoBaHI METOAU
3HAXO/KEHHSI OIMOPHOTO Ta ONTUMAIBHOTO TIUIAHIB BAaHTAXHUX IIEPEBE3E€Hb 3 METOI0
MiHiMi3a1lil BApTOCTI epeBe3eHb B 3aJaHUX OOMEKCHHSIX.
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