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AHHOTANUA

PaccmarpuBaeTcsi MHOrOKpUTEpHalbHas 3afada MapHBIX CpaBHe-
HUI1 U151 onpeie/IeHNsI IPHOPUTETOB BHIIOJHEHUSI JOPOXHBIX PaOOT
IO pa3BUTHIO TPAHCHIOPTHON UH(PACTPYKTYphl. IIpuBoauTcs pere-
HMe 331241 Ha OCHOBe 10g-ueOBIIIeBCKON anmnpoOKCUMAli MaTpHI]
MapHBIX CPABHEHUI C IOMOIIBIO TPONMYECKOH aJIreOpsl.

MHorokpurepuajibHasi 3a/1a4a NapHbIX CPAaBHEHUM

MHorokputepualbHas 3aavya napHbix cpaBHeHui [|ll, 2, B] no3BosseT onpe-
JEIUTh 3HAYMMOCTb AJIbTEPHATHB, HANpUMeEp, NP IUIAHUPOBAaHUM pa3BUTUSA
JIOPOXKHO-TPAHCTIOPTHOM MHPPACTPYKTYPHI [A]. 3a1a4a COCTOUT B OLIEHKE PEUTHH-
roB N anbTepHaTuB ¢ K KpUTEepUAMHU, KOTOpbIE CPAaBHUBAIOTCA MOMAapHO. 3alaHa
marpuua C = (¢;;) napHbIX cpaBHeHUI KpuTtepres pasmepa K x K, ¢;; > 0 ompe-
JeJIsieT CTeNeHb 3HaYMMOCTH KPUTEPUS ¢ TI0 CPABHEHHUIO C KPUTEPHEM j (BO CKOJIb-
KO pa3 KpUTepHil ¢ mpearnouTutesbHee j). s kaxnoro kputepust k = 1,... K

k
W3BECTHHl MaTpuLbl Ay = (a( )

ij
k ) )
agj) > (0 ompenenseT cTeneHb 3HAYMMOCTH KPUTEPUs ¢ B CPAaBHEHUH C j OTHO-
cuTenbHO Kputepus k. Bektop x = (x;) pefiTHHIOB (IPUOPUTETOR) aIbTCPHATHB
pasmepa N X 1, x; noka3piBaeT abCOMIOTHBIA PEUTHHT alibTepHATHBBI ¢. OO1mas

3amaya — Ha ocHoBe C, A1, ..., A x onpenesuTs X.

) cpaBHeHuii anbrepHaTHUB pasmepa N x N,

Memoo log-uebvruuéackoii annpokcumayuu

Paccmotpum meton pemenus [[l, 3, 5], KoTopbiii 3aKkmovyaeTcsl B ammpoKCH-
Marmu B MeTpuke YeObIeéBa MaTPHIL APHBIX CPABHEHUI COITIACOBAHHON MaTpH-
el ¢ MPUMEHEHUEM PE3YJIbTATOB TPOITUUYECKOU areOpsl, 00eCeurBaOIINX aHA-
yurudeckoe pemeHue. Matpua A = (a;;) Ha3bIBACTCS CO2AACOBAHHOI, €CTH
a;j = Q;k0kj, 4 k,j = 1,..., N.Pellenue, IoIy4eHHOE C IOMOLIBIO YKa3aHHOTO
METOAAa, MOXET 6bITb HE €IMHCTBCHHbIM, HOSTOMy BBOOATCA Hannquuﬁ U Hau-
Xymmmii mucddepeHIUpyIolre BEKTOPhl X 'y COOTBeTCTBeHHO. Hawyuiee pe-
IIEHUE XapaKTePU3yeTCsI MAKCUMAJIbHBIM, a HAUX Y/IIIIee PEIICHUE - MUHUMAJIbHBIM
3HAYEHUEM OTHOIIEHUS MEX/1y IEMEHTAMM BEKTOpPA PELIeHHH [0 BCEMY MHOXe-
CTBY IOJTyYECHHBIX PEIICHUIA.
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JLJ1s1 aHATUTUYECKOTO pellieH sl 3a71a4u OHa (DOPMYJIMPYETCs B TEPMUHAX Max-
anreOphl, KOTOpasi MPEJICTaBIIseT COOO MHOXECTBO HEOTPHIIATEJILHBIX Belle-
CTBCHHBIX UHCEJI C OIepanueil ClokeHUus @, 3aJaHHON MO MpaBwily = B y =
max(x,y), ¥ oIepanyeil yMHOXEHHUs1, 33AaHHON KakK 00br4HO [2, (]. Croxenue u
YMHOXEHHE MaTpHI, COTTTACOBAHHBIX TI0 pa3Mepy, a TakKe YMHOXKEHHE Ha YUCIIO
BBITIOJTHSIIOTCSI 1O OOBIYHBIM [IPABUJIAM C 3aMEHO#i onepanun + Ha @. Exuanynast
MaTpUIla UMeeT OOBIMHBIN BU U 0003HAUaeTcsi cuMBOJIoM 1. CTeneHb MaTpHUIlbl
OTIpeIeNIsIeTCs B CMBICIIE TPOITUYECKOTO YMHOKEHHS MaTpPHII.

Citent kBazipaTHOU MaTpuubl A = (a,;) nopsiaka /N HaXOMUTCS KaK CyMMa

trA=a;1Pan®  -®any = GNB%-
Tponuyeckuit CIeK TPaIbHBIA pagiyc A MATPHUIIHl A BEMHCISAETCS 10 (hopmyIie
A=trAptu/?2(AY) o - pu/NAY) = @trl/k (AF).
Oneparop Knman ais matpuist A nipu yesioBun A < 1 onpesienés B Busie
AT=ToAo oAV @A’“

Jlns BekTOp-cTONONA X = (2;) GE3 HYJIEBBIX 2IEMEHTOB OIPENEIIEH COMpsi-
KEHHBII BEKTOP-CTpoKa X~ = (z; 1). BekTop-cTonbelt, COCTOSNIMIA U3 €IHHMII,
o6o3navaercsa 1 = (1,...,1). HopMa BEKTOpa X nopsiaka [N umeeT BUj

x| =21 @22 @ Doy =P =1"x

Pemenue 3aj1auv mapHBIX CpaBHEHWI B TEPMHUHAX Max-aJreOpbl UIETCS BbI-
MoJIHEHUeM ciieayromux mmaros [[1, 3] .
1. BplunicieHne HAWIYYIIero U Hauxymamero augepeHpyorux BeKTOPOB
BecoB /151 MaTpuilsl C MapHBIX CPaBHEHUI KPUTEPHUEB.
1.1 Beruncnenue maTpuisl KivHu 1 onpeenieHus: BECOB KpUTEPUEB

T

D=M)'C)=EP0n1'cF, rx= @trl/k (CH. )
0

el
Il
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1.2 Onpenenenue o croidiam mMarpuist D = (dy) Hawitydiero -
(bepeHIUPYIOIIErO BEKTOPA BECOB

— . . -1 ) — -
w=did 7t i arg max dildi . @

B ciyyae HeeJMHCTBEHHOTO BEKTOpa W BHIOMPAIOTCSI BEKTOPHI, KOTO-
pble IOKOMITOHETHO MEHbLIIe APYTUX BEKTOPOB.
1.3 Bpruucnenue Hauxyaunero aupgepeHnrpyomero BEKTopa BeCoB

v=(1"D)". 3)

2. Bolunciende Ha ocHOBe MaTpuil A1, ..., Ak u Bektopa w = (wy) Hau-
ay4irero audgepeHupyIomero BeKTopa peiTHHIOB aJIbTEPHATHB.
2.1 OmnpepneneHrie B3BEIIEHHO CyMMBI MAaTpPUI] APHBIX CPAaBHEHUI

K
P = @kak~ (4)
k=1

2.2 Bebruucienue MaTpuibl KuMHY 1J151 peiTHHIOB aJIbTepHATHB
N-1 N
Q=@ 'P=Pw'P)", p=EPc/P®P". 6
n=0 n=1
2.3 Omnpepenenue o crondiam Matpuisl Q = (q,, ) HAKTyYIIero BEKTopa
PEUTUHIOB aJIbTEPHATUB

x=qjlla;[7",  j=arg max [anla,|- (6)

B citydyae HeeJMHCTBEHHOTO BEKTOpa X BBIOMPAIOTCS BEKTOPHI, KOTO-
pble IOKOMITOHETHO MEHbIIIEe APYTUX BEKTOPOB.
3. Brluncrenue Hauxyauero audgepeHnIupyomero BeKTopa peiTHHIOB allb-
TepHATUB Jist MaTpull A1, ..., A i u BekTOpa v = (v ).
3.1 Omnpepenenne B3BEIICHHON CyMMbI MAaTPUII APHBIX CPAaBHEHHUI

K
R =P ucAs. (7
k=1
3.2 Beruncnenue MaTpunbl KivHu 17151 peHTHHIOB aJIbTEPHATHB
N-1 N
S="'R) =P 'R)", v=Pu'/"R"). ®
n=0 n=1

3.3 BeluncieHne HauXyJIero BEKTopa peTHHIOB aTbTePHATUB

y=(@1"S)". ©)
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OnpepesieHne NPHOPUTETOB TOPOKHBIX PadoT

B cratbe [4] Ha OCHOBe MapHBIX CpaBHEHHUil aJbTEPHATHB BHIOUPAIOTCS BUIbI
JOPOKHBIX PAOOT AJIS Pa3BUTHSI AOPOKHO-TPAHCIIOPTHOM HH(PPacTPyKTyphl B Bo-
ctouHoM Tumope. 3ameTHM, 4TO B 3TOH cTaTbe HE BCE UCIONB3YEMbIE MATPULIbI
SIBJISIIOTCSI OOPaTHO CUMMETPUYHBIMU. DTO IPUBOJMT K MpodJIeMe pelieHus 3a1a4d
C VICXOJJHO OIIMOOYHBIMH JaHHBIMU. PaccMmaTtpuBaemslit MeTos log-ueObImeBCKO
AIMpPOKCUMALIMH He 3aBUCHUT OT OLIMOOK B JAHHBIX, YTO MO3BOJISIET IIPUMEHUTH €TI0
B 9TUX YCJIOBHSIX.

PaccMOTpUM KpHTEpHHU OLIEHKHU CIIOCOOOB Pa3BUTHS TOPOKHO-TPAHCIIOPTHOM
UHGPACTPYKTYPBL: 1) MPOYHOCTb JOPOKHOI MOKPBHITHH, 2) HAJEKHOCTb JOPOXK-
HBIX MOKPBITHHA, 3) 6€3011acHOCTh aBTOMOOMIIBHBIX JOPOT, 4) paboTocrocOOHOCTD
JOPOXHBIX TOKPBITHH, 5) CofiepkaHue JOPOXKHBIX MOKPHITHIA. MaTpuiia napHsIx
CpaBHEHUI KPUTEPHEB UMEET BUJL:

1 3 5 7 2
/3 1 3 3 1/5
C=|1/5 1/3 1 2 1/4
17 1/3 1/2 1 1/3
/2 5 4 3 1

Wmetotcs cienyiomme albTepHaTUBHBIE BUIBI paOoT: 1) MOHTaX M yCTaHOBKA
MOJIOPHBIX CTEH, 2) MOHTaX M yCTAHOBKA APEHAKHBIX CHCTEM JOPOXKHOTO ITOKPHI-
TS, 3) MOHTaX BomonpoBoaHbIX Tpyo (Culverts), 4) BolpaBHMBaHUE TPYHTA U )
BBIpyOKa JlepeBbeB U KYCTApPHUKOB HA I0JI0cax OTBOJA. MaTpHIIbl TapHBIX CpaB-
HEHUIl aJbTepPHATHUB M0 KAKAOMY KPUTEPHUIO UMEIOT BU;

1 2 3 7 4 1 2 3 6 4

1/2 1 4 1/4 1/3 /3 1 6 6 6
Ar=|1/3 1/4 1 1/5 1/2|, Ay=|1/5 1/6 1 3 4|,

1)7 1/4 5 1 1/3 1/6 1/6 1/3 1 3

/4 3 2 3 1 1/4 1/6 1/4 1/3 1

1 2 3 1/2 1/5 1 3 5 9

1/2 1 2 1/4 1/4 /3 1 2 5 5

As=|1/3 1/2 1 1/6 1/6|, As=|1/5 1/3 1 3

2 4 6 1 1/2 17 1/5 1/3 1 2

5 4 6 2 1 1/9 1/5 1/3 1/2 1
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1 2 3 2 3
/2 1 3 4 5
As=|1/3 1/3 1 2 2
1/3 1/4 1/2 1 3
1/2 1/5 1/2 1/3 1

[MonyepkHEM, uto MaTpuibl Ao, Ay, A5 He 0OpaTHO CUMMETPUYHBIE.

Pewenue 3a0auu

Vicnionp30BaHME OMMCAHHOH BbIIE MPOLEAYPHl PELICHUs 3aJa4d Ha OCHOBE
log-4eObIIEBCKOIA anmpOKCUMAII NIPHUBOJUT K CIISAYIOIIUM Pe3yIbTaTaM.
To dopmynam ([l]) Haxoamm MaTpyILy [71s1 ONpe/IeIeH s BECOB KPUTEPHER

1 A2 3\ 6 2/A
3/5\2 1 3/0  6/A2  )\/5
D=|1/50 \/3 1 2/A 2/3)\2 |, A=10"*~1,7783.
1/10  A%/6 )\/2 1 1/3A
3010 5/X 15/A% 3\ 1
Yro6si ipumennTs hopmyisl (B), crauana Haiinem
[dalfldy ]| = 10,
[ dalllldy || = [[dsllldz || = [[dalllldy || = [[ds][[|d5 || = 6.
Bribpas ¢ = 1, Haiigem Hawtyumumil qucdepeHIMpPYIONIHiA BEKTOP BECOB
w=di|di||"' = (1 3/50% 1/5)1 1/10 3/33)T.
ITo opmyse (B) Borancmm Hanxymmmii mudpepeHImpyommii BEKTOP BECOB
v=>01"D)" =1 1/X? 1/3x 1/6 A/2)T.

C nomompo (i) HaiizeM B3BEIIEHHYI0 CYMMY MATpHIL

1 2 3 7 4
5 1/2 1 4 6)5 3)\/2
P=uwAr=|1/3 1/4 1 3)\/5 3)/5
k=1 2/5X 4/5X 5 1 9/)3

/X 3 2 3 1



72 V36paHHbie TPyl BECEHHEl Hay4HO-NpaKTUYecKoii koHdepenmn «Mat-mex. Hayka 2025»

[Tpumensist popmysl (E), noctpouM Matpunly KimHu 1151 onpejaeneHus: Hau-
syumero audhepeHIpyoIero BeKTopa peiTHHTOB aJlbTepPHATHB

1 14/u® 35/u* T/u 14/3u
5/3u2 1 5/u 1 /3
Q=|1/3u 2/5 1 2/5 2u/15 |, u=30/2)Y2%
5/3u*  2/w 5/w 1 2/3
5/W* 3w 15/ 3/p 1

It ucrionb30BaHus (POPMYJIBI (B) crauana BerawcM

lallllar || = 3p =~ 8,486,

lazllllaz | = llasllllas || = llaslllas | = 35/p* ~ 4,374,
lqallllay [l = 35/2p =~ 6,186.

BribepeM ¢ = 1 u Haiiném Hawnyumee qudhepeHupyoiiee pereHe
x = qi|jq1|| 7! ~ (1,0000 0,2083 0,1178 0,2083 0,2209)T.
[MomyyeHHBIi BEKTOP ONpeieNsieT CIeAY I MOPSAAOK aJbTePHATHB
I~V >-II=1V > IIL

[Ipumenss (E), HaiiEM B3BEIICHHYIO CYMMY MaTpHIL

12 3 7 4

5 1/2 1 4 2\ b)/2
R=PuAr=]1/3 A6 1 X A

k=1 2/3\ 4/3X 5 1 3)/2
5/3\ 3 2 3 1

ITo popmynam (§) Haxomum Matpuy UIs onpe/ie/ieHus peiiTHHIOB aTbTepHa-
THB

1 21/5v 35/v  T/v 7/5
25/612 1 5/v 1 v/3
S=|5/32% 2/5 1 2w/15 20/15 |, v=(15\/2)Y2
5/2v 3/ 5/v 1 v/5
25/2v3  3/v 15/v*  3/v 1
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ITo ¢popmyne (E) BBIYMCJIUM Hauxyqiee auddepeHupyioiiee penieHye
y = (17S)” ~ (1,0000 0,8695 0,3811 0,5217 0,7143)T.
[Momy4eHHBI BEKTOP OIpeeliseT ClieIyoNHii TOPSIOK aTbTePHATHB

I-1II>V >~1V >IIIL

3akJiroyeHne

B cratbe paccMOTpeHa MHOTOKpUTEpHAIbHAs 3ajaya MapHBIX CPAaBHEHUH U

NpUMeHeH MeToJl 10g-4eObIEBCKOI allPOKCUMAIMK JIJIsl ONIPeJIeNIeHUs] IPHOPH-
TETOB JIOPOKHBIX PaObOT. 3aMeTUM, YTO 00a MONTYyUYEHHBIX PELIEHHsI COIIacyIoTCsI
B OIpe/JiesIeHnH Hanoosee 1 HauMeHee TPeIIIOUTUTENIbHBIX aJbTepHATHB.

(1]

(2]

(3]

(4]

(5]

(6]

ABTOpr 6naronapHT PCUEH3CHTA 3a MOJIE3HbIC 3aMEYaHNA U KOMMCHTApUU.
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