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PaspaboTka 1 uccnefgoBaHue AemMoaynsiTopoB CUTHANO0B
C nceBAOC/y4alHOM NepPecTpPoiikon paboyen 4acToTbll

MpefcTasneHsbl paspaboTka u UCCnefoBaHna PasNMyHbIX METOA0B AEMOAYAALUN YACTOTHO-MaHUNynmpo-
BaHHbIX COO6LLEHNI B pe>kuMe NCeBAOCNYYaiHON nepecTpoiku paboyeil 4yacTOThl NMpW 3a4aHHOM AnanasoHe
M3MeHeHns oTHoweHns ‘curnan/wym™ (OCLL). Pa3paboTaHHble MeTOAbl OCHOBAHbI Ha MCMNO/Jb30BAHUM CrEK-
TpanbHOro M KOPPEeNsALMOHHOro aHanmsa. Ha ocHoBe paspaboTanHoil B MATLAB/Simulink mogenn kaHana cBsa3m
BbluMCneHa owmnbKa nccnegyeMbix MeTOL0B AeMOAYNALMN NPU pasnuyHbiX 3HaveHnax OCLLL B pesynbTaTe uc-
CnefoBaHuNsA onpejeneH HaunyyLWnin MeTOo4 AeMoAynaLmn npu 3agaHHom OCLLL

Jemoaynauunsi, yacTOTHO-MaHMUMNYMPOBaHHbI cUrHan, nceBaocnyyaiiHas nepecTpoiika paboyeli YacToThl,

aBTOKOPPENSALMOHHAs QYHKLUSA

MceBgocnyyaitHas nepecTpoiika paboyeil 4acToThl
(MAPY) - meTof nepefayn nHgopmauum no pagnoka-
Hany, 0CO6eHHOCTb KOTOPOro 3aK104aeTca B CMEHE He-
Cylleid 4acToThbl B Npouecce nepegayu coobuieHns. Ya-
CTOTa MeHsAeTCAa B COOTBETCTBUM C MCEBAOCAYYANHOW
nocnefoBaTeNlbHOCTbIO YKUCeNl, M3BECTHOW Kak oTnpa-
BUTENIO, TaK WU nonyyarento. MeTof MoBbIWAET NOMe-
X03alULLeHHOCTb KaHana ceasu [1].

WHTeHcnBHOe passuTue metoga MNMIMPY Havanoch
B 1941 r., Korga 6bln 3aperucTpMpoBaH NepBbIA Na-
TEHT Ha YCTpPOWCTBO MOMEXOYCTOWYMBOrO pagmo-
ynpaBneHns npoTtuBokopabenbHoli Topnegoii. B
ycTpoiicTBe OblN ONMCaH MexaHU3M nepegayun Cur-
Hanos ¢ MMPY c camonerta [2].

MeTtog MMPY ncnonb3yeTcsa Kak B crneuuanbHOR,
Tak U B rpaxpjaHckoli ciepe. CurHan, nepefaBaemMblii ¢
MCMNOMb30BaHNEM YKAa3aHHOro MeToda, YCTONYMB K rAy-
WeHWo (f0 TOro MOMEHTa, MoKa TPeTbsl CTOPOHa2 He
3HAeT MCNONib3yeMYI0 KO[OBYIO MOCNeA0BaTENbHOCTD,
ynNpaBffloLWy CMEHON HECYLMX YacTOT), YTO NO3BONSA-
eT UCMONb30BaTb €ro B CreunanbHbIX Lenax (ofHako
curHan TpebyeT AONOMHWTENBHOTMO WugposaHus) 2].

O6s3aTeNbHOE ycnoBuMe ucnonb3osaHmsa MMPY-cur-
HanoB - [eTepMUHWPOBAHHOCTb MCEBAOC/YYalHO
nocnefoBaTenbHOCTU PaiMONMNYNLCOB, T. €. 3apaHee

onpefeneHHble pasbpocbl 4acTOT U BPeMeHHble MNo-
NOXEeHNs nocnegHnUX, 4to HEO6XOAMMO ANS OpraHun-
3alUMn CUMHXPOHHOro npuema. MNpu 3awymieHUn Ka-
Hana nepejayun paccmaTpuBaemblii Bug cBa3n 6onee
3aliMLLeH OT aKTUBHOTO MOAAB/IEHNA, TaK KaK pacnu-
CaHWe 4acToT OTCYTCTBYeTY "TpeTbuX" CTOPOH.

Llenbto npefcTaBNeHHOro wuccfiefoBaHWa ABnA-
I0Cb onpejefieHne cTeneHun BaAnMaHua pexuma MNrpy
Ha  AemMoaynauuMi  4aCTOTHO-MAHUMYIUPOBAHHbIX
(4M) curHanos. Ona atoro 6binn paspaboTaHbl ge-
moaynatopsl YM-curHanos Ha OCHOBe ObICTPOTO
npeobpasoBaHua ®ypbe (BMNP) n KoppenayMoHHOro
meTofa [4], PYyHKLMOHUPYIOWME KAK B OAHOKAaHa/b-
HOM pexume, Tak u B pexume MMPY.

Mogpenu reHepaTtopa U NpUeMHMUKa CUTHANOB.
eHepaTop curHanos (puc. 1) co3gaeT MHOTOKaHanb-
Hbll/i CUTHAN C YacTOTHON MaHunynsyuein. B kaxgom
KaHane BO3MOXHa nepegada C OfHOI LeHTpanbHOW Ya-
CTOTOW UM ¢ Ux cmeHoi (pexxum MMPY). BxogHbIMU
nmapameTpaMu reHepatopa fABMAKOTCA KOJMYECTBO Ka-
HanoB, CKOPOCTb COOGLLEHNA, MACCMB LEHTPaNbHbIX
4yacToT, YacToTa [AWCKpeTu3auumu v BWUL 4acTOTHOM
MaHunynauuu. B BbIXOAHblEe CUTHaNbl KaHanoB 3a-
MelwlnBaeTcs "6enbli" WyMm C 3afaHHbIM OTHOLIEHW-
eMm "curHan/wym" (OCLU).

1Pab6oTa BbINONHEHa NpY (UHAHCOBOM NoAAepxKe Poccmiickoro oHga hyHAaMeHTanbHbIX uccnefoBaHnin, npoekt Ne 17-07-00862 A.

2 lMop TpeTbell CTOPOHOI NOHMMaeTCs Nt060e YCTPOICTBO, He y4acTByto-
Lee B nNepefaye MH(opmMaLmy KoHKpeTHbIM MTMPY-curtanom [3].

© Kannyn [, W, T'ynbBaHckuidi B B, KanatoB W W, KnmoHckuin [, M,
XauaTypsH A B, bytycos [ H,, /lanuukuii B ®., bobposckuii B W, 2017



Puc. 1

CoobuweHne COCTOMUT M3 CUHXPOMOCNeA0BaTeNb-
HOCTW, MYCKOBO/ KOMOGMHaLMK, COBCTBEHHO MHMDOP-
MalLNOHHOT0 COO6LEHUS N CTOMOBOW KOMOGUHaLUK.

CuvHXxponocnefoBaTeNlbHOCTb MpeAcTaBAseT co60i
MeaHAp OA4HOW M3 M3BECTHbIX 4acToT, ONpeAensemMol
CKOPOCTbIO nepefaun uHpopmaumnm. MyckoBas KOM-
6uHaumMa CNyXuT Ans onpefeneHns Tuna nepejasa-
e€MOro Ccoo6uleHNs, CMHXPOHM3aLMWM nepejaTynka u
npuemHuka. Takxe B KOfe MYyCKOBOW KOMOWHaumu 3a-
wugposaH TMN nepegayun: MMPY unm nepepaya Ha
04HON Hecylwel yvacToTe. CTtomoBas Kom6uHauus
CNYXWT AN5 ONpejeneHns KoHLa coobLeHuns.

Ha BbIxoflax KaHanoB nepefaTyvnka hopmupyroTcs
YacTOTHO-MaHUNYAMPOBaHHbIE CUTHanbl. YacToTshl,
COOTBETCTBYHLME CMMBOSIAM N0rMyeckux 1 n 0 vH-
(hopMaymMoHHOro Ccoob6UleHUsA, onpefenawTCcs Mo

topmyne f £f |, rge f - ueHTpanbHas yacToTa, a

/0 - ee OoTKNOHeHMe. Jlornyeckoih 1 cooTBeTcTBYeT
3Hak "+" B (hopmyne, normyeckomy 0 - 3HaK "-".
B paccMOTpeHHOW fanee peanusauum npegycmorpe-
HO TpW 3HayeHus yactoTbl /0 : 100, 200 n 500 Iy,

CTpyKTypHas cxema NpuemMHWKa npeAcTaBfieHa
Ha puc. 2. DHepreTn4eckuii o6HapyxuTenb QUKCK-
pyeT HanuWuuMe curHana B ONpPeAeneHHOM KaHane u
yCcTaHaBnMBaeT napaMmeTpbl nepefjayn, MOCAe 4ero
KaHanbHbI/i aKTUBATOP 3anyCKaeT COOTBETCTBYIO L WA
KaHan o6paboTku.

O6paboTKa NPUHATOrO cMrHana npegycmarpusa-
eT cnegyrouime npoueaypbl:

- onpejesieHNe CKOPOCTU U TUNa coobLeHuns;

DHepreTNYeCKuii
06HapyxuTenb

Hc o>

- onpefenieHne pexnuma nepegayun: ofHoKaHanb-
Hbli unn MMOPY;

- BeMOAYNALMA CUrHana, nepefaHHOro Ha O4HOW
yacToTe;

- LeMofynfauma curHana, nepefaHHOro B pexu-
me MMPY;

- gemopynaumns
CUMBONA,;

- c6opKa NpUHATOro coobLeHuns.

CWHXPOHM3aLMA NPOUCXOLMT NO CUHXPOMNOCNefo-
BaTe/IbHOCTW C MOMOLLbIO KoppensTopoB. Ha nepsble
BXO/lbl KOPPENsTOPOB MofJaeTcs NPUHATLIA CUrHa, Ha
BTOPOI BXOf KaXf0ro Koppenstopa - 06pasubl MNPUHA-
TbIX B CUCTEME Nepejayn CUHXPOMocnef0BaTeNbHOCTEN.
PeweHne NpPUHMMAETCA NO MNPEBbILWEHUIO BbIXOAHbLIM
CUTHANOM OfHOTO M3 KOPPensTopoB MOPOroBOro 3Haye-
Hua. o pe3ynbTaTaM CUHXPOHM3auWu Onpegensercs
CKOPOCTb Nnepefayn coobLieHns (CKOPOCTb MOAYNALMN).

Mo nyckoBoi kKombuHaLmm, KoTopas nepegaercs
Ha LeHTpanbHOW yacToTe, MO pe3ynbTatam KOppens-
LMOHHOrO aHanu3a onpefensoTcs TUN MOAYNALUN U
pexum nepepaBaemoro coobuweHus. fdemoaynupo-
BaHHaf KOM6GMHauus cpaBHuMBaeTcs ¢ 6a30il MyckKo-
BbIX KOMOGWHaUW, rge HaxoguTcs MHpopmauusa o
nepegaBaemMblX COO6LEHNAX.

B cooTBeTCcTBUM C OnNpeAeseHHbIM TUNOM C006-
WEeHNA NPoOUCXoAUT [eMOoAynauua cumsonos. [la-
pannenbHO AaHHble aHanU3UPYylTCA Ha COBNajeHue
CO CTOMOBOW KOMOGWHauueir. TMpu COOTBETCTBUU
NMPUHATBIX [aHHbIX 3TOW KOMOGWHauum o6paboTka
CMrHana 3akaHuyuBaeTcs.

KaX40ro  MOAYNMPOBAHHOIO

= newe

Puc. 2
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Mpun npueme curHanos, nepefaHHbIX B pexunme
MMPY, gononHUTeNbHO B COOTBETCTBUM C pacnuca-
HMWEeM 4acToT W3MeHfAeTCA MpeAnonaraemas LeH-
TpanbHas yacToTa.

[emogynaumnsa Kaxgoro MaHUNynMupoBaHHOro CUM-
BOMa OCYLLecTB/IfAeTCA C MOMOLbIO CKPUMTOB - MNpPO-
rpaMm AemMofynaumu, OCHOBaHHbIX Ha Pas3finYHbIX an-
roputmMax. ABTOpaMy HacTosAwel cTaTby NpPoOBefeH
CpaBHWTENbHbI aHanu3 pesynbTaToB [eKOAWPOBaHWA
Ha ocHoBe BM® u Koppenaunu NPUHATOrO0 CUMBOJIA C
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obpasyamu, UMeKLWNMUCA Ha MPUEMHO CTOPOHe. Ana
3T0ro paspaboTaHbl Heo6XxoauMble aeMoaynATopbl [4],
(MYHKLMOHMPYIOLW e Npy nepeflaye Kak B OfHOYACTOT-
HOM pexxume, Tak 1 B pexxume MIrPY. PesynbTatbl aHa-
Nn3a NpUBeAeHbl B 3aK/IIOYNTENbHOW YacTu CTaTb.
Wcecnefosanca curHan ¢ LeHTpanbHON 4acToToM

f =18«kly npn f =0.2«kly. BMN® BbINONHANOCH

Haj BblbopKol M3 128 otcueTtoB curHana nf. Mpwu

3TOM yYacToTa nepefayn nornyeckoro 0 HaxoAuTCS B
17-m yacToTHOM KaHane (puc. 3), a yacToTa fiormye-
ckoin 1- B 21-m kaHane (puc. 4). Mocne BMN® onpege-
NSAeTCs KaHan, coAepXalinii MaKCMMYM CMeKTpa NpuHs-
TOro CMrHanma, U no ero HoOMepy NPUHUMaeTCa peLleHne
0 MPUHATOM CUMBOE.

OnTumanbHbIM 06HAPYXXUTENEM CUTHAaNa SBNSETCA
06Hapy>XnTeNb Ha OCHOBE B3aMMHO KOPPENALUOHHON
®yHKunn (BK®) npuHaToro curHana n o6pasyoB cur-
HanoB, MMELLMXCA HA NPUEeMHOI cTopoHe. Ha puc. 5
npeAcTaBfieH CUHYCOMAaNbHbIA CUTHAN C 4acTOTOW
2.0 kl'y nocne ero AguckpeTMsauuum c MNPUHATON B
NpUeMHWKe YacToTol guckpetmnsaymm 12.8 kly. AB-
ToKoppenAunoHHas ¢yHkuus (AK®) atoro curHana
npeacTasnseT cob60ii CMHYCOUAY TOW XK€ 4acToTbl, He
cogepxally MHpopMmauum o dase curHana (puc. 6).
3T0 CBOWCTBO MOXHO MCNO/Mb30BaTb MPU CO3JaHUK
(OWUNbTPA rapMOHNYECKOr0 CUTHaNa B KOHKPETHOM KaHane.

Mpn  UCKaXXEHUN CUHYCOWUAANbHOro CuUrHana
WwymMom (npuMep TakKoro curHana npejcTaBneH Ha
puc. 7) ero AK® wuckaxaetca (puc. 8) [5], ogHako
COXpaHfAeT CYL,eCTBEHHbIV LEeHTpaNbHbI MUK, 4TO
no3BonseT NOCTPOUTb HA ee OCHOBE MOMEXOYCTOW-
YNBbIA 06HAPYXUTENb.
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Mo cuHxpouMnynbcy M3 BbI6GOPKKU B 128 cMMBO/IOB
nogcuntoiBalotca BK®. fanee onpegenawotcd BK® ¢
CMTHaNnamMy 4acToT NIOFUYECKMX efUHUL, N Hynei. Mpwu
coBnafjeHun 4yactot gopmupyetrca AK®D cuHycoum-
[anbHOro curHana (cMm. puc. 6), a Npu HeCOBNAaJEHUM -
BK® c cuHycomnpoii gpyroii yactoTsel (puc. 9), umeto-
1as CylWwecTBeHHO MEeHbLINEe 3HayeHusd. PelleHue o
npueme CMMBO/A NornYeckoi 1 mnum 0 npuHMMaeTcsa no
YHKUNN, MMetoLLell 60NbLINIA pa3max.
Ha atom atane cobupaeTcsa BCA MHpopmauns o
nepefasaemMblXx CO06UIEHMAX W 3aMWUCbIBaeTCA B
thalin. B Hem xpaHATCA mapameTpbl O CUTHaNe: LeH-

MeToz MofynsaLuum

oclLL. OfHa HecyLwas | nnpy
5 MeToga aemogynaumm
A BMNe  |Koppenaums| BMN® |Koppenauus
Konm1yecTBO HeNPUHATBLIX COOBLLEHMIA
17 0 0 0 0
16 0 0 0 0
15 0 0 0 0
14 0 0 0 0
13 1 1 0 0

TpanbHaa yactoTa, AeBuaund, pexum nepegauu, pe-
XUM MOAYNNPOBaHWUA, BpeMsa Hayana nepepayu, spe-
MA KOHLLa nepefiayn u camo nepefaHHoe cooblyeHune.

McecneposaHue pexuma MNMPY. B kayecTtse Te-
CTOBOrO CUrHajia reHepuMpoBanca MHOTFOKaHalbHbIN
curHan ¢ 1000 pasHeCeHHbIX NO 4YacTOTe KaHanos.
YacTtoTa guckpeTtusaumm coctasmna 10 kly, war ya-
ctoT 300 MNy. MoMeHTbl Hayana nepejayn coobuye-
HWIA B KaHanax c/y4vaiiHsbl.

Mpumep cnekTpa curHana npeacTtasfieH Ha puc. 10
(cnekTp nepBbIX AecATU KaHanoB). B nepBom KaHane wH-

1. Barry J. R, Lee E A, Messerschmitt D. G. Digital
Communication. 3rd ed. New York: Kluwer Academic,
2004. 838 p.

2. Hui T. Bluetooth Frequency Hopping Scheme /
National University of Singapore. URL: http//:opensource.
nus.edu.sg/projects/bluetooth/bluetooth.html (gata 06-
paweHns: 25.12.2017).

3. PabuHep ., Toyng B. Teopus v nNpuMeHeHue
undpoBoit 06paboTkn curHanos. M. Mup, 1978. 833 c.

4. Pa3paboTKa 1 nccnefoBaHe MeTO4OB LeMOAYNALMM
4aCcTOTHO-MaHUNYNMPOoBaHHbIX curHanos / [, V. KannyH,
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thopmauua nepegaetcs B pexxume MMPY, B ocTanbHbIX
KaHanax - B peXWMe C OfHOW LLeHTpanbHO 4acTOTOA.
lMpoBepanacb KoppekTHOCTb npuema 400 nepe-
LaHHbIX coobweHnin npu pasnuuHbix OCLU. MpuHAa-
Tble CUMBO/bI [JEKOAMPOBANINCL C WUCMOJIb30BAHWEM

BMN® wu koppendaunoHHol o6paboTkm. B Tabnuue
MeTog mogynsauun
oclLL. OfHa HecyLwas | nnpey
5 MeTog aemonynsuum
A BMNe  |Koppenaums| BMN® |Koppenauus
KonnuecTBo HeNpuHATBLIX COOBLLEHMIA
12 1 1 1 1
n 24 24 23 23
10 113 112 114 114
9 386 381 384 379
8 400 400 400 400

NMPWBEAEHO KONMYECTBO HEMPUHATBIX COOGLWEHWI B
3aBucumoctn oT OCLU npu nCnonb30BaHHbIX pPeXxu-
Max rnepegauv v gekoguposaHus [6].

N3 pesynbtatoB MNPOBEAEHHOr0 WCCneA0BaHUA
cnefyeTt, 4TO pacCMOTPEHHble pPeXuMmbl Mepefay fa-
I0T MPaKTUYeCcKN OAWNHAKOBbIE Pe3yNnbTaTbl MO KO-
4yecTBY OWMOBOK Npu nNnpueme curHana. femogynauma
C MCMONIb30BaHNEM KOPPEensuMOHHON 06paboTku fge-
MOHCTPUPYET HECKO/NIbKO fy4yline pesynbTaTbl MO
CpaBHEHMWIO C aemoaynsuuelt Ha ocHoBe BMN®, oaHa-
KO 3TO NMPENMYLLECTBO HE3HAYUTENbHO.

B B ynbBaHckmid, W W Kanatos, 4, M. KnvioHckuid, B. @. [la-
nuukuid, B. V. bobposckuii, K B. ®ponos, A K CksopLoB
/I V13B. BY30B Poccun. PaauoanekTpoHuka. 2017. Ne2. C 11-16.

5. Time-Frequency Signal Analysis and Processing -
A Comprehensive Reference / ed. by B. Boashash. Ox-
ford: Elsevier Science, 2003. 771 p.

6. Spread Spectrum in Mobile Communication / O. Berg,
T. Berg, S. Haavik, J. Hjelmstad, R Skaug. London: The In-
stitution of Electrical Engineers, 1998. 478 p.
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Development and Study of Demodulators for Frequency Hopping Spread Spectrum Signals

Abstract. Demodulation task is encountered in many practical applications including digital signal processing and
digital communications. Demodulation is connected with the communication system performance. Demodulation depends
on a number offactors including signal-to-noise ratio (SNR) in the received message. In practice, it is necessary to minimize
the number of errors for the given SNR and therefore new demodulation techniques are constantly developed with in-
creased interference immunity. Demodulators aimed atfor frequency-hopping spread spectrum signals have to meet spe-
cial requirements since the message length can reach several ms and the number of messages can exceed several dozens.
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Frequency-hopping spread spectrum is a technique of information transmission via radio channel and it is distin-
guished by variable carrier frequency that can change many times. The carrier frequency changes according to a pseudo
random number sequence, which is available to both a sender and a recipient. This technique improves interference im-
munity of a communication channel.

Frequency-hopping spread spectrum is used in civil and special applications. This signal is stable tojamming (until the
third side finds out the number sequence), which makes it possible to use itfor special purposes (however, the signal still
needs additional encryption).

Demodulation includes signal detection, synchronization, message type determination (modulation speed and modu-
lation type), decoding, determination of autostarting and autostop combinations (for message identification), composition
of the received message. The paper considers the tasks beginning with message type determination.

Message type determination can be carried out several ways: using the cross-correlation function, spectral analysis,
etc. Since the structure of a synchrosequence is known, it is possible to obtain more precise results using the cross-
correlation function. Several synchrosequences areformed for each message and then we compute their cross-correlation
with the received message. The analysis includes the comparison all the results of cross-correlation function computa-tion
andfinally we make a decision regarding the message.

Determination of autostarting and autostop combinations is performed by comparing autostarting and autostop
combinations from the database. Each autostarting combination determines the receiver operation mode (single-channel
orfrequency-hopping spread spectrum). Determination of combinations is performed during signal demodulation.

Reception of afrequency-hopping spread spectrum signal is performed according to the frequency plan. According to
this plan, the carrier frequency changes in fixed time points. After receiving the autostarting combination of frequency-
hopping spread spectrum, a reception mode for frequency-hopping spread spectrum signal is switched on. After receiving
the autostop combination this mode is terminated.

The output of a demodulator is the message itself, modulation type, and carrier frequency. The outcome of demodu-
lator performance can be represented with a table. The first column of this table contains the carrier frequency, the sec-
ond column contains frequency deviation, the third column - modulation type, the fourth one - message speed, the fifth
one andfurther - the message itself.

In the paper, we provide new demodulation techniques offrequency-modulated messages for the given SNR. The de-
veloped techniques are based on spectral analysis and correlation analysis. We determine the computational complexity of
the developed demodulation techniques. The total error is computed for each SNR and the selected demodulation tech-
nique using the developed MATLAB/Simulink modelfor a communication channel. Finally, we conclude about the best de-
modulation technique for the selected message typefor the given SNR.

Key words: Demodulation, Frequency-Manipulated Signal, Frequency Hopping Spread Spectrum, Autocorrelation Function
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C. A. Mbiko, H. C. Mbiko, O. A. Mapkenos, 0. A. YnbsaHuuykuii, M. W. borayes
CaHKT-lMeTepbyprckuii rocyapcTBEHHbIN 3N1eKTPOTEeXHNYECKUI
yHuBepcuTeT "NIOTN" um. B. . YnbsaHoBa (JleHnHa)

iccneqoBaHue B3aMMHOW AUHAMMKN CTOXacTUYECKMX
HOPMa/IbHO pacnpefeneHHbIX NpPoLeccoB
npu aganTUBHOM aMNNTYAHON PaccTPorKe Mexay HAMK1

DYHKLMOHNPOBAHUE CNOXKHBIX CUCTEM BO3MOXKHO XapakTepu3oBaTb COBMECTHbLIMU CTATUCTUYECKAMU
XapakTepucTuKaMun nopodKaaeMblX 3TUMU CUCTEMAMU CUTHANOB. PaccMOTpeHbl TPpU Noaxofa K OLEeHUBaHUI0
CcTabunbHOCTM B3aMHOI0O NOBEAEHUA ABYX TEeCTOBbIX MPOLEecCOoB. MepBblii NOAX0L OCHOBAH Ha pacyeTe Koad-
thuymneHTa hasosoit crHxpoHuszaumn (KOC) me>kay npoueccamv. BTopoit MeTog 6asvmpyeTcsa Ha onpefeneHun
B3aWMHOI YyCNOBHOM aHTponuu (BY) npoueccoB. CornacHo TpeTbeMy METOAY ANS OLEHUBAHNSA CTabUNbHOCTU
B3aMMHOI AWHAMMKN MPOLECCOB WCMOMb3YeTCA CpefHee 3HauYeHue (DyHKUMM KorepeHTHocTu (DK). MccnegosaHa
YYBCTBUTENBHOCTb YKa3aHHbIX METOLOB K aAAVMTWBHOWA aMnNIMTYAHON pacCcTpoiike Me>Kay npoueccamu. Pac-
CMOTpeHbI Ba TUMa NPoLECCoB: C KpaTKOBPEMEHHOI 3aBUCUMOCTbIO M 3alaHHbIM BpeMeHeM Koppensiuum (BK) n ¢
[ONTOBPEMEHHOIA 3aBUCUMOCTbI, ONpefensemMoil 3HaueHnemM nokasaTens Xepcra. B nccnefosaHusx reHepuposa-
JMCb ABE KONWK npoLecca C U3BECTHbLIMW KOPPENsLMOHHbIMI CBOMCTBaMW. 3aTeM B OfHY U3 KONWA BHOCUNACh af-
ANTMWBHAA aMNAUTYLHaA NoMexa C He3aBUCUMbIMKU OTCYeTamu, NOAYNHAOLLMMUCA PABHOMEPHOMY UNN HOPMab-
HOMY pacnpefeneHnio ¢ OAMHAKOBOW Aucnepcueit. Ans Ka>KAoro Tmna noMexu U KadKAoro 3HaueHus ee NHTEHCHB-
HOCTW OLEHMBANUCL CTATUCTUYECKME xapakTepucTukn KOC, BYS n @K BbifBNeHO, YTO YYBCTBUTENLHOCTb
paccMOTPEHHbIX METOA0B K HOPManbHO pacnpefeneHHON pacCcTpPOiKe Bbllle, YeM K paBHOMepHOW. pu aTom

1Pa6oTa BbINOMHEHa Npy noaaepxke PoccuiAickoro HayyHoro goHaa (nccnegoBaTensckuii npoekT Ne 16-19-00172).
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