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LNDPOBAA
PEAJIbHOCTbD

14-15 ceHTs6bps B [leTepbypre
CyCcnexoM MNpoLLIo KpynHelLiee oTpac-
nesoe meponpustne—Illl PegepanbHbin
UT-dopym HedTeraszosom otpacnu Poc-
cum «Smart Oil & Gas: Uudposas TpaHc-
bopmauus HedpTerazoBom NHAYCTPUNY.
OpraHusatopamm MeponpusiTUs cTanm
nndopmaumoHHas rpynna ComNews
B naptHepctBe ¢ OO0 «UTCK». leHe-
pasibHbIM NapTHepPOM popyMma BbICTyMK-
no MNAO «a3npom HedTb», NNATUHOBLIM
cnoHcopom SAP CHI, 3o5n0TbiM cnoH-
copom AO «JlabopaTopus Kacnepcko-
ro», cepebpsiHbiMu crioHcopamu |IBM
1 Microsoft, 6poH30BbIMYM CIOHCOPaMu
ProSoft, Hewlett Packard Enterprise,
Intel, VMware, Veeam, Lenovo, Cisco
n EY. CnoHcopom pernctpauunu BoicTy-
nun Orange Business Services, cnox-
copom BeuepHero npuema Dell EMC,
Tenekom-naptHepom — [AO «Mera-
®on». CnoHcopamum ceccuin UT-popyma
ctanu komnaHum: AO «lasnpom kocmu-
yeckune cuctemblix, IBS, Kopnopauus «la-
naktuka», Accenture, 3A0 «MHJIAVH
r'PYM», OO0 «POM.PY», Comindware,
AnTn Cmapt Cuctemsbl, AO «TpaHcTe-
nekom», Detecon International GmbH.
MeponpuaTve npoLio nNpu yyacTuu:
ICONICS, OAO «CYTEPTEJ1», General
Electric, Postgres Professional, Kon-
Tponb UT, Polymedia, OP-Tenekom Xon-
anur, CompTek, Ixia Solutions Group
(Keysight Technologies), Pocnnatdop-
Ma. leHepanbHbBIMK y4YacTHUKaAMW Bbl-
ctaBku ctanu: [pynna komnaHum ITPS,
Oupma 1C, cneumanbHbIMW y4acTHU-
kamu BbicTaBku — FASTWEL, RAMAX
Group, Tpunuth, NMAO «Poctenekom».
NT-popyma
Gblna opraHM3oBaHa BbICTaBKa, y4acT-

Ha nnowapke Takxe
HUKaMW KOTOPOWN CTanyv KOMMaHWUuU:
CommScope, Raisecom, Polymedia,
Visiology, RDP.RU, Veeam, CompTek,
Ixia  Solutions Group (Keysight
Technologies), OO0 «AsTomatuka-cep-
Buc» (TexHonapK NPOMbILLIEHHOM aBTO-

4

maTtusauun «lfasnpom HedpTM»); B 30HE
«Undposas TtpaHchopmauus» npepn-
ctaBunu csoun pewenns AO«Jlabopa-
OO0 «UNTCK»,
koMnaHus «AneCu» n 'K «HEOJIAHT».
UT-bopym Takxe noppepsxanu: Mexay-

Topus Kacnepckoroy,

HapogHasa Akagemus Cessu, Accouma-
uus npodeccmoHanbHbIx Byxrantepos,
Accouunauuna npodeccrmoHanoB ynpas-
neHus busHec-npoueccamu, Accouna-
uma «<ACTPA», Accoumauma nHTepHeTa
Bewen, HaumoHanbHas Accouynauyms
YYaCTHUKOB PbIHKa MPOMbILLIEHHOIO
MHTepHeTa, Accouunauusi MnocTaBLyM-
KOB HedTerasoBon MPOMbILLIEHHOCTH
«Cossesgue», APIMM «OTeyecTBEHHbIN
codp1», Accounaums Mpeanpustuin Kom-
nbtotepHbiXx U NHPopmaumoHHbix Tex-
Honorun (Al KUT), Accoumnaums npupo-
PO>KHOTO cepBuca, puTenna n Typmusma.

KoHcTaHTuH KpaBuyeHko, Havab-
Huk JenaptameHTa MHGOPMaLMOHHbIX
TEXHONIOrMN, aBTOMaTU3auMn u Tene-
kommyHukaumi NMAO «lasnpom HedpTb»
obpatuncs K y4actHukam dopyma ¢
npuBeTCTBEHHbIM cioBoM: «Mbl Haxo-
OVMCS B MEeNHCTpMMe, U umbpoBusa-
Luus BXOAMT B HedTerasoBylo oTpacsib
yBEpPEHHbIMU TEMMaMM».

Ha naHenbHoM Auckyccuu, nocesi-
weHHon uundposon TpaHchopmaumu
HedTerazoBon WHAYCTPUU, CMMKEPbI
obcyamnu BaxHenwme BOMNPOChI: na-

Hbl HedTerazoBbiX KOMMaHWI MO TPaHC-
dopmaumm BrsHeca, MPOMBbILLIEHHbIN
WHTEpPHET Belen, MHPOPMAaLMOHHYIO
6e30nacHOCTb U UMMOpPTO3aMeLLeHue.

Cnepytowas ceccusi bbiia nocss-
LeHa uudpposon TpaHchopmauum wu
apanTauum nogxopos «MHayctpusi 4.0»
K noTpebHocTaM HedTerazoBom otTpacnu
1 poccuinckom cneunduke.

Temon nocneobegeHHOM ceccum
CTaNIM NPOrHOCTUYECKNE METObI ypaB-
nenus B Upstream n Downstream: lloT,
KOTHUTUBHbIE TEXHOJIOTUU U 3JIEMEHTbI
MNCKYCCTBEHHOIO MHTESeKTa.

MNocnepHasa ceccua «Korpa u kak
HedTerasosble KOMMNaHUM NPEBPATATCS
B Real-Time Enterprise» npowna B ¢pop-
maTe ¢popcanT.

[Henosas nporpaMma BTOpPOro AHs
«Smart Oil & Gas: Uudposas tpaHcdop-
Mauusa HedTerasoBom UHAYCTPUN» Gbina
OYeHb HaCbILLEHHON - OfHOBPEMEHHO
paboTanu aBe napasnsiesibHble CECCUMN.

Tak, ceccusi 4 Bbina nocesLLEeHa Kop-
nopaTMBHbIM MHGOPMALMOHHBIM CUCTe-
MaM, NOMUCKY HOBbIX MOAXOAOB U HETPU-
BUasbHbIX PELUeHN.

OcHoBHoW TeMoW NepBo creumarnb-
HON CeccuMn CTann HOBble TEJIEKOMMY-
HUKaUMOHHble TexHonorum (obnaka, loT
1 5G) pns Hy>ka HedTerazoBbIxX KOMMaHWN.

B nsiToi ceccmm yyacTHuku nogpo6b-
Ho paccmoTtpenu UT kak MHCTpymeHT
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noebiweHns 3dpdekTMBHOCTU paboTbl
Upstream.

Ha BTopon cneuuanbHou ceccum
y4acTHMKM 0BCyaunuM npaktTuyeckue
NPUMepPbl BHEAPEHWNIA Ha MYTU K 3anpas-
ke byaywero (unpposon A3C).

TpeTbs cneumanbHasi ceccus, Bbl-
3BaBLUasi OCOBEHHbIN UHTEPEC [EesIeraTos,
6bina nocesaleHa «poboTam-ybuinuam»
1 BOMpPOCaM, YTO AefaTbh C COTPYAHVKaA-
MW, KOTOPbIX 3aMEHSIOT POBOTHI 1 BOTHI,
a TaK>Ke CUCTeMbl aBTOMaTU3aLun.

Tpetun NT-bopym B HedTerazosom
CeKTope CTasn KPyrnHenLwnm B UCTOPUN
3Toro meponpuatusi — bonee 500 gene-
raToB CO BCEro mupa npubbuio Ha 3To
cobbiTne. [leneratsl OTMETUN BBICOKUIA
YPOBEHb OpraHn3aLmm, OTJIMYHYIO Aeso-
BYIO 1 pa3BrieKaTesIbHYy0 MporpamMmy.

COMNEWS HATPAOUN
UT-TEPOEB HE®TErFA3A

ComNews Bpyuun Harpagbl na-
ypeatam [X koHkypca «Jlyywime 10
UT-npoektoB pgna HedTterasoson oT-
pacnu». Top>kecTBeHHasi LepPeMOHUs
HarpaxpeHuss nobeputenen cocro-
anace 14 ceHtabpsi 2017 r. Ha cueHe
Bonbworo NapagHoro 3ana LleHtpans-
Horo mysesi cBsisn umerun A.C. [onosa
B CaHkr-lNetepbypre. CrnoHcopom Be-
YepHero npuema BbICTyMNuIa KOMMNaHus
Dell EMC, a obpasoBaTtesibHbiM nap-
THepoMm uepeMoHun ctan MockoBckui
TexHosnornyeckmum MHcTuTyT (MTU).

Konkypc «Jlyuwme 10 UT-npoekTos
ana HedTerasoBon otpacnu» Bbin yu-
pexaeH 'K ComNews B 2009 1. n exe-
rogHO OTMeYaeT KaK 3aKas3uuKoB, TaK
W UCMOJSIHUTENIEN CaMbIX 3HaYUMBbIX
npoektoB B obnactu WUT, BHOcAwmX
MHHOBaLMKN Kak B paboTy OTAesbHbIX
roCCTPYKTYp,
CKMX 3aKa34yMKOB, TaKk U B IKOHOMMKY

BEAOMCTB, KoMMepYe-
ctpaHbl B Lenom. OcHOBHble KpuTepum
oueHkn NT-peleHmnii, KOTOPbIMU PYKO-
BOACTBOBaJIaCb KOHKYPCHasi KOMUCCUS
(>xtopn) — macwTabupyemoctb (npo-
eKT MOXHO TUpaxunpoBsaTb), MHHOBA-

LMOHHOCTL/CNIOXHOCTL  (MPOEKT  npwu-
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Hec MHHOBaLUWMM B paboTy KoMmMaHuu,
B NpPOeKTe UCMOJIb30BaINCh HOBbIE UK
3HauYUTENIbHO OBHOBJMIEHHbIE TEXHOJO-
rmyeckme peLueHus), 3HaYMMoCTb Anist
coobuwecta UT-gupektopos, 3pdek-
TUBHOCTb (NOBbIlLEHME peHTabesbHo-
CTV NPeAnpusaTAS) N NPO3PaYHOCTb.

Harpagy B HomuHaumm «Lindposoe
MecCTopOXAeHe» 3aBoeBasa KOMMaHus
Dreamline 3a npoekt no paspabotke
1 BHegpeHuto cuctemsl «Lindposoe me-
cropoxgeHue» B AO «ImbaMyHamlas».

B HomuHauun «Lindposon 3zasop»
nobepgutenem crana koMmnaHusa «AnTu
lOHuBepc» 3a npoekt no paspabortke
M BHeEAPEHUIO CrneLuann3npoBaHHOro
NPUIOXKEHUS U CUCTEMbI OHJIANH-MO-
HUTOPUWHra nokasatesiel MPOU3BOACTBA
n apdektnHoctn ans AO «PsizaHckast
HedTenepepabaTbiBatoLLas KOMMAHUA.

3a BHegpeHve B chepe NpPOMbILL-
neHHoro VIHTepHeTa Bellen npemuio
nosiyunna «dHdopTa» — «HOYEPHAA»
KoMnaHusa «DP-Tenekom XonguHrar.
XKiopn oTmeTuno npoekt «HPopTbi»
no undpoBM3aLMM CKBAXKMH KOMMa-
Hun «BonrogemuHonn» Ha ocHoBe
loT-cpepbl no TexHonorum LoRaWAN
n obnayHon nnatpopmbl paboTbl C
AaHHbiMu AVIST.Operation.

B kateropun «UHdbopmaumnoHHas
nobeputenem crasno
npea-

Tex-

B6e3onacHOCTb»
HayuyHo-npounsBoacTBeHHOE
npustne «MHdbopmaumnoHHblie
Hoslormm B Gu3Hece» 3a NPOEKT Mo
CO34aHUID KOMMJIEKCHOW CUCTEMbI 3a-
wntbl nHpopmaumum «MaHumpb+» Ans
OC Microsoft Windows.

Komnanusi «MobunbHble pelueHus
AN cTpouTenbCcTBa» 3abpana Harpagy
B HOMUHaummn «ObnayHoe pelueHves -
3a obnayHoe pelueHue AN TeXHu4e-
CcKOro Hapaopa Ha ctpouTesnbcTBe Kom-
nnekca HedrenepepabaTbiBalOLUX U
HedTexumunyecknx 3asopos «TAHEKO»
B HuxxHekamcke.

B HomuHaumm «lMporHoctnyeckoe
obcnyxvBaHWe  MPOV3BOACTBEHHOIO
obopypoBaHusa» nobeputenem crana
kopnopauua «lanaktuka» 3a nNpoekT
Nno Cco3faHulo aBTOMAaTM3MPOBAHHOM
CUCTEeMbl y4yeTa COCTOSIHUS U PEMOHTOB
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Ha b6ase MHGOPMALMOHHON CUCTEMDbI

«lanaktnka EAM».

3a ynpaBJieHMe akTMBaMu 1 ONTu-
MMU3aLUUIO PeCcypCcoB XXIOPU OTMETUIIO
Harpapoun komnaHuio «MencTtoH» — 3a
NpoekT no paspaboTke U BHeAPEHUIO
aBTOMaTM3NPOBAHHOWM CUCTEMBI yTpaB-
JIEHWSi CEPBUCHOM Ciy>KBoMn.

B kateropum «[pombiuneHHas aB-
TOMaTU3aLus: YCOBEPLUEHCTBOBAHHbIE
ACY TI1 n cuctemsbl ynpasneHus npous-
BOACTBEHHbIMU npoueccamu» nobeam-
na komnanus «<HEOJIAHT» — 3a npoekT
no cospaHuio uMdpPOBOro akTneBa obb-
ekToB obycTporicTea HoBonoprosckoro
MEeCTOPOXAEHUS A5t CKBO3HOW NHOP-
MaLMOHHON NoAnepPXKN NPOeKTUPOBa-
HUS1, CTPOUTENBCTBA U 3KCMyaTaLumm

Harpagy B HOmuHauum «Cneuwu-
anM3npoBaHHOE MporpaMMHoe pe-

weHve pans HedTerasoBonm oTpac-
nu» 3aBoeBasna komnaHus Gridpoint
Dynamics 3a npoekT no paspabotke
M BHEOPEHWIO B JOYEPHUE OpraHusa-
uun MAO «lasnpom» oTeyecTBeHHOM
Geoplat

Pro ANA peleHunda NoJIHOro KomnJiek-

nporpamMmHon nnathopmsl

Ca UHXeHepHbIX 3apga4 OT NMoOucKa Ao

pa3pabotkn He¢TerasoBbIx MecTo-
POXAEHUN, a TaKXKE CHUXXEHUS PUCKOB,
obecneyeHnss NpombilLieHHON 6Geso-
NMacHOCTU, 3KOHOMMKMN KanuTasibHbIX 1
TeKyLUMX 3aTpaT B paMKax nporpamMmbl

nmMmnopTosamMeLlleHuns.
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KJTKOYEBbLIE CJTOBA: guctaHuuoHHOe
30HAMpPOBaHMe 3eMu; KlacTep Masibix
KOCMUYECKMX annapaTos; nHpopmaum-
OHHOE B3aMMOJAEWNCTBUE; CTPYKTYPHO-
napameTpuyYecknii cuHTes; pobacT-
HOCTb CUCTEeMbl WHPOPMALMOHHOrO

B3aMMOAENCTBUS.

AHHOTAUMSA

PaboTa nocesiLeHa nccnefoBaHUSAM B paMKax akTMBHO Pa3BMBaIOLLErOCs B HACTO-
fllee BpeMs HanpaB/ieHUsi B PaKeTHO-KOCMUYECKOW OTPac/iu, CBSA3aHHOIO C CO3-
LaHVeM U MPUMEHEHMEM MEePCNeKTUBHbIX MaslibiX KOCMUYECKUX annapaTtoB Auc-
TaHUMOHHOIO 30HANPOBAHUSA 3€MJIN N COBPEMEHHbIX OPBUTaNbHBIX FPYNNUPOBOK
Ha nx ocHoBe. MNpu 3TOM GYHKLMOHMPOBaHNE MaslbiXx KOCMUYECKMX annapaTos
OCYLLLeCTB/ISIETCS B COCTaBe TaK Ha3blBaeMbIX KnacTepoB. AKTyasibHbIM siBJISeTCs
BOMPOC O PauMoHasibHOM U 3¢ PeKTUBHOM MHGOPMALMOHHOM B3aVMOLENCTBUN
MaJibIX KOCMMUYECKMX arnmnapaTtoB B COCTaBe KJlacTepa Mpu BbIMOJHEHUM LeSieBbIX
3apay. B cBaA3m ¢ 3TMM B cTaTbe paccMoOTpeHbl BOMPOChI MiaHUPOBaHUs paboTbl
cucTemMbl MHPOPMaLVOHHOIO B3aUMOAEWNCTBUSA KJlacTepa NepcrnekTUBHbIX Masbix
KOCMUYECKMX annapaToB AUCTAaHUMOHHOIO 30HAMpoBaHus 3emnu. PaspabortaHa
OopuUrnHanbHaga Mofesib nNiaHNpPOBaHUA pa6OTb| CUCTEMDI I/IH¢OpMaLI,I/IOHHOrO B3a-
MMOAENCTBUS KJlacTepa NepCcrekTUBHbIX Masibix KOCMUYECKUX annapaTtos AUCTaH-
LMOHHOIO 30HANPOBAHMS 3eMJiv, MO3BOJIAOLLAA HAXOAUTb MJlaHbl, MOBbILLAOLME
NMPOWU3BOANTESIbHOCTb K/lacTepa C y4eTOM ero CTPYKTYPHON AUHAMMUKM U MPOrHO-
3MpyeMbIX BO3MYLLEHMIN BHeWHen cpeabl. Ha ocHoBe aHanusa nosydeHHbIx nia-
HOB pa3paboTaHbl MOAX0A, MOLEsb U METOAMKA CTPYKTYPHO-NapamMeTprmyecKkoro
CUHTE3a cucTeMbl MHGOPMALMOHHOrO B3aMMOLENCTBUS KlacTepa MasibiIXx KOCMU-
4YecKkux annapaToB, MO3BOJISOLNE OCYLLECTBAATL BbIOOP paumMoHasbHbIX TEXHO-
JIOTVIA BbIMOJIHEHMS Onepaumin MHGOPMaLMOHHOTO B3aUMOAENCTBUS MaslbiX KOC-
MUYECKUX annapaToB ¢ yyeToM BanaHca nx aHepreTuyeckmx 3atpar. lNposoguTcs
oueHka pobacTHOCTU cucTeMbl MHPOPMALMOHHOIO B3aUMOAENCTBUA KiacTepa
NepCneKkTUBHbIX MaJibIX KOCMUYECKUX annapaTos AUCTaHLUOHHOIO 30HAUPOBaHMS
3emnun, KoTopasi OCHOBaHa Ha NOCTPOEHUM 1 annPOKCMMaLMM B KPUTEPUANTbHOM
npocTpaHcTBe obnactu obpasos nnaHoB paboTbl cucTeMbl MHGOPMALMOHHOTO
B3aMMOLEWNCTBUSA KJlacTepa MaJsibiX KOCMUYECKUX annapaToB AJiS Criyvas UHTep-
BaJIbHO-33[4aHHbIX BO3MYLLAIOLWMX BO3LENCTBUA CPEACTB PaAvO3/1EKTPOHHOMO
nogaesneHus. DTO NO3BOJIET COKPATUTb 3aTPaTbl BPEMEHMW Ha MPUHATUE PeLUeHNA
Mo paunoHasbHOMY pacrnpeaesieHnio PecypcoB B KJlacTepe MasibiX KOCMUYECKUX
annapaTtoB B yC/IOBUAX BO3MYLLAIOLWMX BO3AeNCTBUA. [peasioXeHbl HarnsgHble
cnocobbl NpencTaBfeHns pesysbTaToB UCCefoBaHUn pobacTHOCTU cUCTEMBI
MHPOPMaLMOHHOrO B3aUMOLENCTBUS, UCMOJIb3Yst KOTOPblE BO3MOXHO BbIGMpaTh
Haubosiee npeAnoOYTMTENbHBIE MMIaHbl PaboTbI KnacTepa Masibix KOCMUYECKUX arn-
napaToB AWCTaHLUMOHHOIO 30HANPOBAHMUS 3eMJIu.

O UNTUPOBAHWUA: Masnos A.H., Masnos [.A., CanHbko A.A. CTpyKTypHO-NapameTpU4eckmuin cMHTe3 cuctembl MH$OP-

MaUuMUOHHOTIO BSaI/IMO,D,ePICTBVIFI Knactepa nepcnekTnBHbIX MaJibIX KOCMUYECKUX annapaTtoB ANCTaHUMOHHOIo 3oHANpoBaHusa

3emnu n oueHka ee pobactHocTn // Haykoemkure TexHonormm B kocmmndeckmx nccnepgosanmsax 3emnu. 2017.T. 9. N2 5 C. 6-18.
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BBeagenue

[TpumeHeHne nepcTeKTUBHBIX MaJIbIX KOCMHUECKHX allia-
paroB (MKA) 1 KOCMHYECKHX CHCTEM Ha UX OCHOBE SIBIISIETCS
B HACTOsIIIEEe BPEMsI OJTHOI M3 BEAYIIMX TEHICHIMI Pa3BUTHS
MHUPOBOM KOCMHUYECKOi orpaciu. OpOuTanbHbIe TPYIIHPOB-
ku MKA, nMmeromye THHaMU9IeCKd U3MEHSIONTYIOCS CETEBYIO
CTPYKTYPY, MOTYT OBITh MHOTO()YHKIIHOHAJIBHBIMH U PEKOH-
GUrypupyeMBbIMH [UISl BBITIONHEHUSI OTIEPATHBHBIX IENIEBBIX
3aj1ad, JICMICBBIMHU B HCIIOJHEHUH, HAJIS)KHBIMHU U JKUBYUYUMH
B CaMbIX PA3IMYHBIX CUTYaLUsIX TPH HAONIONEHUH OOBEKTOB
Ha 3emiie, WCCICAOBAHUM OOBEKTOB B KOCMHYECKOM IIpO-
CTpPAHCTBE, PEIICHUN TEJIEKOMMYHHUKAIIMOHHBIX U IPYyTUX pa3-
HOOOpa3HBIX 3amad WHpOpMaImoHHOTO obecreueHust [13].
HanbGonee BocTpeOOBaHHBIM HANPaBICHUEM HCHOIB30BAHMS
MKA B Hacrosiiee BpeMst SIBJISIETCSI TUCTAHIIMOHHOE 30HHU-
posanue 3emnu (/[33). B cBs3u ¢ 3THM Beaylye KOpHopanuu
PaKeTHO-KOCMUYECKOM oTpaciu BeayT pa3paboTKy U peann3a-
LU0 PA3IMYHBIX MPOrpaMM CO3JaHUSI OPOUTAIBHBIX CHCTEM
J133 ¢ ncnonp30BaHUEM COBPEMEHHOTO OOPTOBOTO 000pPYyIO-
BaHMS MHOTOCHEKTPAIBLHOTO 30HANPOBaHUs. sl peanu3anun
BBITIOJTHEHMSI 1I€JIEBBIX 33J1a4 30HANPOBAHUS 3eMiId OOJBIION
MHTEpEeC MpeCcTaBIsIoT pa3padorku MKA, ocHaleHHbIX pas-
HOTHUITHOH IIEJICBOM ammaparypoi, paboTaromei B THIICPCIICK-
TpaJIbHOM, ONITUYECKOM M HH(ppakpacHOM auanazoHax [4].

JI1s CHIDKEHHS CPOKOB pa3pabOTKH U BHEIPEHUS OOPTOBOH
CHenranbHON M o0ecreunBaroell anmaparypsl IepCreKTHB-
HeIX MKA npoBoauTCst X yHU(DHKAMS U MUHHATIOPH3ALHS
C MPUMEHEHHEM HOBEWIINX MHTEIUICKTYaJIbHBIX MH(pOpPMAIU-
OHHBIX TexHosoruit [7]. s peanu3anuu npeuMyIecTB U CH-
cTeMHBIX 3¢ dexToB nepcrnexruBHble MKA (QyHKIHMOHUPYIOT
B COCTaBE IIEJIEBBIX MOACHUCTEM OPOUTAIBHON T'PYNIHPOBKH,
MOJTYYUBIINX B CIIEIHAIBHON TUTEpaType HANMEHOBAHHUE KIIa-
crepoB MKA. Tlon xracmepom MKA /{33 B naHHOM ciydae
MOHUMAETCsl paclpe/iesieHHasi OpOuTabHasi CUCTEMa CETEBOM
APXUTEKTYPBI, COCTOSIIIAs W3 HECKOJIbKuX (Oosee 4-x) pas-
HoturmHbix MKA /133, umeromiasi onpeneieHHoe OpOUTab-
HOE MTOCTPOCHNE, COBMECTHO M COITIACOBAHHO BBITIONIHSIOIIAS
ChEMKY 3€MHOW IMOBEPXHOCTH B MHTEpecax 3akazuuka [8].
MHOroCnyTHUKOBBIE OpOUTAJIbHBIE CHUCTEMbI HAOIIOACHUS
MO3BOJISIFOT TOJTYYUTh S(PQPEKThl HEITOCTYITHBIE OIXMHOYHBIM
KA, nampumep, obGecrieuenne Oosee BBICOKOW MH(OpMATHB-
HOCTH ChEMKH OOBEKTOB, MHOTOTIO3UIIMOHHOCTh HAOIIOAECHUS
moboro pernona 3emim. Tak MagomMaccorabapHTHBIC OTITHKO-
SNIEKTPOHHBIE U pajauosokaimonasle KA (Ha ocHoBe yHU(DH-
upoBanHoi tuiaropmbel SSTL-300) u HanocnytHukn Cube
Sat, paspaborannsie koprnoparusmu SSTL u Skybox Imaging,
SABJIAKOTCA OJHUMH U3 TJIaBHBIX ITOCTAaBIIMKOB I/IH(I)OpMaHI/IOH-
HBIX NPOAYKTOB ISl BOGHHBIX M TPaXJAHCKUX 3aKa34HKOB.
[TosToMy Hambomee COBpeMEHHOW TEHIEHIMEH SBISIETCS WC-
MIOJTb30BaHUE ISl pemeHus 3a1a4d /(33 B mHTEpecax pasnuy-
HBIX BEJOMCTB KjlacTepoB nepcnektuBHbix MKA J133, ocHa-
IIEHHBIX CHEIUAILHOM armnaparypoi pa3inuHOro Ha3HAuYCHHUSI.
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JJis IOBBIMICHNST YCTOHYUBOCTH M APPEKTUBHOCTH MX (PyHK-
LIMOHUPOBAHNUS B Pa3JINYHBIX YCIOBHUAX OOCTAaHOBKH yITpaBIIe-
HUE JIOJDKHBI OBITh OPMEHTHPOBAHO INIAaBHBIM 00pa3oM Ha Ji0-
CTHXeHHe obuiecucTeMHoro 3ddexra myTéM panroHaIBEHOTO
UCIIOJIb30BAHUSI MMEIOIEHCS CTPYKTYpPHO-(QyHKIMOHAIBHOM
M30BITOYHOCTH BCEH cucTeMbl B 1iesioM [2,14]. IIpu atom on-
HOW W3 IVIaBHBIX IPOOJEM CO3JaHUS MHOTOCIYTHHKOBBIX
KOCMHUYECKHX CHCTEM Ha OCHOBE repcrekTuBHbBIX MKA sB-
nsieTcst pa3paboTKa CHCTEM YHpaBIICHHUS, TO3BOJISIOIIUX THO-
KO pearrpoBarh Ha CTPYKTYpHbIE U3MEHEHUS KacTepa U MpH
9TOM 00€CIEeYHBAIOIINX €0 YCTOWYNBOE (PYHKIIMOHUPOBAHHE.
JlononHuTenpHass 0COOCHHOCTh 3aJaud YHpPaBJICHUS KiacTe-
pom mepcnektuBHEIX MKA /133 coctouT B TOM, 9TO HapsmLy
C CTPYKTYypHO-(DyHKIIMOHAIIbHOM M30BITOYHOCTBIO M CTPYK-
TYpPHOW JIMHAMHUKOM, MPUCYIIMX €My IPH BBIIOJIHEHHUH LieJIe-
BBIX 3a/1a4, HEOOXOJMMO OCYIIECTBIISITH yNpaBJIEHHE €ro Cu-
cTeMOi MH(POPMAIMOHHOTO B3auMoieiicTBrs. TakuM oOpa3om
pelraemas B cTaTbe 3ajada IUIAHUPOBAHHS PaOOTHI CHCTEMBI
nHpopMannonHoro B3anmoneiicteus (MB) kiactepa mepcnex-
tuBHbIX MKA 133 npencrasisieTcst akTyaJlbHOM.

IlocTanoBka 3agaun

Ha ocHoBe ananmu3za ocoOeHHOCTEH (YHKIIMOHUPOBAHUS
xiactepa nepcrekTuBHBIX MKA JI33 mpowusBeneHa mocTa-
HOBKA 33/1a4d Ha TEOPETHKO-MHOKECTBEHHOM ypoBHE. B pe-
3yabTaTe MPOBEICHUS aHalu3a (PyHKIIMOHUPOBAHUS KllacTepa
niepcrieKTHBHBIX MKA J133 ObLTH BEISBIICHBI CICTYIONIUE 0CO-
OEHHOCTH, KOTOpbIE HEOOXOMMO YUHUTHIBATH TIPH IJIAHUPOBA-
HUM paboTel ero cuctemsl 1B [2]: a) cTpykTypHast TMHAMHUKA;
0) HEOMHOPOMHOCTh CTPYKTyphl MB; B) BapHaTUBHOCTH pe-
KUMOB (DYHKIMOHHPOBAHUSA; T') Pa3HOTHITHOCTH WH(pOPMAIIH-
OHHBIX ITOTOKOB; 1) TIEPBHYHOE KOMILJICKCHPOBAHHE M CKATHE
MH(OPMALMOHHBIX ITOTOKOB Ha 00pTy nepcreKTuBHBIX MKA;
€) HeoOXOAMMOCTb YIpaBICHUs] HHPOPMALMOHHBIMHA U SHEp-
reTudeckuMu pecypcamu kinacrepa MKA JI33 (mHTEeHCHBHO-
CTBhIO TpHeMa/Tiepeaayn WHGOPMAIIUK;, 3arpy3koi OOPTOBBIX
BBIYMCIUTENIEH U 3aIOMUHAIOIINX YCTPOHCTB; pacXooM 3HEp-
TeTUIECKHIX PECYpPCOB).

Ha ocHOBaHHHM pe3ysbTaToOB IPOBEICHHOTO CHCTEMHOIO
aHaIu3a, Ha COJeP:KaTeIbHOM YPOBHE CyTh peIllaeMoi 3aaa4u
IUIAaHUPOBaHUs paboThl cucteMbl VB kiactepa mepcnekTus-
HbIX MKA JI33 cBOAMTCS K cleayronemMy: HeoOXoauMo Haii-
TH TJ1aH paboThl cucteMbl VB, obecreunBaromuii onTuMab-
HYIO PE3yJIbTaTHBHOCTH (OajlaHC TPOITYCKHOH CITOCOOHOCTH
n sHepromnorpednenus) kimacrepa MKA B nuHamuuecku us-
MEHSIOLINXCS YCIOBHSX, VIl KOTOPOTO OBbUIM OBl BBIMOIHEHEI
BC€ OCHOBHBIC MPOCTPAHCTBCHHO-BPEMCHHBIC, TCXHUYCCKUC
U TEXHOJOTMYECKHE OTpaHMYCHHs, a BHIOpaHHBIE ITOKa3are-
T KauecTBa TUIAHHPOBAHUS MPUHUMAIN OBl AKCTpEMalbHBIC
3Ha4YeHUSA. B COOTBETCTBUM ¢ KOHIIETITYaJIbHOW MOICTBIO IS
JalbHEHIe (opMaiM3anuy  yKa3aHHOTO JMHAMHYECKOTO
U3MEHEHUs1 CTPYKTyphl cuctembl B kiactepa MKA BBeaen
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B PAacCMOTPEHHE IMHAMHYCCKUN B3BEIICHHBIH MYJBTHIpad
(ABM) cnenyromero Buaa:

G(o,1)=(X(w,1),E(0,0),W(0,1)),t (ty.1;],0€Q

rae X (t)={4;(t),i € N} —mMHOX)ecTBO nepcrnekTuBHbIX MKA;

E(1) = {e;, (1), i,j € N,p € P} — MHOXeCTBO nHpopMa-
LUOHHBIX cBsi3ell Mexxay MKA;

W (1) = {Wjpoa (1), i,j€N,p e P,deD,oeO} —mHOKe-
CTBO 3HAYEHHI MapamMeTpoB, KOJMYECTBEHHO XapaKTEpU3YIO-
X cooTBeTcTBYIomMe MKA;

Y,(1) — o6BbeM 3aMOMMHAIOMIETO YCTPOWCTBA, YCTAHOB-
nennoro Ha A4;(f) ;

Vipo () — uHTEHCHBHOCTH 06pabOTKH HH(MOPMAIHH P-TO
tuna Ha A;(7);

@54 (1) — MHTCHCHBHOCTH Nepeiady nHdopmaryu P-ro
thna ot 4;(1) x A;(1);

E;(t) — 00beM akKyMyJISTOPHBIX Oarapeii, ycTaHOBJIEH-
HBIX Ha 4 (1) ;

Pip, (1)
ro noroka Ha A; (7).

B pamkax TeOpeTHKO-MHOXECTBEHHON MMOCTAaHOBKU 3a-

— UHTCHCHUBHOCTD MOCTYIJICHUSA SHCPICTUYICCKO-

Jla4yr BBCJICHO MHOKCCTBO AOIMYCTUMBIX IIJIAaHOB 1B KJ1acTepa
nepciekTuBHBIX MKA JI33 ¢ y4eToM OCHOBHBIX OrpaHude-
HUIA, CBA3aHHBIX C 0COOCHHOCTSIMH U TEXHOJIOTHSMH €10 I1ejie-
BOTO (pyHKIIHOHHPOBAHUS, B BUJIE

sl d. 1)),

3amanbl yacTHbIe mokaszarenu dddexruBHocTn VB kia-
crepa nepcnektuBHEIX MKA /133 (3HEpro3arpar, CyMMapHBIX
00BEMOB JIOCTABICHHON, COXpAaHCHHOM HH(OpMAaIH, 06pado-
TaHkHOI/I nHpopmauu u zp.) {Fh (U Uy €Ay }hEH , @ TaKXKe
— MHOYXECTBO COIVIACYIOLINX ITPABUII, TO3BOJISIOIINX

Aup :{Uu :“xu’gu’yu’zwru’tu ’

kel
3aJaBaTh PE3YJIbTUPYIONICC OTHOMICHUC NPEATIOYTCHUA 3a/laun

MJIaHUpOBaHus paboThl cucTeMbl VB kiactepa mepcrnekTuB-
Hb1ix MKA.

C y4eToM BBIMIECKa3aHHOTO CTPYKTYPHO-MaTeMaTHICCKOE
ONMCAaHWE paccMaTpUBaeMOM 3a7adyl MOXKHO IPEICTaBUTDH
B cienytomiem Buje (1).

({G(I)}teT=(to,tf] AupFid e ’{(Dk}kerj W

Takum 00pasoM, 3amada IUTAHUPOBAHHUS PAOOTHI CHCTEMBI
WB xnacrepa nepcnektuBHbIX MKA JI33 cBoauTes k onpeznene-
HUIO MHOYKECTBA HAWTYUIIUX C TOYKU 3PEHHS 3aJaHHBIX OTHOIIIE-
HUH NPEeIITOYTEHNS alIETEPHATHB (TUIAHOB). B ClI0XKHBIX cUTyanu-
SX BBIOOpA C MHOXKECTBEHHBIM IPEANIOYTEHUEM HEPBBIM ILIAIOM
pCIICHUsT SABISIETCS BBIICIICHHE MHOKECTBA HEIOMHHHPYEMBIX
aNkTepHATUB, T.¢. MHOXecTBa [Tapeto [3], a BEIOOp KOHKpETHOM
AJIBTEepHATUBBI U” (onrmumansHoro win PpaLOHATIEHOTO IUIaHA)
JIOIZKEH OCYILECTBIIATHCS M3 YKa3aHHOTO MHOKECTBA.

8

Moaeap miianupoBanus padorsl cuctemsl UB
Kkiactepa nepcnekruBubix MKA /133

Pemnienune paccmarpuBaeMoil 3aaun 3aKIHOYaeTCs B ILIA-
HUpoBaHMU paboThl cucrteMbl VB kiactepa mepcreKTHBHBIX
MKA J133. Torama mnan pa6otsr cucremsl B U, MoxHO ox-
HO3HAYHO OIHMCAaTh BEKTOPOM, COCTOSAIINM M3 CEMH COOTBET-
CTBYIOITUX TIOTBEKTOPOB Xy, & s Vos Z ops Figs oy L, CIETYFOIITHM
o0pazom

Uu:"xu’gu’yu who u u

X
Tl

rae || w]pdk” — 00beMbI IIEpelaHHBIX I0TOKOB P-X THIIOB (IIpH
p # p,) ¢ i-x Ha j-¢ MKA no d-m TexHosnorusam Ha K-x uHTEp-
BaJlaX IOCTOSIHCTBA CTPYKTYpbI cucteMbl VB (nanee mnTep-
Basiax), 1 00bEMbI SHEPTHH, 3aTPAYEHHON Ha OCYIIECTBIICHUE
TaHHOMU nepenayn (Tpu p = p,);

||gwp(,k — 00BEMBI TTIOTOKOB P-X THIIOB, 00paOOTaHHBIX
(B cmyuae, xorma O€ Opm) WIH TOCTYTIAIONINX Ha 00paboTKy
(B cmygae, xorma OeO . I-Mr MKA;
061,er,1 COXPAHEHHBIX MIOTOKOB P-X THIIOB i-MH
MKA Ha k -X MHTEpBaJax;

"Zw'pk "
yCIIOBUH (PYyHKIIMOHUPOBAHUS KJIACTEPA) U3BHE MOTOKOB (IIPH
p # p,— MHPOPMAIMOHHBIX, & IPU P = P, — SHEPTETHYECKHUX);

Hipk " — pe3ynsTHpyone 00beMbl HH(pOpMaUK J0-
craBieHHoit i-Mmu MKA 1o morpedurens;

|| 2| — BpemeHHBIe pecypchl, TpeOyrommecs: st 00-
pabotku uHpopMarmu i-M MKA 1o o-ii Textnonoruu Ha K-m
UHTEpBAIeE;
t;.,.dk" — BpPEMEHHBIE PECYpPCHI TpeOyIomuecs sl nepesa-
uu uadopmaruu ¢ i-ro Ha j-it MKA;

d — uHACKC, ONMpECMIOINIl BUA UCIONB3YeMOil Tex-
HOJIOTHUH;

k — MH/IeKC MHTEpBaia MOCTOsIHCTBA paboThl cucTeMsl VB
xiactepa MKA.

Pemenne U™ 10I5KHO GbITh MIPAKTUIECKH PEaT3yeMo, IS
YEro OHO JIOJKHO YAOBIIETBOPSITH YCIOBHSM paccMaTpuBaeMoit
3agaun. CiieoBaresibHO, OblIa IpoBe/eHa (hopMasu3anus yc-
JIOBUH 3ajauvl B BUje orpaHuyeHuil. OrpaHnuenust Oananca
UH(OPMAIMOHHBIX TOTOKOB MPE/ICTABICHBI B BUIE (2).

(2 X XX x, )t

deDpokE j€J ke deDpg jel ik

— g
_" "xuifpdk "’"guipok e | Pz | [ ||'|tw‘ok

— 00BEMEI HE TTOTYUYCHHBIX (BBI/II[y CJIOKUBUINXCA

ui/'pdk wijpdk

+(ypipk - yuip(kfl)) + ( Z 8pipok ~ Z guipok) + (2)
o

EOpZE OEOpZKE
+Zyipk T Apiipk wipk = Lyiphe>
Vi, j € Nik € Kigyor €10:1}5p € P\{po fsn=1,....m,
Orpannuenns GanaHca SHEPreTHYECKMX MOTOKOB Mpe-

cTaBiicHbl B BuIE (3).
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Z ) Z prdk + (yuipk _yp.ip(k—l)) + Z 8pipok +Zuipk =
dEDpebuc je‘]pismx erpax (3)

=1,,,Vi,je N;Vd e D;VvkeK ;p=py;u=1..,m,

wipk 1

ChopmupoBaHbI OrpaHIIeHNS Ha 00paboTKy HH(pOpMAIiH (4).
g —
tpiok ’ Vpo ~ 8pipok T, =0,

4
VkeK;Vie N;Yoe O;Vpe P\{p,y}, @

rne npu Vpe P P — MHOXeCTBO TUIIOB IIOTOKOB, SIBIISIO-
LIUXCSI BXOAHBIMU U151 00pabOTKHU MO O-# TEXHOJOTHH, a TPH
VpeP P
OBBIX OBBIX
BBIXO/IHBIMU TI0CJIe 00pabOTKH MO O-i TEXHOJIOTHH.
3aaHbl OrpaHUYCHHUS Ha TIepe/iady MOTOKOB HH(POPMALIUU
Mexay MKA knactepa u 1o motpedutens (5).

— MHOXCCTBO THUIIOB IIOTOKOB, SABJIAIOIIHUXCSA

ik *Voa = Xuiipar Ta =05
(5)
VkeK;Vie N;Vd e D;Vp e P\{p,},

rie mpu VpeP, :V  — o0beM HH(pOpPMAIMU P-TO THMNA
nepeiaBaeMoit 3a Bpemst T, cornmacHo O-i TeXHOJOTMM; MPH
VpeP, . Vpd — 00beM HH(pOPMALIUHU P-TO THIIA TTEPESTAHHON
3a Bpems T, no d-i TexHOMOrMM; mpH (p = po):Vp 4 — 00BeM
SHEPTHH, 3aTpauuBaeMoi 3a Bpems T Ha nepeiavy HHpopMa-
[[HU COMTAcHO 0-i TEXHOIOTHH.

B cooTBeTcTBHM € METOMOJOTHEH CHCTEMHOTO MOAXoja
TaKKe ObUTH 3a/1aHbl TEXHUUECKHE OrPaHUYCHUS], HAKJIaAbIBa-
emblIe Ha paboTy cucteMsl 1B kiactepa mepcrnekTuBHBIX MKA
33 [9]. OrpanndeHuss Ha XpaHCHHE WHPOPMAITMOHHBIX TI0-
TOKOB M HAaKOIIJICHUE YHEPIeTHUECKHUX ITOTOKOB TIPEICTABICHBI

(6) 1 (7) COOTBETCTBEHHO.
y<Y;VkeK;Vie N (6)

Yok < EiiVk e K;Vie Nip=p, ™

OrpaHuyeHHs 1O BPEMEHHU BBINOMHEHUs oneparuii 1B
npezacTasieHsl B Buae (8) u (9) (COOTBETCTBEHHO, OrpaHHYe-
HUSI Ha BpeMmsi 00paboTKku WHGOpMaIuU, Ha BpeMs Mepeaadn
WHPOPMAITUH).

YO gt XX e, <

d€Dyge JEJ, €Dy jed

igbix

(®)
VkeK¥ie N;peP\{p,},

rae E_,S() — K03(GUINEHT, XapaKTePU3YIOUNHA BETNINHY BO3-
NIEHCTBUS TIOMEX, YCTAaHABIMBACMBIX CPEICTBAMH PAIHOAIICK-
TPOHHOTO TIOJIaBJICHUS IPOTHBHKUKA Ha paboTy OOpTOBOH ar-
naparypsl npuema-repenaun Aanubix MKA.

H&ES RESEARCH, 5-2017

WWW.H-ES.RU
AVIATION, SPASE-ROCKET HARDWARE

Y £, <TuvkeKiYie Nipe PApy),  (9)
0e0

rae iﬁg) — K09(DHIMEHT, XapaKTepU3yIOIHi aHAJIOTHYHBIE BO3-
JISUCTBUSI Ha paboTy OOpTOBOI BhIMMCIHUTENHHON MaiHbl MKA.

ITpu popmupoBanuu 1iana padbotel cucremsl B kiacte-
pa MKA /133 monuck HaWIydIero pemieHus MOXKET OCYIIecT-
BIISTHCS TIOCPEJCTBOM ONTHMH3AIMA CIEIYIOINX 0000IIeH-
HBIX ITOKa3areliell ee WH(POPMALMOHHBIX U IHEPIeTHUCCKUX
BO3MOXKHOCTEH:

Hy,=2% Y X hik — o0bema Beex mepeiaHHbIX
keK peP\{p,}ieN
ITOTOKOB MHOTOCIICKTpaIbHOH nH(popManuu J[33;

Hy, =2 2 2 Z — 00beMa BCeX HENolydeH-
keK peP\{p,} ieN
HBIX OTOKOB nH(popMmanuu J133;

Hy, =3 X 2 Vypk — 00beMa BCEX COXPAHEHHBIX
keK peP\{p,}ieN
motokoB nHpopmanuu J133;

H4H = Z Z ruip(,k — oObeMa OHEPIeTUYCCKHUX 3arpar,
keK ieN

Hs, =% 2. 8uipk — 00beMaBcex 00paboTaHHBIX
keK peP\{pO} ieN
moTokoB nHpopmanuu J133.

[IpencraBneHHas WHTEPIPETANHS 3aa4H TUIAHHUPOBAHUS
pabots! cuctembl VB ximactepa MKA 1m03BOISET 3aKITIOYHTS,
YTO JIJIs HAXOXKJICHUSI IUTaHa (IIAHOB) U; HE00X0AUMO pas-
pELINTh HMMEIOIIYIOCS KPUTEPHUAIBHYIO HEOIPEAEIeHHOCTb.
Jist 5TOr0 OBUTH HCIIONIB30BaHBI JIEKCUKOTpaUuecKne MeTo-
Jbl. Tak Kak MHOKECTBO JOMYCTUMbIX PEIICHUN AB SIBJISIETCS
BEIMYKJIBIM MHOTOTPAHHBIM MHO)KECTBOM, a KPHTEpHAaJIbHEIC
(GyHKIMU pemraeMoi 3a/1adyd SBISFOTCS JIMHCHHBIMH, TO JUIS
HaxoxX/ieHHs 11aHoB VB u3 obiacT HEIOMUHHUPYEMBIX AJlb-
TepHaTUB ObljIa NCIIOJIb30BaHA CTAHJAPTHAS METOMKA CKaJIsi-
pH3anny BEKTOPHOTO TIOKA3aTes B BUJIE aZTUTUBHON CBEPTKU
Jlarpamka [6] 1 BBeIeH B MOJIeNIb UHTETPAIbHBIA KPUTEPHA
MIpeCTaBICHHBIN B Buae ¢pynkunu (10).

By 2 XX Oy ik — > Z%J’w‘pW -
peP\{py}ieN kek peP\{p,}ieN

(10)

B, > 037} g,k —> MaX,
keK ieN

-1

me Br=1 2 X Xl

[MCHT; kekK pEP\{pu}[eN

— HOPMHUPOBOYHBIH K03(hDu-

-1
B, = [ > Y, ) — HOPMHUPOBOYHBIN K03 HIIHeHT;
ieN

Q,, 0l,, O, — COOTBETCTBYIONINE KOI(PPUIMEHTHI BAKHOCTH
WH(POPMALIMOHHBIX ¥ YJHEPTETHYCCKUX IMOTOKOB. BBIOOp mOKa-
3areseil pesynasratuBHOCTH Kiactepa MKA J133 npoBoguics
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B COOTBETCTBHH C METOIMKOH, IpeACTaBIeHHON B pabdore [15].
Haubonee monpoOHO mpeicTaBICHHAs] MOJICIb [IAHUPOBAHHS
nokasana B padore [10].

Pe3yabTaThl 3KCNIEPUMEHTOB MJIAHUPOBAHUS
pa6oTsl cuctembl UB kinacrepa MKA /133

PaccmoTpuM HCXOIHBIE TaHHBIE KOTOPHIE HCIIOTH30BAIHCH
TIpH TUIAaHUPOBaHUM padboTh! cuctembl VB kimactepa MKA /133
«Kanomyc-B» [11]:

1.C={C,C,C,C,C}=

={60 min, 120 min, 180 min, 60 min, 90 min} — MHoO-
JKECTBO MHTEPBAJIOB IOCTOSHCTBA cucrtembl KB kiactepa
nepcrekTuBHEIX MKA [133. /lanHbIE MHTEPBAJBl MOTYYCHBI
ITyTEM pEIIeHHs 3a7a9y TIOMCKa WHTEPBAIOB CTPYKTYpPHI Kila-
crepa MKA /133 Ha 0CHOBe 0aJUTMCTHYCCKOTO IIPOTHO3a JIBU-
skeHus neHTpa Macc MKA. JIng pemenus Takoil 3agauu uc-
MOJIB30BAJICSI ITOIXO/ MTPEJIOKECHHBIN B padoTe [1];

2. CocraB knactepa nepcnekTuBHbIXx MKA J133: mrectsb
MKA 133, mpu 3tom MKA mox Ne 2.3 Moryt oOpabarsiBaTh
WHPOPMAIMOHHBIE MMOTOKM W TIepeNaBaTh WX TOTPEOHTEINO,
Bce MKA MOryT OCymIecTBIATh ChEMKY OOBEKTOB B JIBYX
CHEKTpPalbHBIX JHANa30HAX, COXPAHATh B 3alIOMUHAIOIINX
ycrpoiictBax (3Y) nmaHHBIE 30HIMPOBAHUS U MPOBOAWTH WH-
dbopmarmonHoe B3ammozeiicTBue ¢ apyrumu MKA gepe3
JIBYXCTOPOHHHE KaHAJIBI CBS3H CO CKOPOCTHIO 10 50 MOuT/Cex;

3. Xapakrepuctukn MKA: kaxnerit MKA umeer 3Y 005b-
emoMm 16 I'Gaiit, akkymynsitopuele 6arapen oobemom 360 Bt
Kax/aas.

4. Pexxumbl padorsl nepcnektuBHbIX MKA J133: «3Oko
(D)» — HH3Kass MHTEHCUBHOCTL BBITIOJHEHUs omneparuii VB
©;, =17 Monr/cex; «Makcnmanbubii (M)» — BbICOKasH HH-
TCHCHBHOCTb BBIIIOIHCHHs onepauuii B o,, =50 Mout/cek.

5. 3naueHust KO3QPUIEHTOB Ba)KHOCTH, 33JJaHHBIX B CO-
orBercTBUM ¢ mpeanoureHusimu JIIIP: a) mepeaaun moTokoB
MHorocrekTpanbHoi nndopmanuu J33 3akazunky —o,=0,55;
0) coxpaHeHus WH(POPMAIIMOHHBIX MOTOKOB B 3Y MKA —
a,= 0,30; B) pacxoma >HepreTH4ecKnux motokoB — o, = 0,15.

Ha ocHoBe aHamm3a MOydeHHBIX B pe3yJbTaTe IpOBe-
JCHUA PAacdYeToB IUTAHOB paboTel cuctembl VB OpiT mpen-
nokeH HOBBIN pexknM «KomOuampoBaHHBIH (K)» ¢ HEPHK-
CUPOBAaHHOM MHTEHCHUBHOCTBHIO BBINOJIHEHUs onepauuii 1B
175(%05 50 MOuT/ceK, 3aKIIFOUAOIIMICS B COBMEILIEHUH Ha
NPOrpaMMHOM YPOBHE JIBYX TEpBBIX pexxumMoB M u K, mnpu
9TOM CHCTEMa MOKET BBIOMpPATh CaMOCTOSTEIHHO Iapame-
TpsI padotel MKA (T.e. BapbHpoBaTh 3HaYCHHS MHTCHCHBHO-
CTEH I KaXXIOTO MHTEpBajia MOCTOSHCTBA B COOTBETCTBHHU
Cc O0OCTaHOBKOH) B XOJ€ pELICHUS 33/a4l IJIaHUPOBAHHS
Onaromapsi yueTy 3MEpIDKCHTHBIX CBOMCTB Kiactepa MKA,
C IENBI0 ONTUMHU3AIMK BBIMOIHEHUs omnepauuit MB. Otmau-
YUTENbHOH OCOOCHHOCTHIO peliaeMor 3aJaqd SIBISETCS €€
OonbIast pa3MepHOCTh. B gacTHOCTH, MaTpHIa orpaHHYCHUN
npu nXEIO, CXES, p=3 nocruraer pasmepHoctu 10% Ilpu
TaKOM Pa3MEpPHOCTH KJIACCHYECKHE METOAbI MaTeMaTH4ecKo-
ro TNPOTrPaMMHPOBAHUSI OKa3bIBAIOTCS Maiod(deKTHBHBIMU
[4]. B cBs3M C 3TUM HCHONB30BAJICS METOJl, OCHOBAaHHBIM Ha
uee MeKOMITO3UINH, KOTOpas 3aKJII0Y9aeTCsl B PAaCUICHEHUH
HCXOMHOM 3a1aud OONBIION Pa3sMEpHOCTH, HAXOKICHUH He-
3aBHCHMBIX PCUICHUN IS KaXKIOH W3 HUX W MOCICTYIOIICH
YBSI3KE 3THX YaCTHBIX PELICHH B 00Ilee pelIeHHe NCXOTHOM
3amaur. COOTBETCTBYIOIIMI METOJ MPEUIokKeH B padote [10].

CpaBHMTEIbHBIEC PE3YNbTaThl, HOTY4YEHHBIE I TPEX IJja-
HOB pabothl cuctemsl MIB kiractepa MKA /133, B Buze 3Have-
HUM ITOKa3aresiei Hl, I-A H , Ha KQXJIOM U3 TIATH HHTEPBAJIOB
MTOCTOSTHCTBA €€ CTPYKTYPHI U B II€JIOM 32 BECh MHTEPBAI IIIa-
HUPOBAHMS IPEJICTaBIEHBI B Ta0II. 1.

AHanu3 JaHHBIX TPENCTAaBICHHBIX B TaOm. 1 mo3Bonser
cnenats OOOCHOBAaHHBIE BBIBOABI O PAI[OHAIBHOCTH KOM-
OouHnpoBaHHOTO peknMa K paboTel mepcrmekTuBHBIX MKA
33 B cocraBe Kiactepa IO CPaBHEHHIO CO CTaHIApPTHHI-
MH (©OKECTKO» (PUKCHpOBaHHBIMH pexuMamiu. [Ipu pexnme
K cTpykTypHO-(QyHKINOHAJIbHAS N30BITOYHOCTD U HEPreTH-
YECKUE PECYpPChl CUCTEMbI (PPEKTUBHO HCIOIB3YOTCS IS
MOJIYYCHUsI W TIepeadu MOTpeOuTeNno Hanbosee 3HAYNMOTO
JUIA HETO TIOTOKa MYJBTHUCIEKTpanbHOUH wmHpopMmarmu. [Ipu

Tabnuya 1
3nagenus nokasarened H,, H,, H, us tpex pesxumos (3, M, K) pabotsr kmactepa MKA
_ 9KO PEAHM  MAKCHMAJTBHBII PEAIM 'KOMBHHIPOBAHHBII PE/KIIM

Tinox 1 I | B ] B S e [ R 53 £ 2 3 a4 5 ¥
Hpes BO000| 48600| 65061,2241]
HMHK-nuanasod 1000( 12000| BOOD| 7000 0O “ZB0D0| 3000| 9800| 3000| 7000 0 zzaml 302,7211] 10278912 6333,3333| 2214,2857 0] 191292517
Brugmumeid guanason 1000 12000| A4000( 3000( 12000| 32000] 3000 13200 600 0| 9000 ml 0 0 0 0 {1} 0|
H1 o | 459319724
MyAETHCNEKTP. AHaNasoH o o 0 0 1} 0,00 i} o o 1} ] l]l 278B9,116| 17333,333| 5666,6667| 41428571 16000] 45931,9724)
H3 272700 253400] | 222738,06
WHK-auanasoH 12000 12000 20000( 25000 25000| 94000] 10000 12200| 25200 30200( 30200 1u?sunl 12[!]]' 9387,7551| 17637,755] 26387,755| 22387,76| 878010204
Buanmbii guanason 11000 13000 24000( 21000 18000 87000] 9000| 9800( 24200 24200( 24200 914|II| 9903,163' 10908,163| 21658163 18551,02| 15551,02| 765765295
MynbTUCnexTp. AManasoH 1] o 0 (1] 0 0 0 0 (1] 0 0 l]l 0| 0| (1] (1] (1] (1]
H 91700) s4200] 58360,5102
JuepreTwueckne notorw | 22400| 20400| 16900| 16300 15700| 91700 16800 9800| 9200 9200| 9200 5411]]' 20462,24] 12665102 9765,8163| B603,6735| 6863,674| 58360,5102
10 WWW H-ES RU



stom B 3V mepcnektuBHbIX MKA B K pexxume paboThl Ha
BCEX IISITH MHTEpBaJIaX MOCTOSHCTBA OCTATOYHBIH 00BEM CO-
XpaHEHHOH MH(OpMAlMU MEHbIE, YeM B ABYX JPYTHX pe-
JKUMax, T.¢. OoJiblnas yacTh uH(pOpPMAUU 00 00bEKTaX 30H-
JpoBaHMsl ObUIa JocTaBieHa norpedutento. [lman paboTs
cucreMsl B mns pexxuma K, obecrieuymBaromero Oompiiee
3HAYECHHUE IeNIeBON (DYHKIMH 10 CPAaBHEHMIO CO CTaHIApTHBI-

Sy,
<G>
(

B 5
[f > 4
|- 60 >
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MH peKUMaMH, HaIIsITHO TpencTasieH B Buae JIBM (puc. 1).

JlaHHbIe, MOTyYeHHbIE U3 PELICHUS U;, CBUJIETEIbCTBYIOT
0 COCTOSITEIIBHOCTH MPEIOKECHHOTO pekuma (DyHKITMOHHPOBA-
Hus nepcnektuBHBIX MKA J133 B coctaBe knacrepa. OmHaxo,
HCCJICAOBAHMS ITOKA3aJii, YTO Ha CETOMHSIIHHM JIEHb, TaKOU
PSXKUM HE MOXKET OBITh pealn30BaH Ha MPAKTHKE B TIOTHOM
o0beMe BBHY OTpaHWYCHHBIX BO3SMOXKHOCTEH TpHEMHO-TIepe-

3600 - obbem nocTynaowero
IHEPreTUHECKOro NOTOKA

08 | - OBBEM IHEPTUM 3aTPAUEHHBIN
Ha oBpaboTry

- - 0BbEM KOMMNAEKCHPOBAHHOTD
NOTOKA, NONYYEHHOTO NOCAE
obpaboTki no 1-i TeXHONOTMKM

i d
<L oBbem SHEPIMM COXPAHEHHOI

8 AKB

- ofbem coxpaHeHHoro B 3Y
WH, NOTOKa 2-ro THNA

- 06LEeM COXPAHEHHOTO B 3Y

wHd. noToka 1-ro TMna

[ 2e00 | - 06BEM KOMNABKCMPOBAHHOrO
© NOTOK&, NONYYEHHOro Noche
obpaboTtku no 2-i TEXHOAOT MK

noToka 1-ro Tna PEIYNBTUPYIOWETD NOTOKA

- Bpems, 3aTpaqeHHoe Ha

13000 - obvem nocrynaiowero uHd. -
obpaboThy

noToka 2-ro TMna

- BREMA, 3aTPaYeHHOE Ha

7500450150 - ofbem notoka/epema obpabotky
nepefaun/pacxos aHepram
[43557 . oBvem noToka 2-ro TMna,
nocrynaiowero Ha obpaBoTky no

]

1

[}

1

]

1

]

1

]

1

[}

1

I

— 1
{8000 - o6vem nocTynaowero uHg. 13333 - o6wem OTNPaBNEHHOTO 1
1

I

I

1

I

]

I

I

I

I

I

|

2-i TEXHONOT UK :

Puc. 1. ITnan pabotsr cuctemsr 1B knacrepa nepcnekruBabix MKA /133 npu K pexume.
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JTAFOIINX YCTPOWCTB MAaJbIX KOCMIYECKHX aIaparoB, KOTOPBIE
OCYIIECTBISIIOT TMAKETHYIO Tepenady JaHHBIX. JTO O3HAYaeT,
YTO BONPOCH YNPABICHUS WH(POPMAIMOHHBIM B3aHMOJICH-
crBueM kiactepa MKA TpeOyroT panpHeiIneid nmpopadoTKy.
B cBsi3u ¢ 3THM aBTOpamMM OBUI IPOBEACH aHAIM3 BO3MOXKHO-
IO COBEPILICHCTBOBAHMS PEXKUMOB (DyHKIHOHHpOBaHus MKA
J133 B cocTaBe Kiactepa, KOTOPBIA TO3BOJHI 3aKIIOUUTh, YTO
JUTS TTIOBBIIICHUS TTPOU3BOIUTEIEHOCTH TAKUX KOCMIYECKUX CH-
CTeM HeoOXOJMMO Ha OCHOBE YK€ MOJIy4EHHOI'O ONTHMAJIBHOTO
wiaHa padotsl kiaactepa MKA 133 B K pexuMe 0CyIICCTBUTD
CTPYKTYpHO-TIapaMeTPUUECKHUI CHUHTE3 ero cucteMsl VB.

Mogaeab cTPYKTYPHO-IAPAMETPHYECKOr0 CHHTE3a
cHCTeMbl HH(POPMALMOHHOIO B3aUMO/IeiiCTBUS
Kkiacrepa nepcnektuBHbix MKA /133

B Xonme npoBeneHHBIX HCCIIENOBaHUi, HAIPaBICHHBIX Ha
TOBBIIICHUE TTPOU3BOANUTCIIBHOCTU pa6OTI>I cucremsl B kna-
crepa nepcnekTuBHBIX MKA J[33, ObUTO yCTaHOBIIEHO, YTO
0CO0yI0 aKTyaJIbHOCTh IPHOOpPETaeT MOCTAaHOBKA M pEIICHUE
3aj1a9 TUTAaHUPOBAHUS M yIIpaBJIeHNUs mporieccamu B kimactepa
MKA /133. B cBsi3u ¢ 3TUM, UCTIONB3Y IUIAHBI pabOTHI CHCTE-
mbl B kinactepa MKA, noyueHHble ¢ ToMoIIbio pa3paboTaH-
HOW Mozenu TuanupoBaHus (2—10), mpeacTaBIeHHON BBIIIE,
MIPeAIaraeTcsl pemarhb 3a/1a4y CTPYKTYPHO-ITapaMeTPHIECKOTO
cunresa cuctemsl VB kmactepa MKA J133. Ipu 3TOM y9uTHI-
BaeTCA JWHAMHYECKOE M3MEHEHHE CTPYKTYyphl cuctembl B
kinactepa MKA mnocpencTBoM HaxXOoKAEHHs BPEMEHHBIX HH-
TEpBAJIOB €€ TIOCTOSHCTRA. Brlle ykasbiBanock, uto mpu K pe-
xuMe padbotel cuctembl B kmacrepa MKA ero cTpykrypHO-
(GyHKIIOHATBPHAS W30BITOYHOCTh U YHEPTETUIECKHE PECYPCHI
HCTIONTB3YIOTCS OoIee parioHaIbHO, YeM ITPH CTaHIAPTHBIX pe-
)kumax. OIHAKO TTOTy9aeMblil TaH paboThl cucteMbl B, kak
TAKOBOH IOKa CJIOKHO peajiM3yeM Ha IpaKTHKe, TaK Kak MpH-
MEHEHHE HEe(PUKCHPOBAHHBIX (T10 MHTEHCHBHOCTH BBITIOTHEHUSI
orepanuii) pexxumMoB paboTsl OopToBoii ammaparypsl MKA
TpebyeT JanbHEeHIHX UCCIeoBaHni 1 mpopaboTku. Hanbonee
MIPaBUIIGHBIM B HACTOSAIIIEE BPEMs PEIICHHEM JTaHHOTO BOIIPO-
ca sBiseTcss (OPMUPOBAHUE TAKMX PEKUMOB pabOTHI CHICTE-
Mbel B kmacrepa MKA, kotopbeie obecriedar paBHOMEPHYIO
Y COINIacCOBaHHYIO Harpy3ky Ha Bce MKA kiactepa, ¢ yueTom
MaKeTHOM nepeaayu JaHHBIX IO KaHajlaM CBA3U MEXKIY HUMH,
€ro CTPYKTypHOW AMHAMHKH, a TaKKe BO3MOKHBIX BO3MYIIE-
HUM BHemHe# cpeabl. C MpaKTHYECKOW TOUKU 3pEHHS BeChbMa
aKTyaJIbHOHN SIBIICTCS 3a/a4a IMMOCTPOCHUS MOJEIU CTPYKTYp-
HO-TlapaMeTpuueckoro cuureza cucrembl B kimactepa MKA,
C TIOMOIIBIO0 KOTOPOH OyIeT BO3MOYKHO KOHCTPYKTHBHO Y4eCTh
pa3nuYHBIE HEIITATHLIE CUTYallMU B paMKaX CIICHApHEB CTPYK-
TypHOW JuHAMHKH KiacTepa MKA, a Taxke pu peanu3aiun
TUTaHOB paboTHI ero cucteMbl VB obecneunTs HEOOXOMMMBIIA
YPOBEHB 3HAUYCHHSI MHTETPAILHOTO TIOKa3aTelsI Ka4ecTBa (QyHK-
LIMOHNPOBAaHMsS KJacTepa IO IIeJIeBOMY Ha3HA4YeHUI0. Takum
00pa3oM, NPUMEHHUTENHHO K KilacTepy nepcnekTuBHbIX MKA
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133 cTpyKTypHO-TITapaMeTpHUECKUil CHHTE3 CIEIyeT paccMa-
TpUBaTh Kak ()OPMHUPOBAHUE TEXHOIOTHH YIPABICHHS €ro CH-
cremoii V1B, HarpaBiieHHBIX Ha MOBBIIIEHHE PE3Y/IbTATHBHOCTH
u pobacTHOCTH (PYyHKIIMOHMPOBAHMS KiacTepa, 00Ja aroliero
CTPYKTYypPHO-(DYHKIIMOHAJILHOM HM30BITOYHOCTBIO M (DYHKIIHO-
HUPYIOILETO B JMHAMUYECKH N3MEHSIONMXCS ycIoBusX. Torna
3a7aua CTPYKTYPHO-TIAPAMETPUIECKOTO CHHTE3a 3aKIII0YacTCs
B (OpMHpOBaHUH TpeOyeMBIX 3HAYECHHWH NapamMeTpOB MHTCH-
CHBHOCTH paboThI OopToBOIi anmaparypsl MKA Ha ocHOBe Xxa-
PaKTEepUCTHK, N3BJICKAEMbIX U3 3apaHee MOJIy4acMbIX IUIaHOB
pabotsl cuctemsl B kiacrepa MKA B K pexime ero QpyHk-
IMOHUPOBaHWs. Takol MOAX0J] MOMKEH 00ecreunTh HeoOXo-
JVMBIH YPOBEHb PE3YJAbTATHBHOCTH 30HIMPOBAHUS KJIACTEPOM
MKA Ha3eMHBIX 00BEKTOB ITyTEM PallHOHAIBHOTO YIPABICHUS
pabotoii 6oproBoii armaparypsl MKA ocHOBaHHOTO Ha ajar-
TalWU apaMeTpoB €€ (PyHKIHOHUPOBAHHS.

[TapameTrpamu, XapaKkTepU3YIOIIMMH IIPOLECCHI TIEpPEIayHu,
00paboTKN U XpaHeHHs WH(OPMALMOHHBIX MOTOKOB, LIUPKY-
JUPYIOMNX B CHUCTEME HMH(GOPMAIMOHHOTO B3aMMOACHCTBUS
kmactepa MKA /133, MOTyT OBITS:

— Y;(#) — 00beM 3aII0MHUHAIOLIEr0 YCTPOICTBA, yCTaHOB-
neHHoro Ha A;(t);

— Wip,(f) — MHTCHCHBHOCTH 00paboTkn MHG)OpMALMH
p-ro TMna Ha A;(¢);
©jpq (1) — WMHTEHCHBHOCTb TIEpefadn MH(OPMAIK

p-ro Tna or A;(t) x A;(7).

PaccmarpuBaemast 3a/1aqa OTHOCHTCS K Kilaccy 3ajad ca-
TUC(HAKIIMOHHOTO BhIOOpA, YTO MOTPEOOBAIO (hOPMUPOBAHHUS
MHOecTBa (11) HabopoB mapaMeTpoB pabOTHI OOPTOBOH am-
naparypsl MKA /133

sar _ of ,|Viel,peP,oe0,keK},
<{ pok } (1)
{(Dj;pdk|Vje[/i,peP,deD,keK}>

IIpu 3TOM TpaHmIel caTuCHaKIMOHHOIO MHOXKECTBA Ha-
60poB mapameTpoB padboTel OopToBoi ammaparypsl MKA J133
3a[laHbl COOTBETCTBYIOIIUMHE OorpaHmdeHusMu (12,13)

g g g
('inomin = (Dipok = (Dipomax ’

Viel,pe P,oeO,ke K (12)

X X X
iy < Pijpdk < Doy, >

13
Viel,peP,deD,keK,jelli’ (13)

e %~ — uHTeHCUBHOCTL 00paboTku i-M MKA p-ro 1mo-

ipok
TOKa HgdoopMauHH J133 110 0-i1 TEXHOJIOI'MHU Ha K-M HHTEpBaJIE;
mfpdk — MHTEHCHUBHOCTS nepenaqn i-m MKA p-ro nmortoka uH-
¢dopmarmu J133 o d-it texHonoruu uHa K-m nHTEpBase.

Torna pemenue paccMaTpuBaeMoil 3aa4i CTPyKTypHO-TIa-

PaMETPUICCKOI0 CUHTE3a 3aKJIF0YACTCA B BLI60p€ IJj1aHa pa6OTLI
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B kmactepa MKA /133 ¢ aganTiupoBaHHEIM HAO0OPOM 3HAYCHUH
mapaMeTpoB paboTel 6opToBOit ammaparypst MKA /133 (14).
* sat
U(o)eay (o) < Ay (o) (14)
Taxoe perrenne 10KHO 00eCceunTh TpedyeMoe 3HAYCHHE

TTOKAa3aTels pe3ylIbTaTUBHOCTH paboThl cucteMsl VB kmactepa
MKA /133 3amaHHOE B COOTBETCTBHH C BBIpaXKeHHEM (15).

Hyes (U ()2 max {H (U (0,5)) H (U (0,))} (19

CMBICIT €T0 3aKJII0YaeTcs B TOM, YTO 3HAUCHUE MOKa3are-
TS pe3yNbTaTHBHOCTH (YHKIIMOHUpOBaHMA Kiactepa MKA
/133 nipu monmy4eHHOM HabOpe MapaMeTpoB JOKHO OBITH HE
HIDKE 3HAYCHUH MOKa3aTesiel, oJryJyaeMblX IpU CTaHJapTHBIX
pPeKMMaxX ¢ MAKCUMAJILHOH W MUHUMaJIbHOM WHTCHCUBHOCTSI-
MU paboThl 00pTOBOIi anmaparypsl MKA, a 1o BO3MOXXHOCTH
U TIPEBOCXOIUTh MX. B Xome MccienoBaHUM SMIUPUUECKUM
myTeM ObUTH ToITydeHs! popmyasl (16—17), mo3Bosstonye Ha-
XOJHUTh CPEJHEB3BEIICHHBIC 3HAYCHHUSI CHHTE3UPYEMBbIX I1apa-
MeTpoB padots! cuctemsl B knacrepa MKA.

X X X X
o = Divdtuy Liipdkugy + Doy, iipdin
ijpdk P 4 ’
l/ pdkmin ii pdkmax ( 1 6)
Viel,deD,peP,keK
g 48 + ol 48
(Dg _ wip{)kmin ipOkmin Cl)ip(]kmax ip()kmax
ipok — > - >
18 +18
ipokyiy POk 17)

Viel,0eO,peP,keK

B coorBercTBHM ¢ pa3pabOTaHHBIM AJTOPHUTMOM HCXO[-
HbIE JaHHBIC Ul PAacdyeTOB HCKOMBIX IIapaMeTpoB pPaboThI
6oproBoii ammmaparypst MKA 1o yka3aHHBIM BEIIIE (GOpMyIaM
OepyTcst U3 TOMYYCHHOTO Ha MPEABIAYIIEM JTare Ha OCHOBE
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pa3paboTaHHOW MOJEIN MHOTOKPUTEPHATIBHOTO IUIAHWPOBA-
Hus (2-10) permenus (mana padotsl cucteMsl B kmactepa
MKA J133) uMeromiero CleayroInii BT

— g X —
Uy —qu,gp,y“,zu,ru,tp,ZHH—

g
||y wipk " ’ "Zuipk " ‘ "r ipk ” : “tw’vk

_ X
= P e [l

[Mpumenenne dopmyn (16,17) nossonser nosmydars yc-
peIHEeHHbIE 3HA4Y€HHs WMHTEHCHBHOCTEH paboThl OOpTOBOM
anmaparypsl MKA, Ha KOTOPBIX OCHOBBIBA€TCS pEIICHHE 3a-
Jlaud CTPYKTYpHO-IIapaMeTpUyYecKoro cuHresa cucremol VB
kmactepa MKA.

[TpoBeneHHbIC BHIYUCIUTEIBHBIE KCIIEPUMEHTHI MTOKa3a-
JIM, YTO 3HAU€HHE MHTErPaJbHOIO MOKa3aTemsl pe3ylIbTaTuB-
HoctH (pyHKIMOHMpOBaHus kiactepa MKA J133, nmoixydeHnoe
NP TUIAHUPOBaHUM paboThl ero cucrembl VB ¢ cunTe3upo-
BaHHBIMHU I1apaMETPAMH, OKa3aloCh BBIIIE 3HAYCHUH COOT-
BETCTBYIOIINX MOKa3aTeleH, MOIyYeHHBIX MPHU TOJCTAaHOBKE
CTaHAAPTHBIX MNapaMeTpoB padOTHI OOPTOBOH ammapaTypsl
MKA. Pe3ynbraTsl MIaHUPOBAHUS C CUHTE3UPOBAHHBIMU YC-
pEeIHEHHBIMH TIapaMeTpamMy paboThl OOPTOBOI armmaparypbl
MKA /133 nipezcraBieHbl HUKE (Tabi. 2).

AHanu3 mpeACTaBIeHHON TaOJIUIBI TOKA3BIBAET, YTO IPH
K pexmnme paborst MKA /133 cymmapnsrii o0seM mH(bOpMa-
LIMOHHBIX MTOTOKOB SIBJISICTCSI HAUOOMBIIINM CPEN TTOYIEHHBIX
IIPU ABYX JIPYTUX PEXKHUMAaX, OHAKO MO YCIOBUSIX BBIMTOTHEHUS
omnepanuii /[33 ¥ B COOTBETCTBUM C TPEOOBAaHUAMH 3aKa3dMKa
Hanbosee BaXXHBIM M3 IUPKyIHpyromux B cucreme 1B kia-
ctepa MKA motokoB wH()OpPMAIIUU SBISETCS YETBEPTHIA €ro
THI — MYJABTHCIIEKTPAIFHOTO JMala30Ha. JTO O3HAYAET, YTO
HanOoIbIIIee 3HAYCHUE WHTETPATBHOTO TTOKA3aTeNs pe3yibra-
THUBHOCTH (yHKIMOHHpoBaHus Kiacrepa MKA /133 ¢ yuetom
K03 PUIMEHTOB BaKHOCTH HMH(POPMALMOHHBIX IOTOKOB J0-
cturaercs npu C pekuMe ¢ CHHTE3HPOBAaHHBIMU ITapaMeTpaMH.

Jlnst HanGonbIIel HAMISIAHOCTH, TIOJTyYCHHBIE PE3YJIbTaThI
TUTAHUPOBAHUSI TAKKE TIPE/ICTABICHBI B BUJIE CPABHEHUSI COOT-
BETCTBYIOIINX JAWArpaMM, XapaKTepU3YIOMINX pPa3HOPOIHbBIE

Tabnuya 2
3nagenus nokasarened H, H,, H, ns tpex pesxnmos (C, M, K) pabotsr kmactepa MKA

Hurepoarinoxasareas | 1 2 B 5 T e e s = e & : z x
60499,3835 48600 65061,22409
WE. o 15646 3666,666 o 2466,1825 | 7697 4485 3000 5800 3000 7000 o 23800 | 302,72109 | 10278912 | 6333,3333 | 2214, 2857 0 19129,25169

B i 0 [ o o 0 o 3000 | 13200 600 [ 9000 25800 0 0 0 0 o o
HI 52801,94 o 45931,9724
Iy 0 1B666,6663 | 14666,667 | 34686031 16000 52801.94 0 0 0 0 0 o 2789,1156 | 17333,333 | 5666,6667 | 41428571 16000 459319724
H3 259250,1363 253400 222738.0601
HE- 12000 | 157687075 | 16721,089 | 26853938 | 20387,755 | 9173148893 | 10000 | 12200 | 25200 | 30200 | 30200 | 107800 12000 9387,7551 | 17637,755 | 26387755 | 22387,755 | B7B01,0204
B H 13000 | '15768,7075 | 16721,089 | 26853,938 | 20387755 | 9273148893 | 9000 9800 24200 | 24200 | 24200 | 91400 | 9908,1633 | 10908,163 | 21658,163 | 18551,02 | 15551,02 | 76576,5295

Iy 0 o o o 0 o 0. 0 0 ] [ o 0 0 0 o o o
H4 74787,1584 54200 58360,5102
JHepreTHyeckHe noTord | 22600 | 16475,1648 | 13252,017 | 12099,988 | 10359,988 | 74787,1584 | 16800 | 9800 5200 9200 9200 54200 | 20462,245 | 12665,102 | 9765,8163 | BEO3,6735 | 6863,6735 | 58360,5102
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motoku tipu pexumax K u C pabotsl cuctemsl B kmactepa
MKA /133 Ha nsTH MHTEpBaJiax MOCTOSHCTBA €€ CTPYKTYPbI
(puc. 2).

JlaHHBIE AUArpaMMBbl MO3BOJISIIOT YBHJETh, YTO SHEPTETH-
yeckue pecypcsl MKA kmactepa mpu C pexxumMe pacxoayroTcs
PaBHOMEPHO, @ X NTOTOBBIN OCTATOK Ha IISITOM HHTEpBaJIE MO~
crosiHCcTBa cucteMbl VB no cpaBHeHMto ¢ pexumoM K sBiser-
Cs HaMOOTBIIMM (TTPUPOCT 3Ha49eHus mokasarens H, mpu C pe-
JKMME TI0 OTHOLICHUIO K 3HAYEHHIO TOTO JKE MOKa3aress Npu
pexxume K cocraBun 12%). DT0 CBUAETEIBCTBYET O COCTOS-
TEJILHOCTH TPE/JIOKEHHOW MOJENU CTPYKTYypHO-TIapaMeTpH-
geckoro cuHTe3a cucrembl B knactepa MKA J133. Yoanoch
C HCTIONB30BAaHMEM Pa3pabOTaHHBIX MOJENCH ITAHUPOBAHUS
U cHHTe3a JOOUTHCS Hanboee 3(h(hEeKTHBHOTO UCTIONB30BaHHS
CTPYKTYpHO-(YHKIMOHAIBEHOM H30bITOUHOCTH Kitactepa MKA
J133 npu BBITIOJHEHHH 33/1a4 110 11€JIeBOMY Ha3HA4YEHHIO B MO-
nyueHHoM C pexxume paboThl.

Ouenka podactHocTn cuctembl B kiaacrepa
nepcnektuBubix MKA /133

JU1 KOHKpeTHU3aluu U KOHCTPYKTUBHOIO y4u€Ta BIMSHUS
L[eJICHANPABICHHBIX BO3MYIICHUH Ha MPOLECC peanu3aliu
COOTBETCTBYIOIIECTO IU1aHa paboTel cuctembl MB kmactepa
MKA Bocmonbs3yemcsi TEpMUHOM «pOOACTHOCTEY U3 00JIaCTH
CHCTEM aBTOMAaTHYECKOTO peryIHpoBaHus. PobacmHnocmy
cucmembl — 3TO CIIOCOOHOCTH CHCTEMBI COXPAHSITh CBOHM OC-
HOBHBIC CBOMCTBa (3HAYEHUs [TOKa3aTesel ee [eseBoro (PyHk-
LIUOHUPOBAHUS Ha JIOMyCTUMOM YpPOBHE) B YCJIOBHAX AOCTa-
TOYHO OOJBUIMX BO3MYIIAIOIINX BO3ICHCTBUI (M3MEHEHMI
mapaMeTpoB U CTPYKTyp cuctemsl). Kimactep MKA otHOCHTCH

K KJIACCy CJIOXHBIX KOMIUIEKCHBIX CUCTEM C JTUHAMHYECKH U3-
MEHSIOMIEHCST CTPYKTYPOH, AT KOTOPBIX OCOOYI0 Ba’KHOCTD
HMMEET YPOBEHb UX POOACTHOCTH, CIIOCOOHOCTH a/1all THPOBATh-
csl K M3MEHEHHs M (QyHKunoHupoBaHus [16]. B cBsi3u ¢ atum
JUIsi 000CHOBAHHOTO IPUHSTHUSI PEUICHUH MO TUIAHUPOBAHHIO
WB xiactepa ObLI MPOBEEH aHAIU3 POOACTHOCTH CHCTEMBI
UB xnactepa MKA /133, Ha ocHOBE pa3pabOTaHHONW MOIEITH
(2)—(10). Torma mpu peIIeHUH paccMaTPUBAEMON 3aJavH ITjIa-
HupoBaHus pabotsl cucremsl VB kiacrepa MKA /133 muoxe-
CTBY ClieHapueB (YUMTHIBAIONIIMX HHTEPBAJIBHO 33JaHHbIC BO3-
JeUCTBHS g(g) E_,(X) { u=1..
MHOKECTBO PELICHUH

} OyZeT COOTBETCTBOBATh

A:ﬁ :{U:,uzl,...,m} gAuﬁ

(nmanoB pabotsl cuctemsl VB knactrepa MKA, BeiOMpaemMbIx
13 MHOXKECTB JI0MyCTHMBIX IIaHOB A ; COOTBETCTBEHHO). Tor-
J1a JUTS. MHOECTBA pEIIeHHii A, up MO)KHO MOCTPOUTH €ro 00-
pas B KpuTepranbHoM npoctpanctse. O6o3naqanm ero D, . Jlns
npuMepa B JaHHOH CTaThe pacCMOTpuM Tokasaremu H, H.,
TOT/Ia KQKIOMY IUIaHy U: € A;B COOTBETCTBYET €ro 00pa3

FU) =W, Hy

[lycTe 3amaHBl JOMYCTHMBIC TPAaHWUIBI W3MCHEHWI 3Ha-
YeHH TIOKazaTeneil 00BEMOB, TTepeJaHHBIX M 00paboTaHHBIX
ITOTOKOB MH(OpMAIHK B mporecce GyHKINOHUPOBAHUS KIIa-
crepa nepcrektuBHbIX MKA J[33 B Bujie Clieyromux COOTHO-
wennit: H," H" H,, H, " H" H,, , onpeaensromnx

MNepepaHHbie noTokK Npu C-pemume

14000
12000
10000
8000
GO0O
000
2000
3 = I H
1 2 3 4 5

mWH-guanazon mBugpmei guanazon B MynsteonesTpansHsii ananazon

CoxpaHeHHbIe NOTOKM npu C-pesume

30000

25000

20000
15000
- I I II

mHH-guanazon m B

B IPOCTPAHCTBE T10Ka3aTelel HekoTopyto obnacts P, (puc. 3).

= Mynsmic

25000

5000

0000

5000

1]

OcTaThy SHEPreTUHECHUX PECYPCoB Npu
C-pexume

1 2 3 4 5

W IHEDTETHHECHIE NOTOKKN

MepegaHHble NOTOKKW Npu K-pexume

20000
16000

14000
12000

10000
4000
mon . .

B MK-peanason B Bugsosd auanaon 8 My sTHENesTDAMLMbH AMananoy

CoxpaHeHHble NOTOKW Npy K-pexume

30000
25000

20000

- II |I |I

B MK auanason B Bagimeil guanasod 8 My AbTHCNEKTDANbHEIR AManasoHn

25000

20000

15000

OcTaThK IHEPreTUYecKUX PecypPCoB Npu
H-pemmme

1 2 3 4 .

W IPreTIHUECHIE NOTOKMW

Puc. 2. JlnarpaMMbl HHQOPMAITHOHHBIX M SHEPTETUUECKUX NOTOKOB B K 11 C peKHMax.

14

WWW.H-ES.RU



Hs
i H,ax ”Hbl , Hps||
T e e e el S St

Hmin = ||Hah HaSHT

H,

*
Puc. 3. O6pa3 D, muokectsa Ayg
B KPUTEPHAJILHOM NPOCTPAHCTBE

Ha nannom pucyHke S, — 061acTh HEOMyCTHMBIX 3Ha4e-
Huii mokasarenei H , H, D, — 001acTb BO3MOXKHBIX 3HAYEHNH
nokasareliell kadecTsa Iuianuposanus H, H.. B pa6ore [12]
MOKa3aHO, YTO €CJIN JJIsl HEKOTOPO MH(pOPMAIIMOHHOH cHcTe-
MBI TIOCTPOCHBI IUIAHbI €¢ (PYHKIIMOHUPOBAHHMS TIO IIEJICBOMY
nasnadermio U, | YUHUTHIBAIOIINE BIUSHIE BO3MYIIIEHUH F;S’) ,
E)EO , BRIIONHSAOTC yenosust D, < P, To cuctema HevyBCTBU-
TeJIbHA K BO3JICHCTBHIO JAaHHBIX BO3MYyIIeHHH. Torna oueBua-
HO, YeM MEHbIIE IUIOAb NepecedeHus, TeM ooiee pobdact-
HoM sBnsteTcs cuctema UB xnactepa MKA /133 B ycnoBusix
Bo3felicTBuil. Ha puc. 4 1mokasaHbl HOJTy4eHHbIE S, B PE3yIib-
TaTe pacuyeToB B3aUMHBIE PACIIONIOKEHUS 00IacTe n BH (am-
npokcumanust obnactu D) 1i1st pasnugHbIX peXXUMOB PabOTBI
cuctembl B knacrepa MKA npu uHTEpBanbHO 3aJaHHBIX
3HAYCHUSIX BO3MYyIIeHUH 1 < F,SQ <2,1< &ﬁg) <2.

Pesynprarel mokazanu, 4Tto HauOoiee pe3yJabTaTUBHOM
U poOaCTHOH sIBIsIETCS CHHTE3MpoBaHHas cucrtema MB kia-
crepa nepcrnektuBHbIX MKA J133 paboratomas B pexume C,
Tak Kak o0nacte D, He mepecekaercs ¢ S, M HAXOUTCA HA HaH-
Oosiee yaaIeHHOM OT HEE PacCTOSIHUM 110 CPABHEHHUIO C JIBYMSI
JIpyruMu. Pa3zpaboTaHHbII anropuT™ OIEeHKH poOacTHOCTH MO~

WWW.H-ES.RU
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3BOJISIET MOBBIIIATH OOOCHOBAHHOCTH MPUHATHS PELICHUIT 110
ONITUMAJIILHOMY pacIIpe/ie]IeHHIo pecypcoB B kiactepe MKA
B YCIOBHSAX HEONpEAEIeHHOCTU. IlpennokeHbl HarIsgHbIE
CIIOCOOBI IPEACTABICHUS PE3YIbTAaTOB UCCIIEHOBAHUM POOACT-
HocTu cuctemsl MIB kiactepa nepenextuBHbix MKA J133.

3akJiloueHune

B pamkax crarey ObIT IpeuIokKeH NOAX0A K (hOpMHUpOBa-
nuto K pexnma ¢ynkumonuposanust cucremsl VB kinacrepa
MKA J133. Taxoii KOMOMHUPOBAaHHBIM PEKUM OCHOBAaH Ha
BBIOOpPE ONTHUMAJIBHBIX B COOTBETCTBHH C IMPOTHO3UPYECMOU
00CTaHOBKOI TEXHOJIOTHH BBINIOJIHEHMS IEJEBBIX M olecrie-
YUBAOMNX (QYHKIHMHA KIaCTEPOM C y4eToM OajaHca SHEepro-
MOTPeOIeHNsI 1 MHTEHCUBHOCTH BBIIOJIHEHNUST onepannii VIB.
JlaHHBII pex)UM 103BOJISIET HanooJIee OJIHO Pean30BaTh Io-
TEHLUAbLHbIE BOBMOKHOCTH KJlacTepa rnepcnekTuBHbIX MKA
133 1 ucronb30Bark €ro CTPYKTYPHO-(YHKIIMOHAIBHYIO U3-
ObITOuHOCTh. Pa3paborana 0000IIeHHAs MOJENb CTPYKTYp-
HO-TITapaMeTpuIecKoro cuHTe3a cuctemsl VB kmacrepa MKA
J33. B cooTBeTcTBUU € pa3pabOTaHHBIM AJTOPUTMOM, Ha OC-
HOBE MCXOJHBIX JIAaHHBIX, IOJYYEHHBIX M3 pelleHus (IulaHa),
(hopMUpPYEeMOro MHOTOKPUTEPHAIBHONW MOJEJBIO IJIaHUpOBa-
HUst paboThl cucteMbl VB knactepa mpu K pexume, ocymiect-
BISICTCS caruC(aKIMOHHBIA BBIOOP HEOOXOIUMOro Habopa
mapaMeTpoB paboTsl GoproBoii ammaparypsr MKA J133. Dt1o
B CBOIO OUepe/lb MO3BOJISICT JOONTHCS TTOBBIIICHNS PE3yIbTa-
THUBHOCTH LIeJIeBOro (PyHKIIMOHMPOBaHUs Kiactepa Ha 12% 1o
cpaBHeHHIO ¢ paboroii cucremsl B kinactepa MKA J133 co
CTaHAApTHLBIMU IapaMeTpaMu. MosxHO MpCaAnoIOXKUTb, 4TO
HCIIONB30BaHHAs TP pacdyeTax MOJENb B YCIOBHAX MPOTHO-
3UpyeMol ITuHaMuKu cucteMbl VIB mo3BossieT pauuoHanbHO
NCIIONB30BaTh dHepreTndeckne pecypesl MKA, cornmacHo BBoO-
JMMBIM B MOJIEJIb COIVIACYIOIINM KO3((GHUINEHTAM Ba)KHOCTH
MH()OPMALMOHHOTO U YHEPreTHUECKOro nokasareneit addex-
TUBHOCTH (yHKIMOHMpoBaHus kiactepa J[33. Tawke paspa-
00TaH alIrOpUTM OlIEHKH pobdacTHOCTH cucTembl MIB kimactepa
nepcrieKTHBHBIX MKA 133, KOTOpBIi MMO3BOJSET TOBBICHUTH
000CHOBaHHOCTh NPHHATHS PEUICHUI MO TUIAHWPOBAHHIO €€
paboTHI B YCIIOBHUSX BO3ICHCTBUIA.
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STRUCTURAL-PARAMETRIC SYNTHESIS OF THE SYSTEM OF INFORMATION
INTERACTION OF A CLUSTER OF PERSPECTIVE SMALL SATELLITES OF REMOTE
SENSING OF THE EARTH AND THE EVALUATION OF ITS ROBUSTNESS
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DMITRY A. PAVLOV,
St-Peterburg, Russia, dpavlov239@mail.ru

ALEXEY A. SLIN'KO,
St-Peterburg, Russia, thebestman_leshka@mail.ru

ABSTRACT

The article is devoted to research in the area of the rocket and
space industry, which is actively developing in the present
days, such as the creation and application of promising small
satellites of remote sensing of the Earth and modern orbital
groups based on them. In this case, the functioning of small
satellites is carried out as part of so-called clusters. The actual
question is the rational and effective information interaction
of small spacecraft within the cluster in the performance of
target tasks. In this regard, the article considers the questions
of planning of system of information interaction of the cluster
of perspective small satellites of remote sensing. An original
model for planning the work of the information interaction
system for a cluster of perspective small satellites of remote
sensing of the Earth has been developed, which makes it pos-
sible to find plans that increase the cluster's productivity, tak-
ing into account its structural dynamics and predicted external
disturbances. Based on the analysis of the obtained plans, a
model (technique) of the structural-parametric synthesis of the
information interaction system of a cluster of small satellites
was developed. The proposed approach to the formation of
modes of functioning perspective of small satellites, based
on the choice of rational technology operations information
interaction with the balance of energy expenditure in small
satellites. The robustness of the information interaction system
of the cluster of perspective small satellites of remote sensing
of the Earth is estimated. The estimation consists in the con-
struction and approximation of sets of domains in the space
defined by the decision maker of the operation indicators of
the cluster's information interaction system for the case of
interval defined disturbing influences. This reduces the time
for decision-making on the rational allocation of resources in
the cluster in terms of disturbing effects. Visual methods for
presenting the results of studies of the robustness of the infor-
mation interaction system, using which it is possible to choose

H&ES RESEARCH, 5-2017

KEYWORDS: remote sensing of the Earth; cluster of small
satellites; information interaction; structural-parametric syn-
thesis; robustness of the information interaction system.

the most preferred plans for the operation of a cluster of small
satellites of remote sensing of the Earth, are proposed.
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KJTHOYEBBIE CJTOBA:

GecnuoTHbIN NleTaTesibHbIN annapar;
OVCTaHUMOHHOE 30HANPOBaHUE; Kanu-
GpoBka; Banupauus; crnekTpopagmo-
MeTp; rMnepcrnekTpomeTp.

AHHOTALUMSA

PaccmoTpeHa BO3MOXHOCTb OCYLLLECTBIIEHNS KaIMBPOBKM 1 BaMaaLmnm CryTHUKO-
BbIX AaHHbIX ANCTaHLMOHHOMO 30HANPOBaHUSI C MOMOLLIbIO CMEKTPOPaanoMeTpu-
Yeckomn annapaTtypbl YCTAaHOBJIEHHOW Ha BeCnUIOTHbIX NeTaTesibHbIX annaparax.
Peanusauusa obien naen ncnonb3oBaHWs CEHCOPOB DECNUIOTHBIX JieTaTeNlbHbIX
annapartoB AJisi KaJMBPOBKU U Bannbaumm CEHCOPOB, YCTAHOBIIEHHbIX Ha CMyTHM-
Kax TpebyeT pelleHuns psapa TeXHUYECKUX U MeTogosornyeckux 3agay. OtmeueHa
HapacTaloLlas TeHAEeHUMsI OCYLLEeCTBEeHUsI KaMBPOBKM 1 Bannpaumm CEHCOPOB
CNYTHWKOB AUCTaHLMOHHOMO 30HANPOBaHUS C MOMOLLIbIO CEHCOPOB, YCTaHaBIUBa-
eMbIX Ha BecnuoTHbIX leTaTenbHbIX annapartax. [py 3Tom Jo/KHLI BbITh NpU-
HATbI BO BHYMaHuWe cliefytolime pasnnyms Mexay ceHcopammu CryTHUKoB u bec-
MUAOTHbIX JleTaTesbHbIX annapaToB — MPOCTPaHCTBEHHbIE pa3peLleHne Ha 3eme
y ceHcopa becrnunoTHOro fieTaTteslbHOro annapaTta HaMHOro Jy4lle, Yem y CryT-
HUKOBOFO CeHCopa, KPOMe TOro, MPOCTPaHCTBEHHbIA OXBaT CMNyTHWKa HaMHOrO
wurpe, 4eM y 6ecnuioTHOro sietatesibHOro annapara. BeileykasaHHblie MPUYNHBI
NPUBOAAT K CUJIbHOW KOPPESIMPOBAHHOCTU AaHHbIX CMYTHUKOBOrO CeHcopa npu
MccnefoBaHUM FOMOMEHHbIX Ha3eMHbIX PacTUTEsIbHbIX MOJIEN, NO CPABHEHMUIO C
AaHHbIMKU BecnuioTHOro fietatenbHOro annapara. JT0 obbsicHseTcs ¢unbTpa-
LMeln BbICOKOYACTOTHbIX COCTABASIIOWMX CUrHana, GopMMpyemMoro omnTu4ecKowm
CUCTEMON CeHcopa CryTHUKA Ha WMHEePLMOHHbIX GOoTonpUeMHUKax AUCKPETHON
CTPYKTYpbl. YKazaHHasi HEeMOEHTUYHOCTb CTaTUCTMYECKMX NoKasaTesiell CEHCOPOB
GecnuioTHOro sieTaTesIbHOro annapara 1 CnyTHUKa NPUBOAUT K HEOBXOAMMOCTH
pelueHns cnepyloleil MeToAONOMMYeCcKor 3aaun: KakoBa AOJIXKHA ObiTb Bpe-
MeHHas A/INTENbHOCTb MPOBEAEHUS U3MEPEHUNIA C MOMOLLbIO GecnuioTHOro feTa-
TenbHOro annapara, YTobbl obecneynTb JOCTOBEPHYIO Banugaumio n Kannbpoeky
CEHCOPOB CMyTHUKA C MOMOLLbIO CPEACTB, YCTAaHOBMIEHHbIX Ha BecnunoTHbIX ne-
TaTesibHbIX annapaTax. MpeasoxeHa MeToankKa BbIbOpa PEXXMMHbIX NokasaTtenemn
CEHCOpPOB BecnuIIOTHOro NeTaTeslbHOro annaparta, UCMosib3yeMOro A BaiuAaa-
LMK 1 KanMbpoBKU CEHCOPOB B CyTHUKOB. MpeanoxeHHas meToamKa ocHoBaHa
Ha UHPOPMALIMOHHOM KpUTepun TeMHUKOBa M MO3BOMSET ONPefenTb PEXUM-
Hble MokasaTesin noneta BeCcnUNOTHbIX IeTaTesbHbIX annapaToB UCMONb3yeMblX
ANA npoBefeHus kannbposku. PaspabotaHa mMeToAMKa BbIYMCIEHUS OCHOBHbIX
rnokasaTtesien noneta 6GeCnUIOTHbIX JieTaTesbHbIX anmnapaTos.

0N UNTUPOBAHUSA: Cynevimaros T. Y., Mamegos U.3. UHpopmaLmoHHbIA MeToh, KaimBpoBKY 1 Banngaumm CnyTHUKOBbIX

AaHHbIX C TOMOLLbIO 6ecnnnoTHbIX IeTaTeNbHbIX annapartos /! HayKoeMKMe TEXHOJIONMN B KOCMUYECKUX nccriiegoBaHUAx 3em-
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Kak coobmaercs B pabote [1], maHHBIC TOTy9IaeMBbIe C Tep-
MaJTbHBIX KaMep M CIIEKTPOpPaJIHOMETPOB, YCTAHOBICHHBIX Ha
OecrimnoTHbIX JietaresbHbIX anmaparax (BIIJIA) mosBossior
OCYLIECTBUTh KaJMOPOBKY M BaIWJAIMU CITyTHHKOBBIX JlaH-
HbIX Tony4deHHBIX 0T ASTER u LANDSAT 8. Hcnons3oBanue
BIUIA B yka3aHHBIX [ENSIX 0COOCHHO Ba)KHO IIPH OPTaHU3AIINH
CIIyTHIKOBOTO KOHTPOIIS 32 COCTOSTHHEM BYJIKAHOB, TI€ JOJKHBI
OBITh TMCTAHIIMOHHO M3MEPEHBI TaKUE TTOKA3aTeIN KaK TeMITe-
parypa, nasinenue, konuenrpauuu SO, H,S, CO, ¢ GPS npu-
Bs3KOM K MecTHocTu. Bompockl ucnons3oBanus BIUJIA s
KIMOPOBKY M BAJIMIALMK CIYTHHKOBBIX JIAHHBIX TaKKe pac-
cMoTpeHsI B paborax [2—8]. Kak ormeuaeTtcs B 3T0# paboTe, s
OCYIIECTBICHUS BUKAPHO3HON KaIMOPOBBIX CEHCOPOB yCTa-
HOBJICHHBIX Ha CIyTHHKaX JWUCTAHIIMOHHOTO 30HIUPOBAHIS
UCTIONB3YIOTCS [IBA TUIIEPCIIEKTPOMETPa BUIMMOTO M OJIM3KOTO
UK nuanazona. 1o 00yCIOBIMBAET BEICOKHE TOYHOCTHBIE Tpe-
0oBaHMsI, KOTOPBIEC BBICTABISIOTCS K METPOJIOTMYECKUM Xapak-
TEPUCTUKAM aImaparypsl, yctanaBnuBaeMon Ha BITJIA.

B pabore [9] coobmiaercs 0 BO3MOKHOCTH HCIIONB30BA-
Hust BIUJIA nns kanuOpoBKY W BaTUIAIlU JaHHBIX CITYyTHHKA
GOES — 16 Haxozsimieiicst Ha reocTalMOHapHON OpONTE BBI-
coroit 22.300 munb. Crenyer OTMETUTh, YTO MCIOIb30BAHUE
BITJTIA asist kKamuOpOBKY M BAIMJAIIMN CITy THUKOBBIX CEHCOPOB
JUCTAHIIMOHHOTO 30HINPOBAHMS CTAHOBHUTHCS Bce Ooiee pas-
BHBAIOIINMCSI HAlpaBJICHHEM B OOIIEH TEOPUH W TIPAKTHKH
obecrniedeHNsT JOCTOBEPHOCTH U PE3yABTaTOB JAWCTAHIIMOHHO-
T0 30HIUPOBaHUA 3eMIH ¢ kocMoca. C TEXHMUECKOH CTOPOHBI
Takas TEHICHIMS MOJAEPKUBACTCS IOSBJICHUEM Majoraoda-
PHUTHBIX CEHCOPOB, 00IAJAIOIINX JOCTaTOYHO BBICOKUMH Me-
TposorndeckuMu xapakrepuctukamu [10,11]. Tax Hanpumep,
B pabote [12], coobmaercs o pa3paboTke MaToradapuTHOTO
TUINIEPCIIEKTPOMETPA CIEKTPaIbHOIO Auana3ona 338824 um
C pa3pelieHreM 3 HM.

Cornacuo [13], eme B 2003-M roxy 011 pa3paboTan Mao-
rabapuTHBIH TUTICPCICKTPOMETP CO CIIEKTPaIbHBIM THAITa30-
HOM 480—880HM, CO CHEKTpaJbHBIM pa3pelleHHeM |HM It
ycranoBkH Ha BIIJIA, ocymiecTBisIOmE0 KOHTPOJIb 3a Co3pe-
BaHHMEM CEJIbCKOXO3SIICTBEHHBIN MTPOAYKIINU.

Bwmecte ¢ Tem, peanuzaius oOIIei W€ UCTIOIH30BAHUS
cercopoB BIUUIA mrs xamuOpOBKH M BaJHIAI[H CEHCOPOB,
YCTaHOBIICHHBIX Ha CIYTHUKAaX TpeOyeT pemieHus psjaa TeX-
HUYECKHMX U METOAOJIOTMYECKUX 3aJad. TeXHuueckue 3aauu,
3aKJIIOYAIOIIMECs B TOBBIIICHUE METPOJIOIMYECKUX XapakTe-
puctuk cercopoB BIIJIA pemraioTcss JOCTaTOYHO YCHEIIHO,
YTO MOXKHO YBHJETh Ha TAaOJIHIIE CPABHUTEIBHBIX JaHHBIX TH-
MIEePCIIEKTPOMETPOB, yCTAaHABIMBACMBIX B HACTOSIIICE BpeMs Ha
BIUIA, camonerax u Ha criyTHHKax [11].

Kak BUIHO W3 TaHHBIX, IPUBEIICHHBIX Ha TAOJHIIE, XapaK-
TEPUCTUKH CPaBHUBAEMBIX YCTPOICTB CHUJIBHO Pa3IHUarOTCs
B TaKHX TIOKA3aTeNAX KaK pa3pelieHne Ha 3emiie 1 pasmep u3o-
OpakeHusI Ha 3eMJie, 9YTO B CBOIO O4YEPE/Ib MPUBOJIAT K MOSBIIE-
HHUIO HEKOTOPBIX METOAOJIOTHIECKHUX MPOOIEeM IIpH pelieHue
3amaun ucrons3oBanus BITJIA st KamnOpOBKY M BaJTUTAIlHH
CITyTHHKOBBIX JJAHHBIX.

OCHOBHBIM U3 TAKHX METOJIOJIOTHYECKHX ITPOOIIEM SIBIISIET-
CS1 TIOSIBIISTIOIIMECS PA3IMYUs B CTATUCTUYECKUX TOKA3aTelsIX
HCCIIeAyeMbIX WIACHTUYHBIX CIeH. TakK, IMIUpHHA THCTOrpaMM
mmepenHsix BexnmanH NDVI g BIUIA cocrasmna 0,2+0,9;
s camoneta 0,3+0,7; mis coytauka 0,5+0,65 (pue.1) [11].

Kax BugHO M3 rucrorpamm, NpuBEAEHHbIX Ha puc.l, ru-
CTOrpaMMa JJaHHBIX CIIyTHHKA HAMHOTO YK€ YeM THCTorpamMma
nauHbix BITJIA, 9To 00ycnoBieHa caenyonMMi IPUIUHAMU:

1. [IpocTpaHCTBEHHBIE pa3pelIeHne Ha 3eMjie Y CeHcopa
BIUTA HamHOTO NydIIe, 4eM y CITyTHUKOBOTO CEHCOPA.

2. IlpocTpaHCTBEHHBIN OXBAaT CITyTHHKAa HAMHOTO IIHUPE,
yem y BIDUTA.

Tabnuya
BILIA CAMOJIET CIHYTHHUK
Mikrokarter .
ITnarpopma Okto XL Sky Arrow 650 TC/P68 Rapid Eye
Kamepa Tetracam ADC lite AS PIS REIS
KosnmyectBo kaHamoB 3 12 5
OxparbBacMili 526 — 900 nm 415-910 nm 440 - 850 nm
JIMAIa3oH JUIHH BOJIH
Pasmepnl 114 x 77 x 22 Mmm 270 x 250 x 20 Mmm 656 x 361 x 824 MM
Bec 0,2 kr 10 kr 62 xr
Paspemenne 2048 x 1536 2048 x 2048 12000 muxcexeii amneiixa
Ha Ka)K/IOM [[HaIa30He

Pasperienue Ha 3emiie 0,05 M/muKcens 0,05 m/miuKcens 5 M/IIUKCENb
Pasmep m300pakeHns Ha 3emiie 116,5x 87,5 ™ 1024 x 1024 m 77 x 45 xm

20

WWW.H-ES.RU



WWW.H-ES.RU
AVIATION, SPASE-ROCKET HARDWARE

- Camlcmer = C“VT"*‘“
20} 2}
15 15!
10} 10}
sl |
% 05 1 % 05 1
NDVI

Puc. 1. I'mcrorpammsel u3mepeHHbIX BenmnarH NDVI ¢ momomipio ceHcopo BITJIA,
caMoJjieTa U CIyTHHKA

Beleyka3anHple MPUYMHBI TIPUBOJST K CHIIBHON Koppe-
JIMPOBAHHOCTH JIAHHBIX CITyTHHUKOBOTO CEHCOpa IPH HUCCIIe0-
BaHWH TOMOI'CHHBIX HA3€MHBIX PACTUTCIIbHBIX HOJ'ICI?I, 1o CpaB-
Henuio ¢ gadHbiMU BILJIA. D10 oObsicHsieTcst (huibTparuei
BBICOKOYACTOTHBIX COCTABISIOIINX CHTHANA, (POPMUPYEMOTO
ONTUYECKOW CHCTEMOW CEHCopa CIYTHHKA Ha WHEPIMOHHBIX
(oTonpreMHHKAX JUCKPETHOM CTPYKTYPBI.

Vka3aHHass HEMJICHTUYHOCTh CTAaTUCTUYECKUX IOKa3are-
neii cencopoB BITJIA u criyTHHKA TPUBOAMUT K HEOOXOJMMOCTH
KaxoBa
JOJDKHA OBITH BpeMEHHAasl UTHTENBHOCTD MPOBEICHHS H3Me-

pelieHus Cclaeayome MeToA0JOTUYeCKON 3a/1auu:

pernii ¢ momoripio BITJIA, 9T00BI 00eCIeynTh JOCTOBEPHYIO
BINIAIMS U KaJMOPOBKY CEHCOPOB CITyTHHKA C ITOMOIIBIO
cpencts, ycraHoBineHHbIX Ha BITJIA. ba3oBbsiM mosnoxenuem
MIPEeJIaraéMoro KpUTEpus SBIISCTCS CIEeIYIOIee PABEHCTBO

MSS :MUAV (1)

re: M, — KOIM4YeCTBO MH()OPMAIMH, BIPaOaThIBAEMON CEH-
COpOM CITyTHHKA 32 TIEPUOJI IIpoJieTa CIyTHUKA HaJl UCCIenye-
MbIX nosiem; M, .— Toxke anst BILTA.

NznoxuM MaTeMaTHdecKoe pernieHne ¢ GopMyaTupOBaHHOM
3amaun. VIcomp3ysl M3BECTHOE OMpeefiCHHEe KOJIMYeCcTBA WH-
¢dopmarmu [1IeHHOHA MOYKEM 3aIHCaTh CIICAYIOIINE BEIPAKCHIS

T [
M. =—"1lo m 4]
A gz_Al/g 2)
T _v
M, =—9 .log,| —4m 11
P AL, gz_Avd 3)
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rae: T, T, — MIMTENbHOCTH CheMa MH(POPMALIMH C HCCTIEIye-

MOTO MOJIsE ¢ MOMOIIIbIo cryTHUKA U BITJIA coOTBETCTBEHHO;
Atv, At 4~ BPEMECHHBIE JIUCKPETHI

criytHuKa U BITJIA cooTBeTCTBEHHO;
Us.m’ Ud m

curnana cinytHuka u BITJIA cooTBeTcTBEHHO;

cbeMa MH(pOpPMaIUU
— MaKCHMaJbHBIC 3Ha4eHHs M3MEPHTEIBHOIO

AU, AU, — xBanThl curnanos ciythuke u BIUIA coor-
BETCTBEHHO;

Kaxk ObII10 0TMEYEHO, M3MEPUTEIIbHBIC CUTHANBI CITyTHUKA
u BIUJTA koppenupoBaHHBI B pa3HO cTeneHu. Eciu anmpok-
CHMHPOBATh 3TH CUTHAJIBI HOPMaJIbHBIM MapKOBCKHMM ITporec-
COM C HOPMHPOBAHHOH KOPPEISIIMOHHON (yHKINEH B BHIE

R(t) = er

r7e: T — BPEMEHHOM Miar; o — I0Ka3aTelb CTENEeHU Koppe-
JSIIMW B CUTHAJIE, TO UCIIONB3YSl M3BECTHBIH CPEJHEKBAIPaA-
TH4YHbIA KpuTepuid TemuukoBa @.E. 1erko MoxeM MOITYUYHUTb
cieayromue ypapHenus [14—15]

=t —L 5)
o, €,
s 1— s
| 2B, (0)
v, =i — L (©6)
o |l B
2B, (o)
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TIE: €, £, CPEHEKBAIPATHYHBIE MIOTPEITHOCTH KBAHTOBAHHMSL.
C yuetom Beipaxkenuii (1), (2), (3),(4), (5), (6) 3anumrem

T,=kT (7
rac:
a,-In ! g Vom
s —=2 2
I 1 gd /Bd (0) AVS (8)
1 v
o ll’l < 10 ﬂ+1
CH-E B ()| Ay,
[IpunsB paBeHcTsa
g= AV,
g, =Av,
Bd(o) B vd m
1
B -
NG
Nd — Vdm

Bripaxenue (8) 3anumem B CIEAYIOIIEM BUJIE.

1

L ©)

Ny
K-—_ L "al
a, -log, (N, +1)

C -In

rae: CJ — 0606HIGHHLII7[ NoKa3aTejib U3MEPUTCIIBHOTO CUTHA-
JIC CITYTHHKaA onpeaeﬂﬂeMmﬁ Kak:

v
o, -log, A””+l
Y%
C = : (1
1
In
_ &
2BS(0)

OtmeTnts, 9T0 TIOKa3atens C, XapakTepusyeT MH(popma-
TUBHBIE CBOMCTBA U3MEPUTEIBHOTO CUTHAJIA CITyTHHUKA U B pac-

22

CMaTPUBAEMOM KOHTEKCTE HE IOUIS)KUT M3MEHEHUI0. Bmecte
C TeM, Kak BUIHO U3 BeIpakeHUs (9) BennunHa ko3P duirnerTa
K cuibHO 3aBUCHT OT 0, U N, T.€. OT MOKa3aTesisi KOpPEIHpo-
BaHHOCTU M3MepHTenbHoro curnana BITJIA u oT xommuecTBa
HCTIOJIB3yEMbIX KBAaHTOB M3MepHTenbHOro curHana bITIIA.

CnenoBarensHo, sl yMEHBINEHUS T — CICAYEM YBEIIH-
YUTh KOJIMYECTBO KBAHTOB B CHUTHAJIC W/WIM yBEIWIHUTH CTe-
MeHb KoppeaupoBaHHOCTH curHaia BITJIA.

Takum 00pa3zoMm, C y4eTOM BBINIEU3JIOKEHHOIO, MOXHO
MIPE/TIOKUTD CIIEYIONIYI0 METOJUKY BBIOOpa PEKMMHBIX MO-
kazateneil cencopoB BIIJIA, ncnons3yemoro i Badugaluu
1 KaJTMOPOBKH CEHCOPOB B CILyTHUKOB!

1. YcranapmuBatorcs nokasarenu T u C, Xapakrepu3syio-
IIME TIOJICTHBINA PEXXNM CITyTHHKA, a TAKXKE CEHCOPOB CITyTHH-
Ka ¥ Ha3eMHBIH ITOJIUIOH, UCTIONb3YEMbIH sl KaJTMOPOBKU U
BaJINALH.

2. Ilo 3aianHo¥ BenuuuHe T — BPEMEHHOIO pecypca, 3a-
TPauMBAEMOT0 Ha OTEpALUH KaJIHMOPOBKH M BAJIMJALUH OIIpe-
nensiercs Benmauae K o ¢popmye (9).

3 (a). 3anaBasich BENMIMHON 0, HCIIONB3YsI BbIpaskeHHE (9)
BBIYHCIISETCA HEOOXOMMas BEIMIUHA N, WIn

3 (6). 3anaBasch BeIMUMHON N, BHIYUCIIAETCA HEOOXOMHU-
Mas BEJIMIUHA 0,

4. Vicnonb3ys 3aJaHHYIO0 WIIM BBIYUCIEHHYIO 1O (hopMy-
7€ (6) BENMMYMHY T, OTIPEAENAETCS CKOPOCTD V MEPENABHKEHUS
BIUIA mo dopmyie

v=Al/1,

rae: Al — TmpOCTPaHCTBEHHBIN AT KOPPEISAIAN UCCIIEeTyeMO-
ro 00BeKTa Ha TIONHUTOHE

B 3aximouenne chopmyrmupyeM OCHOBHBIC BBIBOIBI U TIO-
JIOXKCHUS TIPOBEJICHHOTO UCCIICIOBAHUS:

1. OTMeueHna HapacTawollas TEHACHLUS OCYIIECTBICHUS
KaHI/I6p0BKI/I 1 Bajlyuaaliu CEHCOPOB CIYTHUKOB AWUCTAaHIH-
OHHOTO 30HIMPOBAHMS C IMOMOIIBI0 CEHCOPOB, YCTAaHABINBA-
embix Ha BITJIA, ocymecTBIsseMBIX CHHXPOHHBIN 00JIeT KajH-
OpOBOYHOTO TTOJIUTOHA.

2. [pennokeH MHGOPMALMOHHBIH KPUTEPHUH [UIs OIIpesie-
JICHUSI peXKUMHBIX Mokazareneit nmonera bITJIA ucnonb3yembix
JUTS IPOBEICHHSI KaTHOPOBKH.

3. Pa3zpaboTana MeToMKa BBIYUCICHUST PEKUMHBIX TIOKA-
3arenei monmeta BITJIA.
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INFORMATION METHOD FOR CALIBRATION AND VALIDATION

OF SATELLITE DATA USING DRONES

TOFIK 1. SULEYMANOV,
Baku, Azerbaijan, suleymanovti55@mail.ru

ILKIN E. MAMEDOV,
Baku, Azerbaijan, mamedovilkin@rambler.ru

ABSTRACT

The possibility for carrying out of calibration and validation of
satellite remote sensing data using the spectroradiometric in-
struments installed on the drone is considered. Realization of
general idea concerning utilization of drones sensors for cali-
bration and validation of satellites sensors requires solution of
some technical and methodological tasks. The increasing ten-

H&ES RESEARCH, 5-2017

KEYWORDS: drones; remote sensing; calibration; validation;
spectroradiometer; hyper spectrometer.

dency of carrying out of calibration and validation of satellite
remote sensing sensors by help of drones sensors is noted. In
this case following differences between sensors of satellites
and drones should be taken into account — the spatial reso-
lution of drones sensors is more better than that of satellites.
Besides, the spatial scope of satellite is broader than that of
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drones. Above mentioned causes lead to strong correlation of
satellites sensors data upon research of homogenic on-earth
vegetation fields in comparison with drones data. This can be
explained by filtration of high frequency components of sig-
nals formed by optical system of satellite sensors containing
inertial photo receiver of matrix structure. The said non-identi-
ty property of statistical characteristics of drones and satellites
sensors lead to necessity of solution of following methodolo-
gy task what should be duration of measurements carried out
by drones in order to provide for the authentic validation and
calibration of satellite sensors using drones instruments. The
method for selection of regime parameters of drones sensors
used for validation and calibration of satellites sensors is de-
veloped. The suggested methodology is based on Temnikovs
information criterion and allows to define the regime parame-
ters of drones flight used for calibration. The method for calcu-
lation of major parameters of drones flight is developed.
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VIII MexxayHapoaHas KoHdepeHuua

Digital TV Russia 2017

[lepcnextvBbl passutua Ultra HD (4K n 8K)

12 oxrabpa 2017 OcHoBHbIe TeMbl KOH(EpeHLuK:

otenb «A3umyT Mocksa Onumnuk»

N « [Inau v nogpobHoCTV OTKMIOYEHWA aHanarosoro TB-sewanua B Poccum
Mocksa, Onumnuitckuii np., o. 18/1 i

« [Inbepanuaauua tpebosaHuit K onepatopaM NNaTHOro BewaHus
no npucoeauHenmio K cetn PTPC
Digital TV Russia 2017 — 2naenoe cobeimue
emopoii nonosunsi 2017 20da
dnA npogeccuonanos peinka TB u Medua: « Cosnanve 3xocucTems Ha Base Texsonorvu Ultra HD (4K)

« [lpakTiKa peanu3aumm 3akoHa «0 21 KHonkex»

» OcobenHocTu U npenmywectsa TexHonoruu High Dynamic Range 8 cerax Ultra HD
» 200+ denezamos _ ‘
« Next Generation Audio u gpyrue nogxofs! K ynyulwexuio kayecTsa 3syka 8 cetax Ultra HD

o 50+ doxnadyuros — menexomM-onepamopas,
seujomened, npedcmasumened Medua- u TB-xomnanud,
peeynAmopo U NOCMaBLLUKO8 060pyd0BaHUS U Cepaucos « Ponb opbuTanbHLIX CYTHUKOBLIX FPYNNUPOBOK B MaccoBoM BHeaperuu TexHonoruu Ultra HO.

lepcnexTvBbl pocta noTpefHoCTel B CNYTHUKOBOM PECYPCE C Y4ETOM pacnpocTpaHeHuA

TexHonorim Komnpeccuu HEVC/H.265

» Ultra HD (4K v 8K). OnbiT nunoTHbix npoexTos 8 PO 1 3a pybewom

« 20+ sxcnoxernmos

* 50+ ungonapmepos « lepcneKTuBb! WUPOKOrO NPOHMKHOBEHNUA abOHEHTCKOro 060pyAoBaHMA
« loddepaicKa sedyujuMu OMPACAESLIMU GCCOYUTYUAMU ¢ noaaepskoit Ultra HD n HEVC
Poccuu u Mupa

« HoBble TOYKK POCTa pPblHKa NNaTHoro 1B 8 Poccuu B YCNOBWAX CTarHalwu TPanHuHOHHUﬁ

« KomnnexcHaA NPpoepaMMa, IKCNEPMHLIE ﬂUCWCCUU NaKeTHo Mogenwn

U Mocmep-ceccuy
« Cutyaums ¢ nosenexrem Hosoro KouTeHTa B Ultra HD u TpaHcdopmauuna umeloweroca

+ Omnuynsie 803MOACHOCMU ONA HEMBOPKUH2E B YeHMpe KOHTEHTA B HOBBIV opMar

poccuiickozo npodeccuoransHozo TB u Meduacoobujecmaa
« IHTEpHET KaK HOBaA yHMBEPCANbHAA Cpefja pacnpocTpaHeHus Tene-  BUABOKOHTEHT.

JuneitHoe vs HenuHeiHoe TenecMoTpeHue

. —
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ABVAUMOHHAA N PAKETHO-KOCMUWYECKAA TEXHNKA

METOOUKA NOCTPOEHWNSA U PACYETA UHTETPUPOBAHHOW
ANHAMUYECKOW CETEBOW MOJEJIM NMPOLIECCOB
TEXHUYECKOIO OBCTY>XUBAHUSA U BOCKOBOIO PEMOHTA
OBPA3L,0OB BOOPY>XEHUSA UK BOEHHOW TEXHUKWA
BO34YLLUHO-KOCMUYECKUX CUJT

AAIrOJIbHUKOB
Amutpuin Bnagumuposuy'

LUAPOTIJIA3OB
Bapum Bopucoeuy?

FTPUTOPALLEEHKO
Urnatum Anatonbesuny?

OUJIATOB
Aunppen Bnapumuposuy?

TapbioHKT BoeHHoM akapgemun
BO3AYLLIHO-KOCMUYECKON 0BOPOHbI UMEHU
Mapwana Cosetckoro Cotosa I K KykoBa,
r. Teepb, Poccus, yagolnikov_dv@mail.ru

2npenopgasatesib BoeHHo-kocMUyeckoi
akagemum umenun A.®.Moxawnckoro,

r. Cankr-lMetepbypr, Poccus,
sh.vadim.b@yandex.ru

3acnupaHT TBepcKoro rocyfapcTBEHHOro
TEXHUYECKOro yHUBepcuTeTa,
r. Teepb, Poccus, rvdopira@yandex.ru

4K.T.H., CTapLUNii NpenopaBsaTtesib
BoeHHo-kKOCMUYecKoON akagemMum
nmenun A.®.Moxanckoro,

r. Cankr-lMetepbypr, Poccus,
filatowav@rambler.ru

KJTKOYEBBIE CJIOBA: ceTeBoe ynpas-

fleHne;  AMHaMuyeckas UHTerpupo-
BaHHas ceTeBasi MOAeSib; PEMOHTHO-
LAMNarHOCTMYECKUA KOMIMIIEKC; TexHUYe-
ckoe obcnyxuBaHue M BONCKOBOWN pe-

MOHT; MeTOoAunKa.

AHHOTALNA

O6pasubl BOOPY>KEHUS Y BOEHHOMN TEXHUKN UMEIOT BbICOKYHK CTOMMOCTb, MOBbILLIEH-
HYIO KOHCTPYKTUBHYIO CITOXHOCTb, 3KCMJIyaTUPYIOTCH B PasfINYHbIX KIMMaTUYeCKMX
YCIIOBUSIX, YCKOPEHHO BbipabaTtbiBaloT yCTaHOBEHHbIM pecypc. Xectkme Tpebo-
BaHWSI K YPOBHIO FOTOBHOCTU BOOPY>KEHWUSI U BOEHHOW TEXHUKM, @ TakXe K onepa-
TUBHOCTM YCTpaHeHuss BOeBbIX MOBPEeXOeHUA OByCNIOBNMBAOT HEOBXOAMMOCTb
Hannuus n a¢pdekTMBHOro GyHKLMOHNPOBAHUS BOMCKOBOrO KOMMOHEHTa CUCTEMbI
BOWNCKOBOIO PEMOHTa, NPUBIMXXEHHOW K BoeBbIM NOpsaAKaM COEAVHEHMI U YacTen.
B ctaTbe paccmaTpuBaeTcs npeasniaraemasi aBTopaMu MeToAmMKa NOCTPOEHUS U pac-
yeTa UHTErpPMPOBaHHOM AMHAMNYECKON CETEBON MOAEN MPOLLECCOB TEXHUYECKOrO
0BCyXMBaHMS Y BOMCKOBOTO peMoHTa. Hannune B 6oeBbix nopsigkax 3HauuTesb-
HOro KOJIMYECTBa CTaPOMN TEXHUKM C HU3KMMU MOKa3aTeNsiMM HaJEeXHOCTH, a Takxke
HOBOW CJIOXHOWN TEXHWUKM, [/1s1 KOTOPbIX HE OTPaboTaHbl TEXHONOTUM TEXHNYECKOTO
0BCYXXMBaHUS Y BOWCKOBOTO PEMOHTA MPUBESIM K 3HAYUTESIbHBIM MPOCTOAM B He
BoerotoBoM coctosHUU. CNOXKHOCTb YNpaB/ieHNs Takoro pofa MeponpuaTUAMA 3a-
KJIt0HYaeTCs Kak B CJIOXKHOCTU KaXK[A0ro KoMriekca MepornpusTMim No TeXHNYECKoMy
0BCYXMBaHMIO U BOMCKOBOMY PEMOHTY, ODYC/IOBIEHHOW OMpenesieHHoN ovepes-
HOCTbIO BbIMOJIHEHMSI OTAESIbHbIX PaboT, Tak U NPOCTPAHCTBEHHON M BPEMEHHOW
pacnpeneneHHOCTbI0 MePONPUATUIA, BbIMOJHAEMbIX 3a4aHHbIM COCTaBOM MOBWIIb-
HbIX PEMOHTHO-AMArHocTUYeckux mogynen. Komnnekc meponpusaTuii Ha KaXzom
0bObeKkTe BOOPY>KEHUSA U BOEHHOWN TEXHUKM MOXET ObITb MpeacTaBieH CeTeBON Mo-
[efiblo, @ ONTMMMU3aums ypaBfieHnsl TakKuMK MPOeKTaMu MOXeT BbiTb nNpoBefeHa
npv NMOMOLLM METOAOB CETeBOro yrnpasneHus. [uHamuka npubbiTusi peMOHTHO-
LAMArHoCTUYECKMMY MOAYJISIMU Pas/IMyHbIX TUMOB Ha HOBble OOBLEKTbI BOOPY>KEHUS
M BOEHHOW TEXHUKN MOXET ObITb OTPaXkeHa C MOMOLLbIO AMHAMUYECKOWN UHTerpu-
POBaHHOMN CETEBOW MOAENIM U BBEAEHMEM MOHATUS PUKTMBHBIX PaboT nepeBoro
n BTOpOro poaa. AnutensHocTb GUKTUBHLIX PaboT NepBoro Tvna pasHa BPeMeHU
3aflepP>KKM NMPUOBITUS COOTBETCTBYIOLLMX MOAYIEN MOCe OCBOBOXAEHMS OT Npeabl-
LyLmX paboT. DTO NO3BOJISET yYUTbIBaTh AVHAMUKY COCTOSIHUSI CETEBLIX MOAEsen
B MPOLECCe TEXHUYECKOro OBC/y>KMBaHWUS M BOWCKOBOrO peMoHTa. [nimtensHocTb
bVKTMBHBIX PaboT BTOPOro TvMna paBHa Hysto, T.K. OHW NMpefAHa3Ha4yeHbl A8 yyeTa
3aBMCUMOCTM PaboT, BbIMOJIHAEMbIX Pa3/IMYHBIMU PEMOHTHO-AUATHOCTUYECKMMM
mMogynsmu. PazpabotaHHas MeToamKa NO3BOMSIET ONTUMU3NPOBATbL M PACCUUTLIBATD
OCHOBHbIE MapaMeTpbl CETEBbIX MOAEsSIEN C y4eTOM PaLMOHaNIbHOro HasHa4yeHus
PEMOHTHO-ANAarHOCTU4YECKUX KOMMJIEKCOB B npouecce BbIMOJIHEHUA Meponpmmmh
TEXHUYECKOro 0BCNyXMBaHUSI Y BOMCKOBOIO PEMOHTa 0DpPa3sL0B BOOPYXKEHMWsI 1 BO-
€HHOW TEXHUKM.

ONA UNTUPOBAHWUA: AronsHukos [.B., LLlapornasos B.b., [puropatyeHko U.A., ®Dunatos A.B. MeToauka noctpoeHus u pac-

YyeTa MHTErpMpoOBaHHOW AMHAMMYECKON CETEBON MOAESM NPOLECCOB TEXHNYECKOro 0BC/Yy>XMBaHNS 1 BOWMCKOBOrO PEMOHTA

06pasL OB BOOPYXXEHUS U BOEHHOW TexHuKkM BosgyluHo-kocMuyeckux cun // Haykoemkue TeXHONOMMmu B KOCMUYECKMX Ucce-
posaHuax 3emnun. 2017.T. 9. N2 5. C. 26-32.
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MeponpusaTus TEXHUYECKOTO OOCTY)KMBAaHUS M BOMCKO-
BOTO PEMOHTA BKJIIOYAIOT OOJBIIOE KOJIWYECTBO B3aHMMOCBS-
3aHHBIX PaOOT (IECSATKU M JIaKe COTHM), M JUIS ONTUMH3ALUH
BBITIOJTHEHHS MEPONPUSITHH MOXKET OBITh HCIOJIB30BaH IIPO-
eKTHBIH mozaxof [1] Ga3upyromieiicsi Ha METOJax CETEBOIO
ympasnenus [2-5].

[ToTpeOHOCTD B MPOBEACHUN TEXHUYECKOTO OOCITYKHBA-
HUSI 1 BOWCKOBOTO PEMOHTA IUIAHUPYETCSl Ha OCHOBE TOJJOBBIX
HOpPM pacxoja pecypcoB H3JeIUil BOOPYXKEHUS M BOEHHOU
TEXHUKHU, CPOKOB MX XPaHEHUS, yCTAaHOBJIEHHON NepUOANYHO-
CTH TEXHUYECKOTO OOCITY)KHBaHHS U MEXKPEMOHTHBIX CPOKOB
skcrutyarannu BBT, miaHoB MOArOTOBKM BOMHCKUX (OPMHU-
pOBaHHMH, a TaKXKe MO PEe3yJIbTaTaM IMPOBEICHHOTO KOHTPOJSI
MapaMeTpPOB TEXHHMUYECKOTO COCTOSIHUSI M3JEIHH BOOPYKEHHS
1 BOGHHO! TEXHHUKH U MX COCTaBHBIX 4aCTEHl.

TexHn4eckoe qUarHOCTUPOBAHUE BOOPY>KEHHS U BOCHHOM
texHuku (BBT) aBnsiercs oqHUM M3 BUIOB KOHTPOJIS MapamMe-
TPOB TEXHMUYECKOTO COCTOSIHHS U IPOBOIUTCS B LIEJSX OIpe-
neneHnst (PaKTUIECKOro TEXHHUYECKOTO COCTOSTHMS W3ACINH
BOOPYKEHHS M BOCHHOW TEXHUKH C YCTAaHOBJICHHEM HanoOoee
panMoHAIBHBIX CPOKOB U 00BEMOB paboT MO0 TEXHUYECKOMY
oOcnyxuBaHHIO U peMoHTy m3nenuit BBT, mect ux nposene-
HUs (MO3UIHKSA, BOMCKOBON PEMOHTHBIN OpraH, NMpeanpusiTHe
MPOMBIIIJIEHHOCTH (PEMOHTHOE MPEANPUSITHE, CEPBUCHBIN
neHTtp)). Texandeckoe auarHocTupoBanue m3nemnii BBT, kak
MIPaBWJIO, TIPOBOJMTCSI KOMIUIEKCHOW KOMHCCHEH BOWHCKO-
ro GopMHpOBaHUI U NPEANPHUATHI TPOMBIIIEHHOCTH B IO,
MPEILIECTBYIOMINI MPOBEICHUIO MEPOIIPUATUI TEXHUYECKOTO
oOcmyxuBaHus U BoiickoBoro pemonTa (TO u BP).

B pesynbrare AnarHOCTHPOBaHMSA MOXKET OKa3aThCsl, YTO
HEO0OXOAMMO MPOBECTH IUPOKHH CHIEKTpP Pa3INIHOTIO BUIA Pa-
00T Ha OONBIIOM YHCIIE (KaK IO THUIY, TaK M MO KOJHYCCTBY)
o6pasoB BBT, ¢ npumeHeHnem Juis Kakaoro Bujaa padboT or-
JIETBHOTO MOOWJIBHOTO MOJIYJISI PEMOHTHO-/INarHOCTHYECKOTO
komriekca (PIK) ¢ TpeOyembiMu xapakrepuctukamu. Ciox-
HOCTb YNPABJIEHHs TAKOTO POJia MEPONPUSITUH 3aKIHOYACTCS
KaK B CIIO)KHOCTH KaKIOT0 KOMIUIeKca meponpuatuii mo TO
n BP, oOycrioBieHHOH ompeneneHHOW OdYepeTHOCTHIO OCY-
IIECTBJICHNS] HEKOTOPBIX paboT (oTaenbHbIE paboThl HE MO-
I'yT Ha4MHATBCS MOKa JIpyrue paboThl He OylyT 3aBEpILICHBI),
TaKk M PACHpPEACICHHOCTHIO MEpPONPHUITHH (B NMPOCTPAHCTBE
U BPEMEHHM), OCYHIECTBISIEMbIX 3aJaHHBIM COCTaBOM MOIY-
neit PJIK. Kommexe meponpusTwii Ha mooom m3nennn BBT
MOKHO TIPEJICTaBUThH OIIPEACIEHHOI ceTeBoi Moaenbio. Coot-
BETCTBEHHO, ONTUMM3ALUs YIIPABIECHUS TAKOTO poja MpOeKTa-
MH MOXET OBITh IPOBEJICHA IPHU ITOMOIIH METOJ0B CETEBOIO
ynpasieHus [6-7].

CereBoe ympasnenue (CY) mpeacrabiseT coO0ll MeTOn
OpTaHM3alMH TIJIAHUPOBAHHUA M OMNEPATHBHOTO YNPABICHUS
CJIOXHBIMH OPTaHU3aMOHHO-TEXHIIECKUMH (TEXHUUECKIMHU )
cucreMamu. B 1aHHOM MeTone [Isl IOTMKO-MaTeMaTUYeCKOTO
OMUCAHUS MpoLecca YIPaBICHUS U MOCTPOCHUS alTOPUTMOB
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pacdeTa mapaMeTpoB YKa3aHHOTO IIpOIecca IPUMEHSIETCS ce-
teBast Mozienb [1]. CereBas MoJENb MO3BOJISIET PYKOBOJUTEIIO
paboT MacmITabHO M CHCTEMHO NPEICTABISATh BECh KOMIIIEKC
paboT (MepornpusATHii), a TaK)Ke YIPaBISTh NPOLIECCOM UX pe-
QJIN3AIMU U OCYIIECTBIISITH MAHEBD PECYPCaMH.

[Tpumenenne metoma CY MO3BONISIET PENIUTh OMpeIeIIeH-
HBIC 3a[a49¥, BO3HHUKAIOIIUE TIepPe]] PyKOBOAWUTEIIEM IPOCKTa
[2]:

— KaueCTBEHHO pacIpe/esIUTh HCIOIHUTENEH; (II03BO-
JISIET BBITIOJIHUTB MPOEKT B 33/IaHHBINA CPOK);

— cdopmupoBath padOThl, HAUOOJICE CUIBHO BIIUSIOIINE
Ha CPOK 3aBEPIICHUS MPOCKTA, a TAK)KE ONPEACINTH BPeMs BbI-
TIOJIHEHUSI MEPONPUATUI;

— OIpEeNeTuTh HEOOXOIMMEIC PeCcypCHI (B clydae CphIBa
HEKOTOPBIX pador);

— KaueCTBEHHO pacIpe/ieuTh PEeCcypchl (Marepualisl,
OFO/DKET U PabOUyYIO CHITY).

HaxoxieHre OTBETOB Ha BBIIICTICPEUHCICHHBIE BOIPOCHI
SIBIISIETCS BaXKHEHIEH 3aadeil MpU BBITOJHEHUU CIIOXKHBIX
7 MacmTaOHBIX TTPOCKTOB, B TOM YHCJIC TAKUX KaK TEXHHYE-
cKoe 00CITy)KMBaHHE M BOHCKOBOH peMoHT nznenuii BBT.

VYka3aHHBIC TPOEKTHI 00NaAAI0T XapaKTepHOH 0COOEHHO-
CThIO, 3aKJTFOYAOIICICS B TOM, YTO OHH IPEICTABIISIOT COOOM
COBOKYITHOCTB OT/ICTBHBIX 3JIEMEHTAPHBIX PadOT, KOTOpBIE 00-
YCIIaBIMBAIOT IPYT IPyTra HEBO3MOKHOCTHIO Hadaa BBITIOTHE-
HUS OTHUX PaOOT 10 3aBEPIICHUS JPYTHUX.

[TocnenoBarenbHOCTD BBIIIOJIHEHUSI TaKUX pabOT yKpyIl-
HCHHO WJIU JICTaJIbHO MIOKA3bIBACTCs Ha ceTeBOM rpaduke [8].

B3anmocBsi3u 1 oruyeckas mocliieoBaTebHOCTh padoT,
HEOOXOIUMBIX JUTS JOCTHKEHUSI HAMEUEHHOH IIeTTH OTpakaeT-
csl B BUJIE CETEBOM MOJIEIIH.

CereBast Monenb (ceTeBoi rpadMK) MPENCTaBISET COO0H
KOHEYHBIH OPUEHTUPOBAHHBIN rpad), B KOTOPOM OJIHA BEPIIMHA
HE UMEET BXOJHBIX JyT WJIM Ha4yajbHBIX BEpIIUH M OJIHA Bep-
HIMHa HE UMCECT UCXOAHBIX AYT UJIXM KOHCYHBIX BCPIIHH.

I'pad mpenacrapisier coOOi cxemy, COCTOAIIAS M3 3aaH-
HBIX TOYEK WJIM BEPIIWH, COCANHEHHBIX HEKOTOPOH CHCTEMO
muHAA. OTPEe3KH, COCTUHSIONINE BEPIIHHBI, HA3bIBAIOTCS pe-
Opamu wiu gyramu rpaga. OpHeHTHpOBaHHBIM Tpad npen-
CTaBIISCT COOOM rpad, Ha KOTOPOM CTPEJIKOW YKa3aHbI HAIIPaB-
JIeHus Bcex ero pebep mim ayr. ['padbl HOCSAT Ha3BaHHE Kapr,
JTaOMpUHTOB, ceTel, muarpamm. MccienoBaHWe ITHX CXEM
MIPOBOJUTCS METOAAMHU TEOPHH, TTONyYUBIICH HAa3BaHUE «Te-
opus TpadoBy.

Teopus rpaoB onepupyeT MOHITHEM ITyTH, IO/ KOTOPBIM
MOHUMAETCsl Takasl MOCIIENI0BaTEIbHOCTh pedep, Korna KOHeI|
KaKIOTO MPEAbIIYyIIero pedpa CoBMajaeT ¢ HayajloM Iocie-
nytoiero. KoHTyp 03Ha4aeT KOHEUHBIN MyTh, Y KOTOPOIO Ha-
yaJbHasl BEPIIMHA COBNAAAET C KOHEUHOM BEPIIMHOM.

Takum oOpazoM, ceTeBod rpaduK TPENCTaBIsSET COOOMH
OpPHMEHTHPOBaHHbIH rpad 6e3 KOHTYpOB, pedpa KOTOPOTro MMe-
10T OJTHH WJTH HECKOJILKO YHMCIIOBBIX XapaKTEPHCTHK.
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OCHOBHBIMH JIEMEHTaMH Tpada SBISIOTCS: paboTa u co-
onitue [9-10].

Pabora npencrasisier coboii nporecce, MPUBOSIIMN K J10-
CTIKEHHIO HaMEYEHHOI'O0 pe3yibrara, IpH 3TOM TpeOyIOIuii
PECYPCHBIX 3aTpaT U UMEIOLUN MPOTA)KEHHOCTh BO BPEMEHH.

Pabora, He TpeOyromas BpeMEHHBIX U PECYPCHBIX 3aTpar
MIPEACTaBIsACT COOOH (PUKTUBHYIO padoTy.

CoOpITHE TIpeAcTaBIIeT cO00H MOMEHT BPEMEHH, 3aBep-
LIEHHs OHUX pa0oT 1 Havana Apyrux. CoObITHE B OTIMYHE OT
paboT, HEe UMEET MPOTSHKEHHOCTH BO BPEMEHH M MIPE/ICTABIISIET
c000i1 TONBKO pe3ysibTaT MPOBEACHHBIX paldoT.

Co0bITHE MOXKHO CUMTATh HACTYMHUBIINM TOT/Aa M TOJIBKO
TOT[Ia, KOT/[a BCE BXOAIINE B HETO paboTHI 3akoHYarcs. B cBs-
3 C OTHM, BEIXOAAIINE W3 HEKOTOPOTO COOBITHS padOTHI, HE
Ha4YHYTCs, TIOKa BCe paboThI, BXOMSIINE B 3TO COObITHE HE Oy-
JIYT 3aBEpPLICHBI.

CeTeByr0 MOJIENb TPOIECCa TEXHUUSCKOTO 00CTYKUBAHUS
1 BOWICKOBOTO PEMOHTA MPEACTaBIM B ()OPMATM30BAHHOM BHJIE:

G =(B,R.¢.W,1(r)) (1)

rae B — HEKOTopoe MHOXKECTBO BEpIIMH WIIM COOBITHH ceTe-
BOI MOJICNIH;

R={r, r,, ..., .} — HEKOTOpOE MHOKECTBO PabOT, BHIIOIN-
HsAeMbIX Ha uznenuu BBT B Xozne BBINOIHEHUS MEPONPUITUM
10 TEXHUYECKOMY OOCITy)KMBAaHHIO 1 BOWCKOBOMY PEMOHTY;

@:r —(i,J) — DYyHKIMS WHIMICHINY, CTaBsIIAs B COOTBET-
CTBHH Ka)K/I0i paboTe mapy BEpIINH WK COOBITHI, HAYaJlo U KO-
Hely;

Y — oTHoOIIEHHE NpeIIeCTBOBAHUS paboT ONpeaeIeHHO-
ro Mepornpusitis. C 3TOi 1eNbl0 HEOOXOIUMO 0 33JIaHHOMY
HepevHIo paboT COCTaBUTh MATpPHUIly CMEXHOCTH. Marpuna
CMEXHOCTHU MPEACTABISET cO00Il KBaIpaTHYIO MaTpHIy, pas-
MEPHOCTB KOTOPO#H paBHA YHCIY pabOT B KOMIUICKCE, & CTPOKH
1 CTOJIOIIBI COOTBETCTBYIOT padoram [11];

T(7) — IUTUTEITLHOCTH BBIMIOJHEHUS pabot r € R.

DJIeMEHTBI MAaTPHIIBI BBIYUCIISIOTCS TI0 hopmyde:

y - ‘I’(l’i 0 ) _ 1, ecnu pabora I; — npeamecTByer pabore ris )
0, B IPOTHBOIOIOKHOM CIIydae. ’

[IpencraBnenue ceTeBBIX MOAETIEH B TAKOM BUJIE TIO3BOJISA-
€T UHTErpUpPOBATh B OOIIYI0 MOJIEINb, OMMCHIBAIONIYIO POIece
CIIOKHBIX IPOEKTOB OTAEJbHbIE CETEBbIE MOJEIM YACTHBIX
mpoekTos [12].

CrpyKTypHas cxema METOAUKH TOCTPOEHUS U pacyera UH-
TErPpUPOBAHHON AMHAMHUYECKON CETEBOM MOJENIN MPOLECCOB
TEXHUYECKOr0 OOCITy)KMBaHHsI M BOWCKOBOTO PEMOHTa HM3Jie-
nuit BBT npotuBoBo3nymiHoii o6oponsl (ITBO) npencrariecHa
Ha (puc.l).

IIpn mocTtpoeHHH CETEBBIX MOAENEH CIEAYyeT PYKOBOI-
CTBOBATHCS OCHOBHBIMH MpaBUJIaMU X HoMcTpoeHus [13]:

H])aB]'[.Tla NOCTPOCHHA ceTeB ol MoJe . TH

i

MouuTOpHHT
Texnnueckoe TexHnuecKoe
cocrosguue BBT KYCTOuBP
{r{j} em M focs = (X3)

=)

ITocTpoeHHe YACTHBIX CeTeBbIX
MoJenei mo BRIaM pador

i

G=(B. R, 0%, 1)

KoHCTPYKTHBHBIE 0C00€HHOCTH
mocTpoenus oopasua BBT

O.R ¢

1 |

i |

ITocTpoeHHe HHTerpHPOBAHHON JTHHAMHE'YeCKOH ceTeBoil MOJe/TH
nporneccor TO m BP o6pazna BBT

= ({’?j}’T(’?f)’Q)%GJ =Glr7;)

(Gj )j=L_5 — GHHT

1 |

Pacuer ocCHOBHBIX mapaMeTpoB l‘lHTeFl)]‘[l)ﬂBﬂH]{Dﬁ ﬂHHaMH‘[ECKDﬁ ceTeBoii MOIeJIH
- . . - . . - . P "n. .
t;.PEH, tirm&‘-’ R: IUPHJ t_l)P'D'! tifnrﬂﬁ tyn,o,, Réfnom7 P Ty KIEJH: LI{p'

Puc. 1. CtpykTypHas cxema METOIUKH
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1. Homep 11000if BepIIMHBL, MPEIIISCTBYIOMICH BEpIINHE
CETH JIOJDKEH OBITh MEHbIIIE €¢ COOCTBEHHOTO HOMEPA.

2. B Mozenu J0JKHBI OTCYTCTBOBATh «JIUITHHUE) BUCSUUE
U TYNUKOBBIC BEPIIMHBI. Bucsune BepIIMHBI — 3TO BEPLINHBI,
KOTOPbIC HE COOTBETCTBYIOT UCXOAHBIM COOBITHSAM U orepanm-
siM. TyNHKOBBIE BEPIIMHBI — 3TO BEPILUHBI, KOTOPbIE HE COOT-
BETCTBYIOT 3aBEPIIAIOIINAM COOBITHSIM U OEPAIIUSIM.

3. B ceTH JI0JKHBI OTCYTCTBOBATh KOHTYPBI, IIETIIN U KPart-
HBIE TYTH.

4. B cereBoii MOZIEIH JIOJDKHBI OBITH TOJNBKO OJHA MCXOJ-
Hasl ¥ OJTHA 3aBepIAOIasi BEPUIMHBI.

5. OnHoli paboTol CoenuHSIOTCS He OoJiee ABYX JIFOOBIX
COOBITHIA.

6. B ciiyuae Hanu4usi HEKOTOPBIX MPOMEKYTOUHBIX PAOOT
ceTeBoro rpauka MOTYT, KOTOpbIe MOTYT OBITH Ha4aTbl JIO
TMIOJTHOTO OKOHYaHHsSI TPEIIECTBYIONIEH paboThl, TO JAaHHYIO
MIPE/INIECTBYIONIYI0 padoTy ciiefyeT pa3OuTh Ha HECKOJIBKO
BBINOJIHSEMBIX [OCJIEA0BATENILHO PA0OT, IPU ATOM KaxKIas U3
3THX paboT JODKHA OBITH JOCTATOYHA JUIA Hadaja Jro0o0i n3
paHee yKa3aHHbIX.

7. B ciiyuae HEBO3MOXXHOCTH TPOJOJDKCHUSI HEKOTOPOM
paboThl Ha KakUX-1100 dTanax 06e3 MHpOpPMAIMU O pe3yibTa-
Tax APyrux paboT, Takyio padoTy cliefyeT pa3leiuTh Ha ya-
CTH, 3a/ICHCTBOBAB ITPOMEKYTOYHBIE COOBITHSL.

8. B coygae HEOOXOOMMOCTH 710 TIOJTHOTO OKOHYAHHUS pa-
0OTBI BUJIETh MPOMEKYTOUHBII pe3ynbTar, TpeOyroreiics 10
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Hagana cIeqyromei paboTsl, Takke HeoOX0auMOo paboTy pas-
JICTIUTH HA YacTH, BBEIS IIPOMEKYTOUHBIE COOBITHSI.

9. C 1enpio yuera 3a/1ep)KeK BPEMEHH BBIIIOJIHEHHS KaXK-
Joro Buaa padbot coorsercrBytommmu PJIK ¢ yuerom ux 3a-
HATOCTH Ha TPEBIAYIINX 00bEKTaX padoThl U BPEMEHHBIX 3a-
TpaT Ha NICPEABIKCHHUE U IEPEOCHAILCHHE T IPU IOCTPOCHNH
WHTErPUPOBAHHONW CETEBOW MOJEIH BBEIEM COBOKYITHOCTD
(UKTUBHBIX paboT R = {I’lq) , I’z(b seees kq;}

Ha4yaJbHOW BEpIIMHBI U BBITONHSIEMbIMU (puKTHBHBIME PIK
X' e JlaHHOC MPaBHJIO TIPEICTABICHO Ha (puc.2).

KomnuectBo Takux GuxruBHbix PIIK Gynem cunrars Heo-
TPaHUYEHHBIM, a BpeMs BBITIOJTHEHHsI pa0oT 7 € R 6eckoHeuHO
OONBIINM AJIS1 OTCEUCHNS BAPUAHTOB Ha3HAUCHHS.

JlnmTensHOCTh (PUKTUBHBIX paboT TIEPBOTO THITA PaBHA Bpe-
MEHH 33/Iep>KKH NpuObITHst cooTBercTByronmx PJIK mocine oc-
BOOOXK/IEHHS OT TIPEABLIYIINX PadoT. DTO MO3BOJISIET YUUTHIBATH
JIMHAMUKY COCTOSTHHS CeTeBBIX Mojienel B mporiecce TO u BP.

JnuTenbHOCTh (PUKTUBHBIX pabOT BTOPOro THIA paBHA
HYJIIO, T.K. OHHU TIpEJHA3HA4YCHBI I y4eTa 3aBUCUMOCTHU pa-
00T, BEITTONHAEMBIX pa3nmuaabiMu PIIK.

B ocHoBe mpeanokeHHOW METOAMKH NMOCTPOEHUS M pac-
YyeTa MHTErPUPOBAHHON TMHAMHYECKOW CETEBOW MOJIEINH TPO-
neccos TO u BP o6pasos BBT I1BO nexuT anropurM, KoTo-
PBIH BBIIIAJUT CIEIYIOIINM 00pa3oM:

Mar 1. ITo copMuUpOBaHHEIM pe3ynbTaTaM TEXHHYE-
ckoro mauarHoctupoBanus (TI1) oopasmos BBT popmupyercs

— BBIXOJAIIIMMHU U3

—

pabora

————

A 4

(uxTHBRHAs padoTa IICPBOT0 TUIA

»  (uxktusHasg pabora BTOpPOro Tuna

Puc. 2. [locTtpoeHne HHTErPUPOBAHHON TrHaMIUecKoi ceTeBoit mogenu TO u BP o6pasna BBT
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MHOXECTBO Meponpusatuit M = {m,, m,, ..., m,}, TUIaHApye-
MBIX K IPOBEACHHUIO Ha 00pa3max BBT s € Sme S B 3aJaHHBIN
nepuon T = [0, T]. Pesynprarsr T/l KOppeKTUPYIOTCSI C Y4ETOM
TOIOBBIX HOPM pacxona pecypcoB uznenuii BBT, cpokoB ux
XpaHEHUs U YCTAHOBJICHHON MEPHOANYHOCTH TEXHUUYECKOTO
00CITy)KUBaHUS 1 MEXKPEMOHTHBIX CPOKOB dKcruTyaTarui BBT.

Hlar 2. Jlnsa Kaxmaoro MeponpusTHs /7, € M HaXOATCA Tie-
peYHI {rij}e m,, BPEMS BBIOTHEHHS t(rij) paboT, IPOBOAUMBIX
B XOJI€ IJIAHUPYEMBIX MEPONPUSITUHA, U PaHHUE, IO3HUE CPOKU
MIPOBEICHUS] MEPONPUATHI tp(mi), t (m), me M.

Ilar 3. 3anpemaercss TPOBOAUTH MEPOTPHATHS PaHBIIE
paHHEro CpoKa, W 3arpelaeTcs IKCIuTyaruposars u3nenue BBT
TIOCITE TIO3/THETO CPOKA 3aTIAHMPOBAHHOTO MEPOTIPHSTHSL.

Ha ocHOBaHWW (PYHKIIMOHANBEHOW CTPYKTYPBI U3ACTHH O
BBT N(m)=ne{n, ,n,...,n}=S B COOTBETCTBUM C IIPABU-~
mamu 1-9 nna kaxxmoro Buaa paboT MO MPUBIEKAEMBIM TUIIAM
PIK cocTaBisitoTCsl CETEBbIE MOJIEITH.

Hi({ry‘}'r(ﬂj)’Q)_’Gj =G (),

e r(rij) — JUTUTEIFHOCTh PabOTHI r; B 3aBUCHMOCTH OT TPY/10-
eMKoCTH 1 TipousBoauTensHocTr PJIK j-ro tuma.

Ilar 4. ITo pe3ynsTaTaM MOHUTOPHHTA COCTOSIHUS MIPUBIIE-
kaembix PIIK, ux 3arpy3ku Ha OpeablIylIMX MEpOINpPUSTHUSX,
HEOOXOIMMBIX BPEMEHHBIX 3aTpaT Ha TEepeIBIDKECHUE W Tepe-
OCHACTKY (TIpM HEOOXOIMMOCTH) U3 MOJCIICH G, (dbopmupyercs
MHTETPUPOBAHHAS JTHHAMUYCCKAs CETeBask MOJCIh KOMILICKCA
padoT MEepONpHsATHS Mi C y4ETOM TpaBmiIa 9 MOCTPOCHHUS ceTe-
BOH MOZEH (Gj )J__E -G, .

Har S. Jlns nocTpoeHHOW WMHTErPUPOBAHHOM JMHAMHUYE-
CKOHM CETEeBOI MOJIENM C LIENBI0 PacueTa BPEMEHHBIX 3aTpar Ha
BBITIOTHEHUE TPEOYEMOTO MEPOITPHSTHS OIIPENeIAeTCS KpUTHYIC-
CKUIA ITyTh, B TOM YHCIIC JUTMHA KPUTHYECKOTO My TH, & TAKKE IPO-
W3BOMUTCS PacyeT APYTUX OCHOBE MapaMeTpoB Moxen (puc. 1):

1. Pannuii cpok ceepuieHus coovtmus:

pan — (). fpaH — paH — « fpan — pax
t 0;t. T, wm i, max t,; t. max (tP + rij).
2. I1o30nuit cpok ceepuienusn codbImu:
tm = max(t" + t.).
i i ij
3. Pesepe epemenu codvtmus: R =1 —tr,
4. Pannuii cpox Hauana padomot:
pH — () pH. — p.o.
t 0; tij max t, Po.
5. Pannuit cpox okonuanus pabomut:
t ‘p.o, = 0 + T t__p.u. = t__pAHA + T.
hi hi® Tij ij ]
una tPo=trP+ 1 omaxtPo=trt =1 .
ij i ij jk ] Kp
6. ITo30nuit cpox nauana pabomot:
MMH — f Mo._ «f MH — f mo._ H. — f 703 _
tjk tjk Ty tij tij T WM tij tj T
7. ITo30nuit cpox oKoHuanus padomut:
1.0. — ILH. 1.0. — $ 103 1.0. — 1 ILH.
tij '[J.k WA tij tj R tij min '[J.k .

s pabot, HAXOAAMNXCS HA KPUTHICCKOM ITyTH, paHHHE

1 TIO3[JHAE CPOKH Hadala ¥ OKOHYAHHUS BCETJa PaBHBI

pH. — t ILH. p.o. — f mo.
tr =t e = e
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Pabota cunTaeTcs KpUTHIECKOM, €CITH BBITIOTHSIIOTCS CIIe-
JIYIOIINE yCIIOBHS: tijp-"-— tijp-“- = tij, tij“-"'— tij"-“- = tij.
8. Ilonuwiit pezeps epemenu pabomot:
noiH — f1mo3 _ ( pan . nomd — + mo._ + p.o.
Rij t (t, T,)s Rij [
W Rij = tij”'“‘* '[ijp'”'.
7 . MoJIH —  paH nos
9. Ce0600mHbLIL pe3epe spemenu: Rij t (tre+ rij).
10. Yacmmnutii pezepe epemenu nepeozo pooa:
! — fmo3 _ fmo3 _
s tj t, Ty
11. Yacmnuwuii pezepe epemenu 6mopozo pooa:
MM — tpaH _fpaH — o+ - /! — ¢t p.H._ ¢t p.o.
% tj t Ty 1 tjk tij
I — ¢ pH._t pH.__
uim ' tjk tij T
12. Pezepe nymu: R, = T ™ Ty
13. Koaghpuyuenm nanpsscennocmu paoomot:

'
KH — Tlnyr ~ TkpLnyr
ii-_

Tep — T;anyT
14. Kpumuueckuit nymp (LKp): TKp = T(Lkp).

Pa3paboTtanHast METOMKA TIOCTPOCHUS M paciyeTa HHTETPH-
POBaHHOM JUHAMHUYECKON CETEBOM MOJEIHU MPOLECCOB TEXHM-
YECKOro 00CITy)KMBaHHsI M BOWCKOBOTO peMoHTa o0pa3iioB BBT
IIBO mo3BossieT copMupoBaTh OOMIHIA TUIAH U OCYIICCTBUTH
OIIEPATHBHOE YNPABJICHHE B XOJE BBINOJIHEHUS] MEPONPUSTUIL
TEXHUYECKOTO OOCITYKMBaHMSI M BOHCKOBOTO PEMOHTa B XOJIi€
paccMaTprBaeMoro Ieprosia ITaHUPOBAHUSL.

HoBu3Ha MeTOAMKY NOCTPOEHUSI U pacueTa HHTErPUPOBaH-
HOM TMHAMUYECKOI CeTeBOI MOJIENIN MPOLIECCOB TEXHUYECKOTO
o0cCiTy)KMBaHUSI U BOMCKOBOro pemoHTa oopasno BBT I1BO
3aK/II0YAETCS B ONTUMHU3ALMKM MOJEIN OCYILIECTBICHHUS MEpO-
MIPUSTHH TEXHUYECKOTO OOCIYKMBAaHHS M BOWCKOBOTO PEMOH-
ta m3nenuit BBT, 3a cueT mHTErpariu MHOXecTBa padoT, ocy-
mecteisteMbix P/IK ogHoro Buna (pUKTHBHBIE PaOOTHI BTOPOTO
pona) ¥ y4eTOM TUHAMHKH MPUOBITHS BceX HeoOxomumbix PIIK
(pukTHBHBIE pabOTHI IEPBOTO PO/IA).
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METHOD OF CONSTRUCTION AND CALCULATION OF INTEGRATED DYNAMIC
NETWORK MODEL OF PROCESSES OF TECHNICAL MAINTENANCE
AND AIRBORNE REPAIR OF SAMPLES OF AEROSPACE FORCES
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ABSTRACT

Samples of weapons and military equipment have a high
cost, heightened constructive complexity, are used in various
climatic conditions, and rapidly develop the established
resource. Strict requirements to the level of readiness of
weapons and military equipment, as well as to the promptness
of elimination of combat damage, necessitate the existence
and effective functioning of the military component of the
military repair system, which is close to the combat order of
the air space forse. In article diskusses method of construction
and calculation of integrated dynamic network model of
processes of technical maintenance and airborne repair of
samples of its air protection.

The presence in the battle formations of a significant amount
of old equipment with low reliability indicators, as well as

H&ES RESEARCH, 5-2017

ANDREY V. FILATOV,
St. Petersburg, Russia, filatowav@rambler.ru

KEYWORDS: network management; dynamic integrated
network model; repair and diagnostic complex;
maintenance and military repair; methodology.

new sophisticated equipment for which the technologies of
maintenance and military repair have not been processed,
led to significant downtime in a non-combat state.

The complexity of managing such events is both in the
complexity of each set of measures for maintenance and
military repair, due to a certain sequence of individual
work, and the spatial and temporal distribution of activities
performed by a specified composition of mobile repair
and diagnostic modules. A network model can represent
the complex of measures at every object of armament and
military equipment, and optimization of management of
such projects can be carried out using network management
methods. The dynamics of the arrival of repair and diagnostic
modules of various types to new objects of weapons and
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military equipment can be reflected with the help of a
dynamic integrated network model and the introduction of
the concept of fictitious works of the first and second kind.
The duration of fictitious work of the first type is equal to
the delay time of the arrival of the corresponding modules
after release from previous works. This allows you to take into
account the dynamics of the network models in the process
of maintenance and military repair. The duration of fictitious
work of the second type is zero, because they are designed
to account for the dependence of work performed by various
repair and diagnostic modules.

The developed methodology allows optimizing and calculating
the basic parameters of network models, taking into account
the rational designation of re-assembly and diagnostic
complexes in the process of performing maintenance and
military repair of weapons and military equipment.
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KJTHOYEBBIE CJTOBA: BoOpy>eHue, BO-
€HHas 1 crneumasbHas TexHUKa; 3pdek-
TUBHOCTb NMPUMEHEHUS; METPOJIormye-
ckoe obecneyeHne; CTOXacCTUYECKUN
rpad; mopenb obbekTa M3MEpPeHuit;
Mopfesnb CPeAcTBa N3MepeHnin; Mogesb
NpUMeHeHMs.

AHHOTALNA

B paboTe npoBefeH aHanus ponn M Mecta MeTposiormyeckoro obecneyeHus Ha
CTapausiX XM3HEHHOTO LMKia obpasua BOOPYXXEHUs,, BOEHHOW U CNeumnasnbHO Tex-
Hukn. OBocHOBaHa akTyasibHOCTb Pa3BUTUSI BOEHHOM MeTpoJioruu. lNposepeH ob-
30p Hay4HbIX paboT, HanpaBeHHbIX Ha Pa3BUTME BOEHHOW MmeTposorum B Poccum
n 3a pybexxom, Mo pesysibTaTamMm KOTOPOro BbISIBJIEHO, YTO BOMPOC OLEHMBaHMUS
B/IMSIHUSI METPOJIormyeckoro obecnevyeHns Ha 3¢pPeKTUBHOCTb MPUMEHEHUS BOO-
pPY>XeHUs, BOEHHOM U CcreLmnasibHON TEXHUKU OCBELLLEH HepocTaTouHo. [pepnosxeH
MeTOA, MO3BOJISOLLMNIA KOMINEHCUPOBATL YKa3aHHbIN Npobesi B BOEHHOW MeTposio-
rumn. Onncara obuias cxema MeTofa, NpeArnoJsiaratoLLas onpeaesieHne BeposiTHO-
CTV YCMELLHOTO BbINOJIHEHWSI MEPONPUATMI MO METPOJIOTMYECKOMY obecrneyeHuio
obpasua BoOpy>KeHMWs, BOEHHOW 1 CreuunanbHOW TEXHUKKU, popMMpOBaHue Moae-
nn obbekTa nsmepeHnin, popMMpoBaHNE Moaenen CPeaCcTB MU3MEPEHUN, YyCTaHOB-
JIeHHbIX Ha 0bpa3ue BOOPY>XEeHUsi, BOGHHOW M CreuunanbHOW TEXHUKU B KaYecTee
COCTaBHOW YacTu, oueHnBaHne 3pPeKTMBHOCTU NPUMeHeHUs obpasua BoopysKe-
HUS, BOGHHOM U crieumanbHON TexHUkK. [ns onpepgeneHns BeposTHOCTU ycneLu-
HOTO BbINOJIHEHWSI MEPOMPUATUI MO METPOJIOrMYeckoMy obecneyeHnto obpasua
BOOPY>XEHUs, BOEHHOW 1 CreumasnbHON TeXHUKKN pa3paboTaHa ceTeBas MatemaTu-
Yyeckas Mofesib, OCHOBaHHasi Ha NoAXo4e K KOJIMYECTBEHHOMY OLLEHMBaHUIO pa-
BoTtocnocobHocTu cnoxHomn cuctembl. ChopmynuposaH noaxog Kk Gopmuposa-
HUIO Mofenv obbekTa N3MepeHuit, a Takxke Noaxon K GopmMmpoBaHuio Mogenen
CPeACTB U3MepPEeHUi, YCTaHOBMIEHHbIX Ha obpasLe BOOpYXXeHUsl, BOEHHOMN 1 cne-
LManbHOW TEXHUKM B Ka4ecCTBe COCTaBHbIX 4YacTei. BoipaboTaHbl pekoMeHgaumnm
no BbIbOPY MoAenewn, NPUroAHbIX A1 OueHMBaHUSA 3G GEKTUBHOCTM NMPYMEHEHMS
obpasLa BOOpYXeHWs, BOEHHOW 1 creunanbHon TexHuku. [NpreeneH pacyeTHbin
npumep, HarasS4HO AEMOHCTPUPYIOLWLNIA BIUSIHME METPOJIOrM4eckoro obcyskusa-
HUSI CPEACTB M3MepeHUn Ha 3pPEeKTUBHOCTL MOPaXKeHMs TaHKa BOOPY>XeHUEM Ha-
3eMHon apTunnepuen. B 3akntoyeHnn onmcaHa npakTnyeckas 3Ha4MMOCTb Npea-
JNlaraeMoro meTofa 1 fasibHelllee HanpaBieHne ero pasBuTus.

ONa UATUPOBAHWUA: lyceHuua S.H., KpasuyoB A.H., Manaxos A.B. MeTop oueHVBaHUS BAWSHUS MeTPOSIOrMYECKOro

obecneyeHunsi Ha 3¢ HeKTUBHOCTb MPUMEHEHUS BOOPYXXEHWSl, BOEHHOW 1 creumanbHomn TexHuky // Haykoemkue TexHonorum

B KOCMUYeckux nccnegoeanmax 3emnn. 2017.T. 9. N2 5. C. 33-41.
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CoBepIIeHCTBOBAHHE CYIIIECTBYIOIINX U CO3IaHHUE TTEPCIICK-
TUHBIX BUJOB BOOPYKEHHUSI, BOGHHON M CIELMAIbHON TEXHUKH
(BBCT), ¢hopm u criocoOoB BeieHHsI BOGHHBIX JICHCTBUI CTaBUT
MojJIep’)KaHue OOCTOTOBHOCTU M OOSCIIOCOOHOCTH BOWCK (CHIT)
B 3aBHCHMOCTh OT YPOBHSI METPOJIOTHUYECKOTO obecrieyeHust [3].

OnHOM M3 OCHOBHBIX II€JIel METPOJIOTHYECKOro obecrie-
4eHHs sBIseTCs obecredeHne 3()(EeKTHBHOCTH TPUMEHEHUS
BBCT. JlocTmxeHne JaHHOW [IETH BO3MOXKHO TONBKO TIPH yC-
JIOBHH YCIICIITHOTO BHITOHEHHS OTIPEICIICHHBIX MEPOIIPHATHI
mo MetposiorudeckoMy obecrieueHnro BBCT Ha Bcex sTamax
JKU3HCHHOTO IIMKJIA, HAYMHAS OT (POPMUPOBAHHS HCXOTHBIX

TpeboBaHUi K 00pa3aM 1 3aKaHIMBas CHATHEM HX C SKCIUTya-
Tanuu u crucanueM (puc. 1) [3].

HaydHbie OCHOBBI obecriecucHUs
BBCT cocraBasitoT uCTOpuiecKasi, TeOpeTuIecKas 1 BOCHHAsI
metpodorus (puc. 2) [3].

Pa3BuTHe BOGHHOI METPOJIOrMM aKTHBHO Benercs B Poc-
cuu W 3a pyoexxoMm. Ha Tekymmii MOMEHT BpeMEHHU CyIie-
CTBYIOT Pa0OTHI, IMEIOIINX TEOPETHUCCKYIO U TPAKTHICCKYTO
3HAYUMOCTD JJIsl BOeHHOU MeTposioruu [1, 5, 10-22]. Bmecte
C TeM, aHaJIM3 OTEUECTBEHHO 1 3apy0eKHOM JINTEepaTypsbl NO-
Ka3bIBACT, YTO BOMPOC (hOopMaIH3aIUU BIUSHIS METPOJIOTHYC-

METPOJIOTHYECKOI0

obcnyxusaHue cpeacTs
M3MepeHUii BORHHOTO
HazHaueHus )

Puc. 1. MeponpusTus 1o METPOIOTHIECKOMY 00€CTIEICHHIO,
OKa3pIBatoIye BIUsAHUE Ha a3 dexrnBHOCTS MpuMenenust BBCT

METPOJIOTMYECKOE

OBECMNEYEHUE

HayuHble
OCHOBbI
|
WUcTopuueckas,
TeopeTuyeckas
W BOeHHas

Puc. 2. Conepxxanue Merposorudeckoro obecneuenus BBCT

34

WWW.H-ES.RU



WWW.H-ES.RU

INSTRUMENT ENGINEERING, METROLOGY AND INFORMATION-MEASURING DEVICES AND SYSTEMS

MpumeHeHue

MeTponoruyeckoe
oBecneyexune
Cpeacteo
n3MepeHun
Merp ckoe obicny
CPEACTS MIMEPEHW BOBHHOFD
HAIHAYEHUA J

Mopgens
METPOMNOriyeckoro Mopens cpeAcTea
obecneyeHns namepeHun

Onpepnenexue
BEPOATHOCTH YCNELWHOro
BbINONHEHHUA

DopMUpoBaHUE Moaene
CPefcTB UIMEepPEHUA

obpasua
BBCT

BENWHUHbBI

Mogene
NpUMeHeHUsA
obpa3uya BBCT

Mogens o6bekTa
M3MepeHnn

MEPONPHATIA No s

MaTponoruyeckomy oﬁp:::;";;nc:'n:b:ll:;l‘ﬂﬁ
obecne4exnio obpaiua COCTaBHON YacTH
BBCT

r\ OueHUBaHHe
[ 5 apdpexTr BHOCTH
V j BECT

Puc. 3. Cxema MeTOa OLIGHUBAHMSI BIUSHUSI METPOJIIOTMYECKOro obecreuenust Ha addexruBHocTs npumenenus BBCT

ckoro obecrieueHust Ha d¢p¢pexkTuBHOCTs npuMeHeHnss BBCT
HE JI0CTaTo4yHO ocBelieH. [109ToMy 1esblo TaHHOW CTaThH SIB-
nsieTcst pa3paboTKa METOo/Ia OLCHUBAHMS BIIUSIHUSI METPOJIOTH-
yeckoro odecriedeHus Ha dppekruBHoCTb pumenenus BBCT.

[Tpennaraemblii METO IIPEATIONATAET BBHIIOIIHEHUE HUXKeE-
TIEPEYHCIICHHBIX ATAIoB (puc. 3).

1. OmpeneneHue BEpOSITHOCTH R yCHENIHOTO BEITIONHE-
HUSI MEPOTIPHUATHI IO METPOJIOTHYECKOMY oOecrieueHHio 00-
pasua BBCT.

2. ®opMupoBaHHEe MOAETH 00hEKTa H3MEPCHHIA.

3. ®opmupoBaHNE MOIENeH CPeACTB M3MEpPEeHHH, ycTa-
HOBIICHHBIX Ha 00pa3ne BBCT B kauecTBe coCTaBHOIT YacTu.

4. OuenuBanne >QdekTnBHOCTH IpUMEHEHUsT 00pasua
BBCT.

Fa1
F22

Puc. 4. Croxactrueckuii Tpad) MOIeIN METPOIOTHIECKOTO
obecneuyenus BBCT

H&ES RESEARCH, 5-2017

Jliist onpenenenus BepositHoCTH R pazpaborana Mozenb Me-
Tposyoruueckoro odecriedenust oopasua BBCT, koropast 6azupy-
eTCsl Ha TIOJIXO/IC K KOJIMUECTBEHHOMY OLICHUBaHHIO paboTOCIIO-
COOHOCTH CJIOKHOHM CHCTEMBI, IPEIIOKEHHOM B pabdore [6, §].

CortacHO TaHHOMY HOIXOXY IUISL HOJNYYEHHS BEpOSTHO-
CTH YCIICITHOTO BBIIIOJHEHUSI MEPONPHATHI 110 METPOJIOrHYe-
ckomy obecnieuernto obpasna BBCT cTpoutcs cereBast mare-
MaTH4eckasi Moaelb (puc. 4).

V3ne1 0 U 4 SBASIOTCS UCTOKOM U CTOKOM CETEBOM Mare-
Maru4yeckoil Mozen. OCTaIbHBIE y3JIb COOTBETCTBYIOT MEPO-
MIPUATHAM TI0 MeTposorundeckomy obecrneuenuio BBCT, xoto-
pbIe CIEAYIOT OIMH 3a APYTHM. BEpOSTHOCTH UX YCIELIHOTO
BBINOJIHEHHs 0003Ha4Yenbl yepes P, i = 1,2,3. ¥3en 1 cooTser-
CTBYET METPOJIOTMYECKOH AKCIEepPTH3Ee, KOTOpasi MPOBOAUTCS
Ha PaHHUX CTaJUAX KM3HEHHOTO IMKIIa 00pa3iia ¢ BEpOsSTHO-
CTBIO 7, M BO BPEMsl KallUTAILHOTO PEMOHTA C BEPOSATHOCTBLIO
7,,- Y3€I 2 COOTBETCTBYET METPOJIOTHIECKOMY OOCITYKHBAHUIO
CPEICTB U3MEPCHHUIM, YCTAaHOBJICHHBIX Ha 00pa3sle B Ka4eCTBe
COCTaBHOW yacTH. /laHHOE MEpOIpHsTHE MPOBOAUTCS IOCIE
HpOU3BO/ICTBA 00pa3la C BEPOATHOCTBIO 7|, U B TEUEHHE BCeH
OKCIUTyaTaluu o0pasua ¢ BEPOSTHOCTAMM 7', U Fy,. Y3€l 3 co-
OTBETCTBYET KOHTPOJIO COCTOSIHUSI METPOJIOTHYecKoro obe-
CIICUECHUsI, KOTOPOE TAKKe IPOBOIUTCS B TEUCHUE BCEH JKC-
TuTyatanuu o0pasia, Ho ¢ BEPOATHOCTBIO 7,,. Ha BeposTHOCTH
TEPEXO0/IOB HAKJIA/IBIBAIOTCS CJIEAYIONINE OTPaHNYEHus: 7, =1,
}’12:1, r21+r22+r23+r24=1, 732:1‘
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Marpura nepexonoB Mexay y3namu rpada G umeer cie-
JyIOIIMHA BU:

0 rn-P 0 0 0
0 0 712'P<M 0 0

G=| 0 5P ryP. 5P on P
0 0 1y Py 0 0
0 0 0 0 0

Kaxk u B pabore [8], ncnons3yercs MOHIATHE I1ara, OTpaa-
IOIIET0 EAMHUYHBIM Tepexo] MEXIy MEPONPHATHAMH 110 Me-
TposormaeckoMy obecredennto obpaszua BBCT. s Toro uro-
ObI HANTH BEPOSTHOCTH YCIICITHOTO BHITTOIHEHUSI MEPOTIPUSITHH
10 METPOJIOTHYECKOMY obecriedeH o 00pasiia 3a JBa 1iara, He-
00X0MMO MPOCYMMHPOBATh C COOTBETCTBYIOIIMMH BEPOSITHO-
CTSMU IMPOU3BEACHUA BepOHTHOCTef/lI IO BCEM IYTAM, COACPIKA-
MM J1Ba y3J1a. DTO IOCTUIaeTCsl IyTeM BO3BeIeHNs MaTpuIibl G
B KBajpar. Bo3zeoxs marpuity G B Ky0, MOXKHO HOJIyIHTH BEpO-
ATHOCTB YCIICIITHOTO BBITTOJHEHUSI MEPOIPUATHI 110 METPOJIO-
THYeCcKOMy 00ecCIeueHnIo o0pasia 3a TpH 1ara u T. 1.

Jlanee HEOOXOMMO MMOCTPOUTH MaTPHILY

T=1+G@t)+G@) +..=1(I-Gt) -1,

rae [ — eMHUYHAs MaTpUILA.
Ternepb HEOOXOAUMO MTOCTPOUTH Marpuiy (/—G):

rae O — anreOpamdecKoe JOMOMHEHHE dIeMEHTa ¢ HOMEPOM
(4, 0) Marpursl G; R — TIIaBHEIA OMIpEIeNUTENh YTOW MAaTPHIIBL.

Jnst TonydeHus] KOHKPETHBIX Pe3yJbTaroB BEPOSTHOCTD
P, npunMMaeTcs paBHOH €IMHMIIE, a 3HAYEHUs BEPOATHOCTEH
PP, P MOTYT OBbITb IIONy4Y€EHBI, HATIPUMED, HA OCHOBE UC-
TTOJIb30BAHNUS MOJIETH U METOAMK, IPEACTABICHHBIX B paboTax
[6, 11]. OmHako TpW MPOBEACHUN PA3TUYHBIX MCCICIOBAHUI
MOTYT TPUMEHSATHCS ¥ APYTHE METOABI M MOZCTH pacdeTa Be-
POSITHOCTEH YCIIEIIHOTO BHIIOJIHEHHUS TEX MIIM HHBIX MEPOTIPH-
SITUH TI0 METPOJIOTMYECKOMY 00€CICYECHUIO.

Monenb 00beKTa H3MEPEHUH SIBISETCS YHPOLICHHBIM
npencrasinenrem obpasna BBCT [3]. Ona oTHOCHTCS K WH-
(hOpMaIMOHHBIM MOZETSAM, T.€. MPEICTaBIsIET COOOH COBO-
KYIHOCTh HWH(OpMAINH, XapaKTepU3YIOIIeH CyIIeCTBCHHEIC
cBorictBa obOpasma BBCT [2]. K cymecTBeHHBIM CBOHCTBaM
OTHOCSITCS (DU3MYECKHE BEIUYUHBI, KOTOpPBIC BIMSIOT Ha
TOYHOCTH BbITIONIHEHUsT 0Opa3uoM BBCT 3amauu mo mpena-
3HaueHuro. McyepnbiBaromuii HaO0Op (PU3MYCCKUX BEIHMYUH
npencrasieH B padore [3]. IIpm stom kaxmas duzmdgeckas
BEJIMYMHA MOKET TPUHUMATh 3HAYCHUE, OTpaHUYCHHOE Me-
TPOJIOTHYECKUMH XapaKTEPUCTUKAMHU CPEICTB M3MepeHuid. 13
Bcero Habopa (PU3NUECKUX BEITMYMH BEIOMPAIOTCS TE, KOTOPHIE
HEMOCPE/ICTBEHHO CBSI3aHbI C PE3yJIbTaTOM NPHUMEHEHUs 00-
pasua BBCT. CrnenoBarenbHo, miasi GOPMHPOBAHHSI MOJEITH
00beKTa M3MEPEHUH HEOOXOIMMO TMEePEUHCIHTE (U3NICCKHE
BEJIMYUHBI, BIHUAIONINEC HA TOYHOCTH BEITIONHEHHS 00pa3moM
BBCT 3angaun no npenHazHadenuto. Hanpumep, anst Boopy-
JKEHUsI Ha3eMHOM apTHUIUIEpHUH TpocTeiinas Moaeinb 0o0beKTa
U3MEpeHUIl nipesicTaBiIeHa B Tao. 1.

1 -r, P, 0 0 0
01 0 v
0 ] P 0 0 Mopnenu cpeacTB U3MEPEHUit, Kak U MOJIeh OOBEKTa N3Me-
T2 fem o
CHHI, OTHOCSTCS K MH(POPMAIIMOHHBIM MojielIiaM. Ha mmpakTuke
(I_G): 0 1y P 1-ry,-P. Ty - P Ty - P P ’ q) p p
0 0 . p | OHH UCIOJIb3YIOTCS JJIS1 IPABUJIBHOTO IPUMEHEHUS! CPEJICTB U3~
BREVEEVN o
0 0 0 0 | MEpEHHH, a TAKKe 00padOTKH ONBITHRIX NaHHBIX [ 3]. Kaxknas mo-

Torma B cooTBeTCTBUU C PabOTO# [9] BEpOATHOCTD yCIenl-
HOTO BBITTOJIHEHHS BCEX MEPOIPHUATHI IO METPOIOTHIECKOMY
obecneuernnto oopasna BBCT Oyner paBHa:

Q
PMHO = E’

JeNb CPEICTBA U3MEPEHHUIT pecTaBIsieT cOO0H COBOKYITHOCTD
€ro METPOJIOTHYECKUX XapaKTEePUCTUK, KOTOpPBIE peai3yroT
CBA3b C MOJIETIbI0 OOBEKTA M3MEPEHUH 1 MOJIETIBbIO TIPUMEHECHUS
obpasma BBCT. Takum obpa3om, st GopMHUpOBaHHUS MOIEICH
CpEIICTB M3MEPEHHUH, YCTaHOBIICHHBIX Ha 0Opasie BBCT B kaue-
CTBE COCTaBHOH YacTH, HEOOXOMMO OIPEIEIUTD UX METPOJIOTH-
yeckue xapakrepucTuku. I1pu aTom cpenu Bcell HOMEHKIIATyphI

Tabnuya 1
[Tpumep npocreiiniei Moesin 00beKTa N3MEPEHU
XapaKTepuCTHKH, BIHSIIOLINE HA Beamauna Enunnua
TOYHOCTh IPHMEHEHUS BOOPYKEHHUS H P - O0o3Ha4yenne
o aHMeHOBaHHe a3MepHOCTH auMeHOBaHHe
HAa3eMHOI apTH/LIIepHH MeKIyHAPOHOE pycckoe
Paccrosinue o uenu Jnuna L METp m M
CxopocThb BeTpa CxopocTh LT! METP B CEKyHIY m/s Mm/c
KypcoBoii yromn uenu [Tinockwuit yron 1 paauaH rad pan
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Tabnuya 2
IIpumep Monenell cpencTB U3MEPEHM, YCTAHOBICHHBIX Ha BOOPYKECHUU
Ha3eMHOM apTUJUIEPUH B KAYECTBE COCTABHOM 4acTH

XapaKTepHCTHKH, BJIHSIIOLIHE HA TOYHOCTh .

. CpencrBa n3mepeHui
NpHMeHEeHHsI BOOPY:KeHHs1 Ha3eMHOIl apTHJIIepHH

OTHocHTeIbHAs
HaumenoBanue HaumenoBanue
MOTPelIHOCTh

Paccrostaue o nenu JlansHomep 0,25%
CKopocTh BeTpa Kommuiext MeTeoponorngeckuit 5%
Kypcosoit yron nenu Yrnomep 5%

METPOJIOTHYECKUX XapaKTEePUCTUK PEKOMEHJIyeTCsl BBIOMpATh
XapaKTepUCTUKU TOTPEHIHOCTeH cpeacTB u3MepeHuil. Hampu-
Mep, AJIs1 BOOPYKECHUS HA36MHOM apTUIIEPUM IIPOCTEHUIINE MO-
Jienr 00beKTa N3MEPEHUH MTPECTaBICHBI B Ta0I. 2.

st oueHuBaHus 3(PPEKTUBHOCTH MPUMEHEHHUSI 00pasia
BBCT Ha mpaxTuke UCTIONB3YIOT pa3IHdHbIe aHATHTHICCKIC
1 IMUTAIMOHHBIE MOJEIH, TIPEICTABICHHbIE, HAIPUMED, B [4,
7, 9]. Ilpu 5TOM B OCHOBE MMEIOLLUXCS HA JAHHBIA MOMEHT
Mojienieil Jexar pasM4HbIe MOAXOABl K MaTeMaTH4eCKOMY
onucanuto npumeHenuss BBCT, HaunHast OT MOCTpOeHHUs CH-
cTeMbl Iu(hepeHInaIbHbIX YPaBHEHHH, IPEACTaBICHHS [IPO-
necca ¢ynkunonnpoBanus BBCT kak cHCTEMBI MaccOBOTO
00CITyKMBaHMSI ¥ 3aKaHUMBAsl MCIIOIBb30BAHUEM AKCIEPTHBIX
oneHoK. CyIIecTBYOIUE MOAETH B 3aBUCUMOCTH OT MCIOJIb-
3yeMoll MaTeMaTH4ecKkod TEOpUU UMEIT CBOU OrpaHHUYCHUS
W JIOMYUICHHsI, TIO3TOMY HE BCEIJIa MPUTOIHbI 1is (hopmanza-
LY BIUSIHUSI MEPOIIPUSATHHN 110 METPOJIOTHYECKOMY obecrede-
Huto Ha 3¢ ¢exTnBHOCTs MpuMeHeHnss BBCT. B cBs3u ¢ uewm,
B KagecTBe Mojeneil mpumenenuss BBCT cnemyer BBIOMpaTh
T€, KOTOPbIE OCHOBAHbI Ha KJIACCHYECKOH TEOpHUU BEPOSTHO-
creil. B 1aHHBIX Mozessix B poiu nokaszarelist 3h(QeKTHBHOCTH
npumeHennus BBCT, kak mpaBuio, BbICTyNaeT JIUO0 BEpOST-
HOCTb BBIIIOJHEHHMS 3a/1a4M 10 [IPeAHa3HAYeHHIO, 100 MaTe-
MaTHYeCKOe OXKUIaHUE MOITy4eHHOTO 3(p(deKkra B pe3ynabrare
npumenennss BBCT. Takue nokasarenu JOJKHBI YIOBIETBO-
psTh TpeOoBaHMsIM, CHOPMUPOBAHHEIM B paMKax TEOpHH 3¢-
(heKTUBHOCTH IieJICHANIPABICHHBIX TpoLeccoB [7]:

— MPEJCTaBUTENBHOCTD, T.€. IMO3BOJISIET OLEHUBATH d(]-
(hEeKTUBHOCTH IO JOCTHKEHHIO OCHOBHOH (a HE BTOPOCTEICH-
HBIX) TSI,

— KPUTHYHOCTB, T.€. UyBCTBHTEIBHOCTh K M3MEHEHHIM
uccienyeMsix (GpakTopos;

— KOMIUIEKCHOCTb, T.€. II03BOJIAET OXapaKTepU30BaTh CTe-
TMIeHb TOCTIDKEHNUS 11ei O€3 MPUBIICUEHUS IPYTHX TIOKa3aTenei;

— CTOXaCTUYHOCTb, T.€. IO3BOJIAET YUUTHIBATH HEOIpE-
JICTICHHOCTh YCJIOBUI ILIEJICHANPABICHHBIX ITPOIECCOB, KOTO-
past 00ycIIOBIIEHa BO3JICHCTBHEM CITydaiHBIX (DaKTOPOB.

Harmipumep, B pabote [9] ognuM m3 mokazareneld s¢dek-
TUBHOCTH UCIIONIB3YETCSl BEPOATHOCTh MOPAXKEHUSI ONUHOUHOI

H&ES RESEARCH, 5-2017

LI€JIU OJJMHOYHBIM BBICTPETIOM Ha36MHOI'0 apTUILIEPHICKOTO BO-
OpY’>KEHHUs1, KOTOpasi pacCUUTHIBAaeTCA MO CIEAyIOIei Moaenu:

NERNE
P, =d| 2 |d| 2|,
E

E

Xy Ya

rne @ (*) — npusenennas Gpynkuus Jannaca; L, ly — npuBe-
JICHHAsi Pa3Mephl LE/U 110 JAIbHOCTH U HAlpaBleHuto; E, ,
E, — cpennuHble oMOKA BHICTPENA IO JalbHOCTH M Ha-
[IPaBJICHUIO;

CpenvHHBIC OIIMOKK BBICTpPEa O TaJbHOCTH W HAIpaB-

JICHUIO PacCUUTHIBAIOTCS MO cleayomeii popmyie:

+B?2

x(y) 2

E =/E;

% (V) T x(y)

rae Ef( y) — XapaKTePUCTHKU OLIMOOK IOATOTOBKH HCXOHbIX
J@HHBIX; Bj(,) — XapakTepUCTHKH OWMOOK TEXHHYECKOrO
paccenBaHUs CHAPSIOB.

B cBol0 ouepenb XapaKTEpUCTHUKH OIIMOOK ITOJATOTOBKH
HCXOJHBIX TAaHHBIX ONPEIEIIIFOTCS 110 clienyolel Gpopmyre:

_ [ 2 2 2
EX(y) - \/Exop(yop) + Elx(y) + sz(y) * E3x(y> i

e EXop Yop) ™ OIITMOKH, TTOBTOPSIFOIIIHECS JIUISI BCEX BBICTPEIIOB
JJAHHOTO Ha3eMHOTO apTHUIUIEPUHCKOTO BOOPYKEHUS; Elx(y) —
ouMOKa onpe/IeNieHns JaJbHOCTH JI0 1IEJIH; sz(y_) — ommnoka
oTIpesieNIeHUs] CKOPOCTH BETpPa; E3x(y) — ommubKka ompesene-
HUsI KypCOBOT'O yIJia LEJH.

Omnbxn El,r(y) , sz(y_) , E3x(y) 3aBUCST OT XapaKTEPUCTUK
MOTPEIIHOCTEN CPEJICTB U3MEPEHH, BXOSIIUX B COCTAB Ha-
3eMHOI0 apTHIUIEpUICKOro BoopyxeHus. s ux pacuera

MOXKHO HCTIOIb30BaTh CIICAYIOIIYIO (GOpMYITY:

_ 0w T
E., = 100% ,i=13, (1)

rae E; o OIIUOKHY OIIPECIICHHSI JaTbHOCTH 0 [IEJIH, OTIpe-
x(y
JIEJICHUsI CKOPOCTH BETPA, ONPEIETIeHHs] CKOPOCTH LIEJH, OTIpe-
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JlelleHUs KypCcOBOTO yIvia llen; A, — OTHOCHTEIIbHAs T10rpell-
HOCTB I-TO CpPE/ICTBA H3MEPCHHIA.

C y4eToM MeponpHsITHI 110 METpoJIorHYeckoMy obecrieye-
Huto oopasia BBCT Beipaxenue (1) mpeobpasyeTcs k cieny-
IOLIEMY BUY:

()~ A )

100%

Xop (Yop) A

100%

E

Ji=1,3

Wy (1 —Puo )

[TonyuyeHHOE BBIpaXKCHUE OTPaKaeT 3aBHCUMOCTH OIIHU-
0OK MOATOTOBKH MUCXOMHBIX JAHHBIX OT MEPOIMPUATHH MO Me-
TPOJIOTHUECKOMY 00€CITEUSHUIO HA3EMHOTO apTHIIIIEPUICKOTO
BOOPY)KCHHS.

Jlanee mpeacTaBiieH IpUMEp OICHUBAHUS BIASHUS METPO-
JIOTHYECKOH 3KCIIEPTH3HI Ha A3PPEKTUBHOCTH OPAXKCHUS TaHKA
OJIMHOYHBIM BBICTPEJIOM M3 HA36MHOTO apTHJUICPUHCKOTO BO-
opyxenust. [1ycTh UMCIOTCS CIICIYONIHE HUCXOMHBIC TaHHBIC:
TPUBEJICHHBIE Pa3Mephbl TaHKa paBHBI [ =3,5 M u ly=2,5 M;
XapaKTePUCTHKH OIMMMOOK TEXHUYECKOTO PacCeWBaHHS CHaps-
OB —Bx=By=30 M; OIIUOKH, TTOBTOPSIOIIHECS IS BCEX BHI-
CTpEJIOB JIaHHOTO HA3EMHOI0 apTHUILICPHIICKOTO BOOPY>KCHHS
— EXop =10mMu Eyop= 3 M. Mojienb 00beKTa H3MEPEHHiA Ipei-
craBiicHa B Ta0i. 1. Momenu cpeicTB U3MEPECHUH, BXOMAIINX
B COCTaB Ha3eMHOTO apTUJUIEPHICKOTO BOOPYKEHHSI TIPUBEIE-
HBI B Ta0n. 2. C MOMOIIBIO TIPEICTABICHHBIX BBIIIE MOJCICH
MIPOBEICHO UCCIICIOBAaHUE 3aBUCUMOCTH YPOBHS 3(h(heKTHBHO-
CTH TIOPAKCHUS TaHKA OIMHOYHBIM BBICTPEIIOM H3 HA3EMHOTO
APTUUICPUICKOTO BOOPYXKCHHUSI OT BEPOSTHOCTU YCICIIHOTO
BBIMOJTHCHHUST METPOJIOTHUCCKOM IKCIIepPTH3bl. AHAIN3 rpaduKa
Ha PHC. 5 TOKAa3bIBACT, YPOBCHD 3(M()EKTUBHOCTH MOPAKCHHS
TaHKa OWHOYHBIM BBICTPEIIOM M3 Ha3€MHOTO apTHIIICPHICKO-

- of i

o208

i
-

Puc. 5. I'paduk 3aBucuMoct ypoBHs 3P deKkTHBHOCTH
HOPaKEHUSI TAHKA OJJMHOYHBIM BBICTPEIOM U3 HAa3EMHOIO
APTUILICPUICKOTO BOOPYKEHHUS OT BEPOSATHOCTHU YCIEILIHOTO
BBITIOJHEHHS METPOJIOTHYECKON IKCIIEPTU3BI
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T'O BOOPY)KEHHUSI pACTET MPH BHICOKOH BEPOSITHOCTH YCIICIIHOTO
BEITTOJTHEHNST METPOJIOTHYECKOW SKCHepTr3bl. OIHAKO, POCT
ypoBHA A(PPEKTUBHOCTH TOPAKEHUS TaHKA OJMHOYHBIM BBI-
CTPEJIOM W3 Ha3eMHOTO apTHIDICPHICKOTO BOOPYKEHHUS OCTACT-
Csl HE JIOCTaTOYHO BBICOKHM, T.K. 3aBHCUT HE TOJIIBKO OT METPO-
JIOTUYCCKOI'o, HO U APYI'UX BUI0B 06CCHe'~IeHI/ISI.

AHAIOTHYHBEIM 00pa30oM MOTYT OBITH IONy4YeHBI Tpadu-
KU 3aBUCUMOCTEH YpOBHS 3()(HEeKTUBHOCTH MOpPAKEHHUS TaHKA
OJIMHOYHBIM BBICTPEJIOM W3 HA3€MHOT'0 apTHILICPUHCKOTO BO-
OPY)KEHHUSI OT BEPOSITHOCTU YCIICIIHOTO BBINOIHEHHS OCTaJlb-
HBIX MEPONPHSITHI [0 METPOJIOTHYECKOMY 00€CIEYCHUIO.

TakuMm o0paszom, pa3pabOTaHHBIM METO/A, B OTIMYHE OT
MMEIOINXCS, ITO3BOJSCT OLEHUTH BIMSHUE METPOJIOTHYE-
CKOTO o0ecTiedeHusT Ha A(PPEKTUBHOCTH MPUMEHEHUS BOOPY-
JKEHUs, BOGHHOM W crnenuaibHoi TexHuku. [Ipennaraemsblit
METOJ] MOJKET OBITh MCIIOJB30BaH MPH pa3pabOTKe CIIOKHBIX
KOMITIJIEKCOB METPOJIOTHUECKOTO O00ECIICYCHHUS] BOOPYKEHUS,
BOCHHOI M CHENHATbHON TEXHWKH, METOMOB M TEXHHYECKHUX
CPEACTB METPOJIOTHUECKOTO O0ECTIedeH s BOUCK (CHII) B MUP-
HOE BpeMs W Ha OCOOBI TIEPHO, BOCHHO-METPOJIOTHUICCKO-
IO COMPOBOXKICHUS JKU3HCHHOTO IMKJIA M METPOIOTHYCCKOM
9KCIIEPTHU3bI BOOPY)KCHUSI, BOCHHON U CIICIMATBHON TEXHHUKH,
KOHICTITYAJIbHBIX HOHO)KGHHﬁ, BOCHHO-HAYYHOM M TEXHHUKO-
SKOHOMHYECKOM O0OOCHOBAHWU METPOJIOTHMYECKOTro obecreye-
HUSL BOOPYXEHMSI, BOEHHOM U CHELUAIbHON TEXHUKHU.

JanpHeiimee HampaBlICHUE Pa3BUTHS METOHA CBS3aHO
C pa3pabOTKOH METOAMK, MO3BOJISIOIIUX OIPEICIISTh BIIHSI-
HUE METPOJIOTHYECKOTO 00ecnedYeHusi Ha KOHKPETHBIE BUJIbI
BOOPY>KEHMS, BOGHHOM U CIEIUaIbHON TEXHUKHU, a TAaKKE Me-
TOAMK, MO3BOJIAIONINX OINPEAENIATh MEPOMPUATHS 10 METpPO-
JIOTHYECKOMy 00eCTeUeHHIO, OKa3bIBAIOIINE Hanboee CyIie-
CTBCHHBIN BKJIA] B 9 EKTUBHOCTH IPUMECHEHHUS BOOPYKEHHS,
BOEHHOM U Criel[UabHON TEXHUKHU.
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SUPPORT ON EFFICIENCY OF APPLICATION OF ARMAMENT,
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ABSTRACT

The work analyzes the role and place of metrological sup-
port at the stages of the life cycle of the weapon, military and
especially technical equipment. The urgency of the devel-
opment of military metrology is substantiated. The review of
scientific works aimed at the development of military metrol-
ogy in Russia and abroad. The insufficient illumination of the
issue related to the assessment of the effect of metrological
support on the effectiveness of the use of weapons, military
and special equipment is revealed. A method is proposed
that makes it possible to compensate for this gap in military
metrology. The general scheme of the method is described,
which assumes the determination of the probability of suc-
cessful fulfillment of measures for metrological support of a
sample of weapons, military and special equipment, the for-
mation of a model of a measurement object, the formation
of models of measuring instruments installed on a sample
of weapons, military and special equipment as an integral
part, weapons, military and special equipment. To determine
the probability of successful implementation of measures
for metrological provision of a weapon, military and special
equipment, a network mathematical model based on the
approach to quantitative assessment of the operability of a
complex system was developed. An approach to the forma-
tion of a measurement object model is formulated, as well as
an approach to the formation of models of measuring instru-
ments installed on a model of weapons, military and special
equipment as an integral part. Recommendations were made
on the choice of models suitable for assessing the effective-
ness of the use of a sample of weapons, military and special
equipment. A computational example is presented that clear-
ly demonstrates the effect of metrological maintenance of
measuring instruments on the effectiveness of tank damage
by arming with ground artillery. In conclusion, the practical
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KEYWORDS: weapons, military and special equipment;
effectiveness of application; metrological support;
stochastic graph; model of the measurement object;
model of measuring instrument; application model.

significance of the proposed method and the further direc-
tion of its development are described.
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AHHOTALNA

Cucrema uudpposoro paguoseluarus DRM, nossonsitolas Hanbonee 3KOHOMUYHO
obcny>KMBaTh ManioHaceneHHble U yaasieHHble TePPUTOPMK C OTCYTCTBYIOLLEN Be-
watesibHon nHbpacTpyKTypom, pekomeHgosaHa MexayHapoaHbIM COI030M 3sek-
TPOCBS3U AJ1s NPMMEHeHWs B AnanasoHax yactoT Hke 30 My n pacnopsikeHvem
MpaBuTenbcTBa Npu3sHaHa LenecoobpasHon ans ncnonbsosaHus B PO. Ocober-
HOCTbIO LMPPOBOro pagMoBeLLaHUS SBJISIETCS NOPOroBbIN XapakTep Npuema, 4to
TpebyeT Bonee TLWATENBHOrO YaCTOTHO-TEPPUTOPUASIBHOTrO MIAHUPOBaHWUS, YeM
B CMCTeMax pafMoBeLlaHus ¢ aMnauTygHon moaynaunen. NnaHnposaHne ceten
Ll,l/ld)pOBOrO paanoBellaHna B AMana3oHax HU3KUX 4aCToT U CpeaHUX 4aCToT He-
06X0AUMO MPOBOAUTL Ha KPYIJIOCYTOYHOW OCHOBE Ha FO4OBOW MNEPUOA, C YHETOM
Ce30HHbIX pakTopoB. [l ANanasoHOB HU3KUX YACTOT U CPEAHUX YacTOT OCOBeH-
HO Ba)kHbIM CTAHOBUTCS Y4YE€T MaKCUMaJsibHbIX YPOBHEN aTMOCPEpPHbIX paguoLy-
MOB B MNaHWpyeMmsbIx 30Hax obcnyxxmsaHus. B cenbckont mectHocTw, rae, Kak npa-
BWJIO, MPOXOAUT rpaHunLa 30Hbl OBCNYXMUBaHUS, B 3TUX AManNasoHax AaHHbIA BUA
pagvoLLIyMOB siBNsieTCs npeobnajalowmM Hag APYrvMMy BUAAMU PagvoLLyMOB
— UHAYCTPUasbHbIM U ranakTuieckum. B kayecTse kputepus «kompopTHOro npo-
cnywmBaHus» B cucteme umdpoBoro pagvoselwanms ctangapta DRM npunsito
KOPPEKTHOE leKOANPOBaHNE ayiNo KOHTEHTa B TeueHne He meHee 98% BpeMeHu.
CooTBeTCTBEHHO, 32 MaKCUMaJlbHbIN YPOBEHb aTMOCEPHOro paauoLLyMa cremy-
eT NPUHMMaTb ero 3Ha4yeHue, NpeBbilLaeMoe B TeueHue 2% BpeMeHU B Nos1oce Cur-
Hana uMdpPOBOro PagMoBeLLLAHUS B KaXKAO0MN TOUKE 30HbI 0BCy>KUBaHWs.
PaspabortaHa npouegypa nepexofa OT OMMCaHHOrO B pekomeHpauum Mexay-
HapOLHOro Coto3a 3M1eKTPOCBA3N rpadoaHaIMTUYECKOrO METoAa onpenesieHns
[AaHHOro napameTpa K MporpamMMmHO-BbluUCUTENIbHOMY. PaspaboTaHHbiii npo-
rPaMMHbIN NPOAYKT UCMOMb3yeT MOAMPULMPOBAHHBIN Kog nporpammbl Mexay-
HapOAHOro coto3a 31eKTPOCBSA3M A1 paciyeTa aTMocdepHbIX PagnOLLYMOB U Mo-
3BosisieT oTobpaxkaTb Ha KapTe C NPOU3BOJIbHLIM MaclUTabom TepputTopuasbHoe
pacnpegeneHue npesbillaeMon B TedeHne 2% BPEMEHU HaMNpPs>KeHHOCTU Nons
aTMochepHbIX PaANOLLYMOB B 3a4aHHOM MOIOCE YAaCcTOT Ha YacToTax Auana3oHoB
HU3KMX YaCTOT U cpeAHux yacToT. [lprMBeaeHbl NpUMepsl pacyeToB B rnoJioce Ya-
cToT undpoesoro paguosewwarms 10 kly B grnanasoHax HM3KUx YacToT — ans MNep-
BOro pervoHa MexayHapofgHOro cotosa 3/1€KTPOCBSA3N, U CPeAHUX YacToT — Anis
Bceln Tepputopun 3emnu. NpoBeaeHHbIN aHann3 NPUMEPOB PacyeToB MO3BOJINII
onpeaesinTb NPeanoYTUTESNbHbIE YacTOTbl U TEPPUTOPUM, HA KOTOPLIX Hanbonee
uenecoobpasHo ucrnonb3oBaTh LppPoBOe pagmoseLLaHve ctaHaapta DRM.

09 UWTUPOBAHWA: Bapnamos O.B., Bapnamos B. O. PacnpepenieHrie MakcMMasibHbIX YPOBHEN aTMOChEPHbIX pagmoLLy-

MOB B AManasoHax HU3KMUX YacTOT U CPeAHUX YacToT no Tepputopun 3emnn // Haykoemkme TeXHONOMMM B KOCMUYECKUX UC-
cneposaHuax 3emnun. 2017.T. 9. N2 5. C. 42-51.
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Cucrema tmudposoro pammosemanuss DRM (I'OCT P
54462-2011) [1-2] pekomengoBaHa MexayHapOIHBIM COIO-
30M AnnekTpocBszu (MCD) [3] wis npUMCEHEHHUS B AMAana30Hax
gactoT Hxke 30 MI't u pacniopspkenueM IIpaButenscTBa npu-
3HaHa 1es1ecoo0pa3Hoi Jyist ucnosib3oBanus B PO [4]. Cuctema
DRM mno3BomnsieT B Auana3oHax HI3Kux gactoT (HY), cpenanx
gactoT (CH) m BhIcOKHX YacTtoT (BY) obecreunTh KadyecTBO
3ByYaHUsl, CONIOCTABUMOE C Ka4eCTBOM YJIETPOKOPOTKHE BOJI-
Hbl yactoTHast moxyssiuus (YKB-UM) Bemanus [S]. [Tpu atom
pauyc 30HbI 00CITy)KMBaHHSI TIEpeaTunKa, KOTOPBIi B Anara-
30HE O4YeHb BbIcOKHE YacToThl (OBY) orpannueH pacCTossHUEM
MPSIMON BUIUMOCTH, COCTABIISIET COTHU KMJIOMETPOB. JlaHHOE
o0crosATenbCTBO AenaeT crangapr DRM He3aMeHMMBIM IS
00CITy)KMBaHHsl MaJIOHACEJICHHBIX YJaJICHHBIX TEPPUTOPHUM
C OTCYTCTBYIOIIICH BeNIaTEIbHON HHPPACTPYKTYpOit [6—8].

Pazpaborannbie B [9-13] TexHHYeCKHE pEIICHHS IO3BO-
JISIFOT MCTIONIB30BaTh CYIIECTBYIOIINE aHTEHHO-MauTOBBIE CO-
OpYKEHHMsI, B TOM YHCIIE B PEKUME OJHOBPEMEHHOM Mepeiadn
mudpoBoil U aHamoroBoi mporpamm (Simulcast) B mepexon-
Hblid iepuoz [14]. OcobeHHOCTH paboTHI MMepeaaroIero 00o-
pynoBanus B pexkume DRM, criocoObl ocTpoeHust ero 0CHOB-
HBIX DHEPrOoeMKHX Y3JI0B M HU3MEPHUTEIHLHOTO 000pYI0BaHUS
paccmotpensl B [15—12]. TpeGoBaHus K TpueMHOMY 000pY/IO0-
BaHUIO U PEIICHHS TI0 00ECTIeYeHUI0 TPeOyeMOil 4yBCTBUTEIh-
HoctHy B muama3oHax HY u CY pa3paboransl B [22].

W3BecTHOH 0COOEHHOCTBIO LM(POBOrO pPaaMOBELIAHUS
SIBJSIETCSl IOPOTOBBIM XapakTep IpueMa, u4To Tpedyer Oosee
THIATEIBLHOTO YaCTOTHO-TEPPUTOPHUAIBHOTO TUIAHWPOBAHUS,
YeM B CHCTEMAax pPaJMOBEIIAHUS C aMIUIUTYAHOW MOAYJISIHU-
et [23-26]. JInsa nmuanazonoB HU u CY ocoOeHHO Ba)KHBIM
CTAaHOBHUTCS y4YeT MaKCHMAaJbHBIX YPOBHEH armMoc(epHBIX
panuoIIyMOB B IUTAHUPYEMBIX 30HaX oOciykuBanus. B cesb-
CKOI MECTHOCTH, I7Ie, KaK MPaBUIIO, TPOXOIUT IPAHHIA 30HEI
o0cCiTy)KMBaHUsI, B YKa3aHHBIX JMara3oHax JaHHbI BUJ pa-
JIMOIIYMOB SIBJISIETCS Pe0OIalaloIiuM Hajl IPyTUMH BUAAMHU
pPaAnoIIyMOB — HWHIYCTPHANBHBIM M TalakTHdeckuMm [27].
[Ipouenypa n npuMepsl TaKOro ydyera npuBeaeHs! B [28], e,
B YAaCTHOCTH, IT0OKA3aHO, YTO B CEBEpPHBIX muporax Pd Hanps-
JKEHHOCTh TOJISI aTMOC(EPHBIX PaJNOLIYMOB HYKE YPOBHS
COOCTBEHHBIX IIYMOB TPHUEMHUKA, TPHUBEJICHHBIX K Hamps-
KEHHOCTH TI0JIsI, @ B PsZiE TPOIMMUYECKUX PErHOHOB — CyIIle-
CTBEHHO BBIIIIE.

YunTeIBas MPOBOIMMOE B HACTOSIIEE BpPEMs IIMPOKOE
BHeEJIpeHHE crcTeMbl nudposoro paauosemanus (LIPB) cran-
mapra DRM B Unnuu (B 2016 romy peryiasipHoe BelaHue
B nuanaszone CY B pexxume Simulcast ocymectrisiin 34 me-
penarduka), MPOBEJCHUE OOJNBIIOIO KOJIMYECTBA TECTOBBIX
TPAHCIISILMNA HA BCEX KOHTUHEHTAX, U BO3PACTAIOLINI HHTEpeC
AJIMUHHCTPANNI CBSI3M Pa3INYHBIX CTPAH K HMCHOJIB30BAHHIO
9TOW CUCTEMBI, pa3pad0oTKa HHCTPYMEHTAPHUS [UIsl BEIYMCIICHUS
W HaLSTHOTO OTOOpa)KEHUsI paclpeeeHUs] MaKCUMallbHBIX
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YpoBHEH aTMOC(hEpHBIX PaIHONIyMOB B Tpeaeiax OONBIINX
TEPPUTOPHIL, B TOM YHCIIE TT0 BCEH TTOBEPXHOCTH 3€MIIH, SIBIISI-
eTcsl aKTyaIbHOH.

JIOTIONTHUTENIPHYIO aKTyalbHOCTh JaHHOW 3ajade Ipu-
JlaeT BO3MO)KHOCTh HMCIOJIb30BAHUS PE3YJIbTaTOB MPHU TUIAHHU-
pPOBaHUM 30H OOCITYKMBaHMS MEPCIHEKTUBHON PaJroCHCTEMBI
mnanazona CH «Haswurammonusie nanasie»y (HABJIAT), nmpen-
Ha3HAYEHHOW /IS MCIIONB30BAHUS B MOPCKOM ITOJBIMKHOM
ciryx0Oe Jurss nudpoBoro paanosemanus (B ¢popmare, coBMe-
cTuMoM co crangaproM DRM) nndopmanmu, kacaromiencs 3a-
HMIUTHI ¥ o0ecrieueHnst 0e30IacCHOCTH Ha MOpE B HAIPaBJICHUH
Oeper- cynHo, Ha gactote 500 k11 [29-30].

ITocranoBKa 3a1a4un

B cucreme LIPB crannapra DRM B kauecTtBe kputepus
«KOM(pOPTHOTO MPOCITYITHBAHUSD TIPHHATO KOPPEKTHOE JICKO-
JUPOBAaHUE ay[H0 KOHTEHTa B TeueHHEe He MeHee 98% Bpeme-
HU. COOTBETCTBEHHO, IPUMEHUTEIBHO K JIaHHOW CHUCTEME, 3a
MaKCHMaJIbHBIH yPOBEHb aTMOC()EPHOr0 pajnonrymMa IpHHHU-
MaeTcs €ro 3HaueHHe, MPEBhIIIacMoe B TedeHrne 2% BpeMEHI
[28] B mosioce 4acToT, COOTBETCTBYIOLIEH HCIIOIb3yEMOMY HO-
MUHaJy 3aHsTus crekrpa: 4,5; 55 9; 10; 18 nmm 20 xI'w.

[Tpu npoBeseHUM PacueTOB 30H OOCITY)KUBAHUS TPHHS-
TO HMCIIOJNB30BATh 3HAYEHUE HANPSKEHHOCTH OIS OJIE3HOTO
CHUTHaIa, BeIpakeHHoe B IbMKB/M. J{ist oOerdenns Bocpusi-
THSI COTIOCTABIISIEMbIX JIAHHBIX, YPOBEHb aTMOC(EPHOTO pajn-
OllyMa, BBIpa)KaeMblii OOBIYHO B BUJIE MEIMAHHOIO 3HAYCHHS
F_ (8 nenuodenax BbIIIE kTOb) WIH B €IWHHUIIAX MOIIHOCTH
(P, =F, + B-204 (nbBr), rne B = 10 lg b, b — mymosas no-
JI0Ca 9acToT), eJIeco00pa3sHo BBIpaXKaTh KaK HAMPSHKEHHOCTh
TIOJIST PAINOIITyMa, KOTopast U KOPOTKO# (4 << A) BepTHKAIb-
HOW MITHIPEBON aHTEHHBI MOJKET OBITH IMONTydeHa Kak [27]:

E =F,+20lgf,. +B—955 (abmkB/m),

rie £ — HanpsukeHHOCTD OIS B 10JIOCe b, fy - — HeHTpaib-
Has 9acToTa.

ITo snavennro V, (Voltage deviation) [27] mns 3amanno
ITOJIOCHI YacTOT TI0 CEMEHCTBY rpadUKOB, MPHUBEICHHBIX Ha
puc. 39 B [27], MOXKHO ONpPEAETUTH aMILTUTYAY NPEBBIICHUSI
YPOBHS IIlyMa HaJl MCIIMAHHBIM 3HAYEHUEM (A, ) I 3aJaHHOTO
HPOLEHTA BPEMEHH. 3aBUCUMOCTD A OT V, Juist paccMarpusa-
€MOT0 B HacTOsIIeH paboTe cirydast MPEeBBIICHHST OPIUHATHI
B TeueHHne 2% BpPEMEHH, MTOMYUYCHHAS Ha OCHOBAaHHHU JTaHHBIX
u3 puc. 39 [27], npeacrapneHa B Bujae Toyek Ha puc. 1. Ona
JIOCTATOYHO XOPOIIO ANMPOKCUMHUPYETCS MOJIUHOMOM MSATOTO
nopsiika (CIUIOIIHAS JIMHUS Ha puc. 1) Buaa:

4, (V,) =8.921571%10" (~6)) *x*5 — (8.151156*10" (—4))
XA+ 0.0277473%x73 — 0.4535662%x"2 +
+2.6482744%x + 3.9329623.
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TakuM 00pa3oM, HAMPSHKCHHOCTH TIIONIS aTMOCQEPHBIX
paIroIIyMoB, IIPEBbINIaeMas B TeUeHUN 2% BPEMEHH, MOXKET
OBITH TIOJTyYeHA KaK:

E,, =F, t20lgf, +B-955+4 (V) (abMkB/m).

[InanupoBanue ceTeil MUPPOBOTO PaTHOBEIIAHHS B JHa-
mazonax HY u CY HeoOXoauMo MPOBOAMTE Ha KPYIIOCYTOU-
HOW OCHOBE Ha I'OJI0BOM MEPHOJ C YUETOM CE30HHBIX (aKTO-
poB. B Hacrosiiee BpeMs aBTOpaM HE HU3BECTHO HM OJHOTO
IIMPOKO JOCTYITHOTO MPOTPaMMHOT0 MPOAYKTA, MO3BOJISIONIE-
TO pacCUUTHIBATh Ul TEPPUTOPHH MPOU3BOIBHOIO pazMepa
MaKCHUMAaJIbHBIE OXKHIAEMbIC 3HAYECHHS HANPSKECHHOCTH IO
aTMoc(epHBIX pajMoIIyMOB (IJIs1 BCEX CE30HOB TOfla M BCEX
BpPEMEHHBIX OJIOKOB), TIpEeBbIIIacMbIe B TeueHue 2% BpEeMEHH,
n oToOpaXkaTh MX Ha Kapre.

Tak, cBOOOmHO pacrhpocrpansiemass MCD mporpamma
NOISBW mno3BosisieT [iist BRIOpaHHOM TOYKH C 3alaHHBIMHU T€0-
rpaduUecKIMI KOOPAWHATAMH PACCUNTATh OKUIAEMBIE MEIH-
aHHbIE 3HAYEHHUs aTMoc(epHOro paauoryma F, (B nenmbenax
pimie KT b) u snauenue V, (Voltage deviation) [27] B 3a1aHHOM
M0JI0CE Ha UCIMOJIb3YeMOM 4acToTe [yl YEThIPEX CE30HOB roja
C IIECThIO BPEMEHHBIMU OJIOKAMHU B KKIOM. DTa Mporpamma
Obi1a Hanrcana Ha si3pike FORTRAN V B 1993 rony (aBTOp
Gregory R. Hand) xak 16-tu 6utHOe DOS-mpuioxenne s
PaboTHI B TMAJIOTOBOM pEXHMME M HE pabOTOCTIOCOOHA Ha COBpe-
MEHHBIX KOMITbIOTepax ¢ 64-X OWTHOW ONepalMoOHHOW CHCTe-
Moii. BeIBOJI pe3y/IbTaToB pacyeToB OCYILECTBISIETCS] B TEKCTO-
BbIH (aiis. BeIOOp MakCHMalTbHBIX 3HAYEHHH MOYKHO ITPOBONTH
TOJIbKO B PYYHOM PEKHME MO JAHHBIM BBIXOJHOTO TEKCTOBOTO

(aifma, a mocTpoeHHE KapThl MECTHOCTH C HCIOIB30BaHUEM
JTAHHOU TIPOTPaMMBI HE TIPEIICTABIIACTCS BOSMOKHBIM.

Boree coBpemenHas mporpamma Toro ke aBropa, GH
NOISE, nanucana B 2007 ronxy kak Windows npuioxeHne
Ha Salford FTN95 [31]. OpuentupoBaHHasi, IpenMyIIeCTBEH-
HO, Ha Auana3oH BY, oHa mo3BoisieT paccUUThIBATh 3HAUCHUE
Fm B nojoce 1 I'l Ha UCHOAB3YEMOM YacToTe AJIsl YEThIpEX
CE30HOB IOJIa C MECThI0 BPEMEHHBIMHU OJIOKaMH B Ka)KJIOM OT
aTMOC(EPHOTO, HHAYCTPHAIFHOTO H TAJUIAKTHYECKOTO IIyMa,
a TaKkKe WX KOMOWHAIMH, U OTOOpakaTh pe3yJbTaThl B Tpa-
¢uueckoM Buze Ha kapte mupa. Cieayer OTMETHTh, YTO HC-
nons3yemsbiil B iporpaMmme GH NOISE momyns oToOpaskeHus
Pe3yIbTaToOB pacyeToB Ha KapTe MHpa TIPEICTAaBISAET cOO0it
YCEUCHHBIH BapraHT (0¢3 BO3MOYKHOCTH ITOCTPOCHHS KapThI OT-
JIETIbHBIX PErHOHOB) ITporpammbl otoopaskennss WORLDWIN,
HCIIONIb30BABILECHCS B CBOOOIHO PACHPOCTPAHSIEMOM MaKeTe
ITS HF Propagation Toro »e aBropa [31].

TakuMm 00pa3zom, I pelIeHs] paccMaTpUBAEMON 3a1a4H
MOYKET OBITh NCTIONB30BaHa CIEAYIOIas CTPATETHS.

1. Momudwukamms xoma nporpaMmmel NOISBW, 3akimioua-
IOLIASICS B:

— no0aBieHUU 0J0Ka BEIOOpA MAKCUMAJIBHBIX 3HAYCHHN
Fam I10 BCEM C€30HaM 1 4aCTOTHO-BPEMCHHBIM 6J'IOKaM JJIs1 O1-
HOH reorpaduueckoil TOUKH;

— TMEpecUeT 3HAYEHUH F B HANPSIKEHHOCTD MO B 3a-
JAHHOM ITOIT0CE YaCTOT, MPEBHIIAEMYIO B TeueHue 2% BpeMe-
HH, TIO 3HaY€HUAM V, C yUETOM TIOyHEHHOH BBIIIE 3aBHCUMO-
ctu 4, ot V;

— OpraHu3aly MPOBE/ICHHS CEPHU PACUYETOB B IPEIeNax 3a-
JIAHHOTO T10JIs1 TeorpapuuecKrX KOOPMHAT C TPEOyeMBbIM I1aroM;

10
5///_‘_‘.\L\
g ° H‘\’\*
= 1
A -5 \
4]
= -10 <
-y [y
15 \
-20 '
0 5 10 15 20 25 30
Vd, ab

@® & & & [annbie na Rec. ITU-R P.372-12, Puc. 39, AnA 2% BpeMeHi NpeBbILLeHUA OpaMHaTL
Y(x)=(8.921571*10"(-6))"'x" 5-(8.151156" 10" (4))"x"4+0.0277473"x" 3-0.4535662"x" 2+2.6482744"x+3.9329623

Puc. 1. 3aBUCHMMOCTD aMIUIATY/IBI IPEBBINICHAS yPOBHS IIyMa Hajl ME/IHAHHBIM 3HaYeHHEM (4 ) oT V),

JU1st 2% BPEMEHH IIPEBBIIICHNS] OPAUHATEI
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— OpraHu3anuy ee paboThl B KAUECTBE BBI3BIBAEMOH MPO-
TpaMMBI C TTOJTHBIM HAOOPOM BXOAHBIX TTAPAMETPOB, OIPEIEIIs-
eMbIX (haiiIoM BXOAHBIX JAHHBIX;

— TeHepalyy BBIXOAHOTO (aiina B opmare, MpUroaHoM
JUTS 9TeHUs porpammoit noctpoutesst kaptel WORLDWIN;

— TEePEeKOMIMINPOBAHUE B COBPEMEHHOH cpele paspa-
60TKH [Tt 00ecTiedeHNsT BOSMOYKHOCTH paboThI ¢ 64-X OUTHEI-
MU OTIEPAIIHOHHBIMH CHCTEMaMH.

2. Hanncanue yrnpasisitoriei nporpaMMsl ¢ TpaduuecKum
nHTepdeiicoM MoIb30BaTENs, TO3BOJISIOIIEM:

— BBOJIUTH KOOPJIHMHATHI JUIsi TPaHUIl reorpapuyeckon
o0nactu, B KOTOPOH MPOBOASTCS PACUETBI;

— 3a/1aBaTh LEHTPAIBbHYIO YaCTOTY U MOJOCY YacToT;

— BBI3BIBAaTh MOAN(DHUINPOBAHHYIO BEPCHIO ITPOTPAMMBI
NOISBW u nepenaBath eif UCXOAHbIE JAHHBIE AJIS PACUETa;

— dopmupoBars (aitiiel KOHGUTYpALMY YIS TIPOTPAMMBI
noctpoutens kapTsl WORLDWIN u ocyiecTBiasTh ee 3amyck
¢ TpebyeMBIMHU TTapaMeTPaMu;

— TIPOBOAWTH pacdeT C MCHOJIB30BAHHEM MOAUPHUIUPO-
BaHHOM Bepcuu nporpammbl NOISBW 17151 0mMHOYHON TOUKH
10 Ce30HaM rojia ¥ BPEMEHHBIM OJIOKaM C MOCTPOCHUEM TI'pa-
(huKoB U151 y10OCTBa BU3YaIbHOTO BOCIIPHSTHS.

Peann3anusi NporpaMMHOro NpoayKTa
U NPUMeEPHI UCI0JIb30BAHUS

[pu peanu3aiuu MPOrpaMMHOrO MPOLYKTa OBLTH PEIICHBI
BCE IIOCTABJICHHBIC BBINIC 3a/la4. YIPABISIOMIAs MPOrpaM-
Ma NBWMax.exe (Noise BandWidth Maximum) 0Obuia pea-
JU30BaHa B cpene paspadborku Microsoft Visual Studio 2010
Ha si3bIke mporpammupoBanusi C#. Murepdeiic monb3oBaress
YIPaBISIFOLIEH TPOrpaMMbI TIPUBEICH HA pHC. 2.

Pasmep paccuMThIBAEMO# CETKH 10 KOOpJHMHATAM MO-
JKET U3MEHATHCS OT 5X5 Touek 10 361x361Touek mo mupore

85 NBWMax S .
map type gridsize(5°5-361°361)
- P
ponroTadongotude
MIMHMYM WMPOTEI(rpasycsl)
open file MKCHMYM WHPOTEpanycsi) i
MAFMYT ZONTOTEIPEYC)
N MEKCAMYM QoNToTe!{rpaycsl) e:gw
usprna norocs -
save as mapcoloﬁ
=
o
Calculate podnee
Show last Show map
calcuiation o

Puc. 2. UnTepdeiic moap3oBaTens ynpapisiomieil IporpaMmbl
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[=le k)

o5 Single point calculation

Latitude (deg) 20
Longitude (deg) 80

Frequency (MHz) 055
Bandwidth (Hz) 10000
Parameter LN ~

ATMOSPHERIC RADIO NOISE PARAMATERS vs TIME

42 —_—— —\;\ﬁnlter
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i N
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local time

Puc. 3. IIpumep BBIXOIHBIX JaHHBIX pacueTa
JUTSL OIMHOYHOM TOYKH

u ponrore. Ilo ymonuanuto ucnonsdyerca 61x61 Touka. Ilpu
9TOM IpH pacyeTe LIYMOB MO BCEMY MHpY IIar Mo MIMPOTe
COCTaBIIseT 3 Tpaayca, a o Jojirore 6 TpajaycoB, YTO aHAIO-
rugHo nporpamme GH NOISE. Ilpu ymeHsIeHun pa3mepos
TEPPUTOPUH, TSI KOTOPOW TPOBOAUTCS pacyeT, mar Mporop-
[MOHATHHO YMCHBIIACTCS.

[Tpumep oroOpakeHUs1 BBIXOIHBIX JAHHBIX MPU pacyere
JUTS OIMHOYHOI TOYKHM TI0 Ce30HaM T'oJja M BPEMEHHBIM OJI0KaM
MTOKa3aH Ha puc. 3.

[IpumMeps! pacueToB mpeBbIIaeMoil B TedeHue 2% BpeMe-
HU HaIpsHKEHHOCTH T10JIs1 aTMOC(EPHBIX PaIMOLIyMOB B I10JI0-
ce yacror UPB 10 xI'u B nuanazonax HY (ans Iepsoro pe-
ruona MCDO — na yactotax 0,15; 0,20; 0,25 MI'm) u CY (s
Bceil Tepputopun 3emsin — Ha yacrorax 0,55; 1,0; 1,5 MI'm)
MIPUBEICHBI HA PUC. 4 U 5 COOTBETCTBEHHO.

AHaIu3 pe3yJIbTaTOB

Juanazon HY. @parment nuamazona HY (148,5-
283,5 xI'n) BBIAETCH /Ui paguoBernanus B IlepBoM pernone
MCD, xotopslit Bkitouaer B cebst EBpory, Adpuky, cTpaHsl
osBrero CCCP u ommxnero Bocroka, a Taxyxe MOHTOJIHIO.
MuHIMaIbHO HCIIONB3yeMasi HaNpsHKCHHOCTH TOJS CHTHAJa
LPB mst aToro quanazona onpezaencHa B [23] kak 46 nbMkB/m
B pexuMe nomexoycronunBoctd A, 9 xI'n, 64QAM-1, ¢ Tpe-
oyembim s nekomupoBanust OCIIL, paBubiM 16 nb. JlanHoe
3HAQUEHHE COOTBETCTBYET YPOBHIO COOCTBEHHOTO HIyMa IPH-
€MHHKa, TPHUBEICHHOTO K HANpPSHKEHHOCTH OIS, PaBHOMY
30 nbmxB/M. Tlpn mpeBBIIICHUN ATOH BENWYHHBI aTMochep-
HBIMH PaIMOLTyMaMH 9yBCTBUTEIFHOCTD IPHEMHHKA HE Oy/ieT
MOJTHOCTBIO HMCHOJIB30BaHa, U HEOOXOAMMasi HalpsHKEHHOCTD
nosist OyZieT ONpeessIThCs KaK ypOBEeHb aTMOC(EPHBIX pajiio-
ITyMOB IUTIOC Tpebyemoe s aexoauposanus 3HadeHne OCII.
370, B CBOIO OYepenb, MOTPEOyeT YBEINICHUS MOIITHOCTH Tie-
penaTdmka Ui COXpaHEHUsS paauyca 30HBI OOCITYKHBAaHUS,
WIN TIPUBEET K YMEHBUICHUIO 30HBI 00CIY)KHBaHMUS IIPH CO-
XPaHEHUU MOIIHOCTH MEepeaaTynKa.

45



H&ES RESEARCH, 5-2017
PAONOTEXHUKA N CBA3b

Max atmospheric radio noise exceeding in 2% of time. F=0.15 MHz: BW=10000Hz
arsadata areadata‘\defaulti\noisedat.N11

-2

L J Il e | NBWMAY|

3 /gs -&.2 = r_.;.?‘:u" -'FF-_ Bl
= el A e
E ¥ . 'a > :
g X, S
5" = ) > »
- 0 > a8
K o B
Eow sne 12,70
£ Mawm €40
B EETR coefricienta
; 121x3121 gridsize

U % » & e me te o6 ik b . s T

GECGRAPHIC LONGITUDE (DEGREZS EAST)
NIIA/ITS

Max atmospheric radio noise excesding in 2% of time. F=0.2 MHz; BW=10000HZ
areagata areadata‘\default\nolsedat.N1l

= Field Serangrh
5 [
et g

i3

B
i

CCIR coefficienca
121x371 gridaize

4

GREOGFAPHTC LATTTUDE (DEGREES MOATH)

B o e
GEOGRAPHIC LOWGITUDE (DEGREES EAST)
NTIA/ITS

Max atmospheric radio noise exceeding in 2% of time. F=0.25 MHz; BW=100008z

areadara areadata’\default\neisedat.N11

i
N
At

AN NN RN Y
Hasssssgs

if

i SRSU——
\ CCIR corfficienca
121123 gridaize

GROGRAFHIE LATTTUNE (DEGREHS MORTH)

EaP

NTIA/ITS

Puc. 4. IIpumeps! pacueros B quanaszone HY
st [leporo permona MCD Ha gacrorax 0,15; 0,20; 0,25 MI'1g

46

Kak BumHO U3 puc. 4, Ha OONBIICH YaCTH a3MAaTCKON Tep-
putopun P® ypoBeHb arMoc(epHBIX pagvoIIyMOB HE TIpe-
BBIIIAET COOCTBEHHBIX MIYMOB INPHEMHHKA, YTO ITO3BOJISIET
Haunboee 5KOHOMHUYHBIM CIIOCOOOM 00CITY)KUBATh IIH(YPOBBHIM
paanoBeNaHleM MaJOHACEJICHHbIE U yAaJIeHHbIE TEPPUTOPUH,
HCIIOJIb3Ysl caMble HU3KHe yacToThl nquanazoHa HY. Hesnauu-
TenpHOE mpeBbieHne (Ha 5—10 nb ma wactote 150 x['m) Ha-
GiromaeTcest B ceBepHOM dacTh CKaHAMHABCKOTO MOIYOCTPOBA,
BenukoOpuranuu, ceBepo-3anagHoit yactu @pannun, [lopry-
ranuu 1 BoctouHo yactu Kasaxcrana. Ha atux tepputopusx
nenecoodpazHee MCMOIb30BATh BEPXHIOK MOJOBHHY Haria-
3ona HY, rae npesbiieHne arMochepHbIX PaaUOLIyMOB HaJ
ITyMaMH IPUEMHHKA COCTaBIsIeT He Ooee 5 ab.

Bepxwroro Tpeth quanasona HY MOXXHO Takxke UCTIONb30-
BaTh B CEBEPHON YaCTH M HA IOKHOW OKOHeYHOCTH Adpukw,
Ha OmmxHeM Bocrtoke, B 3anmanHoi EBporie u B eHTpasibHOIM
yactu PO, rie npesbilieHne aTMOC()EpHBIX paJnoLIyMOB HaJ
ITyMaMH IpUeMHHKa cocTaBisieT 10 10 ab.

Ucnonbs3oBanue LIPB B quanasone HY B sxBaTopuanbHOM
1 TPOITMUECKON 4acTAX AQPHKH, T7I€ HAXOAUTCS OJUH U3 TPEX
MHPOBBIX 0YaroB I'PO30BOM aKTUBHOCTH M CBSI3aHHBIX C HUM
arMoc(epHBIX PaJHOIOMEX, HAIPSHKEHHOCTh TOJISI KOTOPBIX
Jlayke Ha BEpXHUX yacToTax AuanazoHa HY mpeswimaer 55—
60 nbMkB/M, ipeacTaBIsIeTesl MaJIo [eIeCO00pa3HbIM.

Juanazon CY. VYuactok gmamazoma CY (526,5—
1606,5 x['11), BBIACITCH IS paANOBEIIAHIS HA BCEMUPHOU OCHO-
Be. MUHMMAaIIEHO UCTIONB3yeMast HalpsDKEHHOCTD TTOJIsl CUTHAJIA
IPB mnst sToro nuamasona onpenenena B [23] kak 40 nbmkB/m
B pekuMe moMexoyctonunBocTH A, 9 k', 64QAM-1, ¢ Tpebye-
MbIM st AekoaupoBanunst OCII, paBaeiM 16 1b. JlanHOE 3HaUe-
HHE COOTBETCTBYET YPOBHIO COOCTBEHHOTO ITyMa NPHUEMHHKA,
TIPUBEICHHOTO K HANPsDKEHHOCTH TOJIS, paBHOMY 24 nbMKB/M.

Kak BuaHO 13 puc. 5, B TpeX MHPOBBIX 04arax rpo3oBOi
aKTHUBHOCTH Ja’k€ Ha BEPXHUX dacToTax auamnasoHa CY Ha-
MIPSHKEHHOCTD TOJIsI aTMOC(HEPHBIX PaJHOIIYMOB MPEBBIIIACT
45 nbMkB/M. DT0 moTpebyer MHHHUMAaIbHO HCHOJIB3YeMO
HaTpsDKeHHOCTH moiisl He MeHee 60 nbMkB/M, uTo HUBenHpY-
€T PHepreTnyeckuil BeIMIpbill cucteMbl LIPB no cpaBHEeHUIo
C PaJMOBEIIaHNEM C aMIUIUTYAHOW Momyisiuueii. OnHaKo BbI-
urpbi cucremsl [[PB B kauecTBEHHBIX XapaKTePUCTHKAX, KaK
10 Ka4ecTBY NepeaBaeMoro ayJuo KOHTEHTa, TaK U 10 BO3-
MOKHOCTSIM Hepeayd MHOTOIPOrPaMMHOTO BELIAHUSI U J0-
TTOJTHUTEIBHON IH(poBOit mHpopManuu, octaercs. [1o 3Toit
MIPUYMHE [eNIeco00pa3HoCTh ucnonb3oBanus [[PB B anara-
3oHe CU B 3THX pernoHax cjeayeT OCTaBUTh Ha YCMOTPEHHUE
aJMUHUCTPALUH CBSI3U COOTBETCTBYIOLIUX CTPAH.

B nenoM, opHeHTHPYSCh TOJIBKO Ha ypOBEHb armocdep-
HBIX PaJUOINIyMOB, OJIaronpuaTHEIMU s npuMeHenus [[PB
BO BceM amamnazoHe CYU MOXXHO cUMTaTh TEPPUTOPHH, PACIIO-
noxennsie Boimie 30 °CIHI u mmke 30° FOIL, 3a uckmodeHreM
neHrpaiabHol yactu CeBepHOl AMepukn, Izie Leiiecoodpas-
Hee UCMOJIb30BaTh BEPXHIO MOJNIOBUHY AuanazoHa CU. Jlns
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Max atmospheric radio noise exceeding in 2% of time. F=0.55 MHz; BW=10000Hz
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Puc. 5. I[Tpumepst pacueros B auanazone CY i Bcelt

Tepputopuu 3emiu Ha gactorax 0,55; 1,0; 1,5 MI'g
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Ooiee TOYHOTO aHaIM3a HEOOXOMMMO YYHUTHIBATh CE30HHBIC
BapHaIlNH HAMPSKEHHOCTH OIS TIOJIE3HOTO CHTHAIIA, KOTOPEIC
B nuanazone CY cyiiecTBeHHO Bbille, yeM B auanazoHe HY,
U 3aBUCSAT OT KJIMMAaTUYECKUX YCIIOBHIl, a TaKXKe pacrpeaene-
HUE HAPsHKEHHOCTHU TOJISt OT MecTa K MecTy [34].

3akii0ueHue

PazpaboranHble MeTOAWMKa pPAcdeToB M MPOTPaMMHBII
MIPOAYKT MO3BOJISIIOT ONPENENIATh MAaKCUMaJbHbIE 0XKHUJAEMBbIE
3HAYEHUS HAIIPSHKEHHOCTH MOJISI aTMOC(EPHBIX PaAHOLIyMOB,
MpeBbIIaeMble B TedeHHU 2% BpeMeHH B auamasoHax HY
u CY B 3ajaHHON TOJIOCE YACTOT KaK IO BCEU TEPPUTOPHH
3eMiH, Tak ¥ B JTOKaJIbHBIX reorpa)HuecKuX peTHOHAX, U OTO-
OpakaTh MX Ha KapTe.

[IpoBeneHHBIN aHANU3 HPUMEPOB PACUETOB IO3BOJMI
OTIPENIeNINTh MPEANOUYTUTEIbHbIE YACTOTHl U TEPPUTOPHH, HA
KOTOpPBIX HauboJjee 1enecoodpa3Ho KCIOoIb30BaTh HU(PPOBOE
panuoBemanue crangapra DRM.

Bornee monpoOHbIe pacdyeTsl Ui TEPPUTOPHIA KOHKPETHBIX
CTpaH Ha 3a/IaHHBIX YacTOTaX, KOTOPbIE HEOOXOAMMO ITPOBO-
JUTH NpU IUNIAHUPOBAHUYU TE€CTOBOIO WM PEryIsPHOrO Bella-
HUsI, MOTYT OBITh BBITIOJIHEHBI O 3aKa3y 3aMHTEPECOBAHHBIX
aIMUHUCTPALIUN CBSI3U UITM BEllATeNeH.

JlanbHeHIIMMHI HamnpaBlIeHUSIMH PabOThl MOTYT SIBIISATb-
Csl aKTyaslbHasl sl KPYITHBIX TOPOZOB pa3paboTKa MpoIemy-
pPBI COBMECTHOTO yd4eTa aTMOC(EPHBIX M WHIYCTPHAIBHBIX
PaAKoIIyMOB, UMEIOIIUX PA3IMYHOE PACHPEEIICHHE, a TAKKE
pa3paboTka MporpaMMHOro oOecreueHus JJIsl pacueToB 30H
nokpsitus nepenardukos LIPB cranpapra DRM nuanaszonos
HY u CY ¢ ygeToM HEpaBHOMEPHOTO PACTIPEICICHUS YPOBHSI
panuoIIyMoB B MpEAEiax 30HBI oOcyxuBaHuUs. JlaHHas 3a-
Jlaya 0COOCHHO aKTyaJlbHa JJIsl aBTOMAaTH3ally PacueToB 30H
MOKPBITHS B KPYITHO-KJIACTEPHBIX OJHOYACTOTHBIX ceTsx L[PB,
onucaHHbIX B [6, 32—-33], mockoiabKy B Mpenenax KiacTepa
C pasMepamMiu, MOPEBLIIIAIOINUMA ABEC TBICAYU KHUIOMETPOB,
YPOBEHb IIyMa MOXeT U3MeHsThCst Oosiee yem Ha 10 ab.
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DISTRIBUTION OF MAXIMUM LEVELS OF ATMOSPHERIC RADIO NOISE
IN LF AND MF RANGES IN THE TERRITORY OF THE EARTH

OLEG V. VARLAMOV,
Moscow, Russia, vov@mtuci.ru

VLADIMIR O. VARLAMOV,
Moscow, Russia, f.vwo@bk.ru

ABSTRACT

The DRM digital broadcasting system allows the most eco-
nomical servicing of sparsely populated and remote areas
with a missing broadcast infrastructure. It is recommended
by the ITU for use in frequency bands below 30 MHz and by
the government order is deemed expedient for use in the
Russian Federation.

A feature of digital broadcasting is the threshold reception.
This requires more careful regional frequency planning than
broadcasting systems with amplitude modulation.

Networks of digital broadcasting in the LF and MF bands
should be planned for round-the-clock broadcasting
throughout the year, taking into account seasonal factors. For
the LF and MF bands, is especially important to take into ac-
count the maximum levels of atmospheric radio noise in the
planned service areas. In rural areas, where, usually, passes
the border of the service area, in these bands this type of ra-
dio noise is predominant over other types of radio noise —in-
dustrial and galactic. As a criterion of "comfortable listening"
in the DRM system, correct decoding of audio content for
at least 98% of the time is accepted. Accordingly, the max-
imum level of atmospheric radio noise should be taken as

H&ES RESEARCH, 5-2017
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its value, exceeded within 2% of the time in the band of the
DRM signal at each point of the service area. Was developed
a procedure for transition from the graph-analytical method
described in the ITU recommendation to the definition of this
parameter to the software-computing one. Developed soft-
ware product uses the modified code of the ITU program for
calculating atmospheric radio noise and allows mapping with
an arbitrary scale the distribution over the area of the field
strength of atmospheric radio noise exceeded for 2% in a
given bandwidth at the frequencies of the LF and MF bands.
Examples of calculations are given in the 10 kHz DRM band-
width in the LF bands — for the First ITU region, and MF —for
the entire territory of the Earth. The analysis of the examples
of calculations made it possible to determine the preferred
frequencies and areas on which it is most expedient to use
digital broadcasting of the DRM standard.
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AHHOTALUMWA

PaccmaTtpurBaeTcs aBTOHOMHbIN HeObMTaeMbI MOABOAHbIN annapar, NnpeacTasns-
OLLMI CODOW CNOXKHBIN TEXHUYECKUIA KOMMIEKC MOPCKOM Cpefbl 0butaHms, KOTo-
pbI BBUAY NOJSTHOM CBOEN aBTOHOMHOCTW AOJIKEH NMPUHUMATL PELLEHUS B MOJIHO-
CTblo aBTOMaTmyeckom pexume. lNpu peanusaumm Hanbosiee NepcrneKTUBHOIO
noaxopfa K NOCTPOEHMIO CUCTEMBI YIPABEHUS — MYJIbTUAreHTHOro, OfHON M3 3a-
pau, TpebytoLLen CBoOero peLueHus, aBnseTcsa 3agada Bbibopa napameTpos obme-
Ha nHpopMaLmen Mexay nogcucTteMamm-areHTamu.

B pabote pelwaetcs 3apava onpepenieHnst pauMoHasbHbIX NapameTpos obme-
Ha nHdopmaumen Mexay noacrcTeMaMm-areHTamu B MyJIbTUAreHTHOW cucreme
ynpasrieHus. [lapameTpamu, BIUsiHME KOTOPbIX OLL@HMUBAIOCh, IBISSINCH: BPEMEH-
HOW MHTEepPBa Mexay OTNPaBIeHUAMM COOBLLEHUI 1 KOJIMYECTBO OL4HOBPEMEHHO
OTNpaB/sieMbIX PassiMyHbIX COOBLWeHN pasHbiM agpecatam. ObmeH uHdopma-
LMen oCyLLeCTBANICS NyTEeM Nepeayn NnakeTos cOobLeHn Mexay nogcmcremMa-
MU-areHTamu, copepyalnx faHHble, KOMaHAbl, 3anpockl, oTBeTbl. Boibop napa-
MeTpoB obmeHa nHdpopmaLmen ocyLLecTBAAICH Ha OCHOBE OLIEHKMN HafeXHOCTH
KaHaJIoB Nepefayun faHHbIX MeXay NoacMcTteMamMmn — areHTaMu.

Ons npoeegeHuss uccnepoBaHuin bGbina paspabotaHa MMMTALMOHHAs MoOAesb
dYHKLMOHMPOBaHUS MyJIbTUAreHTHOW cucTembl ynpasnexus. [pyn nposegeHun
nccnefoBaHUN paccMaTpUBaCs TakKTUYECKUN 3MU30f, CBA3aHHbIN C ABUXEHNEM
NoABOAHOrO annaparta npu BXofe B y3KOCTb, a 3aTeM — npu obxofe BO3HMKLUIE-
ro I'IpeI'IﬂTCTBI/Iﬂ, n aBa cu,eHapvm d)yHKLI,VIOHVIpOBaHVIH MyJ'IbTI/IaFeHTHOI;I CUNCTEMDbI
ynpasneHus: nepebii — obpaboTka Nony4yeHHOro 3agaHus, n BTopon - obpabort-
Ka nHdopmaumm B npouecce ABMXKEHME MOABOLHOrO annapara no 3ajaHHoOMYy
MapLUpyTy.

Mo pe3synbTaTtam NpoBefEHHBIX YNCTIEHHbIX SKCMEPUMEHTOB NMO3BOJINN ONpeae-
NMTb Haubonee pauuoHasibHble 3HaYeHUs napameTpoB obmeHa MHpopMauven
MeXxay nopgcucTeMamu-areHTamum B npouecce GyHKUMOHMPOBAHUA MyJSibTUAreHT-
HOW CUCTEMbI yNpaB/eHNs aBTOHOMHOro HeobuTaemMoro NogBOAHOrO annapara.

O3 ULUTUPOBAHWUA: MapTeiHosa J1.A., [puHeHkos A.B., [MpoxuH A. O., Kynukosckux HO. B. ccneposarune pyHKunoHmposa-

HUqA MyJ'IbTI/IaFeHTHOI;I CUCTeMbl ynpaBJyieHNA aBTOHOMHOTIO HeobuTaemoro noaBoOAHOrO annapaTta € NOMOLLbIO UMUTAaULNOHHO-

ro mogenuposaHus // Haykoemkure TexHonorum B Kocmuyeckmx uccnegosanuax 3emnn. 2017.T. 9. N2 5. C. 52-65.
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BBeagenue

ABTOHOMHBIC ~HEOOMTAaeMbIe  ITOABOJIHBIC  AMIAPATHI
(AHITA) sBnsiroTcst TEPCHEKTUBHBIM CPEACTBOM H3YUEHHUS
u ocBoeHUs okeaHa [1-9]. OHu npenHa3zHa4YeHbI IS PeLLICHUS
TaKMX 3aJ1a4, KaK:

— TIPOKJIaJIKa HOABOIHBIX KabemneH;

— o0cieToBaHNEe TIOABOTHBIX TPYOOTIPOBOIOB

— TIPOBENICHWE TMOABOJHBIX HAyYHBIX HCCIICIOBAHUN
B Pa3IMYHBIX 00J1aCTsX

— TOUCK MOABOJIHBIX MECTOPOXKICHUN

— TIOUCK JJOHHBIX 00BEKTOB (MHUH, 3aTOHYBIIINX KOpaOcii
Y CaMOJIETOB) B HA3HAYEHHOM pailOHe OTHOCHTEIBHO OOJIBIITON
TUTOIIAI;

— HeHTpanm3anus MoABOJHOTO HAPYIIUTEIs, BOLICIIIE-
r0 B OXpaHsAEMbIi palioH.

[TosTomy coBpemennbie AHITA mnpexncTaBistior co0oit
JIOCTaTOYHO CIIOXKHYIO CHCTEMY, COTIOCTAaBUMYIO IO BBINOJI-
HsieMOMY (DYHKIIMOHAITy ¢ 0OUTaeMbIMH HOBOAHBIMH aIIapa-
tamu. OHAKO, B OTIINYKE OT OOUTAEMbIX TOIBOAHBIX alIapa-
TOB, TIPUHATHE pelieHuil B cucteme yrpasierus (CY) AHITA
JIOJDKHO OCYILECTBIIATHCSI aBTOHOMHO B ITOJTHOCTBIO aBTOMATuU-
YECKOM PEXHME.

Just obecniedeHusi BO3MOKHOCTH — pa3pabarbiBacMbIMU
u npoekrupyembiMu AHITA perenust nepedncieHHbIX 3a1ad
HEOOXOIMM TIIAaTeNFHBIN TTOIXO/ K €T pa3padoTke.

Hawubonee BaxXHBIMU 3a1a9aMH, KOTOPBIE HEOOXOIMMO pe-
UTH Ha cTaguu pazpadorku AHITA, sBistores:

— CpaBHUTENbHas OlleHKa BapuaHTOB koHCTpykuun AHITA;

— CpaBHHUTENbHAs OLIEHKAa BApPHAHTOB TOCTPOCHHS CH-
crembl ynpasneHust AHITA u e€ anemMeHToB;

— OIICHKA Ha/I)KHOCTH KaHaJla Nepeiady JaHHbIX.

Jlnist penreHust 3THX 3aa4 HeOOXOIMM Y4eT IPUHIUITHAb-
HbIX ocoberHocTerd AHITA, ommuaaronmx AHITA ot npyrux
CPEICTB OCBOEHUS OKEaHa:

— AHIIA sBisieTcsi aBTOHOMHBIM O€33KHITaKHBIM CPE/I-
CTBOM, TIPEJHA3HAYEHHBIM Ul (yHKIMOHUPOBAHUS B aBTOMa-
THYECKOM PEXHME, pelIas 3a/1a4, CON3MEPUMBIE TI0 CIOKHO-
CTH C 33J[a4aMH, PeIIaeMbIMU SKUTIAXXHBIMU CPEJICTBAMH;

— orpaHuueHHble pasMepsl AHITA HakiagpIBaroT sxecT-
KHe OrpaHuueHMs] Ha MaccorabapUTHBIC XapaKTePUCTHKU pa3-
Mmemmaemoit Ha AHITA anmapatyps! (B TOM 4HciIe Ha pa3Mepsl
U MacCy THJPOAKyCTHUECKUX aHTEHH) M, KaK CIIEACTBHE, Ha
MIPOU3BOJUTEIEHOCTD BEIMUCIUTEIBHBIX CPEACTB;

— ¢yukunonupoBarane AHITA ocymiecTisieTcs B ycio-
BUSIX )KECTKHUX (PU3NUECKUX OIPaHUYCHHN:

® 110 TOYHOCTH ABTOHOMHOM MOABO/THON HaBUTalUU;

® 10 JAJIbHOCTH U CKOPOCTH 3BYKOITOJIBOJHOM CBSI3M C B3a-
UMOJICHCTBYIOIIMMH CHUIIAMH;

® 110 HEPTONOTPEOICHHIO.

Best Harpy3ka 1o aBTOMaTH3MpOBaHHOMY NPHHSTHIO pele-
Hust oxurcest Ha CY AHITA, B ¢Bsi3u ¢ 4eM BO3HMKAET 3ajada
noctpoceHus ero 3hpekruBHO CVY. B cBsi3u ¢ HCOOXOTUMOCTBIO
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pemernst AHITA GoibIioro koinm4ecTBa pasHOOOPa3HBIX 3a1a4
B MPOIIECCE BBIMOIHEHHS 3aJIlaHHsI, UMEHYEMOTO MUCCHEH, ero
CHCTEMa YIIPaBJICHHs IOJDKHA OBITh OCHOBaHAa Ha COBPEMCH-
HBIX JOCTIDKEHHAX B OONACTH TEXHOJIOTHHA YIpaBleHHUS, HaU-
Oornee MEePCHEKTUBHON M3 KOTOPBIX SBISICTCS MYJIBTHATCHTHAS
texnosorus [ 10—13]. MynbTHareHTHast TEXHOIOT Ul OTIIMYAETCS
OT MHOTOOOBCKTOBOM U MYJIETHKOMITOHCHTHOW TEXHOJOTUH —
neneHrpanuzanueit CY ¢ menerupoBaHueM psaa (GyHKIUEA 1o
VIPaBICHUIO WHTEIUIEKTYaIbHBIM 3JIEMEHTaM CHUCTEMBbI, Ha3bl-
BaeMbIM areHTamu. OJHOM 13 3a/1a4 MIPH MCIIOIb30BAHUH MYITh-
THAreHTHOHN TEXHOJOTUH SBIISICTCS 3a/1ada HAJCKHOCTH KaHajia
oOMeHa HHpOpMANUEH MEKITY MOACUCTEMAMH — areHTaMH.

Jemo B ToM, 4TO ympaBiieHHE Kaxaoil momcucremoir CY
OCYIIECTBICTCS C MCIIOIb30BAHUEM CaMOCTOSITEIBHON IIpO-
rpamMMebl. MTHpOpManns oOMeHa MeXay IporpaMMaMH-areHTa-
MU COACPIKHT:

— JaHHbIC O TCKYIIHUX MapaMETpax, BblIaBa€MbIX N3ME-
PUTEILHON anmnaparypoi;

— KOMaHJbl Ha M3MEHEHHE MapaMeTPOB U TEPEKIFode-
HUE U3 PSIKUMA B PEIKHIM;

— 3aInpochl Ha IOJIyYeHNEe MHTEPECYIOUIUX MapaMeTpoB
JUISL TIPUHSITHSL PEILICHNS;

— OTBETHI HAa MOCTYNIUBIIUEC 3aITPOCHI.

ITockonbKy areHTbI OTIPABIISIOT COOOIIEHUS HE3ABUCHMO
JpYT OT ApPYTa, TO BO3HUKAIOT CUTyallny NEPEHNOJHEHNS KaHa-
J10B 0OMEHa COOOIIECHNUMH, HEJIOCTATOK BPEMEHHBIX PECYpPCOB
st obecrieuenust Gpynkumonuposanusi CY AHITA B pexunme
peasbHOrO BpeMeHH. B CBsI3M C 3THM BO3HMKAaeT 3ajava Ofl-
TUMH3AIMY [TapaMeTPOB 00OMeHa MH(OpMAIIUCH MEXITy arcH-
TaMHd TakuM 00pa3oM, 4TOOBI KaHaJ IMepeladd JTaHHBIX ObLT
HaJEXKHBIM. TakuM 00pa3oM, OIHOI U3 3a1ad ABISETCA 3a7ada
OIIpE/ICIICHHSI TapaMeTPOB KaHaJ Mepe/iadn JaHHbIX.

[TpumeHeHne COBpEMEHHBIX TEXHOJIOTHH K 00BbEKTaM MOp-
CKOM cpeJbl 00MTaHus mepesl MPOBEeJCHUEM HAaTYPHBIX HCITbI-
TaHU# TpeOyeT MpeaBapUTEIbHON MPOPAOOTKH TEXHUUCCKUX
pELICHUH C HCIOIb30BAHUEM MAaTEeMaTHYECKOrO MOJEIHpPO-
Bauus [14]. IlosTOMY HCIIONB30BaHNE MYJIBTHATCHTHOW TEX-
Hojtoruu 1pu noctpoeHnrn CY aBTOHOMHOTO HEOOMTaeMOTro
noaBoaHoro anmapara (AHITA) HeoOxoanmo rpeaBapuTeIbHO
TECTUPOBATH C TOMOIIBI0 UMHUTAIIMOHHOT'O MOJICIINPOBAHMSL.

OCHOBHBIMU 3aga4aMiu, KOTOPbIC BO3MOXKXHO PCIIUTL C UC-
MI0JIb30BAHUEM HMMHUTALMOHHOTO MOJEIHPOBAaHUS MyJbTHA-
TeHTHOH cuctembl ynpasienus AHITA, sBustoTcs:

— TECTHPOBAHUE AITOPUTMOB (DyHKIIMOHUPOBAHMUS KaX-
noit mogcucrembl CY AHIIA;

— TECTHPOBAHUE AJITOPUTMOB B3aWMOJCHCTBUS TOJCH-
CTEM — areHTOB MEKIY COOOM;

— omnpezenenne oobeMa HHPOPMAIHH, KOTOPOH JOKHBI
00OMEHHBATHCS MTOJCUCTEMBI-AT€HTHI MEKY CO00i1 B X0I€ CBO-
ero (yHKIIMOHUPOBAHMS;

— OIpeJeNieHne apaMeTpoB B3aUMOJCHCTBHS IIOJICH-
CTEM-areHTOB MEXIy COOOH.
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Panee pa3pabarsiBacMble UMUTAIIMOHHBIC MOJICIH JIJIS T0-
JIOOHBIX CHCTEM OTIHYAJICh TEM, YTO B OCHOBE CBOCH MMETH
€IMHBIN TIPOTPaMMHBIN (Al ¢ HCIIOIH30BAHUEM IIEHTPAIIU30-
BaHHBIX AJITOPUTMOB C MOCEN0BATEIbHBIM MOJEIUPOBAHUEM
MPOIIECCOB B OIHOM mporpamme. Takoi moaxom ObLT Ompas-
JlaH [P MOJAEJIMPOBAHUU LEHTPAIM30BAHHOIO INpUHLMUIA
YIPAaBJIECHUS NOJBOJHOIO anmapara, OJHAaKO IPU 3TOM CO3Ja-
BaJI OTPaHUYCHHUSA, CBSI3aHHBIC C HEOOXOANMOCTHIO TTOTyYCHHS
BCEX BXOJHBIX JIAHHBIX MEpe]] TeM, KaK IPOU3BOIUTH COOTBET-
CTBYIOIIIME OMEPALMU HAJl HUMU U PaCIpOCTPAHSTh pe3yJibTa-
THI BCEM 3aUHTEPECOBAHHBIM CTOPOHAM.

MynbpTHareHTHbIN OJX0/1 B OCHOBE CBOEH Iperoiaraet
HCIIOJIb30BAaHUE MAPAJIJIENIBHBIX U PACIIPENEIEHHBIX BbIUNCIIE-
Hui [15-32], 9T0 mOBNEKIO 32 cOOOW HEOOXOIMMOCTh pelle-
HUS cHenu(PUICCKUX 3a]lad, CBSI3aHHBIX C CHHXPOHHU3AIUCH
MPOIIECCOB U OOMEHOM JaHHBIX, MPU peau3anuu (QpyHKIHO-
HUPOBaHUA MyNnbTHareHTHON CY B UMHTAIIMOHHON MOAETH.

Lesbio padoThl SBUIOCH PEIICHUE 33/1a4l ONPEACICHHS
palMOHABHBIX TTAPaMEeTPOB OOMeHa HH(pOpMAIue MEXTy
MOJICHCTEMAMHU-areHTaMt B MYJIBTHATCHTHOMN CHCTEME yIpaB-
nenwus. [TapameTpamu, BIUSIHAE KOTOPBIX OIICHUBAJIOCH, SIBJISI-
JIUCh: BPEMCHHON MHTEPBAJl MEXKy OTIPABICHUSIMH COOOIIIe-
HUI ¥ KOJTMYECTBO OAHOBPEMEHHO OTIPABIISIEMBIX Pa3IHIHBIX
coobmieHnii pa3HbIM aapecaram. OOMeH mHpoOpManuei ocy-
[IECTBISUICS. ITyTE€M TEPEaud TMAKeTOB COOOIICHUN MEXTy
MOJICHCTEMAMHU-areHTaMH, COACPIKAIlUX JTaHHBIC, KOMAaHJbI,
3aMpockl, OTBETHL. BhIOOp mapameTpoB oOMeHa WH(pOpMAIH-
el OCYIIECTBISICS HA OCHOBE OICHKH HAIC)KHOCTH KaHAJIOB
Mepeaaun JaHHBIX MEXKITY MOACHCTEMaMU — arcHTaMHu.

Jlns mpoBeeHusT UCCIeNoBaHN HEOOXOIMMO OBLIO pas-
paboTarh UMUTAIMOHHYIO MOJIENb (DYHKIIMOHUPOBAHUS MYJTb-
THATEHTHOM CUCTEMBI YIIPABICHUS.

OnTuMu3aIus napaMeTpoB 0OMeHa HHPOPMAITHECH MEKTY
MojIcuCTeMaMy-areHTaMu Oblla HampasiieHa (HOpMHUPOBAHUE
KaHAJIOB Mepeaayyl JAHHBIX CO CJCIYFOIIUME CBOMCTBAMM:

— OUEePEeNHOCTH, ITPU KOTOPOI KaHAJI COXPAHSIET MOPSI0K
nepeaBaeMbIX 110 HEMY COOOIICHUIA;

— EeMKOCTH KaHalia, KOTOpast OMPEEIIIETCS KOTHISCTBOM
COOOIIICHUI, KOTOPBIC MOTYT HaXOIUThCS B KaHAJIC B COCTOS-
HUU HepeCI)UIKI/I; KaHaJl CHUTACTCsA HepeHOHHeHHBIM, C€CJIN Yuc-
JIO COICPIKAIIUXCS B HEM COOOIICHHH B TOYHOCTH COBIIAJACT
C €70 EMKOCTEIO;

— HAJKHOCTH, TPH KOTOPOH KaHAJ CUUTACTCS HAICK-
HBIM, €CITH KaXJI0€ COOOIICHHE, OTIIPABICHHOE II0 dTOMY Ka-
Hayy, 00s3aTeIbHO Oy/leT JOCTABICHO MONYYaTeNl0 B CIUH-
CTBCHHOM JK3EMIUTSAPE U B TOM BHUJIE, B KOTOPOM OHO OBLIO.

JIJist MOCTHIKEHUS TOCTABICHHOM 1eJTM OBLIH PEIICHBI CIIe-
JIYIOIINE 33/1a4u:

— OINpEeJeNeHbI MOAXO/bI K TOCTPOCHHIO HMHUTAI[MOHHON
MOJIEIIH;
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— pa3paboTaHbl UMUTAIIMOHHBIC MOIETH KayKI0H OJICH-
CTEMBI-areHTa;

— pa3paboTaHo B3aUMOJICHCTBHE MEKY TOJICHCTEMAMHU-
arcHTaMu MEKIY COOOM;

— TIPOBEJCHO TECTUPOBAaHHE HMHUTAIIMOHHOM Mojenu
¢dbyukunonupoBanus myisrrarenTHONH CY AHITA;

— OTIpeerieHbl MTapaMeTpPhl, OKa3bIBAIOIINE BIMSHUE Ha
oOMeH nHpOpManne MeK1y areHTaMu;

— Oompe/eNieHbl KpUTEPUH ONTHMHU3aIUU 0OMeHa HH(OP-
Maruen Mexay areHTaMu;

— pa3paboTaH MOAXOJ K ONTHMHU3AIUHU MTapaMeTpoB 00-
MeHa uHpopmanueit B mynsrrareatHord CY AHITA;

— TIPOBEJCHBI UCCIEAOBAHUS 10 ONTHMHU3ANNH Mapame-
TPOB KaHAJIOB OOMEHa JaHHBIMH;

— 10 pe3ynbTaTaM HCCIIeIOBAaHUH — BBIPAOOTaHBI pe-
KOMEHJIALMK K BBIOOPY MapamMeTpoB oOMeHa HH(popMaluei
MeXTy areHTaMu MynsTHarenTHoit CY AHITA.

1. Onncanue ocodbeHHOCTE# (DYHKIMOHUPOBAHMS MYJIBTH-
areatHoit CY AHITA

Jnst Toro 9ToOBI CO3/1aTh UMUTAMOHHYIO MOJEIb, a/leK-
BarHyto peanbHoi CY AHIIA, npoanannsnpyem 0coOeHHOCTH
¢dyHkmronnposanust mynsruarentHoit CY AHITA.

B nacrosmee BpeMs Kpyr 3agad, MpeaHa3HaueHHBIN I
pemienus ¢ nomonnslo AHITA pacmmpsieTcss U yCIoXKHSET-
csl. YCIIOXKHEHHE 3a/1ad CBSI3aHO, TIPEXK/IE BCETO, C IEPEXOAOM
K TIONHOH aBroMarm3anuu (yHkunonupoBauus AHITA mpu
BBINOJHEHNH MUCCHHU OT Havajla v JI0 KOHIa.

Draramu BHIITOJIHEHHUS MUCCHH SIBIISTIOTCS:

— Tepexoj1 U3 MecTa 0a3upoBaHMs B HA3HAUCHHBIH palioH;

— TIOMCK B Ha3HAYEHHOM paiioHe Ha3HAYEHHOTO 00BEKTA;

— OCYIIECTBIICHHUE C 3TUM OOBEKTOM 3a/JaHHOTO B3aHMO-
JICUCTBHS;

— BO3BpAIllEHHE B MECTO Oa3MpOBaHUS;

— TpUYATIMBAHUE K IPUYATBHOMY YCTPOHUCTBY.

OTO O3HAyaeT, YTO Ha MEPEUYMUCICHHBIX ITamax Bce MpH-
HATHS PELICHUH JOIKHO IIPOU3BOANTCS B aBTOMATHYECKOM pe-
XKHUMe. ABTOMAaTH4eCKOe MPHHATHE PELICHUs JOCTUTaeTCs 3a
CUET peaJHM3aliK ANTOPUTMOB (PYHKIIMOHMPOBAHUS CHCTEMBI
ynpasnenust AHITA.

B cocras CY AHIIA Bxogsrt:

— TIOZICHICTEMa YIIPABJICHUS, B KOTOPOI OCYILECTBISACTCS
coBMecTHasi 00paboTka WHGOpPMAIMH, TIOCTYTAIOIIEH OT BCEX
ocranbHbIX nofcuctem CVY, ee aHamN3, NPUHATHE yIpaBIcHYe-
CKHX pEIICHUH 1 Bblaua KoMaHA B nozacucteMsl CY u apyrue
cucremsl AHITA Ha ucnonHeHue NpUHSTHIX PEILICHUH;

— MOJICUCTEMa OCBEIICHHS OOCTAHOBKM IO THIPOAKY-
CTHYECKOMY W ApYruM (TIpH HEOOXOAMMOCTH) KaHajlaM Ha-
OmroieHus1, o0ecneurBaronas oOHapyKEHUE U PACTIO3HABAHNE
00BEKTA MOMCKA ¥ HABUT'ALIMOHHBIX MPEIISTCTBHUI;

— TIOJICUCTEMa paJIMOCBsI3HU, obecreunBaronas JByCcTO-
POHHIOIO CBSI3b C B3aMMOAEHCTBYIOIINMH 00BEKTaMHU;
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— MOJACUCTEMA THIIPOAKYCTHUECKOM CBS3M C B3aMMOJEH-
CTBYIOIMMHU OOBEKTaMHU U MPUEM CHUTHAJIOB TO/IBOAHBIX Masi-
KOB-OTBETYHKOB,;

— HaBHTalMOHHAs MOACUCTEMa, OTBEYarollas 3a KOH-
TPOJIb TEKYIIMX KOOPJIMHAT U mapameTpoB asmwkenus AHIIA
B TPEXMEPHOM IOZBOIHOM IIPOCTPAHCTBE, a TAKXKE 3a BbIPa-
6otky mapmipyta nemkeHus AHITA Ha Bcex STamax BBION-
HEHHUSI MUCCHH;

— TIOJICHCTEMA YNPABJICHUSI TEXHUYECKHMHU CPEJCTBAMU
AHIIA (nBurarenem, pyisiMH, MaHUITYJISTOPaMH U JIp. MexXa-
HU3MaMH);

— moacuctema obecrieuenusi npuuanuBanus AHIIA,
o0ecrieunBaroIasl BRICOKOTOYHBIH KOHTPOJIb TEKYILETO B3aHM-
Horo nostoxkenust AHITA 1 npugaibHOTO yCcTpoHcTBa.

[Ipy ucnosnb30BaHUK MYJIBTHAI€HTHOW TEXHOJIOTHH arcH-
tamu siBJsitoTcst nmoacucteMbl CY AHITA, nmpencrapmusitonye
co0o0ii 1o cBOE# CyTH palioHaJIbHBIE KOMIIOHEHTBI, XapaKkTep-
HBIMH MPU3HAKAMH KOTOPBIX SBIISIOTCSL:

— aBTOHOMHOCTB, T.€. CIIOCOOHOCTB JIefiCTBOBaTh CaMo-
CTOSITEJIFHO, KOHTPOJIMPYSI CBOM JCHCTBHS M BHYTPEHHEE CO-
CTOSIHUE;

— AaKTHUBHOCTb, T.€. CTPEMJICHHE [IOCTUYb MOCTABIICH-
HBIX IICJICH;

— PEaKTHUBHOCTB, T.€. aJalTUBHOE ITOBEICHIE KaK PeaK-
LIS Ha BHEIITHUE BO3ICHCTBHS,

— COLMaJIbHOE MOBEJEHUE, T.€. B3aUMOJEHCTBUE C JIPY-
TUMU areHTaMu JJIsl JOCTHYKEHUS COTJIACOBAHHBIX PEILIECHU;
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— CIOCOOHOCTH K CAaMOOOYICHHIO.

Ocobennocmu mynvmuazenmuoii CY. CY AHIIA, xak
1 J11000T0 APYroro podoTa, COCTOUT U3 MOJICHCTEM, OCHOBHBI-
MU U3 KOTOPBIX SIBIISIIOTCS (PUCYHOK 1):

— cHUCTeMa B3auMOJICHCTBUS C OMIEpaToOpoM JIsl TToJyde-
HUS 33/1aHUS Ha BRIITOJTHEHNE MICCHH;

— MHTEJUICKTyaJlbHas CHCTEMa, OTPEACISIOmas Croco-
OBl BRITIOJTHEHUS BBIIAHHOTO 3/IaHUS;

— cucTeMa BOCIIPHATHS, 00ECIIeUMBaIOIIasi OCBEIICHHE
OKpY’Karoliel 00CTaHOBKH;

— cucTeMa T[OBEJCHUs, OOecreunBaronas JIBHKCHUE
AHITA B pa3auyHBIX YCIOBHSX: OTPAaHHUYEHHOCTH JUISI MAHEB-
pa, MPEeTIATCTBHIA, METTKOBOIBS 1 T.11.;

— cmcTeMa MPUBOIOB, 0OecTeynBaromas PyHKITHOHUPO-
BaHME JBIKUTEIILHO-PYJIEBBIX MEXaHU3MOB ISl 00eCIedeHUs
nepemenienuss AHITA u3 oqHOM TOUKH B IPYTYIO.

Kaxxnas moacucrema CY AHITA cocTout u3 ogHOro aubo
rpymmel areHToB (puc. 1). Kaxxaprii areHT, B CBOIO OYepens,
TaKKe MOXET COCTOSTH M3 IPYIITEI areHToB. Hampumep, mon-
CHCTEMa MOBE/ICHNS BKIIIOUAET B ceOs areHToB: «Xom», «IIpo-
xom», «O0x0m».

AreHT «Xo0m» (opMHpYET aNrOpUTM JABMKEHHS K TOYKE
co crabmin3anuell nTyOUHbBI WM BBICOTHI, MOAEPKUBAs TIPH
9TOM OMPEACICHHYI0 CKOPOCTh, a TAaKXKE OCYIIECTBISET KOp-
pextupoBky monokeHuss AHITA mo pesynsraram obcepsa-
i, npeanonaraer Boccranosienne AHITA na mapmipyTHOit
TPAaEeKTOPUH ITyTeM ABHMKEHHS IO KpaT4alIieMy pacCTOSHUIO

/ CuereMa noBeaeHHs

Cucrema NpHBOIOB

Puc. 1. CtpykTypa MyasTHAreHTHOH cucteMsl ynpasienns AHITA
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OT COOCTBEHHOTO TOJIOKEHHS 10 TOJOKCHHS MapLIpyTHOH
TpaekTopun. Arent «O0xom» (opmupyeT anroputMm odxona
HPEmsATCTBUS Uil TpenoTBpalleHust cronkHoBeHus AHITA
C BO3BBIIICHHOCTSIMH ¥ TIPUJIOHHBIMH OOBEKTaMH TIPH UX 00-
cienoBanuu. Bo BpeMs paboTel areHT «O0X0m» HCIMONB3yeT
JlaHHBIE OT THUJPOJIOKATOPOB I JAMArHOCTHPOBAHUS IIpe-
MATCTBUU M JIOKaNbHOM KapThl npenstcTBuil. Ilo pesynbra-
TaM 00pabOTKH JaHHBIX AJITOPUTM T'€HEPHPYET HEOOXOANMBIC
COOOIIEHHST PETrYJSTOPY B Cllydae UX OOHAPY>KEHHUS! areHTOM
«I'mpponoxarop. 1o pesysasraram paboThI alNropuT™Ma Ipouc-
XOAMT orubaHue oOHapyKeHHBIX npensrcTBuid. Arenrt «IIpo-
xom» (opMupyer anroput™m OesomacHoro mpoxoma AHITA
B YCJIOBUSIX OTPAHUYEHHOTO IIPOCTPAHCTBA, HAIIPUMED, MEKITY
00BEKTaMU WJIM TPETATCTBUSAMH, HAXOMSICh OT BCEX HMUX Ha
0€3011acHOM PACCTOSHUH.

B mporecce BHINONTHEHUSI MUCCUH B 3aBUCUMOCTH OT BO3-
HUKAWOIEH CUTyallu 3aJCUCTBYETCS TOT WJIM WHOW arcHT.
WNHorna Mexmy areHTaMH JIBMKEHHS NPOUCXOOUT KOHMIUKT
IIPU OZTHOBPEMEHHOM OOpaIIeHUH K OJHUM M TEM K€ pecyp-
cam. B aTom ciryyae B pesynsrare B3aMMHOTO OOIIEHHS TIPO-
UCXOIWT BBIAEICHUE areHTa ¢ HauOOJIBIIUM IPUOPHTETOM,
yIpaBJlIe€HUE KOTOPOTo B TEKYIIHUI MOMEHT BPEMEHH NepeacT-
csl B MOJICUCTEMY TIPHUBOJIOB JUIsl 00ECIICYCHUS! MTepeMEeIICHHsI
AHIIA.

2. Iloka3areny HaIS)KHOCTH (DYHKIIMOHUPOBAHUSI MYJIBTH-
aretHoit CY AHITA

B kauectBe mapameTpoB, KOTOpbIe HEOOXOIMMO ONTHMH-
3MpOBATh, OBIIH ONPEACIICHBI:

— o00beM TepeaHHON MH(pOPMAINHU, BBIPAKEHHBIH KO-
JIMYECTBOM IIE€PENAaHHBIX COOOILICHUH Kak I1OCIEI0BAaTENbHO,
TaK ¥ KBa3UIapAIIIEIBHO;

— TEMII mepefadr COOOUICHUH, XapaKTepu3yeMblil Ha-
CTOTOW Iepeiaydl NMaKeToB COOOIIEHHH M BBIPAKCHHBIX Bpe-
MEHHBIMH HHTEpBaJlaMH MEX/y OTIPABICHUSMH MAKETOB CO-
0O0IIeHNt U COOOIIeHNH BHYTPU OHOTO MaKeTa.

Br160op mapamerpoB oOMeHa WHPOPMAITUEH OCYIIECTRIISLI-
Csl Ha OCHOBE OLICHKH HAJIeKHOCTH KaHAJIOB NEPEadH JAHHBIX.

ITox HageXHOCTHIO KaHaJa MEepPeAauy JaHHbIX TOHIMAeT-
Csl BEPOSATHOCTh IIpHEMa aJpecaToM BCEX MepeJaHHbIX Ha OT-
NpaBKy cooOrieHnid. BeposTHOCTH mpuema cooOrieHuii ornpe-
JIeJIeTCs] OTHOIIEHHEM KOJIMYECTBA NMepelaHHbIX Ha OTIPaBKy
co00IIeHNH K KOJTMYECTBY OTIPABIEHHBIX U K KOJIMUECTBY MO~
JYYCHHBIX COOOIICHUH.

3. Pa3zpaboTka uMHTAIMOHHON MOAeNH (PyHKIIMOHHPOBA-
Hus MynastuarenTHoit CY AHITA

Tectuposanue anroputmoB CY AHIIA B peanbHbIX ycio0-
BUSIX HATYPHOTO HKCIIEPUMEHTA, B OTIMYHE OT POOOTOTEXHHU-
YECKUX KOMIIJIEKCOB BO3JYIIHOTO M Ha36MHOTO MPUMEHEHHS,
SBJISIETCS KpalfHE 3aTPATHBIM MEPOIPHUSTHEM M SKOHOMHUYECKH
He Bcerna omnpasgaHHbIM. KpoMe Toro, pesyasTaTsl HaTypHO-
r0 HKCIEPUMEHTAa BO MHOTOM 3aBUCST OT YCJIOBHI, B KOTOPBIX
OHHU TPOBOJIWINCH, U HE MOTYT OBITh OOOOIEHBI Ha Jpyrue
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YCIIOBHS. DTO O3HAYAET, YTO OCHOBHBIC HMCCIICTOBAHUSA (YHK-
nunonupoBanus aaroputMoB CY AHITA HeobxommMo mpoBo-
JUThH C MCIOJIb30BAHUEM MATEMaTHUYECKOIO, U MPEKIE BCETO,
HMUTALMOHHOTO, MOIeTTupoBaHus [14].

IIporpammuas peanusanusi KOMIUIEKCHOM WMMMTALlMOH-
HOM MOAETH JJIs MOJOOHBIX CHCTEM paHEee CO3/aBaiach Kak
erHasl, C WCIIOIH30BAHMUEM IICHTPAIN30BAHHBIX ATOPUTMOB
C TIOCTICTOBATEIIFHBIM MOJICITUPOBAHUEM IPOIIECCOB B OIHOU
nporpamme. Takoi moxxox ObUT OIIpaBiaH MPHU MOJEIUPOBA-
HUU LEHTPAIN30BAHHOTO NMPUHILUIA YIIPABICHUS MTOBOJHOTO
ammapara, OHaKo IPHU 3TOM CO37aBajl OrpaHUYCHHUS, CBSI3aH-
HBIE C HEOOXOIMMOCTBIO TIONYYEHHSI BCEX BXOJHBIX JaHHBIX
mepes; TeM, KaK MPOM3BOAWTH COOTBETCTBYIOIINE OIEPAIlUi
HAJ HAMH U PaclpOCTPaHATh PE3yJbTaThl BCEM 3aMHTEPECO-
BaHHBIM CTOPOHAM.

[Toatomy pa3paboTka MMHUTAI[MOHHONH MOACTU (DyHKIIH-
ounupoBanus AHITA c¢ wmynsruarentHoit CY mnorpeboaia
pa3paboTKH MOJ KaKIyI0 MOACUCTEMY YIPABJICHHS CaAMOCTO-
SITETPHOM TPOTPaMMBI, B3aUMOICHCTBHE MEXKAY KOTOPBIMH
OCYIIIECTBISICTCS. C WCIIONB30BAHMUEM MapalICIFHBIX U pac-
MpeeNICHHBIX BhUUCIeHui [15-32], 4o moBiekio 3a coboit
HEOOXOAMMOCTh PEIICHHs CIIeIM(UUECKUX 3314, CBI3aHHBIX
C CHHXPOHHU3AIMEH MTPOIIeccCOB 1 0OMEHOM JTaHHBIX.

IIpu (HopMHUPOBAaHUK HMHUTALMOHHON MOICIH IIEPEXO.T
K TapajuIeNbHBIM BBIYHCICHHUSAM TTOTPEOOBAN PEIICHUS BYX
OCHOBHBIX 3afa4 [16]:

— pacnapauIcIIMBaHHUIO BBEIYMCIICHUH;

— peanM3anuu napauienansma 3aaad;

— CHHXPOHM3ALIUHU TPOIECCOB.

W3 ucmone3yeMbIX B HACTOSAIIEE BPEeMs JBYX OCHOBHBIX
MTOJIXOI0B K pacrapasuIeINBaHUI0 BEIUHCICHAN (TTapalIein3M
JAHHBIX ¥ MMapaulen3M 3a1a4) ObUT BEIOpaH mapajuielin3M 3a-
a4 [16]. OcoOeHHOCTIME €T0 SIBISIFOTCS OOJbIIasi THOKOCTh
u Ooubliass cBOOOJA MpH Pa3pabOTKe MpOrpamMsbl, 3PQek-
THUBHO HCTIONB3YIONIEH pecypchl MapajieIbHOrO KOMIbIOTEpa
1, KaK CJIEJCTBHE, BOZMOKHOCTH JJOCTI)KEHHUSI MAKCHMAaJIHHOTO
OBICTPOICHCTBHS.

[pu peanmzanmu mapaienu3Ma 3a71a9 BEIYUCIUTCITEHBIC
3aj1a4n ObIIM Pa30MTHI HAa HECKOJIBKO OTHOCHTEIILHO CaMOCTO-
SITeTIbHBIX TO/13a/1a4, U KasKbIH MPOLIECCOp 3arpy>Kacs cBoei
coOcTBeHHOM mom3amavueii. J{ms kaxkmoil mom3amgaun Oblia Ha-
MMcaHa CBOsI COOCTBEHHasi mporpamma. Bce 3Tu mporpaMMel
0oOMEHMBAIHCh pe3yiabTaTaMu cBoel pabotsl. Ilpm peanmsa-
WU pacmapajuieIiBaHAs BBIYHCICHUN MyTEM Tapaien3Ma
3aj7a4 ObIJI MUHUMHM3HPOBAaH OOMEH JIaHHBIMU MEXIY 3ajada-
MU, TaK KaK IepechlIKa JaHHBIX MpeJCcTaBsieT co0ol Hanbo-
JIee pecypcoeMKHi mporiecc.

Kpome Toro, Gplma pemieHa 3amada CHHXPOHH3ALUH TIPO-
[IECCOB, TIOCKOIIBKY MOJENUPOBAaHUE (YHKIIMOHUPOBAHUS
AHIIA npoucxoaur ¢ pa3HOM CKOPOCTbIO BOCHPOM3BEICHHS
IIPOLIECCOB B OJHOM U TOM K€ TaKTe€ UMHTALMU. JomonHu-
TEJILHO OBUIM PEIICHBI XapaKTepHbIE ISl PACTIPEACIICHHBIX BbI-
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YUCJICHUH 3a/1auy, CBSI3aHHBIE C Pa3HOM CKOPOCTBIO Mepenayu
JIAaHHBIX W yXOZ1a YacoB KaK/IOTO M3 BBIUMCIMTENEH. Pernrenne
33/1a4¥ CHHXPOHU3ALUH 00€CIeYNBAIOCH ITyTEM YIIOpsI04NBa-
HUSI COOBITHH U pean3aliii JIOTHYECKHUX 4acoB [ 16], moCKoIbKy
npu MozenpoBannu GyHkironuposanus AHITA nmeer 3nave-
HHE HE TOYHOE BPEMsI HACTYIUICHUS! TOTO WM MHOTO COOBITHS
(Hampumep, COOBITHS OTIIPABKU WIIM TIONYyYCHHS COOOIICHMS),
a TTOCJIEI0BATENILHOCTD, B KOTOPOM 3TH COOBITHS ITPOUCXOIHIIH.
Jlnst peanu3anuy yKa3aHHOTO ITOXO0Za HCIIOJIB30BaHA MOJIEINb
noruueckux yacos JI. JIammnopra [16], orcunthiBaromas Joru-
4ecKoe BpeMsl M UCTIONb3yeMast ISl yIOPsI0YMBaHUS COOBITHI,
MPOUCXOASAIINX B Pa3IMYHBIX HPOIECCax PacIpeiesICHHOH cu-
CTeMbl. MeXaHH3M JIOTHYECKUX YacOB ITO3BOIMI OTCIIEKNBATH
TIPUYMHHO-CJIC/ICTBEHHBIH MOPSJIOK COOBITHI PACTIPEAEICHHOTO
BBIYMCIICHUS U YIIOPSIIOUUTh COOBITHSI B OAHY HJIM HECKOIIBKO
nociuenoBarebHOCTeN. VICHoNp30BaHNE JTOTMYECKOTO BpeMe-
HU, OTCYUTBIBACMOI'0 TAKUMHU YaCaMH, 3HAYUTCIIBHO YIIPOCTUIIO
Pa3paboTKy alrOpPUTMOB JUISl PACHIPEICTIEHHBIX CHCTEM.

B pazpaboTanHON UMHTAIMOHHOW MOJEIH PeaH30BaHBI
JIBA OCHOBHEIX crieHapus GpyHKImonupoanus CY AHITA:

— npu 3arpy3ke muccuu B AHITA;

— B XO/IC BBITIOJIHCHNS] MUCCHH.

Cuyenapumn 1. B CY AHIIA nepenaercs mi1aH MUCCHHU U MO-
MEHT HadJaJia ee BeIoHeH st areHTy «aTepdeiic». Arent «H-
Tepdeiicy mepeHanpasisieT MOCTYIHBIIEE COOOIICHHE areHTy
«[lman muccum» JUI OIEHKH HEOOXOANMBIX SHEPropecypcoB
JUISL BBITIOJIHEHUST Muccuy. [1pyr 9TOM OlleHMBAeTCsl pacCToOsTHHUE
JUISL IPOXO’K/ICHUST MECCHU M CKOPOCTHBIE PEXKHMBI, HCXOJIS U3
BPEMEHU Ha MPOXOKACHUE KaXI0T0 ydacTka. [lomy4yeHHsie pe-
3y/bTaThl PACUETOB IEPENAIOTCS areHTy «Tpaekropus». ATeHT
«TpaekTopus» TMPOU3BOAUT pacdeT HEOOXOIMMBIX PECYpPCOB
C Y4ETOM YZIENIBHOTO PacXo/ia SHEpropecypca Ha eJUHHILy Bpe-
MEHH WM Ha eJIMHUILy pacCTosHMs. Pesymbrar pacdyera B BHJIC
MOTPEOHOTO pecypca Iepenaercs areHty «DHEepropecypey.
AreHT «DHepropecypcy MpOU3BOANUT aHAN3 BO3MOKHOCTH BBI-
MOJIHEHHS MUCCHHM ITyTEM CPaBHEHHs NMOTPEOHOCTEH B SHEPro-
pecypee ¢ BoamoxxkHocTssmu AHITA 1o 3amacam 3Hepropecypca.
Ecim pecypca noCTaTodHO IS BBITOJHEHUSI MUCCHH, TTPUHH-
MaeTcsl, YTO MHCCHSI MOXKET OBITh BBINOJIHEHA, B MPOTHBHOM
cirydae areHTy «TpaekTopus» BbIIAeTCsl COOOIIEHHE O HEBO3-
MOYKHOCTH BhINIONTHEeHUs1 Muccud. Ot arenta « Tpaektopus» co-
OOIIEHNE O HEBO3MOXXHOCTH BBIMOJIHEHUSI MHUCCH II€PElacTCs
areHTy «IlnaH mMuccunm», KOTOpBIA, B CBOIO OYEpENb, EPENAET
ero arenty «MaTepdeiic» s KoppeKTHpOBKH Muccun. B ciry-
Yae JI0CTaTOYHOCTH 3HEPropecypca JUisl BBINOJIHEHUSI MUCCUH
orieparopy Ha 9KpaHe BBIJIAETCS COOOIIEHNE O TOM, YTO MUCCHSI
MpuHATa. B cilydae MonoXHUTENBHOTO pelieHUs areHTa « JHep-
rOpecypcy OTHOCUTENBHO BO3MOKHOCTH BBITIOTHEHHSI MUCCHH
JlanbHENIIee yrnpaBieHue nepenaercst areHTy «TpaexkTopush»,
TOT, B CBOIO Ouepenp, npenaeT arenty «Ilman muccum». Arent
«[1nan Muccum» nepenaeT areHTy «Xoma» COOOIIEHHE O IEPBOM
yuYacTKe MUCCHH. ATEHT «Xom» (OpMHpYyeT TapameTpbl JBH-
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xenust AHITA. B mMomeHT, Korma Tekyliee BpeMsl COBIAIET
C 33/IaHHBIM BPEMEHEM Hayajia BBITIOJHEHUS MUCCHH, KOTOPOE
orcnexxuBaeT areHt «[lnan muccum», areHTy «JIBHXKHUTEIBHO-
pyJIeBOE YCTPOHCTBO» MEPEAACTCs COOOIICHNE O CTAPTE MUCCHU
u napamerpax apwkenust AHITA.

Cuyenapuin 2. B xone nmwxenuss AHITA arent «JIBnxu-
TENIBHO-PYJICBOE YCTPOICTBO» IEpElacT CO CBOMX IATYHKOB
JIaHHBIE B «HKOZIEP» O MapaMeTpax JIBIKEHNS. ATEHT « DHKO-
Jiep» onpenensier jokanbHble koopauHarsl AHITA, onenuBaet
MIPOMICHHOE PACCTOSHUE MEXKAY NMPEABLTYINM U TeKYIUM T0-
noxennsamMu AHITA u nepenaet nosyueHHbIE pe3ybTaThl areH-
Ty «Jlokanmu3aius Iyt ONpesesieHus I00aIbHBIX KOOPANHAT
(reorpacdudecknx KOOPIUHAT IIMPOTHI, IOJITOTHI) TTOJIOKEHHS
AHIIA. Arenr «Jlokanuzanuspy OCYIIECTBISIET NEPECUET JIO-
KaJIBHBIX KOOpJIMHAT B TeorpadMyecKue W ITepeacT JaHHbIe
arenty «lImaH Muccum» AL OLGHKU COOTBETCTBHS IOJIOXKE-
Hust AHITA 3amannomy mapmipyty. IloctostHHO Tpomcxomut
OCBEII[CHHE OKpPYXKAIOIIEH OOCTAaHOBKM C y4YacTHEM areHTa
«I'mapomnoxarop». OTHOBPEMEHHO TPOMCXOAUT OIEHKA JOCTa-
TOYHOCTH OCTABIIETOCS] SHEPropecypca JUlsl BHIIOTHEHHS MHC-
CHH, JUISl 4YEr0 MPOU3BOJUTCS 3alPOC areHTy « DHEepropecypey,
a OT HEro 3ampoc areHTy «Hepropacxoay» O TEKyIIEeM pacxo-
Jie SHepropecypca Impu TEKyIIeM CKOPOCTHOM peKHMe. ATEHT
«OHepropacxoi» MPOU3BOAUT OLEHKY PacXoia, ¥ Pe3yJbTaThl
OLICHKH TIEPElaeT areHTy «DHepropecypc». AreHT «DHepro-
pecypc» TPOW3BOAMT pacydeT OCTaBIIETOCs 3JHEpropecypca
1 CPaBHHUBACT €ro ¢ HEOOXOIMMBIM 3aIlacoM ISl 3aBEpIICHUS
BBITIOJIHEHUS MUCCHH. Ecii ocTatok OMHM30K K KPUTHYECKOMY,
TO MHCCHS TIpEKpaIlaeTcsi, O 4eM IOCIIeN0BaTeIbHO Iepea-
eTcst coobmenune arenty «llman muccumy», 3arem arenrty «IH-
tepdeiicy. Ecmm ke ocraBmierocs pecypca IOCTaTOYHO IS
BBITIOJIHEHHUSI MUCCHH, TO areHT «Xo/» BhIpadaTeIBacT Imapame-
TPBI ABMXEHU 11t oOecrieueHus BeimomHeHust AHITA muccun.
BeipabarbeiBaembie mapamerpsl asrkenust AHITA nepenarorcst
areHTy «JIBIWXHUTEIBHO-PYIEBOE yCTPOUCTBOY. [laTunky areHTa
«JIBKUTENBHO-PYJIEBOE YCTPOHUCTBO» IMOCTOSIHHO IEpPEAaroT
JaHHbIE O (hOPMHUPYEMBIX B IpOLIECCE ABMKCHUSI MapaMeTpax
arenTy «OHKoaep». ONHMCaHHBIN aNTOpPUTM IUKIMYECKH MO-
BTOPSIETCS JI0 TEX MOp, IIOKa areHT «JIokaamu3arms He COOOINT
0 JIOCTIKEHUU MEPBOM MapIIPyTHOM TOUKHU, UM areHT «OHep-
ropecype» He cooOIIUT 00 OKOHYAaHHH 3aracoB dHEpropecypca
1 MIPEKpPaICHUN BBITOIHEHNS] MHCCHU.

Ha puc. 2 mpuBenena nuarpamma odmeHa mHpopmanmei
MEXXIY MOJCHCTEMaMH.

HmuranuonHoe MojenupoBaHue  (DYHKIMOHHPOBAHUS
CVY AHIIA B pamKax OMHMCaHHBIX JIByX CIICHApUEB MO3BOJISIET
MOJHOCTHIO BOCIIPOU3BECTH OCHOBHBIE aJITOPUTMBI, UCTIONB3Y-
embie B pemmaeMbix CY AHITA 3agagax.

Taxkmuueckuil Inu300, UCNOIBL3YEMbLIL NPU NPOGEOCHUU
IKcnepumenmos. 1lpy TIpOBEIEHUN MCCIIEIOBAaHUN paccMma-
TpuBaJCs TakThdeckuil snmson nepexoma AHITA u3 omnoit
3aJaHHON Touku B Jpyryto. Ilpenmornaraercs, 4To Ha MyTH
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Puc. 2. [luarpamma o6Mena nHpOpMAaLHeil MeX/Ty TOJCUCTEMaMHK

AHITA MOryT BCTpPETHTBCS TIPENSTCTBUS, (OPMHUPYIOIIUE Y3-
KOCTH, U TIPEISITCTBUSI, Tpedyrolue cBoero ooxona. Ha puc. 3
nmpuBeAeHa BUA Tpaekropun nemkeHnss AHITA mpu mpoxox-
JICHUH Y3KOCTH M 00XO0JI€ TIPETISITCTBHS.

Ha puc. 3 mo xapakrepy TpaeKTOpHUH IIE€PEMEIICHUS
AHITA BuanHO, Kak B pesynbrare paborsl anroputmoB CY
AHITA B mpouecce BbimonHeHus 3anaHus AHITA wmanes-
pUpYeT MEXAY NPEMITCTBUSMH TaK, 4TOOBI HAXOAMTBHCS Ha
0e301acHOM OT HHMX PacCTOSHHHM, a IPU BO3HUKHOBEHHH ITpe-
ISITCTBUSI TIPSIMO 10 KypCy — COBEpIIAET €ro 00X0A, U 3aTeM
YCTPEMJISIETCS K 3aJaHHOM MapIIPYTHOM TOUKE.

B npouecce umuranuu nemxenus AHIIA mopenupyercst
(DYHKIIMOHMPOBAHUE MYJIBTHAI€HTHOW CHCTEMbI YIPaBIICHHUSI.
[Ipu 3TOM B TIpoIIecce 0OMEHa HHPOPMAIUCH MEKITY arcHTa-
Mu CY AHIIA B 31€KTpOHOM KypHaje PerucTpUPYIOTCS OT-
IIPaBJICHHBIE ¥ MOJyYCHHBIE ar€HTAMHU COOOIIECHHSL.

B KaX10M HCTIBITAaHUM TP NTPOBEJCHUH YUCIEHHOTO JKC-
MIEPUMEHTA TIPOUTPHIBAJICS OIMH M TOT K€ TAaKTUYECKUH SIH-

30]1 C Pa3IMYHBIMU NapaMeTpamMHu oOMeHa rmakeTamu cooorie-
HUI MEXly areHTamH.

4. Pe3ynbrarhl YNCICHHBIX YKCIIEPUMEHTOB

[Ipy npoBeNeHUM YUCIEHHBIX SKCIEPHMEHTOB HCIIONb-
3oBancs [1K ¢ xapakrepuctukamu: nporeccop Intel (R) Core
(TM) i3-2100 CPU @ 3.10GHz 3.10 GHz, O3V 2.00 I'B,
64-pazpsinaas OC Windows 7 SP1.

DKCHeprMeHT POBOAMIICS B JiBa dTana. Ha nepBom srame
HCCIIE/IOBAJIOCH BIMSHHE BPEMEHHOTO MHTEpBAJIA MEXy Iie-
pEeIaHHBIMHU Ha OTIIPABKY COOOILEHUSIMU — Ha Pe3yJbTar OT-
TIpaBJICHUS U ITpUeMa cooOMmeHHH. [I1st 3TOro Mpu pa3iIMYHBIX
3HAUEHUSIX BPEMEHHOTO HHTEPBAJIa OI[CHUBAIIACH BEPOSTHOCTD
OTIPABJICHHBIX M MOJYYEHHBIX cooduienuii. Ha Bropom sramne
HCCIIEIOBAJIOCH BIMSHKME KOJMYECTBA OJHOBPEMEHHO IpEe/aH-
HBIX COOOIIEHUI HAa YCHEUIHOCTh MX MpUEMa MPU Pa3InuHOMN
IUIOTHOCTH [IOTOKA OTIHPABIISIEMbBIX COOOILEHUH.

Ha nepséom 3mane WCCICIOBAHUII NIPHU OLICHKE BIIMSHHS
BPEMEHHOTO MHTEPBaJIa MEX/Ty OTIIPABICHHBIMU COOOIICHMS-

Puc. 3. OtoOpaskeHye TaKTHIECKOTO IH30/1a
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MH B BHJIE OIMHOYHOTO ITaKeTa — Ha yCIIEIIHOCTh UX IpHueMa
aJpecaroM, 3HadyeHHe UHTepBajia uaMeHsuioch ot 0 go 100 mc
¢ muckpetHocThio 10 Mc. Pe3ynbrarel MoaenupoBaHus pyBe-
JIeHBI Ha puc. 4 B BUJE 3aBUCUMOCTU BEPOSITHOCTU MOTyUYEH-
HBIX COOOIIEHUH OT BPEMEHHOTO HHTEpBAA.

W3 pe3ynbraToB, MpeACTaBIEHHBIX HA pHC. 4, BUAHO, UYTO
C YBEIMUYEHHEM HWHTEpBaIa MEXKIy OTIPABICHISIMA COOOIIe-
HU 0T 0 10 70 MC BEpOATHOCTH TONXYYCHHBIX COOOIICHUIA
Bozpocia ot 0,15 go 1,00. Bmecte ¢ Tem ¢ yBennueHueM Bpe-
MCHHOTO HWHTEpBaJia KOJMYCCTBO IONYYCHHBIX COOOIICHUI
COKpaTHuioch B 2 pasza. Tak, mpu nnTepBasie B 0 MC OBIJIO OT-
npasiieHo 790 cooOieHun, a npu uaTEpBasie B 70 MC — JUIIIb
414 cooOtmiennii.

[IpuBeneHHBIC pe3yNbTaThl TONYYEHBI TIPHU OTIpPaBKE
OJMHOYHOTO COOOIICHHS, OJHAKO TPU IMOJIHOIICHHOM (DyHK-
LUOHUPOBAHUM MyJAbTHareHTHOH CVY XapaKTepHBIM SIBIISETCS
«MaKeTHas» OTIPABKa Cpa3y HECKOJIBKHX COOOIICHWH, Mpu
KOTOPOH KBa3uMapauiedbHO PACCHUTAETCS HECKOIBKO COO0IIIe-
HUH pa3NuIHBIM areHTaM-aJpecaTaM.

[MoaTomy Ha émopom 3mane viccine0BaHIA TIPOBOMIHCH
YUCJIEHHBIE DKCIIEPUMEHTBI 10 MOJYUYEHUIO OLEHKH BIUSHUSA

WWW.H-ES.RU
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KOJIMYECTBA COOOIICHUI B MakeTe Ha BEPOSTHOCTh IpHEMa
BCEX HAIPaBJICHHBIX Ha Mepe/iady COOOIIEHHH.

Jns Gonee ajekBaTHOW MMMTAIMU 3TOTO IIpoliecca OT-
IpaBKa COOOILIEHUI B MakeTe MPOM3BOJAMIACH B IUKIIE C HC-
MOJIb30BaHMEM WHTEPBAIOB MEXy OTIpaBIeHHEM cooOrie-
HUH BHYTpPHU OJTHOTO IaKeTa.

ITpn mpOBEIEHNH YHCIEHHOTO 3KCIIEPUMEHTA B KAaueCTBE
rapaMeTpoB oOMeHa MH(pOpMaIMel ObUTH HCIIOIb30BaHbL: KO-
JIMYECTBO COOOLIEHHH B MAKETe M MHTEPBAJI MEXK/Iy OTIIpaBIIe-
HUSIMU TaKeToB. PaccmarpuBanmuch TpU 3HA4YEHUs] MHTepBajia
MeXay oTnpasieHusiMu makeToB: 10 mc, 40 mc u 70 mc. [ns
Ka)XKI0TO U3 YKa3aHHbBIX 3HAUYEHUH mepeOupanoch KOIMYECTBO
cooOmennii B omHoM makere oT 1 1o 100 ¢ mHTepBamom B 10
coobmuieHni. B pe3ynbrare OleHHBAIOCh KOMYECTBO MOTyYeH-
HBIX COOOIIEHUH JUISl KayK/I0TO BapHAHTA TIePeiadl COOOIICHHU.

Huxe Ha puc. 5, 6 u 7 npuBeieHbl 3aBUCUMOCTH KOJIU-
4YecTBa OTIPABICHHBIX W TIOJNYYEHHBIX COOOIICHUH OT KO-
JIMYECTBA COOOLIEHUH B OIHOM IIaKeTe JUIl TPEX BApHAHTOB
WHTEPBAJIOB MEXIy OTHpaBieHmsMH makeToB 10 mc, 40 mc
u 70 Mc cooTBeTcTBEHHO. Ha puc. 8 mpuBeneHbl BEpOSTHOCTH
TIOJTYYEHUsI OTIIPABJICHHBIX COOOIIEHHH JIsl 9THX K€ TpeX Ba-

=y

o o
® ©

BepoATHOCTL NONYYeHHbIX
m
(=]
w

0 10 20 30 40

50 60 70 80 90 100

WHTepEan,mc

Puc. 4. Biusinue BpeMeHHBIX HHTEPBAJIOB MEKAY OTIPABICHHBIMH COOOLIEHUAMH HA BEPOSATHOCTH MOTYyUYEHHUS COOOLICHHH
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PHAHTOB MHTEPBAJIOB MEX/y OTIpPaBICHUsIMU MakeToB 10 Mc,
40 mc u 70 mc.

W3 puc. 5 BugHo, uTo mpu 10-cekyHIHOM MHTEpBaie Ha-
OnrogaeTcs JIMIIb YaCTHYHOE MOJNyYCHHE OTHPABICHHBIX CO-
001IeHNH, MPAKTHUECKN — TOJIBKO TOJIOBUHA, U3 pUC. 8 BUJI-
HO, 4TO TIPH OTIPABKE MakeToB, cocTosmux u3 10-tu u 20-tn
COOOIIeHNH, BEPOATHOCTH TOTyYeHHSI COOOIICHN OKa3ajach
Ha ypoBHe 0,32-0,48 COOTBETCTBEHHO (IITPUXITYHKTHPHAS
nuHus). C yBelIMUSHUEM KOJIMYecTBa COOOIIEHUH B TTIAKETE 10
30 BepOSTHOCTH MOJNYYCHHBIX COOOIIEHHH Bo3pocaa a0 0,53,
U C JaJbHEHIINM YBEINYEHHEM KOJIMYEeCTBA COOOIICHHH B T1a-
kere 10 100 BeposTHOCTH Bo3pociia 1o 0,58.

Ha puc. 6 mpuBeneHO KOJTHIECTBO MOIYIEHHBIX CO0OIIIe-
HUH npu 40-MUIDIHCEKYHIHOM HWHTEpBalie, Ha puc. 8 (myH-
KTHpHAsl JINHUS) — pe3yJbTaTbl BEPOSTHOCTH MOIYYCHHBIX
1 BEpPOSITHOCTH OTIIPABJICHHBIX co00IeHni. 13 puc. 6 BUIHO,
YTO KOJIMYECTBO OTIPABJICHHBIX W ITOJYYEHHBIX COOOILICHUI
npu 40-MUITMCEKYHIHOM HHTEpBaje MEXIY OTIpPaBICHMS-
MU COOOIIIEHN — COBIIaIaroT. BMecTe ¢ TEM KOJINYECTBO OT-
MIPABJICHHBIX/TTOYYEHHBIX COOOIIEHNH MEHbIIe B 3 pasa Io

OTIPABICHHBIM COOOIICHUSIM U B 2 pa3za — I10 MOIy4YCHHBIM
COOOIIEHMSM T10 CPABHEHHUIO ¢ BapHaHTOM |0-MUUIMCEKyH -
HOro uHTepsana. 13 puc. 8 BuaHo, uto npu nepexoze ot 10 mc
nHTepBaia K 40 MC BEpOSTHOCTD IOJYYEHHS OTHPABICHHBIX
nakeToB Bo3pociia oonee yem Ha 0,5.

Ha puc. 7 npuBeneHs! pe3yibTaTbl YUCIEHHOIO JKCIIE-
puMeHTa aisi BapuaHTa 70-MIJUIMCEKYHIHOTO HWHTEpBaia
MEXXIy ONpPaBISIEMBIMHU COOOIICHHUSMH, HA pUC. 8 (CIUIOMIHAs
JIMHUS) — Pe3yJbTaThl BEPOSTHOCTH NPHHATBHIX M BEPOSITHO-
CTH OTHpAaBJICHHBIX coobmenuit. M3 puc. 7 BUIHO, 4TO 00bEM
nepegaBaeMoil MHGOpPMaNKU 10 cpaBHeHHIO ¢ 10-mmmce-
KyHJHBIM HHTEPBAJIOM COKPATHIICS eI OOoNblIe — B CPEAHEM
Ha 500 cooOrmmeHuii, B TO k€ BpeMs BEpOATHOCTH ITOTyUCHHS
OTIIPaBJICHHBIX MakeToB coctaBmia 1,00 (puc. 8).

Takum 00pa3oM, pes3yibTrarbl UCCIIEOBaHUM OOMEHa HH-
(dopmareit MexIy MoACHCTEMaMHU-areHTaMK TIPU Pa3IMYHBIX
BPEMCHHBIX HMHTEPBAJIaAX MEKAY OTIIPABICHUIAMU IMAKCTOB CO-
OOLIEHNH MOKa3aIM, 4TO C YBEIMYEHHEM BPEMEHHOIO HMHTEp-
BaJIa MEXK/Ly OTIIPABICHUSIMH MOBBIIACTCS HAZEKHOCTD KaHasIa
Tiepesauyl JaHHBIX, O/THAKO TIPU 3TOM I1a/1aeT 00bEeM IepeaaBae-
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Puc. 6. KomuuecTBo momy4eHHBIX co00MmeHuH mpu 40-MUITUCEKYHIHOM HHTEPBAJIC MEKAY OTIIPABICHUSIMHU TAKETOB
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Mot nHpopmarmu. [Ipn yBenmueHnn BpeMEHHOTO HHTEpBaia OT
10 Mc 10 40 MC BEpOSTHOCTh MPUHATBHIX COOOIICHUI BHIPOCITA
ot 0,55 no 1,00. IIpu nanpHelieM yBeIMYEHUH BPEMEHHOIO
MHTEpBaja MEXIy coodueHussMu 10 70 MC BEpOSITHOCTD TIpH-
HSTBIX COOOILICHUH OCTajach Ha TOM K€ YPOBHE M COCTaBHJIA
1,00. Bmecte ¢ Tem o0beM TepeaaBaeMoli HH(OpPMAIIUN CYIIe-
CTBEHHO 3aBHCHT OT HHTEPBAJIa MEXIy OTHPABICHUEM [TAKETOB
coobmrennii. Ha puc. 9 mpuBemneH NTOTOBBIA CBOMHBIN Tpaduk
3aBHCUMOCTH OOILIET0 KOJINYECTBA MOIYYEHHBIX COOOIICHHUH OT
KOJINYECTBA COOOILICHUH B OJTHOM MAaKeTe TSl Pa3IMYHBIX 3Ha4Ye-
HUM BPEMEHHBIX HHTEPBAJIOB MKy OTIIPABICHUAMH MAKETOB.

Pe3ynbraTbl IMUTALMOHHOTO MOZEIMPOBAHUS O3BOJIHIH
OLICHWUTH BIIUSIHUE TTaPaMETPOB OOMEHA COOOIICHUSIMU MEXKITY
areHTamMH B Tporecce (DYHKIIMOHWPOBAHUS MYJIbTHArCHTHOH
CY AHIIA v no3BoiunM BBIABUTH ONTHMAJbHBIM BapuUaHT
napaMeTpoB oOMeHa HMH(pOpManuelr sl paccMarpyuBaeMBbIX
YCIIOBHM TIPOBEJCHUS YHUCIECHHOTO AKCIEepUMEHTa. TakuMu
rapaMeTpaMH OKa3ajnCh:

— BPEMEHHOI MHTEpPBaJl MEX/Iy OTIIPABICHUEM MaKETOB
coobmennii — 40 mc;

WWW.H-ES.RU
RF TECHNOLOGY AND COMMUNICATION

— o0BeM KBa3HWIIapajuIeTbHO TepeaaBaeMoll mHpopMa-
mun — 800 cooOIIIeHn .

[NonyueHHBIE B X0/I€ UCCIIEAOBAHUM PE3yIIBTATHI TO3BOJISIT
Oosiee B3BEIICHHO MOAXOANTH K BBIOOPY MapaMeTpoB OOMeHa
uHpopmalen Mex1y MojcucTeMaMu-areHTaMu NPy peanza-
LM MYJIBTHAICHTHOTO MOIX0Ja B CHCTEME YIPAaBICHUS aBTO-
HOMHOTO HEOOMTaeMOro IOJBOJHOTO ariapara, ONpeleiInThb
o0beM nepeaBacMoil HHGOPMAIIUK U TEMIT €€ TIepeIadH.

BriBoabI

1. OcoGenHocti (YHKIIMOHHPOBAHUSI MYJIBTUATCHTHOM
CHCTEMBI YIIPABJICHUS aBTOHOMHOTO HEOOUTAaEMOT0 MOBOIHO-
To ammapara ObUTH peaTn30BaHbl B UMUTALMOHHONW MO e¢
(YHKIMOHUPOBAHUSA, B KOTOPOU KaXXJIOH IOICUCTEME-areHTY
COOTBETCTBOBAJIa CAMOCTOSITENIbHAS IIPOrpaMMa, a OOMeH JaH-
HBIMH MEXJy NpOrpaMMaMH OCYIIECTBIISUICS C MCIOJIb30Ba-
HHEM pacIpeIeIeHHbIX M NapauleIbHbIX BBIYUCICHHUH.

2. C ucnonp30BaHUEM pa3pabdOTaHHOW WMHUTAIIMOHHOM
MOJenn OBUTH TMPOBEICHBI HMCCICIOBAHHS IO OIPEICTICHHIO
paIOHAFHBIX MTApaMETPOB KaHAA TIepeIadr TaHHBIX.
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3. Pesynbrare! nccneqoBaHU OKa3aiH, YTO C YBEITMUCHHU-
€M BPEMEHHBIX MHTEPBAJIOB MEXIY OTIIPABICHUSIMU COOOIIIe-
HUH MOBBIIIAETCS BEPOSITHOCT ITPHEMa COOOIIEHHUH, HO BMECTe
C TE€M COKpallaeTcs CKOpOCTh Nepeaadyn coodenuid. Tak, npu
OTIIPaBKE MAKETOB COOOICHHUN pa3inyHoro odobema (0T 1 1o
100 coobmenuii B makere) ¢ uarepBaiamu 10 mc, 40 mc u 70
MC BEpOSITHOCTH IIpreMa coodmienuii Berpocia ot 0,55 mo 1,00,
OIIHAKO TPH ATOM KOJIMYECTBO TEPEIaBAEMbIX COOOIIEHHH CO-
kparuiocs ¢ 1400 npu unrepsane 10 mc 1o 850 npu unrepsaie
40 mc u go 600 npu untepsane 70 mc. [loxydennsle pe3ynsra-
Thl IIO3BOJIMJIN BBISIBUTH paHHOHaﬂLHLIﬁ BapuUaHT MmapaMeTpoOB
KaHaja Mepefadyn JaHHBIX MEXy areHTaMH: BPEMEHHOH HH-
TepBa MEXIy nepenadeit coodmiennii — 40 Mc, 1Oy CTUMBII
o0beM mepenaBaemoit mHpopmarun — 8§00 cooOreHui.

4. Pe3ynbraThl UCCIEAOBAHUI IO3BOJISIIOT y4YECTh IIOJY-
YEeHHBIE PEe3yJbTaThl NPU pa3paboTKe aaropuTMOB MYJIBTHA-
TEHTHOW CHCTEMBI YIIPaBJICHHsS aBTOHOMHOTO HEOOHTaeMOro
MOIBOJJHOTO arnapara.

Pa6ora Bemonnena npu noanepxkke Poccuniickoro @onma
¢byHIaMeHTaNBHBIX nccienoBanuil (mpoekt Ne 17-08-00666).
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ABSTRACT

An autonomous underwater vehicle is considered, which is a
complex technical complex of the marine habitat, which, in
view of its complete autonomy, must make decisions in a fully
automatic mode. When implementing the most promising ap-
proach to building a management system-multi-agent, one of
thetasksthatneedstobesolvedisthetask of selecting parame-
ters for information exchange between the agent subsystems.
The task is to determine the rational parameters for infor-

H&ES RESEARCH, 5-2017

KEYWORDS: autonomous underwater vehicle; control sys-
tem; multi-agate technology; information exchange; reliabil-
ity of the communication channel.

mation exchange between the agent subsystems in the mul-
ti-agent control system. Parameters, the impact of which was
estimated, were: the time interval between the sending of
messages and the number of simultaneously sent different
messages to different recipients. The exchange of information
was carried out by sending message packets between the
agent subsystems containing data, commands, requests, re-
sponses. The choice of parameters for information exchange
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was carried out on the basis of an assessment of the reliability
of data transmission channels between the agent subsystems.
To carry out the research, an imitation model for the function-
ing of the multi-agent control system was developed. During
the research, a tactical episode related to the movement of
the underwater vehicle at the entrance to the narrowness,
and then — when the obstacle was circumvented, and two
scenarios for the functioning of the multi-agent control sys-
tem were considered: the first — processing of the received
task, and the second — the processing of information in the
process of underwater vehicle movement the given route.
Based on the results of the numerical experiments, it was pos-
sible to determine the most rational values of the information
exchange parameters between the agent subsystems in the
process of functioning of the multi-agent control system of an
autonomous underwater vehicle.
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KJTHOYEBBIE CJTOBA: MynbTuceHcop-
Hble cucTeMbl; poboToTexHMYeckune
KOMMMIeKChbl; pa3paboTka MoBUbHbIX
POBOTOB; CUCTEMbI TEXHUYECKOTO
3PEHUS; CUCTEMbI MALLMHHOIO 3PEHUS;
ynpaenexue; obpabotka; 3D.

AHHOTALNA

Mo aHanorMm c ecrecTBEHHbIM MWPOM, 3PEeHUE SIBSETCS OCHOBHOW HEOTbEM-
JIEMOW COCTaBJIAOWEN POBOTOTEXHNYECKNX KOMMIIEKCOB. B cBs3n ¢ yem, ogHom
M3 aKTyasibHbIX 33434 B COBPEMEHHOWN pa3paboTke pobOTOB ABMSETCS pelueHne
npobsieMbl CO30aHUsI HOBbIX, YCOBEPLLUEHCTBOBAHHbIX CUCTEM, aJirOPUTMOB, Me-
TOLOB U MPUHLUMNOB NMPOCTPAHCTBEHHOMN HaBuraumm poboTos. MpumeHsembie B
POBOTOTEXHUKE CUCTEMBI ONEPUPYIOT Pa3IMYHBIMU ONEPaLUAMM, HEKOTOPbIX U3
HUX MOXXET He 6b|Tb nnanm oOHn MOryT 6b|Tb OG'be,quHeHbl C ,D,perIMVI, N BbIMNOJNTHATb-
Csl B pPas3/INYHOW nocsiefoBaTenibHOCTU. Bce aTn cuctembl oTanyatoTes LWMPOKUM
pasHoobpasuem v npesycMaTprBatoT CTPYKTYpPHble U GYyHKUMOHAbHbIE pa3nv-
4Ms B 3aBMCUMOCTM OT MOCTaBsieHHOM 3agayu. MNpu paboTe B CIOXHbIX YCIOBUAX
3HAYMTESIbHO YCJIOXKHSAETCS KPYr peluaeMbix 3a4ay € MomoLLbio poboToB U, cooT-
BETCTBEHHO, BO3pacTaeT HeobxoauMocCTb B pa3paboTke yHUBEpPCaibHON CUCTEMbI
TEXHUYECKOrO 3peHNs CHABXXEHHON COOTBETCTBYIOLLMMU CPEACTBAMU AJ1S peLue-
HUNA CNOXHbIX (byHKLI,VIOHa.HbeIX 3adad.

B pesynbTate MOXHO co3faTh CUCTEMY A5 IIOGOro KOHKPETHOro Cryyasi TeXHU-
4YeCcKOro 3peHus, B pasbl MPEBbLILIAIOLYI0 BO3MOXHOCTM YeJIOBEYEeCKOoro rasa.
BoamoxxHoCTH, 3¢dPeKTUBHOCTL U TMBKOCTb CUCTEMbI TEXHUYECKOrO 3peHUust cy-
LLeCTBEHHO 3aBUCAT OT anroputMuyeckoro obecreverus. OcobeHHocTu pobo-
TOTEXHMYECKOro NPOrpamMmMHoro obecrneyeHnss HanpPsMylo 3aBUCAT OT Bbibopa
annapaTtHbIX CPeACTB M aNropUTMUYECKON NOAAEPIKKE CUCTEMbI /1S peannsaumm
rnocTaBJIeHHOW 3a4a4u.

B paHHOM paboTte aBTOp NMogpobHO paccmaTpuBaeT TakuMe acrnekTbl B paspabor-
K€ MOBUIIbHbIX POBOTOB, Kak OCOBEHHOCTb peLLeHns PoBOTOTEXHUYECKMX 3a[aY,
aKTyasibHOCTb Pa3paboTKM HOBbIX aNrOPUTMUYECKMX U MPOrPaMMHbIX CPEnCTB,
obecrneumBaowmx 3PpPeKTUBHYIO NMOAJEPXKKY BCEX PEXMMOB (PYHKLMOHUPOBA-
HUS CUCTEMBI TEXHMYECKOro 3peHus. [NprmeHsieMble NOaXoabl U TEKCTOBbIE Bbl-
KJ1agKu BbliABUIatOTCA Ha OCHOBE MeTO40B pacno3HaBava 06pa30B, ,D,VICerTHbIX
npeobpa3zoBaHuit, umbposon 06paboTkm N306pPaKEHUN N CUCTEMHOrO aHan3a.
B paborte Takxe paccmatpusaetcs dopmuposanme 3D-mopeneit moBepxHoOCTH
obbeKTa, MPUMEHUTENBHO K MOBUbHBIM poboTam, npeacraBieHa obobueHHas
dYHKLMOHaNbHas CXeMa CUCTEMbl TEXHUYECKOro 3peHus pobota. PeaynbraTsl nc-
cnepoBaHus ByayT Nosie3Hbl B PassiMyHbIX CUCTEMAaX MOHUTOPUHIA, CUCTEMAX MO-
LepHU3aunn yrpassieHUs, MyJIbTUCEHCOPHON 06paboTkm uHpopmMaumm, npu pas-
paboTke pOBOTOTEXHUYECKMX KOMMIEKCOB U CUCTEM.

O3 UNTUPOBAHWUA: BarytguHos P.A. MprHumn pa3paboTkn anroputMmyeckoro obecrneyeHns cucteMbl TEXHUHYECKOro

3peHusa poboTos // HaykoeMkure TexHonormm B Kocmuuecknx uccnegosanusax 3emnn. 2017.T. 9. N2 5. C. 66-71.
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BBeagenue

XapakTepHOH dYepToil poOOTOB SBISCTCS HAIMYHE OTIC-
paropa, KOTOpBIA IpH HEOOXOIUMOCTH MOXKET MOBJIHATH Ha
MIPOLIECC aBTOMATHYECKOTO YIIPABJICHHUS. 3/1€Ch BO3HUKAET DSl
JOITOJITHUTCIIbHBIX Tpe6OBaHI/II/I JUIA CUCTEM TEXHUYCCKOTO 3pe-
Hus (CT3), kK TOMy K€ HU OAWH JaTYUK HE SBISETCS Uealb-
HBIM JUTSI PEIIICHNUS OTpe/IeTICHHON 3a1au. B oTidne ot anro-
PUTMOB aHaJHM3a BPEMEHHBIX CHTHAJIOB, 00pabOTKa M aHaIHM3
N300paKeHNH SABISIOTCS OoJiee CoXHbIMY, T. K. mpencrasis-
I0T CO00# TpH KOOpIAMHATHI 1 BpeMmsL. [ 1]

B nponiecce ananmza muTeparypbl BBISIBICHO, YTO 3a4aCTYIO
9Tambl aHAIN3a N300paKEHUH pacCMaTPUBAIOTCS KaK HECBS3aH-
HBIE MEXTy co0oii iporeccsl. [ 10, 15]. Heobxomumo mpoBoanTh
KOMITICKCHBIN aHaIW3 Ha TIPOTSHKCHUH BCETO HCCIICAOBAHUS,
IIPY 3TOM YYHTHIBaTh OBICTPONECHCTBHE BHOBb pa3zpadarbiBae-
MBIX aJITOPUTMOB (WK uX Mogudukaimn). B padore [15] nmpen-
JJararorcsa METOAbl CCTMCHTAIIMU, OIIMCBIBACTCS BO3MOXHOCTH
MIPSMOTO JOCTyIa K UCXOOHOMY Koay. Ho, ormcannsie B pabote
METOIBI HE COBCEM IIOAXOMAT IS CHCTeM, (DYHKIIHOHHPYIO-
LIIMX B peXUME peajbHOro BpeMeHu. B ncrounukax [2, 6, 12]
OITMWCBHIBAIOTCSl TE€OMETPUUECKHE M CTaTHCTHYECKHE METOBI
00paboTKH M300paKeHHi, HO HE B 9THX paboTax OITyCKaroTCs
MOMCHTbBI paGOTLI C JMHAMHW4YCCKHUMHU 00BEKTaMH.

Ha ceromusmmamii aesp B TpexmepHbix CT3 MpuUMeHsOT-
Csl CIIOXKHBIE ammaparHo-niporpaMMusie cpencta (AIIC), aro
OKa3bIBACT BIUSHHUE Ha OBICTPONEHCTBHE TAKUX METONOB 00-
pabOTKH IpU pelIeHnH 33/1a4 B pealbHOM BPEMEHH.

Ot npoOsieMbl MOXKHO HM30€XkaTh 3a CUET YIPOLICHHS
AITOPUTMOB M CO3/1aHHE HOBBIX METOJ0B O00pabOTKM TaKHX
JIaHHBIX, KOTOpbIe ObUTH ObI O0JIee THOKK B 3TOM OTHOIIIEHUH.
Jnsa coznanns BeicokodhdexTuBHBIX 3D CT3 HE0OX0mMMO Hc-
KITIOUUTH OTIEPAIIHIO COIIOCTABIICHUS CTepeomap IpH aHAIH3E
KaJIpOB, 00ECHEUYHTh IOJyYeHUE MPOCTPAHCTBEHHON BHUJIEO-
nH(OPMALMK OTHUM HOJBM)KHBIM BHJICOIaTYHKOM, ITOBBICUTD
MIOMEX0YCTOHYUBOCTh M pa3paborarh MPOCTOE MPOrpaMMHOE
obecrniedeHre — I TIOTYYeHHs TPEXMEPHOTO0 00pasa, Heo0Xo-
JTUMO OTIPENENIATh CTPATETHIO IS MOMYYCHUS H300paKeHUH,
HE XBaTaIOMIUX MPOCKITHA 00bEKTa Ha OCHOBAHHUHU PE3YIIETaTOB
00paboTky ncxomHoro n3odpaxenus. Ha ocHoBe aTHX 3ameya-
HUH MOXKHO yTBEp)KJaTh, YTO BO3MOXKHOCTH CYILECTBYIOLINX
Ha COBPEMEHHOM JTarie CpeAcTB GOPMHUPOBAHUS U 0OPaOOTKH
M300paXeHU OTpaHWUYEHBI, TIOATOMY TPH pa3paboTKe BHUje-
OCHICTEM JIOJDKHBI YUWTHIBATHCSA KakK TPeOOBaHHA K TOJTHOTE
1 Ka4eCTBY ITOCTABISICMON UMH MH()OPMAIHH, TaK U BOZMOXK-
HOCTH COCTABIISIFOIMX MX JIEMEHTOB.

Onucanue NPHHIUIA TOCTPOCHHS aJITOPUTMUYECKOTO
obecrieuennst CT3. BepHas mon0opka onpe/ielieHHbIX CPENICTB
k noctpoernio CT3 poboTa — MMeeT Upe3BBIYaifHO BaXKHOE
3HaUeHHWE U1 AOCTIDKCHHS HYXHBIX TEXHHYECKHX ITOKa3a-
Telned W YIOBIETBOPEHHS TPEOOBAaHUHI TEXHUYECKOTO 3aja-
Hust. O0br9HO CT3 cTpOUTCS Kak COBOKYITHOCTH alIapaTHBIX
U TIPOrPaMMHBIX CPE/ICTB. ANIapaTHbIe CPENICTBA BKIIOYAIOT
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B cebs: — Tenekamepy (CTaHAapTHYIO WIIH CTICIHANBHYIO0).—
uHTepdeiic, OTIMYAIONINNACST TOTHKO TEXHHYSCKAMH Tapame-
Tpamu (pasmep H300pa’keHus, pa3psaHOCTb, CIIoco0 BBOJA
MH(OpPMALINH).— CIELIIPOLECCOPBI WM CUTHAIIBHBIE MTPOLieC-
copbl. OJHaKo, HE3aBUCHMO OT HCIOJIB3YyEMbIX allapaTHbIX
CPEACTB, HEOOXOOMMO HAJIMYHE AITOPUTMHUYECKOTO U IIPO-
TpaMMHOTO 00ecTIedeHus I 00pabOTKH TaHHBIX ITOTyYSHHOMN
WH(POPMALINHU U BHIITOTHCHHS COOTBETCTBYIOMINX JCHCTBUI.

[IporpamMMmHBIE CpeNCTBa NPHHIMUINAIBHO OTIMYAIOTCS
OT anmnapaTHbIX BOBMOKHOCTBIO OBICTPOI TepecTpoiKy ajiro-
puT™Ma uX (QYHKIIMOHUPOBAHUS 110]] KOHKPETHYIO 3anaqy. OHu
OOBIYHO peann3yeTcs C MOMOIIBI0 YHUBEPCATBHBIX BBIUHCIIH-
TEIBHBIX CPENCTB (KOMIBIOTEPOB, MHHU- W MHKPOKOMITHIO-
TepoB). Ha ceromusmHuii 1eHh W3BECTHBI MHOTOUYHMCIICHHEIC
MIPUMEPBI, KOIZa B JIAOOPATOPHBIX YCIOBHUAX CHCTEMY 3PECHUS
CTPOWJIM MPOTPAMMHBIM IIYTEM C MCIOJIb30BaHHEM J0CTATOU-
Ho MmomrHbiX [TK. Ho maxe B 3ToM ciiydae OOBIYHO IOIyCKa-
JIMCh CYIIECTBEHHBIC yIpomieHus peaabHocth [11, 14]. [Ipak-
Trdeckast 3(pPEeKTHBHOCTD STHUX HCCICHOBATEIBCKUX CHCTEM,
KaK TpaBWIIO, ObllTa OYCHb HEBBICOKOH. TeM He MeHee, aKTHB-
HOE M3y4YEeHNE MHOTHUX ACIIEKTOB 3pUTEJILHOTO BOCIIPHSITHS 10~
3BOJIMJIO HAKOIIMTH OINPEAEIICHHBIH ONBIT M0 MPOrPaMMHOM Op-
TaHu3aiuv CUCTEM MAIIMHHOTO 3pCHUA U OTO6paTI> IIOJIC3HBIC
ANTOPUTMBI PACIIO3HABAHHS 00Pa30B.

AHaTOTHYHBINA aHAJTN3 TIPOBOMJICS U ITPU PEIICHUH IPYTHX
3amgaq. K nmpuMepy, JaKTHIOCKOITIMYSCKIA aHAITN3 Ha MECTE CO-
BEPIICHHUS TPECTYIICHHS C LEbI0 HACHTU(QHUKALNY JIMYHOCTH
WJIM MCCIINIOBaHUE XapakTepa Je(opManuy JIeTalu sl Bbisic-
HEHMS IPUIUH paspymeHust [7, 8]. B aTux ciyyasx BayKHBIM sIB-
JIIETCSI KaK KOJIMYECTBEHHBIN, TaK U KaYECTBEHHBIN aHainu3. be3
mogoOHOro Habopa JaHHBIX HET BO3MOXKHOCTH OIICHHTH K TIPHU-
Mepy CTPYKTYpY CTalld, a TIPH MCCIICAOBAHUH TTaTOIOTHICCKIX
AHOMaJIMH KJIETOK IPU IHATHOCTUKH paka, a TaKkkKe B JPYTUX
moA00HBIX MccenoBaHusX [16]. B atux cimydasx, KkpoMe mpo-
CTeHIIero BU3yaJlbHOTO HAaOJIO/ICHUSI U CpPaBHEHUsI, 00si3aTelb-
HO HEOOXOIHMM IIOJICYET, U3MEPEHUE M CTATUCTUYECKUI aHaJIN3
MOy4eHHbIX JaHHBIX [3—4, 9, 17]. C pa3BuTHEM HOBEHUIIHX
YCTPOHCTB 00PaOOTKH JTaHHBIX, CO3MaeTCs BCE Ooee CIOKHOE
MareMaTH4eckoe 1 MporpaMMHoe odecriedeHre 00padoTKy n30-
OpaXeHMH, aKIEHT aJrOPUTMOB KOTOPBIX HalpaBieH Ha mapa-
METpbI KOHTPOJIMPYEMOro Tiporiecca. B pesynbrare mnonydaem
B MEPCIIEKTHBE BO3MOXKHOCTh CO3/IaHMs YHUBEPCAIBHOH cHCTe-
MBI WITH TEXHOJIOTHH TEXHUYECKOTO 3pEHHs, KoTopas He OymeT
HE TOJNBKO YCTYTIaTh YEIOBEYECKOMY ITIa3y, HO IaKe IpPEBOC-
xoauTe e€. DTO MO3BOJIUT JOCTUY COBEPILEHHO HOBBIX, HEOXKH-
JaHHBIX 10 3()(PEKTUBHOCTH PELICHUH /Tl Pa3IM4HOrO Kiac-
ca 3amad [13]. Crnenudurka QyHKIHOHATIBHBIX BO3MOKHOCTEH
TaKoi CHCTEMBI OyAeT HApSAMYIO 3aBECHUTHh OT MPHMEHIEMBIX
QITOPUTMOB M HOBBIX METOIIOB 0OPaOOTKH Te€TEPOTCHHBIX JTaH-
HBIX. 3a4acTyI0 HE BCETna T¢ WIIM WHBIC METOIBI U alTOPUTMBI
MOT'YT YCIICIIHO NPUMEHSATBCS MPU PELICHUH TPAJUIMOHHBIX
3aj1a4 TEXHUYECKOTO 3PEHUsI B APYTUX OONACTSAX, OTCYTCTBYIOT
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YHA(DUIIMPOBAHHBIE METOMIOB, KOTOpPBIE OBIIM OBl YHHBEPCANb-
HEI [5]. D10 cBsi3aHO ¢ TeM, uTo CT3 poboTa T0KHA YIOBIETBO-
PSITB KECTKUM TPpeOOBaHMUSM, HMEIOIIUM JIOCTATOYHO CIOKHYIO
peanu3zanuto. YToOb!I BBINOIHUTE 3a/1a4y B PEIbHOM BPEMEHH,
UCTIONB3YeMbIe aJTOPUTMbI JOJDKHBI OBITH 0OJiee MPOCTHIMH
U gomyckath 3()GEKTHBHYIO BBIYUCIUTENLHYIO PEaTH3aLHIo.
Ho, BbICOKMIT clIeKTp 3a/1a4 U CTPEMJIEHUE K YHUBEPCAIbHOCTH
CHCTEMBI BBIHYXKIAIOT OTKa3aThCsl OT MPOCTBIX AITOPUTMUYE-
CKUX pELICHHH M NEepeTH K CIOKHBIM MeTosaM 00paboTKH
n aHanmsza BujaeouH(popmaiyyu. CTOUT TaKKe OTMETHTB, YTO
TMOKOCTh CHUCTEMBI, BO3MOXKHO, OPTraHU30BaTh M 3a CYET pas-
HOOOpPA3HBIX aJIrOPUTMOB C OOJBIIMM YHCIOM H3MEHAEMBIX
napameTpoB. Heo0XoauMo y4ecTh Takoke, 4To OIepaTopamMy po-
0O0TOB 3a4aCTYIO SIBIISIOTCS PSIIOBBIE MTOTB30BATENH, & HE BBICO-
KOKBaJIM()MIIMPOBAHHBIE CIICIUAIMCTHI, U 3a4aCTyIO0 OHU HE Bia-
JICIOT B MOJIHOM Mepe MareMaTHueCKUMH METOlaMi 00paboTKH
BUJICOMH(OPMAIIHH, & TAKXKE MPOrpaMMHUPOBaHUEM. YKa3aHHasI
BbIllIE crelu(UKa perieHuss poOOTOTEXHUYECKUX 33/1ad aKTy-
ann3upyeT pa3pabotky abcomorHo HOBEIX AIIC, kKoTOphIe OBI
3¢ (EeKTHBHO MOIEPKNUBAIH BCE HEOOXOUMBIE PEKUMBI (yHK-
muonuposanust CT3 pobora. Ha puc. 1 mokasana o6o0meHHas
(ynxumonanpHas cxema CT3 pobora.

Hcxonst U3 BBIICH3II0KEHHOTO, CTOUT OTMETHTh, YTO JTIO-
6oit (AIIC), pemaroiias 3aa4u ¢ y4e€TOM BPEMEHH JIOJDKHA
XapaKTepU30BaThCsl ONPENCICHHBIME (DYHKIMOHAJIOM: TPHEM
JTAaHHBIX C TIOCJICTYIONINM aHAIN30M B 00paObOTKOM, TPUHSTHE
pELICHUH U repeiadeil pe3ynbTaToB aHalu3a JUisl OCIeyo-
1mero o0paboTKH, eciy TakoBast oTpedyeTcs.

Cerme HTauma n3obpamenn i

PopmupoBaHie n3obpamern i

OnucaHue n3obpame HIH

3akJiloueHue

Kondwuryparyst Takoil CHCTEMbI 3aBUCHT OT IIIaT()OPMBI,
yIIpaBJIEHUs IPH 3aIycKe, B ero ()YHKIMU BXOIUT OIpesiere-
HuA sAapa u nepenauda emy ynpasienus. AIIC peanusyercs Ha
si3pike ANSI C 1 SIBJISIETCS TOTHOCTHEO KPOCC-TUTAaT(hOPMEHHOM.
JU71st HOJTHOLIEHHOTO (DYHKIMOHUPOBAHUS CUCTEMBI TPEOYIOTCS
cucteMHbIe cepBHCHI. [Ipennaraemslii mpuHINT 0OecTIeunBaeT
YHHUBEPCAIBHOCTh M THOKOCTBH YIPABICHHS CHCTEMBI Ha Pa3-
mmuHoi mnardopme. IIpumensiemble B podororexanke CT3
OINEPUPYIOT Pa3IMYHBIMKU OIEPALMIMH, HEKOTOPBIX W3 HHUX
MOYKET HE OBITh WJIM OHH MOTYT OBITh OOBEIUHEHBI C JIPYTHMH,
U BBIIOJHATHCS B a0COTIOTHO PAa3IMYHON IOCIEIOBATENbHO-
ctu. Bee 3T crcTeMbl OTIIHYAIOTCS IMPOKUM Pa3HOO0pa3nemM
1 €CTECTBEHHO NPEIyCMaTPUBAIOT HEKOTOpPBIE CTPYKTYypHBIE
1 (YHKIMOHAIBHBIC PA3IMYMs B 3aBUCMOCTH OT IIOCTaBJICH-
HOM 3a/1auul. YUUTHIBasl BBILIE U3JI0KEHHOE MOXKHO JIeNaTh Clie-
JYIOIINIT BBIBOJI: TIPU paOOTE B CIIOKHBIX YCIIOBUSIX 3HAYUTEIb-
HO YCJIOXKHSETCS KPYT pelllaeMbIX 3a/a4 ¢ IIOMOLIBI0 poOOTOB
1, COOTBETCTBEHHO, BO3PACTAET HEOOXOJUMOCTh B pa3paboTke
yauBepcansHOi CT3 cHabXXeHHOM COOTBETCTBYIOIIMMH CPE-
CTBaMH JUISl PELICHUSI CJIOKHBIX (DYHKIIMOHAJIBHBIX 3a]a4 BO3-
HUKAIOUIMX (BBITEKAIOIINX ) U3 YCIOBHU PabOTHI.
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ABSTRACT

By analogy with the natural world, vision is the main integral
component of robotic systems. In this connection, one of the
urgent tasks in the modern development of robots is to solve
the problem of creating new, improved systems, algorithms,
methods and principles of spatial navigation of robots. The
systems of technical vision used in robotics operate with dif-
ferent operations, some of them may not be or they can be
combined with others, and performed in an absolutely differ-
ent sequence. All these systems differ in a wide variety and
naturally provide for certain structural and functional differ-
ences depending on the task. When working in difficult con-
ditions, the circle of solved problems becomes much more
complicated with the help of robots and, accordingly, there is
a growing need to develop a universal systems of technical
vision equipped with appropriate means for solving complex
functional problems.

As a result, you can create a system for any particular case of
technical vision, which is several times greater than that of
the human eye. The functionality, efficiency and flexibility of
the STV are highly dependent on its algorithmic support. Fea-
tures of the robotic software directly depend on the choice
of hardware and algorithmic support of the operation of the
systems of technical vision for the implementation of a clearly
defined task.

In this article, the author examines in detail such aspects of
the development of mobile robots as a function of solving
robotic tasks, the urgency of developing new algorithmic and
software tools that provide effective support for all operating
modes. Applied approaches and textual calculations are ad-
vanced on the basis of image recognition methods, discrete
transformations and digital image processing and system
analysis. The work also considers the formation of 3D models
of the object surface, applied to mobile robots; the gener-
alized functional diagram of the systems of technical vision
of the robot is presented. The results of the research will be
useful in various monitoring systems, control modernization
systems, multisensory information processing, in the devel-
opment of robotic complexes and systems.
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AHHOTALMA

B cTaTbe paccMoTpeH noaxop K OLEHUBaHUIO CTPYKTYPHbBIX COCTOSIHUIA CJTOXKHbBIX
OPraHn3aLMOHHO-TEXHUYECKUX OBBLEKTOB NMpW MOAAEpP>KKE MPUHATUS peLueHun
Mo ynpaB/ieHNo UX XMU3HEHHbIM uMKnom. B kauecTBe npumepa Takoro obbekTa
BbIBpaHO KocMuueckoe cpefcTso. MNpu 3TOM paccMoOTpeHbl COBPEMEHHbIE Npo-
6J'IeMbI n npenbvsasngemMbie Tpe6OBaHVIH npu oueHnBaHUN TEXHUHECKOIro cocTtoqa-
HUSI U HA[EXXHOCTU KOCMUYECKUX cpeAacTB. bbino BbiABAEHO, YTO NpUMeHsieMble
B paccMaTpuBaeMoWn npeAmMeTHON obsiacTu Moaxofbl He MO3BOMSIOT MPOBECTU
KOMMIEKCHOE MOAEIMPOBAaHNE M OLeHMBAHNE COCTOSIHUS 0ObeKTa MOHUTOPUHTa.
AHanus npegmMeTHol 0biacTn nokasan HeobXo[MMOCTb MPUMEHEHNS HOBOMN UH-
TeNnekTyanbHON MHPOPMaLMOHHON TEXHONOIMM, NPeACTaBIEHHON B CTaTbe, Kak
npu NPOeKTUPOBAHUN MHPOPMALMOHHON CUCTEMbI CIIOXKHOIO OpPraHM3aLMOHHO-
TEXHUYECKOro 0bbeKkTa, Tak U COOTBETCTBYIOLLUX CUCTEM MOHUTOPUHIa CTPYKTYP-
HbIX COCTOSIHUW 1 MOAAEPXKKM NMPUHSTUS PeLLeHUsi B COCTaBe Takoln nHpopmauu-
OHHOW cucTeMsl. [Tpn 3TOM B KayecTBe TEOPETUYECKOWN OCHOBbI TAKOW TEXHOJIOTUN
paccmoTpeHa moandurKaLms 060BLLEHHON BbIYMCAUTENBHON MOLENM, NPeACcTaB-
nsowas coboin yHUPMLUPOBaHHYIO MOAENb NPEeACTaBieHUs 3HaHUN, UHTerpu-
pytoLyto B cebe psp METOLOB M NOAXOA0B TEOPUM UCKYCCTBEHHOIO MHTENIeKTa
1 NO3BOJISIIOLLYIO CTPOUTb UMUTALMOHHO-aHaIUTMYECKME NOSIMMOAEbHbIE KOM-
naeKcbl MOHUTOPUHIa COCTOSIHUIM U YMPaBSIEHUS1 CJIOXKHBIMW OpraHU3aLMOHHO-
TeXHW4YecknmMu obbekTamu. B cTaTbe nokasaHo, YTO B pesysibTaTe MPUMEHEHUs
yKa3aHHOW TEeXHOJIOTMM [OCTUraeTcsi KOMIMJIEKCHOE OLEeHVMBaHWe TeXHUYEeCcKoro
COCTOSIHWSA U HAAEeXHOCTU 0bbekTa MoHMTOpPUHra. [Tpn 3ToM npoBefeH KpaTKUM
0630p NPOrpaMMHOro KOMMJIEKCa, PeLlaloLwero 3aaa4ym MOAEIMPOBaHNS 1 oLe-
HUBaHWUS CTPYKTYPHbIX COCTOSIHUIA KOCMMUYeCcKuUx cpencTs. [MporpaMMHbIn KOM-
nieKkc peasiM3oBaH Ha OCHOBE PAaCCMOTPEHHOW WHTEesNNeKTyasibHon nHbopmaum-
OHHoI TexHonorun. OfHako, Obli10 Tak)ke OTMEYEHO, YTO NPUMEHsIEMas B COCTaBe
PaccMOTPEHHON TexHoNornn Mmoandukaums obobLLEHHON BbIYMCIINTENIBHON MO-
fenv obnapaet psAoOM HEJOCTaTKOB, YCTPaHEeHMe KOTOPbIX CBSI3aHO C 3agavyamu
JanbHeNLero nccnefoBaHums.

KJTKOYEBBIE CJTOBA: MOHUTOPUHI COCTOSIHUSA; CUCTEMA MOAAEPXKU NPUHATUSA
peLueHUi; CNOXHbIA OpPraHM3aLMOHHO-TEXHUYECKUA OBBEKT; cucTeMa UCKYC-
CTBEHHOIO VHTENNEKTA; MHPOPMALMOHHAN CUCTEMA; CTPYKTYpHas AUHaAMUKA.

ONA UATUPOBAHWUSA: Oxtunes [1. A., baxmyt A. [1., Kpbinos A. B., Oxtunes M. KO. Cokonos b. B. Noaxopn K oLeHUBaHMIo
CTPYKTYPHbIX COCTOSIHUIN CITOXHbIX OPraHM3aLNOHHO-TEXHNYECKMX ODBEKTOB Ha OCHOBE 0DOBLLEHHbIX BbIYUCIMTESbHbIX MO-
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NHOOPMATUKA, BbIYMCITUTENTIbHAA TEXHUKA U YTIPABJTEHUE

BBegenue

Ha ceromusmramii 1eHs HA MPAKTUKE B Pa3IMYHBIX C]e-
pax BcTpeuarorcst ciaoxkHble 00bekThl (Ci10), coyeraroniye Kak
TEXHUUYECKUE, TaK U OpraHu3alUoHHbIE achekTsl [1-3]. D10
03HAYaeT, YTO B COCTABE CUCTEMBI 3JIEMEHTHI MOTYT OBITh Mpe/I-
CTaBJICHBI KaK ammapaTHO-TIPOTPAMMHBIMH M HWH(OPMAIHOH-
HBIMH KOMIIJICKCAMH, TaK U JIIOAbMH, I CHCTEMa MOXKET UMETh
HEKOTOPYIO CIIOKHYIO CTPYKTYPY OTHOIICHHN MEXKIY 3JICMEH-
tamu. Takre 00beKThI Ha3bIBAIOT CIIOKHBIMH OPTaHH3AL[IOHHO-
texunyeckumu oowvekramu (COTO) [3]. DdyHKIMOHMpOBaHKE
COTO xapaxrepusyercsi CBepXOOIbIIUMUA 00beMaMH HH(OP-
MAaIMOHHBIX PECYPCOB Pa3INIHON TPUPO/IBI, HETIOIHOTON U He-
JTOOTIPENICIIEHHOCTRIO MH(MOPMAIIMA O COCTOSHHUHM, BBICOKOI
CTOMMOCTBIO OIMMOOK, HATMYHEM IHPEKTHBHOTO BPEMEHH Ha
NPUHATHE PEILCHUS MU YIPaBJICHUH, HAINYUEM PA3JINIHOIO
pozna CTpyKTyp, U3MEHSIOIINXCS BO BpEMEHH (CTPYKTYpHas 11~
HAMHUKa): OPraHU3alMOHHBIX CTPYKTYP NPEINPHATHH, CTPYK-
Typ U3eNUH, GyHKIIMOHATIBHBIX CTPYKTYP H IIp.

B wactHOoM cimydae B kadectBe mpumepa COTO moxHO
MIPUBECTH TAaKOE KOCMHYECKOE CPEICTBO PAKECTHO-KOCMHUE-
CKOM oTpaciu Kak pakera-Hocutenb «Corw3 2». CoBpemeH-
HBIA 3Tal pa3BUTHS pakeTHO-kocmmueckoil orpaciu (PKO)
XapaKkTepu3yeTcss BO3PACTAHHEM CIIOKHOCTH KOCMHYECKUX
KOMIUIEKCOB M TIPOIIECCOB YIIPABICHUSA MMH. YKECTOUAIOTCS
TpeOOBaHUSA K OIEPATUBHOCTH IONYYCHHS, Ka9eCTBY H IO-
CTOBEPHOCTH PEe3yIBTaTOB 00pa0OTKY U aHAH3a HHPOPMAITIH
IIPU OLIEHKE TEXHUYECKOTO COCTOSIHUSI U HAaJI€XKHOCTU PAKETHI.

Tak, HampUMep, MOXKET CTOATh 3ajada CO3JaHHs eUHO-
IO BUPTYaJbHOTO 3JEKTPOHHOTO MacHopTa pakeThbl-HOCUTENS
«Coro3 2». Dta 3a7a4a B YaCTHOCTH TIpEAINoiaraeT HeoOxo-
TUMOCTh WHTETpanuu AaHHbIX o coctossann COTO Ha pas-
JUYHBIX 3Talax ero >KU3HEHHOTO ITMKIIA, HAYWHAS OT MPOCK-
TUPOBaHMS M BIUIOTH 10 yTwinzanuu. [Ipu 3TOoM BO3HHKaeT
HEOOXOIMMOCTh BEJICHUSI aHATUTUYECKOH AEATEIbHOCTH II0
OIICHUBAHMIO YPOBHS TEXHUYECKOTO COCTOSTHUS M HA/IGKHOCTH
W3ICTHs.

Pemenne cenmanpubix 3amady COTO Ha Becex dTamax ero
s)ku3HeHHoro nkia (JKL) HeBo3MokHO 6e3 oOmananus dpdexk-
TUBHBIMHA MHCTPYMEHTAaMHU aBTOMAaTH3alMU MIPOIIECCOB MOHHU-
topunra u ynpasienus dtanamu KL COTO u ux uznenuit
B COCTaBE SIUHOI0 WHGOPMAIIMOHHOTO TIpocTpaHcTaa [1].

Taxkoe monoykeHue Beriei TpedyeT pa3pad0TKU MPUHITATIH-
AJBHO HOBBIX TI0 HICOIOTHUHU IMTOCTPOCHUS B (PYHKIIHOHATBHBIM
BO3MO)KHOCTSM KOMITICKCOB aBTOMATH3MPOBAHHOW MHTEIIICK-
TyaJbHOH 00paOOTKH M aHAIN3a JAHHBIX W TOJIEPIKKH MpHU-
uatust pewenus (IITIP) mpu orneHMBaHMM TEXHHUECKOTO CO-
crosaus 1 HajgexxHocTn COTO Ha Beex atanax ero JKII. IIpu
9TOM CTaHOBSITCSI 0CO00 aKTyallbHBIMU BOIPOCHI 3 (HEKTUBHO-
TO COBMECTHOTO HCIIONBb30BaHMS HAKOIICHHBIX Pa3NUIHBIMH
noacuctemamu COTO wH(MOPMAMOHHBIX PECypCcoOB, ydeTa
CTPYKTypHOM JIMHAMHMKM TexHudyeckoro cocrtosHus COTO
B PEAJIBHOM PEKUME BPEMEHH.
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Cucrema nHGOPMALUHU 0 TEXHUYECKOM COCTOSTHMH
U HaJIeSKHOCTH KOCMHYEeCKHX KOMIIJIEKCOB M BXOASIIIMX
B MIX COCTAaB HM3JeJINii

B ciyuae, xorna peus naer o KK, aBromarnznpoBaHHble
KOMIIJIEKChl MOHUTOPHUHIA CTPYKTYpHBIX cocrosHuid u IIITP
npu ynpasinennn JKI[ COTO B coorBerctBum ¢ 'OCT PO
1410-002-2010 momkHBI GYHKIIHOHUPOBATH B PAMKaX CHCTE-
MBI HHPOPMAIUN O TEXHWIECKOM COCTOSIHHUHM M Ha/Ie)KHOCTH
KK u Bxonsmux B ux cocrtaB m3nenuid. CucreMa HHPOpMaIuu
Ipe/iHa3HavYeHa JyIsi CBOEBPEMEHHOT0 obecrieueHus enepas-
HBIX OpraHOB HUCIOJHUTEIILHOM BJIaCTH, 3aHTCPCCOBAHHBIX
MPEANPUSTUH U OPraHu3allni, y4acTBYIOUIMX B CO3/aHMH,
pon3Bo/CTBe U 3KcIutyararn KK, noctoBepHbIMU cBEICHNMSA-
MH, HEOOXOTMMBIMH YIS BBITIOJTHEHUS pabOT MO 00eCHeYEHHTO
1 TIOBBIIICHUIO YPOBHSI TEXHHYECKOI'O COCTOSHMS, KadecTBa
1 HaJIS)KHOCTH KOMIUIEKCOB M BXOJSIIMX B UX COCTaB U3/ICIHH,
COBEPIICHCTBOBAHHUIO CHCTEM MEHEIKMEHTa KadecTBa Npel-
NPUATUA U OpTaHU3aLUN.

PaboTs!l o cucTeme nHGOPMAIIUH TIPOBOIAT Ha BCEX 3Ta-
nax JKL{ u3nenuii (mpy 3CKU3HOM NMPOSKTHPOBAHUH, pa3pador-
Ke paboueil TOKyMeHTallu, Ha3eMHOI 0TpaboTKe, JETHBIX HC-
IBITAHUSIX, OTTBITHOM M CEPUIHHOM (€IMHUYHOM) TIPOU3BOZCTBE
u skcrutyarary KK n BXomsmmx B MX cOCTaB U3JENHUI).

Nudopmannonnas cuctema (MC) crama HeoTheMIEMOM
4acThi0 (PYHKIIMOHMPOBAHUS TPAKTHUECKH JI000H opra-
Huzannu. CHUCTEMHOCTH ITOAXO0B K mpoekThpoBannio MC
ocraercsi 31m000aHEeBHBIM BorpocoM [4]. UC momxnHa OBITH
MOJYJIBHOW, NOIAEPKUBATh pabOTy ¢ AaHHBIMHU U 3HAHHUSAMH
HampsMYyI0 ¢ KoHeuHbIM Tonb3oBareneMm (KII), momxkHa ocy-
LIECTBIIATh B ABTOMAaTHIECKOM PEKHME!

e cOop, 00paboTKy 1 aHATN3 (MOHUTOPHHT) JTAHHBIX, (haK-
TOB ¥ CBEJICHUII B PeXKNME PEaTbHOTO BPEMEHH,

® KOHTPOJIb OPTaHU3alMOHHON U TEXHUYECKOH COCTaBIIs-
IOLINX,

e TOJCPKKY JIMIL, mpuHuUMaronwmx pemenus, (JITIP) mo
peammsaru neneit COTO,

® JIOJITOCPOYHOE M KPATKOCPOYHOE TIIAHNPOBAHHE,

e KavyecTBEeHHOE oreHnBanue GyHkunonnpoBanus COTO
B YCJIOBHSIX HETIOJNHOM M HeueTKoW MH(pOPMAIMHU U TIp.

Cy1iecTByon#e CUCTeMbl HHPOPMALUU O TEXHUYECKOM
cocrosguuu U HaxexkHocTH KK 001agaror psiioM He10CTaTKOB:

e Qosiblliie 0OBEMBI PA3HOPOMHOM, 3a9acTyIO0 HETOTHOU
1 HEIOONpPENeIeHHON NHPOPMALMK O TEXHHYECKOM COCTOS-
Hun 1 HagexHoctn KK He mHTerpupoBaHbl 1 HE CHCTEMAaTH3HU-
POBaHbI, COOTBETCTBEHHO, HE CO3/1aHbl €ANHbIE 0a3bl JaHHBIX
000 BceM xu3HeHHOM 1HKIe KK n He copmupoBaHo enuHoe
unpopmaimonnoe npocrpancrso PKO;

e HaJMYUE€ MHOTOYUCIICHHBIX, HECOBMECTUMBIX MEXKIY
co0O0H, BRITIOJTHEHHBIX HA PA3UYHBIX IUIaTdopmax, mHpopMa-
IIMOHHBIX CHUCTEM;

o ci1a0bIi ypOBEHb aBTOMATH3AIMK aHAJIMTHYECKOH 00padoT-
K1 UH(OPMALIMY O TEXHHYECKOM COCTOSIHMH U HasiexHocTh KK;
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® OTpPaHMYCHHE OIMEPATHBHOTO JOCTyHa K WH(OPMAINH
0 TEXHHYEeCKOM cocTosHHUU u HaaexHoctd KK, dro mpuso-
JIUT K CHIDKCHHIO BO3BMOXKHOCTEH BCEX YYAaCTHHUKOB CHCTEMBI,
a ocobenno 3aka3unkoB KK, 0OObEKTHBHO OLIEHMBATh TEXHH-
YEeCKOEe COCTOSIHHE U JOCTUTHYTHIN ypoBeHb HajnexHocTH KK
B PEKHME PEATBHOTO BPEMEHHU.

B pesymbrare Bo3HHKaeT mpobdiemMa KOMITIEKCHOTO OI[eHHUBA-
HUSI TEXHUYECKOro cocTosiHus U HaaexHocth COTO, kotopyro
MOYKHO TIPOMIDTFOCTPUPOBATH CICAYIOIIUM 00pa3oMm (puc. 1).

B cootBerctBun ¢ 'OCT B coctaBe KK n1omKkHO OBITh 1OA-
pasenicHre CUCTEMbI HH(OpPMAITUK, OTBEUaroIIee 3a 00paboTKy
JIAHHBIX 00 YPOBHE TEXHUUECKOT'O COCTOSIHUSI M HAJIOKHOCTH H3-
nemust Ha OBM. Takoe monpaseneHne T0KHO OCYIIeCTBIAT:

e BBOJ MH(DOPMAIIMOHHBIX JTaHHBIX B MAITHHHYIO ITaMSTh,

e XpaHCHHE WH(POPMALIUU O TEXHUICCKOM COCTOSIHUU U3-
JIeNIM{ B MAaIIMHHOW TTaMSITH;

e 00pabOTKy HH(POPMAITHOHHBIX JaHHBIX O TEXHUYCCKOM
COCTOSTHUH M C BbIJaueli HEOOXOAMMBIX CBEJICHUI M CTaTUCTH-
YECKUX MaTepPHajoB B OTICYaTAHHOM BH/IC;

® pa3pabOTKy MaTeMaTHYECKOTO OOCCIIEUCHUS U OTIAIKY
3ama4 o 00paboTke MH(GOPMANMOHHBIX TaHHBIX O TCXHHYE-
CKOM COCTOSIHUM WU3JICIINH;

® pa3pabOTKy ¥ BHEPCHHE aBTOMATU3UPOBAHHBIX CUCTEM
HHGOPMAIIUH O TEXHUYIESCKOM COCTOSIHUHM U3CITHIA.

B Hacrosiee BpeMsi B KOCMUYECKOW OTpaciv MNpeanpu-
HUMAIOTCS TIONBITKA BHEAPHUTH TEXHOJOTHH AICKTPOHHOTO
CONPOBOXKACHUS HAYKOEMKON MPOAYKLUU Ha Beex aranax XKL

A

MCTOYHUK

E==> panubix 1

HMcTounnk
BaHHbIX 3

R L L eEN
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(U1 (MadopmarmonHas [lognepxka M3nenws)- wmm CALS
(Continuous Acquisition and Life cycle Support)-Texaomorun).
UIIHN-TexHOIOTHH — 3TO COBPEMEHHBIN MOIXO0 K pa3padoTke,
MIPOM3BOJICTBY, IKCILUTyaTallMk ¥ OOCITY)KUBAHUIO U3/ICINH 1y-
TeM nHpopMannoHHo# nomnepxkku ux XKL Ha ocHOBe arek-
TpoHHOro 0OMeHa maHubIX [S]. Konnenmus UITU onpenenser
MIpaBUJIa, PETIIAMEHTHI, CTAHAAPTHI IO KOTOPBIM CTPOUTCS MH-
(opMaMOHHOE B3aUMOJICHCTBHE yYaCTHHKOB MPOECKTHPOBA-
HUSl, IPOU3BOACTBA, UcHbITaHUN U apyrux stanoB XKL, IIpu
npumenennn WIIM 3HaunrtensHO mnoBbimaercst 3(QGeKTus-
HOCTb JICATENIBHOCTU TIPEINPUATHH 3a CUEeT YCKOPEHHs Ipo-
LIECCOB HMCCIIEN0BAHUS, pa3pabOTKH, COKpAILEHHs H3AEPIKEK
TIPY TIPOU3BOAICTBE M SKCILTyaTalluy U3ETHUH, CYIIECTBEHHOTO
TIOBBIIICHUS KAUECTBA BBITYCKAEMOH MPOTYKIIHH.

B kauectBe orteuectBeHHoro pemenus UIIM B HacTos-
mee BpeMs NpeAsaraeTcsi HOBas TEXHOIOTHS MOCTPOCHHUS
cucreMbl nH(opMaruu o TexHudeckoM cocrosiuun COTO Ha
OCHOBE €IMHBIX 0a3 DaHHBIX U 3HAaHMH B COCTaBe paclpese-
JIGHHOM BBIYMCIIUTENBHON CETH NMPEANPUATHI U OpraHu3aLui,
YYacTBYIOMIMX B CHCTeME MH(OPMAIMHA O TEXHHYECKOM CO-
crossuuu U HajgexHocty COTO ¢ ucnonp3oBaHUEM anmapar-
HO-TIPOrPaMMHBIX KOMITJIEKCOB KOHTPOJIS/MOHUTOPHHTA TEX-
HUYECKOTO COCTOSIHHS M HAJEKHOCTH CHCTEM M JJIEMEHTOB
COTO B peanbHOM MacITabe BpeMeHH, pa3padaThiBacMbIX Ha
OCHOBE HHTEIUIEKTYaJbHBIX HH()OPMAIIMOHHBIX TEXHOJOTHH
(MAT). Iporpammuoe pemrenne Ha ocHoBe UUT Oynem Ha3bI-
Barh yHU(UIMPOBaHHOW porpaMMHoii tutardopmoit (YIIII).

TR R TR R

Puc. 1. Mutioctparus mpo0iieMbl KOMIUIEKCHOTO OLIEHHUBAHUST TEXHUIECKOTO COCTOSHUSI
" HaJexxHOCTH n3aeaus «Coro3 2»
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NOAAEPKKA NNL, NPHHAMAIOLINX PELIEHNS,

OUEeHWBaHWe TEXHMMECKOTO COCTORHHA!

H&ES RESEARCH, 5-2017
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IMonaep:kka NPpUHATHS pelieHN i HA 0a3e HHTENIEKTY-
aJIbHON HMH(POPMALMOHHON TEXHOJIOTUH

OpHoll U3 3a7a4, pellaeMbIX MPH OLEHUBAHUHU COCTOS-
nust COTO, siBisieTcst IOJly4eHUE 10CTOBEPHON MH(pOpMALUH
0 COCTOSTHMM M YPOBHE KadecTBa M3/1eus Ha Bcex 3tanax JKI{
U NPUHATHE HA €€ OCHOBE OOOCHOBAaHHBIX YIPAaBICHUYECKUX
pELICHHUH, B TOM YHCJIE U 110 IPOBEACHHIO, ITPU HEOOXOANMO-
CTH, KOPPEKTUPYIOIINX MEPOIPHUATHI MO YCTPAHEHUIO UMEIO-
HIMXCSA HECOOTBETCTBUIL. [IJIs pelleHns: NOCTaBIeHHON 3aaun
HEOOXOIMMO CO37IaHUE aBTOMATH3UPOBAHHON CHUCTEMBI MO-
HUTOPUHIA CTPYKTYpHBbIX cocTosiHui u IIIP no ympasieHuto
XKL COTO, paspadarsiBaemoii B pamkax YIIII. YIIIT npen-
CTaBIIIET COOOW MPOTPAMMHBIA KOMIUIEKC, HCIIONb3yEeMBbIH
B KaueCTBE MHCTPYMEHTANBHOIO cpencTsa M cosganus UC
Ha 0aze MH(POPMAIMOHHBIX MOJENeH 3aJlaHHOW NPEeIMETHOH
00acTH MpU MOMOIIU COOTBETCTBYIOHIMH TexHojoruu. Ta-
KHM 00pa3oM, MOZIeNT U anropuT™bl B coctaBe YIIIT momkHbI
OBITH HAIPABICHBI HA TOMOIIb JIMILY, IPUHIMAIOIIEMY peLIe-
uus, (JITIP) 3a cueT moBHIIEHUS JOCTOBEPHOCTH HH(POPMAITIH
o cocrosguuu COTO.

IIpoextupoanue UC na Bcex cragusx XKL COTO B pam-
kax Ttexuoyoruu YIIII ocymiecTBiusitoT mnpodeccuoHanbHbIC
MPOTPaMMUCTBI ¥ DKCHEPTHI TpeaMeTHOl obnactu. [Ipu atom
TOJBKO 3KCIEPThI MPEAMETHOW 00NacTH € HCIOJIL30BAaHHEM
CHELHUATM3HUPOBAHHBIX CPEACTB (MHTEIUICKTYaJIbHOTO HHTEP-
¢eiica 1 onepanMoOHHOMN cperbl TPOEKTHPOBaHus) (GopMupy-

cGop, o6paboTka U aHanuz
AAHHLIX HA EAWHBIX NPUHLMNAX

KomGuHupoBanHeiA data-

B ONMCaHKM MHHOPM. NOTOKOE,

cueTeMa
coTo

aHan1s TeXHMYECKOro COCTOAHMA,
YPOBHA HANEXHOCTH M KavyecTea
E peankHOM peXuMe BpeMeHl

Ha pasHkIX YPOBHAX yNpaBneHus

KOHTPOMNE OPraHMzaUNOHHON 1
TEXHWYECKOM COCTABNAIOWNX

W HagexHocTH COTO B ycnoBuax
HenonHom nHhopMaunm

KoHuenuus ynpagnexua no AaHL

EAnHOe MHhOpMaLNOHHOE NPOCTPAHCTEO

WhdpopmaunonHan

10T (CHHTE3UPYIOT) MOJIENN TPEAMETHOH 00JIacTH, aarOPUTMEL
aHaJM3a, OIICHKN HH(POPMAINH 1 TIPUHATHS PEIICHHH.

[Tpu 5TOM HMCTIONB3YEMbIMHU KITFOYEBBIMHU MOXOIaMH SIBJISI-
FOTCs crenyroue (puc. 2):

® OHTOJIOTO-yIpaBiisieMasi METOJIOJIOTHSI OTIMCAHUS ¥ TIPe/I-
CTaBIIEHHsI 00BbEKTOB MPEJMETHON 001aCTH, MHTErPAIlH Pa3HO-
poxHo¥ mHMOpMaIHH, (GopMaTH3aiy JaHHBIX 1 3HAHUH;

® MOJIENH, METO/IBI U aJITOPUTMBI TIPEJICTABICHHS U BHU3Y-
QJIN3AIMN JTAaHHBIX U 3HAaHWH;

® METOJbl M AITOPUTMbI AaBTOMaTHYECKOTO CHHTE3a Ipo-
rpamMM aHaji3a U OLEHKH COCTOSHHS WH(POPMAIMOHHBIX 00b-
extoB (MO);

e yHU(HUINPOBAHHBIE METOIBI TOCTOBEPHOTO PACHO3Ha-
BaHMS COCTOSIHUH MH(OPMAIIMOHHBIX OOBEKTOB B YCIOBHSAX
HETIONTHOM 1 HeloonpeieNleHHOW HH(OpMAaIHY;

® METOJbl U QJITOPUTMBI KOMILIEKCHOTO MOJICITUPOBAHHMS
¢yuxumronuposanus UC;

® MOZENM BBIYUCICHWH, PEANU3YIONINE IMPOU3BOJIbHbIC
CXEMBI TIPOTPaMM aHAJIN3a, OIICHKH U yNPABICHHS, OTINYAI0-
IIHEeCs] OT U3BECTHBIX PaHEE OPHEHTALMEH Ha JI0OTpEeIICHUE
3HAYEHUH OLICHNBAEMBIX IIAPAMETPOB COCTOSTHUI M ITO3BOJISIIO-
mue (GopMUPOBATh Pe3yJbTar Ja)ke MPHU OTCYTCTBUU HOJHOTO
Ha0bopa 3Ha4YeHUH U3MepsieMbIX (KOHTPOJIMPYEMBIX) Mapame-
TPOB HH(POPMAI[HOHHBIX 00BEKTOB;

® MOJENH, METOABI H AJITOPUTMBI TPOAKTUBHOTO YIIpaBie-
HUS CTPYKTYpHOM TuHAMUKOM onieHnBaeMbix NO.

HbIX Wl

Henonb30BaHue MK Ty

OHTONOro-yNpasnAeMan MeTOACNOrHA
onMcanna 0GLeKTos
npeameTHol obnacTi

MOOenH, MeTodbl W aNrOPHTMEI NpeacTaBNeHla
W BU3YanuzaLUni QaHHBIX W 3HaHMRA

MEeTofkl W ANroOpHTMELI AETOMaTHYECKOro CHHTE3a
nporpamMm aHanu3a TeXHWYeCcKoro COCTORHUA

yHuHLUHPOBaHHLIE METOAbI AOCTOBEPHOrO
PacnozHaBaHuA TEXHHYECKOTro COCTORHNA W HAAEKHOCTH
B YCNOBHAX HENONHOW W HeAooNpPeaenerHol HHdopMaLmui

MOfeMNH, MeTOAkLI M ANrOPHTMLI NPOAKTHEHOTO YNPaBnenus
MHOTOCTPYKTYPHOW AMHAMUKOM OLEHHBAEMOrO COCTORAHMA

DYHKUHWOHHPOBaHWe
Ha OCHOBE IKCNEPTHLIX SHAHWA

KoHuenuws “nporpammuposanne
6e3 nporpaMMHpoBaHuA"

Puc. 2. KitoyeBble TOAXO/BI IIPH CHHTE3€ CUCTEMbI MOHUTOPUHIA CTPYKTYPHBIX COCTOSIHUN
U TOJIEPKKHU NIPUHATHSA perieHuii no ynpasnenuto XK1 COTO
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MoaeaupoBaHue npeaMeTHOI 001acTH

YHukaneHOCTh U ciokHOCTE COTO He mo3BoisieT uc-
MI0JIb30BaTh KaKUE-JIMOO TOTOBBIE aTOPUTMBI WIIM METOJIB,
MO3BOJISIIOIME UMUTUPOBATH WJIM BBIYUCIATH MPOLECCH, TPO-
ucxomsue B cocrae COTO. B momo0HO# cuTyamuu ocra-
€Tcsl TIoJIaraThCsl Ha 3HAHUS DKCIEPTOB MPEIMETHOW 00IacTh
3a cUeT pa3pabOTKU COOTBETCTBYIOIIETO KOMIUIEKCAa MOIETCH
MIpeIMETHON 001aCTH, CO3MaHHOTO C IIOMOIIBI0 HEKOTOPOH MH-
TEJJIEKTyallbHOU cucTeMbl. OCHOBHBIM CpPEICTBOM ISl aBTO-
MaTU3UPOBAHHOTO MHTENJIEKTYyaJbHOTO aHAJIN3a U UMUTAINU
00BEKTOB U CHCTEM CTAaHOBMUTCS MOJENb, B TO BpeMs Kak aj-
TOPUTM CTaHOBUTCS JIMIITh> HHBAPHAHTHOW COCTAaBHON YacCTBHIO
Monenu [6—7] (cm. Tab. 1).

Wudopmarmonssiii oomuk COTO mpencraBieH MHOXKe-
CTBOM MH(pOPMAMOHHBIX €IMHUI] U OTHOLICHUH MEXITy HUMHU.
MOYXHO rOBOPHTH O HAJIMYHMU CTPYKTYpHBIX coctosiHui (CtpC),
XapaKTepU3YIOIINX T WK HHbIE CTOPOHBI ()YHKIIMOHHPOBAHUSI
COTO, rme xkaxnaas CTPyKTypa MpecTaBIeHa ONMpeIeIeHHbIM
TUTIOM OTHOIICHHUH: (YHKIMOHAIBHBIX, Kay3aJlbHBIX, pelre-
BaHTHOCTH, CTPYKTypu3anuu u mp. C Te4eHUEeM BPEMECHHU H3Me-
HSIOTCSI KaK COCTOSIHUSI MH(OPMAIIMOHHBIX €IMHMUIL, TaK U CO-
CTOSIHMSI OTHOULICHUI Mex1y HUMHU. B TakoM ciryuae roBopsit
o crpyktypHoi muHamuke coctosHus COTO [1].0maum u3
BO3MOXHBIX 1o1x010B onieanBanust CtpC npwu TP mo ympas-
nernto XKL COTO sBnsercs nmpumenenue HoBoit MNUT, mpen-
CTaBJIEHHOM KOMILJIEKCOM Mojiesiel u anroputmos [ 1, 8—10]:

e (G-MOJI€eTIb, KaK Pa3HOBHIHOCTH 000OIEHHBIX BBIYHCIIHU-
TesbHBIX Mozieneit (OBM), ucnonb3yemast B KauecTBe MOJIEIN
npezacrasieHus 3nannit (MII3) o mpeameTHoit obnacTu;

® MOJENb «CYIIHOCTh-CBS3b» B Kaue€CTBE MOJENHU TIpel-
craBieHus nanuex (MITD);

e wmerass3bik B3anmoseiictBus MII3 u MITJI, a Takke mo-
JIeT ¥ alrOopuTMbl ()OPMHUPOBAHMS BBICKAa3bIBAHUHM Ha 3TOM
s3bIKe Ha ocHOBe crierudukannu SQL;

e moxens CtpCi

® IIpeleACHTHAS METOUKA, KaK CPEICTBO (POPMUPOBAHHS
BeIBoz10B 1ipH [P o ympasnenwnto X1 COTO;

WWW.H-ES.RU
INFORMATICS, COMPUTER ENGINEERING AND CONTROL

® METO/BI MPOAKTUBHOTO YNPABICHHSA, KaK MPOTHOCTH-
yeckoe cpeactBo ¢ nosuuuu ynpasienus KL COTO B co-
crase MUT.

O00011eHHbIe BHIYHCIUTEIbHbIE MOIEIH

OnHUM M3 CPEICTB KOHLENTYaJlbHOI'O MOAEINPOBAHUS
1 TIPOTPaMMHUPOBAHUS TIPeIMETHOI obmacTtu sBisrorcs OBM
[11]. C Toukm 3peHUs] TEOPUU HCKYCCTBEHHOTO HMHTEJUIEKTA
(M) OBM o6wenunsitor B cebe 2 MII3: cemanTnueckue cetu
u dpeiimsl [12, 13]. Oxnoit u3 pazHoBuaHocteit OBM siBisier-
cs1 G-monenb [6]. G-Mozenb SBISETCS OCHOBOM ISl CO3/IaHUs
MMHTAIMOHHO-aHAJTUTHYECKOTO MOJIUMOEIBHOTO KOMILIEKCa
1 BO3HMKJIA KaK pe3yabTaT 0000IIeHHs CyIECTBYIOMNX O/~
X0JI0B B pamkax cucrteMm VIU: koHIenTYanrsHOE TpOTrpaMMHpO-
BaHMeE, IPOrPaMMHUPOBAHHE B OTPAHUUYCHUSIX, MYJIbTHATCHTHOE
MojaenupoBaHue u ap. CuHTe3upyeMslil Ha ocHoBe G-MozaeIH
nporpamMMHublii  komrieke (IIpK) mo3BonsieT ocymecTBisTh
oneanBanue coctosiHuss COTO ¢ mpuMeHeHneM METOIOB TEO-
pun pacnio3raBanus o6pasos. Llensro [IpK sBrsercst momyde-
HHUE 0000IIEHHBIX OIIEHOK COBOKYITHOCTH ITapaMETPOB COCTO-
SIHUSI CUCTEMBI, 3HaUCHHE KOTOPHIX B SIBHOM BHJIE YKa3bIBAIOT
Ha crenieHb padotocnocodonoctu COTO, BuI 1 MECTO BO3HUK-
1ieit mpoosIeMbl, MPOrHO3UPYEMbIE TIPOLIECCHI U SIBJICHHS C 3a-
JJAHHOM TOYHOCTBIO M MHTEPBAJIOM IIPOTHO32 U IP.

G-MOJIETIh OTIMCHIBACTCSI CIIEAYIOLINM KOPTEKEM:

MG: (X7 RM’ PMa AM)9
rae X — KOHEYHOE MHOXKECTBO IMapaMeTpoB (MEPEeMEHHBIX),

XapakTepu3yromumx mporecchl  ¢GyukuuonupoBanus Ci O.
[Ipupox a mapamMeTpoB MOXKET OBITH TIPOU3BOIBHOM.

R,, — KOHEYHOE MHOKECTBO OTHOIIEHWH Ha MHOKECTBE
apaMeTpoB U3,
P,, — KOHeYHOe MHOKECTBO IPEJUKATOB, MPEAMETHBIMH

HepeMeHHI)IMI/I B KOTOpI)IX SABJIAKOTCSA JICMCHTHI U3.
A,,— otoOpaxenue R, — P,,, CTapsIee B COOTBETCTBHE
K&KIOMy OTHOIIEHHIO U3 R,, omement B P,

Tabnuya 1

CpaBHUTENBHBIN aHAN3 MOACTH U aITOPUTMA

MOJIEJIb

AJI'OPUTM

HpI/IHIII/IHI/Ia.HLHO JCKJIapaThBHA

B OIIPEACIICHHOM CMBICJIC aHTUICKIIapaTUBHA

CuMMeTpHUYHA 110 OTHOILICHHUIO K TapaMeTpam, IOCKOJIbKY BCe
OHU HESBHBIM 00pa30M ONpeersIIoTCs ApYT Yepes Apyra

PaS}leJ’lHeT napaMeTpbl Ha BXOAHBIC U BBIXOAHBIC, ABHbIM o6pa30M
OIpeAeCIIsAst BTOPBIC 4YE€PE3 NNEPBLIC

B nesBHOIT hopme ompenensieT pemeHne BeexX 3aaad,
CBSI3aHHBIX C 0OBEKTOM MOJIEIH

OmnpenenseT B ABHOH GopMe 3aJaeT peIICHUE TOIBKO OTHOM 3a1a4H,
OTHOLIEHUE KOTOPOH K peanbHoMy OObEKTY He BCera O4eBHIHO

MoskeT OBITh HeJOOTIPEICTICHHON

AJIFOpPITM 1 HEAOONPEACTIHHOCTD - HECOBMCECTUMBIC TTIOHATUS

B obuieM citydae onpezesnseT IPOCTPaHCTBO PEIleHH

TpaauuoHHBIH (HE HHTEPBaJIbHBIIN) aJITOPUTM ITO3BOJISIET MOJTy4YaTh
TOJIBKO OTAEIbHBIEC TOUCUHBIEC PELICHUS
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G-cethb (popMupyeMyr0 aBTOMAaTHYECKH CXEMY IpOTpaM-
MBI Ha 0cHOBe (G-MOJIeNIN) MOYKHO TIPEACTABUTh B BHJE OTIepa-
TOPHOU CXEMBI U IIPOCTO CXeMBI (puc. 3).

Beipazurensubie  criocoOHOcTH G-MOJIENel MMO3BOJISIOT
npeacTaBuTh Jr00yro craguio XK1 MO B Bume Moaenu nepBud-
HBIX ¥ BTOPHYHBIX IApaMETPOB, TPYII MapaMeTpoB, TEKCTO-
BEIX Tabmu1, 3D-MHEMOCXeM CTaTUYEeCKUX W AMHAMHYECKUX,
M3MEHSIOMNXCS TPU W3MEHCHHH MapaMeTpOB, Pa3THIHBIX
(dopM 0TOOpaXCHUS, B BUJC PA3IMYHBIX JIOTUICCKHUX, JIOTH-
KO — JIMHTBHCTHYCCKUX MOJIECJICH, HCYCTKHX MOJCICH, pa3-
JIMYHBIX MOJIeliell 00pabOTKH TaHHBIX U3MEPEHHIA.

UcnonbzoBanne G-momenu cBsizaHo ¢ (popMHUpOBaHHEM
MPOIyKITMOHHOM 0a3bl 3HaHui (B3), HamoIHsIeMOoH criernmam-
CTOM TpeAMeTHOW obiacTu. BceoObemumromas U JeTanbHAs
(dopmanmu3anys 3aJaHHON MPEIMETHOW 00JaCTH C MOMOIIBIO
KOHIIENITYallbHOM cXeMbl b3, mepapxuyeckuii crmocod mpe-
CTaBJICHUS 3HAHMH, Habopa OOBEKTOB, MOHITUH W MX OTHO-
HIeHHH (POPMHUPYET OHTOJOTHIO — TOYHYIO CIEHU(BUKALIHIO
3aJaHHOM mpeaMeTHoN obnactn. OHa o0eceYnBaeT CI0Baph
JUTS TIPEICTABICHUS 1 OOMEHA 3HAHUSAME 00 3TOH IIpeIMETHOI
00JTaCTH U MHOXKECTBO CBsI3€H, YCTAHOBJICHHBIX MEKIY Tep-
MHUHAMH B 3TOM clioBape. B mpocreiinieM citydae oCTpOCHHE
OHTOJIOI'MH CBOOUTCH K:

® BLIIEIICHNIO KOHIIENTOB — 0a30BBIX ITOHSATHI JaHHOMU
MIPEeIMETHON 00NIacTu;

® IIOCTPOCHUIO CBS3EH MEXKIy KOHIICTITAMH — OTIpe/IeITe-
HUIO COOTHOIICHUH W B3aUMOJICHCTBUI 0a30BBIX MTOHSTHIA.

NnpopmanmnoHHasi Moae/Ib

B coorBercTBUM ¢ Teopuell MCKYCCTBEHHOTO MHTEIIJIEKTA
COBOKYITHOCTh MOJICNICH TPENCTAaBICHNS TAHHBIX W 3HAHUH
mpeacTaBisieT coboit mHpopMamonHyto Moxens (M) mpen-
METHOH 00J1acTH, TIO3BOJISIIOLIYIO €INHBIM 00pa3oM OIHUcaTh
MHOXECTBa OOBCKTOB, UX CBOMCTBA U CBA3M MEX 1y HUMU. UM
JIOJDKHA MTPE/ICTABISTH COOOM OTKPBITBIN, pACIIMPSIEMbIN CTaH-
JlapT, ompeaesstomui npeacrapienue oobekroB MC B BUIe
CYIIHOCTeH M WX OTHOUICHWH, OMHPAIOIINICSI HAa OOBEKTHO-

X 01 X2 @2 X3

\/
£

OPHEHTHPOBAHHYIO TEXHOJIOTHIO ¥ €IUHYIO CHCTEMY MOHSITHH.
Mertononorust paszpaborkn MM, mpearnonaraer npoBeqeHUE
psza MCCielOBaHWM, BKIIIOYAIONIMX SJIEMEHTHI CpPaBHEHMS,
TUIH3AIMY, KiIaccu(uKauu, 0000IeHusI, a0CTparupoBaHus,
noBTopeHus. s peanusanuy MepedrciIeHHBIX TpeOOBaHMUI,
KakK IPaBHUJIO, CTPOUTCS CHCTEMa MOJEJTEH, KOTOpasi OMNHCHI-
BaeT apXUTEKTYPHBIA (CTPYKTYPHBII) U OLEHOYHBIA aCTIEKTHI
TIPEAIMETHON 00IacTH. APXHUTEKTYpPHBIA acIeKT (apXUTEKTyp-
HOE OIMCaHKe) MPEAIoIaraeT MoCTPOCHNE MOJIETICH:

® OOBCKTHOM CTPYKTYpPBI, OTPaXKAIOIICH COCTAaB B3aHMMO-
JICUCTBYIOIIMX B MPOIeccaX MaTepUalbHbIX 1 MH(POPMAIINOH-
HBIX 00BEKTOB MPEeIMETHOM 001acTH;

o (pyHKIIMOHATBHON CTPYKTYPHI, OTpaXKaromeil B3amMoc-
B13b (YHKIWH (mefcTBHif) Mo TpeoOpa3oBaHUIO OOHEKTOB
B TIpolieccax;

® CTPYKTYpbI yIIPaBJICHHs, OTPAKAIOIEH COOBITHS U TIpa-
BUJIA, KOTOPBIE BO3/ICHCTBYIOT Ha BBIITOJIHEHHE MPOIIECCOB;

® OpraHU3allMOHHOM CTPYKTYpbl, OTPa)Karolllel B3auMO-
JeWCTBHE OPTraHMW3alMOHHBIX €ANHMI] (CTPYKTYPHBIX IOJpa3-
JICTICHUH, TIepcoHaa) B IPoIeccax;

® TEXHWYECKOH CTPYKTYpbI, ONHCBHIBAIOIICH TOIIOJIOTHIO
PAacIIONIOKEHHUS M CIIOCOOBI KOMMYHHKAIMH KOMIUIEKCA TeXHH-
YECKHX CPEJICTB.

Jlnst MozpenupoBaHUsl TaKUX CTPYKTYP HEOOXOOMMO CO-
BMecTHOe ¢yHKImonupoBanne MIIJl u MII3. [{na ommuca-
HUSI MOJIENN JaHHBIX MOXKET OBITh HCIIONb30BaHA MOJICID
«CymHOCTh-cBsI3bY» (i ER-Monens) B kauecTBe KOHIENTY-
QJIBHOTO CEMAaHTUYECKOTO NPEJICTABICHHSI CXEMBI IPEMETHOI
obnactu [14—15]. B xauectBe MII3 BoiOpana G-Momeb.

OcHOBHBIE 3/IeMEeHTbI CHCTEMbl MOHUTOPHHIA CTPYKTYPHBIX
COCTOSIHUI U MOIeP’KKH NPUHATHS PellieHuil 1o ynpasJie-
HHUIO )KM3HEHHBIM IMKJIOM KOCMHUYECKHX CPEICTB

B pesynsrare mpumenenus UNUT 1 cooTBETCTBYIOIIETO HA-
Oopa Mozeneit u anropuT™MoB ObLI peannzosan [TpK monwuToO-
puHra ctpykrypHbsix coctosinuid u I[P no ynpasnenuro JKI]
paketsl-HOcHuTens «Coro3 2». Bxomaeivu manasiMu 1t [TpK

%y X2
X3
X4 Dy, X5

Puc. 3. Oneparophast cxema (cieBa) u cxema (crnpasa) G-monenu
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SIBIISTIOTCSI TOKYMEHTBI U CBEICHHS, IIUPKYITHPYIOIIHNE B COCTa-
Be MC na paznuunsix sranax JKL[ COTO. Cpeau 0oCHOBHBIX
aneMeHTOB [IpK MOKHO BBLICIHTE clieayrommue (puc. 4).
OCHOBHBIM OOBEKTOM, TPEIOCTABISIOIIUM HHTEPQEHC
Joctyna K kKoHconmuaupoBaHHbIM AaHHbIM 0 COTO Ha Bcex
crammsix KL, sBseTcs ero snekTporHas crpykrypa — DCU.
OCH mpencTapisieT co00i «IPEBOBUIHYIO» CTPYKTYPY, COAEP-
JKAIIyIo AETaNN, COOPOYHBIC SIMHHUIIBI, KOMIUICKTHI M KOMILICK-
ChI, 00pa3yIOIINe COCTAB U3/ICNHs, a TAKKE ACCOIIMUPOBAHHEIC
C K&)KJIOW TaKOW COCTaBHOM YacCThi0 MH()OPMAIIMOHHBIC PECyp-
¢bl COTO — nrieKTpoHHbIE JaHHBIE, COOTBETCTBYIOIINE CTA TH-
st JKI COTO. Takum oopazom, DCU sABIIACTCS METOANIECKOI
OCHOBOI1 TIPe/ICTaBIICHUS WHKCHEPHBIX TAHHBIX 00 W3ICIHN.
Hpyrum smemertom [IpK sBisieTcs 2IeKTpoHHOE IS0 13-
nemust (OAN), hopmupyemoe B pesynbrare Hamonuenus KC.
Benenue snekTpoHHOTO Jena m3nenus Ha Bcex dramax JKI|
MO3BOJISIET OpPraHU30BaTh cOOp, XpaHeHWe, OOMEH, IOCTYII
KO BCCH HEeoOXoaumMo# mH(pOpMaIuu 00 H3ACTHMH Ha OCHOBE
ncnons3oBanus DCU. Tlponecc onermBanus CtpC u Hamex-
Hoctu COTO npeanonaraer BxitoueHue B O/ crnexyromux
nmaHHbIX: obmue ceenenus o COTO, omucaHue cocTaBa K-
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semmusipa COTO, cBemeHuss 00 OCHOBHBIX XapaKTEPHCTH-
kax coctaBHbIX 3eMeHTOoB COTO, cBeneHust 0 BBISBIECHHBIX
Y YCTPAaHEHHBIX OTKAa3ax ! TIp.

Hns pacnpenenenuss morokoB uHpopmaimu o CrpC
COTO wucnonb3yeTcss OpraHU3allMOHHO-IITATHAS CTPYKTypa
(OILIC) COTO. OUIC mpencraBnsieT cob0il HepapxXuIecKyro
CTPYKTYpY HpPENNpHUsATHs, peaanu30BaHHyl0 Ha ocHoBe MIIJI.
C xaxxaeM daemeHToM OIIC cBs3anbl Kak 3imemMenTsl DCU,
TaK U COOTBETCTBYIOIINE UM aTPUOYTHI U COCTOSHHS.

B cocrase IIpK peanus3oBana nHTepakTHBHAs MHTEIUICK-
tyanpHas 3D- momens COTO. Mopenb (QyHKIIMOHHPYET Ha
OCHOBE ITOTOKOBBIX BBIYHCIICHHHA, COOTBETCTBYIONIUX IPHH-
munam OBM. 3D-mopens sBisercss Bmsyanumzarmeir CtpC
COTO, nony4eHHOro B pe3yjIbTaTe CEMaHTUUYECKOTO aHAIU3a
JIaHHBIX B COCTaBE CUCTEMBbI MOHUTOpHHTA. I3MeHeHue cocro-
stauit anementoB COTO orpakaercs Ha 3D-Monenu ¢ momo-
IO HBGTOBOﬁ UHAWKAIUU.

Eme omauMm snementom [IpK siBrisieTcst WHTEpaKTHBHBIN
HMHTEJUICKTyanbHbIN TexHonmoruueckuit rpadguk (TI) [16]. T
MTO3BOJISICT B PEXKHME PEAFHOTO BPEMEHH OIICHUBATh COCTOS-
HUS TIPOMCXO/SIIIUX TIPOLIECCOB HA OCHOBE MOTOKOBOW MOJIEIH

h! “Coma 7-10" = j BefIoMOCTD KOHTPONA
= ] APM chopmupoBaHuA 3anBNeHUA 0 COOTBETCTEMM (Maker) pr—— |
| P!utepua‘uuaa HACTE I || ) .ﬂ.olquel:tu 3 _J HTEepaKTHBHaA Bnox oﬁpaﬁ " G
KMCH | nkn | chopka | MonbiTanus | Xpanene MHTENNEKTYaNnLHan HEWTATHBIX CUTYaL K
R EVTITOHNR | ADQHEANE 3 \_— - —
rONOBHOA CETERATENY '%ﬁ Rata 'ﬂ:’“‘ o iy s ke
i “,m:,:m :;,;3‘3 D w3nenms Ne nar cpoa TA(KPH) PA (COH) r HE -
Omoex Baxn T {14054.6
pintrol opial 14A15 in He yHazaHa He yKazaHa 1] |  ofo 1 | 7 |
4 MpocToRdil gTcex 19054, 7000-0 .. Tabnaigs ¥
Kopeye xpncTosar % T T
e i Kaprouka perucrpauuu: 1: |' - [ o "“;umu | m""
et o e aEmraTenn 2 cry.. % 20T 3anesn
desienrssbbisaliig BBOJ, A3HHbIX U3 JOKYMEHTa
4 ENOK 1 CTYNEHN (14C35.0000-0) 1
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# Oroex Gaxs T (140354 MApUWCECFo ganraTenn 2 cryneHn
4 KOHARKT nosTaXD
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Puc. 4. UnaTepdeiic mporpaMMHOr0 KOMILIEKCA TTOJICP>KKHU MIPUHATHS PEIICHUH 110 yIIPaBICHUIO
1 KOHTPOJTIO JKH3HEHHOTO IMKIIa KOCMUYECKHUX CPEJICTB
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BbruncieHuil. Busyansnele cpencrsa TIT nosossitor JIIIP Ha-
msiiHo oneHuBarh Tekymmid stan XKL COTO, crenens ro-
TOBHOCTH W3/ICNHs, HAIMYUC/OTCYTCTBHE OTKAa30B W HEHC-
npaBHocTei B coctae COTO, cooTBeTCTBUE TEKYILErO dTara
3aIUTAHUPOBAHHOMY JUPEKTUBHOMY BPEMEHH.

Koneunoii menpto IIpK craButcst dopMupoBaHue KOM-
TUTEKCHOW OIIGHKH TEXHHYECKOTO COCTOSHUS W HAIeKHOCTH
W3ICTHS, U JaJlee aBTOMAaTHICCKOe (POPMHUPOBAHIEC 3asIBICHUS
o coorBercTBUU COTO Ha OCHOBE NHOIYyYEHHBIX B pe3yibTa-
te MoHuTopuHra CtpC COTO nanHbIX. 3asiBIE€HHE O COOT-
BETCTBUU ABJISICTCA (bOpMaHI)HI)IM J0Ka3aTcJIbCTBOM TOIo, 4ToO
CtpC COTO cooTBEeTCTBYET 3aJ]aHHBIM OTPAaHUYCHHSIM, a W3-
Jlenre 3aJaHHOMY YPOBHIO KauecTBa M HAaJCKHOCTH.

3aki04eHue

PaccmoTpeHHBIH TOXO OLEHMBAHUSI CTPYKTYPHBIX CO-
ctostHui ipu TP Ha pazmuuneix stamax XKL COTO B cocrase
CHCTeMbl MH(OPMALIMU O TEXHUYECKOM COCTOSHUHM M HAJEXK-
HOCTH MO3BOJISIET TOBOPHUTH O TOM, YTO NPHMEHEHNE B COCTABE
ykazaHHOHU cuctembl HOBo MUT obecrieurBaeT BOSMOKHOCTH
KOMIUTEKCHOT'O OIIEHUBAHUS TEXHMYECKOTO COCTOSIHUSI M HaIeXK-
Hoctu COTO, uto orBewaet nemsiM u 3agadam JIIIP. TIpu stom
JIOCTUTAIOTCS: CUCTEMAaTHYHOCTh — OHTOJIOTHSI ITPEJICTABIISIET
LEJIOCTHBIN B3IV Ha MPEIMETHYI0 00JIacTh; KOMIIIEKCHOCTb
Buzyamm3ami coctosHust COTO — equHbINA TOIXO IIPHU peat-
3aIMH Pa3JIMIHbIX CPEACTB BU3YAIN3ALIIH, 32 CUET YEeT0 Topasio
JIydIIe BOCHPHHUMAETCSI 1 BOCIIPOM3BOANTCS HH(OpMAIHs; Ha-
YYHOCTh — IOCTPOEHHE OHTOJIOTHH TMO3BOJISIET BOCCTAHOBHUTH
HEJIOCTAIOIIHE JJOTHUECKUE CBSI3U BO BCEH MX MOTHOTE.

G-Mozienb, Kak pa3sHOBUIHOCTH OOOOIIEHHBIX BBIYHCIIH-
TEJIBHBIX MOJIeNel, 00J1aaeT psiIoM IPEUMYIIECTB T MOJe-
JMPOBaHMs, OLICHUBAHNS, aHAJIN3a W TPOTHO3WPOBAHUS CTPYK-
typHOi nuHamuku COTO. Onnako, nockonbky G-mozenb He
YUUTHIBACT MOJHOLIEHHO OTHOIICHHSI CTPYKTypHU3alnH, HeoO-
XOZMMBIE JIJIsI pas3JielieHns] TOTOKOB HH(MOPMAIIMHU 10 COOTBET-
cTByromuM 31emerTam cTpykryp COTO, HeoOxoaumo cos3za-
HHE OJMMO/IEBHBIX KOMITJIEKCOB, OTBEYAOIINX TPEOOBAHUSIM
MOZICIIMPOBAHUS TUHAMHKN COOTBETCTBYIOIIUX CTPYKTYD.

Hccneoosanus, spinonnennvie no OGHHOU memamuxe, npo-
B00UNUCH NPU PUHAHCOBOU NOOOEPIICKe BeOYWUX VHUGEPCUME-
moe Poccuiickoi @edepayuu: CII6 T'TTY (meponpusimue 6.1.1),
HTMO (cybcuoua 074-U01), Ipoepammur HTC Corw3noeo
eocyoapemea «Monumopune-CI'y (npoexm 1.4.1-1), epanmos
PODU (NeNe 15-07-08391, 15-08—08459, 16-07-00779, 16—
08-00510, 16-08-01277, 16-29-09482-0¢pu-m, 17-08-00797,
17-06-00108, 17-01-00139, 17-20-01214), 2oc3aoanus Munu-
cmepcemea obpazosanus u Hayku PO Ne 2.3135.2017/K, ¢ pam-
xax 61woxcemuvix mem NeNe 0073-2014-0009, 0073-2015—
0007, Meosicoynapoonozo npoekma ERASMUS +, Capacity
building in higher education, Ne 73751-EPP-1-2016—1-DE-
EPPKA2-CBHE-JP, Hosvie cmpamezuu 00y4eHUsi UHICEHEPOS
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ABSTRACT

The approach to estimation of structural states of complex or-
ganizational and technical objects with the decision-making
support on managing their life cycle is considered in the arti-
cle. As an example of such an object, a space vehicle is cho-
sen. At the same time, modern problems and requirements
are considered in estimating the technical condition and reli-
ability of space vehicles. It was revealed that the approaches
used in the subject area do not allow complex modeling and
estimating the state of the monitored object. The analysis
of the subject area showed the need of application the new
intellectual information technology presented in the article,
both in the design of an information system of a complex or-
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KEYWORDS: states monitoring; decision support system;
complex organizational and technical object; artificial intelli-
gence system; information system; structural dynamics.

ganizational and technical objects, and the systems for mon-
itoring structural states and supporting decision making as
part of such an information system. At the same time, as a
theoretical basis of such a technology, the modification of
the generalized computational model is considered, which
is a unified knowledge representation model that integrates
a number of methods and approaches of the artificial intel-
ligence theory and allows to build imitation-analytical poly-
model complexes of monitoring states and managing com-
plex organizational and technical objects. The article shows
that as a result of applying this technology, a comprehensive
estimation of the technical state and reliability of the mon-
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itored object is achieved. At the same time, a short review
of the software complex, which solves the problems of mod-
eling and estimating the structural states of space vehicles,
was carried out. The software complex is implemented on
the basis of the considered intellectual information technol-
ogy. However, it was also noted that the modification of the
generalized computational model used in the technology
considered has several drawbacks, the elimination of which
is related to the tasks of further.
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Vil MexxpyHapopHasa koHpepeHuus
«Digital TV Russia 2017 -
NepcnekTusbl pazsutus Ultra HD 4K n 8K»

VIl MexpyHapopaHasi koHbepeH-
uma «Digital TV Russia 2017 - MMep-
cnektusbl passutus Ultra HD 4K n 8K»
(DTV-2017) c ycnexom npowna 12 ok-
T26psi 2017 ropa B Mockse. Ha DTV-
2017 COMNEWS cobpan 6onee 150
BeAyLLMX 3KCMepToB OTpaciu: npep-
CTaBUTeNen TeneKOMMYHUKALMOHHbIX
M BelaTesnbHbIX KOMMaHWN, KOHTEHT-
npoBanfepoB, BEHAOPOB, CUCTEMHbIX
WHTerpaTopos, perynatopos u CMU.

OduunanbHbim naptHepom DTV
2017 seictynuno HAO «HauunoHanbHas
cnyTHUKOBas komnaHus» («Tpukonop
TB»), cnoHcopom ceccun - KOMMNaHWUs
Conax. KoHdepeHuus npowna npwu
yuyactum 3A0 «lMepBbii TBY», koMnaHui
Baker & McKenzie n GS Group.

Digital & Connected TV Russia 2017
npowna npu nogaepxxke HO «Accouna-
ums kabenbHoro TenesugeHus Poccuny
(AKTP),
TenepaguosellatTenen

HaunoHanbHOM accouuvaumu
(HAT),
Lmauum JOnoSIHEHHOW U BUPTyasibHOM

Acco-

peanbHocTh B Poccuu, Accounaumm nH-
TepHeT-paspabotuukos (AUP) n Mex-
nyHapogHon akagemuu cesasn (MAC).

MneHapHas ceccusa koHbepeHLMU
npowna B popmare «Popcant» u Bbina
MocBsiLLeHa TesfieBnaeHunio dyayuiero -
Kakum bygeT pbiHok TB yepes aBa ge-
caTuneTus.

Btopas ceccus koHdbepeHumu nog
MogepaLlmen reHepasibHOro AupekTopa
HaunoHanbHon Accounauun Tenepa-
avoselwatenen Anekcangpa LLinpoknx
Oblna NnocesLLEeHa CO30aHUI0 3KOCUCTe-
Mbl Ha 6ase TexHonoruu Ultra HD 4K n
nepcnektmeam BewaHus B Ultra HD 8K.

B pamkax crnepgytowen ceccuu,
MOJEepaTopOM KOTOPOW BbICTYNWI re-
HepanbHbIn AunpekTop Accouumauum
«MHTepHeT-BUAeo» Anekcen BbipauH,

H&ES RESEARCH, 5-2017

y4acTHMKM 0BCYAMIN MHHOBALMOHHbIE
BeulaTes/ibHble TEXHOJ1IOTUN. 3aBepum-
nace DTV-2017 pwuckyccuen «Hosbie
TEXHOJIOTMM B MPOU3BOACTBE U MpPO-
OBUXKEHUWN KOHTEHTa YNbTPaBbICOKON
yetkoctu (Ultra HD)». B obcyxaeHun
MPUWHSIN y4acTUe UCTIOSTHUTENbHbIV AM-
pekTop TenekaHanos OO0 «DeHuke-T»
(«@eHnKc narc KUHO»,
«AHekpgot TB»)
ynpasnstowmn gupektop OO0 «[lBag-

«Opyxue,
Enena AHTOHOBMY,

uaTbin Bek ®okc Bupgeopnctpumbyuus
B Poccum n CHIM» (20th Century Fox)
AHppen [poMKOBCKWUI, reHepasibHbIN
anpekTop cetn HDTV n 3DTV kaHanos
HD Media OOO «HIK «3PA»; npesu-
feHT Accoumauumu TeneBUAEHUs Bbl-
COKOWN 4eTKOCTM U UUPPOBOro KUHO;
pykosopguTens npoekTta VINTERA lepa-
cum [apusaH, reHepanbHbI OUPEeKTop
3AO «[lMepebit TBY» Hukonan Opnos.
YyacTHUKM 0BCcyanam nporHosbl pocTa
YPOBHS MPOHUKHOBEHUS TENIEBU3OPOB,
abOHEHTCKMX MPUCTAaBOK U MHOTO MpU-
eMHOro obopyfnoBaHuUs ¢ NoALePXKKON
Ultra HD; ocobeHHOCTM 1 CNOXHOCTH

co3paHusa koHTeHTa Ultra HD; Bo3mox-

HOCTW KOHBepTauuW KOHTEHTa CTaH-
papTHoro kavectea (SD) v HD B Ultra HD
(4K v 8K); HoBble TpeboBaHus K MHpa-
CTPYKType Ansi gocTtaBku koHTeHTa Ultra
HD ot npousBoauTens k Bewartensam
n 3putensm; BusHec-mogenb napan-
JlesIbHOro CyLLecTBoBaHMs KoHTeHTa HD
n Ultra HD; noaxogp! k B3aumopacye-
TaM MeXAy KOHTEHT-MPOU3BOAUTENEM
W BellaTesieM Npuv TPaHCASILMU KOHTEH-
ta Ultra HD; nogxopapbl K gononHuTenb-
HOM MoHeTusauum koHteHta Ultra HD
v nosbiweHno ARPU B ceTax nnaTtHoro
TB; nepcnektuBbl koHTeHTa Ultra HD
B HEJIMHEWNHbIX Cpefax TeNecMoTpeHUs
M MHOroO€ gpyroe.

YyacTHukm ¢dopyma BbICOKO oLe-
HUAN YPOBEHb AOKIAAYMKOB U Mope-
patopos VIl MexpyHapogHon KoH-
¢depeHunn «Digital TV Russia 2017
- NepcnekTtusbl passutus Ultra HD 4K
n 8K», ucknountenbHble BO3MOXHO-
CTU HaNaXMBaHWUS [OefIoBbIX CBSA3EW,
KayecTBO OpraHvM3aunm MeponpusTus
B LLeJIOM.
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ABSTRACT

Functioning of various modern complex objects of special purpose with high qual-
ity indicators is possible only with the organization of effective management of
them, which is realized through automated control systems. In the control systems
themselves, maintenance of continuity and the required level of quality indicators
for the management of a complex special purpose object is ensured, among oth-
er things, by creating an information subsystem that provides officials of control
organs and technical equipment complexes with the required nomenclature of
information services, ensuring the adoption of justified correct decisions on the
organization of management. At the same time, the information subsystem as a
complex system must also be managed, for which, as a rule, a dedicated man-
agement system is created, which is assigned to a number of management tasks,
the nomenclature of which is determined by the objectives of the subsystem, and
their content - by the management methods that are laid in the special software of
hardware complexes.

The objectives of managing the information subsystem will never be fully achieved,
since for the formation and implementation of the management requires the time
for which the information subsystem will change in an unexpected manner, as a
result of which the management of it will certainly not lead to the strictly desired
result.

The main way to overcome this is to extrapolate the behavior of the information
subsystem with the identification of the direction of evolution of all its components.

FOR CITATION: Legkov K.E., Levko I.V. System approach to organization of control of information subsystems of automated
control systems for complex objects of special purpose. H&ES Research. 2017.Vol. 9. No. 5. Pp. 84-91.

84

WWW.H-ES RU



INTRODUCTION

The information subsystem (ISS) of the automated control
system (ACS) of special purpose objects (SPO), as a complex
control object, should be characterized by some formal charac-
teristics that must be taken into account in organizing manage-
ment processes [1].

One of such signs is the impossibility of a complete math-
ematical description of both the ISS of the ACS SPO and its
individual components [1-2].

Another sign is the stochastic behavior of the ISS of the
ACS SPO [2], leading to difficulties in analyzing its state and
its managing. This feature is due not only to the presence of
some special sources of random interference in the compo-
nents of the IS, but also to their complexity, which leads to a
multitude of all kinds of minor (from the viewpoint of control
purposes) processes. Therefore, the behavior of ISS of the ACS
SPO often proves to be "unexpected" for the control system,
and this "surprise" is more conveniently regarded as an acci-
dental factor and interpreted as noisy than to conduct a detailed
analysis of the mechanisms of the impact of secondary pro-
cesses on the ISS of the ACS SPO.

The third sign is the well-known "intolerance" of the ISS
of the ACS SPO to management. This feature is the most un-
pleasant feature of the ISS of the ACS SPO. The fact is that
the ISS of the ACS SPO functions relatively independently
from the control system, i.e. The ISS is intended [2] to pro-
vide information services (IS), and not for management. This
is a certain contradiction, which increases if the objectives of
management are not consistent with the objectives of the ISS
of the ACS SPO.

Nonstationarity of the ISS of the ACS SPO is the fourth
sign and follows from its complexity [1]. It manifests itself in
the drift of the main characteristics, i.e. in the evolution of the
ISS component in time. The consequence of nonstationarity
is the following essential feature (sign) of the ISS of the ACS
SPO — non-reproducibility of experiments, which consists in
its different reaction to the same situation or control at different
instants of time. This circumstance cannot be ignored when
organizing the control system of the automated control system.

All these circumstances lead to the fact that the objectives of
managing the ISS of the ACS SPO will never be fully achieved,
since for the formation and implementation of the management
requires the time for which the ISS of the ACS SPO will change
in an unexpected manner, as a result of which the management
of it will certainly not lead to the strictly desired result.

The main way to overcome this is to extrapolate the be-
havior of the ISS of the ACS SPO with the identification of the
direction of evolution of all its components.

Further, under the management of ISS of the ACS SPO
will be understood as the process of organizing such a focused
impact on it, as a result of which the ISS (or its required com-
ponent) goes into the required (target) state. [1-16]
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FORMULATION OF THE PROBLEM OF INFORMA-
TION SUBSYSTEMS CONTROL ORGANIZATION

LetZ,,,— the impact of the environment and the control
system on the ISS of the ACS SPO, which belongs to the set
of possible impacts Z,,. € Z,, 0, S,, — the state of the ISS of
the ACS SPO belonging to the set of possible states P . P,
then the relationship between them can be represented by the

following expression:
Sip =MpZygy, (D

where is the ISS of the ACS SPO model linking (environmen-
tal and management system impact on the ISS) and (ISS state)
and characterizing the ISS of the ACS SPO specifics from the
management point of view.

Considering the management of ISS of the ACS SPO as
a purposeful process, we will single out the management ob-
jective, which actually determines what the ISS should be in
terms of management. In general, the goal will be a vector, but
the goal can also be specified by a scalar value.

It is possible to verify the fulfillment of the management
objective in the ISS of the ACS SPO [1] only by its state:

Cp :E[SIP]' 2

Usually they seek to express the goal in the language of the
ISS of the ACS SPO state, in this case, the goal of the manage-
ment is to translate the ISS into the required state, i.e.:

Cor =Sp )

With this approach, in the process of organizing the man-
agement of the ISS of the ACS will be determined by the ex-
isting unmanageable in the ISS. To resolve the emerging con-
tradictions, it is advisable to consider the formal formulation
of the control problems of the automated control systems of
the automated control systems of automated control systems of
automated control systems (fig. 1).

Let the vector S (t) determine the state of the ISS of the
ACS SPO at the current time t. We assume that the ISS of the
ACS SPO is an observable system, i.e. there is the possibility
of a fairly accurate estimate of its state vector S (t) from the
observation vector X (t).

At any time, the ISS state vector t of the ACS SPO
Sy (t)=1[s,(¢), -, s:(2),--, s, ()] displays its structure and
the processes occurring in it. In the operation of the ISS, it is
affected by interference and premeditated influences that quan-
tify the entire range of natural and pre-measured impacts on the
ISS of the automated control system (including hardware and
software attacks or cyberattacks). The dimension and detailed
components of the effects, as a rule, can not be determined,
and their influence on the ISS manifests itself, first of all, in the
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Destructive impacts

S(1)
IS of the ACS SPO

T

xﬂ" (")

——» Estimating >

Control system

glp(!'] U!P ("

Plan Realization

| s()

Fig. 1. Statement of the control problem of the automated control system

change of the state vector S, (¢ +At)at subsequent instants of
time (t,t+At].

The control system "observes" the ISS of the ACS SPO,
but because of interference and interference, it is not the vector
S (1) itself that is available for measurement, but some obser-
vation vector X (t).

We assume that the dimensions of the vectors S, (t) and
X (1), and also the qualitative composition of their elements
coincide. Then the vector estimate S,(t) vector S (¢), can
be carried out by statistical methods of processing the vec-
tor Xpp (f ) components. Thus, the ISS control system of the
ACS SPO on the observed vector X, (t) receives an estimate
Sir (1) of the state vector S, (7).

The process of controlling the ISS of the ACS SPO
is that each vector S (f) must have a certain control vec-
tor Up (t) and the corresponding vector of control actions
Y, (£)= 3 (7),=-, »,(¢)]that can be generated (in accord-
ance with the control methods used) according to the corre-
sponding control procedure (closed-loop control), or are giv-
en in advance for each value of the vector S (¢) (program
control) in order to translate the ISS of the ACS SPO to the

Destructive impacts

planned state S%, (t) . And one and the other variant of the defi-
nition of the control vector U, (t) , provides for the provision
of an extremum of some efficiency index:

exstr W[t, S (1), UIPJ .(4)
U

However, this approach to the management objective of
the ISS can cause significant difficulties, because in fact, it re-
quires the determination of the planned value of the multidi-
mensional state vector of the subsystem S7, (t) , comparing it
with the estimation S () of the existing state and producing
it on the basis of the difference AS?, (t) = |SfP (t)—Slp (t)| of
the control vector satisfying (4).

Therefore, when solving ISS management problems in a
practical way, ACS SPO uses a different approach (fig. 2).

At the same time, the management goal is to maintain the
performance indicators of the automated control systems at the
given level or to provide the extreme value of the indicators in
all operating conditions of the ISS.

In the process of management, along with assessing the
state of the ISS of the ACS SPO S (t ), assess the perfor-

Control system

Sw (1)
Sy (?) X, (1) Sele)
Q:P(")i Uﬂ’(’} G i Y*[.’)
IS of the ACS SPO —— Estimating g an | Reafization B~
SN We(r) [ |
Fig. 2. Statement of the problem of control of the ISS of the ACS SPO (approach 2)
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mance indicators of the ISS, determine the planned value
Wy (1), compare it with the estimated value ¥ (¢) and out-
put based on the difference AW (1)= |Wz£ (1) =W (t)| in
the control vector that ensures the value of the indicator is not
worse than the specified value, or the conditions similar to (4):

exstr W[t, S (t), W (t), U,P] ®)

U

SYSTEM APPROACH TO THE ORGANIZATION
OF INFORMATION SUBSYSTEMS CONTROL

Next, we will consider the situation that has arisen in the
ISS of the ACS SPO in its functioning, which is hereinafter
referred to as an ordered set (triple):

Sji = (ZIPSVU S, Cop ) (6)

The set (6) connects the ISS of the ACS SPO S, (1), the
impact on it Z,,,, and the control objective C,, and shows
that control U[P( 1) ultimately depends only on Z g, and
C,.

All the situations (6) that can occur in the process of con-
trolling the ISS of the ACS SPO can be divided into two sub-
sets of situations — manageable ones, in which a given goal
is always achieved, and unmanageable when the goal is not
achieved.

We denote by the set of all possible situations encoun-
tered_in the process of controlling the ISS of the ACS SPO.
Let S » be a subset of situations Sy (i) € S » where the ISS is
uncontrgllable i.e. not all of the goals C,, are achieved, but

S» €S asubset of situations where the IPS is manageable,
i.e. all goals from C,, are achieved. It's obvious that:

1PSr U

=SiNM =SiM =Si

Sr USwr =Sk (7

=Si
To each element of the set S, i.e. of each situation

Sy(i)e S » , we put into correspondence a number P(S » (1))
that determines the probability of occurrence of this situation.
For real 1SS of the ACS SPO, the number of elements S (i)
of the set S is so large that it is permissible to understand the
density of this probability:

J (Sy)dsy =1, ®)
S/P
Equation (8) shovisgi that real situations Sj (i) can not oc-
cur outside the realm S .
In accordance with this, the probability that the situation
S(i) that has developed in the ISS of the ACS SPO is man-

ageable is

p= [ P(sy)ds; ©)
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where :t}sl,ﬁ integral is taken over a subset of controlled situa-
tions Sp .

And the probability that the situation that has developed in
the ISS of the ACS SPO is not manageable, is

= j P(S5)dSy,

=SiNM

(10)

where the integral is taken over a subset of uncontrolled situ-
=SiNM
ations S
It's obvious that

j P(sy) S,S,i+:|- (S;)dsy =1, (11)
S S

At the same time, for ISS of the ACS SPO it is character-
istic that its functioning is carried out in difficult conditions,
accompanied by a complex of destructive and informational
influences of violators and the enemy, f therefore }vtMls not possi-
ble to give strict definition of sets Su» and Sy
functions P(S ,P) In reality, only some expert evaluatlons of
the function P (S ,p) can be obtained for different operating
conditions of the ISS of the ACS SPO, which can be used to
obtain estimated probabilities P« and P-.. These values for
various operating conditions will characterize the degree of
controllability of the ISS of the ACS SPO.

The fulfillment of  management objectives
Cr =(Cpprs-Cpp,) » In the final analysis, should guarantee the
functioning of the ISS of the ACS SPO as a whole and its indi-
vidual components with the required efficiency. Therefore, the
ISS of the ACS SPO will be considered effective if it provides
the required performance of the ISS itself under the conditions
of impact on it and the control system of various natural and in-
tentional disturbances and disturbances (including firmware or
cyber-attacks), because the presence of all these disturbances
in the course of the operation of the ISS can lead to a decrease
in the efficiency of the operation of the ISS of the ACS SPO or
even to the failure of the fulfillment of the target tasks facing it.

In general, the performance index of the ISS of the ACS
W(t,Vp, Lppg,» Up), depends on
the amount of requested IMS, the size and connectivity of the
ISS structure of the ACS SPO, the performance of the ISS
servers, the capacity of the virtual circuits, the functioning al-
gorithms of the ISS and the requirements maintenance, ( V
the vector of fixed, unreserved parameters and characteristics
of the ISS of the ACS SPO), the load values of the require-
ments for obtaining IS, on the characteristics and the intensity
of the disturbances, characterizing purposeful and accidental
destructive effects on the components of the ISS, the impact of
electronic warfare (EW) on them, the effects of natural distur-
bances, failures of ISS technical means and the cyber-attacks
on the ISS hardware and software (form a perturbing param-
eters vector Z,, ), from control strategies ISS U, e Upr is
a control vector that determines the control actions ¥, (7) on

, as well as

SPO is some functional
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the components of the ISS produced by the ISS management
system that belongs to the set of permissible controls U;» that
depends on the properties of the controlabiliy of the ISS of the
ACS SPO.

Since the main purpose of the operation of the ISS of the
ACS SPO is to provide the SPO management bodies and the
automation systems of ACS with all required IS with the re-
quired quality to the officials, if the ISS performance for a
given time T is provided with a probability not less than the
required P, despite the entire range of impacts on it, then the
functioning of the ISS of the ACS SPO is recognized as sus-
tainable, and its management is effective.

Practical implementation of ISS management processes of
the ACS SPO should be based on a set of technological deci-
sions taken in advanced technologies of network management
(SNMP, NMS OSI, TMN [1-2]), on the basis of which man-
agement solutions are already being implemented in various
industries not directly related to telecommunications: such as
the nuclear industry, electric power, etc. It is natural to use the
existing reserves and when solving the control problems of the
automated control systems of automated control systems.

In accordance with the management standards [1-2], the
following decomposition of the general task of managing the
ISS of the ACS SPO into subtasks is appropriate: management
of the operation of the ISS, management of the ISS structure,
failures management, ISS resource management, ISS security
management (fig. 3).

When organizing the management of the ISS of the ACS
SPO, different task groups are distinguished by the importance,
degree of influence on the current functioning of the IPS com-
ponents, operational characteristics, the degree of participation
of operators and managers in the management process, etc.

Thus, the task of managing the ISS resources of the ACS
SPO, which is mainly related to the accounting, control and
allocation of the use of ISS services resources, as well as to

inform managers about the amount of consumed resources for
a certain period, to statistical processing of server employment
data, and downloading the most important ISS resources and
storing this information in the relevant databases, is a problem
for the ISS of the ACS SPO under consideration with suffi-
ciently low performance requirements.

Obviously, the most important task is the task of operation
management of the ISS of the ACS SPO.

The task of structure management of the ISS, as a rule, is
solved with a significant involvement managers of SPO which
can only make a decision on changing the structure of the
ISS and its components, and on adjusting existing structures.
Therefore, the tasks of structure managing of the ISS of the
ACS SPO are implemented as tasks of supporting the adoption
of well-founded decisions of the ACS SPO managers. The re-
quirements for the speediness of solving the problems of man-
aging the ISS structure are much lower than for control tasks.

One of the tasks of managing of the ISS of the ACS SPO
is the task of identification and elimination of failures man-
agement of the ISS, the need for which is caused by informal
operation of ISS facilities and services, misuse of resources,
and when the ISS equipment management subsystem is in a
state of exhaustion. At the same time, in most practical control
systems this task is largely degenerate, since many questions
from the list are solved within the subsystem of operation of
the automated control system of the SPO.

Undoubtedly, one of the most important tasks of the ISS
of the ACS SPO managing is the task of its security manage-
ment, which involves solving a number of tasks related to the
ongoing management of security incidents, the management
of security policies, the management of security risks, and the
management of ISS security tools.

Experience in the practical implementation of control sys-
tems for various information systems, which is useful for or-
ganizing ISS of the ACS SPO, shows that fairly effective con-

Control tasks of the ISS of the ACS SPO

1 ¥ Y ¥V ¥

Operation Management
Structure
management
Identification and
elimination of failures

management
Resource
management
Security
management

Fig. 3. Complex of ISS control tasks
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trol systems can be built by limiting the following management
tasks in the management system: ISS structure management,
ISS security management and ISS resource management.

So the main control organ of the ISS is assigned to the
whole spectrum of management tasks of the ISS of the ACS
SPO: management of the operation of the whole ISS, manage-
ment of the integrated ISS structure, management of the com-
mon ISS resource, global security management in the ISS is
the global vector of management

U /2 {UIPFunc > U 1PStr > U IPRes, U IPSec } N

The reserve control organ of the ISS is assigned a limit-
ed range of management tasks for the ISS of the ACS SPO:
management of the operation of the entire ISS in the event of a
failure of the main control organ and emergency situations, the
control of the ISS structure is obviously significantly degraded
due to significant destructive effects, management of the re-
maining ISS resource is a global vector management

(G 1y IPZap) _
U]P - {UIPFum‘ > U]PSIr > U[PRes } .

At the control organ of the ISS services are entrusted with
a varied set of management tasks aimed at ensuring the opera-
tion of information services, incl. in emergency situations: ei-
ther the management of the service structure, the management
of service resources — the local control vector

(T ServIP) __ Serv Serv
U]Pl - { UIPSlr ’ UIPRGS } >

or only management of the service structure — the local con-
trol vector

(I ServIP) __ Serv
UIP - { UIPStr}a

or only management of service resources — the local control
vector

(I ServIP) __ Serv
UIPU _{UIPRes}'

At the control organ of the ISS of the ACS SPO security
entrusts a set of management tasks aimed at the uninterrupted
functioning of the security system of the ISS in various operat-
ing conditions (including in emergency situations)[ 1]: managing
security incidents, managing security risks, managing security
policies, managing security tools of the ISS — control vector

(ITy; SecIP) __ _ inc risk pol div
U )/ - { U IPSec} - {UIPSec ’ U IPSec > U IPSec > U IPSec } .
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CONCLUSION

Thus, in accordance with the system approach to the or-
ganization of the ISS of the ACS SPO management on the ba-
sis of the formalized description of the ISS, a vector is formed

SIP(t): [sl(t),---, si(z)""’ Sn(t)]’

describing the state of the information subsystem of the ASN
ACS at an arbitrary moment of time. As a result of the observa-
tion of the ISS of the ACS SPO, the vector S, (l) is estimated
from the observed vector

Xpp (1) =[x, (¢)s++, x, (1), x,(2)]

with obtaining values of the vector

Sir(£)= [s1(2)y+, si(2)s, sa(2)],

which, in accordance with the management objectives
C,= (CIPI,...,CIPP) , is then used by the control system to
form a control vector

UIP (Tiu ) = {UIPFunc (Tiu )’ UIPSW (Tiu )’ UIPRes (Tiu )’ UIPS@C (Tizl )}

for each control interval<<LEqnm0092.eps>>.

In accordance with the hierarchy of architecture and the
organizational structure of the control system of the ISS of the
ACS SPO management vector

UIP (Tiu )={U IPFunc (Tiu ) UIPSzr (Tiu ), U IPRes (Tiu ), U IPSec (Tiu )}

is decomposed into control vectors:
— for the main control organ of the ISS of the ACS SPO

U(]g,nu P) (Tiu) _
_ {U(G,HUIP) (Tiu )’ U(G,nsz)I (Tiu )’ U(GIHUIP) (Tiu ), U(GIHUIP) (Tiu )}’

IPFunc IPStr IPRes IPSec

— for reserve control organ of the ISS of the ACS SPO

UG (T, ) = (U2 (T, ), UG (T ) U2 (T, )

IPFunc 1PStr IPRes

— for each service control organ of the ISS of the ACS SPO

U;}l:IUServ) (Tiu) — {U(H[/Serv) (Tiu )’ U(H[/Serv) (Tiu )},

IPStr IPRes

S i Y i
or UGS (T7 ) = (US> (T )},
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or U(];IUServ) (Tiu) _ {U(I'IUServ) (Tiu)};

IPRes

for security control organ of the ISS of the ACS SPO

Uipb«SeclP) (Tiu ) —
= {U;'IIJCSeC (Tiu )’ U;;’Sfec (Tiu )’ U;’I:S[‘ec (Tiu )’ U?Ii";ec (Tiu )} :

In this case, the specific implementation of global, func-
tional and local control vectors obtained as a result of the de-
composition of the control vector of the ISS

UIP (Tiu ) = {U]PFunc (Tiu )’ U]PStr (Tiu )’ U IPRes (Tiu )’ U]PSec (Tiu )} s

will be determined by the methods used to manage the oper-
ation of the ISS, manage the ISS structure, manage the ISS
resources, manage the safety of the ISS of the ACS.
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CUCTEMHbIN NOAX04 K OPTAHU3ALMU YNPABNEHUA UHOOPMALMOHHLIMU
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AHHOTALIMA

DyHKUMOHUPOBaHME Pa3HOOBPa3HbIX COBPEMEHHbIX CIOX-
HbIX OBBEKTOB CreLmManbHOro HasHaYeHUs C BbICOKUMU MO-
Ka3zaTensMy KayecTBa BO3MOXHO TOJIbKO MPW OpraHusaumum
3 PeKTUBHOrO ynpaBiieHUn WMKU, KOTOPOEe peanusyercs
MOCPEeACTBOM aBTOMATU3MPOBAHHbBIX CUCTEM YMPaBEHMUS.
B camux cuctemax ynpasneHus nognepxaHue Herpepbis-
HOCTU 1 HEOBXOAMMOro YPOBHS MokKasaTesien KayecTsa npo-
LLeCCOB yMpaBieHNs C/IOXKHbIM 06bEKTOM creLmanbHOro Ha-
3HaveHUs obecneymBaeTcsi, B TOM YMCIie, 3@ CYET CO3AaHUNA
nHpopmaLMOHHOW noAcucTemMsl, KoTopas obecneuvBaer
LAOJKHOCTHBIM JIMLAM OPraHoB ynpaBieHWsi U KOMIIeKcam
TEXHUYECKNX CPeACTB aBTOMaTU3UPOBAHHbIX CUCTEM YrpaB-
NieHus nosyyeHne TpebyemMon HOMeHKIaTypbl MHpopMaL M-
OHHbIX ycnyr, obecrneymBaoLMX MPUHATUE OBOCHOBAHHBIX
NPaBUIbHbIX PELLEHUI No opraHusauun ynpasnexus. Bme-
CTe Cc TeMm, VIHd)OpMaLLVIOHHaﬂ noacucTeMa, Kak CJZio>KHaa Ccun-
cTeMa, Takxe [OJIXKHA YNPaBAATbCS, AJIS YEro, Kak NpaBuio,
CO3[aeTcs BblAeJIeHHasi CUCTEMA YMPaBJIEHNs, HA KOTOPYIO
BO3/1araeTcs pelieHmne psaa 3afad ynpassieHus, HOMeHKIa-
Typa KOTOPbIX ONpepensercs UensMu MOACUCTEMbI, a UX

KJTHOYEBbBIE CJZTIOBA: cuctemHbI nogxon; aBToMaTU3npo-
BaHHasi cucTeMa ynpaeneHus; MHbopMaLunoHHas nogcucre-
Ma; NpoLecchl ynpaBJieHus; LLeflieHanpaBiieHHbIN NpoLecc.

copepxaHue - TeMU MeToAaMu ynpasJieHUsi, KOTopble 3a-
JIOXeHbI B CneLumasbHOM NporpaMMHOM obecrneyeHnn KoMm-
NJ1eKCcoB TeEXHUYECKUX CcpencTs.

Llenn ynpaeneHus uHpopmaumoHHON MOACUCTEMON B MOJ-
HON Mepe HUKOrAa He ByAyT JOCTUrHYTbI, Tak Kak Ans ¢pop-
MUPOBaHUS U peanv3aumun ynpasreHus Tpebyetcs Bpems,
3a KoTopoe UHGOPMAaLMOHHAs MOACUCTEMA U3MEHUTCS He-
npeaBraeHHbIM 06pa3oM, B pesysibTaTe Yero yrnpaesieHune et
HaBepHsIka He MPUBEHET K CTPOro >KeslaeMoMy pesysbrarty.
OcHOBHbIM cNocoboM NPeofoIeHs 3TOrO ABSETCs KCTpa-
nonsums noBeaeHns MHGOPMaLMOHHOW NOACUCTEMDI C BbisiB-
JIeHVeM HarnpaB/IEHUS SBOJIIOLIUM BCEX €€ KOMMOHEHT.

CBEOEHU/SA OB ABTOPAX:

Nerkoe K. E., K.T.H., HauyanbHWK Kadeapbl aBTOMATU3MPOBaH-
HbIX CUCTEM ynpaBneva BOGHHO-KOCMI/I‘-IGCKOVI aKkagemMmun
nmeHn A. ®. Moxanckoro;
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OF PHASE RADIO-TECHNICAL DATA TRANSMISSION SYSTEMS
OPERATING UNDER STRONG INTERSYMBOL INTERFERENCE
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ABSTRACT

Volume of information transmitted by radio engineering data transmission systems
exponentially increasing from year to year is a current trend of modern society.
This leads to considerable problem of creating new systems capable to operate
under conditions of constantly increasing requirements to an effective frequency
resource usage.

One of the most effective approaches to solving this problem is the conversion
to data transmission in the presence of intersymbol interference produced by the
presence of linear selective systems in radio engineering data transmission sys-
tems. However, the attractiveness of this approach is associated with an increase
of complexity of the receiver itself along with an increase of number of interfering
symbols. This ultimately arises the issue not only about the expediency of its imple-
mentation, but also about its practical feasibility.

In this paper, the issue of increasing the data transfer rate in radio engineering data
transmission systems is discussed, in which the suppression of intersymbol interfer-
ence in linear selective systems of a linear radio path is not performed, and the cor-
rectness of the reconstruction of the transmitted information sequence is achieved
due to the appropriate selection of resolving time. It is shown that in some cases
for large values of the volume of alphabet of channel symbols, the resolving time
can be significantly reduced in the case when bandpass filters are used as linear
selective systems.

FOR CITATION: Lerner .M., Kamalletdinov N.N. To a question of increasing the data transmission rate of phase radio-technical
data transmission systems operating under strong intersymbol interference in linear radio path. H&ES Research. 2017. Vol. 9.

No. 5. Pp. 92-104.
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Volume of information transmitted by radio engineering
data transmission systems (RDTS) exponentially increasing
from year to year is a current trend of modern society. This
leads to considerable problem of creating new RDTS capable
to operate under conditions of constantly increasing require-
ments to an effective frequency resource usage [1-4].

One of the most effective approaches to solving this prob-
lem is the conversion to data transmission in the presence of in-
tersymbol interference (ISI) produced by the presence of linear
selective systems (LSS) in RDTS. However, the attractiveness
of this approach is associated with an increase of complexity of
the receiver itself along with an increase of number of interfer-
ing symbols. This ultimately arises the issue not only about the
expediency of its implementation, but also about its practical
feasibility.

This feature is most pronounced among algorithms using the
maximum likelihood criterion — optimal algorithms of signal re-
ceiving in the presence of ISI [1]. Computational complexity of
such algorithms increases exponentially, both with an increase in
the number of interfering symbols (which occurs with increasing
the transmission rate) and with increasing the volume of the al-
phabet of channel symbols [5-10].

At the same time, the application of methods with a low
computational complexity (zero-forcing filter, linear minimum
squared estimation equalizer and decision feedback equalizer)
reducing ISI level, which allows to perform the consequent
signal processing in the absence of communication channel
memory [1], are also not without drawbacks [11]. The
common disadvantage of all methods mentioned above is
their low noise immunity as compared to algorithms using the
maximum likelihood criterion and dependence of their noise
immunity on shape of amplitude frequency response (AFR) of
communication channel [1, 11]. The last feature is the most
pronounced in case when AFR is subjected to considerable
variations on magnitude in entire frequency range what is typ-
ical for AFR of radio channels [1, 11].

Since all the methods listed above don’t provide the com-
plete suppression of ISI and don’t allow achieving high noise
immunity, then it makes sense to consider the operation fea-
tures of RDTS, which provide receiving and processing of sig-
nals in the presence of ISI without its compensation. In this
case the reliable signal receiving ensured by the correct choice
of resolution time of LSS of RDTS [4, 12—13].

RDTS using multi-position phase-shift keying signals with
n discrete states (PSK-n-signals) are the most widely spread
nowadays. So it is reasonable to examine the operation features
of RDTS of this class specifically for PSK-n-signals.

At the same time it is expedient to estimate the operation
features of such RDTS using error probability per channel sym-
bol and induced ISI, depending on channel symbol time duration,
since it is the second of the most important characteristics of such
RDTS along with capacity which was considered in paper [4].

H&ES RESEARCH, 5-2017
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I.  PROBLEM STATEMENT

Since we are primarily concerned with the effect of ISI
on error probability, we assume that there is no noise in the
communication channel. And the communication channel, for
which we estimate error probability per channel symbol when
receiving the data of message, consists of a transmitter, LSS, a
receiver and a decision device (DD).

In this paper let’s confine ourselves to considering the LSS
as a population of equitype linear bandpass filters, which sat-
isfy the following conditions: ,/2A€ > 15, where 2AQ —
is the resultant bandwidth of LSS, where w ,— is an average
frequency of the LSS; and their amplitude-frequency and
phase-frequency responses possess even and odd symmetry
with respect to. We assume that the receiver is an ideal phase
detector and, similarly to DD, doesn’t introduce additional ISI
to ones formed with LSS.

Each symbol of primary signal that impacts on the input
of transmitter takes equiprobably one of n phase values of the
signal constellation:

vy = (k+vsign([0.57]-0.52-0.25)~0.51]) Ag,, (1)

Here k = I,_n ; || . || — rounding operation to the nearest in-
teger; sign (.) — signum function; A = 21/n — step between
adjacent phase values of the signal constellation; ve[0;0.5] pa-
rameter defines the initial phase shift of signal constellation
¢,.=2mv/n.

The PSK-n-signal generated by the transmitter from the
moment t = 0 can be represented as follows

Sin (t):rzll:l[l(l—(r—l)l's)—1(t—r7:s)]><
xexp(j((mo +Aw)r+260, +9, —(po))zré[](;_(r_l)-ts)_ o

~1(t-r1, )]exp(j<(o)0 +A(o)t+\y((r—l)'cs)—(p0)),

where | e N” — is the number of transmitted radio pulses of
the PSK-n-signal;

T, — transmission time of each radio pulse of the PSK-n-
signal (symbol time duration); i

1(t) — Heaviside step function; 8, = 3520, +o,.;

q=1

o,+ Ao — the carrier frequency of the PSK-n-signal,
where Aw — frequency detuning;

¢, — resultant constant phase shift introduced by LSS on
frequency o+ Aw;

20 = wy((r- 1) )~ y((r - 2) t ) — phase jump caused by the
transmission of -th radio pulse, where y((» - 1)t)=20 + 8 and
y((r-2)t)=20_ + 98  —are initial phases of r-th and (r-1)-th
radio pulses of PSK-n-signal at the output of transmitter. If 7= 1
the initial phase is y((» - 2) 1) = ¢, because we assume that until
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the time ¢ = 0 LSS is in a steady state and transmitter generates
the harmonic oscillation exp (j((o,+ Aw) T+ ¢~ ¢)).

In this case PSK-n-signal at the output of a LSS starting
from the time ¢ = 0 according to results of [14] and superposi-
tion principle can be represented as follows

S (1) =Ky (j(oao +Am))Z(t)exp(j((w0 +A®)— @, )) =
=k, (j(o)0 +Aco))exp(j((0)0 +Am)t—(p0))(exp(j(§l —61))+

: 3)
+r2:1 A, [exp(j(ér +0,))—exp(j(&, -0, ))]}

where Z(t) —is the complex envelope of the PSK-n-signal
at LSS output;

A, = l(t—(r—l)‘cs)BO (t—(r—l)'cS,A(D);
By (t,Aw) — settling function for LSS [14];

ko (j(o)o + A“))) = k(j((’)o + A(D))exp(j(po) — the resultant
complex transmission coefficient of LSS on frequency o+ Aw;

r-l1
& =2.20,+6, +0, “
gq=1
On the output of phase detector the informative signal —
the slowly varying phase of the PSK-n-signal is defined ac-
cording to (3) as

() = 0) =51,

+é7»r [exp(j(ir +0,))—exp(/ (&, —9r))} (5)

The recovery of the primary signal is made by DD based
on the decision rule

\Urec (I"‘CS)= Wk|k:k' (6)
where k'eln: f(k'r) :]I(nliin|\yme (r) = wi| < 0

a,,< 0.5A¢_,

where o, — isthe permissible phase settling error on LSS output.
The latter condition is required to ensure the uniqueness of DD
solution in the absence of noise. The permissible error is related
to measured settling error of slowly varying phase by the follow-
ing expression o, > |ame (rty)| = |\|/me (rey)=w((r-1)r,)
and determines the limiting value for the difference taken by
modulus between the specified phase value of PSK-n-signal
radio pulse on LSS output and the initial phase value of the
same radio pulse acting on its input.

The permissible error o is related to reduced permissible
error a, by o, = o, /A@  equation. o, should be chosen so that
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o, — 0.5, what allows to exploit the dynamic operation mode
of the considered communication channel in full measure.

To define the operation features of the considered RDTS
let’s consider the following bandpass filters with identical
bandwidth as a LSS:

1. One and two staged resonant filter. According to [14] the
settling function of one staged filter is defined as

By (x,p) =1-exp(—x)(cospx— jsinpx), (7)
and the settling function of two staged filter is defined as
By (x,p)=1-exp(—x)(cospx— jsin px)(l +(1+ jp)x), (8)

where X = AQ, t — non-dimensional time;

AQ, = AQ /a,; for one staged resonant filter a, = 1 and for
two staged — a, = 0.644;

p=Ao/AQ = o, Aw/AQ, = p,a, — non-dimensional fre-
quency detuning.

2. Single stage bandpass filter on coupled circuits with dif-
ferent values of a degree of circuit coupling. Settling function
for a single stage filter is the following [14]:

By (x,p) =1-exp(—(1+ jp)x)[cos [3x+1+T]psin ij. )

Here o, = 1.414 for a single stage filter with degree of cir-
cuit coupling p =1 and o, = 3.11 for degree of circuit coupling
p=241.

I.  PROBLEM SOLVING

Due to the validity of transposition principle for LSS and
results of [4] it can be stated that the process of phase settling
of PSK-n-signal on LSS output, caused by the accidental es-
sence of the emergence of initial phase values in the transmit-
ted information sequence, is statistic stationary starting from
the certain moment of time t°, for any symbols starting from
the 5-th. Thus, this allows us to estimate the probability of an
error depending on symbol time duration in the presence of ISI
for the whole sequence starting from the 5-th symbol.

This problem will be solved by numerical simulation, us-
ing expressions (1)—(9) — and the following relation for error
probability:

Perr (AQOTS) =
ill(apm—|\Vme(rts,m)—\v((r—l)Tmm)D (10)
=1-2= ’
g

where v, (rt, m) — value of slowly varying phase measured
on LSS output at the end of the r-th radio pulse for the m-th
realization of the transmitted information sequence;

y((-1) T, m) — initial phase value of the r-th radio pulse
for the m-th realization of the transmitted information sequence;
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g — the quantity of realization of information sequence.

First of all the time " is initially determined from which
the differences between the dependencies of the integral distri-
bution function for measured error for all symbols starting from
the 5th do not exceed 5%, when the expression (10) is used.

For the rest first four symbols of the sequence, error prob-
ability is defined according to the following relation

Pe'rr (AQOTs’f) =

| mil(a,,m—|\ume(ftsam)—\v((f—l)%,m)D

g
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where y_ (f't, m) — value of slowly varying phase measured
on LSS output at the end of the f-th radio pulse for the m-th
realization of the transmitted information sequence;

v ((f—1) T, m) —initial phase value of the f-th radio pulse
for the m-th realization of the transmitted information sequence.

The following parameters were used in the process of nu-
merical simulation: number of transmitted radio pulses / = 30;
number of realizations of PSK-n-signal g = 5 x 10* number
of discrete states was N =4, 8, 16, 32, 64, 128 with initial shift
of the signal constellation ¢ = {0; 0.57/n; n/n}; the value of
reduced permissible error o, was 0.4999; r=9.

Results of numerical simulation for single- and two staged
resonant filter are presented on (fig. 1-9)

P (AQ,1,)

0.6

0.4

0.2

4 AQ 1, 5

Fig.1. Error probability per channel symbol depending on channel symbol time duration in the presence of ISI at the LSS output.
LSS: tuned single-stage resonant filter (1-6); tuned two-stage resonant filter (7—12). Initial phase shift of PSK-n-signal ¢_: 7 /n (solid line);
0 (dashed line). Number of discrete states n: 4 (1,7); 8 (2,8); 16 (3,9); 32 (4,10); 64 (5,11); 128 (6,12).

Pr.rr (ﬂQB Ts.)

06 &

0.4

0.2

Fig.2. Error probability per channel symbol depending on channel symbol time duration in the presence of ISI at the LSS output.
LSS: single-stage resonant filter. Non-dimensional frequency detuning p, = —0.5. Initial phase shift of PSK-n-signal ¢_: nt /n (solid line);
0.57 /n (dashed line); 0 (dot-dashed line). Number of discrete states n: 4 (1); 8 (2); 16 (3); 32 (4); 64 (5); 128 (6).
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Analyzing dependencies of error probability for resonant
filters (fig. 1-9), we can make the following conclusions:

1. The presence of frequency detuning leads to an increase
in the resolving time of the resonance filters. At the same time,
the degree of increase is more pronounced, the higher the val-
ues of frequency detuning.

2. The best signal constellation with an even number of
discrete states, ensuring the absence of a constant error during
PSK-n-signals receiving and processing in the presence of ISI
is that whose ¢ = n/n.

3. The presence of frequency detuning doesn’t lead to
change of configuration of resolving time relations between
different PSK-n-signals relatively to case of the absence of fre-
quency detuning.

4. Changes in error probability with positive values of fre-
quency detuning for PSK-n-signals considered in this paper,

when the value of initial phase shift of signal constellation dif-
fers from @ = n/n is more pronounced as compared to the case
when it takes negative values.

Results of numerical simulation for single stage bandpass
filter on coupled circuits with different values of a degree of
circuit coupling are presented on (fig. 10-19).

Analyzing dependencies of error probability for bandpass
filter (fig. 10-19), we can make the following conclusions in
addition to those that were made above for resonance filters:

1. Unlike resonant filters, the dependence of the error
probability of symbol reception caused by ISI contains addi-
tional “transparency windows” at which it is zero, which al-
lows to increase the transmission rate of PSK-n-signals. In the
absence of frequency detuning the degree of manifestation of
this property increases (a decrease in the value of the number
of discrete states occurs when this effect is manifested) with an

Pﬂr(ﬁQﬂ T )
0.6

0.4

0.2

Fig. 3. Error probability per channel symbol depending on channel symbol time duration in the presence of ISI at the LSS output.
LSS: single-stage resonant filter. Non-dimensional frequency detuning p, = 0.5. Initial phase shift of PSK-n-signal ¢_: m /n (solid line);
0.5 /n (dashed line); 0 (dot-dashed line). Number of discrete states n: 4 (1); 8 (2); 16 (3); 32 (4); 64 (5); 128 (6).
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Fig. 4. Error probability per channel symbol depending on channel symbol time duration in the presence of ISI at the LSS output.
LSS: single-stage resonant filter. Non-dimensional frequency detuning p, = —1. Initial phase shift of PSK-n-signal. ¢_: 7 /n (solid line);
0.57 /n (dashed line); 0 (dot-dashed line). Number of discrete states n: 4 (1); 8 (2); 16 (3); 32 (4); 64 (5); 128 (6).
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Fig. 5. Error probability per channel symbol depending on channel symbol time duration in the presence of ISI at the LSS output. LSS:
single-stage resonant filter. Non-dimensional frequency detuning p, = 1. Initial phase shift of PSK-n-signal ¢_: 7 /n (solid line); 0.5n /n
(dashed line); 0 (dot-dashed line). Number of discrete states n: 4 (1); 8 (2); 16 (3); 32 (4); 64 (5); 128 (6).

P (AQ,T,)

0.6

0.4

0.2 -
0 e
0.5 AQ,t, 5

Fig. 6. Error probability per channel symbol depending on channel symbol time duration in the presence of ISI at the LSS output.
LSS: two-stage resonant filter. Non-dimensional frequency detuning p; = —0.5. Initial phase shift of PSK-n-signal ¢ : 7 /n (solid line);
0.57 /n (dashed line); 0 (dot-dashed line). Number of discrete states n: 4 (1); 8 (2); 16 (3); 32 (4); 64 (5); 128 (6).
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Fig. 7. Error probability per channel symbol depending on channel symbol time duration in the presence of ISI at the LSS output.
LSS: two-stage resonant filter. Non-dimensional frequency detuning p = 0.5. Initial phase shift of PSK-n-signal ¢_: m /n (solid line);
0.5m /n (dashed line); 0 (dot-dashed line). Number of discrete states n: 4 (1); 8 (2); 16 (3); 32 (4); 64 (5); 128 (6).
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Fig. 8. Error probability per channel symbol depending on channel symbol time duration in the presence of ISI at the LSS output.
LSS: two-stage resonant filter. Non-dimensional frequency detuning p, = —1. Initial phase shift of PSK-n-signal ¢ : 7 /n (solid line);
0.57 /n (dashed line); 0 (dot-dashed line). Number of discrete states n: 4 (1); 8 (2); 16 (3); 32 (4); 64 (5); 128 (6).

Fig. 9. Error probability per channel symbol depending on channel symbol time duration in the presence of ISI at the LSS output.
LSS: two-stage resonant filter. Non-dimensional frequency detuning p, = 1. Initial phase shift of PSK-n-signal ¢ : 7 /n (solid line);
0.57 /n (dashed line); 0 (dot-dashed line). Number of discrete states n: 4 (1); 8 (2); 16 (3); 32 (4); 64 (5); 128 (6).

increase of irregularity of AFR of passband, but it persists even
in the absence of irregularity.

2. For small values of the frequency detuning (|p,| < 0.5)
“transparency windows” of dependence of error probability
in general are preserved, however, changing the conditions of
their manifestation and decreasing their sizes (the decrease in
the time interval at which they appear) are observed. At large
values of frequency detuning or degree of circuit coupling
(B =2.41) the absence of “transparency windows” is observed
for considered PSK-n-signals.

3. Changes in error probability with positive values of
frequency detuning for PSK-n-signals considered in this pa-
per, when the value of initial phase shift of signal constellation
differs from ¢ = n/n is more pronounced as compared to the
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case when it takes negative values when value of frequency
detuning is large (|p,] > 0.5). For small values of frequency
detuning, the opposite is true.

Results of numerical simulation for first fourth sym-
bols are presented for tuned single stage bandpass filter on
coupled circuits (fig. 20, 21). From figures, it follows that
dependence of error probability for transmission of the first
four symbols does not affect on the choice of resolving time.
For resonant filters we can conclude the same according to
the results [15].

CONCLUSION

1. When LSS is a bandpass filter, the dependence of the
error probability of symbol reception caused by ISI contains
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Fig. 10. Error probability per channel symbol depending on channel symbol time duration in the presence of ISI at the LSS output.
LSS: tuned single stage bandpass filter on coupled circuits with degree of circuit coupling 3 = 1. nitial phase shift of PSK-n-signal
@, : m/n (solid line); 0 (dot-dashed line). Number of discrete states n: 4 (1); 8 (2); 16 (3); 32 (4); 64 (5); 128 (6).
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Fig. 11. Error probability per channel symbol depending on channel symbol time duration in the presence of ISI at the LSS output.
LSS: tuned single stage bandpass filter on coupled circuits with degree of circuit coupling 3 = 2.41. Initial phase shift of PSK-n-signal
@, : m/n (solid line); 0 (dot-dashed line). Number of discrete states n: 4 (1); 8 (2); 16 (3); 32 (4); 64 (5); 128 (6).
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Fig. 12. Error probability per channel symbol depending on channel symbol time duration in the presence of ISI at the LSS output. LSS: single
stage bandpass filter on coupled circuits with degree of circuit coupling § = 1. Non-dimensional frequency detuning p, =—0.5. Initial phase shift of
PSK-n-signal ¢_: 7 /n (solid line); 0.5t /n (dashed line); 0 (dot-dashed line). Number of discrete states n: 4 (1); 8 (2); 16 (3); 32 (4); 64 (5); 128 (6)
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Fig. 13. Error probability per channel symbol depending on channel symbol time duration in the presence of ISI at the LSS output. LSS: single
stage bandpass filter on coupled circuits with degree of circuit coupling § = 1. Non-dimensional frequency detuning p, = 0.5. Initial phase shift of
PSK-n-signal ¢_: 7 /n (solid line); 0.5 /n (dashed line); 0 (dot-dashed line). Number of discrete states n: 4 (1); 8 (2); 16 (3); 32 (4); 64 (5); 128 (6).
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Fig. 14. Error probability per channel symbol depending on channel symbol time duration in the presence of ISI at the LSS output. LSS: single
stage bandpass filter on coupled circuits with degree of circuit coupling # = 1. Non-dimensional frequency detuning p, = 1. Initial phase shift of
PSK-n-signal ¢_: 7 /n (solid line); 0.5t /n (dashed line); 0 (dot-dashed line). Number of discrete states n: 4 (1); 8 (2); 16 (3); 32 (4); 64 (5); 128 (6).
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Fig. 15. Error probability per channel symbol depending on channel symbol time duration in the presence of ISI at the LSS output. LSS: single
stage bandpass filter on coupled circuits with degree of circuit coupling 8 = 1. Non-dimensional frequency detuning p, = 1. Initial phase shift of
PSK-n-signal ¢_: 7 /n (solid line); 0.5n /n (dashed line); 0 (dot-dashed line). Number of discrete states n: 4 (1); 8 (2); 16 (3); 32 (4); 64 (5); 128 (6).
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Fig. 16. Error probability per channel symbol depending on channel symbol time duration in the presence of ISI at the LSS output. LSS: single stage

bandpass filter on coupled circuits with degree of circuit coupling 3 = 2.41. Non-dimensional frequency detuning p, =—0.5. Initial phase shift of
PSK-n-signal @_: m/n (solid line); 0.5m /n (dashed line); 0 (dot-dashed line). Number of discrete states n: 4 (1); 8 (2); 16 (3); 32 (4); 64 (5); 128 (6).
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Fig. 17. Error probability per channel symbol depending on channel symbol time duration in the presence of ISI at the LSS output. LSS: single stage
bandpass filter on coupled circuits with degree of circuit coupling 3 = 2.41. Non-dimensional frequency detuning p, = 0.5. Initial phase shift of PSK-
n-signal ¢ : 7 /n (solid line); 0.5 /n (dashed line); O (dot-dashed line). Number of discrete states n: 4 (1); 8 (2); 16 (3); 32 (4); 64 (5); 128 (6).
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Fig. 18. Error probability per channel symbol depending on channel symbol time duration in the presence of ISI at the LSS output. LSS: single
stage bandpass filter on coupled circuits with degree of circuit coupling = 2.41. Non-dimensional frequency detuning p, =—1. Initial phase shift of
PSK-n-signal ¢_: 7 /n (solid line); 0.5n /n (dashed line); 0 (dot-dashed line). Number of discrete states n: 4 (1); 8 (2); 16 (3); 32 (4); 64 (5); 128 (6).
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Fig. 19. Error probability per channel symbol depending on channel symbol time duration in the presence of ISI at the LSS output. LSS: single
stage bandpass filter on coupled circuits with degree of circuit coupling § = 2.41. Non-dimensional frequency detuning p, = 1. Initial phase shift of
PSK-n-signal ¢_: 7 /n (solid line); 0.5 /n (dashed line); 0 (dot-dashed line). Number of discrete states n: 4 (1); 8 (2); 16 (3); 32 (4); 64 (5); 128 (6).
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Fig. 20. Error probability per channel symbol depending on channel symbol time duration in the presence of ISI at the LSS output for first
four symbols. LSS: tuned single stage bandpass filter on coupled circuits with degree of circuit coupling 3 = 1. Initial phase shift of PSK-n-
signal ¢_: m/n (solid line); 0.5n /n (dashed line); 0 (dot-dashed line). Number of discrete states N = 128. Number of symbol: 1 (solid line);
2 (dashed line); 3 (solid line with diamond marker); 4 (solid line with triangular marker); starting from 5 (solid line with circular marker).

additional “transparency windows” at which it is zero, which
allows to increase the transmission rate of PSK-n-signals. In
the absence of frequency detuning the degree of manifestation
of this property increases with an increase of irregularity of
AFR of passband, but it persists even in the absence of irregu-
larity. For small values of the frequency detuning “transparen-
cy windows” of dependence of error probability in general are
preserved, however, changing the conditions of their manifes-
tation and decreasing their sizes are observed.

2.  The presence of frequency detuning doesn’t lead to
change of configuration of resolving time relations between
different PSK-n-signals relatively to case of the absence of fre-
quency detuning.
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K BOMPOCY YBEJIMMEHNA CKOPOCTW NMEPEOAYUN B DA3OBbLIX
PAOVWOTEXHUYECKUX CUCTEMAX NEPEOAYN MHOOPMALIUN,
PABOTAIOLLUUX MPU CUJTIbHBIX MEXXCUMBOJIbHBIX UCKAXEHUAX

B JINTHENHOM PAOUOTPAKTE

JIEPHEP Unbsa Muxannosuu,

r. Kazanb, Poccus, aviap@mail.ru

KAMAJNJNETANHOB Haunb HapbipoBuy,

r. Kazanb, Poccus, kamal585@mail.ru

AHHOTALUNA

Heotbemnemoin yepToin coBpemeHHoOro obLiectsa sBnset-
Csi eXerofgHoe yeenuyeHve obbema nibopmauum, KOTopbIn
nepepaeTcs NoCcpPeacTBaM PagnoOTEXHUYECKMX CUCTEM nepe-
faun nudopmaumu. MNpu 3Tom 3aKoH Bo3pacTaHusi obbema
nHpopMaLMK, noanexallen nepegaye ABAAETCH SKCMNOHEH-
LMabHbIM. DTO MPUBOAUT K CEPbE3HON TEXHWUYECKON Mpo-
6nemMe nNpu coO3[aHUM HOBbIX PABUOTEXHUYECKUX CUCTEM
nepenayu VIHd)OpMaLI,VIVI, MOCKOJIbKY C Ka>kAbIM roaoM Takxe
BO3pacTaloT TpeboBaHua no 3dPekTMBHOMY KCMosb3oBa-
HUIO YaCTOTHOTO pecypca.

Ha paHHbI MOMEHT ofHUM 13 Hanbonee 3 deKTUBHbBIX NoA-
XO[OB pelleHWsi AaHHOW NpobriemMbl CYMTaeTcsl Nepexon
K nepepaye, npmeMy n obpaboTke CUrHasoOB NPU HaUYUM
MEXCUMBOJIbHBIX UCKAXEHUIN B JIMHEWHbIX M3BmpaTenbHbIX
cucTeMax, BXOASALMNX B JIMHENHBIA PaanoTpakT pagmMoTexHu-
Yeckux cuctem nepepaun nipopmauuu. HecmMotpsi Ha npu-
BJIEKaTeIbHOCTb TAaKOro MOAXOAa, €ro TeXHWYeckas peanu-
3aums conpsieHa € PAOM TPYAHOCTEN, KOTOPble NPUBOAAT
K YBEJIMYEHUNIO CIIOXKHOCTM CaMOro MPUeMHOro ycTponcTea
npv yBesiMYeHUn Yncna uHtepepupylolmx cuMeonos. B
UTOre 3TO NPMBOAUT K BOMPOCY O MPaKTUYECKON peanmsye-
MOCTM TaKoro ycTpoWncTBa.

KJTKOYEBbBIE CJTIOBA: noBbILlLeHNE CKOPOCTY Nepepayu;
MeXCUMBOJIbHbIE nckaxeHnin; PMH-n-curHanel; nusbupa-

TeJibHbl€ CUCTEMbI; BEPOATHOCTb owmnobKu.

B pmaHHON pabote paccMaTpuBaeTcs BOMPOC yBEJSIMYEHUs
CKOPOCTU Nepefayn nHdopMaLmmn B paanoTEXHUYECKNUX CU-
cTemax mepefayun MHPoOpPMaLUK, B KOTOPbIX YMEHbLUEHMe
MEXCUMBOJIbHbIX UCKAXeHWIN B JIMHENHbIX M3bupaTenbHbIx
cMcTeMax JIMHeMHOro pagnMoTpaKkTa He MPOU3BOAUTCS, a Kop-
PEeKTHOCTb BOCCTaHOBJIEHUs MepefaBaeMon uHbopmaum-
OHHOW MocJsief0BaTENIbHOCTM A0CTUraeTcs 3a cyeT COOTBeT-
cTBylOLLero Bbibopa paspeltatowiero BpemeHnn. MokasaHo,
4TO Npu BoNbLUMX 3HaYeHMsIX oObema andaBuTa KaHaNbHbIX
CUMBOJIOB pa3speluatoLLee BpeMs MOXeT ObITb CyLLLeCTBEHHO
CHV>XXEHO B TOM CJly4ae, eC/in B Ka4yecTBe JINHEeHbIX n3bupa-
TeJIbHbIX CUCTEM WCMOJIb3YIOTCS MONIOCoBble GUILTPbLI. ITO
AOCTUraeTcd Hann4vme OonosIHUTesIbHbIX «OKOH Mpo3payHoO-
CTW», NPU KOTOPbIX BEPOSTHOCTb OLLUMGKM paBHa HYJO.
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