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Ipednoxcer  ycosepuiencmeosannbili Memood npusedeHus, CUCMEMbl

VAPABIEHUA MENCKOMMYHUKAYUOHHOU CemblO K YCMOUMUBOMY COCMORHUIO npU

UIMEHEHUAX 3A0epHCKU CUSHANLHOT U YAPABNAIowet uxpopmayu.

3anpononosarno  yoockonanenuii  Memod  APUBEOEHHA  CUCMeMU

VAPAGAIHHA MENEKOMYHIKAYIHHOW0 Mepexcero 00 cmilikozo CmaHy npu 3MIHAX

3AMPUMKU CUSHATLHOT | Kepyiouol inghopmayii.

An improved method of bringing telecommunication network conirol

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

Beenenue. OcHoBHOR 3amadeit KOPTIOPATHBHBIX u
TenekoMMyHukaumoHHeix  cereit (TKC)  sBiusmercs  npejocTaBleHHs
KA4eCTBEHHBIX YCIYT MO pacnpeneicHHON oOpaborke wapopmauuy. Pelnenue
NOCTABJACHHON 3aa4¥ B 3HAYMTENBHOM CTEMEHM OMpefensercs pasBUTOCTHIO
MeXaHH3Ma YTIPaBJICHMSI HAasBHBIMM CETEBBIMM pecypcamu. JInsg ynparneHus
KPYIHBIMH  CETSMHM, BKIIOYAKIIAMK  OOJBIIOE  KOJMYECTBO aKTHBHOTO

000pyIOBaHHS, HEOOXOIWMEI CIOXHBIE cHcTeMbl  ympapienus (CV),

141

OCYIIECTRAAIINE KOHTPOJIbL W YIpPaBICHUC KaXKIbIM 3JICMCHTOM, a TaKiKe

COCTOSTHHUEM CCTH B LIC/TOM.

AHanu3 wuccaenoBaHuii w ny6amkaumii. B [1] npemnaraetcs CY
xoMnsioTepHoii cetsio (KC), B xoTopoi Uist pelueHns 3a1au HISHTUDHKAUMN 1
HPOrHO3MpOBaHUs cocTodlua KC NPUMEHSIOTCS CPENCTBA, HCTIONB3YIOMIAE
anmapar TeopuH HelipoHHbIX cetedl. B [2] npemntoxena CV. BpmonnAomasn
MOHHTOPHHF. MACHTH(WKALUMIO ¥ TPOTHOMPOBAHWE COCTOSIHMS CETH B
peansHOM BpeMeHH (puc. 1).

B ykazanHoii CY no pesyibraraM aHaju3a NapameTpoB W CTPYKTYpPhL CETH
CTPOMTCS [BYXYpOBHeBas dTanonHas monens (OM) cermenta TKC. Ilepseiit
YPOBEHb KOTOPOH OTBEHAET 3a akTHBHOE 000PYI0BaH)E, BTOPOH — 32 COCTOSAHHE
cerd. Takoll nogxod NO3BOJSET OTAENMTE 3ajady YIPaBIEHUA HAJEKHOCTHIO
o0opyI0oBanus OT 3a0a4M aHanu3a W ynpaeieHus Tononorued cetw. Ha Gase
OM BLINOJHAETCS TIPOTHO3 CcOCTOSAHMA. [lonyueHHBIE NaHHBIE SBIAIOTCH
OCHOBO# 111 (JOPMHUPOBAHHS M BHIOOpPA ONTHMANBHOH CTPATETWH YIpaBIEHHS
ANIMHHUCTPATOPOM M JKCNEPTHOI crcTeMoil. Ananus >(eKTHBHOCTH padoThl
aJIMUHUCTpaTOpa NPOBOAUTCS NMOCPEACTBOM CPABHEHMS CTPATErHH YIPABJIEHHS
BLIOpaHHOH aOMHHUACTPATOPOM, TPENJIOKEHHOH 3KCIEPTHOH CHCTEMOH W
MONMYYEHHBIX B PE3YIbTATE YIPaBACHUA COCTOAHHMH CETH.

Cnoxknocts  ympaenenns TKC wnm ee  aBTOHOMHBIM — CETMEHTOM
3AKTHYAETCS B HATHYMA CyYaifHBIX 3alepikeK YTpPaBIAIOMWEH W CHIHAIBHOH
WH(OPMAIHH, HEMOTHOTE anpHopHOH HHGOPMALMH O MapaMeTpax W COCTOSHUM
CeTeBoro 000pyNOBaHMs. DTO MOMKET MPHBOOUTH K OCLMIIALHMAM HArpy3Ki Ha
ceTeBble y3nel wn norepe ycrodumBocth CVY. Bonpoc obecneuenns

u\n.ﬂo_.\.—&:won,_)x B YKa3aHHBIX vmm.uﬁwx HE paccMmaTrpHBancs.
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DopauposanHe
W BEIBOP CTpaTErHN
¥ NPABICHHA

WIRNENTOR CETH

T

|

Huerrrs

weT

Puc. 1. KornenryansHas Moaens CY aBTOHOMHBIM CETMEHTOM

TEIeKOMMYHHKaMOHHOMN ceTH [2].

IlocTanoeka 3agaun. Takum o0pasoMm, yervro NaHHON paboThl SBAAETCH
KOHKpeTH3auus  copMmynupoBaHHOW  3amaum  ynpaenenus TKC, xax
pacripeneNeHHol CHCTEMOH ¢ 3ajepKKamM YIpaBlIsioWEd W CHTHAJILHOH
HH(pOPMAIINH, 7T TIONYHIEHNAS YCIOBHH ycToiunBoit padoTsl. TIpu 3TOM IOIKHO
MOJACPKUBATECA TpeOyeMOe KadecTBO YIIPaBJIEHHS, KOTOPOE 3aBHCHT OT

JIMHaMH4YecKUX XapakTepucTHk CY.

Hcxoaubie aaHHbIe B orpaHndeHus. TKC MOXKHO CYATATh HCKPETHBIMH
cucremamy ¢ 3anazipiBanuem. IJostomy B cooTercTBMM ¢ 00wieH Teopueit
yhpaeieHust rnpouecckl oOMeHa MHQopmauMel  Mexny  ynpapiseMbIMH

of/beKTaM¥ (aBTOHOMHBIMYM cermenTamu) S, cetw u CY moryT ObITh OnMcansl

Pa3sHOCTHLIMHM YPABHEHHAMM C OTKJIOHSIOLIAMHKCS aprymeHTamH [3, 4]:

Yo 1=y, n=l +by, n—k +u, n-m. n=0123. .. (1

rae y,(x) - GyHKLUAS cOCTOSHUS 00BEKTa; u(n-m) - YNPaBAfOMMH cHraam; k 1
m ABAAIOTCS 3aNCPIKKAMKU CUTHATIOB COCTOSHUSA M YTIPABJIEHNS COOTBETCTBEHHO.
B oGwem cnyuae n#m.

Cuctemnas pyHkuns oGbeKTa, onuckiBaemas ypapHeHuem (1), iMeer BAN:

el

S et 2)

XapakTepucTHHeckMil NONMHOM cHCTeMHONW (yHkumMM (2) B pesynsTare

3anepxek nHbopManuy npuodperaet creunduHeckuil BUL

- —p=0. (3)

Hns obecneuenus yeroiiunBoii paborsl CY TKC neofxonumo NnocTosHHO
KOHTPONMHPOBaTh €& COCTOAHWE, B TIEPBYI0 OUepedb — COCTOSHHE
3aTPYKEHAOCTH OTHENBHBIX MapLIPYTOB M CETEBBIX KOMMYTAUHOHHLIX Y3/IOB.
3amaua  OCNOKHAETCA TEM, YTO 3aNepKKW JOCTAaBKM CHTHATBHOW W
ynpasisitouiei MHGOpMaLKMK HOCAT cyyalHeli XapakTep W MOTYT MEHSAThCA B
WHpOKKMX mpenenax. [axke s npocTeliueil AMHaMH4eckodl CcHCTeMBl,
onuceiBaeMoii  nuddepeHuMaNBHBIM  YPABHEHHEM [EPBOro  Mopsjika C
NOCTOSIHHBIMK KO3 hrumenTamMy, mMosSBIEHWE 3ana3fblBaHus  apryMeHTa
NMPUBOIMUT K TOSBICHHIO MocieneiicTus ((opmarbHo — K TPOM3BONBHOMY
M3MEHEHUIO TOpsAnKa YpaBHeHWs). IIpy 3TOM €ciM WCXOZHOE YpaBHEHWE
YCTOHYHBO, TO YCTOHYHBOCTH YPABHEHHS C 3alas[bIBafOIIHM apryMEeHTOM He
rapantupyetca [3, 4]. TIpoGiema OCHOMHACTCS €ILE TEM, YTO B KOHKPETHOM
paccMaTpUBaeMOM CITyHae 3ana3fbiBaHHe apryMeHTa — BEeNUYHHa cnyvaiinast u
MO3KET MEHSATBCA B IIMPOKHX MpeIenax.

Takum o0pa3oM, OTpaHWYEeHHeM TpPEIOKEHHOR MOIENH ABIAETCS PHCK
MOTEPH YCTOHIMBOCTH MPH CHYYAlHBIX H3MEHEHHSX 3a7epkKek, TO eCTh MopaIka
ypasHenus (3), a Takke NpH TONBITKE IOCTHXEHHS HYKHOTO KadecTBa
ynpaBlieHus MyTeM TNpOCTOro ysenddeHus kodpduuueHta ycunenus b B
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koHType ofparnoll ceasu. IloosTomy HeoBX0IMM NOCTOSHHBIA KOHTPONbL
yeroiaueocT CY W NpHBEIEHHMS €€ K YCTOWYHBOMY COCTOSHHIO TPH

HCOOXOAWMOCTH.

MeTtoa oGecneyeHHsl YCTOHYMBOCTH CHCTEMbl ynpasJjeHus. B palore
{5] mnokaszamo, 9TO0 WMEET MECTO WACHTHYHOCTH AMILTATYIHO-9ACTOTHBIX
XapaKTEepHUCTHK KaK YCTOMYMBOM, TaK W HEYCTOWMMBOM CHCTEM, CIIEI0BATENBHO,
OUHAMMYECKHE  CBOWCTBA  pacCMaTpHMBAEMBIX  CHCTEM  TaKke  OyOyT
WICHTHIHBIMH. Bui, Ka4decTBO M napaMeTphl NepeXoIHbX NpoueccoB B 06eHx
cHUCTeMax OJMHAKOBBI, T.€. YCTOHYNBAs CHCTEMA CXOIHUTCS ¢ TOH JKe CKOPOCTHIO,
€ Kakoil Kak HeycToiumBas pacxomuTcs. B nmepexomHbIX MPOLECCOB TAKKE
OIMH M TOT e: ¥ 06eWX CHCTEM TPOLECC ABNASTCA WM KoneGaTenbHbIM, WITH
anepuoIUYeCcKUM,

Hcnions3ys 370 CBOWCTBO IHU(PPOBBIX JMHAMHYECKHX CHCTEM, MOWKHO
pearu3oBaTh  NMPUHYIWTETBHOE  3epkaibHOoe  OTODpakeHHEe  TOJHOCOB,
HaXOISIMXCS 32 NPEeIaMy SIHHWYIHON OKPYKHOCTH Z-TUTOCKOCTH, BHYTPE €€,
ANropuT™ SIBJISETCS CNELYIOLIHM.

1. 3agaercs NopsAIOK ypaBHEHHS.

2. 3anaercs koadduunenT obpaTHoii cBA3M.

3. BeluMcns0TCS KOPHY YPaBHEHHUS 1), | = Lk.
4. Haxongarcs MOZyH KOPHEH.

5. Ecna monyne 7, >1, HAXOOMTCS OTpaXKEHHBIA KOpeHs 7,

mod ¥

— ISl BEIIECTREHHOTO KopHA 7, =1/,

- s KOMILJICKCHOTO ~ KOPHs r=a*jd:

‘ 1 i

et B
"atvd T ot +d}
6. Ecnu Monyns r, . =1. yMeHbIIaeM r, =1-¢g. e<<l.
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7. BoiuaucnsroTes Koa(pQGULUMCHTE HOBOMO TIONMHOMA € MNOTHOCAMH.

OTPAKEHHBIMH BHYTPB SIUHITHON OKPYKHOCTH Z-NITOCKOCTH.

OnHako npH ckaukooGpasHOM W3McHeHHN Kod(dwimenToB wipoBoit
CHCTEMBI B MOMEHTHI CKAauKOB BO3HHWKAIOT Da3phIBEI CHTHANA OMIMOKW, HTO
NDUBOJUT K NyJkcauusam I'mbOca u, kak CIEACTBME, K NEPEPErYIMPOBAHUIO B
CY. Ina ymenbuienns 3¢dexra 'nddca npenoxeHo n3MeHITh KodhhumueHThl
M, COOTBETCTBEHHO, TIEPEBOIMTL CHCTEMY B YCTOHYMBOE COCTOSHME MJIABHO Ha

KOHCHYHOM HWHTEpPBAJIC.

BoiGop dyukumm aas ofecneveHnss  TpeGyeMoro  Ka4yecTBa
ynpasieHHs. Buj ¢yHKuMM NIaBHOro mnepesBeleHMs CcHCTEMbl B ofnacThb
YCTOHYMBOCTH HAmpAMYl0 BIHAET Ha Ka4yeCcTBO W MapaMeTpbl MEPEXONHBIX
npoueccos B CV.

Hawubosiee a¢dexTHBHBIMH QyHKIMAMHM IUIABHOTO BO3BPALIEHHS TIOIHOCOB
BHYTPh €IUHHYHOH OKPYXHOCTH SBISIOTCS TApMOHHHECKWe (WITH KOMOHMHAINA

TaPMOHWYECKAX ) H IKCITOHEHIMATBLHBIE BUA:

ky = koin 2nn

kono=| 5o Smin oo 2 L g 4
\\v_ N oom »2« min ﬁ V
— i)
% m ol = Y (5)
2 N
A & i )
kn= Ky~ hnia miw|§+m5m:a;+.ﬁ,. s (6)
b N N 5
_ ) Y
Bom e R Ve 280 b (7)
2 N
ko =[ o smf,um-ffz (8)
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NOCKO/IbKY OHU SABNAOTCA AuddepeHUMHpyeMbiMi OECKOHEYHOE YHCIO pas, U
TP JIFO0BIX BHIAX BO3MYLIEHHH (CKavoK, JIMHEHHO HapacTalomee Bo3IeHCTBHE
W Jip.) Pa3psiB HEMPEPBIBHOCTH B (PYHKIHH YTipaBieHNs He OYHET WMETh MeCTa.
3neck k& n — kodpdUUMEHT, MEHAOWMICA OT HAYaNLHOTO 3HAYEHWS
f, > 1 10 06paTHOTO (MIHHWMANBHOTO) 3HavuCHNH K, <1/k, ¢ nepuonom N =50:
B kauecTBe WITIOCTPATHBHOIQ MpPHMEpPa pPacCMOTPEHBI XapakTepPHCTHKH
CY, onuceBaeMoil TM{epeHIHANEHEIM YPAaBHEHHEM BTOpPOr0 TOpAIka C
HauyalbHbIMK KOdbhduuuentamu by, = — 0.3125, by, = — 1.25. KoTopsle

YMeHbIIAKTCs Mo Gpopmyne £ » 10 3HadeHnid by =-0,2, b, =-0,8.

Ha puc. 2 nokasansl rpavku H3MeHeHHS ko3(rupeHTa oOpaTHOH CBA3M
(cneBa), nepexogHasi (M0 UEHTPY) M MMITYJbCHAsE (CNpaBa) XapaKTePHCTHKH
CHCTEMEI IIPY MCITOE30BAHHH YKA3AHHBIX (DYHKIHIL.

ki) By

~ o
DTN e
0 ——————— - 0 p. J.m

] 25 £l i LU ) 2 50 75

)

ko)
03

o
1l 25

6) npumeHenne Gynkuny Buaa (5)
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kot

]
PN aY, :
5 % f\\/(\/\. \/\)/r N/ ._.m_ #@)M,.Ps:?\/ S O R e
0 T T T U= T

Bt

0 25 50 75 " v 2 s 7 U

hinmi
1
f

03
-1

B) npumMeHeHne QpyHKLAN BHIA (6)

ki, \
 —} —In Frla)
0.5 * J .

o+ - o H

u 25 0 B no0s F 25 50 5

r) npuMeHenne Gpynkuun euna (7)

8 -

) T T T
] 25 50 7 L E) h. 25 50 75

I) puMeHeHne (pyHKUUK Braa (8)

Puc. 2. I'padpuxn mamerenust koadpuiyenta ba,, TIEpeXoJIHEIE U UMITYTHCHBIE

XapaKTEPUCTHKN

B rtabn. 1 TNpEICTaBJICHEI OCHOBHBIC IHHAMHHYCCKHC XapaKTCPHCTHKH

MEPEXOOHOTO0 Tpouecca MpHU UCIIOJIIE30BAHHH YKa3aHHBIX %%ZHEE&.
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Tabauya |

h::m?:nn_me_hﬁm XapaKTepHCTHKH NepexoaHoro npouecca
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JHucnepeus
Benuuuuna JnurensHoCTh

DYHKIMA M3MEHEHNA | IHHAMHYECKOH

NEPEPErYIUPORA | MEPEXOAHOTO k3 iy

koa(duunenToB omnbxu,
2 Hus, & npougcca, n
Q..u.::.

Oyukung Buna (4) 0,020 0,838 22 0,475
Dyuxuug Buna (5) 0,012 0,786 35 0,475
Oynkunsg Buaa (6) 0,019 0,672 30 0,271
@yukuna suna (7) 0,026 0,895 25 0,475
Dynkuns suaa (8) 0,010 0,840 20 0,7

TTo rpadwkam BHIHO, YTO TIPW HEOTPAHMYEHHOM POCTE # WMITYJTBhCHAS
XapaKTepUCTHKA CHCTEMBI aCHMITOTHYECKH TpHONKaeTcs K Hymo, a
nepexonHas XapakTepucTHKa — K cTalMoHapHOMY 3HaueHuio. CnenoBarensHo,
Ha UHTepBane HAabMIOACHNA CHCTEMA SBSETCS IMOOANLHO YCTOHYHBOI.

B ycTaHOBMBILEMCS PEXUME NPHMEHEHHE ()YHKLMI BUAA (6) NPHBOIUT K
OTPaXEHHIO MOMI0CAa HE CTPOrO 3€pKanbHO, @ OO0 3HAYUTENLHO MEHBLIETO
3HAueHUs, deM o0paTHoe. 3TO TO3BONACT TapaHTHPOBATh JOMOTHHTENBHYIO
YCTOHYUBOCTD.

Mpu wucronezoBanun Qynkuui Buma (4), (5) # (7) Takke BO3MOKHO
OTpaXaTh NOMIOCa A0 MEHBLISro 3HaueHud yeM ofparHoe, OfHAKO MoKazaTeny
KA4eCTBa YMPABIEHHUS XYIKE, YEM B NPENBIIYILEM Clyyae,

Hcoons3oBanne ¢yHkumM Buna (8) mMO3BONAET TNPHBECTH CHUCTEMY B
YCTAHOBHBILEESCS COCTOSHUE ObICTpEE M C MEHBIIEH JMHAMUYECKOH OMIMOKOM.
Kpowme Toro manuast GyHKUHS, B OTIHYHE OT MPENbIIYIIHX, HOCTATOYHO MPOCTa
B BBIYHCIICHHH.

Taknum obOpaszom, 1isi obecrieveHus ycroWunBocTH CV pekomeHmyeTcs
BeIGMpaTh dyHkunu Buaa (6) nudo (8).
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BoiBoani

1. Cnowxnocte ynpaenenuss TKC szawmouaercs B HaTMYHUH
CayqaliHbIX  3aJEPKEK YNPaBisiomed W CHIHAIBHOW wWHpOpMALWH,
HETIONIHOTE  AIpHOpPHOH  MH(OpMAaLUMH O [apaMeTpax M COCTOSHWM
ceTeroro  0BOpYZIOBAHWA. ITO MOKET TNPHBOANTL K  OCHWUISIHAM
HArPy3KM Ha CETEBbIC ¥37Ibl M MOTEPE YCTOHUMBOCTH CHCTEMbI
YTIpaB/CHHSL.

2. Ins >¢dextuBHoro ynpaenenus Heobxoammo obecmevuThb
yeToiureocTh CY MK H3MEHeHHN Kod(PHINEHTOR 06PaTHOMN CBA3M.

3. YCTOWYMBOCTE CHCTEMBI MOXKET OBITE obecredeHa TyTeM
3EPKATBHOTO OTpPaXEHHSA TONIOCOB, HAXOAAIIUXCA BHE EIHHUYHOMN
OKPY#HOCTH Z-TIIOCKOCTH, BHYTPb EIMHAYHON OKPY>KHOCTH.

4, Ilpn  ckaukooOpazHoM  M3MeHeHMM  KodddHumeHTOB
uMQpoBOH CHCTEMBI B MOMEHTHI CKa4YKOB BO3HHMKAKOT pa3phiBbl CHIHAIA
OLIMOKK, YTO MNPUBOIMT K mnyjbcauusiM TubGOca M, Kak ClENCTBHE, K
nepeperynuposanuio B CY.

5. ITpennaraeTcs yCOBEPIICHCTBOBAHHBIA METOH  BO3BpaTa
CHCTEMBI B 06NAcTh YCTOHYHMBOCTH, OCHOBAHHBIH Ha TIABHOM H3MEHEHHH
K03 puHeHTOB 00paTHOH CBA3H.

6. AHanuz  OWHAMHYECKMX  XapakTepUCTHK  MEepexoIHOro
npougcca {Tabn. 1), mokasan, 4To ucnonbzoBanue (yuxuuit supga (7)
MO3BONAET OTpaXKaTh MOMIOCA 0 MEHBIICTO 3HA4YCHMA, 4eM ofpaTHoe M
rapaHTHpyeT JOTOTHUTENBHYI0 YCTOHYHWBOCTH CHCTeMBIL IlpiMeHeHue
tynkuyn Buma (11) obecrneynBaeT BrICOKOE OBICTPONEHCTBHE CHCTEMBI, C

HAaWMEHBIIMM 3HAYEHNEM JTHHAMUYECKOH OMHOKH.
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