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B pesymbrare wmcciemoBaHus airoput™Ma (yHKIIMOHUPOBAHHS MOMYJIS
PAHHETO BBIABJIICHUA CBCPXHOPMATHBHBLIX IIOTCPb AOKa3aHa BO3MOJKHOCTL C€TO
MOJICITUPOBAHUsI C MOMOIIBIO TOTJIonarmux cerei MapkoBa. OcoOblii UHTEpeC
MPEACTABIAET MCCIEAOBAHUE BEPOSITHOCTHBIX  XAapPAKTEPUCTUK  alIropuT™Ma
(GYHKIMOHUPOBAHUS MOJYJISI PAHHETO BBISBJICHUS MOTEPh HA MPEAMET BBISIBICHUS
B3aMMOCBSI3H MOKa3aTeNel HAaJEeKHOCTU OTAENIBbHBIX 3JIEMEHTOB WM BEPOSTHOCTU
HACTYIUICHUSI OTICIbHBIX COOBITUM M BEPOSITHOCTH TMEpeAauyd JOCTOBEPHOM
uHdopmaruu. BelsBlIeHHbIE B X0/1€ aHAJIM3a 3aBUCUMOCTH TTO3BOJISIIOT YCTAHOBUTH
MIOPOTOBBIE 3HAYECHUS HAJIEAKHOCTHBIX XapaKTEPUCTUK Y3JIOB CUCTEMBI.
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Annotation:

In the result of study of the algorithm of the functioning of the early detection
module of excessive losses, it is proven the ability to model it by using absorbing
Markov chains. The particular interest is in the study of probability characteristics
of early detection module functioning algorithm of losses in order to identify the
relationship of indicators of reliability of individual elements, or the probability of
occurrence of certain events and the likelihood of transmission of reliable
information. The identified relations during the analysis allow to set thresholds
reliability characteristics of the system components.

Keywords:

Energy conservation, energy efficiency, management of modeling of
powersupply processes.

HeoThemiieMoli 4aCThIO COBPEMEHHBIX CHCTEM JHEPTrOCHAOKEHHUS SIBIISIOTCS
CHUCTEeMBbl yueTa MOTpPeOJICHUS AHEproHocutTesield. B OONBIIMHCTBE ClaydaeT uxX
GyHKUMOHAT pacimumpsieTcss 3a c4eT (QYHKUMA MOHUTOPUHTA M KOHTPOJS
paborocnocoOHOCTH. DYHKIIMOHAI MOHUTOPUHTA U KOHTPOJISI HECET B TITyOOKUI
aHaJIMTUYCCKUU INOTCHIMAJI BBIABJICHHUA BHCIITATHBIX CI/ITyaLII/Iﬁ Ha OOBEKTax
3HepFOCHa6)KeHI/I$I N JCTCKTUPOBAHHC CBCPXHOPMATHBHLBIX IIOTCPb B CCTAX.
OxoHoMuYeCcKHi A()PEKT CBOEBPEMEHHOTO, PAHHETO BBISBICHUS aBapUITHBIX
CI/ITyaI_II/Iﬁ N JIOKaJIu3allui YY4aCTKOB CBCPXHOPMATHBHBIX TIIOTCPL  TAKCIIO
NEPEOECHUTh. JleTaTu3npOBaHHbIN MPOOIEMHO-OPUEHTUPOBAHHBI MOHUTOPUHT U
KOHTPOJIb ~ DHEProcHaOXXEeHMsI ~ OOCECIeUYMBAET  TOBBIINICHUE  TIOKa3aTelei
HAJIE)KHOCTU 3HeprocHadkenusi. C 3TOU 1LIEJIbI0 B CUCTEMbl KOMMEPUYECKOTO yueTa



pacxoia SHEProOHOCUTENIEH WHTETPUPYIOT AHAIUTUYECKUE MOy PAHHETO
BBISIBJIEHUSI NOTeph. B Xoje m3ydeHust anroputMa (QyHKIMOHUPOBAHUS MOIYJIS
pPaHHETO BBISBICHUS CBEPXHOPMATHUBHBIX IOTEPb, @ TaK K€ WHAMBHUIYaJIbHBIX
IPU3HAKOB BHEIUTATHBIX CUTYyallMil BO3HUKAET BOIPOC OLIEHKHU CTEIECHU BIIMSHUSA
NOCIEAHUX Ha KayecTBO IepenaBaeMoll uHpopManuu. HeoOXoaumo BBISBUTH
B3aMMOCBSA3b BEPOSATHOCTEN HACTYIUIEHHsI BHEILTATHBIX CUTYyal[dil U BEPOSTHOCTU
nepefaud IMOJHOLEHHBIX JaHHbIX. lccienoBaHue mNpU3HAKOB BHEIITATHBIX
CUTYaIU} MO3BOJISET YTBEPKAATh O CTOXAaCTUYECKOM XapaKTepe MOCIEAHUX.

JleTanbHOE UCClENOBaHHUE ANrOpUTMa (PYHKIIMOHUPOBAHUS MOIYJISI PAHHETO
oOHapyKCHHSI IIOTEPh IMO3BOJISICT OTHECTH €ro K MapKoBCcKuM miporieccam [1, 2, 3].
Yrto, B CBOIO OYepeib, CO3MACT MPEANOCHUIKM K NMPUMEHEHHIO CYIIECTBYIOIIUX
METOJIMK aHaJIM3a aJiroOpuTMa Kak MapkoBckoro nporieccal6, 8].

AHanu3 anropuTMa (QYHKOMOHMpPOBAHHMA Kak MapKoBCKOro mporecca
CBOJIUTCS K TpeM n»TamaM. Ha mepBoMm sTame npousBoauTcs (opMaau3anus
mpolecca B TEPMHHAX MaTeMAaTUYECKOTo ammapara Teopud MapKOBCKHUX
IPOIIECCOB, CTPOHTCS rpad COCTOSHHN M MaTpHIla BEpOSTHOCTEH mepexonoB[l].
Ha BTOpOM 5Tame, Ucxo[s U3 KOHKPETHOW 3ajaud, MPOU3BOAATCA HEOOXOAMMbIE
MaTeMaTUYECKHUE OIEepalvy, BBIBOAUTCS B3aMMOCBA3b MapaMmeTpoB Ipouecca. Ha
TPEThEM 3Tare MPOBOJUTCS OKOHYATEIbHBIA pacueT UICKOMBIX ITapaMeTPOB.

[TpencraBuM 3Tambl mpolecca aHaiau3a JaHHBIX MO3ULUSMHU, & BEPOSITHOCTD
nepexo/ia Ha CIEAYIOIUNA dTan 0003HAYUM COOTBETCTBYIOIIMMH TEPEMEHHBIMU.
Taxum 00pa3zom, BEpPOSATHOCTD MEPEXOA K CIEIYIOMIEMY dTary OyeT 0JTHO3HAYHO
OTIPENIETATHCS 3HAUYCHHUEM COOTBETCTBYIOIIETO WHIeKkca. Hcciemyemas 1enb
MapxoBa Oy1eT COCTOSITh U3 CIEAYIOUTUX MO3UITUH:

Sg — XapakTepu3yeT MOCTYIUICHHE JaHHBIX ¢ Ipulopa y4eTa,

Ss — uccnenoBaHue JaHHBIX HA MTPEIMET BBISIBICHUS YTEUKH SHEPTOHOCUTEIS;

S4 — 2Tanm KOMIUIEKCHOTO aHaju3a MOKa3aHWi mpuOOpOB ydeTa Ha MpeiMeT
BBISIBJICHUSI HEKOPPEKTHOM paboThI;

S; — aHanmu3 ToKaszarened KadyecTBa DSHEPrOHOCHUTENI Ha COOTBETCTBUE
HOPMAaTHUBY;

S, — WTOroBo€ 3aKIIOUYEHHE O YCIEIIHOM MPOXOXKICHUH BCEX JTaIoB
KOHTPOJIS;

S; — BBISIBJICHHE OTKJIOHEHUS UCCIIENYEMbIX JAHHBIX OT 33JaHHOTO 3HAYCHHUSI.

[Tpuuem coctosinug Sg, Ss, S4, S3 — HEBO3BpAaTHBIE COCTOSIHUS, (POPMUPYIOLIUE
coOOli HEBO3BpAaTHOE MHOXECTBO, a S; U S; — SBJSIOTCS TMOTJIONMIAIOUIMMHA U
co3JaloT  moryionjatoniee  MHOXkecTBO. CrnemoBaTenbHO, Lenb  Mapkosa,
MOJENUPYIOIasl alropuT™M (YHKIMOHUPOBAHUS MOIYJSl PAHHErO BBISBICHUS
CBEPXHOPMAaTUBHBIX IOTEPD, ABJISIETCS MOTIIOLIAONIEN LIenbio MapkoBa.

I[To ompenenenuto I'. M. HoBukoBa mornomaromas MapkoBcKas LENb
COJIEP)KUT COCTOSIHHE, JOCTUTHYB KOTOPOIO IIPOLIECC YXKE€ HHUKOrJa €ro He
nokuHeT. ['paduyeckuM TIpeACTaBICHWEM I1iemu MapkoBa CIyXkUT rpad
COCTOSIHUM, N300pakeHHBIN Ha puc 1.



I'ne: re;s+ps;1=1
I5:4+Ps.1=1
ra,3+Ps1=1
r3.o+ps1=1

Puc. 1. I'pad cocrosinuii anropurmMa QyHKIIMOHUPOBAHUS MOYJISl pAHHETO
0OHapyKEHHSI CBEPXHOPMATHUBHBIX MTOTEPH
[Ipu paccmoTpeHnn MaTpulbl EpPexoa0B P y100HO nMpuaaTh KAHOHUYECKHMA
BUJl, OOBEAMHUB BCE TOMJOLIAIONIME COCTOSHHUA B OAHY Tpynmy, a Bce
HEBO3BPATHBIE COCTOSIHUA — B APYTYIO.
JlomycTuM, KMMeeTcs S HEBO3BPATHBIX COCTOSHMM M I-S TOIJIOMIAIOIINUX
COCTOSIHMM, TOrJa KaHOHWYecKasi (hopMa MaTpullbl P mpuMeT ciaenyromuii BUI:

S O
P=
v ol

3necb obOmactb «0» cocraBieHa menukoMm wu3 Hyjned. Ilonmarpuna Q
(pa3MepHOCTH SXS) OMUCHIBAET MOBEJCHUE Mpollecca MO0 BhIXOAA M3 MHOXKECTBA
HCBO3BPATHBIX COCTOSIHUM, moamarpuiia R (pasmepHocTH SX(T-S)) OTBEuaet
nepexojaM H3 HEBO3BPATHBIX B JProJMYECKHe COCTOSIHUS, a MaTpuia S
(pasmepHoctu  (r-S)X(r-S)) OTHOCHUTCS K TMPOIECCY IIOCIE IOCTHXKCHHS UM
AProJUYECKOro MHOKECTBA.

CymectByer crporas Teopema [5], yTBepkmaromias, 4Tto cremeHn Q
cTpemsTcs K Hymwo. CrenoBarenbHO, IPU BO3BEACHUU Matpullbl P Bo Bce Ooiee
BBICOKHE CTEIICHM, BCE DJIEMEHTHI IMOCICIHUX S CTOJOIOB OyAyT CTPEMHUTHCA K
HYJII0. DTO MaTPUYHBINA BAPUAHT COOTBETCTBYIOLIEH TEOPEMBI.

W3 onpenenenus moriomaromei nenu Mapkosa cienyer, uto S=1, . o,

T.. S TpeAcCTaBaseT CO00M EIUHMYHYIO MaTpuily pasmepHocTH (F-S)X(r-S).
[ToaToMy KaHOHMYECKast popMa MaTpullsl P uMeer BU/L:

T

Matpuiia nepexoJIHbIX BEpOsATHOCTEHN P npuHuMaer BUI:

S, S, 1S S, S S

S, |1 0:0 0 0 0

s, /0o 1:0 0 0 0
P=S, [Py G, 0O 0 0 O
S, | Py O :r, O 0 0

Ss | Psy O g O 0

Se | Pex 0 0 s O




Orta wMarTpulla yKe HUMEeT KaHOHUYECKYlo (opMmy (3proauyeckue M
HEBO3BpATHBIC COCTOSHUS OOBEAWHEHBI B Ipymmbl). [lepBbie 1Ba €e COCTOSHUS —
noromaromue. Pazoosem matpuity P Ha 6510ku S, R u Q, pazMepHOCThIO 2%2, 4X2
" 4%4, COOTBETCTBEHHO.

[Tonyuum Tpu MOAMATPHUIIBI CISAYIOIIETO BUIA:

Pyy I3y 0O 0 0 O

S=1 O;R: P, O o rh, 0 0 0
01 Ps; O 0 r, 0 O
pe;l 0 0 0 r6:5 0

[Tpuuem nmoamatpuna Q (pa3MepHOCTH SXS) OMUCHIBAET MOBEACHUE MpoLiecca
0 BbIXOJAa U3 MHOXECTBAa HEBO3BpPATHBIX COCTOSHUM, moamarpuna R
(pa3mepHOCTH SX(I-S)) OTBEYaeT IMepexoJaM W3 HEBO3BPAaTHBIX COCTOSHUN B
NoTJIoNAaIIMe, a noaMarpuna S (pazmepHocT (r-S)x(r-S)) omnuchiBaeT Ipolece
1ocJie TOCTHKEHUSI UM MOIJIOMIAIOIIEr0 MHOKECTBA.

CornacHo [5], uccnenys uenb MapkoBa MOXKHO JaTh KOJMYECTBEHHYIO
OLIEHKY CpeIHEMYy UYHCIy CMEH COCTOSHUM Ipolecca a0 THoriomieHus. B
MOJIEJIMPYEMOM IIPOLIECCE 3TO 3HAUYEHHUE OTPA3UT CPEAHEE KOJUYECTBO TAKTOB
nepecyera ajaropuTma.

J1J1s OTIeHKH BEPOATHOCTH OKOHYAHHUS MPOLIECCa IPU HaXOXKACHUH B TEKYIIIEM
COCTOSIHUHU BOCHOJb3yeMcsi TeopeMoil: Eciu Di;j BeposTHOCTB TOro, 4TO mpolecc,
BBIXO/SIIIMNA M3 HEBO3BPATHOTO COCTOSIHUSA Sj, OCTAHOBUTCS B TOTJIOIIAIOIIEM
COCTOSIHUH Sj, TO

b.,}J=B=N-R, S eT, s eT.

Jloka3aTesbCTBO: BBIXOJS M3 COCTOSHUS Sj, IPOLECC MOXKET HOTTOTUTHCA B S
4yepe3 OJMH MM Oosiee maros. BeposATHOCTh 3aXBaTa Ha IEPBOM ILIAare paBHaA Pi;j.
Ecnu 3TOoro He mnpoM30LLI0, TO MPOLECC MOMXKET MNONacTb JUOO B JIpyroe
MIOTJIONIAIOIIEEe COCTOSIHUE, JIMOO B Kakoe-TO HEBO3BpPATHOE coOcTosiHHE S¢. B
MOCTIE/IHEM Cllydae OiyXaarolas dacTUIla MOKET OBITh 3axBadeHa HY)KHBIM
COCTOSTHHEM C BEPOSATHOCTBIO Dyj. CaenoBatenbHo,

n
by = Pij+ D Pucbe,
(5.7)
YTO B MATPUYHOU (DOopMeE IPUMET CIAEAYIOMINI BUA:
B=R+Q-B.

Matpunia B mokaspiBaeT BEpOATHOCTHM OKOHYaHHS Ipoiecca 00padOTKU
JAHHBIX B TOM WJIM MHOM IIOTJIOIIAONIEM COCTOSIHUU. B maHHOM TipuMepe mepBbIi
CTOJOELl pacKpbhIBaeT 3HAYEHHUS BEPOSITHOCTH I€pexoja B COCTOSHHUE g
(BBISIBIICHUE OTKJIOHEHMSI HCCIEAYEMbIX NaHHBIX OT 3a/laHHOTO 3HAYEHHS) IpH
HAaXOXKJEHUU B TEKYyIIeM COCTOSIHHHM Tpada (CTpoka MaTpullbl), a BTOpOH —
3HAYEHUs] BEPOATHOCTH Iepexofa B COCTOSHUE S, (MTOTOBOE 3aKIIOYEHHUE O
YCIICITHOM MPOXO0>KJICHUH BCEX 3TAIOB KOHTPOJIS).

Wtak, KOMIUIEKC TOJYyYEHHBIX JaHHBIX YCTAHABIMBACT BEPOSTHOCTHBIC
XapaKTEPUCTUKU MAaTeMAaTHMYECKOW MOJEIN ainroputMa (QyHKIIMOHUPOBAHUS
MOJAYJSl PAHHErO BBISBICHUS CBEPXHOPMATHBHBIX TOoTepb. [lpakTuueckoe



IPUMEHEHUE TMPEAJ0KEHHOr0 aJIropuT™Ma aHaiu3a MHGPOpPMAlMUd BO3MOXXHO Ha
OCHOBAaHHWH CTaTUCTUYECKUX JAHHBIX M DSKCIEPTHBIX OIEHOK BEPOSITHOCTH
HACTYIUICHHS COOTBETCTBYIOIINX cOoObITHIA [4, 5, 7].

B pesynbrare wuccieqoBaHus aiIroput™Ma (yHKIMOHUPOBAHHS MOMAYJIS
PAHHETO BBISIBJIEHUS CBEPXHOPMATUBHBIX MOTEPh JI0Ka3aHA BO3MOYKHOCTb €r0
MOJICIMPOBAHUSI C MOMOIIBIO Moromaonmx cereir Mapkosa. OcoOblii MHTEpec
MPEACTABISIET  MCCIEAOBAaHUE BEPOSTHOCTHBIX  XapaKTEPUCTHUK  alrOpUTMa
(GYHKIIMOHUPOBAHUSA MOJYJIS PAHHETO BBISIBICHUS MOTEPh HA MPEAMET BBISIBICHHUS
B3aMMOCBSI3M MOKa3aTeaeil HaJAeKHOCTU OTAEIbHBIX 3JIEMEHTOB WM BEPOATHOCTH
HACTYIUICHHUSI OTACNBHBIX COOBITUH W BEPOSTHOCTH TNEpeNayd JOCTOBEPHOMN
uHbOpMaIUu.

BblsiBIIeHHBIE B XOJl€ aHalM3a 3aBHUCHUMOCTH TO3BOJISIIOT YCTaHOBUTH
MOPOTOBbIE€ 3HAYEHUS HAJIEAKHOCTHBIX XapaKTEPUCTHK y3JI0B cucTeMbl. Hanpumep,
BbIOpaB HEKOTOPOE 3HAUYEHUE BEPOSATHOCTU Mepeadyn JOCTOBEPHOU MH(popMaluy,
MOXHO HAJIOKUTh OTpPaHWYEHUS Ha TOpPOrOBBIE 3HAYEHUS BEPOSTHOCTEN
HACTYIUIEHHMsI OTIENbHBIX COOBITHI airoputMa, 4YTO, B CBOI Ou€pellb,
HAaKJIaIbIBAET OTPAHUYECHUS] HA XAPAKTEPUCTUKHU HAJEHKHOCTHU allapaTHOW 4YacTu
cucteMbel. Kpome TOro, mnoyiydeHHbIE peE3yJbTaThbl IO3BOJIIIOT JaTh OLICHKY
BIIMSHUIO XapaKTEPUCTUK HAACKHOCTHU OTACIBHBIX Y3JIOB CHUCTEMBI Ha
BEpPOSITHOCTh II€PENayu JOCTOBEPHBIX JAaHHBIX. IIOMMMO HENOCpPEICTBEHHO
3HAYEHUN MOJy4YeHbl (HOPMYJIbI JUIsl BBIYKMCICHUS AUCHEPCHM MJIs BCEX TPymHI
JNaHHBIX. Pa3paboTaHHBI aNrOpUTMBI UMEIOT 3HAYUTEIBHBIA MPAKTUYECKUN
MOTEHIMAJI KaK B IPOEKTUPOBAHUHU, TaK U B OLIEHKE pabOThl YK€ CYIIECTBYIOIIMX
CUCTEM.

Jluteparypa

1. KupnuuynukoB A. II. IlpuknagHas Teopusi MacCoOBOTO OOCITYKMBaHUS:
yue6. mocooue / A. Il. KuprmmunnkoB. — Ka3zanb: Kazanckoe maTematrnueckoe
o6mmectBo, 2007. — 150 c.

2. baceipos U. P. Pacmupenue cereit [letpu, mpo6iieMHO - OpUEHTUPOBAHHOE
Ha MOJIEJTMPOBAHUE MHOT0aCCOPTUMEHTHBIX IMPOU3BOJCTBEHHBIX cuctem / U. P.
baceipoB // Vuennlie 3amucku KOOU: c¢6. nayd. tpynos. Beim. 16. — Kazaus:
K®51, 2001. - C.177 — 182.

3. Kemenn [[x. Koneunbie nienu Mapkosa / JIx. Kemenu, JIx. Caemr. — M.
Hayxka, 1970. — 272 c.

4. l'mnbmanmmma - W.P.  DHeprocOepexxeHue B KUIMIIHO-KOMMYHaJIbHOM
XO035MCTBE: TOCTPOEHUE KOMILIEKCA IIEHTPATM30BAHHOW aBTOMATU3UPOBAHHOU
CUCTEMBI cOOpa, KOHTPOJISI U aHain3a ObITOBOrO MOTPEOIEHHUS] SHEPrOHOCUTENEH
I'unemanmmua WU.P., ®epenenr A.B. // W3BecTust BBICIIMX Y4YeOHBIX 3aBEACHHUU.
[Ipo6semsl suepreTuku. 2009. Ne 9-10. C. 82-88.

S5.Twnmpmanmmua  W.P.  ABTOMaTU3MpOBAaHHBIA  y4eT  TOTpPeOICHUS
PHEPTOPECYpPCOB Kak ycioBue 3 pexkTuBHOTO GyHKIIMOHUPOBaHUS cucTeMbl KKX
I'mapmanmmma WU.P., ®epenerr A.B. // BectHuk KazaHckoro rocymapcTBEHHOTO
TexHuueckoro yHuBepcutera uM. A.H. Tymomesa. 2007. Ne 3. C. 18-

20.4. MaiiopoB C. A. OCHOBBI TEOPUHU BBIYUCIUTENBHBIX CUCTEM: yuel. mocooue /
C. A. Maiiopos. — M.: Beiciias mikona, 1978. — 408 c.



6. Jlapuono A. M. BrruucnurenbHble KOMIUIEKCHI, CUCTEMBI U CETU: yueo.
st By3oB / A. M. JlapuonoB, C. A. Maiiopos, I U. Houxon. — JL:
DHeproaromusaart, 1987. — 288 c.

7. 'mnpmanmun WM. P. MaTematuyeckast MOJIeTb MOJYJIsSl PAHHETO BBISIBJICHUS
NOTEePb CUCTEMbI KOHTPOJISl OTpediaeHus 3nepronocurenedt / M. P. I'miapmanms //
IV TunuypuHCKHE YTEHMs: MaTepUualbl MEKIyHap. Hayd. kKoH(., Kazans, 22 — 24
anpens 2009 r. — Kazanb: KI'9Y, 2009. - T. 1. — C. 66 — 68.

8. Benuens E. C. Teopus ciydallHBIX NPOIECCOB U €€ WHIKCHEPHBIC
npwioxenus / E. C. Bennens, JI. A. OBuapos. — M.: Hayka, 1991. — 384 c.



