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JOCJIJXKEHHS OMEPAIII BUSHAUYEHHS HAJIEXKHOCTI YUCJIA
J10 JAHOI TOJIOBUHU IHTEPBAJIY UUCEJI B CUCTEMI 3AJIMIIIKOBUX KJIACIB
3 YCIMA TAPHUMU MOAYJISIMHA

STUDY OF THE OPERATION OF DETERMINING THE BELONGING OF A NUMBER
TO A GIVEN HALF OF THE NUMBER INTERVAL IN THE SYSTEM
OF RESIDUAL CLASSES WITH ALL EVEN MODULES

Y pobomi Oocnidaceno cucmemy 3aAUWKOBUX KAACIE 3 YCIMA NAPHUMU MOOYVIAMU UWOOO BU-
3HAYEHHS HALEHCHOCME YUCTA 00 8EPXHBOT AO0 HUNCHLOI NOJIOBUHI THIMEPBATLY YUCEIL.
Knrouoei cnosa: 3anuwkosi knacu, cucmemu MoOyiis, iHmepean uucei, NOIiaOudHUll Koo.

Increasing the efficiency of calculations, creating high-performance and reliable computing
structures can be effectively solved on the basis of the representation of numbers in the system of resi-
dual classes. A traditional system of residual classes is a counting system in which an arbitrary num-
ber is represented as a set of the smallest non-negative residuals by modules. At the same time, if the
modules are pairwise mutually simple, then only one number in the interval 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 mutually simple modules, the use of systems with
mutually complex ones, in particular, with all even modules. At the same time, one of the complex op-
erations in such a system is determining whether a number belongs to a given half of the interval of
numbers. Knowledge of the belonging of a number to a given half of the interval is a necessary condi-
tion for solving a significant number of problems, for example, the most massive task of comparing
numbers, based on determining the belonging of these numbers and their difference to a given half of
the interval. The considered system of all even modules, each of which is not a factor of any of the oth-
er modules of this system, which is built on the basis of a system of mutually simple modules — the
basis by multiplying each module of the basis by an even number — the transition coefficient. The al-
gorithm for solving the problem is as follows. An iterative search for a number that is a multiple of the
transition coefficient is performed. For this, the closest smaller number to the tested number and the
closest larger number to the tested number are selected at the same time. In the future, a number of
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checks are carried out for compliance with some criteria. If, after several iterations, the number be-
comes a multiple of the transition coefficient, then it is divided by this coefficient, and the obtained
division result is transferred to the base system of modules, where belonging to the upper or lower half
of the interval is established by known methods. The proposed algorithm provides the desired result. It
seems appropriate to apply the proposed approach as a prospective direction of research of complex
operations in the system of residual classes with all even modules.

Keywords: residual classes, module systems, interval of numbers, polyadic code.

IHocTanoBka mpo0JemMn
[TinBuienHs eeKTUBHOCTI OOYUCIICHD, CTBOPEHHS! BUCOKONPOAYKTUBHUX Ta HAJIHHUX 00UH-
CIIIOBAJIBLHUX CTPYKTYp MOKe OyTH e(eKTHBHO BUPILICHO HA OCHOBI MPEICTABICHHS YUCEN Y CUCTEMI
3aJIMIIKOBHX Ki1aciB. CHCTEMOIO 3aJIMIIKOBUX KIIAciB [1] Ha3MBa€ThCS cHCTEMa YHCIICHHS, y SIKii J10-
BUIbHE YHCIO N TPEACTaBISIETHCS AK HaOlp HaWMEHIIMX HEBiI'€MHUX 3alMIIKIB 10 MOAYJSAX

ml,mz,...,mn , TOOTO N :(al‘a2""‘a n) . Tyt o = N (mod mi) . IIpu upomy, SIKIIO YKcCa mi MOITIapHO B3a-

€MHO IIPOCTi, TO TAKOMY HPEJCTaBJIEHHIO BIIMOBiJa€ TUILKM OfiHE uucao N iHTepBany [0, M -1], ze
M =mm,..m_ . Jlo mepesar Takoro mpeJCTaB/ICHHs YHCEI HATCKUTH HE3aJIKHICTh PO3PAIIB YHCIa
OZIMH Bi OAHOTO i MOJIMBICTH iXHBOI MapanensHoi 0OpOOKH, MalOpO3PAAHICTH 3aJHUILKIB, BHCOKA
TOYHICTh, 31aTHICTh CHCTEMH JI0 CAMOKOPEKIIi.

SIKIIO CHCTEMOIO MOJYIB MO/ IMYHOrO KOy TAKOK € CHCTeMa m,,Mm,,...,m _, TO 9HCIO0 N B
MOJiaJMYHOMY KO/ PEACTABISETCS Y BUTIIAL

N=r+7.m +...+7z.mm_...m 4ot mm_...m +7 mm_...m
M R ] ™2 e T Mg

ae O<m<m -1 i=12...n.

Pazom 3 Tum peaﬂisauiﬂ HOBHX HaHpHMiB B CHUCTEMI 3aJIMIIIKOBUX KJIACIB BUMArae nopdan 3 BU-
KOPUCTAaHHAM CUCTCM B3a€EMHO IMMPOCTUX MO,I[YJ'IiB 34CTOCYBAHHS TAaKOX 1 CHCTEM 3 B3a€MHO HCOPOCTH-

MU, 30KpeMa, 3 yciMa MapHUMH MOAYJISIMU. B IboMy BUNIAJIKy TPEICTABICHHIO N = (al,az,..‘,a n) Bi-

NOBIJal0Th JEKUIbKa 4ucen iHTepBany [0, M -1]. Jlng BupilmleHHs wLi€i npoOieMu 3ampornoHOBaHHI

[2—5] mactynuuit migxin. Benumunna M, ska MOpiBHIOE TOOYTKY B CHCTEMI IOMAapHO B3aEMHO IPOC-
THX MOIYNiB, €, BIACHE, HAWUMEHIIMM 3aralbHUM KpaTHUM IIMX MOXYJIiB, TOOTO,

M = mlmz..‘mn :<ml,m2,..‘,mn> . HKH.[O IIOHATTS BEIWYMHU M SK HalMEHIIIOI'O 3arajbHOIo KpaTHOr'o

y3araJlbHUTH Ha CHCTEMY BCIX IMapHUX MOAYIIB PPy By L=<Pp Py By >, KOXKEH 13 SIKMX HE €

CHIBMHOXXHUKOM JKOJTHOTO 3 1HIIINX MOJYJIB Ii€] CHCTEMH, TO W y IIbOMY BHITaJIKy KOKHOMY TIpEJCTa-
BJICHHIO B = (ﬁl‘ﬁZ"“’ﬁ k) , ﬂi = B(mod pi) OyJie BIANOBIAATH TIABKU OJHE YMCIIO i3 [0, L-1].

Yucna B iHTepBady [0,L-1] MipO3AUIAIOTECS HA YMCIA HMKHBOI Rl MOJOBUHM Ta 4HCIA

Rl,OSBS%—l,

BEPXHBKOI R2 TOJIOBHHHU IHTEPBAIY, TOOTO B e
L
R2, E <B<L-1

3HaHHS [P0 HAJIEKHICTH YKCIIa JIO IaHOI MOJIOBUHY 1HTEPBAITY € HEOOXiJTHOIO YMOBOIO JIJIsI BH-
pillleHHs 3HAYHOI KUTBKOCTI 3a/1a4, HapUKIa ], HalHOUTBII MacOBOI 3a/1aui MOPIBHSIHHS YHCEI, 3aCHOBA-
HOI Ha BU3HAYEHH1 HAJIGKHOCTI WX YMCEN Ta IX pi3HUILI A0 JaHOI MOJIOBHHMU iHTEpBay — Tabm. 1.

Tabauys 1.
CriBBigHOWIEHHS B,,B,,A=B - B, Pezynprar
(B, eRI)N (B, € R2) B,<B,
(B, «R2)N (B, R1) B, > B,
(B,eRL)N (B, e RN (AeR) B, > B,
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IIpoooesoicennss madbauyi 1.

(B.eR)N (B, cRYN (A R2) B, <B,
(B.eR2)N (B, eR2)N (A< RY) B, > B,
(B,eR2)N (B, e R2)N (A R2) B,<B,

AHaJIi3 0CTaHHIX JOCTITKeHb 1 myOaikamin

CucreMi 3aJHMIIKOBHX KJIACIB i3 yciMa IMTapHUMH MOIYJISIMH TPHCBsYeHi podotu [2—5]. Posr-
JSTHYT1 TpOOJIEMH TIEPETBOPEHHS TICEB/IOYHMCEN CUCTEMHU 3JIMIIKOBUX KJIACIB 3 yCiMa MapHUMHU MOJY-
JISIMH Y YHCIIa CUCTEMH, MPOAHaIi30BaHO CIIOCIO MPEeACTaBICHHS YUCEN TaKOl CUCTEMH Y TI0JT1a JU4HO-
My KOZi, JOCIi/PKEH] MO3ULIIHI XapaKTepUCTUKU PU MPEACTABICHH] YUCEN Y IPSIMOMY Ta 3BOPOTHO-
My KOJIaX CUCTEMH 3aJIMILIKOBUX KJIACIB IIPH BCiX MAPHUX MOIYJISIX.

DopMyTHOBAHHS METH J0CTITKEHHS

MeToro AOCTiIKEHHS € aHATITUYHUIN PO3TJIsi CUCTEMH 3aJMIIKOBUX KIIACiB MPH BCIX MapHUX
MOZYJAX JUIs peatizamii ckinagHoi 6a30Boi omepallii BU3HAYEHHS IPHUHAISKHOCTI YHCa 10 JaHO1 o-
JIOBUHI IHTEpBaTy YUCEN.

BukJiax ocHoBHOrO MaTepianay

Cucrema BCiX MapHUX MOIYIIIB, KOXKEH 13 SIKUX HE € CIIBMHOXKHMKOM OAHOTO 3 iHIIUX MO-
IyJIiB L€l cUCTeMH, OyAYEThCSI HA OCHOBI CHCTEMH B3a€EMHO MPOCTUX MOIYJIiB — 0a3nucy MHOXKEHHSIM
KOJKHOT'O MOZIYJsl 0a3ucy Ha mapHe 4nucio — KoedimieHT mepexoay. Tak, cucreMa MapHUX MOIYIIB

Py =10, Py = 6, Py= 4 OTpMMaHa MHOKEHHSM KOXXHOTO MOJIYJs 0a3ucy m = 5, m, = 3, my = 2 Ha xoedimi-
€HT Tepexony u=2. ToMy uncio B y moniaAndHOMY KOZA1 MOXKHA TaKOX MPEICTaBUTH, K
B = +mum +... 4+ pmm,, ..M . A o umm,,...,m,

TOOTO MpEACTaBIICHHS YMCia B B MoMiaAMYHOMY KOA1 AJIS CUCTEMH BCiX MAapHUX MOAYIIB 3 6a3ucom
m,m,,...m € Takox eauHuM. Ha mincrasi mporo 4mcio, Hanmpukiman, B =59 Ta B,=27, MOXHa
OTpUMATH, SIK

B, =7+, um, + 773 umym,,

u=2,m=5m=3m=2 n,=97,=m,-1=2, 7,=m,-1=1,

B,=59=9+2%2*5+1*2*5*3

B, =7, +m,um, + 77, umym,,

u=2,m=5m,=3m=2 7,=7rm7,=m,-1=2, 7, =0,

B,=27=7+2*2*5+0%2*5*3

V nmaniii cuctemi, K 1 y TpaauLiiHil cHCTEMi OMAPHO B3aEMHO MPOCTUX MOAYIIIB, KPUTEPIEM
HAJIKHOCTI YKCIa AaHild IOJIOBUHI iHTEepBaiy 3rinHo 3 [6] € 3HaYeHHS 7, :

BE{RLﬁn:OH
R2,7, =1
Tob6to, B, =59(r, =1)eR2, B, =27(r,=0)eR1.
3HauyeHHS1 7, OTPUMYETHCS 3a BIAOMHM TaOIMYHUM MeETOAOM. [IJii IIbOrO CTBOPIOIOTHCS

Ta0. 2, Tabmn. 3, Tabia. 4 KOHCTAHT BiTHIMAHHS B CHCTEMI IMapHUX MOIYIIIB o =10, P, = 6, Py = 4,

Tabnuys 2.
Mogymi
P =10 P, =6 py=4
m A =m B, = A, = A,(mod10) A, = A,(mod6) A, = A, (mod 4)
0 0 0 0 0
1 1 1 1 1
2 2 2 2 2
3 3 3 3 3
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TIpoooesoicennss madbauyi 2.

4 4 4 4 0
5 5 5 5 1
6 6 6 0 2
7 7 7 1 3
8 8 8 2 0
9 9 9 3 1
Tabauys 3.
Mogymi
p2 =6 p3 =4
T, A, =7, *10 B,=A, =A,(mod6) A, = A,(mod 4)
0 0 0 0
1 10 4 2
2 20 2 0
3 30 0 2
4 40 4 0
5 50 2 2
Tabnuys 4.
Mogymi
p3 =4
T3 A, =m,(10,6) B, =A, =A,(mod4)
0 0 0
1 30 2
2 60 4
3 90 6

[Ipouenypa orpuMaHHs 3HAYEHHS 7, , HAIPUKIIA, U B, =59 1TIOCTpYEThCs TadI. 5.

Tabauys 5.
Psnok Yucno Mogymni

10 6 4
1 59 9 5 3
2 [ 9 3 1
3 =50 0 2 2
4 O X 2 0
5 =30 X 0 2
6 O X X 2
7 =0 X X 0

[Nepmnii psmok Tabs. 5 — 3aNMIIKK Yuciia B, =59 3a MOAYISIMH P, =10,p, =6,p; =4 BiMOBI-
JHO ) =9,5,=5p,=3. Ha mepmiit iTepartii mo 3anumiky B =9 BHOUpPaeMO 3 Ta0JI.2 3HAYCHHS TTO3UITiN-
HOI XapaKTEPUCTHKH 7T, =9 i pamok (9, 3,1) — npyruii psaox TabauLi, KU BiTHIMAEMO 3 MEPIIOrO
psaka tabnuui. PesynbraT — TpeTiil psaaok Tabmuii.
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Ha npyriit itepanii mo 3anumky ﬁ2:2 BUOMpaeMo 3 Ta0Jl. 3 3HAUCHHA MO3ULIHHOI XapaKTepH-

CTHKH 7T, = 2 Ta pAIOK (2, 0) — YETBEPTHUH PAJIOK TaOIUIl, AKUN BIIHIMAEMO 3 IPYTOro psiaka Tad-
nuti. Pesynbrat — n'sTuii psSIoK TaOmuili.

Ha Tperiit iTepauii mo 3anumky ﬁ3:2 BUOHMpaeMo 3 Ta0J1.4 3HAUEHHS MMO3ULIHHOI XapaKTepHc-

THKH 7Tq =1 1 psagok (2) — MIOCTHH PSAAOK TaONUIll, KU BIMHIMAEMO 3 M'STOrO psaKa TaOIHUIL.
Pesynbrat — chomuil psIoK TaOIUIL.

B1 =7r1+;r2ml+;r3<ml,m2> =9+2*10+1*30=59 .

OcCKinbKH Ty =1, 9MCIO B, =59 HANEKHUTH BEpXHiil 1010BUHI iHTEpBay [0, L-1].

B naniif craTTi IponoOHYEThCS TAKOXK 1 1€ OAMH aJTrOPUTM BU3HAUYEHHS HAJIKHOCTI ynucia B
BEpXHiii a00 HMKHIH MONOBHHI iHTEepBany [0, L—1]. AJrOpUT™ po3B'A3aHHA 3a/adi NOJATa€ B HACTYII-

HOMY. 3OIMCHIOETBCS MOLIYK YMCNA, KPAaTHOroO KoedilieHTy mepexony u. Jms mporo BuOMparoTbes
O/IHOYACHO HalONmKk4e o B MeHIIe yucio B, 1 Haibauxkye 10 B Oumpine uucio B; i3 [0, L-1]. Ha-

MPUKITAJ, HeXall 0a3WCHOI € CHCTeMa MOJYIIB ml:5,m =3m,=2, To0T0 M :rnlm2m3:30. Hexai

2 3
KOE(IIliEHT Tepexony =10, TOOTO L =M u=300.
SIKII0 OTpUMaHe MEHIIIE YUCIIO0 JOPIBHIOE % , TO BUXIJIHE YKCIIO, 0 aHATI3YEThCSA, PO3TAIIIO-

BaHE y BEpXHiil 10710BUHI iHTepBaiy [0, L-1].
Hexaii B=154.
3a anropuTMOM Ha mepIii irepauii B, =153, B, =155.
B HaBeneHOMy NpUKIai Ha YeTBEPTiH iTepaiii orpumyemo B, =150. OTKe, OTpUMAHE YHUCIIO

. L . .o ..
AOP1BHIOE E, TOOTO YHCIIO B=154, 11O aHAJI3Y€ThCs, PO3TALLIOBAHC Yy BCPXHIM ITOJOBHHI 1IHTCPBAILY

[0, L-1].
SKmo x oTpuMaHe MeHIIe Yucio 1opiBHIoE 0, TO BUXiAHE YUCIIO, 10 aHATI3YETHCS, PO3TAILO-
BaHE B HW)KHIM MONIOBMHI iHTepBay [0, L-1].

. . L . .
HKH.[O OTpHUMaHC OlNIbIIIE YHCIIO JAOPIBHIOE E , TO BUX1HC YUCJIO, 10 aHAT3YEThCA, PO3TAIIO-

BaHE B HW)KHIM MONIOBMHI iHTepBay [0, L-1].
Posrnanemo apyruii npuxnan. Hexail B=147.
3a anropuTMOM Ha IepIUii irepauii B, =146, B, =148 .

. . L
Ha tperiii iteparii otpumyeMo B, =150 . OTke, OTpUMaHE YHCIIO JOPIBHIOE 50 TOOTO YHCIIO

B=147, 1110 aHAJII3y€eThCs, PO3TALIOBAHE Yy HUKHIN TTOJIOBMHI iHTepBany [0, L-1].

SIkio x oTpuMane Oinbliie yucio aopiBHioe L —1, To BUXiAHE YKCITO, M0 aHATI3YEThLCS, PO3-
TalllOBaHE y BEPXHIii NoyoBuUHI iHTEpBany [0, L-1].

Posrnanemo nactynHuit npukiaa. Hexaii B=298.

3a anropuTMOM Ha Iepurii irepanii B, =297, B, =299 . OTxe, OTpUMaHEe YUCIIO B, JOPIBHIOE
L -1, TrobTo uncno B=298, 10 aHANII3yeThCA, PO3TALlIOBaHE y BEPXHIiil MonoBUHI iHTepBaiy [0, L-1].

SKmmo >k oTpuMaHe MeHIIe abo OTpUMaHe OUIbIIe YUCIIO He KpaTHE 4 1 IPU LBOMY JKOIHA 3
nepenivyeHnX BUIIE YMOB HE BHKOHYETHCS, TO BUOMPAIOTHCS OJHOYACHO HAWOMMXkue A0 B, MeHIIe
apcio B, i HaiiGmmwkde 1o B, Oltbmie uncno B, i3 [0,L-1], i MOBTOpPIOETHCS MepeBipKa IepesiueHnx
BHUIIIE YMOB.

SIkuo micns AeKinbKoX itepaniii B, abo B, cTae KpaTHUM fi, TO BOHO JUIUThCS HA A 1 OTpH-
MaHMH pe3yNbTaT AUICHHA NEpeXOAnuTh y 0a3uCHY CUCTEMY MOIYIIB, A€ HaJEXHICTh JO BEPXHBOI a00
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HIDKHBOI ITOJIOBMHHM 1HTEpBaily [0, M —1] BCTaHOBIIOETHCA BiIOMUMH criocobaMu. B HaBeieHOMy IpUK-
Naji Ha 4YeTBepTil irepaiii orpuMyeMo uncino B, =150, ske kpatHe n=10. To *k mineHHsm B, wa u
,=3my =2,y sKiil B,, =15
HAJIEKHUTh 710 BEPXHBOI OJIOBUHH iHTepBady [0, M —1] . Takum 4MHOM 1 UHMClIO B=154, K€ aHAIII3yeThCH,

otpumyemo B, =151 mepexomumo 10 6a3uCHOI CHCTEMH MOJLYJIiB m =5m

po3TalloBaHe y BEPXHiii MONOBHHI iHTEpBay [0, L—1], IO CMiBNAJA€ i3 OTPUMAHUM BHILE PE3YIETATOM.

BucHoBkHn

Hocnimxena ckiagHa onepaiis BU3HaYeHHS HaJIeKHOCT1 YUcia 10 BEpXHbOi a00 HIKHBOI O~
JIOBUHU IHTEPBAIIy YKCEN B CHCTEMI 3IMIIKOBUX KJIAciB 3 yciMa mapHUMH Monynsamu. [lapHi Mmomymi
BUOHMpAIOThCS Ha MiACcTaBi 0a3UCHOI CUCTEMH IMOMAPHO B3a€EMHO MPOCTUX MOAYMIB. ANTOPUTM 3aCHO-
BaHUI Ha iTepauiiiHii MpoLeaypi NepeBipKU KPATHOCTI YHCNA, IO ICTIUTYETHCS, ACIKOMY KOeillieHTy
IUIs Tiepexony A0 0a3ucHOi cucTeMu MOy iB. s IbOro BUOMPAIOTHCS OAHOYACHO HAHOMIKYIE MEH-
I YUCIIO 10 YMCIIA, IO ICIUTYEThCS, 1 HAOMMKYe OiIbIIe YUCIO 10 YUCIA, IO ICTIUTYEThCS, Ta BH-
KOHYETBCS TepeBipKa BiMOBIZHOCTI BUMOraM MEBHUX YMOB. SIKIIO Micisl AEKUIBKOX iTepamiil oTpu-
MaHe HaiOnukde MeHIe abo HaOmk4e OUIblIe YUCIO0 CTa€ KPaTHUM 4, TO BOHO AUIMTHCS HAa L 1

OTPUMAaHHH pPe3yNabTaT AiIEHHS MEePEeX0oAnTh Y 0a3UCHY CHCTEMY MOJYIIB, Jie¢ HAIEKHICTh 10 BEPXHBOL
a00 HMKHBOI TIONOBUHH 1HTEPBAIY BCTAHOBIIOETHCS BitoMHUMH criocobamu. [lokaszano, 1mo 3amporno-
HOBaHUH alropuT™M 3abe3nedye OTpUMaHHS LIYKaHOTO pe3ynbTary. [IpencraBisieThesi JOLITBHIM 3a-
CTOCYBATH 3aIIPOIMOHOBAHMN MiJXiJ B SIKOCTi MEPCIIEKTUBHOIO HAMPSIMKY AOCIiIPKEHb CKIaJHHUX OIle-
paiiiii B cucTeMi 3aIMIIKOBUX KJIaciB 3 yciMa MapHUMH MOIYISMHU.
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