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MartemaTH4yecKoe OIUCAHNEe onepanmuu A€JCHUs HEJTbIX YUCE
B JOMMOJHUTC/IIBHOM KOI€ C OTPUHATEJIbHBIM U MOJOKUTE/IBbHBIM HYJIEM 0C-

TAaTKOB ACJINMOI'0

B omauuue om cywecmeyrowux nooxooos [1-4] dononnumenvuvie K0Obl 3HAKOBLIX YEIbLX YU~
cen onepayuu OeleHus 3a0aromes eOUHO0OPA3HOU POPMYNOU Ol NOIONCUMETbHBIX U OMPUYd-
MENbHBIX Yucen [5] u ucuucasomes Kak ocmamorx no Mooy, paeHblll KOAU4ecmsy 080UYHbIX HA-
060p0o6 dononnumenvHo2o kooa yucia. Ha ocnose npednoscennoi mooenu 0onoaHumenbHo2o Kood
Yenblx Yucen aHATUmuYecku 060CHOBAHbL OPUSUHATIbHBIE CROCOObL PUKCAYUU NePenoIHeHUst PA3-
PAOHOU CemKU YACMHO20 NPU OeleHUU YETblX YUCEeN C UCNONb308AHUEM 8bIXOOHO20 NePeHocd U
APUBHAKA HYNeB020 3HAYEHUS CIAPULe20 YaCmuyHo20 ocmamka denumozo. I[lokazano, umo nyne-
8ble 3HAYEHUS] YACTNUYHBIX OCMAMKO8 0eUMO20 NPU ONPedeleHul Yudp 4acmuo20 U GbIYUCTeHUU
ROCNEOYIOUe20 YACMUYHO20 OCIMAMKA 0eIUMO20 Cledyen paccCMampusams KaxK HOIONCUMETbHbLIL
UNU OMPUYAMETbHBLIL OBOUUHDLIL KOO 8 3A8UCUMOCIU O 3HAKA OeNUMO20.

Knwoueevie cnosa: mooynv 00noJIHUMENbHOZO0 KOO, OCHAMOK RO MOOY/I0, OONOTHUMEbHbLI
K00, nepenonHenue, OMpPUUAmeabHolil U NOJIONCUMETbHBII HYb OONOJIHUMENbHO20 KOOA OC-

MamKoe 0enumozo.

BeedeHue

[IpaxkTuueckas peanu3anys OIepalMu Jele-
HHS LEJIBIX YHCEeN B JIOMOJHUTEIBHOM KOJE IIpU 10~
NYCTUMBIX 3HAYEHHAX OICPaHIOB MPEIIoaraeT
KOHTPOJIb MEPETIOJHEHUS Pa3psiqHON CETKH 4acTHO-
ro. YIpoueHne KOHTPOJIsS MePeroIHeHUs] YaCTHOTO
Y YMCHbLICHHE alapaTHBIX 3aTpaT IOCTUTAOTCS
NPU KCIOJBb30BAaHUU B CXEME€ KOHTPOJISI CTaHIapT-
HBIX HMH(OPMAIMOHHBIX CHIHAJIOB, (OPMHUPYEMBIX
NpU BBIYUCICHUHM CTapIero 4YacTHYHOTO OCTaTKa
JISIMMOTO — BBIXOJJHOTO TIEPEeHOCa W MpU3HaKa Hy-
JIeBOTO 3HAYEHHS CTapIIEro ocTaTka AeJuMoro. Jisa
(hopMHpOBaHUsI KOPPEKTHOTO KOJa YaCTHOTO HYyJie-
BbIE 3HAUCHHUS] YACTHYHBIX OCTATKOB AEIUMOIO IPH
JIeJICHHH Y¥Cell TIPOM3BOJIbHBIX 3HAKOB CIIEAYET pac-
CMaTpHUBATh KaK ITOJIOXUTEIBHBIA MM OTPULATEINb-
HBI HyJb B COOTBETCTBUHM CO 3HAKOM JCIHMOTO.
[Nony4yeHHbIe B LHMKIE JAeNieHUS LUQPBI 4acTHOrO
KOPPEKTHUPYIOTCSl TOJBKO NP OTPHLATEIBHBIX 3HA-
YEHUSAX YaCTHOTO, NMPHYEM eAHHO0Opa3sHO — 1nobaB-
JICHUEM eIMHUIBI K MJIa IIeMy pa3psily HHBEPCHOTO
KOJ]a 4aCTHOTO.

O6uwas memoduka desieHUsT UesibiX Yucesl

IIpu neneHnn MoAysei LENbIX YUCET BBIUKC-
JsieTCs 3HaYEHHE YacTHOro, KOTOpOe Mpeanoaaract
BBHITNIOJIHEHHE paBeHCTBa [ 1-4]:

a=bd+c, e
rae a, b, d, c — COOTBETCTBEHHO MOJYNIH AEINMOTO,
JIENIUTENs, YACTHOTO U OCTATKA JAEITHUMOTO.
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O/IHO3HAYHOCTh PA3JI0KEHHs EIMMOro Ha
COCTaBJISIOLIME M IIEJOYUCICHHBIN XapakTep Jelie-
HUS 00€CIIeUNBAIOTCS BEITIOTHEHIEM HEPAaBEHCTB:

b#0, c<b. 2)

[Ipu meneHWM 3HAKOBBIX MEJBIX YHCEN pe-

meHue 3a1a4d (1) cCBOANTCS K PEIICHUIO YPaBHEHHS

A=BD+C, 3)
rae A, B, D, C — cCOOTBETCTBEHHO 3HAKOBBIC IIEJIbIC
YHClla JIeIMMOT0, JAEJIHTENs, YaCTHOTO M OCTaTka
JIEITMOTO.

Ecnu 3naku «+» u «—» A, B, D, C 0603Ha-
yuTh cooTBeTcTBEHHO Kak NA, NB, ND, NC u 3ako-
JUPOBATH TAKUM 00pa30M, YTOOBI
0 mpu X>0; @)
1 mpu X<0,
rae X = A, B, D u C, To 3HaK 4acTHOTo, COTJIACHO
mpaBwiIaM aireOpbl, OyAeT OmpenensiThesl JIoTHde-
CKUM BBIPAKCHHUEM

ND =NA® NB, 6)

OMHO3HAYHOCTh PA3IOKEHUS 3HAKOBOTO
JIEIIMMOTO HAa COCTABILIIONINE OOECIeUnBACTCS IMPH
orpaHHYeHUAX (2) Ha MOIYJH YHCET U COXPAaHCHHU
cooTHoIIeHUs (1) MEXKITy MOAYIISIMU YUCEIT:

[Al=[B-D| + [Cl.

CrnemoBareNbHO, MPH TMPOWU3BOJIEHBIX 3HA-
Kax JeJMMOro M JeJHTeNls KOPPEKTHOE Oorpesese-
HHE YaCTHOrO OOECHEeYMBACTCS NPU BBITOJHCHHUU
CJIE/IYIOLIET0 COOTHOUICHHUSI MEXK/y 3HAKOBBIMU pa3-
PSIaMH YUCIIOBBIX JaHHBIX:

NB @ ND =NC,

rne NB @ ND — 3nak cnaraemoro B ypaBHeHHH (3),
KaK pe3yJbTaT MPON3BEICHHS JETUTENS U YaCTHOTO.

Nx =
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VuureiBas, utro ND = NA @ NB, nonxyuum
NC =NB @ (NA © NB).

Hcnonp3ys odYeBHIHBIC NPeoOpa3oBaHus,
MOJYyYNM OKOHYATENFHOE BBIPAKCHHE IS 3HAKa
KOPPEKTHOTO KOJa OCTaTKa JIEIIMMOTO

NC=NA. (6)

B 3anmaue (1) a > bd. B cuny 3roro u, co-
TJIACHO CBOWMCTBAM OIEPalld yMHOXKCHHS HEOTPH-
[ATeIbHBIX LENBIX 4Yucenl b-d, (opMaT UYUCIOBBIX
JTAaHHBIX OTEpaIiH JCJICHUA d, b u d OrpaHUYCH He-
PaBCHCTBOM

lL,>10,+1, @)
rae I, 1, [; — COOTBETCTBEHHO MaKCHUMAJIbHOE KOJIH-
YEeCTBO 3HAYAIUX Pa3psAI0B JIEIUMOro (IJIHHA JTBO-
HUYHOTO KOJa MOJIYJIS JIEJIUMOTO), NCIUTEINS U 4acT-
Horo. IIpu 3amaHuu Monyned AEIUTeNss U YaCTHOTO
KOJIaMH:

lhy=1=n, (®)
HepaBeHCTBO (7) MpUHUMAET B
l,22n. ©)

B 3anmaue (3) 3HaKOBBIE YMCIIOBBIE JaHHBIE
coJiepkar Kpome IU(POBBIX Pa3psiioB OJHOpa3psi-
HOE T0JIe 3HAKOBOTO paspsija, No3ToMy (Gopmar Je-
JIMTEJIE U 9aCTHOT'O, MOAYJIM KOTOPBIX OrpaHUYCHBI
cooTHoteHueM (8), 3a/1aeTcsl BRIpaXKEHUEM

lg=Ilp=n+1,

(10)
rne lg, Ip — COOTBETCTBEHHO /IMHA 3HAKOBBIX YH-
CJIOBBIX 3HAYCHMH AENUTENsI M YacTHOTO B 3ajade
3).

IIpn onmHOpOIHON NaMATH KOMIIBIOTEPA,
COCTOSIILEH U3 A4Yeek JUIMHOoIo 1 + 1, Gonee JUIMHHOE
JIeTMMOe, MOIYJb KOTOPOTO OTpaHWYEH HEPAaBEHCT-
BoM (9), KOMIIOHyeTCS B JBYX CMEXHBIX f4yeikax
namsTu JuimHoto 1 + 1. [loatomy dopmar 3HaKOBOTO
JIETMMOTO B 3a7a4e (3) ompeaenseTcs: Kak

L,=2n+2, (11)

rae [, — qMHa 3HaKOBOTO AETMMOTO B 3a1aue (3).

[ockonbky, cormacHo (2), ¢ < b It 0TO-
OpakeHUsI 3HAKOBOTO Koma ocraTka nemumoro C
UCTIONB3yeTcs (hopMaT 3HAKOBOTO JACTHTEINS

l(~:lB:n+l, (12)
rne /o — JyIMHA 3HAaKOBOTO KO/a OCTaTKa AEIMMOTO B
3amayqe (3).

IIpu mpaxTHdeckoM penieHnu 3amadu (3)
3HAKOBbIE YHCIIOBBIEC JIAHHBIE OTOOpaKaroTCsl B JI0-
MOJTHUTENBHBIX Komax [5]. JlomoJHHUTENbHBIH KOX
YHUCIIOBBIX 3HAYCHHUI YacTHOro, coriacHo (10), om-
penensercss COOTHOIICHUEM

(V+D)py npuD € [-V/2; V/2);

) (13)
DI[K(n+]’ 1) _{ A pu Dg[—V/Z; V/Z);

(14)
rae

® Dyx(n+l,1) — orobpaxenue uactHoro D B
JOIOIHUTENPHOM KOJe JUIMHOI0 ntl, cocTosliero
U3 JIBOMYHOTO LEIOYUCIEHHOro koja djx(ntl) ...
dni(2) dyk(1), crapuuil pa3psag B KOTOPOM OIpefe-
€T 3HaK yacTHoro: Dx(n+1) = ND;
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e V = 2T(n+1) — mapamerp oTobpaxeHus uu-
CJIOBBIX JTaHHBIX IOTIOJIHUTENBHBIM KOJOM JIHHOIO
n+1 (MOZYIB TOTIOHATENFHOTO KOJIA [UTHHOKO n+1);

e (V+ D),y — ocratok mo moayao V cMme-
menHoro koga V+D;

o [-V/2; V/2) — obnacts ompenenenust QpyHK-
muu Dy(D), B koTopoil obecreuuBaeTcss OJHO3HAY-
HOE OTOOpakKeHHE YacTHOro D IOMOIHHUTEIHHBIM
koJoM Dyg(nt1, 1).

YactHoe D B oGmactu omnpeneneHus GyHK-
mun (13) Ha pa3HBIX yJacTKaxX M3MEHEHUS YacTHOTO
3aJaeTcs 3HAKOBBIMH JIBOMYHBIMH KOAAMH pa3iIfd-
HOTO BHAA!

D— {+(D d,..d,d;, npuD € [@B;V/2); (15)

—dp4q Ay ...dpdy ipu DE[-V/2; —1],  (16)
re d; — COOTBETCTBEHHO LU(POBBIC pa3psibl MOIY-
JIS1 9YaCTHOTO TIPH

0<D<(V2-1)u-V/2<D<-1;

i=nt+l,n...2,1.

Takum o6pazom, cormacHo (13) u (15),
0TOOpakeHNE TOJOKUTENIFHBIX 3HAYCHUH YacTHOTO
D mpencraBiseTcss HEIOYNUCICHHBIM IBOUYHBIM KO-
JTOM:

Dyx(ntl, 1) =(V + D)=
=(V + (+0dn cee dZdl))mV =
:(V + Odn dZdl)mV = [O]dn dzdl,
rne dy ... dbdi — UPPOBBIC Pa3psIbl MOIYJIS MOJIO-
JKUTENBHOTO yacTHOro; [0] — 3HAKOBBIN pa3psia mo-
JIO)KUTENBHOTO yactHoro D > 0.
OTOOpakeHUE OTPUIATECIBHBIX YHCIOBBIX

3HAQYEHUH YacTHOro D B JIOMOJHUTEILHOM KOJE,
cornacHo (13), mpencraBisieTcss COOTHOIIEHUEM

Dy(ntl, 1) =(V + D),y =
=(V =dyy;dy ... o)y =V —dpi1d, ... dod; =
=2""_d,d,... dd, =
="' 1) —dyd, ... dod; + 1=
=lpal, ... Ll —dyd, ... dyd + 1=
= (U1 = dye) 2"+ (1, = d,) 2" +
1y —d)2' + (1, —d)2°+ 1 =
=dper 2"+ dy 2"+ .+ dy2' +d 20+ 1 =
=[dns1ldy ... dydi+1,

(17

(18)

rie
® d,.d, ... dd, — npsmble TTPPOBBIE pa3PsIIBI
MOJyJIsl OTPUIATEIHHOTO YaCTHOTO;

e d,,, d, .. d, d, — uHBepCHBIC 3HAYEHHUS
(POBBIX pa3psIoB MOIYJS OTPULIATEIHHOTO Ya-
CTHOTO;

e [d,,.1] — MHBEPCHBIA KOJI B MO3HIIUU 3HAKO-
BOI'O pa3psja AOMONHUTENbHOro koja Dy(nt+1).

Takum ob6paszom, cormacuo (13-14) u (17-
18), mpornenypa GOpMUPOBAHUS JOTIOJTHUTEIHHOTO
KOJIa YaCTHOTO 3a/1aeTCsl CUCTEMOH HEPaBEHCTB!
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Dyk(n+1, 1) =
[dps1]dy, ... dpdy mpu 0< D < (V/2-1); (19)
=1 [dns1]dn . dz di+lmpu-V2<D<-1;  (20)
i npu Dg [V /2; V/2), (21)

rue

® d,.d, ... dd| — ipsiMBIe 3HaYCHUS ITUPPOBBIX
Pa3psiioB MOZYJSL 4aCTHOTO, ONpenesseMble perie-
HUeM 3amaun (1) B oOmacTu cymecTBOBaHUS (YHK-
muu Dj(D);

¢ [d,+1], [dpy1] — 1MOpPOBBIE KOIBI B 3HAKOBOM
HO3UIMHU JOTOTHUTEIBHOTO 4aCTHOTO D py(n+1).

[TockonbKy JOMONHUTEIBHBIA KOX IOJIO-

JKUTEIIBHOTO M OTPHIATENHFHOIO YacTHOTO (OpPMHU-
pyercs pasMgHBIM 00pa3oM, TO Onepanys ASJICHUS
Ypcel IPH Pa3InYHBIX COYETAHUIX 3HAKOB ONepaH-
JIOB TpeOyeT CIeUaIbHOTO HCCICIOBAHHUS.

HeneHue  nonoxumenbHbIx
dornosiIHumesibHOM Koode

qucen e

ITpn neneHNM MONOXXKUTENBHBIX YHCEN, CO-
rinacHo (19), MakcuManbHOE 3HaYCHUE MOJYJS Ya-
CTHOT'O OI'paHUYCHO U OIPCACIACTCA HEPABCHCTBOM

D lmax < 2"

B cuity 3TOrO0 nepenosHeHUe YacTHOTO MPH
JACJICHUU TOJIOKHUTCIIBHBIX YHCEJI OINPEAC/IACTCA HE-
paBEHCTBOM

A<B-2",
rae A =+A|: |A| € [0; K/2); K=2T(@2n+2);
B=+B|: |B| € [1; V/2).

OTkyza nosy4um:

+) _ {0 mpu A1 < 0;

+/ lupud,,; =0, (22)

i
+
roe A, = A - B2 HH(:) — NIPU3HAK IIEPEIOJIHE-
HUS Pa3psIHOW CETKH YacTHOTO TpPH JENICHWH II0-
JIOXKHUTEIBEHBIX YUCEIT.

[Ipu mpencTaBIeHUN CMEUMICHHOTO JEIHTe-
ast B(n+1, 1)-2" mmnaoro (2n+1) B popmate genumo-
ro A(2n+2, 1) pnmuHOTO (2n+2) crcTeMa HEPaBEHCTB
(22) nmpuaIMaeT BUL

An+1< .
R
rme A" =2-A-B2""=2-A,,. (24)

[Tpn BBIYMCIICHNH yIBOEHHOTO OCTaTKa Jie-
+1
aumoro A" B JIOIONHUTEIBHOM KOJE BBIPaXKEHHUE
(24) 3anmaercs popmynoit

A =2 Ag-Br2"") (25)

+1_ +1
riae Ak =(K+A" )m o A= K+ A
1 1
Bp2" = (K+B2""),x.
Hcnons3ys oueBuHBIE CBOMCTBA JIBOUYHO-
ro Kojaa, BeIpakeHHE (25) MOXHO TpEACTAaBUTH B
BUJIE

24

ntl__ ntl _
AH-;( —(ZAHK-BHKZ * )mK -
= (At (221) By (1t 1,1)0p41...0,0,+1) =
= (AHK+121’I+2' . 12 1 I'BﬂK(n+1*1)0n+l .. 0201+1)
= (AHK+B,HK(n+171) ln+1 12 1 l+l)m[\' =
= (A B (r+1.D+1)0, . 1...050,) =
= (A Bl (1,1 2"")
rae An = (+ |ADmc = [0] |A] 2nt1, 1);
B = (+ B])ux = [0] B (n, 1);
BE{Z:(B (ntl, 1)+1) — npeoOpa3oBaHHbIH T0TIOJ-
HHUTENbHEIN KO IEJIUTENS JJIMHOIO ntl;
B HK(nH, 1) — mopaspsaHas HWHBEPCHUsS JIOIMOJIHU-
TEJNBHOI0 KOAa ACIUTEIA.

[onnas cymMMa B IpaBoii YacTH BBIPAXKEHUS
(26) oOpa3yeT JBOUYHBIN KOA

mk (26)

n+l

E'2n+2+AﬂK :2.|A|+22n+2_|B|.2n+1 _
>22"2 npu 2:|A|>|B|-2"; (27)
<222 pu 2:|A|<|B|-2", (28)

rae E — BBIXOJHOU MepeHoc MONHOM CyMMBI OCTaTKa
n+l
nemumoro Ajp .

Ortcroga, cornacHo (23) u (27)-(28)
1 mpwm ITIT G) =1;

E= N
0 npu IIT (:) =0.
CnenoBarenbHO, (POPMUPOBAHUE MPH3HAKA
MEPENOTHEHUSI YAaCTHOTO TMPH JCICHHH TOJO0XKU-
TENBHBIX YUCEI OMICHIBACTCS BRIPAKCHHEM

+
11 <—> =E. (29)

+
HpI/I OTCYTCTBHUHU ICPCHOJIHCHUSA YaCTHOTO
HCU3BCCTHBIC NPAMBIC 3HAYCHHA YHCJIIOBBIX DPa3ps-

JIOB TIOJIOKUTENIFHOTO YacTHOro, corijacHo (1) u
(19), onpenensroTcs penieHneM ypaBHEHUS
A=B(d 2" +d,2"" + ... +dy2 + d). (30)
Ortcroza ciieiyer, 4To COCTOsIHuE HU(ppPOBO-
ro paspsiia B HO3UIMK 3HAKOBOTO paspsaa d,.; 4a-
CTHOT'O ITpU ACJICHUU IMOJOXKUTCIBHBIX YHUCEJ OIIpe-
JIEISIETCS] CHCTEMOM HEepaBEeHCTB:

0 npu A,,,;<0;
dn+l :{ p .

1 it A, >0,
rae A, = A —B-2" <0, cornmacuo (22), npu oTcyT-
CTBHH TNEPEIOIHEHNUS YaCTHOT 0.

CrnenoBarenbHo, cormacHo (22)-(25), npu
JITICHUH MOJI0KUTEJIbHBIX YHCEIl TOTYIUM

dyi = 0 ipn NAJR # NBe : NAJE! = 1, NByye = 0.
Takum 00pazom, U(POBOI KOJ B MOZUIHH
3HAKOBOT'O pa3pdgaa AOHOJHHUTEIBHOTO KOJa IO0JIO-

JKUTCJIBHOTO YaCTHOI'0 OIPEACIIACTCA JIOTHYCCKUM
BbIpAXKECHHUEM

[d,1] = ND = NAil ©NB . (31)
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B obmem ciyuae npu d,. € [0;1] undpo-
Boit kox Dyk(n) = d,, cornacho (30), onpezensercs
CUCTEMOW HEPABEHCTB:
d = {0 npu A, <0;
" (1 npu A, >0,
rie
_ {A-B'zn_l_AnﬂJrB'zn_l npu dn+l:0 : A}7+1<O;

n

[Ipu mpencTaBieHUN CMEUIICHHOTO JEIHTe-
a1 B2 JuHOIO 2n+1 B opMmaTe menmmoro mim-
HOIO 271+2 BBIpaXXEHUSI MPUHUMAIOT BU/I;

_ {0 npu A"<0;
1 npu A” >0,

2.An+1_B.2n+1 A}7+1<O_
rme A" = fipH ’

2.An+l+B.2n+1 HpI/I A}7+1209
A'=4A; 2N =4A,,.

IIpu BBIUKCIEHMH OocTaTKa A” B JOMOJNHH-

TEILHOM KOJIE MOYIHUM

_ [0 mpu NAT=1 : NAJ#NB i
" 1 npu NA}ZIK:O . NA’,Z’IK:NBZIKa

n

rIe

n _

JK™

(2 Af +BJik2"")  mpu NAJK =NBpyc : NAR =0,

Takum 00pa3oM, TPH JCICHUH IOJOXKH-
TenbHbIX uncenl Dyy(n) = d, onpeznensercs cOOTHO-
HICHUSIMU:

. o
d, (£) = NAJ@®NB . (32)

rac

n o o_ (2AIZI¥<1 +BHK'2H+1 )mK fpH NA'EE(I iNBHK; (33)

JK (2A’I7&<1 +Bglf2,2n+l)m[< npu NA'EE(l :NBI[K' (34)

[lpy OYEBHIHBIX H3MECHEHUSX HHACKCOB
BeIpakeHUs (32)-(34) omUCHIBArOT mpaBmiia GOpMU-
POBaHMS TAK)KE BCEX MIIQJIIIUX Pa3psIOB YaCTHOTO.

KoHeyHoe 3Ha4yeHHE OCTaTKa IEIUMOTO,
cornacHo (6), popmMupyeTcs Mo 3HAYCHHUIO TIEPBOTO
YaCTHYHOTO OCTATKA JCTUMOTO Aj:

Ajc@n+2,0+2) ipu NAjg=NA g~ (35)

Carr 1) ={ (Al @32, D)+ Byye(re1.1))
my
36
mipn NA ji#ANA i NA [ 2NB i, (36)
riae Cpg(nt1,1) — nenoduciaeHHsI OCTaTOK AEIUMO-
O TPH JICICHUH MOJIOKHUTEIBHBIX YHCEIT.

HeneHue uenbix Yucen e donosHUMENbLHOM
KoGe npu nonoxumesbHOM OesluMOM U
ompuuyamenbHomMm desnnumerne

IIpun oTpuuaTenbHOM 3HAYEHUM YacTHOTO,
06p330BaHHOFO JCJIICHUEM IIOJIOKHUTCIIBHOI'O ACIN-
MOI'0 U OTPULATCIIBHOTO ACIUTEIISI, MAKCUMAJIbHOC
3HAYeHUE MOAYJSA 4acTHoro, coryacHo (20), ompe-
ACJIACTCA BBIPAXKKECHUEM

ID|max < 2".

A-B2"-B2"'=A,.;-B2"" npu d,. =1 : A,:,>0.

(2 A Byc2™")  mpu NARANB i : AT =1

25

B cuny sroro mnepernonHeHHE pa3psaHOM
CETKH YaCTHOTO 3aaeTCsI CHCTEMOI HEpaBEHCTB:

+\ _ (O npu A, <0;
Hn(j) B {l npu A, >0,

rae A, = A +B2" A € [0;K/2); Be[-V/2;-1];

+
HH(:) — IpU3HAK MEPENOJIHEHUS OTPULATEIBLHOIO

(37

9acTHOTO.

[Ipn mpexacTaBIeHUN CMEIIEHHOTO JIEJIUTE-
as B-2" mnuuoro 2n+1 B Qopmare nenuMoro M-
HOM0 2n+2 cooTHoueHus (37) MpUHUMAIOT BUJ

HH(+) (0 mpu A" <0;
1 mpu A"1>0,
e A" =2:A,,, = %1A +B2" YIBOEHHBIN OCTa-
TOK enumoro; B-2"" — 1BOMYHBIN KOJ|, IEIUTENsS
JUIMHOIO 2n+2.
Ilpy  BBHIYKCIECHMH YOBOEHHOIO OCTaTKa
A" B ONONHHTETHHOM KOJE OIepamys 3a1aeTcs
BBIPQKECHHUEM
A”H:(z'A +B .2n+1)
TIK Ik tbax K’

rae Anc = (HAD k= [Af; Bye2"™ =272 —[B|.
[TonmHast cymMmMa B IpaBOil YaCTH BhIPAKEHHSI
(39) oOpasyeT NBOMYHBIN KOJI:
E'22n+2 + Anﬂﬂ _ 2'|A‘ + 22n+2 _ |B|‘2n+1 _
=% 4 9. |A|— B2 =
<222 npu 2:|A|<|B|-2"";
={>22"2 pu 2-|A|>|B|-2"!;
222 npu 2-|A|=|B|-2"",
rae E — BbIXOJIHOM NepeHoC MOTHOW CyMMBI OCTaTKa
A'EK] OTtkyna cienyer, corinacHo (38), uro
0 mpu A" <0;
E=11mpu A"">0;
1 ipu A" (2n+2,1)=0.

CrenoBatenbHO, TIPU3HAK HEPETIOTHEHUS
pa3psiTHON CETKW YacTHOTO, B COOTBETCTBHH C (38)
u (39), dbopmupyeTcsi COrNIaCHO JIOTHYECKOMY BEI-
paKeHHUIO

(3%)

(39)

m(*)=Eeza, (40)
0 mpu Al #0;
re ZA = { P ALK (41)
1 mpu Al (2n+2,1)=0.

B of0mem ciyyae npu JENCHUU TOJIOKH-
TENILHOTO JIEIUMOTIO ¥ OTPHUIATENILHOTO JIEIUTEIs
}IOHOHHHTCHBHBIﬁ KO OTpHUIATCIBHOI'O0 YacCTHOTO,
cornacHo (20), onpeaensercs CHCTEMO paBEHCTB:

[@)d,...d d+1=
_{ [11d,...d> d;+1 npu DE[-2";-1];
N [0]0,,...0, 0,+1 npu D =—-2",
rae [1], [0] — cooTBeTCTBEHHO NU(BPOBBIC TBOUIHEIC

KOJIbI B 3HAKOBBIX MO3HIMAX OTPULATENHHOIO YacT-
HOTO COOTBETCTBEHHO mpu D > 2" u D = -2".

(42)
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HensBecTHple NpsiMBIe 3HAYEHHSA LHUPPO-
BBIX DPa3psIOB YacTHOTO (42) ompenensrorcs, Co-
riacHo (1) u (37) pemreHreM ypaBHEHHUS

A=-B(d2"+d, 2"+ ... +dy2+d). (43)
Orcrona cnenyet, uro Dyy(n+1) = d, on-
penernsieTcsi CHCTEMO#t HepaBEeHCTB:
+\_ (0 mpi A, <0;
d"“( ) h {1 npu A, >0,
rme A, = A+ B-2": A>0, B<0.
CrnenmoarenbHo, coriacHo (39) u (42)-(43),
WHBEPCHBIC 3HAYCHUS JBOMYHOTO KOJAa B 3HAKOBOU

TMO3NIUU JOOTIOJHHUTEIBHOTO KOAa OTPHULIATEIIBHOIO
YAaCTHOI'O ONIPEACIIAIOTCS COOTHOICHUAMMU:

(+) {1 npuNA’;IQ:NBHK;
0 mpu NA <#NB K-
B cokpalieHHOII 3an1cH 101y YUM
%( ) NAZI©NB . (45)
IIpu d,. €[0;1] npsmoe 3HaueHHE IBOMY-
Horo xona D(n) = d,, cornacHo (43), onpenensiercs
CHCTEMOW HEPABEHCTB!
d = {0 mpu A,,<0;
" (1nopuA,=0,

dn+l (44)

-1 -1 -
A+B-2"+B-2""=A, +B-2"" npu d,,=1;
A+B2"1=A,,,-B2"" npu d,,,;=0

IIpu npencTaBieHUM CMELICHHOTO AEIHUTe-

na B-2"' anumoro 2n B hopMaTe AEITMMOrO JUTHHOO

2n+2 ¥ BBIYMCIECHHMHM OCTaTKa OeIUMoro A, B J0-

MOJIHUTEILHOM KOJIE nonquM
1 mpu Aje=1:N NBHK,

= [+
dy (T)_ 0 mpu Af=0 : NAﬂKyéNBﬂK,

rae A, =

(46)

rac
(2-AfK +Brx 2"“) TPH i =0 NAJK #NBy;
(2 Aﬁ¥+BHK 2”+1) HpI/I dn+l 1 NAEE{liNBHK,

A"=4A,; 2 A" =4-A,,..

B cokpalieHHOI 3an1cH 01y YuM

d (i)= NAT®ONB . (47)

IIpn oOueBMIOHBIX W3MEHEHHMAX HHIECKCOB
BEIpakeHUs (46)-(47) OMUCHIBAIOT MpaBmiia (pOpPMU-
pPOBaHMS TaKke BCEX MIIAANIMX Da3psOB OTPHIA-
TEJILHOTO YaCTHOTO.

KoneuHnoe 3HaueHHMe OCTaTKa JEJINMOTO
Cux(n+1,1) bopmupyercs 1o 3HaUSHUIO YACTHYHOI'O
OCTaTKa JeJIMMOr0 A}IK, KOTOpBIH, cornacHo (6), npu

n:

NAhK #NA jx KOppEKTUpYETCSI:
Afik(2n+2,n+2) ipn NA}IK:NAHK
C(nt1.1)= (A}IK(2H+2,H+2)+BE§(”+1,1))mV (48)
mpi NA#NA | NA=NB

JIONOMHUTENBHBIA KO 9aCTHOTO, COIJIACHO
(20), popmupyeTcs myTeM KOPPEKIUH MOITY4YSHHOTO
HMHBEPCHOIO KOJIa YaCTHOT'O

[d1]...dy dv: Dy(nt1,1) = [d 1] d,...dy dy + 1. (49)

26

,aeneHue uyesibix 4uces 8 donosiIHUMesIbHOM
Kode npu ompuuyameslbHOM denumom u
nonoxumesnbHom desnrumerne

[Ipu oTpHUATEIBHOM 3HAYEHUH YACTHOTO,
00pa30BaHHOTO JEJICHUEM OTPHUIATENHLHOTO JeH-
MOTO M TOJIOKHTEIBHOIO JEIUTENs MaKCUMAaJIbHOE
3HAYCHUE MOJIYJS YacTHOro, cornacHo (20), orpa-
HUYCHO U OMPEICISICTCS HEPAaBEHCTBOM

IDlmax < 2".

Torma mpuW3HAK TNEPETONHEHHUS OTpPHIA-

TEJILHOTO YaCTHOTO 3a7[aeTCs CUCTEMOI HEPaBEHCTB:

-\ _(Ompu A, >0;
(3) - { | nprt A, <0, (50)

rae HHG) — IIPU3HAK INEPENOIHECHUS pa3psAaHOn

CETKHM YacTHOTO TP JCJIICHUH OTPHIATEIHHOTO Je-
JIUMOTO U MOJIOKATENBHOTO IEIIATENS,
A =A+B2": A e [[K2:-1], B € [1;VR2).
B cuny sToro umeem:
0 pu A" >0,
HH(:) =<0 npu A"'=0; (62))
1 mpu A"'<0,
e A" =2-A+B2" A" =2:A,,, — YBOCHHBIMA
OCTaTOK IEIUMOro; B- 2” ! CMeleHHBIH KO Jeiu-
TeNs JJIMHOK0 2n+2.
Ipu BeumcieHnn octatka A" B omonuu-
TENLHOM KOJIE OIEPAaIlsl 3a71a€TCS B BUIE

n+1 (2 A)IK+B)1K 2;1+l)mK’

FZ[C AHK — (22n+2 + A)m _ 22n+2 |A|
BZ[K 2n+1 (22n+2 +B- 2n+1)mK |B| 2n+1
ITonHas cymma B ipaBoOW 4acTH BBIPAKEHUS
(52) oOpa3yeT ABOMYHBINA KOJ:
E.22n+2 I7+1 (2n+2 1) (2 22n+2 2 ‘A‘)m[( +‘B‘ 2n+l
— 22y, A+ B ol
<222 npu 2-|A| >|B|-2";
={ 22" npu 2:|A| =|B|-2";
>22"2 npu 2+|A| <|B|-2",
rae E — BBIXOJHON nepeHoc MOJHOM CyMMBI OCTaTKa
A"“ OTtkyaa ciaenyer, 4To

(52)

n+l

0 mpu 2+|A|>|B|-2" :A"" >0;
E={ 1 npu2-A|=|B|-2" :A""'=0; (53)
1 npu 2-A|<|B|-2" :A""'<0.

CrnenmoBarenbHO, MpU  JAEJICHUH OTpHILA-
TENBHOTO JETUMOTO W TIOJOXHUTEIBHOTO JETHTENS
NPU3HAK TEPENOIHEHNsT YacTHOTO, cornacHo (51) n
(53), omuchIBaeTCS JIOTHIECKUM BBIPAKCHUEM

HHG) -E. (54)

B obmem ciydae npu AeileHHHM OTpHIA-
TEJNBHOI0 JEIUMOIO M TOJOXKHUTEIBHOTO AETUTENS
JIOTIONTHUTENBHBIA KO OTPHUILATEIFHOTO YacTHOTO
oTIpesieNnseTcsl yepe3 WHBEPCHBIH KOJ B COOTBETCT-
Buu ¢ cootHomeHusMH (20) u (42). Ilpu 3Tom mps-
MBI 3HAYEHUS NHU(POBBIX pa3psIOB YaCTHOTO MpPH
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OTCYTCTBUH IIEPEIIOHEHHUS OINPEACIAIOTCS, coriac-
HO (1), pemieHreM ypaBHEHUS

A=-B(d 2" +d, 2" + ... +dy2+d). (55)
CremoBarenbHO, TIPH OTCYTCTBUH MEPENo-

HEHUs 4acTHOTO (A,+; = 0) mpsMoi Ko B 3HAKOBOU
MO3UIMX YaCTHOTO ONPEEISIETCS BEIPAKCHUEM

-\ _ (lopuA,i; =0;
d"”(:) B {0 npu Ap,q > 0.

OTkyna, cormacHo (41), (51)-(52), cenyer:
-\ _ (0 mpu ZA=1 :NA’[’I}IZO;
()= {1 npn ZA=0 : NA’ #0.
[Ipunss, cornacHo (6),
Ner+) = {NAE(I mpu ZA=1 :NAEi:l;
NA npu ZA=0 : NA g =0,

n+1

HOJIy4UM:

-\ _ (0 mpu N(#2+1)#NB e
(I) B {1 nprt N(n+1)=NB .,
rae N(n+1) — mpu3HaK 3HaKOBOTO pa3psiia OTpHIIa-
TENBHOTO HYII WIM 3HAK 3HAYAIIEr0 YacCTHIHOTO
ocTaTKa JAEIMMOTO TPH JACJCHUU OTPHIATEIFHOTO
JICIIUMOTO U TIOJIOKUTETIHHOTO JIEIUTENS.

B cuny atoro nuppoBoil KOI B 3HAKOBOI
MO3UIMU OTPUIIATENILHOTO YaCTHOTO, coryiacHo (56),
(hopMHUpyeTCcsi B COOTBETCTBUH C JIOTHYECKUM BBIpa-
JKEHUEM

(56)

A1

dorr (5) = NG D@NB . (57)

Ipu d,+; € [0;1] nBomunslii kog D(n) =d,,
cormacHo (55), ompenenseTcs CHCTEMOH Hepa-

BCHCTB:
-\ _ (0 npu A,>0;
dn ()= {1 npit A, <0, (58)
rac
A+B2"+B2"'=A,.;+B-2"'npu d,,,,=1;
A, ={A+B2"!=A ,,-B2"+B-2"! =

_ n-1 —
= A,+1-B-2"" mpu d,,,=0.
HpI/I MpeACTaBICHUU CMCUICHHOTO ACJIUTC-

s B-2"! mHoto 2n B opMaTe AeIMMOro [UIHHOK
2n + 2 noay4um:

Al = 2-A" ' +B2" i d. =1
2-A"1 B2 'npu d,, =0,
rme A"=4-A,; A" =4-A,.,.
HpI/I BBIYHCIICHUHU OCTaTKa An B JOIIOJIHU-
TCJIbHOM KOA€ BBIPAKCHUC IIPUHUMACT BU:

(2AS+B2"") i N(r+1)#NByy © iy =0;
(2 AR +B2"")  npu N(#+1)=NByy : =1

n _

il (59)

Torna, cornacHo (58), momyunm:
1 mpu NAJ=0 : ZA" (H)=0;
0 mpu ZA" (H)=1;
0 mpu NAJ =1 : ZA" (H)=0,
0 pn Al (2n+2,n1+2)#0;
I mpur A (2n+2,n+2)=0;

(5)=

rne ZA"(H) = {

27

ZA"(H) — npusHak HyJ€BOTO 3HAYEHHUS B BBIYMC-
JSIeMOW  YacTH YaCTHYHOTO OCTaTKa [JeTUMOTO
T (@nt2,n+2).
OTKy/Ja MOTy4YuM:

_(_) _ {l pH N(n):NBﬂK;

4 () =10 npu N(m)#NB . (60)

n =1
rxe N(n) = NA i npu ZA" (H)=1;
NA’ npu ZA" (H)=0;
N(n) — mpu3HaK 3HAKOBOTO pa3psza OTPHIATEIHHO-
o HyJsis ocTaTka Al IETMMOTO MM 3HAK 3Havalle-
T0 YaCTUYHOI'0 OCTaTKa AZK # 0 genumoro npu ne-
JICHUU OTPHUIATEIBHOTO JCIMMOIO U IOJIOKUTEIb-
HOTO JCTUTEINS.
Takum ob6pasom, Dpx(n) = d,, cormacHo
(60), onpenensercst AIOTHUYECKUM BBIPAKEHUEM

@, () = NG@NBy. (61)

Bripaxenus (59)-(61) onpenensator obmue
npaBuia GOPMHUPOBAHHUS TAKIKE BCEX MITAJIIUX Pas-
PANIOB YacTHOTO d,,_;...d, d;.

IlenouncneHHbIi 0OCTaToOK JIEIUMOTO
Cyx(n+1,1) npeacrasisercs 3Ha4eHUEM YaCTUYHOIO

ocratka Ajy, KOTOpHIA, cormaco (6), mpu
NAhKiNA Jik KOPPEKTUPYETCA:
AJi 2n+2,n+2) ipu N(1)=NA;
Cacn1.1) = 4 (Afe@n+2.m 2B (1)) (62)
npu N(l)#NAﬂK N(l)zNBﬂK,
NA ¢ ipu ZA'(H =1;
rae N(1)={ e npu ZA (H)
NA i mpu ZA" (H)=0;
0 ipu Al (2n+2,n+2)70;
ZAI(H)={ p ?K( )
1 mpu A (2n+2,n+2)=0.
JononHurensHbIH KOJI YaCTHOTO

Dyg(n+1,1) npu neneHun OTpULATENBHOIO JEIUMO-
r0 W TOJOXHUTEIBHOTO JenuTelis, coryacHo (20),
dbopmupyercs mocie KOPpEeKIUH MOJy4YeHHOTO WH-
BEPCHOTO KOJ]a YaCTHOTO:

Dux(n+1, 1) = [dpyq|dy o dy dy + 1. (63)

HeneHue yenbix ompuyamesbHbIX Yuces e
dornoJsIHumesibHOM Kode

[Ipu MOJIOXKUTETHHOM 3HAYCHHUHM YACTHOTO,
00pa30BaHHOTO JIEJIEHHMEM OTPHLATEIbHBIX YHCEl,
MaKCHMaJlbHOE 3HA4e€HHE MOJYJsi YacTHOrO, CO-
riacHo (19), orpaHUYeHO W ONpeaeNsieTCs HepaBeH-
CTBOM

D < 2

B cuiy 3TOro mpu3HaK MEperojHCHHS da-

CTHOTO 33J1a€TCSI CUCTEMOW HEPABEHCTB:

) {1

Al _n
<.
01'[pI/I|B| 2",

| | n
LN
1 mpu Bl 2",
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rae HH(:) — IPU3HAK NEPENOJIHEHHs] YaCTHOTO MPHU

JICTICHUH OTPHULIATEIBHBIX YHCEIL.
OTKyIa moydnm:

0 npu An+1>0;

1 nmpu A, <0;

I mpit A, =0,

=A-B2" Ae[-K/2;-1],B=[-V/2; -1].

ITpu mpexacTaBIeHUN CMEIIEHHOTO JIEITUTE-

s B-2" mnmuoro 2n+1 B (dopmare menMMoro Juru-

HOIO 2n+2 ¥ BBEIYUCIEHMH OCTaTKa A,:| B JOIOJHH-

TEJILHOM KOJIE CUCTEMa HEPaBEHCTB IPUMET BUJL:

0 mpu NA{{ =0 :ZA=0;

m)-

rae A,

(=) =4 1 npu NAJ=1 :ZA=0; (64)
1 npu NAJ =0 :ZA=1,
rae Afk' = (2 A tBjic2"")
An+1 (22n+2 |A|)mK 22n+2 |A|,
By - o+l — (22n+2 _ |B|'2n+1)mK — 22 _ |B|.2n+l'
[TonHas cymma B BBIpa)KEHUU A"Jr1 o0pazy-

€T JIBOI/I‘IHI)II/I KO
E.22n+2 + AH;l — (2_22n+2 _ 2'|A|)mK + |B|'2n+l —
=2:2""2_2.|A|+ B|-2"" =
>22""2 npu NAJ{ =0 :ZA=0;
= <22 npu NAJI =1 :ZA=0;

22n+2 pu 7ZA=1 An+l 0

E — BEIXOZHOH MEpEHOC MOTHOI CyMMBI A"“.

OTKy1a MOTy4uM:

I mpu NA{=0 :ZA=0;
E=10npn NA”H—I :ZA=0;
1 mpu ZA=1.

CrnenoBarenbHO, IIpU  JIEJICHUH OTpHILIA-
TCJIBHBIX YUCCIT TEPEIIOJTHCHUE pa3pﬂ}1H0171 CETKHU
YaCTHOTO, COTJIacHO (64), OMUChIBAETCS JIOTHYECKUM
BBIPAXKCHUEM

(=) =E@ ZA. (65)

Ilpu OTCYTCTBMH TEPENOJIHEHHS YacTHOTO

OpsIMbIE 3HAYCHUS HU(PPOBBIX PA3PSIOB MOJIOKH-

TENBHOTO YacTHOro, cornacHo (19), ompenensrores
pelIeHreM ypaBHEHUS

A=B([du1]2"+d, 2" + ... +dy2 +d). (66)
Takum oOpa3om, B 00lIeM ciyuae, corjiac-
HO (64) 1 (66), moTydIHnM:
0 mpu N(n+1)#NB e : NBjc=1;
L] = {1 npn N(+1)=NB g : NBe=1,
NA j mpu ZA=1;
rae Nin+l) = {NA”” ripu ZA=0.
ITpu OTCYTCTBUU MEPEMOTHEHHS YaCTHOTO,
coriacHo (64), NA"Jrl =0 u ZA =0, nosTomy cuc-
TEMa HECPABCHCTB BBIPOKIAACTCA B PABECHCTBO

[dyi1] =0 (67)
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B obmem cnywae npu d,.; € [0;1] nBowu-
eIl Ko D(n) = d, ompenmensercs, cormacHo (66),
CUCTEMOW HEPABEHCTB:

_ Onpul, > 0;

d, (—) - {1 npu A, = 0;

- 1lupu A, <0,
rie An: ’A}HI'BQ”-l npu A}7+]§0;
A, +B2" mpu A, >0.

[Ipu mnpencTraBieHHH CMEIIEHHOTO KOJa
B-2"! JUIMHOI0 2n B (opMmare IETMMOTO JITHHOIO
2n+2 ¥ BBHYHCIEHHM OCTaTKa B JIOTOJHHTEIHLHOM
KOJIE MOJY4UM:

d, (=) = N(n) ® NBy, (68)

(2 A}7+1+B 2n+l)
(2 AR +By2"")  mpu N(m)#NBy;
N NAL[K npu ZA"(H)=1 : A 2n+2,1n+2)=0;

« Ipu ZA"(H)=0 : Al 2n+2,n+2)#0;
A"=4-A,; 2~A”“ =4A,.

CootHorrenust (68) ompenensroT IMpaBwiIa
BBEIYUCIICHHSI TaKoKe BCEX MIIAAIINX Pa3psaoB YacT-
Horo D(n-1,1)=d,.; ... d, d,.

Ocrarox genumoro Cpx(n+l,1) onpenens-
eTCsd YaCTHYHBIM OCTAaTKOM JEIHMOIO A}lK, KOTO-

npu N(7)=NB
rae Ajj=

poiii, cormacHo (6), mpu N(1) # NAjx KoppekTupy-
ercs:

A @r+2,n+2)mpu N(1)=NA j;
(Aj(2n+2,n+2)+B HK(n+1,2)m
ipr N(D#NB ¢ N(D=NAJ;
NA ik mpu ZA' (H)=1 : A (2n+2,n+2)=0;
NA}HK npu ZA' (H)=0 : AhK(2n+2,n+2)¢0.

CHK(H+171):

N(l)—{

3aknroyeHue

OcHOBHBIE NpPEUMYLIECTBA MpenIaraeMoro
MaTeMaTHYECKOr0 ONUCaHUS ONEpalUd JIEJCHUS
LENbIX YHCeNl B JIOMOJHUTEIBHOM KOZIE CBOMSTCA K
CIeNyIoLIEMY:

— JIOTIONTHUTENbHBIE KOJBI LIEJIBIX YHCET ONepaluyu
JISTICHHsI 3aal0Tcd eAMHO00pa3HON opmynoil s
MOJIOKHUTEIBHBIX M OTPHIATENFHBIX YHCET U HCUHC-
JIFOTCS. KaK OCTAaTOK 10 MOJYJIO, PABHBIA KOJIHYe-
CTBY JBOMYHBIX HAOOpPOB IOMOJHHUTENHBHOTO KOJa
qrCcen;

— TEpEIoJIHEHUE Pa3psIHON CEeTKH 4acTHOTO (uk-
CUpYETCsl Ha 3Tale BBIUMCIEHHs 3HAKOBOTO paspsja
YaCTHOTO MyTeM KOHTPOJA BBIXOJHOTO IEpeHoca
CTapIIero YaCTUYHOI'0 OCTaTKa JIeNUMOro (Ipu Je-
neanu (+,+) u (—,+)) WIKM BBIXOJHOTO IEpeHOCA H
HYyJIEBOTO 3HAYEHMS CTapILEro OCTaTKa JEeIUMOro
(mpu nenennu (+,-) u (—,—));

— IIOKa3aHO, YTO HYJIEBBIE 3HAYCHHS OCTAaTKOB Jie-
JUMOTO TIPH OTpENeNeHUH LIU(p YacTHOTO M BHI-
YHCICHUN TMOCIEAYIOINX YaCTHIHBIX OCTAaTKOB Je-
JMMOTO CIIeAyeT pacCMaTpHUBaTh KaK ITOJIOKUTEIb-
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HBIA HyJTb TPHU TIOJOXHUTEIFHOM IEIMMOM M Kak — TIPH OTCYTCTBHH TIEPETIONHEHIS 3HAKOBBIN U IU(-
OTPHILATENBHBIN HYJb — IPH OTPHUIATEILHOM IEIIH- POBEIE pa3pABl JOTONHUTEIHFHOTO KOJa YacTHOTO
MOM; BBIYUCIISIOTCS OAMHAKOBBIM CIIOCOOOM.

— pe3ynbTaT NENCHUS YHCel B JOMONHHUTEILHOM
KOJIE KOPPEKTHPYETCS TOIBKO IPH OTPUIATEIBHBIX
3HAYEHHAX YaCTHOTO;
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B.A. CBATHHUM, B.B. JIATIKO, O.B. CAMOIIIEHKO
JloHeupKuii HalliOHAIBHUN TEXHIYHUH yHIBepcUTET, M. [IoKpOBChK
MATEMATHYHHANA OITAC ONEPAIII JIJTEHHS IIJINX YACEJ B TONOBHAJILHOMY KOJII
I3 HETATUBHUM TA TO3UTUBHUM HYJIEM 3AJTMIIKIB AIJTEHOI'O

JIOTIOBHSIIBHI KOAM LIIMX YUCEN 31 3HAKOM B OMeparlii MiJICHHS OMUCYIOTHCS €IUHOI0 (HOPMYIIO0 IS
MO3UTHUBHUX T4 HETATHBHUX YHCEJ I OOUMCIIIOIOTHCS SIK 3aJHUIINOK 32 MOIYJIEM, SIKUil JOPIBHIOE KIJIBKOCTI JBiii-
KOBHX HaOOpiB JOMOBHSUILHOTO Koy unciia. Ha 6a3i 3ampornoHoBaHoi MOAENI JOMOBHIIBHOTO KO ITUTHX YHCEIN
AQHAJTITUYHO OOTPYHTOBAHO OPHIiHANBHI 3aco0M (ikcauii MepernoBHEHHS! PO3PSIHOI CITKU NMPH JAICHHI LIINX
YHCell 13 BUKOPUCTaHHAM BHUXIJZHOTO NMEPEHOCY Ta 03HAKM HYJIHOBOTO 3HAYECHHS CTApPIIOTO YaCTKOBOTO 3aJHIIKY
nineHoro. [TokaszaHo, 110 HYJbOBE 3HAYEHHS YAaCTKOBHX 3aJIMIIKIB MIJICHOTO MPU BU3HAYCHHI MU(P pe3yibTaTy
Ta OOYHMCICHH]I HACTYITHOTO YacTKOBOTO 3JMIIKY AIJICHOTO HEOOXiTHO TPAaKTyBaTH SK MO3UTHBHUI YU HEraTHB-
HU IBIKOBHIA KO B 3aJICXKHOCTI BiJ] 3HAKY AUICHOTO.

Knwuosi cnoea: modyns 00noenanvhozo Kooy, 3a1umioK 3a mooyiem, OONOGHATbHUIL KOO, nepenos-
HEHHA, He2AMUGHUTI MA NOZUMUGHUIL HY1b OONOGHATLHOZ0 KOOY 3A/IUUIKIE 0L1eH020.

V.A.SVYATNY, V.V. LAPKO, A.V. SAMOSHCHENKO

Donetsk National Technical University, Pokrovsk

MATHEMATICAL DESCRIPTION OF COMPLEMENT INTEGERS DIVISION WITH NEGATIVE
AND POSITIVE ZERO OF DIVIDEND REMAINDER

In division operation of complement integer numbers with sign is described by a single formula for the
positive and negative numbers and is calculated as remainder modulo which is equal to quantity of binary sets of
complement number. Based on the proposed model of complement integer numbers we justified analytically
original ways of determining the bit grid overflow at division integer numbers with using output carry and sign
of zero state of partial remainder of the dividend. It was shown that the zero value of partial remainder of the
dividend at determining digit of quotient and calculation of the following partial remainder of dividend should be
seen as positive or negative binary code, depending on the sign of the dividend.

Practical realization of operation division complement integer numbers at allowable values of the ope-
rands is assumed control the bit grid overflow of quotient. Using of a standard information signals in control
scheme generated at the calculation of partial remainder of the dividend - output carry and the sign of zero state
of the dividend, give simplification of the control of the quotient overflow and reducing hardware costs. To form
a correct code of quotient zero value of partial remainder of the dividend when dividing numbers with arbitrary
signs should be considered as positive or negative zero in the according to the sign of dividend. The accumu-
lated digits of quotient in the cycle of division has a correction only for negative values of quotient by adding
one to the LSB inverted code of quotient.

In this mathematical description of the operation division of integers in additional code some advantag-
es can be allocated. Integer’s additional codes of division operation are set a uniform formula for positive and
negative numbers and calculated as a residue modulo equal to the number of binary sets additional code num-
bers. Zero values residues dividend in determining the numbers private and calculation of subsequent partial
remains of the dividend should be seen as positive zero with a positive dividend and a negative zero with a nega-
tive dividend. The result of the division of numbers in the additional code is only adjusted for negative values of
the private. In the absence of overflow and sign additional code digits private are calculated in the same way.

Key words: module of complement, remainder modulo, complement, overflow, positive and negative
zero of complement dividend remainder.
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