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IIpoBeneHo BUMipHOBaHHsI BiTHOIIEHHsI CUTHAJ / 3aBaja + IIYM y YaCTOTHOMY Jiana3oHi
1920-1980 MTI'm na cymikaux uacrorax 1920000 wkI'm i 1920015 kI'm. 3a oTpmMaHuMH
BUOIpkamMu po3paxoBaHi ix cepeaHi 3HaveHHsi i aucnepcii. IloOynoBani aBTokopensimiiini
¢pynkuii numx BuOipoxk Ta B3aemHi Kopesasiniiini ¢ynkuii. Ha migcraBi po3paxoBanux 3a
OTPUMaHMMM BHUOIpKaMHU cepeAHiX 3HaYeHb NpoueciB, AWcHepcid Ta iHTepBaliB Kopeasuii
po3po0JieHa BOBHMiIpHA MapKiBCcbka MoOJedb Yy BHIVIAAI PiBHAHB CTaHy Ta PIiBHAHb
CIOCTePeKeHHS.
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To be successful, efficient operation of networ ks apply the relevant methods of network and
gystems management, which require constant and reliable metrological provision and receipt of
appropriate and effective estimates of the parameters measured random variables, processes or
fields. To obtain estimates of the measur ed parameters can be used: sampling methods optimal
estimate of random variables, recursive methods for estimating random variables or recursive
evaluation methods of random processes. More constructive type ratings are recursive
estimation procedure, which gives the current evaluation process in real time, and in the
evaluation of therandom variable recursive procedure tends asymptotically to the true value.

In the recursive methods for estimating the parameters evaluated included the process
or the amount, and therefore the mathematical model. Therefore, actual scientific task is to
develop a mathematical model of radio network LTE.

In LTE network every 0.5 ms to measure the characteristics of the channel, and every
40 msreports are sent to the mean values of the measured parameters.

To provide access and distribution of resources subscribers can measure the following
parameters. average power of the received pilot signal; quality of received pilot signals; ratio
of the instantaneous data rate to an average speed; the ratio of signal power to interference
power and noise power (SINR). The most obviousindicator isthe SINR, as 1st and 2nd figures
do not take into account the interference power in the channels, and the third figureis derived
indicator of SINR. Therefore, measurements and assessments of quality indicators channels
L TE networksrational useindicator SINR.

Measured SINR in uplink frequency band 1920-1980 MHz frequencies in adjacent 1920000
1920015 kHz. Accor ding to the obtained samples calculated their mean values and variances. Built
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autocorrelation functions of sample data and cross-corréation function. Maximum values, these
functions are at the value of the time shift is zero and sowly decreases with increasing time shift.
Based on this schedule, we can conclude that they have an exponential form. According to
Theorem J. Doob can be argued that the results obtained are Mar kov processes.

According to the correlation functions defined intervals correlation and cross-correlation
intervals. To process one correlation interval is 21 count, which corresponds to the time interval
9.0006 ms. Process 2 correlation interval of 13 samples, which corresponds to the time interval
5.5718 ms. Cross-corrdation interval is 7.5 counts. Consequently, during the timeit is 3.2145 ms.
Thus, it can be argued that the processesin the adjacent channels are statistically dependent.

Invited to the processes occurring in the channels to approximate a multivariate M ar kov
model in the form of equations of state and observation equations. Calculated on the basis of
the obtained samples of the average values of processes, variances and correlations intervals
developed two-dimensional model equations of state and observation equations.

Key words. Network LTE, parameter measurement, evaluation of measurements,
statistical characteristics.

Berynuienune

OyHKIIMOHUPOBAHUE MOOWIIBHBIX CETell COTOBOM CBS3M TPETHETO IOKOJNCHHS K HACTOSIIEMY
BpPEMEHH CTaJ0 pealbHOCThIO. CTaHIapThl TPETHETO TOKOJICHHUS MO3BOIMIN O00CCIEUUTh MpEICTaBICHHE
MOJIb30BATENILCKHX YCIyT (ITOTOKOBOE BEIAHKE, Mepeada MyJIbTHMEIUHHON HH(OPMAIIMH, BHICOKOCKOPOCTHOM
MHTEPHET U JIp.), HSAOCTYIHBIX B TPAIUIIMOHHBIX CETAX BTOPOro mokosieHwus [1, 2].

JanpHeHIMM pa3BUTHEM MHUPOBBIX TEICKOMMYHHKAIIMOHHBIX TEXHOJOTHH B OOJIACTH MOOWIBHOM
CBSI3M SIBIISICTCS pa3pabOTKa M BHEAPEHHE CTaHAAPTOB 4eTBeproro mokonenus (4G), obecrieunBaromMX e
OoIpIIMEe CKOPOCTU Tepeiayr JIAHHBIX M MOBBIIICHHE KayecTBa MpeIiaraeMbIX I0JIb30BATEIBCKAX YCIYT
npu oOIleM CHHKEHUM 3aTpar B dKcruryatanmud. OIHON W3 TEXHOJOTHM, MCIONB3yeMbIX Ul PEIICHUs
HACYIIHBIX 3a/1a4 COBPEMEHHBIX TEIEKOMMYHHKAIUi, siBisiercst TexHonorus Long Term Evolution (LTE).
COOTBETCTBEHHO 3TOMY, CETH MOOWIIBHOW CBSI3M, PEaM30BaHHBIC Ha OCHOBE TAKOW TEXHOJOTHH, Ha3bIBAIOT
LTE-cern. [ns ycremHo#, 3hQPeKTHBHON pabOTBl ATHX CETed NPHMEHSIOT COOTBETCTBYIOIIME METOBI
CETEBOr0 M CHCTEMHOIO YIPAaBJICHHS, KOTOPbIE TPEOYIOT IMOCTOSHHOIO M HaJEKHOTO METPOJIOrHYEcKOro
o0ecrieueHust U TIONTY4EHUsI COOTBETCTBYIONMNX A(P(EKTUBHBIX OIEHOK MapaMerpoB M3MEPSEMbIX CITy4alHBIX
BEIMYKMH, mporeccoB win moneid [3, 4]. s momydeHHs OIEHOK H3MEPSEMbIX IMapaMerpoB MOIYT
WCIIONB30BATHCS: BHIOOPOYHBIE METO/BI ONTHMAJBHOM OIEHKH CIy4aiiHbIX BEJMYWH, PEKYPCUBHBIE METOJIBI
OIIEHKH CITy4aiHbIX BETUYUH WM PEKYPCHBHbIE METObI OLIEHKH CITyYaifHBIX IPOLIECCOB.

[ony4yaembie BEIOOPOYHBIEC OIIEHKH CTATHCTHYECKUX MApaMEeTPOB MOTYT JIajiee NCIONb30BaThCS IS
3a]a4 yrpaBJieH!s U NPUHATHS PEIICHNUH M0 paclpeeIeHHI0 YaCTOTHOI'O pecypca Mexa1y a0OHEHTCKHUMH
craniusMu. OJTHAKO JJIST aBTOMATUYECKUX CUCTEM BBIOOPOYHBIC OLIEHKU HE OUEHb YIOOHBI W3-3a TOTO, YTO
JUTsL MIX TIONTydeHHsT He0OXOAMMO 3aTPaTHTh OIpe/Ie/IeHHBIN HHTepBal BpeMeHH. boee KOHCTPYKTUBHBIM THITOM
OLIEHOK SIBJISIFOTCSI PEKYPCHUBHBIE MPOLIEAYPHl OLIEHWBAHUA, KOTOpPbIE AlOT TEKYIIYIO OLIEHKY IIpoIeccy B
peaqbHOM BpEMEHM, a TMpPH OIEHKE CIy4yallHOW BEIMYMHBI PEKypCHBHAs MPOLEAYPa ACHUMIITOTUYECKU
CTpPEMHUTCS] K UCTUHHOMY 3Ha4eHHIO. B pekypcrBHBIE METOJIBI OLIEHKH BXOIAT MapaMeTphl OlEHUBAEMOI0
npolecca WM BEIUYMHBI [5], a COOTBETCTBEHHO M MareMaTH4eckue Mojeid. [1o3ToMy akTyalbHOM
Hay4JHOU 3a/1auel ABJISETCS pa3padoTKa MaTEeMaTUYECKON MOJIeNu paaruokananos cetu LTE.

H3mepsieMble mapaMeTpbl PAIHOKAHAJIOB H UX CTATHCTHYECKUE XapaKTePUCTHKHU
JIist IpeocTaBlIeHUsT TOCTYIa U PACTIPEICICHHST PECYPCOB MEXKIY aOOHEHTCKMMH CTaHIUSAMH B
cer LTE mMoxeT mpou3BOIUTHCS H3MEPEHUE TAKKX MoKa3atesei [2, 6-11]:
1) cpenneii MOIHOCTH NPUHATBIX MIOTHBIX CUTHANOB Py (1bm) — RSRP,
2) KadecTBO MPHHATHIX MUJIOTHBIX cuTrHAIOB — RSRQ (oTHOMICHHE cpeHeil MOIHOCTH MPHHATHIX

MUJIOTHBIX CHTHAJIOB F’Cp K cpeaHeil momHoctu curHanoB B OFDMA cumBonax Poppy Ha oaHy
MTOJJHECYIITYIO):

P
RSRQ=—P __ 1p; 1)

Forpm /
N
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3) oOTHOIIIEHNE MITHOBEHHOW CKOPOCTH Mepeav TaHHBIX K CPEIHEH CKOPOCTH:

I.
k =argmax—-, 2)

I —

li
rae |j — MrHOBEHHas CKOpPOCTh Iepelaud JaHHBIX UL mojb3oBatens i, U |j — cpemHss CKOpPOCTh
JaHHBIX JUId monb3oBatens | . CpenHss BeMMYMHA PAacCUMTHIBACTCA 3a OMNPENENCHHBIN mepuon Tpg .

OO6bruHO TpE 3amaercst 10 OAHOM CEKYHBI;

4) oTHOLIEHHME MOIIHOCTH cHrHama P, x Mommuoct momex B, u mommoctn myma B,

(OCTII1), nb:
h2=_'c 3)
R, + P,

B cern LTE xaxnsie 0,5 Mc mpou3BoasTCST M3MEPEHHs XapaKTEpUCTUK KaHama, U Kaxzaeie 40 mc
OTHPABJISIFOTCSL OTYETHI O CPETHUX 3HAYCHUSIX U3MEPEHHBIX apamerpoB. Kpome Toro, anamus qurepatypsl
[6-10] mokas3as, 4To mapaMeTpbl PaaUOKaHAIOB SBIISIOTCS CTATUCTUYECKH HE3aBUCUMBIMH.

B LTE wucnomssyercs cxema mnepemaun SC-FDMA (Single-carrier freguency-division multiple
access). PacmpenmeneHue YacTOTHOTO pecypca MexIy aOOHEHTaMH OCYILIECTBISCTCS PECYPCHBIMU
0JIOKaMH, Ka)KJIOMY M3 KOTOPBIX COOTBETCTBYeT mosoca yactor 180 k['1 B yacToTHOW 001acTH, YTO HpH
pa3HOCe MEKIY COCEIHMMH MoAHecylnnMu dacroramu B 15 x['11 cootBercTByer 12 mopHecyium, u
BpeMenHoit uHTepBan 0,5 Mc Bo Bpemennoil obmactu (1 ciot). B pexume paboThl ¢ HOpMaJbHBIM
HUKIHYecKuM npedukcom pecypcubliit 0iok conepxutr 7 SC-FDMA-cuMBoIoB, a B pexxume paboThHI ¢
paciIMpeHHbIM HUKInYeckuM Tpedukcom — 6 SC-FDMA-cumBosnos [11].

12N
MOAHECYIIUX

PecypcHsiit 610K

MOOYJIAIIMOHHBIC
CHMBOJIbI

TeHEpaIus BO
BPEMEHHOM
obnactu

MMHJIOTHBIA CUMBOJI

S

caor 0.5 mc
+—>

1234567
SC-FDMA
CHMBOJTBI

Puc. 1. Cmpyxmypa croma cuenara SC-FDMA
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MakcuManbHOE KOJIMYECTBO JOCTYITHBIX PECYPCHBIX OJIOKOB 3aBHUCHT OT BBIJEIICHHOTO CHCTEME
JIMana3oHa YacToT, 3HA4YeHHE KOTOporo Moxer aoxomuTh 10 20 MI'1, omHako Ha KpasxX BBIJCICHHOT'O
Jana3oHa MPEAYCMOTPEHbI 3alllUTHbIE HWHTEpPBajbl, KOTOPhIE HE HCIONB3YIOTCA [UId Mepeaadu
nHpopmarnun. Tak, npu soaenennn cucreme LTE momocer B 10 MI'i peansHO OyaeT MCIONB30BaThCS
Tonbko 9 MI'n, uro cootBercTBYeT 50 pecypcHbIM O0KaM.

[lpu ¢opMupoBaHHM CHUTHANTA BOCXOMSIINX KAHAJIOB KOMIUIEKCHBIE MOIYJISIIMOHHBIC CHMBOJIBI
pa3MeIarTcsl MO IOCTYIHBIM YacTOTHO-BpeMeHHbIM pecypcam (UBP), He 3aHATHIM NHIOTHBIMH
cumBoiamMu (puc. 1, re THJIOTHBIE CHMBOJBI BBIICICHBI TEMHBIM 1BETOM). I[IMJIOTHBIC CHMBOJIBI
pacroriaraloTcsi B CepeIuHe CJIOTa, OHM HCIONb3YIOTCA Ha NPHUEMHOM CTOpPOHE AJs OIEHKH KadecTBa
kaHana. [locne pasmemenust manHeix 1Mo YBP renepupyercs SC-FDMA-curnan c mnepuogumdeckum
nobasieHreM nukandeckoro npedukca (LIT) Bo BpeMeHHO# 00IacTH.

AGoHeHT A
Hannbie | FFT <
— > IFFT | m— INpuemunk BC
AboHeHT b f
JlanHbie >
FFT YT | —p f

Puc. 2. Yacmommnoe pasHecenue CucHalos pasiudHoblx abonenmos

Beinensiemblit a0OHEHTY pecypc Bcerza KpaTeH B 4acTOTHOH obmactu monoce mupunon 180 k[, a
BO BPEMECHHOW — MHTEPBAITY JUTHTEIFHOCTEIO 1 MC, YTO COOTBETCTBYET ABYM CJIOTaM paJMOCHUTHAA WIIH
onHoMy TozKaapy. KoHTposb 3a curHanamu abOHEHTOB ocyiiecTBisiercs: 6a3oBoit cranmueit (BC) Takum
o0pa3zoM, 4YTOOBI WX CHUTHANBI HE IEPEKPHIBAIHMCH 10 YacTOTE HMJIM BO BpeMeHHU. V3MeHss Homepa
UCIIOJIb3YeMBIX BXOIOB OJI0OKa 00paTHOro ObicTporo mnpeooOpaszoBanus Pypre (OBIID) mepematuuka,
abonenTckuii Tepmunai (AT) Moxer nepeaaBaTh CBOM CUTHAI B HY)KHOM mosoce (puc. 2).

Kak ckazaHo Bbllle, Ui TIPENOCTABICHHS JOCTyNa W PpACIpENeNieHHs PecypcoB MEXIy
aboHeHTCKMMU cTaHnusaMu B cetn L TE moxer npoussoauthes nsmepenue nokasareneii: RSRP, RSRQ k
i OCIII. Ha Hamr Buriisi, HaunOosiee HarsAHbIM nokaszarenem sieisercss OCIILL, tak kak, BO-IEPBBIX,
nokazarenn RSRP 1 RSRQ He y4mThIBalOT MOLIHOCTEN MOMeX B KaHalax, BO-BTOPHIX, MoKazarenb K
sIBJIsIETC Tpom3BOMHBIM TokaszarerneM oT OCIIII. Ilostomy mms w3MEpeHHil W OIEHOK IToKazaTeseit
kadecTBa kaHanoB LTE cereit Boconszyemcs mokazatenem OCIIII.

[poseaensl namepenus OCIILI Bocxoasiero kanajaa B yacToTHoM auana3one 1920-1980 M1 Ha
cMexHbix wacrorax 1920000 x['m m 1920015 kI, DkcrepuMeHT MpOBOAMJICS Tak. [ 'eHepupoBaMCh
TecToBBle curHaisl Ha yactotax 1920000 k' (kaman 1) m 1920015 xI'n (kaman 2). Ha npueMHOi CTOpOHE
B aBTOMAaTH4eCcKoM pexume mnpomsBoguauch uzMepenus OCIIII B xaxnaom kanane. s Habopa
cratuctuku Obuto mpousBeneHo 1000 m3mepenuit Ha mpotrshkenuu 428,6 Mc uyepe3 MHTEpBal BPEMEHH
Dt =0,4286 mc (puc. 1).

ITo monydeHHbIM peanu3anusM B cpeae Matlab nmoctpoensr 3aBucumoctu OCIIII ot Bpemenu
Habmozaenust. Ha puc. 3 npezncrasiiens! pe3yiabpratsl uaMepennit OCIII nqyx cmexxHbIX KanaioB. Cyzas mo
3THUM 3aBHUCHUMOCTSIM, MOXKHO cka3ath, uro OCIIII npeacraBiser co0oil ciydalHbIM Mpolece Kak s
KaHana 1, Tak u uig kaHana 2.
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Puc. 3. Pesynomamot usmepenuti OCIILL 08yx cmedcHbix Kananos

B npeanonokeHun 0 TOM, 4TO TaKUe MPOIECChI SIBISIFOTCS APrOJMYECKUMHE, TI0 OJJHUM JOCTATOYHO
JUTHHHBIM PeaIn3alysaM MOTyYCHbI:
— MaTeMaTHu4ecKue okumanus (CpesHue 3HaueHusl):
T

N
m= lim = t)dt,
T®¥Td] ®

a5 npornecca 1 Marematudeckoe oxkuganue my = 11.0671,
IS TIpoliecca 2 MaTeMaTudeckoe oxunanue m,= 10.9773;
— nucrepcuu (pasdopoc OTHOCUTEIBHO CPETHIX 3HAUCHHH):

’

2

s 2= |im lc‘:b’uz(t)- m] dt
T®¥T0

a1t mporiecca 1 nucnepens S 121= 33.2875,

JUTS TIporiecca 2 TUCHepCHs S %2 = 27.0391;
— aBToKOppessinuonHbie GyHkiuu R ) (I — BpeMeHHO# caBHT):

:
RE)= lim = p2h2(t +t )t - m2.
T® ¥ TO

JlaHHBIE 3aBUCHMOCTH TIpEICTaBlieHbl Ha puc. 4, a. M3 rpadukoB BHIHO, YTO MaKCHMallbHbIE
3HaueHHs, Ryg 9Tn QyHkiuu umetor npu t =0 U MemneHHO YOBbIBAIOT C yBEIMYEHHEM BPEMEHHOIO
cneura. Ha ocHoBaHMHM rpadiKOB MOXHO CJIENIaTh BBIBOJ] O TOM, YTO OHH MMEIOT DKCIIOHCHIIUAIbHBINA BUJIL.
B cootBerctBum ¢ Teopemoii JIxk. [ly0a MOXHO YTBEpKIaTh, YTO TMOTYYCHHBIC MPOIECCHI SBISIOTCS
MapKOBCKHMH.

UucnoBoil xapaKTEpPUCTUKOW, CIy)Kalleld s OIEHKH  CKOPOCTH W3MEHEHHUs  peau3aluii
CIIy4alHOI'0 IPOLECCa, SBIISETCS HHTEPBAJ KOPPEIALHNH t o , ONIPENENIAeMbIi BEIPaKECHUEM:

t —i¥ t)[dt (4)
kor — R() ?Q :
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Puc. 4. I'pagpuku HopmMuposanuvix KOppersiyuoHrvlx Gyuxyuti npoyeccos Lu 2

[Mony4enuble PyHKIMH KOPPETSIIANA MOKHO allIIPOKCUMHPOBATH BHIPAKCHUEM |

Rt)=e2%, (5)

rae & =1/t o .
Mo skcnepuMeHTaAILHBIM TpadguKaM KOPPEISIUOHHBIX (QYHKIUI TOCTPOCHBI ANTPOKCHMUAPOBAHHEIE
skcmoHeHTHl (puc. 4, 6). OueBuaHo, mpu t =t ), 3KCIOHEHTa el @0.37. Cuutaercs, YTO HHTEPBAJ

Koppesiiui t o, ompenesnsiercst B Touke, riae koppemsionHas Gpyskimst Rt ) =0.37Ry 4 -
Jlis onpenenenns CKOPOCTU M3MEHEHHS MPOLECCOB IO TOIYYEHHBIM rpadukaM KOPPEISHOHHBIX
(GyHKIMI onpeneneHbl MHTEPBaibl Koppemsauuu. s mpomecca 1 MHTEpBand KOPPEIALMH COCTABIISET

tyoryg =21 BpeMeHHOH CIBUT, YTO COOTBETCTBYET BPEMEHHOMY HHTepBanmy t Dt = 21>0,4286 =

kor1l

=9,0006 mMc. [lns mporecca 2 MHTEpBaT KOPPENALMH COCTaBIAET tor oo =13 BPEMEHHBIX CIBMIOB, YTO

COOTBETCTBYET BPEMEHHOMY MHTEpPBAIY t yor 5, >Dt =13°0,4286 = 5,5718 mc.

R R(t )
0.8 \ 0:0
o\

0.6

0.5 0.5

0.4 0.4 0'37> ana/

P

0.3 0.3

0.2 0.2

0.1 —

[

0
0 2 4 6 8 10 12 14 16 18 20 G0 2

4 6 i 10 12 14 16 18 20
t kor12 =t kor 21

a o
Puc. 5. Ipagpux Hopmupoeanno 63aumMHOU KOPPETSIYUOHHOU PYHKYUU

Jnst  ompeneneHusl CTaTUCTHYECKOM 3aBHCHMOCTH JIByX IIPOIECCOB TIOCTPOCHA B3aWMHAas
KoppensiunonHas QyHkius. Ha puc. 5 npencraBnen rpadguk HOpMUPOBAHHOW KOPPEISIIUOHHON (PyHKIIMH
IBYX mporeccoB. 1o skcrepuMeHTanbHOMY TpaduKy B3aUMHON KOPPEISIHOHHOW (YHKIIMH MOCTPOEHA
anmpoKCUMHUPOBAHHAs YKCIIOHEeHTa (puc. 5, 0).
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ITo sTtomy rpaduKy ompemeleH WHTEPBAI B3aWMHON KOPPEISAIHHA MEKIY IBYMS IPOIECCAMH.
WnuTepBan xoppendnuu coctaBiser t . =7,5 BpemeHHbIX caBuro. CienoBaTelnbHO, BO BPEMEHH OH
coctapiser t o *Dt =7,520,4286=3,2145 mc. Takum oOpa3oM, MOXKHO YTBEPXKIaTh, YTO IPOLECCHI B
CMEXHBIX KaHaJlaX SBJISIOTCS CTATUCTHYECKH 3aBUCHMBIMH.

JIns  ONTHMAIBHOTO — VIIPABIEHHMS  JOCTYIIOM K  Cpeae H  paclpeaciieHHs  pecypcoB
B cetn LTE meobxomumo mpeacTaBieHHe MPOIECCOB (COCTOSHHME KAaHAIOB) B BHAE MaTeMaTHYECKOM
MOJICITH.

MaremaTuuyeckue MOAeJan MAapKOBCKHX IpPoLeccoB

®
BekTopHblit MapkoBcKkuii mporiecc X (1) MOXKHO MPEACTaBUTH B (hOpME ypaBHEHHN COCTOSHHUS:

®
® ®
: ;(t(t) =F(t)x(t)+lt)x (1), ®)
®
rae X(t) — BEKTOp COCTOSIHUS, KOTOpBINA 3aBUCUT OT Bpemenu; F (), G(t) marpuis! (1711 0JHOMEPHOTrO

®
ciydasi K03 UIIMEHThI) COCTOSHUS U BO30YKACHHS COOTBETCTBEHHO; X (1) - MOpoXkaaroiiee BEeKTOPHOES

0eroe rayccoBCKOE TIOJIE C HYJICBHUM CPEIHUM.
s cranuoHapHoro ciydas kodddumuentsr F, G He 3aBucar or Bpemenu. Koadduimentsr F

UMEIOT (H3MYECKUl CMBICI BEIUYUH, OOpAaTHBIX HMHTEpBally Koppemsiuuu o Imporecca X(t). Hnst

OAHOMEPHOTO Cilyvasi.

Koadduiments G onpeaessioT MacmTad ciiydaliHbIX H3MEHEHHUH mporecca X(t):

G=/2as?,

rne a =1/t yy, S 2 _ criekTpanbHas IIOTHOCTH MOLIHOCTH IOPOXKIAIONIEro IpoLecca x(t).
JUnist IMCKPETHOro MPeICTaBIEHUs] CHCTEMA yPaBHEHUI COCTOSHUS UMEET BUI

X(k+1)= F (k) + G (K), @

rae F — matpuna cocrosmus ¢ snementamu fj =exp{- aij Dt}, ajj =t korij, Dt=k- (k- l) — qmar;

G —Matpuua BO30YKACHHS € dJIEMCHTaMH Jjj =, /S 2fij (l- fij)-

Cucrema ypaBHeHuidl (7) MOXET pacmacTbCsi Ha N HE3aBUCUMBIX OJHOMEPHBIX CHCTEM, KOrja
kooduumenter fjj m gjj, urparomme ponb CBs3ell MeXAy | M | ypaBHEHHSMH, & CIE/IOBATENBHO H
npoueccamu, npuodperaror sHavenus fj; =On gj; =Onpu i * . YpoBeHsb 5TuX CBsA3€H MOKET H3MEHSATHCA

MOJ] ACMCTBUEM YTIPABJISAIOIINX BO3ICUCTBUMA.
IIpencrtaBuM JBYMEpPHYIO MOJENL COCTOSIHUS KaHAJIOB

® ® ®
h?(k +1) = F $h2(k) + G % (k), 8)

rIe h2 — OCIIIII B kanae.
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Martpura cocrosaus F mpencraBisieTcs B BUIE:

_aexp(- agDt) exp(- agpDt)o

exp(- ayDt) exp(- aDt)y
1
rope aqq = y a1 = y a1 = y Ao = , Dt - mar.
korll t kor12 t kor21 t kor22
ITpu Dt =1 u nonyyeHHBIM TaHHBIM & j HOPMHPOBAHHAs MATPUILIA COCTOSIHUS BBITJIIUT TaK:
_ a®.5253 0.4822 0
go.4822 051025
Martpuna Bo30Oyxnenuss G IpencTaBIisieTcsl B BUJIE:
&/.2 2 0
G= (;\/ si1fia(- f11) \/S 12f12(1- f1p) = (10)

ng %1f01(1- f21) \/S % fon(1- fzz)g
raoe fij ZEXD(- aith).

ITpn 3HaueHmsx aucnepcuit S 121233.2875, S 122 =s 221219 S %2 =27.0391 HopMHupOBaHHAs MaTpULa

BO36y‘)KZ[eHI/I$[ BBITJISIAUT TaK:

_90.5852 0.4424%
804424 052805

Mognenp (8) momonusercs ypaBHEHUSMH HaOomeHuss. Mojenb HaOIroMeHus 3a0aeTCsl CHCTEMOM
JIMHCHHBIX aareOpandecKuX COOTHOIICHHH:

® aé@z ®0 ®
y(k)=H xgh (k) + m>+ n(k) (11)
e (%)
rme H — marpuia, xotopas 3amaer ociabieHme H3MepseMBIX mpoieccos; myM HaOmogenus N (K)

®
SABJIACTCSA BEKTOPHBIM OeNBIM rayCCOBCKHUM HIYMOM C Z[HCHCpCHCﬁ S l’% U HYJICBBIM CPCOHMM, M — BEKTOP

CpEAHUX 3HAUYCHUI.

BriBoabI

1. B cern LTE kaxapie 0,5 Mc npon3BoasTcs H3MEpEHUsT XapaKTepUCTHK KaHala U Kaxzpie 40 mMc
OTIPABJIAIOTCSA OTYETHI O CPEAHNUX 3HAYCHUAX U3MEPEHHBIX [1apaMeTPOB.

2. JInst mpemocTaBieHusl IOCTyNa M paclpenelieHusl pecypcoB abOHEHTaM MOXKET MPOU3BOIUTHCS
M3MEepeHHEe TaKUX MoKa3aTeNell: cpeHeld MOIHOCTH MPUHATHIX MUJIOTHBIX CUTHAJIOB; KA4eCTBO MPHUHSITHIX
MUAJIOTHBIX CHUTHAJOB; OTHOIIEHWE MIHOBEHHOW CKOPOCTH TepeAadd MOaHHBIX K CpeaHeill CKOpOCTH;
OTHOIIICHHUE MOIIHOCTH CUTHAIA K MOIIHOCTH roMex 1 MornHocTH mryma (OCTII). Haubonee HarisaHbM
noka3zateneM sBisiercs OCIII, Tak kak epBbIi 1 BTOPON MOKa3aTeNld HEe YUUTHIBAIOT MOIIHOCTEH MOMex
B KaHajax, a TPETUH IOKasaTenb SBJsSETCS Mpou3BOomHBIM Tokasatenem or OCIIHI. Ilostomy mist
M3MEpeHUH U OILIEHOK IoKazaTeneil kaudecTBa kaHainoB LTE cerell paruoHaigbHee BOCIONb30BATHCA
nokazatenem OCITI.

3. [Iposeaensl uzmepenus OCIILL Bocxonsiero kaHana B yactoTHoM auana3one 1920 — 1980 MI'ig
Ha cMexkHbIX vactorax 1920000 x['m m 1920015 kI'n. [lo monmy4deHHBIM BBIOOPKaM pacCUMTaHBI WX
CpenHue 3Ha4YeHUss M Jucrepcuu. [1ocTpoeHbl aBTOKOPpENAIMOHHBIE (QYHKIUH JIAHHBIX BBIOOPOK M

B3aHMHbBIC KOPPEIALHOHHBbIC (QYHKIMH. MakcuManbHble 3HaudeHus R, 5T dyHKuIMM nMeoT 1pu
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3HayeHUH BpeMeHnHoro capura t =0 u MewieHHO yOBIBAIOT C YBEIUYEHHEM BpeMeHHOro caura. Cys 1mo
rpaduKaM, MOXKHO CJIeNiaTh BBIBOJ O TOM, YTO OHM MMEIOT SKCIOHCHIMANBHBIA BUJ. B cooTBercTBHU C
teopemoii JIxk. JIy6a MOXKHO yTBEpKJaTh, 4TO MOITYUECHHBIE TPOIECCHI SBISIOTCS MAPKOBCKUMH.

4. TTo 3KCIIEpUMEHTATBHBIM TpapHKaM KOPPESIMOHHBIX (QYHKIIUA TOCTPOCHBI allPOKCHMHUPOBAHHBIC
SKCIIOHEHTHI, C IIOMOUIbI0 KOTOPBIX ONPEAEICHBl WHTEPBAJIBI KOPPEISIUUMU W HHTEPBAIbBl B3aUMHON

xoppensiuu. [lns npouecca 1 mHTepBan Koppensuuu coctaBiseT tyoq1 =21 BpemenHoil casur, 4ro
COOTBETCTBYET BPEMEHHOMY MHTEpBaiy t g4 >Dt =21>0,4286=9,0006 mc. [lns mporecca 2 MHTEPBAT
KOPPEJIALMH COCTaBNsACT tyor 5y =13 BpEeMEHHBIX CIBUIOB, YTO COOTBETCTBYET BPEMEHHOMY MHTEpBAJy
t orqq > Ot =13°0,4286 = 5,5718 mc. UuTepBasn B3aMMHON KOPPENSAIUU COCTABISET t o = 7,5 BPEMEHHBIX

casuros. CreoBaTeNbHO, BO BpPEMEHHM OH cocTaBiseT g 2Dt =7,5°0,4286=3,2145 wmc. Takum

o0pa3oM, MOKHO YTBEpXKIaTh, 4YTO IMPOLECChl B CMEKHBIX KaHajgax SIBISIOTCS CTaTHCTHYECKH
3aBUCHMBIMH.

5. IlpemnoxkeHo Mmpolecchl, MPOUCXOAAIINE B KaHalaX, alIpOKCUMUPOBATh B BHJIE MHOT'OMEPHOM
MapKOBCKOW MOJEIM B BHJEC YypPaBHEHUH COCTOSHMsS M ypaBHEHHMH HaOmrogeHus. Ha ocHoBaHuM
pacCUMTaHHBIX I10 TOJTYYCHHBIM BBIOOpKAM CPEIHHX 3HAYCHUU IPOIIECCOB, AMCIIEPCHH W HMHTEPBAJIOB
KOppelsiuii pazpaboTaHa IByMepHasi MOZCIb YPaBHEHHI COCTOSIHUS U yPaBHEHHH HAOIOICHUS.
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