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O BBINIOJIHEHUH CJIOKHBIX ONEPAIIMI B HENO3UIIUOHHOM
CUCTEME CYUCJIEHUA OCTATOYHbBIX KJIACCOB

Heab. PaboTa npeamnosnaraer TeopeTuieckoe 00OCHOBAHNE METOAMKHU HOBBIMIEHHS d((PEKTUBHOCTH BBINOJIHE-
HUS B HETIO3UITMOHHOW CHCTEME CUMCIICHHUS OCTATOYHBIX KIACCOB CIIOKHBIX, TAK HA3BIBACMBIX HEMOMIYJBHBIX, OIle-
palmi, JUisd peau3alii KOTOPEIX HEO0X0IUMO 3HaHKE MU(P OMEPaHIOB Mo BceM paspsaam. Meroauka. s moc-
THYKCHUS TTOCTABJIICHHON IEJIM YKCIia TPEACTABISIOTCSA B CHCTEME HEYETHBIX MOJYJICH, TP STOM PE3yJIbTaT BEIIOJ-
HEHUS! OTEpPAIMK OMPEeISIeTCs] Ha OCHOBE YCTAHOBJICHHS Y€THOCTH onepannoB. OmnpezeneHue 4€THOCTH OCYIIECT-
BJISIETCS IYTEM HAXOXKICHUSI CYMMBbI 110 MOJIYJIIO JIBa 3HAYCHHUI MO3UIIMOHHBIX XapPAKTEPUCTUK YUCIA TI0 BCEM €ro
MOJYJISIM. AJITOPUTM MOJTYYEHHS MO3UIUOHHOMN XapaKTePUCTUKK BKIIIOYAET UTEPAIMU IBYX BUIOB. MTeparus mep-
BOTO BHJA COCTOMT B IIEPEX0Jie OT JAHHOTO YHCJIa K MEHBLIEMY YHCITy, B KOTOPOM OCTaTKH IO OJHOMY WJIM He-
CKOJIbKMM MOJIYJISIM PaBHBI HYIHO. JlOCTUraeTcsi 3T0 BHIYUTAHHEM U3 BCEX OCTATKOB 3HAYEHHS OJHOTO U3 HHX. MTe-
patusi BTOpOro BHZIa COCTOUT B MEPEXO0Jie OT JAHHOTO YMCIA K MEHbIIEMY YHCIy 32 CYET MCKIFOUEHUSI MOAYJIEH,
OCTaTKH! IO KOTOPBIM PaBHBI HYIIIO, HyTéM JACJICHUA JaHHOT'O 4YKCJia Ha MPOU3BCIACHUC ITUX MO}Iyﬂeﬁ. I/ITepaLII/II/l
BBITIOJIHAIOTCA 10 TEX IOP, MOKa OCTATKU 11O OJJTHOMY, BCEM WJIM HEKOTOPBIM MOAYJIAM HE OKaXyTCA paBHBIMU HYIIIO,
a OCTaJIbHBIC MOJIYJI OYAyT UCKIIOUYCHEI. [IpemaraeMas METOMKA OTIIMYACTCS CBOSH MPOCTOTOM U TIO3BOJIAET ObI-
CTPO MOJIYYUTh pe3ynbTar onepanud. Pe3yiabrarel. [lonydeHbl BecbMa HECIOKHBIC PEIICHUS HEMOAYJILHBIX OIepa-
U OIpeNIeeHus BRIX0/Ia 3a MPE/eITbl JUana30oHa pe3ybTaTa CIOXKCHHS WU BEIYUTAHUS Mapbl YUCEIl, CPABHEHUS
napbl YUCEN, ONPEICIICHHs PHUHAICKHOCTH YKCIIA TAHHOW TOJIOBHHE JMana30Ha, ONnpeie/ieHus YETHOCTH YHCell,
MPE/CTABICHHBIX B HEMO3UIIMOHHOW CUCTEME CUMCICHHUS OCTATOYHBIX KiaccoB. HayuHnas HoBu3Ha. [IpeaiokeHbl
HOBbIE 3(PPEKTUBHBIC MOIXO/bI K PEIICHUI0 HEMOIYJIbHBIX OMEPALUii CHCTEMbI CUMCICHUSI OCTATOYHBIX KJIACCOB.
[Mpexacrapnsiercst 11enecoo0pa3HbIM pacCMaTPUBAThH JaHHBIEC MOJXO/bl B Ka4eCTBE HAMPABICHUS UCCIEIOBAHUI 110
MOBBILICHUIO 3((EKTUBHOCTH MOJYJISIPHBIX BbluucieHuil. [IpakTuyeckasi 3HaUMMOCTb. PaccMOTpeHHbIe pelieHus
001a1a10T BBICOKUM OBICTPOAEUCTBHEM M MOTYT OBITh 3()()EKTHBHBIMU NPH pa3padOTKe MOAYISAPHBIX BBIYUCIHU-
TEJIbHBIX CTPYKTYP.

Kniouegvie cnoea: oCTaTOUHBIC KIIACCHI; YUCIIO; CIIOYKHBIC OIEpallH; MO3UIUOHHAS XapaKTePUCTHKA; YETHOCTh
YHCIIa; UTepalus

Beenenue omHO u4HMcao N [uanazoHa [O,M ), e

B HacTosiee BpeMs IIPOBOAATCS HHTEHCHBHBIE )/ — mmy .m
HCCIICNOBAaHUS TI0 TOBBIMICHUIO 3((OEKTHBHOCTH .
BBLIYMCJICHUH HA OCHOBE MpPEJACTABIEHMS YHCE [IpenMyIuecTBa OCTaTOMHON apHPMETHKH NOA-
B cHcTeMe ocTaTouHbx kiaccoB (COK) sa cuer ~POOHO M3MOXKEHHI B 2, 6, 12]. Onnaxo, BO3HUKAIOT
MApaIIeNBHOTO BBITOMHEHHsS onepanuii Haj oc- CMPE/CTEHHbIE TpyjaHOCTH [S] MpH peammsamyu
rarxam [1, 13] HEMOJYIbHBIX, TaK HA3bIBAEMBIX CIOKHBIX, OIe-
’ . o
COK Ha3biBACTCS CHCTEMA CYMCICHHS, B KoTo-  PAUMH, JUIS BBITIOTHEHHS KOTOPBIX HEOOXOTUMO
poii mpomssombHoe umcio N mpenctapisercs  JHAHME IMp  onepaHnios 1o Beem pa3p51£[gM.
B BHE HAGOpA HAMMEHBIIMX HEOTPHIATENbHpIX L CBA3H C BOKHOCTBIO M aKTYallbHOCTBIO paspabo-
TOK 110 COBEPLIEHCTBOBAHMIO MAIIMHHON apupMme-
OCTAaTKOB MO MOAYISM /M, ,M,,...,M_, TO €CTh
2 n tuku COK pe3ynbrathl 3TUX paboT cucreMaruye-
N=(oc o o ) 3nech @, = N(modm, ). CKM PaccMaTpMBAINCh B NICPHOMMYCCKHX HAy4HO-
JOlnsenes . . ).
1’2 n 1 l TeXHU4YeCcKux m3nanusx 3,4, 7, 8, 10, 11, 14, 15].
[Ipu >ToM, eciu yucnia M. B3AMHO MPOCTHIC, TO

TaKOMY MNPCEACTABJICHUIO COOTBCTCTBYCT TOJIBKO
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ean

Henbto maHHO#M pabOTHI SBISIETCS TEOpETUYe-
CKOe 000CHOBaHHE METOIMKH TOBBIIECHUS P deK-
TUBHOCTH BBINOJIHEHUS B HETIO3ULIMOHHON CHCTEME
CUMCJIEHHUSI OCTAaTOYHBIX KJIACCOB CIIOXKHBIX, TaK
Ha3bIBAEMbIX HEMOOYJIbHBIX, OHepaHHﬁ, ajig pea-
JM3alMU KOTOPHIX HEOOXOAMMO 3HaHKE LUQp ore-
PaHIOB II0 BCEM pa3psiiaM.

MeTtoanka

3HAYUTEITHLHOE KOJIMYECTBO PA0dOT IO IMOBBIIIE-
HUIO OBICTPOACWCTBUS CIOKHBIX OIEpaIryii I0-
CBSIIIIEHO CUCTEMaM, B KOTOPBIX OJMH U3 MOAYJIeH
paBeH IByM. BmecTe ¢ TeM HEMOAyJIbHBIE OmEpa-
LMW ONPEJCICHHS BBIXOAA 3a MPEIENbl AUana3oHa
pe3yJibTaTta CJIOKE€HMSI WM BBIYMTAHMS Mapbl Yu-
ceJl, CpaBHEHHUs Mapbl YMCEI, ONpPENeSICHUs MNpHU-
HaJJIC)KHOCTH YHCJIa JAHHOM ITOJIOBUHE JUana3oHa
BECbMa HECJIOKHO MOTYT OBITH BBITOJTHEHBI B CHC-
TEME HEUETHBIX MOJyseil. Tak, Al CI0KEHUS WIN
BBIYMTAHUS Mapbl YUCEN PE3YJIbTAT ONpPENEIAETCA
B COOTBETCTBHH C TaOmd. 1.

Tabnuna 1

Omnpeaesnenne pe3yabTaTa CJI0KeHUs (BBIYMTAHMA)
napsl ynceJa

Table 1

Determination the result of addition (subtraction)
of a number pair

Yucio 1 Yucno 2 CymmMa, Paznocts Pesynbrar
yT 4T YT 0
YT 4T HYT 1
yT HYT HYT 0
Tt HYT Tt 1
HYT 4T HUYT 0
HYT qT Tt 1
HYT HYT qr 0
HYT HYT HYT 1

B 1a6a.1 «9™» U «HYT» 0003HAYAIOT YETHOCTH
U HCYCTHOCTH 4HCJa, «O» m «1» — BBIXOJ WU HCBEBI-
X004 pe3yJjibTara 3a MpEeAcyibl AuarnasoHa COOTBET-
CTBCHHO.

CpaBHCHI/Ie YHUCCI OCYHICCTBIIACTCA BbIYUTAHU-
€M OAHOro 4ucCjia U3 ApYyroro u OIpCACJICHUEM

pe3yibTaTa CpaBHEHHs B COOTBETCTBUH C Tabi. 1.
IIpu stom pesynsrar «0» o3HauaeT, uyto «YHucno
1» Oonpie uwan paBHo «Uucmy 2», pe3ynbraT «1»
—«Hucno 1» menpe «Hucna 2».

Omnpenenenne NpuHAUIEKHOCTU YUCET JaHHON
MOJIOBHHE JMAaria3oHa MPOU3BOAUTCA YMHOKEHUEM
gricen Ha 2. [Ipu 3ToM Bce MOJTydYeHHBIE TPOU3BE-
JEHHS TOJDKHBI ObITh YeTHbIMH. [l umcen Hux-
Hell TOJIOBUHBI IMana3oHa MPOU3BEICHNS OCTaIOT-
Csl YETHBIMH, TIOCKOJIBKY OHU HE BBIXOJAT 32 BEpX-
HIOIO TpaHully AuanazoHa. Jls ducen BepxXHEH
MOJIOBUHBI JIMaNa3oHa MPOW3BENEHUS BBIXOIAT 3a
BEPXHIOIO TPaHUIly JUarna3oHa U, COOTBETCTBEHHO,
OHHM CTaHOBATCS] HEUETHBIMHU.

Taxum o0Opa3om, peanusalnus pacCMOTPEHHBIX
CIIOKHBIX OIepalMii OCHOBaHA Ha OMpPEIeIEHUU
YETHOCTH OIIEPaHIOB.

ANTOpUTM  ONpEAeNeHUs YETHOCTH 4YHcIa
B HEUETHOW CHCTEME MOAYJEW COCTOUT B CIEAYIO-
IEM.

IlycTe cucTteMoil OCHOBaHUN MONHAIAUYECKOTO
KOia TaKKe SBIACTCA CHCTEMA 11y, Myy . .5l .

Torma uucio N B NOIUMATUYECKOM KOAE Mpe-
CTaBJIACTCS CJICAYIONUM 00pa3oM

N=n+nm, +...+T.mm,...m +

17271 127 -1

+--+ T mmes...m +T mm,...m
n—-1"1"2 n-2 "n'172 n—1’°
rne 0<7, <m,—1.
ITockonpKy Bce MOIYNHM HEUYETHBIC, YETHOCTH
N omnpenensiercs 3HaYEHUEM

I=m +x

+o T+ T
1 2 i

n—1""Tn

CrenoBaTennbHO, MeTOj Oa3mpyeTcs Ha IONy-
YEHUU CyMMbl 3HAUCHHWH TO3MIIMOHHBIX XapaKTe-
PHCTHK, ONpeAeIsIeMbIX B COOTBETCTBHU C BBIpa-
KEHUEM

N=mn

1+ml(n2 +m2(n3 +...+ml._1(nl.+

+---+mn_2(nn_1...+mn_1nn))...).

Pa3o6neMm auana3oH M Ha m; HHTCPBAJIOB

JUIMHBL 1,1, .. .10, M, 1, 1, KasKJIbINA.
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M
Py, 0<Ny <=1,
"
P My 2
1 m. m
1 1
O :
p, My DM
t m. m.
l 1
(m.-)M
P <N,  <M-1
m; = m, i

3necy P, — t-iiuarepsan, t=0,1,2,...,m,—1.

ANTOpUTM TONYy4YEHUsI TO3ULMOHHON XapakTe-
PUCTHKH BKIIOYAET UTEpAIMK JBYX BUa0B. MTepa-
Ul TIEPBOTO BHJA COCTOUT B MEPEXOJE OT IaHHO-
ro uncaa N K MeHbIIEMy 4dciay N, B KOTOPOM
OCTaTK{A IO OJHOMY WJIM HECKOJBKHUM MOIYJISIM
paBHBI HYIJIIO. I[OCTI/II‘aeTCH 9TO BBIYUTAHUEM U3
BCEX OCTaTKOB 3HAYEHUS OJHOTO W3 HHX,
N=N-a,, rae a,=N(modm,). Takum obpa-
30M, TOJYYCHHOE YHCIO CTAaHOBUTCS KPaTHBIM
>THM MoxyJsiM. ITockoneky o, < N, To nipm mepe-

xone oT N x N umcno N He BBIXOAWUT U3 UHTEP-
Bajla N - ro ymcia.
Uteparust BTOpOro BUAa COCTOUT B MEPEX0Jie

or uncma N K MEHBLIEMY YUCILY N 3a cuer nc-
KITIOYeHHUS MOZYJIeH, OCTaTKH IO KOTOPHIM PaBHEI
HYJIO, IMyTeM JIeJCHUS JaHHOTO 4YKCiia Ha MPOU3-
BeJIeHUE ATUX MOAyJieH. [lockonbKy Npu JieneHuu
Ha MOJyJIb WJIM TIPOU3BEACHNE MOJIyJIel KaK camo-
TO 4Kclia, TaK ¥ TPAHMI] UHTEPBaja COOTHOIICHUE

MEXAY HUMH HE U3MCHACTCA, YUCIIO N He BBIXO-

JAUT U3 UHTCpBAJIa N -r10 4uciia, a NOCKOJIbKY J¢-
JIMTCJIb — MOAYJIb WKW IMPOU3BCICHUC MO,I[y.TIGﬁ -

YHUCJIO HCYCTHOC, YCTHOCTH N coBmamaeT ¢ 9eTHO-

CThi0O N .

Wrepanuu BBHITTOTHSIOTCS 10 TEX MOP, TIOKA OC-
TATKH I10 O)Z[HOMy, BCEM HJIU HeKOTOprM MOIIYJIHM
U3 My,My,...,M ~HE OKAKYTCS PaBHBIMH HYIIO,

a OCTaJIbHbIC MOYJIN 6y,£[yT HUCKIIIOYCHBI, TO €CTh

Nz(ocl,ocz,...,ocn)—) ]@(O,x).

IIpu sToM

I=m +7

1 2 + 7

+...+@T.+---+T .
i n—1 n

PaccmoTpum uTeparuio mepBoro Buaa moapood-
Hee. Ilyctb Nz(al,az,...,(xs,...,(xn). Oo6pazyem

YHUCJIO

BBIYMTAaHUEM OCTAaTKa OLS o MoAayJsro m n3 ocC-

TATKOB IO BceM Moxynam uncia N . EcrectBeHHO,
Bce uncia N juanasona [0, M) KpaTHEI MOZIIO

m,, TO €CTb BEPOSITHOCTH p(aS=0)=1. ITpu
3TOM JHAara3oH [O,M ) OKaXeTCsl pa30uTBIM Ha

K1 =My ...m_m ...m, UHTEPBAIOB JUTH-

Hbl m,, BHYTPpU KaXXJOI'0 M3 KOTOPBIX 3HAYCHUA
pa3HOCT6ﬁ OJMHAKOBbBI M KpaTHbI 1. MoxeT oka-

3aThCsl, UTO HApSIy C ds =0 ocTaTrKku 10 HEKOTO-

poMy MOIYNIO mp Yucia N Takxe paBHbI HYIIO,

HampuMep, &S =0, To ecTh unci0 N KpaTHO MO-

Ayl m, . KonmuectBo HUHTCPBAJIOB, BHYTPHU KOTO-

PBIX 3HAYEHUs PA3HOCTEU KPATHBI 71, , PABHO

K

K.=—_1_
m

2 m

.m m .m

1M Mg 1M My

»
ITockoJibKy B Ka)JIOM HHTEPBaJie COICPIKUTCS
m, YHCell, TO 00l111ee KOJIMYECTBO YHCET C &r =0

paBHO K = my...m .M, TO €CTb BEPO-

sitHocTh. p(a, =0/6, =0)=—.

Byznem HaspiBaTh Momynu YTy s L pabo-

ynMH, a 00beM Juanazona M pabGounm. Beenem
emé OMH — MHIMKATOPHBIA MOAYIb my =2, KO-
TOpPBIA He BKIIOYAETCS B COCTaB paboumx MOIy-
neil. To ecTp Bce NEHCTBUS HAX ONEpaHAAMU BbI-
MIOJTHSIOTCS TOJIBKO B CUCTEME pabodnx MOIyJei B
mpexenax — pabodero  amamazoHa.  OcTaTok
a, (mod m, = 2) MpeaHa3HadeH JUIIb IS WHAN-
Kallii YeTHOCTH HCCJIeIyeMOro YHClia B COOTBET-
CTBHH C
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I=m +x

+o T+ T
1 2 i

+ T
n—1 n

B tabn. 2 npencrasieHna paboTa JaHHOTO aJIro-
putMa (Anroput™ 1) onpezneneHuss YeTHOCTH YHC-
ma N =4483=(6,3,11,3,1) B cucreme MomyJei
my =11,m, =7,my; =13,m, =5,m; =3.

W3 Tabin. 2 BUIHO, YTO OCTATOK MO MHIUKATOP-
HOMY MoAyito ¢, = N(modm,)=1, To ecTb 4ncio
N =4483 — nederHoe. Pesynprar gocturaercs 3a
T, =7 nrepanuil.

BricTpozeiicTBue omepaluu OnpeeieHus 4et-
HOCTH YHMCJIa MOXHO YBEIHYUTh HAa OCHOBE aJlro-
put™Ma (ANTrOpuTM 2) C TIOMOILBIO NPENCTaBICHUS

gucen B o0paTHbIX konax [10]. [To manHOMY anro-
PUTMY OCYILIECTBIISICTCA OJHOBPEMEHHOE TIpe/-
CTaBJICHUE YHCENT B MPSIMOM W OOpaTHOM KOjax
¢ BHIOOPOM Ha Ka)/I0H WTepaluyd BapHaHTa, MPU
KOTOPOM OJIMH WJIM HECKOJIbKO OCTAaTKOB DPaBHBI
Hy0. Tabi. 3 WUIoCTpUpyeT MpoIecC ompeene-
HUS 9YETHOCTH TOTO ke umcia N =4483 B To# ke
CUCTEME MOJyJIEH

my =11,m, =7,my =13,m, =5,ms =3.

Tabnuma 2
Pabora Anropurma 1
Table 2
Work Algorithm 1
Wrepamms 1 Yucno Moy
PaGouune Unnuk.
11 7 13 5 3 2
4483 6 3 11 3 1 0
-1 1 1 1 1 1 1
4482 5 2 10 2 0 1
Urepanus 2 Yucno Moaynu
Pa6oune Hnguk.
11 7 13 5 3 2
4482 5 2 10 2 0 1
3 3 3 3 3 0 1
1494 9 3 12 4 X 1
Hrepanmst 3 Yucio Moy
PaGouune Unnuk.
11 7 13 5 3 2
1494 9 3 12 4 X 1
-4 4 4 4 4 X 0
1490 6 8 0 X 1
Urepanus 4 Yucno Moaynu
Pa6oune Hnguk.
11 7 13 5 3 2
1490 6 8 0 1
:5 5 5 0 1
298 4 12 X 1
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OxonyaHue Taba. 2

End of table 2

Urepanus 5 Yucno Monynu
Paboune WNunuk.
11 7 13 5 3 2
298 1 4 12 X X 1
-12 1 5 12 X X 0
286 0 6 X X 1
Urepanus 6 Yucino Monaynu
Paboune 403011708
11 7 13 5 3 2
286 0 6 X 1
((13*11) 3 X 1
2 X 2 X 1
Urepanus 7 Yucno Mopynu
Paboune WNunuk.
11 7 13 5 3 2
2 X 2 X X 1
-2 2 0
0 0 1

CormnocrapieHue 3HauY€HUH OCTaTKOB B IIECTOM
cTpoke 010KOB A M B mokassiBaeT, 4TO KOJIHYECT-
BO HYJIEBBIX OCTaTkoB B Oioke B — Oomblie, uem
B Onoke A. IlosTomMy npuHumaem Osiok B B kade-
cTBe akTUBHOro. IlockoyibKy cucTeMa MOJyJien
HEYEeTHasl, CMEHA aKTUBHOTO OJIOKa HE W3MEHSET
YeTHOCTh uucia. B O1oke B BeimonHsem nenenue
gucnta N wa (3*5*13). B ogunHaanmaToil ctpoke
omoxa B Benmmumna nenwmrens (3*5%13) mpencras-
JIeHa CBOWIMH OCTaTKaMH TIO0 COOTBETCTBYIOIINM
MOAyJsiM. PesynpTar neiaeHus OJHOBPEMEHHO 3a-
MUCHIBAETCS B IBEHAANATON CTPOKE 000X OJIOKOB.

ComnocraBieHre 3HaYeHUH OCTaTKOB B JIBEHa-
naTod crpoke O0koB A u B mokasbiBaer, 4To
B Osoke A mmeercs octarok ¢, =0 10 MOmymro
m, =11. IloaTomMy npuHHMaeM OJIOK A B Ka4ecTBe
aKTUBHOro. B cemHaanaToil CTpoKe aKTUBHOIO
osoka A BenmuuwHa nenurtens (11) mpencraBiieHa

CBOMMHU OCTaTKaMu 110 COOTBCTCTBYIOIIUM MOIY-
JISIM.

Pesynbrar neneHus oIHOBpEMEHHO 3aIUCHIBa-
€TCsl B BOCEMHAIATON CTPOKE 000HUX OIIOKOB.

W3 odepemHOTO COIMOCTABICHUSI 3HAYEHUH OC-
TaTKOB B JBaJLIaTh BTOPOW CTpoke OJoOKoB A u B
BHJTHO, YTO HYJIEBBIE OCTATKH B 000MX OJIOKaxX OT-
CyTCTBYIOT. [103TOMY 3aKIIOYUTEIbHAS WTEpaIUs
COCTOUT B BBIYMTAHUM 3HAYEHUS OCTaTKa «, =2

1o Moaymo m, =7 . [loxydyaeM Ha UHAMKATOPHOM
MOJyJle 3HaueHUe ocTaTka o, =1.
PesynbTar mo JaHHOMY alNrOpPUTMY JTOCTHUTAET-
T
csi 3a I, =4 wurepanuu, TO €CTb B 0=-"1=175

2
ObIcTpee.
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Tabnuma 3
PabGora Anropurma 2
Table 3
Work Algorithm 2
biox A biiok B
1 | HUrepa- | Yucno Monynu HUrepa- Yucno Mopynu
2 | 1 PaGoumne WHIUK. st 1 Pa6oune WHIMK.
3 11]17(13]5](3 2 11|7113]5(3 2
4 4483 | 6 [3]11[3]1 0 10531 ) 4 {31 [1]1 0
5 -1 L] |1 1 -1 1 1 1
6 4482 [ 5 ]2]10f2]0 1 10530 1 3 12]0fofof 1
7 | Urepa- | Yucno Moy Urepa- | Yucno Monymu
8 st 2 Paboune Nunuk. st 2 Paboune Wnnnk.
9 11]17(13]5](3 2 11171131513 2
10 4482 | 5 |2]10]2]0 1 10530 13 )2]0]o0]o] 1
11 > 3*5*13) | 8 |60 |ofo| 1
12 54 105 x | x|[x 1
13 | HUrepa- | Yncno Mopnynu Urepa- | Yucno Mopynu
14 st 3 PaGoune Unnuk. st 3 PaGoune Nnnnk
15 11]17(13]5(3 2 11171131513 2
16 22 1o 1| x|x][x | 54 105 x [x]|x 1
17 11 0 14] x |x]|x 1
18 2 x [2] x | x]|x 1
19 | HUrepa- | Yncno Monynn Hrepa- [ Ywucno Mopynu
20 I 4 Paboune KomnTp. st 4 Paboune Kontp.
21 11]17(13]5(3 2 11|7113]15(3 2
22 2 x |2 x |x]|x 1 4 x |4 x | x]|x 1
23 -2 X |2 x |x]x 0
24 0 0 x| x|x 1
Pe3yabTathl HayuyHnasi HOBM3HA M IpaKTH4YecKasi
3HAYMMOCTh

IlonyyeHsl BecbMa HECIIOXKHBIE PEUIEHUA

HEMOAYJIbHBIX onepaunﬁ OIpEACIICHNUA BbIXOJa 3a
npeacibl Auana3oHa pe3yyibTaTa CIOXCHHUSA WIN
BbIYUTAHUA Iapbl YUCCII, CPABHCHUA IMapbl YHCECII,
OMpEACICHNUA NPHUHAMJICIKHOCTU YHUCIA JTaHHOM
MNOJIOBUHE [JUalla3OHa, OHNpCACIICHUA YETHOCTH
qucia.

[IpenioxeHpl HOBBIE MOAXOABI K PEIICHUIO
HEMOJYJFHBIX OIEpaluii CHUCTEMBI OCTATOYHBIX
knaccoB. IlpencraBnsercss merecooOpa3HBIM pac-
CMaTpUBaTh JAHHBIC MOJXO/bI B KAYECTBE HAIPaB-
JIEHWsI UCCIIEIOBAaHUI 1O TOBBIIICHUIO (dexTrB-
HOCTH MOJYJIIPHBIX BBIUHCIEHUH. PaccMoTpeHHbBIE
pemeHuss 00agaloT BBICOKUM OBICTpOJECTBHEM
U MOTYT OBITh peau30BaHbI MPH Pa3padOTKe MO-
ITyJISIPHBIX BBIYNUCIHATENBHBIX CTPYKTYP.
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BriBoabI

PaccmoTpeHBl BONPOCH! BBHIMOJIHEHHS HEMO-
IyJBHBIX ONEpaluii B CHCTEME OCTATOYHBIX Kjac-
coB. IlokazaHo, 4TO 3TH omepaLud MOTYT OBITH
JOCTaTOYHO HECJIOKHO PpEaln30BaHbl B CHCTEME
HEYETHBIX MOJyJIell Ha OCHOBE ONpEAENCHHs YeT-
HOCTH omnepaHnoB. OmnpenereHue 4E€THOCTH OCY-
LIECTBJIICTCA IIyTEeM HaXOXAEHWs CyMMBI 3Haue-
HUM MO3WIIMOHHBIX XapaKTEPUCTHK YHCIIA TI0 MO-
IyJII0 J1Ba. AJTOPUTM IOJyYEHHUs MO3UIMOHHOU
XapaKTePUCTUKU BKIIIOUACT UTEPALIMH JBYX BHOB:
BBIUMTAHHUE U3 BCEX OCTATKOB 3HAYEHMS OJJHOTO M3
HUX M HUCKIIOUEHHUS MOIyJIeH, OCTaTKU MO KOTO-
PBIM paBHBI HyII0. PaccMoTpeHHble pemieHust 00-
JaJal0T BBICOKUM OBICTPOINEHCTBUEM U MOIYT
OBITH peamu30BaHbl NMPH Pa3pabOTKe MOMYISPHBIX
BBIYMCIIMTENBHBIX CTpYKTYyp. [Ipencrasmsercs we-
Jecoo0pa3HbIM  paccMaTpUBaTh IPEUIOKEHHbIE
MOJIXOJBl B KAYECTBE HAINPABJICHUS UCCIIEIOBAaHUI
MO TOBBIMIEHUIO Y(PQPEKTUBHOCTH HEMOIYJIBHBIX
OIepaLuil B CHCTEME OCTATOYHBIX KJIACCOB.
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10. JI. TIOJIICbKUI

"HJII aBTomaTm3anii dopHoi MeTanyprii, Byn. Koponenka, 21, JlninporeTposesk, Ykpaina, 49000, ten. + 38 (056) 744 33 65,
+38 (067) 706 83 11, en. mowra polissky@mail.ru, ORCID 0000-0001-5363-8145

PO BUKOHAHHS CKJIAJTHUX OIEPAIIN
Y HEITIO3UUINHIN CUCTEMI YN CJIEHHA 3AJIMIIKOBUX KJIACIB

MeTa. Pobota nepenbadae TeopeTHdHe OOTPYyHTYBaHHS METOJNUKH IiIBHIEHHS €()eKTUBHOCTI BUKOHAHHS y HE-
MO3MIIHHINA CHCTEMI YHCICHHS 3aJUIIKOBUX KJIACiB CKIaJHUX, TaK 3BaHUX HEMOAYJbHHUX, ONepallii, s peanizamii
SIKUX HEOOXiTHO 3HATH MU(PHU ONEepaHIiB MO BCiX po3psaax. Meroauka. [ qocarHEHHS TOCTaBIeHOI METH YUCIa
MIPECTABISIOTECA B CHCTEMI HEMapHUX MOAYIIB, IIPH IbOMY pe3ylbTaT BUKOHAHHS OIepallii BU3HAYae€ThCS HA OC-
HOBI BCTaHOBJICHHSI MTAPHOCTI onepaH/iB. Bu3HaueHHs MapHOCTI 31iHCHIOETHCS IIUIIXOM 3HAXO/KEHHS CYMH O MO-
JYJIIO JIBa 3HaY€Hb MO3MLIIHUX XapaKTEepUCTUK YUCIa MO BCiX HOro MOIyJsiX. AJTOPUTM OTPUMAHHS MO3ULIHHOT
XapaKTEePUCTUKHU BKJIIOYAE iTepauii JBOX BUIIB. ITepalis neporo BUIy IOJISITAE B MEPEXO/ BiJl JAHOTO YUCia 10
MEHIIIOTO YHUCIIA, B IKOMY 3QJIMIIKH 110 OJJHOMY a00 JEKUTBKOX MOIYIISIX JTOPIBHIOIOTH HYJIO. JlocsTraeThes 1e BiqHi-
MaHHSIM 13 YCiX 3aJIMIIKIB 3HAYEHHS OJHOTO 3 HUX. ITepallis qpyroro BUAY MOJATae B IEPEXO/Ii BiI JAHOTO YHCIA JI0
MEHIIIOTO YHCIIa 32 PaXYHOK BHKITIOYCHHS MOJYJIIB, 3AJIUINKA 33 SKUMHU JOPiBHIOIOTH HYJIIO, IIUITXOM JUICHHS HOTO
YUCiIa Ha JTOOYTOK ITMX MOJIYJIB. ITepallii BUKOHYIOTBCS IO THX ITip, TOKU 3aJHIIKH MO0 OAHOMY, BCIM a00 JCSKUM
MOJYJIIM HE CTaHyTh JOPIBHIOBATH HYJIIO, a peluTa OyayTh BHKIIIOUEHI. 3alponOHOBaHA METOAUKA BiOPI3HIETHCS
CBOEIO MPOCTOTOIO Ta J03BOJISIE MIBUAKO OTPUMATH pe3yibTat omnepaiii. Pesyabratu. OTpuMaHi JOCUTh HECKIIATHI
pillleHHs] HEMOAYJIBHHUX OIepalliii BU3HAYCHHsI BUXOY 3a MeXIi Jliara3oHy pe3yJIbTaTy J0JaBaHHA a0o0 BiIHIMaHHS
Iapy 4Kcell, HOPIBHSAHHS Mapy YKcell, BUSHAUYCHHS MPUHAJIC)KHOCTI YKClia JTaHii IMOJOBUHI Jlana3oHy, BU3HAUCHHS
MApHOCTI YMCeJI, TPEICTABICHUX Y HEMO3ULIHHIM CHCTEMI YMCIIeHHs 3ajJuiKoBuX kiacis. HaykoBa HoBH3HA. 3a-
MIPOIIOHOBAHI HOBI €()EKTUBHI MIAXOAW 10 BUPIIIEHHS MOJAYJIbHUX Olepaliii CUCTEMH YHCIICHHS 3aJIUIIKOBUX Kia-
ciB. [IpescTaBiseThCst MOUITBHAM PO3IJISAAATH IIi MIAXOIU K HAMPSIMOK JOCTIHKEHB 110 MiJABUIICHHIO e(hEeKTHBHOCTI
MOIyJsipHUX OoOurcieHb. IlpakTHYHA 3HAYMMICTB. PO3MIIAHYTI pillleHHS MalOTh BUCOKY MIBUAKOIIIO 1 MOXYTh
Oyt eheKTUBHUMH ITPH PO3POOIII MOIYIIPHUX OOUHCITIOBAILHUX CTPYKTYP.

Kniouosi cnosa: 3a1uIKOBI Ki1acy; YUCII0; CKIIaIHI Onepanii; mo3uliiHa XapaKTepucTHKa; NapHICTh YMCIIa; iTe-
parris

YU. D. POLISSKY"

I Automation, Iron and Steel SRI, Korolenko St., 21, Dnipropetrovsk, Ukraine, 49000,
tel. + 38 (056) 744 33 65, +38 (067) 706 83 11, e-mail polissky@mail.ru, ORCID 0000-0001-5363-8145

ABOUT COMPLEX OPERATIONS IN NON-POSITIONAL
RESIDUE NUMBER SYSTEM

Purpose. The purpose of this work is the theoretical substantiation of methods for increased efficiency of execu-
tion of difficult, so-called not modular, operations in non-positional residue number system for which it is necessary
to know operand digits for all grade levels. Methodology. To achieve the target the numbers are presented in odd
module system, while the result of the operation is determined on the basis of establishing the operand parity. The
parity is determined by finding the sum modulo for the values of the number positional characteristics for all of its
modules. Algorithm of position characteristics includes two types of iteration. The first iteration is to move from this
number to a smaller number, in which the remains of one or more modules are equal to zero. This is achieved by
subtracting out of all the residues the value of one of them. The second iteration is to move from this number to
a smaller number due to exclusion of modules, which residues are zero, by dividing this number by the product of
these modules. Iterations are performed until the residues of one, some or all of the modules equal to zero and other
modules are excluded. The proposed method is distinguished by its simplicity and allows you to obtain the result of
the operation quickly. Findings. There are obtained rather simple solutions of not modular operations for definition
of outputs beyond the range of the result of adding or subtracting pairs of numbers, comparing pairs of numbers,
determining the number belonging to the specific half of the range, defining parity of numbers presented in non-
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positional residue number system. Originality. The work offered the new effective approaches to solve the non-
modular operations of the non-positional residue number system. It seems appropriate to consider these approaches
as research areas to enhance the effectiveness of the modular calculation. Practical value. The above solutions have
high performance and can be effective in developing modular computing structures.

Keywords: residue classes; number; complex operations; positional characteristic; parity number; iteration
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