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HNPUMEHEHHUE BJIOKYEMH-TEXHOJIOTUM JJISI TOBBILIEHUS
KAYECTBA ACY CJIOXKHBIX JTUHAMUWYECKHUX CHUCTEM

AHHOTamus. PaccMoTpeHO wHCHONB30BaHKME OJOKYEHH-TEXHOJIOTUH IS IOBBI-
LICHUS Ka4eCTBA CHCTEM YIPABICHUs CIIOXKHBIMU PAaCIPEEICHHBIMU JTUHAMUYECKU-
MH cucteMamu. IIpHBeiieHa TEXHOJIOrHsS CTPYKTYPH3HPOBAHHOTO OJOKUEHH-peecTpa.
IIpennoskeno pemenne Bompoca BEIOOpPAa MAaTeMAaTHYECKOTO alapaTta AT peasH-
3allUU JaHHOM TEXHOJIOTHUHU.

KioueBble cioBa: ciioxkHas pacnpesielieHHas JMHaMH4eckas cucTema, OJIoK-
YEHH-TEXHOJIOTUH, MAaTeMaTH4ecKoe MOJIEIMPOBAHUE, CHCTEMA  YIPABJICHHS,
CTPYKTYPH3HPOBaHHBII (K1acTepu3oBaHHbIH) Onokueiin-peectp, CIIIIP, nckyccrseH-
HBI WHTEIUIEKT.

B Hactosimee Bpemsi OJOKYEHH-TEXHOJIOTMH IIMPOKO NPUMEHSIOTCS B aBTOMATH3H-
poBaHHBEIX cucteMax ynpasieHus (ACY) nuHaMHUYEeCKHUMH OOBEKTaMH (CHCTEMaMH)
U TEXHOJOIMYECKHMH IIPOLIECCAaMH Pa3lIMYHBIX TEXHUUYECKHX cucteM. JlanbHeiiuee
UX PacIpOCTPAaHEHUE CBS3aHO C pEIleHHEM psja MpodjeM M 3ajad, KOTOpbIe OTHO-
CATCSl HE TOJBKO K OOJIACTH KOMITBIOTEPHBIX HAayK, HO M HCIOJIB3YEeMOMY Marema-
THYECKOMY alllapaTy, Peald30BAHHOMY C MOMOILBIO COOTBETCTBYIOIIETO MPOrPaMMHO-
aNropuTMUYecKoro obecrieueHus. KoMIIEKCHOE pelIeHHe TakuX 3aja4, Ha CTBIKE
YKa3aHHBIX HallpaBJICHUH, SBISETCA OCHOBOW [uif JajbHeHIero 3¢(exTHBHOrOo
MPUKJIAAHOTO TMPUMEHEHHUS TaHHBIX TexHomoruu [1-4].

[ox TepMHHOM «CJIOKHAsI AMHAMUYECKas cucteMa (0OBEeKT)» OyaeM IMOHMMAaTh pac-
MpeieJIeHHY0 cucTeMy (0OOBEKT), BKIFOYAIOIIYIO OOJIBIIOE YHCIIO JIEMEHTOB (MM KJac-
TEpOB), TApaMeTPbl KOTOPBIX MPEJICTABISIOT co00i QyHKIMHN BpemeHH. 11pu aTom morryc-
KaeTcsl, YTO CKOPOCTH U3MEHEHHUS IMHAMHYECKHUX XapaKTEPUCTHK KaK OTHENIBHBIX dJIEMEH-
TOB (CYOBEKTOB) CHCTEMBI, TAK U TPYIIIT CYOBEKTOB (KJIACTEPOB) BHYTPH CUCTEMBI, TaK XKe,
KaK ¥ U3MEHEHHUS XapaKTePUCTHUK BCEil CUCTEMBbI, MOTYT ONHCBIBATHCS BEJIMUMHAMH, 3HAUM-
TEMBHO (BO MHOTHX CIy4Yasx Ha MOPSAKH) OTIMYAIOLIMMUCS MO MOIYJIIO.

Ci0XHBIe TUHAMHUYECKHE OOBEKTHl (CHCTEMbI) C YKa3aHHBIMH CBOMCTBAaMH, JUIS
KOTOPBIX 9KOHOMHYECKas WK UHAs 1eJIecO00pa3HOCTb MPUMEHEHHS OJIOKUEHH-TeXHO-
JIOTHH HE BBI3bIBACT COMHEHHUH, ONpEAETINM KaK CUCTeMbl A-Kiacca M aajee Oynem
MPEAIoNaraTh, 4YTO UCCIeyeMble 00BEKTHI SBISIOTCS TaKOBBIMU. [IpuBeneM mpu-
MepbI peaTbHBIX CUCTEM U3 PA3IMYHBIX 001acTell MPOMBIIIIIEHHOCTH, COOTBETCTBYIO-
LIMX YKa3aHHBIM OTPAaHHYCHHSM.

e CricTeMa ympaBJIeHUs] HEKOTOPBIM KOJIMYECTBOM JPOHOB, paccMaTprBaeMasi Kak
OJIMH CJIOXHBIH TUHAMUYECKHH 00BeKT. J{si JaHHOro 00BeKTa (HaXOISMIIUXCS B CO-
CTOSHUM JBWKEHMS POHOB) BBLAEIMM TPHU OCHOBHBIX BapHaHTa IPOLIECCOB: JBHIKE-
HUS OT/CNBHBIX IPOHOB, OTACIBHBIX KIACTEPOB JPOHOB M BCEIO 00BEKTAa — COBOKYII-
HOCTH JIpOHOB. DIIyKTyallnu JABMKEHHsSI OT/IENBbHBIX JPOHOB B COCTABE CBOEH T'PYIIIBI
MIPEJICTABIISIIOT COOOM MPOIECCHI, CKOPOCTh KOTOPBIX MOXKET CYHIECTBEHHO OTJINYATHCS
OT CKOpPOCTH BTOpOH U TpeTbelt rpyni. IloaHoe MaTeMaTHueckoe omucaHue oObeKTa
JOJDKHO YYHUTBHIBATh AMHAMUKY BCEX IPOLIECCOB B OOBEKTE M BO3MOXKHYIO BapHaTHUB-
HOCTh IO BpeMeHHU. B wacTHOCTH, mepemelieHus BbIIEICHHBIX TPYII JAPOHOB B OT-
JIeTIbHBIC HHTEPBAJIbl BPEMEHHU TaK)Ke MOTYT MPOTEKATh CO 3HAYUTEIILHO OOJIbINEH CKO-
pPOCTBIO, YeM CKOPOCTb, XapaKTepU3yIoIlasl JIBHKECHHE BCETO OOBEKTa.

e CucTeMa yrpaBlieHHsS HEPronoTpedIeHneM HEKOTOPOro PErHoHa, Ha TePPHUTO-
pUH KOTOPOT'O pa3MEIIeHbl MHOTOYHCIICHHBIE TTIOTPEOUTENN SHEPTUU U €€ TIPOU3BO/IU-
Teau. B aToMm ciydyae quHaMUKa TOTPEOIICHHUS 3JICKTPOIHEPTUU OTACIHHBIMH IT0JI30-
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BaTeNIMM M AMHAMMKA U3MEHEHMS IOTPEOIECHUs U BHIPAaOOTKU 3JIEKTPOIHEPTUU B pe-
THOHE MOTYT XapaKTepHU30BaThCS CKOPOCTAMH, OTIMYAIOMIMMUCSH Ha TOPSAKH.
AHAIIOTUYHO, Uil OOJBIINX IO TEPPUTOPUU PETHOHOB STO MOXKET OTHOCHUTBCS U K UX
OTIIENBHBIM T0/1001acTsIM (paiioHam).

B npuBeneHHBIX puMepax UCHONIb30BaHKUE OJI0KYeliHa HeoOxoaumo s obecte-
YEeHUS TapaHTHPOBAHHOM 3alUThl HHPOPMAIMH OT UCKAKECHUH U JTaeT BO3MOKHOCTb
YEeTKO BOCCTAaHOBHUTH (OTCIIEAUTH) XPOHOJIOTHIO IpoleccoB. Kpome 3TOro, mpumeHe-
HUe OJIOKYeHHA MO3BOJSET YJNYYIIHTh KauecTBO CHUCTEM YINPABICHHUS, TOBBILIAS WX
ObICTpOAEHCTBUE, U APYIHE XapaKTepUCTHKH. B yacTHOCTH, B 3a7a4e 3HEProyIpasie-
HUsl OJIOKYCHH MO3BOJUT OOECIEUUTHh yUYET MPOU3BEJCHHOIO U MOTPEOJICHHOTO TPO-
JyKTa W 0ojiee TOYHO PACCUYUTATH BEJIMYHMHBI YIPABJISIONIMX BO3JICHCTBUH.

Jns qMHAMUYECKHX CHCTEM OOJBIION pa3MEPHOCTH YCKOPEHHE PEaKHU CHUCTEM
VIPaBICHUST 4acTO OKAa3bIBACTCS TPYMHOH BBIYMCIUTEIBHON MPOOJIEMOI BCIICICTBUE
00ITBIIIOr0 00BbEMa BBIUMCIICHHH, TIPHYEM CIIOKHOCTh €€ PEIICHUS] MOXKET CYIIIECTBEHHO
BO3pacTath Uil 0OBEKTOB C JOKAJIbHBIMH (BCTPOCHHBIMH, aBTOHOMHBIMH) YIIPABIISAIOLIN-
MH CHUCTEMaMH, IIUPOKO PACHPOCTPAHEHHBIMH B TOCIEHEe BpeMs. B mensx mosbiie-
HUSI KadecTBa (OBICTPOJCHCTBUSI, TOYHOCTH) CHCTEM YIPABJICHHS CIOKHBIMU JIMHAMU-
YecKUMHU 00BbEeKTaMH (cucTeMamu) | Jijisl o0ecriedueHust ux 3(h(HeKTHBHON pabOTHI Mpe-
naraercsi (pOPMUPOBATh U KCIOJIB30BaTh CTPYKTYPU3UPOBAHHBIN (KIIACTEPU30BAHHBIN )
AIIEKTPOHHBIN pacIipe/IeIeHHBIN peecTp, Koria KiacTepu3alysl JaHHBIX OCYIECTBISCTCS
C YYETOM CKOPOCTH WX M3MEHeHHs. [IperMyliecTBaMu Takol CXeMbl OpraHu3aliH pac-
TIPEZICNICHHOTO JIEKTPOHHOIO PEecTpa SIBISAIOTCSA: YMEHbIIEHHE TpeOyeMbIX XapaKTepHCTUK
1o 00beMy XpaHEeHHS JaHHBIX, BOSMOKHOCTH ONTUMHU3UPOBAHHON OpraHm3anuu 0a3 gaH-
HBIX (0a3 3HaHWH), MOBBIIICHHE CKOPOCTH HW3BJICUCHUS HEOOXOIMMBIX JIaHHBIX.

C y4eToM OTMEYEHHbBIX 0COOEHHOCTEH PacCMaTPHUBAEMOr0 KJIacca CUCTEM CTPYK-
TypU3alysi COOTBETCTBYIOIIUX pAaclpelesIeHHbIX JJIEKTPOHHBIX peecTpoB (OJI0K-
YeWH-PEECTPOB) JIOJDKHA BBINIOIHATHCS B COOTBETCTBUH C Pa3JICJICHUEM Ha KIIACTEPBI,
00BEIUHAIONINE DIIEMEHTHI, OJIN3KKUE 0 CKOPOCTH U3MEHEHHS WX JHHAMHYECKHX Xa-
pakrepuctuk (puc. 1). [Ipu 5TOM B 3aBHCHMOCTH OT pemaeMoi 3a7aun (Ha ypoBHE MO-
JeTMPOBAaHUs TUHAMUKU WM BBIYUCIICHUS YNPABISIOIIMX BO3ACUCTBUN Ui OTIEIb-
HOT'O BJIEMEHTA, KJIaCTepa, CHCTEMBI B 11€JI0M) 0OpalleHNE IIEHTpa YIIPaBJICHUS POUC-
XOJUT HEIMOCPEACTBEHHO K Tomy kiactepy (CMI,...,CMN) O0nokueitH-peecTpa,
KOTOPBI XpaHUT HEOOXOIMMYIO 0a3y JaHHBIX.

MartemaTnueckas
MoJelb
Blockchain Core VN Blockchain CM 1
HHq)OpMaHHOHHBIe BquHCHHTeHLHLIﬁ eecccccccssssssssssssce
MOTOKH y3en
—_— Blockchain CM N
—
Amnanusupyioniee
yIpaBsoIee
YCTpOICTBO

Puc. 1
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Taxas TexHoJIOrMs, BKJIIOYAOLas B ce0d CTPYKTYPU3UPOBAHHBIA pacipeseneH-
HBII peecTp U COOTBETCTBYIOLIHMNA NOPSI0K 0OpalIeHUi K OJIOKYEHH-peecTpy, ONTHMH-
3UpYeT paboTy yNpaBISIOIIETO [ICHTPa U YMEHBINACT BpeMsl OTKIHKa. OHAKO pealu-
3alUsl JTAaHHOTO I0JX0Ja (Jajiee Ha3bIBAEMOI0 TEXHOJIOTHEH KJIacTepHU30BaHHOIO,
CTPYKTYpU3UPOBAHHOTO OJIOKYeitHa) — (OPMHUPOBAHUS U UCIIONB30BAHUS CTPYKTYPH-
3MPOBAHHOT'O IO CKOPOCTH JMHAMHUYCCKHX XapaKTEPHUCTUK MHOTOYPOBHEBOTO OJIOK-
yellHa — CBs3aHa C pPELICHHEeM psjga npolieM MPUMEHIEMOro MaTeMaTH4eCKOro
U TPOrpaMMHO-aITOPUTMHUYECKOTO OOECIIeUeHHsI, B YaCTHOCTH C HCIIOJIb30BaHUEM
CHELMAIbHBIX METOIOB JEKOMIIO3UIMH, PEaTU3yIOIIUX KOPPEKTHOE pa3JiesIeHue
JaHHBIX TI0 peecTpaM U (OPMHPOBAHHE 3a]aue-OpUEHTUPOBAHHBIX PEECTPOB.

[IpuHiMMansHo opraHu3anusi 0a3 JaHHBIX JIOJDKHA O0ECIEYHTh BO3MOKHOCTD
(hopMuUpOBaHUsI MOJHON MOJIENIM BCEro 00BbEKTa, MO3BOJISIONICH MPU HEOOXOAUMOCTH
BBIYMCISITH (HAXOAUTH) PELICHNE 33Ja4l YHPaBICHUS OOBEKTOM C YYETOM BCEX OT-
JeJIbHBIX IPOLIECCOB, CBSI3aHHBIX C «IIEPBUYHBIMUY» 3JI€MEHTaMHU. Bo3HUKHOBEHUE Ta-
KOI1 3aJjauu B psijie Clly4aeB MOXKET ObITh 00YCIIOBICHO TEM, YTO BO3MOKHBI CHTYaIIH,
KOIJIa YIpaBJICHHE, ONTHMAJIbHOE I KOHKPETHOTO KIACTepa, MOXKET ObITh
HEONTUMAJIBHBIM Il 00BEKTa (CHUCTEMBI) B LICJIOM.

PaccMoTpuM npuMeHEHHE OJTHOTO M3 METOJOB JICKOMITO3HIIUM — METOJIa TOHHU-
KEHus nopsaka [4] — mus pelleHus yKa3aHHOM 3aJauyd: pacyeTa ONTHUMAJIbHOIO
YHPaBJICHHUS CI0KHOW INHAMUUYECKONW CUCTEMOM ITPY MCHOJIb30BAHUU TEXHOJIOTHH CTPYK-
TYPU3UPOBAHHOIO OJIOKUEHHA.

[Monnyro Monenb o0ObekTa chopMUpyeM B BHJIC

v =9, u1) (M
rre v — BEeKTOp (ha30BbIX MEPEMEHHBIX, ONUCHIBAIOIIUM AMHAMUKY IMPOLECCOB, OT-
HOCAIINXCA K OOBEKTY, # — BEKTOp ympaBieHus. lIpu 3ToM Bce MOCTYMArOIIUe

JlaHHbIE, OINHUCHIBAIOIIUE COCTOSHHE OOBEKTa, 3aHOCATCS B OJIOKYeHH-peecTp, MO-
CKOJIbKY TIOJIATaeM, YTO HCCIEAYyEeMbIil OOBEKT SBISIETCS 00BEKTOM A-Kiacca.

YuuThIBas AUCKPETHBIHM XapakTep NPOUCXOIAIUX COObITUH, ypaBHeHUE (1) nepe-
MHIIEM B BUjE

Vg =V +Of (U, g, 1),

rae ¥ — MHTEpBa JWCKPETH3ALMH, HAa KOTOPOM IOJaraeM IapaMeTpbl BCEro 00ObEKTa
(BCEX COCTABIAIONIMX €r0 SJICMEHTOB) MOCTOSHHBIMHU BEIMYWHAMU, WCKOMBIN BEK-
TOp YIpaBICHUS u TakKe OyJeM CUMTaTh MOCTOSHHBIM Ha f, NpUHAIIekaneMm U.
ITomaraem, 9TO WENBIO YIPABICHUS SBISCTCS PEHICHUE CTAHIAPTHOW ONMTHUMHU3a-
IIUOHHOM 3aJa4u
J(u) - extremum,

uelU
rae T
J(u) = j F (v, u,t)dt.
0

[lepeiias Kk OUCKPETHBIM BETUYHMHAM, 3amuiieM [2]
N-1
J)y=9 Y F g, ug, ;).
k=0

[lycTh KakuM-TOO M3BECTHBIM METOJOM (HApPHMEp, ¢ TOMOILBIO BEIYHCIHTEIb-
HBIX QITOPUTMOB, PEATH3YIOIINX TeopeMy XHIICHKO [S5]) ompeneneHbl COOCTBEHHBIC
YuciIa MaTpULbl A, COOTBETCTBYIOILEH JMHEAPU30BAaHHOMY (KYyCOYHO-IHHEapH30BaH-
HOMY) MPEJICTABICHUIO MOJIeNin 00bekTa (1), U JAJIst HUX CIpaBeITUBLI COOTHOIICHUS

Ay >>Ay>>..>>1,.
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Paccmotpum periieHue 3ajiaud ONTUMAIBHOTO YIPABICHHSI OOBEKTOM JUIsl TIPO-
cTeiiero cirydasi, KOrjia B 3a/IaHHOW MOJIEIM MOXKHO BBIICJIMTH J[BA KilacTepa: ObIc-
TPBIX U MEJUICHHBIX MPOIleccoB. Toraa, clieayst MeTOy TOHMKEHUS mopsaaka [4] u BbI-
TIOJTHUB JIECKOMITO3UITAI0 MCXOTHOW MOJENH, MPEIACTaBUM €€ B BHUIC

V=1V, u 1), V2 =fr(V],V,,u1).

Hdns xaxpoit cyOMozenu, NONy4eHHOH JIexoMmno3uuuen, chopmupyem O10K-
YelH-peecTp, cojepkKamuii 0a3y JaHHBIX, COOTBETCTBYIOUIYIO pe3yJbTaraM pacdera
no cyomoenu.

COOTBETCTBEHHO MPH PACUETE OTICIBHBIX COCTABJSIFONIMX PEIICHUS WIIH OT/CIb-
HBIX TIEPEMEHHBIX OOpalleHrue OyJeT BBIMOIHATHCS K TOW 4acTH OJOKYeiHa (K ToMy
peecTpy), KoTopasi COICPKHT MaHHBIC, OTBEYAIONIUE STOH CyOMOIEIH.

OtmertuMm, 4TO mocne (GOPMUPOBAHHS BEKTOPOB MEPEMEHHBIX V| U VU, 3aIOJHE-
HHUE 00mIeTo OJIOKYEeHH-peecTpa MOKHO OCYIIECTBIISTH MO KjacTepaM B COOTBETCTBHUH
C IPUHATHIM IOJB30BATEIEM PEIICHHEM IO BBIOOPY TPAaHULIBI Pa3lesICHUS.

Hanee, mepeiinsg K BBIPOXKICHHBIM IEPEMEHHBIM, 3alUILIEM

fiw? wdu’, n=0. )

3ajadqy ONTUMAIBHOTO YIIPABJICHHUS ISl HAXOXKIeHUs u(t) = u® (¢) mepenuieM B BHJIEC

J() — min, 3)
v) =00 0.4% 0, 4)
" u’)egq,

rae cooTHoueHue (4) UCIONb3yeTcsl Kak JIONOJHUTENbHOE OTrpaHUYEHHE.

[IpumennB paBeHCTBO (2) B COOTBETCTBUU C OOIIEH CXeMOI MET0/1a TTOHM)KECHUS
nopsiznka [4], onpenenum ObICTPO MEHSIOLIMECS COCTABIIAIONINE HCKOMOTO PELICHUS U,
HCHONB3ysl HMX JJs YTOYHEHHs HAWJEHHOTO pELIEHUs, IepeHieM K HOBOU
ONTHMHU3ALMOHHON 3ajade

J(u') = min, 5)
vl2 :fz(vi,vlz,ul, 1), (6)
fiw vt =0, 7
w',u')ea.

B coorromenmsx (5)—(7) ul OyJIeT yUUTHIBAThH BIUSHUE OBICTPO M3MEHSIONIMXCS
COCTaBIISIIONIUX PEIICHUSI.

B wactHOM citydae, ecnu MccienyeMblii OOBEKT MOKHO OIMCaTh THXOHOBCKOH
cucremont [2, 5]

Iuvl :fl(vl’vz>u’t7lu)5 Uz :f2(0151}25u7t51u)’

TO pa3feeHUe JaHHBIX IO KJacTepaM PEeecTpOB B PAAE CIIyuaeB MOXKHO BBIIOJIHUTH
B COOTBETCTBUM C pa3[elICHHUEM IIO BEKTOpaM V| U V.

HeszaBucumo ot (hopMbl IpEeACTaBICHUS UCXOJHOM JKECTKOM TUHAMUYECKOH Mo-
Jen 00BbeKTa KJIACTepPH3alus PACIpeleIeHHOTO 3JIEeKTPOHHOIO peecTpa 00ecreyuT
MOBBIMICHAE OBICTPOACHCTBHS, TAaK KaK JACT BO3MOXKHOCTH YIPABISIONIEMY ICHTPY
paboTaTh ¢ AEKOMIIO3ULIMOHHBIMU MOJAEJSIMU, a UCIOJIb30BaHUE JIE€KOMIIO3ULIMOHHBIX
METO/IOB, B YaCTHOCTH METOJAA MOHWKEHUS MOPSIIKA, TO3BOJIUT KOPPEKTHO acceMOIu-
poBaTh IIOJNyYEHHbIE IO OTHEIbHBIM CyOMOneNsAM pe3yibTaTbl. llockoibky O0K-
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YEeWH-TEXHOJIOTHs 00ECIICUYUT HE TOJILKO MOBPEMEHHON cOOp JaHHBIX, HO U rapaHTHUPO-
BaHHYI0 TOYHOCTb IOJIy4€HHOM MH(OpMaLMH, a ONTUMAIBHOE YIIPaBICHUE 00BEKTOM
MpeAroaraeT JuHaMu4eckoe (HopMHUpOBaHHE TaHHBIX JJIS BXOMIAIIMX B Hee Kiacre-
poB (B 001mIeM cirydae MX KOJMYECTBO M COCTaB MOTYT OBITh Pa3IMYHBIMU HA PA3HBIX
UHTEpBajax BPEMEHH), HUCIOJIb30BaHHE OJIOKYEHHAa CTAaHOBUTCS HEOOXOAMMBIM JUIS
obecrieueHus1 Y(PPEKTUBHOTO YNPABICHUS B PEKHUME PEATbHOI'O BPEMEHHU.

CrpykTypa MH(GOPMALMOHHBIX MMOTOKOB 3aMETHO YCIOXKHSETCS, €CIIH HCCIeaye-
MbIii OOBEKT OMMCHIBACTCS MOJICIBIO CO CTYIEHYATHIM IMOTPAHUYHBIM clioeM [4].
B sTOM citydae Mo)keT noTpedoBaTbC MHOTOKPATHOE PELICHUE 3aJaull ONpelesIeHHs
guciaa ObICTPO M MEIUIGHHO MEHSIOIIUXCS COCTABISIOIIMX MCKOMOTO perieHus [6] u
JUISE TIOTPAHUYHOTO CJIOSI OyIyT CIpaBEeIIMBBI COOTHOIIICHUS

|,

| 7 ’ <<'dvm‘
t

| dt i

bl

2T nci (m) ncj (m)

TIC T i (M), Ty (m) — TMOABIHTEPBABI MMOTPAHUYHOTO CIIOS JUIA M-i TIePEeMEHHOM.
Haymume cryneH4aToro morpaHuyHOro Cj0s SBIISIETCS OCHOBAaHHEM ISl COOTBETCTBY-
IOILEH KJIACTEPU3ALUK PACIpPEEeICHHOIO JIEKTPOHHOIO PEecTpa, KOorja pasjieleHue
0a3bl JaHHBIX B COOTBETCTBHU CO CKOPOCTHIO M3MEHEHHs IPOU3BOIHBIX UCKOMBIX Ile-
PEMEHHBIX MPHBOAUT K CO3IAHUIO PECTPYKTYPU3UPOBAHHOIO OJIOKYEHHA.
Kak ormeueno B [4], cuctema ypaBHEHUM

vp=f1 .0 (hj=k+1n), ®)

TIOJTy4eHHasi 13 MCXOqHOM cuctembl (1) moacranoBkoil B kaxaoe (k +1)-e,...,n-e ypas-
HEHHE COOTHOILIEHUN

V(1) =w; (1) +Q; (v (1),...,v}, (1)),
(i=Lk;qg=k+1),

rae GyHKnuE (); — pEIICHUS IOACHCTEMBl ypaBHCHUIT
fi(@,0)=0 (i=1k),

HOoTy4eHHOH u3 k mepBbIX ypaBHeHuil cuctemsl (1) mns v; =0 (mpu w; =0), Takxke
OKa3bIBACTCSl KECTKOW W alTOPUTMBI METOIA MOHWKEHUS TMOpsAKa, pa3paboTaHHbBIC
JUIE CHCTEM C OJHOPOJHBIM IOTPaHMYHBIM CIIOEM, CTAHOBSITCS HEINPHUMEHHMBI.
B sTom ciiyyae HE0OXOIMMO paccMaTpUBATh CHCTEMY YpaBHEHHH (8) Kak HCXOJ-
HyI0 W TpeoOpa3oBbiBath ee¢ aHanmormyHo cucteme (1). IlociemoBarenbHO ocyiie-
CTBISISI yKa3aHHbIE ONepanuy, OyleM NpeoOpa3oBBIBATE BHOBH ITOJIyYacMbIe ITOJICHC-
TEMBbl YpaBHEHHH 1O TeX TOp, MOKa Ha KaKOM-TO, MPEANOJIOKHM $-M, IIare He Mo-
JNYyYHM HEXKECTKYI0 TIOJICHCTEMY.

Takum 06pa3om, TOHIKEHHE TOPsIIKa MAaTEMaTHYECKUX MOJIEIeH paccMaTpuBae-
MOTO KJlacca B 3TOM CIIy4ae BBIMOJIHSICTCS MOCIICAOBATEIBHBIM UCKITIOYCHUEM TPYIII
YPaBHCHUI{, Pa3MEPHOCTH KOTOPBIX OIMPEACISIOTCS YHCIOM OBICTPO H3MEHSIOIIUXCSI
COCTABIISIOIINX PEIICHHUS C TPOU3BOJHBIMH OJHOTO MOPSJIKA [0 MOMYJIO.

BoipakeHust uis onpesenenus v (1) B 3ToM ciydae uMeroT Buji [4]
V] (O =W () -QF @ (0,00 (1)
(i=K,_1+LK,).
rae QO] — pelieHns BBIPOXKACHHON OTHOCUTENBHO V,; MCXOJHOW CHCTEMBbI ypaBHE-
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Huil Ha (r—1)-M 1mare
£ n=0.

OtmeTnM, YTO peanu3anus M UCHOJIb30BAaHUE TEXHOJIOTHH PECTPYKTYpPU3NPOBAH-
HOT0 OJIOKYEIHa CO3/1aeT OCHOBY ISl TOCTPOSHHSI ONTHMAJIBHBIX IO OBICTPOACHCTBUIO
CUCTEM IMPOTHO3UPOBAHUS U MOAepKKU npuHstus perienuit (CIITIP) [7-9]. Pa3Butue
JAHHOT'O BOIIpoca TpedyeT OTAETbHOro paccMoTpeHus. OJHAKO 3aMeTHM, 4To (op-
MHpOBaHHe 0a3bl JaHHBIX, II€ YCTAHOBJIEHO COOTBETCTBUE MEXKIY MapamerpaMu U Kodg-
(uLeHTaMI YIPOILLICHHBIX CyOMO/IeNe, pacCUMTaAHHBIMU YIIPABISIOLIMMH BO3ACHCTBHUS-
MH, TIOJIyYEHHBIM Pe3yJIbTaTOM M XPOHOJIOTHEH COOBITHIA, TO3BOJISET, OMPELIIsisi MHO-
xectBo [lapeTto, cpa3y HCKIIOYaTh OJHO3HAYHO HEONTHMAlbHBIE pelIeHus. Tem
caMbIM jocturaercs nobiieHue obicTposeiictBust CIITIP 3a cueT BHICBOOOXK ICHHS BbI-
YHCIUTENFHOTO pecypca Ul pacueTa MpUeMIIEMbIX BAPHAHTOB U CO3/IAETCSI OCHOBA JUIS
nepexona ot CIIIP k cucreme ynpaBieHus: ¢ UCKYCCTBEHHBIM HHTEIUIEKTOM. [Ipu HeoO-
XOAMMOCTH BOCCTAQHOBJICHHUSI XPOHOJIOTHH COOBITHI MCHOIB30BAaHUE PECTPYKTYPU3HPO-
BaHHOIO OJIOKYelHa MO3BOJISIET ONTUMU3UPOBATh BPEMsl BHIOOPKH MOMCKOBBIX JaHHBIX.

TexHONMOTUsT CTPYKTYPU3HPOBAHHOTO PACIPEACICHHOTO 3JEKTPOHHOTO peecTpa
SIBIISIETCSI MHCTPYMEHTOM, 11€1€CO00Pa3HOCTh MMPUMEHEHNsI KOTOPOTO B KaXKAOM KOH-
KpPETHOM cilydae — BBIOOp mosb3oBarensd. Ee addexTuBHOCTD onpenensercss ocoOeH-
HOCTSIMH 00BeKTa U criennuko perraemoi 3amauu [10, 11]. B obmiem ciiyuyae yBenu-
YeHHEe Pa3MEPHOCTH MAaTeMaTHUECKOW MOJIeNN, YTO, KaK MPaBUJIO, MTOBBIIIAET CTENICHb
€e HKECTKOCTH, 00YCIIOBIMBAET UCIOIB30BAHUE TAaKOW TEXHOIOTHH. [Ipr 3TOM mpeumy-
niecTBa OJIOKYEHHA PACHIMPSIOTCS Ha 3a1a4d, YQEKTUBHBIN pacueT KOTOPhIX TpedyeT
IIPUMEHEHUs AEKOMIIO3ULIMOHHBIX METOJI0B CHCTEMHOIO aHaJIn3a.

Ucnonb3oBanue OMOKYSHH-TEXHOIOTHIA sl AMHAMHUYECKHX CHCTeM A-Kiacca
JTaeT BO3MOXXHOCTH TOBBICHTH KadeCTBO YIIPABIICHHUS 33 CUET MPHUMEHEHHsI TOYHBIX
JAHHBIX, Pa3MEIIEHHbIX B paclpelesieHHbIX HU(POBBIX peecTpax. JeKoMIo3uIuOoH-
HBIE METO/IbI TIO3BOJISIOT C(HOPMYITHPOBATH 33]a4y ONTUMAIBHOTO YIPABICHUS B CTaH-
JTApPTHOM BHJIE, YTO 00eCredrnBaeT BO3MOXHOCTh IPUMEHHTD IS €€ PEIIeHHsI MaTeMa-
TUYECKHUI anmapar CUCTEMHOTO aHanu3a. MeTonbl JeKOMIO3UIHOHHOTO TUIa M03BO-
JISTIOT TIEPEUTH K CO3/IaHUIO U MCITOJIb30BAHUIO TEXHOJIOTHH PECTPYKTYPU3HPOBAHHOTO
OJI0KYeliHa, YTO yJIy4IlaeT XapaKTepPUCTHKH CHCTEM YNpPaBJEHUS 3a cUEeT OOpalleHus
K KOHKPETHBIM KJIacTepaM, COEp KAIUM JIaHHbIE, COOTBETCTBYIOIIUE pEIIaeMoi 3a/a-
ye. Takoil moxoJ1 sIBNsieTCS HEOOXOAMMBIM IIATOM BHEAPECHHUS CHCTEM UCKYCCTBEHHOTO
WHTEIUIEKTa, IOCKOJbKY NO03BOJseT, (opMupys 0azy 3HAHUH HEONTHMAaJIbHBIX
peuieHuii, BEICBOOOX/IAaTh PeCcypc YHPAaBISIOIIETO OpraHa JUlsl MOHMCKa M IpocueTa
MpUEMJIEMBIX pEHICHHH B Cilydae BO3HUKHOBEHHUS HEIPEIBHJIEHHBIX CHUTYaIlli
B JMHAMHUKE OOBEKTa.
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B.B. XujeHko

3ACTOCYBAHHSI  BJOKYEWH-TEXHOJIOTTA JUISI IIIBUINEHHSI SIKOCTI ACK
CKJIAJHUX JUHAMIYHUX CUCTEM

AHoTamisi. Po3risHyTO BUKOPUCTaHHS OJIOKYEHH-TEXHOJOTIH Ul ITiBHIICHHS
SKOCTI CHCTEM KepyBaHHS CKJIQIHMMH PO3IOJIICHUMH AUHAMIYHUMH CHCTEMaMH.
HaBeneno TexHOJOTIIO CTPYKTypOBaHOTO OJIOKYEHH-peecTpy. 3alporoOHOBAHO
BUPIIICHHS] MUTAHHS BHOOPY MaTeMaTHYHOTO amapary JUis peanizalii Takol Tex-
HOJIOTI.

KirouoBi ciioBa: ckiagHa po3mojijieHa JAWHAMIYHA CHUCTEMa, OJOKYEHH-TEXHO-
JI0Tii, MaTeMaTHIHE MOJENIOBAHHS, CHCTeMa KepyBaHHS, CTPYKTYypOBaHHH (Kiac-
TepoBanuit) 6nokueitn-peectp, CIIIIP, mry4nuid iHTENEKT.

V.V. Khilenko

APPLICATION OF BLOCKCHAIN TECHNOLOGIES TO IMPROVE
THE QUALITY OF ACS OF COMPLEX DYNAMIC SYSTEMS

Abstract. The use of blockchain technologies to improve the quality of control
systems of complex distributed dynamic systems is considered. The technology
of structured blockchain registry is proposed. A solution to the problem of
choosing a mathematical apparatus for the implementation of this technology is
proposed.

Keywords: complex distributed dynamic system, blockchain technologies,
mathematical modeling, control system, structured (clustered) blockchain
registry, DSS, artificial intelligence.
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