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AHHoTanus. He BbI3bIBa€T COMHEHUS TOT (akT, YTO B HACTOsIIEE BPeMs OCHOBHBIMU HallpaBlICHU-
SIMM Pa3BUTHS cUcTeM cOopa 1 00pabOTKHU KOCMUYECKON MHPOPMAIIUH SBJISIOTCS, C OJTHOM CTOPOHBI,
yJIy4IIeHHE TEXHUUECKUX XapaKTePUCTUK KOCMUUYECKUX alllapaToB JMCTAHIMOHHOTO 30HMPOBAHUS
3emiiy, a ¢ Ipyroi — yBeJIM4eHHUE UX KoJindecTBa Ha opoute. [Ipu 3ToM yBennyeHue yrcia 00beKTOB
MOHUTOPHUHIa Ha TOBEPXHOCTH 3€MJIH, KOTOPbIE MOAJIEKAT U3yUEHHIO (MCCIIEJOBAHUIO), a TAKXKE BO3-
pociire BO3MOKHOCTH OpOUTAIBHON TPYNIHPOBKH KOCMUYECKHX aIlapaToB MPUBOAT K TOMY, YTO
CHOCOOHOCTh CUCTEM O0pPaOOTKU JAaHHBIX AUCTAHIIMOHHOTO 30HAMPOBAaHUS 3€MJIU [0 CBOEBPEMEH-
HOMY PELLEHUIO NOCTYNAIOIIMX 3a7a4u CHIIbHO 3aTpyAHseTcs. B 3THX ycnoBusix TpeOyeTcs Takoe 1me-
pepacrnpesieseHIe X pecypcoB, P KOTOPOM B MEPBYIO odepeb OyayT peraTbes BHICOKOIPUOPH-
TETHBIE 3a/1a4, KOTOPbIE JAIOT HaOOJBIINNA BKJIa/l B UTOTOBOE 3HAUEHNE KOMITJIEKCHOTO TIOKa3aTels
pe3yAbTaTUBHOCTH (D)YHKIIMOHUPOBAHUS TaKUX cUcTeM. Llenbio JaHHOM cTaThy ABIIsSIETCS pa3paboTKa
aJIropuTMa YIpaBJIeHUs [IEpepacpeIeICeHHEM PECYPCOB B CUCTEMAaX KOMIUIEKCHOW 00pabOTKHU AaH-
HBIX JIUCTaHIIMOHHOTO 30HIUPOBaHMs 3eMJIM Ha OCHOBE ydeTa Ko3(duiimenra OTHOCUTENbHOI 3Ha-
YUMOCTHU COOBITUI Ha 00bEKTaX MOHUTOPUHTA, a TAK)KE ITPOrHO3MPOBAHUS HACTYIUIEHHS HOBBIX CO-
OBITHIA C YUYETOM UX B3aMMOCBs3€H. B cTaThe chopmynupoBaHa 3aada pariioHaILHOTO pacnpeee-
HUS PECYpPCOB B CICTEMaxX KOMIUIEKCHOM 00pabOTKU JaAHHBIX AUCTAHIIMOHHOTO 30HIMPOBAHMS 3eMIIN
B YCIOBMAX UX AeduunTa; pazpaboTaH aJIrOPUTM HEpepacipeesIeHUs] peCypCcOB B TAKUX CUCTEMAX,
KOTOPBI yUNTHIBACT 3HAYCHUS KO (PUIIMEHTOB OTHOCUTENILHONM 3HAUMMOCTH COOBITHH HAa 00BEKTaxX
MOHHUTOpHHTa. Pa3paboTaHHBIN aIrOPUTM MO3BOJISET CYIIECTBEHHO MOBBICUTH 3()()EKTUBHOCTH MPH-
MEHEHHS CUCTEM KOMIUIEKCHOM 00pabOTKM JaHHBIX AMCTAHIIMOHHOTO 30HIMPOBAHMS 3€MIIM U CHU-
3UTh 3aTPaThl HA UX HKCILTyaTalHIoO.

Ki1roueBble ¢JI0Ba: TUCTaHIIMOHHOE 30HANPOBAHNE 3€MIIH, CHCTEMBI U CETH MacCOBOTO OOCITyKHBa-
HUS, PECypCOB KOMIUIEKCHOM 0O0paOOTKH, KOMILIEKCHasi 00paboTKa, 0a3bl NaHHBIX, YIPaBICHHUE
CIIO)KHBIMU TEXHUYECKUMH CHCTEMaMHU

S. A. Karin'*

Algorithm for the rational distribution of resources in systems
for complex processing of geospatial data in solving problems
of monitoring geographically distributed objects

! Military Space Academy, Saint-Petersburg, Russian Federation
* e-mail: sergey.karin@gmail.com

Abstract. There is no doubt that at present the main directions in the development of systems for
collecting and processing space information are, on the one hand, improving the technical character-
istics of spacecraft for remote sensing of the Earth, and on the other hand, increasing their number in
orbit. At the same time, the increase in the number of monitoring objects on the Earth's surface that

24



are subject to study (research), as well as the increased capabilities of the orbital constellation of
spacecraft, lead to the fact that the ability of Earth remote sensing data processing systems to timely
solve incoming tasks is greatly hampered. Under these conditions, such a redistribution of their re-
sources is required, in which, first of all, high-priority tasks that make the greatest contribution to the
final value of the complex indicator of the effectiveness of the functioning of such systems will be
solved. The purpose of this article is to develop an algorithm for managing the redistribution of re-
sources in systems for complex processing of Earth remote sensing data based on taking into account
the coefficient of relative significance of events at monitoring objects, as well as predicting the onset
of new events, taking into account their relationships. The article formulates the problem of rational
distribution of resources in systems for complex processing of data from remote sensing of the Earth
in conditions of their scarcity; an algorithm for the redistribution of resources in such systems has
been developed, which takes into account the values of the coefficients of the relative significance of
events at the monitored objects. The developed algorithm makes it possible to significantly increase
the efficiency of using systems for complex processing of Earth remote sensing data and reduce the
cost of their operation.

Keywords: Earth remote sensing, queuing systems and networks, complex processing resources, com-
plex processing, databases, control of complex technical systems

Beeoenue

CucreMbl AUCTaHIIMOHHOTO 30HAUpOoBaHus 3emiu (/133) sABIsIOTCS OCHOBHBIM HC-
TOYHUKOM HMH(OPMAITHH TSI PEIICHUST PACYETHBIX M aHATTMTHUYECKUX 33/1a4 B MHTEpECcax
OpPraHoOB rOCyJapCTBEHHOIO M MYHULMITIAIBHOTO YIIPABIEHUS, CBSI3aHHBIX C MOHUTOPUH-
roM (KCcCIeIoBaHUEM ) TPOCTPAHCTBEHHBIX TEPPUTOPUATIEHO-PACTIPEACIICHHBIX O0BEKTOB
(TPO). YuutbiBasi UX TEXHUYECKHE XapAKTEPUCTUKH, a TAKXKE POCT YUCIIA KOCMUYECKUX
amnmaparoB Ha OpOHMTE, IMOTEHIIMAJ TAaKUX CUCTEM MOCTOSHHO pacteT [1, 2].

OCHOBHOM TEXHOJOTHEH, B paMKax KOTOPOM OCYIIECTBIISIETCS PEIICHUE yKa3aH-
HBIX BBIIIE 3aJ1ad4, SBISACTCS pean3alusl €IUHOTO TEXHOJIIOTMYECKOrO IHKIa oOpa-
OOTKM JaHHBIX auctaHuuoHHOro 3oHAUpoBanmsa 3emim (ETL] /133). B pamkax stoi
TEXHOJIOTMU PACCMAaTPUBAIOTCS PECYPCHI (B KaueCTBE KOTOPBIX BBHICTYMAIOT aBTOMATHU-
3UpOBaHHbIE paboune MecTa, 0a3bl JAHHBIX, OT/IECIbHBIC CIECIIHATUCTHI-OTIEPATOPHI U
T. I.) ¥ Ollepaluu 1o o0paboTke JaHHBIX, KOTOPbIE MOTYT BBIMOJHITHCS MOCIEI0Ba-
TEJIBHO WM NapajuiebHo. CYuTaeTCs, 4To JjIsl BHITOJTHEHHUS OAHOM onepaiuu Tpedy-
FOTCSI OJIMH WJIM HECKOJIBKO PECYpPCOB. B kKauecTBe MCXOMHBIX TAHHBIX, KOTOPBIE HEOO-
XOAUMBI JJIs BBIIIOJIHEHHUS TOW WJIM ONEPAIUH, BBICTYHAIOT PE3YJIBTAThl BHIIIOJIHEHUS
pealecTByonmMx onepanuii. Takum obpa3oMm GopmMupyercs eauHas CucTeMa KOM-
IJIeKCHOM 00paboTKu naHHbIX J[33 (reompocTpaHCTBEHHBIX AaHHBIX) [3, 4, 5].

B pamkax eaiMHOro TEXHOJIOTUYECKOTO 1IMKIIa 00padoTKku nanubix /(33 ocyiiecTs-
JISI€TCSI MOHUTOPUHT COOBITHH, Tpoucxonsimux Ha TPO, a Takxe pearupoBaHue Ha HUX
IyTEeM MTOCTAHOBKH U PEIICHUS Pa3TUIHBIX HHPOPMAITMOHHBIX 3a7a4 pecypcamu CKO
133 [3, 6]. [Ipu 3TOM BO3HUKAET HEOOXOAMMOCTh PAIIMOHATILHOTO paCIpeIesiCHUs pe-
CYpCOB €IMHOM CUCTEMBI KOMILJIEKCHOU 00padoTku qanHbiX (33, mis yero chopmupo-
BaHAa MaTeMaTU4YecKas MOJENIb U KOMIUIEKCHBIM MOKa3arelib KauecTBa (PYHKIIMOHUPO-
BaHUs ATOW CUCTEMBI, KOTOPHIE MPEJCTaBICHBI B padote [9].

[{enbr0 HACTOSAIIEH CTATHU ABJISIETCS pa3pabOoTKa airopuTMa nepepacipeieIeHus
pPECypCcOB YKa3aHHOI CUCTEMBI B YCJIOBUSIX OTPAaHUYEHUMN, CBSI3aHHBIX CO 3HAUUTEIIb-
HBbIM YBEJIMYEHUEM MMOTOKA MOCTYNAOIINX 3aa4.
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Memoowvt u mamepuaol

3ajauy palMoHaIbLHOIO PaCHpEAesieHUsI PECYpPCOB €IUHON CHUCTEMbI KOMILIEKC-
HOM 00paboTku naHHbIX J133 MOXKHO Ki1acCUUIIUPOBATH B paMKax MPeAMETHOM 001a-
ctu cereil maccoBoro oocnyxkubanusi (CeMO). Ilpu atom creayer paccMarpuBarh
yrpasisieMyo CeMO ¢ npOrHO3upOBaHUEM.

B pa6ore [9] noka3aHo, 4TO MpU NMPUHATUN PEIICHUN HA TPUMEHEHHUE PECYPCOB
CKO /133 B ycnoBusix ux aeduinTa MO>XHO YUUTHIBATh 3HAYCHUSI OTHOCUTEIIbHBIX 3HA-
yuMoOCTel coObITHH, Bo3HMKaomux Ha TPO. B yacTHOCTH, OBbLT BEIIBICH OCHOBHOMU
HEI0CTATOK NpumMeHsemoit Moaenu gpyuknuonrpoBanus CKO /133, kotopblii 3aKiito-
4aeTcsd B TOM, YTO OHAa HOCUT TaK Ha3bIBAEMbI PEAKTHUBHBIN XapakTep, KOTOPbIN
MO>KHO OIHKcCaTh cleayronum odpazom. Pabora (hynkuuonuposanue) pecypco CKO
133 cBsizaHa ¢ pearupoBaHueM Ha yxke npowusoienuue coositus Ha TPO (ripu sTom
YCIIOBUEM JTOTO PEarupOBAHUS SBISIETCS TO, YTO COOBITUS JOJKHBI OBITH 3a(DUKCUPO-
BaHbI CPEJICTBAMU OOBEKTUBHOTO HAOMOACHUS). B 9TOM cilydyae HE yUYUTHIBAETCS BO3-
MO>KHOCTBH Pa3BUTHSI COOBITHUI B MPOCTPAHCTBE M BPEMEHH, YTO SBISCTCS MPUINHOM
HeKoTOporo 3anaznbiBanus GyHaknuonuposanus CKO J[33.

Kpome Toro, Bo3MOkHa CUTYyallUsl, IPU KOTOPOU pe3yabTaTOM BOZHUKHOBEHUS Ka-
Koro-nu6o coOeiTust Ha TPO MOXeT ObITh MOSABICHHE APYTUX COOBITUH C OONBIIUM
3HauYeHHEeM KOd(PUIMEeHTa OTHOCUTEIbHONW 3HAYMMOCTU. B »TOM ciydae mpemsiara-
eTcs MEHsATh (yBEIWYMBaTh) 3HaUeHUE KOA(D(UIIMEHTa OTHOCUTEIbHONW 3HAYUMOCTH
paccMaTpuBaeMoOro COOBITHSI.

Jlns moBeiienus kadectBa pyakuunonupoBanus CKO /133 B ycnoBusx aedunura
ee pecypcoB ObLI pa3paboTaH CHeUaIbHBIN AJITOPUTM, KOTOPBINA YUUTHIBAET 00a Mpe/-
JIO’)KEHHBIX BbIlIe noaxoaa. Ha puc. 1 nmpeacrasneHa ero cxema.

Jliist Hauasa pemieHust o4epeIHON MOCTYNUBIIeH 3a1aun Tuna m (0003HaYuM Ta-
KYI0 33/1a4y KaK Z,) HEOOXOMMO, YTOOBI OBLIIN JOCTYITHBI BCE TpeOyeMble € peCypCHI.
Bynem nonarars, uro me[1,M], M — uucno tunos nocrynaromux B CKO /133 3agau.

[Ipu sTOM Kaxkjas 3aja4a, OTHECEHHAs! K OMPEIeIEHHOMY THUITY 71, UMEET Kod(]-
(GUIMEHT OTHOCUTEILHON 3HaUuMMoCTH (ripuoputeT) &,€[0,1]. HavanpHoe 3HaueHwue
K02 puImeHTa OTHOCUTEIHLHOM 3HAYMMOCTH 33/1a€T 3apaHee MOoTPEOUTENb pe3ysbTa-
TOB PELICHUS 3aJa4u.

AJITOPUTM BKJIIOUAET B CBOM COCTaB JIEBSTh IIAroB (MPOLEAYP), BBIIOTHSIEMbBIX
NOCJIEIOBATEIBHO.

[lepBasi nmpoueaypa anroput™Ma obecneunBaeT co3ganue HoBoH 3amaun B CKO
133 mo o6paboTtke 3adpukcupoBanHoro coobitust Ha TPO. Ilpu 3TOM, €ciu BBIMOJHS-
€TCs yCJIOBUE JOCTYIMHOCTH BCEX TPeOYEeMbIX JJIsl BBIMIOJHEHUS 3a7]a41 PECYPCOB, OCY-
IIECTBIIACTCS TIEPEXOJT K JEBATOM MPOIIEAYypEe AITOPUTMA U HAYMHAETCS pelIeHUEe COo-
3JTaHHOM 3aJayH.

B ciydae, ecnu mocTynarT cpasy HECKOJIBKO 3aj1a4 1o 00paboTKe pa3HbIX COObI-
tuid Ha TPO, a Takxe B ciydae, €CiIi BOZHUKAET HETOCTATOK OAHOTO WJIM HECKOJIBKHUX
PECYPCOB, BBITIOIHSIETCS MEPEXO]T KO BTOPOH MPOIIeype alroput™Ma u chOpMUpOBaH-
Hasl 3a/1a4a (3a/1a4u) ONaAaroT B OOIILYIO OYEPEIb.
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Puc. 1. Cxema anropurma nepepacnpeaenenus pecypcos CKO /133

TpeThs nporemypa aropuTMa o0eCIedyruBaeT OMpocC CIIeNUaIbHON 0a3bl TaHHBIX
[10] u popmupyeT nepedeHb COOBITHIA, KOTOPBIE MOTYT BOSHHUKHYTh B BUJC CICACTBUI
coObITHS, KOTOpOE 00pabaThIBaeTCsA B paMKax TEKyIIe perraemMon 3amaadu. s Hux
OTIPEIEIISIFOTCSI COOTBETCTBYIOIINE TPUOPUTETHI (T. €. KO3 (UIIUMESHTHI OTHOCUTEIHHOM
3HAYMMOCTH).

UYeTBepras mporeaypa ajiropurmMa ooecrneurnBaeT H3MEHEHUE 3HaYeHUsT K0P du-
IIMEHTA OTHOCUTEIHHOM 3HAYMMOCTH PEIIaeMOi 3aJa49u, IPH yCIOBUH, YTO 3HAYCHUE
K03 UIIMEHTa OTHOCUTEIBPHOW 3HAYMMOCTH OHOW WJIM HECKOJBKHUX 3ajad-Clie/I-
CTBUH BHIIIE paccMaTpuBaeMoro. HoBbIM 3HaYEHHUEM CTAaHOBUTCS MaKCUMAJIbHOE 3HA-
YEHUH TPHOPUTETOB 3a4a49-CIICCTBUN.
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B 3akirouenune anroputm odbecreurBaeT BEIOOD 3a7auH, PEIIUTh KOTOPYIO TPeOy-
€TCsl B MEPBYIO o4epeb (B COOTBETCTBUHM C M3MEHEHHBIMHU NMPUOPUTETAMH), U OCY-
MIECTBISIETCSl HA3HAYCHUE PECYPCOB IMEHHO Ha ATy 3a/1ady.

Bri0op 3anaun (cM. 5-7 mpoiienypbl) OCyIIECTBISETCS HA OCHOBE aHaju3a TPex
MAaCCUBOB IOKa3aTEIIECH:

O — OMPEIIESAET OTHOCUTEIbHBIC 3HAUMMOCTH BCEX 3aJ1ad /-TO THUIA, KOTOPBIC
IPUCYTCTBYIOT B OYEPEIIN B JAHHOE BPEMS;

Bm — ompenenseT TeKyIIHe MPUOPHUTETHI 33144 71-TO THTIA, KOTOPBIC Y)KE PEIICHBI
K TaHHOMY BPEMEHU;

Ym — NeOpMHpYET (M3MEHSET) 3HAYCHUS MAaCCHUBA Olm, YYUTHIBAS 3HAYCHHUS COOT-
BETCTBYIOIIUX 3JIEMEHTOB MaccuBa [3,.

DJIeMEHTBI MaCCUBA 0, BBIYUCIISAIOTCS Ha OCHOBE CJICIYIONICH (hOPMYIIBI:

_ Pmém
Ym = SM (omtm)’ (1)

napaMeTp @ 3aJaeTCsl, UCXO/S U3 CICTYIOMINX MOI0KESHUN:
¢om = 0, ecniu ouepeaHas 3a/1a4a m-TO TUIA OTCYTCTBYET B TEKYIIEH OYepe/u,
¢om = 1, ecu ouepeqHas 3a/1a4a m-ro TUIMA TPUCYTCTBYET TEKYIIEH B OUEPE/IH.
Maccug [, onpeniensieTcsi B COOTBETCTBUU CO Clieaytoien popmMyoi:

ﬁm _ OmémZm (2)

M (oméEmzm)’

napameTp z, 3a7aeT 00IIee YUCIO0 PEIICHHBIX Ha TEKYIITUH MOMEHT BPEMEHHU 3a/1a4 71~
ro TUIA.

Ba)xHO OTMETHUTB, YTO JIJIsl BBIUMUCICHUSI MacCuBa f3, TpeOyeTcsl yUUThIBaTh TUIIBI
3a7a4, KOTOPbIE MPUCYTCTBYIOT B OUEPEIH B TEKYIIIMH MOMEHT BPEMEHHU.

MaccuB Y, 3a1a€TCsl B COOTBETCTBUU CO CJICYIONIECH (hOPMYIIOA:

Ym = Am + q(am — Br). (3)

[TapameTp g umeeT cMbIca ko3 duimeHTa 0OpaTHOl CBI3U, KOTOPHIN 1epopMu-
pYeT 2JeMEHThI MacCUBa 0O, C y4eTOM 3Ha4eHui [,. Llenpto BBeeHNS TaHHOTO Mapa-
METpa SBJISICTCS YMEHBIIIEHNE YHCIIa PEIIaeMbIX 3a/1a4 OMPEIeICHHOTO TUTAa ¢ 00Jb-
M 3Ha9eHUEM KOI(P(PUIIMEHTAa OTHOCUTEIHHOU 3HAYMMOCTH, €CJIH K TeKYyIIEMY MO-
MEHTY BPEMEHHU PEIICHO MHOTO 3aJ1a4 TaKoTO K€ THma. TeM cambiM o0ecrieunBaeTCs
BO3MOXKHOCTB PEIIICHUS 33/1a4, KOTOPBIE MOCTYIAIOT PEIKO, HO UMEIOT HEBBICOKOE 3HA-
yeHre ko PuimenTa OTHOCUTEIIBHOM 3HAYMMOCTH.

B xoHIie paboThI anropuT™Ma M3 TEKyIIeld odeped OCYIIECTBISETCS BBIOOp oue-
pPEIHOM 3a/a4M, KOTOpas COOTBETCTBYET HAWOOJbIIEMY 3HAYEHHUIO CPEIU 3JIEMEHTOB
MaccuBa Y.

Takum 00pa3om, MpeACTaBICHHBINA AITOPUTM 00€CIIEYMBAET BO3MOXKHOCTH pellie-
HUsl HanboJsIee BaKHBIX 3a/1a4, KOTOPbIE BHOCST HAaMOOIBIINIA BKJIa/l B UTOTOBOE 3HAYe-
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HUE KOMIUIEKCHOTO IMOKa3aTelisi Pe3yIbTaTUBHOCTU (DyHKIIMOHUPOBAHUS CUCTEM KOM-
TUIEKCHOM 00pa0OTKM JaHHBIX JUCTAHIITMOHHOTO 30HAUpPOBaHUs 3eMiu [9].

3aknwouenue

[IpeacTaBneHHbIN B JAHHOM CTaThe aJITOPUTM MO3BOJIET 00ECIIEUUTh 3HAYUTEb-
HOE YMEHBIIEHUE BPEMEHU PEarupoBaHUs HA KaXJ0€ COObITUE U B KOHEYHOM HMTOIE
MO3BOJIUT MOBBICUTH KauecTBO (pyHkumronupoanuss CKO /133 B nenom.
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