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Knruosi cnosa: memoou VY pob6oTi po3MIAHYTO METO[ iA€albHOI TOYKH, IO BUKOPUCTOBYETHCS IS
NPULHAMMSL pilleHb, PO3B’sI3aHHA 3aJa4d BOKpUTEpialibHOI onTuMizanii. Enepiie noseneHo, 1o
bacamokpumepianvha KOJIM K1JIbKICTh 3MIHHUX, BiJl IKUX 3aJIeXKaTh KpUTEPii ONTUMI3allii, TepEBUILY€E
onmumizayis, Memoo i0eanbHoi JIBi, IiJIbOBA (DYHKIIiS CKaIIPU30BaHOI 33/1aui BTpayae OmyKIicTh. Lle poOuts
MOYKU, 03HAKA ONYKIOCTI HEMOXXJIMBUM 3aCTOCYBaHHS METOAy MHOXHHKIB JlarpaHxka, OCKIIBKH
¢yuxyii Cinveecmepa, memoo HEOOXiIHI yMOBH ONTHUMAaJIbHOCTI HE BUKOHYIOTHCS.

mHoxcnuxig Jlazpanica. Oco61MBICTIO METONY 1/IeaIbHOT TOUKH € TE, 110 BiH HE NOTpedye N0JaTKOBOT

iHpopmanii Bix ocoOu, sika HpuilMae pillleHHS, IMOJO MEPEeBaru OJHOIO
KPUTEPil0 HaJA IHIIMM y MHOXHHI MOXIIHMBHUX aubTepHaruB. OnHAaK MeETox
0a3yeTbcs Ha MPUIYLIEHHI, IO iCHY€ TEBHHA ONTHUMAaJIbHUK PO3B’ 30K
3a/a4i JIBOKpUTEpialbHOT ONTUMI3allii, SKAH MOXHA 3HAWTH HUIAXOM il
MEPEeTBOPEHHSI HAa BIJAMOBIAHY CKAJISPU30BAHY OIHOKpPUTEpiajbHY 3a/auy.
OCHOBHHUI TPUHIUT BUOOPY KOMIPOMICHOTO PILlICHHS MOJISATAE Y BU3HAYCHHI
aJBTEePHATUBH, 3HAUEHH: SIKOT € HaWOMMKYUM 0 i7iealibHOI TOYKH B TICBHIH
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MeTpHIi. TakuM 4HHOM, METOJ 3a0e3Neuye MOXKIMBICTh OTPUMAHHS HAOIMKEHOTO ONTHMATIBHOTO DIillleHHsS 0e3
noTpedu y BBEJCHHI JOIaTKOBUX BaroBux Koe(iieHTiB a00 Cy0’€KTUBHUX OIIIHOK.

Ioxazano, mo 6ymnu cripoOu po3B’sI3aHHS JBOKPUTEPiaNbHOI 3a/1a4i ONTHMI3aIli] y cdepi IuIaHyBaHHS BUPOOHUIITBA
MPOIYKIIi1y BUMAJKY i3 YOTHpPMa 3MIHHUMHU. BCcTaHOBIIEHO, 1110 TaKy 3a7a4y HE MOKHA PO3B’ 13aTH METOJIOM 1/1eabHO1
TOYKHU. Lle MOSICHIOETBCS THM, 110 YMOBH CiATIOBOi TOUKH, IKi BUKOPHCTOBYIOTBCS JUISl IEPEBIPKH ONTUMAIBHOCTI,
HEe MOXYTh OyTH 3aCTOCOBAaHI uepe3 BiACYTHICTb OMYKJIOCTI LiTbOBOI (DYHKIIIT.

OTxe, METoJ i/leanbHOT TOYKM € e(DEeKTUBHUM JUIsl aHami3y 3aha4 JBOKpUTEpialbHOI ONTHMI3alii, amxe Horo
3aCTOCYBaHHS OOMEKY€ThCS BUTIAJIKAMU 3 KUTBKICTIO 3MIHHHX He OiJIbIle 3a JIBi. Y CKIaHININX 3a/1a4ax i3 OLIbLIO0
KIJBKICTIO 3MIHHUX BUHHMKAIOTh TPYAHOIIIi, OB’ 5I3aHi 3 BTPATOIO OMYKJIOCTI IITbOBOT (DYHKIIiT, III0 YHEMOXKJIUBITIOE
BUKOPUCTAHHS KIITACHYHUX METOIB PO3B’SI3yBaHHS.

Tomy momasnbIi KOCTiIKEHHS OyAyTh CIPSIMOBaHI Ha PO3pOoOKy IMiAXOIB JUIA TOIIYKY aJbTCPHATUBHUX METOJIB
onTHMi3alii (HaBiTh y BHUMAJKaX HEONMYKIHUX CKAIIPU30BAHUX (YHKINH), 37aTHUX 3a0e3meduTH e(eKTHBHUI
PO3B’SI30K JUISL CKIIAJIHUX OaraToKpUTepialibHUX 3a71a4.

EFFICIENCY OF THE IDEAL POINT METHOD FOR SOLVING TWO-CRITERION
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The paper considers the ideal point method for solving two-criteria optimization
problems. It is proven for the first time that when the number of variables on
which the optimization criteria depend exceeds two, the objective function of
a scalar problem loses convexity. This makes it impossible to use the Lagrange
multiplier method, since the necessary optimality conditions are not met.

A feature of the ideal point method is that it does not require additional
information from the decision-maker regarding the preference of one criterion
over another in the set of possible alternatives. However, the method is
based on the assumption that there is a certain optimal solution to the two-
criteria optimization problem, which can be found by transforming it into the
corresponding scalar single-criteria problem. The basic principle of choosing
a compromise solution is to determine the alternative whose value is closest
to the ideal point in a certain metric. Thus, the method provides the possibility
of obtaining an approximate optimal solution without the need to introduce
additional weighting factors or subjective estimates.

It is shown that there have been attempts to solve a two-criteria optimization
problem in the field of production planning in the case of four variables. It
has been established that such a problem cannot be solved using the ideal
point method. This is explained by the fact that the saddle point conditions
used to check optimality cannot be applied due to the lack of convexity of the
objective function.

So, the ideal point method is effective for analyzing two-criteria optimization
problems, but its application is limited to cases with the number of variables not
exceeding two. In more complex problems with a larger number of variables,
difficulties arise due to the loss of convexity of the objective function, which
makes it impossible to use classical solution methods.

Therefore, further research will be aimed at developing approaches that will
allow the search for alternative optimization methods (in cases of non-convex
scalar functions) capable of providing an effective solution for complex multi-
criteria problems.

Beryn. Maremarnuni MeToxu  IUlaHyBaHHs i
ONTHMI3aLi BIAIrPAtOTh KIFOYOBY POIIb Yy Cy4acCHOMY
MCHEDKMCHTI, CKOHOMILI Ta ynpasiiHHi. Bonn He
JIUIIE CTIPUSIFOTH 3MEHIIICHHIO PU3HKIB T/ Yac yxBa-
JICHHS PillleHb, ajieé ¥ AOTIOMAararoTh MaKCHMi3yBaTH
puOyTKH, 3HUKYBATH BUTPATH i e()EKTHBHO PO3IO-
ninsata pecypeu. OCHOBOIO IIMX METOJIB € MaTeMa-
TUYHE MOJENIOBAHHS, SKE Ja€ 3MOTY IPEICTaBUTH
peanpHi MpoOIeMH Yy BUIIISINI MaTeMaTHIHAX 3aj1ad,
PO3B’sI3aHHS SIKUX 3a0e3leuye 3HaXO/KEHHS ONTH-
MaJIbHUX Ta e()EeKTUBHUX PILLICHb.

O06’eKTOM IBOTO JOCIIIKEHHS € Mpouec Po3B’si-
3aHHSA 33]1a4 IBOKPHUTEPiaIbHOT ONITUMI3aIlii 3a J0I0-
MOTOI0 METOAY 11€aIbHOI TOUKH.

MeTo10 mocCaiIKeHHs1 € aHami3 e(eKTHBHOCTI
METOJy 1/eajbHOi TOYKM B pO3B’sI3aHHI 3ajad
JBOKpPHUTEPialbHOT ONTHMI3allil Ta BU3HAYCHHS HOTO
00MEKEHb, [T0B’13aHUX 13 BTPATOIO OMYKJIOCTI LiIbO-
BO1 (yHKIIIT 31 301IbIIEHHSIM KITBKOCTI 3MIHHHX.

I'imore3amu JOCIIIKEHHS € T€, 1[0 METO/I 11€ahb-
HOI TOYKH JTa€ MOKJIUBICTH OTPHMATH KOMIIPOMICHE
pillleHHsI Y JBOKPHUTEPiadbHUX 3aj1a4axX ONTHUMIizalii
6e3 moTpeOu y BBEICHHI BaroBux koediwieHTiB abo
Cy0’€KTHBHHMX OLIHOK; 33 YMOBH, SKIIO KUIBKICTb
3MIHHHUX Y 3a71a4i ICPEBUILYE JBi, TO CKAIAPU30BaHA
Lin1b0Ba (YHKLIS BTPAva€ OMyKIIiCTh, 10 YHEMOXKIIU-
BJIIO€ 3aCTOCYBaHHS METOAY MHOXHUKIB Jlarpanxa;
JUISL BUTIQJIKY CKJIaTHUX OaraToKpuTepialbHUX 3a1ad
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(3 OuUTBII HiK JTBOMA 3MiHHI/IMI/I) HeoOXiHI anmbTep-
HATMBHI METOIM ONTHMMi3auil, 31aTHi BPaxoByBaTH
HCONYKJTiCTh LLTHOBOT yHKIIIT.

Orasin Jgiteparypu. Metos 11eajibHOI TOYKH
JUTSL PO3B’sI3yBaHHsI JBOKPUTEPIaIbHUX 3a/1ad OINTH-
Mizanii po3nsiHyTrid B [1; 2, ¢. 170-173]. B [1] Ta
B OKpEeMHX ITyOJiKarlisax, Hanmpukian [3], mei mMeton
JIETabHO PO3MISTHYTHIH y BHIAJKY JBOKPUTEpiaib-
HUX 3a7a4d 3 IBOMa 3MIHHHUMH, aJDKe, K Oyme IMmoka-
3aHO B po0OTI, 32 O1IIIIOT KUTLKOCTI 3MIHHHX I[1JIbOBa
(GyHKIIS CKansprU30BaHOl 3a/1adui BTpayae OMyKJIiCTh
1 Ui pO3B’si3aHHS TaKWX 3a7a4 METOJOM iJieaIbHOT
TOYKM HE MOXKHA BHUKOPHCTATH KJIACHYHUI METOA
MHOXKHHKIB Jlarpamxka. biauspkumu poOoTamMu 10
IIBOTO JOCHIKeHHS € mpami [4; 5]. Y mocmimkeHH1
aBTOPIB BUKOPUCTaHI METOJIH, 0ny6niKOBaHi B TIparli
[6, c. 247, ¢. 259]. Takox crpoba po3B’s3aTH JBOKPH-
TepiajbHy 32724y ONTHMI3ALi i3 Y0THPMa 3MIHHUMH
Oyna omyOnikoBaHa B mipartti [7, c. 46—49].

Meromu. Y [1; 2, c. 170-173] posmisgaerscs
METO]I 1/IeITbHOT TOYKH, KM MOYKHA BUKOPUCTATH JIJIsI
PO3B’sI3yBaHHs JIBOKPUTEPIaIbHUX 3a]a4 ONTHMI3aIlil.,
Leii MeTon He BUKOPHCTOBYE JIONOMIKHY IH(OpMaLLi
BiJ1 0CO0H, sIKa NPHIAMAE PILICHHS, TIPO HAABHICTH Nepe-
BarM OJHOTO 3 KPHUTEPIiB HA MHOXHMHI AJIBTCPHATHB.
OnHak poOUTHCS MPUITYIICHHS TIPO HASIBHICTH TakK 3Ba-
HOTO ONTHMAJILHOTO PO3B’SI3Ky 3aadi JBOKPHUTEPiaTh-
HOI ONTHMI3allii, KK MOKe OyTH 3HAHICHUH IIISIXOM
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TIEPETBOPEHHS JIBOKPUTEPIANBHOI 3a/1a4i Y BIIMOBIIHO
CKaJIIPU30BaHy OJHOKPHUTEPIAIBHY 3a/1a4y.
SIK110 HA MHOXHHI anbTepHaTHB M

max f(X) = A;, max f,(X) = 4,

TO iZI€aJIbHOK Ha3uBaeThCs Touka (A1 Ay)

[IpaBuno BHOOpPY KOMIPOMICY B LLOMY METOI
MoJIsira€ 'y 3HAXO/DKCHHI albTEepHATUBH, IO Mae
OIIIHKY, SIKa € HaWONMKYOI0 IO 1/1eajbHOI TOYKH B
JesIKii MeTpHIi.

Hamu po3misinaeTbesi OUIyK KOMIIPOMICHOT alib-
TEPHATHUBH SIK PO3B’ 30K CKAIIPU30BAHOI 3a1adi

(i X)) = A+ (fz () = Az)? - min
Ha MHOXXHHI aJIbTEPHATHB.

Hanpuxnan, SIKIITO
[3, c. 24-28]

fi X) =2x; + 3x, - max,

pO3B’s3yBaTH  3amady

fo X) =3x; +x, - max

3a YMOB
{3 X1 + 2x, <12,
4x; + 5x, < 20;

x; =20,x, =20,

TO imeanbHOrO € Touka (12, 12) 1 po3B’si30k 3amadi
3BOJUTLCS J0 BiMITyKaHHSI MiHIMyMY (DyHKITIT

L= (2%, + 3x, — 12)2 + (3x; + x, — 12)? > min

Ha MHOXKHHI aJIETEPHATHB.
ITokaxemo, 1110 SKIIO

fi (X)) = ayx; + byx, + C1X3,
fo (X) = azx; + byx, + cpx3,

ne — Q1,02 b1,b2,C1,C2 Oyap-sKi ymcia, TO LiILOBA
(hyHKIIiSI cKansipr30BaHoOi 3a/1a4di He € OITyKIIOKO.

Crpagni mo3Hauumo uepe3 L mimboBy (yHKIIiFO
CKaJISIpU30BaHOI 3aj1a4i, TOJ1

L = (a1x; + b1xy + 133 — A7) + (ax1 + box, + cx5 — A5)32,

3HaiIeMOo YaCTHHHI MTOX1THi Bi (PyHKIIII L, omeprkimo:

oL

P Zal(alxl +bix; +c1x3, — Al) + 2a2(a2x1 + byx; + cx3, — Az),
1
aL

P 2by(ayx; + byxy + 13, — Ay) + 2by(ay%; + boxy + Cx3, — Az),
2
aL

Fra 261(a1x1 +byxy + c1x3, — Al) + 2c2(a2x1 + byx; + cyx3, — Az).
3

Toxi st YaCTUHHUX TIOX1THUX APYTOTO MOPSIKY
OJICP’)KYEMO 3HAUCHHS:

2 2 2

0°L
— =2(af +a3) =2(a1by +ay by), =2(aic + az c3);

ox? "0 x,0x, 0 x,0x3
%L 0%L 0%L
9x,0%, =2(a1by + a, bz).m =2(b} + b%).m =2(byc1 + by ¢3);
%L 2 %L
- - - -2 2o o2+ D).
9x20%, (c1a1 + c2a3), %207, (e1b1 + ¢3b3), 92 (cf+ ¢3)
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CKJ'IB.I[CMO BU3HAYHUK

%L %L %L
@ 0 x10x, 0 x10x3
_ | 9% 92L 92L
A= 0x,0x, d x% 9 x,0x3
9%L 9%L %L
dx30x;  0x30x, ox?

[TigcTaBisitoun 3aMiCTh MOXIJAHMX iX 3HAYEHHS,
OJIEPIKYEMO

2(a? +a2) 2(a;b; +a, by) 2(asci +a,cy)
A=12(bya; + byay) 2(b? + b3) 2(byci + by c3)
2(ciay + cza;)  2(c1by + c3by) 2(c2 + ¢3)

Toni
A=38[(af + a3 )(bi + b)) (ci + ¢3) + 2(aby + az by)(ascy + +azc; )(bicy +
+bycy ) = (af + a3 ) (bycy + bycy )*—(bf + +b3 )(ascy + +az )% — —(cf +
c3)(ahy + azhy )%

Po3kpuBIIN TyKKH 1 3BiBIIM TOAIOH] WiIeHH, OAep-
Kyemo, 110 A = 0.

Pe3ynbTarn. Yinepiie npoBeeHe I0CHTIHKEHHS
O3HayJae, 10 1iaboBa (yHKUis L 3rigHo 3 03HaKOIO
CineBecrepa [4, c. 247 | He € onyKII010, TOOTO 3aCTO-
cyBaru MeroJ MHOXHHMKIB Jlarpamka [4, c. 259] B
OMY BHIIQJIKy HE MOXKHA. 3a/1aqy HE MOKHA PO3B’s-
3aTH METOZIOM 1/1€aIbHOT TOUKH.

Busnaunuk A = 0 1 Toi, KOJIM KUIBKICTh 3MIHHHX
dyukuiit f (X)maf,(X) nepesumye tpu. lle o3Ha-
Yae, 10 HiIboBa (YHKLIS CKaJIIpU30BaHOI 3a1adi B
TAKOMY BHUIAJKy TaKOX HE € OIMYKJIOI0, TOMY 3aCTO-
CyBaTl METOJ MHOXKHUKIB Jlarpamka ajst po3B’s3y-
BaHHA TAaKWX 3aJa4 He MO)kHA. Taki 3aa4ui He MalOTh
PO3B’sI3Ky METOJIOM 1/1eaTbHOI TOUKH.

Crin 3ayBakuTH, IO BiZIoMi cripoOM po3B’s3aTH
JBOKpPHUTEpiaJibHy 3aJady ONTHMi3alil 3 KUIbKICTIO
3MIHHHMX, L0 HepeBuulye naBi. Tak, HanmpukiIan, B
[5, c. 46—49] posmsgaeThest TBOKpUTEpiabHA 3a1a49a
IUIAaHYBaHHS BHUPOOHMUTBA MNPOAYKLii i3 YOoTHpMa
3MiHHUMH. LlinboBa QyHKLIs cKkanspu30BaHOi 3a1a4i
B IIbOMY BHIAJKy Ma€ BUIJISIL:

L =Q2x, +3x, + X, + x, —190)> + (x, + 2x, + 3x; + 4x, — 275)* — min .

Ockinbku
Si = 4(2x, + 30, 4%, + X, —190) 4 2(x, + 2x, + 3x; + 4x, — 275),
Xy
oL
o 6(2x, +3x, + X3 + x, —190) + 4 (x; + 2x, + 3x; + 4x, - 275),
X5
oL
P 2(2x, + 3%, + x; + x, —190) + 6(x, + 2x, + 3x; + 4x, — 275),
3
TO
oL 'L 'L
— = 10’ = 16, = 10’
0x; 0Xx,0x, 0X,0x,
oL .. 0L L 18-
0x,0x, T ox? " 9x,0%, ’
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2 2 2
0L _yo, TL 15, 0Ly
0x;0x, 0x;,0x, 0x;
ot 10 16 10 58 5
A=16 26 18/ =88 13 9|=
10 18 200 |5 9 10

= 8 (650 + 720 - 325 - 405 - 640) = 0.

Otxe, npesicTaBIeHa B TOCIIHKEHHI 3a1a4a He Ma€e
PO3B’s13Ky. YMOBH CiJUTOBOi TOYKH 3alMCaHi, PoTe iX
HE MOJKHA BUKOPUCTATH y 3B’SI3KY 3 THUM, LIO LJIOBa
(yHKILIS CKaIIpU30BaHOI 3a]Ja4i HE € OMYKIIOH0.

BucHoBku. Meton ieanbHOi TOUKH € €PEKTUB-
HUM JUIsl aHami3y 3a/ad JBOKPUTEPiabHOI ONTHMI-
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3arlii, ayie Horo 3acTOCyBaHHSI OOMEKYEThCS BUTIA]I-
KaMH, 110 TependavyaroTh He OibIe HiXK JB1 3MiHHI.
V cxknamHimux 3amadax i3 OUTBIIO KUTBKICTIO 3MIiH-
HUX BUHUKATUMYTh TPYIHOIII, TIOB’sI3aHi 3 BTPATOIO
OIYKJIOCTi IIbOBOi (DYHKIII{, 10 YHEMOXXIIHBIIIOE
BUKOPHUCTAHHS KITACHYHUX METOIB PO3B’A3yBaHHSI.
Tomy mofabIn JTOCHIKCHHS MATUMYTh BEKTOP
CIpsIMyBaHHS Ha PO3POOKY IiIXOMIB ISl TIOUIYKY
aJpTEpPHATHBHUX MeTOAIB onTtuMmizarii. Lle cTocysa-
TUMETHCSl TAKOK BHUIMAJKIB HEOMYKJIHX CKAJSIPH30-
BaHUX (yHKIH, mo 31aTHi 3a0e3neunt e(eKTruB-
HUI PO3B’SI30K IS CKIIQJIHUX 0araToKpUTepiaabHUX
3a1a4. A po3B’SI30K TaKUX 3a/1a4 € HEOOXITHUM erle-
MEHTOM TMiJBUIIEHHS e(DEKTUBHOCTI yIPaBIiHCHKIX
pillieHb y 0araTboX rajgy3sx HayKHd Ta IPOMHUCIOBOCTI.
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