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BBEAEHUE

B c¢Bg3u ¢ wmcromeHueM MUPOBBIX 3allacoB
HedTH, MOBBITIEHNEM CTOWMOCTH CrOPAEMOTO TOM-
JINBA ¥ yKECTOYEeHNEM TPEOOBAHUN K OKPYKAIOIIEi
cpesie, B HACTOsIIEe BpeMsi BCe OOJbIlee BHUMA-
HUE yJessieTcss SKOHOMUHU TommmBa. B pedynbrare
BELyIMEe ABTOHPOU3BOJUTEIM HAYAJIM [PEIJIararhb
rubpuanbie dekrpomoduu (FOM) u moxzapsaxa-
embie I'9M (IIT9OM). Oxnako, JaHHBIE aBTOMOOH-
JIN JIOPOKe U CJIOYKHee C TOYKHU 3PEHus, KaK arila-
PATHBIX CDPEJCTB, TAK W YIPABIEHUS U HE CMOTPS
Ha BCE [PEUMyLIecTBa (IKOJOrUIHOCTD, IKOHOMU Y-
HOCTH W TIP.), OHU HE TIOJIb3YIOTCH GOJBIIUM CIIPO-
COM HA PBHIHKE U3-3a MEHbBIIEH CIIOCOOHOCTH YIOBJIe-
TBOPUTDH BCe TpeDOBAHUS MoJIb30BaTesieil. B nanHoi
pabore OBLTH PACCMOTPEHBI METOMBI HAXOXKICHUS
ONTUMAJILHBIX MapamerpoB ['9M, Koropbie MoryT
[IOMOYb IPHU [MPOEKTUPOBAHUU ABTOMOOMJIEH, MaK-
CUMAJILHO BO3MOYKHO YIOBJIETBODSIONINX TpeboBa-
HUAM WX TOKynareseii.[1,2]

I. KPUTEPUU YIOBJIETBOPEHHOCTU
IIOJIb3OBATEJIS

YIOBIETBOPEHHOCTH TIOJIH30BATENST OCHOBAHA
Ha TMEpeYHe TAKUX KPUTEPUEB KAaK 0O€30MaCHOCTD,
€KeHEeBHBIE TEHEKHBIE 3aTPATHI, HAJEKHOCTh, (-
dexTuBHOCTDL U T.7. HekoTopble KpuTepnu, TaKue
KaK 3P PEeKTUBHOCTD, JErKO MOAJAIOTCS BBIYUCTIE-
HUIO, B TO BPEMsI KaK JIpPyTHe, TAKhe KaK KOMQOPT,
MOTYT OBITH OIEHEHBI TOJHKO TPU MTOMOIIN HEYET-
Koro onucanus. Ha nanHoM srame Oyaem paccMat-
pPUBATH TOJBKO BBHIYUC/ISIEMbIE KPUTEPUU:

MAKCUMANADHAA CKOPOCTID

2 3
= Presz'stance(l/) = coV+c1v° +cav

anropulsion (w)
rJe W — CKOPOCTH JIBUTATENs, ¥V — CKOPOCTH aBTO-
mobuiist, n — KILI rpancmuccuun, cg, ¢1,ca — KO3h-
GUIMEHTHI COMPOTUBJIEHUST OCHOBHBIM JIBUYKYIIIUM
CUJIaM.

ycrkoperue

Atuee = mess / AV Fpen(V)

rae Mesr — 3bdeKTuBHAA Macca aBTOMOOHIIH,
Fret — pe3yabTUDYIONMIAS CUJIa MEXKIY JIBUKYIIN-
MU CHUJIAMU U CUJIAMHU COMPOTHUBJICHUS.

[Ipunanmn pacyeTa OCTaJIbHBIX KDUTEPUEB Y0~
BJIETBOPEHHOCTH [0JIb30BATENsA (CIOCOOHOCTH Mpe-
0/I0JIEBATDH YKJIOH, HE30IIaCHOCTH, CTOMMOCTh) MOXK-
HO Haiitu B [3,4].

Cremyer OTMETHTD, UTO COBOKYNHHLY Kpume-
putl appexmuerocmu MOKET ObITH OIIEHEH, UCITOIh-
3y IUHEHHYIO KOMOUHAIWIO B3BEIIIEHHBIX 3HAYEHUM
apaMerpoB, BBIOPAHHBIX JJis KOHKPETHOrO THUIA
aBroMoOuJIs:

S = Vinax /140 + 12/tace+Pmaz /6+1200,/m-+20000/C
e Vinas OIIEHOYHAsT MAKCUMAJIbHAS CKOPOCTh
I'9OM, taee OIIEHOYHOE BpeMs yCKOpeHus OT 0
110 100 KM /9, Pz — OLEHOYHBIH IPEOIOIeBAEMbIi
noabeM, m - macca '9M, C - coBOKyIIHbIE 3aTPATHI.

II. MHOTOKPUTEPUAJIbHAS OITUMUBAIINSA

Muorokpurepuasbias onrumusanys  (AHLIL.
Multi-objective optimization) — 370 Tpomecc o-
HOBPEMEHHO! ONTHMW3AINU JBYX WJn Oojee KOH-
GIUKTYIOMKX 1e/1eBbIX (DYHKIUN B 33JaHHON 00-
JIaCTH OmpejiesieHus. 3aaada MHOTOKPUTEPUATBHOM
onTuMHU3AU POPMYIUPYETCS CAeayIonmM obpa-
30M:

min {1 (@), fo(@), s fu(2)}

xesS

roe f; : R" — R

kE (k> 2) - Komm4ecTBo meneBbIx QyHKIWIA.

BekTopsnr permenmnii:

r = (1, %2, ...,7,) T OTHOCATCH K HEmyCTOl 00-
JIACTH OTpeIesIeHns S.

3ajada MHOTOKPHUTEPHATIHHONW ONTHMHU3AINN
COCTOWUT B TIOMCKE BEKTOPA IIEJIEBBIX MEPEMEHHBIX,
YIOBJIETBOPSIOIIETO HATIOKEHHBIM OIPAHUYEHUIM U
ONTUMU3UPYIOIIErO BEKTOPHYIO (DyHKIMIO, SJIEMEH-
Thl KOTOPOIl COOTBETCTBYIOT IEJIEBbIM (DYHKIMAM.
Otn GyHKIUKM 06pa3yIoT MaTEMATHYIECKOe OITHCa-
HUEe KPUTepHUs yJIOBJIETBOPUTEIHLHOCTH U, KaK TIpa-
BWJIO, B3aUMHO KOHMIUKTYIOT. OTCIOa, «ONTUMU-
3UPOBATHY O3HAYAET HAWTH TAKOE PEIleHne, IIPU KO-
TOPOM 3HadeHHue NeaeBbIX PYHKINH ObLiu Obl mpu-
eMJIEMBIMU [IJIsT TOCTAHOBIINKA 3a1a4m. [4]

Onmumusayus no Iapemo.



Bekrop pemenus x € S Ha3bBaeTcd ONTH-
mvasibbiM 110 [Tapero, eciu He cymecrByer z € S,
rakoro, u4ro fi(x) < fi(a') aus Beex ¢ = 1,...,k u
fi(z) < fi(2') nns xorsa Ger ogmoro i. MuOXKeCTBO
onTuMaIbHbIX 110 [Tapero pemnrenuit MOXKHO 0003HA-
quth Kak P(S). IeneBoii BeKTOp SBISIETCS ONTH-
MasibHbIM 0 [lapero, eciiu coOTBETCTBYOMUI eMmy
BEKTOD U3 00JIACTH OIPE/ITIEHUs TAKKE OINTUMAJIEH
o Ilapero. MuoxkecTBo onTuManbHbIX o Ilapero
IeJIEBBIX BEKTOPOB MOYKHO 0003HaunTh Kak P(Z).

Jwnana3on 3uadeHnii onTUMaJbHbIX O Ilape-
TO pelIeHuii B 00JACTH JOIMYyCTUMbBIX 3HAYEHUI /1a-
er moJe3Hyo mHGOpMAanuio 06 UCCaeayeMoi 3a1a-
e, ecJu 1eaeBble PYHKIUU OrPAHUIEHDBI 00JIaCTHIO
omnpesiesienns. HukHue rpaHuiibl ONTHMAIBHOTO MO
[Tapero MHO)KeCTBa NMPEJCTABIEHBI B <«HI€AJIHHOM
eseBoM BekTopes z € RF. Ero KOMIOHEHTSI z; mHO-
JIy9eHbI MyTeM MUHUMAIU3ANUNA KaXKI0W [eIeBOn
dbyHKIINN B pegenax obmactu omnpeenerus. Muo-
JKeCTBO ONTHMAJBHBEIX 1Mo IlapeTo permrenuit Takke
HA3BIBAIOT ONTUMAaJbHbIM Ilapero-dponToM (amri.
Pareto Optimal Front - POF).
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Puc. 1 — Onrumansusrii [Tapero-dgponrT

Hesnbio onruvuzanuu ['OM siBisiercs yBesm-
qenne Y YII mpm 0THOBpEMEHHOM YMEHBITIEHUN PAC-
XO0JIa, TOIIUBA (3arpsi3HeHull OKPYKAIOIIEH CPeJIbl)
Ha, OCHOBE 33IaHHOrO IWKJIA BOXKIeHws. Marema-
TUYECKH MPOOJIEMa MHOTOKPUTEPUAIHHON OIEHKH
I'SM Oyzmer BbIpaxKaTbCd CJHEAYIONAM  00PA30OM:
Munumusuposamob

F(X) = (fi(z) = E; f2(x) = 1/9)
Ommnocumenvbro
X = (Pengin67 Pmotora Nbat)

rae Haupumep toee < 12 cex, Vipar > 140 xM/4,
Pmaz > 0,06 ; m<1200 kr, C<20000 y.e., 20 <
Pengine < 65, 20 < Ppyotor < 60, 20 < Npgs < 80.

OnruMusalus U3HAYAIBLHO OPAHUYEHa Tpe-
M3l TIEPEMEHHBIMU, JIBE U3 HUX OMPEIENISIOT MOIIHO-
cru IBC u 9/1. Tperbs onpezessieT 9uca0 MOIY-
Jieit akKyMyraTopHoit barapen. lanbHeiiee perre-
HUE MHOTOIEJEBBIX (DYHKINHA OCYIIECTBIISETCS TPU
MTOMOIIIA MHOTOIIEJIEBBIX TeHETUYECKUX aJITOPUTMOB,
KaK OIICAHO B [4].

III. T JTOBAJIBHAA OUTUMUBAITAS

ITAPAMETPOB

HeobxomuMbIiM  yCI0BHEM BBIYUCTICHAS OITH-
MyMa TIpY TIOMOIIHM JTAHHOTO METOMA, STBJISIETCS 3HA-

HUE TOJHOTO IWKJA JBUKEHUS H3HAYATBLHO. JTa
nHdOpPMAIII MOXKET ObITh MOJYYeHa NP ITOMOIIH
GPS naBuraruu. Asiropurm ry100aJbHOM ONTUMEA3A-
[NV OCHOBAH HA TIPUHITWIE OMTUMAIBHOCTH Bes-
MaH, KOTODBIf BBIYUCISET MUHUMAJbHBIH PAaCXOs
TOIJIUBA HUCMONb3ysi OOPATHBIA OTCYET, OT KOHIA
mukita X(T) o nagana X(0) (cm. Puc.2). B kaxoe
BpeMs t, W JIsi KaxKJI0ro BO3MOXKHOI'O COCTOSHUST
X(t), anmroput™ mmier Takoe cocrosiHve X(t+1) B
MOMEHT BpeMeHH t+1, KOTOpoe ONMTHMHU3UPYET MMy Th
u3 X(t) mo X(T), u Boibupaer 3T0T ONTHUMAILHBIIL
myTh. Juist TOM u TIT'9M kaxk10e cocTosiHUE Mpe/-
craBygeT coboil ypoBeHDb 3apsiia baTrapeu, B TO Bpe-
Msl KaK HOMED IEPEJAdn U PACHPEIESEHue MOMEH-
ta mexay /1 u IBC aBasgiorcd KOMaHIAMU I
ONITHMU3AINNHA. YIPABJIEHNE 3AT€M BBIUUCIISETCS HA
OCHOBAHWY BKJIIOUEHHOM Tepesadn u mabaoHa pac-
[peiesieHus SHepruu. 5]
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Puc. 2 — Anropur™m rnoba/ibHONM ONTAMH3AIUN 110
npuHIUIny BesiMvana

IV. 3AKJ/IIOYEHUE

Boin mposenen murepaTypHbIi 0630p coBpe-
MEHHBIX METOJOB OlTuMu3anuu mapamerpos ['OM.
OnTumu3anmst TapaMeTpoB OCYIIECTBIISIETCS HA OC-
HOBAHWM ONUCAHHBIX KPUTEPHUEB YIOBIETBOPEHHO-
ctu mosib3oBareseil. Omucanbl MHOTOKPUTEPHUAJIb-
HBIH ¥ TTO0ATbHBIE METOIbI ONTUMU3AIUN TPUME-
HurenbHo ['OM.
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