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AHAJII3 MATEMATUYHUX MOJEJEN 3AJJAY PO3MOALTY NPOIYKIII
MK BAPOBHUYAMHU NOTYKHOCTSIMUA

Y po6oTi nogaHa 3arajibHa MOCTaHOBKA Ta MOOYJ0BaHAa MaTeMaTHYHA MOJIEIb 3a/1adi PO
ONTHMAJIbHANM PO3MOALT BHTOTOBJICHHS MPOAYKII MK BHPOOHHYMMH TOTYKHOCTSIMH Ta
3po0JICHO aHai3 MO0 peKoMeHalii Moaudikarii mporecy BUPOOHHUIITBA PH HEMOXKIHBOCTI
PO3B’sI3aHHS 3aaui.

KurouoBi ciioBa: posmominbua 3ajava, y3arajbHEHa TPAaHCIIOPTHA 3ajava, CHMILICKC-
METOJI, MaTeMaTHYHa MOJIeNb, TUIAHYBaHHS BUPOOHHUIITBA

ITocranoBka npodaeMu

Ha cyyacHux nianpuemcTBax, 110 BUIYCKalOTh BUCOKOTEXHOJOTTYHY MPOAYKIIIO
( Momyni mam’ATi, MaTEPUHCHKI IJIaTH, TOLLO), A7 30MpaHHs 1 MOHTYBaHHS IIPOIYKIIii B
OCHOBHOMY BHKOPHUCTOBYIOTHCSI aBTOMaru3oBaHi JiHil. KokHa 3 Takux JiHIA MOXe
OyTH BUKOPHUCTAHA JJIsl BUTOTOBJIEHHS AEKUIbKOX PI3HMX BHUJIB MpoAyKIii. B Ouibiiocti
BHUMAJKIB JIOCUTh TOYHO BIIOMHUM IITAaTHUH Yac BUTOTOBJICHHS OJMHUII TPOIYKIIT
KO>KHOTO BHUIY Ha JIesKii aBToMaTtu3oBaHii niHil. KoxkHa 3 niHiil Mae oOMexeHuid GoH/
poboyoro yacy 3a NeBHUN IUIAHOBUM MepioJ. A MIANPUEMCTBO, Y CBOIO YEPry, IJIAHYeE
BUITYCK KO’KHOT'O BUIY MPOAYKIIi 3a TOH e Mepio.

JUis BIONOBIIHUX IJJAHOBUX BUIUIB TaKUX HIIAIPUEMCTB aKTyaJlbHUMU €
HACTYIHI pooIeMu:

1) BU3HAUE€HHA MOJKJIMBOCTI BUKOHAHHS 3alpONOHOBAHOr0 IUIAHY BHUITYCKY
MPOAYKIli, a Yy pa3l HEMOXJIWBOCTI HOTOo BHUKOHAHHS, (OPMYBaHHS TEBHUX
peKoMeH allii 1o 10 MoaudiKallii mpoiecy BUpOOHUIITBA,

2) BU3HAUYEHHS PO3MOAULY MPOJAYKII MO aBTOMAaTHU30BAaHUX JIHIIX 3 METOIO
MIIBUILEHHA €()EeKTUBHOCTI IMpolleCy BHUPOOHUIITBA, HANPUKIAA, CKOPOUYEHHS
3arajibHOTO Yacy BUPOOHHIITBA yCi€T 3aMJIaHOBAHOT ITPOIYKITIL.

[Ipobremy copmynboBaHO.

AHaJi3 1ocaixKeHb i nyoaikamii

Jlana pobsieMa BioMa y JiTepaTypi, sIK y3arajJlbHeHa TPaHCIIOPTHA 3a/1a4ya abo K
pO3MoIiTbYa 3a1ada. 30KpeMa MOCTaHOBKA y3aralbHEHOI TPaHCIIOPTHOI 3a/1avi T0JaHa
y pobotax [1, 2], a gesxi meroau ii po3B’si3yBaHHs NpeiAcTaBiieHl y poborax [3, 4].
3okpema y po6oTi [3] onucanuii 1 mpoaHaIi30BaHUM y3araJlbHEHUH METOJ MOTEHITIATIB
IUTSL PO3B’SI3aHHS 3a71a4 TAKUX THITIB.

BuainenHs HeBUpilleHUX paHillle YACTHH 3arajbHOI podjemMu Ta popmMyTIOBAHHS
uisei

Ane cnii 3a3HauMTH, 1O ONMCAHA 3a/aya po3B’sA3yBajach B OCHOBHOMY JIMIIE Y
KOHTEKCTI APYyroi 3 MOJIaHuX BUIllEe MpobiieM, Xxoya nepiia npodieMa noaeKyau € OulbIn
aKTyaJbHOIO MPU IUIaHYBaHHI MPOIECY BUPOOHUIITBA.

VY nmaniii pobotri Oyme moOymoBaHa MaTeMaTH4YHa MOJETh JEAKOI 3arajibHOi
pO3MOUTHYOI 3a/adi, a TaKoXX OyayTh MOOyJOBaHI MaTEeMaTH4HI MOJENI 3ajad, Mo
JI03BOJIATH, Y TIEBHIN MIpi, PO3B’s3aTH MEPILy 13 3a3HaYeHUX BUIe podiaem. Jlo KokHOT
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13 OTPUMAaHUX Mojiesel OyJie MoJaH0 PeKOMEH ALl 010 BUOOPY METOy OTPUMAHHS ii
PO3B’SI3KY.

BuxkJjiaax ocHOBHOTo MaTepiajy 10c/iIKeHHs

[IpencraBuMo nesike y3araJbHEHHS MOCTAHOBKM 3ajjaul MpO PO3MOJIUT MPOIyKILii
10 BUPOOHUYMX JIHISAX.

Hexaii Ha mignpueMcTBl € m aBTOMAaTU30BaHUX JIIHIM, 10 MOXKYTh BUTOTOBJISTH
NeKUTbKa BHUAIB Tpoaykiii. Hexald Takok BIIOMO, IO BCHOTO Ha MIAMPUEMCTBI

BUTOTOBJISIETCA 7 BUAIB mpoxaykuii. [losnaunmo uepes 7;;, i =l,m, j=1n 3arpatu

[j s
yacy Ha BUTOTOBJICHHSI OJIMHULI j -1 IPOIYKUIT i -10 JiHier0. Ciil 3ayBaXKUTH, 110 SKILO
Ha SIKUXOCh JIHISIX BHUIOTOBJIEHHS IE€BHUX BHU/IIB MPOJYKIIi HEMOXIHUBE, TO

BIIIOBITHUM Ty noTpiOHO HajmaTh 3HadeHHS K >0, MoBUHHE OYyTH OUIBIIUM, HDK

MaKCHMallbHe 3HAYCHHS T i=1,m, j=1,n 3 ymoBHu 3agaui. [lnan BUITyCKy KOXKHOTO

BUJTy MPOJIYKLIIT 32 EBHUM MepIoJ| CTaHOBUTH b;, j =1,n MITYyK, a JIiMiT pobodoro dacy

KO>KHO1 JIIHIi 3@ TOH e mepioJ| CTAaHOBUTH #;, i =1,m TonuH.

HeoOxinqHO po3noimuTi BUITYCK MPOJYKIIi MO JIHIAX Tak, 100 3arajJpbHUM yac
BUITYCKY HpOJyKLii OyB MIHIMajabHUM. SIKIIO XK BUKOHAHHS IUUIaHY HEMOXJIHMBE, TO
He0oOXigHO a0 BKa3aTH Ha CKUTBKH CKOPOTHUTH BHITYCK KOXXHOTO 3 BHJIIB MPOIYKIIii, a00
K BKa3aTH HA CKUIbKU NOTPIOHO 30UIBIINTH JIMIT poO0YOTO Yacy KOKHOT JIHII.

Hosnaunmo depes x;, i=lm, j=Ln — KUIBKICTH HPOAYKWii j-TO THIY,
BUTOTOBJICHOT Ha -1 JIHII.

Topi 3aranbHM yac poOOTH MIANPUEMCTBA 32 3BITHIM Mepiol JOPIBHIOE

m n
f(x):ZZrijxl-j — min . (1)
i=1 j:=1
[lepmia rpyna oOMexeHb MOKa3ye, M0 MPOAYKLI KO)KHOTO BHUIY IMOBUHHO OYyTH
BUT'OTOBJICHO HE MEHIIIE, HDK 3aINIAHOBaHAa KUIbKICTD

m
D x;=b;, j=Ln. (2)
i=l
Ilpyra rpyna oOMEXeHb IMOKa3y, II0 4Yac pOOOTH KOXKHOI JIiHIi HE MOBHHEH
MEePEeBUIIYBATH 3arajibHOTO (hOHIY poOOUYOTo Yacy Tiel K JiHIT

n
J=1
Takoxx HeoOXiaH1 0OMEKEHHS HEB1A €EMHOCTI 3MIHHUX
xl-jZO,izl,m,jzl,n 4)
O1xe, MaTeMaTUYHA MOJIENb 3a7a4l Oy/ie MaTH BUTJIS;
m n
f(x)= z Zrijxl.j — min %)

i=l j:=1

53



Bicnux Yepracvrkoeo ynieepcumemy, Bunyck 172

m

le.jzbj,jzl,_n

i=l

ZT,x.jSti,izl,_m (6)
=

7

X; >0,i=1lm,j=1Ln

OTpuMaHa MOJENb € y3arajlbHEHOIO TPAHCIIOPTHOO 3a/1a4eto [ 1] 1 BimHOCUTBCS 10
KJIacy JABOIHJEKCHUX 3aJiad JIHIHHOIO MporpaMyBaHHS. YMOBY IpEACTaBIEHOI 3ajadl
MO>KHA MOJATH Y BUTJISAI1 TaOIHIIL:

Taomums 1
KopoTkuii 3armuc ymoBU po3MOIUTHUOT 331291
[Tpoayxiist ®oug poboUoro yacy
i~ R B o|...| P, L .

Jlinii 3a 3BITHIN TIEPIOJT
L | T2 || Tim !
L, To1 | oo || Ton )
Lm Tml Tm2 Tmn < tm

[Inan BUITYCKY NPOJYKU | - b | 2by | .| 20

3a 3BITHIN TTepioj] n

st oTpuMaHHS pPO3B’SA3KY Takoi 3a7adi MOXKHAa BHKOPHUCTOBYBAaTH OJWH 13
cCreliaibHUX METO/IB, 3aPOIIOHOBAHUX, HaNpukKiamd, y [3, 4]. OqHuM 13 TaKMX METO/IIB
€ y3araJIJbHeHUH MEeTOJ| MOTEHLIaNiB. Aje Il METOQU IOTaHO NPALOITh Y BUIAIKY,
KOJIM 3aJ]aua He Ma€ po3B’sI3Ky, TOOTO 3a iX JOMOMOI00 BU3HAYEHHS! YMOB HEICHYBaHHS
PO3B’S3KYy € NOCUTh MpobieMaTuuHUM. TOMy sl OTPUMAHHS PO3B’SI3Ky MOCTaBIEHOT
3a/laul MOYKHA CKOPHUCTATUCS OJHUM 13 BapilaHTIB CUMIUIEKC-METOAY 3 BUKOPUCTAHHIM
abo JBOICTOr0 CHMILIEKC-METOy, a00 MeToly WITy4HOoro Oasucy. Sk BiiomoO, y
CUMIUIEKC-METO/1 ICHYIOTh YITKI KpHUTEpii HEICHYBaHHSA PO3B’A3KYy 3aJayl JIHITHOTrO
nmporpaMmyBaHHs. AJie CIiJ 3a3HA4YUTH, IO CHUMIUIEKC-METOJ peali30BaHuil Jis
OJIHOIH/IEKCHHUX 3a/1a4 JIIHIITHOTO porpaMyBaHHSI.

Omxe, mepmMM €TarnoM pO3B’SA3aHHS OTPUMAaHOi MaTeMaTHYHOI 3adadl Oyne
nepexif Bif i JBOIHAEKCHOTO MPEACTABJICHHS 10 OnaHOIHAeKcHOTo. CyTh mepexomy
MOJISITa€ 'y PO3TOPTaHHI MaTpUlll JABOIHAEKCHUX 3MIHHUX Y BEKTOp, a TaKOX
dbopmyBaHHI MaTpuilli KOEPIIEHTIB CHUCTEMH OOMEXEHb 3arajibHOi 3ajayl JIHIMHOTO
IIporpamMyBaHHS.

[Ipu mepexoai Bif MBOIHAEKCHOTO TMPEICTABICHHS 3aaadi 0 3aaadi JIHIMHOTO
[porpamMyBaHHsI yMOBa MOxe OyTH Ipe/ICTaBjIeHa y BUTJISl TOAAHOMY Y TabuLi 2.

IIpu nepexoni 10 KaHOHIYHOI (OpPMH 3aaadi JIHIHHOTO MPOrpaMyBaHHS MOXHA
WTH JBOMA HUIAXaMH: JUISl MOAAJBIIOTO 3aCTOCYBaHHSI JBOICTOIO CHUMILIEKC-METOLY
(muB. Tabmuio 3), /UId MOJANBIIOTO 3aCTOCYBAaHHS CUMILIEKC-METOY y CYKYIHOCTI 3
METOJIOM IITYYHOTO 0a3ucy (IuB. TabmuIlko 4).
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Tabmnis 2
[TomanHs 1BOIHAEKCHOI 3a1a4l Y OJTHOIHIEKCHOMY BUTJISIII
X1 | X2 | oo | X | X210 | X2 | ..o | X2p Xml | Xm2 | - | Xmn
1 1 1 2 b
2 1 1 1 b,
n 1 1 1 >b,
T | T2 | e | T St
2 1 | T2 Ton Sh
m Tml | Tm2 Tmn < tm
| T | e | T | T [ T2 | o | Ton | oo | Tt | Tm2 | oo | T | Min
Tabmuus 3
[IpencraBieHHs 3aAa4l B KAaHOHIUHIN opMi 151 ABOICTOTO CUMILIEKC-METOY
1 Xn Xml Xmn Xm+11 coo | Xm+ln Xn+l coo | Xmntl
1| -1 -1 1 ~b
n -1 -1 1 -b,
1 711 Tin 1 tl
m Tml | <o~ | Tmn 1 Im
T v Tt oo VTt | oo | T 0 0 0 0 min
Tabmums 4

[IpencraBieHHs 3a7a4l B KAaHOHIUHIN OpMI 111 CUMIUIEKC-METO1Y 3 METOJIOM
HITYy4HOT0 Oazucy

1| «ov | Mn X | ooo | Xmn | Xm1| --- | Xmtin| Xm+21| -+ | Xm+2n| Xnet| oo | Xmns
1 1 -1 1 b
1 1 1 1 b,
|- | %n 1 4
Tml| «oo | Tmn 1 tm
Tl - Tl ool Tot | --- | Ton 0 0 M M 0 0 min

VY pesynbrati po3B’s3aHHs OTPUMaAHUX 3a71a4 Oy/ie a00 BUSHAYCHHUI ONITUMAaIbHUH
IJIaH 3aBaHTAXEHHS JIIHIA BUTOTOBJICHHSM PI3HMX BUIIB MPOIYKINi JJII BUKOHAHHS
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BCTAHOBJICHOTO IUIaHY BHUIYCKY HPOJYKLIi 3a MIHIMaJbHO MOXJIMBHI yac, abo
BCTAHOBJICHO, LIJ0 BUKOHAHHS IUIaHY HEMOXKIINBE.

VY pa3i HEMOXJIMBOCTI BHMKOHAHHSI IUIAHY BHUIIYCKY MPOAYKLil crpoOyemMo
CIOYaTKy MOOyIyBaTH MOJENb, 110 JacTb 3MOTY BHU3HAUUTU BEIMYUHY 30UIBLICHHS
JIMITIB poOOYOTO 4acy A KOXKHOI 3 JIHIM. A MOTIM MoOyayeMo MoOJenb Jyis
BU3HAUEHHS BEJIMYMH, Ha SIKI MOTPIOHO 3MEHIIUTU IUIAH BUITYCKY KOXKHOI'O BUIY
PO TYKIIii.

1. Tlo3HaunMO NOJATKOBHIl JIMIT PoOOYOro yacy 1o KOKHIH JIiHII 3MIHHOK Y,

i=1,m. Ilpuyomy, K10 30UIBIIEHHS JIMITIB poOOYOro 4Yacy Juisl MEBHUX JIHIA €
(GI3MYHO YU E€KOHOMIYHO HEMOKJIMBMM a00 HE BUTIAHUM, TO BiNOBIIHI 3MIHHI Y,

BiJjpa3zy noTpiOHO MPUPIBHATH 10 HyNd. Jlogamo JaH1 3MiHHI IO MaTeMaTUYHOI MOJIei
3anaui. Toni oOMexenHs (3) HaOyyTh HACTYITHOTO BUIJISLY

n
DT <ty i=Lm. )
Jj=1

A micis nepeHeceHHA 3MIHHMX y,, [=1,m 'y 1Bl 4YaCTMHU HEPIBHOCTEH

OTPUMAEMO HACTYIIHY MAaTEMAaTU4IHY MOJCIIb:

J(x)= ii%% — min (8)

i=l j:=1

ixij ij,jzl,_n;

i=l1

;Tyxl.j—yléti,izl,m; (9)

¥, 20,i=1Lm.

OTpumaHy MaTeMaTUYHy MOJEIb TEX MOXKHA PO3B’S3yBaTH CUMIUICKC-METOAOM 1
3MIHHI y,, [ =1,m OyayTh BKa3yBaTH 4ac, Ha SIKMil Tpeba 30UIBLIMTH JIIMIT POOOYOTO
4acy BIANOBIIHUX JiHIA. ToO6T0 HOBUI Yac poboTH i -i JIHII Oyae NOpIBHIOBATH £, + V,,
i=1,m. Ay 3MiHHHX Xjj » i=1,m, j=1,n Oyne miaH 3aBaHTXKCHHS JIHIA IPH TAKOMY
30UTBIIEHH] 1X (DOHIY POOOYOTO Hacy.

VY Tabnumi 5 nokazanuil BUrIIsLL yMoBH 3aja4i (8)-(9), npuBeeHnit 10 KAHOHIYHOT
dbopmu 1 po3B’sI3aHHS ABOICTUM CHUMILIIEKC-METOIOM.

Jliig po3B’si3aHHA 3aJa4l METOJIOM LITYYHOIr'0 0a3ucy ii yMOBY MEpETBOPIOIOTH 10
KaHOHIYHOI'O BUTJISY aHAJIOTTYHO 110 Tabnuii 4.

2. Jlns BU3HAUEHHS CKOPOUYEHb OOCAriB IUIaHy BUPOOHUITBA IPOIYKIIIi

HEOOXIIHO KOXXHE 3HAYCHHS IUIaHy b;, j=1,n 3MCHIINTH Ha BeNMYHHY z;, j=ln.

Toni oOMexeHHs (2) OynyTb MaTu BUTJISIA
m —
D x;=b;—z;, j=ln. (10
i=1

Aune ninpoBa (DyHKIIiSI MIOBUHHA MOKA3yBaTH 3arajlbHUN 00CST BUITYCKY IPOIYKIIii,
KU MOBUHEH OyTHM MakcHMMallbHUM. | MareMaTudyHa Mojzeib Takoi 3ajadl Oyne Martu
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BUTIISLT

m n

f(x)zZle.j%max (11)

i=1 j:=1

Zry‘xy‘Sti’izl’ 5 (12)

Tabmums 5.
[IpencraBieHHs 3aaa4l 3 J0JATKOBUMU JIMITaMU pOOOUYOT0 Yacy B KaHOHIUHII
dhopmi 1715t JBOICTOTO CUMILIEKC-METOTY

1 Xn Xl Yo | VU | oo | Vo | Xm0 | oo | Xmtdn | Xins1 | o+o | Xmnsl
-1 -1 1 ~b
-1 -1 1 -b,
711 Tin -1 1 4
Tml Tmn -1 1 4 m
711 Tin Tl Ty | O 0 0 0 0 0 min
Tabmuus 6.
[IpencraBieHHs 3a7a4l 31 CKOPOUEHHSIM OOCSTIB IJIaHY B KAHOHIYHIN (opmi
X1 | oo | M Xl Xpn | 20 | oo | Zn | Minel | -or | Xmnsl
1 1 1 1 b
n 1 1 1 b,
1 711 Tin 1 tl
m Tml Tmn 4 m
1 1 1 1 0 0 0 0 min

0 MOJEJIb TaKOX MOYKHA PO3B’SI3yBaTA OJHUM 13 BaplaHTIB CHUMIUIEKC-METOLY.
Y

3HaueHHs 3MIHHUX z;, j=1,n Oymyrb MICTHTH OOCSIU CKOPOYCHHS ILUIAHY BHITYCKY

KOXKHOTO BHUAY mnponaykmii. ToOTo HOBUN TUIaH BHITYCKY j-i TpOAYKIi Oyzae

JOPIBHIOBATH bj—zj, jzl,_n. A 'y 3MIHHHX Xjj » izl,_m, jzl,_n Oyzne miaH

3aBaHTAXKEHHS JIHIA NPy 3MEHIIEHH] 00CSATIB IUIaHy BUITYCKY MPOIYKIi. SIKIIO X MjIaH
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BUITYCKY SIKOTOCB 13 BUJIIB TIPOJIYKI{il SMCHIIYBAaTH HE MOKHA, TO BIAMIOBIAHY Z; HPOCTO

He Tpeba BBOJIUTH J0 CHCTEMHU OOMEKEHb.
VY Tabmumi 6 moka3zaHuit BUTIAL ymMoBH 3amadi (11)-(12), mpuBenmenuii mo
KaHOHIYHO1 (POpMU U1 PO3B’A3aHHS CUMILIIEKC-METOJIOM.

BucHoBku

Y  panii  poOoti moOymoBaHI MaTeMaTW4YHI MOJENI, IO JO3BOJISIOTH
[IpOaHaji3yBaTu Ta, NPU HEOOXIAHOCTI, 3pOOMTH KOPEKLiI0 IJIaHYBaHHS IPOLECY
BUPOOHHUIITBA NMPHU HASIBHOCTI BUPOOHUYMX JIHIM, 10 MOXYTh BUTOTOBJISTH JI€KUIbKA
BUJIB Mponaykuii. [IpyuomMy BITHOCHO MNPOCTO MOXHA BU3HAYUTU HEMOKIIUBICTh
BUKOHAHHSI 3allpOINIOHOBAHOIO IUIAHY, a TaKOXX OTpPUMAaTH PEKOMEHJALil 1010
Moaudikalii mpouecy BHPOOHMIITBA 3 BHUKOPUCTAHHSIM JBOX PI3HUX HUISXIB!
30UTbLLIEHHSI JIMITIB po00YOro dacy JIiHIM, 3MEHLIEHHS OOCATIB IJIaHy BHITYCKY
nponaykuii. B momampmioMy MOXIKMBO TakoX MOOyQyBaTH Jesiki KOMOIHOBaHI
MaTeMaTU4HI MOJeNl, 110 OyayTh 00’eAHyBaTH oOuABa HUIAXU MOAMQIKALil mpouecy
BUPOOHHUIITBA.
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AHHOTAUA

b.O. OnHunimeHko AHAJW3 MaTeMaTHYeCKMX MoJejell 3agay pacnpeneaeHus
NPOAYKIIMU MKy NPOU3BOJACTBEHHBIMH MOIIHOCTSIMH

B pabore mpemcraBieHa oOmias MOCTAHOBKA M IIOCTPOEHA MaTeMaTHYECKas MOJENIb
3amaun = 00  ONTHMAlbHOM  pacOpeleieHUd  M3TOTOBIIEHHUS  MPOAYKIMH  MEKIY
MPOU3BOACTBEHHBIMA  MOIIHOCTSMH M CIEJIaH aHalIW3 OTHOCHTEIBHO PEKOMEHIAIIUH
MOIU(HUKAIMK MTPOIIECCa MPOU3BOACTBA ITPH HEBO3MOYKHOCTH PEIICHHUS 3aJa4H.

KuaroueBble cjioBa: pacrpeneiuTeNbHas 3agada, oOOOIIEHHAs TPAaHCIIOPTHAs 3ajava,
CHUMILIEKC-METO/], MaTeMaTHUeCKasi MOZIC/b, IJIAHUPOBAHUE MPOU3BOJICTBA.

Summary

B.O. Onishchenko. Analysis of mathematical models of products distribution
between production facilities

The paper provides a general statement and a mathematical model of the problem of
optimal distribution of manufacturing production between production facilities and
recommendations regarding the analysis of modification of the production process at the
impossibility of solving the problem are made.

Keywords: Distribution problem, the generalized transportation problem, the simplex-
method, mathematical model, production planning.
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