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OLIEHKA BBIYUCJIMTEJABHOM CJIOXKHOCTH METO/JIA
YACTOTHOI'O AJITEBPAMYECKOI'O JEKOINPOBAHUA
CBEPTOYHBIX KOJOB

Y po6oTi npoBeieHe YUCIOBE MOPIBHSIHHSA OOYMCIIIOBAIBHOI CKIIAIHOCTI METOMIB anre0paidHoro JeKo-
JIyBaHHS 3rOPTKOBHX KOJIB y YacOBili Ta 4aCTOTHii 00JIacTsX, 3 SIKOTO BUILTHBAE, 0 METOJ YaCTOTHOTO
JIeKOlyBaHHs 3rOpPTKOBHX KoZiB Ha ocHoBi LIIT1d BuHorpana 1oiIbHO BUKOPUCTOBYBATH ISl 3rOPTKO-
BHUX KOJIB 3 JIOBKHHOIO BXIJTHOTO KOJOBOI'O OOMEXEHHS 7 > 6.

The paper contains a numerical comparison of computational complexity methods of algebraic decoding
convolutional codes in time and frequency domains from which it follows that the method of frequency
decoding convolutional codes based on the Winograd’s FFT advisable to use for convolutional codes
with length of input code limitation » > 6.

B paboTe npoBeeHO YHCIOBOE CPAaBHEHHE BBIYMCIUTEIFHON CI0KHOCTH METOZOB AJIreOpandeckoro Je-
KOJIMPOBaHMSI CBEPTOUHBIX KOJOB BO BPEMEHHOW M YaCTOTHOW 00JACTAX, U3 KOTOPOIO IMOJIy4YaeTcs, YTo
METOJI YaCTOTHOTO JIEKOAMPOBAaHHMS CBEPTOYHBIX KOAOB Ha ocHoBe LIII® BuHorpaga uenecoobpasHo
HCHOJIB30BATh IS CBEPTOYHBIX KOJOB C JUITMHOW BXOJHOTO KOJOBOTO OIpaHHUYeHHUs 1 6.

IocranoBka 3agaun. OCHOBHBIMHU ITOKa3aTeNsIMH S(PEKTUBHOCTA METOJIOB
JICKOANPOBAHNUS TIOMEXOYCTONYMBBIX KOJIOB, B YACTHOCTH CBEPTOYHBIX KOJOB, SIB-
JSFOTC 00ecreYrBacMoe OTHOLICHHE CHUTHAJ/IIYM, TpeOyeMasl BEpOSTHOCTh IO-
Tepb U BBIYUCIHUTENbHAS CIOKHOCTE. [Ipy 3aaHHBIX 3HAUYEHHUSX MEPBBIX ABYX I10-
kazarenell addexTuBHOCTH B KayecTBe KpUTepusi 3(PpPEeKTHBHOCTH BBICTYNAET BbI-
YHUCIIUTEbHAS CIIOKHOCTB. [10/1 BBIYMCIUTENBEHON CII0KHOCTBIO METO/1a IEKOANPO-
BaHHUS TIOHUMAETCS YUCIO apu(pMETHYCCKHX OIepaluii, BEIMONHIEMBIX HaJ 00pa-
OaTbIBaeMBIMH JaHHBIMH WM NPOMEXKYTOYHBIMHU 3HAUCHUSMH, IOJYYCHHBIMH H3
HHUX, Ha KQXXJIOM OTaIllC JEKOJUPOBAHHUA. ApI/I(l)MeTI/I‘{eCKI/IMI/I onecpanrsaMu ABJIAOT-
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Csl CTIOKCHHE M YMHOKEHHE 3JIEMEHTOB U3 KoHeuHoro mons GF(p™). ClokHOCTb
orepanu yMHOKeHUs1 M(n) Oojble CIOXKHOCTH ornepanun ciaoxeHus A(n) (B 00-
meM ciydae MpuHAMaetcs, uto M(n) = 2-A(n)), mo3TOMY IIeTecoo0pa3HO YMEHb-
[IaTh KOJIWYECTBO YMHOXKCHHH JaXke 3a cYeT HEKOTOPOTO yBEJIMYCHHUS YHCia CIIO-
JKCHUH. ACHMIITOTHYECKas! CIIOKHOCTh OIEpaluil YMHOXKEHHS W CIO0XKEHHS OIpe-
JIeTsieT pa3Mep 3a7ad, KOTOPble MOXKHO PEIINTh aJITOPUTMOM, PEaTH3YIONINM 3a-
JAHHBIA METO IEKOIUPOBaHUS, U 00o3HavaeTcs kak O(n) [1].

Tabnuna 1 — BeraucnurebHas CI0XKHOCTh METO/Ia YaCTOTHOTO aare0pandecKoro
JIEKOJMPOBAHUS CBEPTOUYHBIX K0JI0B Ha ocHoBe BI1® Bunorpana
Howmep BrrauciaurenabHas CI0KHOCTD
Ha3Banue srana aekoaupoBaHus
JTana VYMHOKEHHS CrnoxeHus
IIpeoOpa3oBanne OECKOHCUHOW JBO-

WYHOU KOHOBOﬁ IOCJICA0OBATCIbHOCTH

1 CBEPTOYHOIO KOJAA B CHMBOJbBI IOJIS - -
GF(p™) n pasnerneHue ee Ha OTACNb-
HBIC YaCTUu

Brruncnenre mpsMoro mnpeoOpasoBa-
Husi @ypee ¢ nomoupio BII® Buno-
rpaja 4acTH KOJOBOM MOCIIE0BATEINb-
HOCTH CBEPTOYHOTO KOZa
Beruncienrie MHOTOWIEHA JIOKAaTOPOB
3 omubok  (amroput™m  beprmexsmma- 47 4¢
Meccn)

PekyppeHTHOE NpPOJODKEHUE CHH/I-
poma

HcnpaBnenue dacTu KOAOBOHM mOCIe-
5 | OBaTEIBHOCTH CBEPTOYHOIO KOAA B - n
Y4acTOTHOI o0sacTu

Brruncnenre oopaTHoro npeodpasona-
6 Hus @ypee ¢ momompio BII® Buno- nlogyn nlogyn
rpaza

W3Bnevyenue vyactu MH(GOpMALMOHHOM
7 | HOCnenoBaTeNbHOCTH U €€ OTOOpake- - -
HHE B IBONYHYIO MOCJIEOBATEILHOCTD

nlogyn nlogyn

tn — 20) n - 21)

2nlogyn+ 2nlogyn+

Bcero
+nt+ 27 +nt +24+n

B [2] npemnokeH MeTo] anredpanvdeckoro JeKOAUPOBAHUS CBEPTOUHBIX KO-
JIOB BO BpeMEHHO# o0sactu. J{jsi yMEHBIICHHS BBIYUCIUTEIBHON CI0XKHOCTH JIaH-
HOTr'0 METO/Ia ICKOTUpOBaHus B [3, 4] 000CHOBaH Mepexo/] B YaCTOTHYIO 00JIacTh 3a
CYeT WCIONIL30BaHus mpeoOpa3oBanus Dyphe Ha COOTBETCTBYIOMIMX 3Tamax JeKo-
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qupoBaHus. U3 [1] u3BeCTHO, UTO JUIs COKPALICHUS BBIUMCIUTEIBHON CIOKHOCTH
BBIYKCIIEHUs npeoOpa3oBanus @ypbe HEOOXOANMO NMPHUMEHSTH «OBICTPHIE)» alro-
pUTMEL, HartpuMep OvIcTpoe mpeodpa3osanne ®ypoe (BI1®) Bunorpana. B [5] nan-
HBIH TPUHIMI UCTIOJIB30BaH AJISI YMEHBIIECHHS BBIYMCIMTEIBHON CI0XXHOCTH IpPO-
Hecca JeKOIMPOBaHUs CBEPTOYHBIX KOJIOB B 4acTOTHOW obnactu. Takxke B [S5] mo-
JIy4eHBl aHAJTUTHYECKHUE BBIPAXKEHUSI JUTSI OLIEHKH BBIYMCIMTEIHEHON CJIOKHOCTH Me-
TOJIOB aNreOpandecKoro AEKOIUPOBAHMS CBEPTOUHBIX KOJOB BO BPEMEHHOM M Yac-
TOTHOH 001acCTsIX.

Ienbio CTATHH SIBIIETCS NPOBEICHNUC YUCICHHOTO CPABHEHHS BBIYMCIIUTEIb-
HO#{ CITIO)KHOCTH METO/IOB alureOpandecKoro ICKOANPOBAHHS CBEPTOYHBIX KOJOB BO
BPEMEHHOW M YaCTOTHOM 00JIaCTsIX.

OcHoBHas yacTb. OCHOBHBIC ATAIlbl METOJIAa ANTeOPanIecKoro JAEKOAUPOBa-
HHS CBEPTOYHBIX KOJIOB B YaCTOTHOM oOsacth Ha ocHoBe bBI1® BuHorpana, a taxke
AQHAIUTUYECKUE BBIPAXKEHUS, OMHCHIBAIOIIUE HX BBIUMCIUTEIBHYIO CJIOXKHOCTb,
MIPEICTaBIICHEI B Ta0I. 1.

B 1abn. | #n — pnpHA MOTHOTO KOAOBOTO OTpaHMYEHHS CBEPTOYHOTO Koja, f —
KOJIMYECTBO, MCIPABIISIEMbIX OIIMOOK. B pe3ynbrare pacyeToB 110 BHIPAKECHUSIM U3
Tabn. 1 u [5] Hmoxy4eHsl 3HAYCHUS BBIYMCIMTEIBHON CIIOKHOCTH METOJOB aire0-
pandecKoro AEKOAMPOBAHUS CBEPTOYHBIX KOJOB BO BPEMECHHOH M 9acTOTHOW 00-
JIACTSAX B 3aBUCHMOCTH OT JJIMHBI KOZOBOTO OTpaHWYeHUs (Tadi. 2).

Tabnuna 2 — BeraucnurensHast CJI0KHOCTh METOJIOB aIreOpandeckoro
JICKOJTMPOBAHMS CBEPTOYHBIX KOJIOB BO BPEMEHHOM M 9YaCTOTHOU 00JIACTIX

o KonraecTBo onepanmii YMHOKCHHUS
RS S ~ 8= 8
= a . 2 +| 8 o= HEJBOMYHBIX JTBOMYIHBIX
I o o o L &) = PRy
<~ | cE| 3E|58%|% 5 £ o
S| 22| 8| €28 Ex €= =) g
5| 85| g5 | g2z | 85| ES52S| 8558 | 555
3 I E EE| 8830 | =2c2F| 2823F| 2= 9 3%
S| 52| EE|E5E| 25|28 25| 53
o = = 3 o X| 2w S \© 20 < \©
2 X o o ~ | ® O 5 O MR o 5 O
©) m = = 2 m 2 m
1/2 2 3 6 16 15 32 30
1/3 4 7 21 68 61 204 183
1/4 8 15 60 280 210 1120 840
1/5 16 31 155 1136 684 5680 3420
1/6 32 63 378 4576 2273 27456 13638
1/7 64 127 889 18370 7887 128590 55209
1/8 128 255 2040 73600 28590 588800 228720

Ha puc. 1 u 2 pe3yabTaThl pacueToB, MPUBEIACHHBIE B TAa0J. 2, MpeICTaBICHBI
COOTBETCTBEHHO B BUEe rpadukoB Mp(r), My(r) u Mp(n), My(n).
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W3 ananuza rpadukoB Ha puc. 1 u 2 ciaemyer, 4To METOJ YaCTOTHOTO JCKOIU-
pOBaHMS CBEPTOYHBIX KOJOB MMEET CYIIECTBEHHO MEHBIIYIO BBIYHCIUTEIbHYIO
CIIOHOCTh, Y€M JIEKOJMPOBAHUE BO BPEMEHHOW 00JIACTH, MPH JUTUHE BXOJHOTO
KOJ/IOBOTO OrpaHuueHus » >8 (WK, YTO IKBUBAICHTHO, MPH JJIHHE MMOJHOTO KOJIO0-
BOT'0 OTpaHHU4eHus n >60).
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Pucynok 1 — BeruuciuTesibHas CJI0)KHOCTh METOJIOB ajre0pandyeckoro ACKOIUPOBAHUS CBEP-
TOYHBIX KOJOB BO BPEMEHHOI U YaCTOTHOMN 001acTsIX (HEIBOUYHbIC ONEPALIH)
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PI/ICyHOK 2 — BerunciauTenbHas ClI0KHOCTh METOOOB aﬂrerquecxoro ACKOAUPOBAaHUA CBEP-
TOYHBIX KOJ0OB BO BpCMeHHOfI M YaCTOTHOM 00J1aCTsIX (,HBOI/I‘{HI)Ie OHCpaIII/II/I)
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Pucynok 3 — BeruuciuTesbHas CJI0)KHOCTh METOJIOB ajre0pandeckoro ASKOAUPOBAHUS CBEP-
TOYHBIX KOJIOB BO BPEMEHHOM U 4aCTOTHOM obnactsx (n = 63)
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Pucynox 4 — BerauciurenpHas CI10)KHOCTh METOJOB aare0pandeckoro JeKOIMPOBaHUS CBEp-
TOYHBIX KOJIOB BO BPEMEHHOM M 4acTOTHOI obuactsix (n = 127)
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PucyHok 5 — BrrauciurenbHas CIOXKHOCTh METOJIOB lIT€OPAUECKOTO ICKOJUPOBAHHUS CBEP-
TOYHBIX KOJIOB BO BPEMEHHOM U 4acTOTHOU o6nactsix (n = 378)

B Tabx. 2 mmHA BXOAHOTO KOJOBOTO OTpaHUYCHUS (PUKCHPOBAHHAS U yIOB-
JIETBOPSIET YCIIOBHIO ¥ ~ 1/2, IOATOMY Jajieeé pacCMOTPEHa 3aBUCHMOCTH BBIYHCIIH-
TENBHOHN CI0KHOCTH METO/OB alreOpanveckoro AEKOIUPOBAHHS BO BPEMEHHOH H
YacTOTHOH 001acTsAX Npu PUKCHPOBAHHON IJIMHE MOJHOTO KOJAOBOTO OTPaHUYCHUS
U U3MEHSIEMOM BXOJHOM KOIOBOM OTpaHMYEHHHU. Pe3ynbTaThl JaHHBIX PacdyeToB
npuBeieHb! B Busie rpadukoB Mp(r) u My(r) Ha puc. 3-5.

W3 ananu3a rpagukoB Ha puc. 3-5 ciaexyer, 9TO METOJ anredpandeckoro je-
KOAMPOBAHUS B YAaCTOTHOM OOJIACTH MMEET MEHBIIYI0 BBIYHUCIUTENBHYIO CIIOXK-
HOCTb, YeM BO BPEMEHHOW 00JIACTH, PU CIIEAYIOIMX 3HAUCHUSAX JUIMHBI BXOJHOTO
KOJZIOBOT'O OTpaHMYEHHUs, a UMEHHO: Iipu n = 60 — 7 > 6; pu n = 155 — r > &; npu
n =378 — r >211. AHaQJIOTMYHO MO>XHO TIOKa3aTh, YTO TO TAKXE CIPABEUIUBO MPHU
n=889—-r>13un=2040—-r>16.

BoiBoabl. 13 H31105KEHHOTO CIIEyEeT, YTO METO YaCTOTHOI'O anreOpanyecKo-
TO JIEKOJIMPOBaHMS CBEPTOYHBIX KOZ0B Ha ocHOBe BI1® Bunorpana nenecoodpaszHo
WCIIOJIB30BATh ISl CBEPTOYHBIX KOJOB C [UTMHOW BXOJHOTO KOZOBOTO OTPAaHUYCHUS
7> 6, OTHAKO CYIIECTBEHHOE YMEHbBLICHHE BBIYUCIUTEILHOM CII0KHOCTH IIPOUCXO-
qut npu r > 11.
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HNCCIEJOBAHUE UHOOPMAIIMOHHBIX [TOTOKOB JIAHHBIX B
TEJEKOMMYHUKAIIMOHHBIX CETAX

Byino nocimipkeHo 3aranbHi NPHHIUNN (GYHKIIOHYBAaHHS By3Jla KOMII'IOTEPHOI Mepexi Ta moOyqoBaHO
MOJIeNb i3 BUKOPHCTAHHSIM arapary CHCTEM MacoBOro obciyroByBaHHs. Byno orpumano dopmysn pos-
paxyHKy MMOBIpHOCTEH CTaHIB CHCTEMH.

It was researched the functioning of network hub and the model was created, which uses the queuing
system. It was got equations for system states probabilities.

Bbum nceneoBaHb! 001IHe IPUHIUIE (HYHKIMOHHUPOBAHHUS y3/Ia KOMIIBIOTEPHON CETH U IIOCTPOEHA MO-
JIeNIb C MCTIOJIb30BAHMEM allliapaTa CHCTEM MacCOBOro 0OCIykHBaHUs. bpum momydeHs! popMyisl pac-
4yeTa BepOATHOCTEH COCTOSTHUM CUCTEMBI.

Berynienne, mocranoBka 3agaun. Komnetorepasie cetu (KC) co3nanbr amst
pelIeHHs COBOKYIHOCTH 3ajad 0OpabOTKU IMOTOKOB 3asBOK Ha OOCIyXKUBaHUE.
Iporpammsl 11, ..., I, pemenus 3a1ad 0OCIYyKMBaHUsA XPAHATCA B MOCTOSHHOM
WM ONEPATUBHON NMaMITH MHTEIUICKTYyalbHOTO y3i1a. O0beM, CTPYKTypa H COZAEp-
JKaHME 3a/1a4 U3 Pa3sHbIX MOTOKOB — pa3nu4Hbl. [103TOMY pa3iauyHBl U POrpPaMMBL,
nx obpabarpiBaromye. 3asBKH, MOCTYIAIONINE HA BXO/ CETH, MHUIUUPYIOTCS B I10-
psZKe, OTpeaensieMOM HPOLECCaMHt, MPOMCXOAALIIMMH B CpeJie epeiadil KOMITbIO-
TEpHOH ceTH U B caMoM y3i1e. OHM TeHEepUpPYIOTCS B 00BEKTaX MCTOYHUKAX CETH H
MOCTYIAIOT B Y3€I-MPUEMHHUK MEPUOTUYECKH WIM B MPOHU3BOJBHBIE, CITydyailHbIe
MOMEHTHI BpeMeHH. [Ipu 3TOM 3a KOPOTKHIl OTpEe30K BPEMEHHM MOXET MOCTYIHUTh
HECKOJIBKO 3asBOK Zg, ..., Zy, U1 OOCITY)KHBaHMS KOTOPBIX JTOJDKHBI OBITH BBIITOJ-
HEHBI COOTBETCTBYIOIIHE MPOTPaMMEI y3i1a obcmyxxuBauus 11, ..., I1,. Ilpu Hamu-
YHM OJHOTO IIPOLIECCOpa B y3i1e 0OCITY)KMBaHUS 3TU MPOTPAMMBI MOTYT OBITH BBI-
MIOJIHEHBI TOJIBKO MOCIEJ0BATENBHO, B CBA3M C YEM BO3HUKAIOT OYepeIH 3asBOK Ha
obcmyxuBanue. [Ipy HATMYUKM HECKOJNIBKUX IMPOLECCOPOB (HANpUMep, B KOMMYTa-
TOpax) odepenu Ha oOCTyXMBaHHE (3asBKa Ha Iepenady IakeTa B MOPT Ha3HAYeE-
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