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MOJE/I 3ArPO3 IHOOPMALLIMHOMY MPOCTOPY
CNCTEM YTPABJTIHHA MNOBITPAHVM PYXOM TA
MEXAHI3MW OO 3AXNCTY

A.M. Opexos, B.O. XopoLuKo

HauioHanbHWiA aBiauiiiHuin yHMBEpCUTET,
np. KocmoHasTa Komaposa, 1, Kuig, 03058, YkpaiHa; e-mail: professor_va@ukr.net

PO3rNSIHYTO XXUTTEBWIA LMK iH(oOpMaLii B cucTeMi ynpas/iHHSA MOBITPSHUM PYXOM, fKa
3HaXOAMTLCA Y iHopMaLiiHOMy NpOCTOpi, Ta BUMOrM A0 CMCTEMM 3axucTy. Ha TxHili
OCHOBi BW3HAYeHO Nepenik KaciB 3arpo3 Ta BHYTPILUHIX i 30BHILUHIX 3/10BMUCHUKIB. 3
ypaxyBaHHAM JOCNiMKeHHS CTBOPEHa MOZe/b 3arpo3 iHpopmawii.

KntoyoBi crioBa: cucTeMu yrpasiHHA NOBITPAHUM PYXOM, CUCTEMW 3aXUCTY iHhopmaLiT,
iHhopmaLiliHuiA npocTip

Bctyn

CbOrogHi 3MiNCHIOETbCA Mepexif Haloro cycninbCcTBa Big IHAYCTPia/lbHOro A0
iH(hopmauinHoro. Lle cTtano MOXAMBMM 3aBASKW PO3BMTKY TEXHOMOTIN, SiKi AatoTb 3moOry
36epirat Ta 06po6GNATM BenWKi MacuBKM iH(opMaLii, nepefasaTy il Ha BenuKi BIACTaHI,
34IMCHIOBATM 06MIH Ljiet0 iHhopMaLieto MK PI3HUMK KOpUCTyBaYaMu.

Mepen YKpaiHOK CTana 3ajaya WOAO0 BXOMKEHHS| [0 €BPOMENCbKOro Ta CBITOBOMO
iH(hopMaLinHOro MpoCTOpy AN1S PO3LUMPEHHS B3aEMHUX 3B’A3KIB 3 PI3HUMU [epXkaBamu.
ToMmy nuUTaHHS 3axuCTy IH(OpMaLiiHOro npocTopy Ta iHopmauil, WO nepefaeTbes,
NpUIAMaETbCA Ta 36epiracTbCs Yy HbOMY, € Ha3BUYaNHO aKTya/lbHUMU.

3 ypaxyBaHHAM piBHSA BTiIEHHS IHPOPMAaLinHMX TEXHOMON i CyYacHOCTI, po3risjatoum
iH(hopmMaLito K 06’eKT AiANbHOCTI, Tpeba Bif3HAUYNTK, WO 3a/IEXHO Bif T BAXX/IMBOCTI Ta
3Ha4YeHHA [N KOPUCTYBaHHA Helo BUTPayatoTbCA BIAMOBIAHI pecypcu. Ane BaXIMBICTb Ta
3HaYeHHs iH(opMaLil Ana TUX UM iHWKX CY6’eKTIB iH(opMaLiiHUX BIAHOCUH B YMOBax
MPUXOBaHOTO IHTepecy BU3HAUUTW CKNagHo. TomMy 3pO3ymifnio, WO  3340BOJIEHHSA
iH(hopMaLinHMX noTpeb nepebyBae B MPOMOPLINHIA 3aneXHOCTI Bifg YMOB Ta MeTOAIB i
3ac06iB NPaKTUYHOT AiSNbHOCTI BigNOBIAHUX CY6’EKTIB, @ BUCOKWIA piBEHb aBToMaTu3auii, 40
AKOr0 MparHe J0ACTBO, CTaBUTb WOr0 B 3a/IeXHICTb Bif piBHA 6e3nekun iHpopMaLiiHX
TEXHO/OTIN, fKi BOHO BMKOpMCTOBYE. OCOG/MBO Lie BaXIMBO N8 CUCTEM YMpPaB/iHHS
noBiTpsHUM pyxom (CYTIP).

CYIP cTaHOBWTbL K/KOYOBY CKNafoBY HalliOHa/bHOT aepoHaBirayinHoi cuctemm
YKpaiHn. Ha po3BuTOK LiET cucTemy BiAGUBaKOTLCS 3arasbHOCBITOBI rnob6anisauiviHi
TeHAeHUil, a came BigbYyBaeTbCS IHTEHCMBHA IHTerpauisi iHpopMaLiiHUX akTUBIB CUCTEM Ha
perioHa/IbHOMY, HaliOHa/IbHOMY Ta r/106a/lbHOMY PIBHAX.

IHdopmaviiHuiA npocTip (1M), wo BMKopucToByeThbCA 3apa3 y CYTIP, cnisnpautoe 3a
[OMOMOrOK0 aBTOHOMHUMX JIOKa/IbHUX MepexX. [poTe, B NEpPCreKkTMBI 3aBAAKN PO3BUTKY
rno6ansHoro IM iHpopmMauiiHi cucteMn ycix y4yacTKiB MpOLECy YnpaB/iHHA MOBITPAHUM
PYXOM [HTerpyBaTUMyTbCAd B €AWHY CWUCTEMY, fKa MaTuUMe BILKPUTY PO3MOLINEHY
apXiTeKTypy rnobasbHOro macLutady.
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O6’egHaHHA pecypciB CYTIP — ue He camouinb, a 3a YMOB 3pOCTaHHS MOMUTY Ha
aBianepeBe3eHHA — L OCHOBa 3abe3rneyeHHs MOTPIGHOro piBHA 6e3nekn MosboTIB,
NigBULLEHHS NPOMYCKHOT CMPOMOXKHOCTI Ta EKOHOMIYHOT e(heKTUBHOCTI aBiaLiinHOT ranysi.

ABialiiiHa cninbHOTa BXXe 3BepHy/na yBary Ha TOW (akT, wo IM i mepexi, fKi
BUKOpUCTOBYIOTbCA CYTIP, € NOTeHUiiHO Bpa3NMBUMK NPU BTPYYaHHI BiffaneHNX Xakepis
Ta iHcaingepis. EkcrnepTn 3 nuTaHb iHopMaLiiHOT Ge3neKkn BUABNAKOTL 3HAYHY KifbKiCTb
«LUNApUH» Yy HUX, HECMPOMOXHICTb aBialiiHWX aAMIHICTpauiin BUSBUTU BTOPrHEHHS i
NigTPUMyBaTK MNpaues3faTHICTb CUCTEMM Y pasi MOPYLUEHHS 3aXUCTY 4epe3 HeafeKBaTHe
ynpasniHHA I, 0HOBMEHHAM MPOrpaMHOro 3abesneyveHHs, 061iIKOBUMY 3anncamu, naposisamm
| MPUBINEAMM KOPUCTYBAYIB, a TaKOX Yepe3 irHopyBaHHA NMOTpebu Yy BIACMIAKYBaHHI MPUYNH
NOAJN, L0 CTOCYOTLCA 6e3MeKN.

OCHOBHa YacTuHa

Byab-aKy iH(popmaLito po3rnagaTb Yy BWUINAAI MOTOKIB, AKi [AilOTb HA OpraHu
CMPUIHATTA KopucTyBava (popMamMu 300pakeHHs, 3BYKY Ta TEKCTY, WO MNpU3BOAATb [0
NMOPOPKEHHA MOTOKIB BigMOBIAHUX hopM.

BusHauveHHA 1. IHopmaLis — Takuid cTaH CycnifibHO - MONITUYHMX Ta COLialbHO —
eKOHOMIYHMX BIAHOCWH Yy Aepxkasi (Tpynu Aepkas), 3a AKOro peasibHi BaXkeni BMAMBY Ha
(hopMyBaHHS | BBEAEHHS [epP>KaBHOT 30BHILWHbLOT i BHYTPIWHbLOT MONITUKM MalOTb 0COOU
(yrpynyBaHHS), WO iHiLilOOTL Ta/abo KOHTPO/OOTL OCHOBHI Npouecy Ta/abo sBuwia B
iH(hopMaLlinHOMY cepefloBULLi, @ TAKOX PO3MOLINAITL IHPOPMaLiHI NOTOKM Y 3a3HaYeHii
Jepxasi (rpynu fepxas).

BusHayeHHA 2. IH(opmaLiiHniA NOTIK - pyx iHpopmaii B 1.

CyuacHi iHpopMaLiiHi TexHoNorii cybniMytoTb y co6i AKOCTI YCiX (hopM, Pi3Hi NOTOYHI
(hopMy MOXYTb TpaHCc(opmyBaTUCa MDK C000t0. YMOBHO BCi TpaHcdopmauii B CYTIP
BM3HAYEHO K TpaHCcgopMmaLii iIHpopMaLiiHUX NOTOKIB, MOAMGIKaLIA AKX CTaBUTb NMUTaHHS
MOPYLUEHHS LiNICHOCTI Ta AOCTOBIPHOCTI iH(popmaLii (BNacTMBOCTI iH(opMaLii, SKa nonarae
B TOMY, L0 iH(opmMaLis He Moxe OyTV MOAMMIKOBaHA HEaBTOPU30BAHUM KOPUCTyBayem
i/abo npouecom). IHhopmaLiiiHi NOTOKN NOAINSAKOTb HA eleMeHTapHI CTPYKTYPHI OAMHULI —
(hainm Yn NOBIAOMIEHHS.

BusHaueHHa 3. dailn — Ue iMeHoBaHa 00nacTb Nam’sTi CUCTEMM, SIKA MICTUTb
KOMMOHEHTU OLHOr0 TUNy.

HaykoBa npo6nema uinicHOCTI iHthopmMaLii, ska copmyboBaHa y Mexax i€l cTarTi -
Lie LiniCHICTb OKPEMOrO (haliny HagaHoro opmary.

PosrnagaHHs iH(opMaLinHMX TpaHchopmalidi Ha npeaMeT peanisalii NocTaBneHUX

OCKi/lbKM MU OPIEHTYEMOCb Ha 3aXMCT BigoMymMX iHTepeciB, T06T0 CYTIP, Tpeba
3ayBaXKMTK, WO Ha BCix eTanax [1, 2] TpaHchopmalii iHpopMaLii (BiZOMOCTEN) BU3HAYAETHCS
[eAKNIA NPOMDKOK Yacy, TO6TO iHpopMaLis Mae NEBHUIA XXMUTTEBUIA LUK (4uB. puc.l).

Xuttesuid umkn iHdopmauii y IM CYTIP 3aneXuTb Big OLiHKK Ti LiHHOCTI, a TaKoX
BIANOBIAHO Bif CMPOMOXHOCTI CaHKLIOHOBaHMX KOPWUCTyBa4iB 3abe3neunTun il HagiiHui
3aXUCT, i, OTXKe, He JONYCTUTN «3HELIHEHHS» Ta «3HULLEHHS» iHpopMauii. BiH nepegbayae,
WO iH(opmaLis 3400yBaETbCA, 06pPO6NAETHCA (AHIMYETLCS), 30epiraeTbCs, OXOPOHSAETHCA,
BUKOPWCTOBYETLCH, TPAHC/HOETLCA Ta 3HULLYETLCA. TOMY PO3r/IAHEMO eTanu >KUTTEBOrO
UMKNY iHopMauil 3 no3uuii  LiIbOBOT 03HaKW CUCTEMW KOHTPOJIKO  LNICHOCTI Ta
pocToBipHocTi iHpopmauil (CKLAI) petanbHiwe, wo6 BILOKPEMUTM BPasNBI  JTAHKU
TpaHcopMmaLii, fKi MoTpebyroTb 3axucTy. [ligkpecnumo, WO moaudgikauii iHopmauii
OXONJIOE BCI €Tanu >KUTTEBOrO UMKy. lig TepmMiHOM «Moguikauis» OyLemMo po3ymitu
Oyfb-AKY 3MiHY NOMepeaHLOro 3MICTY IH(hopmaL,ii CTOCOBHO eTany 1i CTBOPeHHS (4vB.puc.1).

MpoLecn CTBOPEHHS Ta 3HULLEHHA iH(hopMauiT, TO6TO BifobpaXKeHHS abo CTBOPEHHSA Ha
marepiaibHOMY HOCIi: e/IeKTPOHHOT HAKOMWYeHOi H(opmaLii 3 ypaxyBaHHAM BU3HAYEHUX
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3aBfaHb KopucTyBayamu. [licns OTpUMaHHA | CTBOPEHHS iH(OpMaLiiHOro MacuBy
30iCHAETLCA MOM0 OLiHKa Ha npeaMeT Bi4NOBIAHOCTI aBCTPaKTHUM | KOHKPETHUM BMMOraM
LLOAO0 MOAAbLIONO BUKOPUCTAHHA Y BU3HAYEHNX ([03BOJMIEHMX) MexXax. 36epiraHHs BUMarae
PO3pP0O/IEHHA NOPAAKY Ta Mpaswi NIATOTOBKW L0 36epiraHHs IH(OpMaLLil B e1eKTPOHHOMY
BUrNA4I 3 TEXHONOriEl0 0OMeXxeHHsA fgocTyny. Bubipka iHhopmMauii Ta nojanblua OuiHKa
BMOOPY 3yMOB/IEHA KOHKPETHICTHO MOCTaB/eHOT 3afadvi. KpUTWUYHICTL WOoA0 iH(opmauil
NMocTae 3 MOMEHTY BUOIPKM Ta NOAa/IbLLOr0 TaKoro ornpattoBaHHS.

MOJIUGIKALILS
— BUBIPKA TIOIIMPEHHSI
A
Y
»  3BEPITAHHSI OBPOBKA
A
Y Y
CTBOPEHHSI > OLIHKA « BUKOPUCTAHHSI
Y
3HUIIEHHS

Puc. 1. )Kuttesuin uykn iHgopmavii y IN CYTP

O6pobka Ta BMKOpUCTaHHA iH(opmauii cy6’ektamu IM CYTIP, fKi 3yMOB/IOHOTH
NPaKTUYHe BUKOPUCTaHHSA iH(opmaLii y cBOi pobOTi NpU NPUAHATTI pilleHb Ta peanizauii
TUX YU HWKWX MPOLECIB Y KepyBaHHI MOBITPAHUM NPOCTOPOM, [3€ 3MOTY BUAINUTY
HainypasnmBilly naHKy 3axuiieHoro I — eTtan nepegasaHHs iH(QopMaLii, e € MOX/UBICTb
HecaHKLIOHOBaHWX Ai 310BMUCHMKA ab0 HeaBTOPWM30BaHOro KopucTyeaya (mepernsgy,
Moaudikawil, 3HULLEHHS).

3acoby KOHTPO/IKO LiMICHOCTI Ta LOCTOBIPHOCTI IH(pOpMAaLiT (DYHKLIOHYIOTb Ha PI3HUX
CTPYKTYPHUX PIiBHSAX Ti 06p06KN. Lie HU3bKWUIA, CEpefHiil Ta BUCOKUIA: HU3bKUNIA (CTPYKTYPHUIA
piBeHb), CepefHiin (CeMaHTUYHWUIA piBeHb MNOLAaHHSA IH(opMaLLil) Ta BUCOKUIA (TOTiYHWIA piBEHb
KOHTeKCTY iH(hopmavii) piBHI. PO3rnsgaHHA BUCOKOIO PIBHA BUXOAWUTL 3a MeXi L€l cTaTTi,
3aco6m cepefiHbOr0 PiBHA aHai3yeTbCA Y Wil po6oTi.

Ha Hu3bkoMmy (CTPYKTYPHOMY) piBHI 06p0O6KYM IH(OpMAaLLiT aBTOMATM30BaHUM PoBoUNM
micueM [2, 3] PyHKUIOHYOTbL MeToau, AKi BignosigatoTe CKLAI.

OTXe, BUpILIEHHA NPO6/1eMM LiNICHOCTI Ta AOCTOBIPHOCTI iH(opmaLii 3yMOBJ/IHOE
pO3rnsf eNemMeHTIB MO0 CUrHaTypHOro aHanisy Ta nodyaoBWn (YHKLLA XellyBaHHSA AaHWX,
AKi popmynoTLCA 3 ypaxXyBaHHAM Ta cuCTeMaTu3auil nepeniky 3arpo3 iHgopmauii Ta
Knacugikayii xapaktepuctuk taiiny 1M, ki KpUTUYHI O MOANDIKYBaHHS.

O6pobka iH(opmauii nos’dA3aHa 3 (POPMOK MOAAHHA Ha MOAPA3HUKM OCTAaTOYHOT
iH(hopMaLlii (TeKCT, 306paxXeHHs, 3BYK). Kpim nepenivyeHnx iHhopmaLiiHUX MNOTOKIB, iCHYHOTb
e feski cny»k060Bi [aHi, W0 XapaKTepusytoTb MporpaMHe CepefoBuLle Ta BigobpaxarTb
Moro  (PyHKUioOHaNbHICTL  (BILNOBIAHICTL MNPU3HAYEHHIO). TO6TO iH(OPMALiiHUIA NOTIK
3a/1e)KHO B CNPUAHATTA NOAaHIN B JopMi TEKCTOBOrO, rpadiivyHOro abo 3ByKOBOMO MOTOKY,
NMOTOKY Bifeo 300paXeHHs Ta CNY)XKOOBOro MOTOKY, SKWIA LMPKYMOE Ha  PiBHI
(PyHKUIOHYBaHHA BY3NniB  00po6kmM iH(opmauii, CYTIP Ta 3abe3neyye IiCHYBaHHS
repepaxoBaHNX MOTOKIB B cydacHOMY I yrnipaBniHHA NOBITPAHUM NPOCTOPOM.
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Ha Hu3komy piBHI iH(opmaLiiHi MOTOKM — Le MOCNif40BHICTb 6aiTiB CTaHZApTHOro
otopmneHHa (copmatn faHux). Mig Mogudikauieto ainnis po3ymieTbCs Mogugikais
MOTOKIB, OCKI/IbKW NEPLUNIA € CTPYKTYPHOI OANHULEIO MOTOKY.

BusHaueHHA 4. 3arposa iHopMauiiHoi 6Gesnekn M CYTMP — ue MOXAMBICTb
peanisauii BnivMBy Ha iHQopmauito y I, WO NpM3BOAUTL O CTBOPEHHS, 3HULLEHHS,
6M10KyBaHHA JOCTYNY A0 iHPopmMaLil, TaKOX MOXIMBICTb BNANBY Ha KOMMOHeHTU CYTIP, wo
NPU3BOAUTL [0 BTPAT, 3HULLEHHA abo 30600 ()YHKLIOHYBAHHA CUCTeMU, 3ac00iB B3aEMOAIT 3
nocTavyasibHMKOM iH(hopMaLit abo 3acobiB ynpaeniHHA cuctemoto Ta 1M1,

HeobXigHICTb Knacudikauii 3arpo3 iH(opMaLiiHiA 6e3neli 3ymoBAeHa TUM, LWO
apXxiTeKTypa Cy4yacHMX 3aco06iB aBTOMaTM30BaHOT 0OPOOKM, OpraHisauiiHa CTPyKTypHa Ta
(hyHKLiOHanbHa nobygosa CYTIP Ta 1X Mepex, TEXHO/MOrii Ta YMOBM 06pO6KM Taki, Lo
IH(hopMaLis noTpannse Mig BrAUB HAAMIPHOT KIIbKOCTI YMHHUKIB, 32 AKAMMW i MOTPIOGHO
(hopmanisyBatv 3agady OMUCaHHA 3arpo3 Ta e(eKTMBHOT MpoTuail iMm. [epenik 3arpo3
iH(hopMaLinHoT 6e3nekn [3] OyaeMo po3rnsagati 3a LifbOBOK 03HAKOK Kacudikauii Ta
OMUCaHHA CKNaAHUX IH(OPMALIMHUX NOTOKIB, KPUTUYHUX 4O MOAM(IKYBaHHA Ta BMNAMBIB.
AHani3 LyMx 3arpo3 MoBMHEH OYyTK 34iICHEHWI A HA OCHOBI TXHbOIT Knacudikauil 3a HU3KOH
03HakK [4]. KoxxHe 3 unx 03HaK Bifobpaxkae OfHY i3 y3ara/ibHeHUX BUMOT O CUCTEMU 3aXUCTY
(KOH(higeHLiNHICTb, LiNIiCHICTb, [AOCTOBIPHICTb): HeE0OXigHICTb Ail, WO npu3BOAWTbL A0
MOX/IMBOCTI HeCaHKL,IOHOBAHOr0 A0CTYNY A0 KOHMiAeHUiAHOT iHopMalii abo pobnsaTb Ti
3arabHOJOCTYNHOK; ITHOPYBaHHS OpraHisaliiHMx 06MeXeHb (BCTaHOBMEHWUX NpaBwus) nig
4yaC BW3HAYEHHA paHry CUCTEMM; HeCaHKLIOHOBaHe BTpy4yaHHA B pob6oty I abo
MOANIKYBaHHS IH(OpMaLii, WO BN/IMBAE Ha WTaTHY poboTy CYTIP.

Ona cuctemMy BM3HAUMMO Nepenik KnaciB 3arpo3 (AKOCTi mogeni): 3a Mpupoporo
BUHWKHEHHS; 3a CTyneHeM HaBMMWCHOCTI; 3a 6e3nocepegHiM [pKepenoM 3arpos; 3a CTaHOM
[PKepes 3arpos; 3a MIipoto 3a1eXXHOCTI Big aktuBHocTi CYTIP; 3a mipoto Bnavey Ha CYTIP Ta
IT; 3a cTaHOM AOCTYNy KOpuCTyBadiB abo nporpam Ao pecypcis I CYTIP; 3a cnoco6om
poctyny pgo pecypcis I CYTIP; 3a NOTOYHUM MiCLEM PO3MILLEHHSA [H(opMaLii, LWwo
36epiraeTtbca i 06pobnseTbes B CYTIP.

BignosigHo gna IM ta CYTIP 6yaemMo po3rnsgaty HacTymHi BUAW 3arpo3: NOPYLLEHHS
KOH(igeHUIMHOCTI (iH(opmMaLlis cTae Bigoma TWM, XTO He MOBMHEH HEK BOJIOLITH);
MOPYLUEHHS LiNICHOCTI (BKNHOYaEe B cebe MOHATTA 6yAb-KOT HABMUCHOT 3MIHM IH(hopMaLiT,
o 36epiraeTbcs abo 06po6nseTbca B CYTIP abo npu 1i nepefaBaHHi MK efieMeHTaMu
cucTemMu; po3kpuTTa napametpis CYTIP.

Posrnagatoun  nutaHHa  3axucty I 1a  CYTIP, [OUiNbHO  BMKOPWUCTOBYBATU
YOTMPUPIBHEBY rpajauito JOCTyny A0 iHopmauii, wo 36epiraetbcs, 06po6nseTbCa Ta
3anmwaetbes B 1M Ta CYTIP: piBeHb iHhopMaLiiHUX pecypcis; piBeHb 3ac06iB B3aeMOfiT 3
iH(hopMaLinHMMK pecypcamMu; piBeHb HafaHHSA iIHPOpMaLLii; piBeHb 3axXMCTy IH(opMaLii.

MoTpi6bHO chopmyntoBaTK AOAATKOBI BUMOTY LLOAO aHani3y 3arpo3 iHjopmawii:

repenik 3arpo3 MOBUHeEH OYyTW MakCUMalbHO MOBHMM Ta [feTani3oBaHuM. [ns
KOXHOI i3 3arpo3 Heo6XiJHO BU3HAUNTK, Ha MOPYLLEHHS SKMUX BNACTMBOCTeN iHopmauii abo
CYTIP BoHa cripsamoBaHa (KOH®MIAEHLIAHOCTI, WiMIiCHOCTI, AOCTYMHOCTI, a TaKoX BiAMOBW
cnyx6 CYTIP);

MOX/IMBI MeTOAM peanisauil 3arpo3s [5].

3 ypaxyBaHHAM TexHOMOrii 06pobKM iH(opmauil Ta nobyaoBuM Mogeni 3arpos
IH(opmaLii  HeoOXigHO PO3pobUTM MOLENb 3/I0BMUCHMKA, fKa MOBMHHA OyTW afeksaTHa
peasibHOMY 3/10BMUCHUKY A/14 nesHo1 CYTIP.

BusHaveHHA 5. Mogenb 310BMUCHMKA — abCTpakTHe (opmanizoBaHe abo
HethopMmasii3oBaHe OMWCaHHA [ 3/10BMUCHMKA, SKWIA Bigobpakae WOro MpakTUYHI Ta
TEOPETUYHI MOX/IMBOCTI, anpiopHi 3HaHHSA, Yac Ta MicLie ToLO.

CtocoBHO CYTIP 3/10BMUCHUKN MOXYTb BYTU 30BHIWHIMK a60 BHYTpPIWHIMKU. Mogenb
3N0BMUCHMKA NMOBMHHA BU3HAYaTW: MOX/IMBY METY 3/T0BMUCHMKA Ta 1T rpajalito 3a CTyneHem
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Hebesnekn ana CYTIP; kaTeropii ocib, i3 SKMxX MoXe 6yTV 310BMUCHUK; NepefdayveHHs npo
KBasniikaLito 3N10BMUCHMKA; NepeabaveHHs NPo XapakTep Al 3N10BMUCHUKA.

MeTOot0 3/10BMUCHMKA MOXe BYTU MOX/IMBICTb BHOCUTW 3MiHW B iH(OpMaLiiHi NOTOKM
3rifHo 3i CBOIMM HamipaMu Ta 3aBaHHs 3aBAaTh 30MTKIB Yepe3 3HULLEHHS IH(opmaLii.

Byab-fka fKicHa cucTemMa npoTuAil anpiopHo nepef6avyae BUCOKWUIA  [OCBIL Ta
KBa/lipikauito  3710BMUCHUKA  (MOX/IMBICTb  BUKOPWUCTAHHA  HeLONIKIB  MPOEKTYBaHHSA
KOMMeKCHOT cuctemm 3axmucty CYTIP 3a JONOMOror METOAIB Ta 3ac006iB aKTUBHOIO BM/MBY
Ha CYTIP, sKi 3MIHIOIOTb KOH(Irypauito cuctemm).

TakoX nepefodayacTbCs, WO 3a Miclie Ail 30BMUCHUKN MOXXYTb OfepXaTh LOCTyn A0
3aco6iB aaMiHicTpyBaHHA CYTIP Ta 3ac06iB yrpaBniHHA KOMMIEKCHOK CUCTEMOH 3aXUCTY.

Mepenik 3arpo3s [4, 5], oyiHKa TXHbOT peanisayii, MOAeNb 3N0BMUCHUKA € OCHOBOKO A/14
aHani3y pu3nKy peanisauii 3arpo3 ta oopmy/toBaHHSA PUC MOAENi peecTpauil JaHuX.

[is mogeni peectpayii 4aHUX NOLUMPHOETLCA Ha piBeHb ayTeHTUdiKawil (arinis.

Mepwa ymoBa (DyHKLiOHYyBaHHS Moaeni — aBTOHOMHICTb CKLAI (He3anexHicTb Bifg Ail
CUCTEMHOIO afMIHICTPyBaHHS). YMoBa fpyra — 060B’A3KOBICTb (3aCTOCYBaHHA a/irOPUTMIB
CKLUAl po KOXHOro enemeHTta MoOTOKY). YMOBa TpeTd — KOMMaKTHICTb 3aco6is CKL/AI
(3acTocyBaHHA MiHIMa/IbHUX 0BOYMC/IOBA/IbHUX PECypCiB). YMOBa YeTBepTa - pearyBaHHs
(KoMnnekc opraHisauiiHnX 3axo4is WoA0 NOPYLUEHHS LiNiCHOCTI 06°€KTa).

BpaxoByrouu, WO (aiin € OAUHULEK MK PI3HUMKU cucTeMamy 06po6Ku iH(opMaLii i
BiH BuCTynae K iHgukatop CKLUAI, po3rnsgaeMo xapakTepucTuKu (aiiny K OAuHWLI, 4O
AKOT MOXX/IMBE 3aCTOCYBaHHA MOAeN| peecTpayii Ta MigTBepAKeHHS TXHbOT L iTICHOCTI.

CTBOpeHHs MexaHi3My e(EeKTUBHOro 3axucTy iH(opmauil 3 0OMeXeHHAM [OCTYroM
nepesfbavae, Hacamnepes, YsB/EHHSA, WO B OCHOBI ICHYe CTaHZapTHa cuUcTema, fKa
cknapaetbest 3 06°ekta Hanagy (1M CYMP ta cam CYTP) Ta cy6’ekTa, AKMIA HaMaraeTbCs
BMKOPWCTATM iH(hOpMaLito BCyrepey BCTaHOB/IEHVM HOPMam NMOBOXXEHHS 3 HEHO.

MpoaHanisyBaBLUM XUTTEBUA UMK iHopmauii B CYTIP, BU3HAYMMO NWUTaHHA LOA0
oro aHanisy: Ak TpaHCMopTyBaTV IH(OpMaLito; AKUA BWA aHanisy 3actocyBaTu Ans
BU3HAYEHHS CTaHy iH(opmauii nicns ii TpaHCNopTyBaHHA?

AKLLO No3HayKa JOCNipKEHHA — BUOIp BUAY aHani3y, TO 06’€KTOM aHaisy, 3BaKarouu
Ha L, CTae CTPYKTYypyBaHHS iH(opmauii y I11.

ChopMyntoeMO Te3MCHO BIAMoBigl Ha Ui fABa NUTaHHA, AKI 6ynM  NOCTaB/EHI.
IHhopmaLiiHMA NOTIK, WO KOHTPOJIKOETLCA, MEPEBAXKHO MNepefaBaTUMeTbCA Y BIAKPUTOMY
Burnagi (ons 6e3nocepeHbLOr0 MoAasbLLOrO OMpautoBaHHA) 3 NOAasbLIOK 060B’A3KOBOKD
06pobkoto CKUAI y CYTIP.

3a HaABHOCTI Takoro (hyHKLIOHYHOUOro MexaHi3My, y pasi Hamagy Ha nepegady
IH(hOpMaL,ito CBOEYAaCHE BUABMIEHHA LbOro (hakTy HafacTb A0AATKOBI MOX/IMBOCTI LLOAO
3anobiraHHs No4asbLLIOMY PO3BUTKY HEraTUBHUX NOAIN.

BuvcHOBKU

Ha OCHOBi MpoBefeHOro [AOCNiMKeHHA MOXHa 3pobuTM Taki BWCHOBKMW. Po3rnsg
0C06/MBOCTEN (DYHKLIOHYBaHHSA iCHYBaHHS IH(pOpMaLlii B eNeKTPOHHOMY BUINA4iI Aae 3MOry
BUAINMTY Taki pucy iHhopMauiiHoT mogeni peecTpauii gaHnx y 1IN CYTIP.

TpaHcnauis iHpopmauii B MepeXax TeneKoMyHikauiii BifbyBaeTbCs Yy BUTNAAI
iHhopMaLinHMX MOTOKIB, Knacuikauis SKMX 3aNeXWTb Bif CNPUAHATTA 1X OMepaTopom
(TexcToBi, rpadiyHi, Bifeo Ta CNY>X60Bi MOTOKW: KOAYBaHHSA apxisauif, CTUCHEHHS) Ta
XapaKTepu3yeTbCa  BHYTPIWHLOK  CTPYKTYpOK  (hopmaty MOTOKy. EnemeHTapHoRO
CTPYKTYPHOI OZMHMLEO NMOTOKY € (hain, AKMin 6yayeTbCs 3 04HOTOHHMX LaHWX.

IHpopmauiss B cyvacHux CYTP vacto MOXe MiAgaBaTMCAa HecaHKLiOHOBaHii
moamdikauii (npossu Tepopusmy). HanlypasnueimM i3 OCHOBHWUX eTaniB XXWUTTEBOrO LMKy
IH(hopMmaLii € Ti MOLLIMPEHHA MK orepaTopamu (kopuctysadamu ) y IT1.
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Posrnagatoun  nuTaHHAa 3axucty I CYTP  T1a camol cucTemu, [AOUIIbHO
BMKOPUCTOBYBaTM YOTUPUPIBHEBY rpajauito JocTyny A0 IH(opmauii, wo 36epiraerbcs,
06p0o6nsAeTbCA Ta 3axmLLaeTses y CYTIP.

CTOCOBHO iH(opmaLii HEOOXIAHO BUAIMMTL METOAM peaisalil 3arpo3 Ha KOXXHOMY
PiBHI. XapaKTepucTuka MOTeHLIAHNX 3/10BMUCHUKIB NPUMYCKAE TXHIX BUCOKWI [OCBI4 Ta
KBanipikauito, a TakoX nepeabayvaeTbCs, WO 3a MiCUEM 3AICHEHHSA Ai 3N0BMUCHMKA
MOXYTb OJepXXaTn [OCTyn A0 3acobiB agmiHicTpyBaHHs CYTIP Ta 3acobiB ynpaB/iHHSA
KOMTJ/IEKCHOI CMCTEMOHO 3aXMCTY.

[is Mogeni peectpauii faHWX MOLIMPIOETLCA Ha piBeHb ayTeHTudikauii aiinis.
BuaineHi KpUTUYHi napameTpy haiiny, Wo CXunbHi 4o Moaudikauii. Lie Ak 30BHILLHI, TaK i
BHYTPILLHI thainnn.

Bu3HayeHi yMOBU (DYHKLIOHYBaHHA MOAeNi peectpauii AaHuX, fKi MOLIMPIOKTLCA Ha
piBeHb ayTeHTU IKaLiT haiinis.
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PacCMOTPEH >KWU3HEHHbIA LMKN MH(pOpMaUMM B CUCTEME YMpPaBieHUs BO3LYLUHbIM
[BVKEHVEM, KOTOpPas HAxXOAMTCA B WMH(OPMaLMOHHOM MPOCTPaHCTBE M TpeboBaHUA K
CUCTEMe 3aWmTbl. Ha 1X OCHOBe onpefeneH MepeyeHb KNaccoB Yrpo3 M BHYTPEHHUX U
BHELUHMX 3M0YMbILWNEHHUKOB. C  y4eTOM UCCMefoBaHWA CO3LaHUA MOfLENb  Yrpos
MHopmaLmn.

KntoyeBble cnoBa: CUCTEMbI YMNpaBneHUs BO3LYLUHbIM [ABVDKEHWEM, CUCTEMbI 3alUTbI
MHopmaLym, MHHOPMALMOHHOE NMPOCTPAHCTBO

AIR-TRAFFIC CONTROL SYSTEM CYBERSPACE: MODELS OF THREATS AND PROTECTION
MECHANISMS

A.M. Orehov, V.0O. Khoroshko
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1, prosp. Kosmonavta Komarova, Kiev, 03058, Ukraine; e-mail: professor_va@ukr.net

Lifecycle of air-traffic control system information related to cyberspace, as well as
requirements to the protection system were discussed. On this basis, a list of classes of both
the threats and external and internal intruders was identified and a model for cyberspace
threats was developed.

Keywords: air-traffic control system, information protection systems, cyberspace

200



IHPOPMATUKA TA MATEMATWNYHI METOAW B MOAEJ/TFOBAHHI = 2014 = Tom 4, Ne3

YK 004.056.5 Informatics and Mathematical Methods in Simulation
Vol. 4 (2014), No. 3, pp. 201-209

NPAKTUNYECKOE NCCJIEAOBAHNE COBPEMEHHbBIX
CUCTEM 3/IEKTPOHHOW LM ®POBOW MNOAMNMNCU

B.A. BonteHkoB, P./. EHnKeeB

Ofeccknii HauMOHabHBbIA NOUTEXHUYECKWIA YHUBEPCUTET,
npocn. LLeeyeHko, 1, Opecca, 65044, YkpanHa; e-mail: vaboltenkov@mail.ru

ViccnefoBaHbl COBPEMEHHbIE anrOpUTMbl  3NEKTPOHHOW LugpoBoid nognucn  (3LLM).
ANropMTMbI MPOaHaN3MPOBaHbl C TOUKM 3peHWs yao6CTBa NMPOrpaMMHONA peanu3aumm
ObICTPOAENCTBUA Ha pas3nnMuHbiX 3Tanax 3LM. WccnegosaHbl Hambonee npuMeHsieMble
KpunTorpagmyeckmne X3ww-hyHKUMN KakK coCcTaBHas 4vacTb cuctembl SLIM. MccnegosaHue
MpOoBefeHO MyTeM NPOrpaMMHON peanu3aummn pasinuHbix cuctem LM Ha sA3bike Java ¢
ncrionob3oBaHnem  6ubnmotekm Open SSL M MoCNegylolWMM  NporpaMmHbIM
NPOMUIMPOBAHMEM.

KntoueBble C/oBa: 3MIEKTPOHHas UMEPOBas MOAMWChb, X3W-DYHKUMS, CTaHAapTbl
UMPOBOVA MOAMICH, aCUMMETPUYHbBIE KPUNTOrpagnueckne CUCTEMBI, BbICTpOaEcTBME

BBefeHue

AnekTpoHHas uuposad nognuce (AUIM) (aHrn. digital signature) 3a noytn
COPOKA/IETHIOK MUCTOPUIO CBOErO CYLLLeCTBOBaHWA MPOLLa CTPEMUTENbHYHO 3BOJIIOLMIO OT
matematuuyeckor ungen Y. Oudm n M. XennmaHa, BbiCKasaHHoOW B 1976 r. [1], mo
HeOTLEM/IEMOTO  3/IEMEHTA  COBPEMEHHONO  3allMLIEHHOro  CETeBOr0  3/1eKTPOHHOIO
AOKyMeHToo60opoTa. 3LIM — pekBM3MT 3NEKTPOHHOrO AOKYMEHTa, npefHa3HauyeHHbId Ans
3alWTbl 3NEKTPOHHOIO AOKYMEHTa OT MOALENKN WUAN BHECEHUS U3MEHEHWIA, NOMYYEHHbIV B
pesynbTate KpunTorpaguyeckoro npeobpasoBaHUs UHMOPMaUUM C  UCMOJb30BaHNEM
CEKPETHOro K/AK4Ya noanucu W MO3BOMSIOWMIA  MAEHTUPULMPOBATL BagenbLa Kikoua
NoAMMcKM N yCTaHOBUTb OTCYTCTBME WMCKaXKEHUS MH(OPMaUUN B 31EKTPOHHOM [LOKYMEHTE.
AUIM TaKke obecrneyrBaeT HEBO3MOXHOCTb OTKasa /iMua, NMoAnucasLUero JOKYMEHT OT ero
aKTa nognucaHus. bnarogaps atum coicTBaM JLM LUMPOKO NPUMEHSIETCA B CNEAYHOLLMX
cthepax:

6e30nacHbIn 6aHKOBCKUIA (IMHAHCOBLIA 060pPOT,

FOPUANYECKMN 3HAUMMDIV 3NEKTPOHHBIA JOKYMEHTOOB0POT,

topuanyeckas n prHaHcoBas o0bs3aresibHas OTYETHOCTL Nepes rocyaapcTBeHHbIMN
opraHamu,

TaMOXXeHHOe [IeK/1apupoBaHne ToBapoB 1 YCAyr,

pacyeTHbIe N TPENANHIOBbIE CUCTEMbI,

ANCTaHUMOHHbIE TOProBble CLAENKN.

HecmoTpss Ha mnoBcemMeCTHOe Wucnosb3oBaHWe JLUIM B nepeyncneHHbIX chepax
NPUMEHEHNS, Ha CEroAHALLUHUIA [eHb CMOXWUAachb AOCTAaTOYHO MapafoKcasbHas CUTyauusi —
napasinenbHO CyLLEeCTBYHOT U MPUMEHSIOTCSA Pas/inyHble roCyAapCTBEHHbIE U KOMMePYeCcKme
cTaHgapTel SLIM, npy aTOM nonb3oBaTesib cucteMbl LM 06bIYHO NIOX0 NpeAcTaBnseT cede
3P(EKTMBHOCTL N Ka4yeCTBO MPUMEHAEMOM MM CUCTEMbI, €e CTerneHb KPUMTOCTOMKOCTU W
MOXET peasibHO OLEeHWUTbL TONIbKO YA0BCTBO MHTEpderica NporpaMmmHoi peanmsauumn SN u
ee ObicTpogelicTBmne. CneayeT OTMETUTb, YTO MHOTME M3 NpPUMeHseMblX cuctem LM
OCHOBaHbl Ha BbIYUC/UTE/ILHO TPYLOEMKUX airopuTmax, 4TO BbI3blBaeT OLLYTUMbIE
No/Ib30BaTeNIEM BPEMEHHbIE 3a1ePXKKN N BbI3bIBAET HEYA0BNETBOPEHHOCTL MPUMEHSEMON UM
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cucTeMor. HecmoTps Ha o6unve nyo6nmkaumin no KpuntorpauyeckuM MpoToKonam, K
KOTOpbIM OTHOCUTCA 1 3LIM [2,3], aBTOpam HEeM3BECTEH OOCTOATENbHBIA CPaBHUTE/NbHbIN
aHan3  CYLLEeCTBYIOWMUX W NpumeHseMbiX cuctem 3UIM. B 3tom nnaHe 3agava
CPaBHUTE/ILHOTO WCCNEefOBaHUA Pa3/IMYHbIX anroputmoB K cuctem 3L no Habopy
KpuTepues apeKTUBHOCTY ABNSETCA AOCTATOYHO aKTya/lbHOW.

MpakTnyeckn Bce MPOTOKO/bI SLIM MCNoMb3yoT KpUnTorpagmyeckme Xaww-pyHKUuu,
MO3BOJIAIOLLME MYyTEM TMPUMEHEHUS MATEMATMYECKOro CXMMAKOLLEro npeobpasoBaHus
NoNy4nTb M3 LOKYMEHTaIbHOro (haiina NpoM3BO/IbHOIO pasMepa pesysnbTaT (PUKCUPOBAHHOM
OJIMHBI — JARDKECT COOOLLeHNs. B Lensax ymeHbLUEHUS BblYACUTENbHOMO o6bema ILUM v
CHVXXEHWS BPeMEHW Ha ee (DOPMUPOBAHWME W MPOBEPKY aropuTMbl (hopMmpoBaHus SLIM
NPUMEHSIOTCA K JalipKecTaM, KOTOpbIe CYLLLECTBEHHO KOPOYe UCXOAHbIX COOBLLEHMI. B 3TOM
NnaHe KayecTBO cucTembl OLIMT B 3HaunTeNbHOW Mepe OnpesfensieTcs MpUMEHSEMbIM
NropuTMOM X3LW-(YHKLMKN. [103TOMY CpaBHUTENbHBIA aHanu3 cuctem ILIM 06s3aTebHO
[O/DKEH COMPOBOXAATLCA UCCNeA0BaHMeM nokasatesniell aPheKTUBHOCTY NPUMEHAEMbIX X3LU-
(hyHKUWMIA [4].

Llenblo  HacTosLLEro uccnefoBaHUa SBNAETCH CPaBHUTENbHbIA aHaiu3  Hambosee
nonynsapHbIx cuctem 3LUM, BKKOYas nccnefoBaHvie NPUMEHAEMbIX X3LW-(DYHKLUWRA, MyTeM KX
NporpaMmHON peanu3aLum ¢ NOCNeayoLL M TECTUPOBaHNEM U NMPOHUIMPOBAHUEM.

KputepusmMu fans cpaBHeHUs cucTeM Oblnyv  BblOGpaHbl: YA06CTBO NPOrpaMMHON
peanunsaumm cuctembl AL 1 Bpems ee paboTbl, KOTOPOE Kak YKa3aHO Bblille, HarnpsaMmyto
CBA3aHO C YAo6CTBOM nosb3oBatens. Mof yno6CTBOM MpOrpaMMHON peanvsauum Oynem
MOHUMATb:

Ha/IMyme OTKPbITOrO MCXOLHOI0 KOoAa,

Ha/mume KpunTonpuUMUTMBOB AaHHON cucTembl SLIM B OTKPbITbIX BUBAMOTEKaX
MPOrpamMmMHbIX KOZOB,

BO3MOXXHOCTb pacnapasiie/IMBaH1s a/iropuTMa u Hannumne Apyrux nyTeid yCKopeHus
[EeNCTBMA a/IrOpUTMa Mpu ero NporpamMmMHoN peasmsawmu.

KpuntocTtorikocTs SLIM kak 1 Bcex KpunTorpauyeckmx MpoTOKOMIOB C OTKPbLITbIM
K/IOYOM He VMeeT TeOpPeTUYEeCKOro 060CHOBaHWSA, MO3TOMY B [aHHOM BOMpPOCE Mbl
OPUEHTUPOBA/INCL HA KOHLIENUMIO «NPaKTUYeCKOM rpaHnLbl YpoBHS 6e3onacHocTn B 80 61T
[OJIMHBI KNHOYa», COr/laCHO KOTOPOW acCMMETPUYHaA KpUNTOCUCTEMA C A/IMHON Kntoya 80 61T
1 6onee He MOXeT ObITb B3/IOMaHa aTtakoi rpybori cunbl 3a pasymHoe Bpems [5], a Takke
COOTBETCTBYHOLLMMU CTaHAapTamu 3L,

Mof BpemeHeM paboTbl afiropuTMa 3MEKTPOHHOM noanucy OyaeM MOHWMaTb CyMMY
3aTpaT BPEMEHW Ha orepaumn «reHepaums Kawya NOAMUCK», «MOCTaHOBKA MOAMUCH»,
«BepumMKaumMa  nognucu». Bpema  paboTbl  3aBUCMT  OT  CKOPOCTHbIX  KayecTB
KpUNTOAIrOpUTMa, PeaIn3yHoLLero LM(POBYD MOAMUCH U CKOPOCTM MPUMEHSEMOW X3Lu-
(hyHKL MK,

B cuny cCywecTBeHHON HENMHENHOCTU KakK anroputMoB  KPUMTOrpaduyueckoro
X3LLMPOBaHWA, Tak 1 anroputmos LI, He NpeacTaBnseTCcAa BO3MOXKHbLIM MOyYNTb XOTS Obl
rpybble OLEHKWN BbIYMCAUTENBHOW CMOXHOCTU cucTem LM, M03TOMy OCHOBHbIM METOAOM
MX CPaBHWUTENIbHOrO aHain3a Obina BblbpaHa NporpaMmHas peanunsauns pasiMyHbIX CUCTEM
SUIT ¢ nocnefyroLwmm NX TECTUPOBAHMEM U MPODUINPOBAHMEM.

OcCHOBHasA YacTb

Ob6uwas cxema SLIM. HesaBncMMO OT NpMMeEHSEMOro anropmMtma obuias cxema 3L B
CUCTEME aCMMMETPUYHOIO LUM(POBAaHUA MOXET OblTb MpeLCTaB/ieHa CrefytoLM 06pa3om
[3]. Ha nepsom Luare BblYUCNAETCA X3W-PYHKUMA h OT MepefaBaemMoro [LOKyMeHTa
(coobuyeHns) M un cosgaeTcs fainmpkect fokymeHTa m  h(M). Mpy NoMOLWM CEKPeTHOro

Kntoya otnpasutends Ak, un airoputma QopmupoBaHus 3L E  cosgaetcs

202



IHPOPMATUKA TA MATEMATWNYHI METOAW B MOAEJ/TFOBAHHI = 2014 = Tom 4, Ne3

3alumgpoBaHHbIN - Jainmpkect coobwenns M C(m). B nakeT pgna nonydyatensd B
BKNtOYatoTCa: coobuleHne M, SUM C(m) u OTKpbITbIA KoY oTnpasuTens K,, makert
nepefaetca nosyyarento B Mo OTKPbITOMY KaHasy CBA3W (OTMETUM, YTO OTKPbITbIA K/tOY
K, MOXeT He nepefaBaTbCi MO KaHany CBA3W, a My6/IMKOBATLCA KakUM-NMG0 ApYyrum
obpasom, Harnpvmep, pasmeLlaTbcs Ha caiTe) (puc.l). Ha atane Bepudmkaumm noanucu

nonyyatenb B BblumcnsieT  xaw-gyHKuMo  h(M) ©n  nonyyaet panmkect m,
paclngposbiBaeT AL anroputmMom fewngposaHns D, nonyvaet npu 3TOM JaRpkecT m .
[anee nponsBoanTCs CpaBHEHMe ABYX X3ALW-PYHKUMA m M m. VX coBnageHne rapaHTupyet

OfHOBPEMEHHO MOL/IMHHOCTL COAEPXMMOro [OKYMEHTa M €ero asTOpCTBa, B Ciy4ae
HecoBMaieHNa NoANuncL oTBepraeTcs (puc.2).

OtnopaBurelb A TlakeT a714
nomy4darend B

Coobmenue M

" Coobmenne
M
XommpoBaHHe | m AcamMerpuunoe | C(m) (OTKpBITHL HesamumeHHbIH
hiM) mudpopanue £ Tekct) KaHaTT
N CBA3H / XpaHEHN
CeKpeTHbIH K1Y £ [Tagposas
= TOIHCE

OTKpBITHIH K1Y K,

3| OTKpBITHIH

E1roa K,
Puc.1. O6was cxema 3L (aTan opmmposaHms)
TTakeT ot [Tonyuarens B
OTIpaBHTENA A
-«f X>mHpoBaHHe n
Coobmenne ’L M)
M
HesamumeHHBIH (OTKPEITHIL Her
) TEKCT)
KaHal
CBA3H / XpaHEeHHY .
Hudpposasn >f AcHMMeTpHYHOE m Ha
TIOITHCH L nemubpoBarne D
OTKpBITHIH 1‘
KT K

Puc.2. O6was cxema 3L (atan Bepudmkaumm)

AnropuTmbl  SUIM.  KpaTko paccMOTpUM  COBPEMEHHble  anropuTmbl LT,
NpYMeHsieMble Ha MpakTuKe. Bce OHW OCHOBaHbl ABMAIOTCA ACUMMETPUYHBLIMMK, T.€.
MPUMEHSOT OTKPbITLIA KoY. Mo TNy NpUMeHAeMon 04HOCTOPOHHEN (PYHKLMM C Na3eiikoi
(one-way function with trapdoor) oHv gensTca Ha CUCTEMbI OCHOBaHHbIE Ha:
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(hakTOpM3aLMM NPOU3BEAEHNSA ABYX 60/bLUNX MPOCThIX YNCEN,

BbIYWC/IEHNW AVCKPETHOIO Norapu{ma B KOHEYHOM Mose,

3afjaye AVCKPETHOrO /I0rapuiM1poBaHnNsA Ha 3M/IMNTUYECKUX KPUBbLIX B KOHEYHOM
rnone.

Anroputm RSA (abbpeBnaTypa 0T hammnunii cosgatenein Rivest, Shamir n Adleman) —
MepBbI  NPaKTUYECKUIA  KPUNTOrpauyeckMin — anropuTM  C  OTKPbITbIM  K/HOYOM,
OCHOBbIBAIOLLMIACA Ha BbIYMCUTENBHOW CNOXHOCTY 3afaun (hakTopm3auum 60NbLIMNX LembiX
ymcen. bbin cosgaH B MaccayyCceTCKOM TeXHONOrnmyeckom wuHctutyte (MIT) B 1977 T.
3awmuieH nateHtom CLUA 4405829, BblgaHHbIM 20 ceHTA6ps 1983 r. 1 AelCTBYHOWMUM C
npogneHuamn o cux nop. B 1982 rogy Pwusect, Llamup n AgfnemMaH opraHv3oBaiv
KomnaHnio RSA Data Security, SBNAWOWYHOCA €AUHCTBEHHbLIM  BafeNibLeM U
pacrnpocTpaHuUTeNnem anroputma. Ha cerogHawHuiAi geHb RSA  aBnsieTcst  (haKTUYECKM
HeouMUManbHBIM MUPOBLIM KOMMEPYECKUM CTaHAapToM JLIM, 3To caMblil NMpUMeHsieMbIi B
MUpe aropuT™ MOZAMMCK, MO HEKOTOPbIM 3KCMEPTHLIM OLeHKaM UM nognuceiaetcsa Ao 90%
BCEX [OKYMeHTOB. OfHaKO rnaBHbIM HefoCTaTKOM RSA fBNAETCH ero 3akpbiTbld KOZ U
Heo6X0AMMOCTb NPUOBPETEHUSA INLLEH3NN.

Anroputm  DSA (Digital Signature Algorithm) paspabotaH HaunoHaNbHbIM
WHCTUTYTOM cTaHgapToB u TexHonoruin CLUA (HWCT) B aBrycte 1991r. v 3aumuieH
nateHtom CLUA 5 231 668, ogHako HWCT cpenan 3TOT MateHT AOCTYMHbIM  ANA
1CNOJb30BaHNA 63 IMLLEH3NOHHBIX OTUMCIEHWIA. TTOCKObKY anropuTm CTasl CBOGOAHLIM A/1S
MCNO/b30BaHNA, ero MOXHO CBOOOLHO Peasiv30BblBaTh MPOrPaMMHBIM, annapaTHbIM W
nobbiM apyrumM 06pa3om. OCHOBaH Ha CNOXHOCTU 3afa4mn AUCKPETHOTO NOrapu@MmMpoBaHus.
AnroputM BMeCTe C Kpuntorpaguyeckon xewl-pyHkumen SHA-1 ABnseTcs  4acTbiO
ctaHgapta CLUA DSS (Digital Signature Standard), Bnepsble 0rny61MKoBaHHOro B 1994 r.

OcTa/bHble PacCMOTPEHHbIe a/IfTOPUTMbI OCHOBaHbI Ha 3/IMMTUYECKOA KpUNTOrpagum
— pasgenie KpunTorpapun, KOTopbIi N3ydYaeT aCUMMETPUYHBIE KPUMTOCUCTEMbI, OCHOBaHHbIE
Ha 3/IIMNTUYECKMX KPUBLIX HAL KOHeYHbIMM nonaMu. OCHOBHOE MPenMyLLecTBo
ANIMNTUYECKON KPUNTOrpadum 3ak/oyaeTcs B TOM, YTO Ha CErOAHALUHWUA feHb HEU3BECTHO
CYLLECTBOBAHME CYO3KCMOHEHLMANIbHbIX aIrOPUTMOB  PeLleHns  3agadn  AUCKPETHOro
NnorapugMmpoBaHums.

Anroputm ECDSA (Elliptic Curve Digital Signature Algorithm) — anroputm ¢
OTKPbITbIM K/IHOYOM /191 CO3JaHUNA LM(PPOBOIA NOANUCK, aHAIOTNYHBIN, M0 CBOEMY CTPOEHWIO,
DSA, HO onpefenéHHbIid, B OT/IMYME OT HEro, He Haf MosieM LiefibIX Yncen, a B rpynmne ToYek
ANMNTUYECKON KpuBoi. ECDSA £BNseTcs OuYeHb NpuUB/EKaTe/lbHbIM aIrTOPUTMOM  [/1S
peanusaumm 3SLIM. CambiM BaKHbIM npenmyLectsoM ECDSA ABnsieTca BO3MOXHOCTb €ro
paboTbl Ha 3HAYMTENbHO MEHbLUMX KOHEYHbIX nonax. Kak, n Boo6Lie B Kpuntorpapun Ha
ANIMNTUYECKMX KPUBbIX, MPeAnosiaraeTcs, YTo GUTOBLIN pasMep OTKPLITOro Ktoya, KOTOpbIi
oynet Heobxoaum ans ECDSA, paBeH [ABOMHOMY pa3mepy CEKPETHOro Knwua B 6utax. Ans
CpaBHEeHUs, npu obecrieyeHMn YpoBHA 6e3onacHocTM B 80 6UT (T.e. KOrfja arakylowemy

MoMHLIM Mepe6opoM Heo6XoAMMO PaccMOTpeTb npumepHo 2% Bepcuid nognucy ans
HaxO0X[eHWs CEeKPETHOrO Ktoya), pasmep OTKPbITOro Kntova DSA paBeH, No KpaiiHei Mepe,
1024 6uT, Torga Kak oTKpbiToro kKntoya ECDSA — 160 6ut. C gpyroii CTOpOHbI pasmep
nognucu ognHakoB u ana DSA, n gns ECDSA: 4t 6uT, rge t — ypoBeHb 6e30MacHOCTY,
M3MepeHHbIN B 6UTax, TO ecTb — nNpumepHo 320 6UT s obecredeHNs YpoBHA 6e30MacHOCTM
B 80 6UT. VIHbIMK cnoBamu, Nlt06ast KPMNTOCUCTEMA Ha AMNUNTUYECKOI KPMBOI 06ecneynsaeT
TY X€ KPUNTOCTOMKOCTb, YTO U CUCTEMA, OCHOBaHHas Ha AUCKPETHOM JlorapugmupoBaHui
NPV CyLLECTBEHHO MeHbLLUEN [JIMHE KTHoYa.

Anroputm F'OCT P34.10-2012 — poccuiACKWIA CTaHAapT, OMNUCHIBAIOLLMIA anropuTMbl
(hopMMpPOBaHWSA 1 NPOBEPKM 3M1IEKTPOHHOM LMGPoBOI nognucu. MpuHAT 1 BBELEH B LeliCTBUE
B 2012r.

OCTY 4145-2002 (nonHoe HaseaHue: «ACTY 4145-2002. WIH(opmaLMOHHbIe
TexHosormn. Kpuntorpaduueckas sawmuta nHgopmauymm. Linposad nognucb, 0CHOBaHHas
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Ha 3NIMNTUYECKUX KpuBbIX. PopMupoBaHME W MNPOBEPKa») — YKPaMHCKWIA CTaHAapT,
OMUCbIBAIOLMIA airOPUTMbl (DOPMMPOBAHNA U NPOBEPKN 3NEKTPOHHOW LMMDPOBOM NOANUCH
[6]. MpuHaT wn BBegéH B peitctBue B 2002 r. HecmoTpsa Ha [OCTaTOYHO [O/roe
cywectsoBaHne [ACTY 4145-2002 B KayecTBe rocygapctBeHHoro craHgapta OUIM, oH
OCTaeTCs [eKNapupoBaHHbIM, HO Malo NPMMEHUMbIM, HECMOTPS Ha TO, YTO €ro OCHOBHbIe
KPUNTOMPUMUTMBBI peain30BaHbl B OTKPbITLIX Java-bubnnoTtekax OpenSSL 1 Bouncy Castle.
M0 HaleMy MHEHWIO, CYLLECTBYET [iBE MPUYNHBI 3TOTO:

OYeHb C/TIOXKHOE M3/I0XEeHWe TEKCTa CaMOoro CTaHAapTa; X0Ta ohuLmaibHOe nsfaHune
[6] comep>xunT BCEro 39 cTpaHuL, YTEHME JOKYMEHTa M ero NoHMMaHue 3aHUMaeT A4/inTeNlbHoe
Bpems faxe y OCTaTOYHO MOArOTOB/IEHHbIX NMPOMECCMOHA/IbHBIX NPOrPaMMUCTOB,

MPaKTUYeCKM MOSHOEe OTCYTCTBME BO3MOXHOCTEN pacnapasiieniMBaHus npu
NporpaMmHON peanu3auum anropmTMa.

Pe3ynbTatbl NpeABapuTe/IbHOrO aHan3a BCeX NepeyvncieHHbIX airOpUuTMOB CBE/IEHbI B

Tabnmyy 1.

Tabnnuya 1.
OCHOBHble XapaKTepucTUKu anroputMos SLUTM
X311- PeKOMeH/OBaHHbI PeKOMeH/OBaHHbI log
AnropuTm pasmep OTKPbITOro pasmep 3aKpbITOro co3aHus,
(hyHKLMS
K/iroua K/iroua cTpaHa
SHAL nnn 1994,
DSA SHA? 1024-3072 6ut 160-256 6ut CLLA
SHAL nnn 1999,
ECDSA SHA? 112-320 6ut 80-521 6ut CLUA
roCT P roCcT
34.10-2012 | P34.112012 80-320 6ut 256-512 6uTt 2012, PO
ACTY roCcT ) ) 2002,
4145-2002 | 34311 162-768 bur 256-1024 bu YKpauHa

He ocTtaHaBnvBascb feTa/ibHO Ha 0630pe npumeHsembix B QLM KpuTorpaduyeckmx
X3W-(DYHKUMA, CKaKEM TONIbKO, 4TO BCE OHM OCHOBaHbl Ha alropuTMax 6/104HOI0
LWngpoBaHus. B gaHHOM nccnegoBaHum AL 6b1M NpYMeHeHbI XaLW-hyHKUMM MD-2 MD-5
SHA-1 SHA-2 (c pasmepamu 6noka 256, 384, 512 6uT), Takke MTOCT 34311.95 n FOCT
P34.112012, cneunduumpoBaHHbIe COOTBETCTBYOLWMUMY cTaHgapTamu LM [2,3] .

MporpamMmmHoOe CPeACTBO /1 MOZIE/IMPOBAHMSA 1 CPABHUTENIbHOIO aHanm3a cuctem LM

[na cpaBHUTENbHOTO aHanu3a cuctem SLIM nyTem MoAennpoBaHMsA pa3paboTaHo
YHVBEPCa/IbHOE NPOrpamMmMHOE CPELCTBO CO CNeLYHLMMUN DYHKLUAMN:

610K X3WMpoBaHus,

610K reHepaumm OTKpPbITOrO K/1Koua,
610K reHepaLmmn CEKPeTHOro K/THoua,
610K hopmumpoBaHus ILUMM,

6nok Bepumkarmm L.

Mporpamma pas3paboTaHa Ha A3blke Java C  MPUMEHeHVEeM  OGUBIMOTEKU
KpunTtonpumnutneoB Open SSL. Open SSL (secure socket layer - cuctema 6e3omacHbIX
COKETOB) — KPUMTOrpatuyecKnin nakeT ¢ OTKPbITbIM UCXOAHBIM KOLOM, MPefoCTaB/IstoLLUiA
boraTble cpeAcTBa A1 MPOMUAMPOBAHMA MPOrpaMMHbIX (pparMeHToOB MO  3arparam
MPOL,ECCOPHOro BpemeHu [7]. Ha puc.3 npusefeHa 0CHOBHaA aKpaHHasa hopma nporpaMmbl.
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[=ETT] =loix]
HauyanbHbie napaMeTpbl
Cucrema 3LM [Dsa k2
MapameTpel Knioya | 512 bit v
CooBweHne
test 5
dain | :)
v
MNapameTpbl NOOoNHCH
OTKDLITHIA KOy QMA0aYZ409ZCZ00a9b5a5eEE JIE 25800 7 2810 321303y Tah6E3UCo0C0ans T [,
27ae826eelcBd496084126521462dc2030936faded 1c459e7bbe2456081c [
49f482e301472983e31e365b5/7823d5619fee900c hd
¥ow 2
faeacc871abBbaacefe18b6c0d47c4221 L
4
i
M 3020021450036d1b63665 1d067d417880a68805680c00902133685cc2. [
Odce3bc1a2d7c3cesdc16987277368 ]
e 3atpaveHo BpeMenn, mc= 0.300765893 f
v
CreHepupoBaTte NOGNUCE MpoeepuTk Nognuce |

Puc.3. OcHOBHas akpaHHas hopma nporpammel MogennposaHus SLIM

Pe3ynbTaTbl UCCeL0BaHWN

Mogenuposanme 3LIM B uenoM u X3w-(hyHKUMIA NPOBOAMIOCH Ha anmnapaTHO-
MPOrpaMmHbIX KOH(UIypaumsax ABYX TUMOB:
KOH(urypaums A:
CPU: Pentium 987(sigpo Sandy Bridge) 1.5 'y, (2 MB L1 cache);
RAM: 4 'b DDR3 1300 MI'y;
OC: Win7,
KOH(urypaums b:
CPU: Core i5 3240T(agpo Ivy Bridge) 2.9 I'T'y, (3 MB L1 cache);
RAM: 8 'b DDR3 1600 MI'y;
OC: Win7.

KoHturypaumns A MogenvpyeT TUMUYHBIA COBPEMEHHBIA O(UCHBLIA KOMMbIOTEP B
opraHu3aumsax M KomnaHusx, npumeHswowmx UM, a koHgurypaums B - TUNUYHBINA
KOMMbIOTEP, NPUMEHSIEMbI B NOAPa3feNeHnsaX KOMMbIOTePHOW 6e30nacHOCTU GaHKOB U
APYrux MHAHCOBBIX YUpeXaeHWi, Bepupunumpyrowmx L.

B npouecce mogenvpoBaHus Oblna uccnefoBaHa MPOW3BOAMTENBHOCTL (CKOPOCTb
paboTbl) X3L-PYHKLUMIA. YCcpeaHeHHbIe No 6a3e (hainioB JOKYMEHTOB pas3IMyHbIX POPMATOB 1

pasmepoB o6bemoM 3 10° (haitnoB pesynbTaThl MCCAEA0BaHWUA ObICTPOAEACTBUA X3LU-
(YHKUMIA npvBefeHbl B Tabnuue 2 u Ha puc.d. TlokasaTenm CKOPOCTU OLEHEeHbI
nporpaMmMHbLIMA NPOMUIMPOBLLMKAMK, a TakxKe MporpaMmHbIMU cpescTBamu Java n Open
SSL.

BuaHo, uto xawwupoBaHne ¢ nomouwibto SHA-2 ¢ anvHoi 6noka 512 6uT siBnseTcs
Hanbonee NPOV3BOAUTENIbHON BbIYMCIUTENBHONW MpoLeaypoil. C Apyroli CTOPOHbI, airopuTm
SHA-2 aBnsieTca LOCTaTOYHO COBPEMEHHONM M NepPCneKTUBHON (PYHKLMEN X3LLMPOBaHNS, YTO
rapaHTUpYyeT ee KPUNTOCTOMKOCTb.
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Tabnnua 2.
Pe3ynbTaTbl UCCNEA0BAHNA ObICTPOLEACTBUSA X3LL-(PYKLNNA
PyHKUMA Konnyectso A3bIK CkopocTb paboTbl CkopocTb paboTbl
X3LUNPOBaHNSA payHJ0B peav3aumn | Ha KOHQUrypauum Ha KOHurypauum
A, MéuT/c b, Méut/c
SHA-1 80 Java 206 344
SHA-2(256) 64 Java 81 135
SHA-2(512) 64 Java 41 68
roCcT 256 Java 49 83
34311.95
rocCT 256 Java 28 46
P34.112012
200 — VJ

150 +

100

Cropocts pabotsr, Mowut/c

S50

’

0

A

d a

SHA-1

SHA-2(258) SHA-2(512) MOCT 3431195 rocT

P34.112012

Puc. 4. CpaBHUTE/bHbIA aHasIM3 CKOPOCTY paboTbl X3LU-(PYHKLMIA

Kond A

Koud. b

Mpy wuccnepgoBaHuy anroputmoB OLM 6bl1 nNpoBedeH NpeABapuTeNbHbIA  aHann3
cuctem  3UIM, npvBefeHHbIX Bbiwe B Tabnuuye 1. OH NO3BOAWUA BbIBECTU MATKYH
PEATMHIOBYIO OLIEHKY, COr/MIaCHO KOTOPOW MporpaMMHas peanusaumsa anroputmos MOCT P
34.10-2012 v ACTY 4145-2002 cyLleCcTBEHHO CcnoXHee anroputmMoB DSA n ECDSA,
noatomy npu Tpebyembix AnnHax knatodeir FOCT P 34.10-2012 n ACTY 4145-2002
NMPakTUYeCKM He BblAEPXUBAKOT KOHKypeHuun c anroputmamm DSA un ECDSA no
ObICTpoAencTBMIO. HuXe npuBeAeHbl pe3ynbTaTbl aHanv3a ObICTPOAENCTBMS TOMbKO ANA

Hanbonee 6bICTPbIX cuctem SLUIM DSA n ECDSA.

OueHka 6bicTpogeincTteus cuctem 3N DSA n ECDSA, B 3aBUCUMOCTM OT A/INHbI
KnoYa C pa3brBKO MO 3Tanam, MNpefcTaBneHbl Ha puc. 5-6 Ans 06emx annapaTHbIX

KOHUrypaLuid.
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Puc. 6. BpemeHHol aHanu3 atanos 3LIM ECDSA B 3aBMCMMOCTM OT pa3mepa K/tova: a —
KoH(urypaums A; 6 — KoH(urypauusa b

AHaM3 rpanyeckmx 3aBUCMMOCTEN MO3BOJISET YCTAHOBUTL CNefyHOLne UHTEPeCHble
(haKThbl.

MoAnNuCb Ha 3NIMNTUYECKMNX KPUMBbLIX TPebyeT CyLLeCTBEHHO OO/bLUEr0 BPEMEHMU Ha
BepuMKaL Mo, YeM Ha (hOPMMPOBaHME KITHOYENA.

[nsa nonb3oBaTeNibCKO KOH(Urypaumm A BrOSIHE MNPUEMSIEMO C TOYKWU 3pEHUs
ObicTpofencTemst ans cucteMbl DSA pekomeHgoBaTb AMHY Kntova 1024 6uta, a ans
cuctembl ECDSA - animHy Kntova 163 6uta. ns npodeccroHanbHON KoHgpurypaummn b atu
PEKOMEHJALMM COXPaHSAOTCA.

OO6Lume pekomeHAaLuMK, MOMYYEHHble B pe3ynibTaTe WCCNeLoBaHUs, CHOPMYIMpyem
TaknuMm 06pasomM. Havnbonee spdeKTMBHbIMU MO (HOPMYIMPOBAHHBLIM KpUTepusM yno6cTsa
NporpammHoN peann3aunmn 1 6eiCcTpoaencTensa aBnstoTes cuctembl LM DSA n ECDSA ¢
npuMeHeHeM XawW-GyHKunun SHA-2 annHoi 6noka 256 unm 512 6uT. Mpy cpaBHeHUK
cuctem DSA n ECDSA nocnegHtoto, 6e3ycnoBHo, cnefyet cumTatb 60/1ee nepcnekTUBHOW,
MOCKONbKY  OO/IbLUMHCTBO  AEWCTBYHOWMX  CTaHAapToB  OLM  OpueHTMpoBaHbl  Ha
ANMNIMNTUYECKYIO KPUMTOTPaguio.

BbiBoAbI

MccnefoBaHme COBPEMEHHbIX cucTeM JLLM nyTem Mx NporpaMMHOro MoenvpoBaHUs
no KputepusiM yAo6CTBa MNPOrpaMMHON  peanu3auum U GbICTPOAEIACTBMS  MO3BONIIO
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YCTaHOBUTb, 4TO cucTeMbl DSA n ECDSA B couyeTaHuM € Xaw-yHKumein SHA-2 B
HanmbonbLued Mepe YOOBMETBOPAIOT CHOPMY/IMPOBAHHBIM  KPUTEPUAM U MOTYT ObITb
PEKOMEHOBaHbl [N MPaKTUYECKOro  MnpuMeHeHus.  BbipaboTaHbl  MpakTuUyeckue
peKoMeHZaLMy No AvHe 6/10KOB X3LW-PYHKLUMN U I/INHE K/oYa anroputmos SLUMMT.
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JocnifpkeHo cyyacHi anropuTMu eneKTpoHHOro uudgposoro nignucy (ELIM). Anroputmu
MpoaHanizoBaHi 3 TOYKM 30pYy 3PYYHOCTI MPOrpamHoi peanisauii Ta WBUAKOAIT Ha Pi3HUX
etanax ELIM. [JocnigpkeHo Halibinbll 3acTOCOBYBaHi KpuntorpagiyHi Xeww-yHKUIT K
CKnafoBa YactuHa cuctemu ELM. [JocnifjkeHHs MpoBefeHe LWAAXOM NPOrpaMHol
peanisayii pisH1xX cuctem ELLIM Ha MoBI Java ¢ BUKopucTaHHAM 6i6nioTekn Open SSL Ta
NoJa/1bLLUMM NPOorpaMHUM MpodiioBaHHAM.

Knto4voBi cnoBa: eneKTpoOHHWIA LM(POBWIA Nignuc, Xeww-pyHKLIN, cTaHAapTW LMGPOBOro
nignucy, aCMMETPUYHI KpunTorpagivHi cucteMu, LIBMAKOAIS.

RESEARCH OF MODERN DIGITAL SIGNATURE SYSTEMS
V.0. Boltenkov, R.I. Yenikyeyev

Odessa National Polytechnical University,
1, Shevchenko ave., Odessa, 65044, Ukraine; e-mail: vaboltenkov@mail.ru

Modern digital signature (DS) systems were researched. The DS algorithms were analyzed
with respect to easiness of software implementation and speed related to their different
stages. Common cryptographic hash functions were researched as a part of a DS system.
The research was performed by means of Java software implementation of different DS
systems with the use of OpenSSL toolkit and further software profiling.

Keywords: digital signature, hash function, digital signature standards, asymmetric
cryptographic systems, algorithm speed.
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METO/ KPUMNTOMPA®NYECKOW MEPEJAUN
NHP®OPMALIMN HA BA3E SKBBAJIEHTHOI' O K/TACCA
COBEPLUEHHBIX ABONYHbBIX PELLETOK

H.N. KywHnpeHko, B.A. YeyenbHULKNIA

Ogecckuii HaUMOHa/IbHbIA MOAUTEXHUYECKWIA YHUBEPCUTET,
np. LWeByeHko, 1, Ogecca, 65044, YkpavHa; e-mail: natalka_kni@ukr.net

Ha oOcHOBe CBOWCTB COBEPLUEHHBIX [BOMYHbIX PELLUETOK 3KBMBAJIEHTHOrO Knacca
MPEANOXKEH KPUNTOrpagMuecknii MeTo Mepedadun MHpopMauyu, KOTopbli Mo3BonisieT
YMEHbLIMTE  CMOXHOCTb  feKofepa 32  CYET  MPUMEHEHUs  eAVHCTBEHHOrO,
MepecTpavMBaemMoro Mog, NMopoXAAOLLYO PELLETKY COrfacoBaHHOro (ubTpa, 06ecnevnThb
MapaMeTPUYECKYHO CKPbITHOCTbL Nepedayu MHOopMaLmK1, MOMEXOYCTONUYMBOE KOAMPOBaHME
11 OpraHK130BaTh MHOFOKaHa/IbHYIO CUCTEMY Nepeaaqn MHhopmaLmn.

KntoueBble cnosa: Kpl/ll'lTOFpa(bI/l‘-IECKaﬂ nepepaya I/IH(bOpMaLI,I/II/I, COBEPLLUEHHbIE
[ABONYHbIE PELLETKN, METOA MOAYNALMN, LLUNPOKOMOJ/TIOCHbIE CUTHalbl

BBefeHue

Ha pagvokaHan nepefauv [aHHbIX, Kak Ha OTKPbITYHO CUCTeMy, B OOLLEM cny4yae
BO3JENCTBYIOT MOMEXM W  MHOrO/lyYeBble 3aMUPaHWs, Bbi3BaHHble €CTECTBEHHbIM
NMPOUCXOXAEHNEM, a TaKKe KaHal MOLBEPXKEH BO3AENCTBUIO MOMEX WCKYCCTBEHHOIO
MPONCXOXAEHNA OT CUCTEM MpefHaMEPEHHOro paspyLleHns UH(OPMaLMK, MOLABIEHNSA UK
repexsara [aHHbIX.

TakuMm  06pa3oM, COBpPEMEHHble CUCTEMbl Mepefayv  UHMOPMALMU  LO/DKHbI
NMPOTUBOCTOSATb BO3LEACTBMIO KaK ECTECTBEHHbIX, TaK W CreuuasbHO OpraHn30BaHHbIX
nomex, T.e. 0611aJaTb BbICOKOI NOMEX03aLMLLEHHOCTbHO.

Momexo3alLMLLEHHOCTb — 3TO /1aBHbIA KOMM/IEKCHbIVA NOKasaTe/lb kayecTBa paboTbl
CUCTEM nepefaun  WHGOPMaLWK, KOTOpbIA  BKIOYaeT [1]:  MOMEXOYCTOMYMBOCTb,
9HEPreTUYeCKY0  CKPbITHOCTb, CTPYKTYPHYHO WAM  NApamMeTPUYECKYH)  CKPbITHOCTb,
KPUMTOCTOMKOCTb, MUMWUTOCTOMKOCTb, 3aluuMTy WHGOpMauumM OT npefHaMepeHHbIX MOMeX,
MoAaBNeHns W repexsata CUrHaIOB, 3allWUTy MHGOPMauuyM OT HEeCaHKLMOHMPOBAaHHOIO
poctyna. [1o3ToMy [rf1aBHOW NpPo61eMoli  TeNeKOMMYHUKALMOHHBIX CUCTEM  ABNSETCS
MOBbILLEHWE NOMEXO3aLMLLEHHOCTW.

O6bI4YHO NPO6EMbI 3aLLUTHI NepefaBaeMoi UHPOPMaLK OT BANSHWUA NMOMEX B KaHasiax
CBA3N M 3aWNTbl MH(POPMALMM OT HECAHKLIMOHMPOBAHHOTO JOCTYMNa PeLarTcs He3aBnCcuMmo.
[na 3awmnTbl MHGpOPMALMKU OT BO3LEWCTBUS MPUPOAHBIX U UCKYCCTBEHHO CO3/aBaeMblIX
MoMeX NCNOMb3YKTCA METO/bl MOMEXOYCTOMYMBOr0 KOAMPOBaHUSA, OCHOBaHHbIE Ha BHECEHUN
nepefarowinuM  YCTPOMCTBOM B MepefaBaemble LMMPOBblE CUTHaIbl  M3BbITOYHOCTU U
MCNO/b30BaHNM 3TON M36LITOYHOCTM NPUEMHUKOM A/ UCMPaB/eHNS BO3HUKLUMX B KaHane
CBA3M OWMBOK. A [ns  3alWmMTbl MH(OPMAaLMM OT HECaHKLMOHMPOBAHHOIO A0CTyrna
MCNO/b3YHTCA Pa3/INYHbIE METObI LUN(POBAHNS.

[na 3awmnTbl nepefaBaeMoi MH(OPMaLMK OT BANSHUA NMOMEX B KaHaiaxX CBS3U MOXHO
NMPUMEHUTbL COBEPLUEHHbIE ABOUYHbIe pewweTkn — CAP. Ha 6a3e CAP MOXHO CTPOWUTL K/1acchbl
OBYMEPHbIX  KOppekTupyoowmux  kofgos [2]. CAOP  MOXHO MpUMeHATb U [Nd
KpunTorpauyeckoin nepegayv nHgopmauum [3].
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Llenb cTaTby 1 NocTaHOBKA MCCNej0BaHNIA

Llenblo  HacTosilein cTaTtbl sABAseTCA pas3paboTka MeToda KpuMTorpaguyueckoi
nepegayn MHpopmaLmmn ¢ NOMOLLbI0 00beUHEHUSA LUINMPOBAHNSA N KaH/IbHOTO KOAVMPOBAaHWUS
Ha 6a3e 3KBMBa/IEHTHOIO K/1acca COBEPLUEHHBIX ABONYHBIX PELLETOK.

[N SOCTVXKEHNSA Lenn HeO6X0AMMO PeLLnTb CefyroLLme 3a4auun:

1.  PaccmoTpeTb cBoicTBa CP 3KBMBaSIEHTHOIO Knacca Npu BbIMO/IHEHWUMN OMNepaLmia
LIMK/IMYECKOro caBura CTPOK 1 CTONOL0B.

2. PaspaboTaTb NPUHLMM M CXeMY MH(OPMALVMOHHOW MOLYNAUUM U AeMOAYNALMN
Ha OCHOBe LKnyeckunx casmros CAP 3KBMBaIEHTHOIO Kfacca.

3. PaspaboTaTtb CxeMy MoZemMa 18 KpUnTorpauyeckoin nepesayv HhopMaLum.

4.  PaccmoTpeTb Tpe6oBaHMA K 6G10OKaM MoOAeMa KpunTorpatuuyeckor nepegayn
NHpopMaLMN.

WccnenoBaHus, NpuBeAeHHbIE B AaHHON CTaTbe, BbINO/HEHbI B pamkax HUP «MeTtogbl
3alnThl  MHMOPMAUMM B LUMPOKOMOJIOCHBIX — TEIEKOMMYHUKALUMOHHBLIX — CUCTEMAX»
NPOBOAMMbIX Kadeaport  MH(OpMaLmMoHHOM 6Ge3onacHoCcT  OfEecCKOro  HalMOHa/IbHOro
NOUTEXHNYECKOTO YHNBEPCUTETA.

OcCHOBHada YyacTb

Kaxpad COP nopagka N MopoxgaeT Knacc aKBMBaleHTHbIX MaTpuy, — E(N) -knacc

CAP [4], nyTeM 1cnonb3oBaHWS Onepaumin LUMKIMYECKOro caBura CTPOK u/unm cTtonbuos,
npu aTom mMowHocTb E(N) -Knacca aKBMBaNEHTHbIX MaTPULL ONPeAeNsieTcs BblpaXXeHNeM

ey N° (1)

Takum 06pa3om, ecniv KaknumM-m6o cnocobom noctpoeHa CAP, To TeM cambiM, MO CyTH,
3a/laH Knacc akBMBaneHTHbIX CAP MowHocTH (1), KOTOpbIA MOXHO MOCTPOUTL 13 aToin CAP
KaK 13 NOPOXAatoLLeid.

B 1abn. 1, B kayecTBe npumepa, MpeactaBfieH 3KBMBaneHTHbI E(4)-knacc CAP,

KOTOPbIA MNOCTPOEH Ha 6a3e NOPOXKAALOLLIEN MaTPULLbI

P(4) : (2)

3[ecb CMMBO/IOM «+» 0003HayeH anemeHT CAP «+1», CMMBONOM « » 0003HayeH
anemeHT CAP « 1» ona KpaTkocTu. [anee Mbl 6yAeM NPUMEHATb Te XKe 0603HaUYeHWS.
MHpekeol k1,k2 Bo3ne umenn CAP (Tabn. 1) ykasblBalOT, HAa Kakoe KOJIMYeCTBO

MOV LMKNYECKN CABUHYTbI CTPOKM W/uam cTonbubl nopoxpgaowein CAP — P01 (4),

npuyem k1l o603HAYaeT KOMMYECTBO MO3WLMIA CABUra CTPOK BHW3, @ K2 — KOMIMYECTBO
No3nLMiA caBura cToN6L0B BNpaso.
BBegeM MNOHATME [BYMEPHOM MEpUOLMYECKON B3aMMHOKOPPENSLMOHHON (DYHKLMK

(ANBK®) mexay npoussonbHbiMm CAP P°(N) n P*(N)

B(N) oy,

3)
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npu aTom 3nemeHTbl AMBK® (3) mexay asyms CAP P°(N) u P'(N) BblumcnstoTcs no

(hopmyne
N IN 1 0 1
bm,n pi,jpi m,j n° (4)
iojo
Tabnmuya 1.
SkBMBaIEHTHbIN E(4) -knacc CAP
k2 0 k2 1 k2 2 k2 3
Pl(4) ) ) )
ki 0
Piol(4) PiI(4) Pr-2(4) PEel(4)
ki 1
Pi2l(4) P (4) P22 (4) Piel(4)
ki 2
PEY(4) PE(4) PE21(4) PE3(4)
ki 3

B Tabn. 2, B KauecTBe npumepa, npueedeHsl ANMBK® mexay nopoxaatoweri CAP (2)
nopsgka N 4 C napameTpamu LMKINYECKOro casura CTpok u ctonbuos — 0,0 u Bcemu
OCTa/IbHbIMW MaTpuLuaMun 3KBuBasieHTHoro E(4) -knacca CAP n3 T1abn. 1 ¢ napameTtpamu

copura k1,k2 .

3 paccmoTpeHus Tabn. 1 v Tabn. 2 cnefyeT BaxHoe cBOWCTBO CP 3KBMBa/IEHTHOIO

E(N) -knacca.

CsoiicTBo. AMNBK® mexay nopoxaatowein CAP n CAOP, 4bk CTPOKM u/vnn cTon6ubl
LMKNNYECKM CABMHYTbLI MO OTHOLUEHWIO K HEI, COAEPXUT OAMH MUK, 3HEPTMs KOTOPOro paBHa
E NZ2. Casurn 3Toro nuka, Mo OTHOLLEHMKO K MecTonosioxeHntio ero B AIMAKB,
O[HO3HAaYHO OMpefenstT KOMMYECTBO LUMKINYECKMX CABUrOB CTPOK wu/vnm ctonobuyos CAP
OTHOCUTE/NbHO nopoxgatowein CAP.
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Tabnnuya 2.
AOMNBK® mexay CAP aksmBaneHTHoro E(4) -knacca

B%(4) B(4) B?I(4) B**(4)

16 0 0 0 0 16 0 0 0 016 0 0 0 0 16
0 000 0 00O 00 0O 0000
0 000 0 00O 00 0O 0000
0 000 0 00O 00 0O 0000
B0l (4) BU (4) B2 (4) B3 (4)

0 00O 0 00O 00 0O 0000
16 0 0 0 0 16 0 0 0 016 0 0 0 0 16
0 00O 0 00O 00 0O 0000
0 00O 0 00O 00 0O 0000
B2%(4) B?(4) B*?I(4) B#*1(4)

0 00O 0 00O 00 0O 0000
0 00O 0 00O 00 0O 0000
16 0 0 0 0 16 0 0 0 016 0 0 0 0 16
0 00O 0 00O 00 0O 0000
B9 (4) BE4(4) BE21(4) BE41(4)

0 000 0 00O 00 0O 0000
0 000 0 00O 00 0O 0000
0 000 0 00O 00 0O 0000
16 0 0 0 0 16 0 0 0 016 O 0 0 0 16

YCTaHOBNEHHOE CBOWCTBO WMEET BaKHOE MPaKTUYECKOe 3HAYeHue, MOCKOJIbKY
SBNSETCA, NO CyTU, 060CHOBaHMEM METOAa Nepeaavn MHPOPMaLumM Ha OCHOBE LMKINYECKMNX
cABMros nopoxgarowein CAP.

PaccmoTpum 60nee MOApPO6GHO MeTof Mepedayun WHGOPMaLMK, OCHOBaHHbLIA Ha
umknmyecknx cagurax CAP  akeuBaneHTHoro E(N)-knacca. Cxema Mofynatopa,

(hYHKUMOHMPYHOLLLAA Ha ero OCHOBe, NokKasaHa Ha puc. 1.
MpeanonoXmm, 4To COOOLLEHME COCTOUT W3 [AUCKPETHbIX CUMBOMOB, KaXKAblA W3
KOTOPbIX BblOpaH M3 HEKOTOPOTO KOHEYHOTO MHOXECTBa — andaButa. MycTb

A aga,a, A, 18q 1 ®)

angaBnT, COCTOSALLWMIA U3 ( pasHbIX CUMBOJ/IOB. /15 Nepefayn Kaxaoro cMMBona a., rae i —

HOMep COOTBeTCTBYHOLLero cumeona n3 angasuta A (5), mogynatop 6yaeT MCnonb3oBaTb
ofHy nopoxgatowyto CAP n3 E(N) -knacca.

CueTHO-peLuatoLLee CpefCcTBO OnpeseNieHNs KONIMYeCcTBa LMKINYECKMUX CLBUTOB CTPOK Y
CTON6UOB paboTaeT B MOAYNbHON apuUPMETVKE W, COOTBETCTBEHHO, pPacCYMTbIBAET

napaveTpbl k1 v k2 no HOMepy i nepefasaeMoro cumBofa a., And nepepasaemoit CAP,
cregyroLwmm obpasom

kL Int(i/N), (6)
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rae Int(a/b) —o3HavaeT Lenyto YacTb OT fefleHns a Ha b ;
k2 Res(i/N), (7

roe Res(a/b) — o3HayaeT ocTaTok OT AeneHns a Ha b .

Hcrounuk i CueTHO-pelamilee CpeicTBO
coobmenuit » OfIpere/IeHHs] KOTHYECTRA LIUKIHMUECKUX
a; CABUTOB CTPOK U CTOJIOIIOB
k1 k2
y y
3anoMuHa- 0 brok « (@)
P’(N) baoxk P'(N) B
oriee HAKITHYECKOTO KaHa
»| HAKIHYECKOTO |- B » llepenaruux e
CpeACIBO CABHTA CTPOK A
P (N) CTONI0IOB

Puc. 1. MoaynaTtop curHanos Ha ocHose CAP

AcHo, yto nopsagok N gna COP E(N)-knacca Heo6xoaMmo BblGUpaTb M3 YCNOBUA
N® q.

BNOK UMKNMYECKOro cAasura CTPOK MPOM3BOAUT LMKIMYECKUIA CABUM MOPOXAatoLLel
COP P°(N) Ha k1 (9) CTPOK BHW3. BIOK LMKINYECKOTO CABWra CTOMBLOB MPOU3BOAUT
LUMKNnYecknid casur nonyyveHHon CAP Ha k2 (10) cTon6uoBs BNpaso.

Mpn aTOM KaXXAOMYy nepefasaeMoMy CUMBOJY @ M3 HEKOTOPOro angasuTa MOLLHOCTH

N? cTaBMTCA B COOTBETCTBYUE OfiHa CLP 13 UCNoMb3yeMoro akemsaneHTHoro E(N) -knacca.
Homep i COOTBETCTBYIOLLEIO CMMBOMA & OMpeaenseT KOINYeCTBO LMKINYECKUX CLBUIOB

CTPOK W/vu cToN6L0B nopoxaatoLleid CAP P°(N).

B pesynbTate Takoil WMH(OPMaLMOHHOMW MOAYNALMMK MONyYaeM [ABYMEPHOEe KOJO0BOe
C/IOBO, KOTOPOE MOC/NeAoBaTe/lbHO CTPOKa 3a CTPOKOW MOJaeTCA Ha BXOL NepefaTyvka, rie
OCYyLLeCTBNAETCA (BTOpas CTyMeHb MOLYNALMM) 4YacTOTHas wan  (pas3oBas MOAYNAUMS
(MaHMNyNALMS) HecyLlel YacToTbl. TakuM 06pa3oM, B KaHas1 CBA3UN U3/ydHaeTcs 04HOMEPHbIN
AUCKPETHBbIA curHan S(t), mmHbl n N? 3nemeHToB. FAcHO, 4YTO 6Gasa Takoro CUrHana
onpegenseTcs Kak

B FT N2, (8)

roe N —nopagok CAP.

CNoXHOCTb  PagMOTEXHMYECKMX YCTPOMCTB OObIYHO OLIEHMBAOT  KOIMYECTBOM
3/IEMEHTOB MaMATM U KOJIMYECTBOM CYMMAaTOPOB, TaK KaK MMEHHO 3TN 3/IEMEHTbI B/IMAIOT Ha
ObICTPOZECTBME YCTPOMCTBA WM €ro LeHy. 3ameTUM, 4YTO B MepedarolleM YCTPONCTBe
XpaHUTCA ofHa nopoxpaatowas CAP, Bmecto N® CJ/IP 3KBMBA/IEHTHOrO Kfiacca, Kak 3TO
00ObIYHO MPOMCXOAMT NPU  TPASULMOHHBLIX MeTofaxX nepefayn WHgopmauum, noaTomy
OPUEHTUPOBOYHO CMOXHOCTb MPEA/IOXKEHHOro MoaynsaTopa B N2 MeHbLUe MO KOJUYECTBY
3/1EMEHTOB B CPaBHEHWUM C MOAeMaMK, KOTOPbIE MOCTPOEHbI MO TPaANLMOHHBIM CXEMaM.

B npuemHol YacTn cuctembl TeNEKOMMYHUKaLWiA (puc. 2) ocyllecTBseTcsa 06paboTka
MPUHATOrO B ycroBuax nomex () curHana y(t)
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y® s @O

= k1
W3 kapan Hiz?j;a%iim MAX > CuerHo- i | MNonyuarens
p— HpﬂeMHHK BAHHE - TIOHCK peiarouice » COO6HL€HH}I
KOOP/I. » CPEACTBO a.
GuITBTP . i
»(1) ; k2

3anoMuHa-
o11ee
CPENCTBO
P’(N)

Puc. 2. lemofynatop curHanos Ha ocHose CL1P

BHavane B NpPUEMHWKE OCYLLECTB/AETCH MO3NIEMEHTHbIN npuvem curHana y(t) wu
(hopmupoBaHve npuHAToM peeTkn Y (N) . B gemogynatope (gexkomepe) ¢ KoppensauMoHHbIM
MeTOZOM [eKOAMPOBaHUA C MOMOLLbIO [ABYMEPHOrO COr/laCOBAHHOIO (hu/ibTpa MpPOBOAUTCA
pacueT AMBK® mexay npuHaToil pelueTkoii Y(N) v nopoxgaroleii pewwetkoir P°(N),

napameTpbl MOCMeAHe XpaHATCA B 3arMOMUHAIOLEM CPeACTBe. 3aTeM peluatoLlee CpescTBO
[eKoaepa OCYLLECTBASAET MOWUCK MakCUManibHOro nenectka AMNBK® un 3HauyeHwidi ero

MaKCHMasbHO MPaBaoNof06HbIX KoopavHaT KL K2 .

[lekogep  WCTOYHMKA  BbIYMCASIET  HOMEP  MakCMMalbHO  MpaBAonoA06HOro
nepeaaBaeMoro CMBONA CeayHoLL MM 06pasom

i kLN k2 9)

MakcumanbHO NpaBAonofjo6HbIA HOMEpP | OMpejensieT nepejaHHoe Coo6LieHVe a.,

KOTOPOE MOCTYMaeT Mo/y4aTesto COOBLIEHUS.
CnegyeT 3aMeTUTb, YTO [EKOAVPOBaHWE CUFHanOoB, MOCTPOEHHbIX Ha 6ase

akBuBasieHTHoro E(N)-knacca CAP mowHOCT N?, MOXHO OCYLIECTBUTL C MOMOLLbIO

e[MHCTBEHHOIO [IBYMEPHOrO COrfiacoBaHHOro ¢ nopoxpatouleid CAP thunbtpa, BMecTo N2
(unbTPOB, Kak 3TO TpebyeTca B OOLWEM Ccnyyae Mpy MOCTPOEHUU MHOTOKaHa/IbHOrO
NPYEMHMKa 1 CXeMbl NMOMCKa KOOpAMHAT rnasHoro nvka ArMNBK®.

O6uian 6110k-cxema mogemMa Ha ocHose C/IP nokasaHa Ha puc. 3.

Ha nepBbllii B3rNs4 MOXET MOKa3aTbCA, YTO MPeAsIoXKEeHHbIi Mogem Ha 6ase CAP
obecrieumBaeT KpunTorpauyecknin Metof nepegayn uHdopmaumn. Bedb HWM oguvH 6UT
rnepejaBaeMoro  HoMepa  CMMBOMA  He  CBA3aH  HUWKakKMMW  MaTeMaTUyecKMMU
npeobpasoBaHNAMM C MepefaBaeMbIM MO KaHaly CBA3M KOAOM. [TOHATHO, 4TO ec/u
KPUNTOAHa/IMTUKY He u3BecTHo, Kakasd CUAP akeumBaneHTHoro E(N)-knacca 6bina

yCTaHOB/eHa B KayecTBe 6a30BOM, TO B 3TOM C/ly4ae HEBO3MOXHO OMpPeaenTb Kakue Obinu
napameTpbl UMKAnyeckoro casura ctpok (k1) u crtonbuoB (k2) W, COOTBETCTBEHHO,
HEBO3MOXXHO OMpefenMTb Kakol HOMep CMMBO/IA BblT NepesaH.

OpfHako BCKpbITME MpeACTaB/IeHHOro crocoba nepejaydn  MHQopmauumn, Ans
KpUNTOaHa/IMTNKaA, He COCTaBNAET BONbLUMX TPYAHOCTEN, TaK KakK AaHHbIA MeToq nepeaaqu
nHopMaummn npeacTaBnseT cobor 00bIYHbIA WNDP NOACTAHOBKM, T.e. KOJ NepeaaBaeMoro
CUMBO/1a 3aMeHsAeTCA Ha cooTaeTcTByloWwyo CAP.
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4!

Ucrounnk | ;| Cuerno- MAX  p» CuerHo- Honyuarens
cooluieHuil |-» pemawoniee HOHCK peraroniee coobmeHus
a, cpexacreo | KOOpH.  |-» cpeactso 2 a-

0 1 ‘
k1 k2
4 A4 v

3aroMuHa- ok HABymMmepHBIH 3anoMuHa-

1o1ee COraco- 1o1ee

H > IUKITYECKUX Kanaz - m
CPCACTBO CIBHIOB CBSA3H BaHHBIM CPEACTBO
PO(N) A QusTp P°(N)

Puc. 3. bnok-cxema mogema Ha ocHose C/1P

MMocne npuema HEKOTOPOro KOAWMPOBAHHOIO COOGLLEHWS, HETPYLHO OMpeaenuTb
OTHOCUTE/IbHYKO 4acTOTy MNOsABMAEHWUA pa3inMuHbix CAP © noctaBuTb 3Ty 4acToTy B
COOTBETCTBME CO CpPEeLHeCTaTUCTUYECKMMU [aHHbIMU MOsBNeHMs OYKB angaBuTa B TEKCTe
COOTBETCTBYIOLLENO A3bIKa.

3Has anroputMm nepefaun MHopmauun, angasut, GoOpMynbl ANF  BbIYUCIEHMNS
napameTpa cfsura CTpok n ctonéuos (6), (7), (9), no ogHOMY npasu/bHO OMNpeaeneHHOMY
CUMBOJY /1erko onpefennts 6asosyto CAP 1 nocse 3Toro Nosly4nuTh BeCb OTKPbITbIN TEKCT.

Ona Toro 4yrtobbl mMeTon nepefayy UHGOpPMaUMM He MoAfaBasics [AeLin(poBaHuIO,
HeobX04MMO, 4TOObl AN KaXZOro HOBOrO rMepefaBaeMoro CMMBO/A OTKPBLITOMO TeKCTa
ncrnonb3oBaiach HoBas nopoxgatowas CAP. 3T0 MOXKHO OCYLLECTBUTL NyTeM A06aB/ieHNs B
NpeanoXXeHHYI0 Ccxemy nepefdatumka (puc. 1) u npuemHuka (puc. 2) reHepaTopa

3KBUBA/IEHTHOIO Knacca CZIP BMecTo 3anomuHatowero cpeactsa P°(N) (puc. 4).

kl i
HCTO[IHHKV i| Cuetno- MAX  p» CuerHo- Homyyarens
coobuienut |yl pemaomee HOUCK pearoniee COOOICHS
: cpeacTso 1 t KOODA. CPENICTRO 2 2
KLY T2y I

T'eneparop baox K Hiil;;efc ilim T'eneparop

E(N)-xnacca »{UMKINYCCKUX C;::j sanmeii € E(N)-knacca
) c/p 5 CIBUIOB 6 T | Lo CAp

1 1

T'eneparop Feneparop

PS-xora CekpeTHbIH KaHa PS-xona

3 11

Puc. 4. bnok-cxema mogema Ha ocHose E(N) -knacca CAP

eHepatop E(N)-knacca CAP (6n0ok 2, 6nok 10), KOTOpbI YNpaBAseTca reHepaTopoM
PS -koga (6nok 3, 650K 11), An1d KaKAoro o4epefHOro CMMBOJIA OTKPbLITONO COOOLLEeHMS
(6nok 1) reHepupyeT HoBYHO nopoxgatowyto CAP. M'eHepatop PS -koga (610K 3, 610K 11)
(hopmupyeT  NceBAOC/NyYailHble YWCNa, MOCNeA0BaTE/IbHOCTL  KOTOPbIX  YnpaB/seTcs
3aKpbITbIM  K/HOYOM, MepefaroLMMca Ha MPUEMHYHKO CTOPOHY MO CEKPETHOMY KaHany.
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3aKkpbITbI K4 M3MEHSIET MapameTpbl reHepatopa PS -kofga. OcTasibHas 4aCTb CXeMbI
paboTaeT Tak >e, KaK Obl/10 ONMMCcaHo paHee.
PaccmoTpum TpeboBaHusi K reHepatopy E(N)-knacca COP (6nok 2 n 6nok 10).

[aHHbI reHepaTop AO/MKeH reHepupoBaTb Bce CJLP 3afaHHOrO 3KBMBaNEHTHOrO Knacca,
KOTOpbIA onpeaenseTca nopoxaatowler CAP. CTpykTypa reHepupyemoit CAP onpeaensietcs
ee HOMEpPOM, KOTOPbIA SIBNSETCA LIeNIOYMCIEHHbIM 3HAYEHMEM M MOJAETCA Ha reHepatop oT
BHELLHEro ycTpoicTea B ABonyHOM Buae. CAP Hymepytotcs oT 0 40 ¢, 1 (1), noatomy

KOMMYECTBO Pa3ps/ioB ABOMYHOrO HOMepa reHepupyemoii CLP onpeaensieTcs BbipaXeHeM
IE(N) Iogz E(N)" (10)

leHepaTop PS -koga (6nok 3, 610k 11) gomkeH hopMupoBaTb MCEBAOCTYYaNHYHO
nocnesoBaTe/lbHOCTb, KaXKAOe 3HayeHMe KOTOPOM [O/MKHO WMETb KOJIMYECTBO pPas3psfos,
KoTopoe onpegeneHo B (10). TeHepatop  PS-koga fgo/mkeH — BblpabaTbiBaTh
HENOBTOPSAIOLLYHOCA MOC/ef0BaTe/IbHOCTL  6OMbLIOA  AaMHbL.  Tlocne Toro, Kak OyndeT
OCYLLECTB/IEHA Nepefaya CMMBOJIOB OTKPbLITOrO TekcTa (6/10K 1), KOIMYeCTBO KOTOPbIX paBHO
[/IMHE NocnefoBaTeNbHOCTU, HeOOX0AMMO CPOPMMPOBATL HOBbIN 3aKPbITBINA K/IHOY, KOTOPbIA
M3MEHUT napameTpbl reHepatopos PS -koga (61o0ku 3 n 11).

B cBf3K ¢ TeM, 4TO 414 Nepegayn 0YepeHOro CMBOJIA OTKPbITOrO TEKCTa KaXK bl pa3
ncrnonb3yetcad Hosas mnopoxgaowas CAOP, B KaHane cBa3nM (610K 6) MOSABAAKOTCS
CTaTUCTMYECKN He3aBucUMble CAP. KpuntoaHa/IMTUK MOXeT MoMydYnuTb WHGOpMaLuto
TO/IbKO O TOM, YTO MO KaHa/ly CBA3W NepefaH Kakoi-To CUMBON U3 3agaHHoro andasuta (5).
[pyras nHgopmaums emy He JOCTYNHa.

Mpn poctaTouHoi 6ase (8) LymMOMOZOBGHOrO CUrHana, KOTOPbIA CHOPMUPOBAH Ha
ocHose CIP v nepepfaetcs No KaHany cBsA3n (670K 6), MOLHOCTb CUTHaMa MOXKET ObITb HUXE
MOLLHOCTMN eCTECTBEHHbIX LUYMOB KaHana CBA3W. MPOCTbIM 3HepPreTMyYecknM npreMHUKOM B
TakMX YCMOBUAX HEBO3MOXHO ONpefennTb Jaxe (akT nepegayv MHpopmauun. Ans
nepexsata TakMX CUTHaI0B HEOOXOAMMO 3HaTb CTPYKTYpPY 3TUX CUTHaI0B, a OHa A1
KaXX[0ro rnepefaBaeMoro CYMBOJIa OTKPbLITOrO TeKCTa MOCTOSHHO M3MeHsieTca. Kpome Toro,
HeobXxoaMMo 06paTUTbL BHUMaHWE Ha TO, YTO LLUYMOMOA06HbIE CUTHASIbI, KOTOPbIE NMOCTPOEHBI
Ha 6a3e C[1P, 06naaatoT 60/bLLON N36bITOYHOCTHH).

Kaxaass COP MOXeT cogepxaTb MakcuMym N? 61T MH(POPMALK, OHAKO (haKTUUECKH
nepeHocuT ToMbKO log, N?. Takum 06pa3om, OTHOCUTENbHAs CKOPOCTb I nepeaaqm

MHAOpPMaLMM PacCMOTPEHHOI CXeMbl COCTaBASET

log, N?
NZ

Takas M30bITOYHOCTb KOAA MO3BOMISIET UCMPaBAATb  OLUMOKM, KOTOpble MOryT
BO3HMKHYTb B KaHa/le CBS3V Mpu Nepegaye nHgopmawmu.

PacCMOTpPEHHbIE  MeTof KpunTorpadnyeckoii nepefayun  MHGOPMaLMM  MO3BOAMT
co34aTb W MHOTOKaHa/lbHYd CUCTEMY MNepejayn MHMOpMauuu, €ecim B KayecTse
MOPOXKAAOLLMX UCMO/b30BaTb MAHUMAKCHbIE COBEPLLEHHbIE JBOVYHbIE PELLETKM.

BbiBoAbI

B paboTte paccmoTpeHbl cBoiicTBa CLP npy BbINONHEHWM OMepaunii LIMKIMYECKOro
coBura  CTpOK  w/mnm  CTON6LOB M CBOWCTBA  [ABYMEPHbIX  MEPUOAUYECKMX
B3aMMHOKOPPENAUMOHHbIX (PyHKLMIA Mexay CAP skeuBaneHTHoro E(N) -knacca.
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Ha ocHoBe paccMOTpeHHbIX cBoiicTB CLP 060CHOBaH BbI6Op MeTOAa MH(OPMALMOHHO
mMoaynAumMm Ha 6ase 3kBMBasieHTHOro knacca CAP. TMpuBefeHbl CTPYKTYPHbIE CXEMb
MoAynsaTopa W [AeMOAynAtopa CuUrHanos Ha ocHoee C[P. [loka3aHO, 4TO C/I0XHOCTb

MOCTPOEHUs MOAYNATOPa U AemoaynaTopa (Mofema) yMeHbLIeHa NpubnusuTensHo 8 N2 no
CPaBHEHMIO C TPaAVLNOHHBIMY CXeMaMu.

MpepsioxkeHa ~ MOAM(IMKAUMSA — YKa3aHHOro  MOJeMa 4/ OCYLLECTB/IEHUS
KpunTorpaguryeckoin nepesayv MHGopmaumm.

Pe3ynbTaTbl, MOMlyYeHHble B [aHHOW paboTe, MOryT ObITb WCMNO/b30BaHbI MpW
MOCTPOEHNM MHOrOKaHa/IbHOro KpUNTOrpagriyeckoro MogemMa, KOTopbliA MOXET 06ecrnednTsb
napaMeTpPUYECKYH CKPbITHOCTb Mepefayn MH(opMauum U UCrnpasfieHe OLIMOOK, KOTOpble
MOTYT BO3HVKHYTb B KaHasie CBA3N.
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METO/, KPUMTOMPA® IYHOT MEPEAAUI IHGJQPMALI,I'I' HA BA3I EKBIBAJIEHTHOIO KJ/1ACY
JOCKOHAJ/IX ABIMKOBUX PELLITOK

H.1. KywHipeHko, B.A. UeuenbHuUbKi

OfecbKuii HauioHabHUIA MONITEXHIYHUIA YHIBEPCUTET,
np. LLleBueHka, 1, Opeca, 65044, YkpaiHa; e-mail: natalka_kni@ukr.net

Ha ocHOBI BnacTmBoOCTeli [OCKOHanMX [BIAKOBMX PELUITOK eKBIiBaIEHTHOTO K/acy
3anponoHOBaHO KpunTorpadiyHmin MeTog nepedadi iHhopMaLii, SKWiA J03BONSE 3MEHLLNTH
CKMagHIiCTb feKogepa 3a paxyHOK 3aCTOCYBaHHA €AVHOrO Y3roMKeHOro ¢inbtpa, AKWi
nepebynoBYeTLCA Nif, MOPOMKYHOUY PeLliTKy, 3abe3neynT napaMeTpuyHy CKPUTHICTb
nepefayi iHhopMaLlii, 3aBafocCTilike KOAyBaHHS i OpraHi3yBaTy 6araToKaHanbHy CUCTEMY
nepegadvi iHopmavii.

Knto4vosi cnosa: KpunTorpadivyHa nepegava iH(opmauii, SOCKOHani ABIKOBI peLliTKu,
MeTOoZ, MOAY/IALT, LUMPOKOCMYrOBi CUMHAIN

METHOD OF CRYPTOGRAPHIC DATA TRANSFER BASED ON EQUIVALENT CLASS OF
PERFECT BINARY LATTICES

N.I. Kushnirenko, V. la. Chechelnytskyi

Odesa National Polytechnic University,
1 Shevchenko Str., Odesa, 65044, Ukraine; e-mail: natalka_kni@ukr.net

A cryptographic data transfer method was developed based on the features of perfect binary
lattices of equivalent class. This method allows for the following: (1) simplification of the
decoder structure due to the use of single matched filter redeveloped for generic lattice, (2)
parametric data transfer security, (3) robust coding, and (4) organization of multichannel
data transfer.

Keywords: cryptographic data transfer, perfect binary lattices, modulation method,
broadband signals.
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A TECHNIQUE TO SOLVE THE PROBLEM OF
PARAMETRIC IDENTIFICATION OF MATHEMATICAL
MODELS OF ANOMALOUS FLUIDS FILTRATION
PROCESSES IN POROUS MEDIA

S.A. Polozhaenko, A.A. Fomin

Odesa National Polytechnic University,
1 Shevchenko Str., Odesa, 65044, Ukraine; e-mail: polozhaenko@mail.ru

The problem of parametric identification of mathematical models (MM) of reservoir
systems for the porosity and permeability functions of ground rock (medium) was defined.
A technique to solve the problem of parametric identification of the MM class under study
was proposed based on the gradient projection method with minimization of the squared
quality criterion.

Keywords: anomalous liquids, mathematical model, parametric identification, functional,
quality criterion, gradient projection method.

Introduction

In some important industries such as construction industry, mining and geological
prospecting, modeling of filtration fluid flows is required. Here the complexity of mathematical
models (MM) of filtration flows is determined, among other factors, by a number of fluids
subjected to filtration (i.e., number or phases), their fractional make-ups, and geological soil
structure. The MM proposed in [1,2] as a variational inequality with proper boundary and
initial conditions may be considered as an adequate MM for mutual filtration of a viscous
(ideal) fluid and viscoplastic (anomalous) fluid. It should be noted that the porosity m z and

permeability functions k. z ,i 1,2 of the medium (reservoir rock) are used as the parameters
of this MM. Hereinafter, indices i 1,2 define fluids subjected to filtration. On frequent

occasions, the values of these parameters are not known, and the problem of their
determination is a complex autonomous problem of investigation of a reservoir system, the
problem of parametric identification.

The purpose of this work was to develop a constructive computational procedure for
identification of the porosity and permeability functions of the formation.

Statement of a problem

According to [1], an incremental MM for mutual filtration of a viscous (ideal) liquid and
viscoplastic (anomalous) fluid may be represented as
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m s, " P " P 1
R k v| dz k———| S,|dz — .z ,
t - 1 Zi2 | | - 1 Zi2 | 2| h i1 ] Qlj (1)
v,S, K,
m S, n 2 p 1K
k dz — .z ,
t i1 2 Ziz h i1 ! sz @)
PO,z Pz, S,01z2 Sy 2, 3
5, 1.2 0;S,tz S, , (4)
ﬂ 0’ 82 t,z SzmaX , (5)

where P P t,z is the intrastratal pressure, S, S, t,z is the reservoir saturation with
displacing fluid, v v t,z is the test function, h is bulk of reservoir rock, K is the set at
which S, S,t,z and v vt,z functions are defined, K, ,K, are a number of production
and injection wells, respectively; Q,,Q, are the debits of corresponding wells,  z is the Dirac
function, is the normal to the boundary. Let us assign the following functional as a quality
criterion for the solution of identification problem:

K, K, 2
Im Kk Ptz,mk F°t’d S, tz,mk FSt dt, 6
1 1 1 2 ()

Vg i Ve i
ilooT T

J J

where P and S, are the exact values of the functions of intrastratal pressure and the
reservoir saturation with displacing fluid, respectively, F* and F* are the measured values of

the specified functions, and T is the period of time when the measurement is done.
Proof of the differentiability of the quality criterion

Let us show that the quality criterion assigned will be differentiable in any point of the
spatial domain Z (including its boundary G), i.e, that the increment (6) equal to

J, J,m h" k h" J mKk
is presentable as

J,  Jmkh"dz J mkh‘dz Ofn"

o) Hhk

2’ (7)

LZ

where J m,k, is a function from L> , O |h"

P and O HthLz are the remainders such

that in o ™ ™' 0, lino * %' o,

0 0
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Let us re-write the functional increment  J, in a formal way as follows:

K; K
1 R2 2

J, Ptz,mk Ptz;, Ft

R 1 &
j1

]

S,t,z,mk  S,tz, F't’ S,tz,mk F’t dz

J J

K, K, o ,
. Ptz,mk F/t Ptz
J

(8)

2

P S
Pt,z,,mk, F t dz S,tz;,mk Ft S, 1,2

St,z,mk F’t dz

1 J 1

Ky K

2Pt,z;,mk F 't Ptzdz P?t,z; dz

J
j1

2S,t,z;,mk F°t S,tzdz S; t,z; dz

]

Now let us convert this expression to the form of (7). To this end, let us introduce
functions p, t,z p,t,z,mk, and p;t,z p;t,z,mk, into consideration as solutions

of the following boundary-value problem

m p; n Zp; 2p; 1 K,
v S k v| dz k,—F[S,|dz = . zQ.,
t i Y z; || T z} | 2| hy, "’ Qli (9)
v,S, K,
m p; n k 2 ; dz 1 K, ,
= . ’ 1
t T z} hy, ' sz (10)
00 t t, (11)
z 0
Prp . 2Ptozpmk FTtopl o 2St.zymk Ft, oz 12)

While taking (1) — (5), (9) — (12) into account, the first integral in the first component of
right-hand side of equation (8) is converted as follows

2Ptz;,mk F°t Ptz;dz p,t,z; Ptz dz

Is i
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t t *
—popdtdz P2 p p—P g
)t oot t
t 1 n Zp* n 2p*
— k z —5= koz, —52[S,| P
o mz z; - 2}
n 2 N * n 2 N *
o K, Z; —p2'°| v| k, z, —p2'°| S,| dtdz.
i1 Z; i1 Z;

Neglecting the last expression in spatial domain, we will obtain the following

t 1 n 2p; n 2p;
l, 0Wllklzi f|v| ilklzin|Sz| P
n 2 A n 2
P k, 7, EP v k, 7, EP S| dt (13)
i1 Z; i1 Z;

t
k 1 n . n .

— K, Z. pplV K, Z, pp|S Pdt .
OmZ il1|pP|| il1|pP|2|
Similarly, for the expression in (8) written with respect to function S, t,z (i.e., the first

integral in the second component of right-hand side of equation (8)), one may write the
following

I, 2S,tz;,mk F’t S,tz;dz pyt,z; S,tz dz

]

or, omitting obvious conversions, when using integration in the spatial domain, finally we
obtain the following

t

w

1 n * n *
— k, Z; pP|V| k, Z; pP|SZ| S,dt. (14)
1

oMz iy i

Second integrals in the components of right-hand side of equation (8) are determined
mostly by the terms of O|h fz Ofh fz form presented in (7) and written for spatial
problem statement. In this case,

1 n * n *
J —_— K, z. polv k. z.
1 m z . 1 =i pP|| - 1 |pP

S, hdz Ofh

2 (15)
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Determining the functional increment and forming the calculated relationships

As a result, the increment of functional (6) is represented as the following expression

S,/ hdz O]h

1 n .
J1 k; z, pP|V| 2
1

n
kl Zi pP
0 i il

Therefore, the desired presentation (7) for functional (6) has been obtained, and the
gradient of this functional has the following form

hmzkz ——  kz py ke z pelSo| . 2 .t Ot . (16)
1

mz ;, i

Then, with the gradient (16) available and using the procedure of gradient projection
method [3] determined by relationships U ut :ut L°0t ,a ut b, t Ot |,

ut,a ut b,
Pr,ut aut a,
b,ut b,

we obtain the final calculated relationships for identifiable functions m z and k; z

n n
Mz ki P |V kg PelSa|
n n
mmin mq z mr; - kl Zi p;|V| . kl Zi p;|82| mmax’
mq L 7 ) inmiw ) )
mq z mr; . kl Zi pP|V| . kl Zi pP|SZ| mmin’
mmax’
n . n .
mq z mr; . kl Zi pP|V| . kl Zi pP|SZ| mmax'
) n . n .
qu z mz ., kl Z; pP|V| L kl Z; pP|SZ| )
n n
klmin qu z me L kl Z; pP|V| L kl Z; pP|SZ| klmax1
qu 1 Z n r;nmin’ n .
qu z me L k1 Z; pP|V| L kl Z; pP|SZ| klmin1
m

max !

ky, Z ‘ . k; Z; p;|v| . k; Z; p;|82| K,
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Conclusions

The numerical investigations performed showed that the procedure proposed for
sequential search of the porosity m Z and permeabilityk. z ,i
rate (thus, e.g., to identify the parameters of a reservoir defined by the spatial sampling grid

z, 12,2, 16, a sequence of no more than 8 iterations is required), with the total problem

solving time of no more than 120 s.
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BnKOHaHO MOCTaHOBKY 3ajadvi MapaMeTpuyHOl ifeHTUikauii MaTeMaTUYHUX Mogenei
(MM) nnacTtoBux cucTem s PYHKUiA NOPUCTOCTI Ta MPOHWKHOCTI IPYHTOBOI Nopogwu
(cepefoBmLLa). 3anpornoHOBAHO METO[, PO3B’A3aHHA 3a4adi napaMeTpuyHol igeHTUdikawii
JocnifgxysaHoro knacy MM, 3acHOBaHWin Ha MeTOAi MPOeKLiT rpagieHTy npu MiHiMizawit
KBafpaTU4HOro KpUTepito AKOCTI.
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BbiNonHeHa MOCTAHOBKA 3afja4yM MapaMeTpUUEcKon WAEHTU(HMKALMM MaTeMaTUYecKnX
mogeneir (MM) nnacToBbIX CUCTEM [AAs  (DYHKUMIA MOPUCTOCTM M MPOHMLI@EMOCTU
TPYHTOBO/ Mopofbl (cpedbl). TpedioxkeH MEeTof PeLleHust 3afadun NapameTpUYecKoi
UaeHTUdUKaLMKM UccnegyeMoro knacca MM, OCHOBaHHbIV Ha METOAE NPOEKLWW TPaaneHTa
MpY MUHUMK3aLMN KBaAPaTUUYHOIO KPUTEPHS KauecTsa.

KntoueBble C/10Ba: aHOMaslbHas XXUAKOCTb, MaTeMaTnyeckas MOAENb, NapameTpuyeckKast
UAEHTUUKALWS, (YHKLWOHAS, KpUTEPUIA KaUeCTBa, METOZ, NPOEKLMM FpaavieHTa
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HEUETKO-BEPOATHOCTHAA MOAE/1b OLLIEHOK
PUCKOB CJ10>KHbIX TEXHUNHECKUX CUCTEM

H.[A. PygHnyeHko, B.B. Bblvy>kaHUH

Ofeccknii HauMOoHabHbI MOPCKOI YHUBEPCUTET,
MeuHukoBa 34, Opgecca, 65029, YkpaunHa, e-mail: murder8910@mail.ru

B cTaTbe npuBefeHbl pe3ynbTaTbl UCCef0BaHW pa3paboTaHHOW HEYETKO-BEPOSITHOCTHOM
MOJENN OLEHOK PUCKOB CNOXHbIX TEXHUYECKUX CUCTEM. PaspaboTaHbl anroputm
HEYETKOrO /IOrMYECKOro BbIBOAA W CXeMaTWYecKas CTPYKTypa HEYETKO-BEPOSITHOCTHOM
MOJENN OLIEHOK PUCKOB CMOXHbIX TEXHUYecKux cucteM. CchopMupoBaHa 6a3a npaBun
HEYETKMX MPOAYKUMIA AN NPeSIOKEHHbIX SIMHIBUCTUYECKMX MEPEMEHHBLIX HEYETKO-
BEpPOSTHOCTHOW MOAENN OLEHOK pPUCKOB. Ha OCHOBaHWM MOMYYeHHbIX pe3ynbTaToB
NCCNeAoBaHWA  MOCTPOEHa  TPeXMepHas  BM3yaim3auus  MOBEPXHOCTM  HEYeTKo-
BEPOSTHOCTHOW MOAENN OLEHKN CTPYKTYPHOrO ¥ (DYHKLMOHAbHOIO PUCKa 3/1EMEHTOB U
MEX3/IEMEHTHbIX CBS3€M CY[0BOI 3HEPreTUYECKOIA YCTaHOBKM. Pe3ynbTaTbl MCCEf0BaHNS
pa3paboTaHHOWN HEYETKO-BEPOSITHOCTHON MOAENN OLEHKW PUCKA CY0BO 3HEPTeTNYECKO
YCTaHOBKN MO3BOMAMM OLIEHWTb BAMSIHWE Yllepba M BEpPOSTHOCTM BbiXoda W3 CTPOS
3/1EMEHTOB 1 MEX3/IEMEHTHbIX CBS3€i Ha 06OLLUMIA YPOBEHb pPUCKA CY/10BOI 3HEPreTUYECKON
YCTaHOBKW. MonyyeHHble pe3ynbTaThbl UCCNEA0BaHUI U pa3paboToK NO3BOASAKT MOBLICKTH
3(hheKTMBHOCTb 3KCMyaTaL K CTOXKHBIX TEXHUYECKMX CUCTEM, 0OECTEUNTb Ka4YeCTBEHHOE
MPOrHO3MPOBaHNE HafEeXHOCTU WX (YHKLUMOHMPOBAHUS B aBapWiHBIX 3KCTPEMasbHbIX
cUTyauusXx.

KntoueBble €/10Ba: HeYeTKoe MogenupoBaHue, CNoXKHble TEXHUYECKNE CUCTEMDI, OLIEHKa
PUCKOB, HEYETKasA NOrnka, HEYETKO-BEPOATHOCTHAA MOAENb.

BBefeHue

MHoroobpasve MeTOA0B OLEHKM PUCKOB CIOXHbIX TexHuyeckux cuctem (CTC)
6asnpyeTca Ha WHXEHEPHbIX, MOAE/NbHbIX, 3KCMEPTHbIX M Apyrnx nogxogax [1, 2 — 4].
Moso6HbIE METOAbI CBA3aHbI CO C/IOXHBLIMU pacyeTamuy, ONpeaensowyMm 3Ha4eHNs OLEHOK
PUCKOB C TOYHOCTHIO HE Bbille MepBoro nopsgka. B pabotax [3, 5 - 7] gns obecreyeHuns
6esonacHocT CTC peKOMeHAYeTCA MNO/b30BaThCH AaHHLIMWU, MOMYYEHHLIMU COYETaHWEM
KayeCTBEHHbIX M KO/IMYECTBEHHBLIX METOA0B OLEHOK PUCKOB. 3TO MO3BO/SET OCYLLECTBUTH
aHanm3 puckos CTC npu MCNosb30BaHMM MeHbLLEro 06bema MHGopMaLum 1 3atpar Tpyda.
OpfHako aBTopbl OLeHKMN puckoB CTC ana aBToMaTu3aumMmn NPUHATIS PeLLEHNIA B aBapuiiHbIX
CLIEHapUAX OCYLLECTBNAIOT 6e3 MoAxoda, OCHOBAHHOIO Ha YyeTe B3avMMOCBA3aHHOCTU U
B3aVIMOJENCTBMA  UX  CTPYKTYPHbIX  KOMMOHEHTOB, COCTOSILLUMX W3  3/1IEMEHTOB MU
MeXaneMeHTHbIX cBazeli (MC). YunTbiBas 06bEKTMBHO CYLLIECTBYHOLLYIO HEONPeAeNeHHOCTb,
HENosIHOTY N HEYEeTKOCTb MH(opMaLMn npu oueHke pruckoB CTC Kak CNOXHbIX KOMIM/IEKCOB
(PYHKUMOHANIbHO ~ B3aMMOCBS3@HHBIX  CTPYKTYPHbIX ~ KOMIMOHEHTOB,  Le/1ecoobpasHo
1CNO/b30BaTh arnapar HeyeTKOW NOTWMKKW, B TOM YWC/E HEYeTKO-BepPOSTHOCTHYKO MOZeNb
oueHku pucka CTC. ns NOCTPOEHUS HEYETKO-BEPOATHOCTHOM MOAeNn oueHKM pucka CTC B
KayeCcTBE BXO[HbIX MapaMeTpoB MOryT ObITb WCMNO/b30BaHbl YUiEP6 MNpu  aBapUAHbIX
CLieHapuax 1 UX BEPOATHOCTb.
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Llenb cTaTby 1 NocTaHOBKA 3aaun UCcC/e0BaHNA

Llenbto paboTbl SBNSETCSH WCCMEeLOBaHWe HEYeTKO-BEpPOSATHOCTHOM MOLE/N OLEeHOK
PUCKOB  CNOXHbIX TEXHUYECKMX CWUCTEM B  aBapuiiHbIX CLEHapusX C  Y4eToMm
B3aMMOCBSI3aHHOCTU W B3aUMOAENCTBUSA NX 3NEMEHTOB U MEXINEMEHTHbIX CBA3EIA.

Ons  JOCTMXKEeHMs NOCTaBMEHHOW LenM Heobxogumo  paspaboTaTb  HEYETKO-
BEPOATHOCTHYO MO/E/b OLLEHOK PUCKOB CMOXHbIX TEXHUYECKMUX CUCTEM.

OcCHOBHada YacTb

MocTpoeHme HeYETKO-BEPOSATHOCTHOM MOZENN OLEHKN CTPYKTYPHOTO PUCKa 3/1IEMEHTOB
N MeX3eMeHTHbIX cBA3el CTC OCYLLECTBNEHO C MOMOLLLIO NakeTa NpUKIaAHbIX NporpaMm
Matlab, rpadmuecknx cpeacTs M MHCTPYMEHTOB MakeTa paclumpeHus Matlab — Fuzzy Logic
Toolbox [8]. OueHKa pUCKOB Ha OCHOBE HEYETKOI NOTMKX NPOBOAMMIACL B COOTBETCTBUN C
/ITOPUTMOM HEYeTKOro /SIOrMYeCcKoro BbiBoAa rno 6ase rnpaswn MamaaHu, npeLcTaBnstoLero
Co60/ KOMMO3ULMIO C WCMOJIb30BaHWEM oOnepauuy MakcuMym (max). 3TO MNO3BONSET
NoMly4nTb WUTOrOBOE HEYETKOE MOAMHOXECTBO [AN1A BbIXOAHON MNEpeMeHHON C (yHKLUMeNn
npuHagneXxxHoctv smaa (1)

(Yr) i (Yr) FTL?X[ Xp (Yr), in(YR)]a @

rae (Yg) — MTOroBoe HeYeTKOe MOLMHOXECTBO /19 BbIXOLHOW NepemMeHHOM pucka ( Yy );
i (Yr) — HEYETKMEe MHOXeCTBa, BXOAsALLMe B COCTaB NoAMHoOXecTBa (V) ;
‘ (Yg) — HEYETKOe MHOXXECTBO BEPOATHOCTEN BbIXOAa M3 CTPos aneMeHToB M MC

Cay;
«, (Yr) — HEUETKOE MHOXECTBO Yllep6oB 3nemeHToB 1 MC C3Y.

BBoz NpoAyKUMOHHBIX MpaBu OCYLLECTBAANCA HA OCHOBaHUW 0606LLEHHOW (YHKLMN
XenaTenbHOCT XappuHITOHa Ans pa3paboTaHHOro MeTofa OLeHOK puckos [9]. B kayectse
(OYHKUMM  MPUHALNEXHOCTM  WUCMOSb30BaflaCb  (PYHKUMA  pacnpegeneHns  [aycca,
peannsoBaHHas B Matlab B Buge gaussmf gns 3agaHusa rnagkux CUMMETPUYHBIX (PYHKLMWIA
NpUHALNeXHOCTU. Ha atane asudukauum 3afaBaincb BXOLHble MEPEMEHHbIE HeYyeTKo-
BEpPOATHOCTHOW Mofenn oueHkn pucka CTC B BuAe BepOATHOCTEN BbIXoZa W3 CTPOS U
yulep6oB  mMx no anemeHtam ©“  MC. 3HaveHVMs (DYHKUMIA  NPUHAZIEXHOCTU MO
NMHIBUCTUYECKUM TepmaM npuBefeHbl B Tabnmue 1.

Peasm3aums orepauum arpermpoBaHusi OCHOBbIBaslaCb Ha MeTOAe MaKcumm3auuu,
peasin3oBaHHOM B Matlab B Buae max. Mpy akTMBM3aLMM 3aKHOYEHUA BECOBbIE 3HAYEHWS
AN BCEX BXOAHbIX MEPEeMEHHbIX HEYETKO-BEPOATHOCTHOW MOAENN OblN NPUHATLI PaBHbIMU
eanHuLe. Mpu akkymynaumm ansi 06beaMHEHNS BCEX CTEMeHei MCTUHHOCTM 3aKNHYeHWUI
npaBui  WUCMOMb30BA/ICA  METOS —Max-AU3blOHKUMK.  PopmupoBaHMe  6Gasbl  Npasun
MPOBOAW/IOCL Ha OCHOBaHUM HEYETKUX MPOAYKUWUA B (hOpPME «eciu-To» U QYHKUUIA
NPUHALNEXHOCTU L1 COOTBETCTBYIOLLMX JIOTMYECKMX TepmoB. Pa3paboTaHHas HeyeTko-
BEPOATHOCTHas Mofenb oueHkn puckoB CTC, Ha npumepe CYLOBOW 3HEpPreTUyecKomn
yctaHoBkM (CY) ¢ yyeTom [10] cogepxut 25 nornyeckmx npasun (tabnuua 2). ®parmeHT
6asbl JIOrMYECKUX MpaBU/  HEYETKO-BEPOATHOCTHOM MOLENN OLEHKM CTPYKTYPHOrO U
(hYHKUMOHANNbHOIO PUCKOB 3N1eMeHToB U MC C3Y B BuAe HeyeTKMx npoaykuuii B Rule
Editor npusegeH Ha puc. 1.
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Tabnmuya 1.
JINHrBUCTUYECKME NEPEMEHHDBIE N NX (PYHKLMN NPUHALNEXHOCTY

HasBaHue NMHIBUCTUYECKON
nepeMeHHo

TepmMbl NepeMeHHOM
(CUMBO/IbHBIV BUL)

Ob6nacTb onpeseneHns
(DYHKLMM NPUHAAIEXXHOCTU

HesHauynTenbHbI

X, 0, 0.25

Hunskni x, 0.125, 0.38
Yuep6 (Y) CpepHuia X, 0.25, 0.65
Bbicokuii X, 0.55, 0.82

KpuTtnyeckuii X, 0.75, 1

HesHaunTenbHas X, 0, 0.15

BepoATHOCTL BbIXoa U3 Huskas X,01,0.35
cTposi (P) CpegHas X, 0.25, 0.6
Bbicokas X, 0.45, 0.75

KpuTtunyeckas X, 06,1

MUHUMaNbHbIi y,0,0.25

Puck (R) JonycTMbIii y,0.125,0.38

MaKCUMasbHBbI

y,0.25,0.65

KpuTtnyeckuii

y,0.75,1

If (EEpPOATHOCTE-BBIXOAA-KM3-CTROA i3 HE_3Ha4Y) and (Y weph is He_sHaq) then (RHcK 1S MdHMmMER) (1)
If [EEPOATHOCTE-EBEIXOLS-M3-CTPOA = HE_3HaY) and [y Weps is HMSKKIA) then (PKckK s muHaman) (10
If (BEEPOATHOC TE-BBIXOL&-M3-CTROA is He_sHad) and (ywepd is cpead) then (puck is gonycT) (1)

If (EEpPOATHOCTE-BBIXOLA-HMS-CTROA i3 HE_sHa4) and (yweph is seic) then (prok is gonyct) (1)

If (EEpOATHOCTE-EEIXOLA-H3-CTROA i HE_3HaY) and (yuweps is kpuT) then (prck is makcum) (1)

I (EEpPOATHOCTE-EERIXOAA-M3-CTROA i HW3KaA) and (v wepd is He_sHadq) then (prck is muHmrman) (1)
_If (BEPOATHOCTE-BEIXOAA-M3-CTROA i3 HM3Kka a1 and [y weph is HKakmi) then (puck is madrman) 017
M EEROATHOCTE-EEIXOAR-HM3-CTROA IS HW3KRA) and (v wepd is cpegH) then (peck is gonycT) (1)

I (EEpOATHOCTE-EERIXOAA-M3-CTROA i HW3KaA) and (v wepd is 6e1c) then (prck is gonycT) (1)

10. If (BEepOATHOCTE-BBIXOAE-M3-CTR0A i3 HM3kaAa) and (yweps is kprT) then (puck is makcekn (1)

11. If (EEpOATHOCTE-BEIXOAS-ME-CTROA is CpeaHAA) and [y Wwspd is He_sHaY) then (prck s gonycT) (1)
12 1f (BEEpOATHOCTE-BBIXOA8-ME-CTROA iz cpegHAa) and (ywspd iz HMEEME) then (puck iz gonycT) (1)
13, If (BepOATHOCTE-BRIXOAE-M3-CTRO0A i3 cpeaHAAl and (ywepd is cpepH) then (prck is ponyeTt) (1)
14. If (BEpOATHOCTE-BRIXOAE-WS-CTR0A is cpeaHAA) and (yweph is 501c) then (prck is makckm] (1)

15. If (BEepOATHOCTE-EBBIXOAS-M3-CTR0A iz cpeaHAA) and (yuwepd is kpuT) then (puck is kpuT) (1)

16. If (EepoAaTHOCTE-EBBIXOAa-M3-CTRO0A iE BeICOKaA) and [y uepd is He_sHad) then (prck is gomycTtl (1)
17 . If (BEROATHOCTE-BBIXOAE-M3-CTROA IS Belcokan) and (v uepd is Anat) then (prck is gonycT) 01
18, If (EepoATHOCTE-BEIXOAS-ME-CTROA IS BRICOKAA) and (v wepd is cpepH) then (PHMCE s maRckml (1)
19, If (EepOATHOCTE-EBIXOAS-M3-CTROA IS BERICOKAA) and [y wepd is seic) then (pmc:K IS KpiT1 1]

I e armaTOAR T Bl eana as e e Bl rmaesat asee] DumenB s venar s s Crnaee s e AR

R T

It anc Then

EEROATHOCTE-ERIXO8&-M3-CTROA IS yuepd is PHCE i

BbICOKS A EbIC none
none none

I et I net I ot

Puc 1. ®parmeHT 6a3bl IOrMyYecKNX Npasus HeYeTKO-BEPOATHOCTHON MOAeNN
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Tabnnuya 2.
Basa npaBui HEYETKUX MPOLYKLNIA
Nmsa Howmep npasuna
nepemeHHo 1 2 3 4
Xp He3HauMTeNlbHaA | He3HauuTeNbHas | He3HauuTeNbHas | He3HaunTeNbHas
X, He3HAUMTESbHbIV | HE3HAYUTESIbHbIN cpegHuin BbICOKWIA
Yr MUHUMaSTbHBbIVA MUHUMa/TbHBIV [0NYCTUMBIIA [0NYCTUMBIA
Nmsa Howmep npasuna
rnepeMeHHon 5 6 7 8
Xp He3HaunTeNlbHas HM3Kas HM3Kas HM3Kas
X, KPUTUYECKUI | HE3HAYUTESbHBIV HU3KWI cpesHuin
Yr MaKCUMaslbHbIA |  MWUHUMa/IbHbIN MUHUMa/bHbIV AONYCTUMbIV
Nmsa Howmep npasuna
nepemMmeHHo 9 10 11 12
Xp HM3Kas HM3Kas cpeaHss cpeaHss
X, BbICOKWIA KPUTUYECKMNIA He3HaYNTe/bHbIV HU3KWI
Yr AONYCTUMbIV MaKCUMaslbHbIi AONYCTUMbIV AONYCTUMbIV
Nmsa Howmep npasuna
nepemeHHo 13 14 15 16
Xp cpeaHss cpeaHss cpeaHss BblCOKast
X, cpefHui BbICOKWIA KPUTUYECKNIA He3HaYNTE/NbHbIN
Yr MaKCUMa/IbHbIA | MaKCUMa/lbHbIN KPUTUYECKMNIA [0NYCTUMBIIA
Nmsa Howmep npasuna
nepemeHHo 17 18 19 20
Xp BblCOKast BblCOKast BblCOKast BblCOKast
X, HU3KNIA cpegHuin BbICOKWIA KPUTUYECKMIA
Yr [0NYCTUMBIIA MaKCUMasibHbIiA KPUTUYECKMNIA KPUTUYECKMIA
Nmsa Howmep npasuna
nepemMmeHHoM 21 22 23 24
Xp KpUTn4eckas KpUTnyeckas KpUTM4eckas KpUTM4eckas
X, He3HaYNTe/IbHbIV HU3KWI cpeaHuin BbICOKWIA
Yr MaKCUMaJibHbIA |  MaKCUMa/lbHbIN KPUTUYECKMNIA KPUTUYECKMNIA
Nmsa Howmep npasuna
nepemMmeHHo 25
Xp KpUTn4eckas
X, KPUTUYECKMIA
Ya KPUTUYECKNIA

[Jedasndukauma nposefeHa C NOMOLbK peannsoBaHHOro B Matlab metopa ueHTpa
TSHKECTU COrnacHo (2).

max

A

min

max

(Y=)dYe,

min
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roe y, — pesynbtar gedasvdukaumn; y. — nepeMeHHas, COOTBETCTBYHOLLAA BbIXOAHOM
NIMHTBUCTUYECKOWA nepeMeHHONn R;  (YR) — OYHKUMA NPUHANEXHOCTM HEYeTKOro
MHOXXeCTBa, COOTBETCTBYIOLLLEr0 BbIXOAHOM NepeMeHHO R noc/e atana akKymynaumm; min
M max — JieBas W TMpaeafd TOYKM WHTEPBAJA HOCUTEN HEYETKOro MHOXecTBa
paccMaTpuBaeMoli BbIXOAHONM NepeMeHHoN R .

Yuwepb ana anemeHtoB 1 MC C3Y 3agaBanics C UCMO/b30BAHUEM JIMHTBUCTUYECKMX
nepemMeHHbIX «He3HaumTenbHbIn» (0-0.25), «Huskumit» (0.12-0.36), «Cpegnuit» (0.3-0.6),
«Bbicokmnit» (0.55-0.8), «Kputunueckmit» (0.7-1). BepoATHOCTb BbIX0Aa U3 CTPOSA 3/IEMEHTOB U
MC C3Y 3afaBasnack C 1UCM0/b30BaHNEM NMNHIBUCTUYECKUX NepeMeHHbIX «He3HauuTebHas»
(0-0.15), «Hwuskas» (0.1-0.31), «CpepgHss» (0.22-0.6), «Bbicokas» (0.45-0.75),
«Kputunueckas» (0.6-1). B kauecTBe JSIMHIBUCTUYECKUX MEPEMEHHBIX MPU MOCTPOEHNM
HEYETKO-BEPOSITHOCTHOM MOJENN OLEHKM CTPYKTYPHOrO pucka anemeHtos u1 MC C3Y
MCNOMb30BAINCL TEPMUHBLI «MUHUMa/IbHBIA prck» (0-0.2), «JonycTumblin puck» (0.1-0.35),
«3HaunTeNbHbIA prck» (0.3-0.65), «KpuTtnueckunin puck» (0.63-1).

Ona  mogenupoBaHMa W (hopManu3aumMu NpefcTaBfeHUs KpuTepueB pucka CIY
noslyyeHa TpexmepHas BU3yanm3aums NoBepxHOCTM pa3paboTaHHON HeUYeTKO-BEPOATHOCTHOM
MOZENM OLEHKN prcka aneMeHToB 1 MC C3Y (puc. 2).
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Puc 2. TpexmepHas BuU3yasm3auns NMoBEPXHOCTU HEYETKO-BEPOSTHOCTHON MOZE/IN OLEeHKU
CTPYKTYPHOTO Y (hyHKLMOHaNbHOIO prcKa 3nemeHTos 1 MC CY

Ha ocu abcumcc OTN0XKEeHbI 3HaYeHUs BEPOSTHOCTEN BbIXOJa U3 CTPOS 3/IEMEHTOB U
MC C3Y, Ha ocu opAuHAT — 3HayeHWs pUCKOB 3nemeHToB U MC C3Y, ocb annamkar
COLEPXXNT 3HaYeHNs PUCKOB 3neMeHToB 1 MC C3Y. Pa3paboTaHHad HEYETKO-BEPOATHOCTHaAA
MOZeNlb MO3BOJIIET MOJMYUYNTb 3HAYEHUS| PUCKOB AN1S KKAOW TOUKW, NpUHaZexallen
TPEXMepPHOW MOBEPXHOCTH, & TaKXKe OTPaXKaeT KaueCTBEHHbIE MEPexobl MeXY 3Ha4YeHUSAMU
napamMeTpoB B BUAe «BMagnH» N «BCM/1IECKOB».

Bu3yanmsaums HEYeTKOro JIOrM4Yeckoro BbIBOAA MpaBW/l  HEYETKO-BEPOATHOCTHOM
MOJENN OLEHKN CTPYKTYPHOTO ¥ (PYHKUMOHa/ILHOTO pucka anemeHtos U MC C3Y
npvBefeHa Ha puc. 3.
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Puc. 3. MpaBuia HeYeTKO-BEPOATHOCTHON MOZENN OLEHOK puckoB COY

Busyanusaumsa ocyuiectsneHa ¢ nomouwbto GUI-mopyns Rule Viewer naketa Fuzzy
Logic Toolbox, no3sonsoLWero NpouIlOCTPUPOBATL XO4 SIOrMYECKOro BbIBOAA MO KaXKAOMY
npasuny, MoslyyeHvie pe3ynbTUPYIOLLEr0 HEYETKOrO MHOXECTBA W BbIMO/IHEHME MPOLesypbI
fedasndurkaumm QyHKUUOHAILHOTO pyUcKa anemeHToB 1 MC C3Y.

MpoBepKa pa3paboTaHHOV HEeYeTKO-BEPOSITHOCTHOM MOAENN OLEHKWU CTPYKTYPHOrO
(PyHKUMOHaNbHOTO pucka 3nemeHToB 1 MC C3Y ¢ NomoLLbiO 3afjaHns pasIMyHbIX Npasus
(pvc.3) Oblna BbIMOMHEHA [AN19 psfa 3HAYeHUA BXOAHbLIX W BbIXOLHLIX MepeMeHHbIX. B
4aCTHOCTK, NpY 3HaYeHNsAX ywepba pasHoro 0.234 1 BepOATHOCTY BbIXOJA U3 CTPOS PaBHOM
0.5, 3HaueHue BbIXOAHOW NepemeHHoN — pucka coctasuno 0.157, T.e. nopsgka 16%. Takue
[aHHble CBWUAETE/IbCTBYHOT O TOM, YTO MMEeT MEeCTO HeBbICOKAass CTereHb OMnacHOCTU
HapyLLeHns paboTocnocobHocTn CIY. CornacHo MonyyYeHHOW TPEXMEPHON BU3yanm3auun
MOBEPXHOCTU HEYETKO-BEPOATHOCTHOW MOLENN OLEHKM HambO/bLUMA POCT YPOBHS pUCKa
C3Y Habntofaetcs npyu 3HaYeHNAX BEPOATHOCTM BbIX0Za 13 CTpos B AvanasoHe 0.5... 1.

BbiBoAbI

MpMeHeHne pa3pabOTaHHOW HEYETKO-BEPOATHOCTHOM MOLENN OLEHKM PUCKOB
NPOEKTUPYEMbIX W 3Kcnayatupyembix CTC ¢ y4eTOM BapuauvoOHHON MHGopmauun 06
OLlEHKaX PUCKOB B pa3/IMYHbIX CLEHapUSX N3MEHEHWIA YLLLepOOB 1M BEPOATHOCTEN BbiXoda U3
cTpost anemeHToB 1 MC CTC obecneunBaeT nccnefoBaHne MOAeNeli CUCTEM B aBapUMHbIX
CUEHapusx C Yy4yeTOM B3aMMOCBSI3aHHOCTM W B3aMMOAEWCTBUA WX  3N1EMEHTOB U
MEX3/1EMEHTHbIX CBA3EMN.
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HEYITKO-MMOBIPHICHA MOJE/b OL|IHOK PU3UNKIB CKAAAHMX TEXHIYHNX CUCTEM
H.A. PynHiveHko, B.B. BuuyxaHiH

Opfecbkuii HaLioHa/TbHUIA MOPCLKIIA YHIBEPCUTET,
MeuHukoBa 34, Ofeca, 65404, YkpaiHa, e-mail: murder8910@mail.ru

Y CcTaTTi HaBefeHO pe3ynbTaTu AOCNIMKEHb PO3P06/IEHOT HEYITKO - iIMOBIpHICHOI Mogeni
OL,iHOK PU3MKIB CKNaAHMUX TEXHIYHUX CUCTeM. PO3p0O6IEHO anropmuTM HEYITKOro fIOrivYHOro
BMCHOBKY i CXeMaTW4Hy CTPYKTYpPY HEYiTKO - iMOBIpHICHOI MOZeni OUiHOK pU3MKIB
CKNagHUX TexHiYyHMX cucteM. CdopmoBaHO 6a3y npaBw HeYiTKMX NPOAYKUiA Ans
3anponoOHOBAHUX JTIHIBICTUYHUX 3MiIHHUX HEYITKO - iMOBIpHICHOI MOZeni OLiHOK pU3KKIB.
Ha nigcrasi oTpuMaHux pe3ynbTatiB LOCMiKeHb NobyjoBaHa TPUBUMIpHa Bisyanisauis
MOBEPXHI HEYiTKO - iMOBIpPHICHOT MOZENi OUiHKW CTPYKTYPHOro Ta (PYHKLiOHa/IbHOT o
PU3UKY eNeMEHTIB i MiXENEMEHTHUX 3B’A3KIB CKMaAHOI TEXHIYHOI cucTeMu. Pe3ynbtatu
[OCNIMKEHHA PO3P06/IeHOT HeYiTKO - iMOBIPHICHOT MOAENi OUiHKU PU3UKY CKNagHoi
TEXHIYHOI CMCTEMW [O3BOAWAM OLIHWUTW BNAMB 30UTKY i WMOBIpHOCTI BuXogy 3 nagy
€/IeMEHTIB | MIXKEIEMEHTHMX 3B’A3KIB Ha 3ara/lbHWi piBeHb PU3MKY CKNaAHOI TEXHIYHOI
cuctemu. OTpuMaHi  pe3ynbTatv  [OCNIMDKEHb | PO3PO6OK A03BONMAIOTL  MiABULLUTK
e(heKTUBHICTb  eKcnnyaTtauil CKNagHUX TeXHIYHUX CUCTeM, 3abe3neumtn  AKicHe
MPOrHO3yBaHHA HALIAHOCTI X (hYHKUiOHYBaHHS Y PI3HMX CLEHapisX po3BUTKY aBapiliHUX
cuTyaLiii.

KntouoBi cnosa: He4yiTKe MOJEMIOBAHHA, CKMaAHi TEXHIYHI CUCTEMM, OLiHKA PU3MKIB,
He4iTKa /10riKa, HeYiTKO - IMOBIpHiCHa MOZENb.

FUZZY-PROBABILITY MODEL FOR ASSESSING THE RISKS IN COMPLEX TECHNICAL
SYSTEMS

N.D. Rudnichenko, V.V. Vychuzhanin

Odesa National Marine University,
34 Mechnikov Str., 65404, Ukraine; e-mail: murder8910@mail.ru

In this paper, the authors present the results of their research of a fuzzy-probability model
developed for assessing the risks in complex technical systems. A fuzzy inference
algorithm and a schematic structure for the fuzzy-probability model assessing the risks in
complex technical systems were developed. A fuzzy production rulebase was formed for
the linguistic variables proposed for the fuzzy-probability model developed for assessing
the risks. Based on the research results, the authors developed a 3-D visualization for the
surface of fuzzy-probability model for assessing the structural and functional risks of the
elements and element-to-element links in a complex technical system. The results of
research of the fuzzy-probability model developed for assessing the risks in complex
technical systems made it possible to assess the effect of damage and failure probability of
the elements and element-to-element links on a total risk level of a complex technical
system. The research and development results obtained make it possible to improve the
efficiency of operation of complex technical systems and to give a high-quality forecast of
their operational reliability under various emergency scenarios.

Keywords: fuzzy modeling, complex technical systems, risk assessment, fuzzy logic,
fuzzy-probability model.
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MOANOUKALNA METOLA BETBEM U MPAHWLL NS
PELLEHWSA 3A0AUM PASMELLEHA
MPOV3BOANTENbHBIX CUS

B.N. OxnmeHKo

Ogecckuii HaUMOHa/IbHbI MOANTEXHUYECKUIA YHNBEPCUTET
npocn. LesyeHko, 1, Opecca, 65044, YkpanHa; e-mail: pm1987pm@gmail.com

B pa6oTe npvBegeHa MoauduKauys MeTofa BETBE W FpaHuL, ANs PELIeHWs 3adaun
pasMeLLEHVsl NPOW3BOAMTENBHLIX CWA AAs Ciydvasl, KOrga BblGMpaeM 3KOHOMUYECKU
BbIFOAHbIi 06bEM MPOM3BOACTBA U MPKBEAEHHBIX BO3MOXHbIX OGLEMOB. 3aCNy)KMBaeT
BHMMaHMe Croco6 MOMYYeHWs WCXOLHOTO BapMaHTa peLleHUs, a Takke Crnocob
OL|EHVBaHUS NOAMHOXECTB Bap/aHTOB.

KntoueBble C10Ba: MOLLHOCTb, Pa3MeLLeHNe, METO/, anropuTM, CKOPOCTb CXOAUMOCTY.

BBefeHue

OfHOM 13 aKTya/bHbIX NPO6/IEM B OpraHu13aLMOHHOM YNpaBieHnn ABAseTcs npobnema
pasMeLLeHns NPOU3BOANTENbHBIX cun. OnpeaeneHne onTUMaIbHbIX 06beMOB MPOU3BOACTBA,
a 3a4aCTyl0 M MecTa WX pasMeLleHus, CBA3aHO C pelleHneM psga 3KOHOMUYECKUX W
maTeMaTuUyeckux 3afad. PelleHme 3TUX 334a4 BO3MOXHO /MWL MNPU  MOMOLLM
MaTemMaTU4ecKnx MeTOA0B U KOMMbIOTEPHbIX TEXHOOM M4, NPUMEHSEMbIX B MOC/e4Hee BPEMS
BO MHOTUX XXWU3HeLeATeNbHbIX CUTyaUnsX.

B paboTe [1] npuBeAeH psg MoAy/eil MaTeMaTUYecKoro onvcaHus 3afaqm pasMeLLeHns
Nnpou3BoAUTENbHbIX CUl. KOHKpeTHad maTteMaTuyeckas MOAeNb MOXXET ObiTb cobpaHa w3
3TUX MOAYNeN B 3aBUCMMOCTU OT TOFO, YTO CUMTAETCA KPUTEpMEM OMTUMM3ALUK, U KaKas
NH(OopMaL M NPeacTaBIseTCqd 0 BO3MOXHBIX MYHKTaX M 00bemax NMpon3BOACTBA B KaXKIOM.
Cnegys npvBeAeHHONM cucTeMaTM3aumMm MpobieMbl, MOXHO MNOCTPOUTb HE  OfHY
MaTeMaTUYecKyro  MOAe/nb,  3feKBaTHO  OMNUCbIBAKOLLYHD  33fadyy  pasMeLleHus
NPOM3BOAMTENbHBIX CW/, YYATbIBas MOTMBALMIO PELLUAEMO MPo6nembl, LEen 1 YCnoBus
pa3MeLLeHus.

Llenb cTaTbu 1 NocTaHOBKa 3afaHunin

MeToAbl peanv3aumMn Mofeniell 3aBUCAT OT K/acca 3afay OnTuMu3auuu, KOTopomy
OTHOCWTCH MOyYeHHas MOLenb. Yalle BCero Knaccuyecke MeTofbl He nMpucnocobeHsl Ans
KOHKPETHOM MOJEN, a B HEKOTOPbIX CyYasax NpPaKTUYECKU Hepeasin3yembl.

B paHHON paboTe MpuvBOAUTCA OMMUCaHUE MOLUMPULMPOBAHHOIO anropuTMa MeTona
BETBEW W rpaHunL, peann3ytoLlero Mojesb 3ajaduu pasmeLLeHns NPou3BOANTENbHBLIX CUN, Kak
33fa4n  YaCTUYHO  LeNIOYMCNEHHOrO0  /IMHEAHOrO  MpPOrpaMMupoBaHus ¢ GyneBbIMM
nepeMeHHbIMU.

AKTYaNlbHOCTb U HOBM3HA Pa3pabOTKM 3akNoYaeTCs B TOM, YTO [AJ1i KOHKPETHOW
MoZenn pa3paboTaH YHUKaNbHbIA anropuTMm, IErko peannsyeMblii B cpefe naketa Matlab [2].
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OcCHOBHada YacTb

PaccmaTpuBaeTcsi C/iydail pasMeLleHus MPOM3BOAUTENbHBIX CWJ, KOrfa KpuTepuem
ONTUMU3ALUN  ABNAKOTCA CYMMapHble 3aTpaTbl Ha CTPOUTENbCTBO WM PEKOHCTPYKLMIO
NpeanpuaTuiA NPOU3BOAMTENEN, NPOU3BOLCTBEHHbIE PaCcXofbl, OMNpefensieMble C YY4eTOM
06LEMOB NPOM3BOLACTBA, M TPAHCMNOPTHbIE PacxXofbl Ha LOCTaBKY rOTOBON MPOAYKUWUW AN
MOMHOTO YAOB/IETBOPEHMS crpoca MoTpebuTeneil. CumTaeTCd W3BECTHBIMU BO3MOXXHbIE
MYHKTbl MPOU3BOACTBA, MX MECTOPACMONIOKEHNA U ANA KKAOro NyHKTa LaéTcA nepeyeHb
06LEMOB MPOU3BOACTBA, OAMH M3 KOTOPbIX MOXET ObITb BblOpaH, Kak Camblii BbIFOLHBIA.
BBegem 0603HaveHUA. Mmeem:

M BO3MOXHbIX 3KOHOMMYECKM 060CHOBaHHbIX MYHKTOB MPOM3BOACTBA | 1,M ;
B K&KJOM i-OM MyHKTE NPOU3BOACTBA MOXHO BbIOpaTh OANH 06BLEM U3 38aHHOIO
cnvcka af (kK 1, p,; P, - [UIMHA CNIACKA B | -OM MYHKTE);

N MyHKTOB MoTpe6neHns j 1,n;
B K&OKAOM | -OM MyHKTe noTpebneHns 06bem NOTPeOHOCTM 3apaHee W3BECTeH,
0003HauMMm Yepes b ;

| im. 15 TPAHCTIOPTHbIE PACcXOAbl Ha MeEpeBO3KY eAvHWLL! MPOAYKLAN 13

K&KZOro BO3MOXHOI0 MyHKTa NPOMU3BOACTBA B KaXKAbIA MYHKT NOTpe6eHus;
K 1 s af BenMuMHa KanuTaoBIOXEHWA W MPOU3BOACTBEHHbLIE PACXOAb!

1
COOTBETCTBEHHO 06bEMY MpPOM3BOACTBA (S¢ - CE6ECTOMMOCTb €AMHMLbI MPOAYKLMM Mpu
06beme MPOM3BOACTBA a').

/IcCKOMbIE ~ BENMUMHBLI,  HEOBXOAWMble  Anf  (POPManbHOTO  MpPeACTaBNeHUs
MaTeMaTNyecKoli MOAENN, ABYX TUMOB:

HerpepbiBHbIE  X;, O3HaualoliMe O06bLEMbI MEPeBO30K W3  OBOro  MyHKTa

MNPOW3BOACTBA B 060N NYHKT noTpebnenua (i Lm; j 1n);
6ynesble NepeMeHHble y* Ans MaTeMaTiuYecKoro npeacTaBneHns KOMOUHATOPHON

npoueaypbl Bbibopa 06bema NPoN3BOACTBA U3 CMINCKA.
Mpy  nepeuncrieHHbIX  YCNOBUSX M COMACHO  BBEAEHHbIM  0603HAYEHUsM
maTeMaTnyeckas MoLeNlb UMeeT BUA

"o "R ok mR Kk
Z min Cii X say; E SR 1)
i1j1 i1k 1 i1k1

roe E — KoahhmumeHT ath(heKTUBHOCTN KanmuTabHbIX BIOXEHWIA.
Mpwn orpaHNYeHnsaxX

X; ayLio Lm, 2
j1l k 1
Xu bj’ J :r’
il
b j Ln; 3)

234



IHOPOPMATUKA TA MATEMATWNYHI METOAW B MOAEJ/TFOBAHHI = 2014 = Tom 4, Ne3

Pi

y£ Li 1m; (4)

y¢ 0l,i Lmk 1np. (6)

MpaBble 4acTW oOrpaHWyeHWi (2) COBMECTHO C  oOrpaHuyeHusMn (4) 1

[OMNO/IHUTENbHLIMI ~ TPEBOBAHWSMI  UCKOMbIM  Be/MuMHaMm  y¥<  (Tpe6oBaHue  (6))

NpeLonpesensaioT 06beM MPOU3BOACTBA B MYHKTE MPOM3BOACTBA, KOTOPOro 0603Ha4MIM
yepes i. Yepes Te ke OyneBble MepeMeHHble y*  3anuCbiBaeTCs  BeNMYMHA

KarnnTan0BNOXEHWNIA N MPON3BOACTBEHHbIE 3aTPaTbl, BXOASLLME YaCTU B LEeNeBOM YHKLMN.
Mogenb (1)-(6) npeacTaBnsieT 3adavyy 4YaCTUYHO  LENOYMCNEHHOTO  JIMHEMHOrO
MPOrpaMMMUPOBaHIS,, MMEET KOHEYHOE YIC/IO PELLIEHNIA MO OTHOLLIEHMIO K MEPEMEHHBIM Y 1

MOXET peLlaTbCA MeTOLOM BeTBel M rpaHuy, [3]. MeTog sBnsietca nepebopHbIM METOLOM,
OTHOCUTCA K Knaccy NP MOJSHbIX airOpUTMUYECKMX NPO6/IEM. YCMeWHOCTb MeToAa 3aBUCUT
OT aNropuTMMYECKOro crocoba MoMy4eHUs OLEHOK MHOXECTBa BapuaHTOB W crnocoba
pa3brieHns MHOXEeCTBa Ha MoAMHOXecTBa. O6LWas MeToguka anroputMusauumM MeToga
3aK/H0YAETCH B PACLLUMPEHUN-CY)KEHUM MHOXKECTBA BapUaHTOB C Lie/Ibi0 NPUBELEHNSA MOAENN
3a/laumn K flerkopeasim3yemMoin matemaTyeckon Mmogenn. K npumepy, 41 NoayYeHUs OLEHKM
MHOXXeCTBa BapvaHTOB 3afla4yy LieNI0YNC/IEHHOTO /IMHEHOr0 NpPOorpaMMUPOBaHUS peLlaeTcs
COOTBETCTBYIOLLAA 3afja4a JIMHEMHOro nporpaMMupoBaHnsa. YTO KacaeTcs Borpoca
pa3brieHnss KOHeYHOro MHOXXeCTBa BapWMaHTOB Ha MOAMHOXECTBA, TO WUCMOJb3YeTCa Wnies
nocnesoBaTe/lbHOro NOCTPOeHUs peLleHmns [4]. MocnefoBaTelbHas KOHKPeTU3aums 3HaYeHN I
KOMMOHEHT BEKTOpa peLleHunid npefonpeaenser NoAMHOXECTBO BapUaHTOB C KOHKPETHbLIMM
3HAYEHNAMM OTAENbHbIX KOMMOHEHTOB. K MpuMepy, ecniv KOHKPeTU3MPYeTCA KOMIMOHEHTA,
CKa>KeM X, TO MHOXXECTBa BapuaHTOB pa3buBaeTcs Ha [Ba NOAMHOXECTBa (C/ydal 3agaum c

6yneBbIMi NepeMeHHbIMK). OAHO MOAMHOXECTBO COAEPXKWT BCE BapuaHTbl CO 3HAYEHUEM
KOMMOHEHTa X; 1, a BTOPOe — BCe BapuaHTbi C X; 0.

Mpr3HaK oNTUMaIbHOCTU MeTO/a BETBEW 1 rpaHuL, Npr3BaH He TObKO A1A NPOBEPKM
Ha ONTUMa/bHOCTb HaWJEHHOro BapuMaHTa PeLueHWs, HO U A1 YMeHbLUEHUS KO/IMYecTBa
repecMaTprBaeMbIX BapuaHToB. B npuHUWNe OH He 3aBUCUT OT a/ITOPUTMUYECKOTO Crocoba
OLIeHVBaHNS MHOXXECTBA BApWaHTOB, HO ero 3(eKTUBHOCTb B CMbIC/IE OTOPaCbIBaHUA He
MepCrneKTUBHBIX BApUAHTOB 3aBUCUT OT TOYHOCTM MOYYaEMbIX OLIEHOK, T.e. OT YPOBHS
NPUGAMKEHHOCTM OLEHKN MOAMHOXECTBa BapUaHTOB OT 3HAYEHWI LieNeBON (DYHKUMK €ero
BapUaHTOB.

B cnyyae anroputmusalmm MeToda BETBe U rpaHuy, ana peanmsauum mogenm (1) - (6)
MHOXeCTBO BapuaHTOB pelleHns 6yayT Bektopa X X, X,,...,X, , Pa3MEPHOCTb KOTOPbIX

(unmcno m) onpegensieTcs KOMYECTBOM MPeAnpUATUIA-NPOU3BOAUTENENA, a 3HAYeHNUs — 3TO
BblOVpaeMble 06bEMbl MPON3BOACTBA M3 COOTBETCTBYIOLMX MO HOMEPY CMUCKOB 06bEMOB.
BapuaHT pelueHns 3agaum pasmelleHns (opMupyeTcs nocnefoBaTenibHO, Mnepexoas OT
OfHOro npeanpuATMS K [APyromy, BblouMpas npuv 3TOM NPeAnoYTUTENbHLIR  06bEM
NPOM3BOACTBA A/151 KXKAOro NpeanpusTus.

[lepeBo pelLeHWin MHTepnpeTMpyeT MocnefoBaTe/lbHOE MOCTPOeHMe pelleHus. Ha
KaKOOM sipyce [epeBa MEPeYMUCNATCA 3HAYeHWs KOHKPETU3UPYEMONW MepeMeHHOM,
COOTBETCTBYIOLLME 0ObEMY MPOM3BOLCTBA COrNMacHO CNMUCKY. [na fanbHelLero BeTB/EHNS
BbIOMpaeTCA BeplUMHA Ha fpyce, KoTopas COOTBETCTBYET MNPEeAnoYTUTENlbHOMY 06bemy
NPOM3BOACTBA A4/t LAaHHOTO NPeAnpPUATUS.
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Hanpumep. MycTb paccMaTpuBatoTCs TpU MPEANPUSTUAS NPOU3BOANTENS CO CMIMCKOM
06bEMOB MPOM3BOACTBA a;,a/,a’; a;,a; W a,a’,as,a; . [lepeBo pelieHuin 4ns noaydeHus
0/IHOTO BapuaHTa NPUBEAEHO Ha puc 1.

Puc. 1. lepeBo peLueHui

Ha nepBom sipyce UHTYUTUBHO MPUHANW MPEANOYTUTENbHBIM 06BEMOM MPOV3BO/ACTBA
a’, Ha BTOPOM - a; W Ha TPeTbeM CKaxeM aS. BapuaHT pelueHus B TakoM cryyae Oyget

BekTop X  a’,a;,a; .

MpegnoyTeHve oTAaeTcA 06beMY, 419 KOTOPOrO CyMMapHbIe pacXofbl MUHUMASIbHBIE.
Pacxofpbl COCTOAT M3  KanWTa/I0B/IOXEHUA W MPOM3BOACTBEHHbLIX, COOTBETCTBYHOLLMX
OLeHVBaeMOMY 00bEMY Ha KOHKPETHOM sipyce. TpaHCMOPTHbIE pacxXoAbl OMpefensatTCcs
MyTeM peLUeHUs TPaHCMOPTHOM 3afayu, cuuTas, YTto B [JaHHOM MyHKTe MPOM3BOACTBA
MMeeTCA OLEeHMBAEMbI 06bEM NPOM3BOACTBA, a 419 BCEX OCTa/IbHbIX MPeAnpuUAaTUiA 6epyTca
MaKCMMa/lbHO BO3MOXHble 00beMbl NMPOV3BOACTBA.

MycTb Ha i,-OM Apyce BblIGUPaeTCs NMPeAnoYTUTENbHbIN BapyuaHT, CPeAn BCeX 06bEMOB,

nepeuncnsiemMbix Ha sipyce k- 1,p, .

CornacHo BBeAEHHbIM 0G03HAYEHMsIM TPAHCTIOPTHbIE PacXodbl ONpeaenstoTcs nyTem
PELLIEHNs TPaHCMOPTHOW 3aa4n B MOCTaHOBKE

n

k -
Z,  min - CyX;
j1

MpW OrpaHNYEHUAX

X: a’,i 1L,m;i iy
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X; 0,anaBceximj.

Ecnv  peweHsl BCe  TpaHCMOpTHble  33jauu, kKorgja k 1, p, W ecm
Z min Z¢ K¢ S¢a , To oGbeM a° SBNAETCA NPEAMOUTUATENbHBIM 0GBEMOM.
Ly

LansHeiwemy pa36reHIto NOAEXMT NOAMHOXECTBO BAPUaHTOB, COAepXaLLiee X a .

lo

CornacHo KnacCuyeckoMy MeTOAy BeTBe/i M TpaHul, Npu3HaK OMTUMa/IbHOCTM
(hopmMmMpyeTCs Ha OCHOBE OLEHOK MOAMHOXECTB BapMaHTOB. KpoMe TOro, nepeasurascb no
[EPEBY PELLEHMNIA BHW3, HEBO3MOXXHO MOJTYUNTb YyYLLEHNE 3HAYEHNS LENEBOI (hYHKLMK, TEM
cambIM, W OLEHOK NMOAMHOXECTB. [ocnefoBaTeNbHash KOHKPETM3aLMS 3HAYEHNI NePeMEHHbIX
YMEHbLLAET KOMMYECTBO BapUaHTOB B UX MOAMHOXECTBAX.

B cnyyae anroputmusauuy MeToda BETBel M FpaHuL, ANs pacCMaTpyBaemMoli 3afauu
pa3MELLEHMS  NPOU3BOAMTENBHBIX CUM  OLEHKY MOAMHOXECTB BapMaHTOB  peLLEHUs
npegnonaraeTcs NPOBECTW CNeAyOLLMM 06pasoM.

MycTb OLEHMBaeTCH BepLUMHA AepeBa I, Ha YpPOBHE I, COOTBETCTBYHOLLAA 0Obemy
MPOU3BOACTBA A", KOTOPbIA He Obll BbiGpaH NPV MOCTPOEHWU BapuaHTa peLleHus.
TpaHCMOPTHbIE pacxoAbl, KOTOpble OblM OMNPeAeNeHbl MPY HAUNYULLINX YCNOBUSX, UMEHOTCS,
Te Z.

MpoM3BOACTBEHHbIE  PacxXodbl W KanUTAOBMOXEHWUS TOXE  MOACUMTaHbl  ANS
KOHKpeTHOro obvema ¥ coctaBnaoT K™ St a' . [ns  OCTalbHbIX  YpPOBHel
MPOW3BOACTBEHHbIE PAcXOfbl W KanuTaloOBAOXeHWs i 1m W i r BbIGMpalOTCA Kak
MUHUMa/IbHbIE /11 KXKAOro YpPOBHS. TakuM 06pa3oM, OLeHKa MOAMHOXECTBa BapUaHTOB,
KOTOPOE COAEPXKMT KOHKPETU3MPYEMYIO MEPEMEHHYIO X, Kak BeMduHy a' X, a;

r 1
onpegensetcs no gpopmyne

at min K¢ Sf a K& St ab z°t

r o 1 1 r

Mpy HaIMuYMK OLIEHOK BCEX MOAMHOXECTB, KOTOPblE He BXOAMN B MPOXOXAEHWUM MO
[epeBy MNpv  ONpPeAeneHnun BapuaHTa, MOXHO MPOBEPUTHL MOMYYEHHbI BapuaHT Ha
ONTUMa/IbHOCTb. ECn BapaHT He ONTUMasibHbIA, TO BbIOMPAETCA BepLUMHA, KaK 00bIYHO, C
HanNyyLLEeNn OLLEHKOIA.

BbiBoAbI

MpUBEAEHHBIA  anroOpUTM  [OBOSIbHO 3((EKTVBEH B  BbIYMCIUTENBHOM  CMbIC/E.
Mpoueaypa MOMyYeHUst OLEHOK MOAMHOXECTB BapuvaHTOB MPaKTUYECKN MNpuUBeAeHa K
MUHUMaNbHBIM  BblYMCNEHUAM.  TIpaKTUYECKM  MPOM3BOAMTCA  CYMMUPOBaHME  YXKe
ONPEAENEHHbIX YMCMIEHHBbIX BENMYMH, KOTOPble /MGO W3BECTHbI M3HAYaslbHO, NGO
onpegeneHbl Npy BbIGOpe MPeANOYTUTENBHOrO BapuaHTa. Takke cnefyeT OTMETUTb, YTO
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onpeseneHve BeNIMYMHbI TPAHCMOPTHBIX PacX0A0B Ha O4HOM sipyce fepeBa peLUueHuin MOXeT
NPOU3BOAUTLCA He [NS KaXAoro obbema Npov3BOACTBA. ECNM KOHKPETU3MpPYeMbIA 06beM
NMPOM3BOACTBA He SBNSETCA «Y3KMM» MECTOM B OrpaHW4eHusiX, TO €ro yBe/ln4yeHue He
npvBefeT K WM3MEHEHUIO CyMMapHbIX TPaHCMOPTHLIX pacxofoB. Pellars MOBTOPHO Mpw
Jpyrom o6beme Mpou3BOACTBA HET Heob6XoauMocTW. CKOPOCTb CXOLMMOCTU anroputma
[enaeT ero npuemnemMbiM  Aaxe npu  6onbwmMx  06beMax 3a4ayn  pasmeLLeHust
MPOU3BOAUTENBHbIX CUJ.

ANITOPUTM MOXET ObITb Y/yYLIEeH B CMbIC/IE CKOPOCTU CXOAMMOCTMW, €Cn MpPUBECTU
3(hheKTUBHYIO NpoLesypy Hymepauuu nNpeanpuAaTAn NPon3BOAUTeNel. IKCNepPUMEHTaIbHO
OblN0 noka3aHO [5], YTO BbIGOPKA KOMMOHEHTa MpW MOCNeA0BaTeNlbHON KOHKPETU3aLumm
KOMMOHEHT BEKTOPA PeLLeHWI B 3afa4ax Le/IoYNCIEHHONO IMHEAHOrO NPOrpaMMNPOBaHKS C
OyneBbIMU NePeEMEHHBbIMUN YNYYLLIAET CKOPOCTb CXOAUMOCTU AOCTATOYHO MHOTO.

Anroput™m anpobupoBaH W OydeT MpUMeHeH [/ OnpefeneHns OnNTUMaIbHbIX
MOLLHOCTEN aTOMHbIX CTaHLMIA YKpavHbl.
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Y po6oTi HaBefieHa MOAMDiIKaLia MeTogy oK i MeX Ana BUPILLEHHS 334a4i PO3MiLLEeHHS
MPOAYKTUBHUX CWUA 418 BUMAAKY, KOMM BMOMPaEMO €KOHOMIYHO BWrigHWA obcar
BMPOOHMLTBA | HaBEeLEHUX MOX/MBUX 06CAriB. 3acnyroBye ysaru cnocié OTpUMaHHSA
MoYaTKOBOr 0 BapiaHTy PilLieHHs!, & TaKOX Croci6 OLiHIOBaHHA NiAMHOXMWH BapiaHTiB.
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In this paper, the authors present a modification of a branch and bound method for solving
the problem of placement of productive resources for the case of selecting an economic
production output from specified possible outputs. Worthy of notice are the method to
obtain an initial solution as well as the method to assess the subsets of solutions.
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AHAJ10I OBA MOAEJIb ANHAMIKW KOJINMBAJIbHUX
MPOLIECIB 3YBYACTOI MNMEPEAAUI

. B. Js4eHKO

YepKacbKuii Aep>KaBHUI TEXHONOTIYHWIA YHIBEPCUTET,
6yn. LLleBueHka 460, M. Uepkacu, 18006, YKpaiHa, e-mail: dpv-orion@yandex.ru

MpoBefeHO afanTauild MaTeMaTUYHOI MOAeni AMHAMIKM  KONMWBA/ILHUX  MPOLECIB
OLHOCTYMiHYacTOl 3ybyacToi nepefadi [0 BUINALY, 3PYYHOro 14 3aCTOCYBaHHSA
aHaI0roBoro MojesoBaHHA. MoyaTkoBy MaTeMaTUyHy MOAe/b NOAAHO Y BUMNALI CUCTEMU
NiHIAHUX  gudepeHLianbHUX  PiBHSHL  APYroro  Mopsaky BIAHOCHO — y3arasibHeHWX
KOOpAMHaT, BU3HAYeHWX BiJMOBIAHOKO CXEMOK AMHAMIKM MexaHiYyHOT cucTemu. HaBefeHo
BUrnag 6a3oBoi MaTeMaTUYHOI MOZENi 3 AeTalbHUM ONMCOM MapamMeTpiB, LLO Ti CKNajatoTh;
MoKa3aHo repexif A0 MOAeNi y 4aCTOTHOMY BUrNAAi Ta 3aranbHy 6/10K-CXeMy aHasiorosoro
MOZENOBAHHSA, OTPUMAHY Ha i OCHOBI.

Knioyosi cnosa: MaTemaTuyHa MOfENb, aHasorosa MOfLeNb, AUHAMiKa KOMUBaIbHUX
MPOLLECiB, y3aranbHeHi KOOPAMHATH, cUCTEMA AUdepeHLialbHUX PiBHAHD.

Bctyn

MpobnemMa [OOCNIMKEHHA Ta MOJENMOBaHHA AMHAMIKM  KOMMBa/IbHUX  MPOLECIB
MeXaHIYHUX CUCTEM, WO MICTATb MeXaHi3My 3 3ybyacTMMu nepefadyamu, 3aMLLIAETbCS
aKTYyasIbHOO | Ha CbOTO/HI, Y 3B’A3KY 3i 3pOCTat0uMMM BUMOTaMm LOA0 AKOCTI TaKMX CUCTEM.
36iNbLUEHHS LLIBUAKOCTEN PyXy pO60UMX OpraHiB, 3HUXEHHS MaTepiaN0eMHOCTI, MiABULLEHHS
AMHAMIYHUX HaBaHTaKeHb BHaCNigoK Bibpauii i ypapis, HeOOXiAHICTb 3a6e3neyvyeHHs
HagiiHoT po6oTK 06nagHaHHA Ta 6e3MeyYHMX YMOB Mpali — YMHHWUKW, WO BU3HAYalOThb
aKTyasibHICTb 3afa4i Bibp0o3axmcTy MexaHiYHNX CUCTEM.

MartemaTnuHi Mojeni aHanizy [AUHamikM MexaHiYHUX CUCTeM, 3a3BM4Yail ABNAKOTH
C06010 CUCTEMM NIHINHKX AndbepeHLianbHNX PIBHAHb, PO3B’A3YBaHHA SKWX, B 3a/1€XHOCTI Bij,
MOCTaHOBKM 3afadvi Ta CKMaAHOCTI camoi MOoAeni, MOXHa 3[iACHIOBaT! BUKOPUCTOBYHOUM
aHaNITUYHI abo YncenbHI MeToaum.

[vHamiyHI MpoLecy y MexaHIYHUX CUCTEMaX, 38 YMOBM BpaxyBaHHS BEIMKOT KifIbKOCTI
IHEPLIMHO-NPY)XHUX Ta [eMngyroumx napameTpiB, OMUCYIOTbCA Y 3aralbHOMY BUMALKY
cucTeMaMun AvgepeHLiaIbHUX PIBHAHbL BEMIMKOT PO3MIPHOCTI. CKNagHICTb 064YMUCNEHb Npu
p03B’A3yBaHHI CUCTEM AM(epeHLia/lbHUX PiBHAHb TaKOro BUTNA4Y, 3aCTOCOBYHOUM BifOMi
yncenbHi Metoan [3, 4], ANA LesKuX BWUAIB AMHAMIYHOTO aHanisy BUABMAETHCA AOCUTH
CknagHoto. [lo Takux BUWAIB aHanisy MOXHa BIfHECTW Hanpukiag, CnekTpasbHWUiA, abo
NIHIRHWIA  OMHaMIYHWIA aHani3 nepexigHMX MNpoLeciB Yy MeXaHiuHin cuctemi. OfHUM 3
eeKTMBHMX Crocob6iB peanisayii MaTremaTMyHOi MofZeni npu  AOCHIMKEeHHI AvHaMIKM
MeXaHIYHMX CUCTeM, OKPIM aHa/liTUYHOIO Ta YWUCENIbHOro, € Crocid Lo IPYHTYETHCA Ha
BUKOPWCTaHHI aHa/loroBoro (efIeKTPOHHOr0) MojentoBaHHA [1]. MepeBary Takoro cnocooy
MOZEe/IOBaHHSA MOPIBHAHO 3 IHLWMMW CTatOTb OYEBUAHMMM MPU MOLENOBaHHI PIZHOMaHITHUX
PEXMMIB [VMHAMIYHOT HaBaHTaXXEHOCTI 3ybyacToi nepegadi (Hanpukiag, aHanily peaxuii
nepefadi Ha 30BHILLHIN BNWB, 3a/1eXHWIA Bif Yacy).

ENeKTpoHHE MOAENtOBaHHS MpoLUecy Nonsrae y Moro BiATBOPEHHI Ha €NeKTPOHHIl
MOZeni, WO [ae MOX/IMBICTb AOCMIANTM AK MOBEAIHKY OKPEMWUX efIeMEHTIB MeXaHiUYHOT
CUCTEMU, TaK i CUCTEMY B LifIoMY. [MOPIBHAHO 3 iHWIMMW BMAAMU MOLENHOBAHHSA, aHA/IOroBe
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Mae paj XapaKTepHWX BNacTUBOCTEW Ta nepesar, TakMX SIK BUCOKa LUBMAKOZLIA, poboTa y
peanibHOMY 4aci, 3pyyHa i HaoyHa (hopma BBELEHHSA-BUBELEHHS AaHUX, NpocToTa Habopy i
nporpaMyBaHHs 3afadi, MOX/MBICTb MNif’€4HAHHA A0 CKAagy MOZENOKYOro KOMM/eKCy
LLUMPOKOro Habopy nNpunagis, BnacHa 6e3iHepLiHiCTb PO3B’A3YHOUMX €NEMEHTIB, BiACYTHICTb
BM/IMBY B/IACHUX XapaKTEPUCTWMK PO3B’A3YIHOUMX EfIEMEHTIB MOZENi Ha pe3ynbTatu
[OCNIMKEHb, MOXMBICTb BiATBOPEHHS TUMOBWUX HEMIHIAHOCTEN | LIMaTKOBO-MIHIAHOT
anpokcuMaLii CKnafHUX HeniHiMHUX 3a1eXHOCTel, MOX/IMBICTb CMOCTepiraTy Ha ekpaHi
ocumnorpaa KonmBaHHA abo peecTpyBaTtu iX Ha BXOAI OYAb-AKOro efnemMeHTa CUCTEMU i Ha
ioro BMXofi.

ICHYHOTb [1Ba OCHOBHMX CNOCOOW aHa/I0roBOr0 MOZEMOBaHHA — 3a AudepeHLiabHMK
PIBHAHHAMM Ta 3a CTPYKTYpHUMKM cxemamu [6]. lMpy nocTaHoBUi 3ajayi aHasoroBoro
MOJENtOBaHHS 06MpacTbCA BiAMOBIAHMIA CNOCIO Ta CKNAJAETbCS CXeMa MOMEMHOBAHHS, LLUO
ABNSAE COBOK eNeKTpUYHe 3’€AHaHHA TUNOBUX (PYHKLIOHa/IbHO-PO3B’A3YHOUMX €/eMEHTIB
(ronloBHUM YMHOM OnepauinHMX NigcuoBaYiB, NepeMHOXYBaYiB, CyMaTopiB, iIHTErpaTopis).

MeTa cTaTTi Ta NOCTaHOBKa 3a/aui

MeTol AaHOi CTaTTi € aganTauis nonepeaHbL0 PO3po6/eHOT aBTOPOM MaTeMaTUYHOT
MoZeni AMHamikun - 3ybyacTol nepefadvi, ANA  33d4ad4  aHaloroBoro  (E1eKTPOHHOr0)
MOZE/IHOBaHHSA NPOTIKatoUnX Y Hili KONMBHUX MPOLLECIB.

[N [OCATHEHHSA NOCTaB/IEHOT Y CTaTTi METU, PO3B’A3YHOTLCA TaKi 3afaui:

1. TlMoyatkoBa (6a3oBa) MaremaTMyHa MOAeNb AMHAaMIKM  O4HOCTYMIHYacTOT
€BOJIbBEHTHOT KOCO3y60T 3y64yacTol nepegadi, LWAAXOM €KBIBa/IEHTHUX MepeTBOPeHb
MPUBOAUTLCA 4O YACTOTHOTO BUTNALY;

2. Ha ocHOBi OTpuMaHOT 4aCcTOTHOI MOZENi CTBOPHETLCA 3arasibHa OG/10K-CXema
aHa/loroBoro  MOJE/NIOBaHHA, fKa MOXe OyTu peani3oBaHa 3acobamu  Oyfb-AKOro
MOZE/NOYOro CepesoBuLLa.

OCHOBHa YacTUHa

3anpornoHoBaHa aBTOpOM Yy pob6oTi [2] MarematMyHa MOAeNnb  AUHaMIKK
O[HOCTYNIHYaCTOT eBO/IbBEHTHOI KOCO3Y00T 3y6uacTol nepeaadi, ABNse CO60t0 cuctemy 14-tu
NIHIRHWX ndepeHLiaibHUX PIBHAHb APYroro nopsiaky BiJHOCHO Yy3ara/lbHeHUX KOOPAMHAT,
CK/IafleHNX Ha OCHOBI PiBHAHB JlarpaH»xa Apyroro po4y, i Mae BUrnag;

1.3 k() M;
2.0, ., k( ) c®r,R;
33, » K(, ) CB)r,R,;
4.3, , k(, ) My (1)
53, Cu(z LDL C,(z, I, ), c()R;;
6.3y, 5 Cu(z, L)L Culz, L), c@® Ry

7' ‘]Zl 1Z ClY (yl Il 1Z)|1 ClY(yl |2 1Z)|2 C3(t)rBltg ORS;
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8' ‘]ZZ ZZ CZY (y2 Il 1Z)|1 CZY (y2 |2 ZZ)IZ C3(t)r82tg ORG;
9' mlxl C1XX1 CS(t)(tg 0 1)R7’

10.m,x, C,y X, Ci(t)(tg , DR,
11.my, C, (y1 |1 1Z) Cy (y1 Iz 1Z) Cs (t) Ry; Q)
12.m,y, C,(y, | 2Z) Culy, I, 1Z) Cs (t) Rio;

13 mlzl ClZ(Zl Il ZLY) Clz (Zl |2 ZLY) CS(t)Rll’

14 mZZZ CZZ (22 Il ZY) CZZ (22 |2 ZY) C3 (t) R12'

Y matemaTtuuHin mogeni (1) BpaxoBaHO KpyTW/bHI (pagianbHi), Ta NiHiiHI (nonepeyHo-
OCbOBI) KOJIMBaHHA AINAHOK BasliB i 3y64acTMX KOIC y TPbOX MaowmHax. BignoBigHICTb MK
PIBHAHHAMM cucTeMm (1) Ta KOMMBAHHAMM, SIKI BOHM OMUCYIOTb, Bifobpaxae Tabnuug 1, ge
AinsHKa Basly 1 03Hayae NPOMDKOK MK MPWBIAHWM ABUTYHOM Ta 3y6uyacTum Kosecom 1, a
OiNSHKa Basly 2 — MDK 3yByacTM KONecoMm 2 Ta MPUEAHAHOK Macok 30BHILLHLOIO
HaBaHTaXXeHHA BIANOBIAHO.

Tabnnuysa 1.
BignoBigHICTb MK PIBHAHHAMY cucTemu (1) Ta ONMCyBaHUMMN KONIMBAHHAMM

Ne n'B_a HacTiHa Twvn KONMBaHHSA EnemeHT Ko/MBaHHSA Bicb
PIBHAHHSA

1. J AingHka Bany 1 X

2. Jei ) 3ybuacTe kosneco 1 X

3. s 3y6uacTe Koseco 2 X,

4. N KpYTU/IbHI [linsHka Bany 2 X,

5. Jy 7 3y6uacTe koneco 1 Ys

6. Jy, ) 3ybuacTe koneco 2 Y,

7. Jo o _ 3y6uacTe koneco 1 Z,
KPYTW/IbHI

8. J,, 7 3y6uacTe Koneco 2 z,

9. m, X, _ 3y6uacTe Koneco 1 X,
MO3A0BXHi

10. m, X, 3y6uacTe Koseco 2 X,

11. m,y, 3yb6uacTe koneco 1 A

12. m,y, ) 3ybyacTe Koseco 2 Y,
rnonepeyHi

13. m,z, 3y6uacTe Koneco 1 Z,

14. m,z, 3ybu4acTe Kosieco 2 Z,

P03B’A30K cucTemMy AudepeHuianbHUX piBHAHL (1) MoXe OyTW peanizoBaHUA K Y
4acoBIil, TakK i y 4YaCTOTHIN 06NacTAX, 3a1eXHO Bif NOCTAHOBKM 3afadvi Ta 3aCTOCOBAHOIO
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MeTOo/y po3B’A3aHHA. MOLWYK po3B’A3KY Y YacoBiin 06n1acTi ABNse co60t0 3agady Kowwi ans
CUCTEM [AM(epeHLialbHNX PiBHAHb, & Y YacTOTHIA — MOB'A3aHWA 3 PO3B’A3YBaHHAM
CreKTpa/ibHMX 3afay NiHiHOT anrebpn — (NoBHa abo 4yacTkoBa MPo6/eMa BAaCHUX yuncen
matpuui) [3, 4]. Y nepiomy BUMaAKY PO3B’SA3KOM CUCTEMU AudepeHLialbHUX PiBHAHL (1)
Oyae nobynoBa (hyHKLIN, AKi BUPaXKatOTb YacoBY 3a/1EXHICTb 3MIHHMX, LLO OMUCYIOTb CTaH
cuctemmn ((ha3oBUX KOOPAMHAT), Y APYromy — CMeKTp BfIaCHUX 4acToT i ()opM KO/MMBaHb
MexaHi4yHOT cuctemun. OTpMMaHi YacTOTW BMIACHUX KO/IMBAHb MOXHA BMKOPWUCTOBYBATU AK
iH(hopMaUiHI YacTOTW ANs BU3HAYeHHS Pe30HaHCHMX 30H Npu BibpogiarHOCTMLi Ta OLiHLi
AKOCTI AMHaMIYHOT CUCTEMM 3aC06aMy KOMM’KOTEPHOIO MOE/TOBaHHS.

MpuitHATI y MaTeMaTu4Hii Mogeni (1) no3HayeHHs MOXXHA YMOBHO PO3AIIMTA Ha
rpynu, [0 CKMagy SKMX BXOAATb BEKTOP Y3aralbHEHUX KOOPAMHAT, KOHCTPYKTUBHI,
reoMeTPUYHI, IHepLiHO-NPYXXHI, AeMNYoYi Ta ANMHAMIYHI NapameTpy MexaHiYHOT CUCTEMMU.
30Kpema, BEKTOpP Y3ara/lbHeEHMX KOOpAMHAT MICTUTb 14 KOMMOHEHT | Mae BUINAL
q { TS ZZ’Xliyl’Zl’XZ’yZ’ZZ}Tqu:

., 1 2 3 — KYTW MOBOPOTY NPUESHAHUX MaC Ta LiNAHOK Ba/liB HABKOJIO OCEH X, X, ;
0y 1y ), 5 — KYTU NOBOPOTY LLECTEPHI Ta Kosieca HaBKO/IO OCeil Y,,Y, Ta 7,7, ;

Xy, Y11 215 Xy, Yy Z, — NiHIAHI NEPEMILLEHHA LLIECTEPHI Ta KOMleca B3J0BX OCel X, Y,Z .

KOHCTPYKTMBHI Ta Maco-XOPCTKICHI NMapaMeTpy MexaHi4HOT CUCTEMU CK/1afatoTh:
m,,m, — macu 3y64acTnx Kosic;

K,, K, — KpYTW/IbHI XXOPCTKOCTI Banis;

C,,,C,, — >KOpPCTKOCTI OMop BXiAHOro Basy Mo oci Z ;

C,,,C,, —opcTKocTi onop BXigHOTo Basly Mo ocCi Y ;

C,,— XXOPCTKICTb OMopwu BXifHOro Basly Nno oci X ;

C,,,C,, — XOpCTKOCTi OMop BMUXigHOro Basly Mo oci Z ;

C,,,C,, — XXOpCTKOCTi 0Mop BXiAHOrO Basly Mo oci y ;

C,,— XOpPCTKICTb Onopw BXifHOro Basty no oci X .

"eomMeTpuyHi NapameTpu:

Iy, 1, — PaAiycyi OCHOBHUX Kifl 3yB4acTux Kofiic;
— NOTOYHA KOOPAMHATA TOUKM KOHTAKTY 3yOL|iB B3[0BX OCEl X ;
. — TOPLEBUIA KYT 3a4enieHHs; , — KyT Haxuiy 3y6a;

l,,l, — 0OBXWHW Banis; ] — Cyma noxXmbKmM KpPOKy 3a4ernsieHHs Ta 6i4HOro 3asopy

3a4erieHHs.

[vHamiyHi napameTpu:

J,J;— MOMEHTM iHepLiT NPUEAHaHNX MaC ABUTYHA, Ta HaBaHTaXKeHHA BIGHOCHO OCi X ;

J,1,J,,— MOMEHTU iHepLii BIZHOCHO OCi X [AINAHOK BasliB MK 3y64acTMMK Kosiecamu
Ta NpUegHaHMK MacaMu BIAMNOBIAHO;

Jy1,d 2 — MOMEHTY iHepLiT 3y64acTnx Kosic BiAHOCHO oCi Y ;

J,;,J,,— MOMEHTU iHepLii 3y64acTuX KoJliC BIAHOCHO OCi Z ;

M,M, — KPYTHW/A MOMEHT [ABMIYHa, Ta MOMEHT OMOPY MeXaHi3My HaBaHTaXKEeHHs
BIAMOBIAHO.

[JemMndyrodi napameTpy BpaxoBaHi y nofjanbLumx Moaudikauisx 6a30Boi MaTeMaTUYHOT
MoZeri.

Unenn R, R, L0 BXOAATb [0 CUCTeMU pPiBHAHb (1) ABNAOTL COGOK LMKNIYHO

MOBTOPHOBaHI (PYHKLIT, LLIO BPax0OBYKOTb NMOXMOKM 3a4ern/ieHHsA peasibHOT 3y64acToi nepegaui,
TOOTO 3MIWEHHA TOYKM KOHTaKTy 3yOLiB MO BiAMoBIAHMX OCAX. 30KpPemMa, MOXMOKU
3a4ernsieHHs MarTb BUMNAL:
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RR, R, R, R (x X,)-noocix;

1 z z P
R: Ry Ry Ry sin i ¥.) (4 2 )Mutd o -nooci y;
t
1 vy .
R, R, Ry Ry oS (z z) (¢ ) it T 2 19 004 %) J
t

nooci z.

CymapHa noxmbka 3a4ensieHHss A No BCiX 0CAX Oyae CKNafaTncb 3 OKPeMUX MOXMOOK
No KOXHil oci i Habyge surnagy [2]:

A Z Z vy oy r r t X i
cos t ( 1 2) ( 1 2) bl 1 b2 2 g O(Xl 2) J

1 ( ) ([ gt (X, X,)

Sin . yl y2 1 2 bl g 0 1 2

y. Y. z. z.

ACGX Y Ya 2iZe 1 20 10 20 1 k).

Ha noyatkoBOoMy eTari CTBOPEHHS aHa/I0roBoT Moesi AUHaMiKu1 3ybyacToi nepegadi
BBeAEMO Y AudepeHLia/ibHi PIBHAHHA pyxy cuctemu (1) NiHiHI Ta KpYTUIbHI (pagiasibHi)

c — C
yactoTu, e ° — — JiHiliHa uactoTa, ° pr — KPYTWNbHA 4acToTa, BBaXaKUU
m

XOPCTKICTb Y UMX BMpa3ax MOCTINHOW. BpaxoByroun 3MIHHICTb XXOPCTKOCTI 3a4ensieHHs B
AidepeHLiaNbHUX PIBHAHHAX, NOAAMO 3MiHHY XOpCTKicTb y Burnagi C, (t) Cgof(t), e
f (t) — 6e3po3mipHa PYHKLiIA 3MIHW KPYTWU/IbHOT XXOPCTKOCTI, BUKOPUCTOBYHOUM 3B'A30K MK
KPYTUILbHUMM Ta NiHiAHUMN opcTkocTaMu Cg, (1) 2C,, de nig Cs, Ta C; MaKOThCA Ha

yBa3i MaKCUMasibHI 3HaYeHHA | BUpa3mn 415 4acToT. BBeAeMo f0 po3rnsgy 4acToTu, SKi 4itoTb
y CUCTEMiI 3 BpaxyBaHHAM XapakTepy MpY>XHUX Aedopmalii Ta 3MIiHW HKOPCTKOCTI

sauernieHts C,(t) C, .
KpYTU/IbHI 4acTOTH KO/IMBaH:

* *
2 2 k 2 r.2 C3 2 kl 2 r.2 C3 2 kl . 2 |2 Clz
o1 voxl b1 2 vox2 b2 v 3 7wl 1 ’
‘] ‘]xl ‘]xl X2 ‘]x2 ‘]3 ‘]yl
* *
2 |2C12. 2 r2 C3 . 2 Izczz 2 |2C22. 2 r2 C3 2 |2 ly .
yl 2 J 1oyl b1l J voy2 1 J 1oy2 2 J 1oy2 b2 J vzl 1 !
yl yl y2 y2 y2 z1
* *
2 |2C1Y. 2 r2 3. 2 |2C2y. 2 IZCZY. 2 r2 C3
z1 2 J vzl bl v z2 1 J v z2 2 J v 72 b2 J
71 z1 72 72 72

JTiHiAHI YaCTOTU KONIMBAHb:

> Ci. 2 Cu. 2 G2 Cyu. 2 Gy 5o Gy G o Gy 5 Gy
m ml m2 m2 ml ml 1 m2
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3 ypaxyBaHHAM BBEAEHWX MO3HAYeHb, CUCTeMa AndepeHLiaibHNX piBHAHL (1) Habyae

BUrNAay-.

z
1

z
2

y

y

Yi

Y2

Z;

Z,

M
2( 1) T;
k2
L) A
bl
) kZ .
L, g e A )
b2
M
3 3‘2( 2 3) J_S!
3
2 2 2 1
yl y yl y yl .
2 (z. | 2L (z, | = A f(t);
Il(l 11 |2(1 21) rbzl Cost ()
2 2 2 1
y2 y y2 y y2
—22(z, | 22 (z, | 22
I1(2 12 |2(2 2 2 b22 cos |
2 2 2 1
7 [ 7y _z L 7) _zL ¢
Il (yl 1 1) |2 (yl 2 1) rbzl g 0 Sin .
2 2 2 1
e LD S LD Fg, o
1 2 b2
X X L f®) g, DA
X, 32X 4 f@) g, A
2y, LA LAy LA 2 fM) A
wy\Y1 1 wy\Y1 I 1 sin )
t
2 z 2 z 2 1 .
2y(y2 I1 2) 2y (yz |2 2) 2 f(t) - A
sin
2o L)) LY P M) — A
cos ,
222(22 Il 2y 222(22 I2 2y 22 f(t) 1 A
CcO0S
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MPUIAHABLUM NO3HAYEHHS:

B, i; B, i; B, -—:B, —B; —tg_ ° .
I Ihs I, COS I, COS SN
tg 1 1
B ° B, B, t 1B, B - B, B ,
6 rb2 Sln . 7 8 g 0 9 10 sin . 11 12 cOS t

OTPUMYEMO 3arasibHUIN BUTNA4 YaCTOTHOT MaTeMaTUYHOT MOZeNi:
2 M.
( 1) T!

Z Z.

A0 ) R ) AKX Yz U s B s oo i ) By

2 z z

o 20 8 F) AKX Y Yz )i h s n o ad ) By

M
3 ;(2 3) J_S;

3

2 2
PR L) e L) KT
1 2

A X Y Y22y 25 v s o o ol ) By

2 2

2 2 2
2y IL(Zz |1 2y IL(Zz Iz 2y) y2 f()
1 2

iy vy Ny g e e Ve Ve ZooZ. . i .
A(X17X27y17y2721722’ 11 2 19 27 1 27J7 ) B4’
2 2

S O 7 0 Bl O/ PO AR N 9]

l l,

z

A X Y Y22y s v s o o ) Bes

2 2

; %(yz l, ;) %(yz L, ;) % f(@®
1 2

AX X Y Yo 2z s ) 4 v o ol ) Bes

2 z Z.

X, ooX 1 T AKX Y Yz O ) G a o o) By

2 2 z z

X, X g T AKX Y Yo 2iZyy s s o o o) B

7R 6 70 ) IR § 7 P B X (9)

z Z,

A X Vi Yai 232y 25 2 4 9 o di ) Bas

Yo o0 k) ., L) 5 f@

z

A Xoi Y1 Yoi 23250 15 25 4 o5 1 23 di ) Buos
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2 2 2
Z1 1z (Zl Il 1y) 1z (Zl I2 1y) 1 f(t)
A Xoi Y Y212 200 5 20 10 20 1 200 ) B
2 y 2 y 2 (3)
ZZ 22(22 I1 2) 2z (ZZ IZ 2 2 f(t)
A X Y Yo 2o 13 20 43 20 0 v ki) By
TaKMM YMHOM OTPUMAHO YaCTOTHY MaTeMaTU4YHy MOAESb, SiKa Y MOBHI Mipi OXOM/toE
(hisnyHKIA Npouec poboTK 3ybyacTol nepegadi, i MoXe OyTI PO3MOBCIOKEHA AK Ha KOCO3YOi,

Tak | Ha NpAMO3y6i nepefadi. Y 0CTaHHbOMY BMNAAKY Y PIBHAHHAX cuctemm (1), y Bupasax
ANa NoTeHLiabHOT eHepril, YneHu, AKi MiCTATb tg , | BPaxoBYHOTb Haxun 3y6uis, 6yayTb

BIACYTHI. HaBefeHa Mofenb BpaxoBye Taki BUAM MOXMOOK pyxXy peasibHOT 3y6yacTtoi

nepegadi, AKi BUHMKAKOTb 3a PaxyHoK:
KYTIB  3aKpYTKW Ba/liB MNPUELHAHMX Mac [ABWUryHa |1 poboyoi  MaluvHK

( D (2 3);

HenapasiefibHOCTI Ba/1iB LLECTEPHI Ta Koseca

(Zl Il 1y) (Zl |2 1y) (22 Il Zy) (22 |2 2y ’
rMepeKocy BasliB LLECTEPHI Ta Koseca

v, k) n L) (e b)) (v, L)

MO3A0BXHMX (0CbOBMX) 3MiLLieHb LLECTEPHI Ta Kosleca X, X, ;
NOXMOKM 3a4enneHHs (B HanpaMi NiHiT abo NIOWMHN 3a4ensieHHs), NepeMilLeHHS B
MeXaHiYHiin cucTeMi MatoTb BUTNAA;

1
cos |
1

sin t(Yl V) (f 0 ntg

(Zl ZZ) (1y Zy) rbl 1 rb2 2 tg O(Xl XZ) J w

MpuBeaemo cuctemy (3) Ao BUrNsAY, 3py4HOr0 NSt aHaN0roBOro MoAeNtOBaHHS:

2 2 M

2 2 A f();

b1

2

oo o E AT 4)

2 2 2 2
b2

2 2 ) MS
3 3 2 3 3 J3 ’
2 2 2
(i Y (-5 Bz 22— A ()
1 1 1) 1 1 2 )
v R I,; COS
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2 2 2
Y ()5 2) 5 2y, 2 A (1),
2 2 2) 2 2 2 )
y y I, l, 5 COS

2 tg 2
z 2 2y z pal z1 0 z1 .
= A f(t);
1 ( z1 zl) 1 ( I1 |2 )yl rbzl Sin t ( )

2 tg 2
z 2 2y z z z2 0 z2 .
—2= A f(t);
2 ( 22 22) 2 ( I1 |2 )yl rb22 Sin t ()

X x21X1 tg , 1 12 A f(t);

X, X% (g, D 7 A f(); @
2

yl ( yi ylz)yl ( yill y12|2) 1Z - : A f(t)!
sin

2

y2 ( y22 y22)y2 ( y22|1 y22|2) ZZ - : A f(t)!
sin

2

2 2 2 2
z , 1 )Z Iy P 1 I L A f(t);
1 ( 1 1)1 ( 171 12)1 Cost ()

2
ZZ ( z; 222)22 ( zill 222|2) 2y C032 A f(t)
t

MatemaTnuHy Mogenb (4) NpMinMaeMo 3a OCHOBY /1A CK/IAfEHHS CXeMU aHanoroBoro
MOJe/NtoBaHHS  (CXeMyM Habopy po3B’A3ytoUMX enemeHTiB). [py  CKnajaHHi  CXemu
MOJE/NOBaHHSA BUKOPUCTAEMO METOAMKY Ta CUMBOJIIYHY IHTEeprpeTauito  efleMeHTIB,
BUKNageHy y [5, 6], 3rigHO 4oro Mmofentorova cCxema CKNafaeTbCA Yy BiAMOBIgHOCTI 3i
CTPYKTYPHOI CXEMOIO AudhepeHLia/lbHUX PIBHSAHD, L0 OMUCYHOTh AMHAMIKY YCIET MexaHi4YHOT
cUCTeMU. Y UbOMY BUMafKy CTPYKTYpHa CXema pPiBHAHb BUPAaXae BCi efIeMeHTapHi
maTemMaTMyHi onepauii i 3B’A3KM MK HWMW, BfacTUBI  PO3rNsgyBaHii  cucTemi
ONepeHLiaNbHNX PIBHAHb PYXY CUCTEMU. Taki CXeMU YHIBEpCa/ibHi y CBOEMY 3aCTOCYBaHHI
ANA MeXaHiYHUX cucteM Oyab-AKOi CKMafHOCTI, WO MICTATb MeXaHiYHi, eneKTPUYHi,
rifgpaBniyHi Ta IHWIi NaHKK.

3arasibHa Cxema aHa/loroBOro MoZesitoBaHHA AOCiAKYBaHOT MeXaHIYHOT CUCTEMU, LU0
CK/lafieHa 3a po3rnsiHyTMMU BYLLLE NPUHLMNAMK, HaBefeHa Ha puc. 1.
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2 2 2
x ORI
, L
M A C/l\ M1 1 1
’ 2
o ]
2 2
2 3
h 2 |_
2 2% 3 3
2 : Myl o]
x2 (\2 J,{ 3 _/1|
iy ~ N
e O— rsz}
2
X1
X
‘ Ol X > 3
(tg » 1 g, A&A 1A f(@)
2 j f(t
: |J|||t||<)|
X, X,
tg ,
(tg o, D
2 2
2 noow CO0S 2 21 210)
yl 1 N
2 y
41 Cos, J ; cos t} z, H>Z_l'
2| 2| b O 1
N 211 212 ]
2 2 oS
y1 y1
1 I,
2 2 2
V2 22 22
2
r5cos| | ,
2 Z;
q
1
70— cos
_yz  _y2
|, l, , ,
tg 0 121 y1 yl\ 1
- L
r2sin , vl s,
——(O— —(O——
O
2~ 2
21 21
I, 1, , ,
2
t9 o 1 vz YZCP 1
-
r,sin| sin

2 2 .()‘ i>_i|
y2|1 y2|2

»—[}—ot—

(2 _(21)

Puc. 1. Cxema aHa/IoroBoro MoZentoBaHHA AMHaMiKK 3y64yacToi nepegadi
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BucHOBOK

Y pe3synbTaTi eKBiBa/IEHTHUX MePeTBOPeHb 6a30BOT MaTeMaTU4YHOI MOZLeNi OTPUMaHo
CXeMY aHa/IoroBoro MOAENM0BaHHA [AUHAaMIKM OAHOCTYMiHYacTOl eBO/IbBEHTHOT KOCO3Y60T
3ybyactoi nepefadvi. Peanizayis OoTpumaHOT Cxemy 3acob6aMu MOAENHOKYOro CcepefoBuLLa
Matlab-Simulink  fae MOXMBICTb e(EKTMBHO  LOCMIMHKYBATU  PEXUMMU  [NHAMIYHOT
HaBaHTaXXEHOCTi MeXaHI4YHOT CUCTEMMU.
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AHAJIOIFOBAA MOJE/b ANHAMWKW KONTIEBATE/TIbHbIX MPOLECCOB 3YBUYATOW
MEPEJAYN

M. B. OaueHko

UepKacCcKuii rocyaapCTBEHHbIi TEXHOMOMMYECKNIA YHUBEPCUTET,
yn. LLleByeHKo 460, r. Yepkacchbl, 18006, YKpauHa, e-mail: dpv-orion@yandex.ru

MpoBegeHa afanTaums MaTeMaTUYecKol MOoAenn AMHaMUKW KonebaTeNbHbIX MpOLLEeccoB
OfHOCTYMeHYaTol 3y6uaToi nepesayn, K Buay, YL06HOMY Ans NMPUMEHEHUS aHasoroBoro
MoJenupoBaHus. McxogHas maTtemaTtuyeckas MOAEeNb MpefcTaBieHa B BMAE CUCTEMbI
NMHERHBIX AnthdepeHLManbHbIX YpaBHEHN BTOPOrO MOPsAKa OTHOCUTENbHO 0606LLEHHbIX
KOOpAMHAT, OnpeAensieMblX COOTBETCTBYIOLLEA CXEMON [AMHAMUKWA  MeXaHW4ecKoi
cuctembl. MpuBedeH Bug 6a30BO MaTeMaTWYeCKOA MOLENN C NOAPOOHLIM OnMcaHVeM
COCTaBMAIOLLMX €e MapameTpoB, MOKasaH Mepexof K MOZENM B 4aCTOTHOM Buae, u
MOMTYYEHHYIO Ha ee OCHOBE 06LLYH0 6/10K-CXeMY aHasI0roBOro MOAENMPOBaHMS.

KnioueBble cnoBa: MaTemMaTuyeckasd MOAENb, aHanoroBas MoAenb, AvHamuka
KonebaTeNibHbIX NpoLeccoB, 0000LLEHHblE KOOPAUHATBI, CUCTEMA AUD(epeHUMaNbHBIX
YPaBHEHWIA.

ANALOG MODEL OF DYNAMICS OF TOOTH GEAR OSCILLATIONS
P.V. Diachenko

Cherkasy State Technological University,
460 Shevchenko Str., Cherkasy, 18006, Ukraine; e-mail: dpv-orion@yandex.ru

A mathematical model of dynamics of tooth gear oscillation was adapted for the further use
in analog modeling. An initial mathematical model was presented as a system of linear
second-order differential equations referred to generalized coordinates, the latter being
defined by the appropriate scheme of dynamics of mechanical system. A type of basic
mathematical model was presented with the detailed description of its parameters.
Additionally, a transfer to a frequency-domain model was shown, as well as a general
flowchart of analog modeling obtained on its basis.

Keywords: mathematical model, analog model, dynamics of oscillations, generalized
coordinates, system of differential equations.

249



IHPOPMATUKA TA MATEMATWNYHI METO4 B MOAEJ/TFOBAHHI = 2014 = Tom 4, Ne3

Y,U,K 681.513 Informatics and Mathematical Methods in Simulation
Vol. 4 (2014), No. 3, pp. 250-255

PEATN3ALINA MOAENEN AMHAMWNYECKNX OB bEKTOB,
MPEACTAB/IEHHbLIX B BUAE HEJTMHEWHBIX MHTEPO-
ONDDPEPEHUMAIbHBLIX YPABHEHWI C KPAEBBIMY
YCJ/10BNAMU

. 3. KoHTpepac, C. A. lNonoxaeHKo

Ogecckuii HaUMOHa/IbHbI MOANTEXHUYECKUIA YHNBEPCUTET
npocn. LesyeHko, 1, Opecca, 65044, YkpanHa; e-mail: polozhaenko@mail.ru

PaccMoTpeHa TMOCTaHOBKAa I -TOUEYHOW KpaeBOW 3adaun Mpu ONMUCaHUU  AUHAMUKU
06LEKTOB B BUfE HENMHENHbIX MHTErpo-audiepeHUManbHbIX YpaBHEHWIA. [pegioxeH
UTEPALMOHHBIN MOAXOM, K PELLEHUIO laHHOM 3afjaum, OCHOBaHHbI Ha MeTofe HbOTOHa.

KnoueBble C/loBa: AWHAMUYECKWUIA OBBEKT, Kpaesas 3adada, UTepaLyOHHbIA MNpoLecc,
MeTo/, HbloTOHa, LLAr AUCKPETU3ALIMM, MOTPELIHOCTbL PeLLEHNS

BBefeHue

[loCTaTOYHO LUMPOKMIA KNacc AMHAMUYECKMX OOBLEKTOB C TpebyeMoW [/1 NpaKTUKK
CTENEeHbI0  afeKBaTHOCTU MOXeT OblTb  OnucaH MOJensaMu B BUAE  MHTErpo-
AndbdepeHuManbHbIX  ypaBHeHMA. K TakMM  AMHaMUYeCKUM O0ObekTaM, Mpexnae BCero,
OTHOCATCA OObEKTbl «C MaMsATbO» WAM  «C nocnegencTemem» [1]. Ana  cnyyas
pacrpefeneHHbIX CUCTEM UHTerpo-AnddepeHunaibHble ypaBHEHUS AUHAMUKA LOMOJTHAKOTCS
COOTBETCTBYIOLUMMM KpaeBbIMU ycnoBusamn. B paboTte [2] nokasaHa BO3MOXHOCTb peLLeHUs
HENMHENHON r-TOYEYHON KpaeBOW 3ajayun MeToAoM HbHOTOHa Ha aHasloro-uMgpoBbIX
BbIUMCNUTENbHBIX cucTemax. B pgaHHOM paboTe paccmaTpuBaeTcs MeTod HbioTOHA B
CoYeTaHUM C KBafpaTypHO-pPasHOCTHLIMU METOLaMW ANS PeLUEeHNs HeNMHENRHON r-TOYEeYHOM
KpaeBoii 3afjaumn B cpeae Matlab.

lMocTaHOBKa 3a4a4u

PaccMOTpyM r-TOYeUHYHO KpaeByto 3agady [2], npeacTaBneHHYH0 ypaBHEHVEM
Ly T,y f(t) 1)
1 KPaeBbIMU HENIMHENHBIMUW YC1I0BUAMM
g yO).yt) .y ) d, )

rae L, — auidepeHumanbHblid onepaTop nopsaka n;,  — BeLecTBeHHbI napameTp; d — n-
MEPHbIN BEKTOP;
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t
T Ktsyy, ,y™ ds.

0

PelleHne faHHOWM 3afaum Oyaem NPOM3BOAUTL MYTEM MTEPaLMOHHOIrO OnpeseneHuns
BeKTOpa Haya/lbHbIX ycnosuin y(0) .

HenvHeliHas KpaeBasi 3agava (1) — (2) 9KBMBa/JIeHTHA CUCTEME HEIMHENHbIX
anrebpanyeckmx ypasHeHWiA

aly,) d;
a¥o) 9 (to,¥e) (tYo) (. Yo) 3)
1 3afa4ve Kown
Lyy T,y (1), y(0) o, (4)

roe  (t,y,) — peweHue 3agaqu (1) B chopme KoLuw.

BekTop HayanbHbIX YCNoOBUiA onpefensieTcs M3 cuctembl (3). AN pelleHus 3Tol
CUCTEMbI MOXHO MPUMEHUTbL UTEPALMOHHBIA MeTof HbloToHa. B siBHOM Buae cuctema (3),
KaK NpaBw/io, Hen3BeCTHa, MOCKO/bKY HEM3BECTHA B ABHOM BuAe (yHKUma  (t,Y,). OfHako,

MOXET ObITb YKa3aH anropuTm Ans BblumcrieHus g(y) npv 3agaHHOM Y. TepaunoHHbIN
npotecc byaeT umeTtb cnegyrowmii ug (y°(0) 3agaeTcs Npon3BosibHO)

L,y T,y¢ f(t)
Yo 2 qys d; (5)
yg ! y(l)< Zk! k 011121 ]

roe  —wmarpuua Akobm BekTop-yHKummn g(y) .

OnwucaHne MeToja peLLeHns

Mpouecc peweHuns (5) 3aknoyaeTca B cnepyrowem. 3agaetca k-e npubnvkeHue
BEKTOpa Haua/lbHbIX YCMOBWIA, pellaeTca 3agada Kowm MHTerpo-guddepeHumnansHoro

YPaBHEHWs U OMpeaenstoTcs yHKUMM  (t,ys). 3aTemM peLuaeTcsi CMCTeMa HeSMHEeMHbIX

ypaBHeHW 1 onpeaensietca k1 NpubnmnkeHye BeKTopa HauaibHbIX YCIOBUIA.

Tak Kak cuctema (3) B sBHOM BUAE HE 3afaHa, TO NP NPaKTUYECKMX BbIYMCIEHNSX MO
MeTofly HblOTOHA MPOV3BO/HbIE, BXOAALLME B MATPULY Y , 3aMEHSIIOT NPUBIVKEHHBIMI K

HUM pasHOCTAMU. Pa3sHOCTHbINA aHanor maTpuubl Skobu BeKTOp-hyHKUMN g(Yy) WMeeT BUS

[2]:

gy, he 9V, gy, he, 9V

R h 1 k 1
0 Y h, h,

roe e, — i-i KOOPAMHATHBIV OpT, T.e. BEKTOP Pa3MEpPHOCTW N, Y KOTOPOTO i- KOMMOHEHTa

paBHa efuHWLe, a BCe OCTalbHble KOMMOHEHTbl paBHbl Hynto. s  obecneyeHus
KBagpaTu4HoM cxogumocTi h, onpegenserca no gopmyne
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he ™o tvE tye. L tuys |

Beenem oGosHaueHve y;*  y"(t), (s 1 r). Torga Bbl4MCAMTENbHAA CXeMa
peLLeHns HeIMHeNHONM KpaeBow 3aaun npumeT Bug [2]

L,y T,y¢ f(t)
he "o vetyets et d|G 012 n);
o TR/ P /o T A A

R h,,y" n D
k

nk n.k n.k 0.k 0.k 0,k (6)
g Yo Yo Y g vyt Ly
hk

RZ" g yo".we" v d;
yel ye 724k 012,

[na BbluMCNeHMA AKobMaHa, Ha KaKAOM Lare Heobxoammo pewwats n 1 3agadvy
Kowwn. B pa6ote [2] and 3T0ro MCMosib30Ba/IMCb aHa/IOMoBble BbIYUC/INTENbHbIE CUCTEMbI,
Hwe npepnaraetcs MCNosb3oBaTh KBagpaTypPHO-PA3HOCTHbIE METOAbl PeLleHus WHTEerpo-
AndhepeHUManbHbIX  YPaBHEHWUIA, OCHOBaHHble Ha COYeTaHMM Pa3HOCTHbLIX METOM0B
M3BECTHbIX W3 Teopun AndepeHLManbHbIX YpPaBHEHUIA W KBagpaTypHbIX METOA0B
annpoKcUMauMn WHTErpasibHOro oreparopa MCMOMAb3YeMbIX MPU  YUC/IEHHOM  peLLeHu
NHTErpasibHbIX YpPaBHEHWIA. PacCMOTpPUM 3TW MeTOAbl MPUMEHUTENILHO K ypaBHeHUto (4),

3anucaB ero B BUAE

yo @) Fy®.y@®), y"U®)  Ktsyt).y®), y"P()ds, -

0

yP0) vy, i 01 ,n 1.

3aMeHOVi MepeMeHHbIX Y Y, Y Y,, ,Y" P 'y nonydaem cucTemy ypaBHEHWiA

nepBoro nopsigka

dy,

a

dy,

a (8)

X

dy,
% FOOYLY, 2 Yad) KOS YL Yo 2 Y, 1) ds.
0

Vcnonb3ya metop PyHre-KyTTbl 4eTBepTOro nopsgka B COYeTaHUM C MeTo[oM
Tpaneuuii M6o ¢ 0606LieHHbIM MeTogoM CKMMCOHA, NosyyYaeM CNefyHoLWWiA anropuTMm

peLLeHns cuctemsl (8)
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k® hf(t,Y,),
) (i)
k" hf, D,Yi kl—),
2 2
h k" ®)
kO hf, =Y, %),
3 (t; o i 2)
kO hf, h Y, k).
Yoo Y Y, Y AkE o2k 2k k) i 012 (10)

rae Y (YurYair o Yai)s

FEYD Vo Ve F Y0 Yo oYa) N A K85 Vi Yoy 0 Yng)),

jo
A A Y2,A A A, 1 gna metofa Tpaneumi,

1/3,4/3,2/3, 4313 (j 2m 1m 12, )

i 1/3,4/3,2/3, 4/3.5602 (] 2mm 12, ) ansa metoga CMMMCcoHa.
HefocTaTkoM JaHHOro MeToza SB/ISeTC He0OXOAMMOCTb MHOrOKPATHOIO BbIYMC/EHUA
MHTerpasa Ha Kak[oM Luare, 4YTO CYLECTBEHHO 3aMef/ifeT BpeMs cyeTa W [JenaeT
3aTPYLHUTENIbHBIMY BbIYMC/IEHUA Ha 60/IbLLEM YMC/E Y3/0B.
B aTom cnyyae apeKTVBHbIM OKa3bIBAETCA UCMO/b30BaHNE MHOTOLLAroBbIX METOLOB.
HanpvmMep, MHOrowaroBblii anropuTM, OCHOBaHHbIA Ha MeTofe Afamca B COYeTaHWu C
MeTOZOM Tpaneuuii IMbo ¢ 0606LeHHbIM MeTO40M CUMIMCOHA, UMEET BUA

Yo, Y, %(SSfi 59f , 37f , 9f ), (11)

Yo, %(wi A9f 5f, f,), i 012 (12)

roe .o f(t,Y.).

[aHHbI MeTof, He SBNSETCA CaMOCTapTYHOLWMM, T.e. HE0OX0AMMO 3HaHMe HavaslbHOro
oTpeska peweHus (B MePBbIX YeTblpexX TOYKax) A1 BbIYMCMEHUA KOTOPOro MOryT ObITb
MCNO/b30BaHbl OMWUCaHHbLIA Bbie MeTod PyHre-KyTTbl, 1M60 Meton Agamca Mepsoro
nopsaka.

ANropnTMm peLleHns

Takum 00pa3oM, anroputM peLleHns HenvHelHON KpaesBoi 3agaun (1) npumet
cneayoLwnii BUA,
1. BBOA MCXOHbIX JaHHbIX O PeLLIaeMOit 3aaue, HadanbHoro npubamkeHus y°(0) u

TpebyeMOoi TOYHOCTM peLleHns .
2.  Pewenve 3agaun (1) B hopme Ko, ncnonb3ysa metogbl (9)-(10) nm6o (11)-(12)

1 onpefeneHve g..

253



. 3. KoHTtpepac, C. A. lNonoxaeHko

3. Onpegenenvie BennuuHbl h, 13 ycnosus (6).
4. Pewenve n 3agad Koww and onpedeneHma vy, (i L n,s 1 ),

ncnosnb3ys metogpl (9)-(10) nmnéo (11)-(12).
5. BbluncneHune akobmaHa R no gopmyrne (6).
6. BbluMcreHse MoOMpaBKM  z“, NyTeM  pPELIeHWsl  CUCTEMbl  JIMHEMHBIX

anre6panyeckux ypaBHeHuIA 1 onpeaeneHne BEKTOPa HauaslbHbIX YCIoBUA Y& * .
7. Ecnwv BbINOMHSETCA YCoBUe Hz"” , TO UTepaLOHHbIN NPOLIECC 3aKaHUMBaeTCs,
B MPOTMBHOM C/ly4ae NoBTOPSAKOTCA Lwarn 2 — 7.

PeLleHMe TeCTOBOM 3adayn

MpoMNNOCTPMPYEM OMUCaHHbLIA MEeTOA, pe3yNbTaTaMi UWUCMEHHBLIX 3KCMEPUMEHTOB.
Mpn aToM, ANa cpaBHeHWs, Oyem peluaTh Ty Xe 3a4ady, 4To 1 B paboTe [2]

y 2y 0.2y* cosxe °(y y)ds,

0

C KpaeBbIMN YCNOBUAMU

03y(0) 03[y (O)F y@d) y@ vy y(2 0.1674,

0.1y(0) 0.2[y(O)F y@) y@ vy@ y(@2 0.1326.

TouHoe pewleHne y(X) e *cosX.

B kauecTBe HyneBoro npuonvxeHus so3bmem 3HadeHms y(0) 0.6, y(0) 0.6, npu
KOTOpPbIX, KakK MoKasaHO B [2], MTepauMOHHbIA NPOLECC PELUEHNS Ha aHanoro-LuMpoBbIX
BbIYWCIUTE/IbHBIX KOMIM/IEKCAX PACXOANTCS.

Pe3ynbTaTbl YWUCMEHHOTO pelleHns [JaHHOW 3aflayun, pean3yroLero OnmcaHHbIN
anroput™ B cpede Matlab, npveegeHbl B Tabnuue 1. MNpu atom 3agava Kowwn pelanacb
meTogoM PyHre-Kytta B coueTaHuu metogom Tpaneumid  (9)-(10), npuyem war

anckpetmsauum coctasmun h - 0.01, a 3a4aHHasa NorpeLLHocTb — 0.001.
Tabnnuya 1.
Pe3ynbTaTbl YACNIEHHOTO peLleHns 3a4a4m
Homep utepauumn y(0) y (0)

0 0.6000 -0.6000 -

1 0.6912 -1.6816 1.0816

2 0.9802 -1.1120 0.5696

3 0.9969 -1.0074 0.1047

4 0.9992 -1.0008 0.0066

5 0.9992 -1.0008 24 10°

OTHOCUTENbHAA NOrpeLlHOCTL pelleHns coctasuna 0.08% .
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HENHINHNX IHTEIMPO-ANDPEPEHUINHNX PIBHAHBb 3 KPAMOBMW YMOBAMM
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npocn. LLeByeHka, 1, Ofeca, 65044, YkpaiHa; e-mail: polozhaenko@mail.ru

PO3rnsiHyTO MOCTAHOBKY I -TOUKOBOI KpalioBOi 3afayi mpv onuci AuHamikv 06’€eKTiB Y
BUMNAAI  HEMIHIAHMX iHTerpo-gndepeHUiiHMX piBHAHb. 3anmporoHOBaHO iTepayiiHui
Migxig LWoA0 po3B’A3aHHsA faHOT 3a4avi, 3aCHOBaHUIA Ha MeToAl HbloToHa.

KntouoBi cnoBa: AvMHamiuHWA 06’€KT, KpaioBa 3afaya, iTepauiiiHMiA npouec, METOA
HbIOTOHA, KPOK AWCKpeTm3aii, noxubka piLleHHs

IMPLEMENTATION OF DYNAMIC OBJECT MODELS PRESENTED AS NONLINEAR INTEGRO-
DIFFERENTIAL EQUATIONS WITH BOUNDARY CONDITIONS

D.E. Contreras, S. A. Polozhaenko

Odesa National Polytechnic University,
1 Shevchenko Str., Odesa, 65044, Ukraine; e-mail: polozhaenko@mail.ru

The definition of an r-point boundary-value problem for the description of object dynamics
with nonlinear integro-differential equations was discussed. To solve this problem, an
iterative approach was proposed based on the Newton method.

Keywords: dynamic object, boundary-value problem, iterative process, Newton method,
sampling interval, solution error.
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OBPABOTKA NH®OPMALUMNOHHbBIX TIOTOKOB A
COCTABJ/IEHUE /19 HUX PACMTNCAHWMIA B CUCTEMAX
SAlLNTbBI MHPOPMALINU

E. B. MiBaH4eHKoO, B. A. Xopouuko, HO. E. XoxnayoBa

HaumoHabHbIA aBUALMOHHBI YHUBEPCUTET,
np. KocmoHaBTa Komapoga, 1, Kues, 03058, YkpanHa; e-mail: manjelka@yandex.ru

Pa3paboTaHbl mMaTeMaTUyeckue MOLENU OLHOPOAHBLIX CUCTeM 06paboTKu WMH(opMmauuu,
KOTOpble MO03BONAKOT aHaIM3MPOBATL W ONpedensTb 3M(EeKTUBHOCTb MHOMOMALUMHHBIX
(MHOronpoLeCCOpPHbIX) CUCTEM C YMCNOM BbIUUCAUTENEA He 6onblie 16. PaccmoTpeH
anropuTM OMepaTvBHOrO CO3JaHWs  pacnucaHuii ANS  MHOTOMPOLECCOPHbIX  CUCTEM
YpaB/ieHWs, KOTOPbIE UCMOMb3YIOT 3BPUCTUYECKUE CPeacTBa.

KnioueBble cnoBa: MaTemaTUyeckue MOAENW, O[HOPOAHbIe CUCTEMbl 06paboTKu,
MHOTrOMPOLLECCOPHbIE CUCTEMBI YMPaB/IEHUSA, 3BPUCTUYECKME CPELCTBA.

BBefeHue

CoBpeMeHHbIn 3Tan pa3BUTWS CPeACTB YMNpaBneHUs W 3aWuTbl C UCMO/b30BaHWEM
BbIYMCNNTENbHOW TEXHWKM XapakTepusnpyeTcs TeHAeHUMeA K NPUMEHEHUIO NapainienbHON
06paboTKM MH(OPMALMA N MHOTOMPOLECCOPHbIX CUCTEM, KOTOPble 06/1a4aK0T MOBbLILLEHHbIM
ObiCTpofeincTBMEM. Takoe ObICTPOAENCTBME OblN0 AOCTUIHYTO 3a CYeT napasnesibHow
06paboTkM 3agad. OnbIT 3KChyatauuyv MHOTOMALUMHHBLIX (MHOTOMPOLIECCOPHbIX) CUCTEM
06paboTkn nHopmauum (MCOW), 3awmTbl MoKasasi, 4TO 60/bLIME BO3MOXHOCTU 3TUX
CUCTEM MOTYT ObITb MOJIHOCTHIO PACKPbITbl TOMILKO MPWY UCMO/b30BaHUN 3NHEKTUBHBIX
MeTOZO0B W CPeACTB opraHu3aunmn nx paboTbl, T.e. 06paboTKN MHHOPMALMN U ONTUMAIbHBIX
pacnucaHunii MHHOPMaLMOHHBIX NOTOKOB.

3afiaun ynpasfieHNs MOXHO nogpasfennTs [1, 2] Ha He3aBUCKMMbIE U MH(OPMALYIOHHO-
cBsi3aHHble. [ocneaHve MOXHO MpeacTasuTb B BUAe rpada (06b14HO 6e3 LUKIOB), BEPLUMHDI
KOTOPOro COOTBETCTBYIOT 33Jayam, a Ayrun OnpefensoT MH(OPMaLMOHHbIE CBA3M, TEM
caMbIM 33/1aBasi OTHOLLIEHVE MPeLLIeCTBOBaHNSA Ha MHOXECTBe 33/au.

CylLeCTBYIOLLME METOAbI pacrpefenieHns rpyrnn 3aayd MOXHO pasfenunTb Ha [Ba BUaa:
Jonyckarolme npepbiBaHUA 1 6e3 npepbiBaHWin. MeToabl pacripefeneHus 6e3 npepbiBaHWii
MOTyT ObITb KaK ONTMMaSibHbIMU, TakK U Cy60NTUMaIbHbIMK. 15 NonyYyeHUs ONTUMaibHOrO
pacrnucaHus UCMOoJb3YyOTCA pas/inyHble BapuvaHTbl AWCKPETHOr0  MNPOrpammypoBaHuS.
CybonTumasibHble MEeTOAbl MPU MasbiX 3aTpartax PecypcoB W BPeMeHW [al0T peLLeHus,
6nM3Kne K ONTUMasbHbIM. TlpM KX UCMOMb30BaHWM, Kak MpaBusio, OCYLLECTB/IAETCA
4aCTUYHBIA Nepebop BO3MOXHbIX PELLEHWIA B COOTBETCTBME C IBPUCTUYECKMMI NPaBUIaMU.

C y4yeTOM TOrO, YTO CUCTEMbI 06PAbOTKM, 3aLLMThI U YrPaBIeHWs B HACTOSLLEe BPeMs B
OCHOBHOM VMEIT MHOrOMAalINHHYK (MHOTOMPOLECCOPHYI0) CTPYKTYPY, BOCMOJIb3yeMcs
MOZE/IbI0 MHOFOKaHa/IbHOM CUCTEMbl MaccoBOro 06CNyXuBaHus. Mpu 3TOM B cUCTeMax
npoueccopbl (MalvHbl) OTOXECTBMAKOTCA C KaHalaMu OOCNy)XMBaHWA, a 3ajaun — C
3agBKamu. lMosBreHne cucTem, afanTMpyeMbiX K 3ajadam, T.e. MEHSIOLLMX KOH(UIypauuo B
3aBMCMMOCTM  OT  3adBOK, O0OYC/MOBM/IO  HEOOXOAMMOCTb  CO3[4aHUs  afeKBaTHbIX
mMaTeMaTUYecKnx MoJenei CUCTEM C NepecTpanBaemMoin CTPYKTYpOIA.
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OcCHOBHada 4acTb

PaccmoTpum mogenb [2] 0AHOPOAHON CUCTEMbI NMPW HANNYUM NPUOPUTETHOIO MOTOKA
6onblKMX 3agad. Mpu 3ToM 3a4ava cumMTaeTcs 60/MbLLUOW, ecnn eé paHr 6onbwe N /2, roe N
— 4ynucno MawuvH (npoueccopos) B cucteme. Mpegnonoxmm, YTo Ha OLHOPOLHYH CUCTEMY
(OC) 3 N mawuH (npoueccopoB) MOCTynaeT MyacCOHOBCKWUIA MOTOK 6GOMbLIMX 3afay C
NHTEHCUBHOCTbIO . BeposATHOCTb nOCTyn/neHWs 33gadMm C paHroM N ecTb

. ( .1 . 0). 3agaun 06CnyKMBaKOTCA B MOPSALKE MOCTYMIEHUS, NPUYEeM 3aKOH
n N/2
06CNy)KMBaHUS ABNAETCA MPOM3BOJIbHLIM WM UHAVBUAYaIbHBIM [N KaXKA0ro paHra. Ecnm

CMCTEMA HaxoaMTCA B COCTOSHUM |, a i 3a[a4 HaXxoAsTcs B 04epeam, To BeposTHOCTL G (t)
repexoja CUCTeMbI B JpYroe COCTOSAHME 3a BPeMs t OnpesenseTcs cresyowmm 06pasom:

G [ oet Ve Lo
6 e+l
60 et an

N2 o (0T D!

roe H (), N/2 — (yHKUMA pacnpefenceHns BPeMEeHW pelleHus 3ajad  -ro paHdra

cucTemoid. C MOMOLLIbHO NMPOU3BOAALLMX (YHKLMIA MOMYYeHbl YCNOBUS, NPU KOTOPbIX Nepuos,
3aHATOCTU CUCTEMbl MMEET KOHEUHYH ANMTENbHOCTb — C YYEeTOM TOr0, YTO NOA Neproaom
3aHATOCTY MOHMMaeM PasHOCTb MeXAy t, — MOMEHTOM BPEMEHM, KOTJa CucTeMa NepexoamT

W3 3aHATOrO COCTOSIHWS B CBOGOAHOE, M t, — HaWBONbLIMM, He MPEBOCXOAALM €ero

MOMEHTOM BpPeEMEeHM nepexoja U3 CBOOOAHOIO COCTOSHUA B 3aHAToe. [Momumo 3Ttoro, ¢
YUYETOM MOJSTYYEHHbIX Pe3ynbTaToB ONpeAenseTcs pacnpefeneHne BepoSTHOCTEN TOro, YTO B
oyepean HaxoAUTCA HEKOTOpPOe YMCO 3adad, OXWAAKWMX peweHus. 3Ta MHpopMaums
Mo3BOMSET NyTeM M3MEHEHUs ymcia mawimH (MUKPOMPOLLECCOPOB) CUCTEMbI PErynnpoBartb
LJ/IVHY OYepeiu M Bpemsi 06paboTKM B HeobxoAuMbIX npegenax. OAgHako npu o0b6paboTke
NMOTOKOB CNOXHbIX 334ay OC MOXHO NpPefnofioxXuTb, Y4To B cuctemMe M3 N MalnH C
3afaHHbIM  00bLEMOM  NamAaTM  BpeMs  OOC/MY)KMBaHMS  MporpaMM  OMMCbIBAEeTCA
3KCMOHEHUMaNbHbIM  3aKOHOM. [peanonoxum Takke, 4to B OC MOryt OAHOBPEMEHHO

R(R 1)

CYLLeCTBOBaTb NOACUCTEMbI BCeX paHroB — oT 1 go R, 1.e. N . Boigenum B OC

mHoxectBo U3 N E(E {0,,...,N}) anemeHTapHbIX MalUWH 1 PECTPYKTYPU3NPYEM €ro 13
nogcucrembl. O603HaUMM Iﬁ YMC/Oo NOACUCTEM paHra n, 06pa3oBaHHbIX B MOMEHT BPEMEHM

t NocpescTBOM pecTpykTypusaumu, a 1) — uncno p-nporpamm paHra n, HaxoAsLMXcs B

oyepeamn ANMHOM S B MOMEHT t .
PaccmoTpum, Kak  BO3JENCTBYeT  Ha  CMCTEMY  CAyyaWHbIi  npouecc

® {919/k E,;n 1k, S 0, } npu ycnosuu, 4To OH MapKOBCKMI.

R
Mycte P~ — BeposTHOCTb TOro, uTo B MOMEHT t N,  nln(t) MaLnH 3aHATO
ni
R
obcny>kuBaHueMm p -nporpamm n B ouepeau 3aHaTto N N,  nly ,n(t) Mmect, npn ToMm,
ni

4To B cucTeme k BeTBeil. Tpebyerca BbluMCUTL: P, — BeEpPOATHOCTbL TOro, 4yto B OC
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N
HaxoauTcs poBHO k BeTBeit; N kb, N P — CpefiHee 4YUCNO0 3aHATbIX MaLUWH,
cp k N S
k 1 S1

Ks(N) Ng,/N - koaddmumeHT 3aHstocTh OC, rge B, Be™ lim P~ 1
CYMMWUPOBaHWE BEETCA MO BCEM BO3MOXHbIM — pasbuUeHusM Ha MoACUCTEMbI B

MPeANO0N0XKEHNM, YTO BbIMOMHAETCA YCNI0BME HOPMUPOBaHMs B 1.
k 0

MycTb K, g — 4MCn0 CNocobos, C NMOMOLLLIO KOTOPbIX MOXHO pa3éuTb N MalluvH p -
nporpammamu, MakCUMa/lbHblii paHr KOTOpbIX paBeH R. Torpga, npocymmuposas N, , v paj
P! monyuum uckomoe sHaueHve P, .

3HayeHune N, , onpegensetcs [2,3] No pekyppeHTHON opmyrie:

R
Nk,R Nk i

jlil

npy HavanbHbiX yenosuax: Ny, LN, LN, 0Ok |

BeposiTHocT P''* Toro, yto 8 OC paBHO k BeTBeiA, Npu ONpeaeneHHOM pa3bueHni
[ ,1,n 1, R, HAXOAATCA KaK PELUeHUEe CUCTEMbI SIMHENHbLIX YPaBHEHWUI, COCTaBMEHHON C

n' 'n»
CMOMb30BAHNEM METOZOB TEOPUM MacCOBOTO OOGCNY)KMBaHMS. BeposiTHOCTb 3aHSTOCTY
mMawmH OC B MOMEHT BPEMEHM t t OMpefensieTcs Kak CyMMa BEepOSITHOCTEN Tpex

HECOBMECTUMbIX COObITUIA: B MOMEHT t N MaluH NPOM3BOAAT OMepauuto pasbreHus
MaccyBa AaHHbIX | Ha HEKOTOpble Y4acTKM, U NPy 3TOM 3a BpeMs  t Hu OfiHa MOACKUCTEMA He
3aKaH4MBaeT 06CNY)KMBaHMA BCMOMOraTe/lbHbIX MPOrpamMM; B MOMeHT t 3aHaTo N N, ma-

LUMH, HO 3a BpeMs t MOCTYNWna nporpaMma paHra n,n 1, R; B MOMeHT t 3aHAaTo N N,

MalLVH, HO 32 BPEMS t 3aKOHYWIOCh OBCMYXMBaHNE P -NPOrpaMM paHra n,n L R.
Mepexoas K npegeny t 0, a 3aTem npu  t , MOMy4YaeM CUCTEMY JIMHEWHbIX
anre6panyecknx ypaBHEHU OTHOCUTENLHO BEPOSTHOCTeW P'%. Peliass 3Ty cuctemy,

onpegensieM P, cymmupoBaHuem Pl'* no pasnnuHbiM Kom6uHauusm ...l . C nomouysto

BeposiTHocTeld P,k 0, , onpedensloTcs BeposITHOCTb OTKasa B 06CMyXMBaHWW,

BEPOSATHOCTb TOrO, YTO BCE MalUMHbl CBOOOAHbLI, CPeHEe YMCIO 3aHATLIX MaLUVH, a TakKe
Jpyrve xapakTepucTuku cuctembl. OfHAKO, NpW aHa/M3e CUCTEM, B KOTOPbIX UCMOJIHEHME
3a%BOK OCHOBaHO Ha 06paboTKe WMH(OpPMaLMM OT Pa3HOTUMHbLIX UCTOYHUKOB (Harpumep,
npoLieccopbl, YCTPOMCTBA BBOAA-BbIBOAA U T.[.), PACCMOTPEHHble MeToAbl nccnefoBaHus OC
He MoAXoAAT. [/19 aHanM3a Takmx CUCTEM NpesaraeTcd MoLe/lb MHOroKaHa/lbHOW CUCTEMBI
MaccoBOro obcnyxmsaHus [2]. OHa 0CHOBaHa Ha CnefyroLwmnX NoIoXKeHNAX:

1. Y3en 06paboTky MH(OpMaLMK NpeLcTaBnseT cob0i pecypehl pasinyHbIX TUMOB,
B CMCTEME MOXXET ObITb NPOM3BO/IbLHOE, HO (IMKCMPOBAHHOE YMC/IO YCTPOCTB KaXKA0ro TUMa.

2. B nio6oin MOMEHT BpemMeHN 06paboTKa OCYLLECTBASETCA OAHUM U3 HECKOMbKMX
YCTPOWCTB U UMeeT (PUKCUPOBaHHbIe TpeboBaHWsA Ha pecypcbl. MHOXECTBO COCTOSHUS
06paboTKM 3aJayn OMpefenifieTcsd KNacCoM ee NPUHALMIEXHOCTM U (PUKCUPOBAHHbLIMMU
TpeboBaHVAMN Ha Pecypchbl.

3. 3asBKy NOCTYMatT Ha CUCTEMY W3 OLHOr0 WM HECKONbKUX HeorpaHUYeHHbIX
MCTOYHWUKOB; OMpejeneHa CpeaHss UHTEHCUMBHOCTb MOCTYMJIEHWS 3a8BOK C pPa3/IMYHbIMY
HaYa/IbHbIMY COCTOSAHUAMW 06PaboTKM.

4.  BO3MOXHbl Tpu opmbl pacnipefeneHns pecypcos (6e3 pasgeneHus wnm
MYNbTUMNEKCUPOBaHNSA; C pa3fefieHVeM; CTaH4apTHOe My/bTUnaekcuposaHune). Cnocob
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pacnpesenieHnsi pPecypcoB BAMSET KaK Ha CKOpPOCTb 06paboTKW, Tak W Ha CTeneHb
napannieNbHoCT 06paboTKM 3aaay CUCTEMON.
MycTb J — 4nCO TUMOB PECYPCOB; R. — KONMYECTBO PECYpPCOB i-ro TUna B CUCTEME,

i 1,J; j — uMCno KNaccoB 3asBOK; M — UNCAO Pa3MyHbIX BEKTOPOB TPe6oBaHMil 06paboT-
KV CUCTEMOW LOMYCTUMbIX pecypcoB cucTemMoil. CocTosiHMe 06paboTKM 3a7aum onpesenserca
napoit (j,k), 4To 03HayaeT: 06paboTKa MPUHALIEXUT Knaccy | U TpebyeT MHOXECTBO
pecypcoB, BblpabaTbiBaeMbIX \Tk [na ynobctBa 0603HaYeHWU CUHTE3MpYeM W30MOPQHOe
oToOpaXkeHMe MHoXecTBa nap  j,k  Ha MHoxecTBOo | npocTbix nHgekcos; L J K -
UMCNIO COCTOSAHUI 06paboTKM 3afay; S, — cocTosHue | o6paboTku 3ajady, 1 | L pgna
3aBeplueHns o06paboTkn OC npoxXoauT uepe3 MOCNeOBATENIbHOCTb COCTOSIHWIA, a ee
3aBepLLEHNE 3KBVBAIEHTHO Nepexoy B 3aKN0UNTENbHOE COCTOAHME «O», 0603HavaeMoe S .
Bpemsa o6cnyxuBaHns TpebyeMol 3asBKM, MNepelleflleinl B COCTOAHME S, — 3TO BpeMms, B
TeyeHne KOTOPOro 3asBKa MUCMO/b3yeT Pecypcbl L0 Mepexoja B o4epeHoe COCTOsiHME. [ycTb
T, - cpegHee Bpems o06CnyXmBaHus, Tpebyemoe 3ajaueid B coctosHum S, | 1L.
OKa3aBLUKCb B COCTOSAHUM S, , 3asBKA OCTAETCA B HEM 10 UCTEYEHUS BPEMEHW 06CTY)KMBAHUS.
Crefylollee  COCTOSiHME — ONpefenseTcs  AUCKPETHbIM  MapKOBCKUM  MPOLLECCOM,
COOTBETCTBYIOLLUM MaTpuLie P;P (L 1) (L 1) —croxacTuyeckasi MaTpu1La NepexoaHbIX

BepOFITHOCTeVI. 3asBKun nocTynartoT B CUCTEMY N3 OQHOI0 WA HECKOJIbKUX HEOTPaHNYEHHbIX

NCTOYHUKOB, MHTEHCMBHOCTb UX MOCTYM/IEHNA B Ha4Ya/lbHOM COCTOAHUN S| ectb |, 06L|.|,aFI
L

MWHTEHCMBHOCTb |- 3Has , MOXHO onpeaennTb BEPOATHOCTb HaxoXaeHNA 3adBKN B
11

HauyanbHOM cOCTOsHMM S f, f,,,. Pacnpefenenve HauafbHbIX COCTOSHWI 3aBOK
onpepensetcs Bektopom F f,, f,..., f, . Vicnonb3ys F 1 MaTpuLy P, MOXHO ONpefeniTb

G 0,9,..,0, , A€ g, - CpeaHee ynco npepbiBaHNin 06paboTKM B COCTOAHUN S, .

B MCOW npegnonaraetcsi CylleCTBOBaHME MOCTOSHHbIX pacrpeaeneHnin BpeMeHu
06CNY)KMBaHUS M UHTEHCMBHOCTU MOCTYM/IEHUA AN KaXAOro Knacca 3asBoK. [ 3Toro

onpefenserca Py( ) — BEPOATHOCTb TOr0, YTO OOGCNYXKMBAeTCA KOMOMHauua m,m 1M .

Eciv napametpbl g,,1 1L, NOCTOSHHbI, pacripedenieHne BpeMeHn 0BCNY)KMBAHNS TakKe

MOCTOAHHO M 00Was MHTEHCMBHOCTb BXOLHOIO MOTOKA HE MEHSETCH, TO aHaIM3upyemas
cucTeMa MMeeT (PUKCMPOBaHHbIE XapaKTepUCTUKN NOTOKa 3asABOK. 1S [JaHHOro anroputma
pacrnpefeneHnin 3aaHnini 1 (DUKCUPOBAHHBIX XapaKTEPUCTMK MOTOKA 3asBOK MOLLHOCTb
CUCTeMbl OMNpPeaenseTcs Kak MUHTEHCMBHOCTb BXOAHOMO MOTOKaA.

"paHuua mowHocT . 418 MCOW paccumTbiBaeTCA KakK MHTEHCMBHOCTb BXOHbIX
MOTOKOB, MPU KOTOPbLIX rapaHTMPYeTcAa HacbILLeHHOe He3aBUCUMOEe OT MCMNOJb3yemoro
anropuTtMa pacnpegeneHue 3anBok.

Ona onpegenenuns . MCOW npefnaraertcs cregytoLimii Metog. Mpesnonoxum, Yto

m

g, - CpedHee BpemMs npe6biBaHWS 3asBOK B coOCTosiHMM V,; K, — cpegHee 4mcno
06CNy)XMBaHMA 3afBOK B COCTOSIHMM S, M T, — cpefHee 4MCn0 NpebblBaHWA 3afBOK B
COCTOSIHUM S, — MOMOXMWTE/bHblE LA Ka&KAOT0 COCTOSHUA 06paboTKW 3afjaHuid .

KOHCTaHTbl; .. ABJIAETCA PELLEHNEM 3aa4N NNHEHOr 0 nporpaMmmmnpoBaHuA

P
max, , D,P,( ).

m1

max
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|
3pecs P,() O;D, Vi Ko / gl .,m 1LM;lI LL 1,rge K, —uucno
11

11
3a8BOK U3 KOMOMHALMM M B COCTOAHMM S, ; V, . — CpeaHsAs CKOPOCTb 06paboTKM 3aaumn U3

KOMOGMHaUMM M B COCTOSHMN S, .

MonyyeHHas aHa/IMTUYECKas MOAE/b MO3BOJISET ONpeseiMTb APPEKTUBHOCTL CUCTEMBI
06paboTKN MHMOPMaLUN C (PUKCMPOBAHHBLIMU XapaKTepuCTUKaMu BXOAHOrO MoToKa. Tak,
Kak 3afja4ya /IMHEMHOro MporpaMmypoBaHus cofepXXMT L orpaHuyeHunid, To He 6onee L
nepemeHHolx P () [O/MKHO 6bITb HeHyneBbiM. 3HaveHne P () O onpegenser

BPEMEHHON NPOMEXYTOK, B TeHeHMEe KOTOPOro cucTeMa Ao/mkHa 06pabatbiBaTb KOMOMHALMIO
m, 4tobbl JOCTUYL rpaHuubl M 3apheKTMBHOCTM. OfJHO3HAYHOIO pELUEHUs He
rapaHTupyetca. ECnM eCTb HECKONIbKO 3KCTPeMaslbHbIX TOYeK, TO J/iobad BbIMykas MX
KOMOUHaLMs Takxke OyaeT IKCTPeMasibHOIA.

3Hasa Habop P.( ), Ha KOTOPOM [JOCTUraeTcs 3KCTPEMYM, MOXHO OMpeaennTb

«HexXenartenoHble» KombuHaumm P () 0 un wkenatefibHble». EcnM  cTpemutcs K

[OCTVDKEHVIO MaKCUMa/IbHOM MOLLHOCTW, TO CieflyeT OTAaTh NpeAnoyTeHve nocnegHum. Mpu
3TOM HeobXxoAMMO Yy4uuTbIBaTb pacnucaHne gna MCOW. AroputMmbl  COCTaB/IEHUS
pacnucaHnii B MHOrMOMALUMHHbLIX (MHOrOMPOLECCOPHbIX) CUCTEMAxX WCMOMb3YKT 3aaun
pacrnpegeneHns MHHOPMaLMOHHO-CBA3AHHbIX BEPLUWH, NPEeACTaBNeHHbIX B BUAe rpada B 6e3
BETB/IEHWIN 1 LMKIOB. ATOT anropuTm 6611 npeanoxeH HO. C. LLiapuem.

Ona rpaja B crpoutca martpuuya A, KOTOpas COLEPXWUT BCHO MH(OopMauuio,
HeoOX0AMMYIO A1 COCTaB/IeHUs PacrnmnCcaHns: YCNOBUSA OYepesHOCTU Y BPEMS BbIMOIHEHWNS
onepauuii  Kagon — BepwmHol  (npoueccopom).  OnpefeneHve  MOAMHOXECTBa
pacrnpefensieMblX BepLUWH OCYLLECTB/IAETCA MO CIeAYHOLLMM 3BPUCTUYECKUM NpPaBU/IaM:

Lar 1. PacnpefeneHne BepLUMH MPOU3BOAMTCA C MUHMMM3ALMENA BPEMEHHBIX
XapaKTepuCTUK NPOCTOEB.

LLlar 2. B nepByto o4epeb BbIAENAOTCA BEPLUMHBI C 60/IbLLIMM YACIOM NPeALecTBUi.

LLlar 3. Cpeay BepLIMH C OAMHAKOBbLIM YMC/IOM MPELLUIeCTBOBaHUA NPUOPUTET UMEIKOT
OrepaTopbl C MEHbLUVMM BPEMEHEM BbIMOIHEHNS 3a4auN.

STOT aIropuTM rapaHTUpyeT [OMNYCTMMOCTb PeLUeHMs, Y[0B/IETBOPAIOLLENO BCEM
TpeboBaHWAM  oyepefHOCTW.  [locne  KaXKZOro  pacrpefeneHvuss  NpPOW3BOAUTCA
nepeopMUpPOBaHNE MaTPULLbI B COOTBETCTBUM C 3BPUCTUYECKMMU npasuiamn [3]. Alroputm
LLIBapua mncnonb3yeTcs AN8 OAHOPOLHOM ABYXMPOLLECCOPHOM (ABYXMALLUWUHHOW) CUCTEMbI B
MPeL/IoKEHNN, YTO KaX[asd BepLUMHA MOXXET peain3oBaTbCA Ha NHOOOM npoLeccope B
efVHVLY BpemeHW. PacripefensemMble onepatopbl MPeACTaBAATCA B BUAE B3BELUEHHOrO
oprpaga 6e3 KOHTYpOB, NpW 3TOM WULLYTCSA OMepaTopbl, He UMeIOLLME MPeLLLIeCTBEHHNKOB, 1
Ha3HayalTCA Ha OnpejeneHHble NpoLeccopbl (MalvHbL); mMaTpuua pacnpegeneHns rpaga
nepeOpPMUPOBLIBAETCA C YYETOM TOr0, YTO HEKOTOPbIe BEPLUMHbLI YXKe HasHauyeHbl. 3aTeM B
MaTpuLe BeLeTcs NoUCK CTPOK C HYNEBbIMU 3/IEMEHTaMV U BEPLLIWNH, COOTBETCTBYHOLNX 3TUM
CTPOKaM, Mpuyem HasHayeHue Ha npoueccopbl (MaLlVHbI) 3TV CTPOKW MOJyYaloT Cpasy >Ke
NI Nocsie NPoCTos npoueccopa (MawmHbl), YTOObl BpeMs 3aHATOCTU MPOLECCOPOB (MaLLH)
ObI/10 NOYTN OAMHAKOBLIM, T.€. OMepaTopbl NPOMYCKaKTCA MaKETOM.,

Bonee coBepLUeHHbIM ABMSIETCA airoputMm [4], B KOTOPOM pacnpejeneHne BepLUnH
rpaga no npoueccopam (MalLiMHaM) OCYLLECTBASETCA C MOMOLLbH APYCHO-MapannensHon
(hopmbl  MpefcTaBnieHns rpada, T.e. pasbmeHns MHOXectBa X BepwwuH  rpada
B: X XV,X\V,., X V.BceBepwuHbl X X, HaxoAdaTcd Ha pacCcTosHuM i 1 OT Havana
B. TllpumeHeHue sApycHO-NapainensHo (OopMbl MO3BOMMIO  pa3obpatb  PHEKTUBHbIE
MeTOAbI NOyYeHUs pacnucaHni, LOCTaTOUYHO 6/IM3KMX K ONTUMaSIbHBIM. 3TO LOCTUraeTcs 3a

CYeT TOro, YTO BMECTO KpuTepusa min maxT; , ONTUMMU3MPYIOLLETO XapaKTEPUCTUKM, HO
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n

TpeOytoLiero 0O/bLIEr0 BPemMeHW 00paboTku, onpedensetcs min - T, , npuyem
j1

Igr m
g , roe T, t

BbIGVpaeTCa M3 YCN0BUS
lg (max t;) tga i1

— BpeMs peLleHuns i-i

iXijs Gy

BeplMHbI Ha j-i MawwuHe (npoueccope), i 1m, j 1n; a — OOHO U3 OGAMKaNLLNX
peLueHnin u max(t;) 3HaueHnin maTpuubl ||t ||;

1, ecnni VA anropuT™M pacnpefieNeH Ha j 0 MalLuHY,

Xj; - .
" 0,ecnui 11 anropuT™ He pacnpefienieH Ha j 10 MaLLuHY.

Mpu 3TOM HEO6XOAMMO YUUTbLIBATb BbIMOSHEHWE CNEAYHOLLMX YCIOBWIA:

m n

. k, x. Lk 12,..,m.

1

Pa3BUTMEM paHee pacCMOTPEHHOr0 anropuMTMma COCTaB/IEHMS pacrnucaHuin ABNSETCA
anroput™ M He3aBUCKMMbIX PaboT, BbIMOMHSAEMbIX C MOMOWbB0 N MAEHTUYHBIX MallnH
(npoueccopoB). Kaxaas paboTa xapakTepusmpyeTcs BpeMeHemM 06paboTku t., LwTpadom 3a

eAVHNLY HEencnonb30BaHHOrO BpeMeHU ®, W AVPEKTUBHbIM Cpokom d, t Ans BCex i.
MoToMy LieNiblo anropuTMa ABNSETCS MUHUMK3aLWS 06LLero LTpada

m

C P t),

il

roe T, — [elCTBUTENbHOE BpemMs BbIMOSIHEHUA |- paboTbl. [pegnaraemblii anroputm

1
pa3BMBaeT MeTOJ BEeTBE W rpaHuy Onmexpebu u [Mapus, B KOTOPOM OTHOLLEHWS
NpeLIecTBOBaHNSA CTPOATCA Ha OCHOBE CeAyHoLWNX pe3y/bTaToB.

Nemma 1. Ana i j,ecmt; t, m B P;, pabota i npeawectyeT pabote j(i j) B
ONTUMa/IbHOM PacrnmcaHnm.

Mpepnonaraem, 4To paboTbl 3apaHee YNopsiAoyeHbl NMo Bo3pacTaHuio r t/P.. Ecim

I, r;, TO paboTe C MeHbLUIAM BpeMEHEM MpUCBaMBaeTCA MeHbLUUA Homep, e P P, n

t.

tj, TO HOMEpPa nNpuceamBarOTCA NMPON3BOJILHO.

Nemma 2. CylecTByeT onTMMabHOe pacnucaHue, rae pabota 1 HasbiBaeTCs MEPBOIA.
MpaBuio pa3BUTUA CTPYKTYPbl B MpeAnosaraeMomMm airoputme COCTOMT B TOM, 4TO
Ha3Hayaemas 3afada C MUHWManbHbIM HOMepom M3 MHoxectBa A[P(k)] nocTynaet Ha

nepByt0 O0OCBOOOAMBLUYIOCA MalLMHY (npoueccop), MpUYeM KOHQIMKTbI paspeLlatoTcs
Ha3HayeHWeM 3afa4M Ha MawunHy ¢ MeHbliMM Homepom. 3aecb nof A[P(k)] nmoHumaetcs

MHO>XECTBO 3aa4, KOTOpble MOXHO Ha3HauuTb Ha nosuumio (kK 1).

[ns ycuneHus 3Toro anroputMa npegiaraetca 060CHOBaHWE MpaBW BETB/IEHUA C
MOMOLLIbIO CeAYHOLLMX MOMOXKEHWIA [5].

Teopema. Ecnm cywectByer pabota | A[P(k)] Takasa, 4to | ABNIAETCH
HEeMnoAXoAALLMM nepsbIM nonyyarenem nHdopmaumn P(k), rae T minT_ ,;m, D, T0
Pk) g¢,..,9%,9g% —paborta, HasHaueHHas Ha NO3ULIO i .

Cnegcreue. Ecnm cyuwectsyetr pabota j A[P(k)] Takasa, uto j m, pAna Bcex

m, D, setsu, Begyuive ot pabotel g(k 1) B P(k 1), AO/MKHBI ObITb BbIYEPKHYTLI. STOT
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MPOLECC Ha3blBAETCS «/10BYLLKOW». BKOYEHWe B NpegiaraeMblii anropuTM «I0BYLUKM»
obecneumBaeT crefyrouiMe NPeMMyLLEeCTBa: 3KOHOMWUS BPEMEHM MPU MOUCKe PeLIeHWS;
BO3MOXXHOCTb OMpefeneHns HeONTUMabHbIX BETBEN faXKe NMPU HeI(PEKTUBHOCTU HIDKHEN
OLIEHKM; BO3MOXHOCTb 06X0AUTb MOABECTMN BCEX YPOBHE OCHOBHOI BETBU.

BbiBoabI

TexHMKa onpeaeneHns rpaHnLbl ANMEKTUBHOCTM «KENATENbHBIX» U «HEXeNaTebHbIX»
KOMOUWHaLMIA, MHOPMALMIO O KOTOPbIX NMOMIE3HO MCMO/b30BaTb NPK pacnpeseneHnn 3asBok,
Ha NPaKTUKE MOXXET NPUMEHSATLCS TOMbKO MPU UCCIEA0BaHMM CUCTEM NPOLLECCOPOB (MaLLIMH)
00 16, AN1s KOTOPbIX YNC/IO BO3MOXKHbIX KOMBUHALWIA BECbMa HEBE/MKO.

MpeanoXeHHbIe anropuUTMbl MO3BONAOT PeLLaTh Kak MAaHOBblE, TaK U OMepaTUBHbIE
3agaun. OCHOBHOE [OCTOMHCTBO pa3pab0TaHHbIX alrOPUTMOB — MUHMMa/IbHbIE 3aTpaThl
MalUVHHOTO BPEMEHM MPU COCTaB/IEHUM PacnUCaHWin ANS MHOFOMPOLECCOPHbLIX CUCTEM
ynpaBieHNs U UX ONTUMU3ALMN ANS CUCTEM 3aLLMTbI YNPaBIeHUS.

Cnucok nuTepaTypsbl

1. NeHkos, C. B. MeTtogbl U cpefctsa 3awmThl MH(opmauum B 2-x Tomax. / Jlenkos C. B,
Meperygos [. A., Xopowko B. A. — K.:Apwuid, 2008.

2. EBpevHoB, 3. B. — OgHOPOAHbIE BbIYMCAUTENbHbIE cucTeMbl / EBpenHoB 3. B., XopoLuesckuii B.
I". — HoBocmnbupcek: Hayka, 1978. — 318 c.

3. Ckopuk, B. H. MynbTuMmkponpovueccopHble cuctemsl / Ckopuk B. H., CtenaHos A. E., X0poLLKo
B. A. — K.: TexHuka, 1989. — 192 c.

4, MBaHueHKo, W. C. OueHka 3((eKTUBHOCTM  pacnapannenveaHus  nporpamMMm  Ans

MHAOPMaLMOHHBIX pecypcoB / WMBaHyeHko . C., Xopowko B. A. // CyyacHuid 3axucT
iHthopmadii, Cneu, Bun, 2013. — C. 73-81.

5. Xopowko, B. A. MeTofbl COCTaBNEHWSA pacnmcaHWii 415 MHOTOMaLLMHHBIX CUCTEM YrpaBneHus /
Xopowwko B. A., Mopxos C. B. // Mpobnembl yrnpasneHus n nHgopmauum, Ne 3, 2000. — C. 126-
129.

OBPOBKA IHOOPMALIIHMX MOTOKIB | CKIAOAHHSA ANA HUX PO3K/IALIB B CUCTEMAX
SAXUCTY IHGOPMAULIT

€. B. IsaHueHKo, B. O. XopoLuko, FO. €. Xoxna4yosa

HauioHanbHWiA aBiauiiiHnin yHMBEpCUTET,
np. KocmoHasTa Komapoga, 1, Kuis, 03058, YkpaiHa; e-mail: manjelka@yandex.ru

Po3pobneHi mMaTeMaTWyHi  Mofeni OfHOPIgHMX cucTeM 06pobKM  iHdopmalii, AKi
[103BONAIOTH aHanisysatu i BU3HAYaTU e(heKTUBHICTb 6araToMalLMHHNX
(6baraTonpoLecopHNX) CUCTEM 3 YMCNOM 06YMCAtOBaYiB He 6inblie 16. PosrnsHyTwuii
anropuT™M  OMEepaTVBHOINO CTBOPEHHS PO3KMafiB  A/1  6araTornpoLecopHUX  CUCTEM
YMpas/iHHA, AKi BUKOPUCTOBYKOTb EBPUCTUYHI 3aC00U .

Kntoyosi c/ioBa: mMaTeMaTuyHi Mogeni, ogHOpigHI cucTeMn 06po6KM, GaraTonpoLEecopHi
CUCTEMM YNpaB/iHHSA, eBPUCTUYHI 3aC06U.

DATAFLOW PROCESSING AND SCHEDULING IN DATA SECURITY SYSTEMS
Ye.V. Ivanchenko, V.O. Khoroshko, Yu.Ye. Hochlacheva

National Aircraft University,
1, Cosmonaut Komarov Ave., Kyiv, 03058, Ukraine; e-mail: manjelka@yandex.ru

Mathematical models of homogeneous data processing systems were developed to analyze
and determine the efficiency of multicomputer (multiprocessor) systems incorporating not
more than 16 computers. An on-the-fly scheduling algorithm was examined for
multiprocessor control systems using heuristic means.

Keywords: mathematical models, homogeneous data processing systems, multiprocessor
control systems, heuristic means.
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METOAO0NOI A OBIPYHTYBAHHA OCHOBHUX
SAI'AJIBHOCNCTEMHUNMX BUMOI 0O NPOEKTYBAHHA
CUCTEM 3AXNCTY IHOOPMALLIT HA OB’EKTAX
KPUTNYHOT IHOPACTPYKTYPU

1.M. NaBnoB

[Jep>xaBHuid yHiBepCUTET TeleKOMYHiKaLlil,
ByNn. Conom’sHcbKa, 7, Kni, 03680, YkpaiHa; e-mail: pavlov@ukr.net

Y cTaTTi NpOMOHYKTHCA METOAMKW Y CKMafdi MeTofonorii 06rpyHTYBaHHA OCHOBHUX
3ara/lbHOCUCTEMHUX BUMOP [0 MPOEKTYBaHHSA CUCTEM 3aXUCTY iH(opMaLii Ha OCHOBI
METOAIB TPYMNOBOro BpaxyBaHHS aprymeHTiB, aHanoriil, eKCrepTHOro OUiHIOBaHHA Ta
CTATUCTUYHOTO 0BPOBIIEHHA JaHUX.

Kntouosi cnosa: BWMOrW, BIACTUBOCTI, METOLOMONIA, METOAUKWM, CUCTEMA 3axWUCTy
iHthopmaLii.

MocTaHOBKa Npobiemu

BusHaunTn HanpsmMy po3BUTKY CUCTEM 3aXMCTY IH(OPMaLii MOX/IUBO fiMLLE MiC/S
06rpyHTYBaHHSA OCHOBHUX 3ara/ibHOCUCTEMHMUX BUMOTI Ha OCHOBI Cy4YacHOT MeTOANYHOI 6a3n
[1-5]. AHani3 cy4yacHOro ctaHy MeTOAMYHOrO anapaty OOrpyHTYBaHHS BMMOI [O CUCTEM
3axXMCTy iH(hopmaii CBiAYMTb, LLO AOF0 OCHOBHWM HEAOMIKOM € BUKOPUCTaHHS BUKNHOYHO
BHYTPILLHIX BaCTUBOCTEN CUCTEMU 3axXUCTY iH(opmauii, 6e3 BpaxyBaHHsA 1X «BHECKY» [0
CUCTEM BUMLLOTO piBHA — iHGopmayinHux cuctem (IC), a TakoX OTOTOXHEHHA METOAMK
OL,IHIOBaHHS CUCTEM 3aXMCTY IHopMaLLiT 3 METOAMKAaMUN 06r'PYHTYBaHHSA BUMOT L0 HUX. Kpim
TOro, Ha 06’ekTax KpuUTU4YHOT iHPpacTpykTypn (OKI) pobota IC TicHO noe’A3aHa 3i
cneummikor UMX 06’eKTiB, WO Haknajae 0CO6/MBOCTI HA BUMOTM [0 CUCTEM 3axXUCTy
iH(hopmaLii, K CUCTEM KPUTUYHOIO 3aCTOCYBaHHA LUX 06’EKTIB.

Y 3B’S13Ky 3 LM, po3po6eHHs Nigxony, Sk Hagas 61 3MOry YHUKHYTU 3a3Ha4yeHuX
HefoNiKiB Ta O06rPYHTYBaTM OCHOBHI 3araJlbHOCUCTEMHI BUMOIM [0 CUCTEM 3aXUCTYy
IH(hopMaLii, € aKTya/lbHMM HayKOBUM 3aBLAaHHSAM.

AHani3 ocTaHHIX gocnigpkeHb i ny6nikawin

AHani3z ocTaHHiX nybnikayii gae 3Mory [AiTM BUCHOBKY, LLO Cy4aCHi MeTOAMYHI
MigXo4u po3pisHeHi 1 crneumgivHi Wofo cnocoby 06rpyHTYBaHHS 3ara/ibHOCUCTEMHUX BUMOT
[Oo cuctem 3axucty iHqopmauii (C3l) Ta mawTb pag NPUHLMNOBUX HeponikiB. Tak,
BUKOPWUCTaHHSA MeToauyHoro nigxody [3] gae 3mory O0OrpyHTyBaTy fivLle HabnvmkeHi
3HaYeHHA OCHOBHMX BuMOr 0 C3Il, OCKifIbKM B HbOMY A1 BU3HAYEHHA e(EKTUBHOCTI
3aXUCTY BMKOPWUCTOBYETLCA PAA BENMYMH, LLO BXKKO NiAfaroTbca opmManizayil. Jo Takux
BE/IMYMH HanexaTb rpaBiTaliiHa MoOfeNb, fKa BUKOPUCTOBYE OAMHULIKD e(EKTUBHOCTI
3ac06iB 3axMCTy 3 cuCTeMyn 06MexeHb 3agad. Metogukm [4,5] 3a CBOED CYTTHO €
OLiHIOBa/IbHVMM, OCKI/IbKA BXIAHVMMU JAHUMW B HUX € YaCTKOBI MOKa3HWMKM BHYTPILIHIX
BnactmeocTein C3l, a He NOKasHMKM CUCTEM Ginbll BUCOKOIo nopsiagky (BignosigHo go IC y
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uinomy). B pe3ynbTaTi BUKOPUCTAHHS TakMX METOAMK MOXHa AiATU BUCHOBKY fMLLE PO
BiAnoBiAHICTb C3| «ANPEKTUBHO BCTAHOB/IEHVIM» BUMOTaMm.

TakvM YMHOM, METOK CTaTTi € OBrPYHTYBAHHA OCHOBHUX 3ara/lbHOCUCTEMHUX BUMOT
[0 NPOEKTYBaHHA CUCTEM 3axmUCTy iHpopmay it Ha OKI.

OCHOBHa YacTuHa

Ha nouatky XXI cTonitTa He nuwe 6arato 3apyObKHUX KpaiH, a W TepopuUCTUYHI i
KPUMIHa/IbHI CTPYKTYPU IHTEHCMBHO BLOCKOH&/IOKOTL METOAM Ta CMocoby BUKOPUCTaHHSA
iH(hopMaLlinHMX TexXHONOri | 3aco6iB AeCTPYKTUBHUX BMNAWBIB Ha iH(OpMaLiiHi pecypcu
[epXXaBHUX, KOMEPLIMHNUX MigNPUEMCTB Ta OpraHizaLii. Take 3acToCyBaHHS iH(opMaL,inHNX
TEXHO/OTIN | 3ac06iB Hajae TakMM 3acTOCYBaHHsSIM BNacTUBOCTI iH(hopmaLiiHOT 36poT, fka
MOXKe 6yTM 3aCTOCOBaHa B 6y/ib-AKMIA Yac.

3 ornspy Ha Taki TeHAeHU T B 6i/1bLIOCTI KpaiH CBITY 3 METOK cucTeMaTm3allii 06°eKTiB,
BTpaTta abo MOPYLUEHHS HOPMa/bHOIO (MYHKLIOHYBaHHA SKMX MpuU3Bede A0 3HauyHWX abo
HernonpaBHUX HeraTMBHWX HacMigKiB [Ana  HauioHa/bHOT 6e3Mnekn, BBEAEHO TMOHATTH
KKPUTUYHA IH(PPACTPYKTYpPa», OCHOBOK SKNX € CUCTEMU KPUTUYHOIO 3aCTOCYBaHHSA [6].

OCo6NMBICTIO CMCTEM KPUTUYHOIO 3aCTOCyBaHHSI € Te, WO iH(opmauiliHa 6e3neka
TpaguLiiHO 30CepeipkeHa Ha AOCArHEHHI HaCTYMHMX Linei: KOHMIAeHUINHOCTI, LinicHOCTI,
poctynHocti. Ctpateria 6e3nekn TpaguuiiHOT iH(opMaLiiHOT TexHONOrii cnpsmMoBaHa, B
nepLly 4yepry, Ha KOH®ILEHUINHICTb i3 HeoOXigHMMK 3aco6aMun yNpaBniHHA 4OCTYNOM A/1s
[OCATHEHHSA 3a)aH0T MeTU. be3rneka B X CUCTeMax CTOCYETbLCA MIATPUMKM LOCTYMHOCTI BCIX
KOMMOHEHTIB cucTeMu. [Mpy LUbOoMy, LiTICHICTb € YacTo APYrot0 3a BXKIMBICTIO 3afayero.

3agadi 3a6e3neyeHHs OCHOBHMX (PYHKLiM 1C KPUTUYHOIO 3aCTOCYBaHHS IHOAI BXOAATb
BCyrepey i3 3agavyamy ix iHopmauiiHoi 6e3nekn. Lle BUKIMKAHO TWM, WO KPUTUYHI
IH(PPaCTPYKTYpN MaroTb 0COOMMBOCTI, AKI CYTTEBO BM/MBAKOTb Ha 3MICT BMUMOT LLOJO
3a6e3neyeHHs 3axuCTy iHopMmaLil, a came [7]: HapAa4y 3 LUMPOKMM 3aCTOCYBaHHAM CUCTEM,
AKi MaloTb OnepayiiHi cucTemu, MpaytoloYdi B pPeXXUMi peasnbHOro 4acy, YCKIagHeHoro
B3aEMO3B’A3KY IH(POPMaLiiHOrO 3axuUCTy 3 (hisMYHMMKM npouecamn i Hacnigkamm B
MPOMUC/IOBOMY CEKTOPi — OCHOBHUMW Buamy IH(opmauii, wo 3axuwaerscs B IC
KPUTUYHOIO 3aCTOCYBaHHS, € TeXHOMOriyHa (3abesneyvye ynpaBniHHA TeXHONOTiAMKU abo
YYT/IMBO BAX/IMBMMW MpoLEecaMun), MNPOrpamHo-TEXHIYHa (nporpaMy  CUCTEMHOMO |
NPUKNagHOTO Xapaktepy, WO 3abe3neyytoTb (YHKUIOHYBaHHS 06’€KTiB), KOMaHAHa
(ynpaBniHcbKa) | BUMIpIOBa/IbHa, fKi HE Hanexarb [0 IH(opmalii 3 06MeXeHVM [0CTYrNoM
(FKLWO B TaKMX cMCTEMAX LMPKY/HOE IH(hopmaLis 3 06MeXeHMM LOCTYNOM, TO BOHA Nig/iArae
3aXMCTY 3rigHO 3 YUHHUMW BMMOTaMK i HOpMaMK TEXHIYHOTO 3aXUCTY IH(hopmaLii).

BpaxoBytoun 3a3HayeHe, A1 BUPIWEHHA MWTaHb PO3TIAHEMO MPOLEC 3axXMCTy
iH(hopmav,ii, 3 0AHOro 60Ky, AK 06’€KT, WO MICTUTbL iHWI NiACUCTEMM, & 3 IHLIOrMo — fAK
eniemeHT IC 6i/bLL BUCOKOTO MOPAAKY.

3arasibHa CTpPyKTypa 3anporoHOBaHOI MeTOAMKU (puc. 1) CKNafaeTbCA 3 YOTUPLOX
OCHOBHMX 6110KiB: 610K 1 — (hopMyBaHHA BUXIZHUX AaHUX; 670K 2 — BU3HAYEHHS CUCTEMM
MOKa3HWKIB; 610K 3 — opMyBaHHA 06MeXeHb; 6/10K 4 — po3paxyHOK 3HaYyeHb MOKA3HWUKIB
OCHOBHUX 3aralbHOCUCTEMHMX BUMOT 0 C31; 6510K 5 — BU3HAYEHHA peKOMeHJaLild.

BuxigHUMM gaHuMun ans mMeTofosorii BU3HaYeHHA 0CHOBHUX BuMor go C31 Ha OKI €
(610K 1): NOKa3HNK epeKTUBHOCTI 3aXUCTY IHPOPMaLLii B CUCTEMI KPUTUYHOTO 3aCTOCYBaHHS,
AKWA 33aeTbCs; BapiaHTM TunoBux C3l KPUTUMYHOrO 3acTOCYBaHHS 3a pe3y/bTaTamu
[OCNIMKEeHb; 30BHILWHI Ta BHYTPIWHI (DakTOpy BM/IMBY Ha 3axXWCT iHopMauii B cucTeMax
KPUTUYHOro 3actocyBaHHs; napametpum IC OKI. Tlig nokasHukamn C31 (6nok 2)
BU3Ha4vatoTbes BnactmeocTi C31 Ta 3agadi, ki HeobxigHo posrnagatv C3l.

Y T1abnuui 1 HasefeHi BnactmsocTi C3l Ak cknagHux IC (Jo4aTKOBO pO3LUMPEHUI
nepenik 3 [8]). 3po3ymino, WO Leii nepenik He € BUYEPNaHUM | MOBUHEH BYTY PO3LLMPEHUM.
OfHak BXe 3 IOro aHanisy BMAHO, WO YMOBHO BnactueocTi C3l MOXHa MnoginMTn Ha
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He3aleXXHi Ta B3aEMOMOB’A3aHi. ToMy [OUIIbHO nobyayeatn iepapxitd  HeobXigHWUX
B/IACTUBOCTEN Ta BU3HAYUTU BiJHOCHY BaXK/IMBICTb KOXHOT BNACTMBOCTI. HaiiMeHL BaXk/ MBI
BM1IACTUBOCTI MOXYTb OYTU BUK/HOYEHT 3 MOAAbLLIOIO PO3rsay.

Bnok 1 BuxigHi faHi
MoKa3HUK epeKTUBHOCTI . 30BHILLHI Ta BHYTPILLHI . -
sy aopuas || PEOTIIIONCN || oo soney s || S e
CUCTEMi KPUTUHHOTO pe3 NbTaTAMN oc}//ﬁ weHb iH(hopMmaLii B cuctemax icbpact KTp " h
3aCTOCYBaHHs pesy. AOCIIA KPWUTUYHOr O 3aCTOCYBaHHS PacTpykTyp
| [
Bbnok 2 MeTofMKa BU3HAYEHHSA Bbnok 3 MeTogmka hopMyBaHHSA
CUCTEMU MOKA3HWKIB 06MexeHb
MokasHukn C3I A A
A v OuiHioBaHHs: Po3paxyHOK 06MexeHb
3agaui saxucty ‘ ‘ BnacTueocTi C31 BM/MBY (aKTOPIB Ha L0/ 3HaueHb <
C3l nokasHukis C3I
bnok 4 MeTognka po3paxyHKy
A 3HayeHb NOKasHUKIB
®opMyBaHHS MaTpuL (Brmor)
MOKa3HWKIB 3a BapiaHTamu

C3l
/ E o kkalf K& k8,
L k k k2
k 1Kz k LK,

BcTaHOB/IEHHA 3a/IEXXHOCTI

3agavi 3axucTy

BnactusocTi e(DeKTMBHOCTI 3aXUCTy fie E — eheKTUBHICTb 3aXMCTy iH(hopMaLii;
1 n iH(hopMmaLiii Bif, NOKa3HWKIB Bo - BiNbHWIA UneH noniHomy;
1 (ox]] B, B Bz ~ KoeGiLlieHTY Moniomy:;
K — KifbKiCTb napameTpis, L0
2 L LOCNIKYIOHOTHCS.

Bu3HauYeHHs MaKCUMyMy
m eeKTUBHOCTI <
ONTUMI3aUIHOT 3aadi x| e ‘

!

3an

KoperyBaHHs BUXiHUX AaHNX |

BapianTu Bumor o C3I (mogeni)

A
Bnok5 MeTognka BU3Ha4eHHs
peKkomeHfaLiv

Puc. 1. 3aranbHa CTpyKTypa METOLOJOrT 06rpYHTYBaHHSA OCHOBHWMX 3araslbHOCUCTEMHUX
BUMOT 10 MPOEKTYBaHHSA CUCTeM 3ax1CTy iHpopmawii OKI

Y nofanbliomy A5 KOXHOT BflaCTMBOCTI (3 TWUX, SKI 3a/IMLLWINCL) HEO6XIiLHO
BU3HAUMTM CYKYMHICTb MOKAa3HWKIB, fKi 11 XapakTepus3yloTb, iX BIAHOCHY BaXXIMUBICTb
CTOCOBHO TOW ab0 IHWOI BMAacTMBOCTI, MOX/IMBWUIA Aiana3oH iX 3MiHW, a TakoX rpagauii
3HauyeHb MOKa3HWKIB, AKi BiAMOBIAalOTb 06paHiii LWKani AKOCTi (Hanpuknag, TpUpiBHeBa
LUKana: BUCOKa, cepeaHs, HM3bKa). Iicna uboro AOUisIbHO BU3HAUYUTU BaXK/IMBICTb KOXKHOTO
MOKa3HWKa BIGHOCHO YCIET CYKYMHOCTI MOKa3HMKIB Ta HaiMeHLL Ba&XX/IMBI 3 HAX BUK/THOUNTA 3

MOAANbLLIOro Po3rnsay.
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Tabnnysa 1.
BnacTuBoCTi cucTeM 3axucTy iHopmauii SK CKnagHuX iHhopmaLliiHUX cuctem
ABTOHOMHICTb pO60TH AJLEKBaTHICTb BesneyHicTb
3[aTHICTb [10 B3aEMOS|i B3aeMo3aMiHHICTb BigHOB/MOBaHICTb

MpunaaTHICTL A0

BinnoBigHiCcTb BigcTexxyBaHicTb
ANOBIA A y BCTaHOB/IEHHS 200 MOHTaXY

COTOBHICTb 10 HEranHoOro

MHYuKiCTb r BaHICTb
y BUKOPUCTaHHS Aerpaposanic
A OCTYIMHICTb 3@ MOX/MBICTHO . .
JO0BroBIYHICTb Aocty LJOCTynHICTb 3a LIHOo0
BUKOPUCTaHHS
. . Lo EeKTMBHICTb W00
EkcnnyatayiiiHa npuaaTHIiCcTb EproHomiyHICTb P HHoA
BMKOHAHHS npoLecy
CnNpOMOXXHICTb BUKOHAHHS
KpUTepiiB 3axXnUCTy
EeKTMBHICTb W00 . iHthopmav, i
P HoA JKUMBYUICTb (hopma

nnaHyBaHHS (KOH®ifeHLINHICTB,
LINICHICTb, AOCTYMHICTD,
CMOCTEPEXHICTb)

3MiHIOBaHICTb IHTEerpoBaHicTb KOHCTPYKTMBHICTb
MpnaaTHICTb A0 3MiHN . .

X raflbHIiCTb MacLutaboBaHICTb
KOHGirypaLii NeranbHic acLuTaboBaHic
L MpungaTHICTL A0 MpungaTHICTL A0
MoGiNbHICTb PUAATHICTE A PvAaTHICTb A
MOJepHi3aLii mMoaudikawil

MogaynbHICTb HagiiHicTb HanawitoBaHicTb
Ayaut [MOBTOPHOBAHICTb Mpaue3faTHICTb

. . MpocToTa Nnobynosu Ta

MpucTocoBaHICTb [MpOorHo30BaHICTb P YA
BUKOPUCTaHHS

MpuaaTHICTb A0 HerarHoro

PemMOHTONPUAATHICTb Po3WwunproBaHicTb

PO3ropTaHHs
CTabifIbHICTb CTaH[apTV30BaHICTb CTiliKiCTb
CyYMICHICTb TecToBaHICTb TOYHICTb
TpaHcrnopTabenbHICTb YHiBepCca/ibHICTb YyTnmBicTb

Okpim TOro, yci MoKasHWKW LOUINIbHO MOLIIMTUA Ha 2 TPYnu: fKi He € [pKepesiom
npoTUpIY  MDK BMACTMBOCTAMM, Ta TMOKa3HUKW, Kpall 3HaYeHHS HAKUX 018 OLHUX
BNIACTMBOCTEN MatOTb HACNiAKOM MOTIPLUEHHA AEAKUX IHLIWX BNacTUBOCTEN. [1ns NOKa3HUKIB
MepLUOT rpynu MOXKHa 04pa3y BUCYHYTV BUMOTY LLOAO HANIEXHOCTI iX 3Ha4YeHb [0 AianasoHy,
SKWIA BIAMNOBIAAEe BUCOKIA AKOCTI BIANOBIAHWX BNacTMBOCTEN. [MOKa3HWKM ApYyroi rpynu
BMMaratloTb 6iflbll [eTa/IbHOTO aHanisy Ta MPUAHATTS KOMMPOMICHUX pilleHb LWoao ix
3HayeHb 415 3abe3neyeHHs NPUAHATOT AKOCTI BACTUBOCTEN, Ha SIKi BOHU BI/IMBAOTh.

HeoO6xigHO 3a3HaYMTH, L0 POpMasIbHO MOXYTb ICHYBaTU AesKi crneuyndivHi NOKasHNKN,
L0 XapaKTepu3yrTb CUCTEMY, afie AKi CKMagHO BiAHECTU [0 AesKOT BNacTMBOCTI. [0 Takux
MOKa3HMKIB Aiana3oH 3MiHM 1X 3Ha4eHb AOLIIbHO MOAINUTI Ha iHTepBan, SKi BiAMOBIAAOTL
06paHiin Wwkani Akocti camoi IC Ta BUCYHYTW BUMOTY LLOLO HaNEeXHOCTI 1X 3HauyeHb, AKi
peanisytoTbCa, Aianas3oHy, KU BignoBiAae BUCOKIW SKOCTi CUCTEMM.

[ns po3paxyHKy 3HayeHb Ta (POPMYyBaHHSA MATPULi NMOKa3HWKIB 3a BapiaHTaMn BUMOT
[0 cuctemu 3axucty ob’ekta w, W, i 1,n, i 4O npoueayp Hah Het, CHOPMYIHOEMO

3afiayi, AKi NpUNycKaroTb ONTMMI3aLito no BCix enemeHTax [9: M w. M w., 1,
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3agaua 1. MinimisaLis BapTOCTi 3a6e3neyeHHs 3axucty o6’ekta w, W, i 1,n, T06T0
k k

S w, S;w, 'w, min, 1 npW HacTYNHUX OGMEXEHHSX: Twook,
. M w .

k - -
S;w, 'w, Syw w, 1 0.

i
I w, W, J,w,
i i1
BinbL TOYHO 334a4a (POPMYETHLCSA 3 YpaxyBaHHAM HEPIBHOCTI, AKY MOXHa po3paxyBaTy
3 YMOBOK: BapTiCTb 3axuUCTy 06’€KTa MOBMHHA OYyTW MiHiIMi30BaHa, NPWHaliMHi, BOHa He
MOBUHHA repesyLLyBaTU MeBHOT BEJIMYNHY, CKaXkemo Sw :
k k
Sw, S'wo Jw omaxTyw,  STw Jwo S"w maxT,w S°w Sy w,
. il . il
i1 j1
w, Wi 1,n, TO6TO 3 Po3AiNbHUM 06/1iKOM BapTOCTi MPOEKTYBaHHS i eKcnyaTalii 3aco6is

I METOAIB, 3aCTOCOBaHUX /151 3aXMCTY 00’ €KTa.
3afgava 2. MiHimizauis e)eKTUBHOCTI cucTem 3axucTy 06’eKTa
w, W:ivw, Sw, max, npu 0bmexXeHHAX 3agadi 1.
M w;

3agaya 3. MiHimi3aLis MMOBIPHOCTI 3/10My BCIX MeTOZIB, IKi BAKOPUCTOBYHOTLCS /14
3aXMCTy 06’eKTa, Npu OOMEXEHHAX, MNPUAHATUX Npu  po3B’A3Ky 3ajad 1 i 2
k

Pw 1 1 ppw ' min.
i1 M w
3ajaya 4. Makcumisauis BapToCTi 3/10MY YCIX METOAIB, AKI BYKOPUCTOBYHOTLCA [N
k
3axucty ob’ekta w, W: C w, c;wop;w I w, max, rnpu o6MexxeHHsX 3afadi 1,
. M w,
it '
k . k .
aTakoOX HacTynHmx:  tp, w, 'w  Tow, ¢, wp;w Twoovw.
it it
3agava 5. MiHiMi3auia BennUMHW  BTpaT  Bi4  3/0MYy BCiX MeTOLiB, AKi
k

BUKOPWCTOBYIOTLCA ANA 3axXWUCTy 06’ekta w, W: W, ;WP W, T w, min ,
. M w
it '

Npu 0OMEXEHHSAX, NPUAHATUX Y 3afadi 4, a TaKOXX 0OMEXEHHS Ha BapTiCTb 3/10MY CUCTEMMU

k

3aXMCTY 06’€KTa: W w Twe o w
i1

P03B’A30K 3a3HayeHMX 334a4 J03BOIMTL CHOPMYBATU Kpally MaTpuLo 3a BapiaHTamu
C3l, a po3B’A30K BifMoBIAHOT CYKYNHOCTI 3a4ay AN BCIET MHOXWHMW 06’ekTiB W - CTBOPUTK
CYKYMHICTb 3ara/ibHOCUCTEMHUX MiAX04IB A0 Nobyaosu BapiaHTy C31 ons cuctemu B Liniomy.

OcHOBHe npu3HayeHHa 61oka 3 — Le opMyBaHHS 0OMeXeHb Ha OCHOBI BpaxyBaHHSA
30BHILWHIX | BHYTPILWHIX (hakTopiB BN/MBY Ha iHdopmauito Ta C3l. CxemaTMyHO MeToaMKa
(hopMyBaHHs 06MeXxeHb Ans BU3HaveHHs BuMor o C31 OKI HasefeHa Ha puc. 2.

MpuunHoto ypasnusocTi OKI mMoXyTb 6yTn Heponikm abo cnabki micus IC, 3axucty
IH(hopMmaLii, NpoLeayp BHYTPILWHLOTO KOHTPOI, AKI MOXYTb OYTW BUMKOPUCTaHI 3 METOK
nopyLleHHs npouenyp 6e3neku iHdopmauil. OCHOBHI 30BHILLHI | BHYTPIWHI (hakTopy, AKI
BMN/IMBAOTb Ha 3axucT iHpopmauii 8 OKI, npefcTasneHi Ha puc. 3.

CykynHicTe BumMor fo C3l goknagHo npencrtasrneHo B [10]. Y 3aranbHOMY BUMNagKy
[OLINbHO BUAINMTU HacTynHi rpynu BuMor Ao C3l: 3arasbHi, opraHisauiliHi, KOHKPEeTHi
BUMOIM [0 MIACUCTEM 3aXMCTY, TEXHIYHOIO | MPOrpaMHOro 3abesneyeHHs, JOKYMEHTYBaHHS,
cnocobiB i MeTofiB 3axXUCTy. Y MNOAasbLIOMY MPOBOANUTLCA PO3PaxXyHOK OOMEXeHb o0
nokasHukis C3l. 3aranbHuiA Nigxig 40 METOAMKM PO3paxyHKYy 3HayeHb NOKa3HUKIB (BUMOT)
(6nok 4) HagaHuiA Ha puc. 1.
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/ OcHoBHi ¢axTopH, 10 \

/ OuiHIOBaHHS BINTHBY \

CtBOpeHHs

BILTHBAKIOTH HA 3aXHCT daxropis Ha 31 KOTHITHBHHX CXeM n K C3l
indopmanii ij
- Crcrema 3aX¥c c3l " . Ic
YpasnuBocTi IpoIenyp - oy K= il Kij
indopmarti # ij
3a0e3TedeHHA Oe3eKn
K ? PospaxyHox PospaxyHox
36 Koe(iIleHTIB OTPABOK KoedilieHTIB TTOPaBoK
Tlepenix BIMOT [0 BIZHOCHO BILIHBY BIZHOCHO BILIHBY yCiX "
3axXucTy iH(popMarii KOHKPETHOTO (axTopy hakTopiB Ha KOHKPETHY i
Vpasnmmsocti Ha BHMOTY JIO 3aXHCTY BHMOTY JIO 3aXHCTY
ToaTdopm iHbopManii iHpopmManii
. IC
Kyn Indopmaniiina cucTema ? K i K Saijl
a3arj K IC
\ J J sarj
YpasnuBocti
iHpopManiiHoi Mepesxi
KPHUTHIHOTO
3aCTOCYBaHHSI
K M Daxropn snmBy na C31 3oBHilHil KoeditieHT
Bumorn go C31
®1 2 n MONPABKH BHMOT
n
SaranbHi a a,. .
. M 3a 3al
i — TIOPSTKOBHI HOMEP BIMOTT, 8 3ar1 83ar2 8zam r i1 L
J — opsinkoBHit HoMep dakTopy.
— Opranizariitai
TIporpamHi
TexHiTHOTO 3a6.
JloKyMeHTyBaHHSI

Puc. 2. Metoanka (pOpMyBaHHA OOMEXeHb [/1 BU3HAYeHHS BUMOT [0 CUCTEM 3aXUCTYy
iH(popmavii OKI

[N BU3HAYeHHA KIHLEBOro BapiaHTy 3araibHOCMCTEMHUX BUMOT Ao C3l, aKki oTpuMaHi
nig yac po3paxyHkiB y 650ui 4, HeO6XiAHO OUIHUTM O6IPYHTOBAHICTb peKoMeHAaLlii, AKi
HeoOXiZHO NPUAHATM O/ BU3HAYeHHA CTPYKTypu C3l Ha OCHOBI 6GaraTokpuTepiasbHOro
MOPIBHAHHA a/bTepHaTBHUX BapiaHTiB C31 (610K 5), 418 4oro MpornoHYeTbCA MeToAMKa
O6I'pYHTYBaHHS  pekOMeHJauiii.  AK  MNOKasHWK  O6rpPYHTOBAHOCTi  MPOMOHYETHLCS

BYKOPWCTOBYBATM MMOBIPHICTb P, TOro, LWO anbTepHaTuBHI BapiaHTy C3l pgiiicHO €

Kpawmmu. BignosigHo, Kputepiin 06rpyHTOBaHOCTI Mae BUTNAL P, P,, A€ P, — MiHIMabHO
NpUNycTMMe 3HaYeHHA WMOBIPHOCTI TOro, L0 pekoMeHAoBaHi Bumoru fo C3l piicHo €
Kpawmmm. MoKasHUK p, BU3HAYaETbCA Yepe3 MMOBIPHICTb TPbOX HE3aIeXHUX NOZi: MoLenb
(pyHKUIOHYBaHHA C3I, 3 BUKOPUCTAHHAM SKOi (DOPMYETHLCA MHOXWHA &/IbTEPHATUBHUX
BapiaHTIB, € afeKBaTHOK; HalKpawuii BapiaHT CcuUCTeMW MOTpanve [0 Mepeniky
MOPIBHIOBA/IbHNX a/bTEPHATUB; 3 MEPeniKy afibTepHaTB MeTo4aMu 6arato BUMIPHOBa/IbHOIO
MOPIBHANLHOIO aHanisy 6ynu BigibpaHi AiicHO Halikpalii BapiaHTu C3l. Togi KpuTepii
06r'pyHTOBaHOCTI HabyBae BUrnagy p, P.P,P; P, &€ P, P,, P; — WMOBIPHOCTI NEPLLIOT,
[pyroi Ta TpeTbOl NoAiT BiANOBIAHO.

3HaYeHHA MOKa3HWKIB P;, P,, P; MOXHa 006UMCANTU. AKLWO MOLENb PYHKLIOHYBaHHSA
C3l oTpMaHa Ha OCHOBI METOZIB MaHyBaHHS eKcnepuMeHTy [11], TO MMOBIPHICTb NepLuoi
noAii AOpIiBHIOE AOBIpYili MMOBIPHOCTI, ANA 3HaYyeHHsA K0T Oyna OuiHeHa afeKBaTHICTb
perpeciiHoi Mogeni (3a3suyaii, 0.9-0.95), To610 p, =0.90-0.95.

Akwo 6e3nocepefHbO OUIHUTM afeKBaTHICTb MOZeNi HEMOXMBO, TOAI [AOLIbHO
CKOPUCTATUCA EKCMEPTHUM OLIHIOBaHHAM BE/IMYMHL P, BIANOBIAHO A0 MiAX04y, HaBeLeHOMY
B [12], To6TO 3amponoHyBaTV eKcnepTy Hajatu BepbasibHy OLIHKY CBOET BMEBHEHOCTI B
afleKBaTHOCTI BMKOPWUCTAHOT MOZeni, a MOoTiM MepeBecT! OTpMMaHy BepbasibHY OLIHKY B
4MCOBY BiAMNOBIAHO A0 CNIBBIAHOLLEHb, AKI HaBeAeHI B Tabnuui 2.
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Ypa3nuBocTi npoueayp 3abe3neyeHHs 6e3nekun

- HeBignoBigHiCTb abo BiACYTHICTb NpoLeayp 3abe3neyeHHs 6e3neku;

- BiACYTHICTb NigBULLEHHA KBasidhikauil nepcoHany;

- HeBiAMoBiAHICTb apXiTeKTypu 6e3neku;

- HeBiAnoBiAHICTb ab0 BiACYTHICTb KepiBHULTBA 3 BNPOBaKeHHSA 061aHaHHS;

- BiACYTHICTb BifNoBifanbHOCTI 3a aAMIHICTPYBaHHSA 6e3neku;

- BiACYyTHICTb ab0 HefoNikn ayauTiB B cihepi Be3neku;

- BiACYTHICTb KOHKPETHOrO NnaHy aBapiliHOro BigHOB/IEHHS CUCTEMU Yy pasi 36010 abo aBapil;
- BiJCYTHICTb 3MiH KOH®irypauii ynpas/iHHS.

Ypa3nuneocTi Nnathopm iHpopMaLiiHUX CUCTEM KPUTUYHOTO 3aCTOCYBaHHS

- KOHGpirypauisi: M3 He oHoBMOETbCA; OC  Ta  nporpamy  Gesnekn  BUKOPUCTOBYHOTbCA  6e3
BMNPOOYBaHb;MapaMeTpy BUKOPUCTOBYIOTBCS 33 3aMOBYYBAHHAM; He 30epiratoTbCa KPUTUYHI KOHQirypauii;
36epiraHHa He3axuLLEeHNX KOHQirypauii gaHux (naponis i T.n.);

- obnagHaHHA: HeBiAMOBigHE TECTyBaHHS 3MiH cucTeMu 6e3nekun; HefoCTaTHIl piBeHb (DI3UYHOrO 3axmcTy;
HCA, pfo ob6nagHaHHs; He3axWLEHWA BiAAiNeHWA [JOCTyn; nNOABIViHI  MepexKeBi KapTW; BiACYTHICTb
[OOKYMEHTYBaHHS aKTVBIB; PagioyacTOTHWIA |  €eNeKTPOMarHiTHWA  iMAynbcu; BiACYTHICTb  Pe3epBHOMO
e/IEKTPOXMBIEHHS; BTpaTa KOHTPOMK0 HABKOMMLLHLOIO CepefoBULLA; BIACYTHICTb pe3epBYBaHHS KPUTUYHO
BaXK/IMBUX KOMIMOHEHTIB;

- nporpamHe 3abe3sneuveHHs: MepenoBHeHHs Oydepy; BiAMoBa B 06CNYroByBaHHi; HenpaBu/ibHa 06pOOKa
HEBM3HAYEHUX, MOraHO BU3HAYEHWX abo «HEMPUMYCTUMUX» YMOB; BUKOPUCTAHHA HE3axXWLLEHWX MPOTOKONIB
MA; nepefaya NoBiJoMeHb B HE3aXULLEHOMY BUNAL; 3amnyCcK Hag/IMLLIKOBUX CEPBEpIB; HeOCTaTHA Nnepesipka
CMPaBXHOCTi Ta KOHTPO/IKO JOCTYNY; BiACYTHICTL nporpam 6e3nekn HCL,; BIACYTHICTb peecTpauii iHLWAEHTIB i
T.M.

Ypa3nueocTi iHhopmaLjiiHOT MepeXki KPUTUYHOTO 3aCTOCYBaHHS

- KoHdpirypauis mMepe>Ki: HeBifMoBiAHICTb apXiTEKTYPU MepexeBoi 6e3neku; BifICYTHICTb KOHTPO/IIO NOTOKY
[aHuX; HeAKiCHO HafaluToBaHi napameTpu 6e3nekn 06MafHaHHA; BifCYTHICTb pe3epBYBAHHA KOHMirypauii
MEpPEXEBOro MPUCTPOID; Nepefada NaponiB y HesaxwLleHOMY BUIIAAI; HeAOoCTaTHbLO YacTa 3MiHa Mnaponis
[OCTYNy [0 MEPEXEBUX MPUCTPOIB; HeaAeKBaTHICTb KOHTPO/IHO JOCTYMY [0 MepPeXXeBUX NPUCTPOIB; HeJOCTaTHIN
piBeHb (PI3UYHOr0 3aXMUCTy MepexxeBoro 06nagHaHHs; HC/, o NopTiB MePEXeBOro 0bnagHaHHs;

- TepumeTp Mepe>Ki: He BU3HAYEHW NepumeTp 6e3neKu; BiACYTHI abo HempaBUILHO HaNaLITOBaHUIA MiX
MEPEXEeBUIA eKpaH; MepeXi YrpaBniHHA BWMKOPUCTOBYIOTHCA ANA  Tpagiky iHWMX TWNiB; YnpaBiHHSA
MepeXeBuMY cepBicamm iHhopMaLiiHOT MepeXi KPUTUYHOMO 3aCTOCYBaHHS peanisyeTbesa B Mepexi IT;

- MOHITOpPUHT Mepe>Ki: HeafekBaTHI XYpPHaIM MK MepeXeBoro ekpaHy; BifCYTHICTb perynspHoro
MOHITOPUHIY 6e3NeKn B Mepexi;

- 3’efHaHHA: He IAeHTUDIKYIOTHCA KPUTUYHI LUIAXU KOHTPOSIO Ta YNPaB/iHHA; BUKOPUCTAHHSA CTaHAapTHUX
MPOTOKONIB 3B’A3KY; BIACYTHA ab0 HefoCTaTHS ayTeHTU(IKaLis KOpuCTyBadiB, [JaHUX abo NpUCTPOIB;
BIZICYTHICTb NepeBipKu LiNiCHOCTI 3’ €4HaHb;

- be3gpoToBi Mepe>Ki: HeBiAMOBIAHICTL ayTeHTU(IKaLT MiX 6e34p0OTOBUMM KiEHTAMU i TOUKaMU JOCTYnY;
HEBIAMOBIAHMIA 3aXMUCT faHUX MK 6e34p0TOBUMM KiEHTaMW | TOYKaMmM JOCTYMY.

Puc. 3. OCHOBHI 30BHILWHI | BHYTPILWHI (DakTopK, AKI BMNIMBAKOTL Ha 3aXUCT iH(opMaLii B
CUCTEMAX KPUTUYHOTO 3aCTOCYBaHHSA

I7|M03ipHiCTb ApYyroi noAii po3paxoBYeTbCA 3a (opmynow p, N o / N, ., Ae
N jospr Naor — KINIBKICTb PO3I/ISIHYTUX Ta 3arasibHa KinbKiCTb MOXNMBMX BapiaHTiB C3I. Y pasi
BUKOPWCTaHHA MeTOAY NMOBHOro nepeéopy p, 1.

OUiHKY P, PO3rNsHEMO HaCTYMHUM YMHOM. Hexal 3a pe3y/nbTaTamMmu 3aCTOCYBaHHSA n
MeTOZiB 6arato BMMIPIHOB&/IbHOrO MOPIBHA/ILHOINO aHanizy OTpMMaHa MHOXMWHA BapiaHTIB,
npuyomy - MeTof po3ri3Hae HaliKpallmin BapiaHT 3 MMOBIPHICTIO p;. 3a pe3ynbTaTamu
3aCTOCYBaHHA N MeTOfIB | -i1 BapiaHT 3a k MeTofamu OyB BM3HAYeHWA SK HaWKpallimii, a
n Kk MeTogiB MOro Havkpawum He BU3HaNN. HeobXigHO OUIHUTW AOCTOBIPHICTL TOrO, WO
j -V BapiaHT filicHO € Halkpawmm. JoCTOBIPHICTL Knacudikauii j-ro BapiaHTy fiK
HaNKpaLLoro OLIHIOETLCS Yepes MepeBuLLLEHHA NOPOTY NOXMOKN Knacudikawii d :
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.M. MaBnoBs

1)

Tabnmuys 2.

OuiHtoBaHHA MMOBIPHOCTI NepLUoi Nogii 3a BepbasibHUMK OLiHKaMK eKcrepTa

BepbanbHa oLujiHKa BMEBHEHOCTI eKcrepTa VIMOBIDHICHMIA eKBiBaNeHT
B afiekBaTHoCTI BapiaHTy C3lI
[y>xe HesHayHa 0.01-0.1
HesHayHa 0.1-0.2
lMomipHa 0.2-0.4
CepepnHs 0.4-0.6
CyTTeBa 0.6-0.8
3HayHa 0.8-0.9
[yxe Bennka 0.9-0.99

AKWo nicng ouiHoBaHHA 3a (1) MHOXWHA BapiaHTIB He

nycra, TOAi MMOBIPHICTb

HasBHOCTI Yy Uil MHOXWHI HaliKpaluX BapiaHTIB BU3HAYaETbCA SIK:

" kikj n j .
— B 1 p
1 N n .

P 1 1 (2)

i

Mpy LbOMY BBAXKAETLCH, LU0 pe3ynbTaTv, OTPUMaHI 3a PIsHMMU MeTofamu bGararto
BUMIPIOB&/IbHOTO MOPIBHANILHOTO aHanisy, € 36DKHUMMU.

AKLLO X KOHCYNbTaLiT 3 eKcriepTaMmn He NPOBOAMMNUCA Ta iX MOrNA4N Ha 3MICT MOHATTA
«pauioHabHUIA» (ONTUMaNBbHWIA) BapiaHT HEBIfOMI, 3HAYEHHA P, MOXe 6yTU OLiHEHO fAK:

BUK BUK BUK
N BaXK N nepeTs N mMeTon
T ©)
BaXK nepeTs MeTon
e N N — KIJIbKICTb BUKOPUCTAHUX Ta MOXX/IMBUX BapiaHTIB ypaxyBaHHSA BaXX/IMBOCTI
BaXK BaXK

N BUK N

nepeTs !

MOKa3HWKIB BiAMOBIAHO; — KI/IbKICTb BUKOPUCTaHUX Ta MOX/IMBUX BapiaHTIB

nepeTs

nepexoay Bif peasbHMX 3HaYeHb MOKAa3HWKIB [0 po3paxyHKoBUX BignosigHo; N N

meTon !

— KINbKICTb BUKOPUCTAHWX Ta MOX/IMBMUX METOLIB MOPIBHAHHSA a/lbTepHATUB BifMOBIAHO.

MeTos

BMCHOBKM Ta HaNpsIMKM nogabLUMX A0CNiAXKEHb

BcTaHoBMEHA 3a1eXHICTb ePeKTMBHOCTI 3axUCTy iH(opmauii C3l, AKi NPOeKTYHTLCS
451 OKI, Lo IpyHTYHOTLCS Ha KOMIM/IEKCHOMY BMKOPUCTaHHI METOZIB rpynoBOro BpaxyBaHHS
aprymeHTiB, aHasoriid, eKCNepTHOro OLIHIOBaHHA Ta CTAaTUCTUYHOrO 06POGMEHHSA AaHMX.
3a3HayeHa 3a/IeXHICTb MOKIafeHa B OCHOBY MIiAX04Yy [0 OOrpyHTYBaHHA OCHOBHUX
3aranbHocucTeMHUX Bumor Ao C3l. 3acTocyBaHHA Takoro nigxofy PO3LUMPHE MOXINBOCTI
aHanisy B MpeaMeTHIA 06nacTi NpoueciB ynpasiHHA CKNagHWX cucTeM. Hanpsimkom
noja/iblUMX AOCMiMKEHb CiJ BBaXaTW MOJanblue YAOCKOHAIEHHA Ta BUKOPUCTaHHSA
HaBefeHOro nigxody nif 4Yac YAOCKOHa/leHHA MeTOAMYHOT 6asn o040 O6rpyHTYBaHHS
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npoektyemux C3l Ta CTBOpeHHS (repepobku) BIAMOBIAHMX HOPMATUBHO-NPaBOBUX Ta
KepIBHVX JOKYMEHTIB Y C(hepi TEXHIYHOI0 3aX1CTy IH(opmaL,iT.
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METOAO0N0MMA O6OCHOBAHUNSA OCHOBHbIX OBLLECUCTEMHbIX TPEEOBAHUIN K .
MPOEKTUPOBAHUMIO CUCTEM SALLINTBI NH®OPMALNN HA OBLEKTAX KPUTUNYECKOWN
NHOPACTPYKTYPbI

N.H. Nasnos

"ocyaapCTBEHHbI YHUBEPCUTET TENEKOMMYHUKaLWA,
yn. ConomeHckas, 7, Kues, 03680, YkpauHa; e-mail: pavlov@ukr.net

B crtatbe npegnaratoTcAd METOAMKWM B COCTaBE METOLO/MOMMM 0BOCHOBAHWS OCHOBHbIX
06LLecMCTEMHbIX TpeboBaHMA K MPOEKTMPOBAHMIO CUCTEM 3aliuTbl MH(OPMaLUM Ha
OCHOBE METOAOB FpYMnoBOro yu4éra aprymeHTOB, aHasoruii, 3KCMEpPTHON OLEeHKU W
CTaTUCTMNYECKON 06paboTKM AaHHbIX.

KntoueBble coBa: MeTOLOMOMMS, METOAMKM, CBOMCTBA, CUCTEMA 3alLuTbl UH(OPMALUK,
TpeboBaHms.

STRATEGY FOR JUSTIFICATION OF BASIC GENERAL SYSTEM REQUIREMENTS FOR
DESIGNING DATA SECURITY SYSTEMS FOR CRITICAL INFRASTRUCTURES

I.N. Pavlov

State University of Telecommunications,
7, Solomenskaya Str., Kyiv, 03680, Ukraine; e-mail: pavlov@ukr.net

In this paper, the authors propose the techniques incorporated into a strategy for
justification of basic general system requirements for designing data security systems based
on group argument accounting methods, analogy approach, expert assessment methods, and
statistical data processing methods.

Keywords: strategy, techniques, features, data security systems, requirements.
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MATEMATUNYHA MOAEJ1Ib ANNHAMIKN I'JTTFOKO3W B
MPOLIECI SACBOEHHSA XKI

KO.M. YalikiBcbkal, P.M. MaciuHnk?

! TepHoNiNbCLKMIA HaLLiOHaNbHWIA NeaaroriuHmiA yHiBepcuTeT iM. B. MHaTIOKa,
BY/N. BUHHMYeHKa, 10, M. TepHonink, 46000, YkpaiHa, e-mail: u_chaika@yahoo.com
2 TepHOMINLCLKMIA HaLliOHaNbHNI eKOHOMIYHWIA YHIBEpCUTET,

BY/N. JIbBiBCbKa, 11, M. TepHoninb, 46000, YkpaiHa

B faHiii cTaTTi po3rnsgacTbCA AMHaMiKa FIHOKO3M B KPOBI Y MPOLECi 3aCBOEHHS Xi.
Po3pobnieHo MaTeMaTUyHy MOZENb PO3MOAiNY MOCTYMIEHHA THOKO3W, IO BUKOPUCTOBYE
HainpocTiwy napaboniyHy 3anexHicTb. Po3pobneHo  MaTemMaTuyHy Mogenb 3
BUKOPUCTAHHAM €eKCMOHeHLUianbHOT (YHKUIT, L0 XapakTepusye OypxnuBilumii npouec
3aCBOEHHS T/OKO3W. BYno BWABMEHO, WO MOfAENb 3 EKCMOHEeHLia/IbHOK (DYHKUIE €
TOYHILLOIO.

KnouoBi cnoBa: HeaBTOHOMHa MOAENb, [AMHaMiKa [/IOKO3M, LYKPOBWA  AiabeT,
ifeHTUdiKauis, Modenb po3noginy.

MocTaHoBKa Npobiemu

Ha cbOrofHiWHIN feHb BUHMKAE npobnema KOHTPO/IO BMICTY F/IHOKO3WM B KPOBI Y
XBOPUX Ha LLYKpOBWIA AiabeT. Y NOACbKOMY OpraHiami 3a cTabinisauito piBHS rNOKo3W B
KpOBI BifnoBifae MiAlWyHKOBA 3a/103a, fKa BMPOOGISE TOPMOHWN IHCY/MIH Ta [/IFOKAroH, Lo
[03BONAOTL 30IIbLIMTU 860 3MEHLUMTW KOHLEHTpaLito ToKo3n. [1poTe, y XBOpMX Ha
LLYKPOBWIA fiabeT cnocTepiraeTbCa NopyLUeHHA QYHKLIA MigWnyHKOBOT 3a/1031 B MOEAHAHHI
I3 3aHMXKEHOK YYT/IMBICTIO A0 IHCYAIHY. Lie npn3BoAnTbL A0 KOMMBAHHA THOKO3W B KPOBI, AK
[0 MOSBWU TNiKeMii: rinepriikeMii (BMCOKOT KOHUEHTpauil rniKo3n), TakK i Finornikemii
(HM3bKOT KOHLEHTpaUii). OfHUM i3 BXX/IMBUX PAKTOPIB, WO BM/IMBAIOTL HA PIBEHb MHOKO3U €
npuiiom ixXi. BapTo 3a3HaunTK, WO HEOOXIAHO CNOCTepiraTh HaaXoMKEHHS FHOKO3M 3 DKeto
MPOTArOM aKTUBHOT 06U XBOPOTO.

KOHTpO/Ib BMICTY TNIOKO3W B KPOBI € BaX/MBMM MNPW aHani3i CTaHy XBOpPUX Ha
LYKpoBMWiA fiabeT. 30KpeMa, Lieil NMOKa3HUK TaKoX BUKOPUCTOBYETLCA A1S BUOOPY peXxxumy
XapyyBaHHA XBOPOro. EMMIipUyHMin Nigdip Takoro pexxMmy MiCTUTb PU3MKMN MEePEeBULLEHHS
rPaHMYHUX MaKCUMalbHUX abo MIHIMa/IbHUX PIBHIB KOHLUeHTpauii raoko3n. Ll pusnku
MOXXHa 3HaYHO 3MEHLUNTY i3 BUKOPUCTAHHAM MaTeMaTUYHOT MO/ PiBHA T/1HOKO3M B KPOBI.

Tomy po3pobka MaTemMaTtUyHOT MOAeNi AUHAMIKW TIH0KO3M B MPOLECI 3aCBOEHHA DX
CK/1afla€ aKTyalbHy Npobnemy.

AHani3 ocTaHHIX gocnigpkeHb i ny6nikawin

BinbWicTb NMasmMoBUX MOJENen AMHaMIKU TNIOKO3M B KPOBi OyaytOTbCA Ha OCHOBI
[aHNX BHYTPIBEHHOrO TECTY TONEPaHTHOCTI A0 rakosn (BTTI), 30Kpema, TakuM YMHOM
nobygosaHi Mmogeni beprmana, Kob6eni, FoBopku Ta iH. [1-3]. CyTb faHOro Tecty nonsrae B
TOMY, WO /IOAMHI HAaTWe O4HOPa30BO BHYTPIBEHHO BBOAATL [/IOKO3Y i Yepes perynsapHi
MPOMIKKM Yacy aHani3ytoTb 1i AuHamiky B KpoBi. 34e6i/bLIoro TeCT TpMBaE TPU FOAMHU i
yepe3 KOXHI 10 XBUAWH 34IACHIONTb KOHTPO/Sb /OKO3W. lMpoba Ha TonepaHTHICTL [0
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FNIIOKO3M Y XBOPOrO0 Ha LYKPOBWIA [fiabeT nokaxe NigBULLEHWUIA PiBEHb T/1IOKO3M, a
MOKa3HMKOM HOPMa/lbHOT TONIEPaHTHOCTI € NMOBEPHEHHS A0 BUXIAHOTO PIBHA HOKO3U B KPOBI
NPOTAroM BULLEe3a3HayeHoro Yacy. OKpim LLyKpOBOro Aiabety, NOKa3HUKM TONEPaHTHOCTI 40
[IOKO3U MOXYTb OYTI MOHWKEHI NPU MOPYLLEHHAX (YHKLIA NeYiHKK, a TaKOXK IH(EeKLiNnHMX
3aXBOPIOBaHb, OXKMPIHHIO Ta 41T NiKapcbKuX npenaparis [4]. Taki Mogeni He MOXYTb OnucaTu
MOBELIHKY T/IFOKO3W MPOTAroM L06K1, OCKINIbKW NI0AMHA XapyYyeTbCs BNPOAOBXK AHA. OfHaK,
NepPoPaIbHUI LINSX HaAXOMKEHHSA TNHOKO3N € CKNaAHILWOK 3afaqeto Ans MOAENtOBaHHS i
OMHAMIKW, OCKINIbKM HEOOXiHO BpaxoBYyBaTW YacTe Ti HaAXOKEHHS Ta MPOLECH 3aCBOEHHS.

BapTo 3a3HauMTy, L0 3a OCHOBY AOCNIAKeHb HAyKOBL 6epyTb Mogenb bpeToHa [5]. Lis
MOZe/Nlb A03BOMAE OLUIHUTU AUHAMIKY T/IIOKO3U B KPOBI Mig LI (DISUYHUX HaBaHTaXKeHb.
BoHa BpaxoBye HaAXOMKeHHS T[/IOKO3M 330BHI, MPOTe Lie OAHOpa3oBe Ti MOCTYMN/IEHHS.
BifCyTHI CNOCTepeXKeHHs BINIMBY PEXMMY XapuyBaHHA Ha AUHAMIKY T/1HOKO3W.

OcCTaHHIM 4acOM IHTEHCMBHO MNPOBOAATLCA AOCMIMKEHHA KOHTPO/IO T[/IOKO3M 32
[OMOMOrot0 iHCYNiHOBOT nomnu [6-8]. MpoTe, iHCYNiHOBa NoMna mMae pag HefonikKiB: yacTe Ti
BUKOPUCTAHHA 3HWXKYE (YHKUIIO BUPOG/EHHA TOPMOHIB MIfLINYHKOBOK 3a/103010, LU0
Npu3BOAMTb [0 1I Henpaue3faTHOCTI; NpY BUHUKHEHHI 36018 y pobOTi NPUCTPOD, XBOPWUI
MOXe OMUHUTUCA Mif, 3arpo30t0, OCKINIbKN He Oyae BBeAEHO MOTPIOHOT JO3M HCYNIHY i Le
MOXE TMPU3BECTU [0 THKKUX YCKNafHeHb. TOMY, BaX/MBUMMW 3INLLAIOTLCA MUTAHHA
CaMOKOHTPO/IKO T/1I0OKO3M B KPOBi. [1A UbOro Heo6XiAHO BpPaxoBYBaTU YWMHHWUKK, SKi
BM/IMBAIOTb Ha AVHAMIKY [/TIOKO3M B KPOBI, 30KPEMA, PEXKUM XapyyBaHHS.

dopMyBaHHS Linei

MOCTYNNEHHA TNHOKO3M 330BHI Bigirpae BaX/MBY Po/ib NPU 34IACHEHHA KOHTPO/O
I/IFOKO3M B KPOBI Y XBOPMX Ha LyKpoBWiA fiabeT. 30cepeMkeHHs yBarn Ha KifbKiCHIA OLiHLL
HaXOMKEHHS T/II0KO3M 3 DKo Ta 0CO6/IMBOCTI i 3aCBOEHHA MalOTb OYEBUAHY BaXK/IUBICTD,
OCKINbKW Lieil npouec BifOYBaETbCA KOXHOMO AHA. 3a JONOMOro MaTeMaTU4yHUX Mofenei
MO>XHa NPOBECTN YNCENbHUI EKCNEPUMEHT KOHLIEHTPALiT r/F0KO3M B KPOBI, fiKa 3a/1eXXUTb Bif
06cAry Ta ckiagy xapyyBaHHs NMPOTArOM akKTUBHOT J06W. |aeHTUdiKaLid 4O3BONUTL OLIHUTY
TOYHICTb 3arpornoHOBaHNX MOJEeNeN.

OCHOBHa YacTUHa

Mpy KOXHOMY MpuiioMi dKi, NpuiAMaloum BCepeanHy Kpoxmanib abo LyKop, oauHa
CMOXMBAE BYI/IEBOAN. Y NPOLECI TpaBfieHHS BYr/1IEBOAM PO3LLEMNJIHOIOTLCA Ha T/1H0KO3Yy Ta
IHLWI KOMMOHEHTW, BCMOKTYHOUMCL Yepe3 CTIHKM KULLEYHWUKA, HaAXO4ATb Y KPOB. KiTuHM
OTPUMYIOTb TNIFOKO3Y, L0 MOCTYMae B HMX 3a AOMOMOro KPOBOOGIry, NepeTBopOOYN ii B
eHeprito. OfHaK 414 TOro wWo6 NPOHWKHYTWM BCepeauHY KITMHW, ToKo3a noTpebye
0CO6/MBOI0 FOPMOHY — IHCYNIH. [Micng npuiiomy DKi piBeHb IHOKO3U B KPOBI MiJBULLYETHCS.
3a paxyHOK fii TOPMOHY IHCYMiHY T[NHOKO3a HagXoauTb BCEPeAUHY  KNTUHWU i
MepeTBOPHOETLCA Ha eHePrito. TakvM YMHOM, PiBEHb I/IFOKO3W B KPOBI MOYMHAE 3HUKYBATUCS.
AKLLO TOPMOH iHCYNiHY abCO/IOTHO BUPOOBNAETLCA MeHLUe, HDK Le HeobXigHO, abo X He
3a6e3neyye NPOHNUKHEHHS THOKO3M BCEPEAVHY KNITUHWU, TO PiBEHb /IIOKO3M B KPOBI CTaHe
nigsuwysatucs [9].

OCHOBHOIO METOH JliKyBaHHA LLYKPOBOrO [fiabeTy € MigTPUMaHHA PiBHA THOKO3U B
KPOBI AIK MOXHa 6i/1bLI 6/IM3bKUM 10 HOPMa/IbHOM0. Ha »asib, NMoAMHA NMPaKTUYHO He 34aTHa
BiguyBaTn nepenagn pisHA rnokosn Big 4 o 10 mmonws/n [9]. Came B upOMy i nossrae
NiACTYMHICTb LYYKPOBOro AiabeTy, Tak fK BUCOKWUIA PiBEHb F/IHOKO3M B KPOBI HEMUHYYE Befe
[0 PO3BUTKY YCKNafHeHb. TiflbKU PErynspHuii i YaCcTUin CaMOKOHTPO/b T/IHOKO3M B KpOBI
[,03BO/IMTb YHUKHYTW MOTIPLLIEHHSA CTaHy XBOPOTO.
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B Takomy BuMagKy AouifbHO po3pobUTM MaTeMaTUyHY MOfenb, fika [A03BO/UTb
OLIHUTK 3araibHUin 06CAr F/IHOKO3M, AKWIA MOCTyNnae B 3a/1eXHOCTI Bifg obcary Ta cknagy
XapyyBaHHs NpoTAroM 4o6u.

3a 0CHOBY KOHLIeHTpaL,ii B3ATa Moaens bpetoHa [5]:

G p dG(M) X(O) G YOGEH Gu(D),

X(t)  p,X Sip, (OG(H) Iy, )
Y v LogH.

B uin mogeni neplie piBHAHHA OMWCYE AMHaMIKy OKO3M B KpoBi, ge dG(t) -
PI3HULA PIBHA B M1a3Mi KPOBI Bif MOYaTKOBOIO 3HaYeHHs rNOKo3N G,, p, — KOHCTaHTa, Lo
[03BOJISIE OLIHWUTY NOMIMHAHHSA HCYNiHY, X (t) — BigganeHui iHcyniH, G(t) — KoHUeHTpaLis
/IIOKO3M B MiasMi,  — 3MIHa, WO Bifo6paxkae KOPOTKI 3MiHWN CepLeBoro putMy BHaCNifoK
(hisuHOT aKkTMBHOCTI, Y (t) — nokasye 3miHM cepuesoro putmy, G, (t) — po3snogin
XapyyBaHHSA NpoTAroM Lo6w.

[pyre piBHAHHA [aHOT MOAeNi OMuCye 3MiHY IHCYNiHYy, e p, — KOHCTaHTa, Lo
XapaKTepu3ye MOBeAiHKY IHCYNiHY Ta MOro akTWMBHICTb, S, — KOHCTaHTa, WO Onucye

1
YYT/IMBICTb [0 iHCYMiHY, (t) — iHTEHCMBHICTb BMPOBGHMLTBA iHCYMiHY, |, — MOYaTKOBWiA
piBEHb IHCY/IHY.

TpeTe piBHAHHA faHOi Mofeni BigoOpaxae AvgepeHUiasibHY (ifbTpaLito YacToTu
CepLIEBMX CKOPOYEHb, WO IMITYE 36iNbLUEHHSA BUTPAT EHeprii mif vac (isYHMX HABaHTaXKEHD,
fge dH - 3miHa cepuesoro putMmy, . — BWUTpaTa eHeprii i peakuii 4acToTV CepLieBMX
CKOPOYEHb [0 36iNbLLUEHHSA BUTPATY EHEpri.

3 faHoT MOoZeni BUK/OUMAW BHYTPILWHIN iHCYNiH X (t), cepueBe HaBaHTaXeHHs Y (t) i
fgogann Hosy 3MiHYy G, (t) — po3nogin xapyyBaHHA npoTarom fJobu. To6To, A030BaHe

(hi3nyHe HaBaHTAXKEHHS BUKMOUMAM 3 AaHOT mMogeni. TakuM YMHOM, mMaTemaTuyHa Mojefb
pO3MoAiny NOCTYNNEHHS FNHOKO3U 306paXkeHa HUXKYE.,

GO pGO G) pGy),

G(0) G,

(2)

7K BigoMO, npoLec TpasneHHA K 3aBepPLUYETLCA MPOTAroM yacy t;. [lo Lboro yacy
KOHLIEHTpaLif rNHOKO3M B KPOBI MOBUHHA JOCATHYTW CBOrO Makcumymy G, , a B NoAa/IbLLIOMY
3HMXKyBaTUcA. Llel (heHOMEH MOAENOEMO HaliNPOCTILLOK NapaboivyHO 3a/1eXHICTHO

G,(t) G, k(t 120 . 3)

[1oKo3a, AKa NOCTynuna B KPOB, 3aCBONETHCA | PO3KNfAETHCA, TOMY KOPEKTHICTb
MOZeNi PO3noAily MOXHa NepesipuTK, CMNIBCTaBMBLUW PIBEHb MNHOKO3W B KPOBI i3 pIBHEM, LU0
MPOrHo30BaHU MOAeNto, Npu BiAnosigHOMY npeacTasneHHi G, (t). Mpuknag posnoginy
AVHaMIKKM roKosn G,, (t), Lo HagXoAuTb 3 DKeto, NpefCcTaB/IeHo Ha puc.la.

MpupoAHO NpUNYCTUTK, WO Mepwla CcTafis npouecy npoTikae OypxiuBille, HK
3aBepwanbHa. Llein hakT MoaentoeMo 3 BUKOPUCTAHHSIM €KCMOHEHLaIbHOT QyHKLiT
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G,(t) G, k(t 120)° e "9, (4)

Mpuknag posnoginy AvuHamiky rnokosn G, (t) 3rigHo mogeni (4), WO HaaxoauTtb 3
DKeto, NpefcTaB/ieHo Ha puc.16.

PiBeHb /0K03K, SIKWIA HAAX0AUTL 3 DKELD

PiBeHb r110K03u, AKUI1 HAAXOANTL 3 DKEKo

4 T T

gl beta=1
3.5 A
5 7N\ 7\ \ \
5 3 25
S =
o o
g3 g 2
: - N
8 s
1
/ \ \
1 v
/’ 0.5 7\
N
0 0
400 500 600 700 800 900 1000 1100 1200 1300 400 500 600 700 800 900 1000 1100 1200 1300
Yac, xB Yac, xB
a 6

Puc.1. Posnogin rnokosu G,, (t): a —3a mogennio (3); 6 — 3a mogennto (4)

Ha ocHOBI gaHOT MoAeNi MOXHa 06YMCNNTM 3ara/lbHUIn 06CAT TNHOKO3M, AKUIA NOCTyNae
B 3a/1eXKHOCTI Bif 06CAry Ta cknagy xapyyBaHHA. TOMY AMHaMIKy KOHLEHTpaLii rtoKo3m
3a[,aEMO FiNOTETUYHO i3 NepeBipKOLo Ti afieKBaTHOCTI 3a 40NOMOroto moaeni (2).

Ha pwuc.2a 300paXeHO rpaik CMNOCTEPEXEeHHA afekBaTHOCTI mogeni (3), wWo
BIJOOPaXKaETbCA NapaboNivyHOO 3a/IEXHICTHO.
Ha pwuc.26 300paxeHO rpadik CriocTepeXKeHHs afeksaTHOCTI Mogeni (3), wo
BUKOPUCTOBYE €KCMOHEHUia/IbHY (YHKL,itO.
PiBeHb rnoKo3u B KpoBi, err=3.3624% PiBeHb rnoKosu B kpoBi, err=3.0651%
10 ) ) ; > 10 T T T
CnocTepexXeHHsa ,l CcnocTepexXeHHsa
9.8 —mmm- moaesns / 98 mmmmm Modesns
9.6 # / 96 ] £
9.4 7 9.4 /'l
\é 92 /f/ E 92 /'I
g 8.8 ——=F g e -
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Puc. 2. CnocTepexeHHs afeKBaTHOCTI: a — mogeni (3); 6 — mogeni (4)
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Moxmbka NporHo3y 3rigHo mogeni (3) ctaHoBUTL 3.3624%, a Ana mogeni (4) cTaHOBUTL
3.0651%.

Takum YMHOM, MOAENb 3 eKCMOHeHLia/IbHOK (YHKLIEHD € TOYHILWOK 3a MOoJe/b 3
napaboiyHOO (PYHKLIED. AHaNI3 YACENbHUX EKCNIEPUMEHTIB A/151 IHLLUMX BUMAAKIB AVHAMIKM
rNIFOKO3U MOKasao aHaorivHi pesynstatu. OcKinbkn mogens (4) fae JonycTuMi MOXMoKu,
BOHA MOXKe po3rnagaTnca Ak Mogesib AMHaMiKK rF0KO3M | COXMUTOT Xi.

BuvcHOBKU

B faHili cTaTTi 3anponoHoOBaHO MOAENi ANHAMIKWN FNHOKO3M B MPOLIECT CMIOXMBaHHS iXi.
Mogeni 6a3ytoTbC Ha [aHWX [OBroTPUBA/INX CMOCTEPEXEHb. BifblWICTb 3apyODKHMX
HayKOBLIB BMKOPWCTOBYKOTb KOPOTKOTEPMIHOBI Mofeni, 30Kpema, beprmaH, Kobeni,
roBopka, [. Poli BUKOPUCTOBYIOTb OHOPA30BEe BBEAEHHS T/IHOKO3W | MPOTArOM TPbOX FOAWH
criocrepiralote i AMHamikKy. [1poTe, BaXXKO 3p0OUTW MNPOrHO3 PIiBHA T[/IOKO3M B KPOBI
BHAaC/ILOK TakMX CMOCTEPEXEHb, OCKI/IbKM NepopasibHUIA LUISX HaOXOKEHHS T/IHOKO3N €
CKMaAHILLIONW 3afayveto A/ MOJENOBaHHA 1I AMHaMiKM, HeobXigHO BpaxoByBaTu 4acTe T
HaAXO[PKeHHSA Ta Mpouecy 3acBOEHHA. Ha ocHOBI mogeni bpeToHa 3anponoHOBaHO MOZE/b
PO3MOAINly MOCTYMNJIEHHA T[/1I0OKO3M B KPOB B XOAI 3ajaHoro npouecy. Mogenb 3
eKCMOHEHLia/IbHOK (DYHKLIED € TOYHIWOK 3a Mofe/nb 3 MapabosnivyHO (YHKUIEH Ha
0.2973%.  AfekBaTHICTb  faHOl  Mofeni  MigTBEpMKEHO  eKCrepuMeHTa/TbHUMU
LOCNIMKEHHAMN,
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B [aHHOI cTaTbe paccMaTpUBAEeTCs AMHAMMUKa FOKO3bl B KPOBW B MPOLIECCE YCBOEHMS
nuy. PaspaboTaHa MaTeMaTuueckas MoAeNb pacrpefenieHns MOCTYMAEHNs TOKO3bI
CNOMb3YeT MPOCTENLLYI0 NapaboMYeckyto 3aBUCMMOCTb. PaspaboTaHa MaTemaTuyeckast
MOZENb C UCTIONb30BAHMEM 3KCMOHEHLMAbHOWM (YHKLMM, XapaKTepU3yoLLas YCKOPEHHbI
MPOLLECC YCBOEHWSI T/OKO3bl. BbiO 0BHAPY)KEHO, YTO MOfENb C 3KCMOHEHLMANbHO
(hYHKLWEN ABMSETCS TOYHEE.

KntoueBble C/10Ba: HEaBTOHOMHas MOfENb, AWHAMMKA T[/IOKO3bl, CaxapHblli AMabeT,
UAEHTU(MKALWMS, MOLENb PacrpeeneHns

MATHEMATICAL MODEL OF BLOOD GLUCOSE DYNAMICS DURING DIGESTION
lu.M. Chaikivska®, R.M. Pasichnyk®

Ternopil V. Hnatiuk National Pedagogical University,
10, Vynnychenko Str., Ternopil, Ukraine, 46027; e-mail: u_chaika@yahoo.com
*Ternopil National Economic University,
11, Lvivska Str., Ternopil, 46000, Ukraine

In this paper, blood glucose dynamics during digestion is discussed. A mathematical model
of glucose uptake distribution was developed based on the simplest parabolic law.
Additionally, a mathematical model was developed based on the exponential function to
characterize the accelerated process of glucose digestion. It was found that the model based
on the exponential function is more accurate than that based on the simplest parabolic law.
Keywords: non-autonomous model, glucose dynamics, diabetes mellitus, identification,
distribution model.

277



IHPOPMATUKA TA MATEMATWNYHI METOAW B MOAEJ/TFOBAHHI = 2014 = Tom 4, Ne3

UDC 004.056.5 Informatics and Mathematical Methods in Simulation
Vol. 4 (2014), No. 3, pp. 278-284

IMPROVEMENT OF THE ACCURACY OF DETECTION OF
CLONED REGIONS IN DIGITAL IMAGES

Ye. Yu. Lebedeva

Odesa National Polytechnic University,
1 Shevchenko Str., Odesa, 65044, Ukraine; e-mail: whiteswanhl@yahoo.com

In this work, modifications of the method for the detection and location of cloned regions
were developed to improve the detection accuracy. Based on the results of experiments and
observations performed, we proposed the block types which provide the highest accuracy of
detection, with the accuracy assessed by the ratio of area of detected cloned region to actual
area of cloned region.

Keywords: accuracy of detection, region area, image falsification, falsification detection,
cloning.

Introduction

Digital images (DI) used in the printed media, medicine, science, forensic proceedings,
etc., are of primary importance in cyberspace. Currently, various falsifications of digital
images performed with graphics editors such as Adobe Photoshop, GIMP, etc., are very
common. Digital falsification has become widespread due to the simplicity of use of these
graphics editors. Cloning is one of the commonest methods used for falsification of digital
images, because it is easily implemented and hardly detected due to the fact that the cloned
region is a part of the digital image subjected to falsification. When being embedded into an
original image, a cloned region (clone) may have an arbitrary (nonrectangular) shape ensuring
its visual inconspicuousness. Therefore, the development of methods for the detection and
location of cloned regions to improve the detection accuracy is of current importance.

Statement of the problem and purpose of the study

To create a cloned region with graphics editors such as Adobe Photoshop and GIMP,
one can use Rectangular Marquee Tool, Lasso Tool, Clone Stamp Tool, etc. For improved
visual embedding of cloned regions, Eraser Tool and Blur Tool can be used. All the tools
mentioned make it possible to create a cloned region of an arbitrary (irregular) shape.

In [1, 2], a method has been developed to detect and locate cloned regions; with the first
stage of that method, a digital image is divided into a set of standard-shape overlapping
blocks. For the purpose of methodology, a standard block means a square-shape block of any
size. The results of experiments have shown that the use of standard blocks does not make it
possible to accurately estimate the dimensions and determine the location (shape) of detected
falsification regions.

The Purpose of the study was to develop modifications of the method for the detection
and location of cloned regions in order to improve the detection accuracy.

The detection accuracy was assessed by the percentage ratio of the area of detected
cloned region to the actual area of cloned region. The actual area of cloned region was
determined as the difference between the original image and the falsified image. The area was
measured in pixels.
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To accomplish the purpose of the work, the following problems were to be solved:

to find the ways to improve the accuracy of detection of a cloned region,

to modify the method for the detection and location of cloned regions in order to use
the adaptive subdivision of the blocks,

to modify the method for the detection and location of cloned regions in order to use
non-standard blocks within the detection process, and

to analyze the efficiency of the algorithms developed based on the accuracy of
detection of cloned regions.

The ways to improve the accuracy of detection of a cloned region

We assume that there is a digital image |(m,n) with brightness matrix Y . Briefly, the
procedure of the method for the detection and location of cloned regions in a DI is as follows
[1, 2].

1. Divide the brightness matrix Y of a DI into p p overlapping blocks

C {c.c,, .c}, ¢ Y, (hereeach block c, is obtained by a single-pixel right shift, left
il
shift, down-shift or up-shift of block ¢, ).
2. For each pair of blocks ¢;,c;,i 1, ,s,j i 1 ,s calculate the proximity
measure Metrica(c;,c;).
3. Analyze the values of proximity measure  to determine the pairs of blocks c;, c;

belonging to cloned regions and to a clone prototype.

Square blocks of any size may be used to detect clones with the method proposed
(hereinafter referred to as a “basic method”). The results obtained from the computational
experiments proved that 8 8 blocks are the most efficient for the detection of cloned regions.
Although the use of 4 4 blocks may improve the accuracy of located cloned regions, it may
also result in appearance of false-positive blocks (Fig. 1).

c

Figure 1. An example of appearance of false-positive blocks: a — original image, b — falsified
image, ¢ — result of the use of 4 4 blocks for the detection of cloned regions (here 1 denotes
false-positive blocks)
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Therefore, the method presented operates with square-shape blocks of size p p, and

this size remains unchanged during the procedure of the method. These features make the
basic method non-effective in accuracy of detecting cloned regions.

Hence, the main ways to improve the accuracy of detection of cloned regions are as
follows:

1.  To use the non-square blocks;

2. To use different block sizes during the detection of cloned regions.

Method for the detection and location of cloned regions using the adaptive subdivision of
the blocks

Although in the detection of cloned regions, the use of 4 4 blocks provides for the
improvement in detection accuracy, it is reasonable to use this block size not for the entire
digital image, but for the potentially falsified regions only.

Let us modify the basic method for the detection and location of cloned regions in a DI
in the following way: if detected, the potentially falsified regions are divided into blocks of a
smaller size, and the basic method is applied to the blocks newly obtained for the detection of
cloned regions.

Briefly, the procedure of the method for the detection and location of cloned regions in
a DI using the adaptive subdivision of the blocks is as follows.

1. Divide the brightness matrix Y of a DI into p p overlapping blocks

C {c.c,, .c}, ¢ Y, (hereeach block c, is obtained by a single-pixel right shift, left
il

shift, down-shift or up-shift of block c, ;).
2.  For each pair of blocks c,c.,i 1, ,s,j 1 1 ,s calculate the proximity

1 ]’
measure Metrica(c;,c;).
3. Analyze the value of proximity measure  to determine the pairs of blocks c;, c;

suspected for belonging to cloned regions and to a clone prototype.
4. If the potentially falsified blocks are found,

4.1. divide pairs of blocks c;,c; into blocks of a smaller size, C' {c;,c;, ,c}
d d

and C' {c/,c), ¢}, ¢ ¢, c)
nil m 1

4.2. calculate the proximity measure ¥ Metrica(c

Cj,

,cl),and

4.3. analyze the value of proximity measure " to determine pairs of blocks ¢! and

c) suspected for belonging to cloned regions and to a clone prototype.

Figure 2 shows an example of the results of application of the method for the detection
and location of cloned regions in a DI using the adaptive subdivision of the blocks.

Method for the detection and location of cloned regions using non-standard blocks

Let us consider the use of blocks of non-standard shape (such as triangular blocks and
blocks of complex shape) for the detection of cloned blocks.

In [3, 4], the procedure of obtaining triangular-shaped blocks has been discussed in
detail. During the experiment, we found the subdivision into triangular blocks that provides
higher accuracy of detection with respect to other subdivisions (Fig. 3a).

To obtain blocks of complex shape, let us use square blocks (e.g., 16 16 blocks), and
divide them into 4 4 blocks. Grouping of 4 4 blocks in a subblock determines the division
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of a square-shape block into blocks of complex shape. The computational experiment
determined the divisions of blocks of complex shape that provide the highest accuracy of
detection with respect to other blocks of complex shape (Fig. 3b).

a b c d

Figure 2. Results of the application of the method for the detection and location of cloned
regions using the adaptive subdivision of the blocks: a — original image, b — falsified image, ¢
—use of 16 16 blocks without the adaptive subdivision, d — use of 16 16 blocks with the
adaptive subdivision

Figure 3. DI matrix blocks that provide the highest accuracy of detection of a cloned region: a
— blocks of triangular shape, b — blocks of complex shape.

Let us modify the basic method for the detection and location of cloned regions in a DI
in order to use non-standard blocks while detecting the clones.

Briefly, the procedure of the method for the detection and location of cloned regions in
a DI using the non-standard blocks is as follows.

1. Divide the brightness matrix Y of a DI into p p overlapping blocks

C {c.c,, .c}, ¢ Y, (hereeach block c, is obtained by a single-pixel right shift, left
il
shift, down-shift or up-shift of block ¢, ).
2. For a block pair considered, ¢, c;,i 1, ,s,j i 1 s, obtain non-standard

subdivisions ¢ and c}, respectively, where r is a subdivision number. For each subdivision:
3. Calculate the proximity measure Metrica(c/,c;).

4. Analyze the value of proximity measure .to determine pairs of blocks ¢ and c;
suspected for belonging to cloned regions and to a clone prototype.

Analysis of the efficiency of the methods developed

A computational experiment was performed to analyze the efficiency of the methods
developed based on the accuracy of detection of cloned regions. Within the experiment, the
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size of a cloned region was arbitrarily selected depending on the specific image, and
irrespective of the size of subdivision blocks used in experiments.

All digital images had the varying depth resolution of the space depicted, and were
subjected to falsification and postprocessing by means of Adobe Photoshop and GIMP.
Original digital images had various compression ratios corresponding to quality Q setting 4 to
10 in Adobe Photoshop. After application of cloning technology, the falsified digital images
obtained were saved using lossless BMP format. The cloned region boundary was subjected
to blurring.

The experiment made it possible to obtain the following:

digital images containing the cloned region detected with the use of non-standard
blocks and the adaptive subdivision (Fig. 4),

ratios of area of detected cloned region to actual area of cloned region for different
block types and for the adaptive subdivision (Table 1), and

detection of cloned regions if they failed to be detected with blocks of square shape

(Fig. 5).

d e f g

Figure 4. Results of the application of the method of detection of cloned regions using the
blocks of non-standard shape and the adaptive subdivision of blocks: a — original image, b —
falsified image, ¢ — cloned region, d — use of 16 16 blocks of square shape, e — use of
16 16 blocks of triangular shape, f — use of 16 16 blocks of complex shape, g — use of the
adaptive subdivision of 16 16 blocks

Table 1.
Accuracy of the detection of a cloned region with blurred boundaries using the blocks of
various types of subdivision and adaptively subdivided blocks

Percentage ratios of area of detected cloned region to
Types of subdivision actual area of cloned region
Max. Min. Average
Blocks of square shape 56.63 8.58 29.07
Blocks of triangular shape 68.25 23.95 43.51
Blocks of complex shape 73.73 43.28 55.40
Adaptively subdivided blocks 65.00 35.20 53.02
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d e f

Figure 5. Results of the detection of cloned regions: a — original image, b — falsified image, c
— cloned region, d — use of 16 16 blocks of square shape, e — use of 16 16 blocks of
triangular shape, f—use of 16 16 blocks of complex shape

The results presented in Table 1 indicate that blocks of complex shape and adaptively
subdivided blocks provide higher accuracy than those of square shape and triangular shape. If
blocks of triangular shape, complex shape or adaptively subdivided blocks are used in the
method for the detection and location of cloned regions, than the percentage ratio of area of
detected cloned region to actual area of cloned region increases 1.5 times, 1.91 times and 1.82
times, respectively, compared with the use of standard subdivision.

Conclusions

The ways of modifying the basic method for the detection and location of cloned
regions were found to improve the accuracy of detection of a cloned region.

By modifying the basic method, the following two methods were developed: the method
for the detection and location of cloned regions using adaptively subdivided blocks, and the
method for the detection and location of cloned regions using blocks of non-standard shape.

The efficiency of the algorithms developed was analyzed based on the accuracy of
detection of cloned regions. The analysis has shown that the use of blocks of complex shape
and adaptively subdivided blocks is more effective.
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