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CUHTE3 CUCTEMbI CIEXXEHUA ANA OAHO3BEHHOI0 BE3AATYUKOBOIO
MAHUNYNATOPA NPU BO3AENCTBUM HEFMAQKUX BO3MYLLEHUH'

A.C. Autunos, [1.B. KpacHos

AHHoTanusi. B kauecTBe 00BbEeKTa yNpaBiIE€HUsI BBHICTYNACT OJAHO3BEHHBIH MaHHITYJISTOD, dila-
CTHMYHO COWICHEHHBIH C JIBUraTelieM IMOCTOSHHOTO TOKa M (DYHKIHOHHMPYIOIIMH B YCIIOBHUSX
HEONpEeIeICHHOCTH 1 HETIOJIHBIX M3MEpEeHH IepeMeHHbIX cocTosHus. [locTaBneHa 3aqaya cuH-
Te3a pa3pbIBHOIO 3aKOHA YIPaBICHHA B (popMe 0OpaTHOU CBS3H, 00ECIEUHUBAIOIIETO OTCIEKH-
BaHHUE 33JaHHOTO CUTHAJA YIJIOBBIM MONOXKEHHEM MaHUIyIATOpa. OCOOEHHOCTH 00BEKTa TaKO-
BBL: YIJIOBOE MOJOXXEHHE M CKOPOCTh MaHUITYJISITOpa HEAOCTYNHBI JUIS W3MEPEHUH, AaTUUKU
PAacIoI0XKeHbI TOJIBKO HA NPHUBOAE; MapaMETPHUUYCCKHE W BHEUIHHWE BO3MYIICHUS, BO3ICHCTBY-
IOIIME Ha MAaHUILYJITOP, SABJISAIOTCS HETJIaJAKUMH M HE MOTYT OBITh HENOCPEICTBCHHO IIO/IaBIIE-
HBI C TIOMOIIBIO YIIPaBJICHNUS, BO3/ICHCTBYIOIEr0 Ha UCIIOJIHUTENIFHOE ycTpoicTBO. st pemie-
HUSI TTIOCTAaBJICHHON 3aJa4M MPUMEHSETCS OJOYHBIA MOAXOJ, B paMKax KOTOPOro paspaboraHa
JCKOMITO3MIIMOHHAs TIPOIEypa CHHTE3a HEIMHEHHBIX JIOKAIBHBIX CBSA3€H, 00eCIEYMBAIOIINX
WHBAPHAHTHOCTh PEryJIHUPYEMOH NEPEMEHHOH IO OTHOIICHHIO K HEOIPEIEICHHOCTSIM, HE CO-
IJIACOBAHHBIM C YIPABILIOLIIMM BO3JCUCTBHEM. J[JIsl OIICHUBAHUS YIIIOBOTO MOJIOKEHUSI M CKO-
POCTH MaHMIYJIATOPA, HEOOXOAUMBIX ISl CHHTE3a 00paTHO# CBS3M, pa3pabOTaH peayLHpOoBaH-
HBII HaOJIoaTeNb COCTOSHMA. [ OlleHMBaHMS 3HAUYEHHH NMEPEMEHHBIX COCTOSIHUSI B 3TOM
HaOJoaTeNe pealn30BaH IPHHIUI BOCCTAHOBJICHHUS BHEIIHWX BO3MYILICHUI 0 UX BO3JCH-
CTBHIO Ha OOBEKT yNpaBJICHUs, HE TPEOYIOMINI MOCTPOCHHS AUHAMUYECKON MOJIENTN BHEIIHUX
Bo3zeWcTBUil. M B 3amade ympaBieHHs, M B 3ajadye HaOIrONEHUS OBIIM HMCIOJB30BAHBI S-
o0Opa3Hble OrpaHHYECHHBIE HETIPEPBIBHBIC JIOKAJIBHBIE CBS3M — IIaKHe (CUTMOUAANBHBIC) U He-
rinajgkue (KycOYHO-JIMHEHHbIE) COOTBETCTBEHHO, KOTOPHIE ITOJABJISUIM OTPAaHWYEHHBIE BO3MY-
IIEHUS, JEWCTBYIOIINE C HUMHU MO OJHOMY KaHaiy. Pa3paboTaHHBIE aJITOPUTMBI HE TPEOYIOT
nACHTH(HUKAINKN B PEaTbHOM BPEMEHH IMapaMeTPHUYECKUX M BHEIIHMX BO3MYIICHUH, HO oOec-
MEYHBAIOT CTAOIIITN3AINIO OIIMOOK HAOIIOACHHUS U CICKEHHUS C HEKOTOPOH TOYHOCTBIO. D hek-
TUBHOCTh Pa3pabOoTaHHON JMHAMHYECKON 0OpaTHOM CBSI3M NMOATBEPKAEHA PE3yNbTaTaMU UHC-
JIEHHOT'O MOJICTIMPOBAHHUS.

Ki1ioueBble cjioBa: 3JIEKTpOMEXaHUIECKasi CUCTEMa, CIIeKEHHE, HHBAPUAHTHOCTh, OJOYHBIA TOAXOI, pe-
JyIIUPOBAaHHBIN HAOIOIATEb COCTOSHUS, S-00pa3Hbie (PYHKINH.

BBEAEHUE

PaccmatpuBaeTcst mpocTemias 3JeKTpoMeXaHnde-
CKasg CUCTEMa — OIHO3BEHHBIN Oe3JaTYMKOBBINM MaHU-
MyJISATOP, IMACTUYHO COWICHEHHBIN C JIBUraTesieM Io-
crosgHoro Toka ([AIIT) m ¢yHkumoHupyommii B
YCIIOBUSIX TIapaMEeTPUYECKNX ¥ BHEIIHUX BO3MYIIE-
Huil. bazoBas 3a7ja4ya COCTOUT B YIIPABIECHUH YIJIOBBIM
MOJIOKEHUEM MaHUIYJIATOpa — CTa0MIM3alUU €ro Ha
3a/laHHOM YPOBHE WJIM OTCJIEKHWBAaHWHU JOIYCTHMOTO
3a/1ar011ero Bo3aecTBus. HecMOTpsl Ha KaKyliyrocs

"' PaGora BemonHena npu wacTHuHOM moanepkke PODU (mpoekt
20-01-00363-A).

NPOCTOTY, PacCCMaTPUBaEMbIii OOBEKT UMEET BCE MpPHU-
3HaK{ CJIOKHOW CHCTEMbI aBTOMAaTHYECKOTO YIpaBiie-
HUS. A MMEHHO: ONMCBHIBAETCS TUHAMHUYECKOW MOe-
JBEO MATOTO MOPS/IKA ¢ HETMHEHHOCTBIO U Heomnpese-
JICHHBIMHU TapaMeTpPaMM, UMEET HENOJIHBIH KOMIUIEKT
JaTYUKOB, HAXOAUTCA IOJA BO3JCHCTBMEM BHELIHHX
BO3MyLIEHUI. B HacTosiiee BpeMs B paMKax pasind-
HBIX TOJXOJIOB Pa3paboTaHO MHOXKECTBO dPQPEKTHB-
HBIX aJNrOPUTMOB YIPABICHUS MEXaHUUYECKUMH U
ANIEKTPOMEXAHUIECKUMHU CHUCTEMaMHU [CM., Halpumep,
pabotsl 1-5]. OmHako, Kak MPaBWIIO, TPU PEIICHUU
TaKuX 3a/1a4 YYUTHIBAETCSI KOHKPETHBIH THUI HEOIpe-
JeNeHHOCcTel (MO0 mapaMeTpuiecKue HeolpeaeeH-
HOCTH, JIMOO BHEIHHE BO3MYIICHHUS OINPENEICHHOrO
KJjlacca, JIMOO HETOJIHBIE M3MEpPEHHs), a HE MX KOM-
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wiekc. Bo MHOrMX uccieqoBaHUsIX MaTeMaTHuecKas
MOJENIb COCTOUT TOJBKO M3 MEXAaHHMYECKON CHCTEMBbI
(IMHAMMKa MCIIOMHUTENBHBIX YCTPOWCTB HE YUUTHIBA-
eTcs), MpHU 3TOM MpoOiieMa TOAABICHUS HECOTJIAco-
BAaHHBIX BO3MYIICHHM, NEUCTBYIOIINX IO Pa3HbIM Ka-
HaJlaM C YIIpaBJIEHUEM, OCTAETCS OTKPHITOH [6].

B npenpinymieii pabote aBTopoB [7] 0JHO3BEHHBII
0€31aTYMKOBBII MaHUIYJISTOP, AACTUYHO COWICHEH-
Heiil ¢ JIIT, paccmaTpuBaics ¢ y4eToM YKa3aHHOIO
KOMITJIEKCa HEONPENETIeHHOCTe B MPEAINOJIOKEHHH,
YTO 3a/arollee BO3JCICTBHE, MapaMeTpuiecKue u
BHEILIHUE BO3MYIIEHUS SIBJISIOTCS INIAAKUMU (yHKLHU-
MU BPEMEHH. DTO TMO3BONMIO MPEACTaBUTH MOJEIb
00beKTa yrpaBlieHUsS B KAHOHMYECKOM BUJE «BXOJ —
BBIXOZ» OTHOCUTENBHO CMEIIAHHBIX MEPEMEHHBIX
(IMHEWHBIX KOMOMHAIMHA OT HEPEMEHHBIX COCTOSHUS,
BHEIITHUX BO3/JICHCTBUN U MX MPOU3BOJHBIX) U PELIUTh
Ha ee OCHOBE U 3a/1auy HaOJIOJCHNUS, U 3a/1auy CIIeKe-
Hus. [IpoOnema oreHMBaHUS 3HAUYCHUST HEM3MEPIEMO
peryiaupyemMol mepeMeHHO’, HeOOXOAUMOTO /sl CHH-
Te3a 0OpaTHO#M CBS3UM B HAONIONATENIC CMEIIAHHBIX
NEPEMEHHBIX, pellanach IIyTeM HCIIOIb30BaHUS J0-
MOJHUTEJIFHOIO KOHTYpa IOJICUCTEMBl HaOJIOICHHMS.
OpnHako B mpoliecce IKCIUTyaTalliid Ha MEXaHUYeCKHil
00BEKT 4acTO BO3JCHCTBYIOT HETJIAAKHE BO3MYILEHHS
— yIapHbIe HArpy3KH, CHJIBI CyXoro TpeHus [8]. Otu
BO3MYILEHUsI HENb3sl IUpPepeHIrpoBaTh U OHU HE
MOTYT OBITh HETIOCPEACTBEHHO MOJIABJICHBI MIH CKOM-
NEHCUPOBAHbI IIOCPEACTBOM YIIPABICHHUS, ACHCTBYIO-
HIero Ha IIEKTponpHuBoA. B manHOl pabore paccmart-
pUBaeTCsI UMEHHO 3TOT ClTy4yail HETJIaAKUX M Hecoryia-
COBaHHBIX BHEIIHUX M IapaMETPUUYECKUX BO3MYILeE-
HUM, a TakKe clydaldl KyCOUYHO-HENPEPBIBHBIX 3a/1al0-
HIMX BO3JCHCTBHMA, YTO SIBISIETCS MPEMSTCTBHEM IS
NPUMEHEHUS] TUIIOBBIX METOAOB YNPABICHUS, B 4acCT-
HOCTH METOJla JIMHeapu3aluil OOpaTHOW CBS3BIO [9,
10]. Omucanne Monenu oOBbEKTa YHpaBICHUS U TI0-
CTAaHOBKA 3aJ1a4d TIPUBEICHHI B § 1.

Jns cuHTe3a CHUCTEMBI CIIEXKEHHS B YKa3aHHBIX
YCIOBUSX TPEICTABISIETCS 1eeco00pa3HbIM MpUMe-
HEHHe OJIOYHOIO MOAX0J1a, B paMKax KOTOpPOro mepe-
MEHHBIE COCTOSIHHSI HCHOJB3YIOTCS KakK (DUKTHUBHBIC
ynpasiieHUs B Buje QyHKIHMIA ONpeAeIeHHOro Kilacca,
K KOTOPBIM IPEIbSBISETCS TPeOOBaHUE TIIAIKOCTH
[11, 12]. [Ipu 3TOoM BO3MYyILIEHUS OYAYT COTJIaCOBAaHBI
¢ (UKTHBHBIMU YIPABJICHUSIMH U MOTYT OBITH IIOJIaB-
JIEeHbl C 3aJlaHHOM TO4YHOCThIO. McxonmHas cucrema
npeobpasyeTcs K CHCTeMe, 3alFCAHHON OTHOCHUTENBHO
OMOKN CJIEKEHUS] M HEBA30K MEXKAY PEIbHBIMH H
chOopMHUPOBAaHHBIMH ~ (UKTHUBHBIMUA  YIPaBJICHUSMH
(MHBapUAHTHBIMU JIOKAIBHBIMH CBSI3SIMH), AU QepeH-
UPOBaHUE BHEIIHUX CHTHAJIOB HE BhIonHsercs. Vc-
TUHHOE Pa3pbIBHOE yINpaBlieHHE, ICHCTBYIOIIEE Ha
UCTIOJIHUTEIIbHOE YCTPONCTBO, OOecreyuBaeT mocie-

JIOBATEIbHYI0 CXOJMMOCTb HEBSI30K B  3aJaHHBIC
OKPECTHOCTH HYJII M, KaK CIIEZICTBHE, BBITIOIHEHHE
LEIW YNpaBICHUS — CTAOWIM3AIMKM OIMMOKU CIIEKE-
Hus. Crabwimsupyromue (UKTUBHBIC —YIPaBICHUS
npensaraetcst choOpMUPOBATh B BUJIE TIAIKUX U OTpa-
HUYEHHBIX CUTMa-(QyHKIHNA, 9T00bI n30exarh B Hada-
JIe TIEPEXOJHBIX MPOIECCOB BCILICCKOB, XapaKTEPHBIX
JUISE CUCTeM C JIMHEHHBIMH OOpaTHBIMU CBSI3IMHU C
oompmumu kodddummentamu [11, 13], koTopsle Tpa-
JUITMIOHHO WCTIOJB3YIOTCS JUIS TOJABJICHHS BHEIIHUX
Bo3MyIeHuil. B crathe [12] Obuia pa3zpaboraHa mpo-
Leqypa CHHTE3a CHTMOWIAIBHBIX JIOKAJIbHBIX CBS3EH
JUTSL HEJTMHEWHOTO OJTHOKAaHAJILHOTO OOBEKTa B IMPEJ-
MIOJIO’KEHUH, YTO (DYHKITUH OT MEPEMEHHBIX COCTOSHHS
B MpaBbIX dYacTsx anddepeHnnanbHbIX ypaBHEHUH,
OIHMCHIBAIONINX JTUHAMUKY CHCTEMBI, BCIOJIY OTpaHU-
yeHbl. HayuHass HOBHM3HA JaHHOTO WCCJICJOBAHUS CO-
CTOUT B pa3pabOTKe MpOIeaypbl OJOYHOTO CHHTE3a U
BBEIOOpAa TAapaMeTpOB CUTMOWIATBHBIX (UKTHBHBIX
YIPABJICHUH I MOYTH JIMHEWHON CHCTEMBI IISITOrO
MOPAZKA B YCJIOBHSX JCUCTBUS HETJIAJKHX BHEIIHUX
BO3MYIIEHUH (C TPOW3BOJHBIMH, TEPIAIAMH pa3-
pbiB). OcoOEHHOCTH O0BEKTa COCTOUT B TOM, YTO C
TEOPETHUUCCKON TOYKU 3PEHUS B YPABHECHHUSAX CHUCTEMBI
TUHEWHbIE KOMOWHAIINW TIEPEMEHHBIX COCTOSIHHS HeE
SIBIITIOTCA  OTPaHUYCHHBIMU. I MOCTHXKEHHS IIeTTH
ympaBiieHHs TpeOyeTcsi 00eCceYnTh, YTOObI 3HAYCHUS
BHYTPEHHHX MEPEMEHHBIX B IIPOLIECCE PErYIUPOBAHMS
MIPUHAJIeKAIH KOHKPETHBIM Juara3oHnam. [Ipomenypa
cuHTe3a 0a30BOT0 3aKOHA YIPABJICHUS C yYETOM YKa-
3aHHBIX OCOOCHHOCTEH OOBEKTa YIpPaBJICHUS IPUBE-
JieHa B § 2.

B § 3 mpencrasneHo penieHue 3agadn HabOrOze-
HUS IS Cydasi, KOrja YIJIOBOE IOJIOKEHHUE U CKO-
pOCTb MaHWTYyNsATOpa, TpeOyemble s CHHTe3a 00-
paTHOM CBs3H, HE MOTYT OBITh H3MEpEHBI (Hampumep,
M3-32 arpecCUBHOU Cpejpl, BUOpanuu u T. 1. [14]), u
JIATYMKHA YCTAaHOBJICHBI TOJBKO Ha mpuBoje. [locTpoeH
peAyIUpPOBaHHBIA HAONIONATENb COCTOSIHUSA, B KOTO-
POM JUIs OLICHUBAHUS [IEPEMEHHBIX COCTOSIHUS Peain-
30BaH IPUHIIUI BOCCTAHOBJICHUS BHEIIHUX BO3MYIIC-
HUH 0 WX BO3JCHCTBHIO Ha OOBEKT yIpaBlieHHUS, HE
TpeOyIOIMNY HMCIONB30BaHUS JTUHAMUYECKOH MOIEIH
BOCCTaHaBIMBaeMbIX curHaimoB [15, 16]. Cormacuo
ATOMY MPUHIIMITY OLICHUBaeMasi MepeMeHHasi TPaKTy-
eTCs KaK BHeIlIHee Bo3MmymieHue. [Ipu 3ToM momyue-
HUE €€ OIIEHKH OCYIIECTBISETCS C TMOMOIIBI0 00pat-
HOHM cBs3W B HaOmomarene (KOPPEKTHPYIOIIETO BO3-
neiictBust). JlaHHBIA TTOAXOJ] TO3BOJMII TOCTPOUTH
poOacTHBIN HAONIONATENb COCTOSHHS 0€3 HCIIOJb30-
BaHHUs YPaBHEHUH CHUCTEMBI C HEONPEICIICHHBIMU Ia-
pameTpamu. Pa3paboraHa IeKOMITO3UIIMOHHAS MPOIIE-
Jlypa CHHTE3a KyCOYHO-TMHEWHBIX OOpaTHBIX CBs3EH,
00ecreunBaomuX pemeHne 3a1adil HaONIoJIeHUs C
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3a/IaHHOM TOYHOCTBIO B YCJIOBUSIX EUCTBHSI Ha MeXa-
HUYECKYIO MOJICHCTEMY MapaMeTPHUECKUX M BHEITHUX
Bo3MylleHN.  bmaromaps  ucmosb3oBaHuio - S-
00pa3HBIX WHBAPHUAHTHBIX OOPaTHBIX CBs3ed (TIaaKuX
— B 3aJjave CIEeKEHUs, KyCOUHO-TIIAIKUX — B 3ajaue
HAOJIOJICHYSI) B TIPOIEccax HAOIIOJCHUS U yIpaBlie-
HUs He TPeOyeTcs OMOJHUTENBHO WACHTU(UIIUPO-
BaTh HEOIPEJeNICHHbIE MapaMeTpbl W BHEIIHHE BO3-
MYIIIEHUS], TOCTATOUYHO 3HATh JMAMNAa30HBI UX U3MEHE-
Hus. [lapamerpsl perymsropa He TpeOYyHOT TiepeHa-
CTPOMKH TIpM TPOU3BOJILHOM HM3MEHEHHWW Heolpee-
JIEHHOCTEH B JOMYCTHMBIX WHTEpBajax. DTOT BBIBOJ
MPOWJUTIOCTPUPOBAH pe3yjIbTaTaMU YUCICHHOTO MO-
JIETTUPOBAHMUS, TIPUBEACHHBIMU B § 4.

1. ONUCAHME OBBEKTA YMPABNEHUA.
NOCTAHOBKA 3AQAYU

MaTtemaTtnueckas MOJENb 0JTHO3BEHHOIO KECTKOTO
MaHHMITYJISITOpA C MOBOPOTHBIM LIAPHUPOM, YIPYro
coenuneHHoro ¢ Bajom JIIT, omuceiBaercs mudde-
pEeHIMATBHBIMU YpaBHeHUAMU [7, 17]

X, =X, X, =—ayx, —a,sin(x,) +b,x; + f(t), (1)
Xy =Xy, Xy = =0y X — Ay Xy —dy X, +byxs, )
Xy = =05, X, — AssXs + bl
VYpaHernsmu (1) omucbBaeTcs AMHAMUKA MaHU-
nynsTopa, ypaBHeHusamu (2) — nunamuka JIIT ¢ mo-
CTOSTHHBIMH MarHuTamu [6], a4 = — a;< 0, 3HaUYeHHS
OCTaJbHBIX KOHCTPYKTHBHBEIX K03()(HUIIMEHTOB MOJIO-
JKUTEIIbHBIC:
b=a, =k /J,, a,=mghl/J,, a,=k/J,,
a,=d/J,, b=k, /J,,
ag,=c/L,a,=R/L, b,=1/L.

T
Ommcanne mepeMeHHbIX X =(X,..., X;) MW Iapa-

B cucreme (1), (2) BeIXOmHON perynupyemMon re-
PEMEHHOH SABISETCS YTIOBOE IOJIOKEHHWE 3BEHA Ma-
HUMyJATOpa X,(f), HaNpsDKeHWE MUTaHUS SIKOPHOH 11e-
nu JIIT u paccMaTpuBaeTcsi Kak pa3pbIBHOE yIIpaBJie-
aue. CTaBUTCA 3a7ada CHHTE3a JUHAMUYECKOW oOpaT-
HOW CBSI3M, 00ECIEUMBAIOLICH OTCIIC)KUBAHHE BBIXOJ-
HOW TepeMEeHHOH X,(f) 3a1aHHOTO curHana g(f) B cie-
IYIOIIUX MTPENTOI0KEHUIX:

e 3a TOuKy orcueTa x,(f) =0 mpUHATO HIKHEE
BEPTUKAJIbHOE TOJOKEHUE 3BEHA MaHHITYISTOpa, KO-
TOpOE SIBJISIETCS] yCTOWYHMBBIM, MAaKCUMaJbHAas YIioBas
CKOPOCTH 3B€Ha MaHUMYJISATOPA OTpaHIYEHA:

lx®|<w, |x,@®)|<X,, t=20, X, =const>0; (3)

® Ha4YaJIbHbIC 3HAYCHUA IICPEMCHHBIX COCTOAHUA
HaxoJsTCA B U3BECTHBIX AHAlla30HaXx:

|xi (O)| <X,,=const>0,i=1,5; 4)

® JATYMKH PACIIONOKEHBI TOJBKO Ha WCIIOTHH-

TETPHOM YCTPOWCTBE, 3HAYEHHUS MEPEMEHHBIX X(f),

X,(f) He W3MEpSIOTCS, 3HAUCHUS TEPEMEHHBIX X;(f),

x4(t) x5(f) U3MepAIOTCSA, IIYyMBl B U3MEPEHUIX OTCYT-
CTBYIOT;

e TeKyllyue 3HAYEHUS 3aJIal0IIer0 BO3ICHCTBUS
g(t) m3BecTHBI, ero mpomsBoAHas g(¢) mojaraercs
HETJIaJKOW HEW3BECTHOH (yHKIMEH BpeMeHH, orpa-
HUYEHHOW U3BECTHOW KOHCTAHTOM:

181G, < | (DG, 120;
G,,G, =const > 0;

e 3HAYCHUS apameTpoB k;, J,, d, k,, 1, cinenona-
TEJILHO, d43, d44, b4 U3BECTHBI, TIApAMETPHI 7 , h, J), c,
R, L u, cnenoBaTenbHo, by = ayy, ay, ds4, dss, bs TOUHO
HE OMMPEACIICHBI 1 MOT'YT U3MCHATHCA B IMPOLICCCE DKC-
IDTyaTally B U3BECTHBIX JTMANa30HAX:

azl,min S a21 (t) S a21,max ’a2,min S a2 (t) S a2,max ’

aSj,min = aSj (t) < aSj,max 5] = 4’ 59

®)

MeTpoB cucteMsl (1), (2) mpuseneHo B Tadm. 1. b5 i S b5 (1) S b5 51 2 0; (6)
Tabnuya 1
Onucanme nepeMeHHbIX ¥ NapaMeTpoB o6beKTa ynpasneHus
O6o3HaueHue OnucaHue, eAVMHULA U3MEPEHUS O6o3HaueHme Onucanue, eMHALIA U3MEPEHNUS
X YTIIOBOE TOJIOKEHUE MaHUTTYJISATOPA, paj g YCKOpEHHe CBOGOIHOTO mageHus, 9,8 m/c’
X, YTJIOBasi CKOPOCTh MaHHMITYJIATOpA, paj/c ki KECTKOCTh NIEpeIaTOYHOI0 MEXaHU3Ma,
H-m/pan
X3 yrinoBoe nojoxxeHue Basa AT, pax Ji MOMEHT HHEPIHH MaHHITYJIATOPA, KI*M"
X yrnoBas ckopocts Bana AT, paxn/c k., koo punment nepenaun, H-m/A
Xs tok sikopst 1T, A I momeHT unepuuu AT, KM~
f(@® HEKOHTPOJIMPYEMOE BO3MYIIIEHHE, d kod(ppunreHT neMndupoBaHus,
H/(xr-m) Kr-M/C
u HarpsbKkeHue nuranus sskopHo uenu 11T, B c koa¢pdurnment nporuso-O/]C IIIT, B-c/pax
h JUIMHA MAHUIIYJISTOPA, M L UHAYKTUBHOCTS sikopst AIIT, I'n
m Macca MaHMILyJISITOpa, KT R compotusierue sxkops AIT, Om
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e f(f) — Hem3BecTHas Hernankas GyHKIHS Bpe-
MEHH, OTpaHUYEHHAs TI0 MOJYJI0 H3BECTHON KOHCTaH-
TOH:

| f (1) < F =const >0, 1>0. (7)

B koHType 0oOpaTHOW CBSI3M IpearnoyaraeTcs uc-
[0JIb30BaHUE TOJBKO HAOMIOJATeNss HEU3MEPSIEMBIX
NEPEMEHHBIX COCTOSHUS, NICHTU(UKATOPbI HEU3BECT-
HBIX TapaMeTpOB U TEHEPaTOphl BHEIIHUX BO3JEH-
CTBUI B MOCTPOEHMS HE BBOAATCA. B 3THX ycrmoBusx
cTa0dmIM3ausl  OIMMOKH  cIexeHus ej(f) = xi(f) —
g(f) € R BO3MOXHa JIHIIL C HEKOTOPOW TOYHOCTHIO.
Lens ynpaBneHus: — o0ecnednTs B 3aMKHYTOH CHCTE-
M€ BBIITOJIHEHUE YCIOBUSA

le.(n| <A, 121, (8)

rae Ay >0, t; > 0 — 3agaHHbIe TOYHOCTEH CTAOMIH3aIIUI
U BpeMs €€ JIOCTHIKEHHS COOTBETCTBCHHO.

2. BA30BbIW 3AKOH YNPABREHUSA

Buawane copmupyem B cucreme (1), (2) 3akoH
yIpaBJIeHHS, UCIIONB3YS 3aJaHHBINA CUTHAN g(f) U Bce
NEPEMEHHBIE COCTOSHHMS, a II0OTOM CIPOEKTHPYEM
HaOIroaTeNh A OLICHUBAHUSI HEM3MEPSEMBIX Iepe-
MEHHBIX cOCTOsiHUS. Jlnsi cuHTe3a oOpaTHOW CBsI3H
MIpUMeHUM OJIOYHBINA pUHIUN yrpasierns [11, 12].

Cucrema (1), (2) npencraensier co0oil OIIOYHYIO
dhopmy ynpasnsiemoctd [11]. DTo 03HauaeT, 4yTO HC-
TUHHOE YIPaBJICHUE BXOAUT aJJIMTHBHO C HEHYJIEBBIM
MHOXXHTEJIEM TOJIBKO B TOCIIEIHEE ypaBHEHHUE; B Ipa-

BOW 4YacTH KaXJOro i-ro ypaBHenus: (6noka), i=1,4,

MOTYT HPUCYTCTBOBATh (DYHKIIMH TOJIBKO OT TIepeMEH-
HBIX COCTOSIHUS Xp,...,X;, a TIEPEMEHHas CIEAYIOUIEeTO
i+1-ro ypaBHEHHs BXOJIUT aJIUTUBHO C HEHYJIEBBIM
MHOXXHTeJIeM. Takoi BHII ITO3BOJSIET B KaXKIOM i-M
YpaBHEHHWH paccMaTpuBaTh MEPEMEHHYIO X;.; Kak
(UKTUBHOE YIpaBJCHUE W TOCIENOBaTENBHO (CBEPXY
BHU3) (OpMHPOBATH JIOKAJIbHBIE CBA3M B KaXKIOM
YpaBHEHUH, KOTOpBIE B IOCIeAHEM OJoke OyayT
o0ecrieYeHbl ¢ TIOMOIIBI0 UCTUHHOTO yrpasieHus. Tot
(axT, 4TO TIEpBOE ypaBHEHHUE 3AIMCAHO OTHOCUTEIHHO
MMEHHO pEryJupyeMol MEepeMEeHHOH, MO3BOJISIET pac-
cmatpuBath cuctemy (1), (2) xak TpeyroipHy (110
COCTaBy apryMeHTOB (DYHKIUH B KaXKIOM ypaBHEHUH
32 UCKJIIOYCHHEM (UKTUBHBIX YIpaBiIeHUH) ¢Gopmy
«BXOJ] — BBIXOJI» U pelaTh Ha €e OCHOBE 3ajauy clie-
KEHHUS.

Jns Toro 4roOBl MOJABHTH TapaMeTpU4ecKue |
BHEIITHUE BO3MYIICHUS, ACWCTBYIONINE 1O OIHUM M
TEM JK€ KaHajlaM C (UKTUBHBIMHU YIIPABICHUSMH,
chopMHpyeM JIOKaJIbHBIC CBSA3U B BHJIE OTPAaHHMYCHHBIX

S-00pa3HbIX cuUrMa-QyHKIMA C JBYMs HacTpauBae-
MBIMU TlapameTpamu [12]:

* . —_—
x, =-m_o(k,_e_,), k_,,m_, =const >0, i=2,5, (9)
rae o(k,_e_)=2/(1+exp(—k, e,_))—1 — HedyerHas
U OrpaHHYEHHas CcUrMa—QyHKUUS; |<5(kl._1ei_1)| <1,
e, € R (i=2,5) — HEBA3KU MEXKJy NEPEMEHHBIMU X,
¥ JKeTTaeMbIMH (DUKTHBHBIMH YIIpaBieHUsMA X, (9):
* . -~ ~

e.=x,—x, =x,+m,_o(k,_e ), i=25 (10)
Wctunnoe ynpaenenue (Hanpsokenwe nutanus JI1T)
€CTECTBEHHO NMPHUHSITH B BUJE Pa3pbIBHON (pyHKINY [6]

u =—mgsign(e;), ms =const >0,
+1, es >0,

sign(es)=| 7 (11)
s C5 s

npu es = 0 3HaueHHe QYHKIMH 3HAKa HE OINpeJelieHO,
HO OrpaHU4eHo oTpe3koM [—1; 1]. 3aMKkHyTas cuctema
(1), (2), (11), 3anmmcaHHas OTHOCHUTEIHHO OIMNOKH
ciexxeHust u HeBs130K (10), uMeeT BHI:
¢ =e, —mo(ke)-g,
e, =b(e, —mo(ke))—

i+1

,. 12
—Daze;+ fi+ A, ,,i=2,34, (12)
j=1

és =—ase, —ases + fs + A, —b;mgsign(e),
riae by =1, aneMeHThl a;, yka3aHHbele B popmyie (12),
HO oTcyTcTByromue B cucreme (1), (2), paBHBI HYIIIO,
A, , — TOJNHBIE NPOU3BOJHbIE (PUKTHBHBIX YyIIpaBile-
Huil (9)
A =gm ok, e )= (13)
=0,5m;_k;_; x(1- o’ (k1€ ))é, ., i= R;
fr=—a,8-a, Sin(e1 +8)+ f(), /3 =0,
fi=a,(mo(k,e,)+ g)+a,mo(k,e;),
fs = a,mo(kye;) +agm,o(k,e,).
B cuny dopmyn (5)—(7) 3HaueHus f, orpaHUYeHbI, UX
OIICHKHU 3aBHCAT OT aMIUTHTYJ] (UKTUBHBIX yIIpaBlie-
HUI:
|f2 (t)| S a21,maxGO + a2,max + F = FZ’
|f,(D|<ay(m, +G)) +a,my=F,,  (14)

|f5 (t)| S Ay g My F s g 111y = Fs.

ITocTaBnennas 3amada (8) cBOAMUTCA K 3a7ade cTa-
ounmszauuu cucremsl (12). Ilpu 3ToM 3amaya cuHTe3a
yhpaBieHUs OJHOKAaHAJIBLHOH CHUCTEMOW IISITOTO MO-
psiKa JIEKOMITO3MPYETCsT Ha TSTH IOCIIEIOBATEILHO
pelaeMbIX AIEMEHTaPHBIX T0/[3a/1a4 CHHTE3a — BBIOO-
pa mapaMeTpoB MCTMHHOTO M (DUKTHUBHBIX YIIpaBiie-
HUH, 00ecleunBaloiX HHBAPHAHTHOCTD C 3aJaHHON
TOYHOCTBIO TT0 OTHOIICHUIO K MUMEIOIIMMCS Heompee-

L
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JICHHOCTSIM. AMIUIMTYJY pPa3pbIBHOTO YIIPaBJICHUS
(11) nyxHO BBIOpaTH Tak, 4TOOBl OOECHEYUTH B CHU-
creMe (12) BO3ZHMKHOBEHHE 3a KOHEYHOE BpEMs
0 <t5< f; CKONB3SIIECTO pEKUMa Ha TIOBEPXHOCTH
es=0. CormacHo OJOYHOMY HPHHIIUIY YIPABICHUS
napameTpsl PUKTUBHBIX yIpaBieHu# (9) ciemyer BbI-
OpaTb Tak, 4TOOBl OPraHU30BaTh IOCIIEAOBATEIBHYIO
CXOJIMMOCTH HEBSI30K B HEKOTOPBIE OKPECTHOCTH HYJISL:

les ()| < As,t =1, > 0= e, ()| <A,

(15)

121, >1,= .. = ()|<A, 121, >1,,

rae A, U t; 3amaHsl BeIpakeHueM (8) a A; = const > 0,
i=2,5, Ha3HA4YalTCs NPOU3BOJILHO. B mepBom Hepa-

BeHCTBE (15) oTpaxeH TOT ¢akT, 4TO B pealTbHBIX CH-
cTeMax Wu3-3a pPa3IMYHOTO poOJa HEWIeaJbHOCTEeH
CKOJIB3SIIMH PEKUM BO3HUKAET B HEKOTOPOM IOrpa-
HUYHOM CJIO€ TIOBEPXHOCTHU MEPEKITIOUCHHS [6].

Curma-(pyHKIHIO MOKHO OLIEHHTH CHU3Y KyCOYHO-
TUHEWHOH QyHKINEeH

0,8[sat(k.e,)| <|o(ke,)| <1,
sign(e,), ;| > 2,2/ k;, (16)
sat(k,e;) = | _
ke /2,2, |e|<2,2/k,i=1, 4,

rae o(12,2)=+0,8, ¢, =+2,2/k, — TOYKH pasjene-
g o(ke;) Ha IOYTH JMHEHHYIO M IOYTH ITOCTOSH-
Hyto Qyukuuu [12]. Ot BeIGOpa 3HaYeHus k;, — Kod¢-

(dunmeHTa ycuieHusl B apryMeHTe curMa-(QOyHKIUU —
3aBUCUT TOYHOCTHh CTa0MIM3AIIUN COOTBETCTBYIOIICH
HEBS3KH. 3apUKCUpyeM 0OpaTHO MPOMOPIHUOHATBHYIO
3aBUCHMOCTh MEXAY KO3(PQHUIMEHTaMH YCWICHUS U
TOYHOCTBIO CTaOUIU3aIAN HEBS30K:

|el.| <2,2/k, =A,,i= 1,4. Torma IpY BHIOPAHHBIX 3HA-

YEHUSIX KOAQPHUIMESHTOB YCHUICHUS

k. >2,2/A,,i=14, (17)

o6ecneqHBanumx JKEIa€My0 TOYHOCTH crabumnsa-
our, 3agada CHUHTE3a CBOIHUTCA K BLI60py AMIIIUTY

m;, i=1, 5, mocpencTBOM KOTOPOTO JOCTHUTAETCS IIO-

clieoBaTeNbHas CXOJUMOCTh HEBSI30K B COOTBET-
cTByromue okpectHoctu Hyins (15). Jlocrarounsie

YCIIOBUS, TapaHTUPYIOIIUE |ei| <A,, WUMEIT BHI:
¢, <0 mpu |e|>A,,i =1,5 [6, 12]. Orcioma moydum
HIDKHIOIO OIIGHKY JUIS BBIOOpa aMIUIHTYIbl B i-M
(i =1,_4) OJIOKe TpU YCJIOBHHM, YTO BO BCEX CIEOYIO-
mmx Onokax j=i + 1, i+ 2,...,5, HEBA3KH ykKe CO-
IIUTUCh B 33JJaHHBIE OKPECTHOCTH HYJIS ‘ej‘ <A; (15).

C yuetom dopmyi (5), (14)—(17) nmeem:

0,8m, >G, +A, = e¢é =¢/(e, —mo(ke)—g)<
<le|(A, + G, —0,8m,) <0,

1

i—1
09 8b',minmi > bi,minAH—l + Zaij,max |ej| +
=1

—-mo(k,e;))—

+E + |Ai—1| = eiéi =¢ (b: (ei+1
i
_zaijej —+ f; + Ai—l) <
=1

< |ei | (bi,min (A, —0,8m)—a;

ij,min

e+ (18)

a
1

e,|+ F+[A <0, i=2, 3, 4

ij ,max

~.
Il

b

5,min
=e,(—aye, —ages + f; + A, —bsmsign(e,)) <
< |€5 | (a54,max

+F +|A,

mg > dg, e4|+F5 +|A4|:>€5é5 =

e4| = 55 min |5 | +

- bS,minmS) < O

Jns peanmuzanuu mocTaTodHbIX yeioBui (18) Tpe-
OyeTcs OLEHWTh OUAana3OHbl W3MEHEHUS 3HAYCHUH
NEepEeMEHHBIX cHUCTeMbl (12) W WX NPOU3BOIHBIX B
MIPOIIECCE PEryJIMPOBAaHUSA C Y4YETOM 33JaHHOTO Bpe-
MCEHH CTaOWIN3auy onmuoOKu ciekenus (8). CooTBeT-
CTBYIOIIAsl NMPOLEAYpa U HTOTOBBIC HEPABEHCTBA IS
BeIOOpa amrumatyn m; (i =1,5) npeacrasnenst B [pu-
noxeHuu. [Ipouenypa onupaercs Ha KOHCEPBATUBHBIE
OLIGHKM U JIOKa3bIBAaET CYLIECTBOBAHUE PELICHUH He-
paBenctB (18). [IpuHumaemble 3HaueHHus k03duUIH-
eHTOB ycuieHus (17) u aMImTuTyZ; MOKHO CKOPPEKTH-
pOBaTh B MEHBILYIO CTOPOHY IO pe3yJbTaTaM MMHUTa-
LMOHHOT'O MOAEIUPOBAHUSL.

B cucreme ¢ HEmoJHBIM KOMIUIEKTOM JIATYMKOB B
3aKoHe ympasieHus (11) BMecTe ¢ u3MepsieMbIMH Tie-
peMeHHBIMU g(1), X3(1), x4(f) x5(f) OyAyT UCTIOIB30BAHEI
OLUEHKU X, (f), X, (f) HeusMepseMbIX I[E€PEMEHHbIX

cocrosHUS X(1), Xo(f). B § 3 paccmarpuBaetcs 3amava
CHHTe3a HaOmrofaTessl COCTOSIHUS, KOTOPBIA B yCIO-
BUSIX TMApaMETPUUECKON HEOINPEIEICHHOCTH O00BEKTa
yhOpaBieHus OOeCIeunBaeT 3aJaHHbIe TOYHOCTh U
BpeMsl OLlCHUBAHUS:

|x. (1) =X, (1)|<5,, i=L2, 12T, 0<T <t;. (19)

B cucreme ¢ nuHamMmudeckoi oOpaTHON CBS3BIO 3a-
KoH ynpasiienus (11) Oyzner peann3oBaH B BUJeE

u=—mgsign(é,). (20)

rzae omunbOKa cnexxenus u Hesizku (10) hopmupyrorcs
10 U3MEPSEMBIM U OLICHOYHBIM CUTHAJIAM:

& =X —g, ¢ =% +mo(ke), & =x;+myo(k,¢,),

e, = x, + myo(k,e,), es = x; +m,o(k,é,).

NPOBNEMbI YNIPABNEHUA Ne 3 e 2022
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B 3amknayTO# cuctreme (1), (2) ¢ auHamMuyecKon
oOpatHOll cBsi3bt0 (20) B KauecTBE HEUACATHHOCTEH
BBICTYNAIOT OMMOKHM orieHuBaHus (19), 4To mpuBOIUT
K TIOSIBJICHUIO B CKOJIB3SIIEM PEKUME NOTPaHHYHOTO
cIost

|és —es| =m,|o(k,é,) —o(ke,)|<As.  (21)

U3 (21) u S-06pa3Hoit popMbl curmMa-QpyHKIUH CIETy-
€T, 4rTo HauOoJblIee OTKIOHEHHE IOCTHTaeTCsi B
OKPECTHOCTH HYJs, a Ha OECKOHEYHOCTH BIHSHHUC
omKnOOK OICHWBAaHUS OyAET MPaKTHYECKH HEe3aMEeTHO.

C yderoM mepBoro npubmwKeHus o(kx) ~ 0,5kx
MOJKHO JIaTh CIIEAYIONIYIO OLIEHKY OTKJIOHEHHIo (21):

|o(k,é,) —o(k,e,)|~ 0,5k, [é, —e,|~
~ 0,5k, m, |o(k;) — o(kyes )| = 0,5 k,mksy e, —e;| =

~ 0,5 k,mikym, |o(k,¢,) —o(k,e,)| =

~ 0,5 k,mykymyk, |6, —e,|
~ 0,5 k,mykymyk, |5, + m, | o(ké,) —o(ke) || =
~ 0,5 k,mk,mk, (8, +0,5mk3,).

W3 naHHOrO BBIp@KECHMS C YYETOM IIPUHSATBIX 3HaAde-
HUU [TapaMeTPOB PEryisTOpa U BEJIUYUHBI ITOIPAHUY-
HOTO cJ10s1 As, yYUTBIBAEMOM IIPU €ro HACTPOIiKe, cie-
IOYIOT OTpaHMUYEHHMS Ha OIIMOKH OLIEHUBAaHMUSI, KOTOPBIE
HYXXHO O0€CIleUHTh NMPH PELIeHHH 3aAadu Habirone-
HU:

8A, o)

5, +0,5mkd < ———.
myk,myksmyk,

3. HABNIOAATENDb COCTOAHUA ANA OLEHKW
NEPEMEHHbLIX MEXAHUYECKOW NOACUCTEMBI

Cucrema (1), (2) sBnsercs HaOIMOaeMON OTHOCH-
TEIBHO U3MEPEHUM X5(7), x4(t) x5(f), onmHako HabrO/Ia-
T€JIb COCTOSIHHUA TOJIHOTO TOpPSAKAa HEBO3MOXHO CHH-
TE3UPOBATh W3-3a HAJMYUS IMAPAMETPUYECKHX He-
OTIpeICTICHHOCTE B MOJENH W JACHCTBUS HAa OOBEKT
HEKOHTPOJIMPYEMBIX BHEHIIHUX BO3MylleHuil. s
BOCCTAHOBJICHUSI 3HAUCHUN HEU3MEPSIEMBIX MEpPEeMEH-
HBIX X,(f), X,(f) BOCIIONIB3yeMCs MPOTIEAYPON OIICHHBA-
HUS BHEITHUX BO3MYIIICHUH 0€3 IMOCTPOSHHUsS AMHAMU-
YEeCKOro reHepaTopa Bo3MylueHui [7, 15, 16] u Oynem
CTPOUTH HAOIIOAATENb MOHMKECHHOTO TopsiAKa (pemy-
UPOBAaHHBIN HaOMOAaTeNs). B 3TOM ciiydyae uckoMble
OLEHKHU X, X, MOIYT OBbITb IOIy4€Hbl TOJBKO C 3a-

JIaHHOM TogHOCTHIO (19), (22).
CormnacHo JaHHOW IpoLeNype OLEHUBAaHMS JUIs
NOCTPOCHUS PEAYLUPOBAHHOTO HAOIIOAATENS IPUMEM

32 OCHOBY YETBEPTOE M MEPBOE YPaBHEHHS MCXOIHOU
cuctemsl (1), (2), KOTOpBIC HE 3aBUCAT OT 3HAUCHUIA
HEOIPEIeNICHHBIX TapaMeTPOB M BKIIOYAIOT B ceOs
Heu3MepsieMble MEPEMEHHBIE C HEHYJIEBHIMH MHOXKH-
TEJSIMH:
Xy =—a,(x5—x)—aux, +ax, X =x,. (23)
PenynupoBanHbIii HaOMOMATENs CTPOUTCS Ha OC-
HOBE CHCTEMBI (23) ¢ y4eTOM U3MEPSAEMBIX CUTHAJIOB:
G ==y (% —2) —AuX, + ausXs v, 5, =V, (24)
TJIe 71, Z» — IEPEMEHHBIC COCTOSIHUS HAOIroIaTeNs, vy,
V, — €r0 KOPPEKTHPYIOIINE BO3JCHCTBUSL.
Beenem ommOkum HabmoneHus g =X, —Z,
€, =X, —Z,, OTHOCUTEIBHO KOTOPBIX C y4eToM (op-

Mya (23), (24) noxyuum cuctemy
£ =0,8,—V, & =X, —V,. (25)
B cuny umeromuxcst u3MepeHuil 3HaueHuil napa-
METpa X, TEKYIINE 3Ha4eHUs OIUOKHU €,(f) U3BECTHBI,
OImMOKHU €,(f) — HeusBecTHBI. IIpumem ciemyromue
HayaJbHBIC 3HaUeHHs B Habmroxatene (24) u, COOTBET-
CTBEHHO, B BUPTyaJbHOU cucteMe (25):
7(0) = x,(0) = ,(0)=0;

(26)
2(0)=0=>£,(0)=x,(0), |&,(0)[<m.

Henbs — chopMupoBaTh KOPPEKTUPYIOIIME BO3CH-
CTBUA Vi, V, TaK, 4TOOBI OOECIEYNTh CTAOMIM3AIINIO
OmMOOK HAOMIOJCHNUA U UX MIPOU3BOIHBIX C 3a/aHHOM
TOYHOCTBIO 1 3a 3agaHHoe Bpems (19), (22). lns sToro
UCIOJb3YeM KYCOYHO-JIMHEHHBIE KOPPEKTUPYIOIIUE
Bo3zekcTeus [7, 15, 16]:

v, = psat(lg,), v, = p,sat(L,v,), [;, p, =const >0,
sign(e,), |e,|>1/1,, (27)
le,, |81| <1/1.

sat(/jg,) =

Oynknum (27) Tak ke, Kak M cUrMa-QyHKIIUH,
UMEIOT S-00pa3Hyto (GopMy U IO J1Ba HACTPAHUBAEMBIX
napamerpa. OHH 0ojiee IPOCTHl B pean3aluy, HO HE
SBISFOTCSL Thafakuvu. OpHako mociaemaHuii (paxT He
SIBIISIETCS. KPUTUYHBIM, TaK KaK B 3a/a4e HaOMI0JeHUs
KOPPEKTHUPYIOIIKE BO3ACUCTBHUS HE HECYT (PU3HMUYECKO-
IO CMBICJIA U MOTYT OBITh HETJIAJAKUMH — B OTJIMYHE OT
(UKTUBHBIX YIpaBJIEHUH, B KaueCTBE KOTOPBHIX NpHU-
HUMaroTcs nepeMeHHble coctosiHua (10) (a k HUM, B
CBOIO OYepe/ib, MpebsIBIseTCs TpeOOBaHUE TIIAJIKO-
CTH).

Jlemma. Eciu ¢ cucmeme (25)—(27) enewnuii cue-
nan x,(t) oepanuuen ycinosuem (3), mo ons a0OLIX
8,>0, 8,>0, T>0 naioymca nonoxcumenvhuie
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OeticmeumenvHoie yucia p,, |,

. makue, umo npu nio-
ovix p,>p,, I,>1l, i=12, 6yoem obecneueno 6vi-

NnoJIHeHUue HepaserHcme

|82 (t)| = |x1 - Zz(t)| <9,

28
|x, (1) —v, (1) <8,, t>T. (@)

JokazarenbcTBO jleMMbl npuBeAeHO B IIpumoxe-
Hun. U3 Beipakenmii (19), (28) cnenyer, urto B Kaue-
CTBE HCKOMBIX OLIGHOK HEHM3MEPSIEMBIX IEPEMEHHBIX
IPUHUMAIOTCSI TIEPEMEHHAsi COCTOSHHUS U KOPPEKTHU-
pylolee BO3JeCTBUE BTOPOTO YPaBHEHHS PEAYLHPO-
BaHHOTO HaOIroaTeNs (24): X, (1) =1z,(1),

X, (1) = v, (2).

4. PE3YNIbTATbI MOAENWUPOBAHUA

Jns mpoBepku pabOTOCIIOCOOHOCTH pa3paboTaH-
HOT'0 METOJIa CHHTe3a AWHAMUYECKO OOpaTHOH CBSI3H
OBUIO TIPOBENICHO YMCIICHHOE MOJACIHPOBAHHUE B Cpele
MATLAB-Simulink 3amkayTO#i cucremsr (1), (2),

(20), (24) nmpu HayanbHBIX 3HayeHHAX x,(0)=0,

i=1,5. CraBuiace 3amaua oOecIieUeHHs TOCTIDKEHUS

CJIEAYIOIINX 3HAUCHHH 1IeNICBhIX MoKa3zaTenei (8):
A, =0,04 pan, t, =2c. (29)

C yuerom 3HaueHwii (29), a TakkKe 3HAYCHWHA WU
JTNAra3oHOB U3MEHEHUS MMapaMeTPOB U BHEUTHUX BO3-
JIeUcTBUN

k, =0,2, J, =0,01, d =0,045, k, =0,3;
me[0,18; 0,25], he[0,2; 0,3],

J, €[0,0072; 0,0225], c[0,25; 0,33],  (30)
Re[3,8; 4,2], Le[0,006; 0,013];

|80 <0.2, i=0.L |f(1)]<0.1

Ha ocHoBe HepaBeHCTB (17), (I1.9)—(I1.13) (cm. Ilpm-
JIO)KEHHUE) OBUIM IPUHATHI CIICAYIONIUE 3HAUYEHUS KO-
3¢ punmeHToB 00OpaTHOM CBA3H:

k, =80, k, =25, ky; =5, k, =8;

(1)
m, =0,3, m, =0,7, my; =10, m, =40, my; =90.

B cuy Beipaxkenuit (19), (22) Obutn onpeaencHs
3HAYCHUS IEJICBBIX MMOKAa3aTeNIel IS PeIIeHHs 3a1auu
HaOmogenus: o, =0,0008 pax, d,=0,002 paxn/c,
T =0,1 c. B naomopaarene (24) ¢ yueToM OrpaHuye-

HUS |)c2 (t)| <5=X, pax/c (3) HAa OCHOBE HEpPABEHCTB

(I1.22), (I1.26) (cMm. IIpunmoxkeHune) MPUHATHI CIEIYIO-
rMe 3HaueHUs Ko GUIMEHTOB Koppekiuu (27):

I, =155, 1, =150; p, =60, p,=40.  (32)

[IpoBeneHO ABa YNCIIEHHBIX 3KCIIEPUMEHTA C OJU-
HaKoBbIMH K03 ¢unuentamu perynstopa (31) u
Habmoaatens (32), HO ¢ pa3HBIMHU MapaMeTpamM# 00b-
€KTa W BHEUIHMMH BO3ACHCTBHAMHU U3 AHMANA30HOB
(30). B mepBoM 3KCHIEpUMEHTE B KaveCTBE 3HAUCHUI
HEOIpeeNICHHBIX MapaMeTpoB 00BbEKTa MPUHUMAINCH
neBble TpaHumbl oTpe3koB (30) M BHEMHWE BO3ICH-
crBua g(t)=0,05]|sin?|+0,15¢c0s(0,5¢), f =0,05. Bo
BTOPOM DJKCIIEPUMEHTE B KauecTBEe 3HAYCHUHU mapa-
METPOB 00BEKTa MPUHUMAIUCH IPAaBbIe IPAHULIBI OT-
pe3KoB (30) u BHEIITHUE BO3JICUCTBUS
g(®)=0,18|cos(?)|, f(r)=0,05¢, t €[0;2) — nun000-
pasHasi QyHKIHUS C TJIaBHBIM mepuoaoM 2 c. O0paTtum
BHUMAaHUE Ha TO, YTO B 0OOMX 3KCIIEPUMEHTAX 3aaa-
IOIIME BO3ACUCTBHS — KYCOYHO-TJIaAKHe (QyHKIHH,
MIPOU3BOJHBIE KOTOPHIX UMEIOT Pa3phIBbI MIEPBOTIO PO-
na. B memsx cpaBHEHHS MOIETUPOBAHUE BBIIOIHS-
JIOCh M JIJISl CUCTEMBI CO CTaTUYE€CKOW OOpaTHOM CBS-
3pt0 (11) B mpeAnmonoXeHuu, 4TO BCE IEPEMEHHBIC
COCTOSIHUSI U3MEPSIOTCSI, U JUIS CUCTEMBI ¢ TUHAMUYe-
CKoii 00paTHO# cBs3bi0 (20), B KOTOPOH OLIEHKH He-
U3MEpSIEMBIX NEPEMEHHBIX X, (f), X,(f) ObuM moiy-

4YeHbl ¢ oMolplo Habmromarens (24), (27). [lpu un-
TErpUPOBAHUM HCIIONIL30BAIICS METOJA Jiiepa C To-
CTOSIHHBEIM 1marom 107,

Ha puc. 14 npencraBiensl pe3yabTaThl MOAEIU-
poBanus mepBoro skcriepumMenta. s cuctems (1),
(2) ¢ nmramMudeckoit oopatHoii cBs3bio (20), (24), (27)
MpeCTaBJICHbl: HA puc. 1 — rpadyKu 3aJaHHOTO CHUT-
Haja g(¢) ¥ yrIoBOro MOJOKEHUS MaHUIyJIsITopa Xi(7);
Ha puc. 2 — rpaduK OMMUOKHU clexeHus e,()= x(f) —
—g(); na puc. 3 — rpapuxu o, () =x,0)—x(1),
0, (7)=x,(t)— x,(f) — OTKIIOHEHUH OLEHOK X, (1) =2z, (?),
X,(t) =v,(t), NOTy4EHHBIX C MOMOIBIO HAOIIOAATENS

(24), (27), or 3HayeHui mepeMeHHBIX Xx((f), X»(f). Ha
puc. 4 mokazaH rpaduk e,(f)—e(f) — OTKIOHEHHS
e1(f) oT omuoKM crnexeHus e.(f) B CucTeMe CO CTaTH-
yeckoi oOpatHoii csa3bio (11). Ha puc. 5-8 mokazaHbl
aHAJIOTUYHBIE TPAQUKH JIJIs SKCIIEPHUMEHTA 2.

B Tabn. 2 mist 060uX IKCIEPUMEHTOB M 3aKOHOB
yhpaBiieHUs NPUBEICHBI [TOKA3aTeNN KauecTBa: BpeMsl

peryiupoBanus 1 : |el(t)|S0,04, t >t"; mepeperyiu-
poBaHue e, 2|e1 (t)| , 120; mocruraemasl TOYHOCTb

CIIEKEHHUS Zl 2|x1(t)—g(t)| B YCTaHOBMBILIEMCS pe-

xume ripu =10 c.

NPOBNEMbI YNIPABNEHUA Ne 3 e 2022
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Al n P

Owwunbka oueHUBaHNA

Puc. 7. Tpaduku u3smMeHnenus oTkJIoHenuii o, (£) = x,(t) - x,(¢),

a,(t)=x,(t)—X,(t) aas sKkcnepumenTa 2

Tabnuya 2

3HaueHuA nokasaTtenen KayecTBa perynupoBaHuA

HammenoBanme | Cratmueckas 00- | JmHammdgeckas
IoKa3areds, patHas cBs3b (11) | oOparHast cBS3b
CIIMHHIIA U3ME- (20), (24), (27)
peHns
OKkcnepuMeHT 1
t*, ¢ 0,5380 0,5408
€1max> PAI 0,1510 0,1510
A, pan 0,0119 0,0119
OKcnepuMent 2
t*, ¢ 0,5146 0,5147
€1max, PAT 0,18 0,18
A, pan 0,0299 0,0299

W3 puc. 1-8 u tabn. 2 cnemyer, 4To LENeBble 3HA-
yeHHs mokaszateneit (29) qocTuraioTcs Bo BCeX dKCIe-
puMeHTax. BBox peaynupoBaHHOTO HabOrOAATENS
(24), (27) B xoHTYp 00paTHOU CBS3M HE MPHUBEN K CY-
HIECTBEHHOMY YXY/IIICHUIO KAUeCTBa PEryINPOBaHHS.

_><10'4

0.5

OTKnoHeHve, pag
o

Puc. 8. 'paduk u3MeHeHUST OINUOKH €1,(f)—€1c(f) 17151 IKCepuMenTa 2

CKOPOCTH MAaHMITYJIATOpa CIIPOEKTHPOBAH pEeAyLUpPO-
BaHHBIN HaOJIONATENh COCTOSHUS, MOCTPOEHHE KOTO-
poro He TpebyeT TOYHOTO 3HAHHS MapaMeTpoB Mexa-
HUYECKOHN IOJCHUCTEMBI. Pe3ysbTaThl 4MCIEHHOIO MO-
JIETUPOBAHUS TOATBEPIUIN pabOTOCIIOCOOHOCTh pa3-
paboTaHHBIX cHCTEM cCiexeHus 1 Habmoaenws. [Toka-
3aHO, YTO MPU UCHOJIB30BAHUU AMHAMUYECKOH o0pat-
HOW CBSI3U C PENYLIMPOBAHHBIM HAOIIOAATENIEM 3HAUeE-
HUS MOKa3aTelleld KadecTBa 3aMKHYTOM CHCTEMBI CO-
MOCTaBUMBI CO 3HAUEHUSAMH IOKa3aTeeil CUCTEMBI C
MIOJTHBIMU U3MEPEHUSAMU.

B nanbHelimeM IUTaHHPYETCS pPaclpOCTPaHHUTH
nporeaypy OJIOYHOTO CHHTE3a CHIMOHUIANBHBIX (UK-
TUBHBIX yNpaBlieHUN Ha JMHEHHbIE OOBEKTHl CO MHO-
TUMH BXOJaMH M BBIXOAAMH, a TaKKe HCCIEA0BaTh
paboToCIOCOOHOCTE PEeAYLMPOBAHHOTO HAOMIOAATEINS
MIPU HATUYUH ITIYMOB B U3MEPEHUSX.

NPUIIOEHHE

3AKNIOYEHUE

Lens HacTosmielr paboTHI 3aKiI0Yaiach B oOecre-
YEHUW OTCIICKUBAHUS YTIOBBIM ITOJIOXKEHHUEM OJIHO-
3BEHHOTO MAaHHUITYJISITOpPA 33JaHHOTO CHUTHAJIa B yCIIO-
BUSX JICHCTBHS HETJIAJKUX BHEITHHX BO3JCHCTBUH B
ciyvae, Korja JaTYMKH YCTAHOBJICHBI TOJBKO HA MpU-
Bojie. DTa 1ieJib Obljla JOCTUTHYTA IMyTeM MPUMEHEHHS
0JIOYHOU MpoLeAyphl CHHTE3a 0OpaTHOM CBSI3U C CHT-
MOWJIATBHBIMU  (DMKTUBHBIMH YIIPABIEHUSAMH, KOTO-
pBIe HACTPAUBAIINCH IS «XYIIINX» JOIMYCTUMBIX 3HA-
YEeHUH HEOMPECIICHHBIX IMapaMeTPOB W BHEUTHUX
BO3MYyIIeHUI. J[Ji1 OLEHKH YIJIOBOTO MOJOXKEHUS U

Dpomenypa (Bebopa ammuryxa uctuaHOTO (11) 1
¢uktuBHbIX (9) ynpasiieHuit). BHayane omeHUM 3HAYCHHS
MepeMEeHHbIX cocTosHus cuctemsl (12). B cumy dopmyn
(3)—(5) u (10) anst o6acT UX HaYAIHHBIX 3HAUCHUN UMEEM
OLICHKH

le,(0)] < X,y +G,.|e,(0) < X,y +m,_,,i=2,5.  (IL1)

B oOmem cmydae |e,.(0)|>Ai,i=1,5, B cucteme (12)
MOHOTOHHBIN NEPEXOAHBIN NPOLECC FAPAHTUPOBAH TOJIHKO
JUTSE TIepeMEHHOU Tocnennero 6moka es(f). B xymmem pac-
YETHOM CIly4yae 3HaYCHHS IMePEMEHHBIX e(f), [ = 1,4 pactyt
O MOAYJIO 10 TeX IIOp, NOKa BCE NEpPEMEHHbIE ej(1), j =

=5,4,...,i+1 He NOCTUrHYT 3aJaHHBIX OKpecTHocTed (15),
T. €.

|65 (t)| S |65 (O)| = eS,max >

s Lo

¢ (t)| < |ei (ti+1)| = ei,max’i =41 (I1.2)

NPOBNEMbI YNIPABNEHUA Ne 3 e 2022
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C yuerom Toro, uto B cucreme (1), (2) u, ciemosareins-
Ho, B cucteme (12) a; =0, i =1,3, aqq > 0, B cuily BeIpaxe-

auit (18) u (I1.1), (I1.2) MOXHO JaTh CIEAYIOMNE OICHKH
MEPEMEHHBIX COCTOSIHHS U UX MPOU3BOIHBIX:

el max

< XlO +G0 +(ez,max _Az)tzﬂ

€ max < X +11,_ 1D e G = D51 = 2,3

1,max 1,max N > ( )
Cmax S Xy H0+ b, (eS,max = A (1 —exp(=ayts))/ ay,
eS,max < XS,O + m4;
|e (t)| <b . (Cm; te

i+1, max _Ai+1 )9t € [O;ti+1 )5

=b

3,max

|éi (t)| < 2b1 max 1 2tl
|é4 (t)| < b4 (2m4 + eS,max - AS ) + a44e4,max 2 te [07 tS)ﬂ (H4)
|é4 (t)| <2bm,+aye, .., t€lts; t,),
e, ()] < 2bym, +a,A,, t 21,
C yderoM BBeIEHHOrO paszaeineHus curma-¢pyHkiun (16)
st ee mpomsBoaHoil o'(ke,) = 0,5k, (1—o° (ke,)) umeem:
0<o'(ke)<0,18k, t €[0;t,), |e,(r)>2,2/k,,
0,18k, < o'(ke;) < 0,5k, t >t ,, |el.(t)| <2,2/k, (IL5)
_ 1’—4

Ha makcumanbpHble O MOAYJIIO 3HAUEHUS! HEBSA30K, 3a-
Bucsmux ot Bpemen (I1.3), BBegem orpaHudeHus

<2me

i+1, max

<3m +A,,,i=13, (IL6)

el ,max

toraa BeipakeHus (I1.3) mpumyT BUA

€ < X,y + Gy +3mt, <2m,
Lmax_X +m +3b¢max tl+l_3m +A 2 )
(I1.7)
e4,max < X4,0 +n"3 +b4(X5,O +m4 —AS)X

x(1=exp(=ayts)) / ay, <3m; +A,.

B cuny dopmyn (I1.4)—(I1.7) mis mpou3BOIHBIX (UK-
TUBHBIX yrpaBieHui (13) moaydum cremyromye OLeHKH:

k 1-07°(k. —
|A (t)| (-0 ( ,e,))| . .

|A4(t)| < k4mjb4 +0,5k,m,a,,, . 1 2 0.

e4,max H

Jist Toro 4ToOBI 00ECIICYHUTh BHIOJIHCHHE HEPABEHCTB
(I1.6), ammmuTyael m;, i = 1,_4 , JIOJDKHBI OBITH OTPaHUYEHBI
cBepxy. [Ipumem amst ynoberBa 0 < A; =X, i= ZS, TOTJa
u3 npaBeIx HepaBeHCTB (I1.7) moryanm

2n—-X,,+G, 2m,_,
n/Ll S,nl,max =3—’ ml Smi,max =b—’
t2 i,maxt[+1
(I1.9)
2mya,,
b, (1—exp(—ayt;))
OueBHIHO, YTO BEPXHHUE TPAHHUIBI IS BHIOOpA aMILTUTY.
(I1.9) MOXHO cHenaTh CKOJb YrOJHO OOJBIIMMHU ITyTeM

i=2,3 m<m,, =

YMEHbILICHUS 3HAYEHUH 1;, i = 2 5, ¢ coOMroIeHHEeM uepap-
xun 0 <ts <t <...<t, <H.

dopmanm3yeM MpoLeaAypy MMOCIeI0BaTEIHHOTO BEIOOpa
aMIUTUTYA m;, i = L5, KOTOpBIE obecmedaT B 3aMKHYTOH
cucreme (12) BeimonHenue ycnosuit (15) u, cnemoBarenbHO,
nenu ynpasieHus (8) mpu 3a1aHHBIX 3HAYCHUAX Ay, 1), IPU-
HATBIX 3HaYeHHAX A; =X, I :TS , ¥ BBHIOPaHHBIX Ha WX

OCHOBE 3Ha4yeHMsX KoddduuuenToB ycunenus (17). Am-
IUTATYIBI HY’)KHO BBIOpATh TakK, 9TOOBI 00ECHEYUTH CXOIHU-

MOCTb HEBSI30K e,(t), i = ﬂ, Ha WHTepBaNax [f; ], 1 =0,
B 3aJJaHHBIE OKPECTHOCTH HYJIS ¢ yUeTOM BhIpaxkeHu# (18) u
(IL.7)~(I1.9). BappupyeMbIMU MapaMeTpaMu SIBISIOTCS MO-
MCHTBI BPEMEHH £, i = 2,5 .

Hlae 1. C yuetom Beipaxkenus (I1.7) u uHTEpBana cxo-

JIUMOCTH [t,; t,] mepBoe HepaBeHCTBO (18) MoxkHO mpencTa-
BUTH B BUJIC

X0 +G, +3mt, — A,
0,8m, = +G +X,, =
t,—t ’
o2 (I1.10)
X0 +Gy —A + (G + X, )t —1,)
:>n/ll 2n/llmin = .
’ 0,87, —3,8t,

U3 mepasernctBa (I1.10) crmemyer orpaHWdeHHE Ha BBHIOOD
0<f,<ti: 0,8,-3,8, >0=1¢,<0,2t,. Oukcupyem 3Ha-

s

.
YeHus t,, m .

O < [; < O’ 2t1 : rnl,min (t;) < ml,max (t;),

WL]* € [n1],min (t; )’ n/Ll,max (t;)]
U TIEPEXOJIMM Ha CJIeIyIONIUil [ar MpoLueaypsbl.
Hlae i (i=23). C yuerom Beipaxenuit (I1.7), (I1.8) u
MHTEepBalla CXOAUMOCTH [f,,; #/] i-¢ HepaBeHcTBO (18)

IpUMET BUJ

m +3bzmax :1+1
0,8b, .../ _—+b. X

i, min i,min “*i+1,0

ti —li

+

i-1
* * 2
+Z aij,maxej,max (m] ) + E + ki—l (mi—l ) bi—],max =
Jj=1

1 (IL.11)
+ (bl min X1+] 0 Zaij,maxej,max (mj)
= mi 2 mi min — +
' 0 8b1 min z (0 Sb i,min 3bi,max )ti+l
F+kll(mzl)b ]mdx)(: l+]) .
, =2, 3.
O 8bz min 1 (0 8bt min + 3b1 max) i+l

W3 nmepasenctBa (I1.11) cne)lyeT OTpaHWYEHHE Ha BBIOOD
smayenus 410 0,8b .17 —(0,8b, . +3b, It >0=
fy <0,2b,, 17 /by i =2, 3, bypin = by = 1. Ohix-

CHpyeM 3HaueHus £, , m

1+1 < 0 sz mmtz /bz max * z min (ti*H) < mi,max (t::rl )9
mi € [mi,min (t:+l ); M nax (ti*n )]

" NEPEXO UM Ha CJ'ICIlyIOIlII/Iﬁ mar nmpoueayphbl.
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Llae 4. C yuerom Boipaxkeruit (I1.7), (I1.8) u naTepBana
CXOAUMOCTH [t,;f,] 4YerBepToe HepaBeHCTBO (18) mpumer
BUJT
m; +b,m, (1—exp(—ayt;))/ a,, "

0,8p,m, >
B tz_ts

*\2
+b, X5, +ay, A48 e T Fy Hh (M) =

e] ,max

=>m2m min *
P b(0,8(t; — 1) — (1—exp(—ayts)) / a,,)

a43(X3,o +m; +3myt))+ F, +k; (m;)z](t:: —t5)
b,(0,8(r; — 1) —(1—exp(—ayt))/ a,,)

W3 nepasenctBa (I1.12) cnexyer orpaHumyeHune Ha BBIOOD
sHauenus ts: 0,8t +(1—exp(—ayt,))/ a,, <0,8t, . Pukcu-

pyeM 3Ha4eHUA f; , m, .
t; + 15 25(1 - exp(_a44t; )) / a44 < t: : m4,min (t;) < m4,max (t; )’
m: € [m4,min (t; )5 m4,max (t; )]
U IIEpEeX0JUM Ha MOCJICIHUH 1Iar POLELYypPBI.
Hlaz 5. C yuetom Beipaxkenuit (14), (I1.7), (I1.8) u un-
TepBana cxogumoctu [0;7;] mocnenHee HepaBeHCTBO (18)

MNpUMET BU

X. +m,
m. > 2 ‘ta

5 5 54, max

tS
+k4 (m: )2 b4 + (a54,max + O’ 5k4m:a44) X (H13)

X(X,o+ m, +b,m,)(1—exp(—a,t;))/ a,,).

b

. .
5, min nm; +a my +

55, max

[Iponenypa BeIOOpA aMILTUTYA 3aBEpILICHA. 4
JdoxaszaTenbcTB o gemMMmsl. [Ipu pemenun 3aia-
YM YNpaBlCHUS IIEpEeMEHHbIE 3aMKHyToil cuctemsl (12)
CXOJMJINCH B HEKOTOPYIO OKPECTHOCTh HYJISl MOCIIEHOBa-
TENBHO «CHU3Y BBepx» (15), T. e. cHavyana obecrieunBanach
CXOIMMOCTh e , 3aT€M e, U TaK, II0Ka He OblIa JJOCTUTHYTA

Leab YIpaBJICHUS — CXOAUMOCTD ¢, . HpI/I peUICHUN 3aJa4un

HaOmoneHust B cucrteme (25), HaNPOTHB, YCTaHABINBAETCS
MOPAJOK CXOJMMOCTH OIIMOOK HAONIONEHHS M MX TPOU3-
BOJIHBIX B OKPECTHOCTH HYJISI «CBEPXY BHH3», a UMCHHO

le, ()| <1/1,,12>0; (I1.14)

|a4382 ®—v (t)| = |yl(t)| <auP,, t=t; (IL.15)
le, ()| <B, +1/ (auly), t 21y, 0<iy <ty, <T <t5, (11.16)

riae B, =const>0.

Hepagsenctsa (I1.14), (I1.16) u BpeMs momnanaHus apry-
MEHTOB KOPPEKTHUPYIOIINX BO3ACUCTBUH (27) B OKpECTHO-
CTH HYJIsI, TJIe KOPPEKTHPYIOIINE BO3JCUCTBUS OMUCHIBAIOT-
Csl TMHEHHBIMU (QYHKIMAMHU Oe3 HachIMIeHus (manee — JH-
HEelHbIe 30HBI), 00ECTIEYUBAIOTCS BHIOOPOM COOTBETCTBYIO-
WX 3HAaYCHUH aMIUIUTY. py, p,. Hepasenctso (I1.15), BTO-
poe HepaBeHCTBO (28), a Takxke 3alaHHasi TOYHOCThH OIEHHU-
BaHus (19) mocTHraroTcs myTeM BhIOOpa 3HAUCHHHA KOA()-
¢unnenros ycunenus [y, ,,. dopmanuzyeMm pocraTouHbIE
YCIOBUSI U1l BbIOOpa 3HAUEHHWH IapaMeTpoB KOPPEKTUPY-

_ b X+ 4y (X, + Gy +3mt)  (112)

OIMX BO3AEHCTBUI (27), oOecrednBarOmMX yKa3aHHBIC
TpeGoBaHUS.

CHadana paccMOTpPHM HACTPOWKY aMIUIMTyHd. B cumy
BeIpakeHus (26) €(0)=0<1/], T.e. nepemennas g, (r)
M3HAYaJIbHO HaxXOIUTCs B JIMHEWHOH 30He. B Heil mepBoe
ypaBHEHHE CHUCTEMBI (25), 27) AMEeT  BHUJ
€ =au&, —ple,. Ha ocHoBe TOro BHIa, KOTOPHIA OHO
OpUHUMAET BHE IMHEHHON 30HBI, £, =a,g, — psign(e,),
MOJYYUM JTOCTATOYHBIC YCIOBHS JIsl BHIOOpA 3HAYCHUS P,
obecrieunBaromie BEIIOTHEeHNE HepaBeHcTBa (11.14):

Py > ay |82| = g€ =¢,(a,ge, — psign(e))) <
<le,|(a, e,| - p,) <O.

Bo BTOpoM ypaBHeHuu cuctemsl (25), (27) paBeHCTBO
sign(v, (t)) =sign(e,(f)) TapaHTUpOBaHO BHE 00JaCTH

(I1.17)

|82 (t)| <P, npu t>t, nocne BbinonHeHus ycnosus (I1.15).
Jnst XyAmero pacdeTHOTO CIydasl COTJIACHO BBIPAXKECHHAM
(T1.15), (I1.16) nmeem:
X, + p,sign(e, ), t €[0;1,,),
€, =| x, — p,sign(e,), t €[ty;1y,), (I1.18)
X, = poL(ase, () Ly,), t >t,,.
C yuetoMm BbeIpaxeHus (3) MakCHMaJbHOE 110 MOAYIIO

3HaYEHUE IEPEMEHHOM ¢,(f) JocTuraercs NpH I =ly, a

HMEHHO:
|82(t)| < |82(t1)| <a+(X,+p,)t, =E,, t=20. (IL.19)

JlocTatouHble yCIOBUS BHIOOpA 3HAYEHUS p, aHAJIOTHY-
Hel (I1.17). B cuny (I1.19) monmyuyum HEpaBEeHCTBO ISl BbI-
Oopa 3HauYeHUs p,, 00ECIEUNBAIONIETO CXOIUMOCTh B JIH-
HeltHy1o 30ny (I1.16) Ha uHTEpBaNe [fo); t02):

> T+ (X, + )ty —8

L+ X, =
lop — Iy (H 20)

2

U3 Beipaxenus (I1.20) crexyer orpaHuveHue fy, > 21,
KOTOpO€ HY)XKHO YUYHUTHIBATh NPH Ha3HAYEHUH WHTEPBAJIOB
Bpemenu. [Ipumem, Hanpumep,

ty, =2t =T —t, =t,, =1, =T/4 (I1.21)

O6wennuss Beipaxenus (11.17), (I1.19)-(I1.21), nomy-
YUM UTOTOBbIE HEPABEHCTBA JUISl TOCIEOBATEIBHOTO BbI-
O6opa aMIIUTYA KOPPEKTHPYIOUIMX BO3aeHcTBuit (27),
obecrieunBaronux BhimoHeHue ycnoswid (I1.14), (I1.16) 3a
3aJ]aHHOE BPEMSI:

4(m—9,)
Dy 2P, :—1+3Xv

T (I1.22)
D> P =as(m+(X,+p,)T/4).

Janee paccMOTPUM HAcTpOiKy K03(h(HUIMEHTOB ycuile-
HUSI KOPPEKTHPYIOLINX BO3ACUCTBHH (27), rapaHTUPYIOIINX
BeimonHeHune ycnosuit (I1.15), (28). dmst aToro coctaBum u
MPOAHATM3UPYEM OIICHKH pemeHui cucteMsl (25), (27) B
JWHEHHBIX 30HAaX (IIEPBOTO YpaBHEHHWS — HA HMHTEpBaJe

NPOBNEMbI YNIPABNEHUA Ne 3 e 2022
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[0; t5;]; BTOpOrO YypaBHEHHUS — HA HWHTEpBAIC [fo;
to T to1 = T]). Ha ocHoBe Tperbero ypasHernus (I1.18), a
taxxe Bepakenuit (I1.19), (I1.21) nmeem:

= pilhit
e Pihifor :>

anzE, p —a,E
|81(t1)|g 43 2+ 1 4372
plll p]ll

= pll‘ |81 (t1)| _a43E2 < (pl _a43Ez)e_p]llt01 s (H.23)
|a,e, ()= v, ()| S aPB,, 121, <

—pT/4 .
S (p—agE)e " <ayp,;

X -X
|82 (T)| S A+ B, + P2 2 kol < 8,
Prhay, prhay;

pohay, (|82 (T)| -B,)-X,<(p,- Xz)eipﬂza“tm ,  (11.24)
|x2 ®-v, (t)| <8,,t2T < (p,— X, )e " <5

W3 Bepaxkennit ([1.23), (I1.24) cremyeT, 94TO OMIMOKH
HaOmonenust ipu ¢ =7 CXOAATCS B CIEAYIOUINE OKPECTHO-
CTH HYJIS:

E, + X, +6
e, (] < B tBo) e g Kot g o5 (a5
il 2hay,

[Tpumem, nanpumep, B, =9, /2. U3 (I1.23)—(I1.25) 3axmo-

YaeM, 4To 3agaHHas TouHocTh (19) obecrmedmBaercs, eciu
npu 3apukcupoBaHHbIX aMmummTynax (I1.22) xos¢¢unmen-
THI YCHUJICHUS yJIOBICTBOPSIOT YCIOBHAM

4 In 2(p, —ayE)) .

ll ZZ:_ ’
T a0, (11.26)
- 2(X, +8 -X '
L,>1 = ! max{ (X, + 2);ilnp2 2}.
Pyay 5, T %,

Taxkum o6pasom, cymecTsyloT Takue p, >0 (I1.22),
Z> 0 (I1.26), yro npu moOBIX p, > p,, |, ZZ, i=12,
YCIIOBHSA JIEMMBI (28) BBIOTHSIIOTCS. 4
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TRACKING SYSTEM DESIGN FOR A SINGLE-LINK SENSORLESS MANIPULATOR
UNDER NONSMOOTH DISTURBANCES

A.S. Antipov' and D.V. Krasnov?

Trapeznikov Institute of Control Sciences, Russian Academy of Sciences, Moscow, Russia

"4 scholess18@mail.ru, 254 dim93kr@mail.ru

Abstract. The controlled plant is a single-link manipulator having an elastic connection to a DC
motor and operating under uncertainty and incomplete measurements. The problem is to design
a discontinuous feedback control for tracking a given reference signal of the plant’s angular
position. The angular position and velocity of the manipulator are not available for measure-
ments; the sensors are located only on the drive; parametric and exogenous disturbances affect-
ing the manipulator are nonsmooth and cannot be directly suppressed by control applied to the
actuator. Within the block approach, a decomposition procedure is developed to design a non-
linear local feedback control. This control ensures the controlled variable’s invariance with re-
spect to uncertainties unmatched with the control action. A state observer of reduced order is
constructed to estimate the angular position and velocity of the manipulator required for feed-
back design. The state variables in this observer are estimated using the principle of restoring
exogenous disturbances by their action on the controlled plant. With this principle, a dynamic
model of exogenous disturbances is not needed. In both problems (control and observation), S-
shaped bounded continuous local feedbacks are used (smooth (sigmoidal) and nonsmooth
(piecewise linear) local feedbacks, respectively). These local feedbacks suppress bounded dis-
turbances acting with them through the same channel. The algorithms developed below do not
require real-time identification of parametric and exogenous disturbances. However, they stabi-
lize the observation and tracking errors with some accuracy. The effectiveness of the dynamic
feedback is validated by the results of numerical simulation.

Keywords: electromechanical system, tracking, invariance, block approach, state observer of reduced
order, S-shaped functions.
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YNPABNEHWE TEXHOrEHHOW BE3OMNACHOCTBIO
HA OCHOBE PUCK-OPUEHTUPOBAHHOI'O MOAXOAA'

B.B. Mocksuyes, Y.C. [MocTtHukosa, O.B. Tacenko

AnHortamus. [Ipennoxken anroput™ NpuHATHS YIPaBICHUSCKUX PEIICHUIA HA OCHOBE pa3pabo-
TaHHOM METOIUKU OLEHKH PUCKOB C IPUMEHEHHEM METOJOB MHOIOMEPHOTO CTATHUCTHYECKOTO
aHanusa. [IpennoxeHHass METOAMKA MO3BOJISAET MONYYUTh PACUETHBIE 3HAYECHUS ITPHUEMIIEMOTO
YPOBHS PHCKa, KOTOPBIE MOTYT OBITh HCIIOIb30BaHbI IPH pa3pabOTKe HOPMATHBHBIX JOKYMEH-
TOB. ANTOPUTM NPHHSATHS PEIICHUH WHTEIPHPOBAH B MH()OPMALMOHHYIO CHCTEMY TEPPHTOPH-
QIBHOTO YIPAaBJICHUsI PUCKaMH M 0€30I1aCHOCTHI0. B kauecTBe 00beKTa HCCIIeI0BaHMsI BEIOPAHEI
IIPOMBINIICHHBIE arnoMmepanuu CuOupH, Ui KOTOPBIX ObUIM MPOaHAJIU3UPOBAHBI OCHOBHBIC
BHUJbl TEXHOI'CHHBIX ONAcHOCTEU. JlJI1 MOIy4eHMs] KOJIMYECTBEHHON OLICHKU KOMIUIEKCHOIO
TEXHOT€HHOI'O0 TEPPUTOPUAIBHOIO PUCKA HCIOJIb30BAIMCH JAaHHBIE O YHUCJIE TEXHOICHHBIX
OIIAaCHBIX COOBITHI, YpE3BBIYAHHBIX CHTYyal[MX M rHOenu oaed n3 odunuanbHOW 0as3bl NaH-
Heix MYC Poccuun. B pesynbTare aHanuza GpakToOpoB puUCKa OBUIO OMPEACICHO, YTO OCHOBHAS
TEXHOTE€HHAasl Harpy3Ka Ha pacCMaTpUBAacMBIX TEPPUTOPUABHBIX 00pa30BaHMAX CBs3aHA C IIO-
’KapOB3PHIBOOIIACHBIMH COOBITHAMU. Pemenne oO0paTHON 3a/1a4n IO3BOJIMIO BBISIBUTH HEO0XO-
JUMOCTH BBIPAOOTKM Mep B OTHOIICHWH (PAKTOPOB PUCKA AT JOCTHKEHHUS €0 MPUEMIIEMOTO
ypoBHs. 3ajaya MUHUMH3ALHUN KOMIUIEKCHOTO TEXHOTEHHOIO TEPPUTOPHAIBHOIO PUCKA CBA3a-
Ha C ABYXKPHTEPHAIBHOW 3amadell ynpaBiIeHHsA: HEOOXOANMO MHHHUMH3HUPOBATH KOJIMYECTBO
JIETAIBHBIX UCXOJI0B U CyMMY yiuep6a. Jlist pemeHns yKka3aHHOHM 3aa4d 10 pe3yibTaTaM IpH-
MEHEHUS pacCMaTPUBAEMOTr0 MOAX01a KOMIIJIEKCHOM OLIEHKM PUCKOB IIPENJIOKEHBI IIPEBEHTUB-
HBIE MEPOIIPHUATHS 110 MOBBIILIEHHUIO 0€30MaCHOCTH TEPPUTOPHH.

KnroueBble c10Ba: COMAIEHO-IPHPOAHO-TEXHOTEHHASI CHCTEMa, TEPPUTOPHANBHBIA PHUCK, YIIPABICHHE.

BBEAEHUE

YceroiiunBoe pa3BUTHE TEPPUTOPHUIM OCHOBBIBAECTCS
Ha coOmoaeHny OanaHca MEXIY 3KOHOMHUYECKUM PO-
CTOM, 0€30IIaCHOCTBIO, COLIMAIBHOM OTBETCTBEHHO-
CTBIO M DKOJIOTHMYECKOH 00cTaHOBKOM. [[ist ocymiecTs-
nenust 3GEeKTUBHOTO YIpaBJICHUs TEPPUTOPUAIBEHBIE
o0pa3zoBaHHs 1e1ecO00pa3HO aHAJTM3UPOBATH C TOUKH
3peHus] KOHUEHINH COLUAIBHO-IPHUPOTHO-TEXHOTEeH-
Hoit (CIIT) cuctemsr [1-5], KoTOpasi MpeACTaBISAETCS
€IMHBIM KOMIUIEKCOM B3aMMOCBSI3aHHBIX JJIEMEHTOB
COIIMO-3KO-TeXHOC(hEphl U XapaKTepU3yeTcs HaJIdu-
€M pa3IMYHBIX TPYII pUCKOB [2, 6, 7]. [Ipn Hannuun
OMACHBIX TPUPOAHBIX IMPOIECCOB W POCTE UHCIA
CIIOXKHBIX TEXHOT€HHBIX CHCTEM YCIIOBUS DPa3BUTH
TEPPUTOPHATIEHBIX 00pa30BaHUI CBS3aHBI C peann3a-

' Pabora BeImonHeHa npu noanepxke rpanta Ilpesunenra PO
HII-421.2022 4.

1peil, BHIABICHHEM M MHUHHMHM3anmeil puckon’. Tpe-
OOBaHHA M0 WJCHTU(DUKAINH, OLEHKE U YIIPABICHUIO
pUCKaMH 3aKperieHbl B (efepaibHBIX 3aKoHax [8—
10], a HEoOXOAMMOCTH TPOTHBOCTOSIHHS (haKTopam,
CO3/IAI0IIUM TIPSIMYIO WM KOCBEHHYIO BO3MO>KHOCTb
NpUYMHEHHs yiiepOa HallMOHAILHBIM HHTEpEcaM OT-
paxeHa B yka3zax [Ipesunenra PO [11, 12].

J1s KOMIUIEKCHOTO pelIeHusl 3afad yIpaBJIeHUs
Ha pa3HBIX YPOBHSAX M B Pa3MYHBIX 00JACTSIX cO3/a-
IOTCA HWHTEJUIEKTYQJIbHBIE CUCTEMBI, I103BOJIAIOIINE
WHTETPUPOBATh, XPAaHUTh M 00pa0aTHIBaTh 3HAYUTEINb-
HbIe MOTOKH MH(pOpManuu. 3a mocieaHue rojasl B Poc-
CHH U 32 PyOEKOM CO3JJaHO MHOKECTBO ITPOIPAMMHBIX
KOMIUIEKCOB M CHUCTEM, MO3BOJIIONINX 00padaThiBaTh
MOCTYMAIOIIYI0 B XO/A€ MOHUTOPHHIAa HH(OPMAaLHUIO
[13—28], onHaKO Takhe CHCTEMBI UMEIOT y3KOCIELra-

2 PHCK — KOIHMYECTBEHHAs Mepa OMACHOCTH, XapaKTepH3ylolas
OJIHOBPEMEHHO MPOILIECCHl BO3HHKHOBEHMS HEOJIAarompUsTHBIX
SIBJICHUH, COOBITHH WM TPOLECCOB B CIOXHOW COLHAIBHO-
MPUPOAHO-TEXHOTCHHOM CHCTEME U TSDKECTh UX MOCHenCTBHH [29].
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JM3UPOBAHHYIO HAlpaBJIEHHOCTb. B ycnoBusix ObICT-
popacTymux 00bEMOB U MOTOKOB MH(POPMALUU KOM-
riekcHas oneHka cocrostHust CIIT cucrem npencras-
JsieT cO0OH CIOKHYI0O Hay4HO-TIPUKJIAIHYIO 3aaady,
PELIUTh KOTOPYIO MOXHO IyTeM CO3JaHHus WHpopMa-
IIUOHHO-aHAIUTUYECKUX CUCTEM C peayn3anueil BO3-
MOKHOCTH OLICHKH PHCKOB.

HauGoNbIIyo ONacHOCTh IS KU3HH H 310POBbSI
YEJIOBEKa IPEICTABIIOT TEXHOTCHHBIE aBAPUU M Ka-
TacTpo(bl, XapakTepU3YIOUIHE TAKyH0 KOMIIOHEHTY
CIIT cucremsl, kak TexHocgepa. Hapymenus texHo-
JIOTUYECKHX, YIPABICHYECKUX W OpPraHU3alMOHHBIX
MPOIIECCOB B IMPOMBIIIJIEHHOW M aJIMUHUCTPATUBHOU
JIEATEIbHOCTH MPHUBOJAT K TMOSBICHUIO IIHPOKOTO
CIEKTpa TEXHOTCHHBIX ONACHBIX COOBITHI: aBapuH Ha
TPaHCIOPTE, B3PBIBBI U KPYIHBIE [TOKaphl, OOPYyLICHNS
HECYIIMX KOHCTPYKIHI, aBapHu C BEIOPOCOM aBapHii-
HO-XMMHYECKH OINACHBIX W PaguallHOHHO-OMACHBIX
BemiecTB (AXOB u PB), pa3pymieHuss MarucTpaabHBIX
TpyOOIIPOBOIOB, aBapUU Ha CHCTEMax >XHU3HeoOecre-
YeHUs1 (RJIEKTPOIHEPreTUYECKUE CUCTEMBI, KOMMY-
HaJIbHBIE CUCTEMBI U TEIUIOBBIE CETH).

— IOBBILICHNE BEPOSITHOCTH BO3HUKHOBEHHS aBa-
PUMHBIX CUTyalMi M3-3a BBICOKOM M3HOLIEHHOCTH OC-
HOBHBIX POU3BOJICTBEHHBIX (POHIOB;

— (hakTOpBI, CBSI3aHHBIE C HU3KOH KYJIbTypoil Oe3-
OIIACHOCTH.

Ha cerognsimnuii A€Hb OHOM M3 OCHOBHBIX 3a/1a4
ABJSIETCS. TIOBBILICHUE YCTOHYMBOCTH pPa3BUTHUA U
(YHKIIMOHUPOBAHUS TEPPUTOPHUATBHBIX 00pa30BaHUM
rocpencTBoM dddexTuBHOTO ynpasneHus. Jus pemre-
HUSI JaHHOW 3aJjaud NpeAsaraeTcsi MCIONIb30BaTh MH-
(hOpMaLMOHHYIO CHCTEMY TEPPUTOPHUAIBHOTO YHpaB-
neHus puckamu u Oe3omacHocteio (MCTY PB) [1],
KOTOpasl IpenHa3HaueHa AJsl BBUIBICHUS TEPPUTOPH-
AJIBHBIX PUCKOB 1 MUHUMM3ALUN UX JO HAYYHO O6OC-
HOBaHHBIX TIPHEMIEMBIX ypoBHeii'. CHcTeMa M03BO-
JsIeT MHTETPUPOBATh HAKOIUICHHBIH OMNBIT B 00JacTu
CEeTEeBOI0 MOHHUTOpPHHIA COCTOSHHUS OKpY’Karouieu
Cpensl M TeXHOC(EPhI, TEXHOJIOTHI aHann3a OOIBIITNX
00BeMOB HH(OPMAITUH, TEOPUH OE30MACHOCTH U PHC-
Ka, MEXaHW3MOB TEPPUTOPHUAILHOIO YIPABICHHUS H
METOAOB MPOTHO3UPOBAHHUSA COLMAIBHO-IKOHOMUYE-
CKOT'O Pa3BUTHSL.

1. AHAJIU3 U NOCTAHOBKA 3A1AYM

[IpenmeroM uccnenoBaHus SIBISETCS aHAIU3 CO-
CTOSIHUSI M OLICHKA YPOBHSI TEXHOTCHHOHM Harpy3ku B
KPYIHBIX MPOMBINUIEHHBIX HeHTpax Cubupckoro ¢e-
nepansHOro okpyra — Kpacnosipcke, HoBocuOupcke,
Owmcke. Hanbonpiyro omacHOCTb Ha paccMmarpHBae-
MBIX TEPPUTOPHSX MPEACTABISIIOT BCE BUJIBI MIOXKAPOB,
kpynabeie JITII u aBapum Ha cucteMax >ku3HeobOecrie-
YEeHHSI.

[poneccyl ypbaHHU3allMd U POCT HPOMBIIUICHHO-
CTH B TOPOJaX OKa3bIBaIOT HEraTUBHOE BIMSHUE Ha
HKOJIOTHYECKYIO U COLMAIbHYIO 0€30MacHOCTb, MO UX
BIHSHUEM (OPMHpPYETCS sl MpodiaeM, TPeOYIoIHX
NOCTOSIHHOI'O BHUMaHHUSI OPraHoOB TI'OCYAapCTBEHHOM
BJIACTH U MECTHOT'O CAMOYIPABJICHUS:

— BBICOKasl KOHIIEHTPALUS WMCTOYHUKOB TOTEHIIH-
QIBHOW OMAacHOCTH HA OTPAaHMYCHHBIX TEPPUTOPHAX
(mpennpusATHs SIIEPHOTO LUKJIa, BOCHHO-
MPOMBIIIUIEHHBI KOMITIIEKC, TPyOOTpOBObI, HE(DTE- U
ra3oXpaHwINIa, THIPOIIEKTPOCTAHIINN, XUMUIECKHE
Y METaJUTyprUYeCcKie MPOU3BOACTBA U IP.);

3 Onacnocmps — OBBEKTHBHO CYIIECTBYIOMAS BO3MOYKHOCTh HEra-
TUBHOTO BO3JCHCTBHS Ha OOBEKT WM IpoOLECC, B Pe3yabTaTe Ko-
TOPOTO MOXET ObITh NPUYMHEH KaKoW-mibo ymepOd, Bpen, yxya-
MIAIOIIUH COCTOSHHE, NPHIAIOINA pPa3BUTHIO HEXKEeNaTelbHbIC
JMHAMUKY WJIM TTapaMeTphl (Xapakrep, Temirs, Gopmsl u T.1.) [30].

2. METOA00ruA OLIEHKK KOMNNEKCHOIO
TEXHOFEHHOIO TEPPUTOPUANIbHOIO PUCKA

OneHka KOMIIJIEKCHOTO TEXHOTEHHOTO TEPPUTOPH-
QIBHOTO PUCKA M MPEJCIBHOTO COCTOSIHUS 00BEKTOB
texHochepsbl kak 3ementa CIIT cucremsl mpoBOaH-
Jach ¢ MOMOLIBIO METOJa MEepPapXUUeCcKOro KiacTep-
Horo ananmsa [5, 31], KOTOpHI MO3BOJMI pPa3OUThH
teppuropur COO Ha TpyIIBl KIACTEPOB U BHIOPATH
IUIS. CPaBHEHUS ATAJIOHHYIO TPYIIY C MOCIEAYIOIINM
oTpesieNICHHEM ITPUEMIIEMOT0 YPOBHSI PHCKa.

Hepapxnuuecknii KJIACTEPHBIA aHAIM3 I03BOJIAET
O0BEOUHATE B TPYNIBl OOBEKTHI, UMEIOIIUE CXOXKHUE
xapakTepucTuku. Ha mepBoM miare Kaxablii OOBEKT
(TeppuTopuanibHOoe 00pa3oBaHHME) BHLIOOPKH paccMmart-
pHUBaeTcsl Kak OTAeNbHbIN Kiactep. IIponecc o0benu-
HEHHUS KIJIACTepOB IIPOUCXOJIUT TMOCIEIOBATENHHO:
o0beauHAoTCs Hanbosee Onu3kue o0bexThl. Kiaccu-
¢ukanust 0ObEKTOB MPOBOAUTCS HA OCHOBE CXOJCTBA
MEXIy HUMH, KOTOPOE, B CBOIO OUYEpEe/b, YCTAaHABIH-
BalOTCS B 3aBUCUMOCTH OT METPHUYECKOTO PACCTOSHUS
MEeXIy KiaccupuuupyeMbIMi oObekTamu. Kakasiid
O0OBEKT ONMHUCHIBAETCS k TIPU3HAKAMH W TIPEICTABIISET-
cs KaKk TOYKa B K-MEPHOM MPOCTPAHCTBE, €0 CXO/-

* Ipuemnemviii ypoeens pucka — HAyIHO OBOCHOBAHHOE KOJHHUeE-
CTBEHHOE 3HAYCHHE PHUCKA, KOTOPOE MOXET OBbITh MPHHATO YEIIO-
BEKOM, OOIIIECTBOM W TOCYJapCTBOM Ha JaHHOM OTPE3Ke BPEMECHHU
[29].
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CTBO C ApYyrUMH 00BEKTaMH OyJeT OmpenessThCs Kak
COOTBETCTBYIOILIEE paccTosiHue (MeTpuka). Ecnm mat-
pHLIa CXOJACTBAa NEPBOHAYAIBHO HMEET Pa3MEPHOCTh
m X m, TO TOJHOCTBIO IPOLECC KJIACTEPU3ALUHU 3a-
BepIIaeTcs 3a m—1 maros, B UTOTe BCE OOBEKTHI OYAyT
00BbETUHEHBI B OZIMH KJ1acTep.

MeToa OlIeHKH pHCKa Ha OCHOBE KJIACTEPHOrO aHa-
JIM3a COCTOMUT U3 BOCHMH 3TAIIOB.

Oman 1 — hopmynupoBka npobiemsl. CTOUT 3aj1a-
Ya aHalM3a TEXHOTEHHOH Oe30MacHOCTH TOpPOIOB
C®O c uncneHHOCTHIO HacesneHust 0onee 70 ThIC. yel.
COIJIACHO KJIacCH(hMKAMM MYHUIHMMAIBHBIX 00pa3o-
BaHWMi [32].

Oman 2. BerouparoTcsi KOJIMYECTBEHHBIE TTOKa3aTe-
JI1, HAa OCHOBAHUHN KOTOPBLIX MPOBOAUTCS aHAIN3 (CTa-
TUCTUYECKHE JaHHBIe Oo(HIIManbpHON 0a3bl aBTOMATH-
3UPOBAaHHON HWH(OPMAIIMOHHO-YIIPABIIAIONMIEH CHCTe-
MBI IPEIYIPEKICHUS U JIMKBUJIALNN YPE3BbIYANHBIX
cutyaruii (ANYC PCUC) 3a nepuog 1999-2020 rr.).

Oman 3. cX0aHbIE MIOKA3aTENN MPEACTABIIOTCS B
BUJC KOJIMYCCTBCHHBIX 3HaAUCHUN y513BI/IMOCTI/IS, nMe-
IOLIUX BEPOSTHOCTHYIO HPUPOAY, KOTOpBIE H3MEHS-
IOTCSl B IMAia30He OT HyJA O €AMHUIIBI, YTO MO3BO-
JI€T NPOBOAMTL ACJIICHUC HA T'OPOJ0OB HA I'PYIIILI KJla-
CTEpOB:

S={p,;psp.} )

rae 3 — ysS3BUMOCTb TEPPUTOPHHU; P, — BEPOSTHOCTD
BO3HUKHOBEHHS ONACHOTO COOBITHS; P, — BEPOST-

HOCTh THOEIH MPHU OTPEAECTICHHOM OMAaCHOM COOBITHH;
D, — BEPOATHOCTH BO3HUKHOBeHUA UC.

Oman 4 cBsi3aH ¢ onpeaeNeHNeM PacCTOSHUS MEXK-
Iy 00BEKTaMH B YCJIOBHOM MHOTOMEPHOM IMPOCTPaH-
cTBe. B KkauecTBe Mephl PacCTOSHHUS MEXIY IBYMsI
TOYKAMH (XapaKTepU3yHOIIEero OJIM30CTh HITH MOA00He
(cxoxecTh) 0O0BEKTOB), 00pa30BaHHBIMH KOOPIMHAT-
HBIMH OCSIMH X WM Y, HauOoJIee 4acTO HCIOJIb3YHOTCS
EBKIMI0BO paccTosiHue, KBaapar EBKIHIOBOTO pac-
CTOSIHUS, PACCTOSTHHE TOPOJICKUX KBapTaioB (MaHXdT-
TEHCKO€) U paccTostare YeoOrpimena. s 000CHOBaHUS
KOPPEKTHOCTH JIEJICHHUS Ha KJIacTepbl NPUMEHSIOT
pasHbie Mepbl paccrosiaus. OTHOTHITHOE pacIpeierne-
HHUE KJIACTEpPOB, MOJIYYCHHOE C HMCIOJIh30BaHUEM pa3-
JUYHBIX METONIOB OIpEACICHUs] PACCTOSHUSA, IOJ-

> Vaseumocmb — CHCTEMHBIH MapaMeTp, XapaKTepU3yOIIHi BO3-
MOXXHOCTh HAHECEHHs OIMCHIBAEMOIl CHCTEME MOBPEKICHUIl JIFO-
6ot mpupons! [33], AN TEPPUTOPHAIBEHBIX 00pa3oBaHUU YSI3BU-
MOCTb, XapaKTepH3yeTCsl CTENIEHbI0 BO3MOMKHBIX MOTEPh, KOTOPHIE
MOTYT HPOM30HMTH NpPU BO3ACHCTBHH KaKOTo-IHOO HEraTHBHOTO
npolecca WK SBJIEHUS oNpeneseHHo BennuuHbl [30].

TBEpXAaeT OOOCHOBAaHHOCTh BBIOPaHHOTO MeTona
KJIACCU(PUKAITUH.

Oman 5. BeibupaeTcss MeTO ] KiTacTepu3anuu (CIo-
co0 BBIYUCICHHUSA PACCTOSIHUH MEXIy KiIacTepamHu).
Jnst 00BEKTOB, UMEIOINX «Pa3MBITYIO» CTPYKTYPY C
HEYETKO BBIPAXEHHBIMH «CTYIICHUSIMNY, HAWITYIITIM
obpaszom moaxoauT mMeton Bapna. B pesymnbrate npu-
MEHEHHUS JaHHOTO MeTolla GOpPMHUPYIOTCS HeOOobIIne
10 pa3Mepy U KOMITaKTHbIE KiacTepsl. JJaHHbII MeTon
KJIaCTEepU3allK TMPEAIoNaraeT, YTo Ha MEepBOM Liare
KaXXIbIi KJlacTep COCTOUT M3 ofHOro oObekTa. Jlamee
00BEeIUHSIOTCS ABa ONMKadmmX kiacrepa. s HEX
OTIPENIEIISIOTCS CPEeJHUE 3HAUCHHS KaKIOr0 MpU3HAKa
Y PACCUMTBIBAETCS CYMMa KBaApaTOB OTKJIOHEHUN V

1y )4 2
V=22 (%% )
i=1 j=1
rae k — HoMep Kiactepa; i — HoMep 00beKTa; j — HO-
Mep MpPU3HAKa; p — KOJIMYECTBO MPHU3HAKOB, XapaKTe-
PU3YIOLIMX KaXKIblii OOBEKT; 7, — KOJIMYECTBO OOBEK-

TOB B k-M KJIACTEpe; X, — CPEAHEe 3HAYCHHUE j-TO
Npu3HaKa B k-M Kjacrtepe; X; — 3HA4YCHHE j-TO MpH-

3HaKa JUIsl i-T0 00OBEKTa.

B omHy rpynmy o0beauHSIOTCS T€ KacTephl, KO-
TOpbIE Mal0T HAWMEHBIIHH MPHUPOCT OOIIEH CyMMBI
paccTosiHUi.

Oman 6 — ompenelneHHe KOJMYECTBA KIIACTEPOB
nepapxuueckoro jaepera. B Hacrosmel pabote s
OTIpeieNIeHHs] YHCciia KJIACTEPOB HMCIOIB30BANICS METO/
k-means. OH mo3BOJISIET 3agaBaTh KOJMYECTBO Kila-
ctepoB (2, 3, 4 ¥ T. I1.) ¥ TIOCJIEIOBATEIHHO MPOBEPSITH
JIeJIEHNEe HepapXUuecKoro JiepeBa.

Oman 7 CBsA3aH C KOJIMYECTBEHHON OLEHKOM TeX-
HOTCHHBIX PUCKOB Ul KaKIOW TPYHIBI KJIACTEPOB.
OreHKa KOMITJIEKCHOTO TEXHOTEHHOTO TEPPUTOPHAIIB-
HOTO pHCKa ompezensercs o Gopmyne (2) U yduThI-
BaeT BECh NIEpeUeHb ONACHOCTEH Ha paccMaTpUBaEeMOI
TEPPUTOPUH U pa3Mephl yiepOa, CBA3aHHBIE C JaH-
HBIMU ONACHBIMU COOBITHSIMHU:

R, :ZNI' (Qi)Pi (Qi)Ui (Ni’ Qi) >
i=1

R.<[R], (2)
rae R, — KOMIUIGKCHBIN TEXHOTCHHBII TEPPUTOPHAIIb-

HBI pUCK (J1ajee 1Mo TeKCTy 3HAYCHHE PHUCKA), N
YHCJIO BUJOB ONACHOCTCH; N.(Qi) — BEPOATHOCTh

1
rudenu mojaed (YMcao MOoruoOInX, IEJICHHOE Ha YHC-
JICHHOCTh HACEIIEHHUS) U3-3a pealii3allii Pa3ImYHbIX

BUJIOB OlacHocteil; P (Ql.) — BEPOSITHOCTH HACTYILIE-

l

HHS OIACHOI'O0 COOBITHS Ha paCCManI/IBaeMOﬁ TCppHU-
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Topun B eaunuuy spemenn; U, (N;, Q;) — marepu-
aNbHBIN ymepd OT MCTOYHWKA OIACHOCTEH W dncia
YeJIOBEUECKUX KEPTB, pyo; [R] — MpUEeMJIEMBIH ypo-

BEHb pHCKa, py0./Tox.

Oman 8. Bribupaercsi 3TalloHHAs! TPyNNa KiacTe-
pOB, WMerolas HaWMeHbIllee 3HadeHue pucka. Pac-
YETHBIM MpPUEMIIEMBII YPOBEHb PHUCKA OMIPEIEISIICS
KaK JOBEPHUTENILHBIA MHTEPBAN 10 STAJIOHHOW TpyIIIe
[5, 31]. Ans kpymHBIX TOpoaoB CuOupH ¢ YrCIEHHO-
CThIO0 HaceeHus 6oinee 70 TBIC. YeIl. pacUCTHBIA TPH-
eMJIEMBIHl YPOBEHb PUCKA COOTBETCTBYET HHTEPBAIIb-
HoMy 3HadeHwuto [0; 2,1].

[Ipu BBIIBIEHNH BBICOKOTO 3HAUEHUS PHCKA TPeOy-
€TCs I[OHOHHHTCHBHLIﬁ aHaJIu3 JaHHbIX. I[J'[H 3TOTO
HAWTYy4IIIM 00pa3oM TOIXOAUT METOJ PEeIIeHHus 00-
paTHBIX 3a/1a4, KOTOPBIM MO3BOJISIET OMPENENUTh I0-
MUHHpPYIOIIHE (DAaKTOpBI, BIMSIONIME HA 3HAYECHUC
PUCKa, ¥ BBISIBUTH ITapaMeTphl, KOTOPBIE HYKIAIOTCS B
yOpaBieHHH. B ONTHUMAaNbHBIX YCIOBUSIX B paMKax
KOHIICTIIIMA HEHYJICBOTO PHCKAa CyMMapHOE 3HauyeHHUE
KOMIUIEKCHOTO ~ TEXHOTEHHOTO  TEepPPUTOPHAIBEHOTO
pHUCKa TO Pa3TUYHBIM BHJAM TEXHOTCHHBIX COOBITHI
HE JOJDKHO NPCBBIMIATH IIPUEMIIEMOT'O:

R.=DR, =R, +R. ..+R,
i=1
R, <[R]; R, <[R];...R. <[R], 3)
rae R, — KOMIUIEKCHBIM TE€XHOTE€HHBIM TEPPUTOPH-

QIBHBIA PHUCK, BO3HUKAIOIIMI H3-3a pealu3aliH Co-
OBITHI OIIPENeNICHHOT0 BUA.

OnpenenuB JAOMHHUpYIOIIUE (AKTOPBI, HEOOXO-
JUMO TIPOBOAWUTH MEPOIPHUATHS, HalpaBlICHHbIE Ha
MHUHMMU3ALMIO 3HAYEHHs BBISBICHHOI'O BHIA PHUCKA.
MeToabl PHCK-MEHEPKMEHTA TPEJCTABISIOT COOO0H
HalpaBJICHHbIC JEHCTBUS 110 CHIKCHHIO OMACHOCTEN U
uX mocieAcTBuil. MUHMMHM3aUMsl 3HAYCHHS DPUCKA B
COOTBETCTBHHU C (PopMyJoH (2) cBsizaHa C JABYXKpHTE-
pHaNbHON 3a7a4yell ynpaBiIeHus] — HEOOXOIUMO MUHH-

MU3UPOBATH KOJIMYECTBO (aTaibHBIX UCXOJI0B F (Nl.)
u ymep6 F(U,):
F,(N;)— min,
F,(U;)—> min.
HaknanpiBasgs Ha OIMH M3 KPUTEPUEB OrpaHUYE-
Hue C, moydaeM JBe 3a/1a4M ONTHMHU3ALINH:
F(N;)>min, |F,(U;)— min,
F(U,)<C, F(N;)<C,.
brictpoe pearupoBaHue Ha aBapUMHYIO CHUTya-
LU0, TIO3BOJISAIOLIEE CHU3UTh MAaTE€pUANIbHBIE IIOTEPH,

(4)

HaIpPSIMYIO 3aBUCHT OT YHCJa TIOXAapHO-CIIACaTeIFHBIX
(hopMupoOBaHUii, a HAIMYKE JOCTATOYHOT'O KOJIMYECTBA
MEJIULIMHCKUX YYPEXKJACHUM TO3BOJSET YMEHBIIUTh
KOJIMYECTBO JIETANBHBIX HMCcX0m0B. OmHON w3 3amad,
KOTOPYHKO HEOOXOAMMO PEIIUTh B LEISAX pa3paboTKH
MEp MO MOBBIIICHUIO 3alTUIIIEHHOCTH, SIBISIETCS] KOJIHU-
YeCTBEHHAsI OIleHKa 00eCIeYeHHOCTH TepPPUTOPHAIIb-
HOTO 00pa3oBaHMsI HEOOXOAMMBIM YHUCIIOM MEIMIIMH-
CKHX YUPEXKIEHUH U M0KapHO-CIIacaTelbHBIX (HOpMHU-
pOBaHM Z(I):

N> + N
Z o =| MY 100>100 %, (3)
© " NE + N
4 MY
rae Nﬁ)q — (bakTHUeckoe KOJIMYECTBO IOXKAPHO-

cracatelbHBIX (OPMUPOBAHUI Ha paccMaTpUBaeMOit
Tepputopun; Nj\, — HOPMATHBHOE KOJHMYECTBO IIO-
KapHO-criacaTeIbHbIX ()OPMHUPOBAHUNA HA paccMaTpH-
BaeMoii Tepputopun; Ny, — (bakTHYECKOe KONMUHe-
CTBO MEIMIMHCKUX YUYPEXKACHUH Ha paccMmarpuBac-
Moit Tepputopun; N,y — HOPMATHBHOE KOJNHYECTBO

MEIULUMHCKUX YUYPEKICHUH Ha paccMaTpUBaeMoOM
TEPPUTOPHH.

Tepputopus sBIsETCS 3AIMUINEHHON, Korna (ak-
THYECKUE M HOPMAaTHBHBIC 3HAYCHUS KOJIMYECTBA MeE-
JULUHCKUX YUYPEXKJICHUH M I0XapHO-CIACaTEIbHBIX
(hopmMHUpOBaHUI paBHBI WM (PAKTUUECKOE KOJIMYECTBO
Oonblle HOPMAaTHBHOTO, NPH TaKUX YCIOBHAX Zy

npuauMaetcs = 100 %. Pacuer HopMaTHBHOTO 3Haude-
HUSl TIOKapHO-CIIAcaTeNbHBIX (OPMUPOBAHUN OCHO-
BBIBAETCSl HA OIPENENICHUM HOPMAaTHBHOM YHMCIIEHHO-
CTU JIMYHOTO COCTaBa MOJpa3JIeICHU MOXKapHOU
OXpaHbl, IPUBJIEKAEMBIX K CIIacaTelbHBIM padoTaM,
TUIIOBOM IITaTHON CTPYKTYypE:

Nity = (©)
N]'ICDNHJT

rac NHac — YHUCJICHHOCTb HACCJICHHA Ha pacCMaTpuUBa-

emoil Tepputopur; Ny — YHCICHHOCTh HACENICHHS,
IPUXOIAIIETOCS Ha OAHOTO COTPYAHHKA IIOXKApHO-
cracarenpHoro Gpopmuposanus (I1D); N, — tumosoe

IMITAaTHOE KOJIMYECTBO crracareneii B [1D.

s ompenmeneHWs YHCICHHOCTH HACeICHUS,
NPUXOAUIErocss Ha ogHoro corpynnHuka I1®, mpume-
HsieTcst popmyia [34]

2
Ny =0,036757- P(0,036648 +98,781- P4 )7 (7)

rae P — IIOTHOCTH HAceNieHUs Ha paccMaTpHUBaeMOi
TEPPUTOPHH.
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OmnpeneneHne HOPMAaTHBHOTO KOJIMYECTBA MEIH-
OUHCKHUX YUYPEXKIEHHH OCHOBBIBACTCSI HA HOPMATHB-
HOM JIOKyMEeHTe MUHHCTEPCTBA 3][PaBOOXPAHCHUSI
[35].

Takum o00pa3oM, KiacTepu3alus TEePPUTOPUATH-
HBIX OO0Opa30oBaHUIl 10 TIOKA3aTelIsIM TEXHOTCHHOM
omacHoctH (popmyna (1)), kiacTepHas OIICHKa PUCKOB
(popmyner (2) u (3)) u 3amuieHHOCTH ((HOPMYIIBI
(5)~(7)) maroT BO3MOXKHOCTH IPOBEICHUS KOMILICKC-
HOT'O aHaln3a TEXHOTCHHOW Oe30MacHOCTH TEeppUTO-
pHaNbHBIX ~ OOpa30BaHWMU €  TO3WIUH  PUCK-
OpHEHTHPOBaHHOTO moaxoxa [31].

3. MPOrPAMMHO-TEXHUMECKASA PEANTU3ALIAA

Omnpenenenue 3Ha4eHUsT KOMIUIEKCHOTO TEXHOTEH-
HOT'O TEPPUTOPHATBHOTO PHCKa SBISETCS OJHOH U3
OCHOBHBIX (PYHKIMI WHOOPMAIIMOHHOW CHCTEMBI Tep-
PHUTOPHAIFHOTO YIPABICHUS PUCKAMU U 0€30I1acHO-

cteto (MCTY PB). O6mas 610k-cxema UCTY PB mo-
cTpoeHa Ha Oaze Docker-koHTeliHepOB, KOTOpBIC
MIPEICTaBIISIFOT COOOM CHCTEMY YNpaBICHHUS KOHTEH-
HepaMu (MOIYJISIMH), T/Ie KaXKAbI OTACIBHBIN MOTYIb
pasMelieH Kak He3aBHCHUMBIH KOMIIOHEHT-IPOrpamMma
Ha pacyeTHOM cepBepe, UMeeT CBOM MOPT JOCTymna M
Habop OubmuoTek. OH MO3BOJSIET «YMAKOBATHY» MPHU-
JIOKEHUE WM BeO-CAlT CO BCEM €ro OKpY)KEHHEM U
3aBUCUMOCTSIMU B KOHTEWHEp, KOTOPHIM B JaJIbHEM-
[IeM MOXXHO JIETKO M MPOCTO YIPABIATh: MEPEHOCUTD
Ha JIpyrod cepBep, MacIITa0UpOBaTh, OOHOBIATH.
I'padudeckuit mHTEpdEiic cUCTEMBI pa3paboTaH Ha
0aze omOmmorek React]S + Redux. Cucrema ucnons-
3yeT KOMIUIEKCHYIO KPH3UCHYIO 0a3y MaHHBIX (Ha 0a3e
CYB/] PostgreSQL) [36].

B pabote npennokeH aaroputM MOANCPKKH MPH-
HSTUSL YIPABJICHYECKUX PEIICHUM, BCTPOCHHBIH B MH-
(hOpPMAIMOHHYIO CHCTEMY TEPPUTOPHATBHOTO YIpPaB-
JIeHUs1 puckamu U 6e3onacHocThio (puc. 1) [1, 31].

Oo6mas undpopmanunonnas xapakrepucruka CIIT cucremst

HNudopmanmnoHHasi cucreMa TEPPUTOPHAIBHOTO YIIPABJIEHUS

Mudopmannonnas noacucrema «MOHUTOPUHI
WndopmanmorHas nojacucTeMa «PrUCK-aHaIII3)

L

IloBbIIEHNE
32U LIEHHOCTH

L

JIuno, npuHUManiee —

PesyabTaT
(HOpMaTHBHbIE
JIOKYMEHTBI)

OreHka puckoB 1 npenenbHbix coctostuuit CIIT cuctembl

KoneuHblii HHpoOpMaUUOHHBI POAYKT

Yposens J1OTIOTHUTENBHBIX MEPOIIPUSATHI [0 YMEHBILICHUIO
HUCKa ] I i
p R Ha pucka He Tpebyercs
JAOIYCTHM !
Her

WpnenTuduKanus OCHOBHbIX TEXHOI€HHbIX (pAKTOPOB, BJIMAIOMIMX HA YPOBEHb PHCKA
(MeTo[ pereHust 00paTHBIX 3a/1a4)

ITpomesxyTouHbIi MHPOPMANIMOHHBIN IPOAYKT
MeponpusaTus Mo MUHUMH3alMH KOHKPETHOTo (aKkTopa prcKa

‘/I\“ TeXHOTeHHOI OACHOCTH

TloBbIIeHHe YCTOHYNBOCTH
3aIMIAeMBIX 00bEKTOB

peluenne KoneuHblii HH(pOpPMAUUOHHBI POAYKT
Merojbl yripaBieHusl, HalpaBJIeHHbIE
Ha MUHUMM3AIMIO pUCKa

IIpunstue pucka

CHuKeHHe

Puc. 1. AIropuT™ NpUHATHS YIPABIEHYECKHX PellleHHii HA 0CHOBe PHCK-0PHEHTHPOBAHHOIO MOIX0/1a
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B UCTY Pb moctynaroT cTaTHCTUYECKHE JaHHBIE,
xapakrepm3yromue CIIT cucremy (Teppuroputo).
HCTY Pb coctout u3 ByX NOACHCTEM:

. HNudopmarmonnas momacucteMa «MOHHTO-
puHT». B maHHOW MOACHCTEME MPOUCXOIUT COOp |
cucTeMaru3anus UHPOPMALMOHHBIX MOTOKOB CHCTEM
MOHHTOpPWHTA C TIOCTenyromeld o0paboTKOW, aHau-
30M M OpraHu3alyell XpaHeHUsl HCXOAHBIX U 00pabo-
TaHHBIX JTAHHBIX.

. HNudopmarnmonHas MojiIcucTeMa «Puck-
aHanm3y. JlaHHas mojcucTeMa UMeeT TpH OJIOKa: KpH-
sucHble 6a3bl ganHbeix CIIT cuctemsr; kaprorpaduye-
ckas 0aza reonmH()OPMAITMOHHONW CHCTEMBI M OJIOK, B
KOTOpLII‘/'I BXOOAT MOJACIIM U BBIYHCIIUTCIBHBIC TCXHO-
Joruy aHanm3a 0a30BBIX pUCKOB. Pemmaercs 3amaua
KOJIMYECTBEHHON OIEHKH PHCKA, MPOUCXOIUT HIICH-
TUQUKAIMS pHUCKa (BBISBICHHE, KiacCUUKAIHSA,
OIIEHKA U OTIpe/IeJICHNEe TTPUEMIIEMOTO YPOBHS).

[Tocne mpoxoskaeHus: nHGopMaMK Yepe3 ykazaH-
HBIE TIOJICUCTEMBI TaHHBIE 00padaThIBAIOTCS 10 TOTY-
YeHHsI KOJIMUYECTBEHHBLIX 3HAUCHUM pucka, pacCUuThbI-
BaeMBIX Ha OCHOBE IPEJICTABIEHHOTO BBIIIE METOJH-
YECKOTO MOAX0/a.

B 3aBHCHMOCTH OT MOJyYEHHOTO PAcUETHOTO 3Ha-
yeHHsI pucka (GOpMHUPYETCS 3aKII0UYEeHHE, B KOTOPOM
IMPONHUCBHIBAOTCA MCEPONPUATHA 110 YHIPABJICHHUIO TEP-
pUTOpHEl W TUIaHWpOBaHUIO. B ciydae, ecnu 3Hade-
HUE PHUCKA COOTBETCTBYET I[PUEMIIEMOMY YPOBHIO,
(hopMupyeTcs 3aKIIOYSHHE O TOM, YTO JOMOIHUTEIb-

HBIX MEpOINPHUATUI IO YMEHBIIEHHIO PUCKAa HA pac-
cMaTpuBaeMol Tepputopuu He TpeOyeTcs. [Ipu BbIsB-
JICHUU BBICOKOI'O YPOBHSI PUCKAa IPOBOAMTCS OIOJ-
HUTEJIbHBIN aHalU3 JaHHBIX JAJS BBLIBICHHS JOMUHH-
pyroiiero ¢axTopa pucka.

Ha ocnHoBe momyduenHoi napopmannu hopMupyert-
Csl IPOMEXKYTOUHBIH MPOAYKT — 3aKII0UEHHE O MEpO-
MPUATHSIX, HApaBJICeHHbIX HA MUHMMH3ALUIO 3Hade-
HUSI PUCKA IJIs1 KOHKPETHOTrO (hakTOpa MyTEM IOBBI-
LICHUS] 3alMIICHHOCTH, CHW)KEHUS TEXHOT€HHOH
OMAcCHOCTH W TOBBIIICHUS YCTOWYMBOCTH 3alllWIlac-
MBIX OOBEKTOB (Tabin. 1), a Takke OCYIIECTBISIETCS
KOHTPOJIb YPOBHS PHUCKA.

3aKII0YeHUE HampasisieTcs JHIYy, NPHHAMArOIe-
My pEIIEHHE, KOTOPOE aHATU3UPYET NOJIYYEHHYIO HH-
(hopMaLrIO M COTacoBBIBAET MEPOIPUATHS B PaMKax
nMeromierocs 6romkeTa. Pesyinprarom paboTel JaHHOM
cUCTeMBbl OyIyT HOPMAaTUBHBIC JOKYMEHTHI (IIPHKa3bl
WIN TOCTAHOBJEHHUS), B KOTOPBHIX IPOMHCHIBAIOTCS
METO/BI yIpaBleHUs pHUCKaMH. B 3aBUCHMOCTH OT
BUJIa OMAacHOro (akropa (TEXHOTEHHOTO COOBITHS) U
BO3MOXKHOCTEH (PMHAHCHPOBAHUS MPECBEHTHUBHBIC Me-
porpusiTHA OYAYyT pa3mu4HbI (Tabi. 2).

TeppurtopuanbHbie 00pa3oBaHMs SBISIOTCS AMHA-
MHYECKUMH CHCTEMaMH, MIO3TOMY C TEUEHHUEM BpeMe-
HU pacyeTHOE 3HAYCHHE pHUCKa OyAeT H3MEHSTHCA.
Takum oOpazom, it 3QQEeKTHBHOrO yHpaBICHUS
HEOOXOJMMO €XXKErOJHO TPOBOAUTH KOPPEKTUPOBKY
pe3yIIbTATOB.

Tabnuya 1

OcHOBHbIEe BUAbI NpPEeBeHTUBHbLIX Meponpmrmv'l ANA NOBbIlEHUA TeXHOreHHoU 6e3onacHocTn TepputTopum

Llenu nmpeBEHTUBHBIX
MEpPOIPUATUH

TexHOIOrNYCCKUC peueHus,
NPEBCHTUBHBIC MCPOIIPUATHA

CHMXeHHe BepOSTHOCTH pea-
JIN3ALMH OTACHBIX COOBITHI

0e30I1aCHOCTH;

— PEMOHT, PEKOHCTPYKIINS 0OBEKTOB TEXHOC(EPHI;

— CTPOUTEILCTBO BCEX BUIOB 00BEKTOB 10 HOBBIM TEXHOJIOTHSM C yueToM Tpe6OBaHHﬁ

— HENPEePbIBHBIA MOHUTOPUHT HETaTHBHBIX MPOIIECCOB;
— aBTOMATH3AIHSI POIIECCOB (YMEHBIICHUE POJIH YEIOBEUECKOTO (PaKTopa)

IToBbllIEHHE YCTONUHMBOCTH

— 30HUPOBAHUE TEPPUTOPHIA, MTPUIIETAIOIINX K 00BEKTaM TeXHOC]EPHI;

3alIUMIIaCMBbIX 00BEKTOB

— pa3BUTHE CUCTEM 3APAaBOOXPAHCHUS H OXPaHBI TPY/IA;
— UH)XEHEPHBIE PELIEHUS 110 NOBBILIEHUIO YCTOMUMBOCTH FOPOJICKOM CPEbl;
— Pa3BHUTHE CUCTEM OTIOBEIICHHS U HHOOPMUPOBAHHS;

— CTpaxOBaHUE UMYIIECCTBA;

— KOHTPOJIb, HAA30P, MPOPUIAKTHKA, OOYICHHE HACSICHHUS

IToBbIIIEHNE 3aITUIIIEHHOCTH

— CO3/IaHMe U MOJIEPHU3ALNS aBapHiHO-CcIIacaTeIbHBIX (POPMHUPOBaHUH, CIIyKO SKCTpEH-
HOTO pearnpoOBaHUS;

— cO3/JjaHue, MIOTIOJIHEHNE, 3aMeHa pe3epBoB Ha ciaydail UC;

— yBenm4YeHHEe (PMHAHCOBBIX PE3EPBOB;

— COBEPILEHCTBOBAHNE MEKBEIOMCTBEHHOI'O B3aUMOAEHCTBUS, paboTa C BOJIOHTEPAMHU

NPOBJNEMbBI YNPABNEHUA
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Tabnuya 2

MEPOHPMHTMH no npepynpeXxpeHuio UM CHUXXKeHU1o nocneACcTBUA OCHOBHBIX ONACHBIX TEXHOreHHbIX COObITUM

Bung omacHOTO COOBITHS

ITpeBeHTHBHBIE MEPONPHUITHUS

CHMXEHHE BEPOATHOCTH
BO3HUKHOBEHHS

Cumxkenune Maciuradbos YC

JeicTBus npu OTCYTCTBUHU
OrpaHUYEHUH pecypcoB

ABapuu Ha MOTCHIMATILHO
OITaCHBIX 00BEKTAX

[ToBBIlIeHNE «9yBCTBUTENb-
goct» ACY TII x nnentu-
(uKanmy aBapuii ¥ HHIK-
nenToB. IIpoeepku PocTex-
Haz30pa

[ToBbITIIEHUE TOTOBHOCTH
00BEKTOBBIX (POPMHUPOBAHHIA.
CoBepIIeHCTBOBAHUE TJIAHOB
NEUCTBUH MO TUKBUIAIIUN
ucC

Ilepexon Ha anbTepHATUB-
Hble TexHonorun. CHIKEHUE
00bEMOB (ITOJHBIA OTKa3 OT
UCIIOJIB30BaHMs) ONTACHBIX
BEIIIECTB U MaTEPHAIIOB

HO)KapBI MIPOMBIIIJICHHBIC

VYcuneHnne noxxapHoro
Hamzopa. KoHTpous 3HaHUA
npaBmJI OXKapHOi 6e3omac-
HOCTH

YcTaHOBKA COBPEMEHHOTO
MIPOTHBOIIOXKAPHOTO 000PY-
noBanus. IloBpIeHue ro-
TOBHOCTH OOBEKTOBBIX (op-
MupoBaHui. CoBepIICHCTBO-
BaHUE IUIAHOB JIEUCTBUII IO
mukBupanuu YC

[lepexon Ha anbTepHATHB-
HBI€ TEXHOJIOTUH NPOU3BOI-
CTBa U CTPOUTEIHCTBA

IMoskaps! GBITOBBIE U Ha
00BEKTaxX MacCOBOTO TIpe-
OBIBaHUS JTIOACH

VYcuneHne noxxapHoro
Haj3opa. OOy4eHue Hacele-
HUS IIpaBUIIaM I0KapHOI
Oe3omacHOCTH

YBenuueHue KOJIn4ecTBa 1

cTaryca mpOTHBOIOXKAPHBIX
dbopmuposanuii. Co3aanue

PeCypCoB [UIs TYIICHHUS T10-
KapoB

Iepexo/ Ha aNbTEPHATUB-
HBIC TEXHOJIOTUU CTPOUTEIIb-
ctBa. OTKa3 OT MEYHOTO
OTOIUIEHHS

Asapun B chepe KKX

VBennuenne o0LEMOB U Ka-
YecTBa KaUTaIbHBIX PEMOH-
TOB

IloBBIIIEHNE TOTOBHOCTH
(dopmupoanuii. CoBepIeH-
CTBOBAaHMUE IIJIAHOB JICHCTBHI
o aukBuganuu YC

IIepexon Ha abTEpHATUB-
HBIE TEXHOJIOTUH U MaTepHa-
JIBI TIPY 3aMEHEe KOMMYHUKa-
Ui

ABTOTpaHCIIOPTHBIE aBapUU

3aK0HOJATENLHOE PETYIIUPO-
BaHKE BOIPOCOB 0€30MacHO-
cTH

OO0ydJeHue HaBBIKAM OKa3a-
Hus nepsoi nomomu. Ilo-

BBIIIIEHUE TOTOBHOCTH CITa-
careNbHbIX (OPMUPOBAHHI

CTpOUTEIsCTBO U PEKOH-
CTPYKLMS AOPOT TI0 COBpe-
MEHHBIM CTaHIapTaM (4eTbI-
pe TOJIOCHI, Pa3Bs3KH)

4. NPAKTUMECKUE PE3YJNIbTATBI

OMMACHBIX COOBITHH I pacCMaTPUBAEMBIX T'OPOJIOB

Cubupu.

OcHOBHasg TEXHOTEHHass Harpy3ka B TOPOJCKHX

Ha ocHOBe mpemioXeHHOH METOMO0JIOTHH OBLIO
npoaHanu3upoBaHo 31 TeppuropuanbHOEe 00pa3oBa-
Hue CPO c yncneHHocTsio 6omee 70 Thic. yemn. Borsas-
neno, uro B Kpacuospcke, HoBocubupcke m Omcke
3HaYeHHWE KOMIUIEKCHOTO TEXHOTEHHOTO TEepPUTOPH-
IBHOTO PUCKA B COTHH Pa3 MPEBBIIIACT MPEJeIbHO-
JIOMyCTUMBIN ypoBeHb. Ha puc. 2 mpencraBineH rpa-
(buk pacnpeseneHus] 3HAUCHUH KOMIUIEKCHOTO TEXHO-
TeHHOT'0 TEPPUTOPHAIBHOTO PHCKA MO KAKIOMY BUAY

(hOpMHUPOBaHUIX MPUXOJUTCS HA PA3IUYHbIE MOXKAPO-
B3pPBIBOONIACHBIE CHUTYyallMd W KPYIHBIE JOPOXKHO-
TpaHCIOPTHBIE MpouciiecTBus. HanMeHblee 3Haude-
HHE pHCKa IMOJIy4eHO A mokaszareneit «OOpymieHue
KOHCTpyKumit» u «IIpouee» (kKyma BXOAST aBapuu Ha
BO3AYIIHOM, /Il U PEYHOM TPAHCIOpPTE, aBapuu Ha
MIPOMBIIIIJICHHBIX 00BEKTaxX, aBapuu ¢ BeIOpocom PB /
XOB, B3pbIBBl OBITOBBIE U NPOMBILUICHHBIE, aBAPUU
Ha CHCTEeMax KU3He0OecreueHus).
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Jns Tpex TopoioB METOJOM pelieHHus] oOpaTHBIX
3amad  OBIIM  OMpedeNieHbl JOMUHHPYIOIINE BHUJIBI
omacHeIXx  coOertmii. Jms 1. KpacHosipcka w
r. HoBocuOupcka OCHOBHAsE OMAcHOCTH CBSI3aHA C TIO-
’kapamu (OBITOBBIE M Ha OOBEKTAaX C MAcCOBBIM IIpe-
OpiBaHueM Jronel), st r. OMcka — moxapsl (OBITO-
Bble U Ha 00BEKTAaX C MAaCCOBBIM MpPEOBIBAHHEM ITIO-
neit) u kpynueie ATII. OcHoBHas mpobiema, xapak-
TepHas AJsl BCEX paccMaTpHBAaEMBIX TOPOIOB, TpeOy-
foI[asi MUHUMU3AIIUN U YIIPaBIICHUS, CBsI3aHa C OBITO-
BBIMHU TTOkapamu. Ha puc. 3 mpencraBieHsl rpaduku
M3MEHEHUS] KOMITIEKCHOTO TEPPUTOPHAIBEHOTO TEXHO-
TE€HHOTO PHCKA MPH YIPABICHUH IBYM: TIOKa3aTeIsIMHU
— ymep0 ¥ KOJIMYECTBO CMEPTENBHBIX HCXOA0B (ypaB-
HeHus (4) u (5)).

CHmxeHue 3Ha4eHUs OJHOr0 M3 IOKa3aTesled —
KOJINYECTBA JIETAIBHBIX UCXOJIOB WM CYMMEI yiepoa
— TI03BOJISIET YMEHBIIUTH 3HAYCHHUE PHUCKA, MOITOMY
OCHOBHBIE PEKOMEHJAINH I10 MHHHMH3AIUN PHCKA
JTOJKHBI OBITH HAIIPABIICHBI HAa TIOBHIIICHNE KYJIbTYPHI
u o0mero ypoBHs 0€30MacHOCTH W, KaK CIEICTBUE,
CHIDKEHHE KOJHMYECTBa JIETAIbHBIX MCXOJI0OB, a TaKXKe
Ha CTpaxoBaHHE UMYIIECTBA, KOTOPOE MO3BOJIUT KOM-
NEHCUPOBATh yIEepO B CiIydae HACTYIUICHUS OMACHOTO
TEXHOTEHHOTO COOBITUS. sl TOCTHMXKEHUS TpHeMIIe-
MOTO YPOBHSI PHCKa Ha PacCMaTPUBAEMBIX TEPPHUTO-
pHUsSX HEOOXOIWMO YMEHBIICHHE yiepOa WM 4Hcia
moruOmmx B ans 1. HoBocwOupcka 8 pas, mis
r. Kpacnosipcka B 6 pa3, i r. Omcka B 10 pas.

Jns  momnmepkaHus  HEOOXOAMMOTO  YPOBHS
YCTOMUMBOCTU K HETaTUBHOMY BO3JEHCTBUIO IPOBE-
JIEH pacueT KOJIMYECTBEHHBIX 3HAYEHHUM 3aIMIEHHO-
ctu 1o dopmyinam (5)—(7) ¥ BBITIOJHEH aHAIU3 KOJIU-
YEeCTBa CITACaTeNbHBIX (OPMUPOBAHUN WM MEIHIIHH-
CKHX YYpPEXKIEHUH Ui paccMaTpUBAEMBIX TOPOJIOB
(Tabm. 3).

Camas HU3Kas 3alIMIEHHOCTH BBIsABIEHA B T. Ho-
BOCHOMpCKe, TJie HaOMI0aeTCsi HEJOCTATOK MOXKapHO-
criacaTelbHBIX  (OPMUPOBAHUM ¥ MEAMIMHCKHAX
yupexaeHuii. TakuM oOpa3oM, sl CBOEBPEMEHHOTO

0.2 R

Kommutexcubiit puck, Thic. py6./ron
o
P
»

1 2 4 6 8 10 12
VMeHbIIeHHE KParHOCTH CMEPTEIbHBIX HCXOA0B

1.8
1.6
1.4

1.2

0.8 @
0.6
0.4 @

KommekcHBI pHCK. ThIC. py6./Tox

VMeHbIIeHHE KPaTHOCTH ymepGoB

CKCHBIIT PHCK, ThIC. Y
o
)
»

2 4 6 8 10 12
VMeHbIIeHHe KPaTHOCTH CMEPTETbHBIX HCXOJOB H YIIEpGOB

+-HoBocHGHPCK KpacHospek Onck

Puc. 3. I'paduxn u3MeHeHHs PHCKA IPH CHUKEHHH Pa3MepoB ymepba
W CMEPTHOCTH HACeJIeHUs

NPEIyNPESKICHUS aBapuii U KaTacTpod U MUHUMH3A-
IIUM TIOCJICJICTBUM OT Peali30BaHHBIX COOBITHI HEOO-
XOJIMMO YBEJIMYMBATh 3alIMIICHHOCTh TEPPUTOPUHU
MyTEM YBEJIIMYCHMS YHMCIIa aBapUMHO-CIIACATEIbHBIX
(hopMUPOBaHUH U CITY)KO SKCTPEHHOTO pearupoBaHUS,
a TaKKe UX MOJICPHU3AIIVH.

Tabauya 3
KonuuectBeHHble 3Ha4YeHUA noka3arens 3aWMiLeHHOCTU U faHHbIe ANnA ero pacuyera
HaumenoBanue 3alUIIeHHOCTb, dakTuuecKoe HopmarusHoe DakTu4ecKoe Hopmarusnoe
TEPPUTOPUA % Kko0J1-Bo [1® KkoJ1-Bo [1dD KOJI-BO MeJl. y4. KOJI-BO MEJ. y4Y.
r. HoBocubupck 84,5 25 30 68 80
r. OMcK 135 22 22 85 57
r. Kpacnosipck 98,5 10 18 55 48
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5. OBCYXAEHUE

OcHOBHas 1IeNb TEPPUTOPHAIIBHOTO YTIPaBJIECHUS
CBOJUTCS K JOCTIDKEHUIO IPUEMIIEMOTO YPOBHS pHC-
ka. OJHAaKO aHaJIN3 HOPMAaTHBHO-TEXHUUYECKHX IIOKY-
MEHTOB TI0 OIIEHKE TEXHOTEHHOI'O TEPPUTOPHATIEHOTO
PHCKa BBISBUJ Psii METOIMYECKUX MPOOIEM U MPOTH-
BOpeuuil B MX NPUMEHEHHU BCIIEACTBUE PA3IUIHOTO
MPaBOBOTO CTaTyca M HECOIJIACOBAHHOCTH HOPM.
KimoueBass mpoOnema neiicTByoIed HOpPMAaTUBHO-
TEXHUYECKOU 06a3bl B 001aCcTH 6€30I1aCHOCTH U OLIEHKU
PHUCKOB 3aKJII0YAaETCs B TOM, YTO NMPHUEMIIEMBIE YPOBHHU
PHCKOB HE SIBIIAIOTCS HAyYHO OOOCHOBaHHbIMH. Ma-
TEMAaTU4YeCKUH ammapaT OLEHKH PUCKOB TpeOyeT Io-
pabOTOK, YUUTHIBAIOTCS TOJBKO YpE3BbIYANHBIC CHUTY-
alMy, HO JJISl aHaln3a Oe30MAacHOCTH TEPPUTOpPHAIIb-
HOTO 00pa3oBaHMsI HEOOXOIVMO aHAU3UPOBATH BCE
MPOMCLIECTBUS, KOTOPhIE BO3HUKAIOT HA TEPPUTOPUH
U B JaJbHEHIIEM MOTYT MPHUBECTH K KPYIHBIM aBapu-
aM U karactpodam. PazpaboTaHHasi METOAMKA OLICHKU
PHCKOB, OCHOBaHHAasi Ha METOAAaX MHOTOMEPHOIO CTa-
TUCTUYECKOTO aHalIN3a, MO3BOJIAET CHHU3UTH OCTPOTY
0003HaYCHHBIX MPOOJIEM U IPOTHBOPEUHH.

ObGecrieueHrie  TEPPUTOPHUANBHON  TEXHOTEHHOU
0e30MacHOCTH  BO3JIOXKEHO Ha TEPPUTOPHAIIbHBIC
ArenrctBa no genam 'O u YC cyObekToB PD u Tep-
puropuansibie ynpasinenus MUYC Poccun. [dna a¢-
(heKTUBHOTO YHpABJIECHHUS 1E€JeCO00pa3HO HCIONb30-
BaTh MH(OPMAIMOHHBIE CHCTEMBI TOJICPKKH TTPHHSI-
THUSl PEUICHUH, KOTOpPBIE JOJKHBI OOBEIUHATh M aHa-
JU3UPOBATh JIaHHbIE MOHHUTOPWHIA, HMEIOIIUECS B
PaclopsHDKEHUH Pa3IMYHbIX BEJAOMCTB, W OLIEHUBATH
PUCKH TI0 OCHOBHBIM c(epaM >KHU3HEAESTCIHLHOCTH.
VYnpaBieHue TEXHOTEHHBIM PUCKOM BKJIIOYAET B ce0s
PaspaboTKy M peayin3aluio MPOorpaMM JesITeIbHOCTH
10 TIPEIOTBPAIICHHUIO OMACHBIX COOBITHH, CHUKEHUIO
UX BO3MOXKHBIX TOCIEJCTBUH, oOecriedeHne MOHUTO-
pHHTa U MoBblIeHNE 3((HEKTUBHOCTU 3aTPaT, HAIlPaB-
JICHHBIX Ha CHW)KEHHE 3HAYEHUI PUCKOB JI0 TpHeMIIe-
MBIX ypoBHeH. MnenTrdurkanust oCHOBHBIX (akTOpoB
BBICOKOT'O TEXHOTE€HHOTO pPHCKa C HCIOJIb30BaHUEM
COOTBETCTBYIOIIEH MH()OPMAILIMOHHOW CHUCTEMBI Tep-
PUTOPHATIFHOTO YIIPABJIEHUS PUCKaMU MU 0Oe30macHo-
CTBIO TIO3BOJISIET KOHKPETU3UPOBATH 3Ty paboTy M
npeaynpeAnTeNIbHBIE MEPOIPHUSTHS.

Orenka 3(p(PEeKTUBHOCTH U 3KOHOMHUYECKOH Iiese-
c000pa3HOCTH YIPABICHYECKUX PEHICHUI M0 MHHU-
MU3aIHU PUCKOB SIBISETCS] OTAEIBHOM MPaKTHYECKON
3agauei, Ui peleHuss KOTOpoid HeoOXoauMa MCXO-
Hasi nHGOpPMAIMSA O CTOMMOCTH PEKOHCTPYKIIUH KOH-
KPETHBIX TEXHHYECKHX OOBEKTOB, PA3BUTHsI CHCTEMBI
MOHHUTOPHHTA OOBEKTOB, CUCTEM 3APaBOOXPAHEHUS U
OXpaHbI TPy/a, CO3TaHUU U MOJIEPHHU3AINN aBAPHITHO-
cnacatreiabHbIX (opMHUpOBaHWH H T. 1. Peamusarus

STUX MEPONPHUATHI HAXOAWTCSA B BEICHUHU Pa3IMIHBIX
MUHUCTEPCTB U BeAOMCTB PD, OpraHoB UCIIOJTHUTEIb-
HOM BJIACTH PETHOHOB U IPOU3BOJICTBEHHBIX CTPYK-

TYp.

3AKIIOYEHUE

IIpn aHanu3e MOJyYEHHBIX 3HAYEHUM KOMIUIEKC-
HOTO TEXHOTEHHOTO TEPPUTOPHATIBHOTO pHUCKA IS
KPYITHBIX MPOMBIIIICHHBIX LHeHTpoB CDPO Obun BBI-
SBJICHbl NPUYMHBI, KOTOPble B HAauMOOJbILEH CTENEeHU
BIMSIIOT Ha ypoBeHb pucka. OCHOBHBIMHM W3 HHX SB-
JSIFOTCS TIOXKaphl HA 0OBEKTaxX MPOMBIIIJICHHOTO M CO-
LUaNbHOTO  3HAYEHHUS, AaBapuul B  SKWIUIIHO-
KOMMYHalb-HOH cepe (TerIoceTH, IIeKTPOCeTH, BO-
JocHaOKeHWe W TIp.) M aBapud Ha TPaHCIIOPTE.
Haunbonpimee uucno mnoruOmmx HaOmIOmaeTcs TMpH
BO3HUKHOBEHHH OBITOBBIX IOXKapoB. HambGompmmit
MaTepUAIbHBIN yIIepO 00YCIIOBJICH MPOMBIIIJICHHBIMU
NoXapamHu, 4TO CBS3aHO C OOJBIIMM YUCIOM MOCTpa-
JABIIUX, YKOHOMUYECKUMH IOTEPSIMH NPH JUKBUAA-
nmu YC u aBapuitHO-BOCCTAaHOBHUTEIHHBIMHU pabOTaMH.

[IpenmyniecTBO pa3paboTaHHONH METOJUKH OLEHKH
PHCKOB 3aKJIFOYAETCS B BO3MOKHOCTH IOJIyYCHHUS pac-
YETHOTO IMPHUEMJIEMOI'O YPOBHSI PHUCKA, KOTOPBIA MO-
XKeT OBITh WCIOJIB30BaH MpH pa3paboTke HOPMATHB-
HBIX JOKyMeHTOB. CyIlleCTBYIOIIME B HACTOSAIIEE Bpe-
Ms1 YHMCJICHHBIE 3HAYECHUSI IPUEMJIEMbIX YPOBHEH pHcC-
KOB OTHOCSITCS K MHIUBHIyalbHBIM PHCKaM, B TO Bpe-
Msl KaK JUIi HOPMHPOBAHHS KOMIUIEKCHOT'O pHCKa
MIPUMEHSIOTCS NPEUMYILIECTBEHHO Ka4eCTBEHHBIE MO-
kazarenan (OampHBIe omeHkH). OIeHKAa 3allHIIeHHO-
CTH TEPPUTOPUU TAKKE BBITIONHSAETCS C TOMOIIBIO Ka-
YECTBEHHBIX METOJIOB, B TO BpEeMs KaK MPEIJIOKEHHAsS
METOAMKA IO3BOJIMJIA BIEPBBIC MOIYYUTh YHCICHHBIE
3HAYCHUSI.

OrneHka KOMIUIEKCHON 0€30MacHOCTH TEeppUTOPH-
IBbHBIX 00pa3oBaHM OJDKHA 0a3UpOBATHCS HA pas-
paboTKe U MPUMEHEHUN KPUTEPUEB U METOAOB aHAIIHU-
3a puckoB. C pocTOM aHTPONOTeHHOW HAarpysKH, Hc-
MOJIb30BAHUSI TEXHOJOIUH, YIPOXKAIOIIUX BOCIIPOU3-
BOJICTBY TNPHUPOJHBIX PECYPCOB, POCTOM YIpo3 s
KU3HH U 37I0POBBS TPaXK/1aH HEOOXOAUMBI MEXaHU3MBI
3G GEKTUBHOTO TEPPUTOPHAIBLHOTO YIpaBIeHUs, 0Oa-
3UPYIOIINECS Ha UCIIOIB30BAHUU CUCTEMBI MOICPKKU
npussTHA pemeHuil B coctae UCTY Pb, B ocHOBe
KOTOPOHM JIKHUT KOMIUIEKCHAsI OIEHKA TEXHOTEHHBIX
TEPPUTOPHATILHBIX PUCKOB.
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Abstract. This paper proposes a managerial decision algorithm based on the developed risk
assessment methodology with multidimensional statistical analysis. The methodology allows
calculating an acceptable level of risk, which can be used in regulatory documents. The decision
algorithm is integrated into the information system of territorial risk and security management.
The industrial agglomerations of Siberia are chosen as the object of research, and their main
types of technogenic hazards are analyzed. The complex risk is assessed using statistical data on
man-made dangerous events, emergencies, material damage, and fatal outcomes from the offi-
cial database (the Emercom of Russia). According to risk factor analysis, the main technogenic
load in territorial units is due to fire and explosive events. The inverse problem is solved, show-
ing the need to reduce the main risk factors for achieving an acceptable level. Minimizing the
complex technogenic territorial risk is a management problem with two criteria: the minimum
number of fatal outcomes and the minimum amount of damage. Within the complex risk as-
sessment approach, the problem is solved by proposing preventive measures to improve territo-

rial security.

Keywords: socio-natural-technogenic system, territorial risk, management.
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METOAWKA CPABHWUTENbHOI0 AHAJTU3A JOOEKTUBHOCTH

Crocob0B OPFAHU3ALIUW AKTUBHBIX AFEHTOB
W METOAOB YNPABNEHUA

".A. YronbH1LKWI

AnHotauus. [Ipy B3auMOJeHCTBIN aKTHBHBIE areHThl MOTYT JE€HCTBOBATh HE3aBHUCHMO, BCTY-
IIaTh B KOOTIEPAILIHIO WIH OBITH CBSI3aHHBIMH OTHOIICHUSMH HepapXxun. B cBoro ouepens, mepap-
XMYECKOE BO3ICUCTBHEC MOXKET OCYIISCTBIIATHCS C IIOMOIIBIO aIMUHUCTPATUBHBIX U 3KOHO-
MHYECKHAX METOJOB C 00paTHOU CBs3bI0 miH Oe3 He€. [IpuBeneHo cucTeMaTHIecKoe OMICaHUe
STHX CHOCOOOB OpPTaHU3AIMHA H METOJIOB YIIPABICHUS MOCPEICTBOM TEOPETUKO-UTPOBBIX MOJIC-
JIeH KOH(IMKTHOTO YIpaBJICHUS 0e3 yIéTa HeOnpeaeIEHHOCTH C pa3HBIMA HHPOPMAIHOHHBIMU
permamenTamu. [IpencTaBisieTcss Ype3BbIUAHO BaKHBIM KOJMYECTBEHHOE CPABHCHHE BBIUTPHI-
IIeH OTICIBHBIX areHTOB U BCETO MX MHOXECTBa (OOIIECTBEHHOIO OJaroCOCTOSIHUSA) MPH YKa-
3aHHBbIX cnoco6ax OopraHu3aliui U METOAax YyIpaBJICHUA. Hpennomeﬂa METOAHKA MOCTPOCHUA
CHUCTEM 06HICCTB€HHI)IX 1 MHAWBUAYAJIbHBIX npeunhoeHHﬁ Ha OCHOBEC BLIHFpLIHleﬁ arcHTOB B
Urpax B HOPMaJIbHOH (hopMe U Josel B pacipeeICHUN OOIIET0 BBIUTPHIIIA B KOOIIEPATUBHBIX
urpax. [yis Oosiee qeTaabHOM KOJMYESCTBCHHOM OIIEHKU pa3paboTaHa CHCTEMa MHICKCOB OTHO-
cutenbHON 3¢ dekTuBHOCTH. [IpenoxkeHHas METOIMKA POWUIIOCTPUPOBAHA HA PUMEpPE MO-
nenert onurononuu KypHo.

KoroueBble ciioBa: METO/BI YIIPABICHHUS U PACIIPE/ICNICHUs] 10X0/1a, Hed(h(EeKTUBHOCTh PaBHOBECHI, CIIO-

A.d
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COOBI OpraHu3an aKTUBHBIX ar€HTOB.

BBEQIEHUE

Ha nepBelii B3MIs KaXeTcsd OYEBUAHBIM, UYTO KO-
omnepauus ny4ue koHpponrauuu. O0beJMHEHHE yCH-
JIUI aKTHBHBIX areHTOB MO3BOJISIET JOOUTHCS JYUIINX
pE3yabTaTOB, Y€M HMX HE3aBHCHMOE 3TOMCTHYHOE IIO-
BeJICHUE W TeM 0oJjiee Bpax/a, a MOJyYSHHBIN JIOTMOJI-
HUTENBHBIA BEIUTPBIIT KOAJTUIIMK BCEX ar€HTOB MOKHO
KaKHM-TO 00pa30M pa3feiuTh MEXIy BCEMH HUMH.

K coxanenwuro, 31ech He BCE Tak mpocto. s 00-
IIECTBA B LIEJIOM JEHCTBUTEIBHO BBIMTPBIIN NPU KO-
omnepalyy Bcerja Mo KpailHed Mepe He MEHbLIE, YeM
IpU HE3aBUCHMOM IOBEIECHUH COCTABIIAIONINX OOIIe-
CTBO aKTHBHBIX areéHTOB WJIM NpPU HAJIWYHM OTHOILE-
HUN Mepapxuu Mexay HuMH. Ho BOT mis Kaxzaoro
areHTa B OTIEIBHOCTH 3TO YK€ COBCEM He 00s3aTelb-
HO Tak. Hampumep, BBIUTPHIII areHTa BEPXHETO YPOB-
HSl H€papXrUu MOXKET 0Ka3aThes OOJIbIIE, YeM ero JOJIs
B PaBHOMEPHOM paclpeAeIeHUH IpU KOOIEpalnuy Ja-
ke ¢ y4€TOM JIOTTOTHHUTENBbHOTO A dekTa. He Tak ner-
KO U JOTOBOPUTHCA O TOM, KaK MMEHHO JIEIHThH IpH-
0aBKy Jake MpH HAIWYUH MPUHIMIIAAIBHOTO COTJIa-
IIEHUS] O COTPYAHUYECTBE U KaK OOECHEeUUTh YCTOM-

YMBOCTh 3TOTO coriameHus. Bo3moxHO, oTyactu B
CHITy ITUX COOOpa’keHHWH M3BECTHO MHOXECTBO MpH-
MEpPOB OTKa3a OT KOOIepalyu B MOJb3y KOH(IUKTAa U
0OpBOBI 32 NTHIIEPCTBO B SKOHOMHUKE, OOIIECTBEHHOM
YKU3HHU, MEXIYHAPOJIHBIX OTHOUICHUSX M MHBIX 00Ja-
CTSIX.

ITosTOMy 4Ype3BBIYATHO aKTyaJlbHBIM IIPEICTaBIISI-
€TCcs MaTeMaTHYeCKUH aHalnu3 YCJIOBHH BBITOJHOCTH
KOOIIEpallil M CpaBHEHHE S(PQPEKTUBHOCTU pPas3liny-
HBIX CIIOCOOOB OpraHW3allil aKTHBHBIX areHTOB, Me-
TOJIOB YTIPaBJIICHUS UMH U PACIPENEICHHS IOJIyYEH-
HOTO KOOIEpPaTUBHOrO maoxoaa. (DyHIaMeHTalIbHbIE
OCHOBBI TaKOTO aHaNU3a MPEAOCTAaBISIIOT TEOPUHU aK-
TUBHBIX CUCTEM M YIPABIEHUS OpPraHU3ALMOHHBIMU
cucremamu [1, 2], uHbOpMaIMOHHAS TEOpUsl Hepap-
XHYECKHX cHucTeM [3—7], Teopust KOHTPAKTOB M JU3alH
mexaam3moB [8]. KoHuenmws ympaBieHHS yCTOWUH-
BBIM pPa3BUTHEM aKTHUBHBIX CUCTEM Ha OCHOBE yuéTa U
COTJIACOBaHMS MHTEPECOB aKTHUBHBIX areHTOB IPEIO-
keHa B padotax [9, 10]. OCHOBHBEIM MaTeMaTHIECKIM
WHCTPYMEHTOM aHajMu3a CIy>KUT Teopud urp [11-15].
Jnns pemieHUs] CIOXKHBIX TUHAMHYECKHUX 3a1ad KOH-
(IMKTHOTO YIpaBJICHUS [ENeco00pa3HoO HCIOIb30-

NMPOBNEMbI YITPABJIEHUA Ne 3 e 2022

BaTh UMHUTALIMOHHOE MOJIeupoBanue [16].
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JleTanbHbIi aHAIM3 TaK Ha3bIBAGMOW MPOOICMBI
Hed((PEKTUBHOCTH paBHOBECHH MpuUBEAEH B paboTax
[17-20]. Mcxox paimoHaIbHOTO IMOBEIACHUS HE3aBU-
CHUMBIX ATOMCTHYHBIX SKOHOMHYECKHX areHTOB OObIY-
HO OKa3bIBaeTcs Il oOIIecTBa Xy)Ke HCXoja, HOIy-
YEHHOT0 MpPH LEHTPAIU30BAaHHOM YIPABICHUU WU
JIOOPOBOJIBHOM Koomepaluu. Bo3HUKaeT BaxHBIH BO-
MPOC: HACKOJNBKO MMEHHO Xyxe? OOBIYHO IS KOIIH-
YECTBEHHOH OICHKH HEA(PGEKTHBHOCTH PABHOBECHIA
UCIIOJNIB3YeTCA IIeHa aHapXHUM, KOTOPas ONpeAemsieTcCs
KaK OTHOLICHWE HAMXY/IEro U3 PaBHOBECHBIX 3Haue-
HUH BBIOpaHHOW (DYHKITMHM BBIUTPHIIIA OOIIECTBA K €€
3HAQUYECHUIO Ha onTUManbHOM ucxone [21]. bonee mu-
pokuii Habop TOKazaTenel Uil TUHAMHUYECKUX HIP
npemiokeH B pabdore [22]. CpaBHEHHE BBIUTPHIIIEH
IpU Pa3JInUHBIX CIOCO0aX OpraHU3ally areHTOB MPO-
BOJIUTCS B OYEHb MHOTHX paboTax Mo Teopuu urp [23—
25].

Opnako, mpobiieMy (He)3(pPEKTUBHOCTH PaBHOBE-
cuil menecoobpasno hopMynupoBaTh B Ooliee oOIeM
Buje. llpexne Bcero, cpaBHEHHIO TOJIEXKAT BBIUT-
PHIIIN HE TONBKO MpH 0a30BBIX CIOCOOAX OpraHm3a-
LMY aKTHBHBIX IKOHOMUYECKHUX arceHTOB (paBHOIpA-
BUE, Hepapxus, Koonepalus), HO U ¢ y4€TOM pas3yiny-
HBIX METOJIOB YIIPABJIEHUS, OIpPENeIoMNX peria-
MEHT B3auMozeicTBus areHToB. Kpome Toro, uro emgé
Ooree Ba)XKHO, CpaBHEHHE HEOOXOTUMO MPOBOAMTH C
TOYKHM 3pEHHUS HE TOJBKO OOIIECTBEHHOTO OJaroco-
CTOSIHHMSI, HO M MHTEPECOB OTHAENbHBIX areHToB. Emié
pa3 moJuepKHEM, U4TO MCXOA WIpbI, 00Jee BBITOIHBIN
JUIsl 00IIecTBa B IIEJIOM IPH HEKOTOPOM CIocobe op-
TaHM3alUK, HE 00SI3aTEIBHO OKAXKETCsI TAKUM JKe JJIst
KaXJIOT'0 U3 arcHToB.

['nmaBHBIE CIOCOOBI OpraHU3allMU B3aUMOCHCTBHS
AKTUBHBIX areHTOB — 3TO WX PaBHOIPABHUE, UEPAPXUS
u koomepauus. [Ipn paBHOIpaBUH areHTHl (UTPOKH)
BBIOMPAIOT CBOM JAEHCTBHUSA OAHOBPEMEHHO U HE3aBU-
CHMO, a pellleHHeM BO3HUKAIOIIEH WIPhl B HOpMallb-
Hol (hopMme cumraetcs paBHoBecue Homra. [pu nepap-
XMYECKOHW OpraHu3ald BO3MOXKHBI [IBA OCHOBHBIX
BapuaHTa ynpasieHus. [lpu nmepBom u3 HUX BeayLIui
UTPOK BBIOMpPAET W COOOIIAECT OJHOMY WM HECKOJb-
KAM OCTaJIbHBIM UTPOKaM CBOE MpejroiaraeMoe aei-
CTBHE, a OHU ONTUMAJILHO pearupyroT Ha Hero. Torma
Bo3HHKaeT urpa ['epmeiiepa [y (urpa lltakensbepra B
AHTJIOSI3BIYHOMN JIUTEPATypE), PEIICHHEM KOTOPOM CUu-
taetcs paBHoBecue LlltakensOepra. Bo BTopom Bapu-
aHTe BEAYIINH BHIOMPAET U COOOIIAET BEAOMBIM CBOIO
CTpaTeTHi0 Kak (YHKIMIO OT WX OXHIAEMBIX Jei-
CTBHI, 2 OHM ONTHMAJIBHO PEarupyroT Ha 3Ty cTpare-
ruto. Torga Bo3Hukaet urpa I'epmeiiepa ', (oOpaTHas
urpa llltakensOepra B aHTJIOS3BIYHON JIATEpaType),
pelIeHne KOTOPOH MIIETCS Ha OCHOBE NMPHHLMIA Ta-
panTupoBanHoro pesyastata lO.b. I'epmeiiepa [4].

LenecooOpa3Ho Takxke pa3nuuaTh aAMHUHUCTPATUBHBIC

(mpuHYyXAeHNE) U IKOHOMHYECKHE (TTOOyXIeHue) Me-

TOJBI YIpPaBIEHMsI, KOTOPbIE COOTBETCTBEHHO 3aKJIIO-

YalOTCsl B BO3JICHCTBHM Ha MHOXECTBA JOMYCTUMBIX

cTpaternii wim (QYHKIIUN BBIUTPHIIIA areHToB [9, 10].

Hpyroit BapuaHT (opManm3anuu UEPapXuIecKhX OT-

HOIIEHUH — UTPHI B Pa3BEPHYTOH (opMe, KOrna Urpo-

KM JIeJal0T XOAbl MOCIEAO0BAaTEIbHO. DTOT BapUAHT B

cTaThe He paccMmarpuBaercs. Hakonern, mpu koomepa-

UM BCE UTPOKU OOBEIUHSIOTCS U COBMECTHO MaKCH-

MHU3UPYIOT CYMMapHY0 (DYHKIHIO BEIMTPHIIIA 110 BCEM

YIPaBISAIOIIMM IEPEMEHHBIM. JTa TPAKTOBKAa OTBEYA-

€T YTUJIUTApUCTCKOMY MOAXONY, B OTIIMYUE OT 3raju-

TapUCTCKOT0, KOTJa MaKCUMHU3UPYETCs] HauMEHbBIINH

13 BEIUTpHINIEH areHToB [26].Torma mcxomnas urpa

CBOOUTCA K 3aJadye ONTHMH3ALNH, KOOIEPAaTHBHOE

pelienne koropoil ontumansHo 1o Ilapero. Jlunamu-

YeCKHe MOCTAHOBKHU 3a/a4 KOH(JIMKTHOTO YIpaBie-

HUS (ouddepeHnanbHble WId Pa3HOCTHBIE WTPHI) B

00CYXJIaeMOM CMBICJIEe MPUHIHUIHAILHO HE OTJIMYa-

10TCS OT cTaTudeckux [11-15].
Kpome ¢dyHKIMIA BBIMTPHIIIA, KOTOPBIE XapaKTepH-
3y10T 3(pQEeKTUBHOCTH NEHCTBHII aKTUBHBIX areHTOB,
TEOPETHUKO-UTPOBBIE MOJIEIM MOTYT COJAEp)KaThb J0-
[IOJTHUTEJIbHBIE OTPAHWYEHUS, XapaKTepU3yeMble Kak
yCIIOBUSL KOOpAWHALWY [7] WK yCIOBUSI yCTOWYUBOTO
paszButus [9, 10]. DT ycioBus 03HAYAIOT, YTO COCTO-
SIHUE YIIPABISIEMON JUHAMUYECKON CHCTEMBI JOJDKHO
MpUHAAJIeKaTh ONpenenéHHol obmactu  ($a3oBoro
IpocTpaHcTBa. B craThueckux MonensX JaHHBIE
ycnoBus  QOpPMYITUPYIOTCS Kak OTpaHWYeHUs] Ha
YIpaBISIOLINE TIEPEMEHHBIE.
Bxuiag HacTosiel CTaTbi COCTOUT B CIEAYIOIIEM:
®  1aHO CHCTEMaTH4eCKOE OIMHCAHHE CIIOCOOOB B3a-
UMOJICHCTBHUSl aKTHBHBIX areHTOB U METOJOB
yOpaBieHUS HMMU IIOCPEICTBOM  TEOPETHUKO-
UTPOBBIX Mozesel 6e3 yuéTra HeonpeAeIEHHOCTH;

®  MpelIoKeHa METOJMKA CPAaBHUTEIHHOIO aHaJIn3a
OOIIECTBEHHOW U WHAWBUAYaIbHOH 3 deKkTuBHO-
CTH YKa3aHHBIX CIIOCOOOB M METOJIOB Ha OCHOBE
BBIMIPBILLIEH areHTOB B HUIpax B HOPMaJbHON
(dbopMe 1 uX J0JeH B KOOTIEPATUBHOM pacrpejie-
JICHWW OOILETO BBIUTPHIIIA B UTpax B GopMme Xa-
paKTepUCTUUECKON (PYHKLINH;

e s Oosiee AETANBHONW KOJWYECTBEHHOW OLICHKH
CpaBHUTEIBbHON 3¢ ¢ekTuBHOCTH pa3paboTaHa
CHUCTEMa WH/IEKCOB;

e  [peUIOKEHHas METOAMKA TNPOHIUIIOCTPHPOBAaHA
Ha IpPHUMEpE CTaTHYECKUX U JUHAMHYECKUX MO-
neneit onurononuu KypHo.

B § 1 onuceiBaeTcs TeopeTHKO-UTrpoBast hopMaiu-
3amMg CIOCOOOB OpPraHM3alMK B3aMMOJECHCTBHS ak-
TUBHBIX areHTOB U METOJOB yIpasieHus nMu. Cpas-
HEHHE BBIMTPHINIEH areHTOB IO3BOJISIET TOCTPOUTH
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CHCTEMBI OOIIECTBEHHBIX W HWHIWBUIAYAIBHBIX TIPE.I-
nmoutreHu. Ilpm sToM Mt Goiee AeTaTBHON KoJWdUe-
CTBEHHON XapaKTEPUCTUKH MOKHO HCIIOJIb30BATh WH-
JIeKChl cpaBHUTENbHOU d(dexTuBHOCTH. B § 2 pac-
CMaTpUBAeTCsi METOJWKAa CpPaBHUTENHHOTO aHaJIH3a
3¢ (PEKTUBHOCTH, OCHOBAaHHAs Ha IMOCTPOCHHU WU HC-
CIIEIOBaHUM TEOPETHKO-UTPOBBIX  MOJEIEH  KOH-
(mukTHOTO ympaBneHus. B § 3 mpennoxeHHast meto-
JIMKa WUTIOCTPUPYETCS HA MPUMEPE pa3iIHuHBIX MOJIe-
neit omurononuu Kypno. PesyneraTsl HacTodAme pa-
OOTBHI M TEPCIEKTHBHI MATBHEHITNX HCCIICIOBAHMIMA
00CYXIar0TCs B 3aKITFOUCHUH.

1. CNOCOBbl OPFAHM3ALIUW, METOAbI YNPABNEHKUA
W CUCTEMbI NPEAMNOYTEHUH

1.1. Cnoco6bl opraHu3aLuum 1 MeToabl ynpaBneHus

ba3oBbie cocOOBI OpraHW3aUy B3aWMOJACHCTBUS
aKTHUBHBIX areHTOB — 3TO MX paBHOIIpaBHE, HepapXUsl
u koomepauus. Ilpu umepapxudeckod oOpraHu3alnuu
BO3MOJXKHBI /IBa OCHOBHBIX METOJa YIPAaBJICHUS: NpU-
Hy)KIeHHe (aIMUHUCTpPaTHBHbIE MEXaHHU3MBI) U TIO-
OyxaeHue (9KOHOMUYECKHE MEXaHH3MBI). DTH MeXa-
HU3MBI MOTYT OBITh PEaTM30BaHBI C OOPATHOW CBS3BIO
0 YTIPABJICHUIO U 0e3 HeE.

IIpu xoomepanuu BO3HUKAIOT JBa BONpOCa: Kak
OTPENICJINTh BBIUTPHIN KaXI0W Koanuuuu (moctpoe-
HHUE XapaKTePUCTUUECKONH (QYHKIMM) U KaK pacnpesne-
JUTh OOLIMI BBIUTPHII MEXJIy HIpOKamH (BHIOOD
MPUHLIMIIA ONTHMAaJbHOCTH). PacmpeneneHue BBINT-
pBIIlIa TaK)K€ ECTECTBEHHO TPAKTOBAaTh KakK 3aaady
YHpaBIeHHUS.

B nanHOM pasznene Maércs CUCTEMATUYECKOE OIU-
CaHME YKa3aHHBIX CIIOCOOOB B3aMMOJICHCTBUS U METO-
JIOB YIIPaBJICHUS IOCPEACTBOM CTaTHUECKUX TEOPETH-
KO-UT'POBBIX MOJEIIEN.

BsaunmoneiicTBue paBHONPAaBHBIX ar€HTOB OTpaXka-
€T MOJIeJIb UT'PbI 71 JIUL] B HOPMaJIbHOU (opme

u,(x,...x,)>max,x, € X,,ieN. (1.1)

3nece N ={l,..., n} — MHOECTBO UTPOKOB (aKTHB-
HBIX areHToB); X, — MHOXECTBO JOINYCTUMBIX JIEH-
CTBUI MIpOKa i; X, — KOHKPETHOE BBIOpaHHOE JIeii-
CTBHE WMIpOKa i; u, : X — R — (QyHKIUS BBIMIPBHIIIA

urpoka i. Irpoku u3 MHOkecTBa N OZHOBPEMEHHO U
HE3aBHCHMO BBIOMPAIOT CBOM JEHCTBHA X,, B PE3YIlb-
Tare 4ero BO3HUKAET UCXOJL UTpBbL
x=(x,....x,) € X =X, x..x X . UIrpoxu MOryT UMeTh
pasyinuHyl0 Ipupoxy. B 3koHOMuUKE 3TO OTIENIbHBIE
HpeANpUHUMATENH, I0MOXO034iCTBa, (DUPMBI, pPErHo-
Hbl, CTpaHbl. B monuTHke — OTAEIbHBIE U30MpaTeNy,
HONNTHYECKUE TAPTUH, IBWXKEHUS M OOBEIUHEHHS,

OpraHbl UCIIOJIHUTEIHLHOW 1 3aKOHOJATEILHON BJIACTH.
B opraHumszanuoHHOM YIIpaBI€HWH — OTHENbHBIE CO-
TPYJHUKH, TOAPA3CICHUS U IENble OpraHu3aIuu.
BakHO, 9TO WHTEpECH Ka)KIOTO WIPOKa IIETUKOM H
TTOJTHOCTHIO OTIMCHIBAIOTCS CTPEMIICHHEM K MaKCHMHU-
3allM¥ BBIMIPBINA i, (MOCTYJaT SKOHOMHYECKOH pa-
[IHOHAIHHOCTH).

Pemenuem urpst (1.1) cuntaercs MHOXKECTBO paB-
HoBecuil Homra

NE={x"eX :VieN
NE NE
Vx, e X, u(x ) Zu(x,x; )},
X, =00 X, Xy X)) (1.2)
ITpu xoonepanuy Urpoku OOBEIUHSAIOTCS U BMECTE
MaKCUMU3HPYIOT CYMMAapHBII BBIUTPBIN (yTHIMTA-

pUCTCKYIO (YHKIUIO OOIIECTBEHHOTO OJIarococTos-
Hus) [26]

u(x) = u,(x). (1.3)
ieN
KoonepatuBHoe perienue ectb
x“eX :uf =u(x®)=maxu(x). (1.4)
xeX

[Ipu mepapxuyeckoM yHpaBICHMH KO MHOXECTBY
urpokoB N mobapisieTcs: BblieneHHbIH urpok (Llentp
B TEOPHH aKTHBHBIX CHUCTEM), 0003HAUYaeMbIi MHJICK-
com 0. IIpm ynpasnenun 6e3 obparnoii csizu LleHTp
BBIOMpAET W COOOIIAeT OCTANBHBIM UTPOKaM CBOE JIeii-
cTBUE X, € X, . 3Has JEHCTBUE X,, NTPOKH BBIOMPAIOT

onTHMAaNbHbIE OTBETHI. IIpenBuas Takoe MOBeIEHHE,

LlenTp Ha camom Jene BbIOMpaeT aelcTBHe X, € X,

TaK, 4TOObl MaKCHMHU3MPOBATH CBOW BBIUTPHII Ha

MHO>KECTBE ONTHUMAJIBHBIX OTBETOB. 37€Ch Pa3iInyaroT

JIBa CIyyvasl.

e Ecmu llentp paccuuTsiBaeT Ha Ojarokenareib-
HOCTh OCT&JIbHBIX AareHTOB, TO €ro BBIUIPHIII
oTpesieNnsieTcs 3HaYeHUEM

B
u, =sup sup u,(x,.x), (1.5)
Xg€X( XER( Xy )

rae R(x,) — MHOXECTBO ONTUMAJIBHBIX OTBETOB arcH-

TOB Ha JeicTeue Llentpa x,. OTBET Ha BOIIPOC O TOM,

KaK ONpEAENTUTh 3TO MHOXECTBO IIPH CBSI3aHHBIX

areATax, HeoueBuaeH. OOBYHO CYUTAIOT, YTO

R(x,)=NE(x,), npeanonaras Vx, NE(x,) #J, uHa-

4ye OMNpeleNieHe MHOXKECTBA R(x,) HyXHO JaBaTh

OTAEJILHO 1JI1 KOHKPETHOM MoJieinu. B mupoko us-

BecTHOM MoHorpaduu [13] gaéres ciemyroliee onpe-

nenenue paBHoBecus LlltakensOepra s KOHEUHBIX

urp TpEX JHI, KOTOpOe JIETKO 000OIUTH ISl POU3-

BOJIBHOTO 1 >3.

[lycth B urpe Tpéx IuI NEPBHII UTPOK BEAYIIHH,

BTOpOM M Tperuii Benomble. OOO3HAUMM 4Yepe3 X,

CTpaTeTuu HUI'POKOB, Xi — MHOXKECTBa HUX OOIIYCTH-
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MBIX cTpaterui, J,(x,, X,, X;) — BBIUTPBILIM IIPHU HC-
xome (%, %,, x;), i=1,2,3. Torna x, — mepapxude-
CKas paBHOBECHAs CTpaTerus BeJyIEro, eCau

min _J,(x;, X, ;) =
(x2,%3)eR ()

=max min J,(x, x,, x
X eX; (x.x3)eR(x) ](1’ 2 3)’

rae  R(x;) — MHOXECTBO ONTUMAJILHEIX OTBETOB

TPYNIBl BEIOMBIX, KOTOPOE OTpEAemseTcs AN Kak-
JI0H CTpaTeruy BeAyLero x, € X, yCIOBUSAMHU

R ) ={(y, ¥3) € X, x X510, (x;, ¥, y3) 2
27,00, Xy, ) A0, ¥y, ¥3) 2 J5(00%,,%5),
Vx, e X,, x; € X;}.

Jio6as Tpoiika (X, X,, X;), (%,, ;) € R(x;), ecTh
paBHoBecue lllTakennbepra [13, c. 145, 146].

e B mporuBHOM ciy4ae (IpU CO3HATENBHOM WU
HEBOJBHOM  HEOJIaroKenaTelnbHOCTH  arcHTOB)
BRIMTPHII LeHTpa onpenenseTcst 3SHaYeHueM

uy® =sup inf u,(x,, x). (1.6)
xeX, xeR(xy)

O06o3Hauum vepe3 ST MHOXKECTBO pPaBHOBECHI
Iltakensbepra (pemenuii nepapxudeckoit urpsl Llen-
Tpa ¥ areHTOB).

3ameuanue 1. YacTo cuuTaercs, 4yTo paBHOBECHE
Iltakensbepra ompenenseTcss TOIBKO (HOPMYIIO
(1.5), B TO Bpems kak ¢opmyna (1.6) OTHOCUTCS JTUIIIb
K  TPUHLOUIY  TapaHTUPOBAHHOTO  pe3yJbTarta
10.b. I'epmetiepa, onHako 3TO He Tak. B mmpoko u3-
BecTHOU MoHorpaduu [13] paBHoBecue LllTakensbep-
ra onpenensercs popmysion (1.6).

3ameuanune 2. Bo MHOTHMX TpEICTaBISIOMINX
NPAaKTUYECKUI MHTEPEC MPUKIAJHBIX MOJEINSAX CyIle-
CTBYET €JMHCTBEHHBI ONTHMAJILHBIH OTBET arcHTOB
(manmpumep, enuHCTBeHHOE paBHOBecue Hamra). Torma
BONPOC O OJyarokenaTeIbHOCTH MM Heblaroxesna-
TEJIBHOCTH areHTOB BOOOIIE HE BO3HUKAET.

[lpu wmepapxuueckoM yrpaBieHHH C OOpaTHOH
cBs3bi0 LleHTp BBIOMpaeT u cooO1aeT ocTaabHBIM HI-

= v X
pokam cBow  crparermo X, € X =X,", T.e.

X:X —>X,. Manee pernameHT Wrpbl aHAJOIM4eH
HpeabIyIIeMy CIy4ar0 C €CTECTBEHHOW Moaupuka-
nued. 3Hasg CTpaTeruio X,, MTPOKHM BBIOMPAIOT OITH-
ManbHbli oTBeT. [IpenBuns takoe nosenenue, Llentp
Ha caMoM jeiie BbIOMpaeT crpatermio X, € X, Tak,

YTOObI MaKCHUMHU3UPOBATH CBOW BBIUTPHIII Ha MHOXKE-
CTBE ONTHMAJIbHBIX O0TBETOB. Eciu LleHTp paccuuthl-
BaeT Ha OJaro)KenaTenbHOCTh areHTOB, TO €T0 BBIWT-
PBILL OIPEAENSIETCS 3HAYCHUEM

~B ~

iy = sup sup uy(%(x), x). (1.7)

XpeX, xeR(%,)

B npotuBHOM ciydae (Ipu co3HATEIBHON WU He-
BOJIBHOH HEOJIaroXKeNaTellbHOCTH areHTOB) BBIUTPBIII
LenTpa onpeaensieTcst 3HaYCHUEM

= sup inf w000, (19)

XoeX, *€

O6o3naunM dYepe3 IST MHOKECTBO pPEIICHHIA
nepapxuyeckoi urpsl LleHTpa U areHToB Mpu ymnpas-
JICHUU ¢ 00paTHOH CBA3BIO.

[Ipu mepapxuyeckoM yIpaBICHUU PA3TUYArOT a-
MUHHCTPATHBHBIE METOIbI (NMPUHYKICHHE) U 3KOHO-
mudeckue Metonsl (mobyxmenue) [9, 10]. [IpoBeném
(hopManm3zauo Ha MpUMepe YIpaBleHUs 0e3 oOpart-
HOM CBsA3M TIpu HEOJIArOXKeJIaTeIbHBIX arcHTax.
Hepapxudeckasi urpa UMeeT BUJT

u,(p, q, x) >max, peP, geQ; (1.9

u,(p,,x) >max, x, € X,(g,),ieN. (1.10)

3aece p=(p,,....p,)
ynpasieHud LleHTpa, ¢ MOMOIIBK KOTOPBIX OH BO3-
JeicTByeT Ha (YHKUMM BBIATPHIIIA  areHTOB;
q=(q,,....q,) — BEKTOP aJMHHUCTPATUBHLIX YIIPaBe-

BCKTOP J3KOHOMUUYCCKUX

Huii LlenTpa, mocpercTBOM KOTOPBIX OH BO3JACHCTBYET

Ha MHOKECTBA JOMYCTUMBIX JEHCTBUI areHTOB.
MHOX€ECTBO PABHOBECUH IPUHYKIEHUS B HIPE

(1.9), (1.10) eCThb MHOECTBO HCXOJIOB

COMPZ{(XOCOMP, xCOMP): uo(xOCOMP’ xCOMP) — uOCOMP}’

rae
COMP .
u,  =sup inf u,(q,x), (1.11)
q<0 xeR(q)
IIPY 5TOM 3HAYCHHWE p CUHUTASTCH PUKCHUPOBAHHBIM.
MHOXECTBO pPaBHOBECHH TMOOYXKICHUS B WIpPe
(1.9), (1.10) eCTh MHO>KECTBO HCXOJIOB
IMP IMP ., IMP IMPy _ _IMP
IMP ={(x,", x " ):uy(xy , X7 )=ty },TIE
IMP

u, =sup inf u,(p,x), (1.12)

peP XeR(p)
IIpyu 3TOM 3HAYCHHUC ¢ CUUTACTCA q)HKCHpOBaH-

HeIM. Ciy4ail ynpaBjieHusi ¢ oOpaTHOH CBs3bI0 (op-
MaJIU3yeTCsl aHaJIOTUYHO.

3ameuanue 3. V3BecTHHI M Apyrue nHpOpMaIH-
OHHBIE PErJIAMEHTHI, Hampumep, urpa I'epmeiiepa I';
[7]. llosTomy mpemnoskeHHast KiaccuuKays He mpe-
TEHAYET Ha WCYEPIBIBAIONIYI0 NMOJHOTY. OnHAKO OHa
OXBaTHIBAET OCHOBHBIEC CIIOCOOBI OpPraHU3alUul aKTHUB-
HBIX areHTOB.

Jns ommcaHusa pacnpeneieHus KOOTEepaTHBHOTO
noxona (1.4) memecooOpa3HO HCIIOIB30BATH TEOPHIO
urp B ¢popMe xapakTepucTHUeCKor (QyHKIMHU (Koore-
patuBHbIX wrp) [11, 12]. Xapakrepuctuyeckas QyHK-
U €CTh OTOOpaXKeHWe V. 2Y >R, eé 3HaucHUe
v(K) xapakrepu3yeT BBIMTpHIN Koamuimu K cC N .

HanbGomnee  pacmpocTpaHeHa  XapaKTepuUCTHYECKast
¢ynkuus ¢pon Helimana — Moprenmrepsa [27]

2
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vI™M(K)=val(K, N\K) =
= sup 1n£\l(§ui(x],..., X,).

x;ieK YjJE :

(1.13)

[IpennoxeHbl TaKKe XapaKTEPUCTUYCCKHE (YHK-
ruu [letpocsiHa — 3akkypa [28]
v (K) = sup Zui(x,(,x}\\,]\EK) (1.14)

x;,i€K jeg
u I'pomosoii — [letpocsaa [29]
PG o c
v(K) = me;”i(xme\K), (1.15)

x; jEN\
re Xx — HabOp CTpaTeruii UrpoKOB M3 Koamunuu K,
Xpmg — Ha0oOp CTpaTeruii UTPOKOB U3 aHTU-KOATUIIMH
MK, Bepxuauii uazekc NE wmm C o6o3Ha9aeT paBHO-
Becue Homa wim KooneparuBHOE PEIICHUE COOTBET-
CTBC€HHO. 33MCTI/IM, UTO IJid BCEX XapaKTCpHUCTUYC-
ckux pynknumit (1.13)—(1.15)

NM PZ PG _ C

v (N)=v (N)=v " (N)=sup ZMi(xl,..., x,)=u,
XXy €N
T. €. BBIUTPHII MAKCHMAJIBHON KOAIHULUK BCETAa COB-
MajaeT ¢ BRIMTPHIIIEM Iipu kooneparu (1.4). B xade-
CTBE pCILICHHS KOONEPATHBHOW WUTPHI YIOOHO B3SThH
BekTop Illerum, KOTOPBIN BCET1a CyIIECTBYET U €ANH-
ctBeH. Kommnonentsl Bektopa lllemm BbrYmMcisoTCs
o popmyie [30]
©,(v) =2 v, ()VE) - v(K\{i})]. ieN,

(n—K)(k —1)!
1K) =" k3 K[.nqN|. (4 1)

B cootserctBuu ¢ hopmysoit (1.16), gons urpoka
MIPU pacIpeeIeHuH KOOTIEPaTHBHOTO BBIMTPHIIIA CO-
riacHo BekTopy lllenu mokassiBaeT ero BKjIaj BO BCE
KOAQJIUIIMH C €r0 yYaCTHEM C YIETOM MX MOILTHOCTH.

1.2, CucteMmbl NpepnouTeHUN U MHAEKCI
cpaBHUTeNnbHOM 3thcheKTUBHOCTH

OdhekTHBHOCTh pa3UYHBIX CIIOCOOOB OpraHu3a-
MY aKTHUBHBIX areHTOB, METOJOB YIIPaBJICHUS U pac-
MIPEJICICHNs] KOOIIEPATUBHOTO BBIUTPHIIIA MPUHIIUAIIHN-
aTBbHO HEOOXOMMO CPaBHUBATH C JIBYX Pa3HbBIX MO3U-
IIHI: 0OIIECTBA B I[E€JIOM M OTAEILHEIX areHToB. IToka-
3aTeNs MU ISl CHCTEMBI OOIIECTBEHHBIX MPEIIOYTe-
HUH CIIy’)KaT BETMYHHBI CYMMapHOTO BhIMrphIma (1.3).
s ymoOcTBa cpaBHEHUS MPEAIIONOKHAM, YTO BCETAa
N={0,1,..., n}, npu 3TOM B CIy4dasx paBHOIPABHOTO
U KOOMNEPATUBHOI'O MOBEACHUS UTPOK ¢ HOMepoMm 0
HAYEM HE OTIMYACTCS OT OCTAIBHBIX HTPOKOB.

Bumrpsim o01mecTBa mpu paBHONIPABUU €CTh

NE _ .
u —?QJN%u(x), (1.17)

IIpu Koommepannn

u =maxu(x), (1.18)
xeX

IIpH yTIpaBieHn: 6e3 00paTHON CBA3U

u¥t =, (), (1.19)
ieN
IIPH YIPABICHUH C OOPATHOM CBSA3BIO
w = u (x5 (1.20)

ieN

Jns  BblUMCIeHUsT OOIIECTBEHHOI'O  BBIMIPBILIA
(1.19) moryt ucmonp3oBathes Kak omnpenenenue (1.5),
tak ¥ (1.6), a o Berumcnenus Beurpeima (1.20) —
kak (1.7), Tak u (1.8) B 3aBUCUMOCTH OT TOTO, KaKkue
CAENaHbl TPEOIOIOKEHUsT O OJlaroxenarenbHo-
CTH/HeONaroXenaTeJIbHOCTH areHToB. Takke B Kaue-
CTBE peIleHUs nepapxuieckoit urpsl BMecto ST Moxk-
HO Opath MHOxkectBo COMP Ha ocHOBe (opmyIbt
(1.11) wmm mHOXectBo IMP Ha ocHOBe (hopMyIsl
(1.12) nubo Mx aHAJIOTH MIPU yIpaBICHUH ¢ OOPATHOM
cBs3pE0 Ha ocHOBe (opmyn (1.7), (1.8) Bmecto IST.

COOTBGTCTBGHHO, IOJIyYUM O6H.I€CTB€HHBI€ BBIMI'PBI-

COMP MP ICOMP IMP
U U ,u o, u ,u .

CornacHo ompenencHuro (1.4), BBIUTPBINT 0OIIE-
CTBa TPH KOOIEPAllMK BCErla HEe MEHbBIIE, YeM IpH
T000M JpyroM crocode OpraHu3alii WA METOoJe
ynpasierus. s oneHku moteps (HeahPpeKTHBHOCTH
paBHOBECHI) MOXKHO HCIIOJIB30BaTh MHIEKCHI 0OIIe-
cTBeHHOU 3P PeKTUBHOCTH

uNE uST ST 4 COMP
NE ST IST COMP
K" =—F K" =—F, K" =—, K" =—F¢,
u u u
IMP ICOMP
mp _ U icomp _ U
K™ = —> K =—,
u u
e
IMP _
K =—. (1.21)

u

3ameuanue 4. lcnonb3oBanue wnHaekcoB (1.21)
IpEANoaraeT MOJIOKUTEILHOCTh BCEX BBIUTPHIIICH, 1
TOT/Ia 3HAYEHHsI BCEX Apo0ei He MPEBBIIAIOT CIUHU-
Iy. XOTs 3TO NPEAIOJIOKEHUE CUUTAETCS] CTaHAaAPT-
HBIM B Teopuu (He)d(PPeKTHBHOCTH paBHOBecHid [17,
c. 444], OHO OrpaHUYMBAET YHUBEPCAIBHOCThH MOAXO-
na. Ha camom pnene, Ans CpaBHHUTENBHOIO aHalM3a
3¢ ()EKTUBHOCTH MOXHO HCIIOJIb30BaTh HCXOHbBIC
3HadeHHs BeIUTpEIIe. MHaekcr (1.21) mator momor-
HUTEJbHYIO KOJIMYECTBEHHYIO XapaKTEPUCTHUKY B TEX
cllyyasix, KOrja 3To ya1o0Ho.

[NokazarensiMu JUIsi CHUCTEMBI HMHIMBHIYAIBHBIX
MPEANOYTEHHH areHToB i € N CIIy)KaT BEJTMYMHBL:
®  TIpU paBHOIPABUH —

NE _ -
U =minug,(x), (1.22)

T. €. 3Ha4YeHHE BBIMIPHIIIA MTPOKA B HAUXYIIIEM H3
paBHOBecid Homia (mpuHIMIIA ONTHMATBHOCTH JUIS
JAHHOTO CII0c00a OpraHu3aINN);
®  TIpU KOOTEpaIuH —

C u

u€ =— (1.23)
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6o 3Havenue Bextopa llemmm @, (v)ana oxHOM M3
xapaktepuctuueckux ¢yakmmid (1.13), (1.14) wmm
(1.15);

e  mpu uepapxuu 6e3 oGpaTHOI CBA3N U, ;

o IST
®  IIpU MEpapXuu ¢ OOPaTHOH CBA3BIO U; .

B xauectBe muHOxecTB ST mmm IST MoxHO Taxxke
Opatp ux aHanoru npu npunyxaeanu COMP, ICOMP
win nipu noOyxaenun IMP, IIMP. JIns 6onee neranb-
HOM KOJIMYECTBEHHOW CpaBHUTEIHLHON OIEHKH MOJXO-
JISIT HHIEKCH HHANBUAYATbHON 3 (EKTHBHOCTH

NE ST IST
KNE U KST = U; KT = u;
i - Cc i T Cc > i - c °
u; i u;
NM Pz PG
i i i
w D pz @ pg D
K = C K" = c K; T C >
u; u; u;
COMP MP ICOMP
K COMP _ u; KM u; KIcomP _ U;
i - c 2 - c ° i - C ’
l/ti I/tl- Ml-
P
IMP i .
K™ = —~,ieN. (1.24)

i

[lokazarenn OOIIECTBEHHONH W WHAWBHIYaIbHON
3G (PEKTUBHOCTH M COOTBETCTBYIOIIME HHAEKCHI CO-
OpanbI B Tab. 1.

YcnoBus KoopAWHAIWMK (YCTOWYMBOTO Pa3BUTHS)
UMEIOT BUJI

uelU*, (1.25)

rae U* — HeKoTopoe 3aJaHHOE MHOXKECTBO. OTH
YCIIOBUSL MOTYT JONOJIHATH JIOOYI0 M3 PacCMOTPEH-
HBIX MOJEIIEH.

2. METOAUKA CPABHUTENBHOIO AHANU3A
JOOEKTUBHOCTHU

CpaBHHTETBHBIN aHaTN3 3(PQPEKTUBHOCTH CIIOCO-
0OB OpraHm3alil AaKTUBHBIX AarcHTOB U METOOB
yhpaBieHUSs M pacHpeAeieHus] KOONEpaTHBHOTO BBI-
WTPHIIIA BKIFOYAET B ce0s CIIEAYIONINE ITATIBL.

1. BBecTH MHOXECTBO aKTHBHBIX areHTOB (HUTPO-
koB) N={0, 1,..., n}.

2. Ilpu paBHOTIpaBHM areHt ¢ HomMepoM 0 HE OTIIH-
4aeTcsl OT OCTANIbHBIX. [I0CTPOUTE Urpy B HOpMaIbHOU
dbopme (1.1). Halitn MHOXecTBO paBHOBecuii Hoaria
(1.2). Bbruucnute 3HayeHus mnokasarened (1.17) wu
(1.22).

3. Ilpu xoomepauuu areHT ¢ HomMepoM 0 Takxe He
OTJIMYAETCS OT OCTalbHbIX. HalTu pemieHue 3amauu
ontumu3anuu (1.4). BeraucauTs 3HaAYCHHS ITOKa3aTe-
neit (1.18) m (1.23).

4. Ilpu uepapxuu areHt ¢ HomepoM 0 BBITONHSAET
pons LlenTpa (Ha 5Ty poibh MOXKET MPETEeHI0BATh JIFO-
00l W3 WMCXOTHO PaBHOMPABHBIX HWTPOKOB). s pe-
[JIaMEHTa YIpaBiieHUs 0e3 oOpaTHOW CBSA3M BBIUKC-
JUTH 3HayeHus Beurpoimeit (1.5) u (1.6) u Haiftu co-
oTBeTCTBYyrOIMe MHOxecTBa ST. Beruucnute 3Haue-

T
Hus okazatens (1.19) u uis .

5. Jlns pernmameHTa ympaBieHHS ¢ OOpaTHOM CBA-
3bI0 BHIYMUCIUTH 3HaueHus (1.7) u (1.8) u HaiiTu coot-
BercTByrolKe MHOkecTBa IST. Bruucnuth 3HaueHUst

v IST
nokasareseil (1.20) u u,” .

Tabnuya 1

Moka3artenu u uHAeKcbl 06WeCTBeHHON U UHAUBUAYaNbHOWU 3thheKTUBHOCTH

PaBHompasue Koonepanus Uepapxus 6e3 Uepapxus ¢ obpaTHOH
00paTHOH CBSI3U CBSI3EI0
NE c ST  COMP  IMP IST  ICOMP  IIMP
Toxasarenm 5 u u- =v(N) u ,u U u,u U
00I1IeCTBEHHOM
3¢ EKTHBHOCTH
NE c WM 5PZ PG ST ~ COMP  IMP IST  ICOMP  IIMP
[Toxazarenu 5 u u , 07,07, D, u; ,u; U, u; U U,
WHIWBHAIYATBHON
s exTuBHOCTH,
ieN
Hnnexcel NE ST IST
ACKC . KNE = u KST u K'ST u
0O0IIeCTBEHHOM = =— =—
3 HeKTHBHOCTH u u u
Un €KChI NE NM ST IST
A . KNE U KM ® KST U; KST U
HHIWBUIYATBHOMN i = i T > i =T i T
u; ; u. Uu.
3¢ GEKTHBHOCTH, i i i
; Pz COMP ICOMP
ieN K D geome _ U glcomr _ Ui
i c i - MC s i - MC >
i i
PG MP MP
K PO o K U; K vP u;
i C i - C i - C
U, u
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6. Jlns periaMeHTa NPHHYXICHUS B HepapXuye-
ckoit urpe (1.9), (1.10) maittn maO)KecTBO COMP Co-
rnacHo (opmyse (1.11). Beraucants aHanoru nokasa-

o~ T
tenelt (1.19) n uls .
7. Ans pernamenTa noOyKAeHUS B HEPAPXUIESCKOM

urpe (1.9), (1.10) naiitu mMHOXectBo IMP cornacuo
dopmynie (1.12). BruucouTh aHanorm mnokazaTencit
(1.20)m " .

8. Ha ocnoBe urpel B HOpMaibHO# Qopme (1.1)
MOCTPOUTH UTPY B dopMe KKAOW M3 XapaKTEePHUCTH-
yeckux ¢yakmmi (1.13)—(1.15). Jnst aTux urp Beramc-
muth BekTop Lllernu (1.16).

9. Ha ocHOBe mepapXHuecKOl UTPhl C yIpaBJICHU-
€M TpH OTCYTCTBHM WM HaJWMYUH OOpaTHOW CBSI3H
MOCTPOUTH UTPY B opMe KKIOW M3 XapaKTEePUCTH-
yeckux (yakmuit (1.13)—(1.15). B atom ciaydae BO3-
MOXHBI TpPU Pa3IUYHBIX THUMA KOAIUIUHA: TOJIBKO
areHTsl; Tonbko LlenTp; LieHTp u X0Ts OBl OIWH areHT
(BKITIOYass MaKkCUMalIbHYIO Koanunuiwoo). [lns moctpo-
€HHBIX KOOTIEPAaTHUBHBIX WTP BEMUUCIHTH BekTop Llle-
i (1.16).

10. YyecTh AOMOITHUTENHLHO OTPAHUYCHUS BUAA
(1.25).

11. IocTpouTh cucTeMy OOIIECTBEHHBIX MPEIIIO-
YTeHHA WyTEM ymopsmoueHus mokasarenerd (1.17),

(1.19), (1.20), a TaKxKe BEITHINH

COMP IMP ICOMP 1IMP
u ,u ,u , U .

JlONOMHUTENBPHO OLEHUTh
norepu oT He3()(HEKTUBHOCTH PABHOBECHUH C IOMO-
b0 nHIekcoB (1.21).

12. TlocTpouTh CHUCTEMY HHIWBUAYAIbHBIX TPEH-
MOYTeHWH MyTéM ymnopsiioueHus mnokasareneit (1.22),
(1.23). lns Goee MeTanbHON ONEHKHA CPAaBHUTEIBHOM
3¢ (EeKTUBHOCTH UCTIONB30BaTh MHACKCHI (1.24).

3ameuanue 5. Pazymeercs, 4to B OOJBIIMHCTBE
CIIy4aeB PEHICHUS TEOPETHKO-MI'POBBIX 3a/1a4 KOH-
(IMKTHOTO yrpaBJIeHHsI MOTYT OBITh HAalJJEHbI TOJBKO
YHCIeHHO. Torza Npu CpPaBHEHUH HCIIONIB3YIOTCS
CpeIHME 3HA4YCHHUS BCEX BBEAECHHBIX IIOKa3aTelel Io
MHOXECTBY BBIYHCIUTENBHBIX OJKCIEPUMEHTOB JIJISI
Pa3INYHBIX HAOOPOB BXOJHBIX JaHHBIX.

3ameuanue 6. B 3aBUCHMOCTH OT MOCTAaHOBKH 3a-
Jaud W BO3MOXXHOCTEH HCCIIEIOBaHUS HEKOTOPBIE
3Tarbl MOTYT OBITH OMYIIEHBI.

3. MOAENKX ONUromnonnn KYPHO

B kauecTBe WIIIOCTPATUBHOIO IPUMEPA MPOBEAEM
CpaBHHUTENBHBIN aHAMH3 ((HEKTUBHOCTH HECKOJIBKUX
Mozenei onurononuu KypHo.

Ipumep 1. Onuromnonus KypHOo ¢ CUMMETpUYHBIMHU
arcHTamMu.

ITycte N ={l,..., n} — MHOXECTBO PaBHOIIPABHBIX CHM-

METPUYHBIX areHToB (pupm). st ciydasi HOCTOSIHHBIX 3a-
TpaT ¢ yu€TOM Hajlora MOJeNb UMEET BUJ

u,(x)=>1- p)[(D—)_c)x,. —cx, ] — max,
0<x,<l/nm ieN .
3neck x; — 00BEM BBITyCKa NPOAYKIMH I-H pupmbl; D
— 00BéM cmpoca; ¢— yhelbHbIE 3aTpaThl KaxJI0H (UPMBIL;
p €[0, 1] — dukcupoBanHas cTaBKa HAJIOTa; X =X, +...+ X,

. Honoxum mis onpenenéunoctu D=1, ¢ =1/n (B padote

[31] sTa mapameTpu3anus ucnoab3oBaHa st n =2 ). Toraa
-1 _
u;(x) =(1 —p)[n——x]xi — max,
n

0<x,<l/n,ieN.
O6o3naunm Takxke u(x) =u, (x)+...+u,(x) . Imeem
Ou, n-1

—=0=—--2x,— ) x,,ieN;
ox, n I ; !

3.1)

n—-1 .
2x[+2xj =——,ieN.
J#i n
3HauuT, B paBHOBecuH Homa

n-1 _ n-1
xiNszNEz XN = :
n(n+1) n+1

uNE = NE (1 —p)(n—1)2 : (3.2)

' n’(n+1)>°

PNE = (1-p)n— 1)2
n(n+1)*
Ilycts Tenepp areHThl U3 MHOKecTBa N BCTyHarwT B
Koomnepanuio. Moens IpuHIMaeT BUJ

ﬁ(x)z(l—p)(n—_l—)_cj)_c%max,
n

0<x <l/n,ieN.

OueBuaHO, 4TO B 3TOM ciiydae Vie N x; = x , OTKyJa
_ -1
() = (l—p>[”——nx]nx,
n

1 yCJIOBHE MaKCUMyMa MUMEET BH
ou
—=0=n-1-2nx,
ox
OTKyZa MOJIy4aloTCsl PelIeHne KOONEepaTUBHOM 3ajaud OI-
TUMH3AIMN ¥ 3HAYCHUS BBIUTPHIIICH
n-1 _. n-1
_xiC:_xC: 2;xC=—;
2n 2n
2
c_ c_U=p)n-D
U =u =———
4n
2
e _(=p)n-1)
an’
Hanee mycTs areHT ¢ HOMepoM | ctaHoButcs LleHTpowm,
NepBBIM BHIOMpPAET 3HAUEHHE X, U COOOIIAET €ro ocTajb-

>

HBIM arc¢HraM. Tor,ua 3aJja4ya KaXxXaoro m3 5THX ar¢HTOB Ta-
KOBa:
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-1 n
u,={1-p) n——x, —ij X, — max,
n j=2
0<x, <l/n, i=2,.,n
YcnaoBust MakcuMyma
ou, -1 &
6_? 0=n——x1 —2x,— Z X, i=2..,n,

Jj=2,j#i
JIAIOT ONTHMAabHBIA OTBET Kaxmoro areHra (mHAekc BR
obo3Havaet best response)

BR g N—l-nx .

x5t =x ,i=2,...n.
i n2
3anaua L{enTpa mprHUMAeET BUA
n—1 (n-1)(n—-1-nx,)
ul(xl)z(l—p)( —-x - 5 L |x, =
n n
l1-p
=7 (n—1-nx,)x, &> max, 0< x, <1/n.

VYcaoBus MakCHMyMa

0

Shoo= n—1-2nx

Ox

1
NPUBOAAT K paBHOBecHio IlITakensbepra

st _n—=1 g n-1

1 —;, X; :2_712’ i:2,..., n,
CYMMapHOMY BBIITYCKY X° = (n—lg(# 1 BBIMIPBILIAM
n
ST _ (1_P)(n_1)z .
w' =
4n
1- -1y
PRSI
n
o (=P —n+)
4n* ’

[peamnonoxum Terneps, uto LIeHTp — 3TO AOMOTHHUTEIb-
HbII areHT ¢ uHaekcoMm 0, KOTOPBIH caM HUYEro He MpPOU3-
BOJIUT, HO Ha3HAa4yaeT CTaBKy Hajora p. Toraa ero 3amauy
MO’KHO 3aITHCATh B BHJIE

n—1

", :(__)—C]xp_apz —max,0< p<1, (3.3)
n

rae a >0 — ko3¢ unueHT 3aTpaT Ha cOOp HAJIOTOB.

OnTuMaNbHbI OTBET areHTOB €CTh paBHOBecue Hoamia B
X urpe, kotopoe 3amaércs hopmynoit (3.2). 3amaua llen-
Tpa MPUHUMAET BUJL

2
Oz(n—l)2p—ap2—>max,OSpS1, 3.4
n(n+1)
st_ (=1’
OTKynma p° = 2(—1)2, a paBHoBecue lllTakennOepra
an(n +

(3mech paBHOBecHE TOOYK/ICHHs) €CTh

j— 2 j— pu—
sT=mp =| =D — Ll S
2an(n+1)" n(n+1)" nn+1)

Bemrpsimm Lentpa u areHToB 3a1at0tcst hopMysamMu

e (- ’[(n=1)* —an(n+1)’]
o 2an*(n+1)? ’

e D’[2an(n+1)* —(n-1)’] io

= s L,...,n;
! 2an*(n+1)*
™M — (n— 1)2 [2an(n+ 1)2 —(n— 1)2]
2an(n+1)* '

PaccMoTpuM  Temepp  9KOJOTWYECKOE OTPaHHUICHHUE
(ycmoBme yCTOMYMBOTO pa3BUTHS)
dx<P_, (3.5)
3a BBIIOJIHEHHE KOTOporo orsedaer LleHTp (T.e. 31O 10-
TIOJIHUTEJIBHOE OTpaHWYEHHE B €ro 3ajadye ONTHMHU3ALUU
(3.4)), tne d — xo3huLKCHT, XapaKTEPU3YIOIIHA OTHO-
mieHne 00bEMa BEIOPOCOB 3arps3HSIONINX BEIMIECTB K CyM-
MapHOMY BBIIIYCKY NpPOAYKUMH; P — IpelenasHo JoIy-
cTEMasi Benm4dmHa BbIOpocoB. Torma B paBHOBecwu Hoarma
9TO YCJIOBUE NPUHUMAET BH]

n _1 Pmax
wil d G0
a TIPU KOOTIEpaITHH
n-1 < L™ ) (3.7)
2n d

[pu Bemomnennn ycnoBuit (3.6) wm (3.7) coorBet-
CTBCHHO pAaBHOIPABHOC WM KOOIIEPATUBHOE TIIOBEICHUE
areHTOB COBMECTHMO C YCIOBUSAMH YCTOIUHUBOTO Pa3BUTHUS.

B npotusBHOM ciydae LleHTp MOKET UCNONB30BATh ME-
XaHU3M MOOYXJIEHNUsI PaBHONPABHBIX areHTOB K YCTOWYH-
BOMY Pa3BUTHIO BUJIA

Tox <
=17 dn
p , AHAye.

Jdnst uccnenoBaHMs pachpezesieHUs KOONEepaTUBHOTO
BBIUTPBIIA [OCTPOUM  CHa4aja XapaKTepHUCTHUYECKYIO
¢yaxumio pon Heiimana — MoprenmrepHa (1.13). OgeBun-
HO, 4TO A71s mo0o# koanuuun K nmeem x; =1/n, i e N\K.

Torna

VW () =(l—p)max(n—_l—n—_1—xijxi =0,ieN:
X n n

vNM(K)z(l—p)m_ax(n—_l—n_k—)?K])_CK, k< K].
e n n

K

ITockonbky, OYEBHIHO, VieKx =x, TO
vVIMEK)=k(1- p)max(ﬂ—kx)x .
X n
k-1 .
Ycnosue MakCUMyMa —=2kx=0 Jaét
n
2kn 2n

OTKYJla OKOHYATCJIbHO
k-1 k(k-1)\k-1
vNM(K)=k<1—p>[ - K )j -

(k=1
1- .
2kn (=p)
COOTBETCTBEHHO,

2kn 4n*

) (1—12(3—1)2 o

[To onpenenennio xapakrepucrnueckas ¢pyHkus [ler-
pocsina — 3akkypa (1.14) 3zecs coBnagaer ¢ Gpynkuueid pon
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Heiimana — Moprenwmrepsna. [Toctpoum xapakrepuctuye-
ckyro pynkmuro ['pomosoii — [etpocsna (1.15):

VGP(Z,):(1_p)(n—1_n—1_n—1jn—l _

n n 2n* ) 2n*
e
4n
Py 1 n-1 n—k k(n-1) k(n—1)=
v (K)=(1 m(n Mz) o
—(-p) k(n—l)(l;n:2n+k);
n
VGP(N):(I_P)(’Z_D —ic.
4n

B cmry cumMmeTpun KOONEpaTHBHBIX MTP AJSI BCEX Xa-
paKTepUCTHIECKUX (PyHKINH

O™ — PFZ=pP — (1-p)n-1y . (1-p)n-1)’ .
4n’ 4n’

O4eBUIHO, YTO B MOJENSAX C CHMMETPUYHBIMHU areHTa-
MU JJI1 PaBHOMPABUS U KOOMEpaluu OOIIeCTBEHHbIE U WH-
IUBHIyalibHBIC TPEAMIOYTCHHUS COBIAJAIOT, a pacIpemelie-
HUS KOOTIEPATHBHOTO BEIMTPHIIIA cOrfiacHO BekTopy Lllermm
BCerJa OJUHAKOBHI JJISI BCEX XapaKTEPUCTHUCCKUX (YHK-
LIUH.

3ameTnm, qTO0 B

(o ST ST
u =u >u; ,i=2,..,n. Takum oOpaszoMm, Koomepauus

paccMOTpeHHOH MOJICTIH

CTpOT0 BBITOJIHEE UEPAPXUU /ISl BCEX areHToB, Kpome Llen-
Tpa, KOTopoMy Bc€ paBHo. [Ipu aToM

Ec_ﬁm::a—an—D(n_l_nz—n+1j
an’ n’
_(=p)n-1)
4n*
T. €. I 06H.[CCTBa B [EJIOM KooIepanus CTPOIro BbITOJHEE
nepapxun. 3HaUYeHUS] UHIEKCOB

(n*(n—2)+n-1)>0,

e 4n ST_nz—n+l
(n+1)* no
MOKA3bIBAIOT, YTO C POCTOM YHCJIA areHTOB BBITOJHOCTD
KOOTIEPALMH 110 CPABHEHHIO C PaBHOINPABHEM W MEpapxuei
YBEJIMYUBACTCS.
IIpumep 2. Hyomonus KypHO ¢ HECHMMETPUIHBIMH
areHTaMH.
Monenb umeeT BUj,
u, =(1-p)1l-c, —x —x,)x, > max,
0<x <12, i=12.

Teneps no cpaprenuto ¢ Gopmyinoii (3.1) ¢, €(0, 1/2) —

n*(n—1) noe

3arpathl i-if pupmbl. [Ipy paBHOIIPAaBHOM MOBEAECHUH areH-
TOB paBHOBecue Halta HaxoauTCs Kak peleHue CUCTEMBI

ou.
i:O,i:1,2,0T1<y)1a
xi
X =(+c,=2¢)3, i, j=1,2;
" =2-c¢-c,)/3, (3.8)

a BBH/IFpBH_HI/I paBHI:-I
u® =(1-p)l+ec,—2¢)1 /9,i=12;

u™ =(1- p)2—2¢,—2c, +5¢ +5¢; —8¢,¢,)/9.

Koonepaiiusi areHTOB MPUBOIUT K 3a/1a4€ ONTUMH3ALUH
u=(1-pld-x)x—-cx —c,x,] > max,
0<x <12, i=12
Cucrema du/ox, =0, i =1, 2—o, IPUBOIUTCS K BHILY
x+x,=(1-¢)/2,
{xl +x,=(1-c¢,)/2,
T. €. IPH CIeIaHHOM IIPE/IONIOKEHUH ¢, # ¢, OHA HE HMeeT
pelieHuid. 3HaueHUs] CyMMapHOW (YHKIMH BBIUTPBINIA HA
rpanuie o0JacTH JOMYCTUMBIX YIIPABICHHUIA PaBHbBI
u(0,0)=0; u(1/2,1/2)=—1- p)(c, +¢,) <0;
u(1/2, 0=(1- p)1/4—c,/2);
u(0, 172)y=(1- p)(1/4—c, /2).
Takum 00pa3om, pelieHHEe KOONEPATUBHOM 3agadu U
COOTBETCTBYIOIIUE BHIMTPHIIIN TAKOBBI:

(1/2,0), ¢, <c, = u =(1-p)(1-2¢)/4,
u’ =(1-p)1-2¢)8,i=1,2;
0,1/2), ¢, >c, = u =(1-p)1-2c,)/4,
u’ =(1-p)(1-2¢,)/8, i=1,2.
B 06onx cimydasx cyMMapHBIi KOOTIEpaTHBHBIN BBITYCK
x¢=1/2.
[Hanee mycth areHT ¢ HomepoMm 1 cranoButcs LleHTpoM,
HepBBIM BBIOMPAET 3HAYEHHE X, M COOOIIAET €ro BTOPOMY

)CC

areHTy. AHAJIOTHYHO TMPEABIAYIIEMY pa3ieidy MoJydaeM
pasHoBecue IllTakensbepra B Bujie

X =(1-2¢,+¢,)/2; x5 =(1+2¢,—3c,)/4.
[1pu 3TOM CyMMapHBIil BBIITYCK ¥ BBIUTPBIIIN PABHBI
T =(3-2¢,-¢,)/4;
' =(1-p)1-2c +c,)/8;
uy" =(1-p)(1+2¢,—3c,)/16;
" =(1-p)3—4c, —2c, +12¢] —20c,c, +11c;)/16.
IIpeanonoxum Tenepp, uto LIeHTp — 3TO AOMOJIHUTENb-

HBIN are’T ¢ uHaekcoM 0, KOTOpBI caM HUYEro He MPOU3-
BOJMT, HO Ha3HAuUaeT cTaBKy Hanora p. Toraa ero 3amaugy

10 aHAJOTHH ¢ GOopMYIoii (3.3) MOXKHO 3amHCcaTh B BUIC
—_= 2
uy=(1-c,—c,—X)xp—ap” > max,0< p<I.
OnTuMaNbHBI OTBET areHToB Ha cTpateruio Llentpa p

ectb paBHoBecue Homa B ux wrpe (3.8). AHamoru4so
TIPEABIIYIIEMY pa3iesly IoJIydaeM CTPaTeruio nooyXIeHUs
HenTpa

MP _ (1-2¢,—2¢,)(2—¢, —¢,)
p =
18a

IMP
u paBHoBecue nodyxaenus IMP = (p

, xlNE, x;lE )
Hakonern, paccMOTPUM 3KOJIOTHYECKOE OTpaHUYCHHE
(ycnoBue yctoitunBoro passutus) (3.5). Torma B paBHOBe-
cun Hama 310 ycnoBre MpUHUMAET BHT
d(2-c —c,)<3P_,,
a TPH KOOTIEPaLuu
d<2P

max *

[Moctpoenne wurpel B ¢GopMe XapaKTepHUCTHYECKOM

NMPOBNEMbI YITPABNEHUA Ne 3 e 2022
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3AKNIOYEHUE

OueBumHBIA OOMUI pPE3yIbTaT 3aKIIOYACTCS B
TOM, YTO B JIETEPMHHUPOBAHHBIX MOJEIAX AJS 00mIe-
CTBa B IIEJIOM KOOIIEpaLsl OKa3bIBACTCS HE XyXKe, YeM
0001 IpyToit crioco® opraHU3aIy B3auMOIEHCTBHUS
AKTUBHBIX areHTOB, ITOCKOJIbKY OHA MPUBOIUT K HEOT-
pHULaTeNsHOMY KoomepatuBHOMY 3ddekry. Bo3nuka-
IOIME TIPH OTKa3e OT COTPYJHUYECTBA KOJJIEKTUBHBIC
HOTEPH MOXKHO OIIEHHTH C MOMOIIBIO PA3IMYHBIX HH-
JeKcoB (kiaccuyeckas mpoOieMa Hed(pPEeKTHBHOCTH
paBHOBECHH).

OnHako Al OTAENBHBIX areHTOB BIIOJTHE MOXET
0Ka3aTbCsl BBITOJIHEE 3aXBAaTHThH JIMAEPCTBO WIIM IPO-
CTO COXPaHSATh HE3aBUCHUMOCTh. HeoueBHIHBI U mpa-
BUJIA pacIpe/ieieHuss KOOIEPAaTHBHOTO BBIMIPHIIIA
Mexay arenTamu. [loaTroMy Hapsgy ¢ oOIIeCTBEHHBI-
MU HY)KHO YYHTBIBaTh WHAMBUAyalIbHBIE MPEINOYTe-
HUS, KOTOPBIE K TOMY e B OOIIeM ciydae HEoAHWHa-
KOBBI JIUISI Pa3HBIX areHTOB. 31€Ch TAKKE MOXKHO HC-
MOJIb30BaTh HMHACKCH CPaBHUTENBHON 3((EeKTHBHO-
CTH.

Jlaxxe B 10CTaTOYHO MPOCTHIX MOJIEIISIX BBIYHCIUTD
BBIUTPBILIA OTACIBHBIX areHTOB W OOIIECTBa B LIEJIOM
Y TIPOBECTH UX aHATUTHYECKOE CpaBHEHUE Helerko. B
HACTOSIIEH paboTe MOIy4eHbl IPOCTHIE HILTIOCTPALIIH
NPEUTOKCHHOW METOJUKH CPaBHHUTEIBHOTO aHAIN3a
JUISL CiTydasi CAMMETPUYHBIX areHToB. B panbHelniem
IPEIONIaraeTcsi BBINOJIHUTH YHCIEHHOE HCCIeN0Ba-
HUE CPaBHUTENBHON A(PPEKTUBHOCTH CIIOCOOOB Opra-
HU3AIUH, METOJOB YIPABJICHUS U pacTpe/ieieHus Ko-
OTEPATUBHOTO BBIMTPHIMIA IS Psifia CTATUYECKUX H
JMHAMUYECKUX MoJieneid onuromnonun KypHo.
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AN APPROACH TO COMPARE ORGANIZATION MODES OF ACTIVE AGENTS
AND CONTROL METHODS

G.A. Ougolnitsky

Southern Federal University, Rostov-on-Don, Russia

>4 gaugolnickiy@sfedu.ru

Abstract. When interacting, active agents can behave independently, cooperate, or have hierar-
chical relations. In turn, a hierarchical impact may be exerted by administrative or economic
methods with or without feedback. These organizational modes and control methods are sys-
tematically described based on game-theoretic models with different information structures
without uncertainty. It seems crucial to compare the payoffs of separate agents quantitatively
with social welfare under the organization modes and control methods. A methodology is pro-
posed to build the systems of social and individual preferences in normal form games and de-
termine shares when allocating the cooperative payoff. A system of relative efficiency indices is
developed for detailed quantitative assessment. This methodology is illustrated by several

Cournot oligopoly models.

Keywords: inefficient equilibria, control and resource allocation methods, organization modes for active

agents.
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WCCNEQOBAHUE METOAOB AYTEHTUOHUKALIUK ONEPATOPOB

B MPOMBILUNEHHBIX CHCTEMAX YNPABNEHHS'

B.I". MNMpomeicnios, K.B. CemeHkoB, H.3. MeHrasetanHos

AHHoTanusi. PaccmarpuBaercst mpobieMa ayTeHTH(HUKaIWU ONEpaTopoB B aBTOMATH3MPOBAH-
HBIX CHCTE€Max ymnpaBieHus TexHosorudeckumu nponeccamu (ACY TII) mpoMBIIUIeHHBIMA 00b-
eKTaMH KpUTHYECKON MH(pOpMaoHHOW HHGpacTpykTypsl Ha npuMmepe ACY TII aToMHBIX dJek-
tpoctaniuii (ADC). IIpoBeaeH 0030p MPUMEHSICMBIX B HWHGOPMAIMOHHBIX CHCTEMaX OOIIEro
Ha3HAYEHUsI METOJIOB ayTeHTU(HUKALUH — MapOJIbHOTO, TOKEHA U OMOMETPUYECKUX — U aHaIHU3H-
pyeTcsl X IPUMEHUMOCTS I TUIIOBBIX YCIOBHUM pa®oTh! onepatopa ACY TII. Ananus Bkiroua-
€T KaK JKCIEPHMEHTAIbHOE TECTHPOBAHUE MApOJLHOTO M OMOMETPUYECKOTO METOIOB ayTEeHTH-
(UKanuK, TaK ¥ SKCHEPTHYIO OLEHKY NMPENMYIIECTB M HEOCTATKOB METOJI0B ayTeHTH(HUKAIIN B
ACY TII. B xone TecTupoBaHHs BCE UCCIEAYEMbIE METOABI MOKA3aJIM HECKOJIBKO XY/IINE 3HaUe-
HUSI OIIMOOK IIEPBOTO POJA IO CPAaBHEHHUIO C XapaKTEPUCTHKAMH, M3BECTHBIMH M3 JOCTYITHBIX
WCTOYHHMKOB. Hawrydmmme pesynbTaTel IOKa3al METOJ] OMOMETPUYECKOH ayTeHTH(UKAruu Io
oBaiy Jmna. OQHAKO U UL HETO IPOLCHT OMNOOK IEPBOT0 poja 3HAYUTEIICH, YTO MOXKET ITOBIIHU-
SATh Ha JOCTYHNHOCTh ()YHKIIMH YIPaBJICHUS AJIS JISTHTHMHOTO Tousib30Batens. CrenaH BBIBOJ, O
nepcrextiuBHocTH peannzanun B ACY TII mHorodakTopHoli ayTeHTH(UKAIIMK Ha OCHOBE TOKEHA
WJIN TIapOJIbHOM 3alIMThl B Ka4eCTBE OJIOKMPYIOIIETO METOJa ayTeHTU(GHUKALUH C JTOMOTHUTEIb-
HBIM OMOMETPUYECKUM METO/IOM ayTeHTU(PHKAIMK MO OBATY JIMIA C HEOJOKUPYIOIEH MOJIUTHU-

KOI 0€30IMacHOCTH.

KioueBsle cjioBa: ayTeHTU(DHKALNS, OMOMETpHs, TOKeH, mapois, ACY TII, omepaTop.

BBEIEHUE

sl cCOBpEMEHHBIX TNPOU3BOACTB, B TOM YHCIIE
OIIACHBIX, HANIPUMEpP, aTOMHBIX CTaHLIMN, TPAHCIIOPTa,
MPEANPUATANA XUMHUYECKON TPOMBINUIEHHOCTH U T. 1.,
XapakTepHa 3aBHCHMOCTh OT IU(POBBIX aBTOMATH3H-
POBAaHHBIX CHCTEM yIpaBleHHA. B KOHType ympasie-
HUS TAKUX CHCTEM Yallle BCETO MPHUCYTCTBYET YEIOBEK
(omepatop), KOTOPBIN BO3ACHCTBYET Kak Ha caM 00b-
€KT yNPaBJIECHHS, TAK U Ha CUCTEMY YIIPaBICHHS YeEpPE3
KOMIIBIOTEPHI, BXoasamue B coctaB ACY TIIL

B mpowmpInmieHHBIX cucTeMax MpH PEIIeHUH 3afa-
YU JIOMYyCKa JOBEPEHHOTO OIlepaTropa K YIpaBIECHHIO
TEXHOJIOTHYECKHMM OOBEKTOM BO3HHMKAIOT BOIIPOCHI
ayreHTuuKanuu. B gactHOCTH, 3a/mavy ayTeHTH(U-
Kallii HeOOXOMMO peliaTh PU HaJIEIEHUH OTepaTo-
pa IpaBaMU Ha BBIITOJIHEHUE OINPEIEIICHHBIX NEHCTBUI
¢ OOBEKTOM YNpaBJIEHHUS, YTO B HMH(OPMALMOHHBIX
TEXHOJOTHSIX TPHUHATO Ha3bIBaTh aBTOPHU3AIHEH.
AyTeHTH(UKALMIO MOKHO ONPEIETTUTD KaK «ICHCTBHS

' Uccnenopanme (m. 2.3-2.5) BBIIOTHEHO TPH YACTHUHON (PHHAHCOBOI
nozyep>xke PO®U B pamkax HayuHoro npoekrta Ne 19-29-06044.

10 MPOBEPKE MOMJIMHHOCTH CYyOBEKTa JOCTyNa H/Wiu
00BEKTa JAOCTYIMA, a TakkKe M0 MPOBEPKE MPHHAIIICK-
HOCTH CyOBEKTy HOCTyna W/ OOBEKTy IocCTyma
NPEABSIBICHHOTO UICHTU(HKATOpA AOCTyNa U ayTeH-
TUPHUKAIMOHHOW nHpopMarmm» [1].

AyTeHTHOUIMPYIONHMH CYOBEKT BBIIOJIHSAET IPO-
BEPKYy, COIOCTaBIIsisi HEKOTOPBIA HICHTU(UKATOP
JUYHOCTH — HANpUMep, OOIIUI CEeKPEeT, KOTOPhI ObLT
3apaHee OTOBOPEH BO BpEMsl PETHUCTpAlHU IMOJb30Ba-
TeJIs. DTO MOXKET OCYLIECTBIIATHCS C LENbIO CO3JaHuUs
JIOBEPEHHBIX KOMMYHHKAIIUA MEXIY CTOPOHAMH WIIU
JUTSL HaJIeTIeHUs TIpaBaMU JIOCTYIa K KOMMYHHKAIIMOH-
HBIM U BBIYMCIIUTEIBHBIM PECypcaM CHUCTEMBI B XOJ€
aBTOPU3ALIUH.

HeaBTopu3oBaHHbIE ACHCTBUS OIEPATOpPa MOTYT
HE TOJIbKO K HapyIIUTh OCHOBHBIE CBOMCTBa WH(pOP-
MallMOHHOM 0e30MacHOCTH  (IIeTTOCTHOCTh, JOCTYII-
HOCTh M KOH(UWJICHIMAIBHOCT), HO HAHECTH IKOHO-
MUYecKuil ymepd mim Bpen 310poBbi0 moneil. Jlo-
MOJTHUTEJIHO CYLIECTBYET NMpoOiieMa OTCIIEKHBAHUS
pelIeHuid 10 YNpaBiIeHUI0 00BEKTOM, T. €. obecreue-
HUE HEOTKAa3yeMOCTH OT COBEPIICHHBIX paHee Jeii-
cTBUi. B menom nanHble mpoGiieMbl BBIHYKIAIOT HC-
MoJIb30BaTh Oosee (hopMalbHBIE METOIBI ayTeHTH(H-
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Kalliu JTa)ke B PYTUHHBIX OINEpaNnix B MH(PPOBHIX CH-
CTeMax yIpaBIICHUSI.

Pemenne 3amaum ayTeHTH(HKALUU ONEPaTOpOB
ACY TII kputHyeckux OOBEKTOB MMEET OCOOCHHO-
CTH, CBS3aHHBIC KaK ¢ OOBEKTOM YIpaBlIeHHS, TaK U C
MTOJINTHKOM WH(OPMAIMOHHO# 6e3omacHocTH [2]. 31O
otnu4yaeT ayreHTH(UKauio oneparopoB ACY TII ot
ayTeHTU(HUKAUN B WHPOPMAIIMOHHBIX CHCTEMaX 00-
mero monp3oBaHus. [lepedncnnM OCHOBHBIE U3 3THX
OCOOEHHOCTEH:

® HaIWYHE KOHTPOIHPYEMOH (PU3NIECKON 30HBI
0e301macHOCTH TS AOCTYIA Ha OOBEKT CHIDKAET yrpo-
3y €O CTOpPOHBI BHEIIHEr0 HapyIIUTENss B 3ajade
ayTeHTU(UKAIMY IEPCOHANA; OJJHAKO 3TO HE yCTpaHsi-
€T OIACHOCTh, CBA3aHHYIO C JICUCTBUSIMU BHYTPEHHETO
HapyLIUTENs], KOTJa YEJIOBEK, AOIYIIECHHBIA B 30HY
0€30MacHOCTH, HO HE UMEIOIIHI MOJIHOMOYMIA OTepa-
TOpa, MBITAETCSA MOJIYYHTh JOCTYI K (PYHKIUSM OIle-
PaTOPCKOTO yIPaBICHHUS;

® [IPUOPUTET IOCTYIHOCTH HAJ JAPYTHMMH CBOK-
cTBaMHU MH()OPMAIMOHHON 0€30MacHOCTH MPHUBOIUT K
TOMY, YTO B 3a/lade ayTeHTU(HUKAIINU CTABATCS KECT-
KM€ OrpaHMYeHUS Ha JTUTENFHOCTH MpoIecca ayTeH-
TH(UKANAN ¥ HA BEPOSITHOCTH OIIMOKU TIEPBOTO poja
(ommO0YHOM HEraTUBHOM ayTeHTU(UKAIINU 00bEKTa);

e B pabore omeparopa MOTYT BO3HHUKHYTH
CTPECCOBBIE CHTyaluu (HampuMep, TeXHOTEHHas aBa-
pusi), OTYETO YEIOBEK MOXKET 3a0bITh OYEBUIHBIE BE-
M, Y HETO MOTYT MOMEHSTHCS (QYHKIHMOHAIbHBIE M
BHEIIIHUE XapaKTEepUCTUKU (3aJpOXKaTh PYKH, H3Me-
HUTBCS TEMOD T0JI0Ca, OH MOXKET BCIIOTETh U T. JI.);

® 13-32 U3MEHEHWI BHEIIHEW cpeibl MOTYT TIO-
SIBUTBCS IIOMEXHU aYTeHTI/I(i)I/IKaHI/II/I; ImoMexa — 9TO HE-
KOTOpO€ HM3MEHEHHE BHEIIHEH Ccpejbl, KOTOpoe He
NPUBOJUT K Pa3pylIeHHIO 00bEKTa U HEMEIJICHHOMY
orkasy ¢ynkiuii B ACY TII niu Ha camMmoM 00BeKTe,
HO BBI3BIBaeT HEYNMOOCTBO UIsl omepaTopa, HallpuMep,
YaCTHYHBIA BBIXOJ] M3 CTPOS CUCTEMBI OCBEIICHUS,
3a/lbIMIICHUE, CpadaThIBaHUE CHUCTEMBI MOXKApPOTYIIe-
HUSI, 3eMJICTPSICEHHE U T. 1.

3amaun ayTeHTU(UKAUU IS TTPOMBIIUICHHBIX
CHCTEM, KaK M IJIdA OOBIYHBIX I/IH(i)OpMaIH/IOHHI)IX CH-
CTEeM, BKJIFOUAIOT B ce0s M ayTeHTH(UKAIIUIO OTepaTo-
pa (momp3oBarens) Ha KommbloTepe (UIM(POBOM
YCTpOMCTBE), U ayTEeHTU(UKAINIO CaMHUX KOMITbIOTE-
poB. J{1s1 nHPOPMAITMOHHBIX CUCTEM OOIIETO MOJb30-
BaHM 3a/a4a ayTeHTU(UKAIMHA MEXIY KOMIbIOTEpa-
MU XOpoIIo npopadoTaHa [3, 4], HO JUIsl TPOMBIIIICH-
HBIX CHCTEM, I'Jie TPUMEHSIOTCS KOHTPOJIEPH! U MPO-
MBILIIJICHHBIE KOMIIBIOTEPBI, YacTO HCIHOJb3YIOTCS
IPOTOKOJIBI €O ca0bIMU MEXaHMU3MaMHU ayTeHTH(UKa-
LUK WK Jake BooOIe 0e3 ayreHTHduKaimu. OaHaKo

mpobiieMa obecriedeHnsl HaIeKHONW ayTeHTU(UKAIIIU
«KOMIIBIOTEP — KOMIBIOTEP» B NPOMBILIUIEHHBIX CHU-
CTeMax SIBJIAETCS CKopee Mpo0sieMol KOHKPETHBIX pe-
AIM3aIHiA, YeM HayYHOT'O HCCIICAOBAHHUS.

[IpoTokoibl, UCTIONB3yEMbIE I 3a[a4d ayTeHTH-
¢uKkanuM noJbp30BaTeNeH, Topazqo0 MeHee 0e30MmacHHbl,
4eM MPOTOKOJBI ayTeHTU(PHKALNN MEXAY KOMIIBIOTE-
pam, Tak Kak UMEIOT JIENO C JIOABMHU M UX JIMMHUTH-
POBaHHBIMH BO3MOXKHOCTAMH H ciaboctsmu [5]. B
obnactn WH()OPMAITMOHHOW OE30MaCHOCTH JIOAW Ya-
CTO SIBJISIFOTCS C1a0BIM 3B€HOM B 3allINTE.

Lenpro HacTosimel paboOTHl SABISETCS BHIOOp W
000CHOBaHNE METOOB M MPOTOKOJIA Ay TEHTH(UKAIIIH
AJI1 TpUMCHCHHUA WX B 3a1a4e ayTCHTI/I(bI/IKaHI/II/I OI1e-
patopoB ACY TII. B pabote aHaIW3UPYIOTCS OCHOB-
HbIC MCTOJbI X MPOTOKOJIbI aYTCHTI/I(bI/IKaHI/II/I I1OJIB30-
BaTejell u MMPOBOJUTCA HX IJKCICPUMCHTAIBLHOC TC-
CTHPOBaHKE U aHAIIM3 C y4EeTOM OcOOEHHOCTEH (PyHK-
LUOHUPOBAHUS IPOMBIIUICHHBIX O0BEKTOB M UCIOJb-
3yeMbIX MOJUTHK UH(POpMaAMOHHON Oe3omacHOCTH. B
KayecTBe MPUMEPa MPOMBILIUIEHHOH CHUCTEMBI YIIPaB-
JIeHUs Ui MCClIeA0BaHMK BbIOpaHa pa3paboTaHHas B
HUITY PAH cuctema Bepxnero 6iounoro yposas ACY
TIT ADC [6].

[Ipu npoBeneHHH 3KCTIEPUMEHTANBHBIX HCCIIEH0-
BaHU MPEIoIarajJoch, YTO YCIOBUS paboTHI omnepa-
TOpa Ha OOBEKTE U CTENICHb BO3ACUCTBHS (PH3MUECKUX
noJici Ha Jitojiel ¥ 000pyIoBaHKHEe OJIM3KU K HOPMaJlb-
HOI oducHO# cpene. JlaHHOE TpEANONIOKEHHUE IS
YaCTH MPOMBILIIICHHBIX 00BEKTOB MOXKET HapyIIaThes,
HO y4eT 3THUX ()aKTOpPOB JIEKHT 32 paMKaMH JaHHON
paboTHL

1. MPOTOKOJIbI U METOAbI
AYTEHTUOUKALIAW B ACY TN

PaccMoTpuM OCHOBHBIE METONBI ayTeHTH(PUKAIIUH
NoJIb30BaTeNe U cpaBHUM HX SPPEKTUBHOCTH C TOY-
KM 3peHus npumeHnMoctH uig ACY TILL

MeToabl ayTeHTH(UKALUK [TOJIB30BATEICH MOXKHO
pa3AenuTh Ha KJIAacChl, OCHOBBIBASICH Ha TPEX OCHOB-
HBIX Bompocax [7]:

— Yo BbI 3HaeTE?

—Yto y Bac ecTp?

— Kt0 BBI?

Yacto Tpu Mmerona ayTeHTU(HUKAIMU aCCOLHMUPY-
IOTCSl C UX XapaKTepHBIMH IPEICTABUTEIIIMHU: Hapo-
JeM, TOKEHOM M OuomeTpudeckuM mnpusHakom. [lo-
3TOMY, OIUCHIBas KaXIbIM M3 METOAOB, MBI Oynem
MPUBOJIUTH CCHUIKY Ha WX KOHKPETHBIE peasu3allu.
Bo Bcex ciydasx 00beKTOM ayTeHTH(UKAIMH SBIISET-
Cs1 YEIIOBEK.
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1.1. NaponbHbie MeTOAbI ayTeHTUUKALMK

ITaposb — 3TO CEKpeTHOE CIIOBO, KOTOpPOE 3HACT
TOJIB30BATENb 1, BO3MOYKHO, KOMITBIOTEP, HA KOTOPOM
MOJIE30BATENb ayTeHTU(DUIIUPYETCSI. DTO CIIOBO CBSI3a-
HO C KJIFOYOM, IT0 KOTOPOMY MPOUCXOIUT ayTeHTU(H-
Kanus. B Teopun maposibHBIN METO]] ay TEHTHU(UKAIIH
MOXET OBITh BEChMa CTOWKHMM: HANpPUMEp, B Clydac
MPUMEHEHUS] PACIIUPEHHOTO CTaHJapTa MIH(PPOBAHHUS
[8] MakcumanbHas JUIMHA KII04Ya COCTaBiseT 256 OuT,
1 9TOOBI yragath K04, 3I0YMBIIUIEHHUKY B CPETHEM

norpebyercs Gonee 10’° mOMBITOK, 4TO 3afiMeT cirwII-
KOM MHOTO BpEeMEHH U ceidac, 1 B 0003puMoM Oymy-
nieM. B ciiyyae HemocpeaCTBEHHOM 3aBUCUMOCTH Ma-
PO ¥ KITt0Ya, UCTIONB3yeMOTO AJIs ayTeHTU(hUKAIINY,
JUTsE oOecTiedeHrsi BBICOKOW CTOMKOCTH KJF04a HE0O0-
XOJIUM TIapOoJib CPaBHUMOH JJIMHBI, & TaKOE KOJIHYe-
CTBO CHMBOJIOB CJIMIIKOM BEJHMKO JUIsl 3alIOMHUHAHHS
4yenoBeKoM. [103TOMy Ha MpaKTHKE STOT KIIOY Xpa-
HUTCS, HaNpuMep, B (aiine, 3amuiieHHoM OoJjee 3a-
MOMHHAIOIMUMCS (TO ecTh KOpoTkmM) mapoiieM. Oc-
HOBHAs YS3BHMOCTH TApPOJNBHOW 3allUTHl COCTOWT B
TOM, YTO 3alTOMHHAIOIIUICS TTAPOJIb MOXET OBITh yra-
JIlaH WM Hai/leH 3JI0YMBIIUIEHHUKOM [5, 9], a mimH-
HBIM, CIIy4yalHbIH, MEHSAIOUIMICA NapoJib TPYAHO 3a-
MMOMHUTB, M TOTJIa €r0 MOI'YT 3alliCaTh M XPaHUTh B
oTkpbITOM Buae. Cuntaercs [10, 11], uto oxono 20 %
MOJIb30BaTEIICH U3 BCEX BO3BMOXKHBIX COUYCTAHUH mapo-
Jei WCIoNb3yloT He Oojee mATH Thicsd. CrnemoBa-
TEBHO, MPOCTPAHCTBO TOWCKA JJIS B3JIOMAa CHUCTEMBI
CHW)KAETCS, W 3JIOYMBIIUIEHHHK YacTO MOXET cocpe-
JIOTOYUTHCS Ha STUX TSATH ThICAYaX COYETAHUU.

HenocraTkoB mapoipHOro MeTona ayTeHTU(HKa-
UM MOXHO u30eXKaTh, HUCIOJb3Ys] METOAbI HHBIX
KJIACCOB, B COOTBETCTBHHM C KOTOPHIM B IIpoliecce
ayTeHTU(UKAIIUN YESJIOBEK CTAHOBUTCS HE CYOBEKTOM,
a 00beKTOM. JTO METOJIbl Ha OCHOBE TOKCHOB U OHO-
METPUYECKUE METOIBL.

1.2. Metopbl ayTeHTMhMKALMUM C NPUMEHEHHEM
TOKEHOB

Tokern — 3T0 (U3MUYECKOE YCTPOWCTBO, KOTOPOE
BBITIOJIHACT WKW IOMOTacT IIPOBECTHU ayTeHTI/Iq)I/IKa-
OUIO. Taxxe »TOT TECPMUH MOXKET OTHOCHUTHLCA U K
MPOrPaMMHBIM TOKEHaM, KOTOPBIC BBIIAIOTCS MOJIb30-
BATEJI0 TMOCJC YCICUIHON aBTOPU3AIMKM W SIBIISIOTCS
KITIOYOM ISl JIOCTyma K ciyx0aM. TOKEHbI MOTYT
OBITh KaK MACCUBHBIMHU, TaK U aKTHUBHBIMHU (HAIIPUMED,
MPEIOCTABIISMIOMMMYE  OAHOPA30BBIE KOIBI JOCTYIIA
.HI/I6O N3MCHAIONIUMHUCA CUHXPOHHO C MAacCTEpOM Ha

XOCTe | T.J.) be3omacHOCTh TOKeHa 00ECIICYMBAIOT
pas3NIMvHbIC CPEICTBA 3aIUTHI, HApUMep, QyTisap win
CHEIMAIBLHOE ammapaTHoe o0ecredeHue, KOTopoe OT-
KJIF0OYACT TOKEH, €CJIM OH CKOMIIPOMETHUPOBAH HMJIU €C-
JY KOJIMYECTBO HEYNAYHBIX IOMBITOK ayTeHTH(UKa-
LMY TIPEBLICUT BBIOPAHHBIH MTOPOT.

B o0meM cinyyae TOKEH MOXXHO PacCMaTpHBATh
KaK CEKPEeT, aHAJIOTMYHBIA MApOJII0, 32 UCKITFOUYCHUEM
TOT0, YTO OH CTCHEPHPOBAH MAIIUHOW WM COXpPaHCH
MAaIlIHOHN, TTOSTOMY OH MOXET OBITh JIUHHee, Ooiee
CIIy4aiHBIM W, BO3MOXHO, MEHSTHCSI BO BPEMEHH.

1.3. BuomeTpuyeckue metopbl

s denoBeka Kak MOJb30BaTeNsl OHOMETpHUS —
HanboJee YIOOHBIM U MPOCTOH crocob ayreHTH(uKa-
1M, TIOCKOJIbKY OHAa SIBIISICTCS TPOJOJDKEHHEM ecTe-
CTBEHHBIX CITIOCOOOB yCTAaHOBJICHUSI TMYHOCTH.

Buomerpusi, nunu GuoMeTpruecKre TepCOHATBHBIE
JaHHBIE, — 3TO HEKOTOpas U3MepUMas MHIAMBUIYaJIb-
Hasl XapakTEPUCTUKA YEJIOBEUYECKOro Teja, 0CTaTou-
Hasi Uil TOTO, YTOOBI €€ MOXKHO OBLIO HMCIIOJIB30BaTh
Ui ayTeHTuuKanuu nonb3osarens. Cranmapt [1]
ofpesieNisieT OMOMETPUYECKUE TIePCOHANbHBIC TaHHBIC
KaK CBEJICHUS, XapaKTepU3ylIue (U3NOIOTHIECKUe
U OMOJIOTUYECKUE OCOOCHHOCTH YeJIOBeKa, Ha OCHOBa-
HUH KOTOPBIX MO’KHO YCTAHOBUTD €T0 INYHOCTb.

Buomerpus npusBaHa Hepa3pbIBHO CBA3ATh ayTEH-
tudukarop (MpU3HAK) W BIaJENbIla ayTeHTH(UKAIIH-
OHHOT'O MpPH3HAKA, YTO B Cllyyae Mapoyii U TOKEHa
MPUHLUIUAIBHO CHENaTh HEJb3s, TaK KaK MUX MOXHO
OJIOJDKUTh WJIM YKpacTh. Takas Hepa3pbIBHas CBS3Ka
NpU3HaKa ayTeHTU(QUKAIMA C HOCUTENIEM NpU3HAaKa
no3BoyiMiIa Obl 00ECTIEYHTh CBOHCTBO HEOTKa3yeMo-
ct. HarmoMHNM, 94TO HEOTKa3yeMOCTh — 3TO CBOWCTRBO,
KOTOpOe 00ecleYnBacT TaKHE [I0KAa3aTelbCTBA BBI-
MOJTHEHUSI ONPEACTICHHBIX ACHCTBHUHA, YTO BOBJICUYCH-
HbI€ CTOPOHBI HE MOTYT BIOCJIEICTBUM OTKJIOHHTH
TPaH3aKLUMIO0 KaK HECAaHKIMOHHWPOBAaHHYIO WM 3a-
SIBUTh, YTO HE BBINOJHIM 3TUX AckcTBHM. OgHaKo
OMOMeTpHYEeCKHE XapaKTePUCTHKH, KaK W IapoJiy,
MOJKHO CKOITUPOBAThH WU MOJIENATh C OOJBIINM WA
MEHBIIIUM YPOBHEM 3aTpaTr U UCIIOJIL30BATh JUIS MOIY-
YEeHUs! HECAHKIHOHMPOBAHHOTO nocTyna. B 1ernowm,
OMOMeTpHs Ha TEKYIEM TEXHHYECKOM YPOBHE HE MO-
KeT TapaHTUPOBATH CBOMCTBO HEOTKAa3yEMOCTH.

Buomerpuyeckne naHHBIE, MCIONB3yeMbIE IS
ayTeHTU(UKAIMY, OOBIYHO KIAacCUQUIMPYIOTCS Ha
¢usnueckue u noseaeHueckue Tunel. K ¢puzndeckomy
THUITy OTHOCST OMOMETPHIO, OCHOBaHHYIO Ha CTaOWIIb-
HBIX XapaKTePHCTHKaX TeNla: OTIeYaTKax Iajbles,
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JIe, paaykKHOH oOoJouke riiasa, popme pyku u Ip.
K moBeneHueckoMy THITy OTHOCSITCS yMEHUS, IPHOO-
pETEeHHbIE B Tporiecce 00y4IeHNUs, TaKhe KaK PyKOIIHC-
Hasl MOAIKUCH, JUHAMUKa paboThl ¢ KIaBUATypoOH, MO-
xonka. Pedb 0OBIMHO Kiaccupuuupyercss Kak TOoBe-
JEHYECKHH TUN JAaHHBIX, TIOTOMY YTO OHA SIBJISIETCS
MIPOAYKTOM YCBOEHHOTO noBeaeHus [12—14].

buomerpuuecknii MeToq ayTeHTH(HUKAINA, KaK U
MPOYKME METO/IbI, MOXKET MPUBOJUTH K omubOkam [15],
OTHAKO OTHOIIEHWE TOJH30BATENs K OIMIMOKaM IIpH
pasHBIX METOAax ayTeHTU(HKAIMU Pa3TudacTcs.
ITomp30BaTens MOXKeT 3a0bITh MM HETPABUIIBHO BBE-
CTH TAapoJib, MOXKET MOTEPSATh TOKEH. JTU OLIMOKH
HEYJO0OHBI, HO TIOJH30BATENh OCO3HAET, YTO BHHOBAT
OH caMm. B ciyuae ommbOku OGmomeTpHyeckoil ayTeH-
TH(UKAIAN TIOIH30BATEIh HE BHHOBAT W HE MOMKET
caM yCTpaHUTh MpodIeMy.

buomerpryeckas ommOka MOXET BO3HHKHYTH IO
Pa3HBIM [IPUYHHAM, HATIPUMED:

— IPSI3HBIN CKaHep,

— IUIOXO€ OCBEIIEHUE,

— cHucTeMa M3HAYaJIbHO 3alIOMHUIIA HETIPaBUJIbHBIH
m1a0JI0H A7 CpaBHEHWS,

— cHCTeMa MOXET IUIOXO MPHUCHOCabIMBATHCS K
W3MEHEHHUIO OKpYXaromeld cpeabl (XOlom, MOXKIb,
COJIHEUHBIE OJIMIKH, CYXOCTb U T. JI.) UJIU K €CTECTBEH-
HOMY H3MEHEHHIO OWOMETPHYECKHUX XapaKTePUCTHK
noJp30BaTens (mpuuecka, 60poaa, MOpe3aHHbIN Nasell
U T. IL.).

OnvH U3 MocneHUX MpUMepoB mpodieM dromer-
pUH CBsI3aH ¢ HEOOXOIMMOCTBIO HOCUTh MacKH B CBSI3U
C aHJeMuen.

JetansHble TpeOOBaHMS K OMOMETPHUYECKAM METO-
JaM ayTeHTH(UKAIUK MIPUBEJCHBI B Pa3INYHBIX HOP-
MAaTUBHBIX TOKYMEHTaX, HapuMmep, B ctanaapte [16].

1.4. Mporokonbl ayTeHTUIMKALMM U UX NPUMEHEHHUE
B ACY TN

B xoHTeKcTe 3a1aun ayTeHTU(UKAIMN TTOJH30Ba-
TeJsE MBI OyJieM paccMaTpuBaTh CaMblii OOIINH TPOTO-
Ko ayreHTH(uKanuu [17], ycraHaBIMBarommi mpa-
BWJIa 00MEHa, KOTOpbIe HEOOXOJIUMO MPUMEHSTH IS
oOecriedeHns] ayTEHTHU(HUKALMU Ha OCHOBE JBYCTO-
POHHE COTJIACOBAHHOM ceKpeTHOW MH(OpMAaIIHH.

Jns nHQOpMALMOHHBIX CHUCTEM OOLIEro MOJb30-
BaHUS TOMYJSIPHBIMH BapHaHTaMH MPOTOKOJa ayTeH-
TUPHUKALMN ABJSIFOTCS TPOTOKOJI «OKJIHK — OT3BIBY
[18]. BapuanThl MPOTOKOIA «OKIUK — OT3BIBY JIEKAT B
OCHOBE MPOTOKOJIOB ayTeHTU(uKamuu Unix ¢ MoAIy-

nsvMa PAM [19] m MS Windows [20] u B X cocTaBe
MOTYT HCIOJIB30BATHCS Il ayTeHTH(HUKALUU Omepa-
topa ACY TII. OmbIT aBTOPOB IMOKA3bIBACT, YTO IPH-
MEHEHHE MPOTOKOJa ISl MapOJIbHOTO METOAA ayTeH-
TA(HUKAITIN OTPpaHUYCHO M3-3a TpeOOBaHM obecriede-
HUSl JOCTYIHOCTH W CLEeHapueB palboThl omepaTropa
IpPU BBIOJHEHUH KPUTHYHBIX (YHKUUH CHUCTEMBI.
Tem He MeHee, IPUMEHEHUE INPOTOKOJIA BO3MOJKHO,
HampuMep, A1 JOCTyNa K QYHKIUH HepenporpaMMHu-
poBaHUA UG POBOTO YCTPOKCTBA.

B peanpHBIX cHcTeMax MPOTOKOJBI ayTeHTH(HKA-
UM U JTOCTH)KEHHUSI BBICOKOTO YPOBHS 3aLUTHl U
oOecrieyeHusl ee AIICIIOHUPOBAHUS MOTYT OOBbEAUHSTD
HECKOJIBKO Pa3HBIX METOAOB ayTeHTHudukaruu [21].
Takast ayreHTH(UKaUs Ha3bIBaeTCs MHOrodakTop-
HOW. MHOTrO(akTOpHasi ayTeHTU(UKALUS pealn3yeT
anroputMm Jjoruyeckoro «M», Korma aiad ycnemrHou
ayTeHTU(PUKAUN HEOOXOANMO, YTOOBI ayTeHTH(UKA-
sl BCEMH METOJIaMH TpOIia ycremHo. B HacTos-
mee BpeMsl B IMOJABIISAIOUIEM OOJBIIMHCTBE CIIydacB
pyu MHOTO(AKTOPHOW ayTeHTH(PHKALNU HCIIONb3yeT-
Csl CBSI3KA «(PU3MYECKHMI TOKEH — maposb» [22, 23].
CoBMecTHOE PUMEHEHHE Mapoiisi U OMOMETPUYECKO-
ro uaeHTH(UKaTOpa UCHONB3YIOT PEAKO, TIOTOMY YTO
OMOMETpPHI0 OOBIYHO TIPUMEHSIOT I yI0OCTBa, YTO-
OBl HE 3alIOMUHATh [1APOJTb.

MHorodaxkTopHasi ayTeHTH(QHUKaUUs, coueTaromas
BCE TpH (aKTOpa, HE HAlLIa MIMPOKOTO NMPUMEHEHUS,
XOTSl Takas pealu3alusi MOXKET HOTpeOoBaTheCs A
JocTyna K (pyHKIHAM, I7ie HEOOXOAUM BBICOKH ypO-
BEHb 3alUTHL. B Tabn. 1 cBeaeHbl OCHOBHBIE NIPEUMY-
[IECTBA M HEJOCTATKH HEKOTOPHIX METOJIOB MHOIO-
(akTOopHOI ayTeHTH(UKAMU, a TAaKKe B3KCIEpTHAas
OLIEHKA WX TPUTOJTHOCTH JUIsl 33j1a4 ayTeHTH(UKaIumn
onepatopa ACY TII no xauecTBEHHOW IIKalle «IUIO-
X0» — «YZOBJIETBOPUTEIBHOY — «XOPOLLIO».

OCHOBHBIE TPOTOKOJBI AyTCHTU(HUKAIMU JIETKO
MOIUGHUIMPYIOTCS Ul IPUMEHEHUS! B MHOTO(aKTOp-
HoW ayreHTHUKarmu. OIHAKO IS pean3aliu 1Mo-
JUTUKU O€30MACHOCTH C BBICOKMMH TPEOOBAHUSIMH K
nmoctymHocTH, xapaktepabeiMu 1t ACY TII, BBenenne
JOTIOJTHUTEIEHON TPaH3aKIMU U CI0KHOCTH B IPOTO-
KOJI MOXET IPUBECTU K HETATUBHBIM ITOCIIE/ICTBHSIM.

Hnsa ACY TII un apyrux oOBEKTOB ¢ IPHOPUTETOM
JOCTYITHOCTH MOXET ObITh peaii3oBaHa MHOTO(hak-
TOpHasA ayTeHTU(UKALKS 10 CLEHAPHUIO JIOTHYECKOTO
«UJIN». B 3TOM ciyuae ayTeHTU(DUKAIHS CUUTACTCS
BBITTOJIHEHHOM, €CITU XOTs Obl OAMH M3 METOJOB MHO-
rodakTopHo#l ayTeHTHQUKAIUK Jall YTBEPAUTEILHBINA
OTBET.
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2. AHANU3 U CPABHEHUE METOL0B

AYTEHTUOUKALIUK

CTOMKOCTB, JOCTOWHCTBa (YZOOCTBO) M HEIOCTATKHU,
KauecTBO pacrio3HaBaHus. CpaBHeHne OyzaeT B OO0Ib-

2.1. MpuHuMnbI CpaBHEHUA

CpaBHUM TpH OCHOBHBIX METOJIa ayTeHTU(UKAIINU
¢ Toukm 3peHus ux mpuMeHnMoctd B ACY TII nHa
MpUMEpe WX XapaKTepHBIX npejacraButeneid. CpaBHe-
Hue OyJieM MPOBOJUTH MO CICIYIOIIUM TpPU3HAKAM:

IIWHCTBC CJIy4acB KAa4Y€CTBCHHBIM U B 3HAYUTEIILHOM

Mepe OCHOBAHHBIM Ha TMPAKTUYECKOM (IKCIEPTHOM)
OTIBITE, KOTOPBIN MOXKET UMETh CYOBEKTUBHBIA XapaK-

THI [7].

Tep; HaOOop ToKa3aTeNelt I CpaBHEHUS B3AT U3 pado-

B Tabxn. 2 mpuBeaeHbl OCHOBHBIE aTpUOYTHI TpeX
METOZOB ayTeHTU(HKALNH.

Tabnauya 1

CpaBHeHMe MeTof0B MHOrothakTOpHOM CUNbLHOM 3alMTbl ayTeHTU(hMKaLMmM nonb30BaTens Ana nony4eHus

6onee cunbHou 3awutbl B ACY TN

Tpu OCHOBHbIX MeToAa ayreumcbuxauuu nonb3oBarens U ux anMﬁyTbl

KomOunanms IIpeumymecTna Henocratku IIpumep Ouenka
METOJOB ayTEH- MPUMEHUMO-
TU(QUKAIH CTH JJIs1

ACY TII
«Yro BbI 3HaeTe?» | IloTeps TokeHa He mpu- | HeoO6Xxoaumo UMETh TOKEH U banxosckas kapra + [IMH Y nosnerso-
+ BOJIUT K €r0 HEMe|JIeH- MIOMHUTbH NapOJIb PHUTENBHO
«"T0 y Bac HOM KOMIIpOMETAlUH,
ecTb?» TaK KaK OH 3alIlUIICH
napoJieM
«Yto y Bac IToreps ToxeHa He Mpu- Heo6xonuMo UMeTh TOKEH. Ipomnyck ¢ yumnom u ¢hoto- Xopoiio
ecTb?» BOJUT K €r0 HEMEJIEH- MoskeT IpUBOJUTD K JIOXK- rpadueii
+ HOW KOMIIPOMETAIINH, HOMY OTKa3y IpU ayTeHTH-
«KT0 BBI?» TaK KaK OH 3allHIICH (uKanuy U3-3a HECOBEP-
YHHUKAIIbHOCTBIO €T0 IIEHCTBA OMOMETPUIECKIX
BIIaJIeNbLA METOZOB
«Uro Bl 3HaeTe?» | [lommena mpeHTH(UKA- MoskeT TpUBOJUTD K JIOXK- [Maponp + matyuk otnevarka | YA0BIETBO-
+ TOpa MoJb30BaTels (1c- HOMY OTKa3y IpU ayTeHTHU- HaJbla Ha KOMIIBIOTEPE PHUTENBHO
«KT0 BBI?» 0JIb30BaHUE JBOMHUKA) (dukauu u3-3a HeCOBEP-
HE NPHUBEET K JIOKHOM IICHCTBA OMOMETPHUYECKUX
ayTeHTH(]uKamu METOZIOB
«Uro BrI 3HaeTe?» | Bce Tpu MeToma pabo- Hy>XHO UMeTb TOKEH U IOM- AyTteHTHQUKAINA AT 10- ITnoxo
+ TaIOT MOCJIEA0BATEIHHO HHUTb apoiib. MoXeT mpu- CTyIla Ha KPUTHYECKU BaXK-
«Uro y Bac BOJIUTH K JIOXKHOMY OTKazy HBIN 00BEKT, BKITIOYAIOIIast
ecTb?» IIPY ayTeHTU(UKAIIIY U3-32 MIPOILYCK C YHUIIOM U (OTO-
+ HECOBEpIICHCTBA OHOMeET- rpacdueii, Ha BXoJe B 00b-
«KT0 BBI?» PpHUYECKUX METOAOB €KT, OMOMEeTPHUYECKHI CKa-
Hep MO OTHEYaTKy Manbna
JUIs JOCTyIa B MOMEIICHUE
Y TIapoJb Ui JOCTyna K
KOMIBIOTEPY
Tabauya 2

Mertonbl ayTeHTH()UKAITTH

Yro BEI 3Haere?

UYro y Bac ecTp?

Kto BEI?

PGaJ'II/ISaIII/IH METOAa

IMaposns

Toxen

buomerpus

Ha gem ocHOBaHa ayTeHTH-
(ukarus

3HaHUE ceKkpera

BHaHGHI/Ie HYXXHbIM 00BEKTOM

XapakTepHble IPU3HAKN cyObeKTa

Bu 3ammTer

CoxpaHeHue TaiHbI

dusnyeckast 0€30MaCHOCTD

YHUKaTbHOCTh CyOBEKTa

IIpumeps! ysa3BuMOCTH

Mo>xHO TOACMOT-
peTh WK yraaatb

MO0>KHO OTEPSITH, MOXKET
OBITH YKpaJeH

MoxHO nojenarb; TpyJHO CMEHUT,
B Clly4yae KOMIPOMETALMHU

“
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2.2, MpakTUyeckan aHTpoONMA Kntova

CpaBHEHHE CTOMKOCTH PAa3JIMYHBIX METOJIOB
ayTeHTU(UKAIMKA — HEpOCTas 3a/1aya, TaKk Kak B 3a-
BUCHMOCTH OT PealM3alyi METOAa ayTeHTH(UKaLuH
UCIIOJIB3YEMBIN B IPOTOKOJIE KIFOY MOXKET UMETh pas-
JIMYHYIO CBS3b C UCXOAHBIMU JAHHBIMH, IPEAOCTABIIS-
eMbpIMH MeToJIoM. Hanpumep, 11 maponbHOro MeToaa
KJIF04 MOXKET IPOCTO MPEINCTABIATH COO0H XpaHUMYIO
KOIUIO MapoJis, WIM €ro Xel-KOJ, WIN IPOBEPOYHbIE
3HA4YEHUs], KOTOPBIE 3aBUCST OT Iapojiei, HO HE MOTYT
OBITH HEMOCPEACTBEHHO HCIIOJIB30BAHbl  3JI0YMBIIII-
JICHHUKOM AJis1 ayTeHTH(uKkanuu. ns apyrux mero-
JIOB ayTCHTU(PHUKAIIMKA BMECTO Maposi MOXKET UCIOIb-
30BaThCs HEKOTOPOE 3HAUYEHHE, MOJIYYEHHOE OT TOKE-
Ha WIH yCTPOHCTBAa OMOMETPHH.

ITosTOoMy 1151 OLIEHKH CTOMKOCTH METOJOB AyTEH-
TU(PHUKAIMKA BOCTIONB3YEMCS METPUKOW, OCHOBaHHOU
Ha SHTPONHUHU KII0Ya, KOTOPBII MOXKET OBbITh HEmo-
CPEJICTBEHHO IMOJTyYeH U3 UCXOJHBIX JTaHHBIX (TTapoJs,
MHQOPMaIMY XpaHUMOI B TOKEHE, MM OnoMeTrpuye-
CKUX JaHHBIX). VccrmemoBaHusi SHTPONHM KITIOYEH,
NOJTY4YECHHBIX HA OCHOBE Iaposiel, NMPOBEACHHBIE B
KpynHbIX [T-KOMIaHUSIX, UMEIOIUX OONBIIONH 00BEM
nepcoHanbHBIX 1aHHBIX (Yahoo, Google) [5], moka3bl-
BalOT, YTO SHTpomHsA Kirouda coctapisier 10-20 Our.
IIpyueM oTMmedaercs, YTO NPUMEHEHHE XeUI-KoJa
YMEHBIIIAET 3HTPONHUIO KIH04a, KOTOPHIA cKopee Onu-
JKe K JieBoi rpanuie (T. €. kK 10 Ouram), Tak KaK Xelil-
KOJ ONTHMH3UPOBaH il oOecredeHus: ObIcTpoaei-
CTBUS, YTO YMEHbBIIAET CTOMKOCTh Kiro4a. XOTs,
HalpUMep, pealn3alul aITOPUTMOB XEUIMPOBAHUS
SHA1 (Secure Hash Algorithm 1) [24] sBastorcs
HACTPanBaEMBIMH U MOTYT OBITh BECbMa CTOMKUMH.

Pannue uccnemoBanus [5] mokaspIBaiiv, YTO 3H-
TpOnMs KJIt0Ya M, CIEJOBaTeNbHO, CTOMKOCTh METOMA
JUTST OMOMETPUYECKOTO M TapOJIbHOTO BHUJOB 3aIUTHI
NPUMEPHO OJIMHAKOBa, HO OoJiee MO3AHME PabOTHI
CBUJIETENIBCTBYIOT O TOM, YTO OMOMETPUYECKUE METO-
JIbl TTO3BOJIAIOT MOJMYYUTh CTENEHb 3aIUUTHl B JBA-TPU
pasa JydIiyro, ueM napoibHbie [25].

CrnenunanbHble UCCIEAOBAHUSA IO CTOMKOCTH TMa-
ponbsHOTO MeTona s oneparopoB ACY TII aBropam
Hen3BecTHB. OJHAKO TpencTaBisieTcs Lenecoodpas-
HBIM IIPUHATH 3HAYCHHE CTOMKOCTH MCIIOJIb3yEMBIX
napojieil OJke K HWKHEH rpaHuue (IpocThie Mmapo-
71). XOTS TOJIMTHKA O€30IacCHOCTH TPOMBIIIIICHHOTO
00BEKTa MOXKET U JIOJDKHA COnep aTh TpeOOBaHUS K

CTOMKOCTH MHapoied U Mpouenypy YIpaBiICHHUS HWMHU,
MPUMEHEHUE CIUIIKOM CJIOKHOTO (CTOWKOTO0) MapoJis
HEBO3MOXXHO H3-3a TpeOOBaHMH K AOCTYIHOCTU CH-
CTeMBbl W HaJM4YHUs CTPECCOBBIX CUTyalMii B paboTe
oreparopa.

OHTponus KJoYa, MOJIydaeMoro Ha OCHOBE JaH-
HBIX M COAEPIKAILETocs B TOKEHE, MOXKET OBITh BECbMa
OONBIION TpPU HKCHONB30BAaHUM aNTOPUTMOB, aHAJO-
THYHBIX METOAaM AayTEHTH(HUKALUU «KOMIIBIOTEP —
KoMITbIOTEp». Hampumep, B pabote [26] mpuBeaeHbI
3HAYEHUS SHTPONUH Kirtoda 10 128 out. OmHaKko HYX-
HO YYUTHIBaTh BEPOSTHOCTh KPaKU TOKEHA, KOTOpas
MOKET OKa3aTbCsi 3HAUYUTEIbHOH, OCOOEHHO NpHU
HAJIMYHUH 3JI0TO YMBICTA.

2.3. OCHOBHbIe XapaKTepMCTMKM Ka4yecTBa
pacno3HaBaHus

Jnsi OLeHKM KayecTBa PacHO3HABaHWS TPagHULIU-
OHHO HCHOJb3YIOTCS JIBE€ OCHOBHBIE XapaKTEPUCTUKHU:
OIIMOKYU TIEPBOTO M BTOPOTO PoOjia, 4acTo 00O3Hadae-
MbIe aHDUIMKCKUMHU a0OpeBuarypamu FRR (False
Rejection Rate) u FAR (False Acceptance Rate).

[IepBoe unco XxapakTepu3yeT BepOsTHOCTh 0TKa3a
B JOCTYIE YeJIOBEKYy, MMEIIeMy Jomyck. Bropoe —
3TO BEPOSITHOCTh NMPUHATHS JIO)KHOTO PEIICHUH O TI0-
JIOKHUTEJILHON ayTeHTU(HUKaUuKU. YeM nydie cuctema,
TEM TNpPU OAMHAKOBHIX 3HaueHusXx FAR menbmie 3Ha-
yeHue FRR. [Tapamerp FAR umeeT cMbici npuBOAUTH
TOJIBKO TSI OMOMETPUYECKOTO METOAa ayTeHTH(HKa-
LUH, TaK KaK JJIS OCTaJIbHBIX METOIOB ayTeHTH(]HKa-
UM 3HAUY€HHEe OTpakaeT CHOCOOHOCTH YeJoBeKa
(HaGop W 3amOMHWHAHWE TAPONBHOW (Qpasbl) WM
Ha/IKHOCTH alMapaTHON peann3alyy.

VY moboro Merona ayTeHTU(HUKAMN €CTh HEKOTO-
past 1ois omurOOK, CBSA3aHHASL C OTKA30M araparypsl,
HampuMep, CUUTHIBATENS TOKEHa WM KIaBHATYPBHI,
OJIHAKO, KaK MOKa3bIBaeT MpaKTHKa, OHa TpeHebpe-
xuUMo Mana. KadecTBo OmoMeTpuueckoi ayTeHTH(H-
Kaluy SBJsieTcs Haubosiee HEYCTOWYMBON XapaKTepH-
CTHKOM, TaK KaK CyIIECTBEHHO 3aBHCUT OT KOHKPETHO-
ro 4JemnoBeka. B tabn. 3 comepxarcs THUIOBBIE Xapak-
TEPUCTUKH PA3IHYHBIX CIIOCOO0B OMOMETPHUECKOTO
MeTOZia ayTeHTH(HKAIUK, HalIeHHbIE aBTOpaMH B
nuTepaTtype. THUIOBBIE XapaKTEPUCTUKU JEMOHCTpPH-
PYIOT TOJIBKO TEHIEHIMIO, CPAaBHEHHE pealn3alnvii U
ITOPUTMOB JJIs1 OMOMETPUYECKOTO METO/A BBIXOIUT
3a paMKH HaCTOSIIEH pabOTHI.
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Tabauya 3
Tunosbie napameTpbl ownbok gna 6uomerpuueckoro metopa
Tun Ouomerpun FAR FRR Pazmep BbIOOpKH Hcrounuk
(cormacHo paborte [27])

Pacno3HaBaHme 10 OTIEYATKy Maibla 10° 5-10° [27]

Pacnio3HaBaHme 1o oBaJy JnIa 0,058 107 12-10° [27]

Pacmo3HaBaHHe 1O cE€TYATKE I1a3a 0,059 500-10° [27]
UToOBI MCCIIeIOBATh MPAKTHICCKUAC ACTICKTHI IPH- Tabauya 4

MEHUMOCTH KOMMEPYECKH JOCTYMHBIX YCTPOUCTB LIS
onomerpuyeckoil ayreHTH(uKanun oneparopos ACY
TII, Mbl TIPOBEJIM AOMOJHUTEIBHOE TECTUPOBAHUE, B
X0JIc KOTOPOTO HMHUTHPOBAIUCH HEKOTOpBIC Xapak-
TepHble ycioBus pabotel omeparopa ACY TII. Pe-
3yJIbTaThl IPUBEJIEHEI B 1I. 3.4.

2.4. Mpaktuyeckoe TeCTUpoOBaHMe NPUrORHOCTU METOAOB
ayteHTuchukauumn pnsa oneparopos ACY TN

ABTOpaMu OBIITM NPOBEINCHBI WCIBITAHUS MAPOJIb-
HBIX M HEKOTOPBIX peann3aluii OMOMETpUIeCKuX Me-
TOJIOB ayTEHTU(UKALIMKA B TUIHYHBIX CLEHAPUAX pa-
6ot1sl onepatopa ACY TII Ha mpOMBIIIIIEHHOM OOBEK-
te. TectupoBanne MeTona ayTeHTU(UKALMH C TOKE-
HOM HE NPOBOAMIIOCH, TAK KaK MPEAIONIAaragoch, 4To
€ro CBOICTBa OIpPEAEISAIOTCS BO3MOXKHOCTSMHU, 3aJ10-
JKEHHBIMHU TIPHU NPOESKTHPOBAHUU U U3TOTOBIIEHUU TO-
KEHa, ¥ OHU CTaOMIIbHBI B TIPOIIECCE IKCIUTyaTalliy.

B Tabxn. 4 npuBeneHs! UCHOJIb3yEMBbIE KOMMepUe-
CKHE yCTPOMCTBA M THI OMOMETPHUUYECKON ayTeHTU(U-
KalluM, JOCTYIIHBIM Ha ycTpolcree. Mcrnonb3oBaInuch
ycTpoiicTBa, ouIMaNbHO TMOCTaBisieMbie B Poccwii-
ckyto denepanyio U HE HMEIOUINE JHUIIEH3MOHHBIX
OTpaHMYECHU HA MOMEHT HaIllMcaHus cTaThu. g Te-
CTHPOBaHUsI OMOMETPHYECKHX METO/IOB ayTeHTH(DU-
Kallii BBIOMPAIIUCh YCTPOWCTBA M QJITOPHTMBI, JO-
CTYIHbBIE MAacCOBOMY IOTPEOUTENIO, NPUMEHsEMbIE
JUIE ayTeHTHU(HUKAIUN B MOOWIBHBIX YyCTPOMCTBax.
s TecToB MapoibHOM ayTeHTH(UKALUK HCIOIb30-
BaJNCh THUIOBbIE KJABHATYpPhl JII TI€PCOHAIBHBIX
KOMIIBIOTEPOB, KOTOPHIE TAK)KE HCIOIB3YIOTCS HA pa-
6ounx mectax onepatopoB ACY TII. Kak nokassiBaer
OTIBIT aBTOPOB, MMEHHO MAacCOBBIE MPOAYKTHI B OC-
HOBHOM IIPUMEHSIOTCS B pEaIN3alliUd TEXHUYECKHUX
Mep 3aIUTHI 7S TPOMBIIIJICHHBIX CUCTEM.

s KaKaoro U3 METOJ0B MPOBOAMIIOCH HE MEHEE
50 tecroB. Kaxxapiii TecT mpoBoAnia Tpymma U3 ABYX
WCTBITaTeNeH, OANH (OoTmepaTop) Mo KOMaHJe APYroro
UCIIBITATENIS JIeJ1all TOMBITKY ayTeHTU(HLIHUPOBATHCS C
MPUMEHEHUEM OHOTO M3 METO0B Ay TeHTH(PUKAIIHH.

Yctpoucrea, Mcnonb3yemble B Xofe TeCTUPOBaHUA

YcrpoiicTBo Tun ayreHTHdUKanuu
HONOR 10. Android Pacno3naBanue 1o ormne-
version 10 YaTKy Majbla;

pacrio3HaBaHuUE 110 OBAIY
JIALA

MI 58S Plus. Android ver-
sion 8. MIUI Global 10.2

Pacmo3naBanue mo otire-
4aTKy naJbla

[lepcoHanbHBIN KOMIbIO-
Tep ¢ MEMOpPaHHO! KJIaBH-
aTypoit

HapOJ’IBHaﬂ 3aluTa

B xome TecTpoBaHUs MCHBITaTeNN B IPyMIE Iie-
PHOANYECKH MEHSUTUCHh POSIMU. B KaxIoMm tecte u3-
MEpATIOCH BpeMs, 3a KOTOpoe Obljla MPOBEICHA ayTeH-
TU(QUKALKS, ¥ YACJIO 3aTPAauyeHHBIX MOMBITOK A0 yIay-
HOHM ayTreHTH(UKammu. TecTbl TPOBOAWINCH KaK B
OOBIYHBIX, HOPMAQJIBHBIX BHELIHHUX YCJIOBHAX, TaK H
IpU HAJMYUH TOMEX, OCJIOKHSIOIMX ayTeHTH(HKa-
nuro (Tadm. 5).

Tabnuya 5
Tunbl BBOAUMBIX NPU TECTUPOBAHUM NOMEX
O06o3HaveHne Omnucanue
MTOMEXH

ITomexa 1 Harpersle pyku

ITomexa 2 Uexox Ha ceHcope

ITomexa 3 Boga ToHkuM ciioem Ha majblie

ITomexa 4 OxJaxIeHre naiblia

TTomexa 5 Macka Ha nuie

[Tomexa 6 V3MeHeHne yriia MeXay KaMepou | JTH-

1IOM 00BEeKTa

TTomexa 7 VI3MeHeHne OCBeIIEHHOCTH

TTomexa 10 Bgoj naposs crost

ITomexa 11 BBonx naposst B nepyatkax

ITomexa 12 BBoj naposs «Bciienyom

ITomexa 13 BBox maposs mpu Gusudeckoi momMexe

(omuH U3 WcTIBITaTeNel TOATAIKHBAIT
Apyroro)

JJist TapobHBIX METOJIOB ayTEHTH(HKAIINYU [TOCTe
KaXJIbIX JIECSTH TECTOB MEHSUICS Tapojib B COOTBET-
CTBHH C BEIOPaHHBIM YPOBHEM CJIOKHOCTH.

Pe3ynbrarhl ncneITaHU# IPUBEACHBI B Ta0II. 6.
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Tabnuya 6
TecTupoBaHMe MeTOROB ayTeHTUMKALUM
PesynbTar
B MaxkcumansHoe
Tect (Ycmosus) peMst MaKCUMaJIbHOE, QHCIO TTONBITOK
MHMHHUMAaJBHOE U .
JUTSL yCIICIITHOM
cpenHee, C
ayTeHTH(OUKAITUU
IIpocToit mapois (5 CHMBOIIOB; 6a3UPYIOMIUICS Ha CIIOBAPHOM CIIOBE; 2,63;1,82;2,1 1
HOPMAJTbHBIC YCIIOBHS)
IIpocToit mapoxs (5 cHMBOIIOB; 6a3UPYIOMIHICS Ha CIIOBAPHOM CIIOBE; 6,34;2,1;2,3 )
romexa 8)
IIpocToii mapoib (5 CUMBOJIOB; 0a3UPYIOIIMICS HA CIIOBAPHOM CIIOBE; 9,29; 1,68; 4,2 3
momexa 9)
IIpoctoit maposis (5 CHMBOJIOB; 0A3UPYIOIIUICS HA CIIOBAPHOM CIIOBE; 12,64; 2,37; 5,62 4
momexa 10)
ITpocToii maposb (5 CMMBOJIOB; 0A3UPYIOIIMICS HA CIIOBAPHOM CIIOBE; 20,33; 2;06; 6,12 6
momexa 11)
CrnoxHbIH naposib (He MeHee 9 CUMBOJIOB; OOJIBIINE U MAJICHbKUEC OYKBBI, 24.5;5,33; 9,1 3
IU(pbI; HOpMaJIEHBIC YCIOBHU)
CrnoxHbIH maposib (He MeHee 9 CUMBOJIOB; OOJIBIINE U MAJICHbKUE OYKBBI, 11,59; 5,98; 6,6 1
mudpsr; momexa 10)
CrnoxHbIH maposib (He MeHee 9 CUMBOJIOB; OOJIBIINE U MAJICHbKUE OYKBBI, 49,03;9,1; 12;6 3
udpsl; momexa 11)
CnoxHbIH Taponb (He MeHee 9 CHMBOJIOB; OOJBIINE U MaJCHEKHE OYKBEL, 95,31;7,8; 23,4 11
1 psl; momexa 12)
CnoxHbIH Mapob (He MeHee 9 CHMBOJIOB; OOJBIINE M MATICHBKHE OYKBBI, 46,39; 8,1, 24,3 4
nudpsl; momexa 13)
OTrevyaTok manbieB (HOPMaJIbHEBIC YCIIOBHS) 3,92;0,99; 1,44 2
Otneyatok nayiples (momexa 1) 1,23;1,09; 1,2 1
OtneyaTok nayibleB (moMexa 2) 2,69; 1,09; 1,82 3
Ornevatok nanbpies (momexa 3) 9.48; 1,05; 3,61 6
Ornevarok nanbpies (momexa 4) 3,59;,2,1; 1,7 3
Ogan nmia (HopMaJibHbIE YCIOBUS) 2,87;1,85; 1,91 1
Ogai muna (rmomexa 5) 4,23;1,7; 2,64 2
OgaJ muna (rmomexa 6) 5,42;1,64; 3,26 2
Ogai muna (rmomexa 7) 2,09;0,99; 1,2 1

Jlnst mapobHOTO METOo/a MOTyYeHa OTHOCUTEIBHO
-1
BoicoKast (~107" ) BeposATHOCTH OTKa3a B JOCTYIIE Ye-

JIOBEKY, MMEIOIIEMY IMpPaBO JOCTYyMNa, MPU HAIUYUU
nomMex. BeposTHOCTh ommMOKHM mepBOro pona Bo3pac-
TaeT MPU YBEIMYEHUHU CIIOKHOCTH maposs. bombmas
BEPOSITHOCTH OIIMOKH OIepaTopa HpH BBOJE MapoJis,
0COOEHHO CIJIOKHOTO, TPH HAJTHMYUH [TOMEXH ITPUBOAUT
K TOMY, YTO OIepaTop BBIHY)XJIEH HEOJHOKPAaTHO (B
TecTax 3TO 3HaueHue gocturano 11 pa3) BBoguTh ma-
POJIb AJIS yCTIEHIHOM ayTeHTU(HKauuu. Bpems ayTen-
TA(UKAIUA B 3TOM CJIy4ae BBIPACTAET HA TMOPSIOK
IIPY TUIOBOM 3HAYEHHHU OKOJIO JIBYX-TPEX CEKYH] JUIs

HPOCTOTO MAPOJIS U OKOJIO MATH CEKYHJI JUISl CIIOXKHOTO
napouisi.

B ACY TII takue 3aaep>XKd MOTYT OBITh KPUTH-
YECKUMH. JTO MOXKET CTaTh OCHOBAHUEM I OTKa3a
OT MapoJIbHOW 3aIUTHI B MOJIb3Y TOKEHOB, OMOMETpH-
YECKHX METOJIOB WJIM OPraHM3allMOHHBIX U (hu3nde-
CKUX Mep ayTeHTH(QHUKALUU U X KOMOMHAIIH.

Cpenun OMOMETPHUYECKHX METOJOB HICHTHU(HKA-
MW HAWIYYIIIUE PE3yJIbTAThl BO BPEMS TECTUPOBAHUS
OBLIM TOJTYYEHBI I UACHTU(UKALIMK 110 OBAJIy JIHUIIA.
s  OMOMETpUYeCKHX METONIOB ayTeHTU(UKAIIUU
IIPOBOAMIIOCH JIOTIOJIHUTENIEHOE TECTUPOBAHHUE C IIe-
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JIBIO0 BBISIBUTH BO3MOXKHOCTH JIOXKHOW ayTeHTU(UKA-
nuu. Hu 1o oHOMY M3 MCHOJIB3yeMBIX OMOMETpHYe-
CKHX METOJIOB HE yAaJoCh MOOWUTHCS JIOKHOW ayTeH-
TU(UKALUK B Mpeaenax CPeNCTB, JOCTYIHBIX OOBIY-
oMy mnons3oBaremo (FAR=0). D10 He o3nauaer,
9T0 OMOMETpHYECKas ayTeHTH(HKAIMS B YCIOBUIX
paboter omepatopa ACY TII cBobomHa OT OmHOOK
BTOPOTO POJIa M YTO MOJYYCHHBIC TAHHBIE MTPOTHBOPE-
9aT TUIIOBBIM 3HAYCHHSIM, MTPUBEICHHBIM B MPEABIY-
mem pazzaene. [IprauHamu MOTyT OBITH Kak OTpaHU-
YEHHOCTh HCITIOJIb3YEeMOW BBIOOPKH, TaK M TO, YTO 00-
XOJI CHCTEM 3aIllUThl TPeOyeT 3HAHUS KaK OCOOEHHO-
CTEH pealu3aluid HCIONb3yEMbIX AITOPUTMOB AJIA
CpaBHCHUs OMOMETPUYECKOTO IaldjoHa, TaK M, BO3-
MOJKHO, CIICIIHAJILHOTO PEKBU3UTA.

[lommydeHHass B MPaKTHYECKUX YCIOBHAX OIIMOKA
MIEPBOTO pojia JJisi OMOMETPUYECKOT0 METOAa IPUOIIH-
SUTCJIBHO HA MOPAOOK IMPEBBIIIACT TUIIOBBIC 3HAUCHMA,
YTO B OCHOBHOM CBSI3aHO C HATM4YHeM noMex. /laHHbIe
PE3YIbTATHI CIACAYCT YUHUTHIBATHL IPHU HCIIOJIB30BAHHUU
ouomeTpuyeckux Metonos st ACY TIL.

2.5. AHanu3 NpMMEHMMOCTU METOAI0B ayTeHTU(hMKaLUK
BACY TN

[IpoananusupyeM OCHOBHBIE IPOOJEMBI, CBA3aH-
HBIE C MPUMEHEHHEM KaKJIOT0 METOJa JUIsl THUIOBBIX
yCIOBUH PabOTHl omeparopa MPOMBIIUICHHON CHCTe-
MBI YIIPaBJICHHUS.

e AyTeHTH(HKATOPBI, OCHOBAHHbIC Ha 3HAHHAX
(«Yto BBI 3HaeTe?»), BKIOYAIOT B ceOS CEKPETHYIO
uHpopMaImio (Mapojb), HO Takas WH(pOpMaIUs ABJIs-
€TCsl HE CTOJIBKO CEKPETHOM, CKOJIBKO «HEHU3BECTHON».
JanHoii mHpOpMaMM MOXHO IaTh NMPHOIN3UTEIHHO
TaKoe ONpE/IeIIeHNUE — «CKPBITasi OT OOJIBITMHCTBA JIF0-
nei». HerocTaTkoM CEKpETOB SBIJISIETCS TO, YTO IIPH
KaXJIOM MX UCIIOJIb30BAHUH I Ay TeHTU(UKALIMHA OHU
CTaHOBATCS BCe MeHee cekpeTHbIMH. K Tomy ke
«OOJBIIMHCTBO IIOJICH» YacTO O3HAuYaeT «OOJBIINH-
CTBO YECTHBIX JIFOJEI», a A 3IOYMBIIUIEHHUKA MPH
HEKOTOPOM YCHJIMM (HampuMmep, MyTeM MPUMEHEHUS
CPEICTB COLMAIILHON MHKEHEPHH) Takas HHPOPMaLUs
mepecTaeT OBITh 3aKpBITOM. [ cucTeM ympaBieHUS
ACY TII xapakTepeH BBICOKMH YpOBEHb JOBEpHS
MEXJly TOJb30BaTENsIMH, BO3HMKAIOIIErO Kak B pe-
3yJbTaTe 0TOOpa MepcoHala, Tak U B XOA€ MPOHU3BO-
CTBEHHON AESTEIHHOCTH, KOTJA JIIOAW BBHIMONHSAIOT B
TE€YEHHUHU JOJITOT0 BpeMeHHu oOmryio padoty. [losTomy
Y 3J0yMBIIJIEHHUKA, TPOHUKILETO B U30JIMPOBAHHBII
KOJJIEKTUB, YNPOIIAETCs 3ajada MOJy4YeHHs] 3HAHUM,
BKJIIOYAasi CEKpeTHbIe (Mapoiu), OT JAPYTHX UJIECHOB
3TOTO KOJJIEKTUBA.

e AyrtentudukaTopel-00bekThl («YTO y Bac
ecTb?») — 3TO MaTepHalbHble 00BEKTHI, HanboJee Xa-
pakTepHBId MpuMep — TOKeH. OCHOBHOM HEIOCTaTOK
ayTeHTU(HUKATOPa-00beKTa TOT ke, YTO U y IpeamMe-
TOB, KOTOpPbIE HEMOCPEICTBEHHO UM MPEALIECTBOBAIN
— ¢usndeckux Kimodei. Ecmu ximrod yTepsiH, TO JiO-
00M, KTO ero Halies, MOKeT 00OMTH CUCTEMY 3aIIUTHI.
B atoM cmpbicne cnaboctn 0OBEKTHBIX ayTeHTH(]HKa-
TOPOB AaHAJOTHYHBI TAPOIBHOM 3amIuTe: 3JI0YMBIII-
JIEHHUK MOJXKET HMCIIONIb30BaTh MOTEPSTHHBIA WM yKpa-
JeHHbIN TokeH. Kak ¥ mpu maposibHOH 3aIuTe, MoJib-
3oBatenn ACY TII ckioHHBI JOBEpATH APYT APYTY.
OpHako, B OTIMYXE OT MAPOJIEHOM 3aIIUTHL, IPH yTepe
(u3nyueckoro oObEKTa BiIaJIENel] y3HACT 00 3TOM IMpH
NepBOM OOpaIlleHNH K HEMY U CMOYKET MPUHSATH MEpHI
IUIsl CKOpEeUIel HEUTpaau3aluy yrpo3bl.

e AyTreHTH(QHUKATOPH HA OCHOBE HWACHTHU(HKA-
TopoB («KTO BBI?») MpPUBS3aHBI K OJHOMY YEIOBEKY,
OHU YHHKaJbHBI. JlaHHAs KaTeropus BKIOYAET B ceOsl
Bce OMOMETpHYEeCKHe METOAbl ayTeHTHU(HUKAIHuW, Ta-
KHe KaK OTIeYaTOK Mallblla, CKAHUPOBaHHUE TJIa3 U pa-
JTy’)KHOUM OO0OJIOYKH, T'OJIOCOBOH OTIEYATOK WJIM IOJ-
nuck. bruomerpruyeckuit MeTon ayTeHTH(OUKAIUHA HMe-
€T CPaBHUTEIILHO BBHICOKYIO CTEIEHb 3aIIUTHI B YaCTH
KOIUPOBAHUS M MOAMECIKH U OUYEBHUIHO HE MOXKET
OBITH yTepsiH [28].

Cymmupys BBIIIECKa3aHHOE, MOXHO 3aKITIOYUTH,
YTO HU OAWH W3 ATHUX METOJIOB ayTeHTU(UKAIUUA HE
ujieanieH, OHU MMEIOT HEKOTOpBIA HabOp «BpOXKJIEH-
HBIX» HEJI0CTAaTKOB. B Ta0i. 7 mpuBeneHbl XapakTep-
HbIE YS3BUMOCTH Pa3jMYHBIX METOJIOB ayTeHTU(HUKa-
WU IPUMEHUTENBHO K 3anadam ACY TIL

Jlerko 3aMeTHTh, YTO B KOHTEKCTE MOJUTHKH Oe3-
onacuoct ACY TII Bo3MOXHOCTH HJIg aTak Ha CHU-
cTeMy ayTeHTH(UKAalMd HepaBHO3HAYHBL. Ecim Ha
MNPEeINPUATHN UMEETCS] TIOCTOSIHHO JeHCTBYIOIIas CH-
cTeMa OOHapyXeHHsS BTOPXKEHHH M €CTh JIOJDKHOCT-
HbIE NI, OTBETCTBEHHBIE 332 KOMITBIOTEPHYIO 0€3-
OTAacHOCTh, TO aTakd IMepedopOM JOJKHBEI JErKo 00-
Hapy)KMBaTbCS, IOCIE Yero MJODKHBI MPUHUMAThCA
COOTBETCTBYIOIINE MepHI. B To ke Bpemsl, aTaku, CBs-
3aHHBIE C KpakKeH TOKEHa WIJIM MapoJisi, 0COOEHHO To-
CIIeTHUE, BECbMa BEPOSTHBI, YIUTHIBAsI BHICOKYIO CTe-
MeHb JOBEpHs, KOTOpas OOBIYHO YCTAaHABIMBACTCS
MEX]y TOJIb30BATENSIMH, JOMYIIEHHBIMA B 30HY 0e3-
OIACHOCTH Ha TMPOMBIIIIIEHHOM o0bekte. s ACY
TII, m0O MHEHWIO aBTOPOB, JKENATEIBHO MPHUMEHEHHUE
HEOJIOKUPYIOIIMX METOAOB 3alIUThl OT MHOTHX aTak,
CBSI3aHHBIX C TOMBITKAMU OOOWTH TPOLEAYPYy ayTeH-
tupukanuu. HeOnokupyromuye MeTOAbl  3allUThI
MPEeX/Ie BCEro NPU3BaHbl PUBJIEYb BHUMaHUE OQulie-
pa mo 6e30MacHOCTH K HEIITaTHOW CHUTYallud, OCTaB-
7SI HA YCMOTPEHHE YeJIOBEKa MPHHSTHE MEP B OTBET
Ha coObITHE OE30MIaCHOCTH.

48

CONTROL SCIENCES No.3 e 2022



NHOOPMALINOHHBIE TEXHOINOIM B YNPABNEHWA @

Tabnuya 7
KOMI'IPOMETaI.IMﬂ CcBOMCTB 6e3onacHoCTH Nnpu pa3nuYyHbIX MeTopgax ay‘reu‘rudmnauuu
Kommpomerupyemoe Merton ITpumep aTaku TunoBsle METOMBI 3aLTUTHI
CBOMCTBO ayTeHTH(]UKaIMN
6e30macHOCTH
HeomnpoBepkumocTsb [Tapons, TokeH [loTepst nnu Kpaxa TokeHa IlepcoHanbHast OTBETCTBEHHOCTh
MOJTb30BATEINs 3a MOTEPIO0 (aAMUHH-
CTpaTHUBHAsI MEpa 3aIIUTHI)
Buomerpus Ionnenka MmuorodakTopHas ayTeHTU(DHKA-
st
OOHapyxeHHe ITapons, IMonnenka, kpaxa HudopmupoBaHne mMoap30BaTeNs
KOMIIpOMETaIuu OromMeTpus 00 HCIIOJIb30BaHNHN ayTeHTH(UKA-
topa (last login)
Toxen OOHapyXeHHE MPONaXKH MOJIb30Ba-
TeneM
Ionmena ITaposs [lepenada naHHBIX HeaBTOpH30BaHHO- | JIndHas siBKa moss3oBatens. [lonm-
MOJIH30BATEINS IPU My auny. [Taposs o ymondanuio THKA YIIPaBJICHUS NapOJSIMU
Ha9alIbHOH Toxken Ilepeaya TOKeHa HEABTOPH30BAaHHOMY JIuyHas siBKa MOJIb30BaTENs
UICHTU(QHUKAIIUN Iy
MOJIB30BATENA
Bruomerpus 3aMeHa MoJIb30BATENLCKUX OMOMETpPH-
YEeCKHX JTaHHBIX
YTeuka naHHBIX IpU ITapons Ilepenaya naHHBIX HEABTOPU30BAHHO- IlonuTuka ynpaBiaeHus NapoJisiMu.
OOHOBIICHUT My nuiy. [lapons no ymomganunio MmuorodakTopHas ayTeHTU(DHKa-
UIeHTU(HUKATOPA st
Toxken Ilepenaya ToxeHa HeaBTOpU30BaHHOMY | JIMuHad sBKa MOJIB30BATEIIS U CAA-
Ty Ya TOKEHA €CJIM OH CJIOMaH, a He
yTepsiH
Bbruomerpus 3amMeHa moIb30BaTeNbCKuX Onomerpu- | IlonanTHka yrnpaBieHus HepcoHab-
YECKHUX JAHHBIX IIPH KOMIIPOMETAILUU Ho¥ nH(pOpMaren
OTka3 B [Mapons, TokeH, MHoOroKpaTHble HEYIaYHbIE TIOIBITKA HeGnoxupytomas monauruka 6e3-
00CITy’>)KHBaHUH OuomeTpust JUIA OIOKMPOBAHUS JIOCTYTIA OMACHOCTH ¢ HOTU(UKanuen odu-
1iepa 1o 6e301acHOCTH
JloxHast [Tapouns, TOKeH, ATaxka ¢ HIOBTOpHOH mepenaden cood- [TpOTOKOI «OKJIMK — OT3BIBY
ayTeHTH(UKAIUSL onomeTpus HICHUH
ITapoinb Araxka iepebopom Brokupytomas nonutrka 6e3omac-
HOCTH TIPH HEKOTOPOM YHCIIE He-
YIauHBIX TONBITOK ayTeHTH(HUKA-
1K

2.6. KauecTBeHHbIM aHanU3 U cpaBHeHME METOR0B

ayreHtuchukauum ana ACY TN

s cpaBHEHHS METOJOB ayTEHTH()HUKALUK MOXKHO
MPEJUIOKUTh pa3u4Hble ToKazaTenu. PaccmoTpum
TPH BBICOKOYPOBHEBBIX ITOKA3aTelsl, KOTOPBIE Tpaau-
IIMOHHO MWCTOJIB3YIOTCA JJI1 CPAaBHEHHS METOJOB
ayTeHTuuKauuu [5]:

— y100CTBO HCIIOJIb30BAHUS,
— y100CTBO pa3BepTHIBAHUS,

— 0€30I1aCHOCTb.

B kaxaoM 13 HaOOpPOB BICOKOYPOBHEBBIX IMOKa3a-
TeJel BBIIEIMM Ha0Op ToKazareseil 0ojiee HU3KOTrO
ypoBHs. 3HaUeHHUS BCeX IMOKaszaresei B Habope OyayT
OILIEHMBATHCSl TI0 PAHTOBOW MIKANlE: «XOPOIIo» — 2,
«YJOBIETBOPUTENBbHO» — 1, «mmoxo» — 0. 3HaueHue
BBICOKOYPOBHEBOTO ITOKA3aTEIIS BEIYHUCIUM KaK CyMMY
OT/ICNIbHBIX MTOKa3aTelici B Habope.

PaccMoTpum Tpymmel mokaszarenei «ymo0CTBO HC-
nosb30BaHus» (Tabm. 8) M «ynoOCTBO pa3BepThIBa-
Hus» (Tabn. 9). B tabn. 10, B cBoto ouepens, mpen-
CTaBJICH Ha0Op TMoOKasaTeneld W3 Trpynmbl «Oe3orac-
HOCTB» B KOHTEKCTE TOI'O, KaKHE BHJBI aTaK MOXET
[PEIOTBPATUTh METOJT Ay TEHTH(PUKAIHH.

NPOBNEMbI YNIPABNEHUA Ne 3 e 2022
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Tabruya 8
Mokasarenu n3 rpynnel «yao6cTBO MCNONbL30BAHUAY ANA Pa3NMYHbIX METOAOB ayTeHTU(MKaLUKU AN NPUMEHeHUs
B ACY TN
IToka3arens ITapons Toxen buomerpus
JlerkocTh B3aMMOAEHCTBUS CO CXe- Y 10BIIETBOPUTEIBHO Xopowo Y I0BIIETBOPUTENBHO
MOH ayTeHTH(HUKALUH IS TT0JIB30-
BaTeNs
IIpocToTa 0OydeHH: MOITB30BaTE- Xopouio Xopowo Y I0BIIETBOPUTENBHO
JIM, HE 3HAKOMBIE C METOJIOM, MOTYT
TIOHSATB €r0 U OCBOUTH 0€3 0COOBIX
npooiieM
Hedactrie ommoOku: 3a1ava, KOTO- Y nosnerBopurenbHo. Ilonb30- Xoporio Y 10BAETBOPUTEIBHO
PYIO TIOTIB30BATENH JOJDKHBI BBI- BaTeNI OOBIYHO YCIICIITHO
IIOJIHUTH AJIsL ayTeHTI/Iq)I/IKaHI/II/I, CITPABJIAIOTCA, HO ITPU YCIIOBUU
0OBIYHO 3aBEpIIACTCS YCIIEIIHO, cnaboro naposs
©CJIM €€ BHIMOJTHACT 3aKOHHBIN U
YECTHBIH NOJIb30BATEIb
MacmrabupyeMocTb ajist mojibp3oBa- | Ilnoxo. Jlroau 4acTo moBTOPHO Y 10BIIETBOPUTETIBHO. Xoporo
TeNel: UCTIOIb30BaHUE CXEMBI TS HCTIOJB3YIOT IApPOJIH WIH CO- [Ipobnema BbIGOpa OHO-
COTEH YYeTHBIX 3aIllACeH HE YBEIH- 3[IAI0T MPOCTYIO CXEMY YHH- T'O TOKEHA U3 MHOXKECTBa
YHBaeT HATPY3Ky HA ITOJIE30BATEIIA KaJbHOCTH ISl KOKIOTO caiTa AMEIOIINXCS B HATMIHN
Ju1s 6a30BOTO MapoJIs HE Bcerza TpUBHAJIbHA
IIpocToe BoccTaHOBIIEHHE TTOCTE Xopouo. [TpenmyiiecTBo napo- VY 10BIIETBOPUTEIBHO ITnoxo
KOMIPOMETAIHH JIeH — UX JIETKO cOPOCHUTH
HeobxoanMocTh 9TO-TO UMETH TIPU Xopo1io [Tmoxo Xopoio
cebe
Cymma 8 8 7
Tabauya 9
Mokasarenu rpynnbl «<yao6cTBO pa3seprbiBaHUA» ANA Pa3NMUYHbIX METOAOB ayTeHTUMKaALMKM ANA NPUMEHEeHUA
BACY TN
ITokazarens [Tapons ToxeH Bbuomerpus
IIpocrora BHEX- Xoporo Xoporo YV 10BII€TBOPUTEIHHO
peHHS MeTo/1a
ayTeHTH()UKANU
B peabHbIE CH-
CTEMBI
CoBMecTUMOCTD Xopotio. Xopotio. Y 10BIETBOPUTEIIBHO.
€ CEpBEPOM CepBepbl ayTeHTUDUKAITAN C Toukwu 3peHus ceppepa, Bo3MoxkHO, HE00OX0IMMO BHEPUTH 3alTUTY
ayTeHTUUKALNN | p3HagagbHO pa3pabOTaHbI KJIIOY, MOJYYEHHBIN OT TO- OuoMeTprIecKOr HHPOPMAITUH, €CITH TOTO
JUI NapOJIbHBIX METOA0B KEHa, He OTJINYHUM OT KJII0- TpeOyeT 3aKOHOAATENHCTBO
ayTeHTH(UKAIIH 4a, NOJIy4€HHOT0 Yepe3 na-
poib
CoBMecTUMOCTD Xopotio. Y 10BIETBOPUTEIIBHO. Y 10BIETBOPUTEIIBHO.
€ KIIMEHTCKUM KimenTsr ayTenTuduka- Tpebyetcs moaaepKKa co TpebyeTtcs moanepkKa co CTOPOHBI CIEIH-
KOMIIBIOTEPOM MU U3HAYAIILHO pa3pabo- CTOPOHBI CHEIUATbHBIX aJIbHBIX YCTPOUCTB
TaHBI AJIS1 TAPOJIBbHBIX Me- YCTPOUCTB
TOJIOB ayTeHTH(PHUKAINN

Cm. oxonuanue maba. 9
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A.d

Oxonuanue mabn. 9

IIokazarens [Taponb Token buomerpus
JocTymHOoCTb. Xopouio Xopowo IInoxo
Hanuuue orpa- JocTynmHOCTE METOZA MOXKET MEHSTHCS B
HUYEHHUN Ha UC- 3aBUCUMOCTH OT COCTOSIHUS 3[0OPOBBS,
MI0JIb30BaHUE B Hanuuus TpaBM. JIroau ¢ orpaHMYEeHHBIMU
3aBUCUMOCTH OT BO3MO>KHOCTSIMH MOTYT OBITh HE CIIOCOOHBI
KOHKPETHOTO HCIOJIb30BATh ONPEAEIEHHBIE METOIBI
WHIUBUAYYMA onoMeTpuyeckor ayTeHTUGuKarmu. J{is
oneparopoB ACY TII 3To MoxeT ObITh
AKTyaJIbHO €CJIM B CMEHE NIPUCYTCTBYET
BPEMEHHBIN NIEPCOHAJI, HE MPOILEIIINN
MEMIIUHCKUI 0TOOp, aHAIOTUYHBIA TOMY,
KOTOPBIN IPOXOJST ONEPaTOPhI
Bo3MoxkHOCTB Y 10BIETBOPUTENBHO Xopomo. IIn0xo0. buomeTpus MeHAETCS OYEHb ME-
06HOBJ‘I€HI/I$[ HpI/I YCJIOBUM aAMUHHUCTpA- JICHHO (FOJ‘IOC, J'II/ILIO) HNJIN HEC MCHACTCA CO-
TUBHOU MOJACPKKH BCeM (OTIIEYaTKHU TAJIBIICB)
Cymma 9 9 3

Tabruya 10

Mokasarenu rpynnbl «6e30MacHOCTbLY ANA pa3NUYHbIX METOAO0B ayTeHTUdMKauumu ana npumeHenus B ACY TN

IToxa3arens ITapons Toxken buomerpus
ConpoTUBISIEMOCTD IInoxo. Xoporo Xopoio
HaOJIIOICHUIO CO 3HOyMLIIlIJ'IeHHI/IK MOJKET BBIJaBaTh ce0s 3a MOJIL30BaTEIIS
CTOpPOHBI Iocyie TOro, Kak OH OJIMH WJIM HECKOJIBKO pa3 HalOIromaeT 3a
€ro ayTeHTHU(UKANHEH ITyTeM MOBTOPSHIS HAOIIOACHUS
6osee, momyctuM, 10-20 pa3. ATaku BKIIIOYAIOT B CeOs
cepduHT "yepes mieyo, BUACOCHEMKY KIaBHATYPHI, 3aIHCh
3BYKOB Ha)XKaTHs KIIABHII WIH TEICBU3UOHHOE N300paKCHHE
KJIaBUaTypbl U T. 1.
ConpoTuBnsaeMocTb Xopouio. Xopouio Xopouio
METOJIaM COLMAIIb- 3HaKOMOMY (MM OIIBITHOMY XaKepy) HEBO3MOXHO BBIIAThH
HOUl HHXKEHEPUH ce0s 32 KOHKPETHOTO MOJIE30BATEIs, UCTIONB3Ys 3HAHHE
JYHBIX JaHHBIX (JaTa poKICHHS, IMEHA POJICTBCHHUKOB H
T. II.).
ConpoTuBISIEMOCTh Y 10BJIETBOPUTEIHHO. 3aBUCUT OT JUTUHBI MAPOJIsS Xoporo Xopo1o
MPOCTOMY yrajibl-
BaHUIO
ConpoTuBIsIEMOCTD VY 10BII€TBOPUTENBHO. 3aBUCHUT OT JJIMHBI apOJIs Xopouio Y 10BJIETBOPUTEIIBHO.
aTakaM CO CTOPOHBI buomerpuueckue MeTofpbl,
CyOBEKTOB BHYTpH KaK U Iapojb, UMEIOT He-
KOMIMBIOTEPHOU BBICOKYIO SHTPOIIMIO U
CHCTEMBI JJIMHY KJIro4a
Cymma 4 8 7

B tab6n. 11 mpuBeneHsl CyMMapHBIE OIIEHKH METO-
JIOB ayTEHTU(HUKAINH TI0 BCEM TPYIINaM MTOKa3aTeseH.

Pe3ynbrarel npoBeIeHHOIO aHAJIN3a JEMOHCTPUPYIOT,
YTO TOKEH MOXKET ObITh HanboJee cOaTaHCHPOBAHHBIM
METO/IOM, €CIM OH HCIOJb3YyeTCs B KauecTBE €IMH-
CTBEHHOTO METO/1a ayTeHTH(PHUKALINY.

Tabauya 11

rpynnam nokasarenem

CyMmapHas OLeHKa KaXaoro 13 MeToaos fno Bcem

ITapons

Token

buomerpus

| Cymma

21

25 17
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3AKIIOYEHUE. O6CYXXAEHUE PE3YNIbTATOB

ITomuepkHem, 9TO B 3a7ady AaHHON pabOTHI BXO-
JUJI0 HEe COOCTBEHHO HCCIIEIOBAaHME H3BECTHHIX Ha
CETOHSAIIHNA MOMEHT METOJOB ayTeHTU(HKAINHU, a
paccMOTpeHue OCOOCHHOCTEH HX NPUMEHEHUs [Uis
pelieHus 3ajavyn ayTeHTUHUKanuu omneparopa ACY
TII.

bbI1 yuTeH HAKONJIEHHBIH OIBIT HCIOJIb30BaHUS
METOAOB ayTeHTH(UKanuu 11 HHOOPMALMOHHBIX
cucteM obmiero HazHaueHus. O030p MOCTYMHBIX HC-
TOYHHMKOB MOKAa3bIBAET, YTO Ha JaHHBIA MOMEHT CTe-
NEHU 3alIUThl, NPEAOCTABISIEMbIE KaXIbIM U3 METO-
JoB, cpaBHMMBI. OOIras mpoOiieMa 3aKIr4acTcs B
TOM, YTO, €CIH ayTeHTU(UKATOP HEyN0O0eH, UM MO0
HE TOJIb3YIOTCS, JTHO0 TOJB3YIOTCS HEIOKHBIM 00pa-
30M, YTO MOXKET IPUBECTHU K ysa3BuMocTH. Ha mpaktu-
K€ 9TO 03HayaeT, YTO €CIH JUIA JIOCTYIa K pa3HbIM pa-
004MM MecTaM WM AJISl BBIIIOJHEHUS Pa3HBIX Olepa-
it onepatopam ACY TII GyneT HyXHO 3alIOMUHATH
HECKOJIKO TIapoJiei, TO OHM OYyIyT BBIOMPATH MPO-
CTBhIC IMApPOJIM WX IapOJiv, CBA3AHHBIC HpOCTOﬁ 3aBU-
CHUMOCTBI0. B monuTtuke 0€30macHOCTH NpPEeATIPUATHUS
MOT'YT NPCABABIATHECA OINPECACIICHHBIC TpC6OBaHI/I$I K
napoisiM (HampuMmep, UIMHA, WCIONb30BaHHUE CIEIH-
QIBHBIX CHMBOJIOB) AJISl yBeJW4eHus! >HTpornuu. On-
HAaKO MBI [10JIaraeM, 4To Takue TpeOOBaHUSA K MapOJIsIM
PEAKO TPHUBOAAT K YBCIWMYCHHIO SHTPONHU KIIKO4Ya.
KomreTeHTHBIH B3JIOMIIMK MOKET y4eCTh OTpaHuye-
HUs Taposield, HakjiaablBaeMble IMOJUTHKOM Oe3omac-
HOCTH, ITpHU COCTABJICHHUHU Ta6J'II/IH XCHI-KOJ0B, UCIIOJIb-
3yEeMBIX JUIS B3JIOMa CHCTEMBI, JIN0O0, YTO ellle MpolIe,
MOYET HPOCTO MOJCMOTPETH MapoJb, TAK KaK CIIOXK-
HBII MapoJib oneparop OyJeT 3amuchiBaTh Ha Oymare u
HOCHTB C CO00iA.

[IpoBeneHHBIE OMBITHI MOKA3aJld IOCTATOYHO BBI-
COKHMI MNPOILEHT OMIMOOK MEPBOro poja (HENpaBHIIb-
HBIH HabOp Maposisl) IpU HAIWYUH TTOMEXH JaXKe MpH
JOCTaToO4HO MpocToM mapode. [lostoMy mpu omnpene-
JICHWW TOJHUTUKM 0€30MacHOCTH MapoOJbHOM 3aIlnThI
JIOJDKHO YYUTBIBATHCS BIHMSHUE OITMOOK MEPBOTO poja
Ha CBOMCTBO JOCTYITHOCTH B CUCTEME, YTO aBTOMATHU-
YEeCKH OIpaHMYHMBAET KaK YaCTOTY CMEHBI Mapoiisi, TaK
Y €TO CIIOKHOCTb.

buomerpuyeckne MeToAbl ayTeHTU(DUKAMH Ha
NPaKTUKE MPU TUIOBBIX YCIOBUSAX M IOMeXax Ul pa-
0O0THI OnepaTopa MoKa3aiy 3HaueHHUs OIIHOOK MEPBOTO

-2
pojia B HECKOJIBKO pa3 Xyike Teopernueckux (<1077).

OCHOBBIBasICH Ha pe3yJIbTaTax MPHUBEICHHOTO TECTHU-
poBaHus, Hauboee IMEPCIECKTUBHBIM M3 HCCJICI0BaH-
HBIX 6I/IOMeTpI/IT-IeCKI/IX MCTOJ0B MPEACTABIACTCA KOH-
TpoJib 1o oBaity Juua. OZHAKO Ja’ke OH UMEET BBICO-
KHAH MPOLIEHT OLIMOOK, MO3TOMY €0 He PEKOMEHIYeT-
csi 00BEMUHATH ¢ OJOKUPYIOIIEH MOMUTHKOM Oe3omac-

HoctH. llpeanaraercss ucnonbp30BaTh €ro MpU MHOTO-
(hakTOpHOI ayTEeHTHU(HUKAIMH BMECTE€ C MapOIbHBIM
METOAOM WIIM TOKEeHOM. Bribupas metoasl MHOTO(haK-
TOPHOH ayTeHTU(UKAINK, CTOUT MPUHUMATh BO BHH-
MaHHUe TO, YTO SHTPOMHSA KITF0Ya TSI ONOMETPHUIECKOi
¥ TIApOJIBHOM 3aIIUTHl MPHOIM3UTENHFHO OJMHAKOBA,
HO JUTS TIapOoJis SHTPOIUS OrpaHUYeHa BO3MOXKHOCTS-
MH 9eJIOBeYeCKON MaMsTH, a JJs OMOMETPUH — TeKy-
el anmapaTHON peain3allel CKaHEPOB U JAaTYHMKOB
ouomeTpuu.

[Ipumenenne TokeHa ycTpaHseT mpobieMy 3aro-
MUHAHUS TIApOJIel, HO MOJIF30BATENb TOJDKEH UMETh C
co0oii pu3mueckuii HOCUTENb, YTO MHOTJA HEeYI00HO,
TaK Kak TOKeH MOXKHO YKpacTh, CKOIUPOBATh I TO-
TEPSITh.

MoskHO cenath BBIBOJ, YTO I ayTeHTU(OHUKAIIAN
onepatopa ACY TII BO3MOXHO HOCTPOUTH CHCTEMY
3aIIUTHI, HWCIIONB3YIONIYI0 Pa3iNdHbIe METOIBI M HX
koMOuHammu. Omeparoper ACY TII, xak mpasuio,
paboTaroT B OMEIIEHUH ¢ KOHTPOJIUPYEMBIM (QH3Hnye-
ckuM goctynom. Mcxoas u3 sToro, B mpeaenax KOH-
TPOJUPYEMOI 30HBI 0€30ITACHOCTH MOKHO YCTaHOBUTH
MIPOLIEAYPY IOCTyNa HA OCHOBE TOKEHOB C JIOTIOJNHH-
TEJILHBIM BUJICOKOHTPOJIEM CO CTOPOHBI CITY>KOBI 0e3-
onacHocTd. Ilo MHEHMIO aBTOpPOB, NEPCIEKTUBHOU
SIBIIACTCSL BYX(DaKTOpHAs ayTeHTH(HUKAIWS ¢ OJIOKH-
pyrollel TOJUTHKONW 0€30MacHOCTH JUIsl TOKEHA W He-
Onokupyronien aus OMOMETPUUECKOTO METOJIa PacIio-
3HABAHUSA MO OBAITY JIUIIA.
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ASSESSMENT OF OPERATOR AUTHENTICATION METHODS IN INDUSTRIAL CONTROL SYSTEMS

V.G. Promyslov', K.V. Semenkov?, N.E. Mengazetdinov®

Trapeznikov Institute of Control Sciences, Russian Academy of Sciences, Moscow, Russia
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Abstract. This paper considers the authentication of operators in instrumentation and control
(I&C) systems for industrial facilities. The main emphasis is on such systems for critical facili-
ties, on an example of nuclear power plants (NPPs). Authentication methods known for public
information systems (password, token, and biometrics) are surveyed, and their applicability in
typical operating conditions of an 1&C operator is analyzed. The analysis includes experimental
testing of password and biometric authentication methods and an expert assessment of their ad-
vantages and disadvantages for I&C systems. According to the testing results, all the methods
under consideration have somewhat worse values of the false rejection rate (FRR) compared with
the known characteristics from available sources. The best results are shown by biometric identi-
fication by the face oval. However, the percentage of FRR for this method is significant, which
can affect the availability of the control function for a legitimate operator. As concluded, a prom-
ising approach for industrial control systems is to implement multi-factor authentication: token or
password protection for blocking authentication jointly with biometric authentication by the face
oval with a non-blocking security policy.

Keywords: authentication, biometrics, token, password, industrial control system, I&C, operator.
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Cnocob YCKOPEHWA QELIEHTPANIU30BAHHOIO YNIPABNEHUA

OAAHOBPEMEHHbIM 3ANYCKOM JEUCTBUM

B PACMPEJIENEHHOM FPYNME ABTOMATUYECKUX YCTPOUCTB

C BKNOYEHMEM PETPAHCIIATOPA

[.I'. Creutopa

Annoranus. [Ipemnaraercs crnoco06 yCKOpeHHs NELEHTPAIM30BAHHBIX IPOLECCOB CHHXPOHH-
3aIMK JJ1s1 PACIIPECIICHHOTO YIPABJICHHs TPYIIION CTAallMOHAPHBIX WIIM MOOMIIBHBIX aBTOMATH-
YEeCKUX OOBEKTOB, MO3BOJIIIONINI 00BEKTaM B 3apaHee HEM3BECTHBI MOMEHT OJHOBPEMEHHO
MIEPEXOANTH B 3aIaHHBIC COCTOSHU. [IeHCTBUS OOBEKTOB 3aBHUCAT OT MX TEKYIIETO COCTOSHUS H
BHEIIHEH Cpelpl W JOJDKHBI HAYaThCS COTJIACOBAHHO BO BPEMEHH C KaK MOXKHO MEHbIIEH 3a-
JepKKOH Tociie 0OHApYKEHHSI BCEMH 00BEKTaMU BO3MOYKHOCTH HX BBIITOTHEHHS. TaKkUMH 00'b-
€KTaMH MOTYT OBITh KOMITBIOTEPHI BBIYHUCIUTEIHHOTO KIIACTEpa, PacIpeleiICHHBIE CPEICcTBa
00pabOTKH JaHHBIX B CYNMEPKOMIBIOTEPaX, MOOMIBHEIC POOOTHI, HCIIOHATEIFHBIE MEXaHU3MEI,
JEHCTBYIONINE Ha BHEIIHIOW cpeny. CHHXpOHHU3AIHS IPOU3BOIBHO PACIOIO0KECHHBIX HCTOYHH-
KOB MCIOJIHUTEIBHBIX KOMaH/ U UX IPUEMHHUKOB OCYIIECTBILSIETCS ITyTEM OOMEHa CUTHAJIaMH U
COOOIICHUAMU MEXTy OOBEKTaMH uepe3 IOCPEIHHKA, B KaueCcTBe KOTOPOTO BBICTYMAeT pe-
TPAHCIATOP CUTHAJIOB. VICIOIB3YyIOTCS CpeACTBAa TOYHOTO M3MEPEHHs BPEMEHHbIX MHTEPBAJIOB
Nepeiaui CUIHAIOB MEXKy KaXIbIM 00BEKTOM M PETPaHCISATOpoM. [ yCKOpEeHHs MPOLECCOB
CHHXPOHM3AIMK TIPHMEHSIOTCS TPYMIIOBBIE ONepanuy, o0Jagaroliue CIEeTYIOUMMHA OOIUMHU
cBoiicTBaMH. B HUX OHOBPEMEHHO y4acTBYET OOJBIIOE KOIUIECTBO 0OBEKTOB. JlaHHbIE, KOTO-
pBIC OHH JIOCTaBJISIOT B COOOIIEHHSX, HCIIONB3YIOTCS B OIEpaIHsix omHOBpeMeHHo. OO0paboTka
JAHHBIX TIPOMCXOIUT B MpoOIlecce MX IMepenadd, 0e3 YBEIHYeHHs 3TOTO BpeMeHH. Omepanun
BEITIOJTHSIOTCS. CETEBRIMH YCTPOHCTBAMH OOBEKTOB M HE COJACPKAIIAM BBIYUCIHATEIHEHBIX
CpEICTB OOIIMM CETEBEIM YCTPOHCTBOM — PETPAHCIIATOPOM.

KnroueBble cii0oBa: OTHOBPEMEHHBIH 3ayCK TPYNIOBBIX OIEPalWi, JEIEHTPAIN30BaHHOE YIpPaBIECHHE,
CHHXPOHHM3AIHUS JBIDKYIIUXCS OOBEKTOB, OBICTPBIC pacHpeereHHbIe BHYTPHCETEBbIE BBIIHUCICHHUS, MHO-

rocjIoWHasi CHHXPOHHU3AIHS.

BBEAEHUE

B cratbe pemaercs 3agava yCKOpEHHs JElEHTpa-
JIU30BAHHOTO YIPABICHHUS 3aIlyCKOM COBMECTHOTO
JIECTBUSL paclpeielIeHHON Tpynibl MUQPOBBIX 00b-
€KTOB: KOMIIBIOTEPOB KOMIIBIOTEPHOI'O KJIACTEPA, pac-
NpEeAeTICHHBIX CPEeICTB 00pabOTKM JaHHBIX B CyHep-
KOMITBIOTEPAX, MOOWIBHBIX POOOTOB, HMCIOJIHHUTEIb-
HBIX MEXAHU3MOB, JACHCTBYIOIINX HAa BHEIIHIOKI Cpe-
ay.

3agaua cienyromas. Mmeercs pacnpeneneHHast
rpymma KCTOYHUKOB OOIIEH KOMaH b, KOTOpas co3/1a-
€TCsl COBMECTHO 3TUMHU MCTOYHMKAMU M HAIPABIISIETCA
pacrpeneneHHoil Tpymnine OObEeKTOB-IPUEMHHUKOB —

ucnonHuTene komanapl. OOBEKTHI B TPyMIax pacmo-
JIOKEHBI TPOU3BOJIEHO, MOTYT HM3MEHSTH CBOE PACIO-
JIOKEHUE U 0OBEIMHEHBI ceThio CBs3M. llomyuuB Ko-
MaHy, BC€ IPUEMHHUKH OJKHBI BBITIOJTHUTH YKa3aH-
Hble B KOMaHJle ACWCTBHS OJHOBPEMEHHO WU C 3a-
JAaHHBIMU B KOMaHJE€ JUId KaXIOro NpHUEMHHKA Bpe-
MEHHBIMH 3a/iep>)KKaMi. MOMEHT OTIIPAaBKH KOMaH/bI
3apaHee HEU3BECTEH M 3aBUCUT OT TEKYILEro COCTOA-
HUS 00BEKTOB U BHEIIHEH cpenpl. JleiicTBrs 00BeKTOB
JIOJKHBI HA4aThbCsl C BO3MOYXKHO MEHBUIEH 3aJIep>KKOU
mocje OTHPaBKA UCTOYHMKAaMH 4acTeil o0mmell KomaH-
abl. [Ipu pabote 00bEKTOB B pacipelefieHHON cucTe-
M€ YINpaBIECHUS TaKXe Ba)XHO YMEHBIIATH 3aJEPKKY
(dhopMupoBaHUs BCeMU OObEKTaMU OOIIEH KOMaHIbI,
KOTOpasi CO3/1aeTCsl TPYIIION 0OBEKTOB cUCTeMBbI. Bee
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OOBEKThI, UCTOYHUKH WM MPHUEMHUKH, JOJDKHBI JICH-
CTBOBATh 0€3 BBIZECIIEHHOTO [IEHTPa YIpaBiIeHHs pabo-
TOH 0OBEKTOB.

Pemenne 3amaun cocTOUT U3 ABYX 4acTeW, COOT-
BETCTBCHHO i1 UCTOYHUKOB M MPHEMHUKOB KOMaH-
nel. JIeWCTBUSL MCTOYHUKOB OBUTM TPEACTABICHBI B
MPEIBIIYIUX MyONMUKAusIX aBTOpa W KPAaTKO H3JIO-
JKeHBI B § 3 HacTosmie cTatbi. BBOAUTCS NOMOIHU-
TEJIbHOE 3BEHO CBSA3HM MEXIY 00BEKTaMHU — PETPAHCIISI-
TOp CUTHAJIOB RS, MpocToe, He CoAepKalllee BEIUNCIH-
TETBHBIX CPEICTB M JaXe JOTUYECKUX DIEMEHTOB
ycTpoiictBo. OHO TOJNIBKO MMPHHUMAET CUTHAIBI O0BEK-
TOB Ha OJHUX YaCTOTaX W PETPAHCIHPYET UX OOBEK-
TaM Ha APYTHUX 4HaCTOTaX, HO HC MOXKET BblAAaBaTh I10
COOCTBEHHOW WHUIIMATHBE KOMAHIbl U IO3TOMY HE
CIIY)KHMT UEHTPOM yrpasicHus. OObeKThI-TPUEMHUKH
MIPUHAMAIOT CUTHAIBI TOJBKO OT RS. Mcnomp3oBanue
RS nmaer crmemyromniyie mEHTpajbHBIE JJISI CTaThU pe-
3yJbTaTHI.

[IpennoxeHHas CHHXpOHU3AIMS ACHCTBUNH OOBEK-
TOB IIO3BOJJACT MCTOYHUKAM IIOCHLIATH COO6HI€HI/ISI B
RS ¢ omHOBpEeMEHHBIM TPHUXOJOM K HEMY OJHOMMEH-
HBIX IBOMYHBIX Pa3psioB Bcex coodOmenuit. s mpu-
€MHHUKOB RS eCTBYeT KaK €IMHCTBEHHbI HCTOYHUK,
3aMEHSIOLUI BCIO NPEABIAYLIYIO TPYIITY HCTOUYHUKOB.
Tenepb O6’beKTI)I JOJDKHBI YYHUTBIBATh TOJIBKO H3MC-
HEHUS B YAaJC€HHOCTH OOBEKTOB OTHOCHUTEIEHO RS.
HcTouyHuky TOCHUTAIOT COOOIICHHUS €IMHCTBEHHOMY
npueMHUKY — RS. [IpueMHUKHN MOJTy4aroT cooOIIeHue
TOJIBKO OT RS. DTO ympoImaer CeTeBhIC TEXHUUCCKUE
CpeacTBa U YMCHbLIIACT BPEMSA MCITIOJIHCHUA KOMAaH/IbI.
JobaBnenrne RS UCKITIOYAET MOMEXHU OT MOCTYIUICHUS
B MPUEMHHUKH CHUTHAJIOB UCTOYHHUKOB. be3 RS curHaibl
TPYIIBl UCTOYHUKOB, JaXKe IOCHUIAEMBIE OJIHOBpE-
MCHHO, IOCTYIIAT B IIPUEMHHUKU B BUAC IIOMEX B pas-
HbIe, NPAKTHYECKH HE KOHTPOJIUPYEMBIE MOMEHTEI
BpPEMEHH.

B craThe nmpuMeHEHBI TPYNIIOBBIE OTIEpaIH U KO-
MaHJIbI, KOTOpBIE BBIIIOJHSIOT  pacIpeaeiiCHHbIC
YHOPaBJIAONIME U BEIYUCIIUTCIIBHBIC ONI€palu 3a BpeC-
MsI, HE 3aBHUCSINEE OT KOJMYECTBA OOBEKTOB — OIHO-
BPEMEHHBIX YYaCTHUKOB orepanuu. Kak Oyaer moxa-
3aHO, TOJBKO Hamuyue RS TO3BOJISET KOMITBIOTEpaM
pacnpeaciaCHHbIX O6’L€KTOB BBITIOJIHATE TPYIIIIOBBIC
ornepanr Ha BBICOKUX CKOPOCTSAX.

Jns perieHust TOCTaBICHHOW 3a/la4 HEOOXOIMMO
OTIPEICIIATH BPEMs NIEPEHOCa CUTHAIIOB MEXTy O0BEK-
TaMd ¥ RS. B pa3HBIX TeXHHYECKUX O00IacTax s
3TOr0 pazpaboraHo MHOro pemrenunid. Hambomnee mo-
JIE3HBI IS LIeJIeH CTaThu pe3yNbTaThl IBYX CTaHIap-
TU3UPOBAHHBIX peIHeHI/Iﬁ M0 CHHXpPOHH3AalIMMK YacCOB
pacrpenenieHHbIX 00BEKTOB M BEICOKOTOYHOMY H3Me-
PEHHIO PAacCTOSIHUNA Mexay oObeKTaMu. B mpomblrii-

JEHHOCTH WHUpPOKO npumensercs crangapr IEEE
1588-2008 Precise Time Protocol (PTP) [1]. B PTP
M3MEpEHNE BPEMEHH NIEPEHOCA CUTHAJIA UCTIONB30BAHO
JUIL CHHXPOHH3allMK TOKa3aHWi 4acoB 00beKkToB. B
3aBHCUMOCTH OT OCOOEHHOCTEH KOHKPETHOTO HpUMe-
HEHUs, TOYHOCTh M3MEHSETCS B JUAla30HE OT AecAT-
KOB MHKPOCEKYHJ] 10 BOCBMH HaHOCEKyHI. Ui mpo-
BEICHUS TOUYHBIX (U3NYECKUX HKCIEPHUMEHTOB B
HEPH B pamkax npoekta White Rabbit (WR) [2, 3]
ObuM pa3paboTaHbl CHOCOOBI H3MEPEHUsS] BPEMEHH
MepeHoca CHrHajla MeXIy oObeKTaMH, oOecreduBa-
IOIME MMKOCEKYHAHYI0 TOYHOCTh. B HacTosmiee Bpe-
MsI CO3/TaH CTaHIAPT, 0ObEIUHSAIOMINA 00a PEeIIeHNs, —
IEEE 1588-2019 High Accuracy Default PTP Profile
(HA) [4]. B PTP u WR B3aumMoneiicTBue 00bEKTOB
BBIIIOJIHAETCA B PEXUME «BEAYIIUH — BelOMbli». U
PTP, u WR mMoryT paboTars Ha ceTsx OONBIIONA Mpo-
TSKECHHOCTH.

Hwxe npumenens! pewenus PTP u WR, Ho ¢ yue-
TOM TIOCTaBJICHHOHM B HacTosIIeH paboTe 3a/aun BHE-
CEHBI JIOTIOJIHEHUs. B cTaThe paccMarpuBaeTcs UHTEH-
CHUBHBII OOMEH HaHHBIMH MEXIYy OOBEKTaMHU VIS
yhnpaBieHUs OCUCTBUSMU OOBEKTOB W BBINOJHECHUS
pacmpe/ieieHHbIX BBIYMCICHUN, TPeOYIOINH yMeHb-
IIEHUs 3aJIep>KeK B I0CTaBKe JaHHBIX. [loaTOoMy nanee
pedb MOWIET TOIBKO O CHCTEMAX, B KOTOPBIX OOBEKTHI
B3alIMHO YAAJIEHBI HA PacCTOSHUE OT JOJE MeTpa 10
HECKOJIBKMX COTEH METPOB.

Pemenwus, npennaraemeie B CTaTbe, OPUEHTHPOBA-
HBI Ha 33J1a4M C HEMPeCKa3yeMbIM 3apaHee BpeMEeHEM
UCTIOJTHEHHUS MPUEMHHKAMH KOMAaH/Ibl, TI03TOMY Yachl
He npuMeHstoTes. OTCyTCTBYET BEAYIIUi 00bEKT, BCe
00BEKTHI PaBHOIIPaBHBHI.

Hanmuune RS — [ONOJHUTEIBLHOTO YCTPOMCTBA
MEXIY 00BEKTaMU — BBI3bIBAET €CTECTBEHHBIN BOMPOC
0 CHWXEHHM OTKa30yCTOWYMBOCTH cucTeMbl. Ho 6ma-
rogapsi IpocTote RS UX KOJIMYECTBO MOXKET OBITH yBe-
JIMYEHO U MCTIOJIB30BAHO AJIS 3aMEHBI OTKa3aBIIUX RS.
Kpome srtoro, ¢ynkiuu RS MOryT OBITH TepenaHbl
nrobomy o0bekTy. HacTosimasi cratbst He paccMarpH-
BaeT BOMPOCHI OTKA30yCTOMIMBOCTH.

B nauvane maHHOro pasnena NPHUBEAEHBI CyIle-
CTBEHHO pa3iMyHble IO OpraHu3auuy HuQpoBeie 00b-
€KThI, K KOTOPBIM JOJKHBI OBITh IPUMEHHMBI CIIOCO-
OblI, TpeIaraemMple B CTaTh€. DTO BBIMOIHSIETCSA, HO
JUTSI KOHKPETHOTO BHJIa O0BEKTOB TPEOyeTCs YTOUHSTh
MHOTHE TeXHHYecKHe netanu. Hanpumep, 11 MHOTHX
BUJOB MOOWJIBHBIX OOBEKTOB CBS3b JOJKHA BBINOJ-
HATHCS TOJBKO ITyTeM oOMEeHa HEeHaIlpaBJIEHHBIMHU pa-
JIMOCHUTHAJlaMUi 4epe3 eIMHCTBEeHHbId RS. B cymep-
KOMIIBIOTEpPE 11e7IecO00pa3Ho MPUMEHUTh HaIlpaBIIeH-
HbIE ONTHYECKUE CBA3M C KOMMYyTallMel CUTHAJIOB 4Ye-
pe3 ThICSUM OJHOBPEMEHHO JocTymHbIX RS. Ho B
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KOKIOM M3 3THUX CIIy4aeB CHOCOObI, M3JIOKEHHBIE B
cTaThe, He TPeOyIOT N3MEHEHUH.

Marepuan craTbl cleqylouuM oOpa3oM pacmpe-
JenaeH Mexny ee pasmenamu. B § 1 paccmoTpeHbl
NpUHLUINBI U3MepeHusa Bpemenu B PTP u WR, nones-
HbIC JUTSI JATBHEHITNX pa3felioB cTaTh. B § 2 mpuBe-
JeHa CTPYKTypa CBs3€i, HCIoib3yemas paajee s
CUHXPOHHU3AIMU JEHCTBUA MCTOYHUKOB U TPUEMHHU-
KOB KoMaHA. B § 3 maH crmoco® BBIMOTHEHUS TIPHEM-
HUKaMH KOMaHJ| MCTOYHHKOB OJHOBPEMEHHO WU C
3aJaHHBIMU B KOMaHJAE JJIsl KXKI0T0 MPUEMHHUKa Bpe-
MEHHBIMH 3ajiepkkamu. B § 4 mpuBenen crmocob pac-
NPEAETICHHOTO YIPaBIeHUsT B3aUMOACHCTBIEM HUCTOY-
HUKOB. B § 5 paccmoTpena MHOrocnoliHasi CHHXPOHU-
3amMs  BBITONHEHUS KOMAaH][ MPHEMHUKaMHU. 311eCh
MPUEMHUKH CJIOS, BBITIONHUB KOMAaHIY, CTaHOBSITCS
WCTOYHUKAMH KOMaHJBI ISl CIEIYIOIIETo CIIOS MpH-
€MHUKOB U T. 1. B § 6 nana xpaTkas cBojka rpymno-
BbIX omnepanuil. B § 7 mokazana cBsA3b OpeajiaracMbix
B CTaTh€ CETEBBIX ONEpalMi C ONepalHsIMu accolua-
TUBHBIX BBIYUCIUTCIBHBIX CPEACTB.

1. OCOBEHHOCTHU U3MEPEHUA
MHTEPBANOB BPEMEHW & PTP n WR

OcHoBHas cxema usMmepenuss B PTP uHTepBanos
BpEMEHH I0Ka3aHa Ha puc. 1, a.

Benymuii  Benomsiit 0O; RS
H \[ h
1) 15
13 13
ty 1y
Leorr
a 0

My OTBETHBIH CHTHAJI M HOBOE IMOKa3aHHE CBOMX da-
coB. Bengymuii B MOMEHT #, IOJIy4aeT OTBET BEJOMOTO,
OTIPEIeNIICT PACCTOSHUE MEXKIy A3TOW Mapod oOBbex-
TOB, OTPEIEISET paccTosTHUE (yIAIeHHOCTh) OT BEIO-
MOTO W COOOIMIaeT ero BeaoMoMy. Bemomerii Koppek-
TUPYET Yachl. 32 HCKIIOYEHUEM Psiia BaXKHBIX JIeTanei
B 3TOM COCTOMT OCHOBa KOPPEKTHPOBKH BPEMEHH B
PTP.

Jlns  ueneit Hacrtosmed crathu  moTpelyercs
YIPOIIEHHBI BapuUaHT W3MEPEHHs, MOKa3aHHBIM Ha
puc. 1, 6. Yacel He ucnonp3ytorcsa. Mimeercs oOBEKT
RS — perpancnsTop curHanoB. s ONTHUYECKUX CHT-
HaJoOB B KayecTBe RS MOYKHO HCIOJIB30BaTh MAaCCUB-
HBI perpopediaekTop. IlponsBonbHEI 00BEKT O;
BKJIKOYAET CBOM TaliMep M B MOMEHT f; IOCBUIAET B RS
curHain. Curnan nocrymnaer B RS B MomeHT t,. C 3a-
JICP)KKO# cpabaThiBaHus RS B MOMEHT {3 CHTHAJI OyIeT
OTIpaBJcH B RS U B MOMEHT 74 00beKT O; onpenenser
BpeMs IepeHoca curHaia Mmexnay O; u RS Kkak
Toirs =ta—11 — (13— 1).

B WR ucmnonesyercst 0onee TOUHBIH (ha30BBIiA CITO-
co0 M3MepeHHs WHTEpBaJOB BpeMeHu. B pabote [5]
JUISL 3TOTO TPEUIOKEHO 3JIEKTPOHHOE YCTpOICTBO,
M3MepsIolIee BpeMs Nepeadn CUTHaIa MeXIy 00bek-
TaMU JIOCTAaTOYHO MPOCTBIMH cpeacTBamMu. JlocTurHy-
Ta TOYHOCTh B (PEMTOCEKYHIHOM Juarna3one. B Hacto-
SIEH CTaTbe 3TOT CHOCOO MOXKHO MPHUMEHSTH HEro-
CPEJICTBEHHO WIJIH KaK CPEJICTBO KOHTPOJIS CTaA0MIBHO-
CTH YYaCTBYIOIIMX B U3MEPEHUAX YCTPOHCTB OOBEK-
TOB.

2. CBA3W MEXAY UCTOYHUKAMHU
U NPUEMHUKAMU KOMAHA

Ha puc. 2 noka3aHa cTpykTypa CBsI3€H, HCHOIB30-
BaHHasi B HACTOsIIEH paboTe uis oOMeHa CUTHalaMu
U COOOIICHUSMHU MEXIy MCTOYHUKAMH U TPUEMHHKa-
MU KOMaH/I.

Puc. 1. U3mepenue Bpemenu B PTP u BapuaHT ero ucnoJib3oBaHust

3nmech B3aUMOJICHCTBYIOT J1Ba O0BEKTa — BEAYIIUN
U BeJoMbll (“master—slave” mo pacrpocTpaHeHHON
TEPMHUHOJIOTHH). B MOMEHT BpeMeHH f| BEIyIIuil TO-
ChUIaeT BEJOMOMY CHUTHAaJl Hayaja CUHXPOHMU3AIUU U
noka3zaHue cBoux 4acoB. CooOIIeHHWE MOCTYIaeT B
MOMEHT t,. BeioMblif B MOMEHT f; MOCHIIAET BeyIIle-

Puc. 2. CBsi3n MEKAY HCTOYHUKAMHU H MPHEMHHKaAMH KOMaH/{

CucreMa 00bEKTOB UMEET TPYIIY Re PHEMHUKOB
koMaHZ {Re;}, rpynny So UCTOUYHHKOB KoMaHz {So;},
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peTpaHcaaTop RS CUTHAJIOB UCTOYHHUKOB U MPUEMHU-
koB. [lo § 4 Oymem cuuTaTh, 9TO TOIHKO OAMH TPOH3-
BOJIBHBIM MCTOYHMK U3 So MOCHITAET KOMaHIYy HpUeM-
HUKaM U3 Re. VICTOUHUK MOCHIIAET KOMAaHIy HE HETo-
cpeactBeHHO Re, a yepe3 RS. IIpu 3ToM ABOMYHBIN
pazpsa «1» Kojga KoMaHIbl HCTOYHUK MOChUIAeT B RS
CUTHAJIOM HECYIIeW 4acTOTHI fi, ABOWYHBIHN pa3psia «0»
MOCBUTAETCSl CHTHAJIIOM NIPYTOd 4acToTHl fy. Perpamc-
JIATOP MEPEBOAMT STH CHIHAIBI COOTBETCTBCHHO B
Jpyrue CHTHAIBl f; U fy ¥ THOCHUIAET MPUEMHHKAM.
Curnanel He u3MeHsOTCA mpu omnepanusax WR. Kak
OTMEYEHO BO BBEICHUH, OOBHEKTHI MPUHUMAIOT TOJIHKO
CHUTHAJIBI, peTpaHcaupyemble RS 00beKTaM.

W3 u3noxeHHoro ciueayer, uTo RS necTBUTENHLHO
MpPOCTOe, HE CONepKaliee JIOTHYECKHX DIEMEHTOB
YCTPOMCTBO M aKTHBHO HE YYacTBYET B YIIPAaBICHUU
JIEACTBUAMU OOBEKTOB.

Hannuue RS — ocHOBa HCHONB30BAaHHON B CTaThe
CHHXPOHM3aLUUHN HecTBui 00bekToB. IIpu stom RS
YMCHBIIACT O6’BCM nepeaaBacMbIX JaHHBIX U BpPEMC-
HHU, HCO6XOILI/IMBIX Rei AJ1d OpraHvsani CUHXPOHHOI'O
BBITIOTHEHUS 3a/aHus. be3 cbopa cooOmieHnii B onHy
TOYKy — RS — pemieHue 3aja4 CTaThd, KaK OTMEUYCHO
BO BBEJICHHH, TpeOyeT OONBIINX 3aTpaT BpeMeHH. JTH
BO3MOKHOCTH JIETATBHO PACCMOTPEHBI B CIETYFOIINX
paszenax CTaThH.

CBsi3u Mex1y 00bEKTaMH MOTYT OBITH OECIIPOBOJI-
HbIMM W NPOBOAHBIMH. BCCHpOBO)IHBIe CBsA3U IIPEHO-
CTaBJISIOT JIOTIOJHHUTENbHBIE BO3MOXHOCTH. K mprme-
py, A7 MOOWIBHBIX OOBEKTOB JOMYCTHMBI TOJBKO
OecrpoBOJHBIE CBA3M. B cTalMOHapHBIX CyHepKOM-
MBIOTEPaxX OECTIPOBOIHBIE CBS3M MEXAY TPYNIION 00b-
€KTOB W Tpynmoil RS MO3BONSIFOT OBICTPO TepecTpau-
BaTb CTPYKTYpPY CUCTEMBI B IIPEAECIIAX PELICHUS OJHOU
3amaun. Takke ympomaeTcss BOCCTAHOBIIEHHE CHCTE-
MBI TIpU 0TKa3ax RS. OHU U30aBIAIOT OT AyOIUpPOBa-
HUS ¥ TPOMPOBAHHUS COCTaBa peTpaHcisATopoB. Tak,
€CIIM €CTh XOTsl Obl OJINH 3aMacHON PETPaHCISATOp, TO
MIPH OTKa3€ KaKOTO-THO0 U3 PETPAHCIATOPOB OOBEKTHI
0e3 MPOMEXYTOUHBIX KOMMYTAaTOpPOB MEPEKIIoYaTCs
Ha pe3epBHBIN perpaHcisaTop. OOHApYKUTh OTKa3 TO-
MOTaeT IIMPOKOBELIATENbHAS Tepeadya JOTrHYecKou
HIKaJibl, JOCTYIMHOM OJHOBPEMEHHO BCEM OOBEKTaM

(cm. § 4).

3. CAHXPOHU3ALIMA NPOLLECCA BbINONHEHKUA
KOMAHA NMPUEMHUKAMU

B manHOM pasfnene nu3noxkeH croco0 BEITIOTHEHUS
TOYHOW CHUHXPOHH3AIINN TPUEMHHUKOB — HWCIIOJHHUTE-
neit KoMaH]], 00bETUHEHHBIX B COOTBETCTBUH C PUC. 2.
Kaxxnprii npueMHUK 1O MOIYYEHUS! UCIOJHUTEIBHOU
KOMaH/IbI, 3aIlyCKaOMEeHd MPOIecC CHHXPOHHOTO BHI-

[IOJIHEHUS] HUCIOJHUTENbHBIX JCHCTBUHM, MOTy4YaeT
ONMCaHME ero AEHCTBUS B IIPEABAPUTEILHON KOMaH/E.
OTH KOMaHbl MOTYT OBITH MOCIAHBI Pa3HBIMH HCTOY-
HUKaMH{ B TIPOM3BOJIEHOM MOPSIIKE WM B BUJIE €IUHO-
ro COOOIIEHHs, COCTOSIIEr0 M3 COOOIIEHUNH OTACHb-
HBIX HCTOYHHKOB. Takoi crmoco0 mokasas B § 4.

Jlo peanuzanuy UCHOTHUTENBHONM KOMaHJbl KaX-
bl MPUEMHHUK JOJDKEH H3MEPHUTh BpeMsl IIPoxona
CUrHaja (ONTHYECKOr0 MM PAaAMOCHUIHAJNA, UMEIOIINX
CKOpPOCTh CBETa ¢) MEXAy NpueMHUKoM u RS (yna-
JeHHOCTH OT RS). 3aeck mpeiaraeTcs BapuaHT U3Me-
PEHus, KOTOPBI TpeOyeT BBEACHUS IOMOIHUTEIBHBIX
YaCTOTHBIX KaHAJIOB, HO IMO3BOJISET IPOBOJIUTH U3MeE-
peHUs HE3aBUCUMO U OJIHOBPEMEHHO C JAPYTHUMH IPO-
reccaM 0OMeHa COOOIIEHUSIMHA MEXTy OObEKTaMHU.

[lepBas 3amavya MpHEMHHUKOB B IIpOLECCe HU3MeEpe-
HHsI BDEMEHH COCTOMT B €T0 3aIyCKe 0e3 MPUBIICUCHUSI
CIELUAIBHOIO LIEHTpa YIPAaBJICHUS, 3aAal0UIero 00b-
€KTaM MOPANOK u3MepeHust. /g 3Toro npueMHUKH U3
Re, KOTOpBIM TpeOyeTcs ONMpeNeNnTh yIAIeHHOCTh OT
RS, nmoceutator B RS cnienuManbHbIA CUHXPOCUTHAN S.
JnuTensHOCTh €ro HO/DKHA OBITh HE MeHblie 7' —
HanOOJIBIIEr0 MHTEPBAJIa BPEMEHH IIEPEeHOCca CUTHaIa
Mexay RS u mo0piM npueMHUKOM. [IpHeMHUK MOCHI-
JaeT CUTHAJ S, €CJIM OH He HMOJIYy4YMI 10 3TOr0 MOMEH-
Ta BO3BpAIlCHHBIA OT RS CHrHaN S, MOCIAaHHBIA Apy-
TUMH HCTOYHUKaMU. [Ipu AnuTensHOCTH cUrHama S >
T oOwuii curHan S co3gaercsl HaJOKEHUEM OT/Elb-
HBIX CUTHAJIIOB S OOBEKTOB B €IWHCTBEHHBINA OOIIMIA
CUTHaJl S TIEPEMEHHOM JUIMTEIbHOCTH. PerpaHcisaTop
npeoOpasyeT S B €MHCTBEHHBIH CUTHAI S,; U HIHPO-
KOBEILATEJIbHO pacchllaeT ero MpueMHUKaM Re.

MoMeHT mpeKkpaleHus npuemMa cursana S,, npu-
eMHHMK BOCHPHHHMAeT KaK CHTHAN S,, Hayaua CHH-
XPOHHM3AIMM, CO3JaHHBIA O€3 NpUBJICYEHHS LIEHTpa
ynpasieHus (cM. Taxke paborty [6]). anee mpemmo-
JlaraeTcsi, 4To MPUEMHUKH U3 Re MMEIOT MOPSAAKOBBIE
HoMepa. OOBeKT Re; C M3BECTHBIM HaUMEHBIINM HO-
MEpOM i, Hanpumep, ¢ I = 1, IpOBOAUT U3MEPEHHE €TI0
YAAIEHHOCTH OT RS. Tak noctynaroT BCce NPUEMHHUKH.
OTOT MpOILIECC MOXKET BBIMOJIHATHCS HENPEPHIBHO, OI-
HOBPEMEHHO C APYTUMH IPOLIECCAMU B3aUMOJICHCTBUS
00bekTOB. HekoTopble BapuaHTBl JaHHOTO JEHCTBHS
00BEKTOB MPUBEACHHI B cTaThe [6]. B wacTHOCTH, ecnu
He TpeOyeTcsl BBICOKAsh TOUHOCTh CHHXPOHHU3AaLUUH (He
TpeOyeTcs pa3nuyars BpeMeHHble UHTepBajibl < T), TO
B COOTBETCTBUH C paboTol [6] 00BEKTaM TOCTATOYHO
0oOMEeHUBAThCSI MEXIy co00¥ CHrHaJaMu HETOoCpen-
CTBEHHO, 0e3 Hanmnuus RS.

[locne 3aBepiieHnss U3MEpeHHs IPUEMHHUKAMU Re;
UX yJnalieHHOCTH T; OoT RS HaumHaeTcs MpoIEecc CUH-
XPOHHOT'O BBITIOJHEHUSI BCEMH NMPHEMHUKAMU KOMaH-
JIbI UICTOYHUKA. JIJIs1 9TOro KaKJbli MPUEMHHUK BBIIIOJI-
HSET CIEAYIOLLYIO ITOCIIEN0BATEIBHOCTD ACUCTBUI.
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Illae 1. TlpueMHUK Re; BBEIYHCIIACT 3HAUCHHE 3a-
nepxku d; = C — T; + a;. 3nece C > T, a; — He 00s3a-
TenpHas 17 Re; MOMOJIHUTENBHAS 3aJ€p>KKa BO Bpe-
Mmenu; a; > 0. Ucnons3yercs C > 0, ecnu TpebyeTcs
y4ecThb 3aTpaThl BPEMEHU Ha JOIOJHUTEIbHBIE ICH-
CTBHS OOBEKTOB.

Hlaz 2. Kaxapiit Re;, ony4ynB KOMaHly, B MOMEHT
ee 3aBepIIeHHS BBITONHSIET 3aACPKKY d; U TIOCIEe ITO-
T'O BBITIOJHSIET TpeOyeMbIe KOMaHI0H eHCTBYSL.

Komanna mocne Boixoga u3 RS moctymaeT B Re;
gepe3 wHTEpBaN BpemeHu 71;. CremoBaTenbHO, IMPH
3aepkKe d; 000U Re; BBITIONIHAT JEUCTBHS B MO-
MeHT Bpemenu 1 =T1; + C —T; + a; = C + a;. Bce Re;
BBIIIOJIHAT KOMaHJy OJHOBPEMEHHO B MOMeHT C 1o-
cJie BBIXO/1a KOMaH[Ibl U3 RS WM ¢ 3aiepKKaMu a;, 4TO
U TpeOOBaOCh.

Takum o0Opa3oM, Tociie BbIXOAa KOMaHIbsl U3 RS
IUTSE BceX 00BEKTOB MEPEX0]] B CHHXPOHHOE BHITIOTHE-
HUE KOMaHIBl IPOU30HIET Yepe3 BpeMsl JOCTaBKU KO-
MaHJIbl K HauboJjiee yaaieHHoMy oT RS o0bekty. Eciu
BCEM 00BEKTaM M3BECTHO T,y (BpeMsl IepeHoca CHr-
Hasa Mexxay RS n HauOosee ynaneHHBIM OT HEro 00b-
eKkToM) U fomyctumMa 3ameHa C Ha Ty, TO OyIEeT BbI-
MOJIHEH TIepeX0J] B CHHXPOHHOE COCTOSIHUE 3a
HaUMEHbIIEE BO3MOKHOE BpEMSL.

HeobOxomumo onpeaennuThcsi ¢ MOMEHTOM OTOOpa
u3MepeHuid 1; npueMHuKamu Re;. Tak Kak npezrnoda-
raeTcsi HeNpEepbIBHBIA MPOLIECC U3MEPEHUS TPUEMHU-
Kamu 3HaYeHnd 7T;, TO MOXXHO OpaTh TOCJenHee W3
W3MEPEHUN, BBHITIOJHEHHBIX /IO TIONYyYEHUS KOMAaHIBI
00bekToM. HO MOXHO BBINIOJIHUTH H3MEpPEHUE IpH
MOJIYYeHUH KOMaHabl IpueMHUKoM. Eciau Re; usBect-
HO BpeMs ompeaeneHus Re; 3nadenuii T; u d;, 10 10-
CTAaTOYHO 3a7aTh BCeM Re; BEPXHIOIO TPAaHUILY Bpeme-
HU omnpexnenenust 1; M d;, 9T00BI IPUEMHUKHA OTKOP-
PEKTUPOBAIIM BO3MOXKHBIA pa3OpoC BPEeMEHHU B Ompe-
JCJICHUU 3TUX 3HA4YCHUM.

TouHoCTh U3MepeHus 1; CyHIECTBEHHO YIydllaeT-
sl IPUBEJICHHBIM HIDKE CTIOCOOO0M, OpUEHTHPOBAHHBIM
Ha JKECTKUE BPEMEHHbIC TPEOOBaHHUs, YTO HEOOXO.IH-
MO ISl COTJIACOBAHUS AEUCTBUM KOMIIBIOTEPOB, HAXO-
JIIIAXCSL B IPUEMHUKaX Re;. B aTom cnocobe Re; Oy-
JIET TIO-TIPEKHEMY TTPOBOIUTH HOBOE M3MEpPEHHUE pac-
crossHus 10 RS mnocne 3aBepluieHuss H3MEPEHUH
OCTAJIbHBIX TPUEMHHUKOB, HO BCE ATH U3MEPEHUS Te-
Meph TMPOBOMATCS B MpeAesiax OJHOTO OOIIero IJis
BCEX NPHEMHHKOB COOOMIEeHWA. B HEM H3MepeHUro
KKI0ro Re; OTBOAUTCS OUYE€Hb KOPOTKHUM BPEMEHHOMU
UHTEpBaN At.

ITonaraem, 4T0 10 TPUMEHEHHS IPEITaraeMoro
crocoba TpPHUEMHUKUA Re; ONpeAenuii WHTEPBAIBI
BpeMeHu T, 3agaHa KoHcTaHTa C, B JIy4dllleM Cllydae
C=T [6]. llpuemaukn Re; TakKe BBIUYUCIHIN 3HAYC-
Hus d;. Kaxaomy Re; i1 HOBOTO omipenencHust 1; BBI-
JIeJIeH MHTEpBaJl BpeMEeHU Af; OJUHAKOBON IJIUTEIb-

Hoctr At. Cioco0 mpesmnonaraeT Ciaeayromyio mocie-
JIOBaTENbHOCTh JCHCTBUI.

Llae 1. llpueMuuku Re;, KaKk U3JI05KEHO BHIIIIE, 110O-
cputaroT B RS curnan S, nonydaroT ot RS curnan S,,.
ITo curnany *S,S. 3aBeplIeHUs cUrHana S, Kaxapiid Re;
MOOYEPETHO 0 i B CBOEM HHTEpBalie Atf; MOChUIAET B
RS TecT-curHan 6t JIMTENBHOCTH, MCHBIICH JJINTEIb-
HOCTH At, pacrionaras ot B IeHTpe At,.

Illaz 2. Tak kak BceM Re; U3BECTHO 3HauUcHHE Af,
TO BCEe Re; OoTHpaBaT cBoM Af; B OHOM 00IIeM c000-
menun SC IIUTENbHOCTH nAtf, Tae n — KOJWYECTBO
MIPHEMHUKOB.

Hlae 3. Curnansl Ot cooOmenust SC MOCTynsT B
RS, npeobpasyioTcst B Of K BO3BPATATCS IPHEMHHUKAM.
[To cmemenuto Ot B ipenenax At; mpueMHHK Re; onpe-
JeauT HoBoe T;.

Jlyis Toro, 4 TOOBI crioco0 ObLT pabOTOCIIOCOOCH U
TI0JIe3€H, TpeOyeTcsl BHIMIOIHEHNE ABYX ycioBHU. Bo-
NEPBBIX, CUTHAN Of MPH JII0OOM NepeMenieHnu Re; He
JIOJDKEH BBIXOMUTH 3a mpenensl At Bo-BTopbIx, mmu-
TENBHOCTh NAf NOIDKHA OBITh MEHBINE IITUTEIFHOCTH
MIPeNbIYIIEro crocoda omnpenenenus 1;, UCIONIb3YIo-
IIETO TPYIIY OTACIBHBIX co0OIeHuid. [TokakeM, 4To
3TO JOCTUTAETCSI.

[Ipy HENMOABMKHBIX W HE TOABEPKEHHBIX BHEIII-
HUM BO3JICHCTBUSIM Re; TIpH JIIOOOM KOJIMYECTBE H3MeE-
penuit T; curHan Ot OyIneT HAXOAMTHCA B IICHTpe Af.
Wnaue &t cmemaercs.

[lycth MakcUMallbHOE paccTOsHUE MeXay RS u
M00bIM Re; paBHO L, MakcUMajbHas CKOPOCTh Iepe-
Mmernierns Re; paBHa v. Torma 3a Bpemst m3mepenus 7;
MIPUEMHUK CMECTUTCS He Oojiee 4eM Ha pPacCTOsSHUE
‘L= Ty. Ilpu 5TOM CHTHAN 3f CMECTHTCS B NpeJeNax
At He OoJiee YeM Ha MHTEpBal BpeMeHH ‘At="L/c=
= T;v/c. atepBan At nomkeH ObITh HE MEHBIIIS Z*At,
4yToObI Of He mepenlen B cocelHuit uHTepBan Ar. Bech
UK U3MEPEHUH JJIs 1 IPUEMHHUKOB OYET BBITIOJHECH
3a mHTepBan BpeMeHH 2nT; v/c << nT, Brlnenenune
OTJISNIPHOTO YaCTOTHOTO KaHaJa JIsi CHTHAIIOB KaX10-
ro Re; yCTpaHUT 3aBUCUMOCTH OT N U YMEHBIIUT JI0-
IyCTUMOE BpeMsl U3MEPEHHUs yIAICHHOCTH OT RS s
Bcell rpymisl Re.

W3noxeHHbIe pemieHus] 00SCIeYNBAIOT MUHU-
MaJIbHYIO 3aJC€pXKKy B HCIIOJTHCHUH HaIPaBIsIEMOU
NpUEMHUKAM KoMaHAabl. J[eCTBUTENbHO, NpU HaJIU-
yud RS OH JEHCTBYET Kak €IMHCTBEHHBbIA MCTOYHUK
KoMaHpl. IIpueMHUK u3MepsieT yAAIEHHOCTh OT RS
JI0 TOYYEHUs] KOMaHbl U 33aJIep>KKa B Hauaje €€ Bbl-
MOJHEHUsS] OTCYTCTBYeT. Jlanee KaKAbld NPUEMHUK
JIOJDKEH HAYWHATEH BBITIOJIHATE KOMAHAY TOJBKO TPH
MOJYYeHUH KOMaH]Ibl BCEMU IIPUEMHHUKAMU, 3aJCpHKU-
Basi BBIMIOJIHEHUE C YY€TOM CBOEH YAAIEHHOCTH OT RS.
Kak moka3aHo BbIIlIC B 3TOM pazjeie, Bcs nHpopMa-
[US U1 OTOTO TIPUEMHUKaM JOCTYITHA 3apaHee u, Io-
JTy4YUB KOMaHJy, IPUEMHUK C COOTBETCTBYIOIUM EMY
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CABUTOM BO BPEMEHHM HAUMHAET €€ BBINOJIHEHHE. Ta-
KM o0Opa3zoMm, Hammume RS yCTpaHSeT 3aJep KA B
BBINOJHEHUU KoMmaHbl. [Ipu oTrcyTcTBUM RS 3anepx-
Ka BO3HUKAET 0053aTEeIIBLHO.

Ecmm o6myro koMaHay (GopMupyeT rpymma ucTod-
HUKOB U OTCYTCTBYET RS, TO OIHOBPEMEHHOCTH ACii-
CTBUI MPUEMHUKOB JIOCTUraeTcs TOJIBKO IPU 3aMEHE
RS omganM u3 mcTouHWKOB — nmuaepoMm. Jlugep Oymer
JeiictBoBaTh Kak RS. Takol mpoiiecc HempueMIeMO
JIATEIIbHBIN.

B crenyromem § 4 UCTOYHMKK OTHPABIAIOT COO0-
LICHUS IPUEMHUKaM TOJBKO uepe3 RS, perymupys
BpeMsi IprUxoaa coodbuieHus B RS ¢ y4eToM ynaneHHo-
CTM UCTOYHUKA OT RS. Ilpum 3TOM HCTOUYHUKH, HEH-
CTBYSl HOJOOHO NPUEMHHUKAM, ONPEACISIIOT YyIaJeH-
HOCTh 10 RS ¥ 3aTeM MOCBIIAa0T COOOLICHUS TaK, YTO-
OBl OHU JOCTUTIIH RS OJHOBPEMEHHO WJIH B 3a/IaHHOM
nopsiake. Y AaneHHOCTh A0 RS MCTOYHMKH ONpeaens-
10T 3apaHee u GopMUpoOBaHUe 00IIel KoMaHAbl OyaeT
BBITIOJTHEHO 0e€3 3aJiepKeK, HalpuMep, clenys perie-
HUsIM § 6.

Crioco6 m3mepenus nepenoca curnana (PTP, WR)
0e3 M3MEHEHHs PEIICHUH CTaTbh MOXXHO 3aMEHUTH
JPYTUM H3BECTHBIM criocoboM. Takum obpa3oMm, BO
BCEX CIy4asx Hanuuue RS MUHHUMM3HPYET 3aIEPIKKY
Hayasa BBIIOJIHEHUS 00LIero AeHCTBUS IPUEMHUKOB.

N3noxeHHBIM 3aBepILEeH MPOILecC CHHXPOHU3ALUU
BBITIOJIHCHUA KOMaHJ A CTPYKTYpbl C €AWMHCTBCH-
HBIM RS, MOCHUTAIOIIMM CUTHAJIBI BCEM NPHEMHHUKaM
rpynnsl Re. B § 5 Oynetr paccmorpena Oosiee oOmas
3amada. Ho BHavane B § 4 paccMOTpUM COBMECTHBIE
CHUHXPOHHBIE ACHCTBHS TPYIIIBI HCTOYHHUKOB.

4. CHHXPOHHbIE ENCTBUA IPYNMbl UCTOYHUKOB

CHHXpOHHBIE IEHCTBUS TPYIIIHI UICTOYHUKOB OBLITH
PaccMOTpEHBI B cTaThe [6], HO OHU MHOTOKPATHO HUC-
MOJIB3YIOTCSI B HACTOSIIEH CTaThe U 3/1eCh JaHO Ooee
COOTBETCTBYIOILIEE § 3 KpaTKOe H3JIOKEHUE NCUCTBUIMA
TPYHITBI HCTOYHUKOB.

[TomoOHO AEWCTBUSAM MPUEMHUKOB, B § 3 MCTOY-
HUKHA OPraHU3yIOT JIEHCTBHUS CIEIYIOIIAM 00pa3oM.
Wctounuku So; U3 rpymisl HCTOYHUKOB SO, YIOPSI0-
YEHHBIE 110 j, MOChUIAIOT B RS curHan S, B OTBET MOJIy-
qaroT oT RS curHan S,, ¥ curHail *S,s — TpU3HAaK 3a-
BepmieHus S. Ilocae storo So; moouepenHo omnpene-
JSI0T YAQJICHHOCTh OT RS W BBIUMCISIOT 33ACPiKKU
D;= C —t; + a;, nono6usle d;, C, T;, a; u3 § 3. Teneps
HUCTOYHMKH MOTYT 0€3 HCIOJIb30BaHUS BBIJICICHHOTO
[EHTpa MOChLIaTh CHHXPOHHO COOOMIIeHMs (M KOMaH-
JIbI TIpHEMHUKaM) B RS.

Jlimst omucanust JambHEHIINX JEMCTBHM HCTOYHH-
KOB BBOJHUTCS JIOTMYecKas Imkaina LS — ImoclemoBa-
TEIBbHOCTh JIBOMYHBIX Pa3psAIOB B KOJIMYECTBE, PAB-

HOM KOJIMYECTBY HCTOYHMKOB B So. Hcrounuk Soj,
KOTOpOMy TpeOyeTcs mepenars coolmienne B RS, BHO-
CUT B COOTBETCTBYIOIIUN eMy pa3psna j mkaigsl LS
eIUHUILY, KOTopas mepenaercs B RS curHaioMm c He-
cymieit wacroroii fi. OcranpHble pa3paasl LS MOTyT He
COJIep/KaTh NBOMYHBIX 3HAYEHUM WM SO; BHOCHUT B
HUX HOJIb, KOTOPKIHN mepeaaeTcsi curHaioMm fy. Bo BTo-
pOM ciydae IpU OJHOBPEMEHHOM Hpuxoae B RS u
nanee B Re; OT HECKOJIBKMX MCTOYHUKOB CHTHAJIOB fi M
Jfo OHU B HEKOTOPBIX omepanusx Re; BOCIPUHUMAIOTCS
KaK Tapa CHUTHAJOB, HO B OOJIBIIIMHCTBE OMeEpaIuit
CUUTAIOTCST CHTHAJIOM f7.

s Hayana B3auMOJIeUCTBUA C RS UCTOYHHKH T0-
ChUIAIOT B RS curHani S, moiy4aroT B OTBET S, U *S,s.
Ilocae storo ¢ 3agepkkaMu D; HICTOYHMKH IOCBIIAIOT
B RS cBom mkanel LS W momy4yaroT OObEIUHEHHYIO
mkany LS, B KOTOpOH COBMEIICHBI OJIHOMMEHHbIC
paspsiapl Bcex Moinyd4eHHbIX RS mkan. Temeps So; Mo-
TYT TIOCTaTh YIOPSAOYSHHO CBOM cOO0IIeHus B RS, He
3aJICP)KUBAsACh HAa MCTOYHUKAX, HE 3aTpeOOBaBIIUX
nepeaavy cooOIICHU.

Takum 00Opa3oM, TOIMY4YeH ITOJNE3HBINA pPe3yibTar.
HcTounnkn ynopsaoYuBarOT CBOM COOOIICHUS, TTOCHI-
nas ux B RS. Tenepp RS nmeficTByeT Kak €IMHCTBEH-
HBI HMCTOYHHUK, PACCBUIAIOIIMA OT RS mpHeMHHKaM
COOOIIeHNA-KOMaHAbl. VICTOYHWKH  OJHOBPEMEHHO
MOTYT OBITh MPUEMHUKAMH, YTO MO3BOJISET UM COTJIa-
COBBIBATH COBMECTHBIE JeicTBUA. B wactHocTH, So;
MOTYT MOATBEPAUTH COIJIACHE BCEH IPYIIIBI So HA BbI-
MOJIHEHUE KOMaH/Ibl, OTIIPaBJIicHHOW B Re. B § 6 Oyzer
MMOKa3aHo, 9YTo0 RS MOXXET HE TOJIBKO JCHCTBOBATh KaK
PETPaHCIATOP CUTHAJIOB, HO JJIs psifa paclpeaciicH-
HBIX MEXIY WICHaMH So olepanuil MOKET UX BBIIOJI-
HATh 0€3 BKJIIOYCHHS B COCTaB RS JIOTMUECKUX 3Jie-
MEHTOB.

B ornmume oT CHMHXPOHHBIX JEHCTBUI OOBEKTOB,
MIPU aCUHXPOHHBIX JEHCTBUSAX OTCYTCTBYET BO3MOXK-
HOCTh yKa3aTh BpeMs 3aHATUs RS o0bekTOM. B 3TOM
cily4ae IpUMEHUM 0apbepHYI0 CHHXPOHU3AIUIO B BH-
Jie, TIpUBEZICHHOM B pabote [7]. B Hell onuH unu He-
CKOJIBKO BBITTOJIHSIOLIUX OOIIYIO ONEPAU0 00hEKTOB
Ha BpeMsl BBINOJIHEHUS ONEpaluy MOCHLIAIOT JOCTYII-
HBIi BCeM OOBEKTaM CHTHAI B, OTIMYAIONIMICS OT
BceX Ipyrux curaaioB. [Ipu paboTe HECKOIBKUX 00h-
€KTOB W 3aBEPIIEHUHN KaKUM-THO0 OOBEKTOM ero pa-
OOTBI 3TOT OOBEKT IpEKpalaeT rnepeaaBaTh CUTHAI B.
IIpu 3aBepmreHny pabOTHI BCEX YIACTHUKOB OTEPAITHH
nepeaada curHaiga B mpekparmiaercs. Ero oTcyTcTBue
paspemiaer ApyruM OOBEKTAM HAYaTh CIEIYIOIIYIO
onepanuo. Eciu He IpUMEHUTH 3TU JSHCTBUSA, TO U
ACHHXPOHHBIX NEHUCTBHUSIX 00BEKTOB 3HaueHue C mpu-
JIETCsl BEIOMpaTh HeonpaBAaHHO OonbimM. Oneparun
HMCTOYHUKOB § 4 HCIOJIb30BaHBbI B CIEAYIOIEM § 5 pu
MHOTOCJIOMHON CUHXpOHHU3AIUKU JeiCTBU B Re.
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5. MHOrOCNOWHASl CUHXPOHW3ALIUA FPYNN
NPMEMHUKOB

B otnuume ot § 3, 31eck o01ias rpyrmma 00beKTOB
pasnenena Ha moArpymnmsl (cimou) Ley, Ley, ..., Le,.
(puc. 3). B npenenax cmost 0OBEKTH JEHCTBYIOT, Kak
MOKa3aHO B MpeapInyIux paszaenax. CUrHaibl, KOTO-
pPBIMH OHM OOMEHHUBAIOTCS, HENOCTYIHBI OO0BEKTaM
Ipyrux cioeB. Ho perpancmsatopel RS cnos mopg
yhpaBiieHHEM OOBEKTOB CJIO0S MOTYT OOBEIUHSTHCS C
RS cnenytomero cnos. I[lepBelif cioil IPUEMHUKOB
MOJTy4aeT KOMaHbl ICTOYHUKOB B COOTBETCTBHH C § 3
HETNOCPEICTBEHHO OT So cnod. 3aTeM rpynna Re mnpu-
€MHHUKOB TIEpBOTO CJIOS Yepe3 CBOH peTpaHcsTop
JEHCTBYET KakK TpyIa UCTOYHUKOB ISl IPUEMHHUKOB
BTOPOTO CIIOSI, COTJIACOBAB CBOU JCHCTBUSA B COOTBET-
ctBuu ¢ § 4. Jlna storo RS 3THUX CJIOEB NEUCTBYIOT
COBMECTHO — PETPAHCIATOP BTOPOTO €0 TPaHCIUpY-
€T 00BEeKTaM BTOPOTO CIIOSI CUTHAJIBI TIEPBOTO CJIOS, a
TaK)Ke TOCHIIAET CHUTHAJIBI BTOPOTO CJOS TEPBOMY.
AHANOTUYHO OYyAYT JEeHCTBOBAaTH MPHUEMHUKHU CIEIY-
IONUX clloeB. B mpocTeiimem ciaydae Tpedyercs, 4To-
OBl IPHEMHUKH TTOCIIETHETO CJI0S CHHXPOHHO BBITION-
HHJIN ﬂCﬁCTBHH 10 OTHOIIICHHWIO K BHCIIHHUM O6’BCK-
TaM. B 0ojee coKHOM ciy4ae KOMITBIOTEPHI TIPHEM-
HUKOB ¥ KOMITBIOTEPHI UCTOYHHUKOB CJIOS TIPH BEITION-
HCHUM COBMECTHBIX JCHCTBUN OyAyT uepe3 cBoil RS
00MEHHBATBHCSI COOOIICHUSIMU, KOTOPBIE OYyAyT OJHO-
BPEMEHHO JIOCTYITHBI BCEM 3TUM OOBEKTaM ¥ JOJKHBEI
WCTIONB30BaThCS I KOPPEKTHUPOBKHA HX JEHCTBHM,
YTO MOTpedyeT JOMOTHUTENBHOTO BpeMeHn. HauHem ¢
npocreiiero npouecca 1.

Le )

Puc. 3. Muoroc/ioliHasi CHHXPOHHM3AIMsl TPy IPHEMHUKOB

IIpouecc 1. OObeKTH pa3meneHsl Ha k CIOeB, k =
=0, ..., n. OOBEKTHI-IPUEMHUKH CJIOS k TSI B3aUMO-
JeHcTBUSl C MpUeMHHUKamu ciosl k + 1 mepexoasar B
peKHM pabOThl HMCTOUYHHUKAMH. HOBBIE HCTOYHHKH
CJ0s k NEUCTBYIOT B COOTBETCTBUU C TOJIOKEHUSIMU §
3, cuHXpOoHU3ys npueMHuKHU cios k + 1. [lepemema-
ACh OT CJIOSl K CJIOK0, ATOT MPOLIECC JOCTUraeT Ciof,
JICHCTBYS TPHUEMHUKOB KOTOPOI'0 TPeOyeTcss CHHXPO-
Hu30BaTh. CUHXpOHM3aNUs OyJeT BhIMONHEHA. [Ipu

9TOM MPOMEKYTOUHBIM CIOSM 3aIPEHICHO BBIMOIHATh
KaKkHe-In00 BHEIIHUE NeHCTBUSL.

Ecnu tpeGyetcst, 4ToOBI MPUEMHUKH BCEX CIIOEB C
OJIMHAKOBBIM [UI BCEX CIIOEB BPEMEHEM BBIIIOJHEHUS
nerictBuii C OMHOBPEMEHHO BBITIONHWIN BHEITHHE
JeiicTBus, He TpeOyromue oOpamieHus Kk RS, To ams
STOTO0 HUCIOJIb3yeM MpoIlecC 2, MOMOTHSIOIUN Iei-
cTBUs Tpoiiecca 1.

pomnecc 2. [IpueMHUKH MIPOU3BOJIIBHOTO CIIOS k <
1 TIOocNe TONYy4YeHHs] KOMaHJbl MHOTOKpPaTHO BBIYHC-
TSAIOT 3HaueHue F = n — k, yBenuumBast k Ha eTUHHUILY.
[Ipu xaxxaom Beranciennu F hopMupyeTcs 3amepixka
BpemeHH C, mociie JOCTH)KEHUS KOTOPOW BBIUMCIISIET-
cs cienyrouiee 3HayeHue F.

IIpu nonydenun F = 0 IpUEMHUKH CJIOS BBIITOJIHAT
BHEIHee JeicTBHe. [Ipyu mepBOM BBIYMCIECHUM AJIS
cnost k =0 nonyuum F = n, 11 ciost k = 1 monmyuum F
=n— 1 u 1. 0. B pe3ynprare B MOMEHT NOJy4EHHUSA
KOMaH/Ibl B MOCJIEAHEM CJI0€ MIPUEMHUKH BO BCEX CIIO-
X noiaydatr F = 0 1 OIHOBPEMEHHO BBINOJIHAT BHEIII-
Hee JIEHCTBUE.

Kpome BHEmHWX AeWCTBUIT KOMIBIOTEpAM OOBEK-
TOB CJIOSI kK MOXET MOTPeOOBaThCS OOMEH JaHHBIMH,
KOMaHJAMH M BBIIIOJTHEHHE PACHpPEIEIICHHBIX BBIYHC-
JICHW, 3aHUMAIOIINE ISl 3TOTO WX OOIIMI pecypc
RS). Ecin MOXHO yKa3aTh BEPXHIOIO T'PaHUILY C 3a-
HATHS OTOTO RS, 00BEKTaMH cIos, TO TPU MOOYEpe-
HOW paboTe cJ0eB BpeMs 3aHATHS YUUTHIBAECTCS BBI-
6OpOM COOTBETCTBYFOMEro 3HaueHus C BMecTo C.

[lpu HanMYMKM acCUHXPOHHO JIEHCTBYIOIIUX OOBEK-
TOB JYYIINH BPEMEHHON pe3yJbTaT JAeT MPUMEHEHUE
cleAylomero AByX(}a3HOro Ipolecca CHHXPOHHU3a-
ITUH.

®a3a nOAroTOBKM K CHHXpOHU3auuu. B Hell nns
IIEPBOTO CII0S ACHHXPOHHO BBIITOJIHAETCS MOJATOTOBKA
JAHHBIX UCTOYHHMKAMHM JJIS TIepeladyl UX MpUEeMHHKaM
nepBoro cios. Bece neficTBUs BBITOIHSIOTCS € IIpUMe-
HeHueM OapbepHoil cuHxpoHm3anmu (§ 4). [Ipuemnan-
KM TIEPBOTO CJIOS MPHU HEOOXOJUMOCTU TAaKXE ACHH-
XPOHHO (OPMHUPYIOT JIOTIOJHUTENbHBIC JaHHBIC IS
[TOATOTOBKHU JEHCTBUI B Ka4€CTBE HCTOYHUKOB BTOPO-
ro cnos. Ilepexon k AeHCTBUSAM BTOPOTO CJIOS BBINOJI-
HSETCS 10 CUTHAITy OapbepHON CHHXpOHH3AImH. Tak
[MoOYepeHO BBINONHSAETCS padoTa Bcex cioes. Iloka
He Tpedyercss OJHOBPEMEHHOE BBINOJHEHUE BCEMU
CIIOSIMH BHEITHUX JEWCTBUH, OHU OYyIyT BBIIOJHEHBI
Ha cieayromiei dase.

®a3za cunxpoumsanuu. Ilpouecc momobeH mpo-
Leccy 2, HO Temnepb BCe CIIOU MEePeHyMEPOBaHbI B 00-
paTHOM TIOpSAKE, MOCIeAHUN cinoi n nmeeT Homep 0.
Jiist cuHXpoHU3aMy OOBEKTHI CII0S C HOBOM HyMmepa-
uuerd k = 0 AeMCTBYIOT KaK UCTOYHUKH M HAUYUHAIOT
CHHXPOHHU3ALIMIO IPUEMHUKOB Bcex cioeB. [locne mo-
Jy4eHUsT KOMaHIbl OOBEKTHI MHOTOKPATHO BBIYMCIIA-
10T 3HaueHHe F = n — k, yBenuunBas k Ha eMHMILY, C
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3a/IepKKOil TIocIe Kaka0ro Beraucienns  C. Ipu mo-
naydeHur F = 0 BO BcexX CIOAX NMPUEMHUKU OJHOBpE-
MEHHO BBINOIHAT BHEIIHEE IEHCTBUE.

®daza cHHXpPOHHU3ALWHU BBIOJHSIETCS ObICTpee, TakK
Kak OOBEKThl 37ECh HE BBIIOIHAIOT HUKAKUX JACH-
CTBHUH, KpOME IEpeAayd KOMaHAbl B IPEIIIECTBYIO-
it cioit. Mostomy ~ C < C. B hase cHHXpOHM3AIUH
B JIOMOJIHEHHE K MpEeABLAYIIMM IpolleccaM BBeJCHA
oOpaTHast CBs3b, NO3BOJIAIOLIAS TaKXKe MepeaaBaTh
Pe3ybTaThl BHIYMCICHUH CIEOYIOIIMX CJIO0EB MPeIbl-
JTYLIUM.

Takum 00pazom, MOITydeH CIeAYIONIHA Pe3yIbTar.
OOBeKTHl, HE UCTONB3yS OOMIMK LIEHTpP YIpaBJCHU,
CUHXPOHU3YIOT CBOU Ilel\/'ICTBI/ISI W BBIIMOJIHAT UX OOHO-
BPEMEHHO BO BCEX CIOSIX PAcCMOTPEHHOW MHOTO-
CIIOWHOW CTPYKTYPBI OOBEKTOB.

6. 0630P BbIMNONHAEMBIX B CETH
FPYNMOBLIX ONEPALUMA

B »TOM paznene mpuBeneM KpaTKyro CBOJKY pac-
CMaTpPUBAaEMBIX B CTaTb€ TPYIIIOBBIX OMNEpAIMil Kak
CpEeJICTBA IPYIIIIOBOTIO B3aUMOICHCTBUS OOBEKTOB. Psint
omepauuii papaboran s HacTosuleld paboThl, Apy-
rue OBUTH CO37]aHbl ABTOPOM paHbIIE U aJalTHPOBAHEI
JuTst ieTieit crateu. [lepedrcneHHple HIDKE onepau B
pasHoe BpeMs ObUTH pa3paboraHbl B MHCTHTYTE TIpO-
Oomem ympasnenus uM. B.A. TpanesumkoBa PAH
(UITY PAH). [lanpHedmmid TEKCT JOCTATOYHO TOJIHO
W3JIaraeT OCHOBHBIC MPHUHIIUIIBI IEHCTBUS TPYITITOBBIX
oreparyii 1 He TpeOyeT oOpaleHus K IepBOUCTOYHH-
KaM.

OcHOBHBIE CBOWMCTBaA oreparuii cienyromnmwe. [laH-
HBIE Ui 00paboTKH olepanueldl OJHOBPEMEHHO IIO-
CTYMAIOT OT TPYIIIBI PACIpeNeiIeHHbIX OOBEKTOB —
XpaHUTENeH NaHHBIX. DTH JaHHBIE Oomepanun oopada-
THIBAIOT OJHOBPEMEHHO, IpudeM 00paboTKa HIET BO
BpeMsl Tiepeayl JaHHBIX, HE YBEIUYUBAs 3TO BpPEMs.
Onepanuy BBITIOJNHAIOTCS B CETEBBIX CPEACTBaX CH-
cTeMbl 00BEKTOB 0€3 MCIOMB30BaHMS B HUX KOMIIbIO-
TEPOB U IPYTUX BBIYUCIUTEIBHBIX YCTPOUCTB. Bpems
MOJIYYECHHs PE3yJIbTaTa OMNEepalud HE 3aBUCUT OT KO-
JIMYECTBA 00pabaThIBAEMBIX JTAHHBIX.

OTH pe3ynpTaThl — CIEJCTBHE COTJIACOBAHUS JEH-
CTBHH OOBEKTOB MPU MOMOIIHM MPOLECCOB CHHXPOHU-
3ammu cooOmieHnii. OCHOBHOE CPENICTBO JIOCTIKEHUS
CHHXPOHHOCTH JIeHCTBUII 0OBEKTOB, HE 3aBHCAIIEE OT
pacrionoxenus: 00bEKTOB B TEKYIIUH MOMEHT BpeMe-
HH, COCTOUT B BBIJICJICHUH JJIsi TPYIIIBEI OOBEKTOB O/I-
HOro 0oOBEeKTa — peTpaHcisiTopa curHaioB RS. Cun-
XpOHHAs JI0CTaBKa TPYIIBI COOOIIEHUH OAHOMY 00B-
ekTy RS c¢ mocnenyromiel mepecbUIKOM HX TpyIne
MPUEMHHUKOB B BHJIE OJHOTO OOIIEro JIsi BCEX HCTOY-

HUKOB COOOMICHUsI BBIMOJHSIETCS AOCTATOYHO MPOCTO
u 6sicTpo. Ho 3TO coolmieHne mocTymaeT K Tpymme
IIPOM3BOJIBHO PACIIONIOKEHHBIX MTPHEMHUKOB B pa3HOE
Bpems. Hcnonb3ys RS, MPUEMHUKH BHOCST COOTBET-
CTBYIOIIUE 3aJCPKKH U OJHOBPEMECHHO BBIMOIHSIOT
TpedyemMoe OT HUX rpynmoBoe neiictBue. Bospara-
SCh K TIPEOBIIYIIAM pa3feliaM CTaTbd, JISTKO IPOBe-
pPHUTH, YTO TMpPHUBEIECHHBIC CBOICTBA BBITIONHSIIOTCS BO
BCEX CICAYIOIIMX ONepalMAX YIpaBJieHHUNA [eii-
CTBUSIMH O0BEKTOB: CHHXPOHH3AIUS HCTOYHHUKOB,
CHUHXPOHHU3ALMUSI TMPUEMHUKOB, MHOTOCJIOHHAs CHH-
XpOHM3AIM, yCTpaHeHnEe KOH(IMKTOB mqocTyma, Oa-
phEpHAsT CHHXPOHHU3AIHS.

[lepeuncnuM Taxxe pacrpeaeieHHble BbHIMHCIU-
TeJbHbIE ONMEpPAlMHU; MMOUCK MaKCUMyMa U MUHUMY-
Ma, nopaspsiaHble jornyeckue onepauun M n WA,
aHAIIOTO-IM(POBEIE OMEpaIii CYeTa, CIOKEHUS, BHI-
YUTaHUS. DTHU ONEpallid B HACTOSILEH CTaTbe HE UC-
MOJIb30BaHbl, HO OHU YCKOPSIOT YIIpaBJIEHUE CHCTe-
MOW TIpH TMOHMCKE OOBEKTOB C 3aJaHHBIM HabOPOM
CBOMCTB U AJIS1 OLIEHKHU COCTOSIHUS CHUCTEMBI B IIEJIOM.
Onucanne ux ecTh, HampuMep, B padore [7]. Kparko
M3TI0’KUAM TPUHIAT UX pabOoTHI.

Hns ompeneneHuss MakcCUMyma OOBEKTBI TOCHLIA-
I0T YMCIIa, TpeACTaBiIeHHbIE B JBOUYHOM KOJe, U Ha
MIEpBOM IIare MEepeAaroT CTapliui pa3psn uucia. B
repenaye CIEAYIONET0 pa3psaa YYaCTBYIOT TOJBKO
OOBEKTHI, TIEPEAABIINE TEPE ITHM EAWHUILY, U T. 1.
Ocraercsd MakcuMaibHOE U3 TepenaHHbIx uuncen. C
3aMEHOI eIMHHIl Ha HYJIH OIpeAessieTcs MUHHMYM.
OT ABOMYHOTO MPEICTaBICHUS YHCET MOKHO TIEpEeHTH
K JpyT'MM CHUCT€MaM CUWCIICHHUs, ecli mudpsl ducia
MIPEICTaBIIATh IIIKAJIOW, B KOTOPOW BCe paspsiibl CO-
JIepKaT HyJIH, KpoOMe pas3psizia, COOTBETCTBYIOIIETO
3HA4YEHUIO UPHI.

ITopaspsnnsie onepauun M u MJIM no3BonsitoT
OBICTPO OICHUTH COCTOSIHHE BCEX OOBEKTOB CHCTEMBI.
s aToro cocTosiHMe 00BEKTa OIMMCHIBAETCS IIKAIOM
— TIOCJIEIOBATEIHHOCTHIO JTBOMUYHBIX Pa3psioB, Kak-
I M3 HUX PaBeH C€IWHUIIEC MPH HAIWMYUU COOTBET-
CTBYIOIIErO MPH3HAKa W PaBEH HYIIO MPHU €ro OTCyT-
CTBUU U MEPEIACTCS COOTBETCTBEHHO CHUTHAIAMH 4Ya-
cToT fi U f;. OneHKka COCTOSHHS BCEX OOBEKTOB BHI-
MIOJIHSIETCS TIPU OJJHOBPEMEHHOH nepenade mkai B RS
C coBMeNIeHHEM B RS 0JTHOMMEHHBIX pa3psiioB MOCIe-
JoBaTebHOCTEH 00BekTOB. [Ipy BHITIOIHEHHH OTepa-
uuu M Hanuume B RS B paspsane MIKajbl fy 03Ha4aeT
OTCYTCTBHE COOTBETCTBYIOIIETO MPU3HAKA XOTSA ObI Yy
OIHOTO O0BeKkTa. MHade mpu3HAK TNPHUCYTCTBYET Yy
Bcex 00bekToB. st onepannu UJIM B 3THX k€ ycIo-
BHSIX HAJIMYKE f; 03HAYACT HAJIMYKME MTPU3HAKA XOTS ObI
y ogHOro 0o0BekTa. MHaye mpu3HaK OTCYTCTBYET Yy
BceX 00BEKTOB.
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Jls BBITIOJTHEHHSI aHAIOTO-ITU(POBBIX OIEPAITHi
RS copmepxut anamoro-mudpoBoi mpeodpazoBaTeh
(ALIT). IIycth 00BEKTHI TaKkKe XapaKTCPU3YIOT CBOE
COCTOSTHHIE IIKAJION — IOCIIEI0BATENbHOCTRIO TPU3HA-
KOB, TIPEACTaBICHHBIX HYISIMH W eOUHHUIaMU. Ecim
00BEKTHI MOUUTIOT CBOM IIKANbI B RS ¢ coBMeLIeHnEM
OJIHOMMEHHBIX pa3psanoB, To ALII ouenur cymmap-
HYI0 SHEPTHIO MPUHSATHIX CHUTHAJIOB, BBIACT YHCIICH-
HOE 3HaYCHUE MPUCYTCTBHUS MPU3HAKA BO BCEX OOBEK-
tax. Ero nmonydat ogHoBpeMeHHO Bce 00BeKTH. O0b-
€/IMHEHUE TaKuX olepauuid ¢ mnopaspsaHbiMu U u
WMJIA mo3BonseT MOMYy4UTHh OOJie€ TOYHYIO OLIEHKY
COCTOSIHUSI CUCTEMBI OOBEKTOB. BrIMonHeHue cioxe-
HUS ¥ BBIYUTAHHUS YUCENl B CHUCTEME CUHWCIIEHUS, OT-
JUYHOHN OT JBOMYHOH, AaHO B pabote [7]. B atux ome-
panusix U psl YUCE MPEICTABIICHBI MIKAJIaMU C SJIH-
HUIIEH TOJBKO B pa3psie IIKalbl, COOTBETCTBYIOLIEM
3HaueHWI0 NUQpbel. Pesymbrar omepanuii Takke He
3aBUCUT OT KOJIMYCCTBA YYaCTBYIOLIUX B HEeH O6’beK-
TOB.

Jns omeparmii ¢ AT TpeOyroTcs UCTOYHHUKH OTI-
TUYECKUX CHTHAJIOB CO CTa0MIIbHBIM 3HAYCHHUEM DHEp-
T'MH CUT'HAJIOB. COBpeMCHHBIe TEXHOJIOTHH ITIO3BOJJAIOT
MoNTy4aTh TOYHOE HU(POBOE 3HAYCHHE MPHU OTHOBpE-
MEHHOM CYMMHPOBAaHUM HECKOJBKHX THICSY CHTHA-
noB. B pabote [8] mpuBeneH NpocTod CBETOAMOIHBIN
WCTOYHUK CO CTAaOWIBHOCTBIO BBIXOIHON MOIIHOCTH
nyume 50 x10°°°C™,

THUBHBIX ONEPaLNNA, UMEIOIIMHI CIEeIyOIUE JOMOIHU-
TenbHBIe oTIHums. Oneparun pacrpeneieHHble U BbI-
MOJHSIFOTCSL HEMOCPEACTBEHHO B IPOCTOM CETEBOM
CpencTBe — perpaHcusTope. PerpaHcisTop HEe mMmeer
BBIYHCIUTENHHBIX CPEICTB, TEM HE MEHEe BCE MpHBE-
JICHHBIC B CTaThe TPYIIOBLIC ONEPALIMUA B HEM BBINOJ-
HSAIOTCSL U TIO3BOJISIIOT YINPAaBISTh B3aUMOJICHCTBUEM
O0OBEKTOB W OJHOBPEMEHHO OIICHHBATH COCTOSHHE
BCell COBOKYIMHOCTH OOBEKTOB. Bce mpuBeleHHBIC B
CTaThe BUIBI B3aUMOJICHCTBHSI OOEKTOB BBITIOTHSIOT-
csl IeIEHTPAIN30BaHHO, 0€3 TMPUMEHEHHs yIPaBIISIO-
mero neHTpa. TakuM oOpazom, IPEIOKEHHBIE B CTa-
ThE CTPYKTYpPhl UMEIOT OJHOBPEMEHHO CETEBbIC U ac-
COIIMAaTUBHBIE BO3MOKHOCTH.

OTMmeTHM, YTO B HACTOSAIIEE BpeMs MPOBOIUTCS
MHOTO MCCJICIOBAaHU, HATIPABJICHHBIX HA BBHIITOJTHCHHE
B CETSIX HE TOJILKO MEepeHoca COOOIEHNH, HO U IPYTUX
(hyHKIIMI — ynpaBIeHUs] TPAHCTIOPTHPOBKOW TAHHBIX,
pactipeneneHHbx BbruuciaeHuilt [9-12]. Opnako 3TH
Ba)XKHBIC HAIIPaBJICHUS PabOT OTIMYAIOTCS OT BBINOJI-
HeHHBIX B UITY PAH Tewm, uTo B HUX HOBBIE (DYHKITUU
BBITIONHSIOT KOMIIBIOTEPHI CETEBBIX CPEACTB, TPYIIIO-
BbI€ OTepaIliil HE UCTIOIb3YIOTCS.

3AKNIOYEHUE

7. OBIUMKA B3rNAQ HA CNELIUOUKY
NPEANOXEHOI0 COCOBA

OCHOBHBIE pe3yNbTaThl CTAThbU IMOJyYEHBI IYTEM
NPUMEHEHUS paclpeeNICHHBIX IPYMIIOBBIX ONEpaLyi,
HE UCTOJIb3yEeMbIX B U3BECTHBIX CHCTEMAX C CETEBBIMHU
cBa3siMH. VX aHamor — accoluaTHBHBIE OIEpalny,
npeasiokeHuble B 1960-x rr. A cocpeaoTOUYEHHBIX
acconuaTUBHBIX KommbioTepoB (AK). YkpymHenHo
accOollMaTUBHBIE OTEPAIH BHITIOIHSUINCH MO CIIeIyIo-
I CXEME.

B AK neHTp ymnpaBieHuss 0IHOBPEMEHHO MOCHIIal
o0I1yI0 KOMaHay TPYMIE acCOIMATUBHBIX Y3JI0B KOM-
MBIOTEPA, COZAEpXKAIIUX ACCOLMATHUBHYIO MNamsATh. B
y3J1aX BBIOJHUTUCH TpeOyemble neiictBus. Pesynbrar
JIEHCTBHI y3JI0B MOT OBITH IOCTYIEH APYTUM y3JaM U
OTHOBPEMEHHO TOCTyMaj B IEHTP, KOTOPHIA Ha OCHO-
B€ IOJIyYEHHBIX pe3yJbTaToB (OPMHUPOBAT CIEAYIO-
IIyr0 KoMaH#ay, U T. 1. OCHOBHEIM mpuMeHeHneM AK
OBLIM CHCTEMBI YIIpaBlICHUs, pabOTalomue B pexuMe
JKECTKOro peanbHOro BpeMeHH. IIpumep — acconma-
TUBHBIM cynepkomnbiotep cepun STARAN, ynpas-
JSIONIMA JBM)KEHUSAM CaMOJIETOB B adpOIOPTy HUM.
Jlx. Kennenu B Hpto-Mopke. I'pynmossle oneparuu
CTaTbM MO’KHO paccMaTpUBaTh KaKk BapHaHT accolLlua-

B crarbe npeasnioxken cnocol AeLEHTPAIM30BAHHO-
ro yIpaBJI€HUs OJHOBPEMEHHBIM 3aIlyCKOM JIEHCTBUIA
B paclpeneieHHoll Tpymmne CTallMOHAPHBIX WIM MO-
OMJIbHBIX aBTOMAaTH4YECKUX 00BbekToB. Crioco0 mo3Bo-
JSIET OTUM OOBEKTaM HA4YMHATH JIEHCTBUS C MUHH-
MaJbHOM 3aJE€PKKOM IO0CIE BO3ZHMKHOBEHUS 3apaHee
HEU3BECTHOTO MOMEHTA 3aIlyCKa.

3ajady OJJHOBPEMEHHOTI'O 3aITyCKa JECHCTBHI IpyI-
nbl OOBEKTOB IPH BO3MOXKHOCTH YKa3zaTh 3apaHee
BpeMs JelcTBUs ycnemHo pemaeT craHgapt IEEE
1588-2019. OGnacTs NpUMEHEHHs CTaHAApTa PACIIN-
psiercs Ha paboTarolye B pealbHOM BPEMEHH YIpaB-
JISIFOIIME CHUCTEMBI IyTeM JI00aBIEHUS K 3TUM BO3-
MO>KHOCTSIM 3aIlyCKa B 3apaHee HEU3BECTHBI MOMEHT
BpEeMEHHU

[Ipennoxennsiit cnoco® obmamaer OBICTPOIl peak-
LYel Ha BO3HUKAIOIIWE COOBITHS Ojlarofapsi WCIONb-
30BaHUIO CETEBBIX IPYIIOBBIX ONEpaIHH.
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Abstract. This paper proposes a method for accelerating decentralized synchronization pro-
cesses in the distributed control of a group of stationary or mobile automatic objects. With this
method, the objects pass to specified states or affect the environment simultaneously or with
required time delays. Some examples of such objects include actuators, computers in a compu-
ting cluster, distributed data processing facilities in supercomputers, and mobile robots. The
object’s action depends on the current state of all objects and the environment. The actions
should start with minimum delay after detecting the possibility to perform them. Arbitrarily
located sources of executive commands and their receivers are synchronized by exchanging
signals and messages between objects through an intermediary (a signal repeater). Means are
used to accurately measure the time intervals of signal transfer between each object and the re-
peater. Group operations are used to accelerate synchronization processes. These operations
involve a large number of objects simultaneously. The object’s data are used in operations sim-
ultaneously. Data are processed during their transmission without extra time. Operations are
executed by network devices of the system objects and the common network device without any
computing facilities (the repeater).

Keywords: simultaneous start of group operations, decentralized control, synchronization of mobile ob-
jects, fast distributed intranet computing, multilayer synchronization.

CONTROL SCIENCES No.3 e 2022


http://ccr.sigcomm.org/archive/1996/apr96/ccr-9604-tennenhouse.pdf
http://ccr.sigcomm.org/archive/1996/apr96/ccr-9604-tennenhouse.pdf
https://www.sigarch.org/in-network-computing-draft/
http://reports-archive.adm.cs.cmu.edu/anon/2021/CMU-CS-21-143.pdf
http://reports-archive.adm.cs.cmu.edu/anon/2021/CMU-CS-21-143.pdf
mailto:gstetsura@mail.ru

