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3anpononosana onmumizo8ana nPoyedyPa MHONCEHHS 080X YUCE] UIAXOM SUKOPUCTIAHHS MPbOX MOOUQika-
yill cucmemu YUCHeHHS 3aTUUWKOBUX KAACIG: MOHOYHIMAPHOI 320pmMKU, HOPMANI308aH020 NPEOCMABNIEHHS KOOOGUX
nocniooguocmei, noaiyHimapHo2o nepemeopenns. Ilokazano, wo MOHOYHIMApPHI 102IKO-4aAco8i yuyinoHeHHs iHgop-
Mayil 8on00iloMe GIACMUBOCMIMU PEAbHO20 Yacy npu opmyeanni, nepedayi i gidobpadicenHi nogioomienv K 6
nepedasanvHiil, max i 8 NPUUMANTbHIl anapamypi.

Tpeonoosicena onmumusuposanHas npoyeoypa YMHONCEHUL O8YX YUCET C UCNONb308AHUEM MOOUDUKAYULL CUC-
meMbl UCHUCTICHUSL OCMAMOYHBIX KIACCO8: MOHOYHUMAPHOU CGEPMKU, HOPMATUZ0BAHHO20 NPEOCMAGIeHUs KOOOBbIX
nocnedogamenbHocmel, NOTUYHUMAapHo20 npedcmaenenus. Ilokazano, 4umo MOHOYHUMAPHBIE JI02UKO-BPEMEHHbIE
YNIOmMHeHUs. uHpopmayuu 0baadam ceoOUCMEAMU PedibHO20 8peMeny NPU hopMuposanuy, nepedaie u omoopa-
JHCeHUU cO0bUeHUIl KAK 8 nepedarouyell, Max U 8 NPUEMHOT annapamype.

In the article offered optimized procedure of multiplication of two numbers with the use of modifications of the
system of calculus of residual classes: monounitary compression, normalized presentation of code sequences,
poliunitary presentation. It is shown that the monounitary logical-and-temporal compressions of information
possess properties of the real time at forming, transmission and reflection of reports both in transmitting and in

receiving equipment.

Teopis igeHTH]iKalii CTaHIB CTalliOHAPHUX
00’€KTiB 0asyeThcsi Ha (yHIAMEHTATBHHX MOIIO-
JKeHHSX Teopii iHQopmauii, Teopii BHMaxKOBHX
TMpOLECiB, TEOpii MapiliChKnX Mpouecis, Teopii
iiMmoBipHocTeit. [Ipu LbOMy pilleHHs 3a7a4 jiar-
HOCTUKM CKJIQJHUX TMPOMMCIOBUX OO0’€KTIB, SK
MpaBUIO, OOMEXKYEThCS CTalliOHAPHUMHU KIlacaMH
00’exTiB. Lli oOMexxeHHs He IO3BOJIIOTH aHANI3y-
BaTH Tiepe]l aBapiiiHi Ta aBapiliHi cTaHu 00’ €KTiB,
AKi  XapaKTepu3ylOTbCs KBA3iCTALLIOHAPHUMHU  Ta
crauioHapHUMHU Xxapakrepuctukamu. HepocrarHiii
PO3BUTOK TeOpii KBasicTallioHapHUX OO’€KTIB ic-
TOPUYHO OOMEXYBaBCsS BiJICYTHICTIO TOTY)KHHUX
00UHCITIOBAJILHUX 3aCO0IB Ta MporpamMHoOro 3abes-
neveHHs. BajyiuBUM iHCTPYMEHTOM JUisl YCHIIIHO-
TO PO3BHUTKY TaKHX 3a/1a4 € IIUPOKE 3aCTOCYBaHHSI
HOBUX TEOPETUKO-YUCIIOBUX OazuciB Xaapa, Yoi-
Ta, Kpecrencona, ["anya, ski 103BONSAIOTH peatizy-
BaTH HOBi e(eKTHBHI aJrOpUTMH Ta 3acoOuW Jiar-
HOCTYBaHHSI KBazicTallioOHapHUX 00’€KTIB B pealib-
HOMy MaciTabi vacy. OcoOnMBY aKTyaJbHICTb
HaOyBa€e BHUpILIEHHS 3a/1a4 JaHOTO KJIacy Ha OCHO-
B Teopii 3amuIKiB 6asucy KpecTeHcoHa, BepTHKa-
JbHOT iH(dopMalttitiHoi TexHosorii 6asucy lNanya Ta
JIOTIKO-CTATUCTHYHUX  iHpOpMaLiiinuX  Mozernei,
AKI MOXYTb OyTH e(eKTHBHO pealli3oBaHi Ha OcC-
HOBi  TIpOTpaMHO-anapaTHUX  CreliaTi30BaHuX
MPOLIECOPiB.

BukopucTaHHs anpiopHHUX BiIOMOCTeH Mpo
XapakTep 1 BJIACTMBOCTI TPUCTPOIB YIIiTLHEHHS
iHdopmatlii B iHpopMalliifHO-BUMipIOBAJILHUX CHC-
TeMax OypiHHS Jla€ 3MOTY OINTHUMI3yBaTH i crIipoc-
TUTH CTPYKTYpY CXeM MHOXEHHs. 30Kpema, yMo-
BaMH TMEPETBOPEHHS HAKJIAJAOThCS HA BJIACTHBOC-
Ti CMIIBMHOKHUKIB TaKi 0OMEKEHHS:
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Je: y;— MOTOYHa opAWHaTa; B; Ta P — BiANOBiAHO
0a3ucHe YHUCIO Ta MOMYTh KOIYBaHHS CHCTEMH
quciaeHHs 3anumkoBux kimaciB (C3K), mo Bu3Ha-
yae X MO3WUTHBHICTE i IfijlounceneHicTs. Tak, mis
TPH KaHaJIbHOT CUCTEMH TIOMapHi CYMH TPUBAJIOCTI
nepenauvi yI,y2,y3 MoxHa 3armicaTH sk

T1+ 79 M2 =cl2
Ty +73 <1273 =c23; M
71+ 73 <t1M3=c13.

Bkazani oOMeKeHHS, a TaK0K HASBHICTH MO-
IyJiB omnepanii y Bupasi (1) Bu3Hauae HU3KY Ao7a-
TKOBUX BUMOT allTOPUTMY MHOKeHHs. OpHielo 3
TaKMX BUMOT € BUKJIOYEHHS HAJAMipHOCTI BHKO-
HaHHS oneparllii NmiJICyMOBYBaHHS MapHUX 3a MO-
JTyJieMm.

BkazaHa BuMoOra Bu3Hayae HeOOXIOHICTH 3a-

MiHU omepallii MHO)KeHHSI OTepalielo T01aBaHHS
BUPaXyBaHb MAapHHUX 3a MOJYJIEM:

k
N, =) a,(modr), )
j=1
ze
a; =y,-J~-Bj(modr). 3)

MoskHa mokaszaTH, 10 Taka 3aMiHa MpPU3BO-
JIUTh 10 30iNbIIeHHS TBUIKOIIT MPUCTPOIB YIIIi-
TEHeHHS iHdopMallii.

OcoOnuBicTiO anropuT™My (2) € HeBUKOHAHHS
YMOB [— j=Xx; =consl y BUNAAKy HAKOMAYECHHS
BUpaxyBaHb, TOMY Horo peanizamisi (6e3 ypaxy-
BaHHs MOAYJIbHUX Orepauili ) sKHaHMoBHille onu-
CY€ETbCS BUPA30M
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Pucynok 1 — Iloaiynitapue neperBopenns C3K
X4x) X — TIOJIiyHITAPHOMY TMEPETBOPEHHI 3a CXEMOIO
=2 Z(l 7). 4 [Blpue. 1) .
= = A rmax =P imax-I=Lm 5 =[P ;
B  okpeMoMy BUMaaKy, SKIIO 3MiHHi Jmax = jmax> £ = LIS jlzll J
a;(mod7) mMpencTaBisIOThCS MBIHKOBUM KOJOM, _
aJITOPUTM MHOYKEHHS 3 BPaxyBaHHAM (4) CTOCOBHO 0<yjj <Ajmax-i=1n;

MPUCTPOTB YUIIILHEHHS! BUMipIOBaJIbHOT iH(pOpMa-
1ii HabyBae BUTIISAY:

k n
NI 2%(@mod7) |(mod7),  (5)
j=1s=0
JIe: 71— 3HAXOJUTHCH 3 PIBHAHHS
\%
n= E[log2 T— 1];

E — 3nax mimounciaosoi GpyHKIiT BUTIISTY

Elx]=

Z?[x] = x,x = 0(mod1)

E[x] = x,x # 0(mod1)

- — ABilikoBa 3MiHHa 3 HAGOPy {0 1}

OHTI/IM13OBaHa npoLeaypa MHOXKEHHS [BOX
yhrcen Oyia BUKOPHUCTaHA B TPbOX MOIUQiKaLlisIxX
C3K-nepeTBOpeHHs JIOTiKO-4aCOBOTO YIIiIbHEHHS
iHdopmartii:

— MOHOYHITapHOT 3ropTkH [ 1] 3a 3a1eKHICTIO

k
N;=res) a;(modr) ; 6)
Jj=1

— HOPMAaJli30BaHOMY TIpPeJICTABJIICEHHI KOJIOBUX
MOCiIOBHOCTEH [2]

[N, = Zb |5, ] (mod1), 7

8, ), =, 0] -
BJIEHHsST 0a3UCHOTO YUCTa JUJIA J-FO KaHaity, IpHu4o-
MY m; 3aJOBOJIBHAE PIIICHHIO PIBHSIHHA

T
jres?(mode) = l(mod P;), €]
J

HOpMaJl izoBane npeacra-

m

ne 7= 2k I; k — ximekicTe po3psmiB apoOOBOT

YACTHHHA 4YHCIIA [N ; ]0 y JBIMNKOBOMY TMpeacTaB-
JIEHHI;

=res Zbl] j(mod7);

n
0<b <ijaxa yU ZZbU .
i=1

[Ipudomy B k-oMy KkaHalli Ha iHTepBaili 4acy
L,k npu oGuucnenni N, 3HaueHHS BHpaxyBaHb
b j CITiJl 3aMIiHUTH paHramu OpavHaT R; obuncie-
HUX i3 3aJIEKHOCTI
Vi=bytR;P;,
WO Ja€ 3MOry JIOMOTTHCS 3HAYHOTO YLIUILHEHHS
00'eMy TIOBiJJOMJIEHb Ha iHTepBali 4yacy k+ 1,7

710 BEJTMUUHU Pkkf1 [3], ne P,

HS k-TOT TPy 3HAYCHB.

Koxna 3 MOJZ[[/I(blKaLll[/I C3K-neperBopens
Mpyu anapatypHii peanizauii BUMarae OnTMMisaLii
napameTpiB KOIyBaHHS.

IlepeBeneHHs 3HaueHb y, MO3MLIHHOI cHCTe-

— MOJyJIb KOAYBaH-

mu uncieHHs B C3K — ¢opmyna N, (6) 3aiiicHto-

€TbCs 32 0NIOMOTOI0 HabOPy KOHCTAHT, IO € €KBi-
BaJICHTAMHU CTeMeHiB P; - mifcTaB MO3ULIHHOI cHc-
TeMH YHCJICHHS. 3a6e3nequHﬂ OJTHOZHAYHOCTI
npoLeayp KoOJyBaHHS-IAEKOJAYBaHHS JOCITa€ThCs

HUIsIXoM BUOOpPY Py BUTJIsiAI HAabopy B3aEMHO

npoctux umcen [4]. Ilpu 1boMy CKIAMHICTE pi-
HIEHHS] CUCTeMH PiBHIHD

k
B; =1(mod7)
]a ’ ©)

B =1(mod7)
JUis BUOOpY 3HaueHb Oa3sMCHWX 4Yucea B 3HA4HO

CTIPOILY€ETHCS, KO anpiopHO BiOMi O ;=T /'p i
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Pucynok 2 — Yacosi BuTpaTn Ha Bindip, popmyBanns, nepegady i Bitoopaxenns ingopmamii

Toni 6a3ucui uncna C3K-dopmyBanua N, obuuc-

JIIOIOTBCS 32 3AJIEKHICTIO B L =m, -0 IE

MoHoynitapHi Joriko-dacoBi C3K-ymrise-
HeHHs iHQopMallii TMOpIBHSHO 3 TPaaULIHHUMHK
cnocobamu koayBaHHs iHpopmarii B IBC 6yposux
BUPOOHULITB BOJIOZI€E BJIACTUBICTIO PEaIbHOrO Yacy
nipu GOopMyBaHHI, repenadi i BimoOpakeHHi TOBi/I-
OMIIEHb K B TiepefaBalibHil, TakK 1 B MpuiMabHil
anaparypi. Ha puc. 2 300pakeHa miarpama 4aco-
BHX 3aTpaT Ha NPOILIeC BUMIPIOBAHHS k-napameTpiB
TEXHOJIOTIYHOrO npouecy Oypinus. [lilicHo, 3a pa-
XYHOK He3aJIeXKHOTO MapasielbHOToO TpoLecy BUMi-
PIOBaHHS KOHTPOJTLbOBAaHWX TMapaMeTpiB, Hac BUMi-
pIOBaHHS BCIX k-mapameTpiB He TMEpeBHIIYE 4Hacy
BHUMIpPIOBaHHS HAWGILIIOr0 HHUX B JJAHWH MOMEHT
uacy. C3K-nepetBopeHHs 3a0e3rneuye He3aleKHy
JIOTIKO-4acoBY 3TOPTKY k-TlapaMeTpiB B OJIHE KO-
JoBe uncno N, , 1o Hajae HoMy OJHi€T BaXIIMBOT
BJIACTUBOCTI — HEQIaNITUBHOCTi, TOOTO MOJTUBOCTI

BecTH (hOpPMYBaHHS KOJOBOTO ciioBa N, He3alex-
HO BiJl 4EProBOCTi OTpUMaHHs mapuux y, B (6).
[TincymMoBaHi 3a CHiJILHUM MOJIyJIeM KOJyBaHHSI T
napHi y, B, naiotb yHiTapHi Biutiku N, 1 MO-
XKyTb OyTH nepez[aHl KaHaJIoM 3B'A3Ky Ha piBHi Oy-
POBOI, a TAKOXK JI€KOJ0BaHI B MOC/IIOBHICTb AMC-
KPETHUX BIJIIKIB  BEJIMYMH TEXHOJIONYHKMX napa-
MeTpiB OypiHHA IS iX MapalenbHOro Binobpa-
skeHHs. Ockinbku GopMyBaHHS i BiZoOpakeHHs B

noriko-yacoBomy TmepetBopeHHi C3K Bemetbes
HE3aJIOKHO 1O KOXKHOMY 3 TapaMmeTpiB 3a Horo

BJIACHUM MOJTyJieM KOJyBaHHsS P ;> MeTon BOJTOJIE

BJIACTUBICTIO HE3aJIeXKHOCTI TMEPEeTBOPEHHS KOX-
HUM 3 KaHaJIiB i JIa€ 3MOTY BUKOPHUCTOBYBATH TJIH-
Ooke posmapaieNoBaHHs Ha BCIX CTafisX KOAY-
BaHHs, BIAOOPY, MEPEHECEHHS i BiloOpaKeHH iH-
(bopMaun KpiM Toro, SKIO NMPUAHSTH pIBHUMH
4ac (OpPMyBAHHS, MEPEHECCHHS |1 BiOOpaKEHHS
iHdopmatii B Tpaguuilinux crnocodax i C3K-nepe-
TBOPEHHSA, TO 3a0e3MevyeTbCsl 3HAYHUN BUTpAll B
gaci Ha kopucts C3K (puc. 2).
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B [5] nokasaHo, 1110 onvcaHuii crnocid Mae Ko-
eoblmeHT crucHenHs 1.2-1.7, 3ajexHuii Big uncia
KaHaJliB i BeJIMIMHU MOIYITiB KORyBaHHs. Koediwi-
€HT e)eKTUBHOCTI YaCOBHMX 3a 3MIiHOIO i Tiepena-
Yero B TIOPiBHSHHI 3 BiTOMUMHU CHCTeMaMH [5] Mo-

JKHa BHpa?;I/ITI/I
k
Z [, +1,
=1

2
T+t
— yac BUMIPIOBAHHS B j-OMY KaHali; f, —dJac

e
ne. t j
nepenadi; 7 — 9ac BUMiplOBaHHS j-OT0 TlapameTpa 3
MaKCUMaJIbHUM 3HAUCHHSIM Y JIAHWH MOMEHT 4acy.

Ha puc. 3 306paxkeHa 3anexHictb Kegh Bin
Yyclia KaHaliB 3B'I3Ky i HabOpy MOAYNIB KOIY-
BaHHSI.

Bax1BOIO  BIACTUBICTIO  JIOTIKO-4AaCOBOTO
neperBopenHs C3K e e, mo xogose uncio N; Hece
iHopMallito PO TEXHOJOTIUHHWI CTaH YCTAHOBKH
OypiHHs y ikcoBaHM MOMeHT 4acy i = [,2,3,...,n
MO0 BChOMY HAOOpYy TEXHOJOTIYHUX TMapaMeTpiB,
He3MillleHUX B Yaci oauH oaHoro (puc.2). Takum
YWHOM, TepMiH 'CTaH yCTaHOBKM OypiHHS"
MOBHICTIO OTOTOXKHIOETLCS 3 MOHATTAM iH(OpMa-
LifHO-TEXHOJIOTIYHOTO CTaHy KOHTPOJIHOBAHOTO
o0'ekta B OYyIOb-IKOMY 3 YacOBHX iHTEpBalliB,
00yMOBJIEHMX CHCTEMHHM MapaMeTpoOM JUCKPEeTH-
3auii 2.4 c.

HopmainizoBaHe J0riko-uacoBe NepeTBOpEeHHS
C3K pospobnsiiocss 3 MeTor 0Oe3rnocepeHbOro
CTUKYBaHHS amapaTypd KOIYBaHHS 3 THUIOBHUMH
O0UUCITIOBAILHUMU 3aco0aMu. BuHukina HeoOXin-
HICTh BU3HAUEHHS YWCIIOBOI BEJTMUHUHHM TMOMMIIKH

00uKC/IEHHsT KOJIOBOTO YMClIa [N ; ]0 Ta BU3HAYEHHSI
3aJIe)KHOCTI MiXK TMapaMeTpaMH KOAYBaHHS i KiTb-
KICTIO po3psiniB, HeoOXianux s |V, ]0 3a SIKOTO
JIOCSITAaEThCS OHO3HAYHICTD MpeACTaBIeHHS iH(O-
pmanii. OMHO3HAYHICTD MpeICTaBIeHHS [N ; ]0 no-

CATAETHCA, AKIIO BECJIIMUHMHA TTOMHIIKH 00YUCIIEHHS
KOJIOBOTO YHMCJIa 3a/I0BOJIbHSIE YMOBI [6]
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Pucynok 3 — 3anexnicts K,; Big 9nc/1a KaHAJIB 3B'A3KY | HA0opy MoAYJIiB KOAYBaHHA

|<-——

IZbU

ne 5]. — MOMWJIKA OKpyrJieHHs, j=1,k .

[MomiyHiTapHe mOTiKO-yacoBe TIepPEeTBOPEHHS
C3K 6a3yeThcsi HA OCHOBHHMX TPUHITUIAX 1 TIapa-
MeTpUYHUX Mojelsx MoHoyHiTapHOI C3K-3ropTkun
noBiomJieHb. [Ipore, HEOOXiHICTL BUKOPUCTAHHS
BUCOKOIIBHJIKICHUX KaHaJIB 3B'I3KY IS MOHOYHi-
tapHOi C3K-miepeTBOpeHHs y pa3i 30iIbIIeHHS YH-
cJla KaHaJliB 3B'SI3Ky, a TAaKOXK Y BUMAAKY 3pOCTaH-
HS 3HaYeHb MOIYJIB KOAYBaHHS, BUMarasia Moury-
KiB edekrupHilmux moaudikauii C3K-neperro-
peHb. Biamiueni B p060T1 [7] BnacTuBOCTI ckopo-
YeHHS JOBXKWHHU [BIHKOBOTO TpPEICTABJIEHHS KO-
noBoro cioBa Ni Ha 1-2 pospsau npu po3OUTTI
MOJIYJIIB KOJAYBAHHS Ha TPynu ApiOHUX (MpHUYOMY

m
p, = H p, ) TIpH3BENO 10 CTBOPEHHA €(EeKTUB-
i1
Hiworo noniyHitapuoro nepersopenHs C3K. Ile-
PELIKOIO MIMPOKOMY 3aCTOCYBAaHHIO MOJIiyHiTap-
Horo C3K- komyBaHHS BUSBHIUCS OOMEXEHI MOX-
JIUBOCTI epeKTHBHOIO Mi0Opy MOJYJIiB KOJyBaH-
HSl BIZAMOBIJHO 10 YMOBW 1X B3a€MHOT MPOCTOTH.
Takum uuHOM, cepes pizHux moaudikanin C3K-
TIepeTBOPEeHb HAMOLIBIN ePeKTUBHUMHU AJTsT KOHIIe-
HTpallii TOBiTOMIICHb CJIiJT BBAYKATH MOHOYHITapHE
i moJliyHiTapHE MepeTBOPEHHSI.
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