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NTOTM BbICTABKI

«CBA3b-2017»

29-9 mexayHapoaHas BbiCTaBka MHGOPMALMOHHbIX

N KOMMYHUKaUMOHHbIX TEXHOJTIOTUIn

C 25 no 28 anpens 2017 ropa B Mockse, B LIBK «3dkc-
NoLeHTp» cocTtosislach 29-1 MeXAyHapoAHas BbiCTaBKa
«CBA3b-2017», cTaBwas UEHTPasbHOW NJOWAAKON WH-
OyCTpUKU CBA3W, TeNEeKOMMYHUKaLMA U MHOPMAaLMNOHHbIX
TexHosiorui. BeicTaBka, opraHnsoBaHHas «JKCMOLEHTPOMY, Npo-
BOAMNack npu nogaepykke MwuHWcTepcTBa MPOMBILLIEHHOCTH
n Toprosnu Poccuiickon ®epepaunn, PegepanbHoro areHT-
ctBa cBs3un (Pocceasb), nop natpoHatom ToproBo-npomblLL-
neHHomn nanatbl Poccun.

«CBA3b-2017» B oyepenHoOW pa3 fokasasna CBOM cTaTyc
BaXXHeWLLero cMoTpa AOCTUXEHUI B chepe MHAYCTPUM CBS-
31, LEMOHCTPUPYS NepefoBbie PaspaboTky v TEXHOSIOruY,
COOTBETCTBYIOLME aKTyaslbHbIM MUPOBbLIM TPeHAam B chepe
NHPOPMALIMOHHBIX TEXHOJSIOTUI.

Btopon rop noppsagn BbicTaBka «CBA3b» npoxoguna
B pamkax «Poccuiickot Hepenn BbICOKMX TEXHONOTMA», KO-
Topas obbeauHuna mexpyHapopgHbie BbicTaBku «CBA3by,
«HaBuTex», bonbwon Megna-KommyHnkaumnoHHbein @opym,
MexxayHapoAHbIA HaBMrauMoHHbIN Gopym 1 apyrvue oTpac-
JleBble MEPONPUSATUS.

B Ll,epeMOHVII/I OdDI/ILI,I/IaJ'IbHOFO OTKprTI/Iﬂ BblCTaBKW I'Ipl/l-
HAnM ydacTve npepcepatens Komuteta locypapcTBeHHOM
Oymbl @epepansHoro CobpaHus Poccunckon Pepepaunm
Mo VMHPOPMALMOHHON MNOAUTMKE, MHOOPMALMOHHLIM Tex-
Honorusm u ceasu Jleoump JleBuH, Buue-npesngeHt Tl
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P® Bnapumup Omutpues, pykosoguTens PepepanbHoro
areHTcTBa cBssn Oner JlyXOBHMUKMM, 3aMeCTUTENb PYKO-
Bogutens [enaptameHTa MHPOPMALMOHHbBIX TEXHOJSIOrUM
r. Mockebl Anekcanpp lop6aTko, reHepasbHbI AUPEKTOp
AO «3kcnoueHTp» Ceprent BeaHoB, npeacTaBUTENN CTONNY-
HbIX U PervoHaibHbIX rOCYAapPCTBEHHbIX CTPYKTYp, CBA3aH-
HbIX C KOMMYHMKaUMAMK, @ TakKe npeacTaButeny dbusHeca.
MoyeTHbIM rocTeM OTKPbITUS CTaNl 3aMeCcTUTeNlb MUHUCTPaA
CBSI3U 1 BbICOKMX TexHonorunii AsepbangsxaHckon Pecny6nu-
kn dnbmup Todur ornbl Benusape, yba cTpaHa Brepsble
BbICTYNW/1a CTPaHOM-NapTHepoM BbicTaBku «CBazb-2017».
QPepepasnbHoe areHTCTBO CBSI3W TPAAULMOHHO bonee
BOCbMM JIeT y4yacTByeT B BbicTaBke «CBsi3b».
locynapcTBo akTMBHO nopfepXKMBaeT OTpacsib CBS3N,
co3paBas biaronpusTHble YCI0BUS 4151 COBMECTHOW paboTbl
NPaBUTENbCTBEHHbIX OPraHoB, OMepaTOPOB-MOCTaBLUNKOB
HOBbIX T€JIEKOMMYHMKaLMOHHbIX YCIYr U YaCTHbIX MHBECTO-
poB, a TaKkXe AN CKOpeNLLUen MofAepPHU3aLUNN U Pa3BUTUS Te-
JIeKOMMYHUKaLMOHHOW UHPPACTPYKTYpPbI B HalLlelt CTpaHe.
Ha uepemoHun oTkpbITUS BbICTaBKM BbLIM NOraLueHs! no-
4YTOBble KOHBEPTbI C cMMBOAMNKOMN BbicTaBkyn «CBaA3b-2017»,
TPaAWLMOHHO BbIMyLLEHHble K Havasly BbiCTaBku. B 3ToT e
[eHb OHM MNOCTYNW/IN B NOYTOBbIE OTAENIEHMNS MO BCeN CTpaHe.
B akcrnoauumm Ha nnowaam 20 TbiC. KB. M Bb11M OTpaXkeHbl
NPUOPUTETHbIE HanpaB JIEHWUS Pa3BUTUS OTPaC/N, NPeacTaB-
JleHbl pelleHns ans GpUKCMPOBaHHOW, COTOBOM, CMYTHUKOBOM
N BONIOKOHHO-OMTUYECKOW CBSA3W, CeTel nepefayn [aHHbIX,
TeNeKOMMYHUKaLMOHHO., CepBepHOe 1 ceTeBoe obopynoBsa-
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HWe, CUCTeMbI TeNneBeLlaHns A8 KabesibHOro 1 CryTHUKOBOIo
TB, nporpammHoe obecneveHune, LeHTpbl 06pPaboTKM faHHbIX,
WHTEPHET-TEXHOJSIOTUM, NHPOPMaLMOHHas Ge30nacHoCTb.

B 3Tom rogy cBoe o6opynoBaHue U TEXHOJNOrMU Ae-
MOHcTpupoBanu 325 3KcnoHeHTOB U3 22 cTpaH.

B BbicTaBke TPaAVMLMOHHO MPUHSAIN y4yacTUe KOMMNaHUu
n3 ctpaH EBponbl — lepmanun, tanun, Kunpa, Hnpepnanpos,
Dunnananm, PparHumm. bamxHun Boctok n Asmatckuin peru-
OH npepcTaBuAn akcnoHeHTbl u3 Uspaunns, Nngun, Kutas, Pe-
cnybnukun Kopes, Anonnu. K yyactuio B Meponpusatum BHOBb
npucoepmnHunuce Vicnanus, MNMonbla, YkpanHa, a kKoMnaHnm us
MpaHa n CrHranypa npvexanu Ha BbICTaBKy BrepBble.

B BbicTaBke npuHANM yyacTue akTvBHO paboTatowme Ha
poccuickom pbiHke komnaHum: 3CX, Corning, Ekinops, Intelsat,
Procom, Riello Ups, Rohde & Schwarz, Sumitomo Electric

Brepseblie 3asaBunm o cebe Ha BbicTaBke FLMOTEC (Ura-
nust), CobiNet (Tepmanusi), PPl INC (Pecnybnuka Kopes),
SISNET Co (Pecnybnuka Kopes), Alborzpolymer (Upaw),
KDPOF (MUcnanusa), Amplus Communications (Cunranyp),
Gamm-Bud (Monbwa).

CLUA 6binm npepcrtaenensbl Intelsat Corporation — kpyn-
Henwen cnyTHMKOBOM KoMnaHnen mupa.benopyccnapeneru-
poBaia Ha BbICTaBKYy KJTIOUEBbIX HaLMOHasIbHbIX MPOMN3BOAU-
TenenoTpacseBon npoaykuMn—komMmnanumn«bentenekabenby»
n «Cotoz-Kabesnb».

Bnepsble cTpaHon-napTHepom BbicTaBkn «CBsizb» cTan
AsepbaingyxaH. MUHUCTEPCTBO TpaHCMOpPTa, CBSA3U U BbICO-
Kux TexHonorun AsepbamnpyxaHckon Pecrnybnuku npepcra-
Buso 8 komnaHum Ha nnowaaun 150 k.. m.

TanBaHbckas accoumnaUnst INEKTPUYECKON U INEeKTPOH-
Hol npowmbiwnenHoctn (TEEMA) B oyepenHon pas opraHu-
30BaJla OTpacaeBylo 3KCNo3uumio npeanpuaTun TansBaHsA.

TpapnumoHHO WKnpPoKo Bbina NnpeacTasieHa HaLMOHaNb-
Has 3kcnosuums Kutas, kotopyio dopmupyet Kutaitckui
KOMUTET Mo pa3BuTUio MexxayHapogHon toprosnu (CCPIT).

Ba>kHbIM CODbITMEM Ha BbICTaBKe CTajsin NeperoBops! py-
KOBOAUTENIEN POCCUNCKMX NPeanpuaTUiA, NoaBeAOMCTBEH-
Hbix PepepanbHoMy areHTcTBY cBsisn (PoccBssb), n npea-
npuatun KHP.

B neperosopax npuHsaun yyactme rnaea Accoumanmm Ha-
yku u TexHonorun LLsHbuxans r-oxa Xau Jln, samectutens
npepcepatens MNogkomuteta anekKTpoHHOW M nHbOpMaLm-
oHHon uHpycTpumn CCPIT r-H lyaHcéH ObsaH, npeacraBute-
nn Poccesasn, MockoBckoro TexHUYeckoro yHuBepcuteTa
cBsis3n n uHpopmatukn (MTYCU), Cankt-lMeTtepbyprckoro
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rocyfapCcTBEHHOro yHMBeEpCcUTEeTa TENIEKOMMYHUKAUUN WM.
M.A. BoHu-BpyeBuya, @IYlN «Kocmuueckass cessby», LleH-
TpansHoro HUW ceasun, HUWN papmo, Mososkckoro rocynap-
CTBEHHOMO yHVWBEpPCUTETa TeNIEKOMMYHUKauun u nHdopma-
Tnkn, MaBHoro ueHTpa crneumansHon cBssu, LleHTpanbHoro
my3es cssu um. A.C. lNonosa.

JocTtnxeHuna poccnnckmx npoussoguTenen NnpoaeMoH-
ctpupoanu 177 yuyacTHUKOB, B unciie kotopbix — OAO «las-
npom Kocmuueckune Cucrembi», HIN® «Mukpan», «Hatekc,
Mepmckun TenedorHbin 3aBog «Tenta», 3A0 «TpaHCBOKY,
«CapaHckkabenbonTuka», OAO «Cynep- Ten», OO0 «TexHo-
norun Pagnocesasuy, MK «ltnne», «dnnkec-Kabenby.

BrepBeble Ha BbicTaBKe Obin NpeAcTaBfieH AenCTBYOLWMIA
mMopaynbHbIM aaTta-ueHtp MUO. O6opynosaHve u TexHos0-
rum ana LUOOoe npogemoHctpuposanu Green MDC, «Tep-
mokyn», MASTERWORK, «3nektponpodu», «Crero PYCy,
Janitza (FfepmaHus).

MporpammHoe obecneyeHne nokasanu komnavmm «Cum-
6upCodod», Tottoli GSM, «Pocnnatrdopmanr, «TeneCesasby», ATDI
(PpaHums), «<Heoko», 3CX (Kunp). BHumaHuio nocetutenen
Bbinn NpepsIoXeHbl pewwexns B puHaHcoBoM u 1T-cekTopax,
HedTSHOW OTpac/iu, 34paBooOXpaHeHun, obpasoBaHun; 06-
navyHasi nnatdopma ans ynpasnenus SIM-kaptamu; cpep-
CTBa CEpPBEPHOM BUPTyaauMsaLumu; NPOrpaMMHbIE pPeLLeHus
ONsi paAunoCBA3M; NporpaMmHoe obecneyeHve gas gucnet-
YepcKUx cMcTeM UUGPOBON PagUOCBA3N; pelueHns B obna-
ctn IP-tenedoHum n 1.4.

Ha BbicTaBke paboTan NpoeKkT «DKCMNOLEeHTp» — 3a Bbl-
CTaBKM 6e3 KOHTpa- paKTan, HarpaB/IEHHbIN Ha yMEHbLLEHNE
ymca ciyHaeB 3KCMOHMPOBaHMWsS KOHTPadaKTHbIX TOBapOB.
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MOCTPOEHUE U AHANTN3 MATEMATUYECKOW MOLENU
C OKMAAHNEM N AJUHAMWNYECKWM PACIPEOEJIEHVNEM
KAHAJIbHOIO PECYPCA MNPU TPYTINMOBOM
MOCTYNJIEHUUN 3ANPOCOB HA NEPEOAYY OAHHbIX

Bacunbes AnekcaHap lNMpotanboHoBMUY,
acnupaHT Ka(l)e,ﬂ,pbl ceTeln CBA3M U CUCTEM KOMMYTauunun MockoBCKOro TEXHUYECKOro
yHUBepcuTeTa CBA3M U MHpopmaTtuku, r. Mockea, Poccus, apvasil@yandex.ru

CrenaHoB Cepreun HukonaeBuuy,
A.T.H., npodeccop Kadpeapbl ceTel CBA3N U CUCTEM KOMMYyTauum MoCKOBCKOro TEXHUYECKOro
yHUBepcuTeTa cBA3mn u MHpopmaTtuku, r. Mocksa, Poccus, stpnvsrg@gmail.com

AHHOTALUNA

PaspabortaHa maTemaTuueckas Mofesib C OXMAAHMEM U OUHAMUYECKUM pacrnpefefieHnem Ka-
Ha/IbHOrO pecypca Mpwu rpynnoBOM MOCTYMJEHWM 3aNpoCOB Ha nepegady daHHbix. MNogobHbie
MPWHLMMNbI UCMOJIb30BaHUA pecypca npu nepegavye nHdopmauumn npuMeHstoTcs B ctaHgapte LTE
(Long Term Evolution). B LTE oH peanusyetcs 3acuer gucnetyepusaunm tpapuka B BOCXOASALLEM
N HACXOASILLEM KaHanax. B matematmyeckon mofenu yuteHb! cnegyome ocobeHHOCTH nocTynie-
HWS M OBCNY>KMBaHUS 3aMPOCOB Ha Nepefady AaHHbIX. 3anpockl Ha NepefaYy AaHHbIX MOCTynatT
rpynnamMu B COOTBETCTBUM C MyacCOHOBCKOW Mogersbio. YMcno 3anpocoB B rpynne MeHsieTcs oT
€AVHULbI A0 aHaNIM3MPYEMOro B MOAEN YNCa eAVHNL, pecypca 1 3a8aeTcsl BEPOSITHOCTbIO, CYyM-
Ma KOTOpbIX paBHa eauHuue. B mogenu nmeetcs bydpep. Obbvem nepepasaemoro daina nmeer
3KCMOHEeHUManbHOe pacrnpegesieHme Co CPefHUM 3Ha4YeHUeM, BbipaXeHHbIM B Butax. B kaxpapin
MOMEHT BpeMeHW AJ1si OBCNy>XMBaHMs BCEX MMEIOLLMXCS 3anpOCOB Ha Nepeaady AaHHbIX UCMOJb3y-
eTcs BeECb MMeloLWMI pecypc nepepayun nipopmaumm. Yncno egmHml, pecypca 3aHaTbiX Ha obcny-
>KMBaHMSA OLHOrO 3anpoca 3aBUCUT OT OBLLLEro Yncsia 3anpocoB 1 pacnpeenseTcs B COOTBETCTBUM
C nosioXkeHuamMu gucuunaunHsl Processor Sharing. KauectBo nepepaum danna oueHvBaetca gonen
MOTEPSIHHBIX 3aMPOCOB, CPEAHUM BpEMEHeM nepeaayn gpamnna v CpegHNM YMCIIOM 3aNpPOCOB HaXo-
OSALLMXCS B cucTemMe Ha obcnyxumeaHuu. MNepedncrieHHble XapakTePUCTUKUN OMNPEREenstoTcs yepes
3HaYeHMs CTaLMOHAaPHbIX BEPOATHOCTEN YMCia 3aMpPOCOB, HAXOAALWMXCA Ha obcnyxusaHun. Ona
MX OLLEHKM COCTaBfieHa CMCTEMa ypaBHEHUI paBHOBECUS U pa3paboTaH peKyppPeHTHbIA afiropuTm
ee peweHus. CpegHee BpeMs nepepayn dainia BblYUCASETCS C UCMOSib30BaHUEM opmysbl JIUTT-
Jla yepes 3HaYeHue CPefHero YNCsa 3anpoCcoB, HAXOAALWMXCA Ha obcnyxunsaHun. MonyyeHHbI an-
rOpPUTM MO3BOJIIET HAXOAWTb XapPaKTEPUCTUKU 4SS JIOBbIX 3HaYEHMI BXOAHbIX napameTpos. MNpu-
BeAEHbl YNCIIEHHbIE Pe3yNbTaTbl, UIOCTPUPYIOLLME 3aBUCMMOCTb XapPaKTePUCTUK OT BEJIUUYUHBI
auncnepcun pasbpoca ymcna 3assok B rpynne. [NpennioxeH anroputm oueHkn Tpebyemon npo-
MYCKHOMN CNOCOBHOCTU KaHana, KOTOPbI MOXET BblTb UCMOJIb30BaH 411 OLLEHKU MUHUMAJIbHOro
pecypca nepenauv, HeobxoauMmbIN Ans 06CAYXXUBaHUS N3BECTHOro obbema TpadmkKa AaHHbIX C 3a-
OaHHbIM KauyeCTBOM, U OLEHKM MaKCHMasibHOro obbema Tpaduka, KOTOPbIN MOXeT BbITb NnepeaaH
NMEIOLLMMCSI PECYPCOM C TPebyeMbIMU nokasaTesnsgmMu.

Kniouesble cnosa: LTE; nuHamunyeckoe pacnpepeneHue; rpynnoBoe NocTyrnjieHne 3anpocos; M-
My/bCHBIN XapakTep MOCTyrNieHUs AaHHbIX; bydep.

Ansa untupoBanus: Bacuaves A.[1., CrenaHoB C.H. [locTpoeHre n aHann3 mateMaTMyeckon Mo-
OeNlY C OXXUAAHMEM U ANHaMUYEeCKUM pacnpepesieHMeM KaHalbHOro pecypca npv rpynnoBoMm no-
CTyNJIeHMM 3anpocoB Ha Nepepavy AaHHbiX // Haykoemkne TeXHONMOrmm B KOCMUYECKUX Uccieno-
BaHuax 3emnn. 2017.T. 9.N2 4. C. 6-12.
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BBegenue

PazBuTHe 1 nosiBICHIE HOBBIX TEXHOJOTHH IEpeadu JaH-
HBIX B CETSIX COTOBOM CBSI3H, a TAKXKE pa3paboTKa HOBBIX Teje-
KOMMYHHKAIIMOHHBIX TIPHIOKEHHUH TIPHUBOANT K HEOOXOAUMOCTH
Ooree AP PeKTHBHOTO NCTIONB30BAHMS HMEIOIIETOCs KaHAIBHO-
ro pecypca. CTONT OTMETHTh, 9TO KaHAJIBHBIH PECYpC B CETIX
TIOZIBYKHOW COTOBOM CBSI3M SIBISIETCS OTPAHUYCHHBIM, TI03TOMY
JUISL TIOBBIIIEHHSI CKOPOCTH Tepeadil HH(OPMAINK HEOOX0IH-
MO pa3padaTbIBaTh MOJENHN C ANHAMHYIECKUM pachpeecHIeM
pecypca. B ceTsax cBs3u maHHBIC Beeraa Oypepr3upyroTcs, Tak
Kak JIOMYCKAIOTCs 3aJepKKH B mepepade mH(opManuw. [laH-
HBII TpuHIMN ucnombiyercs B cetax LTE, Oydepusanms ma-
KETOB JaHHBIX OCYIIECTBISIETCS B HUCXOAAIIEM HAIlPaBJICHHUM.
s momp3oBarensckoro obopynoBanmns UE (User Equipment),
HaxOAIIETOCS B PSKUME OKHIAHMA, Oy(hepH3aIiio BBITOIHS-
et obcmyxmBatormuit mumo3 S-GW (Serving Gateway), puc. 1.
BydhepHoe xpanenne nepenaBaeMbIX TOTOKOB HH(POPMAITHHN TI0-
3BOJIUT YIYYIINTh XapaKTEPUCTHKN KadecTBa OOCITyKMBaHUS
TaKHMe KaK, JOJIS MOTEPSHHBIX 3alpPOCOB HA Nepeaady JaHHBIX,
MOJTy9JaeMast TIPOITyCKHask CIIOCOOHOCTh KaHalla, CpeJHEE BPEMsI
oOcIyXrBaHUSA 3arpoca Ha mepenady Qaima. Maremarndeckas
MOJIENb ¢ IMHAMUYECKAM pacIpeielieHHneM KaHaIbHOTO pecyp-
ca TIpY TPYNIOBOM IOCTYIIEHHE 3allpOCOB Ha Iiepenady JaH-
HBIX paccMmarpuBainach B [1]. B manHo# pabote 3TH pe3ynsraTsl
0000IIIeHEI Ha CITy4ai Hammmgaust Oydepa.

Pacnpenesienue pecypca nepegaqymn

Chopmymupyem TpennoaoKeHust, HeOOXOMUMBIE IS T0-
cTpoeHus MareMartndeckoit Mozenu. [Tycts C — ckopocTh -
HUH, BBIPQKEHHAS B OMTaX B CEKyHIY, I — CKOPOCTh TIepeiadn
nHpopMaIuy, odecriedrBaeMasi OMHONW KaHAJTBHON SIMHUIICH.
Bynem momarars, uto 3Hauenume C — penuTCsA Hareno Ha I,

1 0003HAYMM Yepe3 v =— CKOPOCTh JIMHUH, BBIPAKCHHYIO
r

B €AMHMIAX KaHAJIBHOIO pecypca. DTOT Pecypc UCIOIb3yeT-
Csl TIOTOKOM 3aIllpoCOB Ha Mepejady JaHHBIX CO CKOPOCTBIO,
M3MEHSAEMON B COOTBETCTBUM C 3arpy3koil jquHuu. B mopenu

UE

VE |

UE

_[_._Q?...%i

8
]
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MMeeTcsl V KaHaJIOB, KOTOPbIE 0OCITY)KUBAIOT OCTYTIAFOLINI ITy-
ACCOHOBCKMH MOTOK OTZAENBHBIX TPYIIT 3al[POCOB HA TIepeady
JAHHBIX MHTCHCHBHOCTH A. OOo03HaumM yepe3 F — cpemmmit
o0beM mepenaBaeMoro (paita, BeIpaKeHHBIH B OuTax. Ymcio
MecTa JUIsl O’KHJaHUsI OTPaHNYEHHO EMKOCTBIO Oy(hepa 1 paBHO
w. O603HaunM 4yepe3 T MaKCHMalIbHO JOITYCTHMOE BpeMs TIpe-
ObIBaHMS OJJHOTO 3aIpoca Ha OKUJIaHUH TIPH TIepesiade TaHHBIX.
Ecnn mocie mpomecTBUM 3TOT0 BPEMEHH 3aIlpoc HE IoTajl Ha
00CITy’KMBaHNE, TO OH ITOKU/IAET CHCTEMY U CUMTAETCS TTOTEPSIH-
HbIM. Bynem mpearonarars, 4To BenMYMHA T MMEET SKCIIOHEH-
[IMAIBHOE PACIIPE/ICNICHUE C TApaMeTpoM G [2].

Takum 00pa3oM, B MOAEIHN UMEETCs V KaHAJIOB, KOTOPBIE
00CITy’KMBAIOT TOCTYMAIOIINI TyaCCOHOBCKUI IOTOK OT/IEJb-
HBIX TPYIII 3aIIPOCOB HA IMepeiady JaHHBIX HHTEHCUBHOCTH A.
C BepostHocThIO f, mocTynuBmas rpynma conepxut K 3ampo-
coB Ha mepenady ¢aiinos, k= 1,2, ..., s. Jlnsa yno6cra 3anucu
nocienyromux Gopmyn Oyaem cauTarh, 4TO § = V + W, TOrIa
unziec K mns f, mensercs or 1 o v+ w. B cuiy crenanabix
MIPEONIOKEHUH, TIOCTYMBINAS TPYIIIa 3alpOCOB HE ObIBAaET
MyCTOM, OOIee YMCIIO 3alpocoB B TPYyMIE HE MPEBOCXOAUT

v+w

V-+W, U BEITIOJIHSETCS COOTHOIIICHHE E f, =1. O6o3uaunm ue-
k=1
pe3 bm cpeaHee yuciio (HaiiioB, HAXOASIIMXCS B OJHOM TPYIITE.

3HaueHMe bm HaXOoAUTCA U3 BbIPAKCHUA:

b, =Y fik. (1)
k=1

MaremaTuyeckoe onucanue MoJaeaIu

O60o3Haunm yepe3 S = ((i), i = 0,1, ..., V+W) mpocTpaHCcTBO
COCTOSIHUM HcclienyeMoil mozaenu. VX u3MeHeHue ¢ TeYeHUueM
BPEMEHHU OITMCHIBAETCs CAydailHbIM mporieccoMm F(t) = i(t), rme
i(t) — umciio 3anpocoB Ha nepenady (aiiroB HAXOMALIMXCS Ha 00-
CITy’KMBaHUH 1 O)KU/IAHUHU B MOMEHT BpeMerd t. [ paduaeckas mi-
JIFOCTparys nepexoos r(t) u3 cocrosiaus (1) mokasaHa Ha puc. 2.

[TockompKy BCe Ciay4daiiHbIE BEIWYMHBI, HCIIOIB3YEMBIE
IIPH TIOCTPOEHHE MOJACTH UMEIOT SKCIIOHEHIINAIBFHOE pacmpe-

BHewHARA ceTb

=4

Bydepusayua
AAHHBD

Puc. 1. lcnonp3oBanue npruHIMIOB Oydepu3anuu 1 rpymnnoBoe noctyienne 3anpocos B cetu LTE
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Puc. 2. [lnarpaMma miepexoioB IS cirydaiiHoro mpomecca r(t)

JIeJIEHUE U HE 3aBUCAT JIPYT OT Apyra, TO Cay4aiHbli npouecc,
OINUCHIBAIONINN (DYHKIIMOHUpPOBaHHE Mojaenu olnazaer map-
KOBCKUM cBoitcTBOM. [IycTh P(i) — crannoHapHas BEpOSTHO-
ctu coctosiaust (i). OHa HHTEPIPETUPYETCs KaK J0Jsl BpeMEHH
npeObIBAHKS CHUCTEMbI B COCTOSIHUH C | 3aIIPOCaMH HAXOMSIIHU-
MHCSI B COCTOSTHHE OOCIY)KUBAHUS WM OXKUJIQHMS TIepeadu.
IIpuBeneHHas MHTEpIpeTalys MO3BOJSET ONPENeNnTh, a 3a-
TEM U PACCUUTATh OCHOBHBIE TOKA3aTeIH KayeCTBAa COBMECTHO-
r0 00CITy’)KUBaHUSI TIOCTYIAIOIMINX 3aIpOCcoB. [1oCKoIbKY YHCIIo
COCTOSIHMH KOHEYHO M M3 Ka)XKJJOr0 MOXKHO IIOIIAcTh B JII0OOE
JIpyroe 3a KOHEYHOe YHCIIO NIAaroB, To AJis npouecca r(t) cymie-
CTBYET CTallMOHAPHBII PEXKUM.

Bynem mpennonararb, 4ro o0beM IepenaBaeMoro Qaiia
HUMeeT SKCIOHEHIMANIbHOE pPAaCIpeesieHue cO CPEeAHUM 3Ha-
yeHueM F, BeIpakeHHbIM B Outax. [Ipm ucnons3oBanum Jc-
mrumebl PS (Processor Sharing) cKopocTh JIMHUM JIEITUTCS
[0 BO3MO)KHOCTH IOPOBHY C y4€TOM HMMEIOIIEHCs KaHaJIbHOM
cTpykTypbl. O003HauMM Yepe3 d-4ncio 3ampocoB Ha mepenaqy

v
JAaHHBIX, HAXOJAIIUXCA Ha O6CJ'Iy)KI/IBaHI/II/I. HYCTL X = g npen-

CTaBISICT U3 ceOsl IIeNMyro YacTh OT jaesieHns V Ha d. B atom ciy-
vae uist o0cmyxuBanust d 3ampocoB ucnonb3yercst V—Xd Makpo-
KaHAJIOB, KK/ U3 KOTOPBIX UMEET X+1 KaHAIBHYIO STUHUILY
1 d(X+1)-V MaKpOKaHAIOB UMEFOIINX X KaHATBHBIX eauHHUIL. [To-
HSTHO, YTO BCE V KaHAJILHBIX €IMHUI] 3aHATHI HA 00CTy)KUBaHUE
npuHATHIX d 3anpocoB Ha nepenady (aiiios. Bpems o6cmyxu-
BaHUs OJHOTO 3aIpoca C HUCIOJIb30BAHUEM OIHOM KaHaJIbHOM
€IMHMIIBI HMEET SKCIOHECHIIHATIFHOE pacIipe/ieieHIe ¢ apame-

%
TPpOM U = ; . Takum 06pa30M, MAaKCUMAJIbHOC CPEAHEC BpEMs

F
HaXO0XKJICHUA 3aIipoca Ha O6CJ'Iy)KI/IBaHI/Ie paBHO — . HGpr,HHO
r

[POBEPUTH, YTO MPU HPHHATON HCIIONB3YeMOU HPOIeAype pac-
TIPEJICIICHUSI PECypca BpeMst 10 OCBOOOMKICHHST OIHOTO 3 i TIpH-
HATBIX 3aMPOCOB Ha mepenaqy (HailioB UMeeT SKCIIOHCHIINAIb-
HOE pacrpesienieHne ¢ napamerpom Vi [3].

KauecTBo 00CiTy>)KUBaHUsI TIOCTYIAIOIIETO 3arpoca Ha Iie-
penady (aiina olleHMM CpelHUM BpeMEHeM mepenadu Qaiiia,

KOTOPOC BKJIIOYACT B cebs BpEMs OKUJaHUs Ha4dalia O6CJ'Iy)KI/I-
BaHUs. 3HAUYEHUE DTOU XapaKTCPpUCTUKU ONpeACIMM C IIOMO-
J110:3:0) (bOpMyJ'II:I JIuTTia mociie BBIYMCIICHUS Cp€AHCIo 4ucia
3alpoOCOB, HAXOAAIUXCA B CUCTEMC.

XapaKTepuCTHKH Ka4ecTBa 00CIyKUBAHUS

JloJist OTEPSAHHBIX 3alPOCOB HA MEPEady JaHHbIX T IPE/-
CTaBJsieT U3 cedsl OTHOILIEHHE MHTEHCUBHOCTHU TOTEPSIHHBIX 3a-
HPOCOB A, K HHTEHCUBHOCTH MOCTYUBIIHMX 3AMPOCOB A M HaX0-

A

JUTCS W3 paBeHCTBA T, = —- . HTEHCHBHOCTh TOCTYIHBIINX
A

3ampOCOB A ONPEJENAETCs U3 COOTHOIEHUs A = Ab . Haiinem

BBIPOKEHUEM JUISL A, . DTy XapaKTEPUCTUKY MOXHO MPEICTABUTE
B BUIIC A = A A, TI€ A | — HHTCHCHBHOCTB 3alPOCOB, 110~
TEPSIHHBIX M3-32 HEXBATKH CBOOOIHBIX KaHAJIOB U MECT B Oyde-
pe, a A, — MHTCHCHBHOCTB [I0TOKA 3alIPOCOB, OTCPSHHBIX H3-
3a OrpaHWYeHHUs] BpeMeHH NpeObIBaHus B Oydepe.

Haiinem BeIpaxkenne ms A . PaccMoTpuM nponssonsHoe
cocrosiHue i. [TocTyrenue rpymmsl, coaepkameii V+w—i+ 1,
V+W-—i+2,V+w3asiBOK, IPUBEJET K IOTEPE COOTBETCTBEH-

HO 1, 2, ..., i 3asBok. CpeaHee YMCIIO 3aMpOCOB Ha mepeaady

JIAHHBIX, MOTEPSHHBIX B COCTOSHUHU (i), Ompenensercs Kak
i-1

fooui, 1+ f 2+ .4, i, upasHO ok (i—k).

k=0
Torz:a BBIpAKCHUE UIA /\b 1 UMCCT BU:

v+w i—

1
Npi :}\‘zp(i)szw—k (i_k)~ (2)
in1 k=0

Jist oneHKH Ay, TIOIly4aEM TAKOE COOTHOLICHNE:

v+w

Npa :Ggp(i)(i—v). 3)

HroroBoe BeIpaKeHHnE I A, BBITISIUT CIIETYIOMIM 00pasoM:

VW ) (4)
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BrIipakenue 1ist OLEHKH T, TPUOOPETAET B

Z/;Hrw k _k)+

v+w

. (sz
+GZp i)(i-v

O06o3na4unm yepes B = Ab F MHTEHCHBHOCTD TpEIOKEH-
HOTO TpauKa, BBIpAXKEHHYIO B OMTax B ceKyHAy. [loTeHnnans-
Hasl 3arpy3Ka JIMHUH OIpeAeiseTcss Oe3pa3MepHbIM mHapame-

©)

TpoM P = - O6o03raunm uepe3 W cpemHee Bpemst 00paboTku

3arpoca, KOTOpOoe BKIIOYACT B ceOs BpeMst okuaaHus B Oydepe
n Bpemsi Ha nepenady ¢aitnma. O6o3Haunm uepes L cpennee
YHCIIO 3aMPOCOB, HAXOSIIMXCS B CHCTEME Ha 00CITyKHBaHHH.
PacuetHoe BbIpakeHue Juis L umeer Bu:

v+w
> p(i)i. (6)
i=0

CpenHee YHCJIIO 3allpOCOB, HAXOAANIUXCA HA OXHUIAAHUH
HaXOAUTCH U3 PAaBCHCTBA:

L:

w

L,=>p(i)(i-v). ()

i>v
Wcnons3ys ¢opmyny Jlutmna u cootHomenue (2), Haxo-
JIIM BBIpaXKeHHe 1715t oneHKH W:

L L L
W= _ - , 8
A=n, A(l-m) Ab,(1-m,) ®

IocTpouM Tporenypy WX OIEHKH. [TOCKONBKY IMHAMHKA
M3MEHEHHS] COCTOSHUS YHCIIa TIepeaBacMbIX (ailyioB OTMCHIBA-
€TCs MAPKOBCKHM CITy4aifHBIM MPOIIECCOM, TO BBEICHHbIE Xapak-
TEPUCTHKH MOYKHO HaiTH, €CITM H3BECTHBI 3HAYECHHUS TOJIA BpeMe-
uu (i) npedbiBanus Mozenu B coctostauu ¢ (i), 1=0,1, ..., v+ w.

®opMupoOBaHHe CUCTEMbl YPABHEHMI paBHOBeCHS

Junst BbuucieHust 3HaueHuil P(i) HEOOXOAUMO COCTABUTH
U PEIINTh CUCTEMY YPaBHEHUH CTATHCTHYECKOTO PAaBHOBECHS.
ITpu hopMHUpOBAHHK CHUCTEMbI YPAaBHEHHI paBHOBECHUS! HEOO-
XOJIMMO TIPOCYMMHUPOBATh HHTEHCUBHOCTH HACTYILICHHS COOBI-
THIA, KOTOpBIE BBIBOAAT mporiecc (t) U3 mponu3BOILHOTO COCTOSI-
nus (i), ¥ OPUPABHATH K CYMMapHOW HHTEHCHBHOCTH Mepexoa
r(t) B cocrosirme (i). Hanudne MHTEHCHBHOCTEH MepexoioB Oy-
JIET 3aBHCETh OT YMCIIa 3al[POCOB Ha repe/iady Tpaduka JaHHBIX,
HAXOJSAIINXCS Ha OOCITY)KUBAHUU WA OXKHJIAHUU B CHCTEME.

P(0) = P(1)vp,

P(1)(A + vir) = P(O)M, + P(2)vp,

P2)(h + vir) = PO, + P(1)Af, + P(3)vp,

P(|)1(x2+ Vi) = fP(O)f +P(D)f_+ .+ P(i—1)f ) + P(i+1)vy,
i=1,2,.

)
P(WV)(A + vp) = (P(O)f + P(1)f  + ..+ P(v—1)f )A +

+P@+ 1)(vp+ o),
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P(v + 1)(A + vu+ o) = (P(0)f
+P(v + 2)(vu + 20),

Lo POOF+ .+ PO L+
P(v+w—1)(7»+vu+(w—l)o‘) =
(P(0) S +P(1) frpa +- 4 P(vEw=2) SN+
+P(v+w)(vu+wo),
P(v+ w)(vu—i— wc) = (P(O)fww +
AP()(fros + S )+t
+P(v+w=1)(f; + fo .+ fr0, DA

Just 3HaueHuit P(i) BRITOMHSACTCS yCIOBHE HOPMHUPOBKH:

V’i:P(i) _

IMpocymmupyem (9) mo i ot 0 1o j— 1. TTocie npuBeneHust
MOMOOHBIX CIIAraeMBbIX MONYYaeM CIICYIOINIeE BHIPAKEHHE:

XiP(i)+vu§P(z‘)+c§P(1‘)(z—

= xZZP(k S+ VHZP

+GZP

rre |(-) —uHauKatopHas (yHKIWS, onperensiemMast COOTHOIICHHEM:

1(i>v):

I(l>v)

1,ecau evinoaneno yciosue,
cpopmyruposanHoe 8 cKobKax,

0, ecjiu 3mo ycjiosue He 6blNOJIHEHO.

|(.):

[Mocrie nmpuBeeHus MOAOOHBIX YIECHOB MOJTyYaeM, PEKyp-
CUBHYIO (DOPMYJTy, CBSI3BIBAIOILYIO MOCIIE0BATEIbHBIC 3HAYE-
wust P(j),0=1,2, .., v+w:

A
vu+(j—v)-cs~](j>v)X

v+w v+w v+w (10)
X[P(O)Zfi +P(1) Zfi +..+P(j—1)2f,}

i=j-1 i=1

P(j)=

Asroput™ BeaucIieHust P(j) COCTOHT U3 CIIEIYFONIHX ITIaroB.

TTonoxxum 3uagenne P(0) = 1.

JUtst 3HAYCHUS |, MEHSIFOIIMXCSI TIOCIIEIOBATENBHO OT 1 110 v
+ W, HaxX0IMM HEHOPMHpPOBaHHBIE BeposTHOCTH P(j), ncmoss-
3ysl PEKyPCHIO

A
vu+(j—v)~c5-1(j>v)><

X[P(O)Vii;f,.+Pl D —I)ZfJ

i=j-1 =1

P(j)=

OmnpenensieM HOPMUPOBOYHYIO KOHCTAHTY

v+w

N=;P(])
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BeraucisieM HOPMHPOBAaHHBIC BEPOSITHOCTH P(j) HCIIOIb-
3ysl COOTHOILICHNE

p(j) =M,j =0,1,...v+w.

Takum 00pa3oM, AJsl OIEHKH CTAllMOHAPHBIX BEPOST-
Hoctei P(j) mocrarouno peanuszosarh pekypcuto (10). TTomy-
YEHHBIM aJITOPUTM MO3BOJISIET BBIYUCIHUTH XaPAKTCPUCTUKH
KayecTBa 00CITy)KMBaHHS IepeaBacMbIX JTAaHHBIX JUIS JIFOOBIX
3HAYECHUH BBIXOJHBIX NApPaMETPOB MOIECIIH.

Paccuntannble pe3ynabTaThl JOJDKHBI YIOBJICTBOPSTH
3aKOHY COXpPaHEHHs, CBS3bIBAIOIEMY HHTEHCHBHOCTH IIOTOKOB
3a51BOK, IIOCTYMAIOIUX 1 00CIY)KEHHBIX B aHAJIM3UPYEMOH CH-
CTeMe KaHaJIO0B. DTO COOTHOIICHHE MOXKHO MOIY4YUTh 13 (op-
Mynsl JlutTina wiam B pesynbrare mpeoOpa3oBaHMsl CHUCTEMbI
ypaBHenuii pasHoBecus (9). [Tomydaem takoit pe3ynbrar:

Ab, =Ab, -m,+(1-p(0))-v-p (11)

PaBenctBo (11) moka3biBaeT, 4TO UHTEHCUBHOCTH MOTOKA
3asBOK Ha BXOJIE CUCTEMBbI KAHAJIOB (JIeBasl 4aCTh COOTHOILICHUS
(11)) paBHa HIHTEHCUBHOCTH ITOTOKA 3asIBOK Ha BBIX0OJIE (TIEpBOE
ciaraeMoe mnpaBod yactd coorHomreHus (11) — mHTEHCHB-
HOCTb 3a0JI0KMPOBAHHBIX 3asIBOK, BTOPOE CJIaraeMoe — HHTEH-
CUBHOCTb O0CITY’)KEHHBIX 3asBOK).

YucieHHbIE pe3yJbTaThl
Paccunraem, ncronb3ys Beipakenus (1)—(11), nokaszarenu
KayecTBa 00CIIyKUBAHUS [OCTYNAIONIMUX 3aIIPOCOB Ha Iepesa-
4y (aiyioB B 3aBUCUMOCTH OT 3HaYeHust D nucnepcun uncna
MOCTYHAIOUIMX 3alIPOCOB MPH (PUKCHPOBAHHOM CPEIHEM 3Ha-
uennn b= 6. CxopocTh kanana nepenaun C = 10 Mowur/c,
CKOpOCTh Tepeiaudl MHQOpManuK, odecrednBaeMasi OIHOM
KaHaJubHOW eanHuLEH I = 1 MOUT/C, HHTEHCUBHOCTb TMOCTY-
TUICHMS 3alIPOCOB Ha Tepeady JaHHbx A = 0,5 rpymm 3ampo-
COB B CEKyHJY, CpeHU 00beM nepechuiaemoro ¢aiina F = 2
Mourt. Pasmep Oydepa npumem paBHbIM w = 5. [lapamerpsl
IPYIIOBOr0 MOCTYIUIEHHUS 3alIPOCOB 33JafUM COOTHOIIECHUS-
MM, TIPEJICTaBICHHBIMU B TAOI.
Tabnuya
BeposTHOCTH IpynIIOBOro NOCTYTICHUS 3alIPOCOB

f f f f f f f Fo| f, | f D

1 2 3 4 5 6 7 8 9 10

1 0 0 0 0 [04(04| 0 (02| 0 0|12

210101 01]02[02[02[02[0201]0]2
300 (01]01]01][01][02][01]01[01[01] 6
4 101]01]01] 0] 0]01][02[02[02]0]78
5101020 1] 01]01]0]02[01[02][01]098
6101040 0] 0] 0] 0]04] 0102112
7102020010101 0/]02[02[02]14
g8 ofos[oflofloflo|lo|o]|o0]05]|16

[Tonmy4eHHble pe3yabTaThl MpeCTaBICHBI Ha puc. 3-9.

10

0l

C,MéuT/c

10 12 14 16 18 . ]

Puc. 3. 3apucumocts L, 0T IPOIyCKHON CIOCOOHOCTH
kanana C npu D = 1,2

03

€, Méurfc

Puc. 4. 3aBucumocts W 0T IIpOITyCKHOU CITOCOOHOCTH
kanana C mpu D = 1,2

€, Méur fc

Puc. 5. 3aBucumMocts L 0T 1poIycKkHOI CIIOCOOHOCTH
kanana C mpu D = 1,2

n.(D)

Bes Gydepuzaumm
[N

0.15] C Bydepuzauneit
S

0.1

Puc. 6. 3aBucUMOCTD 7T OT IUCIIEPCUH YHCIIA TOCTYTAIOIINX
3anpoCcoB NpH PUKCHPOBAHHOM CPEIHEM 3HaYE€HHUHU BBIOOPKH (ailioB
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e

0.15

Bes bydepuzauun

0.1

0.05
C bydepnaaumeit

C,Mbur/c
10 n 14 16 13 20
Puc. 7. 3aBucumMocTh T OT MPOMYCKHOM
criocobHocTH kanaia C
n—ﬂ

0.15
01

C IMHEMUHECKUM PACTIpEasneHHEM

Bes auHamMudeckoro
0.05 pacnpegenstna
€, M6ur/c
e

Puc. 8. DpPeKTHBHOCTH NCTIONB30BAHUS
JMHAMHYECKOTO PaclpeaesICHus

e

0.15

01

0.05
D=14

C,Méut/c

Puc. 9. Bausiaue JAUCHEPCUHN YUCIa TOCTyHaoMuX 3alIpoOCoB

[omy4eHHbIe 3aBUCHMOCTH MOKa3bIBAIOT AP (HEKTHBHOCTH
UCTIONb30BaHus Oyhepa B MOJIEINSIX ¢ TMHAMHYECKHM pacripe-
JIeNIleHneM KaHanbHOTo pecypea. Ilotepn s monenu ¢ Oyde-
pu3alyell JaHHBIX BIBOC MCHBIIE, PACCUUTAHHBIX paHEe IS
Mojenu 0e3 ucnons3oBanus Oydepa [1-10]. B pesynbrare mpo-
BEJICHHOTO MCCJICIOBAHHSI MOKHO BBIICIIHTH CIIEAYIOIIEe:

Kananbnblii pecype 3¢ dexTnBHEE HCIONB3YeTCs IPH -
HaMHUYECKOM paclpeielIeHHN KaHAIBHOTO pecypcea.

Jucnepcust yXyamiaeT Nokasaresid oOCITyKHMBaHHS BXO-
HOTO MOTOKA, YBEITMUUBACT NOTEPH, TPEOYET JONOIHUTEIBHBII
pecypca (kaHanbHBIH pecypc, Oydep).

Tpu maHupOBaHKUH, HEOOXOMMO OIIEHUBATH MUHUMAJTHHBIN
pecypc repenadn, HeoOXOUMBIH 171s 00CITyKMBaHHSI H3BECTHOTO
o0beMa Tpaduka TaHHBIX C 33JaHHBIM Ka4eCTBOM, U OI[CHKH MaK-
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CHIMaITFHOTO o0beMa TpaduKa, KOTOPBIH MOKET OBITh TIeperaH
MMEIOLINMCS PECYPCOM C TpeOyeMbIMH ITOKa3aTeIISIMH.

3akJ/0ueHne

B pesynbrare mpoBEIEHHOTO MCCIEIOBAHNS TIOCTPOCHA Ma-
TEeMaTHYeCKasi MOJIENb OOCITyKMBaHUS 3IACTUYHOTO TpaduKa
B HUCXOJAIIEH JWHUM HM30JMPOBAHHOW COTBHI CETH CTaHIApTa
LTE ¢ y4eToMm TpymIIOBOTO MOCTYTUICHHS 3allpOCOB U UX Oyde-
pu3anmu; chopMyTNpPOBAHBEI ONPEICTICHNS XapaKTEPUCTHK Ka-
YecTBa OOCIYKMBAHHS TTOCTYMAIOIINX 3alPOCOB Ha TeEpenady
(haiioB; TIOCTPOCH PEKYPCHUBHBIN AITOPUTM OLICHKH 3HAYCHUI
p(i); TIpOBEICH YMCIICHHBIM aHAIM3 3aBUCHMOCTH XapaKTepH-
CTHK OT 0COOCHHOCTEH (POPMUPOBAHUS 1 OOCITYKUBAHUSI 3aIIPO-
COB ¥ 3HAYCHUH BXOIHBIX MapaMeTpoB; chOpMyITUpPOBAHBI pe-
KOMEH/IAIIH TI0 TPAKTHIECKOMY HCTIOIb30BAHNIO MOITYyIEHHBIX
PE3yNbTaToB, B YACTHOCTH, JJISI OLIEHKH MUHUMAJIBHOTO pecypca
nepenadn, HeoOXOIUMOTO TSl 00CITYKUBAaHHS N3BECTHOTO 00B-
ema TpauKa JaHHBIX C 33JaHHBIM KaueCTBOM, W OIIEHKH MakK-
CHUMaJbHOTO 00BheMa Tpaduka, KOTOPEI MOKET OBITH IepenaH
MMEIOIINMCS PECYPCOM C TPEOyEeMBIMHU TTOKA3aTEISIMH.
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THE CONSTRUCTION AND ANALYSIS OF MATHEMATICAL MODELS WITH
A DYNAMIC DISTRIBUTION CHANNEL RESOURCE FOR GROUP REQUESTS
OF DATA TRANSFER AND BUFFER UTILIZATION

Aleksandr P. Vasiliev,
Moscow, Russia, apvasil@yandex.ru

Sergey N. Stepanov,

Moscow, Russia, apvasil@yandex.ru

ABSTRACT

The model of the dynamic distribution of channel resource for group requests of data transfer and
buffer utilization is designed. The similar procedure is used in the standard LTE (Long Term Evolu-
tion). It is realized at the expense of traffic scheduling in uplink and downlink, the purpose of which
is to equalize the quality of communication and overall system performance in LTE. The mathemat-
ical model takes into account the following features: group arrivals of requests of servicing, buffer
utilization and the dependence of data transfer of link load. Markov process that describes the
dynamic change of model states is constructed. The models performance measures are defined.
Comparative analyses of the dependence of the main characteristics from the distribution of the
requests in the group are constructed. The algorithm for estimation the required channel capacity is
proposed. It can be used for estimation of the minimum transmission resource required to service a
known amount of data traffic and maximum amount of traffic that can be transmitted by the availa-
ble resource with the required quality.

Keywords: LTE; dynamic distribution; group arrivals; pulse mode of the data traffic; buffer.
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OBECMNEYEHUE BU3YAJIbHOW CKPbITHOCTH
PA3BE[IbIBATEJIbHbIX BECIMMJTOTHbIX JIETATEJIbHbIX
ATMMAPATOB HV>KHEIO 3LUEJTIOHA OT JIETATEJIbHbIX
CPEOCTB BEPXHEIO 3LLUEJIOHA B YCJ1IOBUAX TOMOINEHHOTIO
U TETEPOTEHHOIO 3AIrPA3HEHNA ATMOC®EPBI ASPO3OJIEM

A6pynoe Pay¢ Hycpart orny,
K.T.H., HAy4YHO-MCCNIeA0BaTENbCKUIA MHCTUTYT MUHUCTepCcTBa 06OPOHHOM NPOMBILLIEHHOCTH
Aszepbaiip>xkaHckon Pecnybnuku, r. baky, AsepbaitgyxaH, asadzade@rambler.ru
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AsepbanpyaHckon Pecnybnuku, r. Baky, AsepbainpgxxaH, asadzade@rambler.ru
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npogeccop, Hay4HO-UCCIe[0BaTENIbCKUI MHCTUTYT A3pOKOCMUYECKON MHPOPMATUKMY,
r. baky, AsepbangsxaH, asadzade@rambler.ru

AHHOTALUNA

[OBOPSI O CKPBITHOCTY JieTaTesIbHbIX OOBEKTOB HEOBXOANMO yyecTb PYHKLMOHAbHYIO MHBEPCUIO
TaKMX CBOMCTB Kak «HabtofaeMoCTb» U «CKPbITHOCTbY. [1py 3TOM cBOWCTBO HabtogaeMocTn obb-
eKTOB noppasymeBaeT COBMECTHbIV aHasIM3 CBOWCTB Kak caMoro Habntogaemoro obbekTa Tak 1 Ha-
onopaTtens.

MokasaHo, YTO CKPLITHOCTb, JIeTaTe IbHbIX ANMNapaToB MOXHO KI1acCcUdULMPOBaTh CriedyoLmmM obpasom:
eCcTecTBeHHas CKPbITHOCTb, obecrneunBaemasi obnakamu, AbIMKOW, a3p030s1eM 1 Ap. MeTeodaKkTopamy;
NCKYCCTBEHHAsi CKPbITOCTb, obecneyrBaemasi MyTeM MCMoJIb30BaHMS Pa3fiMyHbIX TEXHOMOMMN (Ha-
HeceHVe Ha MOBEPXHOCTb JSleTaTesIbHOro 0ObeKkTa CBETALUMXCH MaTEPUAsIOB UM MOAYIMPYEMbIX
cBeTou3nyYaTenen).

Hanbonee LWMPOKO MprYMeEHsIeMbIM MeTeopoJiornyeckumM $GpakTopom, obecrneumBaowmM CKpbIT-
HOCTb SIB/ISETCS a3pO30JibHble 3aBECbl, CO3[aBaeMble MyTEM reHepUpOBaHWs a3pPO30JibHbIX 06-
JIaKOB Ha onpefesieHHon BbicoTe atMocdepsl. [pu 3ToM nMeeTcs B BUAY a3po30Jib B Pa3JIMUYHbIX
ero nposiBEeHUsIX, HauMHasa OT MEJSIKOAUCMEPCHOro aspo30s A0 YaCTUL, TMIaHTCKUX pasMepos,
OOCTUraloLWNX OECATKU MUKPOMETPOB. BaxHenwen 3apgaden obHapyxeHus v naeHTudukaumm
PasfiMyHbIX BO3AYLUHbIX U HAa3eMHbIX ODBEKTOB ABNAETCS YCTPAHEHNE UM KOMMEHCaUUs BAUSHUS
aTMocdepHOro aapo30Jis, KOTOPOe 3aK/o4aETCs Kak B UCKaXKeHUWN LLBETHOCTU, TaK U YMEHbLUEHUN
OTHOLWWEHUs curHan/wym. PaccmoTpeHbl Bonpockl obecneyeHmns CKpbITHOCTU pa3BefblBaTeNbHbIX
GecnuoTHbIX JieTaTesbHbIX anmnapaTtoB HVXKHEro 3LIEeSIOHa OT JieTaTesbHbIX CPeACTB BEPXHEro
3WesIoHa B YCJIOBMAX OQHOPOAHOrO U HE OAHOPOLHOrO 3arpsisHeHUsi aTMocdepbl aspo3onem.
CoopmynuposaHa 1 pelleHa 3agada obecrneyeHuss BU3yasibHON CKPbITHOCTU BECnUIOTHbIX JieTa-
TeJsIbHbIX annapaToB HU3KOTO 3LLESIOHa OT JIieTaTesIbHOro annapaTta BePXHero sLlesioHa B yKasaHHbIX
ycnosusx. MonyyeHsl ycnosus obecnedeHmnst BU3yasbHON CKPbITHOCTU BECMUMIOTHbIX JleTaTesibHbIX
annapaToB HU3KOro 3LUESIOHa OT JieTaTeslbHbIX annapaToB BEPXHEro 3LIeNioHa NPy OAHOPOAHOM
1 HEOLHOPOAHOM 3arpsizHeHUn aTMocdepbl a3pPO30seM.

KnioueBble cnoBa: becnunoTHbIA feTaTesbHbIN annapat; aTmocdepa; BU3yasibHas CKPbITHOCTb;
a’po30Jib; M306paKeHne; MaTeMaTU4Yeckasi MOLE/b.

Onsa uutupoBaHusa: A6gynos PH., Abgynnaes H.A., Acagos X.I. ObecneyeHne BusyasnbHON
CKPbITHOCTM pasBefbiBaTesIbHbIX BECMUMNOTHBIX NIeTaTesIbHbIX arnnapaToB HUXXHEro 3LUesIoHa OT Jie-
TaTesIbHbIX CPEACTB BEPXHETO 3LUESIOHA B YCJIOBUSIX FOMOTFEHHOIO U reTEPOreHHOro 3arpsisHeHus
atMmocdepbl aapososieM // HaykoeMkue TexHOMormm B KOCMnYeckux nccreposaHusix 3emnu. 2017.
T.9.N24.C. 14-21.
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Heo6xomuMo OTMETHTH, YTO CKPBITHOCTBH JIETATEIBHBIX
aTmapaToB MOYKHO KITACCH(PHUIIMPOBATH CIECAYIOMINM 00pa3oM:

1. EcrecTBeHHAas CKPBHITHOCTH, oOecriednBaeMasi o0maKa-
MH, ABIMKOH, a3p030JIeEM U JIp. METeO(aKTOpaMH.

2. HckyccTBeHHas! CKPBITHOCTH, OOecnednBaeMasi IIyTeM
WCTIONB30BaHUS PA3INYHBIX TEXHONIOTHI (HaHECeHWe Ha IIo-
BEPXHOCTB JIETATEIEHOTO 0OBEKTa CBETAIINXCS MaTePHAIOB MITH
MOIYJIUPYEMBIX CBETOM3ITy4areneii). Briepsbie nckyccTBeHHAs
CKPBITHOCTh OBLIA peajn30BaHA B OTHOIICHHH OOMOOPIMPOB-
mmka «Avenger» (CLLIA) u uctpedurens MUI-21 (CCCP) [1].

BwmecTe ¢ TeM, TOBOPSI O CKPBITHOCTH JIETaTENIbHBIX 00BEK-
TOB HEOOXOIMMO Y4eCTh (DYHKIIMOHAIBHYIO HMHBEPCHIO TAKHX
CBOMCTB KaK «HAOIIOAAEMOCTb» U «CKPBITHOCTHY.

[Ipu »TOM CBOWCTBO HAOIIOMAEMOCTH OOBEKTOB ITOIpA3-
yMEBaeT COBMECTHBIN aHaJIN3 CBOMCTB, KaKk CaMoro HabIromae-
MOTO 00BeKTa, Tak U Habmonarens. C ydeToM BhIIIeyKa3aHHO-
TO BKpATIle PACCMOTPUM CIIEAYIONIHe (GaKTOPbI, TAK WK HHAYE
BIIMSIIOIINE HAa CKPBITOCTH JICTATEIbHBIX O0BEKTOB!

— €CTECTBEHHbIE, METEOPOJIOTHIECKUE (DAKTOPHI;

— (akTOphI U cpeCcTBA NCKYCCTBEHHON CKPBITOCTH;

— BO3MOKHOCTH HAOIIOZATeNs] B YCTPAaHEHHN MeIIaro-
X (GaKTopoB.

Hanbonee peasbHBIM MPUMEHSIEMBIM METEOPOIOTHIECKAM
(hakTOpoM, 00ECTIEIMBAIOIINM CKPBITHOCTb, SBIICTCS a3PO30ITh-
HBIE 3aBECHI, CO3aBAEMBbIE ITyTEM MTHOBEHHOTO T€HEPHPOBAHNS
a3PO30JIFHBIX 00JIAKOB Ha OTIPEICIICHHON BBICOTE aTMOChepsI [2].

B TexHuKe o0ecniedeHNsI CKPBITHOCTH Pa3IHIHBIX 00BEK-
TOB INUPOKO MCIOJB3YETCs TAKOE TMOHITHE KaK «HH(paKpac-
Has curHatypa» [3]. CormacHo [4], 1 yMEHBIICHUS BHUIHU-
MOCTH CaMOJICTOB HCIIOJB3YIOT OMpEAETICHHBIEC IAOIOHHBIC
LITPUX PUCYHKHU C U3MEHSEMOU ITPOCTPAHCTBEHHOHN YaCTOTOM.
[Tpn 3TOM BHANMOCTH CaMOJIETa 3aBHCHUT OT pa3mMepa, (op-
MBI, pAacCTOSHUS, I[BETa, aTMOCc(epHBIX ycmoBuil u T.1. Kax
oTMedaeTcs B padore [5], o1 mOCTpOCHHSI CHCTEMBl YMEHbB-
IIEHUS] BU3YaJbHON CUTHATYyphl OCCIMIIOTHBIX JIETATEIbHBIX
amIaparoB MHUPOKO NCIONB3YIOTCS ONTHYECKNE aJanTHBHBIC
Mmarepuaibl. K TakuM marepnanam OTHOCSATCS 3JIEKTPOITIOMHU-
HECLIEHTHBIE JIUCTHI ypaBisgemMble HanpspkenueM 150 B u ya-
cTOoTOM 10 6 KI'1I.

CormacHo paboTe [6], NCTIOTP30BaHUE ONITHICCKHUX aJar-
TUBHBIX AJIEKTPOIIIOMHHECIIEHTHBIX MaTEpPHAIOB B OECIHIOT-
HBIX JIeTaTenbHBIX anmaparax (BI1JIA) mo3BonseT yMEeHbIINTh
BU3yaJbHOE IOMEpeYHOe cedeHue ApoHoB orT 4200 cm? o
1,8 cm? ipu BBICOTE TIONTeTa 100 M. Kak otmeuaetcst B paboTax
[7-8], omHUM W3 OCHOBHBEIX (PAKTOPOB, BO3ICHCTBYIOMINX Ha
nH(pPaKpaCHYIO CUTHATYPY JIETATEIbHBIX AlapaToB sIBISIETCS
arMocdepa, npaktuueckn moromiaromas MK pagmanmio Ha
I10JIOCAaxX JUIMH BOJH 3—5 MKM 1 8—14 MKM.

Uro xacaeTcsi BOSMOKHOCTEH HAOMIOAATENs B YCTPaHSHHH
TaKUX MEMIAONNX (aKTOPOB, KaK aTMOCHEPHBIH ad3p030I1b, TO
B pabote [9] mpemnokeHO UCIOIH30BaTh IITyMOTIOABIISTFOIIIII
¢ueTp, a B padore [10] mpemmokeHO TOCTHYh MaKCHMallh-
HOW BUIANMOCTH TIO0 TPacce MPOXOXKICHUS ONTHYECKHUX JIydeH.
B pabote [11] mcmomb3yercs KOMOWMHHPOBAHHE «TEMHOTO)
KaHaja M JIOKAJIFHOTO YCHJICHHUSI KOHTPACTa JUIs yAaJCHUs HC-
KQ)KEHHS IIBETHOCTH. BBUIM IPEUIOKEHBI U JIPYyTHE METOIbI
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[12—14], ocHoBaHHBIE Ha (HMUIBTPAIINH CUTHATA U HCIIONB30Ba-
HHUM CUT'HAJA, TOCTYIAIOIIETO ¢ «TEMHOTr0» KaHana. Kak orMe-
gaeTcs B pabote [12], coBMecTHOE pemIeHne TaKuxX MpooiIeM,
Kak 3alllyMJICHHE CHTHajla, HEpaBHOMEPHOE CBEUEHHE 00beK-
Ta W y4eT CHTHaJla «TeMHOTO KaHaja» ITI03BOJISAET YIyUIINTh
KauecTBO TOJIyJaeMbIX M300paKCHUH B PEATbHBIX YCIOBHAX
(byHKIMOHUpPOBaHUA H300pakatomux cucteM. CormacHo pa-
6ote [13], uem sicHee ncxogHOE OOPTOBOE M300paKECHUE, TEM
cirabee CUTHAJI «TEMHOTO KaHaIa» U JJIsl HENCKaKEeHHOTO JIbIM-
KOW M300pa)KeHUsI CHTHAJI TEMHOTO KaHaia paBeH Hymo. Kax
MoKa3aHo B padore [14], cormacHO MHOTHM alrOpUTMaM TeX-
HUKH MAIIMHHOTO 3PEHUS] BXOJHBIM H300pa’keHHEM KaMepbl
SIBIISICTCS M3TY9YCHHUE ¢ MccaenyeMoii ciieHsl. CormacHo pabore
[14], B GompImMHCTBE H300paKEHUAX HA3eMHBIX OOBEKTOB TaK
Ha3bIBAEMBIC «TEMHBIC» TTHKCEIIN YacTO UMEIOT OYCHb HU3KYIO
WHTCHCHUBHOCTB TI0 KpaifHe# Mepe 1mo onHoMmy 1BeTy (R, G mmm
B). Tlox Bo3aeiicTBHEM aTMOC(EepHON THIMKA HHTCHCHBHOCTH
9THX THKCENeH B OCHOBHOM ITOAJCP)KUBAIOTCS 32 CUET CBEde-
HUSI BO3yXa. Takoe mpeanonoxKeHne Mo3BOIIeT Ha PaKTHKE
MIOJTYYUTh YITyUIICHHBIE TT0 KAUECTBY H300paXKeHUS.

B pabote [15], amammsupyercss pabora m3oOpakaromieit
cucteMsl, ycraHosineHHoil Ha BIIJIA. B stoit pabote mpen-
JIOKEH CIIOCO0 MCKITIOUEHHS ITyMOBOH KOMITOHEHTHI aJarTHB-
HBIM 00pa30M, B 3aBUCHMOCTH OT JIIMHBI BOJIHBI.

Pacmipenienienne pasnanyioHHBIX MTOTOKOB B XOfi€ PaOOTHI
060pTOBOIT M300pakaroIIell CHCTEMBI TIOKa3aHa Ha puc. 1.

Maremarndeckass MoAenh (POPMUPOBAHUS H300PaKCHUS
¢ noMo1ubto BITJIA nmeer crienyromuil BUa:

OA)=@,(A)-T(A)+ D, (A)-(1=T (1)) (1
rre: @ (A)—IOTOK ONTHYECKOrO U3ITyueHust Ha Bxozie ceHeopa BITIA;

oM =D, M)+, (1) 2

rae: @ (A) — MOTOK ONTHYECKOTO M3JTy9IEHHS, MCXOIAIIETO OT
o0bekra; O (L) — moTOK M3mydeHust arMocdepsr; T(A) — mpo-
nyckanue armochepel; @ (A) — motok usnydenus Conuua;
d)sky(k) — TOTOK M3JIy4eHHs Heba.

B ypasnenuu (1) @ (1) T(A) mpencrapiseT KOMIOHEHTY, TTO/I-
BEPTHYBILYIOCS TIpsMoMy ocnabmennto; @ (A)(1-T(h)) — npen-
CTaBIsIeT COOON KOMITOHEHTY, BBIPKAIOIILYIO CBEYCHHE BO3/yXa,
T.€. pe3yJIBTaT PacCesHMUsI CBETa a3po30iieM B arMochepe.

Takum o00pa3oMm, B KIIACCHYECKOM ciydae TmpobdieMa
YCTpaHEHHUs BIUSIHUSI a3PO30Jisl 3aKIII0YAETCsl B BOCCTAHOBIIC-
auu O (X), nenonk3sys gannsie 06 (L), T(A) 1 @ (1) [15].

CornacHo [14], as1st roMOreHHOH aTMoc(epbl

T(h)=e™ 3)
rae: f— xodbduuueHt paccesHust; d — paccTosiHUE 10 H3ITY-
JaeMOU CLIEHBI.

[lenpro HacTOSIIEH CTATBU SBISETCS HMCCIIEIOBAHHE BO3-
MOKHOCTH 00€CHe4YeHHUs] CKPBITHOCTH OECHMIIOTHBIX JieTa-
TEJIBHBIX CPE/ICTB HM)KHETO BIIENIOHa OT CPEACTB BU3YaJIbHOTO
HaOJIIO/ICHNS JIETATeNIbHBIX CPEJICTB BEPXHEro sIenoHa. Pac-
CMaTpUBAETCsl CIIEHApHi, KOTJa 3TH JIeTaTelIbHbIC CPEICTBA
MIPUHAISKAT KOH(IMKTYIOIIMM CTOPOHaM M BEPXHHH JieTa-
TEJIbHBII anmapar OIHON CTOPOHBI HE JOJDKEH HaOIIofaTh 3a

sun
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HIDKHHM JIETATEIbHBIM aliapaTtoM Ipyroi cropossl. [logpas-
YMEBAEeTCsl, 4TO JIETATEIbHBIN allapaT HIKHETO 31IeJI0Ha 0Cy-
LIECTBIISIET Pa3BEAKY, a JIETaTeIbHbIA anmapar Ipyroil cropo-
HBI OCYIIECTBIISIET OXPAaHy CBOEH TEPPUTOPHH.

Q/ <Dsm| (2)

[\

/ IMotox HITYHEeHHA CONMHUA
b

IMoTok manyuenna atmochepsl

CxeMaTn4ecKoe IpeICTaBIeHNE BU3yaIbHOTO KOHTPOJIA Je-
srensHOCTH BITJIA 2 ¢ momomrsio BITJIA 1 moka3ano Ha puc. 2.
3ajaya MCCIEIOBaHMS 3aKII0YaeTcst B ciexyromeM. Jlis
obecneuenns ckpeITHOCTH BITJIA 2 ero BepxHsis MOBEPXHOCTD

DQa(A)1-T(A) BILIA
. O(A)
Qsllﬂ ( /")
INoTok nany4enus - PR Mpamoe
Heba q’sky (A) / / / / / d ocnabneHne
Aspozoms®@(A) QAT (A)
®1(A)
ObbekT -
A

Puc. 1. MozensHoe npejicraBiienne cucTeMs! popMmupoBanus nzodpaxenui Ha 6a3e BITJIA, pasmenieHHON B 3arpsI3HSHHON a’p0o30JIeM

arMocepe. O

sun

IMoTok HamyaeHHs
Heba Do (h)

D)) moTok HITYyIeHHA

Asposzons

(A) — motok m3mydennst ComHIa; d)sky()») — IOTOK U3ITydeHHs Heba, T.€. CBET, pacCesiHHEIN B aTMoc(epe [15]

FEFEEr ey Iy

'EEEREBEBERTEL

Puc. 2. Cxemarnueckoe mpejctaBieHue aByxainenontoro mojera BITJIA 1 u BITJIA 2, rae BITJIA 1 pabotaet B pexxume moucka

BILJTA 2. Ipunsteie o6o3nauenus: 7T,(A); T,(A) — nponyckanue armocgepsr; O

COJIHEYHOIO U3IIy4CHUS; (Dscyl(k), CI)SCYZ(X), L

16

), ©__(A), ®_ (L) — NOTOK MPIMOro

sunl sun2 sun3

(A) — norok uznydenus Heda; @ (A) — MOTOK U3ITyUeHHs aTMOChEpHI
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MTOKPBIBACTCS CHEIHATBHEIM 3JIEKTPOXPOMHBIM MaTepHajoM,
9TOOBI JICTATENFHBIN anmapaT BEPXHETO JIIEIOHa HEe 3aMEeTIUT
ero. CrenmyeT BBIYHCINTD TO M3IyYCHHE HA BEpXHEU MOBEpX-
Hoctu BIUJIA 2, xotopoe Mormo Obl 00ECHEYNTh €T0 CKPBIT-
HOCTh oT BITJIA 1.

B cimygae nabmonenus BITJIA 1 HIDKHETo JleTaTenbHOTO
ammapara curHai, (opMHEpYyeMbIii Ha BeIxozae cerncopa BITJIA 1
B COOTBETCTBHH C (1) ompenennm kax

@, =T0) @, (M) +A-T)P, () (4)

rae: T,(h) — npomyckanue arMocdepsl Ha Tpacce AmHHOH d ;
® (A) — MOTOK M3JTyYeHHUS TTOCTYTIAIOMIETO C BEPXHEH MOBEPX-
noctu BIUIA 2; @ (A) — MOTOK H3my9eHus aTMOCHEPHL.

B uneansaOM citygae, B cimydae orcyteTBust BIUIA 2 curnan
Ha Bbrxoze BITJTA 1 MoxkHO OBLTO OBI BEIYHCIUTS 110 (hopMyIe

®,,,0) = () + T, (1) B, (1) +
H1=(T,00) +T,00)- @, (%) )

rae: @ (A) — moTok uM3NydeHus HazeMHoro oobekra; 7,(A) —
TnponyckaHue arMochephbl Ha Tpacce JTHHOM d,.

B nensx ckpeitHocTn BIUIA 2 @ (A) cnenyer copmupo-
BaTh TAKUM 00pa3oM, YTOOBI YIOBIETBOPHUIIOCH YCIIOBUE

q)l.p(}\'):q)l,un(x) (6)

C yuetoMm BeIpaxeHnuil (4) — (6) nomyuyaem
_ L | L) 7
q>x(x)_q>1(x)[1+Tlm] CD”‘(M(TIO»)] (7)

Jnst ickmmouenus sBHOH 3apucuMoctr @ (A) oT nokasare-
as @, (), 3anmniem ypaBHEHHe, aHAJTOTUYHOE BhIpakeHuio (1)
s BITJTA 2.

©,(1)=,1) L, +A=T,(A)NP (1) ®)
W3 BeIpaskeHus (8) HaXOIUM

@,M)-T,(A) - P,(1)

@, =—F e 9)
C yuetom BeIpaxkenuit (7) u (9) momyuum
. LM
O N)= CDI(X)(I + Tl(X)j
(10)
[P, M)-T,(M)-2,() ) T,V
( 1+7,(0) J LM

Takum oOpazom, st obecrniedeHns: ckpeitoctd BITJIA 2
u3nydeHne ¢ BepxHeil moBepxHocTH BITJIA 2 momkHO OBITH
c(hopMHPOBAHO ¢ y4eTOM BhIpaskeHH (7).

Kaxk Bunno u3 Beipaxenus (10) npu 7,(A) = 0, T.€. ipw oT-
cyrcreun BIUIA 2 nomyaum @ (A) = @ (A).

C yuetom BeipakeHui (3) u (10) okOHYATEIFHO TIOTyYaeM
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D (A) =D, (1) [1 4o Pad) ] B
_{(DZ M) -2, M) e } . Ple=d)

1—e P

(11

CornacHo BeIpaxkenuto (11) mpu dpopMupoBaHIH U3ITyIe-
mns O (L) ¢ Bepxueii mosepxuocTr BITJIA 2 ¢ nenbio ero ckpbr-
toctr oT BIUJIA 1 HOmKHBI OBITH YITEHBI TaKWe MOKA3aTeIN
kak @ (1), B, d,, d,, D,(}).

CrnenoBarensHo, i obecmedeHus CKpoITHOCTH BITJIA
HWKHero s1enoHa ot BITJIA BepxHero sTajioHa Ha BEpXHEH 10-
BepxHocTr BITJIA HIKHETO SIIIeI0Ha JOIMKHO OBITH chopMHpO-
BAHO M3JIY4YCHHE C YUETOM BEIIMUYHMH YETHIPEX TPyl (PaKTOPOB:

1. Teomerpuueckue dakrops: d, u d ;

. lorox manyuenns Comnma @, (1);

3. Curnanbuerii mokasarens (®,(A) — BBIXOAHOW CHTHAT
Ha BBIXOZIe ceHcopa BITJIA 2);

4. Armocdepnsrii mokaszarens (B — koaduuueHT pacces-
HUS a9PO30JIs U JBIMKH).

Ipu aTom, BITJIA 2 momkeH ObITh 00OecTiedeH KOOpIrHaTa-
mu BIUUTA 2 ams BEIYMCIIEHUS KOOPAWHAT y4acTKa IIOBEPXHO-
¢t 3emid, onpexaesieMoro nepecedenunem 30H «BIJIA 1 —
BIUJTIA 2» u moBepxHOoCcTH 3eMiun. CEHCOPHI, YCTaHOBICHHEIC
Ha BITJIA 2 B 3TOM cirydae JOJKHBI OBITH HAIllCJICHBI Ha 3TOT
YYacToK Ipu (OPMHPOBAHWH CHTHATA g,. BeImonHenne BbI-
IIEYKa3aHHBIX YCIIOBUH MOMKET O0ECIEUUTh CKPHITHOE (DYHK-
rmonupoBanne BITJIA 2 B ycrmoBusax oOHapy»KEeHUST BHEITHETO
BU3YaJIbHOTO KOHTPOJIS.

OTMeTHM, 4TO OCHOBHOM HEHTOCTATOK BBIIICHU3IOKEHHOTO
MeToZa OOECTIeueHNsT BU3YaJlbHOM CKPBITHOCTH 3aKJIIOYacT-
Cs B HEBO3MOXXHOCTH JIOCTHIKCHHUS JKelaeMoro »dexra mpu
HaJIMYUM JByX W OOJiee JeTaTeNbHBIX alaparoB, CHHXPOHHO
ocywecTBisitomux nouck bITJIA HuxHero smenona. B cinyqae
BO3MO)KHOCTH OOHapykKeHHs Takoro KoHTpons BITJIA 2 mon-
JKEH CHHTE3MPOBAaTh Ha BBIXOJIE CBOETO CEHCOPA CPEAHECTATH-
ctuueckuid curaai, T.e. BIIJIA momkeH HaXOaUThCS HAl MaK-
CHUMaJIbHO TOMOT'€HHOM 30HOM 3€MHOM MOBEPXHOCTH.

PaccMoTpyM  BBIIEH3NOKEHHYIO 337ady OOeCIeueHUs
ckpeitocté BITJIA 2 ot BIUUIA 1 ans ciydas HETOMOTEHHOM
arMocdepsr (puc. 3).

3amada FCCIeOBaHMS 3aKITI09ACTCs B caeayromeM. J{is o0e-
criedeHns ckpbITHOCTH BITJIA 2 ero BepxHss MMOBEPXHOCTH TO-
KPBIBACTCS CIICIHAIBHBIM 3JIEKTPOXPOMHBIM MaTepHaioM, YTOObI
JIeTaTeNIbHBIN amapar BEpXHETo 3IIesoHa He 3ameTu ero. Crie-
JTyeT BBIUUCIIMTE TO M3JTyYeHHE Ha BepxHel nmoBepxHoctu BITJIA
2, KOTOpOE MOTIIO OB 00ECTICUHTH ero CKPhITHOCTH oT BITJIA 1.

B ciryuae nabmonenus Bepxuum BITJIA 1 HIkHETO NeTa-
TEJIHOTO ariapara CUrHai (pOpMHUPYEMbIi Ha BBIXOJE CEHCOPa
BIUJIA 1 B cootBercTBH ¢ (1) ompenennm kak

g, =T +1-T)4 (12)

te: T, = e >4

rae: T, —nponyckanue armocdeps! Ha Tpacce anuHoi d ; [ —
WHTEHCUBHOCTb PaJMallMM MOCTYIAIOIIEH ¢ BepXHEH MoBepx-
Hoctu BITJIA 2; 4 — usnyuenue Bo3myxa.
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fscys

BILJIA 1

(A) ceeuenme
BO3OYXa

£ X &2 L¥Y

T I Il rilTd

Puc. 3. Cxematnueckoe npezactasinenue nByxamenonnoro nmonera bITJIA 1 u BITIA 2, rae BITJIA 1 paboraet B pexxume

noucka BIUIA 2. Tlpunsteie obo3nauenus: T'(L); T,(\) — npomyckanue armocdepsi; £, £ - f

fof .f

seyl” “sey2’ “sey3

— NPSAMOM COJTHEUHBIN CBET;

un3

— paccesHHbIH CONHEUHBIN CBET; A — CBEUCHHE BO3/[yXa M3-3a PACCEAHMs CBETA a3PO30JIEM U JIIMKOH; 6, — Ko3dduument

paccesaHus B 30HE a3p030J’[LHOﬁ 3aBCChI; 6, — KOB(b(I)I/IHI/ICHT paccesaHrs BHE 30HbI a3p030J’ILHOI71 3aBE€ChI

B upneansHOM ciyudae, B ciaydae orcytcTBust BIIJIA 2 curnan
Ha BbIxojie BITJIA 1 M0XXHO OBUTO OBI BBIYHCIHUTE IO (hOpMyIie

— Il Lo O Mo O)d=d) o

8184

XA[l_e*ffl(?L)d' + e*Gz(?»)d' _e*Gz(l)d]

(13)

riae: | — usnydenue ¢ 0ObeKTa, HaXOAALIErOCs HA MOBEPX-
HocTh 3emutn; d — pacctosiHue xoma mydei mexmay BITIAL
1 3eMHBIM 00beKkTOM; ' — paccTostHie X0/1a JTydya B 30HE C KO-
>¢dunnenTom paccesHus G,.

B nensax ckpoithoctn BIUIA 2 | cnenyer copmupoath
TakuM 00pa3oM, 4TOOBI YIOBICTBOPHUIOCH YCIOBUE

gl.p:gl.ym (14)
C yuetom Beipaxenuii (12) — (14) momyuaem
I = ([ L@ OO0 ) d=d") | A[l _ e-n,md' LM _ e—rrz(}.)d]_
x 1 (15)

- _ Wi )A) / g2

rie: d, — paccrosgnne Mexay ayms BITJIA.
J71st MiCKITFOMEHMS IBHOM 3aBUCUMOCTH |, OT mokasarens 4, 3a-
MTUIIIEM ypaBHEHHE, aHaTIorndHoe Beipakenuto (1) s BIUIA 2.
— ~cy(L)d' —0, ()(dy—d,)
,=1-e” -e +

g
+A(7\)[1 _e-cu(l)d’ + e—cz(k)d' _6*02(7‘)"{(\]

(16)

rie: d,— paccrosuue mexy BITJIA 2 1 HaseMHBIM 00BEKTOM.

18

W3 Bepaxenus (16) Haxonum

e 2 _11 Lo Md' .e’o'z()")‘(do’dl) .
T oM 4 o ()d e (Mdy (17)
C yuerom Beipakenuit (15) u (17) momydnm
I e W =02 () (do=d))
_ 1
]x - e oMl +
g2 — ]1 (}\‘) . e*“l(x)d . e*Uz (R)-(dy—dy)
l—e 2 4 o _ -0:(0dy (18)
_efﬁy(?»)d' +e*62(’»)‘d' _e*Gz(l)d _6*52(7»)0/1
X
efﬁz(x)dl

Taxkum o6pazom, st obecrniedeHust ckpeitoctd BITJIA 2
n3nyueHue ¢ BepxHed moBepxHoctu BIIJIA 2 n0mkHO OBITH
c(hopMHPOBaHO ¢ yueToM BeIpaskeHHs (18).

Kak BunHO u3 Beipakenus (18) npu dopmupoBannu n3myde-
Hust [ ¢ BepxHek moepxHocTr BIIJIA 2 ¢ nenbro €ro CKpeIToCTH OT
BILTA 1 cniemyet yuects Takue nokasaremm kax |, 6, d', ¢, d, dO.

CrnenoBarensHo, 11 obecmedeHus ckpbITHOCTH BITJIA
HIDKHero 1menona ot BITJIA BepxHero sTanoHa Ha BepXHeH mo-
BepxHocTH BITJIA HMKHETO IIIeI0OHa JOIDKHO OBITh chopMHpPO-
BaHO M3Ty4EHHE C yUETOM BEJIMYHMH YEThIPEX IPyI (hakTOpoOB:

1. Teomerpuueckue dakropsr: d, d, d';
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2. Ilokaszaremn uzmydenns Comnna (1));

3. CurHajpHBIN TTOKa3areib (g2 — BBIXOJHOW CHUTHAJI Ha
BEIXOzie cercopa BITJIA 2);

4. AtmocdepHsbIii mokazareins (6 — KodpPHUIHnEHT paccesi-
HUS a9pO30JIs U JBIMKH).

[Tpu 3Tom, BITJTA 2 nomker ObITE 0becIieueH KOOpANHATA-
mu BITJIA 1 st BelUMCIEHUST KOOPAMHAT y4acTKa IOBEPXHO-
ct 3emi, onpexaerseMoro nepecedennem 30H «BIUJIA 1 —
BIUTIA 2» n moBepxHocTH 3emin. CEHCOPBI, YCTAaHOBICHHEBIE
Ha BITJIA 2 B aTOM cirydae MOJKHBI OBITH HAlleJICHBI Ha ITOT
YYacTOK Ipu (OPMUPOBAHWH CHTHATA g,. BeIMOnHEeHWe BBI-
IIEYKa3aHHBIX YCIIOBHH MOMKET 0OECIIeUUTh CKPHITHOE (DYHK-
uonupoBanne BIIJIA 2 B ycnoBusax oOHapy»eHUSI BHEITHETO
BU3YaJIbHOTO KOHTPOJIS.

OTMeTHM, 9TO OCHOBHOM HEZOCTATOK BBIIIEHU3IOKEHHOTO
MeToZa oOecTeueHns] BU3YalbHOM CKPBITHOCTH 3aKJIIOYacT-
Cs B HEBO3MOXXHOCTH JIOCTIDKCHHUS JKeIaeMoro 3pQexra mpu
HaAJIMYUH JByX M OoJiee JeTaTeNbHBIX allaparoB, CHHXPOHHO
ocywmectpisitomux nouck BIIJIA Hmxksero smenona. B stom
cinydae BITJIA 2 nomkeH CHHTE3UPOBATH CPEAHECTATHCTHYE-
ckoe (onoBoe u3nyudenue u BIUJIA 2 momkeH HAXOAUTHCS HaT
MaKCHUMAaJIbHO TOMOT'€HHOM 30HOM 3€MHOM OBEPXHOCTH.

B 3akmrodenue chopMynnpyeM OCHOBHBIE BBIBOIBI H I10-
JIOKCHHUS TIPOBEJICHHOTO NCCIIEJOBAHN:

1. ChopmynmpoBana oOmias 3amada OOECIeUeHUS BU3Y-
anpHOM ckphITHOCTH BIIJIA HM3KOTO SIIEeNOHa OT JeTaTelb-
HOTO amrapaTa BEPXHETO 3IIEJI0Ha MPU HATWINN a9PO30JIbHOI
3aBECHI HaJ Pa3BEIbIBACMbIMI HA36MHBIMHA OOBEKTAMH.

2. [omy4eHb! yCIoBHsI 00eCIeUeHU BU3YyalTbHON CKPBIT-
Hoctd BIIJIA HM3KOrO 31I€NIOHA OT JETaTelIbHBIX alNaparoB
BEPXHETO 3IIETOHA TPH HAIMYNH a3P030IbHON 3aBECHI HAJT Ha-
3eMHBIMH OOBEKTAMH.

3. CdopmymmpoBaHa o0mas 3agada OOECIeUueHUs BU3Y-
anbHOU cKpbITHOCTH BITJIA HM3KOrO 3111€10Ha OT JIETaTeNIbHO-
TO amnmapara BEPXHEro 3IIeIOHa.

4. Tlomy4yeHBI YCIOBUS 00ECIIeUeHNs BU3YaIbHONW CKPBIT-
Hoctd BIIJIA HM3KOrO 51I€NOHA OT JETaTeIbHBIX alNaparoB
BEPXHETO 3IIEIIOHA.
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QUESTIONS ON PROVIDING FOR VISUAL RETICENCE OF RECONNAISSANCE
UAV OF LOWER ECHELON FROM FLYING OBJECTS OF HIGHER ECHELON
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ABSTRACT

While speaking about reticence of flying object the functional inversion of such notions as visibility
and reticence should be taken into account. At the same time the visibility of the objects does mean
joint analysis of properties of both the observed object and observer itself. It is stated that the reti-
cence of flying objects can be classified as follows:

natural reticence supported by clouds, haze, aerosols and other meteorological factors;

artificial reticence, supported by various technologies: using illuminating cover on surface of flying
objects or utilization of illuminated light emitters.

Most widely used meteorological factor, providing for reticence is aerosol clouds formed by gener-
ation of aerosol particles at some height of atmosphere. It does mean utilization of broad scale of
aerosol particles - from nanoparticles up to gigantic particles by size of tens micrometers. The most
significant task of detection and identification of various flying and ground objects is removal or
compensation of effect of atmospheric aerosol, that is distortion of colors and decrease of signal/
noise ratio. In the paper the questions on reticence of reconnaissance drones of lower echelon from
the flying objects of higher echelon in conditions of homogenous and heterogeneous pollution of
atmosphere by aerosol are considered. The task on providing for visual reticence of UAV of lower
echelon from flying objects of higher echelon is formulated and solved. The conditions of realiza-
tion of visual reticence of UAV of lower echelon from flying objects of higher echelon are derived.

Keywords: UAV; atmosphere; visual reticence; aerosol; image; mathematical model.
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TEMJIOBU3YAJIbHbIN METOL, BbICOTHOIO OBHAPY>KEHUS
HU3KOJIETAWWUX OPOHOB C 3JIEKTPOHHO-LUBETOBbLIM
KAMY®JIMPOBAHUEM NOBEPXHOCTU

Mawaes Hamuk Myxrtap ornsi,

K.T.H., AVMPEKTOP Hay4YHO-NCCeA0BaTEIbCKOro
MHCTUTYTa a3poKoCMuryeckon nHopmaTuky,
r. Baky, Azepbangxxan, pnm@mail.ru

AHHOTALMSA

O6HapyseHue n HabnogeHve 3a GeCNUIOTHBIMY JIeTaTesIbHbIMU annapaTamMmu MoxXeT BbiTb ocy-
LECTBJIEHO C MOMOLLBIO CPEACTB UHPPAKPACHOTO CIEXEHUs, aKyCTUHECKOro MPUCyLUIMBaHUS
¥ pajapHOro COMpOBOXAEHUs, a TakxXe BuyasnbHo. BmecTe ¢ Tem, uBeTtoBoe kamydnvposaHue
OPOHOB MOXEeT 3HauUTEeNbHO CHU3UTL 3PEKTUBHOCTL BM3yaNbHOro MeTofa MX obHapyXeHus
M B 3TOM Clyyae LesiecoobpasHo NMpUMeHUTb Apyroi Gosiee AOCTYMHbIN METOA - MeTOg, TemnJio-
Boro obHapyxeHusi. CnepgyeT oTMeTUTb, 4TO Bonbluoe pasHoobpasune nHdpakpacHbIX CUTHATYP
CyLLECTBYIOLMX APOHOB MPUBOAMUT K HEYETKOCTU MOJy4aeMOMN M3 3TUX YCTPONCTB MHbOopMaumm,
K TOMYy Xe BeJiuka BepOSiTHOCTb OBHapy>XeHUsi PassIvyHbIX BbICOKOTEMMEPATYPHbIX BbIOPOCOB
razoe u wnendos. BoiweykasaHHoe AVKTYeT HEOBXOAMMOCTb MPMMEHEHWs TEPMOBU3YaslbHOro
MeTofa obHapyXXeHWNs LPOHOB, FAe COBMECTHO UCMOb3YeTCs BU3yasibHbIN U TePMasibHbI METOR
obHapyxeHus. TexHUYeCKn 3TOT MEeTOf, peann3yeTcs NyTeM NocTpoeHus BOopTOoBbLIX AByxAuana-
30HHBIX OMTUYECKUX CUCTEM OBHapPYXXeHUs, BKIIIOYAIOWNX BUOMMBIA U UHbpPaKpacHbIi ananaso-
Hbl. PaccMoTpeHbl Bonpock! oueHKn 3¢p¢eKTUBHOCTM TEMNIOBM3YanbHOro MeToda obHapyXeHus
LAPOHOB C 3JIEKTPOHHO-LIBETOBbLIM KaMypIMpOBaHMEM HUXHEN noeepxHocTu. MpeanoxeH meton
TEPMOBU3yasibHOro 0bHapy>KeHUst APOHOB CHABXXEHHbIX 3/IEKTPOHHbBIM LBETOBbIM KamydisikeM.
B craTbe Takxe aHanusmpyetcs 3¢ppeKTMBHOCTb TEPMOBU3YasibHOrO BbICOTHOrO BopToBoro obHa-
PY>XEeHMSI HU3KONETALMX [POHOB, CHABXEHHbIX 3NEeKTPUYECKM YIPaBASEMbIM LBETOU3MEHSIIOLLMM
nokpbiTnem. OnpepeneHo paunoHanbHoe ycnosue 3¢ppeKTUBHON pPaboTbl CMCTEMbI TEPMOBU3Y-
anbHOro obHapy>xeHusi gpoHos. OnpefeneHbl MeToAbl MOBbILLEHUS 3$PEKTUBHOCTH LIBETOBOTO
kamydnska 6ecnunoTHbIX neTatesibHbIX annapaTos. [MosyyeHo BbipaxeHue, onpegensiollee yc-
floBME MakcumanbHon 3¢pdeKTUBHOCTM LBeTOBOro kamydsxa ApoHa. [okasaHo, 4To B gpoHax
C BbICOKOW MH$pPaKPaCHOW CUTHATYpPO 3/1eKTPOHHbIN LIBETOBOW Kamydisi>k MOXeT AaTb 6osiee Bbl-
COKWM monoxutenbHbii 3¢ppekt. OueHeHa 3¢ PeKTUBHOCTL METOAA TEPMOBU3YasibHOro O0BHapy-
>KEHUsI LPOHOB C 3/IEKTPOHHBIM LIBETOBbIM KaMyisikeMm.

KnioueBble cnoBa: ApoHbl; TepMoBU3yasibHoe OOHapy>KEHUE; CUTHATYPa; 31eKTPOXPOMHOE CBOM-
CTBO; KamMypsix.

Ans untuposaHus: Mawaes H. M. TennoBusyasnbHbii METOA, BbICOTHOrO ODHapY>KeHUsi HU3KoJie-
TALWMUX APOHOB C 3JIeKTPOHHO-LBETOBbIM KaMydripoBaHuem nosepxHoctun // Haykoemkme TexHo-
NOrMKN B KOCMUYeCckux nccnegoeanmax 3emnn. 2017.T. 9. N2 4. C. 22-28.
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Xopomio M3BECTHO, YTO OAHHUM W3 CIIOCOOOB Kamy]iIu-
POBaHMS JPOHOB SIBISIETCS M3MEHEHHE MX IIBETOBOH OKPACKU
IIyTeM HaHECEHWs Ha TIOBEPXHOCTb JIeTaJel APOHA CIICIHab-
HOTO TIOKPBITHS, H3MEHSIOIIETO CBOIO [[BETOBYIO OKPACKY ITOJ
BO3/ICHCTBHEM YNIPABIIAIONIETO CUTHANA. B kKadecTBe Takux mo-
KPBITHH B HACTOSAIIEE BPEMsI HCIIONB3YIOTCS AIIEKTPOXPOMHBIE
[1-8] u docdopubie marepuansl [9—15]. Uro kacaercs mon-
CHCTEMBbI YIIPaBJICHHUS IBETOM CBEUCHUS IPOHA, TO OHA MOXKET
OBITh aTaNTUBHOW FUTH MPOTPAMMHO YIpaBIsieMoi. B ciydae
aIalITUBHOTO YTIPABJIEHHS MOICHCTEMA YIPABICHNS COICPKUT
N3MEPHUTEINH [[BETa M3Iy4IeHNs (JOHA, CUTHAI C KOTOPBIX CHHU-
MaeTcs, 00pabaTsIBacTCS M Ha OCHOBE PE3YIBTaTOB 00pabOTKI
(bopMHpYETCST COOTBETCTBYIOIINN YIIPABISAIOMINI CHTHAII, I10-
JTaBacMbIi Ha IIBETOGOPMHUPYIOIIee MOKPHITHE. B cirydae mpo-
TPaMMHOTO YIPABJICHHS I[BETOM CBEUEHHS CO3/IACTCS CIICIH-
anbHasi TIporpaMMa yIpaBJIeHHUs IIBETOM, C Y4E€TOM BPEMEHHU
U TPAEKTOPUH ITOJIETA.

BoproBoe oOHapykeHre 1 HAOTIOICHNE 32 HI3KOJICTSIITH-
MH OCCIMIOTHBIMH JIETATEIBHBIMH allllapaTaMi MOXKET OBITh
OCYIIECTBIEHO BHU3YyaJbHO MIIM C TMOMOINBIO CPEICTB MH(pa-
kpacaoro (MK) criexeHns, aKyCTHYECKOTO IPOCITYIINBAHUI
U PajiapHOTO CONPOBOXICHUSI. BMecTe ¢ TeM IBeTOoBOE Ka-
My(IHpOBaHNE APOHOB MOXKET 3HAYMTEIHHO CHU3UTH dPPeK-
TUBHOCTH BH3YaJbHOTO METOAA MX OOHApyXEHHUs M B 3TOM
ciydae IenecooOpa3sHO TPUMEHHTH APYroil Hamboiee mao-
CTYNHBIA METOJl — METOJ TEIUIOBOTO OOHapyxeHus. Cienyer
OTMETHTB, 9TO Oombimoe pasHooOpaszue MK curnaryp cymre-
CTBYIOIIMX JPOHOB MPUBOAWT K HEYETHOCTH INOIY4aeMOH W3
3THX YCTPONCTB HH(POPMAIINH, K TOMY K€ BEIIMKA BEPOSITHOCTD
O0OHApYKEHNST PA3TMYHBIX BBICOKOTEMIICPATypPHBIX BBIOPOCOB
ra3oB ¥ nureiigos. BemeykazaHHOe AUKTYeT HEOOXOAMMOCTh
MIPUMEHEHNSI TEPMOBH3YaIbHOTO METO/a OOHApY)KEHHs Apo-
HOB, T7I€ COBMECTHO HCIIOJIb3YETCS BU3yalbHBIN U TEPMAIbHBII
MeTof] oOHapyXeHHsA. TeXHHYECKH 3TOT METOA Pean3yeTcs
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MyTeM HOCTPOCHUS IBYXANAIla30HHBIX ONTHYECKHX CHCTEM
oOHapy»keHws, BKitodatonmx BuauMei u K nuramazonst. On-
THYECKas CXeMa TEPMOBH3YaJIBHOTO JBYXIHANIa30HHOTO O0HA-
PY>KUTENS APOHOB TIOKa3aHa Ha pHc. 1.

Crnemyer OTMETHTH, YTO 3amada OOHApPYXKEHUS HHU3KOJIe-
TSAIIUX Pa3BeIbIBATEIbHBIX JPOHOB C BBICOTHBIX OOPTOBBIX
YCTPOMCTB MOXKET OBITh pelleHa IMyTeM IOCIIEI0BATEIBHOTO
PELICHUS CIEAYIONINX 3a1a4:

1. ®opMupoBaHHEe Ka4eCTBEHHOTO M300paXKeHUS O0BEKTa,

2. Unentndukanys 00beKTa Ha ITOTyISHHOM H300PaKCHUH.

Jnst moydeHuss KadeCTBEHHBIX HM300pa)KeHUH HHU3KOJe-
TSIIUX JPOHOB C MOMOIIBIO OOPTOBBIX CKAaHMUPYIOUIUX CIIEK-
TPOPAZANOMETPOB BBICOKOTO pa3peIIeHNus HEOOXOONMO yUEeCTh
BO3/JIEHCTBHE BCEX MEMIAIOINX (PAKTOPOB, IIPUBOSIINX K CHU-
JKEHHUIO Ka4eCTBA MOyYCHHBIX CHIMKOB B Pa3HBIX CIIEKTPaJb-
HBIX JWala3oHax.

ITocnenoBarenbHOCTh BCHOMOTATENbHBIX OMEPALNH IS
peanu3anuy MpeayIaraeMoro JIByXANaa30HHOTO TEPMOBU3Y-
AIIBHOTO METO/a OOHAPYKEHHUSI HU3KONIETAIINX APOHOB 3aKIIIO-
YaeTCsl B CIIETYIOLIEM:!

1. ®opmupoBaHue M300paKEHUS HUIKOJIETAIICTO APOHA
B BHJIUMOM JIMalla3oHe.

2. @opmupoBaHHEe M300paKEHUS HU3KOJIETAIIECTO APOHA
B MH(paKPaCHOM JHana3oHe.

3. NUpentnduxanus 1poHa MyTeM BBIYHCICHHUS CUTHATYp
JIPOHA B JIBYX JHaIla30Hax.

4. BeraucieHust BEpOATHOCTHBIX XapaKTEPUCTUK HICHTH-
(huKarmu ¢ yaeToM KaMy(IHpOBaHUS IPOHOB.

IIpexnae Bcero HECKONBKO TOAPOOHO PAcCMOTPUM BO-
MPOCHl (POPMUPOBAHUSA M300paKEHHs JAPOHOB B IUTAHE ydeTa
BHETITHUX METIAIONINX (DaKTOpOB.

Crnemyer OTMETUTb, YTO N300paKEHHST HU3KOJETSAIINX 005-
€KTOB, MOJyJaeMBIX C IIOMOIIBIO CKAaHUPYIOLINX CHEKTPOPAIN-
OMETPOB yCTAHOBJICHHBIX HA BBICOTHBIX JICTATEIBHBIX armapa-

BricoTHBIIT NeTATENBHBIIH
00BEKT

BO37yXA
[\ i PO A(A-T(A)
Torok HUIYICHHA ).
eyt \ N Joun (2 g
o3 AAANA Tpamoe
.ﬁsky(’-) / / / /\ / d /J/ ocnacnenne|
Aapozons.A(A) SAT(A)
S(2) 9
- Huskonerauuii
BITJTA
A 4
e —————————_——4 3emna

Puc. 1. Ontryeckast cucteMa 60pTOBOTO JBYXIHAMA30HHOTO OOHAPYKUTENS ApoHOB. [{udpamu ykazaHsr:

1 — dorompuemunk Buanmoro u MK nuanasona; 2 — peBoIbBEpHBII MEXaHU3M CO BCTPOCHHBIMU (puisTpamu VK
Y BUANMOTO JMana3ona; 3 — nuu3a; 4 — npoH; 5 — OHOBOE U3ITyUCHHE
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Tax TOJBEPKEHBI BO3JCHCTBHIO MPEXK/IE BCETo arMoc(epHBIX
(axTopoB. ATMOC(]EpHBI a’dp030J1b, HAYMHAS OT MEIKOIU-
CIIEPCHOTO a3p030JIsl 10 a9PO30JIBHBIX YACTHUIl THTAHTCKUX Pa3-
MEpPOB, JIOCTHTAIOIINX AECSITKA MHUKPOMETPOB SIBISIETCS OTHAM
13 OCHOBHBIX arMoc(epHBIX (pakTopoB. OCHOBHBIM YCIIOBHEM
TIOJTyIeHHs] KaYECTBEHHBIX BBHICOTHBIX CHUMKOB HH3KONETSIIHX
00OBEKTOB SBISIETCA KOMIICHCALUSI BIMSHUS aTMOC(epHOTo as-
pososst. [Ipu 3TOM ciieyeT ydecTs, 9To BIUSHIE aTMOC(EpHOTO
a3pO30JIs1 CBOIUTCS KaK K MCKaKEHHIO IIBETHOCTH, TaK U YMEHb-
IIEHUIO OTHOIICHHS CHUTHAI/IIyM B Bujaeokanane. [limst ycrpa-
HEHUSI BIMSHUS a3PO30JIsl, TPEANPUHAMAIOTCS PA3INIHbIE TeX-
HHYecKue Mepbl. Tak, IS YaCTUYHOTO YCTPAHEHNUS NCKaKESHNH
IIBETHOCTH B pabore [l] HWCHONB3yeTcs NTyMOMONABIISIOIINI
¢uIsTp, a B padote [2] B KauecTBE KPUTEPHS KOMITICHCAIIUH BITH-
STHHSL 2903071 TIPEATIOKEHO JOCTIHKCHNE MaKCUMAIbHOM BUIH-
MOCTH TI0 TPAcce MPOXOXKICHHS ONTHYECKNX Jiydei. CormacHo
[3] ucnonp30BaHIe KOMOWHHPOBAHUS KTEMHOTO» KaHala M JIO-
KaJIHOTO YCHJICHHSI KOHTPAacTa MOXKET MPUBECTH K NCKAKEHHUIO
IIBETHOCTH. VI3BEeCTHHI U ApyTrue MeTonsl [1,5—6], 6asupyrommu-
ecst Ha (DMIBTpany OCHOBHOTO CHTHAlla M COBMECTHOW 0Opa-
0OTKe TOTO CHUTHAJIA C CUTHAJIOM, TIOCTYIIAIOIIAM C «TEMHOTO»
kaHarna. CoracHo pabote [1], cHIDKEHHE YPOBHS 3alTyMJICHHO-
CTH CHTHAJIA, a TAKKe yUeT HEPAaBHOMEPHOTO CBEUYCHNE 00BEKTa
1 CHTHAJIa TEMHOTO KaHaJIa» MPUBOJMT K YIIydIICHHIO Ka9ecTBa
OOPTOBBIX M300paKEHUH, IMOIYYAaEMBIX B PEATBHBIX YCIOBHUIX
(YHKIIMOHUPOBAaHUS M300pakaloMUX CUCTEeM. B obmem ciry-
gae, YeM KadeCTBEHHEE MCXOIHOE OOPTOBOE N300pakeHHe, TEM
cimabee CUTHAJI «TeMHOTO KaHana» [5]. CommacHO TeXHHKE Ma-
IIMHHOTO 3PEHMsI BXOJHBIM M300pa’KeHHEM BBICOTHON KaMephbl
SIBISIETCS] M3Iy9IeHHE C HCCIemyeMoii ciieHsl [6]. B m3o00paxe-
HUSAX Ha3eMHBIX 0OBEKTOB TaK HAa3bIBAEMbIEC «TEMHBIE) ITHKCEIN
4acTo UMEIOT OYEHb HU3KYIO HHTEHCUBHOCTD 110 KpailHel Mepe
o omrHOMY 11BeTY (R, G mmm B). IHTeHCHBHOCTH STHX TIHKCEINSH
B OCHOBHOM TOAJICP)KUBAIOTCS 32 CUET CBEUCHUS BO3myxa [6].
OT0 MpearnoaoKeHne MO3BOISIET Ha MPAKTHKE YITyUIINTh Kade-
CTBO OOPTOBBIX N300pAKEHHH.

[puaIIIT paboTH H300pakaroIIel CHCTEMBI, yCTaHOBJICH-
HOH Ha BBICOTHOM JICTATEIILHOM allapaTe MpoaHaIn3upyeM Ha
OCHOBE CXEMBI pacHpeiesIeHHs] TOTOKOB ONTHYECKOTO H3ITyde-
HUS, U3JI0KESHHOH B [7].

Ha puc. 2 moxazaHo pactpesieneHne pajnaoOHHbIX TOTOKOB
nipu (QYHKIIMOHUPOBAHUH OOPTOBON M300paKAIOIICH CHCTEMEL.

MaremaTndeckast MOJIENIb ONTHIECKOTO MTOTOKA (hOPMHUPO-
BaHMS CIIEKTPAIBHOTO M300pa)KEeHHs C TMOMOIINBIO CKaHUPYIO-
IIETO CTIEKTPOPaIHOMETPa, YCTAHOBICHHOTO Ha BEICOTHOM HO-
cuTene, HaXOASILIENHCcs B TOMOTE€HHO 3arps3HEHHON a’3po30JeM
arMocdepe UMeeT CIeTyIonnii BU:

g =f)-TA)+A40)-A=T() (1

rae: g(A) — MOTOK M3JIyUYCHHS MOMUKCEIILHOTO (hOPMUPOBAHHSI
3alIyMJIEHHOTO N300paKeHNsI.

SO = Lo M)+ i (V) )

rre: f(A) — notok usimydenus ot Huskonetsero BIUIA; A(A) —
TMIOTOK U3JTyuenust armocdepbl; T(A) — nporryckanue arMocgepsl.
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Puc. 2. PanmanyionHast Mosienb MpeacTaBIeHUs! BBICOTHOW CUCTEMBbI
(dopmupoBanus M300paxkennii Hu3KoneTsmero bITJIA,
Pa3MEIeHHOTO B TOMOT€HHO-3aTPS3HEHHOM a3po30i1eM arMocgepe:
f_(\) — cBegenne Comnria; fsky(}») — cBeueHue Heba,
T.€. CBET, paccesHHbI B atMochepe [7]

B ypasuenuu (1) f(A) T(L) — koMmoHeHTa 0011Iero moToka
BXOJTHOTO M3JTy4YCHHS PaHOMETpa, MOBEPrHYBIIIASCS MPSMO-
My ocnabnennro; A(L) (1-T(L))—koMmmoHeHTa, 0TOOpaKaroIast
OINTHYECKOE HM3IyYCHHE BO3IYyXa, T.C. PE3yNlbTaT pacCesHHs
cBeTa a’po3oieM B arMocdepe.

Takum 00pa3oM, B KITACCHYESCKOM ClTydae nmpobiieMa ycTpa-
HEHUS BIHMSHUS adpO30Jisl 3aKiIouaetes B BoccraHoBiaeHuu f(A)
ucnonb3yst gaHaeie 06 g(A), T(A) u A(L) [7]. Ilpu nonukcesns-
HOM Bbrurcrienuu f(L) ciaemyer y4ecTs, 4To cornacHo [6], amis
TOMOTEHHOM aTMOC(hephl

T(\)=e 3)

rjie: 6 — K03 PUIMEHT paccesiHust; d — pacCTosHUE 10 00BEKTA.

Hasnee anamusupyetcst 3h(HEKTHBHOCTh TEPMOBU3YaATbHO-
ro MeTOoa OOHAPYKEHHS APOHOB, CHAOKEHHBIX DJICKTPHUECKH
YHpaBiIA€MbIM IBETOU3MEHAIOIUM ITOKPBITUEM. HpOﬁHaHH?;PI-
pyeM curHaibl, POpMUpPYEMBIC B TAKOH CUCTEME.

B KadecTBe MCTOYHHKOB (DOHOBOTO CHTHANA B CHCTEME Ha-
OuronieHMsT BBICTYNAIOT Ha3eMHbINH (OH U AdeKT adpo301bHOro
paccestaust. Curnan hopmMupyemMblit GOTONPHEMHHKOM OOPTOBOTO
OOHApPYKUTEJIS MOXKET OBITH BBIYHCIICH IT0 CICAyomIeH hopmyrte

%

ST (10 0o )

4R?

I

rae: T | — HPOMyCKAHHE ONTHYECKON CHCTEMBI;

T(\L)— nponyckanue armocdepsr;

D — nuamerp nUH3HL;

R — paccrostaue no nenw;

f(\) — cniekrpanbpHOE U3NTyUCHUE LIENH;

X, A, — TIpenensbl.

[lymoBoii curHain, ¢GopMupyemblii Ha QorornprueMHuKe
MOKET OBITh BBIYHMCIICH TIO cienytoriei Gopmyre [3]

2 2
7 :mnD T

B 4 : opt

[a-70)-U,0an 5)
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TJe: ® — MTHOBEHHBIH yros 0030pa MHUKCes;

U, — cnekrpanbHoe (oHoBoe m3nmydenue. Ilpum stom
COOCTBEHHBIM M3JTydeHHEM 3eMIIM M Iepen3IydeHHeM Ipe-
HeOperaem.

BeposiTHOCTh 00HApYKEHHNS IENH ONPEIeIUM KaK

1_5 (6)

det:
Ig+1,

CormacHo (6) MpH HYJEBBIX IIYMOB CUATAEM, YTO OOBEKT
00Hapy>KUBAETCS C BEPOSTHOCTHIO SHMHHUIIBI.

OtmeTHM, 4To (hopmysibl (4)—(6) yHHBEpCAIIBHBI 110 CyIIIe-
CTBY M MOT'YT ObITh IpuMeHeHbI Kak MK, Tak 1 BumumMomy aua-
nasony. B atom ciyvae ayis K u BunuMoro guamna3ona uMeem

})de[ xr] = [S—ly (7)
. [S.ir + IB.ir
I
Pdct visl — S (8)
o IS.vi: + IB.vis

rae uHaekc 1 0003HaYaeT OTCYTCTBHE CUCTEMbI [[BETHOTO Ka-
MyQuIsKa.

OueBHHO, YTO INPUMEHEHHE SJIEKTPOHHO YIIPaBIsIEMOM
TMOJICHCTEMbI U3MEHEHHMSI LIBETHOTO U3JTyYEeHUsI IIPUBOJIUT K CHHU-
JKEHUTO IS_W_S JI0 BEJIMYHHEBI IM_X — Alm » TaK Kak IOJIE3HbIA cur-
HaJl, CHUMaeMbIii ¢ KaMy(IMpPOBaHHOTO JPOHA JIOJIKHO CHH-
Katbesl. Bmecte ¢ TeM, yCTaHOBKa JIOTIOJHHUTENBHBIX Y3JIOB,
a TaKKe JIOTIOJHUTEIILHOTO NCTOYHHKA JIEKTPOIHEPTUH MPUBE-
net x yennuenuto MK curnaryphl napoHa, T.e. | . yBemuuuTcs
no snadenus | . +Al B otom ciyqae Bepostaoctu | wl
MOT'YT OBITH OPE/IETIEHBI KaK

I..
Pdct.[rZ = + !
Iy, +Alg, +1p, ©)
Loy + AL, + 1y,
p . S.vis —
det.vis2 ]S e — Svis + 13 vis
AL, (10)
_ AIS,vis
I. —Al. . +1]

S.vis S.vis B.vis

C yuerom (7) 1 (9) MONOXKHUTETHHBIA TPUPOCT BEPOSTHO-
CTH OOHAPYKEHUsI B BUIMMOM JIMAIa30HE BHIYMCIUM KaK

I..
A})del ir = — +
A [Sjr +AIS.ir +IB.ir (11)
+ A[S,ir IS,ir
IS.ir +AIS.ir +[B.ir [S.ir +IB.ir

C yuerom (8) u (10) oTpuIaTeIIbHBINA PUPOCT BEPOSTHO-
CTH OOHAPY>KCHHS B BUJAUMOM JIHANIA30HE BHIYHCIMM KaK
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1.
_ S.vis
AI)det.vi: - Ji Ji -
S.vis + B.vis (12)
_ 1 S.vis + AIS Vis
IS.w's _AIS.ViS +IB.ViS IS.vix _AIS.W'S +IB.ViS

[Tpumem, 4To B METO/IE TEPMOBHU3YAIBHOTO OOHAPYKEHNUS
JIPOHOB KPUTEPUEM OLIEHKU SIBJISIETCS IPOU3BEICHUE JBYX Be-
POSITHOCTEIH:

1. BepostHocTn obHapyxenns B UK nuanasone |,

2. BepoATHOCTH 0OHapyKEHHs B BUAUMOM JiHanasone | ..

CiietoBaTelbHO,
Paet = Paciin Pactaisa (13)
Piez = Paciir Paetuisa (14)
Hpencrapum |, ,ul, . B cienyromem Bume
Piecir1 = Paciin T APty (15)
det. vis.1 = Pdet. visl + APdet. vis.1 (16)
C yuetom (14), (15), (16) momy4uum
Piez ™ Pactin Pactsins = Paetirt BPucuvisn
‘AP —AP . -AP {17
det.vis. 1 det. ir.1 det.ir.1 det.vis.1

O6uiee npupalieHue BepOITHOCTH JBYXIMANIa30HHOTO 00-
HapyXeHus AP, BBIYUCIMM KaK

AP, =P

detl _Pdet.ir.l.A

AP, AP

det.ir.1

det2 det.vis.1

AP (18)

det.vis. 1 det. ir.1 det.vis.1

O4eBHIHO, YTO NIPU TEPMOBHU3YATEHOM METOZEC OOHApYKe-
HUS JPOHOB IIBETOBOM KaMy(QIIshK MOXKHO CUUTATh 3()(HeKTHB-
HBIM B TOM CJIy4ae, eclii AP, ABIISETCS OTPULIATEILHON BEH-
yuHOH. B 3TOM ciyuae, ycrmoBue 3(h()eKTHBHOCTH IIBETOBOTO
KaMmy(Iisbka UMeeT CIeTyFOLINiT BUJT

det.vis. ].APch irl < AF)dct,ir.l'Al:)dct.vi.v.l + APdct.ir.] .APchvi.v,l (19)
U3 (19) nmeem
A])e Vis
Pdet.vix.l < Pdet.irl ’ ﬁ + APdet.viS.l (20)
Bripaxxenune (20) 3anuiem kak
APc Vis
Ptz < B = 1)

det.ir.1

W3 BeIpaxenus (21) OKOHYATENBHO MOTYYNM yCIOBHE d(]-
(heKTHBHOCTH I[BETOBOTO KaMyiisika

AP < AP

det. ir.1

Apdetvi&l (22)

det.vis. 2 det.ir.1

I'padmueckas naTEpIpeTarys yciosus (22) nana Ha puc. 3.
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Paetir

APyeiiny

Paerin1 Paerir2

Puc. 3. ['paduueckas untepnperanus ycnosus (22). [puns-

Thle 0003HaYeHHUs: S — MIOWab KBajJpaTa, YMCIEHHO paB-

Hasl MpaBoii cTopoHe ycnosus (22); S, — nuommazab KBajapara,
KOJIMYECTBEHHO PaBHAasl JIEBOM CTOpOHE ycioBus (22)

C yuetom Beipaxkenuii (7), (10), (11) n (12) momyuennoe
ycroBre 3(PQEKTHBHOCTH IIBETOBOTO KamMy(uishka IPOHOB
NPEJICTAaBUM B BHJIE

S.vis + S.vis X
Ig  +ALg . +1 Ig  A+AG +1,

S.vis B.vis S.vis S.vis

IS ir AIS ir [S ir
X ' + - - ] <
Lo ¥ A, A1y, gy + A, + 1y, L, +1p, (23)

ISv[v ISvh A[Svh
< 2 - st + Vi x
I, 1, I, —Alg +1, I, —Alg +1,

S.vis B.vis S.vis S.vis B.vis S.vis S.vis

x I S.ir
(]Sjr + IB.ir)

Kak BugHO M3 muarpaMMbl, MOKa3aHHOW Ha puUC. 3, MOBHI-
mieHre 3(GGEKTUBHOCTH I[BETOBOIO KaMy(isbka MOXKET OBITh
OCYIIECTBJICHO CIICAYIOUIMMU MCTOIAMH:

1. YBenuuenue |

2. Camwxkenue |

3. Cnmxenne | .

[Ipu 3TOM MPEANOYTUTEIHLHBIM METOIOM TOBBIIICHUS (-
(EKTHUBHOCTH I[BETOBOTO KaMy(shka OKa3bIBACTCS YBEIHYC-
uue | ., Tak Kak B 5TOM Cllydae yMEHbIIAETCA S, M yBEJH-
4MBaETCA S|

®du3nUeCKH, ITO 03HAYACT, YTO B JPOHAX C BBHICOKOW Be-
murHoM MK curHarypbl BETOBOM KaMy(JIsKk MOXKeT obecre-
YHUTH OOJIee BHICOKYIO (D (PEKTUBHOCTH OOHAPYKEHUSI.

Yro kacaetrcs 3p(PEKTUBHOCTA CaMOr0 METONA TCPMOBH-
3yallbHOTO OOHApYKEHUS JPOHOB, TO yclioBHE UX 3(PdeKTus-
HOCTH MOYKHO C(hOpMYITHPOBATh KaK

det.ir.1.

det.vis.2.

AP, — max (24)

C yuerom (18) u (24) noiayunm

26

_Pdetjrl 'AP(ieLvis,l + PdetAvisl 'APdeLir,l - (25)
_A})det.ir.l : AR:let,vis.l — max
HpI/IMeM CIIEAYIOIEEC COOTHOIIEHUE
AP, = KAP i =kAP (26)

C yuerom (25) u (26) ycnoue (24) npuHUMAaET CIEIyIO-
LUK BUT:

_P:iet,ir,l k-AP+ P, -AP—k-AP* — max (27)

det.vis.1

HUccnenyem BoipaxeHue (27) Ha MAKCUMYM METOJIOM TIPO-
HU3BOIHLIX. MIMeeMm:

dpP
dTAtﬁP = _Pdct.ir.l ’ k + Pdct.vix.l - 2k ' AP = 0 (28)
W13 Beipaskenus (28) Haxoaum
AP = Pdet.vis,l B deet,inl ) k (29)
2k

Jlnst BBIACHEHUS THIIA SKCTPEMyMa MPOBEPKa 10 BTOPOH
MIPOMU3BOHOI aeT

d’p
th. _ Dk

v (0

CrenoBarenbHo, 1pu coOiogeHnun ycioBus (29) meron
TEPMOBHU3YaJIbHOTO KOHTPOJISI 00eCreYrBacT MaKCHMaJIbHYIO
3(hGeKTUBHOCTH PaOOTHI.

OTcroz1a MOKHO CZIEJIaTh BBIBOJL O TOM, YTO PallOHAIBHBIM
ycnoBueM 3 dexTuBHON paboThl CHCTEMBI TEPMOBH3YaJIBHOTO
oOHapy>xeHus siBisieTcst coomonenue ycnosus (29). B to xe
BpeMsi BbIpaskeHHe (29) MOXHO NPUHATH B KQYECTBE yCIOBUS
MUHUMAJIbHOH () (PEKTHBHOCTH [[BETOBOIO KaMy(JIsbKa JIpoHa.

B 3akirouenue chopMynupyeM OCHOBHBIE BBIBOJBI H I10-
JIO)KEHHUSI TIPOBEJICHHOTO NCCIIEJOBAHNSI:

1. TIpeanoxkeH METO TEPMOBU3YAILHOTO OOHApPYXKEHUS
JIPOHOB CHAOXKEHHBIX AJIEKTPOHHBIM IIBETOBBIM KaMy(IISDKEM.

2. Tlonmydeno ycnoBue 3(h(HEKTHBHOCTH OCYIIECTBICHHUS
9JIEKTPOHHOTO IIBETOBOIO KaMy(IIMPOBAHHUSI JIPOHOB.

3. Iloka3aHo, uTo B ApoHax c Beicokoil MK curnarypoit
SJIEKTPOHHBIN [BETOBOI Kamy(IIsk MOXKET JIaTh HAaHMOOJIBIINIA
3 deKT.

4. OneHeHa 3(pQEeKTHUBHOCTh METO/A TEPMOBH3YAILHOTO
0OHapyKEHHUS! APOHOB C AIIEKTPOHHBIM IIBETOBBIM KaMy(IISHDKEM.
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ASSESSMENT OF EFFECTIVENESS OF THERMO-VISUAL METHOD
FOR DETECTION OF DRONES PROVIDED WITH ELECTROCHROM

CAMOUFLAGE ON SURFACE

Pashayev Namik Mukhtar oglu,
Baku, Azerbaijan, pnm@mail.ru

ABSTRACT

Detection and control of unmanned vehicles can be carried out by help of instruments of infrared or
radar tracking, acoustic hearing and visually. At the same time the color type camouflage of drones
can significantly decrease the effectiveness of visual method of their detection. In this case the oth-
er more acceptable method — method of thermodetection should be applied. It should be noted
that the great variety of infrared signatures of existing drones lead to non — accuracy of information
receipt from these devices, besides the non-zero probability of detection of plume of emitted high
temperature gases does exists. The above said requires utilization of thermo — visual method for de-
tection of drones combining joint utilization of visual and thermal methods of detection. Technically
this method should be realized using two — band on board optical systems of detection containing
visible and infrared bands. The questions on assessment of effectiveness of thermo visual method
for detection of drones with electrochrom camouflage of down surface are considered. The method
of thermo — visual detection of drones provided with electron color camouflage. In the article the ef-
fectiveness of thermo visual method for high-height on-board detection of low height flying drones
provided with electrically controlled electrochrom cover is also analyzed. The rationality condition
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for effectiveness of operation of systems of thermo-visual detection of drones is determined. The
methods for increase of effectiveness of color camouflage of unmanned aerial vehicles are deter-
mined. The formula determining the condition of maximum effectiveness of drones color camou-
flage is given. It is shown that in drones with high infrared signature the electronic color camouflage
may give more positive effect. The effectiveness of method of thermo — visual detection of drones
with electronic control of color camouflage is estimated.

Key words: drones; thermo — visual detection; signature; electrochrom property; camouflage.
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METOA NNTAHUPOBAHUA NMPUMEHEHUA
POBOTOTEXHUYECKNX CUCTEM JINKBUOALUU
3KCTPEMAJIbHbIX CUTYALU B MPOLIECCE NOArOTOBKU
N NYCKA PAKET KOCMNYECKOIO HA3SHAYEHWSA

Tapacos Anatonun leHHapbeBuy,
K.T.H., AOKTOpaHT BoeHHo-kocMuyeckon akagemum umermn A.@. Moxarickoro,
r. CaukT-TMetepbypr, Poccus, Atol-77@mail.ru

MuHakoB EBrenui MNetpoBuy,

A.T.H., npodeccop, npodeccop kadenpsb! ynpasreHns opraHN3auMOHHO-TEXHNYECKUMU

cucTeMaMm KOCMUYEeCKoro HasHavyeHus BoeHHo-kocMmuueckonm akagemumn umenun A. d. Moxkanckoro,
r. Cankr-MeTepbypr, Poccus, ep.minakov12345@mail.ru

AHHOTALMA

Kocmuueckme cpenctBa OTHOCATCS K BbICOKOHAZEXHbIM TEXHUYECKUM yCTporncTBaM. Ho 3Hauntenb-
Hasl CJIOXKHOCTb NPOTEKaLMX NPKY NOArOTOBKE pakeT KOCMUYECKOro Ha3Ha4YeHu s K Nycky 1 npose-
[AEHVM Nnycka NpoLeccos, 6oJibLuas 3HeProeMKOCTb STUX MPOLECCOB, BbICOKAst LieHa OLWMBOK 3KCry-
aTUPYIOLLEro NepCoHasa, HETOYHOCTEN KCMITyaTaUuMOHHON OKYMEHTaUMM, AePEKTOB KOCMUYECKUX
CPeACTB, HEBEPHO MPUHSATLIX PELUEHMI JaloT OCHOBaHWE caefiaTh BbIBOA O TOM, YTO aKCrJlyaTaums
KOCMMWYECKUX CPEACTB — 3TO AEATESIbHOCTb, CBA3aHHAsA C BbICOKUM ypoBHEM pucka. OgHUM 13 Hau-
BGonee onacHbIX ABMSETCS 3Tan Mycka pakeT KOCMUYECKOro Ha3Ha4YeHus, B Xo4e KOTOPOro BO3MOMXK-
Hbl B3PbIB, NOXap, NPOJIMBbI KOMMOHEHTOB PaKeTHOro TOMJINBA, B pe3ysibTaTe KOTOPbIX HAHOCUTCS
ywep6 akcniyaTupyoLLemy nepcoHasy u okpyxatowei cpege. [lomMmmmo Toro B xofe nosera paket
KOCMMYECKOro Ha3Ha4YeHVs BO3MOXEH ee B3pPbIB, MafieHne n HaHeceHuve yuepba HaceneHuo, Npo-
MbILLNIEHHBIM OBbeKTaM, okpy>atolen cpege. B HacToswee Bpems 3agayuv nMKBMgaumm nocrep-
CTBUIA aBapuil, KatacTpod 1 APYrUX NPOUCLLECTBUI B MPOLLECCe 3anyCcKOB KOCMUYECKUX arnmnapaTos
BO3JI0XKEHbI Ha aBapuHO-CracaTesibHylo rpynny, GopMmpyemMyto Ha KaXkabld MyCcK pakeT KOCMU-
yeckoro HasHavyeHus. OCHOBHbIMM 3afavYaMy aBapUNHO-CNiacaTesIbHOM rpynnbl SABSIOTCA OLeHKa
TEXHUYECKOro COCTOSIHUSA aBapUIHbIX arperaToB M CUCTEM; BbINOJIHEHME aBapUMHO-CNacaTesbHbIX
paboT; onpeaesieHre KOHLEHTPALMM NapoB KOMMOHEHTOB PaKeTHbIX TOMJIMB U HENTPaIM3aunm mx
NPOJIMBOB; TyLUEHME OYaroB NMOXapoB; 3BaKyaLus BOOPY>XXEHUS U TEXHUKN; PacinCTKa BXOAOB, Bbl-
XO[0B COOPYXXEHWI, OTKPbITUE OBEpPEeW, JIIOKOB, pa3bopka 3aBasnoB, PacymcTka AOPOT, BbIBOA, TEX-
HWKK; OTKayka BOAbl M NMPOMCTOKOB U3 COOPY>XEHUIN 1 MOMELLEHUI; 3BaKyauus NoCcTpagaBLUnX U3
30Hbl aBapun, OKazaHne NepBon MeAULMHCKOWN NMOMOLLM; BbIMOJIHEHNE OTAEsbHbIX BUAOB PEMOHT-
HO-BOCCTaHOBMTESbHbIX PaboT. MNepeuncrieHHble 3a8a4un aBapunHO-CrnacaTesIbHON rPyMmbl B LesisX
noBbieHns 6e30nacHOCTM cnacartesiel HeOBXOAMMO BbIMOJIHSATH C MPUMEHEHNEM CYLLECTBYHOLLMX
M NepCrneKkTMBHbIX poboToTexHnuyeckmx cuctem. OgHow 13 npobnem, Tpebylowmx peLueHms, SBNseT-
csl MMHUMM3aLms yuwepba B cllyyae BO3HUKHOBEHWUS SKCTPEMaJsibHbIX CUTYyaL MK, 415 peLleHmns KOTo-
po TpebyeTcs 3abnaroBpeMeHHoe NiaHNpPoBaHMe MEPONPUATUI MO JIMKBUAALUN SKCTPEMAsbHbIX
CUTYaLUi C MPUMEHEHeM TakKux pOBOTOTEXHUYECKUX CUCTEM, pa3paboTka MEeTOL0B MIaHUPOBaHUS
NMPUMEHEHUsI KOTOPbIX SBJISIETCS aKTyaslbHOM A1 HacTosiLee BpeMs 3afjaden. ABapumn 1 KaTacTpo-
dbl, IMEBLUME MECTO MpM 3KCrJTyaTaumm KOCMUYECKUX CPEACTB, ABNsoTCS ybeautesnbHbiM cBUe-
TENbCTBOM HEOOXOAMMOCTM NPOBEAEHNS UCCIIeA0BaHNI, HarnpaB/ieHHbIX Ha pa3paboTky MeToaoB
NJaHVPOBAHUSA MPUMEHEHUS POBOTOTEXHUYECKMX CUCTEM JIMKBUAALMUN SKCTPEMASIbHBIX CUTYaLUNA.

KnioueBble cnosa: pO6OTOTeXHI/I'~IeCKaFI cucTeMa; aKCcTpemalsibHaa CUtyauuns; onacHbIn d)aKTOp,’
30Ha o6ecnequV|;|; Kno4yeBad 30Ha NpUMeHeHusd.

Ana umtupoBaHus: Tapacos A.[., Munakos E.[1. MeTop nnaHvpoBaHUs npumeHeHns pobotoTex-
HUYECKUX CUCTEM JINKBUAALMMN SKCTPEMasbHbIX CUTyaL Ml B MpoL,ecce NOAroTOBKM U Mycka pakeT
KOCMUYECKOro HasHauyeHus // Haykoemkue TeXHONOrnn B KOCMUYECKMX UCCIIe[oBaHUsAX 3eMun.
2017.T.9.N2 4. C. 29-40.
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Brenenne

Jnst popMHupOBaHUS CTPYKTYpBl POOOTOTEXHHYECKOTO
xomriekca (PTK) nukBumanum SKCTpeMaibHBIX CHTyalui
(BC) ¢ nenpro 6€30MaCHOTO W CBOCBPEMCHHOTO BBITIOTHCHHUS
3amad [1I1 PKH HeoOXoauMo OmpeneNuTh CIOCOOBI B3aHMMO-
JIeHICTBUSL TOKOMOLIMOHHBIX U MAaHUIYJISUOHHBIX MOJCUCTEM
PTC B mponecce ux npumenenus. [Ipumenenne PTK npenno-
JlaraeT JiBa dTara: pa3BepThIBAHUE Ha pyOeke aTakh W HEro-
cpencreenHo nukBuaanus OC. Ilpu 30HHOM moxaxoie K Hpu-
MeHeHuto PTK [1] BbaensitoT mpoCTpaHCTBEHHO-BPEMEHHbIE
o0sacTé IEpBOTo THUIIA, IO KOTOPBIM PEIIAroTCs 33/1aui 0OHa-
pyxenusi onacHbIx ¢axropoB (OD) OC (uHDOpMAITOHHOTO
obecrieuennsi npumenenus PTC) u mpocTpaHCTBEHHO-Bpe-
MEHHBIE 00JIaCTH BTOPOTO THIA, B KOTOPBIX JOJKHO OBITH OCY-
niecTBiIeHO TpedyeMoe Bozzeiicteue PTC o Hocurens OD OC
[2]. TpeOyemble moka3aTeny ONEPATUBHOCTH M BEPOSTHOCTH
mukBuaanu 9C MOTYT OBITh JOCTUTHYTHI ITyTEM Pa3IHMYHbBIX
xomOuHarwii pacripenenenus PTC no kiiroueBbIM 30HaM Ipu-
menenus (K3IT). B cratbe npencrasien MeTos IIIaHUPOBAHUS
npuMeHenus PTC no K3II, koTopslit 0 KpUTEpUAM MPUTOJ-
HOCTU NOTEHLUANBHON Pe3yJbTaTUBHOCTH U ONEPATUBHOCTH
makBuaanuu O® 3C mo3BOJSIET ONMPEICIUTh CIIOCO0 MpHMe-
nenust PTK, ynoBnerBopsitomero 3aaHHbIM TpeOOBaHHSM 110
PE3YNBTaTUBHOCTHU U ONEPATUBHOCTH.

3anaua uiaHupoBanus npumenenusi PTC

JukBuaauuu JC U MeTo] ee pelieHust

3aja4a TUIAHWPOBAHUS TIPUMEHEHUSI POOOTOTEXHHMYECKUX
cucrem (PTC) mukunanmn OC pemaercst Kak 3aj1ada pa3sep-
teiBanus PTC B 30He oOecnieueHus (30) u 3a1aua nenepacrpe-
nenenust PTC no y3znam K3II. Ha mepBom 3Tame pemraercs
3aja4a ONTHMAJIBHOIO C TOYKH 3PEHMs YHEeprosarpar pasBep-
teiBanust PTC B 30 ¢ yuetom rabaputhsix pazmepoB PTC na
OCHOBE rpadoBoi MOIEIIH.

Pemenne 3amaun onpepeneHust cnocoda pa3BepThIBAHUS
PTC B 30He obecrieueHHs 0OCHOBAHO Ha ITPUMEHEHUH Mo du-
LUPOBAHHOM METOIMKHU IJIAHUPOBAHUS TPACKTOPUH JBUXKEHUS
PTC, B 0cHOBY KOTOPOI MOJIOKEHBI MPEACTABICHUE TPACKTO-
pUM JBIUKEHUS B BUAE OPUEHTUPOBAHHOIO AalUKINYECKOrO
rpada; anropuT™M HaxokAeHHs K Kpardyalimmx MyTeld Mexmy
JIBYMsI 3aJIaHHBIMH BEpPIINHAMHU B OPHEHTHPOBAHHOM AIMKIIH-
4yeckoM rpade; aaropuT™ Ha3Ha4eHHs BECOB BEpIIMHAM yKa-
3aHHOTO rpada ¢ yuyeToM radbapuTHBIX pa3MepoB U TpeOOBaHUI
K MuHUME3amu sHepromorpednenus PTC [3]. McxomupiMu
JTAaHHBIMHU JJIs €€ PeATU3alUH SBISIOTCA:

—  KaprorpaguyecKkue JaHHbIC;

—  JIaHHBIC TIOJyYEHHBbIE C OCCHMIIOTHBIX JIETAaTEeIbHBIX
anrnaparos;

—  nauusle, nonyuyeHHsle PTC nukBunanuu 9C;

— uucao N, . M MaccorabapuTHBIE TTOKa3aTeNn (IIH-
puna [ .. uBbicota [, (i=1, .., N, )) IIaHupyeMbIX
k npuMeHenuto PTC nuksuganun OC.

Anroput™m (opmupoBanus criocoda passeprbiBanust PTC
B 30HE 00CCIIeUeHHs BKIIIOYACT B CEOsI CJICTyIOIIHE IIart.

[ar 1. ®opMupoBaHE Ha OCHOBE UCXOHBIX JaHHBIX IPa-
da G(4, B) Taktnueckux Tpaekropuil amwxeHus. [Ipu stom

30

Bepmmnam rpada 4 = {a}, i = 1, ..., K, craBarcs B cooTBeT-
CTBHE MecTa n3MeHeHus Tpaekropuu asikenust PTC u B Buae
KOOPJMHAT {X,, },} 3a[ar0TCs UX reorpaguiecKue MeCTomomo-
JKEHUsI, a peOpaM B — y4acTKH IyTH IBMXKECHUSI MEXKIY CO-
OTBETCTBYIOIIMMH y37aMH (TIPH HAJMYUM TAKOTO MYyTH) M UX
koHurypanus. OTKIOHEHHE TAaKTHYECKOM TPAaeKTOpUH OT
1100aIbHON CBA3aHO C HAJMYHMEM 3aBajOB M TPYAHO MPOXOH-
MBIX Y9acTKOB. B kauecTBe nmapamMeTpoB KOH(pUTYpaIuy ydacT-
koB 1yt aBmxeHus PTC BrICTyHaroT:

— JMHa [, y9acTka;

— MHHHMMAalbHas IUPHHA [ «KKOPHIOPa», HEOOXOIUMOTO
s nerokeHnst PTC Ha maHHOM y4YacTKe;

— MHHHMMAaJIbHas BBICOTA [, «KOPHIOpa», HEOOXOIUMOTO
s nerokeHns PTC Ha maHHOM ydacTke.

[Mar 2. Beibop Mg mpoBeaeHHUS TalbHEHUIINX pacdyeToB
K = N, B IPENTONOKEHNH, YTO JUIS BBITONHEHHS paboT 1o
mukBuganun OC (pacuuCTKU 3aBalia, TYIICHHS 110XKapa, TOouc-
Ka MOPaXEHHOTO U T.II.) IJIaHUpyeMble K npuMeHenuto PTC
Oy/lyT HaNPaBISATHCS OHOBPEMEHHO.

[Tar 3. Haxoxxnenue K kparyalliux OyTed Mexay Ha-
YaIbHOW W KOHEYHOH BeprmmHamu rpada G(4, B). B xadectBe
HavyaJbHOW BEPIIMHBI BBIOMpaeTcs MecTo «3amycka» PTC,
B KAQUeCTBE KOHEYHON — y4YacTOK MPEICTOAIINX padoT, a B Ka-
9ECTBE BECOB pebep — /= /.

[Mar 4. IIpeobpazosanue rpada G(4, B) B G'(4, B), co-
JiepKamuii ToapKko K KpaTdailmmx myTei (1 HHIUACHTHBIX UM
BEPIINH), TOJyIEHHBIX HA TPEIBIAYIEM IIare.

[Mar 5. Haxoxnenne K KpaT4almmx MyTed MEXTy Ha-
YaIbHOW M KOHeuHO BepmmHamu rpada G'(4, B). Ilpu stom
B Ka4eCTBE BECOB pedep BHIONpAETCs BEIMUNHA!

Lecmu |, > max(ly pre i)

0,B IPOTHBHOM CIIy4ae.

[Mar 6. Ecnu K'< N, To K = K + 1 n mepexon mary 2;
B IIPOTHBHOM CJIy4ae — MEepeXo]l K CICAYIOIEMY LIary.

lar 7. IIpeobpa3zosauue rpada G'(4, B) B G *(4, B), co-
JiepKamuil Tonpko K KpaTdaiimux myTen (M HHIUACHTHBIX UM
BEPIINH), TOJy4YeHHBIX Ha Iare 5.

[ar 8. Haxoxnenune K kpaTyallmux myTed Mexay Ha-
4aJbHOW U KoHeuHoU BepiinHamu rpada G (4, B). Ilpu atom
B Ka4eCTBE BECOB pedep BbIOUpPaeTCs BEIMUNHA!

Lecmu Iy > max(lg prc i );

0,B IPOTUBHOM CIIy4ae.
[Mar 9. Ecim K< N, ., T0 K= K + 1 u nepexon mary 2;
B IIPOTHBHOM CJTydae — Iepexo/l K CIeAYIOIIeMy MIary.

[Mar 10. Ecnu 4ncno kpardadmmx myted K> N, ., TO
BBIOOP B KaueCTBE TAaKTUYECKOH TPACKTOPHUHU JBWKEHHS ILIa-
HUpyeMbIX K puMenennto PTC nepBeix K= N, . IyTeH.

brnok cxema anropur™a QopmupoBaHus criocoda passep-
teiBanust PTC B 30He oOecrieueHus mpecTaBicHa Ha puc. 1.

PesynbraroM peanu3anuu NpeIIoKEHHOIO ajaropuTMa

SABJISIFOTCS TaAKTHUYCCKUC TPACKTOPUU IABUKCHUA (pI/IC. 2), OIl-
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Puc. 1. [InanupoBanue TaKTHUECKOW TPACKTOPUH JIBUKECHUS
PTC muxBumanuu OC

TUMaJIbHBIE C TOYKH 3PEHUS TPOXOXKACHHUS 10 HUM MHHH-
MaJBHOTO PAaCCTOSHHUS IUIAaHUpYyeMbIM K mpumeHeHuio PTC.
[Tonmy4yeHHBIE peUICHNsT YYUTHIBAIOT UX rabapuTHBIE pa3Mepbl
(CymecTBEHHO BIUSIOMINE HA MPOILECC MEPEMEIICHNs) U Tpe-
00oBaHMsI K MUHUMU3aLuK dHepronorpedaeaus PTC. Mx gucio
K" 3aBucur ot pazHoBugHoCcTH PTC, mpuBiekaeMbIX sl JIMK-
Buganuu OC, u TpeOyeT 000CHOBAaHUS B KaXIOM KOHKPETHOM
cinyqae. B cinydae orcyrerBus K= N, . Kparqadiux myTed
(yxe Ha mare 3 anropuTMa) MEHSAETCS CTPaTeTUs IPUMEHEHHS
PTC — oHu mBMXKYTCS IO MEHBIIEMY YHCITy MyTeH «IpyT 3a
npyrom». IIpu MOTHOM OTCYTCTBHUHM TaKTHYECKOW TPACKTOPUHU
JIBIDKEHUS TPEOYeTCsl N3BMEHEHHE UCXOIHBIX JIaHHbIX.

Ha BTopom 3Tame oreHMBaeTCsS MOTCHIHATBHAS BO3MOXK-
Hocts PTK 1o Bozaetictuio Ha O® OC. B ciyuae, ecnu gocto-
BepHo m3BecTHH! ypoBHH OP DC mo Bcem K3IT u pecypest PTC
MO3BOJISIOT MOJMHOCTBIO0 ycTpanuth ncrognnku JC B K311, To
1esIecoo0pa3Ho MCIOJb30BaTh MapajliebHOE TPYIIOBOE MPHU-
MeHeHue 70 noiHoro yerpanenust O® 3C. Ecmu pecypca PTC
HEIOCTaTOYHO /10 TOoNHOro ycTpaneHus ucrounnka OC B K311,
HO JTOCTaTOYHO /IS HOHKEHUS 10 TOPOTOBOTO YPOBHS IENIECO-
00pa3HO HCIHONB30BaTh MAPAJUICIIFHOE WM TTOCIIEe0BaTEIFHO-
MapauIeIbHOE TPYIIIIOBOE MIPUMEHEHHE 0 IOPOTOBOTO YPOBHS
O® OC [4], 3HaueHus KOTOPBIX s pasnuaHbix O mpencras-
nensl B Ta0n. 1. Ecim pecypca PTC HemocTaToyHo Ui TIOHH-
xerust OP 3C 10 MopPOroBoOro ypoBHS IeJIeCO00pa3HO UCTIOIb-
30BaTh MMOCIEI0BATEIIFHOE TPYIIIOBOE MPUMEHEHHE JI0 TTOJTHOTO
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pacxomoBarus pecypca PTC B K3II ¢ HaubonpumM ypoBHEM
O BC. Ilo pesymsraTaM OLIEHUBAHHS MTOTSHITNATHHON BO3MOXK-
Hoct PTK 110 Bo3neiicTerro Ha O® DC nmpuHNIMAaeTCs perieHne
00 ypoBHe JmkBHAAMH OP — 10 MOIHOH JTMKBUIAINH HIIH 10
moporosoro ypoBas O® B xaxmoit K3I1.

Ha Tperbem 3Tame pemraercs 3ajada Ha3HaYCHUS TPYII-
el PTC mo y3mam K3I1. OgHuM U3 NepBEIX alTOPUTMOB, pas-
pabOTaHHBIX [UIA PEIICHHS TPOOIEMBI PACIpeNIeNICHNs IeTeh
(3amad, QpyHKIHIT) MEX Ty TPYIIION areHToB, SBIAeTCS Benrep-
CKHH anrOpuTM [5], KOTOPHII TMO3BOISAET PACIPECITUTh arcH-
TOB TIO IEJIEBBIM (PYHKIHSIM TaKUM 00pa3oM, 9TOOBI MUHIMH-
3MpOBATh 3aTPAThl HA UX BBHIOIHEHHE.

Kpome Ttoro, s pemieHust 3aiadul LeIepacipeieNeHus
HEpEIKO HCIIONB3YIOTCA TOAXOABl C TPHUMEHEHHEM MeToja
penakcarmii Jlarpamxa [6], THHEHHOTO MEIOYNCICHHOTO TIPO-
TPaMMUPOBAHUS U HEJIMHEHHBIX CETEBBIX IOTOKOB [7], AnHa-
MHYECKOTO MpOTpaMMHUpoBaHHA [8], HeUeTKHXx momener [9],
HelipoHHBIX cerelt [10], rereTmueckux anroputMos [11], my-
PaBBUHBIX aNTOpUTMOB [12].

Taxoke B 007acTH pacrpeneieH s Iefieil HaXOAAT TIpIMe-
HEHHEe aJTOPUTMBI Ha OCHOBE PBIHOYHOM 3KOHOMHKH [13], co-
IIACHO KOTOPBIM POOOTHI MpEAIaraloT cOOCTBEHHbIE IIEHBI 32
MOAXOSIIHE [Tl HUX 1enn. OTHAaKo B 3TOM CIIydae ONTHMAallb-
HOE IieniepacrpeaereHie He rapantupyercs. Kpome Toro, xe-
JlaeMble IIEJEBbIC TIO3UIMN JOJDKHBI OBITh M3BECTHBI 3apaHee
JUISL BBIYMCIICHNS IIEHBI KaX/IbIM Y9aCTHUKOM ayKIIMOHA.

JlpyruM BO3MOKHBIM PEIICHHEM 33/add PacCIpeiescHHs
Henell SBISEeTCS WCIIONB30BAaHUE ITOTEHIIUAJIBHBIX ITONEH IS
TIPUTSDKEHNS. POOOTOB K CBOOOTHBIM IIEJICBBHIM TO3HMIISIM [ 14].
JlocToMHCTBaMH1 TAHHOTO TIOAXO/1A SIBIISTIOTCS €10 JEHEHTPAIIH30-
BaHHOCTH M CIIOCOOHOCTH OTHOBPEMEHHO pEIIaTh 3a/1aqy ILese-
pacripeniesieHnst ¥ CHHTe3a CTPYKTYyphI cTpost. Hemocrarok 3toro
TIOZIXOZIA TIPOSIBJIACTCSI B TEX CITydasix, KOT/Ia CEHCOPHAs H KOMMY-
HHUKAI[MOHHAS TIOICUCTEMBI pOOOTOB HE TIO3BOJITIOT UICHTH(DHIIN-
POBaTh yXKe 3aHATYIO EJIEBYIO O3HIUIO Ha JJOCTATOYHOM y/aJie-
HHH, 9TO TIPUBOANT K UX U30BITOYHBIM IIEPEMEIICHISM.

B Oomnee cnokHOM ciaydae U JOCTH)KEHHS OJHOW IIeH
MOTYT OTPeOOBaThCS HECKOIBKO poOoToB. Llenn, BEIOpaHHBIE
HEIOCTATOYHBIM KOJMYECTBOM POOOTOB, HA3BIBAIOTCS Heole-
credeHHBIMH. B 3TOM cirydae B [15] mpeamaraeTcst HCTIONb30-
BaTh AJITOPUTM KOJUIEKTHBHOTO YIyUIIeHUS TaHa. [laHHBII
anroput™ TpedyeT ampruopHOI HHPOPMALINH O YHCIIe POOOTOB,
HEOOXOIUMBIX JUIST 00eCIIEUEeHU KayK IO IEIIH.

Takum 00pazoM, Ha TaHHOM dTare (pOPMUPYIOTCS CIIOCO-
051 B3auMoeiicTBus JokoMonmonHon (JIIT) 1 MaHUTTYIAIINOH-

Tabnuya 1
[Toporossie 3nauerns OO DC
KiroueBast 30Ha nprMeHeHuUs (aBapuifHas 30Ha)
CocraB ACD
paaranuoHHas XUMHYCCKast TepMUYIECKast pa3pyn1eHI/H‘/’I 3aTOIIEHUI
Henoex 8-80 P/u Huxe [TIK Jlo 12,5 kBt/m2 0,2-0,3 kr/em2 V =225 wmlc
B 3aI[UTHOU OACKIE BIl
PTK (PTC) >80 P/u Beimre T1JIK cpbie 12,5 kBr/u2 >0,3 kr/em2 V. >2.5 mlc
Trc>2000C ’ s
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Puc. 2. Cxema anroputma omnpeseiacHus cnocoda passeptoiBanus PTC B 30He obecnieyeHMs

Ho#t noxacucrem (MIT) PTC no K3II. [nst kaxaoro criocoba
npumenerns PTC ompenensiorcs Bpems mukBupaimun OO
OC u pacxon pecypcos JIIT u MII. o pacxomy pecypcos JIIT
n MII onpenensiercst konmndectBo K311, B KOTOpBIX perieHa 3a-
nmaua o auksugamun Od OC.

32

Ha YETBEPTOM ITalme 1o KpUTCPUIO MPUTOAHOCTU ITOTCH-

LmanbHol pesynsratnsHoctd Jy, = Uy, = AW, — AW, . > 0

1 KPUTEPHUIO ONITUMABHOCTH BpeMeHH JmKkBraaimy OP 3C PTK

J, = min{At } onpezensercs panMOHAILHOE paclpe/ieeHue

PTC o yzmam K3I1 ¢ anpriopHo BeIsiBIeHHBIME ypoBHIME OD DC.
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Crnoco0bl npuMeHeHHs | Lesepacinpee/ieHne

PTC npu nnanupoBanuu juksuganuu IC

Henepacnpenenenne PTC no K3IT 3C nposonunocs mpu
CJIC/TYFOLIMX NCXOTHBIX JIAHHBIX:

obnmacte DC ammpokcumuponana 18 K3II co cnemyrommu-
mu 3HaueHus OD B ynoBHbix enuuunax: K3I11,5,13,17=12;
K3I12,4,14,16=16; K3I13,8,10,15=18; K3I16=10; K3I19=20;
K3I112,18=8; K3I17,11=14;

romoreHHas crpykrypa Bkiarodaer 10 PTC co cuenyro-
UMK XapakTepucTukamu: pecype MIT W, =26 ycn.en.; pe-
cypc JIIT L, =800 yci.en.; cpennss CKOPOCTh MEPENBUKEHHS
VPTC:60 M/MUH; TPOU3BOIUTEIBHOCTh MII ApTc=5 en/MuH;

reTeporeHHast CTpPYKTypa BKIIIOYAeT:

4 PTC c xapakrepuctukamu: pecypc MIT W, =40 ycn.en.;
pecype JIIT L, =800 yci.en.; cpennss CKOpOCTh MEPEIBUKEHHUS
VPTC:l6O M/MUH; TIPOU3BOAUTEIHHOCTE MIT XPTC:4 el/MuH;

4 PTC c xapakrepuctukamu: pecypc MIT W, =20 ycn.en.;
pecype JIIT L, =900 yci.en.; cpennss CKOpOCTh MEPEIBUKEHHUS
VPTCZZSO M/MUH; TIPOU3BOAUTEIBHOCTE MIT XPTCZZ el1/MuH;

2 PTC c xapakrepuctukamu: pecypc MIT W, =10 ycn.en.;
pecype JIIT L, =1100 ycn.en.; cpeqnss CKOpOCTh TEPEIBHKE-
nus V, =330 m/mMun; iponsBoauTtensHocTs MITA, =2 en/mMum.

OreHuBaHKe NOTEHIMAILHON Bo3MokHOCTH PTK 1o Bo3-
nerctBuio Ha O® DC mokaszano, yro pecypcsl MIT PTC no-
3BOJIAIOT MONHOCTBIO JUKBUAUpoBaTh OD 3C mo K3II. Ilo-
TEHIMAJIbHAS  PE3YJbTaTUBHOCTh TOMOTEHHOM CTPYKTYpBI
OTIPEAECISIETCSI CIIETYIONIMM BBIPaKEHHEM

W, = 10* W, =10%26 =260 ycn. en.

HOTGHLII/I&HLH&H PE3YIbTATUBHOCTD I‘eTCpOFCHHOfI CTPYK-
TYPBI OIIPCACIIACTCA CICAYIOMIUM BbIPpAKECHUEM

WWW.H-ES.RU
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W = 4% Wy T 4% Wi, + 2% W
=4*40 +4*20 +2*10 =260 ycu. en.

[Torenumanbuas onacHocTh (hakropo DC ompenensercs
CJICYIOIIMM BhIPOKCHHEM

PTC3

10
W, = YW, =258,
i=1

Ilo pe3ynbraram oLeHUBaHUS NOTEHLUAIBHON BO3MOXKHO-
ctu PTK mo Bozzaeiicteuio Ha OP DC cnemyeT BBIBOA, UTO pe-
cypcest PTC mo3BomnsttoT nomHOCTHIO yeTpanuTs OP OC B K311,
B CBS3HM C Y€M 3a OCHOBY NPHHUMAETCS PACcCCPEIOTOYCHHOE
npumenerne PTC mo y3mam K3I1. B 3aBucumoctu ot tuma 9C
PTC moryt npumensaThest 1100 oT rpanngnbix K311 (moxapst,
HaBOJHEHUsI, 3aBajibl) 100 B Jr00bIX y3nax K3II (mposuBe
KPT, panmnoakTuBHOE WM XMMHYECKOE 3apakeHue). Takum
obpa3zoM cHOpPMHUPOBAHO MHOKECTBO CIIOCOOOB MPUMEHEHHSI,
BKJIFOUaroIIeecs: B ce0sl paccpeioTOYeHHOe IIPUMEHEHUE reTe-
porentnoro PTK B nro0six y3nax K3IT (crioco6 1), paccpenoro-
yeHHoe npuMeHerne romorenHoro PTK B mro6pix y3max K3I1T
(coco6 2), paccpeaoTOYeHHOE MPUMEHEHHE TeTEPOTeHHOTO
PTK ot rpannunsix K3I1 (croco6 3), paccpeaoToueHHOe pu-
MeHenue romorenHoro PTK ot rpanmunsix K311 (crioco6 4).

Haznauenne rereporernsix PTC mo y3mam K3II ¢ mpu-
MeHeHueM BeHrepckoro anroputma aiis crocoda 1 mo stamam
MIPEJICTaBICHO Ha puc. 3.

Pacxon m octarounsiii pecypcest JIIT u MIT PTC, a Taxxe
BpemeHa niepensrxkernst U aukBugaun O® OC mo K3IT na
Pa3NUYHBIX ATanax IPUMEHEHUS IPEICTaBICHBI B Ta0M. 2.

Haznauenne romorennsix PTC mo y3mam K311 ¢ mpumene-
HueM BeHrepckoro anroputma s crocoba 2 1mo sTarnam npe-
CTaBJIeHO Ha puc. 4.

a)

B)

Puc. 3. Haznauenne PTC o y3nam K3I1 ans paccpenoTodeHHOTO MPUMEHEHUS
rereporeaHoro PTK B mo6s1x y3max K3I1

a)

H&ES RESEARCH, 4-2017

B)

Puc. 4. Haznauenne PTC o y3nam K3I1 ans pacepenorouennoro npuMeHenus: romoreHHoro PTK B mro0six y3max K3I1
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Pacxon u ocrarounstit pecypcst JIIT u MIT PTC, a Taxxe
BpemeHa mepeapkerns u nukBuganua O® 3C mo K3II Ha
Pa3IUYHBIX 3TAIaX MPUMEHEHHS IPeCTaBICHBI B Ta0I. 3.

Haznauenwne rereporenusix PTC mo y3mam K3IT ms cro-
co0a 3 1o TamaM mpeACTaBICHO Ha PHUC. 5.

Pacxon u ocrarounsiit pecypcest JIIT u MIT PTC, a Taxxe
BpemeHa mepeapwkerns u nukBuganun O® 3C mo K3II Ha
Pa3IHYHBIX dTaNaxX MPUMEHEHHUS TPEICTaBICHBI B Ta0II. 4.

Haznauenne romorennsrx PTC mo y3mam K3IT st cioco-
0a 4 1o sTarmaM IpeACTaBICHO Ha pHC. 6.

Tabnuya 2
Pacxon u ocrarounstii pecypcest JIIT u MIT PTC, a Takke Bpemst mpuMeHeHHS 110 dTanaM JukBuganun OD 5C cnoco60MLi
PTC W, ol Lprs Oran 1 Oran 2 Oran 3
en M AWij AWPTC tnm(s ALO] ALPTC tm 001 AVVIJ AWPTC JIMKB ALO] ALPTC tm 00111 AWij AWPTC JIMKB. ALO] ALPTC tmtoﬂ
1 | 40 | 800 | 20 20 [ 5(200]600| 2 7| 14 6 3,5[1200| 400 | 2 [55] 6 0 [1,5]141259] 1 R
2 | 40 | 800 | 18 22 14,5[300(500| 2 [65] 12 10 3 1200| 300 | 2 (55| 6 4 |1,5(141(159| 1 |25
3 |40 | 800 | 18 22 1451241559 2 65| 12 10 3 (341 217 | 3 5 8 2 2 1241 O 2 | 4
4 | 40 | 800 | 18 22 1451241559 2 |65 12 10 3 1341 217 3 6 4 6 1 100|117 | 1 2
5 120 (900 18 2 911001800 1 | 10| 2 0 1 241 | 559 1 6 0 0 0] 0 |55 1 ]2
6 | 20 | 900 | 16 4 811341559 2 | 10| 4 0 2 (383176 | 2 | 2 0 0 0| 0 |176| 2 | 4
7 120|900 16 4 81341559 2 | 10| 4 0 2 (441 117 | 2 | 4 0 0 0| 0 |117| 2 | 4
8 | 20 [900]| 16 4 81141759 | 1 4 0 2 1200| 559 1 4 0 0 0| 0 |55 13
9 | 10 |1100| 10 0 5114119591 1 6 0 0 0 0959 | 0|3 0 0 0] 0 (959 01O
10 | 10 [1100| 10 0 51283817 1 6 0 0 0 0 817 | 0 | O | O 0 0 0 |87 01O
260 (9000| 160 2331 10 | 64 2349 0|24 | 12 624 6
Tabruya 3
Pacxon n ocratounstit pecypcest JIIT u MIT PTC, a takke Bpemst mpuMeHeHHs 1o dTanam JukBuganuin OD 3C cmocodom 2
PTC W, o Lpres Oran 1 Oram 2 Oran 3
en M AWij AWPTC JIMKB ALoj ALPTC tn_e@ thLu AWij AWPTC JIMKB ALoj ALPTC tlﬁ@x AWij AWPTC JIMKB ALoj ALl’TC tn_ew thLu
1 | 26 [800]| 20 6 [10| 200 | 600 | 4 | 14| O 6 0 0 600 | 0| O] 6 0 3 | 141259 1 |25
2 | 26 | 800 18 8 9 1300 5005 |14 8 0 4 (341 159 | 6 | 10| O 0 0 141|159 1 |25
3 |26 (800 18 8 91241 |559 | 5|14 O 8 0 0 559 | 0| O] 6 2 3 1241 0 2 |4
4 | 26 | 800 18 8 91241 559 | 5 |14 | 8 0 4 (441 117 | 8 |12] O 0 0 [100|117| 1 2
5 |26 (800 18 8 91100 [ 700 | 2 | 11 | 8 0 4 (241 459 | S| 9] O 0 0 0 [559] 1 2
6 |26 [800| 16 | 10 | 8 | 341 | 459 | 6 | 14| 10 0 S |1100f 359 (27| 0 0 0 0 [176| 2 | 4
7 126 |800| 16 | 10 | 8 | 341 | 459 | 6 |14 ] 10 0 51100359 (27|60 0 0 0 [117] 2 | 4
8 [ 26 (800 16 | 10 | 8 | 141 | 659 | 3 | 11 | 10 0 5 |1100f 559 (27| O0 0 0 0 [559] 1 3
9 |26 |800]| 16 | 10 | 8 | 141 | 659 | 3 | 11| 10 0 0 [100] 559 [ 2| 2] O 0 0 0 [959] 0 | O
10 | 26 [800 | 14 | 12 | 7 | 283 | 517 | 5 |12 12 0 0 (400| 117 | 7| 7| O 0 0 0 [817] 0 | O
260 [8000| 170 2331 14 | 76 1824 12| 12 2 624 6
A U Y 3 5 AEERE
"B m o P e [ [ T
| pTK
a) 0) B)
Puc. 5. Haznauenne PTC no yznam K3I1 gt paccpenorodenHoro npumenenus rereporenHoro PTK ot rpannynsix y3ino K311
34 WWW.H-ES RU



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

Tabnuya 4
Pacxon u ocrarounsrit pecypcest JIIT u MII PTC, a takxe Bpemst mpuMeHeHHs 110 dTanam Juksuaan Od 5C cnoc060MLZl’>
PTC W, ol Lpres Oran 1 Oram 2 Oram 3
en M AWij AWPTC JIMKB. ALoj ALPTC tm 001 AWij AWPTC JTHKB AI_Dj ALPTC tm toﬁm AWij AWPTC JIMKB ALO] ALPTC tn_ewtoﬂ
1 |40 [800| 12| 28 3 1100{700| 1 | 4 | 14 14 |3,5|/100]|600| 1 [45] 12 2 3 (100|500 1 | 4
2 |40 [800| 16 | 24 4 1100|700 | 1 5118 451100600 1 |55 6 0 1,5 100|500 1 |2,5
3 140 [800| 16| 24 4 (100|700 | 1 5118 6 451100600 1 |55 6 0 1,5 (100|500 1 |25
4 | 40 [800| 12 | 28 3 [100(700( 1 | 4| 14 14 [3,5|100({600| 1 |45]| 12 2 3 (100|500 1 | 4
520|900 18 2 9 |100{800| 1 | 10| 2 1 [100[700| 1 | 2 0 0 700 0 | O
6 | 20 (900 8 12 4 1100|800 | 1 5110 5 | 100|700 | 1 6 2 0 700 0 | O
7 120 (90| 0 20 0 0 |90 0 | 0] 20 10 1200|700 | 1 |11 0 0 700 0 | O
8 [ 20 |900]| O 20 0 0 |90 0 |0 20 900 | 0 18 2 9 1300|600 | 2 |11
9 | 10 {1100 8 2 4 1001|1000 1 5 2 0 O (1100 O | O | O 2 0 [300(800| 1 1
10 | 10 |1100| O 10 0 0 (11001 O | O 10 0| 0 (1100 O | O | 10 0 5 300|800 1 | 6
260 {9000| 90 700 10 | 96 800 11 | 64 10 1300 11
1 3 4 5
PTK
a) 0) B)

Puc. 6. Ha3nauenue PTC no y3nam K3II s pacepenorouenHoro npuMenenust romoreHHoro PTK ot rpannunsix y3inos K311

Pacxon n ocrarounstit pecypest JIIT u MII PTC, a takxe
BpeMeHa nepensmkenns U ymksuaamun O@ 5C no K3I1 na
Pa3IMYHBIX ATAIaX MPUMEHEHHS IPeCTaBIEHBI B Ta0I. 5.

Jnist maHHOTO CII0Cc00a IMTPUMEHEHHST BO3HUKAET YETBEPTHIN
atan HazHadeHust romoreHHbIX PTC mo y3mam K3I1, koTopsrit
IPeACTaBlIeH Ha puc. 7.

Tabnuya 5
Pacxon u ocrarounsiit pecypcest JIIT u MIT PTC, a Takkxe Bpemst TpuMeHeHHs 10 dTanam JukBuganun O 5C cnoco60lel
PTC W, ol Lpres Oran 1 Oran 2 Oran 3
en M AWij AWPTC JIMKB AL(:vj ALPTC tn_ew 0011 AWij AWPTC JIMKB. ALO] ALPTC tn_ew 00111 AWij AWPTC tﬂMKB ALO] ALPTC tm t06m
1 |26 800 12 14 6 |100(700| 2 | 8 | 14 0 7 [ 100 (600 2 | 9| O 0 0] 0 [600| O 0
2 |26 800 16 10 8§ | 100700 2 | 10 | 10 0 5 100 (600 2 | 7| O 0 0] 0 [600| O 0
3126 800 16 10 8§ 100700 2 | 10| 10 0 S |100 (600 2 | 7| O 0 0] 0 [600| O 0
4 | 26 800 12 14 6 |100 (700 2 | 8 | 14 0 7 | 100 {600 2 | 9| O 0 0] 0 [600| O 0
5126 800 18 8 9 100700 2 |11 ] O 8 0 0 (700 O | O | 8 0 4141|559 3 7
6 | 26 | 800 | 8 18 4 1100|700 2 | 6 | 10 8 5 | 100 {600 2 | 7| 8 0 4141 (459| 3 7
7 | 26 | 800 8 18 4 1100|700 2 | 6 | O 18 0 0 (700 0 | O | 12 6 612411459 5 11
8 | 26 {800 O 26 0 800 0 | O | 20 6 10 | 200 (600 | 4 | 14| 6 0 3141459 3 6
9 126 |80 0 26 0 800 0 | O 26 0 0 (80| 0 | 0| 18 8 9 1300(500| 5 | 14
10 | 26 | 800 | O 26 0 800 0 | O | O 26 0 0 |800| O 16 10 |8 [300|500]| 5 13
260 [8000| 90 700 111 78 700 14 | 68 24 1264(5336 14
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Puc. 7. Haznauenne PTC no yznam K3I1 anst paccpenorodeHHOro
npumenenust romoreHHoro PTK ot rpannunsix y3nos K311
YEeTBEPTOTO dTara MPUMEHEHUS

Pacxox pecypcos JIIT u MIT PTC myst wetBepToro 3rarma JImK-
Buparmn O® OC, a Takxke ocrarounsiii pecype JIIT u MIT PTC
TIOCIIe YeTBEPTOTO dTama IMPUMEHEHHS TIPeICTaBIICHBI B Ta0M. 6.

Pacxon pecypca MII PTC mo stanam miist pacCMOTpPEHHBIX
Ccroco00B MPUMEHEHU MIPEICTABIICH Ha PHC. §.

Pacxon pecypca JIIT PTC mo stamam a1 pacCMOTpPEHHBIX
Ccroco00B MPUMEHEHU MPEICTABICH Ha PHUC. 9.

Bpemena mukumammn O® DC mo sTamam I paccMo-
TPEHHBIX CIIOCOOO0B MIPUMEHEHHUS TIPEACTaBICHBI Ha puc. 10.

Oo6ummit pacxon pecypca MIT PTC mist paccMOTpeHHBIX
Croco00B MMPUMEHEHUSI MTPECTaBIeH Ha puc. 11.

OO6mmit pacxox pecypca JIIT PTC mis paccMOTpeHHBIX
croco00B MPUMEHEHU MIPECTABICH Ha puC. 12.

Tabnuya 6
Pacxon n ocratounstii pecypcest JIIT u MIT PTC, a Takyke Bpemst TPpUMEHEHHS JIsl YeTBEPTOTO dTara
muksuganun O® 3C cmocodom 4
PTC W, L 11213(4|5]6[7(8|9/[10(11|12{13[14|15|16[17]18 Aaw law AL | AL
el PTC’M 4 10 0 0 0 8 0 0 0 0 O O O O ij PTC tJ'H/IKB ] PTC TIepeB o6url
1 0 600 0 0 0 0 | 600 0 0
2 0 600 0 0 0 0 | 600 0 0
3 0 600 0 0 0 0 | 600 0 0
4 0 600 0 0 0 0 | 600 0 0
5 0 559 0 0 0 0 | 559 0 0
6 0 459 0 0 0 0 | 459 0 0
7 6 459 |1 4 2 2 |400| 59 7 9
8 0 459 0 0 0 0 | 459 0 0
9 8 500 1 8 0 4 | 141 | 359 3 7
10 10 500 1 10 0 5 1200 | 300 4 9
24 | 5336 |{0|0|0|0O|O]|Of[O|O|O|O|O|O|O|O|O]|O|O|O| 22 | 2 741 | 4595 9
180
160
140
120
=
= 100
g
5 &0
a
60
40
20 I
[, m i
1aran 2 3tan 33ran 4 3ran
mcnoco61 Mcnoco62 Mcnoco63 Mcnocobd
Puc. 8. Pacxon pecypca MII PTC o stanam npuMeHeHust
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Puc. 9. Pacxox pecypca JII1 PTC mo stanam npuMeHeHHs
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Puc. 10. Bpemena nuksugannu O® OC no sTanam npuMeHEHUst

pacxoa pecypca M

mcnoco61 Mcnoco62 MWcenoco63 Mcnocobd4

Puc. 11. O6mwmit pacxon pecypca MIT PTC
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Puc. 12. O6mwmii pacxon pecypca JIIT PTC
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Bpemsa nuxenaauyun 0P 3C

mcnoco61 Mcnoco62 MWcnoco63 Mcnocob 4

Puc. 13. Bpems nuksuaanun OD OC

Bpemst mukBuganmn O® OC 11t paccMOTPEHHBIX CIOCO-
00B NMPUMEHEHHS NPE/ICTABICHBI HA puC. 13.

3aki04ueHue

[lo momydeHHBIM pe3ynbTaTaM MOAEIHUPOBAHUS MOXKHO
CeIaTh CIEIYIOIIUE BHIBOBI:

—  PaccpemoTOYEHHOE NPUMEHEHUE TETEPOTEHHBIX U T0-
morenHbIXx PTC B y3max K3II obecnieunBaer mydmve rnokasa-
TEJIH 110 BpeMeHHU JukBuganuu IC;

— roMoreHHas ctpykrypa PTK mmeer mpeumymecTBo
riepex rereporeHHo 1o pacxoxy MIT PTC, uro obecrieunBaeT
norHOTY JmkBuaamun Od 3C;

—  PaccpeOTOYEHHOE MPUMEHEHHE I'eTEPOreHHbIX U I0-
moreHHbIX PTC ot rpannusbix y3noB K3I1 munumuzupyer pac-
xof JIII, KOTOpBIif MOXKET MOBBICUTH BEPOSTHOCTD JIMKBHIALUI
O® npy M3MEHEHNH IPOTHO3UPYEMBIX YCIIOBHi pa3BuThs OC.
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A METHOD FOR SCHEDULING USE OF ROBOTIC SYSTEMS THE ELIMINATION OF
EXTREME SITUATIONS IN THE PROCESS OF PREPARING AND LAUNCHING SPACE

ROCKETS

Anatoly G. Tarasov,
St. Petersburg, Russia, Atol-77@mail.ru

Evgeny P. Minakov,

St. Petersburg, Russia, ep.minakov12345@mail.ru

ABSTRACT

Space vehicles belong to the highly reliable technical devices. But much of the difficulty occurring
when preparing space rockets for launch and launch processes, high energy intensity of these pro-
cesses, the high price of the mistakes of the operating personnel, the operational documentation
inaccuracies, space vehicles defects, wrong decisions taken give reason to conclude that exploita-
tion of space vehicles is an activity associated with a high level of risk. One of the most dangerous
stage is the start of a space rocket, during which the possibility of explosion, fire, spills of rocket fuel
components, which causes damage to the operating personnel and the environment. In addition,
during the flight of the space rocket possible explosion, falling and damage to the population,
industrial objects, the environment. Currently, the problem of elimination of accidents consequenc-
es, disasters and other incidents in the process of launches of space vehicles assigned to rescue
a group formed on each start-up of space rockets. The main tasks of the rescue group are the as-
sessment of the technical condition of the alarm units and systems; performing rescue operations;
determination of vapors concentration of rocket fuels components and neutralize their Straits; the
quenching of fires; the evacuation of weapons and equipment; clearing the inputs, outputs, struc-
tures, open doors, hatches, demolition debris, clearing roads, the output of machinery; pumping
water and industrial wastewater from buildings and facilities; evacuation of victims from the area
of the accident, provide first aid; perform certain types of repair work. These tasks rescue groups in
order to improve the safety of the rescuers must be performed with the use of existing and future
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robotic systems. One of the problems to be addressed is to minimize the damage in case of ex-
treme situations, which requires advance planning of measures on liquidation of extreme situations
with the use of such robotic systems, the development of planning methods which is relevant for
the present task. Accidents and disasters that occurred during the exploitation of space vehicles
are a clear indication of the need for research aimed at developing methods of planning the use of
robotic systems the elimination of extreme situations.

Keywords: the robotic system; extreme situation; hazard; area security; a key application area.
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AHHOTALMA

PaccmoTpeH oauH 13 nokasaTtesieit KayecTBa, CBA3aHHbIN C BPEMEHHOMN N3BbITOYHOCTbIO, MO3BOIS-
foLen cucTeMe BbIMOJIHATL 3aAaHVe B Cllydae ee HapyLUueHusi U BO30bHOBNeHUs paboTbl npu Ha-
JMunm n3bbiTouHoro Bpemenu. lMpeanaraeTtcs pacnpocTpaHnTb NMokasaTtesb HagEXHOCTU ANs CU-
CTEM C BPEMEHHOW N30bITOYHOCTHIO Ha MHPOPMALIMOHHO-N3MepUTESIbHbIE cUCTEMBbI. PaccMoTpeHbl
clyvav BO30OHOBEHMS BbINOJIHEHUS PaboTbl MHGOPMALMOHHO-U3MEPUTESIBHOW CUCTEMbI NOCe
OTKasa Npu MrHOBEHHOM MCMNPaBEHUN U3MEPUTESIbHOTO KaHasla CUCTEMbI, @ TakXe CO C/lyYalHoM
3agepxkon. [puBeaeHbl BblpaXkeHUs A5 pacyeToB ABYX NePBbIX LEHTPasibHbIX MOMEHTOB Ciy-
YalHOW BEJSIMYMHBI U3BLITOYHOTO BPEMEHU CUCTEMbI C BPEMEHHOMN M3bbIToYHOCTLIO. MpeanoxeH
CMocob HaxoXAeHUsi BePOSITHOCTU BbIMOSIHEHWS 3aAaHNs CUCTEMON MPU NPOU3BOJIbHBLIX HE 3KC-
MOHEHLMasbHbIX MJIOTHOCTSIX BEPOSITHOCTEN BPeMeHu De30TKkasHOCTU U BoccTaHoBseHus. MNpu-
BeeHa 3aBUCUMOCTb BEPOSITHOCTU BbIMOJSIHEHUSI PabOTblI CUCTEMON C Pe3epPBOM BPEMEHU OT ee
FrOTOBHOCTU.

PaccmoTpeHbl fBa criocoba HakomnieHWs 1 NoTepu onpeAeneHHoOro Koamyectsa nHbopMaLmmn uH-
$OopMaLMOHHO-N3MEePUTESILHOW CUCTEMOW MPU BbIMOSIHEHWMN el 3apaHus. B nHterpansHoe ypas-
HeHVe NS onpefeneHns BePOATHOCTM BbINOJSIHEHUS 3aaHUSi CUCTEMON U e€ pelleHne BBOAATCS
napameTpsbl HakomnneHus nibopmauum npu paborte 1 Nnotepu MHGopPMaLMUK NPU BOCCTAHOBNEHWUMN
cuctemsl. [lokaszaHo, Kak B 3TOM ypaBHEHUU yunTbIBaTb MHGOPMALMOHHbIE NapamMeTpbl, CBi3aHHbIe
C HaKOMJIEHWEM 1 MoTepen KonuyecTsa nHpopmMaumn B npouecce pabotsl cucremsl. MpreeaéH
MpPoCTon Npumep pacyéta BEPOSTHOCTU BbINOJHEHUS 3aAaHNS MHPOPMALMOHHO-M3MEPUTESIbHOM
CUCTEMOM C BPEMEHHOW M3DbITOYHOCTBIO MPU YCIIOBUM, YTO 3a NMepPUoAbl akTUBHOWM paboTbl OHa Ha-
KanivBaeT UsMepuTesbHY0 MHPOPMaLNIO, a 3a MePUOAbI BOCCTAHOBJIEHUS ee TepsieT.
PekomeHpyeTcs McCrnosib3oBaTh MOJSlyYeHHble pesysibTaTbl B CeTeBbIX MHGOPMALMOHHO-U3MEPU-
TeJIbHbIX CUCTeMaX AJ151 AOCTUXKEHMS ONTUMASIbHbIX PELLEHUN.

KnioueBble croBa: BpemeHHas M3bbITOYHOCTb; UHTErpanbHOE ypaBHEHNE; BEPOSITHOCTb BbIMOJI-
HEeHWs 3afaHusi; HakomnseHne u nortepsi MHbopmauun; nHdopmaLmoHHas paboTta n peHtabesnb-
HOCTb; OMTMMasIbHbIE 3aAa4N A1 CETEBbIX MHPOPMALIMOHHBIX CUCTEM.

Ana untupoBanusa: CmaruH B.A., Jlaspos P.O., borganey A. B., LLinpsmos O.A. Pac4éT nokasate-
N1 BEPOSATHOCTU BbINOSIHEHMSA U3MEPUTENIbHOWN 3afaun NHPOPMaLMOHHO-U3MEPUTESIbHOWN CUCTe-
MOW C BPeMeHHOW u3bbITouHoCTbIo // Haykoemkme TEXHOMOrMM B KOCMUYECKUX UCCIIeA0BaHUAX
3emnun. 2017.T.9.N24.C. 42-47.
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BBegenue

CoBpemeHHbIe HH()OPMAITMOHHO-U3MEPUTETBHBIE CHCTEMbI
CTPOSITCSI HA OCHOBE BBIYMCIIMTEIBHON TEXHUKU. B oTmdne ot
CHCTEM MPOIIIOT0 BeKa, KOTOPBIE XapaKTEePH30BAINCH BEICOKAM
YPOBHEM 3HEPreTHUECKON M HU3KHM YPOBHEM HH(OPMAIHOH-
HOH HACBIIIEHHOCTH, CHCTEMbI HACTOAIIETO BEKa OTINYAIOTCS
HU3KHM YPOBHEM SHEPIeTHUYECKOH M BBICOKUM YPOBHEM HH-
(opMaIoHHO HackIeHHOCTH. MIH(pOpMaIoHHas HHTCHCHB-
HOCTH TPOIIECCOB YIPABICHHS MPHCYIIA TAKXKE COLUATBHBIM
cHCTeMaM M HMX KOMIOHEHTaM. BypHO pa3BHBaiOTCS HOBBIE
nH()OPMAMOHHBIE TEXHOIOTHH, HAOMIONAeTCS 3HAYMTEIBHBIN
mporpecc B obmacti nHpopMaTH3anun odmecTsa [1].

Bricokast 3 peKTHBHOCTE MPOIIECCOB YIIPABICHHS B COBpE-
MEHHBIX H3MEPUTEIBHBIX CHCTEMax OOyCIIaBIMBACTCS, PEXKIIE
BCETO, WCIOJIb30BAHIEM BBICOKOIIPOM3BOANTENHFHON BBIYHCIIN-
TeNbHON TeXHUKH. CeroiHs NpakTHIECKN HeT TaKkoi c(epsl ue-
JIOBEYECKOW AESTEIILHOCTH, T7ie OBl HU HCTIOIb30BAINCH BBIUHC-
JMTETbHBIC CPEACTBA, B TOM YHCIIE U B U3MEPUTEILHON TEXHHUKE.
B XX Beke miaBHO€ BHUMaHUE HayKH COCPENOTAUYMBAJIOCH Ha
pa3paboTke aBTOMATH3HMPOBAHHBIX HH()OPMAIIOHHO-H3MEPH-
TEIBHBIX CUCTEM, MOJIENIEH MX aHaJIn3a U CHHTE3a, YCTOHIMBO-
CTH, HAA&KHOCTH M TOMEX03alUIIIEHHOCTH, HH(POPMAITOHHOMH
teopun mmepennid. B XXI mpeobmamatormii nHTEpec B HEH
YK€ OTHOCHTCSI K HH(OPMAIIOHHOI KHOEpPHETHKE, aBTOMaTHYe-
CKHM CHCTEMaM, aHaJIN3y U CHHTE3y HH()OPMAMOHHBIX CHCTEM
U ceTel MCKyCCTBEHHOTO MHTEIIIeKTa [2].

Hayunble MeTonpl aHamM3a W CHHTE3a KadecTBa M3MEpH-
TEJILHBIX CHCTEM, OCHOBHBIC KPHUTEPUH U TOKa3aTelH, pa3pa-
0oTaHHBIE B TPOIIJIOM BEKE, SIBUINCH OCHOBOH UIS JTaJIbHEH-
IIEr0 X COBEPUICHCTBOBAHUS M MOCTPOCHUSI HOBBIX METO/IOB
[3]. B macrosmiee Bpemsi OHU Bcé Ooree MpHOOPETaoT BBIpa-
JKEHHYI0 MH()OPMAIIMOHHYIO HANpaBJICHHOCTh. TakK, HampH-
Mep, Teopust 3hHeKTUBHOCTH [4] 1 KBaIUMETpus [ 5] Ha9MHAIOT
MIPUHUMATH € TIO3UINH UX Pe3yJIbTaTUBHOCTH Oonee nH(opMa-
IIMOHHYIO OKpacky. U aTa TeHaeHnus OyeT Bo3pacTars.

PaccmoTpuM 9acTHBIN BOIIpoc MHPOPMAITIOHHO-I3MEPH-
TEJIbHOW CUCTEMBI, CBSI3aHHBIN C MTOKa3aTeIeM BPEMEHHOM U3-
OBITOYHOCTH, TIPEIVIOKECHHBIA B Teopun Hané&xHoctu [6]. Ha
MIPUMEpE 3TOTO MOKA3aTelisl MOKAaKEM HACKOIBKO BAXHO TPH
ero pac4yére BBOAWNTH, M3MEPATh U yUUTHIBATh HH(POPMAINOH-
HYIO COCTaBIISIFOLIYIO.

IToka3areiu HAZEKHOCTH CHCTEMBI

NPHU HAJTMYUHM BPeMeHHOI N30bITOYHOCTH

B monorpadum [6] paccmoTpeHa cremyromas 3anaqa. 1u-
(hopManOHHO-M3MEpUTETbHAS CHCTEMA JOJDKHA HETIPEPHIBHO
paborats B TeueHHe BpeMeHH T. OTKa3 B yKa3aHHOM IpOMe-
JKYTKE BPEMEHH IPHUBOAWUT K TMOJHOMY OOECIIEHMBAHHIO pe-
3ynbTaToB €€ paboTHI, MPOJETAHHON 10 MOMEHTA OTKa3a T.

[Tpenmomaraercs, 4To BpeMs, OTBEAEHHOE HA BBINOIHE-
HHUE paboTHI CHCTEMOH, OONbIIe MUHIMAIHHO HEOOXOIMMOTO
BpeMeHH T. [Ipy BOSHUKHOBEHHH OTKa3a B TEUCHNE BPEMEHH T
M3MEPHUTENBHBIN KaHall CHCTEMBbl MTHOBEHHO 3aMEHSETCS HC-
MPaBHBIM, W paboTa HAYMHAET BBITIOJNHATHCS CHadanga. JTOT
MIPOLIECC TPOIOKAETCS 10 TeX MOp, MOKa padboTa AITUTEIHHO-
CTBIO T €AWHHIl BpEMEHH He OyJIeT BHINOIHEHA B TEUCHHE JI0-

H&ES RESEARCH, 4-2017

IMOJHUTCIBHOI'O BPEMCHU t, OTBEJAEHHOIO 151 €€ BBIIIOJIHECHUSI.
Ha ocHoBanun TEOPEMBI O IIOJTHOM BEPOATHOCTH UMEEM

P(t,t) = P(7,0) + ja(é)P(r,t -&)d¢ (1)

e a(§) — IIOTHOCT BEPOSTHOCTH BPEMEHH JI0 OTKa3a CHCTEMBI,
P(t, 0) — BepoATHOCTH BBITIOJHEHHUS PAaOOTHI CHCTEMOIT
IPH YCJIOBUH, YTO U30BITOYHOE BpeMs { paBHO HYJIIO.
Pemenne ypasuenus (1) B m3o0paxenun Jlammaca [7]
UMeeT BHA

P(1,0)

s(1- [ a@)edz) @

P(t,s)=

Ecnu B0o300HOBIICHNE BBIMOTHEHHUS pabOTHI MOCIE OTKa-
3a CUCTEMOM MPOMCXOAUT CO CIyYalHOU 3alEpKKOH, TO €CTh
¢ yu€TOM HEMTHOBHHOTO BO30OHOBJICHHSA, TO PELICHHE ypaB-
Henus (1) mpuHEMaeT Bug

P(7,0)

s1-g"(s)[ a(©)e *dg)

P(z,s)= 3)

B KOTOpOM g *(s) — m300pakenne Jlaruiaca IIOTHOCTH BEpo-
ATHOCTH BPEMEHH BOCCTAHOBJICHHSI pab0TOCIOCOOHOCTH CH-
cTeMbl nocse e€¢ orkasza. Beipaxkenue (3) Ui Ipon3BOIBHBIX
pacmpenesneHuit ObUIO IOy YeHO TOKTOPOM (prU3HKO-MaTeMaTH-
yeckux Hayk npodeccopom X.JI. Cmonunkum [8].

YkakeM Ha HeTIOCPE/ICTBEHHOE MCIIOJIB30BAHUE BEIPAKEHHUS
(3) B mpaktryecknx pacuérax. Yacto HEOOXOAMMO 3HATHh JIBa
MEPBBIX HEHTPAJIBHBIX MOMEHTA CIy4aiHOIH BEIMYHMHBI M30bI-
TouyHOTO BpeMeHu. [Tocie muddeperimpoBanms BeipakeHus (3)
TI0 TIEPEMEHHON S, TIOCIIEYIONIET0 TPUPABHUBAHKS PE3yJibTara
K HYJTIO ¥ 3JIEMEHTapHBIX IIpeoOpa3oBaHuii OyneM NMeTh

t,+[PEOdE )
t=—0 — t -1,
P(z,0)

rie t, — CpeaHss BeJIMYUHA H30bITOYHOTO BPEMEHH.
Benuunna nucnepcun n306ITOYHOTO BpeMEHU OyJIeT paBHa

a,, [a@)dg+2t, [Ea@)de + [Ea@)dg
b= P(1,0)
It, [aE)de+ [za@)der

P?(1,0)

+

)

B BeIpaxenuu (5) BenuuuHa o, — BTOPON HAYAIbHBIA MO-
MEHT CJIy4aifHOro BpEMEHU BOCCTAHOBJIEHUSI.

bornee CIOKHBIM SIBIISIETCSI HAXOXKJICHUSI BEPOSTHOCTH BBI-
MOJIHEHUS 3a/1aHUsl CUCTEMOW IpU 3aJaHHBIX BEJIMYMHAX T, 1
U TIPOU3BOJIBHBIX HE AKCIIOHEHIIMANIBHBIX IJIOTHOCTSX BEPOSITHO-
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cTelt BpeMeHH 0e30TKa3HOCTH M BOCCTaHOBIICHHUS. B o0rmmiem ciry-
4ae oT n3o0pakeHuit (2) u (3) ciemyeT mepexoauTh K HCKOMBIM
BEPOSATHOCTSIM YUCIICHHBIMH METOIaMH OOpaIieHus Ipeoopaso-
Barus Jlamraca. McmonbzoBanne TabiuI 00paTHOTO Ipeodpaso-
BaHUS JJaXKe B IPOCTEUIINX CITydasx (PAKTUIECKH OSCIIONEe3HO.

Jlnist mpakTHYecKuX pacdEToB, KOT/a BENWYNHA BEPOSITHO-
ctu P(t, f) mocraTtouHo Onm3Ka K eAWHUIIE, YOBICTBOPUTEIh-
HBII OTBET 1O TOYHOCTH BBIYHMCIICHHUS MOXET JaTh (opMyIa,
MOJyYCHHAS HA OCHOBE NMPHOMMKEHHOTO OOpaImieHus mpeoo-
pasoBanus Jlammaca mo gopmynam Andpes mwim Xaapa. ITH
dopmynsl cnenyroT u3 Gopmyasl Yaiinepa [9] — dopmyisr
mpuOIIKEHHOTO 00pareHus n300paxenus Jlammaca Ha OCHO-
BE€ CBOMCTBA (DMIIBTPAIIH IPEOOPA30BAHUS C TOMOIIBIO JEITh-
ta-pyukun lupaxa [10].

[onp3ysick, HampuMep, aNIPOKCHMAIIMOHHON (OpMyIoi
Andpes,

J(@O) = sf"(s)

S:;’ (6)

n3 Gopmyitsl (3) TOITyYHM BBIpaKEHHE
P(z,0)

(hg*(i)@a(&)elida}

P(t,t)= (7)

KOTOpOE SIBJISICTCS OLIEHKOH CBEPXY BEPOSITHOCTH BBITTOTHEHUS
3anaHus cucremoi. IlosToMy B JayibHEHIIEM NOIYYEHHYIO
OLIEHKY HEOOXOIMMO CKOPPEKTHPOBATH.

Ecnm BoccTaHOBIEHHE IOCIE OTKa3a CHUCTEMBI SIBIISICT-
Csl MTHOBEHHBIM, TO B opmyite (3) crneayer npursats f'(s)=1.
B sToMm ciryuae Beipaxkerns (4), (5) u (7) ynpomarorcs.

BaxapIM CBOMCTBOM BpEMEHHOHM M30BITOYHOCTH, IIUPOKO
UCTIONB3YEMBIM B COBPEMEHHBIX aBTOMATH3MPOBAHHBIX KOM-
IUIEKCax, SIBISIETCSl TO, YTO €€ BBEACHME IPUBOIUT K yBENH-
YEHUIO WX TOTOBHOCTH. J|€fCTBUTENBHO, COITTACHO METOIHKE,
npemnoxenHoi npodeccopom H.M. Cemsixunbm [11], Bepo-
ATHOCTD BBITTOJHEHUS 3aJaHUSI PEMOHTHUPYEMOH CHCTEMOH
C pe3epBOM BPEMEHH OIIpeAeiIsIeTcs o Gpopmyre

Py =— D)
T(t+)+O(t+T) )
. O(t+1) ’jf v,

T(t+t)+O(t+1) ©

rae T, ® — JUIUTENBHOCTH UMITYJIbCOB PabOTOCIOCOOHOCTH
U Tay3bl, OPUYEM JUTUTEILHOCTh UMITYJIbCa paboTOCIIOCOOHO-
CTH YKOPOUCHA HA BEITUUUHY T + f;

f(U) — mioTHOCTH paciipesiesieHusi BpeMEHU OT MOMEHTa
MOCTYIUICHUS] KOMAH/IbI B CHCTEMY JI0 Hayalia CJIeYIOIIEro NM-
MyJbca pabOTOCIOCOOHOCTH;

t— cpesHee u30bITOYHOE BpeMst, TOTPEOHOE JIIsl PEIICHUs
3aj[a4i JUTMTEIBHOCTBIO T MPU HAIMYUU COOEB MIIM OTKa30B
B CHCTEMeE, orpenenseMoe Mo Gopmyie (4).
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Bripaxenue (8) MoxxeT OBITh IPEACTABICHO B BUC

K.,,0<t<rT,
- = : ©)

1-(1-K)e " ,t>t

P(t.t)~

3aBucuMocTs (9) nokaszana Ha puc. 1.

P(r.0)l
1

=t

: 1-(1-K,)e *

Puc. 1. BeposATHOCTD BBIITOTHEHUS Pa0OTHI CUCTEMON
C pe3epBOM BPEMEHU

NudpopmannonHasi NPON3BOAUTEIbHOCTD

U KOJIN4eCTBO PadoThI

IIpu BBIONHEHNH TOCTABIEHHOT'O 331aHUS CHCTEMa C Bpe-
MEHHOM PI36]:ITOLIHOCTI)IO MOXET HaKalUIMBaTb WJIM TEPATh
onpenenéHHoe KonmuyecTBo uH(GopMmarmu [12]. MoxHO pasiu-
4aTh JiBa crioco0a HAKOIICHUs! €0 KOJINYecTBa MH(OPMAIHH.
[Tpu nepBoM criocobe nocTymnaromast HHGOopMaIys TOJIbKO Ha-
KarBaercs: B cucreme. [Ipu Bropom crniocobe mHpopmarust
HaKarjinBacTCsA MO0 MEPE MOCTYIVICHUSA B CUCTEMY U TEPACTCA
B IIPOIIECCE BOCCTAHOBIICHUS CUCTEMBI.

PaccmoTpum mepBhIii crioco6. [Ipenmonaraem, 4To B CH-
CTeMy IMOCTYMAaEeT C MOCTOSIHHOW CKOPOCTHIO HEKOTOPOE KOJH-
4YEeCTBO M3MEPUTENIbHOM HHpOopMaIuu (0aiToB, GaiiioB u ap.).
Torma 3a ciydaiiHoe BpeMsi paOdOThI CHCTEMbI BO BPEMsI OJJHOTO
UKJIA TIPUHUMAETCS CIIyYyaiHOe KOJNYECTBO HH(OpPMAIHH.
[110THOCTh BEPOSATHOCTH 3TOr0 KOJIMYESCTBA HH(POPMAIUH
OTpenieNnsercs Tak

w(t) = %a(§). (10)

B npeo6pazosannu Jlamaca (10) npuHuMaeT BUR
w'(s)=a" (Is)-

Torma dopmyna (2) ¢ yuérom BeipaxkeHus (10) mpencra-
BUTCS B BHJIC

R'(t,5) = R(%.0) >

s(l—.[%a(%)e’sédi)
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rae R*(t, 5) — n3obpakenne Jlammaca koiamdecTBa HHPOpMA-
IIUOHHOW Pa0OTHI, BRITIOTHEHHON CHCTEMOH ¢ BPEMEHHOU H3-

ObITOuHOCTEIO t. Benuuuna R(t,0) = P(%) .

Bropoii coco6 oTiryaercsi OT MepBoro TeM, 4To B Tede-
HHE BPEMEHH BOCCTAHOBIICHHSI CHCTEMbI M3MEpPHUTENIbHAsI MH-
(hopmarust TepsieTcsi ¢ HEKOTOPOW IOCTOSIHHOM CKOPOCTBIO.
[T10THOCTD BEPOSATHOCTH KOJIMYECTBA MOTEPSIHHON MH(OpMa-
LIVH OTIPE/ICNISIeTCS TaK

1 .1
r(t)=—f(—), 11
Q) W A J) (m)
rae J — CKOpoCTh IoTep M HHG)OPMALUH.
B nmpeobpazosanun Jlamnaca (11) mpuanMaet Bug
vi)=r'(Js),
a ¢opmyina (3) 3anuceiBaeTCs Tak
P(.0)
R(t,5)= (12)

(- (] e de)

Hauamsapie MoMeHTHI BeposiTHOCTH (2) wm (15) ompene-
mstrores 1o gopmynnam auddepeHpoBanus Mpeodpa3oBaHus
Jlanmaca. J{ist cokparennst 00bEMa CTaTbl OHU HE TIPHBOMSATCS.

IIpumep

TpeOyercst paccuuTaTh BEPOSTHOCTH BBINIOJIHEHHS H3Me-
pUTENFHON 3a1auu MH()OPMAITMOHHO-U3MEPHUTEIIFHOM CHCTe-
MOH ¢ BpeMeHHOW M30BITOYHOCTBIO MIPU YCIOBUH, YTO 32 IIe-
pHOIBI aKTHBHOW pabOTHl OHA HAaKaIUIMBAeT M3MEPHUTEIHHYIO
nH(pOpMAINIO, a 32 IEPHO/IbI BOCCTAHOBIEHHS (TIPOCTOSI) MH-
(hopmarmio Tepser.

Pemenne: [Ipumensist popmyny Andpes (6) K BEIpaskeHUIO
(12), momyuaem

P(}m

R(t,1) = . :
(1-g' (D[ a>e 1de)
(T
[IpuMeM clieyrone HCXOIHBIE TaHHbIE:
m=10h.,6 =3h., a(t) = dnorm(t,m,c),n=5h"".,
2

“(5)=—H 08, 1=152
g W8)="77""75,1T= i =Lo—,
(s+p)’ @

J=0320 Per) = Tla(é)da
b h b b . [ [
OKOH‘IaTeJ'H)HO nojyyacm paC‘-IéTHOC BBIPAXKCHUC!

[Rns
[ e

R(t,t) = T g (13)
I L -y
a (J+ut)2~([]a(])e a5
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Ha puc. 2 mpencrasnena kpusas BepositHocTH (13). Kpome
TOTO, Ha PUCYHKE TOKa3aHa ITyHKTHPOM KpHUBas BEPOSTHOCTU
P(t) mst ciy4ast, korna HHGOPMAILIMOHHBIC TAPAMETPBI HE y4H-
TBIBAKOTCS, TO ecTh [ = 0, J = 0.

10 20 30 40 50

4
00

Puc. 2. Kpusas BepostHocTH R(7, t) 1 P(t)

Crenyer OTMETHTB, YTO C yBEJIMUCHHEM napameTpa | kpu-
Bas R(t) momHMMaeTcs BBepX, a ¢ yBeNHYEHUEM MapameTpa J
OITyCKAeTCsl BHU3, YTO COOTBETCTBYET B [IEPBOM CITydae yBeNH-
YEHHIO, @ BO BTOPOM CIIy4ae CHIDKCHUIO KOJIMUYECTBA HAKAIIH-
BaeMoit mH(popMarmm.

DTO M 03HAYAET, YTO KOJIMIECTBO HHPOPMAIIH C YBEIINIC-
HHUEM rapamerpa | IMeeT TeHACHINIO POCTa, a C YBEIIMUCHUEM
napameTpa J — TeHACHINIO CHIKEHHS.

OnHako, YTOOBI OTPEAETUTE OITHOE KOINYECTBO HAKOTIICH-
HOI MH(pOPMAILMK B HEMPEPHIBHOM MPOIECCE C YBEIMICHHEM
BpeMeHH {, HeoOXOIMMO BOCIIONB30BAThCA OoIee TPYTOEMKUM
Y TOYHBIM MEXaHM3MOM e€ rozacuéra. B cuiy rpomMo3kocTu oH
37€Ch HE MPUBOJUTCS, @ TOIBKO JENACTCS CChUIKA HA MCTOYHUK
[13], B koTOpOM Ha IIpUMepe TyOIIPOBAaHHOW BOCCTAaHABINBAC-
MOH CHCTEMBI ¢ HAKOIDIEHHEM U TIoTepeit MH(OpPMAIiH OH pac-
CMOTpEH JIeTAIBHO. TaM ke MPUBOIUTCSI 1 METO/IMKA OLICHUBA-
HUS PEHTa0eTbHOCTH HH(POPMAITHOHHON CHCTEMBI.

IIpakTHyecKkoe NpUMeHeHue NpeaJI0KeHHON MoJeJIn

B nanHO#1 cTaThe HAMU PACCMOTPEHA TOJIBKO cama MOJIETb
pacuéra nH(POPMAIMOHHON XapaKTEPUCTUKA C BPEMEHHON M3-
OpITOUHOCTEI0. Hanbompmmii mHTEpec MPUKIATHOTO XapaKTe-
pa MOXXET HalTH B €€ MPUMEHEHNHU B CETEBBIX, MHOTOY3JIOBBIX
CHCTeMaX, CBA3aHHBIX C M3MEPEHHEM, HAKOIUIEHHEM, XpaHe-
HHEM " TpeoOpa3oBaHueM wuH(popManuu. s oIeHWBaHUSL
1 o0ecredeHns1 YpOoBHS dPPEKTUBHOCTH (DYHKIIMOHUPOBAHUS
TaKUX CHCTEM HEOOXOAWMO pemaTh MpsAMYIO 3a/1ady ONTHMH-
3aUM — JOCTUTaTh MAKCHMaJIbHON BEPOSTHOCTH ACHCTBUS
CHCTEMBI TIPH ONITHMAJILHOM pPacTIpefelIeHHH BPEMEHHOTO pe-
3epBa MEXKAy KOMIOHEHTaMH cicTeMbl. Min pemats oOpatHyio
3amady — obecrneueHne Tpedyemoro ypoBHs 3(dekTHBHOCTH
(DYHKIIMOHNPOBAHUSI CHCTEMbl NMPU MHUHHMMAJBHBIX 3aTpaTax
o011elt BpeMeHHOH H30BITOYHOCTH, UCTIONB3YEMOM B CHCTEME.

3akJ/0ueHne

CdopmupoBaHO MHEHHUE O TOM, UTO B IIEPHO HHTCHCUBHO-
10 HH(GOPMAIIMOHHOTO pa3BUTH 00IIeCTBA U HAYKH HEOOXOIH-
MO YIIeIISITh JIOCTAaTOYHO OOJIBIIOEe BHUMAHUE KOJIMYSCTBCHHBIM
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METOZ[aM OLIEHUBAHMS BIMAHUS HH(OPMAIMN Ha TIPOIECCHI Ha-
YYHOTO HCCIIeIOBaHMs. BakHble Mmokaszarenn kadecTBa (pyHK-
IIMOHMPOBAHUSI COBPEMEHHBIX CHCTEM YIPABICHHS IOJKHBI
BKITIOYATh B CBOM COCTaB KOMITOHEHT WH(popmanuu. [ 3Toit
e HeOOXO0TMMO KOPPEKTUPOBATH CYIIECTBYIOIINE ITOKa3aTe-
JIM WK pa3pabaTeiBaTh HOBBIE.

B xauectBe pekoMeHJaui NpeUIaraeTcss HayqHo pelaTh
ONITUMM3ALMOHHBIE 3aa4YH ISl CIOXKHBIX CETEBBIX CTPYKTYP
C BPEeMEHHOH M30BITOYHOCTHIO. [IpsiMast 3amada — JOCTIDKe-
HHUE MakCUMyMa IeJIeBOi (DYHKIIMH IPU OTpaHUYEHUH Ha Bpe-
MeHHOH pecypc cuctembl. OOpaTHas 3a1a4a — OIpeesieHIe
MHHHMAaJIFHOTO BPEMEHHOTO pecypca CHCTEMBI TPH yCIOBUU
JIOCTIDKCHHS TpeOyeMOoro IeJIEBOTO ITI0KAa3aTeNs CHCTEMBI.
[Ipu onennBaHUM 3((HEKTUBHOCTH PaOOTHI CUCTEMEI B HEOO-
XOIMMOM CIIydae OTpENeNsiTh NIMEHHO €€ MH()OPMAMOHHYIO
3P PEKTUBHOCTD.
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CALCULATION OF THE INDICATOR OF PROBABILITY OF PERFORMANCE
OF THE MEASURING PROBLEM BY INFORMATION-MEASURING SYSTEM

WITH TIME REDUNDANCY
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ABSTRACT

The article considers one of the quality indicators associated with the temporary redundancy, which
allows the system to perform the task in the event of its violation and the resumption of work in
the presence of excessive time. It is proposed to extend the reliability index for systems with tem-
porary redundancy to information-measuring systems. The cases of the resumption of the work of
the information-measuring system after failure with the instantaneous correction of the measuring
channel of the system, as well as with a random delay are considered. Expressions are given for the
calculation of the first two central moments of the random value of the excess time of the system
with time redundancy. A method is proposed for finding the probability that a job will be performed
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by the system for arbitrary non-exponential density probabilities of fail-safe time and recovery. The
dependence of the probability of the work performed by the system with the time reserve from its
readiness is given.

Two ways of accumulating and losing a certain amount of information by an information meas-
uring system are considered when carrying out a task. In the integral equation for determining
the probability of the task execution by the system and its solution, the parameters of information
accumulation during operation and information loss during system restoration are introduced. It
is shown how in this equation to take into account the information parameters associated with the
accumulation and loss of the amount of information in the process of the system. A simple example
is given of calculating the probability that a task will be performed by an information and measur-
ing system with temporary redundancy, provided that during periods of active work it accumulates
measurement information, and loses it during the recovery periods.

It is recommended to use the results obtained in network information and measurement systems to
achieve optimal solutions.

Keywords: time redundancy; the integrated equation; probability of performance of the task; ac-
cumulation and information loss; information work and profitability; optimum problems for network
information systems.
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AHHOTALMA

MpepnosxeHsl WNPOKOANANA3OHHbIE aHTEHHbI C PacrpeaesieHHbIM T corflacoBaHvem, rabapuTbl
KOTOPbIX MOryT ObITb MeHblUe rabapuTOB aHTeHH, obiajaloWwmnx MUHMMANbHO BO3MOXHOWN A0-
6poTHoCTbo Mo Yy-XappuHITOHY 1 cornacoBaHHbix no PaHo. Takne aHTEHHbI MOTYT ObITb BbINOJ-
HeHbl Ha OCHOBe Jioronepmnoan4ecknx Uamn Keasmnoronepmnogmnyeckmx aHTeHH ¢ cnoJjib3oBaHMeM
npeaIoXKeHHbIX 34eCb YaCTOTHO3aBUCUMbIX U305 TOPOB 1-0ro 1 2-oro Tunos. MNpu ncnonb3oBaHUm
B @aHTEHHE Y4aCTOTHO3aBMCUMbIX U30NATOPOB 1-0ro TMNa Takylo aHTeHHY nNpepnaraeTcs HasblBaTb
aHTeHHoW 1-oro TMna. AHTEHHaMW 2-0ro THMna NPeAsIoKEHO Ha3blBaTb aHTEHHbI C UCMOJIb3OBaHUEM
4aCTOTHO3aBUCUMBbIX N30JIATOPOB 2-0ro Tuna. YactoTHo3aBMCUMbIe M3onATOpPLI 1-0ro Tvna aBns-
lOTCS MOJIOCOBLIMU U3ONSTOPAMK, a8 HaCTOTHO3aBUCKMbIE U3ONIATOPBI 2-0r0 TUMa — U30NATOpamu,
NpPo3payHbIMU Ha HU3KMX YacToTax. [lpMMeHeHne YacTOTHO3aBUCUMbIX U3OJIATOPOB yCTpaHsaeT
«pacrnnbiBaHne» 3¢pPekTa oTCeHKU TOKa NPU YMEHbLLEHMUM Pa3MepPOB JIOroNepUoANYECKON aHTeH-
Hbl. B aHTeHHax 1-ro Tuna Ha ntoboi YacToTe B Npeaenax paboyero AnanasoHa 4acToT Pe3oHaHC-
HbIM SIBJIIeTCS1 TO/IbKO OAMH BUBPATOP ¥ Ka4ecTBO ero CorlacoBaHUs C pacnpenesimTesibHbiM ¢pu-
[epoMm onpefensercs ToNbko BbIDOPOM BeIUYMHbI COCPEAOTOYEHHOrO COracyoWwero siemMeHTa
1 CTeneHbto BIM30CTU reoMeTPMUECcKOro napameTpa K eAVHULLEe, YTO rapaHTUPoBaHHO obecneun-
BaeT, B MPUHLMME, peann3aLmio CKOJib yrogHO Masol aHTEHHbI CO CKOJb YTOAHO LLUMPOKOW NoJio-
cow yacToT. B aHTeHHax 2-ro Tvna akTMBHas obnacTe MOXeT BKJItO4aTh B ceBs HECKOJIbKO B3au-
MOCBSI3aHHbIX U3JTy4YalOLLUX JIEMEHTOB, YTO MOXET NOBbLICUTL CTENEeHb KOMMAKTHOCTU YCTPOMNCTBA,
HO MPW 3TOM CYLLLECTBEHHO YCJIOXHSETCS1 HACTPOWMKa aHTEHHOW CUCTEMbI U ee YCTOMYMBOCTb. Tak
Kak 3agayeit nybnnkauum sBAsSeTCs MTIOCTPaLMs BO3SMOXHOCTM CO34aHUSI CBEPXMUHNATIOPHbIX
LUIMPOKOAMNANa3oHHbIX aHTEHH, TO Ha AaHHON 3Tane pacCManpuBaloOTCs XapaKkTePUCTUKKN Hanbonee
XapakKTepHbIX aHTEHH C TaKMMM CBOMCTBaMM — aHTeHH 1-ro Tuna.

MpnBoAsTCS YaCTOTHbIE XapPaKTEPUCTUKM HYaCTOTHO3aBUCUMMbIX U30JIITOPOB, IKBUBASIEHTHas Cxe-
Ma JIOronepuoANYECcKor aHTeHHbI C YaCTOTHO3aBUCHMMbIM U30ISTOPOM M 3aBUCUMOCTU reOMeTpu-
4eCcKUX NapameTpPOB aHTEHHbI OT HOPMUPOBAHHON AJIMHbI MJ1eYa JIOroNnepUoANYECKON aHTEHHbI.

KnioueBble cnoBa: noronepunopgmyeckas aHteHHa (JIMA); ceepxmunHunatiopHas JIMA; wmpokopma-
nasoHHasi ceepxmMuHnaTiopHas JIMA; ngeanmsmpoBaHHble YacTOTHO3aBUCUMble usonsTopbl (Y3U);
reomeTpuyeckune napametpbl JIMNA; npepen Yy-XappuHrroHa npu cornacosatum no PaHo.

Ana uutupoBauwms: bensHckui B.B., lponunHa E.[]. LLlnpokognanasoHHble aHTEHHbI MEpPBOro
Tuna, npeoponesatowme npeaen Yy-XappuHrrona-OaHo // Haykoemkne texHonornm B kocmmye-
ckux uccneposaHuax 3emnn. 2017.T. 9. N2 4. C. 48-53.
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AHTEHHBIE CHCTEMBI SIBIISIFOTCSI HEOTHEMJIEMOH M CyIIe-
CTBEHHOU YacThio JF000H pamuonuann. [losTomy 3amada mu-
HUMH3aIUN TadapuTOB aHTEHHBIX CHCTEM M PAaCUIMPEHHs HX
YaCTOTHOTO IMaIla30Ha — OJJHA U3 aKTyaJIbHBIX 3a/1a4 Ha CErof-
Hs1. [Ipo0rnemMa MUHUATIOPHU3AINH SIBIIIETCS BECbMa BaKHOM, Ha-
mpuMep, Ipu pa3padoTke mudpoBoro paanosenanus B ana-
ma3oHa [1, 7-8], OecITUIOTHBIX JIeTaTeIHHBIX AMIapaToB, MPH
pa3pabOTKe aHTEHH KOHEYHBIX TEPMHHAJIOB CHCTEM ITOABHXK-
Hott cBs3u [ 10—11], mpu pa3paboTke 3aMacKUPOBAHHBIX CHCTEM
pas3myHOTO THMA U T.11. OHAKO, B COOTBETCTBHU € (hyHIAMEH-
TadbHEIM TipenenoM Yy-XappuartoHa [3] ¥ BOSMOXHOCTAMH
coracoBaHus 3TUX aHTeHH (mpexen Yy-Xappuarrona-daxo
[5-6]), cocoOs! ymyuIeHus PUBEIESHHBIX BBIIIE TapaMeTPOB
AQHTEHH SBIIIOTCSI CTPOTO JIMMHUTHPOBaHHBIMH. IlepBoil my-
OnuKanyel Mo CBEepXMUHHMATIOPHBIM aHTEHHA MOJKHO CUHTATh
paboty [9]. OnieHKe BOZMOXKHOCTEH TpeomoneHns npenena Yy-
XappHHTTOHA TTOCBAIICH psi paboT [12—17], omHaKO W3 ITHX
pabor ciemyert, 9To 100 mpeonoieTs mpeaen Yy-XappuHrToHa
HEBO3MOXHO, THOO IPEO0JICHNE Tpesiesia BO3MOXKHO TIPH HC-
MOJTb30BaHUN MeTamaTtepuaioB [15-16]. Ilokazano [4,6], 4To
npenen Yy-Xappunrrona-dano, B IpUHLIKIE, MOXKHO MIPEOIO-
JIeTh, WCTIONB3Ys aHTEHHBI C PACTIPEICICHHBIM COINIACOBAHH-
em. Takoro Tura aHTEeHHBI MOTYT OBITh BBITOJHEHBI HA OCHOBE
noronepronuaeckux anteHH (JIITA) [1], rabapuTsl KOTOpPBIX
YMEHBILIAIOTCS ¢ KOMIIEHCAIMEW pPEaKTUBHOW COCTaBIIAIOLIEH
CHCTEMBI COCPEIOTOUYCHHBIMH BJIEMEHTaMHU-IPOCCEIIIMHA  HITH
KOH/IeHcaTopamMu. Ho npy yMeHbIIEHNN rabapuToB 3THX aH-
TEHH Hen30eKHO BO3HUKAET d(P(HEKT «pacIUIbIBAaHUSD) OTCEUKU
TOKa. DTOT HEJOCTATOK MPEUIAaracTcsi yCTPAHUTh HCTIONb30Ba-
HHEM 9aCTOTHO3aBUCUMBIX m3ossiTopoB (U3U). st BuGparop-
HBIX JIOTONEPUOANIECKUX aHTCHH TAaKUMHU H30JISITOPAMHU MOTYT
OBITH PEaKTUBHBIC BYXITOJIFOCHUKH ITOJIOCOBOTO THITA (KOTOPBIE

/ s \

Puc. 1. ['eomeTpus noronepuoauyueckoi aHTEHHbI
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Z(p)

Z(p)

-1 3 0

Puc. 2. YacToTHBIC XapaKTEPUCTUKH YACTOTHO3aBUCHMBIX U30JISITO-
pos (U3U) 1-ro u 2-ro TUIOB

HA30BEM YaCTOTHO3aBUCHMBIMHU H30JIATOPAMH IIPEBOTO THITA —
U3U 1-ro Tuma) uiam M30JSATOPHI, MPO3PavHbIE HA 4YACTOTaX,
HWKe HEKOTOpou rpaHndHor 9actothl (U3U 2-ro tuma). [pu
ncrons30BaHuy B anTeHHe Y3 Tompko 1-ro THma mpemiaraer-
Sl TAKYIO aHTEHHY HA3bIBaTh aHTEHHOH 1-TO THITa. AHTCHHAMH
2-T0 THIIA TIPEJIaraeTCs Ha3bIBATh AaHTEHHBI C NCTIOJIE30BAHUEM
U3U 2-ro tuna. B manHOl pabote mccienyeTcs CBepXMUHHA-
TIOpHBIC aHTEHHBI 1-TO THUNA Ha OCHOBe BUOparopHbIX JIITA.
I'eomeTpus TakoW aHTEHHBI WILTIOCTPHPYETCS pUC. 1.

T'eoMeTpudeckue mapameTpbl aHTEHHBI T U © [ 1] BBIOpaHbI
TakuM 00pa3oM, YTOOBI OrMOaromias MOoJOTHA MPEACTaBIIsIIa
co00¥i PaBHOCTOPOHHHN TPEYTOJIHHUK, BIIMCAHHBIN B OKpPYXK-
HOCTh panuyca a. Kak pamuyc a, Tak n nivna mieda /[, u pac-
cTosiHMEe Mesky BuOparopamu d; MCMONB3YIOTCS B HOPMH-
POBaHHOM BHJIE, T.€. TIO1 @, /; u 0 MOHMMAIOTCs BETMYMHBI,
HOPMHPOBaHHBIE K JJHUHE BOJHBI HIDKHEH YacTOTHI pabouero
nuana3ona. [locmemnoBarenbHO ¢ KaxapIM BHOPaTopoM BHOpa-
Topa BkitodeHsl Y3U 1-ro Tuma.

Ha puc. 2 npuBeeHb 9aCTOTHBIE 3aBUCHMOCTH UMIIEIaH-
ca WIeaTM3UPOBAHHBIX U uueanbHbIX U3U 1-ro u 2-ro THUIOB
(Meann3upOBaHHBIX — CIUIOIIHBIE KPHUBBIC, HJICANbHBIE —
ITyHKTUPHBIE KPUBBIE).

Jna Y3U 1-ro tuna

k( p +%) npu p<_%>

111/Il<p<l
p S, PE

Zu3nl =<0

k(p—%) pR p>%,
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rne P — wopmmpoBanHas gacrora, a mist UM 2-ro tuma

0 npnpsl,
Zua3n2 = { 2 1
k(p——= >—.
(p Z)Hpn P>

[IpuBeneHHbIE XapaKTEPUCTUKH YIOBICTBOPSIOT KPUTEPUIO
peann3anny PeaKTUBHBIX ABYXIIONMIOCHUKOB. [lomaraercs, 4to

oz
KpyTH3HA CKJIOHA XapakTepucTuk Y31 ™ =k > 1 nocraro4Ho

BEIHKa, YTOOBI B paboTe yIaCTBOBAIN PE30HATOP, PE30OHAHCHAS
4acTOTa KOTOPOTO OITH3Ka K yacToTe u3nyueHus f, u nea Gmmkaii-
IMX BUOparopa (CM. SKBHBAJICHTHYIO cxeMy Ha puc. 3). [y
pacmpenenutenbHoro dugepa L o 1[eJIECO00pa3HO BhIOpATh pPaB-
HOHW YETBCPTU NJIMHBI BOJIHBI PE30HAHCHON YaCTOTBI OCHOBHOI'O
BHOpATOpPa, a BOIHOBOE COMPOTUBIICHHE, PABHOE BOJHOBOMY CO-
MIPOTHUBIICHUIO YETBEPTHBOJIHOBOMY TpaHchopmaTopy

W, =R\R

Ecmu B anTenne ucnons3yercs uaeansusiil Y31, to KCB
Ha BXOJI€ aHTEHHBI Jerko paccuutarb. OHo paBHo KCB pe3o-
HAHCHOTO KOHTYpa C U3BECTHOW N0OpoTHOCTHIO (. Paccunra-
em 3Hadenne KCB, uncio BuOparopoB N u nodporHOCTs O
B 3aBHCHMOCTH OT 33JJaHHOTO Kod((uIMeHTa MepeKphITus Y
¥ 33/IaHHOTO BETMYHMHBI JUTHHBI TITe4a /. PacyeTs BBINOTHEHBI
M0 CTaHAAPTHBIM (OpMyIIaM JuIsi CHMMETPHUYHOTO BHOpaTropa
[2]. ITpu pacuere monaranock, 4YTO FEOMETPUUECKUE MapaMe-
TpbI aHTEHHBI AT (AT =1-T) CBsI3aHBI C JOOPOTHOCTHIO OMHOY-

1
HOTO BHOparopa COOTHOIICHHEM AT =—. 3HaueHHe AT Kak
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Puc. 3. DxBuBanentHas cxema JIITA B obmactu
pe3oHaHCHOU yacToThl P=0

ynxuus ot [ At=f (I )) u N(y, [,) npuenensi Ha puc. 4 u 5. Ha
puc. 5 H10 — uucio Bubparopos mpu y =10.
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Iny
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Puc. 4(a,0). 3aBHCHMOCTb TEOMETPHYECKUX MTAPAMETPOB AT OT HOPMHUPOBaHHOM JTnHbI Meda JITIA /)
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Puc. 5. Yucno su6paropos N JITIA B 3aBUCHMOCTH OT ) 1 /[,

-1
Ipuy—>1lut—>1 N= XA_ . I3 3TUX PUCYHKOB B 4YaCTHOCTH
T

CIEIYET, UTO IPU UCIOIb30BaHUM HeanbHbIX Y3U npenen Uy-
XappuHITOHA JJIsl aHTEHH, Pa0OTAIONIMX B MTOTyOe3rpaHNIHON
TIOJIOCE YacToT, mpeooseBaetca npu [, < 0, 08. 3aBucMMOCTS
Moyt Ko3(h(UIMEHTa OTPaKEHUsSI aHTCHHBI TIPH MEATIbHBIX

M30JIATOpax Jist ciaydast 1— 1 =— npuBezneHsl Ha puc. 6. Oue-

BUJIHO, YTO IIPU TIOHMKEHNH 3HaYeHust At — 0.

Bnusiare TOKOB KpaHUX BHOPATOpPOB B IIEPBOM MPHOIH-
JKEHHH JIETKO OIpE/eNINTh, YUUThIBAas BXOJIHBIC CONPOTHBIIE-
HHUs BUOpaTopoB ¢ juHamu mied [ u [ (cm puc. 3). OueBun-
HO, YTO MOJYJIM STHX CONPOTHUBICHUN OECKOHEYHO BEIIUKH
npu K — co. B o0miem ciydae, MOKHO 3anucath [2] s pac-
cmarpusaemoii JIITA U_| = U(H +1,Z, ., U, = L]O,O +1,Z,,

= Zzovplp
=

> Ul ;Uo,l + |1Zn,1 » A€ UO,—l = z Z—l,plp 4 Uo,o
o p=-1

s Uy, = z Z,,1, Z ,Z., Z,- conpornsnenns Y3U no-
p=-1

CJIE/IOBATEIBHO COEANHEHHBIX C YKOPAYMBAIOIINM JPOCCEIEM
nn1s Bubparopos ¢ Homepamu —1, 0, 1. TIpu d; <1 Bzaum-
HBIE CONPOTHBIICHHUS BHOPAaTOPOB B OONACTH CYyIIECTBEHHBIX
TOKOB ONM3KH K COOCTBEHHOMY COIIPOTHBIICHHIO PE30HAHC-
HOTO BHOpaTOpa, a HampsDKEHHE Ha 3aXHMaxX BHOpPaToOpOB
¢ Homepamu —1, 0, 1 6mm3ku mpyr k apyry. OTcioma cienyer,

pill

uro Z, =27, . Cunras, uto Z_ > 7Z, u Z, > Z, Nerko

0°
no

oneanth KCB aHTeHHBI ¢ HewIeaabHBIMU H30JsTOpamMu. Pe-
3yasTarel pacaeroB KCB npu nemneansubix U3W ming anteHH
1-ro u 2-to TunoB Gojee mMoaPoOHO OYyIyT MPHUBEACHHI B TIO-
cremyrommx myonukanusx. O4eBUIHO, YTO €CIIM B AaHTCHHE HC-
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Jol

Puc. 6. Yactornas 3asucumocts KCB JIITA 1-ro Tuma
¢ upeanbHeiMu Y31

nonb3yeTcs HenaeansHble U3M, 3nauenne KCB yxynmmaercs,
OJTHAKO, KaK MOKAa3aJHl PacdeThl, 3TO YXYALICHHE HE SBIACTCS
CYIIECTBEHHBIM TIpH k > 3.
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WIDE-TYPE BROADCASTING ANTENNAS OVERCOMING

CHU-HARRINGTON-FANO

Vladimir B. Belyansky,
Moscow, Russia, belyanskyv@gmail.com

Evgenia D. Pronina,

Moscow, Russia, jane19912007@yandex.ru

ABSTRACT

In MTUCI, wide-range antennas with distributed mismatch are proposed, the dimensions of which
can be smaller than the dimensions of the antennas possessing the lowest possible Q-Harrington
quality and Fano-compatible. Such antennas can be made on the basis of log-periodic or quasi-pe-
riodic antennas (LPA) using the frequency-dependent insulators (FDI) of the 1st and 2nd types pro-
posed here. When using antenna type 1 type antenna, it is proposed to call such an antenna an
antenna of the 1st type. Antennas of the 2nd type are suggested to be called antennas using the
second type of FDI. The first type of frequency protection is band-pass frequency-dependent insula-
tors, and the second type of protection is insulators transparent at low frequencies. The application
of the FDI eliminates the "spreading" of the current cutoff effect when the size of the log-periodic
antenna decreases. In antennas of the first type at any frequency within the operating frequency
range, only one vibrator is resonant and the quality of its matching with the distributive feeder is
determined only by the choice of the value of the lumped matching element and the degree of
proximity of the geometric parameter t to unity, which in principle guarantees the realization. An
arbitrarily small antenna with an arbitrarily wide band of frequencies. In antennas of the second
type, the active region may include several interconnected blowing elements, which can increase
the compactness of the device, but at the same time, the adjustment of the antenna system and its
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stability becomes much more complicated. Since the publication purpose is to illustrate the pos-
sibility of creating ultra-miniature wide-band antennas, at this stage the characteristics of the most
characteristic antennas with such properties as type 1 antennas are considered. The frequency char-
acteristics of the FDI, the equivalent LPA scheme with FDI and the dependence of the geometric pa-
rameters of the antenna on the normalized length of the LPA arm are given. Also, the dependence
of the SWR of the 1st type LPA on the ideal FDI given, and the SWR dependence on the steepness
of the slopes of idealized FDI is estimated.

Keywords: logoperiodic antenna (LPA); subminiature LP; wide-range subminiature LPA; idealized
frequency-dependent isolators (FDI); geometric parameters of the LPA; the Chu-Harrington limit
with Fano agreement.
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Hoeak KoHcTaHTuH Bukroposuy,
cTapLuii UHXeHep-ucnoitatens MMaBHoro Hay4Ho-
MCCNefoBaTesbCckoro LeHTpa poboTOTeXHUKN
MuHuctepcTtBa o6opoHbl Poccuiickon Pepepaunm,
r. Mocksa, Poccus, konstantin-novak@yandex.ru

AHHOTALUA

B paboTte paccMoTpeHbl BOMPOChI COCTOSIHUS M COBEPLUEHCTBOBAHUS CNOCOBOB CBA3M C MOPCKU-
MU pobOTOTEXHUYECKMMU KOMMekcamu. [aH KpaTkuii 0630p CyLuecTBylOLWMX CNocoboB CBS3N,
PaccMOTPEHbI UX XapaKTepHble 0COBEHHOCTU U OCHOBHbIE NPOBIEMHbIE BOMPOCHI, NPEAsIOXEHbI
HanpaBJ/ieHUs1 MCCNefOBaHN, HanpPaB/ieHHblE Ha CO3[4aHMe MEepPCrneKkTUBHbIX MHPOPMAaLMOHHbIX
ceTen, 06beANHSAIOWNX FPYMMbl MOPCKUX POBOTOTEXHMYECKMX KOMMeKcoB. B HacToswee Bpe-
Ms yripaBfieHMe MOPCKUM POBOTOTEXHMYECKMM KOMMIEKCOM OCYLLECTBSIeTCA MO KaHasy CBS3u
(Teneynpasnexve) navM aBTOHOMHO MO NPOrpPaMme, 3a510KEHHON B NaMsTb BOPTOBOW 3/1IEKTPOH-
HO-BbIYMCIIMTENIBHOW MallUHbI, HO TakuMe Crocobbl CBA3M HApyLIAlOT CKPbITHOCTb MPUMEHEHUs
MOPCKMX POBOTOTEXHUYECKMX KOMIMJIEKCOB, @ TakKe HaKJIafAblBAaeT CyLLeCTBEHHbIE OrpaHnyYeHuns
MO MOJIOXXEHUIO CyAHa-HOCUTESISl OTHOCUTESIbHO PaioHa HaXOXKAeHUsl KOMMJIeKca B TeYeHne BCEro
nepuopga BbiMNOSIHEHWUS NOABOAHbIX paboT. Bo nzbesxkaHve aTnx He[OCTaTKOB MOXHO UCMOJIb30BaTh
anbTepHaTUBHbIE cnocobbl nepenayun nHGopMaLmmu B NOSBOLHON Cpeae: KaHasbl CBA3M B Agvana-
30HEe KpaWHe HU3KUX 4acToT, aKyCTMYecKkme KaHaslbl CBSI3W, ONTUYecKMe (fla3epHble) KaHasbl CBS3U
M KaHasbl CBA3M Ha OCHOBe 3¢ ¢deKTa NOBEPXHOCTHOIO PacrnpOCTpaHeHus BosHbl. Pagnonuuum B
AVanasoHe KpanHe HU3KUX 4YacToT yBesiyaTt riybuHy CBs3w, OAHAaKO BHeppeHue nopgobHon an-
napaTypbl conmeeHo [ CyLIJ.eCTBeHHbIMIA dDI/IHaHCOBbIMI/I I/|3,El.ep)KKaMI/I. AKyCTVI‘-IeCKVIe BOJ1HbI O0O-
CTUTaloT XOPOLLEro NPOHUKHOBEHMUS N PacnpoCTpaHeHUs BO BCeX YNpyrux cpefax, B TOM yucne
Npu Ux KosiebaHusax M3-3a U3MEHEHWIN [ABNIEHUS, HEAOCTATKOM siBsieTcs 3PPeKT UX 3aTyxaHus ¢
yBeJIMYeHNEeM AUCTaHuMi nepepayu. JlazepHbie NMHUM CBSA3N 0BnafaloT psifOM HOBbIX Ka4ecTs, K
Hanbosee CyLeCTBEHHOMY U3 KOTOPbIX OTHOCUTCS BO3MOXHOCTb ObecrneyeHusi CBs3u BO BCEX palt-
oHax MnpoBoro okeaHa, HO X NCNOJIb30BaHNE BO3MOXHO TOJIbKO B CUHE-3eJIEHON YacTu BUAMMOM
obnacTv 35n1eKTPOMarHMTHoOro ussydyenus. Micnonb3osaHve KaHana CBsi3u B MPUNOBEPXHOCTHOM 1
NPUBOSHOM cyiosiX aTMocdepbl CNOcOBCTBYET OpraHU3aumMm CKPbITHOW CBA3W, HO TpebyeT pery-
NAPHbIA MOHUTOPUHT COCTOSIHUSA aTMOoChepbl, XapaKTepUCTUKM KOTOPOW U ONpeaesisioT BO3MOX-
HOCTb OpraHM3auun 1 JanbHOCTb KaHana cea3u. Takum obpasom, BbIBOP KOHKPeTHOro crnocoba op-
raHM3aumnm CBA3mM C MOPCKUMMU POBOTOTEXHUYECKMMU KOMIMJIEKCAMM 3aBUCUT OT BHELLIHUX YCJIOBUN,
3a4,a4 M XapaKTepPUCTUK BbIBPAHHOWN CETU CBA3N.

KnioueBble cnoBa: MopcKue pO6OTOTeXHVI‘-leCKM€ KOMMJ1eKCbl; HeobuTaemble noaBodHble anna-
PaThbl; CBA3b; TMAPOSIOKATOP; rpynnoBoe ynpassieHne.

Ans untupoBaHus: Yeprosa O.[, Hosak K. B. Bo3amosHble cnocobbl opraHnsaumm cBa3m npwm no-

CTPOEHUUN CETU MOPCKUX POBOTOTEXHUYECKMX KOMMeKcoB // HaykoeMKre TeEXHOIOrMm B KocMuye-
ckux uccnepgosaHuax 3emnn. 2017.T. 9. N2 4. C. 54-61.
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BBegenue

3a cpaBHHTENHFHO HEOOIBINON MEepHOI BPeMEHH MOpPCKUE
pobotorexumueckne komrwiekcsl (MPTK) mponmmm myTe or
MEPBBIX NMPOCTEHIINX 00pPa3OB 1O MHOTO(YHKIMOHATBHBIX
KOMIIJIEKCOB, CITOCOOHBIX BBIMONHATH JOCTATOYHO CIIOKHBIE
oKkeaHorpauieckue M MPUKIAJHBIE PAOOTHI B BOJHOM TOJIIIE
¥ BOJIM3H JTHA.

[Mocnenane nBa-TpM NECATWICTHA XapaKTEPHU3YIOTCS aK-
TUBHBIMH HCCJIECJOBAaHUAMH B OOJIACTH CO3MAHHSI aBTOHOM-
HBIX HEOOMTaeMBIX MOABOAHEIX ammapaToB (AHITIA) u Teme-
YIpaBIIeMBIX HEOOUTaeMBIX MONBOAHBIX ammaparos (THITA),
WCTIONB3YIOIIUXCS /Ul PEIICHHs] IMPOKOTO Kpyra HayIHBIX
W TPUKJIQJHBIX 3a7a9 110 MCCIIEIOBAHUIO W OCBOCHUIO MHPO-
Boro okeana. [logo6usie MPTK mpomeMoOHCTpHpoOBaIn CBOIO
3} PEKTHBHOCTH TPU BHITOJHEHUH TTyOOKOBOJHBIX 0030pHO-
MTOWCKOBBIX M 00CIIEeIOBATENECKUX PAaOOT, MOPCKOW TeO0JIoro-
Pa3BEIKH, OCBEIIECHHS MTOABOTHON 0OCTAaHOBKH M MOHUTOPHH-
ra BomHOMU cpexsl [ 1-3].

B ycmoBusx oOmmpHOCTH BOAHBIX OacceitHOB Mupo-
BOIO OKeaHa, MHTeHcuBHOro paszsutusa MPTK, a Ttaxxe Boc-
TpeOOBAaHHOCTH Pa3padOTKU CHUCTEM OCBEIICHHS ITOIBOTHOMN
00cTaHOBKH (ITOWCKA, JabHETO OOHAPY)KEHUS U CICKCHUS 3a
MIOIBOJTHBIMU JIOAKAMH) aKTyaJbHONH CTAHOBHTCSI KOHLCTILIUS
MIPUMEHEHHSI MOPCKUX MHOTOAreHTHBIX (TPYIIOBEIX) POOOTO-
TEXHUYECKUX CHCTEM, MOCTABIMIOMNX HH(OPMAIMIO O Bpa-
JKECKUX TEPPUTOPHUSIX M AKBATOPHAX, a TAKXKE BBICTYIAIOIINX
B KauecTBe OOEBBIX IIaTdopm.

[Ipu rpynmoBoM HCHOIB30BaHIH POOOTOB PE3KO YBEIHUIH-
BACTCSl PAINyC IEHCTBHS 3a CUET PACcCPEOTOUEHHs POOOTOB
Mo Bcel pabodueld 30HE, pacmmpsieTcs HAOOpP BEHITONHIEMBIX
(hyHKUIHH (B cIy4ae YCTaHOBKH Ha OTACIBHBIX poOOTax Tpyt-
IIBl YCTPOMCTB PAa3IMYHBIX THIIOB), a TAKXKE TOCTUTAeTCs Oosee

- o —

-
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BBICOKAsl BEPOSITHOCTH PEIICHHS TIOCTABICHHOM 3a/1a4H 32 CUET
nepepacIpesieneHus Hene Mexxay poOoTaMu TPyIbI B CIy-
yae BBIXOJa M3 CTPOSI HEKOTOPHIX W3 HUX [4]. Takmm obpaszom,
MPUMEHEHNE MOPCKHX MHOTOAreHTHBIX POOOTOTEXHHYECKHX
CHCTEM IT03BOJIUT OMEPATHBHO U Y(PPEKTUBHO BHIIOIHATH 00-
eBbIe M 00ECTICUNBAIOIINE 3a/1a9H ¢ MEHBIIUMH 3aTpaTaMy pe-
CYPCOB IIPH CYIIECTBEHHO OOJIBIIEM OXBATE aKBATOPHH.

B kauecte npumepa ncciae1oBaHui, IPOBOAUMBIX B JAHHON
00J1acTH, MO)KHO TIPUBECTH COBPEMEHHBIE NPOEKThl MUHHCTEp-
ctBa oboporsl CIIIA, opreHTHpOBaHHBIC Ha CO3MAHUE CHCTEM
MPTK, o0beiHEHHBIX B €IIHYI0 HHPOPMAIOHHYIO CETh [5]:

— mporpamma BHezApeHus Ha ¢uotax BMC cucremsl oc-
BEICHNUS IOBOAHOW OOCTAHOBKM B TIPHOPEKHBIX BOIAX
(«Persistent Littoral Undersea Surveillance (PLUS) System»),
B paMKax KOTOpOH 3aIlJIaHUPOBAHO CO3JaHHE OCHOBHBIX 3JIe-
MEHTOB ONEPATUBHO pa3BEPTHIBAEMON MHOIONO3UIIMOHHOMN
CHCTEeMBI 00HapYKEeHUS TOABONHBIX J0a0K (I1JT);

— KoMmIUiekcHas mporpamma pabor DASH (Distributed
Agile Submarine Hunting), mpoBoamMast IO STUIOH areHcTBa
DARPA u mpemycmarpuBaromasi pa3paboTKy TEXHOIOTHYE-
CKOM KOHLIEMIMH M 0a30BBIX TEXHUYECKUX CPEACTB, MpEIHA-
3HAQUCHHBIX JUI OPraHU3allld OIEPaTHBHO pPa3BEpTHIBAEMON
30HAJILHONW CHCTEMBI OCBEIICHHSI TIOIBOHON 00CTaHOBKH (T10-
HCKa, JaJTbHETO OOHapykeHUs U ciuekerns 3a [1J]) B mpubpex-
HBIX pailoHax;

— KOHIIENIHA pa3BUTHS BoeHHO-MoOpckmx cun CIIA
C IIPUMEHEHUEM CETELEHTPUUECKUX TexHoioruil «ForceNety,
npexycMmarpuBatomiast npumenenne MPTK, oObenmHeHHBIX
B eAMHYI0 MH()OPMAIMOHHYIO CEThb W OOECIICYMBAIONINX aB-
TOMATH3UPOBAHHYIO CHCTEMYy OOEBOTO YymIpaBieHHs (IoTa
TOYHBIMH JTAHHBIMH 00 OIEpaTHBHONW OOCTaHOBKE B PEaTbHOM
MacmTabe Bpemenu (puc. 1) [6];

L.
2 B e s Bogsas nosepxHocTs

—

B o i s s st s A

Henomorremiagl croft

Puc. 1. Cxema u3 xonuenuuu US NAVY «ForceNety», mumocTpupyromnas OpraHH3anuo oOMeHa
nnpopmanueir mexay rpynmnoid MPTK
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— mporpamma «Arctic Roadmapy» (2014-2030 rr.), mpen-
yCMaTpHBaloOIasi pa3BEepPThIBAHWE B APKTHUECKHX MOPSX
MYJIBTHATEHTHOW CHCTEMBI COOpa pa3BeabIBaTeIHHON u 00e-
CIICYNBAOIIEH (METEOPOIOTHIECKON, THAPOIOTHIECKOH, OKe-
aHorpaUIecKon, TeOJOTHIECKON) HH(POPMAIIUN C TIOMOIIIBIO
JIOHHBIX CTaHNUWH, Apeidyromux OyeB, MPTK, memoBeix 00-
cepBaTopuil u T. 1. (puc. 2).

Ipu peanm3ammu equaoit nHPOpManmonHoi cetn MPTK
Ha TIePEAHUH IIaH BBIXOAAT IMPOOIEMBI, CBSI3aHHBIE ¢ o0ecTie-
YEHUEM YCTOMUUBOM, IOMEXO3AILUIIEHHON CBSA3H MEXKIY O]~
BOJHBIMH aMIIapaTaMu.

Tpaauuuonnslie cnocodbl opranmsanun cssizu ¢ MPTK

B nacrosiiee Bpemst ynpasienue MPTK ocyiuectsisiercst o
KaHaTy CBS3U (TeJeyIpaBJIeHIe) WM aBTOHOMHO TI0 TIPOTpaMMe,
3aJI0KEHHOU B TIaMsATh 60pToBOit DBM, Kak MpaBmiio, ¢ UCIIONb-
30BaHHEM MHEPIHAILHON HABUTAIIMOHHOH CHCTEMBI H JIOIIEPOB-
CKOTO Jiara (BO3MOKHO TPUMEHEHHE CHCTEMbI NEPHOINIECKOTrO
yTouHEHUs! (TIPU TOBCIUIBITHN) MECTOONOKEHHS 10 JTaHHBIM
KOCMHYECKHX PaJHOHABUIAIMOHHBIX cucTeM). [IpuMenenue an-
IapaToB C HAJJBOAHBIX KOPaOsIeH 00eCTIeInBaCTCS CIIENATEHBIMI
MOIYIIMH B TabapuTax MOPCKHUX TPAHCHOPTHBIX KOHTEHHEPOB.
Kpome amnmaparoB, 31€MEHTOB CIIyCKONOABEMHBIX YCTPOMCTB,
BCIIOMOTATEIILHOTO 000PYIOBAaHMS M1 CMEHHOTO KOMITIEKTa aKKy-

MYJIATOPHBIX OaTapeii B MOYIISIX 4acTO PACIoNaracTcst aBTOMaTH-
3MPOBAHHOE PaboUee MECTO OIepaTopa.

Jns csizu ¢ MPTK B HaBOIHOM MO3UITMOHHOM TIOJIOXKE-
HHH, B OCHOBHOM, HCIIOJIB3YETCS PaJHOCBS3b HIIH CITy THHKOBAst
CBS3b (BO MHOTHX 3apYyO€KHBIX KOMMEPYECKHX pa3paboTKax,
HarpuMep, IPUMEHSIeTCsl aDOHEHTCKas anmaparypa CHCTEMbI
CIyTHUKOBOH CBs13H «Iridiumy» [7]).

Bwmecte ¢ TeM, TomoOHBIN TTOAXOA HE BIOIHE MPUMEHUM
K OOECIEeYeHNI0 yCTOWYHMBON MBYCTOPOHHEW CBSI3HM MEXKIy
MyHKTOM ymipaBienus (omeparopom) u MPTK B momBomaOM
MIOJIOKEHUH. DTO CBA3aHO C TEM, 3JICKTPOMATHUTHBIC BOJHBI
C JaCTOTaMH, HCIIONIB3YIOMNMHCS B TPAIUIMOHHBIX KaHAIax
CBSI3H U YIIPABIICHHS, CHJIBHO OCJIA0NSAIOTCS TIPH POXOKICHUT
yepe3 TOJCTBIN CIIOM IPOBOISIIET0 Marepralia, KOTOPbIM sIBJIsI-
eTcs MOpPCKast BOJA.

AHaNOTHYHO, TIpH TIepenade nHPOPMALNU Ha MOTPYKEH-
HBIC TIOAIBOJHBIC JIOAKH, KOTAA, B OCHOBHOM, HCIIOJB3yETCS
PagroCBs3b B CBEPXUIMHHOBOJIHOBOM (JECATKH KHIIOTEPII)
U CBEPXHH3KOYACTOTHOM (COTHH TepIl) IUAla3oHax BOIH,
MIPUMEHSEMbIe HU3KOYaCTOTHBIE CHCTEMbI HE OOECIICUMBAIOT
TpeOyeMOoro BpeMEHH W MOMEXOYCTOHYHBOCTH CBS3H C 00B-
€KTaMH, HaXOIAIINMHUCS Ha OONBIINX JAANbHOCTIX M ITyOMHAX
MOTPY>KEHHs, HECMOTPSI HA TO, YTO YPOBEHb MX PA3BUTHSI IIPHU-
OmrKaeTcst K IPeIeNIbHO TOCTHKUMBIM BO3MOKHOCTSIM.

e))

Puc. 2. Cxema u3 nporpammuoro nokymeHTa US NAVY «Arctic Roadmapy, mumoctpupyromas CTpyKTypy
MYJIBTHAar€HTHOM CHCTeMBI cOopa HH(popManuu
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[IpenarcTBuUs 1T aeKBaTHOM pabOTHI CUCTEM CBS3H, CBSI-
3aHBI C PAIOM IIPHYUH, CPEIN KOTOPHIX MCKAKSHUS Ha TPAHUIIE
BOIBI U BO3MyXa, HECTAOMIbHAS AWHAMIKA MOPCKOH TOBEpX-
HOCTH, 0COOEHHOCTH Tepenadn nH(GOpMauy B BOAHOI cpere,
1 T.7. TpaauImoHHBIE CITOCOOBI pEIICHHUsS BBHIINICYKa3aHHBIX
mpobiaeM BKIo4JaroT (puc. 3):

BCIUTBITHE (TIOBCIUTBITHE) M BBIXOJ HA CBSI3b C IIOBEPXHOCTH;

BEIITYCK Ha TOBEPXHOCTH Paaro0yes,

BBIIBIKCHUE aHTCHH CBSI3U;

WCTIONB30BaHME PETPAHCIATOPOB;

WCTIONB30BaHMe KabeIel CBI3U U yIIPaBICHHS.

B xkadecTBe mpmMepa WCIONB30BAaHUSA PETPAHCIATOPOB
MOXHO TIPUBECTH NPHUMEHCHHE OTECYECTBEHHBIX CaMOJICTOB
Ty-142MP, co3maHHBIX AT CBSI3H C TOTPY’KEHHBIMH TTOJJBOTHBI-
MH aTOMHBIMH pakeToHocmamu. Ty-142MP oGopymoBaH BBHI-
MTyCKHON aHTEHHOW CBEPXUTMHHBIX PaFOBONH, MaKCHMaTbHAs
JUTHHA KOTOPOoii cocTtaBisgeT 8600 METpOB, M KOMIIEKCOM PajIio-
cranmmii ion ynpasnearnem BIIBM «Opouta-20» [8].

Hamubormee pacmpocTpaHeHHBIM CIIOCOOOM CBSI3H C TIOIBO-
masiMa MPTK octaercss mpoBomHOM cIIOCO0 CBSI3H, peajn3o-
BaHHBIH B koMIutekcax ¢ THITA (pwuc. 4) [9].

Bwmecte ¢ TeM, ImpuMEHEHHE TPAAUIIMOHHBIX CIIOCOOOB
TIPU OPTAaHU3AIMH CBSI3M HAPYIIAET CKPHITHOCTH MPHUMEHEHHS
MPTK, a Taxxe HaKJIaJbIBAET CYIIECTBEHHbBIE OTPAHUYEHUS 11O

WWW.H-ES.RU
RF TECHNOLOGY AND COMMUNICATION

MTOJIOKEHUIO CYTHA-HOCHUTEISI OTHOCHUTENIFHO paiioHa HaXOXKIe-
Hust MPTK B Teuenue Bcero nepuoza BbIIOIHEHNS TOABOAHBIX
paboT (IECTaHIHS 0 CyIHA-HOCHUTENS IOJDKHA 00eCTednBaTh
ToJIIepKaHre HETPEPBIBHOMN CBS3U C ITOIBOJHBIM armapaToM
1 CJIGKEHHE 32 €TO TOJIOKCHHUEM ).

Hanpumep, npuMeHeHre TPOBOAHON CBSA3HM B WH(pOpMa-
unoHHBIX ceTsix MPTK npencrasisercs 10cTaTo4HO TPOMO3 -
KAM W IeJIeCO00pa3HO TONBKO IS JOHHBIX cTaHmmid. [Ipm
HCTIIOTH30BAHUN MTPOBOTHOTO CIOCO0A CBSI3U CYIIIECTBECHHBIM
HEIOCTAaTKOM SIBJSIETCS OTpaHWYCHHAs IJIMHA KabOews, d9To
OTpaHUYMBAET JAJIbHOCTh AehCcTBUsA «cBsi3aHHbIX» MPTK. Ta-
koe npuMmeHenrne MPTK BbI3bIBa€T pOCT CONPOTUBIIEHUS BOJbI
JIBIDKCHUIO alliapara, a Takke BO3HUKAIONIEH OIaCHOCTHIO
MOBPEX/ICHUsI Kabens BUHTAMHU CyaHa-HocutTens. [lommmo
JUTHHBI Kabemsi, OMHUM W3 TPOOIEMHBIX BOIIPOCOB IIPOBOTHO-
T0 crroco0a CBsI3U B IOABOAHOM Cpelie SIBISETCS 9acTO HAaOI0-
JTAeMBIN TTOBEPXHOCTHBINA ekt (ckuH-3(dext) — rddexr
YMEHBIICHUS aMILTUTYABI JIEKTPOMArHATHBIX BOJH IO Mepe
WX TPOHWKHOBEHHS BLIIyOb TpoOBOAsIIEH cpembl. B pesyms-
TaTe CKUH-dQQeKTa MEePEeMEHHBIH TOK BRICOKOW YaCTOTHI IIPH
MPOTEKaHUH TI0 TIPOBOIHUKY PaCIpeesIeTCss He PAaBHOMEPHO
M0 CEUEHHIO, a TPEUMYIISCTBEHHO B MMOBEPXHOCTHOM CIIOE,
YTO, OYEBUIHO, HE MOJKET HEC BIUATh HA KAa4e€CTBO CHUTHAJIOB

CBSI3U M yTIPAaBIICHHUS.

Puc. 3. CiocoObl OpraHu3aiiiy CBsI3U ¢ IMOIBOAHBIMU aIlliapaTaMy

(creBa HaIpaBo: BCIUIBITHE, BBILYCK paano0yeB, BbIABUKCHUE AHTECHH)

Puc. 4. THITA «®ankon» (cnea) u THITA «'Hom» (cripaBa)
¢ xabelleM CBSI3U | YIIPABICHUS
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AJIbTepHATHBHBIE c1I0c00bI opranu3anyu ces3u ¢ MPTK:

Kanauel cBA3M B 1Mana3oHe KpaliHe HU3KUX YaCTOT

Heo0x0aMM0 OTMETHTBH MCCIEIOBaHUS MO CO3/IAHMIO Ka-
HaJIOB CBSI3M B JHamasoHe KpaiiHe Hu3kux vactor (KHUY),
CEHCMMYECKUX U THUAPOAKYCTUYECKHX BOJIH, ONTHYECKOIO
(J1a3epHOTr0) M3ITy4YEHUs], @ TAK)KE HAa OCHOBE (P eKTa IoBepx-
HOCTHOM BoJIHBI [ 10—14].

Pamuonuauu B muanazone KHY yBenuyar riyOuHy CBSI3H,
BMECTE C TE€M BHEIpEHHE ITOJO00HON ammapaTypbl COIpsiKe-
HO C CYIIECTBEHHBIMH (DMHAHCOBBIMH H3EpKKaMu. B cBs3u
C 9THM, B HACTOsAIIEE BpeMsl MPOBOAITCSA TOJIBKO MOHCKOBBIE
HCCIIeIOBaHHUs 110 U3YUEHUIO KaHaIoB pacnpoctpanenus KHY-
ToJIeH, U3MEPEHUIO YPOBHS ITOMEX, MpolIieM rnepenadu 1 00-
pabotku nHpopmanuu [15].

AKycTHYeCKHe KAaHAJIbI CBSA3H

AKyCTUYECKHE BOJHBI JOCTUral0T XOPOLIETr0 MPOHUKHO-
BEHHUS W PACIpOCTPAaHEHHs] BO BCEX YIPYTHUX CpeAax, B TOM
YHCcIe TPU UX KONCOAHUSIX M3-32 M3MCHCHHH JaBICHUS. D¢-
(heKTHBHOCTH TIPUMEHEHHsI aKyCTHYECKOTO IpeoOpa3oBaHUs
YBEJIMYUBAETCSI B TEOMETPUUECKON MIPOrPECCUH C YBEIUUYECHU-
€M DIYOHHBI (JTaBJICHUS ), YTO MPUBOAUT K YBEIHUCHHUIO JaJTb-
HOCTH CBSI3U MPU MPOUYUX PABHBIX MapameTpax, OAHAKO C yBe-
JUYEHUEM JalbHOCTH CBS3U MaJaeT MOMEXOYyCTOMUUBOCTE.
Taknum 06pa3om, celicCMHUYECKHE U THIPOaKyCTHUECKUE BOJTHBI
00ecreunBaloT CBA3b 03 OrpaHNYEHHs ITYOUHBI TTOTPYKSHUS
00BEeKTa, OJHAKO, M3-3a MaJOH CKOPOCTH DPacIpOCTPaHECHUS
9TUX BOJIH peasibHas AaJIbHOCTh CBA3M OTpaHUuEHa PACCTOSHU-
SIMH He 0oJiee HECKOJBKHUX THICSY KHJIOMETPOB IIPU JIOMYCTH-
MOM BPEMEHH PaclpOCTPAHEHUs CUTHATA.

CriocoOHOCTh aKyCTHYECKHMX BOJIH paclpoCTPaHSATHCS Ha
OoJbIIME PACCTOSHUS MO3BOJSIET MPUMEHSThH JUCTAaHIIMOHHOE
30HIUPOBaHUE B BOAHOH cpene. BOMBIIMHCTBO yCTpPOUCTB,
MPUMCHSICMBIX JIJISI U3MEPEHUS [IYOHH, HCIIOIb3YIOT 3BYKOBEIC
BOJIHBI M Ha3bIBAIOTCS THIPOJIOKATOPAMH HIIM COHApaMH.

IMomoOHast ammaparypa NpHUMEHUMA Ui OpPTaHU3AIHH
TUAPOAKYCTUYECKUX JIMHUNA CBS3U B LESX JNETEKTUPOBAHUS
JIUCKPETHBIX KOPOTKUX 3BYKOBBIX CHUTHAJIOB. ECTeCTBEHHBIM
HEJO0CTAaTKOM HCMOJb30BAHUS AKYCTUUECKUX BOJIH SIBISIETCS
3P PEKT UX 3aTyXaHUs ¢ yBEIUUCHUECM JAUCTAHIIMN TICpEIayuu.

Ha Beicokux (6onee 10 kI'r) wacrorax crai ypoBHS 3ByKO-
BOTO IOJISl C AUCTAHLIMEH B MOPCKOIl cpesie MPaKTUUECKH IMOJI-
HOCTBIO OOBSICHSIETCSI TEOMETPHUECKIM PACXOXKACHHEM M TIO-
IIOLICHUEM 3ByKa B cpene. Ha HM3KUX ke 4acToTax MOMHMO
MOIIOLICHNUS CYILECTBEHHYIO POJIb UTPAET PacCessHUE 3ByKa Ha
HEOJAHOPOJHOCTSIX CPEABIL.

KoadduimenT 3aryxanus onpenensercs Mo OTKIOHEHUIO
9KCIEPUMEHTAJIBLHO MOIYYEHHOTO 3aKOHa CHaJaHus OT Iu-
muuapudeckoro. Ha yactorax 1-5 k' s onpeaeneHus: Ko-
s dunmenTa 3aryxanus nocrarouno 100—150 kumomerpoBoit
Tpacchel pacnpocTtpaHenus. Ha gacrorax Hmxe 0,5-1,0 xI'g
Tpedyetcst Tpacca S00—1000 kM u Goree [16].

Hcxonst n3 o0MMPHOTO MaTepHaa 1o UCCICIOBaHUIO 3a-
TyXaHHUs 3ByKa B MOPCKOM cpejie, MOKHO NMPUBECTU YNPOLIECH-
HYO (OpMYITy 3aBHCUMOCTH K03 (PUITMCHTA 3aTyXaHUS THIIPO-
aKyCTHUYECKOTO CUTHaJa OT €ro 4acToThl B Buae [17]:
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B=0.036yf, (1)

rae B — xoaddunuent 3aryxanust, ab/km, f — vacrora, kI,
B [TMANa30He pabodmX 4acTOT OOJBITUHCTBA THIPOAKYCTHYC-
ckux cucrem 0,016—100kI 1.

JlaHHOE COOTHOIIICHUE YKa3hIBaCT HA HEITMHCHHBIN XapaK-
TEp 3aBHCHMOCTHU TOIVIONICHUS aKyCTHYCCKOW DHEPTUU U He-
BO3MO)KHOCTPH HCIIOJIH30BAaHUS HAMIPSIMYIO JIMHEHHBIX MOJCICH
(hopMHUpPOBaHNUS YACTOTHO — 3aBUCHMOTO OTKITHKA CPEIIBL.

Pesynprarel pacdeToB 3aBUCHUMOCTH 3aTyXaHUs CHUTHAIA
B MIPECHOM BOJEC OT YaCTOTHI CUrHaa 1Mo gopmyse (1) mis ga-
crot ot 0,016 1o 100 k' npeacTaBieHsl Ha puc. S.
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Puc. 5. I'paduk 3aBUCHMOCTH 3aTyXaHUsI CUTHAJIA
B IIPECHOM BOJIC OT YaCTOTHI CUTHAJIA

O6men unpopmarmeit mexay MPTK, o0bequHEHHBIX
B T'HIPOAKyCTHYCCKYH) HH()OPMAIIMOHHO-HABUTAIIHOHHYO
CeTh, 11eI1eCO00pa3HO OPraHU30BBIBATH C HCIOIH30BAHHEM I1a-
KETHOTO IMPUHIMITA KOMMYTAIIUK COOOICHHA, aHATOITHIHOTO
MIPUMECHSICMOMY B COTOBBIX CETSX CBS3M C MOJABHKHBIMU O0b-
eKTaMH TS ITUPPOBOH mepeaads nHGOPMALIUH.

[IpuMeHeHHEe MAKETHOTO MPUHIIMIIA KOMMYTAIMKA 00ecIe-
YHMBACT MOIBOAHBIM OOBEKTAM JOCTYI K CYIICCTBYOIIMM HH-
(hOpMAIIOHHBIM CHCTEMaM CETSIM HE3aBHCHMO OT MECTOITOJIO-
KEHUSI TTOJBOTHOTO OOBEKTA C BO3MOKHOCTBIO JIBYCTOPOHHETO
oOMeHa rHpOpMaIUEii MEXTy TTOBOAHBIMU OOBEKTAMHU, BKITIO-
Yast ¥ MIOIBUYKHBIC, C CYXOITyTHBIMH U TTOJJBOIAHBIMH O0BCKTaMHU.

Crnemyer TakXke OTMETHTh OCOOCHHOCTH HaJBOIHO-TIOA-
BOJIHBIX THIPOAKyCTHUCCKUX JIMHUHN CBSI3M, TIC CIICAYET y4H-
THIBaTh TOTPEIIIHOCTH, BO3HUKAIOIINEC B CUTHAJIC IMPH IIPO-
XOXKICHUH TPAHUIIBI BOTHON M BO3AyIIHON cpenbl. CKOpOCTh
pacipocTpaHeHH s 3ByKa 1ox Bomoi okosio 1500 m/c, CKopocTh
pacipoCTpaHCHHs SIICKTPOMArHUTHOTO CHUTHAJIA B BO3YIIIHOM
npoctpancTBe okoiio 300000 m/c. PasHocTh ckOpocTei BbI-
3BIBACT CYIIICCTBCHHBIC 33[CP)KKUA B MOIYyYCHUH HH(POPMAIIUU
B TIO/IBOJTHOM IIPOCTPAHCTBE (TI0 CPABHEHUIO CO CKOPOCTHIO TI0-
JIyYeHUsI HHPOPMALIMHU B HAIBOAHOM TosiokeHuH ). Kpome Toro,
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OJIHMM M3 OCHOBHBIX BHJIOB IIOMEX IS THAPOAKYCTHYECKOTO Ka-
HaJla CBSI3U SBJISIOTCS] COOCTBEHHBIC IITYMBI MOPSI (OKeaHa).

BEIoTHEHHBIE K HACTOAIIEMY BPEMEHH SKCIICPUMEHTAIIb-
HBIE MICCIICIOBAHMS MTOATBEPKAAIOT IIOTCHIMAIbHBIC IEPCIIeK-
THUBBI THIPOAKyCTHYECKUX JIMHUHI cBsA3U. B Hacrosmee Bpems
UMeeTCs MIPAaKTHIecKast BO3MOKHOCTB MOTyYSHUS JTOCTATOYHO
BBICOKHX XapaKTEPUCTUK ITOJOOHBIX JIMHHN CBSA3U Ha KOPOT-
Kux Tpaccax [15].

Onrnyeckue (Jia3epHble) JMHUU CBA3H

Jpyrum BBIXOIOM IpU opraHuzauuu cBsizu mexay MPTK
B MTOZIBOJTHOI CpeJie MOJKET SIBISTHCS HCIIONb30BAHUE ONTHYE-
CKOTO (JTa3epHOT0) N3ITYUICHUS.

Hauunnas ¢ 70-x rogoB B Hamiei cTpaHe MPOBOAUTCS KOM-
IUIEKC TOWCKOBBIX HCCIICIOBAHWN I10 CO3AHHUIO JIAa3€PHBIX
TUHUH cB3H. B Xone 3Tux paboT mokazaHa MpUHIMITHATbHAS
BO3MOXXHOCTb TIE€PEAauN COOOIIEHUH C HCIIOIb30BAHUEM TaK
Ha3bIBAEMOTO «OKHA TPO3PAaYHOCTH» MOPCKOH BOABI B CHHE-
3eIE€HON YacTh BHIUMOM 0OJIaCTH 3JI€KTPOMAarHUTHOTO M3Iy-
yeHus. MccnenoBanus MOKa3aiy, 4ToO JIa3epHbBIC JINHUN CBS3U
0051a/1a10T PsIZIOM HOBBIX Ka4eCTB, K HAHOOIIee CyIeCTBEHHOMY
13 KOTOPBIX OTHOCHUTCS BO3MOXKHOCTH OOECIIEUEHHS CBSI3H BO
Bcex paitoHax MupoBoro okeana [15]. Takue crocoOBI CBSI3M
CHOCOOHBI OCYIIECTBIATE Tepeaady NWHPOPMALUK MOA BOJOH
€0 cKopocThio 10 50 MowuT/c.

Kananbl cBsi3u Ha ocHOBe 3(h(peKTa MOBEPXHOCTHOIO

pacnpocTpaHeHHs BOJIHBI

Pesynbrarsl TEOpeTHYECKHX M HKCIIEPUMEHTAIBHBIX pa-
60t [13, 14] moka3pIBarOT, YTO TSI 0OECIICUCHHS OpTaHU3aIIHI
CKPBITHOH CBSI3M B MPUBOIHOM (IIPUIIOBEPXHOCTHOM) CIIOE at-
MocCdepHI 1esIecoo0pa3Ho UCIOTF30BaTh PAAHOCUTHAEI B CM-,
M- ¥ METPOBOM /IMana3oHax JUIMH BOJH. VI3BecTHO, 4TO mpn
N3JTy9eHUH HIIEKTPOMATHUTHBIX BOJH CAHTHMETPOBOTO, JICTIN-
METPOBOTO M METPOBOTO HANA30HOB BOJIM3M MOBEPXHOCTH
3emin (Mops) B psne ciydacB HaOIOmaeTCs SBICHUE 3aTOpH-
30HTHOTO PACIpPOCTPaHEHUS pPaaroBONH. J[aHHBIE YPQEKTHI
HEOTHOKPATHO PETHCTPHPOBAINCh Kak B Poccum [13-14, 18—
19], Tax u 3a pyOexoM.

[Tporiecc oOpa3oBaHMsl KaHala CBSI3M HaJ TTOBEPXHOCTBIO
MOpsi, SIBISIETCS CIIOKHBIM M HecTalmoHapHBIM. Ha xapakrepu-
CTHKH MIPUBOIHOTO KaHaJIa BIFSIOT Takue (paKkTophI Kak pedpak-
LS B CJIOKHON HEOJHOPOAHOM cpene, METEOPOIOrHIeCKHe yC-
JIOBUSI, COCTOSIHME MOJICTUIIAIOIIEN TOBEPXHOCTU. B yacTHOCTH,
Ha JUIMHY KaHaJla CBSI3W BIMSHUE OKAa3bIBAIOT METEOYCIOBHS Ha
BCEM IPOTSDKEHHUH KaHasa. Takue BOTHOBOABI HE OUEHb UyBCTBH-
TENbHBI K YacTOTE JIEKTPOMATHUTHBIX BOJH M CHOCOOHBI 00e-
CIIEYMBATH PACIPOCTPAHEHUE CUTHAJIOB ¢ yacToTamu Bblie 100
MI'11 Ha paccTOsTHMSA, HAMHOT'O IPEBOCXOSIILIUE TIPEIENbI PAIHO-
ropu3oHTa. [IpoBeneHHBIE pacyueTsl IOKA3aiM, YTO IPH OIpe-
JIETICHHBIX METEOYCIIOBHAX (HEM3MEHSIOMNXCSA Ha TPOTSHKEHUN
BCET0 KaHaJla) JTaJbHOCTD CBSI3H MOXKET TOCTUTATh 10 500 KM.

Jns  ycToitunBoro (QpyHKIIMOHMPOBAHUS KaHAA CBS3U
B INIPUIIOBEPXHOCTHOM M IIPUBOAHOM CIIOSIX arMocdepsl He-
00XOIMMO TIPOBOIUTH PETYISAPHBIH MOHHTOPHUHT COCTOSHUS
arMoc(epbl, XapaKTepUCTHKH KOTOPOH W OINPEAEISIOT BO3-
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MOKHOCTbh OpraHU3alluy U JAJbHOCTh KaHaja cBa3u. Ha Bceil
Tpacce OIEHKA COCTOSHUS aTrMoc(epbl M mapamMeTpbl BOIHO-
BOJHBIX KaHAJIOB MOT'YT IIPOTHO3MPOBATHCSI HA OCHOBAHUH CTa-
THUCTUYECKUX JIAaHHBIX, IMEIOIIUXCS B HATMYNH U TTOTYIEHHbBIX
B HaOJIONEHUAX 32 COCTOSHHEM aTMoc(epsl B paiioHax, OIm3-
KHX 10 KIIMMaTHIECKUM XapaKTEPUCTHKAM K PaliOHy B KOTOPOM
OpraHM3yeTcst KaHa CBs3U. K HacTosAIeMy BpeMeHH NMEETCs
JIOCTaTOYHO HIMPOKUH HAOOp CTAaTHCTHIECKUX JaHHBIX COCTO-
STHUSL aTMOC(ephI U pa3padOTaHHbBIE CIIOCOOBI CTATUCTHYECKON
00paboTKH, YTOOBI CHIENaTh MPOTHO3 XapaKTEPUCTHUK BOJHO-
BOZHOTO KaHana. OfHaKo, 3TH JJaHHBIE TPEOYIOT OCTOSIHHOTO
OOHOBIICHHS, WHAYE OMIMOKM MPOTHO3a C TEYCHHEM BPEMEHH
3HAYUTENIFHO BO3PAcTaioT. JlaHHOE OOCTOATENBCTBO €IIe pas3
MOATBEP)KJAET HEOOXOAMMOCTh HCIONIB30BAHHS TEXHOJIOTUI
KOTHUTHBHOTO PAJNO ISl TOCTPOSHUS IEPCIEKTUBHOM CKPBIT-
HOM CHUCTEMBI CBS3M Ha OOJIBIINE PACCTOSHHS.

JlpyruM BaXXKHBIM SIBIICHHEM I TIOCTPOCHUSI CHCTEM CBSI-
31 TAaKOro poja SBISIETCS BO3HHUKHOBEHHE «IIOBEPXHOCTHOM
ANMEKTpOMarHUTHON BoiHED ([10B). I1OB sKkcHOHEHIHAIRHO
3aTyxaeT MpH yAaJIeHHH 10 00e CTOPOHBI OT BOJHOBEMYIICH
MIOBEPXHOCTH, 3TO CBOWCTBO BOJIHBI SIBJISICTCS] OTIIMUUTEIBHBIM
MIPU3HAKOM ISl €€ MIACHTH(HUKALIN B KA9€CTBE TIOBEPXHOCTHOM.
Kax moka3aHo B JaHHOM OTYeTE, CYIIECTBYET PEIICHHUE 3a1a9i
pacmpocTpaHeHuss MOHOXpoMartndeckux 119B Hax mmrrenanc-
HOMH ITOCKOCTBIO, KOTOPasi IMUTHPYET HIDKHEE TOIYIPOCTpaH-
CTBO B BH/E JIEKTPOJIMTA C MAIBIMHU TOTEpsIMU (MOpCKasi Bozia
B HM3KOYaCTOTHOM JMana3oHe JJIMH BOJH). Bemmunna 3aryxa-
HUS pacnpoctpanstomeiics [I19B Ha rpaHuie «BO3IyX-MOpCKast
BOJ[a» UMEET TaKHe Jke 3HaUeHMs, Kak 1 miockoit OMB. Kopor-
kre [19B npakTrdecku He pacrpoCTPaHAIOTCS B MOPCKOH BOJIE.
Pesynbrarel pacueroB mokasbiBaroT, uro npu uvactore 50 '
3IIEKTPOMArHUTHAS BOJIHA IIPOHMUKAET B MOPCKYIO BOY Ha COTHH
METpPOB, a Ha paanodacTorax ~500 MI ' m1yOnHa MpOHUKHOBE-
HUS M3MepsieTcs eANHUIIaMU METpOoB. [laHHOE 00CTOATEIBCTBO
MOKET OBITh UCIIOJIB30BAHO ISl OPTaHU3AIMN CKPBITHOH CBS3H,
Kak ¢ Ha/IBOIHBIMH, TaK ¥ MOIBOIXHBIMI OOBEKTAMH.

BruiBoabI

Takum 00pa3oM, B HacToslIiee BpeMs CYIIECTBYET JOCTa-
TOYHO OOIIHMPHEI BEIOOP BOSMOKHBIX c1toco00B cBsizu ¢ MPTK,
Ka)KZIbII 13 KOTOPBIX HIMEET CBOM IIPEUMYIIIECTBA U HETOCTATKH.
AHanm3 JOCTUTHYTOTO YPOBHS ¥ TCHIACHINI Pa3BUTHS IIEMEHT-
HOI 0a3bl M HayYHO-TEXHWYECKOTO 3ajeia aJBTCPHATUBHBIX
CI0CO0O0B MTOBOTHOI U HATBOJHON CBS3U MO3BOJIAET MTPOTHO3HU-
pOBaTh BBHICOKHE XapaKTEPUCTHKU T'MAPOAKYyCTHUECKUX JTHHHUN
CBSI3M M JINHUH CBS3U B TIPUIIOBEPXHOCTHOM BOJIHOBOJIE.

IIpencrapnsercs, uto Haubomee F3PPEeKTUBHBIM OyIeT UcC-
MOJTb30BaHNE B HMH(GOPMAIMOHHBIX CETAX, OOBEANHSIONINX
rpymmsl MPTK, coBMemmeHus crioco00B CBSA3H, BKITFOYAFOIITIX
paafio W CIyTHUKOBYIO CBS3b C IOMOIIBIO TMAPOAKYCTHHUE-
cKkux OyeB, MaKeTHYIO Iepenady MH(OpMAIUK 10 THAPOAKy-
CTUYECKUM KaHajaM cBs3M, cBsi3b Ha KHY-Bomnax, mpurmo-
BEPXHOCTHBIX BOJHOBOJAX M JAp. DTO MO3BOJHUT PEaTU30BATH
pe3epBUPOBAHNE KaHAJIOB CBA3M, HEOOXOIMMOE B YCIOBHSIX
JUHAMWYECKH U3MEHSIONMENCs] 0OCTAaHOBKH TP BBIITOJTHEHUN
MPTK (QyHKIIOHAIBHBIX 32129 B BOXHOM IPOCTPAHCTBE.
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POSSIBLE WAYS OF ORGANIZATION A COMMUNICANION IN THE CONSTRUCTION
NETWORKS OF MARINE ROBOTIC COMPLEXES
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Konstantin V. Novak,
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ABSTRACT

In the work examined states issues and improvements of communication methods with marine robotic com-
plexes. Provides an overview of the existing methods of communication, also considered their specific features
and main problem issues, proposed research directions to create perspective information networks that unite
groups of marine robotic complexes. Currently, the marine robotic complex (MRC) is controlled via a telecom-
munications channel (telecontrol) or autonomously according to the program, which is stored in the memory
of the on-board computer, but such methods of communication violate the secrecy of the application of the
MRC, and also imposes significant restrictions on the position of the carrier vessel relatively the area of location
the MRC during the entire period of underwater work. To avoid these drawbacks can be used an alternative
methods of transmitting information in an underwater environment: communication channels in the extreme-
ly low frequency range (ELF), acoustic communication channels, optical (laser) communication channels and
communication channels based on the effect of surface wave propagation. Radio links in the range of ELF will
increase the depth of communication networks, but the introduction of such equipment is associated with sig-
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nificant financial costs. Acoustic waves achieve good penetration and propagation in all elastic media, including
their fluctuations due to pressure changes, the disadvantage is the effect of their attenuation with increasing
distances of transmission. The laser communication lines have a number of new qualities, the most significant
is the possibility of providing communication in all regions of the World Ocean, but their use is possible only
in blue-green parts of the visible spectrum of electromagnetic radiation. The use of communication channel in
the near-surface and driving layers of the atmosphere facilitates the organization of a covert connection, but
requires regular monitoring of the state of the atmosphere, because the characteristics determine the possibility
of organization networks and the range of the communication channel. Thus, the choice of a specific method of
organization of communication with the MRC depends on the external conditions, tasks and characteristics of
the chosen communication network.

Keywords: marine robotic complexes; uninhabited underwater vehicles; communications; sonar; group control.
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AHHOTALMSA

TeHAeHLMeEN COBPEMEHHbIX KOCMUYECKUX TEXHOJOMMI SABISIETCS CO3AaHne U NMPUMEHEHNe MHO-
rOCMyTHUKOBbLIX OPOUTasNbHBIX FPYMMNMPOBOK AUCTAHLMOHHOrO 30HAMPOBaHWA 3eman Ha base
MUWKPOCMYTHUKOB. [lepcnekTUBHbIM HanpaB/ieHVeM PasBUTUS MUKPOCMYTHUKOB, MOMUMO Aallb-
HeMlwen MUKPOMUHMNATIOPU3ALUN, SBNISIETCS MOCTPOEHME U3 OTAESbHbIX MUKPOCMYTHUKOB opbu-
TasbHbIX CTPYKTYP - KflactepoB. DPPeKTUBHOCTL MPUMEHEHMSI KJTAaCTEPOB MUKPOCMYTHNKOB B 3Ha-
YMTESIBHOW CTEMeHW 3aBUCUT OT 3PPEKTUBHOCTM M KayecTBa MiaHMpoBaHusi paboTbl OTAESbHbIX
MWUKPOCMYTHUKOB AJ151 BbINMOJSIHEHUS LeNeBon 3aAaun knactepa. [Npy aBTOHOMHOM MAaHWPOBaHWUM
NosIBNISIETC BO3MOXHOCTb MCMOMb30BaTh Gosiee TOYHble JaHHble O KOOPAMHATax U COCTOSHUU
pPecypcoB MWUKPOCMYTHUKOB, a TakXe Ha BGOPTy MOXeT MiaHWpPOBaTbCA LOMOJSIHUTENbHOE 30H-
AVMPOBaHME 3eMHOW MOBEPXHOCTU B MPOAKTUBHOM PexuMe, B Cllydae OTOPAKOBKM MOJyHEHHbIX
[aHHbIX Mo pesyrnbTatam 6opToBon obpabortku. MepeHoc pelierne psapa 3apad Ha 6opT npueo-
AMT K HEOBXOAMMOCTH yBENIMYEHUS MPOVN3BOAUTENIBHOCTU BOPTOBOIN BbIYUCIIUTENILHON CUCTEMBI
¥ COBEPLUEHCTBOBAHMS MOAXOAOB K MOCTPOEHUIO M opraHmsaumny GyHKLMOHUPOBaHNUS KnacTepa.
B pabore paccmoTpeHa npobnema opraHusaumm ¢yHKLMOHaNbHO-pacnpenesieHHon obpabort-
KN MHpOPMaLMM B MEPCreKTUBHbIX KacTepax MUKPOCMYTHUKOB, KOTOpas npeacTrasnset cobomn
0b6beKTMBHOE NPOTUBOpPEYME MeXAY NMOTPEeBHOCTAMU BbICOKOMPOU3BOAUTENbHON GOpTOBON 06-
paboTKM MHPOPMaLUM U FPAHNYEHHBIMU BO3MOXHOCTSMM, CBSI3aHHBIMU C MPOU3BOANTENIbHOCTbIO
COBpPEMEHHbIMU BOPTOBBIX BbIUCIUTESIbHBIX CUCTEM, 3aMacoM 3Hepropecypca 60TOBON cUCTEMBbI
3N1EeKTPOCHabXeHNs 1 MaccorabapuTHbIMU XapakTepucTUKaM MUKpocnyTHuka. MNpeanoxeHa me-
TOAMKA OPraHu3auMmn aBTOHOMHOMN ¢YHKLMOHaNbHO-pacnpegeneHHon obpabotkn nHbopmauun
B KnacTtepax, obecneuvBaloLlas yBesnyeHne KoOJIMYecTBa OTCHATbIX Y4aCTKOB 3€MHON NOBEPXHO-
ctn. Mpun 06paboTke AaHHbIX yYUTBIBAIOTCS OrPaHUYEHUS Ha PECYPCOEMKOCTb M ONepaTMBHOCTb
Bblgaun mHpopmaumm. Metognka obecneumBaetT aBTOHOMHOe GOPMUPOBaHUE MIaHOB PaboTbi
LleJIeBOW anmnapaTtypbl Ha OCHOBE TEKYLUMX NMapaMeTpoB Kiactepa v TpeboBaHuit K pesynbTatam
ee GYHKLMOHMPOBAHNSA C yHETOM MUHMMMU3ALMN PECYPCOEMKOCTU NHPOPMALIMOHHBIX NPOLECCOB.

KnroueBble croBa: kfactep; MUKPOCNYTHUKW; pacnpepeneHHasi BblYMCAUTESbHAs CTPYKTYpPa;
dyHKUMOHaNbHO-pacnpepenieHHas obpaboTka; GopToBas BblYUCIUTENbHAS CUCTEMA.

Ansa umtupoBaums: bacsipos A. T, LLinpobokos B. B. MeTtogmnka GyHKLMOHaNbHO-pacnpeaeeHHon
06paboTkm MHPOPMaLUK B NEPCMEKTUBHBIX KIacTepax MUKPOCMYTHUKOB AUCTAaHUVOHHOIO 30HAM-
poBaHusi 3emnu // HaykoemMkne TeXHONOrMnM B KOCMUYeckmx nccnegosanusax 3emnu. 2017. T. 9.
N2 4. C. 62-70.
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Brenenne

C Ka)/IbIM TOJIOM PacTeT CIIPOC Ha JJaHHBIC TTOJyYCHHBIE OT
KOCMHUYECKHMX CPE/ICTB JAMCTAHIIMOHHOTO 30HAMPOBAHUS 3eMIIH
([133). Hanpumep, B 2014 roxy Ha opOUTHI BOKPYT 3eMJIH 3aIty-
IIEHO PEKOPIHOE YUCII0 KocMudeckux arnmaparos (KA) c arnma-
parypoil ceeMku 3eMan: 26 CIlyTHUKOB MO JEHCTBYIOIUM IPak-
JTAHCKMM MPOrpaMMaM JAWMCTAHIMOHHOTO 30H/IMPOBAHUS 3eMIIN
(1133), a Taxxke psg KA 1o BoeHHBIM ITporpamMmmaM. B ocHOBHOM
nanHbie JI33 npencraBieHbl N300paKEHUSIMA TTO/ICTHNIAIONICH
MOBEPXHOCTH, 3aPETHCTPUPOBAHHBIMH B ONTHYECKOM JIHAIa3o-
HE CIIEKTPa 3JIEKTPOMATHUTHOTO N3ITyYCHHUS.

TeHneHIMsAMH COBPEMEHHBIX KOCMHUYECKHX TEXHOJIOTHI
J133 sBisieTcst co3aHue W NMPUMEHEHHE MHOTOCITY THHKOBBIX
opbOutansaeix rpynmupoBok (OI') /133 nHa 6ase MuKpocITyT-
HuKOB (MC), criocoOHBIX TIpeB30iTH M0 3(H(HEKTUBHOCTH CY-
IIECTBYIONIME OPOUTANBHBIC TPYIIUPOBKH U3 TPAJAUIHOHHBIX
KA mpu cpaBaumoii croumoctu (puc. 1). IlepcrieKTnBHBIM
HanpasieHueM pa3Butus MC, nomMumo JanbHeimeil MUKpo-
MHUHHUATIOPU3ALHH, SBISICTCS MMOCTPOCHNE M3 OTAEIBbHBIX KA
OpOUTANBHBIX CTPYKTYP (KIIACTEPOB): «CO3BE3IUI» U «POCBY.
O6beaunenne MC B Ki1acTepsl MO3BOJISIET CYIIECTBEHHO pac-
mUpUTh PYHKIHOHATIbHBIE Bo3MokHOCTH MC [1].

B CIIA, nauunast ¢ 2006 ronsl Benetcst uensiii psin HU-
OKP, nocBsIeHHbIX UCII0NIb30BaHnui0 MC, B TOM 4ucie:

— nporpamma COSMIC (Concepts and Operations for
Space and Missile Defense Integration Capabilities) coznanus
KocMudeckux cucteM Ha 0aze MC (peamusyercs ¢ 2006 rona);

— KOHIENMIUsl ONEepaTHMBHOro jJocryma B KocMoc ORS
(Operationally Responsive Space) ¢ IelIbl0 HETIOCPEICTBEH-
HOW MOICPIKKH 00CBBIX JIeicTBHi (peanusyercs ¢ 2007 rona);

— MporpaMma HEeINOCPEJCTBCHHOTO HCIIOJIB30BAHHS KOC-
muueckux cucteM SeeMe (Space Enabled Effects for Military
Engagements) (nagara B xonue 2012 rona);

— rocynapcTBenHas nporpamma Tacsat (Tactical satellite)
CIHIA no co3nanuio OBICTPO pa3BOPauYMBAEMBIX IPYNITHPOBOK
mainsix KA (Hauara B konue 2004 rona);

— mnporpamMa System F6 (Future, Fast, Flexible,
Fractionated, Free- Flying Spacecraft united by Information
eXchange) a7t MPOEKTUPOBAHMS, CO3/IAHHS M JEMOHCTPALUN
BO3MOXHOCTeH (pparmenTnposanHoro KA [2];

. Al
A

HaHocnyTHUK

CpeaHue KA MuHucnyTHUK  MUKpocnyTHHK

® CozpnaHue KA ® 3anyck KA

Puc. 1. 3aBucuMOCTb 3aTpaT Ha CO31aHHUE U 3aITYCK
MHUKPOCIYTHHKA OT UX MacChl
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— mporpamma ALASA (Airborne Launch Assist Space
Access), B paMKax KOTOPO# co3aeTcs miaTgopMa BO3IyITHO-
ro 6a3upoBaHUs AT OBICTPOTO M SKOHOMHYHOTO BBIBEJICHHUS
Ha OpOUTY KOCMHYECKHX ammaparoB Maccoit 1o 50—100 xr (aa-
gata B KoHIle 2012 rozga).

Ilox xmactepom ciiemyeT MOHMMAaTh COBOKYITHOCTBH OIJHO-
tumHEIX MC mmin MC pa3ni4HOTO IeTIeBOT0 Ha3HAYEHHS, CO-
BMECTHO PEIIAIONIMX OOIIYyI0 3a/1ady W BOCHPHHUMAEMBIX MO-
TpeOuTeNeM Kak eIHOE 1Ie10€ («BUPTYaIbHBII» KOCMUYECKHUN
ammapar). Kmacreper MC uMeIOT psifl OTIHYHI OT APYTUX Op-
OWTANBHBIX TPYMITUPOBOK. Bo-mepBhIX, B cymecTtBytomux OI
ronHOpa3MepHbIx KA n MC oTCyTCTByeT HemocpencTBEHHAS
cBs13b MexIy KA wmmm ske 3Ta cBA3b ONMOCPEN0BaHA HA3EMHBIM
KOMIIIEKCOM YIIPABIICHHS WIN CTIEINaIbHBIM KOMIUIEKCOM. Bo-
BTOPBIX, OAJUTMCTHYECKOE TIOCTPOCHUE KIIacTepa MpenoiaraeT
HaxoxJeHne Bcex ero MC B OTHOCHTENBHOM OMU30CTH APYT OT
JpyTa, TOITycKaromieil ”HPOpMAMOHHBIH 00MEH MEXITy HIMH.

O6pemuaerne MC B KiTacTephl MO3BOJSET CYIIECTBEHHO
pacumpuTh (QyHKIIMOHANBHEIE Bo3MoxHOCTH MC. Hampu-
mep, B 2007 romy xorrpecc CIIA oGpa3oBan HOBEIH oduc
JUI yTIpaBJiIeHUsT porpaMmoil «OnepaTuBHO pearupyrommi
xocmocy (Operationally Responsive Space). OCHOBHO# 1eTbi0
3TOH MPOTpaMMBbI SABJSIETCSI 0OECTIeueHHEe M KOOPANHALISI KOC-
MHYECKUX UCCIIeNOBaHNI B MHTEpecax MuHUCTEpCcTBAa 000PO-
vel CIIA. B pamkax mporpammbel ORS-5 B 2017 rony mianu-
pyeTcst 3aIycK TPYIITUPOBKH MaJIBIX KOCMUYIECKHX aIapaToB
(MKA), xotopas OyzmeT obecniedynBarh pelieHne TaKuxX 3ajad,
KaK KPYIJIOCYTOYHBIH MOHHTOPHHT cOOp WH(pOPMAIIUN U pac-
MMO3HABAaHHUE IENIeH, PaauoIOKallMOHHbIe HAOMIOneHNs, 0OHa-
py’KeHHue IycKa pakeT u obecriedeHue cBs3u. OTHIM U3 OCHOB-
HBIX HalpaBJIeHUN UCCIIEOBAHUM B 3TOM IPOrpaMMe SIBISIETCS
pa3paboTKa peleHnii B 001acTH aBTOHOMHOTO TUTAHUPOBAHUS
W yIpaBJeHUs opOuTaNbHOM TpymupoBKoit MKA.

O¢ddexruBHOCTS TpuMeHeHHs kimactepa MC /133 B 3Ha-
YUTEJIFHON CTENEHHU 3aBHCUT OT 3((EKTUBHOCTH M KauyecTBa
IJIAHUPOBAHUSI MOHUTOPUHIA 36MHOM noBepxHocTU. [Ipu aB-
TOHOMHOM IIJIAHUPOBAHWH ITOSIBIISIETCS BO3MOKHOCTH HCIIONb-
30BaTh OOJiee TOYHBIC JAHHBIE O KOOPAMHATaX M COCTOSHHU
pecypcoB KA, a takke Ha 60pTy KA MOryT muraHupoBarhcs
JIOTIONTHUTENbHBIC YYAaCTKH Ul 30HAMPOBAHUS 3E€MHOW I10-
BPEXHOCTH B TNIPOAKTUBHOM pEXHME, B CIydae OTOPaKOBKH
TTOyYCHHBIX JaHHBIX IO pe3yibTaraM OOpPTOBOH 00paOOTKH.
ABTOHOMHOE IITAHMPOBAaHHWE B HACTOSIIEE BpPEMs AKTUBHO
MIPUMEHSETCS Ha MIPAKTHKE, XOTs, B OCHOBHOM, B SKCIIEPUMEH-
TagpbHOM peskume [3]. [Ipumepom mogo0HO CHCTEMBI SBIACTCS
cucrema turanupoBanns EDSN (anrn. Edison Demonstration
of Smallsat Networks) pa3pabarsiBaecmas NASA kak JeMOH-
CTpaTop AJIsI HPOBEPKH KOHLETIINH «POsi HAHOCITY THUKOBY, KO-
TOPBIA BBITIOJIHSET CKOOPIUHUPOBAHHYIO JESITEIFHOCTD. DTOT
MIPOEKT IIAHUPYET UCIIOIb30BaTh TPYIIIMPOBKY U3 BOCEMH Ha-
HOCITyTHUKOB, Ka)KJIbIif BECOM OKOJIO 2 KT. B 3aruraHupoBaHHOM
CIIeHapUM MOHHUTOPUHTA OT/EJIbHBIE HAHOCITYTHUKOB JIOJDKHBI
MIOOYEPETHO BBIIOJIHATE POJIb JIUAEPA, B (PyHKIUH KOTOPOTO,
JIOTIOTHUTENBHO K 33/a4aM HaOJIOeHNUs, BXOOUT cOOp MaH-
HBIX C OCTAJIBHBIX CEMH CITyTHHKOB U IIepe/iada BCETO MacCHBa
JAaHHBIX B HA3eMHBIN MyHKT. [Ipearnonaraemas mpogomKUTENb-

63



H&ES RESEARCH, 4-2017

NHOOPMATUKA, BbIYMCITUTENTIbHAA TEXHUKA U YTIPABJTEHUE

HOCTh porpammbl EDSN, B mporiecce KOTOpOii TITaHHPYETCS
HCCIIEZIOBAaHNE BO3MOKHOCTEH KOHIIEIIINH HH(OPMAIIHOHHOTO
B3aMMOJICHCTBHUS CITyTHHKOB — 3TO TIepBBle 60 mHEH cyme-
CTBOBAHUS TPYIIIUPOBKH, ITOKA PACCTOSHHSA MEXIy CITyTHH-
KaMHU COXPAHSIOTCS TOCTaTOYHO ManbiMu (He Oomee 120 xkm).
K coxxanenmuto, mepBasi MOIMbITKA IPOBEPUTH CHCTEMY Ha Mpak-
THKE OKa3aJIach HEYIAYHOM, TaK KaK CITyTHHUKH OBUIM TOTEps-
HBI I BBIBOZIE Ha OPOUTY. J{pyriuM MprMepoM HCIIONb30BaHUS
BO3MOXXHOCTEI aBTOHOMHOTO TUTAHHPOBAHMS SIBISIETCS] KOMOU-
HUpOBaHHAs cucteMa uranupoBanns VAMOS (Verification of
Autonomous Mission Planning Onboard a Spacecraft), koropas
pa3paborana B [epMaHCKOM IEHTpE KOCMHUYECKHX OTIepamnit
(GSOC — German Space Operations Center). Jta cucrema
HCIIONB3YETCsl AJIs INIAHUPOBaHUs 3amylieHHbIX B 2015 romy
cinytHuKOB Biros (Berlin Infra-red Optical System), Ha koTO-
PBIX YCTAQHOBJIEHBI CHCTEMBI ABYCHEKTPaJIbHBIX HH(]pakpac-
HBIX CEHCOPOB M TPEXKaHAIBHBIX ONTHYECKUX Kamep. Ha ciryT-
HUKAaX TaKkKe YCTAHOBJIECHBI SKCIIEPUMEHTAJIBHBIE MOJEMBI,
KOTOpBIE HCIIONB3YIOTCS sl 0OECTIeueHns AOTIOHUTEILHON
CBSI3M C Ha3eMHBIMH ITyHKTAMH YIPABICHHUS C UCIIOIb30BaHMU-
€M CITyTHHKOBOM cucTeMsbl cBsi3 OrbComm. Ha Goprty coyT-
HUKA BBITOIHIETCS] 00paboTka CHUMKOB, KOTOpasi MO3BOJISIET
OTIPEAEIATH OOJAYHOCTD, @ TAKXKE BBISBISITH HEKOTOPHIEC THITHI
00BEKTOB U COOBITHIA, HATPAUMEP, MOCTHI M HABOTHCHHS.

[eperoc 3HAYUTENTHHOM YacTH (HYHKIMN TUTAHIPOBAHUS Pa-
6ote1 kmactepa MC u ynpaBrmenus rpymmupokoid MC ¢ HKY
Ha OOpPTOBBIE W WCIIONBH30BaHKE TIIOOANBHBIX IMMOKa3aTelel Ka-
YecTBa IUIAHWPOBAHMS MO3BOJISIET 00ECIICINTh BHIYUCINTEIEHO
2 PeKTHBHOE aBTOHOMHOE pacIpeieieHHOe TTIaHUPOBaHHE 3a-
Jlad ¥ PEaKIio Ha HENPEABUICHHBIC COOBITHS JUIS KOPPEKINN
IUTAaHOB B peaJbHOM BpeMeHH. [lepeHoc pemreHne psiga 3amad
Ha 60pT KA mpuBOIUT K HEOOXOMMMOCTH YBEIUYCHUS MTPON3-
BOJUTENFHOCTH OOpTOBOH BhrumciuTensHOM cructeMbl (BBC)
KA u coBepuieHCTBOBAaHUS MOAXOAOB K MOCTPOCHUIO M Opra-
Hu3anuu (yHKiponnpoBanus kinactepa 1 BBC KA. [Ipu stom
BO3HHUKAET 00BbEKTUBHOE TPOTHBOPEUNE MEXKIY HOTPEOHOCTSIMU
BBICOKOTIPOM3BOIUTEIBHON OOPTOBOM 00pabOTKH MH(OpMALIIHI
1 OTPAaHWYCHHBIMH BO3MOXKHOCTSIMH COBPEMEHHBIX OOpPTOBBIX
BerumciuTensHBIX cucteM (BBC) KA. Ilpu sTom HapammBae-
MbIe pecypcsl BBC BeTymaroT B pOTHBOpEYHE C OTpaHIMYCHU-
SIMH 10 Macce, SHepro3arparam, TpeOOBaHHAM I10 HaJCKHOCTH,
MIPEABSIBISIEMBIM K OOPTOBOH ammapaType, a Takoke He OymyT Hc-
TMIOJIB30BaHBI B MOJHOHM Mepe, a OyayT BOCTpeOOBaHbI JIMIIb Ha
OTHOCHTEJIBHO KOPOTKUX MHTepBaax (pyHKuuoHnposanus MC.

B Hacrosimee BpeMst paccMaTpuBaeTCsl [Ba BapHaHTa I10-
CTPOEHUSI KIIACTEPHBIX TPYMITHPOBOK MUKPOCITYTHHKOB. [lep-
BbIM BapHaHT KJAacTep THIA «paclpeieseHHbIH KOCMUYECKHUI
ammapar» — cucreMa MC Ha opOuTe, B KOTOpPOH IieneBast
(byHKIMS paBHOMEPHO pacrpe/iesieHa MeX/ Iy MHOKECTBOM O]~
HOTHITHBIX KOCMHYECKHX amIaparoB B Kiactepe. [Ipenmyte-
CTBOM TAKOTO MO/IXO/A SIBISIETCS] BO3MOXHOCTB (PyHKIIHOHHPO-
BaHMS KaKIOTO armapara caMOCTOSTEIbHO BHE 3aBUCHMOCTH
OT KJIacTepa, a Takke mepepacrpeneneHus (pyHKINI 0TKa3aB-
mero KA mexay npyrumu aktuBHEIMA KA. OueBUIHBIM HEO-
CTAaTKOM SIBIISIETCS] 3HAUUTENIBHBIN BeC B CETMEHTe Mabix KA
U, CJIEI0BATEIbHO, CTONMOCTH BBIBOJIA.
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B nacroseli crathbe paccMOTpPEH BTOPOW BApUAHT Ki1acTep
THMA «(pparMEeHTHPOBAHHBIH KOCMHYECKHHN ammapar» — CH-
ctema MC Ha opOuTe, B KOTOPOH KaKIIbIii KOCMHUYECKHH aria-
par UMeeT cBoe y3Koe (pyHKIHOHAIbHOE Ha3HadeHue. [Tpume-
HEHUE 3TOTO MOJXO0/A MOBHIIIAET aTANTHBHOCT U )KUBYYECTh
kimactepa MC, a TakkKe COKpaIlaeT CPOKH X pPa3pabOTKH
U «pa3zienseT» TeXHUIECKHE PHCKN — IPH HEYAauHOM ITyCKe
Tepsiercs He Bech KA ((hparMeHTHpOBaHHEIN), @ KAKOH-TO OWH
ero (pyHKIIMOHANEHBIA MOIYNb. 111 3 (EeKTHBHOTO TIPHIMEHE-
HUs KimactepoB MC memecoobpa3Ha peamm3anis (QyHKIHO-
HaJIBHO-pacIpeneNIeHHO 00pad0TKH HHPOPMAITIN Ha OCHOBE
KOHCOJTUIAIINY MH()OPMAIIOHHO-BEIYHCINTEIBHBIX PECYPCOB,
Mpeanoaraomell pa3aeaeHue 3aJad MOHHMTOPUHIA 3E€MHOM
nmosepxHocTd MC 1 mocnenyromas o0paboTka Ha HEKOTOPOM
BbiiesieHHOM KA. JlaHHBIN 1OAXO[ MO3BOJIIET MUHUMH3UPO-
BaTh TPeOOBaHMA K anmapaTHO-IIPOTPaMMHBEIM pecypcam MC,
MIEPEHOCS] OCHOBHYIO MH(OPMAMOHHO-BBIUYUCIUTENBHYIO Ha-
rpy3ky Ha KA-cepsep (KAC). OtcyTcTBHEe MOUTHBIX HH(OP-
MalMOHHBIX TEXHOJIOTHH TI0 YIIPABJICHHIO MHOTOYHCIECHHOMN
OI' m mo oOpaboTke OompHIX OOBEMOB pacHpenenEHHON
HHPOPMAIIUN CHIKAET APPEKTUBHOCTH NMPUMEHEHHUS HOBBIX
kiactepoB MC. CoBepIIIeHCTBOBAaHHE MOJIENEH 1 alTOPUTMOB
OpTaHU3aAINH paclpeneieHHONH 00paboTKi HH(OpMAIHH, TT0-
SBIICHUE W BHEAPCHHE COBPEMEHHEIX 00pa3moB KA tpelyror
HOBEIX, OoJiee 3(p(heKTUBHBIX PEIICHNUH [T0 OpraHU3anA QyHK-
IIHOHAIBHO-PAcIIpeieieHHOH 00padoTkn HH(OPMALIUHU B TIep-
cnekTuBHBIX Kiractepax MC /133

Konuenuust pyHKkunoHaJbHO-pacnpeneaeHHOM

00padoTKN HH(pOpMALUH B ePCHEeKTHBHBIX

OpOMTANBHBIX IPYNIHPOBKAX MUKPOCITYTHHKOB

Pemenre 0TMEYEHHOTO TIPOTHBOPEYHSI BUIUTCS HA My TIX
MIPUMEHEHNST TEXHOJIOTHH (PyHKIIMOHAIBHO-PACIPEICIICHHBIX
MH()OPMAIMOHHBIX TIPOIIECCOB HA OCHOBE MOJEIH «KIIMCHT-
cepsep» [2—-3]. JlaHHBIH MOAXOM TO3BOJIIET MUHIMHU3HPOBATh
TpeOOBaHUS K anmapaTHO-TIPOrPAMMHBIM pecypcaM KIHEHTa,
MIEPEHOCS] OCHOBHYIO YacTh BBIYMCIUTEIBHONW HArPy3KH Ha
neHTpsl 00padotku gaHHeX (LIO). [Ipn opramms3anum kia-
crepa MC B pormn KA — «ximenTa» OynyT BeicTymats MC,
a B pormu LOJ] — onwH niim HECKOIBKO BBIIEIEHHBIX KA —
«cepBepoB» (KAC) ¢ BBC BrIcoKkoif mpon3BoauTETbHOCTH [4].
ITpm 3TOM CymIECTBEHHO COKpAIIAIOTCS TPeOOBaHMA K ara-
parHO-tiporpaMMHBIM cpencTBaM BBC MC wu moBswImmaercs
CTeTIeHb MCIIONB30BaHus pecypcoB KAC.

KAC Ha ocHOBe Tipe1BapUTEIFHOTO IUTAHIPOBAHUS HHPOP-
MaIMOHHBIX TpoIieccoB B Kiactepe MC BbIAACT yIpaBisIomue
KOMaHZBI Ha BKIIFOYCHHE IENIeBOH ammaparypsl kaxmomy MC
1 Ha mepemady coOpanHOi mmu mHpopMmanun. [locTymaromas
nHpopmanmst or MC B kadecTBe 3asBOK Ha 0OpabOTKy repe-
maercs Ha KAC n 0OpabarsiBaeTcsi B COOTBETCTBHH C TIAHOM.
[{iKs1 aBTOHOMHOTO YTIPABJICHNUS KJIACTEPOM TTOKa3aH Ha puc. 2.
B ob6mem ciaydae nieneBas uadopmarus ¢ 6opra KAC ma HKY
MOJKET TIepe/IaBaThCsl Kak uepe3 HekoTopsie KA-perpaHcisTopsl,
TaK ¥ HEMOCPECTBEHHO IPH MTPOJIETE HAJ/l 30HON PaANOBUIIMO-
CTH KoMIDIeKca (TIpH 3TOM 00BeM TepenaBaeMoil HHpOopMarui
MPSIMO MPOIOPIOHANICH UTNTENEHOCTH CEaHca CBS3N).
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Mnanmpopanme TMprem ueneson pi
CGop DopMHPOBAHHE
Mony4eHne WHOPMALIM obpabotkn YMpABRAIOUIMX Mepegaya H
SRR 0 COCTOAHMH ienesaR 1 OCHOB® YREABEROLLIL
ChEMKY MG dhor g ‘Anana oBpaGoTkM Kkomana MC

Puc. 2. L{uxi aBTOHOMHOTO yIpaBieHus kiaactepom MC
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Puc. 3. Cxema QpyHKIIMOHATBHO-pAacHpeieIeHHO 00paboTky nHpopMmanuu B kiaactepe MC

OToT moaxox oOecredrnBacT 3KOHOMHIO JHEpropecypca
6oproBbix uctouHnkoB muTanus (BUII) u moBeIIeHHE BEpOSIT-
HOCTH 0€30TKa3HOI paboTHI anmaparypsl 3a CUeT:

a) 3aJeiCTBOBAHUS [UI HAOMIONCHUS W TIepeiadn coOpaH-
HoOl mHpOpMaImHu ToNbKO TeX MC, nHpOpMAIHS ¢ KOTOPBIX MO-
ket ObITh puHsATa U 00paborana KAC 3a TpeOyemoe Bpems;

0) ucnonp3oBanus B bBBC KAC MuHUManbHO HE0OXOTH-
MOTO KOJIMYECTBA BBIYUCINTEIBHBIX MOAYJIEH Il 00pabOTKH
nH(pOpPMALMK IPH MUHUMAJIFHOM BPEMEHH MX IPOCTOS B aK-
TUBHOM COCTOSIHUH.

IIpn opraHu3anny BBIYUCICHUH HEOOXOIMMO pPELINTh
JIBE€ OCHOBHBIC 33/1a4H, & IMEHHO, 33/1ady IUIAHUPOBAaHUS 00-
pabotku mapOopMarn Ha 60pTy KAC 1 3amady ompeneneHus
nopMHokecTBa MC m3 kimactepa, 3a/1eiiCTBOBaHHBIX B pado-
T€ Ha JJAHHOM 3Tane. DTU JBE 33a4l TECHO B3aUMOCBSI3aHBI,
T.K. T1aH oOpaborku nHpopmanuu B BBC KAC ompenenser
cocTaB MH(POPMAINH, KOTOPYIO BO3MOKHO 00paboTaTh K 3a-
JTAHHOMY BPEMEHH C yYETOM e€ BaXKHOCTH. Jpyrumm cioBa-
MH, STOT ITJIaH omnpenensieT padoayro Harpysky ainsi BBC KAC,
a 3HAYHT U UCIIOIB3yeMble T ee popmupoBarns MC.

[TmanupoBaHue 3aKiI04aeTCsl B MOWCKE HAWIy4dIIeH yIio-
PSIOYEHHOCTH ISl BBIIOTHSAEMBIX 3a/laHui (IIporpamMM o 00-
pabotke cobpannoii MC wmH(pOpManmm), yIOBIECTBOPSIOMICH
TpeOOBaHMAMH K PE3YIBTaTUBHOCTH M OIEPAaTHBHOCTH 00pa-
6otku 3amanuii (puc. 3). Onpenenenue moaMHokecTBa MC 13
KJacTepa, 3a1eCTBOBaHHBIX B paboTe, MPUBOANT K (GOpMHPO-
BaHMIO M BBIJAUe yNPABIAIOMINX BO3JICHCTBUI HA BKIIFOUCHUS
neneBoi ammaparypsl MC i Hadara MOHUTOPHHTA 3€MHOM
MIOBEPXHOCTH. DTH JIBa MPOIIecca JOIKHBI ObITh COTTIaCOBaHbI,
9TO0 00ECreunBacT Kak BBITOJHEHHWE IOCTaBICHHOW 3ajadu,
TaK W PAMOHAIBHOE HCIIOJIb30BAaHWE OTPAHUYEHHOTO SHEp-
ropecypca MC u KAC. PesynsraTuBHOCTH 00paboTKH HH(POP-
Maru B BBC 3aBHCHT OT orpaHnyeHnii Ha BpeMsi 00padOTKH,
MIPEBBIIIEHHE KOTOPOTO HaJl JUPEKTUBHBIM BPEMEHEM MOXKET
MIPUBECTHU K TOTEpe cOOpaHHON MH(POPMAINU WIN CHIKECHHUIO
IEHHOCTH 00pabaTbiBaeMoil mHpopMaru [5].
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[Nokaszarensamu kadecTBa (YyHKIHOHAIBHO-PACIIPEICIICH-
HOW 00pabOoTKH HH(GOPMAIIAH SBIISIOTCS:

R — pe3ynbraTHBHOCTh — IUIOIIA/b y4YacTKa MOBEPXHO-
CTH 3eMiTH, TOJIe)KAIero HaOIONeHIT0, N300pakeHne KOTo-
poro casaro MC u ob6paborano KAC w/uiau KOMH4ecTBO TaKMX
YYaCTKOB,

T — onepaTuBHOCTh — BpeMs OT Hadyaja MOHUTOPHHIA
ydacTKa JI0 BBIIA9H pe3ynbTara 00paboTKi HH(OpMALINH,

E — pecypcoeMKocTh — 3aTparhl 3Hepropecypca 6opro-
BBIX MCTOYHMKOB ITUTaHHS M pecypca HaJIeKHOCTH OOPTOBOM
armaparypsl.

OcobeHHOCTEIO (YHKIIMOHUpOBaHUs Kiactepa MC, sB-
JSETCS TO, YTO PEKUM JIETANBHOH ChEMKH OTIIMYAEeTCS BeChbMa
BBICOKHMH BPEMEHHBIMH M SHEPreTHYSCKUMH 3aTpaTaMH Ha I0-
Jy4eHHEe MAKCUMAaJIbHOM TUIO0IIA 1 MOHUTOPHHTA, & TAKKe 00Ib-
IIUMH UHPOPMALMOHHBIMU 00BEMaMH NepeaBacMBbIX TaHHBIX
¢ MC na KAC, B To BpeMs KaK pEKHUMBI ONIEPATHBHON CHEMKH
XapaKTePU3YIOTCS MEHBIIMM HH(POPMALMOHHBIM 00BEMOM.

IMocTranoBka 3agaun pyHKINOHAJIBLHO-pACIIPele/IeHHOM

00padoTKy NH(pOPMALHM HA OCHOBE MJIAHUPOBAHUS

padoyeii HATPY3KH

Kmacrep MC paccmaTtpuBaeTcs Kak LEHTpaTH30BaHHAS
(DyHKIIMOHANBHO-pacTIpeieiecHHass  MH()OPMAIOHHO-BBIYHC-
JUTENBbHAS CeTh, coCToAIIas U3 MHOXecTBa MC, BBINOIHSIO-
mwmx poik ceHcopos, n KA-cepsepa (KAC), obpabarriBarome-
ro napopMmarmo ¢ MC. KAC BbIgaeT ympapisSromye KOMaHIbl
Ha BKJIIOUEHHE 11e1eBoi annaparypsl MC ucxozs u3 miaHa o0-
pabOTKH 3a8BOK, KOTOPBIE OH CMOXXET BBIIOIHHUTH, YUUTHIBAS
TpeOyeMyIO pe3yJIbTaTHBHOCTh U TUPEKTUBHOE BPEMsI Ha BbI-
Jady pesyasraTta HaOmroneHus [6].

3amaga pyHKIIMOHAIEHO-PACIIPEICICHHON 00paboTKH HH-
(opMann Ha OCHOBE IJIAHUPOBaHMS pabodell Harpys3KH 3a-
KJIFOYaeTCs B BEIOOPE IMOJMHOXKECTBA MUKPOCITYTHUKOB, KOTO-
pble OyyT 3a7eiCTBOBaHBI B MOHUTOPUHTE 33/1aHHOTO Y4acTKa
3eMHOH NMOBEPXHOCTH, M MH(OPMALUS C KOTOPBIX OyAeT mpu-
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NHOOPMATUKA, BbIYMCITUTENTIbHAA TEXHUKA U YTIPABJTEHUE

Mapametpel MC  QQ (1)

P“l e”l Tﬂl
: PesynbTathl

obpaboTku
M3obpakeHns | [laHHble Habnoaenns ot MC KAC
3eMHoM MC ]
NOBEPXHOCTU ; —
Komanzae! ynpaenenust ans MC k(1)
Puc. 4. Cxema B3aumoneiictsust KAC u MC B xnactepe MC
HaTa u oopadorana KAC (puc. 4) k 3aJaHHOMY BPEMEHH C y4e- U (T) — arg max R ( . (T) U (T)), [ (1)
TOM TeKyIero pacronoxernss MC Ha opOuTe, U3 COCTOSHHMS, U ew
OTpaHMYECHUH HA YHEPropecypc GOPTOBBIX MCTOYHHMKOB MHTA- e
Hust MC U HaJIe)KHOCTH UX OOPTOBOI ammmaparyphl. u, (T) Uy, (T)
Hano: u(r)= ET : T ’ )
1) A= {M, X} — Gamumnctiyeckas CTpyKTypa Kiactepa Uk ( ) Uaik ( )
MG, e X={X}={[, §, b, ¢ o, uyl},j=1..... M— Gammm- uy(T) €{0,1},i=1,.... M,j=1,..., K
CTHYECKHE MapameTpbl opouTs! kaxgoro MC Ha Havaso repu- '
oma T, M — ob6miee xomudectBo MC B Kimactepe. OrpanuyeHus:

2) G={g}, k=1,..., K— MHOXeCTBO y4acTKOB, KOTO-
pBI€ 3aINIAHUPOBAHBI AJI1 MOHUTOPUHTA, g,= < S ,T¢ L tk‘ >,
e Sk“ — Tpebyemas TuIoIaab HabroneHns yaacrka, 79 U=
JIMPEKTUBHOE BpeMs BBAAUYM 00paboTaHHOI nHpopManuu 00
yuactke <<EqnmO0003.eps>>, 00ycloBI€HHOE 30HOH paano-
suauMoct HKY unn KA-perpancnsaropa, t°, ° — MoMeH-
TaMHM Hayala M OKOHYaHWS HaxoxJeHus kiactepa MC Hanx
YYacTKOM [ MOHUTOPHHTA.

3) T = {T,},— uHTepBan IaHupoBaHus (0OyCIOBIEH
JUTNTEIBHOCTBIO OCBELICHHOTO yqaCTKa 0p6I/ITLI), KOTOPBIN
pas6ut Ha nmogmuTepBaiel T, =[t’, 1], k=1,..., K.

4) (T )={3,(T), 6,(T),..., 6,(T,)} — MHOKECTBO Mapa-
meTpoB MC Ha mofMHTepBae BpeMenn 7, XapaKTepH3yFOIIHX
kax b1l MC, BEKTOpOM MapaMeTpoB:

8(TY)=<x(t X), y(t, X), d(t, X), (T, (T, o(T)>,

teT,i ., M, argmaxR

X(t, X), y(f, X) —3aBHCHMOCTb KOOPIMHAT MOJCITY THUKO-
BOW TOYKM — LIEHTpa 00JIaCTH HAOIIOACHHS OT BPEMEHHU IS
MC, d(#, X) — 3aBucumocts paccrostuus mexkay MC u KAC or
Bpemenn Ha unTepsane 7,, e(T,) — 3anac suepropecypca MC
K Hayayy nomunreppana 7, x,(T,) — Hapabotka GopToBoii arn-
naparypsl MC k nauany nogunrepsana 7,, 6,(T,) — cocTosiHue
MC (ucrpaBHOCTB MOACKCTEM) K HaYally moguHTepBania 7,.

5) N—xomuuectBo BM KAC.

Takoke n3BECTHBI MapaMeTpbl OOPTOBOI CUCTEMBI AIEKTPO-
cHaokenus (COC) KA u rpadux anekrponorpednenus (I'11)
obecrnieunBaroIei anmaparypsl.

Havimu:

Ha 3aJJaHHOM BPEMEHHOM MHTEpBaje IUIAaHUPOBAHUS |
HaWTH MHOXXECTBO yrpasisitonux Bosaeicteuii U'(T) Ha MHO-
)ectBo MC Takoe, 4To
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1) ma Bpems uHpOpManMOHHBIX mnponeccos: T(d,(T,),
UT) =TS

2) HapacxoJ 3Hepropecypca: ei(Tk)'uij(Tk) <éli=1,..,M

3) Ha HamexkHOCTh OoproBOW ammaparypsl MC:
Pou(T) <p%i=1,.,M.

e e! — orpanuuenue Ha norpedisembiii MC sHepropecype
OGOpPTOBBIX HCTOYHUKOB,;

P! — AMpEKTUBHAS BEPOSITHOCTH OE30TKA3HON paboThI
60pTOBOIi anmapaTypsl.

IIpencraBnennast oOmas MOCTAaHOBKA 3aJadud (yHKIHO-
HAJBHO-pacIpeeNieHHON 00paboTki HH(POPMALIUU CONEPIKUT
PsII YACTHBIX 33/1a4, & UIMEHHO:

—  pacyer BaKHOCTH MH(OPMALNH, KOTOPYIO MOXET I10-
IyunTh Kaxasiii MC B pe3ynbrare MOHUTOPUTHA C YIETOM KO-
opauHatel MC u TpeOyemoro paifoHa HaOIIOICHNS;

—  CHHTE3 IUIaHa (PaclHCaHus) MapajIeIbHOTO BBIYNC-
murensHOTO Tiporiecca B BBC KAC ¢ yueTtom MOMEHTOB Bpe-
MeHH TocTyIuieHus naHpopmarm or MC a1 00paboTKH U ee
Ba)KHOCTH;

— pacder HaIeKHOCTH OoproBo# ammaparypsl MC
u KAC ¢ yuetoM ¢akTraeckoit HapabOTKH.

MeToauka Oprauu3aly ABTOHOMHOMN (PyHKIIMOHAJIBHO-

pacnpeseieHHoii 00padoTku uHGpopMaLu

B KJIacTepe MHKPOCITYTHHKOB

Meroauka OpraHM3alidl  aBTOHOMHOH  (DYHKLHOHAb-
HO-pacIpeaeNieHHo 00paboTku WHpOpPMAIMK B KIacTepa
MC npenHa3HayeHa Uit (OPMHUPOBAHUS YIPABISIOMUX BO3-
neticreuii U (T,) ma wmnrepsane 7,. @opmupoBanue oOmIeH
MaTpuIbl ynpasmssronmx Bo3aeicteuit U (T) mis Bcex 3aruia-
HHUPOBAHHBIX yYaCTKOB, 3aIJIAHMPOBAHHBIX Ha MHTEpBajie T,
[POM3BOAUTCS IIyTEM WTEPALK METOMUKH st K 3aruiaHupo-
BaHHBIX YYaCTKOB.
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OO0mas cxemMa METONWKH BKJIIOYAET B Ce0S CIIEAYIOIIYIO
TIOCJIEIOBATENBHOCTD OTAIOB Ha HHTEpBATE 71,:

[ITar.1 ®opmupoBaHHE HCXOOHBIX AAHHBIX UI MOJEIH
(GYHKIIMOHATBHO-pACTIpeIeieHHON 00paboTkn  MHpOpMAaIiH
B kiacrepe MC.

BXonHBIMI TaHHBIMU SIBIISTFOTCSI:

1) G=1{g},k=1,..., K— MHOKECTBO YIaCTKOB, KOTO-
PpbI€ 3aIUIAaHUPOBAHBI JAJIsI MOHUTOPHHTA;

2) M — obmee xommaectBo MC B Kitactepe,

3) N—xomuaectBo BM KAC,

[ar 2. [Mony4yenne naHHBIX 0 cocTosHIT MC, KoopauHaT
1 MeTaIaHHbIX HaOmonenns scex MC.

MeraganHble XpaHUMON WHGOpManuK HAOIIOICHUS
BKJIIOYAIOT!

t, — MICHTH(OUKATOP JAHHBIX;

T, — JUIMTENHHOCTD HAOMIONEHNST;

d,(T,) — BexTop mapametpos MC Ha HHTepBase BpeMeHH T,;

VvV — 00beM XpaHUMOH HH(pOpMAIHH.

[Mar 2. Pacuér mapameTpoB (QyHKIIHOHAIBEHO-PACIpEe-
JICHHO# 00paboTKH MH(POPMAITHIH:

[Mar 2.1. Pacuer Tpebyemoro anepropecypca MC u mpo-
BepKa 3amaca sHepropecypca MC x Haganmy moauHTepBaia 7,;

[ar 2.2. Pacuer BeposiTHOCTH Oe30TKa3HON paboTsl MC
U TIpPOBEpKa OTPAHWYCHUH Ha HAIEKHOCTh OOPTOBOI ammapa-
Typsr MC.

[Mar 2.3. Pacuer mH()OPMAIIMOHHON Ba)XKHOCTH TAaHHBIX,
KOTOpBIE MOTYT OBITh TIOJTy4eHbI KakapiM MC Ha 0cHOBE IIJI0-
maau nepecedeHuss obmactu Habmonenns MC ¢ Tpebyemoit
o0macTsio.

Pacuer Ba)XHOCTH 3asBOK NPOM3BOAUTHCS HA OCHOBE Ma-
TPHUIBI KOPPHUIUEHTOB TIepecedeHus obmacTell HaOMoaeHus
MC Z = {zi p}, i, p € M tae >mIeMeHT MaTPHUIIBI OTIPEeIIAeTCS
Ty TeM HOPMHPOBAHIS ILIOMIA/H TICPECEUCHIS S, (T,) cormacuo
BBIPaKEHUIO:

z =1—;
v s,p(Tk)'

BajkHOCTH 3aBOK PaCCUMTBIBAETCS MyTEM CYMMUPOBAHHUSI
3HAYCHHI JIEMEHTOB MaTPHIbI Z 110 CTOJIO0AM:

M
Wy = ZZ,-,,~
p=1

[Iar 2.4. PacueT MOMEHTOB BPEMEHHU MOCTYIUIEHUS HH-
¢dopmanuu ¢ kaxmoro MC;

€)
“4)

_ . a z vij(T;f) n
t (7, ) = max| u, ;p +—C(d,.(t,X))T+M ,

rJe [ — BPEMCHHBIC 3a]ICPKKH, CBA3AHHBIC C XaPAKTCPUCTUKOH art-
naparypbl MEKCITY THUKOBOH nepenadn JanubIx, C(d(t, X)) —1mpo-
MyCKHAasl CIIOCOOHOCTh KaHalla CBSI3H, LI° — 3aJICPXKKH, C MPO-
neccoM uteHus u 3anucu Aanubix [13Y MC.

[ar 3. [TnanupoBaHue mapauieIbHON 00paboTku HHDOP-
mannu B BBC KAC
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[ar 3.1. Pacuer mapameTpoB [UIs alTOPUTMa IUTAHAPOBAHUS
SHeprocOeperaromiei mapamienbHOH 00padoTKN HHpOPMAIHH.

dopmHupOBaHNE BXOJHBIX JTaHHBIX:

1) W, — BaxHOCTS i-if 3a/1aHHS;

2) t,—BpeMms BHITIOTHEHHUS (LTMTENBHOCTD) i-1 3a1aHmit;

3) T.— mmpeKTHBHOE BpeMs 3aBEPIICHHUs BEIYHCICHHIT
s k-oit menm;

4) M — KOJIMYECTBO 3aIaHHIA;

5) AT, — MOTPENHOCTh BPEMEHHM TIOCTYTUIEHHUS 3aTaHHsA
(3ameprkKa 0 HAKOTICHHOM MPebIAyIIeH CTaTHCTHKE);

6) N — KOIMYECTBO IIPOIIECCOPOB;

7) T,— IIaHAPYEMOE BPEMS TTOCTYTUIEHHS (PAaHHETO Ha-
yasa BBITOTHEHH) 3aJaHNs.

ar 3.2. Cunte3 pacnucanns ¥ Ha OCHOBE anropuTMa
IUTAHAPOBaHUS dJHeprocOeperaromell mapamienbHON obpa-
0oTkn mH(pOPMAIUH C y9eTOM HH(POPMAIIMOHHOW BaKHOCTH
1 BpeMeHHU TocTymieHus 3anad [7]. [Ipumep cocTtaBaeHHOTO
pacmmcaHus 00paboTKH M* 3amad Ha n* TMPOIECCOPOB TOKa-
3aH Ha puc. 5.

T, 7, To ]

|- [
[

L)

|

Trs

Puc. S. [Ipumep cocTaBieHHOro pacucanus

[Mar 3.3. INomy4yeHne 3HAYCHUS TBOMYHBIX KO3(D(HUIIICH-
TOB 0, I MHHHMAJIEHO HeoOxoamnMoe 3HaueHne BM n*.

[ar 3.4. ®opmMupoBaHUE MATPHUIIB YIIPABISIOMINX BO3-
nevicreuit U (Tk) Ha OCHOBE JBOMYHBIX KOA(PPHUINECHTOB 0

[ar 4. ®opMupoBaHTe KOMAH yIPaBICHHUS U Meperada
nx Ha MC.

[Ilar 4.1 HaxomuM 3HaueHUE U*(Tk) o0ecrieunBaroIee
MaKCHMAaJIbHOE 3HA4YCHHE pPE3yIbTAaTHBHOCTH MOHHUTOPHHTA
kmacrepoM MC R(3(T,), U(T,)) mo popmyme 4.

[Mar 4.2. ®opMmupoBaHne KoMmaHJ ymnpaBieHus Ha MC
k(T,) Ha ocHoBe Marpurel ynpasierus U'(T,) ans paGoTsr me-
neBoit ammapatypsl MC.

Ecnu nadopmanust ¢ i-ro MC B COOTBETCTBHH C TUIAHOM,
CHHTE3MpPOBAaHHBIM Ha mare 3.2 MOMIeKHUT 00paboTKe, TO
ynpapisromas nepeMennas u(T,) TPHHAMAETCSA PaBHOH €n-
HHIIE, B IPOTHBHOM CIy4ae — HYIIIO.

Ha ocHoBanuu ynpapistonieil MaTpuibl

U'(T) = {u (T, u(T), ..., u (T)}
(hopmupyrorcst Juist pabOTHI LIEJICBOM armaparypbl KaJ0ro
MC xomanzel ynpasnenus K(T,) = (n, m, M, M, Ny, n € {0,1},
j=1,...,4—nose koMaH bl — yKa3aHHEe Ha COOTBETCTBYIOIIEE
JICHCTBHE:
M, — BBITIOJIHUTE HAOJFO/IEHHE,
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M, — BBINOJHATS TIEpeiady MH(GOPMAINK W3 BHYTPEHHETO
3V na KAC,

N, — cOpOCHTE (OUMCTHTE) BHyTpeHHEE 3V,

n,— nepenarb Ha KAC cBoM KOOPIMHATEI U COCTOSHHE,

n,—nepenars Ha KAC MeTaanHbie XpaHuMON HH(OpMAITAH.

Ilar 5.2. Tepenaya komana ynpasnenus K(T,) coeryro-
M MC.

[ar 6. [Tpuem meneBoit mHMDOpMannu U oOpaboTka ee
B COOTBETCTBHH C TJTAHOM, TTOJTYYCHHBIM Ha mare 3.2.

[Har 6.1. Ilepemaga maHHBIX HAONIOAEHUS IONYYCHHBIX
¢ LIeNIeBOiA ammaparyphl CormacHo komans ynpasnenus K (T,).

[Mar 6.2. Ilpuem nHbOpMAINU U 00pabOTKa €€ COTIIaCHO
wiana P(U*(T)).

[Mar 6.3. KoppeKkTrnpoBka IOTPEIHOCTH BPEMEHH TTOCTYILIC-
HUS 3aJaHUN Ari Ha OCHOBE BPEMEHU MOCTYNUBIINX 3a/1aHUH.

[ar 7. Beimaua pesynbrara 00paOOTKH TaHHBIX HaOmroIe-
HUsT 0T MC B TUPEKTHBHBIE CPOKH.

Pesynbrarsl MMUTALIIOHHOIO MOEJIMPOBAHMSI ABTOHOMHOM

(yHKIMOHATIbHO-pacTIpeie/ieHHOH 00padoTKH

uHpopMaLUH B KIacTepe MUKpPocHyTHHKOB /133

Juis  anamm3a  A(pQPEKTUBHOCTH aBTOHOMHOHM  (DYHKITHO-
HaIILHO-pacCIIpe/IeieHHON 00paboTkn MH(POpMALIUK B KIacTepe
MHKPOCITyTHUKOB /133 B COOTBETCTBUH C MPEATOKEHHBIM IO/
XOZIOM TIPOBEACHO MMHUTAIIOHHOE MOJICITHPOBAHHIE SHEprocoe-
peraromieit 06padoTku maHHbX Ha BBC KAC u pemenns 3agaun
TUTAaHUPOBAHMUS paboTHI meneBoi ammaparypsl MC B KiracTepe.

IIpu momenmmpoBanuu 00paboTkn WH(pOpMAIMKA B COOT-
BETCTBHH C METOTUKOH CIIy4aliHBIM 00pa3oM TeHEPHPYETCs
KOJIMYECTBO yYacTKOB HAONIONEHMS W WX IapaMeTphl, BPeMs
nepexaun nHGopMarmm Mexay MC n KAC ¢ ygerom 6ammu-
CTHYECKOTO MOCTPOCHUS, a TAK)Ke OCTATOYHBIA IHEPTropecypc
BCD na nepuox mranupoBanus [8].

JIst 3a1aHHOTO KoJTMdecTBa 3aaelicTBoBaHHBIX MC B Kita-
cTepe K TeHeprupoBasioch o 100 mpuMepoB BXOAHOTO KOJIHYE-
CTBa y4acTKOB JUIsl 30HAMpoBaHusA. Ha puc. 6 mpuBeneHa cra-
THUCTHKA WCTIBITAaHWH, MOTYYEHHBIX Ul Pa3HOTO KOIMYECTBa
MC B kacTepe ¢ MpUMEHEHHEM 1 0€3 TPUMEHEHHS METOTUKH
TIPY OIMHAKOBBIX NCXOIHBIX JTAHHBIX.

IIpu nprMeHeHun NpeaAsIoKEHHOW METOANKH IJIAHUPOBa-
JIOCh TIOMMHOXKECTBO 3a/1eficTBoBaHHBIX MC KitacTepa B 3aBH-
CHMOCTH OT 33IaHHBIX TpeOoBaHuii. CpaBHEHHE ITPOBOIIIOCH
C BapHMaHTOM IMOJIHOTO HCIIONBb30BaHMs Bcex MC Kiacrtepa,
SHEPreTUYeCKne W Ha/IS)KHOCTHBIC XapaKTEPHUCTHUKH KOTOPBIX
YAOBIIETBOPSUIH 3aJaHHBIM OTPAHIMUCHUSIM.

AHanu3 pe3yabTaToB HMMHUTAIMOHHOTO MOJEIHPOBAHUS
(yskunonnpoBanus kractepa MC mokasan, 9To IpUMEHEHHE
pa3paboTaHHOI METOAWKH CIOCOOHO TOBBICUTE PE3yIhTaTHB-
HOCTh MOHUTOpPHHTA 3€MHOH MOBepXHOCTH KiactepoM MC 1o
20% B 3aBucHMOCTH OT KoiudecTBa MC 1 MX aKTHBHOCTH.

3akinioueHue

Paspaborannas meTommka oOecmedmBaeT aBTOHOMHOE
(hopmupoBaHUe TUTAHOB paboOTHI IeneBol ammaparypsl MC
u BBC KAC Ha ocHOBe TeKkymux mapaMmeTpoB Kiractepa MC
u TpeOOBaHUH K pe3ynbTaraM ee (YHKIHOHHPOBAHUS C y4e-
TOM MUHHMH3AINN PECYPCOEMKOCTH MH(GOPMAIMOHHBIX IPO-
LIECCOB, YTO MPUBOAUT K YBEIHMUYCHUIO KOJMUYECTBA OTCHSTHIX
YYacTKOB 3€MHOI1 MoBepXHOCTH Kiactepom MC.

B 3aBHCHMMOCTH OT BXOAHBIX OTPaHUYCHHUIN YUUTBHIBACTCS
BpEMsI BBITIOJTHEHUsS] HA00opa MHCTPYKIMH, 3aTpaThl SHEprope-
cypca OOpTOBBIX MCTOYHHKOB MUTaHWsA KA, a Takxke AMpex-
THUBHBIC CPOKM BBINOJMHEHUs 3amaHuid. Ilpumenenne mpen-
JIOKEHHOW METOAWKH IIO3BOJISIET OpraHW30BaTh 00pabOTKy
nHpopmanuu B ki1actepe MC, ipu 3TOM MO3BOJISISI SKOHOMUTH
sHepropecypc u pecypc Haaexnocta MC.

5 8 & 8 & 8

[}
(=}

KonuyecrBo CHATBIX Y4acTHOB

I
=]

5 .
0
1
PezyneTaT PyHKUMOHMPBEOAHUA
Knacrepa MC

2 3 4 5 6 7 8 9 10

Konuuecrso MC B knacrepe
® Be3 npumeHeHnA MeTOANKN

B C npumeHeHHeM MeTOAMKM

Puc. 6. PesynsraruBHOCTS pyHKIIMOHUpOBaHUS Ki1acTepa MC
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METHODOLOGY OF FUNCTIONALLY-DISTRIBUTED INFORMATION
PROCESSING IN THE PROSPECTIVE CLUSTERS OF MICROSATURES
OF REMOTE SENSING OF THE EARTH
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St. Petersburg, Russia, Alexanderbas@mail.ru

Vladislav V. Shirobokov,

St. Petersburg, Russia, 17126vlad@gmail.com

ABSTRACT

The trend of modern space technologies is the creation and use of multi-satellite orbital constella-
tions for remote sensing of the Earth based on microsatellites. A promising direction for the devel-
opment of microsatellites, in addition to further microminiaturization, is the construction of separate
orbital structures-clusters from individual microsatellites. The effectiveness of the use of clusters of
microsatellites depends to a large extent on the efficiency and quality of scheduling the work of
individual microsatellites in order to fulfill the target cluster task. In the case of autonomous plan-
ning, it becomes possible to use more accurate data on the coordinates and status of microsatellite
resources, and additional ground sounding in the proactive mode may be planned on board, in
the event that the received data are rejected by the results of on-board processing. Transferring
the solution of a number of tasks on board leads to the need to increase the productivity of the on-
board computer system and to improve approaches to constructing and organizing the functioning
of the cluster. The problem of organization of functionally distributed processing of information in
perspective clusters of microsatellites is considered, which is an objective contradiction between
the needs of high-performance on-board information processing and limited capabilities related to
the performance of modern on-board computer systems, the energy resource of the power supply
system and the mass-size characteristics of the microsatellite. A technique for organizing an au-
tonomous functionally distributed information processing in clusters is provided, which provides
an increase in the number of photographed portions of the earth's surface. Data processing takes
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into account limitations on resource consumption and the efficiency of information delivery. The
methodology provides autonomous generation of work plans for the target equipment based on
the current cluster parameters and requirements for the results of its operation, taking into account
the minimization of the resource intensity of information processes.

Keywords: microsatellite cluster; distributed computing structure; functionally distributed process-
ing; onboard computer system.
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LlepemoHusa HarpaxxgeHus nobegutenein |X KoHkypca

Jlyuwme 10 UT-npoekTtoB
ana HechTerasoBon oTpacnu

14 cenrabpa 2017 r.

LleHTpancHbii My3sein ceasu umesu A. C. MNMonosa
CaHkt-MeTepbypr, MoutamTckui nep., A. 4

COMNEWS npurnawaer UT-komnaHum 3asaBUTb O peasin3aoBaHHbIX NPOeKTax B pamMKax
IX Bcepoccuirckoro koHkypca «Jlyuwue 10 UT-npoekToB ansa HedpTerasoBom oTpacnm»

KoHkypc «Jlyuwme 10 UT-npoekToBy, yupexaeHHbii TK COMNEWS B 2009 ropy, exxerogHo
OTMeuyaeT 3aKa34unKOB U UCTIOSTHUTENEN CaMbIX 3HAYMMBbIX NMPoekToB B obnactun UT, BHOCALLMNX MHHOBA-
LMK Kak B paboTy OTAEesbHbIX BEAOMCTB, FOCCTPYKTYP, KOMMEPUYECKMX 3aKa34ymMKoB Tak U B SKOHOMUKY
cTpaHbl B LiesioM. KoHKypc HeoAHOKpaTHO nogaepxusancs MUHUCTEePCTBOM CBSA3M Y MacCOBbIX KOM-
MyHuKaumin PO, a Takxxe pervMoHasibHbIMY MUHUCTEPCTBAaMM Y BEAOMCTBaMMU.

B 2017 rogy OpraHu3aTopbl KOHKypca $OKYCMPYOT BHUMAHUWE LLUMPOKOMN OBLLLeCTBEHHOCTH Ha
JIYYLLNX MHHOBALMOHHbIX NMPOEKTax Mo pas3paboTke TeXHoMOrn asi HedbTerasosown oTpaciu.

HeszaBucrmo oTburpas nyylive pelueHns B KaxAow KaTeropum, v nybamyHo otMevas focTv-
XEHUSI HOMMHAHTOB, eXerofHbin KoHkypc «Jlydwune 10 UT-npoektos ans HedTerasosomn oTpacnam»
CnocobCcTBYeT MOBbILLIEHUIO KOHKYPEHTOCMOCOOHOCTY MHPOPMALIMOHHbIX MPOAYKTOB U YCIIYT.

Llenb KOHKypCa - NOUCK 1 noAdepXKa pa3BUTUS MHHOBaLUMOHHbIX U UT pa3paboTok Aans He-
¢dTerasoBoi NPOMbILLIIEHHOCTU. Y4acTe B KOHKYPCe MO3BOINT pa3paboTymkam, Hay4HbIM opraHusa-
LMsIM, MaJibiM U CPeAHUM MPeAnpUaTUSM NoJlyunTb GUHaHCMPOBaHUE As peannsaunm TeEXHOOMUN,
BOCMOJIb30BaTbCA PeKOMEeHAALMUAMM BeayLMX 3KCNepToB OTPacin, HanTU NapTHEPOB, KJINEHTOB U
co34aTh KOMMAaHMIO, KOTOPasi MOXeT CTaTh OyAyLuMM naepom oTpaciun. Ha KoHKypc npuHUMatoTcs
npoekTbl, KoTopble Obinyn 3aBepiueHsbl B 2016 1. (nnbo knoyeBor 3Tan BHeAPEHUs Obii 3aBeplLUeH B
2016r.).

OpFKOMMTeT KOHKYpCa npurinawaeT K y4aCTUo NpoOeKTHble OpraHn3auumn (CI/ICTeMHbIX NHTEe-
FpaTOpOB), BbINOJTHUBLUUX ONA TOWV WUJIN UHOWN He¢Tera3030|7| KOMMaHMU NPOEKT, a TakK>Xe NLYLLInX BO3-
MO>XHOCTU paclLunpeHns C(I)epbl npuMeHeHuns.

3asBKkU Ha KOHKypc npuHumatotcs Ao 21 aBrycra 2017 r., He no3gHee 15:00 yacos no Mo-
CKOBCKOMY BPEMEHM.

TopyxecTBeHHOe HarpaxpeHue naypeaToB KOHKypca - 3aka3yumkoB W ucrnonHutenen WUT-
npoekToB, coctoutcss B pamkax lll ®epepanbHoro UT-popyma HedTerasoBom oTpacnu Poccum
«Smart Oil & Gas: Liudpposas TpaHchopmauus HedpTerasooin mHayctpum» 14 centabpa 2017 r. B
LeHTtpansHom mysee ceazu umenn A. C. Monoea (CankT-MeTtepbypr, NMoutamTckuii nep., A. 4). B atom
ropy dopym nocetut He MmeHee 500 npepcraButenen Hedrerasosom oTpacnu, BKIOYas npeacrasmTe-
nel BOoNbLUMHCTBA KPYMHENLLMX POCCUMCKMX U 3apyBedkHbIX HedTerasosbix KOMMaHUM.

MoapobHee o KoHKypce Ha oduumanbHoM canTte http://it-vink.ru/contest_ru
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KOMIJIEKCHAA MOZEJIb OTKPbITOINO YCTAHOBJIEHUA
CETEBOW KPUMTOCBA3HOCTU

CuHiok AnekcaHpp JeMbsiHOBUY,
O.T.H., AOLLEHT, foueHT kadeapbl BoeHHoW akagemum ceazu,
r. Cankr-MeTepbypr, Poccus, entrop@rambler.ru

OcTtpoymoB Oner AnekcaHapoBuY,
K.T.H., Npenofasatesb kadenpbl BoeHHo akagemun ceasy,
r. Cankr-Metepbypr, Poccus, oleg-26stav@mail.ru

AHHOTALINA

POJ'Ib |/|H¢opmau,vw| B coapemeHHoe BpeMﬂ mnmMeetT TeHOeHUno K yBe.nleeHvuo, OHaKO He BCA UH-
dopmaums aensetcs goctynHon. Ocobo BaxkHas, KpUTUYHAA MHPOPMALUA MOASIEXMT 3aLuuTe
B Mpouecce ee nepepayn no TefeKOMMYHUKAUMOHHBIM CMCTEMaM BBUAY AOCTYMHOCTU KaHasoB
cBa3n HapywmTento. OgHUMU 13 3¢ PEeKTUBHBIX CNOCOBOB 3aLMTbl MHGOPMALUM CHUTAIOTCS KPU-
Torpaduyeckre MeTofbl, OCHOBaHHbIE HA HaNUYUV KPUMNTOCBA3HOCTM MeXay obbekTamu CBs3u
obecneyrBaemMoil UCMONb30BaHNEM KPUNTOrpadmyeckoro Kitova HEM3BECTHOIO HapyLUUTENHO.
3HaHwMe KfloYa HapyLuUTesieM UCKITIoYaeT BeAeHne 3akpbiToro nHdopmaLmoHHOro obmeHa mexay
obbekTamu cBA3M. DTO OCOBEHHO 3aMeTHO B YC/I0BUSX Nepepaun uHpopmaumm wmnuppyemMon Ha
obLeMm Kfoye B CeTU CBA3M, BKJIIOYalOLLLEN MHOrO 06beKTOB CBA3M, KOraa CeTEeBOM KoY HauMeHee
3awmeH. 3agada OC/IOXKHSETCs ODCTOATEIbCTBAMM, CBA3AHHBIMU C OTPAHUYEHHbIM BPEMEHEM
OEeNCTBUS KITIO4a, HEBO3MOXHOCTBIO UJIN HeLesiecoobpasHOCTbIO AOCTaBKM HOBOIO KJItO4a, 6osb-
WnMK 3aTpataMu. AKTyannsmpyeTcss HeOBXOAMMOCTb peLleHUs 3a4ayqn YCTaHOB/IEHUSI CeTeBOM
KPUNTOCBA3HOCTU MO OTKPbITbIM KaHasiaM CBS3MW.

Mpepnaraetcs MofeNb OTKPbITOrO YCTAaHOBJIEHUS CETEBOWN KPUMTOCBA3HOCTH, KOTOPasi HOCUT KOM-
NJEKCHbIN XapakTep, onpeaensieMbii CIOXHbIMU YCIOBUSIMU €e MOCTPoeHus U GyHKUUOHUPOBa-
Hus. MNoaTomy Ans onvcaHWsa MccieayemMoro npouecca paspaboraHa COBOKYMHOCTb B3aMMOCBS-
3aHHbIX MOAESNIEN-KOMMOHEHT OObeANHEHHbIX eAMHON uenbio GOPMUPOBaHUSI CETEBOrO KJltova:
nepepaun ceteBoi MHPopMauuu; nepexeata ceTeBo MHGOPMaLUU; OTKPLITOrO YCTaHOBIIEHUS
CeTeBOW KPUMNTOCBA3HOCTU; OLEeHKU 3¢ deKTUBHOCTI.

AHanus npepcTaBsieHHOW KOMIMJIEKCHOW MOAENN MoKasasl, YTO OHa B MOJIHOW Mepe XapakTepusyeT
NpoLecc oTKPbITOro GpopPMUPOBaHUS CETEBOTO KJltoYa, NpeacTaBnseT cobon ganbHenlwee pas3su-
TUe M3BECTHOW KOHLENUMM NOoACyLIMBatoLwero kaHana A. BailHepa v moxeT GbiTb Mcnosib3oBaHa
B KayecTBe TeopeTuyeckoro 6asuca Assi NPOBeAEHUs BCECTOPOHHErO UCCNefOoBaHUs npouecca
CeTeBOro KJII0YEBOIO COMIacoBaHUs MO OTKPbITbIM KaHanaMm CBSA3WN.

KnroueBble cnoBa: cekpeTHbIN KJTHOY; HapyLUMUTESb; OTKPbITbIA KaHan CBSI3W; OTKPbITOE YCTaHOB-
JieHne ceTeBOW KpUNTorpadpuyeckon CBA3HOCTU; LUIMPOKOBEeLLaTENbHbIW KaHas CBA3M; KaHan nepe-
XBaTa; MeTo/, NepeceKatoLUXCs rPynnoBbIX KoYen.

Onsa untuposanmsa: CuHiok A.[]., Octpoymos O.A. KomnnekcHasi Mofesib OTKPbITOro ycTaHoBJe-
HWUSA ceTeBOW KPUNTOCBA3HOCTU // HaykoemMKme TEXHONOrMN B KOCMUYECKUX UCCIef0BaHUsX 3eM-
an. 2017.T.9.N24.C. 72-78.
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Brenenne

B Hacrosiiiee Bpemst postb MHGOPMAIMK UMEET TEHJICHINIO
K yBenmuenuto. OfHako He Best MH(POPMAIUS SIBISISTCS I0CTYTI-
HOIt. Oco00 BakHas, KpUTHYHAS MHQOPMAIUS ITOAJICKUT 3a-
IIMTE Ha BCEX JTalax ee )KU3HEHHOTo IKiIa. OCOOCHHO Ys3BH-
MBIM TPEJCTaBISETCS MPOLECC Mepeaadn KoH(QHICHINAIBHON
nHMOPMAIMN TO TEIEKOMMYHHUKAIIMOHHBIM CHCTEMaM BBHILY
JIOCTYITHOCTH KaHaJIOB CBsI3M HapymmTemo. CymecTByeT Heo0-
XOIMMOCTh KPUNTOTpahIeCKOro 3aKphITHsI MH(POPMAIIOHHOTO
00MEHa MEK/Ty BBIZIEIICHHO IPYIIIOI KOPPECTIOHACHTOB (00BEK-
TOB CBSI3M) WITM BCceMU KoppectionienTamu cetu cBsizu (CC). Otn
METOJIbI 3aIUTHl HH(OPMALIK OCHOBAHBI Ha HAIMYMU KPUIITO-
rpayecKoil CBA3HOCTH, T.€. 3HaHUM oObekTamu cBsizu (OC)
cekperHoro kiroua [ 1]. TTocneanuit MoxeT cTarh U3BECTHBIM Ha-
PYLIHMTENIO, YTO 0COOCHHO MPOSIBIISCTCS B YCIOBUSIX MH(OpMa-
ronHoro oomena Mexry OC CC 3aKkpbITOro 00IIMM CETEBBIM
kimouoM (CK). Kpome atoro, Bpemst ISHCTBHS KITIOYa MOXKET 3a-
BepHINTHCS. JlocTaBKa HOBOT'O KJIFOUA HE BCET/IA MPE/ICTaBIISETCS
BO3MOKHOH, I1e1eCO00pa3Hoi 1 TpeOyeT J0CTaTOYHO OONBIINX
OpraHM3alMOHHBIX, MaTepUabHBIX M BPEMEHHBIX 3arpar [2].
DT0 aKTyaM3upyeT HEOOXOIMMOCTh PEIICHHs 3aJa4d OTKpHI-
TOTO YCTAQHOBJICHUSI CETEBOM KPHUIITOCBSI3HOCTH, KOTOpasl OIpe-
JIETIeT MOCTaHOBKY 3a1a4u GopmupoBanus CK 1o OTKpBITEIM
kanaaM cBsi3u. Llems OC coctout B TOM, 4T00BI BBIpadboTaTh CK
TaKuM 00pa3oM, YTOOBI HApYIIUTEb HEe 00a1a HHpopMauen
(3HaHmsIMH), o3BoJsTIOLIEH eMy Tomyuuth kormio CK. Ero 3a-
Jlada 3aKJIFo4YaeTcs B MOMydeHuH ToxkaecTseHHoro ¢ OC kmoua
JUISL TTOCIIEJTYIOIIETO YTeHUsI MM pOoBaHHBIX coobmiennii Ha CK.
IIpennaraemast MOZIENIb OTKPBITOTO YCTAHOBIIEHUSI CETEBOH KPHII-
TOCBS3HOCTU HOCHUT KOMILJIEKCHBIH XapaKkTep 1 UMEET HECKOJIBKO
HarpaBJIeHUH uccnenoBanus. [loaTomMy A7t onucaHus uccnemye-
MOT0 IIpoliecca MPeanaraeTcsi COBOKYIHOCTb B3aMMOCBS3aHHBIX
Mozieniell 00beTMHeHHBIX equHOM nenbio (Gopmuposanust CK:
nepesiadn ceTeBol MH(MOpMAIMH; IIepexBara CeTeBOH HH(Op-
MalluK; OTKPBHITOIO YCTAQHOBJICHUSI CETEBOM KPHUIITOCBS3HOCTH;
oueHkd a¢dexruBHocTH. PazpaboTaHHast NEKOMIO3MIMS KOM-
IIEKCHON MOJIENIU MO3BOJIUT CO3/1aTh YCIOBHS [UIS Pa3HOCTOPOH-
HETO MCCJIEOBAaHUSI U OLIEHKU CIIOKHOTO MPOLECCca OTKPBITOTO
YCTaHOBJICHUS! CETEBOM KPUIITOCBA3HOCTH.

Mopenas nepenaun ceresoii nngopManun

Paccmorpum obmen mHdpopmanun CC kak nepenady co-
OOIIEHUH 10 COBOKYITHOCTH IIHPOKOBEIIATEIBHBIX KaHAJIOB
(IIBK) [3—4]. cxomubIMU TaHHBIME UIS 33aJJaHUSI CCTH CBS-
3u BeIOepeM unciio OC B CC, koropoe obo3nauum N. B CC
Ha3HaueHa ofHa riaBHas cranims (I'C), ocranbHbIe SBISIIOTCS
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Puc. 1. Ctpykrypa ceTH ¢ msaTh0 00bEKTAMHU CBSI3H

nogunHeHHbIMU. OTHOCcUTeNbHO cBsi3HOCTH OC CC npenrmnono-
KM, UTO MCIIOJIb3YETCs TIOJTHOCBsI3HAs cTpykTypa [4]. Torga
kaxprii OC uMeeT cBI3HOCTH ¢ Jt00bM apyrum OC CC. st
npumepa nycth B CC unciaom OC paBHo 11T (cM. puc. 1).

[Ipeanonoxum, uto B CC NpOU3BOIUTCS «IIHPOKOBEIIA-
TeNbHasH nepenada nHpopmanuu [4-5]. B Takux ycnoBusix 3a-
Jlaya MapuIpyTH3aLUK HE OTPe/IeIsieTCs] BBUJLY TOTO, YTO TIepe-
nmaay uHpopmaruu ar060ro OC CC MOXHO MPEICTaBUTh Kak
nepenady uHpopmanuu o HIBK k N— 1 OC (cm. puc. 2).

CeTb CBSI3M NPEACTAaBUM B BHJIE COBOKYITHOCTH, COCTOSI-
meit u3 N [1IBK:

IIBK Ne 1:

X, Y, Y, Y, Y p(vy/X), POry/X)), p(r/X)s PO/X )} s
IBK Ne 2:
X, Y, Y, Y, Y p(v /X)), POry/X,), p(v,/X,), Pry/X,)}
IIIBK Ne 3:

X,y Y, Yy, Y, Y PO/, PO, PO, PO,
IBK Ne 4:
X Y0 Y, Y, Y p(v /X)), POry/X,), p(ry/X,), Py/X,)} s
IBK Ne 5:
X5, Y, Y, Y, Y pv/X), POry/Xs), p(ry/Xs), P(r/Xs)} s

rie X, — BxoaHoi andasur i-ro IIBK, npuuem i = 1,2, ..., N;
Y. — andaBut Ha BbIXO[E COCTaBIIsIONICTO KaHaa cBs3u [IIBK
Bl xj-my OC,tne j=1,2, ..., Nu i #J; p(y/X) — marpuua
nepexonHbIx BepositHocTel [6] i-ro IIIBK B cocrapmnstomem
xanase k j-my OC, npudem X e X, S

[Mpennonoxum, uto mist kaxaoro [IIBK BemonHeHs! cie-
JIyIOIIUe YCIOBHsI (KOTOpbIe MoKakeM, Hampumep, nis [IIBK
Ne 1 u3 (1)):

(1

2 2 2 2 2
1@”?7&31 ?31 : 3 1 / 3
4

Puc. 2. lllupoxoBemarenbHble epeaun HHPOPMAIUU CETH CBA3U
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a) 3aBHCHMOCTH IIOCIICIOBATCIHHOCTH CHMBOJIOB Ha BBI-
xozne LIBK oT BX0OIHOUM ONpenenstoTcsl TOJbBKO 3aBUCUMOCTSI-
MH COOTBETCTBYIOIIETO CHMBOJIA BBIXOTHON MOCIIEIOBATEIh-
HOCTH OT CHIMBOJIa BXOJHOW IOCIIE0BAaTEIbHOCTH (cM. (2)),
T.e. a1 JIOOBIX TOCIenoBaTensHoCcTeEd X, € X[, ¥, €Y,

e,y e,y ey

yz/xl Hp(yz)/xl )’

y3 /xl Hp( g;) /xl(i)>’ @

y4/x1 HP(J/4)/x1 )v
p(7: /%) Hp( W)

e x0, p p0 0 — i-if smeMeHT mocIeIOBATENb-

Hoctu Y,,Y,,Ys, cooTBeTcTBeHHO; X[',Y — nekaproBa n-s
creneHs MHOKeCTBa (andasura) X, Ha Bxoze i-ro IIBK u muo-
KeCTBa ¥, Ha BBIXOJE COCTABIIAIONICTO KaHAA K j-my OC, co-
OTBETCTBEHHO.

6) cocrapmsatomme kanHanel cBs3u (CKC) IHIBK Ne 1

X0 Y PO X0 Y OO IX, Y PO X, Yo PO
OIHCHIBAIOTCST MOJICIISIMH JTUCKPETHBIX CHMMETPUYHBIX KaHA-
noB cBsizu 6e3 mamstu (JJCK) [3—4].

B) cocrapistomue [IIBK Ne 1 sBisiroTcss He3aBHCUMBIMU
KaHanami [6], T.e. Beixon niepsoro CKC 3aBUCHUT TOJBKO OT €ro
BXOJIa | T.JI. KaK 1MoKa3aHo B (3):

p(yzﬁ y39 y45 y5/X1) = p(yz/xl) p(.y3/xl)p()}4/xl) p(y5/xl)' (3)

B) andasutsl Bxoaa 1 Bbixonos IIIBK Ne 1 koHeuHsI 1 co-
BIIQJIAI0T:

X[ = 0] ==l =[] = == n ] @)

Mopenb nepexsara ceTeBoi HHpOpPMaNUu

Bynem cumtarh, 4TO HapyMIUTENb 3TO HECAHKIIMOHUPO-
BaHHBI KOPPECHOHIECHT(BI) CBSI3H, MBITAIOIIHUICS(ECS) ocCy-
HIECTBUTh JEUCTBHUSA IO HECAHKIMOHUPOBAHHOMY JAOCTYILY
K popmupyemomy CK mocpenctBom moctyna K WH(pOpMauu
IpeiaBaeMoi 110 OTKPBITEIM KaHanam cBsizu CC u (Min) HecaHk-
IIMOHNPOBAaHHOE BO3JEHCTBHE Ha mporecc Gpopmuposannst CK
TIOCPE/ICTBOM BMeMIaTeNIbcTBa B HH(popMannoHHsIii oomeH CC.

CrenaHo MpearoNoKeHHe, 4YTO HapyIIUTeNb IBJIIETCS ac-
CHUBHBIM [ 1, 7], T.€. OH MOXKET TOJILKO KOHTPOJINPOBATH HH(OP-
Manumo, nepegasaeMyro mexay OC, HO He MOXKET CO34aBaTh
n obmenmBarecs eto ¢ OC miM KaKuM-To 00pa3oM H3MEHSTh
nepeiaBaeMylo ceTeBylo nHpopmanuio. Kpome atoro, cienano
IPETONIIOKEHNE O OTPAaHUUEHHOCTH €ro pecypca. Hapymmre-
JII0 TOCTOBEPHO U3BECTHO IOJIHOE OIUCAHUE COJEPKAHUS IIPO-
Leayp, UX MOCIeN0BaTeIbHOCTH 1 IapaMETPOB, BBITIOIHAEMBIX
OC nust popmupoanus CK. Hapynmrens nepexsaTsIBaeT BCIO
uHpopMaIuio, nepeaaBaemyto 1o CC mocpeacTBOM COBOKYII-
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HocTn Kananos nepexsara (KII) mapymmrens {X, Z; p(z/X)}
(em. puc. 3), tne i =1, ..., N, IS KaXI0TO U3 KOTOPBIX BBITIOJ-
HSIFOTCS YCITOBUSI:

a) angaBuTsl Bcex BxonoB  BexoaoB IIBK u KII xoned-
HEI M COBIIQIAOT:

X |=]X,|=...=

v =% =% ==z,

=|z|=|Z,|=...=|Z,

. (5)

rie z,— andasuT BbIX01a i-ro KIT;

0) 3aBHCHMOCTbH TIOCIIEIOBATEILHOCTH CHMBOJIOB Ha BBI-
xoze KIT ot BxoaHoit ocienosarenbHoctH i-ro IIBK ompee-
JISTIOTCSL TOJBKO 3aBUCUMOCTSIMU COOTBETCTBYIOIIETO CUMBOJIA
BBIXOIHOM nocaeaoBaTeabHocTH KIT oT cMBoIa BXOIHOM 1O-
cinenoBarenbHoctu HIBK, T.e. miist m100bIX IOCIEI0BATEIBHO-
cTelt X,z :

r(z /%) Hp( (’)/x ) (6)
TIe xfj ) ,zfj ) — j-Ii 2JIEMEHT TOCI/IeI0BATEIBHOCTEH JTHHOM
1 CHMBOJIOB, COOTBETCTBEHHO, mpuyeM X, € X|',Z, € Z|, e
X!',Z! — nexaproBa n-s cTereHp andaBuTa Xi Ha BX0J€ i-Io
IIBK u andasura Z, na seixoze KII Bxox, kotoporo sBnsercs
BxozoM i-ro IIIBK, cooTBETCTBEHHO.
B) kaxbiii K-it KIT ve 3aBucur ot CKC k-ro IIIBK:

p(yl=""yk—l’ykﬂ’“-,y{vazk /xk): (7)
:P(J’1 /xk)x"'xp(yk—l /xk)p(yk+l /xk)x Xp(y,\, /xk)p(zk /xk)‘

r) Bce KIT mapymmrens onuceiBatorest mogensimu JJCK.

Z/ﬂ—'__'
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Puc. 3. COBOKYITHOCTh KaHAJIOB MIepexXBaTa HaPyIIUTES

[epenauay Bcelt napopmannu B kaxxaom HHIBK CC napy-
HIMTENb KOHTPOIUPYET HOCPEICTBOM UCIONB30BaHHSI COOTBET-
ctBytomiero KII kak nmokasano Ha puc. 4.

Mogeab OTKPBITOTO YCTAHOBJICHHSA

ceTeBOoH KPUIITOCBA3HOCTH

B pesynbrare npoBeAeHHOr0 aHaIU3a METOI0B OTKPBITOrO
(hopMupoBanus Kimrodeii pa3paboTaH METOJ «IepeCceKaroIInX-
Csl TPYIIOBBIX KITFOUEH», KOTOPBIH 3aKIII04AETCsl B OCIEN0Ba-
TEJIFHOM BBIITOJTHEHUH BpeMeHHbIX (a3 popmuposanus CK:
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Puc. 4. KorTtpois nepenadn HHGOPMALH HApYyIINTEIEM
B [IIBK Ne 1

1. ITepBoe nenenune N OC CC na NN He3aBHCHMBIX IPYTIIL.

2. OHOBpEMEHHOE U He3aBUCHMOE (POPMHUPOBAHUE IPYII-
noBeix kitoueit (I'K) B NN rpynmnax OC CC 1o oTKpBITHIM Ka-
HaJlaM CBSI3U.

3. Bropoe nenenne N OC CC Ha NN HOBBIX Ipymil, OpU-
YeM HOBBIE TPYIIIbI BKJIIOYAIOT MAKCHMAJIbHO BO3MOXKHOE YHC-
10 OC CC wu3 pasubix NN rpymi, cOpMHUPOBAaHHBIX HA 1-U
¢asze meroja.

4. OnnoBpemenHoe popmuposanue 'K B NN HOBBIX TpyII-
nax OC CC. B pesysbTare 3TOro Kax/ipli i-it u3 N KoppecmnoH-
nentoB CC nonyyaer nBa ['K (copmupoBanHbIX Ha 2-ii U 4-i
BpEeMEHHBIX (pazax), KOTOpble 00ECIeunBaloT ero Kpunrorpa-
¢udeckyro cBsa3HOCTh ¢ OC U3 IBYX HEPECEKAIOIINUXCS TPYIII
MIEPBOTO U BTOPOTO JICJICHUS C OOLIMM YIEHOM, KOTOPBIM SIBJISI-
eTcs caM i-i KoppecHoH/IeHT (T. €. MPOU3BOIUTCS (hOPMUPOBA-
Hue kpunrocssazaHubix rpynn OC).

5. Beibop rpymmst 'K, kitou koTopoit mpunumaercs 3a CK
1o 3apaHee oroBopeHHoMy Mexy Bcemu OC CC anroputmy.

6. OrHOBpEMEHHast He3aBHCUMasi BOJIHOOOpasHast 1oaTart-
Has nepenada CK ot rpynnst CK ko BceM IpyruM 3aBUCHMBIM
rpymmnam, oxsarbeiBaronM Bcex OC CC, myrem nepemmugpo-
BaHus nepegasaemoro CK Ha 'K cMeXXHBIX KPUIITOCBA3aHHBIX
TPYNIl C HCIOJIB30BAHUEM E€IUHOIO aJIrOpUTMa JIMHEHHOro
mmgposanust. [Ipennonaraercs, 4To B €AMHOM aJITrOpPUTME JIN-
HeitHoro mmdpoBanust [1, 7] ucnonb3yeTcss HEKOTOPBIA KITFOY
e, IpeIHa3HaueHHBIN JuIsl mr(poBaHus cCOOOIIEHNI Ha Tepe-
Jia4e OTIpaBUTEIEM COOOIICHHUN 1 KiTtou O, mpeHa3HAYCHHbIH
Ui Aemn(poBaHUsl KPUITOrPaMM IOJIydaresisiMM Ha TIpH-
eme. Kirour e 1 d coBmafaroT U MpUHAIIEKAT [IPOCTPAHCTBY
kiarodeld {K}. Ora cucrema mudpoBaHus HHPOPMALUU CHM-
METpPUYHAs, T.K. JIJIs JIFOOOW JIOMyCTUMOM mapkl Kitoueh (e, d)
BBIUHCIIUTENILHO NIPOCTO ONPEAETIUT OUH KII0Y, 3Has APYTOil.
Oo6a kimoua cexpernsie. Chopmuposanublii CK mpeacrasiser-
csi 0e3M30BITOYHON MOCIIEA0BATEIBHOCTBIO JABOMYHBIX CHM-
BoJOB. Torma eauHBIN anropuT™M JHMHEHHOro mH(POBaHUSL
VAOBIIETBOPSIET TPeOOBAaHUIO HJIEALHOIO Iudparopa, orpe-
nenenHoro K. IIleHHOHOM Kak TEOpPEeTHYECKH HEBCKpbIBae-
MBI HIA(paTop ¢ KIIFOUOM KOHEYHOH JITTMHBI IIPH aTaKe TOJIBKO
C 3HaHMEM KpUIITorpammsl [8].
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I'padrrueckn MeTON KIFIOYEBOTO COTNIACOBAHMS MPEICTAB-
JIEH Ha puc. 5.

Ipemmaraercss BoiOpars wwmcno OC B rpymme mis ¢op-
mupoBanns ['K Ha 2-# u 4-it BpemeHHBIX ¢a3ax metoma. Ort-
KpBITOE KITFOueBoe cornmacoBanue i nByx OC mcciemoBaHo
B psze pabort [9, 10, 11]. OxHako 3TOT BEIOOP HE COBCEM TPH-
emieM, T.K. popmupoBanue I'K BO3MOXKHO TOTBKO [T 9€THOTO
gucna OC N. Kpome 3toro nepenauy 3ammdposannoro CK xHe
TIOTYYHTCS TIPOU3BECTH B CITydae 2-X U 00Jee HeCOTIIaCOBaHUIT
I'K, uto cBsi3aHO ¢ HaTMYMeM OMMOOK B KaHamax cBs3u. [Ipen-
noxeno ¢popmuposats ['K B rpymmax, coctosmux u3 Tpex OC.
HccmenyeM BOIIPOCH COOTHOMIEHHUS KommdecTsa rpymi 3-x OC
N, n2-x OC N, B obmiem uncne NN TpyTin, npuaem

NN =N, +N,. (8

B mensx noctkeHust OOIBILIEro KOJIMYeCTBa MapIIpyTOB
npuema 3amudposanHoro CK kaxasim OC CK, npeanaraercst
nenenne N OC npousBOAMTh, TAKUM 00pa3oM, MpU KOTOPOM
00€eCTIeYnBAETCS MONYHEHUE MAKCUMAILHOTO N, 1 MUHMMAJTb-

HOTO N2 B COOTBETCTBUM C BBIPAKCHUSAMMU:

%,ecnnmod(N,S) =0,

N, =4 ——,ecim mod(N,3) =2, )
N _4,ecnn mod(N,3)=1.
0, eciu mod(N ,3) =0,
N, =1 1,ecma mod(N,3) =2, (10)
2,ecnu mod(N,3):1

Mopenb oneHks 3(pGeKTHBHOCTH

KayectBo CK ouenuBaeTcsi B pamkax npejiaraeMon Cu-
crembl nokaszareieii kadectna CK:

1) Oneparusrocts: T, [c] — Bpems popmuposanus CK,
puyeM

max max
Ty < Tynp +2To + Thex »

(11)

rIe Tynp — Bpewms, 3arpaanBaemoe OC CC mis hopmupoBaHus
U nepefady ynpasisolux koMasg ['C 1 OTBETOB MOAYHHEH-

Puc. 5. ®opmuposanue CK metonom «nepecexarommxes 'K»
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HBIX cTaHmit; Torx — MakcUMaIbHOE BpeMs (HOPMHUPOBAHUS
I'K na 2-#t nnn 4-ii dase:

Tork :max{ti,j} . (12)
rae t, ,— spems popmuposanus 'K B i-it rpynme Ha j-it dase,
npuueM i =1, ..., NN, j=2,4,u

T;‘é’;{ = tTaKT N:;::: 4 (13)

max . _ _

e Ty — makcumanbnoe BpeMs nepenadn CK; t —— rak

ToBO€ Bpems (BpeMs mnepenadn CK Mexmy IByMs CMEXKHBIMU
max

yamamu CC); No — MakcHMaIbHOE YHCIIO TAKTOB Iepeadn

CK, mpuuem
N — {M} _ (14)
2
2) bezomnacHOCTb:
2.1. n, [6uT]- mmuna CK, npuyem
n, = min{nol.,j} ; (15)

e n, . — Amana [K B i-it rpynne Ha j-i ¢ase;

2.2. H(K) [6uT] — suTpormmsa CK [3-4];

2.3. P, — BEpOATHOCTH TIONYYEHHUs HAPYLIUTENEM KIFOYa
ToxaectBeHHoro ¢ CK.

3) JloCTOBEpHOCTE: P“ep — BEPOSITHOCTH COOBITHS, TIPH KO-
TopoM xoTs1 051 oxH OC CC ne momyqmn CK.

K CK #Eeo6xoamMo mpeapsaBUTh Pl TpeOOBaHUN, KOTOPBIE
HaxOIAT CBOE OTPaKCHHE B IpelyiaraeMoil cucreme Tpedosa-
HUI:

1) OnepaTuBHOCTS:!

T <TR S (16)

e T — MAakCUMallbHO JIONYCTHMOE BPEMS YCTAHOBIIEHUS
kpunrocsszHocTy Mexay OC CC;
2) be3omacHOCTE:

2.1. n,n’, (17)
by}
e M MuHMMAaTBHO nomyctumasi ynHa CK;
2.2. H(K) = n,— ", (18)

rae XTP — MaKCHUMaJIbHO JOIYCTUMOC OTKJIIOHCHUC SHTPONUU
CKor OHTPOIINU «UACATBHOT'0» KJIHOYa,

23. (19)

rae P® — MHHEMANBHO JOMyCTUMAst BEPOSTHOCTD IOy UCHHUS
HapymwuTeIeM Kiroda ToxaecTseHHoro ¢ CK.
3) loCTOBEpHOCTE:

L)
P <PP,

P, <PT

nep = Prep > (20)
rae P — MHHHUMaJBHO JOTYCTHMas BEPOSTHOCTH COOBITHS,
npu kotopoM XoTst 661 o OC He nomyuni CK.

D¢ dexrnBHOCTS Mponecca popmuposanus CK orpakaer-
csl B IIpe/uIaraeMoM IoKa3areiie — BEpPOsITHOCTH (hOpMHUpPOBa-
Hust CK oTBeuaromiero TpeOoBaHUM

P(Tex <TE.n, 20 H(K)2n, - 7. P <P".P_ <P?)(21)

nep nep
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Orenka > dexTuBHOCTH Tporiecca popmupoBanus CK:

P(T <T™

CK — "CK»

n, =07 H(K)>n, - z",P <P" P_<P2)>P" (22)

nep nep

rae P™ — MHHUMAaBHO JIOIyCTHMOE 3HAYCHHE BEPOSTHOCTH
tdhopmuposanus CK, orseuaromero tpedosauusm (11)—(20).

BoiBoj

[Ipennaraemasi KOMIUIEKCHAsE MOJIENb OTKPBITOTO YCTaHOB-
JICHUS] CETEBOM KPUIITOCBSI3HOCTHU B IIOJHOW MEpPE XapakTepu-
3yeT mpoiiecc oTKphiToro popmuposanust CK mocpeacrsom 3a-
JIaHUS B3aUMOCBSI3aHHBIX JPYT C IPYIOM MOJAEIECH-KOMIIOHEHT.
W3BecTHas KOHIIETIUS MOJCTYIIIMBAIONIETO KaHana A. BaiiHe-
pa u npyrue pabotsl [12—15] onpeaenwiu yciaoBust GopMHupo-
BaHUs Kiroua Tosbko st 1Byx OC. Pa3zpaboTanHast KOMITIEKC-
Hasi MOJIEJIb MPEACTABISAET JajbHEeNIIee pa3BUTHE MOCIEIHEN,
T.K. YCIOKHACTCS AT YCIOBUH (POPMHUPOBAHUS KITI0YA 3HAYU-
TenpHO Oompirero koaudectBa OC B CC. Tem caMbIM OHa pac-
mmpsier cdepy MpUMEHEHHs KJIAaCCHYeCKOH KoHIenuuu. Pas-
pa60TaHHa${ KOMINUJIEKCHAsA MOJECJIb OTKPBITOIO YCTAaHOBJICHUSA
CETEeBOU KPHUMTOCBA3HOCTH MOXKET OBITh UCTIOIB30BAHA HCCIIE-
JIOBATEJISIMH B KQ4€CTBE TEOPETHUYECKOTO Oazuca st poBe/ie-
HHUSI BCECTOPOHHETO M3YYCHHUS, aHAJIM3a M OLIEHKH Ipolecca
CETEBOTO KJIFOYEBOTO COTIIACOBAHMS 11O OTKPBITHIM KaHAJIaM.
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THE COMPLEX MODEL OF OPEN NET CRYPTOCONNECTIVITY SETTING

Alexander D. Sinyuk,

Saint-Petersburg, Russia, entrop@rambler.ru

Oleg A. Ostroumoyv,

Saint-Petersburg, Russia, oleg-26stav@mail.ru

ABSTRACT

Very important, critical information should be protected while being transmitted at telecommuni-
cation systems as the communication channels are accessible to the offender. The cryptographic
methods based on the cryptoconnectivity between communication objects, provided by the cryp-
tographic key using which is unknown for the offender are the effective methods of the informa-
tion protection. The fact that the offender knows the key excludes encrypted information exchange
holding between communication objects. It is especially visible when the information is transmitted
encrypted on the general key in the communication net, including a lot of communication objects
when the net key is least of all protected. The task becomes complicated when the key action time
is limited and it is impossible or inappropriate to give another key as well as heavy expenses. The
necessity of the task solving of the net cryptoconnectivity setting at the open communication chan-

nels is relevant.

The model of the open net cryptoconnectivity setting is proposed, which has integrated nature de-
fined by the complicated conditions its construction and functioning. That is why the aggregate of
the interconnected component-models joined by the one aim of the net key forming, net informa-
tion transmission, net information interception, net cryptoconnectivity open setting, effectiveness
evaluation is designed for the investigating process description.

The analysis of the complex model presented showed that it characterizes the process of the open
net key forming in full. It is the further development of the known concept of the eavesdropping
Viner channel and it can be used as the theoretical basis for the all-round investigation of the key
net coordination process at the open communication channels.

Keywords: secret key; offender; open communication channel; open net cryptographic connectiv-
ity setting; broadcast channel; interception channel; crossed group keys method.

References

1. Fergusson Nils, Shnaier Bruce Practical cryptography. John Wiley & Sons. 2003. 432 p.

2. Alpherov A.P,, Zubov A. Yu., Kuzmin A.S., Cheremushkin A.V. Osnovy kryptografii [Fundamentals
of cryptographyl]. 3nd ed. corrected and supplemented. M. Gelios APB, 2005. 480 p. (In Russian)
3. Kolesnik V.D., Poltirev G. Sh. Kurs teorii informatsii. [Course of information theory]. Science.
M. Nauka. The main editorial of physical-and-mathematical literature. 1982. 416 p.(In Russian)

4. Gallagher, R. Information Theory and Reliable Communications. John Wiley & Sons. 1968. 720 p.

H&ES RESEARCH, 4-2017

77



H&ES RESEARCH, 4-2017
NHOOPMATUKA, BbIYMCITUTENTIbHAA TEXHUKA U YTIPABJTEHUE

78

5. Cover T. Broadcast Channels. IEEE Trans, on Inf. Theory, 1972.Vol. 18. No. 1.

6. Fano R. Peredacha informatsii. Statisticheskaya teoriya svyazi. [Information transmission. Statistic
communication theory]. M. Mir, 1965. 366 p.

7. Menezes A.J., Oorschot P.C. Vanstone S.A. Handbook of applied cryptography. CRC Press, N.Y.,
1996.780 p.

8. Shennon K. Raboti po teorii informatsii i kybernetiki [Works on information theory and cybernet-
ics]: trans. From English. M. Foreign literature. 1963. 829 p. (In Russian)

9. Sinyuk A.D., Korzhik V.1., Yakovlev V.A. The key working out protocol in noisy channel. Problemi
informachionnoy bezopasnosti. Komp'uterine sistemi. [Information security problems. Computer
systems]. 2000. No. 1. Pp. 52-63. (In Russian)

10. Yakovlev V.A., Korzhik V.., Bakaev M.A. The key forming protocols on the basis of noisy chan-
nels in conditions of additive interception using extractors. Problemi informachionnoy bezopasnos-
ti. Komp'uterine sistemi. [Information security problems. Computer systems]. 2006. No. 1. Pp. 60-81.
(In Russian)

11. Patent RF 2180469. Sposob formirovaniya klyucha shifrovaniya/deshifrovaniya. [The method of
coding and decoding key forming]. Sinyuk A.D., Korzhik B.I., Moldovyan A.A, Moldovyan N.A., Yak-
ovlev V.A. Declared 17.04.2000. Published. 10. 03. 2002. Bulletin No. 7. (In Russian)

12. Wyner A. The wire —tap channel. Bell Syst. Techn. J. 1975. Vol. 54. No. 8. Pp. 1355-1387.

13. Burenin A.N., Legkov K.E. Sovremennye infokommunikatsionnye sistemy i seti spetsial nogo
naznacheniya. Osnovy postroeniya i upravleniya: Monografiya. [Modern infocommunication sys-
tems and special purpose networks. Basics of creation and control]. Moscow, Media Publisher,
2015. 348 p. (In Russian)

14. Legkov K.E., Ledyankin I.A. Special purpose infocommunication systems functioning quality
estimation technique. Vestnik vozdushno-kosmicheskoj oborony. 2015. No. 4 (8). Pp. 76-79. (In Rus-
sian)

15. Burenin A.N., Legkov K.E. Problems of special purpose infocommunication network structure
management. Informacija i kosmos [Information and Space]. 2015. No. 3. Pp. 23-28. (In Russian)

Information about authors:
Sinyuk A.D., PhD, Docent, associate professor of the Military telecommunications academy
Ostroumov O.A., PhD, lecturer of the Military telecommunications academy

For citation: Sinyuk A.D., Ostroumov O.A. The complex model of open net cryptoconnectinity set-
ting. H&ES Research. 2017.Vol. 9. No. 4. Pp. 72-78. (In Russian)

HAYUH C o :X" Y :C KA SKYPHA '_

O =
s
Ay
SR — PESEFARCHO
4 L Ed K L3 2 o

WWW.H-ES RU



WWW.H-ES RU
PUBLICATIONS IN ENGLISH

FRAMEWORK FOR ENSURING EFFECTIVE FUNCTIONING
OF INFORMATION SUBSYSTEMS OF THE AUTOMATED
CONTROL SYSTEMS FOR COMPLEX ORGANIZATIONAL
AND TECHNICAL OBJECTS IN THE CONDITIONS OF
ESSENTIAL IMPACTS

Andrey N. Burenin,

Ph.D., Docent, chief specialist of JSC «Research Institute «Rubin»,
Saint-Petersburg, Russia, konferencia_asu_vka@mail.ru

Konstantin E. Legkov,
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ABSTRACT

A variety of complex organizational and technical systems, including systems for special purposes,
play an essential role in country's defense capability ensuring, state security and the maintenance of
law and order. In order to ensure their effective functioning under various operating conditions, per-
manent control of organizational and technical systems is organized, which is implemented through
the deployment of automated control systems, in which, to ensure the required quality of man-
agement processes, information subsystems are created that provide required information services
both to officials of control organs and to automation complexes of automated control systems. As
a complex system, the functioning of which is carried out with the required values of performance
indicators, the information subsystems of the automated control systems should be continuously
managed, especially in emergency conditions. To manage it, there are complexes of software and
hardware, both from the composition of the automated control systems of the complex organiza-
tional and technical systems for special purposes, so specially organized for the information subsys-
tems. In any case, the complexes of funds form the allocated system of control of the information
subsystems of the automated control systems for special purposes, distributed on the components
of the subsystem. Control system of the information subsystems is entrusted with the solution of a
number of management tasks. Among this tasks the most important is the task of ensuring the ef-
fective functioning of the information subsystems, by organizing effective management, especially
in the context of significant destructive influences.

The work deals with the issues of effective functioning ensuring of information subsystems as a part
of automated control systems for complex organizational and technical objects, the operation of
which takes place in emergency conditions characterized by the possibility of significant destructive
impacts. Management methods are proposed that improve the efficiency of their operation.

Keywords: information subsystem; automated control system; effective functioning; complex or-
ganizational and technical objects; destructive impacts.

For citation: Burenin A.N., Legkov K.E., Framework for ensuring effective functioning of informa-

tion subsystems of the automated control systems for complex organizational And technical objects
in the conditions of essential impacts. H&ES Research. 2017.Vol. 9. No. 4. Pp. 79-86.
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INTRODUCTION

The management of the information subsystems (IS) of the
automated control systems (ACS) systems for special purposes
(SPS), as a complex system, is carried out under various condi-
tions of operation (including in emergency conditions) and in-
volves the development of processes for organizing a complex
of control actions on it and its components, as a result of which
the subsystem itself (or the required component) goes into the
required (planned) state [1-2].

The main tasks that need to be addressed in IS management
can be reduced to five main ones: IS structure management, fault
management, IS functioning management, resource management
and safety management [ 1-2]. Among all five tasks of managing
of the IS of the ACS SPS, the task of functioning managing is the
most important and difficult to implement, since it is necessary
to take into account many factors, characteristics and parameters
of complex processes occurring in the subsystem. This task is
solved on the basis that the IS of the ACS SPS is considered as
multinetwork service system [2], which is characterized by the
main features of queuing systems [3—4, 8—15].

FORMULATION OF THE PROBLEM OF THE

FUNCTIONING MANAGEMENT

OF THE IS OF THE ACS SPS

The task of functioning control is a complex task and pre-
supposes the use of a set of methods used in certain conditions
of the situation (Fig. 1). In shown in fig. 1 variants of the organ-
ization of functional control processes, each of which to some
extent determines the effectiveness of the operation of the IS
of the ACS SPS, only management processes, organized on the
basis of the methods of the first group (Fig. 1), directly affect
provision procedures of IS services, and others, belonging to
the second group, affect the parameters that directly or indirect-
ly affect the functioning of the IS.

When solving the tasks of managing the operation of the
IS, the ACS SPS should have a number of management ob-
jectives Q;p = {®py,...,»;p,) . The fulfillment of the goals Q,

will ensure the effective functioning of the IS and its individ-
ual components in various conditions, including conditions of
influence of a complex of natural and deliberate disturbances
and interference on the IS and the control system of the IS [4].

The effectiveness of the operation of the IS of the ACS
SPS can be characterized by the value of the functional
Q(t, B, ¥,5,» Up), depending on the vector of fixed, unper-
turbed parameters and IS characteristics of the ACS SPS B,
o(dimension and connectivity of the IS of the ACS SPS struc-
ture, the performance of the IS servers, the capacity of the
virtual circuits, the functioning algorithms of the IS and the re-
quirements maintenance in IS), a vector of disturbing external
parameters ¥ . (the effects of electronic warfare (EW) means,
the effects of natural interference and surround, failures of IS
technical means, destructive effects, cyberattacks on IS hard-
ware and software), as well as on the applied control strategies
of the subsystem, expressed in the control vector U, (deter-
mines control actions on the components of the IS produced by
the control system of the IS of the ACS SPS).

If it is possible to organize the control of the
IS of the ACS SPS that the required value of the IS

Q. B, ¥ s, Uiy (]2 (2)Qqp performance indicator is

provided for a given time T_ with the probability not less than
required, in spite of the whole spectrum of impacts on it, then
the functioning of the IS of the ACS SPS should be considered
as stable, and management can be considered effective.

Considering Q(...) as a functional from the manage-
ment, it can be argued that the choice of a specific vector
U, =U; (©)will provide a very specific value of the ef-
ficiency index of the IS functioning of the ACS SPS, i.e.
Qlt, By, ¥ s, Ujy (1)1= O/’ [U}y ()] Therefore, the solu-
tion of the problem of the functioning control of the IS of the
ACS SPS is reduced to the choice of one U, = U (¢) that will
either provide an extremum to the indicator or provide its value
no more (less) than admissible, i.e. reduces to the solution of
some extremal problem (1 a), or to the problem described by
the quintile (1 b):

Functioning control tasks '

pd

1. Information services provision
processes control.
(When we have full information

about IS functioning)

N\

2. Control of parameters that directly or
indirectly affect the functioning
of the IS.
(When we haven't full information

about IS functioning)

Fig. 1. A set of functioning control tasks
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Qlt, By, ¥, U ()] > extr a)
e’ (e,
PQ[t, B, ¥ s, Uy (]2 ()0, } U"‘“‘(Z) . P, b (1)

RUZ (O], RU (D] <R,

The solution of the extremum problem (1 a) is a definite
(best) control U5 (¢) , which is the optimal control for the func-
tioning of the IS of the ACS SPS. The solution of the problem
given in the form of quantile (1 b) is some control that ensures
the value of the IS performance indicator is not worse than the
required level with a given probability. In these solutions, the IS
of the ACS SPS (B,,, ¥, ) model was used and the resource
allocated for management was taken into account R, .

This task is quite closely connected with the task of man-
aging the resources of the IS of the ACS SPS. The organization
of adaptive management of its functioning in difficult condi-
tions of the environment, assumes that the procedures for the
flexible operational distribution of real-time IMS will be im-
plemented, ensuring the required values of the efficiency of the
operation of the SPS itself, i.e. procedures will be implemented
for managing the complex of IS, which is the basis of the task
of resources control in the IS of the ACS SPS.

If the SPS is operating under conditions of acceptable
(permissible) level of information impacts, when significant
destructive changes in the IS of the ACS SPS are absent and
it is possible to obtain complete reliable information about the
state of the IPS, the task of managing the operation is reduced
(see Fig. 1) to the problem 1 — management of the provision
of information services (for example, by using of methods of
quality reliefs in the control system). If the operation of the
SPS occurs in emergency conditions, when there is the possi-
bility of significant destructive changes in the IS of the ACS
SPS (this fact may not allow the IS control system to obtain
information about its state) other methods aimed at controlling
the parameters characterizing the functioning of the subsystem.

At the same time, many parameters I1,={p,} characterizing
the functioning of the IS affect to the indicator of its effectiveness:

Op () = 1[G (P)50 ()5, Oy (P )] 2)

Taking into account (2), we can formulate the following
multicriterial task for such management of parameters charac-
terizing the functioning of the IS of the ACS SPS, which will
provide an extremum (or quantile) to the value of the perfor-
mance indicator of the subsystem:

extr Q[z, B,

v

PUAQIE B, Wips s U (0112 (2) O 2 B

V0]

s s, Up? (0] = extr fAQ)[t, By, ¥ g, UL (01} a)
U’

b (3)

RIUL (O, RIUL (] < R,,

The problem (3 a) is solved by the methods of multicriteria
optimization (Pareto or optimization by the integral criterion
(convolution)) [5-13]:
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N
O =Qlt. B, ¥ i, U (0]1= 27,0, )
r=1

The second task, connected with the choice of the control
providing the expression (3 b), becomes relevant when the op-
timization statement is unsolvable. In this case the IS control
of the ACS SPS is selected, which guarantees the value of the
performance index not worse than the specified value with a
probability not lower than the permissible value.

Thus, the solution of the problem of controlling the func-
tioning of the IS of the ACS SSN in complicated conditions
(it is difficult or impossible to obtain operational reliable infor-
mation about the state of the IS) begins by identifying a number
of parameters that affect the performance indicators. Then a
selection is made of a group of significant ones, which are then
used to formulate a management strategy.

FORMALIZATION OF THE IS FUNCTIONING

PARAMETERS CONTROL

In a generalized form, the management of the parameters
of the operation of the IS of the ACS SPS is based on the de-
termination of the weights of all or the best ways of obtaining
information services, including the latter as the first stage.

At the beginning of the second stage, a modernized matrix
of the weights of the IS level network is compiled, the zero ele-
ments of the main diagonal of which are significant co. Replace-
ment of an element ¢, from zero to oo means that the weight of
the path to the IS service provisioning node is assumed to be
infinitely large, which makes it possible not to consider in the
procedure the paths passing through the outgoing service pro-
vision node, thereby excluding it.

The modernized matrix of weights O = ” q; " obtained by
this method is multiplied by the dispersion matrix Dq. As are-
sult, a matrix A = Q-Dq is obtained, the elements of which
are used to obtain the remote matrices (i.e., the matrices of the
operation control plan when controlling the parameters), each

element o; of the matrix A, = " o, || being:

G,, =min, [(qm +dqw); (‘L-,z +d"2,/.);...;
(qi,f +dqi,j);"'(qi,N +qu,j ):|

In the expression min, means that the minimum can be tak-
en from the best variant K = 1, in the second variant k = 2, etc.

Each of the members of expression (5) determines the
weight from the service provision node ¥ to the node Y,
if the first intermediate service provision node is Y, for all
gefl, .., N} (Fig.2).

If'Y, is not adjacent to V,, then the term is equal to oo.

Due to the fact that q; = =, the term (g, + d“.) always has
values oo, although the element d. is not necessarily equal oo.
Thus, the number of terms in the expression that are not equal
o is equal to the number n of neighboring service provision
nodes (Fig. 2), i.e., the number of directions originating from
the service provision node Y.

.(5)
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Fig. 2. Creating of the parameters control plan

The value of the minimum term of expression (5), which
determines the weight of the best path from the i-th node of
service provision to the j-th through &-th:

611./. =min, [(q,.’] +d,; ), ey (q,.’N +d, )J = (q,.,a + dé,/')
is entered as elements 51-11- in the matrix of the first choice
1 1
S
The value of the second significant term of expression (5),
which determines the weight of the second most important

path after the best &;, =min, [(%,1 +d1’j); o (%,N +dy )J

is entered as elements 5,.2]. in the matrix of the first choice
REEN

In the presence of n neighboring service provision nodes, it is
obviously possible to obtain n matrices of the form: A!, A2, ..., A"

From the matrices A!, A% ..., A" we go to the matrices of the
control plans of the IPS of the ACS SPS. To do this for each
Y] we seek the minimal term of expression (5) for to k = &,
=1, 2, .., N, for example (qié-i- dé;j)‘ Then the element m' of
the control plane matrix for Y, is equal to the value of the index
k, i.e. the plan itself is set.

DA
m, =g, [m.k] - (©)

In the same way, the control plan matrices are generated
for each IS service delivery center of the IS of the ACS SPS,
indicating the order of the choice of outgoing directions for
receiving the information service {pijk}.

METHODS OF PARAMETERS CONTROL

In accordance with (3) and the general scheme for param-
eters control outlined above, and also taking into account the
fact that in emergency operation conditions it is difficult to ob-
tain complete state information of the IS of the ACS SPS and
the search should be conducted in a class of decentralized pro-
cedures, a number of methods for controlling the parameters
characterizing the functioning of the IPS are proposed.

As one of the most easily implemented in practice methods
for controlling parameters, the following can be proposed: the
method of distributed program control (DPC) with local adap-
tation procedures (LAP) (the DPC LAP method). It provides
for the establishment of a static (or unchanging in time) man-
agement plan for each IS service node in the form of a matrix
ITY, ={p; }, each element of which is equal to 1 if the path
from the i-th IS service provision node to the k-th through the
adjacent j-th is the path of the first choice (i.e., the best one), if
P= 2, then by the second choice, etc. The DPC LAP method
provides two levels of local adaptation, which does not require
the transfer of information (Fig. 3).

The first level determines the expedient number of con-
secutive samples in each outgoing direction. If an unsuccessful
attempt is made to obtain an appropriate quality control device
along the path of the first choice, several more attempts should
be made before proceeding to the selection of the next most
important path. The required number of consecutive samples
depends on many factors in the constituent transmission paths
to the destination server. _

If the average service time of the requirement is 7, , then
the average time during which this virtual direction to the des-
tination server will be in a busy state will be 7, . Since the pro-
cess of receiving new requirements or messages is independent

N_/_

CP= {p;ﬁ‘ }

< Control —
. plan distributed

program
control

> i

74,
__| T

Parameters control |
adaptive plan

limit values

Fig. 3. Description of the method DPC LAP
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of the processes of freeing the service servers, for a reasonable
: 2
number of consecutive samples one can take the value —|VA—IF

where At is the time interval between two consecutive samples
with the establishment of a virtual connection to the server,
vy — coefficient characterizing the difference between the path
of the first (second) and second (third) choice and the allowable
fraction of the average service time requirements.

The second level of adaptation is associated with the use
of local information based on a periodic analysis of the load
of funds (virtual branch occupancy, queue size in the server)
or the current estimate of the maintenance delay time for each
outgoing direction.

The choice of the path is based on a set of rules, taking into
account the given parameters of the local information available
on each component of the control system of the IS associated
with the service provision node. At the same time, the path that
is less loaded on the first section (outgoing direction) is selected,
is characterized by a smaller queue or less delay in servicing.

If the paths of first, second, etc. choices are different, the
choice procedure is complicated by the introduction of restric-
tions. For example, a service request is sent to the outgoing
direction of the second (third) choice, if the outgoing direction
of the first (second) choice is loaded by a certain amount (the
queue has reached the limit value, the expected service delays
exceed the allowed ones, etc).

As another method of controlling the parameters of the IS
of the ASU SPS in emergency situations, when the efficien-
cy of the DPC LAP method is low, a method of distributed
program control with global and local adaptation procedures
(DPC GLAP) can be proposed which is the integration of the
DPC LAP with probability-game (statistic) control procedures.
The essence of the DPC GLAP is the formation of probabilistic
automata at the distributed control centers of the IS, responding
to the success of passing requirements to certain service provi-
sion nodes of IS of the ACS SPS. Based on these data, the cur-
rent management plan for each type of service is being formed,
stopping the probability adjustment procedures and managing
the services in accordance with the current management plan
generated on the basis of the DPC LAP method.

In using the DPC GLAP method to form procedures and
a management plan, the IS of the ASU SPS is considered as a
random environment, and the management tools of the IS are
represented as a collective of stochastic automata operating in
this environment (playing with the environment).

The game procedures used in the management of IS pa-
rameters of ACS SPS are that in order to obtain the correspond-
ing IS from the source node to the required service provision
node, an outgoing direction is randomly selected at random. If
the IS with the required quality is provided to the consumer,
then this direction is encouraged, otherwise it is fined. This pe-
riod of operating time statistics will be called the period of the
adjustment of the DPC GLAP method. Therefore, as a gaming
machine of the IS component of the IS at the j-th node of pro-
viding the services of the subsystem, a machine with a variable
structure is adopted:

H&ES RESEARCH, 4-2017
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A}. :(pjl’ij"""pﬁ""’pjk) S (7)
where p,>0— probability of occurrence of the state of the y-th
k
outputand Y. p,=1.
r=1
The change of elements p, occurs as follows: if the action of
the y-th type was committed and the machine A; was fined, then
. __ PO
Py =77 N
o1+ (a-1) p,
If for the same action the machine was encouraged, then

®)

o ;B
" 1+(B_1)p;v '
Where o < 1 and B > 1— parameters of the method; p;, —an
estimate of the probability of the y-th output state from the re-
sults of servicing previous applications.
After changing the values p;., , all other elements
P V& #y are normalized:

)

* p]F;

e = ) i 10
Pr 1+(a—1)p, (10)
P - (11)

S (B-1)p

The implementation of game procedures in the process of
controlling the parameters of the IS of the ACS SPS is as fol-
lows: on each component of the IS, the corresponding i-node is

stored a stochastic matrix A, = A, | with the number of lines

equal to the number of nodes in the subsystem and the number of
columns equal to the number of outgoing nodes from the node
directions. Each j-th row of the matrix, corresponding to the
j-th IS node, is an automaton A, = (P, Pjasews Pijp»-es Pisp) 5
and the element Py, is matched with the y-th outgoing direction.
The elements p, change according to (10) or (11).

The main advantage of all gaming procedures in general,
and when applying them for managing parameters in the IS of
the ACS SPS in particular, is that when generating procedures
and management plans, no transfer of any service information
is required, since requirements are service information. At the
same time, when creating a management plan for each new ap-
plication, the results of their service are used in the previous
time, and after the maintenance their plan is again adjusted.

However, despite such a remarkable property of game pro-
cedures as the lack of the necessity to transmit the service in-
formation, their exclusive application is possible only in the IS
of the ACS SPS with stable slightly varying demand streams,
characterized by long periods of stationarity (the intensities of
which remain unchanged for a long time) and in condition of
complete absence of structural changes. Only in this case, val-
ues p, can be used as an estimate of the probability of success-
fully obtaining an information services of the required quality.
Otherwise, the error of the estimation bias P, will increase so
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much that these estimates do not at all reflect the real situation
in the IS of the ACS SPS. All this leads to the fact that gaming
procedures have two main drawbacks: difficulties in taking into
account changes in the load (the initial load fluctuations caused
by the needs of users of the automated control systems of the
SPS, and the fluctuations caused by the IS management pro-
cedures, which also lead to its change) and practical absence
reactions to structural changes.

Even with insignificant changes in the load entering the IS
of the ACS SPS from the consumers it is necessary to change
the values of o and B in accordance with these changes. How-
ever, it is not possible to obtain analytical expressions for these
quantities depending on the load. Usually, the values of the ap-
plied parameters o u and 3 are chosen as a result of simulation
of the IS operation on the computer. After simulation basing on
a given probability of either obtaining the information service
of inadequate quality or failing to obtain the information ser-
vice IS with probability P, certain probabilities p, and p, can
be obtained that satisfy the condition p, < P_ . < p, by which
you can define the parameters o u and 3:

a=Lr; g

P q,
where ¢, =1-p;; g, =1-p,.

As a rule, in IS of the ACS SPS the streams of require-
ments are unevenly distributed on the components of the sub-
system and change in the course of the operation of SPS. In
addition, the IS itself can undergo significant, including struc-
tural, changes. In these circumstances, direct monopoly use of
game procedures can wholly disorient the work of the IPS of
the ACS SPS. Therefore, the exclusive use of exclusively game
procedures for managing IS parameters is inexpedient.

At the same time, changes in the IS of the ACS of the SPS
caused by the functioning of the control system of the IS (i.e., in-
fluence on the fluctuation of the IS management processes them-
selves) can be taken into account in the control procedures. Since
the choice of the outgoing direction is made by a probabilistic
automaton, the changes in the IS (load fluctuations) caused by the
operation of the control system of the IS are themselves random.

It is obvious that an automaton A,-(tc) = (pjl(tc), pjz(tc), .
pj3(tc), . pjk(tc)), functioning in a variable IS environment is
characterized by the quantity:

PR (1) Py (2,0, Py (2 D) ] . (13)

where P(Py) — probability of a fine.

In this case, the structure of each probabilistic automaton
is changed at each y-th step by changing the parameters . and
B,- Then the mathematical expectation of the increment of the
matrix element A, over the choice of the y-th action is:

: (12)

o, —1
Apij[i =Dl P’ﬁ (piﬁ)“'(a—_l)p—i_
B P

O e ot

(14)
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Game procedures can be substantially simplified if we
take BY: 1 and take into account the validity of the following
expression:

(% _1)171'6

m = const

(15)

By (piﬁ)

Then, in order to take into account the changes in the IS
of the ACS of the SPS caused by the processes of subsystem
control, one should choose BY: 1, and the parameter o at each
step is determined from the expression:

1

:1— .
7L+p,.B

b (16)

The second disadvantage of gaming procedures when ap-
plying them in the process of controlling the IS parameters is the
virtually absent reaction to the structural changes that occurred
in the subsystem, which, of course, is unacceptable when apply-
ing the procedure in difficult operating conditions.

However, the structural changes in the IS are sufficiently
efficiently processed by the previously discussed method of the
DPC LAP. Therefore, it is natural to combine the stated game
procedures with the DPC LAP method in a single integrated
method for controlling the parameters of the IS of the ACS
SPS, a distributed program control method with global and lo-
cal adaptation procedures (DPC GLAP), in which, along with
local adaptation elements, there are global adaptation elements
inherent in game procedures.

The effectiveness of the application of the developed meth-
ods is confirmed by the results of simulation modeling (im-
provement of the quality of service indicator in comparison
with the traditional methods of organizing the work of informa-
tion subsystems based on rigidly fixed procedures for planning
the work of the IS (Figure 4).This simulated flows of require-
ments that are a uniform mixture of primitive flow, Palma flow,
second-order Erlang flow, and Erlang flow of the third order, as
the most typical for IS of the ACS.

CONCLUSION

The complex organizational and technical systems for spe-
cial purposes that are being created today are called upon to
play an essential role in ensuring the defense capability, securi-
ty of the Russian Federation and maintaining law and order in
it. In order to ensure the guaranteed effective operation of the
SPS in various operating conditions, it is required to organize
continuous management of these systems by the creation of
highly organized automated control systems for SPS. In order
to ensure the required level of quality management processes,
information subsystems are created in the ACS SPS to provide
control organs and automation systems all required information
service nomenclature.

The IS itself should be continuously controlled, especially
in emergency operation conditions. For this purpose, the com-
plexes of software and hardware are distinguished, which form
an allocated distributed control system of the subsystem that

WWW.H-ES RU
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Fig. 4. Comparative evaluation of control methods for IS of the ACS SPS parameters

performs a number of control tasks, among which the most im-
portant is the task of functioning control. This task, with signif-
icant destructive changes in the IS, should include subtasks of
managing the parameters characterizing its functioning.

Realization of effective control of the parameters of the
IS of the ACS SPS is carried out on the basis of the proposed
methods: DPC LAP and DPC GLAP.
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OCHOBbI OBECMEYEHUSA 3P PEKTUBHOIO ®YHKLIMOHUPOBAHUS
NMH®OPMALMOHHbIX NOACUCTEM ABTOMATU3UPOBAHHbIX CUCTEM
YMPABJIEHUSA CNOXXHbIMU OPTAHU3ALUMOHHO-TEXHUYECKUMMU
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Bypenun Anppen Hukonaesuy,

A.T.H., AoueHT, rnaeHbin cneunanuct AO "HayuyHo-uccnenosartenbckmin UHCTUTYT «PyBuHy,
r. Cankr-lMetepbypr, Poccus, konferencia_asu_vka@mail.ru

JNerkoB KoHcTaHTUH EBreHbeBuny,
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BoeHHo-kocMuueckon akagemumn nmenmn A.d. Moxkanckoro,

r. Cankt-lMeTepbypr, Poccus, constl@mail.ru

AHHOTALMA

PasHoobpa3Hble CNOXHblE OPraHN3aLMOHHO-TEXHUYECKME CUCTEMBI, B TOM YMC/E CneLmasibHoro
Ha3HaYeHUs1 UrpatoT CYLLECTBEHHYIO POJib NMpu obecrneyeHmn 0BopPOHOCNOCOBHOCTU CTPaHbI, ee
6esonacHoCcTU 1 MopaepXaHun B Hel npasonopsgka. C uenbio rapaHTMpoBaHHoOro obecneve-
HUA UX 3P PEKTUBHOro GYHKLMOHNPOBAHMUS B PA3/INYHbIX YCIIOBUSAX KCMJIyaTaumm, OpraHnsyeTcs
MOCTOSIHHOE yMpaBfieHNe VMW, KOTOPOE peannsyeTcsi NOCPEeACTBOM Pa3BepTbiBaHUS aBTOMAaTU-
3UPOBaHHbIX CUCTEM YMpPaBJiIeHWs, B COCTaBe KOTOPbIX A obecneyeHns Tpebyemoro kadvectsa
NMPOLLeCCOB ynpasneHusi, cosgatotcs MHbOpMaLUoHHbIe NoacucTeMsl, obecnedvBatolme Kak
LAOJDKHOCTHBIM JINLLAM OPraHoB YNpaBfeHus, Tak U KOMMJIeKcam CPefcTB aBToMaTu3aLum asToma-
TU3NPOBAHHOW CMCTEMbI YNPaB/ieHUs], NPefoCTaBIeHne BCe HOMEHKNaTypbl Tpebyembix nHdop-
MaLMOHHBIX YCIyT.

Kak cnoxHas cucrema, GyHKLMOHUPOBAHME KOTOPOW OCYLLECTBASETC C TpebyeMbiMy 3HaYeHU-
My nokasartenien 3bdeKkTMBHOCTM, MHOPMaLMOHHAs NOACMCTEMA [OJIKHA HEMPEPBLIBHO YrpaBs-
NATbCS, 0CODEHHO B Ype3BblYalHbIX ycioBUAX. [115 ynpasieHus eto BbIAESIOTCS KOMMIEKCbl Npo-
rPaMMHO-TEXHUYECKUX CPEACTB, Kak U3 COCTaBa aBTOMAaTU3MPOBAHHOMN CUCTEMBbI YNPaBIeHUs], Tak
W creunanbHO opraHusoBaHHble. B niobom criyyae koMmnekcsl cpefcTs obpasytoT BblgesieHHYo
pacnpegeneHHylo CMCTeMy YNpaB/ieHus, Ha KOTOPYIO BO3/1araeTcs pelleHve paga 3agad ynpassie-
HWS, Cpeam KOTOpbIX Hanbonee BaXKHOW ABNsieTcs 3apava obecnevyeHns apdekTMBHOro pyHKLMo-
HWPOBaHUs, MyTEM OPraHWM3aLun Pe3ybTaTUBHOMO YrNpaBfieHNs,, OCOBEHHO B YC/IOBUSX AECTPYK-
TUBHbIX BO3AENCTBUM, KOTAa Ba>XHOCTb 3TOM 3a4auu CyLL,eCTBEHHO BO3pacTaeT.

B pabote paccmatpuBatotcs Bonpockl obecnedeHnst 3pPekTUBHOro GyHKUMOHUPOBaHUSE UHPOP-
MaLMOHHBIX MOACUCTEM, BXOOALLMX B COCTAB aBTOMATU3MPOBAHHbIX CUCTEM YNPaBJIEHUs CIIOXKHbBIMU
OPraHU3aLMOHHO-TEXHNYECKMMU ODbEKTaMMU, SKCTJTyaTaLmsi KOTOPbIX MPOTEKAET B Ype3BbIYaNHbIX yC-
JIOBUSIX, XapaKTEPU3YIOLLMXCSH BO3MOXKHOCTBIO CYLLECTBEHHbIX [eCTPYKTUBHbIX Bo3aencTeui. MNpea-
JIOXXEHbI METOAbI YNPaBieHNsl, NO3BOAOLLME NOBbICUTL 3P PEKTUBHOCTbL NX GYHKLIMOHMPOBAHMUS.

KnioueBble cnoBa: nHdpopmaLlmoHHas noacMcTeMa; aBToMaTU3MPOBaHHas CUCTEMA YMPaBIIEHUs;
a¢pdekTUBHOE PYHKLNOHMPOBAHUNE; CIIOXKHbIE OPraHN3aLNOHHO-TEXHUYECKNE 0BOBbEeKTbI; fecTpyK-
TUBHblE BO3[ENCTBUS.

Ona uutupoBanus: bypernur A.H., Jlerkos K. E. OcHoBbl obecneyeHus adpdexkTneHoro byHKumO-
HUPOBaHUS HPOPMALMOHHbIX NOACUCTEM aBTOMATU3MPOBAHHbIX CUCTEM YNPAB/IEHUS CIIOXKHbIMU
OpraHM3aLMOHHO-TEXHUYECKUMU OobbekTamu B ycrioBusx Bosgencteun // Haykoemkue texHosno-
rmm B KOocMuYyeckux uccnegosanmax 3emnn. 2017.T. 9. N2 4. C. 79-86.

WWW.H-ES RU



TPEBOBAHUA K MPEOCTABJIEHUIO MATEPUAJ1OB

Pepakumns >xypHana H&ES Research
npuHUMaeT K nybnvkauuw craTbn Ha pyc-
CKOM W aHrunnckoMm ssbikax. [Npepgocrasns-
emasi pyKonucb LOJSIXKHa ObITb akTyanbHOW,
obnapatb HOBM3HOW, OTPaXaTb MOCTAHOBKY
3a4a4v, copepKaTb ONMcaHNe OCHOBHbIX pe-
3y/IbTATOB MCCIeA0BaHWNs, BbIBOAbI, @ TakxXe
COOTBETCTBOBATb YKasaHHbIM HUXe MpaBu-
nam opopmeHns. TekcT foSIxKeH ObITh TLUa-
TeJ/IbHO BblYMTaH aBTOPOM, KOTOPbIA HeceT
OTBETCTBEHHOCTb 3a Hay4YHOTEOpEeTUYeCcKui
ypoBeHb NybnkyemMoro matepuarnia.

CraTbs NpefocTaBisieTcs B 3J1EKTPOH-
HOM BUAE, e4uHbIM Galiiom, UMEoLLMM crie-
[YIOLLYIO CTPYKTYpYy: 3arnaBue cTaTbu, CBe-
AeHust 06 aBTopax, aHHOTauMs, KJlo4YeBble
CrfloBa, TEKCT cTaTby (BKJOYas WIIIOCTPa-
ummn, Tabauusl 1 GopMysibl), NPUCTaTENHBbIN
CMNCOK JINTEepPaTypbl, aHrIONA3bIYHbIA BMOK.
Takxe npefcraBnseTcs oThesibHas manka ¢
SKCMOPTUPOBAHHLIMU N30DPaAKEHNAMU PU-
cyHkoB B dpopmate TIFF, EPS no TpeboBaHu-
AM yKa3aHHbIM B 1.7.

K cratbe npunaraetca akcrnepTHoe 3a-
K/lO4eHMe O BO3MOXHOCTW OnybnvKoBaHUs
CTaTbV B OTKPbITOW MeyaTn U OBe peLeHsuu
KaHOMOATOB WM LOKTOPOB HayK Mo Npoduito
naaHvpyemon nybnvikauumn matepuranos (cka-
HUPOBaHHbIE KOMWW B 31EKTPOHHOM BUAE).

Bce maTepuanbl BbicblnaloTCs  3nek-
TPOHHOM MOYTOM B agpec XypHana: HT-
iESResearch@yandex.ru.

1. CraTbsl moAroTaBAMBaeTCA B pefak-
Tope MS Word. LLlabsioH cTaTbn MOXHO cKa-
yaTb Ha canTe XypHana www.h-es.ru.

2. NaHHble 06 aBTOpE: Pamunus, ums,
OTYECTBO, y4YeHasi CTereHb, 3BaHWe, AOJIXK-
HOCTb M MOJIHOE Ha3BaHWe opraHusaumm —
MecTa paboTbl, FOPOA, CTpaHa, agpec a/ek-
TPOHHOW MOYTbI M MOYTOBLIN afApec Kaxaoro
aBTOPA MOJIHOCTbIO.

3. O6bem aHHoTaumm 200 — 250 cnos.
AHHOTaLMs [OKHA ObITb MHGOPMATUBHOM
(He copepxaTtb 0bLMX cnoB), 6es cokpalle-
HWUW, CTPYKTYPUPOBaHHOWM, OTpaXaTb OCHOB-
Hoe copepkaHWe CcTaTbu: MPeaMmeT, Lesb,
METOLOSIOTMIO MPOBEAEHUS UCCef0oBaHNN,
pesyibTaTbl UCCEA0BaHUA, 0B6IacTb UX MPU-
MeHeHws, BbiBoAbl. [PMBOASATCA OCHOBHbIE
TeopeTnyeckme 1 aKCrneprMeHTanbHble pe-
3ynbTaThl, dakTUyeckMe [haHHble, ObHapy-
KEHHble B3aWMOCBSA3M W 3aKOHOMEPHOCTM.
BbiBOAbI MOryT CONPOBOXAATHCA PEKOMEH-
JauvsaMy,  oueHKamu, NPeasioXeHUsamu,
rmnoTesamu, onucaHHbiMK B cTaTbe. [Npep-
JIOXEHMNS OOJIKHbI HAYMHATHCSA C/I0BAMU: MO-
KazaHo, MoJsly4eHo, nccnefoBaHo, npencka-
3aHO U T.4. U T.M.

4. Kniouesble cnosa: ot 5 go 7 cnos
(cnoBocoueTaHu), paspenieHHbIX TOYKOW C
3anaTon.

5. O6bém cTaTbm 6e3 aHHoTauun — oT 15
Ao 30 Teic. 3HakoB ¢ npobenamu. PucyHkn n
TabnLbl B 0ObeMe CTaTbi HE YUYUTbIBAIOTCS.

6. ®opMyJibHble BbIPaXXEHUS BbIMOJI-
HsloTCA B pepaktope Math Type. Popmybi
HYMEpPYIOTCS B KPYIJIbIX CKODKaXx, MCTOUHMUKM
— B npsmbIx. Hymepauus ¢opmyn 1 npuse-
AEeHWe B CMuCKe WCTOYHWKOB, Ha KOTOpble
HEeT CCbIIOK MO TEKCTY, He Aonyckaetcs. Onu-
Ha bopMybl B 0fHY CTPOuKy 8-9 cm.

MpocTbie dopmMysbl U BykBeHHblEe 060-
3HaYeHWs BEIMYUH CllefyeT nmucaTb B CTPOKY
06bIuHbIM TekcToM. B dpopmynax mcnonbso-
BaTb TOJIbKO DyKBbI JIATUHCKOIO W rPeYecko-
ro andaswutal

Pasmepbl wpudTos (Size) npepsapw-
TenbHO nepef Habopowm nepson bopmybl
yctaHosuTb (B MathType) cnepytolume: kersb
ocHoBHoW — 10, KpynHbIN MHAEKC — 7, Men-
KU MHOEKC — 5, KpynHbi cumBon — 12, men-
kni cumaon — 8. Dopmyibl, He copepkalymne
crneunanbHbiX MaTemMaTUYeCckMX CUMBOJIOB,
LOJIKHbI ObITb HabpaHbl B TekcTe (B dopma-
Te Word). peyeckre obozHayeHuns, ckobku
(<BappaTHble W Kpyrble) u Lndpbl BCcerga
HabupatoTcs npsiMbiM LWpndToMm. JlatnHckne
OykBbl HabupatoTcs KypcuMBOM Kak B ¢$op-
Mynax, Tak U B TEKCTe, KPOME YCTOMYMBBIX
dopm (max, min, cos, sin, tg, log, exp, det ...).

Henb3s ucnonb3oBaTb ckaHMpOBaHHbIe
¢opmynbi! Bce bopMynbl 4omKHbI BbITb Ha-
6paHbI Bpy4Hyto!

7. PucyHKM 1 Tabnuupl B cTaTbe LOJK-
Hbl BbITb MPOHYMEPOBaHb! 1 CHabXeHb! Nof-
MUCSIMU, B TEKCTE CTaTbW AOJIXKHbI MMETbCs
CCbIIKM Ha KaxObll PUCYHOK U Tabauuy
(pvc.1 nTabn.1). Ecnu pucyHok nnv tabnuua
€[VHCTBEHHbIE B CTaTbe, TO X HE HYMEPYIOT.

PucyHKkn [OMKHbI ObITb YETKMMU, C XO-
polo npopaboTtaHHbiMK AeTansmu. W3be-
raTb TEKCTOBbIX HAAMMCEN Ha UITIOCTPALUSAX.
3ameHsTb UX LUMPPOBLIMU 0DO3HAYEHUAMY,
KOTOpble MOSICHAIOTCS B MOAMUCK MM B OC-
HOBHOM TekcTe. Bce pucyHku npunaratorcs
B BuAe oTAesbHbIX dannos B dopmate TIFF,
EPS c paspelennem He meHee 300 dpi ang
OPUrMHaNbHOrO pasMepa B Ne4aTHOM U3aa-
HUK (N5 BOMbLUMX PUCYHKOB WKNPWHa oT 14
0o 20 cMm, ons ManeHbkux ot 7 0o 9 cm).

8. Cnucok nutepatypsbl: ot 15 go 50
HavMeHoBaHWI. W3 Hux camouuTupoBa-
HUM He JOJIXHO bbb 6onee 25%. B uucne
MCTOYHUKOB >XenaTesibHo He meHee 50 %
MHOCTPaHHbIX WUCTOYHUKOB (AJ1s cTaTen Ha
aHrmnckom sisbike — 15% pocceuiickmx). Co-
CTaB WCTOYHUKOB AOJIKEH ObITb aKTyasibHbIM
1 cofepXaTtb He MeHee 8 cTaten 13 HayuHbIX
XypHanos He ctapiue 10 net, ns Hux 4 — He
cTapue 3 nert.

CcblIKM AOSIXKHBI ObITb TOMIBKO Ha CTa-
TbW, MAaTEHTbI, KHATU W CTaTbh 13 COOPHUKOB
TpynoB. B cnuckax nutepatypbl He pasme-

wate FOCTbIl, pekomeHpauun, auccepTa-
umun, asTopedepaTbl U APYrylo HOPMaTUB-
HYIO 1N HEeneprvoAUYEcKyld AOKYMEHTauMIo.
OTu AaHHbIe MOXHO yKa3blBaTb B TeNe CTaTby
B CKODKax Wiv B BUAE MOCTPAaHUYHBIX CHO-
COK (ecnv aBTOp HEMPEMEHHO XO4eT yKasaTb
HOPMAaTUBHbIN [OKYMEHT WM COCnaTbCs
Ha cBolo amccepTaumio). Cnucok nuteparty-
pbl opopmnsetca B cootsetctBum ¢ FTOCT
7.052008. Ob6pazey, opopMneHus cnvcka
NuTepaTypbl pasMeLLEeH Ha calTe XKypHana
www.h-es.ru.

9. Ha aHrnumnckom sa3bike npefocrasis-
eTcs: HasBaHwue cTtaTby, GaMuIvs, UMs, OT4e-
cTBO, nHdOpMaLms 0b aBTopax (LOKHOCTb,
y4YeHasi cTeneHb, y4eHoe 3BaHWe, Mecto pa-
BOTbl), FOPOA, CTPaHa 1 MIEKTPOHHbIN agpec
BCEX aBTOPOB MOJIHOCTbIO, aHHOTALMS, KIItO-
4eBble CI0Ba W CMUCKN INTEPaTypPbI.

Bce HasBaHus uv3patensctB M KypHa-
JIOB OOJIXKHbl OblTb TpPaHCAUTEPUPOBaHbI, a
He nepesefeHbl. HaszBaHus opraHusauuin B
cnuckax nutepaTtypbl (Tpyabl Akagemuu...)
LOJIXKHbI ObITb YETKO BblBEPEHbI C AaHHbIMU
opraHusaumMm u umeTb oduuManbHoOe aH-
rVACKOE HaMMeHOBaHMe, KOTOPOe yKasaHo
Ha 1X canTe UKW TakKe TPaHCIUTEPMPOBaHbI.
Obpaszel, obopmaeHns cnmncka ImMTepaTtypbl
pa3MeLLeH Ha canTe XypHana www.h-es.ru.

10. CTpyKkTypa cTaTby Ha aHIJIMACKOM
A3blke

Introduction (BBegeHune)

Materials and methods (maTepuansl n
MeTo/pbl).

Results and Discussions (pesynbTtatsl u
obcyxaeHue).

Conclusions (BbiBOA)

Acknowledgements
HeobfA3aTesbHbIN pa3aen)

References (ccbinku Ha Mcmonb3oBaH-
Hylo IMTEepaTypy)

Ha pyckom nsbike npepocraBnsercs:
HasBaHWe cTaTby, GaMuUIns, UMs, OTYECTBO,
nHbopmaums ob aBTopax (BONIKHOCTb, yye-
Has CTemneHb, y4eHoe 3BaHWe, MecTo pabo-
Tbl), TOPOA, CTPaHa W 3EeKTPOHHbIN adpec
BCEX aBTOPOB MOJIHOCTbIO, aHHOTALMS, KJItO-
YeBble C/I0Ba W CMUCKN ITEPaTypPbI.

(6narogapHoctu,

BHuumaHue! Pepakuunsa octaensier 3a co-
601 NPaBo OTKIIOHMTb NPeACTaB/IeHHbIe Ma-
Tepuarnbl, 0bOpPMIIEHHbIE HE MO YKa3aHHbIM

(AR

RESEARCH



H&ES RESEARCH, 4-2017
NYBJNKALMN HA AHTIMNCKOM S3bIKE

88

CALCULATION OF WAITING TIME DISTRIBUTION
IN MULTI-CHANNEL NON-MARKOVIAN QUEUING
SYSTEMS WITH “COOLING” AND “HEAT-UP"

Anatoliy D. Khomonenko, Vladimir A. Lokhvitskiy,

PhD, professor, head of the Department of PhD, doctoral candidate at the Department
Information and computing systems of mathematical and software of Military
of Emperor Alexander | St. Petersburg state space academy of A.F. Mozhaysky, St-
transport university, professor at the Petersburg, Russia, lokhv_va@mail.ru
Department of mathematical and software

of Military space academy of A.F. Mozhaysky, Maad M. Khalil,

St-Petersburg, Russia,

postgraduate student of Emperor
khomonenko@pgups.ru

Alexander | St. Petersburg state transport
university, St-Petersburg, Russia,
maadalomar@gmail.com

ABSTRACT

The approach to calculation of distribution of waiting time of requests in the multi-channel
non-Markov queuing systems with “cooling”, “heat-up” and distributions of phase type is devel-
oped. The characteristic of methods of calculation of distribution of waiting time for non-Markov
queuing systems is given. At the heart of calculation of probable characteristics of multi-channel
non-Markov queuing systems with approximating distributions of phase type (the hyperexponen-
tial, the Erlang, Cox) the Takakhashi-Takami's iterative method is lies. When calculating distribution
of waiting time of multi-channel QS with “cooling” and "heat-up” transitions between microstates
are considered. The main result is a method for calculating the waiting time distribution in a mul-
tichannel non-Markov queuing system. The method is based on the weighted convolution of the
Laplace-Stieltjes transformations of the transit times of each of the components of the exponential
phases of the microstates of the system. The knowledge of the Laplace-Stieltjes transformation of
the waiting time distribution of the application in the queue makes it possible, by numerically dif-
ferentiating this transformation at the point s = 0, to calculate the initial moments of the required
distribution, from which to construct the approximation of the distribution function. The example
of calculation of waiting time in queue for model of multi-channel QS M/M/E2/n with the Poisson
input flow, exponentially distributed duration of service and with the "cooling" distributed under
the generalized law of the Erlang of the 2nd order is considered. From the presented results it
follows that with an increase in the average “cooling” duration, the average waiting time increases.
In addition, the duration of “cooling” has a very significant effect on the average waiting time. The
Kolmogorov distance for the distributions of the number of requests received by the numerical
method and using the simulation model was {0.0014; 0.0013; 0.0038; 0.0024; 0.012} for a different
intensity of “cooling”, respectively, which indicates the correctness of the analytical model. Thus, a
generalization of the classical Little's formula is achieved. The proposed approach can be useful in
probabilistic modeling of nodes of distributed data processing centers, modeling and justification
of the architecture of cloud computing systems with the Web interface, and evaluating the impact
of costs on updating the context.

Keywords: multi-channel systems of service; “cooling”; “heat-up”; Laplace-Stieltjes conversion; dis-
tribution of waiting time; distribution of the Erlang; Little’s formula.
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INTRODUCTION

In the analysis of different types of QS the following types
of wait time of the request in queue are used:

the unconditional waiting time in W queue determined by
length of an interval between the moments of arrival of the re-
quest system and its arrivals on service;

the conditional waiting time in W queues, a determined is
similar to W, but in case of the additional assumption that the
request surely waits (Wq #0);

the virtual waiting time of W,, differing from ¥ those that
counting of length of an interval of waiting is carried not from
the moment of arrival of the request in queue, but from some
arbitrary time point.

From line items of applied researches searching of char-
acteristics of time W waiting of the request in queue is of the
greatest interest. Characteristics of the conditional and virtual
wait time are often necessary as a monitoring aid of the results
received by means of new approaches.

Among the approaches used for calculation of distribution of
wait time of requests in queue to multi-channel not Markov QS it
is possible to select the following three methods [1]: integral meth-
od; a method on the basis of a convolution of the Laplace-Stielt-
jes conversions (LSC) for QS with distributions of phase type; a
count method (on the basis of invariants of the relations).

1. INTEGRAL METHOD

For M/G/n/R < o QS the initial moments of distributions
of duration of waiting of the request in queue (stay in system)
can be calculated by means of Little [2] result and his general-
izations [3]. The required moments express through stationary
distributions of probabilities of states on the basis of the con-
servation law of queue here.

We will bring correlation between stationary distribution of
number of requests into queues at the time of t-0 of arrival of the
request and the initial moments of distribution of waiting time
in queue to the GI/G/n/R < « system. The generalized Little’s
formula and her analog for GL/G/n/R < QS follows from it.

We will designate: z — probability that the next request is
not labeled; a(s) — LSC of distribution of length of an interval
between adjacent requests of a recurrent flow; a_(s) — the same
for interval length from arbitrary event of the entering flow to
the next labeled request; L-'(*) — operator of inverse transfor-
mation of Laplace. It is obvious that

X k-1 _k a(s)
a_(s) kz:]:(l z)z" " a" (s)=(1-z2) .

Respectively, 4 (t) = L'(a(s)/s) —an interval length distri-
bution function to the next labeled request, a 1 —4_(t) — proba-
bility that any labeled request in time t won't come.

Let for the request arriving to completely busy system:

w (t) — the conditional frequency curve of waiting time
of the beginning of service (frequency curve of the conditional
waiting time);

H ; (2)= z i0? in;l — generating function of distribution
of number of requests in queue at the time of t—0 of arrival of the
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new request. This function defines probability that at the time of
arrival of the new request all requests in system will be not labeled.
According to the conservation law of probabilities of sta-
tuses of queue, equality shall be observed:
[T.0=][1-40]w.@a. (1)
0
In case of the system M/G/n we have a(s) = M/(A +s) where
A — intensity of the Poisson entering flow. At the same time

1-4,()= 1-L! A1=-2)/([s(AQ=2)+s)]) = o 0= ,

And, equality (1) takes a form

I1,= j ey (dt = w, (M(1-2)).
0
Here in the right part— LSC of the conditional distribution
of wait time of the request in queue with conversion parameter
M1-2). On the basis of conversions (2) come to the generalized
Little’s formula [3]:

g =Mw, k=12, ....

2)

)

Here: W, —K-y the initial moment of distribution of wait time
of the request in queue; ¢, = Zik r(r=1)..(r—k+)n, —
k-y the factorial moment of distribution of number of requests
in queue at the time of t-0 of arrival of the request. In case of
k=1 the formula (3) is called Little's formula [2].

Yu.I. Ryzhikov in [4] offered approach to calculation of
time response characteristics for QS of more general E,/G/n
and H/G/n type. The solution of the 1st kind Fredholm integral
equation is its cornerstone:

I1.= ]O.(Fle’f (—Fe ' )w, (.

Here F, F,, f and g— the known functions z and distribu-
tion parameters of length of an interval between adjacent re-
quests of the 2nd order of phase type.

2. METHOD OF A CONVOLUTION OF LSC

OF COMPONENT PHASE DISTRIBUTIONS

In case of numerical calculation of systems of a general
type GI/G/n usually not Markov distributions replace with
approximations in the form of a compound of exponentially
distributed phases. A method of calculation of distribution of
waiting time in system GIq/Hk/n/R < o offered in [5]. At the
same time distribution of lengths of intervals between requests
of an input flow is one of distributions of the phase type order
of ¢: An Erlang, the hyperexponential, Cox or PH, and distri-
bution of duration of service is the hyperexponential order of k.

An alternative to phase-type distributions is the Delta func-
tion. In particular, in the article Smagin V. A. [6] an example of
applying the complex delta function for finding the stationary
value of an alternating random accumulation process with the
informational income and expenditure is presented.

We will explain an approach essence on the example of the
M/M/n system. We will call the j-request the request which after
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arrival finds in queue exactly of j of requests. Waiting time in queue
of the j-request represents the amount of j of independent random
variables with LSC of components b (s) = nu/(np + s). Therefore
LSC of the conditional distribution of wait time of the j-request is

J
w,(s) = b) (s) = (ﬂj j=12..
np+s

We will designate 7, probability to find in sys-
tem j of requests right after arrival of the request. As

w(s) = Zil T, ;.,W;(8) LSC of distribution of waiting time of

requests in queue is:

J
o np

LOED I [mj )

In article [5] the solution variant which generalizes a for-

mula (4) for finding of LSC of distribution of waiting time of

the request in queue in relation to QS GIg/Hk/n/R < oo is of-

fered. Such approach yields more general results in comparison

with [4] regarding validity of q>2 value of an order of distri-

bution of phase type of duration of intervals between requests
of an input flow.

3. COUNT METHOD

It is known that the conditional (in case of zero waiting)
distribution of waiting time of the request in the GI/M/n system
is subordinate to the exponential law. This circumstance allows
consider that the type of distribution of waiting time doesn't
depend on distribution of intervals between adjacent requests
and number of channels and is defined only by distribution of
holding time. In [1] the method of the setting of a type of distri-
bution and a method of its use is offered.

Difference of arbitrary distribution from the normal, hav-
ing the general with it two initial moments, it is accepted to
determine by two dimensionless coefficients, (asymmetry and
an excess) which are equal to zero for normal distributions.
As difference of distributions from demonstrative is of interest
(Markov), in [1] it is offered to enter coefficients of not Markov
behavior of distribution on a formula

K, =w, /w —k!, k=273,..,
where w, —k-y the initial moment.

With the help w, and a set {x, } it is possible to define the
appropriate number of the higher moments [1]:

w, =w (k, +k!).
Value W, can be set by means of Little's formula and proba-
bility 7, of immediate reception of the request on service:
w,=fa /(l-m),
where f — average length of queue.
The marked dependence of distribution only on distribution
of duration of service allows to take as a basis for determination

{Kk } the M/G/1 queuing system [3]. Actually such approach rep-
resents rather evident form of use of invariants of the relations.
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4. APPROACHES TO CALCULATION

OF MULTI-CHANNEL QS WITH “COOLING”

Calculation of multi-channel non-Markov multi-channel QS
with “cooling” and distributions of phase type based on the iter-
ative method of Takakhasi-Takami [7]. This method successfully
used when calculating non-Markov multi-channel QS of the most
general classical GI /G,/n/R < oo type. At the same time calcu-
lation of QS with “cooling” (as well as multi-channel QS with
“heat-up”) is a little more difficult in comparison with classical
models in case of similar assumptions of other model parameters.

QS models with “heat-up” and “cooling” have been studied
in a relatively small number of publications, we will mention
some of them. For example, one of the early papers [8] explores
a single-channel system with “heat-up”. The paper [9] investi-
gates a multichannel QS of the MAP/PH/n type with “heat-up”
and broadband service discipline. In article [10], an QS is inves-
tigated with a fixed delay before the start of the service.

In [11] the model of multi-channel M/M/H,/n QS with hy-
perexponential distributed duration of "cooling" is considered.
The papers [12—-13] consider multichannel QS with "cooling"
and Erlang distribution of the second order.

We will consider multi-channel GIq/Gk/n/R < o0 QS with
arbitrary distributions of phase type (#/, or C,). A state of this
system it is representable a tuple {j; r; m,.... m }, where j —
total number of requests in system (j = 0,1...), r — the current
exponential branch (phase) of arrival of the request (¥ =1,9),
m, — number of the requests undergoing service on i-y to an
exponential branch (phase), i =1,k . We will designate H; aset
of possible statuses of QS in the presence in it exactly j of re-
quests, hj — a number of elements of this set.

We will designate v, = [Yjvl,Yj,zy---,‘/jwh/ J vectors lines of

probabilities of finding of QS in tier j-go microstates. We will
write the vector-matrix equations of balance of transitions be-
tween the states specified on the chart.

YoDy =7,B, +7o! s
VD =104, 47,6 4y, B

Jj+1°

J=LR,

where R — number of the shorthanded chart tiers.

Here AJ., Bj, C,— and DJ. an essence of a matrix of the size
hj x hj+1, hj x hj_l, hj x hj, hj X hJ. of the conditional intensity of
transitions down arrival of requests, transitions up completion
of service of requests, transitions within j-go of a tier and go-
ings from tier j-go states, respectively. For GIg/Gk/n/R <o QS
elements of the listed matrixes can be created only algorithmi-
cally according to the principles [11].

For the solution of this system of equations, we will use an
iterative method [4]. As result of calculation, we will receive
the relations of adjacent probabilities numbers of applications
insystem X, =p,. /P, j=1, R.

After the end of iterations, using X. values, we will realize tran-
sition to probabilities of states of system on the following algorithm:

Probability of the free state (p,) to suppose equal 1.

To calculate p;,, =p,X, j=1,R.

R
To calculate the amount S = z,-:o D;-
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To normalize the received values: p, =p./S, j= 0, R.

Calculation is possible also for systems without restriction
of the buffer. In this case, supposed that "tail" of distribution of
number of requests represents infinitely decreasing geometrical
progression which denominator is equal to the relation of two
last calculated probabilities.

5. FEATURES OF CALCULATION OF WAITING

TIME IN QS WITH “COOLING” AND “HEAT-UP”

Calculation of time response characteristics is based on the
way, the offered A.D. Khomonenko in article [5]. Unlike the
multi-channel non-Markov QS considered in article [4] in sys-
tems with “cooling” (and “heat-up”) it is necessary to consider
expenses of time for transitions between microstates of one tier
(with fixed j). We will consider technology of the accounting of
these expenses when calculating distribution of waiting time of
the request in QS queue with “cooling”.

Waiting time of again arrived request is defined by a sys-
tem microstates right after its arrival. We will enter for each

tier of the chart a row vector @, = [njvl,ﬁj,z,...,nj’h/ J,j =1L R,
final distribution of probabilities of microstates of system right
after arrival of the next request. As the input flow not Poisson,
conditions of the theorem of PASTA (Poisson Arrival See Time
Average) [4] aren't satisfied, and final distribution 7, doesn't
match stationary distribution ¥

Vector components 7, represent the relative numbers of ar-
rivals of requests with which arrival the system passed into the
appropriate microstates:

R
T=Y,,4,, ZYiAili+1 )
i=0

where 1, — the single column vector the hx1size.

We will define B , (s) as a matrix of the conditional LSC
of exponential distributions of lengths of intervals before tran-
sition of QS from the microstates (j+#,i),i=1/A,,, on com-
pletion of service increased by system transition probability in

one of (j+n-1,1),/=1,h,  microstates. The matrix has the
dimension h  xh

its elements are calculated according to

nt+1?

n+,i,l

Py b
=1 n+lir

+s

b,.(s)= )

We will similarly define a matrix of C__ (s) LSC of distribu-
tions of duration of transitions between QS microstates on one
tier (in case of the fixed number of requests in system), caused
by the phases “cooling” (“heat-up”). The matrix of C(s) has di-
mensionalityh _ xh . its elements are calculated according to:

An+1,i,l
Pt >
Zr:l ‘AnJrl.i,r +s

We will call the k-request the request right after which arrival

the systemappears inamicrostate (k +n,i), j =1,2,....,i =1,h,

(in queue there is exactly k of requests). Waiting time in queue
of the k-request represents the amount of durations of k of ad-

n+1?

i,l=1h

n+l -

A0(8) = (6)
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vances of queue on completion of service plus “cooling” time
if the system is in the appropriate mode.

Based on the accepted designations, LSC of waiting time
of the k-request:

We(s)=m,.,Br ()Y Cp. (s), (M
i=0

where r — number of sequential phases of “cooling”. We will
explain a physical sense of a formula (7). Depending on in what
microstate there was a system with arrival of the k-request,
time of its waiting will make i =1, 7 of the stages “cooling”
plus K of completions of service. As distribution of the amounts
of random variables represents the multiplication of their LSC,
the formula takes a form (7).

Then expression for LSC of distribution of waiting time of
the request in queue taking into account “cooling” is:

W) =3 1 B Y C) =S (s ®

Notes.

1. It is possible to show that the formula (8) is fair also for
multi-channel non-Markov QS with “heat-up”, with “heat-up”
and “cooling”.

2. The knowledge of the Laplace-Stieltjes transformation
of the waiting time distribution of the application in the queue
makes it possible, by numerically differentiating this transfor-
mation at the point s = 0, to calculate the initial moments of the
required distribution, from which to construct the approxima-
tion of the distribution function.

6. AN EXAMPLE OF THE CALCULATION

OF A QS M/M/E,/n WITH “COOLING”

We will consider model of multi-channel QS M/M/E /n
with the Poisson input flow, exponentially distributed duration
of service and with the "cooling" distributed under the general-
ized law of the Erlang of the 2nd order. The diagram of transi-
tions between states of this system is shown in fig. 1.

Fig. 1. Diagram for M/M/E,/n QS with “cooling”
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For M/M/E/n QS the matrixes of the intensity of transi-
tions has following view:

A 0 0
A4,=10 L 0],j=0,N—L
0 0 A
[0 p O] min(n, )u 0 0
B,=|0 0 0|, B,=| 0 0 0/,j=2,N;
0 0 0] 0 00
[0 0 0
Cf: 0 0 K. ’]:O’N’
n. 0 0
A+min(j,mp 0 0
D, = 0 A+p. 0 |, j=0,N.
0 0  A+p,

We will calculate the waiting time for the following initial
data: A =2.5,u=1,p = {1.0;0.5;0.3; 0.1; 0.05}. Waiting time
calculating results are presented in the table.

The Kolmogorov distance for the distributions of the num-
ber of applications received by the numerical method and us-
ing the simulation model was {0.0014; 0.0013; 0.0038; 0.0024;
0.012} for a different intensity of “cooling”, respectively,
which indicates the correctness of the analytical model.

We calculate the additional distribution function (ADF) of the
waiting time for applications in the system. To do this, we repre-
sent it in the form of a Weibull ADF with a correction polynomial
[4] and construct a plot of the approximation obtained (Fig. 2).

From the presented results it follows that with an increase
in the average “cooling” duration, the average waiting time in-
creases. In addition, the duration of “cooling” has a very signif-
icant effect on the average waiting time.

CONCLUSION
The proposed approach to calculating the LSC of the wait-
ing time distribution of the request in the queue to the QS with

approximating distributions of the phase type generalizes the
results of [1-4] to the case of multichannel non-Markov sys-
tems “cooling” and “warming up”. The proposed approach can
be useful in probabilistic modeling of nodes of distributed data
processing centers, modeling and justification of the architec-
ture of cloud computing systems with the Web interface, and
evaluating the impact of costs on updating the context. Exam-
ples of this application of models of multichannel non-Markov
QS with «cooling» and «heating are given in [14—17]. Further
research is advisable to continue in the directions of research
systems with prioritized services [18], optimal deterministic
algorithms and adaptive heuristics for energy and performance
efficiency [19].
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AHHOTALUMA

MpepnaraeTca Noaxofd K BbIYMCIIEHUIO pacnpefeneHns BpeMeHU OXMAaHUS 3anpoCcoB B MHOTO-
KaHaJsibHbIX HEMAPKOBCKMX CUCTEMAX MacCOBOIO OBCY>KMBaHMS C «OXIaXAEHNEMY, KPA3OTPEBOMY
n pacnpegenerusimu dasosoro Tuna. JaHa xapakTepucTrka METOAOB pacyeTa pacnpegesieHus
BPeMeHU OXnAaHus 4Jis HEMapKOBCKMX CUCTEM MacCoOBOro obcnyxueaHus. B ocHoBe pacueta Be-
POSATHOCTHBIX XapakKTePUCTUK MHOrOKaHasIbHbIX HEMapPKOBCKMX CUCTEM MaCcCOBOro 0BCyXunBaHus
C annpoKCcMMUpYOLUMU pacnpegenieHnsmMu ¢asoBoro Tmna (rMnepakcnoHeHunanbHoe, DpnaHra,
Kokca) nexut ntepaumnoHHbein metopn Takaxawwu-Takamu. Mpu pacuete pacnpepeneHus BpemMeHun
OXMAAHWs B MHOrOKaHasIbHOM CUCTEME MacCOBOMO 0BCNYXMBaHNSA C OXJIaXKAEHNEM” U «pasorpe-
BOM» Y4UTbIBAOTCA Nepexonbl Mexay MUKPOCOCTOAHUAMN OOQHOIO YPOBHA. OCHOBHOIZ pe3ynbTaT -
MeTopA pacyeTa pacnpefeneHns BpeMeHn OXuaaHns B MHOrokaHaslbHOM HEMapKOBCKOM cucTeMe
MaccoBOro obC/y>KMBaHMUS C «OXNaXaeHnem» u/vunu «pasorpesom». Meton ocHoBaH Ha B3BeLUEH-
HoW cBepTke npeobpasosaHun Jlannaca-Ctuntbeca BpeMeH NPOXOXAEHUS KaX4oW U3 COCTaBs-
IOLLMX IKCTIOHEHUMaNbHbIX $a3 MUKPOCOCTOSHUI cucTeMbl. 3HaHve npeobpasosaHus Jlannaca-
CrunTtbeca pacnpepeneHvs BPEMEHU OXMAAHUS 3asBKU B OYepean NO3BOMSET MyTEM YNCIIEHHO-
ro audbdepeHunpoBaHmusi aToro npeobpasosBaHus B Touke s=0 paccumtatb HayvasibHbleE MOMEHTbI
MCKOMOTO pacrpefesieHns, no HUM NOCTPOUTL annpokcumaumio GyHKUUK pacnpegenerus. Pac-
CMOTpPEH MpuUMep YUCIEHHOTo pacyeTa pacrnpefeneHns BpeMeHn OXUOaHUs 3asiBKM B ovyepenm
Mo[ie/IN MHOFOKaHaJIbHOW CUCTeMbl MaccoBoro obcnyxmsanus Tuna M/M/E,/n - c nyaccoHoBckum
BXOAHbIM MOTOKOM, 3KCMOHEHLMaNIbHO pacrpeneneHHON NPOAOIIKUTENbHOCTBIO 0BCYXMBaHNUS 1
C «OXNaXKAeHMeMm», pacrpeneneHHon no obobuieHHomy 3akoHy dpnaHra 2-ro nopsigka. Vs npea-
CTaBJIEHHbIX PE3Yy/IbTaTOB C/IeAYET, YTO C YBEJIMYEHUEM CPeAHeN MPOAOIIKUTENBHOCTU «OXJIaXK-
OeHus» cpefiHee BpeMmsi oxXuiaHus ysenundmnsaetcs. Kpome Toro, AanTenbHOCTb «OXaXAEHUs»
oKasblBaeT 3Ha4YMTE NbHOE BIIUSIHME Ha cpefHee Bpemsi oxxupaaHus. PacctosHune Konmoroposa ansi
pacrnpeneneHun Yncna 3asBoK, NOSy4YeHHbIX YACSIEHHbIM METOAOM U C MOMOLLbIO UMUTALMOHHON
mopgenu, coctasuno {0.0014; 0.0013; 0.0038; 0.0024; 0.012} npu pasnNYHON NHTEHCUBHOCTHU KOX-
NaXAeHWa» COOTBETCTBEHHO, YTO CBUAETENIbCTBYET O KOPPEKTHOCTU aHaNUTUYecKon mogenu. Ta-
KMM 06pa3om, BOCTUrHYTO 0606LeHme knaccuyeckon popmysbl Jluttna. MpepnoxeHHbln nogxop,
MO>eT BbITb NMoneseH Npu BEPOATHOCTHOM MOAESIMPOBAaHUN Y3/10B LLEeHTPOB pacnpenesieHHon ob-
paboTKuN JaHHbIX, MOAEIMPOBaHUN 1 OBOCHOBAHMM NMOCTPOEHUS apXMTEKTYPbl CUCTEM OBIauHbIX
BoluncsieHni ¢ Web-uHtepdencom, oueHke BAUsSiHUS 3aTpaT Ha akTyasiM3aumio KOHTEKCTa.

KnioueBble crioBa: MHOrokaHasnbHble CUCTEMbI OBCY>XXMBaHUS; KOXJIAXKAEHWE»; KPa3orpesy; npe-
obpasosaHue Jlannaca-Ctuntbeca; pacnpefesieHme BPEMEHU OXUAAHUS; pacrpepeneHne Ip-
natra; ¢opmyna Jiuttna.

Ana untnposaHua: XomoreHko A.[l., Jloxsuukui B.A., Xanun M. M. PacueT pacnpepeneHus spe-
MEHU OXUAAHUS B O4ePeAn MHOroKaHasIbHbIX HEMapPKOBCKMX CUCTEM MaCcCOBOro obcy>XuBaHus
C «oxJlaxkaeHnem» u «pasorpesom» // Haykoemkme TEXHOIOrMN B KOCMUYECKUX UCCIef0BaHMAX
3emnn. 2017.T.9.N2 4, C. 88-94.
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MOXXAPbI B MPUBAUKATBE: «MPIMASl TPAHCJIILIUA» U3 KOCMOCA

Cubupckas Tanra cHosa ropur. Kak coobuwaet Interfax.ru,
B VipkyTckol obnactn no coctosHuio Ha 14 nioHs 3adukcu-
posaHo 15 noxapos Ha obwen nnowaamn 5,792 Toic. ra. Mo
AaHHbiM Regnum Ha 14 nioHa B Bypatum B akTusHOM dasze Ha-
xopsTcs 13 noxapos Ha obwen nnowaamn 580 ra.

PacnpocTpaHeHne necHbix NOXapoB CerogHs MOXHO MpPo-
cnefuTh exenHeBHO bnarogaps KocMmyeckon cbemke. MHo-
rMM crneumannctam B 0biacTi YpesBblualiHbIX CUTyaLMIA, OXpa-
Hbl MPUPOAbI, MyHULMNANbHOIO YNPaBieHNs XOPOLLIO 3HAKOM
onepaTuBHbIN cepBUC MOHUTOPKHra noxapos FIRMS. Onepa-
TmBHas nHbopMaums O noxapax Ha Hem ODHOBRAETCs exe-
CYTOYHO, @ UCTOYHMKAMWU MHDOPMaLMK CyXKaT CMyTHUKOBbIE
CUCTEMbI, OCHaLLEHHbIe TEMI0BU3MOHHBIMN ceHcopamu. [aH-
Hble CEeHCOpPbI CMOCOBHbLI GUKCUPOBATL TEMIOBbIE aHOMAaMK
(TepMoOTOUKM), BO3HMKAIOLLIME Ha MOBEPXHOCTM Hallen 3eMn.

Y 3Tux cucteMm ecTb oauH HemocTaTtok. B kayectse umc-
TOYHUKOB MHGOPMALMKN NCMOSb3YIOTCH CHUMKM HU3KOTO Mpo-
CTPAHCTBEHHOrO PaspeLleHunsi, MoslyYeHHble CO CbeMOYHbIX
cuctem MODIS (1000 m) n VIIRS (375 ™). NHdbopmauus o
noxapax NpefocTaBAseTcs B BUAE Tak Ha3biBaeMbIX TEPMO-
TouYek B MecTax obHapyxeHus Tennosbix aHomanuin. OgHako
TEPMOTOUKM MO GakTy He BCerga COOTBETCTBYIOT Moxapam
BBUAY rPybOro NpoCTPaHCTBEHHOTO Pa3peLleHns MCXOLHbIX
CHUMKOB, HEKOPPEKTHOCTM pe3y/ibTaToB aBTOMAaTU3MpPOBaH-
HOrO [EeTEeKTUPOBAHUSA MOXapOB Ha CHUMKax, 1Mbo BBUAY
TOro, 4TO TenjoBas aHOManus He SBASETCS MOXapoM, a Bbl-
3BaHa APYruMu NpUYMHaMm.

MpoBepuTb [OCTOBEPHOCTb AETEKTUPOBAHMS MOXAPOB
8o 2017 ropa 6bino 3aTpyaHUTENBHO - TpeboBanach HazeM-
Hasi BepuduMKaums, NpoLie rosops, noarsepxaeHve dakra
noxapa Ha mecTe. DTO COMPSXEHO CO 3HAYUTESNbHbIMU Op-
raHN3aUMOHHLIMU M QUMHAHCOBBLIMU n3LepXKaMu: Tpebyet-
Csi opraHv3oBaHHbIM Bblesn bpurag MYC, AsmanecoxpaHbl
N OPYrvx CTPYKTYp Ha MEeCTHOCTb, YTODbI MOATBEPAUTL MUK
onposeprHyTb ¢akT Tpesorn. B atom rogy komnanus Planet
npencTaBuia Ha PbiHKE OMepaTUBHbIA CEPBUC KOCMNYECKOTO
MOHUTOPUHIa, OCHOBAHHbIN Ha UCMONb30BaHUM CHUMKOB Bbl-
cokoro paspetleHus - 3 M. [Npu aTomM coxpaHsieTcs BbiCOKas
yactota obHoBneHus nubopmaumm: dbonee 150 cnyTHUKOB,
BXOOALMX B rpynnupoBky Planet, BegyT «npsmyto TpaHcis-
LMIO» N3 KOCcMoca n obecneynsaloT exegHeBHoe obHoBe-
HWe CHUMKOB B 10HON TouKe MUpa.

Y 3Tux cucteMm ecTb oavH HemocTaTtok. B kayectse uvc-
TOYHUKOB MHGOPMALMN NCMOSb3YIOTCH CHUMKM HU3KOTO Mpo-
CTPaHCTBEHHOrO paspeLleHuns, MosyYeHHble CO CbeMOYHbIX
cuctem MODIS (1000 m) u VIIRS (375 ™). NHdbopmauusa o
noxapax NpefoCTaBAfaeTCs B BUAE TakK Ha3biBaeMbIX TEPMO-
TouYek B MecTax obHapyxeHus Tennosbix aHomanuin. OgHako
TEPMOTOUYKM MO (akTy He BCerga COOTBETCTBYIOT MoxXapam
BBMAY rPy0bOro NpoCTPaHCTBEHHOrO Pa3peLleHnst UCXOLHbIX
CHUMKOB, HEKOPPEKTHOCTU pe3y/bTaToB aBTOMaTU3MPOBaH-
HOTO [EeTeKTUPOBAHMSA MOXAPOB Ha CHWMKax, NMbo BBUAY
TOro, YTO TEMnJI0Bas aHOMasnus He SBASAETCS MOXapOoM, a Bbl-
3BaHa 4PYruMu NpuUYMHaMu.

MpoBepuTb [OCTOBEPHOCTb AETEKTUPOBAHMA MOXAapPOB
no 2017 roga 6110 3aTpyaHUTENBHO - TPpeboBanach HazeMm-
Hasi BepudurKaums, NpoLie rosops, noarsepxaerve dakra
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noxapa Ha MecTe. DTO COMPSXKEHO CO 3HAYUTESIbHbIMU Op-
raHM3aUMOHHBIMU 1 GUHAHCOBLIMK M3LepPXKamu: TpebyeT-
Csl opraHu3oBaHHbIM Bblesn Opurag MYC, AsmanecoxpaHsl
N OPYrux CTPYKTYp Ha MECTHOCTb, YTODbI MOATBEPANUTb MUK
onposeprHyTb ¢akT Tpesorn. B atom rogy komnanus Planet
npeAcTaBuia Ha PbiHKE ONepaTUBHbINA CEPBUC KOCMUYECKOTrO

Pazeutmne necHbix noxapos B Pecny6nuke Bypstusi B ¢ 9 no 14 nions
2017 ropa. KpacHbiM LiBETOM 0603HaY€Hbl TEPMOTOUYKM MOXKApPOB.
OtyeTnnBO npocnexusaercs AbiM. Beiropeslune yyactku neca -
B TEMHO-KOPUYHEBbIX TOHaX (aHMMaumoHHbi GIF-daiin)
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MOHWTOPUHIa, OCHOBAHHbIY Ha MCMOb30BAHUM CHYMKOB Bbl-  LiMIO» M3 KOCMOCa U obecrneynsatoT exenHesHoe obHoBme-
cokoro paspetueHns - 3 M. Npu 3TOM coxpaHaeTCs BbICOKas  HWe CHUMKOB B 000N Touke Mupa.

yacToTa ObHOoBMEHUs nHPopmaumn: Gonee 150 cnyTHUKOB, Huxe npuBopsTca uanocTpaunm coxpaHsiolencs no-
BXOZAWMX B rpynnupoBky Planet, BeoyT «npsimylo TpaHcnsa-  kapoonacHon cutyauum B MNpubaiikanse no cHumkam Planet.

CHumox Planet, 11 urora CHumok Planet, 12 uioHa. Belzopeswas obaacmes
omyvemnueo dewugpupyemcs

Manbi TpaBbl kK ceBepy oT AHrapcka Ha npasom 6epery AHrapebl

CHumok Planet, 12 utoHa. Ewé acé cnokoliHo. CHumok Planet, 14 utoHa. Taliza 20pum

JlecHble noxapel kK ceBepo-3anapy ot c¢. barpaput (Bypsatus)
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