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The sea transportation system, which in turn forms the basis of the global trade system, has been developing
during the whole history of human civilization. The abrupt leaps in this steady development were caused both by
the changes of technological paradigms (e. g. by the shift from sail to steam, appearance of steel framing and hull
shells, containerization, digitalization etc.) and social reasons (abandon of the acceptable losses strategy after world
wars, end of cold war, relaxation of the international tension and war conflicts etc.). Unfortunately, the social factors
can not only push forward the development, but also have destructive character, manifesting themselves as crises
of different scales and natures. The complexity and the scope of the global transportation system that has developed
by the XXI century have already shown the tendency to kaleidoscopic changing of its states under small shocks.
In full scale this sensitivity has developed after COVID-19 and Ukraine affairs. It seems unreal to expect not only
quick revival of the collapsed world system of sea and land transportation, but even preservation of its structure.
Consequently, the key elements of the transport infrastructure, i. e. sea port, found themselves in a very serious
situation. Major ports have faced a problem of cargo flows deterioration and relevant redundancy of their capacity;
minor ports have discovered the opposite problem, namely, the residual cargo flows squeezed on the periphery
of business areal turned out to be too large for the existing facilities and resources. In both cases the changes
in external commercial environment and relevant route patterns set for the ports a task of finding a new balance
between potential cargo flows and existing resources. A decision of this problem by the methods of mixed integer
linear programming is described in the paper.

Keywords: seaports, throughput, linear programming, multiobjective optimization.

For citation:

Kuznetsov, Aleksandr L., Aleksandr V. Kirichenko, and Roman V. Kuznetsov. “Mathematical description of
the sea ports throughput assessment.” Vestnik Gosudarstvennogo universiteta morskogo i rechnogo flota imeni
admirala S. O. Makarova 14.3 (2022): 327-335. DOI: 10.21821/2309-5180-2022-14-3-327-335.

YOAK656.615

MATEMATHYECKOE OITUCAHMUE 3AJIAYU AHAJIN3A
NPONNYCKHON CIOCOBHOCTHU MOPCKHX MOPTOB

A. A. KysHenos, A. B. Kupuuyenko, P. B. Ky3Heuos

®I'BOY BO JYMP® umenu anmupasa C. O. Makaposav,
Caukr-IlerepOypr, Poccutickaa denepanmsa

B pabome uccredosana cucmema Mopckou mpancnopmuposKu 2py308, AGNAI0WANLCS dIeMenmom Uun@pa-
CMPYKMypbl MUPOBOU 2100a1bHOU cucmembvl mopeosnu. Ommevaemcs, ymo pe3kue CKauKu ee pazeumusi 06yciosie-
Hbl KAK CMEHOU MEeXHONIOSUYeCKOU cucmemyl (nepexoda om napyca Ha nap, nosigieHue CmaibHo20 Habopa u Kopnycd,
KoumetHepuzayus, neoperue yudposusayuu u 0p.), max u COYUAIbHbIMU YCAOBUAMU (HANpUMep, OMKA3 Om eme-
CMUMOCMU, 0ZPAHUYEHHOU «PUCKOM NPUEMAEMBLX HOMEPLY NOCIe MUPOBBIX BOUH, NPEKPAUEHUE «XOT0OHOU GOUHbLY,
CHUJICEHUE HANPSANCEHHOCTU IOKANbHBIX KOHOAUKMOG U m. 0.). Ilpu smom coyuanvrvle pakxmopsl MOZym He MoabKo
U2pams NOLOACUMENLHYIO PO 8 PA3GUMUU, HO U HOCUMb OeCIMPYKIMUGHDLIL XApAKmep, NPosasisisicy 8 hopme Kpusu-
€06 paznou npupodst u macuimada. Cnoscnocms u macuma6 cghopmuposaswetics k XXI 6. enobanvroil cucmemol
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NOKA3aNU ee CKIOHHOCHb K «KANEOOCKONUYECKUM dPDeKmam» npu pasiuiHozo pooa NOMpsCeHusx, npuiem 6 noi-
HOUL Mepe 2ma Yy8CmEUmenrbHOCHb NPoasuLacs nocie nandemuu u coovimuti na Yxpaune. I[Ilpeocmasisemcs ne-
PEANbHbIM 0JACUOAND HE MOLLKO OLICIPO20 BOCCIMAHOBACHUS PYXHYBULET MUPOBOU CUCTEMbL MOPCKUX U HAZCMHBIX
nepeso30K, HO Oavice COXpaHeHusi ee Cmpykmypbl. [loouepxusaemcs, ymo 6 04eHb CLOHCHOM NOLONCEHUU OKAZANUC
KII0Yegble dNeMeHmbl YKA3AHHOU UHppacmpykmypvl — mopckue nopmel. Ommeuaemcsi, 4mo nopmuvl CIMOAKHYIUCH
¢ npobaemMol nomepu 2py30nN0MoOKO8 U GO3HUKULE20 U3DOBIMKA MOWHOCHEN, MAlble NOPMbl UCHLIMbLEAION UHble
CIOJACHOCTU: «BbLOAGNIeHHbIe) HA nepudepuio busHeca 0OCMamoyHble epy30NOMOKU OKA3AIUCH CIUUKOM BEUKU
OISl UMEIOWUXCSL pecypcos. B oboux ciyuasx uzmenenue sHeumeti Kommepueckol cpedbl U Mapuipymos epy30nomoKos
cmasum nepeo nopmamu 3a0aiy HaxoHCOeHUs H08020 OANAHCA MeAHCIY NOMEHYUATLHBIMU 2PY3ONOMOKAMU U UMe-
owuMucs pecypcamu. B 0annom ucciedo8anuu npeoiazaenics 03MoACHOe peulenue YKA3anHol 3a0auu Ha 0CHOGe
MEMO0008 CMEUAHHO20 YETOUUCIEHHO20 TUHEUHO20 NPOCPAMMUPOBAHUSL.

Kurouesvie ciosa: mopckue nopmol, NpONYCKHAS CHOCOOHOCMb, TUHEUHOE NPOSPAMMUPOBAHUE, MHO2OKDU-
mepuanbHas ONMUMU3AYU.

Juist uuTUpoBaHM:

Kysneyog A. JI. MaTemMaTi4eckoe ONMUCAHNE 3a1a4H aHAJIN3a MTPOMYCKHON CIIOCOOHOCTH MOPCKHX TTOPTOB /
A. JI. Ky3uenos, A. B. Kupuuenko, P. B. Ky3uenos / Bectauk ['ocymapcTBeHHOT0 yHUBEPCHTETa MOP-
ckoro u peuHoro (iora umern agmupaia C. O. MakapoBa. — 2022. — T. 14. — Ne 3. — C. 327-335. DOI:
10.21821/2309-5180-2022-14-3-327-335.

Beenenue (Introduction)

CoBpeMeHHbIe MOPCKHE TIOPTHI I'eHEePalbHBIX IPY30B, MOPCKHE U THUJIOBbIC KOHTEHHEPHBIC Tep-
MUHAaJIbI, IOTUCTUYECKHE LIEHTPBI PACIPEACTICHNS U UHbIE IT000HbBIE 00BEKTH 00Pa3yI0T KOMIIJIEKCHYIO
HHPPaACTPYKTYPY IMI00ATBHON TPaHCHOPTHO-TEXHOJIOrHUecKoi ceTu. s 3hheKTHBHOTO 1 6€CCTHIKOBOIO
(YHKIIMOHHPOBAHUS CETH IIPOITYCKHAS CIOCOOHOCTH ATHX JIEMEHTOB OOBIYHO TIPOCKTHPYETCS C OIpe/ie-
JICHHBIM 3aI1aCOM, OIIpeessieMbIM (PMHAHCOBBIMU BO3MO>KHOCTSIMH X OIIEPATOPOB U MOJIOKEHHEM TEPMHU-
HAJIOB B HEpapXHUECKO cymnepcTpyKkrype. Kak criencrue, KakIplii TEpMUHAI IPAKTHYECKH BCETIa UMEET
pe3epB MPOIYCKHON CIOCOOHOCTH, KOTOPBIHA MOXKET OBITh UCIIONB30BAH IS [IEPEBATKU aJIETEPHATHBHBIX
Ipy30B. B HHTErpupoBaHHBIX LEMSIX TOCTABOK 3TOT NOTEHIMAT OOBIYHO OCTAeTCsl HepeaaIu30BaHHBIM,
MOCKOJIBKY CHCTEMHAasi ONTUMHU3aLUs OOBIYHO MpeanoiaracT moTepu SKOHOMUYECKOH 3P PpeKTUBHOCTH
OTJICTPHBIX 3BEHBEB B TOJIB3Y KadecTBa U 3PPeKTUBHOCTH 001Iero ¢hyHKnuoHupoBanus. [Ipu mimanuposa-
HUU padOThI TEPMHUHAJIA B Ka4eCTBE 000CO0IEHHOr0 LeHTpa (popMUPOBaHMS TPUOBLIH, a TAKKE B IEPHOL
KPHU3KCOB 3a/1a4a MPUBJICYCHHS TPY30II0TOKOB (DOPMYIHPYETCs yKe HE B TEPMUHAX UX alIbTEPHATHBHOCTH,
a B TEPMHUHAX UX MaKCUMaJIbHOH NPUOBLIBHOCTH.

Kak mpaBuno, uepe3 yka3aHHble paHee 0O0BEKTbl KOMINIEKCHOM HHPPACTPYKTYPHI II100aIbHON
TPAHCIIOPTHO-TEXHOJIOTMUECKON CETH TIPOXOAST TPY30MOTOKH Pa3HOM MPUPOABI, 00pa3ys Tak Ha3bIBae-
MYI0 CIpYKmypy 00we2o 2py30nomoxa. J1ji1 MOPCKOro opra 3TO MOT'yT ObITh HABaJIOUHbIE, T€HEPaJIbHbIE
1 KOHTEHHEPHBIE TPY3bl, U1l KOHTCHHEPHOr0 TEPMUHANA — I'PYKEHbIC H TOPOXKHUE KOHTEHHEPBI, UMIIOPT-
HBIC ¥ OKCTIOPTHBIE, YHUBEPCATbHBIEC U CIICIIHANIbHBIC, PACTapUBaEMbIC M 3aTapUBaEMble TAPHO-IITYUHBIC
rpy3sl 1 Ap. Kaxxaplil U3 3TUX OTAEIBHBIX IPY30IIO0TOKOB MIPOXOAUT 00pabOTKy IO CBOEMY COOCTBEHHO-
MY TEXHOJOIMYECKOMY MapIIpyTY, IPU IMOMOIIM YCTAaHOBJICHHOM MOCIEI0BATEILHOCTH ONEePALlMOHHBIX
3BEHBEB U 33/ICHCTBOBAHHOTO B HUX 000pyA0oBaHus. TexHoiornueckne GpoHTHI, 31aHUS U COOPYKEHUS,
[OABEMHO-TPAHCIIOPTHOE 000PYJOBAaHUE, [IEPCOHAN — BCE 3TO COCTABISACT HOHATHUE MEXHONOSUUECKUX
pecypcos, HeobxooumMbIx OJis GLINOIHEHUs onepayull oopabomku epyzonomoka. Kaxaslii pecype B mpo-
[[ECCEe CBOETO MCIIOJIb30BAHHUH CBSI3aH C OIPEJIICHHON ce0eCTOMMOCTRIO, JOPMHUPYIOIIEH COBOKYITHBIC
3aTparsl Ha 00padoTKYy, a 00paboTKa KaKI0TO TPY30MOTOKA CBsI3aHA C U3BECTHBIMU (OTIpeesseMbIMU
PBIHKOM) TapudamMu, TPUMEHEHUE KOTOPBIX (YOPMUPYET AOXOA OT OHepanuil.

B cozxepikarenbHOW MOCTAaHOBKE B JAHHOM HCCIICAOBAaHUHU 3a7a4a GOPMYIHPYETCS CIEAYOIUM
o0pa3oM: nMeeTcs OIpeIeIeHHOe MHOXKECTBO 005S3aTeNBHBIX K 00pab0TKe BO3MOKHBIX TPY30IIOTOKOB,
a TaK)Ke ONPeAeTICHHOE KOJMYECTBO PAa3HOPOAHBIX TEXHOJIOTHUECKUX PECYPCOB, TPeOyeTCs HATH ONTH-
MaJbHYIO CTPYKTYPY IPOEKTHOTO IPy30MI0TOKA. B JaHHOM HcciIe[0BaHUY TOKAa3aHo, YTO JTa 3a1a4a siB-
JISETCS CIIOKHOM, KOMIUIEKCHOW M MHOTOKPUTEPUAIbHON, BCIEACTBUE YET0 B Pa3HBIX IIOCTAHOBKAX VIS €€
peleHust HEOOXOUMO MTPUMEHSTh pa3IHYHbIC MaTEMATHYECKUE U IBpPUCTHYECKUE MeTO/Ibl. COBpEeMEHHBIE
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Hay4YHbIe Pa3pab0TKU B JaHHOW o0yiacTu 0a3UPYIOTCS Ha BO3POCIIMX BO3MOXKHOCTSIX BBIYMCIUTEILHON

TEXHUKHU U CTaBIIEH JOCTYITHON CTaTHUCTHKH, YTO TIO3BOJISIET IPUMEHSATH JOCTATOYHO CIOKHBIE MaTe-

MaTHYECKUE METO/IbI, @ PACYEThl 3HAYUTEIBHON YaCTH PACCMOTPEHHBIX pa0OT UMEIOT JTOJITOCPOUYHBIH,
MIPOTHO3HBIN U BCJIEACTBHE ITOTO OIICHOYHBIH XapaKkTep.

[loBomoM asist TpOBEACHUS HENAaBHUX HCCIIEOBAHUI B OCHOBHOM SIBUJIACh OTPEOHOCTH B OLICHKE
MOPTOBBIX MOIIHOCTEH B YCIOBUSIX «KOBUIHOTO» U «IIOCTKOBUJIHOIO» mepuoaos [1], [2], npuMeHeHun
WHHOBAITMOHHBIX TEXHOJOTHH [3], MeTOmOB ympaBiaeHus [4]—[6], a Takke B OIEHKE MacCIITa0HBIX MaKpO-
9KOHOMHUYECKUX MpoeKkToB [7]—[11]. JlaHHbIe HccaenoBaHUsl HOCST BbIPAXKEHHBIM perMoHaIbHBIA Xapak-
tep [1]-[9], [11]. B xauecTBe METOMYECKOTO armapaTa UCIOIb3yeTCs JOCTATOYHO CBOCOOPA3HBIN CIIEKTP
METOJIOB, OITUPAIOIIUXCS Ha 00pabOTKyY OOMIMPHBIX 0a3 CTATUCTHUSCKUX JaHHBIX. B padoTax [1], [4] BHU-
MaHHe yJIeJICHO TMHAMUYECKOMY B3aMMOJICHCTBUIO MEXIy MOPCKAMH MOPTAMHU U COOTBETCTBYOIICH
CTpaTeTrny MPUHATHS PEUICHUH IS OTIepallHOHHON e TeTbHOCTH MOPCKOTO MOPTa C MCIIOIH30BAaHUEM
YEeTBIPEXMEPHOM (PpaKIIMOHHON Mojienu KoHKypeHIuu JloTku — Boasreppa B ycloBHSX BPEeMEHHOW He-
OTIpE/IeTICHHOCTH.

i onucanust TMHAMHUKY COTPYAHUYECTBA U KOHKYPEHIIMH MEKTy B3aMMOJICHCTBYIOITUMU TOPTaAMHU
MIPUMEHEHBI METOIbl HETMHEHHOTO aHAIIN3a, BKJTFOYAst aHAIM3 PAaBHOBECHSI, OLIEHKY CTaOMIILHOCTH U UCCIIENIO-
BaHME BPEMEHHBIX PsII0B. B paboTte [4] HenmHeliHOe NTMHAMUYECKOE ITOBEICHUE YIYACTHIKOB TPAHCTIOPTHOTO
PBIHKA M3y4YaeTcsl C UCTIONh30BaHKMEM aHaTn3a OudypKanuii 1 BpeMeHHBIX psijioB. Ha 0OCHOBE TMHAMUYECKOTO
aHaJIM3a peaTn30BaHO aAalITHBHOE YIIPABICHNE CKOMB3SAIINM PEKIMOM JIPOOHOTO TTOPSIKA C TIOMOIIIBIO ajl-
TrOpPUTMa UCKYCCTBEHHOH HEHpOHHOM ceTH. HeoOX0anMO OTMETHT, YTO YKa3aHHBIN MOAXO0, OIUPAIOLINHCS
Ha Mozenh JIoTku — Bonbsreppa u aHanm3 aTTpakTopoB, OBLT IPUMEHEH paHee aBTOpaMH TAHHOM cTaThh [12]
C MOJIOKUTEIILHBIMU pe3yJibTaTamu. B pabote [7] olieHKa TEXHOJOTMYECKON A3(P(PEKTUBHOCTH KOHTSHHEPHBIX
MOPTOB BBHIOOPKH BBITIOJIHEHA ¢ TIOMOLIbI0 aHanu3a okHa DEA (Data Envelopment Analysis). 3aTem noiy-
YeHHbIE Moka3arenu 3(h(hekTHBHOCTH OB BBEACHHI B KAYECTBE OOBSICHAIONINX NIEPEMEHHBIX B alITOPUTM
aHaym3a ocHoBHBIX KoMmoHeHTOB PCA (Principal Component Analysis).

B paboTe [5] nccrmenoBana poiab «yMHOTO IOPTa» B ooecniedeHuH 3P (HEKTHBHOCTH IIETIOYEK T10-
CTaBOK (MOpT mAToro nokosienust (5G)), paccMOTPEHA KOHIICNTYalIbHAsT MOJICIIb, IPU3BAHHAS OOBSICHUTH
B3aMMOCBSI3b MKy BHeNIpeHreM TexHonoruil « Uamyctpun 4.0» 1 sBoronneit On3Hec-Moesed MOpCKIX
nopToB. B uccnenoBannu [6] UHTErpUpPOBaH CTOXACTUYECKUI MHOTOKPUTEPUATBHBIN aHATIN3 ITPUEMIIEMO-
CTH C MOJICJIBIO TTOPSIAKA ¢ AJIs1 00paOOTKH CITy4yaeB HECOBEPLICHHBIX 3HAHU (ABTOPErPECCHOHHAST MOJCITh
BPEMEHHBIX PAJIOB, B KOTOPOIl 3HAUEHUST BPEMEHHOTO Ps/ia B JAaHHBII MOMEHT JIMHEHHO 3aBUCAT OT TIpe-
JBITYIIUX 3HAYEHUH 3TOro ke psaja). Pe3ynsraTel mokasain, 4TO HU O/IHA U3 TPUHAALATH TPUMEHEHHBIX
aBTOpaM¥ OOBSICHSIONINX MTEPEMEHHBIX (HM BHENTHNUX, HU TOKa3aTesei 3peKTUBHOCTH) HE UMEET 3HAUH-
MO CBSI3U ¢ TEXHOJOTMYECKOM 3(PPEKTUBHOCTHIO MOPCKUX IOPTOB. B padote [9] mprMeHeH crocod olieH-
KU JUHAMHYECKOHW CHCTEeMBI 00001eHHOro MeToga MoMeHToB GMM (Generalized Method of Moments),
YYUTBHIBAIONINI MOTEHIIMAIBHYIO 3HIOT€HHOCTH perpeccopoB. OGOOIIEHHBI METOI MOMEHTOB OOBITHO
NPUMEHSETCS B MATEMAaTHYECKOM CTATUCTUKE U DKOHOMETPUKE JIJISl OLEHKH HEU3BECTHBIX MMapaMeTPOB
pacrpenesieHii 1 SKOHOMETPUIECKUX MOJIETICH, IBIISIeTCSl 0000IIeHneM KIIaCCHYeCKOr0 METO/Ia MOMEHTOB.
Metoz ObLI Ipe/IoKeH XaHceHOM B 1982 1. Pe3ysbrarhl JaHHOTO UCCIIEOBAHUS IOKA3BIBAIOT, YTO POCT
MIPOITYCKHOM CIIOCOOHOCTH MOPCKOT'0 IOPTA yITy4IlIaeT PErHOHALHBIA TOPTOBBIN OajaHC B KPATKOCPOYHOU
1 JOJrOCPOYHOM NEPCIEKTUBE.

CdopMupoBaHHBIH MOXO0]] ABTOPOB HACTOSIICH CTAThH OCHOBAH Ha IIPUMEHEHUH METOJI0B UMHUTA-
IHOHHOT0 MoaenupoBanus [13], [14], omHAKO MPEACTABISETCS, UYTO IJIS PEIIICHHS BOIIPOCOB OIIEPATHBHOTO
yIpaBieHHs LeIeco00pa3HO MpUMEHEHHE Ooee «ObICTPBIX» PACUETHBIX METO/OB, MO3BOJISIOMINX MOJTY-
YaTh parMOHAJIbHBIC PEIICHMUS.

MeTtonsl u matepuaJbl (Methods and Materials)
OO0HOPOOHYIL 2PY30NOMOK U HeoepanudeHHble 00HOPOoOHble pecypcyl. 1lycTh nMeeTCsl HEKOTOPBIT
T'PY30MOTOK ¢, ISl 00pabOTKH KOTOPOTO B HEOTPAHWYEHHOM KOJTMYECTBE MPEAOCTaBICHO 000pyI0BaHNe
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€ MPOU3BOJUTEIBHOCTHIO p. OYEBHIHO, YTO KOJIMUECTBO 000PY/IOBaHUS, HEOOXOAUMOrO JUIsl 00pabOTKH
3a/IaHHOTO TPY30II0TOKA, ONPEAEsAeTCs BhIpaxeHueM N = 9,
p
OO0HOPOOHYIL 2PY30NOMOK U 02PAHUYEHHble 0OHOPOOHbIe pecypchl. Ecnu nMeeTcs: orpaHuueHHOe

KOJMUYeCTBO 060pyoBanus N° MPOM3BOAUTENLHOCTBIO P, TO C €0 HOMOIBIO MOXKET ObITh 06paboTan
I'Py3010TOK, OrpaHHYEHHbIH MO BeTMYMHE 3HaYeHneM ¢, = pN' . Jlins 06paGoTKH rpy30M0TOKa g < ¢, He-

00XOIMMO UMETH JTUIs N' = 4N enuHUI 060pynoBanus, a N° — N’ elMHHI] OCTAHYTCS HENCTIONb30-

p
BaHHBIMH. DTOT U PACCMOTPEHHBIN paHee Ciyyan 00pas3yloT MpsiMyIo U 0OpaTHYIO pacueTHBIC 3aJauu:

B MIPSIMOY TIOCTAHOBKE TPEOYETCS ONPEICIIUTh PECYPChI, HEOOXOIUMBIC 11 00pabOTKH MPOSKTHOI'O TPY-
30M0TOKA, B 00paTHON — KaKOW TPY30MOTOK MOYKHO 00SCIIEUHTh UMEIOITUMUCS PECypCaMu.

Cumewannwlii epy30n0mMoK U Heo2paHudenHvle HeoOHOpoOHble pecypcsyl. I'py3onoTok Q mobo-
ro TepMuHaia (mopra, Ckjajaa, JOTECTUIECKOTO IIEHTPa) B 00IIEeM cirydae SBISICTCS HEOTHOPOIHBIM
1 pOpMHUpPYETCs U3 OTACTBHBIX YACTHBIX KOMIOHEHT ¢, T. €.

Q:qu- (1)

Kax nast KOMIIOHEHTa IPY30IIOTOKA ¢, TIPOXOIUT YEPE3 TEPMUHAT OT/IEIBHBIM ONEPALMOHHBIM MapIil-
pyToMm, Tpeldyst Ui 00paboTKH CBOM KOHKPETHBII HA0Op TEXHOIOrHYECKOro 000pyA0BaHUS U3 UMEIOLLE-
rocs Ha TEpMHUHaJIE MHOXKECTBA

Ez{el,ez,...,em,...,eM}. 2)

Ecnu IIPOU3BOAUTCIIBHOCTDb O60py,I[OBaHI/I$I €m IIPpU BBINIOJIHCHUH OIICPpaIliun 06CJ'Iy>KI/IBaHI/I$I rpy30-
IIOTOKa q. H3BCCTHA U COCTABJISACT BCIINYUHY P’:, TO Tpe6yeMoe KOJINYCCTBO 060py,I[OBaHI/IH JJIsI BBITIOJI-
HCHHSI ATOM Orepanrun paCCUUTBIBACTCA B BUJIC

Nj = %. ®)
Ortcroma o0I1ee KOJTHIeCTBO 060pyILOBaHI/I$I Tdna e, € E OHNpeACISACTCS KaK CyMMa 110 BCEM OniepalusiM:
K
N,=>N,. 4)
k=1
K

[Ipu HanWMuMM 3aJJaHHOTO Tpy30moToKa O = qu U HEOTPaHMYEHHOTr0 pecypca 000py10BaHUS

E= {e] 3 €y ees @ s, eM} BBIBEJICHHOE COOTHOHIeHI/Ike 11103Bons{eT OIIEHUTH OOIUI Mapk 000PYIOBaHUS
Ka)kJIOTO THITa, HEOOXOUMBIH JJIsl OCBOCHUSI 33JaHHOTO TPY30IMOTOKA.

O0HOPOOHbLIL 2PY30NOMOK U 02PAHUYEHHblEe HeOOHOPOOHbIe pecypchl. PACCMOTPUM OJHOPOIHBIN
I'Py30MOTOK

1

0=>4,=a=4 5)

k=1

DTOT rpy30MOTOK CBOAUTCS K €AMHCTBEHHOMY YaCTHOMY OIIEPAIllHOHHOMY TOTOKY ¢, Ul 00padOTKH

KoTOoporo norpedyercst N, = % eIMHUI] 000pYA0BaHUs Kaxxoro Tuna. [lycThk Terneps Kax bl THI 000-
m

0 0 0 0
pynoBanus E = {el, €,.iisC .., eM} HUMEETCS B OIPAHMYEHHOM KOJIMYECTBE {N1 s Ny,...,N,, ..., NM}.

m
Ecnu 060py0BaHye KaxkI0r0 THIIA HMEETCs B 10CTATOYHOM KONMUeCTBe, T. €. N, < NU, To 3a-
JAHHBIHM TPY30IO0TOK MOXKET ObITh 00paboTaH TepMuHaioM. Eciiu i HEKOTOPOro THa 000pyI0BaHUS
€, 9TO COOTHOLICHNE HE Oy/IeT BBIIOIHATHCSA, TO MPECIbHbI 00beM paccMaTpUBAEMOTrO OAHOPOHOrO

4
k

m

eIMHUIL 000pyI0BaHUs KaxK10ro Trma. OTcroaa N,(; — N ennHunu 060pyI0BaHMs KaXI0T0 THITA (m # mo)
OymeT n30BITOYHBIM.

I'PY30I0TOKA COCTABUT BEJTNYNH = P N° . B atom ciyuae st ero 06paboTku norpedyercs N/ =
0 mg mg m
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Cymewannuiii 2py30NnomoxK u 02panHuyetHvle He0OHOpoOHble pecypcyl. PaccMOTpUM Tenepb cMellaH-

K
HBIH Tpy3010TOK O = qu IIPU OT'PaHUYEHHOM KOJIMYECTBE 00OPYIOBAHMUS:
k=1

{N),N],....N),. N (6)

[TockoabKy MPOU3BOAUTENLHOCTS OOOPYJOBAHUS TUIA €, TIPU BBIIOTHEHUHU ONEPAIlMU OOCITyKH-
BaHUS 4aCTHOTO I'Py30H0TOKA ¢, Pa3jIMyHa, €r0 HEXBaTKa OyJeT M0-pa3HOMY MPOSBIATHCS B KaXI0M
13 3TUX TPY30MI0TOKOB. B OIHOM cily4ae MOXKHO OTHOCHUTEIIEHO PABHOMEPHO PacIpeieInTh UMEFOIIeecs
000opyI0BaHHE MEXK/TY BCEMU KOMIIOHEHTAMH, B IPYTOM — MaKCHMAJbHO 00€CIeunTh TPeOyeMbIMU pe-
cypcamu IPUOPUTETHBIC HAIIPABIICHH S, OCTABUB 32 JOMOJHUTEIbHBIMH TPY30I0TOKAMHU MIOTOKAMH IOy~
YeHHUE PECYpPCOB 110 OCTATOYHOMY MpHHIUITY. Kak ciencTBue, 3a/1a4a CTAHOBUTCSI MHOTOBApHAHTHOM U 3a-
BHCHMOM OT CHCTEMBI PACCTaHOBKH MPUOPUTETOB. OUEBHTHO, YTO TIPU OTPAHUYECHHBIX PECypcax, 3aaHHbIX
00BEMOM U CTPYKTYPOH KOMIIOHEHT, I'PY30II0TOK B OOJNBLIIMHCTBE CIIy4aeB HE MOXKET ObITH 00paboTaH.

OO6parnas 3amada, a UMEHHO, KaKOH CMEIIIaHHBIA TPY30TOTOK MOXKET OBITH 00paboTaH WMEIOIIIHM-
Cs1 KOJTMYECTBOM 000PYIOBAHUS {NIO, Ny,...,N),..,N ;)4} TaK)KE HE UMEET PEIICHUS, TOCKOJIbKY Pa3HbIC
MPHOPUTETHI KOMIOHEHT OYJyT aBaTh pa3ivvHbIe BapuaHThl pemennid. Eciu neneBoil pyHKuen BbI-
OupaeTcs MakCHUMallbHasl IOXOAHOCTh COBOKYITHBIX ONEpalinii, Tapudbl Ha OTJCIbHBIE KOMIIOHEHTHI IPy-
30II0TOKA ¢, 1 Ce0ECTOMMOCTb HCIIOIBb30BAHUS PeCypca S U3BECTHBI, TO paccMaTpUBaeMas podiema cBo-
JUTCS K 3a7ja4e TUHEHHOT0 TPOrpaMMHUPOBaHUS

Tlocmanoska 3a0auu: Haxoodicoenue epy3onomoxa kax zadaua JII1. PaccMOTpUM HEOJTHOPOTHBIH
rpy30n0ToK O, KOTOPBIA COCTOMT U3 OTAEIBHBIX YACTHBIX KOMIIOHEHT ¢,

0=>4,. (7)

Kaxnast koMIoHeHTa rpy30mnoroka ¢, Tpedyet 1y 00paboTKH KOHKPETHBIH HAOOP TEXHOJIOrHYe-
CKOT0 000PY/IOBAHHSL:

Ez{el,ez,...,em,...,eM}. (8)
Kaxaiit Tun o6opynosatns E ={e,e,,...,€,,...,€, | UMECTCS B OrPAHUYCHHOM KOJIHYCCTBE:
0 0 0 0
{N'.Ny,....No,... Ny} (9)

k
I[TycTh n3BECTHA NPOM3BOAMTEIBHOCT P, 000pyI0BaHus €, B IPOLECCe 00CITyKMBAHUS TPy30110-
ToKa ¢,. Toraa ero TpebyemMoe KOIMIECTBO 3aIUIIETCS B BUJIE
NE =i (10)
P
m
Kpome Toro, nzpecTHbl Tapudbl Ha OTAETBHBIE KOMIOHEHTHI IPY30I0TOKa ¢, K CE0ECTOUMOCTD €/TH-
HHUIBI peCypca KaxX10ro TUIl Sm. COOTBCTCTBYIOHRUI 3agada JIMHEHHOTO nporpaMMupoOBaHus B OTOM Clydac
hopmynupyeTcs B BUIE

K M q
Z(cqu - Zsm —£) — max (11)
k=1 m=1 Pm
Wi
K M s
9, qu (¢, — ZP—’Z) — max (12)
k=1 m=14m,

Ipu CIACAYOUIUX OI'PAaHUYCHUAX Ha UMCIOLIUCCA PECYPCHI:
{N,<N/,N,<N},..,N,<NJ....,N, <N}, }. (13)

Kpome Toro, kaxasi KOMIIOHEHTA TPy30M0TOKA MOKET TPeOOBaTh OMPEACIICHHOT0 0053aTEIBHOTO
o0Bpema 00paboTKu
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{qIquo,quqg,...,qkZqz,...,qKZq,O{}. (14)

Takum 06p2130M, TMOABJIACTCA BO3MOKHOCTDE PA3JIMYHBIX TOCTAHOBOK 3a/la4r C pCUICHUEM, COACP-
KaluM 5JICEMCHTHI aHaJIn3a BJIIMAHUA Ka)KZ[Oﬁ KOMIIOHCHTHI Ha HCCHCHYCMBIﬁ mpouecc.

PesyabTaTsl (Results)
IlycTh, HampuMep, pacnoyararoT pecypcamu, XapakTepU3yeMbIMU 3HAYCHUSIMH, TPUBEICHHBIMU

B Ta0I. 1.
Tabnuya 1
Hcxonnbie JaHHBIE U Pe3yabTaThl pellieHus AJs1 nejaeBoii pynknun (11)
[Tpou3BOAUTENLHOCTH PECYPCOB
Tapu¢ Ha KOMITOHEHTBI OrpannueHnus O0bem
P, P, P, N
Ipys 1 q, 1500 2500 2500 2500 2500 100 4852
I'py3 2 q, 1300 3000 3000 3000 2500 100 4265
I'py3 3 q, 1000 0 1300 2000 0 100 100
I'py3 4 q, 900 0 1000 2500 2500 100 100
I'py3 5 q, 800 0 1700 0 2500 100 783
K K s K -
CebecTouMocTh pecypca ! 2 3 4
12000 2000 1000 2500 - -
OrpanndeHust 4 4 4 4 -

Pesynprar penieHust COOTBETCTBYIONICH 3a/1aud JIMHEHHOTO TPOrPaMMHUPOBAHHMS CTAHIaPTHBIMU
cpencrBamu MSExcel maeT 3HaueHwus, yka3aHHbBIE B KpaiiHeM mpaBoM cTosbie Tadbnuisl. Kak BumHO
U3 3TUX JaHHBIX, TPEThS U YETBEPTasi KOMIOHEHTa IPy30M0TOKA BOILIN B OOIIMI I'Py30MOTOK JIMIIb
BCJICZICTBUE €T0 0053aTEIbHOI0 MUHIMAJIBHOTO 00beMa. Vi3menenns tapuda Ha 00paboTKy TpeThei KoM-
MTOHEHTHI T'PY30M0TOKA JIeTaeT Oojee MpUBIeKaTeILHBIM 00pab0TKY 3TOM U BTOPOI KOMIIOHEHT (TaoII. 2).

Tabnuya 2
Hcxonnbie JaHHBIE U Pe3yJabTaThl PellieHust AJs1 neaeBoil pynkmun (12)
[Tpon3BOIUTENBLHOCTD PECYPCOB
Tapu¢ Ha KOMITOHEHTBI OrpanuueHus Oobem
p, p, P Py
I'pys 1 q, 1500 2500 2500 2500 2500 100 100
I'py3 2 q, 1300 3000 3000 3000 2500 100 9700
I'py3 3 q, 1000 0 1300 2000 0 100 738
I'pys 4 q, 900 0 1000 2500 2500 100 100
I'py3 5 g, 800 0 1700 0 2500 100 100
S S A S — —
CebecroumocTs pecypea ! 2 3 4
12000 2000 1000 2500 -
OrpanuyeHust 4 4 4 4 — _

B cinyuae 6oee croxHOI cUCTEMbI TPHOPUTETOB (HAIPUMED, YUUTHIBAIOIINX KOMMepUecKas 3Ha-
YUMOCTb TE€X WJIM HHBIX KIIMEHTOB U TPeOyEeMbIX HMHU ONepalnii, o0ecrieueHrne MpeanICaHHbIX BHEITHUMU
YCIOBHSAMH T'Py30II0OTOKOB, COXPaHEHNE PHIHOYHOW TTIO3UIINH U JIP.) METO/] IMHEWHOTO MPOrpaMMHUPOBAHU S
B OOJBIIMHCTBE CIIy4YaeB HEIPUMEHHUM, U PEIICHHE AOJIKHO HAXOAUTHCS PA3IMUYHBIMU IBPUCTUUECKUMHU
criocodamMu. MeToInYecKOi MPUUMHOM 3TOW HeaJeKBaTHOCTH SIBIISICTCS CIIMIIKOM OOJIbILasi BApHATHBHOCTh
pe3yJsibTaTa Mpu HEOONIBIIOM CIIEKTPE NapaMeTPOB, B YACTHOCTH JIOXOJHOCTH TPy30MoToKoB. Kak mpa-
BHJIO, METOZBI INHEWHOTO MPOTPaMMHUPOBAHUS HMEIOT TEHACHIINIO MAaKCUMHU3UPOBATh €AMHCTBEHHBIN
I'PY30MOTOK ¢ HAHOOJBIIeH TOXOAHOCTHIO. Kpome Toro, pasHble METOABI pellieHU 3aadd JTUHEHHOTro
MIPOTpaMMHUPOBAHHUA AIOT Pa3IUIHBIC PE3yNbTaThl. ECM B OTHOIEHNN MaKCUMHU3NPOBaHUS (PyHKIINN
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OTO HC CTOJIb BaXXHO, TO JJIsI IPAKTUKU JUAMCTPAJIbHO NPOTHUBOIIOJIOKHBIC BAPpHUAHTBL (bOpMI/IpOBaHI/IH
TEXHOJIOT'MYCCKUX PECYPCOB MOTYT OKAa3aThCsA HCIIPUCMIICMbBIMU.

Ob6cy:xnenue (Discussion)

Kak BHUIHO M3 paHEC U3JIOKECHHOI'0, ITPU TpaIlHHHOHHOfI IIOCTAaHOBKE 3aa4u OIITUMHU3AIIMH KaK MaK-
CUMHU3alInun HCKOTOpOfI HeﬂeBOﬁ (I)YHKIII/II/I B IMPOLECCE €€ PCIICHU S NPUXOAUTCA CTAJIKUBATHCA C Xapak-
TCPHBIMU JISI BCEX N3BCCTHBIX TCOPETUUCCKUX METOA0OB HpO6J'IeMaMI/II BBIUHCIIUTEIILHOM TPYAOCMKOCTBIO
" CTPEMIJICHUIO K JIOKAJIbHBIM 3KCTPEMYMaM. TlosiBuBIIMECS B nocjieaHee BpeMa MCTa3BPUCTUKH, HanboJjee
HU3BECTHBIMU U3 KOTOPBIX ABJIAKOTCA TCHECTUYCCKUC AJITOPUTMBI, ITOKAa OTIINYAOTCA CBOECH HOBU3HOM 60)’[66,
YCeM pE3yJIbTATUBHOCTBIO.

HpaKTI/I‘{eCKI/IC HOTpe6HOCTI/I peuICHr A ONTUMHU3AalIUOHHBIX 3a/1aY, HOZ[06HI>IX COCTAaBJICHUIO IIJIAHOB
n paCHHC&HHﬁ, OCHOBAaHBbI HAa YE€JIOBCUYCCKOM HHTCIIJICKTC, pr,[[HO(I)OpMaJ'II/ISyCMOM U TPAHCIIMPYCMOM B IIPO-
I'paMMHBIC CPCACTBA, U B CIIIC OOJIBIIIEN CTEIIEHN — Ha METOAC MHOT'OKpPAaTHBIX Hp06 u omnbok. Bee ToJaxy-
YeHHBIE TAKUM CIIOCOOOM PCUHICHUS B JIYYLICM CJIy4ac SABJIAIOTCA JONMMYCTUMBIMU, PEAKO — pallMOHAJIbHBIMHU
U MMPAKTUYCCKU HUKOI'Ia — OIITHUMAaJIbHBIMH. O,Z[HOP'I 13 IPpUYUH HU3KOT'O Ka4€CTBa IMOJYyHYaCMbIX pCI.LIeHI/Iﬁ
ABJIACTCA BbBICOKAs TPYAOCMKOCTD Ka)K,HOfI BBIUHCIIUTEILHOMN HUTCpaluu, 4TO B YCJIOBHUAX OIPAHUYCHHOI'O
BPEMCHHU Ha MMOUCK PCIICHUSA 3aCTABJISICT IPUHUMATDL IEPBOC U3 pe].HeHHﬁ, YAOBJICTBOPAIOLICE 3aJaHHBIM
OrpaHUYCHUSIM.

O‘leBI/II[HI:IM HaIlTpaBJICHUCM NOBBIIMICHU S Ka4Y€CTBAa HOBLIX pC]J_ICHI/Iﬁ SABJIACTCA CHUIKCHUC TPYAOCM-
KOCTH KaKJI0T0 Iiara npoueaypbl NOUCKaA, YTO AOCTUTACTCs 3a CUCT UCIIOJIb30BaAHU A CHeLII/I(l)I/IHCCKI/IX HUH-
CTPYMCHTOB 6LICTpOI‘0 Y TOYHOI'O aHaJIM3a, KaK IIpaBujio, p€aJInu3yeMbIX B BUJAC UMUTAIIMOHHBIX MO,E[eJIefl.

BriBoabl (Summary)

Ha ocHOBe BBITIOIHEHHOTO HCCIICOBAHMS MOYKHO CIIENIaTh CIICAYIONINE BEIBOABI:

1. Anst pemieHus 3a/1a4 ONepaTUBHOTO YIIpaBJIeHUs, KOTAa 000CHOBAH JIOMYCK O TUCKPETHOCTH HC-
XOIIHBIX TaHHBIX (B YCIOBHSIX, HAPUMED, OTPAHMYEHHOT'0 BPEMEHH, KOTa UCTIOJIb3yeMbIe MTapaMeTphl
HE YCIICIOT U3MEHUTHCSI BCICACTBHE ICHCTBHS KOMILJIEKCAa BO3MYIAIOMINX (DAKTOPOB), aKTyaIbHBIMH 51B-
JISFOTCS METOJIBI IMHEHHOTO MPOrpaMMHUPOBAaHUS (B YACTHOCTH, CMEIIAHHOTO 1eJIOYHCICHHOTO JIMHEH-
HOT'O TIPOTPaMMHUPOBaHUS), Pa3yMeeTCsl, CO BCEMHU MPUCYLIUMHU UM PHCKaMH NIPpU HEYJA4HOH o0yacTu
JONYCTUMBIX 3HAYCHUH.

2. [Ipouecc GpopMupoBaHUs aJeKBATHBIX MOJEICH MPEACTABISIET HEKOTOPYIO CIOKHOCTbD, B 0CO-
OCHHOCTH TPU peann3aluy HEMOCPEACTBEHHO MaTPUYHOTO MOACIUPOBAHHS B HOTAIIMH CIICLUATIBHBIX
nporpamum (Hanpumep, MILP88BorlandInternational).

3. [ony4eHHbIE pelICHHsI SIBISIOTCS KBa3HONTUMAIBHBIMU, TIPH 3TOM BOCTPEOOBAaHHBIMH OCTAIOTCS
Mpo0sIeMbl MHOTOKPUTEPHATIBHON ONTHMH3ALIHH.
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