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AHHOIM(UUUL'B cmanmbve npeécmaeﬂeﬂbz pesyibmanivl UCCeO0B8AHUSL GNIUAHUS yeeauuerHust MOwWHoOCmu ucnojlb3yemozco
AHCAMONISL MAUMEPHBIX CUSHALHBIX KOHCMPYKYUL NPU NOCMOAHHOU ONUMENbHOCHU KOOO8bIX KOHCMPYKYUL HA CKOPOCHb
nepedauu ungopmayuu 6 yugposvix cucmemax ceazu. 0O0OOcHOBAHA YenecOOOPAZHOCHb  YBENUUEHUs MOWHOCIU
Uucnoib3zyemoco ancamons maﬁMeprzx CUCHAJIbHbIX Koncmpym;uﬁ, nymem usmMeHeHusl 4ucia qu)OpMaquHHblx ompe3Koe6 6
KOOOBbIX KOHCMPYKYUAX 8 CUCeMax nepeoayu uHgopmayuu, Ucnoais3yrowux yu@dposyio céasv. Ilposeden ananus memooos
nepeoauu uxgopmayuu 8 Yupposol ceA3U Npu UCNOAL30BAHUU HOZUYUOHHO20 CHOCODA KOOUPOBAHUA C U3DLIMOYHLIMU
rkooamu. Obochosana HeyenecoodpasHOCMsb UCNONb308AHUL NOZUYUOHHO20 KOOUPOBAHU npu nepedaye OOIbUIUX 00bEMO8
ungopmayuu. Ilpedcmasnen memoO KOOUPOBAHUSL CUSHANA HA OCHOBE MAUMEPHBIX CUCHAILHBIX KOHCMPYKYUL C
UCNONB308AHUEM OMOCTbHBIX BPEMEHHbIX OMPEe3Ko6 cucHajd, He MeHee HAUKBUCTOB020 uxnmepeaia 0151 KAJHCOOU CUSHANLHOU
KOHCMPYKYUU. OL[EHMG‘LZIOWLC}Z B8peMEeHHble napamempbsvl KOOOBbIX Cl06 maﬁMeprlx CUCHAJIbHbIX KOHCI’I’[pyKL{uZZ.' SHmMponus u
UHGOPMAYUOHHASL eMKOCMb HAUKBUCIMOB020 NeMEHmMA Npu KOO08OM YHIOMHeHuu kananda. Ilpedcmasnenvi peszynibmamoi
uccre008aHus 6blo0pa P GexkmuHol ONUHBL KOOOBO2O CIO8A 8 MemoOe KOOUPOBAHUS CUCHALA C UCHOIb308AHUEM MAUMEPHBIX
CUCHATLHBIX KOHCMPYKYULL OISl YBeaUdeHUs CKOPOCmuy nepeoauu uxngopmayuu 8 yu@poswvix cucmemax ceasu. Ilpusedenvl
pe3ynibmamsl  UCCAO008AHUA  GIUAHUS NAPAMEMPO8 MAUMEPHbIX CUSHATbHLIX KOHCMPYKYULL HA CKOpOCMb  nepeoaiu
uH([)OpMauuu, Komopwsle nokasaiu Sd)dJEKI’HMBHOCWlb UCNONIL308AHUS MEmoOd Koéuposaﬂuﬂ CucHajla C UCnoJjab306aHUEM
maﬁMeprzx CUCHAJIbHbIX Koucmpym;m? no cpaeHeruio ¢ Memooom NO3UYUOHHO20 KO()MpOGGHM}Z ¢ U30LIMOYHBIMU KOOAMU 30
cuem yeeiuvernust qu)OpMaL{MOHHOZZ eMKOCMU HAUKBUCTIOB020 dJIeMEHMA.

Annotation: The article presents the results of the study of the effect of increasing the power of the used ensemble of timer
signal constructions with a constant duration of code structures on the speed of information transfer in digital communication
systems. The expediency of increasing the power of the used ensemble of timer signal constructions is justified by changing the
number of information segments in code structures in information transfer systems using digital communication. The analysis
of methods of information transfer in digital communication using the positional coding method with redundant codes has
been carried out. The inexpediency of using positional coding in the transfer of large amounts of information is substantiated.
A method of coding a signal based on timer signal constructions using separate time intervals of the signal, not less than the
Nyquist interval for each signal structure is presented. The time parameters of the code words of the timer signal constructions
are estimated: entropy and information capacity of the Nyquist element during the channel code compression. The article
presents the results of the study on the choice of the effective length of a code word in a signal coding method using timer
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signal structures to increase the speed of information transfer in digital communication systems. The results of the study of the
influence of the parameters of the timer signal structures on the information transfer rate are shown, which showed the
efficiency of using the signal coding method using timer signal structures compared to the positional coding method with
redundant codes due to an increase in the information capacity of the Nyquist element.

KiaroueBble ciioBa: METOAbI nepeaavin I/IH(l)OpMaIlI/II/I, IIH(l)pOBaH CBA3b, IMO3HMIIMOHHBIC KOJbI, KOJOBOC CJIOBO, KOJOBBIC
KOHCTPYKIIUH, TaﬁMepHLIC CUT'HAJIbHBIC KOHCTPYKI U, HaWKBUCTOBBIA QJICMCHT, HaWKBUCTOBBIA HUHTCpPBAJI.

Keywords: methods of information transfer, digital communication, position codes, code word, code constructions, timer
signal constructions, Nyquist element, Nyquist interval.

1. UndopMannoHHBIE TAPAMETPhI MO3NIHOHHBIX KOI0B
1) Meronsl mnepenaud uHpoOpManuu B HU(poBoil cBs3u [1] obecreunBaroT mepeaady COOOIIEHHH OT JUCKPETHBIX
HCTOYHHMKOB, HMEIOIIHMX CYETHOE (KOHEUHOE) YUCIO COCTOSHUM Ny, .

Ny =EfZtdia’ (i0=ipd> 1)
rae d; - 3HaYeHHE paspsIHBIX KO3 PUIIMEHTOB, KOTOPHIC HE MPEBBIIIAOT 3HAUCHUS;
G- YHCIIO Pa3IMYHBIX 3HAYSHUH HH(OPMAIIMOHHOTO ITapamMeTpa B KaHalle.
3ameTnm, 4To B peaIbHON ABOMYHOM CHCTEME C O3UIIMOHHBIM KOAUPOBAHUEM & = 2,
MakcuMalTbHOE YHCIIO Pa3MEYCHHBIX KOMOMHAIMI P COOJIIOJICHUHU YCIOBHM 1Sl €; U @ paBHO [3].
Np=a"
I/Ie N — YKCJIO 3JIEMEHTOB B KOJOBOM CJIOBE.

2) KonmuuecTBo mH(DOpMAITMK B MO3UIIMOHHBIX KOJOBBIX cioBax (H) ompenemnsiercss yrcioM HHGOPMAIIMOHHBIX 3JICMEHTOB
B HuX. Eciu ko npoctoii [3], T.e. UCmob3yioTes Bce Ny, KOJOBBIX CIIOB, TO

H =log,N,, = log;a" = nlog, a 1)
W3 Beipakenus (1) cmemyer, 9To ecnu @>2, TO MPHU MO3UIIMOHHOM KOAMPOBAHUH B KaXKIOM DJIEMEHTE COICPIKUTCS Oojiee
onHoro Owurta wuHpopmMaimu. CyIIeCTBYIONIME CHUCTEMbl CBSI3M HCIHOIB3YIOT H30BITOYHBIE KOJbI, B KOTOPBIX KaxIas
KOMOMHAITHSI COIEPIKUT M IJIEMEHTOB HH()OPMAIIMOHHBIX U I 3JIEMEHTOB JOMOJHUTEIBHBIX (M30BITOUHBIX) [2].
n=m+r
Hanpumep, B KoJie ¢ 9eTHBIM YHCIOM €IMHUI] HHPOPMAMOHHBIMU SIBIISIOTCS TOJNBKO (n-1) 3IeMEeHTOB, a B 9-31eMEHTHOM
Kojie XOMMUHra COJCPKUTCS 5 MH(MOPMAIMOHHBIX AJIEMEHTOB M 4 mpoBepouHbIX [3], cieqoBaTelIbHO, SHTPOIHS KaXIO0ro

5
K0J10BOTO ciioBa H=5, a uHpopMaIoHHasi eMKOCTh OJTHOTO dJieMeHTa H:;:O,5555...

3) CrneayerT 3aMeTUTh, 4YTO KaXJ0€ KOJOBOE CIOBO TPH TMO3UIIMOHHOM KOJMUPOBAHHWM TiepeJaeTcsi B KaHal
KOX(pPHUIHUEHTAMH X j, JUTMTEIFHOCTh CUTHAJA KaXKI0TO U3 KOTOPHIX paBHA JUTMTENBHOCTH >ieMenTa HaiikBucta [4].
1

ty :E

rue: F- monoca criextpa curnana.

B 3axiroueHHn 3TOrO paszena OLUeHHM BO3MOKHOCTH IepeAadd 2-X CHMBOJIBHBIX aHCaMOJIeH TeKCTa PyCcCKOro sI3bIKa MpU
MO3UIIMOHHOM KoJupoBaHuu. Tak aist nepenauu 32 CUMBOJIOB PYCCKOIO s3bIKa HEOOXOAUMO coriacHo (1) 5 aneMeHTOB Koxa
(log;32=15), a ans mepesaun ABYX CHMBOJBHBIX aHcamOued, (Np = 32x 32 =1024) neobxomumo log;1024 = 10

9JIEMEHTOB B KOJOBOM CJIOBE (QaHAJIIOTWYHO, JJIs Iepeadll 3-X CHMBOJIBHBIX aHCaMOJIel AMHa KOJOBBIX CIIOB OyZeT, paBHOM
3log, 32 = 13 sneMeHTOB).

Takum 00pa3oM MOXHO cJenaTh BBIBOA, YTO NpPU Iepegade OJHUM KOJOBBIM CIOBOM nHpopmaimu 0-Z CHMBOJIOB
PYCCKOTO si3bIKa, CYLIECTBYET JIMHEHHAs 3aBUCHMOCTb KOJMYECTBA JIEMEHTOB B I'PYIIIOBOM KOMOMHALMHM OT KPaTHOCTH Z,
CHMBOJIbHBIX aHCaMOJICH.

4) CremyeT 3aMETHTh, 4TO TIPH PasIMdHBIX METOMaX, obecreunBarommx Gpopmuposanue (32%) pasnndHbix KOMOMHAIMI
o0IIee YKCIIo 3JIEMEHTOB N B KOJOBOM CIIOBE PAaBHO

ny = Zlog, 32

Hanpuwmep, peanmusanueit Oynyt Npy = 23 1 Nyp; = 27, Jlna Gpopmupopanus 1024 KOJOBBIX CJIOB MOXKHO BOCTIONb30BaThCs
OJIHUM KOJIOBBIM CJIOBOM C YMCJIOM 3JIEMEHTOB 7y = 10, uiu IBYyMs KOJOBBIMH CIIOBAMM 10 5 BJIEMEHTOB Ty = 7l; = 3, WJIH
JBYMs KOJIOBBIMH CJIOBaMH NHpu 7y = ZH My = 8 C TOAMHOXKECTBAMM ducen peammsarmi Ny; = 21 1 Npg = 2% uro
obecreunt oOmee wumciao peamusamuil (4*256=1024). Ilpum n, = 3un; = 7 moamuoxecTBa Oymyt 2% = 8; 27=128:
(ng=3+7=10) ¢ Tem e uucaoM peanu3aruii (8*128=1024).

K HenocTaTkam Mo3UIMOHHOTO KOJMPOBaHHMS CJIELyeT OTHECTH:

1. Paccrosaue MEXKAY COCCAHUMH MOMEHTaAMU MOIAYJIAIWUU KpaTHO JIIUTCIBHOCTH HaWKBUCTOBOI'O DJICMCHTA, 4YTO
OTPAaHUYMUBACT MOIIHOCTh PEAIM3yEMOI'0 MHOKECTBA HA MHTEPBAJIC N 3JICMEHTOB,
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2. DIeMeHTHOCTb KOJOBOT'O CJIOBA N ONPeNeNsieTCs YHCIOM Pa3iIMYHbIX COCTOSHUN Komupyemoro ncrounuka Ny [4]

n=FEFE*log, Ny

rae £7- cumBon “uenoro Gonbiuero uncna logy Ny”, uz [1] u [2] cienyer, 4ro MakcuManbHoe uucio N IIpU JBOMUYHBIX
CUTHANaX He TpeBbIaer 2",

5) B xoppektupyromux (M30bITOYHBIX) KOJAX TPAHUYHOE YHCIIO JOMOIHHUTEIBHBIX I QJIEMEHTOB ONPEAENACTCS MpelesioM
Bapmawmosa - ['mis6epra [1]

2nm = = Rt el g
rae dy- TpebyeMoe KOIOBOE PACCTOSIHUE.
B Tabnuiie 1 npuBeaeHbl 3HAYEHNS YMCET H3OBITOUHBIX eMeHTOB I, mpu €1 =153 npudy; = 3ud; =3

Ta6anua 1 — UncJio npoBepoYHBIX YIEMEHTOB NpH d € const

dg/m 1 2 3 4 5 6 12 13 14 15
3 2 3 3 3 - 4 5 5 5 5
5 4 7 8 8 9 9 14 15 15 15

Kak cnemyer u3 Tabmuubl 1 Opu KoJoBOM paccTosHuM € = 3 MM =1 uHTepBaNoB peanusalldii, YUCIO M30BITOUHBIX

9JIEMEHTOB TIPH MMO3ULMOHHOM KOJMPOBAHUH OOJIBIIOTO YKciIa HHYOPMALMK 3HAYUTEIIBHO BO3PACTAET, YTO JEaeT TAaKOH KOx
Hed(PPEKTHBHBIM.

2. TaiimepHble CUTHAJIbHbIE KOHCTPYKIUH

B orinune oT mo3uuOHHOrO criocoba KOAUPOBAHHMS, KOTAa HHGOPMaLHUs O IepeJaBacMoM paspse onpenerseTcs BUIOM
CUTHaJa Ha EIMHUYHOM (HAaWKBHUCTOBOM) HHTEpBajie, B TalMepHbIX CcHUrHajdbHbIX KoHCTpyKuusx (TCK) wunpopmarms
“3anmokeHa” B MPOJOJDKUATENBHOCTSAX (IUTMHAX) | OTACTBHBIX BPEMEHHBIX OTPE3KOB CHTHANA T,; HAa WHTEPBAJC KaXIOi

CUTHAIBHOW KOHCTPYKUHH lp;. C LEMbI0 YMEHBIICHHS MEXCHMBOJBHBIX HCKAKEHHIH POIODKUTEIBHOCTh KaXKIOTO U3
OTPE3KOB CHUTHAJIA B CHTHAJIIFHON KOHCTPYKIIUH HE MEHEe HaKBUCTOBOTO HWHTEpBana [2].

T = tp +zd )
rae zd € 0 + =z — menble yncIa.

. g
BpeMeHHOI 0TPe30K MOKa3bIBAET YaCTh €IUHUYHOIO dIleMeHTa ty = A= ~ 1 ONpEJIeNIsIeTCs apaMeTpamMi [IOMeX B KaHare

U JIOIYCTHMOM BEPOSTHOCTBIO JIOXKHOTO MPHEMa CUTHATBHON KOHCTPYKIMH (5 € 2.4, ..., 5p).
[epBoe ciaraemoe BblpaskeHus (2) obecrieunBaeT yCTaHOBJICHHE MEPEXOIHOTO Mpoliecca Ha BBIXOE KaHajla Ipy nepejade
BCEX | OTPE3KOB KaXIO0W CUTHATIBHON KOHCTPYKIIMH, & BTOpoe (z4) HeceT HHGOPMAIIUIO 0 KOJJOBOM CIIOBE.

ABTOpaMH TalMEpHBIX CUTHAIOB [5], onpemeneHa MOmHOCTL (uucno peamusamuun TCK (V) ma wHTepBame m

HAWKBHUCTOBBIX 3JICMEHTOB:
e
‘h"ri-‘ - IE.'“rr..s—ir_.s—i.j (3)

[Tocne paznoxenus BipaxkeHus (3) mosrydaem:
(ms—i(s — 1)

o i! (ms — is)!

B Tabunuiie 2 npuBeIeHbI MOIIHOCTH (Np) TCKnpus=7gmme4+8gmiecl+7

W3 Tabmumel 2 ciemyeT cOelaTh BBIBOJ, YTO YHCIO peajHM3alliii CHTHAJBHBIX KOHCTPYKLMI YBEIMYHMBACTCA KaK IPU
YBEIMYCHUH HMHTEpBAJla peanu3andidi M mpu i=CONSt, Tak W NPH yBEJWYCHHUH OTACIBHBIX BPEMEHHBIX | MHTEPBAJIOB IPU
m=const.

s BeIOOpa 3¢¢dexkTnBHON ATUHBI KOJOBOTO CIIOBA MPOBEAEM aHAIW3 M3MeHeHus »HTponuu (H) u mHpOpMannoHHOH
eMKOCTH HalikBUCTOBOTO dmeMenTa ({z) [3].
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Tab6auna 2 — MoiHoCTH Np TaliMepPHBIX CUTHAJbHBIX KOHCTPYKUUIA

i m=4 m=5 m=6 m=7 m=8
1 22 29 36 43 50

2 120 253 435 666 946
3 120 680 1330 2925 5456
4 1 330 3060 12650 35960
5 - 1 792 11628 65780
6 - - 1 1716 38760
7 - - - 1 23450
8 - - - - 1
x 263 1293 5654 29629 131643

[pu atom, yuuteiBast pabotsl [2], [3] onpeaenum 3HaueHHS BEPOSTHOCTH MOSBICHHUS OTIACIBHBIX cOObITHI F, a uepe3

3HAYEHMs MOoCeHero oneHuM H 1 [

P :Nu s H=loga Nys Iy = I[qilﬂ
B Tabauiie 3 npuBeieHbI 3HAYCHHS HHPOPMAIIMOHHOI EMKOCTH HAHKBUCTOBOTO dneMenTa a1t MES + 10 mpu S€ 2+10 mpu
i=4.
Tabéuuua 3 — UndopmManuoHHasi eMKOCTh HAIHKBHCTOBOIO J1€MEHTA

s\m 4 5 6 7 8 9 10
2 0 0,781378 1,021547 1,102035 1,118911 1,10747 1,082972
3 0 1,025857 1,285708 1,354543 1,353715 1,324484 1,283664
4 0 1,225857 1,491881 1,547103 1,530285 1,486146 1,432158
5 0 1,395456 1,661204 1,702908 1,671914 1,615078 1,550109
6 0 1,542849 1,804954 1,833806 1,790197 1,722343 1,647975
7 0 1,673264 1,929886 1,946693 1,891763 1,814194 1,731615
8 0 1,790257 2,04038 2,045939 1,980763 1,894511 1,804647
9 0 1,89636 2,13944 2,134494 2,059969 1,965873 1,869462
10 0 1,923445 2,229218 2,214442 2,131325 2,030079 1,927725

W3 tabnmme! 3 cnemyer:

1) C YBEJIMYCHHEM M IIpH s=const HH(i)OpMaL[I/IOHHaSI €MKOCTh HaMKBHCTOBOI'ORJIEMEHTA YBCIIMYUBACTCA O Mlygy (HOCJ’IG

M,z — YMEHBIIACTCS ), C YBEIMYCHHEM S IPU M=CONSt 1 i=CONSt yBenn4nBaeTcs.

B Tabnune 4 npusenens! 3HaueHus Iz npu 3HadeHusx ME 4+ 10 u u3mensieMmoM uuciie HHPOPMAIMOHHBIX OTPE3KOB

iel=6s=7
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Tabéumua 4 — UndopManuoHHas eMKOCTh HAIHKBHCTOBOIO J1eMEHTA

i\m 4 5 6 7 8 9 10

1 1,114 0,971 0,86 0,775 0,705 0,648 0,6

2 1,726 1,596 1,46 1,339 1,235 1,146 1,069
3 1,727 1,882 1,831 1,733 1,633 1,533 1,443
4 0 1,673 1,929 1,946 1,891 1,814 1,731
5 - 0 1,604 1,929 2 1,984 1,932
6 - - 0 1,534 1,905 2,019 2,035

AHanu3 JaHHBIX TaOIUIEI 4 TOKA3bIBAET:
1) ITpu kax10M 3HAYECHUH ic pocTtom M, I # BHaAYaJjie yBEJIMYMBACTCS, I10CIE JOCTHIKEHUS Mgy — YMEHbBIIAECTCS:
My i = 1) =4 (1,727)
My (i = 2) =5 (1.882)
Mgl =3) =6 (1.929)
My i =4) =7 (1.946)
My i = 3) =8 (2,00)
My (i = 6) =10 (2,035)
2) Jns yBenwdeHHs WHGOPMAIMOHHON EMKOCTH HAWKBHCTOBOTO JIIEMEHTa MOJKHO CYMMHPOBATH WH(POPMAIMOHHEIC
€MKOCTH ITIpH m=const c Pa3JIMIHBIM YUCJIIOM I/IH(i)OpMa]_II/IOHHBIX OTPE3KOB.

- 4L

3aka0ueHue

WccnenoBanus BIMSHUS TApaMETPOB TAaHMEPHBIX CHUTHAJIBHBIX KOHCTPYKIMH Ha CKOPOCTh Mepemadn HH(OpMaIiu
[0Ka3aj0, YTO M3MEHssI YHMCIO HMH(POPMAIMOHHBIX OTPE3KOB | B KOJOBBIX CIIOBaX TaWMEPHBIX KOJOB IPU MOCTOSIHHOM
3HAYCHUHU MHTEpPBaja peaau3anuii M =CONSt MOXKHO yBEIUYMUBATh CKOPOCTh Mepeaayy HHPOPMAIIUH.
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