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YV cmammi nposedeno ananiz 8ioomux memooie nooyoosu nepesipounoi mampuyi OJ10K0BUX
ma 320pmMKOBUX KOOI8 3 MANOK WIIbHICMIO nepesipok Ha napuicmo. llposedenutl ananiz 8ioomux
Memodie KoOy8anHs OJIOKOBUX MA 320PMKOBUX KOOI8 3 MAJOI0 WINbHICMIO NepesipoK HA NAPHICMb
noKa3as nepesazu ma HeooliKu 8i00MUX Memooie ma no3601uU8 GUAGUMU MA CHOPMYBAmMU HAYUHO-
MexHIuHy 3a0auy.

Kntouoei cnosa: rxooysamwus, nepesipouna mampuys, 320pmMKO8i KOOU, KOOU 3 MAloH0
WinbHiCMIO nepesipoK Ha napHicmv, 610KOBI KOOU

B cmamuve I’lp06€a€H AHATU3 U3BECHHBIX MEMO008 nocmpoernus I’lpO@@pO’iHOﬁ mampuybl
OI0OKOBLIX U C6EpPMOYHbIX K0O08 ¢ MAaoll NAOMHOCHbIO npo6eEPOK HA HYeNntHOCMmb. HpoeedeHHblﬁ
AHAU3 UBEECTNHBIX MEMO008 KOOMpOSGHuﬂ 010K08bIX U C6EepnoYHblX K0O06 ¢ MAOU NIIOMHOCIbIO
NnpoOBEPOK HA YentHoCcmbv, NOKA3dl 00CMOUHCIMEA U HEOOCMAMKU U3EECIHBIX MEemO0008 U 03601
8blABUNbL U cgbopmyﬂupogamb HAYYHO-MEXHUUYECK) IO 3610611{)/.

Knioueguvie cnosa: KOOMPOGCZHMQ, npoeepodHas mampuya, ceepniovyrnsle KOObl, KOObL ¢ MAJIOU
NJA10OMHROCNbIO NPOBEPOK HA YENTHOCNb, O10K0BbIE KOObI

The article analyzes the famous methods of construction and representations of the check
matrix block and convolutional codes with low-density parity-check. The analysis the famous
methods of coding block and convolutional codes with low-density parity-check. Showed
advantages and disadvantages of the known methods and allowed to identify and formulate a
scientific and technical challenge. Shows the method of representation of the check matrix block
codes with low-density parity-check using the Tanner graph, which like the check matrix is fully
defines the parameters of the code. Check matrix of convolutional codes with low-density parity-
check can also be described by Tanner graph, however, because the check matrix is infinite, then
the Tanner graph is infinite. The analysis method of constructing the parity check matrix of block
codes with low-density parity-check, which is based on a shortened Reed-Solomon code. Codes
constructed in this method have a Tanner graph girth at least 6, which allows them to effectively
use iterative decoding methods.

Keywords: encoding, the check matrix, convolutional codes, codes with low-density parity-
check codes, block codes

Beryn. V peanbHux KaHanax 3B 3Ky I
nepeaadi JaHUX BUKOPHUCTOBYIOThH 3aBaJIOCTINKE
KOJ[yBaHHS. B Tteopii  3aBamoctiiikoro
KOJTyBaHHS BiJIOMI1 JIBa KJIACH KOJIIB: OJIOKOBI Ta
3roptkoBi. Cepeln IHUX KOMIB BiloMi OJOKOBI
KOAM 3 MaJol INIIBHICTIO TEepeBIpOK Ha

napuicts (MILIIII), sixi Gynu 3ampornoHoOBaHi
lanmnmarepom [1]. Ane 3 TOSBOIO BOHH HE
3HAWIIIM  IIUPOKOro  BUKOpucTaHHA. Jlami
Makkait [2] 3ampomonyBa MIIIIIT komam 3
PO3PAIKEHOI0 TEPEBIPOYHOI0 MATPUILIEIO, 1110
CTaJI0 TEPCHEKTUBHUM HAINPSAMKOM PO3BHUTKY
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METOAIB KonayBaHHA Ta aekomyBanHs MIIIIII
KOJIB.

ITocTanoBKka mnpolJeMu y 3arajibHOMY
BUIJIAAI Ta 1l 3B'I30K i3 BaKJINBHMHU
HAYKOBMMH Ta NPAKTHYHUMH 3aBIAHHAMH.
B nmanuii yac BiJoMO KiJIbKa METOJIIB MOOYI0BH
koxiB 3 MIIIIII, ogHak BOHU HE SIBJISIOTHCS
anreOpaiunnMu. BukopucroByroun anredpaiuHi
MeToAu ToOyI0BH MOXKHA IMOOYTyBaTH KOIU 3

MIIIIIIT 13 3a31aJIeTiab BIJIOMUMU
napamerpamu. Lle  103BONMTH  MiABHIMTH
JOCTOBIPHICTD nepenayi JAaHUX y

TEJIEKOMYHIKALIHHIX CHCTEMAaxX Ta MEpexkax.

AHaJi3 OCTAHHIX OCITIIKEeHb i
nyOaikaniii. B jgaHmii wac Ha mpakTHii
BHKOPHUCTOBYIOTHCSI OJIOKOB1 Ta 3rOPTKOB1 KOIH
3 MILIIII. Ilpu nobymoBi OIOKOBHX KOMIIB 3
MIIIIIIT TEPEBAKHO BUKOPHUCTOBYBAaTH
anreopaiuni meroau [3]. Hampukman, 610K0Bi
komu 3 MIIIIT mnoOynoBani anreOpaigHIM
METOJIOM Ta BHKOPUCTOBYIOTHCA Y CTaHIAPTI
10G Ethernet IEEE 802.3an [3, 4].

Oxpim OsokoBux koxaiB 3 MILIIIT Bigomi
sroptkoBi  komu 3 MINIII, sxi  Oynwu
3amponoHoBaHi XiMEHecOM Ta 3iraHripoBHM
[5]. Omnak, 1i KOOW HEAOCTaTHHLO BHUBYCHHI,

MOPIBHSHO 3 OJIOKOBUMH. 3  rteopii
3aBaJIOCTIKOTO0 KOIyBaHHSA BiJIOMO, OO 3a
CBOIMH XapaKTEPUCTHKAMU 3TOPTKOBI KOIH

nepesepiryroTh 010koBi [7]. Lle cnpaBemiuBo i
mis komie 3 MIIIIIT [1]. 3roptkoBi komwm 3
MIIIIII BukopucroBytoThess B crangapti IEEE
802.16m.

Busznauenus MeTH Ta 3ajadi
pocair:keHHsl. MeTo0 JaHOi CTaTTi € aHami3
BIIOMMX METOJIB MOOYJAOBH IEPEBIPOYHOI
Mmatpui koais 3 MILTIII.

OcHOBHA YacTHHA gocigxkennsa. Koau 3
MIIIIII — e miHiMAHI OJIOKOBI KOIU, SKi
BU3HAYAlOTHCS 32 JOMOMOTOK  PO3PSAIKEHOT
NepeBipovHOi MaTpulll H, sKka MICTUTh BEIHKY
KUIBKICTh ~ HYJIB Ta HEBEIUKY KUIBKICTb
HeHynpOBUX enemeHTiB [1, 4, 9, 10].
Perynspuumu HasuBarotbess koau 3 MIUIIIT y
SKHMX Bara CTOBIILIB IEPEBIPOYHOI MATpHLl ¥/, a
Bara psAAkiB P
p=y(N/M) ta e mnocrifiaum ang  ycix
CTOBILIB Ta psakiB Matpui [1, 9]. fAkmo y Tta
£ He TOCTifiHI BEIWYMHHU, TO TaKi KOIU

HA3MBAIOThCS HeperynsapHuMu. llepeBipouny
Marpuiito H, posmipHocti MXN, MoxHa
Ha3UBaTH PO3PSAHKEHOIO, SKIO Bara CTOBIIIIIB

BU3HA4YaA€ETHCA BUpPa3soOM

y<<m [4]. BaxmuBuM  mapameTpom
3aBaJIOCTIMKUX KOJIB € MIBUJAKICTh KOJIyBaHHS
R, nna perymapuux xonmis 3 MILIII Bona

BU3HAYAETHCS BUPA3OM | |:

R>1-M_1_7, (1)
n P
sakio H Mae moBHHME padHr, To B (1) MoxkHa
BUKOPHUCTOBYBATH 3HAK PiBHOCTI [4].

[{inbHICTh HEHYJIBOBUX C€JIEMEHTIB Ma€
OyTH JIOCTaTHbO HHU3BKOIO, I TOrO 100
MOXHa Oyn0 e(eKTHBHO BUKOPHCTOBYBATH
iTepaTuBHI MeToaM nekoayBaHHs [1, 4]. Hwkue
MpeCTaBICHA nepeBipoyHa MaTpPHUIIS
nBiiiKoBOTO OJ0KOBOTO KOoay 3 MIIIIIIL. Bara
KOKHOTO psika 0 =4, a Bara croBnuis ¥ = 2.
s mepeBipoYHa MATPUI YTBOPIOE PETYISPHUIA
omokoBuit kox 3 MIIIIII 3 HacTynHuMHU

mapamerpamu: N=10, k=5, R21—14:2,

OCKIJIBKHU MaTpuls Ma€ HE MMOBHUM paHr.

11110000O0GO0

1 000111000
H=0 1 0010011 0'(2)

00100101001

00010010101

Posrisiremo nBonmonbHuii rpad TanHepa,
AKUi  3a0e3meuye TpadidHe TMpencTaBICHHS
komie 3 MIIIIT [4, 9]. Kpim mporo ioro
BUKOPHUCTOBYIOTh  UISI  ONHCY  aJITOPUTMIB
nekonyBaHHs. I'pad Tannepa micTuTh 2 THUIY
BY3JIiB Ta pebpa, ki 3 eaHy0Th iX. K nepmomy
TUIy BY3JIB BIIHOCATHCS [N TIEPEBIPOUHUX
BY3IiB, SIK1 BIJIIOBIIAIOTh CTOBIILISIM
nepeBipounoi matpuili [4, 10]. Hpyruit Ttun
BY3JiB — KOJOBI BY3JH, SIKi BiAMOBiIalOTH m
psAaKam NepeBIpOYHOT MaTpuLl [4].
TepeBipounuii By3onm | 3’eaHyeThcst pebpom 3
KOJOBHM BY3JIOM |
€JIEMEHT MaTpuIll hij;tO. I'pad Tanuepa mis

y TOMY BHIAJKY, SKIIO

(2) mpeacraBneHO HUXKYE.

OauuM 13 mapaMeTpiB  MEpeBIPOYHOI
Matpumi koxiB 3 MIIIIIT € wMiniManpHa
noxuHa nukay [4, 9]. Ha rpade Tannepa
JOBKMHA LMKy BU3HAYAETHCS  KUIBKICTIO
pebep, 10 YTBOPIOIOTH 3aMKHYTHH IIISX.
MinimanbpHa HOBXWHA MUKITY y Tpadi TanHepa
HazuBaeTbcsd oOxBaTtoM rpada. Ha pucynky 1
BUJIUIEH] peOpa CKIaJaroTh LUK JOBXHUHU O.
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MinimMasibHa JTOBKHWHA LUKITY JJIS IBOJIOJIBHOTO
rpada ckinagae 4 [4, 10]. Yum meHme oOxBat
rpada Tannepa, TUM OyayTh MEHI e()EKTHUBHI
iTepaTHBHI anropuT™MHu aekoayBanus [ 1, 4]. [Tpu
noOyJOBI TMEpeBIpOYHUX MATPHLb KOMIB 3
MILIIIT namararoTbCsli YHHKATH TOSB1 ITUKIIIB
JOBKUHU 4, TAKUW [IUKJI BAHUKAE SKIIO YOTUPH

MPEJCTaBUTU K BEPUIMHU MPAMOKYTHUKA [9,
10]. Ilpu moOynosi H, mo6 obxBar rpada Oys
Oumbmr  HIK 4, JOTPUMYIOTBCS  HACTYITHOL

CTPYKTYpHOI BJIACTHBOCTI: HE MOBUHHO OyTH
JIBOX PAIKIB (200 CTOBIILIB), SIKI MAIOTh OUIBII
HDK OJIHY CHUIBHY TIO3MINIO, SKa MICTHTh
HEHYJIbOBHI

[4].

CICMCHT

Puc. 1. I'pad Tannepa nepeBipounoi Marpuiii (2)

HEHYJBOBUX  €JIEMEHTAa  MaTpUIli  MOXKHA
[lepeBipouHi
BY3JIH
Komosi
BY3JIH
Y 0 1 2
Posrnsemo METOIN bopmyBaHHS
MEepeBIpOYHOT  MaTpuili OJIOKOBHX KOHIB 3

MILIII. Tlepmmit merox moOymoBU OyJ0
3amponoHoBaHo  [ayutarepoM, CyTh  SIKOTO

nossirae y gopmysanni H_ i3 ¥ nigmarpuus,
Opyd 1BOMY Y KOXXHOTO CTOBIII KOXHOI
MiIMATPULl 3HAXOIUTHCS TUIBKH omHA «1».
Marpuuto H, npencraBumo sik:

Ho=| " |. (5)

v

Koxkna  migmatpuns 13 (5) Mae
PO3MIpHICTb A X A - O, Ie a Ta O — INO3UTHBHI
i yucna Oinbmie 1 [1, 4]. B miamarpumi H1
HACTYITHUM

OJTMHUIIL

OJIMHHULIL
MIPaBUIIOM:

po3TalIoBaHi 3a

B i-omy paaky H,
mictareest y cromsax 3 [(I —1) o +1]-ro mo
1,0 -i1, T06TO y cTyningaTomy nopsiaky [1]. Tnmi
y—1 migpmatpuus  popmyroThes
NepecTaHoBKU mepmoi miamarpuui [1, 4].
TakuM YnHOM mepeBipouna marpuus H.,

HIIAXOM

po3MipHOCTI a-yXa-p O Oyne BU3HAYATh
perymspanii kox 3 MIIIIT 3 mapamerpamu
N=a-p, K=a-p—a-y, R=1-y/p,
SIKIIIO MAaTPHUIIS Ma€ MOBHUM paHr [1].

lannmarep 10BiB, MO perymsipHi KOau 3
MIIIII, sKi BU3HAYAIOTHCS MEPEBIPOYHOIO
marputeto H, 3 >3 wmaors Benuky

MiHIMaJIbHY BIJICTAaHb. [IpencraBnenuit
lannarepom [1] mMeTron moOymoBM HE TapaHTYE
BiACyTHiCTB y rpadi TamHepa  1IUKIIB
MiHIMaJbHOI MOBXXHUHHU, alie 3 BUKOPUCTAHHSIM
KOMIT I0OTEPHOI0 00YMCIIEHHS MOXHa

nobyxysaty H_, MeTomom onmcanum BuIuE,

G’
0¢3 LUKIIIB TOBXKUHU 4 [4].

lannmarepom [1] Tta Makkaem [2] Oyio
3aIpOIIOHOBAHO JABIHKOBI KOAH 3 PO3PSIKEHOIO
MEePEeBIPOYHOI0 MATPHIICI0, MPH I[HOMY BiH
BIIEpILIE MIpPE/ICTaBUB pe3ynbTaTi
KOMIT FTOTEPHOTO MOJICIIOBAHHS IUX KOIIB JUISI
NBIHKOBOTO CHMETPUYHOTO KaHaly 1 JuIs
NBIHKOBOTO KaHally 3 aJuUTUBHUM OUIMM
layccoBcbkum  mymoM  [2].  Pesynbratu
MOKa3aly, M0 KOJU, K1 3arpornoHyBaB Makkaii
MOXYTh 3a0e3nedyBaTH Iepeiady ITaHuX 3i

IIBUIKICTIO OJIN3BKOIO o MPOMYCKHOL
CIPOMO>KHOCTI KaHainy [2, 4, 9].

Makxkaii [2] 3anmponoHyBaB JEKUIbKa
croco0iB dbopMyBaHHS PO3PSLIKEHOT

nepeBipounoi Mmarpuni H,,, ommak Bei ui
CIOcOo0M OCHOBaHI Ha JOBUIBHOMY 3allOBHEHHI
pAOKIB  Ta  CTOBNI[IB  MaTpHIl, ale 3

BUKOPHUCTAaHHAM JCAKNX OOMEXKCHB: H

M
(hopmyeTbes JOBUTHHUM 3alTIOBHEHHSM CTOBIIIIIB
3 Barol ¥, IMpH L[bOMY Bara psJKiB JOBUIbHA
[2, 4]. Ille omun w™eronq ue ¢opMyBaHHS
MaTpUIll JTOBUTLHUM 3allOBHEHHSM CTOBMIIB 3
Barol0 Y Ta PAJKIB 3 Barow L, NpU LOMY
Tpeba JOTPUMYBATHUCA HACTYMHOI CTPYKTYPHOI
BJIACTHBOCTI: HE Mae OyTH OUIbLIE JBOX PAIKIB
(a00 cTOBMINB), sIKI MalTh OUIBIIE HDXK OIHY
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3arajbHy TMO3UIlI0, sSKa MICTUTh HEHYJIbOBHM
enement [4, 6]. Takox e merox, komn H |,

bopMyeTbC  AK ~ ONHCAHO  BHIIE,  aje
HM=[H1 H2] a H, wmae Oym
IiAMAaTpULIEIO, sIKa IHBEPTYeThes 2, 6].

[lepmi HexaBiiikoBi OIOKOBI KOau 3

MILIIT O6ynu 3anporoHoBaHi MakkaeM Ta
JeiiBom [6]. Bouu 3ampornoHyBaiu MeETO]
MoOYyIOBH TIEPEBIPOYHOI MATPHUIll HEIBIMKOBUX
komiB 3 MIIIII Ta meTtonm ix AeKomayBaHHS.
Byno 3ampomonoBaHo Metox  (QopMyBaHHS
MEePEBIPOYHOI MaTpPHIli HAa OCHOB1 JOBIJIBHOTO
3alOBHEHHS CTOBIIIB 3 Barow ) >2, mnpu

IbOMY Bara psjKiB JoBiUTbHA. Bara psgka a0o
CTOBNLS 1€ KIUIbKICTh WOro HEHYJIbOBHUX
eneMeHTiB. HeHynboBi elleMeHTH MepeBipoYHOi
MaTpuii HeaBidkoBux komie 3 MIIIIIT e
emementu mons GF(Q), me gq=2", me m -
MO3UTHBHE wine uucino. Jias KomyBaHHA
HenBilikoBux komie 3 MIIIIII wHeoOxigHO
chopMyBaTH MaTpULIO, IO TMOPOIKYE, 3a
nornomororo omepanii ['aycca-XXopmana Haz
MePEBIPOYHOI0 MaTpHIIeto [6].

OnHuM i3 He#omiKiB KoAiB Makkas € Te,
0 BOHU HE CTPYKTYpOBaHi, TOMY HEMa€
MO>KITUBOCTI BHUKOPHCTOBYBATH METOI!
KOJYBaHHS 3 HU3BKOIO CKIaaHicTiO. KomyBaHHS
BUKOHYETHCS 3 BUKOPUCTAHHSAM MATpPHIIL, IO
MTOPOJIKYE.

PosrnsHemo iHmi Mmetomaw (GopMyBaHHS
NEepeBIPOYHOT MATpHIll Ta CHOCOOM KOJYyBaHHS
IUX KOJIB. Barommii BHECOK Yy PO3BHTOK
omokoBux koxaiB 3 MIIIIII BHecna rpymna
BueHUX Ha youi 3 [y Jlinom [9], sixi po3pobumu
Pi3HI METOJIU MOOYJOBH TaKUX KOJIB, a TAKOXK
MeToIu iX nexkoxyBaHHs: 1) xkomu 3 MILIIII,
OCHOBaHI Ha Teopii KIHIEBOi TreoMeTpii
(EBxminoBa reomertpis) 2) koxum 3 MIIIIII,
OCHOBaHI Ha Teopii nomiB I'anya 3) HenBiMKOBI
koqu 3 MIIIIT [3, 4, 9], Ha BinMiHY BiJ KOJIIB
3allpONOHOBAaHMX  Makkaem,  ImepeBipodHa
MaTpHIs IUX KOJIB CTPYKTYpOBaHa.

OmHuM 13 BaXJIMBUX KJIaciB JBIMKOBUX
koxis 3 MILIIIT € koau moOyn0BaHI HA OCHOBI
ckopoueHux koniB Pima-Comnomona [3]. Meron
MOOYJOBU IIMX KOJMIB 3aCHOBAHUM Ha TPOCTIiil
CTPYKTYpi ckopoueHux koaiB Pina-Comomona 3
nBoma iHpopmarliinumMu cuMBojamu. OOxBat
rpada TanHepa mepeBipoOYHOI MaTpPHUIll TaKUX
komiB 3 MUIIIII G6yne sk minimym 6 [3, 9].
Posrnsinemo Merton moOyaoBH TMepeBIpOYHOL
MaTpHIl IUX KOJIB.

Hexaii 3amano mome TIamya GF(Q), ae
q=p", ae p — mpoCTe YKCIIO, a M — MO3UTUBHE
e unciao. 3adikcyemo muorowien G(X), 1o

nopokye mukmiwamit (N, K,d . ) - xon
Pima-Comomona ¢ pgBoma iH(oOpMaiiHUIMU
cumBonamu, ne N=qg-1, K=2, a

dmin :N _K+1’

G(X)=(X —a)(X —a?)---(X —a®) = . ©)
:go+91X+gzxz +...+92t_1xz1—1+xzt

ne t — KpaTHICTh BUMPABICHUX MOMHIIOK KOJIOM
Piga-ConomoHa.

byne-sxuit kox Pima-ComomoHa MiCTUTH
o> komoBumx ciie [3, 4]. Jua mnobyaoBu
nepeBipoyHoi  marpumi  komis 3 MIIIIIT
pO3IIIMMO  BCi  MOJXKJIMBI  KOJIOBI  CJIOBa
(N,2,d . ) — xomie Pima-Conomona wna (
MIIMHOXKWH, KOXXHE 3 SIKHX CKJIQJa€ThCcs 3 (
KOJIOBUX CIiB [3].

KoXHUil CUMBOJI KOZOBOIO CJIOBa 3
KO’KHOTO 13 TiZIMHOXKUH TIPEICTAaBUM Yy BUTIISIAI
PO3PSKEHOT TOCTIOBHOCTI JOBXKHMHHA ( Ta
3aMuIIeMo iX y MaTpuio Hi, BiioOpa3uB Takum
YUHOM yCi 13 MIIMHOXXHH KOJOBUX CIIiB IX
MOXKHa 00’€HATH y MaTpui H HAaCcTyITHUM
gyuHOM [3]:

H=| ."|. )

YTBOpeHa TakuM YHHOM TIepeBipoYHa
MaTpHIls MpeJICTaBlIeHa y OpUTiHANbHIA Gopmi
lannarepa, OCKUIBKM Y KOXHOMY CTOBIIII
KOXHOI MiIMaTpHUIll 3HAXOAUThCS | HEHYIbOBUIA
enement [3]. Takox y rpadi Tannepa
MepeBIPOYHOI MaTpulll OyAyTh BIACYTHI LUKIH
noBxkuHU 6. JlaHmii anreOpaiuHMii  MeTOx
noOyJOBH TEpeBipouyHOi MaTpHii OJIOKOBUX
konmiB 3 MIIIIIT no3Bossie oTpumaTH KOJI 3
Harepes BIJOMUMH napaMeTpami [3, 4].

OCHOBHUM HEIONIKOM YCiX OJIOKOBHX
KoiB, y ToMy umcai 1 3 MILIII, e te, mo
nporec KOJAyBaHHS Ta JEKOJYBaHHS JTaHUX He
MOXe€ 3IHCHIOBATUCS HETIepepBHO y Yaci [4, 9,
10]. Lle#t Hemodik BIACYTHIM y 3rOpPTKOBHUX
KO/IB, KpiM TOrO BOHH JO3BOJIAIOTH JIOCSTTH
OUTbII ~ BUCOKOi  JIOCTOBIPHOCTI  Hepenayi
iHpopMarii Hixk GJIOKOBI.
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[IpencraBneHHs 3TOPTKOBHX KOMIB 3
MIIIII He Bigpi3HSETHCS BiJ MPEICTABICHHS
OJI0OKOBHX, ajle Ma€ CBOI OCOOJIMBOCTI.

3roptkoBi komu 3 MIIIII, Ttakox sk
0J10KOBI BHU3HAYAIOTHCS PO3PSLIKEHOIO
MEPEBIPOYHOI0 MATPUIICIO, OJHAK 3py4Hile iX
BU3HAYaTH 4Yepe3 TPAHCIOHOBAHY IMEPEBIpOUHY

Marpuiito  (3), sAKa TaKOXX  HAa3WBAETHCS
dhopmyBau cuaapomy [S].
HI©O) - HL(m) @)
H =
H, (t) H;s(t+ms)
e HiT ('[+i) — MMAMaTpuUIsl, PO3MIPHOCTI

Nx(N—K), ne n — nowxkuHa Kajapy KOmOBOI
MOCJITIOBHOCTI, a K — moBkKHA iH(OpMAIIIHHOTO

Kazpy, i:1...ms, ac mg - nam’ IThb
dbopMyBada CHHAPOMY.

PerynspHumMu Ha3MBaIOTBCA 3TOPTKOBI
(m,p,7) - xomu, y sxux QopmyBau

CHUHJIPOMY MICTUTb Yy KOXHOMY psIKy O

1 psinox

2 psAIOK

|

3 pszIoK

Konosi
BY3IIH

HEHYJIbOBUX €JIEMEHTIB, a4 Y KO)KHOMY CTOBIIII —
7 [5.8].

3roptkoBi koau 3 MIIIII, Takox sk 1

3BUYAKHI 3TOPTKOBI KOJIH 3py4HiIe
HpeCTaBIATh Yepe3 oreparop 3arpuMku X [8].
Hampuknan, Kkox 3agaHuii  IepeBipOYHOIO

Matpuiero (4) Oyae MaTH HACTYIHI MapaMeTpHu:

m, =2, n=3, k=1 R=1/3.

1 X?
H'(X)=|1+X X (4)
X 1

[lepeBipoyHa MaTpuIlsi 3rOPTKOBHX KOJIIB
3 MILIIIT moxHa peACcTaBUTH B BUTIISL rpada
Tannepa, OJTHAK OCKUTBKHU BOHA
HamiBHeCKiHUeHHa, To 1 rpad Tannepa Oyxe
HamiBHeckiHueHHut [5, 8]. IlepeBipouna
BepmnHa rpada Tanmnepa Oynme BiAmoBiAATH
MapHAM Ta HEMapHUM CTOBMIAM (opMyBada
CUHJPOMY, a PSIKM — KOJIOBUM By3naMm [4, 8].
I'pad Tannepa mns popmyBaua cunapomy (4)

Puc. 2. T'pad Tannepa nepesipounoi matputii (4)

B panuit wac icHye JeKkiIbKa METOJIiB
MOOYJIOBH TEPEBIPOYHOT MATPHIl 3TOPTKOBUX
komiB 3 MIIIIIII, gBa OCHOBHUX II€ METOJ
«pPO3TOpPTaHHS», 3aMpPONOHOBaHUN XIMEHECOM
Ta 3iraHripoBuMm [5], Ta 3amoBHEHHS PAAKIB Ta
CTOBMIIB MaTpulli A0BUIbHIM unHOM [8]. CyTh
METO/a «PO3TOPTaHHS» MOJSTAE y EPETBOPEHI
NEepeBIpOYHOT MaTpuIli OJIOKOBOTO KOAY Y

MIPE/ICTaBICHO Ha PUCYHKY 2
Henaps.
CTOBIILI
47
[Taphi
CTOBIIIII
<7
[TepeBipouni
BY3JIH
HaIllBHECKIHUEHHY  MEpPEBIPOYHY  MAaTPHUIIIO

3TOPTKOBOTO Koxy [4, 5, 8].
[TepeBaroro mMeTona «PO3TOPTAHHI» € TE,

mo 1e anredpaiyHuii cnoci0 1moOynoBH
NEepeBIpOYHOT  MaTpulll, o0  J03BOJISIE
noOyayBaTd  KOA 3 Hamepen  3alaHUMHU

napamerpamu. OnHak, A8 NoOyJOBH KOJIB 3
«TapHOI0» 3JIaTHICTIO BHIPABJIATH MOMMUIIKH,
Tpeba 3HAUTH «TapHY» TMEPEBIPOYHY MATPHUIIIO
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TensexkoMyHikanilHi cUCTEeMH Ta YNPABJIHHA HUMH

0JIOKOBOTO KOJy Ta MpaBUIBLHO BHKOHATH il

IIEPETBOPEHHS y HaliBHECKIHUCHHY
NEepEeBIpOYHY MATPUIIIO 3TOPTKOBOTO KOTY.
[ToGynoBa nepeBipoOYHOT MaTpUIl

sropTkoBux koxiB 3 MILIIIT 3a momomororo
JOBIJILHOTO 3aIIOBHEHHS PSIJIKIB Ta CTOBIIIIB HE

J03BOJISIE  TMOOyAyBaTHM KOAW 3 Hamepesn
3agaHuMH  napamerpamu. OpHaK, IUIIXOM
nepebopy  MOXKHa  OTpUMATd  KOIU 3
HEOOXITHIUMHU TapaMeTPaMH.

Bucnosxu 3 JOCTiKeHH A i
NepcrneKTHBU, NOJANBIIMI  PO3BUTOK Y

AAHOMY HANPSIMKY. BukoHaHO aHami3 BiioMHX
METONiB  TPEJCTAaBICHHS  3TOPTKOBUX  Ta
omnoxoBux koxie 3 MIIIIII. Iloka3ano, 110
HepeBipoYHa MAaTPHUILS MMOBHICTIO BU3HAYAE KO,

a rpa¢ TanHepa MO3BOJISIE OMIHUTH MiHIMAIBHY
JOBXKUHY IUKITY Y MaTPHIIL.

3pobiieHO  aHaNi3  BIJOMHX  METOJIB
MOOY/IOBU TEPEBIPOYHUX MATPHUIL 3TOPTKOBUX
ta 0JIokoBHX KojaiB 3 MILIIII. Anami3 mokasas,
0 3 BHUKOPUCTAHHSIM aire0paiyHuX MeTOJIIB
noOyJ0BH MOKHA TOOYIYBaTH KOJU 3 Hamepen
3aJlaHUMU TTapaMeTPaMHU.

['on0BHOIO TMEepeBaro 3ropTKOBUX KOJIIB
3 MUIIIIT € Te, mo nmepexaya iHpopmariii Moxe
3MIMCHIOBATHCS TPAKTUYHO 31  IIBHUIKICTIO
PIBHOIO TPOMYCKHOI 31aTHOCTI KaHamy [5, 8].
OnHak, iCHye BCBHOTO JIEKiJIbKa anredpaiuHux
MeToAiB (opMyBaHHS TNEPEeBIPOYHOI MaTpPHII
TaKUX KOJIB, HA BiIIMIHY BiJ] OJIOKOBUX, TOMY
110 JOCTIKeHHS 3ropTKoBuX KoAiB 3 MIIIII €

CKJIaJTHOIO HAYKOBOIO 3aaueto.
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