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3amaua ynpaBlieHHs HEKOTOPBIMU CHCTEMaMU YCIOXKHAETCS 3a CUET TOro, YTO pealbHbIe TeX-
HHYECKHe OOBEKTHI COJepxkKaT 3BEHbs 3ama3fbiBaHus. To ecTh CyIIecTBYeT HEKOTOPBIH IIpo-
MEXKyTOK BPeMEHU OTCYTCTBHS PEaKIHU CO CTOPOHBI 00BEKTa PEryIMPOBaHUS Ha YIPABIIAIO-
mee Bo3jeiictBue. OObIYHO HaJIMYME 3BEHA 3alla3/bIBaHMs HEraTHBHO BIIMSET Ha KaueCTBO
YIpaBlIeHHs Takoi cucTeMoi. CymecTBYIOT pa3IMdHble CIOCOOBI CHHTE3a CHCTEMBI yIIpaBie-
HUs JuId Takux cucreM. K HUM MOXHO oTHecTH ynpeaurtenu CMuTa, crielMalu3upOBaHHbIE
AJITOPUTMBI HACTPOUKH YIpPaBICHHS, CAMOHACTPAUBAIOIINECS CHCTEMBI ¢ aKTUBHOM afamTa-
mueil. OJHAKO OHM NPEABSBIAIOT DONONHHUTEIbHbIE TPEOOBAaHUS K JUHAMHKE CHCTEMBI HIIM
CJIO’KHBI B TEXHUUYECKON peann3aliu U HaCTPOIKe.

B HacTosmell cTaThe NpeANpPHHMMAETCS MONBITKA pacdeTa PEryisITopa MOIHMHOMUATIbHBIM
METOZIOM JUIsl 00BEKTa C 3ama3/bIBaHieM. MaTeMaTidecKkast MOJIelIb 3aa3AbIBaHus [I0TydeHa
Onarofgaps anmpoKCHMAIUH 3BeHa 3amepKKu psgoM Ilame. s obecnedeHus HEOOXOIUMOH
JIMHAMMKH TIEPEXOJIHOT0 MpoLiecca B CUCTEME BaXKHO COXPaHEHHE IOJIFOCOB 3BEHA 3alla3/ibIBa-
Hus. Perymsrop, paccuuTaHHBIN AT CHCTEMBI CO 3BEHOM 3aJEpXKKH B Buie psza Ilazxe, mpu-
MEHSETCS JUIl CUCTEMBI C «HJI€aIbHBIMY 3aIla3/(bIBaHUEM.

JI71st HarTSITHOCTH NIPOBOJMMBIX PACUETOB B KauecTBE IIPUMeEpa B3AT 00BEKT B BUE KOMOHWHA-
LU allepHOJNYECKOr0 M MHTETPHPYIOIIETO 3BE€HbEB, COSIMHEHHBIX IOCIe10BaTeabHO. HTe-
rpHUpYIOIIee 3BeHO HEOOXOANUMO JUISl PHIAHUS CHCTEME acTaTHYECKHX CBOMCTB. B kauectBe
3ajiep>KKH OyZieM HCIOJIb30BaTh anmpokcuManuio psjgoM Ilage pa3nuuHbIX HOPSIKOB. 3BEHO
3ara3/ibIBaHUs MPUAAET CUCTEME HEYCTOMYMBBIM XapakTep.

i Cratbs nony4dena 18 urons 2021 r.



10 A.A. Boesooa, B.U. [llunazun u op.

KuroueBble cj10Ba: cucTeMa yrpapjieHHs, CUCTEMA C 3aMa3/IbIBAHUEM, TTOJTMHOMHUAIBHOE MaT-
pHYHOE Pa3IoKEHHE, CHHTE3 CHCTEMbI aBTOMAaTHYECKOro ynpasnenus, psj Ilage, nepenarou-
Hast QpyHKums, ynpeaurenn CMuUTa, anmnpoKCHManus

BBEJIEHUE

BonmbIIMHCTBO TEXHUYECKUX CHCTEM MMEIOT 3alla3/ibIBaHMsl B CBOCH CTPYKTYpe.
B HEKOTOpBIX ciydasx MX BIMSIHHEM HEJb3s IPeHeOpeyb, TaK KaK 3TO OTPA3UTCS Ha
JVHAMUKE TEPEXOIHBIX IporeccoB. [Ipu 3TOM COCTOSIHUME Pa3BUTHS COBPEMEHHBIX
TEXHHYECKUX CHCTEM IPEIbSBISACT MOBBIIMICHHBIE TPEOOBaHUS K JUHAMHKE IIepe-
XOZIHBIX TIPOIIECCOB. 3aIa3AblBaHMs B YIPABILIIOLIEH CHCTEME B 3THX YCIOBHUSIX MO-
TYT IPUBOJIUTH K BOSHUKHOBEHHUIO aBTOKOJICOaHUH B 3aMKHYTOH CHCTEME, a B HEKO-
TOPBIX CIydasX U K IOTepe yCTOWYMBOCTH BCel cucTeMsl B IenoM [1; 16, c. 107].
B cBs3u ¢ aTUM YUET 3BC€HLEB 3arla3ibiBaHUA B CUCTEME IIPU CUHTE3€ CUCTEM aBTO-
MaTHYECKOTO YIpaBIeHHsT OOBEKTOM SIBISETCS aKTyaJbHBIM B HACTOSIIEE BpEMs
U paccMaTpHUBAETCs B HACTOSAIIEH CTaThe.

3ama3abIBaHusl 10 XapakTepy paclpeAeseHust B CHCTeMe MOJpa3/eNsioTcs Ha
pacripeniesieHHble B cocpenoTodeHHbIe [2]. IIpu 3ToM JToKamu3anus MOCIeIHIX MO-
XKeT OBITh pa3sHOOOpa3HOH. B 3aBHCHMOCTH OT paccMaTpHBaeMOH 3a1add pas3iIHd-
HBIE 33JIep>KKH CHCTEMBI MOTYT ObITH Oojiee WM MeHee 3HauMMBIMH. Hampumep,
BCTpedaroTCss paboThI C 3aMa3fbIBAHUSIMU B KaHaJe YIpaBICHUSA. ABTOp HCCIIENO-
BaHuS [3] paccmMaTpuBaeT CHCTEMY YIpaBlieHHE PEAKTUBHBIMH JIBUTATEISIMU.
[Ipu sToM (B cmiry 0COOEHHOCTEH paccMaTpHBaeMoil CHCTEMBI) 0c000e BHUMAaHUE
ynensieTcsi paboTe CUCTEMBl B MEPEXOIHBIX PEXHUMax, a 3HAYUT, 0COOYI0 3HAUH-
MOCTh TIPHOOPETAIOT 3a/Iep)KKHU B KaHaJle YIpaBJIeHHs Takoi cucteMoil. B Hekoro-
PBIX CIIy4asX paccCMaTpPHBAIOTCS 3a/IEPXKKH B BEKTOPE COCTOSHHA 0OBekTa. B mc-
ciieloBaHuM [4] M3ydaroTcs MPOLECCH B M3MENBUYHUTENBHBIX MalllMHaX, a B UCCIe-
JIOBaHUU [S] — MPOIIECCHl B XUMUYECKHUX peakTopax. B 3THUX UcclenoBaHUAX 0c000e
BHUMaHHE yJIENAETCS M3MEHEHUIO BEKTOpa COCTOSHUS 00BEKTA, a 3HAYUT, TIPH CHH-
Te3€ PEryJsATOpa BayKHBIM CTAHOBHUTCS PACCMOTPEHHE 3aJepP)KEK B CAMOM OOBEKTE.
Eme oganM U3 ciy4aeB JIOKaIH3aluK «3HAYMMBIX» 3aIla3/IbIBaHIH MOXXHO CUHTATh
3alIepKKU B KaHaje BeIxona. Ha mpumepe mccienoBanus [2] Takoit cirydait BOZHUK
n3-3a 0oJiee MHEPUMOHHBIX M3MEPHUTENBHBIX YCTPOWCTB IO CPABHEHHIO C CaMHUM
00BEKTOM.

B HacTosmelt paboTe paccMaTpuBaeTCs MEpPBBIM Clydall JIOKIM3AIlUN 3BEHA
3ama3pIBaHus (B KaHaJIe YIIPaBICHHUS).

CyIecTBYIOT pa3nuyHbIe MOAXO0BI K PEHICHUIO BOIPOCA CUHTE3a PEryIsaTOpOB
JUISL CHCTEM C 3ara3blBaHueM. B OCHOBHOM OHM yMEHBIIAIOT BO3JEHCTBHE 3BEHHEB
3ama3/IbIBaHus Ha KauyecTBO yHpaBiieHHs 00beKToM. Cpeli ATUX IT0X0/I0B MOKHO
OTMETHTH CJIEAYIONIEE.
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1. AnropuT™MBI, OCHOBaHHBIE Ha KOMITEHCANINH 3ama3abBanus. J{aHHbIH 3P dext
JocTuraeTcs Oxarogaps BCTpaWBaHUIO B OOPaTHYIO CBSI3b CHCTEMBI CHEIHATbHBIX
6nokoB — «ynpeauteneid CMuTa». DTOT MOJAXOJ HAIIEN MIUPOKYIO IMOIMYJISPHOCTh
(cm. Harp., [6—8]). JlaHHBII METOA TOCTaTOYHO XOPOIIO CHPABIIAETCS C HATMYUEM
B CHCTEMe 3amla3bIBaHui pa3INYHOIl JOKaTU3allii, OJHAKO B CIIydae C pacCMOT-
peHreM OOBEKTOB C MU3MEHSIOUIEIcS TMHAMHUKOH OH OKa3bIBaeTCs HE CTOJNb (-
(heKTHUBEH.

2. Cnenyanu3upoBaHHbIe aJTOPUTMBI HACTPOUKU yrpaBiieHus. Takod moaxon
MOJKHO BCTPETUTH B padoTe [9]. Tak ke Kak U MpeabIIyIIHid METO, STOT allTOPUTM
He cTOIb 3P PeKTUBEH I OOBEKTOB C M3MCHSIOMICHCS JHHAMUKOM.

3. Ucnonmp30BaHNE CaMOHACTPAUBAIOIIAXCS CHCTEM C aKTUBHOW aJalTaiHew.
Taxkoit moaxon ObuT mpuMeHeH B pabortax [10, 11]. OgHako, Kak OTMEUAIOT aBTO-
pBI paboT, TaHHBIN MOAXOM TEXHMYECKH CIIOKHO PEaTM30BaTh U 3aTeM HACTPOUTH
MTOJIY9eHHBIA peryisaTop. Kpome 3Tor0o, BO3MOXXKHA CHTyalusi OSBIICHUS Ha BBI-
XOJIE CHCTEMBI CTaTHYECKOW OIIMOKH BCIEICTBUE BO3JEHCTBHS HA HEE CUIHAJb-
HBIX TIOMeEX.

B Hacrosmiell paboTe mpeasaraercs pemiath IpoOJieMy CHHTE3a perylstopa
JUIS CUCTEMBI C 3ala3fbIBaHUEM B KaHaje YNpaBlIeHUs NOIMHOMHAIbHBIM MaTpU4-
HBIM METOJIOM, omnucaHHbIM B [13, 14]. Takoil aaropuT™ MO3BOJSET JOOMBATHCS
HEOOXOJMMOW JUHAMHUKH TEPEXOJTHBIX IPOLECCOB CHUCTEMBI ITyTEM COXpPaHEHHS
TIOITFOCOB TIePEeNaTOYHON (YHKIMHM 3BeHa 3aiepXkd. [Ipm 3TOM MaTemaTmdeckas
MOJIeNb 3BEHA 3alla3[bIBaHuUs OyAeT pealn30BaHa ammpoKcCHMaIiel 3BeHa 3aIepiK-
ku psiaom Ilane.

1. IOCTAHOBKA 3AJIAYN

s nemoHCcTpamuy pa®oTHl MOTMHOMHAIBHOTO alTOpUTMa CHHTE3a CHCTEM
ABTOMATHYECKOTO YIPABJICHUS UL CHCTEM C 3ala3IblBaHAEM OBLT BBHIOpAH «IIpo-
CTO» OJHOKAHAJBHBIN O0BEKT, COCTOSAMIMNA W3 JBYX 3BEHBEB — allEPHOIUICCKOTO
3BEHa U MHTETpaTopa:

1

PRI M

Wobject (s)=

Kak BuamuM, OOBEKT YCTOHUYMB, TP 3TOM 3B€HO MHTETPUPOBAHUS IPUIAET EMY
acTatudeckoe cBoWcTBO. OmHAKO MpPHU MHTErpalMy 3BEHa 3aJepXKKU (2 CeKyHIBI)
B yCTaHOBKY Plant cucteMa nepectaer ObITh YCTOHYHBOIA.

[IycTh 3BeHO 3ama3[bpIBaHUs HAXOIUTCS B IMOCIEIOBATENbHOM CBSI3U C OOBEK-
TOM CO CTOPOHBI KaHaja YIpaBieHHs perynsaropa. CucreMy aBTOMAaTHYECKOTrO
YIIPaBJICHUS] THTETPUPYEM TaKOKe B MIPSIMOH CBSI3U ¢ 00beKTOM (pHc. 1).
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gt |
Wi~ &) uft)! uft-t) Loy
— regulator | delay » object H——»
| 1
D i e i i B S e i a1

Puc. 1. Cuctema ¢ 3ana3apIBaHuEM

Fig. 1. System with delay

Kax BumHO u3 puc. 1, Ha BX0J cucTeMbI mocTymnaeT 3ananue v(¢). Ha Beixome
momydaeMm y(¢). CrucTeMa WMeeT eOUHUYHYIO OTPHUIATEIFHYI0 OOpaTHYIO CBS3b.
K perymsropy moctymaer ormmbka peryiaupoBanus e(t) = v(t) — y(t) . B kadectse

3a/IePKKU T =2 C.
B kadecTBe mprMepa pacdera 3BCHO 3ara3JbIBaHUs ANPOKCHMHUPYEM PSIIOM

Iazie BTOPOro MOPSAAKA: Wepjq, () = (1—5+ O.33s2) /(145 + 0.33s2) . Torma nmepe-
JaTo4dyHasA (I)yHKI_II/ISI YCTaHOBKH C 3ala3JblBaHUEM 6y}leT BBITJIAACTE CICAYIOUIUM

obpazom:

(1-5+0.335%)

Wplant (8) = : (2)
P (14 5 +0.33s2)(s + 1)s
HpI/IMeHI/IM MOJIMHOMHUAJIBHOC PA3JIOKCHUE BHU/1A
n(s)
Wplant (s)= d(s) (3)
JUTS BRIpa)KEHUS (2) ¥ TOTyIiM
d(s)=(0.33s% +s+1)(s+1)s, n(s)=(0.33s> —s+1). (4)

B ciyuae ¢ oqHOKaHAJIBHOM CUCTEMOW NPaBOE U JIEBOE MOJIMHOMHUAIBHBIE pa3-
JIOXEHUsI OyIyT MISHTHUYHBI, TO3TOMY 3[€Ch U B JAIbHEHIIEM 3TO CBOWCTBO pas-
JIOKCHHUA HC 6yL[CM YUUTBIBATD. HCO6XOI[I/IMO BBITIOJTHUTE CUHTE3 PEryIATOpa IOo-
JIMHOMHAJIbHBIM MAaTPUYHBIM METOAOM C COXpaHCHUEM B HCpC}I&TO‘{HOﬁ (I)yHKHI/II/I
3aMKHYTOMN CHCTEMBI ITOJIFOCOB 3BEHA 3ala3bIBaHUs.
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2. CUHTE3 PEI'YJISAITOPA

Ecnmu  mepenarounyio  (YHKIHMIO peryisitopa OpPEACTaBUTH B BHJIE
Wreg (s)=x(s)/y(s), T0 ¢ yderom BblpaxeHust (3) mepeAaTOUHyr (DYHKLHIO 3a-

MKHYTOH CHCTEMEI (CM. pHC. 1) MOKHO MIPEICTaBUTH B BHIE

_ n(s)x(s)
M) ) ) ©
Taxum 00pa3oM, XapaKTepUCTHIECKUI MOTUHOM 3aMKHyToH crcteMsbl (XI13C)
c(s) = n(s)x(s) +d(s)y(s). (6)

Jnst coxpaHeHHUs! TIOJIOCOB 3BEHA 3ara3/bIBaHUs M YIPOIICHHUS BBIYMCIUTEIBHBIX
orepanyii BEIOIHAM HEKOTOPBIC TIPe0o0pa3oBaHUs MOTHHOMOB (4), (6):

d(s)=(0.33s% +s+1)d(s),
c(s) = (0.33s% + s+ 1)c(s) (7)
x(s) = (0.33s% + 5+ 1)x(s),

rie E(S) =(s+1)s, E(s), ;(s) — mpeoOpa3oBaHHBIC TOJIHMHOMBI «3HAMEHATEIID»

00bexTa, XII3C U «9uCIuTeNsD» PeryasTopa COOTBETCTBEHHO.

Jliis BBIOOpa BHAa MepenaToyHo (YHKIMH PEryisTopa BOCIIONb3yeMCS PEKO-
MEHJAIsIMA aBTOopa paboTel [15] u Bo3bMeM peryisarop noiHoro mnopsaka. Co-
TJIACHO MepeAaToYHol QyHKIMKM 00BeKTa ¢ 3ana3IblBaHueM (2) 4eTBEpTOro mops-
Ka U ¢ yueToM npeoOpaszoBanmuii (7) nepeaaroutas GyHKIHsS perysTopa Obiia B3s-
Ta B CIIE/YIOLIEM BHJIE:

~(0.335% + 5+ 1)x(s)
Wyeg (8) = ) s (®)

rIae ;(s) =x5+Xxg, ¥(s) = (y3s3 +y2s2 + 18 +y0) .

U3 ypaBrennii (4), (6), (8) BunHo, uto XI13C (6) umeer 7-i mopsiiok. IT1o 3Ha-
YHT, YTO B Ka4yeCTBE JKETaeMBIX HEOOXOAWMO 3alaTh CEMb IIOJFOCOB CHCTEMBL
B kadecTBe kenaeMBIX ITOIHOCOB 3aMKHYTOIH CHCTEMBI COrTIACHO MOCTAHOBKE 3a]1a-
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4ym OyAyT BRICTYIIATH 2 TIOJIFOCA 3BeHA 3amasasiBanHus [—1.5152 + 0.8571i]. Ocrans-
HBIE 3HAUCHUsI BO3bMEM TaKXKe U3 JIEBOH MOJIYIUIOCKOCTH (1711 obecriedeHus yCTOM-
YHUBOCTH Bcei cucTembl). He paBHBIC MOJIOCaM 3BEHA 3ama3lblBaHus OymyT paB-
Hbl —2. Takum obOpaszom, sxenaemas XI13C OyneT paBHa

e(s)=(0.33s2 +5+1)(s+2)° . )

Jna HaxoxxaeHus mapameTpoB perynaropa npupaBHieMm XII3C (6) k kxenae-
Moii (9) u momyunmM cucteMy ypaBHeHHH. [logpoOHee o mpoueaype pemeHus 3Toi
CHUCTEMBI MOKHO MpouuTaTh B [15]. B pe3ynpTaTe noinydum perymisrop

(0.33s% + 5 +1)(31.65 +32)
52 +952+20.6s+80.5

Wreg (s) =

[NepenaTounast GpyHKIHSI 3aMKHYTOIM CUCTEMBI ITpU 3TOM OyJIeT paBHA

(0.33s% —s +1)(31.65 +32)
(s+2)° '

(10)

Wy (8) =

Kak BumHO m3 ypaBHeHus (10), He Bce momroca 3aMKHYTOH CHCTEMBI yIalloCh
COXPaHHTh, HE COXPAHWIUCH TI0JIFOCA 3BEHA 3ala3bIBaHMA. DTO MPOU30IILIO BCIIS]-
CTBHE UX COKpallleHHs. DTO MOXHO YBUIETh, €CJIHM pacmucath BbIpaxkeHue (5) c
y4eTOM Npeodpa3oBaHuil MOTMHOMOB (7):

n(s)x(s)(0.33s> +s+1)
n(s)x(s)(0.33s% +5+1)+d(s)(0.33s> + 5+ 1) p(s)

Wer (8) =

OpHako, HECMOTPS Ha TO YTO MPOMCXOAUT COKpAICHHE TOIIOCOB 3BEHA 3ara3-
IBIBaHHS, CHCTEMa JOCTaTOYHO XOPOLIO «CIIPABISETCS» C 3alepiKKOH B CHCTEME.
Ot0 OyneT mpoIeMOHCTPUPOBAHO B CIIEIYIOIIEM pa3esie CTaThH.

3. MOJEJIUPOBAHUE MNOJYYEHHBIX PE3YJIBTATOB

JIist WILTIOCTPALIUH MTOJYYEHHBIX PE3YJILTATOB MOJEIMPOBAHUE CHCTEMBI, TIOKa-
3aHHOW Ha pHC. |, OCYIIECTBIEHO C MOMOIIBIO MPOrpaMMHOrO makerta Matlab—
Simulink. Pacuyetsr npoBoauauck B makere nmporpamm Mathcad. CHavyana B Kaue-
CTBE 3BEHA 3aJIEPXKKH MCIIOIb30BaIach anmpokcuManus psitom [lajie nepsoro, BTo-
POTO ¥ TPETHETO MOPSIIKOB, 3aT€M MOTYUYEHHBINA PEryIsSTOp BCTPAUBAIICSA B CHCTEMY
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co 3BeHoM TransportDelay m3 makera Matlab—Simulink, smymupytomero Tpasxc-
MIOPTHYIO 33AEPKKY. DTO OBUIO CAENAHO I CPAaBHEHUS PE3yJIbTATOB YIIPABICHHS
CHCTEMOIi C 3a/IepPKKOil 00JIee BEICOKOTO MOPsAKA, YeM UCIONIb30BaHHbIH psia [Taze.
Pe3ynbraTsl mpeacTaBIeHb! Ha pHC. 2.

fns pAna Mage nepsoro nopaaka Ans pAaa Mage BT8poro nopsAKa
g 4 : i

5 : 2 -
A —¢ pAAoM Mage pARoM Nane
s | ===c Transport Detay

L y L a4 L
6 g 10 12 4 16 18 20 0 2 4 6 ] 0 12 14 16 18 20

Time {seconds) Time (seconds)

Aana paga Nage TpeTsero NopAaka

—=-cpagom Nage | |
==c Transport delay

02 i | | L | |
0 2 4 6 8 10 12 14 16 18 20
Time (seconds)

Puc. 2. TlepexoaHble IPOLECCHI CUCTEMBL

Fig. 2. Transport process of the system

Kax BumHO U3 pHc. 2, B LIEJIOM YIIPaBJICHUE CUCTEMOIl C 3aIep>KKOM, BBIIOI-
HeHHOW cpencTBamu Simulink, MPOMCXOANUT XyKe, YeM TPH ANIPOKCUMAIMH 3a-
nepxku pagoM Ilage. OnHako ympaBieHHe yITydlllaeTcsl IPU pacdere peryisropa
CHCTEMBI C 3a/iep>kkoit B Buzie pana [lane Gonee Beicokoro nopsaka. Hecmorps Ha
TO YTO NMPOMCXOAUT COKPAIICHNE TTOJIFOCOB 3BEHA 3aIla3/IbIBaHMs, PETYISTOp CIpaB-
JISIETCSL C yNpaBIEHUEM CHCTEMOM, B TOM YHCIIE COZIEpIKAIIEH HICATbHYIO 3aIEePKKY
Transportdelay.

3AK/IIOYEHUE

B xone BoImoHEHUS pabOTH! OBLTO BBISICHEHO CIEAYIOIIEe:

— MMOJTMHOMUAIIBHBIA METOJ CHHTE3a CHCTEMBI aBTOMATHYECKOTO YIIPaBICHHS
CHCTEMOM MOXXET CHHTE3HUPOBATH PETYNSATOpP, CIIOCOOHBIA YIIPaBIATH CHCTEMOH ¢
3ama3/ibIBaHIEM;
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— IIpY MOTBITKE COXPAHEHHUS IOJIFOCOB 3BEHA 3aIa3/IbIBAHUS B CUCTEME IIPOUC-
XOJIAT UX COKPAIeHHSA, HO, HECMOTPS Ha 3TO, IMOIyYEHHBIN PETYIATOP CIIOCOOCH K
YIIPaBJIECHUIO TAKOW CUCTEMOM;

— Ka4eCTBO yIMpaBJICHHsI CUCTEMOH ¢ «ueanbHO» 3agepxkoi (Transportdelay)
3aBUCUT OT pacdeTa 3BeHa 3amnasfbiBaHus psgoM Ilage. Yem Bblile Mopsanox am-
MIpOKCUMAalMK 3ama3fbiBaHusl psafaoM Ilame, TeM mydie MOTy4eHHBIH pPErymsaTop,
PACCUUTAHHBINA U NaHHOM CHUCTEMBI, CIIPABIAETCS C YIPaBIECHUEM B CITydae HC-
MOJTL30BaHMS «HcaTbHONY 3anepkkH (Transportdelay).
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The task of managing some systems is complicated due to the fact that real technical objects
contain delay links. That is, there is a certain period of time when there is no reaction from the
object of regulation to the control action. Usually, the presence of a delay link negatively af-
fects the quality of management of such a system. There are various ways to synthesize a con-
trol system for such systems. These include: Smith predictors, specialized control tuning algo-
rithms, the use of self-adjusting systems with active adaptation. However, they impose addi-
tional requirements on the dynamics of the system or are complex in technical implementation
and configuration.

Within the framework of this article, an attempt is made to calculate the regulator by the poly-
nomial method for an object with a delay. The mathematical model of the delay is obtained by
approximating the delay link next to the Pade. To ensure the necessary dynamics of the transi-
tion process from the system, we require the preservation of the poles of the delay link.
Then the regulator, calculated for a system with a delay link in the form of a series of Pads, is
applied to a system with an "ideal" delay.

For clarity of the calculations carried out, an object in the form of a combination of aperiodic
and integrating links connected in different ways is taken as an example. The integrating link
is necessary to give the system astatic properties. As a delay, we will use the approximation of
the range of different orders. The link of delay gives the system a non-stable character.

Keywords: control system, delayed system, polynomial matrix decomposition, synthesis of an
automatic control system, Pade series, transfer function, Smith predictors, approximation
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B Hacrosimiee BpeMsl akTyallbHOI! 3aJaueil B TEOPUH YIPaBICHHS SIBISIETCS CHHTE3 PEryiIsiTo-
POB 17151 OOBEKTOB C MEHBIIMM KOJINYECTBOM BXOJHBIX BEIUYHH IO CPABHEHHIO C BBIXOJHBI-
MH, TaKHe 00BEKTHI ONUCHIBAIOTCS MATPHIHBIMU II€PEIaTOUHBIME (QYHKIUSIMH HEKBaJpaTHOH
¢dopmbl. PaccMOTpeH 9acTHBIH Cilydail MHOTOKaHAJIBHOTO OOBEKTa ¢ OJHOM BXOJHOU mepe-
MEHHOH M JBYMs/TpeMs BBIXOJHBIMH, MaTpH4HAs IeperaTtovHas (QyHKIHs Takoro oObekra
nMeeT HeKBaApaTHyIo (opMy, a HIMEHHO OAUH CTOJIOCI H JIBE/TpH/4eThIpe cTpoku. s pac-
4eTa peryiIsTopoB NPHMEHEHa ITOJMHOMHUANbHAS METOIVUKA CHHTEe3a, KOTOpas 3aKII04aeTcs B
HCIIONB30BAHUY MTOJIMHOMHAIBHOIO MATPUYHOTO OIMCAHUS 3aMKHYTOH CHCTEMBI yIPaBICHHUSL.
OCOOEHHOCTBIO TAKOTO MOAXOJA SBISETCS BO3MOXKHOCTD 3aIlUCH XapaKTEPUCTHIECKOH Mart-
PHIBI 3aMKHYTOH MHOTOKAaHAJIBHOW CHCTEMBI Yepe3 MOJIMHOMHAIbHBIE MaTpULEl 00beKTa U
peryisitopa B BUie MaTPUYHOro AMo(aHTOBa ypaBHEeHHs. Pemras 310 ypaBHEHHE, MOXHO 3a-
JIaBaTh JKeIaeMble IOII0Ca MaTPHIHOTO XapaKTePUCTHIECKOTo IOIMHOMA 3aMKHYTOU CHCTe-
Mbl. CyIecTByeT MHOXECTBO BapUAaHTOB ero pemreHus. OJMH U3 HUX 3aKIIOYaeTcs B Ipe]-
CTaBJICHHU MOJIMHOMHAJILHOIO MAaTPUYHOIO YPaBHEHHMs B BUJIC CHCTEMBI JIMHEIHBIX anredpa-
MYECKUX YPaBHEHHUH B MaTpHUYHOU (opMe, Tie MaTPHIECH CHCTEMBI sBisieTcs MaTpuia Cuilb-
BecTpa. BEIGop mopsiika MOIMHOMUATEHOTO MaTPUYHOTO PeryisTopa U HOpsIKa XapaKTepu-
CTUYECKOWH MaTpHLbl OCYIIECTBIAETCS Ha OCHOBAHUM TEOPEMBI, NPUBEIECHHOHW B paboTax
Chi-TsongChen, koTopasi Bceria BBINOJHSACTCS U YNPAaBISeMbIX 00beKTOB. Ecimu MuHH-
MaJbHBIA MOPSIOK PETyISTOpPa BEIOPAH B COOTBETCTBHU C TOU TeopeMoil  MaTpuia Cuib-

i Cratbs nomydena 30 urons 2021 r.
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BeCcTpa HMMeeT HEMOJHbII PaHr, TO 3TO O3HAYAeT, YTO B CHCTeMe JHMHEHHBIX anredpandecKux
YpaBHEHHI HEU3BECTHBIX JJIEMEHTOB OOJblle, YeM ypaBHEHHH. B TakoM ciydae pemeHme,
COOTBETCTBYIOLIEE BBIOPAHHOMY 0a3MCHOMY MHHODY, MMEET CBOOOJIHbBIC MapaMeTphl, KOTO-
PBIMH SBJISIOTCS TapaMeTpsl peryasTopoB. CBoOOLHbIE MapaMeTphl PEryIATOPOB MOXKHO 3a-
J1aBaTh MPOM3BOIBHO, YTO HCIIOIB30BAHO IS 3aaHKS MM UCKIIOUEHUS] HEKOTOPHIX HyJeil B
3aMKHyTOH cucteme. Takum 00pa3oM, Ha Pa3iIMYHBIX NPUMEpPaXx OOBEKTOB C HEKBAJPaTHOMN
MAaTpUYHOH NepeaaTouHol GpyHKIMeH NPOMILIIOCTPHPOBaHA ITOJIHHOMUAIbHAS METOMKA CHH-
Te3a, O3BOJIIONIAs He TOJIBKO 33/1aBaTh IIOII0CA 3aMKHYTOH CHCTEMBI, HO H HEKOTOPBIE HYIIH,
4TO SBIISIETCS CYIIECTBEHHBIM MPEUMYIIECTBOM, OCOOEHHO IIPU CHHTE3€ PETyJIATOPOB IS
MHOTIOKaHAJIbHBIX 0OBEKTOB.

KiioueBble ¢/10Ba: MOIMHOMHANFHOE MAaTPHYIHOE Pa3lIOKEHUE, TOTHHOMHUANbHAS METOAUKA
CHHTE3a, MHOTOKaHAJIbHBIA 00BbEKT, 1HO0(aHTOBO ypaBHeHHe, MaTpulia CHibBecTpa, HEKBa-
paTHasi MaTpH4Has 1epegaTouHas GyHKIH, pacyeT PeryIaTopoB, TEOPUsl yIpaBIeHUs

BBEJEHUE

B Teopuu ympasieHus 0co00€ MECTO 3aHUMAET CUHTE3 PEryJISTOPOB sl JIH-
HEHHBIX MHOTOKAHAIILHBIX OOBEKTOB, KOTOPhIE B OOIEM BHIE UMEIOT HECKOJIBKO
BXOJTHBIX W BBIXOIHBIX BeNW4HH (multiinput — multioutput (MIMO)), pudeM uxX
KOJIMYECTBO MOKET OBITh HE PABHO, YTO SIBISIETCSI 0COO0 MHTEPECHBIM CIIydaeM, U3-
3a MaJoro KOJM4yecTBa padoT, MOCBSIICHHBIX 3TOH TeMmaThke. YacTHBIM Clydaem
OMUCAHUS MHOTOKAHAIBHOTO OOBEKTA SIBISICTCS OJIUH BXOJ M HECKOJBKO BBIXOJIOB
(singleinput — multioutput (SIMO)), a TakKe HECKOJBKO BXOIOB M OJUH BBIXOJ
(multiinput — singleoutput (MISO)).

CyIIeCTBYIOT pa3M4YHBIC CIOCOOBI MAaTEMAaTHYECKOTO OIMCAaHHS MHOTOKA-
HAJIBHBIX OOBEKTOB YIPABICHHS: B IPOCTPAHCTBE COCTOSHUM, Yepe3 MaTpPHIIBI
(4, B, C, D) [1]; B Bume marpuuHoii repenarounoit pyakuun (MIID) [2], koTopas
B CJydae HEPaBHOIO KOJIMYECTBA BXOJHBIX U BBIXOIHBIX BEIHMYHH UMEET HEKBA[-
patuyto popmy (non-squareobject); B Bujie MOJTMHOMHAIIBHOTO MATPUYHOTO Pa3io-
xernsa (IIMP) [3-5], koTopoe mO3BOJIsIET 3ammMcaTh MHOTOKaHAJNBHBIH OOBEKT
[0 QHAJOTHUH C OJHOKAHAIBHBIM, COJACPKALIMM MATPUYHbIC YHCIUTEIb U 3HAME-
HaTeb.

HexoTopbie TepMHUHBI B TEOPHH aBTOMATHYECKOTO YIPABICHUS MOHUMAIOTCS
Pa3MYHBIME ABTOPaMH [0-Pa3HOMY, [MO3TOMY YTOYHHUM CIEAYIOIIHE HCIOIb3ye-
MbI€ TEPMHHBI B HACTOAIICH paboTe: yHpaBJICHUE, PETyIUPOBAHHE W BBIXOIHBIC
nepemennbie. JI.I1. Kum B pabore [6] maeT cCleAyIONIyl0 TPAaKTOBKY TEPMHHOB
«YTpaBICHUEY», «33/IaHHBIA PEXHUM» U «BBIXOIHAS BEIHMYHHA»: «...yNpaBICHHUEM
HA3BIBAIOT IIEJICHATIPABICHHOE BO3JICHCTBUEC HA KaKOE-IHOO YCTPOMCTBO, OOBEKTY,
LENbI0 YIPABICHUS! OOBEKTOM SIBILSIETCS «...NMOJUIEPIKAHUE 3dOAHHO20 PENCUMA,
TIOJT 3A0AHHbIM PEeNCUMOM TIOHUMAETCS «...W3MEHEHHE KaKoro-imbo mapamerpa,
XapaKTEepU3yIIEr0 COCTOSIHAE 00BEKTa, MO OMPEISICHHOMY 3aKOHY», 3TOT Mapa-
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METp HAa3BIBACTCS 8bIXOOHOU GelUYUHOU W MOXKET OBITh BEKTOPHBIM. B pabote mo
cuctemMaMm nogdrHeHHoro perynupoBanus [7] P.T. UlpeiiHep nmoHMMaeT moj BBI-
XOJHBIMU BEJIMYMHAMYU CUTHAJIBL, BBIXOJSIINE U3 3BEHBEB O0BEKTA: «...BBIXOIHBIMH
BEJINYMHAMU 3BEHBEB Xi,.., X, , OKA3aJIUCh (DU3UUECKUE BEIMYMHBI, IPEJCTaBIIIIO-

M€ MHTEPeC C TOYKU 3PEHHs PETYIMPOBAHUS M KOHTpO». [lamee OH MUIIET:
«Jlns kakOoH U3 PeryJlupyeMbIX BEIHYHMH Xp,.., X, NPEIyCMaTpUBACTCS 3aMKHY-

tass CAP... Takum 00pazoMm, KOJHMYECTBO PETYISTOPOB CHCTEMBI ITOIIYHMHEHHOTO
peryJMpoBaHUsl PaBHO KOJIMUECTBY PETYIIMPYEMBIX BeJIMYMH 00bekTa». Ha ocHoBa-
HUM OIMHCAHHBIX TPAKTOBOK CHUTHAJIBI, BXOJSIINE B OOBEKT, HA3bIBAEM BXOIHBIMU
BEIMYMHAMH, WIHM MPOCTO BXOAaMH (inputs), a BBIXOIIINE M3 OOBEKTAa — BBIXOJI-
HBIMH BEIMYMHAMH, WIN TIPOCTO BEIXOAAMU (outputs).

PaccmoTpuM omucaHHe TEPMHHOB «CHCTEMa aBTOMAaTHUECKOTO YIIPABICHUS»
(CAY) u «cucrema aBromaruueckoro peryimpoBanus» (CAP) asropom JI.I1. Kuwm [6]:
«B nmpocreitmux ciyuyasx CAY nHasbiBatoT CAP...», HO B TO *e BpeMsI «TaK KaK HET
KPHUTEPUEB, MO0 KOTOPHIM MOKHO OBLIO OBl CYJWTh, KAKHE CHCTEMBI YIIPaBICHUS
CUNTATh CIIOXKHBIMH, a KaKHe NPOCTBIMHU, MBI He OyJeM JenaTh NPUHIUIHAAIBHBIX
ommunii Mexxay TepmuHamMu CAY u CAP». B pabore B.H. Bykosa [8], B koTopoii
OITMCBHIBAETCSI CUHTE3 PETYIIATOPOB U1 MHOTOKAHAIBHBIX OOBEKTOB, B TOM YHCIIE C
HEpaBHBIM KOJMYECTBOM BXOJHBIX M BBIXOJHBIX BEIMYHUH, TAKXKE HE OTMEYAETCS
pasnuaue MeXIy 3TUMH TepMUHaMu. [lo3ToMy B HacTosmel pabore He Oynem xe-
naTh paznuauil Mexxay TepmuHamMu CAY u CAP.

B pabore [9] Ha WLTIOCTPATUBHOM IpUMeEpE MOKa3aH Croco0 pacuera peryJis-
TOPOB I 00BEKTA C OAHUM BXOJOM U ABYMs BhIXxomamu. B pabote [10] mokaszan
BBIBOJ] UETHIPEX BapHAHTOB 3allCH 3aMKHYTOM CHCTEMBI B MOJIMHOMUAIBHOM MaT-
PUYHOM pPa3lIoKEHHH, TI0Ka3aHa 3KBUBAJICHTHOCTh XapaKTEPUCTUUYECKUX MaTpPUIl U
Ha WJUTIOCTPaTUBHOM IIpUMepe 0OBEKTa C TPEMsl BXOJIaMH U JIByMs BBIXOIaMH, pac-
CUMTAHBI PEryIATOPHI VIS 33/1aHHS MOJTIOCOB M HEKOTOPBIX HyJIEH 3aMKHYTOH CH-
ctembl. B pabotax [11, 12] mokazaH cmoco0 mpeacTaBIeHUs CHCTEMBI, IIOCTPOCH-
HOM MO NMPUHIUIY HOAYMHEHHOTO PETYIMPOBAHUS, K MHOTOKaHAJILHOMY BHY 00b-
€KTa C OJHOW BXOJHOM M TPeMs BBIXOJHBIMU BEIWYMHAMH (TOK SKOpPS, CKOPOCThb U
MIOJIOKEHUE POTOPA), YTO MO3BOJSET IPUMEHUTH ITOJTMHOMUAIBHBIN METOJ CHHTE3a
JUId 4acTHOTO ciydas MHOTOKaHaJIBHOTO oObekTa. JImHeliHas Monenbs GOKOBOTO
JBIDKEHUS] BHICOKOMAHEBPEHHOTO JIETATEJIFHOTO afiapara Ha OONBIINX Yyriax aTa-
k1 [13] sBnsieTcs HEKBagpaTHBIM OOBEKTOM, TJI€ YTOJ CKOJIBKEHHUS, YIJIOBask CKO-
pOCTh KpE€Ha, yIJIOBasi CKOPOCTb PHICKAHUS M Yroj KpeHa SBJSIOTCA BBIXOIHBIMU
BEIMUMHAMH, A Yrojl OTKJIOHEHHS DJIEPOHOB M Yrojd OTKIOHEHHS pyJis
HalpaBJIeHUs] — BXOJHBIMU. Pa3paOoTKy aJrOpUTMOB CHHTE3a JUI Takoro poja
00BEKTOB MOKHO HaiTH B pabotax [14, 15]. B paborax [16, 17] moka3an cuHTE3
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peryJsTopoB st 00BEKTOB pa3MepHOCThIO 3 X 2 m 1 X 2. B pabotax [18-20] pac-
CMAaTPHBAIOTCS HEMHEHHbBIE MOJENN PAa3IMYHBIX JIETAaTeNILHBIX alapaToB U pobo-
TOTCXHUYCCKHUX KOMIIJICKCOB.

1. IOCTAHOBKA 3AJIAYHN

Ipemaraerca cmoco0d pacyeTa peryiATOPOB, 3aHAIOIIMX JKeJIaeMble IMOJ0Cca
XapaKTEepUCTUIECKOW MAaTpHIlbl, a TaKKe HEKOTOphIe HYJIM 3aMKHYTOH CHCTEMBI,
JUISl YaCTHOTO CJIy4asi MHOTOKAHAJIBHBIX 00BEKTOB C OJIHUM BXO/IOM U HECKOJIBKUMHU
BbIxoznamu (SIMO).

Cucrema ynpaBiieHUsl COCTOMT M3 OOBEKTa YIPABICHHS C 7 BXOIAMH U P BbI-

XOJIaMHM, 3aMKHYTa €IMHMYHON OOpAaTHON CBS3BI0 C PETYJIATOPOM, MMEIOIIUM p
BXOJIOB M /1 BBIXOJOB, CTOSIIMM MEXITy CHTHAIOM OIMOKA V—) H BXO-
oM 00bekTa yrpasieHnus. OObEKT yHpaBJIeHUs MOKET OBITH ONHCAH B BHIE Jie-
Boro u mpasoro IIMP W, (s) = D(s) "' N(s) = N(s)D(s)"", rne D(s) e R[s]”*?,
D(s) € R[s]™™ , N(s),N(s) € R[s]”™ , Tunbna "~" TOBOPHT O TOM, YTO BHIOpPa-

Ho neBoe IIMP, R[s]™” — MHOXkeCTBO MaTpMIl pPasMepoM mX p, SJIEMEHTHI
KOTOPBIX — IOJHWHOMBI OT S C BEIIECTBEHHBIMH Kod(d¢uimentamu. Ilo anao-
TUU BBEAEM ONHMCAHHE PEryJsaTopa VVO(S)=f(S)_l)?(S)=X(S)Y(S)_1, e
Y(s) € R[s™™, Y(s) € R[s]”*P, X(s),X(s)e R[s]™P.

Bri0op mopsiika peryisTopoB U HOpsAKa XapaKTepUCTHYECKOW MaTpHIbI BbI-
TIOJTHSIETCSL B COOTBETCTBHH CO CIICIYIOIICH TEOPEMOii.

Teopema. PaccMoTpuM cucTeMy ¢ eTUHUYHON 0OpaTHOM CBsI3bI0, OKA3aHHYIO
Ha puc. 1.

Puc. 1. MHOrokaHanpHas CUCTeMa B TIOJIMHOMHAJILHOM MaTPUYHOM OIMUCAHUU

Fig. 1. Multivariable system in polynomial matrix description
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OOBEKT OMUCHIBACTCS CTPOTO MPABUIILHON TTepelaTOYHON MaTpuried W (s) pxm .
Ilycte W (s) pasnoxeHna Ha W (s) = N(s)D(s)_] ,Tne N(s) u D(s) B3auMHO mpo-
cThle crpaBa, D(s) — cTonOIOBO IMpHBEACHHAS MaTPHUIA CO CTEIIEHSIMH CTOJOLIOB
K, i=12...m. Ilyctb v — cTpounblii unnekc W(s) u myctb m; >v—1 mis
i=L2...m, A€ M; — CTENIEHH CTPOK Y (s) . Torma mns 000 MOITMHOMHATBHON

Matpuisl C(s), TaKOH 9TO

lim H,'(s)C(s)H ' = C,,
§—>00

e H,(s)=diag(s™™,s™"2,..,s""m) u H.(s)=diag(s M ,s "2, . s7Hm),
C), sBiIseTCS HE 0COOOU IMOCTOSHHON MAaTpPUIICH, CYIIECTBYET m X p TPABIIBHBIN
h > p
-1 -
perymsitop Y (s)X(s), tme Y(s) — CTpoYHO NpHBEJCHHAs CO CTEHCHSIMH
CTPOK m;, TaKas YTO IepelaTOYHas MaTpUla BXOJ—BBIXOJ| ONUCHIBAETCS CIELYIO-
M ypaBHEHUEM:

W (s)=N(s)C(s) ™ X(s), 0]

TAe XapaKTEepucTuieCKasa MaTpuia

C(s) =Y (s)D(s) + X (s)N(s) 2

umeer pasmeprocts C(s) € R[s]™" [21].

YpaBHeHHE SBIACTCS TUO(AHTOBBIM IS CIy4as OAHOTO Bxojga m =1. Matpu-
na CunbBectpa umeeT Buj [22]

N=RJ.

Pemennem 31Ol cuCTEMBI ypaBHEHHH HpU noixom panee matpuibsl CuiibBecTpa

~

SBIICTCA S :

-1
R=NJ . 3)
Ecmu panr marpunbl CuiibBecTpa I Henojauwlii W TIOPSIOK PETYJSITOpa BHIOpaH
B COOTBETCTBHUH C TEOPEMOH, TO HEU3BECTHBIN MapaMeTp peryisiropa OOibIIe, YeM
KOJIMYECTBO YpaBHEHHUU. B 3TOM ciydae pemieHue CONEpKHUT CBOOOIHEBIC MapaMeT-
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pBl pErylATOpa M 3alUChiBaeTCa B cuexyromeM Buge: R;J; =N;, 1O

Ny =K- RT . ObIee peleHne CHCTEMBI INHEHHBIX YPABHEHHH TIPUMET BUT
~—1
R 1= N 1~ - (4)

Ilo naHHOI TeopeMe 3aMKHyTasi CUCTEMa YNPABIEHUS COCTOUT U3 IPABOIO
I[IMP o6bekra u siesoro IIMP peryssitopa, CTENEHH CTPOK PErYJISTOpa 3aBHCAT
OT CTPOYHOTO HMHJEKCAa V O00BEKTa YIpaBICHHUSA, KOTOPHIA HAXOMUTCS W3 JIEBOTO
B3anMHO Tpoctoro [IMP o6bekTa co CTpOYHO MPUBEICHHOW MATpHUIEH «3HAMEHA-

tens» D(s). VHbIME ClTOBaMH, IS TOJTUHOMHAIIBHOTO CHHTE3a PEryJIsaTopa Heoo-
XOJUMBI mpaBoe u jepoe [IMP o6bekra.

2. CUHTE3 PET'YJIATOPOB

Paccunraem perymaTopsl Uil OOBEKTOB C MEHBIIAM KOJIMYECTBOM BXOHBIX
BEJIMYUH 0 CPaBHEHUIO C BBIXOJHBIMH, 33IAIOMINX JKEIACMBIC MOJIF0Ca B XapaKTe-
PUCTHYECKON MaTpHUIle 3aMKHYTOH CHCTEMBI, C MCIIOJIb30BAaHHEM ITOTMHOMHUATEHON
METOJVKH cuHTe3a. ONHIeM alropuTM pacdera:

— HaiiTu npaBoe B3auMHO npoctoe [IMP o0bekTa co CTONOLOBO MPUBEACHHOM
Marpulel «3HameHatens» D(s) u cToa0LoBbIe CTeNeHu W;, e i =1,...,m ;

— HaWTH JIeBoe B3aUMHO mpoctoe [IMP o0bekTa cO CTPOYHO MPHUBEICHHOMN
MaTpuIel «3HaMeHaTens» D(s) U CTPOYHBIA HHIEKC V

— 10 CTPOYHOMY MHJIEKCY O0bEKTa V HaWTH MUHHMAJIbHBIE CTEIIEHH CTPOK pe-
TYJIATOpPA, BEIOPATH HX;
— ONPENENUTh CTENEHb U CTPYKTYPY XapaKTEpUCTUYECKON NOIMHOMHAIbHOMN

Mmarpunlbl  3aMkHyTo cuctembl (XM3C) C(s)=Cy+Cis+..+C fsf , Tne
fEmax(f;), fi=m;+up;, i=1,2,.,m. MaTpuma xeiaemMbix Kod(hhHIMEHTOB
XM3CN=(Cr, Cp, ..., G, Gy
— BBIIIKCaTh MaTpuuHble koddpduumentst D;, N;, rae i=0,...,l, IpaBoro
H . 1 .
IIMP o6sexta D(s)= Y D;s', N(s)=D. N;s' u cocraButs Marpuity CriibBectpa
i=0 i=0
3 = diag(G,...,G),

rae diag(G,...,G) — OnoYHas qUAarOHANBHAS MaTpUIlA C DJIEMCHTAMU TJIAaBHOH JHa-

roHamn G W KOJMYECTBOM OJIOYHBIX CTPOK, PaBHBIX HOPAAKY PEryJIsTOpa
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n=max(m;), i=1,.,m, G=(D', NOI, D=(D, D, ..., Dy,
N=(N;, Ni_|, ..., Ng), i=0, ..., u;

— HalTH PeryysaTop B 3aBUCUMOCTH OT paHra Matpuilbl CuibBecTpa mo hopmy-
nam (3) wu (4). Koney ancopumma.

3aMKHyTasl CHCTEMa aBTOMATHYECKOrO PETYJIMPOBAHUS HMEET pa3mep-
HOCTb pXp,T.€C. p 3aﬂaHPII71 Ha BBIXOJAHBIC BEJIMYMHLI U p BBIXOAHBIX BCJINYHMH.

Jlanmee paccMOTpEHBI YaCTHBIE CIIy4ad MHOTOKAaHAJIBHBIX OOBEKTOB C OJHUM BXO-
HBIM BO3JICHCTBHEM M HECKOJBLKHMH BBIXOIHBIMH BelmauHamu (SIMO). Vimest ogHO
BXOJIHOC BO3JCHCTBHE, TOJBKO OHA BHIXOJHAS BEIMYUHA MOXKET OTpabOTaTh CTY-
MICHYATBIN CHUTHAN 3aJaHus. DTy BEJIUUYMHY JJIs YIOOCTBAa HA30BEM GHEUIHEll 6bi-
XOOHOU 6eIUYUHOU, TPYTHE BETHYUHBI HA30BEM GHYMPEHHUMU GbIXOOHBIMU GENUYU-
Hamu. CUCTeMa aBTOMATHYECCKOTO YIPABJICHUS CTPOUTCS TaKUM 00pa3oM, 4TOOBI
3a/laHusI Ha BHYTPCHHHUE BBIXOJHBIC BEIMYUHBI BCETIAa PABHSIIHCH HYITIO, a 3aJ[aHuC
Ha BHCITHIOK BBIXOJHYIO BETUYMHY BEIOUPATOCH MPOU3BOJILHO.

Hpumep 1. O0beKT ¢ OAHMM BXOJ0M M ABYMSI BbIXOAaMU. PaccunTbIiBacMblii
PETYIIATOP MAaTPUYHBIN, C IBYMS BXOJaMHU U OJHUM BBIXOJOM. 3aMKHYTasi CHCTEMa
yIpaBJICHUs] UMeeT ABa 3alaHusA M ABa BbIxoza. IlepBelii BbIXOx yy(s) mpumeM

BHYTPEHHEH BBIXOIHON BENUYMHOIL ¢ 3agaHueM v (s) =0, a BTOpoll BbIX0H y,(s) —

BHEIIIHUM C IIPOU3BOJIBHBIM 33/laHUEM V, (§), YTO MIOKa3aHO Ha pHC. 2.

Puc. 2. Cuctema ynpapjieHus ¢ 3aJaHM€M Ha NepBblid Beixod v; = 0

U IPOU3BOJILHBIM 3aJIaHUEM Ha BTOpOﬁ BBIXOZ V)

Fig. 2. Automatic control system with first reference v; =0

and arbitrary reference of v,
Perynsarop paccunTaeM 1o NpemyioKeHHOH MeTOIUKe Uil 0OBEeKTa C HEKBal-
patHoi MII® npu p=2 wu m=1, TOrma MOJy4YUM PETYIATOP BHUIA
Wgr(s)=(R(s) Ry(s)), KaK MOKa3aHO Ha pHC. 2, 3aJAOIIMH HKEIAEMOE PacIiolo-

JKCHHC IIOJIFOCOB B BaMKHyTOﬁ CUCTEME.
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MartpuyHas nepegatoqHas GyHKIUS 00ObEKTa

ky
- (S):[Wl(s)j: b-s’
0 Wa(s)) | ky(Ls® +a—Lb)
Ls>(b—s?)

Beinecem o0mimii 3Hamenatenb dneMeHToB MIID o0bekTa, KOTOPBIHA SBIIsIETCS
«3HameHatesnem» npasoro [IMP o6bekra. Takum oOpazom, mosryyrm

—k1S2

D(s)=s*b-s*, N(s)= ,
kys? + ks (aLl™t —b)

CTOI01I0Bas CTENIEHb PaBHA CTOJIOL0BOMY MHIEKCY, T. €. L] =i =4.
Brimumem nesoe IIMP o6bexTa

) (s? —b)k;! 0 ) [ -1 ]
S)= ) S)= )
a(a—Lb)™" s Lkj(ky(a—Lb))™" kyL(a—Lb)™"

CTPOYHBIE CTENIEHH PABHBI CTPOUHOMY HHJEKCY, T. €. V=V =V, =2,
CTpouHBIE CTENEHH PEeryjsaTopa BbIOEpeM MUHUMANbHBIMU 71; =V —1. B nan-

HOM CJIyyae «3HAMEHATENb» PEryJIATOpa CKAISPHBIN, MTO3TOMY BBIOHMpaeTCs cre-
HeHb perynsaropa m; =v—1,rae i =1,...,m, m; =1, Torna Marpuussle kKodpdunu-

€HTHl peryyiiaropa IEepBOTO MOpsaKa: )~(l =(i11’1 )?11’2), )~(0 =()E(1)’1 )?(1)’2 ) u

Y= )711’1 , 170 = )7(1)’1 , MaTpHna Ko3puIreHToB peryisropa R = (171 )~(1 170 )}'0) .
CrerneHh — XapakTepucTudeckoil — matpuubl  f =max(f;), f;=m; +u;,

i=12,.,m (f5=>5), Torga MaTpuiy *enaeMbix Ko3(Q(ULHUEHTOB XapaKTepUCTH-

YecKOW MaTpHIbI BEIOepeM B cooTBeTcTBHH ¢ C(s5) = (5 + q)5 :

N =(1, 5¢,10¢%,10¢°, 5¢*, ¢°).
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Martpurs! ko3¢ ¢urmentos mpasoro [IMP o6bekra:

D4=—1, D3=0, D2=b, D1=O, D():O,

Vo=, m=[0) M= TR w=[0) = |
o) MBTlo) 2Tk ) TS 0T ky(al by )

Cdopmupyem matpurry CrinbBecTpa

10 -b 0 0 0
00 —k O 0 0
100 k 0 kyal'-b) 0
“Tlo b 0 :
00 —k 0 0
00 0 K 0 ky(aL™t —b)

OHa UMEeT MOIHBIHA paHT rank(J3)=6.

Pemraem ypaBaenne RI=N: R = N37!. Bemmmewm MTOTyYEHHYIO MaTPHYHYIO
nepeaaTouHyo (pyHKIHIO peryniropa, a Ttakke MIID 3aMKHYTOW CHCTEMBI MpHU
q =1 co crenyommMu TapaMeTpaMu 0ObeKTa:

L=4, b=5, k=4, k=1, a=10, g=1,

X(s)=(-175-354 -0.5(s+0.2)), Y(s)=s+5,

17s+354  0.55+0.1
Wr(s)=| - - ) (%)
s+5 (s+5)
2 2
s7(170s +354) s7(5s+1)
(s+1)° (s+1)°

W, (s)=L
“ 10} (10-45%)(170s +354) (10—4s%)(5s+1)

(s+1)° (s+1)°
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, a=1 ===yt
" ya(t)

\ -- -.V1(fj
' q:2 —Yalt

Bpems, C. Bpems, C.

Puc. 3. I'paduxu nepexoHbIX IIPOLECCOB IPU v, =1 U ¢ KOpHAMHU

XapaKTEPUCTHYECKOTO MOJMHOMA, PaBHBIMA ¢ = 1 n1 g =2

Fig. 3. Graphs of the transient processes with v, =1 and the roots
of characteristic polynomial ¢ =1 and ¢ =2

PaccuntanHblil peryasaTop NpuBOJIUT MONKOCA 3aMKHYTOM CUCTEMBI K 3a/IaHHBIM

3HaueHusM C(s) =(S+q)5 . Bropoii BbIxon oTpabaThiBaeT 3amaHue 0e3 OIIMOKH
(puc. 3), npu 3TOM yBeNIWYEHHE OBICTPOAEHCTBHS 3a CUET CMEIIEHHs MOJOCOB Jie-
Bee B KOMIUIEKCHOW MOJYTUTIOCKOCTH YBEITHYMBACT MEepeperyIupoBaHie U OTKIOHE-
Hue y; =0 or HyneBoro nosioxeHus. [lokazaHa BO3MOKHOCTh NPUMEHEHHS METO-
JHKHU JUIS pacdeTa 00bEeKTOB ¢ OJHUM BXOJOM U IBYMsI BBIXOJAMH.

IIpumep 1a. O6beKT ¢ OAHMM BXOJOM M TpeMmsl BbIxogamu. [IpeoOpasyem
CAY Ha puc. 2, 100aBuB elle OJHY BBIXOAHYIO BEIUUYUHY, SBISIOILYIOCS MPOH3-
BOJIHOIT IEpBOTO BBIXOJA Y, = Jy, TOTJa BHEIIHSS BBIXOAHAS BEINIHHA U3 IPHMe-

pa | paBHsieTcs y;. B TakoM ciyyae MaTpu4Has HepenaToyHas QyHKINS 00beKTa
Wi(s) ) T
k ks ky(Ls® +a—Lb)
W,(s)= Wz(S)=b12 b12 2L2b — | -
Wy (s) -8 -5 s“(b—s7)

Brecem o0muii 3HaMeHarens dneMeHToB MII® oObekTa, KOTOPHIH SIBIsSETCA
«3HameHatesnem» npasoro [IMP o6bekra. Takum oOpazom, mosrydrm

T
D(s)=s2b—s", N(s):(—k1s2 ks k2s2+k2(a[1_b)),

CTOJIOLIOBAs CTETIEHb paBHA CTOJIOIIOBOMY MHICKCY [y = =4.
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Brinumrem nesoe IIMP o6bekTa:

a 0 s? ky
D@s)=|-s 1 0|, N(@s)=|0 |,
b s 0 ky

CTPOYHBIE CTETIEHH PABHBI CTPOYHOMY HHIEKCY, T. €. V=V =V, =2,

CTpouHBIE CTENEHH PETYISITOpa BEIOEPEM MHHHMAIBHBIMH, B JAHHOM CIIydae
«3HaMEHATeJb» PEryjsaTopa CKAISPHBIN, MOITOMY BBIOUPAETCSl CTENEHb PETYJISITO-
pam; =v—1,ra0e i=1,..,m, m =1. Torga marpuunsle K03QOUIUEHTHI perysi-

TOpa TEpPBOTO TIOPSIKA )?1:()211’1 )?11’2 )?11’3), X():()?(l)’1 i(l)’z )?(1)3) u

}71 = )711’1, )70 = )7(1)’1 , MaTpuma Ko3pPUIHEHTOB peryisaropa R = (f] X | 170 X, 0)-
CreneHb — XapakTepucTuueckodl —Matpumsl [ =max(f;), f;=m; +y;,

i=12,.,m (fs=>5). Torga Marpuiy >xenaeMbIx K03(Q(UINEHTOB XapaKTepUCTH-

YeCcKOW MaTpHIlbl BEIOepeM B cootBeTcTBHM ¢ C(5) = (s + q)5 :
N=(L 5¢.104°, 104>, 5¢%, ¢°).

Martpurs! ko3¢ ¢urmentos mpasoro [IMP o6bekra:

D4=—1, D3:0, Dzzb, DIZO, DOZO,

0 0 —ky 0 0
N4= 0 s N3= _kl N N2= O N le 0 s N(): O
0 0 ky 0 ky(aL™' —b)7!

Cdopmupyem matpuiry CriisBecTpa, KOTOpast IMEET pa3MepHOCTh 8 X 6 U paHT
rank(3) =6, T.e. comepXuT 2 cBOOOJHBIX MapameTpa peryistopa. Beidepem B

Ka4ecTBe CBOOOJHBIX ITapaMeTpoOB, HANPUMED, )7(1)’11/1 )?11’1. Torza R =( j;}’l i}’l),

5_00—k1000
o1 0o -» o0 0)
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Pemaem ypaBHenne R = Nliil_l. Brmmmem mody4eHHYI0 MaTpHYHYIO IIepe-
JATOYHYI0 (DYHKIIUIO PEryisaTopa, a Takke MIID 3amMkHyTO# cucTtembl pu g =1
CO CIIeIYIOUIMMH MTapaMeTpaMH 00beKTa:
~1,1 ~11 ~1,1 <11
X"s=5yy —104  s(yy —5)-%" 17 —0.55+0.1)

9
s+ )72)’1 s+ )7(1)’1 s+ )72)’1

Wr(s)=

BbINUIIEM 3eMeHT MII®D 3aMKHYTOM CUCTEMBI, OTBEYAIOIIUN 34 PEAKLUIO BBIXO-
Ja y3 Ha 3aJaHHE V3 :
(10—4s%)(55+1)

W‘;3’y3 (s)= -
(s+1)

C

Kak Bugum, on aHamornyeH snemMeHTy MIID 3aMKHYTON CHUCTEMBI, OTBEYAIOIIEMY
3a PEaKIHUIO BEIXOAA Y, HA 3aJjaHUE V, U3 IpuMepa l, Ho3TOMy HCIOIB3YyeM CBO-

OonmHBIE TTapaMeTpsl U1 Oosiee MPOCTOTO BUAA PETYNIATOPOB. 3aaJuM )7(1)’1 =0 mu

ill’l =0, Torga

-10.4 -5s5s—-17 —(0.55+0.1
WR(s){ - 0% )],

Takum 00pa3oM, BMECTO ABYX PETYJSTOPOB IEpBOTO mopsiaka (5) momydeHs! I1-
n ITN-perynsaTopsl N0 BHYTPEHHUM BBIXOAHBIM BenmuuHaMm u [IM-perymsarop mo
BHEIIHeMy BbIxoxy. ['paduku mepexomaHoro mporecca He OTINYA0TCs OT IpaduKoB
mpumepa 1.

IIpumep 2. O0beKT ¢ OAHNM BX0J0M M TpeMs BbIxoaamu. [Iponssenem pac-
YeT PeryiaTopa Ui CHCTEMbI YIPaBICHUS C 33JaHHSIMHU Ha TEPBbIC JBa BBIXOJA,
paBHbIMH Hymo: V; =0, v, =0, U ¢ IPOU3BONBHBIM 33JaHUEM Ha TPETUIl BBI-
xof v3. Takum 06pa3zoM, 3aMKHyTas CUCTEMa YIPaBIEHUA — 3 3amaHus 3 BBIXOJ-

HBIX TIEPEMEHHBIX UMEET BCET/a JIBa HyJEBbIX 3a1anus [23]:
Mys =—mygyy —mygyy +u, L1 =gn-y3, hi=gn-s,

CrpykrypHasi cxeMa o0bekta 1 x 3 mpexacrarieHa Ha puc. 4. OTMETHM, YTO MPHU
paBHBIX Ko3hULUEHTaX my =my U lj =1, 00BEKT HEyNpaBiIsieM, MIOITOMY IpHU-
MEM CIeIyIOIUe OrpaHH4YeHHs Ha Kod(hQUIMEHThl OoO0BeKTa: my =my =m,,

L #1.
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| |
| |
| - - |
| 1T
| S
I — — !
u; A 1 1] 13
-G Huin
| _ _ |
! U] 1] %
| s[s [T
| - - |
| |
| |
| |

Puc. 4. CtpykrypHas cxema o0bekTa 1 x 3

Fig. 4. Structural scheme of the 1 x 3 object
Perynsarop paccunTaeM 1o NpemyioKeHHOH MeTOIUKe Uil 0OBbEeKTa C HeKBal-
patHoi MII® mpu p=3 u m=1, TOrOga MOIYy4yUM PETYIATOP BHUIA

Wr(s)=(Ri(s) Ry(s) Ry(s)).
MarpuuHas nepenatouHas QyHKIus 00beKTa

T
n%s2 +n(1) n%s2 +ng 1 n2s4 +ngs2 +n8

2

Wo(s)=
’ s4+d232+d0 s4+d2s2+d0 s

S4+d2S2+d0
hy = (by(aziazy —apazy) +by(aypaz; —ayazy) +bs(ay1ax —apnasy)) ,
do =apaxy —apay;, h=ab +ayby —by(ay+axy), dy=—(a;;+ay),
1_ L _ 4 h b 2 _y 2 _ b 3_p
ny =by, ng=apby—anb, ny=>by, nj=ayb —a;by, nz=>0bs,
3=h 3= =ML, by =MLY, by=MT!
ny=h, ny=hy, b=—-(Mh) ", by=-(Mh) , b= ;
ayy =—(Mg+m.g)by, a3 =azy =—m.gby, ajp =-m.gb,,

ay) =—mgby, ay =-(Mg+m.g)b,.
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Brecem o0muii 3HamMeHarens dneMeHToB MII® oObekrTa, KOTOPHIH SBIsSETCA
«3HaMeHarenem» npasoro IIMP o6bekTa. Takum 06pazom, MOITydHM

n£s4 + n(l)sz

D(s)= sO+ d2s4 +d032 , N(@)= n2254 + nés2

nis4 + n%s2 + ng

>

CTOI0110Bas CTENIEHb PaBHA CTOIOL0BOMY MHIEKCY W =pu=6.
Brimumem nesoe IIMP o0bexTa

Mlls2 -m, —Mg —m, 0 1
D(s) = -m, Mlys* —m,~Mg 0 |, N(s)=|1],
gm, gm, Ms? !

CTPOYHBIEC CTEIICHH PaBHBI CTPOYHOMY HHAEKCY, T. €. V=V| =V, =V3 =2.
CTpouYHBbIE CTENEHH PEryTOpa BIOepeM MUHUMANbHBIMU: m; =V —1, my =1.
Torna  marpuunble  K03(QQUIMEHTHI  peryisTopa  MEpBOrO  IOPsAKA
X, =()~c}’l 5c11’2 i11’3), X =()~cg)’l ig)’z ig)s) u Y =)7}’1 , :)72)’1, MaTpHIa
KO3 PUIHEHTOB peryisaropa R = (fl X | fo X 0)-
CrerneHb  XapakTepucTHUeckodl — Matpuubl  f =max(f;), fi=m+u,,
i=12,.,m (f; =7),Toraa Marpuiy eaaeMbIX K03(Q(UIUEHTOB XapaKTepUCTH-

YecKOW MaTpHIbl BEIOepeM B cooTBeTcTBHU ¢ C(s) = (s + q)7 :
N=(, 79, 2147, 35¢, 35¢*, 214°, 74, ¢)

Martpurs ko3¢ ¢urmentoB mpaoro [IMP o0bekra:

D6=1, D5=O, D4=d2, D3=0, D2=d0, D1=0, D():O,
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1 1
0 0 mn 0 o
N6— . N5—0, N4—7l%, NS—O, N2: ng,
n3 n

S
=)

N1=O, N(): 0

(=]

Coopmupyem marpuiy CunbBecTpa, OHA IMEET TTONHBIHN paHr rank(J) =8§.

Pemaem ypaBaeHne RI=N: R = NI, Bommmem IIOJIy4YEHHYI0 MaTPUYHYIO

nepefaTouHyo (QYHKIHUIO peryisropa, a Takke MIID 3aMKHYTO#H cHUCTEMBI MpH
g =1 co crexyromyMu mapameTpamu 00bEKTa:

c

M=10, m, =1, Lj=1, L,=2, g=10,

X(s)=410""(~(283 8215 +881163), 272 6125+ 60 5916, 7005 +100) ,
Y(s)=s+7.
3az[aHm{ Ha TICPBYIO U BTOPYIO BBIXOAHBLIC BCJIHWYMWHBI paBHBI HYJIO, [IO3TOMY
IJIs1 OIMKUCAaHUA ITOBCACHUS CI/IHTe3I/IpOBaHHOﬁ CUCTEMBI AOCTAaTOYHO HCIIOJIB30BATh

To71BKO Tpetnii cronben MIID samknyroit cuctemsr W (s) =1{W; ;(s)}, 1,/ =1,2,3,
9JIEMEHTBI KOTOPOH NPUBENICHBI HIKE:

W = (5-s2)s A(s)

_(10-57)5> A(s)
10(s +1)’

20(s +1)’

(75 +10)(20s* — 27357 +820)
82 000(s +1)7

33

rae A(s)=(70s> +10)417" .

Ha puc. 5 mokazansl rpaduKy nepexoJHBIX MPOIECCOB sl ABYX BapHaHTOB
3aJlaHMs KPaTHBIX KOPHEH XapakTepuUCTUYEeCKON MaTpullsl pu g =1 u g =2..
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Bpemsi, ¢ Bpewms, C

Puc. 5. I'paduxu nepexoHbIX IIPOLECCOB IPU V3 =1 U ¢ KOPHAMHU

XapaKTEPUCTHYECKOTO MOJMHOMA, PaBHBIMU ¢ = 1 1 g =2

Fig. 5. Graphs of the transient processes with v; =1 and the roots
of characteristic polynomial ¢ =1 and ¢ =2

ITo mpemioxeHHOH METOAMKE pacyeTa PeryiasTopoB Il OOBEKTOB C HEKBAl-
patHoii MII® mnomydeHBl peryasTopsl, 3ajarouue xenaemsle nomoca XM3C

C(s)=(s+ q)7 . BHemHss BBIXOTHAS BEIMYMHA OTpadaThIBacTCs 0€3 ONIMOKH, IpU

OTOM YBCJINYCHHUC 6BICTpO,H€I>iCTBPIH, 3a CUCT CMCUICHUSA MOJIFOCOB JICBEC, YBCINYIN-
BacCT NCPCPLCryaInpoOBaHnuC BHYTPCHHUX BBIXOAHBIX BCJIUYHUH.

3AK/IIOYEHUE

[TpuBeneHbl HIUTIOCTPATUBHBIC TPUMEPBI 0OBEKTOB ¢ MEHBIIMM KOJIHYECTBOM
BXOJOB II0 CPAaBHEHHUIO C BBIXOAAMH, U KOTOPHIX IOJMHOMHAIBHBIM METOIOM
CHHTE3a PAaCCUMTAHBI PETYJISATOPBI, 3aAI0IIIe ITOJI0CaM 3aMKHYTOH CHCTEMBI XKe-
naeMoe pacrojoxeHne. Ha npumepax 1 m 2, xoTopble SABIAIOTCA OOBEKTaMH C
OJTHMM BXOJOM M JIBYMsI/TpeMsl BBIXOJaMH COOTBETCTBEHHO, MOKa3aHa BO3MOX-
HOCTh IPUMEHEHUS OJTMHOMHAIBHON METOINKH JUIi MHOTOKaHAJIBbHBIX 00BEKTOB
C MEHBIINM KOJINYECTBOM BXOJOB IO cpaBHeHMIO ¢ Bbhixogamu. CAY c paccuu-
TAHHBIMHM PETYJSATOPaMHU T03BOJIAET OTpadaThiBaTh MPOM3BOJLHOE 33/JaHUE Ha
BHEIIHIOIO BBIXOJHYIO BEJIMYUHY C acTaTH3MOM IIEpBOTO IOPsAKa IMPH CTAOMIIH-
3alliy B HYJIEBOM ITOJIO)KEHHH BHYTPEHHHX BBIXOJHBIX BenuunH. Ha mpumepe 1a
MOKa3aHa BO3MOXKHOCTH YBEINHMYCHHUS YHCJAa BBIXOIHBIX BEJIMYMH OOBEKTa M3
npuMepa 1 3a cyeT NPUHATUS BEIXOIHOW BETHMYHMHOW NMPOM3BOIHON IEPBOTO BHI-
X0#a y, = Y1, KOTOPYIO MOXKHO MHTEPIPETUPOBATh KAK AATYUK M3MEPEHHs Ipo-
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HM3BOJIHOM MEPBOM BBHIXOAHON BeMMYUHBI 00BekTa. Takum oOpa3oM, Moaenb 00b-
eKTa pa3MepHOCTHIO 1 X 2 MOXeT OBITh IPECTaBICHA MOJAETBI0 00bEKTa pa3Mep-
HOCTBIO 1 X 3.
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Currently, an urgent task in control theory is the synthesis of regulators for objects with a
smaller number of input valuescompared to output ones, such objects are described by matrix
transfer functions of a non-square shape. A particular case of a multichannel object with one
input variable and two / three / four output variables is considered; the matrix transfer function
of such an object has not a square shape, but one column and two / three / four rows. To calcu-
late the controllers, a polynomial synthesis technique is used, which consists in using a poly-
nomial matrix description of a closed-loop control system. A feature of this approach is the
ability to write the characteristic matrix of a closed multichannel system through the polyno-
mial matrices of the object and the controller in the form of a matrix Diophantine equation. By
solving the Diophantine equation, the desired poles of the matrix characteristic polynomial of
the closed system are set. There are many options for solving the Diophantine equation and
one of them is to represent the polynomial matrix Diophantine equation as a system of linear
algebraic equations in matrix form, where the matrix of the system is the Sylvester matrix.
The choice of the order of the polynomial matrix controller and the order of the characteristic
matrix is carried out on the basis of the theorem given in the works of Chi-Tsong Chen, which
always holds for controlled objects. If the minimum order of the controller is chosen in ac-
cordance with this theorem, and the Sylvester matrix has not full rank, then this means that
there are more unknown elements in the system of linear algebraic equations than there are
equations. In this case, the solution corresponding to the selected basic minor has free parame-
ters, which are the parameters of the regulators. Free parameters of regulators can be set arbi-
trarily, which is used to set or exclude some zeros in a closed system. Thus, using various ex-
amples of objects with a non-square matrix transfer function, a polynomial synthesis tech-
nique is illustrated, which allows not only specifying the poles of a closed system, but also
some zeros, which is a significant advantage, especially when synthesizing controllers for
multichannel objects.

Keywords: polynomial matrix decomposition, polynomial synthesis technique, multichannel
object, Diophantine equation, Silvery matrix, non-square matrix transfer function, calculation
of regulators, control theory
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B Hacrosiei paboTe npeyiaraeTcsi UCIoJb30BaHWEe THOPUAHBIX MOZIENIEi HA OCHOBE HEHPOH-
HBIX CeTell ¥ HEYEeTKHX CHCTEM I MOCTPOCHHUS WHTEIUICKTYalIbHBIX CHCTEM OOHApY>KCHUS
BTOPKEHUsI, OCHOBAHHBIX Ha TEOPUM HEYETKHX IpaBuil. IlpeicraBiieHHas cHUCTEMa CMOXET
TEHEpUPOBATh NPaBUIa HA OCHOBE PE3YNIbTATOB C HMCIHOJIb30BAHMEM HEYETKHMX JIOTMYECKHX
HelipoHOB. UToOB! M30eXaTh MEepPEeHACHILIEHUS U CIIOCOOCTBOBAThH B ONPEACIICHHH HEOOXO0aHU-
MOW TOHNOJIOTHMH CE€TH, OOyyarol[ue MOJEIM, OCHOBAHHbIE Ha SKCTpPEMalbHOW oOywaromeit
MalldHe U TEOPUH PEryIpH3aluH, OyayT HCIOIb30BaThCA UL IOKMCKAa HauboJee 3HAYUMBIX
HelipoHOB. Paccmorpen Tunm kmbeparakn SQL-uMHBEKIHS, KOTOpas aKTUBHO HCIIONB3YeT
OIIMOKY B CHCTEMaX, HMEIOIIHE CBsI3b ¢ 0a30i naHHBIX depe3 SQL-KoMaHIIbL, U 110 3TOH Ipu-
YMHE CYMTAETCA PA3HOBUAHOCTBIO NMPSAMOJIMHEHHON aTakd. ApXUTEKTypa HEYeTKOH HEHpOH-
HOI1 ceTH, HCIOIb3yeMOi pu oOHapyxeHnu atak SQL-nHbekiumil, npeacTasisier co00i MHO-
TOKOMIIOHEHTHYIO CTPYKTypy. IlepBble Ba CI0s MOAENH PAcCMaTpUBAIOT KaK CHCTEMY He-
YETKOro BBIBOJIA, CIIOCOOHYIO M3BJIEKAaTh 3HAHUS U3 JaHHBIX U IPE0OPa3OBbIBATH HX B HEYET-
Kye IpaBuia. DTH NIPaBUIIA IIOMOTAl0T OCTPOUTH aBTOMATH3UPOBAHHBIE CHCTEMBI AT 0OHa-
pyxeHnus atak SQL-unbekuuii. TpeTuii ciioif COCTOUT U3 MPOCTOro HEUPOHA, KOTOPBII UMEET
¢dyHknuo akTuBanuy, HasbiBaeMyro ReLU c yreuxoif. IlepBblif ci10if COCTOMT M3 HEYETKHX
HEHPOHOB, aKTHBALMOHHbBIE (YHKIINH KOTOPBIX SIBIIFOTCS IayCCOBBIMH (DYHKLMAMHU MPUHAJ-
JIEKHOCTH HEUETKHX MHOXKECTB, OIIPE/ICJICHHBIX B COOTBETCTBUH C pa30MeHHEM BXOIHBIX IIe-
pemMeHHBIX. MeToaMKa HCMOJb3yeT MOHATHE MPOCTOW JIMHEHHOM perpeccCMoHHO Mojenu,
MO3BOJIIONIEH pemuTh 3a1ady BBIOOPA HAMITYYIINX HOAMHOXKECTB HEHPOHOB. JI/Is BBHIIOIHE-

i Cratbs nomyudena 20 urons 2021 r.
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HMS BBIOOpA MOJIE/HM B CTaThe ObLI HPUMEHEH LIMPOKO MCIOJIb3yeMBbIH alrOpUTM HaUMEHb-
mieit yriooii perpeccun (LARS).

KaioueBble cjI0Ba: HEYETKOE MHOXKECTBO, HEUETKas HEUPOHHAas CeTh, WH(OpMAIOHHAs
0e30MmacHOCTh, HEHPOHHAS arperaluoHHas ceTbh, aTaku SQL-WHBEKIMI 3HAYMMBIX HEHPOHOB,
Mogienb OOHapYKeHHs KuOeparak, CHCTeMa HEUeTKOTO BBIBO/IA, (QYHKIMS IPHHATIEKHOCTH

BBEJEHUE

C rnobanu3anuei 1 poCTOM 3aBHCUMOCTH OOIIECTBA OT MPOTPAMMHBIX CHCTEM
uHpOpMAIK U JaHHBIC, UMCIOIINE TICPBOCTEIICHHOE 3HAYCHUE JIUI KOMITAHWHA U
YACTHBIX JIUI[ TI0 BCEMY MHpPY, MTHOBEHHO TepeMeInaroTcs yepe3 MHTepHeT, mpu-
BIICKas BHUMaHHE KHOEPIPECTYITHUKOB, KOTJa OHU CTPEMSTCS BTOPTHYTHCS B CH-
CTEMBI WM TEepeXBaTUTh MH()OPMAIMIO ISl WCIIONB30BAHMS B CBOMX WHTEpECax
JIA BO BPE] OpraHM3aIUAM, Ha KOTOPhIE OHU HANaNaloT, YTO JeNacT MOCIEACTBUS
TaKHuX aTak Bc€ Ooyiee BAUATEILHBIMHA [3].

B Hacrosmmet paboTe mpeanaraeTcsi HCIOIb30BaHNe THOPUAHBIX MOJIENEH Ha Oc-
HOBE HEWPOHHBIX CETEH M HEYETKHX CHCTEM IS IIOCTPOCHUS HHTEIUICKTYaJIbHBIX
CHUCTEM 06Hapy)KCHI/IH BTOPXXCHUSA, OCHOBAHHBIX Ha HCUYCTKUX IMpaBUJIaX. Hpe}ICTaB-
JICHHasl CUCTEMa CMOXKET TeHEPUPOBaTh IpaBUiia HAa OCHOBE PE3yJIbTaTOB C UCIOJb-
30BaHMEM HEYETKHX JIOTMUECKHX HeWpoHOB. UTOOBI M30€kaTh NEpEeHACHIICHUS |
TIOCTIOCOOCTBOBATH B OIIPE/ICIICHUH HEOOXOMMMOW TOIIOJIOTHHU CETH, 00YydaroIye Mo-
JIeJIM, OCHOBaHHbBIE Ha SKCTPEMAaIbHOM o0ydJaromei MalvHe U TEOpUH perysisipusa-
uH, OyTyT UCTIONTE30BATHCS JJIS TOMCKA HAHOOJIee 3HAYUMBIX HEUPOHOB.

1. IOHSITUE HEYETKON HEMPOHHOM CETU

HeiiponHast ceTb — MaTeMaTH4ecKash MOJEIb, a TaKXKe €€ NMPOrpaMMHOE HIIH
annapaTHOE BOIUIOIIEHHUE, TIOCTPOCHHBIE TI0 NPHUHIMUITY OpPTraHMu3alMu U (QYHKIHO-
HUPOBaHMsI OMOJIOTMUECKHX HEWPOHHBIX CeTeil — ceTeil HepPBHBIX KJIETOK >KUBOTO
opranusma [9].

HckyccTBeHHBIC HEMPOHHBIE CETH HAUMHAIKCH KaK IOMNBITKA HUCIIOIb30BaTh ap-
XUTEKTYpPy UYeJIOBEYECKOTO MO3Ta JUIsl BBIIOJHEHHUS 33/1a4, ¢ KOTOPBIMH OOBIYHBIE
ITOPUTMBI HE MMeNM OOJBLIOTO ycmexa. Bckope oHM mepeopHeHTHpOBAINCH Ha
YIIy4IIeHUEe SMIMPUYECKUX Pe3yIbTaTOB, B OCHOBHOM OTKa3aBIIUCH OT IOINBITOK
OCTaBaThCS BEPHBIMH CBOMM OHOJIOTHUECKMM IpeaIIecTBeHHHKaM. HeHpoHs! co-
€IMHEHBI APYT C IPYTOM Pa3INYHBIMH NTATTEPHAMH, YTOOBI BEIXO OJHUX HEHPOHOB
cTai BXoaoM aist Apyrux. CeTb oOpa3yeT HalpaBJIeHHBIH, B3BEIICHHBIN rpad.

HckyccTBEHHBIE HEMPOHHBIE CETH COCTOSIT U3 UCKYCCTBEHHBIX HEHPOHOB, KO-
TOPBIE COXPAHSIOT OMOJOTHYECKYIO KOHIENIHMIO HEHPOHOB, IOIYydYar0T BXOJHBIE
JaHHBIE, O0BEMHSAIOT BXOJHbIEC JAHHBIE CO CBOMM BHYTPEHHHUM COCTOSIHUEM (aKTH-
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BalMeil) U JOMOJHUTENEHBIM ITOPOTOM C TTOMOIIBI0 (DYHKIIMK aKTUBAIMH, IPON3BO-
IT BBIXOIHBIC TaHHBIE C IOMOIIBIO (PYHKIUH BBIBOJA. VICXOMHBIMU TaHHBIMH SIB-
JITIOTCSL BHEIITHKUE JaHHBIC, TAKHE KaK M300pakeHHs M JOKyMeHThl. KoHeuHble pe-
3yJIBTATHl BBHIMOJIHSIIOT TaKylo 3adady, Kak, HalmpuMmep, paclio3HaBaHHe OOBEKTa B
n300pakeHnH. BakHOW XapaKkTepUCTUKOW aKTUBAIMOHHON (pyHKLIMH SBISIETCS TO,
YTO OHa OOeCleUYrBaeT IUIABHBIA JAuddepeHIupyeMblil epexo Mpu U3MEHCHUU
BXOJTHBIX 3HAUCHHIA, T. €. HCOOJBIIIOC U3MCHEHUE Ha BXOJIC MPUBOIUT K HEOOIBIIO-
MY U3MEHEHHUIO Ha BBIXOJE.

HckyccTBeHHBIE HEHPOHHBIE CETH MIMPOKO MPUMEHSIOTCS B Pa3UYHBIX 00Ja-
cTax. Tak, HampuMep, COBPEMEHHBIE KOMITAHIH TPUMEHSIOT MAaIMHHOE 00yUCHUE,
YTOOBI CTaBUTh JUATHO3BI JIydIle u ObIcTpee, dem moan. OnHA W3 CaMbIX M3BECT-
HBIX MEOUUIMHCKMX TexHonornii — IBM Watson. OHa ITOHMMaeT €CTECTBEHHBII
SI3BIK ¥ MOXKET OTBEYATh Ha BOIIPOCHI, KOTOpEIe eMy 3amatoT. Co3maHHas cucTremMa
MONTy4YaeT JaHHbIE OT MAIMEeHTOB W W3 MPOYHX AOCTYHMHBIX MCTOYHHMKOB I (hop-
MHUPOBaHUS TUTIOTE3bI 3a00JIeBaHUs, KOTOPYIO 3aTEM MPOBEPSIET C MOMOIIBIO CXEMBI
OLIEHKH JOCTOBEPHOCTU. Llenblii psiJ TEXHOJOTMH HCKYCCTBEHHOTO MHTEIJIEKTa
TaKXKe HKCIHOJB3YETCs [UIS MPOTHO3UPOBAHUSA, OOPHOBI M MOHUMAHUS TAHICMHUIA,
takux kak COVID-19 [4-7, 9].

ANTOPUTMBI MAaITHHHOTO OOYYCHHS MHTETPUPYIOTCSA B IIAT(GOPMBI aHAIUTH-
KU ¥ YIIPaBJICHUS B3aUMOOTHOIICHUSIMH C KIUCHTAMH, YTOOBI BRIIBUTH HH(OpMA-
U0 O TOM, KaK Jydlie OoOCIyXHBaTh KIMEHTOB. YaT-O00THl OBUIM BKIIOUYCHBI B
BeO-caliThl, YTOOBI 00eCTIeUNTh HEMEIJICHHOe O0CITy)KHBaHUE KIMEHTOB. ABTOMa-
TH3aus pabodMX MECT TaKkkKe CTajlla MPEeaMeTOM OOCYKICHHS CpeAd YUCHBIX
u IT-ananurukoB [9].

[Ipouecc nzyueHus pas3InuHbIX 3aKOHOB U IIPAB YacTO SIBISIETCS MOAABIISIOLIMM
JUIsL JIFOAE, HO HMCHOJIb30BAaHME MCKYCCTBEHHOIO WHTEIJIEKTa ISl aBTOMAaTHU3aluU
TPYJIOEMKHUX IPOLIECCOB FOPUIUYECKOW OTpaciyd TO3BOJISIET 3KOHOMHUTH BpeMs M
yIy4marh 00CIyXKHBaHHe KIHEHTOB. Opuauyeckue GUPMBI HCIIONIB3YIOT MAITHHHOE
o0yJeHue JJIsl ONUCAHUS JaHHBIX U MPOTHO3UPOBAHUS PE3YJILTATOB, KOMIIBIOTEPHOE
3peHHUE IS KIIACCU(PHKAIIUY W U3BJICUCHUsI HHOPMAIIH U3 JJOKYMEHTOB B 00padoT-
KY €CTECTBEHHOTO SI3bIKa JJIsl HHTEPIIPETAIIUH 3alIPOCOB Ha WH(popMarmto [7].

2. METOJOJOT' sl IOCTPOEHUS HEMPOHHOM HEYETKOM CETH

Mopens oOHapykeHUs KnOepaTak M3HAYAIbHO OblIa MpeUIojkeHa s KIacCu-
¢ukaru OMHApHBIX NATTEPHOB. JTa MOJAETH MPEACTABISET cOO0OH OObeqMHEHUE
MIOHATHI MoZeTel, BBeJeHHbIX B padorax [10, 11]. Ha puc. 1 mokasaHa apXuTeKTy-
pa HeYeTKON HeHpOHHOI ceTH, HCIoNB3yeMoil mpu oOHapykeHuH aTtak SQL-
uHbeKIMA. [lepBble Ba CIIOSI MOJENN PACCMATPUBAIOTCS KaK CUCTEMa HEYETKOIO
BBIBOJA, crocoOHas U3BJIEKATh 3HAHUS U3 JaHHBIX U HpeO6pa3OBBIBaTI) X B HCUCT-
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KM€ TpaBmiIa. DTH MPaBUiIa TIOMOTAIOT ITOCTPOUTh aBTOMATH3UPOBAHHbBIE CHCTEMBI
i oOHapyxeHus atak SQL-mabekimii. [To-pasaomy paccmotpenssiit B [10] Tpe-
THI CJIOI COCTOUT M3 MPOCTOTO HEHpOHA, KOTOPHIA MMeeT (QYHKIMIO aKTHBAIMH 10
METOAMKE, IpeaoxkeHHoil B [12], Ha3piBaemoit ReLU ¢ yTeukoil.

[lepBBIii €i10i1 COCTOUT M3 HEYETKUX HEWPOHOB, aKTUBAIIMOHHBIE (DYHKLIUH KO-
TOPBIX SIBJISIIOTCS TAYCCOBBIMH (DYHKIMSIMH IIPHHA/IIEKHOCTH HEYETKUX MHOXKECTB,
OIIpe/IeTICHHBIX B COOTBETCTBUH C pa30MEHHEM BXOIHBIX MEPEMEHHBIX.

CWUCTEMA HEYETKOIO BbIBOIA HEMPOHHAA CETb

Puc. 1. Apxutekrypa He4eTKOI HEHPOHHOM CeTH

Fig. 1. Fuzzy neural network architecture

Jl71s1 KaXka0ro BXOAHOTO CUTHAja epeMeHHas X;; OIpesenser M xak HeueTKoe

mHuoxkectBo A", rae m usmensiercs ot 1 10 M, 4bn (QyHKIMH TIPUHAUIEKHOCTH —

9TO (YHKIMM aKTHBAI[MA COOTBETCTBYIOIIMX HeHpoHOB. Takum oOpa3om, aTaku c
HCcHoab30BaHuEM SQL-MHBEKIMY SBIAIOTCSA CTENEHSIMU YCTOMYMBOCTH, CBSI3aHHBI-

MH C BXOJHBIMH 3HAYCHHSIMH, TO €CTb d; = u,/,ll , Toe j m3MeHsercs ot 1 mo N,

m oT 1 1o M; N — KOJIMYECTBO BXOJHBIX JAaHHBIX, @ M — KOJUYECTBO HEUECTKUX
MHOECTB JJI Kaxaoh BXxonHOU mepemenHoil [10-12]. [ns HeilpoHOB mepBoOro
CJIOsl 3HAYEHUS] CMEIEHUS U CUHOINTHUYECKHX BECOB OINPEAEISIOTCA CIydalHbIM
obpasom B uHTepBaie [0, 1].

B macrosmieit pabdote MBI OyIeM HCIIONB30BaTh CyMMapHBbIe KOMOWHAIINA He-
YETKUX MHOKECTB, T€HEpUPYEMBIX JUI1 KaXI0oi nmepeMeHHoH, korma N < 6. Korna
N umeer Oollee BRICOKHE YHCIIOBBIC 3HAUCHUSI, MBI BBIMIOJIHACM CIYYalHBIA BBIOOD
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(hyHKIMN TIPUHAAICKHOCTH IS KaXKI0W BXOTHON NEpEeMEeHHOM, re M B 3TOM CiIy-
yae OyJer B JBa pa3a OoJIbIIe 3HAYEHUS BXOJHOTO IIPOCTPAHCTBA BHIOOPOK, Orpa-
HryeHHOTo 500 QYHKIMSIMU NPUHAIISKHOCTH. 3aTeM ucnoiab3dyeM SQL-unbeKkmum
(a33uHEHPOHOB MOZENY IS OIPEe/IeNICHUs] KOJIMUECTBA HEHPOHOB-KAaHAUAATOB L.,
NpeJCTaBIAIOMUX NpoleHT oT L, rae L. < L. Ilo omnpenenennto, korna L <200,
L. =100 %L , B IpOTUBHOM Cllyuae BbIOpaHHBIA KOI(P(UINEHT TOMOXKET BEIOpATh
HEHPOHBI-KaHAMAATHL. DTOT NPOLEHT I03BOJISIET BHIOPATh HanboJIee CyIIeCTBEHHbIC
HelpoHsbI niepBoro cios [11].

Bropoil ci0il cOCTOMT M3 L, HEYETKHX HEHPOHOB, IA€ BBIACIACTCA IOHH-
HeHpoH, npemIokeHHbIi B padote [13]. Kaxxasiit HEHpOoH BBHITIOTHSIET B3BEIICHHYIO
CyMMYy HEKOTOPBIX BBIXO/IOB (HE BCEX M3-32 METOAA OTOOpa HEHPOHOB) MEPBOTO
CJIOSl HapsAy CO CMEIIEHHEM U CIIydaifHO OIpe/ieleHHBIMH BECaMU IOHHHEHPOHOB
[10]. Jlormaeckue HEHPOHBI — 3TO PYHKIIMOHANBHBIEC €IIHUIIBI, KOTOPBIE COYETAIOT
JIOTHYECKHE acHeKThl 00pabOTKH ¢ 00yJaeMOCThIO Uepe3 CHCTeMy HEYETKHX Ipa-
BmI. MIX MOXXHO paccMaTpUBaTh KaKk MHOTOMEpHbBIE HEJMHEHHBIE MPeoOpa3oBaHus
MEky eIMHMYHBIME THnepkyOamu, [0,1]1—>[0,1]" [10]. Takum 06pa3om, HeifpoHbI

«M» m «MJN» (puc.2) OOHOBISAIOT 3HAYCHHUA HEYCTKUM BBIYHCICHHEM
a=[ay, ay,..., ay], NepBoHaYaILHO KOMOMHMPYs UX IO OTJEIBHOCTH C UX BECAMHU

w=[w], Wa,..., w3] TaK, ato a, we[0,1]" 111 0GbeMHEHNs PE3YNBTATOB CIETY-
oM obpaszom [12]:

z=or(a, w)= Silzl (a;sw;), )]
z=and(a, w)= Tlivl (a;tw;) , 2)

rae T u t — 310 T-HOpMEI (TIpOU3BENCHHE), @ S U 5§ — 3TO S-HOPMBI (BEPOSTHOCTHAS
CyMMa).

Puc. 2. Cxematnueckoe n3odpaxenue HelpoHoOB «» u «AJIN»

Fig. 2. Schematic representation of neurons "AND" and "OR"
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U-HOopMa — 310 0000mIeHne 7-HOPM M S-HOPM IyTeM OCTaOIIEHUs OTrpaHude-
HUH, CBSI3aHHBIX C HEUTpaIbHBIMU 3jieMeHTaMu. BmecTo 3HaueHuit «0» u «1» s
t-HOPMBI U S-HOPMBI COOTBETCTBEHHO HEHTpaIbHOMY DJIEMEHTY pa3pemiaeTcs: Ipu-
HUMATh 3HAYCHHS B €AMHUYHOM HHTepBaie. ONHON W3 TIIaBHBIX XapaKTEPHCTUK
U-HOpM SIBIIIETCSI TO, YTO OH OOJBIIIE HE MMEET TaK Ha3hIBAEMOTO HEHTPaIbHOTO
9JeMEHTa, KOTOPBI Temeph Has3bIBaeTCsl dyeMeHTOM JmuyHocTd [13]. Uepes aToT
3JIeMEeHT NTUYHOCTH U-HOPMBI pacIIupsioT 7-HOPMBI U S-HOPMBI C TIOMOIIBIO Pa3-
JMUYHBIX 3HaueHud g €[0;1], yro mo3Bonsger yepenoBaHue S-HOpMEI (g=0) u

T-nopwmsl (g = 1) [13]. @opmanbsao U-HOpMa BBIpaXKaeTcs B BUIE

oT| 2,2, ecmn x,y€[0;g),
g g
U, 7)=1g+(1-2)8| | =8 { £1 ecmn x,ye(g.1], (3)
-g 1-g

max (x, y) WJIN min (x, y), UHaue.

YHHUHEHPOH MCHONB3yeT NOHATUST U-HOPM ISl BBIMOJIHEHHUS] 00Jiee yIpoIeH-
HBIX OMEpanuii B COOTBETCTBUM C (YHKIMAMH aKTHBAIlUM HEUCTKUX HEHPOHOB.
Ero ¢opmanmzanus 1mo3BoisieT YHHHEHpPOHY HCIIOIB30BaTh IOHATHS JTHOO HEH-
pona «M», mbo wneiipoHa «UJIW». B [13] 0OBSCHSAIOTCS BaKHbIE MOHATHSA 00
yauHEeHpoHe. O0paboTka HEHpPOHOB MPOUCXOMUT HAa JABYX YpoBHsAX. Ha mepBom
YPOBHE JIOKaluui L, BXOJIHBIE CUTHANBI OOBEAUHIIOTCS UHAUBUIYAIbHO C BECAMH.

Bo BTOpoM ypoBHE L, , T1100aabHOM, BBINOIHAETCS [N100aIbHAas Olepalus CyMMH-

pOBaHHA MO pe3yNbTaTaM BCeX KOMOWHAIMN MEpBOroO ypoBHS. TpaauIMOHHBIE JO-
THYECKHEe HEWPOHBI MCIIONB3YIOT T-HOPMBI M S-HOPMBI JUTSl BBITIOJHEHUS OITHCAH-
HBIX OTepaiuil.

VuursiBas Habop map €2(a;, w;), Ipu BxogHoM curHane a; €[0;1] u BbIXO-
HOM W; €[0;1] 1 BBINOJIHEHUS B3BELIEHHON arperaluy clielyeT BBIIOIHHUTH Cle-
nyrorue maru [13]:

1) mpeobpa3oBanue kax bl mapsl ((a;, w;) B €IUHCTBEHHOE 3HAUCHUE!

bi :h(al', Wl)’
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2) BBIYUCIICHHUE €AWHON arperauy npeoOpa3oBaHHBIX 3HAYCHUI

U(bla b27'~~7 bm) )

Irie m — 3TO KOIUYECTBO BXOMOB.
@yukuus i oTBevaeT 3a nmpeoOpa3oBaHHE BXOMHBIX JAaHHBIX U COOTBETCTBYIO-
X BECOB B HHIAMBHyaJbHBIE IPeoOpa3oBaHHbIC 3HaUeHU [ 13]:

h(w, a)=wa+wg . 4)

Hcrmonb3yst B3BENIEHHYIO arperaruio, MOXKeM 3allicaTh YHHHEHPOH CIeIyro-
M 00pa3om:

z=uni(x, w, g) = U,-Azll (x;, wy) . ®)]

Heuerkne npaBmiia MOTYT OBITH U3BJICUCHBI Y€pe3 TOIOJIOTHIO CETH B COYETa-
HUU C YHUHEHPOH-JIOTMYECKUMU HEHPOHAMU.

ITocne ompenenenusi HEUPOHOB-KAHIUIATOB OKOHYATENbHAS apXUTEKTYypa CETH
OTIpeNIeNIIeTCs C TIOMOIIBIO BEIOOpa MOAMHOXKECTBA 3TUX HEHpoHOB. [1pu BImONHE-
HUU 3TOU MPOLEAYPHI peaan3yeTcsl ONTUMAIFHOE TTOAMHOXKECTBO 3HAUYCHHM, KOTO-
poe MOXHO paccMaTpUBaTh KakK 3aJady BbIOOpa IMEepeMEHHOH, BO3BpAIIaOIICi
Haubolee 3Ha4uMble HEHpoHbl L, Ha ocHoBe (yHkiuu 3arpat [10]. Ananoruuso
MOJKEM HWHTEpPIPETHPOBATH 3TOT BHIOOP KaK BRIOOP HAWIYYIIEro HabOpa MpaBuIL,
CHOCOOHBIX TIPEJICTABIATH BXOJHOE IPOCTPAHCTBO. ANTOPUTM OOYUYCHHS TIpeI-
noyaraeT, 4ro araka SQL-MHBEKIHH BTOPOTO CJIOSl HEUETKON HEHpOHHOU ceTH,
cocTosiIled U3 BceX Haubosee 3HAUMMBIX HEUPOHOB L., MOKET OBITh 3allMCaHa B

BUJIC
LS
S () =2 iz (xp) = 2(x;)v, (6)
i=0
rae v =[vg, vi, v2,..., v ] — BekTOp-cTONOCI BeCOB Criosi atakn SQL-HHBEKIHH,
z(x;) :[zo, z21(x;), 29(x;)s...5 2 L, (xl-)J — BEKTOP-CTPOKa apTryMEHTOB BTOPOTO

cios. B aToM KOHTekcTe z(X;) paccMaTpuBaeTCs Kak HENHHEHHOe O0ToOpaXkeHHe
3ammcu Juist (Lg + 1)-MepHBIX HEUeTKHX HMPH3HAKOB, BHIIONHIEMOE C HUCIONIB30Ba-

HUEM BBEIODaHHBIX HEHPOHOB, IMOCKOJBKY BECaM, KOTOpPHIC CBSI3BIBAIOTCSA C JIBYMS
MIEPBBIMH CJIOSIMH, TPUCBAUBACTCS CITydaiiHas opMa, a €MUHCTBEHHBIMU MapaMeT-
pamu sBisiIoTCs Beca SQL-uHbeknuu. YpaBHeHHE (6) MOXET OBITh PacCMOTPEHO
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KaK IpocCTas JINHeHHas perpecCHOHHas MOJeNb, O3BOJIAIOIAs PEINTD 3a1a4y BbI-
0opa HaWIy4YIHX MOAMHOXXECTB HEHPOHOB, KOTOpPBIE OYAyT MIOCATU3UPOBAHBI Kak
MO/JIeNIb JTUHEWHOM perpeccuu uisi 3aaad BeiOopa [14]. s BhINOIHEHUS BhIOOpa
Mozenu ObII MPUMEHEH MIHPOKO HCIIONB3YEMBIH alTOPUTM HaWMMEHBINEH YTIIOBOU
perpeccun (LARS) [15]. LARS — 310 perpeccHoHHBINA arTOpUTM IJIsl TaHHBIX, CIIO-
COOHBIN OIIGHUTH HE TOJIBKO KOA(PHUIMEHTH PErpeCcCHy, HO M IIOAMHOKECTBO KaH-
JHMIaTOB-PErPecCOpOB, KOTOPBIE JOJDKHBI OBITh BKIIIOYEHBI B OKOHYATEIBHYIO MO-
gens. Jnsg ouenku Habopa u3 K pasmumuHbIX  BBIOOpOK  (X;, y;), THe

x; =[x, Xjpsees Xn], Xx;,¥;€ R, a i=1,...,K, croumMocTHas (yHKIHUA 3TOrO

AJITOPHTMA PETPECCHH MOKET OBITH ONPEIENeHa KaK
K
S lzGew =il + v, » ™
i-1

rie A — mapameTp peryJsipu3alliii, OLIEHEHHBIH C TIOMOIIBIO MEPEKPECTHON BallU-
nmarmu. ITlepBoe ciiaraeMoe COOTBETCTBYET OCTATOYHON cymme kBanparoB (RSS).
OTOT TepM YMEHBIIIAeTCs TaK )K€, Kak U omubka o0ydenus. Bropoi unen —3to pe-
Tynspu3aoHHbeI TepM /) . @opmyna (7) ucnons3yeTcs Uil yiydineHus ooo0ime-

HUS ceTH 0e3 upe3MepHON KOPPEKTHUPOBKH [14] 1 MOKET TeHepHpOBaTh Pa3pekKeH-
Hble Mozenu [15]. [lns BHeceHus Oosplied scHocTH, nouemy LARS momxen uc-
TIOJIB30BATHCS B KAYECTBE AITOPUTMa BHIOOpA MPHU3HAKOB, YPaBHEHHUE CIEIYeET Ie-
pemnucaTh CIeayronuM 00pa3oM:

min,, RSS(v)st|v]|, <B, 8)

rae B — BepXHsA IpaHUlla /) -HOPMBI BECOB, Majoe 3HAueHUe [3 Koppelaupyer
c OoJBIIMM 3HaYeHHEM A WM HaoOOpOT. DTO ypaBHEHHE TAaK)KE W3BECTHO Kak Jiac-
co [15]. Hcnonb3oBanue naccoperpeccuu (Tarke HasblBaeMoOM [j-HOpMOI) s

HOpMaJIM3allMd MOJIENIEH MPHBOAUT K pe3ysbTaTaM C INPOCTPAaHCTBEHHBIMH pellle-
HUSIMH, TEHEPUPYET PE3yJbTHPYIOIINE BEKTOPHl CO MHOTMMH HYJISIMH, KOTOpBIE
MPEJCTABIAIOT JaHHbIE, HE UMEIOIUE 3HAUCHHS JUI aHAIU3UPYEMBIX IEPEMEHHBIX.
Jlyunumii BeiOop Moneneii npencrasieH B [14]. Anroputm LARS moxer ObITh Hc-
NIOJIB30BaH JUIsl BBIMTOJHEHUS BBIOOPA MOJICIIH, TaK KaK MPH 3aJJaHHOM 3HAYEHHH A
TOJBKO HEKOTOPBIE PErpeccopbl MMEIOT paBHBIE Beca, OTIMYHBIE OT Hyis. Ecim
A =0, To 3a1aua CTAHOBUTCS HEOTPAHHMYEHHON perpeccuell ¢ HeHyJIeBbIMHI BECaMH.

Ilo MEpEC YBCINYUCHUSA A OT HYJId A0 3alaHHOI'O 3HAYCHUS A YHUCJI0

max max

HEHYJIEBBIX BECOB YMeHbLIaeTcs OoT N 1o Hyhs. s paccmMaTpuBaeMoil B HACTOS-
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et paboTe mpoOIeMbI PErpeccopsl z 1, TIPE/CTaBIIAIOT coboii araku SQL-uHBEK-

Ui 3HaYNMBIX HeifipoHoB. Takum obpa3zom, anroputm LARS MoxeT ObITh HCTIONB-
30BaH /ISl BBIOOpA ONTHUMAJIBHOTO IMOJMHOXKECTBA JKM3HEHHO Ba)KHBIX HEHPOHOB,
MUHUMH3HpYOUWX (8) AN 3aaHHOTO 3HAYCHHS A, MOMYYEHHOTO ITyTEM Iepe-
KpecTHOH Banmumanuy. Vcnone3yst KOHIENHo bootstrap n BEITIONHSAS MepecedeHue
Mexay onopamu, bax [15] paspaboran MopenbHBIN KOPPEKTUPYIOUIMK OIEHIINK
0e3 yCIIOBUI KOHCHCTEHIMH, TPEOYEeMBIX I METO/Ia JIacco. DTOM HOBOU MpOLeaype
oH man Ha3BaHue Bolasso (bootstrap-enhanced least absolute shrinkage operator).
OTy CTpPYKTypy MOXHO PacCMaTpHBaTh KaK CXEMY TOJIOCOBAHUS, NPUMEHSIEMYIO
JUTs TIOZIEPKKK MeToa jtacco. OnHako Bolasso MokHO paccMaTpUBaTh Kak peskKiuM
(opMupoBaHUs KOHCEHCYCa, TI€ MOJIEPKUBACTCs Haubojee 3HAYMMOE IMOJMHO-
JKECTBO MEPEMEHHBIX, II0 KOTOPBIM BCE PErPECCOPHI COINAIIAIOTCA, KOT/Aa pedb UIET
o BbIOOpe mepeMeHHBIX [15]. Perpeccopsl, BKiIoYaeMmble B (DPHHAIBHYIO MOZEIb,
OTIPENIEIIAIOTCS B COOTBETCTBHH C YAaCTOTOH, C KOTOPOH KaXXIbIi M3 HUX BHIOMPAET-
Csl ¢ TIOMOIIBIO PA3IMYHBIX TecToB. Ompenemnsiercs: mopor KOHCeHcyca (HampuMep,
p =50 % ), u perpeccop BKIIOYaeTCs, €CIIM OH BBIOpaH, 1Mo KpaiHei mepe, B 50 %

UCIBbITaHUM. B 3TOI cTaThe 3arpy3uduK JIACCO MCIONb3YETCs [UIsl ONPENEICHUS TO-
TIOJIOTUH CETH U BBIOOpa HauOoJiee 3HAUMMbIX HEHPOHOB. JlJIsl BHIYMCICHUS] BECOB
atakyromero cyiost SQL-MHBbEKIMH NPUMEHSIOTCS KOHLENIUH SKCTPEMaJbHBIX
oOyuatomux MamuH [15], a HelipoHHas arperaiyoHHasi CeTh, HIPUCYTCTBYIOIIAs B
TPETHEM CJIO€ MOJEIH, BHIIONHSAET KIaCCU(PUKALNIO IPU3HAKOB KHOepaTak B COOT-
BETCTBHUH CO CIIETYIOIINM YpaBHEHUEM:!

LS
Y =sign fReLUcyTe-u(oﬁ szvj > (€)]
Jj=0
rae zo =1, vy — cMelueHue, a z;, v, — COOTBETCTBEHHO BEIMYMHA HEYETKOTO

HelipoHa ataku SQL-unbexiuu u ero Bec npu j =1,..., Lg; ReLU ¢ yTeukoii BbI-
pakaeTcs cieayromiei GopmMyIoi:

fReLUcyTeqxoﬁ(Z’ o) = max(oz, z). (10)

Ota (QyHKIMSA aKTHBAllMM B HACTOAIIEE BPEMs HCIIOJIB3YeTCs B 3ajadax pas-
JIMYHOM IPHPOIBI, 0COOSHHO B TEX CIIydasx, Koraa Tpedyercs Ooiee BBICOKas 4yB-
CTBUTEIBHOCTh K pe3yJIbTaTaM, MOJYYEHHBIM C ITOMOIIBI0 HEYETKHX HEHPOHHBIX
cereit [11-15].
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Haxkomnern, mocie ompeneseHusl TOMOJOTHHA CETH BBIYUCIISETCS BEKTOP BECOB
T (V3
cinos ataku SQL-uHBEKIUH v=[v0, VI, Voseens VLS] . B Hacrosmeit pabore v

BBIYHUCIISIETCS C UCTIOJIb30BaHUEM IrceBgonHBepcuu Mypa—Ilenpoy3a:

v=Z%y, (11)

rne Z* — ncesnounBepcus Mypa—Ilenpoysa oT Z, KOTOpas ABJIAETCH MUHAMAJIb-
HOM HOPMOM pEeLIEHUs] HaUMEHBLIMX KBAaIpaTOB Ul BBIXOAHBIX BECOB; Z MOYHO
ONPEAENIUTh KaKk

Zp Z (xl) . ZLx (xl)
7 2y Zl(xZ) ZLS(Xz) ’ (12)
Zy Zl(xn) ZLS (Xn)

[Tpouecc 00y4eHust MOXKHO PE3FOMUPOBATH CIEAYIOIINM 00pa3oM:

1) 4MCIIO0 HEYETKUX MHOXECTB, KOTOpbIE OyIyT pa3douBaTh BXOJHOE MPOCTPaH-
CTBO, M,

2) pOLEHT HEHPOHOB-KAHAUAATOB, L, ;

3) 9ncio MOBTOPEHUH HaYaBHOH 3aTrpy3KH, b;

4) mopor KOHCeHCyca, p.

3AK/IIOYEHUE

PesynpraTom HacTOsIEeH pabOTHI SBISIETCS TOCTATOYHO MOJHOE HCCIIeIOBAHHE
aKTyaJlbHbIX HA MOMCHT HAIlCaHHs PabOThl KOHPUIYpaIMid, TUIIOB U apXUTEKTYP
MOZeJIel HEUETKUX HEMPOHHBIX CETEH.

HccrenoBanne oXBaThIBacT Bce 0a30BBIC THUIIBI aPXUTEKTYP HEUPOHHBIX CETEH,
THUIIOB HEYETKHUX CHCTEM, a TaKKe COJCPKUT MOAPOOHYIO METOJOJIOTHIO OOHApY-
JKeHMA aTak Ha 0asze M3yueHHOI'o MaTepHaia, YTO IO3BOJIIET TapaHTUPOBAaTh MPH-
MEHHMMOCTb JaHHOH pabOTHI K MOJAaBIISIONIEMY OOJNBIINHCTBY PEAIbHBIX CUTYAIHH.

HccnenoBanbl MIMPOKO HMCHOJNB3yeMbIEe BO BCEM MHpE HAaOOpHI JAaHHBIX JUIs
MIOJITOTOBKH M TECTUPOBAHMSI UTOTOBOW HEYETKOH HelipocereBoi Moaenu. [Toapo6-
HO OIFCaHa METOJOJOTUSI OOHApYXKEHHs aTaK, a TaKKe ee NPUMEHEHHE OTHOCH-
TENIPHO aTaKW, OCHOBAaHHOM Ha SQL-MHBEKINH, YTO CHOCOOCTBYET OOJIETYECHHIO
BHEJIPEHUSI PEaTN30BaHHOM CHCTEMBI HA PEATbHBIX 00BEKTaX.
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This paper proposes the use of hybrid models based on neural networks and fuzzy systems to
build intelligent intrusion detection systems based on the theory of fuzzy rules. The presented
system will be able to generate rules based on the results using fuzzy logic neurons. To avoid
oversaturation and assist in determining the necessary network topology, training models
based on extreme learning machine and regularization theory will be used to find the most
significant neurons. In this paper, a type of SQL injection cyberattack is considered, which ac-
tively exploits errors in systems that communicate with the database via SQL commands, and
for this reason is considered a kind of straightforward attack. The fuzzy neural network archi-
tecture used in detecting SQL injection attacks is a multi-component structure. The first two
layers of the model are considered as a fuzzy inference system capable of extracting
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knowledge from data and transforming it into fuzzy rules. These rules help build automated
systems for detecting SQL injection attacks. The third layer consists of a simple neuron that
has an activation function called a leaky ReLU. The first layer consists of fuzzy neurons, the
activation functions of which are Gaussian membership functions of fuzzy sets, defined in ac-
cordance with the partitioning of the input variables. The technique uses the concept of a sim-
ple linear regression model to solve the problem of choosing the best subsets of neurons.
To perform model selection, the paper used the widely used least angular regression (LARS)
algorithm.

Keywords: fuzzy set, fuzzy neural network, information security, neural aggregation network,
SQL injection attacks of significant neurons, cyberattack detection model, fuzzy inference
system, membership function
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B Hacrosimelt craThe NPEACTAaBICHBI PE3YJIbTaThl TECTHPOBAHMS 110 CO3JAHHUIO CIIEIMATN3HPO-
BaHHOHM CHCTEMBI, KOTOpasi IIOMOraeT IPeIOTBPATUTh KHOepaTaki U TaKUM 00pa3oM HOIYIISIpH-
3UpyeT IOCTPOCHHE MHTEIUIEKTYalbHBIX MPIIOKEHUH. 10 MmoydeHHBIM pe3ylIbraTaM MOXKHO
YTBEpIKIaTh, YTO MPOBEICHHBIC HCIIBITAHHS SBILIOTCS YAOBIETBOPUTEIbHBIMU. MartemMaTuye-
CKOH OCHOBOH IIOCTpOoeHMsI HelipoceTeBoil Monemu sBistercs Moxens HESADM  (Hybrid
Artificial Intelligence Framework). IIpencrapiensas cucrema mo3sossier GpopmMupoBats HaGop
IIPaBHII C TIOMOIIBIO HEYETKHX JOIMYECKHX HeHpoHOB. B HacTosmieil paboTe mpencTaBieH moa-
X0 K (DOPMHPOBAHMIO HEYETKOW HEHPOHHOM CETH, MCIOJb3yeMOW IpH OOHAPYKEHHH arak
SQL-unbekuuii. MeTononorus, UCIoib30BaHHasi B HACTOsIIEH paboTe, MpencTaBisieT coOoi
HMITYJIbCHYIO UCKYCCTBEHHYIO HeMpoHHYI0 ceTh (SANN), KOoTOpas MCIOJb3yeT 3BOJIOLMOHH-
pyromas HelipocereByto cucreMy (€COS) 1 MHOTOCJIONHBIN MOAXO0J, UMITYJIBCHOM MCKYCCTBEH-
HOIt HEHPOHHOM CeTH Ul KNacCH(UKALIMK TOYHOTO TUIIA BTOP)KEHHS WIIH CETEBOM aHOMAIIMHU C
MHHHAMAJIGHBIM BBIYMCIIUTENbHBIM TOTEHIHAIOM. VIMITyIbCHAsT MCKYCCTBEHHAs! HEHPOHHAs! CH-
creMa (opMHpyeT ceOs HelpephIBHO, aAaNTUPYSICh K BXOAHBIM JaHHBIM, OyTyqH B (pyHKIHOHH-
pyroieM win He)yHKIMOHUPYIOIEM COCTOSHHH, HAXOCh IO HAOIOCHHEM aIMUHUCTPATO-
pa. JlaHHast cucTeMa HaXOAUT NIPHMEHEHUE K HECKOIbKHM APYTUM CIIOXKHBIM IpoOiIeMaM peallb-
HOT'O MHpPa, TEM CaMbIM J0Ka3bIBAET CBOIO pabOTOCIIOCOOHOCTh, B TOM YHUCIIE B 001acTi UHPOP-
MaIMOHHOH Oe30macHOCTH. PaccMOTpeHHast Mozienb HpesCTaBisieT co00if TMOPHIHYIO IBOIIO-
LIMOHUPYIOLIYIO UMITYJILCHYIO MOJesb 0OHapyskenus anomaiun (HESADM), koropast paboraer
Ha MIMITyJIbCaX, BOSHHUKAIOIMX B CHCTEME, B TO BpeMsI KaK HEHPOHBI IIPUMEHSIIOTCS UL MOHUTO-
pHMHIa aIropuTMa C HCIOJb30BaHUEM OJAHOro Ipoxoja oOyuenus. B cucreme Ttpaduk-
OPHEHTHPOBAHHBIE JAHHBIE NIPUMEHSIOT ITyTeM MMIIOpPTa KJIACCOB, KOTOPBIE HCIIONIB3YIOT IIepe-
MeHHOe KojupoBaHue. Mcrmosp3yeMmble NaHHbIE MOIy4YeHbI ITyTeM NpeoOpa3oBaHUs peaabHbIX
XapaKTEePHCTHK CETEBOr0 TpaHKa B ONpe/IeIIeHHEIC BpEMEHHbIE OTMETKH.

i Cratbs nomyudena 20 urons 2021 r.
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KaroueBble ciioBa: xkubeparaku, nHGopmalroHHas 6€30MacHOCTb, UMITYJIbCHAsi HCKYCCTBEH-
Hasi HeHPOHHAs CeTh, HEUPOHHAS arperaloHHasi CeThb, ataku SQL-MHbeKuuii, Mozieab 00Ha-
pyXeHus kubepaTak, CHCcTeMa HEeYeTKOrO BEIBOJA, (DYHKLHS IPUHAUISKHOCTH

BBEJIEHUE

B MmpoBo# cuTyanun KHOEPIPOCTPAHCTBO — 3TO 00JIACTh, B KOTOPOHU, He-
CMOTpSI Ha TIOHUMaHHE HEOOXOIMMOCTH obOecriedeHusI Oe30MacCHOCTH, HET HHKa-
KHX CHCTEMaTHYECKHX M YeTKO C(OpMyIHpOBaHHBIX MeEp, KOTOPHIE MOTIH OBl
rapaHTUPOBaTh HANEKHOCTh W COXPAHHOCTH HCIOJIB3yeMBIX cucTeM. OCHOBHOM
LETBI0 Pa3BUTHA OOIIECTBA C ATHX IMO3HUIHN SBISIETCS MUHIMH3AIHNI KOJIIMYECTBA
KkubepaTak Ha CETH M TOCYAapCTBEHHbIE HH(POPMALMOHHBIE CUCTEMBI, a TAK)XKE Ha
Bce Apyrue cerMeHThl odmiecta [11]. B mocnenuee BpeMs Bcé OoJblliee BHUMA-
HHUE yIensercs KuoepOe30macHOCTH KaK CTPAaTEerHuecKoil (YyHKIMH roCyaapcTBa,
TaK Kak OHAa MMeeT BaXHOE 3HaueHHe IS MOJICpPKaHUsS KPUTHYECKH Ba)KHBIX
UHOPACTPYKTYp CTpaHbl. JIpyruMu clioBaMHu, B KOHTEKCTE HU(PPOBOTO Pa3BUTHA
rocyJapcTBa HU OJIHA CTpaHa He MOXET OTKa3aThCsl OT 0€30ITaCHOCTH CBOETO KH-
OepIpocTpaHCTBA.

Ha ceropgnpsamunii 1eHh aTakyd HAa WH(POPMAIMOHHBIE CHCTEMBI KOMITAaHHUU SIB-
JSAIOTCS Kyna 0ojiee CIOKHBIMH M TPeOYIOT CIEIMaIbHBIX CPEICTB 3aIUTHI, 0CO-
OeHHO Il 00BEKTOB KPUTHYECKUX MH(OPMAMOHHEIX HH(pacTpykTyp. CTOHT OT-
METHTb, YTO C YIETOM YBEINYCHUS KONMNIECTBA HH(POPMALMOHHBIX MTOTOKOB H pa3-
HOBHIHOCTEH WX WCIONB30BaHUS YPOBEHb yrpo3 HHPOPMAIMOHHONW 0e30macHOCTH
00BEKTOB KPUTUYECKUX WH(POPMAIMOHHBIX MHPPACTPYKTYp 3HAYMTEIBHO BO3pac-
TaeT. AHaIN3 MOKa3al OTCYTCTBHE KOMIUIEKCHOTO IOJXOla K IPEIOTBPAIICHHIO
yrpo3 uHGOPMAIIMOHHOH O0e30macHOCTU. B 3ToM cBs3M BaKHOE 3HAYCHHUE TpUOOpe-
TAlOT HEHPOHHBIE CETH, KOTOPHIE HCIOIB3YIOT IIOBCEMECTHO, HAIPUMEp, IIPU CPaB-
HEHUHM OMOMETPHYECKHX XapaKTEPUCTHK YeloBeka [5, 8], B ropucnpymeHmmu [7],
OaHkoOBCcKOU cdepe [9], maPOpMarmonHON Oe3omacHocTH [1, 2, 7, 10-15], mexu-
nuHe u Omonoruu [4] u T. 1. [6] MeTomomorus, UCIIONB30BaHHAS B JaHHOU pabo-
T€ — 3TO WMITyJIbCHAs MCKYCCTBCHHAsI HEHpPOHHAS CETh, KOTOpPask WCIOJB3YET IBO-
JIIOLIMOHUPYIOLYIO HEHPOCETEBYIO CUCTEMY M MHOTOCIOMHBIN MOAXO ISl KJIACCH-
(uKaIy TOYHOTO THIIA BTOP)KEHHS WM CETEBOH aHOMAaJ WK C MHUHUMAJIBHBIM BBI-
YUCIUTEIHHBIM ITOTEHIIHAJIOM.

1. CXEMA ATAKH HA BA3E SQL-UHBEKIIUHN

SI3BIK CTPYKTYPHPOBAHHBIX 3ampocoB, Wi SQL, sBIseTCs A3bIKOM 0 yMOJI4Ya-
HUIO JUIS B3aUMOJICHCTBYS C PEJIMOHHBIMU 0a3aMy JaHHBIX. B HEM BBITOIHAIOTCS
OCHOBHBIE 3a/1a4H, CBA3aHHbIC C MAHUIIYJIMPOBAHUEM JAHHBIMH B CTPYKTypax 0a3
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nmaefbIX [14]. SQL-uabeKknns — 3T0 TUI KHOepaTaku, KOTOpasi CTIOIb3YeT OLTHOKN
B cHcTeMax, 0OBIYHO MMEIOIIHE CBSI3b ¢ 0a30i maHHBIX depe3 SQL-KomMaHIbL, U O
JTOM NPUYMHE CUUTAECTCS PA3HOBUIHOCTBIO aTakW IPSIMOJIMHEHHOH. B 3TOM mpo-
I[ecce BTOPKEHHUS 3JIOYMBIIIJICHHUK MOKET BCTaBUTh IOJIb30BAaTENIBCKYI0 M HEHYX-
Hyl0 uHCTpyknuio SQL B 3ampoc 4epe3 (oOpMBbl 3amKCH JaHHBIX HPOrPaMMBIL.
B monsix, npenHasHaueHHBIX 1T MHQOPMAIMU MOJIH30BATENS, STH KOMaH/bI BbI-
TIOJTHAIOTCSI, T. €. oToOpakaroTcst koMaHasl SQL, oqHako u3-3a aToro c6ost B mpu-
JIOXKEHUSIX OHM B KOHEYHOM HTOTE BBHI3BIBAIOT U3MEHEHHMsl B 0a3e MaHHBIX WIIM He-
MIPAaBUIIBHBIN JOCTYN K TPWIOKEHUIo [14]. B3IOMMIHK MOXET HOJXYYHTH JTFOOBIC
CKpBITHIC JTaHHBIC, XpaHsInecs B 0a3e JaHHBIX CEPBEPHOTO KOMIBIOTEPA, C ITOMO-
mpio SQL-MHBEKIIMOHHBIX aTaK, B TOM YHCIIE B 3aBUCHMOCTH OT BEpPCHH 0a3bl JaH-
HBIX. BBI Takke MOKeTe BBOIUTH BPEIOHOCHBIE KOMaH bl U TIOJIy4aTh MOJTHOE pa3-
pelieHne Ha MamIuHy, Ha KOTOpoil padortaer Oank [9]. Ha puc. 1 moka3aHbI OCHOB-
HBIE IIAary JUTs aTaku ¢ TOMOIIbio SQL-HHBEKIINY.

ATAKYIOWMWA

~ ¢
=) NORYYEHUE SQL MHBEKLMA
_— B
- MH®OPMALIMK
SS—
B3/IOM XELUA

ABTOPU3ALMA XELW NAPONA
-— —
PHP BACKDOOR MHBEKUMA
* ok ok ok okk ok ok k

ATAKYIOLIWI

o

) |2 >
- _— NOBLILEHME NPYEMNErA
1

Puc. 1. CxemaTtuueckoe NpeICTaBICHUE aTaKH, OCHOBAaHHOM
Ha SQL-uHBEKIHH

Fig. 1. Schematic representation of an attack based on SQL injection

2. METOJ0JIOI'USI OBHAPYKEHUSA ATAKH

B cratbe «OOHapykeHHE CETEBBIX aHOMAJH Ha OCHOBE IBOJIOIHMH HEWPOH-
HbIX ceTeily, HanncanHo# K. Jemepuncom u JI. Unuaaucom [1], onucsiBaeTcst UH-
TeJUIEKTyalbHAsl CHCTEMa MAIIMHHOTO OOy4YeHHWs, IJIe YacTh CHCTEMBI paboTaeT B
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MIONCKaX M3BECTHBIX YIpO3, a Apyras 4YacTb IbITaeTCs OOHApyKUTb BEPOSATHBIE
yTpo3bl B COOTBETCTBHM C AHOMAJIbHBIMH AEHCTBUSIMH, KOTOPBIE NPOHCXOAAT B
mraTHoM Topsiake. Cucrema oOHapyXeHHs IPOCTa, OHA I'€HEPUPYET COCTOSHUE,
oOpabaTbiBaeMoe KaK 0OBIYHO, U BCE CHTHAJIBI 3a MPeIeiaMy Kpast STOTO COCTOSHHS
00pabaThIBAIOTCS] KaK aHOMAITHSI, IO3TOMY aJITOPUTM OOHAPY)KEHHsI YUUTCSl HETpe-
PBIBHO, ITOKa CHCTEMa aKTHBHA B CETH.

Mertozoorus, UCTIONB30BaHHas B HACTOSIIEH paboTe, — 3TO MMITYJIbCHAsI HC-
KycctBeHHast HeliponHast ceth (IHC) (SANN), KoTopasi HCIIOIb3yeT IBOJIIOIMOHH-
pytomyro HelipoceteByto cucteMy (eCOS) m muorocmoiHsii nmoaxox MHC mns
KJIacCH()MKAMU TOYHOTO THUIIA BTOPKEHHS WM CETEBOH aHOMAJINU C MUHUMAJIEHBIM
BBIYMCIUTENBHBIM TOoTeHIanoM; SANN — 370 HabOp MOIYJIBHBIX CHCTEM, OCHO-
BaHHBIX Ha Y3JIOBBIX coenuHeHMsX. Cucrema gopmupyer ceOsi HEIPEepHIBHO, alar-
THPYSCh K BXOJIHBIM JIaHHBIM, OyIydd B (DyHKIIMOHHPYIOIIEM WIN HEe()YHKIOHHU-
PYIOILIEM COCTOSTHUM, HaXOMsCh 10/ HaOmoaeHneM aaMuancTparopa. SANN Taxke
NPUMEHSIETCS] K HECKOJIBKUM JAPYTUM CIIOKHBIM MpoOJieMaM peajbHOro MHpa, JTOKa-
3pIBasi CBOIO pabOTOCHOCOOHOCTh. Pa3paboTaHHas MOJENb Ha3bIBACTCS THOPHIHOU
SBOJIIOIMOHUPYIOILEH MMITYJIbCHOM Mozenbio oOHapyxxenus anomannu (HESADM),
KOoTOpasi paboTaeT Ha WMIIYJIbCax, BO3ZHHMKAIOIIMX B CHCTEME, B TO BpeMs Kak
HEHPOHBI HCIOJIB3YIOTCS U1 MOHUTOPUHTA AJITOPUTMa C MCIOJIb30BaHUEM OJTHOTO
Ipoxo/ia 00y4IeHHS.

Tpaduk-opHeHTHPOBaHHBIE JaHHBIC WCIIOIB3YIOTCS MyTeM MMIOPTA KIACcCOB,
KOTOpBIE HCIOJNB3YIOT MEpeMEHHOE KOAMPOBAHHE BCETO MHOMKECTBA JIaHHBIX.
Hcnone3yemsble TaHHBIE TIOJTyYCHBI ITyTEM MPEe0Opa30BaHMs PEANbHBIX XapaKTepH-
CTHK CETeBOro TpaduKa B OIpEAEICHHbIE BPEMECHHBIE OTMETKH. JlaHHBIE OBLIM
KIIacCHU(UIIPOBAHbI Ha J[BA THIIA!

1) xmacc 0, COOTBETCTBYIOUINH HOPMAaJIbHBIM, IITaTHBIM pe3yJIbTaTaM;

2) xiacc 1, COOTBETCTBYIOUINI aHOMAJIBHBIM PE3yJIbTaTaM.

Bo Bpewmst Bepudukanmu ataku, eciau pe3ysbTaT paBeH HyIO, Mpolecc Kiac-
cuukarmu eSNN noBTOpsieTcs, HO C COOTBETCTBYIOIIMMHU OOHOBJIEHHBIMU BEKTO-
pamu naHHBIX. Eciim pe3ynbpraT mpomoinkaeT paBHSITHCS HYIIO, TPOLECC 3aBepliia-
ercs. Kornma pesynbraTtom siBisieTcst kiace 1, HEHpoOHHAsI ceTb M3 JIBYX CIIOEB WC-
TIOJIB3YETCs ISl PACHO3HABAHUS THIIA aTaKW W MCIIONB3YET BCE pecypchl 0as3bl AaH-
HbIX KDD u NSL-KDD [1]. Ecnu 3T0 IpOUCXOAUT B CKPBITOM CJI0€, HCHIOIb3YIOTCS
33 meiipona. Pe3ynbTaTsl 3TOTO Ipomecca MpeAcTaBIsIOTCs CETEBOMY aAMHUHHACTpA-
TOpy B BuAe mpeaynpexnaeHus, rpadpudeckas moxenr HESADM mokasana Ha
puc. 2 [1].

Hns oOyuenms m TecToB ObUTHM BEIOpaHBI 1Ba Habopa maHHBIX: KDD
u NSL-KDD.

KDD-konnekusi cCoaepXUT JaHHble, UMUTUPYIOLIUE ceTh. MeTo/ aHaiau3a co-
OBITHIA BKITIOYAET B ce0s coequHenue Mexay [P-anpecom ucrounuka u IP-agpecom
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Ha3HA4YEeHUs, BO BpPEMs KOTOPOTO IIPOMCXOAMT OOMEH IOCIENOBaTENbHOCTHIO
TCP-nakeToB, HCIONB3YIOMNX OMPEIACTCHHBI MPOTOKOI M CTPOTO OTPEeIeHHOES
BpeMsi paboThl. Vcronk3dyemast 0a3za JaHHBIX BKJIIOYaeT B ceds cnucok u3 13 884
SQL-onepatopoB, BIOpaHHBIX Pa3IMYHBIMHA MCTOYHUKaMHU; 12 881 m3 HHX sBIA-
1oTcs BpenoHocHbBIMU (SQL-unbekuuu), a 1003 — 3akonHBIME (Koppenamus SQL-
orepaTopoB ¢ TunoM SQL-uabeKunii).

MPUIHAKM e

CETEBOIO
TPADGHKA MPH3HAKH

eSNN
TOYHOCTb
KNACCHOWKALIAM 97,7%

KPOCC-BANWUIOALMA x10
CPEOHAA TOYHOCTb
KNACCUDMKALIMM 97,2%

WTATHbIMA
PESVIIETAT
PENEBAHTHGIE]
IWTATHBIE
NPU3IHAKK

eSNN ’

BCE
NPUIHAKH

WHC PACNO3HABAHWE
ATAKH TOYHOCTE

99,9%

TOYHOCTE
KNACCHOHKALIMK 99,999%

KPOCC-BANWOALIAA x10
CPEOHAA TOMHOCTb
KNACCH@WKALIMK 99,76%

LWITATHbIA
3VTIBTAT,

BE3MEACTBUE]

Puc. 2. Monens HESADM

TPEBOTA

NSL-KDD — 3to Habop MaHHBIX, MpPEATI0KEHHBIA IS PEIICHNS HEKOTOPBIX
BHYTPEHHUX Mpobiem Habopa maHHBEIX KDD'99, koTOphle ymoMHHAIOTCS B pabo-
Te [10]. YcoBepuieHCTBOBaHHAsI KOJIEKIUS IPUMEHSETCS B Ka4ecTBe 3 PEeKTHBHO-
TO 3TAJIOHHOTO Habopa JaHHBIX Ui pa3padOTKH METOJOB OOHAPYXKEHHS BTOpIXKE-
HUH C TOMOIIBIO Pa3IMYHBIX CETEBBIX aTak. B Tabnuiie moka3aHa OTJIMYHAS IPOU3-
BOAWUTENBEHOCTh M HAJEKHOCTh CXEMBI, IIPeAJIoKEeHHOH B pabdote [1]. B Heit mpex-
CTaBJICHBI Pe3yJbTaThl KATEIOPH3AIMU C UCIIOIb30BAHHEM OJHOTO M TOrO e Habo-

Fig. 2. Model HESADM



62 A.B. Apxunosa, I1.A. Ilonakos

pa masHBIXx SQL-nHbeknnii, 10-KpaTHOI mepeKkpecTHON MPOBEPKH M IPYTHX HOJ-
XO/IOB MAIIMHHOTO 00y4YeHHMs1, MOJENIb JOCTUTIIA pe3ynbTara 99,6 %.

TouyHocTh padoThHI Pa3JMYHBIX KJIACCH(PUKATOPOB

The accuracy of the various classifiers

Knaccuguxarop Tounocts, %
MFF ANN ¢ GA 99.6
RBFNetwork 97.3
NaiveBayes 98.7
SVM 98.5
k-NN 98.3
Random Forest 99.1
3AKIIOYEHHUE

JIyisl BBITIOJTHEHUS TECTOB OOHApy>KCHMS aTaK M CO3/aHMs SKCIEPTHOW CHCTe-
MBI, OCHOBAaHHOIl Ha XapakTepe NaHHBIX, OBUIM HCIIOIB30BaHBI ONKCAHHBIE PAHEE
6a3p1 nanabix KDD’99 n NSL-KDD. HecbanancupoBaHHble HA0OpPHI TAaHHBIX SIB-
JITFOTCS. YaCTHBIM ClIydaeM IpoOsieM KiacCU(HUKAIMU, KOTIa paclpeaeieHue Kiac-
COB HEOAHOPOAHO, 4To Habmomaercss B KDD’99. OOb4HO mom0OHbBIE KiIacChl Jie-
JISITCSL Ha JIBE KaTeropuu: OOJBIIMHCTBO (OTPUIATENBHBIE) H MEHBIIUHCTBO (I10JI0-
JKUTEINIbHBIE).

W3 Bcex XapaKTepHCTHK, MPEAI0KEHHbBIX B YKa3aHHBIX Ha0Opax JaHHBIX, ObLIN
WCIIOJIb30BAaHBI TAPAMETPHI: JUIMHA, SHTPOIMS, YPOBEHb arpeCCHBHOCTH, YPOBEHb
JIOBEpHsI U YBEPEHHOCTH. DKCIIEPTHAsl CHCTEMa OCHOBaHA Ha mpasBmiax «ECJIN»
n «TO». Hewerkne uetiponnsie cereBble Mozenn (UNI-RNN — sto HeueTkas
HEHpOHHAs CceTh, cocToAmas U3 yHHHEHpoHOB, a AND-RNN — u3 aHgHelpoHOB)
OBLTH COMOCTABIICHBI C APYTHMH aITOPUTMaMH Kiaccuukaropa 1 0a3sl JaHHbIX:
SVM, MLP, NBCu C4.5.

Jist BU3yanu3anuu paboThl alrOPUTMOB HHTEIUIEKTYAJIbHOTO aHaIN3a JTaHHBIX
BO3MOJKHO HCIOJIb30BaHne Habopa nHcTpyMeHnToB weka [10]. Ero kondurypannu n
HCIIOJIb30BaHUE OCHOBaHbBI Ha padote [1].

CrnenyeTr OTMETHTB, YTO BO M30€KaHNe TEHACHIIMH B MPOBEJCHHBIX UCIIBITAHH-
sIX OBLT POBeIeH 0OMEH BCEMH MMEIONUMHUCS oOpa3iamMu u Obuto codpano 30 us3-
MEpEeHHH TOYHOCTH C KaXJ0H 13 0a3, OIEHEHHBIX B KOKA0H aHAM3UPYEMOi Moie-
mu. [lepemeHHBIe, ydacTBYIOIIME B 3TOM IIpoliecce, ObUIM HOPMAaIHM30BAaHBI CO
cpemHuM HyneM u nucnepcueii 1. Bee ataku SQL-urbekiuii Mogeny ObUTH HOpMa-
JMU30BaHbI K nHTEepBaly [—1, 1].
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Jns HedeTkol HeWpoceTeBOH MOJAENH ONTUMAalbHBIE MapaMmeTpel M, b u p
HaleHsl myTeM nepekpectHoi Banmaanuu (70 % oOyuenusi, 30 % ams TecTHpoBa-
HHS) ¢ Hcnosb3oBaHueM 10-kpatHoro meroja. JWama3oHbl ObUIM CIIEAYHOIIMMHU:
M={2,3,4}, b= {8, 16,32}, p= {50 %, 60 %, 70 %}. 3nauenue L. ObLIO OlLe-
HeHo Ha ypoBHe 200, kak u B [10]. Pe3ynbraTsl ObUTH MPEICTaBICHBI TECTAMH, BhI-
MMOJTHCHHBIMH Ha TEPCOHAJIBHOM KOMIThIOTepe ¢ mporeccopoM IntelCore 17-4700
MQ2,40 I'T'y 1 mamsTeio 8,00 I'b.

Htorosas cucrema mpencTaBhiIa MOJE3HBIE PE3YJIBTATHI MO HCIOIb30BaHUIO
HEYETKHX IPaBHII UL TIOCTPOCHMS CUCTEM. MBI MOKEM BBIACIHTH MIPHUMEp, MOIY-
YEHHBII TPH WCHONB30BaHMU JABYX (YHKIUH NPHHAUIEKHOCTH, IMO3BOJIIONINX
KIIaCCU(UIIPOBATh apaMeTPhl KaK HU3KUE U BHICOKHE.
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This article presents the results of testing to create a specialized system that helps prevent
cyberattacks, thus popularizing the construction of intelligent applications. Based on the re-
sults obtained, it can be argued that the tests carried out are satisfactory. The mathematical ba-
sis for building a neural network model is the HESADM model (Hybrid Artificial Intelligence
Framework). The presented system allows you to form a set of rules using fuzzy logical neu-
rons. This paper presents an approach to the formation of a fuzzy neural network used for de-
tecting SQL injection attacks. The methodology used in this paper is an impulse artificial neu-
ral network (SANN), which uses an evolving neural network system (eCOS) and a multi-layer
approach of an impulse artificial neural network to classify the exact type of intrusion or net-
work anomaly with minimal computational potential. The impulse artificial neural system
forms itself continuously, adapting to the input data, being in a functioning or not state, being
under the supervision of an administrator. This system finds application to several other com-
plex problems of the real world, proving its efficiency, including in the field of information
security. The considered model is a hybrid evolving pulse anomaly detection model
(HESADM), which works on impulses that occur in the system, while neurons are used to
monitor the algorithm using a single training pass. In the system, traffic-oriented data is used
by importing classes that use variable encoding. The data used is obtained by converting the
real characteristics of network traffic into certain time stamps.

Keywords: cyberattacks, information security, impulse artificial neural network, neural ag-
gregation network, SQL injection attacks, cyberattack detection model, fuzzy inference sys-
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O POJIA OBIIECTBEHHBIX OPTAHU3AIIUI
B CTPYKTYPE CUCTEMBI KKX
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IpakTiKa BXOXKACHHS OOIICCTBCHHBIX OOBEAMHEHMIT B PA3IMYHOTrO poja chepsl AesTeIbHO-
CTH Ha TEPPHTOPHSAX TOCYHapCTBAa IOKA3BIBAET, YTO MHOIME OOBEIUHEHHs HE BBIIOJHSIIOT
BO3JIOKCHHBIC Ha HUX MHCCHM IO 00CCICYCHHIO KOM(pOPTHOrO MPOXXHBAHUS IPAXKAAH TEPPH-
TOpHHi, a 3aHUMAIOTCSI HOTPEOUTENILCKIM 3KCTPEMHU3MOM, PEMIAIOT CBOU ITOTPEOUTENBCKUE 3a-
Ayl M CHCTEMHO HE Y4YacTBYIOT B IPOIECCAX KOHCTPYKTHBHOIO B3aMMOJEHCTBHSA MEXIY
BJIACTHIO, MPOMU3BOJUTENIAMH M NOTPEOUTENAMU ycIyr. B Hacrosieil craTbe BrepBble pac-
CMOTPEHBI BONPOCHI B3aUMOAEHCTBUS 001IeCTBEHHBIX 00bequHenuii B cucteme KKX co Bce-
MH MMEIOIIUMHCS B Hell anemenTaMu. [lokasana cymecTtByromas crpykTypa cuctemsl JKKX,
BKJIIOUAOMAs B ce0sl Takue JJIEMEHTHI, KaK (efepaabHble U PErHOHAIBHbBIC OPTaHbl BIACTH,
pecypcocHa0KaloIe W COMYTCTBYIOLINE OPraHMU3aluy, perHoHaIbHbIe OIepaTopsl B cdhepe
KKX, ucnonuurenu XXKX-ycnyr, oOuiecTBeHHbIe 00beAMHEHUS, 00BEIMHEHUS COOCTBEHHH-
KOB WIbsl U HaHUMatesell. Onpeene bl 9Tanbl OpraHu3alny OOLIECTBEHHBIX 00beJUHEHHIA,
MOCTPOEeHA OJIOK-CXeMa alrOpHTMa FOCyJapCTBEHHOH PEeTHCTPAMU U PETHCTPAUH I0pHINIe-
CKOTo JuLa s OOLIeCTBEHHBIX oOBenuHeHuil. Ilokaszana BHYTpeHHs OpraHHU3alOHHO-
yIpaBlieHUeCKast CTPYKTypa OOBEAMHEHUI, PacCCMOTPEHbI (GYHKIHMH M MX MECTO B CHCTEMeE
ynpasienus XXKX. Crenyer noJuepkHyTh, 4TO BIMSHUE OOIIECTBEHHBIX OpraHM3aIMil OCY-
IIeCTBIISIETCS. HOCPEACTBOM BHYTPEHHETO W BHEIIHero ympasieHus B cucreme JKKX s pe-
LIeHUs 33724 COAEHCTBUS CTAHOBJICHHIO )KUIIHIIHOTO CaMOYIPaBICHUs KaK BaKHEHIIEro HH-
CTUTYyTa TPAXKTAHCKOr0 00mecTBa U 3P (HEKTUBHOTO MHCTPYMEHTA O3{OPOBICHUS KUIHIITHO-
KOMMYHaJIbHOI oTpaciu. BeIABIeHO, UTO CyIIECTBEHHBIM MHCTPYMEHTOM B YIPABICHHU CU-
cremoii JXKKX sBisieTcst Halu4ue B cOCTaBe OOJBIIMHCTBA €€ DIIEMEHTOB 00IIECTBEHHBIX MHUK-
POCTPYKTYp, B3aHMOJCHCTBHE C KOTOPHIMH JaeT BO3MOXKHOCTb OKa3bIBATh YIPABIIAIONIEE
BO3/IeiCTBHE HA BCIO CUCTEMY B LIEJIOM M I10JIy4aTh MOJIOKHUTEIbHbIE PE3YyJIbTaThl PH 3aLIUTE
npaB norpeduteneit ycayr JKKX.

KirodeBble €/10Ba: NPOM3BOJUTENH YCIYT, HOTPEOUTENIN YCIIYT, >KHIHIIHO-KOMMYHAIBHOE
XO3SIHCTBO, OPraHbl BIACTH, OOLIECTBEHHbIE 00BEANHEHNUS, OOMIECTBEHHBIC MUKPOCTPYKTYPEIL,
yIpaBlieHHE, OJIOK-CXeMa, allTOPUTM, CTPYKTypa, QyHKIIH

i Cratbs nony4dena 23 urons 2021 r.
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BBEJAEHUE

Cdepa >XMIHITHO-KOMMYHAIBHOTO XO3SIHCTBA SBIAETCS YPE3BBIUAIHO BaKHOU
OTpPACIIbI0 3KOHOMHKH JIF000TO TOCYAAapCTBa, KOTOpas OTBEYAET 33 OJHY M3 CyIIe-
CTBYIOIIUX IPaHel OBITOBOTO OIaromoIydust FpaskaaH CTPaHbI.

B Poccutickoit @eneparun mpodmemam XXKX yaensercs 6onpioe BHUMaHHE:
pa3pabOTaHO W BCTYNHIIO B CHIIy OIPOMHOE KOJIMYECTBO HOPMATHUBHBIX IPABOBBIX
aKTOB B JIaHHOH obOsactu. Hambosee 3HAYMMBIMU CpEAM HUX SIBISIIOTCS KOJAEKCHI

@ [1, 2], denepanbubie 3akonbl PO [3—14], yka3sl npe3ugenta PO [15-17], mo-
cranoBieHus [IpaBurensctBa PP [18-38], BemOMCTBEeHHbIE HOPMATHUBHBIE AKTHI
P® [39-61], rocynapctBennsie cranaaptsl PO (I'OCTer) [62, 63], CanurapHble
npasmia 1 HopMmbel P® (CanlluHwr) [64, 65], [IpaBmia nosxkapHoii 6e3omacHocTH PD
(III1b P®) [66], IlpaBuna mo oxpane tpyna P® (IIOT P®d) [67]. Koncruryimon-
HBeli 1 BepxoBHEN cyn PO Taxxke mamm OONBIIOE KOMMYECTBO PA3hACHEHUH IO
Borpocam JKKX. Ha maHHOM 3Tare moAroToBieH NMpOeKT pacropsbkeHus [IpaBu-
TenbcTBa PO, koTOpsIM mIaHupyercs yrBepauTh «Crpareruto passutus KKX Ha
mepuon 1o 2035 r.».

ITpn Bcem, kazanoch ObI, MHOrOOOPa3WH 3aKOHOJATENBHBIX AKTOB, PETYIUPY-
roumx JKKX, mX mpaBONpHMMEHEHHE OCTaBIISET KEJIaTh JYUIIErO: CYIIECTBYIOT
pa3nuYHbIe «IPOOENbl» B 3aKOHAX, KOTOPBIE BIACTh HE MMEET BO3MOXHOCTH pe-
maTh 0e3 MCHOJIb30BAHUS TOMOJIHUTEIBHOIO 3aKOHOJATEIbHOIO HHCTPYMEHTAPHSL.
[TosTOMY BO3HMKaeT HEOOXOAUMOCTh CO3/IaHMsI KaKoH-n0o0 OydepHol CTPYKTYpBI,
KOoTOpasi Obl B3aMMOZEHCTBOBaJa OJHOBPEMEHHO C COOCTBEHHUKAMHM XHJIbSI M CH-
cremoil ympasneHus JKKX co cTOpoHBI BiacTell pa3sHOrO ypoOBHS Ul pEIICHUS
HacymHbIX BorpocoB KKX. Takol cTpykTypod, HAa MOM B3I, JOJDKHA CTaTh
obmectBenHas opranmsanus B cucreme JKKX. IIpaktuka mokasana, 9To oOmie-
CTBEHHbBIE O0BEIUHEHNSI W MHbIe HeKoMMepueckue opranmsanuu (HKO) ma cero-
JHALTHAHN 1€Hb ABJIIFOTCS TOCTAaTOYHO 3(p(heKTHBHBIMU HHCTPYMEHTAMH B J€ATEIb-
HOCTH TPAKTAHCKUX aKTUBUCTOB [68].

1. AHAJIM3 CYHIECTBYIOUEN CTPYKTYPbI )KKX

CymectByromas cuctema JXKX sBIsseTcss MHOTOKOMIIOHEHTHOHM (MHOTO3ITE-
MEHTHOM) CHCTEMOM C OOJBIINM KOJMYECTBOM CBS3EH IJIST WX B3aUMOJCHCTBHSA.
Ha puc. 1 nmpencraBneHa opraHM3alliOHHO-YIIPaBIEHYECKas CXeMa CyIIECTBYIOMIEH
CUCTEMBI KHIJINITHO-KOMMYHAJIFHOTO X035ICTBA.

Ha cxeme puc. | mokazaHbl BCe HMMEIOIIUECS Ha JaHHOM BpPEMEHHOM JTarie
aneMeHThl, Bxoasamue B cuctemy JKKX u ocyrnecTBistone Kakue-ioo yrpas-
JIEHYEeCKUE JeHCTBYS B IaHHOW CHCTEMeE, MPEACTABISIONINE NHTEPEC KaK JAJIsl BHYT-
PUCHCTEMHOTO, TaK W JIsS BHEIIHECHCTEMHOTO B3ammojeicTBus B chepe KKX.
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Bce ameMeHTHI CHCTEMBI, KaK M OHa CaMa B II€JIOM, BBITONHSIOT HPHUCYIIHE UM
yrpaBieHYeckne (yHKINHU, HAIpaBICHHBIE Ha 00ecrieueHne IeTIOCTHOCTH, KHU3HE-
cniocoOHocTH 1 3 dexTuBHOCTH Beeil cuctembl JKKX. ['maBHbIMU B nepapxuu sie-
MeHTOB cucteMbl JKKX sBISIOTCS, KOHEUHO, 3JIEMEHTHI (heIepaabHOr0 YPOBHS, K
KOTOPBIM JUIsSl HAaIllero Ciay4asi OTHOCSIT JIB€ BETBU BJIACTH — 3aKOHOJATENbHYIO U
HCIIOJIHUTENbHYI0. PaccMOTpuM uX npuMeHuTeNnbHO Kk cucteme KKX.

Wncnekuun
CTpouTenLHOro U
XUAMLLHOrO
Hap30pa No peruoHam

AQRMMCTRR Y AamuHncTpauumn

MWHCTPOM [OROAOE paiioHoB
PEFMOHOB
NPABUTENBLCTBO Pd Opraii mecTHoro AnmusucTpauus
” PernoHanbHble opraHb! ]
MuncTpoit PO
R0 ®enepankHble OpraHb!
opraHbl Bnacti 8 P® opraHbl Bnacti B P®
Cosetbl fomos
CoGCTBEHHUKM XnNba
mpasnexHue gomamu =
Nl Cucrema XKX

WcnonHutenu XunmiHbIx u
KOMMYyHanbHbIX ycnyr

opraHusauun

TCX, XCK, TCH

onocHabxenve u
BOAOOTBeACHME
P

Ynpaensiowue
KOMNaHuM

§ PervoHanbHble onepatopbl B cepe XKKX
OGuwecTBeHHbIe
ConyTcTayiowue 6%
opranusaumm B cchepe XKKX
Mo KanWTanbHOMy PeMOHTY Mo cTKO :
OG6uecTBeHHbIe
opraHusauum

‘OnepaTtopb! CBA3N

Puc. 1. OpranuzaiiioHHO-ypaBiieHYecKas cxema cyuectBytouieit B PO cucremsr
KHUIAITHO-KOMMYHAaJIBHOTO XO35IHCTBA

Fig. 1. Organizational and managerial scheme of the existing system of housing
and communal services in the Russian Federation

CTpyKTypHBIE 2IE€MEHTHl BETBH HCIOIHHUTENBHONW BnacTd B cucreMe JKKX:
[IpaButenscTBo PP (moaHOMOUYMS BO BeeX cepax rocyAapCTBEHHOHN JESITENEHOCTH
ompenenensl cT. 114 Korcrurymuu P®); Munctpoii PO, OenepanpHas aHTHMOHO-
monsHast ciyk6a PO (PAC P®D) (ocHoBHBIE QyHKINH omnpeneneHs! [ToctaHoBie-
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mueM IIpaBurensctBa PO ot 07.04.2004 Ne 189 (pex. ot 28.01.2011) «Bompocst
®DeneparbHON aHTUMOHOIIONBHBINA CITYKObD»). Ha MecTax mcmonHuTEeNbHAs BIACTh,
IPUHUMAOIIAs HEMOCPEACTBEHHOE ydyacTue B ypasieHuu cucrtemoit JXKKX, npen-
CTaBJICHA MI/IHCTpOCM PEruOHOB, HMHCIEKUOHUAMU CTPOUTCIHLHOIO0 MW KHUJIWIIHOTO
Ha/130pa PETHOHOB, OPraHaMU MECTHOTO CaMOYIpPaBJICHUA. 3aKOHOAATENbHAs BETBh
BJIACTH NPEAYyCMaTPHBAET yYacTHE 3aKOHOIATENbHBIX OPTaHOB Pa3IMYHOTO YPOBHSI.

ITocTaBka sHepreTdeckux pecypcoB B chepe XKKX ocymiectisercs pecyp-
COCHA0KAIOIUMH OpPTaHU3aAIMsIMH, KOTOPBIE MPEJICTaBICHBl B BUJE CHEIHATH3H-
PYIOLINXCSl OpTaHU3alMi, 3aHUMAIONIMXCS IMOCTaBKOW TeIula, 3JIEKTPUYECTBa,
ra3a, BOABI M JIPYTHX pecypcoB. TexHWUecKasl SKCIUTyaTanusl 3JaHUH OCYIECTB-
JsieTcs YNPaBIAIOMIMMH KOMIAHHUSMH, TOBAPHIECTBAMU COOCTBEHHHKOB >KHIIbS
(TCX), xunmumuo-cTponTenbHbIME KoonepaTtuBamMu (JKCK) u ToBapumecTBamu
cobctBenHnKOB HeaBmwkuMocTu (TCH), KoTopsie HeCyT OTBETCTBEHHOCTH 3a Ka-
YeCTBO KOMMYHAJIBHOTO pecypca, MOCTaBIIEMOro PecypcoCHa0X aOUIMMH Opra-
HU3aIUAMU, HETIOCPEACTBCHHO BHYTPHU 3AdaHUA. Cpezm Y4aCTHUKOB CHCTEMBbI
KX BbIIENnsIOT perHoHaNBHBIX onepatopoB B cepe XKKX, koropsie ocyiecTs-
JSIOT GYHKIMH N0 NPOBEIEHHIO KalMTAILHOIO PEMOHTA XHioro ¢poHaa u odpa-
LICHUIO C TBEPABIMH KOMMYHanbHbIMH oTxofgamu (TKO). ITomumo Bbimenepe-
YHCJIEHHBIX 3lleMeHToB cucTeMbl JKKX, cienyer oTMETHTH COMYTCTBYIOIIUE Op-
TaHW3alny, TaKue Kak JH(TOBBIE ¥ JOMO(GOHHBIE KOMIIAHNH, ONIEPATOPHI CBS3H H
npyrue. Ha cerogusimiauii gens B cucremy JKKX cMmeno BKIIOYAIOTCS M CTaHO-
BATCSl ee HeoThemileMoil JacTeio opmupyembie B pamkax JKKX oOmecTBeHHbIE
o0BbeanHEHNs, OOCYKICHUIO POl KOTOphIX B ympaBieHnu KKX u mocpsmeHa
HacTosImas craThs. B kadecTBe OOIIECTBEHHBIX OOBEAMHEHHH MOXHO paccMat-
pHUBaTh OOIIECTBEHHBIC OPraHU3AINU, CAMOPETYJINPYEMbIC OpraHU3aluy U TEPPU-
TopuajbHble o0mecTBeHHbIe camoynpasienus (TOC). [locnenuum, caMbiM 3Ha-
YiMbIM diieMeHToM cucteMbl JKKX, paan xoToporo BCE U MpoUCXOAUT B 00CYXK-
JAEMOM CHCTEMe, SIBJISIOTCS COOCTBCHHHMKH JKWIbS. X MOXHO Kiaccuuuupo-
BaTh IO CHOCOOY YyINpaBJIEHHs >KWIBEM: C IOMOIIBIO YIPABISIONINX KOMITAHHH
uyepe3 coBeThl oMo, TCXK, )KCK miu npu HEmocpencTBEHHOM YNpaBIeHUH J0-
MaM¥ COOCTBEHHUKAMHU.

OCHOBHBIMH TIPEINOCBUIKAMH TOSIBJICHUSI PAa3IMYHOTO poJia OOIIEeCTBEHHBIX
oobennHennit B cucreme JKKX cumratoTes: moBceHeBHAs aKTyaJIbHOCTD MOBBIIIE-
HUSI Ka4ecTBa MOCTABISIEMBIX yCIyT B 3TOH cepe AesTeTbHOCTH MX MOCTaBIINKA-
MH; ¢1a00CTh KOHTPOJIS U YIPABICHUS HaJ TeXHOIornmdeckuMu mporeccamu JKKX
CO CTOPOHBI HCIOTHUTEIBHBIX OPTaHOB BIAcTH B P®; cnabocTh 3aKOHONATEIHHOTO
obecrieueHns (Hanu4ue Opemieil B 3aKOHAX W IPYTUX HOPMATHBHO-IIPABOBBIX aK-
tax) cucteMsl JKKX; HeJ0OpOCOBECTHOCTH MOCTABIIUKOB YCIYT B 3TOU cdepe; BbI-
coKkas ee ObITOBasl 3HAUMMOCTh JJIA COOCTBEHHMKOB JKHUIIbS.
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2. 9TAIIbl ®OPMUPOBAHUSA OBIIIECTBEHHOM OPTAHU3ALIUU,
EE CTPYKTYPA U ®YHKIIUU

3aKOHONIATENh OIpPEeNIIeT OOIIECTBCHHBIC OOBCAMHCHUS KaK OOBCIUHCHHS
MO (K COXAJICHHIO, PYTOTO OIMPEeIICHIs B 3aKOHOMaTenbcTBe HeT). Co3manme
000# OOIIECTBEHHO-OPTaHU3AIIMOHHOW CTPYKTYPbl HAYHUHAETCS C OCMBICICHHUS
9TanoB ee ¢opmupoBanus. Huke paccMOTpUM alrOpuT™M ACHCTBUE 1O OpraHm3a-
nuu ob1ecTBeHHOro o0beauHeHus B cepe KKX (puc. 2).

( Hauano )

MoTue cozgaHusa
obbeanHeHus

l

dopmuposaHue paboden
rpynnel yupeautenen
obbeanHeHus

l

Pa3spaboTka HauMeHoBaHus,
CTPYKTYpbl OpraHoB
ynpaBneHusi U ycTaBa
o6beanHeHus

l

MpoBenexue obLyero
cobpaHus yupeauTenen
1 NPUHSITUE PeLLeHUii Mo
paspaboTaHHbIM JOKyMeHTam

l

Ectb nu
Heo6X0ANMOCTb Co3AaHNS
o6benHeHus co cTaTycoB
topuandeckoro nuua?

lA-iel

Puc. 2. Biiok-cxema aJIroputMa 1o OpraHu3aiuy 00IeCTBEHHOTO
obobenunaeHus B chepe XKKX (cm. Takxe c. 73)

Fig. 2. Block diagram of the algorithm for organizing a public
association in the field of housing and communal services
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e

Co3zpnatb 06beauHeHne Co3paTtb o6beanHeHWe Co cTaTycom
6es cratyca topuandeckoro nuua

10pPUAMHECKOrO NNl

¥

MpepocTaeuTe B TeppUTOPUANBHLIA
opraH MMHKOCTA aokyMeHTb!
13 nepeyHsi cT. 13.1 ®3-7
ot 12.01.1996

!

TMpoBecTy rocyaapcTeeHHyio
perucTpaunio o6beanHeHNs
B TEpPUTOpHAnbHOM opraHe

1

Ha ocHose MexBefoMCTBEHHOTO
BNEeKTPOHHOro Baammoneﬁmsvm
NpOBECTU TepPUTOPHATBHBIM
Hanorosbim ‘OpraHom perucrpauuo
ropuanyeckoro nuua

vy

Puc. 2. Oxonyanue

Fig. 2. The ending

[TepBbIM IIaroM anropuTMa sBiseTcs GOPMUPOBAHUE KOJUICKTHBA €IHHOMBIII-
JICHHWKOB [UIS CO3/aHMS OOLIECTBEHHOTO OOBEOWHEHHUS WINM €ro ydpenuTenel
(cozmanme paboueit rpymisr). [Io 3ak0HOAATENECTBY KOMTMYECTBO yupeanuTeneif 00-
LIECTBEHHOTO 00BETMHEHNS MOXKET OBITh HE MEHEE TPEX U OOJIbIIE.

Bropoii mar anroputma cBsizaH ¢ pa3paboTkoil YcTaBa 0OIECTBEHHOTO 00b-
eIuHeHus: U (OPMHPOBAHUEM CTPYKTYpbl OPraHOB YIpaBJICHHs OpTraHH3aIHH.
K conmepxanuro ycraBa HEOOXOIMMO IOJOWTH Hauboiiee cepbe3Ho. MOXHO wc-
TI0JIb30BaTh «MOJIEIILHBINA YCTaB HEKOMMEPUYECKOI OpraHu3aIiny» — pa3paboTaHHYIO
MMUHIOCTOM HMHCTPYKIHUIO TO (POPMHPOBAHHIO YUPEIAMTENBHOTO JOKYMEHTa, pas-
MEILEHHYI0 Ha caiiTe rocoprana B pasjeine «/lesrensHoCTh B cdepe HeKoMMepue-
CKHX OpraHm3auuit». B 1r000M cirydae, KpoMe MONOKEHUH 00 OpraHM3alMOHHBIX
BOIIpocax (peopraHu3anys, JTUKBUOAUKA U 1Ip.), HEOOXOIMMO MPOIKCATh NpaBa U
obs3anHOCTH ydacTHHKOB (1o I'pakmanckomy konekcy (I'K) — ywyactHHKOB yHU-
tapHOif HKO mnn ygactankoB koproparusHoit HKO), nienn u 3agaun, obmue 1mo-
JIOKeHUS (HaMEHOBaHHE, aJpec, TEPPUTOPHS IEATeTbHOCTH IS OOLIEeCTBEHHBIX
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00BEIMHEHNH W TIp.), MOJIOKEHHUS O MPENIPUHIMATENBCKON NesSTeTbHOCTH (eciIu
TakoBas Oyzmer). 3aTeM yCTaB W CTPYKTypa IPWHUMAIOTCS OOMIMM coOpaHHeM
yupenuteneil o0beInHeHNUS.

Jlyist BeleHUs! IeATeTbHOCTH OOIIECTBEHHBIM OObEIMHEHUSIM MHOT/IA JTaKe HET
HaJI0OHOCTH B rOCYAAapCTBEHHOW PETHCTpAIMK Ha OCHOBaHWU cT.5, 18 O3 «O6 06-
IIECTBEHHBIX O0BEIMHEHMAX». Perncrpanus He HyKHa TOrza, Korjxa HeT HeoOXo-
JMMOCTH B TIpaBax IOPHIMYECKOTO JHIa (HET MMYIIECTBa, He OylIeT pacXoJHBIX U
JIOXOJHBIX omepanuii u mp.). [Ipu 3Tom 6e3 peructpanuu OyayT BCe mpasa oOIie-
CTBEHHOTO OOBEMHEHNS 110 YUaCTHIO B OOIECTBEHHOM )KHU3HH.

Jlist TocyTapCTBEHHOM perncTpanuyl OOIMIECTBEHHOTO 00BEANHEHHUS MPEICTaB-
JISIOTCS TOKYMEHTHI, ompeneneHabie cT. 21 @3 «O06 o0mecTBeHHBIX 00beIMHCHN-
s1x», ¢T. 13.1 @3 «O6 HKO».

IToapoGHee ¢ mporeccoM perucTparii MOKHO O3HAKOMHTBCS B CIIECIIHATBHOM
pernameHTe MUHIOCTA IO MPEAOCTABICHUIO TOCYAAPCTBEHHON YCIyTH (pa3MelleH
Ha caifte MuHnrocta). IIpexxne yem momaBaTh JOKyMeHTHI Ha peructparmio HKO,
HE0OX0AMMO 00paTUThCS K crienuanictaM MHUHIOCTa C TOTOBBIMH JIOKYMEHTaMHU.

ITocne mpoueaypsl roCyJapCTBEHHOM perucrpanuuv B MHUHIOCTE, B KOTOpPOH
TIpy HecOOJTIOZIGHUH BCeX TPEeOOBAHMI perucTpanuy WIM 110 WHBIM NPUYMHAM, Ha
KOTOPHIX 51 He Oy/ly OCTaHaBJIMBAThCS, MOTYT M OTKa3aTh. Jlasee TeppUTOpHANBHBI-
MU HaJIOTOBBIMH OpPraHaMH B paMKax 3JIEKTPOHHOTO MEKBEIOMCTBEHHOTO B3aUMO-
JEWCTBHS OCYLIECTBIIICTCS PErUCTpanisl IOPUINIECKOro IHna. B pesynprare momy-
YafoT OOIIECTBEHHOE OOBEIMHEHHE CO CTAaTyCOM IOPHAMYECKOTo JIMIa Jubo 0e3
3TOTO CTaTyca.

Hmxe paccMoTpuM CTPYKTYpy OOIIECTBEHHOW opraHuzanmu (puc. 3) u ee oc-
HOBHBIE (DYHKITHH.

BhictiM  pyKkoBOASIIMM OpraHoM OOBEIMHEHHs SBIsieTCsl olliee coOpaHue
4iieHOB 0ObenuHeHus. Ha Hem ¢opmupyercs: mpapieHUe, B COCTaB KOTOPOTo, Kak
NPaBIJIO, BXOJAT MPE3UACHT OOBbEIMHEHHMS, BHILE-IIPE3UACHT, YICHBI MPABICHHUS.
Onu 0071a7a10T MMOJTHOMOYHMSIMH, BO3JIOKEHHBIMH Ha HUX OOIIMM cOOpaHHEM ydpe-
JUTEIeH, KOTOpOE ONpeeNsieT CPOKH UX JEHCTBUS M OCYLIECTBIISICT KOHTPOJIb Hal
MIpaBJIeHHEM IOCPEICTBOM PEBH3MOHHOW KOMHCCHH (peBU30pa), M30MpaeMoil Tax-
JKe Ha 00IIIeM coOpaHuy.

Hanee chopmynupyeM OCHOBHBIE (DYHKIMH (BHIBI IESTEIFHOCTH) OOIIECTBEH-
Hol opranu3anuy B cucteme JKKX: pa3paboTka mpeayioxeHui 0 COBEPIICHCTBO-
BaHMIO (PeIepaIbHOTO U PETHOHAIBHOIO 3aKOHOJATENBCTBA B KHUIMIIHOW cdepe;
OpTaHM3aIMsl TIOCTOSIHHOTO U 3()()EeKTUBHOTO B3aMMOJEHCTBHS C OTPACIEBBIMH Op-
raHaMM TOCYAAapCTBEHHON BIACTH, MECTHOTO CaMOYIIPABJIECHUS;, OpraHu3anus oopa-
30BaTEeNbHON U TIPOCBETUTEIBCKOM NIESTENBHOCTH B JKHIHIHOM cdepe, HarpaBieH-
HOU Ha MOBBIICHUE MPABOBOM, YKOHOMHUYECKOM, YIIPABJIECHYECKON U I'Pa)IaHCKOU
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Puc. 3. Ctpykrypa 001IecTBeHHOT0 00BheIuHeHus B chepe KKX

Fig. 3. The structure of a public association in the field
of housing and communal services

KYJIbTYPBl U TPaXKIaHCKOW aKTHBHOCTH COOCTBCHHHKOB JKHJIbsI, KBAPTUPOCHEMIIIH-
KOB; conelictBue 3((EKTUBHOMY B3aHMMOJCHCTBHIO COOCTBEHHHKOB JKWIbS C
VIPABJISIONUME OPTaHU3AIUSIMHE;, MIPOBEACHNE KOH(DEPEHIUI, CEMIHAPOB, CHMIIO-
3HyMOB, BBICTABOK M ()OPYMOB IO TpoOIeMaM KHUIUIIHOTO ¥ TEPPUTOPHAITHLHOTO
CaMOYIpAaBIICHUS; CO3[aHHE ICHTPOB MPABOBOM IMOICPKKH KHUIMIIHOTO CaMO-
VIpaBICHUS; CO3JaHHE U BBIMYCK TEMATHYECKUX [MEUATHBIX U IJICKTPOHHBIX
CPEJICTB MacCOBOW MH(OpMALNK; B3aUMOJCHCTBHE C AHATOTUYHBIMH 3apyOEIHKHBI-
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MU JKWINIIHBIME JIBIDKCHUSIMH M O00BEIUHEHHUSAMH; OPTaHU3alns WHHOBALMOHHOM
HAyYHO-HICCIIEIOBATENbCKONH M SKCIIEPTHOW MEATENFHOCTH B SKIJIHMIMHON cdepe;
BHenpeHne B chepy KKX skonorndeckux u pecypcocOeperaromx TeXHOIOTHH;
NpeJCTaBICHUE U 3alllUTa MPaB M 3aKOHHBIX HHTEPECOB MOTPEOUTENCH, IPEIyCMOT-
pernbix @3 «O 3amyre npaB NOTpeOUTENEH»; OCYIIECTBICHHE WHBIX BUIOB Jes-
TEJIBHOCTH, HE 3allPELEHHBIX AeHCTBYIOIIM 3aKOHOIaTeILCTBOM U HAIIPABICHHBIX
Ha JIOCTID)KEHHUE IMOCTaBJICHHBIX Iieneil u pemeHue 3aaad. OcyliecTBIEHHE BUAOB
JeSITeTbHOCTH, CBA3aHHBIX C MOIy4YE€HUEM JIUIEH3UU, IPOUCXOJUT TOJIBKO IOCIE ee
IOy YEHHSI.

3. MECTO OBLLEECTBEHHOI OPTAHU3ALIMU
B CUCTEME YIIPABJIEHUSI COEPOI KKX

[MpakTrka BXOXKAEHHS OOIIECTBEHHBIX O0BEANHEHUI B Pa3IMYHOTO poja cde-
PHI JESATENFHOCTH Ha TEPPUTOPHUAX TOCYAApPCTBA MOKA3BIBACT, YTO MHOTHE O0BEIH-
HEHHS HE BBINOJHSIOT BO3JIOXKEHHBIE HA HAX MHCCHH IO 00ECTIe4eHHI0 KOMQOpT-
HOTO TPOXXMBAHHS TPAXIAH TEPPUTOPHH, a 3aHUMAIOTCS ITIOTPEOUTENHECKUM IKC-
TpeMH3MOM. Pemraror cBou moTpeOUTENBCKHE 3a/1a4i U CUCTEMHO HE yJacTBYIOT B
MIPOIIECCax KOHCTPYKTHBHOTO B3aMMOJICHCTBHUS BIIACTH, MIPOU3BOAUTEICH M MOTpe-
oureneit yciyr. Ha puc. 4 nmpuBenena cxema ynpasienus B cucteme JKKX ¢ yda-
CTHEeM OOIIECTBEHHBIX 00bEeIMHEHHH.

IIo cxeme MOXHO MPOCIEANTH HECKOIBKO ACIEKTOB YIIPABICHHSA, KOTOpHIC
TI03BOJISIIOT OOIIECTBEHHBIM OOBETMHEHHSM OKa3blBaTh CBOE BIMSHHE IPH pellie-
HUH HAacyIIHBIX BonpocoB notpeduteneit ycryr JKKX. Ha puc. 4 mokaszano, 4to Bce
rocyJlapcTBeHHble opranel, ydacTHUKH cucTeMbl JKKX, a Taxke psn CTpyKTyp-
9JIEMEHTOB, TAKUX KaK perHoHaJbHBIE orepaTopsl B ctepe JXKKX, mcrmomanTenn
KKX-ycayr, nnbo UMEIOT B COCTaBE CBOMX OpraHU3alWili OOIIECTBEHHBIE COBETHI
(CBOMCTBEHHO B OCHOBHOM T'OCCTPYKTypam), 0o Bxomar B coctaB CPO. I[Toatomy,
obecrieunBasl B3aMMOJCHCTBHE C TaKUMH MHKPOCTPYKTYPAMH, HAaXOAAIIMMHUCS
BHYTPH CHCTEMHBIX 3JEMEHTOB, OOIIECTBEHHbIE OOBEIMHEHHS HMEIOT BO3MOXK-
HOCTb BJIMATH Ha PELICHUS, (OPMHUPYIOLINECS U NIPUHIMAEMbIe B KOHKPETHBIX Op-
raamzanusax JKKX, ucnons3ys BHyTpeHHee ynpaBjieHHE H3BHE. B Tex snmemeHTax
cTpykTypbl XKKX, B KOTOPBIX HET OOIIECTBEHHBIX MUKPOCTPYKTYp, BIUSHHE U3BHE
MOKHO OCYLIECTBIISTh BHEIIHHMH BO3JCHCTBHAME, 3apaHee MOIATOTOBUB areHTOB
BIIMSIHUSI M3 YMCIIa OPTaHHU3aIMi, UMEIOIINX B CBOEM COCTaBE OOIECTBEHHBIE MUK-
pOCTpYKTyphl. Takue ynpapisioliie BO3AEHCTBUS MOXHO MPOBOIUTH IJIS OCTHU-
KEeHUs JTI0OBIX Oy(epHBIX LeNiell MO 3amure MpaB ¥ HMHTEPECOB MOTpeOHTeNei
yeayr KKX.
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Fig. 4. Scheme of management in the housing and communal services system

with the participation of public associations

3AK/IIOYEHHUE

B HacTosiniel cratbe BIIEpBBIE pACCMOTPEHBI BOIPOCHI B3aMMOJIEHCTBHS 00-

eCTBEHHBIX 00benuHeHuil B cucteMe JKKX co Bcemu nmernmumucs B Hell die-
MeHTamu. Ilokazana cymecTByromas cTtpykrypa cucteMsl JKKX, ompenenens
STarnbl OpraHu3alui OOIIECTBEHHBIX OOBEJUHEHUH, UX CTPYKTypa yNpaBlICHHUS,
¢yHkunn u Mecto B cucreme ympasinenus JKKX. Cnemyer momdepkHyTb, 4TO
BIIMSTHHE OOIIECTBEHHBIX OPTraHM3alMi OCYIIECTBIIIETCS MOCPEICTBOM BHYTPEH-
HEro W BHemHero ympasiaeHusa B cucteme JKKX mns pemenus 3amad coneicTBus
CTaHOBJICHHUIO >KWIMIIHOTO CAMOYIPAaBJICHUS KaK Ba)KHEWIIET0 MHCTHTYTa IPaxk-
JAHCKOTO oOmiecTBa W 3(PQPEKTUBHOTO WHCTPYMEHTA O3TOPOBICHUS KUIHUITHO-

KOMMYHAJIbHON OTpaciu.
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The practice of public associations entering various spheres of activity in the territories of the
state shows that many associations do not fulfill their missions to ensure a comfortable stay
for the citizens of the territories, but are engaged in consumer extremism. They solve their
consumer tasks and systematically do not participate in the processes of constructive interac-
tion between the authorities, producers and consumers of services. In this article, for the first
time, the issues of interaction of public associations in the housing and communal services
system with all the elements available in it are considered. The existing structure of the hous-
ing and communal services system is shown, which includes such elements as: federal, re-
gional authorities, resource-supplying, related organizations, regional operators in the field of
housing and communal services, performers of housing and communal services, public asso-
ciations and homeowners and tenants. The stages of the organization of public associations are
defined, a block diagram of the algorithm of state registration and registration of a legal entity
for public associations is constructed. The internal organizational and managerial structure of
associations is shown, their functions and their place in the housing and communal services
management system are considered. It should be emphasized that the influence of public or-
ganizations is carried out through internal and external management in the housing and com-
munal services system to solve the tasks of promoting the formation of housing self-
government as an important institution of civil society and an effective tool for improving the
housing and communal industry. It is revealed that an essential tool in the management of the
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housing and communal services system is the presence of public microstructures in the ma-
jority of its elements, interaction with which makes it possible to exert a controlling influence
on the entire system as a whole, thereby obtaining positive results in protecting the rights of
consumers of housing and communal services.

Keywords: service producers, service consumers, housing and communal services, authori-
ties, public associations, public microstructures, management, flowchart, algorithm, structure,
functions

REFERENCES

1. Zhilishchnyi kodeks Rossiiskoi Federatsii [The housing code of the Russian
Federation] of December 29, 2004 N 188-FZ (as amended on July 26, 2019). So-
branie zakonodatel'stva Rossiiskoi Federatsii = Collection of the legislation of the
Russian Federation, 2005, no. 1, pt. 1, art. 14.

2. Gradostroitel'nyi kodeks Rossiiskoi Federatsii [Urban planning code of the
Russian Federation] of 24.12.2004 N 190-FZ (as amended on 03.07.2016). So-
branie zakonodatel'stva Rossiiskoi Federatsii = Collection of the legislation of the
Russian Federation, 2005, no. 1, pt. 1, art. 16.

3. Federal'nyi zakon ot 21 iyulya 2014 g. N 209-FZ "O gosudarstvennoi infor-
matsionnoi sisteme zhilishchno-kommunal'nogo khozyaistva" ["On the state infor-
mation system of housing and communal services"] (with amendments and addi-
tions). Sobranie zakonodatel ’stva Rossiiskoi Federatsii = Collection of the legisla-
tion of the Russian Federation, 2014, no. 30, pt. 1, art. 4210.

4. Federal Law of December 7, 2011 N 416-FZ "On water supply and
wastewater disposal". Sobranie zakonodatel’stva Rossiiskoi Federatsii = Collection
of the legislation of the Russian Federation, 2011, no. 50, art. 7358. (In Russian).

5. Federal Law of July 27, 2010 N 190-FZ "On heat supply". Sobranie za-
konodatel’stva Rossiiskoi Federatsii = Collection of the legislation of the Russian
Federation, 2010, no. 31, art. 4159. (In Russian).

6. Federal Law of November 23, 2009 N 261-FZ "On energy saving and on in-
creasing energy efficiency and on amending certain legislative acts of the Russian
Federation". Sobranie zakonodatel’stva Rossiiskoi Federatsii = Collection of the
legislation of the Russian Federation, 2009, no. 48, art. 5711. (In Russian).

7. Federal Law of July 21, 2007 N 185-FZ "On the Fund for Assistance to the
Reform of the Housing and Communal Services". Sobranie zakonodatel ’stva Rossi-
iskoi Federatsii = Collection of the legislation of the Russian Federation, 2007,
no. 30, art. 3799. (In Russian).

8. Federal Law of December 30, 2004 N 210-FZ "On the basics of regulation of
tariffs of communal complex organizations". Sobranie zakonodatel’stva Rossiiskoi



86 J.JI. Kocos

Federatsii = Collection of the legislation of the Russian Federation, 2005, no. 1,
pt. 1, art. 36. (In Russian).

9. Federal Law of March 26, 2003 N 35-FZ "On electricity". Sobranie za-
konodatel’stva Rossiiskoi Federatsii = Collection of the legislation of the Russian
Federation, 2003, no. 13, art. 1177. (In Russian).

10. Federal Law of December 27, 2002 N 184-FZ "On technical regulation”.
Sobranie zakonodatel’stva Rossiiskoi Federatsii = Collection of the legislation of
the Russian Federation, 2002, no. 52, art. 5140. (In Russian).

11. Federal Law of March 31, 1999 N 69-FZ "On gas supply in the Russian
Federation". Sobranie zakonodatel ’stva Rossiiskoi Federatsii = Collection of the
legislation of the Russian Federation, 1999, no. 14, art. 1667. (In Russian).

12. Federal Law of April 3, 1996 N 28-FZ "On energy saving". Sobranie za-
konodatel stva Rossiiskoi Federatsii = Collection of the legislation of the Russian
Federation, 1996, no. 15, art. 1551. (In Russian).

13. Law of the Russian Federation of December 24, 1992 N 4218-1 "On the
fundamentals of the federal housing policy” (with amendments and additions)
(invalidated). (In Russian).

14. Law of the Russian Federation of July 4, 1991 N 1541-1 "On the privatiza-
tion of housing in the Russian Federation". Vedomosti S"ezda narodnykh deputatov
RSFSR i Verkhovnogo Soveta RSFSR = Bulletin of the Congress of People's Depu-
ties of the RSFSR and the Supreme Soviet of the RSFSR, 1991, no. 28, art. 959.
(In Russian).

15. Decree of the President of the Russian Federation of May 7, 2012 N 600
"On measures to provide citizens of the Russian Federation with affordable and
comfortable housing and improving the quality of housing and communal services".
Sobranie zakonodatel stva Rossiiskoi Federatsii = Collection of the legislation of
the Russian Federation, 2012, no. 19, art. 2337. (In Russian).

16. Decree of the President of the Russian Federation of May 27, 1997 N 528
"On additional measures to reform the housing and communal services of the Rus-
sian Federation” (with amendments and additions) (invalidated). (In Russian).

17. Decree of the President of the Russian Federation of April 28, 1997 N 425
"On the reform of housing and communal services in the Russian Federation"
(with amendments and additions) (invalidated). (In Russian).

18. Decree of the Government of the Russian Federation of April 2, 2020
N 424 "On the specifics of providing utility services to owners and users of premis-
es in apartment buildings and residential buildings". Sobranie zakonodatel’stva
Rossiiskoi Federatsii = Collection of the legislation of the Russian Federation,
2020, no. 15, art. 2281. (In Russian).



O ponu obwecmeennvix opeanuzayuti 6 cmpykmype cucmemvt JKKX 87

19. Decree of the Government of the Russian Federation of December 26, 2016
N 1498 "On issues of providing utilities and maintenance of common property in an
apartment building". Sobranie zakonodatel ’stva Rossiiskoi Federatsii = Collection
of the legislation of the Russian Federation, 2017, no. 2, pt. 1, art. 338. (In Rus-
sian).

20. Resolution of the Government of the Russian Federation of November 12,
2016 N 1156 "On the management of solid municipal waste and amending the Res-
olution of the Government of the Russian Federation of August 25, 2008 N 64".
Sobranie zakonodatel stva Rossiiskoi Federatsii = Collection of the legislation of
the Russian Federation, 2016, no. 47, art. 6640. (In Russian).

21. Decree of the Government of the Moscow Region of September 20, 2016
N 679/30 "On approval of the form of the Unified payment document for making
payments for residential premises and the provision of utilities and other services
and Methodological recommendations for filling it out” (with amendments and ad-
ditions). (In Russian).

22. Resolution of the Government of the Russian Federation of June 30, 2015
N 657 "On measures to monitor the use of the housing stock and ensure its safety,
change and invalidate some acts of the Government of the Russian Federation".
Sobranie zakonodatel stva Rossiiskoi Federatsii = Collection of the legislation of
the Russian Federation, 2015, no. 28, art. 4227. (In Russian).

23. Decree of the Government of the Russian Federation of April 30, 2014
N 400 "On the formation of indices of changes in the amount of payments of citi-
zens for utilities in the Russian Federation". Sobranie zakonodatel’stva Rossiiskoi
Federatsii = Collection of the legislation of the Russian Federation, 2014, no. 19,
art. 2434. (In Russian).

24. Resolution of the Government of the Russian Federation of July 29, 2013
N 643 "On the approval of model contracts in the field of hot water supply". So-
branie zakonodatel stva Rossiiskoi Federatsii = Collection of the legislation of the
Russian Federation, 2013, no. 32, art. 4305. (In Russian).

25. Decree of the Government of the Russian Federation of May 15, 2013
N 416 "On the procedure for the implementation of activities for the management
of apartment buildings". Sobranie zakonodatel stva Rossiiskoi Federatsii = Collec-
tion of the legislation of the Russian Federation, 2013, no. 21, art. 2652. (In Rus-
sian).

26. Resolution of the Government of the Russian Federation of August 8, 2012
N 808 "On the organization of heat supply in the Russian Federation and on amend-
ing some acts of the Government of the Russian Federation". Sobranie za-
konodatel’stva Rossiiskoi Federatsii = Collection of the legislation of the Russian
Federation, 2012, no. 34, art. 4734. (In Russian).



88 J.JI. Kocos

27. Resolution of the Government of the Russian Federation of April 3, 2013
N 290 "On the minimum list of services and works necessary to ensure the proper
maintenance of common property in an apartment building, and the procedure for
their provision and implementation”. (In Russian).

28. Resolution of the Government of the Russian Federation of February 14,
2012 N 124 "On the rules binding upon the conclusion of contracts for the supply of
utilities". Sobranie zakonodatel stva Rossiiskoi Federatsii = Collection of the legis-
lation of the Russian Federation, 2012, no. 8, art. 354. (In Russian).

29. Resolution of the Government of the Russian Federation of May 6, 2011
N 354 "On the provision of utilities to owners and users of premises in apartment
buildings and residential buildings". Sobranie zakonodatel’stva Rossiiskoi Feder-
atsii = Collection of the legislation of the Russian Federation, 2011, no. 22,
art. 3168. (In Russian).

30. Resolution of the Government of the Russian Federation of September 23,
2010 N 731 "On approval of the information disclosure standard by organizations
carrying out activities in the management of apartment buildings". Sobranie za-
konodatel stva Rossiiskoi Federatsii = Collection of the legislation of the Russian
Federation, 2010, no. 40, art. 5064. (In Russian).

31. Resolution of the Government of the Russian Federation of July 21, 2008
N 549 "On the procedure for the supply of gas to meet the household needs of citi-
zens". Sobranie zakonodatel’stva Rossiiskoi Federatsii = Collection of the legisla-
tion of the Russian Federation, 2008, no. 30, pt. 2, art. 3635. (In Russian).

32. Resolution of the Government of the Russian Federation of August 13,
2006 N 491 "On approval of the Rules for the maintenance of common property in
an apartment building and the Rules for changing the amount of payment for the
maintenance of residential premises in the event of the provision of services and
performance of work on the management, maintenance and repair of the general
property in an apartment building of inadequate quality and (or) with interruptions
exceeding the established duration". Sobranie zakonodatel’stva Rossiiskoi Feder-
atsii = Collection of the legislation of the Russian Federation, 2006, no. 34,
art. 3680. (In Russian).

33. Decree of the Government of the Russian Federation of May 23, 2006
N 306 "On approval of the Rules for establishing and determining standards for the
consumption of communal services and standards for the consumption of commu-
nal resources in order to maintain common property in an apartment building". So-
branie zakonodatel stva Rossiiskoi Federatsii = Collection of the legislation of the
Russian Federation, 2006, no. 22, art. 2338. (In Russian).

34. Decree of the Government of the Russian Federation of February 6, 2006
N 75 "On the procedure for holding an open tender by the local government body



O ponu obwecmeennvix opeanuzayuti 6 cmpykmype cucmemvt JKKX 89

for the selection of a managing organization for managing an apartment building".
Sobranie zakonodatel’stva Rossiiskoi Federatsii = Collection of the legislation of
the Russian Federation, 2006, no. 7, art. 786. (In Russian).

35. On ensuring control over organizations carrying out activities in the sphere
of maintenance, operation and repair of common property of apartment buildings
495. Sobranie zakonodatel ’stva Rossiiskoi Federatsii = Collection of the legislation
of the Russian Federation, 2006, no. 6, art. 702. (In Russian).

36. Resolution of the Government of the Russian Federation of January 21,
2006 N 25 "On approval of the Rules for the use of residential premises". Sobranie
zakonodatel stva Rossiiskoi Federatsii = Collection of the legislation of the Russian
Federation, 2006, no. 5, art. 546. (In Russian).

37. Resolution of the Government of the Russian Federation of July 30, 2004
N 392 "On the procedure and conditions of payment by citizens for housing and
utilities". Sobranie zakonodatel stva Rossiiskoi Federatsii = Collection of the legis-
lation of the Russian Federation, 2004, no. 32, art. 3339. (In Russian).

38. Resolution of the Government of the Russian Federation of September 26,
1994 N 1086 "On the state housing inspection in the Russian Federation". Sobranie
zakonodatel stva Rossiiskoi Federatsii = Collection of the legislation of the Russian
Federation, 1994, no. 23, art. 2566. (In Russian).

39. Letter of the Department of Tax and Customs Tariff Policy of the Ministry
of Finance of the Russian Federation dated February 10, 2010 N 03-11-06/2/16 "On
taxation when applying the simplified tax system of funds received by a partnership
of homeowners from their members to pay for utilities, maintenance and repairs
common property of an apartment building". (In Russian).

40. Letter of the Ministry of Regional Development of the Russian Federation
of May 2, 2007 N 8167-UT/07 "On payment for residential premises and utilities".
(In Russian).

41. Letter of the Ministry of Regional Development of the Russian Federation
of May 2, 2007 N 8166-RM/07 "On the application of tariffs for calculating the
amount of payment for utilities". (In Russian).

42. Letter of the Ministry of Regional Development of the Russian Federation
of April 4, 2007 N 6037-RM/07 "On determining the list of common property of
owners of premises in an apartment building”. (In Russian).

43. Letter of the Ministry of Regional Development of the Russian Federation
of December 20, 2006 N 14314-RM/07 "On the timing of the emergence of the ob-
ligation to start managing an apartment building”. (In Russian).

44. Letter of the Ministry of Regional Development of the Russian Federation
of December 20, 2006 N 14316-RM/07 "On the transfer of apartment buildings
when choosing a management method". (In Russian).



90 J.JI. Kocos

45. Resolution of the State Construction Committee of the Russian Federation
of September 27, 2003 N 170 "On the approval of the Rules and norms for the
technical operation of the housing stock". Rossiiskaya gazeta = Russia's newspaper,
2003, October 23, no. 214. (In Russian).

46. Resolution of the State Construction Committee of the Russian Federation
of May 25, 2000 N 51 "On approval of the Classifiers of works and services in the
housing and communal complex”. (In Russian).

47. Order of the Ministry of Regional Development of the Russian Federation
of July 10, 2013 N 288 "On approval of guidelines for establishing the minimum
contribution for major repairs"” (canceled). (In Russian).

48. Order of the Ministry of Regional Development of the Russian Federation
of April 2, 2013 N 124 "On approval of the Regulations for disclosing information
by organizations operating in the management of apartment buildings by publishing
it on the Internet and on determining the official website on the Internet, intended
for the disclosure of information by organizations operating in the management of
multi-apartment buildings". Rossiiskaya gazeta = Russia's newspaper, 2013,
June 28, no. 139. (In Russian).

49. Order of the Ministry of Regional Development of 15.11.2010 N 495
"On ensuring control over organizations carrying out activities in the field of
maintenance, operation and repair of common property of apartment buildings".
(In Russian).

50. Rules for metering heat energy and heat carrier (approved by the Ministry
of Fuel and Energy of the Russian Federation on September 12, 1995 N Vk-4936)
(no longer valid). (In Russian).

51. Methodical documentation in construction 12-28.2006. Methodological
guidelines for the expert assessment of the safety of non-stationary workplaces at
construction sites. Moscow, 2007. (In Russian).

52. Methodical documentation in construction 13-18.2000. Recommendations
for preparing the housing stock for the winter. Moscow, 2002. (In Russian).

53. Methodical documentation in construction 13-17.2000. Guidelines for the
elimination of violations in the maintenance and use of the housing stock and ad-
Jjoining territories (approved by order of the Department of Housing and Communal
Services of the Ministry of Construction of the Russian Federation of March 29,
1995 N 8). (In Russian).

54. Methodical documentation in construction 13-14.2000. Regulations on the
scheduled preventive maintenance of industrial buildings and structures (approved
by the decree of the USSR State Construction Committee of December 29, 1973
N 279) (the document is not valid). (In Russian).



O ponu obwecmeennvix opeanuzayuti 6 cmpykmype cucmemvt JKKX 91

55. Methodical documentation in construction 13.03.2000. Guidelines for or-
ganizing and conducting current repairs of the housing stock of all forms of owner-
ship (approved by order State Construction Committee of the Russian Federation of
December 30, 1999 N 170). (In Russian).

56. Methodical document 2-04.2004. Methodological manual for the mainte-
nance and repair of the housing stock (approved by the State Construction Commit-
tee of the Russian Federation). Moscow, 2004. (In Russian).

57. Methodical document 3-02.2001. Rules for the technical operation of sys-
tems and structures of municipal water supply and sewerage (approved by order of
the State Construction Committee of the Russian Federation of December 30, 1999
N 168). (In Russian).

58. Departmental building codes VSN 58-88 (p). Regulations on the organiza-
tion and implementation of the reconstruction, repair and maintenance of buildings,
communal and socio-cultural facilities (approved by order of the State Committee
for Architecture and Construction under the USSR State Construction Committee of
November 23, 1988 Mr. N 312). (In Russian).

59. Departmental building codes VSN 57-88 (p). Regulation on the technical
inspection of residential buildings (approved by order of the USSR State Construc-
tion Committee of July 6, 1988 91). (In Russian).

60. Departmental building codes VSN 53-86 (p). Rules for assessing the physi-
cal deterioration of residential buildings (approved by order of the USSR State
Construction Committee of December 24, 1986 N 446). (In Russian).

61. Departmental building codes VSN 42-85 (p). Rules for the acceptance into
operation of residential buildings completed with major repairs (approved by order
of the State Civil Construction Committee under the USSR State Construction
Committee on May 7, 1985 N 135) (with amendments and additions). (In Russian).

62. GOST R 51929-2002. Uslugi zhilishchno-kommunal'nye. Terminy i opre-
deleniya [State standard R 51929-2002. Housing and communal services. Terms
and definitions]. Moscow, Standards Publ., 2002. 8 p.

63. GOST 28001-83. Sistema tekhnicheskogo obsluzhivaniya i remonta tekhni-
ki. Osnovnye polozheniya [State standard 28001-83. System of technical mainte-
nance and repair of equipment. Basic provisions]. Moscow, Standards Publ., 1983.
4p.

64. Resolution of the Chief State Sanitary Doctor of the Russian Federation of
June 10, 2010 N 64 "On the approval of SanPiN 2.1.2.2645-10" (with amendments
and additions) (document canceled). (In Russian).

65. Sanitary rules and norms SanPiN 4723-88. Sanitary rules for the construc-
tion and operation of centralized hot water supply systems (approved by the Chief
State Sanitary Doctor of the USSR on November 15, 1988) (expired). (In Russian).



92 J.JI. Kocos

66. Order of the Ministry of Emergency Situations of the Russian Federation of
June 18, 2003 N 313 "On approval of the Fire safety rules in the Russian Federa-
tion (PPB 01-03)" (invalidated). (In Russian).

67. POT R M-025-2002. Intersectoral rules on labor protection during the op-
eration of water supply and sewerage facilities. St. Petersburg, 2002. (In Russian).

68. Federal Law of May 19, 1995 N 82-FZ "On Public Associations". Sobranie
zakonodatel ’stva Rossiiskoi Federatsii = Collection of the legislation of the Russian
Federation, 1995, no. 21, art. 1930. (In Russian).

JIIs TUTHPOBaHUS:

Kocos J].JI. O pomun oOLIecTBEHHBIX opraHu3anuii B cTpykrype cuctemsl XKKX // Beso-
nacHoCTh MUGPOBEIX TexHonoruid. — 2021. — Ne 3 (102). — C. 68-92. — DOI: 10.17212/2782-
2230-2021-3-68-92.

For citation:

Kosov D.L. O roli obshchestvennykh organizatsii v strukture sistemy ZhKKh // Be-
zopasnost' tsifrovykh tekhnologii [About the role of public organizations in the structure of
the housing and communal services system]. Bezopasnost' tsifrovykh tekhnologii = Digital
Technology Security, 2021, no. 3 (102), pp. 68-92. DOI: 10.17212/2782-2230-2021-3-68-92.



IPABUJIA JJI5S1 ABTOPOB

VCJIOBUS [TIPUEMA CTATEU

Ilepen oTmpaBKo#l PyKONHMCH B pElNakiMI0 aBTOpaM 00s3aTenbHO Tpedyercs
MIPOBEPUTH CBOIO CTATBIO C MOMOIIBIO CUCTEMBI «AHTHIIaruaty». [IpuHsaTeii Pe-
JAKI[MOHHON KOJUIerHel ypOBEHb OPUTMHAIBHOCTH CTaTel JOJKEH COCTABISATh HE
MeHee 85 %.

Bce cTateu M cONnpoBOXKIAIOIIME MX MaTepUalbl B XKYypHAJ MOJAIOTCS uepes3
CailiT )KypHajla B JIEKTPOHHOM BHJIE TIOCJIE PETHCTPAlMU BCEX aBTOPOB cTaThbu. Pe-
THCTpaIys 0053bIBACT KAXK/IOTO aBTOpa MMETh MEXIYHapOIHBIH MACHTH(UKANOH-
Hblii HoMep ORCID. WHble BapuaHTHI I01a4H MaTEPHAIOB HE PACCMATPUBAIOTCSL.

ABTOp (OAMH W3 COABTOPOB) B CBOEM JIMYHOM KaOWHeTe BHIOMpPAaeT B MEHIO
myHKT «[logatk craThio» M BBOOUT BCe HEOOXOAMMBIE NaHHBIE. CBOMX COaBTOPOB
IIPY 3TOM OH BBIOMPAET U3 CIHCKA 3aPETHCTPUPOBAHHBIX TT0JIb30BATENEH.

Pykonuck cTtaThi TOTOBUTCSI B COOTBETCTBHU C MpaBWiIaMH O(OPMIICHUS B pe-
nakrope MS Word n npukperisercs B popmare *.doc, *.docx.

CxaHHpOBaHHBIC JINIIEH3UOHHBII TOTOBOP € MOJIUCIMHU aBTOPOB U 3KCIIEPTHOE
3aKJoueHre (LBETHOW pPEXHUM CKaHMpOBaHMs, paspeuieHne He Menee 600 dpi)
HEoOXO0JMMO TaKKe MPUKPEIUTh Ha caliTe KypHana B pasnene «[logats cTaTteio» B
¢dopmare *.pdf, *.jpg, *.jpeg.

ITo oxoHuaHMM Bcex paboT 00s13aTeNbHO HaKaTh KHONKY «OTIPaBUTh B pelak-
LIHIOY.

B pepaknmio :xypHaia npeaocTaBIAIOTCS CJeAyIONe MaTepHAJIbI.

1. CTaThs, IOATOTOBIICHHAS B COOTBETCTBUH C MpaBMIaMU O(popMIICHUS, — TTe-
YyaTHas BEPCHsL, 2 3K3EMIUIAPA, TOJIMCAHHBIX aBTOPAMH.

2. KonrakTHasi nHpopmanus (TenedoHbl paboynii 1 COTOBBIN, ajpeca 3JeK-
TPOHHOM MOYTBHI, MECTO PabOTHI, aapec MecTa paboThI, TOJDKHOCTh, YdUeHas CTe-
NIeHb, yYCHOE 3BaHHUE aBTOPA) — IeyaTHasl BEPCHs, 2 SK3eMIULIpa.

3. Onucanme cTaTbu 1Js1 0a3bl JaHHBIX «Poccuiickuili HHIEKC HAYYHOTO
nutupoBanusi (PUHLI)», moaroroBneHHOE B COOTBETCTBHM C MpaBUiIaMH 0(hopM-
JIeHUs], — IeYaTHas BEPCUs, OIUH IK3EMILLAP.

4. JInnieH3MOHHbIH 10T0BOP, 3aIIOJHEHHBIN U MOANUCAHHBIN.

5. DJIeKTpOHHAasl BepcUsl CTATbH, KOHTAKTHOH HMH(OpMALUH, ONMHCAHMA
cTaThy 114 0a3bl naHHbIX PUHII, ckaHnpoBaHHbIN JHLIIEH3UOHHBII 10T0BOP U
JKCNEPTHOE 3aKJIYeHHEe O BO3MOXKHOCTH ONMyOIMKOBaHMA (B OTAEIbHBIX
(daiinax Ha agpec pexakuuu).

6. JKkcnepTHOE 3aKJII0UYEeHHE 0 BO3MOKHOCTH ONy0JIMKOBaHMS.

Penaxmuelt paccMaTpuBalOTCsl TOJIBKO T€ MaTepHaibl aBTOPOB, KOTOPHIE IOJI-
HOCTBIO COOTBETCTBYIOT BBIIICOOO3HAUYEHHBIM TpeOoBaHUsIM. HemomiHbli mnaker
MaTepHaJioB peaKIiel He pacCMaTPUBACTCS.



94 IIPABUJIA JJI1 ABTOPOB

IToaroroBneHHble MaTeprallbl HAPABIISIOTCA HA TOYTOBBINA aapec pefaKiHH:
630073, r. HoBocubupck, np. Kapma Mapxkca, 20, HoBocubupckuii TocyaapcTBeH-
HBII TexHuueckuil yausepcutet (HI'TY), xopr. 7, kom. 606, B pegakiuio xypHaia
«be3omnacHOCTh IM(POBBIX TEXHOIOTHIA.

Bce pykomucu peneH3upyroTCs, 10 pe3yiabTaTaM PeleH3UPOBaHHS PEAKOIUIe-
I'Ms IPUHAMAET peIeHne O LEeNeco00pa3sHOCTH Oy OIMKOBaHUS MAaTEPHAIOB.

ITPABHUJIA O®OPMJIEHHUA

IIpy moATrOTOBKE NOKYMEHTOB [JIsl OTIPAaBKU B PEJAKIMIO XKYypHaja aBTOpaM
PEKOMEHIyeTCsSl BHHMATENBHO IIPOYMTATh IPAaBWIA M TOCMOTPETh IPHMEPEI
oopmneHnst craTel M Bcex HEOOXOMMMBIX COIYTCTBYIOLIMX OKYMEHTOB. Penak-
LUsI pacCMaTpHUBAeT CTAaThH, MOATOTOBICHHBIE KaK HA PyCCKOM, TaK W Ha aHIJINH-
CKOM s13bIKe. JI71st OmmyONMKOBaHUsI CTaThHM Ha aHIVIMICKOM SI3bIKE HEOOXOANMMO J10-
TIOJTHUTEIBHO NPEJOCTABUTh €€ PYCCKOS3BIYHBIH BapHaHT, O(OPMIIEHHBIH MO Tpa-
BHJIAM XypHaia (KpoMme 3apyOesKHBIX aBTOPOB).

[lepen oTmpaBKol PYKOIUCH B PEAAKLHIO aBTOPHI JOJKHBI MPOBEPUTH CBOIO
CTaThlO C TIOMOIIBIO CUCTEMBI «AHTHUIIAruaTy». [IpuHATHIM PenakimnonHoOM Kosute-
THel yPOBEHb OPUTHHAJIBHOCTH cTaTell — He MeHee 85 %.

Yr1o0bI cTaThsl OblJ1a HANPaBJeHA HA peleH3HpoBaHUe, Bam HeoOxoaumo
NMOArOTOBMTH cjeAylolee:

1) cTaThi0 B COOTBETCTBHH C TpaBmwiaMu odopmicHus (00vem ot 7 go 30
CTpaHUII);

2) KOHTAKTHYI0 MH(poOpPManuI0 B o1HOM (aiiie mMpegocTaBuTh MO KaXKIOMY
aBTopy: ®MO moiHOCTBIO, yUeHas! CTENCHb, YUEHOE 3BaHHE aBTOPA, MOJDKHOCTD,
MECTO paboTHIL, aipec MecTa paboThI, TenedoH pabounii 1 MOOMIIBHBIN, aipec AJIeK-
TPOHHOM MOYTHI;

3) onucanue cTaThbH 1Js 0a3bl JaHHBIX «Poccmiickuii MHAEKC HAYYHOrO
nutupoBanus (PUHLL)»;

4) INUEH3UOHHBII J0roBOpP 3arojHUTh, OJaHK JHUIEH3UMOHHOTO JOrOBOpa
JIOJDKEH OBITh OATMCAH TOJILKO aBTOPaMH (OH JOCTYIIEH aBTOPaM TaK)Ke B TMYHOM
KaOHMHeTe); eClIi aBTOPOB HECKOJIBKO, TO HEOOXOMMO H00aBHUTH ITOJIST HA BCEX aB-
TOPOB U MOANHCATh KAKAOMY U3 HUX;

5) 3kcnepTHOE 3aKJII0YeHHe O BO3MOXKHOCTH OIyOJIMKOBAaHWS, NPUHATOE B
Baiueit opranuzanuu;

6) aBTOpEI, He sBisTIoNIMecs corpynHukamMu HI'TY, mpenocTaBisior conpoBo-
JUTebHOe MUCBMO Ha MM TpopekTopa mo HayuHoi pabore HI'TY (ccpuika Ha
ctpanmmy caiita HI'TY). IluceMo HyXHO TOATOTOBHUTH Ha OJaHKE OpraHMU3alluU
C MOJIINCHIO U TIEYAThIO PYKOBOANUTEISL.



IIPABHJIA JlVI1 ABTOPOB 95

OCHOBHBIE PA3JIEJIBI ’KYPHAJIA

ABTOMAaTH3alMs U YNPABICHUE TEXHOJIOTMYECKUMH MPOLECCAMU U IMPOM3BOJI-
CTBaMHU.

VYipasieHre B COLMAIbHBIX U S3KOHOMUUYECKUX CUCTEMAX.

MeTo/Ipl ¥ CHCTEMBI 3aIllUThl HHPOpMaIKHU, HHpOpMaIMOHHAasE 0€30MacHOCTb.



RULES FOR AUTHORS

CONDITIONS FOR ACCEPTANCE OF ARTICLES

Before sending the manuscript to the editorial office, authors must check their
article using the Antiplagiarism system. The level of originality of articles adopted
by the Editorial Board should be at least 85 %.

All articles and their accompanying materials are submitted to the magazine
through the magazine's website in electronic form after registration of all the au-
thors of the article. Registration obliges each author to have an international
ORCID. No other material supply options are considered.

The author (one of the co-authors) in his personal account selects the item
"Submit article" in the menu and enters all the necessary data. At the same time, he
selects his co-authors from the list of registered users.

The manuscript of the article is prepared in accordance with the design rules in
the MS Word editor and attached in the format * .doc, * .docx.

Scanned license agreement with signatures of authors and expert opinion (color
mode scanning, resolution not less than 600 dpi) can also be attached on the website
of the magazine in the section "Submit article" in the format * .pdf, * .jpg, * .jpeg.

At the end of all works, be sure to click the "Send to Design" button.

The following materials are provided to the journal editor:

1. The article, prepared in accordance with the rules of design, is a private ver-
sion, 2 copies signed by the authors.

2. Contact information (working and cellular phones, e-mail addresses, place
of work, address of the place of work, position, scientific degree, academic title of
the author) - printed version, 2 copies.

3. The description of the article for the database "Russian Scientific Citation
Index (RSCI)," prepared in accordance with the rules of form-making, is a printed
version, one copy.

4. License agreement completed and signed.

5. Electronic version of the article, contact information, description of the ar-
ticle for the RSCI database, scanned license agreement and expert opinion on the
possibility of publication (in separate files to the editorial address).

6. Expert opinion on the possibility of publication.

The editors consider only those materials of the authors that fully meet the
above requirements. Incomplete package of materials is not considered by the re-
vision.

The prepared materials are sent to the postal address of the editorial office:
630073, Novosibirsk, pr. Karl Marx, 20, Novosibirsk State Technical University



RULES FOR AUTHORS 97

(NSTU), building 7, office 606, to the editors of the journal "Digital Technology
Security."

All manuscripts were reviewed, and according to the results of the review, the
editorial board decided on the appropriateness of publishing the materials.

FORMATTING RULES

When preparing documents for submission to the journal editor, authors are ad-
vised to carefully read the rules and see examples of the design of articles and all
necessary related documents. The Drafting Committee considered articles prepared
in both Russian and English. To publish the article in English, it is necessary to
additionally provide its Russian-language version, drawn up according to the rules
of the magazine (except for foreign authors).

Before sending the manuscript to the editorial board, authors should check their
article using the Antiplagiarism system. The level of originality of articles adopted
by the Editorial Committee was at least 85 %.

For the article to be aimed at peer review, you need to prepare the fol-
lowing:

1) the article in accordance with the rules of design (volume from 7 to 30 pages);

2) provide contact information in one file for each author: full name, degree,
academic title of the author, position, place of work, address of the place of work,
telephone number of the worker and mobile, e-mail address;

3) description of the article for the database "Russian Scientific Citation Index
(RSCI)";

4) fill out the license agreement, the form of the license agreement must be
signed only by the authors (it is also available to the authors in the personal office),
if there are several authors, then it is necessary to add fields on all authors and sign
each of them,;

5) expert opinion on the possibility of publication, adopted in your organiza-
tion;

6) authors who are not employees of the NSTU provide a companion letter
addressed to the vice-rector for scientific work of the NSTU (link to the page of the
NSTU website). The letter should be prepared on the form of the organization with
the signature and seal of the manager.



98

RULES FOR AUTHORS

JOURNAL SECTION

Automation and control of technological processes and productions.
Governance in social and economic systems.
Methods and systems of information protection, information security.



	01_tit_№3(102)_2021
	02_tit_Eng_№3(102)_2021
	03_Воевода
	04_Воевода
	05_Архипова
	06_Архипова
	07_Косов
	08_Правила_ru
	09_Правила_Eng

