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OBECIEYEHUE YCTOMYUBOCTU CUCTEMBI YIIPABJIEHHUS
TEJJEKOMMYHUKALIMOHHOM CETHIO

IIpeonoocen  ycogeputeHCmMBOBAHHBINI MemMOoO NpuseoeHuss Cucmemvl

VAPABIeHUsl MeleKOMMYHUKAYUOHHOU Cemblo K YCMOUYUBOMY COCMOSHUIO NPU

UBMEHEHUSX 3A0ePIICKU CUCHAIbHOT U Ynpasasioueti uHpopmayuu.

3anpononogano  YOOCKOHQIEHUli ~ Memoo  NpUGeOeHHs:  CUcmemu

VAPAGIIHHS MENeKOMYHIKAYIUHOI0 Mepedicero 00 CMINK020 CMAaHy npu 3MIHAX

3AMPUMKU CUCHATILHOT T Kepylouol iHgopmayi.

An improved method of bringing telecommunication network control

system to steady state at media-tries delayed signal and control information.

BBenenue. OcHOBHO 3aauen KOPIIOPATUBHBIX 51
tenekommyHukanmnonueix  cereir  (TKC)  saBmgercas  mpemocTaBiieHHA
KAueCTBEHHBIX YCIYT TIO pacmhpeneiieHHoi obpadoTke mHbopmaruu. Pemenne
MOCTABJICHHOW 33Ja4l B 3HAYMTEIBHON CTENEHU OMPEAENISIETCS PA3BUTOCTHIO
MEXaHW3Ma YIPABJICHUS HASBHBIMH CETEBbIMHU pecypcamu. Jljis ynpaBieHus
KPYIHBIMHA ~ CETSMH, BKJIIOYAIOIMMHU  OOJIbIIOE  KOJUYECTBO AKTHUBHOTO

o0opynoBaHusi, HEOOXOMMMBI  CIIOKHBIE cucTeMbl  ympaBieaus (CVY),
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OCYIICCTBIIOINUC KOHTPOJb M VYIIPABJICHHUC KaXXIbIM 3JICMCHTOM, a Ta4KIKC

COCTOAHUECM CCTH B LICJIOM.

AHa/m3 wuccaeaoBaHuii um nyosmukanuit., B [1] npeanaraerca CY
kommbroTepHOH ceThio (KC), B KoTOpO#t /Tt pemmenns 3a1a4d uaASHTHDUKAITIN ¢
nporHo3upoBaHua coctosiHud KC NpuMeHSIOTCS CpelcTBa, HMCHOJb3YIOIINE
anmapar Teopuu HeHpoHHbIX cereil. B [2] mpemnoxkena CVY, BbINOMHSAIOIAA
MOHUTOPUHT, HWIACHTU(UKAIIMIO W TPOTHO3WPOBAHWUE COCTOSHHUS CETH B
peaibHOM BpeMenH (puc. 1).

B ykazanno#i CVY no pe3yjibTaTaM aHajin3a napaMeTpoB U CTPYKTYPhI CETH
CTpPOUTCS NBYXypoBHEBas stajoHHas moaenb (OM) cermenta TKC. Ilepsoiid
YPOBEHb KOTOPOI OTBEYAET 32 aKTUBHOE 000PYA0BaHUE, BTOPOIM — 32 COCTOSIHUE
cetu. Takoi MOAXOJ MO3BOJIACT OTACAWTH 3aJauy YNPABJICHUSA HAICKHOCTHIO
o0OpyIOBaHUS OT 3a/Jaud aHaAIW3a W yhpasjeHus Tomojoruei ceru. Ha Gaze
OM BbINOJAHAETCS MPOrHO3 coctodaHus. [lomydyeHHbIE JaHHBIC SBJISIFOTCA
OCHOBOHW i1 (hOPMHUPOBAHUA U BHIOOPA ONTHUMAJBHOUW CTPATETHH YMPABICHUS
aIMUHUCTPATOPOM W JKCIIEPTHOM crcTeMoi. AHamm3 >(pdexkTuBHOCTH PabOTHI
aMUHUCTPATOPA MPOBOJUTCS MOCPEACTBOM CPABHEHUS CTPATErMU yNpPaBICHUA
BHIOpDAHHOW aAMHUHHUCTPATOPOM, IIPEAJIOKEHHOM HSKCIEPTHONH CHCTEMOH H
MOJIYYEHHBIX B PE3YJIbTATE YIIPABJACHUA COCTOAHUMN CETH.

Cnoxnocts ynpasiaenns TKC wuam ee aBTOHOMHBIM — CETMEHTOM
3aKJIIOYAETCA B HAJIMYMU CIIYYaHBIX 33JEP:KEK YIIPABIAIOLIEH U CUTHAJIBHOM
uH(}OpMaIK, HEMOIIHOTE aPHOPHON MH(POPMAITUK O MapaMeTpax U COCTOSHHUH
CETEBOr0 00OPY/IOBAHUSA. DTO MOXKET MPUBOAUTH K OCLMUIALIMAM HArpy3Ku Ha
ceTeBbie y3ibl M morepe ycroWumBocth CVY. Bompoc obecnieueHus

YCTOMUMBOCTHU B YKa3aHHBIX Pa00OTaxX HE PacCMaTPUBAJICS.
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Puc. 1. KonuentyansHas moaens CY aBTOHOMHBIM CETMEHTOM

TEIEKOMMYHUKAIIMOHHOM ceTH [2].

IlocranoBka 3agauu. Takum 00pa3oMm, yeivbio AJAaHHOW PadOThl ABJISAETCA
KOHKpeTH3aims  copMynmpoBaHHOW 3amaum  ynpasienms TKC, kak
PACHPENCITICHHON CUCTEMOM C 3aJICP)KKAMH  YIPABJAIOIIEA W CHUTHAIBHOMW
uHdOpMaIUK, I TOTYYCHHS YCIOBUH yCTOWUMBOH paboThl. [Ipu 3TOM MOMKHO
MOANCPKUBATHCA TPeOyeMOE KaueCTBO YMOPaBJEHHUS, KOTOPOE 3aBUCUT OT

JWHAMUYECKUX xapakTepucTtuk CVY.

Ncxoanbie 1anHble U orpaHuydenusi. TKC MOXXHO cunuTaTh JUCKPETHBIMH
cucTeMamMu ¢ 3anasabiBaHueM. [103ToMy B COOTBETCTBUU ¢ OOuIeH Teopueh
yOpaBJICHWS] TPOIEecChl  0OMeHa WH(OPMANKMEeH MEXAy YIPaBISEMBbIMHA

o0bekTaMU (aBTOHOMHBIMH cermMeHTamu) S, cetd u CY Moryr ObITh OHMUCAHBI

Pa3HOCTHBIMM YPABHEHUSMHU C OTKJIOHSIOIIMMUCS aprymeHTamu [3, 4]:

Ve, B Y, n=1 +by, n—k +u, n-m, n=0,123,... (1)
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rae y, (1) - GyHKUUA COCTOSHUA O0BEKTA; u(1-m) - yIPABIAIOIIUI curHai, k u
m SBJSIOTCA 3a/IEP>KKaMU CUTHAJIOB COCTOSTHUS M YIPABJICHUAS] COOTBETCTBEHHO.
B obmiem cinyuae n#m.

Cucremuas ¢pyHKIHsA 00bEKTa, OMUChIBaeMas ypaBHeHUEM (1), mMeeT BUA;

-m

z

Hz)=————
@) -z —bz™* (2)

XapakTepUCTUUCCKUN TONMMHOM CUCTeMHONW (yHKIMK (2) B pe3ynibTare

3afepakek nHdopmalu npuodperaer cnennduyeckuii BUA:
- —bh=0. (3)

Jlnsa obecnieuenusa ycrounoi padotel CY TKC HE00X0aUMO MOCTOSHHO
KOHTPOJIMPOBATh €€ COCTOSIHME, B TNEPBYKD OYEPEAb — COCTOSHHE
3arpy>K€HHOCTH OTACIbHBIX MApIIPYTOB WU CETEBBIX KOMMYTAIIMOHHBIX Y3JIOB.
3agadya  OCJIOKHAETCS TEM, 4YTO 3aJEPKKW JOCTaBKM CHUTHAJIbHOW U
yrIpaBJsioIIeit nHpOpMAITK HOCAT CIydalHBIM XapaKTep W MOTYT MEHATHCS B
MAPOKKUX mnpeaenax. Jlaxe g TpocTeineil JTUHAMUYECKOM CHCTEMBI,
omuceiBaeMoli  audpepeHIHANBHBIM ~ YPaBHCHHEM IIEPBOTO  IMOpsAJaKa ¢
MOCTOSHHBIMHA ~ KOd(p(puIMmeHTaMy, TOSBJICHHE 3ama3/bIBaHUS  apTyMEHTa
MPUBOANT K TIOABJICHHWIO TOcTenencTBrus (popManbHO — K TPOU3BOJILHOMY
U3MCHEHUWIO TOpsAKa ypaBHeHuWs). [Ipw SToM ecnm MCXOMHOE ypaBHEHHE
YCTOMYMBO, TO YCTOMYMBOCTh YPABHCHHUA C 3aMa3AbIBAIOIINM apPTyMEHTOM HE
rapantupyercs [3, 4]. IIpobmemMa OCIOXKHSAETCS €Ile TEM, YTO B KOHKPETHOM
paccMaTpyUBaEMOM CIIydae 3ama3[blBAHUE apryMEHTa — BEJIMYMHA ClIydailHad U
MOKET MEHATHCS B IIIMPOKUX MPEAcax.

Takum oOpa3oM, OrpaHUUCHHEM MPEATOKEHHON MOJENU SIBJIACTCS PUCK
MOTEPU YCTOMUMBOCTH MPH CIYYAUHBIX U3MEHCHUAX 3aIEPKEK, TO €CTh MOPSIKA
ypaBHeHus (3), a TaKXke TPH TOMBITKE JOCTHXEHHS HYXHOTO KadecTBa

YOPABJICHUS MYTEM MPOCTOro yBenWueHWs Kod(h(dUIMeHTa yCWICHHWS b B

144



Bicauk AMY cepis «TexHika» Bunyck 6 — 2013

KOHType oOpaTtHOW cBsa3u. IloaToMy HEOOXOAuM TIOCTOSHHBIM KOHTPOJIb
ycrodunBoctd CY MW TPUBEICHUSA €€ K YCTOWYHMBOMY COCTOSHHIO TIPH

HEOOXOAUMOCTH.

Metoa obGecrieyeHnsi yCTOYHUBOCTH CUCTeMbl ynpasJieHusi. B paGore
[5] mokazaHO, 4YTO HMMEET MECTO HWJAECHTUYHOCTh AMIUIMTYIHO-YaCTOTHBIX
XaPAKTEPUCTUK KAK YCTOMYUBOW, TAK U HEYCTOMYMBON CUCTEM, CIIEIOBATENBHO,
JUHAMHUYECKME  CBOMCTBA  PAacCMaTPUBAEMbIX CHUCTEM  Takxke  OyayT
UJICHTUYHBIMU. BU, Ka4eCcTBO W mapamMeTphl NEPEXOIHBIX MPOLIECCOB B 00EMX
CHUCTEMAaxX OJWHAKOBBI, T.€. YCTOMUMBAsA CHCTEMA CXOJIUTCS C TOM KE CKOPOCTBIO,
C KaKOM KakK HEYyCTOMYMBAsA pacxoAuTcA. Bua mepexomHbIX MPOLECCOB TAKKE
OJIUH M TOT k€. Y 00E€UX CHUCTEM MPOLIECC ABJISAETCA WIH KOJIEOATEIbHbIM, WU
arepUOIMIECKHAM.

HUcnonb3yss 3TO0 CBOWCTBO TU(MPOBBIX TUHAMHUYECKHX CHCTEM, MOMKHO
peanu3oBaTh  MPUHYJIUTEIBHOE  3€PKAJIbHOE  OTOOPAKEHUE  TMOJIOCOB,
HAXOJALIMXCS 32 MPeIeTaMu €AMHUYHON OKPY>KHOCTH Z-TUIOCKOCTH, BHYTPb €€.
AJITOPUTM SIBJIAETCA CJICAYIOIIAM.

1. 3agaercs mopsaa0K ypaBHEHHUS.

2. 3amaercs kordduimeHT oOpaTHOM CBA3H.

3. BBIUUCIAIOTCS KOPHU YpaBHEHUS 7, i =1,k .

4. Haxoaarcst MOy I KOPHEH.

5. Ecnm moayis 7,4 >1, HAXOAUTCS OTPAXKEHHBIN KOPEHD 7

— /A BEECTBEHHOTO KOpHA 7, =1/7:;
— U1 KOMIUIEKCHOIO  KOpHA 1 =a, % jd.:

a.

i ; i

_ tJ .
7 af +a’l.2 af +a’l.2

6. Ecrmn Moy 7, =1, ymenbinaem r, =1—¢, e<<l.
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7. Beraucnsiores kod)GUITUEHTH HOBOTO TMOJIWHOMA C TOIOCAMH,

OTPAXEHHBIMH BHYTPh SAMHUIHONW OKPYKHOCTH Z-TIJTIOCKOCTH.

Onmnako TpW CcKaukooOpa3HOM HW3MEeHEHWH KoddduimenToB 1udposoit
CHUCTEMBI B MOMEHTHl CKAaYKOB BO3HWKAIOT Pa3pPbIBbl CHTHAJA OMMOKH, YTO
MPUBOANT K TysbcanusMm [ mb6ca 1, Kak CIEACTBHE, K MEPEPETYIMPOBAHUIO B
CVY. Jlns ymenbmenus >dpdexra [ m606ca mpenyioxkeHo u3MeHsaTs KodhpuimeHTst
M, COOTBETCTBEHHO, TIEPEBOANTH CUCTEMY B YCTOMUMBOE COCTOSTHUE TUTABHO HA

KOHCYHOM HHTCPBAJIC.

BoiOoop d¢yHxkuum aas obecrneyeHusi  TpedyemMoro KadecTBa
ynpasJjenus. Bua (yHknwm mmaBHOrO TEPEBEACHUS CHCTEMBI B 00IacTh
YCTOWYMBOCTH HAMpPSMYIO BIMAET HA KAYeCTBO WM TAPAMETPhI TEPEXOIHBIX
npoiieccos B CV.

Hawmbonee r¢gpdextnBHbIME (HYHKITUAMEA TUTABHOTO BO3BPAIICHUS TMOTIOCOB
BHYTPbh €AWHUYHOW OKPYXHOCTH SBJISIOTCS TapMOHWYECKHE (MM KOMOWHAIIAS

FapMOHI/ILIeCKI/IX) U ODKCIIOHCHIHUAJIbHBIC BHAA:

kn = ko — kmin jcos 2 + kmin9 4)

2 N
kn = ko - kmin )Sin - + kminn (5)

2 N
kn = Mj sin 2 +sin Smn ] + Ko » (6)

2 N N
kn = Mjcos{zﬂ}#—kmm, (7)
2 N

kn = (%Jeﬁl + kmin > (8)
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Tabnuya 1

JInHaMH4YecKHe XapaKTePUCTHKHU MEPeXoHOro mpoiecca

Hucnepcus
Benuuuna JIMATEIbHOCTD

OyHKIHS U3MEHEHUS | JUHAMUYECKOU

NEPEPETYINPOBA | IIEPEXOTHOIO k2 min

koddurreHToB OLIHUOKH,
5 HHS, O npoiiecca, 1
C m.

Oynkrus suna (4) 0,020 0,838 22 0,475
Oynkrus Buaa (5) 0,012 0,786 35 0,475
Oynkius suna (6) 0,019 0,672 30 0,271
Oynxrus suna (7) 0,026 0,895 25 0,475
Oynkrus Buaa (8) 0,010 0,840 20 0,7

[To rpadmkamM BHUAHO, YTO TPH HEOTPAHWMUECHHOM POCTE 71 HWMITYJIbCHAS
XapaKTePUCTHKA CHUCTEMBl ACHMITOTHYECKH TMPUOMMKAETCA K HYIIO, a
MEePEexXOo/IHAsA XAPAKTEPUCTHKA — K CTAIMOHAPHOMY 3HadeHHi0. CreaoBarenbHo,
Ha WHTEpBaJie HAOMIOACHUS CUCTEMA SIBJIACTCS IJ100AIbHO YCTOHYMBOM.

B ycranosuBmeMcs pexxnme npuMeHenne GpyHkimu Buaa (6) mpuBOAUT K
OTPAKEHHUIO TONI0CA HE CTPOTO 3€pKAJbHO, a 10 3HAYUTENIbHO MEHBIIETO
3HAUYEHUSA, YeM oOpaTHoe. DTO MO3BOJIAECT TapaHTHUPOBATh JOIMOJIHUTEIbHYIO
YCTOWYUBOCTb.

[Ipn wucnonb3oBanun (yskumi Buga (4), (5) u (7) Takke BO3MOXKHO
OTpa)kaTh MOJIKOCA 10 MEHBILIEro 3HAUCHUS YeM OOpaTHOE, OJHAKO MOKa3aTelu
KauyecTBa YIPABJICHUA XYXKeE, YEM B MPEABIAYIIIEM CIyUae.

Hcnone3oBanne ¢yHkimu Buaa (8) MO3BONAECT MPHUBECTH CUCTEMY B
YCTAHOBUBIIEECA COCTOSTHUE OBICTPEE M C MEHbIIECH TUHAMUYECKONW OIIMOKOM.
Kpome Toro nannas ¢pyHKums, B OTIMYHE OT MPEABIAYIIHNX, JOCTATOUYHO MPOCTa
B BHIYMCIICHHM.

Takum oOpazom, maisa obOecneueHuss ycTodunBocTH CVY pekoMeHayeTcs
BbIOMpaTh pyHKIMHK BuAa (6) mubo (8).
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BreiBoabI

1. CnoxnHocts ynpasineHuss TKC 3akmiouaercs B Haau4uu
CIIy4alHBIX 3aJIcpXKEK YIPaBIAIOIMEH W CHTHAJbHOW WH(pOpMaImH,
HETIOJIHOTE ampuOpHOW WHGOPMAIM O TapaMeTpax © COCTOSHUH
CETeBOro 000pYyIOBaHWA. ITO MOXKET TMPUBOAUTL K OCIHUIIALMAM
Harpy3Kd Ha CETEBBIC Y3JIBI W TIOTEPE YCTOWYHUBOCTH CHCTEMBI
YTIPaBJICHHUS.

2. s >¢dekTuBHOrO ymnpaBiieHus HEOOXOAUMO OOECTICUUTh
ycroiunBocTs CY npu u3MeHeHn# K03(pHUIIMEHTOB 00paTHOM CBSI3H.

3. YCTOMUMBOCTE CUCTEMBI MOXKET OBITh OO€CHeueHa MyTeEM
3ePKATbHOTO OTPAKEHHS TOIIOCOB, HAXOMAIUXCS BHE CIUHUIHOM
OKPYXHOCTH Z-TUTOCKOCTH, BHYTPb CTMHUTHOW OKPY>KHOCTH.

4, [Ipu  ckaukooOpazHOM  W3MEHEHUH  KOI(PUIIMESHTOB
1udpoBOI CHCTEMBl B MOMEHTHI CKAYKOB BO3HUKAIOT Pa3phIBHI CHTHAA
OIMOKM, YTO MPHUBOAWT K MyibcamuaMm ['ub0ca M, Kak CIEACTBHE, K
nepeperyaupoanuto B CV.

5. [Ipennaraercsa yCOBEPIICHCTBOBAHHBIA METOJ BO3BpaTa
CHUCTEMBI B 00JIACTh YCTOMYMBOCTH, OCHOBAHHBIM Ha TJIABHOM M3MCHCHUH
kod(dpurreHToB 00paTHON CBS3H.

6. AHanu3  JIUHAMHYECKHUX  XaPaKTEPUCTHK  MEPEXOAHOTO
mporecca (tabn. 1), mokazan, uro ucnojib3oBaHue ¢GyHkumi Buma (7)
MO3BOJIAECT OTPakaTh MOJIOCA J0 MEHBIIIETO 3HAYEHUA, YeM OOpaTHOE U
rapaHTHPYET TOMOJHUTEIBHYIO YCTOWYMBOCTH CUCTeMBI. [IpuMeHenwme
¢dbysaxun Buga (11) obecneunBaer BbICOKOE OBICTPOACHCTBHE CUCTEMBI, C

HAWMMCHBIITNM 3HAYCHUCM I[HH&MH‘IGCKOﬁ OImHOKH.
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