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0. /1. ITomichkmii
JOCJII)KEHHS ONNEPALI JIJIEHHSI HA JIBA B CUCTEMI 3AJIMIITKOBHUX
KJIACIB 3 YCIMA TAPHUMU MOAYJISIMHA

Anomayisn. Po3eumox cyuyacHoi mexHixu, ingpopmayitiHux ma ynpasisaodux cucmem nompe-
by€e 3acmocy8aHtsa HOBUX NPUHYUNIB, 30KpeMd, Ha NIOCMAsi NpeoOCmAageH sl Yucel 8 CUcCmemi
3anumKosux Kiacie. Tpaouyiina cucmema Kiacie 3aiuKie — ye cucmema, y AKiil 008LibHe
YUCTO NPeOCmABIAEMbCA Y U201 HADOPY HAUMEHWUX HeBI0'EMHUX 3ANUUKIE N0 MOOYIAX.
Lpu yvomy, aKuio MOOYIi NONAPHO 83AEMHO NPOCI, MO MAKOMY NpedCmasieHHI0 8i0nosioae
MinbKU OOHe YUCIO 8 [Hmepsani yucer. Y mot camuti yac peanizayis HOBUX MEHOEeHYIl )
cucmemi 3aNUUKOBUX KIACI8 BUMARAE NOPYY 3 MPAOUYIIHUMU CUCMEMAMU 83AEMHO NPOCMUX
MOOYNI8 BUKOPUCMAHHA CUCMEM 13 83AEMHO HEenpoCmuMu, 30Kpemd, 3 YCiMa NapHumu
mooynamu. Ilpu ypomy cucmema 6cix napHux MoOYyie, KO*CeH 3 AKUX He € CHIBMHONCHUKOM
HCOOHO20 3 THWUX MOOYIG Yi€ei cucmemu, nob6yo0oeana Ha OCHOBI CUCTEeMU 83AEMHO NPOCIMUX
MOOYI6 O6A3UCY ULIAXOM MHONCEHHS KOHCHO20 MOOYIA 6A3UCY HA NApHe YUCIOo - Koepiyichm
nepexoody. QOHiclo 30 cKIaOHUXx onepayiu y makxii cucmemi € OiLleHHA YUCIA HA O08d.
3anpononosanuti nioxio 00 po3e'sazanHs 3a0ayi € HacmynHum. Buxonyemucs dinenns na 0ea
3anuwikie 3a mooyaamu cucmemu. Crknadaemocs MoOYIbHe DIGHAHHA, 34 pe3yabmamamu
K020 BU3HAUAIOMbCS 08a 3HAYEHHS 3ANUWUKY O KOHCHO20 MOOYJIA, PO3MAULOBAHUX Y DIZHUX
inmepeanax yucen i maoyux npomunexcHi naprocmi. OCKibKu 6 napHiti cucmemi MoOyie 6ci
3anumwKy abo napui, abo menapwi, popmyemo Hadip 3 YCiX NAPHUX 3ATUWKIE | HAOIp 3 YCixX
Henapuux 3anuwikis. Ilpu Oinenni Ha 08a yuCiIa NEPesoOAMbCsL 8 HUNCHIO NOJIOBUHY THMEPBAILY
yyces, momy GUKOHYEMO NOPIGHAHHS YUX HAOOPI8 HA MeHWU 3 HUX. 3anponoHoeanull nioxio
3abe3neyye Oadcanuii pe3yibmam, i € OOYLIbHUM 3ACMOCY8AMU 1020 K NepCHneKmueHuUlL
HanNpsMOK OOCNIONCEHHsI CKIAOHUX Onepayitl y cucmemi 3a1uko8ux Kiacié 3 ycima napHumu
MOOYIAMU.

Knrouoei cnosa: 3anuwukosi knacu, cucmemu Mooynis, inmepsean yucei, OLleHHS YUCId Ha 08d.

ITocTanoBka npodaemu
Po3BuToKk cyuyacHOi TexHIKH, 1HGOpPMALIHHUX Ta YIPaBISIIOYUX CHUCTEM IMOTpedye 3a-
CTOCYBaHHSI HOBUX INPHUHIUIIB, 30KpeMa, Ha MIJCTaBl MPEACTABICHHS YUCEN y CUCTEMI 3a-
JIUIIKOBUX KJIaciB. BiMOBIIHO 10 KJIaCHYHOI poOOTH [1] cHCTEMOI0 3aJIMIIKOBUX KJIACiB Ha-
3UBAETHCS CUCTEMA YUCIIEHHS, y sIKill M0BiIbHE unciao N mpejacraBisieTbest sk HaGip Haii-

MEHIIIMX HEBIA'€MHUX 3aJUIIKIB IO MOJIYJIAX m,my,...m TOOTO N:(al,az,...,an). Tyt

n

@ = N(mod mi). [Ipn npoMy, sSKIIO yucna m.  TIOTIAPHO B3a€MHO MIPOCTI, TO TAKOMY MpEJCTaB-
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JICHHIO BINOBINA€ TUIBKU OJHE YMCIO N 1HTEpBaly [0,M-1], 1e M =mm,..m_. Jlo mepeBar

TAKOTO MPECTABJICHHS YUCENl HAJICKUTh HE3AICKHICTh PO3PAIIB YKMCIa OJUH BiJl OAHOTO 1
MOYJIMBICTh IXHBOI MapajenbHOi 0O0pOOKH, Mana pO3psIHICTh 3AIMIIKIB, BUCOKA TOYHICTH,
3IaTHICTh CHUCTEMH JI0 caMOKopekiiii. Hemomiku oOyMoBIeHI TpyAHOIIAMH TPH peajtizallii
HEMOAYJIBHUX Olepallid. ¥ 6aratb0X 0OYMCIIOBAIBPHUX 3aBIAAHHIX, IO BUKOHYIOTHCS B CHC-
TeMI 3aJTUIIKOBUX KJIACIB, OJHIEIO 3 TPYJAOMICTKUX HEMOAYJIbHUX OTEPAIlii € orepartis IiIeH-
Hs 4Kciia Ha 7Ba. Pa3oMm 3 TUM peastizallis HOBUX HampsMiB B CHCTEMI 3QJIMIIKOBUX KJIACIB
BHUMarae mopsiJi 3 BAKOPUCTAHHSIM CHCTEM B3aEMHO MPOCTHX MOIYJIIB 3aCTOCYBAHHS TaKOX 1
CHCTEM 3 B3aEMHO HEIPOCTHMH, 30KpeMa, 3 yciMa MapHUMHU MOAYJIsIMH. [Ipu 11boMy KOXeEH 13
HUX HE € CIIIBMHOXXHHKOM >KOJTHOTO 3 IHIIKUX MOJIYJIB IIi€l cuctemMu. Jleski 0coOIMBOCTI Ta-
KHX CHCTEM PO3MIIAHYTI y poboTax [2—6].
AHAaJIi3 OCTAHHIX J0CTiIKeHb i myOJaikaii

Cucremi 3aIMIIKOBUX KJIACIB i3 yCiMa MapHUMH MOAYJSIMH MPHUCBSYeHi pobotu [2—6].
PosrnsnyTi nmpo0GnaemMu BU3HAYEHHsI HAJEKHOCTI YUCNa A0 AaHOI MOJOBUHH 1IHTEpPBATY YHUCET
Ta CHoci0 MPeICTaBICHHS YUCEI TaKOl CUCTEMHU Y MOJIiaAnYHOMY KO/, JTOCIIIXKEeH] MO3UIIiiHI
XapaKTepUCTUKU TPHU MPEACTABICHHI YMCEN y MPSMOMY Ta 3BOPOTHOMY KOJaX, HaBEJACHUU
QITOPUTM MEPETBOPEHHS TICEBAOYHCEN CUCTEMH 3aJIUIIKOBHX KJIACIB 3 yciMa MapHUMHU MOAY-
JSIMU 'y 9HcIa cucteMu. PoGotu momo peanizaiii oneparii JUICHHS YUCiia Ha JIBa B TaKil CU-
CTEeMi MOJTYJIiB aBTOPOM HE BUSIBJICHO.

@ opMyJIIOBAHHSI METH J0CTiTZKEeHHS

MeTor0 TOCTIKEHHS € aHATITUYHUNA PO3TIISIL CUCTEMH 3AIMIIKOBHX KJIACIB MPU BCIX
HMapHUX MOJYJISIX JUIS peai3amii CKiIagHoi oneparii TiIeHHS YMcIia Ha JBa.

BukJiiag ocHOBHOT0 MaTepiaiy

Hexaii y crctemi mapHuX MOZYMIB p.p, 3a1aHO YHCIO B :( A ﬂz), sKe HEOOX1IHO po3-

Py
. . o B b
JIUTATH Ha ABa. [[7s MbOro KOXKEH 13 3aJIUINKIB JIIATHCS Ha JIBa, TOOTO y, =5 3Ha-

YCHHA 3aJIMIIKY 51 3a MOAYyJIEM pl 51=}/1+X1, S3HAYCHHA 3aJIUIIKY 52 3a MOAOyJIeM p2

3y =7, +X, . SAIHMIIEMO MOTY/IbHE PIBHAHHS JUTA 3ATUIIKIB [0 MOLYITIO Py
(2*(71 + X1))(m0d pl) = 2*71v
2*x, =0,
L_0. 2 p]..

Xy

Ormxe, &' =n, 6 =n +%, HaJle)aTh BOHM PI3HUM II0JOBUHAM iHTEpBaiy [0, p,—1] ToMy

OJIVH 3 HUX € ITAPHUM YHCIIOM, IPYTUNA — HEMTAPHUM.

AHaJIOFi‘{HO, MOAYJIbHEC piBHSIHHH JJIA 3aJIMIIKIB 110 MOAYJIIO p2

(2*(7,+x,))(mod p,) =2%y,,

2*x, =0,
x, =0, X, _ P
2
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Orxe, &')=r,, &°,=7, +% , HaJIeXKaTh BOHY PI3HUM I10JI0BMHAM iHTEpBaiy [0, p,—1] To-

MY OJIMH 3 HHUX € IMapHUM YUCIIOM, IPYTHil — HEMapHUM.

TakuM YHHOM, OTPHMYEMO TIO€IHAHHS 3QTHIIKIB &) Ta &', , SIKi peAcTaBIeH] Ta0uL. 1.

2)

Taomuns 1
Panox SATHIIOK
1 & apHHH ', MapHHH
2 3 [IapHHAH s, HellapHHH
3 & HelapHHH ', MapHHH
4 = HellapHHH s, HellapHHH

OCKUIBKM B CUCTEMI MMAPHUX MOJYJIIB BCl 3aJIMLIKU MalOTh OyTH abo mapHumH, abo He-
MapHUMH, JPYTUN Ta TPETiil pAIKU BUKIIOYAEMO 3 TaOM. 1.

JlileHHs yuclia Ha JiBa MEepPEeBOAUTH HOro J0 HMKHBOI MOJIOBUHU iHTepBaly. Tomy pe-
3yJIbTaT MOPIBHSHHSA YUCEN 3 3aJUIIKAMU MEPLIOro Ta YETBEPTOTO PSAJKIB Ha MEHIIE 3 HHUX
Jla€ IIyKaHUH pe3ynbTar.

BucHoBku

3anponoHOBaHUM MMiAXIJ 10 PO3B'S3aHHS 3a/layi MUJICHHS YKCJIa Ha JIBA B CUCTEMI 3a-
JMILIKOBUX KJIACIB MPH BCIX NapHUX MOAYJSAX. 3TiAHO 3 MM I1JIXOJOM BHUKOHYETHCS J1IEHHS
Ha JIBa 3aJIMILKIB 3a MOAYJIAMU cucTeMu. CKJIalaeThCsl MO/YJIbHE PIBHSAHHS, 3@ pe3yJibTaTaMU
SIKOTO /111 KOYKHOT'O MOJYJISi BU3HAYAIOThCS JIBa 3HAUEHHS 3aJIMIIKY, SIKi pO3TAlllOBaH1 y pi3-
HUX 1HTepBaJlaX YMCel 1 MalOTh MPOTUIIEKHI mapHocTi. OCKIJIBKY B MapHii cUCTEM1 MOMYIIIB
BCl 3aJUIIKKU abo mapHi, ado HenmapHi, GopMyeMo HaOip 3 yCiX HMapHUX 3aJUILIKIB 1 Habip 3
ycix HenmapHuX 3anuuikiB. [Ipu aisieHHI Ha JiBa yKcia NEPeBOJATHCS B HIKHIO MOJIOBUHY 1H-
TepBajly YKcesl, TOMY BUKOHYEMO MOPIBHSAHHS IIMX HAOOpiB Ha MEHIIUH 3 HUX. 3alIPONOHOBA-
HUH miaxin 3abe3nedye OakaHUM pe3yabTar, 1 € JOLUIBHUM 3aCTOCYBAaTH HOro sk mepcrek-
TUBHUN HANPSIMOK JOCTIPKEHHS CKJIaJHUX OMepalliil y CUCTeMi 3alHIIKOBUX KJIAciB 3 yciMa
MapHUMHU MOJYJISIMHU.
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Study of the division operation by two in the remainder class system
with all paired modules
The development of modern technology, information and control systems will require

the establishment of new principles, focusing on the representation of numbers in the system
of redundant classes. The traditional system of residue classes is a system in which an
arbitrary number is represented as a set of smallest non-negative remainders modulo.
Moreover, if the modules are pairwise coprime, then only one number in the range of
numbers corresponds to this representation. At the same time, the implementation of new
trends in the system of residual classes requires, along with the use of systems of co-prime
modules, the use of systems with co-prime modules, in particular, with all even modules.
Moreover, the system of all even modules, each of which is not a factor of any of the other
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modules of this system, is built on the basis of a system of relatively simple modules - the
basis - by multiplying each basis module by an even number - the transition coefficient. One
of the complex operations in such a system is dividing a number by two. The proposed
approach to solving the problem is as follows. The remainder is divided into two by modules
of the system. A modular equation is compiled, the results of which determine two remainder
values for each module, located in different number intervals and having opposite parities.
Since in an even system of modules all remainders are either even or odd, we form a set of all
even remainders and a set of all odd remainders. Since, when divided by two, numbers are
transferred to the lower half of the range of numbers, we compare these sets to the smaller of
them. The proposed approach provides the desired result, and it seems appropriate to apply it
as a promising direction for studying complex operations in a system of residual classes with
all even modules.
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