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AHHOTALUNA

MpepncraBneHo kpaTkoe onucaHne aBTOMaTU3MPOBAHHOMN CUCTEMbI HAaY4HbIX NCCIEA0BaHUI
MEeTOAOB W aJiroPUTMOB aBTOHOMHOM HaBUraLMU Y OPUEHTaALMN KOCMUYECKUX anmnapaTtos.
ABTOMaTU3MpPOBaHHAs CUCTEMaA Hay4YHbIX UCCIeA0BaHNI — CIOXKHas cucTema, obbeanHsIo-
LLasi C OAHOW CTOPOHbI MOACUCTEMY Pa3pPabOTKM N NMPUMEHEHWUS MHCTPYMEHTasNbHOW cpefbl,
OTBETCTBEHHOW 33 KOPPEKTHbIN y4eT cneundurku npegmeTHon obnactu, ¢ 4pyro - noacu-
cTeMy ynpaBJieHus], CO34aloLLYI0 paBHble BO3MOXHOCTU UCCIef0BaHNs MHOTMX PasHOBMA-
HoCTel Mopenen npeAmMeTHo obnacT. ABTOMaTU3MpoBaHHas CMCTEMa Hay4HbIX UCCefo-
BaHWIN MOCTPOEHa aHaJIoOMMYHO CUCTEMaM ynpaBieHUs TEXHONIOMMYECKMMU NpoLleccamm ¢
Pa3fiMyHbIMU KOHTYpaMu obpaTHOW CBA3M, C LUMPOKOW CTeMeHbIo BU3yanusaLlum npotecca
peweHns 3agaun. CosgaHHble B MHCTPYMEHTaIbHON CpeAe MMMUTaLMOHHbIE MOAEeNn pas-
JIMYHBIX METOMOB M aJiIrOPUTMOB YaCTUYHO M3BECTHbI M3 ObLel npakTukm, nmbo moandu-
umpoBaHbl, Inbo paspabortaH. Bcero paccmoTpeHb! YeTbipHagLaTb METOLOB aBTOHOMHOWM
HaBUraumMm M YeTbipe MeToda aBTOHOMHOW HaBurauum u opueHtauuu. MNocTpoeHHble no
e[IMHOW MeToAMKe, OHU NPEACTaBASIOT OOLHOCTL BO3MOXHOCTEN aHanM3a U CUHTe3a cu-
CTeMbl aBTOHOMHOW HaBUraLMmn 1 OpUeHTaLum, CnocobCTByOLLMX BbIGOPY anropnutmMos npu
YAOBJIETBOPEHMM LieNieil U 3afay noneTta KOCMUYecknx annapaToB. [peacraBneHbl OCHOB-
Hble Hay4Hble Pe3ysibTaTbl, NOJIy4YEHHbIE NPU MOAENIMPOBAHUN U NCCIA0BaHNAX B AaHHOW
npeametHoit obnactu. Hanbonee coBpemeHrHbl pa3paboTku acTPOHOMUYECKMX CUCTEM aB-
TOHOMHOW HaBUraLMmn N OPUeHTaLMM Ha OCHOBE UCMOJIb30BaHNS ONTUKO-3NIEKTPOHHBIX NPU-
6opoB C 3apsA0BOIt CBSA3bIO. B aTOM pspay nepcnekTBeH paspaboTaHHbI METOA, MO BUPTY-
aJibHbIM U3MEPEHUSM 3€HUTHbIX paccTosiHWU 3Be3. MeTop 3aluiLeH ABymMs nateHTamu. B
3TOM MeTofe yAanoch pellaTb 3a4a4n HaBUrauuu U OpueHTaLum, NCNoNb3ys OfUHaKOBYIO
MHPOPMaLMIO: U3MEPEHUS IPKOCTU 1 NPUBOPHbLIX KOOPAMHAT NPeABapPUTESIbHO PaCcro3HaH-
Hbix 3Be3[. bonee Toro, Ha ocHoBe 3ToW e nHbOopPMaLUK OKa3anocb BO3MOXHbIM MOCTpoe-
HVe MHOrodyHKLMOHaIbHOW CUCTEMbI aBTOHOMHOW HaBUraLMm 1 OPUEHTaLMKN KOCMUYECKNX
annapaTtoB, NO3BOJIAOLLEN CAeNaTb ONpeAesieHHbIe JIOrnyeckne BbiBOAbl U3 CUTYaLIMOHHOWM

06CcTaHOBKU Ha opbuTe.

KJIKOYEBbLIE CJTOBA: aeToHOMHas HaBurauus; aBTOHOMHas OpueHTauus; camoonpege-
NeHne; aBTOMaTM3MPOBaHHas CUCTEMa Hay4HbIX UCCNEAO0BaHWM; ONTMManbHas cTpaTerus

N3MepeHnn.

Ansa uutuposanus: Kysneyos B. U., laHunosa T. B., Apxunosa M. A. OcHoBHble pe3ynbTaTbl NPUMEHEHUS aBTOMATU3NPOBAHHOWM

CUCTEMBI Hay4YHbIX UCCIe[OBaHUA METOAOB M afirOPUTMOB aBTOHOMHOM HaBUraLmMy U OpUeHTaLMM KOCMUYecKKX annapatos //
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TepMuH «aBTOHOMHAsI HaBHTAIlMSA W OPUEHTALUS KOC-
mudecknx ammaparoB (KA)» Hecer Ha cebe cMBICT, KOTO-
PpBIii OOJIBINE TMPOSCHICTCS CIIOBOM «CaMOOIPEICICHHE, T.¢C.
TIO/IPa3yMEBaeTCsl TAKOE OIpezielIeHHe COOCTBEHHON OpOMTHI
W OpPHMEHTAIlMH B IPOCTPAHCTBE, JJIsI KOTOPOTO JOCTATOYHO
cpenctB camoro KA. ClIoKHOCTh TaKOW 3aJ]a4dl U COCTOSTHUE
OOPTOBBIX BEIYUCIUTENBHBIX U U3MEPUTEIBHBIX CPEIICTB CPaB-
HUTETHHO JIONTO HE TO3BOJISUIA € peasbHo pemrats. Ho yxke
B TICPBOM JICCSATHIICTHHU TIOCIIE 3aITyCKa MEPBOTO MCKYCCTBEH-
HOTO CITyTHUKa 3€MJIM TIOSIBJISIFOTCSl Hay4YHBIE MCCIICIOBAHMS
1 3alUIAI0TCS AUCCepTalluy 10 AaHHOU Tematuke. Kak Ham
NIPE/ICTABIISIETCS, B HACTOsIIIIEE BpeMsi, Oaroapsi ycrexam oT-
€YeCTBEHHOI M MUPOBOW HAyKH M TEXHUKH, HCUE3ITH TEXHUYIC-
CKHYe TIPHYUHBI, CACPKUBABIINE pa3padOTKy CHCTEM aBTOHOM-
Hoii HaBuraiwn U opueHTanmu (CAHuO).

[IpexncraBnsiercs, 4T0 Temnepb Hy)KHA JIMIIb YeJOBeye-
CKast BOJISL.

Tem e menee, B cucteme [JIOHACC 1o cux mop opou-
161 KA ompenensioTcss B Ha3eMHOM KOMIUICKCE YIIPABICHHUS,
a KA cucTembl Wb TPaHCIHPYIOT 3Ty WHPOPMAITHIO, pa3-
MHOXas d(eMepuIbl MeXIy 3aKitaakamu. [IpaBma, anropurm,
¢yuxunonupytommit Ha KA [TIOHACC, Ha onpeneneHHbIH
MIPOMEKYTOK BPEMEHH MOKET TIPOrHO3MPOBATh CBOIO OpPOUTY,
HO Ka4ueCTBO ATOTO MPOTHO3a C TEYCHHEM BPEMEHH HEHM30€KHO
yxynmaercs, T.e. [JIOHACC =e saBnsieTcs CHCTEMOIl aBTOHOM-
HOW HaBHTAIINH U, TEM OoJiee, OPHCHTAITNH. XOTS B ITOCIIETHEE
BpeMsI MOYKHO YCJIBIIIATh U 00paTHOE OMUO0YHOE MHEHHE.

Koneuno, onpenenenue opoutsl 100b6M KA ¢ momo-
mpto curHanoB KA TJIOHACC co3paer BredaTiaeHHe aBTO-
HOMHOCTH HaBHTaIlUU AJIS caMoro omnpenenstonierocs KA, Ho
OHO TIOBEPXHOCTHO, MO0 B OCHOBE ATOTO (haKTa JICKHUT OTpe-
nenenue HazeMHBIM KoMiniekcoM opout KA I'TIOHACC u uc-
MTOJIb30BaHUE ONPEICICHHON YacTH HH()OPMAIIMOHHOTO OIS
I'NIOHACC.

CAHuO coznarotr poboToTexHryeckoe kauectBo KA, n6o
BJIaJIeHHE COOCTBEHHOM OPOMTOI M OpHUEHTALIeH 3aKJIa/IbIBaeT
OCHOBY BO3MO)KHOCTH CAMOCTOSITETIBHOTO PEIICHHS W IPYTHX
3ajad, CBS3aHHBIX C CHTYaIlMOHHON OOCTaHOBKOW Ha opOwuTe,
KaK MHHUMYM, YIIPOIIAeTCs YIIPABICHHUE aIlllapaToM ¢ 3eMITH.

[ToguepkHeM, uTO 3TO KauecTBo Jitoboit KA mMoxer npu-
obpectu ¢ nomonibio CAHHO 6e3 kakoro-nu0o BIUSHUS JIpy-
I'MX HHQOPMALMOHHBIX ITOJIEH U CUCTEM.

Camo o cebe ompenenenne opOUTHI meHTpa Macc KA
TIPH Pa3IMYHBIX BO3MYIIAOMINX BO3ICHCTBHAX KOCMUYECKHUX
(haKTOPOB JOCTATOYHO CIIOKHO, TTOITOMY OTIpe/ieIeHue opou-
TBI HHOT/IA PACCMAaTPHUBACTCS OTACIBHO OT ONPEACICHUS YIyIo-
BOTO JIBHYKCHUSI KOPITyCa OTHOCUTENBHO 1IeHTpa Macc. OfHaKo
qacTo HeO6XOI[I/IMO HUMCTb JaHHBIC OLCHKU OIHOBPEMCHHO.
[Ipu permenun 3TUX 3aga4 coBMecTHO Ha 6opTy KA ypoBeHp
CIIO)KHOCTH permaeMoil mpoOieMsl eme Ooree MOBBIIACTCS
13-32 HEOOXOIUMOCTH TTOA00pa U3MEPUTEIBHBIX CPEICTB JIIS
penienust o0enx 3amad.
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EnvHCTBEHHBIN METOI BCECTOPOHHETO HCCIIEAOBAHMS
po6IeM aBTOHOMHOW HABUTAIINN W OPUEHTAIINY — AMHUTAIIH-
OHHOE MoJienupoBaHre Ha DBM.

HecMmotpst Ha TO, YTO UCTOPUS pEIICHUS Pa3INYHBIMU
HCCIIeIOBATENIIMU 3a/1a4 aBTOHOMHOM HaBUTAIlUM U OPUEHTA-
LMY HACUHUTHIBACT YK€ MHOTO JIET, 10 HEAABHUX TOp HE ObLTH
pa3paboTaHbl O00IIHEe METOIOIOTHUECKHE OCHOBBI MOACIHUPO-
BaHUS PEIICHUH TaKWX 3a/ad, He pa3pabaThiBaiack WHCTPY-
MEHTaJIbHasl cpena, B KOTOPOH 3TO MONIEIUPOBAHHE OCYIIECT-
BIISIIOCH OBl yI0O0HO, OBICTPO ¥ BCECTOPOHHE, a HCCIICIOBAHMS
MIPOIIECCOB, TPOTEKAIOMINX MPH PELICHUH JTHX 3a/1a4, ObLIH
Obl, KAK MUHUMYM, PallMOHAJIBbHBIMH WU, 110 BO3MOXKHOCTH,
ONITUMAJIEHBIMH, ITYOOKUMH 1 HATJISTHBIMU.

C 1enpIo YCKOPEHUSI Pa3BUTHS TEOPUH M MPAKTHKU MO-
nenupoBanus 3amad CAHuO 3a nepuon 1990-2006 romos
B BKA nmenun A. ®. Moxaiickoro Obi1a pazpaboTaHa aBToMa-
TU3UPOBaHHAs CUCTeMa Hay4HbIX uccienoanuii (ACHI) me-
TOJIOB U aJTOPUTMOB aBTOHOMHOM HABUTAllUU U OPHECHTAIHH.
brina nanucana MmoHorpadust 06 ocHoBax mocrpoenns ACHU
1 PEIICHUHN C TIOMOIIBIO e¢ TTPOOIeM aBTOHOMHOM HAaBHUTAIINH
u opueHTanuu m0ObIX KA [1], a Takke mo mepe TOCTHXKe-
HUSI YCIIEXOB B HCCIIEJOBaHUSAX — BTOpasi MOHoOrpadus, rae
oInpesieneHa posib AaBTOHOMHOM aCTPOHOMUYECKOM HaBUTALUU
Y OPHEHTALIUK B TEOPHHU U NIPAKTHKE HABUTAIIMOHHOTO o0ecrie-
yenus, npumensemoro B BC PO [2].

OO0t 00BeM 3TUX MATEPHAJIOB COACPKHUT OKOIIO ThI-
csiu crpanul. Pesymprarel paspaborkn ACHU noxmagpisa-
muck Ha I, II u Il xordepennmsax Kocmmueckux Boiick [3],
npoBofuBIIuXCcs B akagemun; Ha VI u VII Beepoccuiickux
KOH(pepeHIUsIX 10 (QyHAaAMEHTAIBHOMY U MPUKIAIHOMY KO-
OpIMHATHO-BPEMEHHOMY M HaBHUTAlIMOHHOMY OOECIICUCHHIO
B MHCTHTYTE IpHUKITagHOM acTpoHOMUH [4].

IToaTomy, 9TOOBI HE TIOBTOPSITHCS B JACTAISIX OIMUCAHUS
ACHMU u Teopun aBTOHOMHOM HaBUTALlUU U OPHEHTALNH, OT-
METHM JIUIIb HEKOTOPbIe 0COOCHHOCTH CUCTeMBI. bbuth pas-
paboransl nBe Bepcun ACHU — Bepcus 1.0 u Bepcus 1.1
[5]. O6e Bepcum HamMcaHbl C UCTIOIB30BaHUEM si3bIKa Pascal,
WHCTpYMEHTaNbHas cpela MoxenupoBaHus Bepcun 1.0 pas-
paborana ¢ momorpro komriekca Turbo Pascal Professional,
a Bepcus 1.1 — ¢ momoursio cpeanl mporpamMmmupoBanus C++
Builder 6.0 u HTML-peaakropa.

B Bepcun 1.0, B OCHOBHOM, OBUIO BBISICHEHO «YTO
U «Kak», U «B KaKOM 00BEMe» MOKXHO MOICITHPOBATH MHTE-
pecytomtre Hac pobIeMbl Ha si3pike Pascal, T.e. ompeneneHs
CTPYKTYpa U apXUTEKTypa HHCTPYMEHTAIBHOH cpeabl. Ceituac
9Ta BepCHs CTalla HEAKTyaabHOI.

B Bepcuu 1.1 Gosiee MOIIHBIC CPEICTBA MPOTPAMMHUPO-
BaHMsI MO3BOJIMIIM CO3/IaTh Pad0OUYyI0 BEPCHUIO CUCTEMbI, KOTO-
past ommcaHa B YIOMSHYTHIX OCHOBHBIX HCTOYHHKaxX [1-2],
a Taxxe [6—12].

B ACHMN, Bepcus 1.1, ucnons3yst pa3paboTaHHYIO WH-
CTPYMEHTAJIBHYIO CPELy, COSAMHEHBI HEOOXOJMMBIE CPE/ICTBA
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JUTS. BCECTOPOHHETO M3Y4YCHHWs, UCCIICOBAHUSA U pa3pabOTKU
CAHuO Ha mo0bIX opOHTaxX, MPaKTHIECKHA MPH BCEX COCTa-
BaX OOPTOBBIX U3MEPEHUIA.

Bce mporpaMmbl 001a7a10T JIpYKECTBEHHBIM HHTEp-
¢eiicom. [To cBOMM (QYHKIMSM UX MOKHO YCIIOBHO Pa3/IeiIHTh
Ha HCCIIe/IoBaTeIbCKUE, CEPBUCHBIE M ynpaBieHueckue. Mc-
CJIEZIOBATEIBCKHIE MPOTPaMMbI PEaTH3yIOT JTHOO aJrOpUTMBI
OTIPENIEIEHHOTO METONIA PEHICHUS 3a/adH, JTN00 MOCBSIICHEI
OTICTHHBIM YACTHBIM WJIM BCIIOMOTATEIBHBIM BOIIPOCAM, pe-
IIEHUsT KOTOPBIX JIMOO BXOIAT B OOIIMI aJIropuT™M MeEToja,
100 (POPMUPYIOT UCXOHBIE AaHHBIE IS 3aIlyCKa METO/Ia.

VYrpaBneHdeckre NporpaMMbl OPraHU3ylT 00lee Ha-
TpaBJIcHHe BBIOPAHHOTO HccienoBanus. CepBUCHBIE TPO-
TpaMMBI JIEMOHCTPUPYIOT (YHKIHOHHPOBAHHE IIPOTPAMMBI
B IICJIOM B KOCMHYECKOM IPOCTPAHCTBE, a TaKXKe OTACIHHO
pelIeHne CBOMX 3aja4 ONPEACICHHBIMU YacTSIMH IPOTPAMM.
Bce nmporpamMMBbl HarmcaHsl 1O THITY «CBEpXY B HH3». O0mme
y3JIbI IPOrPaMM, CBOMCTBEHHbBIC BCEM MIIA OOJIBIIHHCTBY Me-
TOZ0B, 0(OPMIICHEI B BHIE Moy eil. T.e. mporpamMma KaxIoro
METO/Ia COMEPKUT (hailil HCXOAHBIX NTAHHBIX, CITUCOK MCIIONb-
3yeMBIX MOIYJICH, aJTOPHUTM, COOTBETCTBYIOIIUN H3Mepsie-
MBIM TIapaMeTpaM, UX YaCTHBIM IMPOU3BOIHBIM H PE3YJIbTATHI
pacdeToB, KOTOpbIE MOTYT OBITh 3alMCaHbl B 0a3y peHICHU
COOTBETCTBYIOILIETO METO/IA.

B o6o6mennom Bume crpykrypa ACHU, Bepcus 1.1,
BKITIOYACT OCHOBHBIC Pa3IICITBI:

— OauMCTHYeCKUI aHaN3, HMCIONB3yeMBIH C TOYKH
3pEHUS MOJIE3HOCTH JUIsl aBTOHOMHOM HaBHUTallnH;

— aBTOHOMHAs HaBHTallus;

— ABTOHOMHas HaBUTallUd U OpUCHTALNA,

— Kkocmuueckue Hapuranuonnble cucteMbl (KHC);

— MEXIUIAHETHBIN MepesieT;

— DJCKTPOHHBIA YYEOHHK IO OCHOBaM TEOPHH aBTO-
HOMHO HaBHT'allMK U OPUECHTALIHH.

CTpyKTypy MOJJICPXKHUBAIOT JBE OOpTOBBIE 0a3bl 3BE3,
paspaboTaHHble Ha OCHOBE (PyHIAMEHTAIbHBIX KaTaJoroB
FK-5 u Hipparcos.

BannmucTrueckuil aHanu3 BKIIOYAET BO3MOMKHBIE IPE.-
BapUTEIBHBIC PAaCYEThI COITACHO TPEICTABIIEMBIM TEMaM I10
METOJ[aM YMCIIOBOTO MHTETPUPOBAHMS yPaBHEHUH JBH)KCHHMS
KA, (QyHKIMOHUPOBAaHHIO OTAEIBHBIX NPHOOPOB, BHIMMO-
CThIO HABUTALMOHHBIX OPUEHTHPOB, IIPEACTABICHUIO 00IacTH
HEOIIPEIeICHHOCTH, B YCIOBHUAX KOTOPBIX OyIyT peIIaThCs 3a-
JTag¥l HABUTAIMH W OpUEHTANH. B KOHIIe aHam3a MOTyT OBITh
MepeaHbl COOTBETCTBYIOIINE JaHHBIC B MCCIICIOBATEIHLCKUE
MIPOTPaMMBI.

Bcero B cucreme CBBIIIE COPOKa HMCCIIENOBATEIbCKUX
mporpamMM, OHHM IMOCBAMICHBI YE€ThIpHAAUATH METOJaM aBTO-
HOMHOW HAaBHUTAIlMX M YETHIPEM METOJOM aBTOHOMHOH HaBU-
Taliy ¥ OPUCHTAITIH, X KPATKUE XapaKTEPUCTHUKH MTPEICTaB-
JieHsl B [2, ctp. 188—190].

Bbnox mporpamm KHC xapaxrepusyercs HIke.

MexnuiaHeTHBIH TIEpEeeT COAEPKUT MIPOrpaMMy pacue-
Ta Ha 3aJIaHHYIO AaTy OaJUTMCTHKY IBIDKEHUS 3emisi—Benepa,
Mapc u oOpatHO, BH3yanu3anmu (a3 MepeieToB B 3aBHCH-
MOCTH OT NpeoOIiaiaHus IpaBUTAMOHHOTO BIUsHUS Ha KA
coorBeTcTBytoner rranetsl win Comxna (1-s1 gaza — nsu-
JKeHHUE Y IUIaHeThl oTiera, 2-s1 (paza — reJInoLeHTPHYECKOe
IBIDKEHHE, 3-bg (pa3a — ABIKCHHE OTHOCHTEIHHO IUIAHETHI
mepesieTa), a TakKe ONpeeNeHIss TOYHOCTH aBTOHOMHOW Ha-
pruranuu KA mpu pa3inyHbIX H3MEpsieMbIX TapaMeTpax B Te-
YeHHE TIepBoi (a3el epenera 3emisi—Mapc (Benepa).

DJICKTPOHHBIA yUCOHUK COICPKUT 24 OCHOBHBIX TEM,
OTHOCAIIEMCS K TPeAMETHON 001acTH, a TakKe ONHCaHUe
CXEMBI PaCIeTOB MaTeMaTHYECKOTO MPOTPAMMUPOBAHUS U Te-
OpHUHM pelIeHus 3a1ad cMHXpoHu3auuu mkaidl KA Ha ocHoBe
IpreMa CUTHAJIOB MYIIECaPOB.

[IpemycmarpuBaich 1Ba OCHOBHBIX PEKMMa HCCIIEI0Ba-
HUI: OJJHOKPATHOE, HAa3bIBAEMOE MHOTA B TEKCTAaX MPOTrpaMM
OZIHOPA30BBIM, WIIK cTaTUCcTHUeCKoe. OHOKPATHOE HCCIIeI0Ba-
HHE Yalle UCTIONB3YeTCs KaK MPUKUI0IHOE U B a3y pemieHnit
MeTofa, KaK MpaBUIIo, He 3armvchiBaeTcs. CTaTHCTHYECKOE HC-
CIICIOBaHHE MOXKET OBITh Pa3IMYHON HAIIPABICHHOCTH:

— Habop pelIeHnid B TeMIle OPOMTAIBHBIX JBIKCHUH,
KOT/Ia TMOCNEAYIONIee PELICHNE HAYMHACTCS ¢ OKOHYaHMS Ipe-
JBIIYIIETo (HalpuMep, 10 BUTKaM);

— KOTJa peIIeHHs MOBTOPSIOTCS C OAMHAKOBBIMH HC-
XOTHBIMH TAaHHBIMH, HO U3MEHSAIOTCS HEKOTOPBIE ITapaMeTphl
3aIaHHS;

— 10 MpPEACTaBICHHOMY IUIAHY, BKJIIOYAIOLIEMY pas3-
JINYHBIE COYETaHMsI MPOIECCOB «PElICHUE 3a7ad» WU «Ipo-
THO3HBIN pacdeT OpOUTHIY;

— Ha0Op CTAaTHCTHKH MOXET OBITh aBTOMATHYECCKUM
WA PYIHBIM.

Kaxmprit BpeMeHHOW s 3aKaHYUBACTCS PACUCTOM Ma-
TEMAaTHYECKUX OXHMIAHUM M CPEIHEro KBaJpaTH4ecKoro Or-
KJIOHEHHSI BCEX MapaMeTpoB yTOYHEHHOH ONOPHON OPOUTHI OT
(haKTHUCCKOH.

PesynbTaThl CTAaTUCTHYECKUX HCCICAOBAHUN SBISIOTCS
TIPETIOYTUTEIHHBIMI, U pPa3IMYHBIC PEIICHUS 3a1ad, B TOM
YHCIIC U OICHKH CBOWCTB METOZOB, CPAaBHHUBAIOTCS HA 3TOM
YPOBHE.

ba3bl peleHnit METOIOB COfiepIKaT, Kak MpPaBUIIO, COT-
HU 3amuceil, BpeMEHHON PsII KayKIOH 3aIUCH CONEPKUT 10 35
OIHOKPATHBIX PELICHUN.

B xoMMeHTapHH K 3aIFICH OTpayKaeTCsl OLEHKA UCCIIEIO0-
BaTeJIeM JAHHOM CTaTUCTHKH.

CoBOKYITHAsI TIPOTSHKEHHOCTh HENPEPHIBHBIX CTATHCTH-
YEeCKHUX PEHICHHI MOXKET JIOCTUTATh JI0 rojia U Oosee.

UccnenoBanus B cpene ACHU, Bepcus 1.1, mpusenn
K peIIeHHUIO pAaa MpoOiieM aBTOHOMHOM HaBUTAllUU U OPHEH-
tarmi. OCHOBHBIC HAyYHBIC PE3yJbTaThl, MOJyYCHHBIC K Ha-
CTOSIIIIEMY BPEMEHH MOXKHO OXapaKTepPU30BaTh CICAYIOINMHU
TIOJIO’KEHUSIMH.



1. Hanbomnee mporpeccrBeH METO/] HABUTAIUN U OpHEH-
TaIUy 10 BUPTYaJIbHBIM W3MEPEHUSAM 3CHUTHBIX PACCTOSHHUN
3se3n (BU3P3) [8-9, 13—14], ocHOBaHHEIH Ha M3MEPEHHIX
MPUOOPHBIX KOOPIMHAT M SIPKOCTHU 3BE3]] B ONITUKO-3JICKTPOH-
HbIX Tipudopax (ODI1). B aTom MeTozie peain30BaH MPUHIIUT
OINITUMAJIBHOT'O PAaCIOJIOKEHNA HABUTALIMOHHBIX OPUEHTHUPOB,
TpeOyIommii TP UX MUHUMH3ALUH, 9YTOOBI OIWH OPHEHTHP
HAXOAWJICS B TUIOCKOCTH OpPOWTHI, IPYyroi — B €€ IOJIOCE;
MIPUMEHEH MHHUMAITBHBIN 11O TIOTPEITHOCTH pacyeT BUPTYallb-
HOTO 3CHUTHOTO YIVIa IPEABAPUTEIBHO BEIOPAHHOW HAa OCHO-
BaHUM [IAPAMETPOB OMOPHOU OPOUTHI CyOONITUMATILHOM SIPKOI
3BC3bI. BI/IpTyaHBHLIM METOJ Ha3BaH IMOTOMY, YTO MECTHasA
BEPTUKAIb (DAKTHYIECKH HE CTPOUTCS, a TpeOyeMBIil yroi pac-
CUNTBHIBACTCS OTHOCHTENBHO KOODPIHMHAT OpTa paanyc-BeK-
TOpa OpOUTHI B TEKyIIEH OpOUTANBFHON CHCTEME KOOpAWHAT
(TOCK) u mpeoOpa3oBaHHBIX B 3Ty K€ CHCTEMY H3MEPCH-
HBIX TIPUOOPHBIX KOOPJAUHAT MPEIBAPUTEIHLHO PACIIO3HAHHBIX
3Be31. OpUrHHATIBHOCTH pacdeTa 3aKIouaeTcs B TOM, YTO OH
MPOBOJIUTCS. HE B TOM CHUCTEME KOOPIMHAT, B KOTOPOH MOTOM
IIPOBOJIUTCS PELICHUE HABUTALIMOHHOM 3a1aun. B pesynbrare
MOJYYCH MPOCTON M TOYHBIA aJTOPUTM, KOTOPBIH K TOMY K€
peraeT 00e 3a1a4u — HABUTAIUH U OPUCHTAIIIH — 10 OJTUHA-
KOBO#l MCXOMHOW MH(DOPMAIIMU U TI0 CXOKEMY aJITOPUTMY, HO
C UCTIOJIb30BAHHUEM PA3JIMYHBIX YACTHBIX IIPONU3BOAHBIX.

Ilpu cpennelt KBaJpaTUYECKOM MOTPEUIHOCTH HU3MEpe-
uuit B OOI1 nprubopHBIX KOOpAMHAT 3Be3M, paBHOM 0,1”, cra-
TUCTHYECKAsl TOYHOCTH HABUTAIINH Ha JTFOOBIX OpOUTAX JTOCTH-
raeT MOPSIKa CIUHUI] METPOB IO TOJIOKCHHUIO U TI0 MOJYJIIO
BeKTOpa ckopocTtH okono 0,1 Mm/c, IpakTHYeCKH MpH 000
MOTPEITHOCTH 3HAHUS ONOPHON OpPOUTEHI.

CrarucTryeckasi TOUHOCTh OPHEHTAINH MTPH KoleOaHnn
oceit TOCK otHOCHTENbHO CBsA3aHHOHN ¢ Koprycom KA cu-
CTEMBbI KOOPAMHAT J10 5° M0 Ka)XJ0H U3 OCEH U MOrpeIHOCTH
OD2II B 0,1" He MpeBOCXOAUT €IUHUI] U A0JNel cekyHa. Mo-
JIEJIUPOBAIIUACH MTOTPEITHOCTH CUIOBOM THPOCKOTUYCCKOM HITH
MarHUTO-TPABUTAI[MOHHON CTAOMIH3AIIHA.

Jst peanmzanu Metona o BU3P3 HeoOxomnMmer 1Ba
ODJII B KapIaHOBHIX MMOBECAX W OTUH — KECTKO 3aKPeIlICH-
HBII Ha Kopryce KA, T.e. meton He TpeOyet oT KA 3HaunTeIND-
HBIX BeCOrabapHUTHBIX HArpy30K, 00Janasi BEICOKOH MOMEXOy-
CTONYHMBOCTBIO U CKPBITHOCTBIO.

2. B ycoBepuIeHCTBOBAH M3BECTHBIM METOX Tak Ha-
3BIBACMBIA B3aMMHOM HaBUTannu KA myTeM HUCKITIOYEeHHUS ak-
THUBHOTO CTIOCO0a M3MEPEHUS NATBHOCTH MEXKIY armapaTaMH.
DTOro JOCTHITH YBEIMYCHHUEM IIPH BHU3WPOBAHWH arliapara
9ricia BUAUMBIX 3BE3[], HCIIOIb3yEMBIX B U3MEPCHUSX, U pac-
YeTe YaCTHBIX MPOU3BOIHBIX JIO MATH (B KIACCHYCCKOM METO-
JIe TIPeIoIarajoch HCIOIb30BaTh OHY—/IBE 3BE3IbI).

OTMeTnM, 9TO, UCIOIB3YSI METOJ B3aMMHOW HABHTAIIUN
B KJTACCHYECKOM BapHaHTE, OBLT pa3paboTaH psI MPOrpaMM
1T KOCMUYECKHX HaBUTaIMOHHBIX cucteM llukama m I'JIO-
HACC c uenbto ux o0ObeAMHEHUS [UIS TMOBBIICHHUS Ka4ecTBa
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HaBHUTAITMOHHOTO ToJIs1. [Tpu ATOM paspaboTaH OpUrHHAIBHBIN
ANTOPUTM, TIO3BOJISIONINN MMONy4yaTh OIeHKH obomx KA mpu
OTCYTCTBUU ONTHYECCKOH BUANMOCTH Habmonaemoro KA [15].

YcoBepIICHCTBOBAaHHBIH B3aUMHBIA METOJ ObUT Ha3BaH
B3aMMHBIM YIJIOBBIM. B HeMm mo-mpekHeMy cOXpaHeHa BO3-
MOYKHOCTB OIIGHMBATh KaK MapaMmeTpbl 000HX arrnaparos (J1Be-
HaJIaTuMepHasi 3a1a4a), Tak ¥ OJHOTO (MIeCTUMEPHAs 3a/1a4a).
[Ipuuem Bo BTOPOM ciTydae TOYHOCTH OTIPENEIIEMBIX OIICHOK,
KOHEYHO, 3aBUCHUT OT 3HAHHS OPOUTHI BTOPOTO armapara. Yro-
OBl MCKIIIOYUTH TMOCIIEAHEE, B3aUMHBIM YIIIOBOM MeTOx ObLI,
B CBOIO ouepenb, jaopaboran. MomuduIMpoBaHHBIH METO/,
Ha3BaHHBIA MeTonoM ciexxenus [10—11], onpenenser ToiIbKO
opbuty Bu3MpyeMoro ammapata. IIpu 3TomM moriaraercs, 4To
opbura Bu3upytomniero KA m3BecTHa u onmpeaenseTcs Ha OCHO-
Be Meroza 1o BI3P3. Bricokne o1ieHKH OpOUTHI BU3UPYEMOTO
anmapara JIOCTUTaloTcsi Ha OCHOBE M3MepeHuit B nByx OOII.
OnuH no-npekHeMy JKECTKO 3aKpeIUIeH Ha KOpIyce BU3HPY-
JOIIETO armnapaTa ¥ UCTIOJIb3YeTCs IS OLIEHKH €ro TeO0eHTPU-
YEeCKOl OpHEHTAIlMH M pacdyeTa HayaIbHBIX YIJIOB TOBOPOTA
JUT BU3HPOBAHUS COIJIACHO OIMOPHBIM 3HAHUSAM OPOWTHI BH-
3HPYEMOT0 amiapara, a 3aTeM U JJIsi KOHTPOJIS BU3UPOBAHUS.
Bropoii O3Il, nHaxoxnsmuiics B KapJaHOBOM MOABECE BU3HPY-
IOIIETO anmnapara, HaBOAUTCS Ha BuzupyeMslilt KA u n3mepser
MIPUOOPHBIE KOOPIMHATHI U IPKOCTD MOMABIINX B TI0JIE 3PEHUS
3Be3a. [1o 3Toii nH(popManu pacmo3HAIOTCS 3BE3/bI, H YTOU-
HsETCsl opOWTa BH3HMpyeMoro ammapara. [Ipum mocTosHHOM
CIEeKCHUN (MUHUMYM YacTh WIH OJMH BUTOK) TIO CIICIIHAIIb-
HoMy anroputmy [ 10] orernBaeTcst (hakT U3MECHCHHS OPOUTHI.
[Tpn pe3koM M3MEHEHUH OpOWTHI, HAIPUMED, TIPH UMITYJIbCEe
nopsinka 50-100 m/c, olleHMBaHHE MOXET HMPOU3OWUTH MpaK-
TUYECKH MTHOBCHHO WJIH B TedeHue mopsaka 0,1 BUTKa; MM-
MyJbe opsaka 1—3 M/c MOKeT OBITh 3a()UKCHPOBAH B TCUCHUE
OTHOTO WJTK Ha CIIAyoIIeM BUTKe. DakT m3MEeHEHHsI OpOUTHI
OTIpE/IEIISIETCSs] Ha OCHOBE aHaJIM3a CyMM IIOTIPaBOK B KOOPJIH-
HaTax U COCTABIAIONINX CKOPOCTU Busupyemoro KA u cymm
HEBSI30K U3MEPEHUN 32 OIpe/ICIICHHbIN POMEKYTOK BPEMEHU.

3. I3 onmcaHus pacCMOTPEHHBIX METOMOB CIIEIYET, YTO
OHM OJHM3KH TIO0 COCTaBaM M3MEPHUTEICH, TT0 BUAY H3MEPSIEMbIX
MapaMeTPOB M B COBOKYITHOCTH MOTYT PEIIaTh Pa3InIHbIC 3a-
Jlau, CBSI3aHHbBIE C OIEHKaMH OpOMTaJIbHOTO JIBM)KCHMS Ha
OoCHOBe anroputma [12].

Tekyiee TOYHOE OIpECICHHE COOCTBEHHOW OPOUTHI
u opbutsl Habmomaemoro KA (HabmonaemsIx, ecinu Ha 00pTy
6ompmre nByx OOI1 B kKapAaHOBBIX MTOJBECAX) IMTO3BOJISET TIPO-
TpaMMHO U3 Pe3yJIbTaTOB pacyeTa CleJIaTh HEKOTOPHIC HHTEI-
JIEKTyaJIbHbIC BBIBOJIBI:

— 10 TIPEeJBAPUTEIFHOMY aHaJHM3y OINOPHBIX OpOUT
OILICHUTH BO3MOXHOCTb PCHICHUSA HaBHFaI.IPIOHHOIZ 3a4a4u
MIpHU CICKEHUH Ha CICAYIONEM BHUTKE, T.€. CIIENaTh BBIBOJ
0 3aMCHE PEXMMa OTpeNeIeHUs] OPOUTHI TIPOTHO30M JIBHKE-
HUSL, TIPEIBOCXUINAS TEM CAMBIM aBapHITHOE PEIICHUE 3a/1auu
CIICKEHHUS;
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— 10 aHAJIN3y MOIYYaeMbIX BUTOK 332 BUTKOM OLIEHOK
op6uts! HabmonaeMoro KA 1 0TCyTCTBHIO M3MEHEHHS OIIEHOK
COOCTBEHHOW OpPOUTHI CAENaTh ONEPATHBHBIN BBIBOJ 00 N3Me-
HEeHUH opouTHI Habmonaemoro KA;

— OLIEHMBAs PAcCTOSHUE MEXy anmaparaMu, clesaTh
BBIBOJI 00 OITACHOM COJIMKEHUH M HEOOXOAMMOCTH OIepaTHB-
HOM KOPPEKIINN CBOCH OpPOUTHI.

Boo6me, CAHuO 1o cBoeMy OCHOBHOMY Ha3HauCHHIO,
KaK CPEICTBO CAMOOIPEACICHUS, MOXKET OBITH YIa4HO HC-
TIOJIB30BAHO TP PA3JIMYHBIX JIBI)KCHUSX: B IYHHOM Iporpam-
Me Ha Tpaektopun 3emusi—/lyHa—3emist U B opOUTaIBHOM
JIBIDKCHUH TIPU CO3/IaHUH JIYHHBIX ITOCEJICHUH U 00CITyK1Ba-
HUM 1X. OHN MOTYT TaK’Ke€ HCIOJIb30BATHCS MIPU 00eCTIeUeHNN
MEXIITAaHETHBIX TIOJIETOB, TO0 KpaifHed mepe, B ComHEUHOM
cucreme. CAHuO Taroke OymyT, HOKayd, SIBISATHCS €IUH-
CTBEHHBIM KOHTPOJIBHBIM CPEACTBOM IPHU IIJIAHETOLEHTPHYE-
CKOM JIBMDKCHUH, WCIIOJIB30BAThCS TPH NPHHSATHU PELICHUN
00 uzmeHeHnu opoutel KA 1o pesynabraram HaOIHOACHUS 110-
BEPXHOCTH IUTaHETHI, a Takxke o mocanke KA na mmanery. He
mumHIM Oyaet ucrons3oBanne CAHMO u mpu mocemeHnn
acTEepOMJIOB U IMOAOOHBIX MM OOBEKTOB, a TAKXKE IPH ITOCE-
IIEHUH CITyTHUKOB Pa3IUYHbIX TUIaHeT. [J1sl IyHHOTO KOOp/IH-
HUPOBAHMS M 00ECIIEUEHHUsI CBSI3H, OUEBHUIHO, MPUAETCS CO3-
JlaBaTh KOCMHUYCCKHE HAaBMIallMOHHBIC CUCTEeMbI Ha 0aze KA,
cHabxenasrx CAHuO.

B nporiecce npoenenus sxcriepumentoB B ACHU, Bep-
cun 1.1, moydeH MepBbIii OIBIT MOJIEITMPOBAHMS OAJUTUCTHKA
JIBIDKEHMS TIPH MEXKIUIAHETHBIX noyietax. PazpaboTanuble npo-
rpaMMBbl MO 3a/IaHHOM JaTe PacCUUTHIBAIOT IIEJIECO0Opa3sHyI0
JIaTy OTJIeTa, KOTOpast MPUBOIKT K JBHKEHUIO, OJIU3KOMY K OI1-
TUMAJIBHOMY II0 3HEpPreTuKe mnoiyaumicy Xomana. Ompene-
JsieTcs MPHOMM3NTENBEHOE BPEMsl IIepesieTa, MO0 MOTyYeHHBIM
JTAaHHBIM PACCUHUTHIBACTCS] IPHOIMKEHHOE TeIIHOIEHTPUIECKOE
JIBIDKEHHE, KOTOPOE YTOYHSETCS B 3aBHCHMOCTH OT 3a/1aBae-
MBIX TTapaMEeTPOB LIMNTUYECKUX U THIEPOOINYECKUX OpOUT
BOKPYT IUIaHET OTJeTa W mpuiera. MIHTepakTHBHO CTpOUTCS
Ta0JINNa JaHHBIX ABWKEHUS O (as3am repernera. Pe3ynbrarsl
MOJICTUPOBAHMS TTOKA3aJIH, YTO, HAI[PUMEp, MPU HCIIOIB30Ba-
nun meronia 1o BU3P3 (tpu ODI1: oxuH — kecTKo Ha KopItyce,
JIBa— B Kap/IaHOBBIX TTOJJBECAX) CO CPEIAHEKBAIPATHIECKOMN MO~
rpemrHocThio B 0,1” MCKOMYFO IpaHHUITy MEepBoil (a3sl mepese-
Ta 3emisi—Tutaneta KA MoxeT mepeceysb ¢ TOYHOCTBIO 3HAHUS
CBOETO BEKTOPA TEOIEHTPUIECKOTO COCTOSHHS B IEPBbIE COTHU
METPOB T10 TTOJIOKEHHIO M €IMHUIIBI CAHTUMETPOB B CEKYH/TY 1O
MOJIYJTIO BEKTOpa CKOPOCTH. BO3MOXKHO, TaKyl0 TOYHOCTD MOXK-
HO COXPaHWTh U IIPU TEIUOLEHTPUIECKOM JIBIDKCHHN U Jlaiee
JIO TUTaHETOIIEHTPUYECKOW OpOUTBHI.

4. Onucannpie CAHuO Obuin co3nansl pu pazpaboTke
psiia 4aCTHBIX aJTOPUTMOB, U3 HUX HauOoJIee 3HAUMMBI, IIpe-
XKJIE BCETO, TPH AITOPUTMA.

Ilep6viti — anropuT™M PACcIIO3HABAHMS 3BE3/] HA OCHOBE
3HAHMS TOJIBKO ONopHOH opouTsl KA nim 3Hanus ee pakruye-
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ckoit opOuTHI [2, 7]. LleHHOCTD anropuTMa 3aKII09aeTCs B €ro
HATIPABICHHOCTH HA TOWCK PAallMOHAIBHBIX 3HAYCHUH KOI(-
(UIIEHTOB (HUIBTPOB, YYACTBYIOIIMX B pacueTax MaTpHI]
M3MEPEHHBIX B3aHMHBIX YIIIOBBIX PACCTOSHHUU 3BE3I; B CPaB-
HCHHUM 3THX MAaTPUI[ C MAaTpPUIIAMH (PAKTHYCCKUX YITIOBBIX
paccTosiHuii, BEIOMpaeMbIX U3 OOPTOBOTrO Karaiora 3Be3l [2,
ctp. 64—69]. Jlns KoHTpOIISI TIporiecca pacro3HaBaHUS BaKEH
pa3paboTaHHBIN aNTOpUTM BU3yadm3anud. HOBBEIM Imarom
SIBIISICTCSI M pACIIO3HABAHKE 3BE3]] HA OCHOBE HCIIOJIE30BAHHUS
TOJILKO OITOPHOM OpOUTHI [7].

Bmopoti — anropuT™ ONTUMAaJIbHOW CTpaTerny HaBUTa-
LIMOHHBIX M3MEPCHUI Ha OCHOBE PEILICHUS HEKJIACCHYCCKON
BapHAIlMOHHON 3a]1a4¥, CBEJICHHON K 3aJa4de yrpasieHus [6].
B3sB 32 0CHOBY 3Ty paboTy, pacCUNTaHHYIO IS KerIepoBa
JBIDKEHUS U U (POPMHUPOBAHUSI PEIICHUS HA OCHOBE MIHH-
MU3aIUH JUCIICPCUH OJHOTO IMapaMeTpa, MOTU(PHIIIPOBAB €
JUIE BO3MYIICHHBIX JIBIKCHUH M UCIOJIb30BAHUS IIHPOKOTO
CIEKTpa MUHHUMH3HPYEMBIX (YHKIIMOHAIOB, OBbUI IOIy4YeH
MHOTO(YHKIMOHATBHBIN ONTUMABHBIN aITOPUTM JJIST peaib-
HBIX YCJIOBWH pPEIICHUS HaBUTAIIMOHHOW 3a7a4d MPH Macco-
BBIX M3MEPEHHIX IO HECKOJBKHM KPHTEPHSM OITHMAIbHO-
CTH B JIMHEHHOM U LUKIUYECKOM PEKUME PacyeToB [2, CTp.
77-113], [16].

Tpemuii — yCTOWYMBBIA ¥ BBICOKOTOUHBIM aJITOPUTM
OIICHKH oOpHeHTaru koprmyca KA, paboTocnocoOHBI mpu
BCEX 3HAUCHWH TOTPEIIHOCTeH CHCTEMBI CTAOWIM3aIlMd OT
0° no 15° no kaxnoit u3 oceil. OpUrKHANBHOCTH AITOPUTMA
3aKIJIFOYACTCsl B TOM, YTO OH BHEIIHE ITOBTOPSCT AJITOPHTM
pelIeHns] HaBUTAIMOHHOW 3aJiayd M HCIOJNB3yeT Te XKE W3-
MepeHUsI — MPHUOOPHBIE KOOPIUHATH U SPKOCTh 3BE3H,— HO
YaCTHBIC TPOU3BOAHBIC CTPOSATCS OTHOCHUTEIHHO ITOTPEIIHO-
credl ymioB opueHTauuu. [Ipy 5ToM JaHHBIA alropuT™M MOIy-
YHIICS MEHEee TPeOOBATEIBHBIM K TIOTPEITHOCTSM OI[CHOK YIIO-
MSHYTBIX KOOpPIHMHAT, YeM B aJrOpuTMe Hapwrarwmu [1, T. 1,
ctp. 149-155].

Bce Tpu anropur™a mojiepKuBaroT OOJIBIIUHCTBO Me-
TOJJOB ABTOHOMHOM HaBHUTAIIMH M BCE METO/IBI aBTOHOMHOM Ha-
BUranuu 1 opuenrauuu KA.

5. B mpouecce pazpadorkn ACHU, Bepcun 1.1, Obumn mo-
JIy4YCHBI U HOBBIC PE3YIIBTAThI, KOTOPBIC HCIOIB30BAJIHCH, B OC-
HOBHOM, B METOJ[aX aBTOHOMHO} HaBUTAIMU. beiT pazpaboTan
" UCCJIEAOBAH aJITOPUTM MOI[I/I(bI/IKaLII/II/I METOJa HAUMMECHBIIINX
KBaJpaToB, He TPEeOYIOIMi obparenus MaTpurs! [1, T. 1, cTp.
158-162]. OueBuIHO, IPU UCTIOTB30BAHHUH IIIOX0 00YCIIOBIICH-
HBIX MaTPHII 3TOT aJITOPUTM OyZleT BechMa molie3eH. To4HOCTh
HABHUTAIMU TPU KJIACCUYCCKOM M MOJACPHU3UPOBAHHOM allro-
puTMax HaOJIo/IaNIach OTMHAKOBOM, HO BPEMs PEILICHUSI 33/1a4K
I1I0CJIC MOI[I/I(I)I/IKaHI/II/I aAJIropyTMa YMEHbIUINJIOCh.

Bbruta taxke pa3paboTaHa M HCCIIEZOBaHA MOAETH I10-
CTPOCHHS ONTHYECCKOH BepTHKaimn Ha Oopty KA [17], ocHo-
BaHHAsI Ha TPOCKTHPOBAHUH BUIUMOH (ha3bl 3eMIT Ha KapTHH-
HYIO IUIOCKOCTB, T.€. INIOCKOCTh, IMPOXOJSIIYI0 Yepe3 LEHTP



reonsia U MEePIeHINKYIAPHYIO JTydy 3peHUs, HallPaBICHHOMY
¢ KA k reommy. MaremaTnueckasi MOZICTh OCHOBBIBACTCS Ha
(uKcanuy ¢ ompeneIeHHON TOYHOCTBIO IATH TOYEK, TPHOITH-
3UTEIILHO PABHOMEPHO PACIOIOKECHHBIX 110 JIyre BHIMMOW
YaCTH «CEpIa» M WCIIOIb30BAaHUU OOIIETO ypaBHEHMS KOHH-
YECKUX CEUEHHH, He MPOXOAAIINX Yepe3 Hayaslo KOOpIMHAT.
[Iporpamma umeeT aBa pexuMa: ¢ orpaHmdeHneM yriaa ComH-
e—KA u 6e3 orpanndenus. TOUHOCTh pelIeHIs] HABUTAIIHOH-
HOW 3aJ1a4¥l TI0 U3MEPEHISIM (PaKTUISCKIX 3€HUTHBIX PacCTO-
SIHUH ZIBYX 3BE3Jl MPH ONTHYECKOW BEPTHKAIN IIPECTaBIICHA
B [1], HauBbIcIIas TOYHOCTH qocTHraeT mopsaka 150 M mo
II0JIOKEHUIO U €IUHUI] CAHTUMETPOB B CEKYHAY [0 MOIYIIIO
BEKTOpa CKOPOCTH ISl HU3KOOPOUTHBIX KA.

Takum oOpa3oM, pa3paboTaHHas BIIEPBBIE B OTEUE-
cTBeHHOH Hayke M npakTuke ACHUW MeTonoB u anropurMos
ABTOHOMHOHM HaBWranuu u opueHtaunu KA, orneHuBaromias
HIMPOKHUH CIIEKTP JBHXKEHHUSI B KOCMOCE, O3BOJIHIIA TOITYYUTh
HOBBIC HayuHbIE PE3yJIbTaThl, KOTOpble U3MEHSIOT 00K KA,
MpuOIIKas NX K POOOTOTEXHUIECKUM yCTPOHCTBAM.

Crnemyer OTMETHTD, 4TO HccienoBanns B cpene ACHU,
Bepcust 1.1, CIIOCOOCTBYIOT pEIICHUIO Psiia TEOPETUYCCKHX
npo0JieM MpakTHKH, NO0 3Ta CHCTEMa IT03BOJISET:
rapaHTHPOBAaHHYI0  CTAaTUCTHYECKYIO
OIICHKY TOYHOCTU PA3JINYHBIX METOI0B aBTOHOMHOM HaBHTa-
uu ¥ opueHtanuu KA,

— OIPENeNTuTh, C OMHON CTOPOHBI, AITOPUTM H YCIOBHS,
MTOBBIMIAOIINE TOYHOCTh HABUTAIIMOHHBIX OIICHOK U TOYHOCTh
omnpezaenenus opueHtauuu KA, ¢ apyroii — MUHUMH3UPOBAThH
YHCII0 U3MEPHUTENCH U U3MEPEHHH, TOCTABIIAIOMINX 3aJaHHYIO0
TOYHOCTH 3HAHUS OpOUTHI M opueHTanuu KA,

MTOJyYUTh TapaHTHPOBAHHYIO CTATUCTHYECKYIO OLECHKY
YyBCTBUTEIFHOCTH HABUTAIIMH U OPUCHTAITNH K JIOOBIM (hak-
TOpaM KOCMHYECKOTO ITOJIETa, ITyMaM MOJACIH JBIKEHIS, T10-
TPEIIHOCTSIM U3MEPEHHH 1 albTepHAaTHBAM aJITOPUTMA.

B pesynbrare co3aaroTcss 0ObEKTHBHBIE BO3MOYKHOCTH
BbIOOpA PallMOHATIBHBIX METOJOB M aITOPUTMOB aBTOHOMHOI
HABUTAIINH U OPUEHTALMN B COOTBETCTBHH C YCIOBUSAMH U Iie-
nsmu monieta KA Ha 110001 0Tpe30K BpeMeHH.

[Ipennaraemass muHorodysnkumonansHas CAHuO [12],
pemiaroniasi psiA 3ajad HaBUTALMK M OPHEHTaLUH, Onarogapst
TaKUM €€ MOJIOKUTEIEHBIM KauecTBaM:

— TONY4YUTh

— YHHUBEPCAJIbHOCTbH, T.€. MPUMEHUMOCTD IS JIFOOBIX
OKOJIO3EMHBIX OpOWUT M OpPOUT AOCTIDKCHHSA IPYTHX IIAHET
COJIHEYHOM CHUCTEMBI,

— Mauble BecorabapuTHBIC XapaKTePHCTUKH U3MEPHUTENICH,

— TMAaCCUBHOCTb U3MEPEHUH,

— YCTOHYHMBOCTH K BO3MYIIICHUSM OpOUT,

— BBICOKAasi TOUHOCTh PEIICHHUS 3314,

MOJKET SIBIISITBCSI CBOETO POJIa CTAHIAPTOM JIJIsi aBTOHOMHBIX
CHCTEM HaBHTAIINX M OPUEHTAIINHU Pa3IHIHBIX KiIaccoB KA.

B mpomecce pazpaborkn ACHU Obutn 3aniuiieHsl aBe

KaHJIUAATCKUE JUCCePTALUU.

10. No. 1-2018, H&ES RESEARCH
AVIATION, SPASE-ROCKET HARDWARE

Psin pazpaboTaHHBIX M HccienoBaHHbIX B cpene ACHU
HOBBIX TEM OIMYOJIMKOBaHBI B M3JAHUSX, MOAJCPKUBAEMBIX
BAK (Bcero 12 crareii 3a 2002—2017 rombl), 9acTh U3 HUX 3a-
LIUIIEHBI TaTeHTaMU.

Wnes mpensapurenvHoit paspaborku ACHU mnst mo-
CTPOCHHUS IPOTPAMM Pa3IUYHBIX AITOPUTMOB H METOIOB IIPO-
611eMbl aBTOHOMHOM HaBUranuu u opueHranun KA oxasanace
MPOAYKTUBHOM.
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ABSTRACT

It is presented the short description of the automated system
of scientific research (ASSR) of methods and algorithms of
autonomous navigation and orientation of the spacecrafts
(SC). ASSR is a complex system uniting, on the one hand,
a subsystem of development and application of an instru-
mental environment responsible for correct accounting of
specifics of subject domain, and on the other hand - the
subsystem of management creating equal opportunities of
a research of many varieties of models of subject domain.
ASSR is constructed similar to process control systems with
various contours of feedback, with wide extent of visualiza-
tion of process of the solution of a task. The imitating models
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KEYWORDS: autonomous navigation; autonomous orienta-
tion; self-determination; automated system of scientific re-
searches; optimum measurements strategy.

of various methods and algorithms created in the instrumen-
tal environment are partially known from the general prac-
tice, or are modified by us, or developed by us. The four-
teen methods of autonomous navigation and four methods
of autonomous navigation and orientation are considered.
Constructed by a uniform technique, they represent commu-
nity of opportunities of the analysis and the synthesis of sys-
tem of autonomous navigation and orientation promoting
the choice of algorithms at satisfaction of the purposes and
problems of flight of SC. The main scientific results received
during the modeling and researches in this subject domain
are presented. Developments of astronomical systems of au-



tonomous navigation and orientation on the basis of use of
optical-electronic devices with charge coupling instrumental
are most modern. The method developed by us on virtual
measurements of zenith distances of stars is perspective. The
method is protected by two patents. In this method it was
succeeded to solve problems of navigation and orientation
using the same information: measurements of brightness
and instrument coordinates of previously recognizable stars.
Based on the same information, it was possible to build a
multifunctional system of autonomous navigation and SC
orientation, which allows making certain logical conclusions
from the situation in orbit.
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AHHOTALNA

B pabote aHanM3MpyoTCs UCTOUHMKU METOAUYECKMX MOTPELIHOCTEN B aliropuTMax npeob-
pa3oBaHusi NoMs U3 BNUKHEN 30HbI B AaSIbHIO 30HY, MPUMEHSIEMbIX B @HTEHHbIX U3MepH-
TesbHbIX KOMMIeKcax GaMKHeN 30Hbl C MAaHapHbIM TUMOM cKaHupoBaHus. [okasaHo, 4To
UCXOAHbIE AaHHble B BUAE aMMIUTYyAHO-ba30BbIX PacrnpefeneHnin 31eKTPUIYeckoro noJsisi Ha
[BYX OPTOroHasIbHbIX MNONSPU3aLMsX NO3BONIAIOT BOCCTaHaBANBaTL AnarpaMMy HanpaBsieH-
HOCTU MCClIeAyeMON aHTEHHbI 6e3 yMeHbLUEeHWsi TOYHOCTH U3-3a OTCYTCTBUSI MHPOPMaLUM O
TaHreHUMaabHOM K NOBEPXHOCTU CKaHNPOBAHUSI MarHUTHOM MoJie Npu cieayoLmX gonyLe-
HUSIX: CKaHUPOBaHME OCYLLLECTBSIETCS B PaAMaLMOHHOW BnuKHen 30He; B obnacTu ckaHu-
poBaHMsA cOCpefoToYEHa NoAaBsIOLLAs YHaCTb MOTOKA MOLLHOCTU U3JyYeHUs uccienyemom
aHTEeHH.

B paborte TaKoke aHanM3MpylOTCst MPeACTaBEHHbIE B IMTEPAType BapUaHTbl PACUETHbIX Bbi-
paXkeHWI A5 aNropuTMOB Npeobpa3oBaHns Noss U3 GAVKHEN 30HbI B [asbHIOK 30HY AJist
aHTEHHbIX U3MEPUTESIbHbIX KOMMIEKCOB ONMXKHEN 30HbI C MlaHapHbIM TUMOM CKaHMpPOBa-
Hus. OBcyxaaloTcs TeopeTUdeckune 1 NpakTMyeckme pesynbraTbl UX MPUMEHEHNS Ha MpuMe-
pe OaHHbIX 31eKTPOANHAMUYECKOTO MOLETMPOBaHUS U3JyHEHUSI PYNOPHOW aHTEHHbI U 3KC-
MePVMEHTasIbHOrO M3MEePEeHUs MJI0CKOro aMnanTyaHo-$ba3oBoro pacnpepesieHus noss ee
nsnyyenus. lMokasaHo, 4TO NPU KOPPEKLUN BOCCTaHOBJIEHHOW AMarpaMMbl Hanpas/IeHHOCTH
“cciefyeMoi aHTEHHbI Ha AuarpamMy HanpaBieHHOCTU 30HAa TpebyeTcs yueT BeKTOpHOM
NPUPOAbI 3/1eKTPOMarHMTHOro nosis. B rnaBHbIX ceveHnsx guarpaMmbl HanpaBaeHHOCTY A1s
3TOro AOCTaTOYHO YMHOXMWTb MOJISIPHYIO KOMMOHEHTY 3/1EKTPUYECKOro MOJsi Ha KOCMHYC No-
napHoro yrna. BektopHoe npepcrasneHve Pypbe-obpasa amnautyaHo-pa3oBoro pacnpe-
OeneHns Nons TakXKe No3BOoJISeT yCTaHOBUTL COOTBETCTBME MeXAy TeOPeTUYeCKUMU 1 Npak-
TUYECKNMU pe3yNibTaTaMU MPYMEHEHMNS U3BECTHbIX PacyYeTHbIX BbIPaXXeHUN A1 anropMTMoB
npeobpa3zoBaHusi Noss U3 BIMXKHEN 30HbI B AasibHIOW 30HY. [l/1s NPOM3BOJIbHBIX 3HA4YEHUIA
a3nMyTaNbHOrO yria NpeanaraeTcs UCnosb3oBaTb NPUBIVKEHHYIO MOMpPaBKy, BBEAEHHYIO
A5 KOPPEKLUN U3MEPEHHOro aMmIMTyaHO-$a3oBOro pacnpenesieHus Ha guarpaMmy Ha-

npaBneHHOCTMN 30HAa.

KJIKOYEBbLIE CJTOBA: aHTeHHble usmeperus; 6nnxHas 30Ha; amMnautyaHo-baszosoe pac-

npepeneHne; Koppekumna Ha 30H4,; nNiaHapHoOe CKaHupoBaHue.

Ana uutuposaHus: Arvotux H. B., Kypbatoe K. V., Manai Y. M. OueHka METOAMYECKMNX MOrPELLHOCTEN B aiFOPUTMaXx aHTEH-

HbIX M3MEPUTESIbHBIX KOMIMJIEKCOB BIMXKHEW 30HbI C NJIaHapHbIM TUMOM cKaHupoBaHus // Haykoemkue TexHosnormm B KocMu-
yeckux nccnepgosaHmax 3emnn. 2018.T. 10. N2 1 C. 14-20. doi 10.24411/2409-5419-2018-10015
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IIpsimble n3mepenus xapakrepucTuk anTenH B CBY nua-
Ma30HE COTPSDKCHBI ¢ OONBIIUMH TPYITHOCTSIMHA Ha BBICOKHX
gacToTax. Bo3pacraromias rpaHuIa JaTbHEH 30HBI U3ITyUCHHUS
aHTEHH TpeOyeT yBEeIMUYCHHs pa3MepoB MOJIUIOHA, a, CIIe/I0Ba-
TENbHO, M MaTepHaJbHBIX 3aTpaT. AHTEHHBIC N3MEPUTEIbHBIC
komriuiekchbl (AUK) GrmkHeld 30HbI pealii3yloT KOCBEHHOE H3-
MEpEeHHe XapaKTePUCTUK aHTEHH Yepe3 aJrOPUTMEI Ipeodpaso-
BaHMS TTOJIS U3 ONMKHEH 30HBI B AanbHIo 30HY (B3-/13 anro-
pPUTMBI). B oTIHYIEe OT aHTEHHBIX TIOJIMTOHOB TPEOOBAHUE K UX
pa3mepaM (HOPMHUPYETCSI TOJBKO TIadapUTaMH HCCIIEIYEMBIX
anteHH. Cpeau AVK OnmmkHe# 30HbI HaHOOJBIIIeE PacpocTpa-
HeHue B Poccuu MOMy4MIIM KOMILIEKCHI C IUIAHAPHBIM THUIIOM
CKaHHMPOBAHMS 3a CYET CBOEW IMPOCTOTHI U JienieBu3Hbl. [lo-
TPEITHOCTSIM MX U3MEPEHUH MOCBAIIEHBI pa0oTHI [ 1-2], omHako
METOJMYECKasi COCTABIISIONIAs B HUX HE pacCMaTpUBACTCSL.

B3-J13 anropuTMbl IMIaHAPHOTO CKAaHMPOBAHUS €CTe-
CTBCHHBIM 00pa30M CBOMSATCS K OBICTPOMY MpeoOpa3oBaHUIO
O®ypee. [lose B najnbHell 30HE BBIYMCISETCS UEPE3 BbIpAXKe-
HUS, COZIEpIKaIlne COOTBeTCTBykomme PDypre-oOpas3sl Mo,
TaHTEHIINAFHOTO K TOBEPXHOCTH CKaHUpPOBaHWA. B mute-
parype MOXKHO HAWTH PSII CXOXKHX PACUCTHBIX BBIPAKCHHU
[3-5] nst B3-A3 anroputmoB. Mcnonb3oBaHUe OTIMYAIOIINX-
cs BeipakeHni B AWK GnvpkHel 30HBI C IUTaHAPHBIM THITOM
CKaHMPOBAHUS NMPHUBOAUT K MOJYUYCHUIO PA3TUYAIONINXCS Xa-
PaKTePUCTUK aHTEHH W HAPYIICHHUIO MPUHITAIIA SIUHCTBA U3-
Mepenuil. K atomy Taroke mobaBiseTcss HEOOXOIUMOCTE KOp-
PEKIH BOCCTAHOBJICHHBIX MUarpaMM HampasieHHocTd (IH)
Ha JIH 30n1a. OmuOku B 3Toit yactu b3-/13 anropurma BeayT
K TTOJYYEHHUIO OMIMOOYHBIX PE3YJBTaTOB JIaKe IO CTPOTHM
B TEOPETUYECKOM OTHOIIECHUU PACYCTHBIM BBIPAYKCHHSIM.

O003HaYeHHBIE BBIIIE MPOOIEMBI OOCYXKIAINCH B JIH-
TepaType BO Bpems pazpaboTkm kmaccmdeckux b3-J13 anro-
PUTMOB IUIAHAPHOIO CKaHuWpoBaHud. Tak B [6] 3aTparuBaercs
BOITPOC O HECOBIMAZCHUH KOA(D(HUIIMEHTOB B paCUETHBIX BhIpa-
skeHusAX [3] u [4]. ABTOp NPUXOAUT K IPOCTOMY BBIBOJLY, UTO
3a CYET YITIOBOH 3aBUCHMOCTH PACXOXKICHUE OKa3bIBACTCS Cy-
IIECTBEHHBIM TOJIBKO MPH OONBIINX YINaX, A KOTOPBIX CaMHU
BEIPQKEHUS OKAa3BIBAIOTCSA HE NMPUMEHUMBIMH. Ha MoMeHT
HAIMCaHUs W3BECTHOTO 0030pa 1o KiraccuaeckuM b3-/13 an-
ropuT™Mam [7] cortacHO MyONMKaysM B FHOCTPAHHBIX HCTOY-
HHUKaX OKOHYATEeJIbHO YTBEPAMIINCH BhIpakeHus [3]. B Hamei
CTpaHe OCHOBHBIM UCTOYHHMKOM 10 b3-/13 anroputmam siBms-
ercs [5]. B HeM Kk MaTeMaTHdecku CTPOroMy mpeodpa3oBaHUIO
BEKTOPHOH (opmbl mHTErpana Kupxroda ToIpKo OT AIEKTpH-
YECKOTO MOJIsI JOOABJICH KOCHHYC MOJISIPHOTO YA B OJSIPHOU
KOMITOHEHTE IT0JIsl B JaJIbHEH 30HE. DTOT Iar MPUBOIMT K 3Ha-
YUTEIBHO JIYYIIEMY NPAKTHYECKOMY Pe3ylIbTaTy MPUMEHEHHS
b3-/3 anroputma BMecTe ¢ mompaBkoi Ha JIH 3onma [8].
Mcnonp30BaHue K€ 3TUX BBIPAXKEHUM U1l TAHMCHLMAJIBHOM
KOMIIOHEHTHI TTOJIS, TTOTYYCHHOW M3 DIEKTPOAMHAMHIYECKOTO
MOJICTTUPOBAHUS, IPHBOIUT HATIPOTUB K XY/IIIUM PE3yIIbTaTaM
B cpaBHEHUU ¢ BbIipakeHUsiMU [3]. CyluecTByroniee npoTuBo-

pedne MeXIy TEOPETHYCCKUMH U MPAKTHISCKUMHU Pe3ynbTa-
TaMU Hy)XJIaeTcs B OOBSCHEHHUH JJIs OTpe/ecHNs Hanboiee
KOPPEKTHBIX PacuyeTHbIX BbIpaxkeHui i b3-/13 anropurMos
TUTAHAPHOTO CKAHUPOBAHMSL.

Llenp paboThl — aHaIN3 PaCYECTHBIX BBIPAKSHUN IS ail-
TOPUTMOB IIPE0OPa30BaHMS MOJISl U3 OJIM>KHEH 30HBI B IAJIBHIOI0
30HY IpHU IUIAHAPHOM CKaHHUPOBAHHH C TOYKH 3PEHUS MPABIIO-
TTOTOOHOCTH PE3YIBTATOB M MPAKTHIECKON 3HAUUMOCTH.

Jis nocTikeHUs menu paboThI MPOBOIAHUTCS TEOPETH-
YEeCKHH aHalW3 MMEIOLIMXCSl B JINTEPAType PacueTHBIX BbI-
paxenuii i knaccuueckoro b3-/13 anropurMa mianapHoro
ckaHUpoBaHuA. Ha mpumepe 31eKTpOAMHAMHYECKOTO MOJe-
JUPOBAHMS HW3IYYCHHS PYHNOPHON aHTEHHBI MOKA3bIBAIOTCS
OTPaHWYCHUS PACUCTHBIX BEIPAKECHUI, CBA3aHHBIC CO C/ICTaH-
HBIMH TEOPETHYSCKUMU JOMYIICHUSIMHU MPH WX BhiBome. Ha
TIpUMepe U3MEPEHHBIX aMIUTUTYIHO-(a30BbIX pacrpeaeIeHuH
(ADP) pynopHOW aHTEHHBI MOKAa3bIBACTCSI POJb KOPPEKIIMU
BoccranoBieHHbix JIH Ha JIH 30n1a B b3-/13 anropurme ma-
HapHOI'0 CKaHUpOBaHUsA. [[eMOHCTPUPYETCs pOJib BEKTOPHOMI
TIPUPOABI HIIEKTPOMATHUTHOTO 0TS, ITHOPHPOBAHNE KOTOPOH
B U3BECTHBIX padoTax [7] u [9] mpuUBOAMT K OIIMOKaM KOppeK-
LIUM B HANPABJICHUSIX 110 a3MMYTAILHOMY YIUTY, HE TIepIIeH -
KYJISIPHBIX BEKTOpY mojsipu3anuu 30H1a. [Tokazano, 4to B Ha-
MIPaBJICHHUSX TOJISIPU3AMY 30HJA y4eT BEKTOPHOW MPHPOJIBI
TIOJIST TIPUBOJIUT K COIVIACHIO MEXIY BhIpakeHUsMH [3] u [5].
[Ipemmararorcss yTOUYHCHHBIC pAcUeTHBIC BBIPAKEHUS IS
kiaccuueckoro b3-/13 anropurMa miaHapHOrO CKaHUPOBAHUS
¢ yderom nonpasku Ha JIH 301712 A7151 TPOU3BONBHBIX MOJISP-
HOTO ¥ a3UMYTAaJIbHOTO YIVIOB.

[TpeoOpa3zoBanue mosst U3 ONMKHEH 30HBI B JIAIBHIOK
30Hy B b3-/13 anroputmax miaHapHOTO CKaHIPOBAHUSI OCHOBBI-
BaroTcs Ha mHTerpae Kupxroda, KOTOPHI SIBISETCS BRIPAKCHH-
€M JUIS SNICKTPOMArHUTHOTO TOJISL B CBOOOTHOM IMPOCTPAHCTBE
Yyepe3 ero M3BECTHHIC 3HAYCHHUS HA IPOM3BOJIBHON 3aMKHYTOH
TIOBEPXHOCTH S, OXBaThIBarolleil Bce ncTouHnKH. CymiecTByer
MHOXeCTBO (hopM TipezcTaBienust nHrerpaina Kupxroda B cka-
JISIPHOM ¥ BEKTOPHOH (hOpMax, OTHAKO IS JATTbHEHIIIEr0 aHaIIH-
3a HaOOIBIIeH HATISAHOCTRIO 00mamaroT Gopmynsl CTpITTOHA
u Yy B ['ayccoBoii cummeTpuuHoii cucreme enunui [10]:

(A7) B 96 |+ 1)

2)
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e E(7) nH (F) — BeKTOpHI HANIPSKEHHOCTH SIIEKTpHYC-
CKOTO ¥ MAarHUTHOTO TOJIS,

k — BosIHOBOE UHCIIO,

G(f, 7') = T "/|17 - ;7'| — ¢ynkuus ['puna oxHOpO.-
HOTO CKaJISIPHOTO YpaBHEHHUs [ ebMTOIBIIA,

n (F ) — BEKTOp €IMHUYHOW BHEIIHEH HOpPMalu K I0-
BEPXHOCTH S.

Cnaraemsle ¢

(i(F).E(F))VG(7.7") u (i(F), H(F))VG(F,F")
MOXKHO paccMarpuBaTth KakK MPOM3BENCHHE MOBEPXHOCTHOI
MIIOTHOCTH 3aps/I0B Ha rpagueHT (yHkmun [puna. [Tockombky
(1, 2) mogpa3ymeBaroT HHTETPUPOBAHKE 110 3AMKHYTOH TTOBEpX-
HOCTH, TO B nanbHel 30He s CBY mons oHU MO/mKHBI 00pa-
TUTHCS B HOJIb. B 1asibHEit 30He 10CTATOYHO 3HATDH TOJIBKO OJIMH
BEKTOP I0JIs1, IO3TOMY paccMotpum nioapoduee (1). Bynem cuu-
Tarh, 4TO IUIOCKAS TIOBEPXHOCTH S 3aMBIKACTCs Yepe3 OECKOHEeY-
HOCTh. [ pamueHt GyHknun [puHa B TabHEH 30HE aCHMITOTH-
YECKH CTPEMHTCS K

ke M

o~ m(F),

VG(7,7')

rae 771(17 ) = k/ k — enTMHUYHBIN BEKTOP HANPABJIEHUS paclpo-
CTPaHEHUs U3Ty4YEHUsI.
JU1g MI0CKOCTH BEKTOP HOPMAJIM BCIOAY OAMH U TOT XKe

7i(F") = const , TI03TOMy €r0 MOKHO BEIHECTH 33 3HAK MHTETalta:

E(7)=| i(7)

,%71; £ E(F)e ™ las () |+
o ©)
+[AF)e T as

S

3aMeTHM, YTO HHTETPAITBI TI0 TTOBEPXHOCTH S C AIIEKTpHUe-
CKUM W MarHUTHBIM IIOJIEM €CTh HU YTO MHOE KaK COOTBETCTBY-
torme Oypbe-00pa3bl WK TIOCKUE BOJHBL, PACIIPOCTPAHSIFOLIH-
ecsi B HanpasieHn m(7 ). B obluem ciydae uis pacuera o
B JajbHEl 30He 10 (3) MOTpeOyIoTCsS U3MEPEHUsI U dIeKTpUye-
CKOTO, M MAaTHUTHOTO TIOJIEH, OHAKO B PAJINALIHOHHON ONMKHEH
30HE CIPaBEIUTMBO PABCHCTBO SHEPTHUIA TOJIEH, OTKY/IA CIIEIYeT:

[E(F)e ™ Tlas im(7) |= [ H(7)e ™ as:,
S S

E(7)=| (7, %Sﬁ(f')e‘”‘f‘f'ds',ﬁa(f) L@

Takum 00pa3zoM, JUis TUIOCKOTO CKaHHPOBAHUS TIPH W3-
MEPEHUH TOJBKO AIIEKTPUYECKOTO TIIONIS B paaHaIllMOHHOMN
OMKHEH 30HE TMOITyJaloTCsl CTPOTHE B TEOPETHICCKOM OTHO-
IIICHUU PaCYCTHBIC BEIPAYKECHUS JUTS ITOJIS B TATBHEH 30HE IPU
CIEAYIOLIHX YCIOBHSIX:

16

1. Ha moBepXHOCTH CKAaHMPOBAHMSI TOJHKHA OBITH COCpe-
JOTOYEHA TTO/IABIIAONIAs YacTh TIOTOKA MOIITHOCTH MU3TYICHHUS
HCCIIeyeMOH aHTEHHBI. DTO 03HAYAET, UTO ITOJIe K KpasM IO-
BEPXHOCTH JIOJKHO 3HAYNUTEIILHO YMEHBIIATHCS, YTO CIIPaBe/]-
JIMBO JUIsl OCTPOHANPABICHHBIX aHTEHH.

2. Tlone u3nmy4yeHus: UCCiIeayeMOol aHTEHHBI Ha MIOBEPX-
HOCTH CKaHMPOBAHUS JOJDKHO YIOBICTBOPATH yCIOBUSAM pa-
JTUAIMOHHON ONKHEH 30HBI.

OTMeTHM, YTO ISl IPYTHX THUIIOB TOBEPXHOCTEH CKaHH-
POBaHMSI TEOPETUYECKU CTPOTHE BBIPAKEHUSI HE MOTYT OBITH
TIOJTYYEHBI TOJBKO JUIS DJIEKTPUYECKOTO WIIM MarHWTHOTO
TOJISL, OCKOIIbKY BEKTOP HOpManu 7i (7 ) OCTaHeTes 1oj| 3Ha-
KOM HHTErpaa.

Bripaxernns (3) u (4) HeyOOOHBI Ui TPAKTHYECKOTO
npuMeHeHnss. OOpaTHMCsl K TOTOBBIM BBIPAYKSHUSIM IS ITOJIS
U3Iy4YeHHUs ¢ MIOCKON anepTypsl B JalbHIO 30HY [11]. Be-
nem JlekaptoBy cuctemy koopauHar ¢ ocsimu Ox n Oy B 1uto-
ckocti S u oceto Oz, HanpasieHHOH Bronms 7i(7). Tereps
cepudeckas yacte mons B jganbHed 30He u3 (1, 2) MOoxeT
OBITH 3amMcaHa Yepe3 KOMITOHCHTHI OIS Ha TIOBEPXHOCTH S:

Ee_Hw_
E,| \-Hy)

¢

ke —(Sﬁcos<p+S§sin(p)+cosG(S;”sin(p—S;”COS(p) (5)

s

dmr cosG(S;) sing-— Sy COS(p)+(S)T cos@+S) sin(p)

e —i kxx'+kyy' , ,
Sx’y = :[gEx’ye ( )dx day', (6)

) g -

Siy = [H xy€
s
rae 0 ¥ @ — NOJSIPHBIA U a3UMYTaJIbHBINA yIJIbI CeprIeCcKOi
CHUCTEMBI KOOPMHAT.
[Tpunumast Bo BHEUMaHUE (4), u3 (5) MOXHO MOIYYIHUTH
pacueTHbIe BhIpaskeHus [3]:

E) (H,) ik Sy cos@+Sysing )

E, —Hy 21 | cos 6(—S§ sing+ S coscp)

B pabote [4] mpuBoasTCS BBIpaKEHUS, KOTOPBIE MOKHO
MONMYYHTh U3 (5—7) AN TONS HOPMATbHO TMAJaoNIei Ha TO-
BEPXHOCTh CKAHUPOBAHUS TUIOCKOM BOJIHBIL:

Eqy H, ike Sy cos@+S;sing

= =————(1+cosH

E, —Hg 2nr =Sy sin@+ Sy cos@

Haxonen, B [5] npuBeneHbl NOXO0XKUE HA NPEIbIIYLIUE
BEIPAKCHUSI, IBHO HE BBIBOIUMEIC U3 (5—7):
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E, H ike™ Sy cosp+ Sﬁ sin ¢
=| ¥ |=———cos0 (10)
E, —Hy 2mr —Sysin@+ S} cos@

AHani3 BapHaHTOB pacyeTHHIX BbIpaxkeHHd (8—10) s
b3-/[3 anropuTMOB IMJIAHAPHOTO CKAHUPOBAHHS TPU HAJO-
KCHHBIX pPaHee YCIIOBHSIX NMPOBEAEM Ha IpUMeEpe PYHOPHOI
anTeHHsl [16-38(A7) Ha wacrore 10 I'Tm. Jlnsg Hagana ¢ mo-
MOIIBIO AJICKTPOJMHAMUYIECCKOTO MOACTHPOBAHUS U3ITYICHUSI
AHTCHHBI METOIIOM 0000IIeHHBIX MOMEHTOB [13] u [14] pac-
CUMTACM IOJIC Ha MOBEPXHOCTU S B 81x81 3KBUAUCTAHTHBIX
Toukax c maroM | cMm Ha pacctosHuM 10 cM OT packpbiBa
pymopa. BexTop monspu3anuy M3Ty4CHHS HAIpaBlieH BIOJb
ocu Oy. [NomydeHHBIC pacTpeieleHus] TaHTeHITMATHHON KOM-
HOHEHTHI El u Bcero monst E mpuBenens! Ha puc. 1 u 2. Bun-
HO, YTO BOJIM3H PAaCKPhIBA PYIIOpa €ro U3IyYCHUE aHATOTUIHO

Y.om

E/Eo, nb

.:;X. oM &

Puc. 1. TanrenuanbHas KOMIIOHEHTA SJIEKTPHYECKOTO TOJIS

Ha MOBEPXHOCTHU CKAHUPOBAHUA

Puc. 3. IH anTenns [16-38(A7) B E-rutockoctu

I10 pe3ysibTaraM MOACIIMPOBAHUS

IUTOCKOH BOJIHE, KaK 3TO mpeamnonaraet (9), onHako mpH yaa-
JICHUH OT HeTo BeKTop /(7 ') HaumHaeT ommyarses ot A(7'),
YTO JOJDKHO TPUBECTH K OmMOKaM mpu BeraucieHun (9) Ha
Oonpmux yriax. Pesynerarst pacuera [IH mo (8—10) mpusene-
HBI Ha puc. 3 u 4.

Cpa3y oOparuM BHHUMaHHE, YTO PACXOKICHHUE MEXIY
pacueToMm 110 (8—10) OKa3pIBacTCS CYIIECTBEHHBIM TOJIBKO TPH
OOITBINX 3HAYECHHAX yT7Ia 0, TOCKOIBKY ITO CBI3aHO UCKITIOUH-
TeNbHO ¢ (akrtopom cosh. Kak u cienoano u3 aHaim3a KOM-
TIOHEHT TaHTCHIIMAIBEHOTO JIEKTPUYECKOTO OIS BBIIIE, pacueT
110 (9) NIPUBOUT K MAKCUMAJIBHOMY PAaCXOXKACHHIO MEXK/Ty BOC-
craHoBieHHOW JIH u paccunraHHOW HanpsMyro Ui JaJbHEH
30HbI. PacueT o (8) u (10) B H-tutockocTH coBnagaeT cormacHo
CaMFM BBIpaKCHUSM U TIO3BOJISIET BoccTaHOBHUTH [IH ¢ oTKIT0-
HerneM 110 3 ab mpu yrite 6 < 80°. B E-rutockoctu pacyer 1o (8)
TIPUBOIUT K aHAJIOTUYHOMY pe3yJibrary, a 1o (10) k 6onee xyn-

Y.cm

-]
E/Ey, nb

X, oM

Puc. 2. DnexTpuueckoe 1noje Ha MOBEPXHOCTH CKaHUPOBAHUS

—— Jlasabnas 301

- == Cunspep

g.o

Puc. 4. IH antenns [16-38(A7) B H-rutockoctn

110 pe3yabTaTaM MOACIUPOBAHUSA

17
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mreMy. TakuM 06pa3oM, T TAHTEHIMAIEHOTO AJIEKTPHIECKOTO
TIOJIS B TIOJTHOM COOTBETCTBHH C TEOPUEH JTYUIITHIA pe3yIbTar 1o
BoccraHoBneHuto JJH narot BeipaskeHus (8).

s antennst [16-38(A7) mpakTryeckas mposepka (8—10)
MIPOBOIMIIACH TIPY TEX YK€ MCXOJHBIX JaHHBIX. J{JIs1 u3mepeHust
A®DP ucnons30Baics 30H1 — OTKPBITHINA KOHEIl MPSIMOYTOJILHO-
ro BojHOBOAA ceuenuem 2,1x1,0 cm. Ero JIH B miaBHBIX ceue-
HUSIX TIPUBEZICHA Ha pHc. 5. Pesymbrare! pacdera JIH mo (8-10)
C UCIOJIb30BaHuEM peasibHbiXx ADP ¢ kiaccuyeckoil Koppekuu-
eit Ha JIH 3onpa [8] npuBenens! Ha puc. 6 u 7. Kak u B cityuae
MOJTYYEHHOTO U3 MOJETUPOBAHMUS TAHTEHIIMAIHLHOTO OIS pac-
get 1o (9) He obnmamaeT nmpeumyniecTBaMu HU B E-mtockoctw,
Hu B H-tutockoctu. s E-rmockoctr (8) u (10) coBnanmaror,
YTO TaKkKe 0ToOpaxeHo puc. 6. B H-mmmockocTr Bompexn Teope-
TUYECKUM pe3yibTataM pacueT 1o (10) mpuBOmUT K JIydmieMy
COOTBETCTBUIO MEXJy BoccTaHoBieHHOW [IH u u3mepeHHOi
B JlaJibHEH 30HE. PaccMOTpUM BO3MOYKHYIO TIPUUUHY CTOJIb He-
0XXHMJJAHHOTO Pe3ysbTara.

TeopeTnueckn CTporue B paMKax CICIAHHBIX JOITYIIe-
HUHM BBIpaKeHUS (8) MOTYYICHBI TSI TAHTCHITHAIEHOTO DJICK-

.
1B

EYE

/ —— E -nnockocts \

/ — — H -niockoets \

Puc. 5. JIH 30u712

— Jlannian 3008

[t / === Chuiseep \
I ====++ Bananuc
If —— Baxpax

—40 N 1 A ] N 1
=50 0 50

9.°

Puc. 6. IH anrenns! [16-38(A7) ADP B E-mtockoctr
1o usmepeHomy A@P
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Tpudeckoro monst (puc. 1). M3mepsemoe Ha mpaktuke ADP
TaKOBBIM HE sABJsIeTCs. [lomydnTh M3 HETO TaHTCHIMAIBHOE
AIEKTPUUECKOE T10JIE MOXKHO Ttociie koppekiuu Ha /IH 30H71a.
[Tpun ananuze kiaccnveckoil paboTsl [8] MOXKHO 3aMETHTH, YTO
aBTOp IIPH Mepexo/ie OT U3MEPEHHH aHTEHHBI-30H1a K S napa-
MeTpaM UCCIIeAyeMOl aHTEHHbI HUKAKUM 00pa30M HE yUHUThI-
BaeT BEKTOPHBIN xapakTep noJjs. [lo onpenenennto HOpMupo-
annas JIH F(0,9) 5To oTHOmIEHNME M3MepeHHOTO CHrHANA
F(e,(p) OT M3JIyYeHHs] HCCIIEyeMOW aHTEHHBI B Harpasile-
HUH ¢ yriiamMu 0 1 () K MOZYJIIO CHTHaJIa B HarpasieHuu 0 = 0°:

F(0.0)=F(0,0)/|[F(0,0)|

[Ipu >TOM aHTeHHA-30H] OJDKHA OBITH HaIpaBlieHAa Ha
HCCIICyeMYyI0 aHTCHHY, a 3HAUYUT CUTHATY COOTBETCTBYET
Moayib Bekropa moist (cM. puc. 2). [Ipu namepennn ADP na
IUIOCKOCTH aHTEHHA-30H] BCET/Ia HAllpaBJIeHa BIOJIb BEKTOpa
HopMaiu K Hel. Koppexmus BoccranoenenHou /IH na JIH
30HAa COrIacHO [8] OoCymIecTBIACTCS Yepe3 Mepexon K Mo-
JIYJTEO BEKTOpa TUTOCKOH BONHEI (Dyphe-KOMIOHEHTHI), COOT-
BETCTBYIOIIICH HAMPABICHHUIO C YIIIaMH 0 U ¢ B KaXKI0H TOUKe
n3mepenusi ADOP. Pacuet ke 1o TEOpeTUUECKH CTPOTUM BbI-
paxeHusiM (8) TpeOyeT MOACTAHOBKU TaHTCHIMAIBHBIX KOM-
noHeHT. B E-mmockocty Momyip mons MIIOCKOH BOJHBI CO-
BMNAJAET C TAHICHLMAJIBHOM KOMIIOHEHTOH, IO3TOMY B HEMl
MpoBeJeHHAas Koppekuus BocctaHoBieHHoi JJH na JIH 3on1a
He TpuBeia K ommOkaMm. B H-mmockoctn TaHTeHIManbHas
KOMIIOHCHTA ITOJISl TUTOCKOH BOJIHEI CBsI3aHA C €€ MOIYJIEM Ye-
pe3 cosO. Kiaccuueckass koppekims BoccraHoBieHHoW JIH
Ha /IH 30H11a B 3TOM cityuae sIBJII€TCsl HENOJIHOM JUIsl pacyeTa
o (8) ¥ MPHUBOIUT K CYIIECTBECHHBIM OmIHOKaM. BripakeHus
(10) yxxe comepxar B cebe HEOOXOAMMBIH MHOKUTENH c0s0,
U TIOATOMY PacueT IT0 HUM MPHUBOAUT K JTyUYIIAM PE3yIbTaTaM.
Takum 0Opa3oM, JTUITHAN MHOXKHTENB cos B (10) oTHOCHTCS
K Koppekuun BocctanosienHoit /IH na JIH 30n1a 1 otoOpa-
’KaeT BEKTOPHBINA XapakTep MoJIsl.

]

r

(=]
T

—— [laaian oma
=== Cuneecp
== Bananmc

Baxpax

Puc. 7. IH anrenns! [16-38(A7) B H-tutockoctn
1o uzmepeHHomy AOP
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W3n0keHHOE BBIIIE OTHOCUTCS TOJNBKO K INIaBHBIM Ceue-
HusM [IH. B obmem ciaydae yder BEKTOPHOM MPHUPOABI OIS
npu Koppekuuu BoccranosieHHoi JIH na JTH 3ou1a TpeOyer
OoJiee ETANBHOTO PACCMOTPEHMS U HE CBOAMTCS K IPOCTOU
MoTpaBke B BHJE MHOXuTens cosd. B pabote [15] Bmecte
¢ meronukoil koppekuun ADP mo JIH 3oHma taxxe mpuBo-
JIUTCS OLIEHKA BIMSHUS BEKTOPHOM MPHUPOJBI MOJIS. 3aruieM
pacueTHbIEe BEIpakeHUs (8) ¢ ee ydeToM:

-]

o ikr
:_l];cr 1—-(1-cosB)

S;cos@+Sysing

s

Sycos@+Sysing

X

X .
cos 9(—8;’ sin@ + S, cos (p)

3ameTyM, uTo B II1aBHBIX ceueHmsix (11) copmanaror ¢ (10).
Cpasaenue pe3yibratoB pacuera JJH mo (10) u (11) g 6 < 70°
W BCEX 3HAYEHMH IMOJISIPHOTO YIJIa (b IPUBEJCHO Ha pHC. 8.

BuiHO, 4TO MCMONB30BaHUE B TEOPETHYECKOM OTHOILIIE-
HHU OoJiee CTPOTHX pacueTHbBIX BeIpakeHuii (11) He maer cyiie-
CTBEHHBIX IperMyTiecTB B cpaBHeHnH ¢ (10). Takum o6pazom,
METOIMYECKHE MTOrPEIIHOCTH B cymecTBytomux AWK ommxnei
30HBI C IUTAHAPHBIM TUTIOM CKaHHPOBAHMS, B KOTOPBIX HCIIOJNb-
3yrorcst BeipakeHus (10) BMecTe ¢ KOppEKIMEH BOCCTaHOBIICH-
noii JIH na JIH 30H71a, MOXXHO CUMTATh HECYIIECTBEHHBIMHU.

IIpoBeneHHBIN aHaIU3 BBIBOJA PACUETHBIX BBIPAKEHUI
st b3-J13 anroputmoB B AWK GnmxHEH 30HBI C TITAaHAPHBIM TH-
TIOM CKaHHPOBAHUS TOKA3aJI, YTO C yUETOM BCEX CIICTTaHHBIX J10-
My IICHUH HAaHOOIBIIIEH TOYHOCTHIO 00Iaar0T BRIpaskeHHS (8)

15
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Ornomenne (10) u (11), nb
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Puc. 8. OtHomenue HopmupoBanHbix J{H,

paccunransbix 1o (10) u (11)

BMecTe ¢ Koppekiuei BocctanoBinenHo /IH na JIH 30m71a [8].
[Tpn 5TOM HEOOXOANMO YUUTHIBATh BEKTOPHYIO IPUPOJLY MO,
BBIPaKAIOIIYIOCS B JOMOJIHUTENIBHOI Tonpaske [15], orcyT-
crByromieir B [8]. IIpemioskeHHbIE pacueTHBIC BBIPAXKEHUS
(11) BMecTe C KJIaCCHUECKUM METOJIOM KOPPEKIMH BOCCTa-
nosnennoit /IH na JIH 30Hm1a MMEIOT 000CHOBAaHUE IS BCEX
3HAQUCHUH TOMSPHBIX YIJIOB B OTIMYHE OT MU3BECTHBIX BbIpa-
xennit (10). [Ipu 5TOM, B ITIaBHBIX CEUEHUSX OHU COBITAIAIOT,
a BHE MX OTJIMYUS OKa3bIBAIOTCSI HECYIIECTBEHHBIMHU.
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ESTIMATION OF METHODOLOGICAL ERRORS IN THE ALGORITHMS
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ABSTRACT

In this work, the sources of methodic errors in the algorithms for near field to far
field transformation, used in the near field antenna measuring complexes with the
planar type of scanning, are analyzed. It is shown that the initial data in the form
of amplitude-phase distributions of the electric field on two orthogonal polariza-
tions make it possible to reconstruct the directivity pattern of the antenna under
test without reducing the accuracy due to the lack of information on the tangential
magnetic field to the scanning surface under the following assumptions: scanning
is carried out in the radiation near field; the overwhelming part of the radiation
power flux of the investigated antennas is concentrated on scanning surface.
The paper also analyzes the variants of calculation expressions presented in
the literature for the algorithms for near field to far field transformation in near
field antenna measuring complexes with a planar type of scanning. Theoreti-
cal and practical results of their application are discussed using the example
of electrodynamic modeling of the horn antenna radiation and experimental
measurement of the plane amplitude-phase distribution of its radiation field.
It is shown that probe correction of the reconstructed radiation pattern of the
antenna under test needs take into account vector nature of electromagnet-
ic field. In the main cross-sections of the directivity diagram, it is sufficient to
multiply the polar component of the electric field by the cosine of the polar
angle. The vector representation of the Fourier image of the amplitude-phase
distribution of the field also makes it possible to establish a correspondence
between the theoretical and practical results of applying known computa-
tional expressions for the near-field-to-far-field transformation algorithms. For
arbitrary values of the azimuth angle, it is proposed to use the approximate
correction introduced to correct the measured amplitude-phase distribution

by the probe directivity pattern.
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AHHOTALNA

B pabote gemoHcTpupyeTcsi NnpuMeHeHue paspaboTaHHOro aBTopaMmn MHCTPYMEHTasIbHO-
ro CpeacTBa CMHTE3a Mofesiell HeYeTKOro MHAYKTUBHOIO paccy>kaeHus «AimDSS» k aBTo-
MaTU3MPOBaHHOWM 06paboTke N3MepUTENIbHON MHPOPMALMK Ha NPUMepPe KPaTKOCPOYHOTO
MPOrHO3MPOBaHUS [UHAMUKW COJIHEYHOrO BeTpa B YaCOBOM MacluTabe BpeMeHu no Aa-
HbIM CMYTHWKOBOW PErucTpaumnm notToka BbICOKO3IHEPreTUYHbIX 3/IEKTPOHOB, UCMyCKaeMbIX
kopoHoit ConHua. NHcTpymeHTanbHoe cpepcteo «AimDSS», nokasaHHoe B pabote, sBnseT-
Csi KPOCC-NAaTGOPMEHHBIM MPUIOXKEHNEM, CNOCOBHBIM paboTaTh Nog, ynpasieHmem oteye-
CTBEHHbIX OMepauunoHHbIx cuctem «MobunbHas Cuctema BoopyskeHHbix Cunx» n Astralinux
nocnepHnx sBepcuii. NpeameTom nccnepgosBaHus, BASETCS AUHAMUKa MNOTOKa BbICOKO3HEP-
reTUYHbIX I/IEKTPOHOB, SIBJIAIOLLNXCS OAHUM U3 KOMIMOHEHTOB CONTHeYHoro BeTpa. Llenbio nc-
cnefoBaHUs SIBSIETCS CO3[aHuWe U OoLeHKa MOAENM YacoBOMN AUHAMUKM COSIHEYHOro BeTpa
no cyTo4Houn npepbicTopun. MeToaom nccnefoBaHUs sABNASETCS HeYeTKoe WHAYKTUBHOrO
paccyxnaeHue. lpoeeneH aHanM3 NoaxoAoB K MOAESIMPOBaHUIO COJIHEYHOW aKTUBHOCTMY,
OMuncaHbl €e OCHOBHbIE MPOSIBJIEHUS U Hanbosee LIMPOKO UCTOb3yeMblie MeTofbl 0bpaboT-
KV M3MepuTenbHo uHdopmaumm B stoit obnactu. MNpeacraeneHa kpatkas UCTOPUs ncche-
[OBaHUN conHeyHoro BeTpa. OnncaHa MeToauKa co3faHNs Mofesnel He4YeTKOro UHAYKTUB-
HOro paccyxeHus, cnocobbl Ka4eCTBEHHOro KOAMPOBAHWUS UCXOAHbIX AaHHbIX, KpUTepun
BbiGOpa ONTUMANIbHOW MacKu A1t MOPOXAEHUSI AaHHbIX, FeHepauun KayecTBeHHON Gasbl
npaBW/ U COCTaBJIeHNA NPOrHO3a AMHAMMKN UCC/ieAyeMOW BeJIMYMHbI Ha OCHOBE B3BELLEH-
HOro anropmTMa «bnmxanimnx cocepei». CosgaHa yacosasi Mofesib AVHAMUKMN MNOTOKA Bbl-
COKO3HEPreTUYHbIX 371eKTPOHOB. [1POrHo3, NoNyYeHHbIN C MOMOLLLIO MOJENN, MPOBEPEH Ha
KOHTponbHO BbiGopke. CpepHekBagpaTuyHas ownbka nporHosa cocrasuna 0,07. YkasaHa
BO3MOXHOCTb NMPUMEHEHNS METOANKN HEYETKOrO MHAYKTUBHOIO PacCy>KAeHUs 1 npeacTas-
JIEHHOTO B CTaTbe MHCTPYMeHTasbHoro cpeacTaa «AimDSS» k cosgaHuio mopenen AuHaMUKM
NPUPOAHBIX U TEXHOTEHHbIX MPOLLECCOB B PeaslbHOM BPeMeHM AN MPYMEHEeHUs B cocTaBe
OTEeYEeCTBEHHbIX MAaKeTOB CMeLnaan3npoBaHHOIO NMPOrPamMMHOro obecrneyeHvs 1 aBTomaTu-
3MPOBaHHbIX CUCTEM YMNPaBJIeHUs 3a CHET AeTaslbHOW HaCTPOMKM rpaHuL, KaTeropun HeyveT-
KOro MHAYKTUBHOMO PacCy>KAeHWs Ha 3Tane KayeCTBEHHOro KOANPOBAHUS MCXOAHbIX AaHHbIX
1 KOHGUrypaLumMm Macku, UCMosib3yeMon A8 MOPOXKAEHWUS AaHHbIX, HA OCHOBE SKCMePTHbIX

3HaHMWI B KOHKPETHOW NpeaMeTHON obnactu.

KJIKOYEBbLIE CJIOBA: nopnepxka NpuHATMS peLueHWit; KpaTKOCPO4YHOE MPOrHO3MpPO-
BaHWe; UHTENNeKTyanbHbIN aHaM3 N3MepPUTENbHON MHGOPMaLMK; HeYeTKoe HAYKTUBHOe

paccy>xaeHue,; coiHe4Hasa akKTUBHOCTb; COJIHEYHbIN BeTep.

Ansa uutupoBaHus: yces A.A., BonowuH A. 3., SlkoseHko H.A. MNMporHosmpoBaHme 4acoBOW AUHAMUKWU COJTHEYHOTO BETpa
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3emnn. 2018.T. 10. N2 1 C. 22-28. doi 10.24411/2409-5419-2018-10016
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Beenenue

HoBrle MeTOAMKY aHATTH3a H3MEPUTEINEHOM HH(POPMATTHIA
NIPU3BaHbl OOJIETYUTh NIPUHATHE PEIICHUH Ha OCHOBE aBTOMa-
TU3UPOBAHHOTO CUHTE3a KOMITBIOTEPHBIX MOJICNICH THHAMUKH
3HAYMMBIX PUPOIHBIX, TEXHOTCHHBIX M COIIMATbHO-OKOHOMH-
YECKHUX IPOLIECCOB.

OnHOll M3 pa3BUBAaGMBIX HAMU METOIMK KOMIIbIOTE-
HOTO aHann3a WH()OPMALUH SBISIETCS HEYETKOE WHIYKTHB-
HOE PACCy)XIEHHE — METO/JMKa, OCHOBAHHAS! Ha BBIICICHUN
B MAacCCHBE HMCXOJIHBIX JAHHBIX MOBTOPSIOMINXCS MOCIEI0Ba-
TENBHOCTEH JAaHHBIX U COCTaBJICHUH NPOTHO3a AUHAMHUKH HC-
ClIe/lyeMOM BEJIMYMHBI C UCIIONb30BaHHEM (QYHKIIMU CXOKECTH
HalJeHHbIX MOCJIEN0BATEIbHOCTEN ¢ KpallHUMU 3HAYEHUSIMU
MacCHBa JaHHBIX.

MBsI pazpadotanu nporpammy «AimDSS» [1] s aBro-
MaTH3alny CO3AaHMUs KOMITBIOTEPHBIX MOJIEJICH Ha OCHOBE Me-
TOAMKN HEYETKOTO MHIYKTHBHOTO paccykJeHus. «AimDSS»
paHee Oblia MCHOJB30BaHA B JOJITOCPOYHOM HPOrHO3UPOBA-
HUM AMHAMUKHU COJHEYHOH aKTHBHOCTH IO JAHHBIM OITHYE-
CKUX HAOIOZICHUH COJHEYHBIX ISITEH M MO JJAHHBIM O 3Hade-
HUsIX cpeanero MmaruutHoro nosst Connua [2].

B nmannolf myOnuKkanuu Mbl JIEMOHCTPHPYEM BO3MOXK-
HOCTb TIPUMEHEHUSI METOJIUKH HEUYETKOTO MHIYKTHBHOTO pac-
CY)XJICHUS 1 ee peann3aiuu B nporpamme «AimDSS» k 3anaue
KPAaTKOCPOYHOTO IPOTHO3UPOBAHHSI CONHEYHOW AKTUBHOCTH
B YaCOBOM MacIiTabe BpeMeHH.

SIBeHNST COJHEYHOM aKTHBHOCTH IIPEACTABISIIOT W3
ce0s1 HeMMHEHHYI0 IMHAMUYECKYI0 CHCTEMY, JaHHBIC O KOTO-
poi 00JIaAAr0T UKINIHOCTBIO ¢ mepuooM B 11 jet, 22 roxa,
100 et u T. 1.

OnHNMHU W3 MEPBBIX OBUIN HAuaThl HHCTPYMEHTAJIbHBIE
HaOMIONEeHNs COMHEYHBIX MsATeH P. Bomsdom. P. Bonpd Taxke
TIpeIOKII (GOpMYITy JUIS ONpPEIeNICHHs OTHOCHTEIBHBIX YH-
ceJl IATeH Wiy yrcen Bonbda.

BrniepBrie 0 CyIIeCTBOBAaHHMU MTOTOKOB 3apsKEHHBIX ya-
CTHUL, UCITYCKAE€MBIX COHHHCM, MPCAITOJIOXKUII P. Koymuarron
B koHIIe 19 B. CoBmecTHO ¢ P. XomkcoHOM OHU OOHAPYKIITH
B3aMMOCBS3b TEOMarHUTHON OypH ¢ TpeAlIecTBOBaBIICH 3a
CYTKH JI0 3TOT0 COJHEuHOU Benblkoid. B 1916 . bupkenany
OTMEYall: «COIIacHO 3aKOHaM (PM3MKHU CIpaBEIMBO CUUTATD,
YTO JIy4U CBETa CyMMapHO He 00J1aJaf0T HUKaKUM 3apsiIoM» —
10 IIPEIIIOI0KEHUIO bUpKenanja CoHEUHbI BETEP COCTOsI,
Kak 13 JEKTPOHOB, TaK M U3 MOJOKUTEIBHO 3aPsKEHHBIX HO-
HoB. Jltonsur bupmanH oTMeuan BIMSHUE COJHEYHOTO BETPA
Ha KOMETBI, XBOCT KOTOPBIX BCErJa MMEET HallpaBJICHHE «OT
3Be3np. HOmkun Tlapkep OOBSICHWII MCTEUEHHE COMHEYHOU
MaTepHuu B OKpYXKarollee MPOCTPAHCTBO YMEHBIICHUEM CUIIBI
nputsokeHust CosHIIa B BEPXHUX CIOSIX KOPOHBI. BpIcokme
ckopoctH (300—1200 KM/C) TOTOKOB COJTHEYHOTO BeTpa OBLITH
uccinenoBanbl Koncrantnnom I'puHrayzom npu momouu co-
BeTckoro ammapara Jlyna-1. MccrnenoBanus B obmactu u3-
YUEHHUSI COCTaBa M CKOPOCTH JABMXKEHHUS COJIHEYHOIO BETPA,

B3aMMOCBSI3M ITHX MapaMeTPOB C MHOTOJCTHUMH ITHUKIaMHU
COTHEYHOH aKTHBHOCTH aKTHBHO MPOMOJDKAIOTCS B HACTOS-
mee Bpems [3-5].

3anHTEPECOBAHHOCTD MCCle0BaTeNel B MPOrHO3UpOBa-
HUU XapaKTCPUCTHUK IUKJIOB COJTHEYHOW aKTUBHOCTHU IPHBE-
Jia K UCIIOJIb30BAaHUIO PA3JIMYHBIX MCTOAOB aHAJIN30B JaHHBIX
1 CO3JIaHMS MaTeMaTHIEeCKUX MOZIeIIeH B 3TOH cdepe. YCIOBHO
JTAaHHBIC METOIIBI MOYKHO Pa3/ICUTh Ha JABa Kacca: MHIYyKTHB-
HBIC U JISTYKTHBHBIC METOJIBI.

B oCHOBE JIEIYKTUBHBIX METOMIOB TPEICKA3aHUS aKTHUB-
Hoctu ConHIIa JeXaT MaTeMaTMYeCKHe MOJENH JIUHAMHUKHU
MAar"guTHOTI'O ITOJIA 3BC3/bI, I10J HCﬁCTBHeM KOTOPOI'0O U3MCHSI-
eTCsI XapakTep MPOLECCOB KOHBEKIIMHU U Ha TIOBEPXHOCTH CBe-
TIIa GOPMHUPYIOTCS 00JaCTH MOHMKEHHON TeMITepaTypsl —
COJTHCYHBIC TISITHA U JPYTHUE SIBICHUS COJTHEYHOW aKTUBHOCTH
[6]. Bce meTompl naHHOTO Kjlacca TakK WM WHAYEC MOCTPOCHBI
Ha HEKOTOpOH (pusmyeckoil Teopun akTuBHOCTH COJTHIIA, HE-
O6XOI[I/IMOI71 IJIA ACAYKTUBHOI'O BBIBOJa MAaTEMATUYCCKUX MO-
Jerneit: oT 00ImuX 3aKOHOMEPHOCTEH K YaCTHBIM IPOSBICHUSM.

WHOyKTUBHBIE METOIBI MOACTHPOBAHUS AKTHBHOCTH
CorHIIa TOCTPOCHBI Ha 00OpPaTHOM MPUHIIUIIE — OT YaCTHBIX
3amuceil MaccuBa HAONFOACHUH SIBICHUI COJNHCYHON aKTHB-
HOCTH, MPEIbSBISICMBIX KaK 0OydJaromiasi BEIOOpPKA, MOJICITH-
pyrolasi mporpaMma MNPUXOAUT K (OPMUPOBAHHIO OOIICH
KOMIIbIOTEPHOM MOZeNu sABJIeHUs. B nuteparype BcTpeuaeTcst
ONHCaHNe WHAYKTHBHBIX MOJENEH, TOCTPOCHHBIX HAa MAacCH-
BaX CHUMKOB (oTtochepsl ConHIa, 3amucsax XpoMochepHBIX
BCITBIIICK, TIOTOKOB 3apsKEHHBIX YacTHIL 1 JIp. Cpeid METOIOB
MIOCTPOCHHUSI MOJIENIEH OTMEYAIOTCsl HEHPO-HEUETKUE MOJACTH
[7], ncxyccTBeHHBIE HEHPOHHBIE CETH [8] U TeHeTHYEeCKue aj-
TOPUTMBI, METOIBI aHAN3a N300paKEeHUH W THOPUIHBIC Me-
TONEI [9].

OO0wure MeTOIOB U MOAXOMOB K CO3IaHUI0 MOJETICH aK-
TuBHOCTH COJHIIA TOBOPHUT O CIOKHOCTH SIBICHHS M MaJlOW
BEPOSTHOCTH TOSBJICHUSI YHUBEPCATBHBIX MOJIENEH, CrIoco0-
HBIX 3aMEHHTh BCE OCTalIbHBIC. Peub ceromHs uaet oo uccie-
JOBaHUH YCIIOBUI M TPAHUI] IPUMEHUMOCTH CYIIECTBYIOIIIX
moneneit [10].

AKTyaJThHOCTh COBEpPIICHCTBOBAHUS METOIHMK KPaTKO-
CPOYHOTO MPOTHO3UPOBAHHS COJHCYHON aKTUBHOCTU CBsI3a-
Ha C BJIMSHUCM COJIHCYHOTO BETpa Ha 0€30MacHOCTh KOCMH-
YCCKUX ITOJIETOB U TCJICKOMMYHUKAITMOHHOTO 060py/:[03aHI/1$1
pacnionoxenHoro Ha opoure 3emuu [11]. B manHOM wmccie-
JOBaHUHM TIOA COJHEYHBIM BETPOM MBI MOHUMAeM ITOTOKH
AIIEKTPOHOB, IIPOTOHOB, siAep renus (anb(a-qacTHIr) H APYTHX
MOHHU3UPOBAHHBIX YACTHII, UCITyCKACMbIX BHCITHHMU CIIOSIMHU
armMocdepsl Conana. [Ipu co3anuy MOJCITH MBI OTPaHUYNM-
Csl aHAJTM30M JIaHHBIX MMOTOKA JJIEKTPOHOB B MANa30HE dHEP-
ruit 1-5 Mo B.

Lenpto maHHON MyONMMKAIMU SBISACTCS CO3JAaHHE U Jie-
MOHCTpAIHUS MOACITH HEYSTKOTO HHIYKTHBHOTO PAcCyKIACHUS
JUTS KPaTKOCPOYHOTO MPOTHO3HPOBaHUs akTUBHOCTH CONHIA
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B 4aCOBOM MacIlITa0e BPEMEHH 110 IAHHBIM O ITOTOKE BBICOKO-
9HEPIeTUYHBIX ICKTPOHOB.

YToOBl JOCTUTHYTH LENb HCCICIOBAaHHS HEOOXOIUMO
PELINTh HUKECTCAYIOLINE 3a1a4H:

1) moxbop MaccrBa HaOIIOACHHH MTOTOKA BBICOKOIHEP-
TETUYHBIX BIICKTPOHOB, TIPE/IBAPUTENbHAS 00pabOTKa MaccHBa
HaOMroneHNH, (OpPMUPOBAHWE KOHTPONBHOW M 0Oydaromeit
BEIOOPOK;

2) moabop napaMeTpoB CO3AaHHs MOACIHU, COOTBETCTBY-
FOIIMX MHHUMYMY OIIHOKHM NPOTHO3UPOBAHUS;

3) IPOTHO3UPOBAHNE KPATKOCPOYHON THHAMKH COJNHEY-
HOI aKTHBHOCTH C TIOMOIIBIO TOCTPOSHHON MOJICITH U aHAIH3
PE3yNIBTaTOB MOJCIHPOBAHHSL.

MeTtoauka

Meroanka HEYETKOTO HMHIYKTHBHOTO —PacCyXICHHS
(HUP) otHOCHTCSl K YMCITy TEXHOJOTHH KadyeCTBEHHOTO WH-
JTYKTUBHOTO MOJENHUPOBaHMUI. B OCHOBE METOAMKH JIEKHT
KOHIICTIIUSA YHUBEPCAIBHOTO pEIIaTeNs CHCTEMHBIX 3ajad
(YPC3) — monmenu KOMITBIOTEPHOW AKCIIEPTHOW CHCTEMEI,
pas3paborannoii Ixopmrem Kipowm [12].

Ha Bxon mporpammsl, peanusyromieir meroauxy HUP,
nojaeTcst Habop JIaHHBIX B BUJIE MacCHBa 3HAYCHUI BXOIHBIX
HEPEMEHHBIX V ,...V . IIpu paboTe ¢ OMHOMEPHBIMU BPEMEH-
HBIMH PSIIaMH, HA BXOJ MOKET ITOAABATHCsI IPEIBICTOPHS Psia
B BH/JIE OJHON BXOJIHOM MEPEMEHHOM V.

[epeeim marom metoxukun HUP sBisiercst pa3oueHue
MHOKECTB 3HA4E€HHH BXOJIHBIX IEPEMEHHBIX Ha KOHEYHOE
cpaBHHTENLHO HeOobIIoe ynciio (10-200) kadyecTBEHHBIX Ka-
Teropuii (KJ1acTepoB) 1Mo BEIOOPY HccieaoBaTessi. UnciaeHHbIe
T'PaHUIIBI KAUECTBEHHBIX KAaTETOPUH OIIPEENIAIOTCS aBTOMATH-
YECKH C MOMOIIBIO OAHOTO U3 METO/IOB KJIACTEPU3aINH, JTHO0
3a7al0Tcsl uccienoBareneM. [locmemuuii ciaydail mo3Bossier
HCIONB30BaTh SKCHEPTHHIE 3HAHMS NPHU CO3JaHUU MOJENeH
B KOHKPETHBIX NpEIMETHBIX oOnactsx. Pesymbrarom mepso-
TO IIara METOJUKH SBJSETCS KaueCTBEHHBIM MacCHUB JaHHBIX
D, conepxaruii Homepa KJ1acTepoB C;j» K KOTOPBIM OTHOCHTCS
Ka)kJast 3aIHiCh dj MCXOJHBIX JIaHHBIX, a TaKkke MaccuB Bf 3Ha-
YeHUH’ fj (GYHKIMI NPUHAUISKHOCTH K KIIacTepy Ul KoM
3amnvcu dj WCXOIHBIX JAHHBIX. 3Ha4YeHUs (QYHKIUM TpUHAM-
JICKHOCTHU fj (bUKCHPYIOTCS C YUETOM TOTO, CIIPaBa sidej =TI win
ciieBa side,= | o MakcHMyMa (QyHKIMH IPHHAUICKHOCTH Ha-
XOIUTCS Ta WM MHAs 3alUCh UCXOAHBIX AaHHbIX. [Tom1o0OHbIH
TIO/IXOJ] TIO3BOJISIET B JAJbHEHIIEM BOCCTAaHOBUTH MCXOIHBIC
KOJIMYECTBEHHBIC 3HAUCHNUS TAaHHBIX.

Ha Bropom mare meromuku HUP cosmaercs monens
HEYETKOr'0 MHAYKTHBHOTO PACCyXJIEHHS B BHJE «MAaCKM)» —
MTOJIMHOXKECTBA IByMEPHOH Tabnuirel D, conmeprxaieii reome-
TPUYECKYIO KOH(DUTYpALNIO 3HAYEHHUI BXOAHBIX IIEPEMEHHBIX
(TmapameTpsl BBIOOpa TPEABICTOPHHE B CIIydae OIHOMEPHBIX
psi10B), oOecIeunBaloIIei HauBBICIIYIO MOTSHIIHAIBHYIO TOU-
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HOCTB porHo3upoBanus. [IpuBegem npuMep Macku (MoJeNn)
(Tabm. 1).

Tabnuya
IIpumep macku
A% v, v, v, y
t=20t1 -1 -1 0 0
t— oty 0 0 -1 -1
t -1 0 0 +1

JlaHHas Macka COOTBETCTBYET YPABHEHHUIO:
y(t) = f(v, (£=201), v,(1=201), v,(1=0t), y (t=0t), v (1)),

eV, V,, V, — BXOJIHBIC TIEPEMEHHBIE,

Y — BBIXO/IHAs IepeMeHHas,

f 0603Ha"aeT KaueCTBEHHOE OTHOLICHUE, HAMJCHHOE TIPO-
rpaMMOH.

Kaxplil oTpuaTenbHbIA JIEMEHT MAacKd Ha3bIBaeTCs
M-BXOJIOM, a MOJOKUTENbHBIN — M-BbIXoA0M. Kax b1t m-Bxon
OTpaXkaeT MPUUMHHYIO CBSA3b C BBIXOJIOM, BJIMSS HA HETO JI0 He-
KOTOpOi#i cTenieHu. KommuecTBo HEHYNEBBIX JIEMEHTOB HA3bIBA-
eTcsl CIIOKHOCTBIO MAacKu. Macka MCIONb3yeTCsl BMECTE C He-
YETKUMH JaHHBIMH, MOTYYEHHBIMU Ha JTare KayeCTBEHHOIO
KOZIMPOBAHUSL, JUTS CO3/IaHMs KaueCTBEHHOM 0a3bl mpasmil. Pac-
CMOTPUM MPOLECC MOUCKA ONTUMAIBHON MACKH.

DyHKIMS TOMCKA ONTUMAJIBHONW MAaCKU paccMaTpUBaeT
BCE BO3MOKHBIE MAaCKH CIIO)KHOCTH 2 (OMH M-BXOA M OJIUH
M-BBIXO[) ¥ HAXOIWT JIYIIyI0 MacKy, BBIYMCIISS KA4ECTBO Ma-
cku. Jlajee QyHKIUS paccMaTpUBAET BCE BO3MOXKHBIC MAcKH
CIOXHOCTH 3 (B2 M-BXOJa M M-BBIXOM) ¥ HAXOAUT JIYUIIYIO;
JICWCTBHE ITIOBTOPSIETCS, MOKAa HE Oy/IeT JOCTHI'HYTa MaKCH-
MaJlbHasl CJIOKHOCTh. Macka aOCOJIIOTHO JIy4Ilero KauecTBa
3aTeM HCIONB3yeTCsl B KadecTBe onTuManbHOH. Ilomck 00-
JIafjaeT SKCIOHEHLIMAIbHONW CIIOKHOCTBIO, OLeHmBas 2"'-1
MAacoK, Iepes NPUHATHEM PELIeHHUs, TIe N — MaKCHMaJbHas
BO3MOXKHAsI CJIOKHOCTb.

J1J1s1 OLIEHKH KayecTBa MacKy BbIUUCISIETCs] MH(OpMaLu-
onHas 3HTponus I no IlleHHOHY miIs KaXI0U U3 paccMaTrpu-
BaeMbIX Macok M .M . OnTuMaJbHON cUMTaeTCs Macka Mopt,
MH()OPMALMOHHAS SHTPOIHUS KOTOPOH MHHUMAJIbHA.

Tperuii war meronuku HUP cBsizan ¢ urepaTuBHBIM Mpo-
THO3UPOBAHHUEM TOCJIENAHEr0+1 3HaueHHsI BBIXOJHOM MepeMeH-
HOH y (KOHIIA psiJia JUIsl OJHOMEPHBIX psinoB). st cocraBneHus
MIPOrHO3a (KMHAYKTUBHOTO PACCYKACHHs») HA OCHOBE MacCCH-
Ba KQYECTBEHHBIX JAaHHBIX D, TIONyYeHHBIX HA IIare | U onTH-
MaJbHOM MAacKH Mopt’ TIOTY9eHHOW Ha Imare 2 COCTaBIISIETCS
6a3a mpasmi Rb, conmeprkainas Hamboiee BEpOSTHBIC 3aBep-
LIEHUs] KOHIIEBOM MOCNIEN0BATENBHOCTH JJAaHHBIX, TIOJTyYEHHBIE
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METOIOM «TOJIOCOBAHUS» N OMMKAWIINX cocenei KOHIIEBOM
nocyuenoBarenbHOCTH. CocTaBIseTcss MPOTHO3 TMocieaHero+1
3HAYCHUS BBIXOJHOW IIEPEMEHHOM, TIOCIIE Yer0 MacKa CIIBUTacT-
csl Ha | TMO3UIMIO K KOHITY MacCHBa U OTBICKHBACTCS HAHOOIee
BEPOSITHOE TPOJODKEHHUE TMOMYUYUBIIEHCST TOCIeI0BaTeIbHO-
CTH ISl TIPOTHO3UPOBAHUS TOCIEHET0+2 3HAaYEHUSI BBIXOIHOM
nepeMeHHo. [Iponenypa noBropseTcst 3aJaHHOE YUCIIO Pa3.

Ha geTBepTOM mIare METOIUKH KadeCTBEHHBIC 3HAUYCHHUS
D npeoOpasyroTcs BHOBb B KOIIMYECTBEHHBIE C MCIIOJIB30Ba-
HUEM 3Ha4YeHHU (YHKIUN MpUHAUICKHOCTH u3 maccuBa Bf
Y TAaHHBIX sidej 0 TMOJIOKCHUH 3aMUCH | OTHOCUTEILHO MaKCH-
MyMa (YHKIMHU TPUHAJUICKHOCTH, OCYILIECTBIISIETCS BU3YallH-
3anus MOMyYSHHOTO MPOTHO3a U OICHKA €T0 OIIHUOKH IPOTHB
KOHTPOJIEHOW BBIOOPKH.

Boree monpoOHO MOMCK ONTUMANTBHOW MacKH Ha OCHOBE
pacyeta HHPOPMAITMOHHOW YHTPOITUH U IPOTHO3UPOBAHUC HA
OCHOBC B3BEIICHHOTO «TOJIOCOBAaHUS» OMKANIINX coceneit
onrcano Hamu B [13].

Iporpamma «AimDSS»

«AImDSS» co3nmana acrimpanToM Kybamnckoro rocymap-
CTBEHHOIo yHHBepcuTeTa I'yceBbIM A.A. Ui aBTOMaru3aluu
npumenenus Metoauku HUP. ITporpamma pa3paGorana Ha s13b1-
ke Java, 4To MO3BOJISET HCIIONB30BATh €€ He TOJIBKO B OIepary-
OHHBIX cpenax Ha 6aze Microsoft Windows n macOS, Ho u B OT-
€UECTBEHHBIX CIEIHAITN3NPOBAHHBIX ONEPAIMOHHBIX CHCTEMaX
Ha siape Linux. [Tocnenee sBisiercst OqHON U3 CYIIECTBEHHBIX
ocobenHocreit «AimDSS» B cpaBHEHNM ¢ IPYyTHMH MTAaKETaMH,
peamsytomumu Metoauxky HUP, takumu kak Hagctpoiiku FIR
u Visual-FIR, pa3pabarpiBacmbic B bapCeOHCKOM MOJTUTEXHHU-
YECKOM yHHBEpCHTETE U LIFOpHXCKOM YHUBEPCUTETE BBIYHCIIH-
TeNBHBIX HayK [ 14] ams MaremaTrdeckoro makera Matlab.

Moneanb

Jnst cocTaBieHusl HEUETKOW MHIYKTHBHOW MOJIEIH MBI
B3sUTM S-MHHYTHbIE JIJAHHBIE O ITOTOKE AJIEKTPOHOB C SHEPrue
1-5 M»3B 3a 10 aBrycra 2017 1., pa3merennsie Ha ftp-cepepe
HammonansHot MeTeoponormueckoit ciryx0s1 CHIA. M3me-
peHus, MpEe/ICTaBICHHBIE HA 3TOM CEepBEpe, OCYIIECTBISIOT-
csi ¢ nomombto cytHuka Advanced Composition Explorer
(ACE), 3anymernoro NASA B 1997. Boi6op 3T0ro HCTOYHHKA
JIAaHHBIX OOYCIIOBJICH HaJM4YHEM JIEeTaJM3MPOBAHHBIX MacCH-
BOB U3MEPUTENHLHON HH(POPMALIUK B OTKPBITOM JOCTYTIE.

Bribopxa comepkama 163 3ammcu 3a 10 aBrycra 2017
¢ 3:00 no 16:30 mo Mockosckomy Bpemenn (MCK). Ilepuo-
JUYHOCTH U3MEPEHUH COCTaBIsIa 5 MUHYT.

Hamu 65110 OcymiecTBieHo 15-MUHYTHOE CIiIa)KUBaHHE
MCXOJHBIX JIaHHBIX ¥ HOPMHUPOBAHHE BEJIIMUMHBI II0TOKA HJICK-
TpoHoB B auanaszone [0;1]. IloxyunBimiics MacCUB CITIaXKeH-
HBIX HOPMHUPOBAHHBIX TAaHHBIX cofiepskan 161 3amuce.

st cocraBienus: mozenu (00ydaromiast BRIOOpKa) ObLIH
BbIOpansl nepseie 107 3anmceit maccusa (3:10-12:00 MCK).

Ha »Tame kauecTBEHHOTO KOTUPOBAHUS OBUIM 3a/JaHBI
40 xaTeropwif HEYETKOTO MHIYKTHBHOTO pacCyKICHUs, 00pa-
30BaHHBIC TporpaMmMoil «AimDSS» HEeHTPOUIHBIM METOOM
KJIaCTepHU3alnHy.

Ha srame noncka onTuMalibHOM Macku (Mojenu) o0b-
exta «AimDSSy onpenenuina Macky 4x5, COOTBETCTBYOILY IO
ypasuenuto Y = f(y(¢—ot), y(t—20t), y(t—4at)), tne y — mome-
JTUpyeMoe 3HAYCHHE MOTOKA BBHICOKODPHEPTETHIHBIX DIICKTPO-
HOB, f — co3naBaemoe mporpamMmoil Ha ocHOBe 0a3bl MPABUIT
KaueCTBEHHOE OTHOIIEHHE, | — BpeMeHHO napamerp, ot — 5
MUHYT JUIsl JAaHHOTO Habopa N3MEpeHuii.

CocraBieHHe TPOTHO3a M KOHTPOJb MOJIEIH OCYIIEeCT-
BIBSUICS Ha 54 mocneqHux 3armucsix BeIoopku (12:05-16:30 MCK).

CpemHexBapaTHdHas OMMOKa TPOTHO3a COCTaBHIIA
0,07. IlpuBenem pe3yiabraThbl HPOBEPKH MIPOrHO3a POTUB KOH-
TPOJIBHO BEIOOPKH (puC. 1).

O6cy:xaenue

HeveTkoe MHIYKTUBHOE PAcCyKAEHHE OTHOCHUTCS K Ka-
YECTBEHHBIM METOJMKAM aHaln3a JAAaHHBIX. TOYHOCTH MOIy-
YaeMOro IPOTHO3a CHJIBHO 3aBHCUT OT IapaMeTpoB Kaue-
CTBEHHOTI'O KOJMPOBAHUS UCXOAHBIX JAHHBIX Ha MIEPBOM LIare
MeroaukH [15]. HecMoTpst Ha BOBMOXKHOCTH 0OpaTHOTO KOJTH-
YECTBEHHOTO MPeoOpa30BaHMs BBHIXOAHOTO MAcCCHBA JaHHBIX,
MIPOTHO3 YacTO OKa3bIBaeTcs 00Jiee TOUHBIM B MPENCKAa3aHUU
XapakTepa U3MEHEHNS BEIXOHOM BETMUNHEL, a HE €€ KOHKPET-
HBIX KOJINYECTBEHHBIX 3HAYCHHH.

JlocToMHCTBAaMU METOJIUKU SIBIISICTCS €€ OIopa Ha JaH-
Hble O HaOIIOZAaeMOM IIOBEACHHUH MOJEIUPYEMOro OOBbEeKTa
0e3 HeoOXOAMMOCTH 3HaHHSI €r0 BHYTPEHHEW CTPYKTYpbI[16],
a TaKXe BO3MOXHOCTb COCTABJICHHUS MOJCICH Ha CpaBHH-
TEJFHO HEOONBIIOM MAacCHBE MCXOIHBIX IAHHBIX, COMAEpKa-
ieM MPOMYCKA B U3MepeHusx [17], duro sBusercs mpobdieM-
HBIM NP UCHOJIB30BAHUU UCKYCCTBEHHBIX HEHPOHHBIX CEeTel
U HEWPO-HEYETKUX CUCTEM.

0,35

0.3

[ = Mpor1oIvpyemMas 8eAHIMHa

| NMpoeepoynan swbopxa

KonwuecreenHoe IHaveHue

0,15

0,1

o 10 20 30 40 50
Homep 3anucu Nporiosa

Puc. 1. Pe3ynbrarsl MOACIUPOBAHHS JUHAMHUKH [IOTOKA 3JIEKTPOHOB
1-5 MaB 3a 10 aBrycra 2017 12:05 — 16:30 MCK
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HemanoBaxxHol $sIBIIsSIETCST M MPO3PAYHOCTb, A TAKXKE
CpaBHHUTENBHAS MPOCTOTA PEATM3AINH aJTOPHTMA METOTUKH
HA S3bIKaX BBICOKOTO YPOBHSI, YTO, HA HAI B3IV, TIO3BOJISCT
pa3pabarkiBaTh U UCIIOIH30BATH IPOTPAMMHBIC MOJYITH HEUYCT-
KOTO MHAYKTHBHOTO PACCYXJEHHUS B COCTaBE OTECUCCTBEHHBIX
KOMIIJIEKCOB CIELUAIM3UPOBAHHOIO MTPOTPAMMHOI0 odecre-
YeHHUs, HApAAy C TPAIUIINOHHBIMUA KOMIIOHEHTaMH CTaTHUCTHU-
YECKOTO aHaIIN3a.

[Ipr HaMMYHMK SKCIICPTHBIX 3HAHUH METOIUKA ITO3BOJIS-
€T 3aJaBaTh ONTHMAJIbHBIC HAOOPHI MAPAMETPOB Ka4CCTBCH-
HOTO KOJMPOBAHUS M BHIOOpPAa MAacKM JUIsl KOHKPETHBIX 3ajad
B 3aJJaHHOW TPEMETHON OO0JACTH, YTO MO3BOJIUT TIOBBICUTH
3¢ (}HEeKTUBHOCTh TPOTHO3UPOBAHUS W CHIENaTh COCTaBIICHUE
MoJieNieil MaKCHMaIbHO OTICPaTHBHBIM, HCIIOIH30BaTh MOIY-
JI HEYETKOTO MHIYKTUBHOTO PACCYKICHUS B COCTaBE OTEUE-
ctBeHHbIX ACY B pealbHOM BPEMEHH.

3akii04eHue

C nmnomompl0 pa3pabOTaHHOW HaMH MPOTPAMMBI
«AimDSS» co3maHa Momens HEYSTKOTO MHIYKTHBHOTO pac-
CYXJICHUS [T KPaTKOCPOYHOTO IIPOTHO3UPOBAHUS THHAMHUKHI
COJTHECYHOT'O BETpa B 4aCOBOM MacmITabe BPEMCHH 110 JAHHBIM
0 3HAYCHUSAX MMOTOKA BEICOKOIHEPTETHYHBIX AIEKTPOHOB. Mo-
JIeJib TPOBEPEHa Ha KOHTPOJLHOU BBHIOOPKE M3MEPHUTEIbHOU
nHopmanmm.

JanbHeilliee U3ydyeHHUE MPEAnoaraeT HUCCiIeI0BaHUE
BOTIPOCOB TIOBHIIICHUSI KAa4eCTBa IPOTHO3UPOBAHHSA C WC-
nonp30oBanreM Metonuku HUP Ha ocHOBe 100aBicHHS B MO-
JICJTb HOBBIX BXOJHBIX TICPEMCHHBIX, XapaKTCPUBYIOIIUX COJI-
HEYHYIO aKTUBHOCTD.

HeoOxommMo OTMETHTH, YTO, HECMOTPS Ha pacTyliee
MPUMEHEHNE METOMOB KOMIBIOTEPHOTO aHaiHM3a JaHHBIX,
pa3BuTHE (PHU3UYECKHUX TEOPUH, OOBSCHSIOMIHNX pa3IHIHBIC
SIBIICHUSI COJTHEYHOW AKTHBHOCTH SIBJSICTCS HEOOXOIUMBIM
YCIIOBUEM YIYUIICHUS 0TOOPa BXOIHBIX JaHHBIX U pa3padoT-
KU 3BPpUCTUYCCKUX AJITOPUTMOB OIIPEACICHUSA ONTUMAJIBHBIX
apaMeTpoB CO3MAHUS HHIYKTHBHBIX MOJIETCH. MeTOoIbI KOM-
MBIOTEPHOTO MOICTUPOBAHMS B CBOIO O4YEpeIbh MOTYT OBITh
TTOJIC3HBI ISl IPOBEPKHU THUIIOTE3 B TCOPETHUSCKUX UCCIEHO-
BaHUSX.

MeTon HEYETKOr0 MHIYKTUBHOTO PACCYXKICHHS U €To
peanuzanus B nporpamme «AimDSS» Takke MO3BOJISIOT
oTpenesaTh HaOOPHl MapaMeTPOB CO3IAaHUS MOAETeH ¢ yue-
TOM SKCIEPTHBIX 3HAHWI, YTO, HA HAIl B3I, TO3BOJISIET
HCIIOJh30BaTh JAHHBIH METOH W pa3pabOoTaHHOE HAMH IIPO-
TpaMMHOE 00ECIICUCHUE B COCTABE OTCYCCTBCHHBIX KOMILICK-
COB CIEIHAIM3UPOBAHHOTO ITPOTPAMMHOT0 00ECTICUeHUS JIsl
aHaJu3a JaHHBIX U MOAJAEPKKU IPUHATHS PELLIEHUN B pealb-
HOM BPEMEHHU B CTICIMATIBHBIX MTPEIMETHBIX 00IACTSIX.
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ABSTRACT

The work demonstrates the application of the tool “AimDSS”
developed by the authors to synthesize models of fuzzy
inductive reasoning for automated processing of measure-
ment information on the example of short-term forecasting
of solar wind dynamics in the hourly time scale based on
the satellite recording of the flux of high-energy electrons
emitted by the Sun's corona. The tool “AimDSS”, shown in the
work, is a cross-platform application capable of running un-
der the Russian domestic operating systems “Mobile Armed
Forces System” and AstraLinux of the latest versions. The
subject of the research carried out in the article is the dy-
namics of the flow of high-energy electrons, which are one
of the components of the solar wind. The aim of the study is

KEYWORDS: decision support systems; short-term forecast-
ing; intellectual analysis of measuring information; fuzzy in-
ductive reasoning; solar activity; solar wind.

to create and evaluate the model of the hourly dynamics of
the solar wind on a daily prehistory. The method of investiga-
tion is fuzzy inductive reasoning. The work analyzes the ap-
proaches to modeling solar activity, describes its main man-
ifestations and the most widely used methods of processing
measurement information in this field. A brief history of solar
wind research is presented. The technique for creating mod-
els of fuzzy inductive reasoning, ways of qualitative recod-
ing of initial data, criteria for choosing the optimal mask for
generating data, generating a qualitative rule base and com-
piling a forecast of the dynamics of the investigated value
based on a weighted algorithm of "nearest neighbors" are
described. An hour-long model of the dynamics of the flow
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of high-energy electrons is created. The forecast obtained
with the help of the model is checked on the control sample.
The root-mean-square error of the forecast was 0.07. The au-
thors have also shown the possibility of applying the fuzzy
inductive reasoning method and the tool “AimDSS" present-
ed in the work to creating models of the dynamics of natural
and technogenic processes in real time for application in the
Russian domestic packets of specialized software and auto-
mated control systems by means of the detailed adjustment
of the categories of fuzzy inductive reasoning and the config-
uration of the mask used for the data generation on the basis
of expertise in a particular subject area.
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AHHOTALNSA

B pabote npoaHanu3npoBaH MNOAXOA K KOHTPOJIIO KauecTBa roptoyero >KMAKOro pakeTHoro
TOMSIMBa NpPWU AONTOCPOYHOM XPaHEHUM ero B pesepByapax Ha 3amnpaBOYHbIX CTAHLUSX, Ha
npumMepe HeCMMMETPUYHOIrO AMMETUArNAPa3suHa U C y4eTOM CyLLeCTBYIOLLUNX HeA0CTaTKOB
pPaccMOTpeH Noaxo[ K KOHTPOJIIO KayecTBa roptoyero npu BO3AENCTBUU Ha HEro 3J1eKTpo-
MarHWTHOrO MOJIs MPY Pa3INYHbIX YaCTOTaX CMHYCOMAANbHbIX KosiebaHuit u TemnepaTypax.
Mpepnaraembii Nogxopd OCHOBaH Ha CBONCTBE XXMAKOCTEN, B KOTOPOM MPU HEKOTOPOW Xapak-
TEPUCTUYECKOWN YacToTe, NPUOBPETEHHON B YAaCTOTHO-U3MEHSIIOLLLEMCS 3/1IEKTPOMAarHUTHOM
none B AnanasoHe ot 0,9 kM go 10 M, akTUBHas 3N1€KTPONPOBOAHOCTb OCTAETCH HEU3MEH-
HOW MpW pasfINyHbIX TeMnepaTtypax, YTo NO3BOsISeT OXxapakTepnsoBaTb Kak camy XXUAKOCTb,
Tak ¥ M3MeHeHne eé coCTosAHMUs. DTO CBOUCTBO XXMUAKOCTEN MOMOIJIO C HOBbIX MO3ULMI Npea-
CTaBUTb TEOpPEeTUYEeCcKMe OCHOBbLI, MO3BOJIsIOWME pa3paboTaTe HayYHO-METOAONOrNYEeCKUI
annapaT onepaTMBHOrO KOHTPOJISi KayecTBa roployero Ha OCHOBE pPe3yJsibTaTOB U3MepPeHUs
yAesbHbIX 3/1EKTPOMAarHUTHbIX XapakTtepuctuk. NpepcTaBnieHbl pe3ynbTaTbl 3KCNEPUMEH-
TaJIbHbIX UCC/IE[O0BaHNUN rOpOYero HeCUMMEeTPUYHOro AuMeTunrugpasuHa. Camu yaenbHble
napameTpbl CyLLeCTBEHHO Pas3siMyaloTcsi, Tak Kak HermocpeACcTBEHHO CBsi3aHbl C passinyato-
wumncs GopmMamMmn BeLLEeCTBa, OAHOBPEMEHHO COAEPXKALUMMUCS B OAHHOMN >XUAKOCTU. DTU
pasniMunsa HOCAT CTPYKTYPHBIN XapaKTep M OYeHb CyLlecTBeHHbl. [1peanoxeHHbI noaxon,
NO3BOJINET HEMPEPbIBHO KOHTPOJIMPOBaTh KauyeCTBEHHbIE U3MEHEHUSI FOPIOYEro, KoTopble
NPOUCXOAST NPU AOJITOCPOYHOM XPaHEHUU, TPAHCMOPTUPOBKE, HAPYLLEHUN TEXHOIOTUN Xpa-
HEHWSI, N CUTHANIN3MPOBaTb O HEBO3MOXXHOCTU MPUMEHEHUsI AaHHOro roploYero AJsis 3anpas-
KN pakeT KOCMUYeCKOoro HasHauyeHwus. [pennoxeHbl NyTn peanusauumn faHHOro Noaxopa Ha
3aMnpaBoYHbIX CTAHLUMSX PAKET KOCMMYECcKoro HasHavyeHus. OBycrioBneHa posib B3aumogaen-
CTBMSI METPOJIOrMYECKMX BOVHCKUX NOoApasfenieHin u Gpuanko-xMMuuyeckux naboparopui
no KanubpoBKe AaTYMKOB KOHTPOJIS KayecTsa roptodero. MpoaHanvavpoBaHa akTyasbHOCTb
NPYMeHeHNs1 AaHHOrO NOAXOAAa U NepCneKTUBa NPUMEHEHMUS €ro B BO@HHO-KOCMUYECKOM OT-

pacnn ona KOHTPOA KavyecTBa Pa3/IMiHbIX FOPHOYNUX XXUAKUX PaKeTHbIX TOMNJINB.

KJIKOYEBbBIE CJTOBA: HecnmMeTpuuHbI AUMETUArMAPAa3UH; pakeTHoe ropiouee; one-
paTUBHbIA KOHTPONb KayecTBa PakeTHOro FroOpioYero; 37eKTPOMarHUTHOe MoJse; akTUBHas

3N1EeKTPOonpoBOAHOCTb.

Ansa untupoBaHus: Kpasyos A.H., Bennyko A.FO., Ycukos B.[]. Nopxop, K onepaTMBHOMY KOHTPOJTIO KaYeCcTBa KOMMOHEHTOB

>KMAKOFO PakeTHOro TOMJIMBa Npw AOJIFOCPOYHOM XPaHEHMM B pe3epByapax Ha 3anpaBoyHbIX cTaHuuax // Haykoemkume Tex-
Hosnorum B kKocMuyeckux ncenegosanmax 3emnun. 2018.T. 10. N2 1. C. 29-38. doi 10.24411/2409-5419-2018-10017
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IIponecc XMMHYECKOrO NpPEBpAIEHUs] BEIIECTB, CO-
CTaBJIAIOIIUX TOIUIMBO, B TPOAYKTBI TOPEHUS — 3TO, MO CYTH,
MPOLECC COOTBETCTBYIOLIEH NEPErpyniupoBKH aTOMOB, W3
KOTOPBIX COCTOSIT MOJIEKYJIbI KOMITOHEHTOB TOIUIMBA, C 00pa-
30BaHHEM HOBBIX MOJIEKYII.

OOBIYHO TOIUTMBO COCTOMT U3 JIBYX BEIECTB — TOPIO-
4ero M OKHMCIUTENS, KOTOpPBIE HAa3bIBAIOTCS KOMIIOHEHTaMHU
paketroro torutuBa (KPT).

T'oprouee — 3T0 BelECTBO, ATOMBI KOTOPOIO MpPH Mepe-
X0Jle B MPOAYKTHI TOPEHHUS] UMEHT CYIIECTBEHHO MOJIOXKU-
TEJIbHBII MPUPOCT CYMMApHOIl CTENEHU OKUCIICHUS, a OKHC-
JUTENh — 3TO BEIIECTBO, aTOMBI KOTOPOTO TPH IEpexone
B MPOAYKTBI TOPEHUSI UMEIOT CYIIIECTBEHHO OTPULATEIbHBIN
IPUPOCT CYMMapPHOl CTENEHH OKUCIIECHUS.

Jannast pabora ObLIa TIpOBEICHA B paMKax COBEp-
HIEHCTBOBAHMS aBTOMATU3UPOBAHHON CHCTEMBI YIPaBIICHUS
MPEACTapTOBOM MOATOTOBKH U ITyCKa pakeT KOCMHYECKOTO
HasHaueHus. [Ipemyiaraemelil IOAXOX K KOHTPOJIIO KauecTBa
TOPIOYETO pPaKeT KOCMUYECKOTO HAa3HAYEHUS IPHU J0JITr0CpoU-
HOM XPAaHEHUH €T0 Ha 3aIIPABOYHBIX CTAHIHUAX, MO3BOIISET Cy-
HIECTBEHHO ITOBBICUTh ONIEPATUBHOCTH IPOBEPKU M KOHTPOIIS
€ro KayecTBa.

B cootBerctBuu ¢ 'OCT 15467-79 xauecTBO MpoOIyK-
LIUH — 3TO COBOKYITHOCTb CBOWCTB IPOIYKIIUH, OOYCIIOBIIH-
BAIOUIMX €€ IMPUTOJHOCTh YN OBIETBOPATH ONPEACIEHHBIE M0~
TpeOHOCTH B COOTBETCTBHUH C € HazHaYCHHEM. A KOHTPOIb
KauecTBa — 3TO MPOLECC MOIyYeHUsI U 00paboTku nHpopma-
UK 00 0OBEKTE C EITbI0 OTIPEICIICHHS HaXOXKACHUS Iapame-
TPOB 00BEKTA B 33JaHHBIX MPE/ICIIax.

[Iporecc KOHTPOIS 3aKITIOYAETCS B YCTAHOBICHHUU CO-
OTBETCTBHUS JCHCTBUTENbHBIX 3HAYCHUN (PU3NUECKUX BEIH-
YUH YCTAHOBJIEHHBIM TNPEAEIbHBIM 3HadyeHHsAM. KoHTpoib
JIOJDKEH OTBETUTH HA BOIIPOC, HAXOAUTCS JIM KOHTPOJIUpyeMast
(u3nuecKast BeJIMYMHA B T10JIE JOIYCKa WIIM BBIXOIUT 3@ €r0
npeaenbl. KoHTposb mapaMeTpoB U XapaKTepUCTHK 00BEKTa,
CBSI3aHHBIN C HAXOXKACHUEM JICHCTBUTENLHBIX 3HAYCHHH (H-
3MYECKUX BEJINYMH, HA3bIBACTCA H3MEPUTEIbHBIM KOHTPOJIEM.

B Ttex cmywasx, xorga HET HEOOXOIUMOCTH OIpese-
JSTh YMCIIOBBIE 3HAUCHMS (PU3MUYECKUX BEIMYMH, a TpeOyer-
Csl yCTAaHOBUTH TOJIBKO (DaKT HAXOXKACHUS Mapamerpa B HoJe
JIOTIyCKa WJIM BBIXOJIA M3 HEro, MPOU3BOJUTCS KadeCTBEHHAs

OIICHKa TTapaMeTPOB 0OBEKTA, TO €CTh OCYIIECTBIICTCS Kade-
CTBEHHBIN KOHTPOJIb.

PaccMoTpum cymiecTBYROIUI MOAX0M K KOHTPOJIO Ka-
YEeCTBa FOPIOUETo PaKeT KOCMUYECKOro Ha3HAUEHUs MpU J0JI-
TOCPOYHOM XPAaHEHUH €ro B pe3epByapax Ha 3allpPaBOYHBIX
CTaHIUAX Ha MPUMEPEC TOPrHOYEr0 HECUMMETPUYHOI'O AUME-
tanruapasuaa (HIMI).

HecuMMeTpryHBIH IUMETUITHAPAZUH SBISCTCS OTHUM
13 HanOoJee MIMPOKO IPUMEHICMBIX B HACTOSIIEE BpeMs pa-
KETHBIX roptounx. [To BHEIIHMM NpH3HAKaM 3TO OecuBeTHAas
WM CJIeTKa JKeJlIToBaTas BecbMa JIeTydasl )KUJKOCTh C 3ara-
XOM, TTOOOHBIM 3araxy aMMHaKa.

OCHOBHBIM KOMIIOHEHTOM TOPIOYEro, KOTOPOE HMEET
TaKKe YCIOBHOC HAMMCHOBAHHE «TEITHID), SBISETCS COO-
creerno HIMI, xumugeckas Gpopmyina koroporo (CH,),N H,,
MIPOYKT HECHMMETPHYHOTO 3aMEICHHS JABYyX aTOMOB BOJIO-
pozna B Monekyne rujpasina pamukana CH, Ocnosuble ¢u-
3uveckue xapakrepucruku H/AMI npexncrasnenst B Taoum. 1.

HJIMI' ¢ a30THOKHCIIOTHBIMH OKHCIUTEIISIMA B3aUMO-
JICHCTBYET OYEHb AKTUBHO M caMoBocIuiamenseTcsi. K xoH-
CTPYKIIMOHHBIM MaTepuajiaM He arpeccuBeH. /s xpaHeHUs
u TpancnoptupoBku H/IMI™ npuMeHSI0TCSl eMKOCTH U3 yIIe-
poauctoit cranu Cr-3, s 0akoB pakeT — allOMHHHUEBBIC
crnaBbl AMr-3 wim AMr-6. ITocTosiHHBIA KOHTAKT C BO3IYy-
XOM HeZonycTuM, Tak kak H/IMI" akTHBHO OMIIOIIAET KUCIIO-
PO ¥ OKUCIIICTCS, TOITOMY €T0 XPAHAT B TEPMETUYHO 3aKPhI-
TBIX EMKOCTSIX TP MaKCHUMAaJIbHOU CTETICHH 3aIlOTHEHISI TT0]T
A30THOH «ImogynIkoi». ['epmeTnyHoe XpaHeHne HeoOX0IUMO
TaK)Ke B CBSI3U C OOJBIIOW TUTPOCKOIMMYHOCTHIO MPOJYKTa,
0COOEHHO IPH NOBBILICHHOW TeMIIEpaType U BIa)KHOCTH BO3-
nyxa. EMkocTi cHaGXaloT yCTpOHCTBAMH 1T KOHTPOJIS 1aB-
JICHWS W TIO/ICPKaHUs ero Ha 3a/IaHHOM ypPOBHE.

HAMI- Becbma TokcHuHbIN poayKT. [lopaskenne um Bo3-
MO>KHO ITPH BABIXaHWH [1APOB U B PE3YJIBTaTE BCACHIBAHMS €I'0 Ye-
PEe3 KOXKY, BCIICJICTBHE YETO TOSIBIISIETCS] O0ITh, TOJIOBOKPYKEHHE,
¢11ab0CTh, CIABJICHHOCTh B TPY/H, HOBBIIICHHASI TEMIIEparypa,
a TIpY CUITLHOM OTpaBJIeHHH — 00JIh B 00JIACTH Cep/Ilia, KpaCHbIE
TISITHA Ha JIAIIE ¥ TPYIIH, Pa3BUBACTCS OTEK JICTKUX, HAOMIOTaeTCs
TOTePst CO3HAHWS, CYIOPOTH BILIOTH JI0 CMEPTEIBHOTO MCXO/A.

IIpenenbHO MomycTHMAasi KOHIIEHTPALUS TApOB roproye-
ro B Bo3nyxe paBHa 0,0001 mr/i, mo 3amaxy k€ OIIYIIaeTCs

Tabnuya 1
OcHOBHBIE (pU3HYECKHE XapaKTepucTuKy roprouero HAMI
Pxp r/ C I, Aogss BT/ v i
1" T K T K T K ’ 293, 2 293° 293° 2932
oprotee s R P, MIla 3 kJIK/KT kJIK/KT MK MM%/c kJIK/KT
HAMI 215 336 523 6,08 0,7905 2,68 586 0,17 0,68 +780

30



10. No. 1-2018, H&ES RESEARCH

INSTRUMENT ENGINEERING, METROLOGY AND INFORMATION-MEASURING DEVICES AND SYSTEMS

xouneHtparms aunrs 0,015-0,02 mr/m, mosTomy Bce paboTh
¢ HAMI' nomkHBI OBITH OOecIieueHbl TeXHHUSCKUMH Cpell-
CTBaMH OOHAPYKEHUsI €0 MapoB B BO3/IyXe (aBTOMATHUECKH-
MU Ta30aHAIN3aTOPaMH), OCOOCHHO B IMOI3EMHBIX COOPYKe-
HUSIX U CTAIHOHAPHBIX 3aKPBITHIX XPaHHUJIHIIAX.

EMKoCTH XpaHWIHIA CHAOKCHBI ypOBHEMEpaMH st
omperneneHus oo0beMa TOIUINBA U MPOOOOTOOPHBIMH yCTPOH-
CTBaMH JIJIs TPOOBI TOTUTHBA HA XUMHYESCKHUI aHAITU3.

OO0ecrieueHre 1 KOHTPOIb (DH3UKO-XMMHIECKOTO COCTaBa
KOMITOHCHTOB PaKETHOTO TOILTHBA COCTOUT B OTOOPE MPOOBI €ro
U3 €MKOCTH, ONPEICICHUN XapaKTEePHCTUK IPOIYKTa M COIO-
CTaBJICHUH UX 3HAYCHHH C Tpe6OBaHI/I$IMI/I TEXHUYCCKUX yCHOBHﬁ.

[ensiMu KOHTPOJISL SIBISIFOTCSI:

— TPeJOTBpAIICHHE MOCTABOK HEKAYeCTBEHHBIX IPO-
JIyKTOB;

— YYeT COCTOSIHUSI XPaHUMBIX 3aI1acoB;

— CBOEBPEMEHHOE OCBEKEHHE 3aIacoB.

KoHTpOJIb OCYIIECTBISIETCSI CPEICTBAME CTAI[MOHAPHOU
(bu3uKO-XUMHUYECKOH JTabopaTopu.

B 3aBHCHMOCTH OT YHCIIa ONPEIENAEMbIX IIPH KOHTPOJIE
XapaKTEPUCTUK KOMIIOHEHTA MPEyCMOTPEHBI TTOJIHbBIH U KOH-
TPOJBHBIA aHATH3bI, KK U3 KOTOPBIX BBIMIOIHSICTCS B 3a-
BHUCUMOCTH OT 00CTOSITEIIbCTB MEPEMEIICHHUS MPOIYKTa U CPO-
KOB €r0 XpaHCHHS.

[Tpu Bcex mepeMerieHusx KOMIOHEeHTa (M3 TPaHCIIOPT-
HBIX CPEJCTB B €MKOCTb XPAaHWIHIIA, TIPH JOJUBE HIH OCBO-
OOXKIEHHH EMKOCTH, CIIMBE M3 PAKeThl M T.I.) OOLIMM Ipa-
BUJIOM SIBIISICTCS: KOHTPOJBHBIN aHaiau3 mpo0, OTOMpaeMbIX
13 0CBOOOXKTAIONIEHCSl eMKOCTH (KpoMme Oaka pakeTbl), U He
MO3/IHEE YE€M B CyTOUHBIN CPOK MONHBIN aHaIu3 Mpod, oTOupa-
€MbIX M3 IIPUHUMAIOIIEH EeMKOCTH.

B mporecce xpaHeHHsI KOMITIOHEHTA MEPUOIUUECKH B CO-
OTBETCTBHH C YTBEPIKICHHBIM IUIAHOM IPOU3BOAUTCS KOH-
TPOJBHBINA U TIOJHBIA aHATTU3BI TIO CPOKAM XPAHCHHUS:

— KOHTPOJIbHBIN aHAJIN3 BCEX KOMIIOHCHTOB BBITIOJIHS-
ercs 1 pa3 B Tpu MecsLa;

— TIOJIHBINM aHAIN3 TPOU3BOAUTCS IO BCEM KOMITOHEH-
Tam, Kak rnpasuio, 1 pa3 B rof. B To xe Bpemst epro Mex 1y
aHAIM3aMHU MOXKET OTJIIMYATHCS JUIS PA3TUYHBIX TPOIYKTOB.

OTt0o0p mpo0 1Jis aHANKM3a MPOU3BOTUTCS MPOOOOTOOP-
HBIMH yCTPOMCTBaMH, 00CCIICUNBAOIIUMH TTOJTYYCHUC «YCPEII-

HEHHO» 10 00BeMy TIPOAYKTA MPOOHI, IPH ATOM COCTABIISIETCS
«akT orbopay. Bee mpoOsr yunTsBarotes B «KypHane peru-
cTparuu npod» (HU3NKO-XUMHUIECKON Ta00paTopuu, a pesyinb-
TaThl aHAJIU30B 3aHOCATCS B «OKypHan yuera aHaJIu30By.

ITo pesynbTaraM KaxJI0ro aHajin3a (MOJIHOTO MM KOH-
TPOJILHOTO) COCTABISETCS MACTIOPT MPOAYKTA, ACHCTBYIOIIEH
JI0 OYEpETHOTO aHAJIN3a W SBIISIOUINIACA BaXKHBIM JOKYMEH-
TOM-HOCHTEIIEM HCXOIHBIX JaHHBIX JIIs pacyeTa 00beMa KOM-
ITOHEHTA IIPH 3aIlPaBKe PAKETHI MM KOCMHYECKOTO armapara.

B crangaprax Ha KOMIIOHEHTHI PAaKETHOTO TOIUIMBA UMe-
ercs Gonee 15 pa3nmUuHBIX TOKa3arelel, 0 KOTOPBIM BBIHO-
CHUTCSI CY)KICHUE O MX CBOIMCTBaX.

[To ogHMM TOKa3aTeIsIM MOXKHO TOIYYHTH MPECTaBIIe-
HHE 00 JKcInTyaTtannoHHBIX cBoiictBax KPT, T.e. o Tom, Kak
JAHHBIA KOMIIOHEHT OyIeT BECTH ceOs IPU CTOPaHHWU B JIBH-
raresne, OyJeT JIM BbI3BIBATh KOPPO3HIO AJIEMEHTOB JIBUTATEIIS
U Tapsl U T.1. JIpyrue mokasaresu ciry’ar AJs XapaKTepUCTH-
KM XMMHYECKOTO COCTaBa M, CJIEJ0BATEIbHO, KOCBEHHO TOXKE
BBIPAKAIOT JKCIUTyaraunoHHble cBoiicTBa KPT.

Nmeerca psin mokaszareneil, KOTOPBIMH IOJIb3YIOTCS,
IJIaBHBIM 00pa3oM, JJIsi KOHTPOJIS KOHAWIMOHHOCTU TapTUH
KPT; npu onpeneneHuu XMMUYECKOM MPUPOABI TOIIMBA MO-
JOOHBIE TTOKA3aTeIH MOJIC3HBI JIUIIb B COYETAHUH C JIPYTHMH.

[Toxazarenn KPT mupoko HCIOIb3yIOTCS B CIETYIOIIUX
CIIyJasx: MPHU KOHTPOJIE KaueCTBa KOMIIOHEHTA Ha TPOU3BO/I-
CTBE, B OKCIUTyaTalllH, TIPH MCCICIOBAaHUAX U pa3paboTke HO-
BBIX TOIUIMB, U3y4eHHH u3MeHeHust cBoiictB KPT B ycnoBusx
XpaHEHUs1, TPAHCIIOPTUPOBKU U IPUMEHEHUS.

Kpome, cobectBenno, HIMIT — 0CHOBHOTO KOMIIOHCH-
Ta, JAIOIEro Ha3BaHHE TOPIOYEMY, MPOAYKT BKIIFOUALT TaKXKe
HEKOTOPOE KOJIMYECTBO MpuMecei (Tabm. 2), KOTOpbIe SIBIIs-
IOTCSI HEM30CKHBIM CJIEIOM TEXHOJIOTHH TIONYyYEHHUS TOpIove-
TO WIH PE3yJIBTaTOM €ro OKHCIHTEIBHOTO Pa3iIoKEHHUsI. DTO
METWJICHIUMETWITUAPAZUH — (CH3)2N2HCH2, JUMETHIIAMUH
(CH,),NH, Bozia 1 ipyTHe BEIeCTRa.

ConeprkaHHe ITHX IPUMECEH SBIACTCS KOHTPOIUPYEMbIM
MIPU3HAKOM Ka9eCTBa TOPIOYETO0, TaK KaK C POCTOM HX COZlepKa-
HUS YXYAMIAOTCS SHEPTETUIECKUE U KHHETHIECKIE CBOVICTBA.

Kadectso H/IMI' n0o/mKHO yIOBIETBOPATH Crenu(pUKa-
uun HATO P-922, Mil-25604C unu BA-PP-202. TpeboBanus
aTHX crienudukanuii u gakrruueckoe kadectso HAMI npen-
CTaBJICHO B Ta0OI. 3.

. Tabnuya 2
TpeboBanus no comeprkanmio B HIAMI™ Bogs! 1 MexaHUUECKUX MTpUMeEcei "
JlomycTrMoe comeprkaHHe B MIPOIIEHTaX OT Macchl ( He Ooiee uem)
[Ipumecu

TIpu 3akiaake roproyero Ha ITpu 3anpaBKe aMITyTU3MPOBAHHBIX PAKET ITpu 3anpaBke 1J11 HEMEUICHHOTO

JUTMTEJIEHOE XPaHCHHUE U UM TI000OHBIX 0OBEKTOB mycka

Bona 0,3 0.4 0,5
Mexannueckue 0,003 0,003 0,005

31



HAYKOEMKME TEXHOJTOTM NN B KOCMINYECKINX MCCITEAOBAHUAX

EMJIV, T. 10.N® 1-2018

MPNBOPOCTPOEHWNE, METPOJIOTUNA N UHOOPMALIMOHHO-U3MEPUTEJIBHBIE MPUBEOPHI 1 CUCTEMBI

Tabnuya 3
Texunueckoe coorBerctue HJMI
XapakTepucTHKA Texnunueckue TpedGOBaAHUS dakTHYecKoe KauecTBO
TTnotHocTs mipu 20°C 0,783-0,786 0,785
Conepxanue % HJIMIT He MeHee 98 99,2
Conepsxanue % Bospr He 6onee 0,3 0,1
OnTuyeckas MIOTHOCTh He MeHee 90 96
OpakuuoHHbli coctaB Temneparypa
orrona °C
10 % He ke 61,5°C 62,8°C
90% He BoIE 64, 5°C 63,9°C

B Tex ciywasix, korja HEOOXOQMMO OIPEACINTh Kade-
CTBO TOPIOYETO0, MTPOU3BOIUTCS 3a00p NMPOO M3 EMKOCTH, TIe
XPaHUTCS JaHHOE TOpIoYee M OTIHPABISETCS Ha XUMHUYECKHN
aHaJM3 B CTAllMOHAPHYI0 (H3MKO-XUMHYECKYIO J1aboparo-
pHIO, KOTOpasi TIPOBOAUT TOJIHBIN MM KOHTPOJBbHBIN aHAIN3
Mpo0 TOPIOYETO W BBIHOCHUT PE3yNbTaT He TMo3aHee 24 4acoB
¢ MOMeHTa 3a060pa mpo0d.

[Ipn muddepeHnmanrbHOM aHaTN3e KauecTBa IOPIOYEero
32 OCHOBHOW MOKa3arelb MOXXET MPUHUMATHCS TUIOTHOCTB
JIAHHOTO TOPIOYEro, KOTOPYIO MOTYT IMPOBEPHUTH HENOCpe[-
CTBEHHO Ha 3allPaBOYHON CTAHIINHU, OAHUM U3 OCHOBHBIX MPH-
60pOB, KOTOPBIM M3MEPSETCS MIOTHOCTh XKUAKOCTH SIBIISICTCS
apeomerp.

OTcyeT MIOTHOCTH NPOU3BOJMTCS IO JICJIEHHIO, 0
KOTOPOTO apeoMeTp MOrpyKaercs B *KUAKOCTh. OTCUeT mpo-
M3BOJAMTCS 110 BEPXHEMY Kparo MeHHCKa. V3amepenue mpous-
BOIAT IIPU TeMIlEpaType OKpysKarowei cpensl. s npuse-
JICHNS TUIOTHOCTU K TUIOTHOCTH MPH HOPMAJIBHBIX YCIOBHUSIX
(¢t =20°C) ucnions3yercs popmyaa:

P20 :pi +y(t-20), (1)

rie p,, — IWIOTHOCT NPU HOpManbHOU Temmeparype (20°C);
P, — TLIOTHOCTb, U3MEPEHHAs U Temreparype t; y — TeM-
nepaTypHas IoTpaBKa.

[Iporecc n3MepeHus IIOTHOCTH SIBISIETCS TEXHOJIOTH-
YECKU CJIOKHBIM U TPeOyeT HAIWYHs OINPCICIICHHBIX HaBBI-
KOB y JINYHOTO COCTaBa IMOIPA3ICIICHUI KOCMOIPOMa, B CBSI3U
C YeM BO3HHUKAET Psiji Ipo0IeM, a UMCHHO:

1. HeBO3MOXXHOCTB AEKYPHOH CMEHBI 3alIPABOYHOMN CTaH-
IIAH ONPEJICTUTH Ka9eCTBO TOPIOYETO COOCTBEHHBIMH CHIIAMH;

2. Tlpomecc 3abopa mpod u JOCTaBKU UX B CTAIlHOHAP-
HYHO (HU3UKO-XUMHUYCCKYIO JTA0OPATOPHUIO IS OMPEICICHUS
MPUTOHOCTU TOPIOUETO SIBJISICTCS TPYIOCMKHM U 3aTPATHBIM
10 BPEMEHHU;

3. BpICOKa BEpOSITHOCTD OIIUOKU B OIIPEEICHIH Kade-
CTBa TOPIOYETO;

4. TlpoBenerue pabOT TMYHBIM COCTABOM 3aIPaBOYHOM
CTaHIIUU COMPOBOXKIACTCS PUCKOM JUTSI UX KH3HH.
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Jlanee pacCMOTpeH OIUH W3 BO3MOKHBIX IOJXO0B
K OIEpPaTHBHOMY KOHTPOJIIO TOPIOYEr0 B MECTaxX €ro Xpame-
HUsI, OCHOBAHHBIM HA M3MEPEHUH Y/ICIBHOM AIIEKTPOIPOBOI-
HOCTHU ropquero HpI/I BO3ﬂeﬁCTBHH Ha HEro 3HeKTpOMaFHI/IT-
Horo noJisg B guarasone ot 0,9 k't go 10 MI'm.

Jliist Gostee TOHOTO TMOHUMAHUS JaHHOTO ITOIX0a IS
Havala npeIaraeTcst pPACCMOTPETh OCHOBHbIEC OHSITHSI.

[TorpeOyroTcst Oomnplve 3aTpaThl BPEMEHH, €CIH II0-
MBITATHCS UILTFOCTPUPOBATH HA MPUMEpPAX HAYYHOE U TEXHH-
4yeckoe 3HaueHue kiaccudukaiuu Bennund. OJHaKo, yroms-
HEM JIMIIIb Ha3BaHUE YPE3BBIUANHO BAKHOTO KjIacca BEJIMYHH,
HMMEIOIIHMX HAlpaBJeHHE B MPOCTPAHCTBE, KOTOPbIC YHIIbsIM
['aMUIIBTOH, UPJIAH/ICKUI MaTeMaTUK, Pa3/IeNnil Ha CKAJsPhI,
MOJHOCTHIO HW300paKCHHBIE OJHON YHCIOBOW BEIUYHHOM,
U BEKTOPBI, TPEOYIOIIUE JUIsI CBOCTO OIMPEICICHHS TPEX YHC-
JIOBBIX BEJMYHMH, U KOTOPBIE COCTABJISIOT MPEIMET HUCUHCIIE-
HUS KBATCPHUOHOB B 3JICKTPOANHAMHUKE, B JJICKTPOMATHUTHON
teopun 1ojist. OH Jall TOYHOE M3JIOKEHHUE TEOPUU KOMILICKC-
HBIX YHCEII, TIOCTPOMII CUCTEMY YUCEI-KBATEPHUOHOB.

KBarepHuoH (0T 1JaTHHCKOTO quaterni — 1o 4eTbipe) 0000-
IIEHHE TIOHATHS KOMIUIEKCHOTO Ynciia. KBatepHHOH UMeeT BHIT:

a+ bi +cj + dk, 2)

e a, b, ¢, d — neicTBUTENbHBIC YHCHa, I, |, K— Tpu crerm-
aybHble (MHUMbIE) eMHUIIBL. [l KBATEPHHUOHOB CIIPABE/IIIH-
BbI BCE OCHOBHBIC 3aKOHBI JICHCTBHIA, KPOME KOMMYTATHBHO-
cTH yMHOXeHHsE. KOMMyTaTHBHOCTL (OT MO3IHETATHHCKOTO
commutativus — MEHSOIIHMIACS) WK KOMMYTaTHBHBIH (r1epe-
MECTUTEIbHBIN) 3aKOH, CBOHCTBO CJIOKCHHS M YMHOXCHHUSI,
BeIpaskeHHOE hopmymamu: a+b=b+a;a-b=b-a.
Hcnonb3ysi BEKTOPHbBIA aHAIN3 U JOCTHXKCHUSI B JICK-
TPOJMHAMUKE, TOJYYCHHBIC JPYTUMH BbIJAIOIUMUCS yUe-
HbIMU TOTO BpemeHH, [keiimc MakcBemn o0paboTain sKcre-
PUMEHTAJIbHBIC OJAaHHBIC I10 3HeKTpOMaFHPITHOI71 WHAYKOWU,
nosnyueHHble Malikiom @apajeem, BBeJl IOHATHE O TOKaxX
CMEIICHHs] B BEIIECTBE JIIOOOTO COCTOSHHS M B BaKkyyMme
U YCTAaHOBWJI J[BA B3aUMOCBSI3aHHBIX YPaBHEHUS, XapaKTe-
PH3YIOIIUX PAaCIpOCTPAHEHHUE IJIEKTPOMArHUTHON SHEPTUH
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B BEILECTBE, AMHAMHYECKHE [TPOLECCH B HEM, IIPOTEKAOINe
B TEUCHHE BPEMEHU IPH PA3IMYHBIX YacTOTaX KoJeOaHWit
3JIEKTPOMArHUTHOTO TIOJISL.

OTMeTHM, YTO YpaBHEHHE OSJIEKTPUYCCKOM WHIYKINU
CIpaBeVIMBO, €CJIM B PELICHUH IIPOIECCOB, CBS3BIBAIOIINX
M3MEHSIOIINECS B 3aBUCMOCTH OT BPEMEHH JJIEKTPHUYECKHE
Y MarHUTHBIC T10JI51, HCIIOJBb3YIOTCS YACNbHbIEe INIOTHOCTH TO-
KOB B BEIIIECTBE.

Bo BceM uamnazoHe 4acTOTHOIO CIEKTpa, MPAKTUYSCKH
ot 0 (nmocrosiHHbIl TOK) 10 10" (peHTreHOBCKOE H3Nyde-
HHE) W BBIIIE CIPABE/UIMBBI JIBA YPaBHEHHS IOJISl, KOTOpPHIE
OIUCHIBAIOT HAKOIUICHHE U PACCEsHHE YHEPriH B BEIIECTBE.
XapakTtep pacrnpocTpaHeHHUs] AIEKTPOMArHUTHBIX KoJjeOaHui
B HEM OITHCHIBAIOT CIICAYIOIIUMHI BEIPAKECHUAMH B3aHMOCBS-
3aHHBIX 1APaMETPOB EKTPOMATHUTHOTO MOJIS:

rotH =i + g; 3)
rotE = —y, 4

rae H m E — BeKkTopsl HaNpsHKEHHOCTH MAarHUTHOTO W DJIEK-
TPUUYECKOTO TIONEH; € M L — aOCOTIOTHBIC TUAJICKTPUICCKast
Y MarHWTHasi IPOHUI[AEMOCTH; | — TUIOTHOCTb TOKA.
OnekTpuueckue U MarHUTHbIE CBOMCTBA BEILIECTBA B CH-
HYCOUJAJIBHBIX TIOJIAX XapaKTCPHU3YIOTCSA KOMIIJICKCHBIMU BE-
JINYUHaAMHU. Hef/'ICTBI/ITeJ'IBHHe 1 MHUMBIC YaCTH 3TOI'0 IIOJIHOT'O
KOMITIEKCHOTO TIEPEMEHHOTO SBIISTIOTCS CONPSHKEHHBIMU (PyHK-
IUSIMU (YETHBIC ¥ HEUSTHBIC (PYHKIIUH) IEPEMEHHON YaCTOTHI O.
[Ipu co3paHMM ypaBHEHHI PEMIAIONIYI0 POJIb CHITPAIIO
BBeZieHne MakcBesIoM MOHATHUS IUIOTHOCTH TOKAa CMEIIECHUS,
BBIPAYKEHHOTO (POPMYJION:
. OE
ICM - 80 E b (5 )
U €ro TUIOTEe3a O TOM, YTO TOK CMEHICHHS (TOK «CBSI3aHHBIX)»
3aps/10B) TIOPOX/IaeT MAarHUTHOE I10JIE 110 TAKOMY K€ 3aKOHY,
KakK 1 TOK TPOBOAUMOCTH 3a CUET KOJTMUECTBA ABMKEHUS «CBO-
OOMHBIX» 3aps/IOB.
W3 3TuX ypaBHEHMI, a TAKXKe U3 YPABHEHUS

divE = 4mp (6)

NIpEe/ICTaBIsIONIero  co0Ol  BBIpAKEHHE CcUCTeMBbl [aycca
B tuddepeHnuaibHoi popme, U U3 ypaBHEHHS, BEIpaKarole-
T'O BUXPEBOH XapaKkTep MarHUTHOTO TTOJIS

divH =0, @)

BBITEKAET OYEHb BAXKHOE CJICACTBHE, KOTOPOE MO3BOIIIO
MakcBeruty ImpezcKa3arh CylIiecTBOBAHHE JIEKTPOMarHUTHBIX
BOJIH, B TOM YHCJIE€ CBOOOJIHBIX BOJIH 0€3 MCTOYHUKOB IHTA-
HUS, ¥ DJIEKTPOMAarHuTHYO IPUPOAY CBETA.

W3 ypaBuenwus (4) cienyet, 9To coriacHo 3akoHy Papa-
Jiesl ©3MEHEHHE MarHUTHOTO TIOJISl TOPOXKAAET BUXPb JEKTPH-
4yeckoro mouisi. [Ipu OTCYTCTBHM UCTOYHUKOB ITUTAHUSI YPaBHE-
Hue (3) npuMeT BHI:

rotH = ¢, %—]f (8)

Omnpe/ieniB OCHOBHbIEC MOHSTHS, MOXKHO ITEPEHTH K pac-
CMOTPEHUIO OCOOEHHOCTEH 9JIEKTPOMarHUTHON WHAYKIIHU
B XKUJIKOCTAX.

JIOHyCTI/IM, YTO BCC BHAbBI ITOMCX, HUMCHOIIUX MCCTO
OOBIYHO B ITPOLIECCE ONPEAEIICHUS YISIbHBIX IeKTPOMarHuT-
HBIX [IAPaMETPOB JKUIKOCTSH yCTpaHEHbI M HaOIoaeTcs uc-
THUHHAS TUHAMHKA 3JIEKTPOMAarHUTHBIX MIPOLIECCOB B HUX.

[Tpu 3TOM KHIKOCTH IOMENIEHA B JJIEKTPOMAarHUTHOE
Hojie, MMEIoIIee pPa3IMuHyl0 4acToTy B pabodeM oObeme
narduka. Temreparypa ®HIKOCTH B pabouemM 00beMe MOXKET
OBITH pa3IuYHA.

[Ipeobpasyem ypaBHEHHUE NIEKTPHUYCCKON HHAYKIHH (3)
B BUJI:

rotH = e ' -E (& +jog) 9)
i€ | — IUIOTHOCTB TOKA, IPEICTABIIEHHAs, KAK
i=ak =& elE;
& — aKTHUBHAS VACIbHAs 3JIEKTPOIPOBOTHOCTE SKHIKO-
ctu, Cm/M;
€ — abCOoIOTHAsT KOMIUIEKCHAS JAUDJICKTPHUYECKAst IIPO-
HUIAEMOCTD KHJIKOCTH.

t=g-e = je', (10)

e €' — akTUBHas cocTaBisitomas, O/M;
€" — peakTHBHAs cocTaBisromas, O/m.
C yuerom BeipakeHus (10) momyynm:

rotH = e ' -E (& +joe - e1°) (11

OTKy/la CIIETYeT, UTO TIOJIHAs y/eNbHas IEKTPONPOBOJHOCTD
KHMJKOCTH MOXKET OBITh NPEACTaBICHA B BUE:

Y =2+ coel (12)

Bropoe cnaraemoe B BeipakeHuu (12) mpeacrapisieT co-
0011 MOITAPU3AMOHHYIO COCTABISIONIYO, 00YCIOBICHHYIO KO-
JIMYECTBOM JIBHYKEHHS TOKOB CMEIIICHHSI, BO3HUKAOIINX 32 CUET
OPHMEHTAINH «CBS3AHHBIX) 3aPSI0B B IEKTPOMArHUTHOM IIOJIE.
Ipencrasum €7° B BuzE:

e¥°= cosp— jsing (13)

1 TIOZICTABUM €ro0 B BeIpaxkenue (12). B pesynsrare momydanm:

Y =@ + o coso (tang + j) =

(14)

=a t €0 cosQ * tang + jew cosy,

IJie tan@ — TaHT'€HC yIJia IOTEPb, BO3HUKAIOIIUX 3a CUCT KOJIe-
0aHMii B CHHYCOUIAJIBHOM 3JICKTPOMArHUTHOM Mojie. OHM He
YYUTBIBAIOT IOTEPH, 00YCIOBICHHbIC KOJTHISCTBOM JBUKECHHS
TaK Ha3bIBAEMBIX «CBOOOIHBIX» HOCUTENEH 3apsioB. B ompe-
JICNICHNE tan® He BXOIUT BEIMYHMHA &, T.C. tanp =¢'/ &'
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B nanbonee obmiem cirydae moTHBIH TOK | BxumkocrtH,
MO/IBEPIKESHHBIH BO3/CHCTBHIIO BHEIITHETO AIIEKTPOMATrHUTHOTO
MoJIsk B BUJIE NIEPEMEHHOTO HAIMPSDKEHUST V MEXIy JJEeKTPO-
Iamu B paboyeM 00beME SMKOCTHOTO JaT4HMKa MOXKET OBbITh
3alucaH B BUJIE:

| =K' V[z+ co cosp(tang + j)], (15)
rne K—reomerpudeckuii pakTtop eMKOCTHOTO AaTUUKa, M.
Torna reomeTpuueckuii paxrop naeanbHoro nardnka K
Oyzner paBeH:

K,=w/G, (16)

7 & — aKTUBHAs yAeIbHAast AIEKTPOIPOBOAHOCTE, CM/M;

G — akTHBHAs M3MEPEHHAS IIEKTPOIIPOBOITHOCTH B KU-
KOCTH B pabodeM o0beMe naranka, CM.

W3 ypaBuenus (14) cnemyer, 4To aKkTHBHAs YJelbHas
ANICKTPOIPOBOIHOCTh COCTOMT u3 ABYX ciaracMbiX. OmHO 3
HUX & O00YCJIOBJICHO KOJIMYCCTBOM [IBHIKCHHS B KHUIKOCTH MO
BO3/ICHCTBHEM 3JIEKTPOMArHUTHOTO ITOJIS ITPH TaHHOH 9acTOTe
CHHYCOUIANBHBIX KOJIeOaHMIA ¥ TP JAHHOW TeMIIEpaType TaK
HA3bIBAEMBIX «CBOOOIHBIX» 3apsI0B (MOHOB), 0Opa3yIOIINX
TOK IMPOBOJMMOCTH, CIIOCOOCTBYIOIIUH IMEPEHOCY «CBOOOJ-
HBIX» 3apSJI0B OT OJHOTO MOTEHIMAIBLHOTO MIEKTpona (dJeK-
TPOJIOB) K IpyroMy (APYTruM) MOTEHIIMATLHOMY JIEKTPOY.

Hpyroe cmaraemoe (¢ © ®° cosQ * tan@) oOyCIOBICHO
KOJIMYECTBOM JBIDKEHHS TaK HA3bIBAEMBIX «CBS3aHHBIX) 3apsi-
JIOB B JKUJIKOCTH, O0Pa3yIOIIUX TOK CMEIICHHUS, IUPKYIHPYIO-
M B )KUIKOCTH pabodero o0beMa JaTunKa B TAKT U3MCHEHUS
YacTOTHI KOIeOaHUH 2JIEKTPOMArHUTHOTO TOJIsl. DTO aKTHUBHAs
OpPHCHTAIMOHHAS YaCTh TOKA CMEIICHHS JJICKTPUYECKH He-
CHMMETPHYHBIX MOJICKYIISAPHBIX ACCOIIATOB YKHUIKOCTH.

Kaxxmoe u3 cmaraeMpIx B 3aBHCHMOCTH OT TEMIIEPaTyphI
HMEET MPOTUBOIOIOKHBIC IIPUPAIICHUS UX AKTUBHBIX COCTaB-
nmsromux. OOpaTM BHUMaHHWE Ha OCOOCHHOCTH H3MEPCHUS
ANMEKTPOPUIUICCKHUX COCPEIOTOUCHHBIX TAPAMETPOB B PaIUO-
TEXHHUKE U DJICKTPOHHUKE.

W3MepeHns akTHUBHBIX ITOKAa3aTeeH B SICKTPOHHBIX CH-
cTemMax (He B JKHAKOCTH), UCTIONB3YIONINX MalloradapuTHBIE
R, C, L 371eMeHTBI, KaK MPaBUIIO, SBISAIOTCS COCPEIOTOUYCHHBI-
MU B HU3KOYACTOTHOM JHAIa30HE KOJICOAHUH U BBICOKOCTA-
OMIIbHBIMU. [1JT1 X METPOJIOTUYECKOM aTTECTAI[MH 1 TIOBEPKU
HCIOJIB3YIOTCST BBICOKOTOUHBIC TAIIOHBI ¢ COCPEIOTOUCHHBI-
MH MapaMeTpaMu. B Takux cxemax B MpoIecce M3MepeHUs
aKTUBHBIX TIOTEPh 3a CYET TOKOB CMEIICHWS HET WIH OHHU
OUYCHb MaJIbl.

B sxuakocTsX e B pabouem 00beMe JaTYrKa HMCIOT Me-
CTO pacIpeNeICHHBIC MMapaMeTPhl KaK B MPOIIECCE TBUKCHUS
«CBOOOMHBIX» HOCHTEJCH 3apsiioB, TaK M TOKOB CMEIICHHS.
AKTHBHBIE yIENbHBIE COCTABISIONINE 33 CYET TOKOB CMeIlle-
HUS TI0 CPAaBHEHHIO C aKTHBHBIMH COCTABIIIONINMH 32 CUET
TOKOB ITEPEHOCA «CBOOOTHBIX)» 3aPSAI0B B AIEKTPOMArHHTH OM
T0JIC, BO3JCHCTBYIONICTO HA JKUAKOCTh, MOTYT UMETh JIFOOYIO
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BEJIMYUHY, 3aBUCSIIYIO OT poja )KUJIKOCTH M KOHCTPYKTHB-
HBIX OCOOEHHOCTEN TaTynKa.

DTO 03HAYACT, UTO CPEICTBA U3MEPCHUS YIISIBHBIX Mapa-
METPOB JKUAKOCTEH TpeOyIOT ABOIHOW artectarmu. OmHa U3
HUX OTHOCHUTCSI K DJIEKTPOHHOMY OJIOKY M €r0 COIVIACOBAHHIO
C JIATYMKOM C 3aII0JIHEHHBIM BELIECTBOM U 0€3 Hero B 331aHHOM
JTMara3oHe YacToT KoJIeOAHWH AIIEKTPOMAarHUTHOTO MoJisi. BTo-
past arTecTarys TpeOyeTcs I BCEH B [IEIOM CHCTEMBI H3Mepe-
HUS TI0 JKUAKAM cTaHIapTHeIM oOpasmam (CO), nmpuHamiexa-
LIUM K JAaHHOMY POJLY, @ TAKXKE K pa3IM4YHBIM BUIaM 3TOTO POAa.

Kaxk yxe ormevanocs, n3 ypasHenus (14) cinenyer, uto
aKTHBHAA yAEIbHAs 3JIEKTPONPOBOJHOCTh JKUAKOCTH SBISACT-
Cs cllaraéMbIM JIBYX BEMHYMH. B cymMMe 3TO CKajsipHBIN 1O-
Ka3aTesb aKTUBHOM yIEIbHOHN AIEKTPONPOBOJHOCTH, KOTOPBII
MPECTaBIsIET CO0O0 B Mpollecce U3MEPEHUS OHY BEITHUUHY
JeicTByromiero 3HaueHus. Kaxjaoe M3 craraeMbIX SIBISETCS
aKTUBHOH BEIMYMHOI U B 3aBUCUMOCTH OT TEMIIEpaTypsl UMe-
€T MPOTHBOIOJIOKHBIE MpHUpaIleHus. B mporecce n3yueHus
9TOTO YHUKAJIBHOTO SBJICHHS OBIJIO 0OHAPY>KEHO HOBOE CBOM-
CTBO JKUJIKOCTH, TIPHOOPETCHHOE B JICKTPOMArHUTHOM TIOJIE
C XapaKTEPUCTHYECKOH YacTOTON F, M MPHHAIEKAIIEE TOIb-
KO JaHHOM JKUAKOCTH, IIPU KOTOPOH B Uana3oHe TeMIeparyp
OT TOYKHU KHUIIEHUS JIO TOUKH 3aMEpP3aHUS COXPAHSACTCS HEH3-
MEHHOM aKTUBHAs YIENbHAs JJIEKTPONPOBOIHOCTD &, .

B pesynsrare Opu1 momydeH «Crioco0 orpeaeneHust poia
KHUIKOCTEH», KOTOPBI MOXXET OBITh MICTIONB30BAH IS OTIepa-
THUBHOTO OIIPE/ICICHIS POa ¥ COCTOSHUS KUIKOCTEH Kak opra-
HUYECKOIro, TaK U HEOPraHUYECKOT0 KIacca COEAUNHEHNN — IH-
aMarHEeTHKOB U TTapaMarHeTHKOB. J[aHHBIH crioco0 Jier B OCHOBY
pa3paboTKy MOoaX0/a K OlepaTiBHOMY KOHTPOJIIO KayecTBa ro-
PIOYETO JKUAKOTO PAKEeTHOTO TOIUIMBA MPHU JOJITOCPOYHOM Xpa-
HEHHH €TO B pe3epByapax Ha 3alpaBOYHBIX CTAHIIHIX.

CyIIHOCT Croco0a 3aKiIrovaeTes B cleayroneM. M3me-
PSIIOT aKTUBHBIE YAETbHBIE AIEKTPONPOBOTHOCTH KHJIKOCTU
B nuanasoHe yactot ot 0,9 k['iy 1o 10 MI'1 He MeHee, yem s
JIBYX pa3INuHBIX TEMIEpaTyp B JHANa30HE OT TOUYKU KUICHUS
JI0 TOYKH 3aMep3aHus )KUAKOCTH U TI0 TIEPECEUCHUIO 3aBUCHMO-
CTeHf aKTHBHBIX JJIEKTPOIPOBOIHOCTEH OT YaCTOTHI CHHYCOU-
JAITBHBIX 3JIEKTPOMATHUTHBIX KOJICOAHUH OIS HAXOIAT Xapak-
TEPUCTUIECKYIO YaCTOTy KojieOaHui I, KOTOpYIO HCTIONb3yoT
KaK OCHOBHOM KpUTEpHUIl pojia U KadecTBa KUIKOCTEH.

BriOpaHHBIi TUana3oH 4acTOT CHHYCOMAAIBHBIX 3JIEK-
TPOMAarHUTHBIX ~KOJEOAHWI TIO3BONIIET XapaKTEePHU30BaTh
W3MEHCHHE DSHEPTeTHKU JKUAKOCTH, COXpaHss e€ Xapakre-
PUCTHYECKYIO AaKTUBHYIO YHEIBHYIO JIIEKTPOIPOBOIHOCTH
HEU3MEHHOM, TakXkKe, KaK U XapaKTepUCTUUECKYH aKTHBHYIO
ANIEKTPONPOBOTHOCTH Pabouero oobeMa JJaTynuKa IMpH pasziand-
HBIX TeMIIepaTypax.

BriOpanHblii quama3oH TemIeparyp OOyCIOBICH TeM,
YTO HIDKE TEMIepaTyphl 3aMep3aHusl KUIKOCTh 3aCTHIBACT,
a BBIIIE TEMITePaTyPhl KUTICHHUS IPOMCXOIUT MTOSBIICHHE Ta30-
BOIi (ha3bl, UTO OTpAKACTCs HA U3MEPEHHH.
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IIpennoxeHHpIi crocod aHaMM3a KUAKOCTH ObLT peau-
30BaH Ha yCTaHOBKE, BKITIOUAIOMIEH B ce0s: eMKOCTHOW Jar-
YUK, B KOHCTPYKIIUU KOTOPOTO UMEETCS H3MEPUTEIh TeMITepa-
TYpBI, AEKTPOHHBIHN OJIOK, 00CCIICYNBAIOIIIIA BO3/ICHICTBHC Ha
HCCIIEyEMYIO KHUAKOCTh IEKTPOMArHUTHBIM TOJIEM C YacTo-
toii for 1 kI'y 1o 10 MI' 1 M3MepUTENBHBIN OIIOK IS Ompe-
JICIICHUS] aKTUBHOW MPOBOJMMOCTH M JPYTHUX BCIIOMOTATENb-
HBIX TTapaMEeTPOB KUAKOCTH, COSANHEHHBIN ¢ KOMITBIOTEPOM.

B kadecTBe omepaTWBHOTO M3MEPHUTENS BEIMYUHBI aK-
TUBHOW SJICKTPOIPOBOIHOCTA B pabodyeM oObeMe IaT4yHKa
G, aKTUBHOU YNENBHOM AIICKTPONPOBOIHOCTU &, XapaKTepu-
CTUYECKOW CHMHYCOUIAIBHON YacTOThI |, 3JIEKTPOMAarHUTHBIX
KoJie0aHMIA OIS, TEMITEPaTyphI { )KUIKOCTEeH UCTIOIB30BaAIaCh
ABTOMATH3UPOBAHHAS CHCTEMa aHAJIN3a.

UccnenoBanne poga KUAKOCTEH M Pa3HOBUAHOCTEH
9TOTO PoJia, a TAKXKE COCTOSHUS KUAKOCTEH MPOBOAMIU Clie-
nIyrormM oopazoM. CHavalia MOATOTOBICHHBIN YHUCTHIN CyXon
JIaTYMK MTOMEIAJIA B COCY/, 3aIIOJTHEHHBIN HcCleayeMOon K-
KOCTBIO. 3aTeM JKHIKOCTh TEPMOCTATHPOBAIN M IPOBOIIIN
M3MEPEHUS aKTUBHBIX AJIIEKTPOIPOBOTHOCTEH MTPH N3MCHEHUH
9acTOT MEKTPOMATHUTHBIX CHHYCOHMIAIBHBIX KOJeOaHWA OT
1 x['u no 10 MI'u He MeHee, yeM AJis ABYX TEMIIEparyp Uc-
cieryeMoi KHUAKOCTH. B kauecTBe KUAKOCTH HMCIIONIb30BaIN
roprouee HJIMI.

[lonmy4yeHHbI pe3ynsraT npuBeneH B Tabn. 4. Bun-
HO, uyto HJ/IMI' cOOTBETCTBYET CBOS XapaKTepUCTHUE-
CKas 4acToTa F| dJIEKTPOMarHUTHBIX KOJeOaHWi W aKTHB-
Has  yAeNbHAs OIEKTPONPOBOAHOCTE &, . IlorpeniHocts
OTpPEJICTICHUs  JacTOThl  Kojebanuii  F, HE mpeBbllIana
10 'y, a ynenbHO# 35eKTporpoBoaHocTy &, CM/M, He TPEBbI-
mrana 1% OTHOCHTENbHBIX.
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Tabruya 4
Pesynbrar skcnepumenTa
Temmneparypsl Fx, ®.,
M{ Fx
HAKOCTR n3MepeHut, t,°C k[ Cm/m

HecnmmMeTpraHbIit
JIUMETHITUPA3HH -60/+60 3800 8,0-10°
(HAMT') — (CH,),N H,

Ha puc. npusesens! rpaduieckne 3aBUCHMOCTH aKTHB-
Hoit anexrponposonrocti @&, HIMI' or wactorsr F, smek-
TPOMAarHUTHOTO TIONIS TIPH 4eThIpeX Temieparypax. Cumso-
JI0M & OTMEUeHa TOUKa MePECEUCHUS 3aBUCHMOCTEH.

ITo Touke mepecedeHus STHX 3aBUCUMOCTEH & M ompe-
JENAeTCs XapaKTEPUCTHYECKas 4acToTa F, CHHYCOMIaIbHBIX
KOJIEOAaHW, TIPH KOTOPOW /ISl JAHHOTO T'OPIOYEro MMEEeT Me-
CTO HEM3MEHHOCTB €T0 XapaKTePHUCTUIECKOM AEKTPOIPOBO/I-
HOCTH &, OT TEMIIEPATYPHL.

Ha puc. 1 BugHO, 9TO B TOUKE & aKTHBHAS JIEKTPOIIPO-
Boxuocts &, Toprouero HJAMI' npu uacrore F, snexrpo-
MarHUTHOTO MOJIS NPHU YETHIPEX TeMIleparypax OCTaeTcs He-
HM3MEHHOHM U 3TO CBOMCTBO JKUAKOCTH CIPABEUIMBO JUIS BCEX
KUAKUX Cpell, uTo ObUIO J0Ka3aHO dKCIEePUMEHTaNbHO. J{is
Ka)KJJOH ’KUAKOCTH CYIIECTBYET CBOSI YaCTOTA MEKTPOMArHUT-
HOTO TIOJIS, TIPH KOTOPOIl €€ aKTHBHAS 3JIEKTPONPOBOJHOCTD
ocTaeTcs HeM3MEHHOH ITpY pa3lIndHbIX TeMneparypax. B ciy-
Yyae KaueCTBEHHOTO N3MEHEHHMS COCTaBa JKUIKOCTH ToUKa & Oy-
JIET CMEIIaThCs, YTO MO3BOJIUT CO3/aTh HOBBIM MOJIXOJ K OIle-
paTUBHOMY KOHTPOJIIO rOprovero. PasMecTuB aTuuk, KOTOPbI
OyzeT oTKanuOpOBaH IMOJ| JAaHHBIH BUJ TOPIOYETO B €MKOCTh

falats)
v

F,, Ky

Puc. 3aBucuMocTh aKTHBHOH dneKTponposopHocTh &, HIAMI

OT 4acToThl F X DJICKTPOMArHuTHOI'O IIOJIS HIPU YCTBIPEX TEMIICpaTypax
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C TOPIOYMM, HOSIBUTCSI BO3MOXKHOCTb B PEKHME PEaTbHOTO
BPEMEHH KOHTPOJIMPOBATh Ka4EeCTBEHHBIC M3MEHEHHS TOPIO-
Yero ¥ MPUHUMATh HEOOXOANMBIC MEpPHI Ul BOCCTAHOBIICHHS
YCTAHOBJICHHBIX MAapaMETPOB ISl JaHHOTO FOPKOYEro UK €ro
CBOEGBPEMEHHOM 3aMEHBI, a TaKKe MEepPecMOTPETh CUCTEMY
MIOJHBIX M KOHTPOJBHBIX NMPOBEPOK. B mepcmnektuse yBenu-
YEHUs] KOJMYECTBA IyCKOB PAKET KOCMHUYECKOTO Ha3HAUYCHMS
TIpeAIaraeMblil TOJX0/1, HE YBEIMUNBAsl HATPY3KH Ha (PU3UKO-
XMMHYECKYIO J1a00paTopHio, MO3BOJIHT JAEJIErHpOBaTh 4acThb
KOHTPOJBHBIX (DYHKIMH JINYHOMY COCTaBY OOEBBIX pacyeToB
HA3eMHBIX UCTIBITATEIbHBIX KOMIUIEKCOB. Takxke JaHHBIN MOJI-
X0J TIoMoraetr c()OpMHUPOBATH Psijl MPABUI YIS Pa3IMYHBIX
HEIITATHBIX CUTYyallnH, CBI3aHHBIX C IPUHATHEM PEIICHHS 1O
3aMEHE TOPIOYETo WM €r0 CTa0MIH3aIiH, KOTOPBIE MOTYT BO-
WTH B KCIIEPTHYIO CUCTEMY IOJICPKKH MPHHATHS PEIICHHS
ABTOMATU3MPOBAHHONW CHCTEMBI YIPABIECHUS MPEACTapTOBOM
MOJTOTOBKH U ITyCKa pakeT KOCMUYECKOTO Ha3HAYCHUSI.
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ABSTRACT

This paper analyses the approach to control the quality of
fuel liquid rocket fuel for long-term storage in tanks at petrol
stations, for example, unsymmetrical dimethylhydrazine, and
given the existing shortcomings of an approach to control
the quality of fuel when exposed to electromagnetic fields
at various frequencies of sinusoidal vibrations and temper-
atures. The proposed approach is based on the property
of liquids in which at a certain characteristic frequency ac-
quired in the frequency changing electromagnetic field in
the range from 0.9 kHz to 10 MHz, the active conductivity
remains unchanged at different temperatures, which allows
to characterize the liquid and change its state. This property
of liquids has helped with new positions to provide a theo-
retical framework to develop scientific and methodological
apparatus operational quality control of fuel on the basis of
the results of measurement of the specific electromagnetic
characteristics. The results of experimental studies of fuel un-
symmetrical dimethylhydrazine. Themselves the specific pa-
rameters are significantly different, as are directly associated
with different forms of matter, at the same time contained
in this fluid. These differences are of a structural nature and
very significant. The proposed approach allows to continu-
ously monitor quality of fuel changes, that occur during long-
term storage, transportation, violation of storage technology,
and to signal the impossibility of use of this fuel to fuel space
rockets. Proposed ways of implementing this approach in fill-
ing stations space rockets. Due to the role of the interaction
of military units metrological and physical-chemical labora-
tories for the calibration of sensors for monitoring fuel quali-
ty. Analyzed the relevance of this approach and the prospect
of its application in military and space industry for quality
control of various combustible liquid rocket fuels.

KEYWORDS: asymmetric dimethylhydrazine; rocket fuel;
operational control of the quality of rocket fuel; electromag-
netic field; active electrical conductivity.
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AHHOTALMA

B paboTe nokasaHbl akTyanbHOCTb pa3paboTKyM OTEYeCTBEHHOM CUCTEMbI aBTOMAaTU3NPO-
BaHHOMO MPOEKTUPOBaHWS B MOJIHOM CKBO3HOM LWMK/IE€ PAAMONOKALMOHHBIX CUCTEM (KOM-
nnekcos, ctaHumi). MpepcraBneHa oblwas apxUTeKTypa CUCTEMBI: AeleHNe Ha YC/OBHble
KJIMEHTCKYIO U CEePBEPHYIO 4acTu; MPMU 3TOM KJIMEHTCKas YacTb npeacrasaser cobon aBTo-
MaTu3MpoBaHHoe pabouyee MecTo pa3paboTumnka, COAEPXUT CPeACTBa BBOAA U PeAaKTUPO-
BaHUs UCXOAHbBIX BAHHBIX, MPOCMOTPA PEe3y/bTaToB BblYUCIEHUN, GYHKLMOHA YpaBsieHNs
BbIYMCIINTENbHBIMU MOAY/ISIMU, @ CEPBEPHast YaCTb COCTOUT W3 BbIYUCIUTENbHBIX MOAYIEN,
[OMyCKaloLWMX 3anycK Kak IOKanbHO, Tak U B pacnpefeneHHON BbIYNCAUTENbHON cpeae, U
peanusytowmnx GyHKLMOHAN MOAENMPOBaHMs paboTbl Kak OTAESbHbIX Y3/10B PaanosioKaLm-
OHHbIX CTaHLUI, Tak 1 paboTy pagMoNoKaLMOHHBIX CTAaHLMI, KOMMIEKCOB, CUCTEM B LIeSIOM.
OnucaHa KOHUeNuusa NATM ypoOBHEN NPOEKTUPOBAHUA PafMoIoKaTOpoOB B paspabaTtbiBae-
MO cucTeme, 310 criegytome ypoeHU. CUCTEMHBIN yPOBEHb: pasMeLleHne Ha KapTax MecT-
HOCTW PafMOSIOKALMOHHBIX CTaHLMIA, KOMMNOHEHTOB PaAMOSIOKALMOHHBIX KOMIMIEKCOB, Le-
nen, a Takxke MapLUPYTOB UX ABMKEHUS, UCTOYHWUKOB NOMEX C 3afaHNMEM TUMOB; KOMMOHEHTbI
BbIOMpPatoTCs M3 GUBNNOTEK FOTOBbIX U3AENNI, @ TAKXKE U3 3/IEMEHTOB, CO34aBaEMbIX Ha HUX-
HUX YPOBHSIX NpoeKTupoBaHus. CTPYKTYpHbIN ypoBeHb: CBopKa CTPYKTYpbl PaAVoIOKaLMOH-
HbIX CTaHUMW U3 cocTaBHbIX YacTen. DyHKLMOHANbHO-OrMYECKUA YPOBEHb: BapbupoBaHme
anroputMoB undpoeomn 0bpaboTku MHGOpPMaLmMK € Lesblo obecneyeHns ONTUManbHOro nx
coyeTaHus No BbIBPaHHLIM KpUTEPUAM 3P deKTUBHOCTN. CXEMOTEXHUYECKUI YPOBEHb: CO3-
fAaHve NPUHLMIManbHbIX cxeM 6710KoB. KOHCTPYKTUBHO-TEXHONOMMYECKUN YyPOBEHb: CO3Aa-
HUe TPEXMEPHbIX MOAEeSIeN U YepTeXKen KOHCTPYKTUBHbBIX 3/IEMEHTOB, MOJly4eHne KOMIeKTa
pabouein KOHCTpyKTOpCKOMN AokymeHTaumn. Creunduka paspabartbiBaeMoil CUCTEMbI aBTO-
MaTU3MPOBaHHOIO NMPOEKTMPOBaHUA Hanbosiee BbipaXeHa B yyeTe CLLeHapueB UCMoJb30Ba-
HUS NPOEKTUPYEMOrO U3AENNS B YCIIOBUSX KOHKPETHbIX CPEACTB BO3AYLIHO-KOCMUYECKOTO
HanageHus n 06opPOoHbI; 3Ta cneumdrka NPOsABASETCs B HanbosbLLen CTeNeHN Ha CUCTEMHOM
ypOBHe npoekTupoBaHus. B paboTte o6cyxaeHbl Tak>ke NOAXOAbLI A8 peanv3aumnm uMmuTaum-
OHHOro MofenupoBaHus. B obuem Buge onncaHa nHterpaumus paspabaTbiBaemMomn cuctemsl

C KOHTpOJ‘IbHO-M3MepI/ITeJ'IbHOIZ annapaTypoﬁl.

KJIKOYEBbLIE CJIOBA: CAMP; PJIC; uMnTaunoHHOe MOAeNMpoBaHue; aBTOMaTN3MPOBaH-

Hoe npoekTupoBaHue; obpaboTtka nHpopmaLmuu.

Ana umtupoBanua: KoHosanbunk A.[1., KoHonenbkuH M.1O., MMnakcenko O.A., Wupbiwi A.O. OTeyecTBeHHaa cuctema as-
TOMaTU3NPOBAHHOIO MPOEKTUPOBAHUS PAANOJSIOKALMOHHBIX CUCTEM, KOMIMJIEKCOB M CTAaHUMUIA C Y4ETOM CPELCTB BO3AYLUHO-

KocMuyeckoro HanageHus // Haykoemkue TexHosiormm B KocMuuyeckux nccnepgosaHusx 3emnu. 2018. T. 10. N® 1 C. 40-47.

doi 10.24411/2409-5419-2018-10018
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BBeaenue

Konmepry BKO ,,Anma3-AHTelH™ mpu OCyIIeCTBICHIH
KOMITJIEKCHOTO TIPOEKTHPOBAHUS CIIOXKHBIX PaJHOTEXHHYE-
CKMX CPE/ICTB M CHCTEM, B YAaCTHOCTH DPaJNMOJOKAIMOHHBIX
komriekcoB (PJIK), TpeOyeTcs pemiars 3ama4u BEIOOpa M OI-
TUMM3AIMM T[POCKTHBIX IapaMeTpOB PaJHOJOKAIIMOHHBIX
YCTPOMCTB, B T.4. @aHTEHHBIX CHCTEM, IPHEMO-TIEPEIAIOIINX
TpakToB paanonokannoHHex (PJI) cuctem (PJIC), anmroput-
MOB M YCTPOHCTB HU(PPOBOrO (POPMHUPOBAHHS U O0OPaOOTKH
PaIrOJIOKAIOHHBIX CUTHAJIOB, @ TAKXKE PaANOI0KalMOHHBIX
CHCTEM B LIEJIOM. B HacTosuii MOMEHT HE CYIIECTBYET OT-
€UECTBEHHBIX CHCTEM aBTOMATH3MPOBAHHOIO IPOEKTHPOBA-
aust (CATIIP), mO3BONSIONIMX pemiaTh 9TH 3a/1a49M B KOMITJICK-
ce. [ToaTomy st pemeHns MOO0OHBIX 3a/1a4 TMPEAIPHSITHIMA
KoH1epHa MCIob3yroTCest psifi pa3pO3HEHHBIX MPOrPaMMHBIX
peleHnii coOCTBEHHON pa3pabOTKH M WX 3apyOeKHBIX aHa-
JoroB. BBuay psiia orpaHndeHMi, BBI3BAHHBIX CAaHKIHSIMHU,
3aKpBITOI TEMaTUKOH padoT, a TaKkXkKe B 1IEJIIX UMIIOPTO3aMe-
IICHNUS, BEChMa aKTyaJdbHBIM siBisieTcs co3nanue CAIIP PJIC,
TIO3BOJISIONIEH peIaTh yKa3aHHBIC BBINIE 331a91 B HETIPEPhIB-
HOM CKBO3HOM LHMKJIE TpoekThpoBaHus. Pazpaborka CAIIP
PJIC Benercs cunamu AO «Konuepn BKO «Anmas-AHTei»,

Vo

10. No. 1-2018, H&ES RESEARCH
RF TECHNOLOGY AND COMMUNICATION

ero JI0YEPHHUX MPEANPUATHH U KOMITAaHHH, 00J1aJal0MUX KOM-
TIeTeHIMAME B obnmactu npoekrupoBanus PJIC, ¢ ucmonp3oBa-
HHEM UMEIOILETOCs y HUX 3ajiena.

OO0mmast CTPYKTypa CHCTEM ABTOMATH3HPOBAHHOTO
NMPOEKTHPOBAHUS PATHOTOKAIUOHHBIX CHCTEM

B ocnoge o6meit ctpykrypsl CAIIP PJIC nexut pasne-
JICHWEe CHCTEMBI Ha JIBE YacTH (puc.):

— aBTOMAaTH3MpOBaHHOE pabodee mecto (APM) pas-
pabotuuka PJIC, "kiaureHTCKas” 94acTh, COACpIKaIIas CPEICTBA
BBOJIA U PEIAKTHPOBAHUS BCEX UCXOMHBIX JAHHBIX, TIPOCMOTPA
pe3yJbTaToOB BBIYMCIICHUN, (DYHKI[OHAJ yIIPABICHUS BbIYHC-
JTUTETHHBIMI MOIYIISIMH; 3Ta 4acTh JOJDKHA padoTars mox OC
Windows (Tak kak me-(akto 3T0 Hambolee pactpoCTpaHEH-
Has cucTeMa Ha pabounx Mectax), Ho OC Linux jxenarenbHa,
XOTs U HE KPUTUYHA Ha MICPBBIX 3Tamax;

— BBIYUCIUTENbHBIE MOAYIIH, YCJIOBHO TOBOpsl “‘cep-
BepHas” 4acTh, XOTsl B OOIIEM CIlIy4ae 3TH MOMIYJIU JOJKHBI
(YyHKIMOHUPOBATh, KaK B TETEPOT€HHON pacTpeieIeHHON BBI-
YUCJIUTENBHOM Cpeie, TAK U B IPEIENIax OJHON-eJMHCTBEHHON
[13BM, onHako TpeboBaHKe oOecrieueHHs yAaJIeHHOTO 3aIry-
CKa B TETCPOTCHHOM paCIpeICIICHHON BRIYACITUTEIIEHON Cpelie

¢

APM («aIHEeHTCRAM YACTH)

Beox n penakTipoBaHie TaHHBIX
(ewmouas THIC u 3D penakropsr),
UMIIopT Mozeneii n3 croponnnx CAITP

Buzyanusanms
pe3yIbTaToOB

Ynpaenenne
BBICOKONPOH3BOOHTE/IbHBIMH
BEMHCIEHHAMHI

OnTHMI3aHoOHHEIE pacHeTsl,
MEXIHCIHIUTHHAPH BIiT AHATH3

A

3

y

( BoiumcanreabHbIe MOIY.TH («cepBe pHam» qac’rb) )

anropurMudeckoro obecnedenns PJIC

-

|(;(0M IIEKC MO/Ie/THPOBAHHS NPOrPAMMHO- |' Komnuiexc mogennposanun
\_pono-nenesoii 06cTaHOBKH

( Kommnuaexc mogemposanns
AHTeHH N KoHcTpykuun PJIC

ook MOIETHPOBAHHA allr OpHTMOB

‘ ook MOINenHpOBaHHA CHTHATOB ‘

| 6ok MOJCITHPOBAHHA AHTCHH |

nepBHYHOIT 00padoTki nHopMAarI l

| omok pacueta CBY-yeTpoiicT |

6ok pacyera MpHEMo-

GIIOK MOZIENTHPOBAHHA OTPaKaTENbHEIX H
H3ITyyaTeNbHBIX XapaKTePHCTHK et

nepeaarnmx Moayiei AODAP

onok MOINEeIHPOBAHHA alTrOpPHTMOB

BTOPHYHOIT 00paboTki nH(opMarim

010K MOZIETHPOBAHHA TPASKTOPHBIX
nIapaMeTpoB 1efIeil 1 paKkeT

ONIOK MOJIETHPOBaHHUA
KOHCTPYKTHBHEIX 3s1eMeHToB PJIC,

6ok MOOETHPOBAHHA allrOPHTMOB

610K MozeHpOBaHNA aTMochepbl i
MeTeoy CIIOBHIi

CHCTEMEBI aHTCHHA-O 6TBKEI.TEIIB,
OTOPHO-TIOBOPOTHEIX YCTPOIICTE,

TpeTiHHOIl 0bpadoTki HHbOpMAILI

610K MOJIETHPOBaHHA CLIEHaPHEB
BO3IYIITHO-KOCMHYecKoli 0OCTaHOBKH

[IPOYHOCTI, HETTMHEHHBIX
nedopmarpii, TermoobMeHa,

THIOpOTras0oJHHAMHKH, CHCTEM

6ok MOOETHPOBAHHA allrOPHTMOB
yrpaeneHis pexamamu padore: PJIC

OII0K Mozen HpOBaHHA
TOJICTIIAOIIET TOBEPXHOCTH

OXTTANKICHIA, JTICKTPOITaHHA,

JNEKTP OMAarHUTHOI COBMECTHMOCTH

Puc. Cocras u obmas crpykrypa CAIIP PJIC
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MIPUBOJUT K TPEeOOBAHHUIO MEXKIUIATHOPMEHHON peaTu3alin,
a xoukpetHo U 1t OC Linux, u ams OC Windows.

APM pa3paboTdnka TODKEH BKIFOYATh (DYHKIIHOHAT
I'IC ¢ BO3MOKHOCTBIO 33/1aHHsI CIOEB (KapT) AIIEKTPOMArHUT-
HBIX CBOMCTB MECTHOCTH M MaTpPHUI] BBICOT.

BbluncnauTeNbHble MOIYJIN JIOJDKHBI COZIEPKATh KOM-
TJIEKC MOJAETUPOBaHUsS (HOHO-IEIeBOH OOCTAHOBKH U KOM-
TUIEKC MOJEITUPOBAHUS ITPOTPAMMHO-aJTOPUTMHUIECKOTO 00e-
cneuenus PJIC, Bkiroyaromme B ce0st OJIOKM MOJECITUPOBAHMS
AITOPUTMOB NEPBUYHON, BTOPUYHOM, TPETHUYHOH 00pabOTKM
nH(OpPMAILMK B YCIOBUSIX PA3IMYHON (OHOIIETICBOH U MOMe-
xoBo# o0cTanoBku (DIII10), MmoxenupoBaHsl ClICHAPUEB BO3-
JTITHO-KOCMHYECKOH 00CTaHOBKH, MOJICIIMPOBAHHS aTMOC]e-
PBI ¥ METEOYCIIOBHH, a TaK)Ke MOICITHUPOBAHUS alTOPUTMOB
ynpasienust pexumamu padotsl PJIC. Kpome Toro, nomkHa
OBITH BO3MOXHOCTH JIETKOW HWHTETPAllMd HOBBIX MOJEJeH
U anropuTMoB (OCOOGHHO B YacTH ajJrOpUTMOB LU(PPOBOU
00paboOTKM CHUTHAJIOB M QJITOPUTMOB MOJEIHpOBaHUsl (HOHO-
1eJeBO 0OCTaHOBKH, aJTOPUTMOB TEPBUYHOM, BTOPUIHOM,
TPETUIHON OOpabOTKM paJNOIOKAIMOHHOW WH(POPMAIINH),
pa3paboTaHHBIX ¢ y4eTOM TPeOOBAaHUI 3aJaHHBIX MTPOTPaAMM-
HBIX UHTEP(PEHCOB.

JlomkHa o0ecrieuBaThCsl BO3SMOXKHOCTD ONITUMH3AI[OH-
HOTO T0100pa MapaMeTpoB BCEX MPOSKTUPYEMBIX MOJCHCTEM.

Bces CAIIP B ienom qomkHa 00eCTIenBaTh (PyHKITHOHA
CKBO3HOTO MMHTAIIMOHHOTO MOICTHPOBAHUS BCEH CHCTEMEI,
KOTJIa ITOIIIarOBO MOACTHPYETCs padoTa Beel MPOSKTHPYEMOit
PJIC onnoBpemeHHoO.

Krnuenrtckas yacTh JOMIKHA COEPKaTh TAKKE CPECTBA
BBOJIA JaHHBIX (BKIOUYas (DYHKIMOHAJ SKCIIOPTa IAaHHBIX
n mopeneit u3 croponnux CAIIP u 3D penakropoB), a BeIUucC-
JTUTEThHAS 9aCTh — CPENCTBA pacdeTa Uil MOICITHUPOBAHMUS
KOHCTPYKTHBHBIX a5iemenToB PJIC, Bkirouatommas B ce0st Oro-
K{ MOJEJIMpOBaHus MoBOpoTHBIX cucteM PJIC, cucrem aiek-
TPOMHTAHHUS, OXJIKACHUSL, U T.1I.

Bce cocraBubie yactu paspabarsiBaemoii CAIIP Oymyt
WHTETPUPOBAHBI MOCPEICTBOM CIEIHAIN3UPOBAHHON HHTE-
rparmoHHON TIaT(opMel. BRIOOp IMEHHO crieraaTu3npoBaH-
HOW MHTETPAIMOHHOM 1IaT(OpMBl, a HE YHUBEPCaIbHOI, 000-
CHOBaH Hamu B [1].

bnoku, 3ammaHUpPOBaHHBIE K peanu3allud B IOCIEAY-
romux Bepcusix CAIIP, Ha cxeme He MOKaszaHbl (HampuMep,
ONOK OIEHKH JKOHOMHYECKOH 3ddexruBHOCTH). [pyrum
npuMepoM (YHKIMOHATA, 3aIJIAHIPOBAHHOTO K peajn3allny,
BO3MOXHO Juib B Oymymmx Bepcusix CAIIP PJIC, sBisiercs
nozpjepkka npoekTupoBanus 3aropuzontHeix (3I0) PJIC, tak
kak otu PJIC padorator B JIKM nuanazoHe u ajst ux Moje-
JIUPOBaHUs TpeOyeTCs yueT KpaiHe creru(uIecKux CBOMCTB
cpelbl pacpoCTpaHeHuss — HoHOCheps [2—06].

HyXHO OTMETHTB, 4TO CKazaHHOE 37IeCh W Jayiee Ipo
PJIC (1.e. PJI cuctemsr), Takxe crpasemnuso u it PJIK (T.e.
PJT xommuiekcoB), u st otaenbHbIX PJI cranmmii (kpome, MO-
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KeT OBITh, CHCTEMHOTO ypPOBHS) — Tozapa3ymeBas, uto PJI
cTaHIH BXoIdT B coctaB PJI kommekcos, a PJI koMriekcsl,
B CBOIO ouepelb, BXodsT B cocta PJI cucrem [7-10].

YpoBHH NPOEKTHPOBAHMS PATHOJIOKAIMOHHBIX
cucTeM B pa3padaTbiBaeMoii cucTeM
aBTOMATH3HUPOBAHHOI0 IPOEKTHPOBAHMS

B paspabareBaemyto CAIIP PJIC 3akiameiBaeTcsi KOH-
LeNIUsl MHOTOYPOBHEBOTO BeneHMsl mnpoektuposanust PJIC
¢ npuMmenenueM aannoit CAIIP:

1. CucreMmHBII ypOBEHB: pa3MeIICHUE Ha KapTaxX MecCT-
Hoctu PJIC, xommonenToB pamuonoxarroHHbIX (PJI) xom-
IUIEKCOB, IIEJIeH, a TaK)Ke MapLIPYTOB UX JBHKCHUS, NCTOY-
HHUKOB MOMEX C 3aJlaHieM THIOB. KOMIIOHEHTHI BBIONpAIOTCA
U3 CYIIECTBYIOIIMX OMOIMOTEK TOTOBBIX H3JENHUH, 00pa3IoB
(m1abroHOB), a TaK)Ke M3 KOMIIOHEHTOB, CO3/IaBaEMbIX Ha Clie-
JylomuX (HWKHUX) YPOBHSAX INpoekTHpoBaHus. [lo3Bomsier
oteHUTh 3P dekTHBHOCTL padoThl rpynnupoBku PJI cpencts
Mo (pUKCHPOBAHHOMY HAOOpY IIENEH C y4eTOM MECTHOCTH
U BHEIIHUX BO3/CHCTBUI B YCIOBUSIX NMPUMEHEHUSI KOHKPET-
HBIX CPEICTB BO3AyIIHO-KocMudeckoro Hamanenus (CBKH)
Y BO3IYIIHO-KOcMuUeckoi 00oponsl (CBKO).

2. CTpyxTypHBIIl ypoBeHb: co3naHue cTpykrypsl PJIC
U3 TOTOBBIX 00pa3lloB COCTABHBIX 4acTeil (IPHEMHHUK, Iepe-
JaTYUK, aHTCHHO-(HUIIEPHBIC YCTPOWCTBA, OMOPHO-IIOBOPOT-
Hele ycrporictBa, ALII/IIAIL, 610k doHO-mIEeTeBOI 00CTa-
HOBKM M T.7.). Ha 3TOM ypOBHE NPOBOIUTCS HCCIIEIOBAHHE
BO3MOYKHOCTH CO3/IaHMsI U OLICHKa ToKa3arenei 3 peKTHBHO-
ctu padotsl PJIC, cocrosiiei 13 pa3miMyHbIX COCTaBISIONINX
JUISL BBITTOJTHEHHSI KOHKPETHOU 3a/ia4i B (DUKCHPOBAHHBIX YC-
JIOBUSIX; 000CHOBaHUE onTuMaiabHoro coctara PJIC. A B mep-
CHEKTUBE W (DYHKIIMOHAIBHO-CTOMMOCTHOM aHaJN3 pas3iaud-
HBIX IPOCKTHBIX PEIICHHH.

3. Jlormueckuil ((yHKINOHAIBHO-JIOTHYECKUH) ypoO-
BEHb: BapbUPOBAaHHE AITOPUTMOB HUPPOBOI 00padOTKH WH-
¢dopmanmu (NMEpBUYHOM, BTOPUYHOM, TPETHYHOI) C LENbIO
oOecrieueHns: ONTUMAIBHOTO MX COYETaHMS 110 BBIOPAaHHBIM
kputepusM dhhekTuBHOCTH. BBIOOp M 000CHOBaHWE ONTH-
MaJsibHOTO anropurMa ynpasienus PJIC, Tumnos n mapameTpos
HCIONb3YEMbIX CUTHAJIOB.

4. CXeMOTEeXHUYECKUI YPOBEHBb: CO3[aHUE NPHUHIUIU-
QJIBHBIX CXeM OJIOKOB aHaJIOrOBOM U 1U(pOBOIi 00pabOTKH CHT-
HaJIOB, ycTpoiicTB ympasnenus PJIC, mpueMHBIX U mepemaro-
X MOJYJIEH, TEeHEpaTOpPOB CUTHAJIOB, OJIOKOB IIMTAHUSA | T.11.

5. KOHCTPYKTMBHO-TEXHOJIOIMYECKUM ypOBEHb: CO3-
nanue 3D-Monenell u yepTekedl KOHCTPYKTUBHBIX AIIEMEH-
ToB — KomrioHeHToB PJIC (aHTeHHO-(HIEpHBIE YCTPOHCTBA,
OIIOPHO-TIOBOPOTHBIE yCTPOICTBA, OOTEKarelb, CUCTEMa OX-
JIQXJICHUS M T.J1.), CXeM pa3BOAKM Iar. PazpaboTka padboueit
KOHCTpYyKTOpcKoit jokymeHTanuu (PK/T).

Just peanuzanuy TOIEPXKKH ypoBHSL | HeoOXomum,
B ToM umcie, Gynkuuonan ['MC, Bkiroyaronmii BO3MO>KHOCTH



otobpaxenus B 2D u 3D mpoeknusix 1 BO3MOKHOCTh UMIIOP-
Ta MPOCTPAHCTBEHHBIX JAHHBIX M3 PA3IWIHBIX HCTOYHHKOB
(obsi3arenbHOE TpeboBaHne — noxaaepkka gpopmara SXF, ko-
TOPBIA B HACTOsIEEe BpEeMsl IPUHSAT B KauecTBE 0a30BOTO IS
XpaHeHHs M mnepenadd IH(QPOBBIX KapT B rOCyJapCTBEHHOM
kaprorpado-reonesndeckom Qouae). Jlomkaa odecreunBars-
cs1 paboTa HE TOJBKO C TeorpaduiecKuMu M Tomorpaduue-
CKAMH KapTaMH, HO C JTIOOBIMH HEOOXOTUMBIMH ITU(PPOBHIMU
JTAaHHBIMH, IMEIOIMHU MPOCTPAHCTBEHHYIO IIPUBS3KY: MaTpH-
LIaM{ CBOMCTB MECTHOCTH (TIpEK/ie BCEro paanodu3nieckux
CBOMCTB, HalpuMep, AMIICKTPHUECKHUX), MaTPULIAMU BBICOT,
METEOPOJIOTHYECKUMHU JTaHHBIMH  (3arpy’kaeMbIMH U3  OT-
KPBITBIX UCTOYHUKOB CETH MHTEPHET U3 CTaHJapTH30BAHHBIX
¢dopmaroB). IlepeuncieHHble TaHHBIE («HEKAPTH») HYKHBI,
IIPEeXJe BCETro, /Uil paboThl BBIYMCIUTEIBHBIX MOYJIEH, HO
B CIIy4ae HEOOXOIMMOCTH JIOJKHA 00CCIIeUnBAThCS X BH3Y-
anu3alys Kak OTJeNbHBIX cIoeB. Takxke Ha 1 ypoBHE HE0OX0-
JUM (pyHKI_II/IOHaJ'[ 1A CO3JaHus CLUCHApHUEB UMHUTALIMOHHOT'O
MOZIEINPOBAHUS, C BO3MOXHOCTBIO CO3IaHUSI OOOPOHSIOIIEH-
csi W Hamamaromed OOeBBIX TPYMITUPOBOK. MomemmpoBaHue
PJIC B KOHKpETHBIX TeorpauIecKuX yCIOBHIX HEOOXOANMO
U ydera paano(U3UUECKUX CBOMCTB MECTHOCTH, a Tak-
ke penbeda (yrisl 3akpbIThsi, pacuéra 30H Buaumoctu PJIC
¢ y4éTOM II0JIeTa JIeTaTeNIbHBIX allaparoB ¢ OruOaHueM pe-
needa MectHOCTH). To ecTh OymeT peann3oBaH pelakTop pa-
JTHOCIICHBI, TIO3BOJISTFOIITHI

— 3agath nojoxenue komnoHeHToB PJIC, BnmcaB ux
B penbed) MECTHOCTH;

— 3aJIaTh THIIBI I€JIeH U UX TPAEKTOPUIO (KOHTPOIIbHBIE
TOYKH, THUIIbI MaHéBpOB, O0XKHNJAEMBIC CKOPOCTHU ABUIKCHHA HaA
ydacTKax);

— HacTpouTh pexuM padbotsl PJIC: cekTopa ckaHMpoBa-
HUS, AT CeTKU CKaHUPOBAHUSL, PEXKUMBI COITPOBOXKICHUS U JIP.

PenakTop paanocueHbl JOIDKEH TNPEeJOCTaBISTh BO3-
MOXKHOCTB JIerKoro mnepexitouenust 2D-3D mpencraBieHuid.
2D-kapra Mo3BOJSET XOPOIIO MPHUBSI3BIBATECA K MECTHOCTH,
OIJHAKO MHOTHE JETalli CLEHbl Ha HEH OymyT MOKa3aHBI He-
TOYHO — B YaCTHOCTH, TPEXMEPHBIE TPACKTOPUH LEJIEN, 30HBI
3akpbITust PJIC, mojojkeHne INIaBHOTO JIETISCTKA JarpaMMbl
HarpasieHHoctd (JAHA) PJIC u neramn penbeda mecTHOCTH
Ha HeH MOTYT OBITh IMOKa3aHbI JIMIIb NPUOIN3UTEIBHO, B BUIE
MPOEKIMHU Ha IUIOCKOCTh. 3D-Kkapra mo3BosiseT 1mokasarb Jie-
TaJbHYI0 KapTUHKY, OTOOpakasi JoOble OOBEKTHI, BKIIFOYAs
pemsed u AHA. E€ HemocTaTok — TPYOHOCTH B TPUBS3KE
K MECTHOCTH, 0COOCHHO TIPH OOJIBIIIOM YBEIMUCHHH.

Taxxe Ha 1 ypoBHe TpeOyercs (yHKIMOHAT UMHTAIN-
OHHOTO MojeNupoBaHust 0oeBbIX nericTBuil [11-15] ¢ BoO3-
MOKHOCTSIMM CO3/IaHUsI BapUaHTa I'PYNIIMPOBKU CBOUX BOMCK
(CBKO), co3nanus Bapuanrta ynapa CBKH nporushuka, cos-
JTaHUS CIICHApUsl MMUTAIMOHHOTO SKCIIEPHMEHTA, IPOBEJie-
HHUE IMUTALMOHHOTO SKCIIEPUMEHTA U (PUKCHPOBAHUE U OLICH-
Ka €ro pe3yJbTaroB.

10. No. 1-2018, H&ES RESEARCH
RF TECHNOLOGY AND COMMUNICATION

s obecrieaenus MoANEPKKU 2 U 3 ypOBHEH peanmsy-
I0TCSI TPOTPAMMHBIE CPE/ICTBA T.H. IPOrPAMMHUPOBAHHS TIOTO-
koB maHHBIX (dataflow programming): To ecTs “cOOpKu’” HE0O-
XoauMoro (pyHKIIMOHAJIA B BUJIE HA0Opa IMapaMeTpH30BaHHBIX
0JI0KOB, COEIMHEHHBIX Yepe3 BXOAbI U BBIXOABI (1opThI). Ta-
KO MOJXO0/]] IUPOKO IPUMEHSIETCSI KaK B OTHOCSIIIMXCSI K Ha-
LIEMy HPOEKTY O0JACTSIX MMHUTALMOHHOTO MOJEIHUPOBAHMS
Y MOIEIHUPOBAHUS ITUPPOBOI 00pabOTKM CUTHANOB (HATIPH-
Mep, Simulink), Tak u B Apyrux o6nacTax (HanmpuMep, U3BecT-
ubl cucrembl RapidMiner u Orange Canvas, nmpeaHa3zHaveH-
HBIE JUISl MTHTEJUICKTYaJIbHOTO aHaJIM3a HECTPYKTYPHPOBAHHBIX
TEKCTOBBIX JIJAHHBIX M MAIIMHHOTO O0y4eHHS).

Jlnsa peanu3anuy MOIACPKKH 4 U 5 ypOBHEH Ha IEPBOM
starre pa3paborku CAIIP PJIC mpenmomaraercs WHTETpamus
C CYIIECTBYIOUIMM HPOTPAMMHBIM OOECIICUCHHEM CXEMOTEX-
HUYECKOTO M KOHCTPYKTOPCKO-TEXHOJIOIMYECKOTO MOJICINPO-
BaHMS ¥ IPOCKTUPOBAHHSI.

JTanbl NPOEKTHPOBAHNUS MOCPEICTBOM
pa3pabarsiBaemoii CAITP

B paspabareiBaemyro CAIIP 3akmampIBaioTCst BO3MOXK-
HOCTH MCIIONb30BaHMS Ha CIEAYIOIIUX dTarax MpOeKTHpOBa-
nust PJIC, Hy»KHO OT4epPKHYTh, YTO 3TO HE ATAITBI IPOEKTHUPO-
BaHUS U CO3/IaHUSI KOHCTPYKTOPCKOW JOKYMEHTAIMU COITIACHO
I'OCT, a aTanbl NPOSKTUPOBAHKUS UMEHHO TTOCPEICTBOM CO3-
naBaemoit CATIIP, T.e. oOmuii mopsmok e€ ucmoap30BaHus (1a-
nee BcE ckazaHHOE Tpo mpoektupoBanue PJIC — pamgmomoxka-
LIMOHHOM CHCTEMBI — OTHOCHTCSI TAK)KE U K IPOSKTUPOBAHHIO
PJIK, u otaenshoit PJI ctaniuu) [16-19]:

1. sran mpeaBapUTenIbHOIN oueHkH mapameTpoB PJIC,
TpeOyeMBbIX A 00ecneueHNs 3aTaHHBIX XapaKTePUCTHK (CH-
CTEeMHBIH YpOBEHb MPOCKTHPOBAHU); Ha JTAHHOM JTale MO-
Jyllb MpeaBapuUTenbHoi oueHkn napametpos PJIC nmomywaer
B Ka4€CTBE BXOJIHBIX JIAHHBIX YHCIICHHBIC 3HAUCHUS XapaKTe-
PHUCTHK, KOTOpPBIC JODKHBI OBITH OOECIIEUEHBI W BBIYMCIISIET
TpeOyeMble JUIsl 3TOr0 3HAYSHUS! 1apaMeTPOB;

2. JTan WHXEHEPHOTO aHalm3a (CHCTEeMHBIH, CTPYKTYp-
HBIH WIH JIOTHYECKUN YPOBEHb NMPOCKTUPOBAHMS); HA TAaHHOM
srare paszpaborunk cozgaer npoekt PJIC m koHdurypupyer
KOMITOHEHTBI TIPOEKTa 3HAYCHUSIMHU I1apaMeTpOB, IMOJYYEHHBIX
Ha TMpeIbIAyIIeM dTare, paMeraer npoekrupyemyo PJIC Ha
MECTHOCTH, 3aJa€T KOHCTPYKTHMB W THIIbI HCIIOJIb3YEMbIX Ma-
TepuanoB, uHpopmanmonHsle cps3u, P10, BHemHHE BO3-
JCUCTBHUS, OMIIMOHATIBHO 3a[CHUCTBYET almapaTrHbIe 3JIEMEHTHI;
3aIyCKaeT pacyeT XapaKTePUCTUK KOMITOHEHTOB JIOKAIEHO WA
Ha BBIYHMCIIUTEIILHOM KJIACTEpPE, B PE3yNIbTaTe IMOTyYatoTcsl yTod-
Hennble xapakrepuctuku PJIC; mo pesynsratam aHanmsa mnomy-
YEHHBIX 3HAUCHUI XapaKTEPUCTUK IIPUHUMAETCSI PELIEHUE O I1e-
pexo/ie Ha CEAYIOLIMI 3Tall WA BO3BpaTe Ha MPeablayLINi;

3. JTan WMHTAIIMOHHOTO MOJICIHPOBAHUS, Ha TAHHOM
JTare pa3paboTUuK 3a7aeT CICHAPH UMUTAIMOHHOTO JKCIIe-
pUMeHTa: cocTas, pasmerneHue u sl PJIC, xapakrepuctu-
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K{ 30HJUPYIOIINX CUTHAJIOB U PEXHUM PabOTHI, COCTAB, THUITBI
U TPACKTOPHBIE XapaKTEPUCTHKH IENeH, THITB ¥ pa3MEIICHHe
(mapameTpsl ABMKEHHS) ICTOYHUKOB IIOMEX; BBIJIEIISCT 3HAUH-
MblIe KpuTepuH 3 (HEKTUBHOCTH U 3AITyCKAET MOJICIIUPOBAHHE;
Ha OCHOBE aHAJIM3a PE3yJIbTaTOB SKCIIEPUMEHTA IPUHUMAETCS
PECUICHUEC O BBIMMOJHCHHUN WUJIM HEBBIIIOJIHCHUN Tpe6OBaHHﬁ 10
peanmzanun neieBoit GpyHkmn Monenupyemoii PJIC; B ciy-
Yae TOJIOKATEIBHOTO PEIICHNS TPOMCXOANT MEPEX0/] Ha OIUH
13 TOCJIEAYIONINX 3TAloB MPOSKTUPOBAHUS, a B CIIy4ae OTPH-
LaTeJIbHOTO — Ha OJIMH M3 MPEIbIIYIINX;

4. oTamn cTaTUCTUYeCKOH 00padOTKH M ONTUMHU3AINH;

5. 9Tam OIEHKH IKOHOMHUYECKOH 11eJIeCO00Pa3HOCTH;

6. atam pa3zpadorku PKI.

IHonaep:kka MMUTAIIMOHHOTO MOJETHPOBAHHUS

HUccrnenoBanue mporneccoB (HYHKIMOHUPOBAHHS IPO-
extupyeMbix PJIC B paziuyHBIX YCIOBHAX (HOHO-IIEIEBON
1 TIOMEXOBOW 00CTaHOBKH, OlleHKa 3()(HEKTHUBHOCTH OOCBOrO
npumenenns PJIC B cocTaBe TpyNmmUpOBOK BOMCK, a TaKkKe
OIIEHKA PA3TUYHBIX AITOPUTMHUYECKUX PEIIeHUH Mo oopadort-
Ke paanonokaiuonHoi nHpopmanuu B PJIC, ¢ ucmons3oBaHu-
€M UMUTAIMOHHOW MOJICIH, IPEIIoNaracT OopMaTn30BaHHOS
OMHCAHUEC JIOTUKU (PYHKIIMOHUPOBAHUS UCCIICIYEMbIX CHCTEM
B COOTBETCTBHH CO CBOMMHU aHAJIOTaMH B PEaJbHO MPOTEKA0-
mem nporecce. OueHb BaXHO TPH pa3paboTKe Mozenu ode-
CICYNTh CHHXPOHM3AIWIO BCEX MOICITUPYEMBIX OOBEKTOB
0 BPEMEHH, TO €CTh OTOOPa3UTh B MOIETH pEajbHEIA Bpe-
MCHHOH MOPSIOK U MPUIHHHOW-CIICACTBEHHBIC CBs3H. Hinke
TIPUBOJINTCS TIPEUIOKEHHS 110 peajn3allii BapHaHTa (QyHK-
IIUOHHWPOBAHUSA praBHH}OHICﬁ MporpaMMbI-TIAHUPOBIIHUKA
(aucmeTyepa-KoOpaAUHATOPA).

B pesymberare npotekanus nporecca npumenenust PJIC
MIPOUCXOIAT COOBITHS, MIEPEBOIAIINE CHCTEMY M3 OIHOTO CO-
CTOSIHHSI B IPYTO€ B OTPE/ICIICHHBIC MOMCHTHI BpEMCHH. YUeT
KaTeropu BPEMEHH MO3BOJSIET PacCMaTphBaTh IOBE/ICHHE
WK JUHAMUKY CUCTEMBI B paMKaxX HEKOTOPOIo HMHTEpBaja
Bpemenn [t, t] < T. MHOXKECTBO MOMEHTOB BPEMCHH HM3ME-
HEHHSI COCTOSHUS CUCTEMBI KOHEYHO U MOYKET OBITH OMHCAHO
Bolpakenuem: T =<t t, ... t, ... t> et — i-bIii MOMEHT
BPCMEHHU M3MEHCHHSI COCTOSIHUSI CHCTEMBI.

Kaxnomy Momenty Bpemenu tel MOXHO TOCTaBUTh
B COOTBETCTBHE dJIEMEHTAPHbII onepatop h,, BeIMCIAIOMMIA
3Ha4YeHHe S, B NPOCTPAHCTBE cocTosHui S (S,€S) B cooTser-
CTBHH C TpaekTopueii mporecca F. Eciu MOMeHT BpemeHH {
HE MOXET OBITh BBIYUCICH aHAIUTHYCCKH, OH HAXOIUTCS II0
npuHIUIY At, T.e. MOJEITBbHOE BpeMsl KBaHTyeTCs ¢ marom At
W Ha Ka)KJIOM II1are MpoBEPsIIOTCS yCIOBUSI M3MEHEHUS! COCTOSI-
HUS CUCTEMBI. Takum 06pa30M, JUIA UMUTaWU IapaJiyiCJIbHbIX
(OTHOBpEMEHHO TPOTEKAIOIINX) TPOIECCOB U OpTaHU3aI[uH
MeXaHH3Ma CHCTEMHOTO BPEMEHH B MMHUTAIIMOHHON MOIEITH
UCTIONB3YeTCss KOMOMHUPOBAHHBIA TIPUHIIMIT MMHTAIHOHHOTO
MOJICITUPOBAHUS, COYCTAOININI B ceOe TOCTOMHCTBA MOIIAr0-
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BOH M MMOCOOBITHHHONW UMUTAINH, U JUIA YIOPSIOYCHHOM 1O-
CIIENOBATENBLHOCTH BpeMeHn <t> OyzeT copmyIupoBana BO
B3aUMHO-OJJHO3HAYHOM COOTBETCTBHH MOCJIEA0BATEIHLHOCTD
OonepaTopoB <hi>. OueBUAHO, UTO <hi> MIPE/ICTaBISIET COOOM
JIMHEHHBIN Tpad), COOTBETCTBYIOIINI TPACKTOPHH TIporecca F

Just mosnHOro onmcanus npouecca (QyHKIMOHUPOBAHHS
UMHTALMOHHONH MOJIENM HEOOXOIMMO HMETh CPEICTBO, IIO-
3BOJISIONIEE CTPOTO PENIAMEHTHPOBATH MOMEHTBI BpeMeHH
BbINOJIHEHUs oneparopos h.. C stoii nenbro oneparop h, mpen-
CTaBHM B BHJIC HEKOTOPOH CTPYKTYPBI NaHHBIX Z, = <{, ¢,>, Ha-
3bIBAEMOM 3a5BKOM, TJie @ — MMs alropuT™Ma 00paboTKH Mpo-
Liecca THITa W13 KOHEYHOro MuOXecTBa W (W, € W). Ota 3asBKa
BHOCHUTCSL B CIIUCOK Z = <z,, Z,,
JIAPHBIM TUTAHOM WITH KaJIeHAApEeM TIPOIIeccoB. JIaHHbIH CIIICOK
BCEIJa yHopAIoYeH TakuM obpasom, utobsr 7(z) < 7(z, + 1),
riae — QyHKIMS BBIMHUCIIAIOMAs BpeMs 00pabOTKH 3asBKH Z,.
3T0 T.H. MPOIECCHO-COOBITHIHHASI CXeMa MUMHUTALMN (DYHKIH-
onnposanus PJIC.

. Z.>, Ha3bIBAEMBIH KaJeH-

HNuterpamus CAIIP PJIIC
¢ KOHTPOJILHO-U3MEPUTEIbLHONH annaparypou

B nensix omnanku coctaBHbIX KoMnoHeHTtoB CAIIP PJIC
camumu paspadborurkamu CAIIP, a Taioke B 1emsix oOydeHus
COTPYIHUKOB TIPOEKTHPOBAHUIO Ha CYIIECTBYIOIIMX OTede-
cTBeHHBIX 1 3apy0ekHbIXx CAIIP, mpoBeneHnss MMUTAIIMOHHOTO
MOJICITUPOBAHUS U TTOTyHATYPHBIX HCIIBITAHUHN Pa3pabOTaHHBIX
B CAIIP PJIC ycTpONCTB, CO3JaIOTCSl CHELUHATU3UPOBAHHBIE
CTEH[IBI I pa3padOTKU aHaIoroBbIX M nudposix BY 1 CBY
YCTPOMNCTB, @ TaK)KE MPOrPaMMHPOBaHHSI IIU(POBBIX SIIEMEHTOB
U YCTPOMCTB, B TOM YHUCJIE U C IPUMEHEHUEM OTE€YECTBEHHOMN
2JIEMEHTHOU 0a3bl IPU BO3MOXKHOCTH MMIIOpTO3amenieHus. Ha
JAHHBIX CTEHIAX OyAeT MPOW3BOANTHCS BEpH(HKAIMS Xapak-
TEPUCTHK YCTPOIHCTB, NIPOSKTUPYEMBIX Ha CXEMOTEXHHYECKOM
U KOHCTPYKTUBHO-TexHONnornueckoM yposae CAIIP PJIC.

OTtnenbHBIE CTEHAB! MpPEAHA3HAUEHB! JUIS MPOBEACHUS
MMHUTAIMOHHOTO MOJEIHUPOBAHMS M MOJTYHATypHBIX HCIIBITA-
HUH C HCHONB30BAHUEM KOHTPOIBHO-U3MEPHUTEIBLHOTO 000-
PYIOBaHMS M TPOTPAMMHBIX ITPOAYKTOB MHPOBBIX JIH/IEPOB
B JIAHHOM HalpaBJIeHUH. Taknue mporpaMMHBIE CPEICTBA pa3-
pabotku no3posrsitorT umuTHpoBaTh GIII1O, moBecHIE aHTCH-
HBIX CHCTEM, Ipuemo-nepenaromux ycrpoiicts PJIC ¢ nensto
npoBezieHust ucnbitanuii pazpadoranubix B CAIIP PJIC mone-
JIeHl Ha ypOBHSX BIUIOTh O CHUCTEMHOro. Bmecre ¢ tem ajis
TIPOBECHUS TIOJTyHATyPHBIX UCTIBITAHHUHN Oy/eT UCIIOIb30BATh-
Csl IMUTALMSI HA KOHTPOJIbHO-U3MEPHUTEIIEHOM 000py/I0BaHUN
(KMO), xotopoe MMeeT CpeacTBa CONPSDKEHUS! C JaHHBIMU
nporpaMMHbBIMH cpefcTBaMu. AHanoruuno CAIIP mMupoBbIx
JTUEPOB, BO3MOXKHOCTH nonkitoueHns KMO k cpene moxemnu-
poBaHus Uit 00eCredeH I BO3MOKHOCTH ITPOBEICHUS MOITy-
HATYpHBIX HCIBITaHUH TipeaycmarpuBaetcs u B CAIIP PJIC.

Takoll MOAX0OM NPENOCTaBIseT BO3MOXKHOCTH IIPOBO-
JUTh COBMECTHBIC HCIBITAHUS M3TOTOBJICHHBIX 00pa3IOB



U yCTPOMCTB, KOTOPBIC HA AAHHBIH MOMEHT CIIPOCKTHPOBAHBI
TOJBKO B BUJE NMPOTPAMMHBIX MOJEICH, MPOBOJUTH OIECHKY
pe3yabTaToB C BHECEHHEM KOPPEKTHPOBOK B JIaHHBIE IIPO-
rpaMMHBIE MOJICTIH.

IIpenBaputensubiit coctaB KHUO nst  compsprkeHHst
¢ CAIIP PJIC npencTaBieH HUKE.

6.1. KHO myst reneparuu (hoHO-11€€BONH OOCTaHOBKH.
K nanHoii rpynne oTHOCATCA:

— TEHEepaTop CUTHAJIOB POU3BOIBHON (OPMBI;

— BeKTOpHBIN reneparop CBY curnanoB mupoxono-
JIOCHBIH.

6.2. KMO nis TecTUPOBAHUS U IMUTAIIH AHTEHHBIX CH-
creM. K nanHo# rpynmne oTHOCSTCS:

— aHaJN3aTop CHEKTPA;

— ocummiorpad;

— U3MEpUTENh MOIIHOCTH;

— aHAJIOTOBBIM T'eHepaTop CHI'HAJOB (sl TECTHUpPOBA-
HUS ¥ KaJTuOPOBKH).

6.3. KO nnst TecTUpOBaHMS U UMUTAITUH KOMITOHEHTOB
PJIC.

K nannoit rpynne oTHocsTCS:

— BEKTOPHBIN aHAIM3aTOP LIeTIei;

— aHaJIU3aTop CIEKTPa;

— ocuuuiorpad;

— TEHEepaTop CUTHAJIOB MPOU3BOIBHOM (POPMBIL.

6.4. KO nmist TecTupoBaHUS W IMUTAIMA JTHHAN CBA3N
Mexay komnonentamu PJIC.

K nanzoii rpynmne oTHOCATCS:

— JIOTHYECKHUH aHaIu3aTop;

— ocuuuiorpad;

— BEKTOPHBINA aHAINU3aTOP LIeTeH.

B 3aBucuMocTn OT Ha3HaueHMS M (YHKIMOHAIBHBIX
TpeboBannit i Kaknoi rpynmsl KMO npexycMorpen cBoit
TUII TPOTPAaMMHOTO MOAYJsSI B3aumosnercTBus. Kaxpiii Tum
MOJYJIsl B3aUMOACHUCTBUS XapaKTepU3yeTcs:

— MOJJIEP)KMBAEMbIMU CTaHJapTaMu oOMeHa HH Op-
Marmen ¢ 06opyIoBaHHEM;

— THIOM U (QopMaToM MaHHBIX oOMeHa ¢ 00OopyHoBa-
HHUEM, TUIIOM M ()OPMATOM JAaHHBIX OOMEHa C MHTETPALOH-
Ho#t mrardopmoit CAIIP-PIIC;

— Ha KakoM YpOBHE CpeJibl MOJECIIUPOBAHNS UCIIONb3Y-
eTcsl (CHCTeMHBIH, CTPYKTYPHBIH, CXeMOTEXHUYIECKHH);

— TepeueHb MOAIEPKUBAEMOTO 000pyaOBaHUS (MOMY-
JIeH cOTpsHKEHMS ¢ 000PYIOBaHUEM).

3akioueHue

B paboTte moka3aHbl aKTyaJbHOCTh pa3pabOTKH OTeue-
crBerHoi CAITP PJIC momHOro CKBO3HOTO IHKJIA B € 00IIas
ApXUTEKTypa; MPeCTaBIeHa KOHIEIUS IATH YPOBHEH MPO-
extupoBanus PJIC B pa3pabarsiBaemoii CAIIP n ocHOBHBIE
TpeOOBaHUS MPH peau3alliil JaHHON KOHIEIIINH, a TaKKe
MOICPKKU UMUTAITIOHHOTO MOJICTHPOBAHIS; 00CYXKIaach
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uHTerpamnus paspabareiBaemoit CAIIP ¢ KOHTpOIBHO-H3ME-
puTenbHO# ammaparypoii. Crermuduka pa3padaTbIBaeMOi
CAITIIP HambGornee BhIpakeHa B y4eTe CIEHAPHEB HCIIOIb30-
BaHUS MPOEKTUPYEMOTO M3/IETHs B YCIOBHAX KOHKPETHBIX
CBKH u CBKO. Opnum u3 HampaBlIeHHH manbHEHIIero
pasButus u cosepuercrBoBanusi CAIIP PJIC Oyner ¢yHk-
UOHAT IS pa3paboTKu U MopenupoBaHus 60pToBeix PJIC
ronoBok camonapeneHus (I'CH) paker, a Taxxke OTIamgKu
BCTPOCHHOTO IMPOTPAMMHOTO OOECIeueHUs OOPTOBBIX BBI-
yucauteneit 'CH.
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RUSSIAN COMPUTER-AIDED DESIGN OF RADAR SYSTEMS, SYSTEMS AND STATIONS
WITHIN THE MEANS OF AEROSPACE ATTACK

ARTEM P. KONOVALCHIK,

Moscow, Russia, konovalchik@almaz-antey.ru

MAXIM Y. KONOPELKYN,

Moscow, Russia, m.konopelkin@almaz-antey.ru

ABSTRACT

The work shows the development of a domestic computer aided de-
sign in full cycle end-to-end radar systems (complexes, stations). The
general architecture of the developing system: the division for a con-
ditional client side and server side; moreover, the client part is a work-
station of the developer of radar, includes means for input and editing
of all input data, view the results of the calculations, the functionality
of the control computing modules, while the server part consists of
computational modules that run both locally and in a distributed com-
puting environment and implements the functionality of the model as
separate units of radar stations and radar stations, complexes, systems
as a whole. The concept of five levels of design radar in the system
being developed and the basic requirements for the implementation
of this concept. System level: placement on the maps for the radar
components, radar systems, targets, and routes of their movement,

interference with job types; components are selected from existing li-
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braries of ready-made products, designs and components created on
the lower levels of design. Structural level: the assembly of the radar
structure of the constituent parts. The functional-logic level: the varia-
tion of the algorithms of digital information processing to ensure their
optimum combination in the selected criteria of effectiveness. Circuit
level: the creation of circuit diagrams of blocks. Construction-techno-
logical level: the creation of three-dimensional models and drawings
of structural elements, receiving a set of design documentation. The
specificity of the developed computer-aided design system is most
pronounced in activity-based scenarios for the use of the designed
product in terms of the specific means of aerospace attack and de-
fence; this specificity is manifested to the greatest degree on the sys-
tem level design. In the work discussed approaches to implement the
simulation. In general, the described integration of a software system

with instrumentation equipment.
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AHHOTALMA

PaccmaTpuBaeTcs aBTOMaTU3auMs NpoLiecca YnpaBfieHWsi CJIOXKHbBIM pacnpefenieHHbIM B Npo-
CTPaHCTBE OpPraHU3aLMOHHO-TEXHNYECKUM KOMIIEKCOM, KOTOpasi COCTOUT B MOCTPOEHUM BbICO-
KOaAanTUBHOMN CETELLIEHTPUYECKON pacnpeaesieHHON MHOrOMaLLUVHHOW CUCTEMbI, BbIMOJHSIIOLLLEeN
COBOKYMHOCTV B3aUMOAENCTBYIOLLMX LiesieBbiX 3agdaq. MNpusoantes knaccudukaums n cTpykTy-
pa paccMaTpuBaeMOm BbIYUCITUTENIbHON CUCTEMbI, UMEIOLLLE MHOIOYPOBHEBYIO OpraHu3aLmio
B3aVMOJENCTBYIOLLMX MeX/y coBOI annapaTHO-NPOrPaMMHbIX CPEACTB, a Takke 0COBEHHOCTH
TaKoW OpraHM3aLmu Npu NoCTPoeHnn cboe- 1 OTKa3oyCTONUMBOMN pacrpenesieHHOW ceTeLeHTPU-
Yecko MHPOPMALIMOHHO-YNPAaBSIIOLLIEN CUCTEMbI OTBETCTBEHHOTO NpuMeHeHus. MpeacTaBneHsbl
XapaKTePUCTUKM, MPUHLMMbI MOCTPOEHUSs,, 0COBEHHOCTU PacCMaTPUBAEMbIX CUCTEM U UX «bUo-
codckas» CyLIHOCTb C TOUKM 3peHus cboe- n oTkasoycTonumneocTu. lNprBeaeHa knaccudumkaums
MexaHM3MoB obecriedeHmns cboe- 1 0TKas3oyCToNYMBOCTU. BbinonHeH aHanus nybnvkaumn B obna-
CTV NocTpoeHust cboe- 1 0TKa3oYCTONUMBbIX MYSIBTUAreHTHbIX CUCTEM, AeKTaPUPYEMbIX B IUTEPa-
Type Kak Hanmbosee NepcrekTUBHbIN NOAXOA K PaspaboTKe MHTESNEKTYasbHbIX CJIOXKHBIX CUCTEM
paccMaTpuBaeMoro Kiacca. [lokasaHbl cyLLlecTBEeHHble HeloCTaTKM 3TOro NOAXOAa, OTPbIBalOLLLe-
ro anropUTMUYECKYIO COCTaBSIIOLLYIO MPOEKTUPYEMOIN CUCTEMBI OT €e TEXHUYECKOro HOCUTeSs,
SIBSIOLLErocs MOAMHHBIM MCTOYHUKOM pU3MHecKkux HeucnpasHocTen. Onpenenetbl $hakTopsl
CJIOXHOCTU MPU NPOEKTUPOBaHNMN COOe- 1 OTKa30YCTONUMBbIX CUCTEM PACcCMaTPUBAEMOrO Kilac-
ca. MNokasaH TUMOBOWN NOAXOA, K MPOEKTUPOBaHUIO c6Oe- 1 OTKA30yCTONUMBBLIX CUCTEM, HEJOCTaT-
KV 3TOrO MOAXOAA Y HEOBXOAMMbIE €ro U3MEHEHUs MPU MOCTPOEHUM PAaCCMaTPUBAEMBIX CUCTEM:
HeoBbXoAMMOCTb yyeTa BOMPOCOB cboe- 1 OTKa30yCTOMUYMBOCTM B MpoLecce paspaboTku apxu-
TEKTYPHOW YacTU NPOEKTa, a TakoKe BaXXHOCTb MPOEKTUPOBAHUS «CBEPXY-BHM3» C 0Dsi3aTeNbHbIM
B3aUMHbIM yyacTMeM pa3paboTunKoB LeneBbiX GpyHKLMIA CMCTeMbI U pa3paboTunkos npobrem
ee cboe- u oTkasoycToumneocTy. PaccmatpuBatoTes 1 KnaccduLMpyoTcs METOAp! peanuaumm
MexaHV3MoB obecreyeHnsi cboe- 1 OTKa3oyCTOMYMBOCTM Anst Hanbonee obLuel «BpaxaeGHOM»
MOAEeNM [onyCTUMbIX HencnpasHocTel. MokasaHo, YyTo Hanbonee akTyasbHOW npoGremoit ro-
CTPOEHUsI PacCMaTPMBaEMbIX CUCTEM SIBJISIETCS CO34aHMe, oTpaboTka 1 UCTbITaHUSI MaKeTHOro
obpasLa BblcokoaJanTUBHOW pacnpeaesieHHON CeTeLLEHTPUYECKOW MHOrOKOMIIEKCHOM cboe- 1

OTKa30YyCTOMYMBOM YNPaBASIIOLLEN CUCTEMBl.

KJIKOYEBbBIE CJIOBA: pacnpepeneHHas MHOrOMalUMHHas BblYUCAWTENbHAs CUCTEMa;
cboe- 1 OTKa30yCTOMUMBOCTL; MynbTMareHTHas CUCTeMa; AWHaMmyeckas U3BbITOYHOCTD;

Bpa)K,D,e6Haﬂ HencnpaBHOCTb.

Ana untuposaHus: JlobaHos A. B., AwapuHa W.B, lpuwmnt B.1O., CupeHrko B.I. MakeTHbIi obpa3seL, BbicOKoananTUBHOW pac-

npeneseHHoON CeTeLeHTPUYECKON MHOTOKOMIIIEKCHON cOoe- M OTKa30yCTOMHYMBON YNpPaBsSoWed CMCTEMbI - aKTyasibHasl

npobnema // Haykoemkue TexHonornm B Kocmmnyeckunx nccneposanusx 3emnmn. 2018.T. 10. N2 1 C. 48-58. doi 10.24411/2409-

5419-2018-10019
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ABromaTH3anus Hporecca YHpaBJIeHHs CIOXKHBIM pac-
TIpEIETICHHBIM B ITPOCTPAHCTBE OPTraHU3aMOHHO-TEXHUIECKIM
KOMIUIEKCOM COCTOMT B CO3/IaHWH CETEIEHTPUYECKOW pacmpe-
JIEJICHHOH B ITPOCTPAHCTBE MHOTOMAIIIMHHON BBIYMCIINTEIBEHOM
cucrembl (MBC) ceTeBoii CTpyKTypbl, TapajuieNIbHO BBITOIHS-
IOIlEeH COBOKYMHOCTH B3aMMOJAECUCTBYIOIIMX II€JIEBBIX 3a]1au.
Camoii CITOKHOHM M aKTyaabHOW 0ONTacThI0 MPHMEHEHHUS TaKIX
CHCTEM SIBJIAIOTCS TIIOOABHBIE CHCTEMBI YIIPABICHHUS CETEIICH-
TprdeckuMu BoviHamu [1-2]. [lo cymecTByromel kmaccugu-
KallMy CeTel CHUCTeMbl pacCMaTpHBaeMOro Kijlacca OTHOCSTCS
K OJTHOPaHTOBBIM, JICIIEHTPAJIN30BAaHHBIM WM ITHPUHTOBBIM
CeTsIM — 9TO OBEpJICHHbIC KOMITBIOTEPHBIE CETH, OCHOBAHHbIC
Ha PaBHOIIPABHHU YYaCTHUKOB. B TaKnX ceTax OTCYTCTBYIOT BbI-
JIETICHHBIE CEPBEPBI, W KAXKIBIM y3€J MOXKET BBIIONHSITH KaK
(yHKIMM KITHEHTa, Tak ¥ (yHKLIUH cepBepa.

B ommmune oT apXHTEKTYpBl KIMEHT-CEpBEp, Takas op-
TaHu3alus TMO03BOJISIET O0ECIeunBarh JUIMTEIBHBIH CPOK aK-
TUBHOI'O CYHICCTBOBAHUA U MPOAOJDKHUTCIIBHYIO TPACKTOPHIO
YIPABISEMOU erpagalyi.

OTa BEIUMCINTENbHAS CHCTEMA HMEET MHOTOYPOBHEBYIO
OPTaHM3aLMI0 B3aUMOJICHCTBYIOIINX MEXIy co0oi arma-
paTHO-ITPOTPaMMHBIX CPE/ICTB, Ha HW)KHEM YPOBHE KOTOPOM
(cM. puc.) HaxXosATCs amnmapaTypHbIe CpPe/CTBA TAaKOW cHUCTe-
Mbl (1udpoBbie BeruucnuTeNbHBIE MalnuHbl (LIBM), ceTeBbie
3NIEMEHTBI, KaHaJbl cBsA3n). Crenyromye ypoBHH MPEACTaBIs-
10T mporpamMHoe obecrieuenue (I10), koTopoe cHU3Y-BBEpX
BKro4aeT: 1) 6asoBoe IO, obGecrneumBaromiee B3anMOJIEH-
cTBHe BepxHUX ypoBHel [1O ¢ anmapaTHBIMH CpeICTBaMH.
2) obmee, cucteMHoe mporpammHoe obecreuenue (OI10),
BKJIFOYAIOIIEe, B YaCTHOCTH, ONEPALUOHHYIO CUCTEMY, IOA-
CHCTEMY BBOAA-BBIBOZA U JP. 3) CIIy’KEOHBIH YPOBEHB, IPO-
TpaMMBI KOTOPOTO B3aWMOICHCTBYIOT Kak ¢ I[1O 6a3oBoro
ypoBHs, TaK # ¢ I10 cucremuoro ypoBHs. OOBIYHO OCHOBHOE

cno
(uenesoe NO)

ono
(cucTemHoe)

AnnapaTypHble
cpeacTsa

basosoe MO

CnyebHoe NO

Puc. MHoroypoBHeBast opranu3anys B3auMOoJEHCTBYIOIINX

MEXTy CO00H anmapaTHO-TIPOrPaMMHBIX CPEICTB
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Ha3HAYCHHE CIYKEOHBIX IIPOTPaMM COCTOUT B aBTOMATH3ALINU
pabot 1o mpoBepKe, HaJa ke U HACTPOHKE KOMITBIOTEPHOH CH-
cTembl. B pa3paboTke 1 SKCILTyaTalliu CIyKEOHBIX IIPOTpaMM
CYIICCTBYET JIBa AIETCPHATUBHBIX HAIPABIICHUS: UHMe2PaYUs
C ONEepayuoHHOU CUCMEMOU W ABMOHOMHOE QYHKYUOHUPO-
sanue. B mepBoM ciydae ciykeOHbIE TPOrpaMMBbl MOTYT H3-
MEHATH MOTPEOUTEIHCKHE CBOWCTBA CHUCTEMHBIX IPOTpamMM,
nmenast ux OoJyee ymOOHBIMH JJISl TIPAKTHIECKOW paboThl. Bo
BTOPOM cITy4ae OHH c1a00 CBS3aHBI C CHCTEMHBIM IIPOTPaMM-
HBIM 00€CIIEYCHUECM, HO MPEIOCTABIISIFOT TI0JIE30BATEIIO0 OOJIb-
1€ BO3MOXKHOCTEH sl IepCOHAIBHON HACTPOMKH MX B3au-
MOJICHCTBUS C anmapaTHbIM M IPOTPAMMHBIM 00€CIECUCHHUEM.
4) cnenmanpHOe (MPUKIAAHOE, IEIeBOE) MPOrpaMMHOE 00e-
cnederne (CIIO) — mpeaHa3HaueHO [UIS PEIICHHUS IEIEBBIX
3amad monp3oBatens (CIIO 4acTo Ha3BIBAIOT MPOTPaMMHBIM
MIPUIIOKEHUEM WITH TIPOCTO MPHIIOKCHUEM ).

[Ipencrosiiee MMPOKOES BHENPCHUE PACCMATPUBACMBIX
CETELEHTPUYECKUX MH(OPMALIMOHHO-
YIPABISIONIUX CHCTEM OTBETCTBEHHOTO M KPUTHYECKOTO MPH-
MeHEeHHs TpeOyeT 0co00r0 BHUMAHUS K BOIIpOcaM UX HH(OpP-
MaroHHOHW Oe3omacHoctd. OIMHOM M3 COCTABIISIOIIMX DTOM
0e30MacHOCTH SBJSICTCS OOCCIICUCHUE 3aIaHHON cOoe- U OT-
Ka30yCTOHYMBOCTU TAKHX CHCTEM.

CerereHTpryecKasi HH(OOPMAIIMOHHO-YIIPABJISIOIIAs CH-
cTeMa TPEACTaBIsIeT COO0H paclpeAeieHHYI0 CHCTEMY, Op-
TaHW30BaHHYIO B BHJE Habopa HE3aBHCHMBIX KOMITBIOTEPOB,
COCIIMHEHHBIX KaHAJIAMH CBSI3H, PACCMATPUBACMYIO TTOJIE30Ba-
TeIsIMHU B BHJIE €IMHON 00benuHeHHON cucTteMbl [3]. Haunbo-
Jiee BaYKHBIC XapaKTCPUCTUKHU, KOTOPBIC JTOJDKHA UMETh TaKast

pacrpe/eeHHbIX

CHCTEMa: &) OT IOJIb30BATEIICH CKPBITHI PA3IHYHUS MEXKIY KOM-
MBIOTEPaMHU U CIIOCOOBI CBS3M MEXy HUMH; b) TONTB30BaTEN
1 TIPIJIOKEHUS eIMHOO00pa3HO paboTaroT B 00meM mHpopma-
MOHHOM TPOCTPAHCTBE M €AWHOM BPEMEHHOM IIOJIE pacIipe-
JICTICHHOW CHUCTEMBI, HE3aBUCHMO OT TOTO, TJIC U KOTIJ/Ia MPOHC-
XOIUT WX B3aMMOJICHCTBHUE; C) CHCTEMa OTHOCHUTEIILHO JICTKO
MOJIIACTCS aaTallMy, PACIIMPEHUIO WIIK MaCIITA0UPOBAHUIO;
d) BO3MOXXHO, UTO B CHCTEME HEKOTOPBIE €€ YaCTH MOTYT Bpe-
MEHHO BBIXOJUTH U3 CTPOSI, TIPH 3TOM TIOIB30BATEIN U TIPIIIO-
JKCHUS HE YBEIOMJISIFOTCSL O TOM, YTO 3TH YaCTH 3aMEHEHBI WITH
OTPEMOHTHPOBAHBI HITH YTO JTOOABJICHBI HOBBIC YaCTH JIJISI TIOJI-
JICPYKKH JOTIOIHUTEIIBHBIX MOJIb30BATEIICH HITH MPUIOKCHHH.

[TpUHIMIIBI TOCTPOCHUST PACHIPEICIICHHON CETCIEHTPH-
YecKol MH(pOPMAIMOHHO-YIPABISAIOMEH CHCTEMBL: 1) OTKpBI-
TOCTH (B3aMMOZICHCTBIE C BHEIITHEH CpeIoif), 2) caMOOpraHu3a-
mus, 3) cnabast nepapxus B KOHTYPE MPUHSATHS COTIaCOBAaHHBIX
peleHui, 4) mapajuiebHOS U OJHOBPEMCHHOC PCIICHUE B3a-
MMOJICHCTBYIOIINX IENICBBIX 337[ad B PEXKHUME PCaIbHOTO Bpe-
MeHH, 6) obecrieueHre MHGOPMAIIMOHHON 0e30macHOCTH (3a-
JTAHHOM JTOCTOBEPHOCTH BbIaBaeMoOi MH(MOpMAINH, 3aJaHHOK
c0oe- W OTKA30yCTOMYMBOCTH IS KaKIOH M3 peIIacMbIX Iie-
JIBBIX 3371a4 KPUTUYECKOTO NMPUMEHEHUSI M CETEBBIX Cpell MX
B3aUMOJICHCTBUS).
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HAYKOEMKVIE TEXHOMOT N B KOCMUYECKMX UCCNEAOBAHMAX 3EMIM, T. 10. N2 1-2018
NHOOPMATUKA, BbIMMCITUTEJTbHAA TEXHUKA 1 YTIPABJTEHNE

Oco0OeHHOCTSIMH PACIIPENICIICHHON CeTelEeHTPHYECKOM
MH()OPMATMOHHO-YTIPABIISIONIEH CHCTEMBI OTBETCTBEHHOTO
MIPUMEHCHHUS SIBJSIFOTCS: a) aBTOHOMHOCTH L[[BM, 6) orcyrt-
CTBHE O0IIEH MaMsTH, B) MEXMAIIMHHOE B3aUMOJICHCTBHE MO
JIBYXTOYECYHBIM M IIMHHBIM KaHajlaM CBSI3U; I') MHOTOYpOBHE-
BOCTBb CUCTEMBI 1 OTCYTCTBUE HCHTPAJIN30BAHHOT'O YIIPABJIAIO-
IeTo opraHa; 1) HeOOXOIUMOCTh CAMOCHHXPOHH3AIUN U Ca-
MOOpPTaHHW3aIUU CUCTEMBI IS OOECTIeYeHUs] HEeoOXOTMMOI
aJIanTayy, MaclITabNPOBAHUS, 3AIIUTHI OT BHEIIHUX BO3/ICH-
CTBUIA, BO3JICUCTBUI HEUCIIPABHOCTEH U OMIHOOK TPOCKTHPO-
BaHMs; €) padoTa B pe)KMME PeabHOTO BPEMEHH; 5K) OOJIBIION
CPOK aKTHBHOT'O CYIIECTBOBAHMS; 3) BBICOKHE TPEOOBAHMUS MO
HaJIS)KHOCTH PaOOTHI U TOCTOBEPHOCTH PE3YNbTATOB.

VsI3BIMOE MECTO HEH CETEHEHTPHUIECKUX MH(pOpMAI-
OHHO-YTIPABISIFOIIMX CHCTEM — 3TO BMEIIATEIbCTBO B IIPO-
LIECChl CAMOCHHXPOHH3AIMY U CaMOOPTaHN3allH, Pa3pyleHIe
LUPKYJIMPYIOMINX B CHCTEMaX MH(POPMAIIIOHHBIX TOTOKOB.

«Dunocodckoity CyIIHOCTHIO paccMaTrpUBaeMbIX CH-
CTEM C TOUKH 3peHHUsI c00e- U 0TKa30yCTOHYMBOCTH SIBIISIOT-
cs: 1) CmOKHOCTD; 2) HEOOXOMUMOCTh CHHXPOHU3UPOBAHHOMN
U COINIACOBAaHHOM paboThl MX BJIEMEHTOB; 3) IpaKTHYECKas
HEBO3MO)KHOCTH TOYHBIX BBIBOJIOB O TEXHHYECKOM COCTOSTHHN
cucteMbl; 4) HEOOXOMMOCTh CAaMOCTOSITEIBHOTO (hopMHpOBa-
HUA OTUX BBIBOJOB Ha OCHOBE ITPUHHUMACMbIX 3apaHEC 1, BO3-
MOKHO, HETOUHBIX KPUTEPHUEB; 5) HEOOXOIUMOCTD YTOUHEHHMS
9THX KPUTEPHEB CO CTOPOHBI CAMON CHCTEMBI B TIpOIECCE €€
1eneBoil paboThl, BO3MOXKHOCTh K CaMOOOYYCHHIO M Camo-
ajanTanys TaKuX CHUCTEM K YCIIOBHSIM IIPUMEHEHHs; 6) He-
00XOIMMOCTh IPUHUMATh W BBINOJHATH CAMOCTOSITEIIBHBIC
pelieHusl 0 PeKOH(PHUTypali U YIPaBIIeMON erpagaiuu
CHCTEMBI; 7) HEOOXOOMMOCTh POESKTHPOBAHUS TAKMX CHCTEM
«CBEPXy-BHHU3» B YCIOBUSX UETKHUX OIPEACICHHH, MOHATHH
1 MOJIeNel IIpH TECHOM B3aUMOJICHCTBHN Pa3pabOTUNKOB Iie-
JIeBBIX 3a/a4 U pa3zpaboTYMKOB NpobieM obecriedeHus: cooe-
1 OTKa30yCTOHYNBOCTH.

[Ipouecc MpOEKTHPOBAHUSI PACCMATPUBAEMBIX CHCTEM
«CBEPXy-BHH3» KPATKO MOKHO MPEACTABUTH B BUJE HTAIOB!
1) ompenenenre HehOPMATHHON IETH MPOEKTA; 2) CHUCTEM-
HBII aHAJIM3 YCIOBUN TPUMEHEHHS IIPOSKTHPYEMOTO 00BEKTa,
OTIpezieJIeHUE U aHaJIM3 CYIIECTBYIONINX OrPaHUuCHNH, Mpe-
TIOJIOXKECHUH, THIOTEe3, Teopuit; 3) GhopMynupoBka (Gopmaiu-
30BaHHOM LI€JIM IIPOEKTa B paMKax IPUHSATHIX OrpaHUYEHUH,
[IPEAIIONIOKEHUM, TUIIOTE3, TEOPHM, YCIOBUH INPUMEHEHMS,;
4) pa3paboTka 0000IIEHHBIX, 00OCHOBAHHBIX METOJIOB U aJl-
TOPUTMOB peaiu3anuy (OpMaTM30BaHHONW IEIH IIPOEKTa,
X MOJICIIUPOBAaHUE M OLCHKA; 5) AEKOMITO3UIHUs 0000IIeH-
HBIX QJTOPUTMOB Ha araparypHble 4acTH W IMPOTrpaMMHBIC
yacTu; 6) pa3paboTka TEXHHYECKUX 3aJaHUil Ha armaparyp-
HBIE U NPOTPAMMHBIC YacTH; 7) peanu3anus anmnaparypHbIX
W MIPOTPAaMMHBIX YacTeH; §) CTHIKOBKA ammapaTypHBIX U Mpo-
TPaMMHBIX YacTeif; 9) KOMIUIEKCHBIC HCITBITaHUS IpoekTa; 10)
BHEJIPEHHE U COIPOBOXKJICHHUE Pa3pabOTaHHOI CHCTEMBI y 3a-
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Kaz4uka. [IepBble MATh ITANOB ONPEEISIOT pa3paboTKy apXu-
TEKTYPHOH YacCTH MPOEKTA.

B cooTBeTcTBHN € TPaJUIIIOHHBIM HOIXOIOM K IIPOSKTH-
POBaHUIO cOOe- M 0TKa30yCTOMYMBBIX CHCTEM CIiepBa pa3pada-
TBIBACTCSl APXUTEKTYpa IIEIEBOI CUCTEMBI 0€3 yueTa BOIPOCOB
obecrieueHusi cO0e- M OTKa30yCTOMYMBOCTH. 3areM (opMUpy-
torcs T3 Ha anmaparypHble 1 IPOrPAMMHBIE YaCTH, B KOTOPBIX
TpeOoBaHMe 0 cO0e- M OTKA30yCTOHYMBOCTH CHCTEMBI 4acToO
(dopmynupyeTcs B Bue TpeOOBaHUS K MPOIODKEHHIO [EJIEBON
pabOThI IPU OTKAa3€ OHOTO WIIH JIBYX JIEKTPO-PAHO M3/ICIUH
(OPH). PazpaboTurky anmaparypHbIX H IPOrPaMMHBIX CPE/ICTB,
HCXO/Is M3 TAKOTO TpeOOBaHMS, BBOIST B pa3pabOTaHHYIO apXH-
TEKTypy U3BECTHBIE UM aBTOHOMHBIE MEXaHH3MbI 00ECTICUCHHS
cboe- M OTKa30yCTOMYIMBOCTH, KOTOPBIC TPH ITOCIEAYIOIIEM
aHaIM3e PEe3y/bTaTOB TAKOTO BBEICHHMS MOTYT IOTpedOBaTh
KOPPEKIMIO apXUTEKTypbl MPOCKTUPYeMOW cHCTeMbl. Takue
UTEpaIU MOBTOPSIFOTCS IO TeX TOp, MoKa He OyJeT HaiaeHo
Y/IOBJIETBOPHUTENHHOE, C TOYKH 3PEHHS IPOCKTHPOBILUKOB, pe-
LIEHKE MTPU JaHHBIX MTPeAnonokeHusIX. OJJHAKO Tako# mpouece
TIPOEKTUPOBAHMS M3-32 BBHICOKON CIIOKHOCTH CHCTEMBI MOXKET
MIPUBOJUTH K BO3HMKHOBEHHIO B HEW HErarMBHBIX 3((deKToB
SMEPKEHTHOCTH, COCTOSIIIMX B TOSIBJICHUH OIIMOOYHOTO T10-
BEJICHUSI M3-32 HEMPEAYCMOTPEHHBIX CHCTEMHBIX SIBJICHHH, He-
ANCKBATHOCTU pEAIUAM IMPUHATBIX MOHCHeﬁ, OFpaHI/I'-IeHI/Iﬁ NI
teopuii. Takne 3¢ GdeKThl, MPU MX BO3HUKHOBEHWH, YPE3BbI-
YaifHO TPYAHO MOAJAIOTCS aHAIN3Y, €CIH MOAAIOTCS BOOOIIE,
1 00BIYHO HEOOOCHOBAHHO «CITHCHIBAIOTCS» HA €Ile HE HcClle-
JIOBaHHbIE WM HE OTpaOOTaHHbBIE AJIEMEHTHI TEXHOJIOTHH HJIH
3aIIUTHl OT BHEIIHHWX BO3ICHCTBHI (HAIpUMEp, HEIOCTaToy-
HYIO paguaioHHyto croikocts OPN). TlosTomy Bechma Bak-
HO Ha HaYaJIbHbIX, APXUTEKTYpPHBIX 3Tamax NPOCKTHPOBAHHS
TAKKe CTABUTBH W PEIIaTh apXUTEKTypHBIE PoOIeMbl obecte-
4yeHus1 c0oe- W OTKAa30yCTOWYMBOCTH, NIPUMEHSThH aJIeKBaTHbIC
MOJICIH, OTpaHUYEHHSI, IPEIOIoKEeHHS 1 TeopruH. CIIOKHOCTD
9TUX MPOOJIeM MOKET 3HAUYUTEIILHO TIPEBBIIATH CII0KHOCTb pe-
HICHUS ITOCTABJICHHBIX ILICJICBBIX 3aJa4. CootHolieHue MEXKIOY
STHMH TIpobiieMamMu obecriedeHust c0oe- M OTKa30yCTOHYNBO-
CTH U BBITIOJTHAEMbIMH IIETIEBBIMU 33]a9aMi YMECTHO CPaBHUTH
C COOTHOIIICHNUEM CJIO)KHOCTH BBITIOJIHEHHSI HEKOTOPBIM KOJIIEK-
THUBOM MHTEJUICKTYaJIbHBIX POOOTOB B PEKHME peabHOIO Bpe-
MEHH JUTUTEIbHBIX, BO3MOYKHO, JOCTATOYHO CIIOXKHBIX IIEJIEBBIX
3aj1a4, ¥ CJIOKHOCTH ITPOOJIEM MOIePyKaHksI PabOTOCIIOCOOHO-
CTH 3TOTO KOJUIEKTHBA C YYETOM HMMEIOIIUXCS CIle JaleKo He
N3YYEHHBIX MEXaHM3MOB COXPaHEHHS TPEOyeMbIX BHYTPEHHNX
XapaKTEePUCTHK PAOOTOCIIOCOOHOCTH Ka)KAOTO WieHa KOJUICK-
THBA ¥ BCETO KOJUICKTHBA B LIEJIOM, @ TAK)KEe BCEX BHEIIHUX CH-
CTEM TIOJJICP)KaHUS! KU3HEACSATEIILHOCTH KaK KaXKJIOro 4WieHa
KOJUIEKTHBA, TaK U Bcero Koiulektusa. [1ono00HbIe nccienoBa-
HUS TIPOBOJISITCS, HATIPUMED, B PaAMKax MOCTPOECHUsI cOoe- 1 OT-
Ka30yCTOHYMBBIX MyIbTHareHTHBIX cucteM (MAC).

WuTennekTyalibHble MyIbTHATCHTHBIE CHCTEMBI — OJTHO
13 HOBBIX IIEPCHEKTUBHBIX HAIPABJICHUI HCKYCCTBEHHOTO MH-



TEJUIEKTa, KOTOpoe c(hOpMHPOBATIOCH HA OCHOBE PE3YJIBTaTOB
WCCIICIOBAaHAN B OOJACTH PacHpeleTICHHBIX KOMITBIOTEPHBIX
CHCTEM, CETEBHIX TEXHOJIOTHH peIIeHUs IpoliieM W Iapal-
JIETIbHBIX BEIYMCICHUH. B MylTbTHAT€HTHBIX TEXHOJIOTHSIX 3aJ10-
JKCH MTPUHIIAI aBTOHOMHOCTH OT/IEITbHBIX YacTeH MPOrpaMMmBl,
COBMECTHO (DYHKIIMOHUPYIOLIUX B pacIipeieieHHOH cucreme,
IJe OJHOBPEMEHHO IMPOTEKaeT MHOXKECTBO mporeccoB. [lox
areHTOM IIO/IPa3yMEBalOT aBTOHOMHEBIN MCKYCCTBEHHBIH 00B-
eKT (KOMITBIOTEPHYIO MPOTpaMMy), OOJIaJalONIiii aKTHBHBIM
MOTHBHPOBAHHBIM ITOBEJICHUEM W CIIOCOOHBIH K B3aMMOJCH-
CTBHIO C JPYTMMHU 00bEKTaMH B TMHAMHYECKHX BUPTYaJIbHBIX
cpenax. Kaxaplif areHT MOXET NMPUHUMATh COOOIICHHS, WH-
TEPIPETUPOBATh UX CoAepKaHue B (POPMUPOBATH HOBBIE CO-
0O0TIIeHNs, KOTOPBIE HATIPABIIAIOTCA APYTHM areHTam [4].

Amnanmmu3 myOnuKkanuii B 00JacTH MOCTPOSHHS cOoe- U OT-
kazoyctoiiunBeix MAC [5—14] noka3bIBaeT, uTo NpeajgaraeMble
METOJIOJIOTHH He 00eCneunBaoT c0oe- M OTKa30yCTOWYHUBOCTh
MAC, pa3pabarsiBaeMOi1 JJ151 ICXOTHON CHCTEMBI, TOCKOJIBKY:

1) npunsaras moaens HeructpaBHOCTH MAC HE COOTBET-
CTBYET BO3MOXKHBIM PEabHBIM (PU3NICCKIM HEHCTIPABHOCTSIM
kommnoHeHToB MAC;

2) HESICHBI M TIPOTHBOPEYMBHI IpeJIaracMbple MEXaHH3-
MBI TAPUPOBAHMSI TIPOSIBIICHUH IOy CTUMBIX HEUCTIPABHOCTEH,
ux oOHApYKeHUs! ¥ UACHTH(UKAIMYU 110 MECTY BO3HHUKHOBE-
HUS (HaIIpuMep, ¢ OMHON CTOPOHBI YTBEPKIACTCS JOCTATOU-
HOCTb OHOKPATHOM pEIIMKALMK areHTa, ¢ APyrold CTOPOHBI
MpeIaraeMblii MEXaHU3M COTTIACOBAHMS MHCHUI PETUIHK Tpe-
OyeT Hanu4ust XOTs ObI IBYX JIOTIOJTHUTEIBHBIX KOIUI areHTa;
BTOPOM MpUMep — HAINYNE TaMsTH, Pa3aesieMON PETUIHIIH-
PYEMBIMH arcHTaMn, BO3MOXHOCTb HEUCIIPABHOCTHU KOTOpOﬁ
HE TIpeycMaTpuBacTCs);

3) OTOpBaHHOCTH MpEUIaraeMBIX MOJAETCH W METOHOB
0T (M3UYECKOW CYINIHOCTH CHUCTEMBI HEH30EKHO NPUBEICT
K BO3HHUKHOBEHHIO B PEAIBHBIX CHCTEMaXx MPAKTHUECKH He-
OOBSICHUMBIX HEIITATHBIX CUTYallMd (HEraTWBHBIX 3(PQEKTOB
SMEPIKEHTHOCTH ), pa300p U aHAIN3 KOTOPBIX MOTpedyeT 00s1-
3aTENBHOTO BO3Bpara Ha (PU3WYECKYIO almapaTHO-IIPOTPaMM-
HYIO OCHOBY CHCTEMBI, €€ KOMIIOHCHTOB W KaHAJIOB CBSI3H;

4) mmeetcsi oCTpasi HEOOXOAUMOCTh 10 CO3IAHHUIO Me-
TOJIOB TTOCTPOEHUsS cOoe- U oTKa30ycTonunBbEIX MAC, ocHO-
BaHHBIX Ha MOJIEJISIX, aJICKBAaTHBIX peallvsiM, METOJax MapH-
pOBaHHMsI JIONMYCTHMBIX HEUCIIPABHOCTEH, HUX OOHApyKEHHs
1 UICHTH()UKAINH, PEKOH(UTYPAIIMH CUCTEMBI C YI€TOM Te-
KYIIIEr0 TEXHMYECKOTO COCTOSHUS M BOCCTaHOBIICHHS IIETICBOI
paboTHI CHCTEMBI, YUUTHIBAIOIINX allapaTHO-IPOrPAMMHYIO
CYIIHOCTb JIEMEHTOB TaKUX CHCTEM.

[Mouck pemenust nmpoGiiem obecrieueHus cboe- U OTKa-
30yCTOMYMBOCTH PacCMaTPUBAEMBIX CUCTEM M HX IMPaKTHYe-
CKHe ampoOaIiy U3-3a TaKOTO COOTHOWICHHS MX CIIOKHOCTH
W CIIOKHOCTH PEIICHUS [EIEBhIX 3aad, JOIDKHBI, B JTyUIIEM
ciIydae, OIepekaTh pa3pabOTKy IIENeBBIX 3ajad, WIH, II0
KpaiiHell Mepe, OCYIECTBISTHCS OJHOBPEMEHHO M B3aHMMOC-
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BsA3aHHO. lHaue HEW30€XHO BO3HUKHOBEHHE OTMEUYECHHBIX
BEIIIIC HETAaTUBHBIX I(PPEKTOB 3MEPHKEHTHOCTH B pabore
MBC c norepeil 3HaunTENbHBIX MaTEPUATIbHBIX U BPEMEHHBIX
pecypcoB. DTu pobIeMbl, IMEIOIINECs TEOPETHIECKUE U Ya-
CTUYHO ONPOOOBAHHBIC TPAKTUYECKUE MOJXO/BI B UX pelle-
HUAX, a TaKKE OTKPBLITHIC O6J'IaCTI/I Hay4YHBIX I/ICCJ'ICZ[OBaHI/Iﬁ
paccMaTpUBAOTCS B HACTOSIIEH padoTe.

[Ipu pazpaboTke KPYIMHBIX WHPOPMAIIMOHHBIX W yIIPaB-
JISIFOIMX CHCTEM TPOMCXOANUT KOHIEHTPALMS CIOKHOCTH Ha
HavaJbHBIX dTanax (aHaJIMu3 yCIOBHH NPUMEHEHHS U TpeOoBa-
HUH, IPOEKTHPOBAHUE ClICHU(pHUKAIMNA CUCTEMBI, pa3padoTKa
000CHOBAaHHBIX METOZOB U OOOOIICHHBIX aJITOPUTMOB), B TO
BpEMsI KaK CIOKHOCTb U TPYIOEMKOCTb MOCIEAYIOIINX 3TarloB
cHmkaetcs. [Ipu 3ToM, geM Jrydiie mpopadaTeIBalOTCsl Hadab-
HBIE 3TAITbl, TEM OOJIbILIE CHIKAETCS TPYAOEMKOCTb ITOCIIEYIO-
LIMX ATAIOB, U YeM paHblle 0OHAPYKHMBACTCS OIINOKa, COBEp-
LIEHHAs! Ha HAYAJIbHBIX ATanax MIPOEKTHPOBAHUS, TEM JICIIICBIIe
obxomuTcs ee ucnpapicHue. i MPEomoICHUS CIKHOCTEH
HavaJbHBIX 3TaNoB Pa3pabOTKH MpeJHA3HA4YeH CTPYKTYPHbIN
aHaJN3, HAUMHATOIHIIACS ¢ 001Iero 0030pa CHCTEMBI, KOTOPBII
3aTeM Bce Oosiee JeTanu3yercs, IproOpeTas HepapXuIecKyro
CTPYKTYpPY CO BCE OOJIBIIIMM YHCIOM YPOBHEH.

dakTopaMy CIIOKHOCTH IIPU TPOSKTUPOBaHUM CcOOe-
1 OTKa30yCTOMYHMBBIX CHCTEM paccCMaTpHBAaeMOro Kjacca siB-
JISIFOTCS: @) HETPUEMJIEMOCTh TPAJUIMOHHBIX (KOHCTAHTHBIX,
JIOTHYIECKHX, OOPBIBOB M KOPOTKMX 3aMbIKAHUH TIPOBOJHUKOB)
Mopeneit HeucnpaBHoctel [IBM; 6) HeoOXomuMocTh paciipe-
JIETICHHOTO, CHHXPOHNU3UPOBAHHOTO U COTIACOBAHHOTO ITPUHSI-
THSI peleHus B pa3nuuHbix LIBM cuctemsbr; B) HE0OXOIUMOCTD
OpraHu3aIiK ¥ YIPaBJICHHUS JUHAMHUYCCKON N30BITOYHOCTHIO
CHCTEMBI (CaMOpEKOH(HUTyparys U caMoyIpaBisiemMas Jerpa-
JIanusi CUCTEMBI C IEPEX0IOM B OE30MaCHBII OCTAHOB TIPH HC-
YepraHUHu PEecypcoB) NMPH BOSHUKHOBEHWH HEHCIIPABHOCTEH
WIN MaHUIYJIHPOBAHUM COOTHOIICHHEM «IPOU3BOANTEIb-
HOCTb- JJOCTOBEPHOCTHY JUISl Pa3lIUYHbIX MapajuIeNbHO pelia-
€MbIX BSaHMOﬂeﬁCTByIOIHHX LCJICBBIX 3a1a4.

W3 Bcex UCMONB3yeMBIX B HACTOALIEE BpeMs MOIEIEH
HencrpaBHocTedt [IBM nHambonee oOmielt sBISIETCS MOIETHh
BpakaeOHoit (byzantine, rigorous, malicious) HEUCTIDABHOCTH,
IIpU KOTOPO OBEIEHUE HEUCIIPAaBHOTO Ipoueccopa unu [IBM
JIOITYCKaeTCs TIOJTHOCTBIO MTPOM3BOJIBHBIM, B TOM YHCIIE H TI0-
I[O6HI)IM «B3JIOHAMCPCHHOMY», BKJIIO4as €ro HCOJUHaKOBOCTH
110 OTHOLICHUIO K JPYT'MM 3JIEMEHTAaM CHCTEMBI. JTa MOZIENb
TIOKPBIBAET BCE OCTAJILHBIC MOJAENIHN, U METOIbI OPTaHU3aALNH
c0oe- M 0TKa30yCTOWYMBBIX BBIYUCICHNH B YCIOBHUSIX BO3HHK-
HOBEHHMS BpakKIeOHBIX HEHCIpaBHOCTEH OyayT obOecrieunBarhb
3aIUTy U OT HEUCTIPABHOCTEH BCEX APYyrux Mojeneil. Moaens
BpaX/1eOHOM HEHMCIPABHOCTH OTPAKAET CIOKHOCTH HAXOXK/Ie-
HUSI IPUYUHHO-CIICZICTBEHHOH CBSI3M MEKY BUAAMH MPOSIBIIC-
HUM HEHMCIIPaBHOCTEH M MMEIOLIUMUCS B JEHCTBUTEIBHOCTH
HEHCIPABHOCTSIMU TAKHUX CIIOXKHBIX OOBEKTOB KAaK COBPEMEH-
Has [IBM 1 ux B3auMOAEHCTBYIOIUE COBOKYTHOCTH.
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Hcnonp30BaHne MOAETH BpaxaeOHON HEWCIIPaBHOCTH
OTIpeeisieT HeOOXOAMMOCTh TIPUMEHEHUS CTPYKTYPHOM Tpa-
(oBO MOzENN CHCTEMBI, B KOTOPOW BEpIIMHBI OTOOpaXaroT
LIBM u npyrue ceresbie anemenTsl MBC, a pebpa u nyru —
KaHaJIbI CBA3U MEKIY HUMH.

IloBbllIeHNE OTKa30yCTOMYMBOCTH CETELEHTPUUECKON
pacIpeneNeHHOM CUCTEMBI MOXKET JOCTHraThCsl 3a CUET JI0-
POroCTOSIIIIETO 00ECTIEUeHHsT 0TKa30yCTOHYMBOCTH BXOASIINX
B Hee [IBM 1 ceTeBBbIX 2IE€MEHTOB MyTeM NMPUMEHEHHS B HUX
N-MoynbHOW M30BITOYHOCTH  (PE3epPBUPOBAHMS) KaXkJIOTO
y3/1a 1 Ma)KOPHPOBAHUsSI BBIXOAHBIX 3HAYEHHH BCEX M30BITOU-
HBIX MOJTyJIel 3TOro y3ia. Takol moAXo | Mpu YBETUYCHUH pa3-
Mepa CHUCTEMbI BBI3BIBAET HEOOXOANMOCTH YBEIMUEHHS KpaT-
HOCTH PE3EPBUPOBAHUS KaXKJIOTO €€ y3/1a C LEIbI0 COXPAaHEHUS
TpeOyeMbIX 3HaYeHHUH HaJIeKHOCTHBIX XapaKTepHUCTHK. J{pyroii
nozixoz, Oosiee yUUTHIBAIOIIHMH CETEBYI0O 0COOEHHOCTh paccMa-
TPHUBAEMBIX CHCTEM (3aMKHYTOCTb CHUCTEMBbI, HaJIU4ue OOJIb-
LIOr0 KOJIMYECTBA B3aUMOCBSI3aHHBIX pacnperneneHHbix [[IBM
1 BO3MOYKHOCTB OIIEPAaTHBHOTO (hOPMHUPOBAHUSA U3 HUX TpeOy-
€MBIX BBIYHCIUTENBHBIX CTPYKTYp), COCTOMT B PEIUTHKAINN
33j1a4 ¥ BBEJCHUM B CHCTEMY JUHAMHYECKON M30BITOYHOCTH,
obecrieynBaronyx: 1) mapupoBaHue NPOSIBICHUH IOy CTHMBIX
BpaXJIeOHBIX HEUCIIPABHOCTEH 3a CUET NMapaJUICIbHOTO BBINOJ-
HEHHUs KOMUW OJHOW M TOW K€ 3a7ayu Ha Heckoiabkux L[BM
¢ OOMEHOM TIOJy4E€HHBIMU pe3yJabTaTaMi M BBIOOPOM M3 HHX
MIPaBHJIBHOTO, 2) OOHApYKEHUE M UACHTU(PHUKAINIO 110 MECTY
BO3HUKHOBEHUSI W THITy (COOHM, NporpaMMHBII cOOif, oTKa3)
BO3HHUKAIOUINX HEUCIIPABHOCTEH, 3) MCIIPaBiIeH s OINO0YHON
nHdopmarmu nociae cO0eB M NPOrpaMMHBIX COOEB U BOCCTa-
HOBJICHHE IIENEBOH PabOTHI, 4) PEKOH(HUTypalnnio CHCTEMbI
(c ncTonBp30BaHMEM 3aIACHBIX HJIEMEHTOB) M BOCCTAHOBJICHHE
LIeTIEBOH PabOTHI OCIIE OTKA30B, 5) YIPABIAEMYIO JIETPAIAIHI0
CHUCTEMBI C BO3MOYKHBIM JJOITyCTUMBIM CHIKEHHUEM XapaKTepHu-
CTHK BILJIOTH JI0 NPEAEIBHO 33aJaHHOM BOBMOKHOI KoHpuUrypa-
UK, 6) 0e30MacHbI OCTAHOB CHCTEMBI TP HEBO3MOKHOCTH
MOCTPOCHHS Takol KOH(UTypaluu, 7) BO3MOXKHOCTH Iepepac-
IPEAETIECHUS PECYPCOB CUCTEMBI JJISl U3BMEHEHHS COOTHOLIEHUS
MPOU3BOAUTENBHOCTh-IOCTOBEPHOCTh  MEXKIY Pa3IUYHBIMU
pemaeMbIMU 3aa4amMu. FIMEHHO 3TOT OIX0/] paccMaTpHUBaeT-
Ccsl B JAaHHOW pabore.

I'pynna Bcex LIBM, pemaromux KONMH OZHON U TOH
K€ 3a/1a91, Ha3bIBaeTCs KoMIuIekcoM. CHucTema, comepKanias
OJIH KOMIIJIEKC, Ha3bIBAETCS OHOKOMIIJIEKCHOW. B MHOTOKOM-
IUIEKCHOW CHCTEME HMMEIOTCSI HECKONBKO MPOHYMEPOBAHHBIX
KOMIIJICKCOB, KOTOPBIE PEIIAIOT Pa3HbIC 3a]a4H, 0OMEHUBAIO-
npecs Mexny coboit madopmarmeii. [Ipaktudeckoe mpume-
HEHHE PACCMAaTPUBAEMOTO TOAXOJA JOKHO OCHOBBIBATHCS
Ha TPUHATOM BCEMM YYaCTHMKAMHU MPOCKTHPOBAaHUS Habope
MOHATHUI, TS PMUHOB, ONpeAeTeHn 1 Mozeneit. B pabdore [15]
MIPE/ICTABIICHBI CaMble OOIIME TOAXO/bI, MOAEIH, KIIOYEBbIC
OTIpEACIICHUS] U TIOHATHS, HEOOXOIMUMBIE MPU IPOEKTHPOBA-
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HUM CHCTEM pPacCMaTpHBAaEMOTO BHA, KOTOPBIE OTPaKarOT
BBIIIICOTMEUCHHYIO «()HIOCO(CKYI0» CYIIHOCTh TaKHX CH-
creM. Mojenu pa30oWTBl Ha IIECTh TPymI: 1) CTPyKTypHO-
JIMarHOCTUYECKUE MOJIENH, 2) JANArHOCTHYECKHE MOJEeNH 3)
AITOPUTMHUYECKU-TUATHOCTUIECKHE MOJIETH, 4) MOJIeH Tpo-
1IECCOB UACHTH(UKAIIUH, 5) MOJIEIB ITpoIiecca Aerpaaalnu, 6)
OTIMCAHUE CUCTEMBI.

AnmapaTHO-porpaMMHBIE  MEXaHU3MbI  OOECIIeUeHHs
cboe- M OTKa30yCTOMYMBOCTH pPacCMaTpPHBACMbIX CHCTEM
MOYKHO pa3/ieJInTh Ha J[BE TPYMIIbl: 0a30Bble U OCHOBHBIE Me-
XaHU3Mbl. ba3oBble MeXaHM3MBbl TapaHTUPYIOT HEOOXOAUMYIO
CHHXPOHHOCTH U COTTIACOBAHHOCTH JICHCTBHI BCEX IIEMEHTOB
CHCTEMBI B YCJIOBHUSX BO3HHKHOBEHHS [OIYCTHMBIX Bpax-
JeOHBIX HewncmpaBHOCTeH. CHHXPOHHOCTH OOEcIeUMBaeTCs
ITyTeM OpraHU3alliK B CHCTEME U HEIIPEPBIBHOW pabOTHI 1MoJ-
CHUCTEMBI €IMHOTO CUCTEMHOI0 BPEMEHH, BKIIFOUAOIe cpei-
CTBa KAK HA4aJbHOMU, TaK U IIPOMEKYTOYHOU CHUHXPOHU3ALUU
ABTOHOMHBIX 9aCOB B OTACIBHBIX AIEMEHTAX CUCTEMBL.

Hauampnass cuaxponmsammsa [16-17] ocymiectiseTcs
TIPY HAYaJIbHOM HECHMHXPOHHOM BKJIIOUCHNH pa3nudHbix [[BM
cucTeMbl U (POPMHPYET IyTEM B3aMMOOOMEHa COOOIICHHSMH
MeX1y BKIOueHHbIMH [[BM HavaibHyr0 KOH(QHUIypanuio cu-
CTEMBbl B MOMEHT, KOrJa 3Ta KoH(purypamus OyJIeT conaepxarb
JIOCTAaTOYHOE KOJIMUYECTBO ucnpasHbIx [IBM npu ycnosuu, 4to
cperu LIBM kxoH(HUTYpaII MOXKET MMEThCS IOITyCTUMOE KO-
TUYECTBO BpakaeOHO HeucnpaBHBIX [[BM. IIpomexyTtounas
CHHXpOHHM3anusl oOecreynBacT Ha OCHOBE MEXMAIIMHHOTO
B3aMOOOMEHa COOOIIEHUSIMU TPeOyeMyt0 CHHXPOHHOCTb BHY-
TPEHHUX aBTOHOMHBIX 4acoB pa3nuuHbix [IBM, pacxomsimuxcs
13-3a MHAWBUAYAJIbHBIX 3HAYCHUN ApeiihoB 3THX 4acoB U BO3-
HUKHOBEHHS JIOITyCTHMBIX BPayk/I€OHBIX HEUCIIPABHOCTEH.

CoracoBaHHOCTb JAEUCTBUNA U MPUHUMAEMBIX PELIECHUI
B pasnuuHbIX [[BM u noxcucreMax rapantupyercs: IpuMeHe-
HHUEM QJITOPUTMOB B3aHUMHOTO MH(OPMALMOHHOTO COIIacoBa-
Hus (BUC) [18]. Hoctwxumocts BUC cocTaBnseT KoHIEN-
TyaJbHYIO0 OCHOBY CO3[aHMS OTKa30yCTOWYHBBIX aJTOPUTMOB
JUISl PEIICHNS] OCHOBHBIX 3a/1ad OPTaHU3alllU pacIpesieseH-
HBIX BBIYHCICHUH. B HacTosmee Bpems pa3paboTaHo 3HAUM-
TEIBHOE YUCIIO AJITOPUTMOB, Pa3IMUYAIOIIUXCSA MO MOCTaHOB-
KaM 3a/1a4¥ ¥ KpUTepusiM dGPekTuBHOCTH. Llenpio Bcex aTnx
METOJIOB SIBJISIJIOCH TOJILKO AocTikenue BUC, u cnenuanbHast
3amada OOHApPYXKEHUSA M HICHTH(UKAIIMK TPOSBICHUNA He-
ncnpasHocTeil B mporiecce BUC He craBumack. bonee Toro,
B [18] yTBepkmanoch, 4To BpaxaeOHBIN OTKa3 B Ipolecce
BUC nnarnoctupoBaTh HEBO3MOXKHO. OfHaKo, UcciaexyeMas
B Hacroseil pabore 3ajgaya opraHusaluu cooe- U 0TKa30y-
CTOMUYMBBIX BBIYMCICHUIl B CETELEHTPUYECKUX KaK MOJIHO-
CBSI3HBIX, TaK M HEMIOJHOCBA3HBIX CHCTEMaX Ha OCHOBE JMHA-
MHYECKOW H30BITOYHOCTH TpedyeT pa3paboTKH aJrOpUTMOB
BUC, xotopsie BMecTe ¢ noctmkenuem BUC obecneanBanu
ObI TakKe oOHapyXEHHE W WICHTU(HKAIMIO TTPOSBUBIIMXCS



B mporecce BUC BpakaeOHBIX HEUCTIPABHOCTEH, TIPEIOTBpa-
IIAOIMINX HAKOTJICHNE JIATEHTHBIX HEUCIIPABHOCTEH, OHOBpE-
MEHHOE MPOSIBIIEHUE KOTOPBIX MOXKET IPUBECTHU K OTKa3y BCel
cereneHTpuyeckoii cucreMbl. Takue metonst BUC s ogno-
KOMIUIEKCHBIX TTOTHOCBSI3HBIX CHCTEM ITPEUIOKEHBI B paboTax
[19-21]. B [22-23] mpencraBieHbl 000CHOBaHHBIE METOIBI
BUC nns HEMOTHOCBA3HBIX cUCTeM, a B [24] — meton BUC
JUISl HETTOJTHOCBSI3HBIX CHCTEM C 0OHapyKeHHEM M HACHTH(U-
Kanuell ciayuusinuxcs B npouecce BUC mposiBaeHnit Bpaxk-
JIeOHBIX HEMCIPABHOCTEH. 3a/1aull ¥ UX PEILeHHUs], CBI3aHHbIC
¢ obecneuenueM cucteMHoro BUC B MHOTOKOMITIEKCHBIX CH-
CTeMax, paccMaTpHuBaroTcs B [25-26].

OcHOBHBIE MEXaHM3MbI obecriedeHnst cboe- W OTKa30-
YCTOHYMBOCTH HA OCHOBE JTUHAMWYECKOW M30BITOYHOCTH IS
paccMaTpUBAEMBIX OJHOKOMIUIEKCHBIX CUCTEM HPU BO3HHUKHO-
BEHUH JOMYCTUMBIX 110 KPaTHOCTH BPaXIEOHBIX HEHUCIIPaB-
HOCTEH BKJIFOYAIOT MEXaHU3MbI MapHUPOBAHUS JIOMYCTHMBIX
BPaXIEOHBIX HEHCHPABHOCTEH (rapaHTHPOBAHUS MPABUIIEHO-
CTH BBIXOAHOHM MH(OPMALIMH CHCTEMBI ITPU BO3HUKHOBEHUH JI0-
MTyCTHMBIX HEUCIIpaBHOCTEH) [27-31], pyHKIMOHAIEHOTO JHa-
THOCTHPOBAHUSI CHCTEMBI C 0OHAPYKCHUEM U HJICHTH(HUKAIHCH
BO3HUKAIOIIHUX JIOIYCTHMBIX 110 KPAaTHOCTH BPaXKIeOHBIX HEHC-
MpaBHOCTEH B POIIECCe 1IeIeBOI paboThl ¥ TECTOBOTO AUATHO-
CTHPOBAHUS OJHOKOMIUIEKCHBIX CHCTEMBI [27—36] 1 MHOTOKOM-
TUIEKCHBIX CHCTEM (IBYXKOMIUIEKCHBIX cicTeM [37]), TecToBOrO
JMaTHOCTUPOBAHUS TTOJCUCTEM M CHCTEMBI B meioM [32-35,
38], BOCCTAaHOBIICHHS [IEJIEBON PaOOTHI MOACUCTEM U CHCTEMBI
B 1I€JIOM IIPH BO3HUKHOBEHHH ITPOrPAaMMHBIX COOEB M OTKa30B,
caMOyTIpaBJsieMOil pekoH(UTypaly 1 Jerpajalii KOMIUIeK-
COB M CHCTEMBI B II€JIOM, BBITTOJTHAEMBIX TaKXKe B YCIIOBHSAX BO3-
HUKHOBEHHS JOMYCTUMBIX MO KPATHOCTH BPaKICOHBIX HEHC-
npaBHOcTed [30]. OgHAKO 3HAUYUTENBHBIN MIEPEUCHb BOIPOCOB
JIETATLHOTO TTOCTPOCHHST OCHOBHBIX MEXaHM3MOB 00CCIICUCHUS
cboe- 1 0TKa30yCTOMYNBOCTH B MHOTOKOMIIJIEKCHBIX paciipesie-
neHHpIX MBC 0CTaroTCst OTKPHITHIMH.

OO0muMi MOAX0J K CO3IaHUI0 W OpPTaHM3AINH IIEeTIEBOM
paboTBl OTKPBITBIX CETELEHTPUUCKUX MHOTOKOMITIIEKCHBIX
cucteM B ceti [IBM B ycioBHAX BO3HHKHOBEHHS JIOITyCTH-
MBIX BpaXJICOHBIX HEHCIPABHOCTEH, WX MNapHpOBaHMS Ha
OCHOBE pEIUIMKAalMU 3ajad, OOHAPYKEHUS M HACHTH(UKa-
LIMH, BOCCTAHOBIICHUS TOCJIE COOEB M MPOTPaMMHBIX COOEB,
caMOpeKoH(HUTypallMi ¥ CaMOyIpaBJsieMOW Jierpagainnu 0
MPEAeNbHO JAOMYCTHMOM KOH(UTYpaluu ¢ MepexoaoM K 0es-
OTIACHOMY OCTAHOBY CHCTEMBI MpPU MOCIEAYIONIEM BO3HHK-
HOBEHUU HEHUCIPABHOCTH, paccMmarpuBaetcs B [39]. B ciyuae
OJTHOKOMIUIEKCHBIX C€0Oe- M OTKa30yCTOWYMBBIX pacrpejie-
nenHbix MBC HeoOXopmma MHOTOYypOBHEBasi OpraHHM3aIist
anmapaTHO-IPOTPAaMMHBIX  CPEACTB, TOKa3aHHAs Ha pHC.,
B KoTOpoil Mexmy ypoBHeM CIIO m ypoBHeM cCIy)eOGHOTO
I1O pacmonaraercs moGaBowHEIH ypoBeHb 11O OTKa30ycTOM-
uuBOCTH OfHOKoMILIeKcHOH MBC. Jn MHOTOKOMILIEKCHBIX
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pacupenenenasix MBC mexnay yposaem CIIO u ypoBHEM
[TIO cboe- u oTKa30yCTOIUMBOCTH OMHOKOMILIEKCHOH MBC
JIOJDKEH pacrionararbes ypoBeHs I10 cboe- u oTkazoycToitun-
BOCTH MHOTrOKoMmIuiekcHOH MBC, koTopbliii kpoMe mpoOiieM
obecrieucHHs ¢O0e- M OTKa30yCTONYMBOTO MEKKOMILIEKCHOTO
B3aUMOJICHCTBYSI IOJDKEH TAKKe peliaTh mpollieMbl peain3a-
LIUH BCEX HEOOXOIUMBIX CBOMCTB TMHAMUYECKON N30BITOUHO-
CTH TIPH TAaKOM B3aUMOJICHCTBHHU.

Opranuzarys padoTHI Ipe/IaraeMbIX MEXaHU3MOB cO0e-
U OTKa30yCTOWYMBOCTH JOJDKHA OBITh MHOTOYPOBHEBOH: Ha
HIDKHEM ypOBHE — 0a30Bble MEXaHHU3MBI (CHHXPOHM3ALUSA
n BHUC). Ha cnemyromem ypoBHE — OCHOBHBIC MEXaHH3-
MBI (TIapHPOBaHMS TIPOSIBICHUH HEUCIIPABHOCTEH, TECTOBOTO
1 (pyHKIIMOHAIBHOTO AWArHOCTHPOBAHHS, BOCCTAHOBIICHUS,
CaMOpEKOH(QUTYPAllMd W  CaMOYIPaBISIEMOH JIeTrpa/ialliy).
Bce ocranpHble MeXaHWU3MbI OpPraHU3alMU PadOThI CHCTEMBI
COCTABJISIFOT 0O0Jice BBICOKHMC YPOBHU. VX OCHOBHOW 3amaucii
C TOYKHU 3peHHs cOoe- M OTKa30yCTOWIMBOCTH SBIACTCS OIpe-
JeTIeHne MecTa U 00beMa BOCCTaHABIMBAEeMON MH()OPMAITHH,
a TaroKe MEepHo/a BBITIOIHEHHS BOCCTAHOBJICHHS TPH BO3HHK-
HOBCHUH TIPOTPaMMHBIX COOEB M OTKa30B. B3ammonelicTeue
BCEX MEXaHM3MOB cOOe- W OTKa30yCTOMYHMBOCTH COCTABIISICT
CYIIHOCTh HHTEpdEiica 0TKa30yCTOMIMBOCTH JaHHOM CUCTEMBI.

IIpuBEenEeHHBIN CHUCOK JIMTEPATYpbl IOKA3BIBAET, YTO
IUTA psfa 3ajad mo o0ecTedeHnio cboe- M 0TKa30yCTOHIHBO-
CTH PAacCMaTpHBACMBbIX CETCIEHTPHUYECKHX CHCTEM HMMEETCs
pemienne. OpHAKO 3HAYMTENBHO OOINBIIE TPOOIEM M 3amad
OCTalOTCsl OTKPHITBIMU. K HUM OTHOCSITCS 33/1au¥l CHYDKEHUS
OLIGHOK CJIOKHOCTH TIpeaiaraeMbIX METOJOB IO oObeMaM
TpeOyeMBbIX anmapaTypHOH, BPeMEHHONW U WH(OPMAIIMOHHON
M30BITOYHOCTH, Pa3pabOTKU MPHEMIIEMBIX METOIOB CaMOOp-
raHu3aluu c0oe- M OTKa30yCTONUYMBBIX MAPAUICIBHBIX B3a-
MMOCBSI3aHHBIX BBIYMCIICHUH Ha OCHOBE HMCIOJIb30BAHUS -
HaMHU4€CKOH M30BITOYHOCTH, Pa3padOTKH U B3AUMHOW YBSI3KH
BCEX HEOOXOAMMBIX apXUTEKTYPHBIX, allapaTypHbIX M IpO-
TpPaMMHBIX MEXaHU3MOB €€ peaTn3alni, pa3padoTKH METOI0B
MOZIETHPOBAHUS U OLEHKH 3(P()EKTUBHOCTH TaKHX CHCTEM,
METOJIOB OTJIAJKH M MCTIBITAaHUN (BKJIIOYAsl MH)KEKIHIO JIOITY-
CTHMBIX HEHCIPAaBHOCTEN M MpEeJHAMEPEHHOE CO3/aHHE BO3-
MOYKHBIX HEIITATHBIX CHUTYallMil) KaKk OTAEIbHBIX 3JIEMEHTOB
1 TIO/ICUCTEM, TaK U CHCTEMBI B IIETIOM.

Oco0o0 ciieayeT OTMETHTb, YTO M3-32 BBICOKOH Marema-
THUYECKOH aOCTPAKTHOCTH U CIOKHOCTH NPEATIAraeMbIX Teope-
THUYECKH 000CHOBAHHBIX PELICHUH BOZHUKAET OCTpast HE0OXo-
JMMOCTb MX MOJICIMPOBAHUS, MPAKTHIECKOTO MaKETHPOBAHHS
1 anpoOaIyy ¢ LeJbIo 0TPaOdOTKU ATUX PEIICHUH 1 IOy YeHHS
OLIGHOYHBIX XapaKTEPUCTHK IO UCIIOJIB3YEMBIM pecypcam.

HUNUN «CyOMuKpOH» IMEET JaBHUH YCIEUTHBIN ONBIT pa3-
PpabOTKN M IPAKTHIECKOTO BHEPEHNUS B KOCMUUYECKOI OTpacin
P® paccmarpruBaeMbIX OZHOKOMIUICKCHBIX PACIIPEAEICHHBIX
cucreM [27-28]. K coxanenuto, uMeercs Takxke U MOCIeay-
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IOIIMKA BECbMa JOPOTOCTOSIIIIMMA OTPULIATENIbHBIN OIBIT, KOT/Ia
OTCTYIUICHHE OT TPUHIMIOB W TIPEIUIaraeMOi METONOJIOTUH
MOCTPOCHUST PAaCCMATPHBACMBIX COOC- M OTKa30yCTOWIHBBIX
pacnpesielleHHbIX CHCTEM ITIPHBENIO K TOSIBICHHIO B IICJICBOM
paboTre crcTeMBbl BbINIEYKa3aHHBIX A(P(EKTOB OTpHUIATENBHOMI
OMEPIKCHTHOCTH, YCTPAHCHUE KOTOPBIX, [10 MHCHUIO aBTOPOB
JTAHHOW PabOTHI, BOSMOYKHO TOJBKO TIPH TEPENPOCKTHPOBAHUN
ypoBHs [10 cboe- 1 0TKa30yCTOHYINBOCTH OTHOKOMIUTICKCHON
CHCTEMBI Ha OCHOBE MpeIIaraeMbIX MPUHIIAIIOB U METOIOJIO-
ruu. B Hacrosimee Bpemst HUUW «CyOMuKpOH» TIOKa ertie coxpa-
HSIET YHUKaJbHBIH HA MUPOBOM YpPOBHE HayuYHbIH TOTEHIHAI,
HEOOXOMUMBIH [T Pa3pabOTKH CETELCHTPUIECKUX COOe- 1 OT-
Ka30yCTOIUMBBIX MHOTOKOMITICKCHBIX PACHpEIeICHHBIX CH-
CTEM, O YeM CBHICTEIBCTBYET COBOKYITHOCTH TEOPETHUCCKIX
MyONHKauii B HauOoJee aBTOPUTETHOM OTCUYCCTBEHHOM Ha-
YYHOM JKypHase, a TakKe YIOMSHYTBIH BBIIIE MOJIOKUTEIb-
HBI TPaKTHYECKUI OIBIT CO3MAHUS  OJHOKOMILIEKCHBIX
cOoe- M OTKa30yCTOMYMBBIX pacIlpe/ielieHHbIX cucteM. Hau-
6ornee AP dexkTHBHOE pa3BUTHE U TEOPETHUCCKHUX PE3YIBTATOB,
1 TIPaKTHYECKOTO OIBITAa B OOJIACTH MOCTPOCHHUS cOoe- U OT-
Ka30yCTOIYMBBIX CETEICHTPUICCKAX MHOTOKOMIIICKCHBIX pac-
npeneneHHbx MBC, MoeT OBITh TOCTHIHYTO B IIPUEMIIEMbIC
cpoku Tosbko B HUU «CyOMHUKpOH» ITyTeM afieKBaTHOTO MOJie-
JIMPOBAHMS TAKOM CUCTEMBI (4TO MOTPeOyeT MpeiBapUTEIHHOTO
CO3JJaHUS COOTBETCTBYIOIICH CHCTEMBI MOJICTTMPOBAHNS ) F/WITH,
gT0 OOJIee peaslbHO M MPOXYKTUBHO, B MPOIIECCE IMOCTPOCHMUS
MaKeTHOTO0 00pa3lia CHCTEMBI, €ro HCCICIOBAHHS U OICHKH.
BoT TobKO HalAYTCS M 3aKa3YUKHU?
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ABSTRACT

Discusses the automation of the process of managing complex dis-
tributed in the space of organizational and technical complex which
is to build high-adaptive, network-centric distributed multicomput-
er system for set of interacting tasks. Describing Classification and
structure of the considered computing system having a multi-level
organization of interacting hardware and software, as well as the fea-
tures of such an organization is when building fault-tolerant distrib-
uted network-centric information system of management responsi-
ble manner. The characteristics, principles of construction, features
of the systems under consideration and their “philosophical” es-
sence are presented in terms of malfunction- and fault tolerance.
The classification of mechanisms for ensuring malfunction- and fault-
tolerance is given. The analysis of publications in the field of build-
ing malfunction- and fault-tolerant multi-agent systems, declared in
the literature as the most promising approach to the development
of intelligent complex systems of the class under consideration, is
performed. Essential drawbacks of this approach are shown, which
detaches the algorithmic component of the projected system from
its technical carrier, which is the true source of physical malfunctions.
The complexity factors in the design of malfunction- and fault-tol-
erant systems of the class under consideration were determined. A
typical approach to designing malfunction- and fault-tolerant sys-
tems is shown, the drawbacks of this approach and the necessary
changes in the design of the systems under consideration: the need
to take into account the issues of fault and fault tolerance in the de-
sign of the architectural part of the project, and the importance of
designing “top-down” with mandatory mutual participation devel-
opers of target tasks of the system and developers of problems of
its malfunction- and fault- tolerance. The methods of implementing
malfunction- and fault-tolerance mechanisms for the most common
"byzantine (hostile)” model of permissible faults are considered and
classified. It is shown that the most relevant problem the construc-

tion of the systems under consideration is the creation, is testing and
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KEYWORDS: distributed multi-computer system; malfunc-
tion- and fault-tolerance; multiagent system; dynamic redun-
dancy; hostile malfunction.

testing of a prototype of a highly adaptable distributed multicom-

plex network-centric malfunction- and fault-tolerant control system.
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AHHOTALNA

Bbicokme pucku, obycnosneHHble yrpo3amMm BO3HUKHOBEHMUSI TEXHOTEHHbIX 3KCTPEMasbHbIX
CUTyaumin u KatacTpod, BbI3bIBAOT HEOOXOAMMOCTb Noucka Hanbonee apdeKTUBHBIX NyTen
ynquueva paGOTbI no npe,u,ynpexp,eHmw, BbIABJIEHUIO, JTOKann3auunmn 3KCTpeMaJ’lebIX cn-
Tyauun n aMkeuaaumm ux nocnencteni. Npu aTom nop akcTpemMasnbHOW cMTyaLen NoHnma-
eTca obCTaHOBKa, CK/1afbIBalOLLAsCs B HEKOTOPOU MPOCTPaHCTBEHHO-BpeMeHHoW obnactu,
XapaKkTepusyemasi BO3HUKHOBEHUEM paKTOPOB HEMOCPeACTBEHHOW Yrpo3bl At 340POBbsS
W XXU3HW NIOAEN UM YrPO3bl CPbIBA UX AEeATESIbHOCTM MO peLLeHunIo 3a4ad B 3Tol obnacTtu.
lpynnoBoe npuMeHeHne POBOTOTEXHUYECKUX CUCTEM MOXKET BbITb LOCTUFHYTO U3 ONpeaesneH-
HbIX MPOCTPAHCTB, B KOTOPbIX OHW AO/KHbI ObITh Pa3BePHYTbl NEpPes, Ha4asoM NPUMEHEHNS U
KOTOpble CrieAyeT Ha3biBaTb UCXOAHBIMU pybexkamu. JTokoMoumsi pOBOTOTEXHUYECKMX CUCTEM
B 3TV NPOCTPaHCTBEHHO-BPEMEHHbIE 0BS1acTU - KIOYEBbIE 30HbI MPUMEHEHWS], MOPOXAAET
pPSiA 3a4aY, pelleHne OgHOM U3 KOTOPbIX PacCMaTPUBAETCs B HAaCTOSLLEN CTaTbe, @ UMEHHO:
peLueHune 3agayv onpeaeneHns MapLUpyTOB ABUXKEHUS OBGHOTUMHbBIX POBOTOTEXHUYECKUX CU-
CTeM NIMKBUAALMM SKCTPEMASIbHbIX CUTYyaLMI NPU rPYNnoBOM cnocobe nx npumMeHeHus.

B npou,ecce pa6OTbI BbiABJ1IEHbl 3aBUCUMOCTU MaKCUMMaJZIbHOro BpemeHw ABMXKeHUsA p060-
TOTEXHUYECKUX CUCTEM [0 Y3JIOB KJIOUYEBbIX 30H MPUMEHEHWS, BPEMEHUN NINKBUAALNN IKC-
TPeMaJsibHbIX CUTYaLuii B y3/1aX € MakCMMaJsibHbIM YPOBHEM OMacHbIX GpakTopoB, CyMMapHOro
BPEMEeHU NpUMeHeHNs POBOTOTEXHUYECKUX CUCTEM U MHTEHCUBHOCTM JIMKBUAALMUN SKCTPE-
MaJsibHbIX CUTyauui rpynnMpoBKaMyM pobOTOTEXHUYECKMX CUCTEM B KaXKAOM M3 3TUX y3JI0B
OT BapbUPyEeMbIX 3HAYEHUN NPOM3BOAUTENIBHOCTU IMKBUAALMM OMNACHbIX GaKTOPOB IKCTpe-
MasibHbIX CUTyauUi POBOTOTEXHUYECKMMU CcUCTEMaMM (MHTEHCUBHOCTM pacxofa pecypca
MaHVNyISLMOHHOW MOACUCTEMbI POBOTOTEXHUYECKUX CUCTEM).

MpuBeaeHHbIe 3aBMCMMOCTM [AIOT BO3MOXHOCTb BbIYVCIEHWS BPEMEHW JIMKBUAALMM, Pacxoda
pecypca MaHUMYALUMOHHOWN U JIOKOMOLIMOHHOMN MOACUCTEM, @ TakxKe NMOo3BONSAIOT Ha 3Tane nna-
HUPOBaHUS OMpPefenunTb PaLMOHANbHbIN MaPLLUPYT ABUXEHUS OAHOTUMHbIX POBOTOTEXHMYE-

CKMX CUCTEM JIMKBUOALUN SKCTPEMaJIbHbIX cmyau,vuh npuv nx rpynnosom cnocobe NPUMEeHeHUs.

KJIKOYEBbLIE CJIOBA: pobotoTexHnueckas cucTema; KtoueBas 30Ha NMPUMEHeHUs; py-

Gexx aTaku; sKCTpeMasibHasi CUTyaLms; onacHbI GpakTop.

Ansa umtupoBanuna: MuHakos E.[1., Tapacos A.T., Kpasuyos B.B. 3apaya onpepeneHns MapLUpyToOB ABMXKEHUS OQHOTUMHbIX

POBOTOTEXHUYECKMX CUCTEM JIMKBUAALMUN SKCTPEMAaJIbHbIX CUTYaLMI NMPU rpynnoBoM crnocobe nx npumerenus // Haykoem-
Kne TeEXHONOrmm B Kocmmuecknx nccneposanuax 3emnun. 2018.T. 10. N2 1 C. 59-68. doi 10.24411/2409-5419-2018-10020
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B tom ciryuae, Korna TaKTUKO-TEXHUYECKHE XapaKTepH-
ctuku (TTX) pobororexandeckux cuctem (PTC) sBrstorcs
M3BECTHBIMH, BOSHUKAET 3a/1a4a INIAHUPOBAHMS UX TPYTIIOBO-
TO MPUMEHEHUsI, eJiepaciipe/ieieH!st U OleHnBaHus 3 ex-
TUBHOCTH JIMKBUIAIKHU onacHoro (akropa (Od) sxcTpemab-
Hoi cutyaruu (OC) [1-3]. OnHUM U3 MEPBBIX AJTOPUTMOB,
pa3paboTaHHBIX JUIS PEIISHUs MPOOIEMBbI pacTpeesIeHuUs
meneit (3amad, GYHKINI) MEXIY TPYIIION areHTOB, SBISCTCS
Benrepckuii anroput™m [4], KOTOpbI MO3BOJISIET pacipejie-
JIUTH areHTOB I10 LEJEBBIM (DYHKIMSIM TaKUM 00pa3oM, 4TOOBI
MUHHMM3HUPOBATh 3aTPAThl HA UX BBINOTHEHUE.

Kpowme Toro, qy1sa perieHus 3a1auu LenepacnpeneneHus
HEPEIIKO HCIHONb3YIOTCSl TOAXOABl C NMPHUMEHEHHEM METOAA
penakcarmii Jlarpamka [5], THHEHHOTO TIETOYUCICHHOTO TIPO-
rPaMMUPOBAHUS U HEJIMHEHHBIX CETEBBIX IMOTOKOB [6], 1MHA-
MHUYECKOTO MPOrpaMMHpOBaHus [7], HeueTKux Mojenel [8],
HelpoHHBIX ceTeit [9], reHeTndeckux anroputMos [10], my-
paBbHHBIX anropuTMoB [11]. Taxxke B obmactu pacmpeneie-
HUSI 11eJIel HaXOIAT MPHUMEHEHUE allTOPUTMbI KOJJIEKTUBHOTO
yay4meHus miana [12-14].

[Tycts ximoueBas 30Ha npumenenus (K3I1) PTC 3anana
paBHOpa3MEpHBIMU KyOaMH, MMEIOLIIMMHU OANHAKOBYIO OpH-
EHTalMIO B CBA3aHHON cucteme koopaunar (CK) O X Y 7

B CB CB CB

U PacCroJIOKCHHBIMH HOCJ'IOI‘/IIHO, HauyuHasg C IIJIOCKOCTH

0, XY, Ilyctb pebpa KyOa ONpPENENsIoTcs Yepe3 OMMHAKO-

BhIf s Bcex PTC paanyc 30HBI IeHCTBUS MaHUYISIIHOH-
Hoii mopcuctemsl (MIT) o dpopmyme:

a= 2~\/§~ArMn cosf} = const

rae  — yroj Mexy JUaroHajiblo KyOa u ee IpoeKiuen
Ha OOKOBYIO TPaHBb;

AT, — pamuyc aelictust maposoi MIT.

Iycts s kaxaoro i-ro kyba K3II ompenenena Beiu-
unna O® 3C — AW, u 3a/1aHbl TEXHUUECKUE XaPAKTEPUCTUKH
(TX) ognorunusix PTC:

— pajauyc aekcTBus maposod MII—Ar,

— pecypc PTC mns muxBumanmn O®P OC 3amaHHOTO
tana — AW, .

Cy1mecTByeT psiZi OCHOBHBIX CIIOCOOOB IIPHUMEHEHUsSI PO-
oortotexamueckux cucrteM (PTC):

1) coco® OAHOBPEMEHHOTO MAacCUPOBAHHOTO ITpHUMeE-
Henust PTC B y3max K311 ¢ makcumanbabiM ypoBaem OD OC;

2) cnoco0 OIHOBPEMEHHOTO MAacCCHUPOBAHHOTO TpHMe-
uHerns PTC B yzmax K3I1 ¢ makcumansabM ypoBHEM OD DC
C TOCIEAYIONINM PAaBHOIIPUOPUTETHBIM IpuMeHeHnem PTC
B OCTaBILHXCS y3JIax;

3) crnoco0 1mocieaoBaTeIbHOr0 MacCHPOBAHHOTO ITPHUMe-
nenust PTC B y3nax K311 ¢ makcumanbabiM ypoBaeM OD OC;

4) cmoco0 mocnenoBaTeNbHO-TPYIIIOBOTO MTPUMEHEHHS
PTC Bo Bcex y3max K3II ¢ campiMu BeICOKHME YpoBHSIME OD
Jo nostHOH JkBHIanuu O® (1o TpedyeMoro ypoBHs) ¢ TI0-
CJIC/TYIOLIMMU TIEPEX0AaMH M aHAJIOTHYHBIMU TIPUMEHECHUSIMA
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PTC B mpyrux y3nax K3II ¢ mocrienoBaTrenbHO TOHIKAIOIIN-
Mu ypoBHSIME OD;

5) crnocob JIOKaIbHOTO, MOCIEA0BATEILHO-IPYIIIIOBOTO
npuMeHeHus PTC B y3nax K3II ¢ cambIMu BEICOKUMH YPOBHSI-
mu OD 1o nosnuoi mukBuaamu OP (10 TpedyeMoro ypoBHsi)
¢ nocneayomum nepexogom PTC B npyrue y3i1bl TakuM 00pa-
30M, 4TOOBI 00ecneunTh Bo3zaekicTBre mo O® B MakCUMaJIbHO
BO3MOYKHOM YHCIIE Y3JIOB;

6) cnoco6 paBHomepHoro BozaeiicTeus PTC na O® 5C
o BceM y3naM K3IT (crioco® mpornopiuoHanbHOTO MOHMKeE-
Hus ypoBHs 2C);

7) cnoco6 npumenenust PTC ¢ Gnmxaiinx K TpaHuIie
touek K3II (¢ ennnoro py6exa araku (PA), ¢ paccpenoroueH-
Horo PA);

8) KOMOWMHAIUS CITOCOOOB.

VYposerb OD 3C MOKET U3MEPSATHCS C MOMOILBIO pa3pa-
6oranHoro B [15] curHanuzaropa oOHapyKEHUsI U OTPEIeTICHHS
MECTOIOJIOXKEHHS] TPEBOKHBIX U KPUTHUECKUX CUTyaluid. Takum
00pa3oM, NCXOIHBIMH JAHHBIMU [Tl PELICHNUS 3a1a41 OIpe/ieie-
Hust MapiipyToB nekenHust/mpuMerenns PTC B K311 sisrorest:

1) BermumHa pebpa anmpokcumaroHHoro kyoa K3I1—a;

2) Tononorus K311 no navana npumenenns PTK: 4 = {4},

e A, = <X01.,Y0,.,ZOI,,AWO,.> , | — HOMep (umeHTH(UKA-
top) y3na K3II; X,,,Y,,,Z,, — xoopauHars! i-ro y3na K3II;
AW, — yposerb O® OC B i-m y3ne, i = 1, 2,..., M, rie M —
grcio y3mos K3IT;

3) uncio PTC —N u ux cocras Q = {q, };

4) TX omuorunueix PTC:

T. = (AW, Ve,V

PTC> PTC> " PTC>

Apre = AWPTC/AtPTC>’

e AWPTC — pecype MII PTC nmns BozzetictBus mo OP
2C; A Vo1 — PECYPC JIOKOMOIIMOHHOM TTOJICHCTEMBI (JIIT) PTC;
Ve — HMHTEHCHBHOCTB pacxoma pecypcos JIII PTC (pacxon
pecypcos JIIT PTC na emunvny myta); A, .. =AW, /At —
npousBoauTeabHOCTh JukBuAaun O® 3C PTC (uHTEHCHB-
HOCTh pacxona pecypca MII PTC); At, .. — npenensroe Bpe-
Ms pyuknuonuposanus MII PTC;

5) xoopauHaTh! Touek cTosuus PTC Ha PA (Hagama nBroke-
nusa PTC): b, = <Xk,Yk,Zk> ,k=12,...,N;PTC: N< M.

Jonyuienust:

1) 3axmaaxa HadanbHOIl Tononoruu K3II ma PTC ocy-
LIECTBIISICTCS] HA 3TAle UX MOATOTOBKH K NPUMEHEHUIO;

2) mpu TUTAaHUPOBAaHUY ABWKEHUS W npuMenenus, PTC
paccMaTpuBarOTCsS Kak MaTepHaIbHBIC TOUKH,

3) memwxenue PTC mexny yznamu K3I1 mpoucxomut mo
OTpEe3KaM, COCANHSIIONINM 3TH Y3JIbI;

4) nemwxenue PTC no y3no K3II mpu anpuopHoM 1ie-
JiepacIipe/ie/IeHNH MPOUCXOAUT TI0 KpaTyaiieM 10 HUX MyTH
(oTpe3Ky mpsAMOi) U3 TOUKH Hadasa ABHKCHUS;

5) B Ka4eCTBE IMYTH MEXKITY JTFOOBIMHU IBYMS y3maMu K311
MIPUHUMACTCS CyMMa OTPE3KOB MUHHMAJBHON M3 BCEX BO3-
MOYKHBIX JUTHHBL;



6) BO3MO)KHOCTH I3MEHEHUSI Y TOYKH CTOSHHS U TIPUMEHe-
Hust PTC mosiBasteTCsI TOIBKO Mo cie mostHoM JTukBraanun OdP 3C;

7) xaxnoe PTC oOnamaeT BO3MOKHOCTBIO OICHUBAThH
ypoBenb O® 3C B y3ne K3II.

Tpelyercs: onpenenuTh MappyThl ABHKCHUS/ TTPUMEHE-
Hust PTC npu nx npumenennu B coctaBe PTK my1st mukBunanym
O® OC B K3IT u Bpems, morpedHOe A mukBuaanuu OdD 3C.

Jlis peanmzarim crioco0a 0THOBPEMEHHOTO MacCHPOBAaH-
Horo npumernenus: PTC B y3nax K3II ¢ MakcuManbHbIM ypoB-
Hem O® 3C (puc. 1) HEOOXOANMO OTHOBPEMEHHOE COCPEIO-
toyenue coBokynHoctd PTC B ognom y3ne K3II. Ilycts mmst
3TOTO UMEETCSI BO3MOYKHOCTH Takoro pacnonoxenust PTC, npu
KOTOPOM OHH 00pasyioT (purypy, BHEIIHSS KOH(PHUTYPAIUs KO-
TOpOii ammpoxcumupyercst chepoit BHyTpH Kotopoit PTC pac-
TOJIArafOTCs PaBHOMEPHO, IUIOTHO MPYIKATBIME JPYT K APYTY
C pa3BepHyTHIMH Hapyxy (0T nieHTpa cdepsr) MII (puc. 2).

Cunraercsi, 4TO M3-3a CyXXEHUsI 00JIaCTH BO3ACHCTBUS
MIT npu taxkom pacnonoxkeranun PTC B y3ne K3II nntencus-
HoCTh JIukBUAAA O® IC MPOUCXOIUT C HHTEHCUBHOCTBIO:

A; =N, XA M

rae N, — umcio npumensieMbIx B i-m y3ie PTC.

Crioco0 OJTHOBPEMEHHOTO MacCHpPOBAaHHOIO IMPHMEHe-
Hust PTC B y3nax K3II ¢ makcumanbabiM ypoBHEM OD OC
IIPY Hauajle MX IBMKCHUS] U3 TOUEK paccpemoTodeHHOro PA,
pacmonoxxernoro BHe K311 cocront B BersiBnernu y3mos K3I1
C MakCHMaJIbHBIM Ha 3Tare ypoHeM O® OC (Ha3zHaueHHEM
Y3JI0B) ¥ KOHIIGHTPUPOBAHHBIM (MacCHPOBaHHBIM) IIPUMEHE-
HHUEM B HUX BCeX NpUroaHbIx aiis 3toro PTC (puc. 1).

Otanel onpexneneHust mapmpyroB PTC (mocnemoa-
TeNbHOCTEeH mpruMeHeHus U myTeit nemxenns PTC) u ux xa-
PaKkTEpHUCTHK (BPEMEH IBIDKCHUS W MPUMEHEHHS MEXTy Ha-
yanbHbIM ¥ nocnenHuM y3namu K31, uncna oOcmyKeHHBIX
y3noB K3I1 u ocrarounsix pecypcoB PTC) npu aTom criocode
BKJTIOUAIOT B ceOsl:

Pacepenoro
yeHHBIH PA

Puc. 1. Cnoco6 omHOBpEMEHHOTO MacCHPOBAHHOTO IPUMEHEHHS
PTC B y3max K3II ¢ makcumanbsHbM ypoBHEM OD DC
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I. Dtan oueHMBaHMS NMOTCHLUHUAIBHO PE3YIBTATHBHOTO
o pacxomoBanuio pecypcoB MII nienepacnpenenenns PTC:

Mk

AVVPTC]‘ = AW, = NAW,;1¢

.b42

M
UHPLI: ZAWOi -
i=1

Jns omHoTunHBIX PTC:

J

U =

TIPL

A\Noi - NAWPTC

M=

Ecmn U, < 0, TO canTaercs, 4T0 CyLIECTBYET MOTCH-
IUaNbHO pesyibraTuBHoe nenepacnpenenenue N PTC mo M
y3nam K3II o mokasaresnto pecypcos nux MIL.

Ecmi U, > 0, T0 moTeHIHANBHO Pe3yabTaTHBHOE ie-
nepacnupeneneane N PTC o M y3mam K3II He cymecTByer.
B aToM ciiydae oLeHHBAeTCs IOKa3aTellb MpPEeNelbHBIX BO3-

moxknocter PTK mo nuksuaanmuu OC:

RN

SEACLETE
AW,
i=1

1o Benu4rHe (2) MPUHUMAETCS pelIeHHEe O 3a/JeHCTBOBAaHUI
JIOTIOJIHUTENBHBIX CHJI U CPe/CTB Juts ukBuaanun OC.

11. Dram oreHNBaHUS BpeMEHH, HOTPEOHOTO IS TOJITHON
nukBuganuu OP 3C:

1) BBIABIEGHHE Y3IIOB C MaKCHMalbHBIM ypoBHeM O®d
(Ha3HaYCHHE y3JI0B) HEPA3IMYMMBIX 110 PHOPUTETHOCTH JIHK-

B -100%

2)

BHJIAINH TUX (PAKTOPOB,— {iﬂ"”j"} ;

2) ompeneneHue paBHoro yncia PTC, Ha3HauaeMbIX Ha
KQKJIbIH U3 9TUX y3JI0B:

a. TIPU BBISBICHUU Y3JIOB C MAaKCHMaJIbHBIM OJMHAKO-

BEIM ypoBHeM OD:

= infe]

e n{z0 } — MOILHOCTh MHOXKECTBA {lom‘“} ;
b. NpuW Ha3HAYEHUHU Y3IIOB C PA3IUUHBIM ypoBHeM Od:

-max

Puc. 2. Anmpoxcumanus cdepoit BHyTpu koTopoit PTC
pacronaraioTcsi pABHOMEPHO
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Ny, =E[K,-N]

M
rne K, =AW, ZAWm — Bec y31a 1o yposHio Od;
i=1
3) ouenuBanue 3atpat pecypcoB JIIT PTC Ha BeIgBHXKE-
Hue kaxnoi q-it PTC, g = 1...N, u3 HauanpHOU Toukn Ha PA
B COOTBETCTBYIOIIHMI i) — i y3ei:

AtgiOm = i
PTC

rae L . — nanuHa myTd oT Touku ctosiaus PTC na PA no

Hi0
.0 .
i, -ro y3ma K3II;

a. OLIEHMBAaHHME BPEMEH, MOTPEOHBIX HA BBIIBIKCHNE
kaxnaoi -1 PTC u3 HauanbHOM Touku Ha PA B cOOTBETCTBY-

v 0 o
IO 7, -} y3e:

L.
q _ —ui0
AtHi()m -
Vere
b. pamxmpoBaHHE BPEeMEH 10 BO3PACTAHUIO M BBIICIIE-
0 -0 .
HHE MEPBBIX NV, ~n{zm} PTC;
4) dopmupoBanue wnenepacmpeneneHus N, — n{iOm}
PTC, Te. nHasnauenue coctasa u3 N, PTC — {9, Ha
o 0 o o
KaX[IbIi i, -if y3€J, BBIABICHHBIH MO M. 1, MO KPUTEPHIO
q 1 .
At — min ;
5) omenuBaHUe BpeMeH Hadana BeiaBIokeHHs PTC k 3a-
JTAHHBIM y3J1aM:
9 _T _ Atd
t1-xi0m _TH AtHiOm
rae T, — BpeMs Hadana JukBuaanun JC;
6) OIICHMBAHWE OCTABIIETOCS HE3aJICHCTBOBAHHBIM I10
-0 0
MHOXECTBY Y3J10B {lm} cocraBa PTC {ql } = {q} \U{qmm }, e
{q} — MHOXECTBO 3aJeHCTBYeMBIX 10 MHOXKECTBY Y3JIOB i,
PTC, u xoopauHat ToUeK uX CTOsiHUS Ha PA (Hauasia BYDKCHUS
— 0].
PTC) B, =(X\..YnZe) Kk =12,..., M{q1 }, CIIENlyET UMETh
0
BBHUJIY, YTO, BO-TIEPBBIX, MHOXECTBO 10, { MOYKHO paccMarpu-
Bath Kak pe3epB PTC, BO-BTOPBIX, OHO MOXKET OBITh ITyCTHIM;
7) oleHHBaHUE BPEMEHH, MOTPEOHOTO LIS TIOHOM JIUK-
Bujanuu yposHs O® OC B kaxJ10M ii -M BBISIBIIEHHOM Y3JI€:

_ AWy _ AWy
A. m
i0m 27\‘1’0
i=1

e A, — CyMMapHas HHTEHCUBHOCTb BO3JEHCTBHS 110
O® OC Brienenssix ans 3toro PTC B i:; -M y3lIIe, OIpeaes-
emast o opmye (1);

9) olleHUBaHKE BPEMEHH, IIOTPEOHOTO IS [TOJHOM JINK-
Bugannu O® 3C B MHOKECTBE Y3JI0B {12} , BKIJIIoUas BpeMeHa
neikenus PTC no aTux y310B:

At,

i0m

At,, = max {Atmm +max { At }}
q

lom
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IIpumep u pe3yJabTaThl OLEHUBAHUS XaPAKTEPUCTHK
€noco0a OJHOBPEMEHHOI0 MACCHPOBAHHOIO IPYNIOBOI0
NpUMeHEeHHUs OAHOTHITHBIX POGOTOTEXHHYECKUX
CHCTEM JIMKBHIAIMH YKCTPEMAJbHBIX CHTYAIIMI
Hcxonuble naHHbIE:
1) Benuumna pedpa arnmpokcumManonHoro kyoa K3I1—a;
2) Tomomoruss K3II mo wauana mnpumenenms PTK:
A, = {4y}, tie A, = <X, Y, Z, AW>, | — HOMEp (€H-
tudukarop) ysna K3IL; X, Y., Z, — koopauHarel i-ro ysma
K3IL; AW, — yposens O® OC B i-m y3ne, i = 1, 2,..., M, e
M — aucno y3nos K3IT;
3) uncno PTC—N u ux cocras Q = {q };

4) TX omnorunueix PTC: T, = <AW, ., AV 1o Vores Vip
Moo= AW, AL, >, Tne AW, . — pecype MIT PTC nns Bos-

neticteus 1o OO 3C; AV, . — pecype JIII PTC; v, . — un-
TEHCUBHOCTh pacxoma pecypcoB JIII PTC (pacxox pecypcos
JIT PTC na eaunuiy IyTH); A, . — HPOU3BOAMTENHEHOCTD
mukuaanun O® 3C PTC (MHTEHCUBHOCTH pacxojia pecypca
MII PTC); At, . — mpenensHOe BpeMs (QyHKIMOHUPOBAHHUS
MII PTC;

5) xoopauaaThl Touek ctostHus PTC Ha PA (Hadana nBu-
xenust PTC) b, = <X, Y,, Z> k=12,...,N; PTC: N < M.

Jonymenus:

1) mytu PTC mpencraBnsioT coOoi OTpe3KH NPsIMBIX,
coemunsromux y3musl K311,

2) Bpems Ha moaroToBKy PTC x mpuMEeHEHUIO HE YUH-
THIBACTCS;

3) Bce PTC cunrarorcst OXHOTHITHBIMH (TOMOTCHHBIMH).

Hcxonnsle nanssie no Tononorun K3II npencraBieHs!
B Tabm. 1.

Wcxonubie nanabie o TX PTC npuBeneHst B a0, 2.

BaprsupyeMbsIM mapaMeTpoM MPH BEIYUCIUTEITBHBIX IKC-
HepUMeNTax Oblla NMPHHATA BETWYHHA A, . — HPOHU3BOIH-
tenpHOCTH JIukBUAaUUU OD 3C PTC, koropas pasusnacs 0,5;
1,0; 1,5;2,0; 2,5 y.e./c.

Tabnuya 1
Tomomorust K3IT
Ne yana (i) X kM Yo KM Z, kM AW, ye.
1 8,0001 8,0001 8,0001 8
2 8,0001 8,0001 8,0001 8
3 8,0001 8,0001 8,0001 1
4 38,0001 8,0001 8,0001 2
5 38,0001 8,0001 38,0001 2
6 38,0001 83,0001 38,0001 3
7 8,0001 83,0001 38,0001 2
8 8,0001 83,0001 38,0001 8
9 8,0001 38,0001 38,0001 1
0 8,0001 38,0001 38,0001 5
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Tabnuya 2
Texnnueckue xapakrepuctuku PTC
. /i a, KM AW e ve. A}I;ETQ y]:};;:M ;\;T/Cc X, kM ka KM Z KM ch’ KM/C
1 1 3 3 0,3 0,5 7 7 7 3
2 2 3 3 0,3 0,5 72 7,2 72 3
3 3 3 3 0,3 0,5 7.4 7.4 7.4 3
4 4 3 3 0,3 0,5 7,6 7,6 7,6 3
5 5 3 3 0,3 0,5 7,8 7,8 7,8 3
6 6 3 3 0,3 0,5 8 8 8 3
7 7 3 3 0,3 0,5 8,2 8,2 8,2 3
8 8 3 3 0,3 0,5 8,4 8,4 8,4 3
9 9 3 3 0,3 0,5 8,6 8,6 8,6 3
10 10 3 3 0,3 0,5 8,8 8,8 8,8 3

OKCHEepUMEHTHI IPOBOIVITUCH TS TpexX TpyrmipoBok PTC:

I. PTC ¢ NeNe 1-10;

II. PTC ¢ NoNe 1-5;

IILPTC ¢ NeNe 1,2.

Pe3ysbTarhl BBIYHCIUTEIBHBIX JKCICPUMECHTOB MPHUBEC-
JICHBI IUIsSI KAXKI0H U3 YKa3aHHBIX TPYIIIMPOBOK B Ta0II. 4.

I. I'pynnupoBka PTC

IIponomxurensHocts ABwxenus PTC or Ttouek Ha PA
JI0 y3710B ¢ MakcuManbHbIM ypoBHeM O®D OC ¢ NelNe 1, 2, 8
(Tabin. 1) mpuBeseHsI B TaONI. 3 U UX IENICPACIIPEICICHUC 110
STHM y3J1aM MPHUBEICHBI B Ta0. 4.

B Tabn. 5 ocrarounsiii ypoerb O® DC cOOTBETCTBYET
npumenernto PTC o y3mam ¢ MakcumansHBIM ypoBHEM OD
OC. 3nauenne octaroyHoro ypoHsa O® OC meHblIe Hyms
JIEMOHCTPHUPYET, 4TO B 3TOM y3i1e O®D JHKBUIUPOBAH C CyM-
MapHbIM nepepacxonoM pecypcoB PTC. Ecnu 3Hauenue ocra-
ToyHoro yposHa O® 3C paBHo Hymio, To PTC momHOCTBIO
nmukBuaupoBan O@ DC, MOTHOCTHIO UCUEPIIaB CBOU PECYp-
cel. Ecim 3Hauenme ocratounoro ypoBHs O® DC Oombie
Hyns, To PTC nonnoctsto nukBuauposaimn OD 3C, coxpaHus
CBOU PECYPCHI B COOTBETCTBYIOIIEM CYMMapHOM KOJIMYECTBE.

B tom cmyuae, ecin uncno npumMensieMsix PTC menblie
00I11ero ux yrcna B peseps BoiBoamiock PTC ¢ MakCHMalTbHBIM

Tabruya 3
[ponomxurensHocts ABmxeHus PTC ot Touek Ha PA 1o y310B ¢ MakcumanbHbiM ypoBHeM OD OC
Ne y3na ¢ makcumanbsabM yposHeM OD OC
1 2 8
Ne PTC [ponomxkurensHocTh nBIKeHH PTC 10 cooTBETCTBYIOIIETO Y3
AtgiOm ,4ac AtgiOm ,4ac At:iOm ,4ac
1 0,577408 0,866083 1,154758
2 0,46193795 0,750613 1,039288
3 0,3464679 0,635143 0,923818
4 0,23099784 0,519673 0,308348
5 0,11552779 0,404203 0,692878
6 0,000057735 0,288733 0,577408
7 0,11541232 0,173263 0,461938
8 0,23088237 0,057793 0,346468
9 0,34635243 0,057677 0,230998
10 0,46182248 0,173147 0,115528
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Tabnuya 4
Henepacrpenenenre PTC mo y3mam ¢ MakcuManbHBIM
ypoBHem O® OC
Ne PTC Ne y3na ¢ MakcuMasibHbIM ypoBHeM OD OC
1 2 3

1

2 2

3 3

4 4

> 5

6 6

7 7

8 8

9 9

10 10

BpeMeHeM JIBIDKeHMs 13 Toukw PA 110 kakoro-mibo y3ima K3I1. Ha-
HpUMep, UL NEPBOU rpynnupoBKH Takoi sieisiercst PTC ¢ Ne 1.
Maxcumanbable Bpemena aBmxenus PTC no y3nos K311,
BpeMs JmkBupamuu OC B y3/max ¢ MaKCUMAaJIBHBIM YPOBHEM
O®, cymmapnoe Bpemsi npumeHeHust PTC 1 MHTEHCUBHOCTH
mukBrganuu DC rpynmupoBkamy PTC B xaxmIoM U3 3THX y3-
JIOB JUIsSl BAPBUPYEMBIX 3HAYEHUH A, . IPEICTABIEHBI B TAOI. 6.
CoOTBETCTBYIOIINE T'MCTOIPAMMBI 3aBUCHUMOCTEH ISt

At At npencTaBieHsl Ha puc. 3.

i0

Puc. 3. 3aBucumoctu At u At ot i, .

IIpuBencHHBIC THCTOTPAMMBI MOTYT OBITh AIIPOKCHMU-
POBaHBI CTCIICHHBIMH (DYHKITHSIMU C TTApAMETPaMU, YKa3aHHbI-
MU Ha 3TOM PUCYHKE.

II. I'pynnupoBka PTC

IIponomxurensHocts ABuxkeHus PTC or Ttouek Ha PA
710 y3710B ¢ MakcuMaibHbIM ypoBHeM OD OC ¢ NeNe 1, 2, 8
(Tabn. 1) mpuBeneHsI B TaOI. 7 U UX IIEICPACIIPEIICICHUC 10
9THM y3JIaM [IpHUBe/IeHbI B Ta0I. §.

Pesynprarel onmenHuBanus uucna mnpuMeHseMmbix PTC
U MoKazarenis npenenbHbix BozmoxHocted PTK no nuksuna-
nuu OC ams Bcex paccMmarpuBaeMbix rpynnupoBok PTC mpu-
BeJEHbI B Ta0I. 5.

Tabnuya 5

Pesynprare onennBanus yncia npuMeHseMbix PTC u mokasarens npeaeasHbIX Bo3MokHocTel PTK
o yukBHuaary DC I BCEX paccMaTpHUBaeMBIX IpymmupoBok PTC

Yucno N
Ne rpynmupoBku O6mee uncno PTC npuMeseMsx PTC B Ocrarounsiii yposens O® OC, y.e.
1 10 9 75 -1
1I 5 4 71,428571 2
il 2 2 37,5 5
Tabruya 6
3aBUCUMOCTh BpeMeHHBIX napaMeTpoB npuMmenennus PTC u nateHcuBHOCTH TUKBUAAIIH DC
rpynmuposkamu PTC ot snavenni A,
Atq i i i
max wiom (> 9ac Ky V€€ AtiOm, gac Ati0,qac AIOm, y.e./c
1,0392882 0,5 5,3333333 6,3726216 1,5
1,0392882 1 2,6666667 3,7059549 3
1,0392882 1,5 1,7777778 2,817066 4,5
1,0392882 2 1,3333333 2,3726216 6
1,0392882 2,5 1,0666667 2,1059549 7,5
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Tabruya 6
IIpomomxurensHOCTh NBIKeHU PTC oT Touek Ha PA 1m0 y310B ¢ MakcuManbHbIM ypoBHEM OD OC
Ne y3na ¢ MmakcumainbHbIM ypoBHeM OD DC
1 | 2 | 8
Ne PTC
IIponomxutensHocTh ABMkeHUst PTC 10 cooTBeTCTBYIOIIETO Y3712
q q q
At iom »Hac At iom -4ac At iom »9ac
1 0,577408 0,866083 1,154758
2 0,46193795 0,750613 1,039288
3 0,3464679 0,635143 0,923818
4 0,23099784 0,519673 0,808348
5 0,11552779 0,404203 0,692878

Tabnuya 8
Henepacnpenenenne PTC mo y3nam
¢ MakcuManbHBIM ypoBHEM OD OC

Ne y3na ¢ makcumasibHbIM ypoBHeM OD DC
Ne PTC

1 2 8
1 1
2 2
3 3
4 4
5 5

B stom cimydae uncio npumensiembix PTC MensIe ob1ero
¥X gyncia u B pe3eps BeBommiock PTC ¢ Ne 1 ¢ MakcuManmbHBIM
BpEMEHEM JIBIDKCHIS 13 TOUKU PA 1o kakoro-mmbo y3ma K311

MaxkcumansHble BpemeHa aBmkeHuss PTC no y3nos
K3II, Bpems nukuganuu 9C B y3/1ax ¢ MaKCUMaIbHBIM YPOB-
HeM O®, cymmaproe Bpems npumenenuss PTC u nnTeHcus-
Hoctu nukBumanuu DC rpynmupoBkamu PTC B kaxmoMm u3

3TUX Y3JIOB /ISl BAPHUPYEMbIX 3HAYEHHH A, . IPEICTABICHBI
B Ta0I. 9.

COOTBETCTBYIOIIME T'HCTOIPAMMbI 3aBHCUMOCTEH UL
At m At mpencraeneHsl Ha puc. 4.

[IpuBeneHHBIE THCTOTPAMMBI MOTYT OBITH AITPOKCHMHU-
POBaHbI CTENEHHBIMH (PYHKLUSIMH C ITapaMeTpaMH, yKa3aHHbI-

MU Ha 3TOM PUCYHKE.

OHNmbmmMWWB

Puc. 4. 3apucumoctu At n At ot A, .

Tabnuya 9
3aBHCUMOCTb BpeMEHHBIX MapaMeTpoB npuMmeHeHust PTC u nuateHcuBHOCTH MukBHAAu OC
rpynnuposkamu PTC ot sHauenuit A, .
Atq i i i
max wiom (> Tac Moo Y€/C AtiOm, gac Ati0,uac AIOm, y.e./c
0,9238182 0,5 8 8,9238182 1
0,9238182 1 4 4,9238182 2
0,9238182 1,5 2,6666667 3,5904848 3
0,9238182 2 2 2,9238182 4
0,9238182 2,5 1,6 2,5238182 5
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II1. I'pynnuposka PTC

[ponomxurensHocTh amwxeHns PTC ot touek Ha PA
JI0 y3710B ¢ MakcuMaibHbIM ypoBHeM O®D OC ¢ NeNe 1, 2, 8
(tabn. 1) npuBenens! B Tadn. 10 1 ux nenepacnpeaeneHue no
9THM y3J1aM MpHUBe/ieHb! B Ta0. 11.

Maxkcumanbhble Bpemena apkeHust PTC no y3nos K3I1,
Bpemst jmkBuganuu OC B y371ax ¢ MakCHMalbHBIM YPOBHEM
Od, cymmaproe Bpems npumeHernss PTC 1 WHTEHCHBHOCTH
sk gannu OC rpynnupoBkamu PTC B kaX10M U3 9THX y3710B
IUIS BApBUPYEMBIX 3HAUYEHUH A, TPEICTaBJIEHbI B Ta0. 12.

COOTBETCTBYIOIME THCTOTPAMMBl 3aBUCHUMOCTEH Iist

At m Al mpencraeneHsl Ha puC. S.

[IpuBeneHHBIE THCTOTPAMMBI MOTYT OBITH AIIPOKCHMU-
POBaHbI CTENEHHBIMH (PYHKINSMH C TTApaMETPaMH, YKa3aHHBI-
MU Ha 9TOM PUCYHKE.

BoiBoabI

B pe3YAbTAaTeC BBIYHUCIUTCIBHOIO OKCIICPUMEHTA IIpU
MIPUHATHIX MOJCNIBHBIX YCJIOBHSIX YCTAHOBJICHO, YTO MAaKCH-
MalnbHYyI0 BeposTHOCTh nukBumannn O DC obecreumBaet
Ccroco0 paccpeloTOYCHHOTO TTPUMEHEHUsT OMHOTHITHEIX PTC
B Jr00bIx y3max K3II, a Taxke J0Ka3aHO, YTO PaccpemoTo-
YeHHOe IpuMeHeHne ofHOTHITHBIX PTC OT rpaHuuHBIX y3II0B
K3IT mo3Bomnsiet coxparuth 10 50% pecypc JIII, 3a cuer koro-

Tabnuya 10
IIponomxurensHocTs aBrkeHus PTC ot Touek Ha PA 10 y310B ¢ MakcuMansHbIM ypoBHeM OD OC
Ne y3na ¢ makcumanbabM ypoBHeM O OC
1 2 8
Ne PTC
IIponomxurensrOCTh ABMKEHNsE PTC 10 COOTBETCTBYIOMIETO y3I1a
q q
At .. gac At .. . gac
HI0M AtgiOm ,uac HIOM
1 0,577408 0,866083 1,154758
2 0,46193795 0,750613 1,039288

Tabnuya 11
Henepacnpenenenne PTC no y3nam
¢ MakcuManbHbIM ypoBHeM OD OC

Ne PTC Ne y3na ¢ MakcnmainsHeiM yposHem O® 3C
1 2 ]
1 1
2 2

|
|
0,5 1 L5 g %S

Puc. 5. 3apucumoctu At m At oT kA,

Tabnuya 12
3aBUCUMOCTH BpeMeHHBIX napameTpoB npuMmenenus PTC u unTeHcuBHOCTH AUKBUAau DC
rpynnupoBkamu PTC ot 3nauenuii A, .
maX{At:iOm} , [ac Apreo Yo€./C AtiOm, uac Ati0,uac AiIOm, y.e./c
0,8660831 0,5 16 16,866083 0,5
0,8660831 1 8 8,8660831 1
0,8660831 1,5 5,3333333 6,1994165 1,5
0,8660831 2 4 4,8660831 2
0,8660831 2,5 3,2 4,0660831 2,5
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POTO MOXKET OBITH MOBBIIIEHA BEPOATHOCTH NUKBHAanuu OD
TP U3MEHEHUH MTPOTHO3UPYEMBIX YCIOBHUH pa3Butus JC.
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THE PROBLEM OF DETERMINING ROUTES OF SIMILAR ROBOTIC SYSTEMS
ELIMINATE EMERGENCY SITUATIONS IN CASE OF GROUP METHOD OF APPLICATION
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St-Peterburg, Russia, ep.minakov12345@mail.ru

ANATOLII G. TARASOV,
St-Peterburg, Russia, Atol-77@mail.ru

ABSTRACT

High risks are associated with threats of occurrence of technogenic
extreme situations and disasters, necessitate the search of the most
effective ways of improving the prevention, detection, containment,
extreme situations and liquidation of their consequences. Under ex-
treme situation refers to a situation in a certain space-time region char-

acterized by the emergence of factors immediate threat to the health

VLADIMIR V. KRAVTSOV,
St-Peterburg, Russia, lolo072606@mail.ru

KEYWORDS: the robotic system; key application area; an
extreme situation; the line of attack; dangerous factor.

and lives of people or the threat of disruption of their activities for
solving problems in this area.

At the moment, as we have in the country and abroad massively cre-
ated robotic systems for various target destination, the application of
which should ensure the safety of people in conditions of emergency.

A group application for robotic systems can be achieved from certain
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spaces in which they must be deployed before use and to be called
original borders. Locomotion of robotic systems in these space-time
region is a key area of application poses a number of problems one
of which is discussed in the present article, namely the problem of
determining routes of similar robotic systems eliminate emergency
situations in case of group method of application.

In the process, identified according to a maximum time of move-
ment of robotic systems to sites of key application areas, the time of
liquidation of extreme situations in the nodes with the highest level
of hazardous factors, the total time of application of robotic systems
and the intensity of the elimination of emergency situations groups
of robotic systems in each of these nodes from variable performance
values the elimination of hazards of extreme situations of robotic
systems (the intensity of consumption of resource manipulation sub-
system for robotic systems).

Dependences give the possibility of calculating the time of the lig-
uidation, consumption and manipulation locomotional subsystems,
and allow the planning phase to determine the rational route of simi-
lar robotic systems eliminate extreme situations, if the group method

of application.
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AHHOTALMA

PaccmoTpeHbl BOMPOChI TEXHONIOTMYECKOro MPOEKTUPOBaHUS CUCTEM KOHTPOJISI CJIOXHbIX
TEXHUYECKNX OBbEeKTOB OAHOPA30BOro ucnonbsosaHus. MNpeamer uccnegosaHus — rubpua-
HbI MOAXO[, K NPOrHO3MPOBaHNIO BPEMEHHbIX PSAOB Ha OCHOBE UCKYCCTBEHHOW MMMYHHOWM
CUCTEMbI, MPYMEHSIEMbIN 4151 PELLEeHUs 3a4a4n NMPOrHO3NPOBaHWs BPEMEHHOro apeinda Kpu-
TUYECKUX NapamMeTpoB BOPTOBON annapaTypbl, KOTOPbIN XapakTepusyeTcs 3HaYUTENbHON He-
ONpenesieHHOCTbIO U HEMOSIHOTON MHpOPMaLUK A1 €r0 MOAENVPOBaHNUS TPAAVLMOHHBLIMM
meTopamu. Llenbto paboTbl sensieTcs paspaboTka rubpmaHOro NoAxoAa K MPorHO3MpoBaHMIo
BpeMeHHOro apeinda KOHTPOIMPYEMbIX NapamMeTpoB GOPTOBOM aBTOMaTU3MPOBAHHOMN CU-
CTeMbl ynpaBJieHUs Ha OCHOBE KOMMJIEKCHOrO UCMOJIb30BaHNSA UHCTPYMEHTapusi Teopun umc-
KyCCTBEHHOIO MHTEJISIEKTA U CMalH anmnpoKCUMaLum, MO3BOJISIIOLLEro nosy4aTth NpubansKeH-
Hble OLEHKM C NpUeMIeMOoN 419 NPaKTUYeCKoro NpMMeHeHMs ToYHOCTbo. B nccneposaHum
MCMosb30BaNIUCh ClIeAyloLLNe TEOPUM U MeTOAbl: CUCTEMHOrO aHann3a, YNCJIEHHOro aHanunsa,
TEXHUYECKOro KOHTPOJISA U ANAarHOCTUKM, UCKYCCTBEHHOTO MHTeJIeKTa (pacCy>KaeHUn Ha OCHO-
Be NMpeLefeHTOB, NCKYCCTBEHHBIX UMMYHHbIX CUCTEM, 3BOJTIOLIMOHHBIX BbIYMCIIEHWI, HEYETKUX
MHOXECTB), MPUHSATUS PELLEHWUI, MPOEKTUPOBAHUS UHTESNIEKTYasbHbIX MHPOPMALIMOHHbBIX CU-
ctem. OnpepeneHa cneumduka BpeMeHHbIX PsaoB 1 obnactu npumererus. MpeanoxeH mMo-
AMPULMPOBAHHBI UMMYHHbIN aiIrOPUTM KJIOHASIbHOW CENIeKLMM 1 MOLLAaroBoe ornmcaHue ero
paboTbl C UHTEPNPETaLMEN NCMOSIb3YEeMbIX BUONOrMYECKUX MOHATUI B TEPMUHAX MPELMETHOM
obnactn. OCHOBHbIE OTAINYMS MPEAaraeMoro airopyuTMa oT M3BECTHbIX 3BOJTIOLMOHHbIX aJIro-
PUTMOB 3aK/oYaloTCs B cnocobe npefcTaBieHns UMMYHHbIX OGbeKTOB, MexaHu3max aganTa-
LIMM MIMMYHHOW CUCTEMBI, Habope, cofepXKaHUN 1 MOPSAKE BbINMOJHEHUSI UMMYHHbIX OnepaTo-
POB, B KOTOPbIX MPUMEHEHbI PSA, AN U MPUHLMUMOB Pa3sINyHbIX aflbTePHaTUBHbIX KOHLLENLUUiA
3BOJIOLMM, @ TaKXKe, SBPUCTUHECKMX NMPUEMOB U3 PasnyHbIX obnactei 3HaHuI. [onyyeHsb! Te-
opeTnyeckune pesynbTaThbl, KOTOPbIE MOTYT BbITb MCMOMIb30BaHbI NPU pa3paboTke NPUKNagHbIX
NPUIOXKEHNIN MHTENIEKTyasIbHbIX CUCTEM MOAAEPXKKN NMPUHATUS PELLEHUI AJ1S KOHTPOJIS CO-
CTOSIHUSI C/TOXKHbBIX TEXHUYECKMX OBBEKTOB Ha NPEANPUSATUSAX PAKETHO-KOCMUYECKON OTPaCsn.
MpumeHeHne NpeanoXXeHHOro NoAxXoaa AaeT BO3MOXHOCTb MOBbICUTb 3KCMlyaTaLMOHHYIO Ha-
AEXHOCTb 1 3PPeKTUBHOCTL MpoLLecca aKCryaTaunv U3genns U co3gaet npeanocbiikv Afs

opraHunsaunn TexHn4yeckoro O6CJ‘Iy)KVIBaHI/I9| no C‘)aKTVIHeCKOMy COCTOSIHUIO.

KJTKOYEBbLIE CJIOBA: nporHosupoBaHue; npeueaeHT; cniaiiH annpoKCUMaLus; aHTUreH;

aHTUTENo; abPUHHOCTS.

Ana umtupoBanusa: CmupHos B.A., CmupHos []. B. Noaxon k nporHosmpoBsaHuio aperida KpUTuyecknx napametpos 6opro-
BOW CUCTEMbI YMpaB/ieHUsi Ha OCHOBE MOAMPULIMPOBAHHOIO MMMYHHOIO anroputma // Haykoemkue TexHosiorum B KocMuye-
ckux nceneposaHusax 3emnn. 2018.T. 10. N2 1 C. 69-81. doi 10.24411/2409-5419-2018-10021
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Beenenue

[Ipobnema oGecriedeHnsT BRICOKOW HAIEKHOCTH M 0e€3-
OTKa3HOCTH aBUAIIMOHHON M PaKeTHO-KOCMUYECKOW TEXHUKHU
CTAaHOBUTCS KpaiiHe 3HaumMod. HeynadHble 3amycKu KOCMU-
YEeCKHX araparoB, YYaCTHBIIMECS OTKa3bl B IEPHOJ MpEa-
CTapTOBOM IIOJIOTOBKH, @ TAK)KE OIBIT IPUMEHEHHUSI PAKETHON
TEXHUKN B OOCBBIX YCIOBHIX 3aCTABIAIOT BHUMATEIBHO TIPO-
AQHAJIM3MPOBATh BCIO IIEMOYKY MPOCKTHPOBAHUS M W3TOTOBIIE-
HUS TaKOTO poJia M3CNNH, BKIIOUAs TEOPETHUSCKUE OCHOBEI
MIPOSKTHPOBAHUS TEXHOJIOTUU KOHTPOJISI OOPTOBOI aBTOMATH-
3upoBaHHO# cuctemsl ynpasnenust (BACY) nerarensHbIM ar-
naparom (JIA) oqHOPa30BOTO UCTIOIB30BAHMSI.

OpHOM W3 MPUYMH YBEIWYCHHUS KOIMYECTBA Iapame-
TPUUECKUX OTKA30B, BIMAIONINX HA Ka4eCTBO (PYHKITHOHHIPO-
Bauusl BACY 1 NOJIHOTY BBINOMHIEMBIX Ha3HAYCHHBIX (PYHK-
WM, SBISIETCS HEJOCTAaTOYHBIN 3armac paboToCHOCOOHOCTH
ee KPUTHUYHBIX 3JeMeHTOB. JlaHHas mpuumHa 00ycIIoBIICHA
psaoM o0CTOATENBCTB. B CylecTByromell Ha CeroaHsIIHAN
JICHb CHICTEME aBTOMAaTH3HPOBAHHOTO MTApaMETPHUIECKOTO KOH-
Tpoist BACY peann3oBaH TpaauIIMOHHBIN OMHAPHBIN TOAXON
K OIICHKE KOHTPOJIHMPYEMBIX MapaMeTpoB M padoTOCTOCO0-
HocT m3nenus. OH OCHOBaH Ha KPUTCPHH IPUHAICKHO-
CTH 3HA4YEHHH NapaMeTPOB COOTBETCTBYIOIIUM JIOITYCKOBBIM
30HAM M HE TI03BOJIET OOHApYKHMBaTh IPEAOTKA3HBIE CO-
crossaus BACY. Kpome Toro, mpruMeHEeHHEe HEKadeCTBEHHBIX
KOMIUICKTYIOIIIX AJIEMEHTOB, HECOBEPIICHCTBO WIIH HapyIIe-
HUS MPOIecca U3TOTOBIICHUSI, XPAHEHUS, TPAHCIIOPTUPOBKH,
a TaKKe, HECOOJIONCHUE MPABWI M YCIOBHU IKCILTyaTalluu
MOTYT MPHUBECTA K U3MCHCHUIO (PU3MUCCKUX M XUMHUYCCKHX
CBOMCTB MarepuajoB (YCKOPEHHIO KOPPO3UU METAJUIOB, pa3-
PYIICHUIO M30JIALUN MPOBOAOB U Kabenei M T.1.), SMEeKTPH-
YECKUX M MarHUTHBIX ITaPaMETPOB KOMIUICKTYIOITIX AIIEMEH-
TOB (YCKOPCHHIO TIPOTEKAHUS MIPOIIECCOB CTAPCHUS, KOTOPBIC
HE MPUHUMAKOT JIABUHOOOPA3HBIH Xapakrep). B pesymbrare
BO3JICHCTBHS MHOKECTBA JICCTAOMIM3UPYIOMUX (HaKTOPOB
MPOUCXOUT U3MEHEHUE 3HAYEHUN KOHTPOIMPYEMBIX Mapame-
TPOB, ONPEACIAIOMINX TEXHUIECKOE COCTOSTHUE 00BEKTA.

OnmHUM W3 TIEPCTIEKTHUBHBIX HAIPABICHUN TOIICPKaHUS
paboTOCIIOCOOHOTO COCTOSTHHS CIIOKHON TEXHUYECKOH CHCTE-
MBI, MOIITHEIM (D)aKTOPOM TOBBIIICHUS €€ HAJIC)KHOCTH, Kade-
cTBa (PyHKIIMOHUPOBAHUS B CJIOKHBIX YCIOBHSIX IKCILTyaTallN
U CHMXCHHA BCPOATHOCTH U TAKECTH HOCHC}ICTBI/Iﬁ OTKa30B
SIBTSIETCS] IPOTHO3MPOBAHKE ee OyIyIIero COCTOSIHUS Ha 3Tare
skcrnryatanyi [ 1]. Cemyer oTMETHTB, 9TO B HACTOSIIIEE BPEMS
BOIIPOCHI TTPOTHOZUPOBAHUS U TAHHOTO BUIA OOBEKTa KOH-
TPOJISL, K OOJIBILIOMY COXKAJICHUIO, HE peleHsl. [IpuMennTens-
HO K BACY akTtyaibHBIM SIBISIETCS pa3paboTKa Mojeneit mpo-
THO3MPOBaHUS Jipeiiha KOHTPOIMPYEMbIX TapaMETPOB, TaK KaK
nHpOpMANUS 0 XapaKTepe MPOIECCOB apeiida mapaMeTpoB mo-
3BOJISICT OTIEHUTH CKOPOCTh M3MEHEHHS TIpoIiecca IIoTepu pabo-
TOCIIOCOOHOCTH B ONIKAMIIHN ITEPUO BPEMECHH, OXKUAIAEMYIO
TIPOIOJDKUTENIBHOCTh CpOKa CiTyObl. Hannume nporHo3HbIX

70

OLICHOK TIO3BOJIUT pa3pabaThiBaTh PEKOMEHJAINH JKCIUTyaTH-
PYIOIIAM OpTaHW3ALUAM TS BBIOOpA CTPATETHH TPOBEICHHUS
MPOPHIIAKTUICCKUX MEPOIPUATHIA U CHAOXKEHUsI 3allaCHBIMHU
YacTsIMU, TapaHTUPYIOMICH COXpaHEHUE pPabOTOCIOCOOHOCTH
HAa 33J]aHHOM WHTEPBAJIC SKCILTyaTaIlHH.

Bri0op MeToma mporHo3upoBaHus IS TOCTPOCHUS TIPO-
THO3HOH Momenn TpeOyeT ydera O0COOCHHOCTEH MpeIMEeTHON
obmactu. B Hamem ciydae BpeMEHHBIC PSAIbI 3HAUCHUH Tapa-
METPOB MIMEIOT CIICAYIOMIYIO CHEIU(HKY, 3aTPyIHSIIONIYI0 HX
aHaJM3: JUIMHA aHATU3UPYEMOTO BPEMCHHOTO Psia CONCPIKUT
CPaBHHUTEIIFHO HEMHOTO 3JICMCHTOB, OFPAHUYCHO KOJIHMYCCTBO
HN3BCCTHBIX BpCMeHHBIX pf[}IOB, BpeMeHHOﬁ pﬂI[ SABJISICTCA CTO-
XaCTUYECKUM, HECTAllMOHAPHBIM M HEPABHOOTCTOSIINM U T.[I.
Taxke cremyeT OTMETHUTH Majblii 00beM HEOOXOmMMOH Uit
MIPOTHOZUPOBAHUS HHPOPMAIIMU M OTPAaHIHYCHHBIC BO3MOXKHO-
CTH TIPOBE/ICHUS SKCIICPUMEHTOB JUTSI TIOTYYCHHS JTOCTATOUHOM
cratuctideckor mHMopMmaru. B 3THX ycrnoBusx Hambolee
pacrpocTpaHeHHbIE METO/IBI ¥ MOJIETH IPOTHO3UPOBAHUS (HaH-
MEHBIIIUX KBAIPATOB, MAKCHMAJIBHOTO MPABIOTION00HS, IKCIIO-
HEHIIMAJIFHOTO CINIa)KWBAHUS, PETPECCHOHHEIE, aBTOPETPECCH-
OHHBIE) M3-3a IIETIOTO Psijia OTPAHHYCHUN Ha UX UCTIOJIF30BaHME,
HE TO3BOJIAIOT ITOMYYHUTh aJCKBATHYIO OIICHKY IPEICTOSIIIX
M3MCHCHHI B TIOBEJICHUU TIpoliecca apeiida mapamerpos. B Ha-
CTOsILLICE BpeMS[ HepCHeKTI/IBHLIM HaHpaBHeHI/IeM peIHCHI/ISI 3a1a4
MIPOTHO3UPOBAHUS BPEMEHHBIX PSIJIOB SBISIETCS KOMIUIEKCHOE
TIPUMEHEHHE PA3TMIHBIX METOJIOB U MOJIENEeH, NX KOMOMHHUPO-
BaHWE W WCIIOIB30BAHUE TEXHOJOTUI TEOPUU MCKYCCTBEHHOTO
MHTEJUICKTa. TaKkoW MOIXOJ MO3BOJISET MPEOH0JICBaTh OTPaHH-
YCHUSI, HAJIOXKCHHBIC HA TPAIUIIUOHHBIC METOJBI, S(D(PEKTUBHO
HUCIIOJIB30BATh UX HpeI/IMyHleCTBa H, B TO XK€ BpeMﬂ, HpeO}IOHe'
BaTh HEKOTOPbIE HEMOCTATKH.

Lempro paboTEHI sBISETCS pa3padOTKa THOPHUIHOTO MTOAX0-
J1a K IPOTHO3UPOBAHHUIO Jipetiha KOHTPOIMPYEMBIX TapaMeTPOB
BACY Ha ocHOBE KOMILIEKCHOTO HUCIOJIb30BaHUSI MHCTPYMEH-
Tapusi TCOPHUH UCKYCCTBEHHOTO MHTEIUICKTA M CIUIANH aIlpoK-
CUMallH, ITO3BOJIAIOLICTO nonyanL HpI/I6HI/I)KCHHI>Ie OLICHKU
C MPUEMJIEMOH ISl TPAKTUYECKOTO IPUMEHEHHST TOUHOCTBIO.

IMocTanoBKa 3a1a4u POTHO3MPOBAHUS
BpeMeHHOro apeiiga napamerpos BACY

Texnuueckoe coctosiuue BACY ompenensiercss MHO-
JKECTBOM KOHTPOJHMPYEMBIX TMapamMeTpoB X :{xl,xz,...,xp} R
XapaKTepPU3YIOMNX paboTOCTIOCOOHOCTh COCTAaBHBIX YacTei
m3aenus. Ha aTarme W3roToBIEHUS M SKCIUTyaTalllny OCYIIeCT-
BISICTCS KOHTPOIb MapaMeTPOB B IMPOIECCE PA3IUYHBIX HC-
MBITAHUI: TPEABIBUTEIBCKUX U MPUEMOCIATOYHBIX UCIBITA-
HUH Ha MPUOOPOCTPOUTENBFHBIX 3aBO/IaX, BXOJHOM KOHTPOJIE
M UCIBITaHUAX B cocTaBe JIA Ha 3aBogax-usroroBuresx JIA,
MIEPUOINYECKUX HCTBITAHUAX B cocTaBe JIA B skcmiyarn-
PYIOIX OpPTaHW3alUsAX 0 HCIONB30BAHHUS TIO TIPSIMOMY
HA3HAYCHUIO W T.J. KOHTpONh mapamMeTpoB MPOHM3BOAUTCS
B MOMEHTHI Bpemenu { <t <t,<...<t. Pesynerarhl usmepeHuii



Ka)XJI0TO TMapameTpa Xi(tj) i=1,p;j=0,s ¢uxcupyrorcs, co-
OMpaIOTCs ¢ PA3ITMYHBIX 3TANOB KU3HECHHOTO [IUKJIA W3ACITHS
n oOpadarsIBaroTCs, (POPMHUPYsT BPEMEHHOH PsiJi — XPOHOJIO-
THUYECKYI0 MOCIEeI0BATEIbHOCTD 3HAYEHU I TapaMeTpoB C yKa-
3aHHEM BPEMEHHU M3MEpEHHUs KaKAoro napamerpa. Bpemen-
HOM pAd UMECT IJIUHY SUB IIpoueCcCe MOCTYIUICHUA HOBBIX
JAHHBIX KOHTPOJIBHBIX HCIIBITAHWH €ro JUIMHA HM3MEHSETCS.
3amaua mporHo3upoBaHus npetida mapamerpa BACY cBomurt-
cs1 K (POPMHUPOBAHMIO ITPOTHO3a, COCTOSIIETO U3 JIBYX YACTEH:
TOYEYHOT'0 U MHTEPBAJIBHOIO MPOrHO3a. TOYEUHBIH MPOTrHO3
MIPE/ICTABISIET COOOM OLIEHKY 3HAYEHUs TPOTHO3UPYEMOH Tie-
PEMEHHOH {, — BPEMEHU OT MOMEHTA COCTABJIEHHUsI IPOrHO3a
JI0 MOMEHTA, KOTZla 3Ha4eHHE TTapaMeTpa JOCTUTHET TPAHHILIBI
3apaHee yCTAHOBJICHHOW 00JacTh YIpeXICHHS B Tpenesax
30HBI JIOITYCTHMBIX 3HA4€HWH mapameTpa. VHTepBaabHBINA
IPOTHO3 — 5TO MECCUMUCTHYHASA [ ¥ ONTUMUCTUYHAS I OLCH-
KM 3Ha4EHUIl IPOrHO3UPYEMOil MepeMEHHOMN, OTIPEAEIIAIOINX
rpaHUlbl UHTEPBaJa, B KOTOPOM MOXKHO OXUAATh MOABJICHUC
(haKTHYECKOTO 3HAYCHUS IPOTHOZUPYEMOH ITepeMeHHO.

ITockonbKy BpeMEHHBIE PSIIbI XaPAKTEPU3YIOTCS BBICO-
KOH CTETICHbIO HEOIIPEAEICHHOCTH, TO B COOTBETCTBHH C IJIaB-
HBIM TIPUHIMIIOM MSTKUX BBIYUCICHHUH (TOJIEPAHTHOCTD K He-
TOYHOCTH, HEOTIPEICIEHHOCTH M YaCTUYHON UCTUHHOCTHU ISt
JIOCTH)KEHUSI YCTOMYMBBIX PELIEHUN C HU3KOM CTOUMOCTBIO
U JIyYIIETO COOTBETCTBUS C PEAIBbHOCTHIO) TOUYHOCTH MOJIY-
YEHHBIX MPUOIMKEHHBIX POTHO3HBIX OLCHOK JOJDKHA OBITH
MIpUEeMIIEMOH JUTSL IPAKTUYECKOTO MPUMEHCHHSI.

OnucaHue MOAX0/1a K MPOTHO3UPOBAHMUIO Apeiida
KPUTHYECKHX MapaMeTPOB KPUTHUYECKHUX
napamerpoB BACY

Hanmame GoibIIoro KomMdyecTBa IapaMeTpoOB, Xapak-
Tepusytomux cocrosHue BACY, cyliecTBEHHO 3aTpyaHser
peleHne 3a/1a4¥ OCTPOCHHS POrHo3a. B 3Toit cBsi3u npen-
Jaraercsi BHIOpaTh OTpaHMYCHHYIO COBOKYITHOCTh Hambolee
MH(OPMATHBHBIX TAPAMETPOB, @ UMEHHO, KPUTHYECKUE Napa-
MeTpbl BACY, BBIX0I 3HAUYCHHWH KOTOPBIX 3a MPEAEIHBI JOIY-
CKOB MPHUBOJNT K KPUTHIECKOMY OTKazy m3zenus. Kpurepuem
BBIOOpA TAKUX MApaMETPOB SIBISIETCS JOIMYCTUMBIH YpOBEHB
M0 TSDKECTH BO3MOXKHBIX HocieacTBuid. [Ipu BeIOOpe KpHUTH-
YeCKUX MapaMeTpPOB MPEATaraeTcs yYUTHIBATh CIEAYIOINE
OCHOBHBIE ()aKTOPBI:

B3aUMOCBSI3b [TApaMeTpa ¢ OTKA30M, BIHSIHHE KOTOPOTO
Ha KadecTBO (yHKIHOHHpoBaHUs BACY mpeBocxomut no-
IyCTHMBI YPOBEHb IO TSHDKECTH BO3MOXKHBIX MOCIEACTBHA
(MaTepuanbHBIN, MOPAIBHBIN M TOMUTHYECKUH yiiep0), BbI-
3bIBACT MOJIHBII €€ OTKa3 WU MPUBOAUT K CPHIBY BBITTOJTHEHHS
MMOCTAaBJICHHOM 3a/1a4H;

B3aMMOCBSI3b TMapaMeTpa C 3JIEMEHTaMH, 10 KOTOPBIM
B MOMEHT IIPOBE/ICHHUSI aHaNIM3a OTCYTCTBYIOT IOCTOBEpPHBIC
JTaHHBIE 00 VX Ka4eCTBE M HA/ISKHOCTH B pacCMaTpHBaeMbIX yc-
JIOBHSIX IPIMEHEHHUS U BO3MOXKHBIX TTOCIIEACTBUSIX X OTKA30B;
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CKOPOCTh Pa3BUTHUS HETAaTUBHBIX IOCIEICTBUI OTKa3a,
HCKITIOYATOIasi BO3MOKHOCTE TIPUHSTHS CBOCBPEMEHHBIX MEp
3aIIUTHI OT HUX U T. .

Bomnpocel, cBsI3aHHBIC C ONPEICIICHUEM CTPYKTYPBI 00-
JIACTH PaOOTOCIIOCOOHOCTH W TPAHHUIBI OOJIACTH YIPEKIC-
HUSL B Tpe/eiax 30HbI JOMYyCTHMBIX 3HAYCHHUI Mapamerpa,
XapaKTepU3YIOIe HEYyIOBICTBOPUTEIBHBIN 3amac padoTo-
CIIOCOOHOCTH W OTpEeIeIIone OMM30CTh K 0TKa3y M3IeIus,
JIOCTAaTOYHO TOAPOOHO paccMOTpeHsl B pabdore [2]. Pemenne
JAHHOM 3a[1a4¥ OCHOBAHO HAa TCOPHH HCUCTKUX MHOKECTB.

Jnst penienus 3ajaud MPOTHO3MPOBAHMSI MpeEasiaraet-
Csl IPUMEHHUTh KOMOMHAIIMIO aKTHBHO PA3BUBAIOIINXCS IOJI-
XOIIOB, 2 UMEHHO, METOJa MOJICITHPOBAHUS PACCYKICHUN Ha
ocroge npereneHToB (CBR) [3], mMMyHHOIT MOaeIH KITOHAITB-
HO cenekuuu [4—7] u MeToa anmpOKCHMAINH KyOUdeCKHUMHU
crutaiiHamu [8]. Mnes mpenjaraeMoro mnojaxona 3aKito4aeTcst
B MOCTPOEHUU MPOTHO3HOW MOJIENU U TMOIYyYEHUU MPOTHO3-
HBIX OIICHOK Ha OCHOBE TPEHIOBBIX 3aBUCHMOCTEH nperida
apaMeTpoB, MCIIONB3YS JaHHBIC 3HAYEHUH ITapaMeTpoB, CO-
XpaHCHHBIC B BHJIC MPEIICACHTOB B MHTEIUICKTYAIbHOW CHCTe-
MbI nofuepxku npunsaTus pemennii (MCIIIIP) [9]. Bribop,
aJanTanys U TeHepalys MPeLeICHTOB IS PEIICHUS TeKyIIeH
3aJ1a4¥l IPOTHO3UPOBAHUS OCYIICCTBISICTCS MOAU(DUITUPOBAH-
HBIM aJTOPUTMOM KJIOHAJIBHOW CEJICKIMU, OCHOBAHHBIM Ha
MIPUHIUIIAX PaOOTHl UMMYHHOH cuctemsl [ 10-16]. [l momy-
YeHHS TPEHJOBBIX 3aBHCHMOCTEH M pacdeTa MPOIYIICHHBIX
3HAYCHUH BPEMCHHBIX PSAIOB IPEUIaraeTcsl MCIIOIB30BaTh
METOJT alPOKCHMAITIH SKCIICPUMEHTAIBHBIX TaHHBIX (Ta0I.)
KyOWYEeCKHMH CIUTAiiHAMHU.

Tabruya
Tabnuunas gynkrms f(t)
t t t . .
f(t) X, X, X

KyOuueckuii crutaiin nedekra 1 ¢ y3maMu, COBIaIar0IUMU
¢ y3namu Tabimano# GyHkiwu f(t), omrckBaeTcst ypaBHeHHEM:

Spl(t), tetyt]
SpL(t) te[t,t,]

P = Spl(t) telt.t] o

i-1°%

Spl (1) telt,.t,]

KycouHble QyHKIIH CIUTaliHA TPEICTABISIOT COOOM Io-
JIMHOMBI TPEThEH CTETICHU:

Spl(t)y=a,+b,-(t—t_)+c,- (1=t ) +d,-(t—1.), (2)

e a, bi, C, di—Koa(bq)HuHeHTbI IIOJIMHOMOB,
I=1,2,...,n—HoMep KycOUHO! (yHKINH CIUIaifHA.
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MoanupoBaHHEI UMMYHHBIA aJTOPUTM KJIOHAJh-
HOM CeNEeKIUH SIBISIETCSl COCTAaBHOM 4acThIO MCKYCCTBEHHOM
nmmyHHOU cucteMsl (MUC) nporno3upoBanust npeiida mna-
pameTpoB GoproBoli ammaparypbl. KoHuenrtyanbHas Mozeib
Tako! CHCTEMBI IIpe/ICTaBlIeHa Ha puc. 1.

Ha noxroroBurensaom stane UMC paboraer B pexume
(opMUpOBAaHUS HAYATLHOM MOMYJALMK KIETOK mamsatd Ab, ,
UCTIONHSFONIMX POJIb MPELECHTOB, IPEICTABICHHBIX B (hopMa-
TE IS IOJITOBPEMEHHOT0 XpaHeHust. KileTka maMsTv rmpescras-
JsieT co00M CTPYKTYPUPOBAHHBIM BEKTOp T€HOB (IIapaMeTpoB),
cocrosmuil u3 AByx 4dactei. CTpyKTypHYIO 4acTb COCTABISIET
BBIOOpKA 3HAUCHUI BPEMEHHOIO psiia ¥ KOI(PUIMEHTOB Ky-
COYHOW (DYHKIMH CITIaliHa, PACTIONOKEHHBIX B CTPOTO OIIpee-
JICHHOM TTOCIIEIOBATENFHOCTH. PerynaTopHas 4acTb COCTOUT M3
3HaYEHMs1 TIOKa3aTeNs OTHOCHTENBLHOTO Bo3pacta P, onpenens-
TOIIETo NOPAKOBBIA Homep nosnenus Ab, B UUC, snavyenns
ToKazaTens MPUMEHSIEMOCTH Pp, XapaKTepU3yIOILEro Yucio
YIaUHBIX IPUMEHEHNH AD, B aITOPUTME MPH TIOMCKE PEIIEHUS,

U CErMEHTa TEHOTUNa (CTPYKTYpUPOBAHHONH COBOKYITHOCTH
reHoB) F, mpeacTaBisromero coboi OYKBEHHYIO IMTOCT(HHMKC-
HYIO TIOJIbCKYIO 3aITUCh MaTeMaTH4ecKoi (hOpMyIIbl KyCOUHOM
¢yHKIMM crutaiiHa. JlaHHBIE KOHTPOJBHBIX HCIBITAaHWUH, JaH-
Hble 1 3HaHUs aHanoruuHbix MVC, cobpanubie B nHbopManu-
OHHOM cucreMe npeanpusaTus-usrorosurenss PDM-cucremoii
(cuctemoii ympaBieHHS JaHHBIMH 00 W3IETHH), TTOCTYMAIOT
B UCTITIP, xomupyroTCst B COOTBETCTBHH C paHee pa3padoTaH-
HBIM ()OPMATOM M 3aITHCHIBAIOTCS B OMOIMOTEKY KJICTOK aMSTH
(BKII). Korma mommnuocts BKII nocturaer TpeGyemoro 3nade-
HUS, OCYILIECTBIISAETCSI IEPeXo/l Ha OCHOBHOM 3Tam paboThl, HC-
TIOJB3YIOIINH MOAM(UIUPOBAHHBIA IMMYHHBIN QJITOPUTM.
Cremyer 3aMeTHTB, YTO MPH Pa3padOTKe IMMYHHOTO aJIro-
pHUTMa KJIOHAILHOW CEJIEKIINH HE CTAaBMIIACh LIEIh OTPAHWINBATh-
CsI 3aKOHAMH MPUPOJBI U B TOYHOCTH BOCIIPOM3BECTH MEXaHH3M
(YHKIIMOHUPOBAHHSI UMMYHHON CHCTEMBI KMBBIX OPraHU3MOB.
Kpowme Toro, B aJiropuT™Me MpUMEHSIIOTCS ONIEpaliy, KOTOphIC He
UCTIONB3YIOTCsI B OMoJIornyeckux cucremax. Ha puc. 2 u 3 npu-

e -
I HckyccTBeHHAaA HMMYHHAsS CHCTeMa UCIIIP |
| NPOrHO3HPOBAHHUS : Buemmusisi cpega
|| | brubnuoTeKa HMMYHOIOIHICCKOH MAMSTH | KOMITIEKC KOHTPOBHO-
! | IPOBEPOYHOH araparypsl
! : | JlaHHbIE TEKYLIHX
| | HEMEPEH}{H
: BKIIjp1 .
I . pl PDM-cucrema
i =% 2 e o | ! Honssosatenn| | \ne ipysmis-narotosutens
1 | EP—=c—i=> [
; A
w 4 HHBIC KOHTPOJIBHBIX
| Bl basa craTucTiuieckoii | |Komanasi,| Orserer 4 HCHranui Jlanusie n
| Bubnuorexa HH(pOpMaLHH : JaHHEIE Jlaunbie u 3Hanua_ |* 3Hanmns
: KIETOK P ———1 - | ananoruuneix MMC
I AMSTH bubnuoreka ciyxeGHOi |
E ~——— | HMMYHOIIOTHUECKOH Y] EpE—— R N —————— e it o
I X HHpOpMALIHH ) '
| h 4 h 4 h 4 !
| M Uurepdeiic UCIIP s Bzanmoneticremsic| | |
: oH(DUIMPOBAHHBIN HMMYHHbIH -
| aﬂfOp%I)TM IgTOHathHOI"I Ceﬂ%l{uﬂﬂ MOJb30BaTC/JIsIMH H BHCIIHUMH CHCTEMAaMH |
I Hauano A [ |
i W3menenns |
! Wannmamuzanms: ity = |
! 3a/1aHHe HAYaIIbHBIX e Cucrema 06paboTk HHPOPMALUH H !
I NapaMeTpPoOB HACTPOHKH " ynpapjieHus 6ubinorexoii I
. anropuT™a i, S 5 —®  MMMYHOJIOTHYECKOH NaMATBIO :
I bI0OpKa 3HAHMIT |
i |
j \ 4 I
i L e Cucrema 06paboTkH HHpOPMALUH H |
; Hangoi‘{KH yIpaBJIeHHs padoTOH MOAUDHIMPOBAHHOTO -
| ) A " MMMYHHOTO aJlrOPHTMa [
: [Ipouenypa IIpouenypa Pewienne 4 |
I | lmocTpoenus riporxosa lilOgMHPOBaHHH (MPOTHO3BI, KITETKH ;
I YJarieH namsTH, |
HHQOpPMAIHH CTaTHCTHYCCKAA H
I ] uHopMarms) |
| |
| a
i

Puc. 1. Konnenryansnas monens UUC
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HAcCTpOHKH ngL[eIE,/pH ,J,, , kps
D'l

Sarpysl(a AHTHIEHA l

v 4g°

Co3panue HaYansHON MOy NALHANA
AHTHTE

v Ab°
I(JlOHHpOBaHHe AHTHTEI
v 4bc

Comaruueckas rAnepMyTaums
KJIOHOB aHTHTEN

v AbE
AnionT03 KIOHOB aHTHTET Ab(-

¥

Hpe,[[CTaBJ'IeHPIE HHIUBHIYYMOB
Ab° u Ab¢ autnreny Ag; :
BBIYMCIICHUE M 3aIUCh Aff D
v Ab°, AbE

Cenekius ycedeHHEM B
COOTBETCTBHH C Pp

v Abi
AonTos HHIUBHIYYMOB Ar'u Ab(zj
wAbTs

Cynpeccus Abj‘-SB COOTBETCTBHH
H 5
ps 4y C

v Ab3

Cenekuus aHTUTEN ¢
MHHHMAJIbHBIM H MAKCHMAIbHBIM
3HadeHueM Affp

y 45°

v

I'nobanbHas npomMexyTodHas
pexomGuHamus anTHTen Abg U
sanuce Abg B Ab’

v Ab’
Anonro3 anturen AbY
v Ab*
KionnpoBanne anTurena N gg pas
vzt
Tpanchopmaliist HHIHBHIYYMOB
Ab*u Agp
v Ab
Anonrros unamsnyymos Ab*u Agl
v Ab

COMBTH‘!CCK&H T‘HﬂepMYTaHHH
antuten Ab°

v Ab°

3arpyska s-ro BapuaHra
NPOrHO3a JUlsl i-r0 aHTUreHa

v Ab°

Anontos antuten Ab°

h=h+1

i=i+] |—

Puc. 2. brok-cxema nporeayps! MOCTPOCHHS IIPOTHO3a

BEJICHBI OJIOK-CXEMbI BBIITOJIHEHHUS MPOLICAYP MTOCTPOCHHUS TIPO-
THO3a ¥ ()OPMHUPOBAHNUS 00ydaromei nHpopMaryi.

B pexnme popmupoBanus anTureHa Ag MPON3BOTUTCS
konupoBanue cpencrsamu VICIIIP paHHBIX TeKylmux u3Mme-
pCHHI B COOTBETCTBHUHU CO CTPYKTypOW aHTHTCHA. AHTHUTCH
MPEJCTABISICT COOOM BEKTOpP T'CHOB (DMKCHPOBAHHOW JIITHHBI
C YHMCIIOBBIM KOJUPOBAHHUEM BPEMEHHOTO psifa (3HAUCHHH Ia-
paMeTpoB M BpPEMEHH UX (DUKCAINH), XapaKTePU3YIONINX Te-
KYIIyIO CUTYAITHIO, HA OCHOBE KOTOPOU TpeOyeTcst TOCTPOUTh
MPOTHO3. DTH JIaHHBIE MOCTYIAIOT ¢ KOMIUIEKCa KOHTPOIBHO-
MPOBEPOYHOM ammaparypbl HOCIEC MPOBCICHHS PAa3TUYIHBIX

KOHTPOJIbHBIX UCIIBITAHUHN 1 3aITUCHIBAIOTCS B 0a3y aHTUI'€HOB
(BA) 6ubmuorexn nMmmyHomornaeckort mamatu (BUI).

Jlaree momIaroBo paccMOTpHUM pabOTy MpenIaraeMoro
QITOPUTMA B PEKUME TOCTPOCHHS IPOTHO3a C MHTEpIIpeTa-
LUel HCIIOIb3yEeMBIX OMOJNOTMYECKHX IMOHSATHH B TEPMHHAX
MPEMETHOU O0JIACTH.

[ar 1. 3amanue HavadbHBIX MAapaMeTPOB HACTPOHKU
aNropuTMa.

ITonmp30BaTenb 3a7aeT HAYAIHHOE 3HAUCHIE HOMepa KpH-
THUYECKOTO MapaMeTpa i v MpU3HaK pexuma padbotel S=1, coor-
BeTcTBYyIoNMi pesknumMy «IIponenypa mocrpoeHus mporuosay.

73



HAYKOEMKVIE TEXHOMOT N B KOCMUYECKMX UCCNEAOBAHMAX 3EMIM, T. 10. N2 1-2018
NHOOPMATUKA, BbIMMCITUTEJTbHAA TEXHUKA 1 YTIPABJTEHNE

Hauano

4

Wuuupnanusanus; 3aganie
HaYaJIBHEIX 3HAUCHHH MTapaMeTpoB
HacTpoHKku npouenypst Ny, Pup

v

3arpyska aHTHTeHa Ag; |

Bueuinssg
cpena *>

Baza _H
HTHTCHOB|

—>| Myranusa anturesa Ag; |
¢Ag,- e Ag‘

Ag; € Ag°
"gf g

I AnonTto3 anturena Ag; GAg“ |

@opMHPOBAHHE KIIETKH NaMATH
Abyfn+1

A
| AnonTo3 anturena Ag; € Ag' |

-)|33rpy31<a BAPUAHTOB IMPOTHO3a Aj; [

v

Ipencrasnenue auturen Abgy,
Kietke mamatu  Abyp,
Bhiyucienue u sarice A 4E

Onpenenenne 3uauennii AE, MAE,
MPE,MSE,U,Kp,Krp

Onpenenenne antutena Abg, co

* 3Baqe_uneM
Affar= min  Aff4en

he[l, Ny

v

. ! OPMHPOBAHUE KJIETKH TTAMATH
'Mn+2 W KOPPEKTHPOBKA
rnokasarenei ’»

Puc. 3. briok-cxema nporueaypsl pOpMUPOBAHUS

oOydatonieii mH(popMaIIH

lar 2. [TpoBepka npu3HaKa pexuMa padoTHI.

[TpousBomuTcs MpoBepka MpU3HAKA PEKHMa PaOOTHI,
U OCYILECTBIIIETCS MEPEXO K BBIITOIHEHNIO MPOLETYPBI MO~
CTPOEHHS IIPOTHO34.

[ar 3. 3ananue Ha4anbHBIX 3HAYEHUN ApaMETPOB Ha-
CTPOMKH MPOLETYPHI.
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ITonp3oBarens 3a1aeT 3HAYECHNS CIECAYIOLINX TAPAMETPOB!
N, — KOJMYECTBO BAPMAHTOB TIPOTHO3a (AJIBTEPHATHB)
A ={Abg, Ab, . Ab .}, 1ne Aby Ab . AD
cozepskanue suadenus 1, t, t . AHTHTeN0 Ab HCIIONHSET POITh
npenenenTa B tepmuHonornn CBR n omnyaercst ot kieTku
naMsTi (OpMaToM IPEICTABICHHUS, OPHEHTUPOBAaHHBIM Ha
yao6cTBO 00paboTKH omepaTopaMu aaropuTMa sl IOUCKa pe-
IIeHUS. AHTUTETIO COCTOHT U3 Tpex dacTeil. CTpyKTypa JIeTek-
TOPHOM YaCTH COBIAJIAET CO CTPYKTYPOI aHTHI'€HA U ITO3BOJISIET
YHCIJICHHO OLICHUTH OJIM30CTh MEXIY aHTUTEIOM M AaHTHUTCHOM.
Pematomiasi 4actTh COACPIKHUT JIOMEHBI (CTPYKTYPHBIE YYaCTKH
UHAUBUAYYMA, COCTOAIINE U3 IBYX I'CHOB, ONIPEACIIAONINX 3HA~
YeHHE TIapamMeTpa 1 BpeMs ero (puKcarim), OnuChIBAIOIINE BbI-
00pKy M3BECTHBIX 3HAYCHII BPEMEHHOTO psijia, 3HAYCHHS KOd(-
(UIHEHTOB KyCOYHBIX (DyHKIMH CTIIaiHa, OIHO U3 3HAYEHHH t,
tp, t . Annenb (3HadeHHe TeHa), COOTBETCTByOma t, t, W t,
3aII0JTHSICTCS] B TEHOTHUIIE B 3aBUCHMOCTH OT PE3YJITaToOB aJar-

— aHTHUTECIIA,
axh

Tanuu aHTuTena. [Ipu SToM J1Ba OCTaBLIMXCSI T€HA OCTAIOTCS
C MPOIYILICHHBIMHU AJUICTAMH. PeryiasaropHas 4acTb COOEPKHUT
paccMoTpennsie Benue P, P , M F, a Tafoke, 3HAICHHSA appuH-
HOCTH, BBIYHMCIICHHBIE HA OCHOBE (QyHKIMHM paccTosnus (Aff,)
1 QyHKIMK abcommoTHON omrOKK pornosa (Aff,,);

h — HavanpHOE 3HaYCHHE HOMEpa BapuaHTa MPOTHO3a;

N,, — KOJIMYeCTBO KPUTHYECKUX 1apaMETPOB;

P, — noporosas apunHOCTS CBsA3u Ag —Abn Ag—Ab,,
OTIPEZICTISTIONIas MUHUMAIBHYIO CTETIEHb COOTBETCTBHUS (Me-
TPUYECKOE PACCTOSHHUE) MEXIY aHTUTCHOM Ag W aHTUTEIOM
Ab (xnoHoM (TONHOW KoTMEH) antuTena Ab ), IpH KOTOPO#H
Ab n Ab_, cnocoOHbl y9acTBOBaTh B (POPMHPOBAHUH UMMYH-
HOTO OTBETA;

P, — moKasarens NPUMEHACMOCTH, XapaKTePH3YIOLIHA
9HCIIO YAIAQYHBIX IPUMEHEHNH Ab, TIPH TIOCTPOEHHH IIPOTHO30B;

P, — nokazaresib OTHOCHTENBHOTO BO3PACTa, OTPEIESIO-
LM TOPSAKOBBIA HOMEP MOSIBICHHS Ab B MMMYHHOH CHCTEME;

P_— mopor cixaTus HOMmyNsAuy (KOHEYHOTO MHOXKECTBa
AHTUTEIN), ONPEACISIONIMHA MaKCUMAIIbHOE KOJIMYECTBO aHTH-
TeJI B MOMYISIIMM W TO3BOJISIOMINI PEryaupoBaTh yCTOWYH-
BOCTb ¥ TOYHOCTH PEICHHS;

X, — mapameTp 00NacTH yIpexKIeHNS;

LB — HWXKHSS TPaHHLA OTHOCUTEIBHOTO BO3PACTa;

UB — BepxHsisi TpaHuIla OTHOCHTEIILHOTO BO3PACTa.

[ar 4. 3arpy3ka aHTHTeHA.

Iponseonutcs 3arpyska n3 bA anturena Ag, u popmu-
pOBaH¥Ee HAYaIBHOM MOMYJISIIIAA aHTUTECHOB Ag’.

[Mar 5. Co3nanue HauaIbHOM momyJisiiuu antuten Ab°.

st HanpaeieHHOTO (opMmupoBaHus (3adaTusi) Ab° BbI-
TIOJTHSICTCSI CIIEYIOIIas IOCIIeI0BATEbHOCTh ICHCTBHH:

1. OnpesensAroTcs KNETKU namaTu Ab, , yloBiIeTBOpsIO-
mue kpurepuro LB < P <UB.

2. TlpomsBomuTcst BBIOOp W3 MHOXKECTBA, CHOpMHUPO-
BAHHOTO Ha dTare |, NOAXOAMNX KIETOK MaMATh Ab, Takum
00pa3zoM, 4TOOBI XapakTep TEHICHLUUH HW3MEHEHHs BpEMEH-



HBIX PSIIOB (BO3pacTaHUE WM YOBIBAHWE) Y KJIETOK IaMSATH
W aHTHUTEHA COBIAJIAJ, a WX JJIMHA TI03BOJISIIA OCYIIECTBISATh
TPOTHO3MPOBAHHUE TS 3aIaHHOTO 3HAYEHHSA X .

3. BoccraHaBIMBaroTCs MPOITYLICHHBIE JIOMEHBI B KJICT-
KaX mamath Ab, , oOecreunBaroIke KOMILIEMEHTapHOCTh
CTPYKTYpbl IETEKTOPHOM 4YacTU AaHTUTENAa M aAHTUIEHA, T.C.
CHOCOOHOCTh QHTUTCHA M aHTHUTENA K CIeNH(pUYECKOMY B3a-
MMOJICHCTBUIO TI0 TIPHHITUITY «KITFIO9-3aMOK». [IporymeHHbIe
JIOMECHBI BOCCTAHABJIMBAIOTCS HA OCHOBE (DYHKITHOHATIBHHBIX 3a-
BHCHMOCTEH, 3aKOIMPOBAHHBIX B KaXKI0H KIETKH NaMATh Ab | .

4. ®opMupyOTCsl AETEKTOPHbIE YacTH AHTUTEN C Ba-
JICHTHOCTBIO (YHCIIOM JOMEHOB, CIOCOOHBIX K B3aMMOJICH-
CTBHIO C aHTUTCHOM) PAaBHOW YHCITy IOMEHOB aHTHUTCHA.

5. ®opMUpYIOTCSl pelIaOUIe M PETYISATOPHBIE YacTH
aaTHTen. ClleyeT 3aMEeTUTh, YTO 3aJI0KEHHBIC B CTPYKTYPY
AHTHTENA TCHBI T, tp, t , mo3BoINsAIONINE TPHOOPETATH B MPOLIEC-
ce JBOJIIOLIMH HOBBIE CBOMCTBA, HA JIAHHOM JTarle He 3arloJTHs-
I0TCSI, T.€. UMEIOT MPOIYILEHHbIC aJlIeIu.

[ar 6. KnonnpoBanue aHTHTEI.

KronnpoBanme aHTUTEN 3aKITIOYASTCS B TMTOTyYSHHE KO-
MU aHTHUTEN, COACPKAIINX UIACHTUYHYIO TCHETHYCCKYIO HH-
¢dopmannio. Kaknoe aHTHTEII0 HAUIEHOH TOMYJISIIIAY KIIOHH-
pyercs 1 pa3, u co3gaercs MOMyJsusl KJIOHOB aHTUTEN Abé
JUIsl PELICHHS 33]1a41 PACIIMPEHNUS TTOMCKOBOTO IIPOCTPAHCTBA.

[ar 7. ComaTnyeckasi THIIEPMYTalHs KJIOHOB aHTHTEI.

Comatmaeckasi THIIePMYTaIHs — 3TO TIpoIiecc mpeodpa-
30BaHHS TCHOTHITA HHIAMBHUIYYMa ITyTeM U3MCHEHUS ajlieieit
BapualeIbHbIX TeHOB, yAaJICHHUsI U BCTaBKU T'€HHBIX CEIMCH-
TOB C IIEJIBIO YBEINYEHUS UX CIEHUPUIHOCTH 1 adPUHHOCTH
K aHTUreny. Omeparop cOMaTUYEeCKOH TMIIepPMyTaluU MTPOU3-
BOIUT NpeoOpa3oBaHMs TE€HOTUIIOB KIOHOB aHTUTEI TTOMYIIs-
wnn AbE IyTeM LeNeHANPABIEHHOr0 M3MEHEHUs ajiesieil
BapHaOeIbHBIX TeHOB. MyTHpOBaBIIHE KIOHBI (OPMHPYIOT
CJIC/TYOLIYIO TTOIYJISILIUIO Abé. V3meHeHHsIM TTOJBEpraroTCs
3Ha4YeHMs MapaMeTPOB X, M @, C LEJIbI0 CMEMIEHHs 3HaYeHMH
BPEMEHHOIO psijia U KyCOYHBIX (DYHKIMH CIUIAifHA TaKUM 00-
pa3oM, 4TOOBI 3HAYCHHS IMAapaMETPOB AHTHICHA W KIOHOB
aHTHTEN B HAYaJIbHbIA MOMEHT Bpemenn Ly cosmamamu. s
Ka)XJIOTO KJIOHA aHTUTEJIa BBITOTHSIETCS CIECAYIOMIas ITI0CIe0-
BaTEJIbLHOCTD JICHCTBUIA:

1. Boraucnuth 3HaueHne adUHHOCTH MEXIy aHTHIre-
HOM Ag, ¥ KJIIOHOM aHTUTEsa AbC/_ Ha OCHOBE (DYHKIIUH pac-
CTOSTHHSI M@Ky HaYaJIbHBIMHU 3HAYCHUSAMH KPUTUYECKOTO T1a-
pametpa 1o hopmyre:

Affa(A4g; 9Aij):agi2_aij27 (3)

rie ag,, u abq.2 — 3HAYEHHs i-r0 KPUTHYECKOTO MapameTpa X,
B HAa4aJIbHBIH MOMEHT BpEMEHH ) /171t aHTUTeHa Ag, M |-TO KJ10-
Ha aHTHATEIA Aij. Wnpexc «2» obo3HagaeT JOKyc reHa (Ho-
Mep MO3MIINH, YKA3bIBAIOIIUI Pa3MeNeHne KOHKPETHOTO TeHa
B TCHOTUIIC WHAUBUIYYMa).
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2. IIpeobpa3oBaTh TEHOTHII, HCIIONB3Yys MPOTYKIIMOH-
HYIO CHCTEMY MPaBHII:

Ipasuno 1: Ecnu « Aff, > 0», To «YBenuuurh 3HaueHUs
BCEX TapamMeTpoB X, & Ha Aff, ¥ 3amucarh B '€HOTHIT KJIOHA
AQHTHUTENIA MOIYJIALU Abé », MHaue «Beimonuuts [IpaBuio 2»;

ITpaBuno 2: Eciu « Aff, <0», To «YMeHbLINTD 3HaYE-
HHS BCEX MApaMETPOB X,, &, Ha Aff, ¥ 3amucaTh B TCHOTHII KJIO-
Ha aHTHTEJA TOMYJISIITAN Abé », Nunage «IIpeodpa3oBanus He
TIPOM3BOJIUTE.

[Tar 8. AnonTo3 KJIOHOB aHTUTEN MOMYISIUH Abé.

[omymnsiuus Abé YHUUTOXKACTCSL.

[lar 9. [peacTaBienne aHTUTEN MOMYIsiin Ab° 1 Kito-
HOB anTuTen nonymsiuny AbG. antureny Ag.

[IpomsBomsaTcst BBHYHCICHUS aPPUHHOCTEH MEXKIY
AQHTHTENAMH TOMYISIUU Ab°, KIOHAMH aHTUTEN MOMYJISLUH
AbZ. v aHTMrCHOM Ag, na ocnoBe QpyHkunu Aff :

1

_ “)
1+ D(Ag; ,Ab)

Affp = Aff (Ag; ,Ab)=

e D(Agi, Ab) — EBKIHIIOBO paccTOSTHUE MEKIY HHIMBHIYY-
MoM Ab n3 nonynsiuunit Ab°, AbZ. y anTHrEHOM Ag,.

)

e ag;, abj — 3HAUCHUS] BPEMEHHOT'O PsAZa B TEHOTHUIIE aHTHU-
reHa W JCTCKTOPHOW YacTH MHAMBHIAyyMa, K — JyiMHA BbI-
Oopxu. Crelyer 3aMETHTh, 4TO 3Ha4eHUs QyHKUMH Aff, u3-
MeHsoTes B uaTepBaie ot 0 1o 1. Haubonee noaxoasimue 1iist
(opMupOBaHN MMMYHHOTO OTBETa HHIMBHIYYMBI HMEIOT
Oonbmme sHauenns Aff,.

Brruncnennoe 3HaueHne ahGpUHHOCTH 71T KaXKJ0T0 WH-
JMBHAYYMa 3aHOCHUTCSI B €I0 T€HOTHII.

[Har 10. Cenexius ycedeHHeM B COOTBETCTBUH ¢ P .

Orneparop CeJNeKLUUH YCEYCHHEM IPOU3BOAUT OTOOP
aHTUTEN TOMysIiun Ab° U KJIOHOB aHTUTEI TOMYIISIIIHN Ab¢.
B COOTBETCTBUH C KPHTEPHEM P, ¥ HCHONB3ys DIUTAPHYIO
crpareruo. [IpuMeHeHHe >IMTapHON CTpaTerud MO3BOJSIET
rapaHTHpOBaTh IONAJaHUE CIEAYIONIYI0 HPOMEKYTOYHYIO
TOMYJISIIUIO  (POTUTENLCKHUM  TTyI) Ab%s HauOoJiee MPHCIIO-
COOJICHHBIX HMHAWBHIYYMOB W3 TMOMYISUil poauteneit Ab°
u motomkoB AbC- | He JIOIyCKasl TIOTEPI0 Jy4YIINX PEIICHUH.
IToporosas appurHOCTL P, ONpenenseT MUHUMATbHYIO ad-
(MHHOCTH aHTHTEINA, ITO3BOJISIONIYIO Y4acTBOBATh B (hopmu-
pOBaHMM MMMYHHOTO oTBeTa. Ecnu 3HaueHuwe adPpuHHOCTH
uaauBHayymMa Affp > Py, To 1aHHBIH HHAMBHIYYM MONyYaeT
paspellieHre Ha MPOU3BOACTBO MOTOMCTBA, OTOMpAETCs U 3a-
MIUCBHIBAETCA B CICYIOILYIO HOMYIISIIHIO Ab% .

[lar 11. Amorro3 HHANBHUITYyMOB TIOTYIISIITHi Ab° 1 Abé~

[Mar 12. Cynpeccus nomynsuuu Ab% B COOTBETCTBUU
cP,P,P.
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Omepatop cympeccun yznanseT aHTHTesa HPOMEKYyTOod-
HOW TTOMYIISIIH Abﬁs , IMEIOIIIe HANMEHBITYTO aHHHOCTB,
C 1IEJbI0 yCTpaHEeHUs! ee M30bIToyHOoCTH. OCTaBIINECs aHTH-
Tesa 00pasyoT CIEAYIONIYIO TTOMY/ISIIUI0 Abg. [Tpouenypa
cymnpeccun Ab% MIPOM3BOJIUTCS B CIIEAYOLIEM TTOPSIIKE:

1. Pamxupyrorcsi aHTUTEIa B MOPSAKE YObIBaHHs 3HA-
uyeHnd adpurnoctn Aff,. AnTuTENO C paHroMm paBHBIM 1
SBJSIETCSI CaMbIM TIPUCIIOCOONIEHHBIM. B ciyuae paBeHCTBa
3Ha4YeHui Aff, CpaBHMBAIOTCs IIOKA3aTENH IPUMEHAEMOCTH
P> XapaKTepU3yIOLHE YHCIO yIaYHBIX IPUMCHCHHH TPE/IKOB
aHTuTeN (KIETOK Tamatu Ab, ). Aututesno, uMeroniee 0ob-
1Iee 3HauYeHue Pp, cuuTaeTcs 00Jee MPUCIOCOOICHHBIM, U, CO-
OTBETCTBEHHO, 3aHHUMAET B PAHKMPOBAHHOM CIIMCKE Oolee
BBICOKYIO MTO3ULMIO. B cilydae paBeHCTBa 3HaUE€HUI Pp cpas-
HHBAIOTCs MOKAa3aTelM OTHOCHTENLHOTO Bo3pacTa P, ompe-
JICTISIIOIIE TIOPSAKOBBIM HOMEP IMOSIBICHHS TPEKOB aHTUTEI
B UMMYHHOU crcTeMe. AHTHTEI0, UMeolIee OoJblee 3HadYe-
Hue P, spjisiercs 6osiee IPUCocoOIeHHbIM U TTofTy4aeT Oosee
BBICOKMH paHT, JArOIINil MPEUMYIIECTBO TIPH 0TOOpE.

2. YansioTces aHTUTENa B COOTBETCTBHH C TOPOTOM CyKa-
THS TIONYJIAIMHA P, ONpENensromero MakCuMaabHOe KOJHYe-
CTBO aHTHUTEJ B MOMYISIIIMN U TO3BOJISIIOIIEIO PETYINPOBATh
YCTOWYMBOCTh M TOYHOCTH PEUICHHUS. YIAICHHIO IOJUICKAT
AHTUTEJIA, Y KOTOPBIX IOPSIAKOBBIM HOMEDP B PAaH)KUPOBAHHOM
criucke 6ompire 3Havenus P

Hlar 13. Cenexunst aHTUTENT ¢ MUHUMAJIBHBIM M MaKCH-
ManbHbIM 3HaYeHneM Aff, .

Omnepatop cenekuun oTOUpaeT U3 MOMyJSIUN Abg aH-
THTENA C MMHUMAJIbHBIM 1 MaKCHMAJIbHBIM 3HadeHueM Aff,,
KOTOPBIE TIEPEXOMAT B CIIEAYIOLIYIO OIS0 Ab*,

[lar 14. I'moGanpHas MPOMEKYTOUHAS PEKOMOMHALINS
antuten Ab3 w 3anuch Ab, B ADb*.

PexomOuHanus npezacrasisier co0o mpoiecc nepepac-
TIPE/ICNICHHs] TEHETUYECKOr0 MaTeprasa Meay aHTHTEIaAMH,
pe3yabTaToM KOTOPOTO SIBJISIETCS! MOSIBIICHHE HOBBIX COYeTa-
HUM T'€HOB W aJljieiell y aHTUTEI-MOTOMKOB, YTO IO3BOJISET
HacJeJ0BaTh BCE JIydline (pyHKIHMOHAJIbHBIC NMPU3HAKH PO-
JUTENEH M MOBBICUTH TEHETHUECKOTO pa3sHooOpasye BHYTPH
nonysiuy. Oneparop peKoMOMHAIMHN TTO3BOIISIET C(HOPMHUPO-
BaTh PEKOMOMHAHTHOE aHTUTENO Ab, C UCTIONB30BaHHEM JBO-
JIFOIIMOHHOM CTpaTeruy ro0allbHOM MPOMEKYTOYHON PEKOM-
OHMHAIIUH, 10 CIICAYIOIICH CXeMe:

1. ®opmupoBaHUE AETEKTOPHON M PETYAATOPHON YacTu
anturena 4b .

1.1. Amnenp kaxmporo j-ro rexHa ab

Ri N3 MHOXECTBa

X B, By Aff s AN AE} ompeneseTcs mo Gopmye:

M=

1
aij:;i 1abﬁ, (6)

3
rac K — KxomuuecTBO aHTHUTET B nonyiasauun AbS .
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1.2. Cermenr resoruna F OQUHAKOB UISI BCEX aHTHUTEI
1 BHOCHTCSI B TEHOTHII Ab,g 6e3 N3MEHEHHUH.

2. ®opMUpPOBaHHUE peLIAIOIIEeH YacTH.

2.1. Onpenesnsiercs nocieaHee 3HAYCHUE BPEMEHU (HK-
Calliu NapameTpa BO BPEMEHHOM psfy t ., cooTBeTCTBYyIOIIEE
AQHTUTEIy C CaMOI KOPOTKOM pelIarolieil 4acTblo.

22. Annemu t ..., ¢ ., BHOCATCS B NOPSJKE BO3pACTa-
HUSI ITyTEM TIOCIIEIOBATEIFHOTO Mepedopa BceX aHTUTEN T10-
ITYJISIIAN Abg .

2.3. Annema X, ,..., X, ONpENeNsorcs mo dopmyie (6).
B ciyyae oTcyTcTBUSI B KaKOM-HUOY/Ib TEHOTUIIEC AaHTHTENA He-
00XO/IMMO#i ISl BBIYMCIICHUS aJUIe]M, TO OHA ONPEIeNseTCs
C TIOMOIITBIO KyCOUHOH (pyHKITNH crutaifHa ¢ kKoadduipeHTamu,
COOTBETCTBYIOIINMH TPeOyeMOMY BPEMEHHOMY HHTEpPBAILY.

2.4. Amnenu, cCOOTBETCTBYIOIIUE KOA(POUIMEHTAM Ky-
COUHBIX (DYHKIMI CIUIaiiHa, ONpeNeNsTIoTCs MyTeM allpOKCH-
MaIiH KyOMUYECKUM CIUTaifHOM HaOopa ajuiesiei, oMyYeHHO-
ro Ha sTamax 2.2 u 2.3.

[lar 15. Anonro3 aHTHTEN Abg .

Ilar 16. Kionuposanue anturena NS¢ pas.

Ormeparop KJIOHUPOBAHHUS aHTHICHA O AU Ag" KO-
UpyeT Ng‘g =3 pa3 aHTUTreH Ag, 11 (POPMUPOBAHHUS TIOIY-
nauua A4 glc .

[lar 17. Tpaucdopmarys HHIUBUAYYMOB Ab* 1 Aglc .

Omneparop TpaHchopManuyu WHAWBHIAYYMOB TMOITYJIS-
it Ab* ¥ A CHHTE3WpYeT aHTHTENA Aby, Ab, w AB).
B BU/I€ IMMYHHBIX KOMIUIEKCOB aHTUTCH-aHTUTENO U 00beH-
HSIET UX B onyJsiuun Ab°. UnmrocTpaTHBHBIN ipuMep paboThI
orieparopa NpeCcTaBiIeH Ha puc. 4.

[Iar 18. AnonTo3 HHANBHTYyMOB MOMyJIsiHil Ab* i Aglc .

[Iar 19. Comarnueckas THIIepMyTarus anturen 4b*.

Omnepatop COMAaTHYECKOW THMEPMYTalUH HPOU3BOIANUT
npeobpasoBanne renoTuroB antuten Aby, Ab). wu Ab)
¢ 0OpazoBaHueM nonyssiuun Ab°. I3aMeHeHUsIM MOIBEPraroTCs
ajyleld TEHOB X; M ¢; B PELIAIONIEH 4acTH aHTUTENA TaKMM
00pa3zoM, 4TOOBI 3HAYEHHs MapaMeTPOB JETEKTOPHOH U pe-
LIAKOIIEH YaCTH AHTHUTENA B MOMEHT BPEMEHHU [, COBNAJAJIH.
Jlnst KaXKIoTO aHTHUTENa BBITIONHACTCS CIIETYIONIast MOCIEno-
BaTEIbHOCTD JEUCTBUI:

1. OnpenenuTh ajmiens reHa xffCH JUIsl pemtaromieii va-
CTH aHTUTEJIa B MOMEHT BPEMEHH =1 13 (hOPMYIIbI:

anCH = Spln+l(t) :an+1 +bn+1 '(t_tn)+

2 3 _ (7
+C (t - tn) + dn+1 : (t - tn) =d,,-
RCH
. BBIUHCIINTD 3HAYE€HUE CMEIIEHNS X, = OTHOCHTEIBHO
X, IETEKTOPHOMH 4acTH 110 (hopmyiie:
_ RCH
Ax =X, —X, (8)

3. I3MeHUTH ajljieIu TeHOB Xi n ai B COOTBETCTBHH C IIPO-
AYKIUMOHHBIM MTPABUIIOM:
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Jlo Tpancdopmanuu

to | Xo|++ | 1| Xn| tus1 |[Xns1|@ns 2l Bns A Cri 2| ol tnia

Xpsg| -

rﬂ*‘f x‘”f rp L\t Pv PpF AﬁDAmE

A
Touxka pazpesa

Komiuieke aHTUreH-aHTHTEN0

IMocne Tpanchopmariu

to | ol | ta | Xud tur [Xn 1@ 2l Brs 2 Cr ol 2| i

Xy

Insf [Xntf Lt |]|P, P_,,F Affp| Aff e

Puc. 4. ITpumep paboTsI oniepatopa Tpanchopmaun

IMpasuso 1: Eciu « Ay =0», To «/3mMeHeHus He Tpon3-
BomuTH», Haue «llepexon x IpaBumy 2»;

Ipapuno 2: Ecim « Ay > 0 », To «YBenMuuTh aiieny reHoB
X, ua Ha A », MHaue « YMEHBUIUTE aJlIeNIi TEHOB X, U &, HA A ».

4. BBIYMCIUTD Ha OCHOBE KYCOYHBIX (YHKIMH CIUIaii-
HOB, onuchBaroutux Aby, Ab). Ab]
IIPH KOTOPBIX X = X, .

5. Beryucnurs t, t,1, mo thopmymnam:

MOMCHTBI BPECMCHU t,

t,=tp—t,, )
tp =lmin — s (10)
lo =lmax —lns (11)

e t t

max’ min’
TOYHOC MCIKIAY MAKCUMAJIbHbIM U MUHUMAJIbHBIM 3HAYCHUC t.

5 425 5
6. 3ammcars B reHotunsl Aby, Ab;. Ab, .

tR — MaKCUMaJIbHOC, MUHUMAJIbHOC U ITPOMCIKY-

BCE U3Me-
HEHHBIE aJUICNIN TeHOB.

[Iar 20. 3arpy3ka /-ro BapWaHTa TPOTHO3a JUISA i-TO
AHTHTCHA.

[IpousBomuTcs 3arpy3ka IOMYYCHHOTO BapHaHTa MPO-
rHo3a A4,; B 6a3y npornoszos (BII).

[lar 21. AnonTo3 aHTUTEN MOy Ab°.

[lar 22. [TpoBepKa BBIMOIHEHHS yCIOBUS h<N, .

[IpoBepsieTcst ycioBHe OKOHYAHHS MPOIETYPHI TTOCTPO-
€HHS TPOTHO3A TSI I-TO KPUTHUECKOTO ITapaMeTpa B COOTBET-
CTBHHM C KOJIMYECTBOM BapHaHToB npornosa N,. Eciu momep
BapHMaHTa 1poruosa 2 menbie N,, TO & yBeqMUHMBAeTCA Ha
€/IMHMILY M TIPOUCXOJIMUT Iepexo/l K mary 1. B mpoTuBHOM city-
4ae OCyIIECTBISIETCS TIepexo K mary 23.

[Mar 23. [IpoBepka BHITOTHEHUS yCIOBUS <N

[IpoBepka ycnoBHs OKOHYAHHS MPOIIEAYPHI TIOCTPOCHHS
MPOTHO3a OCYHICCTBISICTCS B COOTBETCTBHU C KOJHYCCTBOM
KPUTHYCCKUX TTapaMeTpPOB Nkp. Ecnn HOMEp KpuTHUYECKOTO

napamerpa i MeHbure N, . TO [ yBeIMYMBACTCSA HA CAMHHILY
U MPOMCXOAMT Tepexon K mary 1. B mporuBHOM ciydae, 03-
HagaromeM oOpaboTKy BceX aHTHUTEHOB, paboTa MpPOIEIYPHI
MIOCTPOCHUS TPOTHO3a 3aBEPILACTCSI.

Janee paccMoTpuM paboTy HMMYHHOTO ajrOpUTMa
B pexume «[Iponenypa GpopmupoBanus odyyarouieid HHpOp-
MaIn». ITOT PEKUM MIPUMEHSETCS TOCIE TOMydIeHHUs U3 DKC-
IUTyaTUPYIOIUX OpraHu3annii (pakTHYecKux 3HAYeHUil mpo-
THO3MPYEMBIX BETHUHH.

[ar 1. 3ananue Ha4aIbHBIX TAPAMETPOB HACTPOIKY aj-
TOpUTMA.

[Tonp3oBaTens 3ahaeT HavyalbHOE 3HAUCHHE HOMEpa
KPUTHYECKOTO MapamMeTpa | ¥ MpU3HaK pexuma paboTsl S=2,
cooTBeTcTBYIOIMH peskumy «lIponemypa popmupoBanus 00-
y4Jarome HHPOPMAITII».

[ar 2. ITpoBepka mpu3HaKa peKuMa padOTHI.

[IpousBomuTcss MpoBepKa IMpHU3HAKa PEeKMMa pPabOTEI,
1 OCYIIECTBIISIETCS IEPEXOJT K BBITIOIIHEHHUIO TPOLEAYphI (op-
MHUpOBaHHMs 00yUaromiel HHpOpMaIHH.

[Tar 3. 3amanue Ha4YaIbHBIX 3HAYCHHUH TTapaMeTPOB Ha-
CTPOWKH MPOLENYPHI.

[Tonp30Barens 3amgaeT 3HAYEHUs CIEIYIOMINX Iapame-
TpoB: N, 1 P . P, npencrapiser coboii moporosyro appun-
HOCTb CBA3U Ab, — Ab, onpeeNAroNyl0 MUHUMAIIbHYIO CTe-
TIEHb COOTBETCTBHS MEK/LY KIICTKOH MaMsTh Ab, 1 aHTUTENOM
Ab, ipu xoTOpOIi A CIOCOOHO y4acTBOBATH B (POPMHUPOBAHUH
HOBOH KJIETKU MaMSATH.

[lar 4. 3arpyska anTurena Ag; nonyssuu Ag’.

OcyuiecTrrsiercs 3arpy3Ka anTurena 4g; us bA.

[ar 5. Myrauus anturena Ag,.

Oneparop MyTanuyn yBeIMIMBaET pa3sMep FEHOTHIA Ag; 3a
CUET 3aMMCH NOCTYMHUBIINX (PAKTHIECKUX 3HAYCHHUN IPOTHO3H-
PYEMOro BpPEMEHHOTO psifia, KOTOPbIE BBOISATCS TTOIb30BATENIEM
HWCTIIIP, ¢ oOpa3oBaHueM ClieqyrOLIeH oMy asua Ag'.

Ilar 6. AnonTo3 anTureHa Ag, nomynsuuu Ag".
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Ilar 7. ®opMUpOBaHUE KIETKU TAMATH A, .

IponcxomuT (OpMUpOBaHUE KIETKH MamATH Ab, . W3
JTAHHOTO aHTHIE€HA M €€ 3aIliCh B OMOIMOTEKY KIETOK HaMsTH
(BKII) ¢ obpa3oBannem cieayroniei momyJsiiuy KIeTOK MHa-

1

msitH Aby, .

Ilar 8. AnonTo3 anTUreHa Ag, momynauuu Ag'.

Iar 9. 3arpy3ka BApUaHTOB IIPOTHO3a 4, ..

OcymiecTiseTcs 3arpy3ka BapuanTos Mporuosa 4, u3 bI1.

[ar 10. Ipencrasnenue antuten 4b,, N3 BApHAHTOB PO~
THO3a A, KIIETKE NaMATh Ab,, . : BBIYMCIICHUE U 3arHch Aff ..

Oneparop TpencTaBneHus anTurena Ab, KIeTke mHa-
mata Ab,,
HHUMH Ha OCHOBE (QyHKImu Aff,.:

[IPOM3BOJUT BbluKCIeHHE apOUHHOCTH MEXKITY

1

Aff 4g = Aff (Abyp s Abgy) = , 12
U ae = Alf (Abpgas1, Abgy, 1+ D(Abyy 2 Abm) (12)
tne D(4b,, ., Ab,,) — abcomoTHas ommrbKa NpOrHo3a.
D(AbMM,AthHff ~t, (13)
rae t' — dakruueckoe 3HaUEHUE IPOrHO3UPYEMON TIEPEMEH-

HOM, t, — MPOTHO3HOE 3HAYCHHE MEPEMEHHON. Briunciennoe
3HauyeHue apGUHHOCTU 3aHOCUTCS B TeHOTUIT A, .

[Har 11. Onpenenenue 3Hauenunit AE, MAE, MPE, MSE,
P? KTP'

[TpousBomuTcss BBIYMCIEHHE 3HAYCHUH COBOKYMHOCTH
ToKasaresneil KadecTBa NPOTHO3MPOBAHMS, IO3BOJISIOLICH
TIOJyYUTh OoJIee MOJHYI0 HH(OPMAIHIO O TIPOTHO3HBIX CBOM-
CTBax MOJIENIC ¥ CPaBHUBATh TOYHOCTH MPOTHO30B, KaK MO
Pa3IUYHBIM MOJEISIM, TaK M JJIsl KPUTHUIECKUX MapaMeTpoB,
MMETIOIINX Pa3HbIi MacTad n3MEpeHHit:

1. AE (absolute error) — abcomoTHas ommoOKa:

U, K

AE:kf—g

, (14)

2. MAE (mean absolute error) — cpennsisi aOCOTIOTHAS
ommnoKa:

1 n

MAE ==-3"

no=

W -l (15)

e yf — (bakTHUecKoe 3HAYCHHUE MMapaMeTpa x,-f (ipu oreH-
Ke KaueCTBa MOJICITN) HITH t,f (TIpM OIIEHKE KadecTBa METO/a),
Y, — TEOpETHYECKOE 3HAaYEHHE MapameTpa X, Wiu t, paccun-
TAHHOE 10 MOJIENIH, N — YUCIIO YPOBHEW BPEMEHHOTO Ps/Ia.

2. MPE (mean percentage error) — CpeIHss TPOLICHT-
Hasl ommoKa:

0 A

100%{&)’;‘ _J’i' (16)

noop= Y

MPE =

3. MSE (mean squared error) — cpeaHEKBaIpaTHIECKas
ommuoOKa:
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MSE =23/ 3, (17)

n =
4. U —xoaddurmieHT HecoBnaaeHus Teina:

(18)

Kip=——"7—, (19)

e C1p — YHCIIO TOATBEPKACHHBIX (t . <t/ Sto) HWHTEPBAIb-
HBIX HPOrHO30B, H,, — wncino HenmoxrsepxkiaeHHbxX (f > t/
w t/ >t ) MHTepBaIbHEIX IIPOTHO30B.

6. K, ,— ko2 duureHT KadecTBa TOYEYHOTO TTPOTHO3A:

Crp

Kpp=—"2
Crp + Hrp

(20)
rne C p — YHCIIO MOITBEPIKICHHBIX (AE <A ;) TOUEUHBIX
nporHo3os, H , — uncio HenmoxTeepkaeHHBIX (AE > A ;)
TOYEUHBIX IPOTHO30B.

BrruncienHble 3HAYEHUS MTOKa3aTesIel 3aHocaTcs B 6a3y
CTaTUCTHYECKON MH(pOPMAIUH, Te POPMUPYETCS CTATHCTH-
Yyeckash OTYETHOCTh MO pe3yibraraM Ipolecca MpOTHO3H-
poBanus. JlanHast wHbOpManus HCIIONB3YeTCs Ul aHAIHM3a
MOJIb30BaTENsIMU U mocneayromed koppektuposku HNUC
MIPOTHO3UPOBAHMS, B CIlyyae HEOOXOIMMOCTH, C LEIbIO YITyd-
IICHHsI KaueCTBa MPOTHO3HBIX OLEHOK. AHAM3 MoKa3aTesei
3aKJF0YAeTCsl B BBIJEICHUM HamOoOJee TUIMYHBIX OLIMOOK
TIPOTHO3UPOBAHUS (BBICOKAsI CTEIIEHb CMEIIEHHOCTH MPOTHO-
32 OTHOCHTENILHO (DAaKTHMYECKUX 3HAYCHUH, 3aHMKEHHBIH HIIH
3aBBIIIEHHBIN IPOrHO3, Majlasi CTENEHb CX0XKECTH BPEMEHHBIX
PAA0B, 3HAUNMBIE OTKJIOHEHUS B TEUCHUE PacCMaTpUBaeMOro
Nepuo/ia U T.J1.) U PACCMOTPEHUH BCEro KOoMILIeKca (haKTopoB
F, BIUSIOMNX Ha Ka4eCTBO MPOTHO3a:

F=<F,F,F,F,F>

rae /| — (akTopbl, BIMAIOMIME Ha OMIMOKM MCXOJHOW HH-
(dopmarmu (TIOTPEHIHOCTH TPH €€ TONYyYeHUH U 00padoTKe,
KauecTBO BbIOOPKH); I, — (aKTOpPBI, BIUAIOIIME HA OLIMOKH
METOJ]a MPOTrHO3UPOBaHUS (YHPOLIEHHS M HECOBEPIICHCTBA
TEOPETUYECKUX MMOCTPOCHUMN, HEAIEKBATHOCTh MOJIENEH Mpo-
THO3MPYEMBIM Hpoueccam); F, — (aKTopsl, BIMAONINE Ha
OINMOKM BBIYMCIIMTEBHBIX MPOLENYp; [, — YenoBevecKuil
(axrop; I, — paKTOpBI, CBA3aHHBIE C BO3MOKHOCTBIO MOsBIIE-
HUA HETIPEACKA3yCMbIX W3MCHCHUM B 06’])6KT€ 1 IPpUBOJAAIINEC
K HEPEeTYJISPHOHN COCTABIISIONMICH OMMOKH.

[ar 12. TIposepka BoinoiaeHus ycnoBus Aff jp <Pag .

Omnpenensrorcs anTurena Ab, BCEX BAPUaHTOB MPOTHO-
3a, CIIOCOOHBIE y4acTBOBaTh B ()OPMUPOBAHUN HOBOW KIICTKH



naMATH. Eciiu ycioBue BBINOIHAETCSI, TO OCYIIECTBISIETCS TIe-
pexon k mrary 13. B mpoTuBHOM citydae rmepexoauM K mary 15.

[ar 13. Onpenenenne antutena Ab,, co 3HadyeHnEM ad-
¢duHHOCTH

Affar = min Aff sz
he[ LN, ]

[ar 14. ®opMupoBaHUE KICTKU MaMATH U KOPPEKTH-
poBKa Tokazareneit P o

[poucxoauT (GOpMUpPOBAHHE KIETKU TaMSTH Abyyo
U3 aHTHTENA co 3HadeHueM apunnoctu Aff ,;p u ee 3amuch
B BKII ¢ oOpa3oBanuem cieayronield oMy siiuy KIETOK Ta-
MSATH Abé. Koppexnus (yBenndyeHne Ha eIUHUILY) 3HAaUCHUH
noKasarelneii IPUMEHAEMOCTH P 0CyIECTBIIACTCS Y TeX Kile-
TOK MaMSITH, YbH MMOTOMKH y4acTBOBAIM B TIIOOANBHOI Mpo-
MEKYTOYHON PEKOMOMHAIMU TIPH (POPMHUPOBAHUH KIICTKH Ma-
MsITd Aby,, 5 .

[ar 15. IIpoBepka BEINOTHEHUS YCIOBUS <N,

[TpoBepka ycJoBHsI OKOHYaHUsI MPOLEAypbl (HOPMHUPO-
BaHU oOywaromeil WH(pOPMAUU OCYIIECTBISETCI B COOT-
BETCTBHH C KOJIMYECTBOM KpuTH4eCKkiX napamerpos N, . Eciu
HOMEp KPUTHYECKOIo Hapamerpa i MeHbie N, , 1o i yBenuiu-
BaeTCs Ha CAMHUILY U MPOUCXOMUT Tepexon K mary 1. B mpo-
TUBHOM CJIydae, 03HavaromieM o0paboTKy BceX aHTUTEHOB, pa-
Oota mpoueayps! 3aBepiiaercs. Takum 00pa3oM, Mpoleaypa
MO3BOJISIET CO3/IaTh OJHY WJIM JIBE KJICTKH MaMsITH, B 3aBUCH-
MOCTH OT Ka4eCTBa MPOrHO3a.

Crnenyer mobaButh, uto ynaienue u3 BUII obpaboTan-
HBIX aHTUTCHOB ¥ IIPOTHO30B, aJIalTallus TapaMeTPOB, CTPYK-
Typsl U anroputMa Gyukimonupoanus MUC ocymiecTpisieT-
Cs1 TI0JIB30BATEIIEM B PEXKHME KOPPCKTHPOBKH.

3akiai0oueHue

B nanHOIT paboTe paccMOTPEH THOPUIHBIN TIOAXON K pe-
IICHUIO 33a4M MPOTHO3MPOBAHUS BPEMEHHOTO Jipelida KpH-
tuyeckux napamerpoB BACY JIA, koTopslii XapakTepu3yeTcst
3HAYMTEIILHON HEOMPEICICHHOCThIO U HEMOJHOTOW HHMOP-
MalUK JUIsl €10 MOAEIUPOBAHUS TPAAULIMOHHBIMUA METOIAMHU.
OcCHOBHBIE OCOOCHHOCTH M HOBH3HA TIPEAIaraeMoro moaxosa
3aKJIIOYAIOTCS B CIIEAYIOILEM:

BIIEPBBIC NIPUMEHEHA CTPaTerusl MOCTPOEHHsI MPOTHO3a
Ha OCHOBE KOMOWHAIIMK CIIEAYIONIMX CIIOCOOOB ITpEACTaBIIe-
HUsI 1 00pabOTKM JaHHBIX M 3HAHUI: METOJa MPaBIoIof00-
HBIX PACCYKIEHUI Ha OCHOBE IPELIENEHTOB, UMMYHHOTIO aJl-
TOpUTMa KJIOHAJbHOW CENIEKIMH M METO/A allpOKCHUMaLUu
KyOWYeCKIMH CIUTaifHaMU;

HCIIONIB30BaH Psii UACH U MPUHIIUIIOB albTePHATUBHBIX
KOHLIEMIIUI 3BOMIONNH, a TAK)Ke, IBPUCTHUECKHUE IPUEMBI U3
pa3auuHBIX o0nacTeil 3HaHUM, B3aUMHO JONOJHSIOMNE JPYT
Apyra,

NpUMEHEHA OPUTHHAJIbHAS CTPATErusi HOCTPOEHUS IPO-
THO3a, HWCIOJB3YOIasi HalpaBICHHBIA CIOCO0 (OpMHPO-
BaHMS HAYaJbHOM MOMYNSLMHU AHTUTEN U UX COMAaTUYeCKOM

10. No. 1-2018, H&ES RESEARCH
INFORMATICS, COMPUTER ENGINEERING AND CONTROL

THIIEPMYTAIMH, HECKOJIBKO BHI0B a)(pUHHOCTH CBSA3U MEXKIY
WHINBUIYYMaMH, ONEpanio TpaHC(HOpPMAINH, II00aTbHON
MIPOMEXYTOUHOH PEKOMOMHAIMK M CYIPECCHH Ha OCHOBE
TpeX KPUTEPUEB;

OCYIIECTBJIEHAa BO3MOJKHOCTD IIOJIy4€HHUs IIPOrHo3a (Ba-
PHAHTOB MPOTHO3a), COCTOSIIETO U3 IBYX YACTEH: TOUEUHOTO
U MHTEPBAJIILHOTO;

o0bem BKIT 1 pa3meps! KIETOK MaMsITH OKa3bIBAIOT CYIIle-
CTBEHHOE BIIMSHUE Ha TOPU30HT U KAYECTBO IIPOrHO3UPOBAHMSI.

IIpennaraemslil moaxof sBISIETCS BeCbMa MEPCIEKTUB-
HBIM HAINpPaBICHUEM Ui pealu3allid B MPUKIAJHBIX MpPU-
noxenusx VICIIIP nms KOHTPOJS COCTOSHHS CIOKHBIX TEX-
HUUYECKHX 00BEKTOB. Ero mpumeHeHue naeT BO3MOXHOCTB
TIOBBICUTH OJKCIUTYaTAl[MOHHYI0 HAJEKHOCTh U 3(PQEKTHB-
HOCTb IpOLEcca IKCILTYyaTallud U3AEIHs U CO3JaeT Mpearo-
CBUIKM JUIS OPraHU3allid TEXHUYECKOro OOCIY)XMBAHUS MO
(haKTHYECKOMY COCTOSTHHIO.
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APPROACH TO PREDICTING THE DRIFT OF CRITICAL PARAMETERS OF AN ONBOARD
CONTROL SYSTEM ON THE BASIS OF THE MODIFIED IMMUNE ALGORITHM

VLADIMIR. A . SMIRNOV,
St-Peterburg, Russia, vlad.sm2010@yandex.ru

DMITRUJ. V. SMIRNOV,
St-Peterburg, Russia, Smit-90@inbox.ru

ABSTRACT

The issues of technological design of control systems for
complex technical objects of one-time use are considered.
The subject of the study is a hybrid approach to forecast-
ing time series based on an artificial immune system used
to solve the problem of predicting the time drift of critical
parameters of on-board equipment, which is characterized
by considerable uncertainty and incompleteness of informa-
tion for its modeling by traditional methods. The aim of the
work is the development of a hybrid approach to forecasting
the time drift of the controlled parameters of an onboard au-
tomated control system based on the integrated use of the
tools of the theory of artificial intelligence and the approx-
imation spline, which makes it possible to obtain approxi-
mate estimates with a reasonable for practical applications
accuracy. The study used the following theories and meth-
ods: system analysis, numerical analysis, technical control
and diagnostics, artificial intelligence (reasoning based on
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precedents, artificial immune systems, evolutionary compu-
tation, fuzzy sets), decision making, design of intelligent in-
formation systems. Specificity of time series and scope is de-
termined. A modified immune algorithm for clonal selection
and a step-by-step description of its work with the interpre-
tation of the biological concepts used in terms of the subject
domain are proposed. The main differences of the proposed
algorithm from known evolutionary algorithms are the meth-
od of representing immune objects, the mechanisms of ad-
aptation of the immune system, the set, content and order of
execution of immune operators, in which a number of ideas
and principles of various alternative concepts of evolution
are used, as well as heuristic techniques from various fields
of knowledge. Theoretical results that can be used in the
development of applied applications of intelligent decision
support systems for monitoring the state of complex techni-
cal objects at rocket and space industry enterprises are ob-
tained. The application of the proposed approach makes it



possible to increase the operational reliability and efficiency
of the operation of the product and creates the prerequisites
for the organization of maintenance on the actual state.
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ABSTRACT

In article the solution of a problem of an assessment of risks, forecasting of their consequenc-
es at creation of perspective space systems and complexes of dual and social and economic
purpose within realization of actions of the Federal space program of Russia on 2016 2025 is
submitted. Ways and methods of practical realization of this task are considered.
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Federal space program of Russia for 2016-2025 is defined. The purpose of process of man-
agement of risks and the basic principles of its implementation are formulated.

The procedure of monitoring of risks providing as control of level of risks of actions, projects
and the Federal space program for 2016-2025 in general, and control of plans of realization
of actions for decrease in inadmissible levels of risks is stated.

The procedure of decision-making by results of an assessment of risks which is carried out by
officials of State corporation on space activity "Roskosmos" and providing depending on the
level of risks, implementation of the plans of measures on decrease in their level and minimi-
zation of possible damage is developed.

On the basis of an example of an assessment of risks of realization of ROC "Meteor-3M" prac-
tical recommendations about application of a complex technique of an assessment of risks
and forecasting of their consequences at change of structure of actions of the Federal space
program of Russia for 2016-2025 regarding space systems and complexes of dual and social
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General provisions

This methodology is a tool for the formation of risk-ori-
ented thinking based on a systemic, process-active and contin-
uous risk management in space activities [1-10].

To assess the magnitudes of risk events and ensure the
management of risk, we first need to identify them, which
should take into account the main problems characterizing the
current state of the space industry and which have a significant
impact on the performance of individual activities "of the Feder-
al space program of Russia for 2016-2025" (FSP-2025) and the
Program in General (hereinafter — the Program).

Risk assessment and forecasting of their consequenc-
es — the most important procedure of the risk management
process, which is characterized by complexity and considera-
ble complexity. Its main features are:

— focus on the use of information and analytical main-
tenance of the management Programme, taking into account
different development scenarios;

— the use of multilevel additive-multiplicative model of risk
assessment (phase, component, event, Program, project, and Pro-
gram in General). In this case, the levels of the stage, project and
overall Program aggregate assessment of the risk group determined
by the additive, and the levels of part and event Programs, the final
risk rating is calculated using the multiplicative convolution;

— the use of a common list of risks approved by the
state Corporation "Roscosmos", which provides methodologi-
cal unity of risk management at stages of formation and imple-
mentation of the Program;

application of the methodological approach of expert as-
sessment of risks implementation stages;

— the use of the indicator "risk of risk" as a quantitative
measure of risk of implementation phases, components, activ-
ities, project and Program as a whole;

— the validity of the scale of damage from the risk oc-
currence on the basis of the recommendations of normative
documents for the development and implementation of state
programmes of the Russian Federation;

— use approved by the state Corporation "Roscosmos"
graded scale assessment of the risks of implementation phas-
es, components, activities FSP-2025, projects and Programs in
General for making effective management decisions to reduce
the level of risk, taking into account possible consequences
and resource provision.

The procedure for adopting decisions on the results of
the risk assessment Programme is carried out by appropriate
officials of the state Corporation "Roscosmos" and provides,
depending on the level of risk:

— the risk-taking of the implementation of the Pro-
gramme activities, projects and Programs generally;

— tthe conditional risk — taking of the implementation
of the Program, projects and the Program as a whole with the
development of action plans to minimize them;
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— the failure risks of the implementation of the Program,
projects, Programs in General, and their early termination;

— the failure risks of the implementation of the Pro-
gram, projects, Programs in General, further work on imple-
mentation and development of action plans to reduce risks.

The procedure of risk monitoring provides monitoring
of level of risks of the Program activities, projects and Pro-
grammes in General and the control of implementation plans
of measures to reduce unacceptable levels of risk.

This technique is developed to account for the risk events
in the composition of the method of calculation of efficiency of
risk management during the implementation phase of the Pro-
gram and is intended for customers and companies-developers
of space systems (complexes) in the justification of the ad-
justment measures, stages, projects under the Program. There
are objective contradictions of space projects (programs) by
criterion "efficiency-cost". Evolution in technology with the
use of this criterion is shown in fig. 1.

The purpose of risk management is to ensure the identi-
fication, assessment and reduction of threats of failure of the
Program because of the possibility of breakdown of orders,
time by the developers of space rocket technology (MSE) due
to wear and tear of production assets, the existing gap in tech-
nological development, the loss of several key technologies, of
ties, and loss of personnel skills, etc.

The main objectives of this technique are:

— adequate identification of negative factors of external
and internal threats, challenges, having a negative impact on
the effectiveness of Programme implementation (cost, timing,
values of target indicators and indicators);

— risk assessment of implementation phases, compo-
nents, Program activities, projects and Programs as a whole to
identify the most dangerous of them;

— timely scientific and technical, technological, organi-
zational, personnel and other measures to reduce unacceptable
levels of risk;

— ensuring effective monitoring of risks and imple-
mentation of action plans to reduce unacceptable levels of risk;

— implementation of process approach in activity of
participants of risk management;

— providing the possibility of creating effective and ef-
ficient risk management system that meets the organizational
structure and scope of activities of the state Corporation "Ros-
cosmos" on the management of the implementation of the Pro-
gram in terms of its information and analytical support.

Methodology of system design and program planning of
the creation of the advanced space systems and complexes in
the General case defines the following basic methodical risk
management procedure (figure 2):

— 1identification of risks;

— risk assessment;

— the decision on the results of the risk assessment;
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Fig. 1. Evolution in equipment

— monitoring of risks.

The classification of the main types of risks in their areas
of possible occurrence (species risk) are presented in table 1.
These include:

international-legal risks;

— economic risks;

— environmental risks;

— scientific, technical and technological risks;

— human risks.

Identified and classified risks associated with the im-
plementation of the Program activities and the Program as a
whole are presented in table 1. These types of risk and associ-
ated risk events may be corrected and adjusted in coordination
with the Customer and the main developers of the Program
established procedures.

The classification of the main types of risks in their areas
of possible occurrence (species risk) are presented in table 1.
These include:

international-legal risks;

— economic risks;

— environmental risks;

— scientific, technical and technological risks;

— human risks.

Identified and classified risks associated with the im-
plementation of the Program activities and the Program as a
whole are presented in table 1. These types of risk and associ-
ated risk events may be corrected and adjusted in coordination
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with the Customer and the main developers of the Program

established procedures.

Documenting risks is establishing and maintaining for
each event a risk register that includes the following main fields:

— type of risk;

— risk event;

— risk ID;

risk factor;

— the root cause;

negative effects of a risk;

— the impact of other risks;

— dependency on other risks;

— date and time of last updating of a risk register;

— control procedures;

— assessment of the effectiveness of control procedures.

The risk ID provides an unambiguous identification of
each risk event.

For each risk event identify a range of risk factors, the
effects of which can lead to the risk event.

For each risk factor is analyzed and determined the root
cause behind it.

Each group of "risk event and a risk factor" are formulat-
ed and described the adverse effects of a risk.

Analyzes and identifies any associated risk events (af-
fecting other risks and dependent on other risk types).

Updating of the register of risk management with the re-
quired frequency.
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Fig. 2. Methodological procedure for risk management

The risk assessment

Structurally the Program consists of projects that involve
interrelated events (experimental design, research work and
non-design in nature (continuous purchase of MSE products,
services, start SV, etc.). Events, in turn, can include several
component parts that run on the stages that reglamentary the
order of creation, production and operation (use) of rocket and
space complexes. A generalized scheme for estimating risks
associated with implementation of the overall Program con-
sists of the following main steps:

— assessment of risk events stages;

— evaluation of risks the implementation stages;

— evaluation of risks the implementation of the com-
ponent parts;

— evaluation of risks the implementation of the Program;

— evaluation of risks associated with project imple-
mentation;

— risk evaluation to the implementation of the Program
as a whole.

Evaluation of risk events stages

In this step, a qualitative and quantitative assessment of
risk events stages of the z-th component parts of the I-th event,
m-th draft Programme.

We introduce the following basic notation:

— i — the number of the risk event on the j-th stage,
i=1()N;

— Nj — the number of identified risk events on the j-th
stage;

— J — the number of the stage in the z-th component
parts, j =1 (1) N;

— N,—the number of stages in the z-th component parts;

— z—room part of the I-th event, z=1 (1) N;;

— N, — the number of components in the I-th event;

— | —the number of events in m-om projecte, | =1 (1) N ;

— N, — the number of events in the m-th draft;

— m—the project number in the Program, m=1 (1) N;

— N —the number of projects in the Program;

— C ;’lz — the i-th risk event arising in the course of
realization of the j-th stage of the z-th component parts of the
I-th event, m-project;

— eri"lz — qualitative assessment of the degree of in-
fluence of the i-th risk event for the implementation of the j-th
stage z-th component parts of the I-th event, m-project;

— Pj’ian — the probability of occurrence of the i-th risk
event in the course of implementation of the j-th stage z-th
component parts of the I-th event m on the project;

85



HAYKOEMKVIE TEXHOMOT N B KOCMUYECKMX UCCNEAOBAHMAX 3EMIM, T. 10. N2 1-2018
NYBJIMKALMU HA AHITMACKOM A3bIKE

Table 1
Risks of implementation of the Program and the Program in General
Type of risk Risk event
1. The imposition of sanctions and bans on the sale of Russian instruments and elements of electronic compo-

International legal risks nent base

2. The imposition of sanctions and bans on loans Russian Federation

3. Sanctions and prohibitions on the possibility of implementing NASA's procurement of space technology and
services in the Russian Federation to the international space station

4. The imposition of sanctions and restrictions on data retrieval with foreign SV remote sensing

5. The introduction of quotas for the SV launches of Russian launch vehicles

6. The change in legislation related to space activities

7. Error legal norms in the field of space activities

8. Refusal or change of terms of delivery of the requested resource, because of imperfection of the legal system

Economic risks 1. The change in the volume of funds allocated for the Program

2. The depreciation of the Russian currency

3. The growth of prices in the domestic market for components and fuel and energy resources

4. Irrational use of financial resources, including corruption, lobbying and other external
and internal economic factors.

Environmental risks 1. Pollution impact areas separating parts of carrier rockets

2. Environmental pollution in case of emergency launches of rocket-space technology

3. International sanctions in response to the launches of the SV with a large number of separable fragments,
leading to blockage of near-carth space, as well as the launches of the SV, not provided with the means of their
de-orbit after completion of the operation

Scientific, technical and | 1. Irrational choice of priorities for scientific and technological policy

technological risks
2. The exhaustion of the scientific and technological groundwork

3. Insufficient funding for the development of new research and development work

4. The lack of production capacity of enterprises of space-rocket industry

5. Failure of terms of deliveries of material resources cooperation

6. The imperfection and obsolescence of production technology and testing facilities required for the creation
and production of new generation products MSE (with high specifications), competitive on the world market of
space technology, space technologies, materials and services

7. The loss of the technologies used in the design and manufacture of space technics, space technologies, materi-
als and services, resulting in the development and production of a number of types or models for space products
is problematic

Lack of maintenance of levels of technological readiness (Technology Readiness Level — TLR-levels) develop-
ment of advanced space systems (complexes) and a low rate of decline of the gap from the leading space powers
in the main areas of space activities (remote sensing, communications, navigation, manned space flights, etc.)

Personnel risks 1. The shortage of scientific, testing and production staff

2. Insufficient level of the necessary qualification of specialists

3. The lack of specialists with necessary qualifications due to the inefficient system of remuneration,
motivation and incentives

4. The imbalance of specialists by age and skill level The presence or absence of a personnel reserve of
the appropriate professional competence and practical experience at the enterprises and organizations of
rocket-space industry
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— Yj:"lz — the damage from the occurrence of the i-th
risk event in the course of implementation of the j-th stage z-th
component parts of the I-th event m on the project;

— Kj'.:.'lz — normalizing the contribution factor of the
i-th risk event in the overall risk assessment of the implemen-
tation of the j-th stage z-th component parts of the I-th event,
m-th project. This factor ensures not exceeding the value of
risk index equal to 1, for all possible values of the parameters
Y'r‘nlz Pmlz

Ji

Quahtatlve assessment sz of the degree of influence
of the i-th risk event for the 1mplementat1on of the j-th stage
z-th component parts of the I-th event, m-project is carried out
by experts on a scale dwuhvalentnoe:

— W;,” " =1, if the i-th risk event has an impact on the
implementation of the j-th stage z-th component parts of the
I-th event, m-th project;

— sz = 0, if the i-th risk event does not affect the
realization of the j-th stage of the z-th component parts of the
I-th event, m-th project.

The probability of occurrence of the i-th risk event in the
course of implementation of the j-th stage z-th component parts
of the I-th event, m—pl‘O_] ect (P “) has physical sense for the risk
events for which W] =1, and defined by experts on a scale:

Pmlz = 0, if the i-th risk event in the course of im-
plementatlon of the j-th stage z-th component parts of the I-th
event, m-project does not occur;

— sznlz = (.25, if the i-th risk event in the course of
implementation of the j-th stage z-th component parts of the
I-th event, m-project is unlikely;

— Pj:."lz = (.5, if the i-th risk event in the course of im-
plementation of the j-th stage z-th component parts of the I-th
event, M-project may come or not come;

— P;lz = (.75, if the i-th risk event in the course of im-
plementation of the j-th stage z-th component parts of the I-th
event, m-project is likely to come; P =1, eciut i-0e pUCKOBOE
COOBITHE B XOJI€ PEATU3AIHH |-TO 3Tana Z-0li COCTaBHOM YacTu
l-ro MeponpuATHS M-TO POEKTa OJHO3HAYHO HACTYIIHT.

The damage from the occurrence of the i-th risk event in
the course of implementation of the j-th stage z-th component
parts of the I-th event, m-project (Y _ji"mlz) makes sense for
risk events for which W;inlz = 1, and determined by an expert
on a four-point scale, based on the "Methodological guidelines
for the development and implementation of state programmes
of the Russian Federation" [13]:

— Yj’ln = 0, if the i-th risk event does not affect the
success of the j-th stage of the z-th component parts of the I-th
event, m-th of the project (achieved all the planned results of
the stage within the given timeframe);

— Yﬁ"lz = 0.05, if the i-th risk event has little effect on
the success of the j-th stage of the z-th component parts of the
I-th event, m-th draft (changes from the planned level of up
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to 5% of the expected results of the stage and (or) dates for
achieving them);

— Y].le = 0.1, if the i-th risk event affect the successful
implementation of the j-th stage z-th component parts of the
I-th event, m-th draft (changes from the planned level of 5%
to 10% of the expected results of the stage and (or) dates for
achieving them);

— Y].';'lz = X/100, if the i-th risk event significantly af-
fects the success of the j-th stage of the z-th component parts
of the I-th event, m-th project. Here X is the percentage change
from the planned level, the expected results and (or) timing for
their achievement.

Normalizing the coefficient contribution of the ith risk
event in the overall risk assessment of the implementation of
the j-th stage z-th component parts of the I-th event, m-project
(K "2 is as follows:

K me l/NJ(@), where NJ.(@) is the number of risk
events affectmg the j th stage, if the impact of each of the i-th
risk event on the successful implementation of the j-th stage
z-th component parts of the I-th event, m-project is equivalent;

— K;';lz specifies experts in charge of evaluating, if
you have the original data on the nature of the influence of the
i-th risk event on the indicators of the success of the j-th stage
of the z-th component parts of the I-th event, m-th project.

The following methods of obtaining expert information
about the impact of each of the i-th risk event on the indicators
of the success of the j-th stage of the z-th component parts of
the I-th event, m-project:

— to complete the formation of an expert group that in-
cludes the appropriate number (usually at least 10 people) of
experts and the use of the individual opinions of the members
of the specified group, the respondents independently from
each other;

— the involvement of a group of informational-analyti-
cal support and use of the individual opinions of the members
of the specified group, the respondents independently from
each other;

— the involvement of a group of informational-analyt-
ical support and receive expert information through joint dis-
cussions by all participants of this group [10].

The first method is the most preferred but not always
feasible. In the case of its use formed an expert group for the
evaluation of each z-th component parts of the I-th event, m-th
draft Programme.

In the implementation of the expert assessments of pa-
rameters W}';ﬂz , )7:’12 and P;qlz forming the Protocol of the
established form, including the list of invited experts, evaluate
their professional qualities, the assessment of parameter, set by
each expert, the mean value for all experts, an assessment of
the consistency of experts, defined by the variance and coeffi-
cient of variation of the estimated parameter.
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Each parameter characterizing the probability of occur-
rence of a risk event is assigned the mean value for all experts,
defined by the following expression:

G miz
pj’i”lz = M, (1
G
where G is the number of experts participating in the evaluation;

g —room expert;

Pj:."[Z ( g ) — some g-m expert, the magnitude of the
probability of occurrence of the i-th risk event in the course
of implementation of the j-th stage z-th component parts of the
I-th event, m-th project.

Then the consistency of experts ' opinions is character-
ized by the variance of the estimate of this parameter, which is
calculated by the formula:

)- P~ )2. @

Djr;tlz: ( XZG:( mlz
8=

1

To assess the consistency of experts ' opinions on the value
of the probability of occurrence of the i-th risk event in the course
of implementation of the j-th stage z-th component parts of the
I-th event, m-project uses the value of the coefficient of variation:

mlz

iz _ Nt (€)
Ji Iz )
P

If the value lez < 0.2, then I believe that the consisten-
cy of the experts is good If 0.2< lez < 0.3 it is satisfac-
tory. Otherwise, the consistency of the experts is considered
to be low.

At low consistency, experts should:

— to take measures aimed at identifying and addressing
differences of expert opinion (for example, by meeting with
experts);

— to exclude from consideration the experts, whose
opinions are radically different from the other experts;

— consider the qualifications of the experts;

— to form a new peer group and re-assess.

In the case of considering the qualifications of the ex-
perts, the value Pj’i"’Z is calculated according to the formula:

G miz miz
P.WZ _ zgleE (g)xPﬁ (g) )
g G
e KE™* ( g) — the factor that determines the skill level
of the g-th expert in assessing the values of the probability of
occurrence of risk events for z-th component parts of the I-th
event, m-th project.
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The coefficient is calculated as follows:

mlz o E miz (g)
KE (g) - mlax Emlz (g) b (5)
rie E™(g) — score of professional qualities of the expert
participating in the evaluation of the z-th component parts of
the I-th event, m-th project;

max £ (g) — the maximum numerical score of the
experts involved in the evaluation of the z-th component parts
of the I-th event, m-th project.

In case of impossibility of forming a full- ﬂedged ex-
pert group for estimation of the parameters, W;lnlz Y, iz
Pﬁ"lz Z is-Oh compound of part | event m-th draft Programme
can be brought by the group of information and analytical sup-
port and used individual assessment of the participants of this
group. In this case the final grade is calculated as the median
of these individual assessments.

The algorithm for computing the median consider for
example the parameter "probability of occurrence of a risk
event" (Pm] S is the following.

1. Ranked set {Pml } in descending order of its values.

2. If G is an odd number, the median corresponds to the
Central value of the ranked set {szfﬂz ( g)} , the number of
which is calculated by the formula:

N, =(G+1)/2. (6)
3. Introduced sdoodee designation for the median:
mlz
Me = P; ( g)NMe : (7)

4. If G is an even number, the set {szz ( g)} has two

Central values and the median is calculated by the formula:

Me=Pi"(8), + P (&) gy /2 ®

In case of impossibility of obtaining individual opinions

of group members of 1nf0rmat10n and analytlcal support for

Y7 and P
v L ji
ponent parts of the I-th event m-project, the necessary expert
information is formed by a joint discussion of parameter val-
ues for all participants in this grou.

In this case, the specialist group risk information and an-
alytical support of the findings of the joint expert assessment
of the risk events accordingly documents, coordinates with all
members of the specified group and approves the group leader.

evaluation of options W each z-th com-

Evaluation of risks the implementation stages

In this step, an evaluation of the implementation stages
of the z-th component parts of the I-th event, m-th project.

As a quantitative measure of a risk event using a pri-
vate indicator "risk of risk" (0}712) that is determined by the



product of the probability of occurrence of a risk event on the
extent of damage from its occurrence:
O;:tlz — Pjrinlz % erinlz‘ (9)
If the value of the "danger" of any of the i-th risk event
exceeds the value of 0.6, the risk of the corresponding j-th
stage, and, therefore, the z-th components, I-events and m-pro-
ject is considered to be unacceptable and further estimates
and calculations stop. In this case, must be made a managerial
decision to reduce specified risks and ensure the successful
implementation of the j-th stage and z-th components, I-events
and m-project.
Otherwise, the value of risk of realization of the j-th
stage z-th component parts of the I-th event, m-project is cal-
culated as the additive convolution of partial indicators of risk

events of this phase:
N

z

R;nlz _ z ( O;;tlz % K;;:lz )’

i-1

(10)

Using approved graded scale makes a judgment about
the risks of execution of each stage in the z-th component parts
of the I-th event, m-th project.

If the condition 0 < R;"lz < 0.4, the risk of realization
of the j-th stage z-th component parts of the I-th event, m-pro-
ject is assessed as low, and is accepted as valid.

If the condition of 0 < Rj'."lz <0.6, the risk of realiza-
tion of the j-th stage z-th component parts of the I-th event,
m-project is estimated as average, and accepted conditionally.

If the condition of 0 < R;.nlz <1.0, then the risk of the
implementation of the j-th stage z-th component parts of the
I-th event, m-project is assessed as high and are considered
unacceptable.

Evaluation of risks the implementation
of the constituent parts

In this step, provided by risk assessment implementation
of the component parts of the I-th event, m-th project.

The risk value of executing the z-th component parts of
the I-th event, m-th the project is calculated as the multiplicative
convolution of private risks of the implementation of its stages:

R"™ =1—ﬁ(1—R}"’Z). )
=l

Using a graded scale makes a judgment about the risks
of implementing each z-th component parts of the I-th event,
m-th project. If necessary, the issue is escalated to the level of
decision-makers. In this case, develop recommendations for
decision by the specified person.

If the condition 0 < R™* < 0.4, the risk of realization of the
z-th component parts of the I-th event, m-project is assessed as
low, and is accepted as valid. In this case, continues the period-
ic implementation of the procedure "risk Assessment".
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If the condition of 0.4 < R™2 < (.6, the risk of realization of
the z-th component parts of the I-th event, m-project is estimated
as average, and accepted conditionally. In this case, identifies
most dangerous risks in the component parts and the problem is
escalated to the level of decision-makers (implemented proce-
dure "the decision on the results of the risk assessment").

If the condition of 0.6 <R™? < 1.0, then the risk of reali-
zation of the z-th component parts of the I-th event, m-project
is assessed as high and are considered unacceptable. In this
case, identifies most dangerous risks in the component parts
and the problem is escalated to the level of decision-makers
(implemented procedure "the decision on the results of the risk
assessment").

Evaluation of risks the implementation of the Program

In this step, provided by risk assessment of the imple-
mentation of the m-th of the project.

The risk value of executing the I-th event, m-project is
calculated as the multiplicative convolution of the private risks
of its constituent parts:

Rm’=1—ﬁ(1—R7’).
j=1

Using a graded scale makes a judgment about the risks
of realization of the I-th event, m-th project. If necessary, a
decision is taken to escalate the problem to the level of de-
cision-makers, and develop recommendations for decision by
the specified person.

If the condition 0 <R"/< 0.4, the risk of realization of
the I-th event, m-project is assessed as low, and is accepted as
valid. In this case, continues the periodic implementation of
the procedure "risk Assessment".

If the condition of 0.4 <R"/< 0.6, the risk of realization of
the I-th event, m-project is estimated as average, and accepted
conditionally. In this case, identifies most dangerous risks in
the event the problem escalated to the level of decision-makers
(implemented procedure "the decision on the results of the risk
assessment").

If the condition of 0.6 <R™/< 1.0, then the risk of im-
plementation l-activity m-project is assessed as high and are
considered unacceptable. In this case, identifies most danger-
ous risks in the event the problem escalated to the level of
decision-makers (implemented procedure "the decision on the
results of the risk assessment").

(12)

Evaluation of risks of projects
The risk value run m-project program is determined by
the additive convolution of private risks of the implementation
of its activities: N
(Z5r)
R" = (13)

m
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Using a graded scale makes a judgment about the risks
of the projects, if necessary, a decision is taken to escalate the
problem to the level of decision makers, and develop recom-
mendations for decision by the specified person.

If the condition 0 <R™< 0.4, the risk for implementation
of the m th project is assessed as low and is accepted as valid.
In this case, continues the periodic implementation of the pro-
cedure "risk Assessment".

If the condition of 0.4 <R™< 0.6, the risk for implemen-
tation of the m th project is assessed as medium, and received
probation. In this case, the identification of the most dangerous
risks of the project and the problem escalated to the level of
decision-makers (implemented procedure "the decision on the
results of the risk assessment").

If the condition of 0.6 <R™< 1.0, then the risk of the im-
plementation of the m-th of the project is assessed as high and
considered unacceptable. In this case, the identification of the
most dangerous risks of the project and the problem escalated
to the level of decision-makers (implemented procedure "the
decision on the results of the risk assessment").

The risk evaluation of the Programme in General

3HaueHue pucka peamusanuu [Iporpammsl B IenoM
OMPEACIIACTCA KaK MYJIbTUIINIMKATUBHAA CBépTKa YaCTHBIX
PHCKOB peasn3ainu e€ MpoeKTOB:

R =( Z-lRm%.

Using a graded scale makes a judgment about the risks
the implementation of the Program as a whole. If necessary,
a decision is taken to escalate the problem to the level of de-
cision-makers, and develop recommendations for decision by
the specified person.

If the condition 0 < R < 0.4, the risk of implementation
of the Program as a whole is assessed as low and is accepted
as valid. In this case, continues the periodic implementation of
the procedure "risk Assessment".

If the condition of 0.4 <R < 0.6, the risk of implemen-
tation of the Program as a whole is estimated as average, and
accepted conditionally. In this case, the identification of the
most dangerous risks of the program and the problem is esca-
lated to the level of decision-makers (implemented procedure
"the decision on the results of the risk assessment").

If the condition of 0.6 < R < 1.0, then the risk of the
implementation of the m-th of the project is assessed as high
and considered unacceptable. In this case, the identification
of the most dangerous risks of the Program and the problem
is escalated to the level of decision-makers and implemented
procedure "the decision on the results of the risk assessment",
which includes the following basic steps: communicating cur-
rent risk status of the Programme implementation, projects and
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(14)

the Program as a whole to decision makers; analysis of this
information; the decision on the results of the risk assessment.

Example risk assessment

The risk assessment will consider the example of imple-
mentation of design and development work "meteor-3M" —
"Creation of space complex hydrometeorological and Ocean-
ographic support and space system based on it consisting of 4
satellites," which generally is a space complex dual purpose.

1. General characteristics of design and development
work "Meteor-3M"'

The purpose of performing design and development work
"meteor-3M" is the creation of space complex hydrometeoro-
logical and Oceanographic support and space system based on
it to create, launch, and flight tests of the four spacecraft (here-
after SV) "Meteor-M"Ne 2—1, Ne 2-2, Ne 2-3 u No 2—4.

Design and development work "Meteor-3M" is part of
the project "Meteo-SSO" and includes two parts (more —
component part):

component part design and development work "Mete-
or-3M" (Meteor-M 2-1, 2-2) "the Creation of a space com-
plex hydrometeorological and Oceanographic support with SV
"Meteor-M" Ne 2—1, Ne 2—2y;

component part design and development work « Mete-
or-3M" (Meteor-M 2-3, 2—4) "the Creation of a space complex
hydrometeorological and Oceanographic support with SV «
Meteor-M » Ne 2-3, No 24y,

Key components of a space system are:

— rocket-space complex "Meteor-M";

— ground control SV "Meteor-M";

— a ground complex for reception, processing and dis-
semination of information with SV "Meteor-M".

The main indicators of design and development work
"meteor-3M":

— customer: the state Corporation "Roscosmos";

— deadlines: the years 2016 to 2022;

— the amount of funding design and development work
by years is given in table.2;

— milestones and deadlines design and development
work are presented in table. 3.

1. Assessment of risk events design and development work
"Meteor-3M"

Assessment of these risk events were carried out by experts.

Assessment of risk events carried out by an expert specialist
group's risk information and analytical support, the results of the
examination approved by the members and leader of this group.

The list of 26 identified risk events that are approved by
the state Corporation "Roscosmos" and which may provide a
threat to the implementation of design and development work
are presented in table 5.
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Table 2
Funding design and development work "Meteor-3M"
(million rubles, in prices of respective years)
2016 2017 2018 2019 2020 2021 2022 Bcero
FSP-2025 2848.3 2103.8 2755.0 1103.2 1007.9 2806.6 415.2 13040.0
Clarification (was) 2961.3 2102.1 2365.5 972.9 327.5 373.0 80.0 9182.3
Table 3

Stages of design and development work "Meteor-3M"

Ne
stage

The name of the stage

The term of implementation stage

Component part design and development work "Meteor-3M" (Meteor-M NeNe2-1, 2-2)

1

The completion of design documentation and engineering documentation for SV and its
component parts, measuring and computing complex, checkout equipment and ground
equipment to the SV and its component part

IV quarter 2016

2 The completion of manufacture of prototypes component part SV, measuring and computing | The first quarter of 2017 III quarter
complex, checkout equipment and ground process equipment to the SV and its component of 2017r.
part, carrying out experimental ground tests

3 Finalization of the ground control complex and ground station for reception, processing and I quarter 2017 — III quarter of 2017
distribution of information to work with SV "Meteor-M" Ne2-1 and 2-2

4 Fabrication, surface development test, launch and flight tests of the SV "Meteor-M" Ne2-1 II quarter of 2017

5 Fabrication, surface development test, launch and flight tests of the SV "Meteor-M" Ne2-2 IV quarter of 2017 — 2018

Component part design and development work "Meteor-3M" (Meteor-M NeNe2-3, 2-4)

1

Adjustment (if necessary development) on technical tasks (additions thereto) design
documentation, design documentation, and software for SV and its component parts,
measuring and computing complex, checkout equipment and ground equipment and its
component part, hardware and software complexes for modeling and testing

January 2016 — November 2017

2 Procurement of electronic components and of components for component part SV, measuring | January 2016 — November 2017
and computing complex, control-calibration instrumentation and hardware-software complex

3 The manufacture of models and prototypes the component part SV, SV and hardware- January 2016 — November 2017
software complex for ground testing

4 The prototype (flight) SV component part samples, measuring and computing complex, January 2016 — November 2020
checkout equipment and ground process equipment to the SV and its component part,
carrying out experimental ground tests component part

5 Finalization of the ground control and ground complex for reception, processing and January 2016 — November 2020
dissemination of information

6 Fabrication, surface development test, flight test, launch preparation, launch SV January 2016 — November 2020
"Meteor-M"Ne 2-3

7 Fabrication, surface development test, flight test, launch preparation, launch SV "Meteor-M" | January 2016 — November 2021

Ne 2-4
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At the time of the risk assessment completed the first
stages of component part design and development work "Me-
teor-3M" (Meteor-M 2—1, 2-2) and component part design and
development work "meteor-3M" (Meteor-M 2-3, 2-4). The
risks of implementing the design and development work "me-
teor-3M" is evaluated qualitatively and quantitatively in the
stages and component parts design and development work.

Qualitative assessment of risk events includes an as-
sessment of the impact of risks from table 3 for the successful
implementation of each stage of composite parts design and
development work.

The success of the implementation phase is ensured
achievement of deadlines of all expected results and indicators
defined in the specification.

The parameter "qualitative assessment of the impact of a
risk event on the stage (J)" was evaluated by bivalent scale:

— J=1if the risk event affects the phase of implemen-
tation design and development work;

— J = 0 if the risk event does not affect the phase of
implementation design and development work.

On the results of the qualitative assessment it was estab-
lished that:

— 9 of 26 risk events (34%) have an impact on the im-
plementation of 2 the runtime component part design and de-
velopment work "Meteor-3M" (Meteor-M 2—1, 2-2) and for the
implementation of 2, 3 and 4 stages, component part design and
development work "Meteor-3M" (Meteor-M 2-3, 2—4);

— 7 of 26 risk events (26%) have an impact on the im-
plementation of 3, 4 and 5, the runtime component part design
and development work "meteor-3M" (Meteor-M 2—1, 2-2) and
the implementation of 5, 6 and 7 stages component part design
and development work "Meteor-3M" (Meteor-M 2-3, 2—4).

Quantitative assessment of risk events included the eval-
uation of each risk for which J = 1, by two parameters:

— the probability of occurrence of a risk event during
the implementation phase.

— the damage from realization of a risk event.

The probability of occurrence of a risk event during the
implementation phase (next — P) was assessed on a scale ap-
proved by the state Corporation "Roscosmos":

— P =0 if the risk event does not occur;

— P =0.25, if the occurrence of the risk event is unlikely;

— P =0.5, if the risk event can occur and not occur;

— P =0.75, if the risk event is likely to occur;

— P =1 if the risk event will definitely occur.

To assess the damage from realization of risk event (forth)
used a four-point scale, based on the "Methodological guidelines
for the development and implementation of state programmes of
the Russian Federation" (approved by order from 16.09.2016
No. 582 Ministry of economic development of Russia):
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— Y = 0 if the risk event does not affect the success of
the implementation phase (achieved all the expected results of
the stage within the given timeframe);

— Y =0.05, if the risk event has little effect on the suc-
cess of the implementation phase (changes from the planned
level of up to 5% of the expected results of the stage and (or)
dates for achieving them);

— Y = 0.1, if the risk event affect the success of the
stage (changing from a planned level of 5% to 10% of the ex-
pected results of the stage and (or) dates for achieving them);

— Y = X/100 if the risk event significantly affects the
success of the implementation phase. Here X is the percentage
change from the planned level, the expected results and (or)
timing for their achievement.

The results of quantitative assessment of risk events is
given in table 4.

Risk assessment implementation of design and develop-
ment work "Meteor-3M"

Risk assessment implementation component part design
and development work "Meteor-3M" was carried out in ac-
cordance with the "Interim regulations of the risk management
process of the Program".

Risk assessment the implementation phases of each
component part design and development work "Meteor-3M"
was carried out on the basis of quantitative assessment of risk
events of these stages (table 5), using the normalizing coef-
ficients of risk events and the additive convolution (table 5).

The normalizing factor risk event (next — To) quantifies
the percentage contribution of each risk event in the integrat-
ed risk assessment of a given stage is determined assuming
that all phases of each composite part design and development
work equivalent. The value K=0.11 for stages 9 risk events
and K=0.14 for the stages, which include 7 risk events.

The results of the risk assessment implementation and
component parts design and development work "meteor-3M"
is shown in table 6. As can be seen from this table, the risks of
implementation of these steps vary in the range from 0.01 to
0.02, are low and are accepted as valid.

Risk assessment the implementation of each components
design and development work "Meteor-3M" was carried out
on the basis of the risk assessment phases using a multiplica-
tive convolution. Risks in the implementation of integral com-
posite parts design and development work ranges from 0.07 to
0.11, are low and are accepted as valid.

Integrated risk assessment implementation of design and
development work "Meteor-3M" was based on risk assessments
of its component parts, using multiplicative convolution. Inte-
grated risk implementation design and development work "Me-
teor-3M" R=0.17, is assessed as low and is accepted as valid.
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Table 4
The risks of implementing the design and development work "Meteor-3M"

International legal risks The imposition of sanctions and bans on the sale of Russian instruments and elements of electronic
component base

The imposition of sanctions and bans on loans Russian Federation

Sanctions and bans on the implementation of NASA's procurement of space technology and services in the
Russian Federation to the international space station

The imposition of sanctions and restrictions on data retrieval with foreign SV remote sensing

The introduction of quotas for the SV launches of Russian launch vehicles

The change in legislation related to space activities

The approval of the legal mistakes in the implementation of space activities

Refusal or change of terms of delivery of the requested resource, because of imperfection of the legal
system

Economic risks The change in the volume of funds allocated for realization of the Federal space program

The depreciation of the Russian currency

The growth of prices in the domestic market for parts and fuel and energy resources

Irrational use of financial resources, including corruption, lobbying etc.

Environmental risks Pollution impact areas separating parts of carrier rockets

Pollution emergency runs MSE

International sanctions in response to the launches of the SV with a large number of separable fragments,
leading to blockage of near-earth space, as well as SV, is not provided with the means of their de-orbit after
completion of the operation

Scientific, technical and Irrational choice of priorities for scientific and technological policy

technological risks The exhaustion of the scientific and technological groundwork

Insufficient funding for the development of new scientific and technical developments

The lack of production capacity of enterprises of space-rocket industry

Failure of terms of deliveries of material resources cooperation

The imperfection and obsolescence of production technology and testing facilities required for the creation
and production of a new generation of MSE (with high specifications), competitive on the global market for
space technology and services

The loss of the technologies used in the design and manufacture of space products, resulting in development
and production of a number of types or models for space products is problematic

Personnel risks The shortage of scientific, testing and production staff

Insufficient level of the necessary qualification of specialists

The lack of specialists with necessary qualifications due to the inefficient system of payment and stimulation
of work

The imbalance of specialists by age
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Table 5
Risk assessment the implementation phases of design and development work «meteor-3M»
Risk event The probability | Damage Danger The (0*K)
(P) ) (0O=P*Y) normalizing
factor (K)
1 2 3 4 5 6

Component part design and development work « Meteor-3M » (Meteor-M NeNe2-1, 2-2)

Stage 2 — Completion of prototype production component part SV, measuring and computing complex, checkout equipment and
ground process equipment to the SV and its component part, carrying out experimental ground tests

The imposition of sanctions and bans on the sale of Russian
Federation of the devices and elements of electronic component 0.25 0.05 0.01 0.11 0.001
base
Refusal or change of .terms of ('iehvery of the requested 025 0.05 0.01 011 0.001
resource, because of imperfection of the legal system
The change 1.n the Volum'e of funds allocated for the 0.5 0.05 0.03 011 0.003
implementation of experimental ground tests
Th h of prices in th i ket fa fuel

e growth of prices in the domestic market for parts and fue 05 0.05 0.03 011 0.003
and energy resources
The lack of production capacity of enterprises of space-rocket 025 o1 0.03 o1l 0.003
industry
Exhaustion of administrative, scientific and technological 025 0.1 0.03 011 0.003
groundwork
The i fecti 1 f tion technol

e 1mper ection and obsolescence of production technology 0.25 ol 0.03 o011 0.003
and testing bases
Failure of terms of deliveries of material resources cooperation 0.25 0.05 0.01 0.11 0.001
Insufficient level of the necessary qualification of specialists 0.25 0.1 0.03 0.11 0.003
The risk for the implementation of phase 2 R =0.001*3 + 0.003*6 = 0.02
The decision on stage 2 The risk is assessed as low and is accepted as valid

Stage 3 — Development of ground control complex and ground station for reception, processing and distribution of information to
work with SV "Meteor-M" Ne2-1 and Ne2-2

VI3meHenne o0bema (PMHAHCOBBIX CPE/ICTB, BBIIEISEMBIX Ha J10-
paboTKy Ha3€MHOTO KOMIUIEKCa YIPaBICHHS U TyHKTOB IIpHEeMa 0.5 0.1 0.01 0.14 0.002
nHpOPMAITHN
P -

OCT IIeH Ha BHYTPEHHEM PBIHKE Ha KOMIUIEKTYIOLIHE U TOIUIUB 05 0.05 0.05 0.14 0.007
HO-DHEPreTHYECKHE PECyPCHI
The lack of i ity of i f -rock
. e lack of production capacity of enterprises of space-rocket 025 01 0.03 0.14 0.004
industry
Exhaustion of administrative, scientific and technological 025 0.1 0.03 0.14 0.004
groundwork
The 1mperfect10n and obsolescence of production technology 025 0.1 0.03 0.14 0.004
and testing bases
Failure of terms of deliveries of material resources cooperation 0.25 0.05 0.03 0.14 0.004
Insufficient level of the necessary qualification of specialists 0.25 0.1 0.01 0.14 0.002
The risk for the implementation of phase 3 R =0.002*2 + 0.004*4 + 0.007 = 0.02
The decision on phase 3 The risk is assessed as low and is accepted as valid
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Continuation of table 5

1 2 3 4 5 | 6
Step 4 — Fabrication, surface development test, launch and flight tests of the SV "Meteor-M" Ne2-1
The ch: in the vol ffi 11 for th
. ec ange{nt evgumeo unds allocated for the 05 01 0.05 0.14 0.007
implementation of flight tests
The growth of prices in the domestic market for parts and fuel 0.5 0.05 0.03 0.14 0.004
and energy resources
Contamination of areas separating from parts of rockets 0.25 0.05 0.01 0.14 0.002
Environmental pollution in case of accidental launches 0.25 0.05 0.01 0.14 0.002
The lack of production capacity of enterprises of space-rocket 025 01 0.03 0.14 0.004
industry
The 1mperfect10n and obsolescence of production technology 025 0.1 0.03 0.14 0.004
and testing bases
Failure of terms of deliveries of material resources cooperation 0.25 0.05 0.01 0.14 0.002
The risk of implementation of phase 4 R =0.002*3 + 0.004*3 + 0.007= 0,02
A decision on stage 4 The risk is assessed as low and is accepted as valid

Stage 5 — Fabrication, surface development test, launch and flight tests of the SV "Meteor-M" No2-2

The change 1.n the Vo.lume of funds allocated for the 0.5 01 0.05 0.14 0.007
implementation of flight tests
The growth of prices in the domestic market for parts and fuel 0.5 0.05 0.03 0.14 0.004
and energy resources
Contamination of areas separating from parts of rockets 0.25 0.05 0.01 0.14 0.002
Environmental pollution in case of accidental launches 0.25 0.05 0.01 0.14 0.002
The lack of production capacity of enterprises of space-rocket 025 0.1 0.03 0.14 0.004
industry
The i fecti 1 f tion technol

¢ imperfection and obsolescence of production technology 0.25 0.05 0.01 0.14 0.002
and testing bases
Failure of terms of deliveries of material resources cooperation 0.25 0.05 0.01 0.14 0.002
The risk of implementation of phase 5 R =0.002*4 + 0.004*2 + 0.007 = 0.01
Solution for stage 5 The risk is assessed as low and is accepted as valid

Component part design and development work "Meteor-3M" (Mmeteor-M NoNe2-3, 2-4)

Stage 2 — Purchase of electronic components and of components for component part SV, measuring and computing complex,
control-calibration instrumentation and hardware-software complex

The 1mPos1UOn of sagcuons and bans on the sale o-f Russian 025 0.05 0.01 o011 0.001
Federation of the devices and elements of electronic component base

Refusal or change of .terms of (.1ellvery of the requested 025 0.05 0.01 011 0.001
resource, because of imperfection of the legal system

The change 1.n the Volum.e of funds allocated for the 05 0.05 0.03 o011 0.003
implementation of experimental ground tests

The growth of prices in the domestic market for parts and fuel 0.5 0.05 0.03 o011 0.003
and energy resources

The lack of production capacity of enterprises of space-rocket 025 o1 0.03 011 0.003
industry
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Continuation of table 5

Exhaustion of administrative, scientific and technological 025 0.1 0.03 011 0.003
groundwork
The i fecti 1 f i hnol
e 1mPer ection and obsolescence of production technology 025 01 0.03 o1l 0.003

and testing bases
Failure of terms of deliveries of material resources cooperation 0.25 0.05 0.01 0.11 0.001
Insufficient level of the necessary qualification of specialists 0.25 0.05 0.01 0.11 0.001
The risk for the implementation of phase 2 R =0.001*4 + 0.003*5 = 0.02
The decision on stage 2 The risk is assessed as low and is accepted as valid
Step 3 — Manufacture of models and prototypes the component part SV, SV and hardware-software complex for ground testing
The imposition of sanctions and bans on the sale of Russian
Federation of the devices and elements of electronic component 0.25 0.05 0.01 0.11 0.001
base
Refusal or change of .terms of c'iehvery of the requested 025 0.05 0.01 o011 0.001
resource, because of imperfection of the legal system
The ch in the vol f 11 for th
. ec angel.nt evoum.eo funds allocated for the 0.5 0.05 0.03 o011 0.003
implementation of experimental ground tests
The growth of prices in the domestic market for parts and fuel 0.5 0.05 0.03 0.11 0.003
and energy resources
The lack of production capacity of enterprises of space-rocket 025 0.1 0.03 011 0.003
industry
Exhaustion of inistrati ientifi hnological

xhaustion of administrative, scientific and technologica 025 0l 0.03 o011 0.003
groundwork
The 1mperfect10n and obsolescence of production technology 025 ol 0.03 o011 0.003
and testing bases
Failure of terms of deliveries of material resources cooperation 0.25 0.05 0.01 0.11 0.001
Insufficient level of the necessary qualification of specialists 0.25 0.05 0.01 0.11 0.001
The risk for the implementation of phase 3 R =0.001%4 + 0.003*5 =0.02
The decision on phase 3 The risk is assessed as low and is accepted as valid

Stage 4 — the prototype (flight) SV component part samples, measuring and computing complex, checkout equipment and ground
process equipment to the SV and its component part, carrying out experimental ground tests component part

The imposition of sanctions and bans on the sale of Russian

Federation of the devices and elements of electronic component 0.25 0.05 0.01 0.11 0.001
base

Refusal or change of.terms of qellvery of the requested 025 0.05 0.01 o011 0.001
resource, because of imperfection of the legal system

.The change 1'n the Volum.e of funds allocated for the 05 0l 0.05 o011 0.006
implementation of experimental ground tests

The growth of prices in the domestic market for parts and fuel 05 0.05 0.03 011 0.003
and energy resources

The lack of ti ity of enterpri f -rocket

. e lack of production capacity of enterprises of space-rocke 025 ol 0.03 o011 0.003
industry

Exhaustion of administrative, scientific and technological 025 ol 0.03 o011 0.003
groundwork

The 1mperfect10n and obsolescence of production technology 025 0.1 0.03 o011 0.003
and testing bases

Failure of terms of deliveries of material resources cooperation 0.25 0.05 0.01 0.11 0.001
Insufficient level of the necessary qualification of specialists 0.25 0.05 0.01 0.11 0.001
The risk of implementation of phase 4 R=0.001*4 + 0.003*4 + 0.006= 0,02
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Continuation of table 5

A decision on stage 4 The risk is assessed as low and is accepted as valid

Stage 5 — Development of ground control complex and ground station for reception, processing and dissemination of information

The ch in the vol ffi 11 fi ision of

e change in the volume of funds allocated for revision o 0.5 o1 0.05 0.14 0.007
ground control complex

The growth of prices in the domestic market for parts and fuel 0.5 0.05 0.03 0.14 0.004
and energy resources

The lack of production capacity of enterprises of space-rocket 025 0.1 0.03 0.14 0.004
industry

Exhaustion of administrative, scientific and technological 025 ol 0.03 0.14 0.004
groundwork

The imperfection and obsolescence of production technology 025 o1 0.03 0.14 0,004
and testing bases

Failure of terms of deliveries of material resources cooperation 0.25 0.05 0.01 0.4 0.002
Insufficient level of the necessary qualification of specialists 0.25 0.1 0.03 0.14 0.004
The risk of implementation of phase 5 R=10.002 + 0.004*5 + 0.007 = 0,02

Solution for stage 5 The risk is assessed as low and is accepted as valid

Stage 6 — Production, experimental ground testing, flight testing, launch preparation, the launch of the SPACECRAFT '"meteor-M"
Ne 2-3

The ch in the vol f fi llocated for th

The change in the volume o unds allocated for the 0.5 ol 0.05 0.14 0.007
implementation of flight tests

The growth of prices in the domestic market for parts and fuel 0.5 0.05 0.03 0.14 0.004
and energy resources

Contamination of areas separating from parts of rockets 0.25 0.05 0.01 0.14 0.002
Environmental pollution in case of accidental launches 0.25 0.05 0.01 0.14 0.002
The lack of production capacity of enterprises of space-rocket 025 ol 0.03 0.14 0.004
industry

The 1mperfect10n and obsolescence of production technology 025 0.05 0.01 0.14 0.002
and testing bases

Failure of terms of deliveries of material resources cooperation 0.25 0.05 0.03 0.14 0.004
The risk for the implementation of phase 6 R =0.002*3 + 0.004*3 + 0.007 = 0,02

A decision on stage 6 The risk is assessed as low and is accepted as valid

Step 7 — Production of experimental ground testing, flight testing, launch preparation, launch SV "Meteor-M" Ne 2-4

The change 1.n the Vo.lume of funds allocated for the 05 0l 0.05 0.14 0.007
implementation of flight tests
The growth of prices in the domestic market for parts and fuel 0.5 0.05 0.03 0.14 0.004
and energy resources
Contamination of areas separating from parts of rockets 0.25 0.05 0.01 0.14 0.002
Environmental pollution in case of accidental launches 0.25 0.05 0.01 0.14 0.002
The lack of production capacity of enterprises of space-rocket 025 0.1 0.03 0.14 0.004
industry
The i fecti 1 f tion technol

e 1mper ection and obsolescence of production technology 0.25 0.05 0.01 0.14 0.002
and testing bases
Failure of terms of deliveries of material resources cooperation 0.25 0.05 0.03 0.14 0.004
The risk of implementation of phase 7 R=0.002*3 + 0.004*3 + 0.007 = 0.02
The decision to stage 7 The risk is assessed as low and is accepted as valid
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CONCLUSION

The main results of the research is the methodology for
risk assessment and predicting the effects of changes in the
composition of activities of the Federal space program of Rus-
sia for 2016-2025.

In the process of analyzing the world and domestic prac-
tices of program planning revealed that at the present stage of
development of program-oriented planning, are the main di-
rect methods of expert estimations and the linear programming
by determining the integral of the weighted sum of the normal-
ized evaluations of the indicators have a number of inherent
disadvantages. Namely, the lack of guarantees of reliability of
the obtained results because of the subjectivity of opinions and
professional according to experts, a great complexity in the
collection and processing of survey results, a relatively small
forecast horizon, the complexity of the integral evaluation due
to the narrow specialization of experts and others.

During the preliminary studies identified ways of im-
proving the forecast values of the indicators of program plan-
ning and improvement of methods of calculation of efficiency
of target programs on the basis of multi-criteria methods of
optimization and decision-making.

Developed practical recommendations on the applica-
tion of the integrated technique of justification, program-ori-
ented planning in the selection of options for the creation and
use of space complexes socio-economic and dual-use goods.
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AHHOTALIUA

B ctaTbe npepcrtaBnsieTcs pelleHUe 3ajayn OLEHKM PUCKOB, Npo-
rHO3MPOBaHUSA WX MOC/NEACTBAA MPU CO3OaHUWN MEPCNEKTUBHbIX
KOCMWYECKUX CUCTEM U KOMIMJIEKCOB ABOVHOINO U COLMAJIbHO-3KO-
HOMMWYECKOTO Ha3Ha4YeHWs B paMKax peasiu3aumv MepornpusTUn
®DepepanbHon kocMmuyeckon nporpammbl Poccun Ha 2016-2025.
PaccmatpuBatoTcs nyTv u MeToAbl MPakTUYeCKON peanusaumm AaH-
HOW 3apauu.

LeTanbHo paccmaTtpurBaeTcs 3agadya opraHnsaLumn npouecca naeH-
TMdMKaLMM PUCKOB, KOTOPbIN AOSKEH YYUTbIBATb OCHOBHbIE MPO-
GnieMbl, XapakTepusylolime TeKylllee COCTOsIHUE PaKeTHO-KOCMU-
4Yeckou OTpacsiv M oKasbiBaloliMe BJIUSHWE, KaK Ha BbIMOJSIHEHME
oTAeNbHbIX MeponpuaTun, Tak n ®egepanbHon KocMUYecKon npo-
rpammbl Pocenn Ha 2016-2025 ropbi B Liesiom.

B ctaTbe onpenenieHo MeCTo npouecca ynpasneHusi puckamu B 06-
el CTPYKTYpe NpoLeccoB B 4acTv MHPOPMALMOHHO-aHAIUTUYECKO-
ro obecneyeHus ynpasneHvem peanusauvenn PepepasnbHo KOCMU-
yeckom nporpammsl Poccun Ha 2016-2025 roabl. ChopmynmpoBaHbl
Lefib npouecca ynpasieHus pUckaMyv M OCHOBHbIE MPUHLMIMbI €ro
OCyLLEeCTBIEHUS.

MN3noxkeHa npouenypa MOHUTOPUHra PUCKOB obecrneuyvBatolias,
Kak KOHTPOJIb YPOBHSI PUCKOB Meponpuatui, npoektoB n Pepe-
panbHOM KocMmmuyeckor nporpaMmbl Ha 2016-2025 rogel B Lenom,
Tak U KOHTPOJIb MJIAaHOB peasin3aunn MepornpuUsSTUN NO CHUXXEHUIO
HeAOoMNyCTUMbIX YPOBHEW PUCKOB.

PaspaboTtaHa npouepypa NPUHATUS peLUeHMs MO pesysibTaTam

OL€HKU PUCKOB, ocyulecTBisseMas OOJDKHOCTHbIMU nuamMu rOCKOp-

TIOPUHA Lapbs AMuTpueBHa,

r. Koponés, Poccus, TyurinaDD@tsniimash.ru

KJTFOYEBBIE CJIOBA: mHorokputepuansHble MeToAbl; OLeHKa
M BUABI PUCKOB; PUCKOBOE COBLITME; MoKasaTesn xapaKTepucTuk

paKeTHO-KOCMVI‘-IeCKOljl TEXHUKWU.

nopauumn no KocMmuyeckon aestensHocTn «Pockocmoc» u obecne-
4MBaloLLas, B 3aBUCKMOCTU OT YPOBHS PUCKOB, peasin3aLmio niaHoB
MepOonpPUATUNA MO CHUXKEHUIO UX YPOBHS U MUHUMM3ALMN BO3MOX-
Horo yuiepba.

Ha ocHoBe npumepa oueHku puckos peanusauun OKP «Meteop-
3M» paspaboTaHbl NpakTUYeckme pekoMeHgauum no NPUMeHeHno
KOMMIEKCHOW METOAMKN OLEHKWN PUCKOB M MPOTrHO3UPOBaHUS MX
NocfieACTBUM MpPU U3MeHeHun coctaBa Meponpustun Pepgepans-
HoW kocMuyeckom nporpammbl Poccunn Ha 2016-2025 roapl B 4acTtn
KOCMUYECKNX CUCTEM U KOMMJIEKCOB ABONHOIO U COLMaSIbHO-3KOHO-

MNYEeCKOro HasHa4yeHud.
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ABSTRACT

The process of maneuvering aircraft tracking with radar equipment is a difficult task, because
it is carried out under conditions of uncertainty about the nature of a possible maneuver,
which leads to considerable errors in calculating the size of the strobe. One of the most per-
spective ways to overcome this uncertainty task is the use of fuzzy logical conclusion.

The aim of the work is the lowering of the possibilities of skipping marks and the formation of
false trajectories by using correction expansion factor of the strobe when it is accompanied
with maneuvering aircraft.

Recently, active introduction of new methods and models into industry and military affairs
began, which were developed on the basis of fuzzy logic. The use of "fuzzy systems" allows to
reduce resource and energy costs and provides a higher resistance to the influence of inter-
fering factors than traditional automatic control systems can provide.

Fuzzy control is especially relevant when the processes under investigation are too compli-
cated to be analyzed by conventional methods or when available sources of information are
interpreted poorly, inaccurately or indefinitely. Fuzzy logic is closer to human thinking and
natural languages than traditional logical system and it could provide effective means of dis-
playing uncertainty and inaccuracies of the real world.

The machine of fuzzy sets and fuzzy logic is successfully used to solve the problems in which
the initial data are unreliable and weakly formalized.

This work presents an algorithm of forming of the tracking strobe, in which the calculation of
the required strobe size is carried out by using of linguistic variables for the variance of meas-
urement and extrapolation errors, changes in speed and in estimated time before the start of

maneuver and which increases the probability of sustained support for maneuvering aircraft.

KEYWORDS: maneuvering aircraft's; strobing; fuzzy logical conclusion; linguistic variable.

For citation: Prorok V.Y., Khalikov E. M., Okhotnikov Y.Y., Shaymukhametov S.I. The tracking strobe formation algorithm on
the maneuvering aircrafts on the basis of an fuzzy logical conclusion. H&ES Research. 2017. Vol. 10. No. 1. Pp. 100-107.
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INTRODUCTION

It is quite difficult to solve the task of the sustainable
support of maneuvering aircrafts (MA) by radar stations (RS)
at the moment [1]. This is due to the uncertainty of conduct of
this type of target in the area of the RS, which leads to an in-
crease of the number of measurement and extrapolation errors
in the processing of treatment of radar information. The visual
target does not fall into the next strobe and is dropped from the
accompanying as a result [2].

Strobe is a preselected area of the RS field of view,
which coordinates of the center is the same with the coordi-
nates of the extrapolated mark. The type and size of the strobe
are determined on the basis of statistical data about the accura-
cy characteristics of information sources, errors in information
processing and maneuverable capabilities of targets [3]. At the
same time, the required values of the quality of the support
should be provided (for example, the reliability of the track-
ing, the resolution of the tracking system, the probability of
correct selection) [4].

We will consider structure of the operations which are
carried out at stages of processing of radar information (RI):

1) stage of the tying the trajectory: strobing, rough esti-
mation of parameters;

2) stage of the tracking: extrapolation, strobing, selection
of the marks, parameter’s estimation [5].

The process of detecting and tying a trajectory is present-
ed on the fig. 1.

In the first period of overview received a mark from the
target Z, with the coordinates r = 576,2 km, 8 =43°, £ = 3,53°.
The strobe of capture is exposed around her. The strobe of cap-
ture is based on the known maximum speed capabilities of the
target. In the next period of overview, the mark Z, (r = 575 km,
B =42° &=3,52°) was caught in the strobe. A rough estimate
of the speed is made by using two marks, and the coordinates
of the second (last) mark are taken as the estimated coordinate
values, after that the transition to the accompaniment phase is
carried out [6].

The extrapolated parameters of the first strobe are calcu-
lated by formulas:

z‘?‘*z:—-—‘—‘:_‘_‘:_ "'A

_-_Th"“-‘ag;-.

Tracking

Fig. 1. The process of detecting and tying a trajectory along a target
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r,=r+17,
— 2

Be _BI+TE) ’

g, =¢, + g,

where 1, B,,e, — extrapolated range values, bearing angle and
angle of elevation;

T,— RS overview period;

f,B,& — measured values radial, azimuthal and angular
speeds [7].

The strobe is exposed around the extrapolated value,
which was calculated with allowance of the measurement and
extrapolation errors. In this case, the strobe sizes are calculated

by formulas:
Y Ar:2-n-,lDr,

AaaZim = 2 ’ n ’ V D“uzmt ’

Aa,,=2-n-[D

o
where Ar, Ao, , Aapla — the size of the strobe in azimuth,
elevation angle and range;

D..D ,D — dispersion of extrapolated azimuth, el-
evation angigmanduflénge;

n — expansion coefficient of strobe [8].

The accuracy of the coordinates and speed is determined
when the next mark from the target hits this strobe. Let us con-
sider the reasons for the appearance of false trajectories in the
secondary radar processing system. Let's say that two marks
hit the strobe of capture. In accordance with the criteria of the
string, trajectories will be formed for both of them and sent for
confirmation [9]. At the confirmation stage, extrapolated co-
ordinates are calculated around which confirmation strobe are
exposed. In the strobe of the true trajectory a mark has fallen in
the current review period, but the false one has not. That’s why
the coordinates are smoothed out and transmitted to the track-
ing along the true trajectory, and a decision about the dump
from processing is taken on the false trajectory (fig. 2)

If mark Z is not get into the strobe of the true trajectory
(maneuver, malfunction, gross measurement error, etc.), then
the extrapolated values on this trajectory are taken as estimat-

true mark
Y, EESEEE 10 ISR
- P b 4
5 o
A
oA
M " X W~~~
) \ ' 1AL
\A false T
arks

reset by failure of

m
reset by failure of the
the support criterion

confirmation criterion

Fig.2. The formation of the false trajectories
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ed values of the coordinates and extrapolation is carried out for
the next (fourth) review period.

The strobe of capture is exposed around the mark Z and
the size of the strobe of capture much bigger than the size of
the strobe of tracking. And that’s the reason why the true mark
can get into the strobe of capture and the strobe of tracking at
the same time with a high possibility (fig. 2). The false trajec-
tory is forming as a result.

The errors in the extrapolation of coordinates sharply in-
crease while tracking the maneuvering target and to achieve a
high possibility of hit the target in the strobe it is necessary to
increase its size, which depends on the intensity of the maneu-
ver and the smoothing ability of the extrapolation algorithm in
that case. If in the tracking algorithm only two hypotheses are
taken into account - whether there is a maneuver or not, then
for maneuvering targets the strobe should be calculated on the

belonging are forming to determine the degree of truth of the
next preconditions of each rule [11-12].

The value of the dispersion of measurement errors and
extrapolations D is proposed to be estimated by a linguistic
variable with terms: LOW (LOW), MEDIUM (MED), HIGH
(HIGH). The functions of affiliation to a linguistic variable are
determined by using the fuzzy classification algorithm. The
training sample for constructing the affiliation functions of
characteristic D is exposed in tab.1.

The results of calculating the class centers of the classifica-
tion scale for characteristic D are given in table 2. The type of the
proposed characteristics of affiliation functions is given on fig.4.

Table 1
A training sample for constructing affiliation functions of the
characteristic D

basis of the intensity of the maneuver [10].
Characteristic values Function of affiliation p,(D)
D, km?
THE FORMING OF THE TRACKING STROBE " 3 T T
ON THE BASIS OF FUZZY LOGIC — 1‘;“(: g 0‘(‘)““ ol(?o
This work presents a strobing algorithm based on fuzzy i i i i
logic, which is used to increase the sustained track for maneu- 0.10 0.98 0.02 0.00
vering aircraft and allows to reduce the possibility of skipping 0.13 0.66 0.34 0.00
marks and the formation of false trajectories by improving the 0.17 0.23 0.77 0.00
coefficient of expansion of the strobe n. The scheme of the 0.20 0.01 0.98 0.01
algorithm is given on fig.3. 0.23 0.00 0.73 0.27
The description of the solution of a problem of determi- 0.27 0.00 0.31 0.69
nation of the sizes of tracking strobe is submitted further. The
. . . . 0.30 0.00 0.01 0.99
size of dispersion of errors of measurement and extrapolation 031 0.00 0.00 100
is defined and it is given to an fuzzy look, then the functions of . . . .
o [T
| B e— :
I
! o Algorithm of |
selected of the next | | Fuzzification of input one-dimensional -
detected trajectory : ek indictinct classification | !
i ;
: Base of rules of '
: receiving a linguistic|
5 R : variable n i
ispersion size sment of the expacted ; :
l:gement time before the sartof the | | Logical conclusion |
maneuver | = '
I Correction of atype of '
| affihation functions '
: :
| I
Assessment of : ficati -
. Calculation of the size of 2 " ol Wﬂuoﬂ ofa !
magnitude of change of strobe el & ‘: Composition Ry B '
F I
I ]
I

| l .

Fig.3. The scheme of an algorithm of formation of a tracking strobe on the basis of an fuzzy logical conclusion
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Table 2
The results of calculation of class centers

Characteristic D, km?

Low Medium
0.093 0.201

High
0.308

The procedure of a fuzzification is carried out according
to expression:

D, = max(p,(D)Ap(D)A...u (D)), VDeD,

where D, — fuzzy value of the dispersion,
| — total number of affiliation functions (I = 3 for fig.4),
® — domain of definition D (D =[0.09, 0.31]).

Next, the value of the change in speed dv is calculated
for each of the coordinates between the previous and the cur-
rent step and is reduced to an fuzzy form, then the affiliation
functions are formed.

The value of dv is suggested to be estimated by a lin-
guistic variable with terms: LOW (LOW), MEDIUM (MED),
HIGH (HIGH). The functions of affiliation to a linguistic vari-
able are determined by using the fuzzy classification algorithm
[13]. A training sample for constructing the affiliation func-
tions of the characteristic dv is presented in table 3.

Vol 10. No. 1-2018, H&ES RESEARCH
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Table 3
A training sample for constructing affiliation functions
of the characteristic dv

Characteristic values Function of affiliation m(dv)
dv, km/s

Low Medium High
0.00 0.95 0.05 0.00
0.05 0.30 0.40 0.00
0.10 0.04 0.90 0.06
0.15 0.00 0.40 0.50
0.20 0.00 0.05 0.95

The results of calculating the class centers of the classi-
fication scale for the dv characteristic are presented in table 4.
The type of proposed affiliation functions is presented on fig.5.

Table 4
The results of calculation of class centers
Characteristic dv, km/s
Low Medium High
0.002 0.101 0.198

The procedure of a fuzzification is carried out according
to the expression:

- ¥ T
MED HIGH

K Low
1
os - 4
° L 1 L I L 1 L | | L 4
o1 012 o4 016 018 022 oM 026 028 03D, km?
Fig. 4. The functions of affiliation of a linguistic variable D
L} L] L} L] L} L] L] L
K| LOW MED HIGH
1
os - =
o 1 1 1 1 1 1 1 T v, Jom/s
0 002 004 008 008 012 oM 016 018 02

Fig. 5. The affiliation functions of the linguistic variable dv
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dv, = max(p, (dV)Ap,(dV)A...p(dv)), VdveQ,

where dv, — fuzzy value of speed change,

m — total number of affiliation functions (m = 3 for fig.5),

Q — domain of definition dv ( Q =[0,0.2]).

Further, the estimated time tman is determined before the
start of the target maneuver in the radar field of view (when
the execution is found to be the target of a maneuver, the al-
gorithm generates the sign of P, the value tman is not taken
into account in this case (table 7)), fuzzificating and the affili-
ation function is forming.

The value of tman is suggested to be estimated by a lin-
guistic variable with terms: LOW (LOW), MEDIUM (MED),
HIGH (HIGH). The functions of affiliation to a linguistic
variable are determined by using the fuzzy classification al-
gorithm. The training sample for constructing the affiliation
functions of the characteristic tman is presented in table 5.

Table 5
Training sampling for constructing the affiliation functions
of the characteristic tman

Characteristic values Function of affiliation m(t__ )

t ,sec

an Low Medium High
0 0.95 0.05 0.00
3 0.70 0.30 0.00
5 0.30 0.70 0.00
7 0.05 0.90 0.05
10 0.00 0.85 0.15
12 0.00 0.50 0.35
15 0.00 0.05 0.95

In table 6 the results of the calculation of the class centers
classification scale for the characteristic of tman are given. The
membership functions presented in fig.6.

The procedure of fuzzification in accordance with the
expression is carried out:

tf = max(u](tman)/\uz(tman)/\"'“’k(tman))’ Vtmane z’

where t, — the fuzzy value of the time amount before the
maneuver,

k — the total number of membership functions (k = 3
for fig.6),

¥ — a domain of definition tman (T = [0,15]).

Table 6
The results of the calculation of the class centers

Characteristic of t__, seconds
Medium

Low High

0.000 7.521 14.993

By obtaining the linguistic values of the strobe expan-
sion coefficient n which is the key in determining the size of
the strobe to implement the fuzzy inference rules were devel-
oped [14]. According to the following template based on the
table 7 rules are formulated:

IF the dispersion value D is LOW AND the value of dv
is HIGH AND the value of t  is MED, THEN the value of
n is MED.

In fig 7 the dependence of coefficient n from the input
value of dispersion, value of velocity changes and value of the
time before the start of maneuver is shown. The intensity of
the black color reflects the value of n (the darker the color, the
smaller the n value).

To perform defuzzification (conversion to definition) of
value n the method of center of gravity is used. The ratio for
modification to a definite view looks like:

ﬁ:.[n,u(n)dn/j-y(n)dn,

where N — is a estimation of definite value of n obtained by
selecting method of the center of gravity [15].

Fig. 6. The membership function of the linguistic variable tman
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Table 7
The rule base to obtain the value of n
The value of D, km?
LOW MED HIGH
The value of t__, sec
The value of dv, km/s

LOW MED HIIGH LOW MED HIIGH LOW MED HIIGH
LOW LOW LOW LOW LOW MED MED MED MED HIIGH
MED LOW LOW MED LOW MED MED MED MED HIIGH
HIIGH LOW MED MED MED MED HIIGH MED HIIGH HIIGH
Pmzm MED MED MED MED HIIGH HIIGH HIIGH HIIGH HIIGH

¢)

Fig. 7. a) the dependence of n on input values of time before the start of the maneuver and the value of the velocity changes;
b) the dependence of n on input values of dispersion and the value of the velocity changes;
¢) the dependence of n on input values of time before the start of the maneuver and dispersion

105



HAYKOEMKME TEXHOJIOTM NN B KOCMINYECKNX MCCITEAOBAHUAX 3EMJI, T. 10. N° 1-2018

NYBVMKALMU HA AHTIMCKOM S3bIKE

ANALYSIS OF THE ALGORITHM STROBING
PERFORMANCE RESULTS

For illustration of the proposed algorithm based on fuzzy
logic, consider the results of the operation of the strobing on
target. In fig.8 are graphs of the dependency of the probability
of missing the mark P_, (fig.8 a) and the probability of ties of
false trajectories P, (fig.8 b) by the intensity of the maneuver-
ing target A=dv/g, where dv is the acceleration of the target
in the coordinate, g=9,8 m/s2. In the figures red curves —
correspond to an existing algorithm, blue curves — using an
algorithm based on fuzzy logic is obtained.

Analysis of the graphs shows that using the proposed al-
gorithm based on fuzzy logic, when accompanied maneuver-
ing target allows to reduce the probability of missing the mark
P_.. and tie false trajectory P, of 5-10% compared to existing

miss

algorithm.

CONCLUSION

Thus, we can conclude that the solution of the problem
of MA tracking in conditions of uncertainty of its behavior in
the coverage of the radar with existing methods and algorithms
is carried out with significant errors, which leads to entangle-
ment of the trajectories or the tie of a new, and in the worst
case, reset the targets with tracking. The algorithm of strobe
formation on the basis of fuzzy logical conclusion allows to
increase the stability of tracking of the MA and reduce the
probability of mark missing and the false trajectories tie.
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JIETATEJIbHbIM AMNMAPATAM HA OCHOBE HEYETKOIO JIOTMYECKOI'O BbIBOJA
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AHHOTAULUSA

Mpouecc conpoBoXAEHNs MaHEBPUPYIOLLMX JleTaTesbHbIX annapa-
TOB PafIMOJIOKaLIMOHHBIMY CPeACTBaMU SIBJIIETCS C/IOXKHOW 3afa4en,
Tak Kak OCyLL,eCTB/ISIETCS B YC/IOBUSIX HEONPEAeSIeHHOCTM O XapakTe-
pe BO3MOXHOro MaHeBpa, YTO MPUBOAUT K 3HAYUTESIbHbIM NOrpeLu-
HOCTSIM Mpu pacyeTe pasmepa cTpobos conpoBoxaeHus. OgHUM u3
nepcrneKkTUBHbIX HampaBieHUA NPeOofOoIeHNs TakoW Heonpeaenex-
HOCTU IBNISIETCS UCMOJIb30BaHME HEYETKOrO JIOrMYeCcKoro BbiBoAa.
Llenbto paboTbl siBASieTCsi MOHMXKEHWE BEPOSITHOCTEN NpOMycKa oT-
METOK 1 3aBSI3KW JTIOXKHbIX TPAEKTOPUI NPU CONPOBOXAEHNN MaHeB-
PUPYIOLLMX NleTaTeNbHbIX annapaToB C MOMOLLbIO KOPPEKLUM KOdb-
duumeHTa paclumpeHuns ctpoba.

B nocnepHee Bpemsi Hayanocb akTMBHOE BHEeJPEHNE HOBbIX METOAOB
1 Mopesieln paspaboTaHHbIX Ha OCHOBE HEYETKOW JIOMMKM B MPOMBbILL-
JIEHHOCTb 1 B BOeHHOe Aeslo. Vcnonb3oBaHne «HeYeTKnX CUCTeM» no-
3BOJISIET YMEHbLLNTb PECYPCO- M SHepro3aTpatsl n obecneunsaet bonee
BbICOKY!O YCTOMYMBOCTb K BO3A,EMCTBUIO MeLLatoLLyX HaKTOpOB Mo cpas-
HEHMIO C TPaAULIMOHHBIMU CUCTEMaMM aBTOMAaTUYECKOrO YNpPaB/ieHuS.
HeueTkoe ynpaBneHune okasbiBaeTcsi 0COBEHHO aKTyasibHbIM, KOrAa
nccnegyemble NPOLECChI ABSIOTCS CIMLLKOM CJIOXKHbIMM AJ151 aHaU-
3a C NOMOLLBIO ODLLENPUHSATBIX METOAOB WM KOrAa JOCTYMHbIE UC-
TOYHMKM MHPOPMALIMMN MHTEPMNPETUPYIOTCS HEKaYeCTBEHHO, HETOUHO
Unun HeonpepeneHHo. HeveTkas noruka, npegocrasnsiolas s dek-

TUBHbIE CpencTBa 0T06pa)|<eva Heonpe,u,eneHHOCTePl N HETOYHO-

LUAMMYXAMETOB LUamunb UnbpycoBuy,
r. Cankr-Metepbypr, Poccus, 28_172@mail.ru

KJTFOYEBbBIE CJTOBA: maHeBpupytloLue netaTesibHble annaparbl;
CTpoBupoBaHNe; HeYETKUI NTOTUYECKUNA BbIBOA,; JIMHIBUCTMYECKAS

nepemeHHasi.

CTell peasibHOro MMpa, 1 Ha KOTOPOW OCHOBAHO HEYeTKoe sIBJIeHMe,
6J'|V|)Ke K l'ieJ'loBe"leCKOMy MbILLWTEHUNIO N €CTECTBEHHbIM A3blKaM, HeM
TPaAULMOHHbIE JIOrMYecKne CMcTeMmbl.

Annapat HeYeTKNX MHOXECTB 1 HEYETKOW JIOFMKM yXKe AaBHO C ycne-
XOM MPUMEHAETCA AN1f PeLleHns 3afad, B KOTOPbIX UCXOOHble AaH-
Hble IBNAIOTCSA HEHAAEXHbIMU 1 cnabo GopMannsoBaHHbIMU.

B pabote npepncrtasneH anroput™m ¢popmupoBaHus ctpoba conpo-
BOXAOEHWA, B KOTOpOM C NCMNOJIb30BaHNEM JIMHIBUCTUYECKUNX rlepe-
MEHHbIX BENIMYMH ANCMEPCMU OLLIMBOK M3MEPEHNS 1 SKCTPaNonaLmuu,
M3MEHEHNs CKOPOCTY ABMXKEHUS U NPeAnonaraeéMoro BpemMeHun Ao
Hauana MaHeBpa OCyLLeCTB/seTCA pacyeT HeobxoanMoro pasmepa
cTpoba noBbiwas BEPOATHOCTb YCTOMYMBOrO COMPOBOXAEHUSI Ma-

HEBPUPYIOLMNX NeTaTesibHbIX annapaTos.
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