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CylleCTBYIOILIMIA OMBIT IPOSKTUPOBAHUS aBUALIMOHHOI TEXHUKU JTOKA3bIBAET, YTO B psiie CydaeB
CcOo3IaHMe MepCIIeKTUBHOTO JICTATEILHOTO aIlllapaTta, yIOBIESTBOPSIOIIETO0 KOMIUICKCY IIPEIbsIBIIsIe-
MbIX TPeOOBaHMU, HEBO3MOXHO B paMKaxX HAKOIUIEHHOIO Hay4YHO-TEXHUYECKOIO 3ajejia B 00J1acTu
aBHacTpoeHUsi. B pesynbraTe BO3HMKAeT HEOOXOMMMOCTD OIIpeneseHUsT IIPUOPUTETHLIX HAyYHO-
TEeXHUYECKUX PEIIEHUIi, BHEAPECHUE KOTOPHIX B YCJIOBUSIX BPEMEHHBIX M (PMHAHCOBBIX OTPAHUYCHUIA
obecrneynT co3maHue JIETaTeJIbHOTO anraparTa, OTBeJalolllero 3asiBJIcHHBIM TpeboBaHusM. [Tokaza-
HO, YTO ITOJ00HAasI 3a/1a4a MOXKET OBITh MHTEPIPEeTHPOBaHa KaK TaK Ha3pIBaeMasi 0000IIeHHAS 3a0a-
Ya ONTUMU3AIUN, OTJINYME KOTOPOI OT KJIaCCUYECKOM 3a1auyi MaTeMaTHIeCKOIro IIporpaMMUpPOBa-
HUS 3aKJII0YAaeTCs B TOM, YTO MHOXKECTBO JOMYCTUMbBIX 3HAUYCHUI JIETHO-TEXHUYECKUX XapaKTepr-
CTUK SIBJISIETCSI JIOIIOJIHUTEIBHBIM OOBEKTOM ONTHUMM3alMU. [IpemiokeH KOHCTPYKTUBHBIN
aJITOPUTM pelleHUs MOAOOHOI 3agaun, BO3MOXHOCTHA KOTOPOIrO WUIIOCTPUPYIOTCS Ha MHpUMEpPE
MPOEKTUPOBAHUS TPAHCIIOPTHOIO PaMIIOBOTO caMoOJIeTa

DOI: 10.31857/50002338823060021, EDN: GNUELK

Beenenue. T'ocynapcTBeHHOIi mnporpammoii Poccuiickoit @enepaumnu “Pa3Butie aBUALIMOHHON
npombliiieHHocTH Ha 2013—2025 roasl” mpeaycMaTpuBaeTcsl TOBBIIIEHUE KOHKYPEHTOCITIOCOOHOCTU
poccuiickoit aBUallMOHHOM MPOMBILIJIEHHOCTU HA MUPOBOM PbhIHKE aBUAlIMOHHOUN TEXHUKU U YCyT. B
CBOIO OUYepe/lb CYLIECTBYIOIINI yPOBEHb KOHKYPEHIIMU HA 3TOM PbIHKE TPeOYET MOBbIIIEHUS KauyeCcTBa
MPOEKTUPOBAHUS MEPCIEKTUBHBIX aBUALIMOHHBIX KOMITJIEKCOB HA OCHOBE COBPEMEHHBIX MH(MOpMaIu-
OHHbBIX TEXHOJIOTUT.

Kax 13BecTHO, IpOEKTUPOBaHUE AaBUALIMOHHOTO KOMILJIEKCA SIBJISIETCS CJIOXKHOI HaydHO-TEXHUYE-
CKOM 3aaueii BCJICACTBME MPOTUBOPEYMBOCTH TPEOOBAHUI, TPEABSBISIEMbIX K TAKOMY KOMILICKCY, U,
KaK CJIEACTBUE, HEOOXOOUMOCTHU ONpeaeSIEHNs B IIPOLIECCE MPOESKTUPOBAHUS 3HAYUTEILHOIO KOJTUYE-
CTBa B3aMMOCBSI3aHHBIX ITapaMeTpoB. B KoHeUHOM UTOTEe, KaueCTBO PEIIeHNUsI TAKOM 3aJauM OIpeacsi-
€TCSl BO3MOXXHOCTBIO TIPOEKTUPYEMOTro aBUALIMOHHOTO KOMILJIEKCa pelllaTh BO3JIOXKEHHBIE HA HETO 3a-
Ja4u ¢ He0OXOAMMOi 3P PEKTUBHOCTHIO.

B npenuecTByoiux pabotax aBTopos [ 1, 2] mokazaHo, UTO MOBBILIEHHUE KauyecTBa Ipoliecca MpoeK-
TUPOBaHUS MEPCHEKTUBHBIX 0OPa31I0B aBUALIMOHHON TEXHUKU C OAHOBPEMEHHBIM CHUXXEHHEM Bpe-
MEHHBIX 1 (PMHAHCOBBIX 3aTPaT MOXKET ObITh JOCTUTHYTO, B TOM YHCJIE, TyTEeM BKJIIOUEHUS B ITPOLIECC
MPOEKTUPOBAHUS JOTIOJTHUTEIILHOTO 3Talla TaK Ha3bIBA€MOT0 (DyHKIIMOHAILHOTO MIPOEKTUPOBAHUS Ha-
psay € TPaAWLMOHHO MCHOJB3YEMBIMU CTAIUSIMU CTPYKTYPHOIO, KOMIIOHOBOYHOTO U OOJIMKOBOIO
(TEeXHUYECKOT0) IMPOEeKTUPOBAHMUSI.

Kak nosaraiort aBTOPbI CTAaTbU, OTaIl (I)yHKU,I/IOHaJ'[bHOFO MPOCKTUPOBAHUA BKIIIOYACT pEHICHUE ABYX
OCHOBHbIX 3a1a4:

dopMupoBaHre Habopa BapMaHTOB OOJIMKA TEPCIIEKTUBHOTO JIeTaTeIbHOTO armapara (JIA), ymo-
BJICTBOPSTIONIETO KOMITJIEKCY MHOTOTUCIIUTUIMHAPHBIX TI0 CBOEH CyTH TpeOoBaHMIT (MacCOBBIX, TUHA-
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YITPABJIEHUE ITPOLUECCOM ®OPMHMWPOBAHUWA 167

MUMUYCCKHUX, DKOJIOTUYCCKUX, SQHEPTCTUICCKNX, SKOHOMNYCCKUX N }Ip.), C Y4€TOM HAKOIUUICHHOTI'O Hay4-
HO-TE€XHOJIOTMYECKOT'O 3a1cJ1a,

olleHKa JeuimTa GyHKIMOHAIBHBIX CBOMCTB ITepCcHeKTUBHOTO JIA (B ciTlydyae HEBO3MOXHOCTH €TO
CO3MaHWS Ha TEKYIIeM YPOBHE HAYIHO-TEXHOJOTMUECKOTO Pa3BUTHSI) 1 ONpeaesIeHUe TIPUOPUTETHBIX
HayYHO-TEXHUYECKUX pEeIleHUli, BHEAPEHNE KOTOPBIX 00eceyuT coznaHue JIA, ynoBIeTBOPSIOIETO
3aJaHHBIM TPEOOBAHUSIM.

MeTon, penteHus TIepBoit N3 chOPMYINPOBAHHBIX 3a1ad IToapooHo onncaH B [1, 2]. [Toka3aHo, 9To
aTa 3a/1a4a MOXKET ObITh MHTEPIIPETUPOBAHA KaK KJIacCuUecKas 3ajadya MaTeMaTUIeCKOTo IIpoTrpaMMU-
pOBaHUSsI, B KOTOPOM MHOXECTBO JTOITYCTUMBIX 3HAYCHUI JIETHO-TeXHNYeCKUX XapakTepuctuk (JITX),
YYaCTBYIOIIMX B pacueTe MHTErpajbHBIX ITOKa3aTelei, OTpaXkallluX MHOTOAUCLIMILUIMHAPHBIE Tpebo-
BaHUSI, TIPEAbSBIIsIEMbIE K IepcrieKTuBHOMY JIA, (popMupyeTcs Ha OCHOBE HAKOIIJIEHHOTO OIbITa MPO-
€KTUPOBAHUSI.

Kak yxe ykaspIBajioCh BbIllI€, 3ama4a OLleHKHY HeduimnTa GyHKLIMOHAIBLHBIX CBOMCTB U ONpeaeJIEHUS
MIPUOPUTETHBIX HAyYHO-TEXHUYECKMX PELIEHNI BO3ZHUKAET B Clydae HEBO3MOXKHOCTU CO3JaHUs Mep-
CeKTUBHOTO JIA, yIOBIIETBOPSIONIETO BCEM COBOKYITHOCTH MHOTOAUCIMILUIMHAPHBLIX TPeOOBaHUIA, Ha
COBPEMEHHOM yYPOBHE pa3BUTHUs aBUALIMOHHBIX TeXHOJOrMii. B (popmaibHOI mocTaHOBKE 3Ta 3agadya
orpenesieTcss Kak 0000I1IeHHas 3a7adya OnTUMU3aluu [3—5], oTanymne KOTOpOi OT KJIacCUYEeCKOM 3a-
Jadyu MaTeMaTHUYECKOIo IMIPOrpaMMUPOBAHMS 3aKIIFOYAETCS B JOMOJIHUTEILHOM OIepaly ONTUMU3a-
LIMM MHOXECTBA JOMYCTUMBIX 3HaYeHUiT JITX, MOCKONbKY BIUSTHUE TTEPCITEKTUBHBIX HAYIHO-TEXHUYE -
CKUX pellIeHUI MPOSBISIETCS, IPEXIE BCEro, B M3BMEeHEeHUIX (pOpMbI M pa3MepOB 3TOTO MHOXKECTBA, U
KaK pe3yJIbTaT CaMO MHOXECTBO CTAHOBUTCSI JOIOJTHUTEILHBIM 00BbEKTOM ONTUMMU3AIIH.

B [1] mpnBemeHa mocTaHOBKA ITOA00OHOM 0000IIeHHOI 3a1a9 ONTUMU3AIIMKY 0€3 TTOAPOOHOTO U3JI0-
KEHUMS MeTojIia ee pelieHus. B cTaThe mpeajioxkeH MEeTO/I pellieHUsI TOM 3a1a4y U pe3yIbTaThl ero npak-
TUYECKOTO UCMHOIIL30BAaHUS Ha ITpUMePE OLIEHKU IeduInTa (YHKIIMOHATBHBIX CBOMCTB MPU MPOEKTU-
pPOBaHUU PAMITOBOTO caMOJieTa TPAHCIIOPTHOI KaTETOPUH, YIOBIETBOPSIONIETO KOMIUIEKCY MHOTOIVC-
LIMIIJIMHAPHBIX TPEOOBAHMIA.

1. ITocTanoBka 3ama4u oneHKH JeUIMTA (PYHKIMOHAJIBHBIX CBOMCTB mepcnekTuBHbIX JIA. B pamkax
pa3BUBaeMOIi KOHLETINN PYHKIIMOHAIBHOTO NPOEKTUPOBaHus [ 1, 2] mpueMIEMBIM I10JIaraeTcst O0IUK
nepcneKTuBHOro JIA, onmuchIBaeMblii BEKTOPOM IIPOEKTHBIX ITApaMeTPOB ¥, IIPU KOTOPOM obecrneuynBa-
€TCSI OMHOBPEMEHHOE BHITIOJIHEHHE KOMILIEKCA MHOTOAUCIUIIIIMHAPHBIX TPeOOBaHMIA.

dopmasnbHbI yYeT 3TUX TpeboBaHUil 6a3upyeTcsl Ha UCIOJIb30BaHUM MHTETPaIbHbBIX IOKa3aTeei

1,(r),j=1,N, KONMYECTBEHHO BBIPAXAIOIIMX CTEHEHb COOTBETCTBUSA MPOEKTUPYeMOro JIA 3asiBieH-
HBIM TPeOOBAHUSIM:

(
ISmin S[3('.)S]3max9 (11)

[MpenenpHbIe 3HAYCHUSI TOKA3ATENCH [ i, ] 10y YCTAHABIUBACT CIICLUATUCT (IKCIIEPT), UCXOST U3

3alaHHbIX TpeOOBaHUI1 K TlepcrieKTUBHOMY JIA. 3aMeTuM, uyTo cuctemMa HepaBeHCTB (1.1) mo3BoJisieT B
HamnOoJiee O0IIeM BHUIE YIEeCTh TpeOOBaHMs K 0a30BBIM (DYHKIIMSAM NepCIIeKTUBHOTO JIA.

B nmanpHelimem KoMmiuiekc Itokasarteseil (1.1) OymeM IIpencTaBisiTb B BUAC BEKTOP-(QYHKIIUU
T
I1(r)=(1,(r),1,(r),....1x (r)) , 0151 KOTOPOTO 3aTAHHBIM IIOJIATAETCS] MHOXKECTBO JIOITYCTHMBIX 3Ha4e-
HU W

Wi ={1(r): L < 1,(r) < Lo j = LN}, (12)

J

T
KomnoHeHTsI BekTOpa r = (K, #,...,7,) B (1l.1) B coBokynHocTu onpezeisitor JITX, yuactsytomiue B

BBIYMCIICHUM MHTETPATbHBIX MIOKa3artesneii /; (r),j =1, N. B nanpHeiiem rnpeanonaraeTcsi, 4To 3a1aHo
MHOXeCTBO JonmycTuMbIX 3HaueHuit JITX kak n-MepHbiii napannenenunen W, onpenensieMblidi COBO-
KYITHOCTBIO YCIOBUIA:

W, ={r : B <75 S ligpaei = L0}, (1.3)

MN3BECTUS PAH. TEOPUS M CUCTEMBI YIIPABJIEHUS Ne 6 2023



168 AHUCHUMOB u 1p.

“max> | = L1, B (1.3) 3ama10Tcsl ¢ y4eTOM HaKOILJIEHHOTO OIbITa
npoekTupoBaHud JIA, KOTopbIit 6a3upyeTcss Ha AOCTYIHBIX 17151 NCIOJb30BaHUS HAYYHO-TEXHUYECKUX
Y TEXHOJIOTMYECKHUX PELLIECHUSIX.

Ilpenenvubie snayenusa JITX 7 . .5

Takum o6pa3om, HapylIeHre XOTsI ObI ogHOTro u3 yciaoBuit (1.1) ykaspiBaeT Ha 1eUIUT (PYHKIINO-
HaJILHBIX CBOMCTB IpoeKTUupyeMoro JIA, coCcTosIuii B TOM, YTO Ha 6a3e HAKOIIJICHHOTO HAYYHO-TEXHU -
YeCKOTO 3ajea, MPeICcTaBIeHHOTO MHOXeCTBOM W,, HEBO3MOXKHO 00ECITEUYNTh BEITIOJTHEHHE BCeit co-
BOKYNHOCTH ycioBuii (1.1).

B momo6HOI1 cuTyallMM MCIOJb30BaHUE NEPCIIEKTUBHBLIX HAyYHO-TEXHOJIOIMYECKMX PEIICHUIA,
BHEIPEHNE KOTOPHIX BO3MOXHO B 0003pUMOI1 TIEPCIIEKTUBE, SIBJISICTCS OYEBUIHBIM CIIOCOOOM BBIMOJ-
HEHMSI MHOTOAMCIUILUIMHAPHBIX TpeboBaHuii (1.1). Kak yXe roBopmyioch, BIUSHUE 3TUX MEePCIIEKTUB-
HBIX pellicHUIT BBIpaXkaeTcs, IIPeXAe BCero, B M3MEHEHUU pa3MepOB MHOXKECTBa JOIYCTUMbIX 3HAUCHU A
JATX W..

CrenoBaTelbHO, 3a1a4a yCTpaHeHUS OehulinTa (DYHKIMOHAIBHEBIX CBOMCTB IIpoeKTUpyeMoro JIA
3aKJII0YaeTcsl B MUHMMAIBLHO BO3MOXHOM PacIIMPEHUM pa3MepoB W, ¢ 1eblo orpeneeHus HOBOTO

MHOXecTBa W*, B Ipelenax KOTOPOTo 0GECIEYMBAETCS OIHOBPEMEHHOE BBIMOJHEHHME KOMILIEKCA
ycaoBuii (1.1).

B pesyabraTe MoCcTpOEHUS HOBOIO MHOXeCTBA W,* GyIyT OnpeeieHbl IPUOPUTETHBIE HAYYHO-TEX-
HOJIOTMYECKUE PELLIeHUS, TOTEHIIMAJIIbHO 00ecIieunBalolie BO3MOXHOCTb pacIIUPEHUS TMana30HOB
MpeaeabHbIX 3HaUeHU oTAeaAbHBIX JITX, IS KOTOphIX OyAeT MOATBEpKIeHA TaKass HEOOXOIMMOCTb.

[Mpu 510M (HOPMUPOBAHKE MHOXECTBA W,* MOJIKHO OCYIIECTBIATHCS C YUETOM BPEMEHHBIX U (DUHAH -
COBBIX 3aTpaT, TEXHOJOTUYECKUX CIOXKHOCTEM M PUCKOB, COMPOBOXIAIOIINX Pa3BUTHE JIOOOTO Tep-
CTIEKTUBHOTO HAYYHO-TEXHOJOTMIECKOTO PEIICHHUS U TaKUM O0pa3oM CYIIIECTBEHHO BIMSIOIINX Ha
daxT ero BeiOOpA.

2. Onenka aedunura (pyHKIMOHAJIBHBIX CBOMCTB nepcneKTHBHOroO JIA Kak 00001IeHHas 3a1a4a ONTH-

mu3amun. [10CKOIbKY MHTErpaibHbIe TIOKazaTenu /; (r),j =1, N, ucrionb3yemble [UIsl OLEHKK MHOTO-
JUCUMIUTMHAPHBIX TpeboBaHuii (1.1), UMEIOT pa3HbIil (GU3NUYECKUIA CMBICI U BbIPAXKEHbI B PA3HBIX €11~
HULIaX UW3MEpeHUil, HeoOXomuM Tiepexon K uxX 0e3pa3MepHbIM HOPMHUPOBAHHBIM aHajoraM

1,(r),j =1, N, Ha OCHOBe JTMHEHHOro NMPeoOpa3OBaAHUSI:

]A' (I‘) :Ij (r) - 0'S(Ijmin + Ijmax).
! O'S(Ijmax _I‘min)

J

2.1)

OTO HOpMUpYIOLIee MpeodpazoBaHue oToOpaxaer N-MepHblii napautenenunen W, B kyo W, , 3anaBae-
MBI YCIIOBUSIMU:

w,={i(r):-1<1,(r)<1,j=1N]. (2.2)

BBezem B paccMOTpeHUE CKASIPHBIC DYHKIIUU (r),j =1, N, KONTMYECTBEHHO BbIPaXKAIOLINE LIS
Joboro pukcupoBaHHoro BekTopa JITX r akT BeImoaHeHUsT Kaxaoro u3 yciaouii (1.1). Otu pyHKIMM
OIpeaeruM CIeayoInuM 00pa3oMm:

®,(r) =10, '—1sij(r)s1, (2.3)

Hanee ucronb3yeM CKaISIpHYIO pyHKIINIO P(7), KOJTMISCTBEHHO BhIPAXKAIOIIYIO 115 TI000T0 (puKCcH-
poBanHoro BekTopa JITX r mrpad 3a HeBBIIIOJHEHUE COBOKYITHOCTU YCJIOBH (2.2). DTy yHKIIMIO
omnpeneruM TaKuM o0pa3oM, YTOObI IIPMU3HAKOM BBIMTOJIHEHUSI BCETO KOMILIEKCa ycjIoBuit (2.2) ObLIO

3HaueHue O (r) = 0:

rivjgr) =0 o @) =0,

r:3je,(r) #0 & O(r) > 0. 24)
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IMpumepamu dyHkuumit O (), yIoBIeTBOPsIOMNX ycaoBusim (2.3), (2.4), MOTYT GBITh CIIEAYIOLINE:

O(r) =2 ;(r), (2.5)
(r) = Z«pi (r), (2.6)
D(r)= max (r). 2.7

BbI60p KOHKpeTHOTO Bua ontuMusupyemoit dynkunu @ (r) us Hadopa (2.5)—(2.7) ocymiecTBisieT-
¢ C YIETOM HCITOTB3YEMBIX YHCIICHHBIX METOIOB ONTTUMU3AIINY 1 OIICHKH 3aTpaT MAIlIMHHOTO BpeMEeHU
IUJIST TIPOBEEHUSI BEITMCIICHUIA.

M3 (2.3), (2.4) cnenyet, yto BekTop JITX r*, mi1st KoToporo odecreunBaeTcs BCSI COBOKYITHOCTD YCITO-
Buit (1.1), ABisieTcs pelieHUeM ONTUMU3AIIMOHHOM 3a1a4u:
r* = argmin ®(r). (2.8)

reW,

B pesynbraTe penieHus 3agaun (2.8) BO3MOXKHBI CJIEAYIOIINE CUTYaIlNU:

Bapuaunt 1: CD(r*) = 0. B aToM ciyyae neuut GyHKIIMOHAIBHBIX CBOMCTB MPOEKTUPYEMOTO
JIA OTCyTCTBYET, T.€. HAKOIJIEHHbIA HAYYHO-TEXHOJIOTUUYECKUI 3a/esl B 00JIaCTh aBUACTPOEHUS, 3a-
KJTI0OYEHHBbI B MHOXecTBe W, (1.3), obecrieuuBaeTt co3naHue nepcnekTuBHoro JIA, oTBeyaroiero Ha-
00Opy MHOTOOMCHUILUIMHAPHBIX TpeboBaHuil. O0IMK NepcIrieKTUBHOTO JIA B IepBOM IpUOIMKEHUN
onuckiBaeT BekTop JITX 7*. [lanpHelee yrTouHeHHE TTOJIydeHHOTO TaKMM 00pa3oM MpeIBapuTEIbHOTO
o0uka JIA mpoBOAMTCS HA CTAAUSIX CTPYKTYPHOTO, OOJIMKOBOTO U KOMITOHOBOYHOTO IMPOEKTUPOBAHUSI.

Bapuanrt 2: ®(r*) # 0. Coznanue nepcneKTuBHOrO JIA, yI0BI€TBOPSIOLIEI0 KOMILIEKCY 3as1B-
JIEHHBIX TpeOOBaHMIi, HA TEKYIIIEM YPOBHE HAYYHO-TEXHOJIOTMYECKOIO Pa3BUTHUSI aBUACTPOCHMUS, HE-
BO3MOXHO, T.€. CYIIECTBYET JepULUT (PYHKIMOHAJIBHBIX CBOMCTB MpoekTupyemoro JIA. Drort nepunur

MOXET OBbITh YCTPAHEH 3a CYET PACIIUPEHUS TPAHULL 7 pyins Fimaxs »¢ = 1, 7, ACXOTHOTO MHOXKECTBA JOTY-
ctumbIx 3HaueHuit JITX W, B pe3ynbTaTe BHEAPEHUS HOBBIX HAyUHO-TEXHOJOTUYECKUX PEIICHUI.

 %03080Y0%1 CJIOBaMM, C Y4Y€TOM BO3MOXHOCTHU BHCAPCHUHA IIC€PEIOBLIX TEXHOJIOTUIA (bOpMI/IpyeTCSI

HoBoe MHoXecTBO JITX W,* , B TIpenesax KOTOpOro o0eCIIeYnBaeTCsI OMHOBPEMEHHOE BBITIOJTHEHUE
ycaoBuit (1.1).

PaccMmoTpum a1y 3amauy 6oiiee moapoOHo. PaHee MBI yxKe YITOMWHAJIM O TOM, UTO, 3ajada yCTpaHe-
HUS JerumnTa GYHKIIMOHAIBHBIX CBOMCTB MEPCIEKTUBHOIO JIA MOXeT ObITh MHTEPIIPETUPOBaHA KaK
000011IeHHAas 3a0a4a oNTUMU3aL MU [ 1], B KOTOPOI MHOXECTBO NOMyCcTUMBIX 3HaueHui JITX W, crano-
BUTCS TOIIOJHUTEIbHBIM IIapaMETPOM ONTUMU3ALINH:

* . .
OW,”,r*) = minmin @ (r) = 0, 2.9)
W,.eZ reW,
rae = — ceMelcTBO BeeX (JII0ObIX) MHOXECTB JOITYCTUMBIX 3HaUeHu it JITX, KoTopbie MOTYT ObITh C(HOP-
MUPOBAHBI C YYETOM BHEIPEHUS NEPCTIEKTUBHBIX HAYYHO-TEXHOJOTUUYECKUX PEIIEHU.

Kaxk nmoguepkuBasoch Bblllie, BHEAPEHUE J0O0TO MEPCHEKTUBHOIO HAYYHO-TEXHOJOTUUYECKOTO pe-
1IeHUs TpeOyeT (PUHAHCOBBIX U BPEMEHHBIX 3aTpaT. YUUTHIBAs 3TO, ONPENEIUM 3aTpaThl Ha yCTpaHe-
Hue neduimra GyHKIIMOHATBHOTO CBOICTBA, CBSI3aHHOTO ¢ i-ii JITX, Ha oCHOBE BhIpa>KeHMUSI:

dil (rl - ’;'min)a '; < ’;'mina
Di (r) = O’ 1 < i < Vimax> (210)

min —

2
di (’; - ’;'max)’ 5 > Fimax-

1 .

OyHkuus d; (1, — Fpn ) B (2.10) sIBISIETCS CTPOTO MOJTOXUTENBHOM U BbIpaXkaeT (PMHAHCOBbBIC MU
BPEMEHHBIE 3aTPaThl, CBSI3aHHbIE C Pa3pabOTKOIl U BHEAPEHUEM HayYHO-TEXHOJIOTMYECKUX PELIEHMUIA,
o0ecrieunBaoIINX pacllMpeHre Auana3oHa BO3MOXHbBIX 3HaueHUui JITX #; myTeM yMEHbILIEHUS €€ MU-

HHMMAaJIbHOTO #;

imin

3HaA4YCHUA.

MN3BECTUS PAH. TEOPUS M CUCTEMBI YIIPABJIEHUS Ne 6 2023



170 AHUCHUMOB u np.

2
CooTBeTCTBeHHO BDYHKUMS d; (7; — ;.\ ) TAKXKE CTPOTO MOJOXKUTEIbHASL M MCIOIb3YETCs! IS OLICH-
K1 (DMHAHCOBBIX UM BPEMEHHBIX 3aTPaT, CBSI3aHHBIX ¢ pa3pabOTKOI U BHEAPEHUEM HayYHO-TEXHOJIO-

FMYECKUX PELLIEHUI, HAIIPABJIEHHBIX HA yBEJIMYEHNE MAKCUMAJIBHOIO 7, 3HaueHus JITX 7.
KoHkpeTHbIit BUI 3TUX (DYHKIWI OMpeaesisieTcsl 9KCIIEPTHLIM yTeM Ha OCHOBE OOOOIIEHMS OITbITa
U 3HAHWU CIIEIIMAIMCTOB B 00JIACTU MPOEKTUPOBAHMS aBUALIMOHHOI TEXHUKU, a TAKXKE C YYETOM Ha-

KOITJICHHOTI'O OITbITa ITPOCKTUPOBaAHUA JIA PasJIMYHbIX TUITOB.

C yuetoM (2.10) 06001I€eHHBIE 3aTPaThl Ha YcTpaHeHHe AedhunTa PyHKIMOHAIBHBIX CBOMCTB IIPO-
ekTupyemoro JIA nmo Bcemy Hadopy JITX MOXHO onpeneanuThb CAeayIoIUM 00pa3oMm:

D(r)= Zn:Di (r)- Q.11

3aMeTHM, UTO BIMSIHUE MEPCHEKTUBHBIX HAYyYHO-TEXHUUECKUX PELICHU MPOSBIISIETCS HE TOJBKO
U3MEHEeHHEeM pa3MepoB ucxoaHoro MmHoxectBa JITX W,, Ho 1 ero GopMbl, TOCKOJIbKY BHENPEHUE DTUX
pElIeH1iT KOPPEKTUPYET B TOM UMCJIE XapaKTep CBSI3ei MexXIy KOMIIOHeHTaMu BekTopa JITX.

AJITOPUTMBI ONTUMM3ALUU (DOPMEI U pa3MEPOB MHOXKECTB JONYCTUMbBIX 3HAYSHUIA IapaMeTPOB ITy-
TeM UX HalpaBJIeHHOI AedopMalii pacCMaTPUBAIOTCS B paMKax 0000IIeHHOTO MUHUMAaKCHOTO TIO/ -
xoga [3—5]. OnHako 3TH aNTOPUTMBI UMEIOT OOIIETEOPETUUECCKIIT XapakTep, T.e. PaKTUISCKHN HEIIPH-
MEHUMBI JIJTSI IPAKTUYECKMX UHKEHEPHBIX PACUYETOB.

VuureiBast 310, B [1] IPEIOKeH alrOpUT™ IIPUOIMKEHHOTO TIOCTPOEHUs MHOXecTBa W* B Kilacce

napajuleJIeUIIEIOB 3a CYET PACIUMPEHUS TPAHULL 7 i, Fmaxsi = 1, 1, ACXOOHOTO Mapajuienenumena W.,.
ITpu aTOM, K COXXaJIEeHUIO, TIPEMJIOKEHHBIN aJITOPUTM HE YYMTHIBAET BO3MOXHbBIE 3aTpaThl HAa peajn3a-
LU0 NEPCNEKTUBHBIX HAYYHO-TEXHUYECKUX HAIIPaBJICHU I, YTO MOXKET IIPUBECTU K 3aBEIOMO Hepealu-
3yeMbIM MPOEKTHBIM pellleHusIM. B HacTosiel cTaTbe ONMUChIBAETCS pa3BUTHUE aJrOpuTMa, Mpemio-
>KeHHOTO B [1], mo3BoJsollee onpeaeauTb NPUOPUTETHbIE HaIlpaBICHUSI HAYYHO-TEXHOJIOTMYECKOTO

pasBUTHA C YYCTOM BO3MOXKHBIX 3aTpaT HAa UX pa3BUTUC 1 BHCAPCHMUC.
AJ'[I‘OpI/ITM o0benuHSIET pAd IMMOCJICO0BATCIbHBIX IIAroB, COACPKAHME KOTOPLIX ITPUBOAUTCA HMKE.

0 .
Ll ar 1. ®opmupyercs HauaJIbHOE TIpUOIKeHUe W, st MHOXKeCTBa JOTTyCcTUMBbIX 3HaueHuit JITX,
B KaYeCTBE KOTOPOTO MPUHUMAETCS UCXOMHBIN Mapajutenenunen W,:

W, ={r: finin <1 < fingod = L}, (2.12)

0 .
i=1n.

0
rme Vimin = Yimin> 7

i i imax — Ti

max»?

JanbHeiiias mpoleaypa, obecrednBarolnas rmoxydeHue MHoxecTBa W, HarpaBIeHHOTO Ha yCTpa-
HeHue nedunnTa GyHKIIMOHAJIBHBIX CBOMCTB IpoekTupyemoro JIA, 6a3upyercs Ha METOJIe OIITUMM3a-
LIMU HYJIEBOTO ITOPSAKA — METOJEe MOKOOPAMHATHOTO CITycKa [6]. 3aMeTUM, YTO OIMMChIBaEMAasT HIXKE
Mpolieaypa BO MHOTOM ITOBTOPSIET aJITOPUTM HapaMeTPUIECKOM ONTUMU3ALUU JOBEPUTEITBHBIX MHO-
JKECTB B KJIacce KyOOB, U3JI0KEHHBI B [5].

LI ar 2. [MocnenoBareabHO BapbUpPyeTCs 3HAYEHUE 7,,;,, B CTOPOHY YMEHBIIIECHUSI:

oo = —kOr,  k=123..., (2.13)

N min Imin
rae 6]’1 — 33I[aHHbII71 aiar rnmouckKa o KOMITIOHEHTE #. HpI/I 9TOM IIPCACIBbHbLIC 3HAYCHUA BCCX NPYIUX

_ .0
= limin >

0
KOMIIOHEHT BEKTOpa 7 MPUHUMAIOTCSI PABHBIMU UX MCXOOHBIM 3HAYEHMSIM: F .. = Faxs Fimin

o . k
Fimax = Fimax>i = 2,n. Takum o0pa3oM, AJisi KaXIAOTO HOBOTO 3HAYCHUS 7., MMEeM MNPHUOIMKEeHME

k — o
W' € = st MHOXecTBa W*, 3amaBaeMoe COBOKYITHOCTBIO YCITOBMIA:

k k 0 0 0 i
I/Vr - {7’ * Fimin < h < limax>7jmin < Ty < Fimax>J = Z,H}. (214)

k
ITar 3. dns mHOXecTBa W, peliaercs 3anadya ONTUMUA3ALUU

D(r) — min, (2.15)

»
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rae D(r) onpeneinsiercs B Buae (2.11) u yauTbIBaeTCsI OrpaHUYCHNE

@ (r) = 0. (2.16)

k o
B PE3YJIbTATE HAXOOUTCA BEKTOD 7 , ob0ecrneynBalolInii BHIITOJTHEHUE MHOTIOANCIHUIIIMHAPHBIX Tpe60—
BaHHﬁ, IMpeaAbABIACMBIX K IICPCIICKTUBHOMY JJAc Y4€TOM BHCAPCHUSA MICPCIICKTUBHBIX HAYYHO-TCXHU -

. k
YeCKHX PEIlIeHNI, 1 OIleHKa 3aTpaT Ha MX peanusanuio D(r" ).

Lk
LI ar 4. BeinonHsercs nepedop 3HaYeHUH 7.,k = 1,2,3..., B pe3ypTaTe 4ero HaXoauTcsl, BO-Tep-
BbIX, TpaHULIA rfl’;m, BO-BTOPBIX, COOTBETCTBYIOILIEE ITOM TPaHULIE MHOXECTBO W,* € E, omnpenensieMoe
yciaoBusimu (2.14), a Takxke BekTop JITX r*(rffnm), IPU KOTOPBIX AOCTUTACTCS MWHUMYM 3aTpar
D(r* * _ dl 0 * 6
(F*(Hmin)) = @ (Nmin — fimin) Ha Pa3pabOTKy Y BHEAPEHUE HOBBIX HAYYHBIX U TEXHOJIOTUYECKUX pelle-

o o k
HUIA, NCTIOJIb30BaHUE KOTOPBIX 00ECTIEYMBAET BBIITOJIHEHUE 3agBICHHBIX TpeOoBaHUN D(r*(A i, )) = 0.
T ar 5. OueHusaercsd 3dPEKTUBHOCTD UCTTOIB30BaHMS NEPCTIEKTUBHBIX TEXHOJIOTHIA, HAITPaBJIEH-

0
HBIX Ha YBEJIMYEHUE 3HAYEHUS A ,,, - LLJIs1 3TOTO MocienoBaTebHO BapbUupyeTcsl 3HaYEHUE 7, ,, B CTOPO-
HY YBEJIUYEHUSI:

Foax = Tomax + K01,k =1,2,3... 2.17)

HpI/I OTOM IIPCACIbHBIC 3HAYCHUA BCEX IPYTMX KOMIIOHCHT BEKTOpa ¥ IPMHUMAIOTCA paBHBIMUM UX UC-
XOOHBIM 3HAYCHUAM:

_ 0 _ 0 _ 0 =2
Hmin = Nmin> ’;‘jmin - r/’mina rjmax - r/maxa J = 4N

k k _ =
Taxum obpas3om, A5l KaKIOro HOBOTO 3HAUYEHMUS F . UMeeM NpubavxeHue W, € E njst MHOXe-

CTBa W,*, 3aJ1aBAEMOE COBOKYITHOCTbIO YCJIOBUIA:

k 0 k 0 0 . A
I/Vr = {I’ * limin < " < rlmaxarjmin < r/ < rjmax’./ = 25”}’ (218)

k "
Hns1 xaxnoro npubnvkenus: W, pelaercs 3afayda ycaoBHOM ontumusanuu (2.15), (2.16). B utore
* *
onpeneisierca BeKTOp JITX r*(7,,,), HIPU KOTOPBIX NOCTUrAeTCd MUHUMYM 3atpaTrT D(r*(Hn.)) =
2, % 0 "
= d} (K max — Nimax)> CB3aHHBIX C BHEAPEHNEM HOBBIX HayYHBIX M TEXHOJIOTUYECKUX PELIEHUN, UCIIOTIb-

o k
30BaHME KOTOPBIX OOECTIEYNBAET BLINTOJIHEHNE 3aBICHHBIX TPeOOBaHUN D(r* (A . )) = 0.

AHaJIOTMYHBIM 00Pa30M OlLIEHMBAETCS BO3MOXXHOCTb BbIMIOJIHEHMS 3aJJaHHBIX TpeOOBaHUIA, MTPpeab-
SIBJSIEMBIX K MepcrieKTUBHOMY JIA, 3a cueT M30JMPOBAHHONM KOPPEKIIUW TpeAebHbIX 3HAaUYCHUM

0 0 .
rjmin’ rjmaxa] -

2, n, BCeX Ipyrux KoMNoHeHT BekTopa JITX.

%
B pesysabrate paGoThl OMKMCAHHOTO AJITOPUTMA OTPENENAETCS HAGOP BEKTOPOB (k. ), r*(Fia)

i =1,n, OoNUCHIBAIOIINX B MEPBOM IPUOJIMKEHUM BapraHThl OOJIMKOB IepCcHeKTUBHOrO JIA, KoTopbie
MOTYT ObITh MOJYYEHBI 32 CUET BHEAPEHUSI HOBBIX HAYYHO-TEXHUYECKUX PEIIeHUI U YIOBJIETBOPSIIOT
Ha0Opy 3amaHHBIX TPeOOBaHMWIA:

DO (Fin)) = 0, D(F(Fipay)) = 0

¢ otieHKamu 3atpat D)), D(F(rn.y ) Ha UX Peau3aliuio.

Peumrenue IIPUHMUMAECTCA B ITIOJIB3Yy TOTO BapHyaHTa f, paini3anusd KOTOPOro ComnpskKeHa ¢ HaMMCHb-
MMM 3aTpaTaMm:

N % %
D(7) = Min{ D(r*(Fiimin) ), DO (imax)) - (2.19)

Bripaxxenue (2.19) ompenesnsieT KOHKPETHYIO KOMIIOHEHTY BekTopa JITX u mpearnoururenbHoe ¢
Y4ETOM HEOOXOAUMBbIX 3aTpaT HaIlpaBJICHUE pacIlIUPEHUs ee MpeaeIbHBIX 3HaUeHUIA. DTO HaIlpaBJIeHUE

npearmnoaracTt (bOpMI/IpOBaHI/IC COOTBETCTBYIOILIETO HAYYHO-TEXHOJIOTUYCCKOTO 3aa€jia B (I)OpMC Hay4-
HbIX U TCXHOJIOTUYCCKUX peH.[eHHfI, onpeacIAromunx rEPCriCKTUBHLIC o0J1acTH IeITEIbHOCTH.

MN3BECTUS PAH. TEOPUS M CUCTEMBI YIIPABJIEHUS Ne 6 2023



172 AHUCHUMOB u np.

Ta6mmma 1. CoctaB nmokasartesieii, onpenessionnX Tpe6GoBaHUS K MePCIIEKTUBHOMY CaMOJIETy

MuHumanbHoe MakcumManbHOE
Haumenosanue nmokasaress, [ saverme. [ sHaverme. [
> 4 jmin > & jmax
BecoBast otmaua 0.28 0.8
OTHOCHUTeIbHAas Macca KOHCTPYKLIMU 0.1 0.3
Kpeiicepckast cKopoCcTh, KM/4 300 900
CKOpOCTh OTpbIBa, KM/4 0 100
JnvHa nmpobGera, M 400 1200
CKOpOCTh mOocamogYHast, KM/9 0 100
JlnuHa pa3bera, M 300 1200
Bpewms pasbera, ¢ 0 50

PaccMoTpeHa BO3MOXHOCTb YIOBJIETBOPEHUSI OrpaHWYEHMId, OMMCHIBAIOIIMX (PYHKIIMOHAbHbIE
CBOIiCTBa MpoekTupyeMoro JIA, 3a cuetT u30JJMpOBAaHHOTO U3MEHEHUS MPpeaeIbHbIX 3HAYEHUMN OTIEIb-
HbIX KoMNoHeHT BekTopa JITX. Ecnu mogoOHast cxema He MO3BOJIUT OOECIIEUNTh BBITIOJIHEHME Habopa
ycaoBuii (1.1) unm ee peanusanusi noTpedyeT HENOMYCTUMbIX BPEMEHHbBIX WM (PUHAHCOBBIX 3aTpar,
BO3MOXEH 00JIee CJIOKHBII BAPUAHT ONMMCAHHOTO AJITOPUTMA 32 CYET OJHOBPEMEHHOI KOPPEKIIUU TIpe-
JIeJIbHBIX 3HAUYeHUU IBYX U 0oJjiee KOMITOHEeHT BeKTopa JITX.

IIpakTuueckass peanusaiys MPUBEASHHOTO aJIropyuT™Ma TpeOyeT MHOTOKPATHOTO peIlleHUs 3aaady
YCIIOBHOM ONTUMU3ALNHU, TTOT00OHBIX (2.15), (2.16). 17151 5TOro MoXeT GBITh MCIIOIb30BaH aJITOPUTM Ha
OCHOBE MeToa HallpaBJIeHHOTO ciIyJaifHoro mmorcka [7]. CylecTBEeHHBIM ITPEeUMYIIIECTBOM TaKOTO ajl-
TrOpUTMa SIBJISIETCS] BOBMOXHOCTD paclapauieIMBaHus BeIYMcIeHni. PaboTa aroputMa TpedyeT reHe-
pUpOBaHUS peaiu3alinii HelpepbIBHON paBHOMepHO-pacnpeaeaeHHoit Ha nHTepBae (0.1) cayyaitHoi
BEJIMYMHBI, U YeTO TPUMEHEH MYTbTUTUIMKATUBHBIN JaTINK paBHOMEPHO-PaCIpeIeICHHBIX TICEBIO-
clIyyaiiHbIX uymncedn [8]:

o, ={Moa, ]}, (2.20)

rnei =12,...,M =1220703125,0,, = 2732, durypHbie ckooku B (2.20) o3HavaloT IpOOHYIO YaCcTh YMCJIA.

Jas MogenupoBaHUS peain3aluii AZMCKPETHOM paBHOMEPHO-pacIIpeaeICHHOM CydaitHOM BeITndn -
HBbI, 33]aBa€MOI yCIIOBUEM

1
P(X(®)=x,) = - k=LK
HCIIOJIb30BAaH aJITOPUTM:
. = min([a, - £) <o) (2.21)
1 k 1 K > *

[Ie O, HaXOAUTCSL B cOOTBeTCTBUE C (2.20).

B cienyloleM pasiesie paccMaTpyMBaeTCs 3aJadya OLEHKU AeduunTta (PyHKLMOHAIbHBIX CBOMCTB
MEePCIEKTUBHOTO JIA MPUMEHUTENBHO K ITPOEKTUPOBAHUIO CAMOJIETA TPAHCITOPTHOM KaTETOPUH.

3. Ilpumep onenku aedunuTa GyHKIMOHAIBHBIX CBOMCTB MEPCHEKTHUBHONO CAMOJIETA TPAHCIIOPTHOM Ka-
Teropun. PaccMoTpuM npoliecc hopMUPOBaHUS 00JIMKA MepclieKTUBHOro JIA Ha mpuMepe Kilaccude-
CKOTO TPaHCHOPTHOTO paMIIOBOTO CaMoJIeTa, KOTOPBII JOIKEeH obecIieunBaTh O€CIOCaaoYHbIi nepe-
JIET Ha JaJIbHOCTH cBhilre 5000 KM, mepeBo3st IpU 3TOM I0JIE3HYIO HArpy3Ky He MeHee 60 T.

Cnenys4 [1], mpu ¢opMupoBaHUU O0JIMKA MTPOSKTUPYEMOTO CaMOJIeTa OTPaHUYMMCSI TOJIBKO Tpebo-
BaHMSIMU BECOBOI U AMHAMUYECKOI 3(P(PEeKTUBHOCTUA. DTO IOIYyIIeHNE HUKAK HEe ITOBJIMSIET Ha peajlu-
3alIMI0 OIMCAHHOTO B pa3/l. 2 aJiroOpUTMa, HO o0ecneunT OoJiee HAIIsIMHOE IPeACTaBICHUE PEe3yIbTaToB.

Hcxons 3 3amaHHBIX TPeOOBaHMIA K ITepcrieKTUBHOMY JIA, orpenesieHbl IpeaeabHble 3HAYCHUS 110~
1 jax>J =1, N (1abm. 1).

Kazarenei /.,
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Taomna 2. Bextop JITX r, ucnonb3yemslii 11 pacueTa MHTErpaJbHbIX ITOKa3aTesieil, OTpaXalolnX COOTBETCTBUE

MMPOEKTUPYEMOTO caMoJieTa MPeIbsBJIEHHBIM TPEOOBaHUSIM

Haumenosane JITX, 7, MuHumanbHOE MakcumanbHOE
3HA4YEeHUE, Fipin 3HAYECHUE, Fipay

KosdhduLmeHT 1060BOro cCOnpoTUBICHUS Ha ITOCAIKe 0.33 0.34
KonnyecTBo nBurareseit, 1iT. 4 4
Tsra nBuraTesisi MakcuMajbHasl, KIc 8290 8300
MakcumManbHOe 3HaueHUe KO3 hUIIMeHTa ITOIbEMHOM CUIIbI 1.9 1.95
Ha B3JIeTe
MakcuManbHOe 3HaueHUe KO3 hUIIMeHTa ITIOIbEMHOM CUIBI 24 245
Ha MocajaKe
Bec nepeBo3uMOIi 11e71€BOIT HArpy3KH, KT 60000 60000
JlampHOCTB MoJieTa, KM 5000 5000
CreneHb IBYXKOHTYPHOCTH JBUTATEIs 4.4 4.5
CTpenoBUIHOCTD KphLjia, Tpa. 25 27
Tnomane Kpbuia, M2 200 210
Pasmax kpblia, M 50 60
KoadduieHT 1060BOT0 COMPOTUBIIEHUS Ha KPEeCePCKOM 0.01 0.02
pexume
Bpewms pasbera, ¢ 0 50

Takum 06pa3zoM, NpueMIIEMBIM IT0JIaraeTcst OOJIMK IPOEeKTUPyeMoro JIA, IJIst KOTOPOTO BBITOJTHSIET -
¢ ClIeAyIoNasi COBOKYITHOCTh YCJTOBUIA:

0 < 1,(r) <100,
400 < I5(r) < 1200,
0 < I, (r) < 100,
300 < 1, (r) < 1200,
0 < I (r) < 50.

B 1a67. 2 ipuBeneH mepedeHb JITX (KOMITOHEHTOB BEKTOpa F), MCIOJIB3yeMBbIX IS pacdyeTa MHTE-

(3.1)

TpaJIbHBIX MTOKa3zaresneit /; (r),Jj = 1,8, mpencraBiaeHHBIX B Ta0I. 1.

KonkpetHbie 3HaueHus 3Tux JITX rojsydeHbl Ha OCHOBE 000011IeHUST HAKOTIJIEHHOTO 001IeMHUPOBO-
rO ONbITa MPOEKTUPOBAHUS TPAHCIIOPTHBIX PAMITOBBIX CAMOJIETOB 1 OTPAXAIOT TEKYIIIUI HAYYHO-TEX-
HUYECKUI YPOBEHb PA3BUTHUS aBUACTPOEHUSI. 3HAYEHU S, IPUCYTCTBYIOIIIME B Ta0. 2, 3a0a10T B 13-Mep-
HOM MPOCTPAHCTBE UCXOOHOE MHOXeCTBO JITX W..

3aBucumoct [ (r) — I (r), cBI3bIBalOIINE TIOKA3aTeIM, OMICAHHBIC B TaOJI. 1, ¢ KOMITOHEHTAMU
BekTopa JITX r, onpeneneHbl Ha OCHOBE (PyHIAMEHTAIbHBIX MOJOXeHU Teopuu noseta [9, 10] ¢ uc-
MOJIb30BAaHUEM COOTHOILIEHU, TPUBEAEHHBIX B Ta01. 3.

O06o03HaueHUs1, MPUHSATHIE B BBIPAXKEHUSIX U3 TabOJ1. 3, UMEIOT CAeAyIOIIMiA CMBICI: [,.5,X — COOTBET-
CTBEHHO pa3Max, MIOIAAb U CTPEJTOBUAHOCTD KpblIa, C,, — KO3(hOUIIMEHT JJIOOOBOTO CONPOTUBICHUS
MPU HYJIEBOM YyTJIe aTaku, m — YaCOBOI pacxo[ TOoIuBa, G,,, — B3JIETHBII Bec, S — IUIOLIAlb KDbLUIbEB,
Cmaxssn — MAKCUMAJIbHOE 3HaYeHUE KOIGbOUIMEHTA TIOIbEMHON CUibl Ha B3jieTe, C),.vnoe — MAKCH-
MaJIbHOE 3Ha4YeHVe Kodh@UIIMEHTa TOIBEMHOM CHJIBI Ha TTOCaAKe, P, — ILIOTHOCTb aTMOcdephl Ha MO~
BEPXHOCTHU 3eMJu, G, — MOCANOUYHBI Bec, V. — IocagoyHast cCKopocTb, W — ckopocTs BeTpa, K, . —

a3pOJIMHAMUYECKOE KAUeCTBO Ha MOCAIKE, f;, — KOIMOUIMEHT TPEHUS ITPU IBUKEHUU TI0 B3JIETHO-
nocanoyHoii monoce (BIIII), V,,, — ckopocTb OTpbIBa, F,, — CpenHee 3HaYCHUE TATH IBUTATENST B MOMEHT
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Ta6mmua 3. COOTHOLLIEHYSI, Y4aCTBYIOLINE B pacueTe MHTEIpajIbHbIX okasateneil /) (r) — Ig (r)

XapakTepuCTUKH, YIACTBYIOLINE B pacueTe MHTETPaIbHbIX ITOKasaresei, J; BripaxeHue s pacuera
VYnnuHeHue KpbLia 2
A="L
S
DddekTUBHOE YUTMHEHUE KPbLTA, A,q, A = A
ap = T
1+ m——cos
1
KoadduimeHT oTBajza moaspbl 4 1
TE;\«3¢)
KoadduineHt monbeMHOM cuitbl Ha KpeicepckoM pexume, Cy c C.o
Kp — AT,
VKD p
Koaddunuent no6oBoro conpoTuBieHus Ha Kpeiicepckom pexume, C C — AC?
XKp X Kp =Cxo + Y Kp
CraTuyeckuil yaeabHbIi pacxXol TOIUIMBa HOMUHAJIBHBIIA 0.8
Cpp = ———F—
0
1+0.5Vm
CKOpocCTb FOPU30HTANIBHOTO NoJIeTa (Kpelicepckasi CKOpocTh), Vi y 2G,,,
rom =
pSC,
KoaddunmeHt monrbeMHOI CUTBI B MOMEHT OTPhIBa Crom = 0.7C maxpan
KoaddunueHT noabeMHOI Cuilbl Ha MocagKe Cynoe = 0.7C maxmoc
As3poIMHaAMHUYECKOE KaYeCTBO Ha MOCagKe Cnoc
K =
CXl'IOC
AspoIrMHaMUYeCcKOe KauyeCTBO Ha KPEMCEePCKOM pexXrMe Cyup
K =
Cx Kp
ITorpebHas t4ra, P, Krc P = Gysn
n
K
CKOpOCTBh OTpPBIBA, M/C G
V — B3]
otp —
PSCyorp
CKopoCTh MocagouHasi, M/c G
V = I1o¢c
noc
pSCynoc
JiuHa npo6era, L,,, M _ 2
Zl p > mp» L _ (Vnoc + W)
mp — 1
KHOC
JiuHa pasbera, L,, M — 2
I p > Lps (Vo'rp + W)
L, P
1T
2g[G - prj
B3J1
VienbHblit pacxol TOIJIMBA Ha KpercepckoM pexume, Cy,, KT/KIc4 C. = + 0.4M
mo 0
Y 7 1+0.027H
Macca Tormsa, m,, KT My = Gyl
q
qKM - .
Ven
qdq = Cyﬂ P,

N3BECTHUS PAH. TEOPUS M CUCTEMBbI YIIPABJIEHUS  Ne 6 2023



YITPABJIEHUE ITPOLUECCOM ®OPMHMWPOBAHUWA

175

Ta6mmua 4. MHOXeCTBO IOMYCTUMBIX 3HaueHuit JITX W, *, mocTpoeHHOEe ¢ yYeTOM BHEAPEHUS NEPCIIEKTUBHBIX

HAay4YHO-TECXHOJOI'MYCCKNX peH_IeHI/Iﬁ

Haumenosane JITX, 7, MuHumaibHOE 3HaYeHue, MakcumanbpHOe
Fimin 3HAUYCHUE, 7,y

Kos¢hduimeHT 1060BOro COMPOTUBICHUS Ha IIOCAIKE 0.33 0.34
KommyecTBo nBuTraTeneii, Ir. 4 5
Tsara gBuratesi MAaKCUMaJibHasl, KIC 8290 8551
MakcumanbHOe 3HaueHHe KO3 PUIIMeHTa II0OIbeMHOMN 1.9 1.98
CWJIBI Ha B3JIeTe
MakcuManbHOe 3HaueHNe KO3 pUIeHTa II0IbeMHOMN 24 245
CWJIBI Ha TTOCaaKe
Bec nepeBo3uMoii 11eJ1eBOi Harpy3Ku, KT 60000 60000
JlampbHOCTB MmoJieTa, KM 5000 5000
CrerneHb IByXKOHTYPHOCTY ABUTATEIIS 4.4 4.7
CTpenoBUIHOCTD KphIJia, Ipaj. 25 27
Tnomane Kpbuia, M2 200 210
Pa3max kpbuta, M 50 60
KoadduimeHT 1060BOr0 CONpOTUBIICHMS Ha Kpeucep- 0.01 0.02
CKOM peXuMe
Macca B3ieTHas, KT 80000 82113

pazbera camojieta o BIIII, g — yckopeHue cumbl TskecTu, H — Kpelicepckas BeicoTa, M — yncio Maxa
Ha KpelicepckoM pexuMme, g,,, — KUJIOMETPOBBIN pacxol TOTUINBA, A/ — NJVHA y4acTKa TOPU30HTAJIb-
HOTO T0JIETa, ¢, — CPEIHEYacOBOI pacXol TOIUIMBA Ha KPEHCEePCKOM pexXuMe.

B pesynbraTe penienus 3agauu onTUMmU3annu (2.8) BRISICHWIOCH, YTO B TPAHMIIAX MCXOTHOIO MHO-

xectBa JITX W, HEBO3MOXHO OINpeaeanuTh 00JIMK CaMOJIeTa, YAOBIETBOPSIOIIUIA COBOKYITHOCTH yCJI0-
Buii (3.1), T.e. UMeeT MecTO AeULUT PYHKIIMOHAIBHBIX CBOMCTB. CleaoBaTeIbHO, HEOOXOAUMO HAalTH

MHMWHUMAJIbHO BO3MOXKHO€ paCIIMPEHUE 'PaHUILl MHOXKECTBa VVr JOITYCTUMBbIX 3HayeHut JITX u IIOCTPO-

UTb HOBOC MHOXKECTBO I’Vr* C MCITIOJIb30OBAHUEM aJIropuT™Ma, OIMMCaHHOIoO B pa3/l. 2.

Kax ykasbIBaJIOCh BbILIE, MOJYYEHNE MHOXECTBA W,* MOJKHO NMPOBOIUTHCA C YUETOM 3aTpar Ha
ycTpaHeHue AeduimnTa (yHKIIMOHAILHOIO CBOMCTBA, CBSI3aHHBIX C BHEAPEHUEM NEPCIEKTUBHBIX Ha-
YYHBIX U TEXHOJIOTMUECKMX PEIIeHUI, KOTOphIe onpenessiorca Ha ocHoBe (2.10), (2.11). B pabore uc-

" 1 2 . _T12
MOJIb30BaHBI JINHEWHBIE 3aBUCUMOCTH d; (1 — Fpin )> d; (1 — Fimax ) » | = 1,13, BBIpaxaromiye BpeMsi, KO-
TOpOE, 10 MHEHUIO 3KCIEPTOB, HEOOXOAUMO TSI IPAKTUYECKOTO BHEAPEHUS TeX WU UHBIX TEXHOJIO-

Fimax> | = 1,13, COOTBETCTBYIOIIMX KOMIIOHEHTOB

Ui, MO3BOJISIIOIIUX PACIIUMPUTh OUAIMA30HBL 7 .,
BekTopa JITX 7.

B pesynbrate peanuzanuu ajnroputMa (pasm. 2) ObLI0 orpeneieHO HOBOE€ MHOXKECTBO TOITYCTUMBIX

o %
3HaueHuil JITX W,” 1 BplneeHbl BO3MOXHBIEC HAIIPABACHUS] PACIUIUPEHUS] TPAHULL UCXOIHOIO MHOXeE-
ctBa W, nonyctumsix 3HaueHult JITX, npencraBieHHbIe B Ta0J1. 4 TEMHBIM LIBETOM.

Kak cienyet u3 tab1. 4, IpUOpUTETHOE 3HAYEHUE JIJISI CO3/IaHUSI TPAHCIIOPTHOTO PaMITIOBOIO caMoO-
JieTa, OTBEYalollero BceMy Habopy TpedboBaHU, chopMyJIMPOBAHHBIX B TabJI. 1, UMEIOT TEXHOJIOTUHU,
CBSI3aHHbIE C COBEPIIEHCTBOBAHMEM CHUJIOBOM YCTAaHOBKU. YIOBJIETBOPUTH 3asiBJI€HHbIE TPEOOBaHUS
yaaeTcs 3a CUeT UCIOJIb30BaHMS TISITU ABUTATENEH, CITOCOOHBIX 00€CIIeUnTh MaKCMMAaJIbHYIO0 CyMMap-
HYIO B3JIETHYIO TSTY Ha YpoBHE 8551 Krc M 001a1aroimx CTereHblo IByXKOHTYPHOCTHU, paBHoOii 4.7.

JpyruM BaxkHBIM HampaBjJCHUEM UCCIIEIOBAHUIA SIBJISICTCS TTOBBILIEHUE B3JIETHBIX XapaKTePUCTUK
caMoJieTa, B YaCTHOCTH YBeJMYeHUEe MaKCUMaJIbHOTO 3HaUYeHUS KO3 dUlIMeHTa NOAbEMHOM CUJIBI Ha
B3JIETE IO BEJIUUUHBI 2.45, HATIpUMED, 3a CUET UCIIOIb30BaHUs 6ojiee COBEPIIEHHBIX CPEICTB MEXaHU -
3aliM KphbLia.
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BrimeneHHBIE HAITpaBIeHUS UCCIEAOBAHNM B COBOKYITHOCTU U OIIPEIEIISIIOT TOT HAYYHO-TEXHOJIOTH -
YeCKUii 3a1eJ1, pa3BUTHE KOTOPOTO MO3BOJIUT CO3aTh TPAHCIOPTHBIN CaMOJIET, OTBEUYAIOIIMIA 3asIBICH-
HBIM TPeOOBaHUSIM.

3akmouenne. [IpemioxeHa popManu3auus 3agadyyl oLeHKU AedunuTa GyHKIIMOHAILHEIX CBOICTB
npoektupyemoro JIA Kak 0600IIEHHON! 3aJaul ONTUMU3ALNN, B KOTOPOX MHOXKECTBO HOITYCTUMBIX
3HayeHu 1 JITX BRICTyIIAaeT B KaueCTBE JOITOJHUTEIBHOIO MapaMeTpa onTuMmr3anuu. PazpadoTan anro-
PUTM peElIeHUS 3TOI 3a1a4M ¢ Y4eTOM HAKOIUICHHOIO HaydHO-TEXHUYECKOTO 3ajeiia B 00J1acT aBUa-
CTpOEHMSI, a TAKKe (PUHAHCOBBIX 1 BPEMEHHBIX OTPaHUYCHUIA.

PaccMoTtpeHHast popMann3sainst Ho3BOJISIET ONPEISINTh IIPUOPUTETHBIE HAYYHO-TEXHOJIOTUYECKIE
peleHus, BHEIPpEeHUE KOTOPHIX 00ecIieunT cozaanue JIA, oTBeuaroero KOMIiekKcy MHOTOACIIUTLIN -
HapHBIX TPeOOBAHUI C MUHMMAJIbHLIMU 3aTpaTaMu. OLieHKa 3TUX PEIIeHUT 1 KaK pe3yJIbTaT IepCreK-
TUBHBIX HAIIPaBIICHU Pa3BUTUSI aBUACTPOCHMUS TAKXKe pealiu3yeTcs ¢ yueToM (DMHAHCOBBIX WU Bpe-
MEHHBIX 3aTpaT Ha pa3paboTKy U BHEAPECHHUE.

INpencraBieH NpuMep, WJIIOCTPUPYIOLIMI pabOTy OIIMCAHHOIO aJropMTMa OLIEHKM AeduliuTa
(GYHKIMOHAIBHBIX CBOMCTB ITepcHeKTUBHOIO JIA Ha ImpuMepe NpOeKTUPOBAHMS KJIACCUYECKOIO paM-
IMOBOT'O TPAHCIIOPTHOTO CAMOJIETA.
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