Ve

rse. Capar. yH-1a. Hos. cep. Cep. Marematnka. Mexannka. MHpopmatnka. 2015. T. 15, Bbin. 1
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In the paper, the basis of identities for the variety generated by semigroups of relations with the operation of reflexive double

cylindrification is found.
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UCNO/Ib3OBAHUE METOA 3TAJIOHOB A1 PEWIEHNA 3A0AN
OWNCKPETHOW MHOIOKPUTEPUATIbBHON ONMTUMWU3ALLUIA

A. A. bynaeBa

KaHanmoar TexHuuecknx Hayk, AOLEHT Kadpenpbl aBTOMATU3upoBaHHOW 06paboTku MHdpopmaum, Ceepo-KaBkasckuid ropHo-
MeTanypruyeckunini IHCTUTYT (rocy LapCTBEHHbI TEXHONOrMYECKN yHnBepenTeT), Bnaankaekas, budalina@yandex.ru

PesynbTarthl UCCNe[0BaHMI 3a4ay NaHMPOBaHIS 11 YpaBNeHUs MOKa3biBaloT, HTO B peasibHol MOCTAaHOBKE 3TY 3aaui sBNSoTCS
MHOTOKpUTEpUanbHbIMI. LUNst 30pCPEKTUBHOMO PelleHIst Takoii 3a4a4i HeoBXOANMO B NepByio 04epeab MOCTPOUTL MHOTOKpUTE-
puranbHY0 MaTeMaTi4eckyo MofieNb, KOTOPYIO 3aTeM Hy>HO ONTUMU3IPOBATL, NPeaBapuTeNbHO BbiIGpas Hanbosee noaxoAsiui
LIS 9T0r0 MeTo,. TpenaraeTcst NOAX0A K PEWeHNo 3aa4 ANCKPETHO MHOTOKPUTEPHABHO ONTMI3ALIN, B OCHOBE KOTOPOro
NeXaT MOHSTUS 3TaNoHa 1 PaCCTOSHIAS, U PaCcCMATPUBAETCS! MHOTOKpUTEpUanbHas 3aaada AUCKPETHON ONTMMI3aLIMIA, KoTopast

peliaeTcy ¢ NOMOLLbO 3TOro MeToaa.

Kntoyeseie cnosa: MHOrokputepuanbHblie 3ana4qu, AMCKPETHaa oNTUMU3auns, 3TanoH, pacctosHne, BeKTop naeasbHOro 3Ha4eHus

LLeneBoN (OYHKLAN, KCMEPTHbIE OLIEHKM.

BBEZEHUE

[Tpo6./ieMBl MPUHSATHS ONTHMAJbHBIX NPOEKTHBIX pellleHHH, BOSHUKAIOLINE B Pa3/JUUHBIX 00JacTsIX HayKH
U TEeXHHUKH, 9aCTO MOTYT ObITb C(POPMY/JIMPOBAHBI KakK 3afayd AMCKPETHOH onThMusauuu. OTJHUHTE bHAS
0COOEHHOCTb 3alad JUCKPETHOH ONTUMH3AUUU COCTOUT B HAJUYHUK KOHEYHOTO MHOXKECTBA NONYCTHMBIX
peLleHH, KOTOpble TeOPeTHUECKH MOXKHO MepebpaTh U BbIOpaTh Hausyullee (Haiollee MUHUMYM HJIH Mak-

CUMYM LIeJIEBOH (PYHKIHHM).
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Jlas pellleHus 3a1a4 QMCKPETHOTO NPOrpaMMHUpOBaHUsl pa3paboTaHo 00JblIoe UHCJI0 METONOB, OCHOB-
HBIMM M3 KOTOPBIX SIBJISIIOTCS METOZ BeTBEH M IpaHMLL M JHHAMHUecKoe NporpaMMupoBaHue. JlOCTOMHCTBOM
TUX METOJOB SIBJIS€TCS TOJy4eHHe IVI06aJbHO ONTHMAJNbHOrO pelieHrs. OnHAKO OHM MpefHA3HAUEHbl 1Jis
peLIeHUs] TOJIbKO ONHOKPHTEPHANBHBIX 3a1ad.

Bce 3agaun, peasbHO BO3HMKAIOLIME B CUCTEMax yIpaBJeHHUs, 10 CYyTH CBOeH MHOTOKPUTEPHAsbHbBL. ITO
00bEKTHBHO CBSI3aHO C TeM, YTO B KaXK0H 5KOHOMHUECKOH, IPOM3BOACTBEHHOH, TPAHCIIOPTHON CUCTEMe HMe-
eTcsl psiJl yUaCTHUKOB, KaXK/blH M3 KOTOPBIX M0-CBOEMY OLleHHBaeT KayecTBO NIPUHHMaeMbIX pelleHHH. Kpome
TOr0, HEKOTOpble YYAaCTHUKH MOTYT OLleHMBATb IIPHUHUMaeMble pelleHUs 110 HeCKOJbKHUM IoKasdaTessiM. Tak,
NpU 5KOHOMHMYECKOH OLleHKe MpoeKTa, KPUTePUSIMH CJy»KaT 3KOHOMHYecKas 3(P(PeKTUBHOCTb, CTOMMOCTb,
peanusyemocTb. IIpy nokynke o6opynoBaHHs Mbl OMSATH CTAJKHBAEMCS C HECKOJBKMMH KPUTEPUSMHU: CTOM-
MOCTb, HaJle>KHOCTb, IPOU3BOAUTEbHOCTL U T.J4. B oflieM BUze 3agaya JUCKPETHOH MHOTOKPUTEpHAsbHOH
ONTUMH3aLHUK 3aMHUChIBAETCS CJIEAYIOINM 00pa3oM:

Vi Fi(f) — max(min),
YV jgi(X) <b; (1)
Vk:azpe Xy X={x1,22,...,0m}
rae Fy(X) — i-it kpurepnit (i = 1,2,...,n), X — BeKTOp NepeMeHHbIX, wj()?) — j-e orpanuuenue, X —
MHOKeCTBO 3HaYeHHH, IPUHUMAeMbIX k-H MepeMeHHOH.

[Touck perienust 3anaun (1) He mpencTaB/sieT 0COOBIX CJA0XKHOCTEH, KOTA: Kpumepuu KOOnepupyromcs
(mpenmouTeHue MO OTHOMY KPUTEPUIO BJeUeT 3a COOOH TaKoe »Ke MPeANouTeHHe [0 APYrOMY KPHTEPHIO);
Kpumepuu HetimpanrvHol N0 omHouleruto opye k Opyey (MOUCK pelleHHs M0 OOHOMY KPHUTEPHI0 HHUKaKUM
00pa3oM He OTpaxKaeTcsl Ha MOMCKE pelleHHUs M0 APYroMy KPHTEPHIO).

OcHoBHasi Ke CJ0XKHOCTb pellleHUsi MHOTOKPHUTEPHAbHBIX 3a/lad COCTOUT B TOM, YTO B OOJbIIHHCTBE
c/1ydyaeB KPUTEPUM KOHKYPHPYIOT APYT C APYTOM: MOHUCK 0oJiee MPeANOYTHTENbHOTO pellleHHs M0 OfLHOMY
KPUTEPUIO MPUBOAUT K TOMY, YTO PelleHHe CTAHOBHUTCS MeHee MPEeANOUYTHTENbHBIM 10 APYTOMY KPHUTEPHIO,
T. €. pelleHHs] HECPABHUMBI MEXIY COOOH.

AHanu3 TaKUX CUTYalUH MOXKeT OBITb OCYIIECTBJEH MPU MOMOLIY BblIeeHHs 00JaCTH KOMIPOMHCCOB —
pereHui, ontumanbHbix no [lapeto [1]. BekTop mepemenHbix cuntaercs [1apeTo-onTUMa bHBIM, €CJIH YayU-
IIeHWe 3HAUeHHH ONHHUX KPHUTEPHEB MOXKET ObITb JOCTHUTHYTO TOJIBKO 3@ CUET yXYIALIeHHS 3HAUeHWH APYTHUX
KpHUTepreB. ¥ NAHHOTO MOAXOAA €CTb HEeCKOJbKO HENOCTAaTKOB: BO-TEPBBIX, MOUCK ONTHMAJbHOrO pelleHHs
orpaHuyeH 06JacTbi0 KOMIIPOMHCCOB, KOTOpasl, Kak MpaBHJO, yxkKe Bcel 00/1acTH HONMYCTHMBIX peLleHHH;
BO-BTOPbIX, CPAaBHUTEJNbHO 00JblIAs MOILIHOCTb MHOXKECTBA ONTHMAJ/bHBIX MJaHOB MOXKET 0Ka3aThbCsl COW3-
MEPUMOH C MOIIHOCTbIO MHOXKECTBA BCEX NOMYCTHUMBIX MJaHOB [2].

MPUMEHEHWE METOOA 3TAJIOHOB K PEWEHMIO 3A0AY MHOTOKPUTEPUA/IbHOW ONTUMU3ALLM

OnHUM M3 OCHOBHBIX METOJIOB ellleHHs 3aay JUCKPEeTHOH ONTHUMH3ALNH SIBJSETCS MEeTO[ TUIA BeTBeH U
rpaHul. [JIaBHBIM JOCTOMHCTBOM 3TOI0 METOAA SBJISIETCS] BO3MOXKHOCTD M0JY4eHUs I7100a/bHO ONTHMAa/bHO-
ro pelleHus. B ocHoBe MeToda J1eXKUT Hesl MOC/AE0BATENbHOrO pa3bueHnsl MHOXKeCcTBa NOMYCTHMBIX pelle-
Hu#. Ha kax oM 1are MeToza a/ieMeHThl pa3OHeHHs (TOIMHOXKECTBA) MOABEPraloTCsl aHaMU3y — COLEPXKHUT
JIM JlaHHOE MOJMHOXKEeCTBO ONTHMasbHOe pelleHHe WK HeT. JlomycTHMoe pelleHHe, Naiollee Hauaydllyio
BEpXHIOI0 OLIeHKY, Ha3blBaloT pekopaoM. OueBHIHO, YTO AJ OJHOKPHUTEPHANbHBIX 3a/ad 3HaueHHe peKopia
BbIUMCJISIeTCA ONHO3HAUHO. B ciyuyae »ke MHOTOKPUTepHa/bHBIX 3aJad NP KOHKYPHUPYIOLLUX KPUTEpPHUsX pe-
IIeHHUsT HeofHO3HA4HEl. CJle10BaTeNbHO, /IS IPUMEHEHHsT METOAa BETBeH M IPaHHLl K MHOTOKPHTePHATbHBIM
3azayaM TpebyeTcs CBECTH HCXOAHYIO 3anauy (1) K OnHOKpPHUTEepHaNbHOMN.

Ha ceropHsilHUI JeHb CyLIecTBYIOT pasjM4Hble CIOCOOBI TaKOro mpeofpasoBaHUs, HalpUMep, Bblfe-
JIeHHe TJIABHOrO KPHUTEpHsi, Mepexof K OJHOMY 000O0lIeHHOMY KpuTepuio u ap. [3-5]. Meron rnaBHoro
KPUTEPHsI CBOAUTCS K ONTHMH3ALMHU 110 OLHOMY BEIODAHHOMY KPHTEPHIO, IIPH YCJIOBHH, YTO OCTAJIbHBEIE KPH-
TepUH He OoJsibllle (MJIM He MeHblle) NPHeMJIEMBIX 3HaueHHH. MeTon 0000IIeHHOrO KPUTEPHs 3aKJ/I0uaeTcs
B CBEPTKe HabOpa KpPUTepHeB B UUCJOBYIO (DYHKLHIO, KOTOpas U OyleT sIBJAATbCS HOBOH Lie/leBOH (DyHKLIHeH.

Bunbl cBéproxk:

1) nuneiinas céptka: f = a1 F1 + -+ a, Fy;

2) MyJIBTHIIMKATHBHAs CBEPTKA: f = F™ s -« % FOn;
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3) mpuBeneHHas cBéprTka: f = min — WK f = max — ;

e 7 e 7

4) v np.

OCHOBHOH MHHYC yKa3aHHbIX METOJOB COCTOMT B HEOOXOAMMOCTH MPHBJIEYEHHSs SKCIEPTOB Ha PasHbIX
JTalax pelleHHsl 3afaud, HalpUMep, IIPU BbIOOpe IJIABHOTO KPUTEPHsl MJIM IIPH ONpefie/leHHMH BeCOBBIX KO-
3¢ duLreHToB. MHEHUS 9KCIEPTOB YaCTO POTHBOPEUYMBHI, BCJAEICTBHE Yero pelleHus:, rojydaeMble NpHBe-
J€HHBIMHU MeTOJlaMH, MOTYT 0Ka3aTbCsl HeOJHO3HauHbIMU. [IpHMeHeHHe MeTONa 9TaNoHOB, C OLHOH CTODPOHHI,
103BoJisieT noJyudath [lapeTo-onTHMal/ibHbEIe pelleHusi, C JPyrod CTOPOHbl — He TpeOyeT 3KCIepTHOH OLeH-
KN HcxogHo uH(popmanuu. CyTb MeTOHA COCTOMT B BBEIIEIEHHH ITAJOHHOTO DELIeHMs: HaWUTy4llero HUjn
Hauxyauero. Hauay4iuii stanoH OyneT UMeTb B KayecTBe CBOMX XapaKTEPHUCTHK HaWJyullde 3HAYeHUS
1eJ1eBbIX KpuTepreB 3anaur (1), a HAUXYALIMH COOTBETCTBEHHO HaMXYHLIHe 3HAUEHHUS.

PaccmoTpum ere nBe 3amauu:

Vi: K; = F;(X) — max(min),

Ve (X) <bj, @)
Vk:aop€ Xk, X={z1,29,...,2m};

Vi:W; = F;(X) — min(max),

V(X)) <bj, (3)
Vk:aop€ Xk, X={z1,29,...,2m}

Pemasi 3amaun (2) u (3) IpUMEHHTENBHO K KaXKAOMY KPHUTEpPHIO, MOJydaeM 2 BeKTOpa: BEKTOD Hawu-
JyUulIMX 3HaueHH# kpurtepueB — K = {Ki,Ko,...,K,,} ¥ BEKTOp HaUXYALIMX 3HaYeHHH KPUTEPHEB —
W ={Wy,Wa, ..., Wy, }.

Torna 3amaua (1) mpeoGpasyeTcsi B ONHOKPUTEPHANBHYIO 3a1auy BHAA

A(X) = Y [K; — Fi(X)]? — min,
i=1
Vk:xp€ Xk, X={z1,29,....2n}

C y4yeTomMm O6JIM30CTH C HaWuJydliuM 3TaJIOHOM HJIK BHOA

= i W; — FZ(X:)]2 — max,
i=1

Vo (X) <bj, (5)
Vk:xp€Xe, X={z1,29,...,2m}

5(X)

C Y4YeTOM YAaJIeHHOCTH OT HAWXYALIero 3TajoHa. B KauecTBe Mepbl OJHM30CTH O0OBEKTOB BOCIMOJb3yeMCs
KBaJpaToOM €BKJHJO0BA PACCTOSHUS.

[leseBble QyHKIMKU B MoyueHHBIX 3anadax (4) u (5) Hesnuueinbl. OmHako, MPUHHUMas BO BHHMaHHe
JUCKPETHOCTb 3HAUeHWH BeKTOpa X s petienus 3anad (4) u (D), MOXHO BOCIOJIb30BATbCS METOLOM
BeTBell W rpaHuLl.

Takum o6pasom, perieHue 3agadu (1) COCTOMT M3 OBYX OCHOBHBIX 3TAllOB: ONTHMH3aLMs Ka)KIOH OT-
JIeJIbHOH L1esIeBOH (PYHKIIMM C y4eTOM 3a[aHHBIX OTPAHUUYEHHUH U MUHHMH3AUUS KPUTEPHUS A()?) (nnmu mak-
cumu3anus kputeprst 6(X)).

Jlanee nokasbiBaeTcsl, YTO ONTHMaJsbHble pelleHust 3anad (4) u (5) sBasiorcs [lapeTo-onTHMaIbHBIMU
pererusiMu cucrembr (1).

Teopema. Onmumanvroe peuierue cucmemolr (4) asasemces [lapemo-onmumarvHoimn peuieruem Cu-
cmemot (1).

—

JokasarenabctBo. OGo03HauMM yepe3 X,,; ONTHMAJbHBEIH BEKTOD MePeMeHHbIX CHCTeMHI (4), T.e.

A(Xopt) = min A(X), (6)

rae {X} — MHOXKeCTBO JOMYCTHMBIX pelleHHH cucTeMbl (4).

24 Hay4Hbiri oTgen
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JloxaxkeM 3Ty TeopeMy MeTOLOM OT NpoTHBHOro. IlycTe TeopeMa HeBepHa, M BeKTOp X,,: He ABJACTCA
[Tapero-ontumanbHbiM peteHueM cuctembl (1). Torma cymectyer [lapeTo-onTUMa/bHBIH BEKTOp MepeMeH-
HbIX X7, MHOXECTBO KpUTepHeB F KOTOPOrO MOXKHO pas3lesuTh Ha [Ba MoaMHOKecTBa F| u FY, Takux
4TO:

Ap(X) = Ap/(X) + Apy (X).

K nogmHOXKecTBY KpuTepHeB F| OTHeCeM KPHUTEPHH, 3HaueHHsl KOTOPBIX Y/IyULIHTb HeJb3s, TOrAa MOXKHO
3anucars:

—

Y F € F : Fi(X1) = Ar, (Xopt) = Apr(X1) = Apy (Xopt).

3HaueHus KPUTEPUEB MOAMHOXKECTBA F2 YJAY4YIIHUTb MO2KHO, CJA€N0BAaTE€J/JbHO, CIIPABEAJIMBO BbIPA2KEHUE!
V F; € F2/ : FZ(XI) - AFi(Xopt) = AFQ’(Xl) < AFZ’(Xopt)' (7)

Bripakenne (7) npotuBopeunt (6). Ecan )_('opt SIBJISIeTCS ONTHMAaJ/IbHBIM CPeM BCeX HOMYCTHMBIX pellle-
HUH cucTeMbl (4), To BelpaxeHHe (7) MOXKeT ObITh CIPaBEIJHBO TOJNBKO TOTNA, KOTAA BEKTOP MepeMeHHBIX
X, He SIBJSIeTCS JOMYCTHMBIM (CJILOBATENBHO, He sIBASETCS 11apeTo-ONTHMANBHBIM peLleHHeM CHCTEMBbI
(1)), B mpoTuBHOM cayuae A gy (X)) = Ap; (Xopt) -

HMrak, 10oKa3aHo, UTO ONTHMAaJbHOE pellleHHe CHCTeMBI (4) siBiIsieTCst ONTHMaJ/bHBIM 110 [TapeTo peleHreM
cucrembl (1). O

Takum xe 06pa3oM MOXKHO MOKa3aTb, 4TO ONTHMAajbHOe pelieHue cucrembl (5) sBasercs [lapero-
ONTHMAJIbHBIM pelleHHeM cHcTeMBl (1).

AHanornuHbIHA pe3ysbTaT — ONTHMaJbHOCTb MpelsaraeMoro peieHusi no [lapeto — MOXKHO MOJYYHTD,
€CJIM BOCIOJIb30BAThCs MOHSATHEM 0000IIEHHOTO KPUTEpHsl, BBeIeHHOro B padore [5].

[Ton moctpoeHueM 06O0OLIEHHOTO KPUTepUsi B MHOrokputepuaibHod 3IIP nonumaercs npouenypa, Ko-
TOpasi «CHHTEe3UpyeT» HabOp OLEHOK 10 3aJaHHBIM KPHUTepUsiM (Ha3blBaeMbIM B 3TOM CJyuyae 4aCTHBIMH,
UK JIOKQJIbHBIMU, KPUTEPHUSIMH), B €IHHYIO0 YHCJIEHHYIO OLEHKY, BbIPAXKAIOILYI0 HTOTOBYIO MOJIE3HOCTh 3TO-
ro Habopa OLEHOK AJisl IpUHUMamoLlero peuleHus. IlokasaHo, uTo HosydyeHHoe OTOOpaKeHHe MHOXKEeCTBa
JOMYCTUMBIX pelleHUH B R siBssieTcs cTpOoro H30TOHHBIM OTHOCUTE/bHO [lapeTo-nmpeanoureHus.

Torna crnpaBensiuBO caenyollee yTBepKIeHHe.

YrBepxknenue. Omobpasicerue, Komopoe KaiOOMy peUlerHuro Cmasum 8 COOmeemcmaue e2o paccmo-
AHUe 00 IMANOHHO20 peuleHus, A8AAemcs 0000ULeHHbIM KpUumepuem.

M3 storo yTBep:KaeHHS CjelyeT, YTO pelleHHe, Ha KOTOPOM JOCTHUraeTcss MUHHMaJ/bHOe 3HaueHHe KpHU-
tepust A(X) (nau mMakcumasabHoe 3HaueHue kputepus d(X)), sBasiercst [lapeTo-onTUMaabHbIM.

NMPUMEP PELUEHUS

[IponnmiocTprpyeM Ha MpUMepe MPUMeHEHHe METO/Ia BEeTBEH U TPaHMULL K PelleHHI0 MHOTOKPUTEpHAbHOH
3a/laun.
[lycTb naHa crepylollass MHOTOKpUTEpHa/bHas 3anava:

Fy = 3x1 + by + 223 — max,
Fy =4z + Txo + 33 — min,
F3 = 8x1 + x5 + 43 — min,
Fy =91 + 625 + 223 — max, ()
Fs = 6x1 + 3z9 + 1oy — max,

1021 + 1725 4+ 223 < 20,

3x1 4+ 10z + 43 > 5,

3aznaua (8) comep:KUT 5 KOHKYPUPYIOLIKUX KpUTepHeB. Ha nepBom stane HaiigeM rio6anbHO ONTUMA/bHbIE
pelleHHst A/l KaXKJI0T0 OTAeJbHOTO KpuTepusi. Pe3ysbTaT pellieHrs UMeeT BUJ

Ki=7 X1 ={0,11} K,=7 = X;={101}; K;=1,  X3=1{0,1,0}
Ky=11, X,;={1,0,1}; Ks=3, X5={0,1,0}.
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Vcnosibayst royuenHslii Bektop K = {7,7,1,11, 3}, BeinoJHAM npeoGpasoBanne 3anaun (8) K Buny (4).
LleneBoit kputepuit A(X) mocse ynpoiienuii npumet Buf (9)
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A(X) = 20622 + 12023 + 3423 + 2462125 + 1482113 + 1002973 — 3482, —

—32079 — 12873 + 229 — min. (9)

Pemasi ncxopHyto 3anauy (8) ¢ onHuM wesieBbIM KputepueM (9), mosydnM B KadecTBe peLIeHHs TOUYKY
X ={0,1,0}. 3nauenute A(X) npu 5ToM paBHo 29, a 3HaueHus LeneBbiX Kputepues: Fi(X) =5, Fr(X) =7,

— — —

F3(X) =1, Fy(X) =6, F5(X) =3.
[list cpaBHeHwusl, npuBefeM 3HadeHus: oueHok A(X) B TOUKax, MONYYEHHBIX B 3agadaX OIHOLEJEBOH
ONTHMH3ALHUH:

X, ={0,1,1}, A(X)) =35  Xy={1,0,1}, A(Xp)=141; X ={0,1,0}, A(X)=29.

Takum 06pas3om, BUIHO, YTO MOJy4YeHHAsi TOYKA sIBJseTCs HauboJjiee ONTHMAJbHOH.

3AK/TIOHEHUE

[IpensioxkeHHBIH BBIIIE MOAXOM MO3BOJSET C €IHHBIX MO3ULUHA MOJOHUTH K PEIIeHHI0 NUCKPETHBIX MHO-
TOKPUTEPUAJBbHBIX 3a/1a4, UCIOJAb3YS MPHU 3TOM NOCTOMHCTBA METOAOB OIIHOKpI/ITepI/IaJ'IbHOI./JI JII/ICerTHOI'/JI OIl-
TUMH3alKu. Mcrnonab3oBaHHe NPH 3TOM MeTONA 3TaJOHOB JaeT BO3MOXKHOCTb, C OLHOH CTOPOHBI, MOJy4aTh
[TapeTo-onTuMa/bHble pelLlieHUs, ¢ IPYTOH CTOPOHBI, «ECTECTBEHHO» MePeXOdUTh OT MOUCKA OMTUMAaJbHOTO
pellleHHs] MHOTOKPUTEPHA/bHBIX 3ala4 K ONTHMa/JbHOMY pelIeHHIO 3ajad ¢ OfHOH LeJseBoi (yHKUMel Oe3

MPUBJIEUEHHsT TOMOJHUTENbHBIX YCA0BHE [3].
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Comparison Standards Method for Solving of the Multi-criterion
Discrete Optimization Problems
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Research results of management and planning problems show that in real statement these problems are multi-criterion. For effective
solution to these problems it is necessary to construct multi-criterion mathematical model and then it is necessary to optimize
it, beforehand selecting the most appropriate method for this purpose. Proposed approach for multi criteria discrete optimization
problems is based on the concepts of measurement standards and distances. With the help of this method the multi-criterion discrete

optimization problem solution is considered.

Key words: multi-criterion problems, discrete optimization, measurement standards, distance, ideal value vector of objective function,
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Non-selfadjoint second order differential systems on the line having a non-integrable regular singularity are studied. We construct
special fundamental systems of solutions with prescribed analytic and asymptotic properties. Asymptotics of the corresponding
Stockes multipliers is established.

Key words: differential systems, singularity, spectral analysis.

INTRODUCTION

Consider the Dirac system on the line with a regular singularity:
BY'(@) + (Qo(2) + Q@) )Y (2) = A\ (2),  —o00 <& < +0, (1)

where

Y(x) _ yl(gj) , B = 0 1 , Q((L’) _ 111(@ g2 :E) , QO(x) _ E 01 ,

y2(z) -1 0 @(@) —q) z \1 0
here p is a complex number, g¢;(z) are complex-valued absolutely continuous functions, and
¢;(r) € L(—o0,+00). In this short note we construct special fundamental systems of solutions for
system (1) with prescribed analytic and asymptotic properties. Behavior of the corresponding Stockes
multipliers is established. These fundamental systems of solutions will be used for studying direct and
inverse problems of spectral analysis by the contour integral method and by the method of spectral
mappings [1,2].

Differential equations with singularities inside the interval play an important role in various areas
of mathematics as well as in applications. Moreover, a wide class of differential equations with turning
points can be reduced to equations with singularities. For example, such problems appear in electronics
for constructing parameters of heterogeneous electronic lines with desirable technical characteristics
[3,4]. Boundary value problems with discontinuities in an interior point appear in geophysical models
for oscillations of the Earth [5]. The case when a singular point lies at the endpoint of the interval was
investigated fairly completely for various classes of differential equations in [6-8] and other works. The
presence of singularity inside the interval produces essential qualitative modifications in the investigation
(see [9]).

Our plan is the following. In the next section we consider a model Dirac operator with the zero
potential @(x) = 0 and without the spectral parameter. It is important that this system is studied in the
complex x-plane. We construct fundamental matrices for the model system. Using analytic continuations
and symmetry we calculate directly the Stockes multipliers for the model system. Then we consider the
Dirac system on the real z-line with Q(z) = 0 and with the complex spectral parameter, and carry over
our constructions to this system. In the last section 3 we construct fundamental matrices for system (1)
with necessary analytic and asymptotic properties. Asymptotic properties of the Stockes multipliers for
system (1) are also established.
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