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10.. TTonicbkuit
IIEPETBOPEHHS V CUCTEMI 3AJIMIIKOBUX KJIACIB YNCJIA
3 OJHIEI CUCTEMU MO/ VJIIB B IHITY

AHoTauis. Memorw 00CniOxeHHA € AHANTMUYHUL po32s1sfi0 cucmeMu 3aAULKOBUX KAACiB 015 pea-
ni3ayii onepayii nepemsopeHHA yucen 3 OOHIET cucmemu 3aAUWIKOBUX KAaacis 8 iHWwy. Memoo.
CucmemHuli aHanis, meopis qucen i Kumadceka meopema nNpo 3aAUWKU € THCMPyMeHmamu me-
modonozii docnioxeHHA. Memod sukopucmosye npedcmasiieHHs Yucaa AK (020 3aNUWKAMU,
mak i 8 noniaduyHomy kooi. Memoouka 6a3yembCa Ha BU3HAYEHHT NO3UYTUHUX XapaKkmepucmuk
0215 0aH020 MOOY/A HA OCHOBI OMPUMAHUX NO3UYILHUX XApAKmepucmuk 04 pewmu Mooyl
BUXTOHOT cucmemu 3 N00aAbLWOK NOBYO0BOI HA iX OCHOBT 3G/ULWKIB 015 MOOYIB WYKAHOT CUC-
memu. [lponoHosaHuli cnoci6 anzopummiyHo npocmudl. Pe3ynemamu. BukoHaHo meopemuyHe
06rpyHmMyBaHHA p0o32/IAHYyM020 Nioxo0y 0/ OMPUMAHHA eheKmuBHO20 pO38’A3KY onepayii He-
MOOY/IbHO20 nNepemBOpeHHA 8 cucmeMi 3aJUWKOBUX KAAcCiB 01 nepexody 8i0 npedcmasieHHsA
4ucna 00HI€E cucmemor MooyaiB 00 (1020 npedcmasieHHA THWOK cucmemoro Mooyis. [loka3a-
HO, W0 3anponoHoBaHxull cnocib 3abesneqye baxaHull peyasmam. Ha 0cHO8T 3anpoNnoHOBAHO20
nioxody 0ocA2aembCca Ni0BUUEHHA ehekmuBHOCMI onepayii nepemsopeHHA. Haykosa HOBU3HA.
3anponoHosaHo meopemuyHe 06I'PYHMYBAHHS npedcmasieHo20 nioxody 00 po38’3aHHS one-
payii HemoOy/IbHO20 NepemBOopPeHHs 8 cuCmeMi 3aUWKOBUX KAaciB 018 nepexody 810 npedcma-
B/IGHHA 4UCAA 8 O0HIlU cucmemi modynis 00 Li020 NnpedcmasieHHs 8 THWIl cucmemi MOOyis.
[lpedcmasnaembca 00YiIbHUM 3aCMOCYBAMU 3aNPONOHOBAHUL NiOXi0 AK nepcnekmusHul Ha-
npAMOK O0CNIOXeHHA CKNAOHUX onepayil y cucmemi 3aAUWKOBUX KAACIB. [IpakmuyHe 3HaYeHHs.
Bunnusae 3 BaxuBoCMi meopemuyHUX BUCHOBKIB MA OMPUMAHUX pe3ysibmamis 00CHI0XKeHHS.
BoHo 6a3yembca Ha momy, wjo icHye docmamHbo npocmuli ma egpekmusHul nioxio 00 BupilieH-
HA 30004l BUKOHAHHA HeMOOY/IbHOI onepauyii nepemBopeHHs 8 cUCMeMi 3aUWKOBUX KAACIB 015
nepexody 810 npedcmasieHHA YUCAa 8 00HIU cucmemi MoOyi8 00 (1020 NpedcmasieHHA 8 THWIl
cucmemi MoOyiB. Po3ensiHymi pilieHHs Marme BUCOKY WBUOKOOT0 ma MOXyms 6ymu epekmu-
BHUMU Npu po3pobyi MOOYIbHUX 00YUCTIOBANLHUX CMPYKMYpP OJIA nepcnekmusHux iHgopmayid-
Hux mexHonoeil.

Knwo4osi cnosa: 3anuwikosi Kaacu, cucmemu Mooyais; 01ana3oH Yuces; nepemsopeHHs.
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ITocranoBKa mpoO6/ieMMU. 3aCTOCYBaHHS IapajieibHOI 00OpOOKM HaHMUX Ha
OCHOBI cucremu 3ainmkoBux kiaciB (C3K) [1] mo3Bosisie CyTTE€BO MiABUILUTU
IIBUAKO/i0 omepaliiii 00pobky ganmx. C3K Ha3uBa€ThCSI CUCTEMA UMC/IEHHS, Y SIKii
IOBiJIbHE UMCJIO MPEeACTaBISIEThCS SIK HAOip HalIMeHIIMX HEeBiJ'€MHMX 3a/IMIIKIB 110

MOOYMSX m,,m,,...,m,, TO6TO N =(a,,a,,...,a,). TyT a,=N(modm,). IIpu 1pomy,

5 n?

SIKIIO YMCTIA /M. B3AEMHO MIPOCTi, TO TAKOMY ITpe/ICTaB/JIeHHIO BiJIIOBiJA€ JINIIlEe OHE

uncno N pianasony [0,M), ne M =mm SR Hexait cucTeMOI0 OCHOB MOJIiafuy-

12

HOT'O KOy TaKOX € CHUCTeMa m S Uucno N, B MOJiaAMIHOMY KOZi IpefcTa-

1M
BJISIETHCS HACTYITHUM YMHOM

N1 =7 —i—7r2m1 +...+7rl.m1m2...ml._1+---+7rnm1m2...mn_1,

ne 0S7Z'l. Smi—l,i:1,2,...,n.

[Tpu 06po61Ii manux, mpeacrtaBaeHnx B C3K, yacTo HeOOXimHI MPOMIiXKHI Iepe-
TBOPEHHS 4MCesl 3 OfHI€l CUCTeMM 3a/IMIIKOBMUX KIacCiB B iHIIY [2].

BupimeHHst Takoi 3amaui Moske 3HAJOOMTMCSI, HAaIIpUKIIAMA, MPU PO3IIMPEHHI
IiarnasoHy IpeJCTaBA€HHSI YMCesl, BiHOBJIEHHS 3aJMIIKy, MOPIBHSIHHI 4McCeJ Ha
MiCTaBi MO3UILIMHMX XapaKTepUCTUK, BUM3HAUEHHI paHTy 4ucia, MOAYJIbHOMY i-
JIEHHIO YMCeN Y TUX BUITaAKaxX, KOJU 3[i/CHIOETHCS IiJIeHHS Ha YMCJI0, KpaTHE Ofi-
HOMY ab0 JIeKiJIbKkOM MOZIYJISIM cucTeMu. ToMy orepaliisi mepexoy BiJl, OfHi€i cuc-
TeMM MOJYJIB IO iHINOI, TIPU SKiii 3a BiZOMUMM 3auiIKaMu yucia B ogHii C3K Bu-
3HAYaloTh 3HAUEHHS 3a/JMIIKiB 1IbOro umcia B iHmii C3K, BiZHOCUTBCS IO OOHIEl 3
OCHOBHMX HEMOJIYJIbHUX Orepaliiii B CUCTeMi 3aJUIIIKOBUX KJIACiB.

cDOpMél.T[iBOB«';lH{;l IIOCTaHOBKA 3aJayi Taka.

=mms...m

Hexait € nBi C3K Clz{ml,mz,...,mn}, M1 e

C2={p,,pyse-csp, s My = p\p, ... p, i uncio Nz(al,az,...,an) Take, 10
N:(al,az,...,an)<mm{M1,Mz}.

HeobxigHo mj1s ipencTaBieHHs uncia N = (al,az,...,a n) B C3K C1 BUKOHaTU

repeTBOPEHHS Ha MpenCcTaBJIeHHs N = (ﬂl,ﬂz,...,ﬂt,...,,ﬁ r) uporo uucia B C3K C2,

ne ﬂt :N(modpt), t=12,...,r.
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AHaJji3 ocTaHHIX DOCTiIKeHb i myostikaiii. Briepiie migxin 10 po3B'si3aHHS
1iei 3amaui 3anporoHOBaHMIl y KIacuuHiit pobori [1]. HacTynHi mocnimkeHHs, Ha-
MpuKAaz [2], mokasaau MOKIUBICTD Gisiblll eKOHOMHMX pillleHb. OJHAK aaropuTMm [2]
BK/TIOUA€ 3HAUHY KiJIbKiCTh Pi3HOTUITHMX KPOKIB, 1110 36i/bIITy€e yac peasnisaiiii. Y po-
6oTi [3] HaBemeHO pillleHHS, 1[0 AO3BOJISE CIPOCTUTU MPAKTUUYHY peatisallilo Ta
MIPUCKOPUTU Ofep>KaHHS pe3yibTaTy. Y 11iii CTaTTi 3alIPOMIOHOBAHO I OJVH iIXil,
SIKMIA TAKOX CIIPOIIYE MPAKTUYHY peasti3allilo Ta MPUCKOPIOE OJepKaHHS HU3KU pe-
3yJIbTATiB.

@opmMyII0BaHHA METH HOCTiIKeHHSA. MeTOw MOCTiIKeHHS € aHaTiTUUHUI
posrisia C3K g peanisaliii omepailiii mepeTBOPeHHS 4yMces 3 OOHI€l CUCTeMM 3a-
JIMIIIKOBUX KJIACiB B iHIITY.

Bukinan ocHoBHOro marepiamy. Iligxinm mo moOymoBM aJropuUTMy IlepeTBO-
PEHHS CKJIaJA€ThCS 3 IBOX eTalliB.

Ha  mnepmomy  erami  BM3HAUalOTbCS  MMO3MUIIMHI  XapaKTepPUCTUKU

OS?Z'I. Sml.—l,izl,z,...,n uncna N B cuctemi Cl. Ha gpyromy erari Ha mifcTaBsi

OTPUMaHMX MO3UITIITHUX XapaKTePUCTUK (HOPMYIOTHCS 3aTUILIKN ,Bl, ﬂz,..., ﬂr.

OTke, mepuimii eTamn:

N1 :721+722m1+...+7zl.m1m2...ml._1+---+7rnm1m2...mn_1

0!1=N1(m0dm1)=72'1 T =«

Ha nepuiii iteparii

N2 =N1—7rl =7z2m1+...+7rl.m1m2...ml._l+-~-+7rnm m,...m =

=m1(7z2+...+7zl.m2...ml._1+---+7rnm2...mn_l)

N2
Ty = (m—)(mod m2) .

1
Ha apyriii iTepaiiii

N3 :N2—7r2 :7z3m2+...+7rl.m2...ml._1+--~+7znm2...mn_1 =

=m2(7z3+...+7rl....ml._l+---+7zn...mn 1)

s
Ty = (m—)(mod m3) .

Ha i - i1 iTepauii
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N. =N.—-rz.=n. m.+...+7 mm, _...m =
i+1 i i i+174 ni i+l n-—1
=m(x. . +...+7x m. ,...m
z( i+1 n i+l n—l)

Nz’+1
Fip = (=, modm; ).
1

Ha n - it iTepamii

N =N - =7 m
n n—-1 "n-1 n n-—1
N
7 =(—2)modm ).
n m n
n—1
Takum UMHOM, OTPUMaHO BCi MO3UIIilHI XapaKTepUCTUKU

0S7Z'l. Sml.—l,izl,z,...,nqmcna N B cucremi C1

HOpyruit etar.

3HaueHHS IIyKaHMX 3aJIMILIKIB IPUIMAEThCS ﬂl =0, ﬂz =0,....0

=0,....,8,=0.

Ha nepmriii iTepatiii

AL=(B,O+7 )modp),

1 _ 1
BL@)=(m B D)modp).
Ha npyriii iTepaiiii

A0 =B @)+x | Hmodp),

B,2)=(m B> (D)modp).

Ha r - i1 iTepairii
BT =" @)+ 7)) modp,).

[IpoimtocTpyeMo BMKIaZeHe [Jisl TIepexofy Bim TpeacTaBlIeHHS Yuciaa

N =1957=(4,7,10,1) B cucremi MOZYJIiB m1=7,m =13,m,=11m, =2,

2 3 4
M1 = My mam y = 7#%13%11%2=2002 mo ioro mpencTaBjieHHSI B CUCTeMi MOMYJIiB

pl=5,p2=17,p3=27, M p2p3=51*17*27=2295, M,>M,. JO BU3HAUEHHS

27 h
3a/IMILKIB X [I0YaTKOBI 3HaUEeHHS NIPpUIMMalTecsa £ =0,5. =0,5, =0.
1’72°73 1 772 73

OTKe, riepuimit eTarl.

7[1 :al , 7[1 :(4,4,4,0)1
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Tomy Ha mepiiii iTepariii 3TigHO 3 N2 = Nl —7 - Tabs.1 i3 psaka 4,7,10,1 Bin-

HiMaemMo psaok 4,4,4,0 mo mopynsix m, =7,m, =13,m, =11,m, =2. OTpUMyeMO pSi-

1 2
nok 0,3,6,1, i B rojganbplioMy CTOBOELb MO0 m

3 4

= 7 BUIy4YaeMO i3 posrasgy. Hasti

N
3rifHO 3 7« :(—2)(modm2) BMKOHYEMO [iJieHHS psaka 3,6,1 1Mo MOIOymsx

2 m,
my = 13, my = 1 l,m4 =2 Ha m = 7, T06TO Ha psAAoK 7,7,1. OTpumMyeMO PSIOK 6,4,1.
Tabmuig 1
Mogyaai
7 13 11 2
Yucao Sannmrn ITepamii
1957 4 T 10 1
4 4 4 4 0
1953 0 3 6 1 =
7 X 7 7 1
279 X 6 4 1 =
6 X 6 6 0
273 X 0 9 1 =
13 X X 2 1
21 X X 10 1 =
10 X X 10 0 -
11 X X 0 1 =
11 X X X 1
1 X X X 1 =
1 X X X 1
0 X X X 0 =

3Biacu Ty = 6, Ty = (6,6,0).

Ha npyriit iTepaiiii 3rigHO 3 N3 =N2 —7Ty - tabs.1 i3 panxa 6,4,1 BimHiMaemo
psiok 6,6,0 0 MOZYISIX my = 13, my = 11,m 4= 2. Orpumyemo psigok 0,9,1, i B mopa-
JIBIIIOMY CTOBOEIlb 100 m, = 13 TexX BUIydyaeMO i3 posriasapy. Haini 3rigHo 3

N3
i :(—)(modm3) BUMKOHYEMO AileHHS psaka 9,1 mo momysisx my =1Lm 4 =2 Ha

i)
my = 13, To6TO Ha psIOoK 2,1. OTpumyemo psimoxk 10,1.

ISSN 1562-9945 (Print) 113

ISSN 2707-7977 (Online)



«CucreMHi TexHouorii» 3 (146) 2023 «System technologies»

3Bigcu 7, =10, 7 =(10,0).

3
Ha Tperiit iTepanii 3rigHo 3 N 4 =N3 —7y - Tabi.1 i3 psagka 10,1 BimHiMaeMo
psimok 10,0 mo Mmomysisix my = 11,m 4= 2. Orpumyemo psiaok 0,1, i B mogaabIiiomMmy CTO-

BOeEIb 100 my = 11 Texk BuIydaemo i3 posrisaay. Hasti 3rigHo 3 7 4= (%)(mod m 4)
3
BUKOHYEMO [iJieHHSI psimka 1 1Mo MOAymio m 4= 2 Ha my = 11, To6bTO Ha psImOK 1.
OTpumyemMo psIoK 1.
3Biacu 7, =1, 7, =().
Ipyruii eTan i0CTPyeThCS TabI. 2.
Tabnuis 2
Mogyai
5 17 27
Yuemao SaTumIRK ITepamil
0 0 0 0
1 1 1 1 +
1 1 1 1 =
11 1 11 11 03
11 1 11 11 =
10 0 10 10 +
21 1 4 21 =
13 3 13 13 =
273 3 1 3 =
6 1 6 6 +
279 4 7 9 =
7 2 7 7 03
1953 3 15 9 =
4 4 4 4 +
1957 2 2 13 =

[lepia iTepariis.

Ho cTpiukmn ,81(0), TOOTO 'Bl =0, ﬂz =0, 53 =0, 10OAEMO 7 4 =1 Ta OTPUMYEMO

cymy S 1(1) =1,1,1 mo mopynax P = 5, Py = 17, py = 27. OTpuMaHy CyMy MHOXMMO Ha
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my = 11 mo Tux xe MOLYIAX p = 5, Py = 17, py= 27Ta OTPUMYEMO CTPiUKy

sl =1,11,11.

Ipyra iTepartiis.
o cTpiuku ,81(2) =1,11,11 momaemo 7Ty = 10 Ta oTpMMyEMO CyMy ﬂz(l) =1,4,21
IO MOAYIAX p; = 5, Py = 17, Py = 27. OTpuMaHy CyMy MHOXMMO Ha my = 13 Mo Tux xe

MOZYJIAX P = 5, Py = 17,p3 =27 Ta OTPUMYEMO CTPiUKYy ﬂ2(2) =3,11,3.
Tpets iTepairis.

o cTpiuku ﬂ2(2):3,11,3 ONAEMO 7, =6 Ta OTPUMYEMO CyMy ﬂ3(l):4,7,9

[0 MOAY/ISIX p, = 5, Py= 17, py= 27. OTpuMaHy Cymy MHOXMMO Ha my = 7 MO TUX XKe

MOIYIISX p| = 5, Py = 17,p3 =27 Ta OTPUMYEMO CTPIUKY ﬂ3(2) =3,15,9.
YeTBepra iTeparilisi.

Ho cTpiuku ﬂ3(2) =3,15,9 momaemo = 4 Ta OTPUMYEMO CyMy ﬁ4(1) =2,2,13

IO MOAYIAIX py = 5, Py = 17,p3 =27.O0TxXKe, OTPUMAHO YMUCJIO N =1957=(2,2,13).

TakuM YMHOM, PO3IJITHYTUIA aJrOPpUTM 3abe3Ieuye ImepeTBOPEeHHS IpeICcTaB-
JIEHHS YMCeJl y CUCTeMaxX 3aJIMIIKOBUX KJIacCiB.

BucHoBKuU. [loc/igkeHO MeTO I, peasi3allii B CMCTeMi 3aJIMIIKOBUX KJIacCiB IMPo-
6/ieMHO] orepaliii epexoy BiJ MpeacTaBJIeHHsT YMCjia OHIE CUCTEMOIO MOMIYJIiB
0 Jioro mpencTaBJeHHS iHIIOI CUcTemMol MopyiiB. Iligxim 6asyeTbcsa Ha
BU3HAQUEHHI 3a/JMIIKIB 32 MOIY/ISIMM BXIiJHOI CUCT€MM Ha OCHOBI OTPUMaHUX
3aJIMIIKIB M0 MOAYJISIX BUXiOAHOI cucTeMu.. [lokasaHo, 110 3alpONOHOBAHMIT METO[,
3a0e3rieuye OTpMMaHHS ITYKAHOTO pe3yibTaTy. Ha 0CHOBI 3aIpOIIOHOBAHOTO ITi/IX0-
Iy DOCSTAa€ThCS MiABUIIEHHS MIBUAKO/i1 BUKOHAHHS ollepallii mepeTBopeHHs. [Ipef-
CTaBJISIETBCS SOLJIBHMM 3aCTOCYBATU 3aIIPOIIOHOBAHMI MiXiJ, B SKOCTI IePCHeKTH-
BHOTO HaIIPSIMKY JOCTiIKeHb CKJIaAHMX OIlepallili B CMCTeMi 3a/IMIIKOBMX K/aciB.
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Transformation in the system of residual number classes
from one system of modules to another

The purpose of the study. The purpose of the study is an analytical consideration of
the system of residual classes for the implementation of the operation of converting
numbers from one system of residual classes to another. Method. System analysis,
number theory, and the Chinese remainder theorem are tools of the research
methodology. The method uses the representation of the number both by its remainders
and in the polyadic code. The methodology is based on determining the positional
characteristics for this module on the basis of the received positional characteristics for
the remaining modules of the original system, with the subsequent construction on their
basis of the residuals for the modules of the sought system. The proposed method is
algorithmically simple. The results. The theoretical substantiation of the considered
approach to obtain an effective solution of the non-modular transformation operation in
the system of residual classes for the transition from the representation of a number by
one system of modules to its representation by another system of modules is performed. It
is shown that the proposed method provides the desired result. On the basis of the
proposed approach, an increase in the performance of the conversion operation is
achieved. Scientific novelty. The theoretical justification of the presented approach to the
solution of the non-modular transformation operation in the system of residual classes
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for the transition from the representation of a number in one system of modules to its
representation in another system of modules is proposed. It seems appropriate to apply
the proposed approach as a prospective direction of research of complex operations in
the system of residual classes. Practical significance. It follows from the importance of
theoretical conclusions and obtained research results.It is based on the fact that there is
a reasonably simple and effective approach to solving the problem of performing a non-
modular conversion operation in the system of residual classes for the transition from the
representation of a number in one system of modules to its representation in another
system of modules. The considered solutions have high speed and can be effective in the
development of modular computing structures for promising information technologies.

IMonicbkuit K0piit JaBuaoBuu - KaHIMIAT TeXHIYHMX HAyK, CTapLIUii HAyKOBUI
CITiBpOOITHMK, 3acay>keHUit BUHAXimHMK YKpainu, HaykoBo-g0C/IiiHMIT iHCTUTYT aB-

ToMaTu3ailii yopHoi mertanyprii (HIIAdopmet) m. [IHimpo.
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