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YkpalHChbKUH IepyKaBHUHN YHIBEPCUTET 3aJII3HMYHOIO TPAHCIIOPTY, XapkKiB, Y KpaiHa

METO/J IEPECTAHOBKH IHTEPBAJIIB 3 BPAXYBAHHAM
B3AEMOKOPEJIANIMHUX BJACTUBOCTEU CEI'MEHTIB

AHoTanisi. AKTyalbHOIO 3a/1a4€et0 € Po3po0Ka HOBUX METO/IB I€PECTAHOBKM IHTEPBAJIiB 3 BPaXyBaHHSAM B3a€EMOKOPEIIs-
LIMHUX BJIACTHUBOCTEH KOXKHOTrO CerMeHTy. ToMy HeoOXiJHO PO3pOOUTH HOBUI METOJI II€PECTaHOBOK YaCOBUX IHTEpPBAIiB,
SIKUH 3a0€3MeYnTh MMiABUIIEHHS 00’ eMy aHcaMmOlIiB 3 ypaxyBaHHSIM 3Ha4eHb PiBHS 3aBaJl MHO)KUHHOTO OCTyITy. Po3pobie-
HUI MeTo[] 0a3yeThCs HA 3aCTOCYBAHHI B3a€EMOKOPEIIALIIMHUX BIACTUBOCTEH YaCOBHUX IHTEPBANIB LIIAXOM IIOETAIHOIO Ie-
pebopy. Yacosi iHTepBaIM KOZOBHUX MOCIIIOBHOCTEH BiJICOIMIYJIbCIB 3 HU3BKOIO B3aEMOJII€I0 Y YAaCOBIi 00acTi mianaTh-
csl KopeJsiLiiiHoMy aHamizy. Y po3po0ieHOMY METOIi IepecTaHOBOK OyIo 3aiCHeHO nepedip YacoBHX iHTEpBaJIiB MOCHI-
JIOBHOCTEH PIBHOBIIIAJICHUX IMITYJIBCIB 3MIHHOI JIOBKMHM, IIPHU IIbOMY BPAaXOBYBAJINCS B3a€MOKOpEJIALINHI BIaCTHBOCTI
CErMEHTIB, 3aBIAKH YOMY MOMJIUBO PO3MOAUINTH IMITY/IbCH TaK, IO B3a€EMOAis MK CUTHAJIaMU y 4acoBii obmacti Oyne
MiHIMaJIBHOLO, 10 B CBOIO Yepry NPHU3BEJIE JI0 MiHIMaJIbHOI B3a€MOJIT MiXK CUI'HAJIaMH, a OT’KE 3HAYHOIO MipOO 3MEHIIUTh
BIUIHB 3aBaJl MHOXXMHHOT'O JIOCTYILY.

Karo4dosi cioBa: 3aBazia MHOXKUHHOTO JIOCTYILY, Bi/ICOIMITYJIbC, TPUBAIICTD IMITYIIbCY, IIEPIOJL CIIiTyBaHHS IMITYJIbCIB,

GbyHKLIs B3aeMHOT KopeJisiii.

Beryn

VY mHMpPOKOCMYTrOBUX CHCTEMax 3 YaCTOTHHM pO3-
MOJIOM CHUTHANIB i 3aBaJyd MHOXXHHHOTO JOCTYIY
00yMOBIIeHa YaCTKOBUM IEPEKPHUTTSIM CHEKTPIB CHT-
HauniB. [loxmin aHcamMOii0 CHUTHANIB Ha TOCIIiJOBHOCTI
PIBHOBITaJICHUX IMITYJIbCIB 3MIHHOI JIOBXKHHH JT03BO-
JIsi€ 3HAYHOI0 MIpOI0 3MEHIIUTH PIBEHb 3aBaj] MHO-
YKHHHOT'O JIOCTYITY, KPIM TOT0, pO30OUTTS TOCIiJOBHOC-
Tell Ha PiBHI YacoBi IHTEpBaJIW Ta IX HacTyIHa mepe-
CTaHOBKA MPU3BOAMTH A0 301IbIIEHHS 00’ eMy aHCaMO-
miB curHany [1].

ToMmy axkTyanbHOIO 3aJlauero SBISEThCS BU3HAUYCH-
HSl ONITHMAJIBHOTO MOPSIAKY CIIiIyBaHHS YaCOBUX IHTEp-
BaJIiB y HOCJIIOBHOCTSIX CHT'HAJIB.

Amnaui3 jgireparypu. [Turanns 30inbiieHHss 00’e-
My aHcaMmONiB TpW 3aJaHuX 3HAYCHHSX pPIBHIB 3aBaj
MHO)XHUHHOTO JOCTYITy PO3TJIIIAIOTHCS SK Y BITUH3HS-
Hill, TaKk 1 y 3aKOpAOHHIN jiteparypi [1-15]. Ajne mo-
CIIiJPKEHHST aHcaMOIIiB IOCITIIOBHOCTEH BiJCOIMITY/IbCIB
13 PI3HOIO KUIBKICTIO €JIEMEHTIB Ha OCHOBI IEPECTAHOB-
KA YacOBHX IHTEpBANIB PO3IIISTHYTI HEAOCTATHHO [12-
15]. Omxe akTyalbHOIO 3aladeio € po3poOKa HOBHX
METO/IIB MEePECTaHOBKU IHTEpPBaJIiB 3 BpaXyBaHHIM B3a-
€MOKOPEISLIHHAX BJIaCTHBOCTEH KOXKHOTO CETMEHTY

Tomy He0oOXiJHO PO3pOOMTH HOBWI MeETOX Tepe-
CTaHOBOK YaCOBUX IHTEpPBAiB, KN 3a0€3MEUUTh ITi[-
BHIIICHHS 00’€éMy aHCaMOJIiB 3 ypaxXyBaHHSIM 3HAauYcHb
PiBHSI 3aBajJl MHOKUHHOT'O JIOCTYITY.

OCHOBHA YaCcTHHA

Po3poOienuii Meronm Oa3yeThcs Ha 3aCTOCYBaHHI
B3aEMOKOPEJIAIIMHUX BIACTUBOCTCH YACOBHX IHTEpBa-
JIB IUISIXOM IIO€TanHoro rnepedopy. Yacosi iHTepBaiu
KOJOBUX IOCIIIOBHOCTEH BiJCOIMITYJIbCIB 3 HH3BKOIO
B3a€MOJII€I0 Y YACOBiH 00JIACTI MiIAI0ThCsT KOPEISIii-
HOMY aHai3y.

Ha puc. 1 manuit MeTonm MpeacTaBlICHO Y BUTJIAMIIL
aJITOPUTMY, KU peati3ye TakKi Ormeparii:

1. 3niiCHIOIOTh BU3HAYEHHS BUXIAHUX JaHUX: 3a-
JIAIOTh HEOOXIMHY KIJIBKICTh MOCTIIOBHOCTEH Ta 4aco-
BUX IHTEPBAJIB, Ha SIKi pO30MBAIOTHCS TIOCIIIOBHOCTI.

C ITouarok )

Buxiani nadi: KinbKiCTh HOCIiOBHOCTENM;
KiTbKiCTh 4aCOBHX iHTEpPBaJIiB

TTomapuuii po3paxyHOK 3HAYEHHS
koedimmenra BK Rmij

Po3paxyHOK cepeHbOro 3Ha4eHH s
kxoedinienra BK Reep

DopMyBaHHI psilly pAHIOBaHUX IO
CEepe/IHbOMY 3HA4Y€ HHIO MaKCUMaJIbHUX
BUKHJ[iB G0KOBHX MemtocTkiB ynkiii BK

A 4

RcepAl > Rmij

IIpucBo€eHHs nepuoi no3uuii

RcepA2 > RcepAl,
RcepA3 > RcepA2,

RcepAn > RcepAn-1
RcepAn-1 > RcepAn-2

TIprCBOEHHST HACTYIHHUX MO3MIiH YacOBUX
iHTepBaiiB A2,...,An

TIpuitoM NOCIiJOBHICTI 1St CHHTE3Y
aHCcaMOJII0 CUTHAIIIB

|
C Kineups )

Puc. 1. Anroputm npouecy nepecTaHoBKH iHTepBalliB y
MOC/IIZIOBHOCTSIX 3 HU3bKOIO B3a€MOJII€I0 B 4aCOBiii o0JiacTi

128

© Innuk C. B., JIuceuko B. I1., 2020



36’a30K, menexkomynikayii ma padiomexHixka

2. Y KOXHi# MOCIIIOBHOCTI MPOBOJATH MONAPHHUIA
PO3paxXyHOK 3HAYEHHS MaKCHUMaJIbHHX BUKHUMIIB OIYHHUX
MeToCTOK (DYHKINKA B3a€EMHOI KOpEJsIlii Ta BU3HAYAIOTh
ix 3aranpHe cepeHe 3HaueHHs. Ha 0CHOBI po3paxoBaHUX
3HAYeHb CKJIAJIAIOTh Psll, B SKOMY OTPUMaHI 3HAUYEHHS
OyIyTh CTaBUTHCS Y BiAMOBIJHOCTI JI0 3arajbHOrO cepe-
JTHBOTO 3HAYEHHS MAaKCUMAJIbHUX BHUKU/IB OOKOBUX Iie-
moctok (MBBII) ¢ynkuii B3aemuoi kopemsinii (PBK).

3. OOuparoTh yacoBUil iHTEpBAN IUIsl MEPIIOi HO-
3uwil psady, y sikomy 3HauenHs MBBIT ®BK mae cepen-
HE 3HayeHHs. /{71 BH3HAYEHHsS HACTYIHUX YaCOBUX
IHTEpBAJIiB TPOBOJATH aHAJI3 PEHTHHrOBOrO psmy i
PO3CTaBISAIOTH 3HAUEHHS Y BIIIOBIJIHOCTI JIO 3arajbHO-

1 T T T T T T

e X A 0 P TS 1N I ..... I S O I I

513

] .......... 4
-0.2
0.4

0.6

0.8

Puc. 2. Curnan, oTpuMaHuii i3 3aCTOCYBaHHSIM I1€PECTAHOBOK
MOCIIOBHOCTI 3 aHCAaMOJIsl 3 MAJIOKO B3a€EMOZIIEI0
B 4acoBiii o0acti

[NopiBHsBIIM OTpHMaHi pe3yJbTaTiB MOXHA 3pO-
OWTH BHCHOBOK, IIO B33a€EMOKOPEIILIMHI BIaCTHBOCTI
MepECTAaHOBOYHUX CHTHAJIB HE3HAYHOIO MIipOI0 IOTip-
LIyIOThCS, amke 3HaueHHs piBHIB MBBIT ®BK curnanis
3aJIOKHUTH BiJl KIIBKOCTI 1HTEpBalliB po30UTTS. Buxons-
YM 3 OTPUMAHUX PE3YJbTATIB OTPUMaHi 3HAYECHHS MakK-
CUMaJIbHUX BUKHUJIB O1YHUX METIOCTOK (DYHKINH B3aeM-
HOI KOpelsilii CUrHajiB npu oOpaHiil KUTbKOCTI iHTep-
BaJIiB PO3OUTTS HE IEPEBUILYIOTh

Ry <2,6VB

TOOTO BIMOBIZAIOTH BUMOTII IO PiBHS B3a€EMHOI KOpe-
TSI CUrHaJIIB OfHOrO aHcamOuo. 3a paXyHOK 3MiHH
TPUBAJIOCTI IHTEPBAJIB PO3OUTTS IEPECTaHOBOYHI MO-
CIJIIJIOBHOCTI, CHMHTE30BaHi 3 Pi3HUX IOCTIIOBHOCTEH 3
MAaJIOI0 B3a€MOJIEI0 Y YacoBiil 001acTi, MalOTh HU3bKY
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ro cepeanroro 3HaueHHs: MBBIT ®BK. Takum unHOM
Oyne chopMOBaHO HOBHH yCepeIHEHUH psili 3HaYCHb
MBEIT ®BK.

Jlst miaTBepKEHHS Tparie3AaTHOCTI PO3podIIeHO-
T0 aJrOPUTMY TIPUBOTUTHCS MPHUKIIAL, B SKOMY BUKOPH-
CTOBYETHCS YOTHPU MOCTimOBHOCTI Si(t), Sy(t), S;(t),
S4(t), sIKi CHHTE3YIOTHCS Yy BiANOBIIHOCTI /IO 3aIpoIIO-
HOBAHOT'O aJITOPUTMY, PO3IIISIHYTOMY B [3], 3 TpuBaoc-
TsMu nociioBHocTe T = 405 Mkc, TpuBanicTh iMiry-
aeciB T = 10 He. CurHai, OTpUMaHHH 32 JTOIMOMOTOHO
MepECTAaHOBKY YaCOBHX 1HTEPBAJIIB BUXIHOI MOCIiIOB-
HOCTI IIJISIXOM X mepebopy IpeacTaBieHo Ha puc. 2. Ha
puc. 3 npencrasineHa HopmoBana ®BK 1poro curnany.
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Puc. 3. Hopmoana ®BK curnaiy, oTpuMaHoro nuisixom
[epPEeCTaHOBOK YaCOBHMX IHTEPBaJIiB KOJOBOI MTOCIIIOBHOCTI
3 aHcaMOJIsl 3 MaJIOK0 B3a€MOII€I0 B 4acoBiii obnacri

KOpEJAIII0 — IIe Ja€ MOXKIUBICTH (OpMyBaTH Ha iX
OCHOBI aHCaMOJIi CHTHaJIiB, 00’ €MHU AKUX OyIyTh Tepe-
BHII[yBaTH 00’€MHU aHCAMOJIIB BUXITHHX KOJOBHX IIO-
CJTIIOBHOCTEH, B YUCIIO €IEMEHTIB po30UBKH (pHC. 4).

BucHoBok

BukopucTaHHs 3alpoONOHOBAHOTO METOAY Iepe-
CTAaHOBKM IHTEpBAJIiB 3 BpaxyBaHHSIM B3aEMOKOpPEIs-
LMIHHAX BJIACTHBOCTEH KOXXHOI'O CETMEHTY [03BOJISE
MIHIMI3yBaTH B3a€MOJII0 MK CHTHaJaMH B 4YacOBii
obiacri. HacmigxoM I[bOro SBIISETHCS ICTOTHE 3MEH-
IICHHS PiBHS 3aBajJ] MHO)KMHHOT'O JOCTYIY, IO 3HAY-
HOIO MIpOIO TIABHIIYE KiJTBKICTh aHCAMOJIIB CHTHAJIIB 13
3aJIOBUTBHUMH B3a€MOKOPPEIIAIIHIMHU BIIACTHBOCTSIMH
i Jla€ MOXJIUBICTh BUKOPHCTOBYBAaTH iX B ICHYIOYHX
cUcTeMax pajio3B'sa3KYy.
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Method of permutation of intervals, taking into accountant correlation properties of segments
S. Indyk, V. Lysechko

Abstract. The purpose of the article. Development of a new method of permutation of time intervals, which will in-
crease the volume of ensembles taking into account the values of the level of multiple access interference An urgent task is to
develop new methods of permutation of intervals taking into account the intercorrelation properties of each segment. Therefore, it
is necessary to develop a new method of permutation of time intervals, which will increase the volume of ensembles, taking into
account the values of the level of interference to multiple access. The developed method is based on the application of intercorre-
lation properties of time intervals by step-by-step search. The time intervals of the code sequences of video pulses with low
interaction in the time domain are subject to correlation analysis. In the developed method of permutations, the time intervals of
sequences of equidistant pulses of variable length were searched, taking into account the intercorrelation properties of the seg-
ments, so it is possible to distribute the pulses so that the interaction between signals in the time domain is minimal, which in turn
leads to minimal interaction between signals and therefore significantly reduce the impact of multiple access interference. Con-
clusions. The use of the proposed method of permutation of intervals taking into account the intercorrelation properties of each
segment allows to minimize the interaction between the signals in the time domain. The consequence is a significant reduction in
the level of multiple access interference, which significantly increases the number of signal ensembles with satisfactory intercor-
relation properties and makes it possible to use them in existing radio communication systems.

Keywords: multiple access interference, video pulse, pulse duration, pulse repetition period, cross-correlation function.
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