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Metoabl TOCTPOEHUS ONITUMANIBHBIX TAPAMETPOB 11eJ1eBOM (PyHKIIUU
B HEOJIHOPOJHBIX CETEBBIX 3aJlauax JIMHEHHONW ONTUMU3AINU
C HETOYHBIMU JaHHBIMHU

JLLA. TTmmmgyk

PaccMaTpuBaroTCsi MaTeMaTH4eCKUe MOAENH 3KCTPEMAJbHBIX CETEBBIX 3a7ay JIMHEHHOrO MpOrpaMMHUpOBa-
HUS, TapaMeTphl HEeNeBbIX (DYHKIMI KOTOPBIX SBJISIFOTCS HETOYHBIMH JaHHBIMH. Viccienyemble 3a1a4n au-
HEWHOH ONTHMH3AIY B KOHEYHOMEPHBIX IPOCTPAHCTBAX XAPAKTEPU3YIOTCS HEKOTOPBIM YHCIIOM (PUKCHPO-
BaHHBIX BXOIHBIX TapaMeTpoB (KO3(P(UIMEHTOB LeneBOH (yHKIMH, MaTPUL] OTPaHIMYCHHIH, IPaBbIX U Je-
BBIX YacTel OrpaHWYEHHI), KOTOPBIE ONPENEISIOT CTPYKTYpy perraeMor 3anadu. C Heblo ONpenesiCHus
ONTUMAJIbHBIX 3HAUCHUH MapaMeTpoB LENIeBOH (DYHKIMH, JUI1 KOTOPBIX 33/JaHHOE IOIyCTHMOE DPEIICHHUE
ABJISICTCSI ONTUMAJIBHBIM, MPEAIAraeTcsl MaTeMaTHIecKas MOJIENb OOPAaTHOM 3a/laull ONTUMM3AINU B COOT-
BETCTBUH C BEIOpaHHOM HOpMOIi. B pesynbrare perreHns oOpaTHOH 3a1aui ONpeNesIioTCS 3HAYCHIS H3Me-
HeHHH Kod(pduimeHToB 1eneBor ¢yHkuuu. Ha ocHOBE MONyYeHHBIX W3MEHEHHWH MapaMeTpoB LENIEBOM
¢byHKumE GopMHUpYIOTCS HOBBIE KOA(QQUIMEHTHI LeNieBOi (DYHKIMH, IS KOTOPIX 33aHHOE JIOMYCTUMOE
peLlIeHNE SBISIETCS] ONTHMANIBHBIM.

KroueBbie ciioBa: muHelHas ONTHMU3aNus, LeneBast QYHKIH, IBOWCTBEHHas 3a/1a4a, oOpaTHas 3a/1a4a,
CETb, IIOTOK, JOMYCTUMOE pellIeHHEe, ONTUMAIIBHOE pellleHHe, ONTUMAJIBbHBIE TapaMeTpPhl, HopMa.

Mathematical models of extreme network problems of linear programming, the parameters of target
functions of which are inaccurate data are considered. The investigated linear optimization problem in fi-
nite-dimensional space is characterized by a number of fixed input parameters (coefficients of the objective
function, constraint matrices, the right and left parts of the restrictions) that define the structure of the solved
problem. In order to determine the optimal values of the parameters of the objective function for which the
feasible solution is optimal, the mathematical model of the inverse optimization problem is offered in accor-
dance with the selected norm. As a result of solving the inverse problem the changes of coefficients for the
objective function are determined. On the basis of changes in the parameters of the objective function such
coefficients of the objective function are formed for which the given feasible solution is optimal solution.
Keywords: linear optimization, objective function, dual problem, inverse problem, network, flow, feasi-
ble solution, optimal solution, optimal parameters, norm.

1. MaremaTnuyeckasi MoAe/Ib NMPSIMOi 3aga4u. PaccMOTpUM MaTeMaTHUECKYIO0 MOJENb He-
OJIHOPOJHOM CETEBOM 3a/1auv JUHEWMHON ONTUMHU3AIMHU CIEIYIOIIETO BUIA

fo=> > ¢jx; —> min, (D
(i.))eU keK (ir))
xp— Y. xh=aliel"keKk, 2)
jel (") jel; (")

> X Mx=a, p=LL €)

(.)eU  keK(i.))
Y Xy <dy, xp 20k e K0, )., ) €U, (4)

keKy(i,))

0<x; <dj, keK,@ /)G ))eU, (5)
x; 20, ke K(i, )\K,(i, ), (i, j) eU\U,, (6)

I7Ie MHOYKECTBO MYJIBTUIYT U ONpPENeneHo Ha [ x [ (|1 <, |U |< ). MynbTHceTs G =(1,U) NpescTaBieHa
B BUJIE MHOXECTBA |K| CBA3HBIX cerell G' =(I',U") keK={1,2,..}, |K|<wo. Kaxnas cBs3Has ceTh
G =(1",U") cOOTBETCTBYET HEKOTOPOMY THIly k IOTOKA B MyJIBTUCETH G = (1,U). Onpenenim yis KaKIoro
y31a i€ I MyJBTHCETH G MHOYKECTBO THIIOB TIOTOKOB K (i) ={ ke K :ie *}, MPOXOISIMX Yepes y3en ie ! .
JIns  KakaoW — MyJIBTHIAYTH (i,))eU ONMpeNIeIMM  MHOKECTBO  THIIOB  IOTOKOB

K(i,j)={keK:(i,j)eU"}, IPOXOAAUTUX Yepe3 MYIBTHAYTY (i, ;)€U . JITA KakI0H My IbTHIYTH (i, /)
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OTIpeIeTUM TOJIMHOXKECTBO K, (i, j) < K (i, /). OO03HauuM uepe3 U, MHOKECTBO MYIbTUAYT (i, j) €U, ,
U, < U , Jy1s KOTOPOT'O BBITIONHSIOTCSA HEPABEHCTBA: |K, (i, j)|> 1, Tae K, (i, j) = K(i, )\ K, (i, ), (i, j) € U, . Kaxmas
cetb G' = (1 U k) MMEET CIIeyIOIME XapaKTEPUCTUKH: x, — TyrOBOM MOTOK & -I'0 THIIA IO MYJIBTHIYTE
(i,j))eU; d; — IPOIyCKHas COCOOHOCTb OyTH (i, /)" IJI k-ro THIA IIOTOKA, k € K, (i, /) ; d; —IIPOITy-
CKHas CIIOCOOHOCTh MYJIbTHIYTH G, ), (i,))eU,; [UY={jel*: ()" U},

I(UY= { jel*:(j,i) eU* } ; a/ — MHTEHCUBHOCTb y3I1a i JUI k -TO THIIA IIOTOKa; A7 — Koo duuuen-

i

Tl MATPUIIE! OrpaHiueHuii (3); «, , p =1,/ - MapaMeTpsl IPaBbIX YacTel orpaHuueHuii (3).

DkcrpemanbHas 3a1ada (1)—(6) oTHOCUTCS K KIIacCy KOHEUHOMEPHBIX CETEBBIX 3a]a4 JTHHEMH-
HOM onmTuMu3anuu. JJisi U3BECTHBIX 3HAYCHUN MapaMeTpoOB yKa3aHHOTO Kjacca 3anad B [1] paspa-
00oTaHa KOHCTPYKTHUBHAs T€OpUS MOCTPOSHUS ONTHUMAIBHBIX PEIICHUN, B KOTOPOH YUHUTHIBAIOTCS
TUIIBI PA3PEKEHHOCTH CHUCTEM JIMHEHHBIX alreOpandecKuX ypaBHEHHH, pPe3yJIbTaThl TEOPUH MOTO-
KOB M TeopHuH TpadoB, a TaKKE€ COBPEMEHHBIC TEXHOJIOIMH YHCICHHOTO PEIICHHS CETEeBBIX 3a]ad
JUHEIHON ONTUMHU3ALMY HA OCHOBE MPUMEHEHUS aJIFTOPUTMOB JI€KOMIIO3UIIMM OTPaHUYEHUH.

Ecnu HekoTopble BXOAHBIE MapaMeTpbl KOHEYHOMEPHBIX 33/1a4 JIMHEWHOUN ONTUMU3ALUU SB-
JISFOTCS HETOYHBIMU JTAHHBIMHU [2], TO MOTYT OBITH IPUMEHEHBI IPUHLIUIIBI OOPaTHON ONTUMHU3ALMH
[3]-[5] nns ux xoppexkTupoBKu. J{Js onpeaeneHus n3MeHeHu napameTpoB 1eneBor pynkuuu (1) ¢

LIEJIBIO OMPEJICIICHUS UX ONTUMAIBHBIX 3HAYCHUN Ej (i,j)eU, ke K(i, j), 1A KOTOPBIX 3aJaHHOE J10-

myctuMmoe pemreHue x° e Z 3agadu (1)—(6) sBisieTcs ONTUMANBHBIM, IPEAJIaracTcsl MaTeMaTuyecKas
MOJIeTb OOpaTHOW 3aJayll ONTHMH3AIlMKM B COOTBETCTBMU C BBIOpAHHOW HOPMOM, TIHe

x"=(x;°,(i, j)eU,k € K(i,))), Z—MHOKECTBO JIOIMyCTUMBIX permenui 3anaun (1)—(6). B obparnoi 3a-

Jaye HEeoOXOAMMO CKOPPEKTHpPOBaTh MapaMmeTphl IiesneBod (yHkuuu (1) (BEKTOp CTOMMOCTH
+.(i, /)€U, ke K(i,j)) ) TakuM 00pa3oM, 4TOObI HOMycTUMOE pemenue x’ 3axaquu (1)—(6) crano
ONTHUMAJIbHBIM  PEHICHHEM  CKOPPEKTUPOBAHHOW  3aJaud €  HOBBIMH  3HAYEHUSIMHU
~k . ..

¢, (i, ))el, keK(i,)) KOMITOHEHT BEKTOpa CTOMMOCTH. [Toctpoenue napamMeTpoB

c=(c

5;‘., (i,/))eU, ke K(i,j) BBIIOJHIETCI B BUJE:

~k _ k k kK k
¢ =c;+o; =By, a;20, 8,20,

rae o, M B — COOTBETCTBEHHO YyBEIMYEHUE ¥ yMEHBLICHUE Ka)JJOT0 TapaMeTpa c, LeNeBol QpyHK-
k 3 . knk _
uu (1). IIpu 5T0M o) ¥ B; HE MOTYT OBITH OJHOBPEMEHHO HOJIOKXHTEILHBIMHU: a B =0.
C uenbio OIIPCACIICHUA ONTHUMAJILHBIX ITapaMETpPOB 5; ,(i,j)eU, ke K(i,j) ueleBou (byHKL[HI/I
HE00X0IUMO MOCTPOUTH TBOMCTBEHHYO 3a/1a4y K 3anade (1)—(6).
2. /IBoiicTBeHHas 3aja4a. J[BoiicTBeHHas 3a1a4a K 3aga4de (1)—(6) umeet Bu:

g(u,r,v,w)zZZaikui" +Zl“(xprp— Z dyv, - z Z dyw, — max , (7)
p=1

keK icl* (i,))eU (i,))eU keK, (i,))

/
ul —ut Y M v, <k, v, 20, keKy (i, ), ) eU,, (8)
p=1
/
ul —ub Y M —wh <cf, wi=0, keK (i,)),3i,j)eU, 9)
p=1
/
ul —uh + D NP <k, ke K3, )\K,(i, ), (i, ) eU\U, , (10)
p=1

IJIe BEKTOp A — JOIyCTUMOE pelIeHne JBoMCTBeHHOM 3a1aun (7)—(10),
A :(ul.k,k eK,iel P :1,_1; v; 20,3, ) eUy; w[k 20,(i,j)eU,ke K (i, j)),A €A,
A — MHOXECTBO JOMYCTUMBIX perieHuit nBorictBeHHoM 3amauu (7)—(10). KommoneHTsl BekTOpa
A€ A yIOBIETBOPSIOT orpaHudeHusM (8)—(10).
[Ipeanonoxum, 4to momyctumoe pemeHue x° 3amadu (1)—(6) He SABISETCA ONTUMAIBLHBIM

pemenueM. Ha ocHOBaHMM pe3yJIbTaTOB U3 TEOPUH JIBOMCTBEHHOCTH JIETKO JI0Ka3aTh Teopemy 1:



MeTobl TOCTPOEHHS ONTUMANIBHBIX MTAPAMETPOB 1eNIEBON (QYHKIIHH. . . 115

Teopema 1. Ecmu x° - donycmumoe pewerue npsimoti 3aoauu (1)—(6), 1° = u°,r°,v’,w") — donycmu-
Moe pewenue 3a0ayu (7)—(10), komopas seisemcs 0soticmeerHou K 3adaue (1)—(6), 20e v’ = u°, ke K,iel"),
r=(r,p= L), = 0. )ely), w'=w'.(i,/))eU,k e K (i, j)) U BbINOTHACICS PABEHCMGEO
SO =g’ v W,
mo x° — onmumanvHoe pewerue 3adaqu (1)—~6), \° — onmumanvHoe pewerue deoticmeernou 3adauu (7)—10).
Teopema 2. Ilycmo x° =(x!°, (i, j) €U,k € K(i, j)) — donycmumoe pewenue 3a0auu (1)—(6). Ec-

i
JIU KOMNOHEHMbL 6eKMOopa A\=(u,r,v,w), 20e
u=( keKicl®), r=(r,,p=Ll), v=,7)eU), w=w,G)eU, kek(,j)

ons ecex (i, j) eU, y0081em8opsom YClo8UIM.

1
ulk —u;f +Zkg¥’rp -V Scij"., v, 20, keK,d )G j)eU,;
uf —u +Z7J‘" —w; <c;, w20, keK(i,)),@i,))eU; (11)

i '

uf—uf+2>»"”r <cjy ke K@, )VK (1)) € UNUy;

!
(uf —ut +Zx§,ﬂrp —v,—cp)x,’ =0, keK(i,)),0,))eU;
(uf —ut +Zx —wh—c)x’ =0, keK,(i,)).(i,))eU; (12)

uy u"+Zx,,r,,—c)x =0, keK(i,)\K,(i,)).i,)j)eU\U,,

p=1

(di?_ Z xl_,;o)vil_:(),(i,j)er, (13)
ke (i,])
(@ —xtwh =0,k e K, (i, )., j) €U, (14)

mo x° =(x,",(i,j) U,k € K(i, j)) - onmumanvroe pewenue saoayu (1)—(6).
HoxazaTenbcTBO. [TOCKOIBKY KOMIIOHEHTHI BCKTOpa LeA,
A= keK,icl'r,p=11;v,,G /) eUy;w (i, /) €Uk €K, )
Ui BCeX (i, j)eU yAOBIETBOPSIOT ycnoBusM (11), TO BEKTOp A — JOMYyCTHUMOE pElIeHUE JTBOMCT-
BeHHO# 3amaun (7)—(10). s aro6oro gomyctumoro penieHus x’ e Z mnpsMoit 3anauu (1)—(6) u iro-
00ro JOMyCTUMOrO PElIeHUs L € A JBOMCTBEHHOM 3a7aun (7)—(10) CIIpaBeTMBO HEPABEHCTRO:
!
k kO k, Kk k k
Bpluucaum  3HaueHHMe — LENEBOM (byHKuI/H/I (1) =Ha IIOHyCTI/IMOM peueHumn
(i,j)eU,k e K(i, j)) 3amaun (1)—~(6). C yuerom (12)—~(14) umeem:

EOED D RIS YD WRTATIRID S MRTLEND S

(i,j)eU keK (i,j) (i, f)EUO keKqy(i,j) (i,))eU kekK, (i) @, f)EU\Un keK (i, j))\K,(i,))

z Z (uf —u +Z/1’.‘”rp—vij)x + Z Z (u"—u +Z/1kpr —wu)x

(i,))eUy keKy (i, j) (i,/)eU kEKl(’ J)

+ Z z (u —u; +z/1k”

(i,/)eU\U, keK (i, j)\K, (i.])

DOATINELES WEIE TP JPTAE

1/’

X _(-x,/ s

keK jel* Jel (U*) jel; (U*) p=1 (i,j)eU keK (i, ])
kO F k0 _
- Z Vi Z X Z Z W%,
(i,/)eU keKy(i,)) (i,))eU keK,(i,))
/
— k, k k k kO
—ZZaiui +Zap z d Z z dwyf(x) glu,r,v,w) < Z Z Xy -
keK iel* p=l (i.))eU o (i./)eU keK, (i) (i.))eU keK (i)

[Mockonbky f(x")=g(u,r,v,w), TO o Teopeme 1, x’= (x,j ,(i,))eU,k e K(i, j)) —OoOTAMAJILHOE
pemrenue 3anaun (1)—(6). Teopema 2 noka3aHa.



116 JLA. I[Tnnunuyx

3. MaTremaTnuyeckasi Mojie/1b OOPaTHOM 3a1a4M: IOCTPOCHUE ONITHMAJIBHBIX IAPAMETPOB
nejeBoil pynkuuu. [ns 3agaun (1)—(6) mocTpouM MaTeMaTUYeCKyr0 MOJENb OOpaTHOM 3aJaud.
ITo Teopeme 2, B 00paTHOI 337a4e ONTUMHU3AIMHA HEOOXOIUMO CKOPPEKTUPOBATh BEKTOP CTOMMO-
CTH c=(c.,(i,j)eU,keK(,j)) 3amaun (1)—(6) Takum 0Opa3oM, 4TOOBI JOMyCTHMOE penicHue x°’ e Z

ij
3anaun (1)—(6) cTano ONTHUMAalbHBIM PEIICHHEM CKOPPEKTHPOBAHHOM 3aJ]a4i C HOBBIMU 3HAYCHHMSI-
MU KOMIIOHEHT BEKTOpa CTOMMOCTH. 3aMeHUM B orpanudeHusx (8)—(10) nBoiicTBennou 3anauu (7)—

(10) KaXmyr0 KOMIIOHEHTY c; BEKTOpPA CTOMMOCTH ¢ = (c;, (i, j) €U, k € K(i, j)) Ha COOTBETCTBYIOIIYIO

k
i

ij°
BEKTOpa ¢ = (c.. (i, /) eU,k € K(i, j)) . B cooTBeTCTBUU ¢ HOPMOH /, ,
112"5_6"1 Z Z |c _C11|_ z z |0“ _Bl/|_ Z Z (%+B,,) (15)
(i,j)eU keK(i,j) (i,j)eU keK(i,j) (i,/)eU keK(i,j)

OTIpEeICIIUM TaKUE BEKTOPBI o= (a,(i, /) €U,k e K(i,})), PB= (Bi/.,(l,j)EU,kEK(l,])), qT0 JOIIyCTHUMOE

pemreane x°eZ 3amgaun (1)—(6) CTAaHOBHUTCSA ONTHMAJIBHBIM PEIICHUEM SKCTPEMAIBHON 3aJaduu C

neseoit pymmeii 3, 37 (¢j+a}—p))x)* u orpanmsenmamm (2)-(6)
(i.j)eU keK (i,])

~ ~k e . .
[To Teopeme 2 a1 HEKOTOPOTO BEKTOpPa A € A U BEKTOpAa CTOUMOCTH ¢ = (¢;, (i, ))eU,keK(,)))

KOMIIOHCHTY ¢

ij°

BBITTOJIHATOTCA COOTHOILICHU S .

u"+2xj;fj ro—v, <8, v, 20, keK,(,)),0, ) eUy;

p=l1

u —u; +ZX SEU, wl.'j‘.ZO, keK,(,)),(,j)eU, (16)

lj3

u =} +ngp <&, keK(@,))\K,G, /)i, j)eU\U,;
=1

[Tockonpky nmomyctumoe pemenue x° 3agauu (1)—(6) onpeneneHo, ToO B 3aBUCUMOCTU OT 3Ha-
YEHUH TyTOBBIX HOTOKOB x,°, (i, /) €U,, k € K (i, /) ONPEJEIUM MHOKECTBA:

31={(i,j)",(i,j)eUO,keKO(i,j); > xt=al, x;fozo},

keKo(i,))

:{(i,j)k,(i,j)eUO,keKO(i,j): > X' =dy, x,./;.O;éO},

keKy(i,))

keKo(i,j)

={(i,j)k,(i,j)er,keKo(i,j); > xi<d), xj;O:o},

B4:{(i,j)k,(i,j)eUO,keKO(i,j): > x’<dy, x§°¢0}.

keKo(i,))
B 3aBHCHMOCTH OT 3HaYCHHH AYTOBBIX MOTOKOB JIS OyT (i, /), k € K, (i, j),(i, j) € U, COOTHOIIIE-
Hus (16) mpumyT BuA:

I
uik—ul;+z7» r, =V, <c +0L —B

p=1

N2
i y—o’(lﬂj) EBI’
k k - ki k k k k
u; —uj+Z7»ijprp—v,.j:c[j+(x,.j—[3ij,v[j20,(i,j) €B,,
. (17)
k k ki k k k N 4
u; —u; +Zx;rp <c; +a; =By, @0, )" €B;,
=1

1
k k .. _ k Kk pk ogr ok
u; _uf+z}\‘ij rp_cij+a[j_B[js(la]) eB4~

B%BI/ICIAI\/IOCH/IUFSHB.‘IGHPH/IILYFOBBD(HO’IOKOB xt°, (i, j) e U, k € K, (i, j) ONpeNIESIAM MHOXECTBA R, R,, R, :

ij o

R ={(. ) ke K (i.j).G.)eU: x* =0}, R,={G.)"keK(j).G)eU: x"=df},
Ry ={(i. ) ke K (. )., ) eU: 0<x°<dy}.
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B pesynbrare pasOueHns 3Ha4€HUH TyTOBBIX MOTOKOB x,°,(i, )€U, k € K,(i, /) Ha MHOXECTBa

R,R,,R, st OyT (i, )",k € K,(i, j),(i, j)) €U cootHomeHus (16) mpuMyT BUA:

!

k_ ok i ko ok @k (i onk

u; —u; + E A, <cp+ay =B, ))" €R,
p=1

i ij?

1
uF =t + A —wh =t — B w2 0,3, ) € R, (18)
p=1

1
ut —uf +Z;7L§."rp = c;. +0tf;. —B:.‘/.,(i,j)k €R,,
=
B 3aBucuMoOCTH OT 3Ha4YE€HHH 3aJaHHOTO JomycTUMoro pemeHus x° 3amgaum (1)—(6) mus ayr
G, ), ke K@, )\K,(i, j),(i, j) e U \U, TOCTPOUM MHOXKECTBA:
L, ={(, )" ke K, H\K, (G, ). (i, j) eUNU, = x;° = 0},
L, ={(i, /)", k € K(i, )\ K, (i, /), (i, ) eU\U, : x;° > 0}.
B 3aBucumoctu OT pasbueHus Iyr G, )k e K@, j))\K,(i, )),(i,j)eU\U, Ha MHOXKeCTBa L,, L,
cooTHoIIeHus (16) UMEIOT CIeNyOIIUNA BUT:
!
uf —ub 4 M <kl LG ) €Ly,
- (19)

!

k k .. _ k k_pk (: ok

u; —u; + E A, =cp+oy =B, )) €L,
p=1

Jnst KOMIIOHEHT BEKTOPOB a = (ay,(i, /) €U,k e K(i,j)) U P=(B;.(i, /) €U,k € K(i,j)) BBIIOIHEHBI

COOTHOIIECHUSA:
k k PR .
ay > 0,B} >0,(, ) €U,k e K(i, j). (20)
OOpaTHas 3a7a4a COCTOUT B MUHUMU3AIIUHU [IEIeBON (yHKIIUU
h(oB)= D, > (af+PBi)— min (21)
(i,))eU keK(i,j)
nipu orpanndeHusx (17)—(20). B pe3ynbrare pemenus sxkcTpemaibHon 3aaaun (17)—(21) onpenene-
HEI YUCJICHHBIE 3HAYCHUA KOMIIOHEHT BEKTOPOB o= (af.j.,(i, NelU,keK(,j)) "
B= (Bf;,(i, j)eU,keK(i,j), HeoOXomuMble IJII  BBIYUCICHHUS  ONTHMAIBHBIX  MApaMeTpOB

k

&y =cy+a, =Py, (i, ))eU, ke K(i,j). Jlnsa BeKTOpa CTOUMOCTH ¢ =(C;, (i, /) €U,k € K(i,j)) IOMyCTHMOE

k0
i’

pemenue x° =(x\’, (i, /) eU,k e K(i,j)), x’ € Z 3agaun (1)—(6) ABAAETCA ONTUMAIBLHBIM PEIICHHEM JKC-

TpeMaJIbHOM 3a/1a4u C 1eJeBoi PyHKInen
k k k kO .
Z Z (¢ + oy —PB;)x; —> min
(i,/)eU keK(i,j)

1 orpannyeHusMU (2)—(6).
Jlurepartypa

1. Mwmnuyk, JILA. JluHeiiHble HEOMHOPOIHBIE 3aJa4d I[OTOKOBOTO MPOrpaMMHUpPOBaHHS /
JLA. IMunumuayk. — Munck : BI'Y, 2009. — 222 c.

2. ®uamep, M. 3amaun TUHEHHON ONTUMHU3AIIMN C HETOYHBIMH JaHHBIMEH / M. @ummep, 158 Hemoma,
4. Pamuxk, U. Pon, K. Hummepman. — Mxesck : HULL «PerynspHas u xaotuueckas auHamukay, 2008. — 288 c.

3. Burton, D. On an instance of the inverse shortest paths problem / D. Burton, Ph.L. Toint // Mathe-
matical Programming. — 1992. — Vol. 53, Issue 1. — P. 45-61.

4. Ahuja, R.K. Inverse Optimization / R.K. Ahuja, J.B. Orlin / Operation Research. — 2001. — Vol. 49,
Issue 5. - P. 771-783.

5.Jain, S. An Inverse Capacitated Transportation Problem / S. Jain, N. Arya // IOSR Journal of
Mathematics. — 2013. — Vol. 5, Issue 4. — P. 24-27.

benopycckuit rocy1apcTBEHHbIN YHUBEPCUTET [Toctynuia B pepakuuto 21.01.2016



