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Hay4yHO-npou3BOACTBEHHBIN LLEeHTP
NHbOopMaLMOHHbIX permoHanbHbiX CUCTEM

» npcirs.ru

3aKpeiToe aKLuMoHepHoe 0buecTBo "Hay4Ho-NpOM3BOACTBEHHbIN LEHTP MHGOPMaLUOHHbIX PErMOHANbHbIX
cucTem" ABnseTcA npeanpuaTUem, pa3pabarbiBalouum aBTOMaTU3MPOBaHHbIE CUCTEMbI CNELMANbHOTO HasHAYeHUA.

OCHOBHbIMM HanpasneHmaAMKu Hallen AeATeNbLHOCTU ABNAIOTCA:

- MPOEKTUMPOBAHKE, CO3AaHME U PEMOHT aBTOMATU3NPOBAHHbIX CHCTEM YNPABNEHMA U MX COCTABHbIX H4ACTEN, CUCTEM
06paboTHIt AaHHEIX, NPOrPamMMHOr0 06eCneYeHnA, MHQOPMALMOHHBLIX CUCTEM ANA MOCYAaPCTBEHHBIX OPraHu3aumni u
HOMMEDYECHUX KOMMNAHWA;

- paspaborka obwecucTemMHoro v npuknaagroro M0, BHEAPEHWE M CONPOBOMAEHWE MH(OPMALMOHHBIX CUCTEM;

- 3aWmMTa MHOPMaL MK B CUCTEMAX YNPABAEHUA, NTOKANbHbIX BHIYUCNUTENBHBIX CETAX, NPOrPAMMHO-annapaTHbix
KOMMNEHCax, TENEKOMMYHUKaUWOHHbIX CHCTEMAX;

- NPOWU3BO/CTBO W NOCTABKA TEXHUYECHWX CPEACTB, B OIMCHOM M 3aWWILEHHOM NCNDAHEHWUM;

- CO3AaHWE, BHEAPEHUE U CONPOBOKAEHWE ONEPATUBHLIX W YYETHLIX CUCTEM NIODOM COMHOCTI;

- @HanU3 aBTOMaTM3MPOBAHHBIX CUCTEM Ha NPEAMET Pa3paboTKU K HUM KnaccuhMKaTOPOB M HOPMATHMBHO-CNPABOYHOM
UHthopmaymm;

- paspaboTHa NPOEKTOB 1 co3faHne rMobanbHeiX, KOPNOPATUBHLIX, NOKANBHBIX TENEKOMMYHUKALMOHHLIX CUCTEM W
CTPYKTYPUPOBAHHLIX HabenbHbIX CeTei.

Co3paBaemble npeanpuaATHem cpeacTBa (KOMNNEeKChbl CPpeACTB aBTOMATU3aLuu, NPporpaMmmHele 1
nporpamMmmHo-MHGOPMaLUOHHbIE KOMNJIEKChI, UH(OPMaLMOHHbIE U3[eNus) IKCNYaTUPYIOTCA B PasuyHbIX
rocyAapCTBEHHbIX OpraHax: B OpraHax BoeHHoro ynpasneHus Munucrepcrea o6opoHsl PO, a Takie Ha
NpeAnpUATUAX, B OPraHU3aLunx, B OpraHax MecTHoro camoynpaeneHus cy6bexkTos PO, 3aHMMa0WMXCH BOMHCKUM
yueTom.

HayuHble uccnegoranun B cpepe KHCH no3B0NAOT HaM Ka4eCTBEHHO aHanu3MpoBaTh aBTOMaTU3UpOBaHHbIe
CUCTEMBI M pa3pabarbiBaTb K HUM KNacCU(MKaTOpbl U HOPMATUBHO-CNPABOYHY0 MHOPMALUIO.

Ha paHHbIA MOMEHT yie umerLuecs pa3paboTu No3BoNAIOT]

- CO3/laBarb KnaccudMKaTopbl NO eAMHLIM NPABUAAM, HE3ABUCHMO OT MX COACPIUMOro;

- CO3A@BaTh MacCUBbI KNAcCUMUKALWOHHON, HOPMaTUBHO-CNPABOYHON MHMOPMAaLWMKY B BUAE 3TANOHHBIX U KOHTPONLHbIX
IHIEMNNADPOB;

- CO3A@BaTh M BECTW UeHTpanu3oeaHHblin Bank YMM knaccudmKatopos (HopMaTMBHbIE JOKYMEHTh! KOAWPOBAHWUA CBEAEHUI);
- KomnnexToeats maccuesl KHCK ans noctasku Ha 00beKTLl, B HacTH Kacarullencs;

- nposoauTb y4etT KHCU 1 nocraBiy Ha 00beKTL aBToMaTH3auum;

- UEHTPaNM30BaHHO BHOCWUTL M3meHeHusa B KHCK;

- CHHXPOHW3MPOBATL B3aUMOAENCTBME 0OBLEKTOB, MCNONL3YIOWKMX Knaccudmkatopsl (KHCW) u Yo/,

- obecneynTs COBMECTUMOCTL AaHHbIX 6a3 AaHHbIX 06bEHTOB;

- obecneyuts obmeH Gazamu AaHHbIX MEXAY Pa3NMYHbLIMWN aBTOMATU3MPOBAHHLIMW CUCTEMAMK C TEPPUTOPHANEHO
pa3HeceHHbIMU MCTOYHMHAMK MHDOopMaLMK.

Konnexkrus 3A0 "HIL, UPC" o6pazoeaH Ha ocHOBE KonnekTuea focyAapCcTBEHHOMO YHUTAPHOTO NpeanpuaTus.
YHacnepoBas ero onbiT Hay4HO-NPOM3BOACTBEHHOM AEATENLHOCTH, NpodeccMoHanbHbIe 3HaHMA KONNEKTMBA
CNELNannCToB, KOTOPbIN LiefleHanpaBneHHo 3aHUMaeTca Npo6iemaTuKoi aBToMarusayuy AesTenbHoCTH
AONKHOCTHBIX WL, OPraHoB BOBHHOIO ynpasneHusa BoopymenHsix Cun PP 1 paspaborkoi eanHoro
UHbOpMaLUOHHOro o6ecneyeHns aBTOMaTU3UPOBAHHbIX CUCTEM BOEHHOTO Ha3HayeHus 6onee 15 NeT, BbiNONHASA
KaK TeopeTUYecKue, Tak W npaxkTuueckue pabotbl B 3T0i obnacTu.

H““ HFE Tenedon: 8(800)100-40-90

E-mail: administrator@npcirs.ru
Hayiko-ngonssogcraesph Lep
MHBOPMBLNOHHLD DETIHOMEALHEIX CICTEM

¥ npcirs.ru
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ABNALMOHHAA NN PAKETHO-KOCMUWYECKAA TEXHUKA
ABepkueB H.®., Baacos C.A., ’I ’I

Kurnukos T.A., KyasBun A.B.

DopmupoBaHUEe CTPYKTYPbl OaJUTMCTUYECKU CBA3AHHOM TPYIIIBI

KOCMHYECKHX alNapaTtoB JUCTAHI[OHHOTO 30HINPOBAHUS 3eMIIT

Munakos E.II., Tapacos A.I. ’I 7
30HHBII MOAXOA K OIIEHUBAHUIO XapAaKTEPUCTUK POOOTOTEXHMUECKUX CHCTEM
1 KOMIIJIEKCOB JIMKBUAAIMHU SKCTPEMaIbHBIX CUTYaIUil TPU MTOATOTOBKE
U NIPOBEJICHUH ITyCKOB PAKeT KOCMUYECKOr0 Ha3HAYEHUs

MPUBOPOCTPOEHWME, METPOJIOINA
N NHOOPMALNOHHO-U3MEPUTEJIbHBIE MPUBOPLI N CUCTEMBbI
Muponos A.H., HoBukos A.H., Manaxos A.B. 2 5

WHauBuIyansHO-TPYIIIOBOE TPOTHO3UPOBAHNE OCTATOYHOTO pecypca
U3MEPUTENBHBIX KOMIUIEKCOB MO 3KOHOMUYECKOMY KPUTEPUIO

PAOVNOTEXHUKA 1 CBA3b

T'aBpuios U.B. 3 ’I
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AnucumoB O.B., Kypunauc B.A. 4 5
IIpeacraBnenue mpolecca TEXHUUECKOTO AUarHOCTUPOBAHMS HA OCHOBE ITPOCTPAHCTBA CBONCTB
PaznoIEKTPOHHOH! anmnaparypbl

Buprokos /I.H., ['myxos A.IL., 5 é
Cabupos T.P., [InnaskeBuy C.B.
Moiens U3MEHEHHUs IOCTYITHOCTH 3HAHMH, NPEICTABICHHBIX B TAMATH KHOEPCHUCTEMBI,
obecreunBaoIel HeHTPaIu3aLHIo IeCTPYKTUBHBIX BO3ACHCTBUIH
Ha 00BEKTBI KPUTHUECKOH HHPOPMALIOHHOH HH(PACTPYKTYpbI

I'mnako K.O. é 4
Merton ynpaBiieHus: TONOJIOTHEN COLMAIbHOMN CETH C LIEIbI0
IPEeOTBPALLIECHUS] HEKOHTPOJIUPYEMOT0 SIHIEMHUOJIOIHYECKOTO
pacrnpocTpaHeHHsT HHPOPMAIIIN MEXKITY y3TIaMu

NYBJNKALMN HA AHTJIMACKOM A3bIKE

Kpacos A.B., Jleeun M.B., 7 O
Tependepr C.U., Ucauenkos IL.A.
Mozeinb ynpaBieHus IIOTOKaMU Tpaduka B IPOrpaMMHO-OIIPEIEIISIEMON CeTH
C U3MEHSIOLLCHCs Harpy3Kon
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AHHOTALMA

OnucaH HOBLIM MeTop, peayKLuuM MHOTOMEPHBIX NIMHEMHBIX KPOEBbIX 3aAaY A
cuctem aruddepeHUManbHbIX YPABHEHUM B YACTHbIX MPOU3BOAHBIX NEPBOro no-
PAAKA K SKBUBANEHTHLIM FPAHUYHBIM MHTErPAnbHBIM ypaBHeHMsaM. MeTog addex-
TMBEH [ CMCTeM BONbLLUOM PA3MEPHOCTU M No3BoNseT 3pPEKTUBHO ABTOMATH-
3MPOBATb PEAYKLMIO MPU MOMOLLM CUCTEM AHANUTUYECKMX BbIUMCIEHUI HO DBM.
Dopmynbl MeToaa 0606LaloT M3BECTHBIE COOTHOLWEHMs [loireHca ans ypasHe-
Hui Makceenna, Commnuana gns sapay Teopuu ynpyroctv u ap. lNpeanoxeH-
HbIM ANIFOPUTM COCTOMT M3 cnepytowmx stanoe. HaxoxpaeHne Ha nepeom stane
CUHIYSISIPHOTO PeLUeHUsl OCYLLECTBASIETCS METOAAMM CTAHAAPTHBIX MHTErPANbHbIX
npeobpasosanuii. Ha sBTopom aTane ocyluectensietcs nepexon kK cMCTEMe OTHO-
CMTENbHO HOBOrO BEKTOPAa 6A3MCHBIX HEM3BECTHBIX. B 3aBMcMMOcCTH OT TMNA Kpae-
BbIX YCIOBUM MCXOQHAS CUCTEMA PEAYLIMPYETCS K CUCTEME IPAHMYHBIX YPOABHEHWH
MMHUMONBHOM PA3MEPHOCTH NEPBOrO UM BTOPOTO Poaad.

Ha TpetbeM 3Tane ocylecTsaseTcs aHANM3 KOPPEKTHOCTM MOSTYUMBLLEICS CUCTE-
MBI CHMHTYTISIPHBIX FPAHMYHBIX MHTErPANIbHBIX YPABHEHMHM C UCMONb3OBAHUEM TEO-
puu cumeona. AHanus npobnembl KPAEBLIX YCIOBMIA CYLLECTBEHHO YNPOLLAETCs:
onpeaensioTcs PaHr M 6asucHbie BEKTOPA NMHEMHOM 060N04KM CTPOK MATPMLbI
ambdepeHupmansHoro oneparopd. [ns cucTeM € KyCOYHO-NOCTOSIHHBIMM KO3~
buupeHTamm ynobeH aHanm3 KpaesbiX YCIOBMIA NPY NOMOLLM UCCIIEAO0BAHMS M-
HOpPOB COOTBETCTBYIOWEN MATPULbl. HeBbipoXAEHHOMY MMHOPY 3TOM MATPMLbI
COOTBETCTBYET KOPPEKTHAsS CUCTEMA FPAHMYHBIX MHTErpasbHbIX ypaBHeHni. Ha
30KNIOYMTENBHOM 3TaNe GOPMYNMPYETCS CUCTEMA NMHEMHbIX anrebpanuyeckmx
YPOBHEHMH, yRo6HAS ANst YACTEHHOTO PELUEHMS CUCTEMbI TPAHUYHBIX MHTErPAsib-
HbIX YPABHEHWHA.

MpepnoxenHas mMetopnka obnagaert pssoM NPEUMyYLLECTB NPU PELLEHUM HERO-
CTATOYHO MCCNeaAOoBAHHbIX MHOFOMEpHbIX KpdaeBbixX 3aaa4 UK Anda cny4vas He-
CTAHAAPTHBIX KPAEBbIX ycnosui. NpeanoxeHHoe uHTerpanbHoe NpeacTaBneHune
NPUMEHUMO M B CNy4ae, Kkoraa KoagpbuumeHTsl auddepeHumanbHoro oneparopa
CUCTEMBI SIBAISIOTCS MPOM3BOMNbHBIMM KyCOYHO-HenpepbiBHbIMU $yHKumsmm. Oc-
HOBHOM Npo6nemMoi B AAHHOM Crly4de SBNSETCS OTHICKAOHME MATPMLbl-PYHKLMM
$yHAAMEHTANBHOrO peLueHus.

6 HAYKOEMKME TEXHOJIOTNN B KOCMUNHECKMX MCCTTEAOBAHVIAX IEMITN 4-2016
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Beenenne

B obnacti npHIoKeHHH CyIECTBYET TEH/ICHIMS K HCTIONb-
30BaHMIO Bce Donee CIOXKHBIX MaTeMaTHYECKHX MOJIENei, B pe-
3yJIbTaTE Yero MosABMIAETCA NpakTHIECKas MOTPeOHOCTL pelaTh
YK€ M3BECTHBIE WM HOBBIE BHABI CHCTEM OHb{epeHInanbHbIX
ypaBHeHui Gonbimoii pasmeproctH [1-13]. K takum cucremam,
B YaCTHOCTH, OTHOCATCS YpaBHEHHS JIEKTPOMarHeTH3Ma B ciy-
Yae, Korjia XapakTepUCTHKH CPEJibl SABJIAIOTCS TEH30PHBIMH Be-
NMYHHAME U cHcTeMa MakcBena He pacriagaeTcs Ha He3aBHCH-
Mble ypasHeHH:A. CTaTes POJOKAET MCCIIENOBAHHE aBTOpa B
sTom HanpaeieHud [13]. Jlpyrum npuMepoM sBIsSeTcs cucremMa
YPaBHEHHI 2NIEKTPOYNPYrOCTH, OMHCHIBAIOIAS MhE30ICKTPH-
yeckue sBienus [11]. B Teopuu aeKTpOyIpyrocTy B HacToAIIee
BpeMs SBJIAIOTCSA aKTYalbHBIMH 3a/1a4l pacyeTa cOOCTBEHHBIX
YacTOT NBE30INEKTPHUECKHX TEN CIOXKHBIX M PasHOOOpPasHbLIX
(opm. IToTpebHOCTE B y4eTe paznuyHOro poaa pu3HUEcKHX -
(eKTOB NOCTOSHHO NPHBOJMT K YCIOKHEHHIO NPEKHUX H NOsAB-
NEHUIO HOBBIX BUAOB cucTeM Au(depeHIHaTbHBIX YPaBHEHH B
YACTHRIX IIPOH3BOMHBIX.

Jins pemenus nogo0HBIX 3a7ad MpPH MOMOIIK METOfA Ipa-
HHYHBIX MHTEIPAJIbHBIX YPABHEHHI MOTYT HCIIOIB30BATECS HH-
TerpajibHble MpecTaBleHHd o0Iero pemenns cucremsl [3-6].
Bo3MOXXHOCTH TaKoTO NOAX0/1a PACHIMPAIOTCS HPH MOMOIIH CH-
CTEM aHAIMTHYECKUX BhruMcieHuit Ha DBM [7-9]. B crarbe aB-
TOpa pa3paboTaH HOBBII YHUBEPCANBHEIT METO/I PEAYKLIMH MHO-
TOMEPHBIX JTHHEHHBIX KpaeBbIX 3a/1ay U1 ciucTeM auddepeHim-
aNbHBIX YPABHEHHI B YACTHBIX TIPOM3BOIHAIX MEPBOTO MOPAIKA
K 9KBHMBAJICHTHBIM CHCTEMaM TPaHHYHBIX HHTEIPaJbHBIX YpaB-
HEHMit. B oTnxume oT TpaiMIMOHHBIX NOAXOA0B [3-6] penykims
OCYLIECTBIIAETCA YIS CHCTEMBI I depeHMaNBHEIX YpaBHEHHH
TIEPBOro, a HE BTOPOro MOpsAKa.

JlaHHBIH METON B NPUHIUINE MOXKET MPUMEHATHCS VI pe-
IIEHHs ypaBHeHMI MakcBena U Apyrux nmogoOHbIX CHCTEM M
B TOM B Cliydae, Korja Kod(GuIHeHTs MaTepHaILHBIX YpaBHE-
HMil 3aBHCAT OT MPOCTPAHCTBEHHBIX KOOPAMHAT H BPEMEHH.
HuterpanbHbie ypaBHEHHS, K KOTOPBIM PEAYLHPYIOTCA HCXO-
HBIE CHCTeMBI Au(depeHaNbHbIX YPABHEHHH, MONydatoTcs B
pe3yJabTaTe NMPUMEHEHUS BbHILE YIOMSHYTBIX MOAXOJOB, Kak
MPaBHIO, CHHTYIApHBIMH. JlaHHOE O0CTOATENBCTBO MPEICTaB-
nger cobol cymecTBeHHyo npobaeMy Npu YHCIEHHOH peasu-
3allMM METONa TPAaHWYHBIX MHTETPAIBHBIX YpPaBHEHMII Belle-
CTBEHHBIMM M TeM 0Oojiee MHTEPBAJIBHBIMH MeTOgaMH. D(ek-
THBHEIM CTIOCOOOM pEIeHHs JaHHOH Ipo0ieMEl sIBIseTcs npe-
obpa3oBaHHE CHCTEMBI METONA TPAHHYHBIX HHTErpabHBIX
YPaBHEHHH MOCPEACTBOM YMHOXEHHS HAa MATPUYHBIA CHHTY-
NSpHBIH OnepaTop, Ha3bIBaeMblli SKBHBAJICHTHBIM PETYIIApH3a-
TopoM [3-6, 10]. ipyras npobGiema cBsA3aHa ¢ TeM, YTO HEKOTO-
pBie HHTErpalbHblE YpaBHeHHs MOryT ObITh 3aBucHMBIMH. Ee
pELICHHE BO3MOXHO IMOCPEACTBOM IE€peXojia K HOBOMY BEK-
TOPY 3aBHCHMBIX MEPEMEHHBIX MPH MOMOIIN METO/A, ONHCaH-
HOro B auTeparype [3-6].

IMockonbKy SKBHBAJIECHTHBIH PEryIspU3aTOp ABIAETCI CHH-
TYISPHBIM, TO MOTY4eHHBIE mocne npeobpazoBanuii ceobon-
HBIE 4JIEHB! HOBOH CHCTEMBI METO/Ia TPAHMYHBIX HHTEIPAIBHBIX
YpaBHEHHMH, KaK MPaBHIIO, PEACTABIIAIOT CO00H CHHTYISPHBIE
WHTErpaibl ¢ W3BECTHBIMA IUIOTHOCTSMH. 3a/1a4a BHIYHCIIEHHUS

WWW.H-ES RU
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MO{O0HBIX MHTErPalioB B IMPOCTPAHCTBE HENMpPEphIBHBIX QYyHK-
1M gBngeTcd HekoppekTHOH. [laHOe 0OCTOATENBCTBO CO-
3/1aeT JIOMOIHUTENBHYIO NpobjeMy NPH BHIYHCICHUH HHTEp-
BaJIBHBIX OLEHOK CBOOO/HBIX YIECHOB IPAHHYHBIX HHTErpab-
HBIX ypaHeHui. Ee pemenue BO3MOXHO B pAZie C1y4aes MpH
TIOMOIIH aHATUTHYECKOr0 BEMHCIIEHHA HHTETpalia B OKPECTHO-
CTH 0C000# TOYKH.

Iony4enHsle B pe3ynbTaTe COOTBETCTBYIOIMX Mpeodpaso-
BaHHH pery/apHbIe HHTErPAIbHBIE yPABHEHHSA MOTYT OBITh pe-
IUEHB! ONMCAHHBIMK B [1-12] YncIeHHBIMH METOZAMH C BhIZE-
JIEHHEM OCOOEHHOCTH.

B kauecTBe KOHKpPETHOrO MpHMEpa PacCMOTPUM YHHBEp-
CaJIbHBIH ANTOPUTM OTHICKaHWA (DYHIaMEHTANIBHBIX pEIIeHHH,
PEAYKLMH M aHaau3a JIMHEHHBIX CHCeTeM MU (pepeHIHaIBHBIX
YPpaBHEHHH B 4YacCTHBIX TPOM3BOAHBIX M COOTBETCTBYIOIIMX
KpaeBbIX 3a71a4, yaoOHBIH Mg NMporpaMMHpOBAHHMA B COBpe-
MEHHBIX CHCTEMaX KOMITLIOTEpHOH anreOpel.

Onncanue MeToaa

PaccMoTpHM CHCTEMY JHMHEHHBIX YPaBHEHHIl B YACTHBIX
IPOM3BOHEIX NEPBOrO MOPA/IKA ¢ MOCTOSHHBIMU KO3(duIm-
CHTaMH:

A(8/ox)u(x) = F(x), xeQ (1)

rae Qc R" —obnacth ¢ Kycouo-rmaakoil rpammneidi [,
u(x)— BEKTOp-QYHKUMA H  TEPEeMEHHEIX, u(x)eR",
F (x)eR’" , m=gq,

i=l..q

A= {4}

i=1, ...

,.»11!.,.=b§,+i.aﬂfl 0/0x,,
k=l
i o M

IMycrs A’ - muddepernuanbHeii oneparop, $HopMaIbHO
conpsiKeHHBIH K onepatopy A, a G(x)— pemenne cicremsl

A"(9/x)6(x)=E(x), xR, )

rae E(x)=5(x)E,
JenbTa-(hyHKIHA.

M3 (1) u (2) c nomompio popmyn I'puHa nomyyaeM HHTE-
TPaIbHOE NPEACTABIEHHE I PEIIEHHS HCXOMHON CHCTEMBI:

a(x)u(x) =[G (y - IF()dy -] G (y - )T, ()

o(x)= ;J; o(y - x)dy, @

E —enmunuvHas  MaTpui@,s(x)—

Q= {Q,-}-}FI IIIII q,Qg. = E”hﬂ‘[}_“‘ljt (y),yel",

= Logm k=1

i=1, ...,mj=1, .. .,q.

n, (y) — KOOpIHHATB]I BEKTOpa €IUHUYHOMI HOpMaIH, BHENIHEH

Kk obnactn Q.

®opmyisl (3-4) obobmaror cooTHowenus [Noiirenca ans
ypasHeHmii Maxkcpenna, CoMunHana s 3a1a4 TEOPHH YIIpY-
TOCTH M APYTrHe aHATOTHYHBIE H3BECTHBIE HHTErPAIBHBIE TPei-
CTaBIIEHHs pelleHuil cucreM auddepeHIHaNbHEIX ypaBHEHHH
B YACTHBIX NPOH3BOIHBIX [4].
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JanbHeifiumii anropuT™M COCTOMT M3 CHEIYIOIMX 3TArOB.
HaxoxneHne Ha MEpPBOM dTane CHHIYIApHOro peureHus G(x)
OCYILIECTBIAETCS METOAAMH CTaHIAPTHBIX MHTErpaJbHBIX Tpe-
obpasoBaHuii, a COOTBETCTBYIOIIMIA aIrOPUTM JIETKO MPOrpam-
MHpyeTcs B cHcTeMax kommeiotepHoit anrebpsi REDUCE,
MAXIMA, MATHEMATICA.

Hexoropy:o npo6neMy npencTaBisier To, 4TO MHOTHE Kpa-
€BBIC 3a/]a4M CTABATCA B BHJE CHCTEM, B KOTOPBIX KOIMYECTBO
HEU3BECTHBIX M ypaBHEHHMI He copnamaet. Ilo 3toif npuunze
TpebyeTcs OCYLIECTBIATE Ha BTOPOM 3Talle COOTBETCTBYIOLIYIO
nporeaypy nepexona or (3-4) x cucreMe MeToia rpaHHYHbIX
HHTErpabHbIX YPaBHEHHIH OTHOCHTENLHO HOBOT'O BekTopa ba-
sucHbix HemssecTHsIx O (x) = C(x)u(x), rae C(x)— matpuua
nepexoza ot ofHoro 6asuca k Apyromy.

B 3aBHCHMOCTH OT THIIA KPaeBBIX ycIoBHmii ciuctema (1) pe-
JIYLMpPYETCs K CHCTEME TPAaHHYHBIX HHTETPabHBIX YPaBHEHHH
MHMHHMAaIBHOH pa3sMepHOCTH MEPBOr0 WM BTOPOTO poJa.

AHAJIH3 KOPPEKTHOCTH

Ha TperseMm 3tame OCYIIECTBISAETCH aHAIH3 KOPPEKTHOCTH
TOMYYHBIIEHCA CHCTEMBI CHHTYJIAPHBIX TDAHMYHBIX HHTETpasb-
HBIX YPaBHEHHIA C MCIIONB30BaHHEM TEOpHH cuMBona [10].

AHanu3 TPHHIMIHAIBHO BaXKHOH mHpo6IEMBEI KpaeBHIX
YCIOBHIi CYIIECTBEHHO YIPOIUIAETCA M MOXKET OBITh BHIIIONHEH
cnenyromum obpazoM. Onpenensorcs paHr r U 6a3ycHbIE BEK-
Topa JMHEHHOH 00O0NMOYKH CTPOK MATpHIBl oreparopa A :
{0,,0,,...0.}.

WnTerpansHoe ypaBHEHHE MOKHO (OpMYyITHpOBAaThH

JUIS KAKOrO-TO MHO)KecTBa 6asuca, HanpuMep, 3a1apas Ha rpa-
HHLE 00acTH 3Ha4eHns o ,0,, w0, p <r, ¥ pemas cu-
CTeMY METOa IPaHWYHBIX WHTErpabHEIX YPABHEHHUI OTHOCH-

TEJIBHO OCTABIIMXCA O'NH + O O .

p+27"

ﬂﬂﬂ CHCTEM C KYCOYHO-IIOCTOAHHBIMH KO3[1)¢HIIH3HT&MH
ocoBeHHO yIIOGBH dHalIi3 KpaeBbIX yCﬂOBH}I“I IpH NOMOLIH HC-
CnenoBaHud MUHOPOB MaTpHILL

1/2E+(27)™ F(G",0)F(A), )

rae F(G',»)—dypoe - obpas G' (x), F(A)- dypbe - obpas
mudepeHmmansHOro oneparopa cucreMs (1) Ha MPON3BONIE-
HOM IMIIEPIUIOCKOCTH.

YrBepkaenne. Hegvipooicoennomy munopy mampuyst (3)
coomeemcmeyem KOppeKmHas Cucmema Memooa zpanudHbix
UHMEZPANBHBIX YPAGHEHU.

Metoanl pemenns I'HY

Ha 3aximio4MTENEHOM DTale anropuTMa (opMyIHpyeTcs
CHCTEMa JIMHEHHBIX anrefpanyeckux YpaBHEHWH s Heno-
CPEACTBEHHOTO TNPHOMMKEHHOrO YHCICHHOTO PEIICHHS CH-
CTEMBI METOAA IPaHHYHEIX HHTETPaIbHBIX YpaBHEHHH OTHOCH-
TeNBHO GasHCHBIX (PYHKIHIH cr(x) . s otoro (3) ymHoxkaercs
Ha MaTpuily Tmepexona C(x) W YYHMTHIBAETCH, HTO

o(x)=C(x)u(x):

8 HAYKOEMKME TEXHOJIOMMIM B KOC
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a(x)o(x)= ‘I‘ C(x)G' (y - X)F (y)dy-

-fe@) G’ (y - )Q)u(y)dr,

B TIPaBOii YaCTH TOCHIEIHEr0 BEIPAXKEHH TakKe Tpebyercs me-
peliTi K HOBBIM GasHCHBIM IepeMeHHBIM. [ 3Toro npeacra-
BUM BeIpakeHue Ou B BUAE NPOM3BENCHNUI W o C HEKOTOPOI
aNpHOPHO HEM3BECTHOH MaTpuuei ¥ . Ilockoneky B paccMar-
PHBACMEIX BBRIPAKCHHAX MAaTPHIEI HEKBAJ/IPATHRIE, TO, BOOGIII.e
rOBOp#, CYLIECTBYET IIPOM3BON B BhIOOpe Marpuipl W . OnuH
H3 METOOOB €€ HAXOMJICHKWA OCHOBAH Ha MHHHMH3aIllHH KBaJl-
PaTHYHO HOPMBI HEBSA3KH:

2
lo - we| ~ min,
OTKYHOa, BAPEHPYA JaHHOE BRIPAMKCHHE MO 3HAUCHHAM MaTPHILEBI

W, HaxomuMm:
(Q-WC,-8(W)C)=0= (Q-WC)[s(W)C] =0=>

(o-we)cT[smw)] =0,
oc” -wec” =0 w=oc [cc"].
Takum o6pasom, Qu = OC" [cci’]'i o.
a(x)o(x)= :I:C(x) G (y-x)F()dy ~

-[Cc@ 6 (- 000" W[crIc" W] ear,

HCKOMOE r‘pa}quoe HHTer‘pa.rlLHoe ypaBHeHHe 3aMHACBIBAETCA
B CTAHJAPTHOM BHJIE:
a(x)o(x) = j{ K(x,y)o(y)dy + h(x), (6)

e sfpo onpenensiercs mno popmyie
K(x,)=-C(x)G" (y-000C WM[ctc”»]

a cBo0OIHEII YNeH paBeH

hx) = [ C() G' (y - x)F(y)dy.

B naneneiiineM ypasHeHue (6) CBOAUTCA K CHCTEME JIHHEH-
HBIX anrefpandeckHx ypaBHeHHH u pemaeTcs MeronoM IMaycca
WM APYTHM TOIXOASIIUM YHCIEHHBIM METOIOM.

IIpennoxenHas MeToHKa oOnafaeT paaoM NPEHMYIIECTB
MpEKAE BCEro MpH PELICHHH HOBBIX HEJOCTATOYHO HCCHENO-
BaHHBIX MHOTOMEPHEIX KpaeBHIX 3aia4y. B cmydae kimaccude-
CKHMX CHCTEM MpeIJIOKEHHBII MOAXo Haubomee Mone3eH s
Clly4asi HECTaH/JAPTHBIX KPAeBBIX YCIIOBHIL.

Crepyer OTMETHTB, YTO HHTErpaIbHOE TpeacTaBieHHe (3)
NPUMEHHMO U B ciy4ae, Korja koaduuuents: gudpepeHiu-
alBHOIO ONEpaTopa CHCTEMBI ABJIAIOTCA NMPOU3BONBHBIMHU KY-
COYHO-HENpephIBHBIMH (DyHKIHSMH. OCHOBHO# mpobnemoii B
JOaHHOM cllydae ABISETCS OThICKaHHE MATPULbI-YHKIHH GYyH-
JAMEHTANBHOTO PeIleHHU.

W3 naHHOl TEXHOIOTHH BEIBOJA TPAHNYHBIX HHTEIPATBHBIX
ypaBHEHHii oT nons3oBarens TpeOyroTcs JHIL MUHHMANbHAS
HH(pOpMAaIHA 0 KOHKPETHBIX CBOHCTBaxX peraemoii cucteMsl (1)
H O JeTalsix (pM3HYEeCcKOH KapTHHBI MOAETHPYEMOro 00BeKTa.
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CylecTBOBaBLINE pPaHEe OrPaHHYEHHS Ha CIIOXKHOCTh pe-
IIaeMBIX KPaeBHIX 33124 B HACTOAILEE BPEMS BO MHOT'OM CHATHI
Gmaromaps CyIIECTBOBAHHMIO OOIIEOOCTYITHEIX CHCTEM CHM-
BOJIBHBIX BEIYHMCIIEHHH [7-9].

Beieoa

IpemioxeH HOBBIM METOX PENYKLHH JIMHEHHBIX KPAeBBIX
3ajia4y K TPAaHAYHBIM MHTETPANBHBIM YpaBHEHHsIM. Meron a¢-
(eKTHBEH 1A cHcTeM GOMbIIoi pa3sMEPHOCTH U MO3BOISIET 3¢-
(DEKTHBHO aBTOMATH3HUPOBAaTh PEAYKIUIO IPH IOMOIIHA CHCTEM
AHAJMTHYECKHX BEIYUCIEHUI Ha DBM.
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A NEW APPROACH TO THE REDUCTION OF
MULTIDIMENSIONAL LINEAR BOUNDARY VALUE
PROBLEMS FOR AN EQUIVALENT BOUNDARY
INTEGRAL EQUATIONS

Harutyunyan Robert Vladimirovich,
Moscow, Russia, rob@mail.ru

Abstract

The work describes a new method of reduction of multidi-
mensional linear boundary value problems for systems of
differential equations of the first order to the equivalent
boundary integral equations. The method is effective for sys-
tems of large dimension and allows you to effectively auto-
mate the reduction by means of systems of analytical calcu-
lations on a computer. This method can in principle be used
to solve Maxwell's equations and other similar systems and
that in the case where the material coefficients of equations

WWW.H-ES RU

depend on the spatial coordinates and time.

Formula a method to generalize the ratio of Huygens for
Maxwell's equations, Somiglian for problems of elasticity
and similar well-known integral representations of solutions
of systems of differential equations.

The proposed algorithm consists of the following steps. The
finding in the first phase of the singular solution is of the
standard methods of integral transformations and the corre-
sponding algorithm is easily programmed in the computer
algebra systems.

Some problem is that many boundary value problems are in
the form of systems, in which the number of unknowns and
equations. For this reason, it is required to carry out the sec-
ond stage for the procedure to access the system on a new
basis vector is unknown. Depending on the type of boundary
conditions, the initial system reduces to the system of bound-
ary equations of the minimum dimensions of the first or sec-

ond kind.
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The third step refers to the analysis of the correctness of the
resulting system of singular boundary integral equations
using the theory of the symbol. Analysis of the fundamental-
ly important problem of boundary conditions is greatly sim-
plified and can be performed in the following way. Define
and rank of the base vector of the linear shell of the rows of
the matrix of the differential operator. For systems with
piecewise-constant coefficients is particularly convenient
analysis of boundary conditions with the help of the study of
the minors of the corresponding matrix, described in the arti-
cle. Nondegenerate minor of this matrix corresponds to a
correct system of boundary integral equations.

At the final stage of the algorithm we formulate the system of
linear algebraic equations for the approximate direct
numerical solution of the system of boundary integral equa-
tions. In the future, the boundary integral equation reduced
to a system of linear algebraic equations and solved by the
Gauss method or another suitable numerical method.

The proposed method has several advantages, especially
when dealing with new and under-researched multidimen-
sional boundary value problems. In the case of classical sys-
tems the proposed approach is most useful for non-standard
boundary conditions. The proposed integral representation
is applicable in the case when the coefficients of the differen-
tial operator systems are arbitrary piecewise continuous
functions. The main problem in this case is the determination
of the matrix-function a fundamental solution.

Keywords: differential equations partial differential sys-
tem; boundary value problem; reduction; boundary integral
equations.
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AHHOTAUNA

Pabora nocesiweHa akTyansHOM HA CErogHSLIHMI feHb npobneMe noBbilweHUs 3¢b-
$EKTMBHOCTM NPUMEHEHUS] CUCTEM KOCMMHYECKMX QMrnapaToB C MCMOMb3OBAHMEM
6aNIMCTUYECKM CBA3AHHBIX FPYMN KOCMMYECKMX QNNAPATOB — COBOKYMHOCTM M3 He-
CKOJBKMX KOCMMYECKMX AnMApaToB, ABMKYLLMXCS HA CPABHUTENBHO 6M3KOM B3aMM-
HOM POCCTOSIHUM OT HECKOJIbKO AECSTKOB METPOB O COTHU KuomeTpoB. OCHOBHbIM
OT/IMYMEM MONETOB KOCMMYECKMX QMMOPATOB B COCTABE BANNMCTMYECKM CBA3AHHOM
rpynmbl OT MONETOB B COCTABE CUCTEMbI KOCMMYECKMX CMMAPATOB 3AKIIOYAETCS B TOM,
YTO B CUCTEMOX NEPBOrO TMMA YNPABNEHWE OCYLUECTBISETCS C Y4ETOM B3AMMHOTO fo-
NOXEHMS CMYTHWKOB, ABMXKYLLMXCS MO BECbMA 6:1M3KMM OpBMTAM, TO eCTb peanuayeTcs
YNpaBneH1e OTHOCUTENbHbIM ABMXKEHWEM, O B CUCTEMAX BTOPOTO THMA OCYLLECTBASET-
€Sl MHAMBULYANbHOE YNPABIEHUE KOXKAIM OOBEKTOM.

CywectsyeT psg npobnem ans peanM3aumm TakKUX NPOEKTOB, B TOM YMCIE M C TOYKM
3peHMsl OMHAMMKM BXOAALLMX B Heé Kocmmueckux annaparos. Mepsas npobnema —
3TO onpegeneHue M GOPMMPOBAHME CTPYKTYPbl BANAMCTMYECKM CBA3AHHBIX FPynNM.
Bropas npobnema — eé nopnepxanue o BpemeHu. Peuenne nepeoit npobnemsi 3a-
BMCMT OT TOTO, KOKOW CUCTEMHBIM 3 deEKT OT NpUMEHEHHUs BANIUCTUYECKM CBS3OHHOM
rpynnbl HEO6XOAMMO PEANU30BATb NP NOCTPOEHWUM OpPBUTANBHOM rpyNNUpoBkM. Ons
peLueHus BTopoi NpobneMs! LenecoobpasHO U3yuHTb MEXAHM3MBI, cnocobeTeytowme
pa3pyLUeHUIO 6AnANCTUYECKM CBA3AHHOM rpynrbl.

B pabote paccmarpueatotcs npobnemHbie Bonpocki bopMUMPOBAHMs CTPYKTypbI 6an-
NINCTUYECKU CBABAHHBIX FPYNN KOCMUYECKMX MMApaToB, O TAK e NPefcTaBneH MeTo-
BONOrMYECKMX NOAXOA, K POPMUPOBAHMIO KOHPUIYpaLMM BANIUCTUHECKM CBA3AHHOM
rpynnbl KOCMMYeckux annapatos. [preenéH npumep Gopm1poBaHms cTpykTypbl 6an-
NIUCTUYECKM CBA3AHHOM rPYMbl COCTOSLLEN M3 TPEX KOCMMUeckuX annaparos. Mccne-
[OBAHA AUHOMMKO OTHOCMTESNIBHOTO ABMXKEHMS KOCMUUYECKMX AMMApPATOB BXOASALUMX B
cocras 6annmcryeckn ceazaHHoM rpynnbl. [peacraBneHsl 30BMCMMOCTM AMHEMHBIX
AANbHOCTEN M YIIOB MEXAY KOCMMYECKMMM CNMAPATAMM B cOoCTaBe 6annmMcTMyeckm
CBS3AHHOM rpynnbl Ha uHTepeane 10 cyTok, a TaK Xe rpadrK OPUEHTALMM MNOCKOCTH
6anMCTUYECKM CBSI3AHHOM FPYMNbl KOCMMYECKMX ANNAPATOB K MOBEPXHOCTU 3eMiu
Ha MHTepBane opHoro BuTKA. MMpegBapuTeEnbHblE PE3yNbTATbl MOAENMPOBAHMS reo-
METPUUYECKMX XAPOKTEPUCTUK BANNMCTUYECKMU CBA3AHHOM rPYNNbl KOCMMYECKMX arl-
NapaTOB, MOKA3bIBAIOT, YTO XAPAKTEP M3MEHEHMs JIMHEMHOM [ANbHOCTU MeXay KOC-
MMYECKMMM anNApATaMM M YA MEXAY BEPLUMHAMM TPEYrofbHMKA, 06pa3oBaHHOro
BANNMUCTUYECKM CBASAHHOM TPYNMOM HO BPEMEHHOM MHTEpBane nepuogmyeckuid. B
TO e BPeMs MPUCYTCTBYIOT BEKOBbIE yXOfbl M NPEACTABNEHHbIE 3aBMCUMOCTH HOCST
CnoxHbiM GyHKUMOHANbHBIM XapakTep. B xone MogenmposaHus M aHanusa pesyrnb-
TATOB CAENaH BbIBOA, YTO XApAKTEP U3MEeHEeHNsa OTHOCUTESIbHOIO yrnosoro NoJIOXEeHUs
KOCMMYECKMX AMMAPATOB 3ABUCUT OT HOYQSILHOTO MOMIOXKEHUSI KOCMUMYECKMX annapa-
TOB B COCTABE BANNMCTUYECKM CBS3AHHOM FPYNMb.
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ABNAUNOHHAA N PAKETHO-KOCMUNYECKAA TEXHVKA

IpoGnemuvie eonpocwl Gopmuposanus cmpyKmypol
Daniucmuuecku CA3AHHON ZPYNNbI KOCMUYECKUX annapa-
mos. Kak npasuio, npouecc 0a/IHCTHYECKOr0 POEKTHPOBA-
HHMSL cHCTeM KocMudeckux ammapatoB (KA) comepxur He-
CKOJIBKO 3TaIlOB, OCHOBHBIMH U3 KOTOPEIX ABJISIOTCS:

— W3YYEHHE OCHOBHBIX LENEBBIX 3aflad, CTOAIMIMX Mepen
cucremoii KA;

— TpHOIKeHHBI BHIOOP Kiacca OpOMT, MO3BONSIONIMX
pemaTh ocTaBJIcHHBIE 3a/1a9H;

— npuOMDKEHHBIH BHIOOP OpOMTANBHON CTPYKTYpHI CH-
CTEMBI;

— HCCNENIOBAHHE JMHAMMKH CHCTEMBI C NpPHOIMKEHHOH
OopOMTaNBHOM CTPYKTYPOii;

— YTOYHEHHBIH CHHTE3 OpOMTANIBHOM CTPYKTYPBI CHCTEMBI;

— BHIOOp 3aKOHOB yTpaBlieHus opOuTamMu cucteMbl KA [1-4].

IIpoBenénublii NpeNBapUTENBHEIN aHaNU3 (HOPMUPOBAHHS
obnuka GammictHdeckn cesizaHHOM rpynnel (BCIY) KA, moz-
BOJIEET CHOPMYIHPOBATE CIEAYIOMME 3a1aul, KOTOpEIE He0b-
XOJMMO PEIUTE I npoekTHpoBanus cucrem KA ¢ uerons-
3oBanueM bCI™ KA:

1. Onpenenenue ueneBoil 3amaun (UENCBOH (QYHKIHH),
croswei nepey cucremoit KA ¢ ucnionszosannem BCT.

2. ®opmupopanue TpeboBaHHH M OrpaHHYEHHH, KOTO-
poie BosHukaioT nepest KA B cocrase BCT KA.

3. Beifop u o6ocHOBaHME napaMeTpoB OpOHT ¢ yu&ToM
CTOSILICH Tepel CHCTEeMOH LIeJeBOi 3afavueil, a Tak e IOHCK
HavasHOro nonoxenuns kaxnoro KA, B cocrase BCI', koropas
OyIeT yIOBIETBOPATH JAHHEIE TPeOOBAHKS M OTPaHHYECHHA.

4. Bribop M obocHOBaHHE MOJENH JBHKEHHA LEHTpa
macc KA B cocrase BCI'.

5. PazpaboTka METOOIOrHYECKOr0 anmnapara pelieHHs
3aga4u cunTesa cucreM KA ¢ nenomszosannem bBCT'.

Memoodonozuveckuii.  nodxed K  opmuposaruio
BCT KA. C touku 3penus kinaccuukaumn cucrem KA ¢ me-
nons3oBaaneM BCI' — 310 cucTeMBl nepHomuueckoro 063opa,
HO B Ka4yecTBE CTPYKTYPHOIO 3JIEMEHTa BBICTYNAeT HE OJH-
HouHblif KA, a BCI" KA. B cB43H ¢ 5THMM METOABI H a/rOPHUT-
MBI pelLIeHHs 3ajlayd CHHTe3a M aHanu3a Takux cucreM KA
OyayT HpYrHMH, ¢ HOBHIMM TpeGOBaHMAMH M OrpaHHYEHMS-
mH. B paje ciygaes npuMeHHTensHO K cucteme KA ¢ ucnons-
zoBanneM BCI" KA — 310 noBsineHHbIe TpeGOBaHMS K KOH(H-
TypalMH TpeyrojibHHKa, obpasoBanHoro KA u T.1. [2]. Bee
ot ocobeHHocTH noctpoeHns BCI' KA HeoOXomuMo YYHTHI-
BaTh Ha 3Tanax Oa/IMCTHYECKOrO MPOEKTHPOBAHHUSA CHCTEM
KA c¢ ucnone3osanuem BCI'.

Teopuu cuntesa cucrem KA nepuoaudeckoro Habmoze-
HUd, B HACTOALEE BPeMs MOCBANICHBI paboTHl CHEAYIOMHX
yuensix I1. Mamona, I. Moxaesa, 0. Pazymuoro, C. Brnaco-
Ba, B. Caynsckoro, B. Munosanora, O. Hecrepenko. Ho,
BMECTE C TeM, Kak oTMmedaerca B page pabore [1,6,8,9], k
HACTOAIIEMY BPEMEHH TEOpHS CHHTe3a OpOHTANBHOrO M0-
CTpoeHHs He HMMeeT obmux pemeHuii. B Martemarndeckoit
MOCTAHOBKE — 3TO MOHMCK TI00ANBHOrO 3KCTpEMyMa, MOHCK
KOTOPOrO 3aTPyHHEH, BO3HHKAIOT TPYJHOCTH C KPHTEpHAlb-
HBIMH (DYHKIMAMH: OONBIIOE KOIMYECTBO IEPEMEHHBIX, KOTO-
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pele TpynHO muddepeHIpyeMBl, 1 UMEIOT MHOXECTBO pas-
PBIBOB M He 3ajaroTcs aHanutudecku [5]. ITostomy npepnara-
eMble Ha CErofHANIHHH JeHb BapUaHTHl OPOHTANBHOTO MO-
CTPOEHHUS HOCSAT JTOKAIbHO-ONTHMABHBIH XapaKkrep.

Takum obpaszom, 3aj1a9a cunTesa cucreM KA aucraniy-
oHHOro 30HaMpoBanus 3emuH ([[33) ¢ ucmonszoBannem BCI'
KA, ycnoxusiercs nobasieHneM HOBBIX TpebGoBaHHMii U orpa-
HUYEHUI.

IIpenBapurensHbiii aHanwu3 aemwkenns KA B cocrase BCT”
NO3BOJISIET C/IEIaTh BBIBOJ O HEBO3MOKHOCTH (HOPMHPOBAHUS
BCT" KA Ha xpyroBeIx opOHTax OAHHAKOBOTO HAKIOHEHHA W
BBICOTEl. B OKpECTHOCTAX TOYKHM BEpTEKCa MPOHCXOAUT pas-
Bopotr miockoctd BCI u cTpykTypa OannMCTHYECKH CBA3aH-
HOI TPyNIbl KOCMUYECKHX allapaToB CKIaABIBaeTCA B TpA-
MyI0, OpOMTEI IepeceKaroTcs, a TaKk Kak BBIOOp CTPYKTYpHI
BCT" KA ob6ycnoBneH 1enesoif 3aia4eil, T0O B JaHHOM ClIydae
MOKHO npeanonoxkurs, 4ro bCT" KA ne 6yner paborats o
HazHaueHuio[7]. OnuH M3 BO3MOXHBIX ITYTE€H IPEONOIeHUs
atoro ciaydas — (popmupopanne BCI' Ha pasHOpomHEIX Op6H-
Tax: B ABYX WJIH TPEX MIOCKOCTAX.

HanpuMep, oovH W3 palMOHANBHBIX BapHAHTOB TAaKOro
NOCTPOEHHUS — 3TO DajIMCTHYECKas CTPYKTYpa, TPH KOTOpoit
KA nexat B AByX miockoctsx: 1-# 1 2-it KA cooTBeTCTBEHHO
B OJIHOI IUIOCKOCTH Ha KpyroBoil opbure, a 3-if KA na oko-
JIOKpYrOBOH C pa3BOpPOTOM AapryMeHTa IUHpOTHl NEepures Ha
270 rpamycos.

Bonee Toro, ¢ y4€roM BO3MOXKHOCTEH CPEACTB BHIBEACHHS
W pealnH3allid HA TpakTHKe Takux cucreM KA, BapuaHTh
HavyansHoro nonoxenus KA B BCI', koTopele yAOBIETBOPSLIH
0561 TpeOOBAaHHAM MOTYT OTCYTCTBOBATb.

B sToM cnyuae, WIS 3amaHHOrO jAManazoHa opOut KA,
3agada popmuposanue BCI" KA moxer GbITE cCBeieHa K MH-
HUMH3AIMM BPEMEHH, NPH KOTOpOM TpebOoBaHHSAM He BBI-
TIOJHAOTCA.

Cdopmuporannas takuM obpazom BCI', ¢ ogHoii cropo-
HEI OyzieT ynoBneTBOpATh TpeOOBaHMAM, HO B TO JKe BpeMs HE
Oymer obnamaTh CTPYKTYpHO#H ycToiumBocThi0. [ToaTomy 3a-
nada cunre3a bCI' KA u3 3-x KA cBoauMTcs K MOMCKY Takoi
GamnucTH4eckolf CTpykType, Kotopas OyHmeT yHOOBIETBOPATH
TpeGoBaHMAM Ha 3aJaHHOM HHTEPBalle CTPYKTYPHOH YCTOM-
YHBOCTH, TOJ KOTOPO} MOHHMAIOT MPOMEKYTOK BPEMEHH Ha
koropoM BCI' KA crioco6Ha BEIONHATE LIENEBYIO 3aa4y.

PaccMoTpuM, Kak HMPOHCXOOHT (hOpMHpOBaHHE TpeOoBaHHI
M OFpaHMYCHHil U1 BApHAHTA OpOHTAIBHOIO TOCTPOESHHA 3-X
KA B cocrase BCI" KA. O6osnaunm Homep KA unzekcamu 1, 2,
3 (rabm.1). OmuH U3 BApPUAHTOB PAlHOHAILHOTO OPOUTANEHONO
noctpoenus KA B coctase BCI” npejicrasnen B tabn. 1.

Ha npumepe aaHHOrO OpOUTANLHOrO MOCTPOEHMA pac-
CcMOTpHM TpeboBaHMA K KOH(UrypaluH TpeyrolbHuKa obpa-
soBanHoro BCI" KA. O6osnauum: O § (x Y52 j) — TIONOMKe-

uue KA 1-3 B HauansHEIH MOMEHT BPEMEHH ; d)y,d)3,dy;—
JHHeHHaa pansHocTh Mexay KA 1-2, 1-3, 2-3 cooTBETCTBEH-
HO; ¥; — Yrol MeXJy BeplMHAMH TpeyroibHuKa, o0paso-
BanHoro bCI" KA; @— yron mexay npamoit coenuHsomeit
LEHT TSHKECTH TPEYTONBHAKA H HAIPABJIEHHOH 110 HOPMAJH K
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MOBEPXHOCTH 3eM/IM H €€ MPOeKIueil Ha MIOCKOCTh, B KOTO-
poii nexut Tpeyronsuuk BCI' KA (puc. 1).

Tabnuua 1
Crpykrypa OammucTHyeckn cBa3aHHO# rpynns KA
Ne i n i u @ Q
KA |* rpan | rtpan [rpan |rpan
1 |7480.5 0 63.4 0 - 0
2 |7480.5 0 634 | 1.5319 - 0
3 [7480.5 [0.0103627 | 63.1 |0.10141854 |270 |1.4838

0,(KA=2)

HOPMAAL K NOBCPXHOCT H 3eMin

nACKoCTL TpeyronsiiKa BCT KA

Pue. 1. 'eomerpuyeckne XxapakTepHCTHKH DalIHCTHYECKH
cBA3aHHON rpynnel KA

Teomerputueckie XapaKTePUCTHKH
dyy (1),dy5 (£),dy3 (), ; (1), (¢) IONHOCTBIO  ONPEENAIT JHHA-
MHKY OTHOCHTENBHOTO JBIKEHHS TPEYTONbHIKA 06pa3yeMoro
BCT KA.

Taxum obOpaszoM, TpeGopanns k KoHpurypamun BCI' KA
MOJKHO TIPEICTABUTh CHCTEMOIi HepaBeHCTB (1):

dy, (1),d,5 (1),d; () < d”f’"

7, O <V (1)
o <9,,

rae j=1...3 somep KA 1-3.

B kadecrBe XapaKTEpHOH TOYKHM TpeyrolbHHKa 00paso-
BanHoro BCI' KA mpuMeM LIGHTp THKECTH TPEYrOJIbHHKA.
Torpma, ans cnydasi, Korja JpuxieHue LeHTpa macc KA pac-
cMaTpuBaercs B aOCOMIOTHOH IEOLIEHTPHYECKOH 3IKBATOPH-
aneHOH cucteme koopaunat (AI'DCK), monyunm KOOPAMHATEI
nenTpa TskecTH Tpeyronsuuka BCIN KA.

o

.. ] ]

[xl +X+% WAty zt2z, +z3J @
3 3 3
TlpuBenem ocHOBHEIE (HOPMYNIBI AT pacuéra TeoMeTpH-
geckux xapakrepuctuk bBCI' KA, ¢ ya€rom npunareix obo-
3HAYCHUH:

dIZ =J(x2 “x|)2+(y2"y|)2+(zz‘z|)2s
dy =\/(xs %)+ =3) +(z,—7), 3)
dy =J(x,—x2)2+(y3—y2)2+(23—zz)2,

[ 2
"= arccos(m

23)
2dlZdI:i
2 I
17, = arccos( @2t "0y @
2d23dl2
2 2 g2
V£ =aTGCOS(d ptdy—d 12)
2d|3d23
— | Al + Bm +Cn| ) -
sing = i
VA + B +C? +P +m* +1
roe [ = HABHE o VR HtELEE
3 ’ 3 : 3

A,B,C — koo (pHIMEHTHl YpaBHEHUs MIOCKOCTH, B KOTOPOH
nexut BCT" KA,

Paccmatpupas apmkenue nentpa macc KA B cocrase BCIY
B AT'DCK u ucnone3ys, cucremy audhepeHIHAIBHEIX YpaBHe-
Huii (6), monmy4nM reomerpudeckue xapakrepuctuka BCIT KA
Ha MHTepBaJle OJHOTO BUTKA, MPECTaBIIEHHbIE Ha pHC. 2-5.

o k[ 3m 57, 22 %
Rt [1 s, }rs (3 ~(42-63 )] Sk
ok
“m e
o B [ 3m, 2 5m, V5 z__l_
y= r3+_ ¥ {l 5— ] o [3 (42-63 )] ’_r
C.S 6)
B 2mMpVVY'
gk Im(y 2 5w 2 e,
B | 2r4(3 srz) = 30-(10-63%) | 5|2
¢85,
-2 "MAVV.

Pz

=V, ¥=V,, 2=V,

roe X,Y,Z, Vx,Vy,Vz— KOOPAHHATEI M NPOEKUHH CKOpO-

cru nentpa Mace KA B AT'OCK; C, - xoa(pduIMeHT CHIIbI
1060BOr0 CONPOTHBIICHHS; S, — IUIOMA/k MAJIENA; M — Macca
KA; p— mnotHocTh BO3AyXa; V— MOIYIb OTHOCHTEIBHOMH
cropoct KA. Jlmg Kaxaoro MOMEHTa BPEMEHH PacCYHTAeM
XapaKTEPHCTHKH, ONMPENeISIONHe JUHAMHKY OTHOCHTEIBHOTO
IOBIKeHHs TpeyronsHuka obpasyemoro BCI' KA no dopmy-
nam (2-5).

Ha puc. 2—4 npuBeseHs! 3aBHCHMOCTH JIMHEHHO# JaIBHO-
ctu 1 yriaa Mexay KA B cocrage BCI™ Ha unTeprane 10 cyToxk,
a Ha pHuC. 5 mpeactaBneH rpadMK OPHEHTALMH IUIOCKOCTH
GanIHCTHYECKH CBA3aHHOM TPYNIBI KOCMHYECKHX alllapaToB
K MOBEPXHOCTH 3eMJIH Ha HHTEPBaJie OQHOTO BHTKA.

H&ES RESEARCH 13



ABNAUNOHHAA N PAKETHO-KOCMUNYECKAA TEXHVKA

14000 K04} i 1
£ 120 : :
s’l H .
< 110 . MY HHELE
(=] !
100 f (\
80|l

80

Puc.2. I'papux H3MeHEHUA NTHHEHHOH 1ANBHOCTH MEKIY
KA-1 u KA-3 B cocrase BCI™ na unrepsane 10 cyrok

IpensaputenbHble Pe3yNbTaThl MOACIMPOBAHUS TEOMET-
pugeckux xapaktepucTuk BCIT KA, npencrasieHHsle Ha pHuc.
2-5 (xondurypanust BCI' KA Ha r1ockocTd U B IPOCTPAHCTBE)
MOKAa3bIBAIOT, YTO XapaKTep M3MEHEHHs JMHEHHOH AanbHOCTH
mexay KA u yriia Mexay BepIIHHAMH TPEYrolbHHKA, 00paso-
parHoro bCI" KA Ha BpeMEHHOM HHTEpBajle MEPHOIHYECKHIA.
B T0 e Bpems MPHCYTCTBYIOT BEKOBBIE YXOIBI U TPEACTABIICH-
HBIC 3aBMCHMOCTH HOCST CIIOYKHBIH (DyHKIMOHAIBHBIA Xapak-
Tep. Kak nokaselBaioT pe3y/iabTaThl MOACIMpOBaHHMA Ha Gonee
JUTHTEIBHOM BPEMEHHOM MHTEPBAJIE 1A Pa3IMYHBIX BADHAHTOB
HavaneHoro nonoxeHus KA B cocraee BCI" KA u moneneit
cun, pedcreyromux Ha BCT™ KA, nmoseisroTcs KOAronepHoiy-
YECKHE COCTAB/IAIOIIME BOSMYLIAIONINX CHIL,

DKA12
I
o

MX OCHOBE JIEKHUT TOHCK ONTHMANBHON CTPYKTYPHI Ha Y3KOM
MHO)XecTBe (OpOHTEI KpYroBEle, ¢ OXMHAKOBHIM PafMycoM H
HaknonenneM). Kpome Toro, 3ajaua BeiGopa Ha4anbHOro I10-
noxenus KA B cocrase BCI' B HacTosIee BpeMs He peleHa.
IIpenBaputensHble pe3ylbTaTsl MOJETHPOBAHUS IT'eOMETpHYE-
ckux xapakrepucTHk BCI' KA, npeacraeneHHeie Ha puc. 2
(xoudurypauus BCI" KA Ha mmockocTs) u pHc. 3 (opHeHTa-
uug mwiockoctH BCIT KA k moBepxXHOCTH 3eMiTH) JUis pasjiud-
HBIX BapMaHTOB HauanbHoOro monokerus KA B cocraBe BCI'
KA mnoka3siBaroT, 4To yIy4IlICHHE XapaKTepHCTHK Ha IIOCKO-
CTH B pAJIE CIyYacB BBEAET K YXYAUIECHHIO OPHEHTALMH ILIOC-
koctn BCI' KA. Bonee TOro, ¢ ydyeroM BO3MOMKHOCTEH
CPEJICTB BHIBEICHMS M pealu3alii Ha MPAKTHKE TAKHX CHCTEM
KA, BapuanTsl HavansHoro nonoxenus KA B BCI', kotoprie
ynoBnerBopsnu TpebopanusaM (1) MOryT OTCYTCTBOBATE.

R

H
Cymin

8 8

Famua 12,13.23, rpag
=2
-

B2 & 2 8

o

Puc.d. Ipadux usmenenus yrnos y ; mexay KA s cocrase BCI*
Ha uuTepsane 10 cyrok

Puc.3. ['padux usmenenus nuHeiinoit nansHocTn Mexay KA-1 u
KA-2 B cocrape BCI™ na untepeane 10 cyrok

Xapakrep M3MCHEHWS YIVIOB y;, NPEICTABICHHBIA Ha
puc. 4, 3aBHCHT OT HadaibHOro nonoxenus KA B cocrase
BCI" KA. [Ins ynoenerBopeHHs TpeGOBaHHH 110 NpeAeNbHBIM
3HAYCHHAM YIJIOB (HampHMep, IS peali3alud Pa3HOCTHO-
JIATbHOMEPHOI0 METO/Ia ONPEACICHUA MECTONOIOKEHHS HC-
TOYHHKOB PafHOM3IIydeHUH) HeoOX0AUMO NPOBOIUTE AHAIH3
B LIEHTPaJIbHOM I'PaBUTAIHOHHOM I10JIE,

3arnouenue. TpeboBaHMS K T€OMETPHUECKHM XapakTe-
puctukaM win koHburypauuun BCI' KA onpenensiorcs MeTo-
JIOM pajuonokaumu. Jng ux peannsanyy, HeoOXOZMMO HcC-
MONB30BaTh OPOUTHI C pa3HOH reoMEeTpHEl W IMONIOKEHHEM B
MPOCTPAHCTBE, 4 3TO B CBOIO OYepelh MOPOXKIAET PAL TPYIHO-
creii mpu cunTese cucteMsl KA 133 ¢ ucnons3osanuem BCT'.
ITo cyrn TpeboBanus k BCI' nmpoTHBOpeyaT MeToaM H ajro-
puTMaM cHHTe3a cucteMsl KA mepnonugeckoro o63opa. Tak B

14 HAYKOEMKUE TEXHOJSIOMN B KOC

MIHECKINX MCCJ

o 1000 1500 zm 2500 3000 3500 4000 4500 5000 5500 G000 6500 7000

Puc. 5. Opuenrauus nnockocti BCI' KA k nopepxuocti 3emin
Ha MHTEpBaJle OHOr0 BUTKA

B sToM ciydae, ans 3anaHHOro AuanasoHa opout KA, on-
TUMH3ALHA HadansHoro monoxkeHus KA B cocrae BCI' KA
MOKeT OBITh CBE/IEHa K MUHUMH3ALHK BPEMEHH, IPH KOTOPOM
tpeGoBanusaM (1) He BEINOIHAKOTCS.

Crenyromum STanoM 6ayIMCTHYECKOro MOCTPOCHUS CH-
cremsl KA J133 ¢ ucnons3osanueMm BCI" KA saBnsercs cUHTE3
cTpykTypsl, B kotopoM BCI" KA sBnserca cTpyKTypHBIM 2Jie-
menrtoM. IIpu atom Te TpeboBaHus, KOTOphIE HE MOIYT OBITH
BhinonHens! npu Gopmuposanun BCIN KA Heobxoaumo yuu-
THIBATH NPH pElIeHNH 3a1a4n cuaTe3a cuctem KA J133.

Hnsa chopmupoBannoro Bapuanta BCIT (Tabn. 1) mpouz-
BenéH pacuér HeoOxomumoro kommuectBa BCI' m obmero
gucna KA B cucreme mia obecneyeHus Tpebyemoii mepmo-
OUYHOCTH HaONIONeHWs WIHPOTHOrO Mosca R, €[-70,70].
PesyneraTs! npeacrasieHs! B Tabu. 2.
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Tabnuna 2
Ilepuomuunocts Habmonenus BCI" KA
HepHO,I[H‘IHOCTB 1.5 3 4 5
HabmoneH s, Jyac
BCI' KA
(Ogﬂlg:m‘fmm Ka) [12G6) [618) | 5(15) | 4(12)

Taxum obpasom, pemenue cuaTesa cucremsl KA c mc-
nonezopanneM BCIT KA cBomuTcs K pEIIEHHIO CIEAYIONIMX
KOMIUIEKCHBIX ONTHMH3AIIMOHHBIX 3a/1a4:

1) Omnpenenenue nenesoii 3anaun (enepoit GyHKIMM),
croseii nepen cucreMoii KA ¢ ucnonssoranuem BCI™ KA.

2) ®opMupoBanue TpeOOBaHHH M OrpaHMYCHHI, KOTO-
prle BosHukaloT nepen KA B cocrase BCI'. Bribop 1 obocHo-
BaHHE MMApaMeTPOB OPOHT ¢ YIETOM CTOALIEH Iepe] CHCTeMOH
nenepoil 3apaveif, Tak e NOMUCK HAYaNBHOTO IONOMKEHMS
kaxaoro KA, B cocraee BCI', kotopas OymeT yIOBIETBOPATH
JIaHHbBIE TpeOOBAHHA U OTPAHHYEHUS.

3) Bribop u obocHOBaHHE MOJENH ABHXKEHHS LIEHTpa
mace KA B cocrape BCI'.Pazpaborka MeTOM0I0rHYECKOro
anmapaTta pelieHHs 3ajadd cuHTe3a cucreM KA ¢ mcnons-
3oBanueM BCT'.

JIuTepatypa

1. Asepxues H.®., Boraugs C.A., Bacbkos C.A. OcHOBEI
Teopuu nonéra jeratensuelx anmapatos. CII6.: BKA wum.
A.®D. Moxaiickoro, 2013. 242 c.

Anga UMTUPOBAHMUS:

2. Jlobanos A.I'., Cemynkuna B.J. K Bonpocy o Gamnu-
CTHYECKOM TMOCTPOSHHM NPH IPOBENEHHH HHTEPHEPOMETPH-
yeckoii chémiu // KocMonasTika 1 pakeroctpoenue. 2012. No
5.C. 41-47.

3. Aranog B.A. JIBa HoBbIX ciyTHHKa Wig NRO // Hoeo-
ctu KocMoHaBTHKH. 2002, Ne 5, C. 11-12.

4. Kyueiiko A.B. USA-160: curyaums mnposicusercs //
Hosoctu kocmonasTuku. 2002. Ne 8. C. 44-47.

5. Bmacos C.A., KyneBuny A.B., Mocun JI.A. Axanu3
MPOCTPAHCTBEHHO-BPEMEHHBIX XaPaKTEPUCTHK IIPH PELICHHH
3aJ1aun nepuoaryeckoro Habmonenus cucremoit KA // Tpynst
Boenno-kocmuueckoit akanemuu umeHun A.®. Moxaiickoro.
2010. Ne 645. T. 2. C. 72-75.

6. Brmacop C.A., Kyneun A.B., Kucener B.B. Anropurm
pacuéra XapaKTepHCTHK NMPUMEHEHHs KOCMHYECKHX ammapa-
TOB JUIs HaOMoNeHNs OOBEKTOB B OKOJI03EMHOM KOCMUYECKOM
npoctpaceree // Tpynst BoeHHO-kOCMHUECKOH aKaieMHH
nmenn A.D, Moxaiickoro. 2010. Ne 645. T. 2. C. 82-92.

7. OpuunankoB M.IO., Tkaues C.C. Bimsnme cmabpix
BO3MYILIEHHII HA OTHOCHTENBHOE JIBHKEHUE JIBYX CITyTHHKOB //
IIpenpuater UTIM umenn M.B. Kenppia. 2005. Ne 69. 24 c.

8. Pasymumiii  FO.H. CuHTez OpOGHTANBHBEIX CTPYKTYpP
CIIyTHUKOBBIX CHCTEM Iepuopuueckoro obsopa. M.: MI'TY
um. H.D. Baymana, 2000. 355c¢.

9. Moxaes I'.B. Cunre3 opOHTAIBHBIX CTPYKTYP CITyTHH-
KOBBIX chcTeM: TeopeTHko-rpynnoBoi noaxon. M.: Manmao-
crpoenue, 1989. 303 c.

Asepkues H.®., Bnacos C.A., Xurtnukos T.A., Kynbsuy A.B. PopmrposaHme cTpyKTypbl 6AnAMCTMHECKM CBA3QHHOM FPYynnbI
KOCMMYeCKMX annapaToB AUCTAHLMOHHOTO 30HAMpPOBaHms 3emnu // Haykoemkue TeXHONOMMM B KOCMMYECKMX MCCNEef0BAHM-

ax 3emnn. 2016.T.8. N2 4. C. 11-16.

WWW.H-ES RU

H&ES RESEARCH 15



ABNAUNOHHAA N PAKETHO-KOCMUNYECKAA TEXHVKA

FORMATION OF STRUCTURE BALLISTICALLY LINKED
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Abstract

The article is devoted to date, the problem of increasing effective-
ness, efficiency of application systems of the spacecraft using the bal-
listically linked groups spacecraft — sets from several spacecrafts
moving at a relatively close mutual distance from a few tens of meters
to one hundred kilometers.

The main difference of flights of spacecrafts as a part of ballistically
linked group from flights as a part of system of spacecrafts is that in
systems of the first type is controlled by taking into account the rel-
ative position of the satellites moving in very close orbits, that is
realized by controlling the relative movement, and carried out indi-
vidually in the second type of system control of each object.

There are a number of problems for the implementation of such
projects, including from the point of view of the dynamics of its
member satellites. The first problem - the definition and for-mation
of spatial configurations of ballistically linked groups. The second
problem — maintaining them over time. The solution to the first
problem depends on which system effect of using the ballistically
linked group is necessary to implement in the construction of the
orbital grouping. To solve the second problem, it is advisable to
study the mechanisms that contribute to the destruction of the ballis-
tically linked group of spacecrafts.

In this article problematic issues of formation of structure ballistically
linked groups of spacecrafts are considered, and methodological
approach to formation of a configuration ballistically linked group of
spacecrafts is also presented. The example of formation of structure
ballistically linked group consisting of three spacecrafts is given.
Dynamics of the relative movement of the spacecrafts which are a
part ballistically linked group is investigated.

Dependences of linear ranges and corners between spacecrafts as
a part of ballistic related group on an interval of 10 days, and also
the schedule of orientation of the plane ballistically linked group of
spacecrafts to the Earth's surface on an interval of one round are
presented. The preliminary results of modeling of ge-ometrical
characteristics ballistically linked group of spacecrafts show that
nature of change of linear range between spacecrafts and a corner
between tops of the triangle formed ballistically linked group on a
time interval periodic. At the same time there are century shifts and
the presented dependences have difficult functional character.
During modeling and the analysis of results the conclusion is drawn
that nature of change of relative angular position of spacecrafts

For citation:

depends on initial position of spacecrafts as a part of ballistically
linked group.

Keywords: spacecraft, orbital group, ballistically linked group of
spacecraft, a periodic review of the Earth's surface, synthesis of
systems of spacecrafts.
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AHHOTALMA

Bbicokme puckn, obycnoeneHHble yrpo3aMM BO3HMKHOBEHMSI TEXHOFEHHbIX 3KC-
TPEManbHbIX CUTYALMM M KaTacTpod, BbI3bIBAIOT Heo6X0aMMOCTb Noucka Hanbo-
nee 3¢ beKTUBHBIX NyTeH ynyuleHus paboTbl N0 NpefynpexXAeHUIo, BbiSIBIEHHIO,
NOKANM3aLUMU SKCTPEMASbHBIX CUTYALMI U JIMKBUAALMM MX NOCIEACTBUM. DKCTpe-
MarnbHQs CMTyauus NPY MOArOTOBKE M MyCKe PAKET KOCMMYECKOro HA3HAYeHMs —
06CTQHOBKA, CKNOABIBAIOLLAACS HO TEXHMYECKOM M CTAPTOBOM KOMMMEKCAX M
npuerarLwmx K HUM TEPPUTOPHAX, XAPAKTEPU3YeMasi BOSHMKHOBEHWEM daKTO-
POB HEMOCPEACTBEHHOM YTpO3bl AJil 3A0POBbS U XXM3HM NIIOAEMN MIIU YTPO3bl CPbi-
BA MX AEATEeSIbHOCTU MO PEeLUeHMIO 30404 CBOEBPEMEHHOM MOArOTOBKM M Myckd
pakeT KocMMyeckoro HasHadeHus. [IpesoTepalleHMe SKCTPEMASbHBIX CUTYALMM
M MX NOKANM3ALMS B CAMOM HOHYQBHOM CTOAMM PO3BMTMS siBRsieTcs Habonee
BAXHOM 3004€el Np1 pa3paboTke HOBbIX PAKETHO-KOCMMYECKMX KOMMNIEKCOB, B
CBSI3M C YEM AKTYQsbHOM SiBAsieTcs 304a4d 060CHOBAHMS HEOBXOAUMOro cocTasa
M ONTMMANBHOTO PA3MELLEHUS CPEACTB NMKBMAALMM SKCTPEMATbHBIX CUTYALMI B
NO3MUMOHHOM PaMOHE YOCTM 3aMycKa, B KAYECTBE KOTOPbIX € No3uumii 6esonac-
HOCTM U OMNEpPATUBHOCTH Lenecoobpa3HO NPUMEHATb POBOTOTEXHUYECKME CH-
creMsl. [pumeHeHHe poBOTOTEXHUYECKMX CUCTEM NIMKBUAALMM SKCTPEMATbHbIX
CUTyaLMM — OPraHU30BAHHOE HA TpebyeMOM YPOBHE Mo LensM, 3aaa4am, yHk-
LMSIM, MECTY M BPEMEHM UCMOJNIb30BAHUE OPraHAMM YNPABAEHMS MMEIOLLMXCS HA
MX BOOPYXEHNUMU POBOTOTEXHUYECKMX CUCTEM M ONpefeneHne B3aMMOAENCTBMS,
obecneunBalolyx onepaTMeHyio M 6e30nacHyo NMKBMAALMIO SKCTPEMANbHbIX
cutyaumn. B pabote npepnaraeTcs 30HHbIM nogxog K npUMeHeHuio poboToTtex-
HUYECKMX CUCTEM A IMKBUAALMM SKCTPEMANbHBIX CUTYALMM, B PAMKAX KOTO-
poro pa3paboTaHbl Heo6X0ANMbIE YCNOBMUS MPUMEHUMOCTH POBOTOTEXHUYECKMX
CUCTEM B YCNOBMSX KOHKPETHOM 3KCTpeMasnbHOM cuTyaumu. HoeusHa nopgxopa
3aKnio4aeTcs B OMNpepesieHMHM NPOCTPAHCTBEHHO-BPEMEHHBIX XAPAKTEPUCTMK
PA3BUTHUS IKCTPEMANBHBIX CUTYAUMH U GOPMMPOBAHMM Takoro coctasa pobo-
TOTEXHMYECKOM CMUCTEMBI, KOTOPBIA MO3BONMT BO3AEMCTBOBATb MAKCHMMANbBHO
3¢ PpeKTMBHO Ha HAKTOPLI SKCTPEMASILHOM CUTYAUMM AN UX IUKBMAALMM C 30-
AOHHOM BeposTHOCTbIO. B pamkax aaHHOro noaxopa npeanaraeTcs HAO OCHOBE
MMHMMAKCHOFO KPUTEPUS NEPEKPLITHS 30H AEHCTBUS pOBOTOTEXHUYECKMX CUCTEM
onpegenstb Hanbonee 3¢ HeKTUBHBINA M3 BO3MOXHbIX (PPOHTANBHBIN, KPYrOBOH,
KOMBMHUPOBAHHbIN) BAPUAHT NOCTPOEHUs POBOTOTEXHUYECKOTO KOMMIEKCA.
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Heo6xoqumple yc/10BHS IPHMEHHMOCTH

Po0OTOTeXHHYECKHX CHCTEM H KOMILIEKCOB

IJIS IMKBUAALHH YKCTPEMAJIBHBIX CHTYaIuii

Bospacratonue TeMmrnel pocra KONMHYECTBa M MacmTaboB
TIOCTIE/ICTBHI aBapuif, KaTacTpod ¥ CTHXHMIHBIX Ge/ICTBU, CBS-
3aHHBIE B TOM YHCIIE C PAKETHO-KOCMHYECKOH AEATENBEHOCTBRIO,
3aCTaBIIAIOT MCKATh HOBBIE PEIICHHS TIPOOJIEMBI 3alIUTHl HAace-
JIEHWA W TEPPUTOPHIA OT YpE3BhIYANHBIX CHTYAIWH, pa3BUBaTh
METO/IbI M CPEJICTBA HX MIPOTHO3a U Mpeaynpesaenus [5-6]. Pe-
IeHue 3a/1a4i 000CHOBaHUA cocTaBa H pybexeit pa3BepThiBa-
HUA U npuMeHeHns pobororexandeckux cucreM (PTC) u kom-
miekcoB (PTK) qns obecneyenns MMKBHAALMA 3KCTPEMaIbHBIX
curyaumii (3C) ¢ 3aaHHOI BEPOSTHOCTHIO BO3MOIKHO TIpHME-
HEHHEM TEOPETHKO-MHOKECTBEHHOr0 IOAX0/A, CYTh KOTOPOTO
3aK/II04aeTCs B CIIEYIOUIEM.

JIro6oii j-# Touxe obmactm DC B; (t) B moboi MOMEHT

BPEMEHH [ MOKET OBITh I0CTABIIEH B COOTBETCTBHE BEKTOP (pa-
30BBIX Xapakrepuctuk C S(f) = (al (1),02(1)ye0s 0y, (1) ) , 3a-
JABAEMBIi1 B IPOCTPAHCTBE {S }: {S(r), r} (o= {S } {S}. MHOxecTBO
BCEX TOUEK {B y (t)}= B(r) obpasyer o6nacts 3C B MOMEHT

BPEMEHH 1.

JIroGoii Touxe nonoxennsa PTC B mo0oii MOMEHT BpeMeHH
¢ MOXeET OBITH IOCTAB/IEH B COOTBETCTBHE BEKTOP KUHEMATHYe-
CKHX napaMeTpoB JBHKEHHS PTC:

D(t) = (x(0), p(0),20), V(). V),V 1),...) B cucteme xoop-
munat Ocg X cx Yox Z ok » ceasannoii co CK.

BosHnkaer 3aada, yCIOBHO Ha3biBaeMas NpsAMOii, B KOTO-
poii nna moboro Bexropa D(t) npu 3anaHHOM BeKkTOpe 0000-
IEHHBIX TAKTHKO-TEXHHYeCcKHX Xapaktepuctuk PTC T.(r)
Tpebyercs OnpesenuTs BEKTOP OIEPAIHOHHBIX XapaKTEePHCTHK
poszeiicteuii PTC na xapakrepuctuku OC B HEKOTOPOH TOMKE
ee obnacti — Sp(t) = (07 (1), 027 (O),.-s0y () )

Fr D), T, (6)} > Sp(0),

H OLIEHUTH Mepy Gnu30cTH BekTopoB S(f) u Sp(f):

p@) = abs(S(t) — Sp(@©)).

Cywecreyer ofparHas 3ajada: NpU 3aJaHHBIX BEKTOpPAx
S(¢) u Ty (t) neobxoaumo onpeenuth obnacts (pybdex npu-
menenus (PII)), orkyna mMoxer ObiTe obGecriedeHO BO3IEH-
cteue PTC Ha xapakrepuctuku 5C B HEKOTOpOIi TOUKe ee 00-
NACTH CYHNIECTBOBAHHA B MOMEHT BPEMEHH f, T.€. OCTPOUTH
(hyHKIHIO:

Gr(t) = D (S®), Tx()),

rie {GT(I)}= {(x'r(r), yr(t),zr (t))} — MHOXECTBO TOYEK
PTC.

Jns Bceit obnactn cymecreoBannsa 3C PIT PTC B MmomeHT
BPEMEHH [

{Gr@n}=[or@av.
vV

Jns pemenns NaHHBIX 3a/a4 NpENTaraeTcs 30HHLIN Mox-
XO]I, OCHOBHBIE 3a/1a4/ KOTOPOTO NPeCTAaBIEHB! Ha pHC. 1.

Ecnu HeoGxomimo obecreunTh OJHOMOMEHTHOE BO3Jeii-
crBHe Ha Xapakrepuctiki DC U eciu 13 Moboi TOUYKH MHOXKE-
ctBa {Gy (V)] BOSMOXKHO BO3ZIEHCTBHE B STOT MOMEHT / Ha
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Bcro obnacts DC, To gocratoudo oxHoro PTC. B nporHBHOM
cny4ae Heobxoxumo npumenenne PTK B cocrase onpeneneH-
Horo konnuectsa PTC.

3asaua amanuia:

oBocuosanue obankn u TTT (TTX)

PTC no many 3C curyams
(MaTeMaTIYeCKHE MOISTH)

Fanaua cuHresa:
obocHosanne coctasa o pyGexedt
PRIBEPTHRIBAHI H MPHMEHEHHA
rpynmeposks PTC - PTK aas
obecneterig THEBHIAW IC ¢
331aHHO BEPOATHOCTBIO

3aaava moxetuposanus [TIPBO,
THIA H XapaxTepHerHs 3C

L 4

3agata MOIeTHP OBAHHA
npH PTC (nenpep
MOJTH, JHCKPETHBIC MOIETH,
MOZETH CMETIAHHOTO THITA)

!

|

3a2a4a oUCHIBAHNE nokazaTetel
shipest pi PTC
(PTK)

"la,:‘awa BHARTEHHA CYNIECTREHHRIX
CBOFICTB M MOJETHp OBAHHE
mokazarencii kagecrsa PTC (TTX)

T

l

3a7a4a BEMBTCHHS MOKA3aTeIeH
3ddexTHBHOCTH mpHMeHeHns PTK
(MYABTHILTHEATHBHOTO,
AAJIHTHBHOI 0. CMEINAHHOIO THIOR)
H HX MOJCTHPOBAHHA

i

3agava ouenHBaEns TTX PTC i
dopuuposanus TTT

3aza%a MOJETHP0BaHHA
npayeneERA PTK (HenpepHIBHEE

MOIJETH, JHCKDETHRIZ MOISTH,
MOJIETH CMEAHHOTO THIIA)

Puc.1. 3onuslit MoAXon K petuenuio saaaun cuuresa PTKC
nukBupauun 3C

st Bcero mHTEpBana BpeMenn Af cymecteoBaHua OC B

TO4YKE ee 00IacTH
{Gr (A} = [@r@)ar.
Ar

Ecnu BpemenHoii pecypc npumenenust PTC Af, 6onbiue
BpeMeHH At, To gocratoyHo ogHoro PTC. B npotnBHOM ciydae
HeobxonuMo npumenenne PTK B cocraBe onmpeneneHHoro Ko-
nnuectsa PTC.

Jnst Beeid obnacTy IpH HENPEPRIBHOM HHTEPBAJIe BPEMEHH
cymecteopanua JC muoxectso Touek PIT onpenensiercs mo
dopmyne

Gr@v;ant= | [Or@)dvar .
AtV

ITon HeoOxomuMMBIMK yCIOBHAMH npuMenumocTH PTK B
DC noHMMAaroTCs Yclnorus, 6e3 coONMIeHNa KOTOPBIX NpUMe-
Henue PTK nHesosmoxkHO mubo HenenecoobpasHo. Mx MoxHO
Pa3aeNuTh Ha BE TPYIIILL:

— YCITOBHSI COOTBETCTBHS COCTABA ONEPaLMOHHBIX XapaKTe-
puctuk PTC (PTK) cocraBy xapaxrepuctuk 9C;

— YCIIOBHUA COOTBETCTBHA NApaMeTPOB ONEPALMOHHBIX Xa-
paktepuctuk PTC (PTK) npocTpaHCTBEHHO-BPEMEHHBIM Xa-
paktepuctiukam 9C.

IMTon onepanmonnoil xapakrepuctukoi PTC (PTK) monu-
Mmaercs 3anoxenHas npu paspaborke PTC (PTK) cnocobHocTs,
NpOABMAOMIAACT B €6 BO3MOXKHOCTH OCYIUECTBIIATH ONpexne-
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JIEHHBIE Oonepaliy (KOHTPONb OKpy»Katomieif o6CTaHOBKH, ro-
PH3OHTalIBHOE M BEPTHKAJBHOE NEPEMEIIEHHE, BO3MOKHOCTh
BO3JICHCTBHA BOJOH, MEHOM U T.1.).

Ilon mapamerpom onepaupoHHOH Xapakrepuctuku PTC
(PTK) moHMMaeTcs KOJIHYeCTBEHHOE HTH KAYeCTBEHHOE 3HaYe-
aue criocobHoct PTC (PTK) BHIONHATE MPEXYCMOTPEHHEIE
KOHCTpYKUHeH onepaunu (paspemamomas crnocoOHOCTh
CpelICTB KOHTPOJNSA, JalnbHOCTh (pajuyc) NeHCTBHA JaT4HKa,
CKOPOCTh NEpEMEIEHNUS ABWKUTENS, PaAyC AeiiCTBUS MaHU-
mynsTOpa M Ap.)

IMon addexrom sozaeiictaua PTC (PTK) na 9C nonuma-
€TCA pPe3yNbTaT, NPOABIAIOIIMIACA B TAKOM BIMAHMM ONEpaliy-
onHo#i xapakrepuctukn PTC (PTK) Ha xapakrepuctuky IC,
NPH KOTOPOM TNPOHCXOANT MOHMIKEHHE €€ KONHYECTBEHHOTO
YPOBHSI HIIH €€ YCTPaHEeHHE.

Jonymenus: ecid onepanuoHHas xapakrepucruka PTC
(PTK) cootercTByeT Xapaktepuctike IC, To 06513aTENEHO Cy-
mecTByeT 3G (eKT OT ee BO3ACHCTBYS 10 ITOH XapaKTepHCTHKE.

HeobGxommMele yClIOBHS COOTBETCTBHS COCTaBa ONEpaLy-
oHHbIX xapakrepuctk PTK cocray xapakrepuctuk 3C.

Iyers a; =< afn,afz], _— aﬁ“’ > — BEKTOp XapakTepu-
cruk i-it OC, 3anaBaeMelit B mpocTpaHcTBe By, 3afauaMu ycTpa-
HEHUsA KOTOpBIX ABJsieTcs npuMenenue PTK;

wj =< m}l), w}z), %5 m}"j)bv — BEKTOp ONEpaIMOHHBIX Xa-
pakrepucTuk j-i PTC, 3anaBaemblif B npoctpaHcTse By BO3-
MOXHO N BY # @;

Q, =<Q®,0@ QW™ > _ pexrop onepamonHsx
xapaxrepuctak m-ro PTK, 3anaBaemsiii B mpoctpanctee Bkm,

roe ki, ki kn — pasMepHOCTH COOTBETCTBYIOLIMX IIPO-
CTpaHCTB.

HeoGxoauMbIM yclIOBHEM CBA3H KapTexel onepaluoHHbIX
xapaktepucTuk m-ro PTK # onepanoHHBIX XapaKTEPHCTHK
Bxojamux B ero cocras PTC sensercs

Bk ~)B¥ |
ki

Kpurepuii npurognoctu m-ro PTK mnsg npumeneHns B i-it
OC mo nokazaTeNr COOTBETCTBHSA COCTaBa €ro ONepPallHOHHBIX
XapaKTepHCTHK cocTaBy XapakTepucTuk OC UMeeT BUJL

BY g,

Jlns ycTaHOBNIEHHMs COOTBETCTBHA XapakTepHCTHK i-if 3C
ONepanHOHHEIM XapakrepucTukaM m-ro PTK moxer GbITh 1mo-
CTpOeHa MaTrpulia HHIWAEHTHOCTH M (BBIZENEeHa LBETOM)

(puc.2).

S 72 3 e 1
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Pue.2. Marpuia HHUHAEHTHOCTH M ¥ moka3aTenH COOTBETCTBHA
XapakTepHCTHK i-it DC onepallHOHHBIM XapakTepHcTikaM m-ro PTK

H&ES RESEARCH

Ha puc. 2 yepes p,? 0603Ha4eH HOCHTH()HKATOP COOTBET-
CTBHUA g-# xapakrepucruke i-i DC n-H onepalloHHOA Xapak-
Tepuctke m-ro PTK:

1, ecnu umeercs BozaeHcTBHE n-if onepaloH-
HOM xapaxrepuctaku m-ro PTK mo g-if xapak-
Tepuctuke i-it 3C;

0, ecnu Bo3zeiicTBHE n-il OINEpalMOHHON Xa-
pakrepuctuku m-ro PTK no g-it xapakrepu-
cruke i-it 9C oTCyTCTBYET.
ANTUTHBHEIH TOKazaTens (pHc. 2) BO3MOXKHOCTH BO3JEi-
CTBHA N0 g-i XapakrepucTHKe i-i 3C 1o BceM onepalHoOHHBIM
xapaxtepuctukam PTK umeer Bun:

km g
fkm = 2. Pn
n=1

ITo naHHOMY TTOKA3aTe0 MOXeET OBITh C(OPMHPOBAH KpH-
TEpHii TTOTEHIHANBHON (anmpropHoii) npurogHoctd m-ro PTK
Juist Bo3zieficTBHA 1o g-il xapakrepuctuke i-it 9C

1o, 2l
MunnmaisHoe suavenne f, " Xapakrepusyer HauGosee
YA3BUMBIE MECTA C TIO3MLMIT 3aIIMTHI M JTMKBHIALIAH TIOPAKAI0-
mux (akropos IC
km km*

AIIUTHBHELH MOKa3aTeNb (PHC.2) BO3MOKHOCTH IIPHMEHE-
nus B i-it 9C m-ro PTK umeer Bun:

ki
F! =Y pi.
=1

ITo maHHOMY MHOKa3aTemo MOXeT OBITh cOpMYIHpOBaH
KpUTEpPHIi IOTEHIMANIBHOI (aIpHOPHOH) IPHIOHOCTH COCTaBa
orepalMoHHbIX Xapakrepuctuk m-ro PTK cocraBy xapaxrepu-
cruk i-it OC:

fmin = min ki
ki

Fl 20.

Maxkcumanbsroe 3HadeHue Fine* xapakrepusyer Hanbomb-
11yio 3 (hEeKTHBHOCTD 1-i ONepalHOHHON XapaKTEPHCTHKU M-
ro PTK nna ycrpanenus xapakrepuctuk 3C

Fpd% = nl?ka];

PamxupoBanue 1o 3G peKTHBHOCTH ONEPaNORHbIX XapaK-
tepuctuky PTK mns yerpanenus xapaxrepuctak IC 1103BOIHT
onpexnenuts Hanbonee 3pexrusubie PTC u3 cocrapa PTK s
ycTpaHeHus naHHoi DC 1 onpenenuTh HayanbHOe PacloNoie-
Hue PTC npu 30HHOM nozaxofe K ukBuaanin IC.,

OCHOBHEIMH OTIEPAlMOHHBIMH  XapaKTePUCTHKAMU  JIiA
ka0 j-i PTC apnsiores pasMepsl 1 kKoHGUTypalus obnactu
JeHcTBHA MaHunynauuoHHoH noacucrems! (OJIMIT) — muOMKe-
cTBO TO4eK (J;, 3anasaemMoe B ceszanHoi ¢ PTC cucreme koop-
JMHAT, KOTOPYIO MOYKHO CUHTATh MOCTOAHHOM (puc.3).

Ecnu o603naunTs yepe3 Oj(f) MHOXKECTBO ToUeK O; B MO-
MEHT BPeMEHH f B CBA3aHHOH ¢ i-if OC cucreMe KOOpAMHAT
OXYZ (puc. 3), To OIMII j-it PTC B OC — O, onpenenutses u3
COOTHOIIECHHUS
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Om= [Qm@®at,
Tji
rae Tj; © T; — Bpems npumenenns j-i PTC B i-it OC;
T; — Bpems cymectroanus IC.

Puc.3. Obnactu geficTBusA MAaHHIYIALHOHHBIX MOACHCTEMbL
PTC s cocrase PTK

Oﬁnacn. l'l‘pHMeHeHHSl MaHHITYIATHOHHBIX TIOACHCTEM
PTC m-ro PTK B i-it 3C Torpa apiagercs o0bpeqnHeHHEM MHO-
weeTB Oy

Qj =UQ;’11 : (1)
J

Bo3MOXKHE! TP BapHaHTa nepeceyeHus: obnacreii, MOKpHI-
BaeMbIX j-# u k-it PTC, npencrasnennsie Ha puc. 4.

e hi ; hi .
A A
a) 0) B)

Puc.4. BoamoxHsie 30HbI nepecedenus PTC

IlepBrIii BapMaHT BO3HMKAET, KOTAA PACCTOSAHHS MEKIY
LEHTPaMH MaHMIYIALMOHHBIX mnojcucteM j-H u k-ift PTC
hyi npeBbIIacT ABOKMHONH pajMyc JCHCTBHA MAHHITY/ISLMOH-
HOH mozicucreMsl by, = 21y, B a10M ciiydae 06;1acTH, MOKpHI-
Baembie PTC, Boobuie He mepeceKaroTcs, MO3TOMY BeJIMYMHA
nepecedeHns odbmacreit A = 0 (puc. 4a).

Bropoii BapuaHT BO3HUKAET, KOTAA Ty < R, < 21y Ilpn
9TOM 3HAYeHue BenuunHsl A Gyner paBHo A= Ry — Z(hjk =
Ty) = Ry — 2hy, + 21y = 21y — hy, (puc. 46).

B tpersem Bapuante hy, < 1. Ilpn 910M 3HaYeHMe Ben-
yuasl A OGyner papHo A= Z(rM — hjk) + hy = 2ny — 2hy +
hjx = 21y — hjy, (puc. 4s).

Takum obpasoM, BenuyHHA nepecedeHus obiacteid, mo-
KpeiBaeMeIx j-it u k-it PTC 6yner pasxa
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0,ecu  hy 22r,,,
A= ©)
2ry —hy.ecna hy <ry,.

B 3aBucuMocTH OT penraeMoii 3a1a4u U criocoba npruMeHe-
uusa PTK cymectsyer aBa THna HeoOXOMMMBIX YCIOBHH NpH-
menumoct PTK:

— YCIIOBHE MMHMMAJIBHOTO NepecedeHus o0JiacTe MOKphI-
s PTC, xapaxkrepHoe s rpaHUYHBIX 30H 3KCTPEMalbHBIX
CHTYaLHii, TAKOe, YTO B 1000 MOMEHT BpeMeHH t € T;

A> 0 u A- min.

— YCIOBME MaKCHMAaIILHOIO fepeceyeHns obnacteii nokpsl-
s PTC, xapaktepHoe Ui SMULEHTPA SKCTPEMANBHBIX CHTYa-
1Mii, Takoe, 4To B M1060ii MOMeHT BpeMmeHu t € T;

A> 0 u A— max.

IpeanaraeMsle HeOOXONUMBIE YCIOBHS H KPHTEPUH MOTYT
OBITE HCTIONB30BAHEI IS AIIPHOPHOrO OLCHHUBAHHA BO3MOXKHO-
creit npumenenusa PTK s maxsunanmn 3C.

MeToanka popmupoBanns xapaktepucTuk PTK

Juxkeuaauuu 3C

Opnnoit 3 xapakrepuctuk npumenenust PTK, cocrosimero
u3 copokynHocTH PTC, B DC sBngercsa komauectBo PTC ¢ 3a-
JAHHBIMY ONEPAIMOHHBIMY XapaKTePHCTUKAMH.

Ha mepBoM 3Tame ¢ TOMOIIBIO CPEACTB MOHHTOPHHTA
OKpyXkamwieii 00CTAHOBKH ONpEAenseTcs BEKTOp XapaKIepH-
cruk 3C q; =< agl),agz), u?“) >

B KauecTBe MHOKECTBA TPOCTPAHCTBEHHO-BPEMEHHBIX Xa-
paxrepucTuk OC B nosuuuonHoM paiione (ITP) sactu 3amycka
kocMuyeckux ammaparor (U3 KA) moryt BeicTynats (puc. 5):

— IPOCTPAHCTBEHHOE MONIOIKEHHE SMMLEHTpa (TOYKa), BO3-
MOJKHO M3MEHSIONIEECs: BO BpeMeHH (JIHHHS, TPaeKTOPUS JBU-
JKeHus, Tpacca snuueHTpa 3C), 3a1apaeMoe B HEKOTOPOit CH-
cTeMe KOOp/AMHAT;

— CKOPOCTH NEPEeMEIIeH sl JIMICHTPA, BO3MOXKHO H3MEHS-
lomascsa Bo BpeMenu (Hanpumep, V(1) = <Vx@), V), Vz(), r>;

— NPOCTPAHCTBEHHbIE XapPAKTEPUCTHKH H Pa3sMephl, BO3-
MOMKHO M3MEHSIOLIMECsS BO BpeMeHH (HanpuMep, MOBEPXHOCTh
(nwmns) dporrra IC (RO} = (<ai(t), aj(0), .., ak(D.t>};

— BpeMeHs CYLIeCTBOBaHHSA - Af.

]

i 1 V( I Zack
AES :

/]

L

\
| X
@é @ nP cK

o X

A

1\
NuHua JIuHKA
dpoHTa 3C

NepemeLleH1a
anuueHTpa 3C

Puc.5. Orobpaxenne DC ¢ npusaskoii k TP Y3 KA
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Ha Bropom sTane obnacts DC, KoTopas npeacTaBIseT co-
60ii HeNpaBUIBHYIO TeOMETPHYECKYI0 GOopMy, annpoKCHMHPY-
eTcs reoMeTpHIECKMMH QUrypaMu, MapaMeTpsl KOTOPBIX onpe-
nenstores xapaktepuctukamu PTC, a umenHo obnactsio aeit-
CTBHS MAHHIYJIALHOHHON TONCHCTEMBI, KOTOpEIE ILenecool-
Pa3HO TpPENCTABIATE MPAMOYTONBHBEIMH «KyOaMm» WM «ma-
pajienenunesaMiuy, 3aJaBacMbIMH B CHCTeME KOOpAMHAT
OcxXexVexZex (puc. 6).

i |
//' //' Pa
joi \
ANMPOKCHMHPY
{ O KVO /<

ik
PTi

O i; | \

Ogazcis
i 2C
=

Pue.6. Annpoxcumauns obnactu 3C OIMIT PTC

Ilpu sTom Tpebyercs obecrnednTh CIUIOIIHOE IOKPHITHE
obnacti 9C 1 MUHHMATBHYIO Pa3HUILY MEX/TY allPOKCHMHDY-
1omieit o6nacThro B 06nacteio 3C — Sp -Spc —min.

Ha TperseM 3Tame ompejienseTcs BapHaHT MOCTPOSHHS
PTC mo Bozgelicteyio onepaunuoHHbIx xapakrepuctuk PTC
(PTK) na xapakrepuctuxu IC. B kauecTBe BApPHAHTOB IOCTPO-
ennst PTC Moryr ucnonb3oBathest GpoHTANBHOE, KPYTOBOE H
KoMmGuHupoBanHoe noctpoenne PTC.

Ilycte obnacTi BO3ACHCTBHA MaHHIYIALMOHHBIX MOACH-
creM PTC, cocrasnsionmux PTK, umetot hopmy mapa. s no-
crpoeHus obnactu cromHoro sosgedcreud PTC nomkHO BEI-
MONMHATECA cooTHOmeHue (1), T.e. 06acTH BO3ICHCTBHS MaHH-
nynsuuoHHsIX nojcucreM PTC momkHel nepecexarhes, obpa-
3y 00BEM OrpaHHYEHHBIH LHIHHAPUYECKOH TTOBEPXHOCTHIO.

Jlna paBHOpasMepHeIX obiacTeil BO3ACHCTBUA MaHUITYIIs-
myonHelx noacucrem PTC maposoii dopMel panuyca ™M pa-
OMYC HHIHHIPHYECKOH MOBEPXHOCTH T Kak (YHKIIUS paccTo-
SHUS MEXAY leHTpaMH MaHHNYNAIHMOHHBIX mopcucTeM hjk
npu ¢ponTansHoM moctpoeHHH PTC oTHOCHTENBHO SNHIEH-
tpa 2C onpexensercsa 3aBHCHMOCTEIO (pHc. 7)

hjk
ry = sqrt(rf{ —(—;—)2}.

A

~
t,>

i
Sa—
!
i

<I
4
~

-
LS

Puc.7. O6nacts Bo3aeHcTBUA NPH HPOHTATEHOM
noctpoennu PTC

WWW.H-ES RU

Jlna paBHOpa3MepHBIX oOnacTel BO3ACHCTBHA MaHHITYJIS-
muoHHsIX nopcucrem PTC mapopoii dopmel papuyca r, pa-
IMYC IATNHAPHYECKOH TIOBEPXHOCTH  Kak (DYHKIHA paccros-
HHA MEXIY HIEHTPaMH MaHUTYIAIMOHHBIX TIOACHCTEM — Ajx IPH
kpyroeoMm noctpoernnt PTC Ha paccrosnun R OT 3NHIEHTpa
3C onpezensercs 3aBUCHMOCTEIO (pHc.8)

B %
o = sqri(rl — (%‘)2) +sqri(R? - (%‘)2) -

Puc.8. Obnacts Bo3aelicTBHA NPH KPYrOBOM
nocrpoexuu PTC

Ha ueTBepTOM 3Tare pacCYUTHIBAETCS BEPOSTHOCTD TMKBH-
papn DC Kak Mpou3BeneHHe BepoaTHOCTH JMKeuaamun PTK
OnacHbBIX (PaKTOpoB B 0OJIACTH NEHCTBHA MaHHITY/IALMOHHOM
noacucreMs! (OJIMII) na koahpHIHEHT MOKPHITHS POCTPAH-
cTBeHHOI obnactn 3C:

Tt Verg)

Prysac = Ky Pprg = Vac

PTK:

rae Ky — ko3 GUIMEHT NOKPHITHS NPOCTPAHCTBEHHOM 00-
nactu 2C OIMII PTK;

YORMI o1 — OJTMIT -1 PTC;

Vsc — npoctpaHcTBeHHas obnacts 9C;

Ppr— Bepostaocts nuxksupauu PTK onacheix (akropos.

Jns TouHoro pacyera BeposTHOCTH JuKBHpauun 3C cie-
IIYET Y4ecTb, 4TO B pe3y/bTaTe CIUIOMIHOTO MTOKPBITHA 0011acTH
OC obpasytorca obnact nepecedeHus ASHCTBHI MaHHIYIs-
IMOHHBIX moxacucTeM cocemHux PTC. BeposTHOCTh MTHKBHOA-
mnn PTK onacHBIX (akTopoB s HelepeceKarommxes obna-
cTeil onpeaensercs Kak MpOM3BeeHHEe BEPOATHOCTEH JIHKBH-
JIali} ONAcHBIX (AKTOpPOB BXOAAMIMX B ero coctae PTC:

Pprx =Pprc1Pprc2--Pprcn -
Jlna mepecekaromuxcs obnacTeidl BEpOATHOCT JIMKBHIA-

muu PTK onacusix ¢axropor a1 obnactu nepeceveHns j-it u
k-1 PTC 6yner paBHa

Pprx =1-(-Pprgi X1 - Pprc) -
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Io BLIYMCIEHHBIM MO BBIpAXEHHMIO (2) BenumduHaM obna-
CcTell mepecedeHnst PacCUUTEIBAETCA BEPOSTHOCTD THKBUAALIHH
3C 1o cneayrueMy BEIPaKeHHIO;

n n K
2 Vpgr%?'Mn HIPPTCj + % VI?T%EMH (== Porc)))
n - Jj=1 =] J=1

L

Vac

rae VOOAMI o — wenepecekatonuecs OJIMIT PTC;

yAORMIT, . — nepecekatommecs OJIMIT PTC;

Pprc — BEpOATHOCTE THKBUAALIMN onacHEIX (hakTopos PTC.,

Ha naroMm 3rane B COOTBETCTBHH C BEIOpaHHBIM KPHTEPUEM
3(p¢EeKTHBHOCTH 0 PACCUNTAHHOMY 3HAYCHHIO BEPOATHOCTH
nmukeumamn 3C onpenensercs MPUTOAHOCTH BHIOPAaHHOTO
crniocoba nocrpoenus PTC pnsg muxeunawuu OC. Ecin pribpan-
He1it cnoco0 noctpoenns PTC mna muxpunamam OC He ymosie-
TBOPSET KPHTEPUAM (D (PEeKTHBHOCTH, TO ONpeJENsIeTcs APYroH
cnocob nmocrpoerus PTC u moeTopsroTcs stans! 3-4.

Ha mecrom stane jsa Hanbonee sddexriBHOro crocobda
noctpoenust PTC o Bo3ielicTBHIO ONlepallMOHHBIX XapaKTepH-
cruk PTK Ha xapakrepuctuku 3C onpenensercs MUHHMAIBEHO
norpebHoe KonuuyecTso PTC KOMILIEKCHO NPHMEHAEMBIX 110
obnacru IC.

MuHUMaNBHO N30BITOYHOE YHCIIO CIIOEBY» MApallelbHBIX
ocHoBHOH mockoeTH OckXcxkYex (FOPU3OHTAJIBHBIX CIIOEB)
OnpeJenseTcs 3aBUCHMOCTBIO

M, = E{(Zmax = Zmin)/ a]+1, 3)

rae Zmax, Zniin —MaKkCHManbHas H MEHAMaNbHasA KOOpIH-
Hara obnact DC no ocu Zex;

@ — CTOPOHA KBafpaTa CeYEeHHs 30HBI CIUIOLIHOTO BO3IEH-
creusg MIT PTC.

Jlnst Kas/10r0 i-ro oS YHCIIO PSOB 30H CIUIOIIHOTO BO3-
neiicteua MIT PTK Bmons och Yex BeraHcngercs no gopmyse

szi :E[(Yzimax - zimin)"'ra]"'ls “

rae Ymax, Ymin —MakcuMmanbHas H MUHHMAaIbHAS KOOPIH-
HaTa z-ro ciog obnactu C no ocu Yek.

Jns xasxaoro j-ro paja i-ro cos 41cio pAxoB 30H CIUTONI-
Horo Bozpeiicreua MI1 PTK Brons ocu Xcxk BRIUHCHSETCA IO

¢bopmyne
M g = E[X pyimax — X zyjmin)/ @]+ 1,

e Xzymax, Xzymin — MaKCHManbHas H MUHAManbHas KO-
opnuHaTa obnacta OC s zy-ro paza.

O6mee gucno PTC, ofecrieynBaromyx 30HY CILIOIIHOIO
pozjeiicteus MIT PTK mMo:xHO oneHuTs 110 hopMyne

M, sz:'
N=7Y, Zszxj-
i=l j=I

Ecnu obnacts OC 3apmaerca

KOOpAMHATAMM HIKHEH M BepxHeill rpaneii ITPBO -
Z11PBOmax, ZPBOmin;

pazmMepoM NPAMOYTONBLHOrO napaseneninesna:

22 HAYKOEMKME TEXHOJIOMMIM B KOC

MIHECKINX MCCHEAOBAHMAX 3EMJIN

— mmuHo# — b ((XnpBomax - XripBomin)/b= Mppsox — Lienoe
YHCIO);

— mpuHOH — € ((YnpBomax = YrpBOmin)/c= Mnpoy — LIENIOE
YHCITO);

— BBIcoTOH — d ((ZnPBOomax = ZnpBomin)/d= Mrnppo, — LETOE
YHCII0);

KOOpAWHATAMH HIDKHEl U BepxHel rpaHell Kauuoro z-ro
cnos [TPBO 2C no ocu OckYex - Ynppozmaxs Y 11PBOzming

KOOpJIMHaTaMH HIDKHEN W BepXHeH rpaHei KaxIoro zy-ro
pana ITPBO 3C no ocu OckXck - XnpBOzymaxs XMPBOzymins TO
BO3MOXKHEI TPH CHTYALMH:

1) a=c=d uux 60KOBEIE IPaH! COBNIANAIOT;

2) a=c=d, Ho ux OOKOBHIE IPaHH HE COBNANAIOT;

3) a#c#d.

B nepsoM cnyyae

M ; =(Z11pPBOmax — Z1IPBOmin )/ @
Mz, = (Y1IPBO max — Y17PBO min )/ @
Elb/al+1l,ecnu a<b
My =
l,ecru a=b.

rae [] — cuMBon onepanyu BhIZENEHHs Lenolf dactH
qucia, i
My
N=M, 3 M,y.
x=1
Bo BTopoM u TpeTseM cinydae Mz u Mzy onpenensiorcs no
BEIpakeHmsIM (3) 1 (4),

E[by, /a]+L,ecmn a<b
Mgy =
l,ecmu a=b.

rae b, =max X MPBOzyj ~ min X 11PBOzyj »
Jj —unnexcsl Beex pagos IIPBO 3C, nepeceyenne KOTOpbIX

€ zy-M pAzfoM 30HHI cruiomHoro BoszaeiicTeus MIT PTK Bmons
ocH Xck He TycTo, 1
My
N=M, 3> M Zyx-
x=1

B tabn. 1 npuBeneHsl MPOMEKYTOUHEIE PE3YIIBTATE YHC-
JIEHHOrO OLEHHUBAHMA MUHAMAIBHO notpebHoro yucna PTC B
cocrase PTK s obnactu OC B Buae mapa pamuyca Rac B 3a-
BHUCHMOCTH OT PAcCTOSHMSA MEXKIY LEHTpaMH OXHOTHNHBIX 3B
MII - L=0(0,01)0,4 xm PTC ¢ R =0,20; 0,25; 0,30 xm. B a10ii
Tabnuue NpHBENEHB! 3HAYEHMA pajuyca OKpPYKHOCTH 30HBI
crutomHoro rozzeiicteus PTC — r, CTOpOHEBI KBaJipaTa CEUCHHS
30HEI cruomHoro Bosjeiicteus MII PTK — a u muHuMansHo
H30BITOYHOTO YHCIIA «CIOEBY, NAPaJUICIBHEIX OCHOBHOH IIIOC-
koctn OckXckYex (rOpU3OHTANBHBEIX cloeB) - Mz. B Heit xe
npuBefeHsl 3asucuMoctH konuyectea PTC B cocrase PTK,
o0ecrneynBaloIIMX UX CIUIONIHOE XOTA OBl OJHOKpaTHOE BO3-
neicTre o Beel obnactu OC, B dyHxuuu ot L.

CooTsercTBytomupe rpaQuky, NONYYEHHBIE HHTEPIONS-
el gauueix Tabm.l mis arobbix 3HaveHHH L U3 yKasaHHOTO
IHaria3oHa IpUBEIEHBI Ha puc.2.

Ha puc. 2 rpaduk cunero ugera cooreercreyer R = 0,20 xm,
KpacHoro 1Bera - R = 0,25 km, 3enenoro usera - R = 0,30 km.
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Tabnmna 1

Pe3yneTaTel YMCIEHHOTO OLIEHUBAHUA MHHIMAEHO
norpebHoro gucna PTC B cocrase PTK ans obnactn 9C

B BHJE Iapa paguyca Rac
Roc| L r a Mz M
T ) — s R=0,2|R=0,25|R=0,3
KM KM KM
030 0,2 |0,2828427| 3
0,3 |0,01| 0,19993 |0,2827543| 3 | 88 58 | 46
0,3 [0,02[0,199749| 0,2824889 | 3 | 44 29 | 23
0,3 [0,03[0,199436| 0,2820461 | 3 | 32 20 16
0,3 10,04/0,198997(0,2814249| 3 | 26 15 12
0,3 [0,05[0,198431 0,2806243 | 3 | 21 12 10
0,3 [0,06[0,197737| 0,2796426 | 3 | 18 10 8
0,3 10,07|0,196913| 0,278478 | 3 | 17 9 7
0,3 10,08/0,195959| 0,2771281| 3 | 15 8 6
0,3 10,09/0,194871(0,2755903 | 3 | 14 7 6
0,3]0,10,193649(0,2738613| 3 | 13 6 5
0,3 10,11/0,192288(0,2719375| 3 | 13 6 5
0,3 |0,12| 0,19078 |0,2698148 | 3 | 11 5 4
0,3 |0,13]0,189142| 0,2674883 | 3 | 11 5 4
0,3 |0,14| 0,18734 |0,2649528 | 3 | 11 5 4
0,3 10,15|0,185404(0,2622022| 3 | 10 4 4
0,3 0,16/0,183303(0,2592296| 3 | 10 4 4
0,3 0,17| 0,18103 [0,2560273| 3 | 10 4 3
0,3 10,18|0,178605| 0,2525866 | 3 | 10 4 3
0,3 10,19/0,175997(0,2488976| 3 | 10 4 3
0,3 |0,2 [0,173205]| 0,244949 | 3 | 9 3 3
0,3 [0,21]0,170220| 0,2407281 | 3 3 3
0,3 [0,22(0,167032| 0,2362202| 3 | 10 3 3
0,3 10,23/0,163630(0,2314087| 3 | 11 3 3
0,310,24| 0,16 [0,2262742| 3 | 11 3 3
0,3 |0,25| 0,15612 | 0,220794 | 3 | 10 3 3
0,3 10,26/ 0,15198 [0,2149419| 3 | 10 3 3
0,3 |0,27| 0,14756 [0,2086864| 3 | 9 4 3
0,3 |0,280,142828(0,2019901| 3 | 8 4 2
0,3 10,29(0,137749(0,1948076 | 4 | 8 4 2
0,3 10,3 0,132287(0,1870829| 4 | 10 3 2
0,3 10,31/0,126392(0,1787456| 4 | 14 5 2
0,3 [0,32] 0,12 ]0,1697056| 4 | 15 5 ]
0,3 [0,33[0,113026| 0,1598437| 4 | 16 6 2
0,3 |0,34/0,105356(0,1489966| 5 | 19 6 2
0,3 [0,35(0,096824| 0,1369306| 5 | 22 6 2
0,3 [0,36/0,087177|0,1232883 | 5 | 28 6 2
0,3 10,37/0,075993(0,1074709| 6 | 37 7 2
0,3 |0,38| 0,06244 |0,0883176| 7 | 49 7 2
0,3 |0,39/0,044440( 0,062849 | 10 | 63 7 2
WWW.H-ES.RU

0,5

Puc. 9. 3ancumocts konnuectBa PTC ot paccrosHus Mexny
LeHTpaMH ofHoTUnHEIX 3B MIT

ITpuBesieHHBIC MATEMATHYECKHE MOJETH AEMOHCTPHPYIOT
HeoGX0IMMOCTh HCIIONB30BAHMSA 30HHOIO MOAX0a K IIaHHPO-
BaHHIO M OLEHMBaHHIO 3(¢dexTnBHOCTH npuMeHeHHs PTC u
PTK B OC, tpebyromero cBoero pa3BurHs B paMKax COOTBET-
CTBYIOIIEH TEOPHH.

3akmoyenne

Paccmotpens! HeoOxonumele ycnosus npumerumoctd PTK
Jutsa ukBunanu 3C ¢ TO3NLHIA COOTBETCTBHSA ONEPalHOHHBIX
xapakTepuctiHk PTK nmpoctpaHCTBEHHO-BpEMEHHBIM XapaKTepH-
crukam 3C, a TaloKe OMHCAHBI HTAIlbl METOAMKH (HOPMUPOBAHHA
xapakrepuctik PTK mukeunamun 3C s obecrieueHns MaKcH-
MaNBHOro Bo3jeicTsus Ha Xapakrepuctuku DC. 3oHHsI noOa-
xof k tukeuaanuy OC nossolser onpenenuTs Hanbonee s dek-
THBHEIH BapHaHT nocrpoeHus PTC no BosaeiicTeuio onepauy-
OHHBIX XapaKTEPUCTHK ; =< w}l), w}Z), w}m HMEIo-
muxca  PTC Ha  XapaKTEepHUCTHKA 2C a; =<
alm 7 a?’, iy ag'd) >, wn chopMHpoBaTh TpeOOBaHKA K Onepa-
LIHOHHEIM XapakTeprcTHKam paspabarteiBaembix PTC (PTK) mwis
a(p(QeKTHBHOTO BO3/ICHCTBYSA Ha XapakTepHcTHKH DC.
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ZONE APPROACH TO THE EVALUTION OF

THE CHARACTERISTICS OF ROBOTIC SYSTEMS AND
COMPLEXES LIQUIDATION OF EXTREME SITUATIONS IN
THE PREPARATION AND LAUNCH A SPACE ROCKETS

Minakov Evgeny Petrovich,
St. Petersburg, Russia, ep.minakov12345@mail.ru

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

Abstract

High risks associated with the threat of man-made emergency situa-
tions and disasters, causing the need to find the most effective ways
to improve the prevention, detection, localization of extreme situa-
tions and liquidation of their consequences. The extreme situation in
the preparation and launching of space rockets — environment,
down at the technical and launch complexes and the surrounding
areas, characterized by the occurrence of factors an immediate
threat to human health and life or the threat of disruption of their
activities to the challenges of timely preparation and launch of space
rockets. Prevention of extreme situations and their localization in the
initial stage of development is the most important task in the develop-
ment of new space-rocket complexes. A very urgent task is substan-
tiation required number and optimal placement of liquidation robotic
tools of extreme situations in the positional area of the launch, which
are mainly from positions of safety and efficiency appropriate to
apply robotic systems. The use of robotic systems liquidation of
extreme situations — organized at the required level of goals, objec-
tives, functions, place and time use of the existing controls on their
arms robotic systems and defining the interaction of providing
prompt and safe elimination of extreme situations. The paper pro-
poses a zone approach to the use of robotic systems for the elimina-
tion of extreme situations in which developed the necessary condi-
tions for the applicability of robotic systems in a particular emergen-
cy situation. The novelty of the approach lies in determining spatial
and temporal characteristics of extreme situations and the formation
of the composition of the robotic system, which will work as efficient-
ly as possible to the factors an emergency to eliminate them with a
given probability. This approach is proposed based on the minimax

For citation:

criterion overlapping coverage of robotic systems to determine the
most efficient possible (front, circular, combined) variant of construc-
tion of the robotic system.

Keywords: robotic system; an extreme situation; safety; the zone
approach; the operating characteristics.
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3KCNyATALUMOHHbIX 3ATPAT,; OLeHKa
ramMMa-npPOLEHTHOrO OCTATOYHOrO

pecypca.

WWW H-ES RU

AHHOTALNA

B coBpemeHHbIX yCnoBusiX B CBA3M C NOBbILLEHWEM TPEBOBAHMIM K KOYECTBEHHOM O~
TMMM3ALUMM PACXOAOBAHMS MOTEPUANBbHBIX CPEACTE HA NOAREPXAHWE MHOrObYHK-
LIMOHQNBHBIX U3MEPMTENbHBIX KOMMIEKCOB, TAOKMX KAK MOABMXHbEe naboparopmm
M3MEPMTENBHOM TEXHUKM B FOTOBHOCTM K MPUMEHEHMIO ¢ TpeByemoi cTeneHbio Ha-
AEXHOCTM BO3HMKAET HeOH6X0AMMOCTb O6OCHOBAHMS NPEAENbHbIX CPOKOB SKCY-
ATAUMM USMEPUTENBHBIX KOMIIEKCOB MO 3KOHOMMYECKOMY KPMTEPMIO, OCOBEHHO,
KOFAQ 3TO KOCAETCS PEeLIeHMUs BOMPOCA O LienecoobpasHOCTM MOAEPHN3ALMM U3Me-
PHTENbHBIX KOMIIEKCOB, YTO B 3HAUYMTENLHOM MEPE OMPEeAeNnseTcs AOCTOBEPHOCTbIO
OLEHKM NpefenbHbIX CPOKOB SKCMITY ATALMMU U3MEPHTENBHBIX KOMIIEKCOB MPU yCIo-
BMM HEBbIXOAA O6BEMOB 30TPAT HA SKCMYATALMIO 30 YCTAHOBNEHHBIE PAMKM.

B naHHOM paboTe CTATUCTUYECKMI MOAXOA K 30AAYE NPOFrHO3MPOBAHMS NPEaesb-
HOro cpoka cyx6bl (0cTaTouHOro pecypca) MalwmH M 060pPyAOBAHMS, TAKOTO KAK
MHOFO]YHKLMOHANbHBIE M3MEPUTENbHBIE KOMIIEKCh, MO 3KOHOMMUYECKOMY KpPH-
TEPHIO PA3BMBAETCS HA OCHOBE MOAENEH, KOTOpble MOryT okasatecs Hambonee
NPUEMIEMBIMU BO MHOTUX PEQbHBIX CUTYALMSIX, CBA3CAHHBIX C OLEHKOM M3MepH-
TENbHBIX KOMMIEKCOB B YCNOBMSX, KOFAQ MPUYMHOM YBENMUYEHMS SKCMTyaTaum-
OHHBIX 30TPAT SBMSETCS BO3PACTAHWE CTOMMOCTM NOAAEPXKAHUS U3MEPUTENBHBIX
KOMNNEKCoB B paboTOCNOCOBHOM COCTOSIHUM B YCNOBMSIX MOBbILIEHUS MHTEHCMUB-
HOCTM OTKO30B M3-3Q CTAPEHMS QNNAPATHOM YACTM M3MEPMTENbHBIX KOMMIEKCOB
M CPEACTB MX PeMOHTa M noeepku. MpM 3TOM NOKA3ATENb IKCMAYATALUMOHHBIX 30-
TPAT MHTErPaANbHO OTPAXKAET POCT CTOMMOCTH YCTPAHEHMS KAK annapaTypHbIX OT-
KO30B, CBS3AHHBIX C MOMHOM NOTEPEN BO3MOXHOCTM NMPOBEAEHUS M3MEPEHUM, TAK
M METPONOrMYECKMX OTKA3OB, BO3HUKAIOLMX MPU NPEBLILIEHNM NOFPELLHOCTH MU3-
MEpEeHMI4 HEKOTOPOTrO KPMTUYECKOTO YPOBHS, NPM KOTOPOM KQYEeCTBO M3MEPEHMH
CUMTAETCS HEYAOBNETBOPHTENBHBIM.

Mpeanoxena mopens M QArOPUTM MHAMBMAYQNLHO-TPYNMNOBOrO MPOFHO3MPO-
BOHMS OCTATOMHOO PECYPCA M3MEPMTENbHBIX KOMMIEKCOB MO KPUTEPHIO Hepo-
MyCTMMOrO BO3PACTAHMS SKCMTyATALMOHHBIX 3aTpaT. [pM3HAKOM HacTynneHus
npepnesibHoro COCTosaHUA ang U3MepmuTesibHbIX KOMMNIEKCOB sBNS€TCA JOCTUXEHUEe
NoKA3aTeneM «CPefHUEe YAeNbHbie SKCMTYATALMOHHBIE 3ATPATHI» 3AQAAHHOTO
npeaenbHo AOMYCTUMOTO YPOBHS.

OCHOBHBIM Pe3ynbTATOM NPOrHO3MPOBAHMS C MOMOLLBIO AGHHOTO QNFOPUTMA SIB-
NAETCS OLEHKA 3HAYEHMUS HMXKHEN JOBEPUTENBHOM FPAHMLbI FTAMMA-NPOLEHTHOO
OCTATOYHOrO PECYpPCa U3MEPMTENBHBIX KOMMNEKCOB. [ ONONHUTENbHBIMU pe3yrib-
TATOMM — TOYEYHbIE M MHTEPBASIbHBIE MPOFHO3HbIE OLEHKM M3MEHEHMs IKCMyd-
TAUMOHHBIX 3ATPAT, A TAKXe NPOrHo3Hbleé 3HAYE€HUs OL,eHOK BEPOSTHOCTH HEeBbl-
XOAA 3KCMAYATALUMOHHBIX 3ATPAT 30 MPEAENbHO AOMYCTUMBIM YPOBeHb. B otnunume
OT CyLLECTBYIOLUMX METOAOB MPOrHO3MPOBAHMS OCTATOYHOTO PECYPCa MALUMH M
KOHCTPYKLMM, OCHOBAHHBIX HO [ETEPMUHUPOBAHHBIX MOAENaX pU3NUECKMX NPO-
LLECCOB M3HOCA (HOKOMNEHME YCTANOCTHBIX MOBPEXAEHUHM, M3HALIMBAHME MeXa-
HM3MOB M T.N.) NPEAJIOKEHHbIM QNFOPUTM MO3BONSIET CyLUECTBEHHO YMEHbLUWTh
HOMEHKNATYPY M 0BbeM HEOBGXOAMMBIX AN NPOBEAEHMS PACYETOB MCXOAHBIX
ACHHBIX C y4ETOM CreurdHKM NPUMEHEHMS O HOSHAYEHUIO KOHKPETHOTO TUMA M3~
MepuUTesIbHbIX KOMMJIEKCOB. BI:IXO,D,HbIe pe3ynbTaTbl AITOPUTMA MOTYT 6bITb UCMNOJ1b-
30BAHbI AN 06OCHOBAHMS PELLEHMI MO CPOKOM MOAEPHM3ALMM HAXOAALUMXCS B
3KCMITY aTALMM NOABMXKHBIX TABOPATOPHIA U3MEPUTENBHOM TEXHMKM.
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1. Cooepoicamenvras nocmanogka 3adayu

CymuocTs HHAHMBHUAYANLHO-TPYNIIOBOIO METOZA IpPOTHO-
3HPOBAHUA OCTATOYHOIO Pecypca 3aKIoYaeTcs B TOM, 4TO IpH
MaIOM YHCIE€ TOYEK BpPEMEHHOIO psla, OIMCHIBAIOIIETO
H3MEHEHHE BO BPEMEHH SKCILTyaTALMOHHBIX 3aTpaT, Ha4albHbIE
(arpHOpHBIE) OLEHKH MapaMeTpOB TPEHAA MOMYYaroTcs Ha
OCHOBE 00pabOTKH NOMOMHHUTENBHONH HHGOPMAIMH B BHIE
OZTHOPO/IHOH BBIOOPKH BPEMEHHBIX PAIOB, MOIYYaeMBIX TpPH
HaOMIOICHAAX 34 OJHOTHITHBIMH HM3MEPHTENILHBIMH KOMILTEK-
cam (MK) B CXOIHBIX YCIOBHSX IKCILTYaTALMH.

OnHOpOAHOCTS BHIGOPKH JOMONHHUTENBHBIX BPEMEHHBIX
PAIOB B HAallleM clIy4ae AOCTUTAETCA CISNYIOMUM 00pasoM:

1. 13 Bcero muoxkecrsa MK dopMupyercs noaMHOXeCTBO
€O cTaTHCTMKOM HaOmiozeHwii He Oomee 6 kBaptanor (6 u
MeHee).

2. Nna xaxnoi MK u3 faHHOro MHOKECTBA NIPOU3BOAUTCA
noabop rpynmnsl UK — cTratHcTHYECKHX aHAIOTOB C YCIIOBHEM,
yro kaxpas WK obnagaer crnenyromuMy ONMHAKOBBIMH
XapakTepucTHKaMu: opuHakoBeii TMn MK; oxmHakoBas
3neMeHTHas 6a3a; MpUMEPHO OIMHAKOBBIE TOJIBI BRITYCKA.

2. Mamemamuyeckas nocmanosxka saoaqu

A i
Jlna HaxoxkIeHUs 3HAUCHHUS Ty ocm — OHEHKH HWKHEH

JnoseputensHoii  rpamunel  (HJI) ocrarousoro ramma-
OPOLEHTHOrO pecypca N0 KPHTEPHK)  HEAOIyCTHMOIO
BO3pacTaHHA IKCINTyaTallHOHHEBIX 3aTpar H@OGXOJIH MO

cnpornosuposats usvenenme HIT Bepostoern B —
HEOOCTIOKCHHA MAKCHMAJBHO IOMYCTHMOro YpPOBHA S ()14
CpENHHMH YIENBHBIMH 3KCINUTYaTAllHOHHBIMH 3aTpaTaMH Ha
uHTEpBase ynpexaenus f € Ty =[1‘ﬂ;rML :

- ~

B*=P(8, <Sz0n) ¢))

Torma omenxka HJII' ocraTroyHoro raMma-ImpOLIEHTHOTO

pecypca 1O KPUTEpHIO HEIOIYCTHMOrO  BO3pacTaHMs

JKCIUIyaTAalHOHHBIX  3aTpaT  BBIYHCIASETCS HAa  OCHOBE

CHEAYIOIETO BRIPAKEHHA:

s o S

T;vocm _Ty =1, 2

S
rae Ty - ouenka HJII' monHoro raMMa-TpoLeHTHOrO
pecypca, onpenensemas Kak

7S =max 1| BS 27 /100 %, €T, =[1,311 ], ®

§
T.C. T yo = 3TO TAKOE MaKCHMAaJIbHOE 3HAYCHHE BPEMECHH

skcruryatauuu MK, npm koropom HJI BeposTHOCTH ﬁ_:s HE
CHIDKAETCs HIKe nopora, pagHoro ¥ /100% .

Jlnst  OleHUBaHHS BEPOATHOCTH f—:s

3aBHCHMOCTBIO CPEIHHX YIENbHBIX KCIUTYaTAMOHHEIX 3aTpaT
S, OT BpeMeHH I MHTepBaja HaONIOACHHS [0, t"].

B TeopuM NpOTrHO3MPOBaHHA  pecypca  CIIOXKHBIX
TEXHHYECKHX CHCTeM [4-8] yCTaHOBJIEHO, YTO B JAHHOM Cllyuae
O6nu3KMe K ONTHMANBHBIM OLEHKH BEIMYMH, BXOIAIIMX B
MOZIeNns TIpOecca H3MEHeHHs BO BpeMeHH Tiapamerpa,

BOCIIONB3YEMCA

26 HAYKOEMKME TEXHOJIOMMIM B KOC

ONpENENIAIOIIEro BEIHYHHY PECYpPCa, MOIYT OBITh OIYIEHEI ¢
HCIIONB30BAHMEM (DYHKIAN NPABIOIOA00HS:

Gt H =i}/ P} » Q)

IIPH NIOCTPOSHHM KOTOPOI 3a1al0TCs:
a) opma anmpoOKCHMHPYIOIIETO MHOTOYJIEHA:

)= k§1 Gt 5)

6) HopmanbHas (YHKUMS PacIpeieiIeHHs BEPOATHOCTEH
PE3YNbTAaTOB HAOIIONCHWIH:
i 2
{yi = z: Skff_i)
k=l

1
p(y(r,-)f{sk}hﬁe NN )

B) MHOroMepHas (TpexmepHas) QyHKUHSA pacHpencIeHus

anpHOpHON BEPOATHOCTH k03¢ GUIHEHTOB
annpoKCUMHPYIOIEr0 MHOT OYIeHa:
1 T =1
1 9% =0c lowl 19 6]
p{%}) = q ()

2 2
2m)""? oy
rge |oy| - ompenemurens xoBapuauMOHHON MaTpHLUBL;

9 — 6, ||T - Tpancrionnposansas Matpuua |9, — 6, ; o[

- wMarpuua, ofparHas KOBApPHALMOHHOH, O3NEMEHTHl I3TOH

Marpuusl ganee 6yayt 0603HaYaThCs Kak o-;,' :

@OyHKIMA NpaBHONOXOOHMA ¢ YYETOM PpACCMOTPEHHBIX
cootHomenwuit (5), (6) u (7) umeer Bua:
1

G({%}) = mn - X
@7) 2 olloy|2
i " 2 (8)
F:Z!(yi— ;I.girf"] 1 T -1
kel el
JlorapupmupoBanue (8) gaer  ;morapHpMHYECKyIO
YHKIHIO NIPaBAONONOGH:
il 1
L({‘gt }) = —ln[(2:r) 2 0': IO-H lg } -
©)

YO, o IR =
S -0 | Jort g1 -6l xloul 56}

i=1

JuddepeHnnpopanne MOCIEIHEr0 BHIPAKEHHA IO BCEM
8, ¢ mocneayOmMUM NPUPABHUBAHUEM HYIIO HPOM3BOIHBIX

NPHUBOAMT K CHCTeMe M3 m=23 JHHEHHBIX YPaBHEHUH, KoTOpas
B MaTpHYHON (popMe 3anuchIBaeTCa B BUIE:

BO=C, (10)
rne 6 - Matpuua-cronfenl HEM3BECTHBIX OLEHOK
Koo GHUIHEHTOB anmnpoOKCHMHUPYIOLIEro MHorounesa (5);
n
B={>"2 1 D,0i; (11)
i=1
MUHECKINX MCCIELOBAHNAX 3EMJIN 4-2016



INSTRUMENT ENGINEERING, METROLOGY AND INFORMATION-MEASURING DEVICES AND SYSTEMS

: (12)

COBOKYITHOCTE

MNE... -5 -1
C= gl}f'."r +k2_]9an°'ia'
(10)

N
arnoCTEPHUOPHBIX OLEHOK I K0P HLUUEHTOB I, MHOrOYNIEHA

(5). ITony4enHsle OUEHKN G COCTABIAIOT MATPHLLY:

Pemenne cHCTEMEI H  Jacer

M

g =

Fa)

3, . (13)

A

Ilocne momyueHHss  amoOCTEPHOPHBIX  OUEHOK Gy

NpPOM3BOJUTCA OLICHUBAHWE JIOBEPHTENBLHBIX HHTEPBAJIOB

MPOTHO3a W BEIYHCIIAIOTCS OLEHKH TIOKasarenell OCTaTOMHOro
pecypca UK.

3. Onucanue anzopumma pewieHus

IIar 0. BBox MexoqHbIX JaHHEIX (Tabm. 1):

IIlar 1. O6paGoTka anpUOPHEIX JaHHBIX, | =10
1.1. HaxoxzeHue OLEHOK NapaMeTpoB amNpOKCHMHUPYIO-

Wero moaHHoMa b:: H C}{ AJIs1 BCEX anpHOPHBIX BPEMEHHBIX

panoB N; ={N},,N;z,...,NJ‘;,.“,N;ﬁ}, J =1, wua ocHoBe

pelIeHHs CUCTEMBI HOPMANbHEIX YPaBHEHWUH, CyMMUpPOBaHHUE B
KOTOPBIX OCYIIECTBISETCS B IIpefienax ot i =1 10 nj :

YN, =an| +bTt+cE
SNt=aXt+b3t? +c3t;
YN =aSe +b3F +cXt,

Jannag cucTeMa ypaBHEHHH peliaeTcs CrIeoyIOLUM
obpazoM:

1.1.1.  PaccunthiBaiorcs
CHCTEMEI YpaBHEHHIA:

3HAYeHHT KOd(PHUIHEHTOR

Fod
n (nj +l)'

E

— - = -
@ =n; ep =€y =2t=

2 ;
N = {N,",N{ s O s N }; i n! (! +1)2n’ +1)
P R
S 38ponitys ns Iy L asy. ME= 6
Tabmuna 1
Ne
itk HanmMeHnoBaHHe HCXONHOTO MapaMeTpa O6o3HayeHHe PasmepHocTh
1 Nf = {NIY,N{ gy N,r,..., N:r }- TIPOTHOBHUPYEMEIH BpEMEH- N En.
HOH pAJ U3 YHCEJ OTKA30B 32 OJIMH KBapTal
2 | Yucno ToueK MpOrHO3HPYEMOro BpEMEHHOTO psia n’ En.
S N oy R i 1 b Oy =
3 N; = {Nj,,Nﬂ,...,Nﬁ,...,Njﬂj } , j=1Q — anpuopHsle Bpe N,j. Ex
MEHHBIE PAJBI H3 YHCEll OTKA30B3a OMH KBapTal;
4 | Yucna Touek anpHOPHBIX BPEMEHHBIX PANOB ni- En.
5 Koo duuuents! nepecyera yucna oTkasos N (KOMIOHEHTOB AB 3
BPEMEHHOT'0 PAJa) B OKCIUTyaTaLMOHHBIE 3aTPaTh :
3HaueHne NpeeNBHO AOMYCTHMOrO YPOBHS CPEIHUX YIEITb- S
6 HBIX 3aTpat Ha dkcruyataumio MK (3a 1 xapran) Ao Enciep. yn. satpar
7 ITpomomKHUTENEHOCTE SKCILUTYATAlHA HA MOMEHT NPOrHO3H- 0 En. Bpesesm
pOBaHHA OCTATOYHOrO pecypca
8 | JnurensHOCTh MHTEpBANA YIPEKACHHS MPOrHo3a T Exn. BpeMenn
9 | Yncno maros HHTEpBaa yIPEKASHUA IPOrHO3a ¥ B kBapranmax
10 | 3Hayenue JOBEPUTENBLHON BEPOATHOCTH MPOrHO3a o -
11 | 3HayeHne raMMa-IPOLIEHTHOrO YPOBHS IIPOrHO3a /4 %
12 | 3nauenue ¢— kpurepus CTBIONEHTA YPOBHA @ 8 -
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12, 1 12
n ("; +1) .
4 7 )
FeroiF 1 12 I’
n (nj +l)(2n1 ~|—1)(3r.'J +3r.'J D
30
zZ1=2N,; 2, =Nt ; z; =EN‘I‘2.
1.1.2. PaccuuTriBaeTcs 3HAYCHHE ONPEACITUTENS MATPHIIBI
KO3( QHIHEHTOB:

A=ejepes; +€y6)363 +e3€63 —
—€13622€31 — 612621633 —€1162363
1.1.3. PaccuuTriBaeTcs 3HaYEHUSA ONPEACIUTENCH MaTpPHILI,
B KOTOpBIX OMH M3 CTOJIOLOB, COOTBETCTBYIOLIMI HCKOMOMY

KO3 OHIHMEHTY MOIHHOMA, 3aMeHeH Ha cronben cBOGOTHEIX
YIICHOB:

&3 =é3 =¥F =

th=

€3 =

A, =ziepney; + €623 + €325 —

—€3€3223 — €1227€33 — Z)€3363)

Ay = €12633 + Z 18363 + €363 23 —
—€32263) —Z1€21633 — 162323

A =€ epz;t+e,2,6 2155 —

—21€37631 —€1262123 — 6122633

1.1.4.  PaccuuThiBaloTCS  3HAYEHHs  NApAMETPOB
anmpPOKCHMHPYIOUIEro MOTHHOMA:
A A A
a=—=*; b=—Lt; c=—%.
A A

1.2. HaxoxJeHue anpHOpHBEIX OLEHOK MaTeMaTHYEeCKHX
OXHTAHUH napamelpoa annpoxcnmnpylou.lero MONMHOMA:

Q
= _J'l l 52 ==l
—1 = ,uz‘-- Q 3 =g = Q .

1.3. Pacuer OLEHOK 3/IEMEHTOB KOBapHALMOHHOI MaTPHIIBI
lowll, k1=1,2,3.:

o =é§i§(aﬁ -5 )(a)-5);
on=g=s J%(a; -5,)(6-2,);
- _ﬁiﬁ;(a" &Y -5)
b ﬁ% %(b;’ -5,)(}-55);
on =ﬁ._§}3§1(c‘f -8 (¢} -8);
D

1.4. Pacuer anpropHoii ouenku D, ciydaiiHoil cocraBis-
1o11eit BpeMEHHOT 0 pAza:

28

..

2
i I gl 12
- I:Nﬁ—(aj+bjt,.+cjt;. )]
) 7
B = n;—1
" Q
IIar 2. IToaroroeka anpuopHoii uadopmanuu B;, C; .

2.1. OGpamenne KoBapHALMORHOM MaTpuu o, | -
o

‘_ 1%|

|°'mr| =01102,033 +201,01303 —

lowl™ = ot

rae ; 2 2
—0110323 =003 — 03303
L Dre * Lo
011 =02033 =035 O3 =011033 =013
® 2. * _ .
033 =01102 — 012 012 = 013023 0120335
* . LI _
013 = 012023 —013022 5 033 = 012013 0230 -

2.2. Haxoxnenue epoi HHGopMaIlHoHHOH MaTpHIB! B, :

O.l
D kil

"loul|

2.3. Haxoxieare npasoii MHGOpPMALMOHHON MaTPHILI

B, =D, |ou|" =|P,o%

|-

3
C; =B || = H k}:‘] g,D,00”

* * *

=D, U 4+5,p 2,z p J
|%'| |"M| |°:ar|

t * L3

a.

=|&,D, —2-+E,D, =2+ E,D, —2-
l | M| ; |" | A | u|

t

e,D, I vz,p %2 5.p T8
|"u| |%'| |C’H|

Illar 3. IoaroroBka H3MepHUTEILHON HHGOPMal|K By,

Gy

HAYKOEMKME TEXHOJIOTNN B KOCMUNHECKMX MCCTTEAOBAHVIAX IEMITN

3.1. Beruucrenue neBoi H3MEPUTENBHON MaTpHILl By :

”Y ﬂr
nY Zt.i tiz
i=1 i=l
¥ ¥ ¥
k412 % Tod Tl
Bl [ - |50 £ %
=l 0=l =l
HY ﬂr RY
2 3 4
Xt X X
=l =l =l
3.2. Brlukcienne npaBoi u3MepuTeabHoi MaTpuisl Cy :
¥
n
¥
ZN;
i=1
ﬂr ﬂr
|l = Y| _ ¥
G ~lel-[E |- [
i=1 i=1
¥
n
Y2
LNt
i=1
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ITlar 4. ®opMHpPOBAHKE MONHBIX MATPHII 00IIEi CHCTEMBI
ypasuenuii Bu C.
B=By+B; =

k+l=
zﬂ2+D% s C=Cyp+C; =

L~
=X N; t;

i=1

3
-1 —_— el
+¥ .:.kD,,qu"
k=1

IMlar 5. Pemenue cucTeMBl JHUHEHHBIX YpaBHEHMH B
MAaTpHYHOii PopMeE ¢ HAXOKACHUEM arOCTEPHOPHAIX 3HAYEHHH
11apameTpoB annpoKCHMUPYIOIIEro MOJIMHOMA

v, k=1,23.
B E'=C; E'=|v;],rne v} -conoxyrmom Hanbonee

TPaBONONOOHEIX OLEHOK MHOrOwIeHa N, = E ot
k=1

Ilar 6. Pacuer ynpexaeHHOro 3Ha4eHHs MPOrLo3a 8 ans
MomenTa £, €[1, T;]:
N, =v] +vit, +vj?.
IIar 7. Beraucienne qucrepcHu npor€osa D, :
7.1. Beluncnense YacTHBIX H3MEpHTENbHBIX MaTpull C;,

¢ =leal=J"-

1 1 1
C|= fl ;C2= I2 ;C”]r'= fnr

2 2
h 3 ty

. r
i=Ln

L]

7.2. BerunucneHne BENHYHH Uy; MYTEM PEIIEHHS CHCTEM
YpaBHEHHH:
; Y
B |ou|=C: i=LA".
7.3. Pacuyer 3HaueHuMi BCIIOMOraTE/IbHEIX BECOBBIX KO (-

(uumenToB Ay, i=1,n"
b = L 2
; = kz_:l Uli =0y H 0yl + 051

7.4. BeluKcIeHHE 3HAUCHHIT HCBA3KH ANIOCTEPHOPHBIX H
aNpPHOPHBIX 3HAYEHHH TapaMEeTPOB AINPOKCHMHUPYIOIIEro [o-
maoMa Avg, k=1,2,3: Av; =v; -&; .

7.5. OueHKa COCTaBJAIOIEH ITOTPEIIHOCTH 34 CYET CMe-

e fimlp ]

7.6. O1ieHKa coCTaBISIONIEH TOrPEIIHOCTH 3a CUET Y-

LIEHHA S;‘JH :

nl’
=g§¢.

i=

7.7. Belumcnenue 3Ha4eHus OLeHKH obmieii qucnepcuu
nporrosa D,: D, =82, +52,.

IIlar 8. OuenuBanue

IporHosa [ﬁ:',ﬁf] :

ﬁ:f =ﬁr _ta\/'gf; ﬁf =Krf+ta\/‘!7r’

4aifHOM KOMITOHEHTBI BPEMEHHOTO pana S2 : 2

JOBEPHUTENBHOI0 HMHTEpBana

WWW.H-ES RU

H&ES RESEARCH

Tae t, ecTh 3HaueHWe (- craTUcTHKM CrThIONEHTa,
PacCYHUTAHHON I YPOBH: JOBEPHTENLHOMH BEPOATHOCTH @ H

n' =3 creneneii cBOGOIBL.

~

L3
Illar 9. Pacuer S, - IpPOrHO3HBIX 3HaYeHHH BepxHei
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Abstract

In modern conditions in connection with increase of requirements to
high-quality optimization of an expenditure appliances on maintenance of
the multipurpose measuring complexes (MC), such as mobile laboratories
of measuring equipment in readiness for application with the demanded
degree of reliability there is a need of justification deadlines of operation
MC by economic criterion, especially, when it concerns the solution a ques-
tion of expediency modernization MC that considerably is defined by reli-
ability an assessment of deadlines operation MC on condition an absentee-
ism of volumes costs operation for the established framework.

In this work statistical approach to a problem of forecasting a deadline of
service (a residual resource) industrial machines and equipment, such as the
multipurpose measuring complexes by economic criterion develops on the
basis of models which can be the most acceptable in many real situations con-
nected with MC assessment in conditions when increase of cost maintenance
MC in operating state in the conditions of increase failure rate because of
aging the MC hardware and means of their repair and checking is the reason
of increase in operational expenses. Thus the indicator of operational expens-
es integrally reflects growth of cost elimination as the hardware refusals con-
nected with total loss of possibility carrying out measurements, and the metro-
logical refusals arising at excess an error of measurements some critical level
at which quality of measurements is considered unsatisfactory.

The model and algorithm of individual and group forecasting a residual
resource of the measuring complexes by criterion inadmissible increase of
operational expenses is offered. A sign of approach a limit state for MC is
achievement by an indicator "average specific operational expenses" of the
set maximum permissible level.

The main result of forecasting by means of this algorithm is the assessment
value of the lower confidential bound the MC gamma percent residual
resource. Additional results — pointed and interval projections of change
operational expenses, and also expected values of estimates probability an
absenteeism of operational expenses for maximum permissible level. Unlike
the existing methods of forecasting a residual resource of the machines and
equipment based on the determined models of physical processes of wear
(accumulation of fatigue damages, wear of mechanisms, etc.) the offered
algorithm allows to reduce significantly the nomenclature and volume of cal-
culations basic data, necessary for carrying out, taking into account specifics
of application to destination the MC concrete type. Output results of algo-

For citation:

rithm can be used for justification decisions on terms of modernization the
mobile laboratories of measuring equipment which are in operation.
Keywords: measuring complexes; intensity of metrological refusals; meth-
ods of forecasting a residual resource of the machines by economic criterion;
criterion of inadmissible increase of operational expenses; assessment of a
gamma percent residual resource..
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AHHOTALNA

B coBpemeHHOM MMpe HEBO3MOXHO NEPEOLEHUTb 3HAYMMOCTb PE4EBOro obmMeHa
Mexay nofapmu. Bospacratowas LeHHoCTL peyeBoi MHGOPMALMM NPUBOAMT K He-
obxogumoctn eé sawmtbl. MNotpebHocTb B 3awmTe Gonbworo o6véma pevesoi
MHPOPMALIMM B PA3NIMYHBIX FOCYAAPCTBEHHBIX M KOMMEPYECKMX OPraHM3aumsaX B
YCNOBMSX CTPEMMTENIBHOTO POCTA BO3MOXHOCTEH TEXHMYECKMX CPEACTB NepexBa-
Td MHHOPMALIMM MO PA3NMYHBIM TEXHMHECKMM KAHANAM YTEYKM OnpeaenseT npu-
MeHeHMe KOMMNEKCa CPeACTB 3dLuThl, 061aAAIOWMX PA3IMYHOM CTPYKTYPHOM M
byHKuMoHanbHOM HapéxHocTbio. [losToMy B kayecTBe 06beKTa UCCNE[OBAHMS HO-
crosiwei paboTbl BIGPAHbI CPEACTBA OKTUBHOM 3ALLMTLI PEYEBOM MHDOPMALMM.
lNpeameToM HccnefoBaHKs BbICTYNAIOT NpOLEeAYpPbl KOHTPOSIS U MPOBEPKM COCTO-
SIHUSI CUCTEMbI OKTMBHOM 3aLMTbl pedeBoi MHPopmaumu. Llenbio mccnegosanms
SBSIIETCS MOBbILLIEHWE 3ALLMLLEHHOCTM Pe4YeBO MHPOPMALIMM OT YTEUKM MO TEXHMU-
YeCKMM KAHANAM NOcpeacTBoM obecneyeHms CTPYKTYPHON HAAEXHOCTHU CUCTEMbI
akTMBHOM 3awmTel. [IpeacTaeneHa ueneBas ¢yHKUMsS UCCNefOBAHMS B BUAE PyHK-
LIMOHAIbHOM 3QBMCMMOCTM OT PA3JIMYHBIX MOKA3ATeNer HAAEXHOCTU SNIEMEHTOB,
YACTOTHO-BPEMEHHBIX XAPAKTEPUCTMK CPef, PACNPOCTPAHEHUS CUrHANOB, BEKTOPA
oTHOLWeHMH curian/wyM. B ceasu ¢ aTMM Bo3HMKaeT 3apaua UccnefoBaHUs BAMs-
HUS HOAEXHOCTM BNIEMEHTOB TEXHUYECKMX CUCTEM 3ALUMTLI HA 3ALUMLLEHHOCTD pe-
4eBOM MHPOPMALMM, LIUPKYSIUPYIOLLEN B TAKMX CUCTEMAX.

B uensx m3yuyeHus xapaktepd BAMSAHUS HOAEXKHOCTU BTIEMEHTOB CUCTEMbI OKTMB-
HOM 3aWMTbl HaO OBOBLLEHHBIM NOKA3ATENb HAAEXHOCTM BCEM CMCTEMBI C BbIXO-
AOM HA KO3 PUUMEHT 3AUMLLEHHOCTM B PaBOTE MCMONb3OBAHBI MOAXOAbI TEOPUM
rpacdos, Teopuu MHPOPMALMM, TEOPUM BEPOSTHOCTEM M TEOPMM HAAEXHOCTM.
Ons pewenuns 3apaum 6bina onpepeneHa CTPYKTYpHO-$YHKUMOHANbHAS MOgenb
cUCTeMbl 3aLWMTbI peyeBor MHbopMaumn. OTMeYeHO BAMSHME TEXHMYECKOro Co-
CTOSIHWS CPEACTB 3ALUMTHI HO 3ALUMLLEHHOCTb Pe4YeBOM MHPOPMALMM B Clyyae He-
06X0AMMOCTM MCMONb30BAHMS CpeacTe 3awmTsl. [MonyyeH BapuaHT gns pacuéra
nokasarens 3aWMLLEHHOCTH cucTembl 3awmTbl. OTpadkeHa cBA3b nokasaTeneM Ha-
AEXHOCTU CPEACTB 3ALUMThI C MOKA3ATENSIMM 3ALLMLLEHHOCTU cucTeMbl. B MmaTepu-
anax NpeacTaBieHbl MEXAHM3MbI MOACYETA MOKA3ATeNeM HAOAEXHOCTH NpK YueETe
COCTOSIHUS CPEACTB 3dLLMTbI, COCTABIISIOLMX KOMMIEKCHYIO cucteMy. Pesynbrarsl
MCCepoBaHMS NOKA3aNM HEO6XOAMMOCTb KOMMNEKCHOrO NOAXOAA K OLEHKE 3a-
LWMLWEHHOCTH peyeBoir MHPOPMALMM.

B pesynbrarte nccnepoBaHus npeanioXeH noaxon, K onpefeneHuo KOMMIeKCHOro
noKa3aTens 3aWMLEHHOCTU cucTeMbl 06paboTku peyesoi MHGOPMALMM C YHETOM
nokasarenen CTPYKTYPHOM U GYHKLMOHANBHOM HOAEXHOCTU S/IEMEHTOB CUCTEMBI.
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PAOVNOTEXHUKA N CBA3b

B Hactosiiee BpeMs pedb SBIsAETCA HauOonee BayKHBIM
criocobom yenoseyeckoro odmenus. O6uEMsl HH(OPMaLHOH-
HBIX NOTOKOB COBPEMEHHOIO MMpa IOCTOSHHO HapacTaloT.
Taroxe pacTér 1 ieHHOCTs HHGOPMALIKH, YTO 3aCTaBNIAeT 00/1a-
mareneil MHGOpMAIMH 3aJyMBIBATECA O €€ 3alIMIIEHHOCTH.
Peup ABNAeTCS OCHOBOM NPH B3aHMOJEHCTBHH HAYaIEHHKOB H
MOMYHHEHHBIX JTI000r0 YPOBHSL.

B cootsercrenn ¢ 'OCT 51275-2006 k (axropam, Bo3zeii-
CTBYIOLIMM Ha OesoracHOCTh 3alumaeMoi uH(popMmanuu B
YaCTHOCTH OTHOCATCH:

— Mepejada CHTHAJIOB MO NPOBOJHAIM, ONTOBOJOKOHHBIM
JIUHUAM, B ONITHYECKOM M JMana3oHe paayioBOIH;

— M3NYyYeHHd aKyCTHYECKHX M 3JEKTPOMATHHUTHBIX CHTHA-
JIOB;

— 1000YHBIE HNEKTPOMATHUTHBIE U3TyYeHHS;

— pasnuM4HBIE NApasUTHBIE 3JIEKTPOMArHUTHBIE H3Iyde-

— HABOAKH B Pa3NHMYHBIX LEMAX U THUHUAX CBA3M;

— aKyCTORNIEKTpHUYECKHE Npeobpa3oBaHus;

— pedekTsl, 0TKa36l 000pYAOBAHUS.

B 0CHOBY cpecTB JUIsl BEACHHS aKyCTHYECKOH pa3Be/IKH
BXOJAT MHKPOGOHBI Pa3iMYHBIX THIIOB, K KOTOPBIM NPEABAB-
Jnsrotcs TpeGoBaHMA MO KOMIAKTHOCTH, OTHOIIEHHIO CHI-
HaJI/IIyM, JAMHAMHYECKOMY amanaszoHy u ap. Ilo rpadmuxam,
H300paKEHHBIM HA PUCYHKAX 1-3 MOXHO MPOCHENUTH pa3BH-
THE TEXHOIOTHH MPOM3BOACTBA MHKPO(OHOB: YMEHBIUEHHE
YpOBHsI COOCTBEHHBIX IIYMOB, FeOMETpHYECKOro pasmepa [1].
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Toasrimy cka

Puc.1. JluHamMHKa YPOBHS COOCTBEHHBIX LIYMOB MUKPO(OHOB
o rojaM BBITYCKA

B mocnegnee Bpems mnpH ucnons3opanun MEMS-
TEXHONOTHH (TEXHOJIOTHA TPOH3BOACTBA MHKPO3JIEKTpOMEXa-
HMYECKHX CHCTEM), MO3BOJSAOIIEH MPOH3BOAUTE MHHHATIOP-
HBIE MHKPO(QOHHBIE KOMIIOHEHTHI, TIPOH30LIEN KaYeCTBEHHBIH
CKA4YOK pa3BHTHS MOPTATHBHBIX CPEACTB BEJCHHA aKycTHYE-
ckol (pedeBoif) paspenku. Tak MHKPOIJIEKTPOHHBIE MHKPO-
(hOHBI 110 CPaBHEHHIO € JIEKTPETHEIME 0018 Aa0T JIYYIIMMH Xa-
PAKTEPHCTHKAMH CUTHA/IyM (pHc. 2), uTo JaéT Gonblnoe pas-
HOOOpasue a1 AeHCTBHIA 3N0YMBIIIIEHHUKA.

Brnarozaps KOMIOAKTHBEIM pasMepaM M BBICOKOH 4yBCTBU-
TenbHOoCTH MEMS-MHKPOGOHE NPHMEHSIIOTCA B H3TOTOBJIE-
HHM MHHHATIOPHBIX YCTPOMCTB N0oOLIBaHNMS pedeBoi HHpOpMa-
1y, Jlanusle ycrpoiictBa MOryT OBITH HE3aMETHO YCTaHOB-
JICHBI B Pa3IMYHBIC MECTa MOMEILEHHMIT, B KOTOPEIX 00pabathl-
BaeTCs peyeBas HH(popMarms.
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Puc.2. ['padux 3aBHCHMOCTH OTHOIIGHHA CHIHAN/IIyM OT 00BEMa
mukpoporoB mus MEMS u snekrperHbix MUKpO(QOHOB

JIMHAMMKY YBeTHYIEHHS KOMHYECTBA MPOWU3BENEHHBIX H
peanuzopaHHElx MEMS-MHKpOOHOB MOXHO YBHIETH Ha
puc. 3 [2].
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Puc.3. Konuuecrso nponssenénnsix MEMS-mMukpodono
110 rofiaM MPOM3BOACTBA

YMeHbIIeHHE pa3MepOB MUKPO(DOHHBIX MOIYNEH MO3BO-
JIET MPOU3BOAMTE NpO(eccHOHANbHBIE IHU(POBLIE IUKTO-
(OHBI MHHMATIODHBIX Pa3sMEPOB C HU3KHM SHepromorpedie-
HueM. IToaToMy BO3MOXKHOCTH NMOTEHLHATILHOTO IPOTHBHHKA
1o nepexBary HHQOPMALMK Ha COBPEMEHHOM 3TaIre pa3BUTHA
HE OrPaHHYMBAIOTCS PAa3pO3HEHHBIM CIEKEHHEM 3a OTHENb-
HBIMH KaHaJIaMH yTedKH HHpopMauuu. ChEM MHGOPMATHBHBIX
CHTHAJIOB OCYIIECTBISIETCS HHTETPUPOBAHO IO HECKOIBKHUM
IyTSM TPOXOJKACHNS PEYEBOr0 CUTHANA OJJHOBPEMEHHO, T10CIIe
4ero MPOW3BOANTCS LIYMOOYHMCTKA MOMYYEHHBIX JaHHBIX C MC-
[Ob30BAHMEM COBPEMEHHBIX allapaTHBIX M IPOrpaMMHBIX
METOJIOB, a TAKKe 00beAHHEHHE ITONYUYEHHBIX JAHHBIX C LEIBIO
MOBBIICHHA TOTEHIMANBHOH peuyeBoi paz6opunBOCTH.

B cBA3u ¢ H3NOKEHHBIM BHIIE HEOOXOIUMO OTMETHTB,
YTO TEXHHYECKHE MEPONPHATHS 1O TIPOTHBOACHCTBHIO yTeUKe
peveBoii nHbOpMALNK | NPOGIEMEI PH UX TPOBENEHHUH 3aCITy-
JKUBAIOT OoJiee JeTaNBEHOr0 pacCMOTPEHN, BOSHUKAET HeoDX 0-
AMMOCTh KOMIUIEKCHOTO NMOAX0/a K IIOCTPOSHHIO CHCTEMBI aK-
THBHO 3aIIMTHI pe4eBoii MH(pOpMAaIHH,
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B pamxax ucenenobanus paspaboTada CTpyKTYpHO-(QyHK-
LHHOHANBHAs MOJENb CHCTEMBI 3allUTHl PpedeBoii HHpOpMAaLHH
[3], xoropas BKIIOYAET HCTOYHMK pe4YeBOH HMH(pOPMALMH
(MIPH), 0CHOBHBIE H BCIIOMOTATENbHEIC TEXHHYECKHE CPEICTBA
obpaboTkn MH(pOpPMALHH, BO3MOXHEIE TEXHHYECKHE KAHAJIEI
yreukn pedeBoii mapopmamn (TKYPH) [3, 4] co cpencTBaMu
axtuBHO#i 3amutsl (CA3) [4], cpena pacnpocTpaHeHHS H 3110~
YMBIIUICHHUK ¢ KOMITIEKCOM TEXHHYECKUX CPEJICTB Pa3BEIKH.
OyHKIMOHANBHAS 3aBHCHMOCTH CHIHAJIOB, MPOXOJAIIMX IO
Pa3aMYHBIM KaHallaM K 3JI0yMBIIUICHHUKY NokaszaHa ¢opmy-

namu 1-5.
AM)=Fof Aoc(t), Auft), na(t)] (1)
V)=Fu[Voc(t), Viu(t), no(t)] ()
Pt)=Fp[Poc(t), Pu(t), np(t)] (3)
Ut)=Fi[Use(t), Uu(t), nift)] 4
O@)=Fo[Ooc(t), Os(1), noft)] )

3neck ycnoBHO 0603HaYeHb! (QYHKIHMOHANE! OT BpeMeH-
HO# yHKIMH omacHoro curHana, myma CA3, ecTeCTBEHHBIX
nomex 1o akycruaeckomy (1), Bubpoakycrnueckomy (2), Bu3y-
alBEHO-oNTHYECKOMY (5) KaHanam, B paanoatupe (3) H B TOKO-
HPOBOJAIIHX KOHCTPYKIHUAX (4).

IIpu paceMOTpeHUH TPENCTaBICHHON CTPYKTYPHO-(PYHK-
[HOHAJILHOH MOJIE/H HEOOXOIMMO OTMETHTB, YTO (QYHKIHOHH-
pyrouue B cucreme 3amutsl CA3 yqacTByoT B OpMUPOBAHUH
CHrHana, MOCTYNAIOWIEr0 K 3IOYMBINUICHHHKY. YKa3aHHBIH
CHrHal MOXET COJIepHkaTh «CHelbl» HH(OPMATHBHOTO CHI-
Hana. ITosToMy HeOGXOAMMO 3aMETHTh, YTO KOPpEKTHas pa-
6ota CA3 HemocpeCTBEHHO BIMAET HA 3alIHINEHHOCTE peye-
BOit mHbOpManuW, KoTopas TakuMm oOpasom Oyner onpene-
nateest HangxHocThio0 CA3. Jlannbie pakTel MOXKHO MPOJEMOH-
CTPHPOBATSH C IOMOIIBIO CHEAYIONIUX CXEMATHYHBIX IPadHKOB.

B nHacrosuii MOMEHT CYIIECTBYET YCTapeBIIHil MOAXOL
K onpeneneHuio nokasarenei Han&xaocrn CA3 (Hamprmep,
BeposiTHOCTH Ge3oTka3HoM paboter). CuuTaeTcs, 4To Ha MpOTs-
JEHHH BCero neproza sxcruryaranuu CA3 maHHEBIE NoKa3aTenn
HEHM3MEHHHI (pHC. 4).

Piy)

) Pe fA

Puc.4. [Togxon x onpenenenuto HaggxroctH CA3 Ha cTaguax xKu3-
HEHHOr0 LMK/A B HACTOsIIee BpeMs

B PEANIBHOCTH #E B MPOUECCE IKCILTYATALIMH BEPOATHOCTE

OTKa30B BO3PACTAET, 4 BEPOATHOCTH Oe30TKa3HON paboThl CHH-
HKACTCA M0 HEKOTOPOMY 3aKOHY, HAlpHMep, dKCIOHEHIHAIIb-
r.HI'.'

HOMY (puc. 5).
Ixenayamayus

Puc.5. INoaxon k onpenenenuto Hap&xuocth CA3 Ha craguax
JKH3HEHHOTO 1IHKJIA B HACTOSAIEEe BpeMs

rPot

T

tip
Pemonm

=y
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D70 NPUBOAUT K BO3PACTAHHUIO HHTEHCUBHOCTH OTKA30B,
YTO ¢ MOMEHTA BpeMeHH t Hayana oTkasa (Ha rpaduke t Hayana
OTKa3a JI0 3Tala BOCCTaHOBJIEeHHs paboTocnocoGHOCTH) MOXKET
XapaKTepH30BaThCA YTEUKOH pedeBoil mHpopMalmm.

ITosToMy axTyaneHOCTH TIPOBOIHMOrO HCCIEHOBAHMA
onpezensercss HeOOXOAUMOCTBIO Pa3pelleHHs] POTHBOPEUHS
MEKIY CYIIECTBYIOIIMM IPEANONOKEHUEM O IOCTOSHHOM
YPOBHE HaI&KHOCTH CHCTEMBI aKTHBHOM 3alIUTH] HA TIEPHONE
JKCIUTyaTallid M peanbHOM QakTe CHIKEHHS MoKasaTeneH
HaaéxHocTH CA3 B nponecce SKCIUTyaTalkH,

B naHHOM HCCIENOBaHMH BBHIIBHHYTA THITOTE3a O MOBBI-
IIEHUH 3aIHIIEHHOCTH peYeBoii HH(GOpMAaIUH NP MoiepxkKa-
HWM CTPYKTYPHOH Haf&XKHOCTH CHCTEMBI aKTHBHOH 3alIllUTHI.
Iox cTpykTYpHOH HaAEKHOCTEIO CHCTEMBI 3alUTHI GyeM 1o-
HHUMATh CBOMCTBO CHCTEMBI AKTHBHOH 3alIUTHl PEYEBOH HH-
dopmammu, coctosiiee B €€ CIIOCOOHOCTH BBHINONHAThL (PYHK-
LIMH 110 3al|Te pedeBoii HH(opMalHK, COXpaHss IPH TOM 0C-
HOBHBIE XapPaKTEPHCTHKH BBIpPaOaTEIBAEMBIX IIYMOBBIX IOMEX
B mpenenax, HeoOXOmUMBIX I obecriedeHns CHIDKEHHS 00-
LIETO 1O BCEM TEXHUMYECKUM KaHallaM YPOBHA CIOBECHOM pas-
OOpUHBOCTH O 3HAYEHHWs, HE MO3BOJSIOLIET0 BOCCTAHOBHTH
HCXOIHYIO HHGOPMALHIO.

Ilenesas QyHKIUA HCCIENOBaHMA B BHJC (YHKIMOHANA
npencraBieHa (GpopMynoii 6.

By ’
‘P3p'u = F(Wapu’AFf’i!Ai(T ’p!?’)’

Pldh‘
P IM,G,C)—G) max , (6)
Wapu = Wnped
c=<cC

don

rae P«?PH — BEPOATHOCTB 3alUMTH PEYEBOH HHpOpMALIN;

Wopu
00LIeHUIT y 3I0yMBIIIICHHHKA;

AF ; — TIONOCA YACTOT i-fO MAapUIpyTa MPOXOKCHHS

curnana ot PH Kk 310yMBILILIEHHUKY;

— obmias cnoBecHas pa3bOpPYHBOCTb PEUEBBIX CO-

ci

P

il
A(T,p,y) — i-il nokasarenb HAOEKHOCTH, 3aBHCH-
LIHit 0T (haKTOPOB OKPY-KAIOIIEH CPeMEI;
typ — BpEMs Hayala BOCCTAHOBUTENBHBIX MEPONPHATHI
JUIs {-rO MapuipyTa;
G — Marpuiia CTPYKTYphI rpada CHCTEMBI aKTHBHOI 3a-
LIMTHI pedeBoil uH(pOpMaliy;
C — 3aTpaTel Ha BHEAPEHHE H IKCIUIyaTalMIO CPEACTB
3aIATHL;
Wypeo — 3HaUeHHE MNpPENENbHO MOMYCTHMOH CIIOBECHOMH
pa3bopUMBOCTH TEPEXBATHIBAEMOTO MO KaHAJAM YTEUKH
HH()OPMALMH PEYEBOro COODIIEHNS;
Coon— HOMYCTHMBIE 3aTPaTHl HA BHEAPEHHE H DKCILTyaTa-
LIMIO CPEJICTB 3allUTSL.
ITpunsae Bo BHUMaHHE GAKT HCIONB30BAHMA 37TOYMBILI-
JIEHHAKOM U1 TIOJYYEeHHs pedeBoil HH(GOpMALHH HH(PPOBBIX

— OTHOIIEHHE CHTHAJI/ITYM IS i-TO MapIipyTa;
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YCTPOMCTE ¥ METONIOB BOCCTAHORNIEHUs Ldporoii uHpopma-
MM, MOXKHO 3aKJTIOYHTE, YTO TAPAMETPHI BO3HHKAIOIMX KaHa-
JI0B yTeuKkH MHGOPMALHH XOPOIIO ONMMCHIBAIOTCS C TIOMOLIBIO
npezena npomyckHoi cnocobnocty Illennona [5] ans i-ro He-
MPEPHIBHOrO KaHana yreukd wHpopMaumm [4] ¢ nmomomsio
dopmyisl 7.

B,
Ci =AF; logy(1+ 2% (7)
wi
SamumEHHOCT pedeBoil MHQOpPMAlLMH Ompenensercs
3HAYEHHEM CIIOBECHOH Pa3bopYMBOCTH, KOTOPYIO, HCXOJA U3
npeobpazopaHus pedeBoi uMH(GOpMALHK B HUPPOBYIO GopMmy
MOXHO BBIpa3uTh (opmyioii 8:

ZIJF
R I

W = ®)

g
r e
rne 1, =C;- A, — xonmuectso mH(OPMALMY, TONYIEHHOI
3TOYMBIILIEHHUKOM 10 i-MY MapHIpyTy;
N, =t —t,, —Bpems, B TE4eHHE KOTOPOro DYHKUHOHH-

pyer i-blif KoMmekT Hepaborocnocobusx CA3 ¢ BeposT-
HOCTBIO 0e30TKa3HOIt paboThl HIKE ONpEEeNEHHOrO No-
POTOBOTO YPOBHSA (PHCYHOK 2);

l,.; —Bpems Hauana BoccTaHoBIeHHs CA3;

l,.; —BpeMs Hayana otkasza CA3;

Lypu — xONMUECTBO HMHGOpManuH, nopoxgaemoe UPH 3a
BpeMs At.

ITonaras B kayecTBe MpuMepa, YTO BeJH4YHHA P(?) pac-

npeneneHa 1o KCIOHEHIHANBHOMY 3aKOHY [6], MOXHO BEIpa-

3uth fyp; Yepe3 HHTECHBHOCTD OTKa30B A, nomydus GopMyiy
9 st ob1ueit cinoBecHo# pa3bopunBOCTH:

‘Pci)x

AF, -log, (1+
tyw +In P,/

Worn = z

i

I."fPH (9)
X j N lj Oy Oy X
J=l

XAy Ky,

rae A; — WHTEHCHBHOCTH OTKa3a onementa CA3 B HOp-
MAaJIbHBIX YCIIOBHAX OKCIUTyaTaLMH;

o, — Ko3(pHUHEHT, YUHTHIBAIOLIMH BIHAHHE Ha
HaaeKHOCTh alieMenTa CA3 MeXaHHYECKHX BO3JIEHCTBHIL;
a, — KodQQHIUMEHT, YIUTHIBAIOINI BIMAHHE HA

HaaexKHoCcTh 3ieMenTa CA3 BIaKHOCTH

Q;y — K03(hHIMEHT, YINTHIBAIOLINI BIUSHUC HA
HanexHocTs anementa CA3 nasnenust
K, - xosdduument snekrpudeckoii HArpysku, yuu-

THIBAIOIHIT OCOOEHHOCTH (DYHKIMOHUPOBAHUS TIPUHIUIIH-
aNBHON CXEMBI ¢ BEIOPAHHBIMH TEMEHTAMM
Hcxops u3 Leny uccieqoBaHusa, HeoOX0AUMO MOBBICHTE
3aUMINEHHOCTD PeYeBOi HHPOPMALHH OT YTEUKH ITO TeXHHYE-
CKMM KaHalaM TMOCPEACTBOM OOECIeueHns CTPYKTYPHO#
HAJE&XHOCTH CHCTEMBI aKTHBHOW s3amurhl CrpykTypa cu-
CTEMBI aKTHBHO# 3alUTH 3amaéres maTpuueii G, B KOTOpOii

34 HAYKOEMKME TEXHOJIOTNN B KOCMUNHECKMX MCCTTEAOBAHVIAX IEMITN

OTIpENENseTCs PACIONOKEHHE IEMEHTOB CHCTEMBI, 4 TaKKe
HX MOKa3aTenH HaA&KHOCTH. BepoATHOCTD 3allfUTHI pedeBoit
MH(OpPMALIMH pacCYMTHIBaeTCS, Hexonsd u3 popmyn 2 u 3. [xe
BEPOATHOCTH YTEUKH XapaKkTepH3yeTCA BEPOATHOCTBHD
HACTYIUIEHHS COOBITHS, IPH KOTOpOM o0Iias clioBecHas pas-
GOpYMBOCTE HA CTOPOHE 3JI0YMBILJICHHHKA OyeT BhILUIE Mpe-
JEIBEHO }IOHYCTHMOf:I 0 HOpMaTHBHBIM JOKYMEHTAaM.

B Hacroseii pabore npeiokeHo HCHONB30BAThH MO~
Xopp! Teopun rpados [7] Ans MoAENHPOBaHUA CHCTEMBI AKTHB-
HOH 3alUThl pedeBoit nHpopManuu. Ha puc. 6-9 nokasaH ne-
pexoz oT rpada BO3MOXKHBIX ITyTel yTeUKH pedeBoro CUrHamia
k rpady CTpyKTypHOH HaA&KHOCTH CHUCTEMBI aKTHMBHOH 3a-
IITHTEI.

HPH CF =9 3

Puc.6. I'pad BO3MOIKHEIX NyTel yTEUKH peueBoro CHrHana

Ha puc. 7 nokasaH aeTaju3HpoBaHHbIH rpad BO3MOXK-
HBIX IYTell YT€YKH PEYeBOro CHrHAJAa K 3IOYMBIIUICHHHKY C
HMCTOYHHKOM PE4EBOro CUTHAIA H NPUEMHHIKOM (3/10YMBIILLIEH-
HAKOM). OcTabHbIE BEPILMHEL rpada 0TobpakaloT pasaudHbIe
YCTpOiicTBa npeo0pa3oBaHus CUTHAIOB MEXAY CpeJaMH U pe-
TpaHcnaTopsl. Jlyru rpada nokassiBaioT cpebl pacupocTpaHe-
HUsL CHTHAJIOB.

Vigs
Ygtam.,

Puc.7. lerann3npopanHelii rpad) BO3MOXKHBIX MyTeil yTeuxu
PEUYeBOro CHruana

Jna xaxnoii cpelsl pacpOCTPaHEHUsA PEYEBHIX CHI-
HanoB HeoOXxoauMo obecreueHne IryMoBoii MackupoBku CA3,
9TO IOKa3aHo Ha pHc. 8.

)
#

Puc.8. [letanuzuposanHelii rpad) BO3MOKHBIX nyTeil yTeukn
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PEYEBOro CHrHa/A NPH AKTHBHOM LIYMOBOM BO3[EHCTBHH

Ha puc. 9 nemoHcTpupyeTcs rpad CTpYKTYpHOH Hamgx-
HocTH CA3, Ha KOTOPOM NPENCTaBIIEHA CBA3HAsA CTPYKTYpa CH-
CTEMBI 3aIIHTHl HA OCHOBE BK/IIOUCHHS OTACILHEIX JIEMEHTOB.

Puc.9. I'pad cTpyKTypHOI HaAEKHOCTH CHCTEMBI
AKTHBHOH 3aLUHThI

Ha nanHsIX pHCYHKaX NPAMEHAIOTCS CIeAyomne 00o3Ha-
YeHHs:

G=(V, E) — opuentuposanHsiii rpad TKYPH;

V={VHPH, V3, Vil, Vi2, ooy VIN_ I, V21, V22, ooiy VIN 2, ooy VM1,
VM2, ..., VMN M} — MHOJKECTBO BepluHH (npeoOpa3oBaTeii cur-
HAJIOB METY CpElaMH M PETPaHCIIATOPEI);

Vipy — UCTOYHHK pedeBoil HH(pOpMaIuH;

V3 — 370YMBILLIEHHNK;

E={e;, €1 ..., €N 141, €21, €22, ..., €IN 241y v, MI ,
em2, ..., EMN M+1} — MHOXKECTBO Ayr (Cpelsl pacnpocTpaHEeHHs
CHTHAJIOB).

MaremaTuueckoe BhIpaxKeHHe U1 pacuéra mokasarenei
CTPYKTYPHOH HaAEXHOCTH CHCTEMBI AKTHBHOM 3aLMTEI MIpea-
cTaBieHo opmymnoii 10.

w(G)=1-] [0-w, (n,.M,)]=

meM
(10)
=]- ITM 1- HWm(Vm ) Wmn(emn)
me Vn€un,,

B pesynsTate HccaenoBaHKA MONYYESHBI CIEAYIOUHE Tpa-

GbUKH 3aBUCHMOCTH BEPOATHOCTH 3allUTHl MH(OpMaluu oT
BpeMeHH akcruyaTauus (puc. 10):
B ciyuae yuéra KOMIUIEKCHOTO XapaKTepa YTeYKH peueBoii HH-
(hopMaK HabIONAeTCA MOBHIICHHAE CIIOBECHOH pa3bopumBoO-
CTH, 2 3HAYHT CHIDKCHHE 3aLIMIIEHHOCTH pe4eBoil nHdopMa-
M.

HccnemoBanust TOKa3BIBAKOT HEOOXODMMOCTE KOM-
IUIEKCHOM OLEHKH 3aMHINEHHOCTH PeueBoi HHpOPMALH.

BoiBoasl

1. VYcraHoBineHa TeHAEHLMs K IOCTOSHHOMY Yiy4ile-
HMIO XapaKTEPHUCTHK M YBEIWYEHHIO 00BhEMa NPOM3BOIUMBIX
CPEICTB M CHCTEM BEICHHUS aKyCTHYECKHX pa3BeIoK.

Ong UMTUPOBAHMUS:

Pue.10. CemeiicTBo rpauKoB 3aBHCHMOCTEH BEPOATHOCTH 3aLLUThI
peveroii HHGopMaLuK OT BpeMeHHU paboTel kommnekca CA3
TIpH pa3/ii4yHOM KONHYEeCTBe paBHOHANEKHBIX CA3

2. OrMe4yeH KOMIUIGKCHBIH INOAXOHA, NPOBOAUMEIH B
HACTosALIEE BPEMA 3JI0YMBIIUIEHHHKAMH C LENBIO NepexBarTa u
06paboTky pederoil HHPOPMAIHH.

3. Paspaborana cTpykTypHO-(yHKIHOHANBHAS MOIENb
CHCTEMBI 3alUTEl PeYeBOil HHMOPMAHH JUIA H3YYEHHUS BIHA-
HUs1 [TOKa3aTelell HafEXHOCTH Ha YPOBEHb 3alMIIEHHOCTH pe-
YEBOro CHrHaa.

4. TlpennoxeH KOMIUIEKCHBIH TOAX O/ Ha OCHOBE TEOPHH
rpa¢oB NpH MMOCTPOSHHN CUCTEMbI AKTHBHOIH 3alI[UTHI pe4eBOii
HH(popMaLnHy.

5. IlonyyeHO M NpPOAHATM3MPOBAHO BHIPAKEHHE LIS
CTPYKTYPHON HAAEKHOCTH CHCTEMBI aKTHBHOM 3aLMTh] peye-
BOif HH(OpMaLUK K NONYYEHB IpadUKH 3aBUCHMOCTH BEPOSAT-
HOCTH 3alllUTE] peYeBoil MHPOPMAaLHK OT NEpHOAA dKCILTyaTa-
LMH CHCTEMEI.
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FEATURES DEFINITIONS OF INDICATORS
PROTECTED SPEECH INFORMATION SECURITY

Gavrilov llya Vyacheslavovich,
Orel, Russiq, ilya_vch@pisem.net

Abstract

In the modern world, it is impossible to overestimate the
importance of verbal communication between people.
Increasing the value of the speech information leads to the
necessity of its protection. The need to protect the large vol-
ume of voice information in a variety of government and
commercial organizations in the face of rapid growth inter-
ception on various technical channels of information leak-
age hardware capability determines the use of complex
remedies having different structural and functional reliabili-
ty. Therefore, as the object of study of this work chosen
means of active protection of speech information. The sub-
ject of research are the control procedures, and check the
status of active protection of voice information system. The
aim of the study is to improve the security of voice data leak-
age through technical channels by providing the structural
reliability of the active protection system. Submitted by the
objective function of research in the form of the functional
dependence of the various elements of the reliability indica-
tors, time-frequency characteristics of signal propagation
environments, vector signal / noise ratio. In this regard,
there is a problem of reliability study of the effect elements
of technical protection systems on a secure voice information
circulating in such systems.

In order to explore the nature of the influence of reliability
elements active protection system on a generic indicator of
the reliability of the entire system with access to the vulnera-
bility factor in the approaches used graph theory, informa-
tion theory, probability theory and reliability theory.
Structural-functional model of voice information protection
system was determined to solve the problem. The influence
of the technical state of the remedies on voice data defended
in case of need for protection. Get ideas for calculating the
index vulnerability of the protection system. Reflected con-
nection reliability performance protection with performance
security of the system. The materials presented mechanisms

For citation:

of calculation of indicators of reliability by taking into
account the state of the remedies that make up the complete
system. Results of the study showed the need for a compre-
hensive approach to assessing the security of voice data.
The study suggests an approach to the definition of the com-
plex index of the vulnerability of the system of speech infor-
mation processing, taking into account indicators of the
structural and functional elements of the system reliability.

Keywords: voice information, speech recognition, infor-
mation leakage, the active means of protection, reliability of
technical systems.
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AHHOTALMA

PaspabotaHa Mmopenb MyfbTUCEPBUCHOM CETH CBSI3U, COCTOSILLEN M3 MPOU3BOSIb-
HOFO YMCNA Y3108 U COeAUHUTENbHBIX IMHMIA. [ocTynneHue 3as80K Ha nepepayy
TpaduKa cepBMCOB PeanbHOro BPEMEHM creayeT NMbo NydccoOHOBCKOM MOAENM
(yskononocHbi Tpaduk), nmbo mopenu DHrceTa (LWIMPOKONOAOCHBIA TPADMK).
B noctpoeHHOI Mopenu npeanonaraeTcs, YTO BEPOSTHOCTb AOMYCKA 3ASBKM K
06CnyXMBAHMIO 3ABMCUT KAK OT HanMums Tpebyemoro konuuectsa cBoboaHbix
€AMHML, KAHONBHOTO pecypca, Heobxoamumoro ans obcnyxusanus Tpadbuka ac-
COLMMUPOBAHHOTO C 06CYXMBAHMEM NOCTYNAIOLLEN 3ASBKM, TOK M OT CTENEHM 30-
rpysku pecypca nepeaayu MHGOPMALMM B UCMONb3yEMOM MAPLLPYTE ee nepe-
cbinku no ceti. PaspabotaHHas Mogenb MOXeT BbiTb MCNONb30BAHA A1 OLEHKM
AOCTATOYHOCTU PECYPCA B 3BEHbSX CETU CBS3M NPU COBMECTHOM OBCHYXMBAHMM
MYnbTUCEPBUCHOTO TPAGUKA KOMMYHMUKALMOHHBIX MPUIOXKEHUM PeanbHOro Bpe-
MeHu. B pamkax noctpoeHHol mogenn chopMynupoBaHbl onpeaeneHuns OCHOB-
HbIM XAPAKTEPUCTUKAM KOYECTBA COBMECTHOrO OBCIYXMBAHMS 3QSBOK 4Yepes
3HQYEHMS CTALMOHAPHLIX BEPOSITHOCTEM COCTOSIHMM MOAENM M NPOAHANU3NPO-
BAHbI CNOCOBbI UX OLEHKM HO OCHOBE PELUEHWS! CUCTEMbI YPABHEHWUM CTATUCTH-
YECKOro POBHOBECHS MM UCMOMb3OBAHMS NPOLLEAYPbl NPOCEUBAHMS NOTOKA NO-
cTynawowmx 3as80K. [oKA3aHO, YTO TOUHBIM pACYET 3HAYEHUM XAPAKTEPUCTMK
BO3MOXEH TOMbKO B YACTHBIX CAy4YasX paspaboTaHHOM Mopenu, Korpa ceTb
COCTOMT M3 OAHOrO MNM ABYX 3BEHbeB. [l OLLEHKM XOAPAKTEPUCTMK B obliem
cnyyae paspaboraHa UMMTAUMOHHAS Moaenb. C NOMOLUbIO pe3ynbTaTOB MMMTA-
LIMOHHOTO MOAENMPOBAHMS MOKA3OHO, YTO NPU COBMECTHOM 0BCHYXMBAHMM Y3~
KOMOSIOCHOTO M LUMPOKOMNOAOCHOIO TPAGUKA KOMMYHMKALMOHHBIX MPUIOXKEHWH
peanbHOro BpeMeHu HabNoAAEeTCs HEKOHTPONMPYEMOE ONepaToOpoM nepepac-
npegeneHue KAHANLHOTO Pecypca B MOsb3y NOTOKOB 3ASBOK C MAsbIMKU nNoTpe6-
HOCTSIMM B CKOPOCTH nepepayn uHpopmaumu. [Ina ycrpaHeHus oTpuuaTenbHbIX
NOCNEeACTBUM 3TOrO SBNEHMs NPeanaraeTcs NPUMeHsTb TM60 pesepBMpPOBAHME,
nnbo paspenbHoe MCronb3OBOHME pecypcd 3BeHbeB ceTu. [ns obocHoBaHMs
npoueaypbl BbIGOPA KOHKPETHOrO CLLEEHAPHSI MOXHO UCMOMb3OBATb MOCTPOEHHbIE
B AOHHOM paboTe MOAENU U ANrOPUTMBI.
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1. Beenenue

MopennpoBaHie HNpoLEecCOB HOCTYIUIEHHS H 00cmyxuBa-
HMS 3a4BOK JOJDKHO YYMTHIBATH OCHOBHBIE OCOOEHHOCTH COB-
MECTHOI#i nepeaayy HH(GOPMAILMOHHEIX MOTOKOB B AEHCTBYIO-
IUX M TIEPCIEKTUBHBIX ceTax cBa3u [1-6]. o HenaBHUX HOp
NIIAaHHPOBAHKE pecypca nepenady HHpopMalmK B CETAX CBA3M
ObIIO OCHOBAHO HA HMCIIONB30BAHWH PA3HOrO poja HMIMpHYE-
ckux npasuil. HadopMaloHHbIe TOTOKH COBPEMEHHBIX KOM-
MYHHMKAI[MOHHBIX IPHIOKEHUH CYIICCTBEHHO OTIHYAlOTCs OT
peuesoro Tpaduka, 4TO 3aTPYyIHAET, a MOPOIO JIeNAeT HEeBO3-
MOKHBIM NPHUMEHEHHE KIACCHYECKUX Pe3yAbLTaTOB TEOPHH Te-
nerpaduka. [lns ycTpaHeHus: OTMEYEHHBIX TpyAHOCTeH Tpedy-
€TCsl BBECTH B 0OMXO0J] HHXKEHEPOB, 3aHMMAIOLINXCS PellleHHEM
3a7a4 NPOEKTHPOBAHMA CETEH CBA3M, HOBBIE MOMENH, a HA HX
OCHOBE pa3paboTaTh HOBBIE ANTOPHTMBI OLEHKH MOKa3aTeneil
NpOMyCKHO# criocobHocTH cucTeM cBAsu. Pemenuro 3Toi 3a-
Jlauu, uMeromel Gonpiroe 3HaUeHHe JUIA MPaKTHYECKUX IMpH-
JIOMKEeHHUit, mocBsAIeHa 3Ta pabora.

2. Oco0eHHOCTH MOJIEJIHPOBAHUSA BXOIHBIX

NOTOKOB 3asIBOK

HccnenoBanue mpolecca MCIONB30BaHMSA pecypea mepe-
Jia4un MH(GOPMAIMH 3BEHBEB MYIBTHCEPBUCHOM CETH HIET HA
YPOBHE MOCTYIUIEHHs 3aSBOK Ha mMepefauy Tpaduka CepBHCOB
peansHOro BpeMeHH. B GonbIIMHCTBE TEOpeTHUECKHX pabor,
OTHOCAIIMXCA K aHAIM3Y MYNBTHCEPBUCHBIX CeTel, Ipeamnona-
raercs, 4T0 NMOCTYIUIEHHE 3afBOK MOJOGHOro poja TMOX4HHS-
etca 3akony ITyaccona. JIaHHOMY YTBEP)KIEHHIO HMEETCS TEO-
peruyeckoe obocHopanue. U3 nonoxenuil TeopuM BEPOATHO-
creii u3BecTHO [3,6], 4TO U CyMMUpPOBaHKHH GONBIIOrO YHCTIA
HE3aBHCHUMBIX TIOTOKOB 3aBOK C MHTEHCHBHOCTSIMH, CTpEMsi-
IMMHACA K HYIIO, Pe3yIbTHPYIONIMii IOTOK IO cBOlcTBaM Gy-
JIeT NpUOIHKATECS K MYACCOHOBCKOMY TIOTOKY, €CJTH YHCIIO [0~
TOKOB CTPEMHTCA K GECKOHEUHOCTH, 8 MX CyMMapHas HHTEH-
CHBHOCTB K KOHCTaHTe, ONpeAeNsIoniel YacToTy MOCTYILIEH S
3asBOK ITyaCCOHOBCKOI'O MOTOKA.,

B peanbHBIX cHCTEMax CBA3M MOXKET CIIOMKUTBCS CHTYAIIHS,
KOrJia PETOIoKEHHE O MyacCOHOBCKOM XapaKTepe MocTyIie-
HHA 3aABOK MOTYT HE BRIIONHATECA. TaK IPOMCXOMHT MPH HAH-
YW B CETH MONB30BaTeNnel MHOOKOMMYHHKALMOHHBIX YCIYT,
KOTOpBIE MMEIOT CYILIECTBeHHBIe TpeboBaHMs K pecypey mnepe-
Jaun uHpopMamu [4-8]. OGBIYHO 3TO 3aKa3 CEPBHCOB, OCHO-
BaHHBIX Ha nepeaayde Buacorpaduxa, ITockoneKy aGoHeHTE! Tpe-
6YIOT CYIIECTBEHHYIO A0 KAHAIBHOTO pecypca JIMHAH, TO H3-
MEHEHUE KOIMYECTBA AKTHBHBIX aGOHEHTOB MEHSET MHTEHCHB-
HOCTH T10TOKA TpeToxkeHHoro Tpaduka. Jlns yuera storo ssie-
HHUS WCTIONB3YIOTCA BEPOATHOCTHBIE MOMETH (OPMHUPOBAHHS
BXOJIHOTO TIOTOKA 3asBOK, HOCAINME Ha3BaHHE MOJIEb JHIceTa.
B mopenax noxo6Horo poga aboHeHT, GOpMUpYIONIHIA K-Blii 110-
TOK 3asBOK, MOMKET HAXOAUTHCA B COCTOSHHH MOCBUIKH BHI30Ba
Yyepe3 IKCMOHEHIMANBHO pachpefeeHHbIH TPOMEKYTOK Bpe-
MEHH W B COCTOSHHH ee ofciyKuBanns. B mocnensem ciydae
3aABKHA OT a0OHEHTA He MOCTYMAIOT.

TMoMuMO moONB30BATENEH YCAYT CBSI3H, HYXIAIOUMXCH B
CYIIECTBEHHOI JIoNie TepellaTOYHBIX BO3MOXHOCTEH 3BEHBEB
CeTH, B CETH MOTYT NPHUCYTCTBOBAThH abOHEHTHI, Tpebyouue
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YCTaHOBJICHHS COCAMHEHUS JJI Niepeiaui 0OBIYHOrO peueBoro
tpaduka. ITockonbky TpeboBaHHA K pecypcy Hepenadu Hepe-
JIMKH, TO MOKHO CYMTATh BBHINONHEHHBIMHU MPEATIONOKEHUS O
yaCCOHOBCKOM XapaKTepe MOCTYIUICHHA 3asBOK aHaIH3Hpye-
moro noroka. Takum 0Opa3zoM, B CETH paccMaTpUBAalOTCS MPo-
LIECCHI TIOCTYIUIEHUA W OGCIYKHBAHUA N NOTOKOB 3asBOK Ha
YCTAHOBJIEHHE COEIUHEHHA C LIENBIO NepefayH Tpaduka cepBH-
COB peallbHOro BpeMeHH. M3 aHalu3upyeMBIX 7 MOTOKOB M4
(hopMHpYIOTCs TPYNIIAMH, COCTOAIIMMH H3 KOHEYHOro 4Hcia
[ONB30BATENEH, a N, — IPYNIIAMH, COCTOALIMMH U3 GecKoHeY-
HOT'O YMCIa MoJIb30BaTeNnel (MpUMEeHeH e 3/Ieck U Jajee Tep-
MHHA OECKOHEYHBIH 03HAYAET, YTO YHCIO A0OHEHTOB BENHKO
CYIIECTBEHHO HE CKa3BIBAETCA HA MHTEHCHBHOCTH ITIOCTYMAK0-
ILero MoToKa 3asiBoK). O603HaYHM Yepes w; MHOXKECTBO HOME-
POB NOTOKOB 3asBOK, (JOPMHUPYEMBIX TPYNIIAMH H3 KOHEYHOTO
4ucna Nonp3oBaTeneil ycnyr cBA3HW, a yepes w, 0003HaYHM
MHOMKECTBO HOMEPOB TOTOKOB 3afBOK, (OPMHpPYEMEIX Ipyrl-
namu 13 OeCKOHEYHOro YHCia nois3osarteneil. O603HAYUM de-
pe3 Sy 4YHCIIO MONB30BaTeNeH YCIyT cBA3H, (hOPMHPYIOMHX k-
yio Tpynmy, k € w,. AGOHEHT CeTH, BXOIANIMIL B COCTaB K-0it
rpymisl, k € w; NocsUlaeT 3asBKY Ha [epefady pecypcoeM-
Koro Tpauka peanbHOro BPEMEHH 4Yepe3 CIydaiHbIi mpoMe-
JKYTOK BpPEMEHM, UMEOIINI 3KCIIOHEHIMAIBHOE pacrpesiene-
HME ¢ DapaMeTpoM paBHbIM f.. [lns nepenaun tpaduka tpeby-
eTcsl by, KaHAJIBHBIX EAWHUII BO BCEX 3BEHBAX CETH, COCTABIAIO-
IMX MapumpyT ABWXEHUS TpaduKa, acCOUMHPOBAHHOrO ¢ 00-
CIy’)KMBaHHEM 3asBKH aHamu3MpyeMoro moroka. Jlamee Bo3-
MOXKHBI JIBa BapHaHTa pa3BUTHA coObiTHil. Ecin B ucnons3ye-
MOM MapIupyTe IBIDKEHHs Tpaduka uMeeTca HeoOXonumoe
YHCII0 CBODOJHBIX KAHANBHBIX EOUHHMI], TO BCE OHM 3aHHMAa-
IOTCS Ha CIydaifHoe BpeMs 0OCIy)KHBaHuA 3aSBKH k-T0 TOTOKa,
MMeEoNIee SKCIOHEHIHANIBHOE paclpesie/ieHHe ¢ MapaMeTpoM
paBHBIM ;. Ecii TpeGyemoro uncia cBoGOIHBIX KaHAIBHBIX
€IMHUIl He XBaTaeT, TO aDOHEHT, BXOMIUIMI B COCTaB K-Oif
TPYIIIBI TIOB30BaTeNIel YCIIyr CBA3H, MONy4aeT OTKa3 M uepes
ClNy4alHBI NPOMEXKYTOK BPEMEHH, MMEIOLIMH 3KCIIOHCHIH-
aJILHOE paclpeielieHUe ¢ MapaMeTPoM paBHEIM [}, OT HEro No-
CTYNaeT clejylonas 3asska 1 copMyIUpOBaHHEIE BILIE CH-
CTBHA, CBA3aHHBIE ¢ (POPMHPOBAHMEM k-I0 ITOTOKA 3aABOK, TI0-
BTOPSIOTCA.

3asBKH Ha NpeNocTaBJIeHHE pecypcea nepegayu uHdopma-
uuH, chopMHUpoBaHHEIE OECKOHETHOM IPYIIIOH TTONb30BaTENEH
YCIIYT CBSI3H M NPHHAIeKAIHe K-My HOTOKY k € w,, nocTy-
MalOT B COOTBETCTBHHM C MYACCOHOBCKHM paclpeleleHHeM H
HMEIOT HHTEHCHBHOCTh Ay [l obcinyKuBaHus NOCTYNHBLIECH
3asBkH Tpebyercs by KaHANBHBIX €OMHHI] BO BCEX 3BEHBAX
CETH, COCTABIISIOIMX MapIIPyT ABHKEHNS TpadHKa, aCCOHH-
POBAaHHOro ¢ ODCNYXHMBAHHEM 3aiBKH AHANH3UPYEMOrO IO-
Toka. Bpemsa obcmy:kHBaHHA 3adBKH k-ro IMOTOKa, HMEET 3KC-
MOHEHIMANBHOE pachpefeicHUe C MapaMeTpoM pPaBHBIM (.
Ecnu tpebyemoro uucna cBOOOAHBIX KaHAJBHBIX EIUHMI] HE
XBaTaeT, TO MOCTYIHBINAS 3a4BKa MOMYIAeT OTKA3 U He BO300-
HOBIISETCH.

Jna ynobGcrea mocnenyroumux npeobpa3oBaHMil MpHMeEM,
YTO AJ151 BCeX TIOTOKOB MapaMeTp SKCTIOHEHIINATIBHOTO BpEMEHH
obciyxuBanMs 3asBOK paBeH enuHuue. Takum obpasom, s
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BCEX NOTOKOB MHTEHCHBHOCTH ITOCTYIUIEHHS 3aBOK OY/eT BbI-
paxkeHa B CPEIHEM 4uClIe 3a4BOK, NOCTYNAIOMMX 3a CpeaHee
Bpema ux obcnyxusanud. [To onmpeneneHunio 5To 03HaYaeT, YTo
BEIMYMHA MHTEHCHBHOCTH BBIpA’KeHa B dplaHrax, T.e. B Cpeji-
HEM YHUCJIe MOTCHLMANBHBIX COSAMHEHHI Ha MpENOCTaBlIEHHE
3aKa3zaHHOro cepuca. O603HaYHM COOTBETCTBYIONLYIO XapaK-
TEPUCTHKY uepe3 . [l IyacCOHOBCKOrO MOTOKA @) =
A /ay. ObozHaumm depes y,mapamerp SKCHOHEHIHAIBHOrO
pacnpeieneHus AU TEeNbHOCTH HHTEPBaJla BPEMEHH MEX Ty I110-
CIIE/IOBATENIbHBIMK MOCTYIUICHHAMH 3afBOK OT ojHOro abo-
HeHTa u3 k-oif rpynnsl, k € @,. 3HaUeHNA BEIHYHH S, Ay, Vi
cBA3aHsl Mexay coboil. Ecnu u3BecTHB! 3HAYEHHA @) MHTEH-
CHBHOCTH NpPEIJIOKEHHOH HArpy3Ku M S; yuciaa abOHEHTOB,
dopmupyromux k-piif MOTOK, TO MOXHO HAHTH BETHYHUHY V.
Jns peruenust 9To# 3amayyM MCIHONb3yercs coorHouenue [3]
Yie = @/ (Sk — )

Jna noroka 3agBOK, 00pa3sOBAaHHOrO KOHEYHOM TPYMIOW
TONB30BATENEH, HHTEPBAN BPEMEHH MEXOY MOCIEHOBATEIb-
HBIMH NOCTYIUIEHHAMH 3a9BOK B CUCTEMY UMEET SKCIOHEHIIH-
albHOe pacnpejeneHue ¢ napamerpoM (S — ix)Vk, THE i —
YHCIO 3afABOK Kk-rO INOTOKA, HAXONAIIMXCS Ha OOCIyXHBa-
HuH, k € wy.

3. Koneunoe YHCI0 HCTOYHHKOB 3a5IBOK:

onpeaeJeHHe U OLEHKA XaPaKTePUCTHK

ITpouenypy 3aHsTHS pecypca nepenaun uHdpopmaimu Gy-
JeM XapaKTepH30BaTh JOJeil MOTepsIHHBIX 3agBOK, Joeil Bpe-
MEHH 3aHSTOCTH JOCTYIIHOTO pecypca M CpeIHAM YHCIOM Ka-
HaBHBIX €NUHML, 3aHATHIX HA ODCHYKHMBAHHA TOCTYMAIOLIUX
3asBOK. Bce BBEICHHBIE XapaKTEPHCTHKH MOXKHO OTIPEIeIHTb,
€clli H3BECTHBI 3HAUEHMUs JOJIH BpeMeHH TIpeGhIBaHHSA MOJENH
B COCTOSHHH ¢ (PUKCHPOBAHHEIM YHCIIOM 3asBOK KaXI0r0 THIA,
Haxomgumxca Ha obcmyxuBanun. OYHKIMOHMPOBAHHE MO-
JieNd BO BPEMEHH OIHCHIBAETCS MHOTOMEPHBIM MapKOBCKHM
npoteccom (t) = (i (), iy (), ..., in (£)), rae i (t) — wmcno
3asABOK k-T0 IOTOKA, HAXOAAIINXCA B MOMEHT BpeMeHH t Ha 00-
cnyxusanuy, k = 1,2, ...,n. O6osnaunm gepes p(iy, iy, ..., i)
CTAIHOHAPHYIO BEPOSATHOCTh HAXOKACHMSA Ha OOCIyKHBAHMH
i, 3aABOK k-romoroka, k =1,2,..,n.

IpennonoxkuM, yto 3Havenus p(iy,is,...,I;) H3BECTHBI.
O6o3Ha4nM Yepez S MHOXECTBO BCEBO3MOXKHBIX COCTOSHHIt
cery, a uepes Bj, € S 0D03HAYHM MHOXKECTBO COCTOSHHNA MO-
JeNH, B K&KIOM M3 KOTOPHIX MOCTYIHMBINAs 3asBKka k-To mo-
TOKa MONYYaeT OTKA3 W3-3a HeJOCTATOYHOCTH KaHAIBHOTO pe-
cypca XoTs Okl B OJHOM H3 3BEHBEB MApILIPYTa, HCIIOMB3YeMOTo
I Tepeiaun TpaduKa cepBHCa peallbHOr0 BPEMEHH, accolli-
HPOBAHHOTO ¢ OOCTY)KHBaHHEM 3asABKH k-ro moroka. O6o3Ha-
9HM JIOJNIEO MOTEPSHHBIX 3aABOK CUMBOJIOM T, ., JOJIIO BPEMEHH
3aHATOCTH JOCTYITHOTO pecypca 0003HAYHM CHMBOJIOM 1Ty y, &
cpenHee YHCIO KaHANBHBIX €RMHMI, 3aHATHIX Ha 0OCIyXHBa-
HHE TMOCTYIAIOUIMX 3a8BOK, 0003HAYMM CHMBOJIOM MM,,. B ciy-
yae k € w,; BBEIEHHBIE [I0KA3ATENH ONPENENIOTC U3 CeyIo-
LIMX COOTHOIICHUH:

Tp= X Pl

(i) <B

\ A
\/

WWW.H-ES.RU

mp= X Plipigsesiyighys
(15 iy )ES M
)53 Pysinseniy XSk =1k )i
_-(fl,fz,..,fﬂ)EBk
Mok =

Z p(i]’iZS---’in)(Sk _ik )yk
(flsfzt-“sin }ES

ITpennonoxuM, 4to k € w,. Torna myy = My =My, a
AHATTH3HPYEMBIC TIOKA3aTCIH ONPEACIAIOTCA H3 PABCHCTB:

= Y Pipiyseaty)
(ipdgn-sip)eBy 2
my = Y plpsigsesiy)ighy.
(i eemsl y JES

Ecmu my, H3BECTHO, TO HETPYAHO PACCYNUTATH BEMHIHHY Yy
CPEIHEro YMciia 3asgBOK k-ro MoTOKa, HaXoIAmuxcs Ha obcimy-
KUBAHAH V), = My, [ by

DyHAAMEHTAIBHON XapaKTePHCTHKOH MOIENH SBIFETCS
HAJTAYHe CBOMCTBA MYJIBTHILTMKATHBHOCTH [1-3,6] y 3HaueHmit
CTalMOHapHBIX BepostHocTel P(iy,i5,..,1,). dna ymoberea
3amucH nocneayoumux hopMyn OyneM npeanonararh, YTo Mo-
TOKH ¢ HOMEpaMH OT 1 JI0 Ny NOCTYNAIOT OT KOHEUHBIX IPYIH
MOJIB30BATENei, a MOTOKK ¢ HOMepaM#u oT 1, + 1 1o 1 ot Gec-
KOHEYHBIX rpym noas3osaTeneii. CBOACTBO MYyIbTHILIHKATHB-
HOCTH IO3BONISET 3aliCaTh CIEHYIOUIME PACUETHEIE BBRIpaXe-
HUSA JJ14 OLeHKH 3HaueHuit P (i, iy,..,i,):

il f 1
Me=im 16w =
Pliyyizseonsin) =5 = e —— x
il il
1 ﬂ; (3)
fm#l Tmp42 ;
i+l P2 ar oo 4
B | — o _"I , (sigsesiy)e S,
Jmi]i-l' lr1|+2' Ip:
rae
i1 !
MG =im I Gu = im Glmt ez
N = j=0 j=0 " iy +l 2 a,

(g iy €S iy! in! [P PRI

Jlns cpaBHMTENEHO HEOONBIIHX TIO CTPYKTYpe Mojenei
MYJIBTHCEPBHCHBIX CETEH NpHUBEACHHOE MYJBTHILIHKATUBHOE
COOTHOIICHHE TO3BONSIET PAacCYMTAaTh 3HAYCHMA CTAIMOHAp-
HBIX BEPOATHOCTEH Yepe3 3HAYEHHS BXOMHEIX NapaMeTpoB 1o-
CTYMAIOMIAX TOTOKOB 3asBOK. J{ng Gomee CIOXKHEIX CIydYacB
MOXKHO TOCTPOMTH PEKYPCHBHBIC AITOPUTMBI TOYHOH OLIEHKH
3HAYEHMH XapaKTepHCTUK, OCHOBAHHBIC HA MHTErpaLlii MHK-
pococTosHMI YnCTa 3a9BOK, HAXOIAMMXCA HAa 0OCTYKMBaHUH,
B MaKpOCOCTOSIHMSA OOIIEro YMcia 3aHATHIX KaHANBHEIX €Id-
Hun. [IpuMepom nomgoGHOrO penieHns SBNAeTCS PeKypPCHBHBIH
aJITOPUTM pacueTa 3BeHa MYyJIbTHCEPBHCHOH CETH IPHU pacyeTe
Tpaduka tuna BPP [1-3]. B ofmem ciyuae mis OLEHKH BBe-
JICHHBIX XapaKTEPHCTHK Ty y, My UMy, kK =1,2,..,n; 0 my
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umy, k=n;+1,n; + 2,n UCNONB3YIOTCA CPEICTBA UMHTA-
IMOHHOTO MOZIENTUPOBaHUA. [N peleHus MHKEHEPHBIX 38124,
CBA3aHHBIX C OLEHKON HeOOXOMUMOTO pecypca mepenadd HH-
¢bopMmaiuy 3BeHbEB MYIBTHCEPBHUCHBIX CETEH CBA3H TAKKe HC-
NOMB3YIOTCS MPHOIMKEHHBIE AITOPHTMEL, OCHOBAHHBIC Ha pea-
JIM3alyy MeTozA npocenBanus Tpaduka [1-3].

4. Hanuune BHYTPeHHHX GJIOKHPOBOK:

onpejesieHHe H OlleHKA XapaKTePHCTUK

OpHUM U3 caMBIX IPOCTEHILMX CIIOcO60B KOHTPOIIS 3a pac-
npejefieHHeM pecypca nepenaun MHbopMaluu sBjsercs pe-
sepeuposanue. C obumx Mosuumid AelicTBie NMpoueaypsl pe-
3epBHPOBaHMs YHOOHO (HOPMATHM30BATE C UCIIOIF30BAHHEM 10~
HATHA (QYHKIMW BHYTpeHHeii Ginokupoeky [1,3]. PaccmorpuM
HCCIeNyeMyIO MOLIENb MyIbTHCEPBUCHOM CETH Mepefadn Tpa-
¢¥Ka pealbHOrO BPEMEHH, H BHECEM B Hee M3MEHEHHS, OTHO-
cAlpecs K HCIONB30BAHUIO (YHKIHM BHYTpEHHeH ONOKH-
PoBkH @ (iy, s, ., Iy ), ONpEENAONICH BEPOATHOCTE AOMYCKA
3aABOK K-To II0TOKa K KaHAIbHOMY PECYpCY 3BEHBEB CETH, HC-
HONB3YEMBIX ISl YCTAHOBJICHHA COCAMHEHMS Ul Hepenavyd
Tpauka peanbHOTO BPEMEHH, ACCOLHHPOBAHHOTO ¢ OOCTYKH-
BaHHMEM 3aABKH k-T0 motoka. ®yHkuus @y, (iy, iy, ..., i) 3aBH-
CHT OT KOMIIOHEHT cocToaHud (iy, iy, ..., i, ). Ecnu B paccmar-
puBaeMoM cocTosHUH (i, iy, ..., i), XOTA OBl B OQHOM H3 3Be-
HBEB, COCTaBJIAIOMX MapIUPYT ClIel0BaHus TpadHKa, OTHOCA-
mierocs K 00CIy;KHBaHUIO 3a4BKU K-T0 MOTOKA, Het by, ceobon-
HBEIX EIUHMI KaHAJIBHOIO pecypca, TO MOCTYNMBLIAS 3asBKa
MOTy4aeT 0TKa3 ¢ BEPOATHOCTHIO, paBHON enunuue. Taxum o6-
pasoM, JUIs AaHATM3MPYeMOro COCTOSHMS @ (i, iy, ..., i) = 1.
Eciu BO Bcex 3BEHBAX HCMONB3YEMOro MapIIpyTa MMeeTcs 10~
CTaTOYHOE YHCIIO KAHAIBHBIX EIWHHIL, TO 3adBKa k-rO MOTOKa
NpUHAMAeTcd K OOCHY)KMBAHHIO C BEPOATHOCTBIO 1 —
@y (iy, i3, ...,1,), @ C JIONONHUTENBHOH BEPOATHOCTHIO
@y (1,13, ..., I,) TOMyuyaer otkas. B aHammsupyemolt mocta-
HOBKe 3a/ia4u GyHKuns @y, (iq, i3, ..., I;,) peanusyer npouesypy
GuIBTPaMK BXOIHOIO MOTOKA 3a9BOK B COOTBETCTBHH C TeX-
HHUYECKOH TONUTHKOH aaMHHMCTpamuu ceTH. JMTensHOCTH
NPOMEXKYTKa BPEMEHH OOCTY)KMBAHHMA 3a4BKM MMEET 3KCIO-
HEHLHATBHOE paclpesielieHHe ¢ MapaMeTpoM Q.

ITonbupas 3navenye GYHKIUM BHYTpeHHEH ONOKHPOBKH,
MOKHO aQHAIHM3HPOBATL pasiu4Hble (OPMBI pPe3epBHPOBAHMA
KaHaJBHOTO pecypca. HamoMHHM XapakTepHCTHKH MOZENTH
cern. E& Tomonorus omnpepensercs MapLIpyTHOH MaTpHeH
R= ”1},—," NpAMOYTOJIEHOTO BHAA pasmepa J X n, rae J -4ucno
COEJMHHUTENBHBIX THHHI (3BEHBEB) CETH, A 1 - YUCIIO [IOTOKOB
Tpapuka. 3HaueHHE 7j; PaBHO by, ecim 3asBKa k-ro noroka
UCTIONB3YeT JUIA CBOEro OOCHYKMBaHHs j-O€ 3BEHO CETH, H
PAaBHO HY/IIO B NPOTHBOMONOXKHOM Cly4yae. AHANH3 MATPULIBI
JaeT BO3MOKHOCTh ONpeaeuTh MHOKeCTBA N; HOMEPOB IIOTO-
KOB 3asIBOK, HCIIOJIB3YIOLIMX j-yI0 MHHHIO, j = 1,2 ..., J, ¥ MHO-
JKkecTBa R), HOMEpOB 3BEHBEB CETH, COCTABIIMIOMIMX MapLIpyT
JIBKEHHS Tpa(uKa, OTHOCANIErocs K o0cnykuBanuio k-oii 3a-
asku, k = 1,2, ..., n.

O6o3Hauum yepes @), ypOBEHb pe3epBHPOBAaHMA KaHalb-
HOro pecypca npH obcny)KuBaHHH 3asBOK k-0 moroka. las-
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Has CXeMa pe3epBHpPOBAaHMA O3HAYaeT cnenyrouiee. [TocTymnus-
mias 3asBKa K-T0 MOTOKa MPHHEMAETCA Ha 00CTY)KUBaHHE, €CITH
B K&KIOM H3 3BEHBEB, COCTABISIONIHX MAapIIPYT HBIDKEHUS
TpaduKa, acCCOLMHPOBAHHOTO ¢ 00CTYKUBAHHEM PACCMATpPHBA-
eMoii 3asBKH, UMeeTcs ), HITH MeHee 3aHATHIX KAaHABHBIX eH-
HuLL pecypca. PopMansHO NpUMEHEeHHe JaHHOH CXeMBI pesep-
BHPOBaHMS O3HAYAET CIEAYIOMHI BBIOOp BEIHIHHBE! (DYHKIIMH
BHYTpeHHEH OnoknpoBku: @ (iy, iy, ..., i,) = 0, ecnu BHINON-
HAKOTCS COOTHOLICHUA Vj € Rk,EkENj by iy < 6. Ecin xe cy-
mecTByer Xotst 661 OIHO j € Ry, M1 KOTOPOro Lyen: byix >
By, 10 @y (iy, i3, ..., i) = 1, T.e. mOCTyNHBIIAA 3asBKa k-ro 110-
TOKa Monydaer otkas. CxeMa pe3epBHpOBaHHS KaHAIBHOTO pe-
cypca Ui 3asBOK K-T0 ITOTOKa MoKa3aHa Ha puc. 1.

St

Pue. 1. Cxema pesepBUpOBaHHA KaHAJIBHOTO pecypea
JUIA 3a5BOK k-ro noToka

OrpannumnBas JOCTYN K pecypcy nepefaud HHGopMaluuu
BBIOOpOM 3HAuYEHUS ), aIMHHHUCTPALIMS CETH He MO3BONIAET OT-
AENBHBIM MOTOKaM 3asBOK MOMY4HTE MPEUMYIIECTBO B €ro Hc-
NOAB30BAHUH, HE NMPEXYCMOTPEHHOE NPHHATHIM COITIAIIEHHEM
06 obcnyxusanuy. Jlanee Gynem npeanonarats, 4T0 pe3epBu-
pOBaHUE OTHOCHTCA K 3asABKaM, MOCTYTAKOIIMM 10 [IyaCCOHOB-
CKOMY 3aKOHY, T.€. TPeOYIOmHM Y3KOMOJIOCHOIO COENMHEHHU,
MOCKOJIbKY HMEHHO OHM OTPAHMYHMBAIOT JOCTYII K PECYPCY s
3a5BOK, TpeOYIOMMX IMHPOKONIOTOCHOrO COeAMHEHHs. Xapak-
TEPHCTHKH KauecTBa OOCIy:KMBaHHS MOJOOHBIX 3af4BOK OIpe-
IENAIOTCSA U3 COOTHOLICHHUIA:

Z P(il}'iz:'“ain)tpk (il’iQ’-“ain)’
(1sig s iy )ES

T =

me= 2 Pl oly)igh
(il,fz,...,!‘n)G.S

Pacuér BBEIEHHBIX XapaKTEPHCTHK MOMKET OBITh BHIION-
HEH C IOMOMIBIO0 YHCICHHBIX METOIOB MOC/IE COCTABICHHUA U Pe-
IIEHHs CHCTEMBI YpaBHEHHI CTaTHCTHYECKOro paBHOBecHs. Pe-
anM3anyg CTAHIAPTHBIX YHCIEHHBIX alTOPUTMOB PElIeHHs Mo-
NOOHBIX CHCTEM OTpaHHYeHA 3HAYEeHUSMH CTPYKTYPHBIX TIapa-
METPOB MOZIENH H MX MOXHO HPHMEHATH B OCHOBHOM JIJISl OfI-
HO3BEHHBIX ceTeii [1-3,6]. Jlna BeMuCIEHHs 3HAYEHHH Xapak-
TEPHCTHK CHCTEM CBA3M, COCTOAMIMX H3 HECKOIBKHX 3BEHBEB,
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MOYXKHO MCMOJB30BAaTh MIMHUTAIIMOHHOE MOJENMPOBAHUE U MPH-
OmmKEHHbIE METOIBI, OCHOBAHHEIE Ha peayn3aliii MeToaa Ipo-
ceaHHoro tpaduxka [1-3,6].
5. Unciennsle NpuMepbl
Bocnons3yemcs NOCTPOSHHOH MOZENBIO JUIA aHaNu3a 3a-

BHCHMOCTH XapaKTepHCTUK OT CTENEHH HEOOHOPOIOHOCTH MO-
CTYNaWIIHX 3a4BOK B TpeOOBAHMAX K pecypcy nepeiadyd HH-
tdopmampu. Takasi cHTyauus, HanpuMep, MOJKET BO3HHUKHYTb,
KOrJIa IIPOHCXO/IUT COBMECTHOE OOCIyKMBaHUE 3asBOK Ha Tie-
penady pedeBoro Tpaduka U TpauKa CBA3AHHOTO C MEPECHUI-
Kol pasHOro pona suneocoobienui. [lng oneHKH XapaKkTepH-
CTHK Ka4yecTBa COBMECTHOrO 00C/Iy)KHBaHHUs 3a4BOK OyneT Hc-
TIOJIB30BATECA MMUTALMOHHOE Mozenupopaxue. OTHOCHUTENb-
Hasl TIOTPELIHOCTh OLICHKH 3HAYEHHi XapaKTepHCTHK COCTaB-
nana B GonpIMHCTBE cny4yaes 5-10 mpoleHTos.

B kauectBa npuMepa Obl1a HCIIOIB30BAHA CETh M3 7 Y3JI0B H
6 coemMHUTENBHBIX MUHUH, NOKa3aHHas Ha puc. 2. [To cetn
BEJleTCA IMepechlika HHGoOpMaluu And 9 MOTOKOB 3aj4BOK Ha
nepenady Tpauka CEpBHCOB PeallbHOrO BpeMeHn. MapmpyTsr
CIIE/IOBAHHsA IIOTOKOB OIPEAENAIOTC CNENYIOIHM MepeyHeM
yznoe: 1-siit — {1,3,2}, 2-oit — {1,3,4}, 3-nit — {1,3,4,5}, 4-
bl — {3,4,6}, 5-b1it — {2,3,4,6}, 6-0ift —{2,3.4,7}, 7-0oit —
{5,4,6}, 8-0ii — {5,4,7}, 9-p1it — {3,4}. OT™MeTHM nIOCTIEROBA-
TENBHOCTh 3aHHMAEMBIX 3BEHBEB CETH KaXKIbIM IOTOKOM 3a-
aBok: 1-prit — {1,2}, 2-oit — {1,3}, 3-uit — {1,3,4}, 4-b1ii —
{3,5}, 5-p1it — {2,3,5}, 6-0it —{2,3,6}, 7-oit — {4,5}, 8-o0it —
{4,6}, 9-p1ii — {3}.

Pnc. 2. [IpumMep Tononorun cetH u3 7 y310B ¥ 6 CoeHHUTENBHEIX
nuHEA. OTMeYeHs! MOTOKH Tpaduka, CBA3aHHBIE ¢ 0BCTYKHBAHHEM
3a1BOK, HCTIONB3YIOIIHX B KAYECTBE MPOMEKYTOYHOH COeAHHUTEND-

HOM JTHHHH 3-& 3BEHO CEeTH

Ha puc. orMeueHsl Bce NOTOKH Tpaduka, HCIONB3YIONINX
B KaueCTBE MPOMEKYTOYHOH COSIMHUTENBEHON JIMHHH TPETHEe
3BeHO ceTH. JIna npocToTsl GyneM NpeAnonarath, YTo Ans 00-
CILY’KUBaHHA 3adBOK BCEX IOTOKOB KpoOMe JEBATOro Heobxo-
OHMO HCIIONB30BAHHE ONHOH ENMHWLIBI KaHAJIBHOIO pecypca
(y3KOnoNOCHEIH Tpaduk, HANPUMeEp, OTHOCALINICA K epeaye
pe4eBbIX coobLIeHuiT), a s 06CayKHBAHKS 3a9BKH JEBATOrO
MoTOKa HeoGXomuMo ucnonb3oBaHue 30 eOMHMI KaHAIBHOTO
pecypca (IHpOKONONO0CHOH Tpa(uK, HampuMep, OTHOCAIHHCA
K Tiepeziade BUASOCOO0IIeH i ).
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Jna Toro, utosl 3a8BKa ONpeAeNeHHOro, Hanpumep, k-To,
noroka 6bi1a npuHATa K 00CHyKUBaHUIO, HEOOX0NHMO, 4TODH!
Ha BCEX JIMHUAX, COCTABIIAIOIIMX MapIIpyT ClICAOBaHMS HHOP-
MaIMH JAHHOTO MOTOoKa GBUI0 CBOOOMHO He MeHee b, emHHHII
KaHaJbHOro pecypca. Mapuipyraas Matpuua R, cOOTBETCTBY-
o1ast BEIOPAHHO#M TOMOMOIHH CETH M MAapIIPyTaM CIIeIOBAHHS
HHYOPMALMOHHEIX TOTOKOB, HMEET BHA

b 0

1
0
R=|0
0
0 0 b

b b, , 0 0 0 0 0 0
b 0 0 0 b b 0 0 0
b, b b b b 0 0 b
0 b, 0 0 0 b b O
0 0 b, b, 0 0
0 0 0 0 b 0

HanoMHHM, 4TO B IIPUBENCHHOI MaTpHIle BEIUYHUHEI by, =
lke mmecex k=1,2,..,8ub, =30ke mak =9. B cu-
Tyalus, Koraa b, = 1, npenronaraercs, 4T0 HOTOKH 3asBOK Ha
YCTaHOBJIEHHE TONOCOBOIO COENHHEHHA 00pa3oBaHbl 00Ib-
mumy (cTpeMaluMucs K GECKOHEYHOCTH rpynnaMy aboHeH-
TOB), @ NOTOK 3a5BOK HA YCTAHOBJICHHUE BHACOCOSAMHEHHUS 00-
pasoBaH KOHEYHO# rpynmnoit aGoHeHTOB, KOTOpYIo OyneM cun-
TaTh cocTosei u3 55 = 30 nons3opareneit. bynem npeanona-
rarth, 4TO JJIs BCEX NOTOKOB 3aiBOK JJIHTENBHOCTh HHTEpBaNa
BpPEMEHH 00CITYKHBaHH MMEET SKCIIOHEHLHANBHOE pacnpese-
JIEHHE ¢ apaMeTpoM paBHBIM euHune. OTCIoNa ClIenyeT, 4To
cpenHee BpeMs 00CTy)KMBaHUS 3a8BKH MPHHATO 3a equHuLy. B
9TOH CHTyalWH WHTEHCHBHOCTH IOCTYIUIEHHS 3asBOK BbIpa-
MEHBI B DPJIAHTaxX, T.€. B CPEHEM YHCIIE MOTEHIHANBHBIX CO-
equHennit. O6G03HaYUM COOTBETCTBYIOIIME WHTEHCHBHOCTH
CHMBOJIOM Ay, k = 1,2,..,9. Jling MOJeH ¢ KOHEYHBIM YHCIIOM
MONIB30BATENEH IHTENFHOCTE HHTEPBAIA BPEMEHH MEKAY T10-
CTYIUIEHHEM 3ajBOK OT OJ[HOr0 abOHEHTAa MUMEET SKCIIOHEHIH-
allbHOE paclpeieleHHe C MapaMeTPoM Yo, ONPENEIIAEMBIM H3
COOTHOIIEHNUS g = Sq * ¥/ (1 + ¥g). O1ciONa cnenyer, uro Be-
JHYHHA Yo HAXOAMUTCA U3 QOPMYINEL: Yo = Ao/ (Sq — ag).

IIpu mpoBeneHHH YHCIEHHOrO HCcaenoBanus OyneM cuu-
TaTh TEPEMEHHBIMH 3HAYECHWS HHTEHCHBHOCTEH a3 H (o,
oCTajbHEIe 3HaueHns @, = 5 Opin, k= 1,2,..,n, k #3 uk #
9. Mapipyr clefoBaHHs Y3KONOJOCHOrO Tpaduka, cBi3aH-
HOro ¢ obcIy)XHBaHHEM 3asBOK TPETHETO NMOTOKA, 0003HAYEH
Ha PUCYHKE IyHKTHPOM, & MapLIpyT CIIEJOBAHUA [IHPOKOIIO-
JIOCHOTO Tpa(hHKa, CBA3aHHOrO ¢ 00CTy)KHBAaHHEM 3asBOK IEBS-
TOro NoToKa, 0003HAUeH HA PUCYHKE XKUPHO#H HHUE. 3Hade-
HHS (3 H (g MEHAIOTCS OT CHTYALHI CO3/IaHMs MaJIOH, CpeHEH
u Oonbmoii 3arpy3ku 3-ro 3BeHa cetu. [IpuBenem BeIpaKeHHS
JUIS OLCHKH d) HMHTEHCHBHOCTH IPEIIOKEHHOro Tpaduka,
HpPOXOMAIIEro 4epe3 k-0e 3BEHO CETH B COOTBETCTBHH C BhI-
OpanHoiil cTpyKTYpoi MapuipyTHoit Matpuusl. ITonydaem Ta-
KHe dopmymbl: d; = a; + a, + as; d, =a,+as +
ag; dy=a;+as+a,+as+ag +ay; dy=az;+a;+
ag: dg=a,+as+a; dg=ag+ag.

TloacraBue (OMKCHPOBAHHBIE 3HAYEHNA MHTEHCHBHOCTEIA,
nomydaeM Takue pesynstartel: d; = (10 + a3) Opn; d, = 15
Opi; dy = (20 + a5 + ay) Dpi; dy = (a; + 10) Dpn; dg =
15 Dpi; dg = 10 Dpu.
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Ymncno kaHalbHBIX SIUHUIL B 3BEHBAX CETH BhIOEpEM B CO-
OTBETCTBHH C 3aJlaHHBIMM 3HAYECHHAMH HMHTCHCHBHOCTEIH. Hc-
KOMbI€ TapaMeTphl ONpefemstioTcs W3 COOTHOLIeHMi:: vy =
130 k.e, v, =23 k.e, vz =130k.e, v, =130 k.e, v5 =
23 K.e., V4 = 18 k. e.. Ha puc. 3 mns Monenu ceTH, paHee 1mo-
Ka3aHHOi1 Ha pHC. 2, IPHUBECHE! 3aBHCHMOCTH JOJH TIOTEPSH-
HBIX 3a8BOK IJIF TPETBETO H JEBATOrO IMOTOKOB OT H3MEHEHHA
as; M aghg ot 0 mo 120 DpnK. 3HaueHH NOTEPH MOICYHTAHEBI
Juis 12 TOYEK B COOTBETCTBHMHM C BHIpaykeHHsAMHE: az[i] = 10 X
i; ali] = aslil/by i = 1,2,..,12. Ilo ocu aGeUuce OTIOKEHO
3Hauenue p = (a, + a;[i] + a4 + as + ag + ag[i]lbg) fv5.

OHO MOKAa3hIBAET BENMYHMHY TOTEHIMANBHOH 3arpy3KH
€HHHIIBI KAHATIBHOIO pecypca TPETBEr0 3BCHa aHaJ'!HSpreMOﬁ
MOJIE/NIH CETH, BRIPAXKEHHYIO B dpiaanro-kananax [1,3]. Iudpoii
1 obo3nayeHa mmarpaMma [UIA TPETHETO MOTOKA (y3KOMOomoc-
HbIH Tpaduk), a nudpoit 2 — g JeBATOro NOToKa (LHUPOKO-
nonocHsli Tpaduk). M3 npuBeNeHHBIX Pe3yNbTATOB CIENYET,
YTO HECMOTps Ha CYIIECTBEHHBIH POCT MOTEHUMANBHOH 3a-
TPY3KH THHHH (OTMETHM, 9YTO TIOTCHLHANBHEIE BEIHIHHBI Y3-
KOMOJOCHOIO H IHPOKOIIOIOCHOTO "{patbmca, BBEIPDAKECHHBIC B
dpaaHro-KaHalax, COBIIaAawT BO BCEM JHAIla30HE H3IMEHEHWA
MOCTYNAKOLIEH HArpy3KH) JUis y3KOIOJIOCHOro Tpaduka Ao
MOTEPAHHBIX 3adBOK YBEITHYHBACTCA HE CTOIb GBIC‘I‘pO, Kak 4
uMpoxononocHoro tpapuxa. Mauusli gaxr obbsicHgercs cie-
ayoumM obpa3zoM. Y3KONOIOCHBIE 3asBKH, 3aHMMas pecypc
TpEThEH TUHMY, CYIIECTBEHHO COKPAIIAIOT JOCTYI K 00CHY:KH-
BAHHIO IIMPOKOMOJOCHBIX 3aABOK, IOCKONBKY HM IS 3TOrO
TpeGyeTcs ONHOBPEMEHHO Ppe3epBHPOBATh  CYIIECTBEHHBIH
o0BeM KaHATBHOTO pecypca 3BeHa.

1 /—
0,9

0,8 4

0,7

0.6

0,5 4
0,4

0,3 /
0,2 4

0,1 <
/ 1

03 0506 08 09 11 1.2 14 15 1,7 1,8 2,0

Pons noTepsanHbix 3aasoK, oy

3arpyska kawana, P (3pnk)

Puc. 3. 3aBUCHMOCTE NOTEPH 3a8BOK TPETLETO
H JIEBATOrC NOTOKOB OT YBEINYEHHs HHTEHCHBHOCTH
MOCTYTIEHHS 3a8BOK B KaXKIOM U3 MIOTOKOB
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Takum 06pa3oM, HECMOTPA Ha OJJMHAKOBYIO MOTECHLHAE-
HYIO 3arpy3Ky JIMHIUH Y3KONOJIOCHBIE 3asIBKH MOJYYAI0T AOMOJ-
HHUTENEHBIE BOSMOKHOCTH 7S HCIIOIB30BaHUs KaHAIBHOrO pe-
cypca CeTH, KOTOpbIe MOrH OBITH M He IPENYCMOTPEHE! B PH-
HATOM cornamenuu 00 obcnyxkuBanuu. Takoe MonoXkeHne Ael
MOKET TIPHBECTH K TOMY, YTO Y3KOIOJIOCHBIE 3asBKH MOTYT
NPaKTHYECKH MOJTHOCTBIO COKPATHTH BO3MOKHOCTH IONAcTh HA
obcimy>xrBaHue A1 MUPOKOMOIOCHBIX 3aSBOK.

Jlna wimocTpaly 3TOro MONOKEHHs Ha puc. 4 rokaszaHa
3aBHCHMOCTB CPE/IHEr0 YHC/Ia KaHAIBHBIX CIMHMIL 3aHATHIX Ha
obcinyKHBaHHE Y3KOIIONOCHOro (KpHBas 1) H IIMPOKONOIOC-
Horo (kpuead 2) Tpaduka. OTMETHM, 4TO Ha HAYAJIBHON CTAIHH
pocTa nmoctynaiomeil Harpy3ku oba noroka 3aHUMaloT oJ/[UHA-
KOBOE CPEIHEE YHCIIO KaHABHBIX €/IMHMIL.
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Puc. 4. 3aBucHMOCTE CpeIHErO YHCTA KaHANBHBIX AMHHI
3aHATHIX Ha 0BCTyKMBaHHE y3KOMonocHoro (kpusas 1)
M LIHPOKONONOCHOro (KpuBas 2) Tpaduka OT yBeNnHYEHHS
HHTEHCHBHOCTH MOCTYMJIEHHS 3a8BOK B KAYKAOM H3 MOTOKOB

6. 3axirouenne

IloctpoeHa u uccnenopana 0000IEHHAA MOJENE MYJIBTH-
CEPBHCHOM CETH, COCTOSMIAN U3 IPOH3BOIBHOIO YHCHA Y37I0B 1
COeIHHUTENbHBIX JuHuH. [TocTynneHue 3asBOK Ha mepefady
TpaduKa cepBHCOB PeajbHOro BpeMeHH cieayer Jubo myacco-
HOBCKOH Mozmen# (y3KomonocHsli Tpaduk), nubo Mmonenu DHr-
ceta (IUMPOKONONOCHBIH Tpaduk). C MOMOIIBIO PE3yIbTATOB
HMHTAIMOHHOTO MOJETMPOBAHHS MYIIBTHCEPBHCHEIX ceTeill 06-
IIEr0 BHJIa TOKA3aHO, YTO MPH COBMECTHOM HCITONB30BaHUH Ka-
HAITBHOTO pecypca Ha 0OCTyKHBAHHME Y3KOMOMIOCHOIO M HIHPO-
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KOIIOJIOCHOr 0 Tpaguka HabnromaeTcs HEKOHTPOIHPYEMOe OIe-
paTopoM mMepepaclpe/iefieHHe KaHATBHOrO pecypca B MONB3Y
MOTOKOB 3asBOK ¢ MaJbBIMH TOTpeOHOCTAMH B pecypce mepe-
Ja4n HHpopMalmy. 171 yeTpaHeH!s: OTPHALATENBHEIX TIOCHe]l-
CTBHI 3TOT'0 ABJICHHA TPEIaraeTcsi HCIoIb30BaTh CISAYIOIHE
JIBa TIOAIXO0/1A, KOTOPHIE HECIIOKHO Pealn30BaTh Ha JeHCTBYIO-
INMX W MEPCeKTHBHBIX ceTsX cBsa3u. IlepBhiif — OcHOBaH Ha
peanu3aiyu NPOLEAYPHl PE3EPBUPOBAHUS IIPONYCKHOH CIO-
cobHoCTH s o0CTy:KMBaHHs IIMPOKONOJIOCHOro Tpaduka. B
STOM CHTYalllM 3asABKH Ha Mepefiady y3KOMOIOCHOTo Tpaduka
OynyT monmyuath OTKa3 B JOCTYNE HECMOTpS Ha Halu4Me pe-
cypca JOCTATOYHOro Mg ux obcmyxuBanud. Takum oOpasom
MOXHO CAENaTh MPUMEPHO PaBHBIMH 3HAYEHHs IOTEPh 3a5BOK
BCeX MOTOKOB. ONHAKO 3TO MPHBEINET K HEAOMCIIONB30BAHHIO
NEepefaTOYHbIX BO3MOXKHOCTEH nuHMil cetH. Bropoil moaxoxn
3aKJII0YAeTCs B pasfeseHuH OTOKOB Y3KOMOMOCHOrO H IIHPO-
KOIIOJIOCHOTO Tpauka U mepenadye HX IO OTIENBHBIM COENH-
HHUTENBHBIM THHIAM. Takum 06pa3oM MOXHO ONATH CHENATh
NPUMEPHO PaBHBIMH 3HAYEHHs MOTEPh 3aSBOK PA3HBIX MOTO-
KoB. Jlna kaxmoro cueHapus tpebyercs oneHuTh 3(dexTHr-
HOCTh MCIIOJIB30BAHMA KAHAIIBHOH €/IMHUIIBI, KOTOpas JOCTUTa-
ercs 3a CYeT CTATHCTHYECKOrOo MYJIbTHIUICKCHPOBaHHS Ha
IIKaJle BPEMEHH, OTHOCSIIEHCA K MOCTYIUICHHIO 3adBOK. s
obocHOBaHMS TpoOLEAYphl BHIOOPa KOHKPETHOTO CIEHapHs
Heo0XO0IMMO TIPOBECTH COOTBETCTBYIONIEE TEOPETHIECKOE HC-
CIIGKOBAaHHE C MCMONB30BAHHEM MOJENeH M alropuTMoB, IMO-
CTPOSHHBIX B JAHHO#H pabore.
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Abstract

The generalized multiservice network model is constructed
and investigated. The coming requests for service are follow-
ing the Poisson model (narrowband traffic) or Engset model
(broadband traffic). In the model considered the probability
of call access depending both on the necessary amount of
free resource units and on the degree of resource units occu-
pation in the used route. The constructed model can be used
for estimation of the necessary value of transmission speed
for servicing of the real time traffic of modern communication
applications. Using the model the definitions for main perfor-
mance measures are formulated through values of stationary
probabilities of the model states and algorithms of their cal-
culation are analyzed based on the solution of the system of
state equations or using the reduced load approximation. It
is shown that exact calculation of performance measures is
possible only for cases with one or two links. In general case
it is necessary to use simulation. Using the results of simula-
tion it is shown that the concurrent servicing of broadband
and narrowband traffic may cause uncontrolled distribution
of transmission speed in favor of narrowband traffic. To
overcome the negative consequences of this event it is pro-
posed to use reservation of resource or separate servicing of
traffic streams. To validate the choice of scenario the model
constructed and the results of its analysis can be used.
Keywords: multiservice models; finite number of sources;
inner blocking; reservation; narrowband and broadband
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Hanbonee TpynoemMknm npoLeccom npu BOCCTAHOBIEHUM CIOXHBIX TEXHUYECKMX
KOMMNeKcoB, cnabo noaAdioWMMCs ABTOMATU3ALUMM, SBASIETCS MPOLECC AUArHo-
CTMPOBAHMS| PAAMO3NEKTPOHHOM AMNAPATYpbl B COCTABE TAKMX KOMMiekcoB. [ns
TPYAHO OBTOMATM3MPYEMBIX OMEPALMM MPOLLECCd AMATHOCTMPOBAHMS BOXHOE
3HAYEHWE UMEET PA3BUTHE CPeacTB MHPOPMALMOHHON NoaaepX kM, obecneunea-
owmx GopMUPOBAHUE HEOBXOAMMOM AMATHOCTUYECKOM MHpOpMALMK ans obcny-
XMBAIOLLEro NepcoHanda. 3To onpeaenseT NPeaMeT 1 Lefb UCCIeROBAHUS PaBoThl
— pasBUTMM Mopenen U MeTofoB hOPMANM3OBAHHOIO NPEACTABEHUs npoLuecca
TEXHWYECKOro ANATHOCTUPOBAHMS M PAAMOSIIEKTPOHHOM ANMAPATYPbI AN UCMONb-
30BOHMS B CPEACTBAX ABTOMATU3ALMM CUCTEM MHPOPMALMOHHOM NOAAEPKKM.
MNMokasaHo, YTo Mcnonb3OBAHME CYLLECTBYIOWMX MOAENEN Papvo3NEKTPOHHOM
annapaTtypbl OrPAHMYMBAET BO3MOXHOCTM CYLLECTBYIOLMX CPEACTB ABTOMATHU3A-
LMK MHPOPMALIMOHHOM NOAAEPIKKMU C TOUKM 3PEHMS COKPALLLEHMUSI BPEMEHM BbINOJI-
HEHMs onepaumi NpPoLLecca AMArHOCTUPOBAHMS. [Ins ycTpaHeHUs oTMedYeHHoro
OrpAHUYEHMS NMPEAJIArAeTCs BbINOMHUTb NePEeXof, OT MPEACTABIEHMS ANMAPATYPbI
B MPOCTPAHCTBE AUArHOCTMHYECKUX MPU3HAKOB M MAPAMETPOB K MPEACTABNEHUIO
annapaTtypbl B NPOCTPAHCTBE CBOMCTB.

MpeanoxeH nogxopm K NpPeACTABAEHMIO MPOLECCA TEXHWUYECKOTO AMArHOCTM-
POBAHMS HO OCHOBE MPOCTPAHCTBA CBOMCTB POAMO3NEKTPOHHOM ANMNAPATYPbI,
KOTOPbIM OCHOBAH HA KOHLENTYQNM3ALMM MOAENBHOTO NPEACTABNIEHMS PAAMO-
3NEeKTPOHHOM annapaTtypbl. Takol nopxop obecneunsaer obcryxuearoLemy
nepcoHany BO3MOXHOCTb OMNEPMPOBATb C AMArHOCTMHYECKOW MHPOpMAUMEN B
NPeAMETHBIX MOHSATUAX U TEPMMHAX €CTECTBEHHOTO $13bIKA.

C npakTMYeckoi TOYKM 3peHMs MPeAnoXeHHbIM noaxon obecneynsaer cokpa-
WweHne BpeMeHU OPMMPOBAHMS AUArHOCTMHECKOW MHPOPMALMM M co3pdeT
$OpManU30BaHHYIO OCHOBY AN PA3BUTMSI APXMTEKTYPbI CUCTEMBI MHPOPMALM-
OHHOWM NoAAepPXKMU NpoLEecca TeXHMYEeCKoro anarHoctupoeanums. [pepnoxerHas
OPXUTEKTYPA TAKOM CUCTEMbI OPraHM3YETCS HO OCHOBE PSBA KOMMOHEHT, PyHK-
LIMOHANBHOCTb KOTOPLIX OMNpegensieTcs TexHonorMe MHGOPMALMOHHOM nog-
LBEPXKA onepauuii AMArHOCTUPOBAHMS HA OCHOBE KOHLLENTYdNbHBIX MOAENeN
POAMO3NEeKTPOHHOM AannApaATypbl.

CoBOKYNHOCTb MONYYEHHbIX PE3yNbTATOB HAMPOBAEHA HA PA3BUTHE MOJENEN M
METOAOB MPEACTABIEHMS MPOLLECCA TEXHUYECKOTO AMArHOCTMPOBAHMS M PAAMO-
3NEeKTPOHHOM ANNAPATYpPbI B CBA3M C HEOBXOAUMOCTbIO POPMUPOBAHMS AUATHO-
cTMYeckor MHOPMALMM B COOTBETCTBYIOLLEN NPEAMETHOM 06NacTy.

PesynbraTel uccnenoBaHus LenecoobpasHo paccMATPUBATE B KOYECTBE METOAO-
NOrM4YecKoM OCHOBbI MOCTPOEHMSI COBPEMEHHbIX cMCTEM MHPOPMALMOHHOM noa-
BEPXKN TEXHUYECKOTO ANATHOCTUPOBAHMS, KOTOPbIE OPUEHTUPOBAHBI HO MCMOMb-
30BAHME SNEKTPOHHOTO AENa U3genms B kayecTee MHPOPMALMOHHOM 6a3bl TAKMX
cucteM. DTo crnocobeTyeT pacilumpeHmio GyHKLMOHANA COOTBETCTBYIOLMX MHTE-
POKTUBHBIX SIEKTPOHHbIX TEXHUYECKMX PYKOBOACTB.
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Bedenue. OnHuM M3 myTeil MOBBIIICHAS SKCILIyaTAI[AOH-
HBIX TMOKasaTelell paauodNexTpoHHOH anmapaTypel (PDA)
CIIOXKHBIX TEXHHYECKHX KOMILUIEKCOB SABIAETCA COKpAllEHHE
BPEMEHH BOCCTaHOBIICHHS 32 CYET MCIONb30BaHHUA CPEACTB aB-
Tomarnzauuu. Hanbonee Tpyn0eMKiIM NpOLIECCOM IIPH BOCCTa-
HOBJIEHHH PaJHORJIEKTPOHHOM anmapatypsl, cinabo mommaro-
IIAMCS aBTOMAaTH3aIMH, SIBISETCS MPOLIECC €€ JUAaTHOCTHPOBA-
HHA. DT0 0OBIACHACTCS TEM, YTO B 3TOM IPOLECCE HAPSAY C aB-
TOMATHYECKH BBINOJHAEMBIMH ONEPALMAMH MMEETCS 3HA4H-
TENBHOE YHCIO «PYUHBIX» (TPYAHO aBTOMATU3UPYEMBIX) Orle-
panii, TpeOyIOIUX HENOCPEACTBEHHOTO YJacTus 06CIyKuBa-
toutero nepconana (OIT). D dekTHBHOCTE BBINOMHEHUS TAKUX
onepaiHii B 3HAYMTENBHOM CTENECHH ONpenesercs YpPOBHEM
aBTOMATH3ALMH WHGOPMALMOHHON MOMNEPKKH 00CIyKUBAIO-
IIEro MepcoHana B Npouecce AuarHoctuposanus. Jlns cokpa-
IIeHHA BPEMEHH AMATHOCTHPOBAHHSA, 4 COOTBETCTBEHHO, Bpe-
MEHH BOCCTaHOBJIEHHA PDA HeoOX0MMMO NOBHIIATE YPOBEH
aBTOMAaTH3aLMK HH(GOPMALMOHHON MOMMEPKKH TAKHX «pPyd-
HBIX» ONepanuii.

DddekTHBHOCTE CPeJICTB ABTOMATH3ALMHI HH(OPMALHOH-
HO# MOAEP;KKH NpoLiecca JUarHOCTHPOBAHUS B 3HAUYHTENBHOM
CTENEHH ONpejieNndercs MOJENbHBIM IIpejcTaBieHeM PIA.
Beuay Toro, 4to AeATenbHOCTh 0OCIYKHUBAIOIIEr0 NEPCoOHaa
OpH BOCCTAHOBNEHNMH PDA HOCHT pasHOMIAHOBEI XapakTep,
MOJIe/IbHOE MPEe/ICTaBICHHE JO/DKHO OTpaXkaTh pasIHYHLIE ac-
nekTel POA, KOTOpHIE XapaKTepH3ylOT pasHbIe TOYKH 3PCHHS
Ha OOBEKT AMArHOCTHpOBaHWsA. B HacTosinee Bpems cCymie-
cTBYeT OoNbIIOe YHCIO PAsIMYHEIX Mogeneil POA, nenons3y-
IOIUXCS B CPEACTBAX aBTOMATH3ALNHM HHOOPMALMOHHOH NoA-
Jepkkd [1; 2; 5]. Cymecteyronme Monenn PDA BEINOTHEHE! B
MaTeMaTHYECKHX TEPMHHAX, a HE B TEPMHHAX NPEIMETHO#H 006-
NacTH, 4TO TIPUBOIUT K HEOOXOMMMOCTH BBINOIHEHHS 0DCITy-
KHBAKOLIUM IEPCOHAIIOM HHTEpnpeTanuu Mozeneii POA B tep-
MHHAaX ¥ HOHATHSAX TPEIMETHOH OONACTH TIPH BHITONHEHHH
onepaluii auarsoctuposanus. IIpu Gonbmiom uucne Monenei
PDA, xoTopsle HMEKOT pa3IMYHBIE HOTALMK U COrIALICHHS 110
HCIONB30BAHUIO, 3TO TPeOyeT MONOIHUTEIBHBIX BPEMEHHBIX
3aTpart, YTO OrPAHUYUBAET BO3MOKHOCTH 110 COKPAIICHUIO Bpe-
MEHH JUArHOCTHPOBAHKSA ¥ COOTBETCTBEHHO BPEMEHH BOCCTa-
HoBeHHA PDA B CyHIeCTBYIOIIMX CHCTEMax HH(pOpPMalHOH-
Hoit nopnepxku (CHIT) mpouecca TEXHHYECKOrO AHArHOCTH-
poeanus (I1TI). 1o oTpakaeT HaIHIHE IIPOTHBOPEYHS MEXKITY
CYLIECTBYIOLIMM MOJENBHBIM NpefcTaBienreM POA u Heobxo-
JHUMOCTBIO COKpAIleHHsS BPEMEHH BBITIONHEHHS TPYOHO aBTO-
MaTH3MPYEMBIX Olepalyii mpolecca JMarHocTuposanus. B co-
OTBETCTBMH NPEIMETOM HMCCIECOBAHNUA BBICTYNAIOT MOJEIH H
MEeTOoAIbI (HOpMATH30BaHHOTO NIPE/ICTABIICHHS TIPOIECCA TEXHH-
YECKOro JAHAarHOCTHPOBAHMA M pPajHOIIEKTPOHHON amnmapa-
TYPBI ISl CHCTEM HH(OPMALHOHHOM NOAXEPHKKH.

OpnuH ¥3 MyTel MOBBINEHUS BO3MOXHOCTEH CPEACTB aBTO-
Maruzauuu uHbopmanuonHoi noanepxku ITT]] cocrout B pas-
BHUTHM KOHIIENITYalbHOrO MOAXOAa, OCHOBAHHOIO Ha ONMHCAHUH
CBOHCTB PDA B TepMHHAX M NOHATHAX €CTECTBEHHOrO fA3bIKA.
[Tpu aTOM MOsSBASETCA BO3SMOMHOCTH TAKON OpraHM3aLliy Tpo-
Hecca JUATHOCTHPOBAHMA, NPH KOTOPOH B XOZ€ BBINOIHEHHS
onepauuil TEXHHYECKOro JAWArHOCTHPOBAHHS IPENOCTABISIETCS
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BO3MOXHOCTh HCHONB30BAHMS OOCTY)KMBAIOIMM TIEPCOHANOM
NpEIMETHBIX IMOHATHH U TEPMHHOB €CTECTBEHHOrO f3blKa. IT0
CIOCOOCTBYET CYILIECTBEHHOMY COKDAIEHUIO BPEMEHH BOCCTa-
HoBIeHNsA PDA 3a cyer NoBBIIEeHN HHOPMALMOHHONH EMKOCTH
MOJIENBHBIX 3JIEMEHTOB, HCTIONB3YEMBIX CPEICTBAMH aBTOMATH=
3anmH HHopMaronHo# nommepxkn [T

Iensto paboTe! ABISIETCA PAa3BHTHE MOJENEH W METOIOB
NPENCTABIICHHUS IIPOLIECCa TEXHUUECKOTO IMarHOCTHPOBAHMSA H
PaaMo3eKTpOHHOM anmapaTypsl. B pabore ¢ nosuumii uadop-
MAalHOHHOM TTOIIEPHKKH MPOBOAMTCSA aHAIM3 IHK/IA TeXHUYe-
CKOT0 IMarHOCTHPOBAHHSA B CTPYKTYPE LMK/ BOCCTAHOBJICHUSI
PDA u npennaraercs Moaxof K OMHCAHUIO NpoLecca AUartHo-
CTUPOBAHHS B MPOCTpaHCTBE CBOHCTB POA, KOTOpEIH OCHOBHI-
BAeTCd HA KOHIENTYalIM3alMH MONENBHOrO IMpPeACTaBIEHHUS
POA. Tlpennaraemslii OAXOJ HANpaBleH Ha CO3JaHME apXu-
Texktypel CHUII IIT/l, xoropas obecrmeunBaeT BO3MOKHOCTB
ONEpHPOBaTh C QHATHOCTHYECKOH MH(pOpMauHedl B mpeaMer-
HBIX MOHATHAX M TEPMUHAX ECTECTBEHHOIO A3BIKA.

Cmipyxkmypa quxna 60cCInaHos1eHuA

PaouoINeKmpoHHOl annapamypot

AHanu3 uMKiIa BocCTaHOBIeHNA PDA npoBONHTCS ¢ TOYKH
3pEeHHs OLCHKH BJIMSHHA BPEMCHH BBIIOJHEHHS ONEpaIvi
BHYTPH I[MKJIA HA 3Ha4YeHHe BPEeMEHH BoccTaHoBneHus 1 ,. B
oblmemM BHAE NMKJI BOCCTAHOBJIEHHS INpPEACTABIECH Ha pH-
cyrke 1. B nuxne BoccraHoBnenus I[, BHIIENAIOTCA JBA OC-

HOBHBIX IPOLIECCa — TEXHMIECKOro anarnocruposanns (1)
¥ TeKyiero pemonta ( I1;).
B mpouecce [l texmmueckoro mmarnoctuposanus POA

BBIIENIAIOTCS OTIEPaLH KOHTPOJISE TEXHHIECKOT0 COCTOSHHUS M3~
nenmus KTC w nokammzaumu orkaza JIO (I'OCT 20.911-89).
JlnarnoctupoBanue HAYMHACTCS C BBINOIHEHUs onepauun KTC
, KOTOpast CBsi3aHAa C BBISIBICHHEM JHATHOCTHYECKHX TPH3HAKOB
(axTa otkaza. Ha ocHOBE MONMy4YEHHBIX TPH3HAKOB HEOOXOUMO
chopMHUpPOBaTH JUATHOCTHYECKYIO HHGOpMaLmio JH 1s onu-
caHus (akra otkaza O@PO co CTENEeHBIO JeTaTu3alMy A0CTa-
TOYHO# A1 PUHATHSA PELIEHAS O BEPOSTHOM MECTE U NPHIHHE
orkaza AIllPno . Ilpu aToM onepanuu yrouneHuss JJH BHYTpU
upKna JIO MOryT BRIIONHATHECS MHOTOKPATHO.

B pabore non TepMHHOM «(OpMHPOBAHKE AUATHOCTIIECKOMH
HHbOpMAIHKY, TOHAMAETCs BEIOOpKa (U3BJIeUeHNE) U 00BeHHE-
HHE B ONPENEICHHOM HHTETPHPOBAHHOM BHIE JJEMEHTOB aH-
HBIX, HeOOXOIMUMBIX TipH BoccTaHoBneHnn POA. Tlpu a1oM MoryT
HCIIONB30BaThCS Pa3iIMYHEBIC BUJIBI NPeACTaBIeH s HHpopMalmu:
TpaduKH, THArpaMMBI, CXEMBI, TAOJIHIIBL, TEKCT U T.J.

Ecnmu monyvyensoit JH J0CTaTOYHO AjIs onucanus dakra
OTKA3a ¥ MPUHATHS PElleHHs O MecTe U MpUUYMHE OTKa3a, TO
dbopmupyercs uHGOpMalusa, HeOOXOAUMAs IS BHITIOTHEHHUS
TeKyllero peMonTa (pemontras uupopmauus ( PH ), koropas
UCIIONB3YETCs NpH npuHsITHK pemwenns (AIIP3am) u BHINOI-

HeHuH AeiicTBUi 1o 3ameHe (3am) HepabOTOCIIOCOOHBIX 31e-

meHToB POA. Tlocie BEIMOIHEHHS ONMEpanyi TEKyLIero pe-
MOHTa MPOU3BOJUTCS BO3BPAT Ha BEITIONHeHHe onepauun K7C
JUISL OTIpelieNieHus TexHmdeckoro cocrosaus PDA. Ecimm npu
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9TOM TeXHHYecKoe cocrosgnue POA cHopa onpenensercs, Kak
HepaborocnmocobHOE, TO Pe3yIbTAT BBIIOJIHEHHSA ONEpaLHH
KTC wncnons3yercs s YTOUHEHHS COBOKYITHOCTH TIPH3HAKOB
takra 0TKa3a U BCe onepaimu uukna 1], moBTOpsroTCA A0 me-
pexona POA B paborocnocobnoe cocrosHue. COBOKYHOCTh
JaHHBIX onepauni—i onpenenseT LUK TEXHHYECKOro AHarHo-
CTHPOBaHUA.

Hagenne &
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COCTORIMN S Uy

Puc.1. Ly BoccTaHOBNEHUS paiHO3NEKTPOHHOI annaparypsl [4]

Bcee neiictBust B 1uKie BoccraHoBneHus L], ymopspo-
YeHbl €r0 CTPYKTYPOH M 3aHMMAIOT onpezaencHHoe BpeMs. Tak
KaK MHOTHe JieficTBHs B HKITe L], MOryT BBHINONHATHCS MHO-

TOKpAaTHO, TO B 00lleM BHAie BpeMs BoccTaHoBIeHus T, nene-
€000pa3HO ONpeNEeNuTh CAeAYIOMUM 00pazoM:

Ty =(try +1trp) kg = ((fyqe +g0 Kno) H3p) g =
= (xre +Wooo + g +unpas) Ko + ©
+ (‘M + gripsan fsuu) J krp) k.

B nanHOM BbIpaxeHHH k;, — 4HCIIO TIOBTOPEHMIi LIMKIA
JIOKATM3aLMK OTKa3a, k;, —9HCII0 IOBTOPEHHIT MPoLecca TeKy-
miero peMoxra, kB — YHUCIIO HOBTOpeHHfl IHKIIa BOCCTaHOBJIC-
Hust POA. Benuansisl fy,, 15, , ty, W Apyrie 0603Ha4YaioT BpeMs

BBITIOTHEHHA COOTBETCTBYIOIIHX onepauni'r.
ITockoneky mnpu BoccraHosinennun PDA  BenuuuHa

kg -ky, >>1, To BKIam BpemeHn (OPMUPOBAHMA DMATHOCTH-
gecKkol uHpopManyn 7, B oblee 3HAUCHHE BPEMEHH BOCCTa-
Hopnenus T, sBmsercs 3HauutenpHeM. Ilpn 3TOM cymie-
CTBEHHOE COKpaineHue BpeMenn 1, MOXKeT OBITh JOCTHTHYTO

3a CHET YMEHBIICHHS BPEMEHH [ TPH BHINONHEHUH Onepa-

11517 nporecca TeXHHYECKOro AMardHOoCTHPOBaHu, 4TO ONpeac-
JIAET NPAKTHYECKOE 3SHAYCHHE JIAHHOM paﬁarm

Ilpedcmaenenue npouecca mexHu4ecKozo
OUAZHOCIUPOGAHUA HA OCHOBE HPOCIPAHCHEA

OUAZHOCIMUYECKUX RAPAMEMPOS I NPUSHAKOS

OnyH 13 acneKTOB HH(POPMALMOHHOMN NOIIEPIKKH OTEpaLi
TEXHHYECKOr0 IMATHOCTHPOBAHHA CBA3aH € (hOPMHDPOBAHHEM
MH , HeoOXonUMOH JUIs BBITOJHEHMS KAK aBTOMATH3MPOBAaH-

WWW.H-ES RU

HBIX, TAK H HEABTOMATH3HPOBAHHBIX («PYYHBIX») OIepaluii Ipo-
necca AMAarHOCTHpOBaHMA. B Hacrosiee BpeMs CYIIECTBYIOT
CcpeZicTBa ABTOMATH3ALME HHPOPMAIHOHHOMN TIOIIEPYKKH, TI03BO-
JISFOIAE ABTOMATH3HPOBATh OTHEIBHBIE ONEPaLH MPOLiecca JH-
ar"octupoanud [2]. CymecTByroniie CpeicTBa OCHOBAHEI Ha HC-
TIONTB30BAHAM COBOKYITHOCTH Mojesieit PDA, B TOM 4HCIIe AHarHo-
cradeckux Mozeneif POA, KoTophie BCTpauBaroTCs B OOLIHH Ipo-
liecc AUATHOCTHPOBAHMUS, OCHOBAHHBIH HA MpEICTABICHHH IIPO-
1ecca JHArHOCTHPOBAHMS B IPOCTPAHCTBE AMArHOCTHYECKHX Ta-
PaMeTpoB ¥ NMPU3HAKOB (puc. 2).

TTonHas COBOKYNHOCTh [AMATHOCTHMYECKHMX TMapaMeTpoB
Hllap u ¥x XapakTepUCTHK ONpesensderca B KOMILIEKTE KC-
TIyaTallMOHHKIX AOKyMeHTOB Ha u3menue POA (I'OCT 2.051-
2006) u ¢ TOUKY 3peHNs BEIIOIHEHHS ONepalyii TUarHocTHpO-
BaHHA ABJIETCA HeM3MeHHOi. OOBIYHO B KA9eCTBE INAarHOCTH-
HECKHX NMapaMeTpPOoB HCIONb3YIOT (QH3MYECKHE BENHYHHEL, KO-
TOpbIE MOXKHO H3MEPUTh HIIH CPAaBHHTB C STAJIOHAMIL

ITapameTphl ¢ UX 3HAYEHHAMH, KOTOPBIE CHIOCOOCTBYIOT
ONpeNeNeHHIO MECTa W NPUYUHBI 0TKa3a, BEICTYTIAIOT B Kadve-
CTBe JMArHOCTHYECKHMX npu3Hakoe orkaza JIIp. Cosokym-

Hocts Muoxkects Jllap n [llp obpasyer npoCTpaHCTBO Ju-
ATHOCTHYECKHX NapaMeTpOoB U IPH3HAKOB, ONPEIEISIONHX HH-
(OpMaHOHHYIO CTPYKTYPY NPOLECca AHATHOCTHPOBAHMS.

B xavectBe HcxonHoi /M B npouLecce HATHOCTHPOBA-
Hug (cM. puc. 2) BeICTYNAIOT Npu3Haky (akra otkasa [IpPO .
DOTH MPH3HAKH XapaKTepH3YIOT MPOABJIEHHUS OTKa3a, KOTOPHIe,
Kak MPaBHII0, BOCIPHHAMAIOTCS Yepe3 TEIIOBEIe, 3PHTENBHEIE,
3BYKOBbIE, 0DOHATENBHEIE H OCA3aTeNbHEIE SBNeHus. [Ipu3Haky
dakra orkaza [/Ip@O (opMHpPYIOTCS BCTPOEHHBIMH CpEf-
CTBaMH TEXHHYECKOro amarnoctrupopanus PDA mubo orcmy-
JKHBAIOLIMM TIEPCOHATIOM TI0 BHEIIHMM (OpraHOIENTHYECKHM )
0COOEHHOCTSIM NPOSBIICHHS OTKa3a.

Onwas
T Ipa0

HilpO
e s m—————— [l
i | Onpeznenenue
i apllod | | pya
|| dHapllod Y
: [ Onpenenenne | 3T TapITod(P34)
* 3;;&17;’;:?;90(;93,4) ' BAp0
; > AMaplToo, MIT
. Moy ] = "'i,lufrﬂi i g
(LM, || M || M T Dopmuposanue JTp0
Y
: »  Onpenenenue
i | IndTapllodiMps,) | InilaplloofMp,) gl

Puc.2. CrpykTypa LMK/ AMarHocTHpoBanusa POA

Ha ocuore IIp@O onpenensercs COBOKYIHOCT HOA03pe-
BaeMBIX JuarHoctHueckux mapamerpoe llaplloo c Allap ,
COOTBETCTBYIOLIMX YycTpaHsemoMmy orkasy. CdhopmupoBaHHas
COBOKYITHOCTB JMarHOCTHYECKHX napamerpoB llapllod ssns-

€TCAd MCXOHOH AMarHOCTHYECKOHW MH(opManuei npu BeGope
CPEJICTB, HeOOXOMMUMBIX JUTs ONpEIeIeH s SHAYeH I THarHOCTH-
geckux napamerpos 3u/ITap . B kauecTBe TAKHX CPECTB MOIYT
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BhICTYNaTh Mofenu POA M,,,, a Taike BCTPOCHHBIC WM

BHEIIHHE CPEJICTBA TEXHHYECKOro AHarHoctupopanust POA.
B cOOTBETCTBHH ¢ MMEIOIIMMHCS METOJaMH U MpaBUIaMy

JHArHOCTHPOBAHUS dbopmupyroTcs 3HAaYEHHA
3ullllaplloo(P24), onpefensione TEKyIIee COCTOSHHE
POA. Tlo wmomemsm M,,, dopmupyioTes 3Ha4YeHHS

3ulllapIloo(M ,,,) , COOTBETCTBYIOIME PabOTOCIIOCOOHOMY

cocTOAHHI0O PDA (3TamoHHBIE 3HAYEHHA ITOJ03PEBAEMBIX
3u/lllaplloo ). Pesynsrar conocraenenus AllTaplloo nony-
YEHHBIX 3HAYEHHH MOMO3PEBAEMBIX AMATHOCTHYECKMX Mapa-
METPOB HCIIONB3yeTcsd B npoueaype HOpMHUpPOBAHUA JHATHO-
CTHYECKHX MPH3HAKOB OTKA3a, M HA OCHOBE JMArHOCTHYECKON
mozenu JM,,, dopMupyercs MHOKECTBO JUATHOCTHIECKHX

npusHakos otkaza AJTIpO .

Ecmu NONMYYCHHBIX JHATHOCTHYCCKHX IIPH3HAKOB A0OCTa-
TOYHO sl OTIpeeNIeHUs BEPOATHOIO MeCTa ¥ MPHIMHBI OTKA3a
(MITO) , 10 ocymiecTBASETCS BBIXOA M3 MPOLEAYPHI AUATHO-

ctuporanus. Ilpu aTom nonydennas uagopmarms o MII0 wuc-
MONB3YETCA B ONEpalUax TEKYIIero peMoHra obuiero uukia
BoccTaHoBeHus PDA. B npotBHOM ciiydae npoLece AMarHo-
CTHPOBAHMA TIPOJOIDKAETCA, U MHOJKECTBO COPMHUPOBAHHBIX
npusnaxos A[IIpO ucnonk3yercs JUisl yTOYHEHHs MHOXKECTBA
JIHarHOCTHYECKHX MPU3HAKOB OTKA3a M MONYdeHHs HOBOTO
muoxecrsa AlpO = [Ip@OVALIIpO , u UMK JUarHOCTH-
POBaHHA 3aMBIKAETCH.

@opmanbHele MoAenH POA BBICTYNAIOT BAXKHBEIM HCTOYHH-
KOM TIpH (POpPMUPOBAHHH JHATHOCTHYECKOH HHOopMayH, Muo-
roo6pasue hopmansHex Mozeneit POA M, npu opranusaunn
TIpollecca THarHOCTHPOBAHHS CBSI3aHO C HEOOXOIUMOCTBIO OIH-
CaHMS Pa3NWYHBIX acIEKTOB NpPEJCTABIEHHS anmapaTypsl —
CTPYKTYPHOTO, (YHKIIHOHATBHOTO, MAPaAMETPHYECKOr0 W T.J.
[2]. OcoBenHocTy npejicTaBICHNS TIpOLiecca AMATHOCTHPOBAHUS
B TPOCTPAHCTBE MAPaMETPOB H TIPH3HAKOB OTpaXaroTcs B (op-
MalbHOM OltMcaHuu Mojeseit POA, dopmanusalis, HCIONb3Y-
eMas B CYIICCTBYIOIMX Mopensx PDA, oCHOBHIBaeTCS Ha MC-
T0/IB30BaHMH TpadhOB, MATPHLL, MHOXKECTB, (QYHKIMIHA H TOMY 1O-
IoOHBIX MaTeMaTH4YecKHx KoHcTpykumil. ITo cBoell crpykrype
cymecTBytomue dopManbHele Moaend PDA xopomo cornacy-
IOTCH C MIPEACTABIEHHEM TIPOLIECCA TEXHHYECKOr0 AHAarHOCTHPO-
BaHHs B IPOCTPAHCTBE IAPAMETPOB H IIPH3HAKOB.

Takoe npeacTaBiieHHe OTPAKAET TEXHOIOIHYECKHH aceKT
JMarHOCTHPOBAHHUS, KOTOPEI ONpesensercs HCHONb3yeMbIMH
CPEACTBAMH aBTOMATH3aLMH, CPEICTBAMH TEXHHYECKOro JHa-
THOCTHPOBaHUSA, MOAENAMH POA, BBIIONHAEMBIMH JEHCTBH-
AMH (2JIEMEHTapHBIE MPOBEPKH, KOHTPOIBHBIC M3MEPEHHS M
1.0.). IIpu TakoM TIpeACTaBIEHHH TNpollecca AUATHOCTHPOBA-
HHUSl B KauecTBe AMarHocTHyeckoit nndopmanuu [JH,. BoicTy-
MaeT MHOKECTBO CIEAYIONIMX AAHHBIX, MCIONB3YIONMXCA B
IUKJTE AHATHOCTHPOBAHMUS:

A, =< IIp®0O, JlIpO, Jllaplloo,
3ulllTapllod(P3A),3ul{llaplod(M .., ), 2
AllllapIToo, AITpO > .
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MWHECKINX MCCHELOBAHUAX 3EMJIN

B BHY TOTO, 4TO AEATENEHOCTH OGCTYKHBAIOMIErO TIepco-
HaJla IpH TEXHUYECKOM QHArHOCTHpoBaHuM POA mMeer pasHo-
NIAHOBLIH XapakTep, GopMUpyeMas AUarHocTuyeckas HHGpop-
MalEs onpeaenser MHOroobpasue TpaeKTOpHi AHarHOCTHPO-
BaHMs, XapaKTEPHIYIOMINX BO3MOMHBIE ITYTH BBIINOTHEHHUA CO-
OTBETCTBYIOIIMX ONepauuii ¢ TOYKH 3pEHHS TEXHOMOTHH Ha-
THOCTHpOBaHHUA (pHC. 3).
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Puc.3. [peacrasnerne npouecca TeXHHYECKOro AHArHOCTHPOBAHHA
B TIPOCTPAHCTBE NapaMeTPOB H NPH3HAKOB

C TOYKH 3pEeHHs] ABTOMATH3aLKMH HH(OPMALMOHHON IOA-
JIEpP’KKH HCIONB30BAaHHE CYWIECTBYIOIMX (OPMabHBIX MOJe-
neit POA M ,,, asnsgercs 5 (eKTHBHBIM MPH BEIIOIHEHUH XO-
POLIO aBTOMAaTHZHPYEMBIX ONEpaLuii B MPOLECcCe TEXHHYECKOro
JIMATHOCTHPOBaHMS (IOMCK W BHIGOpKA NAHHBIX, ABTOMAaTHYC-
CKHi aHaMM3 JAaHHKIX | T.I1.). OHaKO HX UCHOIB30BAHHE ABIIA-
eTca Mano3(h(eKTUBHEIM HPH BBINOTHEHUH TPYHO aBTOMATH3H-
PYEMBIX H «PY4YHBIX» ONEpalyii mporiecca AMarHOCTHPOBAHMS,
nockonsky Tpedyer ot OIl 3HaHMa GONBIIOro YMCIa MaTeMaTH-
YecKux Hotauuit u ocobennocrei onucanus POA B TepMuHax
atux Momenei. IToatomy npu pabore ¢ Takumu Mopensamu OIT
JIOJDKEH TIOCTOSIHHO BHITIONHATE HHTEPIPETALINIO JUATHOCTHYe-
CKoit mH(OpPMAIHK B TEPMHHAX UCIIONB3YeMBIX Moneneil POA i
B TEPMHHAX NPEIMETHOH 00NacTH, 9TO NPebSBILET OBBIIIEH-
HBIE TPeOOBaHHSA K YPOBHIO KBATH(HMKAIMH OOCITYKHBAIOLIErO
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TIepCOHAA U BHOCHT HEM30exKHBIE BPEMEHHBIE 3a[epyKKH IIPH
BBIMIONTHEHHH OTIEpalHii TEXHIIECKOro AHATHOCTHPOBAHHUA.

Dopmanvroe onpedenenue npocmparncmea ceoticme PIA

TepMuH «CBOHCTBOY SIBISIETCS MHOTO3HaYHEIM [5-7], 11 B pa-
6oTe OH onpeenseTcs, KaK COBOKYITHOCTE (DJaKTOB, OTPaKaIOIIHX
NPH3HAKH, XapAKTEPH3YIOLINE PATHOICKTPOHHYIO aNIiaparypy B
paborocriocobHOM 60 B HepabOTOCIIOCOOHOM COCTOSHHH.
Cgolictea POA MoryT GBITh TONMy4Y€HBI KAaK MOCPEICTBOM Habmio-
JICHUSA MM M3MEPEHHS], TaK M TIOCPE/ICTBOM JIOTHYECKMX yMO3a-
KIIIOYEHHI Ha OCHOBAHMH HaOMIONEHMH, U3MEPEHUH WM H3yde-
HUSI SKCIUTYaTallOHHOM B HOPMATHBHOH MOKYMCHTALMH.

Ilpy TakoM moOAXONE MAMATHOCTHYECKYIO HH(OpPMALHIO
MOXHO TIPEICTABIATh, KAK COBOKYIHOCTh CBOMCTB 37IEMEHTOB
PDA, orpaxaronyx pa3IHYHbIE aCHEKTH! H3/IENUs. DTH CBOJCTBA
XapaKTepH3yIOT CBA3aHHEBIE C 3neMeHTaMH POA Ha3paHusd, Map-
KHMPOBKH, CTPYKTYPBI, (PYHKIIHOHATBHOCTH, KOHCTPYKTUBHEIE 0CO-
Gernocty 1 T.1n. [Tpn aToM napamerpsl PDA 1 ux 3HaUeHus Leme-
co00pa3HO NPEJICTaBIIATE B BHE CBOHCTB alieMeHToB POA.

Takum o6pazoMm, paborocnocofHOE COCTOSHHE H3IENHA
MOXET OBITH MNMPEJICTABJICHO OIPE/IENEHHON COBOKYITHOCTEIO
HOMHHANBHBIX CBOHCTE PDA, KOTOpBIE ONpeNenstoTes B COOT-
BETCTBHM C KOMIUIEKTOM 3KCILTYaTal[MOHHBIX H HOPMaTHBHEIX
JOKYMEHTOB. DTO MO3BONAET NPEACTABUTE OTKA3, KaK COOBITHE,
cOCTOfAIllCEe B HAPYUIEHHH HEKOTOPOH COBOKYIHOCTH HOMM-
HaJIbHBIX cBoicTB. [Tpu 5TOM CBOliCTBa XapakTepU3yIOT (haKTHl,
OIpeNeNAonIue JUarHOCTHIECKNE NPH3HAKH 0TKa3a.

JIlna ommcanus Bcex cBoiictB PDA P= {Dis Dz Pyd
npeznaraercs (popManu3auys B BUJIE NPOCTPAHCTBA CBOHCTB,
XapaKkTepH3yIoIuX anmnapartypy. s storo POA mpeacrasis-

€TCsl KOHEYHOI COBOKYITHOCTEIO d1eMenToB E = {¢,e,,....e, } .

Bceskoe cBoiictBo PDA p eP ¢opmansHO onpenensercs, Kak
OTHOIICHUE, CBA3BIBAONIAE HEKOTOPOE YHCIO €ro 3MEMEHTOB
p=rE",e?,..,e),rne e € E, i=1,9(p), g(p) —xomuue-
CTBO 3/IEMEHTOB, YYaCTBYIOIIHX B ()OPMUPOBAHHH CBOMCTBA p
. Yucno g(p) onpenenser NOpsATOK OTHOIIEHHUS, TaK, YTO MPH

q(p)=1 ornouenue ABNAETCA YHAPHBIM, npu ¢(p) =2 — 6u-
HapHBIM U T.1. COBOKYITHOCTh BCEX PACCMATPUBAEMBIX OTHO-
ureHnii Ha MHoxectBe E s koHkperHoro PDA obosHaua-
ercs, kak R = R(E) .

ITpuMepamMH YHapHBIX OTHOLICHHH ABIAIOTCH: «HHIHKATOP
A cBetutca» («MHOUKATOp cBETHT cebay), «dynkuns F He BbI-
nonuaerca» («QyHKIMs He BBITONAHAET ceba»). OTHOMIEHHE
«iueiika A sxoaur B 6ok by sBisierca npumepom GHHapHOTO
OTHOIIEHMS, B KOTOPOM OTHOIICHHE «BXOJHT» CBA3BIBACT [BA
3JIEMEHTA — UCHKY A M 610K B. AHATOrHYHO OTHOIICHHE KIIETh
C coemuHseT paseeM A U pazbeM b» ABiserca npuMepoM Tep-
HApPHOTO OTHOILEHHS «COEHHSET», KOTOPOE CBA3BIBAET TPH dJle-
menTa — uemns C (anexTpuyeckas), passeM A 1 pasbem b,

IMockoneky OTHOIWIEHHS r € R JOIDKHBI OTPaXKaTh pasiuy-
HBIE aceKTel npeacraeaeHus POA (cTpykTypHsii, GyHKIHO-

\ A
\/

WWW.H-ES RU
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HaJIBHBIH, TTApaMeTpPHYECKHil U T.I.), TO MHOKECTBO OTHOIIIE-
HUii R uenecoobpasHo onpeneneHHBIM 06pa3oM CTPYKTYpH-

poBaTk. g 3TOTO MHOXECTBO 1€MEHTOB E ChIemyeT mpen-
cragute B Buue pasomenns E={E,E,,...E,}, B KOTOpOM

E cE(i=10), ENE,=@(i#J), | J° E =E . lpustom
IMOAMHOMKECTBO E: ONpeacniacT MHOMKECTBO 3MEMEHTOB, KOTO-

pHie BRIOpaHsI 11 pecTaBiaenus i-ro acnekra PDA (i = @ ).

Hanpumep, /i OnHMcaHUs CTPYKTYPHOTO acleKTa B Kade-
CTBE 3JIEMEHTOB npeacTarneHus PDA Moryr BRICTYHaTh die-
MEHTBl CTPYKTYpHOH Mepapxum wu3fienus: Onokd, sdeiiky,
IUIATHI, PasbeMbl, KOHTAKTHl M T.1. Jlns onucanud GyHKUHO-
HAJILHOTO acleKTa B KaueCTBe dJIEMEHTOB NpesicTaBineHus POA
MOr'yT HCIOJB30BaThed 0o6o3HauyeHus, abOpeBHaTyphl JH6O
Ha3BaHus BHINONHAEMBIX QyHKumit. [lng onucanus napaMeTpu-
YECKOro acheKTa B KauecTBE DJIEMEHTOB IpeficTaBieHns POA
MOTr'YT BBICTYIIaTh HAPAMETPHI C UX 3HAYCHUAMHU.

HpH TaKOM TIPEACTABICHHH MHOXECTBA E BCe oTHOIIE-

st R(E) moxHO pasOGuTh HAa BHYTPHACTIEKTHEIE H MEXKACTIEKT-

HBIC OTHOILLICHHA. BHyTpHaCIIeKTHBIe OTHOIICHHA AJ1A k-ro ac-
IEKTa YCTAHABJIHBAIOT CBA3ZH MECHIY JIEMEHTaAMH IOAMHOMKE-

cBa E, cE: Rk =R(E,) c R(E) . EcrecTBeHHO, 4TO 3TH OT-
HOLIEHHWS MOTYT MMETH JIO0YI0 apHOCTE. MeKacneKTHBIE OT-
HOIIEHHS YCTAHABIMBAIOT CBSI3H MEXIY DJIEMEHTAMU Pa3iid-
HeIx nogMuoxecte E,  E'. Hanpumep, ans acniextoB k,1,....
MHOMECTBO COOTBETCTBYIOIIMX MEMKACIEKTHBIX MHOT0apHBIX
oTHOMWeHKi onpexensercs, kak Ru.. = R(E,,E,,...). Tonxoe
MHOMECTBO BCEX ONpEeNeIsieMbIX OTHOIIEHHH MOXHO 0003Ha-
4uTh, Kak R=R(E,E,,....E;) .

ITpumepom GHHAPHOTO OTHOIIEHHS CTPYKTYPHOTO aCTIeKTa
ABnAeTcs «a4eiika A pxoaut B 610k B», a npumepom Gunap-
HOT'O MEXACNEeKTHOTO (CTPYKTYPHO-(QyHKIMOHAIBHOTO) OTHO-
1eHus sBiserca «6nok A BeinonHseT GyHKuuoo F».

Hns hopMHpoBaHus NMPOCTpaHCTBA CBOMCTB HeoOXOomMMO
OTpeNeUTh MHOXKECTBO 0a30BBIX (aTOMapHBIX) OTHOILISHUH
Rs =Rs(E|,E,,...,Ey) , ¢ MOMOUIBIO KOTOPBIX MPEJCTaBIIst-
10TCA aTomapHsle (dneMeHTapHble, Gasopbie) cBoiictBa POA.
Ha ux ocHOBe MOKHO NpeAcTaBUTh JIl00bIe cBolicTBa PDA u3
mHoxectBa R . EcrectBenHo, uto B 06wmem ciydae Rs < R,

TIpu4eM

R s| < |R| , T2e | | obo3HauaeT MOIHOCTE MHOMKECTBA.

VYuuThIBas, 4TO BCe aTOMapHbIe cBolicTa PDA onpenens-

I0TCA Yepe3 OTHOIIEHHUS MHOXECTBA ﬁs, MOKHO chopmMupo-
pats 0a3zoBoe NMpPOCTPaHCTBO cBOiCTB (6a3zuMc mpoCTpaHCTBA
cBofictB) PDA, mcrmonb3yeMBIX s NPEACTABIEHHS ammapa-
TYPHI C TOYKH 3PEHHS AHATHOCTHPOBAHMS, B CIEHYIOMEM BHIE:

m, =(EE,E2,...,E ,R;(E,,Ez,...,gg)) 3)
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B namnxoM Bhipaennu muoxectsa E,E,,...E, Bricry-
naiT 00pasyIOLMMH NPOCTPAHCTBA CBOHCTB, a MHOXKECTBO
Rs(E,.E,,.

kecTBaMH B JopMe aTOMApHBIX OTHOIIEHHI.
I'padpmyeckas wmHTEpnperanns 0a30BOro MPOCTPAHCTBA
cBojicTe [T, TpH UCTIONB30BAHHU YHAPHEIX W OMHApHEIX aToO-

.sE,) YCTaHABIHMBAET CBS3H MEKIY STHMH MHO-

MapHBIX OTHOLICHHUIA PEICTaBlIcHa Ha pUCYHKe 4. DakTHYecKH
B 3TOM Cly4ae MpOCTPaHCTBO [I, TpeiCTaBiIseTcs B BUIE
rpada, TIOCTPOGHHOr0 Ha  00pasylomMX  MHOMXECTBAax
E,E,,...E,. KomGunupys oneMeHTapHble OTHOUICHHS W3

npoctpaHcTBa I7; , MOXHO (POPMHPOBATE MONHOE MHOKECTBO
cBoiicTB POA B Bujie npoctpancTsa ceoiicts 1

1 =B}y By By RUB; By Bp)) )
E,
A~ .
i f/ \\
/ I_/"'-i”\
f/ [ e \R(e,,ea)
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! . G R e.e)
| R (e;,w (el \
\ \ |
b X '\"" ~__R(el,e!)
R(ene;)] \\\\ -\: I\ .I “\‘\'1“"“:
- £,
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P Sl
2 rd € )
way o E
f /’ R(eu' {_)]
Eg Z’E’h

Puc.4. bazoBoe npocTpaHCTBO CBOICTB

B faHHOM BBIpaYKEHHH MHOXECTBO R obpasyercs myrem
KOMIO3MLHH aTOMAPHBIX OTHOLIEHUH r € Rs ma ocHoBe ¢op-
MaJIBbHBIX M S3BIKOBBIX JIOTMYECKHMX cBsa3ok. Hampumep, wuc-
NoNb3Ys JABa aTOMAPHBIX OTHOLISHWIA RJ,. =sueiika A BXOIHT

2 -
B 6110k B», Ry =«auelika A semonsser GyHxuuio F» u pasiund-

HBIE CBA3KH, MOXHO CHOpMHPOBATE HECKONBKO CIIOMKHBIX OT-
HOIIEHHH:

R' =sueiika A Bxour B 6710k B u Bemonsser Gysxmuo F,

2
R* =«aueiika A, xomopas sxoput B 610k B u He BrIno-
ssier dynxumo F»,
R3 e 5
=¢sa4eiika A, komopaa BXonuT B 610k B, #o Bemonuser

hyskumo Fy

H T

B npocTpaHcTBe CBOHCTB TAKNE OTHOIIESHNS CTAHOBATCA MHO-
roapHBIMH, TaK, 4T0 B O0LIEM Ciydae rpaHIeckKu NPOCTPaHCTBO
cpoiicte /7 Moxer GBITH IPEACTABIEHO B BHJE rHneprpada.

50 HAYKOEMKME TEXHOJIONN B KO

CMWHECKNX MCCTIEAOBAHMAX SEMJTN

TakuMm o0OpazoMm, ¢ NpHKIagHONW TOYKH 3PEHHsA MNpO-
CTPAHCTBO CBOICTB /I MOXHO paccMaTpHBaTh, KaK HEKOTO-
PYIO HHTETPHPOBaHHYIO (hopMansHylo Mofens PDA, koropas
obecneunBaeT MHoroacnektHoe npeacrasiexHue POA. Ilo-
CKOJIBKY BCAKOE CBOiiCTBO PDA B Takoil MOmeNnn MoxeT OBITE
BEIPAXKEHO ¢ IIOMOINBIO BEICKA3BIBAHHSA B A3LIKOBOH (opme,
TO CHAEAYeT OTMETUTh, UTO MpejlaraeMas MOJeNb PeaCcTaB-
nenus PDA mpeiMeTHO OpPHEHTHDOBAHA HA BBINOJHEHHE
onepauuii Ipouecca TEXHHMYECKOro AMArHOCTHPOBAHHSA C
yuyacTueM o0CTyKHBaOLIEro nepcoHana. Jlng uaTerpuposa-
HUS TIpeAnaraeMoil MoJenu B NpPOLIECC TEXHUYECKOro Aua-
THOCTHPOBAaHUA HEOOXOAMMO STOT Npolece NPEeACTaBUTh Ha
OCHOBE MPOCTPAHCTBA CBOHCTB PDA.

IIpedcmasnenue nponecca OuAzHOCMUPOSAHUA

na ocnoge npocmpancmese ceoiicme PIA

IIpu npencrapineHnn npolecca AHATHOCTUPOBAHUSA B IIPO-
CTpaHCTBE CBOMCTB (pHC. 5) B Ka4ecTBe UCXONHON JUArHOCTH-
yeckod uH(opmaumu JH BBICTYNAIOT Te cBoicTBa PDA, Ko-
TOphIE ONMCHIBAIOT (akT oOTKa3a (cBoiictBa dakra ot1-
kaza, Ce®QO ). O6p14HO 3TH cBO¥icTBa (hopMynHpyroTCes 0bcny-
KHUBAIOLIAM NIEPCOHAIOM 10 BHELIHUM IPHU3HAKAM NPOSBICHUS
oTKasza nub0 Ha OCHOBAHMM JAHHEIX KOHTPOJBHO-AHATHOCTH~
yecKoro 00opy/I0BaHHA.
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Onpedenewue Onpedeﬂeﬂue
Cellod(P3A) Csﬁoé{ Mpsa)
CalMod(P3A) Csﬂo&(Muad
PO Moy
| B SA—
Yvyd v v 4
Cellod
Heobxoammb
AononxuTensHele Callod
i Heobxoanmb:
O‘ Mno ‘ AcnonHuTenbHble Ce0

Puc.5. Tlpeacrasnenue npouecca TEXHHYECKOro AHArHOCTHPOBAHHSA
Ha OCHOBE MPOCTPaHCTBa CBOHCTB POA

Ha ocHoBe Ce@(O pmuarHOCTHpOBaHHE B NPOCTPAHCTBE

ceoiicte [T opranusyercs, Kak MWTepaTMBHBIA Mmpouecc,
HAaNpaBlIeHHB Ha (OPMHPOBAHHE COBOKYITHOCTH CBOHCTB
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Cellod — IT DagMO3NEKTPOHHOMN ammaparypsl, MOA03peBac-
MBIX B HX CBSI3U C BOSHUKHOBEHHEM M IPOSBIEHHEM OTKa3a U
JAOCTaTOYHBIX JUIA ONpEAE/ICHHS BEPOATHOTO MECTA ¥ NPHYHHEI
orkasa. MrepaTHBHOCTE NpoLiecca TMarHOCTHPOBAHMSA Onpese-
nsieTcs HeoOXOMHMMOCTBIO YTOuHEeHHs! cBoiicte Celloo . Ilpn
3TOM MpOLIECC B IENOM XapaKTepH3yeTcs MHOTrOBApHAHTHO-
CTBI0 TIOCIENOBATENLHOCTH JICHCTBHIA [0  OIpENeIeHHIO
CelloQ , UTO COOTBETCTBYET PA3HBIM BO3MOXHBIM TPAEKTO-
PHAM BBITIOMHEHHS IOCIEIOBATEIFHOCTH ONEpalni AUarHo-
CTUPOBAHHUSL,

OCHOBROI mpolEecca TEXHHYECKOTO AMArHOCTHPOBAHHA B
IPOCTPAHCTBE CBOMCTB (CM. pHC. 5) BHICTYNAIOT JIBA HTEPATHB-
HBIX IMKJIa — BHEITHWH W BHYTPEHHHI{, KOTOPhIE HCIONB3YIOT
obuiee A7po, NpenHAsHAUCHHOE JUIs ONpEENCHHUS CBOMHCTB
Celloo . B atom anpe ans onpenenenns ceoiicts Celloo BbI-
INOJTHACTCA ConocTraBJICHHE Noao3peBacMbIx CBOHCTB

Celloo(PDA)u  Cellod(M,,,). COBOKYNHOCTh CBOWCTB

Cellod(PDA) onpepensiercs Ha OCHOBE AHAIN3A TEKYILETO CO-
crosaus PDA, Hampumep, No pe3ynbTaTaM 3JI€MEHTapPHBIX
nposepox. CoBokynHocts ceoiicts Cellod(M,,,) xapakrepu-
3yeT HOMMHAJIBHBIC CBO#icTBa POA u hopmMupyercs B COOTBET-
CTBHH C MOJIENTFHBIM TIPE/ICTABICHHEM alapaTypbl.

BHYTpeHHHMI MK CBA3aH ¢ HE0OXOAMMOCTEIO (hopMHpO-
BaHUs JONONMHUTENBHBIX MOK03peBaeMbIX cBoicTB ACello0 B
TeX chydasx, ecinu uMeromuxcs cpoiicte Cellod Henocrta-
TOYHO IS omnpenenenus BepostHoro MITO . Hannune BHeII-
HETO LMKIA Ompenensercsd HeoOXoaUMOCTEI0 (hOpMHPOBAHHUS
JOMNONHHUTENBHEIX CBOMcTE oTKaza ACe(, cnocoGCTBYIOIMX
YTOMHEHHIO OIMCAHWS OTKa3a.

IpemnoxeHHOE NPEACTABICHHE OTPaXKAET MEHTANBHEIH ac-
MEKT B TEXHUYECKOM JMarHOCTHpoBaHHH PDA, KOTOpEIH CBsI3aH
€ yJacTHeM B MPOLECCce JUArHOCTHPOBAHHS 00CITYKHBAFOLIETO
rniepcoHaa, 06aaIIero NpeACTaBICHUAMH, a TAlKe JIOTHKO#
Cy)KIeHuiH 1 yMo3aKmoueHnit. C 3T0i TOYKM 3pEHHS CISIYET OT-
METHTE, YTO IPE/UIOKEHHOE MPEJICTABICHHNE TIPOLecca UArHo-
CTHPOBAHKSA OTPAXAET OOLIYIO JOTHKY NOUCKA MECTA U IPHYHHEI
oTKa3a 00CIyKMBAIOLIHM [IEPCOHAIOM Ha OCHOBE HH(OpMAaIUH
o cpoiicteax PDA. IIpu TakoMm IpencTaBIeHHH Tpolecca Aua-
THOCTHPOBAHMA B Ka4YeCTBE IMATHOCTHYECKOH HHQopManuu
MH,, BBICTYmaeT MHOXECTBO CIEAYIOMINX JAHHEIX, HCIONb3Y-
OIIUXCA B IMKJIE THAarHOCTHPOBAHHS:

AU, =< CeP0,Cs0, ACesO, Celloo, ACslloo,
Cellod(P2A), Celloo(M,,,,) > .

(&)

Cosemeuqere MEHMATLHOZ0 U MEXHONOZUNECKO20
Hpedcmasnenua nPoyecca MexHuYecKozo
QUAZHOCMUPOGANUA,

OcoGeHHOCTh TpPEACTABICHUS JHArHOCTHYECKOro Ipo-
Hecca ¢ ydacTueM 00CTy)KMBAIOLIEro NepcoHana COCTOMT B
HEOOXOIMMOCTH OINHOBPEMEHHOrO ydera ODOHX acleKToB —
MEHTANBHOT0 U TEXHOJIOTHYECKOr0, YTO MOXET OBITh peariso-
BaHO IyTEM COBMEIIEHHA OOOMX OMHMCAHHLIX BEHILIE NPENCTaB-
JIEHWi Tpolecca AHarHOCTHpOBaHUsA. OT0 TpebyeT MCImonb30-
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BAHHA ONpENENEHHBIX CPEJICTB CONPSHKEHHA, obecrednBaio-
IMX COINACOBAHHE CONEPXKAHHSA CBOWCTB, BBIPAXKAEMBIX B
NpEeIMETHBIX TEPMHHAX U MOHATHAX, C BBINONHAEMBIMH TEXHO-
JIOTWYECKUMH JeHCTBHAMH.

CoBMelleHHOE NpeJiCTaBIeHHe TIpoLecca THarHOCTHPOBa-
HUA NpHBEJEHO Ha pucyHke 6. Ilpu sToMm conpsxeHue MeH-
TaNbHOTO M TEXHOJIOTHYECKOro NMpeACTaBICHAS Ipollecca Ina-
THOCTHPOBAHMS NpE/Jiaraercs OCYIECTBIATH C MOMOIIBIO HH-
TEpIpeTaTopa AUArHOCTHYECKOH uHdopmamn Hu/lH , OCHO-
BOH KOTOPOrO BBICTYNAeT KOHLENTYaJIbHOE MOACIBHOE TIpea-
crasnenne PDA KM,,,.

KonnenryansHoe npencrapnenne KM ,,, ucnonssyercs
JUIA OTPaXKEHHA pa3HbIX acMeKToB npezncrasneHns POA (ctpyk-
TYPHBIH, QYHKIIMOHANBHEIH, TapaMeTPHYECKH 1 T.11.), a TAKKe
Pa3HBIX BUAOB 1 (popM (TEKCT, CXeMBI, TaOIHIIB], CIIMCKH H T.I1.)
NpeACTaBIeHHA AWATHOCTHYECKOH WHGOpPMAIMH B IpeaMer-
HBIX TEPMHHAX W TMOHATHAX, BBIPAXKAEMBIX HA €CTECTBEHHOM
A3bIKe. Mcronp30BaHHE TAKOTO MPENCTABIEHMS MO3BONSET B
nporecce AMarHOCTHPOBAHUA ONpPENENATs CBOHcTBa Tpebye-
MO QUArHOCTHYECKOH HWH(OPMAMM B KOHCTPYKIHAX €CcTe-
CTBEHHO-II0A00HOr 0 SI3BIKA.

Hcnonp3oBanne KoHIENTyalnbHOH Mmofena KM, mosso-

JIIET COrIacOBBIBATE B paMKax €IHHOIO HHq)OpMaU,HOHHOI'O
NPOCTPAaHCTBA Mpollecca AHATHOCTHPOBAHHSA IIPEACTABICHHE
JIMArHOCTHYECKOH MH(pOPMalMK B BHJIE CBOMCTB C IMPEACTaBIe-
HHE JHArHOCTHYECKOH MH(OpMaLy HAa OCHOBE IIAPAMETPOB M
NPH3HAKOB,

310 oTpaxaercs Ha puc. 6 B BHAE HHOOPMALIMOHHEIX CBS-
3€H, COeNMHAIOIMX 2IEMEHTE MEHTAIBHOrO NMpPEeACTaBIeHHS
Ipolecca AWArHOCTHPOBAHHA C DIEMEHTAMH TEXHOJIOrHye-
cKoro npeacrasienns. [1pn 3T7oM Henone3yeTcs ABa BHAA CBS-
3eil, KOTOpBIE OTPAXKAT 0COOEHHOCTH (POPMHpPOBAHHS OHA-
THOCTHYECKOH HH(pOPMALUH, CBA3aHHbIE C IIEPEXOAOM OT OJI-
HOr0 BHJA MpeJicTaBlIeHHA HHGOPMALHK B IPOLECCe AUarHo-
CTHpPOBaHHA K JApyroMy (OT mapaMeTpoB K CBOICTBaM H
Haob0poT).

IlepBeiii BUA CBs3eil (TpaHchOpPMHUpYIOIME CBS3H) [OKa-
3BIBACT BO3MOKHOCTE MOJIYYCHHA HH@OPM&[H’IH O NpH3HaKax U
napaMeTpax rno COBOKYIMHOCTH CBOﬁC‘l‘B, OMnpenenaeMeIX B [IpO-
uecce aumarnoctuposanud. Ha puc. 6 Takue CBA3M NOKa3aHE!
CIUIOLUIHBIMHM JIHHHAMH BEAYILMMH CIIpaBa HaJICBO YECPE3 HHTEP-
nperatop HulH .

Wnrepnperatop HuJH wna ocHoBe KM,,, mo mmero-
meﬁcx COBOKYITHOCTH CBOIICTB BBIOCITACT COOTBETCTBYHOIIYH)
4acTh MOJIEIBHOIO NpeacTaBieHus POA B napamerpax H npu-
3Hakax. B pesynerare obecneunBaeTcs BO3MOKHOCTE npeobpa-
30BaHMA (TpaHchopMAaIMH) ONHOTO BHMIA JIMATHOCTHYCCKOM
nHpopMaLyHy (B BUAE CBOHCTB) B Apyroii BuA (B BUJE napaMer-
POB M npu3HakoB). PopManbHO Hu/H pealH3yeT COBOKYI-
HOCTB CIEAYIOMMX TpaHchopMupyromux npeodpasopanuii:

Ilp@O = Hn/TH(CeDO)
HlpO = HnJTH(CedO)
AJITpO = HuJTH(ACsIT00)
Hllapllop = HnJIH(Cello0)
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Puc.6. CoBMeIUEHHOE NpeCTaBNEHHE MPOLECca TEXHHYECKOTO JHATHOCTHPOBAHHUA

Takas (opmanuzanys MOXeT BHICTYNATh B Ka4ecTBe OC-
HOBBI [UISl aBTOMATH3AINH HH(OPMAIMOHHOMH TTOUIEPHKKH HPO-
1[ecca AMArHOCTHPOBAHMS C TOYKH 3peHus (OpMHPOBAHHSI -
ArHOCTHYECKOH HH(OpMAIMK H ee IPeaoCTaBICHUS 00CTyXH-
BAIOLIEMY NIEPCOHAILY.

Bropoii BuI cBa3eii (acconmMaTHBHBIE CBS3M) OTpaykaer
HAIMYHE aCCOLMATHBHOIO BOCTIPHUATHS 00CTYKHBAIOIUM TIep-
coHanoM MHGOPMAIMK O NapaMeTpax  MpU3HAKaX, OIpeaess-
€MBIX B IpOIECCE TUArHOCTUPOBAHMS HA OCHOBE dJIeMeHTap-
HEIX MpoBepok anmapartypsl. Ha pucyHke 6 Takue CBA3H NMOKa-
3aHBI IyHKTHPHBIMH THHUAMH, HAYIIAMH CIIeBa HATIPaBO. DTH
CBSI3M YYHUTHIBAIOT BIHSHHE MH(POPMALMH 00 MMEIOIMXCA ma-
paMeTpax M IpH3HaKax Ha (hopMUpoBaHKeE Lienecoobpa3Hoil co-
BOKYMHOCTH COOTBETCTBYFOLIHX CBOMCTB:

52

HAYKOEMKME TEXHOJOTMM B KOCMNHECKNX MCCTTEAOBAHMAX SEMITN

HAlip0 - Ce0,

Hlaplloo - Celloo,
3uQlapllod(P2A4) — Cellod(P3A),
3ullapilod(M,,,) — Cellod(M ,s, ),
AlTaplTod — Celloo.

Hepetmcnenﬂue ACCOLMATHBHEIC CBA3H TAKXKE YYaCTBYIOT
B (DOPMHPOBAHHH JHATHOCTHYECKOi HH(OpPMAaLHH, OTHAKO, B
OTIHYME OT CBA3EH IIEPBOro BHIA, OHH Majio HpHCHOCOG.IICHLI
JUIsl aBTOMAaTH3alMK (OPMUPOBAHHA COOTBETCTBYIOIIEH aua-
THOCTHYECKOH MH(pOpMAaIKHu BBUAY HX cnaboii (hopManu3anyy.
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Hanuaue npyx faHHBIX BHAOB CBsA3eH oTpaycaer TOT daxt,
4yT0 B 0DIIEM ciydae B TpoLiecce NUATHOCTHPOBAHHS OCY-
LIECTBIAETCS MHOTOKPATHBI NEpexol OT OMHOro BHIA Npef-
cTaBlIeHus HHQOPMALHH K APYTOMY C Leibi0 (opMHpOBaHHS
Heo0XoauMOii InarHoCcTHYECKOH HHOpMaLK, HallpaBIeHHOH
Ha olpejefiecHHe MeCTa M NPHYHHBL 0TKa3a. JTo Olpenenser
Gonmpimoe pazHooOpa3He BOIMOMKHBIX IIyTeil (pOpMHpOBaHHS
JIMArHOCTUYECKOH HH(OPMALIMH U CBA3AHHOE ¢ ATHM OOlNbIIOE
YHCIIO0 TPACKTOPHI BBIMOIHEHHS POLECCa AHATHOCTHPOBAHHUS,
KOTOpBIE MOTYT HOCHTh MHOTOKPATHO MOBTOPSIFOIMHACS ITUKIH-
4eckuit xapakTep.

Kaxcgas BO3MOXKHAA TpAaeKTOPHA BHITOMHEHUS JHATHOCTH-
poBaHHs HA pUCYHKe 6 mpezcTaBiseT coOOH HEKOTOPHIH MyTh
W3 HA4YaJbHOH TOYKH Npolecca JUArHOCTHPOBAHUA B KOHEY-
Hyio. IIpH 3TOM BeAKas TPaeKTOpHA AMArHOCTHPOBAHHSA XapaK-
TEPU3YETCA ONpPENEIEHHEIM BpeMeHeM (hopMUpOBaH¥IsL AHATHO-
CTHYECKOH MH(bOpMaLmi 1, , KOTOPOE, B COOTBETCTBHH C
dopmyioii (1) gBiserca OOHMM M3 OCHOBHBIX IIOKasareleii,
BIMAIOMINX Ha Bpems BoccraHopienus. Takum obpazom, co-
KpalieHne BPEMEHHBIX 3aTpaT Ha (JOpMHUpPOBAHHE JIMArHOCTHU-
yeckol MH(OpMALMK B LENOM CHOCOOCTBYET YMEHBINEHHIO
BPEMEHH BOCCTAHOBIICHHS.

B cBA3H € 3THM ClIEYET OTMETD, YTO C [IPUKIAJHON TOYKH
3peHus TIpeasaraeMalii MOJXOM CO3/1aeT OCHOBY JUIs Pa3sBUTHS
METO/I0B (POPMHPOBAHUSA AMATHOCTHYECKOH MH(pOpMAIHH, HC-
TIONB30BaHHE KOTOPBIX B CPEACTBAX ABTOMATH3ALMH oDecreun-
BaeT COKpallleHHe BpeMeHH (OpMHPOBAHUS JHATHOCTHYECKOH
nHpopmauny. Pa3BuTHe TakUX METOOB 3aTParuBaeT CPeCTBa
aBTOMATH3ALMH HHOOPMALIHOHHOMN MOJIEPIKKH ¥ PHBOJUT K
HeoOXOAMMOCTH COBEpIICHCTBOBAHHS APXUTEKTYPHl CyIe-
CTBYIOIIMX CHCTEM HMH(OpPMAITHOHHOH NOMNEPIKKH Mporecca
TEXHUYECKOrO JUarHOCTHPOBAHHS.

Apxumexmypa cucmem uHGoOpMayuoOHHOI NOOOEPICKU

npouecca MexHu1ecKozo OUAZHOCUPOSAHUA

Ha 0CHO8e KOHUEeNIMy anu3auiuu.

PasBuTHe apXMTEKTYpHl cHCTEM HH(GOPMAIHOHHOM MoA-
JICPKKHM TIpoLiecca AUarHOCTHPOBAHNA CBA3AHHO C HCIOL30Ba-
HHeM (OpMaNM30BaHHBIX CPEACTB KOHLENTYANH3aluHu B pas-
JHYHBIX KOMITOHEHTAX 9THX cucTeM. B OCHOBHOM, 3TO KacacTca
HMHTErpalMy cymecTByioumx (popmanbueix Moneneit POA nHa
OCHOBE COBOKYITHOCTH KOHIIENTYaIbHBIX MOJIeNel, 4TO B CBOO
o4epesis, 3aTparuBaeT cpeacTsa GopMUPOBAHKS U HHTEPIIPETa-
LIHH 3a1POCOB, CPEACTBA (HOPMHUPOBAHUA IHATHOCTHYECKOMN HH-
¢dopmanuu, a Tawke HHTEpdeHcHBIe cpelcTBa 00CIyKUBAIO-
mero nepconana. Ha pucynke 7 noka3aH apXHTeKTYPHBIH Ba-
PMaHT MOCTPOEHHS CHCTEMBI MH()OPMAIHOHHOI IOIEPKKHA
npoliecca JUarHOCTHPOBAHHUS, B KOTOPOM BBIAENEHBI KOMIIO-
HEHTHI, (YHKUMOHANBLHO CBA3AHHEIE C COOTBETCTBYIOLIMMH
CPEICTBaMH.

Konuentyanuzauus Mozgeneii POA obecneunBaer BO3MOXK-
HOCTB MEpeXoa OT HOHATHI ¥ TEPMHHOB IPEAMETHOH o0IacTH
K NpEeJCTaBICHNIO COOTBETCTBYIOMMX acnekToB POA Ha oc-
HOBE COBOKYNHOCTH CYIIECTBYIOLIMX Mozenei (uueHTHhpuKa-
LIMOHHO#, TIApaMETPHYECKOH, CTPYKTYPHO-(DYHKIMOHAIEHOI),

A
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KOTOpBIE COTJIACOBAHBI CO CTPYKTYPOii 6a3sl JaHHBIX. PazHO06-
pasue {b()pM H BHOOB NPEACTABICHHA I.{HaI‘HOCTH‘ICCKOﬁ HH-
(opmaruu 00ycIOBIHBAET HCIIONB30BAHUE Pa3HBIX BUIOB KOH-
LENTyanpHOro npeacraBneHus POA.

MOAENW P3A
WAEHTHOMKAUMOHHBIE | | MAPAMETPHUECKME . CTPYKTYPHO-®YHKUWOHAMLHBIE
MOZENW PIA MOBENM P3A MOZENK PIA
' Y v
: A 8 ¥
| KOHUENMTYANLHBIE MOLENM P3A
A
v
| s Aoras ] Cpepcrea
NH‘IFE%?'I%?TB:HM\& |Mpusnak A | opmuposarin_ EA3A JAHHBIX i
KNO-3anpocos | ANSEHLCYHHECKON ==
vHbopMauni 3NEKTPOHHOE |
= pEno |
HOM-zanpoc W3LENNA |
An T ———
pencTea
popMmUpoBaHua .
KNO-3anpocos L/
0 |
P KOMNANEKT HOPMATMBHbIX |
3anpoc ON | \ W AKCNAYATALMOHHBIX
[ | - TIOKYMEHTOB |

O6cnyHUBAIOWMA
nepcoHan

Puc.7. Tlpepnaraemas apxutexTypa cHcTeM HHMOPMALMOHHOMH
MOAJIEPAKKH TIpoLecca JHarHOCTHPOBAHHUS

Konuenryanuzamis 3anpocHOM CHCTEMBI COCTOMT B TOM,
4T0 00CIYKHBAIOLIEMY NIEPCOHATY MPEJOCTABIACTCS BO3MOXK-
HOCTE JOPMHPOBATE 3aNPOCK] HA JUATHOCTHYECKYIO HHOpMa-
LHIO C HCTIOJNB30BAHMEM KOHIIENTOB M TIOHATHH NpeaMeTHOM
obnactu (KOII-3anpocsr). s Beinenenus uz KOII-3anpocos
HH(pOPMALMOHHBIX MPHU3HAKOB, KOTOPHIE ONMPEACIAIT Tpedo-
BaHMA K 3anpaliMBaeMoil JuardocTuyeckoil uadopmanuu, B
CHCTEME NpelyCMaTpUBaIOTCA cpezcTBa naTepnperanyun KOII-
3anpocoB. IIpu 3TOM JIorHKa MHTEPIPETALMH YIUTHIBAET 0CO-
Gennocty cTpyKTyphl KOII-3ampocoB ¥ KOHIENTYaIbHOro MO-
JensHoro npeacrasneHus POA.

Hcmonb30BaHKe KOHLENTYanu3aluu B cpencTeax dhopmu-
POBaHUA JHATHOCTHYECKOH MH(pOpManuu obecneyuBaeT BO3-
MOXHOCTb IpencTaBneHuss HHbopManuy, HeoOXoaUMOH st
BBINIOJIHEHHA OTIEpaL|ii Mpolecca AMarHoCTUPOBaHud, B Tipea-
METHBIX IOHATHSX H TEPMHHAX €CTECTBEHHOTrO A3bIKa. DTO yBe-
nvguBaer pasHooOpasue GOpM MPEACTaBIEHHsS AHATHOCTHYE-
CKOi HH(h)OpMAalHH B CHCTEMax HH(OOPMALHOHHOMH MOIIEPIKKH
npolecca AHarHoCTHPOBaHUA 3a CYET BO3MOKHOCTH HCIIOJIB30-
BaHMS KOHCTPYKLIMI €CTECTBEHHO-IIOX00HOr0 A3BIKA.

IIpencraBieHHble CpeACTBA CHOCOOCTBYKOT Pa3BUTHIO
mynsTHMeuiabX uaTepdeiicor 8 CUITIIT myrem coBmect-
HOrO MCIIONIB30BAHMS TEKCTa, TpadMKu U peuu npu hopMHupo-
sanun KOII-3ampocoB ¥ MpefocTaBaeHuu O0CIyXUBAIOIIEMY
nepcoHany chopMHPOBaHHOH AHArHOCTHYECKO#H MHGOpMAaLIUH.

Ilpennmaraemplii MOAXON K apXHTEKTYPHOH OpraHH3alui
CHII IIT/ B uenoM OpHEHTHPOBAH HA UCHONL30BAHHE DJIEK-
TPOHHOTO Jiefia U3JeNHA B CTPYKTYpe CHCTeM HH(pOpMAaLHOH-
HOM MOZIEPHKKH U NTO3BONISET PACLIIHPHTE (YHKIHOHAN HHTEP-
aKTHBHBIX JJIEKTPOHHBIX TEXHMYECKMX pykoBojcte 3 u 4
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KJIacca 3a CYET Pa3BUTHA MHTEPAKTHBHOCTH B 9aCTH (JOpPMHpPO-
BaHUg HeoOXomumoil auarHoctHyeckod mHGopManmu. Ilpn
aTOM obecneynBaercs BO3MOKHOCTE (JOPMUPOBAHNUSA HHTEPAK-
THBHBIX 3JICKTPOHHBIX JOKYMEHTOB Ha IMPHHLUMIHAIBEHO HOBOU
METONONOrMYECKOi OCHOBE.

IIpennaraemMoe apXHTeKTYpHOE pEIEHHEe UMeeT SIPKO BEI-
paXKEHHBIH MOIYNBHBIH XapakTep H XOpOILIO COrjlacyercs ¢
MDpHHIHIIAMHA OG‘LCKTHO-OPHCHTHPOBE!HHOI‘O nogxoiaa kK I10-
CTPOCHHIO HH(POPMALHOHHO-TIPOrPAMMHBIX CHCTEM.

3axniouenune. Haubonee TpyloeMKMM ITPOLIECCOM IpH
BOCCTAHOBJICHHH CIOXHBIX TEXHHYECCKHX KOMILICKCOB, cnabo
noanarnuMes aBToMaTH3alli|, ABJIACTCA NPOLECC NTHArHOCTH-
pOBaHMs PajHOIEKTPOHHOH anmapaTypbl B COCTaBE€ TaKHX
KOMIUTeKCOB. s TpyaHO aBTOMAaTH3MPYEMEIX OIepariyii mpo-
necca JHAarHOCTHPOBAaHHA BaXXHOE 3HAYEHHE HMEET pa3BUTHE
cpencTts HMH(GOPMAIMOHHOH MOANEPHKH, oOecreuHBaIoIIX
(hopMupoBaHne He0OX0IUMOi AUArHOCTHYECKOH HH(OpMALIIH
Ui obcnykuBaloniero nepconana. OIHEM W3 HanpaBIeHHI
COBEPIIECHCTBOBAHHSA TaKHX CPEJICTB ABJIAETCA NEPEXOJ K IIpei-
CTaBJICHHUIO NTPOIECCA TEXHHYECKOTO JHArHOCTHPOBAHHA Ha OC-
HOBE MPOCTPAHCTBA CBOICTB, KOTOPHIi OCHOBAH HA KOHLIENTY-
albHOM IIPECTaBICHHN PaJHOICKTPOHHOI anmnaparypsl.

IIpencrasnenue mpouecca TEXHHYECKOro JHATHOCTHPOBA-
HHSl Ha OCHOBE NPOCTPAHCTBA CBONCTB PaJiMO3IEKTPOHHOM amn-
napatypel obecnedyuBaeT 00CIYKUBAIOLIEMY NEPCOHANTy BO3-
MOKHOCTb ONEPHUpPOBAThH ¢ AHArHOCTHYECKOH MH(popMmanuei B
OpEOMETHBIX TTOHATHAX H TCPMHHAX €CTCCTBCHHOI'O A3BIKA. C
npmma,uﬂoﬁ TOYKH 3pPEHHA 3TO obecreunBaer COKpalieHne
BpeMeHH (OpPMHpPOBaHHMS AMATHOCTHYECKOH HHPOpPMAaUMH H
coznaer (hOpMAIM30BAaHHYI) OCHOBY ISl Pa3BHTHA apXHTEK-
TYPBI CHCTEMBI MHQOPMALIMOHHO#M MOANEPHKKH Nporecca Tex-
HHYECKOTO AMarHOCTHPOBAHUA. APXHTEKTYpa TaKoi CHCTEMBI
OpraHH3yeTCs Ha OCHOBE PsA/ia KOMIIOHEHT, () YHKIIHOHATEHOCTh

Ang UMTUPOBAHMA:

KOTOPHIX ONpENesieTcs TEXHONOrueil HHGOpMAalMOHHON Mo~
JEPIKKH onepamlﬁ JHATHOCTHPOBAHHA HAa OCHOBE KOHLIEMNTY-
anbHBIX MOJIENEH PaHo3IEKTPOHHOMN anmapaTypel.
IIpennokeHHOE apXMTEKTYPHOE PELIeHHEe B LIEJIOM OpHeH-
THPOBAHO HA HCIIOJIB30BAHHE DJIIEKTPOHHOI'O NEia HM3NENHA B
KauecTse HH(popManuoHHOH a3kl cHCTEMBI HHPOPMAHOHHOH
NOANIEPKKH TIPOIECCA TEXHWYECKOro JIMATHOCTHPOBAHHA H
MO3BOJET PACHIMPUTE (DYHKIMOHAN COOTBETCTBYHOIHX MH-
TEPAKTHBHBIX JJIEKTPOHHBIX TEXHUIECKUX PYKOBOJICTB,
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REPRESENTATION OF TECHNICAL DIAGNOSIS PROCESS
BASED ON THE SPACE OF RADIO ELECTRONIC EQUIPMENT
PROPERTIES

Anisimov Oleg Vitalyevich,
Yaroslavl, Russia, qwaker@inbox.ru

Kurchidis Victor Vitalyevich,
Yaroslavl, Russia, idachmer2@yandex.ru

Abstract

The process of diagnosis of electronic equipment in the restoration
of complex technical systems is the most laborious process, poorly
amenable to automation. It is important to develop the means of
information support, ensuring the formation of the necessary diag-
nostic information for maintenance staff when performing opera-
tions of the process of electronic equipment diagnosis. This deter-
mines the aim and the subject of ongoing research — development
of models and methods of formalized representation of the process
of technical diagnostics and electronic equipment for use in the auto-
mation of information support systems.

It is shown that the use of existing models of electronic equipment
restricts the capabilities of existing automation tools for information
support, in terms of reducing run-time operations of the diagnosis
process. To eliminate the marked restriction it is proposed to perform
the transition from the electronic equipment representation in space
of diagnostic parameters and features to the equipment represen-
tation in the space of equipment properties.

The approach is proposed to represent the process of technical
diagnostics based on the space of electronic equipment properties.
Such approach is based on the conceptualization for model repre-
sentation of electronic equipment. This approach provides mainte-
nance staff the ability to operate with the diagnostic information in
the subject concepts and terms of natural language.

From the practical point of view, the proposed approach provides
a reduction in time of forming the diagnostic information and creates
a formal basis for the development of the architecture of the infor-
mation support system for process of technical diagnostics. The pro-
posed architecture of such system is organized on the base of a
number of component, the functionality of which is determined by
the technology of information support for diagnostics operations
based on conceptual models of electronic equipment.

The set of received results develops methods of model representa-
tion of the process of technical diagnostics and electronicequipment
in connection with necessity of formation of diagnostic information
in the relevant subject area.

The obtained results should be considered as methodological bases

For citation:

of construction of modern information support systems for technical
diagnostics, which is focused on the use of electronic documents as
the information base of such systems. This enhances the functional-
ity of the relevant interactive technical manuals.

Keywords: diagnosis process; the space properties; conceptual
model; the recovery of radio electronic equipment.
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AHHOTAUMA

Pabota nocesieHa akTyanbHOM HA CEroaHsLWHMIA AeHb npobneme NOBbILLEHMs
onepaTMBHOCTU 06paboTkuM Gonblioro Maccuea AaHHbIX. [aHHbie npepcras-
neHbl B NAMSATU KMBEpCUCTEM, SBNSIOLMECS MHTENNEKTYANbHBIMA M YyHYACTBYIO-
WwMmK B npouecce pabotsl no obecrneyeHnio MHdopmaLmoHHoi 6esonacHocTH
KPUTMYECKM BAXHbIX 06bekTOB. (PYHKLUMOHMPOBAHME MEXAHU3MOB MHTENNEK-
TyansHoM 06paboTku AaHHbBIX 6A3MPYETCs HO MCMOMb30BAHMM 6a3 3HAHWM, aK-
KYMYMPYIOWMX 3HAHWS O NpeaMeTHOW obnacTu, npeacTasnsoWweil MHTepec B
pamkax pewaemsix 3agay. JlTaenHoo6pasHbIM xapakTep pocTa 06beMOB 3HAHWM
CTABUT Npobnemy OrpaHUYEHMs KONMMYECTBA AAHHBIX, EAMHOBPEMEHHO HAXOAS-
wmxcsa B onepatmeHon obpabotke. Takum o6pasoM, akTyanMsmpyertcs 3apayd
M3MEHEHMs BOCTYMHOCTM 3HOHMM, NPEACTABNEHHBIX B NAMSATM KubepcucTemsl,
obecneumsaiowerd MHPOPMALMOHHYIO 6e30NaAcHOCTb KPUTMYECKOM MHOp-
MaumoHHol MHdpactpykTypsl. Obpawaer Ha cebs BHUMAHWE AMHAMMYECKHUH
XAPOKTEp peliaeMon 30404M, d TAKXe TOT (aKT, YTO AHANOIMYHbIE MPOLLECCHI,
conpsixeHHble ¢ 06paboTkoi MHOopMaLMM XapaKTepHbl Ans GyHKLMOHMPOBA-
HMSI KOHCTPYKTMBHOFO TMMA MbILLAEHMS U KOTHUTUBHBIX CNOoCcOoBHOCTEN YenoBseka.
Mpennonaraercs, 4To 3HAHMSA, NPEACTABNEHbI B NAMATM KubepcucTeMbl B BUAE
COBOKYMHOCTM YOCTMYHO YNOPSAOYEHHbIX KOHLENTOB, 06beAMHEHHBIX B PAMKAX
oHTOnorMu npegmeTtHo obnactn. lMNpu 3Tom nononHenne 6asbl 3HAHMMK BO3-
MOXHO, KOK MOCPEACTBOM PA3HOPOAHBIX AMMAPATHO-NMPOrPAMMHBIX MOAysen
(ceHcopos), ocywectensowmx moHuTopuHr BHewHero Mupa, Tak 1 komaHgoi
OnepaTopoB, 3aHOCALMX CBEAEHUs KPUTUUHbIE AN PELUAeMbIX 30AAY, BPYUHY!IO.
Ona M3aMeHeHMs AOCTYMHOCTM 3HAHMM, XPOHSLMXCSA B MOAMATH KMOEPCUCTEMDI,
obecneunsaioweit MHbOPMALMOHHYIO 6€30NacHOCTb KPUTUHECKOU MHbOPMALK-
OHHOM MHGPACTPYKTYpPbI, NPEANArdeTCcs NCMoNb30BATh pa3paboTaHHyo Mogenb
OCCOLMATMBHOM PECYpPCHOM ceTH, GYHKLMOHMPYIOLLYIO NMAPAnenbHO C OHTONO-
rMerl M Mopenb PacrnpoCTPAHEHMSI ACCOLMATUBHOrO curHana no Hel. OnucaH-
Hble MOZENM MO3BOJAIOT YYMTBIBAT MHTEHCMBHOCTb MOCTYNNEeHUs U 06paboTku
uHpopmaumm (3anpocos), a Takxe npoueccsl «3abbiBaHUA» 3HaHW. MMpeano-
KEeHHAs MoAEsNb PACNPOCTPAHEHMS ACCOLMATUBHOIO CUrHAJIA MO ACCOLUATMBHOM
pecypcHom ceTi cnocobcTByeT y4ETy KOHTEKCTOB NMPU U3BNEYEHUM U UHTEPpe-
TALMM 3HAHMM, NPEACTABNEHHbIX B NaMaTH kubepcuctembl. CoBoKynHOCTb nNpea-
CTABNEHHLIX MOAXOAOB MO3BOMSIOT PEANU30BATL NPOLEAYPY PAHXMPOBAHMS
3HOHMI B NAMSITU CUCTEMbI MO YPOBHIO UX AOCTYMHOCTH, HAMPSIMYIO 3ABUCALLEMY
OT UX AKTYQNIbHOCTH, anpoBUPOBAHHOCTH M NOATBEPXKAEHHOCTH
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INFORMATICS, COMPUTER ENGINEERING AND CONTROL

Beeoenue. B nocnennee BpeMsa NPUMEHEHHE BEPOATHOCT-
HBIX NOIXOM0B JUIs ONPENeIeH s BO3SMOKHOCTEH 1o HeHTpanu-
3alliK AECTPYKTHBHEIX BO3AEHCTBHH Ha 00BEKTHI KPHTHYECKOH
uHpopmanuonnoit undpacrpykrypsl (KMH) cranoBurcs BeE
Gosiee 3aTPyIHUTENBEHBIM. DTO HOIOKEHHE €N CBA3aHO B TOM
4HCIE U C TEM, YTO CHCTEMA MHTEIUIEKTYaIbHOTO YIIPABICHHS
uH(popMaumonHoit 6ezonacuocteio (MB) KMU B npowecce cBo-
ero (YHKIIHOHHPOBAHMs NOJDKHA OBITH CIOCOOHOH (opMHPO-
BaTh crieuu(UKanuyi MpOLECCOB MPEAOTBPALICHHS HOBBIX TH-
OB aTaKyOMMX BO3AEHCTBHMI, a clIemoBaTeIbHO TOBOPHTE O
«BEPOATHOCTH» B TAKOM CIIy4ae He BCEr/ia KOPPEKTHO.

Ecnu yyects, uro B 6ase 3Hanuii (B3) nHTENNeKTYaNBHOM
cucreMsl (MC) moxer GBITE MpeaCTaBIeHo J0CTATOYHO G0Mb-
0 KONMUYECTBO Crelu(uKauuii, TO Nepecy&éT BEpoATHOCTEH
no pesynsraraM HaOmiofeHuil 3a COOBITHAMH, NPOM3OLIEH-
UMK B KHOEpIpocTpaHCTBE, MOXET NoTpeboBaTh OONBIIINX
BBIYHCITHTENBHBIX H BPEMEHHBIX 3aTparT.

YuuteiBas ykasaHHOE, Ipejjaraercs o6paTuTs BHUMaHUE
Ha MOJIENTH, OMUCHIBAIOIIHE HEKOTOPEIE KOTHUTHBHBIE CIIOCO0-
HOCTH 4enoseka. Jlroam cmocoOHBI OT/AABaTh TPEAIIOYTEHHE
TEM WIH WHBIM &IBTEPHATHBAM NP MOAEIHPOBAHUN Pa3iInd-
HBIX NPOIIECCOB.

Moodens 0b60bwénnoint accoquamusnoil pecypcnoii cemu
0nA omodpasiceHus 00CMyRHOCHU 3HAHUIL 8 RAMAMU Kubep-
cucmemsl. B pabore [1] npeayoxena cereras MOAEb, [03BO-
IsIomas CTPYKTYpPUpPOBAThH MaMATh TAKUM 00pa3oM, YTO Mo-
HCK HH[l}OpMaIIHH CTAHOBHTCS BO3MOXKHO OCYILIECTBIATE, Clie-
Jyd 10 acCOLMAaTHBHEIM LEMOYKaM, CO3/aloMMuMes U H3MEH -
HOIUMCS aBTOMATH4YECKH HA YPOBHE TOIIONIOTHH CETH — B I1PO-
mecce noctymieHus u obpadorku mHGOpMaLMK (3aIPOCOB).
[IpuueM, yacTo ucnonb3yemas HH(popManus okassiBaercs 60-
Jce JIOCTyTlHOﬁ, M CHJIa aCCOIIMATHRHEIX CBA3EH TeM 60]]]:1[[6,
4eM yaule CYIIHOCTH YIIOMHUHAIOTCA BMecTe. Takoe XpaHeHHe
U IOMCK MH(pOpPMANNK B HaAMATH OTYACTH HMUTHPYET KIIETOY-
Hele aHncaMbnu Xe60a [2]. Kak BuauTcs, yKkasaHHBIH NOIXO0A
K YTIOPAZIOYHBAHUIO 3HAHHH B TAMATH MOJKET ObITh MPHUMEHEH
NpH pealnu3alliy Npoueayp XpaHeHua ¥ 06paboTKH JaHHBIX B
maMaTH KubOepcucTemsl, obecreunBaromeil HH(pOPMAIHOH-
Hyl0 6e301acHOCTh KpUTHYECKOH HH(OpMaMOHHON HH(ppa-
CTPYKTYPBI.

B pabore [3] omucana mogens NaMsaTH, Ha3BaHHASA acColyuU-
amusHotll pecypcHoii cemvio. Ta MOJIelb TPeCTaBlIeHa OpH-
EHTHPOBAHHBIM Ipad)oM ¢ IepeMeHHO# Tornonorueii. BepmmHel
COOTBETCTBYIOT CYLIHOCTSIM npeaMerHoit obnacru, pebpa — ac-
COITHATHBHBIM CBA3AM MEKITY HHUMH. HpeﬂHO}KGHHaSI MOJIEIb
XOpOoHIo COoYeTacTcs ¢ MOICIBKY IPEHCTABJICHHA OHTOIOrHi
npeaMeTHsIx obacTei,

Kaxpaa cylHOCTh, NPENCTaB/ICHHAs B aCCOLMATHBHOH pe-
cypcHoit ceth, obnmanaer apxocmoro. Yem Gomblue SpKOCTh BEp-
IIMHEL, TEM OHA «BHHEE» — AOCTYIHee npu noucke. Pedpa obna-
JAalT OrpaHM4Y€HHBIMH TIPOITYCKHBIMH criocobHocTsiMu.  Yem
yalie JBEe BEpIUMHBI YYacTBYIOT B 3alpoce COBMECTHO, TeM
GonbIIe NPOIYCKHAs CIOCOOHOCTE pefep MX CBA3BIBAFOIIMX. UeM
Gobine MpomycKHas CIocoOHOCTE pedpa MEeXKIY ABYMS BEpIIH-
HaMH, TeM OoNbILe CHITA ACCOLMALME MEX Y COOTBETCTBYIOLMMH
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cymHocTaMH (BepuurHamu). [Ipumep cxeMaTHYeckoro npeacTas-
JIeHUs! acCOLMATHBHOI pecypCcHOi ceTy IpHuBeNEH Ha puc. 1.

Puc.1. ['paduyeckoe npencTapneHne acCOUMATHBHOM pecypcHOM
ceTH, oTpaxaroleil abCTpaKkTHYIO MpeaMeTHYI0 0061acTh

Cawma e acconuaTtuBHas pecypcHas cets (APC) crpoures
H (QYHKIHOHMPYET Hal OHTOJOTHEH mpenMeTHo# obnacTw,
cTposlIeics U HCHOAB3YEMON B HHTEIIEKTYaIbHON JeATENb-
HOCTH KnbepcHucTeMBl, PU3BaHHOM obecneynTs HH(pOpMAalH-
onnyio 6ezonacHocts KHU (puc. 2).

.....OHmonoeus npedmemHoll oGnacmu.

Puc.2. CxeMa coBMECTHOrO (pyHKLIMOHHPOBAHHS ACCOLHATHBHOH pe-
CYPCHOI1 CETH H OHTOJIOTHH MpeAMETHOH obnacTH

ACCONMATHBHYIO PECYPCHYIO CETh TpEeIIaraeTcs OIHCHI-
BaTh KaK OPMEHTHPOBAHHEIN rpad, 3a1aBacMblil Yyepe3 MHOXKe-
c1BO BepuuH APC, OfHO3HAYHO COOTHECEHHEBIX C KOHICNTAMU
OHTONIOTHH paccMaTpHBaeMoil mpenMerHoit obmactu [4], u
MHOJKECTBO HamnpaBJeHHEIX pEdep.

Onpeoenenue I: v|id| = Viia, iy — BepuIHEa APC, rzie:

id=NV (vm N‘M)) — YHUKaJBHBI naeHTH(UKaTOp BEp-

WHHE! (€€ MM, KOTOPOE MOXKET COOTBETCTBOBATH HA3BAHHIO
KOHIIENITA OHTONOrMH, ¢ KOTOphIM BepiminHa APC cBssaHa, a
MOXET, HanpuMmep, OBITh TPENCTAaBIEH B BHIEC HOMEpa,

idelD V, tne ID _V — MHOKeCTBO HACHTH()HKATOPOB
sepiH APC),

tvaV(v[fd]) — THII KOHIIENTa OHTONOrHH [4,5], ¢ KO-
TOpo# paccMaTpruBaeMas BepimHa APC oHO3HA4HO CBA3aHA
(tve {O, P, A} , The «O» — <O6BexTs>, «P» — <CaolicTBa>
" «A» <[leiicTBus>),

brt = BV(v[id]) — «apkocThy BepuHel APC — Heotpu-

LaTENBHOE YHCII0, NPUITHCEIBAEMOe BepiuHe rpada (cM. Tpe-
GoBanue k namaTu cucremsl T.7.1: «YpoBeHb akTHBALMH J0N-
JKeH ObITh BEMMYMHOM nIepeMeHHoi [6]).
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Onpeoenenue 2: f{;:, Al direcnr) ™ pebpo rpada Mexny
epumnamu v[i] u v[/], coorserctayiomee ponu B onTono-

v (i, j € ID_V V[i] =V oy s VL] = Vi -

ITpumeyanue: pan poneil HOIMyCKaeT HaIH4He OOpaTHHIX
poneii, B 3TOM cllydae B OHTOJIOTMH MOTYT NpPHCYTICTBOBATh
NPOTHBOMOJIOXKHO OPHEHTHPOBAHHbBIE pEOpa, 4TO JIeNaeT acco-
HHATHBHYIO PECYPCHYIO CeTh dgycmoponneti [7];

rl=TL( ,teDpL,

f{.‘!, v[I],v[j], dir, emt, r} )

rae TypL= {!ype_ll, ype_L, .., Iype_IM} ,a type_I —
THI (uMs) pebpa, ONHO3HAYHO COOTBETCTBYIOLIMI pony, 00B-
e,II}IHSIIOI.IIeﬁ JBa KOHKPETHBIX KOHIIEIITA, p&CCManHBaeMOﬁ
oHTONOrHH [4,5];

NI = TypL | - KONUYECTBO PA3NMYHBIX POJeH, HCMONb3ye-
MBIX [IPH TMOCTPOSHHH OHTONOTHH;

dir = DL(I(H_ Wil c',,r'm‘r}) — HampaByieHHe pebpa OTHO-

CHTENIFHO BEPLUMHEI, KOTOpas yKa3aHa NEPBOi B OMMCAHHH pe-
(st v[i] ),

dir € {in, out} , ecmu dir =in, To pebpo HaNpaBiIeHo U3 Bep-

6pa —  OTHOCHTENBHO

I{H. v[i'}, vlj], dir ent, r}

IIMHEI YKa3aHHOH BTOpOii, B BEPIIMHY YKa3aHHYIO IEPBOIi,
ecnu dir =out , T0 B 0OPATHOM HANPABJICHHH;

Hpumeuanue. Tapamerp dir BaxeH, Tak KaK JJis pelleHUs
NpaKTHYECKHX 3aa4y, OCHOBAHHBIX Ha PacHpOCTPaHEHHH pe-

cypca mo APC, Hanpasnenue pebpa MOKET CKa3bIBaThCs Ha pe-
3yIbTaTe TAKOI'0 PacrpoCTpaHeHHs .

ent = CL(I

[} i, au.r}) — INepEMEHHad, YKa3eIBaroIas

Ha 00BeM MOHSTHS, C KOTOPBIM CBsi3aHa BepiuuHa APC, u3 ko-
TOpOii BEIXONUT pebpo, Chf € {ah' ; Some} , e all - «esxuiiy,
some - KHeKOTOPBIIDY (KHEKOTOpBIEN);

r= RL( NponyckHas crnocobOHOCTH

I{H. v[l'].v[j], dir, e, r} )
(nporogumocTs) pebpa APC, coenmHSIOMIEr0 BEPIIMHY v[i] "

v[ j] » IpOBOOHMMOCTE peﬁpa CKa3BIBAETCA Ha COCOOHOCTH IIe-

penaBaTh «BO30Y)KASHHE» OT BEPIUMHBI K BEpUIHHE (OT KOH-
Henra K KOHUENTy).

IIpumeuanue. Tlockonsky B 001EM ClTydae IPOBOJUMOCTh
Bcex péGep HeONMHAKOBA, TO aCCOLIMATHBHAS pecypcHas CeTh
HEO0OHOPOOHA.

Baenm dymaumo [ ,v[i],v[/]]= B i i, ) » BOB
BpAIIAIONLYIO 10 OTIMYHTEIHEIM OpH3HaKam pebpa: #, v[i] H

V[ _,! ] BCKO nﬂcpopmamuo o pcﬁpe B CTPYKTYPHPOBAHHOM BHJE.

Onpedenenue 3: abrt - xonuuecTBo pecypea, Ha KOTOpoe
YBEIHYMBAETCS APKOCTH BEPIUMHEI IIpH 0OpalieHuu K HEl (cM.
Tpebopanne Kk namatu cucteMsl T.7.3: «SIpxocTs KOHIENTA B a-
MATH JODKHA BO3PACTaTh IIPH aKTHBAIMH K&KOI‘O—HHﬁO acconn-
HMPOBAaHHOTO ¢ HAM KOHLIENTA MJIH MPH HENOCPEICTBEHHOH €ro
akTEBaAm» [6]).
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Ipumeuanue. Ypenuuenue konuuectBa pecypea (brt),
Haxogpserocs B epmrte APC, olHO3Ha4YHO CBS3aHHOM C aKTH-
BHPYEMBIM KOHIIETITOM, TIPOMCXOIHT NPH Ka0M 00palieHns K
KOHIIENITY OHTOJIOTHH ¥ 3aBUCUT OT TUra obparenus ( it ).

Knaccupukanus Bapuantos «Bo30yxuenus» (Inil ) sep-
mwuH APC npuBeneHa Ha puc. 3.

| OGpamenne K pepiinie APC |
init= 0 Tnit=1
«Bremineey» obpamenue (Yepes «BHytpeHHee» 00pameHHe
CHCTEMY CEHCOPOB) (accolHATHBHAA CBA3L Hepes pébpa APC)
[init= 08 | [init=IA |
Ot cybBeKTOB OGpanieHne, OCYIIECTRIAEMOE B X0/
HH(pOPMAIHOHHOTO 06MeHa npolecea accoUHATHBHOTO
(0T HIDKEHEPOB 110 3HAHUAM, «BCNIOMHHAHHA» (NPH NepeHoce
OT APYTHX HH(POPMAHOHHBIX pauubx 13 Jlonroppemennon ITamaru
CHCTEM) B PaGouyio)
e — [init=IL |
Or 06BexTOB BHennero O6palleHHe K KOHIENTaM B X0jie
Mmupa (B peaynsrate JIOTHYECKOTO (HHTEIIEKTYANBHOIO)
BocnpHaTHS B BEIBOJA

Puc.3. Knaccudukaliins BapHaHTOB «B0306YskaeHus» Bepuins APC

Beeném (QyHKUMIO, BBIYMCISAIOILYIO 3HAYCHHE NpHpaLIe-
HUSL SIPKOCTH BEPUIMHBI MPH oOpalleHuH K Hell U 3aBHCSAILYIO

obparenus: abrt = BRT(init) , rae
init €{OS, OW, I4,IL} .
MOXHO NpENnoONOKATE, YTO HAMMEHbLIIEE 3HAYEHHE

or THIIA

JOIDKHO mMeTh npupamenne abrt npu init =IA: BRT(I4).

Ipupamerns BRT(OS) u BRT(OW) 8 obmem ciyuae

MOTYT GBITH PaBHO3HAYHBI, OJIHAKO CIENYET Y4ecTh, YTO CTe-
nens gosepus UC k pasnmudHbIM cyObekTaM HH(OpPMalHOH-
Horo o6MeHa MOXKET OBITE pa3IUYHOMN, CIEOBATENBHO, MOXKHO
npeanonoxuts, ato BRT(OW) = BRT(OS).

Ipumeuanue: TOJ «CTENEHBI0 NOBEPUS» MHTEIUICKTYallb-
HOM CHCTEMBI K IPOM3BONBHOMY CYOBEKTY MH(POPMAaIHOHHOTO
obMeHa 37iech U Jalee cleayeT TIOHUMATE BETHYHHY tr(Sub) ;
KOTOpasi B CBOKO O4epeih MOXKeT (HYHKI[MOHANBHO 3aBHUCETh OT
ybenuTensHOCTH AOBOJIOB OLIEHNBAEMOro cyOhekTa HH(opMa-
LIHOHHOTO 06MEHa, OT YacTOTHI MOJAYH OLIEHHBAEMBIM CYOBeK-
TOM JIOXKHBIX H IIPAaBAMBEIX cBenennii u T.1.; abrt = BRT(OS)
NPONOPLHOHAIBHO CTENEHH JOBEPHA tr(Sub) . OueBnaHO, YTO
npupamense BRT(IL) nomxno Gwits Gomsme BRT(IA) u
menbine BRT(OW).

Takum 06pa3oM, YaCTHHHO YIOPSIOYEHHOE MHOKECTBO
npupamenwuii pecypca abrt = BRT(init) moxuo npencraputs
B BUJE pemETKH (pHC. 4).

Hycn,: BRT(OW) =A°R %

BRT(IA)=PasR , rpe Pa(0,1) — Bennuuna, xapaxre-
PH3YIOIIAs NPUPALIEHHE PECYPCa B BEPILIMHE MPU 0OpalICHUH

K Hell B pesyabTaTe acCOMATHBHOIO PACIPOCTPAHEHMs CHI-
nana no APC (aanpumep: Pa=0,01);

BRT(OS) = tr(Sub)aR , e tr(Sub) €[ Pa,1] — xoodp-

(GUUMEHT, XapaKTEpU3YIOIHH CTENEHb JIOBEPUS CHCTEMBI
cyOnexty uHdopManuoHHoro obMena Sub ;
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BRT(IL) = LeaR ,rae Le €(Pa,l) (nanpumep: Le=0,5).

| T |
| BRT (OW) |
BRT (IL) |
| BRTI (4) |

| L |

|  BRTOS | |

Puc. 4. YacTHYHO yNOpAAOUEHHOE MHOKECTBO KO PUIMEHTOR
NpUpaLLEeHns PECYpPcoB

Ilepenaya nanubx no pedpy APC npHBOONT K YBETHISHHIO
€ro NMpomycKHO# criocobHocTH. Bnonne 00OCHOBAHHO MOKHO
NPEIIONOAKUTE, 9TO B O0IIEM CiTydae BEIHYMHA AF , HA KOTO-
PYIO AOMKHA YBEIMYHUTHCS MPOIYCKHAs CIOCOOHOCTh KOHKpET-
Horo pebpa J(“_ ok ) APC npwu nepemaye 1mo HeMy acco-
IMATUBHOTO CHTHAJA MEXTY BEpIIMHAMHM v[i] " v[ L5 ] , JOIKHA
6BITH NPONOPLMOHATIEHA BEIHYHHE IEPEIAHHOTIO CHTHANA.

Onpeoenenue 4:
aF =IHR(BRT (m)’n({({f.;{i].v‘[j].dr,aw.r}]’DL(Z{I!.v[i].v[j].dr.m.r))) -
BEJIMYMHA, HA KOTOPYI0 YBENWYHBAECTCHA IPOIYCKHas crocod-

HOCTE PeBpa Ly (i ()], dir,cm, ) » B CTYUAC TIepenaun 10 Hemy

TL(J(”- il ). dir, ent, ,)) u

CHI'HANA. ITapamerpel

DL(I(”,V[I_]. Wb, m‘r)) peomarca B Qynxumo THR(-) ans

TOro, 4roOBl B NOCIEAYIOLIEM, NPH HEOOXOAMMOCTH, MOYKHO
65110 Gosee ruOKO YIPaBIATh MPOLECCOM H3MEHEHHS IPOITYCK-
Hoit cnocobHocTH pebep APC npu nepezaye no HAM CHIHAJIOB.
Taxum 06pasoM, B xoze GYHKIMOHHPOBAHUS HHTEILISKTY-
ajlibHasl cHUcTeMa JO/KHA OCYLUECTBIATh HU3MEHEHHE accolua-
THUBHOH pecypcHOM ceTH IMyTEM H3MEHEHHS €€ CTPYKTYPBI, 3Ha-
YEeHHH pecypcoB e€ BepLUMH M MPOBOAMMOCTH pEbep. Bee u3-
MEHEHHs PECYPCHOI CETH OCYIIECTBIIAIOTCS TONBKO HAJ aKTH-
BHPOBAHHO# YaCThIO OHTOJNIOIHH, T.€. HAJl YaCTHIO OHTOIOTHH U
OJIHO3HAYHO COOTBETCTBYIOLIEH e YacTBIO aCCOLMATHBHOI pe-
cypcHoll cern, nomemaemoit B Pabouyro Ilamsare (PII) cu-
CTEMBEI, a KOHKpeTHee — B Dnuzonuueckuii Bydep (tpebopanue
T.1.2.1: «CTpyKTypHO maMsATh JO/DKHA COCTOATH M3 OrpaHH-
YeHHOH 06J1aCTH MaMATH ¢ ONEPATHBHBIM AOCTYIIOM» [6]).
Taxum 06pa3oM, BOZHHKAET HEOOXOAHMOCTh B PELICHHH
3a[auM, CBA3aHHOH C BBIACICHHEM IOJ BO3ACHCTBHEM 3alpo-
COB (pparMeHTa OHTOJOTHH W OJHO3HAYHO COOTBETCTBYIOIICH
eit wactu APC. Cnemyer OTMETHTB, YTO 3aIPOCKl MOTYT IIOCTY-
NaTh KaK H3BHE CHCTEMBI, TaK U (JOpPMHUpPOBATELCS CaMOM CHCTe-
MOI1 B X0JI¢ pELICHHUS €0 BO3HUKAIONINX Tepel Hell 3aad.
Jainee Oyner paccMOTpeH MOPAA0K ONpeseNeHus MoMela-
emoro B PIT ¢pparmenta APC u cBA3aHHOrO ¢ HUM (hparMeHTa

OHTQJIOTHH IIPH OCYHIECTBJIEHHUH 3alIpOCOB K NaHHBIM, pacmo-
nararoupaMes B JonroepemenHoii ITamsati cucremer. O6BEM
nHdopmanny, noMemaemoii B PaGouyio namsrb, 3aBHCHT OT
nopsaka H rayOHHBEI paclpocTpaHeHHs akTHBauuu (pecypcea)
o APC.

Mooens PacnRpocmpaienua accoyiamueHoz0 cuzHaia
no APC. Ilycts v[i] — BosGyxnaemas sepumna APC;

brt ;. —MMHHAMAaIbHOE KOJIMYECTBO Pecypea, I0CTaTOuHOe
JUIS IEPEBOJIA BEPIIMHB! B YMCIIO aKTUBHBIX BEpIUHH, HHGOD-
MalHs 0 KOTOpPBIX AO/KHA ObITH nepemeltieHa B Pabouyio ITa-
MATH I JanbHeiime o6paboTky;

k(v[:],v[}_]) — KoopunmenT ocnabneHus pacnpocTpaHeHHs
accouuaTHeHOro cursana no APC B HanpaBiIeHHH OT BEPIIMHEL
v[i] k sepummre V| /] :

RL (I{n', il 1], dir. ent, r} )
BV (V{i,r».rm} )

3naveHue koddduienta ocnabneHus pacopoCTpaHeHHs
accouuaTHBHOro curtaia rno APC MyJabTHIINIHKATHBHO YBENH-
YHBAETCA IIPH MPOXOKICHUH aCcCOHUATHBHOr O CHIHAJIA I10 CIIe-
JYIOIMM ApYyr 3a ApYyroM M HMeIoluM obIye KOHLENThl ce-
MAaHTHYCCKHM 3BCHBAM.

Sum _k,; = Sum _k ;% k{v[,.]_ L) @

k (1)

v{.‘].v[j]} =

rae Sum k,[,-] — NEpeMeHHas, YKa3bIBalomas Ha «3aTyxa-

HHE» CHTHaNa, HAKOIIEHHOE N0 MHULMHPOBAHHSA BEPUIMHBI
v[i] (ecnu BepiMHA v[i] SBIISIETCS BEPIIMHON BO30Y K IaeMoi

HEINOCPENCTBEHHO 3alpocoM, TO Sum _kv[,.] =1).

KONM4eCTBO «BCTIOMHEHHOro» pecypea B Bepumne V| /]
HpeyIaraercs paccyuTsIBaTh cornacHo gopmyse (3):

brt' = BV(VU‘ fv“,,,d)x Sum _k,;- 3)

Ecnu brt' = brt,, , TO NPOM3BOAUTCA «BCIIOMUHAHUE) BEP-
LIMHEI v[ j] 1 nepe”oc uHbopmauuu o Heil B PII — cm. Tpebo-
paHue K namatu T.7.2: «Uem Bblllle YpOBEHb aKTHBALIMM JaH-
HBIX, TEM BBILIE JO/DKHA OBITH HX JOCTYNHOCTH (€CIH YPOBEHb
aKTHBALMH JOCTATOYHO BBICOK — BBIIIE ONPENCIEHHOTO 3Hae-
HH#, TO JaHHBIE JOJKHEI OBITH M3BIEUEHE! H3 NAMATH, B [IPO-
THUBHOM ciydae — HeT)» [6]. Takum obpasom, uem Gonbie «ip-
KOCTB» BEPILMHBI, TeM OONbINEe BEPOSTHOCTD, YTO OHA «BCTIOM-
HHUTCH» MPH BO30YKICHHUHN CONPSDKEHHOM ¢ HEel BEpLIMHEI ¥ HH-
¢dopmanus o neil 6yuger nepementena B PII (Gyner yuepxu-
BaThes B pamkax Pokyca Buumanns [6,8]).

Beenenne koddduimenta ocnabneHus pacnpocTpaHeHHs
accoumarueHoro cursana no APC B puge (1) nozponser peans-
30BaTh TAKOH MEXaHWU3M €T paclpocTpaHEeH s, IPH KOTOPOM TI0
YMOTYaHUIO (TIpH PaBEHCTBE BCEX OCTANBHBIX [IAPAMETPOB) pac-
NPOCTPaHEHNE CHTHAJIA OCYIIECTBIAETCA Iiiydike B Hampasie-
Huu pebpa ¢ 6onbLIeH NPOMyCKHO# crOCOOHOCTBIO, TaK KaK B
€r0 HaNpaBIeHHU OCYLIECTBIIAETCA MEHbIIee ocnabiieHue.
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OueBHIHO, YTO B OHTOJIOTHH MOTYT MPUCYTCTBOBATH KOH-
LIeTTEI, Y KOTOPBIX MOTYT HMeThCs IBe H Gonee porneii, CBS35I-
BAIOIMX MX C APYTHMH KOHLENTaMH. B 9ToM ciiygae cursan ot
BEpIIHHBI, OJHO3HAYHO CBA32HHON C MOJOOHBIM KOHIENTOM,
TI0 YMOJTYAHHIO JOJDKEH PACHPOCTPAHATEHCS ITO BCEM HHIMICHT-
HBIM pébpam. B cBA3M ¢ 9THM BBeEM akcHoMy (Axcuoma 1):
geM B Golbliee KOMUYECTBO pEbep pacXoanTcs pecype OT HHA-
MUPOBAHHOH BEPIIHHEL, TEM MEHbIIE «riTy0HHa» ero pachpo-
CTPaHEHMUS.

RL (3::.'!. v[i] i), dir, ent, ) ) 2 RL (I(JL v[i)v[ 4], dir, ent, r} )

B V("(.-, N,bn})

Koty = T i

rae Sum _r — cymMMapHas IPONYCKHAs CIIOCOOHOCTH pé-
6ep, N0 KOTOPBIM JIOJUKHO OCYINECTBIIATECA PAcHpoCTpaHeHHe
axruBaupd. Ecnm pacnpocTpaHeHHe aKTHBAlMHM MpeIosara-
ercs OCYIIECTBIAT B HANPaBICHHM OIHOro pebpa, TO

Sum_r= RL(I(H. A o r)) , a CIIEIOBATENBHO
k _ RL (E{H‘ il 7). dir, ent, r} )
i) = , UTO COOTBETCTBYET OTHOLIE-
By (v(f.rv.m))
HHIO (1). B obmeM xe ciydae
Alt(v[i])
Sum e Z RL ('J(:.r, v[ilv[ ). dir, enr, r)) :

J=l

BriGop Toro, mo kakuM pEdpaM JOMKHA OCYIIECTBIIATECS
nepenada acCOUMATHBHOTO CHTHAMNA, a MO KAKHM HET, Ocy-
mecreiser Lentpansusie ITponeccop IMamsaru (LIIIT) [6], xo-
TOpHIit 1 Harpaeister Pokyc Buumanus. Mmenno LTI B coso-
KYITHOCTH C NPEJJIOKEHHOH opraHusanued namatu kubepcu-
cremsl [4-6] nalT BO3MOXHOCTH OCYINECTBIATH H3BJICYCHHE
nH(OPMALHK U3 NaMSITH Ha OCHOBE HAKOIUIEHHOTO OMBITA, JIO-
THKH W Lenel cocrosumx nepex cucreMoit (cm. T.8.2 [6]).
Taroxe dyaxuun LI Moryr cnocoGCTBOBATE MOAABICHUIO
«HEXeNaTeNEHOro» H3BneYeHus nauusix u3 namsary (T.8.3 [6]).
Ha sxon II1I1 moryT noctynars JaHHEIE TOJIBKO M3 YMCIA

TeX DAHHBIX, KoTopele HaxomaTces B Pokyce Buumanus kubep-
CHCTEMEI H 3TH JaHHBIE HOMKHE ORITh MpeNCTaBIeHsl B (hop-
MAalM30BaHHOM CTPYKTYpHpoBaHHOM BuIe. IIpemnaraerca un-
dopmauuio 06 MHUMAECHTHBIX pEOpax KOHKPETHOH BEPUIMHEI

v[i] NIPEACTABIIATE B BHAE CTPYKTYPHI (5):
— All _all_inf

Descr(v[f])=<A!!(v[i]),V (v[i]), 0ut (v[i])
I—/Om_.ai.‘_inl' (v[i]),!n(v[s’]), ?.’n_aﬂ_inf (V[ID)

rae:

» 5)

All (V[I]] — KOJIMYECTBO pEbep, HHIMACHTHBIX BEPLIMHE
v[i]; (all_n=All(v[i]));
Out (V[l]) — KONHMYECTBO pEGEp, HCXOAMIMX U3 BEPIIMHBI

v[i]; (out _n= Our(v[t]) );
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In(v[i]) — KOITMYECTBO pPEDEP, BXOAANINX B BEPLIHHY v[i] 5
(in_n=1n(v[i]));
I? Al _all _inf (v [l]) —

DL (I< .V [I]’ TLU(;;_,[;],,-[|]‘;.‘#.cn.-.r))‘

i, v[.‘]‘v[l }. dir, emt, r) )
CL (1(-‘.‘, il v[1], div, ent, r) )’ RL ('!{.'.‘, v[ilov[1]. dir, em, r} )

DL (1(”. v[ilv[2]) dir,ent,r) )’ & [2 ] 2 TL (I(H'. v[ilv[2], dir. ene, r})’

CL (I(r!.v[l].v[?.], dir,ent, r) ) RL ([(H\v[a‘].v[z].dir.cm.r))

DL ('{(n’, v[ilv[n]. dir, ent, r} )’ v [n ] ¥ TL (I<FF, v[il.v[n] dir, cns, r} )’
CL (I(h'. v[ilv[n], dir, ent, r) )’ RL (I(n‘. v[i]v[n] dir, ent. r} )

Vm_aﬂ_inf(v[i]) " F-Inlaﬂ_inf (V[i]) 6yﬂ.yT UMeEThb aHaJorud-

HYIO CTPYKTYpY, @ [0 COAEPYKAHUIO OHU GYAYT OTIHYATHCS OT
yA-elmt (y[i]) Tem, uro ecma P4'-"-"" (y[i]) mepssiii na-

paMeTp KajkAoro U3 BEKTOPOB MOXKET NPHHMMATH IPOM3BOJIb-
HOE 3HAYEHHE (dire{in,out} ), TO B yrOual_int (v[:]) oymer
dir=out ,ap V"-<-" (v[:]) Gyner dir=in.

I}'.{ﬂ'_uﬁ_hf (V[l]) "
e (v[z]) u ==t (y[i]) ynopsmounsaiotes Ha oc-
HOBE
(r=RL(]

Bekropa B CTPYKTYpax

3HAYEHHH  MpOIYCKHBIX  crocobHocTel — pédep
il, v[i’],v[}l,n’!r,m,r} ) )'

O6ocHoBaHO NOTPeboBaTh, YTOOBI ACCOLIMATHBHOE BOCIIO-
MHHaHHe (pacnpocTpaHEHHE pecypea) Mo YMOTYAHHIO NPOHC-
XOJMA0 BHayale 4epe3 MHUMACHTHOE aKTHBHUPOBaHHOH Bep-
mmHe pebpo ¢ HaubGonpliell NPOIYCKHOH CHOCOOHOCTHIO 0
nonHoOro 3atyxanus (moka brt' = bre_, ) v nanee no ApyruMm pé-
6paM ¢ MeHbIIEH IPOMYCKHOM CIIOCOOHOCTEIO; €ClH NBa pebpa
(umu Oosee), CBA3aHHBIE C AKTHBHPOBAHHBIM KOHIIEITOM
HMEIOT OAMHAKOBYIO NMPONYCKHYI0 CIIOCOOGHOCTB, TO MOPSAOK
pacnpocTpaHEeHHs pecypca MOXKET ONpenenaTsCs, HampuMmep,
JeKCHKOrpaQMYecKuM TMOpPSAAKOM, YCTAHOBJIIEHHBIM HAJ MMe-
HaMH BEPLINH, C KOTOPHIMH JJaHHBIE pEOpa CBA3aHE! (TakuM 06-
pazom obecnieunBaeTcs BLINONHEHHE TPeGOBAHNS K TAMATH CH-
cremsl T.8.1.1: «AxTHBanus JOKHA B HAaHOONBIIEH CTENEHH
pacnpocTpaHATCs B CTOPOHY MOHATHH, ¢ KOTOPBIMH JIaHHBIE B
HaubONBIIEH CTENEHH acCOIMMPYIOTCH, H B HAaUMEHbIIEH — B
CTOPOHY OTHANEHHBIX IOHATHID [6]).

C Lenbio HENOMYIIEHHS HEKOHTPOIUPYEMOro caMoBO30YK-
nenus sepuuH APC, Heobxomumo uto0s! LlentpansHerii [Ipouec-
cop INamsry, ynpasnss @oxycom Baumanus, ipecexai obpatHoe
pacTipocTpaHeHHe CHTHana 1o pedpy, M0 KOTOPOMY CHTHAI Yike
nmpoxomwi (B paMKax OFHOrO akta BO30YKOESHHS, HCXOISAIIETO
wm o1 0bbexTos BM mnu ot camoii kubepeucremsr yepes LITIII).
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Iycts MS—BL'“"{I{;:. il /], dir, o, ) "{u. VL dfr,cm.r)"'} =

MaccHB péﬁep, 110 KOTOPBIM YiKE IIpOIIIéII CHI'HAJI B paMKax BbI-
NOJIHEHHA OOHOI'O M TOr0 K€ 3amnpoca (B paMKax OOHOI'0 aKTa

BO3OYKIeHuA), a BL_L(i{H' il o, Y2 .M%ISS_BL) =

¢yHKIWA, TPOBEPAIOMA HA HATMYME YKa3aHHOrO pedpa u eMy
obpartHOro TOro e Buia B Maccuse Mass _BL , T.e. JOIMKHO

TPOBEPATECS PEOPO l{.'fl.v[i].v[j],cﬁr. on,r) B peGpo I:!;.v{j].vii}.dir.cm.r}

, mpu 3ToM nomwkHo Gbite #, =tl,. Ha Beixome ¢yHKums

BL_L(:

() i entr)? Mass _BL) JIOJKHA BO3Bpamarh 1,

€CNH MOJaHHOE Ha €€ BXOM peﬁpo ) HMEECTCA B

1{-‘.’, v[r'}.v[j]. dir,ent, r
maccuse Mass _BL , n () — B npoTHBHOM CiTydae.

Ipumeuanne: Maccus Mass _ BL npemnaraercss ucnob-
30BaTh B KavyecTBe aHanora Jmusopudeckoro bydepa [6], Tak
KaK B HEM COJEPIKATBECHA BCE «IPOMIEHHBIE» aCCOLMATHBHEIM
CHTHAJIOM CEMaHTHIECKHe 3BeHbS [4] (ceMaHTHYECKOE 3BEHO —
JIBa KOHIIETITA, CBA3aHHEIX POJIBIO). YMO3aKITIOUEHHS JKE MOTYT
OCYIIIECTBIATECA TONBKO HaJ JAaHHBIMH, HaxopsmumMucs B @o-
Kyce Buumanus kmbepcucremsl. HMcxons u3 aroro, hyHKIHA
OCYIIECTBJCHHs YMO3aK/IIOUEHMH Ha BXOJ JIODKHA HONYydYarTh
BCE TO, uTO Haxomurca B @okyce BunManns, a B @B HaxonsTca
JaHHbIE, COOTBETCTBYIOLIME AanHbM u3 Mass _ BL . Kaxxnoe fo-
GaBnenne gaumnbix B Mass  BL [OMKHO CONPOBOXAATHCS
TIPOBEPKOH Ha MPeAMET BOMOMXKHOCTH OCYILECTBIICHUS yMO3a-
KITIOUEHHS.

ILogfc(Mass_BL) — (YHKUMSA OCYLIECTBIEHHS yMO3a-
KITIOYEHWH Hajl JaHHeIMY, Haxonammmucs B Poxyce Brumanus.

Buutes nenecoobpasHbIM JIOIOIHUTEIBHO BBECTH Koa(hu-
LMEHT «HATPEHUPOBAHHOCTW) MAMSATH 7Menl, CKa3bIBAIOLIMICS
Ha crocobHOCTH cHcTeMBl aepkats B Dokyce Bunmanus Gons-

1110 KONHYeCTBO HH(OpMAIH — BO30YKAEHHBIX KOHIIEIITOB.
IycTs:

M (mem, L) ) =mem-+k g 0 (1-mem), — (6)

rae meme [0, l] ;

HecnoxHO NMpOBEpHTH, YTO eclH mem =1 (4TO COOTBET-
cTBYyeT aOCOMIOTHOH MaMATH, T.e. MAKCHMAJIBHO BO3MOXKHOMY
e  «ycwieHMIO» 10  abCOMIOTHOM  MaMmsaTH), TO

M (mem, k(‘f["l- W) ) =1, a 3TO NPUBOZNT K NEPEXOAY K CEAYIO-

mieli Bepumbe APC 6e3 moteps. Takoif sxe pesynsrar ZOCTH-
JKUM TOJNBKO B TOM cilydae, ecnu jape BepummHsl APC coenn-
HeHbl pebpoM, MpoNycKHas cHocoOHOCTh KOTOPOTo PaBHaA KO-
IMYECTBY pecypca, HaxoduieMycs B HHUIIMUPOBAHHOM 3a1po-
coM BepuHe (T.6. NpH BV(V[E])=R‘L("{H.v[i],v{j],dx‘r.m.r}))'
JanHoe yTBepikieHHe BHONHE 000CHOBAHO, TaK KakK B Ciydae

BV(v[iD = RL(“{::.»[:].»[;]. o r>) KOHIIENT, CBA3aHHBIA C Bep-

IHHOH v[i], OIHO3HAYHO COMOCTaBIAETCA (ACCOLMHAPOBAH) ¢

KOHLIETITOM, COOTBETCTBYIOLIMM BEPILHHE v[ j], a ToITOMY

BO30Y<IEeHHE BEPIIHHBI v[ i ] TIpoHCXoAuT Ge3 moTeps.

Taxum obpaszoM, u3MeHsAs 3Ha9eHue Koapdunmenta mem,
LTI moxeT ynpaBasaTs rIyOHHON paclpoCTpPaHEHHs acCOLH-
aTHBHOrO BO30YXKIEHHS, 2 TOYHEE — YBEIUYMBATh CE.

YuuTEIBas BBENEHHBIE OTHOMEHUS (4), (2) u (6):

RL (1(!.‘, i} vl ). dir, ent, v} ) . RL (J(n', v[i}vli] dir. ent, r) )
BV ( Sum_r
Sum_k

k
CE ) ;

Vi, 1) )

) = Sum kg <Ko

M (mem, k(v[i},v[ ;])) = mem+ k{ (1—mem)

i)
OTHOIIEHHE pacuéra koadduimenTa ocnabneHnus pacnpocrpa-
HEHHS AacCOLMATHBHOIO CHTHAJa MO KOHKPETHOMY pebpy

Kttt av. o) APC  juis BepUIHHbI V[}'] MOXHO NpencTa-

BUTE B crefytoumeM sune (7):

v[i], Sum _ kg, mem,
(ul, v[i]v[ ], diry eme, r)? Sum i

RL (’(u. s[iv{7}. dirs ont, r}) . (D

BY (Y, mamy)

mem +

= Sum _ kv[.-] b
II{.t.‘. v[ilovli]. dir, cnr, i‘} )
Sum _r

xRL( x(1—mem)

Cnenyer orMeTuTh, 4To JK060e obpalieHue K OHTOJIOTHH
CBOJUTCS K OOpallieHUI0 K ONpeNeEHHOMY KOHUeNTy (WIM K
rpyIe KOHUENTOB), 100 K ero (1x) nobaBieHHI0 B OHTOIOTHIO
€ COOTBETCTBYHOIIMMHU posMy. OGpallieHne K KOHIENTaM OHTO-
JIOTHH MOJKET HpPOBOLMpOBaThcs BHemmnM MupoM, T.€. B pe-
3yneTate HabmoneHus, o0yyeHus (OOIEHHS ¢ APYTHMH CHCTe-
MaMH, B TOM YHUCIC C qu—m:neM), HNOMY4YCHHA TPAKTHYCCKOro
OmbITa U T.IL, @ MOXKET CTaTh Pe3yNbTATOM MHTELIEKTYalbHOM
JACATCIBHOCTH caMoi CHCTEMEL, T.C. OﬁpaIIJ,GHHC K KOHLETITY MO-
xeT OBITh OCYIIECTBIEHO B XOfie HABHTAIUHK 110 OHTONOTHM B Ma-
HUITYTHPOBaHNS 3HAHUAMH, TIPECTaBICHHEIMU B Hel. [Tpu oToM
cleayeT MOMHHTE O TOM, UTO (Axcuoma 2): moboe obpaleHne K
OHTOJIOTHH BEAET K H3MEHEHHUED napaMeTpoB OJHO3HAYHO CBi-
3aHHOMH ¢ Hel aCCOLMATHBHON PECYPCHOM CETH.

Moodens npoueccoe «3abvieanua» 3nanuii. Ilponenypa
«3a0bIBAHMA» MOKET HHHIIMMPOBATHLCA B HECKOJIBKHX CIIydasX:
— IPH JOCTIKEHUH CYMMAapHOH NPONYCKHOH COCOOHOCTH

peGep APC (r’;‘: ), TOAHATBIX M3 JONTOBPEMEHHOH NMAMATH B
snuzonndeckuii Gydep, onpeneaEHHOro NOPOroBoro 3HA4EHUs
Pyax 5

— IpH JOCTIDKEHHWHM CYMMAapHO#H IPKOCTH BepHIHH rpada
APC (bnﬁﬂ ), nepeHecéHHBIX B Jnm3onuueckuit bydep, onpe-

JeNEHHOrO MOPOroBOro 3HaYeHus bry,,, .
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Pesynbrar BRIOOpA TOrO WM HHOTO PEIIAIONIETO MpaBUia
HENPUHLMITHAEH H CKa3bIBaeTcs B 00MbLIEH Mepe UL Ha pe-
anu3aliy IpaBuUia B KOHKPETHOH cHCTEME.

ITycrs mpouenypa «3a0biBaHuA» MHHLHMHPYETCA B Clydae
brt_,, =brt,,, ¥ COCTOHT B mepecy&Te MPOITYCKHBIX CIIOCOG-
Hocteidl Beex pébep APC u spkocteil e€ Bepmms. Jlna e€ pea-
JH3aIHA He0OX0aUMO:

1. PaccuuTath CyMMapHYIO IPONYCKHYIO CIOCOOHOCTD pé-

oep APC:
N N
=l j=i
2. PaccunTath CyMMapHYIO SpKocTh Bepiuins APC:
N
brt,,, =Y BV (v[id]). )
id=1

3. IlepecunTaTs MpOIMYCKHYIO CHOCOBHOCTE AT KKIOrO
u3 p&dep:
2 A
g (it AiJ v ). dir, ent, ) 10l
r

S

(10)

rie [lg(rm)] — obo3HayaeT OKPYIJIEHHE pe3ysibTaTa [0

6071BIIEro HETOYHCIEHHOrO 3HaUEHHU.
4. TlepecuuTaTh APKOCTH KAXKJOH U3 BEPIINH:

. BV (v[id])

brt,,

brt 1

(11)

C noMomsHo NpeUIoKeHHOM IepeHOPMHPOBKH B CETH IIPO-
HCXOINT ECTECTBEHHOE 3a0bIBaHHE, YTO B CBOIO OYEPEHb CIO-
coBcTByeT BEITOMHEHHIO Tpebopanus T.10 K naMaTH OPOEKTH-
pyeMoii cucTeMsl [6].

Hcxong u3 npusegHHBIX GOPMYI ClIeIyeT, 4TO B clIydae,
€CITH 32 MEPHOJ MEXJY JABYMs IIOCIEIOBATENBHBIME IIEPEHOP-
MHPOBKaMH ONpeIe/IEHHBIEC KOHLIENTHI ¥ POJTH HX CBA3BIBAOIIHE
HY pa3y He 3aTparuBajlicCh B XOJI€ MHTC/UICKTYaIbHOMH JesaTelb-
HOCTH CHCTEMBI, TO IPOMYCKHas cnocoOHOCTE pébep H APKOCTh
BepuiuH APC, 0fHO3HAYHO CBA3aHHOM C OHTONOrHEH, YMEHBILA-
ercs B 10 pa3. Ecnu Hekast cB43b MEXIY KOHUENTaMH OblIa CKO-
pee ciydaiiHoi, YeM 3aKOHOMEPHOH, CHJla acCOLMAlK MEXITY
TAKMMH KOHLENTAMU CO BPEMEHEM CTAHET MCYE3aoIe MAaoi,
HO cama CBs3b He Hcye3HeT BoBce (M. AkcroMa 1). OueBuaHo,
YTO T€ KOHLEINTHI M CBA3HM (PONH) MEXIY HHMH, KOTOPHIE BCE
BpeMs noAKperuisroTes, Oyayr obnanars HaubOIBIIUMHU SIPKO-
CTAMH U MPOIYCKHBIMHU CIIOCOGHOCTSIME, 2 COOTBETCTBEHHO Oy-
Ayt Haubosnee AOCTYIMHBIMH TPH HHTE/UIEKTYaIEHOM TIOHCKE.

Buteodsi. PazpaboranHas MoJieNb acCOLUATHBHOM pecypc-
HOI ceTH, (YHKLMOHHPYIOLIEH IapalljIeNbHO ¢ OHTOJIOTHEH,

Ana uuTMpOBAHUS:

MO3BONISET (POPMANH30BATE MEXAHU3M HAMPABIEHHOTO H3BIIC-
YeHud (pparMeHTOB acCOLMATHBHO CBA3aHHBIX 3HAHMIT U3 JON-
TOBPEMEHHOH NaMATH MHTEIEKTYAIBHOH CHCTEMBI, IPU3BaH-
HOM NOPOXKAATH CIEUU(PHKAIINH IIPOLECCOB MO HEATpaTH3aHK
JIECTPYKTHBHBIX BO3JeiicTBHI Ha OOBEKTHl KPUTHYECKOH WH-
tbopmanmonHoit uHGpacTpykTypsl. IlpemnoxenHas Mouenb
pacrpocTpaHeHus accouuatiusHoro cursana no APC croco6-
CTBYET y4&Ty KOHTEKCTOB NP M3BICUCHHH H HHTEPIIPETALIN
3HAHWUi, NPE/CTABJICHHBIX B MAMATH KHOEPCUCTEMBI, a TAKKE
IIO3BOJISET OIUCATH NPOIIeCce «3a0BIBAHU) PEIKO MCIIONb3Yye-
MBIX M JIO)KHBIX 3HAHHH, NYTEM CHIDKEHHs YPOBHS X JOCTYII-
Hoctu. [lonydeHHbIe pe3ynbTaTsl B COBOKYIHOCTH HO3BOMAIOT
peanu30BaTh NpOLEAYPY HAIpaBieHHOH 00paboTku 3HaHWH
HHTEJUIEKTYaIbHOM CHCTEMOI.
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Abstract

The article is devoted to the issue date of expediting the pro-
cessing of large data array. The data is presented in memory
of cyber systems that are intelligent and involved in the process
to ensure the information security of critical facilities. Operation
data mining mechanisms based on the use of knowledge
bases, accumulating knowledge about the subject area of
interest within the framework of tasks. The explosive nature of
the growth in knowledge raises the problem of limiting the
amount of data, at the same time the in-processing. Thus, the
updated task of changing the availability of knowledge, pre-
sented in memory cybersystems providing information securi-
ty of critical information infrastructure. Attention is drawn to
the dynamic nature of the problem, and the fact that similar
processes associated with information processing characteris-
tic of the functioning of a constructive mindset and cognitive
abilities. It is assumed that the knowledge represented in mem-
ory as a set cybersystems partially ordered concepts incorpo-
rated within the domain ontology. At the same time updating
the knowledge base possible, but by heterogeneous hard-
ware and software modules (sensors) that monitor the outside
world, and a team of operators, raising critical information for
tasks manually. To change the access to knowledge stored in
memory cybersystems providing information security of criti-
cal information infrastructure, it is proposed to use the model
developed by the association's resource network operates in
parallel with the ontology model and spread it on the associ-
ative signal. Described model allows to take into account the
intensity ofthe receipt and processing of information (requests),
as well as processes of "forgetting" knowledge. The proposed
distribution model associative signal associative resource net-
work contributes accounting context when retrieving and
interpreting the knowledge presented in memory cybersys-

For citation:

tems. The totality of these approaches make it possible to real-
ize the knowledge ranking procedure in the memory system
according to their level of availability is directly dependent on
their relevance, testing and confirmed.

Keywords: associative network resource; associative signal;
intelligent system; memory; ontology.

References

1. Zhilyakova L.Yu. Model' associativnoj pamyati, osnovan-
naya na dinamicheskoj resursnoj seti [The model of associa-
tive memory based on a dynamic resource network]. St.
Petersburg, SSC RF JSC "Concern "CRI "Electropribor",
2012. Pp. 1160-1163. (In Russian).

2. Hebb D. Intelligence, brain and the theory of mind. Brain.
1959. Vol. 82. Pp. 138-145.

3. Zhilyakova L.Yu. Poisk v associativnoj modeli pamyati
[Search in associative memory models]. Kiev, Education,
2009. Pp. 124-130. (In Russian).

4. Biryukov D.N., Lomako A.G. The approach to construc-
tion of information security systems that are capable of syn-
thesizing scenarios of anticipatory behavior in information
conflict. Information security. INSIDE. 2014. No. 6. Pp.
42-50. (In Russian).

5. Biryukov D.N., Lomako A.G. Formalizaciya semantiki dlya
predstavleniya znanij o povedenii konfliktuyushchih storon
[Formalization of semantics for representation of knowledge
about the behavior of the conflicting parties]. St. Petersburg,
Polytechnic University Publ., 2013. Pp. 8-11. (In Russian).

6. Biryukov D.N. Cognitive-functional specification memory
for modeling the purposeful behavior of cyber systems.
Proceedings of SPIIRAS. 2015. No. 3(40). Pp. 55-76. (In
Russian).

7. Kuznetsov O.P., Zhilyakova L.Yu. Dvustoronnie resursnye
seti — novaya potokovaya model' [Bidirectional resource
networks: a new flow model]. Reports Of Academy Of
Sciences. 2010. Vol. 433. No 5. Pp. 609-612. (In Russian).
8. Cowan N. Working memory capacity. Cognition &
Emotion. 2005. Vol. 2. No. 2. Pp.145-154.

Information about authors:

Biryukov D.N., Ph.D, professor in Department of Systems for
collecting and processing information, Military Space Academy;
Gluhov AP, Ph.D., head of Department of Information secu-
rity, JSC «RZhD»;

Sabirov T.R., postgraduate student of Department of Sys-
tems for collecting and processing information, Military
Space Academy;

Pilkevich S.V., Ph.D., doctoral student, Military Space
Academy.

Biryukov D.N., Gluhov A.P, Sabirov T.R., Pilkevich S.V. Model of change accessible knowledge, in-memory representation
cybersystems to neutralize the destructive effects on critical information infrastructure objects. H&ES Research. 2016. Vol. 8.

No. 4. Pp. 56—-63. (In Russian).




NHOOPMATWKA, BBIYNCITNTEJTIbBHAA TEXHUKA W YTIPABJTIEHNE

METO/ YMPABJIEHUSA TOMNOJIOMMEN COLUNAJIbBHOWU CETU
C UEJIbIO NMPEAOTBPALLEHUA HEKOHTPOJIMPYEMOIO
AMNOEMUNOJTONTMYECKOIO PACINPOCTPAHEHUA
MHOOPMALINN MEXAY Y3JTAMU
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Knouesslie cnosa:
MHPOPMALMOHHO-MICMXONOrMYecKas
6e30MacHOCTB; coLManbHbie CeTH;
CPenCcTBa MACCOBOK KOMMYHMKALMM;
Tononorus rpaga; MHGOPMALMOHHAS
KOHTAMMHALMS; SMMBEMMONOTHS;
cobCTBEHHbIE YMCIA MATPULEbI.

AHHOTALNA

CMeLLeH1e BOEHHbIX OMACHOCTEN M YTPO3 B MHPOPMALIMOHHOE MPOCTPAHCTBO M BHY-
TpeHHioto chepy Poceuickorn Pepepaupm, AesTensHOCTb PA3AMYHBIX AECTPYKTUMBHBIX
cmn no MHGOPMALMOHHOMY BO3AEMCTBMIO HO HACENEHUE, B NEPBYIO 04epeab HA Mo-
noAbIX FPWKAAH CTPAHBI, B TOM YMCIE C LieNbio MOAPLIBA MCTOPUYECKMX, Ly XOBHBIX M
NAaTpMOTHYECKUX Tpaanumi B obnactn sawmtel OTtevectsa, noBceMecTHoe BHeppe-
HMe MHPOPMALIMOHHBIX TEXHOMOTMI C OAHOM CTOPOHbI M HECOBEPLLEHCTBO METOAOB
KOHTPONSi KOHTAOMMHALMM (3apaXKeHHs!) cpeabl MACCOBBIX KOMMYHMKALMIA HEraTmB-
HbIM MHOPMALIMOHHBIM KOHTEHTOM C APYrOi CTOPOHbI 0bycnaenueaioT Heobxoau-
MOCTb pa3paboTKM TEXHUYECKMX METOAOB M CPEACTB NPEAOTBPALLEHHS BO3LENCTBUS
HO MHOMBMAYANbHOE, FPYNMNOBOE M MACCOBOE CO3HAHME HaceneHus Poccuickon
Depepaunn NoTeHUMANLHO BpeaoHOcHoM MHdopmaumn. Liensio npoeegeHHoro mc-
CNefoBaHMS SBASNIOCh CHUXEHME PUCKA HEraTMBHOMO MHGOPMALMOHHOMO BO3AEH-
CTBMSI HO CO3HOHME CyBbLEKTOB CPEACTE MACCOBOM KOMMYHMKAUMM HO TEPPUTOPUM
Poccuu. NMpepmetom MccnepoBaHMs ABNAIOTCA METOAB! YNPABIEHMS CKOPOCTbIO pac-
NPOCTPAHEHMSI MHPOPMALIMM B COLMANBHBIX CETAX M APYIMX CETEBbIX CTPYKTypPaX.
B ocHose paspaboTaHHOro MeToaa LeneHanpaBneHHOU MOAMPHKALMM TONONOMMK
rpaca couManbHOM CETU NEXAT BbISIBIEHHBIE MCCEROBATENSIMM B 0BNACTM anuaemMu-
OJIOTMM 3ABUCMMOCTH, MO3BONSIOLLME BLIYMCIISTb KITIOHYEBbIE MAPAMETPLI, ONpeaens-
IOLLME BO3MOXHOCTb HEKOHTPOJIMPYEMOTO SMMAEMMOTOTMYECKOro PACTPOCTPAHEHUS
uHbekumm B Bronormuecknx cucteMax. OCHOBHBIMM MOSTYYEHHBIMM PE3YLTATAMM
SBNSIIOTCS QNrOPUTMbI YACNEHMS M JOBABNEHUS KBA3MONTMMANLHOTO NMOAMHOXECTBA
pebep rpada HO OCHOBE BLIYMCAEHMS MAKCMMANBHOTO MO MOAYNIO COBCTBEHHOrO
YMCNa MATpMLLI CBA3HOCTM rpada. MpenmyLuectBoM paspaboTaHHbIX AnropuTMOB
nepea M3BECTHbIMM QHAJIOTAMM SBSIETCS MX OTHOCUTESIbHO HM3KAS BbIMMCIIUTESNbHAS M
BPEMEHHAS CIIOXXHOCTb, YTO MO3BOJISET MPUMEHSITb MX A1t AHANM3a Bonblunx rpados,
NPeACTABNAIOMX CBS3M MOAMHOXECTBA PEanbHbIX MOJb30BATENEN COLMASBbHBIX
ceTeM M APYrMX YHACTHMKOB MOCCOBOM KOMMyHMKaumM. [paktnyeckas sHaumMmocTb
pPa3paboTaHHbIX anropuTMoB Ans MHbopMaumoHHoM GesonacHoctn Poccuitckon
Depepaupnmn 3aKIIOHAETCS B BO3MOXHOCTU MX NPUMEHEHMS ANisi KOPPEKLMM TOMONO-
MU CeTeM MACCOBOM KOMMYHMKALMK C LeNblo HEAOMYLLEHUS HEKOHTPONMPYEMOro
(«3nMpeMronorMyeckoro») pAcNpPoOCTPaHEHUs MOTEHUMANBHO ONACHOM MHbOPMA-
LMK B XOAE PEaM3aLMM CLEHAPUER KLBETHBIX PEBOMIOLMI» U MHbIX HOpPM MHOpP-
MaLMOHHOrO NpoTHBo6opCTBA. ANbTEPHATUBHLIM BAPUAHTOM NPUMEHEHMS ANFOPMT-
Ma fobaBneHus y3nos IBASETCH YCKOPEHME pACIPOCTPAHEHMS KOHTP-NPONAraHzpl B
3qLMLLIAEMOM MHGOPMALMOHHOM MPOCTPAHCTBE B LIENSIX KMMMYHM3ALMMUY» KIllove-
BbIX MH(OPMUALIMOHHBIX Y3J10B HO CBOEM TEPPUTOPUM.
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B0O3MOXXHOCTH HAYKH M TEXHUKH B HACTOAIIEe BpEMA MO3-
BOJIAIOT CO3/IaBaTh CPEACTBA M METOIBI A1 HH(OPMALHOHHOTO
BO3JEHCTBHS Ha MHAMBHAYAIbHOE, IPYNIIOBOE H MAacCOBOE CO-
3Hanue rpaxgan P®. Jeiicreyromas Boennas nokrpuaa Poc-
cuiickoii @efepaly MOAYEPKUBACT TEHJEHIMIO CMEIICHUS
BOEHHBIX ONACHOCTEH M BOSHHBIX YIrpo3 B HH(OpMaUHOHHOE
[IPOCTPAHCTBO M BHYTpeHHIOK chepy Poccuiickoit enepanny,
a TaKXKe yKa3bIBaeT Ha OJIHY U3 IVIABHBIX BHYTPEHHUX BOEHHBIX
ONACHOCTEH: JEATENBHOCTE MO MHGOPMAILMOHHOMY BO3JICH-
CTBHIO Ha HacelIeHHE, B NIEPBYIO OYepe/lh Ha MOIO/BIX IPAKIAH
CTpaHbl, HMEIOIIYIO LENBI0 MOAPHIB HCTOPHYECKUX, HYXOBHBIX
W MAaTPHOTHYECKHX Tpafuluii B obnactu sawmurel OTeyecTBa
[1]. I'eomonutHyeckre COOBITHA MOCIEAHMX JIET, B YACTHOCTH
yepena «apabeKuX peBOMIOLMIM, a Takke KOHGIMKT Ha Ykpa-
WHE OTHO3HAYHO HAIOT MOHATh, YTO TEXHOIOIHU BO3IEHCTBUA
Ha CO3HAHHME OKOHYATENLHO BBIIIIN 34 MPEENs! NCHXoI0rHye-
cKHX naGopaTopuii B CTANH HEOTHEMIIEMO# YaCTBIO OKPYKaK0-
meH peanbHOCTH. CIIOXKHO NEPEOLIEHHTH OMACHOCTh, KOTOPYIO
HECET NMpHMEHEHHe NofoOHBIX TexHonoruil nporus Poccuii-
ckoii Penepaumn. Paspaborka 3(peKTHBHEIX Mep TPOTHBO-
JIeHCTBHS TEXHOJIOTHSAM MaHUITYIMPOBAHHS IPYNIIOBLIM ¥ Mac-
COBBIM CO3HaHHEM TpedyeT BCECTOPOHHEro HCCIEAOBAHNUA
(axTOpoB, KOTOpHIE AENAIOT TAKOE MAaHHUITYIHPOBAHHE BO3-
MOkHBIM. Oco0Blif MHTEpEC BEI3BIBAIOT BOMPOCH KOHTPOMA
pacnpocTpaHeHus IOTEHIMAILHO BPEAOHOCHOH MH(OpMaLHH
B PEbHbIX COLMAIBHBIX TPYNNAaX ¥ BUPTYAIBHBIX CETEBBIX CO-
obIiecTBax, a TakiKe METOAB! ¥ AITOPHTME! YIIPaBJIEHHs CKOpO-
CTBIO PAaCHpPOCTPaHEHHUS TAKOH MH(OpMAIIHH.

‘YnpasneHue ckopoCcThIO paclpOoCTpaHeHH HHPOpMAaLMH B
CHCTEMe, NpencTaBleHHONH OonsmmM rpaoM, MpencTaBiser
coboii cnoxHy npobieMy, pelieHne KoTopoii Tpebyer obpa-
IIeHHs KO MHOTUM oOnactaM 3HaHuA. B obmem ciydae pac-
cMaTtpuBaemas HHGOPMALMOHHASA CYIIHOCTh MOJKET UMETh CO-
BEPILEHHO Pa3JIMYHYI0 MPUPOAY. DTO MOXKET OBITH KOMIIBIO-
TEPHBI WIH OWONOrHYECKHWid BHpYC, HMHTEPHET-MEM, CIIYyX,
uzes WiM HOBBINA notpeburensckuit Topap. Ha xapakrep pac-
NPOCTPAHEHHA IaHHON CYIIHOCTH IO Tpady MOMKET OKa3hIBaTh
BIIMAHKME Kak Tononorus rpaga, Tak ¥ COBOKYIHOCTS CBOHCTB
CaMoil CYIIHOCTH: €€ (OKHBYYECTB», «3apa3sHOCTh» (CKOpOCTH
nepefady oT y3/a K y3i1y), Coco0HOCTE K CaMOBOCIIPOH3BO/-
CTBY M TaK janee. FI3BecTHBI HCcleqoBaHus B 00IacTH SHe-
MHONOrHH [2—4], TaBHBEIM PE3YJIBTATOM KOTOPHIX HABISETCA
CHENyIolias BEIABIEHHAsS 3aKOHOMEPHOCTE: PacIpoCTpaHEHHe
SMUAEMUH B GHOIIOrMYECKOil CHCTEME SKCIIOHEHIUANIBHO 3aTy-
XAaeT, €CITH BhINONHAETCA HEPAaBEHCTBO:

g 1

o 3 A’ M
rae f —Ko3(QdUIMEHT 3apaxKeHus, ¢ — KO3(POHIMEHT H3ne-
4YeHHs, A — MaKCUMalbHOE M0 MOAYNIO COOCTBEHHOE YHCIO
MaTpHIB! CMEKHOCTH rpad)a CHCTEMBI.

B nacrosumeii pabore aenaercd akUEHT Ha HCCIENOBAHHMM
Tononoruy rpada, HCXoAd U3 JOMYLIECHHS, YTO HA CBOJCTBA pac-
MPOCTPAHAIOIICHCS CYIIHOCTH («MH(OPMALMOHHOTO BHPYCA»)
HENOCPEACTBEHHO NOBIAATE HEBOSMOKHO. Takim o0pasoM, pe-
UIEHHE PacCMaTpPHBAEMOi 3alauy CBOIHUTCS K OMCKY OTBETA HA

BOMpOC: KakuM 00pa3oM, M3MEHssA TOIOJOrHIO rpada, MOKHO
YIPaBIATH PacIpoCcTpaHeHHeM HHGOpMaUuK B cucteMe. B Ta-
KO MOCTaHOBKE 3aflady MOKHO pasfieNuTh Ha JBE IOA3a1ayH.

IlepBas U3 HUX — CHIJKEHHE CKOPOCTH PACIPOCTPaHEHHS
HHQOPMAIIMH B CHCTEME 32 CHET Y/IaleHHUs 3aJaHHOr0 KoIuye-
crBa pebep rpada. PaccMorpiM B KauecTse IMpUMepa pacipo-
CTpaHEHHE BPENOHOCHOW HH(OPMALWH Yepe3 COLHAIBHYIO
ceth (Twitter, Facebook, BkoHTakTe, 1 T. I1.). Y 1aJIecHHE Y3IIOB
(axkayHTOB MOJIL30BATENICH) COLMAIBHON CETH B TAKOH CHUTYa-
[U{ HEXENaTeNbHO M He BCEerja JOMyCTUMO, B TO BpeMs Kak
ynanenue pebep rpada (IpUHYAUTEILHBIH pasphIB «IpyxOb»
MEXAY NONB30BATENSIMU) MOKET OBITH NpPHEMIIEMBIM pelie-
HHeM. Beipakasice Gonee ¢opmansHO, 418 TOro, 9To0RI M0Ka-
NU30BaTh aKKAYHTEI NTOJIb30BaTeNeH, pacpoCTPaHAIOIMX Bpe-
JIOHOCHYI0 MH(OpMaIHMIO, M cIAepXkaTh ¢ pacHpocTpaHEHHE,
afMHHUCTpATOp CEeTH MOXKeT ynanuth k pebep rpaga.

Bropas 3ajmaya NpOTHBOIONOXKHA IEPBOH M CBA3aHA C
obecriedeHreM BO3MOKHOCTH GBICTPOro M MakCHMalbHO IIH-
pOKOro pacnpocTpaHeHHs UH(OPMALIMK B CHCTEME 3a CYET J0-
GapreHHs AOMONHHUTENBHEIX pebep. MBI MOXKEM MPOAOIKUTE
QHAJIOTHIO COIHAJILHOM CeTH W BCIIOMHUTE COOBITHS Ha Bik-
HeM Bocroke («apabckas BeCHa» HIIM «TBHTTEP-PEBOIIOLHAR),
B XOzie KOTOpBIX coumanbHele cetd Facebook m Twitter ak-
THBHO MPUMEHAIMCH I KOOPAHHALMH JEHCTBHI MpOTecTaH-
ToB. HeoOXoauMO MOA4epKHYTh, YTO AOMOJHHTENLHEIM KO-
4yeBbIM TpeOOBaHMEM TIPH pEIeHNH 000HX MoA3anay ABIAETCH
HX BEIYMCIHTENBHAS 2Q(QEKTHBHOCTE: pelIeHne JOKHO ObITh
NpUMEHHMO K OonbinuM rpadam cloxkHO#H cTpyKTypsl. Crnok-
HOCTh 0Oeux 3aa4 00yclOBJIEHa HECKONBKO OTIHYHBIMU TIpH-
yuHaMH. [Ina mpobieMbl cokpalieHus CBsI3HOCTH rpada Gonb-
MIMHCTBO CYIIECTBYIOIIMX METOOB MPEUIaraioT pEUeHus, oc-
HOBAHHBIE HA MAaHHMIY/ALUAX C Y3JIaMH, HATIPUMED YIaleHHH
MOAMHOJKECTBA Y3JI0B Trpada Aud MUHAMH3AUHH HHOHUIHMPO-
BaHHOMW MOMYJISALUYA U CAEPKUBAHMS, TAKUM 00pa3oM, pacipo-
CTpaHeHHs BHpYyca. B npHBEIEeHHOM BEILIE MPUMEPE COLHANb-
HOrO cliaMa 3TO 03Ha4aeT, YTO HaM, BO3MOXHO, NPHILIOCE ObI
3abn0KpoBaTH OONBIIOE YMCIO AKKAYHTOB JIOSJIBHBIX TOJIB30-
Barenei. DToil HexenaTeNsHOH NPoLEaYPsl MOXKHO H30eKaTh,
neiicTBys Gonee M30MpaTeNnbHO: YJANHB TONBKO HEKOTOPHIE
CBA3M MEXAY IONb30BATENSAMH, YTOOBI AOCTHYL CHUIKEHUA
CKOPOCTH pacnpoCTpaHeHUs HexenaTensHoH (ne3sHHdopMupy-
IOLIEH M Ae30praHu3yromieit) nHGopMaLmm.

IIpoGnema «cknenBanus» rpada npencrapnsercs ewe 6o-
JIee CIIOXKHOMN B CBSI3M C €€ BBICOKOH BPEMEHHON CIOKHOCTBIO.
ITycts — konmuuecTso y3108 B rpade. ITockonsKy Muorue rpadesr,
MPEJICTABISIONINE CTPYKTYPY pPEalbHBIX OOBEKTOB, ABISAHOTCH
BeChMa paspeKeHHBIMH, TO KOIHYECTBO OTCYTCTBYIOMINX pedep
MOXET GBITh COMOCTABHMO € 1. JlpyruMu cnoBamH, €y Tpe-
Oyercsa n no0aBuTE K rpadyy Bcero 0Ho pedpo, BEIYHCIHUTEIbHAS
CIIOXKHOCTH PEIICHHA MOKET OBITh OlleHeHa Kak O n? ). Jlanmoe
00CTOSATENECTBO NPHBOANT K KOMOMHATOPHOMY B3pHIBY BBIYHC-
NUTENHHOH CIOKHOCTH HCKOMOTO PeLIeH s, eclH Tpebyercs J1o-
GaruTh HE OIHO, a HecKoNBKO pebep. IIpocTpaHCcTBO pelueHuii B
9TOM C/Iy4ae CTAHOBHUTCH DKCTIOHEHIMANbHEIM. K HacTosmemy
BPEMEHH He HailleHsl 3 (eKTHBHBIE AITOPUTMEI LT PEIIEHHS
npobieMel «cKiTeuBaHus Gonbinux rpados.
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B mHacrosmeil pabote mnpennaraercs pellieHHe 3anauu
yIpaBlieHHd pacrpocTpaHeHHeM HH@opMauuu no rpady sa
cyeT ynanenus (nobGarieHus) KBazHoNTHMAaNbHOro Habopa pe-
Oep Ha OCHOBE BBIYHCIIEHHS COOCTBEHHBIX YHMCEN H CODCTBEH-
HBIX BEKTOPOB MATPHIBI CMEXKHOCTH rpada.

QDopmanvras nocmarnoska 3adayu. Jlna ynpomeHus 1o-
CTpPOEHHST MOAEIH Oy/ieM paccMaTpHBaTh HEB3BEIICHHBIE TpadbI,
XoTsl pa3paboTaHHbIC AITOPHTMEI MOTYT OBITE 0€3 OrpaHHYCHHs!
obmHOCTH MOAM(HIMPOBAHEI IS B3BEIICHHBIX Tpado. Pac-
cMaTpHBaeMble rpadsl MpeACTaBiIeHsl MaTpuleii cmexHocTH. B
Tadn. | nepeyrcIeHs! OCHOBHEIE HCMIONE3YeMble CHMBOJIEL

Tabnuua 1
OCHOBHEBIE CUMBOJIBI, HCIIOJIb3YeMble B paboTe
CumBon | Omicanue
A,B,... | matpuus! (mpomicHsie OYKBEI TATHHCKOTO aj-
¢asnTa)
A(i,j) JJIEMEHT Ha TIEPECEYEeHHH i -H CTPOKH M j-TO
cronbua MaTpramsl A
a,b,... | BekTOpHI (CTpOUYHBIE OYKBBHI JIATHHCKOTO aJipa-
BHTA)
i AN S MHOMKECTBA
A MakcHMalibHOe (10 MOJYM0) CODCTBEHHOE
YHCIIO MAaTpHLEl A
n KOJIMYEeCTBO BepIMH (y310B) rpada
uv NeBBlf M TpaBbli  COOCTBEHHBIE BEKTOPBI
(umuHB n) MaTpunel A, COOTBETCTBYIOLIHE
cobCTBEHHOMY YMCay A
m Konm4ecTBO pebep rpada
k KOIMU4ecTBO pebep, KOTOpEIe MOryT ObITh yia-
JIeHHI 13 rpada uiu fobasiieHs! B rpad

ITpH OCYIIECTBIEHHH CPABHUTENLHOIO AHAIA3A ABYX BO3-
MOXHBIX MOIXOMO0B (yAaleHHE BEPIIMH U yjaneHue pebdep) K
PEIIEHHIO 329K CHIDKEHHS CKOPOCTH PACIPOCTPAHEHHS HH-
¢opmauuu Ha rpade, NMoNE3HO BBECTH IOHATHE JIHMHEHHOrO
rpada, y31Isl KOTOPOro MPeCTARMIAIOT pedpa HCXOMHOrOo rpada.
Janum opMansHOe onpeneneHye nuHeHHoro rpada:

Ilycts an HanpasaeHHsii rpad A . Ero nuHeiHsM rpadom
L(A) Oyzem HasBIBaTh TaKol rpad), B KOTOPOM KayK/ias BEpIIMHA

npezicTapiser pe6po uexonHoro rpada A , MpH ITOM BEPUIMHEI
ep M eq rpada L(A) cBa3saHbl MeKIy COGOA pebpom Torka 1

TONBKO TOrJA, €CIH sl COOTBETCTBYIOIMX pebep <ip, jp> "

(iq, jq> HCXOIHOro rpagpa A BEpHO PaBEHCTBO: iy = j, .

B nensx Brifopa d(h¢eKTHBHOH MpoLEAyphl H3MEHEHHS
CTPYKTYpHI rpacda s okazaHus LeJeHaNpaBIeHHOro BO3ek-
CTBHSl Ha IpoLiecC pacHpocTpaHeHus HH(pOpMaIUH, HeoOXo-
JHUMO PEIINTE CIEAYIOIMIHE 3aJa4H:

1. Onpenenuts KIHOYEBBIE HapaMeTpsl (METpUKH) rpada,
onpeeNsIonue CKOpOCTh PaclpoCTpaHeH s HH(pOPMALHHL

2. OnpenenyTh THITB ONIEpaLIHii (HAPHMEp, YAAIEHHE Y3JI0B
unu pebep, nobasienne y3ios wid pebep  T. A.), JOMYCTHUMEIE
JUI U3MEHEHHs CTPYKTYpHI rpada B Lendax BO3NeHCTBHA HA
MPOLIECC pacipocTpaHeHust HHPOPMAaLHH.
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Jns 3apanHO# onepauuu Ha rpade paspaborath d¢dek-
THBHBIE MacIITa0HpyeMble alrOPHTMBI IS ONTHMHU3ALNH 3a-
JaHHBIX ITapamMeTpos rpada.

PesynbTaThl HCCNEJOBAHHH, NPHUBEJECHHBIE B HCTOYHU-
kax [3; 5], moka3sBarOT 4TO M OGONBIIOrO ceMelcTBa pe-
aJIbHBIX CHCTEM B NPHPOJE, M3 BCEX BO3MOKHBIX IapaMer-
POB €OMHCTBEHHBIM, ONPEAENAIONNM, IPUMET JIH MpPOLECcC
pacnpocTpaHeHus HHPEKIHH XapakTep HEKOHTPOIHPYEMOit
SMUJIEMHH, ABNAETCH MaKCcUMajibHOe (MO MOAyIw) cob-
CTBEHHOE YHCIIO MATPHUIEI CBA3HOCTH rpada A . JlaHHbie pe-
3yNpTATHl caMM Mo cebe mpeanaralT oOLIYI0 KOHLENIHIO
YIpaBJIeHHsa CKOPOCTHIO PacnpOCTpaHeHus HHGOPMAIUK 1O
rpadyy NOCPENCTBOM YBEIHYEHHS WIHM YMEHBLIEHUs col-
CTBEHHOIr0O YHC/Ia MATPHIEI CBA3HOCTH.

TaxkuM oOpa3oM, HCXOAHAA TOCTAHOBKA 3aJauydl MOMKET
6BITE cBeeHa K mpobiieMe onTHMU3ALMK COOCTBEHHOrO YHCIa
MaTpHIEI CBA3HOCTH:

MuHEMWU3a1Ms TIaBHOTO COOCTBEHHOTO YUCHA A IS alro-
puTMa ynaneHus pebep (3ameieHHe paclpOCTPaHEHHS WH-
opmamm).

MaxkcuMH3a1us TJIaBHOrO COOCTBEHHOrO YMCIa A IS an-
roput™a fobapneHus pebep (yBelu4EeHHE CKOPOCTH pacrpo-
CTpaHeHUs UH(POpMAIIUH).

C yueToMm BBEOCHHBIX BhIIIEe 0003HAYEHHH, paccMaTpHBae-
MBIE HAMH 3afaudl MOryT OBITH (JOPMANBHO ONpEReNeHbl KaK
CIenyIOIHe ABE IMoA3aayum:

Hodzadaua 1. Yoanenue pebep.

Jano: Bonpuoii rpad A pasMepHOCTH nxn M HATYpaib-
Hoe uncino k — muMut pebep Juis yraneHus;

Haiitn: Habop k pebep rpada A, ymanenue KOTOPBIX
NpHBENET K MaKCHMAalJbHOMY YMEHBLIEHWIO COOCTBEHHOTO
YHCIa MATPHLBI CBSI3HOCTH rpada A W CHIKEHHIO CKOPOCTH
pacrnipocTpaHeHus HHbOpPMAaLHK.

IToozadaua 2. [Jobasnenue pedep

Hano: Bonpwioii rpag A pasMeEpPHOCTH nxn ¥ HATYpaib-
Hoe uucno k — aumut pebep s nobasnenus;

Haiitn: HaGop k peGep, mobasnenue KOTOPEHIX K Ipady
A npuBeneT K MaKCHMAJIHHOMY YBEIMUYEHHIO COOCTBEHHOrO
4yClIa MATPHLIE! CBA3HOCTH rpada A M yBEIHYEHHIO CKOPOCTH
pacnpocTpaHeHus HHpopMaIHH.

Kak Gymer nmokazaHo Hike, obe noazanadd HOCAT KOMOH-
HaTOPHBII XapakTep.

Anzopumm yoanenus pebep zpaga.

3apava ynanenus pebep rpada CBOIUTCH K CIEIYIOLIEMY:
HeoOXouMo HaiiTi u yaamuts Habop k Haubonee «BaKHBIX»
C TOYKH 3peHHs mnepenaun ungpopmauun pebdep rpaga A . C
YYETOM BBEJICHHOTO OmnpeseneHus nuueiiHoro rpadga L(A),

«BaxHbIe» pedpa rpada A cranopsaTcs y3mamu rpada L(A).

Toaxox K peleHuio moazaa4yn | OCHOBaH Ha OLICHHMBAHHH
YMEHBIIEHUS MAKCHMATBHOTO 110 MOAYIIO COOCTBEHHOTrO 3HAYE-
HHSl MATPULBI CBA3HOCTH B PE3Y/BTAaTe YHANCHHS ONpenesieH-
HOTO ToAMHOsKecTBa pebep. «HauHoe» perieHue 3aKIio4aeTcs
B niepeGope Bcex BOSMOXKHBIX MTOAMHOMKECTB pebep U BEIYHCIIE-



INFORMATICS, COMPUTER ENGINEERING AND CONTROL

HUM CODCTBEHHOTO YMCIA MATPHIBI A KBl pa3 nocne yia-
JIEHHA COOTBETCTBYIONIETO MoAHA60pa, TOCKONBKY BKIA] yae-
Hua Habopa peGep rpada B ymeHblIeHHe COOCTBEHHOrO YMCIa
MATPHIIBI CBA3HOCTH HECBOAHM K CYMMe€ BKIIAJIOB YAANCHHS OT-
nensHEIX pebep. OdueBHOHO, YTO JaHHBIH «HAHBHBII) BAPHAHT
HelpHeMiieM Uit Oomsmmx rpaoB, TOCKOIBKY BpeMeHHas
CIIOXKHOCTH B 3TOM CiTydae cocTanaeT O(m) Ui KaKIOro u3

!
Ck — m:
™ k!(m-k)!

ITycte u M v — NeBbIA U NpaBblii COGCTBEHHBIE BEKTOPBI,
COOTBETCTBYIOIME MAaKCHMANLHOMY IO MOAYMIO COOCTBEH-
HOMY YHMCIY MATPHIBI CBA3HOCTH, COOTBETCTBeHHO. MHTYH-
THBHO TOHATHO, YTO KOMIIOHEHTE! JAHHBIX BEKTOPOB (u (i) |
v(j)s i, j =1,...,n) HesBHBIM 06PA3OM OTPAXKAIOT BKJIAJ COOT-
BETCTBYIOIIMX y31I0B (7, /) rpada B MakcHMalbHOEe COOCTBEH-
Hoe uHcno. Wmes mpemnaraeMoro ajaropurMa OnpefeneHus
KBa3MONTHMaJIbHOrO Habopa pebep uid ymaleHWs 3aKio4a-
ercs B OLICHHBaHMM BKITafia KaKHOro u3 pebep B pe3yinbTHPYO-
mee COﬁC’[‘BCHHOe HUCJIO MATPHILIBI CBA3ZHOCTH HAa OCHOBE BBI-
YHCICHHA TTPOH3EBCACHHA KOMIIOHEHT JICBOIO H IpaBoro cob-
CTBEHHBIX BEKTOPOB Julsl Beex pebep rpada (puc. 1).

TMOJIMHOXECTB pedep.

Anroputm yaaneHus pebep
BXog, :MaTpMLa CBA3HOCTHU A, HONMYECTBO yaanaembix pebep k
BbIXoA: NOAMHOMeECTBO {E}, yaanaembix pebep rpada
1. BBIMMCAMTL FABHOE COBCTBEHHOE YHCAO X MATPHLBI A,
2,0603Ha4NTh NeBbIF W NPaBbii COGCTBEHHBIE BEKTOPLI U W V

3.Ecnm ming._ qu(i} < 010

4| npucBoUTL U +— —U

5.KOHel,

&.Ecamn min. V(i) < Ovo

7.| npucsomTb v ¢ —v

8. KOHel,

3. ANA KaMBOTO &y : (ix,je) €x=1,....M; iy, = 1,...,n genats
1e.|ou,e|-ma Slex) = (i) x vijx)

l11. HoHey,

12.BoaspaTuTh { £}, peep rpada c MAKCMMaNbHBIMK SHAUEHUAMN OLEHKK S(e,)

Puc. 1. Anropursm nowcka nogMuoxectsak pebep rpada
U151 YAANEHHs! B LEJsAX 3aMeJIeHHs pacpocTpaneHus nHdopmamu

IIpoBeneHHbIH aHATH3 TOKA3aJT, YTO M3JIOMKEHHBIH alrOpHTM
TO3BOJIAET NONYYUTE BECEMA TOYHYHO OLIEHKY PEalbHOTO YMEHB-
HIeHAs COBCTBEHHOrO 4MCiIa MarpHibl CBA3HOCTH, YTO CyIle-
CTBEHHO COKpAWACT BBIYHCIUTENBHYIO CIOKHOCTE OIpeiene-
Hus k Hambonee BaxkHBIX pebep. BpeMeHHas ClI0XKHOCTE B 9TOM
ciiydae MOXeT ObITh OLEHeHa Kak O (mk +n), @ eMKOCTHAsS —

O(n+m+k) (neransHoe 06OCHOBaHHE MOTYYEHHBIX OLEHOK
BBIYHUCIHTEIBHON CIOMHOCTH ONYyHIEHO A Kpamocm)

Anzopumm dobaenenun pebep zpagha. PaccMoTpuM Te-
nieps moxzanady 2 (nobasnenne Habopa pebep Ans yBenTHIECHHS
CKOPOCTH paclpocTpaHeHns uHbopManmn no rpagy). Teope-
THYECKH MBI MOTTIH ObI HCIIONB30BAThH TOT e IOAXOJ, Y4TO M
npu ynanenun pebep (A1 KaXkaoi napsl Y3108, He CBA3AHHBIX
pebpom, BeraucTuT OneHKY S (e, ) = u (i, )v(j, ) ¥ BBIOpaTh k
pebep C HAMBEICHIMMH TONYJeHHBIMH oueHkamu). OmHako
GonpLIoe KOMMYECTBO pealbHBIX rpadoB MOryT OBITH mpen-
CTaBJIEHBl CHJIBHO PA3pexeHHOH MaTpHuell CMEeXHOCTH, s

WWW.H-ES RU

KOTOpOHl m << n>. B 3TOM Cilydae BEIMHCIHTENBHAS CIOXK-

HOCTB A1 00paboTKH Bcex He cylecTByiommx pebep rpada
NpONMOpLMOHANbHA  KBafpaTy KONMYECTBA €ro  y3iloB
o(n?-m)~0(n?), aro HETIPHEMIIEMO IS TIPAKTHYECKOro
ananmm3a 6onpmmx rpagoe. [IpennaraeMelit HAMH alNTOPHTM HO-
Gasnenns pebep HCKIIOYAET U3 PACCMOTPEHHS 3HAYUTENBHYIO
4aCTh HECYLIECTBYIOIMX pefep Ha OCHOBE MPEIBAPUTENHHOTO
aHa/M3a KOMIIOHEHT COOCTBEHHBIX BEKTOPOB u; H v i (puc. 2).

Anroputm pobasneHus pebep |
BXof : MaTpHua CBAIHOCTH A, KonkvecTeo gobasnsemeix pefep k

Bbixog: T80 {E}; f06 HHbIX pefep rpada

1 BeMWCAHTE NeBbii (U) u N {v) cober MATpUULI A, COOTBETCTBYIOWME
MaHC y cofic y ancny (u, v = 0)

2 BBIMMCAMTE MIHCHMANBHOE WHOCTH (i) M T gy}
y3na AiNA MaTpuubt A

3 Haitmu nogmuomectso {1 }i.q, Y3008, COOTBETCTBY MK
BEKTOpA U,

& HafTi noamHomecTBo {7 fiiq,, Y3N0B, COOTBETCTBYIOWMY MIHCHMANBHBIM JHAYEHMAM
HOMMNOHEHT BEKTOPA V.

5. [nA kawporo e, : {ix e}, i € I, e € T, Al ij) = 0 genams

&| Ouenna 5(ey) = u(i)vijy)

7. HOHeL,

& Bozspatute {£}; pebep rpadia ¢ mane

oueHin S(ey).

Pue. 2. Anroput™ noMcka noaMHoxecTea k pebep rpada ans mo-
OaBNieHHs B LeNAX YBeJIHYEHHS CKOPOCTH PacrpoCTpaHeH s
MH(popMAaLHH

B kayectBe mpuMepa paccMoTpuM JBa rpada, nepBslii 13
KOTOPBIX ABMACTCA MPEACTABICHHEM CBA3CH «YuTaTENh — MO~
NHUCYMK» TOAMHOXKECTBA MONb30BaTeNEil COHMANBHOM CEeTH
Twitter (puc. 3), a BTopoii NpeAcTaBIsgeT CBA3M NEPCOHANKEN
pomana «OrBepskennsie» B.I'toro (puc. 4).

®

%
of ®
% NG
(29)

@@689

Pue.3. I'pah ceszeii «unTaTens — NOAMUCYNKY MOJMHOMKECTBA MOb-
3oBatesei coumnansHoi cern Twitter

it

Pue.4. I'padp ceazeil nepconaxeil pomana «OTBEpPIKEHHBIEY

WHTYUTHBHO MOHATHO, 4TO i rpada, npelcTaBIeHHOro
Ha pucyHke 3 (22 y3na, 21 pe6po) Hanbonee BaXKHEIM B CMBICTIE
Hnepefa4yd TOTEHLUMANBHO ONacHoW HHGMOpMaUMH ABIACTCH
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pebpo, coepursiomiee y3nel NeNe2 1 19. Vaanenue atoro «mo-
cTa» MExAy KIacTepaMH CYIECTBEHHO BIIMSET Ha CKOPOCThH
pacnpocTpanenns «MHGeKHm» 1o rpady u BEpOSTHOCTE 3apa-
JKeHuA Ipyrux ysnos. OnHako yxke Ana rpada, NpeacTasieH-
HOrO Ha PHCYHKE 4, 4bs pa3sMepHOCTb cocTaBiusieT 77 y3IIO0B H
254 pebpa, pelieHne HE MPEACTABIAETCS TAKHM OUYCBHIHBIM.

PesynpTaThl pacdyeToB, BEIIOIHEHHBIE HA OCHOBE pazpabo-
TAHHOTO AJITOpPUTMAa yaaneHus pebep s rpada ca3el «unuta-
TeNb — MOANMCYUK» NONB30BATENEH conransHoi cetn Twitter
NpH k = 5 , MpHBeAeHE! B Tab/. 2. Pe3ynbsTaTsl OTCOPTHPOBAHBI
B TopsAnKe yObIBaHuA oueHKH S (e, ).

Tabmuua 2
Pe3ynbTaTsl NpUMEHEHHS alropHTMa yaaneHus pedep
Kk rpady nmons3osatenei cetn Twitter.

Pebpo u(iy) v(Jjx) S(ex)=u(ix)xv(Jjx)
(2,19) | 0,642 0,298 0,191
(2,18) | 0,642 0,189 0,121
(2,3) 0,642 0,189 0,121
(2,5) 0,642 0,189 0,121
2,9 0,642 0,189 0,121

Kak BHHO 13 TaGmuibl |, MaKCHMaIbHas oleHka S (e, )
npucBoeHa pebpy (2 —19), 4o BnomHe cornacyercs ¢ HalMMH
HHTYHTHBHBEIMH NpeIcTaBIeHusMH. PesynsTar pacdera mis
rpada cBszell mepcoHaxkedl pomaHa «OTBep:KEHHBIEY» Hpef-
cTaBieH B Tabm. 3.

Tabnuua 3
PezynbTaTel NpUMEHEHNS ANroOpHTMa yaaneHus pedep k rpady
cBsa3ed nepconaxked pomana «OTBEpKEHHBIE)

Pebpo | Cootsercteue |u (i) |v(j,)|S (ex)=u(iy)xv(jy)
pebep umeHam
(48, 11) Fa’*g"m'm‘* 0,268 (0,318 0,085
aAllbyKaH
(48,58)| Faspom— 1431010567 0,085
AmKonspac
(48, 55) Fﬁﬁp"““ 0,3180,259 0,082
apuyc
(48,64 12POM1031810,04 0,077
OCCHD
I"agpomr —
(48,62) p i | %318 0,232 0,074

ITpumeyaTensHEIM gBseTcs TOT GAKT, YTO OBIMM Y3I0M
I Beex matd pebep mepefadyd MHPOPMANMH, TONYYUBIIMX
HAWBBICIIME  OLEHKH, SBIACTCA  MATbUMK-OeCTIPU3OPHHK
T'aepow. Ha BTopoM KkoHLie Beex nepevucieHHsix pebep Haxo-
JUATCS PEBOMIOLMOHEPH! — 3alIUTHHKY Oappukaz, [lanHoe obcro-
ATENBCTBO MONHOCTHIO COMMIACYETCS ¢ TeOpHei MHOrOCTyIeHYa-
TOH KOMMYHHKAIIHH H TIOATBEKAACT TE3UC O TOM, YTO MaprH-
Hanbl (JIIOIH, HAXOAANIHEC] HA TPAHULIAX COLMANBHBIX TPYIII U
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Majo B3aUMOJCHCTBYIONIHE CO CBOUMH IPYINAMH) CIy:KaT HH-
(opMaLMOHHBIMU «MOCTHKaMID) MEKIy TpymaMH [6]. Fuadop-
Malus, HAYImas OT «UEHTPAIBHBIX» WIEHOB rpynn obnanaer
GonpIIeH TOYHOCTRIO M NONB3YyeTcs GonbliuM goBepHeM. Map-
THHAJIBI, KaK MPaBWIO, PaclpoCTPaHsIoT CIuieTHH. TOYHOCTH H
JIOBEpHE HEBEIHKH, HO CKOPOCTh PacHpOCTPaHEHHs IepeaaBae-
MBIX MapruHajJamM CIyXOB — BbicOKas. IlonyueHHbIe pesyiib-
TaThl TAKIKE MOATBEPIK/AIOT TEOPHIO MPOYHOCTH cAbBIX CBA3Ei
I'panoBerrepa [7], COrIaCHO MEKIPYNIOBBIE «MOCTHKH» CO-
CTOAT NMPEMMYIECTBEHHO U3 cnabbIX CBA3eH M MOTYT NpoAep-
KaThCA TOPA3/I0 OJBIIE, YEM «MOCTHKI», COCTOSAIIME U3 Kperl-
KHX cBa3ed. MapruHaibl HMEIOT TEHACHILMIO HMEHHO K Cl1abbiM
CBA35M, TO €CTh IIOIHOCTHI0 COOTBETCTBYIOT (DYHKIHH, OTBOJU-
MO¥ HM MHOTOCTYIIEHYATOH MOJIETBI0 KOMMYHHKAIHH.

Takum oOpasom, paspaboTaHHBEIE AITOPUTMBEL MO3BOJIAIOT
HAaXOIUTh KBa3HONTHMANbHEIH Habop pebep s LeneHanpas-
JIEHHOTO M3MEHEHHs TOMONOTHH rpad)oB B MHTEpecax yckope-
HHs WM 3aMeIJIEHHA pacnpocTpaHeHus uHpopmauuu. IIpe-
HUMYIIECTBOM MPENCTABICHHBIX B pafore anropuTMOB MHEpes
W3BECTHBIMHM AHAJIOraMH fABJSETCH X OTHOCHTENBHO HH3Kas
BBIYHMC/IUTENEHAS W BPEMEHHAs CIOXHOCTh, 9TO TO3BOJIAET
NPUMEHATh MX g aHanm3a Oonsmmx rpados. [lomyueHHbIe
aJlrOPUTMBI [IPOrPaAMMHO peallH30BaHbl Ha (YHKIMOHAIBHO
OPHEHTHPOBAHHOM KPOCC-IUIAT(HOPMEHHOM A3BIKE IPOrPaMMu-
poeanus Python u anpoOupoBaHsl B X0€ SKCIIEPUMEHTAIBHBIX
uccnenopanuii. Ilpakruyeckas 3HayuMOCTh paspaboTaHHBIX
aNrOpUTMOB M TIPOrPaMMHBIX KOMIOHEHTOB Ui HH(OpMaLu-
oHHO#1 GezonmacHocT Poceniickoit Penepanuy 3aKi0yaeTcs B
BO3MOMKHOCTH HX HCIIONB30BAHHSA JUIA TEKYILEro aHalus3a pe-
alBHBIX TpadoB, TAKUX Kak rpadsl cBa3el nonb3oBarenei co-
UHANBHBIX CETel, M OCYINECTBIICHHS KOPPEKLMH TOMOIOrUH
3THX Tpa)oB C LENBI0 HENOMYIIEHHA HEKOHTPOIMPYEMOTrO
(«3MHAEMHONIOTHIECKOT0») PACpOCTPaHeHHsS MOTEHIHANBHO
OnacHO# HH(pOpPMALHA B XOJe peaJv3alfi CLIEHAPHEB «IBET-
HBIX PEBONIOLMIA» W MHBIX (opM HH(OpMALHOHHOH GOpHOLL.
ANbTEpHATMBHEIM BAPHAHTOM NMPHMEHEHHS aJiropuTMa aobap-
JIGHHS Y3MIOB SIBJISETCS YCKOPEHHE paclpOCTpaHeHUs KOHTp-
nponaraHjsl B HHQOPMAIHOHHOM MPOCTPAHCTBE TIPOTUBHUKA,
a TaKoKe B LEISX «MMMYHH3ALMI) KITIOYeBbX HH(OpPMaLHOH-
HEIX Y3JI0B Ha CBOEH TEPPUTOPHH.
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METHOD OF SOCIAL NETWORK TOPOLOGY
MANAGEMENT IN ORDER TO PREVENT UNCONTROLLED
EPIDEMIOLOGICAL DISSEMINATIONOF INFORMATION
BETWEEN NODES

Gnidko Konstantin Olegovich,
St-Petersburg, Russia, greeny598@gmail.com

Abstract

The displacement of military dangers and military threats to informa-
tion space and the inner sphere of the Russian Federation, activities
of various destructive forces with the goal of the information impact
on the population of Russia, especially young citizens, including
those with the aim of undermining the historical, spiritual and patri-
ofic traditions in the area defending the Fatherland, the widespread
introduction of information technologies on the one hand and imper-
fection of methods of control of contamination (infection) of mass
communication media with negative information on the other hand
necessitate the development of technical methods and means to pre-
vent the harmful impact of potentially harmful information on individ-
ual, group and mass consciousness of the population of Russian
Federation. The goal of the research fulfilled was to reduce the risk
of negative information influence on the minds of the subjects of the
mass media communications in Russia. The subject of the research
are the methods of information dissemination management in social
networks and other network structures. The proposed method of pur-
poseful modification of the graph topology of social network is main-
ly based on the results obtained by researchers in the field of epide-
miology which allow to calculate the key parameters that determine
the possibility of an uncontrolled epidemic spread of the infection in
biological systems. The main results obtained are algorithms for
removing and adding quasi-optimal subset of graph edges based on
the calculation of the maximum eigenvalue of its adjacency matrix.
The advantage of the developed algorithms over the known ana-
logues is their relatively low computational and time complexity that
allows their use for the analysis of large graphs that represent certain
subset of connections of the actual social network users and other
participants in the mass media sphere. Practical significance for infor-
mational security of Russian Federation of the algorithms developed

For citation:

is their possible application for correction of mass communication
network topology in order to prevent uncontrolled («epidemiologi-
cal») spread of potentially dangerous information in the course of
«color revolutions» scenario and during other forms of information-
al warfare. An optional application of the graph gelling algorithm is
facilitating of counter-propaganda spread in the protected informa-
tion space in order to «immunize» the key information nodes on the
own ferritory.

Keywords: Information and psychological security, social net-
works, mass communications, graph topology, contamination of
information, epidemiology, eigenvalues.
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ABSTRACT

Keywords: software-defined networks;
load; traffic management; resiliency;
availability; metric; routing.

In this work the traffic management model, based on the telecommunication load
is studied. This method can be applied to the IP-based software defined networks.
EIGRP routing protocol algorithms were studied as well. The dependence of El-
GRP path metric on changing load in modeled IP network was plotted using Mat-
Lab. Found results showed that the default behavior of EIGRP protocol in relation
to the calculated metrics with the load taken into account, in the event that this
option is activated, is unstable and probabilistic in nature and leads to a state
where the EIGRP route metrics are constantly recalculated, resulting in a random
rerouting and loss of control over the management of IP network, which in turn
leads to a denial of service and disruption of an availability of information, which
is one of the main elements of information security. To prevent such behavior it is
suggested to use modified EIGRP routing model — to carry out on to the separate
device, the controller, a method of traffic management, which on a centralized
basis collects information on the active load on the device interfaces. To process
the information obtained from the devices, controller uses the algorithm which in
turn allows considering not absolute, but relative change of load on the interfaces
on the network devices. Within the described algorithm it is offered to used dif-
ferent values of coefficients, which, when changed, can allow bigger or smaller
sensitivity of the offered algorithm to the relative changes of the load on interfaces
of network devices. Using numerical modeling the plot of the dependence of path
metric, calculated by EIGRP, on changing load in the modeled IP network, with the
described algorithm taken into consideration, was built. The results showed that
using the described method can stabilize the work of EIGRP and provide more
control over the IP network, which in result can prevent failures in service and
provide the information accessibility.
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Introduction

In modern data transfer networks operating on the TCP/IP
protocol stack, one of the most commonly used routing proto-
cols is EIGRP or Enhanced Interior Gateway Routing Protocol.
At first this protocol used to be proprietary and it was owned by
its developers, Cisco Systems, who opened their creation to the
general public as an Informational RFC, allowing other vendors
to implement the protocol in their devices.

Initially, EIGRP was presented as a “hybrid” routing pro-
tocol that combines features of both link-state and distance-vec-
tor protocols. In fact, it is more correct to call it an enhanced
distance-vector routing protocol. Unlike other protocols based
on that algorithm, which are waiting for the route information
updates while in dormant state, EIGRP inquires it by itself.

Unlike its predecessor, IGRP or Interior Gateway Routing
Protocol, which was also designed by Cisco Systems, EIGRP
does not rely to Bellman-Ford algorithm for finding the shortest
path, but instead it uses Diffusing Update Algorithm or DUAL.
There are some terms that can be associated with this algorithm:

e  Successor — a neighboring router, through which the
packets can be sent with the minimal cost;

e  Advertised Distance (AD) — the cost (or the metric) of
a route, which comes through the closest router to the destina-
tion network;

e Feasible Distance (FD) — AD value summarized with
the cost of the route from closest router to the local one;

e Feasible Successor — a spare router, through which
there is a route without loops;

e Feasible Condition — a condition stating if a router can
become a Feasible Successor. (AD of a possible next router
should be less than the FD of current route).

DUAL operates on the principle of a Finite State Machine
(FSM). This way the work process for this algorithm is that if
the connection with a successor is interrupted, the FSM will
check the network for a possible successor, and, if there is one,
it will become primary. After that the successor will be added
to the routing table. Possible successors (if there are some) will
be added to the topology table as well. If there are no Feasible
Successors, the FSM puts the destination network into active
state and requests new possible routes from its neighbours. In
case where there is a possible neighbour, the successor is added
to the routing table and all actions for the feasible successor are
repeated. If there is no possible new route to the destination net-
work, it gets deleted from topology and routing tables.

There are three tables used in EIGRP:

e Neighbor table — contains information about routers
connected to a current one;

e Topology table — contains information about routes;

e Routing table — used while there has to be a decision
about forwarding packets.

Implementation

To evaluate a quality of a route a metric is used. Mefricis a
number that represents some characteristics of a route or their
aggregate. EIGRP has 5 of those characteristics, while only 2
are used initially:

e Bandwidth - lowest aggregate bandwidth between the
source and the destination;

e Delay — cumulative delay of all of the interfaces on the
route;

e  Reliability — worst reliability on the route;

e Load — worst load on the route;

e MTU - lowest MTU on the route. Is not used to calcu-
late the metric, but still included into the EIGRP updates.

To calculate the metric K;, K;, K5, K, Ks coefficients are
used. By default, K; = K; = 1, K, = K, = K; = 0. Values of
given coefficients can vary from 0 to 255.

The formula to calculate the EIGRP composite metric is as
follows:

M = (K * BW + (222 ) + K,  Delay) +

K
(i) 256 M
Where:
107
BW = 256 * m; 2)
Delayy
Delay = 256 * (Z? _";J’ ) 3)

Where Delay, — is an aggregate of all of the delay values
on all of the interfaces.

With constant load changes, recalculation of metrics with
this formula can lead to a random route change and to loss of
control of data network. This outcome leads to a denial of ser-
vice, which can not be a desirable situation.

To prevent such behavior, it is proposed to apply an algo-
rithm, which takes into consideration previous load values. To
investigate the effect, this algorithm will have on the route met-
ric, a simple network model was created (Fig. 1).

10.0.0.0/8

8 Mbps 100 Mbps |

5000 msec 100 msec ‘

Fig. 1. Researched network topology.

In purposes of the research, the following values were cho-
sen:

e BW, = 100 Mbps = 100000 Kbps;

e BW, = 8 Mbps = 8000 Kbps;

e Del, =100 msec = 0.0001 sec;

e Del, = 5000 msec = 0.005 sec;

e Rel =255,

As a Load, values of a uniform distribution function are
chosen.

Values of a coefficients, used in the research:

o K =K, =K;=1;

o K,=K;=0.

Thus the formula (1) takes the form of:
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CM = 256+10 (256.107)
(Ky * ( )+K2 m + K5 # (256 *

("%jn%))) 4)

Without taking into consideration the previous load values,
the metric will appear as shown in the figure (fig. 2).

e
s

Watn

I RN R RN R e R e |
. 5

Fig. 2. Metric values depending on time.

As it can be seen on the graph, at some moments the value
of metric significantly increases, creating a “peak”. This may
adversely affect the operation of equipment.

The main problem of EIGRP, when working with load pa-
rameters, is how unstable the routes are, because of the proba-
bilistic nature of the load. As a result, current protocol imple-
mentations do not use these parameters to calculate the metric.
To get around these limitations, it is possible to use an adaptive
algorithm, which responds to the load changes [3,4] and defined
by difference equation:

Load; = a * Load;_; + (1 — a) (5)
* Load o,
0sa<1

According to the traits of differential equation, the value of
the Load parameter, calculated for the current time period on
the controller will depend on the values of Load, calculated on
the previous time period and the values of Load parameter, ac-
quired from the router for the current time period. With this
equation the value of the latter in the total calculation result will
depend on the value of coefficient «. While this coefficient is
increasing, the sensitivity of a current algorithm to changes in
the load is decreasing and vice versa. The question of how to
choose the value of the coefficient in case of specific topologies
and traffic patterns (load probability distribution law) is open
and requires further investigation.

At the controller level [1,5] the threshold value is set, and
it provides the condition of reaction on changes in load. With
the setting of an @ coefficient, it determines the complete reac-
tion of an algorithm to load changes in the network.

Since for the calculation of metrics for the route, the router
uses integer numerical values of all the parameters (bandwidth,
delay, load and reliability), the controller-based calculations
should be rounded to the nearest integer value, to subsequently
pass those to the router.
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The calculations are done for those router interfaces, which
parameters controller was able to get.

The controller

O\
&

Fig. 3. Algorithm working process
in the software-defined network

10.0.0.0/8

After the threshold value of a parameter (given by an ad-
ministrator) was reached due to changes in load values, the con-
troller transmits to a router (or several routers) the decision to
recalculate the route. Since the router participating in the
EIGRP working process know the current load values, the trans-
mission of those parameters is not required. After receiving the
decision whether to recalculate the routes, the router begins
metric calculations either for all of the routes or only for those,
which are affected by changing metric values according to the
current EIGRP specifications without any modifications. This
kind of final realization of proposed mechanism uses already
existing on the network devices mechanisms and algorithms
and it does not require any kind of changes neither in the hard-
ware nor the software of network devices [3,4]. The proposed
algorithm with all of the calculations can be deployed on a con-
troller, which can be any platform [2], software or hardware,
with the support of the relevant APIs.

As aresult of the implementation of an adaptive algorithm, the
EIGRP metric takes the form shown in the figure below (fig. 4):

Te
saomon

T N L e A

Fig. 4. Metric values depending on time, after the implementation
of the adaptive algorithm

As it can be seen from the plot (fig. 4) the metric values are
changing a lot smoother and there are almost no drastic changes
in values (peaks).

On the image above (fig. 5) metric values before and after
the implementation of the algorithm are together. The dotted line
is the values with the standard working process of EIGRP, while
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the regular line is what the metric values are after the implemen-
tation of proposed algorithm. As it can be seen from the plot, the
reaction to the significant change in the metric is not that substan-
tial. This can help set the certain threshold value of that change,
for which it will be not necessary to recalculate the route.

R R R

Fig. 5. Metric values before and after implementation
of the adaptive algorithm

The control process of a LAN based on the short-term predic-
tion of the spread of self-modifying code across the network nodes
can be presented as a closed loop, consisting of separate phases
(fig. 6). The first four phases define the cycle of processing and
analyzing the information, while the rest define the control cycle.

Information processing and analyzing cycle solves the prob-
lems of generalization, processing and defining of the status of the
self-modifying code (SMC) in the network nodes at a certain time;
the problems of transmission of the given information to the net-
work control center (NCC). The control cycle is responsible for
prediction of the SMC spread through the network nodes, as well
as for the decision-making in case of acquired data.

Forming the information about
| he SMC state |

Transferring the state
information

MNCC control program

Deciston-making about returming the
uired network security level

Get"ﬂng the control commands to the
controlled object

-I Execution of those comnmdsl

| Control cycle |=

Control of the command
execution

Fig. 6. Control process of the LAN NCC

In order to predict the spread of SMC, it was decided to
use one of the control methodologies based on the Model
Predictive Control (MPC). This methodology is already in
use for almost half of a century in such areas like oil refining
industry, medicine, energy, robotics, etc., which cans show
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that this methodology is effective and universal, as well as
time-proved.

The development process for the control method for LANs
based on short-term prediction of the SMC spread can be di-
vided into the following stages: a description of a SMC spread
model, creating some criteria for the safe state of a LAN, the
calculation of a control rule.

One of the advantages of the control methodology using the
prediction models is the possibility of study multifactorial process
in advanced mode. Therefore, the prediction method based on the
state-space model (SSMPC) is selected. To apply this method, it is
required to create a mathematical model of the controlled object,
which is later used in the prediction of an output data of a LAN on
the basis of the past and current values and the estimated optimal
controlling impacts in future. These impacts are calculated by an
optimizer which also takes the quality criteria and the restrictions,
imposed to the process variables, into consideration.

The selected model should encompass the dynamics of a
process for an accurate prediction of future output values, it
should be simple and easy to implement and understand.

Conclusion

As a result of this study, using the numerical modelling in
MATLAB application, the plots of dependence of EIGRP met-
ric on the changing load values in the IP data network were ob-
tained. Those plots showed the difference between the standard
EIGRP working process and the one with using of proposed al-
gorithm. The results showed that using described method al-
lows, firstly, to stabilize the EIGRP work, and, secondly, to pro-
vide greater control over an IP data network, which in combi-
nation, helps prevent the denial of service and provides the ac-
cessibility of information.

References

1. Thomas D. Nadeau, Gray K. SDN: Software Defined
Net-works. Sebastopol: O'Reilly, 2013. 350 p.

2. Azodolmolky S. Software Defined Networking with
Open-Flow. Birmingham: Packt Publishing, 2014. 152 p.

3. Krasov A.V., Levin M.V. Opportunities management traf-
fic of a concept within SDN. IV International scientific-technical
and scientific-methodical conference: collection of scientific ar-
ticles in 2 volumes. Actual infotelecommunications problems in
science and education, St. Petersburg, 03-04 March 2015 St. Pe-
tersburg, St. Petersburg State University telecommunication
them. prof. M. A. Bonch-Bruevich, 2015. Pp 350-354.

4. Krasov A.V., Levin M.V., Tsvetkov A.Y. Management
data networks with varying load // All-Russian scientific confer-
ence on the problems of the Power Management-Technical Sys-
tems, St. Petersburg, 28-30 October 2015 St. Petersburg, St. Pe-
tersburg State Electrotechnical University, 2015. No. 1.
Pp. 141-146.

5. Chugreev D.A., Shkrebets A.E., Shevel A.E., Vlasov
D.V., Grudinin V.A., Kairkanov A.B., Gardens O.L, Titov
V.B., Horuzhnikov S.E., Soames LN Software-configurable
network: OpenFlow and virtual network overlap / Modem
problems of science and education. 2013. No. 4. Pp. 55.

73



NYBJIMKALIMN HA AHTJTIMCKOM A3bIKE

For citation:

Krasov A.V., Levin M.V., Shterenberg S.., Isachenkov P.A. Traffic flow management model in software-defined networks with
unequal load metric. H&ES Research. 2016. Vol. 8. No. 4. Pp. 70-74.

MOZAEJIb YNPABJIEHUS NOTOKAMU TPADUKA
B MPOrPAMMHO-OMNPEAEJNISEMOU CETU
C USMEHSIOLLLEEUCS HATPY3KOMU

Kpacoe Auppen BnagumupoBuy,
Cankr-lNetepbypr, Poccus, krasov@pisem.net

Jlesun Mapk Bugumosuy,
CaHkr-letepbypr, Poccus, m.va.levin@gmail.com

LWrepen6epr CtHucnae Uropeeunu,
Cankr-lNetepbypr, Poccus,
shterenberg.stanislaw@yandex.ru

Ucauenkos Nasen AHppeeBuy,
Cankr-lNetepbypr, Poccus, pais@tutamail.de

AHHOTOUUS

Paccmatpueaetcs mogens ynpasneHust Tpa¢pUKOM, OCHOBAH-
HbI HA y4YeTe TENEeKOMMYHMKALMOHHOM HArpy3KM, KOTOPbIA
BO3MOXHO MPUMEHWUTb B MPOrPAMMHO-OMNPEAENSIEMbIX CETSX
nepepayu AaHHeix Ha ocHose IP. UccneposaHbl anroputmbl
pabotbl npotokona mapwpyTtusaumm EIGRP. Mytem uncnen-
HOrO MOJENUPOBAHMS B MpMKNaaHom nakete Matlab nonyuye-
Hbl rPadUKM 30BUCMMOCTM METPMKM MAPLLPYTA, BLIYMCISIEMON
EIGRP, ot uamensioweics Harpysku B mogenmpyemon IP-cetu
nepeaayu AaHHeiX. Ha ocHose nony4eHHbIX pesynbTaTos
noka3aHo, 4to craHgaptHoe nosegeHne EIGRP B otHoweHnu
BbIYMCNISIEMOM METPUKM MPM YYETE HArpy3KM, B TOM Ciyude,
€CnM TaKasi BO3MOXHOCTb OKTUBMPOBAHO, HOCUT HECTABMIb-
HbIA BEPOSITHOCTHBIM XAPAKTEP M MPU-BOAMT K COCTOSIHMIO, MPU
KoTo-pom MeTpukn mapipytoe EIGRP nocrosHHo nepecumntsi-
BAIOTCS, YTO MPUBOAMT K CITyHOMHOMY M3MEHEHMIO MOPLUPYTOB
U noTepe KOHTpons ynpasnenus Hag IP-cetbio nepepaun aaH-
HbIX, YTO, B CBOIO O4epep, MPUBOAMT K OTKO3AM B 06CyXMBa-
HUM M HOPYLLEHMIO CBOMCTBA AOCTYMHOCTU MHbOPMALMM, KK
OOHOFO M3 3NIEMEHTOB MHGOPMALMOHHOW 6esonacHocTy.
MpepnoxeHo, AnNs nNpefoTBPALLEHMS TAKOrO MOBEAEHMS,
UCMoNb30BATb MOAUDULMPOBAHHYIO MOAENb MAPLIPYTM3ALMM
EIGRP — BbiHecTv Ha oTaensHOe ynpasnsiolee yCTPOMCTBO —
KOHTPOMEP — METOA YNpaBfeHUs TPAPUKOM, KOTOPbIM LieH-

Ans uuTUpPOBAHMUS:

TPANM30BAHHO COBMPAET CO BCEX CETEBBIX YCTPOMUCTB MHPOP-
MOUMIO O AENCTBYIOLEN HO MHTEPdENCAX 3TUX YCTPOMUCTB
HArpy3Ke; KOHTponnep, ans obpaboTku nony4eHHOM OT ceTe-
BbIX YCTPOMCTB MH$pOPMALMM, MCNONb3YET ANFOPUTM, KOTO-
pbIM, B CBOIO O4Yepeab, MO3BOMSET y4YMTLIBATL He abcontoTHOE,
O OTHOCMTENbHOE M3MEHEHWE HArpy3KM Ha MHTepdencax
ceTeBbiX ycTpoucTs. [peanoxeHo Takxe, B paMKAX OMMUCAH-
HOrO ANropuTMA, MCMONb30BATh PA3NMYHbIE 3HAYEHMS KO-
dUUMEHTOB, M3MEHEHMs KOTOPbIX MO3BONSAIOT obecneunTb
GONbLLYIO MM MEHBLUYIO YyBCTBMTENBHOCTb NPEANIOXEHHOrO
QNropUTMA K OTHOCHTENbHBIM M3MEHEHMS HArPY3KM HA UHTEp-
deicax ceteBbix ycrporcte. [Tytem uncneHHoro Mogenupoea-
HUs B npuknagHom nakete Matlab nonyuens rpadumkm 3aeu-
CUMMOCTM MeTpMKM MaplupyTa, Bbiuncnsemor EIGRP, ot uame-
HsloLLEeCs Harpy3ku B Mogenupyemol IP-cetn nepepaun pan-
HbIX C MCMOMIb3OBAHUEM OMMUCAHHOIO B CTATbE METOAA YNpPAB-
nexus TpadrKoM, MOKA3bIBAIOLLME, YTO MPUMEHEHWNE ONMUCAH-
HOFO B CTOTbE METOAM, MO3BOJNSIET, BO-NEPBbIX, CTABUNM3MpO-
eatb paboty EIGRP, Bo-sTopbix, o6ecneunts 6Gonblumi ynpas-
nsoWMM KoHTponb Hag IP-ceTbio nepe-gaum AaHHLIX, 4TO, B
COBOKYMHOCTH, MO3BOSISIET NPEAOTBPATUTb OTKA3bI B 06CITYXM-
BAHMM M 06ecneymTb CBOMCTBO AOCTYMHOCTb MHOPMALMM.

KnioueBble cnoBa: nporpaMMHO-onpepensembie CceTH;
HArpy3Ka; ynpaeneHuMe TpAadMUKOM; OTKA30YCTOMUYUBOCTb;
[OCTYNMHOCTb; METPMKA; MOPLUPYTH3ALMS.
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BYC

N BOeHHO-y4eTHbI ¢TON

[IporpaMmmHbIH KOMNNEKe

* WHdopmaumoHHoe conpsxeHue ¢ B[] BOEHHbIX KOMMCCApMATOB M NPOBeEeHNE CBEPKM B
3/1eKTPOHHOM BUAE

« CoBmectumoctb ¢ Komnnekcom nporpaMmHO-MHGOPMALMOHHbBIX CPEACTB MOOMIN3ALUOHHOA
noarotoBku akoHomuku (KMUC MI3), nocTpoeH Ha TOi e nnarcopme U paclumpser
BO3MOXHOCTU AQHHOI0 KOMANEKca

o B03MOMHOCTb 3arpysKi KapTOTEK-U3 APYruUX MPOTPaMm, OpFaHu3aumus paboTol B ceTu

» ABTOpCKHMI1 HAaa30p 3d 3Kkcnnyataukeii MK BYC ans HapawmBaHua padbounx pyHKLui n
COBEpLIEHCTBOBAHMSA NMPOrPaMMHOro KOMNEKCa, rapaHTUilHoe 06CyXuBaHue

BonucHR# YYerT B opraHH3alHax: “epBH'IHbIﬁ BOHHCKHH yyer B opradax MecTHoro camoynpasJ/ieHHA:
® BefeHne 3NeKTPOHHbIX KapToTek opraHusauni, e BefeHne KapToTeKu opraHi3aLnin 3apermcTtpupoBaHHbIX Ha
tdunuanos v rpaxgadi(no T-2 n T-2 1Q); Tepputopum OMCY;

o [loKyMeHTbl HeobxoanMble A1 BeaeHus BY B ¢ [TocTpoeHune 1 yrpaBAeHe KapTOTEKO rpaxaaH npeodbiBaloLLmX B
opraHusaumm (npukas, naaH pabotel, MypHan 3anace 1 npu3biBHMKOB B OMCY;

MPOBEPOK, PACAUCKM O NpUeMe LOKYMeHTOB BY u e Co3piaHne OTYETHbLIX POPM LOKYMEHTOB U APYrMX AAHHbIX B

ap.); cooTBeTcTBUN ¢ MeToanyeckumm pekomeraaumamu 'l BC PO no

¢ Co3aaHue 1 nevyatb OTYETHbIX JOKYMEHTOB MO BeAeHuo nepBuyHoro BY B OMCY;

yCTaHOBNEHHbIM (DOPMam B COOTBETCBUN C ® PacnpeaeneHune opraHmsaumi segylmx yyer M3 no suaam
WHctpykumen L BC PP no Bepexunio BY B 3KOHOMMWYECKON fleaTenbHOCTU, hopmam COBCTBEHHOCTM 1
opraHu3aunax; YNCNEHHOCTM paboTaloUiMX B Hel rpaMmaaH.

® [eHepaLus JOKYMEHTOB Mo GPOHUPOBAHMIO.

Yyer u Epnnuponanue B MEIIIBEIIIJMG'I'BEHHI)IX HOMHCCHAX:
e OpraHu3auna KapToTeKM pa3nnyHbIXx opraHoB P® oT npaBMTenbCTBA A0 OPraHM3aL My BKAKYMTENBHO C PA3NNYHbIMM
hopMamm yyeTa 1 OTYETHOCTU, BEAEHUE CTPYKTYPbl MOAYUHEHHOCTH;
e ABTOMatnyeckuin pacyet popm N26,cbopmbl N218 pacuer 1 06061eHe cymmapHoii hopmbl N26 3a BCe NOAOTYETHbIE
00beKThI;
e AHann3 obecneyeHHOCTV TPYAOBbIMM PeECYpCamu;
® BefieHe NepPeYHA AOMKHOCTEN U Npodeccuii o GPOHUPOBAHUIO FpaXAaH;
e OnpegeneHne COTPYAHUKOB MOANEKALLNX BPOHMPOBaHWIO, OPOHUPOBAHNE COTPYAHMKOB B cooTBeTcTBMM ¢ MAMM;

* 3anosiHeHue, nepegaya, coop 1 06061eHe hopm I,

HL HPC

Hay4Ho-npon3BOACTBEHHBIN LEHTP
VNH(OPMALMOHHbBIX PErMoHanbHbIX CUCTEM
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