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TY3UI
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by makonaza TpaHCHIIOPT MAacalaCUHUHI KYyWMWIMIIH, TPAHCIIOPT MAaCaJIACHHUHT
MaTeMaTUK MOJEIUIApY, TOBAP TAIIMIIHWHI JHI CaMapaju, SbHU TEKaMJIU WYJUIAPUHU
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EKWIFY, MaTepuauiap OWIaH TabMUHJIAHUIIM OWjlaH OOFIMK OYNraH xapakarjiapHu
KaMauTUPUIL NYJUIapy KYypCaTUITaH.

Kalit so’zlar: TpancnopT mMacalnaCUHUHT KYyWWIHIIHM, TPAHCIOPT MacajJaCUHUHT
MaTeMaTUK MOJEIIApH .

TRANSPORT PROBLEM AND ITS CONSTRUCTION OF A
MATHEMATICAL MODEL

ABSTRACT
The article presents the problems of transport, mathematical models of the
problem of transport, the development of the most effective, i.e. cost-effective ways of
transporting goods, reducing the time in transit of goods, reducing costs associated with
the supply of raw materials, fuels and materials.
Keywords: Formulation of the transport problem, mathematical models of the
transport problem.

KNUpPHUI

Marematnka paHuHM VKUTHIIIA YKUTYBUYM WHTEpGa0s METOMJIapJaH MaB3yra
MYBOGWKHHM TaHJIall OWIMIIM MyXMM XMCOOJaHagM. YKUTyBUM HHTEpdao
METOJJIap/IaH aBBAJIO OJIMMIaH MypakkaOra YTUII Hazapuscura amaj KWIraH Xo0Jijia
dorinananmoru jo3uM [1-3]. nFop memaroruk TEXHOJIOTHS acoCHa TalllKWJI ATHJITaH
napciap VKyBUWJIapJa OWIUMIIApHU SXJIUT Y3namTupwininura épaam oepaau. [4-10]
MakoJjiajgapja yMyMTabJIUM MakTabjmapuaa Ba OJMM TabkJIUM Myaccacaiapujia
Marematuka (aHuHH YKUTUIAA KYyJUIAaHWIQIuTrad uWHTephaos MeToajmap KEHT
Eputmirad. by MeTomiapHUHT IOTYK Ba KaMUYWJIMKIapu caHal ytunrad. MeromiapHu
Kyam Oyiinua HamyHanap OepuiraH.

TPAHCHHOPT MACAJIACUHUHT KYUNJINIIN

TpancnopT Macanacu - YM3HUKIU MPOTPaMMAIAIITHPUIIIHUHT 3HT KYIT TApKaJITraH

Macajanapuial Oupuaup. YHUHI Makcaaud — TOBAap TAIIMUIIHUHT SHI caMapaiu, SbHU
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TeXaMJIM WYJUTapuHA WNUIa0 YMKUIIaH ubopar. by 3ca ToBapiapHUHT Xapakar
BaKTMHHU KaMaWTUpaau, KOPXOHAJIAPHUHT XOM amé€, EKWIFd, Marepuaiiap Ouial
TabMHUHJIAHUIIHN OWIaH OOFNMMK OYNTraH xapaxaTlapHH Kamaltupanud. by MacamaHuHr
KYJUIAaHUIIl COXaCH XKyJa KEHrIup. YMyMaH TpaHCHOpPT MacajacuHU Kyhujaruua
TaJKUH KWIMII MyMKHH:

m Ta unuUiad yukKapum nyskmiapuaa 4,4,,....,4A, Oup  KuHCIH a,,ay,....,a,
MUKJIOpJapaa okiaap Oyncud. By 1okmapau n ta ucresmon B, B,,...,B, myHKTIapura
b,b,,...,b, muknopnapna erkasu6 Oepui Tanad STuiIcHH. bup Oupnuk 1okHu 4, umaad
YMKApUII TYHKTHAAH, B, WCTEbMOJN MYHKTUra TAIUMII YYyH KETraH TPaHCIOPT
Xapaxartu ¢; OYJICHH. X; — A, yHKTIaH B, MyHKTra I000PHIIraH K MUKIODH.

Ok TammimHy myHaai TalKuil 3TUII KEpAKKH, OyHJa I0KJIap MILIA0 YUKApUII

MyHKTJIapUAAH Tyna ONuO YNKHO KEeTWIMIIM Kepak, SIbHH > x =a,, (i=1,m) Ba
j=1
MCTEBMOTIMIAP Taa0K TyJIa KOHIUPHUIMIIN KePaK, SbHU Y x, =b, (j=1n). Hemax,
i=1
MacaJaaHUHT MaTeMaTHK MOJENHN KyWujaru KYpUHUILHA onaau:

Y, =a. G=lm) ()

YHU3HUKJIIN TCHI'JIaMaJIap CHCTCMAaCHUHHHI

ixii =b, (j=Ln) (2)

x; 20, i=12,.,n (3) WAPTJIAPHA KAHOATIAHTUPYBYN €UYUMHHU TOIHMII KEPAKKH, Oy eunm

Z=>Y¢,x, >min  (4) YMSHKIM (QYHKUMAra OSHI KHYMK KdAMar OEpCHH, SbHH
i=l j=1

IOKJIAPHU TAIlIUII YYyH KETTaH TPAHCIOPT Xapa)KaTjapd MUHUMAJUIUTH TabMUHJIACHUH.

by Mozenna maxcysnotra 6ynran tanad Takiaudra TeHr.

TpancnopT Macanacu, IOK 3axupanapyd MUFUHIUCH Ba UCTEbMOTUMIIAP Tajladnapu
WUFUHIMCU oOpacujard MyHoca0aTlaH €NuK Ba OYMK TPAHCIOPT Macajajapura
OynuHaIu.

Tavpugp 1. Arap 10K 3axupanapy HUFUHAMCH Ba HMCTEbMOJIYMIIAp Tajladnapu

m n
HuFUHANCHUTa TEHT OVIica, SbHU Zai = Zb . Oy €nuK TpaHCIIOPT Macajlacu ACHIIIa N,
i=1 j=1

Tavpugh 2. Arap 0K 3axupanapy WAFUHANCH Ba UCTEHMOJIYWIAp Tayabnapu

m n
WUFUHANCUTa TEHT OYynMmaca, SbHH Za,. iZbi Oy OYMK TpaHCHOPT Macajlacu
i=1 j=l

NEUNIIaN.
Teopema 1. TpaHcropT MacajdaCUHUHT €4UMTIa 3Ta OYIUIIMHUHT 3apyp Ba €Tapiu
IIAPTH KyWHUJIar¥ TEHITIMKHUHT Oa)KapUIUILIUIUD
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m n
Zal. = ij
i-1 =1

Enuk TpaHcnopT MacanacHHU KYpHO YMKAMU3.

TPAHCIHHOPT MACAJTACUHUHI' MATEMATHUK MOJAEJIJIAPU
ENuK TpaHCIOpT MacaJlaCHHUHT MaTeMaTHK MOJENIM Kyiingaruda Oynaau

L(X) = iicijxij — min
i=1 j=1
Yerapasuil wapriap

n
2% =4
j=1

m
Z X; =D
i=1

x;20, i=1m, j=1n

MacananuHr onTUMall €4MMH, YerapaBuil MIApTIIAPHU KaHOATIAHTHPUO, MaKCal
GbyHKIMSICUTa MUHUMYM KHMaT OepyBYM KyWuaaru MaTpuiiajaan uoopar

X = (xii )mx,,

OYUK MOAEJIJIM TPAHCITIOPT MACAJIAJIAPHA
O4uk MOJEeIM TpPaHCHOPT Macajajapuja, IOK 3axupajapu HWAFUHIWUCH Ba
UCTEeBbMOTUMIIAp Tajabiapu HUFUHIUCUTA TEHT OYJIMaiIu, SHHU

2a#2 b
i=1 j=1
1. ArapZal. >ij Oynca,y XoJja 3axupajap XaXMH, HCTEbMOTYHIAP
i=1 Jj=1

Tajnabliapy XaXMUJaH OWUO KeTuo, Oapua MCTEbMOJYMIIAPHUHT Tajabiapu
KOHAMPWINO, MabllyM KHCM 3axypa IOKJIapy TaluiaMmai konaau. by macamanu edurn

Y4yH (n + 1) — ()MKTHB UCTEHMOIYN KUPUTHINO YHUHT UCTEBMOJ XAXKMHU Kyluaaruya

oynanu:

n

m
bn+1 = Zai -
i=1 Jj

bj
1

By MacanmaHuHT MaTeMaTUK MOJEIH KyhHuaaruda oyiaau

L(X)= ii%‘xﬁ — min

i=1 j=I
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yerapaBui MapTiapu

2. Arap

Oynca, y XoJJa HUCTEbMONUMIIAP Tanablapu XaXKMH, 3axupaiap XaKMHJIaH OIIUO
KeTHO, MabJIyM KHCM HMCTEbMOJIYMJIAPHUHT Tanabiapu KOHIUpWIMai Kojaau. By

MAaCQJIaHU €YUl y4yH (m + 1)— (GUKTUB MIUIA0 YMKAPYBUYM KUPUTUIMO, YHUHT HIILIA0

YUKApUII XaXKMHU KyHugarnda 0ynaau:

n m
Ay = ij - Zal.
j=1 i=1

by MacamanuHT MaTeMaTHK MOJEIN Kyliuaarnya oymamu
m n
L(X)=2.> ¢;x; —min
i=1 j=1
yerapaBui apTiapu

x; 20, i=l,m+1, j=Ln

®uKTHUB UNUIA0 YUKAPYBYH (MCTEHMOIIYN) KUPUTUIITAHIAH CYHT OYMK TPAHCIIOPT
Macajacu, €K TPaHCIIOPT Macajacu aianuO, €MUK TPAHCIIOPT MacalacH aarOpUTMHU
kabu eunnagu. bynna, guxkTuB unuiad yMkapyBuu (MCTEbMONUYM) MOC Tapud Oapua
TPaHCTIOPT Tapu(IApUHUHT MaKCHUMalu, Oab3ujla 3Ca YHM HOJIra TEHIJAIITUPHO
ommimanu. Makcaa QyHknuscuaa ¢GUKTUB UILIA0 YUKAPYBUU (MCTEHMOIYM) XUcoOra
OJIMHMaNIH.
Tpancnopm macanacununz masany pexdcanapunu monuul

TpancnopT Macaiiacuau euui ycynuaa 0u3 Kylnaaruiapra dbTu0op Oepummumn3

Kepak Oynanu:

- OOUUIaHFUY TasiHY TUIAHHU aHUKJIAlll,
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- 0y €YMMHHUHT ONTUMAJUTUTUHY TEKILIUPHIIL;
- Oup TasHY IUTaHJaH OONIKA TasHY IUIAHra YTHIILI.
bu3 OouutaHfud TasHY MJIAHHU aHUKJIAITHU KYpUO YNKAMU3.

bonutanfuy TasHY IJIAaHHW aHUKIam. MacanaHuHr WIApTHUHA Ba YHUHT
OOIITAaHFUY €YUMUHU TaKCUMOT kaBanura €3amus. IOk kypcatunran siueiikanap, OaH
sauelikanap Ae0 aranu0, ynapra 0a3uc y3rapyBUMJIApPHUHT TasHY €YUMHU MOC KEJajH.
Konrannapu 6ann O6Yyiamaran sueiikanap O0yau6, Oy suedikanap JAeduiaagu Ba yriapra
030/ y¥3rapyBuniIap MocC Tymaau. SluelikaHuHT YHT I0KOpH Oypuarura tapuduapHu €310
YUKAMHU3.
TpancnopT macalaCMHUHI €YUMUHU Tonuiml ycymapu. lumonmii rapouii Oypuak
ycymu. by ycyn, n+m—1 Ta sd4UedkanapHu TYIIUPUILIA, HCTEHMOIYMIAPHUHT
Tana0JapuHU KOHAMPHUII y4yH, Oapya 3axupa MaxcCyJOTJIapHU TyJa HIUIATHIIIAH
nbopar. Kanpan suedkamapuHu TYIAUPUII Yal OKOPU (IIMMOJIMM FapOuil Oypdax)
auerikanan OonutaHuO, OyHJa MYMKHH OYJIraH SHI KaTTa COH KYWWIaau, sSbHU, 11y
AYEKa y9yH, MUHUMAJI 3aXupa €KA UCTEBMOJI KUMMAT Kyuunaau. bynna, €ku 3axupa,
€ku Tanad TyrajmaHagu (caTp €KM YCTYH YUYUpHWIaau), KEWHH, KEWHHTW suerkaaa
IIMMOJIUKA FapOuii Oypyak yCyJu JaBOM 3TTUPHUIIAAN Ba X0Ka30.

Muco..

Ky#unaru sxagsanga Oepuirad TpaHCIIOPT MacaJlaCHHH €UWHT.

by 40 25 20 50
a;

60 5 4 1 2

40 4 2 6

35 7 3 5 4

Eunm: bornansuu tasny mnanau "umonuii-rapd Oypuak" ycynuaa Tonmamus.
"[llumonuii-rap6 Oypuak" ycynu Kougacura OwHoaH >kamBamHuHT (1,1) Kararura
X11=min(60,40)=40  conHuHM xoWnamTHpamus, keiuHru X;,=min(60-40,25)=20
counu (1,2) kararura xoinaiimMus. [y Ounan OuMpHHYM MyHKAA IOK Tyraad Ba
kevinaru kartaxiap (1,3) Ba (1,4) émunau.

KeiiHru mnyHKTOArd [OKJIApHU TakCUMJAIIHM OonwiaiiMu3. (2,2) Karakra
X,=min(40,5)=5 conunu xoinamrtupamu3. llly 6unan 1-Hum Ba 2-H4mM Tanmadropiap
Tanabu KOHIUPWINU, SBHU |-HUYM Ba 2-HuM ycTyH Emmugu. (2,3) Karakka
Xp3=min(35,20)=20 koimamtupmwiaan. 3-H4u Tamadbrop tanabu Oaxapunau. Konran
I0KHU (2,4) KaTakka >KoUjamTupaMus, sbHU Xp4=min(15,50)=15 Ba UKKUHYU XKYHATHIII
NYHKTU/A 0K TYTaJid. 3-HUM KYHATUII TyHKTUJATH FOKHU TaKCUMJIAIIHUA OOIIIaliMu3.
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(3,1),(3,2),(3,3) xarakmap &nwiraH, seHu 1,2 Ba 3 Tamabropnap Tanabu
kouaupwirad. (3,4) xarakka Xzs=min(35,35)=35 ¢&é3amus. llly Ounan rokmap TYIUK
TaKCUMJIaHIU, SIbHA KyWHIary TUTaHTa 3ra OYIIIuK.

by 40 25 20 50
a;
60 5 4 1 2
40 20
40 4 2 6 3
5 20 15
35 7 3 5 4
35

OHaM Makcaa PYHKIUSICUHUHT KHUMATUHU 7 — >3 ¢,x, TaKypa Tonamus:

i=1 j=1
Z=5-40+4-20+2-5+6-20+3-15+4-35=595

bonutanfuy TasHY €YMMHU AHUKJIAIMHUHT sHA Oup ycymiapujgaH Oupu -
MUHHUMAJl XapaxaTiap ycyiu. by ycynra acocaH, 1ok OupuHYM HaBOATJa DHI KUYUK
Xapaxkat OynraH sueiikanapra Takcumiianaau. SlHa, 1ok, MUHUMAJl Xapaxkar Oyiran Oy
sueiKanapra, 0K 3axupaiapu TyrajulaHuO Ba MUCTEbMOJUYWIAp Tala0u KOHAUPUITYHYA
JaBOM DTTUpWIAAU. by TaKCUMOT >KapaéHM HUCTEbMOJIYMIIApJard Oapya IOKJIap
TalIWJITYHYa Ba UCTEHMOIYMIIAP TajdaOu KOHIUPUITYHYA JABOM STTUPHUIIAIN.

IOk Ttakcumiianranjga OaHj suelkanap COHM m+n—1 JaH KU4YuK OYiIuo
KOJUIIK MyMKWH. ByHnai xonga eTmait Koiran OaHj sidedkagapra HOJI MUKIOpJa 0K
r00opuiiaau, Oy sueiikanap mapTiu OaH suekanap Jeiunaiu.

bym sueiikanapra rOOpuiIraH HOJM MUKIOpAA IOK YYyH OHT KHYHMK Tapud
TaHJIaHaau, OyHAa, Xap OuUp caTp Ba yCTyHAa Xed Oyimaranjma Outra OaHja sueika
OynuIy Tanad ATUIAIN.

Misol. FOxopuaaru MUCOIHYM MUHUMAJ XapakaTiaap yCyJu €piaMuia €4amMmus:

by 40 25 20 50
a4

60 5 4 1 2

40 4 2 6

35 7 3 5 4
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Eunm:  bonwtanfud TasHY €YMMHA MUHHUMAJl Xapaxxamiap YCynu &paamuaa
TonamMu3. MUHMMaI Xapaxatiiap yCyJau Koujgacura OMHOAH YCTYH €KH caTtp Oyilnda 3HT
KHYUK XapakaTHU TOMIaMU3.

Catp 6¥itnua Oy snemeHT (1;3) kaTakaa xoinamras, sbHU ¢j3 =1. LIlyHUHT yuyH
Oy kartakna X;3=min(60,20)=20 rokHU >KOiMaiMu3. YUWHYM TajJaOrOpHHUHT TajaOu
kaHoaTinanTupunau. Uy Tydaitnu keliunru xucoOnanuiapaa 3-4u yCTYH KapaJMaiu.
Keltunru sHr kuumk syeMeHTHH Tomamu3. by amement (1,4) Ba (2,2) kaTtakiapjaa
KOWIIAITaH, ThHU Ci4=2 Ba Cp»=2. IOknapHu Oy karakmapja skoumaitmus. X ,=min(60-
20,50)=40, X,,=min(40,25)=25. NkkuH4n TanmaOropHUHT Tajdabu KaHOATIAHTUPHUJIIH,
my Tydaiiny keMuHTY Xucoobaanuiapaa 2-H4M YCTyH KapaiMaiau.

Keliunru sur xuuuk snementiap (2,4) Ba (3,2) karaknapjaa >KOWamraH, sS’bHU
C4=3 va c3=3. By kaTakiapaa oKJIapHH )Koimamrupamus. Xy=min(40-25,50-40)=10.
(3,2) karak kKapanmaiiau, 4yHKU Oy YCTYH XUCOOMaH yuKapuiran. KeMuHru sHr KMYMK
AJIEMEHTHH M3JlaiMu3, Oy 2yeMeHT ¢;=4. FOxkHm Oy kaTtakra skoinaiimus X, =min(15-
10, 40)=5. DHr oxMpru KHYHMK DJEMEHT C3;=7/. By KaTakra Xam IOKHU Xoiliaitmu3
X31=min(35,40-5)=35. Hatmwxkazna rokinapHu Takcumiad, OOUUIaHFUY TasHY TIJIaHTa Ara
OYIuK, STbHU

by 40 25 20 50
aj
60 5 4 | 2
20 40

40 4 2 6 3
5 25 10

35 7 3 5 4
35

Makcan QyHKIMSICUHU XUCOOIaitMu3:
Z=1-20+2-404+4-5+2-25+3-10+7-35=415

TpancnopT MacaJlaCHHUHT 0a3uc €YUMUHU TOMHII yCYyJUlapuian sina oupu- “Ukku
TOMOHJIaMa a(3aIuK” yCYIUaup.

Arap »kajmBayll KarTa OVysca dJeMEHTJapHW TaHaml KuhuHinamanad. byHmait
X0J/1a, WMKKH TOMOHJama ad3auk ycyd KyulaHuinaaw. by Ky#mmarmua amainra
OLLUPUIIA/IH.

Xap Oup ycTyHaaru MuHuman tapuduap yuyH V' kyiunaau. Cyarpa, Oy aman
xap O6up catp yuyH Oaxapunaau. bByHunr Hatmxkacuna 6ab3u Oup siueidikamapna ViV
oenru xocun Oynmamu. bymapnan, carp Ba ycryHiap Oyiimdya MuHUMAan Tapudiap
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TaHnad onuHaau. by suelikamapra MyMKUH OYJIraH MakcHUMall 3axvpa MaxCyJloTIapu
XKMHU KOUJIAIITUPUINO, OyHra Moc caTp Ba yCTyH Yyuupmuamu. CyHrpa, V 6enru
KYyWWJITaH siYerKagapra 3axvpa MaxcyJoTiaapy XaKMU KounamTupuiaan. JKaaBaaHuHT
Oo1IKa KucMiIapy 3ca MUHUMAaJ Tapud acocuaa TYIIUpUIaIn.
My ycynnapaan ¢oiiganann6 macana UIJIaHaAX Ba SHT KaM Xapa)xaTJld yCYJIHU
ONTUMAaJ €4uM /1€0 OJIMHA/IH.
O4MK MOZEIIIIM TPAHCIIOPT Macajlajdapy

OuMK MOJEUIM TPAaHCIOPT Macajajlapuja, IOK 3axupaiapd WHFUHIACUA Ba

UCTEbMOTYMIIAP Tajdadlapy MMFUHINCHATA TEHT OYJIMaliv, SbHU

m n
Z a; # ij
i=1 =1

m n
I. Arap Zai >ij Oynca,y Xojja 3axupayiap XaXMH, HCTEHMOITUUIIAD
i=l Jj=1

Tajabiapy XaXMUJaH OWUO KeTuo, Oapua MCTEbMOJYMJIAPHUHT Tajadiapu
KOHAMPWINO, MabllyM KHCM 3axupa IOKJIapu TamuiaMmail konaau. by macananu euuin
yayH (n+1) — QUKTHB HCTEBMOIYM KUPHTHIMO YHUHI HCTEBMOJ X@KMH Kyliugarnda

oynanu:

n

m
bn+1 = Zai -
i=1 J

b,
1

by MacamaHuHT MaTeMaTHK MOJCIH KyhHuaaruda oyiaau

L(X)= iicﬁx@'f — min

i=l j=l1

yerapaBuy apTiapu

2. Arap

Oynca, y Xojja HCTEhbMONUMIAP Tanablapu XakKMH, 3axupaiap XaKMHJIaH OIIUO
KeTHO, MabIyM KHUCM HCTEHMOTYMJIAPHUHT Tanaldiapyu KOHIUpWIMai Kojaau. by

MacanaHu edui yqayH (m +1)— QUKTHB Miwiab YnMKapyBYn KUPUTHIMO, YHUHT MULIA0

YUKAPUII XKMU Kyluaarnda oyiaau:
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by MacananuHT MaTeMaTHK MOJENN KyHuaarnda 0yaan

L(X) = iicijxij — min

i=1 j=1

yerapaBui MapTiapu

> =bs j=ln

i=1

x[.jZO, i=lm+1, j=Ln

@®uKTHUB UNUIA0 YUKAPYBYH (MCTEHMOIIIN) KUPUTHUITAHIAH CYHT OYHK TPAHCIIOPT
Macanacy, €nuK TPAaHCTIOPT MacajacH aiaHuO, €MUK TPAHCIIOPT Macallach allfOPUTMH
kabu eumnamu. byHna, ¢ukTuB unuiad yukapyBuu (MCTEBbMONIUM) MOC Tapud Oapua
TpaHCHOPT TapuIAPUHUHT MaKCUMaliM, Oab3uja 5Ca YHH HOJTa TEHTJIAIITUPHUO
onumann. Makcan ¢yHkiuacuna (HUKTUB UILIA0 YMKApyBUH (MCTEHMOIYHM) XHcOOra
OJIMHMAMNIH.

Jlemak, macamamap mry TapTuOJa WIUIaHAAW, SHHU FOKOpHIA KypCcaTHITaH
ycyJulapjaH Oupu €paamuia edyuiagud Ba ONTUMal €4yuM TaHnad onuHanu. Euum
ONTHUMAJUTUTHHN AaHUKJIAITHUHT MOTEHIMAUIAp YCyauaaH QoimanaHnud xaM ONTHMa
€YMMHHU aHHKJIaca Oyraiu.
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